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Förord 
Projektet har genomförts som ett Brandforsk projekt med en ursprunglig budget på 300 000 SEK där 
Södra Älvsborgs Räddningstjänstförbund (SÄRF) tillsammans med CFORT (Centrum för fortifikatorisk 
kompetens – samarbete mellan RISE och Fortifikationsverket) har genomfört brandtester. SÄRF har 
bidragit med projekttid för rapportskrivning, insamling och förberedelse av dörrarna m.m. I 
projektets slutfas så beviljade Brandforsk ytterligare 40 000 SEK i tilläggsfinansiering för ett indikativt 
mekaniskt öppningsprov där det provades hur tyngden av en påskruvad förstärkningsskiva påverkade 
dörrens gångjärn. CFORT har även bidragit med granskningstid av rapporten utanför projektets 
budget.  

Projektgruppen har bestått av Axel Kriborg, Fredrik Lovén och Magnus Nyhage, alla från SÄRF. 

Stort tack till fastighetsbolagen Willhelm Borås AB och Kjell Pettersson fastigheter AB som skänkt ett 
flertal dörrar till brandtesterna. 

Till projektet har en referensgrupp bestående av personer med spetskompetenser inom området 
kopplats. Tre träffar har genomförts med referensgruppen som bland annat har granskat och gett 
återkoppling på projektets problemformuleringar, granskat slutrapporten samt varit med och gett 
förslag på lämpliga åtgärder kopplat till projektets resultat. Referensgruppen består av följande 
personer: 
 

- Antin Trogen, projektledare brandprovning, brand och säkerhet, RISE 
- Axel Mossberg, doktor i brandteknik, Bengt Dahlgren AB 
- Gustav Weber, brandinspektör, Räddningstjänsten Halmstad 
- Johan Hanberger, brandingenjör, Statens fastighetsverk 
- Johan Hallencreutz, brandingenjör, Fire AB 
- Kjell Fallqvist, pensionär, senior brandingenjör 
- Mattias Delin, brandingenjör, Brandforsk 
- Patrik Johansson, marknadschef, brand och säkerhet, RISE 
- Per Blomqvist, doktor i brandteknik, enhetschef, brand och säkerhet, RISE 
- Pernilla Ljungberg, brandinspektör, Medelpads Räddningstjänstförbund 
- Robert Jönsson, delvis pensionär, studierektor mm emeritus brandingenjörsutbildningen LTH 
- Staffan Bengtson, civilingenjör, grundare, Brandskyddslaget AB 
- Tobias Chevalier, Flameguard 
- Viktor Wahlsten, brandingenjör, Brandskyddslaget AB 

Personerna från RISE har bjudits in från referensgruppsmöte nr. 2 och framåt, detta då deras expertis 
och erfarenhet gällande brandprovning bedömdes värdefull. 

Som en direkt konsekvens av referensgruppsmötena genomfördes ett dörröppningstest (10 000 
cykler). Referensgruppen framförde betänkligheter kring gångjärnens beständighet i det fall 
projektet landade i att någon form av skyddande skiva bedömdes nödvändig för att öka 
brandmotståndet på aktuella dörrar. Dörröppningstestet förklaras mer ingående nedan under sida 17 
och dess resultat presenteras under sida 39.  

 
 
  
  



3 
 

 
Förkortningar 

BBR – Boverkets byggregler 

LOU – Lagen om offentlig upphandling (SFS 2016:1145) 

LSO – Lagen om Skydd mot olyckor (SFS 2003:778) 

MSB – Myndigheten för samhällsskydd och beredskap 

SÄRF – Södra Älvsborgs Räddningstjänstförbund 

 

 

Sammanfattning 
Rapporten syftar till att utreda vilket brandmotstånd äldre befintliga (1940–50-tal) lägenhetsdörrar 
har, samt föreslå åtgärder för att öka deras brandmotstånd. Rapporten inleds med att presentera den 
bakgrund som har föranlett, problematiken med dörrarna samt några av de regelverk som påverkar. 
Rapporten redovisar vidare brandtester av två olika dörrtyper i miniugn samt fullskaleförsök där 
dörrarna testas mot standardbrandkurvan (ISO 834). Testerna upprepas en andra gång med 
kompletteringar i form av tätningslist, svällist samt 12mm MDF-skiva för att undersöka vilket 
brandmotstånd dörrarna kan kompletteras upp till. För den lättare av dörrarna görs även ett 
öppningscykeltest (10 000 cykler) för att undersöka dörrarnas påverkan av kompletteringarna över tid. 
Rapporten kompletteras även med ett enklare försök att kartlägga dörrar utan att förstörande 
provning behöver genomföras, med hjälp utav värmekamera (IR-kamera) samt värmepistol eller 
kylspray. 

Resultatet visar att aktuella dörrar utan kompletteringar har ett brandmotstånd på ca 9 alternativt 14 
brandminuter. Med de kompletteringar som undersökts kunde dessa tider förlängas till ca 20 
alternativt 23 brandminuter. Öppningscykeltestet indikerar att kompletteringar inte nödvändigtvis 
innebär att dörren behöver kompletteras med ett ytterligare gångjärn. Försöken med värmekamera 
ger skäl att tro att kartläggningen av dörrarnas konstruktion kan göras utan förstörande provning. 

Avslutningsvis diskuteras resultaten och ett antal slutsatser dras utifrån dessa. Slutsatserna 
konstaterar att dörrarnas brandmotstånd är väsentligt lägre än vad som framgår av dagens byggreglers 
allmänna råd, men att brandmotståndet kan förlängas med kompletteringar som är relativt billiga. 
Slutsatserna konstaterar även att brevinkastet utgör en svag punkt, men att tittöga inte nödvändigtvis 
är det. Författarna uttalar sig även om rapportens tillämpning vid tillsyn enligt LSO och delar med sig 
av SÄRFs tolkning av rapportens resultat. 
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Summary 
The report aims to investigate the fire resistance of older existing (1940s-50s) apartment doors, as well 
as to propose measures to increase their fire resistance. The report begins by presenting the 
background and some of the regulations that affect them. The report then fire tests two different door 
types in a, so-called, mini oven as well as full-scale tests where the doors are tested against ISO 834. 
The tests are repeated with additions in the form of sealing strip, swelling strip and 12mm MDF board 
to investigate what fire resistance the doors can be supplemented up to. For the lighter door model, 
an opening cycle test (10,000 cycles) is also performed to investigate the impact of the additions on 
the doors over time. The report is also supplemented with an attempt to investigate the doors’ 
construction without destructive testing having to be carried out, with the help of a thermal camera 
(IR camera) and a heat gun or cooling spray. 

The result shows that current doors without additions have a fire resistance of approx. 9 or 
alternatively 14 fire minutes. With the additions examined, these times could be extended to 
approximately 20 or 23 fire minutes. The opening cycle test indicates that additions do not necessarily 
mean that the door needs to be supplemented with an additional hinge. The tests with a thermal 
camera give reason to believe that the mapping of the doors' construction can be done without 
destructive testing. 

Finally, the results are discussed and a number of conclusions are drawn based on them. The 
conclusions state that the fire resistance of the doors is significantly lower than what appears from the 
general advice of today's building regulations, but that the fire resistance can be extended with 
additions that are relatively cheap. The conclusions also state that the mail drop is a weak point. The 
authors also comment on the report's application in supervision according to LSO and share SÄRF's 
interpretation of the report's results. 
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Bakgrund 
Kravet på brandklassade lägenhetsdörrar kom med byggreglerna1 år 1960, då med klassen C1/4 vilket 
innebär brännbar dörr med 15 minuters brandmotstånd enligt dåtidens provningsmetod. Före år 1960 
fanns inga krav alls gällande brandmotstånd på lägenhetsdörrar i brandcellsgräns mot trapphus. 
Aktuellt Brandforsk-projekt fokuserar därför på lägenhetsdörrar från 1940–1950 talet, detta då många 
sådana dörrar finns kvar än idag (enligt erfarenhet från SÄRF) och att brandmotståndet är högst oklart. 

19672 infördes krav på lägst brandklass B 15 på lägenhetsdörrar och 19943 höjdes nivån till brandklass 
EI 30 vilket även gäller idag men med tillägget S200 avseende rökgastäthet som infördes år 20124 (då 
betecknad Sm). Oklart hur ljudkrav och krav på brandmotstånd har följts åt, referensgruppen tipsade 
om att försöka spåra detta, men skriftliga källor saknas. 

Forskningsprojektet har sitt ursprung i att SÄRF i början av 2022 förelade fastighetsägare vid LSO-
tillsyn att byta ut 1940/50-tals dörrar till brandklassade dörrar. Dörrarna var i samtliga fall 
brandtekniskt oklassade lägenhets-, källar- eller vindsdörrar direkt mot trapphus där de allmänna 
råden enligt Boverkets byggregler idag föreskriver lägst brandklass EI30 S200.  

Vid överklagande till första instans (Länsstyrelsen) bedömdes det att SÄRF inte haft fog att kräva 
dörrbyte eller åtgärder enbart baserat på att dörrarna är brandtekniskt oklassade, utan Länsstyrelsen 
ville att dess faktiska brandmotstånd skulle bedömas i varje enskilt fall. Ärendena returnerades till 
SÄRF för vidare handläggning, och vid en ny prövning bedömde Länsstyrelsen att en uppskattning av 
dörrens brandmotstånd är tillräcklig. Uppskattningen kring dörrarnas brandmotstånd är dock högst 
subjektiv och komplex, vilket denna rapport visar. SÄRF har därför gjort en ansats att utreda denna 
typ av dörrar, dess beständighet och brandmotstånd i denna rapport för att bättra på kunskapsläget 
och förenkla sin egen och andra räddningstjänsters bedömning av skäligt brandskydd vid tillsyn enligt 
LSO. 

Vid en omvärldsbevakning fann SÄRF inga rapporter där liknande brandtester har gjorts på denna 
dörrtyp. Äldre spegeldörrar har testats i ett par olika rapporter, där resultaten i de flesta fall tyder på 
att brandmotståndet är väsentligt lägre än vad som gäller enligt allmänna råden i dagens byggregler. 
Vad detta betyder för en skälighetsbedömning (där olika rättsinstanser återkommande återger att 
dagens byggregler är vägledande vid skälighetsbedömning) är upp till den enskilda räddningstjänsten 
att fundera över. Men en liknande rapport med brandtester för 40–50 tals dörrar kunde inte finnas, 
SÄRF sökte därför medel för att genomföra en sådan, där dessa dörrar testas mot nivån på 
brandteknisk klass enligt de allmänna råden i dagens byggregler.  

 
1 Kungliga byggnadsstyrelsens publikation 1960:1 ”Anvisningar till byggnadsstadgan BABS 1960” 
2 Föreskrifter, råd och anvisningar för byggnadsväsendet utfärdade med stöd av 76 § byggnadsstadgan BABS 
1967. Statens planverk publikation nr. 1 
3 Boverkets byggregler 1 (BFS 1993:57). Boverket 
4 Boverkets byggregler 19 (BFS 2011:26). Boverket 
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Syfte 
Att utreda äldre lägenhetsdörrars brandmotstånd samt hur dörrarna kan kompletteras och vilket extra 
brandmotstånd som ges av aktuella kompletteringar. 

Avgränsningar 
Fokus på jämntjocka dörrar (ej spegeldörrar) från 1940–1950 talet. 

Kompletteringar av dörrarna ska vara enkla att förstå och tillämpa. Kompletteringarna ska även vara 
lätta att tillämpa och handla upp på marknaden enligt LOU. Unika produkter med bristfälliga/oklara 
verifieringar ska inte utredas vidare inom detta projekt. Kompletteringarna av dörrarna ska även vara 
bestående över tid och kräva minimalt underhåll. 

Bakomliggande juridik  
Vid tillsyn enligt LSO så ska en skälighetsbedömning av brandskyddet genomföras och ligga till grund 
för ett eventuellt föreläggande med krav på åtgärder. Långtgående åtgärder kan bedömas skäliga vid 
särskilda omständigheter som berör brister i personsäkerhet vid brand, detta enligt prejudicerande 
domar5 från Regeringsrätten där brandskyddsnivån höjdes jämfört med senaste bygglovet för nyligen 
uppförda byggnader. Generellt bedöms6 dock brandskyddsnivån utifrån byggreglerna som gällde vid 
byggnadens senaste bygglov om inga särskilda omständigheter föreligger. När särskilda 
omständigheter bedöms föreligga så anses nuvarande byggregler som vägledande7 8 och stödjande9 
10. En så kallad särskild omständighet kan vara att brandskyddsnivån skiljer sig mycket från dagens 
byggregler. 

För äldre byggnader, exempelvis flerbostadshus, med bevarandekrav inom byggnadens trapphus, 
krävs samråd11 med berörd myndighet för att få till stånd en avvägning mellan lägenhetsdörrarnas 
eventuellt bristfälliga brandskydd och eventuella kompletteringsåtgärder som riskerar att förvanska 
dörrarnas trapphussida och därmed står i strid med dess bevarandekrav. Vid starka bevarandekrav 
och risk för förvanskning så finns exempel12 på när en något lägre brandskyddsnivå (jämfört med 
dagens byggregler) har accepterats vid kompletteringsåtgärder på lägenhetsdörrar i brandcellsgräns 
mot trapphus. Men det finns även rättsfall13 som hävdar att brandskydd går före bevarandekrav, 
exempelvis skriver Förvaltningsrätten i Luleå att ”De eventuella ingrepp som måste genomföras för att 
uppnå ett godtagbart brandskydd har företräde före ett kulturhistoriskt värde”. 

 
5 RÅ 1972 C 229 och RÅ 82 2:5 
6 Sid. 69. Handbok – kommunal tillsyn enligt lagen (2003:778) om skydd mot olyckor. ISBN: 978-91-7927-279-1. 
MSB 
7 Kammarrätten i Jönköping, mål nr. 14-19. Daterad 2019-05-22 
8 Kammarrätten i Stockholm, mål nr. 9018-18. Daterad 2019-09-11 
9 Kammarrätten i Göteborg, mål nr. 5323-13. Daterad 2014-09-24 
10 Kammarrätten i Göteborg, mål nr. 6469-17. Daterad 2018-07-02 
11 §13. Myndigheten för samhällsskydd och beredskaps föreskrifter och allmänna råd om hur kommunen ska 
planera och utföra sin tillsyn enligt lagen (2003:778) om skydd mot olyckor. MSBFS 2021:8 
12 Kammarrätten i Göteborg, mål nr. 5590-18. Daterad 2020-02-06 
13 Förvaltningsrätten i Luleå. Mål nr. 2024-446. Daterad 2024-04-24 
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Nuvarande byggregler BBR14 anger den brandtekniska klassen EI 30 S200 för lägenhetsdörrar i 
brandcellsgräns mot trapphus. Denna brandtekniska klass med tillhörande brandskyddsnivå ses 
därmed som vägledande vid nutida skälighetsbedömning av äldre brandtekniskt oklassade 
lägenhetsdörrar i brandcellsgräns. Detta mått på skyddsnivå vid brand bekräftas även via statlig 
rådgivning15 avseende brandskydd i flerbostadshus som anger att äldre dörrar i brandcellsgräns kan 
behöva förstärkningsåtgärder, antingen genom att dörrarna byts ut eller kompletteras.  

SÄRF har vid nutida LSO-tillsyner stött på brandtekniskt oklassade lägenhetsdörrar mot trapphus 
inom äldre flerbostadshus från år 1940-1960 där dåvarande byggregler inte ställde några krav på 
brandmotstånd. Föreläggandet från SÄRF avseende krav på nya brandklassade lägenhetsdörrar som 
Länsstyrelsen16 upphävt är från år 2023. Motiveringen var att det inte räcker med konstaterandet att 
brandteknisk klass saknas, utan det krävs enligt Länsstyrelsen en bedömning av dörrens 
brandmotstånd. 

När SÄRF sedan bedömde (subjektivt) dörrarnas motstånd i andra liknande tillsynsfall så 
överklagades några förelägganden (totalt 5 flerbostadshus inom 4 olika tillsynsärenden). 
Länsstyrelsen17 18 19 20 konstaterar då att 10-15 brandminuters brandmotstånd (subjektiv bedömning 
av brandmotståndet från SÄRF:S sida) inte utgör skäligt brandskydd och att byte till brandklassade 
dörrar är skäligt och proportionerligt i förhållande till vad som ska skyddas. 

Avseende dörrar med brandmotstånd hänvisar BBR21 till klassificeringsstandarden SS-EN 13501-2, 
med nu gällande version SS-EN 13501-2:2023 benämnd ”Brandteknisk klassificering av 
byggprodukter och byggnadselement - Del 2: Klassificering baserad på provningsdata från metoder 
som mäter brandmotstånd och/eller brandgastäthet, utom för produkter för ventilationssystem”. 
Lägenhetsdörrar mot trapphus kan i nuläget inte CE-märkas då produktstandarden SS-EN 14351-2 för 
innerdörrar ännu inte är harmoniserad. För innerdörrar, precis som för ytterdörrar, gäller 
provningsstandarden SS-EN 1634-1 för brandmotstånd samt SS-EN 1634-3 för brandgastäthet. I 
provningsstandarden SS-EN 1634-1 ges sedan hänvisning till EN 1363-1 där standardbrandkurvan 
(ISO 834) beskrivs som dimensionerande brandscenario vid provning av brandmotståndet hos dörrar. 

Innerdörrar, vilket innefattar lägenhetsdörrar mot trapphus, kan alltså inte CE-märkas och detta 
innebär att brandklassning av innerdörrar tillsvidare istället kan typgodkännas och att befintliga 
typgodkännanden är giltiga.   

 

  

 
14 Boverkets byggregler, BFS 2011:6 med ändringar t.o.m. 2020:4. Avsnitt 5 
15 Sid. 12. Brandskydd i flerbostadshus. ISBN: 978-91-7927-105-3. MSB 
16 Länsstyrelsen i Västra Götaland. Dnr. 26207-2022. Daterat 2023-03-22 
17 Länsstyrelsen i Västra Götaland. Dnr. 12457-2023. Daterat 2023-12-14 
18 Länsstyrelsen i Västra Götaland. Dnr. 12452-2023. Daterat 2023-12-14 
19 Länsstyrelsen i Västra Götaland. Dnr. 12309-2023. Daterat 2023-12-14 
20 Länsstyrelsen i Västra Götaland. Dnr. 613-2023. Daterat 2023-12-05 
21 BBR 5:2311 allmänt råd 
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Beskrivning av dörrar 
Dörrtyp A – Provföremål A 

Den första dörrtypen (hädanefter provföremål A) som testas är från en byggnad som är uppförd 1957 
enligt fastighetsregistret. Dörren är brandtekniskt oklassad. Dörren har måtten 202 x 84 x 4,2 cm och 
väger 19,8 kg utan tillhörande karm. Dörren har två gångjärn. 

Dörren har sågats isär för att undersöka dess innanmäte, där det framkom att det är fyllt med 
hyvelspån som dränkts i någon form av tillsatsmedel så att det håller sin form. Dessa hyvelspån är 
placerade mellan två (4 mm på vardera sida) fanerskivor, och dörrens ramverk utgörs av reglar med 
måtten 2,54 x 3,5 cm. Dörren är försedd med brevinkast beläget 66 cm från dörrens underkant, samt 
titthål. Brevinkastet öppnar mot trapphussidan. Dörren presenteras nedan under Figur 1-2. 

 
Figur 1: Provföremål A där fanerskivans tjocklek och dörrens uppbyggnad syns 
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Figur 2: Provföremål A där fyllningen frilagts genom att fanerskivan tagits bort. 

Dörrtyp B – Provföremål B 

Den andra dörrtypen (hädanefter provföremål B) som testats är en brandtekniskt oklassad dörrmodell 
som hämtats ur en byggnad uppförd 1959 enligt fastighetsregistret. Dörren har måtten 202,5 x 85 x 
4,5 cm (höjd x bredd x djup) och väger 37,1 kg utan tillhörande karm. Dörren är upphängd med tre 
gångjärn, se Figur 3-4. 

Dörren har sågats isär för att undersöka dess innanmäte, och detta utgörs av ett ramverk av reglar 
med måtten 2,54 x 3,5 cm i ytterkant av dörrbladet. Utanpå reglarna finns 5 mm teak-faner på båda 
sidor. Mellan reglarna har dörren fyllts med vågformat pressat sågspån. Dörren har ett titthål och ett 
brevinkast placerat 66 cm från golvet. Brevinkastet öppnar mot lägenhetssidan. 

Som syns i Figur 3 är dörrarna mycket lika varandra visuellt från utsidan, men ovanstående stycken 
klargör att framför allt vikten skiljer dem åt. Det visuellt enklaste sättet att särskilja dem är genom dess 
gångjärn, där provföremål A har två gångjärn, och denna dörr har tre.  
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Figur 3: Dörrtyp B från ca 1959 som provats i rapporten. 

 

 
Figur 4: Innanmätet av dörrtyp B från ca 1959. Hela dörrens djup uppgår till 4,5 cm. 
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Dörrtyp C 

Dörrtyp C utgörs av en oklassad dörr från brandstationen i Borås (SÄRF) från ca år 1940. Historiskt har 
det funnits inredda bostäder på brandstationen, men det är oklart om dörren suttit placerat i 
brandcellsgräns. Dörren har en tjocklek på ca 40 mm och är utförd med träfaner, se Figur 5. Dörrbladet 
har en vikt på 32,0 kg. 

 
Figur 5 Dörrtyp C - hela dörren 
 

När dörren sågades isär visade sig att det finns längsgående luftspalter i dörren, med två olika 
dimensioner där den största luftspalten löper hela vägen mellan dörrens ytterfaner, se Figur 6. Den 
synliga träfaneren är utförd med ca 4 mm tjocklek. Sedan övergår stommen i massivt trä, förutom 
luftspalterna. Dörrtyp C används inte i några fortsatta brandtester, utan är endast med för att visa på 
variationer i konstruktion av dörrar från 1940 och 1950-talet. 

 
Figur 6 Dörrtyp C - genomskärning 
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Metod 
Då nuvarande byggregler är vägledande och stödjande vid skälighetsbedömning av brandskyddet 
enligt LSO, så bedöms det lämpligt att aktuella dörrar utvärderas efter samma provningsmetod som 
dagens brandklassade lägenhetsdörrar. Därför har två provningsmetoder (miniugn22 och 
fullskaletest23 valts där brandmotståndet utvärderas utefter standardbrandkurvan (ISO 834)). 
Fullskaletesten följde SS-EN 1634-1 (provningsstandard av brandmotstånd för dörrkonstruktioner) 
som nuvarande BBR hänvisar till (genom en kedja av olika standarder). Provning av röktäthet 
utfördes inte. 

För att få en indikation på hållfasthet i gångjärnen på äldre dörrar som kompletteras med en tung 
skiva så har även ett öppningscykeltest genomförts. 

Då äldre lägenhetsdörrar kan vara av högst olika fabrikat och utförande så har även två olika metoder 
(kylspray/värmepistol med avläsning via värmekamera) utvärderats avseende icke-förstörande 
kartläggning av dörrarnas utförande.  

Testmetod med miniugn 
För att kunna genomföra indikativa brandprovningar i liten skala med syfte att före fullskaletest 
prova dörrarnas befintliga brandmotstånd och värdet av olika kompletteringar så har testmetod 
använts enligt SP Brand 11924. Brandpåverkan sker enligt standardbrandkurvan med 
temperaturstegring och toleranser enligt SIS 02 48 20 och provföremålet (bit av dörrblad med 
måtten 550 mm x 650 mm) tvingas fast vertikalt mot ugnen, se Figur 7. Mellan miniugnen och 
provföremålet drevades med stenull. 

 
Figur 7. Provuppställning miniugnstest 
 

Temperaturen i ugnen loggas samtidigt som yttemperaturen mäts på 5 olika punkter på icke 
brandutsatt sida av provföremål, se Figur 8. 

 
22 SP Brand 119 med brandkurva enligt SIS 02 48 20:1977 (ISO 834:1975) 
23 Metod enligt EN 1634-1:2024 + A1:2018 med brandkurva enligt EN 1363-1:2020 
24 SP BRAND 119 Brandprovning av byggnadskonstruktioner i liten skala. Utgåva 5, 2012-02-02 
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Figur 8 Placering termoelement miniugnstest 
 

När den genomsnittliga temperaturökningen i mätpunkterna överstiger 140oC (med starttemperatur 
20 C°) så överskrids kriteriet för provföremålets isolerförmåga (betecknas I), alternativt en 
temperaturökning i enskild mätpunkt om 180oC. Även visuella observationer under testet loggas, 
inkluderat observationer av provföremålets integritet (betecknas E) vilket i princip motsvarar 
genombrinning.  
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Fullskaletest 

Testmetod enligt EN 1634-1 där dörrarna kan brandprovas parvis placerade vertikalt i en anslutande 
konstruktion mot ugnen. För aktuella dörrar så muras en vägg upp med anpassade öppningar där 
dörrarna monteras och stenullsdrevas, se Figur 9. 

 

Figur 9. Provuppställning fullskaletest. 

 

Dörren med den anslutande konstruktionen sätts på en vertikalugn som sedan värms upp enligt 
standardbrandkurvan vilken finns beskriven i EN 1363-1. Provet pågår sedan så länge som krävs för 
aktuellt godkännande. Följande kriterier gäller för att dörren ska räknas ha förlorat sin 
brandavskiljande förmåga: 

- Genomsnittlig temperaturökning i samtliga mätpunkter överstiger 140oC, eller en 
temperaturökning i enskild mätpunkt om minst 180oC (isolerförmåga I) 

- Bomullstuss antänds av sticklåga (integritet E) 

- Ihållande lågor över 10 sekunder (integritet E) 

- Sprickor/glipor i provföremålet. Antingen långsmala med minsta mått 6 x 150 mm eller större 
hål med minsta diameter 25 mm. 

Det kriteriet som först uppfylls räknas som dimensionerande för hela testet. 

För placering av termoelement m.m., se Figur 10. 
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Figur 10. Termoelementens placering på provföremålen. 

 

Mekaniskt öppningstest 

Det mekaniska öppningscykeltestet25 utförs enligt SS-EN 1191:2012 där dörren monteras i en testrigg 
där en mekanisk arm öppnar och stänger dörren 10 000 gånger. Eventuell påverkan på gångjärnen 
mäts. 

Syftet med testet är att få en indikation avseende gångjärnens hållfasthet när en skiva monteras på 
en äldre dörr. I aktuellt fall med dörrtyp A som testats, så väger skivan nästan lika mycket som dörren 
(skivan utgör 40% av totalvikten). Frågeställningen blir då om dörren kräver ett tredje gångjärn för att 
säkerställa fortsatt god öppningsfunktion med skivans tyngd, eller om dörren fortsatt klarar sig med 
befintliga gångjärn. 

 

Kartläggning med hjälp av kylspray/värmepistol och IR-kamera 

Med syfte att kunna undersöka dörrarnas uppbyggnad utan att behöva använda förstörande provning 
så testas en metod där räddningstjänstens värmekamera används i kombination med kylspray 
respektive värmepistol. Dörren kyls alternativt värms och sedan avläses dörren med värmekamera 
(från båda sidor) med syfte att få en sorts genomlysning av dörren och på så sätt kunna grovt bedöma 
brandmotståndet. Tanken är att på grund av materialens olika värmeledningsförmåga så bör 
temperaturskillnader uppstå vilka eventuellt åskådliggör dörrens konstruktion, och skulle vara ett 
relativt enkelt sätt att undersöka dörrarnas uppbyggnad eller konstruktion. 

Vid test med kylspray visade sig temperaturdifferenserna bli för små för att få utslag på icke nedkyld 
sida. Detta ledde till att kartläggningen istället skedde med värmepistol och IR-kamera.  

 
25 SS-EN 1191:2012, Fönster och dörrar – Slitage – Motstånd vid upprepad öppning och stängning – 
Provningsmetod 
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Försöksuppställningar inför brandtester 
Försöksuppställning miniugnstest 2023-12-15 – Dörrtyp B utan kompletteringar 

Provföremålet (enbart del av dörrblad utan kompletteringar) monterades mot miniugnen och 
förseddes med termoelement enligt Figur 11.  

 

Figur 11. Provföremålen före provets start. 

Försöksuppställning fullskaletest 2024-02-23 – Dörrtyp A och B utan 
kompletteringar  

Provföremål A och B (kompletta dörrar med originalkarm) monterades i en lättbetongvägg med 4 
stycken kraftiga skruvar vardera. Dörrarna monterades så att brandutsatt sida blir mot trapphuset 
(gångjärnssida).  

Dörrarna förseddes med termoelement för att mäta yttemperaturen på icke brandutsatt sida  
(se Figur 12). Mellan lättbetongvägg och dörrkarm genomfördes drevning med stenull.  
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Figur 12. Provföremålen före provets start, provföremål A till höger och B till vänster. 

Försöksuppställning Miniugnstest 2024-04-11 – Dörrtyp A kompletterad med 12 
mm MDF-skiva 

Provuppställning för miniugnstestet med åtgärder är motsvarande test utan åtgärder men med 
följande justeringar och kompletteringar 

• 12 mm MDF skiva monteras på brandutsatt sida av dörrblad (se Figur 13). 

 

Figur 13. Dörrtyp A med en 12 mm MDF-skiva monterad. 
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Försöksuppställning fullskaletest 2024-05-14 – Dörrtyp A och B kompletterade 
med brandsvällande list, ny tätningslist, 12 mm MDF skiva 

Provuppställning för fullskaletest med åtgärder är motsvarande test utan åtgärder men med följande 
justeringar och kompletteringar: 

• Dörrarna monteras så att brandutsatt sida blir mot lägenheten (icke gångjärnssida). 
• Grafitbaserad brandsvällande list fräses in i dörrbladet på långsidorna och ovansidan, se Figur 

14-15. 
• Tätningslister (för kalla brandgaser) monteras i dörrkarm, se Figur 16. 
• Brevinkast fylls med stenullsisolering, se Figur 17. 
• 12 mm MDF (densitet ca 670 kg/m3) skiva monteras på brandutsatt sida (lägenhetssida). 

Skruvas med träskruv i dörrens ramverk med 20 cm mellan skruvarna. Se Figur 16. 
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Figur 14. Dörr kompletterad med MDF-skiva och 
brandsvällande list infräst i dörrbladet. 

 
Figur 15. Fräsning innan montering av brandsvällande list 

 
Figur 16. Tätningslist (svart) monterad i dörrkarm samt 
skruvad MDF-skiva med 20 cm mellan skruvarna. 

 
Figur 17. Brevinkast fyllt med stenull. 
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Försöksuppställning öppningstest 

Dörrtyp A försågs med en 12 mm MDF-skiva som skruvades på insida dörr. Dörren inklusive dörrkarm 
monterades i en testrigg där en mekanisk arm programmerades att öppna och stänga dörren 10 000 
gånger, se Figur 18-19. 

 
Figur 18: Dörrtyp A i testrigg för öppningstestet 

 

 
Figur 19: Kompletteringsskiva på dörrtyp A inför 
öppningstest 
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Analys av möjliga kompletteringsåtgärder  
Brandskyddsfärg 

Brandskyddsfärg kan användas i flera olika syften: 

• Förbättrat brandmotstånd för bärande byggnadsdelar (brandteknisk klassbeteckning R – 
bärförmåga vid brand). Brandskyddsfärg finns i detta avseende framtaget för stål och trä. 

• Förbättrad ytskiktsklass för exempelvis väggar och tak. En oskyddad trävägg i klass D-s2,d0 
kan exempelvis ofta brandskyddsmålas upp till klass B-s1,d0 som utgör ytskiktskravet inom 
exempelvis utrymningsvägar. 

När det gäller dörrar så utgår den första punkten eftersom en dörr aldrig kan ha någon bärförmåga 
vid brand såsom pelare och balkar har. En dörr kan aldrig vara en del av en byggnads bärande 
stomme. Vissa leverantörer på marknaden påstår att deras brandskyddsfärger kan användas för att 
uppnå avskiljande brandklass, exempelvis brandteknisk klass EI 60. Vid närmare granskning av 
brandprovningen bakom dessa produkter visar det sig att marknadsföringen saknar evidens från 
brandtester eller att brandtesternas resultat har extrapolerats kraftigt. Ofta har produkten 
brandprovats på en hel väggsektion vilket även då inkluderar skivmaterial, isolering, osv. Produkten 
kan som konceptlösning, tillsammans med en viss väggkonstruktion, uppnå marknadsförd brandklass 
men produkten i sig kan inte appliceras på valfri skiva och uppnå samma klass. Evidens bedöms i 
dagsläget saknas för användning av brandskyddsfärg som metod att uppnå ett ökat brandmotstånd 
för dörrar i brandcellsgräns. 

Fördelen med brandskyddsfärg som kompletterande brandskyddsåtgärd är att kompletteringens vikt 
är väldigt liten, i princip obefintlig. Detta är positivt då kompletteringen inte ökar belastningen mot 
dörrens gångjärn. 

Vid en omvärldsbevakning så upptäcktes att endast en brandskyddsfärg har 
brandprovats/ytskiktsprovats på befintlig målad träyta, övriga produkter på marknaden kräver 
trärena ytor. Alla produkter som hittats är dock brandprovade på minst 8 mm tjocka trämaterial, 
vilket innebär att aktuella lägenhetsdörrar med endast en 3 mm tjock fanér inte går att 
brandskyddsmåla utifrån marknadens produkter och dess bakomliggande brandprovningar. 

Vid brandskyddsmålning är färgtjockleken viktig och direkt kopplad mot brandskyddet. Detta innebär 
att färgtjockleken måste mätas, någonting som kräver avancerad mätutrustning och kunskap. 

En lägenhetsdörr bedöms vara en utsatt byggnadsdel som utsätts för slitage och stötar när boende 
passerar, exempelvis bärandes möbler, matkassar etcetera. Husdjur kan hoppa upp med klorna och 
repa dörren. Trapphussidan av dörren kan fastighetsägaren utan större problem kontrollera och vid 
behov underhålla, men insidan av dörren är svårare att hålla koll på då den tillhör hyresgästens 
boendedomän. Exempel finns från räddningstjänstens tillsyner där insidan av lägenhetsdörren har 
varit mycket sliten, se Figur 20. 
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Figur 20 Dörr med rivskador från husdjur 

Sammantaget bedöms brandskyddsmålning av lägenhetsdörr inte fungera då marknadens produkter 
inte brandprovats för smalare trätjocklek än 8 mm. Brandskyddsmålning bedöms även kräva 
avancerad mätutrustning och därmed vara komplicerat. Slutligen så bedöms en lägenhetsdörr inte 
vara lämplig som brandskyddsmålad yta då dörren riskerar att utsätts för omfattande slitage vilket 
utgör ett direkt hot mot brandskyddsfärgens funktion.  

Brandskyddspapper med svällande funktion 

På marknaden finns produkter innehållandes kisel eller grafit som sväller vid brand och som kan fästas 
på hela dörrblad. Några brandtester som verifierar produkternas förmåga har dock inte hittats. 

Däremot att använda aktuellt material till brandsvällande list med placering i dörrkarm bedöms utgöra 
en väl beprövad lösning som kan förlänga brandmotståndet, detta enligt erfarenhet från iblandad 
personal från RISE. Provningsprotokoll tillhör dock kunderna och omfattas av sekretess. 

Skivmaterial 

Skivmaterial utgör vanliga material i brandcellsgränser som ökar genombrinningstiden. Att förstärka 
dörrar med skivmaterial bedöms utgöra en evidensbaserad metod att öka genombrinningstiden. 
Verifiering kan exempelvis utföras mot en eurocode26 som svenska träguiden använder sig av. Att 
komplettering med skivmaterial även eventuellt kan förbättra dörrens ljudtålighet är något som 
aktuellt projekt inte undersöker vidare. 

 
26 Berhttps://www.traguiden.se/om-tra/brandsakerhet/trakonstruktioners-brandmotstand/trakonstruktioners-
brandmotstand/berakning-av-avskiljande-formaga-enligt-eurokod/äkning av avskiljande förmåga enligt Eurokod 
- TräGuiden (traguiden.se) 

https://www.traguiden.se/om-tra/brandsakerhet/trakonstruktioners-brandmotstand/trakonstruktioners-brandmotstand/berakning-av-avskiljande-formaga-enligt-eurokod/
https://www.traguiden.se/om-tra/brandsakerhet/trakonstruktioners-brandmotstand/trakonstruktioners-brandmotstand/berakning-av-avskiljande-formaga-enligt-eurokod/
https://www.traguiden.se/om-tra/brandsakerhet/trakonstruktioners-brandmotstand/trakonstruktioners-brandmotstand/berakning-av-avskiljande-formaga-enligt-eurokod/
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Resultat 
Analys med värmepistol och värmekamera 

Nedan presenteras dörrtyp A och dörrtyp B vid temperaturpåverkan av värmepistol sett ur IR-kamera. 
Intill IR-bilderna presenteras också figurer som används tidigare i rapporten för att underlätta 
jämförelse. I Figur 22 nedan visar de röda områdena där värmen från värmepistolen fått genomslag.  

 
Figur 21: Dörrtyp A i IR-kamera 

 
Figur 22 Dörrtyp A på icke-värmeutsatt sida 

 
Figur 23: Dörrtyp B i genomskärning 
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Figur 24 Dörrtyp B - värmeutsatt sida uppvärmd med värmepistol via IR-kamera 

Figur 25 nedan redovisar ingen värmesignatur på icke uppvärmd sida.  
 

 
Figur 25 Dörrtyp B - icke värmeutsatt sida via IR-kamera, kort in i tidsförloppet 

Efter lång tid av värmepåverkan visar icke värmeutsatt sida på signaturer i form av rött område i 
Figur 26 nedan. 
 

 
Figur 26 Dörrtyp B - icke värmeutsatt sida efter lång värmepåverkan från motsatt sida, sedd ur IR-kamera 

 
 



27 
 

Miniugnstest 2023-12-15 – Dörrtyp B utan kompletteringar 

Provresultatet för provföremålet nedan (Fel! Hittar inte referenskälla.-28) i grafer med 
medeltemperatur i ugn i jämförelse med brandkurva enligt ISO 834:1977 samt temperatur på 
termoelementen TC1-TC5. Nedan redovisas även bilder efter 3 minuter (Figur 29), integritetsbrott 
efter 35 minuter (Figur 30) och resultatet efter provningen (Figur 31).  

 
Figur 27. Medeltemperatur i ugn i jämförelse med 
brandkurva enligt ISO 834:1977. 

 
Figur 28. Temperaturstegring för miniugnstest utan 
åtgärder. 
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Figur 29. Provföremålet strax innan genombränning. 

 
Figur 30. Provföremålet efter 35 minuter. 

 
Figur 31. Provföremålet efter att provningen avslutats. 

 

Provföremål Dörrblad B 
Tid integritetsbrott  35 min 20 sek 
Fallerande kriterie Ihållande låga längre än 10 sekunder 

Termoelement Medeltemperaturstegring över 140◦C vid 33 minuter. 
Maximal temperaturstegring över 180◦C vid 34 minuter vid 

termoelement TC1. 

 
Observationer  

Provföremålet börjar strax innan integritetsbrott att ryka igenom (Figur 29). Integriteten för 
provföremålet sker i princip simultant med början i mitten av nedre delen av provföremålet.  
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Fullskaletest 2024-02-23 – Dörrtyp A och B utan kompletteringar 

Medeltemperatur i ugnen i jämförelse med standardbrandkurvan redovisas i Figur 32. 

 

Figur 32. Medeltemperatur i ugn i jämförelse med standardbrandkurvan (EN 1363-1). 

Provresultatet för föremål A och B redovisas nedan i grafer med termoelementen A1-A5 och B1-B5 
(Figur 33-34) samt i bilder efter 3 minuter (Figur 35) samt när integritetsbrott sker för provföremål A 
och B, Figur 36-38. Bild redovisas även för provföremål B efter 16 minuter, se Figur 39. 
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Figur 33. Temperaturstegring för provföremål A. 

 
Figur 34. Temperaturstegring före provföremål B. 

 
Figur 35. Provföremålen efter ca 3 min av provet. 

 
Figur 36. Provföremål A fallerar efter drygt 9 min av 
provet. 
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Figur 37. Vy från ugnen (baksidan av provföremål) i 
ögonblicket då integriteten fallerar för provföremål A. 

 
Figur 38. Integriteten för provföremål B fallerar då 
bomullstussen antänds efter 14 min. Täckande skiva har 
placerats över provföremål A för att testet ska kunna 
fortgå. 

 
Figur 39. Dörrtyp B efter 16 min. Täckande skiva över 
provföremål A. 
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Provföremål A B 
Tid integritetsbrott  9 min 20 sek 14 min 20 sek 
Fallerande kriterie Ihållande låga med varaktighet 

längre än 10 sekunder 
Bomullstuss antänds 

Termoelement Temperaturen överskred inte det 
tillåtna på någon utav 

mätpunkterna fram tills att 
integriteten fallerade. 

Temperaturen överskred inte det 
tillåtna på någon utav mätpunkterna 
fram tills att integriteten fallerade. 

Dock överskreds den tillåtna 
temperaturen vid mätpunkt B10 efter 

15 min och 20 sek. 
 
Observationer  

Integriteten för testföremål A förloras i princip simultant där stora delar av dörren brinner igenom 
samtidigt. Resultatet visar på att hela dörrbladets brandmotstånd är bristfälligt och att inga direkta 
enskilda svaga punkter så som brevinkast, tittöga eller anslutningar dörr/karm kunde identifieras.  

Integriteten för testföremål B förloras genom att utstickande lågor bryter igenom vid brevinkastet och 
antänder bomullstussen. Dessutom överskreds den tillåtna temperaturen på ett av termoelementen 
efter 15 min och 20 sek. Resultatet tyder på att brevinkastet är en svag punkt i dörrbladet. 
Termoelement B10 sitter strax ovanför brevinkastet där max tillåtna temperatur uppnås efter drygt 15 
minuter. Efter cirka 16 min och 30 sek brinner testföremål B igenom helt enligt Figur 39.   
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Miniugnstest 2024-04-11 – Dörrtyp A kompletterad med 12 mm MDF-skiva 

Provresultatet för provföremålet nedan i graf med termoelementen TC1-TC5 samt i bilder när 
integritetsbrott sker för provföremålet. Se Fel! Hittar inte referenskälla.-44. 

 
Figur 40. Medeltemperatur i ugn i jämförelse med 
brandkurva enilgt ISO 834:1977. 

 
Figur 41. Temperaturstegring för miniugnstest utan 
åtgärder. 
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Figur 42. Provföremålet (dörrtyp A med MDF-skiva) efter 
drygt 26 min av provet när de svarta fläckarna uppstod. 

 
Figur 43. Provföremålet (dörrtyp A med MDF-skiva) efter 29 
minuter. 

 
Figur 44. Provföremålet efter att provningen avslutats. 

 

Provföremål  Dörrblad A 
Tid integritetsbrott  29 min 10 sek 
Fallerande kriterie Ihållande låga längre än 10 sekunder 

Termoelement Temperaturen överskred inte det tillåtna på någon utav 
mätpunkterna fram tills att integriteten fallerade. 

 
Observationer  

Lågor slår igenom i mitten av provföremålet. Integriteten för provföremålet sker i princip simultant 
med början i mitten.  

Provföremålet (dörrtyp A) fallerar efter 29 minuter, vilket kan jämföras med miniugnstest på dörrtyp 
B utan komplettering som fallerar efter 35 minuter. Resultatet visar att dörrtyp B har betydligt bättre 
brandmotstånd än dörrtyp A.     
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Fullskaletest 2024-05-14 – Dörrtyp A och B kompletterade med brandsvällande 
list, ny tätningslist, 12 mm MDF skiva 

Medeltemperatur i ugnen i jämförelse med standardbrandkurvan redovisas i Figur 45. 

 

Figur 45. Medeltemperatur i ugn i jämförelse med standardbrandkurvan (EN 1363-1). 

Provresultatet för föremål A och B redovisas nedan i grafer med termoelementen A1-A5 och B1-B5 
samt i bilder fram tills att integritetsbrott sker för provföremål A och B. Se Figur 46-51. 
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Figur 46. Temperaturstegring för provföremål A. 

 
Figur 47. Temperaturstegring före provföremål B. 

 
Figur 48. Provföremålen efter ca 2,5 min av provet. 

 
Figur 49. Sticklåga vid tröskeln på provföremål B efter drygt 
16 min av provet. Lågan under provföremål B är godkänd 
då den var kortare än 10 sek. 
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Figur 50. Brinnande bomullstuss efter integritetstest efter 
drygt 23 min vid tröskel på provföremål B. Provföremål A har 
täckts med en gipsskiva för att kunna fortsätta provningen 
och utvärderingen av provföremål B. 

 
Figur 51. Lågor med längre varaktighet än 10 sek uppstår 
på provföremål B efter ca 29 min av provet. 

Provföremål A B 
Tid integritetsbrott  20 min 19 sek 23 min 20 sek 
Fallerande kriterie Ihållande låga med varaktighet 

längre än 10 sekunder 
Bomullstuss antänds 

Termoelement Temperaturen överskred det 
tillåtna värdet (180°C 
temperaturökning vid enskild 
mätpunkt) vid mätpunkt A15 efter 
20:20 minuter. 

Temperaturen överskred inte det 
tillåtna på någon utav mätpunkterna 
under hela provets längd. 

 
Observationer  

Förlutsen av integriteten för testföremål A sker i princip simultant där stora delar av dörren brinner 
igenom samtidigt. Resultatet visar på att hela dörrbladets brandmotstånd fallerar och att inga direkta 
enskilda svaga punkter kunde identifieras.  

Förlusten av integriteten för testföremål B sker genom att utstickande lågor bryter igenom under 
dörren, mellan dörrblad och tröskel. Resultatet tyder på att springan mellan dörrblad och tröskel (som 
ej försetts med brandsvällande list) är en svag punkt i dörrbladet.  
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Öppningscykeltest dörrtyp nr. 1 med 12 mm skiva 

Efter 10 000 öppningscykler med dörrtyp A kompletterad med skiva så uppstod inga synliga defekter 
eller synliga skador, se Figur 52. Tre (3) mm nedhängning kunde uppmätas efter slitageprovningen. Se 
även bilaga 5 för detaljer kring provningen. 

 

Figur 52 Resultat från mekanisk provning 

Kostnader  
Enligt uppgift från fastighetsägarna som skänkt dörrar till projektet så kostar det ca 15 000 SEK att byta 
lägenhetsdörr till ny dörr med brandklass, inräknat material, arbete och städning. 

SÄRF har utan entreprenörsrabatter köpt in material (skruv, svällist, tätningslist, MDF-skiva) för ca 
1500 SEK per dörr. Eftersom kompletteringar monterats själva har ingen kostnad för arbetstid räknats 
in.  
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Diskussion 
I följande stycke diskuteras de resultat som rapportens provningar gett. Utifrån dessa dras sedan ett 
antal slutsatser där författarna anser att stöd finns, dessa presenteras i nästa kapitel. 

Utifrån testet med kylspray, värmepistol och IR-kamera anses värmepistol och IR-kamera vara ett bra 
verktyg för kartläggning av dörrarnas uppbyggnad utan förstörande provning. Kylspray fungerade inte 
lika bra som värmepistol, vilket troligtvis berodde på svårigheter att uppnå samma temperaturskillnad 
på dörrens olika sidor. Vid testerna noterades en temperaturstegring uppemot 40–50°C med 
värmepistolen (på den utsatta sidan), medan temperaturen med hjälp av kylspray endast sänktes med 
ca 10–15°C.  

Det bedöms dock behövas relativt god kunskap och vana av konstruktionstyper och dörrmodeller från 
samma tidsperiod för att kunna göra några tolkningar av den bild IR-kameran genererar. Utöver detta 
bedöms metoden behöva ytterligare undersökning för att fastslå någon form av standardförfarande 
vid testning, så att samma metodik används vid varje enskild testning vilket på sikt hade möjliggjort en 
sammanställning av IR-bilder och dess bedömda, eller testade, brandmotstånd. 

Ur fullskaleförsöken framkommer också var dörrarnas svagaste punkter vanligtvis är, vilket bedöms 
vara springan/mötet mellan dörrblad och karm samt brevinkast. Båda de brevinkast som testats i 
rapporten visade på att dessa kan vara problematiska ur brandmotståndssynpunkt, brevinkast på 
dörrar från den här tidsperioden bedöms vara en indikation på att dörren behöver åtgärder. Det finns 
idag typgodkända brevinkast som klarat EI30-klassning tillsammans med en hel dörrutformning 
(dörrblad, karm, brevinkast som testas tillsammans), men rapporten visar också att stenullsdrevning i 
kombination med en 12mm träbaserad skiva bakom ger ett betydligt bättre brandmotstånd för 
brevinkastet. Detta visas i att det för dörrtyp B vid första fullskaletestet brinner igenom vid 
brevinkastet efter 14 minuter och med kompletteringar sker ingen genombrinning av brevinkastet 
inom de 29 minuter som testet fortgår.   

Inga uppenbara problem kring tittöga noterades i något av testen.  

Resultaten visar på att ingen av dörrarna är i närheten av de 30 minuter som anges i de allmänna råden 
i dagens byggregler utan kompletteringar. Även om dörrtyp B i första fullskaletestet fallerade efter ca 
14 minuter till följd av bomullstussens antändning via brevinkastet, var genombrinningen ett problem 
i ovankant efter ca 16 minuter. Det första fullskaleförsöket visade också att en relativt omfattande 
rökspridning kan förväntas av dörrtyperna utan kompletteringar, vilket skulle kunna vara ett större 
praktiskt problem än deras genombrinningstid. Dock genomfördes inget röktäthetsprov (klass S200) och 
fullskaletestet mäter inte rökgenomslag. Det andra fullskaleförsöket visade på att rökspridning kan 
minskas kraftigt med tätnings- och svällist, men att dessa även bör installeras på dörrens underkant. 
Samma försök visade också att befintliga dörrar kan åtgärdas, med relativt enkla metoder, till betydligt 
längre genombrinningstider (från 9 till 20 min för dörrtyp A, 14 till 23 min för dörrtyp B). 

Ur öppningscykeltestet framkom att en tilläggsskiva inte nödvändigtvis betyder att dörren behöver 
utrustas med ett ytterligare gångjärn. I testet användes den lättare dörrtypen (dörrtyp A) där 
tilläggsskivan motsvarande ca 40% av totalvikten (dörr + tilläggsskiva) när testet genomfördes. Efter 
testet uppmättes 3 millimeters nedhängning, vilket inte bedöms påverka dörrens brandskydd mer än 
den nytta skivan medför. Det ska också poängteras att dessa 3 millimeter i praktiken hade uppstått 
över en period på flera år, och är inget som uppstår momentant när skivan fästs. 
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Vidare är det värt att kommentera korrelationen mellan dörrars vikt och brandmotstånd. I rapporten 
presenteras även dörrtyp C, som är en brandtekniskt oklassad dörr i massivt trä med längsgående 
luftspalter. Dörren väger 32kg, alltså lika mycket som dörrtyp B. En hypotetisk slutsats (som ej testats) 
är att dörrtyp C bedöms ha ett sämre brandmotstånd till följd av dess konstruktion där det i 
luftspalterna endast är 8mm träfaner som skiljer insidan från utsidan. Dessa punkter ger skäl att anta 
att genombrinning hade skett betydligt fortare än för dörrtyp B, som har en mer homogen 
konstruktion. Dörrtyp C visar på att vikt inte nödvändigtvis betyder att brandmotståndet kan 
förutsättas vara bra. Detta betyder att det finns ett behov av att undersöka varje enskild dörrtyps 
konstruktion, där försöken med värmepistol och IR-kamera visar sig vara en tänkbar lösning. 

Sammantaget betyder detta att det finns flera aspekter som behöver beaktas vid bedömning av 
brandmotståndet av en brandtekniskt oklassad dörr i brandcellsgräns från 1940–50-talet. 
Brandtesterna visar att båda undersökta dörrtyper inte klarar EI30-klassningen (9 respektive 14 
minuter) utan kompletteringar. Testerna visar att karm och brevinkast sannolikt är de svagaste 
punkterna i dörrbladet, men även att konstruktionen i sig kan innebära korta genombrinningstider. 

Testerna visar också att relativt omfattande rökspridning kan ske genom en sådan dörr tidigt i 
brandförloppet, trots att dörren i övrigt är relativt opåverkad. Fullskaleförsöken visar också att 
dörrarnas genombrinningstid kan förlängas (i aktuella tester en fördubbling av tid till integritetsbrott) 
med relativt enkla åtgärder (12mm MDF-skiva samt tätnings- och svällist) som även påverkar dörrarnas 
röktäthet. Svällist bör även installeras i underkant av dörren. Dörröppningstestet indikerar att det inte 
nödvändigtvis behövs ett ytterligare gångjärn när dessa kompletteringar genomförs, även om skivan 
motsvarar en relativt stor andel av den kompletterade dörrens totala vikt (ca 40% av totalvikten 
testades). En sista aspekt som förs fram är att kartläggning av dörrarnas konstruktion och uppbyggnad 
eventuellt kan göras med hjälp utav värmepistol och IR-kamera, och är en möjlighet som bör 
undersökas vidare framöver. 
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Slutsatser 
Utifrån det resultat som testerna medfört och de resonemang som förs fram under diskussionskapitlet 
dras följande slutsatser: 

• Dörrarnas totala brandmotstånd skiljer sig avsevärt från de allmänna råden i dagens 
byggregler. 
 

• Dörrarnas tittöga utgör inte någon anmärkningsvärd svag punkt. 
 

• Dörrarnas brevinkast utgör en svag punkt. 
 

• Mötet mellan dörrkarm och dörrblad utgör en svaghet vid brand vilket motiverar den 
brandsvällande listen. Av erfarenhet från brandtesterna så bör den brandsvällande listen även 
placeras under dörren. 
 

• Brandtesterna visar på stort rökgenomslag via dörrkarmen vilket bedöms styrka behovet av 
att se över tätningslisterna på äldre dörrar och byta ut mot nya tätningslister. 
 

• Med täckande skiva på insidan, stenull i brevinkast, brandsvällande lister och nya tätningslister 
så kan dörrarnas brandmotstånd kraftigt förlängas, i vissa fall fördubblas. 
 

• Öppningstestet indikerar att tyngden från den kompletterande skivan inte nödvändigtvis 
behöver innebära att ytterligare gångjärn behövs. 
 

• Värmepistol i kombination med IR-kamera kan vara ett sätt att kartlägga dörrars konstruktion 
utan att genomföra förstörande provning. 

Åtgärdsförslag – vägar framåt 
Om äldre oklassade dörrar kan kompletteras upp till ca 20 minuters brandmotstånd och byggreglerna 
från 1960–1994 tillåtit dörrar med 15 minuters brandmotstånd så gör SÄRF bedömningen att 
kompletteringar enligt rapporten kan betraktas som skäligt brandskydd. Nuvarande byggregler är 
vägledande och stödjande vid LSO-tillsyn, men hänsyn ska alltid tas till kostnad-/nytta aspekten. 
Dörrar med teak eller andra träprodukter vars tidigare avverkning trängt undan naturlig regnskog kan 
även ur ett klimatperspektiv vara värda att bevara genom komplettering, detta då klimatpåverkan 
per år minskar om dörren återbrukas. 

Den praktiska tillämpningen av resultatet får varje enskild tillsynsförrättare, fastighetsägare och 
räddningstjänst besluta själva om. Man får själv fundera på om det är realistiskt med det 
brandscenario och brandeffekt som standardtestningen av dörrar nyttjar, men det är ändå de facto 
den standard som byggreglerna återger idag. 

Att komplettera oklassade äldre dörrar med brandskyddsfärg eller brandsvällande papper kan 
eventuellt vara en väg framåt. Då krävs att leverantörerna tar ansvar för egna brandtester som 
evidens på lösningen samt säkerställer kompletteringens troliga hållbarhet över tid. Det bör även 
säkerställas hur färgtjocklek och andra applikationsaspekter kan kontrolleras i efterhand. En lösning 
för att säkerställa tjocklek på brandskyddsfärg skulle kunna vara att appliceringen sker på fabrik, 
vilket dock kraftigt ökar kostnaden och föranleder en ny bedömning. 
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SP BRAND 119 Brandprovning av byggnadskonstruktioner i liten skala. Utgåva 5, 2012-02-02 

SS-EN 1191:2012, Fönster och dörrar – Slitage – Motstånd vid upprepad öppning och stängning – 
Provningsmetod 

Berhttps://www.traguiden.se/om-tra/brandsakerhet/trakonstruktioners-
brandmotstand/trakonstruktioners-brandmotstand/berakning-av-avskiljande-formaga-enligt-
eurokod/äkning av avskiljande förmåga enligt Eurokod - TräGuiden (traguiden.se) (hämtat 2024-10-
01 kl. 12:00) 

 

Bilagor 
Bilaga 1 – Brandmotståndsprovning av del av dörrblad, miniugnstest, 2023-12-15. 

Bilaga 2 – Brandmotståndsprovning av hela dörrblad - äldre trädörrar, fullskaletest, 2024-02-23. 

Bilaga 3 – Brandmotståndsprovning av del av dörrblad med komplettering, miniugnstest, 2024-04-11. 

Bilaga 4 – Brandmotståndsprovning av hela dörrblad – äldre trädörrar med kompletteringar, 
fullskaletest, 2024-05-14. 

Bilaga 5 – Mekaniskt utmattningsprov av dörr, 2024-05-15 

 

https://www.traguiden.se/om-tra/brandsakerhet/trakonstruktioners-brandmotstand/trakonstruktioners-brandmotstand/berakning-av-avskiljande-formaga-enligt-eurokod/
https://www.traguiden.se/om-tra/brandsakerhet/trakonstruktioners-brandmotstand/trakonstruktioners-brandmotstand/berakning-av-avskiljande-formaga-enligt-eurokod/
https://www.traguiden.se/om-tra/brandsakerhet/trakonstruktioners-brandmotstand/trakonstruktioners-brandmotstand/berakning-av-avskiljande-formaga-enligt-eurokod/


RAPPORT
utfärdad av ackrediterat provningslaboratorium 

Kontaktperson Datum Beteckning Sida 

Antin Trogen 2023-02-16 O100404-105300-1 1 (5) 
Säkerhet och transport 

+46 10 722 33 21

antin.trogen@ri.se
Södra Älvsborgs Räddningstjänstförbund 

Att: Fredrik Lovén 

Olovsholmsgatan 12 

506 34 Borås 

Brandmotståndsprovning av del av dörrblad 
(4 bilagor) 

Ackred.nr. 1002 

Provning 

ISO/IEC 17025 

RISE Research Institutes of Sweden AB 
Konfidentialitetsnivå 

K3 - Känslig 

Postadress Besöksadress Tfn / Fax / E-post Denna rapport får endast återges i sin 
helhet, om inte utfärdande laboratorium i 
förväg skriftligen godkänt annat. 

Box 857 
501 15 BORÅS 

Brinellgatan 4 
504 62 Borås 

010-516 50 00 
033-13 55 02 
info@ri.se 

Prov 

Denna rapport beskriver konstruktionsmetod, provningsförhållande och resultatet som erhölls 

när det specificerade konstruktionselementet beskrivet här i provades enligt förfarandet 
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1 Provningens syfte 
 

Syftet med provningen var att bestämma brandmotståndet för provföremålet beskrivet i kapitel 

2 och på så sätt få en indikation på brandmotståndet hos en fullstor dörr med likadan 

konstruktion/uppbyggnad. 

 

 

2 Provföremål och provuppställning 
 

 

2.1 Generell information 
 

Provföremålet bestod av en tillsågad del från ett dörrblad. Denna del monterades på RISEs 

miniugn. 

 

 

2.2 Leverans av provföremål  
 

Provföremålet ankom till RISE 16 November 2023. 

 

 

2.3 Beskrivning av konstruktionen 
 

Provföremålet bestod av en tillsågad del av ett okänt dörrblad, måtten på provbiten var  

(bredd x höjd x tjocklek) 650 mm x 550 mm x 40 mm.  

 

 

2.4 Provuppställning 
 

Provuppställningen framgår av ritningar i bilaga 2. 

 

 

2.5 Montering och placering av provföremål på ugn 
 

Dörrbladet fästes mot öppningen för RISEs miniugn med hjälp av en stålram och tvingar. 

Mellan dörrbladet och kanterna på ugnen lades en remsa stenull för att täcka till eventuella 

glipor. 
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3 Provningsförfarande och resultat 

3.1 Generell information 

Provningen genomfördes 15 december 2023. Provningen varade 36 minuter. 

Provningen genomfördes på RISEs miniugn för brandmotståndsprovning. Ugnens maximala 

brandexponerade yta är (bredd x höjd) 420 x 520 mm och djupet på ugnen är 540 mm. 

Värmeexponeringen under provningen kom från en gasoldriven brännare. 

3.2 Bevittning 

Provningen bevittnades av representanter från Södra Älvsborgs Räddningstjänstförbund. 

3.3 Brandprovningsförfarande 

Brandprovningen innebär principiellt att provföremålet utsätts för en standardiserad 

brandexponering på ena sidan (brandexponerad sida). Mätningar och visuella bedömningar 

görs på motstående sida (icke brandexponerad sida). Omfattningen på mätningarna och 

bedömningarna beror på uppdragsgivarens önskade användning av resultatet från provningen. 

3.4 Provförhållande 

Ugnen styrdes i enlighet med ISO 834:1977. 

3.4.1 Temperaturer 

Temperaturen i ugnen uppmättes med ett ugnstermoelement. Termoelementet var placerat i 

mitten av ugnen, 100 mm från den exponerade sidan av provföremålet. 

Temperaturen i ugnen i förhållande till standardbrandkurvan framgår av diagram i Bilaga 3. 

3.5 Mätningar på provföremål 

Under provningen mättes temperatur på provföremålet och visuella observationer gjordes 

under provet. Detta gjordes för att kunna utreda provföremålets beteende i samband med 

brandexponering, i enlighet med uppdragsgivarens önskemål. 

3.5.1 Temperaturer 

Den uppmätta temperaturstegringen på den icke exponerade sidan av provföremålet mättes 

med fem termoelement (TC1-TC5). Termoelementens placering framgår av Bilaga 4.  

Medeltemperaturen av alla termoelement (medel av TC1 – TC5) vid provets start var 21,0 °C. 
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3.6 Observationer 
 

3.6.1 Fotografier från provningen 
 

Fotografier tagna i samband med provningen visas i Bilaga 4. 

 

3.6.2 Observationer under provningen 
 

Tabell: Observationer 

Tid [min:s] Observationer (refererar till icke brandexponerad sida om inget annat 
anges) 

00:00 Provet startar. 

05:00 Svag rökutveckling vid anslutningen mellan dörrblad och ugn i övre högre hörnet.  

05:45 Missfärgning på kanten av dörrbladet vid övre högre hörnet. 

06:30 Rökutvecklingen vid anslutningen mellan dörrblad och ugn i övre hörnet ökar. 

29:45 Missfärgning i mitten av nedre halvan, ca 20 mm hög och 200 mm bred fläck. 

30:45 Svag rökutveckling från missfärgning på nedre halvan. 

32:30 Dörrbladet börjar sakta allt eftersom bli missfärgat över hela ytan, med start från 

centrum av dörrbladet. 

35:00 Rökutveckling från missfärgning i mitten av nedre halvan ökar i intensitet. 

35:20 Integritetsbrott: Lågor slår igenom dörrbladet vid missfärgning i mitten av nedre 

halvan. Lågorna antänder sedan hela dörrbladet. 

36:00 Prov avslutas. 

 

 

• Integritetstest med bomullstussar genomfördes inte under provningen.  

• Integritetstest med tolkar genomfördes inte under provningen. 

• Temperaturmätningar med rörligt termoelement genomfördes inte under provningen.  

 

 

 

4 Sammanfattning 
 

Provföremålet, en avsågad del av dörrblad, beskrivet i kapitel 2 har provats enligt den 

ackrediterade provningsmetoden: 

 

• SP Brand 119:2012 

 

Avvikelser 
 

Provningen har genomförts med följande listade avsteg från provningsmetoden: 

 

• Provningsuppdraget har slutförts med otillräcklig dokumentation på provföremål. 

• Provföremålets ingående komponeters egenskaper, konstruktion och samansättning 

har inte verifierat i enlighet med kraven i provningsmetoden. 

 

Nedan finns en sammanfattning av resultatet som erhölls under provningen och väsentlig 

information om provföremålet. 
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RAPPORT 
   

Datum Beteckning Sida 

2023-02-16 O100404-105300-1 5 (5) 
   

   
 

  

  

 

RISE Research Institutes of Sweden AB 

 

4.1 Brandprov 
 

Provningen varade i 36 minuter. 

 

Sammanställning av resultat 
 

Tabell: Sammanfattning av integritetsmätningar 

 

 

Tabell: Sammanfattning av temperaturmätningar 

Isolering I₂ Resultat 
• Medeltemperaturstegring, 140 °C 33 minuter. 

• Maximal temperaturstegring, 180 °C 34 minuter (termoelement TC1) 

 

 

På grund av karaktären hos provning av brandmotstånd och därmed svårigheten att kvantifiera 

mätosäkerheten hos det uppmätta brandmotståndet, är det inte möjligt att ange någon nivå på 

provningsresultatets noggrannhet. 

 

RISE Research Institutes of Sweden AB 
Brand och säkerhet - Brandmotstånd 

Utfört av Granskat av 

__Signature_1 __Signature_2 

Antin Trogen Pär Johansson (BRk) 

 

 

Bilagor 

 

Tabell: Bilagor 

Bilaga Beskrivning Sida 
1 Ritning på provföremål 1 

2 Provuppställning 1 

3 Placering av termoelement i ugnen 1 

 Provförhållande  2 

4 Instrumentering av provföremål 1 

 Temperaturer på provföremål: Graf 2-3 

 Fotografier från provningen 4-5 

 

 

 

Integritet Resultat 
• Ihållande låga längre än 10 sekunder 36 minuter. 

• Tolkar diameter 6 mm och 25 mm Mätningar utfördes ej under 

provet. 

• Prov med bomullstuss Mätningar utfördes ej under 

provet. 
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RAPPORT Datum Beteckning Sida 

2023-02-16 O100404-105300-1 1 (1) 

Bilaga 1 

RISE Research Institutes of Sweden AB 

Ritningar på provföremål 

Inget ritningsunderlag har ingått i dokumentationen för provningen. 
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RAPPORT Datum Beteckning Sida 

2023-02-16 O100404-105300-1 1 (1) 

Bilaga 2 

RISE Research Institutes of Sweden AB 

Provuppställning 
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RAPPORT Datum Beteckning Sida 

2023-02-16 O100404-105300-1 1 (2) 

Bilaga 3 

RISE Research Institutes of Sweden AB 

Placering av termoelement i ugnen 
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RAPPORT Datum Beteckning Sida 

2023-02-16 O100404-105300-1 2 (2) 

Bilaga 3 

RISE Research Institutes of Sweden AB 

Provförhållande: Medeltemperaturen i ugnen 

Temperaturen i ugnen skiljde sig märkbart från brandkurvan vid några tillfällen under provets 

första 10 min. Troligtvis på grund av att provföremålet började brinna vilket resulterade i att 

det blev svårt att kontrollera temperaturen. 
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RAPPORT 

    

  

Datum Beteckning Sida 

2023-02-16 O100404-105300-1 1 (4) 
   

   
 

 Bilaga 4 

  

 

RISE Research Institutes of Sweden AB 

 

Instrumentering av provföremål 
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RAPPORT 

    

  

Datum Beteckning Sida 

2023-02-16 O100404-105300-1 2 (4) 
   

   
 

 Bilaga 4 

  

 

RISE Research Institutes of Sweden AB 

 

Stegringstemperaturer på provföremål: Graf 
 

 
 

Termoelement TC2 var ur funktion från 30,3 minuter av provningen.  

Termoelement TC4 var ur funktion från 34,2 minuter av provningen.  
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Datum Beteckning Sida 

2023-02-16 O100404-105300-1 3 (4) 
   

   
 

 Bilaga 4 

  

 

RISE Research Institutes of Sweden AB 

 

Fotografier från provningen 
 

 
Instrumentering på provföremål. 

 

 
Provföremålet fäst på ugnen. 
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RAPPORT 

    

  

Datum Beteckning Sida 

2023-02-16 O100404-105300-1 4 (4) 
   

   
 

 Bilaga 4 

  

 

RISE Research Institutes of Sweden AB 

 

Fotografier från provningen 
 

 
Provföremålet efter 35 minuter av provningen. 

 

 
Provföremålet efter att provningen avslutats. 
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105300-1 SÄRF brandtest av äldre trädörrar 2024-02-23 

Detta dokument är en sammanfattning av förutsättningarna och resultatet från brandprovningen av 

äldre trädörrar. Upplägget i dokumentet är att först presenteras förutsättningarna för provet 

(temperatur i ugnen och hur/var mätningar har gjorts på provföremålen) och detta följs av resultatet 

från mätningarna. 
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Förutsättningar för provet 

Provuppställning 
 

 

 

  



2 
 

Temperatur i ugnen under provet, brandkurva enligt EN 1363-1 
 

 

  



3 
 

Tryck i ugnen under provningen 
Enligt standard EN 1634-1 skall trycket vara 0 Pa 500 mm ovanför golvnivå. Följande graf visar trycket i 

ugnen under provningen. De streckade linjerna visar intervallet som trycket skall hålla sig inom. 

Under provningen brann det igenom på provföremål A (vid ca 9 min) vilket skapade ett läckage som 

gjorde att trycket svajade en aning under provningen.  
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Mätningar på provföremålen 
På denna ritning visas det hur termoelementen placerades på provföremålen. Texten under bilden förklarar respektive placering såsom det står i 

provningsstandarden EN 1634-1 och numret efter texten (t.ex. 9.1.2.2) är numret på det stycke i standarden som tar upp mätpunkten i fråga. 
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Uppmätta springbredder 
Springbredder mellan dörrblad och karm skall mätas före prov enligt standard. Storleken på springbredderna kan ha betydelse för provets utfall, större 

springor kan leda till att lågor läcker ut genom springorna. 

Provföremål A 

 

  

Springor: Framkant Springor: Bakkant Springor: Ovankant Springor: Underkant
P P P P

F1 3,4 B1 7,7 U1 4,0 L1 2,4

F2 3,3 B2 5,0 U2 3,9 L2 3,3

F3 3,8 B3 3,6 U3 2,7 L3 4,9

F4 5,6 B4 2,7

F1

F2

F3

F4

B1

B2

B3

B4

U1 U2 U3

L1 L2 L3

P P

P

P
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Provföremål B 

 

 

Springor: Framkant Springor: Bakkant Springor: Ovankant Springor: Underkant
P P P P

F1 5,6 B1 3,7 U1 3,5 L1 1,5

F2 6,5 B2 2,0 U2 3,8 L2 2,1

F3 5,5 B3 1,9 U3 3,6 L3 0,3

F4 2,7 B4 2,1

F1

F2

F3

F4

B1

B2

B3

B4

U1 U2 U3

L1 L2 L3

P P

P

P
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Temperaturmätning på provföremålen 
 

Placering av respektive mätpunkt presenteras tidigare i dokumentet under rubrik ”Mätningar på 

provföremålen”. Angivna temperaturen är stegringstemperatur, d.v.s. vid provets start nollställs alla 

mätpunkter och det som presenteras är hur mycket temperaturen stiger. Dagens krav på 

temperaturstegring är följande: 

- Max tillåten temperaturstegring av medelvärdet på dörrbladet är 140 °C. 

- Max tillåten temperaturstegring på enskild punkt på dörrblad är 180 °C. 

- Maximal tillåten temperaturstegring på enskild punkt på karmen är 360 °C. 



8 
 

Provföremål A 
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Provföremål B 
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Observationer från provet 
 

Tid [min:s] Observationer (refererar till icke brandexponerad sida om inget annat anges) 
00:00 Provet startar. 

00:45 Provföremål A och B: Rökutveckling vid anslutningen mellan dörrblad och karm runtom 

hela dörren. 

1:40 Provföremål A: Kraftig rökutveckling vid anslutningen mellan dörrblad och karm i ovankant. 

2:30 Provföremål A och B: Rökutveckling vid brevinkast. 

2:50 Provföremål A: Rökutvecklingen vid brevinkast ökar i intensitet. 

3:30 Provföremål A och B: Kraftiga puffar av rök i anslutningen mellan dörrblad och karm 

runtom hela dörren. 

4:00 Provföremål A: Karmen börjar missfärgas på övre halvan av den horisontella delen av 

karmen på handtagssidan. 

4:30 Provföremål A och B: Kraftig rök fortsätter att välla ut i anslutningen mellan dörrblad och 

karm runtom hela dörren. 

5:00 Provföremål B: Dörrbladet börjar missfärgas i framkant ca 500 mm ovan golv. 

5:10 Provföremål A: Dörrbladet börjar missfärgas vid brevinkast. 

6:10 Provföremål A: Dörrbladet börjar missfärgas fläckvis på övre halvan. 

9:00 Provföremål A: Dörrbladet har blivit missfärgat i princip över hela ytan. 

9:20 Provföremål A: Kraftig rökutveckling i anslutningen mellan dörrblad och karm i ovankant. 

9:40 Provföremål A: Integritetsbrott: En låga har varit kontinuerlig i mer än 10 sekunder över i 

princip hela dörrbladet.  

9:50 Provföremål A täcks med en gipsskiva för att kunna fortsätta utvärderingen av provföremål 

B. 

11:20 Provföremål B: Sticklågor med varaktighet kortare än 10 sekunder uppstår vid brevinkastet. 

12:30 Provföremål B: Sticklågor med varaktighet kortare än 10 sekunder fortsätter komma ut vid 

brevinkastet och ökar i antal och intensitet. 

14:20 Provföremål B: Integritetsbrott: Integritetstest med bomullstuss utförs vid brevinkastet. 

Bomullstussen antänds vid provet. 

15:45 Provet avslutas eftersom båda provföremålens integritet fallerat.  
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Sammanfattning 
 

Provföremål A 
 

- Dörrens integritet fallerade efter 9:20 min p.g.a. en ihållande låga med varaktighet längre än 

10 sekunder. 

- Temperaturen överskred inte det tillåtna på någon utav mätpunkterna fram tills att 

integriteten fallerade. 

 

Provföremål B 
 

- Dörrens integritet fallerade efter 14:20 då bomullstussen som används för att testa 

integriteten antändes.  

- Temperaturen överskred inte det tillåtna på någon utav mätpunkterna fram tills att 

integriteten fallerade. Dock överskreds den tillåtna temperaturen vid mätpunkt B10 efter 

15:20 min. 
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Foton från provning 
 

 

Figure 1. Provföremålen före provets start. 

 

 

 

Figure 2. Provföremålen efter ca 3 min av provet. 
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Figure 3. Provföremål A tar eld efter drygt 9 min av provet. 

 

Figure 4. Vy inifrån ugnen (baksidan av provföremål) i ögonblicket då integriteten fallerar för provföremål A. 



18 
 

 

Figure 5. Sticklågor kommer ut vid brevinkastet på provföremål B efter drygt 11 min. 

 

 

 

Figure 6. Integriteten för provföremål B fallerar då bomullstussen antänds efter 14:20 min. 
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105300-2 SÄRF brandtest av äldre trädörrar 2024-04-11 

Detta dokument är en sammanfattning av förutsättningarna och resultatet från brandprovningen av 

del av äldre trädörr. Upplägget i dokumentet är att först presenteras förutsättningarna för provet 

(temperatur i ugnen och hur/var mätningar har gjorts på provföremålen) och detta följs av resultatet 

från mätningarna. 

Innehåll 
Förutsättningar för provet ....................................................................................................................... 2 

Provuppställning .................................................................................................................................. 2 

Temperatur i ugnen under provet, brandkurva enligt ISO 834:1977 .................................................. 3 

Placering av temperaturmätning på provföremålet ............................................................................ 4 

Resultat .................................................................................................................................................... 5 

Temperaturmätning på provföremålet ................................................................................................ 5 

Temperaturstegring på provföremål - medelvärde ............................................................................. 6 

Temperaturstegring på provföremål – enskilda termoelement .......................................................... 7 

Observationer från provet ....................................................................................................................... 8 

Sammanfattning ...................................................................................................................................... 9 

Foton från provning ............................................................................................................................... 10 
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Förutsättningar för provet 

Provuppställning 
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Temperatur i ugnen under provet, brandkurva enligt ISO 834:1977 
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Placering av temperaturmätning på provföremålet 
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Resultat 

Temperaturmätning på provföremålet 
 

Placering av respektive mätpunkt presenteras ovan under rubrik ”Placering av temperaturmätning på 

provföremålet”. Angivna temperaturen är stegringstemperatur, d.v.s. vid provets start nollställs alla 

mätpunkter och det som presenteras är hur mycket temperaturen stiger. Dagens krav på 

temperaturstegring i provningar av dörrar är följande: 

- Max tillåten temperaturstegring av medelvärdet på dörrblad är 140 °C. 

- Max tillåten temperaturstegring på enskild punkt på dörrblad är 180 °C. 
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Temperaturstegring på provföremål - medelvärde 
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Temperaturstegring på provföremål – enskilda termoelement 
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Observationer från provet 
 

Tid [min:s] Observationer (refererar till icke brandexponerad sida om inget annat anges) 
00:00 Provet startar. 

5:00 Ingen påverkan på provföremålet kan noteras. 

20:00 Fortfarande kan ingen synlig påverkan på provföremålet. 

22:15 Rökutveckling från ovansidan av provföremålet. 

26:40 Rökutvecklingen ökar i intensitet och provföremålet börjar få svarta fläckar. 

27:30 Lacken på ytan på provföremålet börjar bubbla sig. 

29:00 Integritetsbrott: Lågor slår igenom i mitten av provföremålet och sätter eld på 

provföremålet.  

30:00 Prov avslutas. 
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Sammanfattning 
 

Dörrbladets integritet fallerade efter 29:10 min p.g.a. en ihållande låga med varaktighet längre än 10 

sekunder. 

Temperaturen överskred inte det tillåtna på någon utav mätpunkterna fram tills att integriteten 

fallerade. 
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Foton från provning 

Figure 1. Provföremålet före provets start. 

Figure 2. Provföremålet efter drygt 26 min av provet när de svarta fläckarna uppstod. 
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Figure 3. Provföremålet tar eld efter 29 min av provet och integriteten är således fallerad. 

Figure 4. Provföremålets baksida efter avslutad provning. 



105300-3 SÄRF brandtest av äldre trädörrar 2024-05-14 

Detta dokument är en sammanfattning av förutsättningarna och resultatet från brandprovningen av 

äldre trädörrar med åtgärdsförslag. Upplägget i dokumentet är att först presenteras förutsättningarna 

för provet (temperatur i ugnen och hur/var mätningar har gjorts på provföremålen) och detta följs av 

resultatet från mätningarna. 

Innehåll 
Förutsättningar för provet ....................................................................................................................... 1 

Provuppställning .................................................................................................................................. 1 

Temperatur i ugnen under provet, brandkurva enligt EN 1363-1 ....................................................... 2 

Tryck i ugnen under provningen .......................................................................................................... 3 

Mätningar på provföremålen .............................................................................................................. 4 

Uppmätta springbredder ..................................................................................................................... 5 

Provföremål A .................................................................................................................................. 5 

Provföremål B .................................................................................................................................. 6 

Temperaturmätning på provföremålen ................................................................................................... 7 

Provföremål A ...................................................................................................................................... 8 

Provföremål B .................................................................................................................................... 11 

Observationer från provet ..................................................................................................................... 14 

Sammanfattning .................................................................................................................................... 15 

Provföremål A .................................................................................................................................... 15 

Provföremål B .................................................................................................................................... 15 

Foton från provning ............................................................................................................................... 16 
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Förutsättningar för provet 

Provuppställning 
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Temperatur i ugnen under provet, brandkurva enligt EN 1363-1 
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Tryck i ugnen under provningen 
Enligt standard EN 1634-1 skall trycket vara 0 Pa 500 mm ovanför golvnivå. Följande graf visar trycket i 

ugnen under provningen. De streckade linjerna visar intervallet som trycket skall hålla sig inom. 

Under provningen brann det igenom på provföremål A (efter drygt 20 min) vilket skapade ett läckage 

som gjorde att trycket svajade en aning under resterande av provningen. 
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Mätningar på provföremålen 
På denna ritning visas det hur termoelementen placerades på provföremålen. Texten under bilden förklarar respektive placering såsom det står i 

provningsstandarden EN 1634-1 och numret efter texten (t.ex. 9.1.2.2) är numret på det stycke i standarden som tar upp mätpunkten i fråga. 
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Uppmätta springbredder 
Springbredder mellan dörrblad och karm skall mätas före prov enligt standard. Storleken på springbredderna kan ha betydelse för provets utfall, större 

springor kan leda till att lågor läcker ut genom springorna. 

Provföremål A 

 

  

Springor: Framkant Springor: Bakkant Springor: Ovankant Springor: Underkant
P P P P

F1 5,0 B1 6,8 U1 3,9 L1 4,0

F2 7,1 B2 4,2 U2 3,1 L2 2,5

F3 8,1 B3 3,0 U3 3,3 L3 3,8

F4 9,8 B4 1,8

F1

F2

F3

F4

B1

B2

B3

B4

U1 U2 U3

L1 L2 L3

P P

P

P
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Provföremål B 

Springor: Framkant Springor: Bakkant Springor: Ovankant Springor: Underkant
P P P P

F1 3,1 B1 3,7 U1 5,5 L1 2,7

F2 3,4 B2 4,2 U2 5,3 L2 3,1

F3 6,9 B3 3,9 U3 1,9 L3 3,2

F4 4,7 B4 2,5

F1

F2

F3

F4

B1

B2

B3

B4

U1 U2 U3

L1 L2 L3

P P

P

P
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Temperaturmätning på provföremålen 

Placering av respektive mätpunkt presenteras tidigare i dokumentet under rubrik ”Mätningar på 

provföremålen”. Angivna temperaturen är stegringstemperatur, d.v.s. vid provets start nollställs alla 

mätpunkter och det som presenteras är hur mycket temperaturen stiger. Dagens krav på 

temperaturstegring är följande: 

- Max tillåten temperaturstegring av medelvärdet på dörrbladet är 140 °C.

- Max tillåten temperaturstegring på enskild punkt på dörrblad är 180 °C.

- Maximal tillåten temperaturstegring på enskild punkt på karmen är 360 °C.
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Provföremål A 
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Provföremål B 
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13 
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Observationer från provet 

Tid [min:s] Observationer (refererar till icke brandexponerad sida om inget annat anges) 
00:00 Provet startar. 

1:30 Provföremål A och B: Rökutveckling vid anslutningen mellan dörrblad och karm på övre 

delen av dörrarna. 

1:50 Provföremål A: Rökpuffar vid tröskel. 

2:40 Provföremål A: Gulfärgad rök sipprar ut ur anslutningen mellan dörrblad och karm i mitten 

av ovankant dörrblad. 

4:00 Provföremål A: Karmen börjar missfärgas i framkant ungefär 200 mm från ovankant. 

5:00 Provföremål B: Dörrbladet börjar missfärgas ovanför brevinkast. 

6:00 Provföremål A: Dörrbladet börjar missfärgas ovanför brevinkast. 

10:30 Provföremål B: Dörrbladet börjar missfärgas vid handtag. 

11:00 Eldsida - Provföremål A och B: MDF skivan på dörrbladet börjar krackelera/gå sönder. 

13:00 Provföremål A och B: Kraftig rökutveckling från hela provföremålet. 

14:00 Provföremål A: Kraftig rökutveckling ur brevinkast. 

15:00 Provföremål A: Sticklåga (kortare än 10 sekunder) vid tröskel vid bakkanten av dörrbladet. 

15:30 Provföremål B: Sticklåga (kortare än 10 sekunder) i mitten av tröskeln. 

16:30 Provföremål B: Sticklågor vid tröskeln kommer och går dock fortfarande ej längre än 

10 sekunder. 

18:00 – 18:25 Integritetstest med bomullstuss vid tröskel: Bomullstussen ej påverkad. 

19:00 Provföremål A: Sticklågor (kortare än 10 sekunder) från i princip alla glipor mellan 

dörrblad och karm. 

20:10 Provföremål A: Integritetsbrott: Hela dörrbladet tar eld. 

22:10 Provföremål B: Sticklågor vid tröskel. 

23:20 Provföremål B: Integritetsbrott: Integritetstest med bomullstuss vid tröskel: 

Bomullstussen tar eld. 

26:00 Provföremål B: Sticklågor vid tröskel fortsätter. 

28:30 Provföremål B: Integritetsbrott: En låga längre än 10 sekunder uppstår i anslutningen 

mellan dörrblad och karm i framkant/ovankant av dörrblad. 

29:45 Prov avslutas. 
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Sammanfattning 
 

Provföremål A 
 

- Dörrens integritet fallerade efter 20:10 minuter p.g.a. en ihållande låga med varaktighet 

längre än 10 sekunder. 

- Temperaturen överskred det tillåtna värdet (180°C temperaturökning vid enskild mätpunkt) 

vid mätpunkt A15 efter 20:20 minuter. 

 

Provföremål B 
 

- Dörrens integritet fallerade efter 23:20 minuter då bomullstussen som används för att testa 

integriteten antändes.  

- Temperaturen överskred inte det tillåtna på någon utav mätpunkterna under hela provets 

längd. 
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Foton från provning 

Figure 1. Provföremålen före provets start. 

Figure 2. Provföremålen efter 2:26 min av provet. 
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Figure 3. Sticklåga vid tröskel på provföremål B efter 16:17 min av provet. 

Figure 4. Brinnande bomullstuss efter integritetstest vid tröskel på provföremål B. Provföremål A har täckts med en gipsskiva 
för att kunna fortsätta provningen och utvärderingen av provföremål B. 
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Figure 5. Lågor med längre varaktighet än 10 sek uppstår på provföremål B efter ca 29 min av provet. 

Figure 6. Den brandexponerade sidan av provföremålen efter avslutat provning. Provföremål A till höger i bild och 
provföremål B till vänster i bild. 
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Material och produktion 
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jonatan.backlund@ri.se
Södra Älvsborgs Räddningstjänstförbund 

506 34 BORÅS 

Utmattningsprov av dörr 
(1 bilaga) 

RISE Research Institutes of Sweden AB 
Konfidentialitetsnivå 

K2 - Intern 

Postadress Besöksadress Tfn / Fax / E-post Detta dokument får endast återges i sin 
helhet, om inte RISE Research Institutes of 
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annat. 
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501 15 BORÅS 
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Sammanfattning 

Mekanisk provning och klassning av en äldre sidohängd lägenhetsdörr, med storlek 920 × 

2100 har gett resultatet enligt tabell 1 nedan. 

Tabell 1 Klassificering 

Produkt Slitage 

SS-EN 

12400:2002 

Lägenhetsdörr Klass 2 

1 Inledning 
Syfte: Att genom provning undersöka dörrens förslitning vid upprepad 

öppning/stängning.  

Provplats: RISE:s laboratorium för Tillämpad mekanik.  

2 Provobjekt 

Beteckning: Lägenhetsdörr. 

Typ: Dörr av trä. Storlek 920 × 2100 mm. 

Provuttag: Provföremålet levererades av Södra Älvsborgs Räddningstjänstförbund. 

Ankomstdag: Dörren ankom till RISE Tillämpad Mekanik 2024-05-03.  

3 Provningsmetod 

Provningsmetod:   SS-EN 1191:2012, Fönster och dörrar – Slitage – Motstånd vid upprepad 

öppning och stängning – Provningsmetod 

Antal prov:  En dörr provades. 

Provningsdatum: 2024-05-03 - 07. 

Transaktion 09222115557518115815 Signerat PT, JB
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RISE Research Institutes of Sweden AB 

 

4 Genomförande 

Dörren monterades med skruv på dörrkarmens bägge sidor i en testrigg av bestående av en 

aluminiumkonstruktion som hade träbeklädnad på sidorna. En pneumatisk kolv monterades i 

riggen och kolvens ända fästes till dörrbladet. Kolven tryckte på dörrens insida tills öppningen 

når 90˚ och därefter drogs dörren tillbaks till stängt läge. Denna cykel återupprepades 10 000 

gånger. 

5 Resultat 

Tabell 1 Resultat, upprepad öppning/stängning enligt SS-EN 1191. 

Provobjekt Antal 

cykler 

Deformation Observationer efter upprepad 

öppning och stängning 

Lägenhetsdörr 10.000 3 mm nedhängning 

uppmättes efter 

slitageprovningen 

Efter provningen kunde dörren 

fortfarande manövreras inga synliga 

defekter eller skador kunde iakttas. 

Den provade dörren uppfyllde kraven för klass 2 enligt SS-EN 12400.  

Resultaten avser enbart det provade föremålet. 
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Brandforsk
info@brandforsk.se, www.brandforsk.se

Insamlingsstiftelsen Brandforsk verkar för ett brandsäkert samhälle 
byggt på kunskap. Det gör vi genom att initiera och finansiera 
kunskapsutveckling inom området brandsäkerhet, och vi arbetar för 
att sprida den kunskapen så att den ska göra nytta.

Vi finansierar detta med insamlade medel från våra stödorganisationer 
som på så sätt bidrar till vår vision om
“Ett brandsäkert och hållbart samhälle byggt på kunskap”

Stödorganisationer
under 2023 då detta projekt beviljades

Akademiska hus • Bengt Dahlgren Brand & Risk • Brand och Bygg Sverige AB 

Brandkåren Attunda • Brandskyddsföreningen • Brandskyddsföreningen Gävleborg 

Brandskyddsföreningen Skaraborg • Brandskyddsföreningen Södermanland

Brandskyddsföreningen Värmland • Brandskyddsföreningen Väst 

Brandskyddsföreningen Västernorrland • Brandskyddslaget • Brandutredarna

Dina Gruppen • Eld & Vatten  • Folksam • Försäkrings AB Göta Lejon • GellCon

Höglandets räddningstjänstförbund • If Försäkring • Kristianstads Räddningstjänst 

Kommunassurans Syd Försäkrings AB • Kyrkans Försäkring • Lantmännen • MSB, myndig-

heten för samhällsskydd och beredskap • NBSG, Nationella Brandsäkerhetsgruppen Ne-

rikes Brandkår • Q-Fog i Nora AB • Region Stockholm, Trafikförvalningen • RISE, Research 

Instiutes of Sweden Riksantikvarieämbetet • Räddningstjänsten Boden • Räddningstjäns-

ten Karlstadsregionen Räddningstjänsten Kalix • Räddningstjänsten Luleå Räddnings-

tjänsten Storgöteborg • Räddningstjänsten Syd • Räddningstjänsten Östra Götaland 

Räddningstjänsten Mitt Bohuslän • Skinnskattebergs Räddningstjänst Statens fastighets-

verk • Stockholms Stads Brandförsäkringskontor • Storstockholms Brandförsvar 

Södertörns brandförsvarsförbund • Södra Älvsborgs Räddningstjänstförbund



Finansierad av
Brandforsks verksamhet möjliggörs av stöd från olika organisationer 
i samhället. Läs mer om våra stödorganisationer på www.brandforsk.se

Projektgrupp
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1. Purpose

The purpose of this document is to set a framework for the understanding of digital evidence quality. Additionally it explains how the Scrive e-signed documents relate to such framework.

2. What is quality digital evidence?

Evidence collection is a security measure that the parties signing an agreement or another type of document, use to protect themselves in the event of a future dispute. The evidence can serve the purpose of clarifying the circumstances of the signing event; what was signed, how it was signed and who the signatories were. The value of quality evidence cannot be overstated, as it can be the difference between winning and losing in the event of a dispute.

We have studied several evidence container technologies such as the signed paper document, the printed facsimile and the recorded voice to understand how to generate quality evidence in a digital environment. We found that there has been good reason to perceive the signed paper document as the gold standard for evidence quality; it has several inherent qualities that are not easily transferable into digital formats. In fact we found that new technologies have been introduced at the cost of significant loss in quality of evidence; crucial information is left out of such digital evidence containers and as a result the usefulness of such evidence is highly dependent on third parties. This section explores the key characteristics of the signed paper document as compared to digital evidence container formats with the purpose of exploring what is required to reproduce, or improve, the evidence characteristics of the signed paper document.

2.1 Integrity

To prove that evidence is legitimate it is important to be able to show that it has not been tampered with.

As outlined in the table below, integrity is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The integrity of a digital evidence container is highly dependent on the design of the system that produces it.

Question to ask:

How to emulate the integrity properties of the signed paper document in a digital evidence container?

				Signed paper document

		Digital evidence container



		Integrity

Can the evidence container be altered after its creation?

		A signed paper document is rarely questioned as evidence, unless there is good reason to believe otherwise. The reason being, that paper is by nature an immutable format; once signed it is difficult to manipulate the available evidence (typically paper mass, ink and fingerprints) without leaving traces of such manipulation. Thus a signed paper document is a durable “snapshot” of reality at the time that the document was signed.

		Digital evidence such as a PDF or an audio file, is by nature mutable. It is easy to alter digital evidence without leaving traces of manipulation.





2.2 Accessibility

To be able to make use of evidence it is key that it is as accessible as possible, meaning that all aspects of the evidence can be understood with a minimum amount of specialised expertise and tools.

As outlined in the table below, accessibility is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The accessibility of a digital evidence container is highly dependent on the design of the software that produces it.

Question to ask:

How to make a digital evidence container as accessible as a signed paper document?

				Signed paper document

		Digital evidence container



		Tools

What tools are required to display the evidence?

		All graphical elements (i.e. text and pictures) are visible to the naked eye, thus additional tools are never required for the interpretation thereof.

		All graphical elements are hidden to the naked eye, thus additional tools (machines and software) are always required for the interpretation thereof.

Additionally, different tools display the graphical elements in different ways so it is not given that all graphical elements in the file will be accessible to the naked eye or that it will be presented in the intended way.

Or even worse, to skew the balance of power and create an information advantage to one or several of the signatories, the intended way to display the graphical elements might be to hide them to make them difficult to find unless you know what tool to use and/or where to look for the graphical elements.



		Cost

How costly can it be to access the evidence?

		For the evidence that is harder to access such as fingerprints and the age of the ink, there are societal functions for the sole purpose of extracting that evidence.

		For the digital evidence that is harder to access, special resources not available to anyone such as special tools, expertise and research skills, might be required to extract all evidence.



		Comprehensibility

How Is the evidence format understood?

		As a standard format all aspects thereof are common knowledge, readily available to anyone interested.

		There is no one standard for digital evidence, therefore the format and available documentation for the interpretation thereof, is highly dependent on the design of the system that generated the evidence.





2.3 Evidence of intent

Contract law worldwide states that an offer and acceptance are elements required for the formation of a legally binding contract: the expression of an offer to contract on certain terms by one person (the “offeror”) to another person (the “offeree”), and an indication by the offeree of its acceptance of those terms. The other elements traditionally required for a legally binding contract are (i) consideration and (ii) an intention to create legal relations. Thus, intent is a key component in making a contract legally binding.

As outlined in the table below, evidence of intent is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The quality of the evidence of intent in a digital evidence container is highly dependent on the design of the software that produces it.

Question to ask:

How to produce evidence of the intent to sign in a digital signing environment and how to match that intent with a specific document?

				Signed paper document

		Digital evidence container



		Output

Is the final output the same as what is viewed at the time of signing?

		The signing environment (the paper document) is the same as the final output (the signed paper document).

		The digital signing environment is not the same as the final output. i.e. the displayed information is not the same as the digital evidence produced by the system after signing.



		Comprehensibility

Is the signing environment easily comprehensible to the signatory? 

		To sign a paper document is a standardised ritual to form a binding agreement. Therefore it is reasonable to maintain that any adult of age would understand their actions and that intent can be assumed.

		There are no standards for signing in a digital environment, the signing environments are subject to human creativity and the same signing environment may change from time to time, intentionally or unintentionally. Therefore it is not possible to assume that the signing environment made it immediately clear to the signatory that it was participating in the formation of a legally binding contract, thus intent can never be assumed.





Let us illustrate the potential consequences of weak evidence of intent in a digital signing environment with an example:

Two parties go to court over a contract signed in a digital signing environment. One of the parties claims that it didn’t sign a contract. Instead it claims that it was displayed with a) an interesting drawing of a blue elephant, b) a question if it would like to see an equally interesting pink sheep, and c) a button to proceed to view the pink sheep. Then the party selected to proceed by clicking the button to see the pink sheep, viewed the pink sheep and went to bed. There was no intent to sign a contract; there was only intent to view a pink sheep.

2.4 Evidence of identity

To be able to prove the identity of a signatory, the strength and accessibility of such evidence is key.

As outlined in the table below, evidence of identity is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The quality of the evidence of identity in a digital evidence container is highly dependent on the design of the software that produces it. On the other hand the signed paper document have inherent limitations to the type of evidence that can be included and the accessibility of such evidence, digital evidence containers don’t have such limitations to possibilities and accessibility and any type of digital evidence can be included and made easily accessible.

Question to ask:

How should the evidence of identity of the signing parties be captured and included into the evidence container?

				Signed paper document

		Digital evidence container



		Saving:

Is the evidence captured and included?

		Evidence of identity of the signing parties will automatically be captured and included into the document. The signatures can be used for graphological analysis, and fingerprints and other biometric materials from the signing parties can be used to authenticate the signatories.

		Evidence of identity of the signing parties will not be automatically captured and included into the document unless a) the software has been designed to do so, and b) the user of the software configures the software to do so.



		Formats:

In what formats can evidence be captured and included?

		There are limited possibilities to include evidence of identity other than the given; the signature, fingerprints and other biometric materials.

		New technology enables virtually unlimited possibilities to capture and include different types of evidence of identity such as audio, video, pictures and much more.



		Accessibility:

How accessible is the evidence?

		The evidence of identity is not easily accessible as it is costly and time consuming to request analysis of signatures, fingerprints and other biometric materials.

		The evidence of identity can be made easily accessible so that the usefulness thereof can be free and immediate to anyone.





2.5 Evidence of time

To be able to prove the time of a signature it is key to have exact evidence of time and that such evidence can be trusted to be accurate.

As outlined in the table below, trustworthy evidence of time is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The quality of the evidence of time in a digital evidence container is highly dependent on the design of the software that produces it. On the other hand the signed paper document have inherent limitations to the exactness of the evidence of time that can be included and the accessibility of such evidence, digital evidence containers don’t have such limitations to exactness and accessibility and very precise evidence of time can be included and made easily accessible.

Question to ask:

How to make sure that the evidence of time can be trusted to be correct?

				Signed paper document

		Digital evidence container



		Trust

Can the time be trusted? 

		The time of the event can be trusted as it can be found in the ink and there is a strong scientific foundation for the technique for chemical age determination.

		The time of the event is not automatically to be trusted because it is reported by a machine whose time settings cannot automatically be guaranteed to be correct.



		Exactness

How exact can the time be?

		The signed paper document offers limited possibilities to capture exact evidence of time. It is typically done manually through writing the date of when the signature was applied to the document. Additionally it is possible to analyse the time of the signature by chemical age determination of the applied ink. Neither of those methods provides exact evidence of time. Typically the manually applied time is only the day of the signature and the chemical age determination is even less exact.

		Digital evidence containers offer extensive possibilities to capture exact evidence of time and the evidence of time can be made to be very exact down to milliseconds, microseconds or even more exact.



		Accessibility

How accessible is the evidence?

		The evidence of time is not easily accessible as it is costly and time consuming to request analysis of signatures, fingerprints and other biometric materials.

		The evidence of time can be made easily accessible so that the usefulness thereof can be free and immediate to anyone.





2.6 Event history

To be able to prove a signature, events related to the actual signing event can be useful to strengthen the case.

As outlined in the table below, trustworthy evidence of time is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The quality of the evidence of time in a digital evidence container is highly dependent on the design of the software that produces it.

Question to ask: 

How much event information should be collected and what should be included in the evidence container?

				Signed paper document

		Digital evidence container



		Ease of saving

How easy is it to capture and include related evidence?

		Collection and inclusion of related evidence has to be done manually which is costly. Therefore it is less likely that the signatories will collect and include extra evidence as a preemptive measure.

		Collection and inclusion of related evidence can be done automatically which is cheap. Therefore it can be reasonable to with take preemptive measures to collect and include extra evidence automatically through the system generating the evidence container.





2.7 Control

As seen in the previous sections, evidence is composed of many different evidence features such as integrity, accessibility, intent, identity, time and events (the “Evidence Features”). The Evidence Features may be captured in the same evidence container or distributed across multiple evidence containers, within or outside of the signatory’s direct control, such as but not limited to documents, databases or human memory. Optimally, as much as possible of the Evidence Features should be concentrated into evidence containers under the signatory’s direct control because a) the third party can cease to exist and as a result the evidence may be destroyed, b) the third party’s systems and/or administration may change and affect the accessibility of the evidence for the signatory, c) the third party’s incentives as an agent to protect the integrity of the evidence may not be, or stop being, aligned with the signatory’s incentives as a principal and thus increasing the risk of evidence loss or the risk of tampering that may affect the evidence quality or d) any combination of the aforementioned scenarios.

As outlined in the table below, control is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The control of a digital evidence container is highly dependent on the design of the software that produces it.

Question to ask:

How to design a digital evidence container to include as much evidence as possible under the signatory’s direct control and independent from third parties?

				Signed paper document

		Digital evidence container



		Independence

How many of the Evidence Features are dependent on third parties to be useful?

		The paper naturally includes all Evidence Features.

		The digital evidence container must be designed specifically to include the Evidence Features, otherwise the Evidence Features will be left outside the direct control of the signatory.





3. Scrive’s solution

3.1 Introduction

We have now analysed the evidence quality characteristics of the signed paper document versus digital evidence containers. This section describes the Evidence Package and how it has been designed in relation to the evidence quality characteristics. Our goal has been to reproduce the evidence qualities of the signed paper document, the long-standing gold standard for evidence containers, while at the same time add new qualities enabled by new technology. The end result is an evidence container not only imitating the most important features of the signed paper document but also with qualities superior to the signed paper document.

As explained in the introduction section to this Evidence Documentation, Scrive eSign is designed to a) enable its users to define workflows for signing electronically, b) execute the e-signing workflow, c) record the evidence and d) once all signatories have signed, use the recorded evidence to produce the Evidence Package. Thus, the Evidence Package is the end result of all these four steps in Scrive eSign and to be able to understand the Evidence Package, it is important to understand each of these four steps. This section explains the four steps in Scrive eSign required for producing the Evidence Package.

3.2 Summary

The Evidence Package addresses the questions in the section “How to create quality evidence?” in the following ways:

		Topic

		Question

		Evidence Package



		Integrity

		How to emulate the immutability of the signed paper document in a digital evidence container?

		Scrive eSign seals the Evidence Package with a digital signature (see step 10 in the Service Description). Depending on which sealing method was chosen, one of two things is applicable. With Keyless Signature Infrastructure based digital signature: Within one (1) month and five (5) days Scrive eSign seals the Evidence Package with a Keyless Digital Signature (see step 11 in the Service Description) which can be used to verify the document’s integrity mathematically with the help of the Digital Signature Documentation (see step 9  in the Service Description). With PAdES digital signature: Protects the document with a tamper-evident seal and makes Long Term Validation (LTV) of the seal possible.



		Accessibility

		How to make a digital evidence container as accessible as a signed paper document?

		Scrive eSign append the Verification Page to the Signing PDF containing a brief documentation (see step 2  in the Service Description), append this Evidence Quality Framework (see step 4 in the Service Description) and append the full Service Description (see step 5  in the Service Description) these documents together explain the Evidence Package and, except from a few exceptions, eliminate the need for further expertise or resources.



		Evidence of Intent

		How to produce evidence of the intent to sign in a digital signing environment and how to match that intent with a specific document?

		Scrive eSign makes a screenshot of the confirmation in the signing environment of the Signatory, after the Signatory has signed and includes this screenshot into the Evidence of Intent (see step 8 in the Service Description). Behind the confirmation the document is visible to make it possible to match the intent with the document.



		Evidence of Identity

		How should the evidence of identity of the signing parties be captured and included into the evidence container? 

		Scrive eSign performs meticulous data collection in the Transaction Logs and then selected identity data is printed into the Verification Page (see step 6 in the Service Description) and all identity data is included into the Evidence Log (see step 4 in the Service Description).



		Evidence of time

		How to make sure that the evidence of time can be trusted to be correct?

		Scrive eSign collects time of events and Clock Error Samples into the Transaction Logs. These Clock Error Sample data are computed into useful numbers that can be used to mathematically calculate the likelihood of time deviation from the registered time.  Everything is included into the Evidence Log (see step 6 in the Service Description) and the Evidence if Time (see step 7 in the Service Description). Additionally the digital signature with which the document is sealed (see step 10 in the Service Description) includes a strong timestamp that can be used as an additional source of evidence of time.



		Event history

		How much event information to collect and what to include in the evidence container?

		Scrive eSign collects as much information as possible into the Transaction Logs and include all collected information into the Evidence Log (see step 6 in the Service Description).



		Control

		How to design a digital evidence container to include as much evidence as possible under the signatory’s direct control and independent from third parties?

		Scrive eSign goes to great lengths to collect and include as much evidence material as possible into one single evidence container, the Evidence Package. The Evidence Package include all Evidence Features of a signed paper document and more thereto.





4. Benchmarking the evidence quality of the Evidence Package

Based on the criteria as set forth in section 2 (What is quality digital evidence?), it can reasonably be argued that the Transaction Logs together with the measures in step 1-11 to produce the Evidence Package, to generate a digital evidence container of highest quality. Lets see how, in our opinion, the Evidence Package fare in comparison to the signed paper document when applying the framework as set forth in section 2.

		Main criteria

		Subcriteria

		Signed paper document

		Evidence Package



		Integrity

		Mutability

How mutable is the evidence container?

		Not mutable.

		Not mutable after applying the Digital Signature, in the sense that any alteration can be detected. In the event of a leak of the private key that Guardtime maintains, forged evidence containers would be detected if the Keyless Digital Signature has been applied. For PKI sealing, in the event of a leak of our private key for the PAdES digital signature, our certificate will be revoked. In that case, even if that certificate is revoked, the digital signature will still be able to show that at the time of sealing the certificate was not revoked and thus the digital signature (seal) is still valid.



		Accessibility

		Tools

What tools are required to display the evidence?

		No tools required.

		The Evidence Package is produced in standard PDF format and thus all parts of the Evidence Package is accessible through standard PDF readers where attachments are displayed. Adobe Reader is one example of such PDF reader.



				Cost

How costly can it be to access the evidence?

		The cost depends from country to country on the societal functions of the society and what they charge for document analysis.

		All evidence is made easily accessible and at no cost. The only evidence that requires any level of expertise is a) the technical expertise required to apply the Digital Signature Documentation to prove the Evidence Package’s integrity and timestamp mathematically and b) the statistical expertise to apply the time measurements to the statistical model to prove the exact time of an event.The need for case a is expected to be extremely rare and the statistical expertise in case b is common knowledge and easy to come by.



				Comprehensibility

How Is the evidence format understood?

		It is common knowledge available to anyone.

		The Evidence Documentation includes all explanations necessary.



		Evidence of Intent

		Output

Is the final output the same as what is viewed at the time of signing?

		Yes. Always.

		No. Never for digital evidence containers. The screenshot included in the Evidence of Intent which include a picture of the signed document in the background is intended to strengthen the evidence that what was viewed in Scrive eSign was the same as the output. The solution is not terminal though as this does not guarantee that the document was exactly the same in all parts.



				Comprehensibility

Is the signing environment comprehensible to the Signatory?

		Yes. Always for any mentally capable adult.

		Yes. The screenshot of the confirmation message after signing, that is included in the Evidence of Intent, is evidence that the Signatory understood that they were taking part in a e-signing workflow.



		Evidence of Identity

		Saving

Is the evidence captured and included?

		Yes. Unless the party wears gloves or for other reason manages to avoid direct physical contact with the paper.

		Yes. All information collected during the e-signing workflow is collected in the Transaction Logs and included in the Evidence Log upon producing the Evidence Package, including any evidence of identity.



				Formats

In what formats can evidence be captured and included?

		Limited possibilities.

		Unlimited possibilities.



				Accessibility

How accessible is the evidence?

		Not very accessible. Costly and/or time consuming to request analysis of signatures, fingerprints and other biometric materials.

		All evidence of identity is included in plain text in the Evidence Log or as easily accessible attachments to the document if requested in other format, such as photo for example.



		Evidence of time

		Trust

Can the time measurement be trusted?

		Yes.

		Yes. UTC time stamps plus deviation are time intervals guaranteed to be traceable to  reference time. Additionally the digital signature with which the document is sealed contains a time stamp which can be verified mathematically using only public information. 



				Exactness

How exact can the time measurement be?

		Not very exact. The standard precision is per day. Chemical age determination is even less exact.

		It can be very exact. The time is measured with microsecond resolution.



				Accessibility

How accessible is the evidence?

		Not very accessible. Costly and/or time consuming to request analysis of signatures, fingerprints and other biometric materials.

		Very accessible. All evidence of time is included in plain text in the Evidence Log.



		Event history

		Ease of saving

How easy is it to capture and include related evidence?

		Not very easy. Manual labor is required. Therefore likely to happen to a minimal extent.

		Effortless. Scrive eSign automatically collects and includes plenty of evidence in the Transaction Logs and prints all that evidence into the Evidence Log.



		Control

		Independence

How many of the Evidence Features are dependent on third parties to be useful?

		None. The signed paper document is a self contained evidence container format.

		None. The Evidence Package is a self contained evidence container format.






Evidence Quality Framework

Last updated: Fri 06 Mar 2020 14:08:40 UTC 

Index

1. Purpose

2. What is quality digital evidence?

2.1 Integrity

2.2 Accessibility

2.3 Evidence of intent

2.4 Evidence of identity

2.5 Evidence of time

2.6 Event history

2.7 Control

3. Scrive’s solution

3.1 Introduction

3.2 Summary

4. Benchmarking the evidence quality of the Evidence Package

1. Purpose

The purpose of this document is to set a framework for the understanding of digital evidence quality. Additionally it explains how the Scrive e-signed documents relate to such framework.

2. What is quality digital evidence?

Evidence collection is a security measure that the parties signing an agreement or another type of document, use to protect themselves in the event of a future dispute. The evidence can serve the purpose of clarifying the circumstances of the signing event; what was signed, how it was signed and who the signatories were. The value of quality evidence cannot be overstated, as it can be the difference between winning and losing in the event of a dispute.

We have studied several evidence container technologies such as the signed paper document, the printed facsimile and the recorded voice to understand how to generate quality evidence in a digital environment. We found that there has been good reason to perceive the signed paper document as the gold standard for evidence quality; it has several inherent qualities that are not easily transferable into digital formats. In fact we found that new technologies have been introduced at the cost of significant loss in quality of evidence; crucial information is left out of such digital evidence containers and as a result the usefulness of such evidence is highly dependent on third parties. This section explores the key characteristics of the signed paper document as compared to digital evidence container formats with the purpose of exploring what is required to reproduce, or improve, the evidence characteristics of the signed paper document.

2.1 Integrity

To prove that evidence is legitimate it is important to be able to show that it has not been tampered with.

As outlined in the table below, integrity is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The integrity of a digital evidence container is highly dependent on the design of the system that produces it.

Question to ask:

How to emulate the integrity properties of the signed paper document in a digital evidence container?

				Signed paper document

		Digital evidence container



		Integrity

Can the evidence container be altered after its creation?

		A signed paper document is rarely questioned as evidence, unless there is good reason to believe otherwise. The reason being, that paper is by nature an immutable format; once signed it is difficult to manipulate the available evidence (typically paper mass, ink and fingerprints) without leaving traces of such manipulation. Thus a signed paper document is a durable “snapshot” of reality at the time that the document was signed.

		Digital evidence such as a PDF or an audio file, is by nature mutable. It is easy to alter digital evidence without leaving traces of manipulation.





2.2 Accessibility

To be able to make use of evidence it is key that it is as accessible as possible, meaning that all aspects of the evidence can be understood with a minimum amount of specialised expertise and tools.

As outlined in the table below, accessibility is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The accessibility of a digital evidence container is highly dependent on the design of the software that produces it.

Question to ask:

How to make a digital evidence container as accessible as a signed paper document?

				Signed paper document

		Digital evidence container



		Tools

What tools are required to display the evidence?

		All graphical elements (i.e. text and pictures) are visible to the naked eye, thus additional tools are never required for the interpretation thereof.

		All graphical elements are hidden to the naked eye, thus additional tools (machines and software) are always required for the interpretation thereof.

Additionally, different tools display the graphical elements in different ways so it is not given that all graphical elements in the file will be accessible to the naked eye or that it will be presented in the intended way.

Or even worse, to skew the balance of power and create an information advantage to one or several of the signatories, the intended way to display the graphical elements might be to hide them to make them difficult to find unless you know what tool to use and/or where to look for the graphical elements.



		Cost

How costly can it be to access the evidence?

		For the evidence that is harder to access such as fingerprints and the age of the ink, there are societal functions for the sole purpose of extracting that evidence.

		For the digital evidence that is harder to access, special resources not available to anyone such as special tools, expertise and research skills, might be required to extract all evidence.



		Comprehensibility

How Is the evidence format understood?

		As a standard format all aspects thereof are common knowledge, readily available to anyone interested.

		There is no one standard for digital evidence, therefore the format and available documentation for the interpretation thereof, is highly dependent on the design of the system that generated the evidence.





2.3 Evidence of intent

Contract law worldwide states that an offer and acceptance are elements required for the formation of a legally binding contract: the expression of an offer to contract on certain terms by one person (the “offeror”) to another person (the “offeree”), and an indication by the offeree of its acceptance of those terms. The other elements traditionally required for a legally binding contract are (i) consideration and (ii) an intention to create legal relations. Thus, intent is a key component in making a contract legally binding.

As outlined in the table below, evidence of intent is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The quality of the evidence of intent in a digital evidence container is highly dependent on the design of the software that produces it.

Question to ask:

How to produce evidence of the intent to sign in a digital signing environment and how to match that intent with a specific document?

				Signed paper document

		Digital evidence container



		Output

Is the final output the same as what is viewed at the time of signing?

		The signing environment (the paper document) is the same as the final output (the signed paper document).

		The digital signing environment is not the same as the final output. i.e. the displayed information is not the same as the digital evidence produced by the system after signing.



		Comprehensibility

Is the signing environment easily comprehensible to the signatory? 

		To sign a paper document is a standardised ritual to form a binding agreement. Therefore it is reasonable to maintain that any adult of age would understand their actions and that intent can be assumed.

		There are no standards for signing in a digital environment, the signing environments are subject to human creativity and the same signing environment may change from time to time, intentionally or unintentionally. Therefore it is not possible to assume that the signing environment made it immediately clear to the signatory that it was participating in the formation of a legally binding contract, thus intent can never be assumed.





Let us illustrate the potential consequences of weak evidence of intent in a digital signing environment with an example:

Two parties go to court over a contract signed in a digital signing environment. One of the parties claims that it didn’t sign a contract. Instead it claims that it was displayed with a) an interesting drawing of a blue elephant, b) a question if it would like to see an equally interesting pink sheep, and c) a button to proceed to view the pink sheep. Then the party selected to proceed by clicking the button to see the pink sheep, viewed the pink sheep and went to bed. There was no intent to sign a contract; there was only intent to view a pink sheep.

2.4 Evidence of identity

To be able to prove the identity of a signatory, the strength and accessibility of such evidence is key.

As outlined in the table below, evidence of identity is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The quality of the evidence of identity in a digital evidence container is highly dependent on the design of the software that produces it. On the other hand the signed paper document have inherent limitations to the type of evidence that can be included and the accessibility of such evidence, digital evidence containers don’t have such limitations to possibilities and accessibility and any type of digital evidence can be included and made easily accessible.

Question to ask:

How should the evidence of identity of the signing parties be captured and included into the evidence container?

				Signed paper document

		Digital evidence container



		Saving:

Is the evidence captured and included?

		Evidence of identity of the signing parties will automatically be captured and included into the document. The signatures can be used for graphological analysis, and fingerprints and other biometric materials from the signing parties can be used to authenticate the signatories.

		Evidence of identity of the signing parties will not be automatically captured and included into the document unless a) the software has been designed to do so, and b) the user of the software configures the software to do so.



		Formats:

In what formats can evidence be captured and included?

		There are limited possibilities to include evidence of identity other than the given; the signature, fingerprints and other biometric materials.

		New technology enables virtually unlimited possibilities to capture and include different types of evidence of identity such as audio, video, pictures and much more.



		Accessibility:

How accessible is the evidence?

		The evidence of identity is not easily accessible as it is costly and time consuming to request analysis of signatures, fingerprints and other biometric materials.

		The evidence of identity can be made easily accessible so that the usefulness thereof can be free and immediate to anyone.





2.5 Evidence of time

To be able to prove the time of a signature it is key to have exact evidence of time and that such evidence can be trusted to be accurate.

As outlined in the table below, trustworthy evidence of time is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The quality of the evidence of time in a digital evidence container is highly dependent on the design of the software that produces it. On the other hand the signed paper document have inherent limitations to the exactness of the evidence of time that can be included and the accessibility of such evidence, digital evidence containers don’t have such limitations to exactness and accessibility and very precise evidence of time can be included and made easily accessible.

Question to ask:

How to make sure that the evidence of time can be trusted to be correct?

				Signed paper document

		Digital evidence container



		Trust

Can the time be trusted? 

		The time of the event can be trusted as it can be found in the ink and there is a strong scientific foundation for the technique for chemical age determination.

		The time of the event is not automatically to be trusted because it is reported by a machine whose time settings cannot automatically be guaranteed to be correct.



		Exactness

How exact can the time be?

		The signed paper document offers limited possibilities to capture exact evidence of time. It is typically done manually through writing the date of when the signature was applied to the document. Additionally it is possible to analyse the time of the signature by chemical age determination of the applied ink. Neither of those methods provides exact evidence of time. Typically the manually applied time is only the day of the signature and the chemical age determination is even less exact.

		Digital evidence containers offer extensive possibilities to capture exact evidence of time and the evidence of time can be made to be very exact down to milliseconds, microseconds or even more exact.



		Accessibility

How accessible is the evidence?

		The evidence of time is not easily accessible as it is costly and time consuming to request analysis of signatures, fingerprints and other biometric materials.

		The evidence of time can be made easily accessible so that the usefulness thereof can be free and immediate to anyone.





2.6 Event history

To be able to prove a signature, events related to the actual signing event can be useful to strengthen the case.

As outlined in the table below, trustworthy evidence of time is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The quality of the evidence of time in a digital evidence container is highly dependent on the design of the software that produces it.

Question to ask: 

How much event information should be collected and what should be included in the evidence container?

				Signed paper document

		Digital evidence container



		Ease of saving

How easy is it to capture and include related evidence?

		Collection and inclusion of related evidence has to be done manually which is costly. Therefore it is less likely that the signatories will collect and include extra evidence as a preemptive measure.

		Collection and inclusion of related evidence can be done automatically which is cheap. Therefore it can be reasonable to with take preemptive measures to collect and include extra evidence automatically through the system generating the evidence container.





2.7 Control

As seen in the previous sections, evidence is composed of many different evidence features such as integrity, accessibility, intent, identity, time and events (the “Evidence Features”). The Evidence Features may be captured in the same evidence container or distributed across multiple evidence containers, within or outside of the signatory’s direct control, such as but not limited to documents, databases or human memory. Optimally, as much as possible of the Evidence Features should be concentrated into evidence containers under the signatory’s direct control because a) the third party can cease to exist and as a result the evidence may be destroyed, b) the third party’s systems and/or administration may change and affect the accessibility of the evidence for the signatory, c) the third party’s incentives as an agent to protect the integrity of the evidence may not be, or stop being, aligned with the signatory’s incentives as a principal and thus increasing the risk of evidence loss or the risk of tampering that may affect the evidence quality or d) any combination of the aforementioned scenarios.

As outlined in the table below, control is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The control of a digital evidence container is highly dependent on the design of the software that produces it.

Question to ask:

How to design a digital evidence container to include as much evidence as possible under the signatory’s direct control and independent from third parties?

				Signed paper document

		Digital evidence container



		Independence

How many of the Evidence Features are dependent on third parties to be useful?

		The paper naturally includes all Evidence Features.

		The digital evidence container must be designed specifically to include the Evidence Features, otherwise the Evidence Features will be left outside the direct control of the signatory.





3. Scrive’s solution

3.1 Introduction

We have now analysed the evidence quality characteristics of the signed paper document versus digital evidence containers. This section describes the Evidence Package and how it has been designed in relation to the evidence quality characteristics. Our goal has been to reproduce the evidence qualities of the signed paper document, the long-standing gold standard for evidence containers, while at the same time add new qualities enabled by new technology. The end result is an evidence container not only imitating the most important features of the signed paper document but also with qualities superior to the signed paper document.

As explained in the introduction section to this Evidence Documentation, Scrive eSign is designed to a) enable its users to define workflows for signing electronically, b) execute the e-signing workflow, c) record the evidence and d) once all signatories have signed, use the recorded evidence to produce the Evidence Package. Thus, the Evidence Package is the end result of all these four steps in Scrive eSign and to be able to understand the Evidence Package, it is important to understand each of these four steps. This section explains the four steps in Scrive eSign required for producing the Evidence Package.

3.2 Summary

The Evidence Package addresses the questions in the section “How to create quality evidence?” in the following ways:

		Topic

		Question

		Evidence Package



		Integrity

		How to emulate the immutability of the signed paper document in a digital evidence container?

		Scrive eSign seals the Evidence Package with a digital signature (see step 10 in the Service Description). Depending on which sealing method was chosen, one of two things is applicable. With Keyless Signature Infrastructure based digital signature: Within one (1) month and five (5) days Scrive eSign seals the Evidence Package with a Keyless Digital Signature (see step 11 in the Service Description) which can be used to verify the document’s integrity mathematically with the help of the Digital Signature Documentation (see step 9  in the Service Description). With PAdES digital signature: Protects the document with a tamper-evident seal and makes Long Term Validation (LTV) of the seal possible.



		Accessibility

		How to make a digital evidence container as accessible as a signed paper document?

		Scrive eSign append the Verification Page to the Signing PDF containing a brief documentation (see step 2  in the Service Description), append this Evidence Quality Framework (see step 4 in the Service Description) and append the full Service Description (see step 5  in the Service Description) these documents together explain the Evidence Package and, except from a few exceptions, eliminate the need for further expertise or resources.



		Evidence of Intent

		How to produce evidence of the intent to sign in a digital signing environment and how to match that intent with a specific document?

		Scrive eSign makes a screenshot of the confirmation in the signing environment of the Signatory, after the Signatory has signed and includes this screenshot into the Evidence of Intent (see step 8 in the Service Description). Behind the confirmation the document is visible to make it possible to match the intent with the document.



		Evidence of Identity

		How should the evidence of identity of the signing parties be captured and included into the evidence container? 

		Scrive eSign performs meticulous data collection in the Transaction Logs and then selected identity data is printed into the Verification Page (see step 6 in the Service Description) and all identity data is included into the Evidence Log (see step 4 in the Service Description).



		Evidence of time

		How to make sure that the evidence of time can be trusted to be correct?

		Scrive eSign collects time of events and Clock Error Samples into the Transaction Logs. These Clock Error Sample data are computed into useful numbers that can be used to mathematically calculate the likelihood of time deviation from the registered time.  Everything is included into the Evidence Log (see step 6 in the Service Description) and the Evidence if Time (see step 7 in the Service Description). Additionally the digital signature with which the document is sealed (see step 10 in the Service Description) includes a strong timestamp that can be used as an additional source of evidence of time.



		Event history

		How much event information to collect and what to include in the evidence container?

		Scrive eSign collects as much information as possible into the Transaction Logs and include all collected information into the Evidence Log (see step 6 in the Service Description).



		Control

		How to design a digital evidence container to include as much evidence as possible under the signatory’s direct control and independent from third parties?

		Scrive eSign goes to great lengths to collect and include as much evidence material as possible into one single evidence container, the Evidence Package. The Evidence Package include all Evidence Features of a signed paper document and more thereto.





4. Benchmarking the evidence quality of the Evidence Package

Based on the criteria as set forth in section 2 (What is quality digital evidence?), it can reasonably be argued that the Transaction Logs together with the measures in step 1-11 to produce the Evidence Package, to generate a digital evidence container of highest quality. Lets see how, in our opinion, the Evidence Package fare in comparison to the signed paper document when applying the framework as set forth in section 2.

		Main criteria

		Subcriteria

		Signed paper document

		Evidence Package



		Integrity

		Mutability

How mutable is the evidence container?

		Not mutable.

		Not mutable after applying the Digital Signature, in the sense that any alteration can be detected. In the event of a leak of the private key that Guardtime maintains, forged evidence containers would be detected if the Keyless Digital Signature has been applied. For PKI sealing, in the event of a leak of our private key for the PAdES digital signature, our certificate will be revoked. In that case, even if that certificate is revoked, the digital signature will still be able to show that at the time of sealing the certificate was not revoked and thus the digital signature (seal) is still valid.



		Accessibility

		Tools

What tools are required to display the evidence?

		No tools required.

		The Evidence Package is produced in standard PDF format and thus all parts of the Evidence Package is accessible through standard PDF readers where attachments are displayed. Adobe Reader is one example of such PDF reader.



				Cost

How costly can it be to access the evidence?

		The cost depends from country to country on the societal functions of the society and what they charge for document analysis.

		All evidence is made easily accessible and at no cost. The only evidence that requires any level of expertise is a) the technical expertise required to apply the Digital Signature Documentation to prove the Evidence Package’s integrity and timestamp mathematically and b) the statistical expertise to apply the time measurements to the statistical model to prove the exact time of an event.The need for case a is expected to be extremely rare and the statistical expertise in case b is common knowledge and easy to come by.



				Comprehensibility

How Is the evidence format understood?

		It is common knowledge available to anyone.

		The Evidence Documentation includes all explanations necessary.



		Evidence of Intent

		Output

Is the final output the same as what is viewed at the time of signing?

		Yes. Always.

		No. Never for digital evidence containers. The screenshot included in the Evidence of Intent which include a picture of the signed document in the background is intended to strengthen the evidence that what was viewed in Scrive eSign was the same as the output. The solution is not terminal though as this does not guarantee that the document was exactly the same in all parts.



				Comprehensibility

Is the signing environment comprehensible to the Signatory?

		Yes. Always for any mentally capable adult.

		Yes. The screenshot of the confirmation message after signing, that is included in the Evidence of Intent, is evidence that the Signatory understood that they were taking part in a e-signing workflow.



		Evidence of Identity

		Saving

Is the evidence captured and included?

		Yes. Unless the party wears gloves or for other reason manages to avoid direct physical contact with the paper.

		Yes. All information collected during the e-signing workflow is collected in the Transaction Logs and included in the Evidence Log upon producing the Evidence Package, including any evidence of identity.



				Formats

In what formats can evidence be captured and included?

		Limited possibilities.

		Unlimited possibilities.



				Accessibility

How accessible is the evidence?

		Not very accessible. Costly and/or time consuming to request analysis of signatures, fingerprints and other biometric materials.

		All evidence of identity is included in plain text in the Evidence Log or as easily accessible attachments to the document if requested in other format, such as photo for example.



		Evidence of time

		Trust

Can the time measurement be trusted?

		Yes.

		Yes. UTC time stamps plus deviation are time intervals guaranteed to be traceable to  reference time. Additionally the digital signature with which the document is sealed contains a time stamp which can be verified mathematically using only public information. 



				Exactness

How exact can the time measurement be?

		Not very exact. The standard precision is per day. Chemical age determination is even less exact.

		It can be very exact. The time is measured with microsecond resolution.



				Accessibility

How accessible is the evidence?

		Not very accessible. Costly and/or time consuming to request analysis of signatures, fingerprints and other biometric materials.

		Very accessible. All evidence of time is included in plain text in the Evidence Log.



		Event history

		Ease of saving

How easy is it to capture and include related evidence?

		Not very easy. Manual labor is required. Therefore likely to happen to a minimal extent.

		Effortless. Scrive eSign automatically collects and includes plenty of evidence in the Transaction Logs and prints all that evidence into the Evidence Log.



		Control

		Independence

How many of the Evidence Features are dependent on third parties to be useful?

		None. The signed paper document is a self contained evidence container format.

		None. The Evidence Package is a self contained evidence container format.
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1. Purpose

The purpose of this document is to set a framework for the understanding of digital evidence quality. Additionally it explains how the Scrive e-signed documents relate to such framework.

2. What is quality digital evidence?

Evidence collection is a security measure that the parties signing an agreement or another type of document, use to protect themselves in the event of a future dispute. The evidence can serve the purpose of clarifying the circumstances of the signing event; what was signed, how it was signed and who the signatories were. The value of quality evidence cannot be overstated, as it can be the difference between winning and losing in the event of a dispute.

We have studied several evidence container technologies such as the signed paper document, the printed facsimile and the recorded voice to understand how to generate quality evidence in a digital environment. We found that there has been good reason to perceive the signed paper document as the gold standard for evidence quality; it has several inherent qualities that are not easily transferable into digital formats. In fact we found that new technologies have been introduced at the cost of significant loss in quality of evidence; crucial information is left out of such digital evidence containers and as a result the usefulness of such evidence is highly dependent on third parties. This section explores the key characteristics of the signed paper document as compared to digital evidence container formats with the purpose of exploring what is required to reproduce, or improve, the evidence characteristics of the signed paper document.

2.1 Integrity

To prove that evidence is legitimate it is important to be able to show that it has not been tampered with.

As outlined in the table below, integrity is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The integrity of a digital evidence container is highly dependent on the design of the system that produces it.

Question to ask:

How to emulate the integrity properties of the signed paper document in a digital evidence container?

				Signed paper document

		Digital evidence container



		Integrity

Can the evidence container be altered after its creation?

		A signed paper document is rarely questioned as evidence, unless there is good reason to believe otherwise. The reason being, that paper is by nature an immutable format; once signed it is difficult to manipulate the available evidence (typically paper mass, ink and fingerprints) without leaving traces of such manipulation. Thus a signed paper document is a durable “snapshot” of reality at the time that the document was signed.

		Digital evidence such as a PDF or an audio file, is by nature mutable. It is easy to alter digital evidence without leaving traces of manipulation.





2.2 Accessibility

To be able to make use of evidence it is key that it is as accessible as possible, meaning that all aspects of the evidence can be understood with a minimum amount of specialised expertise and tools.

As outlined in the table below, accessibility is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The accessibility of a digital evidence container is highly dependent on the design of the software that produces it.

Question to ask:

How to make a digital evidence container as accessible as a signed paper document?

				Signed paper document

		Digital evidence container



		Tools

What tools are required to display the evidence?

		All graphical elements (i.e. text and pictures) are visible to the naked eye, thus additional tools are never required for the interpretation thereof.

		All graphical elements are hidden to the naked eye, thus additional tools (machines and software) are always required for the interpretation thereof.

Additionally, different tools display the graphical elements in different ways so it is not given that all graphical elements in the file will be accessible to the naked eye or that it will be presented in the intended way.

Or even worse, to skew the balance of power and create an information advantage to one or several of the signatories, the intended way to display the graphical elements might be to hide them to make them difficult to find unless you know what tool to use and/or where to look for the graphical elements.



		Cost

How costly can it be to access the evidence?

		For the evidence that is harder to access such as fingerprints and the age of the ink, there are societal functions for the sole purpose of extracting that evidence.

		For the digital evidence that is harder to access, special resources not available to anyone such as special tools, expertise and research skills, might be required to extract all evidence.



		Comprehensibility

How Is the evidence format understood?

		As a standard format all aspects thereof are common knowledge, readily available to anyone interested.

		There is no one standard for digital evidence, therefore the format and available documentation for the interpretation thereof, is highly dependent on the design of the system that generated the evidence.





2.3 Evidence of intent

Contract law worldwide states that an offer and acceptance are elements required for the formation of a legally binding contract: the expression of an offer to contract on certain terms by one person (the “offeror”) to another person (the “offeree”), and an indication by the offeree of its acceptance of those terms. The other elements traditionally required for a legally binding contract are (i) consideration and (ii) an intention to create legal relations. Thus, intent is a key component in making a contract legally binding.

As outlined in the table below, evidence of intent is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The quality of the evidence of intent in a digital evidence container is highly dependent on the design of the software that produces it.

Question to ask:

How to produce evidence of the intent to sign in a digital signing environment and how to match that intent with a specific document?

				Signed paper document

		Digital evidence container



		Output

Is the final output the same as what is viewed at the time of signing?

		The signing environment (the paper document) is the same as the final output (the signed paper document).

		The digital signing environment is not the same as the final output. i.e. the displayed information is not the same as the digital evidence produced by the system after signing.



		Comprehensibility

Is the signing environment easily comprehensible to the signatory? 

		To sign a paper document is a standardised ritual to form a binding agreement. Therefore it is reasonable to maintain that any adult of age would understand their actions and that intent can be assumed.

		There are no standards for signing in a digital environment, the signing environments are subject to human creativity and the same signing environment may change from time to time, intentionally or unintentionally. Therefore it is not possible to assume that the signing environment made it immediately clear to the signatory that it was participating in the formation of a legally binding contract, thus intent can never be assumed.





Let us illustrate the potential consequences of weak evidence of intent in a digital signing environment with an example:

Two parties go to court over a contract signed in a digital signing environment. One of the parties claims that it didn’t sign a contract. Instead it claims that it was displayed with a) an interesting drawing of a blue elephant, b) a question if it would like to see an equally interesting pink sheep, and c) a button to proceed to view the pink sheep. Then the party selected to proceed by clicking the button to see the pink sheep, viewed the pink sheep and went to bed. There was no intent to sign a contract; there was only intent to view a pink sheep.

2.4 Evidence of identity

To be able to prove the identity of a signatory, the strength and accessibility of such evidence is key.

As outlined in the table below, evidence of identity is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The quality of the evidence of identity in a digital evidence container is highly dependent on the design of the software that produces it. On the other hand the signed paper document have inherent limitations to the type of evidence that can be included and the accessibility of such evidence, digital evidence containers don’t have such limitations to possibilities and accessibility and any type of digital evidence can be included and made easily accessible.

Question to ask:

How should the evidence of identity of the signing parties be captured and included into the evidence container?

				Signed paper document

		Digital evidence container



		Saving:

Is the evidence captured and included?

		Evidence of identity of the signing parties will automatically be captured and included into the document. The signatures can be used for graphological analysis, and fingerprints and other biometric materials from the signing parties can be used to authenticate the signatories.

		Evidence of identity of the signing parties will not be automatically captured and included into the document unless a) the software has been designed to do so, and b) the user of the software configures the software to do so.



		Formats:

In what formats can evidence be captured and included?

		There are limited possibilities to include evidence of identity other than the given; the signature, fingerprints and other biometric materials.

		New technology enables virtually unlimited possibilities to capture and include different types of evidence of identity such as audio, video, pictures and much more.



		Accessibility:

How accessible is the evidence?

		The evidence of identity is not easily accessible as it is costly and time consuming to request analysis of signatures, fingerprints and other biometric materials.

		The evidence of identity can be made easily accessible so that the usefulness thereof can be free and immediate to anyone.





2.5 Evidence of time

To be able to prove the time of a signature it is key to have exact evidence of time and that such evidence can be trusted to be accurate.

As outlined in the table below, trustworthy evidence of time is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The quality of the evidence of time in a digital evidence container is highly dependent on the design of the software that produces it. On the other hand the signed paper document have inherent limitations to the exactness of the evidence of time that can be included and the accessibility of such evidence, digital evidence containers don’t have such limitations to exactness and accessibility and very precise evidence of time can be included and made easily accessible.

Question to ask:

How to make sure that the evidence of time can be trusted to be correct?

				Signed paper document

		Digital evidence container



		Trust

Can the time be trusted? 

		The time of the event can be trusted as it can be found in the ink and there is a strong scientific foundation for the technique for chemical age determination.

		The time of the event is not automatically to be trusted because it is reported by a machine whose time settings cannot automatically be guaranteed to be correct.



		Exactness

How exact can the time be?

		The signed paper document offers limited possibilities to capture exact evidence of time. It is typically done manually through writing the date of when the signature was applied to the document. Additionally it is possible to analyse the time of the signature by chemical age determination of the applied ink. Neither of those methods provides exact evidence of time. Typically the manually applied time is only the day of the signature and the chemical age determination is even less exact.

		Digital evidence containers offer extensive possibilities to capture exact evidence of time and the evidence of time can be made to be very exact down to milliseconds, microseconds or even more exact.



		Accessibility

How accessible is the evidence?

		The evidence of time is not easily accessible as it is costly and time consuming to request analysis of signatures, fingerprints and other biometric materials.

		The evidence of time can be made easily accessible so that the usefulness thereof can be free and immediate to anyone.





2.6 Event history

To be able to prove a signature, events related to the actual signing event can be useful to strengthen the case.

As outlined in the table below, trustworthy evidence of time is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The quality of the evidence of time in a digital evidence container is highly dependent on the design of the software that produces it.

Question to ask: 

How much event information should be collected and what should be included in the evidence container?

				Signed paper document

		Digital evidence container



		Ease of saving

How easy is it to capture and include related evidence?

		Collection and inclusion of related evidence has to be done manually which is costly. Therefore it is less likely that the signatories will collect and include extra evidence as a preemptive measure.

		Collection and inclusion of related evidence can be done automatically which is cheap. Therefore it can be reasonable to with take preemptive measures to collect and include extra evidence automatically through the system generating the evidence container.





2.7 Control

As seen in the previous sections, evidence is composed of many different evidence features such as integrity, accessibility, intent, identity, time and events (the “Evidence Features”). The Evidence Features may be captured in the same evidence container or distributed across multiple evidence containers, within or outside of the signatory’s direct control, such as but not limited to documents, databases or human memory. Optimally, as much as possible of the Evidence Features should be concentrated into evidence containers under the signatory’s direct control because a) the third party can cease to exist and as a result the evidence may be destroyed, b) the third party’s systems and/or administration may change and affect the accessibility of the evidence for the signatory, c) the third party’s incentives as an agent to protect the integrity of the evidence may not be, or stop being, aligned with the signatory’s incentives as a principal and thus increasing the risk of evidence loss or the risk of tampering that may affect the evidence quality or d) any combination of the aforementioned scenarios.

As outlined in the table below, control is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The control of a digital evidence container is highly dependent on the design of the software that produces it.

Question to ask:

How to design a digital evidence container to include as much evidence as possible under the signatory’s direct control and independent from third parties?

				Signed paper document

		Digital evidence container



		Independence

How many of the Evidence Features are dependent on third parties to be useful?

		The paper naturally includes all Evidence Features.

		The digital evidence container must be designed specifically to include the Evidence Features, otherwise the Evidence Features will be left outside the direct control of the signatory.





3. Scrive’s solution

3.1 Introduction

We have now analysed the evidence quality characteristics of the signed paper document versus digital evidence containers. This section describes the Evidence Package and how it has been designed in relation to the evidence quality characteristics. Our goal has been to reproduce the evidence qualities of the signed paper document, the long-standing gold standard for evidence containers, while at the same time add new qualities enabled by new technology. The end result is an evidence container not only imitating the most important features of the signed paper document but also with qualities superior to the signed paper document.

As explained in the introduction section to this Evidence Documentation, Scrive eSign is designed to a) enable its users to define workflows for signing electronically, b) execute the e-signing workflow, c) record the evidence and d) once all signatories have signed, use the recorded evidence to produce the Evidence Package. Thus, the Evidence Package is the end result of all these four steps in Scrive eSign and to be able to understand the Evidence Package, it is important to understand each of these four steps. This section explains the four steps in Scrive eSign required for producing the Evidence Package.

3.2 Summary

The Evidence Package addresses the questions in the section “How to create quality evidence?” in the following ways:

		Topic

		Question

		Evidence Package



		Integrity

		How to emulate the immutability of the signed paper document in a digital evidence container?

		Scrive eSign seals the Evidence Package with a digital signature (see step 10 in the Service Description). Depending on which sealing method was chosen, one of two things is applicable. With Keyless Signature Infrastructure based digital signature: Within one (1) month and five (5) days Scrive eSign seals the Evidence Package with a Keyless Digital Signature (see step 11 in the Service Description) which can be used to verify the document’s integrity mathematically with the help of the Digital Signature Documentation (see step 9  in the Service Description). With PAdES digital signature: Protects the document with a tamper-evident seal and makes Long Term Validation (LTV) of the seal possible.



		Accessibility

		How to make a digital evidence container as accessible as a signed paper document?

		Scrive eSign append the Verification Page to the Signing PDF containing a brief documentation (see step 2  in the Service Description), append this Evidence Quality Framework (see step 4 in the Service Description) and append the full Service Description (see step 5  in the Service Description) these documents together explain the Evidence Package and, except from a few exceptions, eliminate the need for further expertise or resources.



		Evidence of Intent

		How to produce evidence of the intent to sign in a digital signing environment and how to match that intent with a specific document?

		Scrive eSign makes a screenshot of the confirmation in the signing environment of the Signatory, after the Signatory has signed and includes this screenshot into the Evidence of Intent (see step 8 in the Service Description). Behind the confirmation the document is visible to make it possible to match the intent with the document.



		Evidence of Identity

		How should the evidence of identity of the signing parties be captured and included into the evidence container? 

		Scrive eSign performs meticulous data collection in the Transaction Logs and then selected identity data is printed into the Verification Page (see step 6 in the Service Description) and all identity data is included into the Evidence Log (see step 4 in the Service Description).



		Evidence of time

		How to make sure that the evidence of time can be trusted to be correct?

		Scrive eSign collects time of events and Clock Error Samples into the Transaction Logs. These Clock Error Sample data are computed into useful numbers that can be used to mathematically calculate the likelihood of time deviation from the registered time.  Everything is included into the Evidence Log (see step 6 in the Service Description) and the Evidence if Time (see step 7 in the Service Description). Additionally the digital signature with which the document is sealed (see step 10 in the Service Description) includes a strong timestamp that can be used as an additional source of evidence of time.



		Event history

		How much event information to collect and what to include in the evidence container?

		Scrive eSign collects as much information as possible into the Transaction Logs and include all collected information into the Evidence Log (see step 6 in the Service Description).



		Control

		How to design a digital evidence container to include as much evidence as possible under the signatory’s direct control and independent from third parties?

		Scrive eSign goes to great lengths to collect and include as much evidence material as possible into one single evidence container, the Evidence Package. The Evidence Package include all Evidence Features of a signed paper document and more thereto.





4. Benchmarking the evidence quality of the Evidence Package

Based on the criteria as set forth in section 2 (What is quality digital evidence?), it can reasonably be argued that the Transaction Logs together with the measures in step 1-11 to produce the Evidence Package, to generate a digital evidence container of highest quality. Lets see how, in our opinion, the Evidence Package fare in comparison to the signed paper document when applying the framework as set forth in section 2.

		Main criteria

		Subcriteria

		Signed paper document

		Evidence Package



		Integrity

		Mutability

How mutable is the evidence container?

		Not mutable.

		Not mutable after applying the Digital Signature, in the sense that any alteration can be detected. In the event of a leak of the private key that Guardtime maintains, forged evidence containers would be detected if the Keyless Digital Signature has been applied. For PKI sealing, in the event of a leak of our private key for the PAdES digital signature, our certificate will be revoked. In that case, even if that certificate is revoked, the digital signature will still be able to show that at the time of sealing the certificate was not revoked and thus the digital signature (seal) is still valid.



		Accessibility

		Tools

What tools are required to display the evidence?

		No tools required.

		The Evidence Package is produced in standard PDF format and thus all parts of the Evidence Package is accessible through standard PDF readers where attachments are displayed. Adobe Reader is one example of such PDF reader.



				Cost

How costly can it be to access the evidence?

		The cost depends from country to country on the societal functions of the society and what they charge for document analysis.

		All evidence is made easily accessible and at no cost. The only evidence that requires any level of expertise is a) the technical expertise required to apply the Digital Signature Documentation to prove the Evidence Package’s integrity and timestamp mathematically and b) the statistical expertise to apply the time measurements to the statistical model to prove the exact time of an event.The need for case a is expected to be extremely rare and the statistical expertise in case b is common knowledge and easy to come by.



				Comprehensibility

How Is the evidence format understood?

		It is common knowledge available to anyone.

		The Evidence Documentation includes all explanations necessary.



		Evidence of Intent

		Output

Is the final output the same as what is viewed at the time of signing?

		Yes. Always.

		No. Never for digital evidence containers. The screenshot included in the Evidence of Intent which include a picture of the signed document in the background is intended to strengthen the evidence that what was viewed in Scrive eSign was the same as the output. The solution is not terminal though as this does not guarantee that the document was exactly the same in all parts.



				Comprehensibility

Is the signing environment comprehensible to the Signatory?

		Yes. Always for any mentally capable adult.

		Yes. The screenshot of the confirmation message after signing, that is included in the Evidence of Intent, is evidence that the Signatory understood that they were taking part in a e-signing workflow.



		Evidence of Identity

		Saving

Is the evidence captured and included?

		Yes. Unless the party wears gloves or for other reason manages to avoid direct physical contact with the paper.

		Yes. All information collected during the e-signing workflow is collected in the Transaction Logs and included in the Evidence Log upon producing the Evidence Package, including any evidence of identity.



				Formats

In what formats can evidence be captured and included?

		Limited possibilities.

		Unlimited possibilities.



				Accessibility

How accessible is the evidence?

		Not very accessible. Costly and/or time consuming to request analysis of signatures, fingerprints and other biometric materials.

		All evidence of identity is included in plain text in the Evidence Log or as easily accessible attachments to the document if requested in other format, such as photo for example.



		Evidence of time

		Trust

Can the time measurement be trusted?

		Yes.

		Yes. UTC time stamps plus deviation are time intervals guaranteed to be traceable to  reference time. Additionally the digital signature with which the document is sealed contains a time stamp which can be verified mathematically using only public information. 



				Exactness

How exact can the time measurement be?

		Not very exact. The standard precision is per day. Chemical age determination is even less exact.

		It can be very exact. The time is measured with microsecond resolution.



				Accessibility

How accessible is the evidence?

		Not very accessible. Costly and/or time consuming to request analysis of signatures, fingerprints and other biometric materials.

		Very accessible. All evidence of time is included in plain text in the Evidence Log.



		Event history

		Ease of saving

How easy is it to capture and include related evidence?

		Not very easy. Manual labor is required. Therefore likely to happen to a minimal extent.

		Effortless. Scrive eSign automatically collects and includes plenty of evidence in the Transaction Logs and prints all that evidence into the Evidence Log.



		Control

		Independence

How many of the Evidence Features are dependent on third parties to be useful?

		None. The signed paper document is a self contained evidence container format.

		None. The Evidence Package is a self contained evidence container format.
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1. Purpose

The purpose of this document is to set a framework for the understanding of digital evidence quality. Additionally it explains how the Scrive e-signed documents relate to such framework.

2. What is quality digital evidence?

Evidence collection is a security measure that the parties signing an agreement or another type of document, use to protect themselves in the event of a future dispute. The evidence can serve the purpose of clarifying the circumstances of the signing event; what was signed, how it was signed and who the signatories were. The value of quality evidence cannot be overstated, as it can be the difference between winning and losing in the event of a dispute.

We have studied several evidence container technologies such as the signed paper document, the printed facsimile and the recorded voice to understand how to generate quality evidence in a digital environment. We found that there has been good reason to perceive the signed paper document as the gold standard for evidence quality; it has several inherent qualities that are not easily transferable into digital formats. In fact we found that new technologies have been introduced at the cost of significant loss in quality of evidence; crucial information is left out of such digital evidence containers and as a result the usefulness of such evidence is highly dependent on third parties. This section explores the key characteristics of the signed paper document as compared to digital evidence container formats with the purpose of exploring what is required to reproduce, or improve, the evidence characteristics of the signed paper document.

2.1 Integrity

To prove that evidence is legitimate it is important to be able to show that it has not been tampered with.

As outlined in the table below, integrity is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The integrity of a digital evidence container is highly dependent on the design of the system that produces it.

Question to ask:

How to emulate the integrity properties of the signed paper document in a digital evidence container?

				Signed paper document

		Digital evidence container



		Integrity

Can the evidence container be altered after its creation?

		A signed paper document is rarely questioned as evidence, unless there is good reason to believe otherwise. The reason being, that paper is by nature an immutable format; once signed it is difficult to manipulate the available evidence (typically paper mass, ink and fingerprints) without leaving traces of such manipulation. Thus a signed paper document is a durable “snapshot” of reality at the time that the document was signed.

		Digital evidence such as a PDF or an audio file, is by nature mutable. It is easy to alter digital evidence without leaving traces of manipulation.





2.2 Accessibility

To be able to make use of evidence it is key that it is as accessible as possible, meaning that all aspects of the evidence can be understood with a minimum amount of specialised expertise and tools.

As outlined in the table below, accessibility is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The accessibility of a digital evidence container is highly dependent on the design of the software that produces it.

Question to ask:

How to make a digital evidence container as accessible as a signed paper document?

				Signed paper document

		Digital evidence container



		Tools

What tools are required to display the evidence?

		All graphical elements (i.e. text and pictures) are visible to the naked eye, thus additional tools are never required for the interpretation thereof.

		All graphical elements are hidden to the naked eye, thus additional tools (machines and software) are always required for the interpretation thereof.

Additionally, different tools display the graphical elements in different ways so it is not given that all graphical elements in the file will be accessible to the naked eye or that it will be presented in the intended way.

Or even worse, to skew the balance of power and create an information advantage to one or several of the signatories, the intended way to display the graphical elements might be to hide them to make them difficult to find unless you know what tool to use and/or where to look for the graphical elements.



		Cost

How costly can it be to access the evidence?

		For the evidence that is harder to access such as fingerprints and the age of the ink, there are societal functions for the sole purpose of extracting that evidence.

		For the digital evidence that is harder to access, special resources not available to anyone such as special tools, expertise and research skills, might be required to extract all evidence.



		Comprehensibility

How Is the evidence format understood?

		As a standard format all aspects thereof are common knowledge, readily available to anyone interested.

		There is no one standard for digital evidence, therefore the format and available documentation for the interpretation thereof, is highly dependent on the design of the system that generated the evidence.





2.3 Evidence of intent

Contract law worldwide states that an offer and acceptance are elements required for the formation of a legally binding contract: the expression of an offer to contract on certain terms by one person (the “offeror”) to another person (the “offeree”), and an indication by the offeree of its acceptance of those terms. The other elements traditionally required for a legally binding contract are (i) consideration and (ii) an intention to create legal relations. Thus, intent is a key component in making a contract legally binding.

As outlined in the table below, evidence of intent is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The quality of the evidence of intent in a digital evidence container is highly dependent on the design of the software that produces it.

Question to ask:

How to produce evidence of the intent to sign in a digital signing environment and how to match that intent with a specific document?

				Signed paper document

		Digital evidence container



		Output

Is the final output the same as what is viewed at the time of signing?

		The signing environment (the paper document) is the same as the final output (the signed paper document).

		The digital signing environment is not the same as the final output. i.e. the displayed information is not the same as the digital evidence produced by the system after signing.



		Comprehensibility

Is the signing environment easily comprehensible to the signatory? 

		To sign a paper document is a standardised ritual to form a binding agreement. Therefore it is reasonable to maintain that any adult of age would understand their actions and that intent can be assumed.

		There are no standards for signing in a digital environment, the signing environments are subject to human creativity and the same signing environment may change from time to time, intentionally or unintentionally. Therefore it is not possible to assume that the signing environment made it immediately clear to the signatory that it was participating in the formation of a legally binding contract, thus intent can never be assumed.





Let us illustrate the potential consequences of weak evidence of intent in a digital signing environment with an example:

Two parties go to court over a contract signed in a digital signing environment. One of the parties claims that it didn’t sign a contract. Instead it claims that it was displayed with a) an interesting drawing of a blue elephant, b) a question if it would like to see an equally interesting pink sheep, and c) a button to proceed to view the pink sheep. Then the party selected to proceed by clicking the button to see the pink sheep, viewed the pink sheep and went to bed. There was no intent to sign a contract; there was only intent to view a pink sheep.

2.4 Evidence of identity

To be able to prove the identity of a signatory, the strength and accessibility of such evidence is key.

As outlined in the table below, evidence of identity is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The quality of the evidence of identity in a digital evidence container is highly dependent on the design of the software that produces it. On the other hand the signed paper document have inherent limitations to the type of evidence that can be included and the accessibility of such evidence, digital evidence containers don’t have such limitations to possibilities and accessibility and any type of digital evidence can be included and made easily accessible.

Question to ask:

How should the evidence of identity of the signing parties be captured and included into the evidence container?

				Signed paper document

		Digital evidence container



		Saving:

Is the evidence captured and included?

		Evidence of identity of the signing parties will automatically be captured and included into the document. The signatures can be used for graphological analysis, and fingerprints and other biometric materials from the signing parties can be used to authenticate the signatories.

		Evidence of identity of the signing parties will not be automatically captured and included into the document unless a) the software has been designed to do so, and b) the user of the software configures the software to do so.



		Formats:

In what formats can evidence be captured and included?

		There are limited possibilities to include evidence of identity other than the given; the signature, fingerprints and other biometric materials.

		New technology enables virtually unlimited possibilities to capture and include different types of evidence of identity such as audio, video, pictures and much more.



		Accessibility:

How accessible is the evidence?

		The evidence of identity is not easily accessible as it is costly and time consuming to request analysis of signatures, fingerprints and other biometric materials.

		The evidence of identity can be made easily accessible so that the usefulness thereof can be free and immediate to anyone.





2.5 Evidence of time

To be able to prove the time of a signature it is key to have exact evidence of time and that such evidence can be trusted to be accurate.

As outlined in the table below, trustworthy evidence of time is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The quality of the evidence of time in a digital evidence container is highly dependent on the design of the software that produces it. On the other hand the signed paper document have inherent limitations to the exactness of the evidence of time that can be included and the accessibility of such evidence, digital evidence containers don’t have such limitations to exactness and accessibility and very precise evidence of time can be included and made easily accessible.

Question to ask:

How to make sure that the evidence of time can be trusted to be correct?

				Signed paper document

		Digital evidence container



		Trust

Can the time be trusted? 

		The time of the event can be trusted as it can be found in the ink and there is a strong scientific foundation for the technique for chemical age determination.

		The time of the event is not automatically to be trusted because it is reported by a machine whose time settings cannot automatically be guaranteed to be correct.



		Exactness

How exact can the time be?

		The signed paper document offers limited possibilities to capture exact evidence of time. It is typically done manually through writing the date of when the signature was applied to the document. Additionally it is possible to analyse the time of the signature by chemical age determination of the applied ink. Neither of those methods provides exact evidence of time. Typically the manually applied time is only the day of the signature and the chemical age determination is even less exact.

		Digital evidence containers offer extensive possibilities to capture exact evidence of time and the evidence of time can be made to be very exact down to milliseconds, microseconds or even more exact.



		Accessibility

How accessible is the evidence?

		The evidence of time is not easily accessible as it is costly and time consuming to request analysis of signatures, fingerprints and other biometric materials.

		The evidence of time can be made easily accessible so that the usefulness thereof can be free and immediate to anyone.





2.6 Event history

To be able to prove a signature, events related to the actual signing event can be useful to strengthen the case.

As outlined in the table below, trustworthy evidence of time is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The quality of the evidence of time in a digital evidence container is highly dependent on the design of the software that produces it.

Question to ask: 

How much event information should be collected and what should be included in the evidence container?

				Signed paper document

		Digital evidence container



		Ease of saving

How easy is it to capture and include related evidence?

		Collection and inclusion of related evidence has to be done manually which is costly. Therefore it is less likely that the signatories will collect and include extra evidence as a preemptive measure.

		Collection and inclusion of related evidence can be done automatically which is cheap. Therefore it can be reasonable to with take preemptive measures to collect and include extra evidence automatically through the system generating the evidence container.





2.7 Control

As seen in the previous sections, evidence is composed of many different evidence features such as integrity, accessibility, intent, identity, time and events (the “Evidence Features”). The Evidence Features may be captured in the same evidence container or distributed across multiple evidence containers, within or outside of the signatory’s direct control, such as but not limited to documents, databases or human memory. Optimally, as much as possible of the Evidence Features should be concentrated into evidence containers under the signatory’s direct control because a) the third party can cease to exist and as a result the evidence may be destroyed, b) the third party’s systems and/or administration may change and affect the accessibility of the evidence for the signatory, c) the third party’s incentives as an agent to protect the integrity of the evidence may not be, or stop being, aligned with the signatory’s incentives as a principal and thus increasing the risk of evidence loss or the risk of tampering that may affect the evidence quality or d) any combination of the aforementioned scenarios.

As outlined in the table below, control is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The control of a digital evidence container is highly dependent on the design of the software that produces it.

Question to ask:

How to design a digital evidence container to include as much evidence as possible under the signatory’s direct control and independent from third parties?

				Signed paper document

		Digital evidence container



		Independence

How many of the Evidence Features are dependent on third parties to be useful?

		The paper naturally includes all Evidence Features.

		The digital evidence container must be designed specifically to include the Evidence Features, otherwise the Evidence Features will be left outside the direct control of the signatory.





3. Scrive’s solution

3.1 Introduction

We have now analysed the evidence quality characteristics of the signed paper document versus digital evidence containers. This section describes the Evidence Package and how it has been designed in relation to the evidence quality characteristics. Our goal has been to reproduce the evidence qualities of the signed paper document, the long-standing gold standard for evidence containers, while at the same time add new qualities enabled by new technology. The end result is an evidence container not only imitating the most important features of the signed paper document but also with qualities superior to the signed paper document.

As explained in the introduction section to this Evidence Documentation, Scrive eSign is designed to a) enable its users to define workflows for signing electronically, b) execute the e-signing workflow, c) record the evidence and d) once all signatories have signed, use the recorded evidence to produce the Evidence Package. Thus, the Evidence Package is the end result of all these four steps in Scrive eSign and to be able to understand the Evidence Package, it is important to understand each of these four steps. This section explains the four steps in Scrive eSign required for producing the Evidence Package.

3.2 Summary

The Evidence Package addresses the questions in the section “How to create quality evidence?” in the following ways:

		Topic

		Question

		Evidence Package



		Integrity

		How to emulate the immutability of the signed paper document in a digital evidence container?

		Scrive eSign seals the Evidence Package with a digital signature (see step 10 in the Service Description). Depending on which sealing method was chosen, one of two things is applicable. With Keyless Signature Infrastructure based digital signature: Within one (1) month and five (5) days Scrive eSign seals the Evidence Package with a Keyless Digital Signature (see step 11 in the Service Description) which can be used to verify the document’s integrity mathematically with the help of the Digital Signature Documentation (see step 9  in the Service Description). With PAdES digital signature: Protects the document with a tamper-evident seal and makes Long Term Validation (LTV) of the seal possible.



		Accessibility

		How to make a digital evidence container as accessible as a signed paper document?

		Scrive eSign append the Verification Page to the Signing PDF containing a brief documentation (see step 2  in the Service Description), append this Evidence Quality Framework (see step 4 in the Service Description) and append the full Service Description (see step 5  in the Service Description) these documents together explain the Evidence Package and, except from a few exceptions, eliminate the need for further expertise or resources.



		Evidence of Intent

		How to produce evidence of the intent to sign in a digital signing environment and how to match that intent with a specific document?

		Scrive eSign makes a screenshot of the confirmation in the signing environment of the Signatory, after the Signatory has signed and includes this screenshot into the Evidence of Intent (see step 8 in the Service Description). Behind the confirmation the document is visible to make it possible to match the intent with the document.



		Evidence of Identity

		How should the evidence of identity of the signing parties be captured and included into the evidence container? 

		Scrive eSign performs meticulous data collection in the Transaction Logs and then selected identity data is printed into the Verification Page (see step 6 in the Service Description) and all identity data is included into the Evidence Log (see step 4 in the Service Description).



		Evidence of time

		How to make sure that the evidence of time can be trusted to be correct?

		Scrive eSign collects time of events and Clock Error Samples into the Transaction Logs. These Clock Error Sample data are computed into useful numbers that can be used to mathematically calculate the likelihood of time deviation from the registered time.  Everything is included into the Evidence Log (see step 6 in the Service Description) and the Evidence if Time (see step 7 in the Service Description). Additionally the digital signature with which the document is sealed (see step 10 in the Service Description) includes a strong timestamp that can be used as an additional source of evidence of time.



		Event history

		How much event information to collect and what to include in the evidence container?

		Scrive eSign collects as much information as possible into the Transaction Logs and include all collected information into the Evidence Log (see step 6 in the Service Description).



		Control

		How to design a digital evidence container to include as much evidence as possible under the signatory’s direct control and independent from third parties?

		Scrive eSign goes to great lengths to collect and include as much evidence material as possible into one single evidence container, the Evidence Package. The Evidence Package include all Evidence Features of a signed paper document and more thereto.





4. Benchmarking the evidence quality of the Evidence Package

Based on the criteria as set forth in section 2 (What is quality digital evidence?), it can reasonably be argued that the Transaction Logs together with the measures in step 1-11 to produce the Evidence Package, to generate a digital evidence container of highest quality. Lets see how, in our opinion, the Evidence Package fare in comparison to the signed paper document when applying the framework as set forth in section 2.

		Main criteria

		Subcriteria

		Signed paper document

		Evidence Package



		Integrity

		Mutability

How mutable is the evidence container?

		Not mutable.

		Not mutable after applying the Digital Signature, in the sense that any alteration can be detected. In the event of a leak of the private key that Guardtime maintains, forged evidence containers would be detected if the Keyless Digital Signature has been applied. For PKI sealing, in the event of a leak of our private key for the PAdES digital signature, our certificate will be revoked. In that case, even if that certificate is revoked, the digital signature will still be able to show that at the time of sealing the certificate was not revoked and thus the digital signature (seal) is still valid.



		Accessibility

		Tools

What tools are required to display the evidence?

		No tools required.

		The Evidence Package is produced in standard PDF format and thus all parts of the Evidence Package is accessible through standard PDF readers where attachments are displayed. Adobe Reader is one example of such PDF reader.



				Cost

How costly can it be to access the evidence?

		The cost depends from country to country on the societal functions of the society and what they charge for document analysis.

		All evidence is made easily accessible and at no cost. The only evidence that requires any level of expertise is a) the technical expertise required to apply the Digital Signature Documentation to prove the Evidence Package’s integrity and timestamp mathematically and b) the statistical expertise to apply the time measurements to the statistical model to prove the exact time of an event.The need for case a is expected to be extremely rare and the statistical expertise in case b is common knowledge and easy to come by.



				Comprehensibility

How Is the evidence format understood?

		It is common knowledge available to anyone.

		The Evidence Documentation includes all explanations necessary.



		Evidence of Intent

		Output

Is the final output the same as what is viewed at the time of signing?

		Yes. Always.

		No. Never for digital evidence containers. The screenshot included in the Evidence of Intent which include a picture of the signed document in the background is intended to strengthen the evidence that what was viewed in Scrive eSign was the same as the output. The solution is not terminal though as this does not guarantee that the document was exactly the same in all parts.



				Comprehensibility

Is the signing environment comprehensible to the Signatory?

		Yes. Always for any mentally capable adult.

		Yes. The screenshot of the confirmation message after signing, that is included in the Evidence of Intent, is evidence that the Signatory understood that they were taking part in a e-signing workflow.



		Evidence of Identity

		Saving

Is the evidence captured and included?

		Yes. Unless the party wears gloves or for other reason manages to avoid direct physical contact with the paper.

		Yes. All information collected during the e-signing workflow is collected in the Transaction Logs and included in the Evidence Log upon producing the Evidence Package, including any evidence of identity.



				Formats

In what formats can evidence be captured and included?

		Limited possibilities.

		Unlimited possibilities.



				Accessibility

How accessible is the evidence?

		Not very accessible. Costly and/or time consuming to request analysis of signatures, fingerprints and other biometric materials.

		All evidence of identity is included in plain text in the Evidence Log or as easily accessible attachments to the document if requested in other format, such as photo for example.



		Evidence of time

		Trust

Can the time measurement be trusted?

		Yes.

		Yes. UTC time stamps plus deviation are time intervals guaranteed to be traceable to  reference time. Additionally the digital signature with which the document is sealed contains a time stamp which can be verified mathematically using only public information. 



				Exactness

How exact can the time measurement be?

		Not very exact. The standard precision is per day. Chemical age determination is even less exact.

		It can be very exact. The time is measured with microsecond resolution.



				Accessibility

How accessible is the evidence?

		Not very accessible. Costly and/or time consuming to request analysis of signatures, fingerprints and other biometric materials.

		Very accessible. All evidence of time is included in plain text in the Evidence Log.



		Event history

		Ease of saving

How easy is it to capture and include related evidence?

		Not very easy. Manual labor is required. Therefore likely to happen to a minimal extent.

		Effortless. Scrive eSign automatically collects and includes plenty of evidence in the Transaction Logs and prints all that evidence into the Evidence Log.



		Control

		Independence

How many of the Evidence Features are dependent on third parties to be useful?

		None. The signed paper document is a self contained evidence container format.

		None. The Evidence Package is a self contained evidence container format.
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1. Definitions

“Attachments” means attachments to the Main Document provided by the Author or Signatories.

“Author” means the person(s) that configure the Workflow Settings.

“Clock Error Samples” means the term as defined in the Attachment Evidence of Time.

“Delivery Method” means the method to deliver the invitation to participate in a Workflow Session.

“Design View” means the administrative user interface of Scrive eSign for the purpose of configuring the Workflow Settings.

“Evidence Attachments” means the attachments with additional evidence inserted into the Final PDF as explained in section 8, the attachments are Evidence Quality of Scrive E-Signed Documents, Service Description, Evidence Quality Framework, Evidence Log, Evidence of Intent, Evidence of Time and Digital Signature Documentation.

“Evidence Material” means the Final PDF including the inserted Evidence Attachments. 

“Evidence Package” means the Evidence Material sealed with a digital signature.

“Field Data” means data associated with text fields, checkboxes, radio buttons and signature boxes in the Main Document.

“Final PDF” means the final Main Document after all Signatories have signed, including Field Data rendered with the placements defined by the Author in the Workflow Settings.

“Initiator” means the person that initiates Workflow Execution.

“Initiated Workflow” means a set of Workflow Settings where Workflow Execution has been initiated.

“Integrated System” means a system that communicates with Scrive eSign via the Scrive API.

“Main Document” means the document that is displayed in the Design View and Sign View and is possible to edit with Field Data.

“Party” or “Parties” means persons participating in the Workflow Execution.

“Role” means the Role of a Party during a Workflow Session.

“Scrive API” means the application programming interface of Scrive eSign.

“Sign Material” means the material being reviewed, signed and completed by the Parties during Workflow Execution, including a) the Main Document, b) Attachments and c) Field Data.

“Sign View” means the graphic user interface in Scrive eSign’s web based interface, for the Parties to review and for Signatories to sign the Sign Material.

“Signatory” means a person that has been defined to sign the Sign Material in the Sign View during a Session.

“Signature Confirmation Section” is the final section where the Signatory is asked if they are sure that they wish to sign the document.

“Signature Drawing Modal” is the modal where the Signatory is asked to draw or type their signature.

“Template Workflow” means Workflow Settings saved by an Author for later reuse. “Transaction Logs” means database logs in Scrive eSign, including records of the Signatories activities in Scrive eSign.

“User” is a person or a group of persons with an account in Scrive eSign which is linking to a verified email address.

“Viewer” means a person that has been defined to only have access to view the Sign Material in the Workflow Session.

“Workflow Execution” means when Scrive eSign guides the Parties through Workflow Sessions as configured in the Workflow Settings.

“Workflow Session” means a set of activities defined for a Party to execute the assigned Role. A Party can be assigned multiple Workflow Sessions.

“Workflow Settings” means any combination of settings in section 3 defining how the Parties can interact with the Sign Material during Workflow Execution.

2. Purpose 

The purpose of this document is to explain how Scrive eSign worked at any given point in time to facilitate the full understanding of the process that generated the final Evidence Package. Each time Scrive eSign is updated with new features this document is also updated. The scope of the document is to describe the Scrive eSign system in full. Because it is possible to initiate Workflow Execution via API it is possible that parts of the e-signing workflow have happened outside of Scrive eSign. Because Scrive can only document features that are within our control, parts of a workflow may have happened outside the scope of this document.

3. Design the workflow (Author)

Workflow Settings are defined in the Design View by the Author. The features for designing the Workflow Settings are clustered in the Design View in three main sections. We describe the features in these sections according to the structure in the Design View.

3.1 Add Parties

3.1.1 Simple Workflow Session

Add a Workflow Session and add information about the Party participating in the Workflow Session. You can add an infinite number of Workflow Sessions. The minimum amount of Workflow Sessions is one.

3.1.2 Mass-signing Workflow Session

To replicate a Template Process multiple times with many separate Parties it is practicable to add the Parties in bulk. This feature enables adding a list of Parties to a Workflow Session as a CSV file. When initiating the process Scrive eSign will automatically replicate the process for every row in the CSV file and include the Party information of that row to that Workflow Session.

3.1.3 Invitation order

Select in what order the Parties shall receive the invitation to participate. Parties can receive the invitation in parallel, in sequence, or a combination of these.

3.1.4 Role

Define if the Party should be Signatory or Viewer.

3.1.5 Invitation method

Select how the Party shall receive the invitation to participate in the Workflow Session. The delivery methods available are a) email, b) SMS, c) email and SMS and d) in-person delivery or e) API.

		Email

		An email invitation is sent including a link to the Sign View.



		SMS

		An SMS is sent including a link to the Sign View.



		Email and SMS

		Both email and SMS delivery as described above.



		In-person

		No invitation is sent. The Initiator can give the Party access to the Sign View, by personally presenting it on a device selected by Initiator.



		API

		No invitation is sent. The Initiator can select to give access to the Sign View by sharing the URL or an Author can set up a workflow where the Party is redirected from a webpage hosted by the Author to the Sign View.





3.1.6 Authentication to view

Select what authentication should be required from a Signatory before accessing the Workflow Session to view the document. The alternatives are a) Swedish BankID, b) Norwegian BankID, c) Danish NemID or d) no additional authentication method.

3.1.7 Authentication to sign

Select what authentication method should be required from a Signatory. The alternatives are a) Swedish BankID, b) PIN verification by SMS or c) no additional authentication method.

3.1.8 Confirmation method

Select how the Party shall receive the confirmation that the document has been signed by all Parties and get access to the Evidence Package. The confirmation methods available are a) email, b) SMS, c) email and SMS and d) no delivery.

3.2 Place fields

3.2.1 Main Document upload

Upload the Main Document. Only PDFs are accepted for upload. 

3.2.2 Main Document removal

Remove the Main Document.

3.2.3 Text field

Drag and drop text fields into the document. Define the name of the text field (i.e. address, mobile and more) or select a predefined field, and define if it is a) mandatory for the Initiator, b) mandatory for Party completing the Workflow Session or c) optional. If left empty or editable during Workflow Execution, define what party can (if optional) or must (if mandatory) complete the text field during their Workflow Session. All information put into a text field will be printed onto the document. You can set the font size of the text field to a) small, b) normal, c) large or d) huge.

3.2.4 Checkbox

Drag and drop checkboxes into the document. Define the name of the checkbox (for traceability purposes), choose a checkbox size, and define if it is a) mandatory for the Initiator, b) mandatory for Party completing the Workflow Session or c) optional. If left empty or editable during Workflow Execution define what party can (if optional) or must (if mandatory) check the checkbox during their Workflow Session. The checkbox, empty or checked, will be printed onto the document.

3.2.5 Signature box

Drag and drop signature boxes into the document. Define the name of the signature box (for traceability purposes) and define if it is a) mandatory for the Party completing the Workflow Session or b) optional. If left empty or editable during Workflow Execution define what party can (if optional) or must (if mandatory) draw their signature during their Workflow Session. For some old browsers where JavaScript drawing doesn’t work, the Signatory can use their keyboard to type their signature with a name instead and a handwritten font will be used. The drawn or typed signature will be printed onto the document.

3.2.5 Radio buttons

Drag and drop radio button groups into the document. Define the name of the radio button group and the names of individual radio buttons (for traceability purposes), and choose a size for the radio buttons within the radio button group. It is mandatory for signing parties to select one of the radio button group options. The radio buttons, selected or not, will be printed onto the document.

3.3 Other settings

3.3.1 Add Attachment

The Author can upload documents to add as Attachments to the Main Document or delete previously uploaded Attachments. Only PDFs are accepted. The Author selects if the Attachment should be optional or mandatory to review. The Author selects if the Attachment should be merged with the main file or not.

3.3.2 Request Attachment

The Author can request that Parties are asked to upload documents during a Workflow Session, to add the documents as Attachments to the Main Document. The request is set per Party and an instruction text is required explaining what document is requested, requests can be made optional in which case the Party is not required to upload a document.

3.3.3 Main Document name

Name the Main Document. This is the name that will be communicated with the Parties throughout each Workflow Session. This will be the name of the Main Document in the Evidence Package.

3.3.4 Workflow Session language

Select in what language the Parties shall be guided throughout each Workflow Session. This will be the language of the text printed in the Verification Page.

3.3.5 Due date

Select the due date for the Signatories to sign. After the due date has passed the Signatories can no longer sign.

3.3.6 Automatic reminder

Select at what date an automatic reminder to sign shall be sent to the Signatories that haven’t yet signed.

3.3.7 Personal invitation message

Write a personal message that the Parties will receive when invited via email to participate in the Workflow Execution.

3.3.8 Personal confirmation message

Write a personal message that the Parties will receive via email when the document has been signed.

3.3.9 Edit Sign View UI

Adjust the UI in the Sign View. The following UI features can be added or removed a) header including logo and contact details, b) download PDF c) the button used in the Sign View to reject to sign, d) option to reply with a message, and e) footer.

3.4 Save as template workflow

The Workflow Settings in Design View can be saved as a Template Workflow for later Workflow Execution a single time (save as draft) or multiple times (save as template).

3.5 Settings available via API only

3.5.1 Set highlighting

It is possible, via the API, to enable highlighting in the Sign View for selected Signatories. Highlighting is the digital equivalent of a yellow mark on paper to emphasize something on the document. Highlights can be made by the selected Signatories, and cleared page-by-page, until they have signed the document, after which no more changes can be made. 

3.5.2 Field editable by Signatory

It is possible, via the API, to allow selected Signatories to change the value of certain fields, even if they were pre-filled by the Document Author. This is currently only available for email and mobile field types. The aim of this setting is to allow Signatories to update their email or mobile number, when the value set by the Document Author may be incorrect or outdated.

4. Initiate the workflow (Initiator)

A Workflow Execution needs to be started by an Initiator. This section describes the features which the Initiator can use to initiate the Workflow Execution. The Initiator may initiate the Workflow Execution in any of the following ways:

		start as Author and define the Workflow Settings in the graphic user interface of the Design View or an Integrated System, or programmatically through the Scrive API, and then initiate the Workflow Execution, or

		start as Initiator only and select a Template Workflow to initiate the Workflow Execution, or

		start as Author and select a Template Workflow to edit by any of the procedures for defining the Workflow Settings described in bullet a and then, after editing as Author, initiate the Workflow Execution.



4.1 Initiate Workflow Execution from Design View

After a Main Document has been uploaded and no mandatory information is missing it is possible to initiate Workflow Execution by clicking a button to start. When having clicked the button a modal is displayed and depending on the Workflow Settings different activities will be required from the Initiator to initiate Workflow Execution.

		Initiator role

		Sign order

		Instruction in modal



		Signatory

		Sign first

		Prompts to sign first before inviting others



		Signatory

		Sign second or later

		Prompts to invite others



		Viewer

		-

		Prompts to invite others





4.2 Initiate Workflow Execution from Template Workflow

Template Workflows can be accessed either via the Scrive eSign graphic user interface or via API. The following sections will describe how access can be done via the graphic user interface of Scrive eSign. In principle the same actions can be performed via the API.

4.2.1 List of Template Workflows

By logging in to his Scrive eSign account the Initiator can access a list of Template workflows from where it can initiate Workflow Execution. In the list of Template Workflows each Template Workflow is displayed in a list including name of the Template Workflow, time of latest change to Template Workflow, Delivery Method(s) and sharing status. In the template list view it is possible to do free text search on metadata to find Template Workflows.

4.2.2 Select to edit Template Workflow or directly initiate Workflow Execution

By clicking the name of a draft or template in the list of Template Workflows, different options will be made available depending on the Workflow Settings of the Template Workflow.

		Author/Not Author

		Locked from editing

		In-person delivery

		Options for next step



		Author

		Yes/No

		Yes

		Option to a) edit Workflow Settings or b) initiate signing on the device directly.



		Author

		Yes/No

		No

		Option to a) edit Workflow Settings or b) send for signature directly.



		Not Author

		Yes

		Yes

		Option to initiate signing on the device directly.



		Not Author

		No

		Yes

		Option to a) edit Workflow Settings or b) initiate signing on the device directly.



		Not Author

		Yes

		No

		Option to send for signature directly.





5. Administer the Workflow Execution (User)

The document view is the administrative counterpart of the Sign View. Here the User can review the Main Document, Attachments, Parties and progress history and also administer the Workflow Execution.

5.1 Progress history

The Workflow Session progress of each Signatory can be tracked in the progress history section. Each important event is listed with a status icon, time, Party and an explanatory text. Below is a list of the statuses used.

		Progress status

		Explanation



		Initiated signing

		The Initiator initiated the signing process.



		Email sent

		The invitation to access Sign View was sent via email.



		SMS sent

		The invitation to access Sign View was sent via SMS.



		Undelivered

		The external email or SMS system has reported that it could not deliver the email or SMS.



		Delivered

		The external email or SMS system has reported that it has delivered the email or SMS.



		Email opened 

		The external email system has reported that the email has been opened.



		Accessed view to authenticate

		The party opened the view to verify their identity before viewing the document.



		Authentication success

		The Party verified their identity with [AUTHENTICATION METHOD] to access the document.



		Reviewed online

		Opened the document online.



		Signed

		The button to complete signing was clicked in the Signature Confirmation Section or, if BankID was required to sign, the signing process was completed successfully in the BankID application.



		Rejected

		The button to reject signing was clicked in the final rejection section.



		Timed-out

		The due date for signing as set in the Workflow Settings passed and the document can’t be signed.



		Due date prolonged

		The Initiator prolonged the signing due date.



		Process cancelled

		The Initiator cancelled the signing process, the document can no longer be signed.



		Process edited

		The Workflow Process was edited in the Design View.



		Sealed

		Scrive eSign sealed the final PDF with a digital signature.



		Extended

		Scrive eSign sealed the Evidence Package (as defined in the Service Description) with a keyless digital signature.





5.2 Withdraw invitation

To withdraw an invitation to sign an Initiated Workflow, press the button to withdraw. The invitation to sign the selected Initiated Workflow will be withdrawn and they will no longer be possible to sign. If a Signatory clicks an invitation link to a withdrawn document they will land in a landing page with an instruction that the Workflow Execution has been cancelled.

5.3 Extend due date

If the due date to sign passed without all Signatories having signed the Initiator can extend the due date by pressing “extend due date”. The date is extended by as many days as are determined by the Initiator.

5.4 Restart document

If the document was cancelled or the due date passed the Initiator can select to restart the Workflow Execution by pressing the button to restart the Workflow Execution. The Initiator is then redirected to the Design View where he can edit the Workflow Settings and initiate Workflow Execution again.

5.5 Start signing

If Delivery Method was set to in-person or API, then there is an option for the Initiator to initiate the next in-person Workflow Session directly from this view. By selecting “start signing” the Initiator will be redirected to the Sign View.

5.6 Download document

If the document has been signed it can be downloaded by the Initiator by pressing the button to download the document.

5.7 Send reminder

To remind a Signatory to sign, press the button to send reminder. A reminder will be sent to the Signatory using the initial invitation Delivery Method selected by the Author.

5.8 Send document again

To send a completed Evidence Package again to a Party, press the button to send the document again which is next to the Party’s information. A message including the document, will be sent to the Signatory using the initial confirmation Delivery Method selected by the Author.

5.9 Change of authentication to view and authentication to sign methods

As long as the recipient hasn’t signed the Initiator can change the authentication to view and the authentication to sign methods.

5.10 Bounce management

If the email or SMS could not be delivered, the Initiator is informed of the problem via an email with a link to the Document View where the Initiator can edit the email or mobile number. A bounce can occur for multiple reasons, typically due to a) entering the wrong email or mobile number, b) SPAM filter settings of the receiving system or c) the recipient’s systems are down.

5.11 Review Attachments

Below the displayed document there is a section with all attached Attachments. The user can view or download Attachments.

5.12 Review evidence attachments

Below the Attachments section there is a section with all evidence attachments. The user can review or download the evidence attachments.

6. Follow the workflow (Party)

Smooth Workflow Execution is dependent on a series of events as executed by the Parties in close interaction with Scrive eSign. This section will describe the different components enabling the Workflow Execution. The features are listed in the order as they appear to the Signatory either chronologically or in the graphic user interface from the top and going down. What features appear to the Signatory depend on the Workflow Settings.

6.1 Overview of Workflow Execution

Before we look at the components of the Workflow Execution it might be useful to get an overview of the different steps of Workflow Execution as experienced by the Signatories and the Viewers.

		Accessing the Sign View: the Party either a) receives an email or SMS with an invitation to sign electronically and a link to the Sign View or, b) accesses a device (tablet, desktop computer, smartphone or other) with the Sign View already opened or c) is redirected from an Integrated System to the Sign View. 

		If set by the Author, the Signatory is asked to authenticate before they can proceed.

		Reviewing the Sign Material: the Party views the displayed Sign View and a) can read instructions at the top to follow the guiding arrow, b) depending on the Workflow Settings enter or not enter Field Data into the document (such as text, signatures, checks in checkboxes, choosing a radio button group option) and view/append required and optional attachments and c) scroll through all document pages to reach the sign or reject section.

		When enabled for the current signatory, the Initiator can highlight anything within the document being signed in real-time. 

		Signing the Sign Material: the Signatory presses the next button to proceed to the next step and, depending on the Workflow Settings, one of these four scenarios follow;



		If the Signatory has not yet drawn their signature inside the document a section appears with instructions to confirm their intent by clicking a button with the text “Sign”, or

		If the Signatory has not yet drawn their signature inside the document a section appears with instructions that they will finalise the signing process by clicking the button with the text “Finish”, or

		If the Signatory is required to authenticate with PIN by SMS before they can sign they a) type or view their mobile number, b) receive an SMS with a PIN, c) type the PIN into a input field and d) confirm their intent by clicking a button with the text “sign”, or

		If the Signatory is required to sign with Swedish BankID they sign using the Swedish BankID app on the device they chose to sign with.



		Receiving confirmation after signing: after having completed one of the above signing scenarios a confirmation message is displayed to the Signatory that the Sign Material has been signed. Depending on the Workflow Settings, each Party either receives or doesn’t receive a confirmation message. If it was set for the Party to receive a confirmation message it is sent either a) by email and including the Evidence Package, b) by SMS and including a URL-link to access the document on the web in Scrive eSign, or c) both by email and SMS as described above.



The following sections are more detailed descriptions of the features enabling the workflow in the summary above.

6.2 Accessing the Sign View

This is the workflow guiding the Parties to access the Sign Material in the Sign View.

6.2.1 Invitation message

Scrive eSign will send an invitation email and/or SMS to the Party, in the order as defined by the Workflow Settings. The email and/or SMS will include a URL-link to a Sign View specific to that Workflow Session.

6.2.2 List of Initiated Workflows

Initiated Workflows with Workflow Sessions available for signing directly on the device are listed in a list accessible to Users. Each Initiated Workflow is displayed in a list with document name, last event, name of Initiator and names of all Parties. An icon determines if the Party is the Initiator of the Initiated Workflow or has been invited by another Initiator to participate. By selecting an Initiated Workflow from the list the User will initiate a Workflow Session and access the Sign View.

6.3 Authenticate to view

This is the part where the Signatory is required to authenticate themselves before they can proceed to view the Sign Material.

6.3.1 Authentication to view

The name of the Author and the document is displayed. Personal information that is required to understand who should authenticate their identity is presented. The Signatory initiates the authentication process. If the authentication is successful the Signatory is redirected to the Sign View to view the Sign Material.

6.4 Reviewing the Sign Material

This is the workflow guiding the Signatory when they are reviewing the Sign Material before signing.

6.4.1 Contact information

In the header the Initiators name and mobile (if available) is displayed for contact purposes.

6.4.2 Branded header

Adjustments can be made to a) company logotype, b) background color of header, c) text font, and d) text color. If no branding has been selected, the default is the Scrive logotype and colors. Author can remove the header and footer in the Design View before initiating Workflow Execution.

6.4.3 Other branded Sign View components

Components of the Sign View that can be branded are a) text font type of all text, b) color of the guiding arrow, c) color and text font of text in the guiding arrows, d) color of buttons, and e) color and text font of the text in the buttons. In the Sign View, confirmation page after signing, the signing invitation email and confirmation email there is a discrete ”Powered by Scrive” text.

6.4.4 Signing header

This header stays at the top of the SIgn View as the signatory scrolls through the Main Document to sign. The header includes a) the name of the document, b) a button to activate highlighting (learn more below), c) a button to zoom in the Main Document and d) a button to zoom out the Main Document. By clicking the highlight button, the highlighting functionality is enabled and the scrolling functionality is disabled. Thus, instead of scrolling when touching the screen the touch will result in a yellow highlighting color being painted to the Main Document where the finger points. Highlighting starts when a finger is put to, or a mouse is clicked above, the Main Document. Highlighting stops when the finger is lifted or the mouse is released. To initiate highlighting again the highlighting button in the header has to be pressed again. If the highlighting functionality has been applied to the Main Document in the current Workflow Session, a clear button will also be available in the signing header. The clear button will allow highlighting to be cleared from one document page at a time, and “clear mode” will be enabled until any highlighting has been cleared, or until the cancel button is clicked to cancel clear mode.

6.4.5 Review instruction

Below the header there is a) the person’s name and b) a brief instruction on how to proceed to sign the document. The purpose of the name is to decrease the risk that a person mistakenly signs in another Signatory’s name. If the name was not supplied before Initiator initiated Workflow Execution, then only the brief instruction is displayed.

6.4.6 Mandatory/optional explanation

Explanation of the difference in instruction color between actions that are mandatory and actions that are optional. This appears if the Workflow Session includes optional and mandatory actions.

6.4.7 Download PDF

Option to download the Main Document and Attachments as PDF. This option is either displayed or not depending on if the Author defined that it should be displayed during the Workflow Session.

6.4.8 Document display

PNGs of the Main Document are displayed in up to 1040 px width.

6.4.9 Guiding arrow

The guiding arrow will guide the Party through the steps set as mandatory by the Author. The arrow will guide the Party by pointing at the next mandatory step and blink.

6.4.10 Text fields

There can be empty text fields that are mandatory or optional to complete for the Party and pre-filled fields that can be editable.

6.4.11 Checkboxes

There can be unchecked checkboxes that are mandatory or optional for the Party and pre-checked checkboxes that can be de-checked. Checkboxes can be small, medium, or large, at the discretion of the author.

6.4.12 Radio buttons

There can be radio button groups comprising of two or more radio button options. The Party must select one of the radio buttons for each radio button group. Each radio button group can be small, medium, or large, at the discretion of the author.

6.4.13 Signature box

If signatures are requested from the Signatory then signature boxes are displayed as colored areas on top of the document. If the Author has defined the signature as mandatory, then the guiding arrow will point to the colored area after previous mandatory fields have been completed. When clicking a signature box a signing workflow is initiated. Read more about the signing workflow in section “6.6 Signing the Sign Material”.

6.4.14 About you section

If there are input fields that are mandatory to include in the transaction but have not been placed on top of the document by the Author they are displayed in the about you section. This section is not visible if there is no mandatory information that has not been placed on top of the document for input.

6.4.15 Attachments section

For each attachment that has been added to the document by the Author a section is displayed including the title of the attachment and a button to show the attachment. The attachment can be viewed by clicking the button to show the attachment, then the section expands and displays the attachment in full to the Signatory. If an attachment was selected by the Author to be mandatory to review in the Workflow Settings then a) a checkbox is available next to the title of the attachment and b) a text stating that the signatory confirms that they have read and understood the content of the attachment is available next to the checkbox. The checkbox with the instruction to confirm that the Signatory has read and understood the content of the attachment must be checked before the Signatory can sign.

6.4.16 Requested attachments section

This is where, if requested, the signatory is instructed to upload additional documents as attachments. The signatory can choose not to upload an optional attachment by checking a checkbox. If attachments have been added by previous signatories in the same process, those are visible to the current signatory for review. This section is not visible if there are no requests for attachments from the signatory.

6.4.17 Signatories section

This section includes a list of the Signatories, their signing progress and a) Full name,,  and b) if applicable information about the Signatory is displayed such as organisation, organisation number, ID number, mobile number and email.

6.4.18 Reject or sign section

This is the last section in the Sign View. This section includes a reject button and a next button. By clicking the reject button the Signatory will initiate the rejection workflow and by clicking the next button the Signatory will initiate the signing workflow. If the Author has determined in the Sign View Settings that the reject button shall not be displayed to the Signatory, only the next button will be displayed.

6.5 Rejecting to sign the Sign Material

This is the workflow guiding the Signatory when they are rejecting to sign the Sign Material.

6.5.1 Reject button

At the bottom of the Sign View the signatory can reject the signing via clicking on a reject button. This button is visible if the Author has not disabled it in the Workflow Settings.

6.5.2 Rejection section

If the option to allow a rejection message was chosen in the Workflow Settings, upon clicking the button to reject the Signatory will enter a section where the Signatory can reject and, if so desired, write a rejection message to the Initiator. If a rejection message is not allowed, the Signatory will be asked to confirm the rejection directly, without the possibility of writing a rejection message. If the Signatory confirms the rejection, the Workflow Execution is cancelled and the Main Document can no longer be signed by any other Signatory.

6.5.3 Rejection confirmation page

After a rejection the Signatory is redirected to a page confirming that the signing was rejected and, if a rejection message was created, that the rejection message was sent to the Initiator.

6.6 Signing the Sign Material

The signing workflow is the workflow guiding the Signatory when they are signing the Sign Material.

6.6.1 Signature Drawing Modal

After the signature box has been clicked by the Signatory, the Signature Drawing Modal is opened and the Signatory is instructed to sign. The Signatory can draw their signature on a touchscreen or with a mouse. Once the Signatory has drawn their signature in the Signature Drawing Modal, they can click a button to proceed. Once they have clicked the button to go to the next step the modal closes and the signatory is scrolled to the next step defined by the Workflow Settings. 

6.6.2 PIN by SMS authentication and Signature Confirmation Section

If the authentication was set to PIN by SMS, the Signatory is either a) prompted to type the mobile number they want to use for authentication or b) if the mobile number was prefilled by the Initiator they can only view the mobile number. After the signatory has filled their mobile mobile number or reviewed the one that was prefilled by the Initiator and clicked to send the SMS, the Signature Confirmation Section appears with a) an input field for the PIN, b) a text if they wish to sign and let Scrive eSign register their signature and c) a button to confirm the PIN and complete the signing process. After the correct PIN has been supplied and the Signatory has confirmed that they wish to sign , the signature is registered and the Signature Registration Section is displayed.

6.6.3 Swedish BankID authentication and Signature Confirmation Section

If the authentication was set to Swedish BankID, the Signatory is either a) prompted to type the ID number they want to use for authentication, or b) if the ID number was prefilled by the Initiator this is already prefilled and not editable. After the signatory has a) filled their ID number or reviewed the one that was prefilled by the Initiator and b) clicked to initiate the authentication with Swedish BankID, the Signatory authenticates within the Swedish BankID application. When the authentication is completed in the Swedish BankID application, Scrive eSign registers the signature. 

6.6.4 Signature Confirmation Section

If the authentication was neither set to Swedish BankID nor PIN by SMS then the Signature Confirmation Section asks the Signatory if they wish to either “sign” (if no signature was drawn in the document using the Signature Drawing Modal) or “finish” (if a signature was drawn in the document using the Signature Drawing Modal) and let Scrive eSign register their signature. Once the Signatory has confirmed that they wish to sign or finish the signing process, the signature is registered and the Signature Registration Section is displayed.

6.7 Receiving the confirmation after signing

This is the workflow guiding the Signatory after they have signed the Sign Material.

6.7.1 Signature Registration Section

After the Signatory has confirmed their signature in the Signature Confirmation Section, the Signatory is redirected to the Signature Registration Section. The Signature Registration Section instructs the Signatory that their signature is being registered by Scrive eSign.

6.7.2 Signature confirmation page

After Scrive eSign has completed registering the signature of the Signatory, the Signatory is either redirected to:

		a custom confirmation page. Scrive does not regulate the custom confirmation page other than requiring that the confirmation page should not be misleading to the Signatory, thus it can include any information.

		the Scrive eSign standard confirmation page. The standard confirmation page includes information that the Signatory’s signature has been registered. If the Author had set that Scrive eSign should send an outgoing confirmation message, then the Signatory is also informed that an outgoing confirmation message was sent to the Signatory or that, if there are more Signatories to sign the document, an outgoing confirmation message will be sent to the Signatory after all Signatories have signed.

		the Signing Handover Interface, where a button is displayed leading to the Workflow Session for that next Signatory. This happens if there are other Signatories in line to sign after the Signatory that just signed, and the Delivery Method was set to in-person for any of those Signatories.



6.7.3 Signature confirmation message

If Author set that an outgoing confirmation message should be sent to the Signatory, a confirmation message is sent either via SMS, email or both. The confirmation message includes information that the document has now been signed by all Signatories. The email also includes an original of the Evidence Package and the SMS includes a link to access the Evidence Package online. If the Evidence Package is over 10MB Scrive eSign will not include the Evidence Package in the confirmation email and instead an instruction and a link to access the document will be supplied. If the Author set that a custom confirmation message shall be included in the outgoing confirmation message, the custom confirmation message set by the Author is included after the standard confirmation message texts.

7. Evidence collection

During the Workflow Execution Scrive eSign is collecting evidence to include into the Evidence Package.

7.1 Collecting missing Sign Material

At any time during the Workflow Execution, Scrive eSign presents the Sign Material in its current state in the Sign View meaning that it displays a) images of each page of the Main Document, b) links to all Attachments and c) renders all currently defined Field Data on the pages of the Main Document using the placements specified by the Author. As the process advances, the Sign Material is collected and produced through the following process:

		The Author uploads the initial Sign Material into Scrive eSign, consisting of the Main document, Author Attachments and initial Field Data.

		The Signatories will perform a review of the Sign Material in the Sign View. Depending on the Workflow Settings the Signatory can be asked to upload Signatory Attachments and add more Field Data, so that the Sign Material is completed. This step is reiterated until all Signatories have signed. 

		When the last Signatory has signed, the Sign Material has become fully completed and is locked from further modifications.



7.2 Producing the Transaction Logs

Scrive eSign executes the following activities to produce the Transaction Logs:

		Record as many as possible of the Signatories’ activities in Scrive eSign during Workflow Execution

		Record screenshots of the confirmation after the Signatories have signed through Scrive eSign

		Record system information of the Signatories’ client system

		Record system time of the Signatories’ activities in Scrive eSign



This section will explain the different procedures for recording the Transaction Logs as listed above.

7.2.1 Recording Signatories’ activities in Scrive eSign

Scrive eSign records events when the Signatory has interacted with Scrive eSign during Workflow Execution. The activities in Scrive eSign that are recorded are listed below. Coordinates X=0, Y=0 is the top-left corner of the page, X=1, Y=1 is the bottom-right corner.

		Sample event (as printed in the Evidence Log)

		Event explanation



		Scrive eSign sealed the Evidence Package (as defined in the Service Description) with a keyless digital signature.

		See section 8.1.11.



		Scrive eSign sealed the final PDF with a digital signature.

		See section 8.1.10 and 8.1.12.



		Scrive eSign prepared the final PDF, including evidence collected by Scrive eSign, before sealing with a digital signature.

		See sections 8.1.1 – 8.1.9 



		The party [NAME OF PERSON] ([UNIQUE IDENTIFIER]) verified their identity with [AUTHENTICATION METHOD] to access the document.

Data returned from the [AUTHENTICATION METHOD]:

Name: [NAMED RETURNED]
ID number: [ID NUMBER RETURNED]


Signature: [SIGNATURE RETURNED]
Online Certificate Status Protocol (OCSP) Response: [OCSP RETURNED]

		See section 6.3.1.



		Scrive eSign sent an automatic reminder to sign using [DELIVERY METHOD] to [EMAIL@EXAMPLE.COM and 012-34 56 78] at the request of the user [NAME OF USER] ([UNIQUE IDENTIFIER]).

		See section 3.3.6.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) withdrew the invitation to sign and Scrive eSign disabled the possibility to sign for all parties.

		See sections 5.2.



		The user [NAME OF USER ([UNIQUE IDENTIFIER]] changed authentication for [NAME OF PARTY (UNIQUE IDENTIFIER)] from [OLD AUTHENTICATION METHOD] to [NEW AUTHENTICATION METHOD].

		See section 5.9.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) changed the email address for the party from [BAD@EXAMPLE.COM] to [GOOD@EXAMPLE.COM].

		See section 5.10.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) changed the mobile number for the party from [BAD-12 34 56] to [GOOD-12 34 56].  

		See section 5.10.



		Scrive eSign locked the document from further modifications by the parties.

		See section 7.1 step 3.



		The signatory [NAME OF SIGNATORY] checked the checkbox “[EXAMPLE ATTACHMENT NAME]”. The text next to the checkbox was “[ACCEPT ATTACHMENT CONDITIONS TEXT]”.

		See sections 3.3.1 and 6.4.15.

[ACCEPT ATTACHMENT CONDITIONS TEXT] is the text that was visible to the signatory and depends on the document’s language setting. In English it is "I have read and accepted the content of the attachment [EXAMPLE ATTACHMENT NAME]".



		The party [NAME OF PARTY] ([UNIQUE IDENTIFIER]) deleted the attachment [ATTACHMENT NAME] previously uploaded by the party [NAME OF PARTY] ([UNIQUE IDENTIFIER]).

		See sections 3.3.2 and 6.4.16.



		Due to a system error Scrive eSign failed to finalise the Evidence Package (as defined in the Service Description) before sealing with a digital signature.

		Sometimes the system may fail to produce the Evidence Package as described in sections 8.1 – 8.3. This event is extremely rare.



		Scrive eSign’s external email delivery system reported that the invitation to [sign/review] the document sent via email to [PARTY@EXAMPLE.COM] was delivered.

		See sections 3.1.4 and 5.1.



		Scrive eSign’s external SMS delivery system reported that the invitation to [sign/review] the document sent via SMS to [012-34 56 78] was delivered.

		See sections 3.1.4 and 5.1.



		Scrive eSign sent an invitation to [sign/review] the document via [delivery method] to [PARTY@EXAMPLE.COM and/or 012-34 56 78]. The invitation included a link that when clicked lead to Scrive eSign’s online interface to [sign/review] documents. The invitation contained the following message: <BR/> <i>This is an example message text.</i>

		See sections 3.1.4, 3.3.7 and 5.1.



		Scrive eSign’s external email delivery system reported that the invitation sent via email to [PARTY@EXAMPLE.COM] could not be delivered and continued attempts were cancelled.

		See section 5.1.



		Scrive eSign’s external SMS delivery system reported that the invitation sent via SMS to [012-34 56 78] could not be delivered and continued attempts were cancelled.

		See section 5.1.



		Scrive eSign’s external email delivery system reported that the invitation sent to [PARTY@EXAMPLE.COM]  was opened.

		See section 5.1.



		The initiator [NAME OF INITIATOR] ([UNIQUE IDENTIFIER]) initiated the signing workflow and Scrive eSign a) locked the signing workflow from further editing, b) set the signing workflow language to [EXAMPLE LANGUAGE: ENGLISH], c) set the signing due date to [EXAMPLE DATE: 2013-01-01 00:00:00 UTC], d) set the time zone to [EXAMPLE TIME ZONE: CET] and e) initiated the signing workflow.

		See section 4.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) prolonged the signing due date.

		See section 5.3.



		The signatory [NAME OF SIGNATORY] ([UNIQUE IDENTIFIER]) rejected the invitation to sign and Scrive eSign disabled the possibility to sign for all parties. The rejection message from the signatory [NAME OF SIGNATORY] ([UNIQUE IDENTIFIER]) was: <BR/> <i>This is an example message text.</i>

		See section 6.5.2.



		Scrive eSign sent a reminder to [review/sign] via [delivery method] to [SIGNATORY@EXAMPLE.COM and/or MOBILE NUMBER] at the request of the user [NAME OF USER] ([UNIQUE IDENTIFIER]). The reminder message from the user [NAME OF USER] ([UNIQUE IDENTIFIER]) was: <BR/> <i>This is an example message text.</i>

		See sections 9.1.4 and 5.7.



		Scrive eSign’s administrator ([ADMIN@EXAMPLE.COM]), a person authorised to administer Scrive eSign, requested preparation of the Evidence Package.

		In the rare event of failure there is a safety feature in Scrive eSign where an authorised person at Scrive can ask the system to try to reseal the Evidence Package.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) edited the signing workflow in Scrive eSign’s interface to design signing workflows.

		See section 5.4.



		The SMS with the PIN was delivered to [MOBILE NUMBER] for the signatory [NAME OF SIGNATORY (UNIQUE IDENTIFIER)] to use for authentication.

		See section 6.6.2.



		An SMS with a PIN was sent to [MOBILE NUMBER] for the signatory [NAME OF SIGNATORY (UNIQUE IDENTIFIER)] to use for authentication.

		See section 6.6.2.



		The signatory [NAME OF SIGNATORY] ([UNIQUE IDENTIFIER]) uploaded the attachment [EXAMPLE ATTACHMENT NAME] requested by the workflow author. The request had the following description: <BR/> <i>This is an example description.</i>

		See sections 3.3.2 and 6.4.16.



		The signatory [NAME OF SIGNATORY] checked the checkbox “[EXAMPLE ATTACHMENT NAME]”. The text next to the checkbox was “[NOTHING TO UPLOAD TEXT]”.

		See sections 3.3.2 and 6.4.16.

[NOTHING TO UPLOAD TEXT] is the text that was visible to the signatory and depends on the document’s language setting. In English it is "Nothing to upload".



		The signatory [NAME OF SIGNATORY ([UNIQUE IDENTIFIER]) signed the 

document using PIN by SMS as authentication method. The PIN was sent to [MOBILE NUMBER].

		See section 6.6.2.



		The document was signed by [NAME OF SIGNATORY ([UNIQUE IDENTIFIER]) using [AUTHENTICATION METHOD] as authentication method. 


The text signed in the [AUTHENTICATION METHOD] client was:


$signed_text$

Data returned from the  [AUTHENTICATION METHOD]:

  

Name: [NAMED RETURNED]

ID number: [ID NUMBER RETURNED]

Signature: [SIGNATURE RETURNED]

Online Certificate Status Protocol (OCSP) Response: [OCSP RETURNED]

		See section 6.6.3.



		The signatory [NAME OF SIGNATORY ([UNIQUE IDENTIFIER]) signed the document.

		See section 6.7.1.



		The due date for signing the document passed. Scrive eSign disabled the possibility to sign for all parties.

		See section 3.3.5.



		The signatory [NAME OF PERSON] ([UNIQUE IDENTIFIER]) [CHECKED or UNCHECKED] the checkbox [NAME OF CHECKBOX]. The checkbox's placement in the Main Document: 

Page     X           Y

1            0.123   0.420

		See sections 3.2.4 and 6.4.10.



		The signatory [NAME OF PERSON] ([UNIQUE IDENTIFIER]) selected the radio button "[NAME OF RADIO BUTTON]" in radio group "[NAME OF RADIO GROUP]". Possible options were: [LIST OF ALL RADIO BUTTON NAMES IN RADIO GROUP]. The radio buttons placement in the Main Document:

Page     X           Y

1            0.123   0.128

1            0.123   0.142

		See sections 3.2.5 and 6.4.12.



		The signatory [NAME OF PERSON] ([UNIQUE IDENTIFIER]) signed in the signature box [NAME OF BOX]. The box's placement in the Main Document:

Page     X           Y

1            0.123   0.420

		See sections 3.2.5, 6.4.13 (or 6.4.18 if signature box was not placed) and 6.5.11.



		The signatory [NAME OF PERSON] ([UNIQUE IDENTIFIER]) changed the text in the text field [NAME OF FIELD] from [PREVIOUS VALUE] to [NEW VALUE]. The field's placement in the Main Document: 

Page     X           Y

1            0.123   0.420

		See sections 3.2.3 and 6.4.9 (or 6.4.14 if text field was not placed).



		The party  [NAME OF PERSON] ([UNIQUE IDENTIFIER]) opened the view to verify their identity before viewing the document.

		See section 6.3.1.



		The party [NAME OF PERSON] ([UNIQUE IDENTIFIER]) opened the document in Scrive eSign’s online interface to [review/sign] documents.

		See section 6.2.1.



		Highlighting was added to page 3 while [NAME OF PERSON] was viewing.

		See sections 3.5.1 and 6.4.4. 



		Highlighting was removed from page 3 while [NAME OF PERSON] was viewing.

		See sections 3.5.1 and 6.4.4. 





7.2.2 Generating images of the confirmation after Signatories signed

To sign through Scrive eSign the Signatory is asked to confirm the signature and after the Signatory has confirmed their signature a confirmation message is displayed. Scrive eSign will generate an image of the Signatories’ browser environment including the confirmation message in the foreground and the Main Document and Field Data in the background.

The technology for generating an image of the Signatories’ browser environment is not perfect. Therefore, as a safeguard in the event that the image of the Signatories’ browser cannot be generated correctly, Scrive eSign will at each Planned Production Upgrade, generate images of a reference browser environment including the confirmation message in the foreground and a demo Main Document and Field Data in the background. The purpose of the images is to serve as a reference to display how the images of the Signatories’ browser environment should have looked like if the image generation would have been generated correctly.

7.2.3 Recording Signatories’ system information

Scrive eSign records information of the system that the Signatories use at each system event generated by the Signatory. The information that is recorded is:

		IP address



7.2.4 Record the time of each event in Scrive eSign relating to a Signatory’s activity

At the time of an event triggered by a Signatories’ interaction with Scrive eSign, Scrive eSign will log the following information:  

		The time of Scrive eSign servers at the time of the Signatories’ activity 

		The time of the latest Clock Error Sample

		The clock error at the latest Clock Error Sample



7.3 Recording clock error

The time of Scrive eSign servers is controlled using NTP and the servers communicate indirectly with servers equipped with reference clocks whose purpose is to define reference time. Each hour Scrive eSign estimates the error of the clocks of its servers compared to reference time and the estimated error is measured in milliseconds (the “Clock Error Sample” or “CES”). The purpose of the Clock Error Sample is to produce data that can be used in a statistical model to evaluate the accuracy of Scrive eSign servers’ clock at the point of each logged event.

More about the Clock Error Sample and measurement of time in Scrive eSign is explained in the Appendix 4 Evidence of Time.

8. Evidence Package generation

8.1 Preparing the Evidence Package

Once all Signatories have signed electronically, Scrive eSign will execute the following actions to produce the Evidence Material:

		Prepare the Final PDF.

		Append the Verification Page as an additional page to the Final PDF.

		Append the Evidence Quality of Scrive E-signed Documents as an attachments inside the Final PDF.

		Append the Evidence Quality Framework as an attachment inside the Final PDF.

		Append the Service Description as an attachment inside the Final PDF.

		Append the Evidence Log as an attachment inside the Final PDF.

		Append the Evidence of Time as an attachment inside the Final PDF.

		Append the Evidence of Intent as an attachment inside the Final PDF.

		Append the Digital Signature Documentation as an attachment inside the Final PDF.



Once the Evidence Material has been produced Scrive eSign will execute the following actions to secure the integrity of the Evidence Material and thereby produce the final Evidence Package:

		Seal the material in steps 1-9 with a digital signature.

		Seal the material in steps 1-10 with a keyless digital signature (not performed if PAdES digital sealing is used).



A detailed description of the steps 1-11 follows below.

8.1.1 Prepare a Final PDF (step 1)

The Final PDF is prepared by inserting all the pages from the original Main Document, and subsequently all the Field Data is rendered using the placements defined by the Author in the Workflow Settings. If the Author defined that Attachments should be Merged with the Main Document they are added as pages to the Main Document. If the Author defined that Attachments should not be Merged with the Main Document the attachment is hashed using SHA-256. The hash can be found in the Evidence Log. Attachments that are not merged with the Main Documents are not digitally sealed. By comparing the computed hash (the output from execution of the algorithm SHA-256) to a known and expected hash value (the value in the Evidence Log), it’s possible to determine the Attachments’ integrity.

8.1.2 Append the Verification Page (step 2)

The Verification Page is one or several pages appended at the end of the Final PDF and it contains the following information:

		Transaction ID intended for support purposes.

		Information about the Main Document including name, number of pages and by whom it was submitted.

		Information about the each Attachment, including name, number of pages, if it was merged with the Main Document or not and by whom it was submitted.

		Information about the Initiator and each Signatory. 

		Activity history of each Signatory in Scrive eSign during Workflow Execution, including a brief description of the activity, the time of the activity and the IP address.

		A Scrive seal.



At the end of the Verification Page there is brief documentation describing what the Verification Page is. The documentation is intended to give the reader all the information necessary in order to understand:

		The nature of the document (an Evidence Package issued by Scrive).

		That additional documentation about the Evidence Package can be found in the Attachments.

		Where to verify the integrity of the document (https://www.scrive.com/verify).



The purpose of the Verification Page is to make the most important metadata about the Workflow Execution easily accessible.

8.1.3 Append the Evidence Quality of Scrive E-signed Documents (step 3)

The Evidence Quality of Scrive E-signed Documents is a brief introduction to the Evidence Package. The purpose of the document is to serve as an executive summary and help with the understanding of the Evidence Package without having to read through all the documentation. 

8.1.4 Append the Evidence Quality Framework (step 4)

The Evidence Quality Framework explains the legal aspects of digital evidence quality. The purpose of this document is to set a framework for the understanding of digital evidence quality and explain how the Evidence Package relates to such framework.

8.1.5 Append the Service Description (step 5)

The Service Description is this document and is a complete functional specification of Scrive eSign. The Scrive team maintains the following process to keep the Service Description up to date:

		A new version of Scrive eSign has been developed and the staging environment has been updated with the new version. The staging environment is the servers where the final testing of a new version of Scrive eSign is conducted before it is released to all customers. If the new version of Scrive eSign includes new features or substantial adjustments to existing features the Service Description is updated by the Scrive eSign product owner to include the changes made. The Scrive eSign product owner is the person that plans and manages the development of Scrive eSign.

		While on staging the changes to the Service Description is reviewed and corrected by the Scrive legal counsel in dialogue with the Scrive eSign product owner. 

		Once all text changes have been agreed by the Scrive eSign product owner and the Scrive legal counsel, the updated Service Description is to be included with the next updates to Scrive eSign. 



The purpose of the document is to serve as a reference for anyone trying to understand the Evidence Package and its different components.

8.1.6 Append the Evidence Log (step 6)

The Evidence Log includes all Transaction Logs printed in human readable text including a) the Signatories’ activities in Scrive eSign during Workflow Execution, b) all system information of the Signatories, and c) the UTC timestamp created at the moment of each Signatories’ activity.

The purpose of the Evidence Log is to make all collected metadata about the Workflow Execution accessible outside of Scrive eSign and thus independently of Scrive. 

8.1.7 Append the Evidence of Time (step 7)

The Evidence of Time includes a detailed documentation about a) how the time of the servers of Scrive eSign is measured and synchronised with trusted sources of time, b) a mathematical algorithm to calculate the probability of time deviation above certain time intervals and c) the measurements required to insert into the mathematical algorithm, including the last 1000 samples of the servers time deviation and their distribution.

The purpose of the Evidence of Time is to explain how Scrive eSign measures time and

provide a mathematical algorithm by which it is possible to calculate the probability of

the error of the time stamps recorded by Scrive eSign.

8.1.8 Append the Evidence of Intent (step 8)

The Evidence of Intent includes the images of the Signatories browser environment generated by Scrive eSign when the Signatory has signed and is displayed with a confirmation thereof. Additionally the Evidence of Intent also includes the reference images generated by Scrive eSign at each Planned Production Upgrade.

The purpose of the Evidence of Intent is to secure a) evidence of intent to sign and b) evidence of what Sign Material there was intent to sign, to avoid such rhetoric as exemplified by the example with the blue elephant and the pink sheep.

8.1.9 Append the Digital Signature Documentation (step 9)

The Digital Signature Documentation contains an algorithm for how to prove the document’s integrity mathematically. The document integrity can be tested mathematically with the help of a) the Digital Signature Documentation, b) a code published in the Financial Times after the date of sealing the document with the digital signature (step 10) and c) a keyless digital signature has been applied to the document after the date of publishing the code in the Financial Times (step 11). This document does require technical knowledge to be useful.

The purpose of the Digital Signature Documentation is to explain how the integrity of the Evidence Package can be verified independently of Scrive or any other third party. Note that the Digital Signature Documentation is not intended as the primary method for proving the document’s integrity. The use of the Digital Signature Documentation is intended as a last resort after which all other methods of verifying the integrity have failed. To clarify, the intended order for verifying the integrity of a document is:

		Scrive provides the primary method for verifying the integrity of a signature at https://www.scrive.com/verify. Here the document owner can upload the document and get an automated validation of the document integrity. This method does not require any technical knowledge to be useful.

		If this primary method for some reason fails to perform the verification of integrity then the digital signature provider, Guardtime (http://www.guardtime.com), can be contacted directly for verification. This second method also does not require any technical knowledge to be useful.

		Finally, if both previous methods have failed, the Digital Signature Documentation can be used to mathematically verify the document integrity.



8.1.10 Append the Digital Signature (step 10)

When the steps 1-9 have been performed the document is sealed with a digital signature from Guardtime to produce the complete Evidence Package (steps 1-10).

The purpose of the Digital Signature is to be able to prove the integrity of the Evidence Package with the help of Guardtime. Additionally the digital signature also has a function of a strong timestamp useful as evidence of time at the point of sealing the document. Learn more about this in the Digital Signature Documentation.

8.1.11 Append the Keyless Digital Signature (step 11)

Around the 20th each month Guardtime will make an updated Keyless Digital Signature available. Scrive eSign will apply the updated Keyless Digital Signatures on Evidence Packages that were produced by Scrive eSign 40 days after the initial signing.

The purpose of the Keyless Digital Signature, is that the integrity of the Evidence Package can be verified mathematically and independently of Scrive, Guardtime or any other third party, only relying on public information. Additionally, the verification will provide irrefutable evidence about when the timestamp in step 10 was generated. Learn more about this in the Digital Signature Documentation.

8.1.12 PAdES digital signature (optional to Steps 10 and 11)

The PAdES digital signature secures that the document can not be tampered without breaking the signature. In addition, the following are appended to the document as part of PAdES digital signature: 

		A URL to a Certificate Revocation List is appended that can be read to assure that the certificate is not in a revoked state at the time of signing of the document. 

		An OCSP (online certificate status protocol) is embedded to check the revocation status of the certificate. 

		A TimeStamp is added at the time of signing to ensure two things; that the signature was valid at the time of signing; and (ii) that the signature remains valid over time. 



9. Document administration

Scrive eSign has a basic document management system. This system is described in this section.

9.1 Document list

9.1.1 List view

Initiated Workflows and Evidence Packages from completed workflows are displayed in a list with progress status, time of latest event, name of Initiated Workflow, Initiator, Parties and Delivery Method(s).

9.1.2 Learn more and manage workflow

By clicking the name of an Initiated Workflow, the User is redirected to the Document View where there is more information about the workflow progress and options to manage the workflow.

9.1.3 Mass-withdraw invitations

To withdraw an invitation to sign an Initiated Workflow, select Initiated Workflows by checking the checkboxes on the side and press “withdraw”. The invitation to sign the selected Initiated Workflows will be withdrawn and they will no longer be possible to sign. If a Signatory clicks an invitation link to a withdrawn document they will land in a landing page with an instruction that the Workflow Execution has been cancelled.

9.1.4 Send mass-reminder

To remind Signatories of an Initiated Workflow to sign, select by checking the checkboxes on the side and press “send reminder”. The reminder to sign the selected Initiated Workflows will be sent to all the Signatories that haven’t signed using the Delivery Method as initially selected by the Author. If a specific sign order has been defined the reminder will only be sent to the next Signatory in line for signing.

9.1.5 Delete

To delete an Initiated Workflow or Evidence Package from the list view, select by checking the checkboxes on the side and press delete. Initiated Workflows that are deleted will also automatically be withdrawn.

9.1.6 Filter and search

Filter documents based on workflow progress status, initiator and/or date. Search the list of Template Workflows with free text search. Matches will be provided for all free text data.

9.1.7 Download all documents

Select what documents to download and download a zip-file including the PDFs of the selected documents. The Main Document from Initiated Workflows will be downloaded in its current state and finalised documents will be downloaded as completed Evidence Packages.

9.1.8 Download metadata as CSV

By selecting this option metadata from all transactions will be downloaded as CSV. The metadata includes information about each Party and the most important activities of the Party during Workflow Execution.

9.2 Template Workflow editing list

9.2.1 List view

Template Workflows are displayed in a list time of latest change, name of Template Workflow, Initiator, Parties and Delivery Method(s). Deleted Template Workflows are deleted instantaneously.

9.2.2 Filter and search

Search the list of Template Workflows with free text search.

9.2.3 Delete

To delete a Template Workflow from the list view, select one or multiple templates by checking the checkboxes on the side and press delete.

9.2.4 Share

To share a Template Workflow in the list view with other Users in the same organisation, select one or multiple Template Workflows by checking the checkboxes on the side and press share.

9.3 Trash list

9.3.1 List view

Deleted Initiated Workflows, Template Workflows and Evidence Packages are displayed in a list with progress status, time of latest event, name of Initiated Workflow, Initiator, Parties and Delivery Method(s). Deleted documents stay in the list for one month before Scrive eSign deletes them permanently from the system.

9.3.2 Filter and search

Filter documents based on workflow progress status, initiator and/or date. Search the list of Template Workflows with free text search. Matches will be provided for all free text data.

9.3.3 Restore

To restore a document back to the documents list, select by checking the checkboxes on the side and press restore.

9.4 Auto-deletion of documents and personal data

This is a setting that will instruct Scrive eSign to auto-delete documents and personal data after a number of days as defined by the account administrator. This applies to all documents except templates and documents pending signing. Upon deletion the documents are moved to Trash.

10. Account administration

10.1 Organisation administration

Accounts in Scrive eSign are organised in organisations. Each User belongs to an organisation. The organisation settings will be used in the Users interactions with Parties when using the system.

10.1.1 Organisation details

In the account section it is possible to edit the organisation details. The organisation details include name, organisation number and address. The name and organisation number will be displayed whenever the User is displayed as Party to a Workflow Execution, including places such as the Sign View and the Verification Page. The organisation address and mobile number  of the organisation’s administrators will be used for billing and support purposes.

10.1.2 White-label branding

There are two types of white-label branding in Scrive eSign: the Workflow Session branding and the complete white-label branding. In the account section it is possible to white-label the Workflow Sessions with the company brand profile, including a) the Sign View, b) the emails,  c) SMS’ d) the logged in part (such as the Design View), e) the favicon, f) the browser title. The complete white-label branding can only be set by a Scrive administrator and additionally to the Workflow Session branding includes white-labeling of a) the login and signup views, b) party colors and c) document status icons. 

10.2 User administration

10.2.1 User privileges

There are two levels of user privileges: standard and admin. The standard User can do everything as specified in the previous sections of this specification document. The admin User has the additional privileges as specified below.

		Privilege

		Explanation



		Edit company details

		Can edit the details of the organisation’s Scrive eSign account.



		Add user

		Can add users to the organisation’s Scrive eSign account.



		Remove user

		Can remove users from the organisation’s Scrive eSign account.



		White-label branding

		Can do Workflow Session branding for all users of the organisation’s Scrive eSign account.



		Access all documents

		Can access all documents of all Users in the organisation’s Scrive account.



		Manage all documents

		Can manage all documents of all Users in the organisation’s Scrive account.





10.2.2 User management

In the account section the admin User can add Users by typing name and email address. The person will then be invited to have an account as part of the organisation of the inviting admin User. The Users of the organisation are displayed in a list and can be removed from the organisation by selecting the User and deleting it. All documents of that User will stay the property of the organisation.
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1. Definitions

“Attachments” means attachments to the Main Document provided by the Author or Signatories.

“Author” means the person(s) that configure the Workflow Settings.

“Clock Error Samples” means the term as defined in the Attachment Evidence of Time.

“Delivery Method” means the method to deliver the invitation to participate in a Workflow Session.

“Design View” means the administrative user interface of Scrive eSign for the purpose of configuring the Workflow Settings.

“Evidence Attachments” means the attachments with additional evidence inserted into the Final PDF as explained in section 8, the attachments are Evidence Quality of Scrive E-Signed Documents, Service Description, Evidence Quality Framework, Evidence Log, Evidence of Intent, Evidence of Time and Digital Signature Documentation.

“Evidence Material” means the Final PDF including the inserted Evidence Attachments. 

“Evidence Package” means the Evidence Material sealed with a digital signature.

“Field Data” means data associated with text fields, checkboxes, radio buttons and signature boxes in the Main Document.

“Final PDF” means the final Main Document after all Signatories have signed, including Field Data rendered with the placements defined by the Author in the Workflow Settings.

“Initiator” means the person that initiates Workflow Execution.

“Initiated Workflow” means a set of Workflow Settings where Workflow Execution has been initiated.

“Integrated System” means a system that communicates with Scrive eSign via the Scrive API.

“Main Document” means the document that is displayed in the Design View and Sign View and is possible to edit with Field Data.

“Party” or “Parties” means persons participating in the Workflow Execution.

“Role” means the Role of a Party during a Workflow Session.

“Scrive API” means the application programming interface of Scrive eSign.

“Sign Material” means the material being reviewed, signed and completed by the Parties during Workflow Execution, including a) the Main Document, b) Attachments and c) Field Data.

“Sign View” means the graphic user interface in Scrive eSign’s web based interface, for the Parties to review and for Signatories to sign the Sign Material.

“Signatory” means a person that has been defined to sign the Sign Material in the Sign View during a Session.

“Signature Confirmation Section” is the final section where the Signatory is asked if they are sure that they wish to sign the document.

“Signature Drawing Modal” is the modal where the Signatory is asked to draw or type their signature.

“Template Workflow” means Workflow Settings saved by an Author for later reuse. “Transaction Logs” means database logs in Scrive eSign, including records of the Signatories activities in Scrive eSign.

“User” is a person or a group of persons with an account in Scrive eSign which is linking to a verified email address.

“Viewer” means a person that has been defined to only have access to view the Sign Material in the Workflow Session.

“Workflow Execution” means when Scrive eSign guides the Parties through Workflow Sessions as configured in the Workflow Settings.

“Workflow Session” means a set of activities defined for a Party to execute the assigned Role. A Party can be assigned multiple Workflow Sessions.

“Workflow Settings” means any combination of settings in section 3 defining how the Parties can interact with the Sign Material during Workflow Execution.

2. Purpose 

The purpose of this document is to explain how Scrive eSign worked at any given point in time to facilitate the full understanding of the process that generated the final Evidence Package. Each time Scrive eSign is updated with new features this document is also updated. The scope of the document is to describe the Scrive eSign system in full. Because it is possible to initiate Workflow Execution via API it is possible that parts of the e-signing workflow have happened outside of Scrive eSign. Because Scrive can only document features that are within our control, parts of a workflow may have happened outside the scope of this document.

3. Design the workflow (Author)

Workflow Settings are defined in the Design View by the Author. The features for designing the Workflow Settings are clustered in the Design View in three main sections. We describe the features in these sections according to the structure in the Design View.

3.1 Add Parties

3.1.1 Simple Workflow Session

Add a Workflow Session and add information about the Party participating in the Workflow Session. You can add an infinite number of Workflow Sessions. The minimum amount of Workflow Sessions is one.

3.1.2 Mass-signing Workflow Session

To replicate a Template Process multiple times with many separate Parties it is practicable to add the Parties in bulk. This feature enables adding a list of Parties to a Workflow Session as a CSV file. When initiating the process Scrive eSign will automatically replicate the process for every row in the CSV file and include the Party information of that row to that Workflow Session.

3.1.3 Invitation order

Select in what order the Parties shall receive the invitation to participate. Parties can receive the invitation in parallel, in sequence, or a combination of these.

3.1.4 Role

Define if the Party should be Signatory or Viewer.

3.1.5 Invitation method

Select how the Party shall receive the invitation to participate in the Workflow Session. The delivery methods available are a) email, b) SMS, c) email and SMS and d) in-person delivery or e) API.

		Email

		An email invitation is sent including a link to the Sign View.



		SMS

		An SMS is sent including a link to the Sign View.



		Email and SMS

		Both email and SMS delivery as described above.



		In-person

		No invitation is sent. The Initiator can give the Party access to the Sign View, by personally presenting it on a device selected by Initiator.



		API

		No invitation is sent. The Initiator can select to give access to the Sign View by sharing the URL or an Author can set up a workflow where the Party is redirected from a webpage hosted by the Author to the Sign View.





3.1.6 Authentication to view

Select what authentication should be required from a Signatory before accessing the Workflow Session to view the document. The alternatives are a) Swedish BankID, b) Norwegian BankID, c) Danish NemID or d) no additional authentication method.

3.1.7 Authentication to sign

Select what authentication method should be required from a Signatory. The alternatives are a) Swedish BankID, b) PIN verification by SMS or c) no additional authentication method.

3.1.8 Confirmation method

Select how the Party shall receive the confirmation that the document has been signed by all Parties and get access to the Evidence Package. The confirmation methods available are a) email, b) SMS, c) email and SMS and d) no delivery.

3.2 Place fields

3.2.1 Main Document upload

Upload the Main Document. Only PDFs are accepted for upload. 

3.2.2 Main Document removal

Remove the Main Document.

3.2.3 Text field

Drag and drop text fields into the document. Define the name of the text field (i.e. address, mobile and more) or select a predefined field, and define if it is a) mandatory for the Initiator, b) mandatory for Party completing the Workflow Session or c) optional. If left empty or editable during Workflow Execution, define what party can (if optional) or must (if mandatory) complete the text field during their Workflow Session. All information put into a text field will be printed onto the document. You can set the font size of the text field to a) small, b) normal, c) large or d) huge.

3.2.4 Checkbox

Drag and drop checkboxes into the document. Define the name of the checkbox (for traceability purposes), choose a checkbox size, and define if it is a) mandatory for the Initiator, b) mandatory for Party completing the Workflow Session or c) optional. If left empty or editable during Workflow Execution define what party can (if optional) or must (if mandatory) check the checkbox during their Workflow Session. The checkbox, empty or checked, will be printed onto the document.

3.2.5 Signature box

Drag and drop signature boxes into the document. Define the name of the signature box (for traceability purposes) and define if it is a) mandatory for the Party completing the Workflow Session or b) optional. If left empty or editable during Workflow Execution define what party can (if optional) or must (if mandatory) draw their signature during their Workflow Session. For some old browsers where JavaScript drawing doesn’t work, the Signatory can use their keyboard to type their signature with a name instead and a handwritten font will be used. The drawn or typed signature will be printed onto the document.

3.2.5 Radio buttons

Drag and drop radio button groups into the document. Define the name of the radio button group and the names of individual radio buttons (for traceability purposes), and choose a size for the radio buttons within the radio button group. It is mandatory for signing parties to select one of the radio button group options. The radio buttons, selected or not, will be printed onto the document.

3.3 Other settings

3.3.1 Add Attachment

The Author can upload documents to add as Attachments to the Main Document or delete previously uploaded Attachments. Only PDFs are accepted. The Author selects if the Attachment should be optional or mandatory to review. The Author selects if the Attachment should be merged with the main file or not.

3.3.2 Request Attachment

The Author can request that Parties are asked to upload documents during a Workflow Session, to add the documents as Attachments to the Main Document. The request is set per Party and an instruction text is required explaining what document is requested, requests can be made optional in which case the Party is not required to upload a document.

3.3.3 Main Document name

Name the Main Document. This is the name that will be communicated with the Parties throughout each Workflow Session. This will be the name of the Main Document in the Evidence Package.

3.3.4 Workflow Session language

Select in what language the Parties shall be guided throughout each Workflow Session. This will be the language of the text printed in the Verification Page.

3.3.5 Due date

Select the due date for the Signatories to sign. After the due date has passed the Signatories can no longer sign.

3.3.6 Automatic reminder

Select at what date an automatic reminder to sign shall be sent to the Signatories that haven’t yet signed.

3.3.7 Personal invitation message

Write a personal message that the Parties will receive when invited via email to participate in the Workflow Execution.

3.3.8 Personal confirmation message

Write a personal message that the Parties will receive via email when the document has been signed.

3.3.9 Edit Sign View UI

Adjust the UI in the Sign View. The following UI features can be added or removed a) header including logo and contact details, b) download PDF c) the button used in the Sign View to reject to sign, d) option to reply with a message, and e) footer.

3.4 Save as template workflow

The Workflow Settings in Design View can be saved as a Template Workflow for later Workflow Execution a single time (save as draft) or multiple times (save as template).

3.5 Settings available via API only

3.5.1 Set highlighting

It is possible, via the API, to enable highlighting in the Sign View for selected Signatories. Highlighting is the digital equivalent of a yellow mark on paper to emphasize something on the document. Highlights can be made by the selected Signatories, and cleared page-by-page, until they have signed the document, after which no more changes can be made. 

3.5.2 Field editable by Signatory

It is possible, via the API, to allow selected Signatories to change the value of certain fields, even if they were pre-filled by the Document Author. This is currently only available for email and mobile field types. The aim of this setting is to allow Signatories to update their email or mobile number, when the value set by the Document Author may be incorrect or outdated.

4. Initiate the workflow (Initiator)

A Workflow Execution needs to be started by an Initiator. This section describes the features which the Initiator can use to initiate the Workflow Execution. The Initiator may initiate the Workflow Execution in any of the following ways:

		start as Author and define the Workflow Settings in the graphic user interface of the Design View or an Integrated System, or programmatically through the Scrive API, and then initiate the Workflow Execution, or

		start as Initiator only and select a Template Workflow to initiate the Workflow Execution, or

		start as Author and select a Template Workflow to edit by any of the procedures for defining the Workflow Settings described in bullet a and then, after editing as Author, initiate the Workflow Execution.



4.1 Initiate Workflow Execution from Design View

After a Main Document has been uploaded and no mandatory information is missing it is possible to initiate Workflow Execution by clicking a button to start. When having clicked the button a modal is displayed and depending on the Workflow Settings different activities will be required from the Initiator to initiate Workflow Execution.

		Initiator role

		Sign order

		Instruction in modal



		Signatory

		Sign first

		Prompts to sign first before inviting others



		Signatory

		Sign second or later

		Prompts to invite others



		Viewer

		-

		Prompts to invite others





4.2 Initiate Workflow Execution from Template Workflow

Template Workflows can be accessed either via the Scrive eSign graphic user interface or via API. The following sections will describe how access can be done via the graphic user interface of Scrive eSign. In principle the same actions can be performed via the API.

4.2.1 List of Template Workflows

By logging in to his Scrive eSign account the Initiator can access a list of Template workflows from where it can initiate Workflow Execution. In the list of Template Workflows each Template Workflow is displayed in a list including name of the Template Workflow, time of latest change to Template Workflow, Delivery Method(s) and sharing status. In the template list view it is possible to do free text search on metadata to find Template Workflows.

4.2.2 Select to edit Template Workflow or directly initiate Workflow Execution

By clicking the name of a draft or template in the list of Template Workflows, different options will be made available depending on the Workflow Settings of the Template Workflow.

		Author/Not Author

		Locked from editing

		In-person delivery

		Options for next step



		Author

		Yes/No

		Yes

		Option to a) edit Workflow Settings or b) initiate signing on the device directly.



		Author

		Yes/No

		No

		Option to a) edit Workflow Settings or b) send for signature directly.



		Not Author

		Yes

		Yes

		Option to initiate signing on the device directly.



		Not Author

		No

		Yes

		Option to a) edit Workflow Settings or b) initiate signing on the device directly.



		Not Author

		Yes

		No

		Option to send for signature directly.





5. Administer the Workflow Execution (User)

The document view is the administrative counterpart of the Sign View. Here the User can review the Main Document, Attachments, Parties and progress history and also administer the Workflow Execution.

5.1 Progress history

The Workflow Session progress of each Signatory can be tracked in the progress history section. Each important event is listed with a status icon, time, Party and an explanatory text. Below is a list of the statuses used.

		Progress status

		Explanation



		Initiated signing

		The Initiator initiated the signing process.



		Email sent

		The invitation to access Sign View was sent via email.



		SMS sent

		The invitation to access Sign View was sent via SMS.



		Undelivered

		The external email or SMS system has reported that it could not deliver the email or SMS.



		Delivered

		The external email or SMS system has reported that it has delivered the email or SMS.



		Email opened 

		The external email system has reported that the email has been opened.



		Accessed view to authenticate

		The party opened the view to verify their identity before viewing the document.



		Authentication success

		The Party verified their identity with [AUTHENTICATION METHOD] to access the document.



		Reviewed online

		Opened the document online.



		Signed

		The button to complete signing was clicked in the Signature Confirmation Section or, if BankID was required to sign, the signing process was completed successfully in the BankID application.



		Rejected

		The button to reject signing was clicked in the final rejection section.



		Timed-out

		The due date for signing as set in the Workflow Settings passed and the document can’t be signed.



		Due date prolonged

		The Initiator prolonged the signing due date.



		Process cancelled

		The Initiator cancelled the signing process, the document can no longer be signed.



		Process edited

		The Workflow Process was edited in the Design View.



		Sealed

		Scrive eSign sealed the final PDF with a digital signature.



		Extended

		Scrive eSign sealed the Evidence Package (as defined in the Service Description) with a keyless digital signature.





5.2 Withdraw invitation

To withdraw an invitation to sign an Initiated Workflow, press the button to withdraw. The invitation to sign the selected Initiated Workflow will be withdrawn and they will no longer be possible to sign. If a Signatory clicks an invitation link to a withdrawn document they will land in a landing page with an instruction that the Workflow Execution has been cancelled.

5.3 Extend due date

If the due date to sign passed without all Signatories having signed the Initiator can extend the due date by pressing “extend due date”. The date is extended by as many days as are determined by the Initiator.

5.4 Restart document

If the document was cancelled or the due date passed the Initiator can select to restart the Workflow Execution by pressing the button to restart the Workflow Execution. The Initiator is then redirected to the Design View where he can edit the Workflow Settings and initiate Workflow Execution again.

5.5 Start signing

If Delivery Method was set to in-person or API, then there is an option for the Initiator to initiate the next in-person Workflow Session directly from this view. By selecting “start signing” the Initiator will be redirected to the Sign View.

5.6 Download document

If the document has been signed it can be downloaded by the Initiator by pressing the button to download the document.

5.7 Send reminder

To remind a Signatory to sign, press the button to send reminder. A reminder will be sent to the Signatory using the initial invitation Delivery Method selected by the Author.

5.8 Send document again

To send a completed Evidence Package again to a Party, press the button to send the document again which is next to the Party’s information. A message including the document, will be sent to the Signatory using the initial confirmation Delivery Method selected by the Author.

5.9 Change of authentication to view and authentication to sign methods

As long as the recipient hasn’t signed the Initiator can change the authentication to view and the authentication to sign methods.

5.10 Bounce management

If the email or SMS could not be delivered, the Initiator is informed of the problem via an email with a link to the Document View where the Initiator can edit the email or mobile number. A bounce can occur for multiple reasons, typically due to a) entering the wrong email or mobile number, b) SPAM filter settings of the receiving system or c) the recipient’s systems are down.

5.11 Review Attachments

Below the displayed document there is a section with all attached Attachments. The user can view or download Attachments.

5.12 Review evidence attachments

Below the Attachments section there is a section with all evidence attachments. The user can review or download the evidence attachments.

6. Follow the workflow (Party)

Smooth Workflow Execution is dependent on a series of events as executed by the Parties in close interaction with Scrive eSign. This section will describe the different components enabling the Workflow Execution. The features are listed in the order as they appear to the Signatory either chronologically or in the graphic user interface from the top and going down. What features appear to the Signatory depend on the Workflow Settings.

6.1 Overview of Workflow Execution

Before we look at the components of the Workflow Execution it might be useful to get an overview of the different steps of Workflow Execution as experienced by the Signatories and the Viewers.

		Accessing the Sign View: the Party either a) receives an email or SMS with an invitation to sign electronically and a link to the Sign View or, b) accesses a device (tablet, desktop computer, smartphone or other) with the Sign View already opened or c) is redirected from an Integrated System to the Sign View. 

		If set by the Author, the Signatory is asked to authenticate before they can proceed.

		Reviewing the Sign Material: the Party views the displayed Sign View and a) can read instructions at the top to follow the guiding arrow, b) depending on the Workflow Settings enter or not enter Field Data into the document (such as text, signatures, checks in checkboxes, choosing a radio button group option) and view/append required and optional attachments and c) scroll through all document pages to reach the sign or reject section.

		When enabled for the current signatory, the Initiator can highlight anything within the document being signed in real-time. 

		Signing the Sign Material: the Signatory presses the next button to proceed to the next step and, depending on the Workflow Settings, one of these four scenarios follow;



		If the Signatory has not yet drawn their signature inside the document a section appears with instructions to confirm their intent by clicking a button with the text “Sign”, or

		If the Signatory has not yet drawn their signature inside the document a section appears with instructions that they will finalise the signing process by clicking the button with the text “Finish”, or

		If the Signatory is required to authenticate with PIN by SMS before they can sign they a) type or view their mobile number, b) receive an SMS with a PIN, c) type the PIN into a input field and d) confirm their intent by clicking a button with the text “sign”, or

		If the Signatory is required to sign with Swedish BankID they sign using the Swedish BankID app on the device they chose to sign with.



		Receiving confirmation after signing: after having completed one of the above signing scenarios a confirmation message is displayed to the Signatory that the Sign Material has been signed. Depending on the Workflow Settings, each Party either receives or doesn’t receive a confirmation message. If it was set for the Party to receive a confirmation message it is sent either a) by email and including the Evidence Package, b) by SMS and including a URL-link to access the document on the web in Scrive eSign, or c) both by email and SMS as described above.



The following sections are more detailed descriptions of the features enabling the workflow in the summary above.

6.2 Accessing the Sign View

This is the workflow guiding the Parties to access the Sign Material in the Sign View.

6.2.1 Invitation message

Scrive eSign will send an invitation email and/or SMS to the Party, in the order as defined by the Workflow Settings. The email and/or SMS will include a URL-link to a Sign View specific to that Workflow Session.

6.2.2 List of Initiated Workflows

Initiated Workflows with Workflow Sessions available for signing directly on the device are listed in a list accessible to Users. Each Initiated Workflow is displayed in a list with document name, last event, name of Initiator and names of all Parties. An icon determines if the Party is the Initiator of the Initiated Workflow or has been invited by another Initiator to participate. By selecting an Initiated Workflow from the list the User will initiate a Workflow Session and access the Sign View.

6.3 Authenticate to view

This is the part where the Signatory is required to authenticate themselves before they can proceed to view the Sign Material.

6.3.1 Authentication to view

The name of the Author and the document is displayed. Personal information that is required to understand who should authenticate their identity is presented. The Signatory initiates the authentication process. If the authentication is successful the Signatory is redirected to the Sign View to view the Sign Material.

6.4 Reviewing the Sign Material

This is the workflow guiding the Signatory when they are reviewing the Sign Material before signing.

6.4.1 Contact information

In the header the Initiators name and mobile (if available) is displayed for contact purposes.

6.4.2 Branded header

Adjustments can be made to a) company logotype, b) background color of header, c) text font, and d) text color. If no branding has been selected, the default is the Scrive logotype and colors. Author can remove the header and footer in the Design View before initiating Workflow Execution.

6.4.3 Other branded Sign View components

Components of the Sign View that can be branded are a) text font type of all text, b) color of the guiding arrow, c) color and text font of text in the guiding arrows, d) color of buttons, and e) color and text font of the text in the buttons. In the Sign View, confirmation page after signing, the signing invitation email and confirmation email there is a discrete ”Powered by Scrive” text.

6.4.4 Signing header

This header stays at the top of the SIgn View as the signatory scrolls through the Main Document to sign. The header includes a) the name of the document, b) a button to activate highlighting (learn more below), c) a button to zoom in the Main Document and d) a button to zoom out the Main Document. By clicking the highlight button, the highlighting functionality is enabled and the scrolling functionality is disabled. Thus, instead of scrolling when touching the screen the touch will result in a yellow highlighting color being painted to the Main Document where the finger points. Highlighting starts when a finger is put to, or a mouse is clicked above, the Main Document. Highlighting stops when the finger is lifted or the mouse is released. To initiate highlighting again the highlighting button in the header has to be pressed again. If the highlighting functionality has been applied to the Main Document in the current Workflow Session, a clear button will also be available in the signing header. The clear button will allow highlighting to be cleared from one document page at a time, and “clear mode” will be enabled until any highlighting has been cleared, or until the cancel button is clicked to cancel clear mode.

6.4.5 Review instruction

Below the header there is a) the person’s name and b) a brief instruction on how to proceed to sign the document. The purpose of the name is to decrease the risk that a person mistakenly signs in another Signatory’s name. If the name was not supplied before Initiator initiated Workflow Execution, then only the brief instruction is displayed.

6.4.6 Mandatory/optional explanation

Explanation of the difference in instruction color between actions that are mandatory and actions that are optional. This appears if the Workflow Session includes optional and mandatory actions.

6.4.7 Download PDF

Option to download the Main Document and Attachments as PDF. This option is either displayed or not depending on if the Author defined that it should be displayed during the Workflow Session.

6.4.8 Document display

PNGs of the Main Document are displayed in up to 1040 px width.

6.4.9 Guiding arrow

The guiding arrow will guide the Party through the steps set as mandatory by the Author. The arrow will guide the Party by pointing at the next mandatory step and blink.

6.4.10 Text fields

There can be empty text fields that are mandatory or optional to complete for the Party and pre-filled fields that can be editable.

6.4.11 Checkboxes

There can be unchecked checkboxes that are mandatory or optional for the Party and pre-checked checkboxes that can be de-checked. Checkboxes can be small, medium, or large, at the discretion of the author.

6.4.12 Radio buttons

There can be radio button groups comprising of two or more radio button options. The Party must select one of the radio buttons for each radio button group. Each radio button group can be small, medium, or large, at the discretion of the author.

6.4.13 Signature box

If signatures are requested from the Signatory then signature boxes are displayed as colored areas on top of the document. If the Author has defined the signature as mandatory, then the guiding arrow will point to the colored area after previous mandatory fields have been completed. When clicking a signature box a signing workflow is initiated. Read more about the signing workflow in section “6.6 Signing the Sign Material”.

6.4.14 About you section

If there are input fields that are mandatory to include in the transaction but have not been placed on top of the document by the Author they are displayed in the about you section. This section is not visible if there is no mandatory information that has not been placed on top of the document for input.

6.4.15 Attachments section

For each attachment that has been added to the document by the Author a section is displayed including the title of the attachment and a button to show the attachment. The attachment can be viewed by clicking the button to show the attachment, then the section expands and displays the attachment in full to the Signatory. If an attachment was selected by the Author to be mandatory to review in the Workflow Settings then a) a checkbox is available next to the title of the attachment and b) a text stating that the signatory confirms that they have read and understood the content of the attachment is available next to the checkbox. The checkbox with the instruction to confirm that the Signatory has read and understood the content of the attachment must be checked before the Signatory can sign.

6.4.16 Requested attachments section

This is where, if requested, the signatory is instructed to upload additional documents as attachments. The signatory can choose not to upload an optional attachment by checking a checkbox. If attachments have been added by previous signatories in the same process, those are visible to the current signatory for review. This section is not visible if there are no requests for attachments from the signatory.

6.4.17 Signatories section

This section includes a list of the Signatories, their signing progress and a) Full name,,  and b) if applicable information about the Signatory is displayed such as organisation, organisation number, ID number, mobile number and email.

6.4.18 Reject or sign section

This is the last section in the Sign View. This section includes a reject button and a next button. By clicking the reject button the Signatory will initiate the rejection workflow and by clicking the next button the Signatory will initiate the signing workflow. If the Author has determined in the Sign View Settings that the reject button shall not be displayed to the Signatory, only the next button will be displayed.

6.5 Rejecting to sign the Sign Material

This is the workflow guiding the Signatory when they are rejecting to sign the Sign Material.

6.5.1 Reject button

At the bottom of the Sign View the signatory can reject the signing via clicking on a reject button. This button is visible if the Author has not disabled it in the Workflow Settings.

6.5.2 Rejection section

If the option to allow a rejection message was chosen in the Workflow Settings, upon clicking the button to reject the Signatory will enter a section where the Signatory can reject and, if so desired, write a rejection message to the Initiator. If a rejection message is not allowed, the Signatory will be asked to confirm the rejection directly, without the possibility of writing a rejection message. If the Signatory confirms the rejection, the Workflow Execution is cancelled and the Main Document can no longer be signed by any other Signatory.

6.5.3 Rejection confirmation page

After a rejection the Signatory is redirected to a page confirming that the signing was rejected and, if a rejection message was created, that the rejection message was sent to the Initiator.

6.6 Signing the Sign Material

The signing workflow is the workflow guiding the Signatory when they are signing the Sign Material.

6.6.1 Signature Drawing Modal

After the signature box has been clicked by the Signatory, the Signature Drawing Modal is opened and the Signatory is instructed to sign. The Signatory can draw their signature on a touchscreen or with a mouse. Once the Signatory has drawn their signature in the Signature Drawing Modal, they can click a button to proceed. Once they have clicked the button to go to the next step the modal closes and the signatory is scrolled to the next step defined by the Workflow Settings. 

6.6.2 PIN by SMS authentication and Signature Confirmation Section

If the authentication was set to PIN by SMS, the Signatory is either a) prompted to type the mobile number they want to use for authentication or b) if the mobile number was prefilled by the Initiator they can only view the mobile number. After the signatory has filled their mobile mobile number or reviewed the one that was prefilled by the Initiator and clicked to send the SMS, the Signature Confirmation Section appears with a) an input field for the PIN, b) a text if they wish to sign and let Scrive eSign register their signature and c) a button to confirm the PIN and complete the signing process. After the correct PIN has been supplied and the Signatory has confirmed that they wish to sign , the signature is registered and the Signature Registration Section is displayed.

6.6.3 Swedish BankID authentication and Signature Confirmation Section

If the authentication was set to Swedish BankID, the Signatory is either a) prompted to type the ID number they want to use for authentication, or b) if the ID number was prefilled by the Initiator this is already prefilled and not editable. After the signatory has a) filled their ID number or reviewed the one that was prefilled by the Initiator and b) clicked to initiate the authentication with Swedish BankID, the Signatory authenticates within the Swedish BankID application. When the authentication is completed in the Swedish BankID application, Scrive eSign registers the signature. 

6.6.4 Signature Confirmation Section

If the authentication was neither set to Swedish BankID nor PIN by SMS then the Signature Confirmation Section asks the Signatory if they wish to either “sign” (if no signature was drawn in the document using the Signature Drawing Modal) or “finish” (if a signature was drawn in the document using the Signature Drawing Modal) and let Scrive eSign register their signature. Once the Signatory has confirmed that they wish to sign or finish the signing process, the signature is registered and the Signature Registration Section is displayed.

6.7 Receiving the confirmation after signing

This is the workflow guiding the Signatory after they have signed the Sign Material.

6.7.1 Signature Registration Section

After the Signatory has confirmed their signature in the Signature Confirmation Section, the Signatory is redirected to the Signature Registration Section. The Signature Registration Section instructs the Signatory that their signature is being registered by Scrive eSign.

6.7.2 Signature confirmation page

After Scrive eSign has completed registering the signature of the Signatory, the Signatory is either redirected to:

		a custom confirmation page. Scrive does not regulate the custom confirmation page other than requiring that the confirmation page should not be misleading to the Signatory, thus it can include any information.

		the Scrive eSign standard confirmation page. The standard confirmation page includes information that the Signatory’s signature has been registered. If the Author had set that Scrive eSign should send an outgoing confirmation message, then the Signatory is also informed that an outgoing confirmation message was sent to the Signatory or that, if there are more Signatories to sign the document, an outgoing confirmation message will be sent to the Signatory after all Signatories have signed.

		the Signing Handover Interface, where a button is displayed leading to the Workflow Session for that next Signatory. This happens if there are other Signatories in line to sign after the Signatory that just signed, and the Delivery Method was set to in-person for any of those Signatories.



6.7.3 Signature confirmation message

If Author set that an outgoing confirmation message should be sent to the Signatory, a confirmation message is sent either via SMS, email or both. The confirmation message includes information that the document has now been signed by all Signatories. The email also includes an original of the Evidence Package and the SMS includes a link to access the Evidence Package online. If the Evidence Package is over 10MB Scrive eSign will not include the Evidence Package in the confirmation email and instead an instruction and a link to access the document will be supplied. If the Author set that a custom confirmation message shall be included in the outgoing confirmation message, the custom confirmation message set by the Author is included after the standard confirmation message texts.

7. Evidence collection

During the Workflow Execution Scrive eSign is collecting evidence to include into the Evidence Package.

7.1 Collecting missing Sign Material

At any time during the Workflow Execution, Scrive eSign presents the Sign Material in its current state in the Sign View meaning that it displays a) images of each page of the Main Document, b) links to all Attachments and c) renders all currently defined Field Data on the pages of the Main Document using the placements specified by the Author. As the process advances, the Sign Material is collected and produced through the following process:

		The Author uploads the initial Sign Material into Scrive eSign, consisting of the Main document, Author Attachments and initial Field Data.

		The Signatories will perform a review of the Sign Material in the Sign View. Depending on the Workflow Settings the Signatory can be asked to upload Signatory Attachments and add more Field Data, so that the Sign Material is completed. This step is reiterated until all Signatories have signed. 

		When the last Signatory has signed, the Sign Material has become fully completed and is locked from further modifications.



7.2 Producing the Transaction Logs

Scrive eSign executes the following activities to produce the Transaction Logs:

		Record as many as possible of the Signatories’ activities in Scrive eSign during Workflow Execution

		Record screenshots of the confirmation after the Signatories have signed through Scrive eSign

		Record system information of the Signatories’ client system

		Record system time of the Signatories’ activities in Scrive eSign



This section will explain the different procedures for recording the Transaction Logs as listed above.

7.2.1 Recording Signatories’ activities in Scrive eSign

Scrive eSign records events when the Signatory has interacted with Scrive eSign during Workflow Execution. The activities in Scrive eSign that are recorded are listed below. Coordinates X=0, Y=0 is the top-left corner of the page, X=1, Y=1 is the bottom-right corner.

		Sample event (as printed in the Evidence Log)

		Event explanation



		Scrive eSign sealed the Evidence Package (as defined in the Service Description) with a keyless digital signature.

		See section 8.1.11.



		Scrive eSign sealed the final PDF with a digital signature.

		See section 8.1.10 and 8.1.12.



		Scrive eSign prepared the final PDF, including evidence collected by Scrive eSign, before sealing with a digital signature.

		See sections 8.1.1 – 8.1.9 



		The party [NAME OF PERSON] ([UNIQUE IDENTIFIER]) verified their identity with [AUTHENTICATION METHOD] to access the document.

Data returned from the [AUTHENTICATION METHOD]:

Name: [NAMED RETURNED]
ID number: [ID NUMBER RETURNED]


Signature: [SIGNATURE RETURNED]
Online Certificate Status Protocol (OCSP) Response: [OCSP RETURNED]

		See section 6.3.1.



		Scrive eSign sent an automatic reminder to sign using [DELIVERY METHOD] to [EMAIL@EXAMPLE.COM and 012-34 56 78] at the request of the user [NAME OF USER] ([UNIQUE IDENTIFIER]).

		See section 3.3.6.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) withdrew the invitation to sign and Scrive eSign disabled the possibility to sign for all parties.

		See sections 5.2.



		The user [NAME OF USER ([UNIQUE IDENTIFIER]] changed authentication for [NAME OF PARTY (UNIQUE IDENTIFIER)] from [OLD AUTHENTICATION METHOD] to [NEW AUTHENTICATION METHOD].

		See section 5.9.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) changed the email address for the party from [BAD@EXAMPLE.COM] to [GOOD@EXAMPLE.COM].

		See section 5.10.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) changed the mobile number for the party from [BAD-12 34 56] to [GOOD-12 34 56].  

		See section 5.10.



		Scrive eSign locked the document from further modifications by the parties.

		See section 7.1 step 3.



		The signatory [NAME OF SIGNATORY] checked the checkbox “[EXAMPLE ATTACHMENT NAME]”. The text next to the checkbox was “[ACCEPT ATTACHMENT CONDITIONS TEXT]”.

		See sections 3.3.1 and 6.4.15.

[ACCEPT ATTACHMENT CONDITIONS TEXT] is the text that was visible to the signatory and depends on the document’s language setting. In English it is "I have read and accepted the content of the attachment [EXAMPLE ATTACHMENT NAME]".



		The party [NAME OF PARTY] ([UNIQUE IDENTIFIER]) deleted the attachment [ATTACHMENT NAME] previously uploaded by the party [NAME OF PARTY] ([UNIQUE IDENTIFIER]).

		See sections 3.3.2 and 6.4.16.



		Due to a system error Scrive eSign failed to finalise the Evidence Package (as defined in the Service Description) before sealing with a digital signature.

		Sometimes the system may fail to produce the Evidence Package as described in sections 8.1 – 8.3. This event is extremely rare.



		Scrive eSign’s external email delivery system reported that the invitation to [sign/review] the document sent via email to [PARTY@EXAMPLE.COM] was delivered.

		See sections 3.1.4 and 5.1.



		Scrive eSign’s external SMS delivery system reported that the invitation to [sign/review] the document sent via SMS to [012-34 56 78] was delivered.

		See sections 3.1.4 and 5.1.



		Scrive eSign sent an invitation to [sign/review] the document via [delivery method] to [PARTY@EXAMPLE.COM and/or 012-34 56 78]. The invitation included a link that when clicked lead to Scrive eSign’s online interface to [sign/review] documents. The invitation contained the following message: <BR/> <i>This is an example message text.</i>

		See sections 3.1.4, 3.3.7 and 5.1.



		Scrive eSign’s external email delivery system reported that the invitation sent via email to [PARTY@EXAMPLE.COM] could not be delivered and continued attempts were cancelled.

		See section 5.1.



		Scrive eSign’s external SMS delivery system reported that the invitation sent via SMS to [012-34 56 78] could not be delivered and continued attempts were cancelled.

		See section 5.1.



		Scrive eSign’s external email delivery system reported that the invitation sent to [PARTY@EXAMPLE.COM]  was opened.

		See section 5.1.



		The initiator [NAME OF INITIATOR] ([UNIQUE IDENTIFIER]) initiated the signing workflow and Scrive eSign a) locked the signing workflow from further editing, b) set the signing workflow language to [EXAMPLE LANGUAGE: ENGLISH], c) set the signing due date to [EXAMPLE DATE: 2013-01-01 00:00:00 UTC], d) set the time zone to [EXAMPLE TIME ZONE: CET] and e) initiated the signing workflow.

		See section 4.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) prolonged the signing due date.

		See section 5.3.



		The signatory [NAME OF SIGNATORY] ([UNIQUE IDENTIFIER]) rejected the invitation to sign and Scrive eSign disabled the possibility to sign for all parties. The rejection message from the signatory [NAME OF SIGNATORY] ([UNIQUE IDENTIFIER]) was: <BR/> <i>This is an example message text.</i>

		See section 6.5.2.



		Scrive eSign sent a reminder to [review/sign] via [delivery method] to [SIGNATORY@EXAMPLE.COM and/or MOBILE NUMBER] at the request of the user [NAME OF USER] ([UNIQUE IDENTIFIER]). The reminder message from the user [NAME OF USER] ([UNIQUE IDENTIFIER]) was: <BR/> <i>This is an example message text.</i>

		See sections 9.1.4 and 5.7.



		Scrive eSign’s administrator ([ADMIN@EXAMPLE.COM]), a person authorised to administer Scrive eSign, requested preparation of the Evidence Package.

		In the rare event of failure there is a safety feature in Scrive eSign where an authorised person at Scrive can ask the system to try to reseal the Evidence Package.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) edited the signing workflow in Scrive eSign’s interface to design signing workflows.

		See section 5.4.



		The SMS with the PIN was delivered to [MOBILE NUMBER] for the signatory [NAME OF SIGNATORY (UNIQUE IDENTIFIER)] to use for authentication.

		See section 6.6.2.



		An SMS with a PIN was sent to [MOBILE NUMBER] for the signatory [NAME OF SIGNATORY (UNIQUE IDENTIFIER)] to use for authentication.

		See section 6.6.2.



		The signatory [NAME OF SIGNATORY] ([UNIQUE IDENTIFIER]) uploaded the attachment [EXAMPLE ATTACHMENT NAME] requested by the workflow author. The request had the following description: <BR/> <i>This is an example description.</i>

		See sections 3.3.2 and 6.4.16.



		The signatory [NAME OF SIGNATORY] checked the checkbox “[EXAMPLE ATTACHMENT NAME]”. The text next to the checkbox was “[NOTHING TO UPLOAD TEXT]”.

		See sections 3.3.2 and 6.4.16.

[NOTHING TO UPLOAD TEXT] is the text that was visible to the signatory and depends on the document’s language setting. In English it is "Nothing to upload".



		The signatory [NAME OF SIGNATORY ([UNIQUE IDENTIFIER]) signed the 

document using PIN by SMS as authentication method. The PIN was sent to [MOBILE NUMBER].

		See section 6.6.2.



		The document was signed by [NAME OF SIGNATORY ([UNIQUE IDENTIFIER]) using [AUTHENTICATION METHOD] as authentication method. 


The text signed in the [AUTHENTICATION METHOD] client was:


$signed_text$

Data returned from the  [AUTHENTICATION METHOD]:

  

Name: [NAMED RETURNED]

ID number: [ID NUMBER RETURNED]

Signature: [SIGNATURE RETURNED]

Online Certificate Status Protocol (OCSP) Response: [OCSP RETURNED]

		See section 6.6.3.



		The signatory [NAME OF SIGNATORY ([UNIQUE IDENTIFIER]) signed the document.

		See section 6.7.1.



		The due date for signing the document passed. Scrive eSign disabled the possibility to sign for all parties.

		See section 3.3.5.



		The signatory [NAME OF PERSON] ([UNIQUE IDENTIFIER]) [CHECKED or UNCHECKED] the checkbox [NAME OF CHECKBOX]. The checkbox's placement in the Main Document: 

Page     X           Y

1            0.123   0.420

		See sections 3.2.4 and 6.4.10.



		The signatory [NAME OF PERSON] ([UNIQUE IDENTIFIER]) selected the radio button "[NAME OF RADIO BUTTON]" in radio group "[NAME OF RADIO GROUP]". Possible options were: [LIST OF ALL RADIO BUTTON NAMES IN RADIO GROUP]. The radio buttons placement in the Main Document:

Page     X           Y

1            0.123   0.128

1            0.123   0.142

		See sections 3.2.5 and 6.4.12.



		The signatory [NAME OF PERSON] ([UNIQUE IDENTIFIER]) signed in the signature box [NAME OF BOX]. The box's placement in the Main Document:

Page     X           Y

1            0.123   0.420

		See sections 3.2.5, 6.4.13 (or 6.4.18 if signature box was not placed) and 6.5.11.



		The signatory [NAME OF PERSON] ([UNIQUE IDENTIFIER]) changed the text in the text field [NAME OF FIELD] from [PREVIOUS VALUE] to [NEW VALUE]. The field's placement in the Main Document: 

Page     X           Y

1            0.123   0.420

		See sections 3.2.3 and 6.4.9 (or 6.4.14 if text field was not placed).



		The party  [NAME OF PERSON] ([UNIQUE IDENTIFIER]) opened the view to verify their identity before viewing the document.

		See section 6.3.1.



		The party [NAME OF PERSON] ([UNIQUE IDENTIFIER]) opened the document in Scrive eSign’s online interface to [review/sign] documents.

		See section 6.2.1.



		Highlighting was added to page 3 while [NAME OF PERSON] was viewing.

		See sections 3.5.1 and 6.4.4. 



		Highlighting was removed from page 3 while [NAME OF PERSON] was viewing.

		See sections 3.5.1 and 6.4.4. 





7.2.2 Generating images of the confirmation after Signatories signed

To sign through Scrive eSign the Signatory is asked to confirm the signature and after the Signatory has confirmed their signature a confirmation message is displayed. Scrive eSign will generate an image of the Signatories’ browser environment including the confirmation message in the foreground and the Main Document and Field Data in the background.

The technology for generating an image of the Signatories’ browser environment is not perfect. Therefore, as a safeguard in the event that the image of the Signatories’ browser cannot be generated correctly, Scrive eSign will at each Planned Production Upgrade, generate images of a reference browser environment including the confirmation message in the foreground and a demo Main Document and Field Data in the background. The purpose of the images is to serve as a reference to display how the images of the Signatories’ browser environment should have looked like if the image generation would have been generated correctly.

7.2.3 Recording Signatories’ system information

Scrive eSign records information of the system that the Signatories use at each system event generated by the Signatory. The information that is recorded is:

		IP address



7.2.4 Record the time of each event in Scrive eSign relating to a Signatory’s activity

At the time of an event triggered by a Signatories’ interaction with Scrive eSign, Scrive eSign will log the following information:  

		The time of Scrive eSign servers at the time of the Signatories’ activity 

		The time of the latest Clock Error Sample

		The clock error at the latest Clock Error Sample



7.3 Recording clock error

The time of Scrive eSign servers is controlled using NTP and the servers communicate indirectly with servers equipped with reference clocks whose purpose is to define reference time. Each hour Scrive eSign estimates the error of the clocks of its servers compared to reference time and the estimated error is measured in milliseconds (the “Clock Error Sample” or “CES”). The purpose of the Clock Error Sample is to produce data that can be used in a statistical model to evaluate the accuracy of Scrive eSign servers’ clock at the point of each logged event.

More about the Clock Error Sample and measurement of time in Scrive eSign is explained in the Appendix 4 Evidence of Time.

8. Evidence Package generation

8.1 Preparing the Evidence Package

Once all Signatories have signed electronically, Scrive eSign will execute the following actions to produce the Evidence Material:

		Prepare the Final PDF.

		Append the Verification Page as an additional page to the Final PDF.

		Append the Evidence Quality of Scrive E-signed Documents as an attachments inside the Final PDF.

		Append the Evidence Quality Framework as an attachment inside the Final PDF.

		Append the Service Description as an attachment inside the Final PDF.

		Append the Evidence Log as an attachment inside the Final PDF.

		Append the Evidence of Time as an attachment inside the Final PDF.

		Append the Evidence of Intent as an attachment inside the Final PDF.

		Append the Digital Signature Documentation as an attachment inside the Final PDF.



Once the Evidence Material has been produced Scrive eSign will execute the following actions to secure the integrity of the Evidence Material and thereby produce the final Evidence Package:

		Seal the material in steps 1-9 with a digital signature.

		Seal the material in steps 1-10 with a keyless digital signature (not performed if PAdES digital sealing is used).



A detailed description of the steps 1-11 follows below.

8.1.1 Prepare a Final PDF (step 1)

The Final PDF is prepared by inserting all the pages from the original Main Document, and subsequently all the Field Data is rendered using the placements defined by the Author in the Workflow Settings. If the Author defined that Attachments should be Merged with the Main Document they are added as pages to the Main Document. If the Author defined that Attachments should not be Merged with the Main Document the attachment is hashed using SHA-256. The hash can be found in the Evidence Log. Attachments that are not merged with the Main Documents are not digitally sealed. By comparing the computed hash (the output from execution of the algorithm SHA-256) to a known and expected hash value (the value in the Evidence Log), it’s possible to determine the Attachments’ integrity.

8.1.2 Append the Verification Page (step 2)

The Verification Page is one or several pages appended at the end of the Final PDF and it contains the following information:

		Transaction ID intended for support purposes.

		Information about the Main Document including name, number of pages and by whom it was submitted.

		Information about the each Attachment, including name, number of pages, if it was merged with the Main Document or not and by whom it was submitted.

		Information about the Initiator and each Signatory. 

		Activity history of each Signatory in Scrive eSign during Workflow Execution, including a brief description of the activity, the time of the activity and the IP address.

		A Scrive seal.



At the end of the Verification Page there is brief documentation describing what the Verification Page is. The documentation is intended to give the reader all the information necessary in order to understand:

		The nature of the document (an Evidence Package issued by Scrive).

		That additional documentation about the Evidence Package can be found in the Attachments.

		Where to verify the integrity of the document (https://www.scrive.com/verify).



The purpose of the Verification Page is to make the most important metadata about the Workflow Execution easily accessible.

8.1.3 Append the Evidence Quality of Scrive E-signed Documents (step 3)

The Evidence Quality of Scrive E-signed Documents is a brief introduction to the Evidence Package. The purpose of the document is to serve as an executive summary and help with the understanding of the Evidence Package without having to read through all the documentation. 

8.1.4 Append the Evidence Quality Framework (step 4)

The Evidence Quality Framework explains the legal aspects of digital evidence quality. The purpose of this document is to set a framework for the understanding of digital evidence quality and explain how the Evidence Package relates to such framework.

8.1.5 Append the Service Description (step 5)

The Service Description is this document and is a complete functional specification of Scrive eSign. The Scrive team maintains the following process to keep the Service Description up to date:

		A new version of Scrive eSign has been developed and the staging environment has been updated with the new version. The staging environment is the servers where the final testing of a new version of Scrive eSign is conducted before it is released to all customers. If the new version of Scrive eSign includes new features or substantial adjustments to existing features the Service Description is updated by the Scrive eSign product owner to include the changes made. The Scrive eSign product owner is the person that plans and manages the development of Scrive eSign.

		While on staging the changes to the Service Description is reviewed and corrected by the Scrive legal counsel in dialogue with the Scrive eSign product owner. 

		Once all text changes have been agreed by the Scrive eSign product owner and the Scrive legal counsel, the updated Service Description is to be included with the next updates to Scrive eSign. 



The purpose of the document is to serve as a reference for anyone trying to understand the Evidence Package and its different components.

8.1.6 Append the Evidence Log (step 6)

The Evidence Log includes all Transaction Logs printed in human readable text including a) the Signatories’ activities in Scrive eSign during Workflow Execution, b) all system information of the Signatories, and c) the UTC timestamp created at the moment of each Signatories’ activity.

The purpose of the Evidence Log is to make all collected metadata about the Workflow Execution accessible outside of Scrive eSign and thus independently of Scrive. 

8.1.7 Append the Evidence of Time (step 7)

The Evidence of Time includes a detailed documentation about a) how the time of the servers of Scrive eSign is measured and synchronised with trusted sources of time, b) a mathematical algorithm to calculate the probability of time deviation above certain time intervals and c) the measurements required to insert into the mathematical algorithm, including the last 1000 samples of the servers time deviation and their distribution.

The purpose of the Evidence of Time is to explain how Scrive eSign measures time and

provide a mathematical algorithm by which it is possible to calculate the probability of

the error of the time stamps recorded by Scrive eSign.

8.1.8 Append the Evidence of Intent (step 8)

The Evidence of Intent includes the images of the Signatories browser environment generated by Scrive eSign when the Signatory has signed and is displayed with a confirmation thereof. Additionally the Evidence of Intent also includes the reference images generated by Scrive eSign at each Planned Production Upgrade.

The purpose of the Evidence of Intent is to secure a) evidence of intent to sign and b) evidence of what Sign Material there was intent to sign, to avoid such rhetoric as exemplified by the example with the blue elephant and the pink sheep.

8.1.9 Append the Digital Signature Documentation (step 9)

The Digital Signature Documentation contains an algorithm for how to prove the document’s integrity mathematically. The document integrity can be tested mathematically with the help of a) the Digital Signature Documentation, b) a code published in the Financial Times after the date of sealing the document with the digital signature (step 10) and c) a keyless digital signature has been applied to the document after the date of publishing the code in the Financial Times (step 11). This document does require technical knowledge to be useful.

The purpose of the Digital Signature Documentation is to explain how the integrity of the Evidence Package can be verified independently of Scrive or any other third party. Note that the Digital Signature Documentation is not intended as the primary method for proving the document’s integrity. The use of the Digital Signature Documentation is intended as a last resort after which all other methods of verifying the integrity have failed. To clarify, the intended order for verifying the integrity of a document is:

		Scrive provides the primary method for verifying the integrity of a signature at https://www.scrive.com/verify. Here the document owner can upload the document and get an automated validation of the document integrity. This method does not require any technical knowledge to be useful.

		If this primary method for some reason fails to perform the verification of integrity then the digital signature provider, Guardtime (http://www.guardtime.com), can be contacted directly for verification. This second method also does not require any technical knowledge to be useful.

		Finally, if both previous methods have failed, the Digital Signature Documentation can be used to mathematically verify the document integrity.



8.1.10 Append the Digital Signature (step 10)

When the steps 1-9 have been performed the document is sealed with a digital signature from Guardtime to produce the complete Evidence Package (steps 1-10).

The purpose of the Digital Signature is to be able to prove the integrity of the Evidence Package with the help of Guardtime. Additionally the digital signature also has a function of a strong timestamp useful as evidence of time at the point of sealing the document. Learn more about this in the Digital Signature Documentation.

8.1.11 Append the Keyless Digital Signature (step 11)

Around the 20th each month Guardtime will make an updated Keyless Digital Signature available. Scrive eSign will apply the updated Keyless Digital Signatures on Evidence Packages that were produced by Scrive eSign 40 days after the initial signing.

The purpose of the Keyless Digital Signature, is that the integrity of the Evidence Package can be verified mathematically and independently of Scrive, Guardtime or any other third party, only relying on public information. Additionally, the verification will provide irrefutable evidence about when the timestamp in step 10 was generated. Learn more about this in the Digital Signature Documentation.

8.1.12 PAdES digital signature (optional to Steps 10 and 11)

The PAdES digital signature secures that the document can not be tampered without breaking the signature. In addition, the following are appended to the document as part of PAdES digital signature: 

		A URL to a Certificate Revocation List is appended that can be read to assure that the certificate is not in a revoked state at the time of signing of the document. 

		An OCSP (online certificate status protocol) is embedded to check the revocation status of the certificate. 

		A TimeStamp is added at the time of signing to ensure two things; that the signature was valid at the time of signing; and (ii) that the signature remains valid over time. 



9. Document administration

Scrive eSign has a basic document management system. This system is described in this section.

9.1 Document list

9.1.1 List view

Initiated Workflows and Evidence Packages from completed workflows are displayed in a list with progress status, time of latest event, name of Initiated Workflow, Initiator, Parties and Delivery Method(s).

9.1.2 Learn more and manage workflow

By clicking the name of an Initiated Workflow, the User is redirected to the Document View where there is more information about the workflow progress and options to manage the workflow.

9.1.3 Mass-withdraw invitations

To withdraw an invitation to sign an Initiated Workflow, select Initiated Workflows by checking the checkboxes on the side and press “withdraw”. The invitation to sign the selected Initiated Workflows will be withdrawn and they will no longer be possible to sign. If a Signatory clicks an invitation link to a withdrawn document they will land in a landing page with an instruction that the Workflow Execution has been cancelled.

9.1.4 Send mass-reminder

To remind Signatories of an Initiated Workflow to sign, select by checking the checkboxes on the side and press “send reminder”. The reminder to sign the selected Initiated Workflows will be sent to all the Signatories that haven’t signed using the Delivery Method as initially selected by the Author. If a specific sign order has been defined the reminder will only be sent to the next Signatory in line for signing.

9.1.5 Delete

To delete an Initiated Workflow or Evidence Package from the list view, select by checking the checkboxes on the side and press delete. Initiated Workflows that are deleted will also automatically be withdrawn.

9.1.6 Filter and search

Filter documents based on workflow progress status, initiator and/or date. Search the list of Template Workflows with free text search. Matches will be provided for all free text data.

9.1.7 Download all documents

Select what documents to download and download a zip-file including the PDFs of the selected documents. The Main Document from Initiated Workflows will be downloaded in its current state and finalised documents will be downloaded as completed Evidence Packages.

9.1.8 Download metadata as CSV

By selecting this option metadata from all transactions will be downloaded as CSV. The metadata includes information about each Party and the most important activities of the Party during Workflow Execution.

9.2 Template Workflow editing list

9.2.1 List view

Template Workflows are displayed in a list time of latest change, name of Template Workflow, Initiator, Parties and Delivery Method(s). Deleted Template Workflows are deleted instantaneously.

9.2.2 Filter and search

Search the list of Template Workflows with free text search.

9.2.3 Delete

To delete a Template Workflow from the list view, select one or multiple templates by checking the checkboxes on the side and press delete.

9.2.4 Share

To share a Template Workflow in the list view with other Users in the same organisation, select one or multiple Template Workflows by checking the checkboxes on the side and press share.

9.3 Trash list

9.3.1 List view

Deleted Initiated Workflows, Template Workflows and Evidence Packages are displayed in a list with progress status, time of latest event, name of Initiated Workflow, Initiator, Parties and Delivery Method(s). Deleted documents stay in the list for one month before Scrive eSign deletes them permanently from the system.

9.3.2 Filter and search

Filter documents based on workflow progress status, initiator and/or date. Search the list of Template Workflows with free text search. Matches will be provided for all free text data.

9.3.3 Restore

To restore a document back to the documents list, select by checking the checkboxes on the side and press restore.

9.4 Auto-deletion of documents and personal data

This is a setting that will instruct Scrive eSign to auto-delete documents and personal data after a number of days as defined by the account administrator. This applies to all documents except templates and documents pending signing. Upon deletion the documents are moved to Trash.

10. Account administration

10.1 Organisation administration

Accounts in Scrive eSign are organised in organisations. Each User belongs to an organisation. The organisation settings will be used in the Users interactions with Parties when using the system.

10.1.1 Organisation details

In the account section it is possible to edit the organisation details. The organisation details include name, organisation number and address. The name and organisation number will be displayed whenever the User is displayed as Party to a Workflow Execution, including places such as the Sign View and the Verification Page. The organisation address and mobile number  of the organisation’s administrators will be used for billing and support purposes.

10.1.2 White-label branding

There are two types of white-label branding in Scrive eSign: the Workflow Session branding and the complete white-label branding. In the account section it is possible to white-label the Workflow Sessions with the company brand profile, including a) the Sign View, b) the emails,  c) SMS’ d) the logged in part (such as the Design View), e) the favicon, f) the browser title. The complete white-label branding can only be set by a Scrive administrator and additionally to the Workflow Session branding includes white-labeling of a) the login and signup views, b) party colors and c) document status icons. 

10.2 User administration

10.2.1 User privileges

There are two levels of user privileges: standard and admin. The standard User can do everything as specified in the previous sections of this specification document. The admin User has the additional privileges as specified below.

		Privilege

		Explanation



		Edit company details

		Can edit the details of the organisation’s Scrive eSign account.



		Add user

		Can add users to the organisation’s Scrive eSign account.



		Remove user

		Can remove users from the organisation’s Scrive eSign account.



		White-label branding

		Can do Workflow Session branding for all users of the organisation’s Scrive eSign account.



		Access all documents

		Can access all documents of all Users in the organisation’s Scrive account.



		Manage all documents

		Can manage all documents of all Users in the organisation’s Scrive account.





10.2.2 User management

In the account section the admin User can add Users by typing name and email address. The person will then be invited to have an account as part of the organisation of the inviting admin User. The Users of the organisation are displayed in a list and can be removed from the organisation by selecting the User and deleting it. All documents of that User will stay the property of the organisation.
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9.1.3 Mass-withdraw invitations

9.1.4 Send mass-reminder

9.1.5 Delete

9.1.6 Filter and search

9.1.7 Download all documents

9.1.8 Download metadata as CSV

9.2 Template Workflow editing list

9.2.1 List view

9.2.2 Filter and search

9.2.3 Delete

9.2.4 Share

9.3 Trash list

9.3.1 List view

9.3.2 Filter and search

9.3.3 Restore

9.4 Auto-deletion of documents and personal data

10. Account administration

10.1 Organisation administration

10.1.1 Organisation details

10.1.2 White-label branding

10.2 User administration

10.2.1 User privileges

10.2.2 User management

1. Definitions

“Attachments” means attachments to the Main Document provided by the Author or Signatories.

“Author” means the person(s) that configure the Workflow Settings.

“Clock Error Samples” means the term as defined in the Attachment Evidence of Time.

“Delivery Method” means the method to deliver the invitation to participate in a Workflow Session.

“Design View” means the administrative user interface of Scrive eSign for the purpose of configuring the Workflow Settings.

“Evidence Attachments” means the attachments with additional evidence inserted into the Final PDF as explained in section 8, the attachments are Evidence Quality of Scrive E-Signed Documents, Service Description, Evidence Quality Framework, Evidence Log, Evidence of Intent, Evidence of Time and Digital Signature Documentation.

“Evidence Material” means the Final PDF including the inserted Evidence Attachments. 

“Evidence Package” means the Evidence Material sealed with a digital signature.

“Field Data” means data associated with text fields, checkboxes, radio buttons and signature boxes in the Main Document.

“Final PDF” means the final Main Document after all Signatories have signed, including Field Data rendered with the placements defined by the Author in the Workflow Settings.

“Initiator” means the person that initiates Workflow Execution.

“Initiated Workflow” means a set of Workflow Settings where Workflow Execution has been initiated.

“Integrated System” means a system that communicates with Scrive eSign via the Scrive API.

“Main Document” means the document that is displayed in the Design View and Sign View and is possible to edit with Field Data.

“Party” or “Parties” means persons participating in the Workflow Execution.

“Role” means the Role of a Party during a Workflow Session.

“Scrive API” means the application programming interface of Scrive eSign.

“Sign Material” means the material being reviewed, signed and completed by the Parties during Workflow Execution, including a) the Main Document, b) Attachments and c) Field Data.

“Sign View” means the graphic user interface in Scrive eSign’s web based interface, for the Parties to review and for Signatories to sign the Sign Material.

“Signatory” means a person that has been defined to sign the Sign Material in the Sign View during a Session.

“Signature Confirmation Section” is the final section where the Signatory is asked if they are sure that they wish to sign the document.

“Signature Drawing Modal” is the modal where the Signatory is asked to draw or type their signature.

“Template Workflow” means Workflow Settings saved by an Author for later reuse. “Transaction Logs” means database logs in Scrive eSign, including records of the Signatories activities in Scrive eSign.

“User” is a person or a group of persons with an account in Scrive eSign which is linking to a verified email address.

“Viewer” means a person that has been defined to only have access to view the Sign Material in the Workflow Session.

“Workflow Execution” means when Scrive eSign guides the Parties through Workflow Sessions as configured in the Workflow Settings.

“Workflow Session” means a set of activities defined for a Party to execute the assigned Role. A Party can be assigned multiple Workflow Sessions.

“Workflow Settings” means any combination of settings in section 3 defining how the Parties can interact with the Sign Material during Workflow Execution.

2. Purpose 

The purpose of this document is to explain how Scrive eSign worked at any given point in time to facilitate the full understanding of the process that generated the final Evidence Package. Each time Scrive eSign is updated with new features this document is also updated. The scope of the document is to describe the Scrive eSign system in full. Because it is possible to initiate Workflow Execution via API it is possible that parts of the e-signing workflow have happened outside of Scrive eSign. Because Scrive can only document features that are within our control, parts of a workflow may have happened outside the scope of this document.

3. Design the workflow (Author)

Workflow Settings are defined in the Design View by the Author. The features for designing the Workflow Settings are clustered in the Design View in three main sections. We describe the features in these sections according to the structure in the Design View.

3.1 Add Parties

3.1.1 Simple Workflow Session

Add a Workflow Session and add information about the Party participating in the Workflow Session. You can add an infinite number of Workflow Sessions. The minimum amount of Workflow Sessions is one.

3.1.2 Mass-signing Workflow Session

To replicate a Template Process multiple times with many separate Parties it is practicable to add the Parties in bulk. This feature enables adding a list of Parties to a Workflow Session as a CSV file. When initiating the process Scrive eSign will automatically replicate the process for every row in the CSV file and include the Party information of that row to that Workflow Session.

3.1.3 Invitation order

Select in what order the Parties shall receive the invitation to participate. Parties can receive the invitation in parallel, in sequence, or a combination of these.

3.1.4 Role

Define if the Party should be Signatory or Viewer.

3.1.5 Invitation method

Select how the Party shall receive the invitation to participate in the Workflow Session. The delivery methods available are a) email, b) SMS, c) email and SMS and d) in-person delivery or e) API.

		Email

		An email invitation is sent including a link to the Sign View.



		SMS

		An SMS is sent including a link to the Sign View.



		Email and SMS

		Both email and SMS delivery as described above.



		In-person

		No invitation is sent. The Initiator can give the Party access to the Sign View, by personally presenting it on a device selected by Initiator.



		API

		No invitation is sent. The Initiator can select to give access to the Sign View by sharing the URL or an Author can set up a workflow where the Party is redirected from a webpage hosted by the Author to the Sign View.





3.1.6 Authentication to view

Select what authentication should be required from a Signatory before accessing the Workflow Session to view the document. The alternatives are a) Swedish BankID, b) Norwegian BankID, c) Danish NemID or d) no additional authentication method.

3.1.7 Authentication to sign

Select what authentication method should be required from a Signatory. The alternatives are a) Swedish BankID, b) PIN verification by SMS or c) no additional authentication method.

3.1.8 Confirmation method

Select how the Party shall receive the confirmation that the document has been signed by all Parties and get access to the Evidence Package. The confirmation methods available are a) email, b) SMS, c) email and SMS and d) no delivery.

3.2 Place fields

3.2.1 Main Document upload

Upload the Main Document. Only PDFs are accepted for upload. 

3.2.2 Main Document removal

Remove the Main Document.

3.2.3 Text field

Drag and drop text fields into the document. Define the name of the text field (i.e. address, mobile and more) or select a predefined field, and define if it is a) mandatory for the Initiator, b) mandatory for Party completing the Workflow Session or c) optional. If left empty or editable during Workflow Execution, define what party can (if optional) or must (if mandatory) complete the text field during their Workflow Session. All information put into a text field will be printed onto the document. You can set the font size of the text field to a) small, b) normal, c) large or d) huge.

3.2.4 Checkbox

Drag and drop checkboxes into the document. Define the name of the checkbox (for traceability purposes), choose a checkbox size, and define if it is a) mandatory for the Initiator, b) mandatory for Party completing the Workflow Session or c) optional. If left empty or editable during Workflow Execution define what party can (if optional) or must (if mandatory) check the checkbox during their Workflow Session. The checkbox, empty or checked, will be printed onto the document.

3.2.5 Signature box

Drag and drop signature boxes into the document. Define the name of the signature box (for traceability purposes) and define if it is a) mandatory for the Party completing the Workflow Session or b) optional. If left empty or editable during Workflow Execution define what party can (if optional) or must (if mandatory) draw their signature during their Workflow Session. For some old browsers where JavaScript drawing doesn’t work, the Signatory can use their keyboard to type their signature with a name instead and a handwritten font will be used. The drawn or typed signature will be printed onto the document.

3.2.5 Radio buttons

Drag and drop radio button groups into the document. Define the name of the radio button group and the names of individual radio buttons (for traceability purposes), and choose a size for the radio buttons within the radio button group. It is mandatory for signing parties to select one of the radio button group options. The radio buttons, selected or not, will be printed onto the document.

3.3 Other settings

3.3.1 Add Attachment

The Author can upload documents to add as Attachments to the Main Document or delete previously uploaded Attachments. Only PDFs are accepted. The Author selects if the Attachment should be optional or mandatory to review. The Author selects if the Attachment should be merged with the main file or not.

3.3.2 Request Attachment

The Author can request that Parties are asked to upload documents during a Workflow Session, to add the documents as Attachments to the Main Document. The request is set per Party and an instruction text is required explaining what document is requested, requests can be made optional in which case the Party is not required to upload a document.

3.3.3 Main Document name

Name the Main Document. This is the name that will be communicated with the Parties throughout each Workflow Session. This will be the name of the Main Document in the Evidence Package.

3.3.4 Workflow Session language

Select in what language the Parties shall be guided throughout each Workflow Session. This will be the language of the text printed in the Verification Page.

3.3.5 Due date

Select the due date for the Signatories to sign. After the due date has passed the Signatories can no longer sign.

3.3.6 Automatic reminder

Select at what date an automatic reminder to sign shall be sent to the Signatories that haven’t yet signed.

3.3.7 Personal invitation message

Write a personal message that the Parties will receive when invited via email to participate in the Workflow Execution.

3.3.8 Personal confirmation message

Write a personal message that the Parties will receive via email when the document has been signed.

3.3.9 Edit Sign View UI

Adjust the UI in the Sign View. The following UI features can be added or removed a) header including logo and contact details, b) download PDF c) the button used in the Sign View to reject to sign, d) option to reply with a message, and e) footer.

3.4 Save as template workflow

The Workflow Settings in Design View can be saved as a Template Workflow for later Workflow Execution a single time (save as draft) or multiple times (save as template).

3.5 Settings available via API only

3.5.1 Set highlighting

It is possible, via the API, to enable highlighting in the Sign View for selected Signatories. Highlighting is the digital equivalent of a yellow mark on paper to emphasize something on the document. Highlights can be made by the selected Signatories, and cleared page-by-page, until they have signed the document, after which no more changes can be made. 

3.5.2 Field editable by Signatory

It is possible, via the API, to allow selected Signatories to change the value of certain fields, even if they were pre-filled by the Document Author. This is currently only available for email and mobile field types. The aim of this setting is to allow Signatories to update their email or mobile number, when the value set by the Document Author may be incorrect or outdated.

4. Initiate the workflow (Initiator)

A Workflow Execution needs to be started by an Initiator. This section describes the features which the Initiator can use to initiate the Workflow Execution. The Initiator may initiate the Workflow Execution in any of the following ways:

		start as Author and define the Workflow Settings in the graphic user interface of the Design View or an Integrated System, or programmatically through the Scrive API, and then initiate the Workflow Execution, or

		start as Initiator only and select a Template Workflow to initiate the Workflow Execution, or

		start as Author and select a Template Workflow to edit by any of the procedures for defining the Workflow Settings described in bullet a and then, after editing as Author, initiate the Workflow Execution.



4.1 Initiate Workflow Execution from Design View

After a Main Document has been uploaded and no mandatory information is missing it is possible to initiate Workflow Execution by clicking a button to start. When having clicked the button a modal is displayed and depending on the Workflow Settings different activities will be required from the Initiator to initiate Workflow Execution.

		Initiator role

		Sign order

		Instruction in modal



		Signatory

		Sign first

		Prompts to sign first before inviting others



		Signatory

		Sign second or later

		Prompts to invite others



		Viewer

		-

		Prompts to invite others





4.2 Initiate Workflow Execution from Template Workflow

Template Workflows can be accessed either via the Scrive eSign graphic user interface or via API. The following sections will describe how access can be done via the graphic user interface of Scrive eSign. In principle the same actions can be performed via the API.

4.2.1 List of Template Workflows

By logging in to his Scrive eSign account the Initiator can access a list of Template workflows from where it can initiate Workflow Execution. In the list of Template Workflows each Template Workflow is displayed in a list including name of the Template Workflow, time of latest change to Template Workflow, Delivery Method(s) and sharing status. In the template list view it is possible to do free text search on metadata to find Template Workflows.

4.2.2 Select to edit Template Workflow or directly initiate Workflow Execution

By clicking the name of a draft or template in the list of Template Workflows, different options will be made available depending on the Workflow Settings of the Template Workflow.

		Author/Not Author

		Locked from editing

		In-person delivery

		Options for next step



		Author

		Yes/No

		Yes

		Option to a) edit Workflow Settings or b) initiate signing on the device directly.



		Author

		Yes/No

		No

		Option to a) edit Workflow Settings or b) send for signature directly.



		Not Author

		Yes

		Yes

		Option to initiate signing on the device directly.



		Not Author

		No

		Yes

		Option to a) edit Workflow Settings or b) initiate signing on the device directly.



		Not Author

		Yes

		No

		Option to send for signature directly.





5. Administer the Workflow Execution (User)

The document view is the administrative counterpart of the Sign View. Here the User can review the Main Document, Attachments, Parties and progress history and also administer the Workflow Execution.

5.1 Progress history

The Workflow Session progress of each Signatory can be tracked in the progress history section. Each important event is listed with a status icon, time, Party and an explanatory text. Below is a list of the statuses used.

		Progress status

		Explanation



		Initiated signing

		The Initiator initiated the signing process.



		Email sent

		The invitation to access Sign View was sent via email.



		SMS sent

		The invitation to access Sign View was sent via SMS.



		Undelivered

		The external email or SMS system has reported that it could not deliver the email or SMS.



		Delivered

		The external email or SMS system has reported that it has delivered the email or SMS.



		Email opened 

		The external email system has reported that the email has been opened.



		Accessed view to authenticate

		The party opened the view to verify their identity before viewing the document.



		Authentication success

		The Party verified their identity with [AUTHENTICATION METHOD] to access the document.



		Reviewed online

		Opened the document online.



		Signed

		The button to complete signing was clicked in the Signature Confirmation Section or, if BankID was required to sign, the signing process was completed successfully in the BankID application.



		Rejected

		The button to reject signing was clicked in the final rejection section.



		Timed-out

		The due date for signing as set in the Workflow Settings passed and the document can’t be signed.



		Due date prolonged

		The Initiator prolonged the signing due date.



		Process cancelled

		The Initiator cancelled the signing process, the document can no longer be signed.



		Process edited

		The Workflow Process was edited in the Design View.



		Sealed

		Scrive eSign sealed the final PDF with a digital signature.



		Extended

		Scrive eSign sealed the Evidence Package (as defined in the Service Description) with a keyless digital signature.





5.2 Withdraw invitation

To withdraw an invitation to sign an Initiated Workflow, press the button to withdraw. The invitation to sign the selected Initiated Workflow will be withdrawn and they will no longer be possible to sign. If a Signatory clicks an invitation link to a withdrawn document they will land in a landing page with an instruction that the Workflow Execution has been cancelled.

5.3 Extend due date

If the due date to sign passed without all Signatories having signed the Initiator can extend the due date by pressing “extend due date”. The date is extended by as many days as are determined by the Initiator.

5.4 Restart document

If the document was cancelled or the due date passed the Initiator can select to restart the Workflow Execution by pressing the button to restart the Workflow Execution. The Initiator is then redirected to the Design View where he can edit the Workflow Settings and initiate Workflow Execution again.

5.5 Start signing

If Delivery Method was set to in-person or API, then there is an option for the Initiator to initiate the next in-person Workflow Session directly from this view. By selecting “start signing” the Initiator will be redirected to the Sign View.

5.6 Download document

If the document has been signed it can be downloaded by the Initiator by pressing the button to download the document.

5.7 Send reminder

To remind a Signatory to sign, press the button to send reminder. A reminder will be sent to the Signatory using the initial invitation Delivery Method selected by the Author.

5.8 Send document again

To send a completed Evidence Package again to a Party, press the button to send the document again which is next to the Party’s information. A message including the document, will be sent to the Signatory using the initial confirmation Delivery Method selected by the Author.

5.9 Change of authentication to view and authentication to sign methods

As long as the recipient hasn’t signed the Initiator can change the authentication to view and the authentication to sign methods.

5.10 Bounce management

If the email or SMS could not be delivered, the Initiator is informed of the problem via an email with a link to the Document View where the Initiator can edit the email or mobile number. A bounce can occur for multiple reasons, typically due to a) entering the wrong email or mobile number, b) SPAM filter settings of the receiving system or c) the recipient’s systems are down.

5.11 Review Attachments

Below the displayed document there is a section with all attached Attachments. The user can view or download Attachments.

5.12 Review evidence attachments

Below the Attachments section there is a section with all evidence attachments. The user can review or download the evidence attachments.

6. Follow the workflow (Party)

Smooth Workflow Execution is dependent on a series of events as executed by the Parties in close interaction with Scrive eSign. This section will describe the different components enabling the Workflow Execution. The features are listed in the order as they appear to the Signatory either chronologically or in the graphic user interface from the top and going down. What features appear to the Signatory depend on the Workflow Settings.

6.1 Overview of Workflow Execution

Before we look at the components of the Workflow Execution it might be useful to get an overview of the different steps of Workflow Execution as experienced by the Signatories and the Viewers.

		Accessing the Sign View: the Party either a) receives an email or SMS with an invitation to sign electronically and a link to the Sign View or, b) accesses a device (tablet, desktop computer, smartphone or other) with the Sign View already opened or c) is redirected from an Integrated System to the Sign View. 

		If set by the Author, the Signatory is asked to authenticate before they can proceed.

		Reviewing the Sign Material: the Party views the displayed Sign View and a) can read instructions at the top to follow the guiding arrow, b) depending on the Workflow Settings enter or not enter Field Data into the document (such as text, signatures, checks in checkboxes, choosing a radio button group option) and view/append required and optional attachments and c) scroll through all document pages to reach the sign or reject section.

		When enabled for the current signatory, the Initiator can highlight anything within the document being signed in real-time. 

		Signing the Sign Material: the Signatory presses the next button to proceed to the next step and, depending on the Workflow Settings, one of these four scenarios follow;



		If the Signatory has not yet drawn their signature inside the document a section appears with instructions to confirm their intent by clicking a button with the text “Sign”, or

		If the Signatory has not yet drawn their signature inside the document a section appears with instructions that they will finalise the signing process by clicking the button with the text “Finish”, or

		If the Signatory is required to authenticate with PIN by SMS before they can sign they a) type or view their mobile number, b) receive an SMS with a PIN, c) type the PIN into a input field and d) confirm their intent by clicking a button with the text “sign”, or

		If the Signatory is required to sign with Swedish BankID they sign using the Swedish BankID app on the device they chose to sign with.



		Receiving confirmation after signing: after having completed one of the above signing scenarios a confirmation message is displayed to the Signatory that the Sign Material has been signed. Depending on the Workflow Settings, each Party either receives or doesn’t receive a confirmation message. If it was set for the Party to receive a confirmation message it is sent either a) by email and including the Evidence Package, b) by SMS and including a URL-link to access the document on the web in Scrive eSign, or c) both by email and SMS as described above.



The following sections are more detailed descriptions of the features enabling the workflow in the summary above.

6.2 Accessing the Sign View

This is the workflow guiding the Parties to access the Sign Material in the Sign View.

6.2.1 Invitation message

Scrive eSign will send an invitation email and/or SMS to the Party, in the order as defined by the Workflow Settings. The email and/or SMS will include a URL-link to a Sign View specific to that Workflow Session.

6.2.2 List of Initiated Workflows

Initiated Workflows with Workflow Sessions available for signing directly on the device are listed in a list accessible to Users. Each Initiated Workflow is displayed in a list with document name, last event, name of Initiator and names of all Parties. An icon determines if the Party is the Initiator of the Initiated Workflow or has been invited by another Initiator to participate. By selecting an Initiated Workflow from the list the User will initiate a Workflow Session and access the Sign View.

6.3 Authenticate to view

This is the part where the Signatory is required to authenticate themselves before they can proceed to view the Sign Material.

6.3.1 Authentication to view

The name of the Author and the document is displayed. Personal information that is required to understand who should authenticate their identity is presented. The Signatory initiates the authentication process. If the authentication is successful the Signatory is redirected to the Sign View to view the Sign Material.

6.4 Reviewing the Sign Material

This is the workflow guiding the Signatory when they are reviewing the Sign Material before signing.

6.4.1 Contact information

In the header the Initiators name and mobile (if available) is displayed for contact purposes.

6.4.2 Branded header

Adjustments can be made to a) company logotype, b) background color of header, c) text font, and d) text color. If no branding has been selected, the default is the Scrive logotype and colors. Author can remove the header and footer in the Design View before initiating Workflow Execution.

6.4.3 Other branded Sign View components

Components of the Sign View that can be branded are a) text font type of all text, b) color of the guiding arrow, c) color and text font of text in the guiding arrows, d) color of buttons, and e) color and text font of the text in the buttons. In the Sign View, confirmation page after signing, the signing invitation email and confirmation email there is a discrete ”Powered by Scrive” text.

6.4.4 Signing header

This header stays at the top of the SIgn View as the signatory scrolls through the Main Document to sign. The header includes a) the name of the document, b) a button to activate highlighting (learn more below), c) a button to zoom in the Main Document and d) a button to zoom out the Main Document. By clicking the highlight button, the highlighting functionality is enabled and the scrolling functionality is disabled. Thus, instead of scrolling when touching the screen the touch will result in a yellow highlighting color being painted to the Main Document where the finger points. Highlighting starts when a finger is put to, or a mouse is clicked above, the Main Document. Highlighting stops when the finger is lifted or the mouse is released. To initiate highlighting again the highlighting button in the header has to be pressed again. If the highlighting functionality has been applied to the Main Document in the current Workflow Session, a clear button will also be available in the signing header. The clear button will allow highlighting to be cleared from one document page at a time, and “clear mode” will be enabled until any highlighting has been cleared, or until the cancel button is clicked to cancel clear mode.

6.4.5 Review instruction

Below the header there is a) the person’s name and b) a brief instruction on how to proceed to sign the document. The purpose of the name is to decrease the risk that a person mistakenly signs in another Signatory’s name. If the name was not supplied before Initiator initiated Workflow Execution, then only the brief instruction is displayed.

6.4.6 Mandatory/optional explanation

Explanation of the difference in instruction color between actions that are mandatory and actions that are optional. This appears if the Workflow Session includes optional and mandatory actions.

6.4.7 Download PDF

Option to download the Main Document and Attachments as PDF. This option is either displayed or not depending on if the Author defined that it should be displayed during the Workflow Session.

6.4.8 Document display

PNGs of the Main Document are displayed in up to 1040 px width.

6.4.9 Guiding arrow

The guiding arrow will guide the Party through the steps set as mandatory by the Author. The arrow will guide the Party by pointing at the next mandatory step and blink.

6.4.10 Text fields

There can be empty text fields that are mandatory or optional to complete for the Party and pre-filled fields that can be editable.

6.4.11 Checkboxes

There can be unchecked checkboxes that are mandatory or optional for the Party and pre-checked checkboxes that can be de-checked. Checkboxes can be small, medium, or large, at the discretion of the author.

6.4.12 Radio buttons

There can be radio button groups comprising of two or more radio button options. The Party must select one of the radio buttons for each radio button group. Each radio button group can be small, medium, or large, at the discretion of the author.

6.4.13 Signature box

If signatures are requested from the Signatory then signature boxes are displayed as colored areas on top of the document. If the Author has defined the signature as mandatory, then the guiding arrow will point to the colored area after previous mandatory fields have been completed. When clicking a signature box a signing workflow is initiated. Read more about the signing workflow in section “6.6 Signing the Sign Material”.

6.4.14 About you section

If there are input fields that are mandatory to include in the transaction but have not been placed on top of the document by the Author they are displayed in the about you section. This section is not visible if there is no mandatory information that has not been placed on top of the document for input.

6.4.15 Attachments section

For each attachment that has been added to the document by the Author a section is displayed including the title of the attachment and a button to show the attachment. The attachment can be viewed by clicking the button to show the attachment, then the section expands and displays the attachment in full to the Signatory. If an attachment was selected by the Author to be mandatory to review in the Workflow Settings then a) a checkbox is available next to the title of the attachment and b) a text stating that the signatory confirms that they have read and understood the content of the attachment is available next to the checkbox. The checkbox with the instruction to confirm that the Signatory has read and understood the content of the attachment must be checked before the Signatory can sign.

6.4.16 Requested attachments section

This is where, if requested, the signatory is instructed to upload additional documents as attachments. The signatory can choose not to upload an optional attachment by checking a checkbox. If attachments have been added by previous signatories in the same process, those are visible to the current signatory for review. This section is not visible if there are no requests for attachments from the signatory.

6.4.17 Signatories section

This section includes a list of the Signatories, their signing progress and a) Full name,,  and b) if applicable information about the Signatory is displayed such as organisation, organisation number, ID number, mobile number and email.

6.4.18 Reject or sign section

This is the last section in the Sign View. This section includes a reject button and a next button. By clicking the reject button the Signatory will initiate the rejection workflow and by clicking the next button the Signatory will initiate the signing workflow. If the Author has determined in the Sign View Settings that the reject button shall not be displayed to the Signatory, only the next button will be displayed.

6.5 Rejecting to sign the Sign Material

This is the workflow guiding the Signatory when they are rejecting to sign the Sign Material.

6.5.1 Reject button

At the bottom of the Sign View the signatory can reject the signing via clicking on a reject button. This button is visible if the Author has not disabled it in the Workflow Settings.

6.5.2 Rejection section

If the option to allow a rejection message was chosen in the Workflow Settings, upon clicking the button to reject the Signatory will enter a section where the Signatory can reject and, if so desired, write a rejection message to the Initiator. If a rejection message is not allowed, the Signatory will be asked to confirm the rejection directly, without the possibility of writing a rejection message. If the Signatory confirms the rejection, the Workflow Execution is cancelled and the Main Document can no longer be signed by any other Signatory.

6.5.3 Rejection confirmation page

After a rejection the Signatory is redirected to a page confirming that the signing was rejected and, if a rejection message was created, that the rejection message was sent to the Initiator.

6.6 Signing the Sign Material

The signing workflow is the workflow guiding the Signatory when they are signing the Sign Material.

6.6.1 Signature Drawing Modal

After the signature box has been clicked by the Signatory, the Signature Drawing Modal is opened and the Signatory is instructed to sign. The Signatory can draw their signature on a touchscreen or with a mouse. Once the Signatory has drawn their signature in the Signature Drawing Modal, they can click a button to proceed. Once they have clicked the button to go to the next step the modal closes and the signatory is scrolled to the next step defined by the Workflow Settings. 

6.6.2 PIN by SMS authentication and Signature Confirmation Section

If the authentication was set to PIN by SMS, the Signatory is either a) prompted to type the mobile number they want to use for authentication or b) if the mobile number was prefilled by the Initiator they can only view the mobile number. After the signatory has filled their mobile mobile number or reviewed the one that was prefilled by the Initiator and clicked to send the SMS, the Signature Confirmation Section appears with a) an input field for the PIN, b) a text if they wish to sign and let Scrive eSign register their signature and c) a button to confirm the PIN and complete the signing process. After the correct PIN has been supplied and the Signatory has confirmed that they wish to sign , the signature is registered and the Signature Registration Section is displayed.

6.6.3 Swedish BankID authentication and Signature Confirmation Section

If the authentication was set to Swedish BankID, the Signatory is either a) prompted to type the ID number they want to use for authentication, or b) if the ID number was prefilled by the Initiator this is already prefilled and not editable. After the signatory has a) filled their ID number or reviewed the one that was prefilled by the Initiator and b) clicked to initiate the authentication with Swedish BankID, the Signatory authenticates within the Swedish BankID application. When the authentication is completed in the Swedish BankID application, Scrive eSign registers the signature. 

6.6.4 Signature Confirmation Section

If the authentication was neither set to Swedish BankID nor PIN by SMS then the Signature Confirmation Section asks the Signatory if they wish to either “sign” (if no signature was drawn in the document using the Signature Drawing Modal) or “finish” (if a signature was drawn in the document using the Signature Drawing Modal) and let Scrive eSign register their signature. Once the Signatory has confirmed that they wish to sign or finish the signing process, the signature is registered and the Signature Registration Section is displayed.

6.7 Receiving the confirmation after signing

This is the workflow guiding the Signatory after they have signed the Sign Material.

6.7.1 Signature Registration Section

After the Signatory has confirmed their signature in the Signature Confirmation Section, the Signatory is redirected to the Signature Registration Section. The Signature Registration Section instructs the Signatory that their signature is being registered by Scrive eSign.

6.7.2 Signature confirmation page

After Scrive eSign has completed registering the signature of the Signatory, the Signatory is either redirected to:

		a custom confirmation page. Scrive does not regulate the custom confirmation page other than requiring that the confirmation page should not be misleading to the Signatory, thus it can include any information.

		the Scrive eSign standard confirmation page. The standard confirmation page includes information that the Signatory’s signature has been registered. If the Author had set that Scrive eSign should send an outgoing confirmation message, then the Signatory is also informed that an outgoing confirmation message was sent to the Signatory or that, if there are more Signatories to sign the document, an outgoing confirmation message will be sent to the Signatory after all Signatories have signed.

		the Signing Handover Interface, where a button is displayed leading to the Workflow Session for that next Signatory. This happens if there are other Signatories in line to sign after the Signatory that just signed, and the Delivery Method was set to in-person for any of those Signatories.



6.7.3 Signature confirmation message

If Author set that an outgoing confirmation message should be sent to the Signatory, a confirmation message is sent either via SMS, email or both. The confirmation message includes information that the document has now been signed by all Signatories. The email also includes an original of the Evidence Package and the SMS includes a link to access the Evidence Package online. If the Evidence Package is over 10MB Scrive eSign will not include the Evidence Package in the confirmation email and instead an instruction and a link to access the document will be supplied. If the Author set that a custom confirmation message shall be included in the outgoing confirmation message, the custom confirmation message set by the Author is included after the standard confirmation message texts.

7. Evidence collection

During the Workflow Execution Scrive eSign is collecting evidence to include into the Evidence Package.

7.1 Collecting missing Sign Material

At any time during the Workflow Execution, Scrive eSign presents the Sign Material in its current state in the Sign View meaning that it displays a) images of each page of the Main Document, b) links to all Attachments and c) renders all currently defined Field Data on the pages of the Main Document using the placements specified by the Author. As the process advances, the Sign Material is collected and produced through the following process:

		The Author uploads the initial Sign Material into Scrive eSign, consisting of the Main document, Author Attachments and initial Field Data.

		The Signatories will perform a review of the Sign Material in the Sign View. Depending on the Workflow Settings the Signatory can be asked to upload Signatory Attachments and add more Field Data, so that the Sign Material is completed. This step is reiterated until all Signatories have signed. 

		When the last Signatory has signed, the Sign Material has become fully completed and is locked from further modifications.



7.2 Producing the Transaction Logs

Scrive eSign executes the following activities to produce the Transaction Logs:

		Record as many as possible of the Signatories’ activities in Scrive eSign during Workflow Execution

		Record screenshots of the confirmation after the Signatories have signed through Scrive eSign

		Record system information of the Signatories’ client system

		Record system time of the Signatories’ activities in Scrive eSign



This section will explain the different procedures for recording the Transaction Logs as listed above.

7.2.1 Recording Signatories’ activities in Scrive eSign

Scrive eSign records events when the Signatory has interacted with Scrive eSign during Workflow Execution. The activities in Scrive eSign that are recorded are listed below. Coordinates X=0, Y=0 is the top-left corner of the page, X=1, Y=1 is the bottom-right corner.

		Sample event (as printed in the Evidence Log)

		Event explanation



		Scrive eSign sealed the Evidence Package (as defined in the Service Description) with a keyless digital signature.

		See section 8.1.11.



		Scrive eSign sealed the final PDF with a digital signature.

		See section 8.1.10 and 8.1.12.



		Scrive eSign prepared the final PDF, including evidence collected by Scrive eSign, before sealing with a digital signature.

		See sections 8.1.1 – 8.1.9 



		The party [NAME OF PERSON] ([UNIQUE IDENTIFIER]) verified their identity with [AUTHENTICATION METHOD] to access the document.

Data returned from the [AUTHENTICATION METHOD]:

Name: [NAMED RETURNED]
ID number: [ID NUMBER RETURNED]


Signature: [SIGNATURE RETURNED]
Online Certificate Status Protocol (OCSP) Response: [OCSP RETURNED]

		See section 6.3.1.



		Scrive eSign sent an automatic reminder to sign using [DELIVERY METHOD] to [EMAIL@EXAMPLE.COM and 012-34 56 78] at the request of the user [NAME OF USER] ([UNIQUE IDENTIFIER]).

		See section 3.3.6.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) withdrew the invitation to sign and Scrive eSign disabled the possibility to sign for all parties.

		See sections 5.2.



		The user [NAME OF USER ([UNIQUE IDENTIFIER]] changed authentication for [NAME OF PARTY (UNIQUE IDENTIFIER)] from [OLD AUTHENTICATION METHOD] to [NEW AUTHENTICATION METHOD].

		See section 5.9.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) changed the email address for the party from [BAD@EXAMPLE.COM] to [GOOD@EXAMPLE.COM].

		See section 5.10.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) changed the mobile number for the party from [BAD-12 34 56] to [GOOD-12 34 56].  

		See section 5.10.



		Scrive eSign locked the document from further modifications by the parties.

		See section 7.1 step 3.



		The signatory [NAME OF SIGNATORY] checked the checkbox “[EXAMPLE ATTACHMENT NAME]”. The text next to the checkbox was “[ACCEPT ATTACHMENT CONDITIONS TEXT]”.

		See sections 3.3.1 and 6.4.15.

[ACCEPT ATTACHMENT CONDITIONS TEXT] is the text that was visible to the signatory and depends on the document’s language setting. In English it is "I have read and accepted the content of the attachment [EXAMPLE ATTACHMENT NAME]".



		The party [NAME OF PARTY] ([UNIQUE IDENTIFIER]) deleted the attachment [ATTACHMENT NAME] previously uploaded by the party [NAME OF PARTY] ([UNIQUE IDENTIFIER]).

		See sections 3.3.2 and 6.4.16.



		Due to a system error Scrive eSign failed to finalise the Evidence Package (as defined in the Service Description) before sealing with a digital signature.

		Sometimes the system may fail to produce the Evidence Package as described in sections 8.1 – 8.3. This event is extremely rare.



		Scrive eSign’s external email delivery system reported that the invitation to [sign/review] the document sent via email to [PARTY@EXAMPLE.COM] was delivered.

		See sections 3.1.4 and 5.1.



		Scrive eSign’s external SMS delivery system reported that the invitation to [sign/review] the document sent via SMS to [012-34 56 78] was delivered.

		See sections 3.1.4 and 5.1.



		Scrive eSign sent an invitation to [sign/review] the document via [delivery method] to [PARTY@EXAMPLE.COM and/or 012-34 56 78]. The invitation included a link that when clicked lead to Scrive eSign’s online interface to [sign/review] documents. The invitation contained the following message: <BR/> <i>This is an example message text.</i>

		See sections 3.1.4, 3.3.7 and 5.1.



		Scrive eSign’s external email delivery system reported that the invitation sent via email to [PARTY@EXAMPLE.COM] could not be delivered and continued attempts were cancelled.

		See section 5.1.



		Scrive eSign’s external SMS delivery system reported that the invitation sent via SMS to [012-34 56 78] could not be delivered and continued attempts were cancelled.

		See section 5.1.



		Scrive eSign’s external email delivery system reported that the invitation sent to [PARTY@EXAMPLE.COM]  was opened.

		See section 5.1.



		The initiator [NAME OF INITIATOR] ([UNIQUE IDENTIFIER]) initiated the signing workflow and Scrive eSign a) locked the signing workflow from further editing, b) set the signing workflow language to [EXAMPLE LANGUAGE: ENGLISH], c) set the signing due date to [EXAMPLE DATE: 2013-01-01 00:00:00 UTC], d) set the time zone to [EXAMPLE TIME ZONE: CET] and e) initiated the signing workflow.

		See section 4.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) prolonged the signing due date.

		See section 5.3.



		The signatory [NAME OF SIGNATORY] ([UNIQUE IDENTIFIER]) rejected the invitation to sign and Scrive eSign disabled the possibility to sign for all parties. The rejection message from the signatory [NAME OF SIGNATORY] ([UNIQUE IDENTIFIER]) was: <BR/> <i>This is an example message text.</i>

		See section 6.5.2.



		Scrive eSign sent a reminder to [review/sign] via [delivery method] to [SIGNATORY@EXAMPLE.COM and/or MOBILE NUMBER] at the request of the user [NAME OF USER] ([UNIQUE IDENTIFIER]). The reminder message from the user [NAME OF USER] ([UNIQUE IDENTIFIER]) was: <BR/> <i>This is an example message text.</i>

		See sections 9.1.4 and 5.7.



		Scrive eSign’s administrator ([ADMIN@EXAMPLE.COM]), a person authorised to administer Scrive eSign, requested preparation of the Evidence Package.

		In the rare event of failure there is a safety feature in Scrive eSign where an authorised person at Scrive can ask the system to try to reseal the Evidence Package.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) edited the signing workflow in Scrive eSign’s interface to design signing workflows.

		See section 5.4.



		The SMS with the PIN was delivered to [MOBILE NUMBER] for the signatory [NAME OF SIGNATORY (UNIQUE IDENTIFIER)] to use for authentication.

		See section 6.6.2.



		An SMS with a PIN was sent to [MOBILE NUMBER] for the signatory [NAME OF SIGNATORY (UNIQUE IDENTIFIER)] to use for authentication.

		See section 6.6.2.



		The signatory [NAME OF SIGNATORY] ([UNIQUE IDENTIFIER]) uploaded the attachment [EXAMPLE ATTACHMENT NAME] requested by the workflow author. The request had the following description: <BR/> <i>This is an example description.</i>

		See sections 3.3.2 and 6.4.16.



		The signatory [NAME OF SIGNATORY] checked the checkbox “[EXAMPLE ATTACHMENT NAME]”. The text next to the checkbox was “[NOTHING TO UPLOAD TEXT]”.

		See sections 3.3.2 and 6.4.16.

[NOTHING TO UPLOAD TEXT] is the text that was visible to the signatory and depends on the document’s language setting. In English it is "Nothing to upload".



		The signatory [NAME OF SIGNATORY ([UNIQUE IDENTIFIER]) signed the 

document using PIN by SMS as authentication method. The PIN was sent to [MOBILE NUMBER].

		See section 6.6.2.



		The document was signed by [NAME OF SIGNATORY ([UNIQUE IDENTIFIER]) using [AUTHENTICATION METHOD] as authentication method. 


The text signed in the [AUTHENTICATION METHOD] client was:


$signed_text$

Data returned from the  [AUTHENTICATION METHOD]:

  

Name: [NAMED RETURNED]

ID number: [ID NUMBER RETURNED]

Signature: [SIGNATURE RETURNED]

Online Certificate Status Protocol (OCSP) Response: [OCSP RETURNED]

		See section 6.6.3.



		The signatory [NAME OF SIGNATORY ([UNIQUE IDENTIFIER]) signed the document.

		See section 6.7.1.



		The due date for signing the document passed. Scrive eSign disabled the possibility to sign for all parties.

		See section 3.3.5.



		The signatory [NAME OF PERSON] ([UNIQUE IDENTIFIER]) [CHECKED or UNCHECKED] the checkbox [NAME OF CHECKBOX]. The checkbox's placement in the Main Document: 

Page     X           Y

1            0.123   0.420

		See sections 3.2.4 and 6.4.10.



		The signatory [NAME OF PERSON] ([UNIQUE IDENTIFIER]) selected the radio button "[NAME OF RADIO BUTTON]" in radio group "[NAME OF RADIO GROUP]". Possible options were: [LIST OF ALL RADIO BUTTON NAMES IN RADIO GROUP]. The radio buttons placement in the Main Document:

Page     X           Y

1            0.123   0.128

1            0.123   0.142

		See sections 3.2.5 and 6.4.12.



		The signatory [NAME OF PERSON] ([UNIQUE IDENTIFIER]) signed in the signature box [NAME OF BOX]. The box's placement in the Main Document:

Page     X           Y

1            0.123   0.420

		See sections 3.2.5, 6.4.13 (or 6.4.18 if signature box was not placed) and 6.5.11.



		The signatory [NAME OF PERSON] ([UNIQUE IDENTIFIER]) changed the text in the text field [NAME OF FIELD] from [PREVIOUS VALUE] to [NEW VALUE]. The field's placement in the Main Document: 

Page     X           Y

1            0.123   0.420

		See sections 3.2.3 and 6.4.9 (or 6.4.14 if text field was not placed).



		The party  [NAME OF PERSON] ([UNIQUE IDENTIFIER]) opened the view to verify their identity before viewing the document.

		See section 6.3.1.



		The party [NAME OF PERSON] ([UNIQUE IDENTIFIER]) opened the document in Scrive eSign’s online interface to [review/sign] documents.

		See section 6.2.1.



		Highlighting was added to page 3 while [NAME OF PERSON] was viewing.

		See sections 3.5.1 and 6.4.4. 



		Highlighting was removed from page 3 while [NAME OF PERSON] was viewing.

		See sections 3.5.1 and 6.4.4. 





7.2.2 Generating images of the confirmation after Signatories signed

To sign through Scrive eSign the Signatory is asked to confirm the signature and after the Signatory has confirmed their signature a confirmation message is displayed. Scrive eSign will generate an image of the Signatories’ browser environment including the confirmation message in the foreground and the Main Document and Field Data in the background.

The technology for generating an image of the Signatories’ browser environment is not perfect. Therefore, as a safeguard in the event that the image of the Signatories’ browser cannot be generated correctly, Scrive eSign will at each Planned Production Upgrade, generate images of a reference browser environment including the confirmation message in the foreground and a demo Main Document and Field Data in the background. The purpose of the images is to serve as a reference to display how the images of the Signatories’ browser environment should have looked like if the image generation would have been generated correctly.

7.2.3 Recording Signatories’ system information

Scrive eSign records information of the system that the Signatories use at each system event generated by the Signatory. The information that is recorded is:

		IP address



7.2.4 Record the time of each event in Scrive eSign relating to a Signatory’s activity

At the time of an event triggered by a Signatories’ interaction with Scrive eSign, Scrive eSign will log the following information:  

		The time of Scrive eSign servers at the time of the Signatories’ activity 

		The time of the latest Clock Error Sample

		The clock error at the latest Clock Error Sample



7.3 Recording clock error

The time of Scrive eSign servers is controlled using NTP and the servers communicate indirectly with servers equipped with reference clocks whose purpose is to define reference time. Each hour Scrive eSign estimates the error of the clocks of its servers compared to reference time and the estimated error is measured in milliseconds (the “Clock Error Sample” or “CES”). The purpose of the Clock Error Sample is to produce data that can be used in a statistical model to evaluate the accuracy of Scrive eSign servers’ clock at the point of each logged event.

More about the Clock Error Sample and measurement of time in Scrive eSign is explained in the Appendix 4 Evidence of Time.

8. Evidence Package generation

8.1 Preparing the Evidence Package

Once all Signatories have signed electronically, Scrive eSign will execute the following actions to produce the Evidence Material:

		Prepare the Final PDF.

		Append the Verification Page as an additional page to the Final PDF.

		Append the Evidence Quality of Scrive E-signed Documents as an attachments inside the Final PDF.

		Append the Evidence Quality Framework as an attachment inside the Final PDF.

		Append the Service Description as an attachment inside the Final PDF.

		Append the Evidence Log as an attachment inside the Final PDF.

		Append the Evidence of Time as an attachment inside the Final PDF.

		Append the Evidence of Intent as an attachment inside the Final PDF.

		Append the Digital Signature Documentation as an attachment inside the Final PDF.



Once the Evidence Material has been produced Scrive eSign will execute the following actions to secure the integrity of the Evidence Material and thereby produce the final Evidence Package:

		Seal the material in steps 1-9 with a digital signature.

		Seal the material in steps 1-10 with a keyless digital signature (not performed if PAdES digital sealing is used).



A detailed description of the steps 1-11 follows below.

8.1.1 Prepare a Final PDF (step 1)

The Final PDF is prepared by inserting all the pages from the original Main Document, and subsequently all the Field Data is rendered using the placements defined by the Author in the Workflow Settings. If the Author defined that Attachments should be Merged with the Main Document they are added as pages to the Main Document. If the Author defined that Attachments should not be Merged with the Main Document the attachment is hashed using SHA-256. The hash can be found in the Evidence Log. Attachments that are not merged with the Main Documents are not digitally sealed. By comparing the computed hash (the output from execution of the algorithm SHA-256) to a known and expected hash value (the value in the Evidence Log), it’s possible to determine the Attachments’ integrity.

8.1.2 Append the Verification Page (step 2)

The Verification Page is one or several pages appended at the end of the Final PDF and it contains the following information:

		Transaction ID intended for support purposes.

		Information about the Main Document including name, number of pages and by whom it was submitted.

		Information about the each Attachment, including name, number of pages, if it was merged with the Main Document or not and by whom it was submitted.

		Information about the Initiator and each Signatory. 

		Activity history of each Signatory in Scrive eSign during Workflow Execution, including a brief description of the activity, the time of the activity and the IP address.

		A Scrive seal.



At the end of the Verification Page there is brief documentation describing what the Verification Page is. The documentation is intended to give the reader all the information necessary in order to understand:

		The nature of the document (an Evidence Package issued by Scrive).

		That additional documentation about the Evidence Package can be found in the Attachments.

		Where to verify the integrity of the document (https://www.scrive.com/verify).



The purpose of the Verification Page is to make the most important metadata about the Workflow Execution easily accessible.

8.1.3 Append the Evidence Quality of Scrive E-signed Documents (step 3)

The Evidence Quality of Scrive E-signed Documents is a brief introduction to the Evidence Package. The purpose of the document is to serve as an executive summary and help with the understanding of the Evidence Package without having to read through all the documentation. 

8.1.4 Append the Evidence Quality Framework (step 4)

The Evidence Quality Framework explains the legal aspects of digital evidence quality. The purpose of this document is to set a framework for the understanding of digital evidence quality and explain how the Evidence Package relates to such framework.

8.1.5 Append the Service Description (step 5)

The Service Description is this document and is a complete functional specification of Scrive eSign. The Scrive team maintains the following process to keep the Service Description up to date:

		A new version of Scrive eSign has been developed and the staging environment has been updated with the new version. The staging environment is the servers where the final testing of a new version of Scrive eSign is conducted before it is released to all customers. If the new version of Scrive eSign includes new features or substantial adjustments to existing features the Service Description is updated by the Scrive eSign product owner to include the changes made. The Scrive eSign product owner is the person that plans and manages the development of Scrive eSign.

		While on staging the changes to the Service Description is reviewed and corrected by the Scrive legal counsel in dialogue with the Scrive eSign product owner. 

		Once all text changes have been agreed by the Scrive eSign product owner and the Scrive legal counsel, the updated Service Description is to be included with the next updates to Scrive eSign. 



The purpose of the document is to serve as a reference for anyone trying to understand the Evidence Package and its different components.

8.1.6 Append the Evidence Log (step 6)

The Evidence Log includes all Transaction Logs printed in human readable text including a) the Signatories’ activities in Scrive eSign during Workflow Execution, b) all system information of the Signatories, and c) the UTC timestamp created at the moment of each Signatories’ activity.

The purpose of the Evidence Log is to make all collected metadata about the Workflow Execution accessible outside of Scrive eSign and thus independently of Scrive. 

8.1.7 Append the Evidence of Time (step 7)

The Evidence of Time includes a detailed documentation about a) how the time of the servers of Scrive eSign is measured and synchronised with trusted sources of time, b) a mathematical algorithm to calculate the probability of time deviation above certain time intervals and c) the measurements required to insert into the mathematical algorithm, including the last 1000 samples of the servers time deviation and their distribution.

The purpose of the Evidence of Time is to explain how Scrive eSign measures time and

provide a mathematical algorithm by which it is possible to calculate the probability of

the error of the time stamps recorded by Scrive eSign.

8.1.8 Append the Evidence of Intent (step 8)

The Evidence of Intent includes the images of the Signatories browser environment generated by Scrive eSign when the Signatory has signed and is displayed with a confirmation thereof. Additionally the Evidence of Intent also includes the reference images generated by Scrive eSign at each Planned Production Upgrade.

The purpose of the Evidence of Intent is to secure a) evidence of intent to sign and b) evidence of what Sign Material there was intent to sign, to avoid such rhetoric as exemplified by the example with the blue elephant and the pink sheep.

8.1.9 Append the Digital Signature Documentation (step 9)

The Digital Signature Documentation contains an algorithm for how to prove the document’s integrity mathematically. The document integrity can be tested mathematically with the help of a) the Digital Signature Documentation, b) a code published in the Financial Times after the date of sealing the document with the digital signature (step 10) and c) a keyless digital signature has been applied to the document after the date of publishing the code in the Financial Times (step 11). This document does require technical knowledge to be useful.

The purpose of the Digital Signature Documentation is to explain how the integrity of the Evidence Package can be verified independently of Scrive or any other third party. Note that the Digital Signature Documentation is not intended as the primary method for proving the document’s integrity. The use of the Digital Signature Documentation is intended as a last resort after which all other methods of verifying the integrity have failed. To clarify, the intended order for verifying the integrity of a document is:

		Scrive provides the primary method for verifying the integrity of a signature at https://www.scrive.com/verify. Here the document owner can upload the document and get an automated validation of the document integrity. This method does not require any technical knowledge to be useful.

		If this primary method for some reason fails to perform the verification of integrity then the digital signature provider, Guardtime (http://www.guardtime.com), can be contacted directly for verification. This second method also does not require any technical knowledge to be useful.

		Finally, if both previous methods have failed, the Digital Signature Documentation can be used to mathematically verify the document integrity.



8.1.10 Append the Digital Signature (step 10)

When the steps 1-9 have been performed the document is sealed with a digital signature from Guardtime to produce the complete Evidence Package (steps 1-10).

The purpose of the Digital Signature is to be able to prove the integrity of the Evidence Package with the help of Guardtime. Additionally the digital signature also has a function of a strong timestamp useful as evidence of time at the point of sealing the document. Learn more about this in the Digital Signature Documentation.

8.1.11 Append the Keyless Digital Signature (step 11)

Around the 20th each month Guardtime will make an updated Keyless Digital Signature available. Scrive eSign will apply the updated Keyless Digital Signatures on Evidence Packages that were produced by Scrive eSign 40 days after the initial signing.

The purpose of the Keyless Digital Signature, is that the integrity of the Evidence Package can be verified mathematically and independently of Scrive, Guardtime or any other third party, only relying on public information. Additionally, the verification will provide irrefutable evidence about when the timestamp in step 10 was generated. Learn more about this in the Digital Signature Documentation.

8.1.12 PAdES digital signature (optional to Steps 10 and 11)

The PAdES digital signature secures that the document can not be tampered without breaking the signature. In addition, the following are appended to the document as part of PAdES digital signature: 

		A URL to a Certificate Revocation List is appended that can be read to assure that the certificate is not in a revoked state at the time of signing of the document. 

		An OCSP (online certificate status protocol) is embedded to check the revocation status of the certificate. 

		A TimeStamp is added at the time of signing to ensure two things; that the signature was valid at the time of signing; and (ii) that the signature remains valid over time. 



9. Document administration

Scrive eSign has a basic document management system. This system is described in this section.

9.1 Document list

9.1.1 List view

Initiated Workflows and Evidence Packages from completed workflows are displayed in a list with progress status, time of latest event, name of Initiated Workflow, Initiator, Parties and Delivery Method(s).

9.1.2 Learn more and manage workflow

By clicking the name of an Initiated Workflow, the User is redirected to the Document View where there is more information about the workflow progress and options to manage the workflow.

9.1.3 Mass-withdraw invitations

To withdraw an invitation to sign an Initiated Workflow, select Initiated Workflows by checking the checkboxes on the side and press “withdraw”. The invitation to sign the selected Initiated Workflows will be withdrawn and they will no longer be possible to sign. If a Signatory clicks an invitation link to a withdrawn document they will land in a landing page with an instruction that the Workflow Execution has been cancelled.

9.1.4 Send mass-reminder

To remind Signatories of an Initiated Workflow to sign, select by checking the checkboxes on the side and press “send reminder”. The reminder to sign the selected Initiated Workflows will be sent to all the Signatories that haven’t signed using the Delivery Method as initially selected by the Author. If a specific sign order has been defined the reminder will only be sent to the next Signatory in line for signing.

9.1.5 Delete

To delete an Initiated Workflow or Evidence Package from the list view, select by checking the checkboxes on the side and press delete. Initiated Workflows that are deleted will also automatically be withdrawn.

9.1.6 Filter and search

Filter documents based on workflow progress status, initiator and/or date. Search the list of Template Workflows with free text search. Matches will be provided for all free text data.

9.1.7 Download all documents

Select what documents to download and download a zip-file including the PDFs of the selected documents. The Main Document from Initiated Workflows will be downloaded in its current state and finalised documents will be downloaded as completed Evidence Packages.

9.1.8 Download metadata as CSV

By selecting this option metadata from all transactions will be downloaded as CSV. The metadata includes information about each Party and the most important activities of the Party during Workflow Execution.

9.2 Template Workflow editing list

9.2.1 List view

Template Workflows are displayed in a list time of latest change, name of Template Workflow, Initiator, Parties and Delivery Method(s). Deleted Template Workflows are deleted instantaneously.

9.2.2 Filter and search

Search the list of Template Workflows with free text search.

9.2.3 Delete

To delete a Template Workflow from the list view, select one or multiple templates by checking the checkboxes on the side and press delete.

9.2.4 Share

To share a Template Workflow in the list view with other Users in the same organisation, select one or multiple Template Workflows by checking the checkboxes on the side and press share.

9.3 Trash list

9.3.1 List view

Deleted Initiated Workflows, Template Workflows and Evidence Packages are displayed in a list with progress status, time of latest event, name of Initiated Workflow, Initiator, Parties and Delivery Method(s). Deleted documents stay in the list for one month before Scrive eSign deletes them permanently from the system.

9.3.2 Filter and search

Filter documents based on workflow progress status, initiator and/or date. Search the list of Template Workflows with free text search. Matches will be provided for all free text data.

9.3.3 Restore

To restore a document back to the documents list, select by checking the checkboxes on the side and press restore.

9.4 Auto-deletion of documents and personal data

This is a setting that will instruct Scrive eSign to auto-delete documents and personal data after a number of days as defined by the account administrator. This applies to all documents except templates and documents pending signing. Upon deletion the documents are moved to Trash.

10. Account administration

10.1 Organisation administration

Accounts in Scrive eSign are organised in organisations. Each User belongs to an organisation. The organisation settings will be used in the Users interactions with Parties when using the system.

10.1.1 Organisation details

In the account section it is possible to edit the organisation details. The organisation details include name, organisation number and address. The name and organisation number will be displayed whenever the User is displayed as Party to a Workflow Execution, including places such as the Sign View and the Verification Page. The organisation address and mobile number  of the organisation’s administrators will be used for billing and support purposes.

10.1.2 White-label branding

There are two types of white-label branding in Scrive eSign: the Workflow Session branding and the complete white-label branding. In the account section it is possible to white-label the Workflow Sessions with the company brand profile, including a) the Sign View, b) the emails,  c) SMS’ d) the logged in part (such as the Design View), e) the favicon, f) the browser title. The complete white-label branding can only be set by a Scrive administrator and additionally to the Workflow Session branding includes white-labeling of a) the login and signup views, b) party colors and c) document status icons. 

10.2 User administration

10.2.1 User privileges

There are two levels of user privileges: standard and admin. The standard User can do everything as specified in the previous sections of this specification document. The admin User has the additional privileges as specified below.

		Privilege

		Explanation



		Edit company details

		Can edit the details of the organisation’s Scrive eSign account.



		Add user

		Can add users to the organisation’s Scrive eSign account.



		Remove user

		Can remove users from the organisation’s Scrive eSign account.



		White-label branding

		Can do Workflow Session branding for all users of the organisation’s Scrive eSign account.



		Access all documents

		Can access all documents of all Users in the organisation’s Scrive account.



		Manage all documents

		Can manage all documents of all Users in the organisation’s Scrive account.





10.2.2 User management

In the account section the admin User can add Users by typing name and email address. The person will then be invited to have an account as part of the organisation of the inviting admin User. The Users of the organisation are displayed in a list and can be removed from the organisation by selecting the User and deleting it. All documents of that User will stay the property of the organisation.
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1. Definitions

“Attachments” means attachments to the Main Document provided by the Author or Signatories.

“Author” means the person(s) that configure the Workflow Settings.

“Clock Error Samples” means the term as defined in the Attachment Evidence of Time.

“Delivery Method” means the method to deliver the invitation to participate in a Workflow Session.

“Design View” means the administrative user interface of Scrive eSign for the purpose of configuring the Workflow Settings.

“Evidence Attachments” means the attachments with additional evidence inserted into the Final PDF as explained in section 8, the attachments are Evidence Quality of Scrive E-Signed Documents, Service Description, Evidence Quality Framework, Evidence Log, Evidence of Intent, Evidence of Time and Digital Signature Documentation.

“Evidence Material” means the Final PDF including the inserted Evidence Attachments. 

“Evidence Package” means the Evidence Material sealed with a digital signature.

“Field Data” means data associated with text fields, checkboxes, radio buttons and signature boxes in the Main Document.

“Final PDF” means the final Main Document after all Signatories have signed, including Field Data rendered with the placements defined by the Author in the Workflow Settings.

“Initiator” means the person that initiates Workflow Execution.

“Initiated Workflow” means a set of Workflow Settings where Workflow Execution has been initiated.

“Integrated System” means a system that communicates with Scrive eSign via the Scrive API.

“Main Document” means the document that is displayed in the Design View and Sign View and is possible to edit with Field Data.

“Party” or “Parties” means persons participating in the Workflow Execution.

“Role” means the Role of a Party during a Workflow Session.

“Scrive API” means the application programming interface of Scrive eSign.

“Sign Material” means the material being reviewed, signed and completed by the Parties during Workflow Execution, including a) the Main Document, b) Attachments and c) Field Data.

“Sign View” means the graphic user interface in Scrive eSign’s web based interface, for the Parties to review and for Signatories to sign the Sign Material.

“Signatory” means a person that has been defined to sign the Sign Material in the Sign View during a Session.

“Signature Confirmation Section” is the final section where the Signatory is asked if they are sure that they wish to sign the document.

“Signature Drawing Modal” is the modal where the Signatory is asked to draw or type their signature.

“Template Workflow” means Workflow Settings saved by an Author for later reuse. “Transaction Logs” means database logs in Scrive eSign, including records of the Signatories activities in Scrive eSign.

“User” is a person or a group of persons with an account in Scrive eSign which is linking to a verified email address.

“Viewer” means a person that has been defined to only have access to view the Sign Material in the Workflow Session.

“Workflow Execution” means when Scrive eSign guides the Parties through Workflow Sessions as configured in the Workflow Settings.

“Workflow Session” means a set of activities defined for a Party to execute the assigned Role. A Party can be assigned multiple Workflow Sessions.

“Workflow Settings” means any combination of settings in section 3 defining how the Parties can interact with the Sign Material during Workflow Execution.

2. Purpose 

The purpose of this document is to explain how Scrive eSign worked at any given point in time to facilitate the full understanding of the process that generated the final Evidence Package. Each time Scrive eSign is updated with new features this document is also updated. The scope of the document is to describe the Scrive eSign system in full. Because it is possible to initiate Workflow Execution via API it is possible that parts of the e-signing workflow have happened outside of Scrive eSign. Because Scrive can only document features that are within our control, parts of a workflow may have happened outside the scope of this document.

3. Design the workflow (Author)

Workflow Settings are defined in the Design View by the Author. The features for designing the Workflow Settings are clustered in the Design View in three main sections. We describe the features in these sections according to the structure in the Design View.

3.1 Add Parties

3.1.1 Simple Workflow Session

Add a Workflow Session and add information about the Party participating in the Workflow Session. You can add an infinite number of Workflow Sessions. The minimum amount of Workflow Sessions is one.

3.1.2 Mass-signing Workflow Session

To replicate a Template Process multiple times with many separate Parties it is practicable to add the Parties in bulk. This feature enables adding a list of Parties to a Workflow Session as a CSV file. When initiating the process Scrive eSign will automatically replicate the process for every row in the CSV file and include the Party information of that row to that Workflow Session.

3.1.3 Invitation order

Select in what order the Parties shall receive the invitation to participate. Parties can receive the invitation in parallel, in sequence, or a combination of these.

3.1.4 Role

Define if the Party should be Signatory or Viewer.

3.1.5 Invitation method

Select how the Party shall receive the invitation to participate in the Workflow Session. The delivery methods available are a) email, b) SMS, c) email and SMS and d) in-person delivery or e) API.

		Email

		An email invitation is sent including a link to the Sign View.



		SMS

		An SMS is sent including a link to the Sign View.



		Email and SMS

		Both email and SMS delivery as described above.



		In-person

		No invitation is sent. The Initiator can give the Party access to the Sign View, by personally presenting it on a device selected by Initiator.



		API

		No invitation is sent. The Initiator can select to give access to the Sign View by sharing the URL or an Author can set up a workflow where the Party is redirected from a webpage hosted by the Author to the Sign View.





3.1.6 Authentication to view

Select what authentication should be required from a Signatory before accessing the Workflow Session to view the document. The alternatives are a) Swedish BankID, b) Norwegian BankID, c) Danish NemID or d) no additional authentication method.

3.1.7 Authentication to sign

Select what authentication method should be required from a Signatory. The alternatives are a) Swedish BankID, b) PIN verification by SMS or c) no additional authentication method.

3.1.8 Confirmation method

Select how the Party shall receive the confirmation that the document has been signed by all Parties and get access to the Evidence Package. The confirmation methods available are a) email, b) SMS, c) email and SMS and d) no delivery.

3.2 Place fields

3.2.1 Main Document upload

Upload the Main Document. Only PDFs are accepted for upload. 

3.2.2 Main Document removal

Remove the Main Document.

3.2.3 Text field

Drag and drop text fields into the document. Define the name of the text field (i.e. address, mobile and more) or select a predefined field, and define if it is a) mandatory for the Initiator, b) mandatory for Party completing the Workflow Session or c) optional. If left empty or editable during Workflow Execution, define what party can (if optional) or must (if mandatory) complete the text field during their Workflow Session. All information put into a text field will be printed onto the document. You can set the font size of the text field to a) small, b) normal, c) large or d) huge.

3.2.4 Checkbox

Drag and drop checkboxes into the document. Define the name of the checkbox (for traceability purposes), choose a checkbox size, and define if it is a) mandatory for the Initiator, b) mandatory for Party completing the Workflow Session or c) optional. If left empty or editable during Workflow Execution define what party can (if optional) or must (if mandatory) check the checkbox during their Workflow Session. The checkbox, empty or checked, will be printed onto the document.

3.2.5 Signature box

Drag and drop signature boxes into the document. Define the name of the signature box (for traceability purposes) and define if it is a) mandatory for the Party completing the Workflow Session or b) optional. If left empty or editable during Workflow Execution define what party can (if optional) or must (if mandatory) draw their signature during their Workflow Session. For some old browsers where JavaScript drawing doesn’t work, the Signatory can use their keyboard to type their signature with a name instead and a handwritten font will be used. The drawn or typed signature will be printed onto the document.

3.2.5 Radio buttons

Drag and drop radio button groups into the document. Define the name of the radio button group and the names of individual radio buttons (for traceability purposes), and choose a size for the radio buttons within the radio button group. It is mandatory for signing parties to select one of the radio button group options. The radio buttons, selected or not, will be printed onto the document.

3.3 Other settings

3.3.1 Add Attachment

The Author can upload documents to add as Attachments to the Main Document or delete previously uploaded Attachments. Only PDFs are accepted. The Author selects if the Attachment should be optional or mandatory to review. The Author selects if the Attachment should be merged with the main file or not.

3.3.2 Request Attachment

The Author can request that Parties are asked to upload documents during a Workflow Session, to add the documents as Attachments to the Main Document. The request is set per Party and an instruction text is required explaining what document is requested, requests can be made optional in which case the Party is not required to upload a document.

3.3.3 Main Document name

Name the Main Document. This is the name that will be communicated with the Parties throughout each Workflow Session. This will be the name of the Main Document in the Evidence Package.

3.3.4 Workflow Session language

Select in what language the Parties shall be guided throughout each Workflow Session. This will be the language of the text printed in the Verification Page.

3.3.5 Due date

Select the due date for the Signatories to sign. After the due date has passed the Signatories can no longer sign.

3.3.6 Automatic reminder

Select at what date an automatic reminder to sign shall be sent to the Signatories that haven’t yet signed.

3.3.7 Personal invitation message

Write a personal message that the Parties will receive when invited via email to participate in the Workflow Execution.

3.3.8 Personal confirmation message

Write a personal message that the Parties will receive via email when the document has been signed.

3.3.9 Edit Sign View UI

Adjust the UI in the Sign View. The following UI features can be added or removed a) header including logo and contact details, b) download PDF c) the button used in the Sign View to reject to sign, d) option to reply with a message, and e) footer.

3.4 Save as template workflow

The Workflow Settings in Design View can be saved as a Template Workflow for later Workflow Execution a single time (save as draft) or multiple times (save as template).

3.5 Settings available via API only

3.5.1 Set highlighting

It is possible, via the API, to enable highlighting in the Sign View for selected Signatories. Highlighting is the digital equivalent of a yellow mark on paper to emphasize something on the document. Highlights can be made by the selected Signatories, and cleared page-by-page, until they have signed the document, after which no more changes can be made. 

3.5.2 Field editable by Signatory

It is possible, via the API, to allow selected Signatories to change the value of certain fields, even if they were pre-filled by the Document Author. This is currently only available for email and mobile field types. The aim of this setting is to allow Signatories to update their email or mobile number, when the value set by the Document Author may be incorrect or outdated.

4. Initiate the workflow (Initiator)

A Workflow Execution needs to be started by an Initiator. This section describes the features which the Initiator can use to initiate the Workflow Execution. The Initiator may initiate the Workflow Execution in any of the following ways:

		start as Author and define the Workflow Settings in the graphic user interface of the Design View or an Integrated System, or programmatically through the Scrive API, and then initiate the Workflow Execution, or

		start as Initiator only and select a Template Workflow to initiate the Workflow Execution, or

		start as Author and select a Template Workflow to edit by any of the procedures for defining the Workflow Settings described in bullet a and then, after editing as Author, initiate the Workflow Execution.



4.1 Initiate Workflow Execution from Design View

After a Main Document has been uploaded and no mandatory information is missing it is possible to initiate Workflow Execution by clicking a button to start. When having clicked the button a modal is displayed and depending on the Workflow Settings different activities will be required from the Initiator to initiate Workflow Execution.

		Initiator role

		Sign order

		Instruction in modal



		Signatory

		Sign first

		Prompts to sign first before inviting others



		Signatory

		Sign second or later

		Prompts to invite others



		Viewer

		-

		Prompts to invite others





4.2 Initiate Workflow Execution from Template Workflow

Template Workflows can be accessed either via the Scrive eSign graphic user interface or via API. The following sections will describe how access can be done via the graphic user interface of Scrive eSign. In principle the same actions can be performed via the API.

4.2.1 List of Template Workflows

By logging in to his Scrive eSign account the Initiator can access a list of Template workflows from where it can initiate Workflow Execution. In the list of Template Workflows each Template Workflow is displayed in a list including name of the Template Workflow, time of latest change to Template Workflow, Delivery Method(s) and sharing status. In the template list view it is possible to do free text search on metadata to find Template Workflows.

4.2.2 Select to edit Template Workflow or directly initiate Workflow Execution

By clicking the name of a draft or template in the list of Template Workflows, different options will be made available depending on the Workflow Settings of the Template Workflow.

		Author/Not Author

		Locked from editing

		In-person delivery

		Options for next step



		Author

		Yes/No

		Yes

		Option to a) edit Workflow Settings or b) initiate signing on the device directly.



		Author

		Yes/No

		No

		Option to a) edit Workflow Settings or b) send for signature directly.



		Not Author

		Yes

		Yes

		Option to initiate signing on the device directly.



		Not Author

		No

		Yes

		Option to a) edit Workflow Settings or b) initiate signing on the device directly.



		Not Author

		Yes

		No

		Option to send for signature directly.





5. Administer the Workflow Execution (User)

The document view is the administrative counterpart of the Sign View. Here the User can review the Main Document, Attachments, Parties and progress history and also administer the Workflow Execution.

5.1 Progress history

The Workflow Session progress of each Signatory can be tracked in the progress history section. Each important event is listed with a status icon, time, Party and an explanatory text. Below is a list of the statuses used.

		Progress status

		Explanation



		Initiated signing

		The Initiator initiated the signing process.



		Email sent

		The invitation to access Sign View was sent via email.



		SMS sent

		The invitation to access Sign View was sent via SMS.



		Undelivered

		The external email or SMS system has reported that it could not deliver the email or SMS.



		Delivered

		The external email or SMS system has reported that it has delivered the email or SMS.



		Email opened 

		The external email system has reported that the email has been opened.



		Accessed view to authenticate

		The party opened the view to verify their identity before viewing the document.



		Authentication success

		The Party verified their identity with [AUTHENTICATION METHOD] to access the document.



		Reviewed online

		Opened the document online.



		Signed

		The button to complete signing was clicked in the Signature Confirmation Section or, if BankID was required to sign, the signing process was completed successfully in the BankID application.



		Rejected

		The button to reject signing was clicked in the final rejection section.



		Timed-out

		The due date for signing as set in the Workflow Settings passed and the document can’t be signed.



		Due date prolonged

		The Initiator prolonged the signing due date.



		Process cancelled

		The Initiator cancelled the signing process, the document can no longer be signed.



		Process edited

		The Workflow Process was edited in the Design View.



		Sealed

		Scrive eSign sealed the final PDF with a digital signature.



		Extended

		Scrive eSign sealed the Evidence Package (as defined in the Service Description) with a keyless digital signature.





5.2 Withdraw invitation

To withdraw an invitation to sign an Initiated Workflow, press the button to withdraw. The invitation to sign the selected Initiated Workflow will be withdrawn and they will no longer be possible to sign. If a Signatory clicks an invitation link to a withdrawn document they will land in a landing page with an instruction that the Workflow Execution has been cancelled.

5.3 Extend due date

If the due date to sign passed without all Signatories having signed the Initiator can extend the due date by pressing “extend due date”. The date is extended by as many days as are determined by the Initiator.

5.4 Restart document

If the document was cancelled or the due date passed the Initiator can select to restart the Workflow Execution by pressing the button to restart the Workflow Execution. The Initiator is then redirected to the Design View where he can edit the Workflow Settings and initiate Workflow Execution again.

5.5 Start signing

If Delivery Method was set to in-person or API, then there is an option for the Initiator to initiate the next in-person Workflow Session directly from this view. By selecting “start signing” the Initiator will be redirected to the Sign View.

5.6 Download document

If the document has been signed it can be downloaded by the Initiator by pressing the button to download the document.

5.7 Send reminder

To remind a Signatory to sign, press the button to send reminder. A reminder will be sent to the Signatory using the initial invitation Delivery Method selected by the Author.

5.8 Send document again

To send a completed Evidence Package again to a Party, press the button to send the document again which is next to the Party’s information. A message including the document, will be sent to the Signatory using the initial confirmation Delivery Method selected by the Author.

5.9 Change of authentication to view and authentication to sign methods

As long as the recipient hasn’t signed the Initiator can change the authentication to view and the authentication to sign methods.

5.10 Bounce management

If the email or SMS could not be delivered, the Initiator is informed of the problem via an email with a link to the Document View where the Initiator can edit the email or mobile number. A bounce can occur for multiple reasons, typically due to a) entering the wrong email or mobile number, b) SPAM filter settings of the receiving system or c) the recipient’s systems are down.

5.11 Review Attachments

Below the displayed document there is a section with all attached Attachments. The user can view or download Attachments.

5.12 Review evidence attachments

Below the Attachments section there is a section with all evidence attachments. The user can review or download the evidence attachments.

6. Follow the workflow (Party)

Smooth Workflow Execution is dependent on a series of events as executed by the Parties in close interaction with Scrive eSign. This section will describe the different components enabling the Workflow Execution. The features are listed in the order as they appear to the Signatory either chronologically or in the graphic user interface from the top and going down. What features appear to the Signatory depend on the Workflow Settings.

6.1 Overview of Workflow Execution

Before we look at the components of the Workflow Execution it might be useful to get an overview of the different steps of Workflow Execution as experienced by the Signatories and the Viewers.

		Accessing the Sign View: the Party either a) receives an email or SMS with an invitation to sign electronically and a link to the Sign View or, b) accesses a device (tablet, desktop computer, smartphone or other) with the Sign View already opened or c) is redirected from an Integrated System to the Sign View. 

		If set by the Author, the Signatory is asked to authenticate before they can proceed.

		Reviewing the Sign Material: the Party views the displayed Sign View and a) can read instructions at the top to follow the guiding arrow, b) depending on the Workflow Settings enter or not enter Field Data into the document (such as text, signatures, checks in checkboxes, choosing a radio button group option) and view/append required and optional attachments and c) scroll through all document pages to reach the sign or reject section.

		When enabled for the current signatory, the Initiator can highlight anything within the document being signed in real-time. 

		Signing the Sign Material: the Signatory presses the next button to proceed to the next step and, depending on the Workflow Settings, one of these four scenarios follow;



		If the Signatory has not yet drawn their signature inside the document a section appears with instructions to confirm their intent by clicking a button with the text “Sign”, or

		If the Signatory has not yet drawn their signature inside the document a section appears with instructions that they will finalise the signing process by clicking the button with the text “Finish”, or

		If the Signatory is required to authenticate with PIN by SMS before they can sign they a) type or view their mobile number, b) receive an SMS with a PIN, c) type the PIN into a input field and d) confirm their intent by clicking a button with the text “sign”, or

		If the Signatory is required to sign with Swedish BankID they sign using the Swedish BankID app on the device they chose to sign with.



		Receiving confirmation after signing: after having completed one of the above signing scenarios a confirmation message is displayed to the Signatory that the Sign Material has been signed. Depending on the Workflow Settings, each Party either receives or doesn’t receive a confirmation message. If it was set for the Party to receive a confirmation message it is sent either a) by email and including the Evidence Package, b) by SMS and including a URL-link to access the document on the web in Scrive eSign, or c) both by email and SMS as described above.



The following sections are more detailed descriptions of the features enabling the workflow in the summary above.

6.2 Accessing the Sign View

This is the workflow guiding the Parties to access the Sign Material in the Sign View.

6.2.1 Invitation message

Scrive eSign will send an invitation email and/or SMS to the Party, in the order as defined by the Workflow Settings. The email and/or SMS will include a URL-link to a Sign View specific to that Workflow Session.

6.2.2 List of Initiated Workflows

Initiated Workflows with Workflow Sessions available for signing directly on the device are listed in a list accessible to Users. Each Initiated Workflow is displayed in a list with document name, last event, name of Initiator and names of all Parties. An icon determines if the Party is the Initiator of the Initiated Workflow or has been invited by another Initiator to participate. By selecting an Initiated Workflow from the list the User will initiate a Workflow Session and access the Sign View.

6.3 Authenticate to view

This is the part where the Signatory is required to authenticate themselves before they can proceed to view the Sign Material.

6.3.1 Authentication to view

The name of the Author and the document is displayed. Personal information that is required to understand who should authenticate their identity is presented. The Signatory initiates the authentication process. If the authentication is successful the Signatory is redirected to the Sign View to view the Sign Material.

6.4 Reviewing the Sign Material

This is the workflow guiding the Signatory when they are reviewing the Sign Material before signing.

6.4.1 Contact information

In the header the Initiators name and mobile (if available) is displayed for contact purposes.

6.4.2 Branded header

Adjustments can be made to a) company logotype, b) background color of header, c) text font, and d) text color. If no branding has been selected, the default is the Scrive logotype and colors. Author can remove the header and footer in the Design View before initiating Workflow Execution.

6.4.3 Other branded Sign View components

Components of the Sign View that can be branded are a) text font type of all text, b) color of the guiding arrow, c) color and text font of text in the guiding arrows, d) color of buttons, and e) color and text font of the text in the buttons. In the Sign View, confirmation page after signing, the signing invitation email and confirmation email there is a discrete ”Powered by Scrive” text.

6.4.4 Signing header

This header stays at the top of the SIgn View as the signatory scrolls through the Main Document to sign. The header includes a) the name of the document, b) a button to activate highlighting (learn more below), c) a button to zoom in the Main Document and d) a button to zoom out the Main Document. By clicking the highlight button, the highlighting functionality is enabled and the scrolling functionality is disabled. Thus, instead of scrolling when touching the screen the touch will result in a yellow highlighting color being painted to the Main Document where the finger points. Highlighting starts when a finger is put to, or a mouse is clicked above, the Main Document. Highlighting stops when the finger is lifted or the mouse is released. To initiate highlighting again the highlighting button in the header has to be pressed again. If the highlighting functionality has been applied to the Main Document in the current Workflow Session, a clear button will also be available in the signing header. The clear button will allow highlighting to be cleared from one document page at a time, and “clear mode” will be enabled until any highlighting has been cleared, or until the cancel button is clicked to cancel clear mode.

6.4.5 Review instruction

Below the header there is a) the person’s name and b) a brief instruction on how to proceed to sign the document. The purpose of the name is to decrease the risk that a person mistakenly signs in another Signatory’s name. If the name was not supplied before Initiator initiated Workflow Execution, then only the brief instruction is displayed.

6.4.6 Mandatory/optional explanation

Explanation of the difference in instruction color between actions that are mandatory and actions that are optional. This appears if the Workflow Session includes optional and mandatory actions.

6.4.7 Download PDF

Option to download the Main Document and Attachments as PDF. This option is either displayed or not depending on if the Author defined that it should be displayed during the Workflow Session.

6.4.8 Document display

PNGs of the Main Document are displayed in up to 1040 px width.

6.4.9 Guiding arrow

The guiding arrow will guide the Party through the steps set as mandatory by the Author. The arrow will guide the Party by pointing at the next mandatory step and blink.

6.4.10 Text fields

There can be empty text fields that are mandatory or optional to complete for the Party and pre-filled fields that can be editable.

6.4.11 Checkboxes

There can be unchecked checkboxes that are mandatory or optional for the Party and pre-checked checkboxes that can be de-checked. Checkboxes can be small, medium, or large, at the discretion of the author.

6.4.12 Radio buttons

There can be radio button groups comprising of two or more radio button options. The Party must select one of the radio buttons for each radio button group. Each radio button group can be small, medium, or large, at the discretion of the author.

6.4.13 Signature box

If signatures are requested from the Signatory then signature boxes are displayed as colored areas on top of the document. If the Author has defined the signature as mandatory, then the guiding arrow will point to the colored area after previous mandatory fields have been completed. When clicking a signature box a signing workflow is initiated. Read more about the signing workflow in section “6.6 Signing the Sign Material”.

6.4.14 About you section

If there are input fields that are mandatory to include in the transaction but have not been placed on top of the document by the Author they are displayed in the about you section. This section is not visible if there is no mandatory information that has not been placed on top of the document for input.

6.4.15 Attachments section

For each attachment that has been added to the document by the Author a section is displayed including the title of the attachment and a button to show the attachment. The attachment can be viewed by clicking the button to show the attachment, then the section expands and displays the attachment in full to the Signatory. If an attachment was selected by the Author to be mandatory to review in the Workflow Settings then a) a checkbox is available next to the title of the attachment and b) a text stating that the signatory confirms that they have read and understood the content of the attachment is available next to the checkbox. The checkbox with the instruction to confirm that the Signatory has read and understood the content of the attachment must be checked before the Signatory can sign.

6.4.16 Requested attachments section

This is where, if requested, the signatory is instructed to upload additional documents as attachments. The signatory can choose not to upload an optional attachment by checking a checkbox. If attachments have been added by previous signatories in the same process, those are visible to the current signatory for review. This section is not visible if there are no requests for attachments from the signatory.

6.4.17 Signatories section

This section includes a list of the Signatories, their signing progress and a) Full name,,  and b) if applicable information about the Signatory is displayed such as organisation, organisation number, ID number, mobile number and email.

6.4.18 Reject or sign section

This is the last section in the Sign View. This section includes a reject button and a next button. By clicking the reject button the Signatory will initiate the rejection workflow and by clicking the next button the Signatory will initiate the signing workflow. If the Author has determined in the Sign View Settings that the reject button shall not be displayed to the Signatory, only the next button will be displayed.

6.5 Rejecting to sign the Sign Material

This is the workflow guiding the Signatory when they are rejecting to sign the Sign Material.

6.5.1 Reject button

At the bottom of the Sign View the signatory can reject the signing via clicking on a reject button. This button is visible if the Author has not disabled it in the Workflow Settings.

6.5.2 Rejection section

If the option to allow a rejection message was chosen in the Workflow Settings, upon clicking the button to reject the Signatory will enter a section where the Signatory can reject and, if so desired, write a rejection message to the Initiator. If a rejection message is not allowed, the Signatory will be asked to confirm the rejection directly, without the possibility of writing a rejection message. If the Signatory confirms the rejection, the Workflow Execution is cancelled and the Main Document can no longer be signed by any other Signatory.

6.5.3 Rejection confirmation page

After a rejection the Signatory is redirected to a page confirming that the signing was rejected and, if a rejection message was created, that the rejection message was sent to the Initiator.

6.6 Signing the Sign Material

The signing workflow is the workflow guiding the Signatory when they are signing the Sign Material.

6.6.1 Signature Drawing Modal

After the signature box has been clicked by the Signatory, the Signature Drawing Modal is opened and the Signatory is instructed to sign. The Signatory can draw their signature on a touchscreen or with a mouse. Once the Signatory has drawn their signature in the Signature Drawing Modal, they can click a button to proceed. Once they have clicked the button to go to the next step the modal closes and the signatory is scrolled to the next step defined by the Workflow Settings. 

6.6.2 PIN by SMS authentication and Signature Confirmation Section

If the authentication was set to PIN by SMS, the Signatory is either a) prompted to type the mobile number they want to use for authentication or b) if the mobile number was prefilled by the Initiator they can only view the mobile number. After the signatory has filled their mobile mobile number or reviewed the one that was prefilled by the Initiator and clicked to send the SMS, the Signature Confirmation Section appears with a) an input field for the PIN, b) a text if they wish to sign and let Scrive eSign register their signature and c) a button to confirm the PIN and complete the signing process. After the correct PIN has been supplied and the Signatory has confirmed that they wish to sign , the signature is registered and the Signature Registration Section is displayed.

6.6.3 Swedish BankID authentication and Signature Confirmation Section

If the authentication was set to Swedish BankID, the Signatory is either a) prompted to type the ID number they want to use for authentication, or b) if the ID number was prefilled by the Initiator this is already prefilled and not editable. After the signatory has a) filled their ID number or reviewed the one that was prefilled by the Initiator and b) clicked to initiate the authentication with Swedish BankID, the Signatory authenticates within the Swedish BankID application. When the authentication is completed in the Swedish BankID application, Scrive eSign registers the signature. 

6.6.4 Signature Confirmation Section

If the authentication was neither set to Swedish BankID nor PIN by SMS then the Signature Confirmation Section asks the Signatory if they wish to either “sign” (if no signature was drawn in the document using the Signature Drawing Modal) or “finish” (if a signature was drawn in the document using the Signature Drawing Modal) and let Scrive eSign register their signature. Once the Signatory has confirmed that they wish to sign or finish the signing process, the signature is registered and the Signature Registration Section is displayed.

6.7 Receiving the confirmation after signing

This is the workflow guiding the Signatory after they have signed the Sign Material.

6.7.1 Signature Registration Section

After the Signatory has confirmed their signature in the Signature Confirmation Section, the Signatory is redirected to the Signature Registration Section. The Signature Registration Section instructs the Signatory that their signature is being registered by Scrive eSign.

6.7.2 Signature confirmation page

After Scrive eSign has completed registering the signature of the Signatory, the Signatory is either redirected to:

		a custom confirmation page. Scrive does not regulate the custom confirmation page other than requiring that the confirmation page should not be misleading to the Signatory, thus it can include any information.

		the Scrive eSign standard confirmation page. The standard confirmation page includes information that the Signatory’s signature has been registered. If the Author had set that Scrive eSign should send an outgoing confirmation message, then the Signatory is also informed that an outgoing confirmation message was sent to the Signatory or that, if there are more Signatories to sign the document, an outgoing confirmation message will be sent to the Signatory after all Signatories have signed.

		the Signing Handover Interface, where a button is displayed leading to the Workflow Session for that next Signatory. This happens if there are other Signatories in line to sign after the Signatory that just signed, and the Delivery Method was set to in-person for any of those Signatories.



6.7.3 Signature confirmation message

If Author set that an outgoing confirmation message should be sent to the Signatory, a confirmation message is sent either via SMS, email or both. The confirmation message includes information that the document has now been signed by all Signatories. The email also includes an original of the Evidence Package and the SMS includes a link to access the Evidence Package online. If the Evidence Package is over 10MB Scrive eSign will not include the Evidence Package in the confirmation email and instead an instruction and a link to access the document will be supplied. If the Author set that a custom confirmation message shall be included in the outgoing confirmation message, the custom confirmation message set by the Author is included after the standard confirmation message texts.

7. Evidence collection

During the Workflow Execution Scrive eSign is collecting evidence to include into the Evidence Package.

7.1 Collecting missing Sign Material

At any time during the Workflow Execution, Scrive eSign presents the Sign Material in its current state in the Sign View meaning that it displays a) images of each page of the Main Document, b) links to all Attachments and c) renders all currently defined Field Data on the pages of the Main Document using the placements specified by the Author. As the process advances, the Sign Material is collected and produced through the following process:

		The Author uploads the initial Sign Material into Scrive eSign, consisting of the Main document, Author Attachments and initial Field Data.

		The Signatories will perform a review of the Sign Material in the Sign View. Depending on the Workflow Settings the Signatory can be asked to upload Signatory Attachments and add more Field Data, so that the Sign Material is completed. This step is reiterated until all Signatories have signed. 

		When the last Signatory has signed, the Sign Material has become fully completed and is locked from further modifications.



7.2 Producing the Transaction Logs

Scrive eSign executes the following activities to produce the Transaction Logs:

		Record as many as possible of the Signatories’ activities in Scrive eSign during Workflow Execution

		Record screenshots of the confirmation after the Signatories have signed through Scrive eSign

		Record system information of the Signatories’ client system

		Record system time of the Signatories’ activities in Scrive eSign



This section will explain the different procedures for recording the Transaction Logs as listed above.

7.2.1 Recording Signatories’ activities in Scrive eSign

Scrive eSign records events when the Signatory has interacted with Scrive eSign during Workflow Execution. The activities in Scrive eSign that are recorded are listed below. Coordinates X=0, Y=0 is the top-left corner of the page, X=1, Y=1 is the bottom-right corner.

		Sample event (as printed in the Evidence Log)

		Event explanation



		Scrive eSign sealed the Evidence Package (as defined in the Service Description) with a keyless digital signature.

		See section 8.1.11.



		Scrive eSign sealed the final PDF with a digital signature.

		See section 8.1.10 and 8.1.12.



		Scrive eSign prepared the final PDF, including evidence collected by Scrive eSign, before sealing with a digital signature.

		See sections 8.1.1 – 8.1.9 



		The party [NAME OF PERSON] ([UNIQUE IDENTIFIER]) verified their identity with [AUTHENTICATION METHOD] to access the document.

Data returned from the [AUTHENTICATION METHOD]:

Name: [NAMED RETURNED]
ID number: [ID NUMBER RETURNED]


Signature: [SIGNATURE RETURNED]
Online Certificate Status Protocol (OCSP) Response: [OCSP RETURNED]

		See section 6.3.1.



		Scrive eSign sent an automatic reminder to sign using [DELIVERY METHOD] to [EMAIL@EXAMPLE.COM and 012-34 56 78] at the request of the user [NAME OF USER] ([UNIQUE IDENTIFIER]).

		See section 3.3.6.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) withdrew the invitation to sign and Scrive eSign disabled the possibility to sign for all parties.

		See sections 5.2.



		The user [NAME OF USER ([UNIQUE IDENTIFIER]] changed authentication for [NAME OF PARTY (UNIQUE IDENTIFIER)] from [OLD AUTHENTICATION METHOD] to [NEW AUTHENTICATION METHOD].

		See section 5.9.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) changed the email address for the party from [BAD@EXAMPLE.COM] to [GOOD@EXAMPLE.COM].

		See section 5.10.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) changed the mobile number for the party from [BAD-12 34 56] to [GOOD-12 34 56].  

		See section 5.10.



		Scrive eSign locked the document from further modifications by the parties.

		See section 7.1 step 3.



		The signatory [NAME OF SIGNATORY] checked the checkbox “[EXAMPLE ATTACHMENT NAME]”. The text next to the checkbox was “[ACCEPT ATTACHMENT CONDITIONS TEXT]”.

		See sections 3.3.1 and 6.4.15.

[ACCEPT ATTACHMENT CONDITIONS TEXT] is the text that was visible to the signatory and depends on the document’s language setting. In English it is "I have read and accepted the content of the attachment [EXAMPLE ATTACHMENT NAME]".



		The party [NAME OF PARTY] ([UNIQUE IDENTIFIER]) deleted the attachment [ATTACHMENT NAME] previously uploaded by the party [NAME OF PARTY] ([UNIQUE IDENTIFIER]).

		See sections 3.3.2 and 6.4.16.



		Due to a system error Scrive eSign failed to finalise the Evidence Package (as defined in the Service Description) before sealing with a digital signature.

		Sometimes the system may fail to produce the Evidence Package as described in sections 8.1 – 8.3. This event is extremely rare.



		Scrive eSign’s external email delivery system reported that the invitation to [sign/review] the document sent via email to [PARTY@EXAMPLE.COM] was delivered.

		See sections 3.1.4 and 5.1.



		Scrive eSign’s external SMS delivery system reported that the invitation to [sign/review] the document sent via SMS to [012-34 56 78] was delivered.

		See sections 3.1.4 and 5.1.



		Scrive eSign sent an invitation to [sign/review] the document via [delivery method] to [PARTY@EXAMPLE.COM and/or 012-34 56 78]. The invitation included a link that when clicked lead to Scrive eSign’s online interface to [sign/review] documents. The invitation contained the following message: <BR/> <i>This is an example message text.</i>

		See sections 3.1.4, 3.3.7 and 5.1.



		Scrive eSign’s external email delivery system reported that the invitation sent via email to [PARTY@EXAMPLE.COM] could not be delivered and continued attempts were cancelled.

		See section 5.1.



		Scrive eSign’s external SMS delivery system reported that the invitation sent via SMS to [012-34 56 78] could not be delivered and continued attempts were cancelled.

		See section 5.1.



		Scrive eSign’s external email delivery system reported that the invitation sent to [PARTY@EXAMPLE.COM]  was opened.

		See section 5.1.



		The initiator [NAME OF INITIATOR] ([UNIQUE IDENTIFIER]) initiated the signing workflow and Scrive eSign a) locked the signing workflow from further editing, b) set the signing workflow language to [EXAMPLE LANGUAGE: ENGLISH], c) set the signing due date to [EXAMPLE DATE: 2013-01-01 00:00:00 UTC], d) set the time zone to [EXAMPLE TIME ZONE: CET] and e) initiated the signing workflow.

		See section 4.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) prolonged the signing due date.

		See section 5.3.



		The signatory [NAME OF SIGNATORY] ([UNIQUE IDENTIFIER]) rejected the invitation to sign and Scrive eSign disabled the possibility to sign for all parties. The rejection message from the signatory [NAME OF SIGNATORY] ([UNIQUE IDENTIFIER]) was: <BR/> <i>This is an example message text.</i>

		See section 6.5.2.



		Scrive eSign sent a reminder to [review/sign] via [delivery method] to [SIGNATORY@EXAMPLE.COM and/or MOBILE NUMBER] at the request of the user [NAME OF USER] ([UNIQUE IDENTIFIER]). The reminder message from the user [NAME OF USER] ([UNIQUE IDENTIFIER]) was: <BR/> <i>This is an example message text.</i>

		See sections 9.1.4 and 5.7.



		Scrive eSign’s administrator ([ADMIN@EXAMPLE.COM]), a person authorised to administer Scrive eSign, requested preparation of the Evidence Package.

		In the rare event of failure there is a safety feature in Scrive eSign where an authorised person at Scrive can ask the system to try to reseal the Evidence Package.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) edited the signing workflow in Scrive eSign’s interface to design signing workflows.

		See section 5.4.



		The SMS with the PIN was delivered to [MOBILE NUMBER] for the signatory [NAME OF SIGNATORY (UNIQUE IDENTIFIER)] to use for authentication.

		See section 6.6.2.



		An SMS with a PIN was sent to [MOBILE NUMBER] for the signatory [NAME OF SIGNATORY (UNIQUE IDENTIFIER)] to use for authentication.

		See section 6.6.2.



		The signatory [NAME OF SIGNATORY] ([UNIQUE IDENTIFIER]) uploaded the attachment [EXAMPLE ATTACHMENT NAME] requested by the workflow author. The request had the following description: <BR/> <i>This is an example description.</i>

		See sections 3.3.2 and 6.4.16.



		The signatory [NAME OF SIGNATORY] checked the checkbox “[EXAMPLE ATTACHMENT NAME]”. The text next to the checkbox was “[NOTHING TO UPLOAD TEXT]”.

		See sections 3.3.2 and 6.4.16.

[NOTHING TO UPLOAD TEXT] is the text that was visible to the signatory and depends on the document’s language setting. In English it is "Nothing to upload".



		The signatory [NAME OF SIGNATORY ([UNIQUE IDENTIFIER]) signed the 

document using PIN by SMS as authentication method. The PIN was sent to [MOBILE NUMBER].

		See section 6.6.2.



		The document was signed by [NAME OF SIGNATORY ([UNIQUE IDENTIFIER]) using [AUTHENTICATION METHOD] as authentication method. 


The text signed in the [AUTHENTICATION METHOD] client was:


$signed_text$

Data returned from the  [AUTHENTICATION METHOD]:

  

Name: [NAMED RETURNED]

ID number: [ID NUMBER RETURNED]

Signature: [SIGNATURE RETURNED]

Online Certificate Status Protocol (OCSP) Response: [OCSP RETURNED]

		See section 6.6.3.



		The signatory [NAME OF SIGNATORY ([UNIQUE IDENTIFIER]) signed the document.

		See section 6.7.1.



		The due date for signing the document passed. Scrive eSign disabled the possibility to sign for all parties.

		See section 3.3.5.



		The signatory [NAME OF PERSON] ([UNIQUE IDENTIFIER]) [CHECKED or UNCHECKED] the checkbox [NAME OF CHECKBOX]. The checkbox's placement in the Main Document: 

Page     X           Y

1            0.123   0.420

		See sections 3.2.4 and 6.4.10.



		The signatory [NAME OF PERSON] ([UNIQUE IDENTIFIER]) selected the radio button "[NAME OF RADIO BUTTON]" in radio group "[NAME OF RADIO GROUP]". Possible options were: [LIST OF ALL RADIO BUTTON NAMES IN RADIO GROUP]. The radio buttons placement in the Main Document:

Page     X           Y

1            0.123   0.128

1            0.123   0.142

		See sections 3.2.5 and 6.4.12.



		The signatory [NAME OF PERSON] ([UNIQUE IDENTIFIER]) signed in the signature box [NAME OF BOX]. The box's placement in the Main Document:

Page     X           Y

1            0.123   0.420

		See sections 3.2.5, 6.4.13 (or 6.4.18 if signature box was not placed) and 6.5.11.



		The signatory [NAME OF PERSON] ([UNIQUE IDENTIFIER]) changed the text in the text field [NAME OF FIELD] from [PREVIOUS VALUE] to [NEW VALUE]. The field's placement in the Main Document: 

Page     X           Y

1            0.123   0.420

		See sections 3.2.3 and 6.4.9 (or 6.4.14 if text field was not placed).



		The party  [NAME OF PERSON] ([UNIQUE IDENTIFIER]) opened the view to verify their identity before viewing the document.

		See section 6.3.1.



		The party [NAME OF PERSON] ([UNIQUE IDENTIFIER]) opened the document in Scrive eSign’s online interface to [review/sign] documents.

		See section 6.2.1.



		Highlighting was added to page 3 while [NAME OF PERSON] was viewing.

		See sections 3.5.1 and 6.4.4. 



		Highlighting was removed from page 3 while [NAME OF PERSON] was viewing.

		See sections 3.5.1 and 6.4.4. 





7.2.2 Generating images of the confirmation after Signatories signed

To sign through Scrive eSign the Signatory is asked to confirm the signature and after the Signatory has confirmed their signature a confirmation message is displayed. Scrive eSign will generate an image of the Signatories’ browser environment including the confirmation message in the foreground and the Main Document and Field Data in the background.

The technology for generating an image of the Signatories’ browser environment is not perfect. Therefore, as a safeguard in the event that the image of the Signatories’ browser cannot be generated correctly, Scrive eSign will at each Planned Production Upgrade, generate images of a reference browser environment including the confirmation message in the foreground and a demo Main Document and Field Data in the background. The purpose of the images is to serve as a reference to display how the images of the Signatories’ browser environment should have looked like if the image generation would have been generated correctly.

7.2.3 Recording Signatories’ system information

Scrive eSign records information of the system that the Signatories use at each system event generated by the Signatory. The information that is recorded is:

		IP address



7.2.4 Record the time of each event in Scrive eSign relating to a Signatory’s activity

At the time of an event triggered by a Signatories’ interaction with Scrive eSign, Scrive eSign will log the following information:  

		The time of Scrive eSign servers at the time of the Signatories’ activity 

		The time of the latest Clock Error Sample

		The clock error at the latest Clock Error Sample



7.3 Recording clock error

The time of Scrive eSign servers is controlled using NTP and the servers communicate indirectly with servers equipped with reference clocks whose purpose is to define reference time. Each hour Scrive eSign estimates the error of the clocks of its servers compared to reference time and the estimated error is measured in milliseconds (the “Clock Error Sample” or “CES”). The purpose of the Clock Error Sample is to produce data that can be used in a statistical model to evaluate the accuracy of Scrive eSign servers’ clock at the point of each logged event.

More about the Clock Error Sample and measurement of time in Scrive eSign is explained in the Appendix 4 Evidence of Time.

8. Evidence Package generation

8.1 Preparing the Evidence Package

Once all Signatories have signed electronically, Scrive eSign will execute the following actions to produce the Evidence Material:

		Prepare the Final PDF.

		Append the Verification Page as an additional page to the Final PDF.

		Append the Evidence Quality of Scrive E-signed Documents as an attachments inside the Final PDF.

		Append the Evidence Quality Framework as an attachment inside the Final PDF.

		Append the Service Description as an attachment inside the Final PDF.

		Append the Evidence Log as an attachment inside the Final PDF.

		Append the Evidence of Time as an attachment inside the Final PDF.

		Append the Evidence of Intent as an attachment inside the Final PDF.

		Append the Digital Signature Documentation as an attachment inside the Final PDF.



Once the Evidence Material has been produced Scrive eSign will execute the following actions to secure the integrity of the Evidence Material and thereby produce the final Evidence Package:

		Seal the material in steps 1-9 with a digital signature.

		Seal the material in steps 1-10 with a keyless digital signature (not performed if PAdES digital sealing is used).



A detailed description of the steps 1-11 follows below.

8.1.1 Prepare a Final PDF (step 1)

The Final PDF is prepared by inserting all the pages from the original Main Document, and subsequently all the Field Data is rendered using the placements defined by the Author in the Workflow Settings. If the Author defined that Attachments should be Merged with the Main Document they are added as pages to the Main Document. If the Author defined that Attachments should not be Merged with the Main Document the attachment is hashed using SHA-256. The hash can be found in the Evidence Log. Attachments that are not merged with the Main Documents are not digitally sealed. By comparing the computed hash (the output from execution of the algorithm SHA-256) to a known and expected hash value (the value in the Evidence Log), it’s possible to determine the Attachments’ integrity.

8.1.2 Append the Verification Page (step 2)

The Verification Page is one or several pages appended at the end of the Final PDF and it contains the following information:

		Transaction ID intended for support purposes.

		Information about the Main Document including name, number of pages and by whom it was submitted.

		Information about the each Attachment, including name, number of pages, if it was merged with the Main Document or not and by whom it was submitted.

		Information about the Initiator and each Signatory. 

		Activity history of each Signatory in Scrive eSign during Workflow Execution, including a brief description of the activity, the time of the activity and the IP address.

		A Scrive seal.



At the end of the Verification Page there is brief documentation describing what the Verification Page is. The documentation is intended to give the reader all the information necessary in order to understand:

		The nature of the document (an Evidence Package issued by Scrive).

		That additional documentation about the Evidence Package can be found in the Attachments.

		Where to verify the integrity of the document (https://www.scrive.com/verify).



The purpose of the Verification Page is to make the most important metadata about the Workflow Execution easily accessible.

8.1.3 Append the Evidence Quality of Scrive E-signed Documents (step 3)

The Evidence Quality of Scrive E-signed Documents is a brief introduction to the Evidence Package. The purpose of the document is to serve as an executive summary and help with the understanding of the Evidence Package without having to read through all the documentation. 

8.1.4 Append the Evidence Quality Framework (step 4)

The Evidence Quality Framework explains the legal aspects of digital evidence quality. The purpose of this document is to set a framework for the understanding of digital evidence quality and explain how the Evidence Package relates to such framework.

8.1.5 Append the Service Description (step 5)

The Service Description is this document and is a complete functional specification of Scrive eSign. The Scrive team maintains the following process to keep the Service Description up to date:

		A new version of Scrive eSign has been developed and the staging environment has been updated with the new version. The staging environment is the servers where the final testing of a new version of Scrive eSign is conducted before it is released to all customers. If the new version of Scrive eSign includes new features or substantial adjustments to existing features the Service Description is updated by the Scrive eSign product owner to include the changes made. The Scrive eSign product owner is the person that plans and manages the development of Scrive eSign.

		While on staging the changes to the Service Description is reviewed and corrected by the Scrive legal counsel in dialogue with the Scrive eSign product owner. 

		Once all text changes have been agreed by the Scrive eSign product owner and the Scrive legal counsel, the updated Service Description is to be included with the next updates to Scrive eSign. 



The purpose of the document is to serve as a reference for anyone trying to understand the Evidence Package and its different components.

8.1.6 Append the Evidence Log (step 6)

The Evidence Log includes all Transaction Logs printed in human readable text including a) the Signatories’ activities in Scrive eSign during Workflow Execution, b) all system information of the Signatories, and c) the UTC timestamp created at the moment of each Signatories’ activity.

The purpose of the Evidence Log is to make all collected metadata about the Workflow Execution accessible outside of Scrive eSign and thus independently of Scrive. 

8.1.7 Append the Evidence of Time (step 7)

The Evidence of Time includes a detailed documentation about a) how the time of the servers of Scrive eSign is measured and synchronised with trusted sources of time, b) a mathematical algorithm to calculate the probability of time deviation above certain time intervals and c) the measurements required to insert into the mathematical algorithm, including the last 1000 samples of the servers time deviation and their distribution.

The purpose of the Evidence of Time is to explain how Scrive eSign measures time and

provide a mathematical algorithm by which it is possible to calculate the probability of

the error of the time stamps recorded by Scrive eSign.

8.1.8 Append the Evidence of Intent (step 8)

The Evidence of Intent includes the images of the Signatories browser environment generated by Scrive eSign when the Signatory has signed and is displayed with a confirmation thereof. Additionally the Evidence of Intent also includes the reference images generated by Scrive eSign at each Planned Production Upgrade.

The purpose of the Evidence of Intent is to secure a) evidence of intent to sign and b) evidence of what Sign Material there was intent to sign, to avoid such rhetoric as exemplified by the example with the blue elephant and the pink sheep.

8.1.9 Append the Digital Signature Documentation (step 9)

The Digital Signature Documentation contains an algorithm for how to prove the document’s integrity mathematically. The document integrity can be tested mathematically with the help of a) the Digital Signature Documentation, b) a code published in the Financial Times after the date of sealing the document with the digital signature (step 10) and c) a keyless digital signature has been applied to the document after the date of publishing the code in the Financial Times (step 11). This document does require technical knowledge to be useful.

The purpose of the Digital Signature Documentation is to explain how the integrity of the Evidence Package can be verified independently of Scrive or any other third party. Note that the Digital Signature Documentation is not intended as the primary method for proving the document’s integrity. The use of the Digital Signature Documentation is intended as a last resort after which all other methods of verifying the integrity have failed. To clarify, the intended order for verifying the integrity of a document is:

		Scrive provides the primary method for verifying the integrity of a signature at https://www.scrive.com/verify. Here the document owner can upload the document and get an automated validation of the document integrity. This method does not require any technical knowledge to be useful.

		If this primary method for some reason fails to perform the verification of integrity then the digital signature provider, Guardtime (http://www.guardtime.com), can be contacted directly for verification. This second method also does not require any technical knowledge to be useful.

		Finally, if both previous methods have failed, the Digital Signature Documentation can be used to mathematically verify the document integrity.



8.1.10 Append the Digital Signature (step 10)

When the steps 1-9 have been performed the document is sealed with a digital signature from Guardtime to produce the complete Evidence Package (steps 1-10).

The purpose of the Digital Signature is to be able to prove the integrity of the Evidence Package with the help of Guardtime. Additionally the digital signature also has a function of a strong timestamp useful as evidence of time at the point of sealing the document. Learn more about this in the Digital Signature Documentation.

8.1.11 Append the Keyless Digital Signature (step 11)

Around the 20th each month Guardtime will make an updated Keyless Digital Signature available. Scrive eSign will apply the updated Keyless Digital Signatures on Evidence Packages that were produced by Scrive eSign 40 days after the initial signing.

The purpose of the Keyless Digital Signature, is that the integrity of the Evidence Package can be verified mathematically and independently of Scrive, Guardtime or any other third party, only relying on public information. Additionally, the verification will provide irrefutable evidence about when the timestamp in step 10 was generated. Learn more about this in the Digital Signature Documentation.

8.1.12 PAdES digital signature (optional to Steps 10 and 11)

The PAdES digital signature secures that the document can not be tampered without breaking the signature. In addition, the following are appended to the document as part of PAdES digital signature: 

		A URL to a Certificate Revocation List is appended that can be read to assure that the certificate is not in a revoked state at the time of signing of the document. 

		An OCSP (online certificate status protocol) is embedded to check the revocation status of the certificate. 

		A TimeStamp is added at the time of signing to ensure two things; that the signature was valid at the time of signing; and (ii) that the signature remains valid over time. 



9. Document administration

Scrive eSign has a basic document management system. This system is described in this section.

9.1 Document list

9.1.1 List view

Initiated Workflows and Evidence Packages from completed workflows are displayed in a list with progress status, time of latest event, name of Initiated Workflow, Initiator, Parties and Delivery Method(s).

9.1.2 Learn more and manage workflow

By clicking the name of an Initiated Workflow, the User is redirected to the Document View where there is more information about the workflow progress and options to manage the workflow.

9.1.3 Mass-withdraw invitations

To withdraw an invitation to sign an Initiated Workflow, select Initiated Workflows by checking the checkboxes on the side and press “withdraw”. The invitation to sign the selected Initiated Workflows will be withdrawn and they will no longer be possible to sign. If a Signatory clicks an invitation link to a withdrawn document they will land in a landing page with an instruction that the Workflow Execution has been cancelled.

9.1.4 Send mass-reminder

To remind Signatories of an Initiated Workflow to sign, select by checking the checkboxes on the side and press “send reminder”. The reminder to sign the selected Initiated Workflows will be sent to all the Signatories that haven’t signed using the Delivery Method as initially selected by the Author. If a specific sign order has been defined the reminder will only be sent to the next Signatory in line for signing.

9.1.5 Delete

To delete an Initiated Workflow or Evidence Package from the list view, select by checking the checkboxes on the side and press delete. Initiated Workflows that are deleted will also automatically be withdrawn.

9.1.6 Filter and search

Filter documents based on workflow progress status, initiator and/or date. Search the list of Template Workflows with free text search. Matches will be provided for all free text data.

9.1.7 Download all documents

Select what documents to download and download a zip-file including the PDFs of the selected documents. The Main Document from Initiated Workflows will be downloaded in its current state and finalised documents will be downloaded as completed Evidence Packages.

9.1.8 Download metadata as CSV

By selecting this option metadata from all transactions will be downloaded as CSV. The metadata includes information about each Party and the most important activities of the Party during Workflow Execution.

9.2 Template Workflow editing list

9.2.1 List view

Template Workflows are displayed in a list time of latest change, name of Template Workflow, Initiator, Parties and Delivery Method(s). Deleted Template Workflows are deleted instantaneously.

9.2.2 Filter and search

Search the list of Template Workflows with free text search.

9.2.3 Delete

To delete a Template Workflow from the list view, select one or multiple templates by checking the checkboxes on the side and press delete.

9.2.4 Share

To share a Template Workflow in the list view with other Users in the same organisation, select one or multiple Template Workflows by checking the checkboxes on the side and press share.

9.3 Trash list

9.3.1 List view

Deleted Initiated Workflows, Template Workflows and Evidence Packages are displayed in a list with progress status, time of latest event, name of Initiated Workflow, Initiator, Parties and Delivery Method(s). Deleted documents stay in the list for one month before Scrive eSign deletes them permanently from the system.

9.3.2 Filter and search

Filter documents based on workflow progress status, initiator and/or date. Search the list of Template Workflows with free text search. Matches will be provided for all free text data.

9.3.3 Restore

To restore a document back to the documents list, select by checking the checkboxes on the side and press restore.

9.4 Auto-deletion of documents and personal data

This is a setting that will instruct Scrive eSign to auto-delete documents and personal data after a number of days as defined by the account administrator. This applies to all documents except templates and documents pending signing. Upon deletion the documents are moved to Trash.

10. Account administration

10.1 Organisation administration

Accounts in Scrive eSign are organised in organisations. Each User belongs to an organisation. The organisation settings will be used in the Users interactions with Parties when using the system.

10.1.1 Organisation details

In the account section it is possible to edit the organisation details. The organisation details include name, organisation number and address. The name and organisation number will be displayed whenever the User is displayed as Party to a Workflow Execution, including places such as the Sign View and the Verification Page. The organisation address and mobile number  of the organisation’s administrators will be used for billing and support purposes.

10.1.2 White-label branding

There are two types of white-label branding in Scrive eSign: the Workflow Session branding and the complete white-label branding. In the account section it is possible to white-label the Workflow Sessions with the company brand profile, including a) the Sign View, b) the emails,  c) SMS’ d) the logged in part (such as the Design View), e) the favicon, f) the browser title. The complete white-label branding can only be set by a Scrive administrator and additionally to the Workflow Session branding includes white-labeling of a) the login and signup views, b) party colors and c) document status icons. 

10.2 User administration

10.2.1 User privileges

There are two levels of user privileges: standard and admin. The standard User can do everything as specified in the previous sections of this specification document. The admin User has the additional privileges as specified below.

		Privilege

		Explanation



		Edit company details

		Can edit the details of the organisation’s Scrive eSign account.



		Add user

		Can add users to the organisation’s Scrive eSign account.



		Remove user

		Can remove users from the organisation’s Scrive eSign account.



		White-label branding

		Can do Workflow Session branding for all users of the organisation’s Scrive eSign account.



		Access all documents

		Can access all documents of all Users in the organisation’s Scrive account.



		Manage all documents

		Can manage all documents of all Users in the organisation’s Scrive account.





10.2.2 User management

In the account section the admin User can add Users by typing name and email address. The person will then be invited to have an account as part of the organisation of the inviting admin User. The Users of the organisation are displayed in a list and can be removed from the organisation by selecting the User and deleting it. All documents of that User will stay the property of the organisation.
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1. Purpose

The purpose of the Evidence Log is to make all collected metadata about the Workflow Execution accessible outside of the Scrive eSign database and thus independently of Scrive. 

2. Evidence Log Components

This Evidence Log is a complete collection of all actions and events that occurred during the Workflow Execution, which have been logged by Scrive eSign. The information included in each log event is the following:

		What occurred

		Who initiated the event

		The time of the event

		The clock error of the time of the event

		The time at which the latest Clock Error Sample was collected



Learn more about clock error and Clock Error Samples in the appendix Evidence of Time.




  
    		Time
    		CES
    		IP address and User-Agent
    		Event
  


  
  
    		2024-02-16 10:20:38.394073 UTC ±62 ms
    		2024-02-16 09:44:00.668271 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/121.0.0.0 Safari/537.36
      
    
    		
      
        The initiator Antin Trogen (AT) initiated the signing workflow and Scrive eSign a) locked the signing workflow from further editing, b) set the signing workflow language to LANG_SV, c) set the signing due date to 2024-05-16 21:59:59 UTC, d) set the time zone to Europe/Stockholm and e) initiated the signing workflow.
      

    
  


  
  
    		2024-02-16 10:20:38.394073 UTC ±62 ms
    		2024-02-16 09:44:00.668271 UTC
    		
      
      
        
      
    
    		
      
        Scrive eSign sent an invitation to sign the document via email (par.johansson@ri.se) to Pär Johansson (PJ). The invitation included a link that when clicked led to Scrive eSign’s online interface to sign documents. 

      

    
  


  
  
    		2024-02-16 10:20:51.516916 UTC ±63 ms
    		2024-02-16 09:44:00.668271 UTC
    		
      
      
        
      
    
    		
      
        Scrive eSign’s external email delivery system reported that the invitation to sign the document sent via email to Antin Trogen (AT) was delivered.
      

    
  


  
  
    		2024-02-16 10:20:51.535957 UTC ±63 ms
    		2024-02-16 09:44:00.668271 UTC
    		
      
      
        
      
    
    		
      
        Scrive eSign’s external email delivery system reported that the invitation to sign the document sent via email to Pär Johansson (PJ) was delivered.
      

    
  


  
  
    		2024-02-16 10:21:17.413981 UTC ±63 ms
    		2024-02-16 09:44:00.668271 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/121.0.0.0 Safari/537.36
      
    
    		
      
        The party Antin Trogen (AT) opened the document in Scrive eSign’s online interface to sign documents.
      

    
  


  
  
    		2024-02-16 10:21:54.497939 UTC ±64 ms
    		2024-02-16 09:44:00.668271 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/121.0.0.0 Safari/537.36
      
    
    		
      
        The signatory Antin Trogen (AT) signed in the signature box “signature 1”.
[image: signature]


The box’s placement in the Main Document:		Page		X		Y

		5		0.122		0.560



 
      

    
  


  
  
    		2024-02-16 10:21:54.497939 UTC ±64 ms
    		2024-02-16 09:44:00.668271 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/121.0.0.0 Safari/537.36
      
    
    		
      
        The signatory Antin Trogen (AT) signed the document.
      

    
  


  
  
    		2024-02-16 10:53:51.495974 UTC ±26 ms
    		2024-02-16 10:44:02.8603 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/121.0.0.0 Safari/537.36 Edg/121.0.0.0
      
    
    		
      
        The party Pär Johansson (PJ) opened the document in Scrive eSign’s online interface to sign documents.
      

    
  


  
  
    		2024-02-16 11:19:26.689113 UTC ±91 ms
    		2024-02-16 10:44:02.8603 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/121.0.0.0 Safari/537.36 Edg/121.0.0.0
      
    
    		
      
        The party Pär Johansson (PJ) opened the document in Scrive eSign’s online interface to sign documents.
      

    
  


  
  
    		2024-02-16 11:20:59.833353 UTC ±95 ms
    		2024-02-16 10:44:02.8603 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/121.0.0.0 Safari/537.36 Edg/121.0.0.0
      
    
    		
      
        The signatory Pär Johansson (PJ) signed in the signature box “signature 1”.
[image: signature]


The box’s placement in the Main Document:		Page		X		Y

		5		0.461		0.557



 
      

    
  


  
  
    		2024-02-16 11:20:59.833353 UTC ±95 ms
    		2024-02-16 10:44:02.8603 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/121.0.0.0 Safari/537.36 Edg/121.0.0.0
      
    
    		
      
        The signatory Pär Johansson (PJ) signed the document.
      

    
  


  
  
    		2024-02-16 11:20:59.833353 UTC ±95 ms
    		2024-02-16 10:44:02.8603 UTC
    		
      
      
        
      
    
    		
      
        Scrive eSign locked the document from further modifications by the parties.
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1. Purpose

The purpose of the Evidence Log is to make all collected metadata about the Workflow Execution accessible outside of the Scrive eSign database and thus independently of Scrive. 

2. Evidence Log Components

This Evidence Log is a complete collection of all actions and events that occurred during the Workflow Execution, which have been logged by Scrive eSign. The information included in each log event is the following:

		What occurred

		Who initiated the event

		The time of the event

		The clock error of the time of the event

		The time at which the latest Clock Error Sample was collected



Learn more about clock error and Clock Error Samples in the appendix Evidence of Time.




  
    		Time
    		CES
    		IP address and User-Agent
    		Event
  


  
  
    		2024-05-22 14:11:14.052356 UTC ±6 ms
    		2024-05-22 13:11:24.764367 UTC
    		
      54.72.249.47
      
        axios/1.6.8
      
    
    		
      
        The initiator Per-Arne Thuresson (PT) initiated the signing workflow and Scrive eSign a) locked the signing workflow from further editing, b) set the signing workflow language to LANG_SV, c) set the signing due date to 2024-08-20 21:59:59 UTC, d) set the time zone to Europe/Stockholm and e) initiated the signing workflow.
      

    
  


  
  
    		2024-05-22 14:11:14.052356 UTC ±6 ms
    		2024-05-22 13:11:24.764367 UTC
    		
      
      
        
      
    
    		
      
        Scrive eSign sent an invitation to sign the document via email (jonatan.backlund@ri.se) to Jonatan Backlund (JB). The invitation included a link that when clicked led to Scrive eSign’s online interface to sign documents. 

      

    
  


  
  
    		2024-05-22 14:11:20.612144 UTC ±6 ms
    		2024-05-22 13:11:24.764367 UTC
    		
      
      
        
      
    
    		
      
        Scrive eSign’s external email delivery system reported that the invitation to sign the document sent via email to Per-Arne Thuresson (PT) was delivered.
      

    
  


  
  
    		2024-05-22 14:11:20.656572 UTC ±6 ms
    		2024-05-22 13:11:24.764367 UTC
    		
      
      
        
      
    
    		
      
        Scrive eSign’s external email delivery system reported that the invitation to sign the document sent via email to Jonatan Backlund (JB) was delivered.
      

    
  


  
  
    		2024-05-22 14:13:03.757639 UTC ±3 ms
    		2024-05-22 14:11:26.419223 UTC
    		
      
      
        
      
    
    		
      
        Scrive eSign’s external email delivery system reported that the invitation sent to perarne.thuresson@ri.se was opened.
      

    
  


  
  
    		2024-05-22 14:13:05.488283 UTC ±3 ms
    		2024-05-22 14:11:26.419223 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/124.0.0.0 Safari/537.36 Edg/124.0.0.0
      
    
    		
      
        The party Per-Arne Thuresson (PT) opened the document in Scrive eSign’s online interface to sign documents.
      

    
  


  
  
    		2024-05-22 14:13:17.729613 UTC ±4 ms
    		2024-05-22 14:11:26.419223 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/124.0.0.0 Safari/537.36 Edg/124.0.0.0
      
    
    		
      
        The signatory Per-Arne Thuresson (PT) signed the document.
      

    
  


  
  
    		2024-05-23 05:46:55.354714 UTC ±105 ms
    		2024-05-23 05:12:02.14552 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/125.0.0.0 Safari/537.36 Edg/125.0.0.0
      
    
    		
      
        The party Jonatan Backlund (JB) opened the document in Scrive eSign’s online interface to sign documents.
      

    
  


  
  
    		2024-05-23 05:47:29.655874 UTC ±107 ms
    		2024-05-23 05:12:02.14552 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/125.0.0.0 Safari/537.36 Edg/125.0.0.0
      
    
    		
      
        The signatory Jonatan Backlund (JB) signed the document.
      

    
  


  
  
    		2024-05-23 05:47:29.655874 UTC ±107 ms
    		2024-05-23 05:12:02.14552 UTC
    		
      
      
        
      
    
    		
      
        Scrive eSign locked the document from further modifications by the parties.
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This Evidence Log is a complete collection of all actions and events that occurred during the Workflow Execution, which have been logged by Scrive eSign. The information included in each log event is the following:

		What occurred

		Who initiated the event

		The time of the event

		The clock error of the time of the event

		The time at which the latest Clock Error Sample was collected
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    		Time
    		CES
    		IP address and User-Agent
    		Event
  


  
  
    		2024-05-22 14:11:14.052356 UTC ±6 ms
    		2024-05-22 13:11:24.764367 UTC
    		
      54.72.249.47
      
        axios/1.6.8
      
    
    		
      
        The initiator Per-Arne Thuresson (PT) initiated the signing workflow and Scrive eSign a) locked the signing workflow from further editing, b) set the signing workflow language to LANG_SV, c) set the signing due date to 2024-08-20 21:59:59 UTC, d) set the time zone to Europe/Stockholm and e) initiated the signing workflow.
      

    
  


  
  
    		2024-05-22 14:11:14.052356 UTC ±6 ms
    		2024-05-22 13:11:24.764367 UTC
    		
      
      
        
      
    
    		
      
        Scrive eSign sent an invitation to sign the document via email (jonatan.backlund@ri.se) to Jonatan Backlund (JB). The invitation included a link that when clicked led to Scrive eSign’s online interface to sign documents. 

      

    
  


  
  
    		2024-05-22 14:11:20.612144 UTC ±6 ms
    		2024-05-22 13:11:24.764367 UTC
    		
      
      
        
      
    
    		
      
        Scrive eSign’s external email delivery system reported that the invitation to sign the document sent via email to Per-Arne Thuresson (PT) was delivered.
      

    
  


  
  
    		2024-05-22 14:11:20.656572 UTC ±6 ms
    		2024-05-22 13:11:24.764367 UTC
    		
      
      
        
      
    
    		
      
        Scrive eSign’s external email delivery system reported that the invitation to sign the document sent via email to Jonatan Backlund (JB) was delivered.
      

    
  


  
  
    		2024-05-22 14:13:03.757639 UTC ±3 ms
    		2024-05-22 14:11:26.419223 UTC
    		
      
      
        
      
    
    		
      
        Scrive eSign’s external email delivery system reported that the invitation sent to perarne.thuresson@ri.se was opened.
      

    
  


  
  
    		2024-05-22 14:13:05.488283 UTC ±3 ms
    		2024-05-22 14:11:26.419223 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/124.0.0.0 Safari/537.36 Edg/124.0.0.0
      
    
    		
      
        The party Per-Arne Thuresson (PT) opened the document in Scrive eSign’s online interface to sign documents.
      

    
  


  
  
    		2024-05-22 14:13:17.729613 UTC ±4 ms
    		2024-05-22 14:11:26.419223 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/124.0.0.0 Safari/537.36 Edg/124.0.0.0
      
    
    		
      
        The signatory Per-Arne Thuresson (PT) signed the document.
      

    
  


  
  
    		2024-05-23 05:46:55.354714 UTC ±105 ms
    		2024-05-23 05:12:02.14552 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/125.0.0.0 Safari/537.36 Edg/125.0.0.0
      
    
    		
      
        The party Jonatan Backlund (JB) opened the document in Scrive eSign’s online interface to sign documents.
      

    
  


  
  
    		2024-05-23 05:47:29.655874 UTC ±107 ms
    		2024-05-23 05:12:02.14552 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/125.0.0.0 Safari/537.36 Edg/125.0.0.0
      
    
    		
      
        The signatory Jonatan Backlund (JB) signed the document.
      

    
  


  
  
    		2024-05-23 05:47:29.655874 UTC ±107 ms
    		2024-05-23 05:12:02.14552 UTC
    		
      
      
        
      
    
    		
      
        Scrive eSign locked the document from further modifications by the parties.
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Learn more about clock error and Clock Error Samples in the appendix Evidence of Time.




  
    		Time
    		CES
    		IP address and User-Agent
    		Event
  


  
  
    		2024-02-16 10:20:38.394073 UTC ±62 ms
    		2024-02-16 09:44:00.668271 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/121.0.0.0 Safari/537.36
      
    
    		
      
        The initiator Antin Trogen (AT) initiated the signing workflow and Scrive eSign a) locked the signing workflow from further editing, b) set the signing workflow language to LANG_SV, c) set the signing due date to 2024-05-16 21:59:59 UTC, d) set the time zone to Europe/Stockholm and e) initiated the signing workflow.
      

    
  


  
  
    		2024-02-16 10:20:38.394073 UTC ±62 ms
    		2024-02-16 09:44:00.668271 UTC
    		
      
      
        
      
    
    		
      
        Scrive eSign sent an invitation to sign the document via email (par.johansson@ri.se) to Pär Johansson (PJ). The invitation included a link that when clicked led to Scrive eSign’s online interface to sign documents. 

      

    
  


  
  
    		2024-02-16 10:20:51.516916 UTC ±63 ms
    		2024-02-16 09:44:00.668271 UTC
    		
      
      
        
      
    
    		
      
        Scrive eSign’s external email delivery system reported that the invitation to sign the document sent via email to Antin Trogen (AT) was delivered.
      

    
  


  
  
    		2024-02-16 10:20:51.535957 UTC ±63 ms
    		2024-02-16 09:44:00.668271 UTC
    		
      
      
        
      
    
    		
      
        Scrive eSign’s external email delivery system reported that the invitation to sign the document sent via email to Pär Johansson (PJ) was delivered.
      

    
  


  
  
    		2024-02-16 10:21:17.413981 UTC ±63 ms
    		2024-02-16 09:44:00.668271 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/121.0.0.0 Safari/537.36
      
    
    		
      
        The party Antin Trogen (AT) opened the document in Scrive eSign’s online interface to sign documents.
      

    
  


  
  
    		2024-02-16 10:21:54.497939 UTC ±64 ms
    		2024-02-16 09:44:00.668271 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/121.0.0.0 Safari/537.36
      
    
    		
      
        The signatory Antin Trogen (AT) signed in the signature box “signature 1”.
[image: signature]


The box’s placement in the Main Document:		Page		X		Y

		5		0.122		0.560



 
      

    
  


  
  
    		2024-02-16 10:21:54.497939 UTC ±64 ms
    		2024-02-16 09:44:00.668271 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/121.0.0.0 Safari/537.36
      
    
    		
      
        The signatory Antin Trogen (AT) signed the document.
      

    
  


  
  
    		2024-02-16 10:53:51.495974 UTC ±26 ms
    		2024-02-16 10:44:02.8603 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/121.0.0.0 Safari/537.36 Edg/121.0.0.0
      
    
    		
      
        The party Pär Johansson (PJ) opened the document in Scrive eSign’s online interface to sign documents.
      

    
  


  
  
    		2024-02-16 11:19:26.689113 UTC ±91 ms
    		2024-02-16 10:44:02.8603 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/121.0.0.0 Safari/537.36 Edg/121.0.0.0
      
    
    		
      
        The party Pär Johansson (PJ) opened the document in Scrive eSign’s online interface to sign documents.
      

    
  


  
  
    		2024-02-16 11:20:59.833353 UTC ±95 ms
    		2024-02-16 10:44:02.8603 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/121.0.0.0 Safari/537.36 Edg/121.0.0.0
      
    
    		
      
        The signatory Pär Johansson (PJ) signed in the signature box “signature 1”.
[image: signature]


The box’s placement in the Main Document:		Page		X		Y

		5		0.461		0.557



 
      

    
  


  
  
    		2024-02-16 11:20:59.833353 UTC ±95 ms
    		2024-02-16 10:44:02.8603 UTC
    		
      192.71.100.250
      
        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/121.0.0.0 Safari/537.36 Edg/121.0.0.0
      
    
    		
      
        The signatory Pär Johansson (PJ) signed the document.
      

    
  


  
  
    		2024-02-16 11:20:59.833353 UTC ±95 ms
    		2024-02-16 10:44:02.8603 UTC
    		
      
      
        
      
    
    		
      
        Scrive eSign locked the document from further modifications by the parties.
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1. Purpose

The purpose of this document is to explain how Scrive eSign measures time and provide a mathematical algorithm by which it is possible to calculate the probability of the error of the time stamps recorded by Scrive eSign.

2. Time measurement process

This section explains the NTP (Network Time Protocol) configurations of the systems involved with time measurement of Scrive eSign.

2.1 The hypervisor

Amazon, which Scrive eSign uses as hosting provider, use Xen or KVM depending on the generation of the virtual machine, for virtualisation. The default configuration is that all VM hosts are time synced using a clustered public pool of NTP servers. Scrive eSign does not use this mechanism.

2.2 Time synchronisation

Scrive eSign relies on NTP running on the virtual machine guests to get coordinated time from an NTP source. Scrive eSign does not use the time provided by the hypervisor hosts hosting the virtual machines, i.e. Amazon. This will help mitigate factors like load on the hypervisors or virtual machine guests affecting clock accuracy. This NTP synchronisation will override the clock synchronisation from the VM hosts’ clocks.

3. Configuration of hardware and services

This section describes the time/NTP and monitoring configuration of the application servers that run the Scrive eSign service.

3.1 Boot Time

The guest virtual machine behavior for the database server is as follows:

		On boot the virtual machine guest clock is set from the VM host

		ntp-date is run once from an init script

		ntpd is then run from another init script, which runs continuously



The behavior on the application server is the same with the exception of the ntpdate step which is not present on this system. It is worth noting that entries in procfs are not available for querying the configuration of the kernel with regards to Xen/clock configuration.

3.2 NTP Configuration

Logging that traces accuracy and time synchronisation is configured to use local NTP servers in the Scrive environment, which in turn acts as a proxy for the NTP server pool below that follows UTC(SP), i.e. official Swedish time:

		ntp1.sth.netnod.se

		ntp2.sth.netnod.se

		ntp1.gbg.netnod.se

		ntp2.gbg.netnod.se

		ntp1.mmo.netnod.se

		ntp2.mmo.netnod.se



3.3 Monitoring

Scrive eSign service has a monitoring system (Nagios) that monitors various aspects of the NTP statistics and keeps historic logs. It informs of problems with NTP server connectivity, jitter and offset, immediately regardless of what time of day it is.

3.4 Time scale

The NTP configuration together with the logging implies that we are following UTC(SP), and all timestamps are because of this traceable to this time scale.

4. Calculation of the probability of the clock error

This section describes how to calculate the probability of the clock error of the Scrive eSign timestamps.

4.1 Clock error samples

Once per hour Scrive eSign uses the NTP protocol to check the difference between the Scrive eSign server clock and UTC(SP). This check is performed directly against servers in the NTP server pool listed in Section 3.2. Each check results in one clock error sample (hereinafter “Clock Error Samples”), which is assumed to accurately reflect the actual clock error.

4.2 Clock error algorithm

The calculation of the probability of the clock error can be done by inserting the Clock Error Samples into the algorithm below. We assume that the samples follow a normal distribution.

		Let [image: 1.png]

 be a set of the clock error samples (in seconds). Let [image: 2.png]

, [image: 3.png]

.

		Let [image: 4.png]

 be the random variable representing the clock error with parameters estimated using data set [image: CodeCogsEqn.png]

.

		Let [image: 7.png]

, [image: 8.png]

 be the the empirical distribution function.

		Let [image: 9.png]

 be the size of discretized value space, [image: 10.png]

. Let [image: 11.png]

 be the discretized value space, [image: 12.png]

 be the set of data points representing empirical distribution function, [image: 13.png]

 be the set of data points representing cumulative distribution function of the random variable estimating the clock error.

		Plot the data in [image: 14.png]

 and [image: 15.png]

 to assess the accuracy of the estimation.

		[image: 16.png]

 is the estimated probability that the clock error is smaller than [image: 17.png]

 seconds.



4.3 Clock error samples and evidence of normal distribution

The last 1000 Clock Error Samples are inserted into this document in section 5. These Clock Error Samples can be used as input data to the algorithm in 4.2 to provide evidence of normal distribution and to calculate the probability of the clock error of the Scrive eSign time stamps. From the Clock Error Samples one can derive the parameters (mean and variance) for a normal distribution. One can also calculate the difference between this estimated distribution and the empirical data given by the Clock Error Samples themselves. You can see cumulative distribution functions (cdf) for the estimates and the empirical data and on top of that the difference between the empirical and estimated errors in the graph below. This graph also allow us to visually estimate the probability of a specific maximum error.




Gnuplot
Produced by GNUPLOT 5.4 patchlevel 2 
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4.4 Input parameters

Based on the Clock Error Samples in section 5 it is possible to calculate the variables that define the normal distribution (mean and standard deviation). Scrive eSign has automatically calculated these variables as per the below:

		mean: 0.58 ms

		standard deviation: 1.58 ms



4.5 Probability of the clock error

By using the algorithm and the Clock Error Samples Scrive eSign calculated the following probabilities of the clock error ‘e’:

		|e| < 2.5 ms: ≈86.189%

		|e| < 5 ms: ≈99.720%

		|e| < 10 ms: ≈100.000%



5. Clock Error Samples

The following are the clock error samples collected between 2024-01-05 19:05:07.26384 UTC and 2024-02-16 10:44:02.8603 UTC:





  		Time collected
  		Clock offset




  
    		2024-01-05 19:05:07.26384
    		-0.5 ms
  



  
    		2024-01-05 20:05:08.990083
    		-1.6 ms
  



  
    		2024-01-05 21:05:11.514881
    		-0.1 ms
  



  
    		2024-01-05 22:05:13.753269
    		-1.2 ms
  



  
    		2024-01-05 23:05:15.652591
    		4.2 ms
  



  
    		2024-01-06 00:05:19.400716
    		2.5 ms
  



  
    		2024-01-06 01:05:21.523301
    		1.2 ms
  



  
    		2024-01-06 02:05:23.93364
    		-3.1 ms
  



  
    		2024-01-06 03:05:26.838967
    		-1.1 ms
  



  
    		2024-01-06 04:05:28.927389
    		-1.0 ms
  



  
    		2024-01-06 05:05:30.906693
    		-1.7 ms
  



  
    		2024-01-06 06:05:32.467093
    		-0.5 ms
  



  
    		2024-01-06 07:05:36.210134
    		-1.9 ms
  



  
    		2024-01-06 08:05:40.297634
    		0.5 ms
  



  
    		2024-01-06 09:05:41.935042
    		0.9 ms
  



  
    		2024-01-06 10:05:43.61203
    		0.8 ms
  



  
    		2024-01-06 11:05:46.824585
    		0.6 ms
  



  
    		2024-01-06 12:05:50.285292
    		0.0 ms
  



  
    		2024-01-06 13:05:51.791781
    		1.2 ms
  



  
    		2024-01-06 14:05:54.38667
    		2.8 ms
  



  
    		2024-01-06 15:05:55.899025
    		0.2 ms
  



  
    		2024-01-06 16:05:57.532298
    		1.0 ms
  



  
    		2024-01-06 17:05:59.01232
    		0.7 ms
  



  
    		2024-01-06 18:06:00.93323
    		2.6 ms
  



  
    		2024-01-06 19:06:04.481288
    		0.6 ms
  



  
    		2024-01-06 20:06:08.268461
    		2.1 ms
  



  
    		2024-01-06 21:06:10.376619
    		-2.2 ms
  



  
    		2024-01-06 22:06:13.655906
    		-0.3 ms
  



  
    		2024-01-06 23:06:17.616787
    		0.7 ms
  



  
    		2024-01-07 00:06:21.565052
    		0.2 ms
  



  
    		2024-01-07 01:06:23.609318
    		-1.0 ms
  



  
    		2024-01-07 02:06:25.52296
    		-0.2 ms
  



  
    		2024-01-07 03:06:27.05726
    		-1.1 ms
  



  
    		2024-01-07 04:06:29.061085
    		-0.5 ms
  



  
    		2024-01-07 05:06:31.348064
    		-0.4 ms
  



  
    		2024-01-07 06:06:34.32134
    		-1.8 ms
  



  
    		2024-01-07 07:06:37.331767
    		-0.5 ms
  



  
    		2024-01-07 08:06:39.468644
    		-0.5 ms
  



  
    		2024-01-07 09:06:42.883165
    		-0.1 ms
  



  
    		2024-01-07 10:06:45.00429
    		1.8 ms
  



  
    		2024-01-07 11:06:46.543451
    		2.2 ms
  



  
    		2024-01-07 12:06:48.596097
    		3.1 ms
  



  
    		2024-01-07 13:06:50.594973
    		3.6 ms
  



  
    		2024-01-07 14:06:52.125113
    		0.5 ms
  



  
    		2024-01-07 15:06:53.594306
    		1.6 ms
  



  
    		2024-01-07 16:06:55.560195
    		-0.6 ms
  



  
    		2024-01-07 17:06:57.643382
    		2.5 ms
  



  
    		2024-01-07 18:07:00.153969
    		1.2 ms
  



  
    		2024-01-07 19:07:04.084292
    		1.1 ms
  



  
    		2024-01-07 20:07:06.720309
    		1.2 ms
  



  
    		2024-01-07 21:07:08.654263
    		0.1 ms
  



  
    		2024-01-07 22:07:12.602785
    		1.6 ms
  



  
    		2024-01-07 23:07:14.64426
    		1.3 ms
  



  
    		2024-01-08 00:07:16.484673
    		0.6 ms
  



  
    		2024-01-08 01:07:18.180013
    		-0.9 ms
  



  
    		2024-01-08 02:07:21.685011
    		-1.9 ms
  



  
    		2024-01-08 03:07:24.278296
    		-0.6 ms
  



  
    		2024-01-08 04:07:26.018559
    		0.1 ms
  



  
    		2024-01-08 05:07:28.229222
    		-1.5 ms
  



  
    		2024-01-08 06:07:31.112348
    		0.1 ms
  



  
    		2024-01-08 07:07:33.648996
    		2.1 ms
  



  
    		2024-01-08 08:07:35.306298
    		2.8 ms
  



  
    		2024-01-08 09:07:37.930767
    		1.7 ms
  



  
    		2024-01-08 10:07:39.593968
    		2.1 ms
  



  
    		2024-01-08 11:07:42.515045
    		0.2 ms
  



  
    		2024-01-08 12:07:44.224304
    		2.7 ms
  



  
    		2024-01-08 13:07:46.560785
    		2.2 ms
  



  
    		2024-01-08 14:07:48.922143
    		3.4 ms
  



  
    		2024-01-08 15:07:50.86504
    		1.4 ms
  



  
    		2024-01-08 16:07:52.941366
    		2.1 ms
  



  
    		2024-01-08 17:07:54.623301
    		2.7 ms
  



  
    		2024-01-08 18:07:56.802759
    		0.2 ms
  



  
    		2024-01-08 19:07:59.1734
    		1.7 ms
  



  
    		2024-01-08 20:08:01.569559
    		0.0 ms
  



  
    		2024-01-08 21:08:03.378116
    		0.4 ms
  



  
    		2024-01-08 22:08:05.648788
    		-1.2 ms
  



  
    		2024-01-08 23:08:07.660273
    		1.4 ms
  



  
    		2024-01-09 00:08:11.386932
    		-0.1 ms
  



  
    		2024-01-09 01:08:13.309369
    		-1.9 ms
  



  
    		2024-01-09 02:08:15.182735
    		0.2 ms
  



  
    		2024-01-09 03:08:18.082331
    		-1.0 ms
  



  
    		2024-01-09 04:08:21.539632
    		-1.5 ms
  



  
    		2024-01-09 05:08:25.56763
    		-0.1 ms
  



  
    		2024-01-09 06:08:29.432801
    		-1.8 ms
  



  
    		2024-01-09 07:08:32.144645
    		-2.6 ms
  



  
    		2024-01-09 08:08:34.26552
    		-0.4 ms
  



  
    		2024-01-09 09:08:36.805962
    		1.1 ms
  



  
    		2024-01-09 10:08:38.406154
    		1.8 ms
  



  
    		2024-01-09 11:08:40.264632
    		1.7 ms
  



  
    		2024-01-09 12:08:42.367696
    		2.7 ms
  



  
    		2024-01-09 13:08:44.060791
    		0.6 ms
  



  
    		2024-01-09 14:08:45.72559
    		-1.6 ms
  



  
    		2024-01-09 15:08:47.557096
    		2.4 ms
  



  
    		2024-01-09 16:08:49.516745
    		3.0 ms
  



  
    		2024-01-09 17:08:51.161685
    		3.5 ms
  



  
    		2024-01-09 18:08:53.635537
    		3.6 ms
  



  
    		2024-01-09 19:08:55.34133
    		2.5 ms
  



  
    		2024-01-09 20:08:56.879022
    		0.1 ms
  



  
    		2024-01-09 21:08:58.807656
    		-0.4 ms
  



  
    		2024-01-09 22:09:01.270342
    		1.8 ms
  



  
    		2024-01-09 23:09:03.390752
    		-0.8 ms
  



  
    		2024-01-10 00:09:07.283019
    		-3.3 ms
  



  
    		2024-01-10 01:09:11.831701
    		1.1 ms
  



  
    		2024-01-10 02:09:13.551219
    		1.2 ms
  



  
    		2024-01-10 03:09:16.11237
    		-0.1 ms
  



  
    		2024-01-10 04:09:18.023089
    		0.3 ms
  



  
    		2024-01-10 05:09:19.691767
    		3.2 ms
  



  
    		2024-01-10 06:09:21.687868
    		1.2 ms
  



  
    		2024-01-10 07:09:23.447585
    		0.5 ms
  



  
    		2024-01-10 08:09:26.723767
    		2.4 ms
  



  
    		2024-01-10 09:09:28.887954
    		-0.2 ms
  



  
    		2024-01-10 10:09:30.412671
    		0.4 ms
  



  
    		2024-01-10 11:09:32.013122
    		0.2 ms
  



  
    		2024-01-10 12:09:34.346369
    		0.4 ms
  



  
    		2024-01-10 13:09:36.904816
    		1.8 ms
  



  
    		2024-01-10 14:09:38.559104
    		3.6 ms
  



  
    		2024-01-10 15:09:41.069586
    		1.4 ms
  



  
    		2024-01-10 16:09:42.923768
    		0.0 ms
  



  
    		2024-01-10 17:09:44.877324
    		-0.6 ms
  



  
    		2024-01-10 18:09:47.169327
    		-0.5 ms
  



  
    		2024-01-10 19:09:48.826807
    		1.1 ms
  



  
    		2024-01-10 20:09:51.002527
    		-3.8 ms
  



  
    		2024-01-10 21:09:54.622539
    		-0.4 ms
  



  
    		2024-01-10 22:09:56.753434
    		-2.6 ms
  



  
    		2024-01-10 23:09:58.743743
    		-1.9 ms
  



  
    		2024-01-11 00:10:00.81511
    		2.8 ms
  



  
    		2024-01-11 01:10:02.868667
    		0.1 ms
  



  
    		2024-01-11 02:10:04.876296
    		0.6 ms
  



  
    		2024-01-11 03:10:06.986609
    		2.3 ms
  



  
    		2024-01-11 04:10:09.972649
    		0.2 ms
  



  
    		2024-01-11 05:10:11.772054
    		0.6 ms
  



  
    		2024-01-11 06:10:14.43578
    		-0.9 ms
  



  
    		2024-01-11 07:10:16.142923
    		0.0 ms
  



  
    		2024-01-11 08:10:17.758448
    		-0.6 ms
  



  
    		2024-01-11 09:10:19.594968
    		2.1 ms
  



  
    		2024-01-11 10:10:21.811671
    		-0.2 ms
  



  
    		2024-01-11 11:10:23.350134
    		-0.1 ms
  



  
    		2024-01-11 12:10:25.654127
    		0.4 ms
  



  
    		2024-01-11 13:10:28.322181
    		1.8 ms
  



  
    		2024-01-11 14:10:30.825685
    		-0.5 ms
  



  
    		2024-01-11 15:10:32.933919
    		2.7 ms
  



  
    		2024-01-11 16:10:34.859604
    		2.7 ms
  



  
    		2024-01-11 17:10:36.521955
    		0.8 ms
  



  
    		2024-01-11 18:10:38.26792
    		-1.5 ms
  



  
    		2024-01-11 19:10:40.008229
    		0.9 ms
  



  
    		2024-01-11 20:10:42.199269
    		0.4 ms
  



  
    		2024-01-11 21:10:43.806486
    		0.7 ms
  



  
    		2024-01-11 22:10:45.610629
    		-1.1 ms
  



  
    		2024-01-11 23:10:47.513893
    		-1.5 ms
  



  
    		2024-01-12 00:10:50.42617
    		0.2 ms
  



  
    		2024-01-12 01:10:52.872775
    		2.7 ms
  



  
    		2024-01-12 02:10:55.110855
    		1.6 ms
  



  
    		2024-01-12 03:10:58.926188
    		1.9 ms
  



  
    		2024-01-12 04:11:01.387826
    		-2.1 ms
  



  
    		2024-01-12 05:11:04.10814
    		0.3 ms
  



  
    		2024-01-12 06:11:05.756117
    		0.5 ms
  



  
    		2024-01-12 07:11:08.060078
    		2.7 ms
  



  
    		2024-01-12 08:11:10.325217
    		1.4 ms
  



  
    		2024-01-12 09:11:12.676961
    		0.7 ms
  



  
    		2024-01-12 10:11:14.3957
    		0.7 ms
  



  
    		2024-01-12 11:11:16.214916
    		0.9 ms
  



  
    		2024-01-12 12:11:18.275522
    		1.2 ms
  



  
    		2024-01-12 13:11:21.474747
    		0.4 ms
  



  
    		2024-01-12 14:11:24.336725
    		1.2 ms
  



  
    		2024-01-12 15:11:26.66387
    		0.0 ms
  



  
    		2024-01-12 16:11:28.519116
    		1.0 ms
  



  
    		2024-01-12 17:11:30.348436
    		0.1 ms
  



  
    		2024-01-12 18:11:32.208292
    		1.1 ms
  



  
    		2024-01-12 19:11:34.656878
    		-0.9 ms
  



  
    		2024-01-12 20:11:37.301511
    		-0.5 ms
  



  
    		2024-01-12 21:11:39.195627
    		0.8 ms
  



  
    		2024-01-12 22:11:42.176402
    		1.6 ms
  



  
    		2024-01-12 23:11:44.382075
    		0.4 ms
  



  
    		2024-01-13 00:11:47.018821
    		-0.4 ms
  



  
    		2024-01-13 01:11:48.999023
    		0.4 ms
  



  
    		2024-01-13 02:11:51.285596
    		0.4 ms
  



  
    		2024-01-13 03:11:53.107311
    		-0.8 ms
  



  
    		2024-01-13 04:11:55.198012
    		0.0 ms
  



  
    		2024-01-13 05:11:57.602891
    		0.8 ms
  



  
    		2024-01-13 06:11:59.815196
    		-0.5 ms
  



  
    		2024-01-13 07:12:01.833553
    		0.2 ms
  



  
    		2024-01-13 08:12:04.624573
    		0.8 ms
  



  
    		2024-01-13 09:12:06.432913
    		-0.5 ms
  



  
    		2024-01-13 10:12:08.29115
    		2.0 ms
  



  
    		2024-01-13 11:12:09.905023
    		1.6 ms
  



  
    		2024-01-13 12:12:11.638346
    		0.6 ms
  



  
    		2024-01-13 13:12:13.914108
    		0.3 ms
  



  
    		2024-01-13 14:12:15.828337
    		-2.4 ms
  



  
    		2024-01-13 15:12:17.628739
    		-1.7 ms
  



  
    		2024-01-13 16:12:21.028726
    		3.4 ms
  



  
    		2024-01-13 17:12:23.357947
    		-0.1 ms
  



  
    		2024-01-13 18:12:26.389604
    		1.2 ms
  



  
    		2024-01-13 19:12:29.482365
    		1.1 ms
  



  
    		2024-01-13 20:12:31.494717
    		0.9 ms
  



  
    		2024-01-13 21:12:34.656652
    		0.0 ms
  



  
    		2024-01-13 22:12:36.898731
    		-0.5 ms
  



  
    		2024-01-13 23:12:39.079016
    		-1.8 ms
  



  
    		2024-01-14 00:12:41.593616
    		-0.7 ms
  



  
    		2024-01-14 01:12:44.254971
    		1.3 ms
  



  
    		2024-01-14 02:12:48.571652
    		-0.3 ms
  



  
    		2024-01-14 03:12:50.691569
    		1.2 ms
  



  
    		2024-01-14 04:12:54.37466
    		1.4 ms
  



  
    		2024-01-14 05:12:56.542089
    		-0.2 ms
  



  
    		2024-01-14 06:12:58.8955
    		2.4 ms
  



  
    		2024-01-14 07:13:02.772964
    		-0.8 ms
  



  
    		2024-01-14 08:13:04.914501
    		0.2 ms
  



  
    		2024-01-14 09:13:07.71847
    		-0.7 ms
  



  
    		2024-01-14 10:13:10.051956
    		1.2 ms
  



  
    		2024-01-14 11:13:12.355811
    		1.3 ms
  



  
    		2024-01-14 12:13:16.433357
    		1.8 ms
  



  
    		2024-01-14 13:13:19.629576
    		1.7 ms
  



  
    		2024-01-14 14:13:22.88121
    		-0.8 ms
  



  
    		2024-01-14 15:13:24.943514
    		-0.4 ms
  



  
    		2024-01-14 16:13:27.991783
    		1.0 ms
  



  
    		2024-01-14 17:13:31.712455
    		2.8 ms
  



  
    		2024-01-14 18:13:33.372915
    		2.7 ms
  



  
    		2024-01-14 19:13:36.13114
    		-0.2 ms
  



  
    		2024-01-14 20:13:40.261246
    		-1.1 ms
  



  
    		2024-01-14 21:13:42.730184
    		1.3 ms
  



  
    		2024-01-14 22:13:45.078289
    		0.7 ms
  



  
    		2024-01-14 23:13:48.942985
    		-0.9 ms
  



  
    		2024-01-15 00:13:51.096382
    		-0.6 ms
  



  
    		2024-01-15 01:13:52.942459
    		-1.4 ms
  



  
    		2024-01-15 02:13:55.761145
    		0.0 ms
  



  
    		2024-01-15 03:13:58.419819
    		-2.4 ms
  



  
    		2024-01-15 04:14:00.35003
    		1.9 ms
  



  
    		2024-01-15 05:14:02.437539
    		1.9 ms
  



  
    		2024-01-15 06:14:04.89214
    		1.9 ms
  



  
    		2024-01-15 07:14:08.890104
    		0.0 ms
  



  
    		2024-01-15 08:14:10.339791
    		0.1 ms
  



  
    		2024-01-15 09:14:12.44085
    		1.5 ms
  



  
    		2024-01-15 10:14:14.878129
    		-0.6 ms
  



  
    		2024-01-15 11:14:17.143285
    		3.3 ms
  



  
    		2024-01-15 12:14:18.812181
    		1.2 ms
  



  
    		2024-01-15 13:14:21.423447
    		2.7 ms
  



  
    		2024-01-15 14:14:24.108338
    		1.6 ms
  



  
    		2024-01-15 15:14:26.266651
    		1.2 ms
  



  
    		2024-01-15 16:14:28.451138
    		2.5 ms
  



  
    		2024-01-15 17:14:30.070762
    		0.4 ms
  



  
    		2024-01-15 18:14:32.928672
    		-0.5 ms
  



  
    		2024-01-15 19:14:35.405142
    		-1.1 ms
  



  
    		2024-01-15 20:14:38.454629
    		-0.5 ms
  



  
    		2024-01-15 21:14:41.173674
    		-0.3 ms
  



  
    		2024-01-15 22:14:43.967084
    		-0.2 ms
  



  
    		2024-01-15 23:14:46.252058
    		2.6 ms
  



  
    		2024-01-16 00:14:49.204474
    		1.6 ms
  



  
    		2024-01-16 01:14:51.404273
    		1.9 ms
  



  
    		2024-01-16 02:14:53.980657
    		-0.8 ms
  



  
    		2024-01-16 03:14:56.038573
    		1.8 ms
  



  
    		2024-01-16 04:15:00.126615
    		0.9 ms
  



  
    		2024-01-16 05:15:04.665585
    		-0.2 ms
  



  
    		2024-01-16 06:15:06.977423
    		-0.2 ms
  



  
    		2024-01-16 07:15:09.81753
    		1.3 ms
  



  
    		2024-01-16 08:15:12.537863
    		0.3 ms
  



  
    		2024-01-16 09:15:15.136005
    		2.3 ms
  



  
    		2024-01-16 10:15:17.955019
    		2.2 ms
  



  
    		2024-01-16 11:15:20.951255
    		1.5 ms
  



  
    		2024-01-16 12:15:23.194969
    		0.9 ms
  



  
    		2024-01-16 13:15:26.636362
    		0.9 ms
  



  
    		2024-01-16 14:15:28.605624
    		1.0 ms
  



  
    		2024-01-16 15:15:30.599436
    		0.3 ms
  



  
    		2024-01-16 16:15:32.196198
    		-1.1 ms
  



  
    		2024-01-16 17:15:34.504017
    		2.1 ms
  



  
    		2024-01-16 18:15:36.857858
    		1.0 ms
  



  
    		2024-01-16 19:15:39.448736
    		0.6 ms
  



  
    		2024-01-16 20:15:41.756231
    		0.6 ms
  



  
    		2024-01-16 21:15:43.691343
    		0.1 ms
  



  
    		2024-01-16 22:15:45.543344
    		1.7 ms
  



  
    		2024-01-16 23:15:47.2933
    		1.0 ms
  



  
    		2024-01-17 00:15:49.293066
    		-0.4 ms
  



  
    		2024-01-17 01:15:51.584962
    		0.2 ms
  



  
    		2024-01-17 02:15:54.078131
    		0.6 ms
  



  
    		2024-01-17 03:15:56.99224
    		-1.0 ms
  



  
    		2024-01-17 04:15:58.96508
    		0.3 ms
  



  
    		2024-01-17 05:16:01.962389
    		0.5 ms
  



  
    		2024-01-17 06:16:04.176969
    		1.0 ms
  



  
    		2024-01-17 07:16:06.075179
    		2.3 ms
  



  
    		2024-01-17 08:16:08.349068
    		0.1 ms
  



  
    		2024-01-17 09:16:11.105639
    		-0.6 ms
  



  
    		2024-01-17 10:16:13.128219
    		2.3 ms
  



  
    		2024-01-17 11:16:14.897189
    		2.3 ms
  



  
    		2024-01-17 12:16:17.73773
    		3.8 ms
  



  
    		2024-01-17 13:16:20.30403
    		3.3 ms
  



  
    		2024-01-17 14:16:21.844755
    		4.9 ms
  



  
    		2024-01-17 15:16:23.709907
    		2.1 ms
  



  
    		2024-01-17 16:16:25.432183
    		-0.8 ms
  



  
    		2024-01-17 17:16:27.30334
    		-0.5 ms
  



  
    		2024-01-17 18:16:29.173349
    		1.1 ms
  



  
    		2024-01-17 19:16:32.549478
    		0.4 ms
  



  
    		2024-01-17 20:16:36.723529
    		-1.8 ms
  



  
    		2024-01-17 21:16:40.539705
    		-2.1 ms
  



  
    		2024-01-17 22:16:44.340047
    		-2.0 ms
  



  
    		2024-01-17 23:16:48.503577
    		-1.8 ms
  



  
    		2024-01-18 00:16:50.331627
    		-1.0 ms
  



  
    		2024-01-18 01:16:52.351419
    		1.2 ms
  



  
    		2024-01-18 02:16:54.705751
    		0.9 ms
  



  
    		2024-01-18 03:16:58.519865
    		1.4 ms
  



  
    		2024-01-18 04:17:00.194395
    		1.4 ms
  



  
    		2024-01-18 05:17:02.960165
    		-0.5 ms
  



  
    		2024-01-18 06:17:04.984224
    		1.3 ms
  



  
    		2024-01-18 07:17:08.358623
    		-0.2 ms
  



  
    		2024-01-18 08:17:10.813017
    		2.0 ms
  



  
    		2024-01-18 09:17:13.244742
    		0.3 ms
  



  
    		2024-01-18 10:17:14.937062
    		0.2 ms
  



  
    		2024-01-18 11:17:16.645714
    		0.5 ms
  



  
    		2024-01-18 12:17:19.862659
    		3.2 ms
  



  
    		2024-01-18 13:17:21.497192
    		2.7 ms
  



  
    		2024-01-18 14:17:23.235522
    		0.7 ms
  



  
    		2024-01-18 15:17:26.013892
    		3.2 ms
  



  
    		2024-01-18 16:17:28.852917
    		2.0 ms
  



  
    		2024-01-18 17:17:30.813336
    		1.0 ms
  



  
    		2024-01-18 18:17:34.9617
    		-0.9 ms
  



  
    		2024-01-18 19:17:36.776298
    		0.0 ms
  



  
    		2024-01-18 20:17:39.476419
    		-0.3 ms
  



  
    		2024-01-18 21:17:43.017244
    		-0.4 ms
  



  
    		2024-01-18 22:17:45.462377
    		-0.4 ms
  



  
    		2024-01-18 23:17:49.717659
    		0.8 ms
  



  
    		2024-01-19 00:17:51.425642
    		-1.3 ms
  



  
    		2024-01-19 01:17:55.61846
    		-2.0 ms
  



  
    		2024-01-19 02:17:57.685152
    		-1.4 ms
  



  
    		2024-01-19 03:17:59.739604
    		1.5 ms
  



  
    		2024-01-19 04:18:01.654065
    		-0.1 ms
  



  
    		2024-01-19 05:18:05.508359
    		1.5 ms
  



  
    		2024-01-19 06:18:08.621684
    		1.6 ms
  



  
    		2024-01-19 07:18:11.719259
    		2.8 ms
  



  
    		2024-01-19 08:18:15.299024
    		0.8 ms
  



  
    		2024-01-19 09:18:17.368473
    		2.5 ms
  



  
    		2024-01-19 10:18:19.155809
    		0.0 ms
  



  
    		2024-01-19 11:18:21.070445
    		0.6 ms
  



  
    		2024-01-19 12:18:23.55391
    		1.1 ms
  



  
    		2024-01-19 13:18:25.19055
    		1.4 ms
  



  
    		2024-01-19 14:18:27.274216
    		0.9 ms
  



  
    		2024-01-19 15:18:29.221085
    		1.5 ms
  



  
    		2024-01-19 16:18:30.956541
    		2.7 ms
  



  
    		2024-01-19 17:18:33.647189
    		1.5 ms
  



  
    		2024-01-19 18:18:35.6261
    		1.1 ms
  



  
    		2024-01-19 19:18:39.923344
    		-1.5 ms
  



  
    		2024-01-19 20:18:41.985613
    		-2.4 ms
  



  
    		2024-01-19 21:18:44.464848
    		-2.0 ms
  



  
    		2024-01-19 22:18:46.881683
    		-1.6 ms
  



  
    		2024-01-19 23:18:50.851697
    		-1.6 ms
  



  
    		2024-01-20 00:18:52.791431
    		-1.2 ms
  



  
    		2024-01-20 01:18:55.24379
    		-1.0 ms
  



  
    		2024-01-20 02:18:57.585174
    		-0.3 ms
  



  
    		2024-01-20 03:18:59.399983
    		-0.5 ms
  



  
    		2024-01-20 04:19:03.083381
    		2.4 ms
  



  
    		2024-01-20 05:19:05.042562
    		0.5 ms
  



  
    		2024-01-20 06:19:06.620325
    		-0.4 ms
  



  
    		2024-01-20 07:19:08.572179
    		-0.9 ms
  



  
    		2024-01-20 08:19:10.456251
    		0.4 ms
  



  
    		2024-01-20 09:19:14.202648
    		-1.1 ms
  



  
    		2024-01-20 10:19:15.856018
    		-0.8 ms
  



  
    		2024-01-20 11:19:19.717915
    		4.6 ms
  



  
    		2024-01-20 12:19:23.856833
    		2.3 ms
  



  
    		2024-01-20 13:19:25.727979
    		3.5 ms
  



  
    		2024-01-20 14:19:28.49555
    		5.1 ms
  



  
    		2024-01-20 15:19:32.638777
    		1.7 ms
  



  
    		2024-01-20 16:19:36.668566
    		3.1 ms
  



  
    		2024-01-20 17:19:40.698712
    		2.6 ms
  



  
    		2024-01-20 18:19:43.901731
    		2.8 ms
  



  
    		2024-01-20 19:19:45.742634
    		-0.7 ms
  



  
    		2024-01-20 20:19:48.033554
    		0.4 ms
  



  
    		2024-01-20 21:19:51.0834
    		0.6 ms
  



  
    		2024-01-20 22:19:55.117365
    		-0.6 ms
  



  
    		2024-01-20 23:19:57.294329
    		1.5 ms
  



  
    		2024-01-21 00:19:59.579055
    		0.3 ms
  



  
    		2024-01-21 01:20:02.354803
    		0.8 ms
  



  
    		2024-01-21 02:20:04.964468
    		0.4 ms
  



  
    		2024-01-21 03:20:09.201919
    		0.7 ms
  



  
    		2024-01-21 04:20:11.037265
    		2.2 ms
  



  
    		2024-01-21 05:20:13.350663
    		0.1 ms
  



  
    		2024-01-21 06:20:15.864829
    		1.9 ms
  



  
    		2024-01-21 07:20:18.013295
    		0.4 ms
  



  
    		2024-01-21 08:20:20.460746
    		-0.6 ms
  



  
    		2024-01-21 09:20:22.273573
    		-1.3 ms
  



  
    		2024-01-21 10:20:24.497734
    		1.9 ms
  



  
    		2024-01-21 11:20:26.107452
    		0.8 ms
  



  
    		2024-01-21 12:20:28.712261
    		2.2 ms
  



  
    		2024-01-21 13:20:30.309795
    		0.6 ms
  



  
    		2024-01-21 14:20:34.540244
    		-0.2 ms
  



  
    		2024-01-21 15:20:38.10857
    		2.0 ms
  



  
    		2024-01-21 16:20:40.232177
    		2.2 ms
  



  
    		2024-01-21 17:20:43.957632
    		0.0 ms
  



  
    		2024-01-21 18:20:46.215198
    		1.3 ms
  



  
    		2024-01-21 19:20:50.299004
    		1.6 ms
  



  
    		2024-01-21 20:20:54.671668
    		1.7 ms
  



  
    		2024-01-21 21:20:56.774989
    		-0.6 ms
  



  
    		2024-01-21 22:21:00.899839
    		0.6 ms
  



  
    		2024-01-21 23:21:02.785719
    		1.1 ms
  



  
    		2024-01-22 00:21:06.589715
    		2.2 ms
  



  
    		2024-01-22 01:21:08.75895
    		-0.4 ms
  



  
    		2024-01-22 02:21:10.578049
    		-1.2 ms
  



  
    		2024-01-22 03:21:13.195507
    		-0.8 ms
  



  
    		2024-01-22 04:21:15.264819
    		1.3 ms
  



  
    		2024-01-22 05:21:18.086031
    		1.2 ms
  



  
    		2024-01-22 06:21:20.174573
    		-1.0 ms
  



  
    		2024-01-22 07:21:21.889296
    		0.0 ms
  



  
    		2024-01-22 08:21:24.855048
    		0.4 ms
  



  
    		2024-01-22 09:21:26.964375
    		2.5 ms
  



  
    		2024-01-22 10:21:29.083293
    		0.6 ms
  



  
    		2024-01-22 11:21:31.055555
    		1.9 ms
  



  
    		2024-01-22 12:21:33.239773
    		-0.9 ms
  



  
    		2024-01-22 13:21:35.31976
    		1.4 ms
  



  
    		2024-01-22 14:21:37.15164
    		4.4 ms
  



  
    		2024-01-22 15:21:38.887089
    		2.5 ms
  



  
    		2024-01-22 16:21:41.075895
    		0.0 ms
  



  
    		2024-01-22 17:21:43.183121
    		0.8 ms
  



  
    		2024-01-22 18:21:44.775475
    		-0.7 ms
  



  
    		2024-01-22 19:21:48.419065
    		3.0 ms
  



  
    		2024-01-22 20:21:50.740821
    		1.4 ms
  



  
    		2024-01-22 21:21:52.984788
    		0.2 ms
  



  
    		2024-01-22 22:21:57.059917
    		-0.3 ms
  



  
    		2024-01-22 23:21:58.736916
    		-0.7 ms
  



  
    		2024-01-23 00:22:00.697531
    		1.0 ms
  



  
    		2024-01-23 01:22:02.889627
    		2.1 ms
  



  
    		2024-01-23 02:22:06.494553
    		1.8 ms
  



  
    		2024-01-23 03:22:09.132503
    		1.3 ms
  



  
    		2024-01-23 04:22:12.255672
    		1.2 ms
  



  
    		2024-01-23 05:22:15.293665
    		-0.5 ms
  



  
    		2024-01-23 06:22:17.689373
    		1.1 ms
  



  
    		2024-01-23 07:22:20.583316
    		2.4 ms
  



  
    		2024-01-23 08:22:22.774899
    		0.8 ms
  



  
    		2024-01-23 09:22:24.379127
    		-0.3 ms
  



  
    		2024-01-23 10:22:25.987118
    		4.3 ms
  



  
    		2024-01-23 11:22:28.159686
    		1.2 ms
  



  
    		2024-01-23 12:22:29.693457
    		1.1 ms
  



  
    		2024-01-23 13:22:31.425898
    		0.9 ms
  



  
    		2024-01-23 14:22:33.165778
    		1.3 ms
  



  
    		2024-01-23 15:22:35.343108
    		1.6 ms
  



  
    		2024-01-23 16:22:37.09892
    		2.0 ms
  



  
    		2024-01-23 17:22:39.118789
    		2.8 ms
  



  
    		2024-01-23 18:22:41.348757
    		0.6 ms
  



  
    		2024-01-23 19:22:44.095586
    		3.3 ms
  



  
    		2024-01-23 20:22:46.994529
    		-1.2 ms
  



  
    		2024-01-23 21:22:50.961768
    		-3.6 ms
  



  
    		2024-01-23 22:22:55.011385
    		-2.4 ms
  



  
    		2024-01-23 23:22:56.545099
    		0.5 ms
  



  
    		2024-01-24 00:23:00.674803
    		-1.7 ms
  



  
    		2024-01-24 01:23:02.419094
    		-2.4 ms
  



  
    		2024-01-24 02:23:04.832328
    		-3.0 ms
  



  
    		2024-01-24 03:23:06.810878
    		0.0 ms
  



  
    		2024-01-24 04:23:08.497218
    		-1.2 ms
  



  
    		2024-01-24 05:23:10.374461
    		1.8 ms
  



  
    		2024-01-24 06:23:13.775877
    		0.2 ms
  



  
    		2024-01-24 07:23:15.890868
    		-2.9 ms
  



  
    		2024-01-24 08:23:18.343574
    		-0.1 ms
  



  
    		2024-01-24 09:23:20.002505
    		5.8 ms
  



  
    		2024-01-24 10:23:22.374561
    		0.3 ms
  



  
    		2024-01-24 11:23:24.598796
    		1.6 ms
  



  
    		2024-01-24 12:23:28.016933
    		2.3 ms
  



  
    		2024-01-24 13:23:29.680662
    		3.8 ms
  



  
    		2024-01-24 14:23:31.33158
    		1.1 ms
  



  
    		2024-01-24 15:23:33.02789
    		0.4 ms
  



  
    		2024-01-24 16:23:35.500993
    		5.0 ms
  



  
    		2024-01-24 17:23:37.74661
    		1.4 ms
  



  
    		2024-01-24 18:23:41.316873
    		2.6 ms
  



  
    		2024-01-24 19:23:44.605997
    		1.1 ms
  



  
    		2024-01-24 20:23:48.103445
    		-1.3 ms
  



  
    		2024-01-24 21:23:50.185684
    		1.6 ms
  



  
    		2024-01-24 22:23:52.826048
    		1.0 ms
  



  
    		2024-01-24 23:23:54.888753
    		-0.3 ms
  



  
    		2024-01-25 00:23:56.727818
    		-5.8 ms
  



  
    		2024-01-25 01:23:59.091207
    		-2.6 ms
  



  
    		2024-01-25 02:24:01.449597
    		0.3 ms
  



  
    		2024-01-25 03:24:03.678668
    		-1.8 ms
  



  
    		2024-01-25 04:24:05.428444
    		-2.6 ms
  



  
    		2024-01-25 05:24:08.542311
    		1.1 ms
  



  
    		2024-01-25 06:24:10.675262
    		1.3 ms
  



  
    		2024-01-25 07:24:13.378971
    		3.6 ms
  



  
    		2024-01-25 08:24:15.341543
    		4.5 ms
  



  
    		2024-01-25 09:24:17.21282
    		4.0 ms
  



  
    		2024-01-25 10:24:18.851058
    		2.2 ms
  



  
    		2024-01-25 11:24:20.76762
    		2.4 ms
  



  
    		2024-01-25 12:24:22.436158
    		1.8 ms
  



  
    		2024-01-25 13:24:23.989514
    		0.6 ms
  



  
    		2024-01-25 14:24:25.689258
    		2.6 ms
  



  
    		2024-01-25 15:24:28.998035
    		0.3 ms
  



  
    		2024-01-25 16:24:30.71304
    		0.7 ms
  



  
    		2024-01-25 17:24:32.330125
    		0.1 ms
  



  
    		2024-01-25 18:24:36.166054
    		-0.4 ms
  



  
    		2024-01-25 19:24:38.120249
    		-0.8 ms
  



  
    		2024-01-25 20:24:39.516723
    		-1.4 ms
  



  
    		2024-01-25 21:24:41.776199
    		-1.4 ms
  



  
    		2024-01-25 22:24:44.348162
    		-1.5 ms
  



  
    		2024-01-25 23:24:46.912195
    		0.8 ms
  



  
    		2024-01-26 00:24:49.561098
    		0.4 ms
  



  
    		2024-01-26 01:24:51.787597
    		-3.1 ms
  



  
    		2024-01-26 02:24:53.774511
    		-3.8 ms
  



  
    		2024-01-26 03:24:55.735
    		-2.1 ms
  



  
    		2024-01-26 04:24:57.531761
    		-0.7 ms
  



  
    		2024-01-26 05:24:59.595063
    		1.6 ms
  



  
    		2024-01-26 06:25:01.134732
    		0.7 ms
  



  
    		2024-01-26 07:25:03.31442
    		-2.3 ms
  



  
    		2024-01-26 08:25:04.901503
    		-0.1 ms
  



  
    		2024-01-26 09:25:06.468149
    		1.5 ms
  



  
    		2024-01-26 10:25:07.986207
    		1.5 ms
  



  
    		2024-01-26 11:25:09.792592
    		1.7 ms
  



  
    		2024-01-26 12:25:11.428032
    		1.7 ms
  



  
    		2024-01-26 13:25:13.384254
    		0.8 ms
  



  
    		2024-01-26 14:25:15.445476
    		0.2 ms
  



  
    		2024-01-26 15:25:17.617156
    		1.9 ms
  



  
    		2024-01-26 16:25:20.534937
    		0.1 ms
  



  
    		2024-01-26 17:25:22.77589
    		-1.4 ms
  



  
    		2024-01-26 18:25:25.306702
    		3.2 ms
  



  
    		2024-01-26 19:25:28.051604
    		-2.6 ms
  



  
    		2024-01-26 20:25:31.092164
    		2.0 ms
  



  
    		2024-01-26 21:25:33.115173
    		2.7 ms
  



  
    		2024-01-26 22:25:35.588317
    		-1.0 ms
  



  
    		2024-01-26 23:25:37.295864
    		0.3 ms
  



  
    		2024-01-27 00:25:39.013663
    		-2.1 ms
  



  
    		2024-01-27 01:25:40.874695
    		2.1 ms
  



  
    		2024-01-27 02:25:42.639031
    		-1.0 ms
  



  
    		2024-01-27 03:25:44.413077
    		2.2 ms
  



  
    		2024-01-27 04:25:46.49733
    		1.0 ms
  



  
    		2024-01-27 05:25:48.939485
    		2.8 ms
  



  
    		2024-01-27 06:25:50.820937
    		1.2 ms
  



  
    		2024-01-27 07:25:52.39657
    		1.1 ms
  



  
    		2024-01-27 08:25:54.672816
    		3.1 ms
  



  
    		2024-01-27 09:25:56.307231
    		1.8 ms
  



  
    		2024-01-27 10:25:58.014015
    		2.6 ms
  



  
    		2024-01-27 11:25:59.638043
    		-0.6 ms
  



  
    		2024-01-27 12:26:02.125422
    		3.1 ms
  



  
    		2024-01-27 13:26:03.708404
    		-1.0 ms
  



  
    		2024-01-27 14:26:05.955989
    		-2.7 ms
  



  
    		2024-01-27 15:26:07.567602
    		-1.3 ms
  



  
    		2024-01-27 16:26:09.193611
    		0.6 ms
  



  
    		2024-01-27 17:26:10.858412
    		-0.4 ms
  



  
    		2024-01-27 18:26:12.395308
    		-0.7 ms
  



  
    		2024-01-27 19:26:15.116789
    		-0.2 ms
  



  
    		2024-01-27 20:26:16.717568
    		1.4 ms
  



  
    		2024-01-27 21:26:18.803923
    		-0.3 ms
  



  
    		2024-01-27 22:26:21.054759
    		1.9 ms
  



  
    		2024-01-27 23:26:22.972872
    		0.3 ms
  



  
    		2024-01-28 00:26:25.982346
    		1.5 ms
  



  
    		2024-01-28 01:26:28.828633
    		3.0 ms
  



  
    		2024-01-28 02:26:31.349379
    		3.3 ms
  



  
    		2024-01-28 03:26:32.913545
    		0.7 ms
  



  
    		2024-01-28 04:26:34.98071
    		0.4 ms
  



  
    		2024-01-28 05:26:36.6741
    		1.6 ms
  



  
    		2024-01-28 06:26:38.856918
    		2.8 ms
  



  
    		2024-01-28 07:26:41.930014
    		0.2 ms
  



  
    		2024-01-28 08:26:43.502659
    		2.9 ms
  



  
    		2024-01-28 09:26:45.15875
    		1.1 ms
  



  
    		2024-01-28 10:26:47.018157
    		0.3 ms
  



  
    		2024-01-28 11:26:48.881429
    		2.8 ms
  



  
    		2024-01-28 12:26:50.539431
    		0.9 ms
  



  
    		2024-01-28 13:26:53.199172
    		1.5 ms
  



  
    		2024-01-28 14:26:56.277562
    		0.3 ms
  



  
    		2024-01-28 15:26:57.669371
    		3.1 ms
  



  
    		2024-01-28 16:27:01.219239
    		2.9 ms
  



  
    		2024-01-28 17:27:03.070108
    		1.7 ms
  



  
    		2024-01-28 18:27:04.772104
    		1.0 ms
  



  
    		2024-01-28 19:27:06.697665
    		0.6 ms
  



  
    		2024-01-28 20:27:08.674808
    		1.0 ms
  



  
    		2024-01-28 21:27:10.630106
    		-1.1 ms
  



  
    		2024-01-28 22:27:12.416952
    		-2.7 ms
  



  
    		2024-01-28 23:27:14.3537
    		-0.1 ms
  



  
    		2024-01-29 00:27:16.684403
    		1.9 ms
  



  
    		2024-01-29 01:27:18.499536
    		1.7 ms
  



  
    		2024-01-29 02:27:21.336152
    		-1.5 ms
  



  
    		2024-01-29 03:27:23.589688
    		-1.7 ms
  



  
    		2024-01-29 04:27:26.095845
    		-1.0 ms
  



  
    		2024-01-29 05:27:27.600669
    		1.4 ms
  



  
    		2024-01-29 06:27:31.352176
    		-1.1 ms
  



  
    		2024-01-29 07:27:34.494991
    		-2.0 ms
  



  
    		2024-01-29 08:27:36.231903
    		0.5 ms
  



  
    		2024-01-29 09:27:37.803316
    		-0.9 ms
  



  
    		2024-01-29 10:27:39.631594
    		1.3 ms
  



  
    		2024-01-29 11:27:42.074225
    		0.0 ms
  



  
    		2024-01-29 12:27:43.85884
    		1.4 ms
  



  
    		2024-01-29 13:27:45.253794
    		-1.0 ms
  



  
    		2024-01-29 14:27:47.060734
    		2.9 ms
  



  
    		2024-01-29 15:27:48.89817
    		0.2 ms
  



  
    		2024-01-29 16:27:50.813807
    		1.4 ms
  



  
    		2024-01-29 17:27:52.33642
    		1.1 ms
  



  
    		2024-01-29 18:27:53.929355
    		-0.3 ms
  



  
    		2024-01-29 19:27:57.668002
    		-1.6 ms
  



  
    		2024-01-29 20:27:59.991401
    		0.4 ms
  



  
    		2024-01-29 21:28:02.190025
    		-0.5 ms
  



  
    		2024-01-29 22:28:05.213527
    		2.7 ms
  



  
    		2024-01-29 23:28:07.63733
    		1.4 ms
  



  
    		2024-01-30 00:28:09.7943
    		2.9 ms
  



  
    		2024-01-30 01:28:12.079041
    		2.1 ms
  



  
    		2024-01-30 02:28:14.058365
    		-1.9 ms
  



  
    		2024-01-30 03:28:16.450751
    		-1.2 ms
  



  
    		2024-01-30 04:28:19.197107
    		-1.7 ms
  



  
    		2024-01-30 05:28:21.376619
    		1.2 ms
  



  
    		2024-01-30 06:28:23.60055
    		-1.0 ms
  



  
    		2024-01-30 07:28:25.987898
    		-1.3 ms
  



  
    		2024-01-30 08:28:27.778365
    		-0.5 ms
  



  
    		2024-01-30 09:28:29.604862
    		1.1 ms
  



  
    		2024-01-30 10:28:31.707677
    		2.0 ms
  



  
    		2024-01-30 11:28:34.976864
    		2.3 ms
  



  
    		2024-01-30 12:28:36.510289
    		4.3 ms
  



  
    		2024-01-30 13:28:38.763475
    		0.3 ms
  



  
    		2024-01-30 14:28:41.026828
    		0.0 ms
  



  
    		2024-01-30 15:28:42.774455
    		2.1 ms
  



  
    		2024-01-30 16:28:44.377107
    		0.2 ms
  



  
    		2024-01-30 17:28:46.004612
    		0.3 ms
  



  
    		2024-01-30 18:28:47.723495
    		0.6 ms
  



  
    		2024-01-30 19:28:51.588165
    		2.5 ms
  



  
    		2024-01-30 20:28:53.388726
    		0.3 ms
  



  
    		2024-01-30 21:28:56.003214
    		-0.3 ms
  



  
    		2024-01-30 22:28:58.674487
    		-2.1 ms
  



  
    		2024-01-30 23:29:00.391065
    		-1.2 ms
  



  
    		2024-01-31 00:29:03.698765
    		0.4 ms
  



  
    		2024-01-31 01:29:06.228219
    		1.5 ms
  



  
    		2024-01-31 02:29:08.704073
    		2.0 ms
  



  
    		2024-01-31 03:29:11.284837
    		3.4 ms
  



  
    		2024-01-31 04:29:13.358149
    		-0.8 ms
  



  
    		2024-01-31 05:29:17.375465
    		0.2 ms
  



  
    		2024-01-31 06:29:21.626778
    		-3.5 ms
  



  
    		2024-01-31 07:29:23.486712
    		-1.6 ms
  



  
    		2024-01-31 08:29:26.394521
    		5.0 ms
  



  
    		2024-01-31 09:29:29.058722
    		4.0 ms
  



  
    		2024-01-31 10:29:30.824255
    		4.4 ms
  



  
    		2024-01-31 11:29:32.897613
    		0.6 ms
  



  
    		2024-01-31 12:29:35.451368
    		1.3 ms
  



  
    		2024-01-31 13:29:37.431584
    		2.1 ms
  



  
    		2024-01-31 14:29:38.967059
    		-1.5 ms
  



  
    		2024-01-31 15:29:40.551776
    		2.6 ms
  



  
    		2024-01-31 16:29:44.422642
    		-1.2 ms
  



  
    		2024-01-31 17:29:47.776399
    		-0.3 ms
  



  
    		2024-01-31 18:29:51.305119
    		-1.4 ms
  



  
    		2024-01-31 19:29:52.914046
    		0.2 ms
  



  
    		2024-01-31 20:29:56.093808
    		3.6 ms
  



  
    		2024-01-31 21:29:58.871792
    		-0.4 ms
  



  
    		2024-01-31 22:30:00.888108
    		0.9 ms
  



  
    		2024-01-31 23:30:03.592709
    		0.0 ms
  



  
    		2024-02-01 00:30:07.203741
    		-0.2 ms
  



  
    		2024-02-01 01:30:11.429662
    		-1.1 ms
  



  
    		2024-02-01 02:30:14.919081
    		-0.9 ms
  



  
    		2024-02-01 03:30:17.391121
    		-1.5 ms
  



  
    		2024-02-01 04:30:19.907571
    		-3.1 ms
  



  
    		2024-02-01 05:30:22.908141
    		0.2 ms
  



  
    		2024-02-01 06:30:25.977828
    		0.3 ms
  



  
    		2024-02-01 07:30:27.712774
    		2.3 ms
  



  
    		2024-02-01 08:30:29.404052
    		0.7 ms
  



  
    		2024-02-01 09:30:31.118271
    		1.6 ms
  



  
    		2024-02-01 10:30:33.086158
    		1.1 ms
  



  
    		2024-02-01 11:30:35.106072
    		11.4 ms
  



  
    		2024-02-01 12:30:37.031781
    		-0.2 ms
  



  
    		2024-02-01 13:30:38.744382
    		2.7 ms
  



  
    		2024-02-01 14:30:40.765805
    		1.3 ms
  



  
    		2024-02-01 15:30:42.423766
    		0.8 ms
  



  
    		2024-02-01 16:30:45.17175
    		0.3 ms
  



  
    		2024-02-01 17:30:48.925338
    		0.7 ms
  



  
    		2024-02-01 18:30:50.750364
    		1.7 ms
  



  
    		2024-02-01 19:30:53.112761
    		0.3 ms
  



  
    		2024-02-01 20:30:54.910134
    		2.6 ms
  



  
    		2024-02-01 21:30:57.231187
    		3.6 ms
  



  
    		2024-02-01 22:30:59.012449
    		2.4 ms
  



  
    		2024-02-01 23:31:01.873719
    		2.7 ms
  



  
    		2024-02-02 00:31:03.556955
    		0.5 ms
  



  
    		2024-02-02 01:31:05.687892
    		-0.1 ms
  



  
    		2024-02-02 02:31:07.56414
    		0.3 ms
  



  
    		2024-02-02 03:31:09.697843
    		-0.3 ms
  



  
    		2024-02-02 04:31:11.632861
    		0.1 ms
  



  
    		2024-02-02 05:31:13.350219
    		1.0 ms
  



  
    		2024-02-02 06:31:15.088581
    		-0.4 ms
  



  
    		2024-02-02 07:31:17.116594
    		0.3 ms
  



  
    		2024-02-02 08:31:19.123007
    		2.8 ms
  



  
    		2024-02-02 09:31:21.221532
    		0.2 ms
  



  
    		2024-02-02 10:31:23.067798
    		3.3 ms
  



  
    		2024-02-02 11:31:24.569366
    		1.6 ms
  



  
    		2024-02-02 12:31:26.254315
    		1.2 ms
  



  
    		2024-02-02 13:31:27.883208
    		0.0 ms
  



  
    		2024-02-02 14:31:30.035635
    		3.4 ms
  



  
    		2024-02-02 15:31:31.881356
    		0.2 ms
  



  
    		2024-02-02 16:31:35.6306
    		0.5 ms
  



  
    		2024-02-02 17:31:39.815223
    		0.4 ms
  



  
    		2024-02-02 18:31:41.640227
    		0.2 ms
  



  
    		2024-02-02 19:31:43.573039
    		-0.5 ms
  



  
    		2024-02-02 20:31:45.738951
    		1.6 ms
  



  
    		2024-02-02 21:31:48.552975
    		-0.7 ms
  



  
    		2024-02-02 22:31:52.506795
    		0.9 ms
  



  
    		2024-02-02 23:31:54.292771
    		1.0 ms
  



  
    		2024-02-03 00:31:56.513044
    		0.4 ms
  



  
    		2024-02-03 01:31:59.910968
    		1.5 ms
  



  
    		2024-02-03 02:32:02.040524
    		1.7 ms
  



  
    		2024-02-03 03:32:04.764387
    		0.0 ms
  



  
    		2024-02-03 04:32:08.253056
    		-0.5 ms
  



  
    		2024-02-03 05:32:09.939495
    		0.4 ms
  



  
    		2024-02-03 06:32:14.30761
    		0.8 ms
  



  
    		2024-02-03 07:32:16.445474
    		-0.3 ms
  



  
    		2024-02-03 08:32:18.114707
    		1.9 ms
  



  
    		2024-02-03 09:32:21.397662
    		0.0 ms
  



  
    		2024-02-03 10:32:23.308934
    		0.5 ms
  



  
    		2024-02-03 11:32:26.012773
    		-0.3 ms
  



  
    		2024-02-03 12:32:27.91668
    		-1.4 ms
  



  
    		2024-02-03 13:32:31.981199
    		-2.2 ms
  



  
    		2024-02-03 14:32:35.873741
    		-2.4 ms
  



  
    		2024-02-03 15:32:39.727725
    		-2.4 ms
  



  
    		2024-02-03 16:32:41.911391
    		0.7 ms
  



  
    		2024-02-03 17:32:43.766295
    		-0.2 ms
  



  
    		2024-02-03 18:32:45.767846
    		-1.5 ms
  



  
    		2024-02-03 19:32:47.479144
    		-2.4 ms
  



  
    		2024-02-03 20:32:49.952294
    		-4.5 ms
  



  
    		2024-02-03 21:32:52.858984
    		-3.2 ms
  



  
    		2024-02-03 22:32:54.700213
    		-0.5 ms
  



  
    		2024-02-03 23:32:56.995773
    		0.7 ms
  



  
    		2024-02-04 00:33:00.683513
    		0.2 ms
  



  
    		2024-02-04 01:33:02.745732
    		0.1 ms
  



  
    		2024-02-04 02:33:05.249641
    		-0.2 ms
  



  
    		2024-02-04 03:33:08.129744
    		-1.5 ms
  



  
    		2024-02-04 04:33:11.239821
    		2.3 ms
  



  
    		2024-02-04 05:33:13.271299
    		-1.2 ms
  



  
    		2024-02-04 06:33:15.609627
    		-0.7 ms
  



  
    		2024-02-04 07:33:18.529772
    		1.1 ms
  



  
    		2024-02-04 08:33:20.157491
    		1.9 ms
  



  
    		2024-02-04 09:33:22.238269
    		2.5 ms
  



  
    		2024-02-04 10:33:23.832973
    		1.9 ms
  



  
    		2024-02-04 11:33:25.435075
    		1.8 ms
  



  
    		2024-02-04 12:33:27.110374
    		0.2 ms
  



  
    		2024-02-04 13:33:29.297705
    		-0.3 ms
  



  
    		2024-02-04 14:33:31.78664
    		1.2 ms
  



  
    		2024-02-04 15:33:33.593892
    		-0.1 ms
  



  
    		2024-02-04 16:33:35.654533
    		-1.0 ms
  



  
    		2024-02-04 17:33:37.751284
    		0.2 ms
  



  
    		2024-02-04 18:33:40.1629
    		-1.6 ms
  



  
    		2024-02-04 19:33:42.490356
    		-1.0 ms
  



  
    		2024-02-04 20:33:44.391349
    		-0.4 ms
  



  
    		2024-02-04 21:33:46.519312
    		-0.1 ms
  



  
    		2024-02-04 22:33:48.381785
    		0.3 ms
  



  
    		2024-02-04 23:33:52.434722
    		0.8 ms
  



  
    		2024-02-05 00:33:54.572958
    		-0.4 ms
  



  
    		2024-02-05 01:33:58.618261
    		1.4 ms
  



  
    		2024-02-05 02:34:00.378418
    		-0.7 ms
  



  
    		2024-02-05 03:34:02.618172
    		-1.0 ms
  



  
    		2024-02-05 04:34:04.267559
    		-1.3 ms
  



  
    		2024-02-05 05:34:05.983539
    		2.8 ms
  



  
    		2024-02-05 06:34:07.557878
    		1.8 ms
  



  
    		2024-02-05 07:34:09.142649
    		0.9 ms
  



  
    		2024-02-05 08:34:11.510276
    		-0.1 ms
  



  
    		2024-02-05 09:34:13.126496
    		1.7 ms
  



  
    		2024-02-05 10:34:15.169202
    		6.4 ms
  



  
    		2024-02-05 11:34:17.186183
    		5.1 ms
  



  
    		2024-02-05 12:34:19.053393
    		3.0 ms
  



  
    		2024-02-05 13:34:21.029305
    		3.6 ms
  



  
    		2024-02-05 14:34:22.963217
    		2.9 ms
  



  
    		2024-02-05 15:34:24.62572
    		0.4 ms
  



  
    		2024-02-05 16:34:26.408701
    		-0.3 ms
  



  
    		2024-02-05 17:34:28.654409
    		1.3 ms
  



  
    		2024-02-05 18:34:31.603103
    		0.8 ms
  



  
    		2024-02-05 19:34:33.14687
    		-0.4 ms
  



  
    		2024-02-05 20:34:34.989668
    		-0.2 ms
  



  
    		2024-02-05 21:34:36.518198
    		0.0 ms
  



  
    		2024-02-05 22:34:38.154129
    		-1.0 ms
  



  
    		2024-02-05 23:34:41.257052
    		-0.9 ms
  



  
    		2024-02-06 00:34:43.537012
    		0.8 ms
  



  
    		2024-02-06 01:34:46.885123
    		0.8 ms
  



  
    		2024-02-06 02:34:49.711871
    		-1.2 ms
  



  
    		2024-02-06 03:34:52.476511
    		-1.3 ms
  



  
    		2024-02-06 04:34:54.126381
    		0.2 ms
  



  
    		2024-02-06 05:34:55.614671
    		-1.0 ms
  



  
    		2024-02-06 06:34:58.798961
    		0.2 ms
  



  
    		2024-02-06 07:35:00.361073
    		2.9 ms
  



  
    		2024-02-06 08:35:02.078938
    		-0.4 ms
  



  
    		2024-02-06 09:35:03.580828
    		1.4 ms
  



  
    		2024-02-06 10:35:05.194886
    		-4.7 ms
  



  
    		2024-02-06 11:35:06.770005
    		1.5 ms
  



  
    		2024-02-06 12:35:08.258423
    		5.9 ms
  



  
    		2024-02-06 13:35:09.799024
    		1.9 ms
  



  
    		2024-02-06 14:35:11.811963
    		-1.5 ms
  



  
    		2024-02-06 15:35:13.733511
    		-0.8 ms
  



  
    		2024-02-06 16:35:15.831718
    		-0.3 ms
  



  
    		2024-02-06 17:35:17.871426
    		-0.4 ms
  



  
    		2024-02-06 18:35:19.742027
    		-2.0 ms
  



  
    		2024-02-06 19:35:21.494618
    		1.1 ms
  



  
    		2024-02-06 20:35:23.642303
    		-1.6 ms
  



  
    		2024-02-06 21:35:25.213323
    		-1.4 ms
  



  
    		2024-02-06 22:35:27.410799
    		1.3 ms
  



  
    		2024-02-06 23:35:29.376647
    		-0.8 ms
  



  
    		2024-02-07 00:35:32.969564
    		-0.3 ms
  



  
    		2024-02-07 01:35:34.854007
    		1.8 ms
  



  
    		2024-02-07 02:35:38.579202
    		-0.8 ms
  



  
    		2024-02-07 03:35:40.891631
    		1.5 ms
  



  
    		2024-02-07 04:35:44.567165
    		0.4 ms
  



  
    		2024-02-07 05:35:47.474034
    		0.9 ms
  



  
    		2024-02-07 06:35:49.351256
    		0.6 ms
  



  
    		2024-02-07 07:35:51.36916
    		0.1 ms
  



  
    		2024-02-07 08:35:53.020175
    		-0.5 ms
  



  
    		2024-02-07 09:35:55.353071
    		1.9 ms
  



  
    		2024-02-07 10:35:56.994515
    		-1.4 ms
  



  
    		2024-02-07 11:35:58.759629
    		0.8 ms
  



  
    		2024-02-07 12:36:00.632628
    		4.6 ms
  



  
    		2024-02-07 13:36:03.000537
    		-0.1 ms
  



  
    		2024-02-07 14:36:04.863034
    		0.9 ms
  



  
    		2024-02-07 15:36:06.587654
    		1.5 ms
  



  
    		2024-02-07 16:36:09.288267
    		2.2 ms
  



  
    		2024-02-07 17:36:11.977456
    		2.6 ms
  



  
    		2024-02-07 18:36:13.676627
    		2.4 ms
  



  
    		2024-02-07 19:36:16.685043
    		-0.2 ms
  



  
    		2024-02-07 20:36:18.977854
    		-0.9 ms
  



  
    		2024-02-07 21:36:20.577245
    		0.3 ms
  



  
    		2024-02-07 22:36:22.150635
    		2.2 ms
  



  
    		2024-02-07 23:36:24.050595
    		-1.4 ms
  



  
    		2024-02-08 00:36:26.043543
    		0.1 ms
  



  
    		2024-02-08 01:36:27.945905
    		-3.0 ms
  



  
    		2024-02-08 02:36:30.172907
    		-1.8 ms
  



  
    		2024-02-08 03:36:31.922751
    		3.7 ms
  



  
    		2024-02-08 04:36:34.302388
    		4.4 ms
  



  
    		2024-02-08 05:36:36.99619
    		1.6 ms
  



  
    		2024-02-08 06:36:39.157913
    		0.5 ms
  



  
    		2024-02-08 07:36:41.838488
    		1.9 ms
  



  
    		2024-02-08 08:36:43.929505
    		2.9 ms
  



  
    		2024-02-08 09:36:46.059727
    		2.0 ms
  



  
    		2024-02-08 10:36:47.725584
    		0.7 ms
  



  
    		2024-02-08 11:36:50.686486
    		0.4 ms
  



  
    		2024-02-08 12:36:52.344845
    		0.3 ms
  



  
    		2024-02-08 13:36:54.080406
    		1.6 ms
  



  
    		2024-02-08 14:36:55.887353
    		0.2 ms
  



  
    		2024-02-08 15:36:57.715966
    		-0.9 ms
  



  
    		2024-02-08 16:36:59.636669
    		-0.9 ms
  



  
    		2024-02-08 17:37:01.973896
    		0.8 ms
  



  
    		2024-02-08 18:37:03.595042
    		1.0 ms
  



  
    		2024-02-08 19:37:05.475863
    		2.8 ms
  



  
    		2024-02-08 20:37:07.854294
    		2.1 ms
  



  
    		2024-02-08 21:37:10.636251
    		-0.5 ms
  



  
    		2024-02-08 22:37:14.894018
    		0.3 ms
  



  
    		2024-02-08 23:37:16.47041
    		1.4 ms
  



  
    		2024-02-09 00:37:17.963917
    		-0.8 ms
  



  
    		2024-02-09 01:37:20.328382
    		1.4 ms
  



  
    		2024-02-09 02:37:22.852061
    		-1.6 ms
  



  
    		2024-02-09 03:37:25.304204
    		0.7 ms
  



  
    		2024-02-09 04:37:26.928893
    		-0.9 ms
  



  
    		2024-02-09 05:37:29.722811
    		0.4 ms
  



  
    		2024-02-09 06:37:31.448842
    		1.1 ms
  



  
    		2024-02-09 07:37:33.279109
    		0.7 ms
  



  
    		2024-02-09 08:37:36.14488
    		2.7 ms
  



  
    		2024-02-09 09:37:39.049442
    		1.5 ms
  



  
    		2024-02-09 10:37:40.83388
    		2.9 ms
  



  
    		2024-02-09 11:37:43.302666
    		1.4 ms
  



  
    		2024-02-09 12:37:45.28228
    		-0.1 ms
  



  
    		2024-02-09 13:37:47.804465
    		2.2 ms
  



  
    		2024-02-09 14:37:49.398684
    		0.8 ms
  



  
    		2024-02-09 15:37:51.288984
    		-0.8 ms
  



  
    		2024-02-09 16:37:53.620151
    		-0.7 ms
  



  
    		2024-02-09 17:37:55.545906
    		0.2 ms
  



  
    		2024-02-09 18:37:57.613261
    		-0.2 ms
  



  
    		2024-02-09 19:38:01.320034
    		-0.8 ms
  



  
    		2024-02-09 20:38:03.644016
    		1.9 ms
  



  
    		2024-02-09 21:38:05.764315
    		-0.5 ms
  



  
    		2024-02-09 22:38:08.236999
    		2.3 ms
  



  
    		2024-02-09 23:38:10.261912
    		1.9 ms
  



  
    		2024-02-10 00:38:13.967055
    		0.4 ms
  



  
    		2024-02-10 01:38:16.289116
    		2.6 ms
  



  
    		2024-02-10 02:38:18.543386
    		0.0 ms
  



  
    		2024-02-10 03:38:21.731931
    		-0.6 ms
  



  
    		2024-02-10 04:38:26.236887
    		-0.1 ms
  



  
    		2024-02-10 05:38:28.134714
    		0.5 ms
  



  
    		2024-02-10 06:38:29.942975
    		1.3 ms
  



  
    		2024-02-10 07:38:31.728383
    		2.3 ms
  



  
    		2024-02-10 08:38:34.032968
    		1.6 ms
  



  
    		2024-02-10 09:38:35.893122
    		3.6 ms
  



  
    		2024-02-10 10:38:37.56041
    		3.0 ms
  



  
    		2024-02-10 11:38:39.723764
    		1.7 ms
  



  
    		2024-02-10 12:38:42.385572
    		-0.5 ms
  



  
    		2024-02-10 13:38:43.977019
    		0.2 ms
  



  
    		2024-02-10 14:38:45.773941
    		1.8 ms
  



  
    		2024-02-10 15:38:48.039884
    		0.8 ms
  



  
    		2024-02-10 16:38:50.004831
    		0.8 ms
  



  
    		2024-02-10 17:38:51.92245
    		1.1 ms
  



  
    		2024-02-10 18:38:53.894326
    		0.6 ms
  



  
    		2024-02-10 19:38:55.731848
    		-0.8 ms
  



  
    		2024-02-10 20:38:57.34631
    		-0.4 ms
  



  
    		2024-02-10 21:38:59.12842
    		0.1 ms
  



  
    		2024-02-10 22:39:00.76527
    		0.9 ms
  



  
    		2024-02-10 23:39:03.012313
    		-0.2 ms
  



  
    		2024-02-11 00:39:04.915853
    		0.1 ms
  



  
    		2024-02-11 01:39:07.131752
    		-1.5 ms
  



  
    		2024-02-11 02:39:10.501265
    		-0.2 ms
  



  
    		2024-02-11 03:39:12.954114
    		-1.2 ms
  



  
    		2024-02-11 04:39:16.306699
    		1.4 ms
  



  
    		2024-02-11 05:39:18.446773
    		0.8 ms
  



  
    		2024-02-11 06:39:20.555608
    		2.8 ms
  



  
    		2024-02-11 07:39:22.338573
    		1.1 ms
  



  
    		2024-02-11 08:39:25.365638
    		0.8 ms
  



  
    		2024-02-11 09:39:27.895221
    		0.9 ms
  



  
    		2024-02-11 10:39:29.760267
    		-0.3 ms
  



  
    		2024-02-11 11:39:32.002503
    		-0.4 ms
  



  
    		2024-02-11 12:39:33.871508
    		-1.4 ms
  



  
    		2024-02-11 13:39:35.852916
    		-1.3 ms
  



  
    		2024-02-11 14:39:37.551324
    		1.6 ms
  



  
    		2024-02-11 15:39:40.678458
    		-0.6 ms
  



  
    		2024-02-11 16:39:42.531425
    		-1.8 ms
  



  
    		2024-02-11 17:39:44.312793
    		-2.0 ms
  



  
    		2024-02-11 18:39:46.214138
    		-1.6 ms
  



  
    		2024-02-11 19:39:48.01517
    		-0.1 ms
  



  
    		2024-02-11 20:39:49.831035
    		2.1 ms
  



  
    		2024-02-11 21:39:51.529343
    		0.9 ms
  



  
    		2024-02-11 22:39:53.204807
    		1.1 ms
  



  
    		2024-02-11 23:39:55.400171
    		1.0 ms
  



  
    		2024-02-12 00:39:57.094805
    		1.0 ms
  



  
    		2024-02-12 01:39:58.782734
    		0.3 ms
  



  
    		2024-02-12 02:40:02.737704
    		-1.3 ms
  



  
    		2024-02-12 03:40:05.081502
    		0.2 ms
  



  
    		2024-02-12 04:40:06.935497
    		0.5 ms
  



  
    		2024-02-12 05:40:09.205184
    		3.9 ms
  



  
    		2024-02-12 06:40:10.833742
    		2.0 ms
  



  
    		2024-02-12 07:40:13.556961
    		-0.6 ms
  



  
    		2024-02-12 08:40:15.301836
    		-0.9 ms
  



  
    		2024-02-12 09:40:17.365619
    		-0.1 ms
  



  
    		2024-02-12 10:40:20.026646
    		1.9 ms
  



  
    		2024-02-12 11:40:21.795057
    		3.6 ms
  



  
    		2024-02-12 12:40:23.537473
    		4.1 ms
  



  
    		2024-02-12 13:40:25.054999
    		1.3 ms
  



  
    		2024-02-12 14:40:26.555462
    		2.4 ms
  



  
    		2024-02-12 15:40:28.118338
    		3.0 ms
  



  
    		2024-02-12 16:40:30.788629
    		3.6 ms
  



  
    		2024-02-12 17:40:33.450697
    		0.1 ms
  



  
    		2024-02-12 18:40:35.507427
    		-0.1 ms
  



  
    		2024-02-12 19:40:38.19334
    		-0.4 ms
  



  
    		2024-02-12 20:40:40.624415
    		1.2 ms
  



  
    		2024-02-12 21:40:42.682154
    		0.0 ms
  



  
    		2024-02-12 22:40:46.158826
    		1.7 ms
  



  
    		2024-02-12 23:40:47.808316
    		0.7 ms
  



  
    		2024-02-13 00:40:49.730309
    		-0.6 ms
  



  
    		2024-02-13 01:40:51.602833
    		-0.4 ms
  



  
    		2024-02-13 02:40:55.165608
    		0.0 ms
  



  
    		2024-02-13 03:40:59.60922
    		1.0 ms
  



  
    		2024-02-13 04:41:01.77451
    		1.6 ms
  



  
    		2024-02-13 05:41:03.786838
    		1.7 ms
  



  
    		2024-02-13 06:41:05.629889
    		-0.3 ms
  



  
    		2024-02-13 07:41:07.65086
    		1.5 ms
  



  
    		2024-02-13 08:41:10.17139
    		0.2 ms
  



  
    		2024-02-13 09:41:12.292843
    		2.5 ms
  



  
    		2024-02-13 10:41:14.258854
    		-0.6 ms
  



  
    		2024-02-13 11:41:16.404066
    		-1.7 ms
  



  
    		2024-02-13 12:41:18.471695
    		1.1 ms
  



  
    		2024-02-13 13:41:20.540792
    		0.3 ms
  



  
    		2024-02-13 14:41:23.434861
    		-0.3 ms
  



  
    		2024-02-13 15:41:25.569308
    		0.1 ms
  



  
    		2024-02-13 16:41:27.151688
    		0.4 ms
  



  
    		2024-02-13 17:41:29.95346
    		-0.1 ms
  



  
    		2024-02-13 18:41:33.667435
    		2.0 ms
  



  
    		2024-02-13 19:41:36.299339
    		-1.0 ms
  



  
    		2024-02-13 20:41:38.759251
    		0.8 ms
  



  
    		2024-02-13 21:41:40.513248
    		1.1 ms
  



  
    		2024-02-13 22:41:42.147484
    		0.9 ms
  



  
    		2024-02-13 23:41:45.24306
    		0.5 ms
  



  
    		2024-02-14 00:41:46.802206
    		-1.6 ms
  



  
    		2024-02-14 01:41:50.1084
    		-0.8 ms
  



  
    		2024-02-14 02:41:51.790688
    		-3.1 ms
  



  
    		2024-02-14 03:41:53.388578
    		-2.6 ms
  



  
    		2024-02-14 04:41:55.505413
    		1.7 ms
  



  
    		2024-02-14 05:41:58.14757
    		3.7 ms
  



  
    		2024-02-14 06:42:00.609675
    		2.3 ms
  



  
    		2024-02-14 07:42:02.607391
    		1.5 ms
  



  
    		2024-02-14 08:42:04.267933
    		0.7 ms
  



  
    		2024-02-14 09:42:06.934575
    		3.2 ms
  



  
    		2024-02-14 10:42:08.356614
    		2.9 ms
  



  
    		2024-02-14 11:42:10.298252
    		2.0 ms
  



  
    		2024-02-14 12:42:11.76307
    		4.5 ms
  



  
    		2024-02-14 13:42:14.601894
    		4.7 ms
  



  
    		2024-02-14 14:42:17.486759
    		1.3 ms
  



  
    		2024-02-14 15:42:19.586072
    		2.5 ms
  



  
    		2024-02-14 16:42:22.920093
    		1.7 ms
  



  
    		2024-02-14 17:42:25.842837
    		3.2 ms
  



  
    		2024-02-14 18:42:27.76081
    		-1.7 ms
  



  
    		2024-02-14 19:42:30.671734
    		1.1 ms
  



  
    		2024-02-14 20:42:32.522394
    		-2.3 ms
  



  
    		2024-02-14 21:42:35.687393
    		-1.9 ms
  



  
    		2024-02-14 22:42:38.239761
    		-0.5 ms
  



  
    		2024-02-14 23:42:40.186253
    		-0.6 ms
  



  
    		2024-02-15 00:42:41.810624
    		0.2 ms
  



  
    		2024-02-15 01:42:43.456825
    		-0.8 ms
  



  
    		2024-02-15 02:42:46.336648
    		1.1 ms
  



  
    		2024-02-15 03:42:49.042853
    		-1.3 ms
  



  
    		2024-02-15 04:42:52.059296
    		-0.1 ms
  



  
    		2024-02-15 05:42:54.237555
    		-0.7 ms
  



  
    		2024-02-15 06:42:56.593869
    		1.4 ms
  



  
    		2024-02-15 07:42:59.662576
    		0.2 ms
  



  
    		2024-02-15 08:43:01.312715
    		1.0 ms
  



  
    		2024-02-15 09:43:03.959031
    		2.5 ms
  



  
    		2024-02-15 10:43:07.337675
    		4.3 ms
  



  
    		2024-02-15 11:43:08.985367
    		-0.5 ms
  



  
    		2024-02-15 12:43:11.156839
    		3.2 ms
  



  
    		2024-02-15 13:43:12.810035
    		0.4 ms
  



  
    		2024-02-15 14:43:14.409592
    		1.7 ms
  



  
    		2024-02-15 15:43:16.691408
    		-0.3 ms
  



  
    		2024-02-15 16:43:19.52791
    		0.2 ms
  



  
    		2024-02-15 17:43:21.908791
    		1.0 ms
  



  
    		2024-02-15 18:43:24.636485
    		-2.9 ms
  



  
    		2024-02-15 19:43:27.249317
    		1.7 ms
  



  
    		2024-02-15 20:43:29.731557
    		-1.1 ms
  



  
    		2024-02-15 21:43:33.810297
    		2.1 ms
  



  
    		2024-02-15 22:43:35.755283
    		-0.9 ms
  



  
    		2024-02-15 23:43:37.616406
    		-2.7 ms
  



  
    		2024-02-16 00:43:40.126285
    		-0.3 ms
  



  
    		2024-02-16 01:43:41.665795
    		1.5 ms
  



  
    		2024-02-16 02:43:44.691775
    		-1.4 ms
  



  
    		2024-02-16 03:43:47.10552
    		0.3 ms
  



  
    		2024-02-16 04:43:49.847441
    		0.2 ms
  



  
    		2024-02-16 05:43:51.44311
    		1.5 ms
  



  
    		2024-02-16 06:43:53.696417
    		-1.6 ms
  



  
    		2024-02-16 07:43:56.389996
    		-1.5 ms
  



  
    		2024-02-16 08:43:58.959191
    		-1.4 ms
  



  
    		2024-02-16 09:44:00.668271
    		2.4 ms
  



  
    		2024-02-16 10:44:02.8603
    		1.4 ms
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1. Purpose

The purpose of this document is to explain how Scrive eSign measures time and provide a mathematical algorithm by which it is possible to calculate the probability of the error of the time stamps recorded by Scrive eSign.

2. Time measurement process

This section explains the NTP (Network Time Protocol) configurations of the systems involved with time measurement of Scrive eSign.

2.1 The hypervisor

Amazon, which Scrive eSign uses as hosting provider, use Xen or KVM depending on the generation of the virtual machine, for virtualisation. The default configuration is that all VM hosts are time synced using a clustered public pool of NTP servers. Scrive eSign does not use this mechanism.

2.2 Time synchronisation

Scrive eSign relies on NTP running on the virtual machine guests to get coordinated time from an NTP source. Scrive eSign does not use the time provided by the hypervisor hosts hosting the virtual machines, i.e. Amazon. This will help mitigate factors like load on the hypervisors or virtual machine guests affecting clock accuracy. This NTP synchronisation will override the clock synchronisation from the VM hosts’ clocks.

3. Configuration of hardware and services

This section describes the time/NTP and monitoring configuration of the application servers that run the Scrive eSign service.

3.1 Boot Time

The guest virtual machine behavior for the database server is as follows:

		On boot the virtual machine guest clock is set from the VM host

		ntp-date is run once from an init script

		ntpd is then run from another init script, which runs continuously



The behavior on the application server is the same with the exception of the ntpdate step which is not present on this system. It is worth noting that entries in procfs are not available for querying the configuration of the kernel with regards to Xen/clock configuration.

3.2 NTP Configuration

Logging that traces accuracy and time synchronisation is configured to use local NTP servers in the Scrive environment, which in turn acts as a proxy for the NTP server pool below that follows UTC(SP), i.e. official Swedish time:

		ntp1.sth.netnod.se

		ntp2.sth.netnod.se

		ntp1.gbg.netnod.se

		ntp2.gbg.netnod.se

		ntp1.mmo.netnod.se

		ntp2.mmo.netnod.se



3.3 Monitoring

Scrive eSign service has a monitoring system (Nagios) that monitors various aspects of the NTP statistics and keeps historic logs. It informs of problems with NTP server connectivity, jitter and offset, immediately regardless of what time of day it is.

3.4 Time scale

The NTP configuration together with the logging implies that we are following UTC(SP), and all timestamps are because of this traceable to this time scale.

4. Calculation of the probability of the clock error

This section describes how to calculate the probability of the clock error of the Scrive eSign timestamps.

4.1 Clock error samples

Once per hour Scrive eSign uses the NTP protocol to check the difference between the Scrive eSign server clock and UTC(SP). This check is performed directly against servers in the NTP server pool listed in Section 3.2. Each check results in one clock error sample (hereinafter “Clock Error Samples”), which is assumed to accurately reflect the actual clock error.

4.2 Clock error algorithm

The calculation of the probability of the clock error can be done by inserting the Clock Error Samples into the algorithm below. We assume that the samples follow a normal distribution.

		Let [image: 1.png]

 be a set of the clock error samples (in seconds). Let [image: 2.png]

, [image: 3.png]

.

		Let [image: 4.png]

 be the random variable representing the clock error with parameters estimated using data set [image: CodeCogsEqn.png]

.

		Let [image: 7.png]

, [image: 8.png]

 be the the empirical distribution function.

		Let [image: 9.png]

 be the size of discretized value space, [image: 10.png]

. Let [image: 11.png]

 be the discretized value space, [image: 12.png]

 be the set of data points representing empirical distribution function, [image: 13.png]

 be the set of data points representing cumulative distribution function of the random variable estimating the clock error.

		Plot the data in [image: 14.png]

 and [image: 15.png]

 to assess the accuracy of the estimation.

		[image: 16.png]

 is the estimated probability that the clock error is smaller than [image: 17.png]

 seconds.



4.3 Clock error samples and evidence of normal distribution

The last 1000 Clock Error Samples are inserted into this document in section 5. These Clock Error Samples can be used as input data to the algorithm in 4.2 to provide evidence of normal distribution and to calculate the probability of the clock error of the Scrive eSign time stamps. From the Clock Error Samples one can derive the parameters (mean and variance) for a normal distribution. One can also calculate the difference between this estimated distribution and the empirical data given by the Clock Error Samples themselves. You can see cumulative distribution functions (cdf) for the estimates and the empirical data and on top of that the difference between the empirical and estimated errors in the graph below. This graph also allow us to visually estimate the probability of a specific maximum error.




Gnuplot
Produced by GNUPLOT 5.4 patchlevel 2 
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4.4 Input parameters

Based on the Clock Error Samples in section 5 it is possible to calculate the variables that define the normal distribution (mean and standard deviation). Scrive eSign has automatically calculated these variables as per the below:

		mean: 0.17 ms

		standard deviation: 1.54 ms



4.5 Probability of the clock error

By using the algorithm and the Clock Error Samples Scrive eSign calculated the following probabilities of the clock error ‘e’:

		|e| < 2.5 ms: ≈89.340%

		|e| < 5 ms: ≈99.875%

		|e| < 10 ms: ≈100.000%



5. Clock Error Samples

The following are the clock error samples collected between 2024-04-11 13:34:39.696917 UTC and 2024-05-23 05:12:02.14552 UTC:





  		Time collected
  		Clock offset




  
    		2024-04-11 13:34:39.696917
    		-1.2 ms
  



  
    		2024-04-11 14:34:42.933933
    		-0.7 ms
  



  
    		2024-04-11 15:34:45.483562
    		2.7 ms
  



  
    		2024-04-11 16:34:48.444364
    		-2.4 ms
  



  
    		2024-04-11 17:34:51.309198
    		-1.0 ms
  



  
    		2024-04-11 18:34:53.350164
    		0.0 ms
  



  
    		2024-04-11 19:34:57.183381
    		-1.6 ms
  



  
    		2024-04-11 20:35:00.265096
    		-0.1 ms
  



  
    		2024-04-11 21:35:01.829664
    		0.8 ms
  



  
    		2024-04-11 22:35:04.487281
    		-2.6 ms
  



  
    		2024-04-11 23:35:06.113497
    		-1.5 ms
  



  
    		2024-04-12 00:35:07.743469
    		-2.3 ms
  



  
    		2024-04-12 01:35:09.453325
    		-1.0 ms
  



  
    		2024-04-12 02:35:11.662919
    		-1.5 ms
  



  
    		2024-04-12 03:35:13.649446
    		-0.4 ms
  



  
    		2024-04-12 04:35:15.462941
    		-0.7 ms
  



  
    		2024-04-12 05:35:17.64268
    		0.1 ms
  



  
    		2024-04-12 06:35:20.070998
    		0.6 ms
  



  
    		2024-04-12 07:35:22.357665
    		1.6 ms
  



  
    		2024-04-12 08:35:23.850097
    		1.1 ms
  



  
    		2024-04-12 09:35:25.529331
    		0.7 ms
  



  
    		2024-04-12 10:35:27.709246
    		0.0 ms
  



  
    		2024-04-12 11:35:30.057817
    		0.0 ms
  



  
    		2024-04-12 12:35:31.7715
    		-0.9 ms
  



  
    		2024-04-12 13:35:33.30148
    		1.1 ms
  



  
    		2024-04-12 14:35:35.950484
    		1.5 ms
  



  
    		2024-04-12 15:35:37.873917
    		-1.5 ms
  



  
    		2024-04-12 16:35:39.506351
    		-0.4 ms
  



  
    		2024-04-12 17:35:41.840512
    		0.5 ms
  



  
    		2024-04-12 18:35:43.503034
    		0.2 ms
  



  
    		2024-04-12 19:35:47.27239
    		0.2 ms
  



  
    		2024-04-12 20:35:49.223502
    		-1.6 ms
  



  
    		2024-04-12 21:35:51.815158
    		-1.4 ms
  



  
    		2024-04-12 22:35:53.666184
    		0.1 ms
  



  
    		2024-04-12 23:35:55.470787
    		0.1 ms
  



  
    		2024-04-13 00:35:58.533532
    		-1.7 ms
  



  
    		2024-04-13 01:36:01.83047
    		1.4 ms
  



  
    		2024-04-13 02:36:04.74508
    		-1.2 ms
  



  
    		2024-04-13 03:36:08.320409
    		-0.1 ms
  



  
    		2024-04-13 04:36:10.998426
    		-1.1 ms
  



  
    		2024-04-13 05:36:14.906537
    		-0.1 ms
  



  
    		2024-04-13 06:36:16.66711
    		1.8 ms
  



  
    		2024-04-13 07:36:19.281374
    		1.9 ms
  



  
    		2024-04-13 08:36:22.592304
    		-0.1 ms
  



  
    		2024-04-13 09:36:24.375654
    		0.2 ms
  



  
    		2024-04-13 10:36:25.986999
    		-0.2 ms
  



  
    		2024-04-13 11:36:28.134845
    		1.9 ms
  



  
    		2024-04-13 12:36:29.998777
    		0.3 ms
  



  
    		2024-04-13 13:36:31.579198
    		0.8 ms
  



  
    		2024-04-13 14:36:33.829613
    		-1.6 ms
  



  
    		2024-04-13 15:36:35.4407
    		1.5 ms
  



  
    		2024-04-13 16:36:36.948792
    		-1.1 ms
  



  
    		2024-04-13 17:36:39.379365
    		0.3 ms
  



  
    		2024-04-13 18:36:42.655378
    		-1.1 ms
  



  
    		2024-04-13 19:36:44.188259
    		0.8 ms
  



  
    		2024-04-13 20:36:46.304811
    		-1.4 ms
  



  
    		2024-04-13 21:36:48.54253
    		1.0 ms
  



  
    		2024-04-13 22:36:50.196098
    		-0.9 ms
  



  
    		2024-04-13 23:36:52.527998
    		2.1 ms
  



  
    		2024-04-14 00:36:56.282276
    		0.8 ms
  



  
    		2024-04-14 01:36:58.767784
    		2.0 ms
  



  
    		2024-04-14 02:37:02.543531
    		-1.1 ms
  



  
    		2024-04-14 03:37:04.928882
    		-0.2 ms
  



  
    		2024-04-14 04:37:07.856698
    		1.2 ms
  



  
    		2024-04-14 05:37:09.565246
    		-0.5 ms
  



  
    		2024-04-14 06:37:12.340329
    		-1.4 ms
  



  
    		2024-04-14 07:37:14.304843
    		-0.8 ms
  



  
    		2024-04-14 08:37:16.728395
    		-0.4 ms
  



  
    		2024-04-14 09:37:18.689006
    		3.1 ms
  



  
    		2024-04-14 10:37:22.896485
    		0.1 ms
  



  
    		2024-04-14 11:37:24.696468
    		1.9 ms
  



  
    		2024-04-14 12:37:27.175293
    		0.8 ms
  



  
    		2024-04-14 13:37:29.930163
    		1.7 ms
  



  
    		2024-04-14 14:37:33.771005
    		-2.3 ms
  



  
    		2024-04-14 15:37:35.566631
    		-1.5 ms
  



  
    		2024-04-14 16:37:37.143297
    		0.1 ms
  



  
    		2024-04-14 17:37:39.381463
    		1.1 ms
  



  
    		2024-04-14 18:37:42.396966
    		-0.4 ms
  



  
    		2024-04-14 19:37:44.007791
    		-0.6 ms
  



  
    		2024-04-14 20:37:46.07538
    		-0.8 ms
  



  
    		2024-04-14 21:37:49.349424
    		-0.5 ms
  



  
    		2024-04-14 22:37:51.182899
    		-1.6 ms
  



  
    		2024-04-14 23:37:54.662976
    		-1.5 ms
  



  
    		2024-04-15 00:37:57.649023
    		1.0 ms
  



  
    		2024-04-15 01:38:00.699202
    		-0.9 ms
  



  
    		2024-04-15 02:38:04.898432
    		-0.5 ms
  



  
    		2024-04-15 03:38:06.444161
    		-1.2 ms
  



  
    		2024-04-15 04:38:08.096421
    		-0.4 ms
  



  
    		2024-04-15 05:38:09.723222
    		-0.5 ms
  



  
    		2024-04-15 06:38:11.727125
    		1.5 ms
  



  
    		2024-04-15 07:38:13.219947
    		1.7 ms
  



  
    		2024-04-15 08:38:14.827118
    		-0.7 ms
  



  
    		2024-04-15 09:38:16.921742
    		1.6 ms
  



  
    		2024-04-15 10:38:18.798798
    		1.8 ms
  



  
    		2024-04-15 11:38:21.498344
    		-1.1 ms
  



  
    		2024-04-15 12:38:23.188349
    		1.4 ms
  



  
    		2024-04-15 13:38:24.809968
    		1.1 ms
  



  
    		2024-04-15 14:38:26.500184
    		0.2 ms
  



  
    		2024-04-15 15:38:28.287027
    		-1.8 ms
  



  
    		2024-04-15 16:38:30.934343
    		-1.9 ms
  



  
    		2024-04-15 17:38:33.069507
    		1.7 ms
  



  
    		2024-04-15 18:38:35.577472
    		1.0 ms
  



  
    		2024-04-15 19:38:39.55747
    		2.3 ms
  



  
    		2024-04-15 20:38:42.07974
    		1.1 ms
  



  
    		2024-04-15 21:38:45.710501
    		-1.3 ms
  



  
    		2024-04-15 22:38:47.626083
    		-1.8 ms
  



  
    		2024-04-15 23:38:50.695002
    		-0.2 ms
  



  
    		2024-04-16 00:38:53.816501
    		-0.7 ms
  



  
    		2024-04-16 01:38:55.716395
    		-0.6 ms
  



  
    		2024-04-16 02:38:57.745679
    		0.8 ms
  



  
    		2024-04-16 03:39:00.408424
    		0.9 ms
  



  
    		2024-04-16 04:39:02.819066
    		-1.3 ms
  



  
    		2024-04-16 05:39:04.750097
    		1.4 ms
  



  
    		2024-04-16 06:39:06.662313
    		-0.2 ms
  



  
    		2024-04-16 07:39:10.155509
    		1.8 ms
  



  
    		2024-04-16 08:39:12.763164
    		0.6 ms
  



  
    		2024-04-16 09:39:14.410389
    		2.7 ms
  



  
    		2024-04-16 10:39:17.017308
    		-0.3 ms
  



  
    		2024-04-16 11:39:18.531095
    		2.6 ms
  



  
    		2024-04-16 12:39:21.928442
    		-0.2 ms
  



  
    		2024-04-16 13:39:23.788713
    		2.3 ms
  



  
    		2024-04-16 14:39:25.548228
    		-0.9 ms
  



  
    		2024-04-16 15:39:27.800876
    		1.4 ms
  



  
    		2024-04-16 16:39:29.75787
    		4.7 ms
  



  
    		2024-04-16 17:39:32.097141
    		3.8 ms
  



  
    		2024-04-16 18:39:34.018517
    		-0.5 ms
  



  
    		2024-04-16 19:39:36.737434
    		-0.2 ms
  



  
    		2024-04-16 20:39:38.415293
    		-0.9 ms
  



  
    		2024-04-16 21:39:39.944978
    		1.3 ms
  



  
    		2024-04-16 22:39:42.064102
    		1.3 ms
  



  
    		2024-04-16 23:39:45.432739
    		-0.5 ms
  



  
    		2024-04-17 00:39:47.855389
    		1.4 ms
  



  
    		2024-04-17 01:39:50.108786
    		0.0 ms
  



  
    		2024-04-17 02:39:52.108575
    		1.6 ms
  



  
    		2024-04-17 03:39:53.959221
    		-1.0 ms
  



  
    		2024-04-17 04:39:55.58016
    		0.3 ms
  



  
    		2024-04-17 05:39:58.380554
    		-1.0 ms
  



  
    		2024-04-17 06:40:00.699784
    		2.6 ms
  



  
    		2024-04-17 07:40:02.406314
    		0.0 ms
  



  
    		2024-04-17 08:40:04.465839
    		2.5 ms
  



  
    		2024-04-17 09:40:06.274396
    		0.3 ms
  



  
    		2024-04-17 10:40:08.85357
    		1.2 ms
  



  
    		2024-04-17 11:40:10.564004
    		0.3 ms
  



  
    		2024-04-17 12:40:12.106968
    		-0.9 ms
  



  
    		2024-04-17 13:40:14.351415
    		1.8 ms
  



  
    		2024-04-17 14:40:16.061679
    		1.9 ms
  



  
    		2024-04-17 15:40:19.498331
    		-0.3 ms
  



  
    		2024-04-17 16:40:21.665114
    		3.7 ms
  



  
    		2024-04-17 17:40:23.645792
    		1.8 ms
  



  
    		2024-04-17 18:40:26.70604
    		0.7 ms
  



  
    		2024-04-17 19:40:28.616785
    		1.4 ms
  



  
    		2024-04-17 20:40:31.040428
    		0.5 ms
  



  
    		2024-04-17 21:40:33.580288
    		-1.1 ms
  



  
    		2024-04-17 22:40:35.531601
    		0.9 ms
  



  
    		2024-04-17 23:40:38.955114
    		-2.8 ms
  



  
    		2024-04-18 00:40:41.37358
    		-3.0 ms
  



  
    		2024-04-18 01:40:44.705995
    		0.2 ms
  



  
    		2024-04-18 02:40:46.759837
    		0.4 ms
  



  
    		2024-04-18 03:40:50.576642
    		-0.6 ms
  



  
    		2024-04-18 04:40:52.77625
    		-0.7 ms
  



  
    		2024-04-18 05:40:55.188909
    		-0.7 ms
  



  
    		2024-04-18 06:40:57.538379
    		1.0 ms
  



  
    		2024-04-18 07:40:59.210499
    		0.5 ms
  



  
    		2024-04-18 08:41:00.916202
    		2.8 ms
  



  
    		2024-04-18 09:41:02.599816
    		1.9 ms
  



  
    		2024-04-18 10:41:04.255745
    		3.2 ms
  



  
    		2024-04-18 11:41:05.812563
    		-0.2 ms
  



  
    		2024-04-18 12:41:07.286455
    		-1.4 ms
  



  
    		2024-04-18 13:41:09.546227
    		0.5 ms
  



  
    		2024-04-18 14:41:11.175401
    		0.9 ms
  



  
    		2024-04-18 15:41:13.329323
    		1.8 ms
  



  
    		2024-04-18 16:41:15.000756
    		-0.2 ms
  



  
    		2024-04-18 17:41:18.773798
    		-0.4 ms
  



  
    		2024-04-18 18:41:21.800827
    		-1.8 ms
  



  
    		2024-04-18 19:41:23.683129
    		-2.6 ms
  



  
    		2024-04-18 20:41:26.279981
    		1.5 ms
  



  
    		2024-04-18 21:41:28.099347
    		-1.6 ms
  



  
    		2024-04-18 22:41:30.419423
    		-1.3 ms
  



  
    		2024-04-18 23:41:33.22256
    		-0.2 ms
  



  
    		2024-04-19 00:41:35.262971
    		0.5 ms
  



  
    		2024-04-19 01:41:36.912294
    		-1.0 ms
  



  
    		2024-04-19 02:41:38.451818
    		-0.6 ms
  



  
    		2024-04-19 03:41:41.311027
    		0.2 ms
  



  
    		2024-04-19 04:41:43.854965
    		1.8 ms
  



  
    		2024-04-19 05:41:46.584933
    		-0.7 ms
  



  
    		2024-04-19 06:41:49.189124
    		2.6 ms
  



  
    		2024-04-19 07:41:51.508476
    		-0.1 ms
  



  
    		2024-04-19 08:41:53.134594
    		0.1 ms
  



  
    		2024-04-19 09:41:55.020316
    		2.9 ms
  



  
    		2024-04-19 10:41:56.760171
    		2.7 ms
  



  
    		2024-04-19 11:41:58.62677
    		1.5 ms
  



  
    		2024-04-19 12:42:00.261066
    		2.9 ms
  



  
    		2024-04-19 13:42:01.946289
    		5.8 ms
  



  
    		2024-04-19 14:42:03.71025
    		0.5 ms
  



  
    		2024-04-19 15:42:05.487479
    		-1.4 ms
  



  
    		2024-04-19 16:42:07.345645
    		-1.4 ms
  



  
    		2024-04-19 17:42:09.40898
    		-0.3 ms
  



  
    		2024-04-19 18:42:12.180857
    		-2.4 ms
  



  
    		2024-04-19 19:42:15.740913
    		-0.5 ms
  



  
    		2024-04-19 20:42:17.586602
    		-2.6 ms
  



  
    		2024-04-19 21:42:19.311539
    		1.5 ms
  



  
    		2024-04-19 22:42:21.876329
    		1.5 ms
  



  
    		2024-04-19 23:42:24.064893
    		-0.4 ms
  



  
    		2024-04-20 00:42:26.199925
    		1.9 ms
  



  
    		2024-04-20 01:42:28.683813
    		1.1 ms
  



  
    		2024-04-20 02:42:31.172207
    		1.9 ms
  



  
    		2024-04-20 03:42:33.787606
    		1.6 ms
  



  
    		2024-04-20 04:42:37.511557
    		-1.2 ms
  



  
    		2024-04-20 05:42:38.953521
    		0.6 ms
  



  
    		2024-04-20 06:42:40.797253
    		1.5 ms
  



  
    		2024-04-20 07:42:42.590355
    		0.3 ms
  



  
    		2024-04-20 08:42:44.051399
    		-0.3 ms
  



  
    		2024-04-20 09:42:45.755255
    		1.7 ms
  



  
    		2024-04-20 10:42:47.787239
    		2.4 ms
  



  
    		2024-04-20 11:42:50.900918
    		1.5 ms
  



  
    		2024-04-20 12:42:52.557844
    		0.6 ms
  



  
    		2024-04-20 13:42:55.045854
    		-0.1 ms
  



  
    		2024-04-20 14:42:57.811323
    		1.3 ms
  



  
    		2024-04-20 15:43:00.05932
    		1.4 ms
  



  
    		2024-04-20 16:43:01.596242
    		-0.6 ms
  



  
    		2024-04-20 17:43:05.837041
    		-2.9 ms
  



  
    		2024-04-20 18:43:08.017794
    		-3.7 ms
  



  
    		2024-04-20 19:43:09.777335
    		-3.6 ms
  



  
    		2024-04-20 20:43:12.607961
    		-1.8 ms
  



  
    		2024-04-20 21:43:14.694737
    		-1.1 ms
  



  
    		2024-04-20 22:43:16.252617
    		-1.8 ms
  



  
    		2024-04-20 23:43:18.054688
    		0.3 ms
  



  
    		2024-04-21 00:43:21.227599
    		-0.9 ms
  



  
    		2024-04-21 01:43:23.640524
    		-1.2 ms
  



  
    		2024-04-21 02:43:25.377495
    		0.7 ms
  



  
    		2024-04-21 03:43:28.315817
    		1.5 ms
  



  
    		2024-04-21 04:43:30.213962
    		-0.5 ms
  



  
    		2024-04-21 05:43:32.208984
    		-1.0 ms
  



  
    		2024-04-21 06:43:33.836959
    		0.3 ms
  



  
    		2024-04-21 07:43:35.672975
    		2.4 ms
  



  
    		2024-04-21 08:43:38.350389
    		3.3 ms
  



  
    		2024-04-21 09:43:40.348029
    		1.5 ms
  



  
    		2024-04-21 10:43:41.897864
    		6.0 ms
  



  
    		2024-04-21 11:43:44.475122
    		-1.0 ms
  



  
    		2024-04-21 12:43:46.845298
    		1.3 ms
  



  
    		2024-04-21 13:43:49.031677
    		2.5 ms
  



  
    		2024-04-21 14:43:50.773718
    		0.1 ms
  



  
    		2024-04-21 15:43:52.549509
    		-1.3 ms
  



  
    		2024-04-21 16:43:54.940628
    		-2.2 ms
  



  
    		2024-04-21 17:43:56.521474
    		-1.9 ms
  



  
    		2024-04-21 18:44:00.450099
    		-0.8 ms
  



  
    		2024-04-21 19:44:02.255448
    		-1.2 ms
  



  
    		2024-04-21 20:44:04.205271
    		-0.5 ms
  



  
    		2024-04-21 21:44:05.988913
    		0.2 ms
  



  
    		2024-04-21 22:44:08.265532
    		-2.2 ms
  



  
    		2024-04-21 23:44:10.271904
    		0.8 ms
  



  
    		2024-04-22 00:44:13.283391
    		0.0 ms
  



  
    		2024-04-22 01:44:16.077334
    		-0.1 ms
  



  
    		2024-04-22 02:44:18.205304
    		-0.3 ms
  



  
    		2024-04-22 03:44:21.135656
    		1.1 ms
  



  
    		2024-04-22 04:44:23.752928
    		3.5 ms
  



  
    		2024-04-22 05:44:26.557441
    		0.4 ms
  



  
    		2024-04-22 06:44:28.061069
    		2.7 ms
  



  
    		2024-04-22 07:44:29.508098
    		0.8 ms
  



  
    		2024-04-22 08:44:31.345438
    		-0.4 ms
  



  
    		2024-04-22 09:44:33.283112
    		0.4 ms
  



  
    		2024-04-22 10:44:35.545321
    		1.7 ms
  



  
    		2024-04-22 11:44:37.050992
    		2.6 ms
  



  
    		2024-04-22 12:44:38.923041
    		2.0 ms
  



  
    		2024-04-22 13:44:40.906455
    		-0.1 ms
  



  
    		2024-04-22 14:44:42.434199
    		7.2 ms
  



  
    		2024-04-22 15:44:45.081483
    		4.0 ms
  



  
    		2024-04-22 16:44:48.212518
    		1.9 ms
  



  
    		2024-04-22 17:44:49.697498
    		-0.8 ms
  



  
    		2024-04-22 18:44:51.765469
    		-0.5 ms
  



  
    		2024-04-22 19:44:53.506207
    		-1.4 ms
  



  
    		2024-04-22 20:44:57.330831
    		-2.4 ms
  



  
    		2024-04-22 21:44:59.198985
    		-1.1 ms
  



  
    		2024-04-22 22:45:00.899139
    		-1.8 ms
  



  
    		2024-04-22 23:45:04.062866
    		-2.2 ms
  



  
    		2024-04-23 00:45:07.275246
    		-2.6 ms
  



  
    		2024-04-23 01:45:09.303895
    		0.4 ms
  



  
    		2024-04-23 02:45:12.203557
    		-0.7 ms
  



  
    		2024-04-23 03:45:14.321184
    		2.3 ms
  



  
    		2024-04-23 04:45:16.73412
    		-0.7 ms
  



  
    		2024-04-23 05:45:18.246076
    		0.2 ms
  



  
    		2024-04-23 06:45:20.292047
    		0.9 ms
  



  
    		2024-04-23 07:45:23.042504
    		0.1 ms
  



  
    		2024-04-23 08:45:24.650787
    		0.7 ms
  



  
    		2024-04-23 09:45:26.396177
    		1.3 ms
  



  
    		2024-04-23 10:45:28.735629
    		-1.2 ms
  



  
    		2024-04-23 11:45:30.308028
    		0.4 ms
  



  
    		2024-04-23 12:45:32.124104
    		-0.4 ms
  



  
    		2024-04-23 13:45:33.539783
    		-0.7 ms
  



  
    		2024-04-23 14:45:35.35208
    		0.2 ms
  



  
    		2024-04-23 15:45:37.236431
    		0.2 ms
  



  
    		2024-04-23 16:45:39.109802
    		0.1 ms
  



  
    		2024-04-23 17:45:40.90075
    		-0.3 ms
  



  
    		2024-04-23 18:45:42.548784
    		-1.4 ms
  



  
    		2024-04-23 19:45:45.726194
    		-0.5 ms
  



  
    		2024-04-23 20:45:47.510631
    		-1.3 ms
  



  
    		2024-04-23 21:45:50.137251
    		0.3 ms
  



  
    		2024-04-23 22:45:52.352003
    		-1.4 ms
  



  
    		2024-04-23 23:45:54.404481
    		-1.9 ms
  



  
    		2024-04-24 00:45:55.924392
    		-0.3 ms
  



  
    		2024-04-24 01:45:58.399822
    		1.1 ms
  



  
    		2024-04-24 02:46:00.197816
    		-0.7 ms
  



  
    		2024-04-24 03:46:02.841152
    		-0.1 ms
  



  
    		2024-04-24 04:46:05.20741
    		-1.2 ms
  



  
    		2024-04-24 05:46:06.842082
    		0.3 ms
  



  
    		2024-04-24 06:46:08.701046
    		1.3 ms
  



  
    		2024-04-24 07:46:10.479142
    		-0.9 ms
  



  
    		2024-04-24 08:46:12.031792
    		6.0 ms
  



  
    		2024-04-24 09:46:13.800153
    		-3.9 ms
  



  
    		2024-04-24 10:46:15.466347
    		-1.7 ms
  



  
    		2024-04-24 11:46:17.061781
    		1.3 ms
  



  
    		2024-04-24 12:46:18.744732
    		-0.7 ms
  



  
    		2024-04-24 13:46:20.445049
    		1.9 ms
  



  
    		2024-04-24 14:46:22.318049
    		-0.6 ms
  



  
    		2024-04-24 15:46:23.796706
    		0.3 ms
  



  
    		2024-04-24 16:46:25.801719
    		-0.6 ms
  



  
    		2024-04-24 17:46:28.083176
    		1.7 ms
  



  
    		2024-04-24 18:46:29.620932
    		1.4 ms
  



  
    		2024-04-24 19:46:32.160913
    		-0.3 ms
  



  
    		2024-04-24 20:46:33.808861
    		1.2 ms
  



  
    		2024-04-24 21:46:35.761419
    		0.4 ms
  



  
    		2024-04-24 22:46:37.724093
    		-1.6 ms
  



  
    		2024-04-24 23:46:39.993759
    		-2.0 ms
  



  
    		2024-04-25 00:46:42.615406
    		-1.9 ms
  



  
    		2024-04-25 01:46:44.213675
    		0.3 ms
  



  
    		2024-04-25 02:46:46.07723
    		-0.5 ms
  



  
    		2024-04-25 03:46:47.71946
    		0.7 ms
  



  
    		2024-04-25 04:46:49.943306
    		-0.2 ms
  



  
    		2024-04-25 05:46:52.030642
    		-0.3 ms
  



  
    		2024-04-25 06:46:54.282219
    		2.5 ms
  



  
    		2024-04-25 07:46:56.183562
    		2.2 ms
  



  
    		2024-04-25 08:46:57.690335
    		0.0 ms
  



  
    		2024-04-25 09:46:59.569815
    		-0.3 ms
  



  
    		2024-04-25 10:47:01.765918
    		-1.2 ms
  



  
    		2024-04-25 11:47:03.932078
    		0.8 ms
  



  
    		2024-04-25 12:47:05.53694
    		-1.2 ms
  



  
    		2024-04-25 13:47:07.082963
    		-1.1 ms
  



  
    		2024-04-25 14:47:09.062963
    		1.3 ms
  



  
    		2024-04-25 15:47:11.113128
    		0.8 ms
  



  
    		2024-04-25 16:47:13.498276
    		1.1 ms
  



  
    		2024-04-25 17:47:16.684121
    		0.6 ms
  



  
    		2024-04-25 18:47:18.977014
    		1.0 ms
  



  
    		2024-04-25 19:47:20.770748
    		-1.7 ms
  



  
    		2024-04-25 20:47:24.112632
    		-1.2 ms
  



  
    		2024-04-25 21:47:26.37252
    		-1.2 ms
  



  
    		2024-04-25 22:47:28.845357
    		-2.0 ms
  



  
    		2024-04-25 23:47:31.023104
    		-2.3 ms
  



  
    		2024-04-26 00:47:33.073941
    		-0.4 ms
  



  
    		2024-04-26 01:47:34.885546
    		-1.5 ms
  



  
    		2024-04-26 02:47:37.218862
    		-1.2 ms
  



  
    		2024-04-26 03:47:39.464895
    		-1.0 ms
  



  
    		2024-04-26 04:47:41.59936
    		-1.1 ms
  



  
    		2024-04-26 05:47:43.392974
    		-0.4 ms
  



  
    		2024-04-26 06:47:45.918609
    		2.5 ms
  



  
    		2024-04-26 07:47:48.583342
    		0.0 ms
  



  
    		2024-04-26 08:47:50.435434
    		1.0 ms
  



  
    		2024-04-26 09:47:52.646436
    		-0.7 ms
  



  
    		2024-04-26 10:47:54.353927
    		2.1 ms
  



  
    		2024-04-26 11:47:55.927304
    		-0.3 ms
  



  
    		2024-04-26 12:47:57.48767
    		0.2 ms
  



  
    		2024-04-26 13:47:59.193198
    		0.4 ms
  



  
    		2024-04-26 14:48:01.276723
    		-0.3 ms
  



  
    		2024-04-26 15:48:03.840127
    		0.0 ms
  



  
    		2024-04-26 16:48:06.55324
    		0.7 ms
  



  
    		2024-04-26 17:48:08.6442
    		-1.2 ms
  



  
    		2024-04-26 18:48:11.378533
    		-0.9 ms
  



  
    		2024-04-26 19:48:15.040879
    		1.6 ms
  



  
    		2024-04-26 20:48:18.229838
    		-1.8 ms
  



  
    		2024-04-26 21:48:21.048874
    		-0.8 ms
  



  
    		2024-04-26 22:48:22.630316
    		-1.4 ms
  



  
    		2024-04-26 23:48:25.411256
    		0.8 ms
  



  
    		2024-04-27 00:48:29.377802
    		-1.7 ms
  



  
    		2024-04-27 01:48:33.217023
    		-2.0 ms
  



  
    		2024-04-27 02:48:35.903714
    		-1.2 ms
  



  
    		2024-04-27 03:48:37.782605
    		-0.3 ms
  



  
    		2024-04-27 04:48:41.242542
    		-0.6 ms
  



  
    		2024-04-27 05:48:43.619988
    		2.5 ms
  



  
    		2024-04-27 06:48:45.846479
    		0.7 ms
  



  
    		2024-04-27 07:48:47.928052
    		1.6 ms
  



  
    		2024-04-27 08:48:49.669685
    		1.1 ms
  



  
    		2024-04-27 09:48:51.288186
    		-1.7 ms
  



  
    		2024-04-27 10:48:53.489165
    		2.0 ms
  



  
    		2024-04-27 11:48:54.97557
    		-0.8 ms
  



  
    		2024-04-27 12:48:56.831322
    		-1.1 ms
  



  
    		2024-04-27 13:48:58.704853
    		2.1 ms
  



  
    		2024-04-27 14:49:00.78503
    		1.4 ms
  



  
    		2024-04-27 15:49:02.790079
    		-0.4 ms
  



  
    		2024-04-27 16:49:04.615568
    		-0.5 ms
  



  
    		2024-04-27 17:49:07.86045
    		1.6 ms
  



  
    		2024-04-27 18:49:10.139089
    		-1.4 ms
  



  
    		2024-04-27 19:49:13.416827
    		-0.6 ms
  



  
    		2024-04-27 20:49:15.59864
    		0.0 ms
  



  
    		2024-04-27 21:49:17.544461
    		-0.6 ms
  



  
    		2024-04-27 22:49:20.188408
    		-0.5 ms
  



  
    		2024-04-27 23:49:22.996901
    		0.8 ms
  



  
    		2024-04-28 00:49:24.517695
    		0.0 ms
  



  
    		2024-04-28 01:49:28.695276
    		-2.2 ms
  



  
    		2024-04-28 02:49:30.612393
    		0.6 ms
  



  
    		2024-04-28 03:49:33.205843
    		-1.8 ms
  



  
    		2024-04-28 04:49:35.404492
    		-1.8 ms
  



  
    		2024-04-28 05:49:39.099345
    		0.5 ms
  



  
    		2024-04-28 06:49:42.412793
    		-0.2 ms
  



  
    		2024-04-28 07:49:44.520565
    		3.2 ms
  



  
    		2024-04-28 08:49:46.755708
    		0.2 ms
  



  
    		2024-04-28 09:49:48.971516
    		-0.5 ms
  



  
    		2024-04-28 10:49:51.869007
    		1.8 ms
  



  
    		2024-04-28 11:49:54.901247
    		-0.2 ms
  



  
    		2024-04-28 12:49:56.817633
    		0.2 ms
  



  
    		2024-04-28 13:49:58.829264
    		1.1 ms
  



  
    		2024-04-28 14:50:01.25649
    		2.0 ms
  



  
    		2024-04-28 15:50:03.740545
    		1.3 ms
  



  
    		2024-04-28 16:50:06.605122
    		-0.7 ms
  



  
    		2024-04-28 17:50:08.962173
    		-0.1 ms
  



  
    		2024-04-28 18:50:12.690668
    		1.4 ms
  



  
    		2024-04-28 19:50:14.741276
    		-2.1 ms
  



  
    		2024-04-28 20:50:17.468027
    		0.7 ms
  



  
    		2024-04-28 21:50:19.657296
    		-0.5 ms
  



  
    		2024-04-28 22:50:21.782346
    		1.5 ms
  



  
    		2024-04-28 23:50:24.254136
    		-1.0 ms
  



  
    		2024-04-29 00:50:26.9552
    		-1.2 ms
  



  
    		2024-04-29 01:50:28.949325
    		-1.1 ms
  



  
    		2024-04-29 02:50:32.748462
    		-1.3 ms
  



  
    		2024-04-29 03:50:34.530389
    		-1.5 ms
  



  
    		2024-04-29 04:50:37.381686
    		-1.2 ms
  



  
    		2024-04-29 05:50:39.070693
    		0.1 ms
  



  
    		2024-04-29 06:50:40.791313
    		-0.3 ms
  



  
    		2024-04-29 07:50:42.317371
    		-0.2 ms
  



  
    		2024-04-29 08:50:43.997819
    		0.4 ms
  



  
    		2024-04-29 09:50:46.002234
    		-0.6 ms
  



  
    		2024-04-29 10:50:48.265871
    		1.0 ms
  



  
    		2024-04-29 11:50:49.961029
    		0.9 ms
  



  
    		2024-04-29 12:50:52.608804
    		1.8 ms
  



  
    		2024-04-29 13:50:54.149352
    		1.2 ms
  



  
    		2024-04-29 14:50:56.631201
    		0.5 ms
  



  
    		2024-04-29 15:50:58.630995
    		-1.4 ms
  



  
    		2024-04-29 16:51:01.957455
    		-1.8 ms
  



  
    		2024-04-29 17:51:04.013365
    		0.9 ms
  



  
    		2024-04-29 18:51:07.494845
    		1.3 ms
  



  
    		2024-04-29 19:51:09.208376
    		1.8 ms
  



  
    		2024-04-29 20:51:11.999281
    		2.2 ms
  



  
    		2024-04-29 21:51:13.799666
    		1.0 ms
  



  
    		2024-04-29 22:51:15.624967
    		-0.6 ms
  



  
    		2024-04-29 23:51:17.360214
    		-1.8 ms
  



  
    		2024-04-30 00:51:19.059844
    		-0.8 ms
  



  
    		2024-04-30 01:51:20.761887
    		1.6 ms
  



  
    		2024-04-30 02:51:22.505534
    		-1.0 ms
  



  
    		2024-04-30 03:51:24.08411
    		2.4 ms
  



  
    		2024-04-30 04:51:26.707146
    		-0.8 ms
  



  
    		2024-04-30 05:51:28.819925
    		2.0 ms
  



  
    		2024-04-30 06:51:30.620176
    		0.7 ms
  



  
    		2024-04-30 07:51:32.365838
    		-0.1 ms
  



  
    		2024-04-30 08:51:34.67745
    		0.7 ms
  



  
    		2024-04-30 09:51:36.313513
    		0.5 ms
  



  
    		2024-04-30 10:51:37.794538
    		-0.5 ms
  



  
    		2024-04-30 11:51:39.454418
    		1.6 ms
  



  
    		2024-04-30 12:51:41.571508
    		1.1 ms
  



  
    		2024-04-30 13:51:43.166028
    		0.6 ms
  



  
    		2024-04-30 14:51:44.640874
    		2.0 ms
  



  
    		2024-04-30 15:51:46.223705
    		0.7 ms
  



  
    		2024-04-30 16:51:47.702045
    		1.0 ms
  



  
    		2024-04-30 17:51:49.346022
    		-0.4 ms
  



  
    		2024-04-30 18:51:51.990587
    		1.7 ms
  



  
    		2024-04-30 19:51:56.056171
    		-0.4 ms
  



  
    		2024-04-30 20:51:57.818801
    		-1.8 ms
  



  
    		2024-04-30 21:52:01.696142
    		2.4 ms
  



  
    		2024-04-30 22:52:03.276623
    		-2.2 ms
  



  
    		2024-04-30 23:52:05.455556
    		0.7 ms
  



  
    		2024-05-01 00:52:07.092637
    		-1.3 ms
  



  
    		2024-05-01 01:52:08.891264
    		-0.6 ms
  



  
    		2024-05-01 02:52:11.46833
    		0.0 ms
  



  
    		2024-05-01 03:52:14.080045
    		1.3 ms
  



  
    		2024-05-01 04:52:15.634188
    		0.0 ms
  



  
    		2024-05-01 05:52:17.499256
    		-0.2 ms
  



  
    		2024-05-01 06:52:19.107055
    		-0.1 ms
  



  
    		2024-05-01 07:52:20.774765
    		0.5 ms
  



  
    		2024-05-01 08:52:23.484415
    		2.0 ms
  



  
    		2024-05-01 09:52:25.174451
    		1.7 ms
  



  
    		2024-05-01 10:52:26.764591
    		2.5 ms
  



  
    		2024-05-01 11:52:28.442095
    		-0.5 ms
  



  
    		2024-05-01 12:52:32.643354
    		2.9 ms
  



  
    		2024-05-01 13:52:35.286779
    		-0.7 ms
  



  
    		2024-05-01 14:52:37.767917
    		0.8 ms
  



  
    		2024-05-01 15:52:39.504823
    		1.5 ms
  



  
    		2024-05-01 16:52:42.672649
    		1.7 ms
  



  
    		2024-05-01 17:52:45.609667
    		-0.9 ms
  



  
    		2024-05-01 18:52:48.477867
    		-1.9 ms
  



  
    		2024-05-01 19:52:50.378431
    		-0.8 ms
  



  
    		2024-05-01 20:52:52.814377
    		0.0 ms
  



  
    		2024-05-01 21:52:54.522479
    		-1.4 ms
  



  
    		2024-05-01 22:52:56.205058
    		-0.3 ms
  



  
    		2024-05-01 23:52:58.437844
    		1.0 ms
  



  
    		2024-05-02 00:53:01.284298
    		1.5 ms
  



  
    		2024-05-02 01:53:04.27774
    		1.5 ms
  



  
    		2024-05-02 02:53:06.191649
    		-0.3 ms
  



  
    		2024-05-02 03:53:07.974153
    		-0.9 ms
  



  
    		2024-05-02 04:53:10.24838
    		-1.6 ms
  



  
    		2024-05-02 05:53:12.798957
    		-1.3 ms
  



  
    		2024-05-02 06:53:16.355222
    		2.5 ms
  



  
    		2024-05-02 07:53:19.347954
    		1.3 ms
  



  
    		2024-05-02 08:53:21.942532
    		-0.5 ms
  



  
    		2024-05-02 09:53:23.735122
    		1.1 ms
  



  
    		2024-05-02 10:53:25.625116
    		-0.6 ms
  



  
    		2024-05-02 11:53:28.419883
    		2.1 ms
  



  
    		2024-05-02 12:53:30.791723
    		2.7 ms
  



  
    		2024-05-02 13:53:33.402447
    		0.3 ms
  



  
    		2024-05-02 14:53:35.757326
    		2.3 ms
  



  
    		2024-05-02 15:53:38.038051
    		1.5 ms
  



  
    		2024-05-02 16:53:39.885667
    		2.1 ms
  



  
    		2024-05-02 17:53:41.796714
    		1.4 ms
  



  
    		2024-05-02 18:53:43.329617
    		-0.2 ms
  



  
    		2024-05-02 19:53:45.136129
    		0.3 ms
  



  
    		2024-05-02 20:53:47.227301
    		1.7 ms
  



  
    		2024-05-02 21:53:50.034088
    		2.0 ms
  



  
    		2024-05-02 22:53:51.691186
    		-1.7 ms
  



  
    		2024-05-02 23:53:53.443156
    		-1.9 ms
  



  
    		2024-05-03 00:53:55.04429
    		-0.4 ms
  



  
    		2024-05-03 01:53:58.13474
    		-1.8 ms
  



  
    		2024-05-03 02:53:59.761525
    		1.0 ms
  



  
    		2024-05-03 03:54:01.691417
    		-1.3 ms
  



  
    		2024-05-03 04:54:03.886085
    		1.0 ms
  



  
    		2024-05-03 05:54:05.591642
    		2.1 ms
  



  
    		2024-05-03 06:54:08.540159
    		-0.7 ms
  



  
    		2024-05-03 07:54:10.440449
    		3.2 ms
  



  
    		2024-05-03 08:54:12.173195
    		-0.2 ms
  



  
    		2024-05-03 09:54:14.119969
    		-0.5 ms
  



  
    		2024-05-03 10:54:15.644733
    		-1.1 ms
  



  
    		2024-05-03 11:54:18.755609
    		0.4 ms
  



  
    		2024-05-03 12:54:20.39442
    		-0.3 ms
  



  
    		2024-05-03 13:54:23.031945
    		2.7 ms
  



  
    		2024-05-03 14:54:24.878004
    		2.1 ms
  



  
    		2024-05-03 15:54:26.675315
    		0.3 ms
  



  
    		2024-05-03 16:54:29.048526
    		1.1 ms
  



  
    		2024-05-03 17:54:30.604727
    		1.6 ms
  



  
    		2024-05-03 18:54:34.952117
    		-0.5 ms
  



  
    		2024-05-03 19:54:39.196039
    		1.2 ms
  



  
    		2024-05-03 20:54:43.569476
    		-2.1 ms
  



  
    		2024-05-03 21:54:47.582308
    		-0.3 ms
  



  
    		2024-05-03 22:54:51.806349
    		-1.3 ms
  



  
    		2024-05-03 23:54:53.642243
    		-0.1 ms
  



  
    		2024-05-04 00:54:57.678986
    		-1.9 ms
  



  
    		2024-05-04 01:54:59.760565
    		-1.8 ms
  



  
    		2024-05-04 02:55:02.244045
    		-0.9 ms
  



  
    		2024-05-04 03:55:03.772034
    		-1.2 ms
  



  
    		2024-05-04 04:55:05.545757
    		-0.7 ms
  



  
    		2024-05-04 05:55:07.651897
    		0.0 ms
  



  
    		2024-05-04 06:55:09.528029
    		1.7 ms
  



  
    		2024-05-04 07:55:11.106664
    		2.3 ms
  



  
    		2024-05-04 08:55:13.264185
    		-0.8 ms
  



  
    		2024-05-04 09:55:15.818319
    		3.8 ms
  



  
    		2024-05-04 10:55:17.811771
    		0.2 ms
  



  
    		2024-05-04 11:55:19.325388
    		2.2 ms
  



  
    		2024-05-04 12:55:21.113849
    		-0.3 ms
  



  
    		2024-05-04 13:55:23.020974
    		0.5 ms
  



  
    		2024-05-04 14:55:24.742156
    		0.4 ms
  



  
    		2024-05-04 15:55:26.842064
    		1.0 ms
  



  
    		2024-05-04 16:55:28.768252
    		-0.3 ms
  



  
    		2024-05-04 17:55:30.630064
    		1.6 ms
  



  
    		2024-05-04 18:55:32.884189
    		-1.3 ms
  



  
    		2024-05-04 19:55:35.897784
    		-0.7 ms
  



  
    		2024-05-04 20:55:37.992565
    		-1.2 ms
  



  
    		2024-05-04 21:55:40.600765
    		-1.2 ms
  



  
    		2024-05-04 22:55:43.417864
    		-0.6 ms
  



  
    		2024-05-04 23:55:45.327617
    		0.5 ms
  



  
    		2024-05-05 00:55:49.330658
    		-1.4 ms
  



  
    		2024-05-05 01:55:50.856791
    		-1.4 ms
  



  
    		2024-05-05 02:55:52.40867
    		1.0 ms
  



  
    		2024-05-05 03:55:54.991052
    		-0.4 ms
  



  
    		2024-05-05 04:55:57.887454
    		0.9 ms
  



  
    		2024-05-05 05:55:59.926324
    		1.6 ms
  



  
    		2024-05-05 06:56:04.099261
    		-0.3 ms
  



  
    		2024-05-05 07:56:05.779992
    		-0.8 ms
  



  
    		2024-05-05 08:56:07.619601
    		3.4 ms
  



  
    		2024-05-05 09:56:09.661858
    		0.0 ms
  



  
    		2024-05-05 10:56:11.359885
    		2.5 ms
  



  
    		2024-05-05 11:56:14.111128
    		0.4 ms
  



  
    		2024-05-05 12:56:15.742353
    		0.6 ms
  



  
    		2024-05-05 13:56:17.345272
    		1.5 ms
  



  
    		2024-05-05 14:56:19.739472
    		-0.6 ms
  



  
    		2024-05-05 15:56:21.18129
    		-0.2 ms
  



  
    		2024-05-05 16:56:23.100946
    		-0.1 ms
  



  
    		2024-05-05 17:56:24.807376
    		-0.1 ms
  



  
    		2024-05-05 18:56:27.162476
    		0.1 ms
  



  
    		2024-05-05 19:56:29.43334
    		1.1 ms
  



  
    		2024-05-05 20:56:32.038209
    		-2.7 ms
  



  
    		2024-05-05 21:56:35.468577
    		1.1 ms
  



  
    		2024-05-05 22:56:38.246061
    		0.8 ms
  



  
    		2024-05-05 23:56:40.767118
    		-1.0 ms
  



  
    		2024-05-06 00:56:44.116987
    		-1.6 ms
  



  
    		2024-05-06 01:56:45.723851
    		-1.1 ms
  



  
    		2024-05-06 02:56:47.819761
    		-0.6 ms
  



  
    		2024-05-06 03:56:49.664611
    		0.6 ms
  



  
    		2024-05-06 04:56:51.288243
    		1.3 ms
  



  
    		2024-05-06 05:56:52.865323
    		1.8 ms
  



  
    		2024-05-06 06:56:54.515397
    		-0.1 ms
  



  
    		2024-05-06 07:56:57.063642
    		-0.3 ms
  



  
    		2024-05-06 08:56:59.047769
    		1.4 ms
  



  
    		2024-05-06 09:57:01.766471
    		1.0 ms
  



  
    		2024-05-06 10:57:03.40648
    		1.7 ms
  



  
    		2024-05-06 11:57:05.476707
    		-0.5 ms
  



  
    		2024-05-06 12:57:07.81787
    		0.8 ms
  



  
    		2024-05-06 13:57:09.383199
    		0.9 ms
  



  
    		2024-05-06 14:57:11.247887
    		0.0 ms
  



  
    		2024-05-06 15:57:13.761268
    		1.3 ms
  



  
    		2024-05-06 16:57:15.780236
    		-1.0 ms
  



  
    		2024-05-06 17:57:17.486558
    		1.6 ms
  



  
    		2024-05-06 18:57:19.564701
    		-0.5 ms
  



  
    		2024-05-06 19:57:21.061572
    		-1.4 ms
  



  
    		2024-05-06 20:57:22.96866
    		-2.8 ms
  



  
    		2024-05-06 21:57:25.79423
    		1.1 ms
  



  
    		2024-05-06 22:57:28.223481
    		0.0 ms
  



  
    		2024-05-06 23:57:30.288277
    		-1.5 ms
  



  
    		2024-05-07 00:57:31.731357
    		0.2 ms
  



  
    		2024-05-07 01:57:33.504479
    		0.9 ms
  



  
    		2024-05-07 02:57:35.932532
    		1.0 ms
  



  
    		2024-05-07 03:57:38.154049
    		1.5 ms
  



  
    		2024-05-07 04:57:40.487691
    		1.6 ms
  



  
    		2024-05-07 05:57:42.489132
    		1.7 ms
  



  
    		2024-05-07 06:57:45.667377
    		-0.8 ms
  



  
    		2024-05-07 07:57:47.561664
    		-0.2 ms
  



  
    		2024-05-07 08:57:49.406277
    		1.3 ms
  



  
    		2024-05-07 09:57:51.028651
    		0.2 ms
  



  
    		2024-05-07 10:57:52.896726
    		2.8 ms
  



  
    		2024-05-07 11:57:54.73321
    		4.0 ms
  



  
    		2024-05-07 12:57:56.320545
    		1.0 ms
  



  
    		2024-05-07 13:57:58.064056
    		-0.4 ms
  



  
    		2024-05-07 14:58:01.072569
    		1.1 ms
  



  
    		2024-05-07 15:58:02.799054
    		-2.5 ms
  



  
    		2024-05-07 16:58:04.429999
    		0.7 ms
  



  
    		2024-05-07 17:58:06.103053
    		-1.0 ms
  



  
    		2024-05-07 18:58:08.505798
    		1.3 ms
  



  
    		2024-05-07 19:58:11.37382
    		0.2 ms
  



  
    		2024-05-07 20:58:14.127234
    		-0.5 ms
  



  
    		2024-05-07 21:58:16.122069
    		0.3 ms
  



  
    		2024-05-07 22:58:17.887383
    		-1.0 ms
  



  
    		2024-05-07 23:58:19.984673
    		0.2 ms
  



  
    		2024-05-08 00:58:21.750246
    		-1.2 ms
  



  
    		2024-05-08 01:58:24.751047
    		0.1 ms
  



  
    		2024-05-08 02:58:27.241315
    		-0.9 ms
  



  
    		2024-05-08 03:58:28.738035
    		1.5 ms
  



  
    		2024-05-08 04:58:30.991283
    		-0.6 ms
  



  
    		2024-05-08 05:58:34.260647
    		-0.7 ms
  



  
    		2024-05-08 06:58:37.438021
    		3.6 ms
  



  
    		2024-05-08 07:58:40.171312
    		1.8 ms
  



  
    		2024-05-08 08:58:41.717075
    		4.5 ms
  



  
    		2024-05-08 09:58:43.375652
    		2.1 ms
  



  
    		2024-05-08 10:58:46.330132
    		2.0 ms
  



  
    		2024-05-08 11:58:48.013162
    		-1.3 ms
  



  
    		2024-05-08 12:58:49.589673
    		-0.9 ms
  



  
    		2024-05-08 13:58:51.428701
    		0.7 ms
  



  
    		2024-05-08 14:58:53.91095
    		0.3 ms
  



  
    		2024-05-08 15:58:56.474178
    		1.0 ms
  



  
    		2024-05-08 16:58:58.086783
    		-0.8 ms
  



  
    		2024-05-08 17:58:59.857544
    		-1.9 ms
  



  
    		2024-05-08 18:59:02.840704
    		-0.4 ms
  



  
    		2024-05-08 19:59:04.474767
    		1.7 ms
  



  
    		2024-05-08 20:59:06.246456
    		2.7 ms
  



  
    		2024-05-08 21:59:07.773044
    		2.3 ms
  



  
    		2024-05-08 22:59:10.543349
    		-2.1 ms
  



  
    		2024-05-08 23:59:13.567518
    		-0.6 ms
  



  
    		2024-05-09 00:59:16.270058
    		-0.5 ms
  



  
    		2024-05-09 01:59:19.934484
    		0.9 ms
  



  
    		2024-05-09 02:59:22.356579
    		1.3 ms
  



  
    		2024-05-09 03:59:25.279703
    		-0.7 ms
  



  
    		2024-05-09 04:59:28.090874
    		0.8 ms
  



  
    		2024-05-09 05:59:31.033605
    		-0.7 ms
  



  
    		2024-05-09 06:59:33.852891
    		0.6 ms
  



  
    		2024-05-09 07:59:35.311625
    		3.3 ms
  



  
    		2024-05-09 08:59:39.663081
    		1.7 ms
  



  
    		2024-05-09 09:59:41.186935
    		-0.2 ms
  



  
    		2024-05-09 10:59:45.18224
    		1.5 ms
  



  
    		2024-05-09 11:59:46.841337
    		-1.2 ms
  



  
    		2024-05-09 12:59:50.344518
    		-0.1 ms
  



  
    		2024-05-09 13:59:52.045202
    		2.8 ms
  



  
    		2024-05-09 14:59:54.036483
    		0.9 ms
  



  
    		2024-05-09 15:59:56.929078
    		-0.2 ms
  



  
    		2024-05-09 16:59:58.864369
    		-2.2 ms
  



  
    		2024-05-09 18:00:01.684348
    		-0.5 ms
  



  
    		2024-05-09 19:00:03.661924
    		-1.1 ms
  



  
    		2024-05-09 20:00:05.129855
    		-0.8 ms
  



  
    		2024-05-09 21:00:07.246621
    		-2.3 ms
  



  
    		2024-05-09 22:00:09.335194
    		1.2 ms
  



  
    		2024-05-09 23:00:11.470089
    		-1.1 ms
  



  
    		2024-05-10 00:00:13.042689
    		-2.0 ms
  



  
    		2024-05-10 01:00:15.156315
    		0.2 ms
  



  
    		2024-05-10 02:00:18.545342
    		-0.5 ms
  



  
    		2024-05-10 03:00:20.655243
    		-0.1 ms
  



  
    		2024-05-10 04:00:23.380685
    		-1.4 ms
  



  
    		2024-05-10 05:00:25.47914
    		1.4 ms
  



  
    		2024-05-10 06:00:27.069694
    		-1.8 ms
  



  
    		2024-05-10 07:00:29.563112
    		1.2 ms
  



  
    		2024-05-10 08:00:32.295342
    		0.9 ms
  



  
    		2024-05-10 09:00:34.164398
    		2.3 ms
  



  
    		2024-05-10 10:00:36.632412
    		1.9 ms
  



  
    		2024-05-10 11:00:38.163851
    		0.4 ms
  



  
    		2024-05-10 12:00:40.258612
    		-0.4 ms
  



  
    		2024-05-10 13:00:41.869646
    		1.4 ms
  



  
    		2024-05-10 14:00:43.986648
    		3.8 ms
  



  
    		2024-05-10 15:00:46.332365
    		-1.3 ms
  



  
    		2024-05-10 16:00:48.131389
    		-0.5 ms
  



  
    		2024-05-10 17:00:49.918054
    		-3.5 ms
  



  
    		2024-05-10 18:00:53.068912
    		3.0 ms
  



  
    		2024-05-10 19:00:55.366185
    		0.1 ms
  



  
    		2024-05-10 20:00:57.91739
    		-4.8 ms
  



  
    		2024-05-10 21:01:00.046425
    		-5.7 ms
  



  
    		2024-05-10 22:01:02.514956
    		-5.0 ms
  



  
    		2024-05-10 23:01:04.166183
    		-1.3 ms
  



  
    		2024-05-11 00:01:06.081129
    		-0.4 ms
  



  
    		2024-05-11 01:01:07.93126
    		-1.4 ms
  



  
    		2024-05-11 02:01:10.701006
    		0.0 ms
  



  
    		2024-05-11 03:01:13.333886
    		1.3 ms
  



  
    		2024-05-11 04:01:15.058042
    		1.0 ms
  



  
    		2024-05-11 05:01:16.830439
    		1.3 ms
  



  
    		2024-05-11 06:01:18.368487
    		-0.1 ms
  



  
    		2024-05-11 07:01:20.601311
    		3.6 ms
  



  
    		2024-05-11 08:01:24.449137
    		3.9 ms
  



  
    		2024-05-11 09:01:26.986902
    		2.5 ms
  



  
    		2024-05-11 10:01:29.032659
    		-0.7 ms
  



  
    		2024-05-11 11:01:30.519896
    		0.4 ms
  



  
    		2024-05-11 12:01:33.659069
    		3.5 ms
  



  
    		2024-05-11 13:01:35.885901
    		2.3 ms
  



  
    		2024-05-11 14:01:38.635808
    		-1.9 ms
  



  
    		2024-05-11 15:01:40.557667
    		1.0 ms
  



  
    		2024-05-11 16:01:43.316529
    		-1.3 ms
  



  
    		2024-05-11 17:01:44.747016
    		-0.8 ms
  



  
    		2024-05-11 18:01:46.93539
    		-3.3 ms
  



  
    		2024-05-11 19:01:49.41018
    		-3.2 ms
  



  
    		2024-05-11 20:01:52.664061
    		-1.8 ms
  



  
    		2024-05-11 21:01:55.326805
    		0.3 ms
  



  
    		2024-05-11 22:01:56.855443
    		-1.0 ms
  



  
    		2024-05-11 23:01:59.099887
    		1.6 ms
  



  
    		2024-05-12 00:02:01.355855
    		-1.1 ms
  



  
    		2024-05-12 01:02:03.730238
    		2.0 ms
  



  
    		2024-05-12 02:02:06.535142
    		-3.1 ms
  



  
    		2024-05-12 03:02:08.586799
    		-0.7 ms
  



  
    		2024-05-12 04:02:10.542755
    		0.4 ms
  



  
    		2024-05-12 05:02:13.254769
    		-0.7 ms
  



  
    		2024-05-12 06:02:16.758901
    		-0.9 ms
  



  
    		2024-05-12 07:02:19.438264
    		2.4 ms
  



  
    		2024-05-12 08:02:21.978428
    		2.0 ms
  



  
    		2024-05-12 09:02:24.259657
    		0.6 ms
  



  
    		2024-05-12 10:02:26.034587
    		2.9 ms
  



  
    		2024-05-12 11:02:28.031544
    		-0.4 ms
  



  
    		2024-05-12 12:02:29.923709
    		0.4 ms
  



  
    		2024-05-12 13:02:32.423893
    		-0.9 ms
  



  
    		2024-05-12 14:02:35.539972
    		0.9 ms
  



  
    		2024-05-12 15:02:37.764275
    		-0.1 ms
  



  
    		2024-05-12 16:02:40.484603
    		0.7 ms
  



  
    		2024-05-12 17:02:43.445362
    		0.6 ms
  



  
    		2024-05-12 18:02:45.366162
    		-2.3 ms
  



  
    		2024-05-12 19:02:46.846507
    		-0.7 ms
  



  
    		2024-05-12 20:02:49.543478
    		-1.8 ms
  



  
    		2024-05-12 21:02:51.189698
    		-1.0 ms
  



  
    		2024-05-12 22:02:53.552072
    		-0.5 ms
  



  
    		2024-05-12 23:02:55.826868
    		0.8 ms
  



  
    		2024-05-13 00:02:58.421246
    		-0.3 ms
  



  
    		2024-05-13 01:03:00.16927
    		0.9 ms
  



  
    		2024-05-13 02:03:04.163459
    		0.8 ms
  



  
    		2024-05-13 03:03:06.474262
    		-2.3 ms
  



  
    		2024-05-13 04:03:08.209481
    		0.3 ms
  



  
    		2024-05-13 05:03:10.883741
    		-0.1 ms
  



  
    		2024-05-13 06:03:12.92507
    		0.9 ms
  



  
    		2024-05-13 07:03:14.541941
    		1.6 ms
  



  
    		2024-05-13 08:03:16.794944
    		0.6 ms
  



  
    		2024-05-13 09:03:18.574074
    		0.4 ms
  



  
    		2024-05-13 10:03:19.969339
    		-0.4 ms
  



  
    		2024-05-13 11:03:21.601626
    		0.3 ms
  



  
    		2024-05-13 12:03:23.629389
    		-0.4 ms
  



  
    		2024-05-13 13:03:25.862745
    		-0.3 ms
  



  
    		2024-05-13 14:03:27.491936
    		-0.2 ms
  



  
    		2024-05-13 15:03:28.985136
    		0.4 ms
  



  
    		2024-05-13 16:03:30.589399
    		-1.0 ms
  



  
    		2024-05-13 17:03:33.119038
    		1.4 ms
  



  
    		2024-05-13 18:03:37.010475
    		-0.7 ms
  



  
    		2024-05-13 19:03:38.81466
    		-0.4 ms
  



  
    		2024-05-13 20:03:40.383594
    		1.6 ms
  



  
    		2024-05-13 21:03:42.659281
    		-1.8 ms
  



  
    		2024-05-13 22:03:44.350048
    		-2.3 ms
  



  
    		2024-05-13 23:03:46.498408
    		-2.2 ms
  



  
    		2024-05-14 00:03:50.704226
    		1.7 ms
  



  
    		2024-05-14 01:03:53.113143
    		-0.7 ms
  



  
    		2024-05-14 02:03:54.620102
    		2.4 ms
  



  
    		2024-05-14 03:03:58.322154
    		-1.3 ms
  



  
    		2024-05-14 04:04:01.106429
    		-0.4 ms
  



  
    		2024-05-14 05:04:04.48802
    		-1.0 ms
  



  
    		2024-05-14 06:04:07.191567
    		1.4 ms
  



  
    		2024-05-14 07:04:08.654073
    		2.3 ms
  



  
    		2024-05-14 08:04:11.543502
    		3.2 ms
  



  
    		2024-05-14 09:04:13.424965
    		-0.1 ms
  



  
    		2024-05-14 10:04:15.437441
    		3.5 ms
  



  
    		2024-05-14 11:04:17.497354
    		2.5 ms
  



  
    		2024-05-14 12:04:19.156298
    		0.5 ms
  



  
    		2024-05-14 13:04:21.057481
    		1.1 ms
  



  
    		2024-05-14 14:04:22.691421
    		0.4 ms
  



  
    		2024-05-14 15:04:24.226922
    		4.8 ms
  



  
    		2024-05-14 16:04:27.297412
    		2.5 ms
  



  
    		2024-05-14 17:04:30.051382
    		1.6 ms
  



  
    		2024-05-14 18:04:32.450552
    		2.3 ms
  



  
    		2024-05-14 19:04:34.794277
    		2.1 ms
  



  
    		2024-05-14 20:04:37.446041
    		0.2 ms
  



  
    		2024-05-14 21:04:39.812719
    		0.3 ms
  



  
    		2024-05-14 22:04:41.20053
    		0.0 ms
  



  
    		2024-05-14 23:04:43.796748
    		2.0 ms
  



  
    		2024-05-15 00:04:45.647979
    		0.2 ms
  



  
    		2024-05-15 01:04:47.395255
    		-0.6 ms
  



  
    		2024-05-15 02:04:51.445304
    		0.9 ms
  



  
    		2024-05-15 03:04:53.043716
    		-1.7 ms
  



  
    		2024-05-15 04:04:56.305206
    		0.9 ms
  



  
    		2024-05-15 05:04:58.771516
    		1.3 ms
  



  
    		2024-05-15 06:05:01.268311
    		1.6 ms
  



  
    		2024-05-15 07:05:03.054046
    		2.1 ms
  



  
    		2024-05-15 08:05:04.599923
    		2.0 ms
  



  
    		2024-05-15 09:05:06.256711
    		0.6 ms
  



  
    		2024-05-15 10:05:08.055337
    		0.2 ms
  



  
    		2024-05-15 11:05:10.404006
    		1.0 ms
  



  
    		2024-05-15 12:05:11.846588
    		3.2 ms
  



  
    		2024-05-15 13:05:14.079457
    		0.3 ms
  



  
    		2024-05-15 14:05:16.303051
    		-0.4 ms
  



  
    		2024-05-15 15:05:17.761236
    		2.3 ms
  



  
    		2024-05-15 16:05:19.208939
    		1.6 ms
  



  
    		2024-05-15 17:05:20.849334
    		1.5 ms
  



  
    		2024-05-15 18:05:22.717534
    		-0.5 ms
  



  
    		2024-05-15 19:05:25.841327
    		-2.3 ms
  



  
    		2024-05-15 20:05:28.28167
    		-2.3 ms
  



  
    		2024-05-15 21:05:30.066531
    		-1.7 ms
  



  
    		2024-05-15 22:05:33.069859
    		0.7 ms
  



  
    		2024-05-15 23:05:35.17324
    		1.7 ms
  



  
    		2024-05-16 00:05:37.019111
    		0.0 ms
  



  
    		2024-05-16 01:05:38.787966
    		-2.4 ms
  



  
    		2024-05-16 02:05:40.922968
    		-2.8 ms
  



  
    		2024-05-16 03:05:42.999441
    		-3.6 ms
  



  
    		2024-05-16 04:05:46.276216
    		2.2 ms
  



  
    		2024-05-16 05:05:48.369671
    		2.8 ms
  



  
    		2024-05-16 06:05:50.971109
    		0.9 ms
  



  
    		2024-05-16 07:05:52.908996
    		0.9 ms
  



  
    		2024-05-16 08:05:55.549881
    		1.8 ms
  



  
    		2024-05-16 09:05:57.160644
    		3.5 ms
  



  
    		2024-05-16 10:05:59.188518
    		3.5 ms
  



  
    		2024-05-16 11:06:01.659028
    		1.1 ms
  



  
    		2024-05-16 12:06:03.234862
    		1.2 ms
  



  
    		2024-05-16 13:06:05.124974
    		-1.8 ms
  



  
    		2024-05-16 14:06:06.863377
    		-0.7 ms
  



  
    		2024-05-16 15:06:08.531024
    		1.4 ms
  



  
    		2024-05-16 16:06:10.623662
    		-0.5 ms
  



  
    		2024-05-16 17:06:13.886102
    		-2.4 ms
  



  
    		2024-05-16 18:06:16.202211
    		-0.1 ms
  



  
    		2024-05-16 19:06:19.65653
    		-2.5 ms
  



  
    		2024-05-16 20:06:22.816837
    		1.1 ms
  



  
    		2024-05-16 21:06:25.391516
    		-1.6 ms
  



  
    		2024-05-16 22:06:27.916942
    		-1.9 ms
  



  
    		2024-05-16 23:06:30.065912
    		-1.4 ms
  



  
    		2024-05-17 00:06:32.23693
    		-1.4 ms
  



  
    		2024-05-17 01:06:34.194886
    		-1.1 ms
  



  
    		2024-05-17 02:06:36.065181
    		-1.6 ms
  



  
    		2024-05-17 03:06:37.521077
    		-2.0 ms
  



  
    		2024-05-17 04:06:40.459393
    		-1.6 ms
  



  
    		2024-05-17 05:06:44.603113
    		-0.7 ms
  



  
    		2024-05-17 06:06:47.279105
    		-0.8 ms
  



  
    		2024-05-17 07:06:48.992609
    		-0.4 ms
  



  
    		2024-05-17 08:06:51.143569
    		3.3 ms
  



  
    		2024-05-17 09:06:53.702806
    		2.3 ms
  



  
    		2024-05-17 10:06:55.329445
    		-0.5 ms
  



  
    		2024-05-17 11:06:56.854502
    		0.6 ms
  



  
    		2024-05-17 12:06:59.039901
    		0.0 ms
  



  
    		2024-05-17 13:07:00.924056
    		0.7 ms
  



  
    		2024-05-17 14:07:02.801081
    		0.5 ms
  



  
    		2024-05-17 15:07:05.737451
    		-0.3 ms
  



  
    		2024-05-17 16:07:08.019391
    		1.8 ms
  



  
    		2024-05-17 17:07:09.819798
    		-1.0 ms
  



  
    		2024-05-17 18:07:12.435463
    		-0.7 ms
  



  
    		2024-05-17 19:07:15.26007
    		-1.1 ms
  



  
    		2024-05-17 20:07:17.124388
    		-2.2 ms
  



  
    		2024-05-17 21:07:19.627738
    		-1.0 ms
  



  
    		2024-05-17 22:07:22.128821
    		1.8 ms
  



  
    		2024-05-17 23:07:23.812583
    		0.6 ms
  



  
    		2024-05-18 00:07:26.036751
    		0.9 ms
  



  
    		2024-05-18 01:07:27.897459
    		-1.4 ms
  



  
    		2024-05-18 02:07:29.980044
    		-0.5 ms
  



  
    		2024-05-18 03:07:31.532345
    		-2.8 ms
  



  
    		2024-05-18 04:07:33.050021
    		-2.3 ms
  



  
    		2024-05-18 05:07:36.501855
    		0.5 ms
  



  
    		2024-05-18 06:07:39.170866
    		1.6 ms
  



  
    		2024-05-18 07:07:42.057905
    		1.1 ms
  



  
    		2024-05-18 08:07:45.110525
    		2.0 ms
  



  
    		2024-05-18 09:07:48.42081
    		1.0 ms
  



  
    		2024-05-18 10:07:51.013245
    		-0.2 ms
  



  
    		2024-05-18 11:07:52.659441
    		1.2 ms
  



  
    		2024-05-18 12:07:55.035115
    		-0.8 ms
  



  
    		2024-05-18 13:07:56.720004
    		0.8 ms
  



  
    		2024-05-18 14:07:58.621201
    		-0.8 ms
  



  
    		2024-05-18 15:08:00.261824
    		0.1 ms
  



  
    		2024-05-18 16:08:01.963626
    		0.3 ms
  



  
    		2024-05-18 17:08:04.585809
    		-0.5 ms
  



  
    		2024-05-18 18:08:08.095013
    		-0.3 ms
  



  
    		2024-05-18 19:08:11.567896
    		2.0 ms
  



  
    		2024-05-18 20:08:13.343079
    		-1.2 ms
  



  
    		2024-05-18 21:08:14.92517
    		-1.0 ms
  



  
    		2024-05-18 22:08:17.774063
    		-0.8 ms
  



  
    		2024-05-18 23:08:20.287049
    		-1.9 ms
  



  
    		2024-05-19 00:08:22.262387
    		-1.1 ms
  



  
    		2024-05-19 01:08:23.959544
    		-1.7 ms
  



  
    		2024-05-19 02:08:27.489021
    		-0.8 ms
  



  
    		2024-05-19 03:08:30.019327
    		0.5 ms
  



  
    		2024-05-19 04:08:31.633638
    		-1.0 ms
  



  
    		2024-05-19 05:08:34.474362
    		0.2 ms
  



  
    		2024-05-19 06:08:36.012198
    		-0.9 ms
  



  
    		2024-05-19 07:08:37.539778
    		0.5 ms
  



  
    		2024-05-19 08:08:39.498703
    		0.6 ms
  



  
    		2024-05-19 09:08:41.05347
    		3.4 ms
  



  
    		2024-05-19 10:08:43.042272
    		1.7 ms
  



  
    		2024-05-19 11:08:45.389028
    		2.8 ms
  



  
    		2024-05-19 12:08:47.963099
    		2.9 ms
  



  
    		2024-05-19 13:08:49.95828
    		2.9 ms
  



  
    		2024-05-19 14:08:51.457188
    		1.1 ms
  



  
    		2024-05-19 15:08:54.794751
    		1.5 ms
  



  
    		2024-05-19 16:08:56.545895
    		2.3 ms
  



  
    		2024-05-19 17:08:58.973062
    		1.4 ms
  



  
    		2024-05-19 18:09:01.958013
    		0.5 ms
  



  
    		2024-05-19 19:09:03.909694
    		-0.1 ms
  



  
    		2024-05-19 20:09:07.345707
    		1.2 ms
  



  
    		2024-05-19 21:09:09.340489
    		0.5 ms
  



  
    		2024-05-19 22:09:10.989141
    		-1.1 ms
  



  
    		2024-05-19 23:09:13.279562
    		2.0 ms
  



  
    		2024-05-20 00:09:15.188151
    		-1.7 ms
  



  
    		2024-05-20 01:09:17.684477
    		-1.7 ms
  



  
    		2024-05-20 02:09:20.127056
    		-0.6 ms
  



  
    		2024-05-20 03:09:22.671159
    		-1.1 ms
  



  
    		2024-05-20 04:09:26.234969
    		-1.5 ms
  



  
    		2024-05-20 05:09:29.021599
    		1.4 ms
  



  
    		2024-05-20 06:09:30.798338
    		-0.6 ms
  



  
    		2024-05-20 07:09:32.462857
    		-0.2 ms
  



  
    		2024-05-20 08:09:35.766631
    		0.1 ms
  



  
    		2024-05-20 09:09:37.41843
    		-0.3 ms
  



  
    		2024-05-20 10:09:39.738231
    		2.3 ms
  



  
    		2024-05-20 11:09:41.339841
    		2.0 ms
  



  
    		2024-05-20 12:09:43.462183
    		4.5 ms
  



  
    		2024-05-20 13:09:45.199554
    		0.9 ms
  



  
    		2024-05-20 14:09:46.828582
    		0.0 ms
  



  
    		2024-05-20 15:09:48.877933
    		2.7 ms
  



  
    		2024-05-20 16:09:50.473038
    		-2.3 ms
  



  
    		2024-05-20 17:09:52.27838
    		-0.5 ms
  



  
    		2024-05-20 18:09:53.784903
    		-0.7 ms
  



  
    		2024-05-20 19:09:55.780876
    		1.0 ms
  



  
    		2024-05-20 20:09:57.394025
    		3.0 ms
  



  
    		2024-05-20 21:09:59.848665
    		2.3 ms
  



  
    		2024-05-20 22:10:01.932874
    		1.5 ms
  



  
    		2024-05-20 23:10:03.511455
    		-1.6 ms
  



  
    		2024-05-21 00:10:05.850341
    		-5.4 ms
  



  
    		2024-05-21 01:10:09.734758
    		-1.1 ms
  



  
    		2024-05-21 02:10:11.338228
    		-1.7 ms
  



  
    		2024-05-21 03:10:12.961864
    		0.4 ms
  



  
    		2024-05-21 04:10:15.533867
    		1.4 ms
  



  
    		2024-05-21 05:10:18.067671
    		1.4 ms
  



  
    		2024-05-21 06:10:20.499655
    		2.9 ms
  



  
    		2024-05-21 07:10:22.712861
    		0.2 ms
  



  
    		2024-05-21 08:10:24.388559
    		1.3 ms
  



  
    		2024-05-21 09:10:26.184271
    		1.3 ms
  



  
    		2024-05-21 10:10:27.983599
    		3.0 ms
  



  
    		2024-05-21 11:10:30.308999
    		0.5 ms
  



  
    		2024-05-21 12:10:31.975533
    		-1.3 ms
  



  
    		2024-05-21 13:10:33.450256
    		1.4 ms
  



  
    		2024-05-21 14:10:34.883845
    		1.6 ms
  



  
    		2024-05-21 15:10:37.110792
    		2.1 ms
  



  
    		2024-05-21 16:10:38.701754
    		1.3 ms
  



  
    		2024-05-21 17:10:41.105226
    		3.4 ms
  



  
    		2024-05-21 18:10:44.84187
    		-0.9 ms
  



  
    		2024-05-21 19:10:46.594266
    		-0.4 ms
  



  
    		2024-05-21 20:10:48.751615
    		-0.8 ms
  



  
    		2024-05-21 21:10:50.749746
    		0.7 ms
  



  
    		2024-05-21 22:10:53.447214
    		1.5 ms
  



  
    		2024-05-21 23:10:56.621102
    		-0.9 ms
  



  
    		2024-05-22 00:10:59.517036
    		-0.5 ms
  



  
    		2024-05-22 01:11:01.429078
    		-1.9 ms
  



  
    		2024-05-22 02:11:04.077699
    		-0.3 ms
  



  
    		2024-05-22 03:11:06.66983
    		-1.1 ms
  



  
    		2024-05-22 04:11:08.885341
    		-1.5 ms
  



  
    		2024-05-22 05:11:10.824981
    		-1.4 ms
  



  
    		2024-05-22 06:11:12.558875
    		-0.4 ms
  



  
    		2024-05-22 07:11:14.301905
    		0.2 ms
  



  
    		2024-05-22 08:11:16.294794
    		1.0 ms
  



  
    		2024-05-22 09:11:17.91153
    		2.9 ms
  



  
    		2024-05-22 10:11:19.848967
    		-0.5 ms
  



  
    		2024-05-22 11:11:21.450899
    		2.7 ms
  



  
    		2024-05-22 12:11:23.028288
    		2.1 ms
  



  
    		2024-05-22 13:11:24.764367
    		5.6 ms
  



  
    		2024-05-22 14:11:26.419223
    		-0.7 ms
  



  
    		2024-05-22 15:11:28.207105
    		0.3 ms
  



  
    		2024-05-22 16:11:30.410877
    		2.6 ms
  



  
    		2024-05-22 17:11:32.809845
    		-1.1 ms
  



  
    		2024-05-22 18:11:34.627948
    		0.4 ms
  



  
    		2024-05-22 19:11:38.404425
    		1.3 ms
  



  
    		2024-05-22 20:11:40.940819
    		1.2 ms
  



  
    		2024-05-22 21:11:43.088644
    		-2.5 ms
  



  
    		2024-05-22 22:11:45.419261
    		-0.1 ms
  



  
    		2024-05-22 23:11:47.296798
    		-3.0 ms
  



  
    		2024-05-23 00:11:50.250109
    		-2.5 ms
  



  
    		2024-05-23 01:11:51.891661
    		-1.5 ms
  



  
    		2024-05-23 02:11:53.742789
    		-1.4 ms
  



  
    		2024-05-23 03:11:56.64568
    		-0.4 ms
  



  
    		2024-05-23 04:11:59.218664
    		0.8 ms
  



  
    		2024-05-23 05:12:02.14552
    		0.3 ms
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1. Purpose

The purpose of this document is to explain how Scrive eSign measures time and provide a mathematical algorithm by which it is possible to calculate the probability of the error of the time stamps recorded by Scrive eSign.

2. Time measurement process

This section explains the NTP (Network Time Protocol) configurations of the systems involved with time measurement of Scrive eSign.

2.1 The hypervisor

Amazon, which Scrive eSign uses as hosting provider, use Xen or KVM depending on the generation of the virtual machine, for virtualisation. The default configuration is that all VM hosts are time synced using a clustered public pool of NTP servers. Scrive eSign does not use this mechanism.

2.2 Time synchronisation

Scrive eSign relies on NTP running on the virtual machine guests to get coordinated time from an NTP source. Scrive eSign does not use the time provided by the hypervisor hosts hosting the virtual machines, i.e. Amazon. This will help mitigate factors like load on the hypervisors or virtual machine guests affecting clock accuracy. This NTP synchronisation will override the clock synchronisation from the VM hosts’ clocks.

3. Configuration of hardware and services

This section describes the time/NTP and monitoring configuration of the application servers that run the Scrive eSign service.

3.1 Boot Time

The guest virtual machine behavior for the database server is as follows:

		On boot the virtual machine guest clock is set from the VM host

		ntp-date is run once from an init script

		ntpd is then run from another init script, which runs continuously



The behavior on the application server is the same with the exception of the ntpdate step which is not present on this system. It is worth noting that entries in procfs are not available for querying the configuration of the kernel with regards to Xen/clock configuration.

3.2 NTP Configuration

Logging that traces accuracy and time synchronisation is configured to use local NTP servers in the Scrive environment, which in turn acts as a proxy for the NTP server pool below that follows UTC(SP), i.e. official Swedish time:

		ntp1.sth.netnod.se

		ntp2.sth.netnod.se

		ntp1.gbg.netnod.se

		ntp2.gbg.netnod.se

		ntp1.mmo.netnod.se

		ntp2.mmo.netnod.se



3.3 Monitoring

Scrive eSign service has a monitoring system (Nagios) that monitors various aspects of the NTP statistics and keeps historic logs. It informs of problems with NTP server connectivity, jitter and offset, immediately regardless of what time of day it is.

3.4 Time scale

The NTP configuration together with the logging implies that we are following UTC(SP), and all timestamps are because of this traceable to this time scale.

4. Calculation of the probability of the clock error

This section describes how to calculate the probability of the clock error of the Scrive eSign timestamps.

4.1 Clock error samples

Once per hour Scrive eSign uses the NTP protocol to check the difference between the Scrive eSign server clock and UTC(SP). This check is performed directly against servers in the NTP server pool listed in Section 3.2. Each check results in one clock error sample (hereinafter “Clock Error Samples”), which is assumed to accurately reflect the actual clock error.

4.2 Clock error algorithm

The calculation of the probability of the clock error can be done by inserting the Clock Error Samples into the algorithm below. We assume that the samples follow a normal distribution.

		Let [image: 1.png]

 be a set of the clock error samples (in seconds). Let [image: 2.png]

, [image: 3.png]

.

		Let [image: 4.png]

 be the random variable representing the clock error with parameters estimated using data set [image: CodeCogsEqn.png]

.

		Let [image: 7.png]

, [image: 8.png]

 be the the empirical distribution function.

		Let [image: 9.png]

 be the size of discretized value space, [image: 10.png]

. Let [image: 11.png]

 be the discretized value space, [image: 12.png]

 be the set of data points representing empirical distribution function, [image: 13.png]

 be the set of data points representing cumulative distribution function of the random variable estimating the clock error.

		Plot the data in [image: 14.png]

 and [image: 15.png]

 to assess the accuracy of the estimation.

		[image: 16.png]

 is the estimated probability that the clock error is smaller than [image: 17.png]

 seconds.



4.3 Clock error samples and evidence of normal distribution

The last 1000 Clock Error Samples are inserted into this document in section 5. These Clock Error Samples can be used as input data to the algorithm in 4.2 to provide evidence of normal distribution and to calculate the probability of the clock error of the Scrive eSign time stamps. From the Clock Error Samples one can derive the parameters (mean and variance) for a normal distribution. One can also calculate the difference between this estimated distribution and the empirical data given by the Clock Error Samples themselves. You can see cumulative distribution functions (cdf) for the estimates and the empirical data and on top of that the difference between the empirical and estimated errors in the graph below. This graph also allow us to visually estimate the probability of a specific maximum error.




Gnuplot
Produced by GNUPLOT 5.4 patchlevel 2 
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4.4 Input parameters

Based on the Clock Error Samples in section 5 it is possible to calculate the variables that define the normal distribution (mean and standard deviation). Scrive eSign has automatically calculated these variables as per the below:

		mean: 0.17 ms

		standard deviation: 1.54 ms



4.5 Probability of the clock error

By using the algorithm and the Clock Error Samples Scrive eSign calculated the following probabilities of the clock error ‘e’:

		|e| < 2.5 ms: ≈89.340%

		|e| < 5 ms: ≈99.875%

		|e| < 10 ms: ≈100.000%



5. Clock Error Samples

The following are the clock error samples collected between 2024-04-11 13:34:39.696917 UTC and 2024-05-23 05:12:02.14552 UTC:





  		Time collected
  		Clock offset




  
    		2024-04-11 13:34:39.696917
    		-1.2 ms
  



  
    		2024-04-11 14:34:42.933933
    		-0.7 ms
  



  
    		2024-04-11 15:34:45.483562
    		2.7 ms
  



  
    		2024-04-11 16:34:48.444364
    		-2.4 ms
  



  
    		2024-04-11 17:34:51.309198
    		-1.0 ms
  



  
    		2024-04-11 18:34:53.350164
    		0.0 ms
  



  
    		2024-04-11 19:34:57.183381
    		-1.6 ms
  



  
    		2024-04-11 20:35:00.265096
    		-0.1 ms
  



  
    		2024-04-11 21:35:01.829664
    		0.8 ms
  



  
    		2024-04-11 22:35:04.487281
    		-2.6 ms
  



  
    		2024-04-11 23:35:06.113497
    		-1.5 ms
  



  
    		2024-04-12 00:35:07.743469
    		-2.3 ms
  



  
    		2024-04-12 01:35:09.453325
    		-1.0 ms
  



  
    		2024-04-12 02:35:11.662919
    		-1.5 ms
  



  
    		2024-04-12 03:35:13.649446
    		-0.4 ms
  



  
    		2024-04-12 04:35:15.462941
    		-0.7 ms
  



  
    		2024-04-12 05:35:17.64268
    		0.1 ms
  



  
    		2024-04-12 06:35:20.070998
    		0.6 ms
  



  
    		2024-04-12 07:35:22.357665
    		1.6 ms
  



  
    		2024-04-12 08:35:23.850097
    		1.1 ms
  



  
    		2024-04-12 09:35:25.529331
    		0.7 ms
  



  
    		2024-04-12 10:35:27.709246
    		0.0 ms
  



  
    		2024-04-12 11:35:30.057817
    		0.0 ms
  



  
    		2024-04-12 12:35:31.7715
    		-0.9 ms
  



  
    		2024-04-12 13:35:33.30148
    		1.1 ms
  



  
    		2024-04-12 14:35:35.950484
    		1.5 ms
  



  
    		2024-04-12 15:35:37.873917
    		-1.5 ms
  



  
    		2024-04-12 16:35:39.506351
    		-0.4 ms
  



  
    		2024-04-12 17:35:41.840512
    		0.5 ms
  



  
    		2024-04-12 18:35:43.503034
    		0.2 ms
  



  
    		2024-04-12 19:35:47.27239
    		0.2 ms
  



  
    		2024-04-12 20:35:49.223502
    		-1.6 ms
  



  
    		2024-04-12 21:35:51.815158
    		-1.4 ms
  



  
    		2024-04-12 22:35:53.666184
    		0.1 ms
  



  
    		2024-04-12 23:35:55.470787
    		0.1 ms
  



  
    		2024-04-13 00:35:58.533532
    		-1.7 ms
  



  
    		2024-04-13 01:36:01.83047
    		1.4 ms
  



  
    		2024-04-13 02:36:04.74508
    		-1.2 ms
  



  
    		2024-04-13 03:36:08.320409
    		-0.1 ms
  



  
    		2024-04-13 04:36:10.998426
    		-1.1 ms
  



  
    		2024-04-13 05:36:14.906537
    		-0.1 ms
  



  
    		2024-04-13 06:36:16.66711
    		1.8 ms
  



  
    		2024-04-13 07:36:19.281374
    		1.9 ms
  



  
    		2024-04-13 08:36:22.592304
    		-0.1 ms
  



  
    		2024-04-13 09:36:24.375654
    		0.2 ms
  



  
    		2024-04-13 10:36:25.986999
    		-0.2 ms
  



  
    		2024-04-13 11:36:28.134845
    		1.9 ms
  



  
    		2024-04-13 12:36:29.998777
    		0.3 ms
  



  
    		2024-04-13 13:36:31.579198
    		0.8 ms
  



  
    		2024-04-13 14:36:33.829613
    		-1.6 ms
  



  
    		2024-04-13 15:36:35.4407
    		1.5 ms
  



  
    		2024-04-13 16:36:36.948792
    		-1.1 ms
  



  
    		2024-04-13 17:36:39.379365
    		0.3 ms
  



  
    		2024-04-13 18:36:42.655378
    		-1.1 ms
  



  
    		2024-04-13 19:36:44.188259
    		0.8 ms
  



  
    		2024-04-13 20:36:46.304811
    		-1.4 ms
  



  
    		2024-04-13 21:36:48.54253
    		1.0 ms
  



  
    		2024-04-13 22:36:50.196098
    		-0.9 ms
  



  
    		2024-04-13 23:36:52.527998
    		2.1 ms
  



  
    		2024-04-14 00:36:56.282276
    		0.8 ms
  



  
    		2024-04-14 01:36:58.767784
    		2.0 ms
  



  
    		2024-04-14 02:37:02.543531
    		-1.1 ms
  



  
    		2024-04-14 03:37:04.928882
    		-0.2 ms
  



  
    		2024-04-14 04:37:07.856698
    		1.2 ms
  



  
    		2024-04-14 05:37:09.565246
    		-0.5 ms
  



  
    		2024-04-14 06:37:12.340329
    		-1.4 ms
  



  
    		2024-04-14 07:37:14.304843
    		-0.8 ms
  



  
    		2024-04-14 08:37:16.728395
    		-0.4 ms
  



  
    		2024-04-14 09:37:18.689006
    		3.1 ms
  



  
    		2024-04-14 10:37:22.896485
    		0.1 ms
  



  
    		2024-04-14 11:37:24.696468
    		1.9 ms
  



  
    		2024-04-14 12:37:27.175293
    		0.8 ms
  



  
    		2024-04-14 13:37:29.930163
    		1.7 ms
  



  
    		2024-04-14 14:37:33.771005
    		-2.3 ms
  



  
    		2024-04-14 15:37:35.566631
    		-1.5 ms
  



  
    		2024-04-14 16:37:37.143297
    		0.1 ms
  



  
    		2024-04-14 17:37:39.381463
    		1.1 ms
  



  
    		2024-04-14 18:37:42.396966
    		-0.4 ms
  



  
    		2024-04-14 19:37:44.007791
    		-0.6 ms
  



  
    		2024-04-14 20:37:46.07538
    		-0.8 ms
  



  
    		2024-04-14 21:37:49.349424
    		-0.5 ms
  



  
    		2024-04-14 22:37:51.182899
    		-1.6 ms
  



  
    		2024-04-14 23:37:54.662976
    		-1.5 ms
  



  
    		2024-04-15 00:37:57.649023
    		1.0 ms
  



  
    		2024-04-15 01:38:00.699202
    		-0.9 ms
  



  
    		2024-04-15 02:38:04.898432
    		-0.5 ms
  



  
    		2024-04-15 03:38:06.444161
    		-1.2 ms
  



  
    		2024-04-15 04:38:08.096421
    		-0.4 ms
  



  
    		2024-04-15 05:38:09.723222
    		-0.5 ms
  



  
    		2024-04-15 06:38:11.727125
    		1.5 ms
  



  
    		2024-04-15 07:38:13.219947
    		1.7 ms
  



  
    		2024-04-15 08:38:14.827118
    		-0.7 ms
  



  
    		2024-04-15 09:38:16.921742
    		1.6 ms
  



  
    		2024-04-15 10:38:18.798798
    		1.8 ms
  



  
    		2024-04-15 11:38:21.498344
    		-1.1 ms
  



  
    		2024-04-15 12:38:23.188349
    		1.4 ms
  



  
    		2024-04-15 13:38:24.809968
    		1.1 ms
  



  
    		2024-04-15 14:38:26.500184
    		0.2 ms
  



  
    		2024-04-15 15:38:28.287027
    		-1.8 ms
  



  
    		2024-04-15 16:38:30.934343
    		-1.9 ms
  



  
    		2024-04-15 17:38:33.069507
    		1.7 ms
  



  
    		2024-04-15 18:38:35.577472
    		1.0 ms
  



  
    		2024-04-15 19:38:39.55747
    		2.3 ms
  



  
    		2024-04-15 20:38:42.07974
    		1.1 ms
  



  
    		2024-04-15 21:38:45.710501
    		-1.3 ms
  



  
    		2024-04-15 22:38:47.626083
    		-1.8 ms
  



  
    		2024-04-15 23:38:50.695002
    		-0.2 ms
  



  
    		2024-04-16 00:38:53.816501
    		-0.7 ms
  



  
    		2024-04-16 01:38:55.716395
    		-0.6 ms
  



  
    		2024-04-16 02:38:57.745679
    		0.8 ms
  



  
    		2024-04-16 03:39:00.408424
    		0.9 ms
  



  
    		2024-04-16 04:39:02.819066
    		-1.3 ms
  



  
    		2024-04-16 05:39:04.750097
    		1.4 ms
  



  
    		2024-04-16 06:39:06.662313
    		-0.2 ms
  



  
    		2024-04-16 07:39:10.155509
    		1.8 ms
  



  
    		2024-04-16 08:39:12.763164
    		0.6 ms
  



  
    		2024-04-16 09:39:14.410389
    		2.7 ms
  



  
    		2024-04-16 10:39:17.017308
    		-0.3 ms
  



  
    		2024-04-16 11:39:18.531095
    		2.6 ms
  



  
    		2024-04-16 12:39:21.928442
    		-0.2 ms
  



  
    		2024-04-16 13:39:23.788713
    		2.3 ms
  



  
    		2024-04-16 14:39:25.548228
    		-0.9 ms
  



  
    		2024-04-16 15:39:27.800876
    		1.4 ms
  



  
    		2024-04-16 16:39:29.75787
    		4.7 ms
  



  
    		2024-04-16 17:39:32.097141
    		3.8 ms
  



  
    		2024-04-16 18:39:34.018517
    		-0.5 ms
  



  
    		2024-04-16 19:39:36.737434
    		-0.2 ms
  



  
    		2024-04-16 20:39:38.415293
    		-0.9 ms
  



  
    		2024-04-16 21:39:39.944978
    		1.3 ms
  



  
    		2024-04-16 22:39:42.064102
    		1.3 ms
  



  
    		2024-04-16 23:39:45.432739
    		-0.5 ms
  



  
    		2024-04-17 00:39:47.855389
    		1.4 ms
  



  
    		2024-04-17 01:39:50.108786
    		0.0 ms
  



  
    		2024-04-17 02:39:52.108575
    		1.6 ms
  



  
    		2024-04-17 03:39:53.959221
    		-1.0 ms
  



  
    		2024-04-17 04:39:55.58016
    		0.3 ms
  



  
    		2024-04-17 05:39:58.380554
    		-1.0 ms
  



  
    		2024-04-17 06:40:00.699784
    		2.6 ms
  



  
    		2024-04-17 07:40:02.406314
    		0.0 ms
  



  
    		2024-04-17 08:40:04.465839
    		2.5 ms
  



  
    		2024-04-17 09:40:06.274396
    		0.3 ms
  



  
    		2024-04-17 10:40:08.85357
    		1.2 ms
  



  
    		2024-04-17 11:40:10.564004
    		0.3 ms
  



  
    		2024-04-17 12:40:12.106968
    		-0.9 ms
  



  
    		2024-04-17 13:40:14.351415
    		1.8 ms
  



  
    		2024-04-17 14:40:16.061679
    		1.9 ms
  



  
    		2024-04-17 15:40:19.498331
    		-0.3 ms
  



  
    		2024-04-17 16:40:21.665114
    		3.7 ms
  



  
    		2024-04-17 17:40:23.645792
    		1.8 ms
  



  
    		2024-04-17 18:40:26.70604
    		0.7 ms
  



  
    		2024-04-17 19:40:28.616785
    		1.4 ms
  



  
    		2024-04-17 20:40:31.040428
    		0.5 ms
  



  
    		2024-04-17 21:40:33.580288
    		-1.1 ms
  



  
    		2024-04-17 22:40:35.531601
    		0.9 ms
  



  
    		2024-04-17 23:40:38.955114
    		-2.8 ms
  



  
    		2024-04-18 00:40:41.37358
    		-3.0 ms
  



  
    		2024-04-18 01:40:44.705995
    		0.2 ms
  



  
    		2024-04-18 02:40:46.759837
    		0.4 ms
  



  
    		2024-04-18 03:40:50.576642
    		-0.6 ms
  



  
    		2024-04-18 04:40:52.77625
    		-0.7 ms
  



  
    		2024-04-18 05:40:55.188909
    		-0.7 ms
  



  
    		2024-04-18 06:40:57.538379
    		1.0 ms
  



  
    		2024-04-18 07:40:59.210499
    		0.5 ms
  



  
    		2024-04-18 08:41:00.916202
    		2.8 ms
  



  
    		2024-04-18 09:41:02.599816
    		1.9 ms
  



  
    		2024-04-18 10:41:04.255745
    		3.2 ms
  



  
    		2024-04-18 11:41:05.812563
    		-0.2 ms
  



  
    		2024-04-18 12:41:07.286455
    		-1.4 ms
  



  
    		2024-04-18 13:41:09.546227
    		0.5 ms
  



  
    		2024-04-18 14:41:11.175401
    		0.9 ms
  



  
    		2024-04-18 15:41:13.329323
    		1.8 ms
  



  
    		2024-04-18 16:41:15.000756
    		-0.2 ms
  



  
    		2024-04-18 17:41:18.773798
    		-0.4 ms
  



  
    		2024-04-18 18:41:21.800827
    		-1.8 ms
  



  
    		2024-04-18 19:41:23.683129
    		-2.6 ms
  



  
    		2024-04-18 20:41:26.279981
    		1.5 ms
  



  
    		2024-04-18 21:41:28.099347
    		-1.6 ms
  



  
    		2024-04-18 22:41:30.419423
    		-1.3 ms
  



  
    		2024-04-18 23:41:33.22256
    		-0.2 ms
  



  
    		2024-04-19 00:41:35.262971
    		0.5 ms
  



  
    		2024-04-19 01:41:36.912294
    		-1.0 ms
  



  
    		2024-04-19 02:41:38.451818
    		-0.6 ms
  



  
    		2024-04-19 03:41:41.311027
    		0.2 ms
  



  
    		2024-04-19 04:41:43.854965
    		1.8 ms
  



  
    		2024-04-19 05:41:46.584933
    		-0.7 ms
  



  
    		2024-04-19 06:41:49.189124
    		2.6 ms
  



  
    		2024-04-19 07:41:51.508476
    		-0.1 ms
  



  
    		2024-04-19 08:41:53.134594
    		0.1 ms
  



  
    		2024-04-19 09:41:55.020316
    		2.9 ms
  



  
    		2024-04-19 10:41:56.760171
    		2.7 ms
  



  
    		2024-04-19 11:41:58.62677
    		1.5 ms
  



  
    		2024-04-19 12:42:00.261066
    		2.9 ms
  



  
    		2024-04-19 13:42:01.946289
    		5.8 ms
  



  
    		2024-04-19 14:42:03.71025
    		0.5 ms
  



  
    		2024-04-19 15:42:05.487479
    		-1.4 ms
  



  
    		2024-04-19 16:42:07.345645
    		-1.4 ms
  



  
    		2024-04-19 17:42:09.40898
    		-0.3 ms
  



  
    		2024-04-19 18:42:12.180857
    		-2.4 ms
  



  
    		2024-04-19 19:42:15.740913
    		-0.5 ms
  



  
    		2024-04-19 20:42:17.586602
    		-2.6 ms
  



  
    		2024-04-19 21:42:19.311539
    		1.5 ms
  



  
    		2024-04-19 22:42:21.876329
    		1.5 ms
  



  
    		2024-04-19 23:42:24.064893
    		-0.4 ms
  



  
    		2024-04-20 00:42:26.199925
    		1.9 ms
  



  
    		2024-04-20 01:42:28.683813
    		1.1 ms
  



  
    		2024-04-20 02:42:31.172207
    		1.9 ms
  



  
    		2024-04-20 03:42:33.787606
    		1.6 ms
  



  
    		2024-04-20 04:42:37.511557
    		-1.2 ms
  



  
    		2024-04-20 05:42:38.953521
    		0.6 ms
  



  
    		2024-04-20 06:42:40.797253
    		1.5 ms
  



  
    		2024-04-20 07:42:42.590355
    		0.3 ms
  



  
    		2024-04-20 08:42:44.051399
    		-0.3 ms
  



  
    		2024-04-20 09:42:45.755255
    		1.7 ms
  



  
    		2024-04-20 10:42:47.787239
    		2.4 ms
  



  
    		2024-04-20 11:42:50.900918
    		1.5 ms
  



  
    		2024-04-20 12:42:52.557844
    		0.6 ms
  



  
    		2024-04-20 13:42:55.045854
    		-0.1 ms
  



  
    		2024-04-20 14:42:57.811323
    		1.3 ms
  



  
    		2024-04-20 15:43:00.05932
    		1.4 ms
  



  
    		2024-04-20 16:43:01.596242
    		-0.6 ms
  



  
    		2024-04-20 17:43:05.837041
    		-2.9 ms
  



  
    		2024-04-20 18:43:08.017794
    		-3.7 ms
  



  
    		2024-04-20 19:43:09.777335
    		-3.6 ms
  



  
    		2024-04-20 20:43:12.607961
    		-1.8 ms
  



  
    		2024-04-20 21:43:14.694737
    		-1.1 ms
  



  
    		2024-04-20 22:43:16.252617
    		-1.8 ms
  



  
    		2024-04-20 23:43:18.054688
    		0.3 ms
  



  
    		2024-04-21 00:43:21.227599
    		-0.9 ms
  



  
    		2024-04-21 01:43:23.640524
    		-1.2 ms
  



  
    		2024-04-21 02:43:25.377495
    		0.7 ms
  



  
    		2024-04-21 03:43:28.315817
    		1.5 ms
  



  
    		2024-04-21 04:43:30.213962
    		-0.5 ms
  



  
    		2024-04-21 05:43:32.208984
    		-1.0 ms
  



  
    		2024-04-21 06:43:33.836959
    		0.3 ms
  



  
    		2024-04-21 07:43:35.672975
    		2.4 ms
  



  
    		2024-04-21 08:43:38.350389
    		3.3 ms
  



  
    		2024-04-21 09:43:40.348029
    		1.5 ms
  



  
    		2024-04-21 10:43:41.897864
    		6.0 ms
  



  
    		2024-04-21 11:43:44.475122
    		-1.0 ms
  



  
    		2024-04-21 12:43:46.845298
    		1.3 ms
  



  
    		2024-04-21 13:43:49.031677
    		2.5 ms
  



  
    		2024-04-21 14:43:50.773718
    		0.1 ms
  



  
    		2024-04-21 15:43:52.549509
    		-1.3 ms
  



  
    		2024-04-21 16:43:54.940628
    		-2.2 ms
  



  
    		2024-04-21 17:43:56.521474
    		-1.9 ms
  



  
    		2024-04-21 18:44:00.450099
    		-0.8 ms
  



  
    		2024-04-21 19:44:02.255448
    		-1.2 ms
  



  
    		2024-04-21 20:44:04.205271
    		-0.5 ms
  



  
    		2024-04-21 21:44:05.988913
    		0.2 ms
  



  
    		2024-04-21 22:44:08.265532
    		-2.2 ms
  



  
    		2024-04-21 23:44:10.271904
    		0.8 ms
  



  
    		2024-04-22 00:44:13.283391
    		0.0 ms
  



  
    		2024-04-22 01:44:16.077334
    		-0.1 ms
  



  
    		2024-04-22 02:44:18.205304
    		-0.3 ms
  



  
    		2024-04-22 03:44:21.135656
    		1.1 ms
  



  
    		2024-04-22 04:44:23.752928
    		3.5 ms
  



  
    		2024-04-22 05:44:26.557441
    		0.4 ms
  



  
    		2024-04-22 06:44:28.061069
    		2.7 ms
  



  
    		2024-04-22 07:44:29.508098
    		0.8 ms
  



  
    		2024-04-22 08:44:31.345438
    		-0.4 ms
  



  
    		2024-04-22 09:44:33.283112
    		0.4 ms
  



  
    		2024-04-22 10:44:35.545321
    		1.7 ms
  



  
    		2024-04-22 11:44:37.050992
    		2.6 ms
  



  
    		2024-04-22 12:44:38.923041
    		2.0 ms
  



  
    		2024-04-22 13:44:40.906455
    		-0.1 ms
  



  
    		2024-04-22 14:44:42.434199
    		7.2 ms
  



  
    		2024-04-22 15:44:45.081483
    		4.0 ms
  



  
    		2024-04-22 16:44:48.212518
    		1.9 ms
  



  
    		2024-04-22 17:44:49.697498
    		-0.8 ms
  



  
    		2024-04-22 18:44:51.765469
    		-0.5 ms
  



  
    		2024-04-22 19:44:53.506207
    		-1.4 ms
  



  
    		2024-04-22 20:44:57.330831
    		-2.4 ms
  



  
    		2024-04-22 21:44:59.198985
    		-1.1 ms
  



  
    		2024-04-22 22:45:00.899139
    		-1.8 ms
  



  
    		2024-04-22 23:45:04.062866
    		-2.2 ms
  



  
    		2024-04-23 00:45:07.275246
    		-2.6 ms
  



  
    		2024-04-23 01:45:09.303895
    		0.4 ms
  



  
    		2024-04-23 02:45:12.203557
    		-0.7 ms
  



  
    		2024-04-23 03:45:14.321184
    		2.3 ms
  



  
    		2024-04-23 04:45:16.73412
    		-0.7 ms
  



  
    		2024-04-23 05:45:18.246076
    		0.2 ms
  



  
    		2024-04-23 06:45:20.292047
    		0.9 ms
  



  
    		2024-04-23 07:45:23.042504
    		0.1 ms
  



  
    		2024-04-23 08:45:24.650787
    		0.7 ms
  



  
    		2024-04-23 09:45:26.396177
    		1.3 ms
  



  
    		2024-04-23 10:45:28.735629
    		-1.2 ms
  



  
    		2024-04-23 11:45:30.308028
    		0.4 ms
  



  
    		2024-04-23 12:45:32.124104
    		-0.4 ms
  



  
    		2024-04-23 13:45:33.539783
    		-0.7 ms
  



  
    		2024-04-23 14:45:35.35208
    		0.2 ms
  



  
    		2024-04-23 15:45:37.236431
    		0.2 ms
  



  
    		2024-04-23 16:45:39.109802
    		0.1 ms
  



  
    		2024-04-23 17:45:40.90075
    		-0.3 ms
  



  
    		2024-04-23 18:45:42.548784
    		-1.4 ms
  



  
    		2024-04-23 19:45:45.726194
    		-0.5 ms
  



  
    		2024-04-23 20:45:47.510631
    		-1.3 ms
  



  
    		2024-04-23 21:45:50.137251
    		0.3 ms
  



  
    		2024-04-23 22:45:52.352003
    		-1.4 ms
  



  
    		2024-04-23 23:45:54.404481
    		-1.9 ms
  



  
    		2024-04-24 00:45:55.924392
    		-0.3 ms
  



  
    		2024-04-24 01:45:58.399822
    		1.1 ms
  



  
    		2024-04-24 02:46:00.197816
    		-0.7 ms
  



  
    		2024-04-24 03:46:02.841152
    		-0.1 ms
  



  
    		2024-04-24 04:46:05.20741
    		-1.2 ms
  



  
    		2024-04-24 05:46:06.842082
    		0.3 ms
  



  
    		2024-04-24 06:46:08.701046
    		1.3 ms
  



  
    		2024-04-24 07:46:10.479142
    		-0.9 ms
  



  
    		2024-04-24 08:46:12.031792
    		6.0 ms
  



  
    		2024-04-24 09:46:13.800153
    		-3.9 ms
  



  
    		2024-04-24 10:46:15.466347
    		-1.7 ms
  



  
    		2024-04-24 11:46:17.061781
    		1.3 ms
  



  
    		2024-04-24 12:46:18.744732
    		-0.7 ms
  



  
    		2024-04-24 13:46:20.445049
    		1.9 ms
  



  
    		2024-04-24 14:46:22.318049
    		-0.6 ms
  



  
    		2024-04-24 15:46:23.796706
    		0.3 ms
  



  
    		2024-04-24 16:46:25.801719
    		-0.6 ms
  



  
    		2024-04-24 17:46:28.083176
    		1.7 ms
  



  
    		2024-04-24 18:46:29.620932
    		1.4 ms
  



  
    		2024-04-24 19:46:32.160913
    		-0.3 ms
  



  
    		2024-04-24 20:46:33.808861
    		1.2 ms
  



  
    		2024-04-24 21:46:35.761419
    		0.4 ms
  



  
    		2024-04-24 22:46:37.724093
    		-1.6 ms
  



  
    		2024-04-24 23:46:39.993759
    		-2.0 ms
  



  
    		2024-04-25 00:46:42.615406
    		-1.9 ms
  



  
    		2024-04-25 01:46:44.213675
    		0.3 ms
  



  
    		2024-04-25 02:46:46.07723
    		-0.5 ms
  



  
    		2024-04-25 03:46:47.71946
    		0.7 ms
  



  
    		2024-04-25 04:46:49.943306
    		-0.2 ms
  



  
    		2024-04-25 05:46:52.030642
    		-0.3 ms
  



  
    		2024-04-25 06:46:54.282219
    		2.5 ms
  



  
    		2024-04-25 07:46:56.183562
    		2.2 ms
  



  
    		2024-04-25 08:46:57.690335
    		0.0 ms
  



  
    		2024-04-25 09:46:59.569815
    		-0.3 ms
  



  
    		2024-04-25 10:47:01.765918
    		-1.2 ms
  



  
    		2024-04-25 11:47:03.932078
    		0.8 ms
  



  
    		2024-04-25 12:47:05.53694
    		-1.2 ms
  



  
    		2024-04-25 13:47:07.082963
    		-1.1 ms
  



  
    		2024-04-25 14:47:09.062963
    		1.3 ms
  



  
    		2024-04-25 15:47:11.113128
    		0.8 ms
  



  
    		2024-04-25 16:47:13.498276
    		1.1 ms
  



  
    		2024-04-25 17:47:16.684121
    		0.6 ms
  



  
    		2024-04-25 18:47:18.977014
    		1.0 ms
  



  
    		2024-04-25 19:47:20.770748
    		-1.7 ms
  



  
    		2024-04-25 20:47:24.112632
    		-1.2 ms
  



  
    		2024-04-25 21:47:26.37252
    		-1.2 ms
  



  
    		2024-04-25 22:47:28.845357
    		-2.0 ms
  



  
    		2024-04-25 23:47:31.023104
    		-2.3 ms
  



  
    		2024-04-26 00:47:33.073941
    		-0.4 ms
  



  
    		2024-04-26 01:47:34.885546
    		-1.5 ms
  



  
    		2024-04-26 02:47:37.218862
    		-1.2 ms
  



  
    		2024-04-26 03:47:39.464895
    		-1.0 ms
  



  
    		2024-04-26 04:47:41.59936
    		-1.1 ms
  



  
    		2024-04-26 05:47:43.392974
    		-0.4 ms
  



  
    		2024-04-26 06:47:45.918609
    		2.5 ms
  



  
    		2024-04-26 07:47:48.583342
    		0.0 ms
  



  
    		2024-04-26 08:47:50.435434
    		1.0 ms
  



  
    		2024-04-26 09:47:52.646436
    		-0.7 ms
  



  
    		2024-04-26 10:47:54.353927
    		2.1 ms
  



  
    		2024-04-26 11:47:55.927304
    		-0.3 ms
  



  
    		2024-04-26 12:47:57.48767
    		0.2 ms
  



  
    		2024-04-26 13:47:59.193198
    		0.4 ms
  



  
    		2024-04-26 14:48:01.276723
    		-0.3 ms
  



  
    		2024-04-26 15:48:03.840127
    		0.0 ms
  



  
    		2024-04-26 16:48:06.55324
    		0.7 ms
  



  
    		2024-04-26 17:48:08.6442
    		-1.2 ms
  



  
    		2024-04-26 18:48:11.378533
    		-0.9 ms
  



  
    		2024-04-26 19:48:15.040879
    		1.6 ms
  



  
    		2024-04-26 20:48:18.229838
    		-1.8 ms
  



  
    		2024-04-26 21:48:21.048874
    		-0.8 ms
  



  
    		2024-04-26 22:48:22.630316
    		-1.4 ms
  



  
    		2024-04-26 23:48:25.411256
    		0.8 ms
  



  
    		2024-04-27 00:48:29.377802
    		-1.7 ms
  



  
    		2024-04-27 01:48:33.217023
    		-2.0 ms
  



  
    		2024-04-27 02:48:35.903714
    		-1.2 ms
  



  
    		2024-04-27 03:48:37.782605
    		-0.3 ms
  



  
    		2024-04-27 04:48:41.242542
    		-0.6 ms
  



  
    		2024-04-27 05:48:43.619988
    		2.5 ms
  



  
    		2024-04-27 06:48:45.846479
    		0.7 ms
  



  
    		2024-04-27 07:48:47.928052
    		1.6 ms
  



  
    		2024-04-27 08:48:49.669685
    		1.1 ms
  



  
    		2024-04-27 09:48:51.288186
    		-1.7 ms
  



  
    		2024-04-27 10:48:53.489165
    		2.0 ms
  



  
    		2024-04-27 11:48:54.97557
    		-0.8 ms
  



  
    		2024-04-27 12:48:56.831322
    		-1.1 ms
  



  
    		2024-04-27 13:48:58.704853
    		2.1 ms
  



  
    		2024-04-27 14:49:00.78503
    		1.4 ms
  



  
    		2024-04-27 15:49:02.790079
    		-0.4 ms
  



  
    		2024-04-27 16:49:04.615568
    		-0.5 ms
  



  
    		2024-04-27 17:49:07.86045
    		1.6 ms
  



  
    		2024-04-27 18:49:10.139089
    		-1.4 ms
  



  
    		2024-04-27 19:49:13.416827
    		-0.6 ms
  



  
    		2024-04-27 20:49:15.59864
    		0.0 ms
  



  
    		2024-04-27 21:49:17.544461
    		-0.6 ms
  



  
    		2024-04-27 22:49:20.188408
    		-0.5 ms
  



  
    		2024-04-27 23:49:22.996901
    		0.8 ms
  



  
    		2024-04-28 00:49:24.517695
    		0.0 ms
  



  
    		2024-04-28 01:49:28.695276
    		-2.2 ms
  



  
    		2024-04-28 02:49:30.612393
    		0.6 ms
  



  
    		2024-04-28 03:49:33.205843
    		-1.8 ms
  



  
    		2024-04-28 04:49:35.404492
    		-1.8 ms
  



  
    		2024-04-28 05:49:39.099345
    		0.5 ms
  



  
    		2024-04-28 06:49:42.412793
    		-0.2 ms
  



  
    		2024-04-28 07:49:44.520565
    		3.2 ms
  



  
    		2024-04-28 08:49:46.755708
    		0.2 ms
  



  
    		2024-04-28 09:49:48.971516
    		-0.5 ms
  



  
    		2024-04-28 10:49:51.869007
    		1.8 ms
  



  
    		2024-04-28 11:49:54.901247
    		-0.2 ms
  



  
    		2024-04-28 12:49:56.817633
    		0.2 ms
  



  
    		2024-04-28 13:49:58.829264
    		1.1 ms
  



  
    		2024-04-28 14:50:01.25649
    		2.0 ms
  



  
    		2024-04-28 15:50:03.740545
    		1.3 ms
  



  
    		2024-04-28 16:50:06.605122
    		-0.7 ms
  



  
    		2024-04-28 17:50:08.962173
    		-0.1 ms
  



  
    		2024-04-28 18:50:12.690668
    		1.4 ms
  



  
    		2024-04-28 19:50:14.741276
    		-2.1 ms
  



  
    		2024-04-28 20:50:17.468027
    		0.7 ms
  



  
    		2024-04-28 21:50:19.657296
    		-0.5 ms
  



  
    		2024-04-28 22:50:21.782346
    		1.5 ms
  



  
    		2024-04-28 23:50:24.254136
    		-1.0 ms
  



  
    		2024-04-29 00:50:26.9552
    		-1.2 ms
  



  
    		2024-04-29 01:50:28.949325
    		-1.1 ms
  



  
    		2024-04-29 02:50:32.748462
    		-1.3 ms
  



  
    		2024-04-29 03:50:34.530389
    		-1.5 ms
  



  
    		2024-04-29 04:50:37.381686
    		-1.2 ms
  



  
    		2024-04-29 05:50:39.070693
    		0.1 ms
  



  
    		2024-04-29 06:50:40.791313
    		-0.3 ms
  



  
    		2024-04-29 07:50:42.317371
    		-0.2 ms
  



  
    		2024-04-29 08:50:43.997819
    		0.4 ms
  



  
    		2024-04-29 09:50:46.002234
    		-0.6 ms
  



  
    		2024-04-29 10:50:48.265871
    		1.0 ms
  



  
    		2024-04-29 11:50:49.961029
    		0.9 ms
  



  
    		2024-04-29 12:50:52.608804
    		1.8 ms
  



  
    		2024-04-29 13:50:54.149352
    		1.2 ms
  



  
    		2024-04-29 14:50:56.631201
    		0.5 ms
  



  
    		2024-04-29 15:50:58.630995
    		-1.4 ms
  



  
    		2024-04-29 16:51:01.957455
    		-1.8 ms
  



  
    		2024-04-29 17:51:04.013365
    		0.9 ms
  



  
    		2024-04-29 18:51:07.494845
    		1.3 ms
  



  
    		2024-04-29 19:51:09.208376
    		1.8 ms
  



  
    		2024-04-29 20:51:11.999281
    		2.2 ms
  



  
    		2024-04-29 21:51:13.799666
    		1.0 ms
  



  
    		2024-04-29 22:51:15.624967
    		-0.6 ms
  



  
    		2024-04-29 23:51:17.360214
    		-1.8 ms
  



  
    		2024-04-30 00:51:19.059844
    		-0.8 ms
  



  
    		2024-04-30 01:51:20.761887
    		1.6 ms
  



  
    		2024-04-30 02:51:22.505534
    		-1.0 ms
  



  
    		2024-04-30 03:51:24.08411
    		2.4 ms
  



  
    		2024-04-30 04:51:26.707146
    		-0.8 ms
  



  
    		2024-04-30 05:51:28.819925
    		2.0 ms
  



  
    		2024-04-30 06:51:30.620176
    		0.7 ms
  



  
    		2024-04-30 07:51:32.365838
    		-0.1 ms
  



  
    		2024-04-30 08:51:34.67745
    		0.7 ms
  



  
    		2024-04-30 09:51:36.313513
    		0.5 ms
  



  
    		2024-04-30 10:51:37.794538
    		-0.5 ms
  



  
    		2024-04-30 11:51:39.454418
    		1.6 ms
  



  
    		2024-04-30 12:51:41.571508
    		1.1 ms
  



  
    		2024-04-30 13:51:43.166028
    		0.6 ms
  



  
    		2024-04-30 14:51:44.640874
    		2.0 ms
  



  
    		2024-04-30 15:51:46.223705
    		0.7 ms
  



  
    		2024-04-30 16:51:47.702045
    		1.0 ms
  



  
    		2024-04-30 17:51:49.346022
    		-0.4 ms
  



  
    		2024-04-30 18:51:51.990587
    		1.7 ms
  



  
    		2024-04-30 19:51:56.056171
    		-0.4 ms
  



  
    		2024-04-30 20:51:57.818801
    		-1.8 ms
  



  
    		2024-04-30 21:52:01.696142
    		2.4 ms
  



  
    		2024-04-30 22:52:03.276623
    		-2.2 ms
  



  
    		2024-04-30 23:52:05.455556
    		0.7 ms
  



  
    		2024-05-01 00:52:07.092637
    		-1.3 ms
  



  
    		2024-05-01 01:52:08.891264
    		-0.6 ms
  



  
    		2024-05-01 02:52:11.46833
    		0.0 ms
  



  
    		2024-05-01 03:52:14.080045
    		1.3 ms
  



  
    		2024-05-01 04:52:15.634188
    		0.0 ms
  



  
    		2024-05-01 05:52:17.499256
    		-0.2 ms
  



  
    		2024-05-01 06:52:19.107055
    		-0.1 ms
  



  
    		2024-05-01 07:52:20.774765
    		0.5 ms
  



  
    		2024-05-01 08:52:23.484415
    		2.0 ms
  



  
    		2024-05-01 09:52:25.174451
    		1.7 ms
  



  
    		2024-05-01 10:52:26.764591
    		2.5 ms
  



  
    		2024-05-01 11:52:28.442095
    		-0.5 ms
  



  
    		2024-05-01 12:52:32.643354
    		2.9 ms
  



  
    		2024-05-01 13:52:35.286779
    		-0.7 ms
  



  
    		2024-05-01 14:52:37.767917
    		0.8 ms
  



  
    		2024-05-01 15:52:39.504823
    		1.5 ms
  



  
    		2024-05-01 16:52:42.672649
    		1.7 ms
  



  
    		2024-05-01 17:52:45.609667
    		-0.9 ms
  



  
    		2024-05-01 18:52:48.477867
    		-1.9 ms
  



  
    		2024-05-01 19:52:50.378431
    		-0.8 ms
  



  
    		2024-05-01 20:52:52.814377
    		0.0 ms
  



  
    		2024-05-01 21:52:54.522479
    		-1.4 ms
  



  
    		2024-05-01 22:52:56.205058
    		-0.3 ms
  



  
    		2024-05-01 23:52:58.437844
    		1.0 ms
  



  
    		2024-05-02 00:53:01.284298
    		1.5 ms
  



  
    		2024-05-02 01:53:04.27774
    		1.5 ms
  



  
    		2024-05-02 02:53:06.191649
    		-0.3 ms
  



  
    		2024-05-02 03:53:07.974153
    		-0.9 ms
  



  
    		2024-05-02 04:53:10.24838
    		-1.6 ms
  



  
    		2024-05-02 05:53:12.798957
    		-1.3 ms
  



  
    		2024-05-02 06:53:16.355222
    		2.5 ms
  



  
    		2024-05-02 07:53:19.347954
    		1.3 ms
  



  
    		2024-05-02 08:53:21.942532
    		-0.5 ms
  



  
    		2024-05-02 09:53:23.735122
    		1.1 ms
  



  
    		2024-05-02 10:53:25.625116
    		-0.6 ms
  



  
    		2024-05-02 11:53:28.419883
    		2.1 ms
  



  
    		2024-05-02 12:53:30.791723
    		2.7 ms
  



  
    		2024-05-02 13:53:33.402447
    		0.3 ms
  



  
    		2024-05-02 14:53:35.757326
    		2.3 ms
  



  
    		2024-05-02 15:53:38.038051
    		1.5 ms
  



  
    		2024-05-02 16:53:39.885667
    		2.1 ms
  



  
    		2024-05-02 17:53:41.796714
    		1.4 ms
  



  
    		2024-05-02 18:53:43.329617
    		-0.2 ms
  



  
    		2024-05-02 19:53:45.136129
    		0.3 ms
  



  
    		2024-05-02 20:53:47.227301
    		1.7 ms
  



  
    		2024-05-02 21:53:50.034088
    		2.0 ms
  



  
    		2024-05-02 22:53:51.691186
    		-1.7 ms
  



  
    		2024-05-02 23:53:53.443156
    		-1.9 ms
  



  
    		2024-05-03 00:53:55.04429
    		-0.4 ms
  



  
    		2024-05-03 01:53:58.13474
    		-1.8 ms
  



  
    		2024-05-03 02:53:59.761525
    		1.0 ms
  



  
    		2024-05-03 03:54:01.691417
    		-1.3 ms
  



  
    		2024-05-03 04:54:03.886085
    		1.0 ms
  



  
    		2024-05-03 05:54:05.591642
    		2.1 ms
  



  
    		2024-05-03 06:54:08.540159
    		-0.7 ms
  



  
    		2024-05-03 07:54:10.440449
    		3.2 ms
  



  
    		2024-05-03 08:54:12.173195
    		-0.2 ms
  



  
    		2024-05-03 09:54:14.119969
    		-0.5 ms
  



  
    		2024-05-03 10:54:15.644733
    		-1.1 ms
  



  
    		2024-05-03 11:54:18.755609
    		0.4 ms
  



  
    		2024-05-03 12:54:20.39442
    		-0.3 ms
  



  
    		2024-05-03 13:54:23.031945
    		2.7 ms
  



  
    		2024-05-03 14:54:24.878004
    		2.1 ms
  



  
    		2024-05-03 15:54:26.675315
    		0.3 ms
  



  
    		2024-05-03 16:54:29.048526
    		1.1 ms
  



  
    		2024-05-03 17:54:30.604727
    		1.6 ms
  



  
    		2024-05-03 18:54:34.952117
    		-0.5 ms
  



  
    		2024-05-03 19:54:39.196039
    		1.2 ms
  



  
    		2024-05-03 20:54:43.569476
    		-2.1 ms
  



  
    		2024-05-03 21:54:47.582308
    		-0.3 ms
  



  
    		2024-05-03 22:54:51.806349
    		-1.3 ms
  



  
    		2024-05-03 23:54:53.642243
    		-0.1 ms
  



  
    		2024-05-04 00:54:57.678986
    		-1.9 ms
  



  
    		2024-05-04 01:54:59.760565
    		-1.8 ms
  



  
    		2024-05-04 02:55:02.244045
    		-0.9 ms
  



  
    		2024-05-04 03:55:03.772034
    		-1.2 ms
  



  
    		2024-05-04 04:55:05.545757
    		-0.7 ms
  



  
    		2024-05-04 05:55:07.651897
    		0.0 ms
  



  
    		2024-05-04 06:55:09.528029
    		1.7 ms
  



  
    		2024-05-04 07:55:11.106664
    		2.3 ms
  



  
    		2024-05-04 08:55:13.264185
    		-0.8 ms
  



  
    		2024-05-04 09:55:15.818319
    		3.8 ms
  



  
    		2024-05-04 10:55:17.811771
    		0.2 ms
  



  
    		2024-05-04 11:55:19.325388
    		2.2 ms
  



  
    		2024-05-04 12:55:21.113849
    		-0.3 ms
  



  
    		2024-05-04 13:55:23.020974
    		0.5 ms
  



  
    		2024-05-04 14:55:24.742156
    		0.4 ms
  



  
    		2024-05-04 15:55:26.842064
    		1.0 ms
  



  
    		2024-05-04 16:55:28.768252
    		-0.3 ms
  



  
    		2024-05-04 17:55:30.630064
    		1.6 ms
  



  
    		2024-05-04 18:55:32.884189
    		-1.3 ms
  



  
    		2024-05-04 19:55:35.897784
    		-0.7 ms
  



  
    		2024-05-04 20:55:37.992565
    		-1.2 ms
  



  
    		2024-05-04 21:55:40.600765
    		-1.2 ms
  



  
    		2024-05-04 22:55:43.417864
    		-0.6 ms
  



  
    		2024-05-04 23:55:45.327617
    		0.5 ms
  



  
    		2024-05-05 00:55:49.330658
    		-1.4 ms
  



  
    		2024-05-05 01:55:50.856791
    		-1.4 ms
  



  
    		2024-05-05 02:55:52.40867
    		1.0 ms
  



  
    		2024-05-05 03:55:54.991052
    		-0.4 ms
  



  
    		2024-05-05 04:55:57.887454
    		0.9 ms
  



  
    		2024-05-05 05:55:59.926324
    		1.6 ms
  



  
    		2024-05-05 06:56:04.099261
    		-0.3 ms
  



  
    		2024-05-05 07:56:05.779992
    		-0.8 ms
  



  
    		2024-05-05 08:56:07.619601
    		3.4 ms
  



  
    		2024-05-05 09:56:09.661858
    		0.0 ms
  



  
    		2024-05-05 10:56:11.359885
    		2.5 ms
  



  
    		2024-05-05 11:56:14.111128
    		0.4 ms
  



  
    		2024-05-05 12:56:15.742353
    		0.6 ms
  



  
    		2024-05-05 13:56:17.345272
    		1.5 ms
  



  
    		2024-05-05 14:56:19.739472
    		-0.6 ms
  



  
    		2024-05-05 15:56:21.18129
    		-0.2 ms
  



  
    		2024-05-05 16:56:23.100946
    		-0.1 ms
  



  
    		2024-05-05 17:56:24.807376
    		-0.1 ms
  



  
    		2024-05-05 18:56:27.162476
    		0.1 ms
  



  
    		2024-05-05 19:56:29.43334
    		1.1 ms
  



  
    		2024-05-05 20:56:32.038209
    		-2.7 ms
  



  
    		2024-05-05 21:56:35.468577
    		1.1 ms
  



  
    		2024-05-05 22:56:38.246061
    		0.8 ms
  



  
    		2024-05-05 23:56:40.767118
    		-1.0 ms
  



  
    		2024-05-06 00:56:44.116987
    		-1.6 ms
  



  
    		2024-05-06 01:56:45.723851
    		-1.1 ms
  



  
    		2024-05-06 02:56:47.819761
    		-0.6 ms
  



  
    		2024-05-06 03:56:49.664611
    		0.6 ms
  



  
    		2024-05-06 04:56:51.288243
    		1.3 ms
  



  
    		2024-05-06 05:56:52.865323
    		1.8 ms
  



  
    		2024-05-06 06:56:54.515397
    		-0.1 ms
  



  
    		2024-05-06 07:56:57.063642
    		-0.3 ms
  



  
    		2024-05-06 08:56:59.047769
    		1.4 ms
  



  
    		2024-05-06 09:57:01.766471
    		1.0 ms
  



  
    		2024-05-06 10:57:03.40648
    		1.7 ms
  



  
    		2024-05-06 11:57:05.476707
    		-0.5 ms
  



  
    		2024-05-06 12:57:07.81787
    		0.8 ms
  



  
    		2024-05-06 13:57:09.383199
    		0.9 ms
  



  
    		2024-05-06 14:57:11.247887
    		0.0 ms
  



  
    		2024-05-06 15:57:13.761268
    		1.3 ms
  



  
    		2024-05-06 16:57:15.780236
    		-1.0 ms
  



  
    		2024-05-06 17:57:17.486558
    		1.6 ms
  



  
    		2024-05-06 18:57:19.564701
    		-0.5 ms
  



  
    		2024-05-06 19:57:21.061572
    		-1.4 ms
  



  
    		2024-05-06 20:57:22.96866
    		-2.8 ms
  



  
    		2024-05-06 21:57:25.79423
    		1.1 ms
  



  
    		2024-05-06 22:57:28.223481
    		0.0 ms
  



  
    		2024-05-06 23:57:30.288277
    		-1.5 ms
  



  
    		2024-05-07 00:57:31.731357
    		0.2 ms
  



  
    		2024-05-07 01:57:33.504479
    		0.9 ms
  



  
    		2024-05-07 02:57:35.932532
    		1.0 ms
  



  
    		2024-05-07 03:57:38.154049
    		1.5 ms
  



  
    		2024-05-07 04:57:40.487691
    		1.6 ms
  



  
    		2024-05-07 05:57:42.489132
    		1.7 ms
  



  
    		2024-05-07 06:57:45.667377
    		-0.8 ms
  



  
    		2024-05-07 07:57:47.561664
    		-0.2 ms
  



  
    		2024-05-07 08:57:49.406277
    		1.3 ms
  



  
    		2024-05-07 09:57:51.028651
    		0.2 ms
  



  
    		2024-05-07 10:57:52.896726
    		2.8 ms
  



  
    		2024-05-07 11:57:54.73321
    		4.0 ms
  



  
    		2024-05-07 12:57:56.320545
    		1.0 ms
  



  
    		2024-05-07 13:57:58.064056
    		-0.4 ms
  



  
    		2024-05-07 14:58:01.072569
    		1.1 ms
  



  
    		2024-05-07 15:58:02.799054
    		-2.5 ms
  



  
    		2024-05-07 16:58:04.429999
    		0.7 ms
  



  
    		2024-05-07 17:58:06.103053
    		-1.0 ms
  



  
    		2024-05-07 18:58:08.505798
    		1.3 ms
  



  
    		2024-05-07 19:58:11.37382
    		0.2 ms
  



  
    		2024-05-07 20:58:14.127234
    		-0.5 ms
  



  
    		2024-05-07 21:58:16.122069
    		0.3 ms
  



  
    		2024-05-07 22:58:17.887383
    		-1.0 ms
  



  
    		2024-05-07 23:58:19.984673
    		0.2 ms
  



  
    		2024-05-08 00:58:21.750246
    		-1.2 ms
  



  
    		2024-05-08 01:58:24.751047
    		0.1 ms
  



  
    		2024-05-08 02:58:27.241315
    		-0.9 ms
  



  
    		2024-05-08 03:58:28.738035
    		1.5 ms
  



  
    		2024-05-08 04:58:30.991283
    		-0.6 ms
  



  
    		2024-05-08 05:58:34.260647
    		-0.7 ms
  



  
    		2024-05-08 06:58:37.438021
    		3.6 ms
  



  
    		2024-05-08 07:58:40.171312
    		1.8 ms
  



  
    		2024-05-08 08:58:41.717075
    		4.5 ms
  



  
    		2024-05-08 09:58:43.375652
    		2.1 ms
  



  
    		2024-05-08 10:58:46.330132
    		2.0 ms
  



  
    		2024-05-08 11:58:48.013162
    		-1.3 ms
  



  
    		2024-05-08 12:58:49.589673
    		-0.9 ms
  



  
    		2024-05-08 13:58:51.428701
    		0.7 ms
  



  
    		2024-05-08 14:58:53.91095
    		0.3 ms
  



  
    		2024-05-08 15:58:56.474178
    		1.0 ms
  



  
    		2024-05-08 16:58:58.086783
    		-0.8 ms
  



  
    		2024-05-08 17:58:59.857544
    		-1.9 ms
  



  
    		2024-05-08 18:59:02.840704
    		-0.4 ms
  



  
    		2024-05-08 19:59:04.474767
    		1.7 ms
  



  
    		2024-05-08 20:59:06.246456
    		2.7 ms
  



  
    		2024-05-08 21:59:07.773044
    		2.3 ms
  



  
    		2024-05-08 22:59:10.543349
    		-2.1 ms
  



  
    		2024-05-08 23:59:13.567518
    		-0.6 ms
  



  
    		2024-05-09 00:59:16.270058
    		-0.5 ms
  



  
    		2024-05-09 01:59:19.934484
    		0.9 ms
  



  
    		2024-05-09 02:59:22.356579
    		1.3 ms
  



  
    		2024-05-09 03:59:25.279703
    		-0.7 ms
  



  
    		2024-05-09 04:59:28.090874
    		0.8 ms
  



  
    		2024-05-09 05:59:31.033605
    		-0.7 ms
  



  
    		2024-05-09 06:59:33.852891
    		0.6 ms
  



  
    		2024-05-09 07:59:35.311625
    		3.3 ms
  



  
    		2024-05-09 08:59:39.663081
    		1.7 ms
  



  
    		2024-05-09 09:59:41.186935
    		-0.2 ms
  



  
    		2024-05-09 10:59:45.18224
    		1.5 ms
  



  
    		2024-05-09 11:59:46.841337
    		-1.2 ms
  



  
    		2024-05-09 12:59:50.344518
    		-0.1 ms
  



  
    		2024-05-09 13:59:52.045202
    		2.8 ms
  



  
    		2024-05-09 14:59:54.036483
    		0.9 ms
  



  
    		2024-05-09 15:59:56.929078
    		-0.2 ms
  



  
    		2024-05-09 16:59:58.864369
    		-2.2 ms
  



  
    		2024-05-09 18:00:01.684348
    		-0.5 ms
  



  
    		2024-05-09 19:00:03.661924
    		-1.1 ms
  



  
    		2024-05-09 20:00:05.129855
    		-0.8 ms
  



  
    		2024-05-09 21:00:07.246621
    		-2.3 ms
  



  
    		2024-05-09 22:00:09.335194
    		1.2 ms
  



  
    		2024-05-09 23:00:11.470089
    		-1.1 ms
  



  
    		2024-05-10 00:00:13.042689
    		-2.0 ms
  



  
    		2024-05-10 01:00:15.156315
    		0.2 ms
  



  
    		2024-05-10 02:00:18.545342
    		-0.5 ms
  



  
    		2024-05-10 03:00:20.655243
    		-0.1 ms
  



  
    		2024-05-10 04:00:23.380685
    		-1.4 ms
  



  
    		2024-05-10 05:00:25.47914
    		1.4 ms
  



  
    		2024-05-10 06:00:27.069694
    		-1.8 ms
  



  
    		2024-05-10 07:00:29.563112
    		1.2 ms
  



  
    		2024-05-10 08:00:32.295342
    		0.9 ms
  



  
    		2024-05-10 09:00:34.164398
    		2.3 ms
  



  
    		2024-05-10 10:00:36.632412
    		1.9 ms
  



  
    		2024-05-10 11:00:38.163851
    		0.4 ms
  



  
    		2024-05-10 12:00:40.258612
    		-0.4 ms
  



  
    		2024-05-10 13:00:41.869646
    		1.4 ms
  



  
    		2024-05-10 14:00:43.986648
    		3.8 ms
  



  
    		2024-05-10 15:00:46.332365
    		-1.3 ms
  



  
    		2024-05-10 16:00:48.131389
    		-0.5 ms
  



  
    		2024-05-10 17:00:49.918054
    		-3.5 ms
  



  
    		2024-05-10 18:00:53.068912
    		3.0 ms
  



  
    		2024-05-10 19:00:55.366185
    		0.1 ms
  



  
    		2024-05-10 20:00:57.91739
    		-4.8 ms
  



  
    		2024-05-10 21:01:00.046425
    		-5.7 ms
  



  
    		2024-05-10 22:01:02.514956
    		-5.0 ms
  



  
    		2024-05-10 23:01:04.166183
    		-1.3 ms
  



  
    		2024-05-11 00:01:06.081129
    		-0.4 ms
  



  
    		2024-05-11 01:01:07.93126
    		-1.4 ms
  



  
    		2024-05-11 02:01:10.701006
    		0.0 ms
  



  
    		2024-05-11 03:01:13.333886
    		1.3 ms
  



  
    		2024-05-11 04:01:15.058042
    		1.0 ms
  



  
    		2024-05-11 05:01:16.830439
    		1.3 ms
  



  
    		2024-05-11 06:01:18.368487
    		-0.1 ms
  



  
    		2024-05-11 07:01:20.601311
    		3.6 ms
  



  
    		2024-05-11 08:01:24.449137
    		3.9 ms
  



  
    		2024-05-11 09:01:26.986902
    		2.5 ms
  



  
    		2024-05-11 10:01:29.032659
    		-0.7 ms
  



  
    		2024-05-11 11:01:30.519896
    		0.4 ms
  



  
    		2024-05-11 12:01:33.659069
    		3.5 ms
  



  
    		2024-05-11 13:01:35.885901
    		2.3 ms
  



  
    		2024-05-11 14:01:38.635808
    		-1.9 ms
  



  
    		2024-05-11 15:01:40.557667
    		1.0 ms
  



  
    		2024-05-11 16:01:43.316529
    		-1.3 ms
  



  
    		2024-05-11 17:01:44.747016
    		-0.8 ms
  



  
    		2024-05-11 18:01:46.93539
    		-3.3 ms
  



  
    		2024-05-11 19:01:49.41018
    		-3.2 ms
  



  
    		2024-05-11 20:01:52.664061
    		-1.8 ms
  



  
    		2024-05-11 21:01:55.326805
    		0.3 ms
  



  
    		2024-05-11 22:01:56.855443
    		-1.0 ms
  



  
    		2024-05-11 23:01:59.099887
    		1.6 ms
  



  
    		2024-05-12 00:02:01.355855
    		-1.1 ms
  



  
    		2024-05-12 01:02:03.730238
    		2.0 ms
  



  
    		2024-05-12 02:02:06.535142
    		-3.1 ms
  



  
    		2024-05-12 03:02:08.586799
    		-0.7 ms
  



  
    		2024-05-12 04:02:10.542755
    		0.4 ms
  



  
    		2024-05-12 05:02:13.254769
    		-0.7 ms
  



  
    		2024-05-12 06:02:16.758901
    		-0.9 ms
  



  
    		2024-05-12 07:02:19.438264
    		2.4 ms
  



  
    		2024-05-12 08:02:21.978428
    		2.0 ms
  



  
    		2024-05-12 09:02:24.259657
    		0.6 ms
  



  
    		2024-05-12 10:02:26.034587
    		2.9 ms
  



  
    		2024-05-12 11:02:28.031544
    		-0.4 ms
  



  
    		2024-05-12 12:02:29.923709
    		0.4 ms
  



  
    		2024-05-12 13:02:32.423893
    		-0.9 ms
  



  
    		2024-05-12 14:02:35.539972
    		0.9 ms
  



  
    		2024-05-12 15:02:37.764275
    		-0.1 ms
  



  
    		2024-05-12 16:02:40.484603
    		0.7 ms
  



  
    		2024-05-12 17:02:43.445362
    		0.6 ms
  



  
    		2024-05-12 18:02:45.366162
    		-2.3 ms
  



  
    		2024-05-12 19:02:46.846507
    		-0.7 ms
  



  
    		2024-05-12 20:02:49.543478
    		-1.8 ms
  



  
    		2024-05-12 21:02:51.189698
    		-1.0 ms
  



  
    		2024-05-12 22:02:53.552072
    		-0.5 ms
  



  
    		2024-05-12 23:02:55.826868
    		0.8 ms
  



  
    		2024-05-13 00:02:58.421246
    		-0.3 ms
  



  
    		2024-05-13 01:03:00.16927
    		0.9 ms
  



  
    		2024-05-13 02:03:04.163459
    		0.8 ms
  



  
    		2024-05-13 03:03:06.474262
    		-2.3 ms
  



  
    		2024-05-13 04:03:08.209481
    		0.3 ms
  



  
    		2024-05-13 05:03:10.883741
    		-0.1 ms
  



  
    		2024-05-13 06:03:12.92507
    		0.9 ms
  



  
    		2024-05-13 07:03:14.541941
    		1.6 ms
  



  
    		2024-05-13 08:03:16.794944
    		0.6 ms
  



  
    		2024-05-13 09:03:18.574074
    		0.4 ms
  



  
    		2024-05-13 10:03:19.969339
    		-0.4 ms
  



  
    		2024-05-13 11:03:21.601626
    		0.3 ms
  



  
    		2024-05-13 12:03:23.629389
    		-0.4 ms
  



  
    		2024-05-13 13:03:25.862745
    		-0.3 ms
  



  
    		2024-05-13 14:03:27.491936
    		-0.2 ms
  



  
    		2024-05-13 15:03:28.985136
    		0.4 ms
  



  
    		2024-05-13 16:03:30.589399
    		-1.0 ms
  



  
    		2024-05-13 17:03:33.119038
    		1.4 ms
  



  
    		2024-05-13 18:03:37.010475
    		-0.7 ms
  



  
    		2024-05-13 19:03:38.81466
    		-0.4 ms
  



  
    		2024-05-13 20:03:40.383594
    		1.6 ms
  



  
    		2024-05-13 21:03:42.659281
    		-1.8 ms
  



  
    		2024-05-13 22:03:44.350048
    		-2.3 ms
  



  
    		2024-05-13 23:03:46.498408
    		-2.2 ms
  



  
    		2024-05-14 00:03:50.704226
    		1.7 ms
  



  
    		2024-05-14 01:03:53.113143
    		-0.7 ms
  



  
    		2024-05-14 02:03:54.620102
    		2.4 ms
  



  
    		2024-05-14 03:03:58.322154
    		-1.3 ms
  



  
    		2024-05-14 04:04:01.106429
    		-0.4 ms
  



  
    		2024-05-14 05:04:04.48802
    		-1.0 ms
  



  
    		2024-05-14 06:04:07.191567
    		1.4 ms
  



  
    		2024-05-14 07:04:08.654073
    		2.3 ms
  



  
    		2024-05-14 08:04:11.543502
    		3.2 ms
  



  
    		2024-05-14 09:04:13.424965
    		-0.1 ms
  



  
    		2024-05-14 10:04:15.437441
    		3.5 ms
  



  
    		2024-05-14 11:04:17.497354
    		2.5 ms
  



  
    		2024-05-14 12:04:19.156298
    		0.5 ms
  



  
    		2024-05-14 13:04:21.057481
    		1.1 ms
  



  
    		2024-05-14 14:04:22.691421
    		0.4 ms
  



  
    		2024-05-14 15:04:24.226922
    		4.8 ms
  



  
    		2024-05-14 16:04:27.297412
    		2.5 ms
  



  
    		2024-05-14 17:04:30.051382
    		1.6 ms
  



  
    		2024-05-14 18:04:32.450552
    		2.3 ms
  



  
    		2024-05-14 19:04:34.794277
    		2.1 ms
  



  
    		2024-05-14 20:04:37.446041
    		0.2 ms
  



  
    		2024-05-14 21:04:39.812719
    		0.3 ms
  



  
    		2024-05-14 22:04:41.20053
    		0.0 ms
  



  
    		2024-05-14 23:04:43.796748
    		2.0 ms
  



  
    		2024-05-15 00:04:45.647979
    		0.2 ms
  



  
    		2024-05-15 01:04:47.395255
    		-0.6 ms
  



  
    		2024-05-15 02:04:51.445304
    		0.9 ms
  



  
    		2024-05-15 03:04:53.043716
    		-1.7 ms
  



  
    		2024-05-15 04:04:56.305206
    		0.9 ms
  



  
    		2024-05-15 05:04:58.771516
    		1.3 ms
  



  
    		2024-05-15 06:05:01.268311
    		1.6 ms
  



  
    		2024-05-15 07:05:03.054046
    		2.1 ms
  



  
    		2024-05-15 08:05:04.599923
    		2.0 ms
  



  
    		2024-05-15 09:05:06.256711
    		0.6 ms
  



  
    		2024-05-15 10:05:08.055337
    		0.2 ms
  



  
    		2024-05-15 11:05:10.404006
    		1.0 ms
  



  
    		2024-05-15 12:05:11.846588
    		3.2 ms
  



  
    		2024-05-15 13:05:14.079457
    		0.3 ms
  



  
    		2024-05-15 14:05:16.303051
    		-0.4 ms
  



  
    		2024-05-15 15:05:17.761236
    		2.3 ms
  



  
    		2024-05-15 16:05:19.208939
    		1.6 ms
  



  
    		2024-05-15 17:05:20.849334
    		1.5 ms
  



  
    		2024-05-15 18:05:22.717534
    		-0.5 ms
  



  
    		2024-05-15 19:05:25.841327
    		-2.3 ms
  



  
    		2024-05-15 20:05:28.28167
    		-2.3 ms
  



  
    		2024-05-15 21:05:30.066531
    		-1.7 ms
  



  
    		2024-05-15 22:05:33.069859
    		0.7 ms
  



  
    		2024-05-15 23:05:35.17324
    		1.7 ms
  



  
    		2024-05-16 00:05:37.019111
    		0.0 ms
  



  
    		2024-05-16 01:05:38.787966
    		-2.4 ms
  



  
    		2024-05-16 02:05:40.922968
    		-2.8 ms
  



  
    		2024-05-16 03:05:42.999441
    		-3.6 ms
  



  
    		2024-05-16 04:05:46.276216
    		2.2 ms
  



  
    		2024-05-16 05:05:48.369671
    		2.8 ms
  



  
    		2024-05-16 06:05:50.971109
    		0.9 ms
  



  
    		2024-05-16 07:05:52.908996
    		0.9 ms
  



  
    		2024-05-16 08:05:55.549881
    		1.8 ms
  



  
    		2024-05-16 09:05:57.160644
    		3.5 ms
  



  
    		2024-05-16 10:05:59.188518
    		3.5 ms
  



  
    		2024-05-16 11:06:01.659028
    		1.1 ms
  



  
    		2024-05-16 12:06:03.234862
    		1.2 ms
  



  
    		2024-05-16 13:06:05.124974
    		-1.8 ms
  



  
    		2024-05-16 14:06:06.863377
    		-0.7 ms
  



  
    		2024-05-16 15:06:08.531024
    		1.4 ms
  



  
    		2024-05-16 16:06:10.623662
    		-0.5 ms
  



  
    		2024-05-16 17:06:13.886102
    		-2.4 ms
  



  
    		2024-05-16 18:06:16.202211
    		-0.1 ms
  



  
    		2024-05-16 19:06:19.65653
    		-2.5 ms
  



  
    		2024-05-16 20:06:22.816837
    		1.1 ms
  



  
    		2024-05-16 21:06:25.391516
    		-1.6 ms
  



  
    		2024-05-16 22:06:27.916942
    		-1.9 ms
  



  
    		2024-05-16 23:06:30.065912
    		-1.4 ms
  



  
    		2024-05-17 00:06:32.23693
    		-1.4 ms
  



  
    		2024-05-17 01:06:34.194886
    		-1.1 ms
  



  
    		2024-05-17 02:06:36.065181
    		-1.6 ms
  



  
    		2024-05-17 03:06:37.521077
    		-2.0 ms
  



  
    		2024-05-17 04:06:40.459393
    		-1.6 ms
  



  
    		2024-05-17 05:06:44.603113
    		-0.7 ms
  



  
    		2024-05-17 06:06:47.279105
    		-0.8 ms
  



  
    		2024-05-17 07:06:48.992609
    		-0.4 ms
  



  
    		2024-05-17 08:06:51.143569
    		3.3 ms
  



  
    		2024-05-17 09:06:53.702806
    		2.3 ms
  



  
    		2024-05-17 10:06:55.329445
    		-0.5 ms
  



  
    		2024-05-17 11:06:56.854502
    		0.6 ms
  



  
    		2024-05-17 12:06:59.039901
    		0.0 ms
  



  
    		2024-05-17 13:07:00.924056
    		0.7 ms
  



  
    		2024-05-17 14:07:02.801081
    		0.5 ms
  



  
    		2024-05-17 15:07:05.737451
    		-0.3 ms
  



  
    		2024-05-17 16:07:08.019391
    		1.8 ms
  



  
    		2024-05-17 17:07:09.819798
    		-1.0 ms
  



  
    		2024-05-17 18:07:12.435463
    		-0.7 ms
  



  
    		2024-05-17 19:07:15.26007
    		-1.1 ms
  



  
    		2024-05-17 20:07:17.124388
    		-2.2 ms
  



  
    		2024-05-17 21:07:19.627738
    		-1.0 ms
  



  
    		2024-05-17 22:07:22.128821
    		1.8 ms
  



  
    		2024-05-17 23:07:23.812583
    		0.6 ms
  



  
    		2024-05-18 00:07:26.036751
    		0.9 ms
  



  
    		2024-05-18 01:07:27.897459
    		-1.4 ms
  



  
    		2024-05-18 02:07:29.980044
    		-0.5 ms
  



  
    		2024-05-18 03:07:31.532345
    		-2.8 ms
  



  
    		2024-05-18 04:07:33.050021
    		-2.3 ms
  



  
    		2024-05-18 05:07:36.501855
    		0.5 ms
  



  
    		2024-05-18 06:07:39.170866
    		1.6 ms
  



  
    		2024-05-18 07:07:42.057905
    		1.1 ms
  



  
    		2024-05-18 08:07:45.110525
    		2.0 ms
  



  
    		2024-05-18 09:07:48.42081
    		1.0 ms
  



  
    		2024-05-18 10:07:51.013245
    		-0.2 ms
  



  
    		2024-05-18 11:07:52.659441
    		1.2 ms
  



  
    		2024-05-18 12:07:55.035115
    		-0.8 ms
  



  
    		2024-05-18 13:07:56.720004
    		0.8 ms
  



  
    		2024-05-18 14:07:58.621201
    		-0.8 ms
  



  
    		2024-05-18 15:08:00.261824
    		0.1 ms
  



  
    		2024-05-18 16:08:01.963626
    		0.3 ms
  



  
    		2024-05-18 17:08:04.585809
    		-0.5 ms
  



  
    		2024-05-18 18:08:08.095013
    		-0.3 ms
  



  
    		2024-05-18 19:08:11.567896
    		2.0 ms
  



  
    		2024-05-18 20:08:13.343079
    		-1.2 ms
  



  
    		2024-05-18 21:08:14.92517
    		-1.0 ms
  



  
    		2024-05-18 22:08:17.774063
    		-0.8 ms
  



  
    		2024-05-18 23:08:20.287049
    		-1.9 ms
  



  
    		2024-05-19 00:08:22.262387
    		-1.1 ms
  



  
    		2024-05-19 01:08:23.959544
    		-1.7 ms
  



  
    		2024-05-19 02:08:27.489021
    		-0.8 ms
  



  
    		2024-05-19 03:08:30.019327
    		0.5 ms
  



  
    		2024-05-19 04:08:31.633638
    		-1.0 ms
  



  
    		2024-05-19 05:08:34.474362
    		0.2 ms
  



  
    		2024-05-19 06:08:36.012198
    		-0.9 ms
  



  
    		2024-05-19 07:08:37.539778
    		0.5 ms
  



  
    		2024-05-19 08:08:39.498703
    		0.6 ms
  



  
    		2024-05-19 09:08:41.05347
    		3.4 ms
  



  
    		2024-05-19 10:08:43.042272
    		1.7 ms
  



  
    		2024-05-19 11:08:45.389028
    		2.8 ms
  



  
    		2024-05-19 12:08:47.963099
    		2.9 ms
  



  
    		2024-05-19 13:08:49.95828
    		2.9 ms
  



  
    		2024-05-19 14:08:51.457188
    		1.1 ms
  



  
    		2024-05-19 15:08:54.794751
    		1.5 ms
  



  
    		2024-05-19 16:08:56.545895
    		2.3 ms
  



  
    		2024-05-19 17:08:58.973062
    		1.4 ms
  



  
    		2024-05-19 18:09:01.958013
    		0.5 ms
  



  
    		2024-05-19 19:09:03.909694
    		-0.1 ms
  



  
    		2024-05-19 20:09:07.345707
    		1.2 ms
  



  
    		2024-05-19 21:09:09.340489
    		0.5 ms
  



  
    		2024-05-19 22:09:10.989141
    		-1.1 ms
  



  
    		2024-05-19 23:09:13.279562
    		2.0 ms
  



  
    		2024-05-20 00:09:15.188151
    		-1.7 ms
  



  
    		2024-05-20 01:09:17.684477
    		-1.7 ms
  



  
    		2024-05-20 02:09:20.127056
    		-0.6 ms
  



  
    		2024-05-20 03:09:22.671159
    		-1.1 ms
  



  
    		2024-05-20 04:09:26.234969
    		-1.5 ms
  



  
    		2024-05-20 05:09:29.021599
    		1.4 ms
  



  
    		2024-05-20 06:09:30.798338
    		-0.6 ms
  



  
    		2024-05-20 07:09:32.462857
    		-0.2 ms
  



  
    		2024-05-20 08:09:35.766631
    		0.1 ms
  



  
    		2024-05-20 09:09:37.41843
    		-0.3 ms
  



  
    		2024-05-20 10:09:39.738231
    		2.3 ms
  



  
    		2024-05-20 11:09:41.339841
    		2.0 ms
  



  
    		2024-05-20 12:09:43.462183
    		4.5 ms
  



  
    		2024-05-20 13:09:45.199554
    		0.9 ms
  



  
    		2024-05-20 14:09:46.828582
    		0.0 ms
  



  
    		2024-05-20 15:09:48.877933
    		2.7 ms
  



  
    		2024-05-20 16:09:50.473038
    		-2.3 ms
  



  
    		2024-05-20 17:09:52.27838
    		-0.5 ms
  



  
    		2024-05-20 18:09:53.784903
    		-0.7 ms
  



  
    		2024-05-20 19:09:55.780876
    		1.0 ms
  



  
    		2024-05-20 20:09:57.394025
    		3.0 ms
  



  
    		2024-05-20 21:09:59.848665
    		2.3 ms
  



  
    		2024-05-20 22:10:01.932874
    		1.5 ms
  



  
    		2024-05-20 23:10:03.511455
    		-1.6 ms
  



  
    		2024-05-21 00:10:05.850341
    		-5.4 ms
  



  
    		2024-05-21 01:10:09.734758
    		-1.1 ms
  



  
    		2024-05-21 02:10:11.338228
    		-1.7 ms
  



  
    		2024-05-21 03:10:12.961864
    		0.4 ms
  



  
    		2024-05-21 04:10:15.533867
    		1.4 ms
  



  
    		2024-05-21 05:10:18.067671
    		1.4 ms
  



  
    		2024-05-21 06:10:20.499655
    		2.9 ms
  



  
    		2024-05-21 07:10:22.712861
    		0.2 ms
  



  
    		2024-05-21 08:10:24.388559
    		1.3 ms
  



  
    		2024-05-21 09:10:26.184271
    		1.3 ms
  



  
    		2024-05-21 10:10:27.983599
    		3.0 ms
  



  
    		2024-05-21 11:10:30.308999
    		0.5 ms
  



  
    		2024-05-21 12:10:31.975533
    		-1.3 ms
  



  
    		2024-05-21 13:10:33.450256
    		1.4 ms
  



  
    		2024-05-21 14:10:34.883845
    		1.6 ms
  



  
    		2024-05-21 15:10:37.110792
    		2.1 ms
  



  
    		2024-05-21 16:10:38.701754
    		1.3 ms
  



  
    		2024-05-21 17:10:41.105226
    		3.4 ms
  



  
    		2024-05-21 18:10:44.84187
    		-0.9 ms
  



  
    		2024-05-21 19:10:46.594266
    		-0.4 ms
  



  
    		2024-05-21 20:10:48.751615
    		-0.8 ms
  



  
    		2024-05-21 21:10:50.749746
    		0.7 ms
  



  
    		2024-05-21 22:10:53.447214
    		1.5 ms
  



  
    		2024-05-21 23:10:56.621102
    		-0.9 ms
  



  
    		2024-05-22 00:10:59.517036
    		-0.5 ms
  



  
    		2024-05-22 01:11:01.429078
    		-1.9 ms
  



  
    		2024-05-22 02:11:04.077699
    		-0.3 ms
  



  
    		2024-05-22 03:11:06.66983
    		-1.1 ms
  



  
    		2024-05-22 04:11:08.885341
    		-1.5 ms
  



  
    		2024-05-22 05:11:10.824981
    		-1.4 ms
  



  
    		2024-05-22 06:11:12.558875
    		-0.4 ms
  



  
    		2024-05-22 07:11:14.301905
    		0.2 ms
  



  
    		2024-05-22 08:11:16.294794
    		1.0 ms
  



  
    		2024-05-22 09:11:17.91153
    		2.9 ms
  



  
    		2024-05-22 10:11:19.848967
    		-0.5 ms
  



  
    		2024-05-22 11:11:21.450899
    		2.7 ms
  



  
    		2024-05-22 12:11:23.028288
    		2.1 ms
  



  
    		2024-05-22 13:11:24.764367
    		5.6 ms
  



  
    		2024-05-22 14:11:26.419223
    		-0.7 ms
  



  
    		2024-05-22 15:11:28.207105
    		0.3 ms
  



  
    		2024-05-22 16:11:30.410877
    		2.6 ms
  



  
    		2024-05-22 17:11:32.809845
    		-1.1 ms
  



  
    		2024-05-22 18:11:34.627948
    		0.4 ms
  



  
    		2024-05-22 19:11:38.404425
    		1.3 ms
  



  
    		2024-05-22 20:11:40.940819
    		1.2 ms
  



  
    		2024-05-22 21:11:43.088644
    		-2.5 ms
  



  
    		2024-05-22 22:11:45.419261
    		-0.1 ms
  



  
    		2024-05-22 23:11:47.296798
    		-3.0 ms
  



  
    		2024-05-23 00:11:50.250109
    		-2.5 ms
  



  
    		2024-05-23 01:11:51.891661
    		-1.5 ms
  



  
    		2024-05-23 02:11:53.742789
    		-1.4 ms
  



  
    		2024-05-23 03:11:56.64568
    		-0.4 ms
  



  
    		2024-05-23 04:11:59.218664
    		0.8 ms
  



  
    		2024-05-23 05:12:02.14552
    		0.3 ms
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1. Purpose

The purpose of this document is to explain how Scrive eSign measures time and provide a mathematical algorithm by which it is possible to calculate the probability of the error of the time stamps recorded by Scrive eSign.

2. Time measurement process

This section explains the NTP (Network Time Protocol) configurations of the systems involved with time measurement of Scrive eSign.

2.1 The hypervisor

Amazon, which Scrive eSign uses as hosting provider, use Xen or KVM depending on the generation of the virtual machine, for virtualisation. The default configuration is that all VM hosts are time synced using a clustered public pool of NTP servers. Scrive eSign does not use this mechanism.

2.2 Time synchronisation

Scrive eSign relies on NTP running on the virtual machine guests to get coordinated time from an NTP source. Scrive eSign does not use the time provided by the hypervisor hosts hosting the virtual machines, i.e. Amazon. This will help mitigate factors like load on the hypervisors or virtual machine guests affecting clock accuracy. This NTP synchronisation will override the clock synchronisation from the VM hosts’ clocks.

3. Configuration of hardware and services

This section describes the time/NTP and monitoring configuration of the application servers that run the Scrive eSign service.

3.1 Boot Time

The guest virtual machine behavior for the database server is as follows:

		On boot the virtual machine guest clock is set from the VM host

		ntp-date is run once from an init script

		ntpd is then run from another init script, which runs continuously



The behavior on the application server is the same with the exception of the ntpdate step which is not present on this system. It is worth noting that entries in procfs are not available for querying the configuration of the kernel with regards to Xen/clock configuration.

3.2 NTP Configuration

Logging that traces accuracy and time synchronisation is configured to use local NTP servers in the Scrive environment, which in turn acts as a proxy for the NTP server pool below that follows UTC(SP), i.e. official Swedish time:

		ntp1.sth.netnod.se

		ntp2.sth.netnod.se

		ntp1.gbg.netnod.se

		ntp2.gbg.netnod.se

		ntp1.mmo.netnod.se

		ntp2.mmo.netnod.se



3.3 Monitoring

Scrive eSign service has a monitoring system (Nagios) that monitors various aspects of the NTP statistics and keeps historic logs. It informs of problems with NTP server connectivity, jitter and offset, immediately regardless of what time of day it is.

3.4 Time scale

The NTP configuration together with the logging implies that we are following UTC(SP), and all timestamps are because of this traceable to this time scale.

4. Calculation of the probability of the clock error

This section describes how to calculate the probability of the clock error of the Scrive eSign timestamps.

4.1 Clock error samples

Once per hour Scrive eSign uses the NTP protocol to check the difference between the Scrive eSign server clock and UTC(SP). This check is performed directly against servers in the NTP server pool listed in Section 3.2. Each check results in one clock error sample (hereinafter “Clock Error Samples”), which is assumed to accurately reflect the actual clock error.

4.2 Clock error algorithm

The calculation of the probability of the clock error can be done by inserting the Clock Error Samples into the algorithm below. We assume that the samples follow a normal distribution.

		Let [image: 1.png]

 be a set of the clock error samples (in seconds). Let [image: 2.png]

, [image: 3.png]

.

		Let [image: 4.png]

 be the random variable representing the clock error with parameters estimated using data set [image: CodeCogsEqn.png]

.

		Let [image: 7.png]

, [image: 8.png]

 be the the empirical distribution function.

		Let [image: 9.png]

 be the size of discretized value space, [image: 10.png]

. Let [image: 11.png]

 be the discretized value space, [image: 12.png]

 be the set of data points representing empirical distribution function, [image: 13.png]

 be the set of data points representing cumulative distribution function of the random variable estimating the clock error.

		Plot the data in [image: 14.png]

 and [image: 15.png]

 to assess the accuracy of the estimation.

		[image: 16.png]

 is the estimated probability that the clock error is smaller than [image: 17.png]

 seconds.



4.3 Clock error samples and evidence of normal distribution

The last 1000 Clock Error Samples are inserted into this document in section 5. These Clock Error Samples can be used as input data to the algorithm in 4.2 to provide evidence of normal distribution and to calculate the probability of the clock error of the Scrive eSign time stamps. From the Clock Error Samples one can derive the parameters (mean and variance) for a normal distribution. One can also calculate the difference between this estimated distribution and the empirical data given by the Clock Error Samples themselves. You can see cumulative distribution functions (cdf) for the estimates and the empirical data and on top of that the difference between the empirical and estimated errors in the graph below. This graph also allow us to visually estimate the probability of a specific maximum error.




Gnuplot
Produced by GNUPLOT 5.4 patchlevel 2 
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4.4 Input parameters

Based on the Clock Error Samples in section 5 it is possible to calculate the variables that define the normal distribution (mean and standard deviation). Scrive eSign has automatically calculated these variables as per the below:

		mean: 0.58 ms

		standard deviation: 1.58 ms



4.5 Probability of the clock error

By using the algorithm and the Clock Error Samples Scrive eSign calculated the following probabilities of the clock error ‘e’:

		|e| < 2.5 ms: ≈86.189%

		|e| < 5 ms: ≈99.720%

		|e| < 10 ms: ≈100.000%



5. Clock Error Samples

The following are the clock error samples collected between 2024-01-05 19:05:07.26384 UTC and 2024-02-16 10:44:02.8603 UTC:





  		Time collected
  		Clock offset




  
    		2024-01-05 19:05:07.26384
    		-0.5 ms
  



  
    		2024-01-05 20:05:08.990083
    		-1.6 ms
  



  
    		2024-01-05 21:05:11.514881
    		-0.1 ms
  



  
    		2024-01-05 22:05:13.753269
    		-1.2 ms
  



  
    		2024-01-05 23:05:15.652591
    		4.2 ms
  



  
    		2024-01-06 00:05:19.400716
    		2.5 ms
  



  
    		2024-01-06 01:05:21.523301
    		1.2 ms
  



  
    		2024-01-06 02:05:23.93364
    		-3.1 ms
  



  
    		2024-01-06 03:05:26.838967
    		-1.1 ms
  



  
    		2024-01-06 04:05:28.927389
    		-1.0 ms
  



  
    		2024-01-06 05:05:30.906693
    		-1.7 ms
  



  
    		2024-01-06 06:05:32.467093
    		-0.5 ms
  



  
    		2024-01-06 07:05:36.210134
    		-1.9 ms
  



  
    		2024-01-06 08:05:40.297634
    		0.5 ms
  



  
    		2024-01-06 09:05:41.935042
    		0.9 ms
  



  
    		2024-01-06 10:05:43.61203
    		0.8 ms
  



  
    		2024-01-06 11:05:46.824585
    		0.6 ms
  



  
    		2024-01-06 12:05:50.285292
    		0.0 ms
  



  
    		2024-01-06 13:05:51.791781
    		1.2 ms
  



  
    		2024-01-06 14:05:54.38667
    		2.8 ms
  



  
    		2024-01-06 15:05:55.899025
    		0.2 ms
  



  
    		2024-01-06 16:05:57.532298
    		1.0 ms
  



  
    		2024-01-06 17:05:59.01232
    		0.7 ms
  



  
    		2024-01-06 18:06:00.93323
    		2.6 ms
  



  
    		2024-01-06 19:06:04.481288
    		0.6 ms
  



  
    		2024-01-06 20:06:08.268461
    		2.1 ms
  



  
    		2024-01-06 21:06:10.376619
    		-2.2 ms
  



  
    		2024-01-06 22:06:13.655906
    		-0.3 ms
  



  
    		2024-01-06 23:06:17.616787
    		0.7 ms
  



  
    		2024-01-07 00:06:21.565052
    		0.2 ms
  



  
    		2024-01-07 01:06:23.609318
    		-1.0 ms
  



  
    		2024-01-07 02:06:25.52296
    		-0.2 ms
  



  
    		2024-01-07 03:06:27.05726
    		-1.1 ms
  



  
    		2024-01-07 04:06:29.061085
    		-0.5 ms
  



  
    		2024-01-07 05:06:31.348064
    		-0.4 ms
  



  
    		2024-01-07 06:06:34.32134
    		-1.8 ms
  



  
    		2024-01-07 07:06:37.331767
    		-0.5 ms
  



  
    		2024-01-07 08:06:39.468644
    		-0.5 ms
  



  
    		2024-01-07 09:06:42.883165
    		-0.1 ms
  



  
    		2024-01-07 10:06:45.00429
    		1.8 ms
  



  
    		2024-01-07 11:06:46.543451
    		2.2 ms
  



  
    		2024-01-07 12:06:48.596097
    		3.1 ms
  



  
    		2024-01-07 13:06:50.594973
    		3.6 ms
  



  
    		2024-01-07 14:06:52.125113
    		0.5 ms
  



  
    		2024-01-07 15:06:53.594306
    		1.6 ms
  



  
    		2024-01-07 16:06:55.560195
    		-0.6 ms
  



  
    		2024-01-07 17:06:57.643382
    		2.5 ms
  



  
    		2024-01-07 18:07:00.153969
    		1.2 ms
  



  
    		2024-01-07 19:07:04.084292
    		1.1 ms
  



  
    		2024-01-07 20:07:06.720309
    		1.2 ms
  



  
    		2024-01-07 21:07:08.654263
    		0.1 ms
  



  
    		2024-01-07 22:07:12.602785
    		1.6 ms
  



  
    		2024-01-07 23:07:14.64426
    		1.3 ms
  



  
    		2024-01-08 00:07:16.484673
    		0.6 ms
  



  
    		2024-01-08 01:07:18.180013
    		-0.9 ms
  



  
    		2024-01-08 02:07:21.685011
    		-1.9 ms
  



  
    		2024-01-08 03:07:24.278296
    		-0.6 ms
  



  
    		2024-01-08 04:07:26.018559
    		0.1 ms
  



  
    		2024-01-08 05:07:28.229222
    		-1.5 ms
  



  
    		2024-01-08 06:07:31.112348
    		0.1 ms
  



  
    		2024-01-08 07:07:33.648996
    		2.1 ms
  



  
    		2024-01-08 08:07:35.306298
    		2.8 ms
  



  
    		2024-01-08 09:07:37.930767
    		1.7 ms
  



  
    		2024-01-08 10:07:39.593968
    		2.1 ms
  



  
    		2024-01-08 11:07:42.515045
    		0.2 ms
  



  
    		2024-01-08 12:07:44.224304
    		2.7 ms
  



  
    		2024-01-08 13:07:46.560785
    		2.2 ms
  



  
    		2024-01-08 14:07:48.922143
    		3.4 ms
  



  
    		2024-01-08 15:07:50.86504
    		1.4 ms
  



  
    		2024-01-08 16:07:52.941366
    		2.1 ms
  



  
    		2024-01-08 17:07:54.623301
    		2.7 ms
  



  
    		2024-01-08 18:07:56.802759
    		0.2 ms
  



  
    		2024-01-08 19:07:59.1734
    		1.7 ms
  



  
    		2024-01-08 20:08:01.569559
    		0.0 ms
  



  
    		2024-01-08 21:08:03.378116
    		0.4 ms
  



  
    		2024-01-08 22:08:05.648788
    		-1.2 ms
  



  
    		2024-01-08 23:08:07.660273
    		1.4 ms
  



  
    		2024-01-09 00:08:11.386932
    		-0.1 ms
  



  
    		2024-01-09 01:08:13.309369
    		-1.9 ms
  



  
    		2024-01-09 02:08:15.182735
    		0.2 ms
  



  
    		2024-01-09 03:08:18.082331
    		-1.0 ms
  



  
    		2024-01-09 04:08:21.539632
    		-1.5 ms
  



  
    		2024-01-09 05:08:25.56763
    		-0.1 ms
  



  
    		2024-01-09 06:08:29.432801
    		-1.8 ms
  



  
    		2024-01-09 07:08:32.144645
    		-2.6 ms
  



  
    		2024-01-09 08:08:34.26552
    		-0.4 ms
  



  
    		2024-01-09 09:08:36.805962
    		1.1 ms
  



  
    		2024-01-09 10:08:38.406154
    		1.8 ms
  



  
    		2024-01-09 11:08:40.264632
    		1.7 ms
  



  
    		2024-01-09 12:08:42.367696
    		2.7 ms
  



  
    		2024-01-09 13:08:44.060791
    		0.6 ms
  



  
    		2024-01-09 14:08:45.72559
    		-1.6 ms
  



  
    		2024-01-09 15:08:47.557096
    		2.4 ms
  



  
    		2024-01-09 16:08:49.516745
    		3.0 ms
  



  
    		2024-01-09 17:08:51.161685
    		3.5 ms
  



  
    		2024-01-09 18:08:53.635537
    		3.6 ms
  



  
    		2024-01-09 19:08:55.34133
    		2.5 ms
  



  
    		2024-01-09 20:08:56.879022
    		0.1 ms
  



  
    		2024-01-09 21:08:58.807656
    		-0.4 ms
  



  
    		2024-01-09 22:09:01.270342
    		1.8 ms
  



  
    		2024-01-09 23:09:03.390752
    		-0.8 ms
  



  
    		2024-01-10 00:09:07.283019
    		-3.3 ms
  



  
    		2024-01-10 01:09:11.831701
    		1.1 ms
  



  
    		2024-01-10 02:09:13.551219
    		1.2 ms
  



  
    		2024-01-10 03:09:16.11237
    		-0.1 ms
  



  
    		2024-01-10 04:09:18.023089
    		0.3 ms
  



  
    		2024-01-10 05:09:19.691767
    		3.2 ms
  



  
    		2024-01-10 06:09:21.687868
    		1.2 ms
  



  
    		2024-01-10 07:09:23.447585
    		0.5 ms
  



  
    		2024-01-10 08:09:26.723767
    		2.4 ms
  



  
    		2024-01-10 09:09:28.887954
    		-0.2 ms
  



  
    		2024-01-10 10:09:30.412671
    		0.4 ms
  



  
    		2024-01-10 11:09:32.013122
    		0.2 ms
  



  
    		2024-01-10 12:09:34.346369
    		0.4 ms
  



  
    		2024-01-10 13:09:36.904816
    		1.8 ms
  



  
    		2024-01-10 14:09:38.559104
    		3.6 ms
  



  
    		2024-01-10 15:09:41.069586
    		1.4 ms
  



  
    		2024-01-10 16:09:42.923768
    		0.0 ms
  



  
    		2024-01-10 17:09:44.877324
    		-0.6 ms
  



  
    		2024-01-10 18:09:47.169327
    		-0.5 ms
  



  
    		2024-01-10 19:09:48.826807
    		1.1 ms
  



  
    		2024-01-10 20:09:51.002527
    		-3.8 ms
  



  
    		2024-01-10 21:09:54.622539
    		-0.4 ms
  



  
    		2024-01-10 22:09:56.753434
    		-2.6 ms
  



  
    		2024-01-10 23:09:58.743743
    		-1.9 ms
  



  
    		2024-01-11 00:10:00.81511
    		2.8 ms
  



  
    		2024-01-11 01:10:02.868667
    		0.1 ms
  



  
    		2024-01-11 02:10:04.876296
    		0.6 ms
  



  
    		2024-01-11 03:10:06.986609
    		2.3 ms
  



  
    		2024-01-11 04:10:09.972649
    		0.2 ms
  



  
    		2024-01-11 05:10:11.772054
    		0.6 ms
  



  
    		2024-01-11 06:10:14.43578
    		-0.9 ms
  



  
    		2024-01-11 07:10:16.142923
    		0.0 ms
  



  
    		2024-01-11 08:10:17.758448
    		-0.6 ms
  



  
    		2024-01-11 09:10:19.594968
    		2.1 ms
  



  
    		2024-01-11 10:10:21.811671
    		-0.2 ms
  



  
    		2024-01-11 11:10:23.350134
    		-0.1 ms
  



  
    		2024-01-11 12:10:25.654127
    		0.4 ms
  



  
    		2024-01-11 13:10:28.322181
    		1.8 ms
  



  
    		2024-01-11 14:10:30.825685
    		-0.5 ms
  



  
    		2024-01-11 15:10:32.933919
    		2.7 ms
  



  
    		2024-01-11 16:10:34.859604
    		2.7 ms
  



  
    		2024-01-11 17:10:36.521955
    		0.8 ms
  



  
    		2024-01-11 18:10:38.26792
    		-1.5 ms
  



  
    		2024-01-11 19:10:40.008229
    		0.9 ms
  



  
    		2024-01-11 20:10:42.199269
    		0.4 ms
  



  
    		2024-01-11 21:10:43.806486
    		0.7 ms
  



  
    		2024-01-11 22:10:45.610629
    		-1.1 ms
  



  
    		2024-01-11 23:10:47.513893
    		-1.5 ms
  



  
    		2024-01-12 00:10:50.42617
    		0.2 ms
  



  
    		2024-01-12 01:10:52.872775
    		2.7 ms
  



  
    		2024-01-12 02:10:55.110855
    		1.6 ms
  



  
    		2024-01-12 03:10:58.926188
    		1.9 ms
  



  
    		2024-01-12 04:11:01.387826
    		-2.1 ms
  



  
    		2024-01-12 05:11:04.10814
    		0.3 ms
  



  
    		2024-01-12 06:11:05.756117
    		0.5 ms
  



  
    		2024-01-12 07:11:08.060078
    		2.7 ms
  



  
    		2024-01-12 08:11:10.325217
    		1.4 ms
  



  
    		2024-01-12 09:11:12.676961
    		0.7 ms
  



  
    		2024-01-12 10:11:14.3957
    		0.7 ms
  



  
    		2024-01-12 11:11:16.214916
    		0.9 ms
  



  
    		2024-01-12 12:11:18.275522
    		1.2 ms
  



  
    		2024-01-12 13:11:21.474747
    		0.4 ms
  



  
    		2024-01-12 14:11:24.336725
    		1.2 ms
  



  
    		2024-01-12 15:11:26.66387
    		0.0 ms
  



  
    		2024-01-12 16:11:28.519116
    		1.0 ms
  



  
    		2024-01-12 17:11:30.348436
    		0.1 ms
  



  
    		2024-01-12 18:11:32.208292
    		1.1 ms
  



  
    		2024-01-12 19:11:34.656878
    		-0.9 ms
  



  
    		2024-01-12 20:11:37.301511
    		-0.5 ms
  



  
    		2024-01-12 21:11:39.195627
    		0.8 ms
  



  
    		2024-01-12 22:11:42.176402
    		1.6 ms
  



  
    		2024-01-12 23:11:44.382075
    		0.4 ms
  



  
    		2024-01-13 00:11:47.018821
    		-0.4 ms
  



  
    		2024-01-13 01:11:48.999023
    		0.4 ms
  



  
    		2024-01-13 02:11:51.285596
    		0.4 ms
  



  
    		2024-01-13 03:11:53.107311
    		-0.8 ms
  



  
    		2024-01-13 04:11:55.198012
    		0.0 ms
  



  
    		2024-01-13 05:11:57.602891
    		0.8 ms
  



  
    		2024-01-13 06:11:59.815196
    		-0.5 ms
  



  
    		2024-01-13 07:12:01.833553
    		0.2 ms
  



  
    		2024-01-13 08:12:04.624573
    		0.8 ms
  



  
    		2024-01-13 09:12:06.432913
    		-0.5 ms
  



  
    		2024-01-13 10:12:08.29115
    		2.0 ms
  



  
    		2024-01-13 11:12:09.905023
    		1.6 ms
  



  
    		2024-01-13 12:12:11.638346
    		0.6 ms
  



  
    		2024-01-13 13:12:13.914108
    		0.3 ms
  



  
    		2024-01-13 14:12:15.828337
    		-2.4 ms
  



  
    		2024-01-13 15:12:17.628739
    		-1.7 ms
  



  
    		2024-01-13 16:12:21.028726
    		3.4 ms
  



  
    		2024-01-13 17:12:23.357947
    		-0.1 ms
  



  
    		2024-01-13 18:12:26.389604
    		1.2 ms
  



  
    		2024-01-13 19:12:29.482365
    		1.1 ms
  



  
    		2024-01-13 20:12:31.494717
    		0.9 ms
  



  
    		2024-01-13 21:12:34.656652
    		0.0 ms
  



  
    		2024-01-13 22:12:36.898731
    		-0.5 ms
  



  
    		2024-01-13 23:12:39.079016
    		-1.8 ms
  



  
    		2024-01-14 00:12:41.593616
    		-0.7 ms
  



  
    		2024-01-14 01:12:44.254971
    		1.3 ms
  



  
    		2024-01-14 02:12:48.571652
    		-0.3 ms
  



  
    		2024-01-14 03:12:50.691569
    		1.2 ms
  



  
    		2024-01-14 04:12:54.37466
    		1.4 ms
  



  
    		2024-01-14 05:12:56.542089
    		-0.2 ms
  



  
    		2024-01-14 06:12:58.8955
    		2.4 ms
  



  
    		2024-01-14 07:13:02.772964
    		-0.8 ms
  



  
    		2024-01-14 08:13:04.914501
    		0.2 ms
  



  
    		2024-01-14 09:13:07.71847
    		-0.7 ms
  



  
    		2024-01-14 10:13:10.051956
    		1.2 ms
  



  
    		2024-01-14 11:13:12.355811
    		1.3 ms
  



  
    		2024-01-14 12:13:16.433357
    		1.8 ms
  



  
    		2024-01-14 13:13:19.629576
    		1.7 ms
  



  
    		2024-01-14 14:13:22.88121
    		-0.8 ms
  



  
    		2024-01-14 15:13:24.943514
    		-0.4 ms
  



  
    		2024-01-14 16:13:27.991783
    		1.0 ms
  



  
    		2024-01-14 17:13:31.712455
    		2.8 ms
  



  
    		2024-01-14 18:13:33.372915
    		2.7 ms
  



  
    		2024-01-14 19:13:36.13114
    		-0.2 ms
  



  
    		2024-01-14 20:13:40.261246
    		-1.1 ms
  



  
    		2024-01-14 21:13:42.730184
    		1.3 ms
  



  
    		2024-01-14 22:13:45.078289
    		0.7 ms
  



  
    		2024-01-14 23:13:48.942985
    		-0.9 ms
  



  
    		2024-01-15 00:13:51.096382
    		-0.6 ms
  



  
    		2024-01-15 01:13:52.942459
    		-1.4 ms
  



  
    		2024-01-15 02:13:55.761145
    		0.0 ms
  



  
    		2024-01-15 03:13:58.419819
    		-2.4 ms
  



  
    		2024-01-15 04:14:00.35003
    		1.9 ms
  



  
    		2024-01-15 05:14:02.437539
    		1.9 ms
  



  
    		2024-01-15 06:14:04.89214
    		1.9 ms
  



  
    		2024-01-15 07:14:08.890104
    		0.0 ms
  



  
    		2024-01-15 08:14:10.339791
    		0.1 ms
  



  
    		2024-01-15 09:14:12.44085
    		1.5 ms
  



  
    		2024-01-15 10:14:14.878129
    		-0.6 ms
  



  
    		2024-01-15 11:14:17.143285
    		3.3 ms
  



  
    		2024-01-15 12:14:18.812181
    		1.2 ms
  



  
    		2024-01-15 13:14:21.423447
    		2.7 ms
  



  
    		2024-01-15 14:14:24.108338
    		1.6 ms
  



  
    		2024-01-15 15:14:26.266651
    		1.2 ms
  



  
    		2024-01-15 16:14:28.451138
    		2.5 ms
  



  
    		2024-01-15 17:14:30.070762
    		0.4 ms
  



  
    		2024-01-15 18:14:32.928672
    		-0.5 ms
  



  
    		2024-01-15 19:14:35.405142
    		-1.1 ms
  



  
    		2024-01-15 20:14:38.454629
    		-0.5 ms
  



  
    		2024-01-15 21:14:41.173674
    		-0.3 ms
  



  
    		2024-01-15 22:14:43.967084
    		-0.2 ms
  



  
    		2024-01-15 23:14:46.252058
    		2.6 ms
  



  
    		2024-01-16 00:14:49.204474
    		1.6 ms
  



  
    		2024-01-16 01:14:51.404273
    		1.9 ms
  



  
    		2024-01-16 02:14:53.980657
    		-0.8 ms
  



  
    		2024-01-16 03:14:56.038573
    		1.8 ms
  



  
    		2024-01-16 04:15:00.126615
    		0.9 ms
  



  
    		2024-01-16 05:15:04.665585
    		-0.2 ms
  



  
    		2024-01-16 06:15:06.977423
    		-0.2 ms
  



  
    		2024-01-16 07:15:09.81753
    		1.3 ms
  



  
    		2024-01-16 08:15:12.537863
    		0.3 ms
  



  
    		2024-01-16 09:15:15.136005
    		2.3 ms
  



  
    		2024-01-16 10:15:17.955019
    		2.2 ms
  



  
    		2024-01-16 11:15:20.951255
    		1.5 ms
  



  
    		2024-01-16 12:15:23.194969
    		0.9 ms
  



  
    		2024-01-16 13:15:26.636362
    		0.9 ms
  



  
    		2024-01-16 14:15:28.605624
    		1.0 ms
  



  
    		2024-01-16 15:15:30.599436
    		0.3 ms
  



  
    		2024-01-16 16:15:32.196198
    		-1.1 ms
  



  
    		2024-01-16 17:15:34.504017
    		2.1 ms
  



  
    		2024-01-16 18:15:36.857858
    		1.0 ms
  



  
    		2024-01-16 19:15:39.448736
    		0.6 ms
  



  
    		2024-01-16 20:15:41.756231
    		0.6 ms
  



  
    		2024-01-16 21:15:43.691343
    		0.1 ms
  



  
    		2024-01-16 22:15:45.543344
    		1.7 ms
  



  
    		2024-01-16 23:15:47.2933
    		1.0 ms
  



  
    		2024-01-17 00:15:49.293066
    		-0.4 ms
  



  
    		2024-01-17 01:15:51.584962
    		0.2 ms
  



  
    		2024-01-17 02:15:54.078131
    		0.6 ms
  



  
    		2024-01-17 03:15:56.99224
    		-1.0 ms
  



  
    		2024-01-17 04:15:58.96508
    		0.3 ms
  



  
    		2024-01-17 05:16:01.962389
    		0.5 ms
  



  
    		2024-01-17 06:16:04.176969
    		1.0 ms
  



  
    		2024-01-17 07:16:06.075179
    		2.3 ms
  



  
    		2024-01-17 08:16:08.349068
    		0.1 ms
  



  
    		2024-01-17 09:16:11.105639
    		-0.6 ms
  



  
    		2024-01-17 10:16:13.128219
    		2.3 ms
  



  
    		2024-01-17 11:16:14.897189
    		2.3 ms
  



  
    		2024-01-17 12:16:17.73773
    		3.8 ms
  



  
    		2024-01-17 13:16:20.30403
    		3.3 ms
  



  
    		2024-01-17 14:16:21.844755
    		4.9 ms
  



  
    		2024-01-17 15:16:23.709907
    		2.1 ms
  



  
    		2024-01-17 16:16:25.432183
    		-0.8 ms
  



  
    		2024-01-17 17:16:27.30334
    		-0.5 ms
  



  
    		2024-01-17 18:16:29.173349
    		1.1 ms
  



  
    		2024-01-17 19:16:32.549478
    		0.4 ms
  



  
    		2024-01-17 20:16:36.723529
    		-1.8 ms
  



  
    		2024-01-17 21:16:40.539705
    		-2.1 ms
  



  
    		2024-01-17 22:16:44.340047
    		-2.0 ms
  



  
    		2024-01-17 23:16:48.503577
    		-1.8 ms
  



  
    		2024-01-18 00:16:50.331627
    		-1.0 ms
  



  
    		2024-01-18 01:16:52.351419
    		1.2 ms
  



  
    		2024-01-18 02:16:54.705751
    		0.9 ms
  



  
    		2024-01-18 03:16:58.519865
    		1.4 ms
  



  
    		2024-01-18 04:17:00.194395
    		1.4 ms
  



  
    		2024-01-18 05:17:02.960165
    		-0.5 ms
  



  
    		2024-01-18 06:17:04.984224
    		1.3 ms
  



  
    		2024-01-18 07:17:08.358623
    		-0.2 ms
  



  
    		2024-01-18 08:17:10.813017
    		2.0 ms
  



  
    		2024-01-18 09:17:13.244742
    		0.3 ms
  



  
    		2024-01-18 10:17:14.937062
    		0.2 ms
  



  
    		2024-01-18 11:17:16.645714
    		0.5 ms
  



  
    		2024-01-18 12:17:19.862659
    		3.2 ms
  



  
    		2024-01-18 13:17:21.497192
    		2.7 ms
  



  
    		2024-01-18 14:17:23.235522
    		0.7 ms
  



  
    		2024-01-18 15:17:26.013892
    		3.2 ms
  



  
    		2024-01-18 16:17:28.852917
    		2.0 ms
  



  
    		2024-01-18 17:17:30.813336
    		1.0 ms
  



  
    		2024-01-18 18:17:34.9617
    		-0.9 ms
  



  
    		2024-01-18 19:17:36.776298
    		0.0 ms
  



  
    		2024-01-18 20:17:39.476419
    		-0.3 ms
  



  
    		2024-01-18 21:17:43.017244
    		-0.4 ms
  



  
    		2024-01-18 22:17:45.462377
    		-0.4 ms
  



  
    		2024-01-18 23:17:49.717659
    		0.8 ms
  



  
    		2024-01-19 00:17:51.425642
    		-1.3 ms
  



  
    		2024-01-19 01:17:55.61846
    		-2.0 ms
  



  
    		2024-01-19 02:17:57.685152
    		-1.4 ms
  



  
    		2024-01-19 03:17:59.739604
    		1.5 ms
  



  
    		2024-01-19 04:18:01.654065
    		-0.1 ms
  



  
    		2024-01-19 05:18:05.508359
    		1.5 ms
  



  
    		2024-01-19 06:18:08.621684
    		1.6 ms
  



  
    		2024-01-19 07:18:11.719259
    		2.8 ms
  



  
    		2024-01-19 08:18:15.299024
    		0.8 ms
  



  
    		2024-01-19 09:18:17.368473
    		2.5 ms
  



  
    		2024-01-19 10:18:19.155809
    		0.0 ms
  



  
    		2024-01-19 11:18:21.070445
    		0.6 ms
  



  
    		2024-01-19 12:18:23.55391
    		1.1 ms
  



  
    		2024-01-19 13:18:25.19055
    		1.4 ms
  



  
    		2024-01-19 14:18:27.274216
    		0.9 ms
  



  
    		2024-01-19 15:18:29.221085
    		1.5 ms
  



  
    		2024-01-19 16:18:30.956541
    		2.7 ms
  



  
    		2024-01-19 17:18:33.647189
    		1.5 ms
  



  
    		2024-01-19 18:18:35.6261
    		1.1 ms
  



  
    		2024-01-19 19:18:39.923344
    		-1.5 ms
  



  
    		2024-01-19 20:18:41.985613
    		-2.4 ms
  



  
    		2024-01-19 21:18:44.464848
    		-2.0 ms
  



  
    		2024-01-19 22:18:46.881683
    		-1.6 ms
  



  
    		2024-01-19 23:18:50.851697
    		-1.6 ms
  



  
    		2024-01-20 00:18:52.791431
    		-1.2 ms
  



  
    		2024-01-20 01:18:55.24379
    		-1.0 ms
  



  
    		2024-01-20 02:18:57.585174
    		-0.3 ms
  



  
    		2024-01-20 03:18:59.399983
    		-0.5 ms
  



  
    		2024-01-20 04:19:03.083381
    		2.4 ms
  



  
    		2024-01-20 05:19:05.042562
    		0.5 ms
  



  
    		2024-01-20 06:19:06.620325
    		-0.4 ms
  



  
    		2024-01-20 07:19:08.572179
    		-0.9 ms
  



  
    		2024-01-20 08:19:10.456251
    		0.4 ms
  



  
    		2024-01-20 09:19:14.202648
    		-1.1 ms
  



  
    		2024-01-20 10:19:15.856018
    		-0.8 ms
  



  
    		2024-01-20 11:19:19.717915
    		4.6 ms
  



  
    		2024-01-20 12:19:23.856833
    		2.3 ms
  



  
    		2024-01-20 13:19:25.727979
    		3.5 ms
  



  
    		2024-01-20 14:19:28.49555
    		5.1 ms
  



  
    		2024-01-20 15:19:32.638777
    		1.7 ms
  



  
    		2024-01-20 16:19:36.668566
    		3.1 ms
  



  
    		2024-01-20 17:19:40.698712
    		2.6 ms
  



  
    		2024-01-20 18:19:43.901731
    		2.8 ms
  



  
    		2024-01-20 19:19:45.742634
    		-0.7 ms
  



  
    		2024-01-20 20:19:48.033554
    		0.4 ms
  



  
    		2024-01-20 21:19:51.0834
    		0.6 ms
  



  
    		2024-01-20 22:19:55.117365
    		-0.6 ms
  



  
    		2024-01-20 23:19:57.294329
    		1.5 ms
  



  
    		2024-01-21 00:19:59.579055
    		0.3 ms
  



  
    		2024-01-21 01:20:02.354803
    		0.8 ms
  



  
    		2024-01-21 02:20:04.964468
    		0.4 ms
  



  
    		2024-01-21 03:20:09.201919
    		0.7 ms
  



  
    		2024-01-21 04:20:11.037265
    		2.2 ms
  



  
    		2024-01-21 05:20:13.350663
    		0.1 ms
  



  
    		2024-01-21 06:20:15.864829
    		1.9 ms
  



  
    		2024-01-21 07:20:18.013295
    		0.4 ms
  



  
    		2024-01-21 08:20:20.460746
    		-0.6 ms
  



  
    		2024-01-21 09:20:22.273573
    		-1.3 ms
  



  
    		2024-01-21 10:20:24.497734
    		1.9 ms
  



  
    		2024-01-21 11:20:26.107452
    		0.8 ms
  



  
    		2024-01-21 12:20:28.712261
    		2.2 ms
  



  
    		2024-01-21 13:20:30.309795
    		0.6 ms
  



  
    		2024-01-21 14:20:34.540244
    		-0.2 ms
  



  
    		2024-01-21 15:20:38.10857
    		2.0 ms
  



  
    		2024-01-21 16:20:40.232177
    		2.2 ms
  



  
    		2024-01-21 17:20:43.957632
    		0.0 ms
  



  
    		2024-01-21 18:20:46.215198
    		1.3 ms
  



  
    		2024-01-21 19:20:50.299004
    		1.6 ms
  



  
    		2024-01-21 20:20:54.671668
    		1.7 ms
  



  
    		2024-01-21 21:20:56.774989
    		-0.6 ms
  



  
    		2024-01-21 22:21:00.899839
    		0.6 ms
  



  
    		2024-01-21 23:21:02.785719
    		1.1 ms
  



  
    		2024-01-22 00:21:06.589715
    		2.2 ms
  



  
    		2024-01-22 01:21:08.75895
    		-0.4 ms
  



  
    		2024-01-22 02:21:10.578049
    		-1.2 ms
  



  
    		2024-01-22 03:21:13.195507
    		-0.8 ms
  



  
    		2024-01-22 04:21:15.264819
    		1.3 ms
  



  
    		2024-01-22 05:21:18.086031
    		1.2 ms
  



  
    		2024-01-22 06:21:20.174573
    		-1.0 ms
  



  
    		2024-01-22 07:21:21.889296
    		0.0 ms
  



  
    		2024-01-22 08:21:24.855048
    		0.4 ms
  



  
    		2024-01-22 09:21:26.964375
    		2.5 ms
  



  
    		2024-01-22 10:21:29.083293
    		0.6 ms
  



  
    		2024-01-22 11:21:31.055555
    		1.9 ms
  



  
    		2024-01-22 12:21:33.239773
    		-0.9 ms
  



  
    		2024-01-22 13:21:35.31976
    		1.4 ms
  



  
    		2024-01-22 14:21:37.15164
    		4.4 ms
  



  
    		2024-01-22 15:21:38.887089
    		2.5 ms
  



  
    		2024-01-22 16:21:41.075895
    		0.0 ms
  



  
    		2024-01-22 17:21:43.183121
    		0.8 ms
  



  
    		2024-01-22 18:21:44.775475
    		-0.7 ms
  



  
    		2024-01-22 19:21:48.419065
    		3.0 ms
  



  
    		2024-01-22 20:21:50.740821
    		1.4 ms
  



  
    		2024-01-22 21:21:52.984788
    		0.2 ms
  



  
    		2024-01-22 22:21:57.059917
    		-0.3 ms
  



  
    		2024-01-22 23:21:58.736916
    		-0.7 ms
  



  
    		2024-01-23 00:22:00.697531
    		1.0 ms
  



  
    		2024-01-23 01:22:02.889627
    		2.1 ms
  



  
    		2024-01-23 02:22:06.494553
    		1.8 ms
  



  
    		2024-01-23 03:22:09.132503
    		1.3 ms
  



  
    		2024-01-23 04:22:12.255672
    		1.2 ms
  



  
    		2024-01-23 05:22:15.293665
    		-0.5 ms
  



  
    		2024-01-23 06:22:17.689373
    		1.1 ms
  



  
    		2024-01-23 07:22:20.583316
    		2.4 ms
  



  
    		2024-01-23 08:22:22.774899
    		0.8 ms
  



  
    		2024-01-23 09:22:24.379127
    		-0.3 ms
  



  
    		2024-01-23 10:22:25.987118
    		4.3 ms
  



  
    		2024-01-23 11:22:28.159686
    		1.2 ms
  



  
    		2024-01-23 12:22:29.693457
    		1.1 ms
  



  
    		2024-01-23 13:22:31.425898
    		0.9 ms
  



  
    		2024-01-23 14:22:33.165778
    		1.3 ms
  



  
    		2024-01-23 15:22:35.343108
    		1.6 ms
  



  
    		2024-01-23 16:22:37.09892
    		2.0 ms
  



  
    		2024-01-23 17:22:39.118789
    		2.8 ms
  



  
    		2024-01-23 18:22:41.348757
    		0.6 ms
  



  
    		2024-01-23 19:22:44.095586
    		3.3 ms
  



  
    		2024-01-23 20:22:46.994529
    		-1.2 ms
  



  
    		2024-01-23 21:22:50.961768
    		-3.6 ms
  



  
    		2024-01-23 22:22:55.011385
    		-2.4 ms
  



  
    		2024-01-23 23:22:56.545099
    		0.5 ms
  



  
    		2024-01-24 00:23:00.674803
    		-1.7 ms
  



  
    		2024-01-24 01:23:02.419094
    		-2.4 ms
  



  
    		2024-01-24 02:23:04.832328
    		-3.0 ms
  



  
    		2024-01-24 03:23:06.810878
    		0.0 ms
  



  
    		2024-01-24 04:23:08.497218
    		-1.2 ms
  



  
    		2024-01-24 05:23:10.374461
    		1.8 ms
  



  
    		2024-01-24 06:23:13.775877
    		0.2 ms
  



  
    		2024-01-24 07:23:15.890868
    		-2.9 ms
  



  
    		2024-01-24 08:23:18.343574
    		-0.1 ms
  



  
    		2024-01-24 09:23:20.002505
    		5.8 ms
  



  
    		2024-01-24 10:23:22.374561
    		0.3 ms
  



  
    		2024-01-24 11:23:24.598796
    		1.6 ms
  



  
    		2024-01-24 12:23:28.016933
    		2.3 ms
  



  
    		2024-01-24 13:23:29.680662
    		3.8 ms
  



  
    		2024-01-24 14:23:31.33158
    		1.1 ms
  



  
    		2024-01-24 15:23:33.02789
    		0.4 ms
  



  
    		2024-01-24 16:23:35.500993
    		5.0 ms
  



  
    		2024-01-24 17:23:37.74661
    		1.4 ms
  



  
    		2024-01-24 18:23:41.316873
    		2.6 ms
  



  
    		2024-01-24 19:23:44.605997
    		1.1 ms
  



  
    		2024-01-24 20:23:48.103445
    		-1.3 ms
  



  
    		2024-01-24 21:23:50.185684
    		1.6 ms
  



  
    		2024-01-24 22:23:52.826048
    		1.0 ms
  



  
    		2024-01-24 23:23:54.888753
    		-0.3 ms
  



  
    		2024-01-25 00:23:56.727818
    		-5.8 ms
  



  
    		2024-01-25 01:23:59.091207
    		-2.6 ms
  



  
    		2024-01-25 02:24:01.449597
    		0.3 ms
  



  
    		2024-01-25 03:24:03.678668
    		-1.8 ms
  



  
    		2024-01-25 04:24:05.428444
    		-2.6 ms
  



  
    		2024-01-25 05:24:08.542311
    		1.1 ms
  



  
    		2024-01-25 06:24:10.675262
    		1.3 ms
  



  
    		2024-01-25 07:24:13.378971
    		3.6 ms
  



  
    		2024-01-25 08:24:15.341543
    		4.5 ms
  



  
    		2024-01-25 09:24:17.21282
    		4.0 ms
  



  
    		2024-01-25 10:24:18.851058
    		2.2 ms
  



  
    		2024-01-25 11:24:20.76762
    		2.4 ms
  



  
    		2024-01-25 12:24:22.436158
    		1.8 ms
  



  
    		2024-01-25 13:24:23.989514
    		0.6 ms
  



  
    		2024-01-25 14:24:25.689258
    		2.6 ms
  



  
    		2024-01-25 15:24:28.998035
    		0.3 ms
  



  
    		2024-01-25 16:24:30.71304
    		0.7 ms
  



  
    		2024-01-25 17:24:32.330125
    		0.1 ms
  



  
    		2024-01-25 18:24:36.166054
    		-0.4 ms
  



  
    		2024-01-25 19:24:38.120249
    		-0.8 ms
  



  
    		2024-01-25 20:24:39.516723
    		-1.4 ms
  



  
    		2024-01-25 21:24:41.776199
    		-1.4 ms
  



  
    		2024-01-25 22:24:44.348162
    		-1.5 ms
  



  
    		2024-01-25 23:24:46.912195
    		0.8 ms
  



  
    		2024-01-26 00:24:49.561098
    		0.4 ms
  



  
    		2024-01-26 01:24:51.787597
    		-3.1 ms
  



  
    		2024-01-26 02:24:53.774511
    		-3.8 ms
  



  
    		2024-01-26 03:24:55.735
    		-2.1 ms
  



  
    		2024-01-26 04:24:57.531761
    		-0.7 ms
  



  
    		2024-01-26 05:24:59.595063
    		1.6 ms
  



  
    		2024-01-26 06:25:01.134732
    		0.7 ms
  



  
    		2024-01-26 07:25:03.31442
    		-2.3 ms
  



  
    		2024-01-26 08:25:04.901503
    		-0.1 ms
  



  
    		2024-01-26 09:25:06.468149
    		1.5 ms
  



  
    		2024-01-26 10:25:07.986207
    		1.5 ms
  



  
    		2024-01-26 11:25:09.792592
    		1.7 ms
  



  
    		2024-01-26 12:25:11.428032
    		1.7 ms
  



  
    		2024-01-26 13:25:13.384254
    		0.8 ms
  



  
    		2024-01-26 14:25:15.445476
    		0.2 ms
  



  
    		2024-01-26 15:25:17.617156
    		1.9 ms
  



  
    		2024-01-26 16:25:20.534937
    		0.1 ms
  



  
    		2024-01-26 17:25:22.77589
    		-1.4 ms
  



  
    		2024-01-26 18:25:25.306702
    		3.2 ms
  



  
    		2024-01-26 19:25:28.051604
    		-2.6 ms
  



  
    		2024-01-26 20:25:31.092164
    		2.0 ms
  



  
    		2024-01-26 21:25:33.115173
    		2.7 ms
  



  
    		2024-01-26 22:25:35.588317
    		-1.0 ms
  



  
    		2024-01-26 23:25:37.295864
    		0.3 ms
  



  
    		2024-01-27 00:25:39.013663
    		-2.1 ms
  



  
    		2024-01-27 01:25:40.874695
    		2.1 ms
  



  
    		2024-01-27 02:25:42.639031
    		-1.0 ms
  



  
    		2024-01-27 03:25:44.413077
    		2.2 ms
  



  
    		2024-01-27 04:25:46.49733
    		1.0 ms
  



  
    		2024-01-27 05:25:48.939485
    		2.8 ms
  



  
    		2024-01-27 06:25:50.820937
    		1.2 ms
  



  
    		2024-01-27 07:25:52.39657
    		1.1 ms
  



  
    		2024-01-27 08:25:54.672816
    		3.1 ms
  



  
    		2024-01-27 09:25:56.307231
    		1.8 ms
  



  
    		2024-01-27 10:25:58.014015
    		2.6 ms
  



  
    		2024-01-27 11:25:59.638043
    		-0.6 ms
  



  
    		2024-01-27 12:26:02.125422
    		3.1 ms
  



  
    		2024-01-27 13:26:03.708404
    		-1.0 ms
  



  
    		2024-01-27 14:26:05.955989
    		-2.7 ms
  



  
    		2024-01-27 15:26:07.567602
    		-1.3 ms
  



  
    		2024-01-27 16:26:09.193611
    		0.6 ms
  



  
    		2024-01-27 17:26:10.858412
    		-0.4 ms
  



  
    		2024-01-27 18:26:12.395308
    		-0.7 ms
  



  
    		2024-01-27 19:26:15.116789
    		-0.2 ms
  



  
    		2024-01-27 20:26:16.717568
    		1.4 ms
  



  
    		2024-01-27 21:26:18.803923
    		-0.3 ms
  



  
    		2024-01-27 22:26:21.054759
    		1.9 ms
  



  
    		2024-01-27 23:26:22.972872
    		0.3 ms
  



  
    		2024-01-28 00:26:25.982346
    		1.5 ms
  



  
    		2024-01-28 01:26:28.828633
    		3.0 ms
  



  
    		2024-01-28 02:26:31.349379
    		3.3 ms
  



  
    		2024-01-28 03:26:32.913545
    		0.7 ms
  



  
    		2024-01-28 04:26:34.98071
    		0.4 ms
  



  
    		2024-01-28 05:26:36.6741
    		1.6 ms
  



  
    		2024-01-28 06:26:38.856918
    		2.8 ms
  



  
    		2024-01-28 07:26:41.930014
    		0.2 ms
  



  
    		2024-01-28 08:26:43.502659
    		2.9 ms
  



  
    		2024-01-28 09:26:45.15875
    		1.1 ms
  



  
    		2024-01-28 10:26:47.018157
    		0.3 ms
  



  
    		2024-01-28 11:26:48.881429
    		2.8 ms
  



  
    		2024-01-28 12:26:50.539431
    		0.9 ms
  



  
    		2024-01-28 13:26:53.199172
    		1.5 ms
  



  
    		2024-01-28 14:26:56.277562
    		0.3 ms
  



  
    		2024-01-28 15:26:57.669371
    		3.1 ms
  



  
    		2024-01-28 16:27:01.219239
    		2.9 ms
  



  
    		2024-01-28 17:27:03.070108
    		1.7 ms
  



  
    		2024-01-28 18:27:04.772104
    		1.0 ms
  



  
    		2024-01-28 19:27:06.697665
    		0.6 ms
  



  
    		2024-01-28 20:27:08.674808
    		1.0 ms
  



  
    		2024-01-28 21:27:10.630106
    		-1.1 ms
  



  
    		2024-01-28 22:27:12.416952
    		-2.7 ms
  



  
    		2024-01-28 23:27:14.3537
    		-0.1 ms
  



  
    		2024-01-29 00:27:16.684403
    		1.9 ms
  



  
    		2024-01-29 01:27:18.499536
    		1.7 ms
  



  
    		2024-01-29 02:27:21.336152
    		-1.5 ms
  



  
    		2024-01-29 03:27:23.589688
    		-1.7 ms
  



  
    		2024-01-29 04:27:26.095845
    		-1.0 ms
  



  
    		2024-01-29 05:27:27.600669
    		1.4 ms
  



  
    		2024-01-29 06:27:31.352176
    		-1.1 ms
  



  
    		2024-01-29 07:27:34.494991
    		-2.0 ms
  



  
    		2024-01-29 08:27:36.231903
    		0.5 ms
  



  
    		2024-01-29 09:27:37.803316
    		-0.9 ms
  



  
    		2024-01-29 10:27:39.631594
    		1.3 ms
  



  
    		2024-01-29 11:27:42.074225
    		0.0 ms
  



  
    		2024-01-29 12:27:43.85884
    		1.4 ms
  



  
    		2024-01-29 13:27:45.253794
    		-1.0 ms
  



  
    		2024-01-29 14:27:47.060734
    		2.9 ms
  



  
    		2024-01-29 15:27:48.89817
    		0.2 ms
  



  
    		2024-01-29 16:27:50.813807
    		1.4 ms
  



  
    		2024-01-29 17:27:52.33642
    		1.1 ms
  



  
    		2024-01-29 18:27:53.929355
    		-0.3 ms
  



  
    		2024-01-29 19:27:57.668002
    		-1.6 ms
  



  
    		2024-01-29 20:27:59.991401
    		0.4 ms
  



  
    		2024-01-29 21:28:02.190025
    		-0.5 ms
  



  
    		2024-01-29 22:28:05.213527
    		2.7 ms
  



  
    		2024-01-29 23:28:07.63733
    		1.4 ms
  



  
    		2024-01-30 00:28:09.7943
    		2.9 ms
  



  
    		2024-01-30 01:28:12.079041
    		2.1 ms
  



  
    		2024-01-30 02:28:14.058365
    		-1.9 ms
  



  
    		2024-01-30 03:28:16.450751
    		-1.2 ms
  



  
    		2024-01-30 04:28:19.197107
    		-1.7 ms
  



  
    		2024-01-30 05:28:21.376619
    		1.2 ms
  



  
    		2024-01-30 06:28:23.60055
    		-1.0 ms
  



  
    		2024-01-30 07:28:25.987898
    		-1.3 ms
  



  
    		2024-01-30 08:28:27.778365
    		-0.5 ms
  



  
    		2024-01-30 09:28:29.604862
    		1.1 ms
  



  
    		2024-01-30 10:28:31.707677
    		2.0 ms
  



  
    		2024-01-30 11:28:34.976864
    		2.3 ms
  



  
    		2024-01-30 12:28:36.510289
    		4.3 ms
  



  
    		2024-01-30 13:28:38.763475
    		0.3 ms
  



  
    		2024-01-30 14:28:41.026828
    		0.0 ms
  



  
    		2024-01-30 15:28:42.774455
    		2.1 ms
  



  
    		2024-01-30 16:28:44.377107
    		0.2 ms
  



  
    		2024-01-30 17:28:46.004612
    		0.3 ms
  



  
    		2024-01-30 18:28:47.723495
    		0.6 ms
  



  
    		2024-01-30 19:28:51.588165
    		2.5 ms
  



  
    		2024-01-30 20:28:53.388726
    		0.3 ms
  



  
    		2024-01-30 21:28:56.003214
    		-0.3 ms
  



  
    		2024-01-30 22:28:58.674487
    		-2.1 ms
  



  
    		2024-01-30 23:29:00.391065
    		-1.2 ms
  



  
    		2024-01-31 00:29:03.698765
    		0.4 ms
  



  
    		2024-01-31 01:29:06.228219
    		1.5 ms
  



  
    		2024-01-31 02:29:08.704073
    		2.0 ms
  



  
    		2024-01-31 03:29:11.284837
    		3.4 ms
  



  
    		2024-01-31 04:29:13.358149
    		-0.8 ms
  



  
    		2024-01-31 05:29:17.375465
    		0.2 ms
  



  
    		2024-01-31 06:29:21.626778
    		-3.5 ms
  



  
    		2024-01-31 07:29:23.486712
    		-1.6 ms
  



  
    		2024-01-31 08:29:26.394521
    		5.0 ms
  



  
    		2024-01-31 09:29:29.058722
    		4.0 ms
  



  
    		2024-01-31 10:29:30.824255
    		4.4 ms
  



  
    		2024-01-31 11:29:32.897613
    		0.6 ms
  



  
    		2024-01-31 12:29:35.451368
    		1.3 ms
  



  
    		2024-01-31 13:29:37.431584
    		2.1 ms
  



  
    		2024-01-31 14:29:38.967059
    		-1.5 ms
  



  
    		2024-01-31 15:29:40.551776
    		2.6 ms
  



  
    		2024-01-31 16:29:44.422642
    		-1.2 ms
  



  
    		2024-01-31 17:29:47.776399
    		-0.3 ms
  



  
    		2024-01-31 18:29:51.305119
    		-1.4 ms
  



  
    		2024-01-31 19:29:52.914046
    		0.2 ms
  



  
    		2024-01-31 20:29:56.093808
    		3.6 ms
  



  
    		2024-01-31 21:29:58.871792
    		-0.4 ms
  



  
    		2024-01-31 22:30:00.888108
    		0.9 ms
  



  
    		2024-01-31 23:30:03.592709
    		0.0 ms
  



  
    		2024-02-01 00:30:07.203741
    		-0.2 ms
  



  
    		2024-02-01 01:30:11.429662
    		-1.1 ms
  



  
    		2024-02-01 02:30:14.919081
    		-0.9 ms
  



  
    		2024-02-01 03:30:17.391121
    		-1.5 ms
  



  
    		2024-02-01 04:30:19.907571
    		-3.1 ms
  



  
    		2024-02-01 05:30:22.908141
    		0.2 ms
  



  
    		2024-02-01 06:30:25.977828
    		0.3 ms
  



  
    		2024-02-01 07:30:27.712774
    		2.3 ms
  



  
    		2024-02-01 08:30:29.404052
    		0.7 ms
  



  
    		2024-02-01 09:30:31.118271
    		1.6 ms
  



  
    		2024-02-01 10:30:33.086158
    		1.1 ms
  



  
    		2024-02-01 11:30:35.106072
    		11.4 ms
  



  
    		2024-02-01 12:30:37.031781
    		-0.2 ms
  



  
    		2024-02-01 13:30:38.744382
    		2.7 ms
  



  
    		2024-02-01 14:30:40.765805
    		1.3 ms
  



  
    		2024-02-01 15:30:42.423766
    		0.8 ms
  



  
    		2024-02-01 16:30:45.17175
    		0.3 ms
  



  
    		2024-02-01 17:30:48.925338
    		0.7 ms
  



  
    		2024-02-01 18:30:50.750364
    		1.7 ms
  



  
    		2024-02-01 19:30:53.112761
    		0.3 ms
  



  
    		2024-02-01 20:30:54.910134
    		2.6 ms
  



  
    		2024-02-01 21:30:57.231187
    		3.6 ms
  



  
    		2024-02-01 22:30:59.012449
    		2.4 ms
  



  
    		2024-02-01 23:31:01.873719
    		2.7 ms
  



  
    		2024-02-02 00:31:03.556955
    		0.5 ms
  



  
    		2024-02-02 01:31:05.687892
    		-0.1 ms
  



  
    		2024-02-02 02:31:07.56414
    		0.3 ms
  



  
    		2024-02-02 03:31:09.697843
    		-0.3 ms
  



  
    		2024-02-02 04:31:11.632861
    		0.1 ms
  



  
    		2024-02-02 05:31:13.350219
    		1.0 ms
  



  
    		2024-02-02 06:31:15.088581
    		-0.4 ms
  



  
    		2024-02-02 07:31:17.116594
    		0.3 ms
  



  
    		2024-02-02 08:31:19.123007
    		2.8 ms
  



  
    		2024-02-02 09:31:21.221532
    		0.2 ms
  



  
    		2024-02-02 10:31:23.067798
    		3.3 ms
  



  
    		2024-02-02 11:31:24.569366
    		1.6 ms
  



  
    		2024-02-02 12:31:26.254315
    		1.2 ms
  



  
    		2024-02-02 13:31:27.883208
    		0.0 ms
  



  
    		2024-02-02 14:31:30.035635
    		3.4 ms
  



  
    		2024-02-02 15:31:31.881356
    		0.2 ms
  



  
    		2024-02-02 16:31:35.6306
    		0.5 ms
  



  
    		2024-02-02 17:31:39.815223
    		0.4 ms
  



  
    		2024-02-02 18:31:41.640227
    		0.2 ms
  



  
    		2024-02-02 19:31:43.573039
    		-0.5 ms
  



  
    		2024-02-02 20:31:45.738951
    		1.6 ms
  



  
    		2024-02-02 21:31:48.552975
    		-0.7 ms
  



  
    		2024-02-02 22:31:52.506795
    		0.9 ms
  



  
    		2024-02-02 23:31:54.292771
    		1.0 ms
  



  
    		2024-02-03 00:31:56.513044
    		0.4 ms
  



  
    		2024-02-03 01:31:59.910968
    		1.5 ms
  



  
    		2024-02-03 02:32:02.040524
    		1.7 ms
  



  
    		2024-02-03 03:32:04.764387
    		0.0 ms
  



  
    		2024-02-03 04:32:08.253056
    		-0.5 ms
  



  
    		2024-02-03 05:32:09.939495
    		0.4 ms
  



  
    		2024-02-03 06:32:14.30761
    		0.8 ms
  



  
    		2024-02-03 07:32:16.445474
    		-0.3 ms
  



  
    		2024-02-03 08:32:18.114707
    		1.9 ms
  



  
    		2024-02-03 09:32:21.397662
    		0.0 ms
  



  
    		2024-02-03 10:32:23.308934
    		0.5 ms
  



  
    		2024-02-03 11:32:26.012773
    		-0.3 ms
  



  
    		2024-02-03 12:32:27.91668
    		-1.4 ms
  



  
    		2024-02-03 13:32:31.981199
    		-2.2 ms
  



  
    		2024-02-03 14:32:35.873741
    		-2.4 ms
  



  
    		2024-02-03 15:32:39.727725
    		-2.4 ms
  



  
    		2024-02-03 16:32:41.911391
    		0.7 ms
  



  
    		2024-02-03 17:32:43.766295
    		-0.2 ms
  



  
    		2024-02-03 18:32:45.767846
    		-1.5 ms
  



  
    		2024-02-03 19:32:47.479144
    		-2.4 ms
  



  
    		2024-02-03 20:32:49.952294
    		-4.5 ms
  



  
    		2024-02-03 21:32:52.858984
    		-3.2 ms
  



  
    		2024-02-03 22:32:54.700213
    		-0.5 ms
  



  
    		2024-02-03 23:32:56.995773
    		0.7 ms
  



  
    		2024-02-04 00:33:00.683513
    		0.2 ms
  



  
    		2024-02-04 01:33:02.745732
    		0.1 ms
  



  
    		2024-02-04 02:33:05.249641
    		-0.2 ms
  



  
    		2024-02-04 03:33:08.129744
    		-1.5 ms
  



  
    		2024-02-04 04:33:11.239821
    		2.3 ms
  



  
    		2024-02-04 05:33:13.271299
    		-1.2 ms
  



  
    		2024-02-04 06:33:15.609627
    		-0.7 ms
  



  
    		2024-02-04 07:33:18.529772
    		1.1 ms
  



  
    		2024-02-04 08:33:20.157491
    		1.9 ms
  



  
    		2024-02-04 09:33:22.238269
    		2.5 ms
  



  
    		2024-02-04 10:33:23.832973
    		1.9 ms
  



  
    		2024-02-04 11:33:25.435075
    		1.8 ms
  



  
    		2024-02-04 12:33:27.110374
    		0.2 ms
  



  
    		2024-02-04 13:33:29.297705
    		-0.3 ms
  



  
    		2024-02-04 14:33:31.78664
    		1.2 ms
  



  
    		2024-02-04 15:33:33.593892
    		-0.1 ms
  



  
    		2024-02-04 16:33:35.654533
    		-1.0 ms
  



  
    		2024-02-04 17:33:37.751284
    		0.2 ms
  



  
    		2024-02-04 18:33:40.1629
    		-1.6 ms
  



  
    		2024-02-04 19:33:42.490356
    		-1.0 ms
  



  
    		2024-02-04 20:33:44.391349
    		-0.4 ms
  



  
    		2024-02-04 21:33:46.519312
    		-0.1 ms
  



  
    		2024-02-04 22:33:48.381785
    		0.3 ms
  



  
    		2024-02-04 23:33:52.434722
    		0.8 ms
  



  
    		2024-02-05 00:33:54.572958
    		-0.4 ms
  



  
    		2024-02-05 01:33:58.618261
    		1.4 ms
  



  
    		2024-02-05 02:34:00.378418
    		-0.7 ms
  



  
    		2024-02-05 03:34:02.618172
    		-1.0 ms
  



  
    		2024-02-05 04:34:04.267559
    		-1.3 ms
  



  
    		2024-02-05 05:34:05.983539
    		2.8 ms
  



  
    		2024-02-05 06:34:07.557878
    		1.8 ms
  



  
    		2024-02-05 07:34:09.142649
    		0.9 ms
  



  
    		2024-02-05 08:34:11.510276
    		-0.1 ms
  



  
    		2024-02-05 09:34:13.126496
    		1.7 ms
  



  
    		2024-02-05 10:34:15.169202
    		6.4 ms
  



  
    		2024-02-05 11:34:17.186183
    		5.1 ms
  



  
    		2024-02-05 12:34:19.053393
    		3.0 ms
  



  
    		2024-02-05 13:34:21.029305
    		3.6 ms
  



  
    		2024-02-05 14:34:22.963217
    		2.9 ms
  



  
    		2024-02-05 15:34:24.62572
    		0.4 ms
  



  
    		2024-02-05 16:34:26.408701
    		-0.3 ms
  



  
    		2024-02-05 17:34:28.654409
    		1.3 ms
  



  
    		2024-02-05 18:34:31.603103
    		0.8 ms
  



  
    		2024-02-05 19:34:33.14687
    		-0.4 ms
  



  
    		2024-02-05 20:34:34.989668
    		-0.2 ms
  



  
    		2024-02-05 21:34:36.518198
    		0.0 ms
  



  
    		2024-02-05 22:34:38.154129
    		-1.0 ms
  



  
    		2024-02-05 23:34:41.257052
    		-0.9 ms
  



  
    		2024-02-06 00:34:43.537012
    		0.8 ms
  



  
    		2024-02-06 01:34:46.885123
    		0.8 ms
  



  
    		2024-02-06 02:34:49.711871
    		-1.2 ms
  



  
    		2024-02-06 03:34:52.476511
    		-1.3 ms
  



  
    		2024-02-06 04:34:54.126381
    		0.2 ms
  



  
    		2024-02-06 05:34:55.614671
    		-1.0 ms
  



  
    		2024-02-06 06:34:58.798961
    		0.2 ms
  



  
    		2024-02-06 07:35:00.361073
    		2.9 ms
  



  
    		2024-02-06 08:35:02.078938
    		-0.4 ms
  



  
    		2024-02-06 09:35:03.580828
    		1.4 ms
  



  
    		2024-02-06 10:35:05.194886
    		-4.7 ms
  



  
    		2024-02-06 11:35:06.770005
    		1.5 ms
  



  
    		2024-02-06 12:35:08.258423
    		5.9 ms
  



  
    		2024-02-06 13:35:09.799024
    		1.9 ms
  



  
    		2024-02-06 14:35:11.811963
    		-1.5 ms
  



  
    		2024-02-06 15:35:13.733511
    		-0.8 ms
  



  
    		2024-02-06 16:35:15.831718
    		-0.3 ms
  



  
    		2024-02-06 17:35:17.871426
    		-0.4 ms
  



  
    		2024-02-06 18:35:19.742027
    		-2.0 ms
  



  
    		2024-02-06 19:35:21.494618
    		1.1 ms
  



  
    		2024-02-06 20:35:23.642303
    		-1.6 ms
  



  
    		2024-02-06 21:35:25.213323
    		-1.4 ms
  



  
    		2024-02-06 22:35:27.410799
    		1.3 ms
  



  
    		2024-02-06 23:35:29.376647
    		-0.8 ms
  



  
    		2024-02-07 00:35:32.969564
    		-0.3 ms
  



  
    		2024-02-07 01:35:34.854007
    		1.8 ms
  



  
    		2024-02-07 02:35:38.579202
    		-0.8 ms
  



  
    		2024-02-07 03:35:40.891631
    		1.5 ms
  



  
    		2024-02-07 04:35:44.567165
    		0.4 ms
  



  
    		2024-02-07 05:35:47.474034
    		0.9 ms
  



  
    		2024-02-07 06:35:49.351256
    		0.6 ms
  



  
    		2024-02-07 07:35:51.36916
    		0.1 ms
  



  
    		2024-02-07 08:35:53.020175
    		-0.5 ms
  



  
    		2024-02-07 09:35:55.353071
    		1.9 ms
  



  
    		2024-02-07 10:35:56.994515
    		-1.4 ms
  



  
    		2024-02-07 11:35:58.759629
    		0.8 ms
  



  
    		2024-02-07 12:36:00.632628
    		4.6 ms
  



  
    		2024-02-07 13:36:03.000537
    		-0.1 ms
  



  
    		2024-02-07 14:36:04.863034
    		0.9 ms
  



  
    		2024-02-07 15:36:06.587654
    		1.5 ms
  



  
    		2024-02-07 16:36:09.288267
    		2.2 ms
  



  
    		2024-02-07 17:36:11.977456
    		2.6 ms
  



  
    		2024-02-07 18:36:13.676627
    		2.4 ms
  



  
    		2024-02-07 19:36:16.685043
    		-0.2 ms
  



  
    		2024-02-07 20:36:18.977854
    		-0.9 ms
  



  
    		2024-02-07 21:36:20.577245
    		0.3 ms
  



  
    		2024-02-07 22:36:22.150635
    		2.2 ms
  



  
    		2024-02-07 23:36:24.050595
    		-1.4 ms
  



  
    		2024-02-08 00:36:26.043543
    		0.1 ms
  



  
    		2024-02-08 01:36:27.945905
    		-3.0 ms
  



  
    		2024-02-08 02:36:30.172907
    		-1.8 ms
  



  
    		2024-02-08 03:36:31.922751
    		3.7 ms
  



  
    		2024-02-08 04:36:34.302388
    		4.4 ms
  



  
    		2024-02-08 05:36:36.99619
    		1.6 ms
  



  
    		2024-02-08 06:36:39.157913
    		0.5 ms
  



  
    		2024-02-08 07:36:41.838488
    		1.9 ms
  



  
    		2024-02-08 08:36:43.929505
    		2.9 ms
  



  
    		2024-02-08 09:36:46.059727
    		2.0 ms
  



  
    		2024-02-08 10:36:47.725584
    		0.7 ms
  



  
    		2024-02-08 11:36:50.686486
    		0.4 ms
  



  
    		2024-02-08 12:36:52.344845
    		0.3 ms
  



  
    		2024-02-08 13:36:54.080406
    		1.6 ms
  



  
    		2024-02-08 14:36:55.887353
    		0.2 ms
  



  
    		2024-02-08 15:36:57.715966
    		-0.9 ms
  



  
    		2024-02-08 16:36:59.636669
    		-0.9 ms
  



  
    		2024-02-08 17:37:01.973896
    		0.8 ms
  



  
    		2024-02-08 18:37:03.595042
    		1.0 ms
  



  
    		2024-02-08 19:37:05.475863
    		2.8 ms
  



  
    		2024-02-08 20:37:07.854294
    		2.1 ms
  



  
    		2024-02-08 21:37:10.636251
    		-0.5 ms
  



  
    		2024-02-08 22:37:14.894018
    		0.3 ms
  



  
    		2024-02-08 23:37:16.47041
    		1.4 ms
  



  
    		2024-02-09 00:37:17.963917
    		-0.8 ms
  



  
    		2024-02-09 01:37:20.328382
    		1.4 ms
  



  
    		2024-02-09 02:37:22.852061
    		-1.6 ms
  



  
    		2024-02-09 03:37:25.304204
    		0.7 ms
  



  
    		2024-02-09 04:37:26.928893
    		-0.9 ms
  



  
    		2024-02-09 05:37:29.722811
    		0.4 ms
  



  
    		2024-02-09 06:37:31.448842
    		1.1 ms
  



  
    		2024-02-09 07:37:33.279109
    		0.7 ms
  



  
    		2024-02-09 08:37:36.14488
    		2.7 ms
  



  
    		2024-02-09 09:37:39.049442
    		1.5 ms
  



  
    		2024-02-09 10:37:40.83388
    		2.9 ms
  



  
    		2024-02-09 11:37:43.302666
    		1.4 ms
  



  
    		2024-02-09 12:37:45.28228
    		-0.1 ms
  



  
    		2024-02-09 13:37:47.804465
    		2.2 ms
  



  
    		2024-02-09 14:37:49.398684
    		0.8 ms
  



  
    		2024-02-09 15:37:51.288984
    		-0.8 ms
  



  
    		2024-02-09 16:37:53.620151
    		-0.7 ms
  



  
    		2024-02-09 17:37:55.545906
    		0.2 ms
  



  
    		2024-02-09 18:37:57.613261
    		-0.2 ms
  



  
    		2024-02-09 19:38:01.320034
    		-0.8 ms
  



  
    		2024-02-09 20:38:03.644016
    		1.9 ms
  



  
    		2024-02-09 21:38:05.764315
    		-0.5 ms
  



  
    		2024-02-09 22:38:08.236999
    		2.3 ms
  



  
    		2024-02-09 23:38:10.261912
    		1.9 ms
  



  
    		2024-02-10 00:38:13.967055
    		0.4 ms
  



  
    		2024-02-10 01:38:16.289116
    		2.6 ms
  



  
    		2024-02-10 02:38:18.543386
    		0.0 ms
  



  
    		2024-02-10 03:38:21.731931
    		-0.6 ms
  



  
    		2024-02-10 04:38:26.236887
    		-0.1 ms
  



  
    		2024-02-10 05:38:28.134714
    		0.5 ms
  



  
    		2024-02-10 06:38:29.942975
    		1.3 ms
  



  
    		2024-02-10 07:38:31.728383
    		2.3 ms
  



  
    		2024-02-10 08:38:34.032968
    		1.6 ms
  



  
    		2024-02-10 09:38:35.893122
    		3.6 ms
  



  
    		2024-02-10 10:38:37.56041
    		3.0 ms
  



  
    		2024-02-10 11:38:39.723764
    		1.7 ms
  



  
    		2024-02-10 12:38:42.385572
    		-0.5 ms
  



  
    		2024-02-10 13:38:43.977019
    		0.2 ms
  



  
    		2024-02-10 14:38:45.773941
    		1.8 ms
  



  
    		2024-02-10 15:38:48.039884
    		0.8 ms
  



  
    		2024-02-10 16:38:50.004831
    		0.8 ms
  



  
    		2024-02-10 17:38:51.92245
    		1.1 ms
  



  
    		2024-02-10 18:38:53.894326
    		0.6 ms
  



  
    		2024-02-10 19:38:55.731848
    		-0.8 ms
  



  
    		2024-02-10 20:38:57.34631
    		-0.4 ms
  



  
    		2024-02-10 21:38:59.12842
    		0.1 ms
  



  
    		2024-02-10 22:39:00.76527
    		0.9 ms
  



  
    		2024-02-10 23:39:03.012313
    		-0.2 ms
  



  
    		2024-02-11 00:39:04.915853
    		0.1 ms
  



  
    		2024-02-11 01:39:07.131752
    		-1.5 ms
  



  
    		2024-02-11 02:39:10.501265
    		-0.2 ms
  



  
    		2024-02-11 03:39:12.954114
    		-1.2 ms
  



  
    		2024-02-11 04:39:16.306699
    		1.4 ms
  



  
    		2024-02-11 05:39:18.446773
    		0.8 ms
  



  
    		2024-02-11 06:39:20.555608
    		2.8 ms
  



  
    		2024-02-11 07:39:22.338573
    		1.1 ms
  



  
    		2024-02-11 08:39:25.365638
    		0.8 ms
  



  
    		2024-02-11 09:39:27.895221
    		0.9 ms
  



  
    		2024-02-11 10:39:29.760267
    		-0.3 ms
  



  
    		2024-02-11 11:39:32.002503
    		-0.4 ms
  



  
    		2024-02-11 12:39:33.871508
    		-1.4 ms
  



  
    		2024-02-11 13:39:35.852916
    		-1.3 ms
  



  
    		2024-02-11 14:39:37.551324
    		1.6 ms
  



  
    		2024-02-11 15:39:40.678458
    		-0.6 ms
  



  
    		2024-02-11 16:39:42.531425
    		-1.8 ms
  



  
    		2024-02-11 17:39:44.312793
    		-2.0 ms
  



  
    		2024-02-11 18:39:46.214138
    		-1.6 ms
  



  
    		2024-02-11 19:39:48.01517
    		-0.1 ms
  



  
    		2024-02-11 20:39:49.831035
    		2.1 ms
  



  
    		2024-02-11 21:39:51.529343
    		0.9 ms
  



  
    		2024-02-11 22:39:53.204807
    		1.1 ms
  



  
    		2024-02-11 23:39:55.400171
    		1.0 ms
  



  
    		2024-02-12 00:39:57.094805
    		1.0 ms
  



  
    		2024-02-12 01:39:58.782734
    		0.3 ms
  



  
    		2024-02-12 02:40:02.737704
    		-1.3 ms
  



  
    		2024-02-12 03:40:05.081502
    		0.2 ms
  



  
    		2024-02-12 04:40:06.935497
    		0.5 ms
  



  
    		2024-02-12 05:40:09.205184
    		3.9 ms
  



  
    		2024-02-12 06:40:10.833742
    		2.0 ms
  



  
    		2024-02-12 07:40:13.556961
    		-0.6 ms
  



  
    		2024-02-12 08:40:15.301836
    		-0.9 ms
  



  
    		2024-02-12 09:40:17.365619
    		-0.1 ms
  



  
    		2024-02-12 10:40:20.026646
    		1.9 ms
  



  
    		2024-02-12 11:40:21.795057
    		3.6 ms
  



  
    		2024-02-12 12:40:23.537473
    		4.1 ms
  



  
    		2024-02-12 13:40:25.054999
    		1.3 ms
  



  
    		2024-02-12 14:40:26.555462
    		2.4 ms
  



  
    		2024-02-12 15:40:28.118338
    		3.0 ms
  



  
    		2024-02-12 16:40:30.788629
    		3.6 ms
  



  
    		2024-02-12 17:40:33.450697
    		0.1 ms
  



  
    		2024-02-12 18:40:35.507427
    		-0.1 ms
  



  
    		2024-02-12 19:40:38.19334
    		-0.4 ms
  



  
    		2024-02-12 20:40:40.624415
    		1.2 ms
  



  
    		2024-02-12 21:40:42.682154
    		0.0 ms
  



  
    		2024-02-12 22:40:46.158826
    		1.7 ms
  



  
    		2024-02-12 23:40:47.808316
    		0.7 ms
  



  
    		2024-02-13 00:40:49.730309
    		-0.6 ms
  



  
    		2024-02-13 01:40:51.602833
    		-0.4 ms
  



  
    		2024-02-13 02:40:55.165608
    		0.0 ms
  



  
    		2024-02-13 03:40:59.60922
    		1.0 ms
  



  
    		2024-02-13 04:41:01.77451
    		1.6 ms
  



  
    		2024-02-13 05:41:03.786838
    		1.7 ms
  



  
    		2024-02-13 06:41:05.629889
    		-0.3 ms
  



  
    		2024-02-13 07:41:07.65086
    		1.5 ms
  



  
    		2024-02-13 08:41:10.17139
    		0.2 ms
  



  
    		2024-02-13 09:41:12.292843
    		2.5 ms
  



  
    		2024-02-13 10:41:14.258854
    		-0.6 ms
  



  
    		2024-02-13 11:41:16.404066
    		-1.7 ms
  



  
    		2024-02-13 12:41:18.471695
    		1.1 ms
  



  
    		2024-02-13 13:41:20.540792
    		0.3 ms
  



  
    		2024-02-13 14:41:23.434861
    		-0.3 ms
  



  
    		2024-02-13 15:41:25.569308
    		0.1 ms
  



  
    		2024-02-13 16:41:27.151688
    		0.4 ms
  



  
    		2024-02-13 17:41:29.95346
    		-0.1 ms
  



  
    		2024-02-13 18:41:33.667435
    		2.0 ms
  



  
    		2024-02-13 19:41:36.299339
    		-1.0 ms
  



  
    		2024-02-13 20:41:38.759251
    		0.8 ms
  



  
    		2024-02-13 21:41:40.513248
    		1.1 ms
  



  
    		2024-02-13 22:41:42.147484
    		0.9 ms
  



  
    		2024-02-13 23:41:45.24306
    		0.5 ms
  



  
    		2024-02-14 00:41:46.802206
    		-1.6 ms
  



  
    		2024-02-14 01:41:50.1084
    		-0.8 ms
  



  
    		2024-02-14 02:41:51.790688
    		-3.1 ms
  



  
    		2024-02-14 03:41:53.388578
    		-2.6 ms
  



  
    		2024-02-14 04:41:55.505413
    		1.7 ms
  



  
    		2024-02-14 05:41:58.14757
    		3.7 ms
  



  
    		2024-02-14 06:42:00.609675
    		2.3 ms
  



  
    		2024-02-14 07:42:02.607391
    		1.5 ms
  



  
    		2024-02-14 08:42:04.267933
    		0.7 ms
  



  
    		2024-02-14 09:42:06.934575
    		3.2 ms
  



  
    		2024-02-14 10:42:08.356614
    		2.9 ms
  



  
    		2024-02-14 11:42:10.298252
    		2.0 ms
  



  
    		2024-02-14 12:42:11.76307
    		4.5 ms
  



  
    		2024-02-14 13:42:14.601894
    		4.7 ms
  



  
    		2024-02-14 14:42:17.486759
    		1.3 ms
  



  
    		2024-02-14 15:42:19.586072
    		2.5 ms
  



  
    		2024-02-14 16:42:22.920093
    		1.7 ms
  



  
    		2024-02-14 17:42:25.842837
    		3.2 ms
  



  
    		2024-02-14 18:42:27.76081
    		-1.7 ms
  



  
    		2024-02-14 19:42:30.671734
    		1.1 ms
  



  
    		2024-02-14 20:42:32.522394
    		-2.3 ms
  



  
    		2024-02-14 21:42:35.687393
    		-1.9 ms
  



  
    		2024-02-14 22:42:38.239761
    		-0.5 ms
  



  
    		2024-02-14 23:42:40.186253
    		-0.6 ms
  



  
    		2024-02-15 00:42:41.810624
    		0.2 ms
  



  
    		2024-02-15 01:42:43.456825
    		-0.8 ms
  



  
    		2024-02-15 02:42:46.336648
    		1.1 ms
  



  
    		2024-02-15 03:42:49.042853
    		-1.3 ms
  



  
    		2024-02-15 04:42:52.059296
    		-0.1 ms
  



  
    		2024-02-15 05:42:54.237555
    		-0.7 ms
  



  
    		2024-02-15 06:42:56.593869
    		1.4 ms
  



  
    		2024-02-15 07:42:59.662576
    		0.2 ms
  



  
    		2024-02-15 08:43:01.312715
    		1.0 ms
  



  
    		2024-02-15 09:43:03.959031
    		2.5 ms
  



  
    		2024-02-15 10:43:07.337675
    		4.3 ms
  



  
    		2024-02-15 11:43:08.985367
    		-0.5 ms
  



  
    		2024-02-15 12:43:11.156839
    		3.2 ms
  



  
    		2024-02-15 13:43:12.810035
    		0.4 ms
  



  
    		2024-02-15 14:43:14.409592
    		1.7 ms
  



  
    		2024-02-15 15:43:16.691408
    		-0.3 ms
  



  
    		2024-02-15 16:43:19.52791
    		0.2 ms
  



  
    		2024-02-15 17:43:21.908791
    		1.0 ms
  



  
    		2024-02-15 18:43:24.636485
    		-2.9 ms
  



  
    		2024-02-15 19:43:27.249317
    		1.7 ms
  



  
    		2024-02-15 20:43:29.731557
    		-1.1 ms
  



  
    		2024-02-15 21:43:33.810297
    		2.1 ms
  



  
    		2024-02-15 22:43:35.755283
    		-0.9 ms
  



  
    		2024-02-15 23:43:37.616406
    		-2.7 ms
  



  
    		2024-02-16 00:43:40.126285
    		-0.3 ms
  



  
    		2024-02-16 01:43:41.665795
    		1.5 ms
  



  
    		2024-02-16 02:43:44.691775
    		-1.4 ms
  



  
    		2024-02-16 03:43:47.10552
    		0.3 ms
  



  
    		2024-02-16 04:43:49.847441
    		0.2 ms
  



  
    		2024-02-16 05:43:51.44311
    		1.5 ms
  



  
    		2024-02-16 06:43:53.696417
    		-1.6 ms
  



  
    		2024-02-16 07:43:56.389996
    		-1.5 ms
  



  
    		2024-02-16 08:43:58.959191
    		-1.4 ms
  



  
    		2024-02-16 09:44:00.668271
    		2.4 ms
  



  
    		2024-02-16 10:44:02.8603
    		1.4 ms
  







###
Evidence of Intent

Last updated: Fri 06 Mar 2020 14:08:40 UTC

1. Purpose

The purpose of this document Evidence of Intent is to secure a) evidence of intent to sign and b) evidence of what Sign Material there was intent to sign, to avoid claims that different Sign Material was viewed than what was the output in the final Evidence Package.

2. Screen captures

When a person signs a document using Scrive eSign a screen capture is executed on the person´s screen and saved by Scrive eSign. When sealing the signed document Scrive eSign includes the screen captures from all signing parties into this document. 

The screen capture technology used sometimes fails to execute the screen capture. Therefore, in case the screen capture technology would fail, a screen capture with a reference signing view is prepared in Scrive eSign at each production upgrade and Upon sealing the document, Scrive eSign includes the latest reference screen captures in this Evidence of Intent as a reference. Important to note is also that, in the event log below each time stamp reflects the clock of the client, which may be different from the clock of Scrive eSign.




  
    		Time
    		IP
    		Event
  


    
    		2024-02-16 10:21:20.428 UTC
    		192.71.100.250
    		Antin Trogen (AT) opened the document in the signing view. Click here to see an attached screen capture of the top of their signing view.
  


  
  
    		2024-02-16 10:21:53.436 UTC
    		192.71.100.250
    		Antin Trogen (AT) signed the document. Click here to see attached screen capture of their signing view. Click here to see attached screen capture of the reference signing view created at 2024-01-19 15:42:45 UTC.
  

  
    		2024-02-16 11:19:28.092 UTC
    		192.71.100.250
    		Pär Johansson (PJ) opened the document in the signing view. Click here to see an attached screen capture of the top of their signing view.
  


  
  
    		2024-02-16 11:20:58.186 UTC
    		192.71.100.250
    		Pär Johansson (PJ) signed the document. Click here to see attached screen capture of their signing view. Click here to see attached screen capture of the reference signing view created at 2024-01-19 15:42:45 UTC.
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    		Time
    		IP
    		Event
  


    
    		2024-05-22 14:13:07.705 UTC
    		192.71.100.250
    		Per-Arne Thuresson (PT) opened the document in the signing view. Click here to see an attached screen capture of the top of their signing view.
  


  
  
    		2024-05-22 14:13:17.248 UTC
    		192.71.100.250
    		Per-Arne Thuresson (PT) signed the document. Click here to see attached screen capture of their signing view. Click here to see attached screen capture of the reference signing view created at 2024-05-13 15:38:40 UTC.
  

  
    		2024-05-23 05:46:56.935 UTC
    		192.71.100.250
    		Jonatan Backlund (JB) opened the document in the signing view. Click here to see an attached screen capture of the top of their signing view.
  


  
  
    		2024-05-23 05:47:29.154 UTC
    		192.71.100.250
    		Jonatan Backlund (JB) signed the document. Click here to see attached screen capture of their signing view. Click here to see attached screen capture of the reference signing view created at 2024-05-13 15:38:40 UTC.
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    		Time
    		IP
    		Event
  


    
    		2024-02-16 10:21:20.428 UTC
    		192.71.100.250
    		Antin Trogen (AT) opened the document in the signing view. Click here to see an attached screen capture of the top of their signing view.
  


  
  
    		2024-02-16 10:21:53.436 UTC
    		192.71.100.250
    		Antin Trogen (AT) signed the document. Click here to see attached screen capture of their signing view. Click here to see attached screen capture of the reference signing view created at 2024-01-19 15:42:45 UTC.
  

  
    		2024-02-16 11:19:28.092 UTC
    		192.71.100.250
    		Pär Johansson (PJ) opened the document in the signing view. Click here to see an attached screen capture of the top of their signing view.
  


  
  
    		2024-02-16 11:20:58.186 UTC
    		192.71.100.250
    		Pär Johansson (PJ) signed the document. Click here to see attached screen capture of their signing view. Click here to see attached screen capture of the reference signing view created at 2024-01-19 15:42:45 UTC.
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1. Purpose

The purpose of the Digital Signature Documentation is to provide a method so that the integrity of the Evidence Package can be verified mathematically and independently of Scrive, Guardtime or any other third party, only relying on public information. 

2. Overview

2.1 Digital Signatures

Digital signatures are used to make digital data tamper proof, so that it can be verified that the data has not been modified since the digital signature was created.

Digital signatures are designed in a way that there is a method for checking that the data that the signature is applied to is not modified, and that there is a method for checking that the signature has been issued in some trusted way.

2.2 Cryptographic Hash Functions

There is one mathematical concept that is pervasive in digital signing technologies: cryptographic hash functions. Such functions are used to straightforwardly compute a “hash value” of some fixed length (e.g. 256 bits) of some arbitrary amount of data, with the property that it is infeasible to reverse the function and get the data back from the hash value, but most importantly: it is infeasible to come up with any other piece of data that will compute to the same hash value.

These properties imply that it is sufficient to protect hash values of data instead of the data itself. The reason is that if we know that the protected hash value is unmodified and matches the hash value that we can compute of the data itself, then we know that it is infeasible that the data itself has been modified. For integrity purposes, hash values are essential condensations of the original data.

In addition to the cryptographic hash functions, many technologies for digital signatures are based on the use of keys.

2.3 Key-based digital signatures

In key-based digital signatures, secret information (private keys) are used to create signatures by some trusted organisation. Each private key has a corresponding public key which is used for verifying the integrity of the digital signatures created with the private key. So to check a key-based digital signature, one needs to access the public key that corresponded to the secret key used to create the signature. In addition to verifying the signature using the public key, one has to verify that the public key comes from the trusted organisation that created the signature. This can be done using digital certificates as part of the public-key infrastructure.

Key-based digital signatures are problematic due to the durability requirements that come with protecting Evidence Packages. The private key must be kept secret by the trusted organisation. Should the key become public, the digital signatures that were issued using it can no longer be used to verify the integrity of the data. As a mitigation, the trusted organisation can limit the time that any one public/private key pair is used, and then erase the private key. Should a private key leak from the trusted organisation, only signatures created during the lifetime of the private key become worthless. However, more frequent renewal of keys mean that the organisation issuing digital signatures must provide more public keys for verification purposes. The main problem remains: how can one be sure that a private key was not leaked and used to forge digital signatures? The PAdES standard specifies a set of restrictions and extensions to the standards for PDF and ISO-32000-1 and -2. PAdES is described in the technical specification TS-102 778 that is published and maintained by the European Telecommunication Standards Institute, ETSI.

2.4 Keyless digital signatures for durability

Keyless digital signatures rely solely on the properties of cryptographic hash functions to protect data, without the use of secrets.

An extremely simple (but naive) method for creating a keyless digital signature is to compute the hash value of some data and then make that hash value public so that it can be used to verify that copies of the data have not been modified. It is important that the hash value is published so that that a verifier readily can find it and trust that the hash value is authentic, and that the publication is permanently accessible for the foreseeable future. A suitable method is to publish the hash value in a newspaper that is widely spread and archived throughout the world.

Although simple, the naive method described is not practical in that it requires one hash value to be published for each piece of data that needs a digital signature. To make keyless digital signatures practical one can combine hash values from multiple pieces of data by juxtaposing the hash values and computing new hash values of the result, as illustrated below:
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By combining hash values in this way, one can choose to publish the combined hash value periodically, e.g. once a month. For verification to work, additional information is needed to ensure that a particular Evidence Package’s hash value leads to the hash value that is published in a newspaper (such a published hash value is called a publication code). Therefore, the digital signature contains information about what newspaper contains the publication code (currently, publication codes are printed in Financial Times), as well as intermediate hash values in the linked chain of hashes all the way to the publication code. For the middle Evidence Package in the diagram above, the digital signature would have information about where one can find the publication code c₆, as well as the intermediate hash values c₃, d₄, and d₅. From the Evidence Package’s computed hash value d₃, the intermediate hash values in the digital signature, and the combining cryptographic hash function H taking juxtaposed hash values, a verifier would compute the complete chain of hash values: c₄ = H(c₃,d₃), c₅ = H(c₄,d₄), c₆ = H(c₅, d₅). Having computed c₆, the verifier needs to check that it is equal to the newspaper’s publication code.

Since the digital signature must contain extra information about intermediate hash values that stem from other Evidence Packages leading to the publication code, one cannot immediately put the keyless digital signature into the Evidence Package upon its creation—one has to wait until the publication code is known. But since the parties involved in signing a document typically want access to the Evidence Package right away, Scrive E-sign provides the parties with an initial version of the Evidence Package with a temporary, keyless digital signature. Once the Evidence Package’s hash value has been part of the linked chain that leads to a publication code, Scrive E-sign produces a new Evidence Package with the permanent, keyless digital signature. Signatories that choose to store their Evidence Package in the archive service provided by Scrive E-sign can download the revised Evidence Package in the archive once it becomes available.

The devil in the details regarding the implementation of keyless digital signatures (e.g., in practice one would use trees of intermediate hash values instead of linked chains), but the fundamental principle is the same: data can be verified by computing a sequence of hash values and check against a value that is published in a trusted way.

2.5 Verifiable timestamps using keyless signatures

The keyless signature not only provides a method for verifying the integrity of the Evidence Package, it also encodes the time down to the second when the signature was created. By construction, the time encoding is irrefutable and can be produced as part of the verification method of the keyless digital signature.

The following diagram gives a simplified version of how the time encoding works. Each publication code that goes into a newspaper is the root of the so called calendar tree, which is an ever-growing tree with one leaf node for each second since midnight, January 1st, 1970 in Coordinated Universal Time (UTC), a point in time we will denote T₀. (In the diagram, we have assumed that there is one evidence package providing the hash value for each leaf node, which is a simplification since we for each second may have zero or more than one evidence package for which we want a digital signature. In reality, the hash value of each leaf node in the calendar tree is constructed from an aggregation tree of hash values. We have also assumed a very small calendar tree, consisting of just four leaf nodes spanning a time of four seconds. A calendar tree for a whole month is of course much larger.)
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Now, suppose we want to verify the digital signature for the evidence package in the third row. The digital signature contains the path from the root down to the leaf, telling us if we should choose the upper route (encoded as a 0) or lower route (encoded as a 1) to get to the next level. The choices form a sequence which can be interpreted as a binary number, and for the path highlighted in yellow, this binary number is 10 which in decimal is the number 2. One can then conclude that this leaf was constructed at T₀ + 2, that is, 2 seconds after midnight, January 1st, 1970 (UTC).

(In reality, the time encoding is not done using T₀ as a start point, but instead by using the time when the publication code was created as an end point. Details can be found in appendix Extracting the Signing Time.)

The next section provides precise information about the digital signatures produced by Scrive E-sign and how they can be verified.

3. How to Verify the Evidence Package

The signed document (PDF file) that the Evidence Package (HTML attachments - that this Digital Signature Documentation is part of) is embedded into, has either been electronically sealed by Scrive using the Guardtime Keyless Signature technology or with a PAdES digital signature. This enables independent verification of the time when the document was signed and checking that it has not been modified since. The process consists of several steps outlined below. If the document is signed using PAdES the signature can be validated in Acrobat Reader.

3.1 Extracting the Signature

The signature is embedded into the document following the standard PDF digital signature framework [PDF, section 12.8]. A Guardtime signature has the value GTTS.TimeStamp in its Filter field.

A single PDF file can contain several revisions of a document [PDF, section 7.5.6]. A Guardtime signature normally signs all revisions up to and including the one that contains it. In order to verify the document as it was signed, all subsequent updates have to be removed from the file.

More precisely, the signature protects the parts of the document specified by the ByteRange field of the signature. The two ranges must cover everything left after the previous step, except the Contents field of the signature.

The signature value is embedded in the Contents field in base 16 encoding. The value has to be stripped of trailing spaces and decoded [BASE, section 8] for further processing.

3.2 Parsing the Signature

The result of the previous step has to be parsed as an ASN.1 data structure in BER encoding [ASN, DER]. This must yield a ContentInfo structure [CMS, section 3] that embeds a SignedData structure [CMS, section 5] in the content field.

The contents of the encapContentInfo.eContent field of the SignedData structure have to be parsed as an ASN.1 data structure in DER encoding. This must yield a TSTInfo structure [TSP, section 2.4.2].

A Guardtime signature must have a single SignerInfo element in the signerInfos field of the SignedData structure and the object identifier 1.3.6.1.4.1.27868.4.1 in the signatureAlgorithm field of the SignerInfo structure.

The contents of the signature field of the SignerInfo structure have to be parsed as an ASN.1 data structure in DER encoding. This must yield a Guardtime-defined TimeSignature structure:

                          TimeSignature ::= SEQUENCE {

                            location HashChain,

                            history HashChain,

                            publishedData PublishedData,

                            pkSignature [0] SignatureInfo OPTIONAL,

                            pubReference [1] SET OF OCTET STRING OPTIONAL

                          }

                          PublishedData ::= SEQUENCE {

                            publicationIdentifier INTEGER,

                            publicationImprint DataImprint

                          }

Each of the HashChain fields is an ASN.1 OCTET STRING that contains a concatenation of a number of HashStep records. Each HashStep record in turn is a concatenation of a 1-byte hash algorithm code (appendix Hash Functions), a 1-byte direction indicator, a variable-length DataImprint field, and a 1-byte level number. The DataImprint field consists of a 1-byte hash algorithm code followed by the hash value (the number of bytes determined by the hash function). Note that all these are just concatenated together, not encoded as separate ASN.1 fields.

The DataImprint field in the PublishedData structure is an ASN.1 OCTET STRING that consists of a 1-byte hash algorithm code followed by the corresponding number of bytes of hash value (again, just concatenated).

The contents of the pkSignature and pubReference fields will not be used in the following and thus need not be parsed. However, presence of the pkSignature field indicates the hash chain contained in the history field is a temporary one not connected to a printed control publication. In such a case, the history and publishedData fields should be updated before proceeding (appendix Extending the TimeSignature).

3.3 Checking the Document

To check that the document matches the signature, it must be verified that the hash value of the signed document corresponds to the one embedded in the signature.

The concatenation of the sections of the original PDF file specified by the ByteRange field has to be hashed using the algorithm specified by the messageImprint.hashAlgorithm field of the TSTInfo structure. The result must be equal to the value of the messageImprint.hashedMessage field of the TSTInfo structure.

3.4 Checking the Signature

To check that the signature is internally consistent, it must be verified in several places that the hash value computed from one part of the signature corresponds to the one embedded in another part.

The DER-encoded representation of the TSTInfo structure (that is, the value of the encapContentInfo.eContent field of the SignedData structure) has to be hashed using the algorithm specified by the digestAlgorithm field of the SignerInfo structure. The result must be equal to the value of the message-digest attribute in the signedAttrs field of the SignerInfo structure.

The DER-encoded representation of the SignedAttributes structure has to be hashed using the algorithm specified by the digestAlgorithm field of the SignerInfo structure. The result will be the input data to the hash chain computation process described next. Note that the data to be hashed in this step is different from the representation of the signedAttrs field in the SignerInfo structure, as the latter is a tagged implicit set while the former is an explicit set [CMS, section 5.4].

For each HashStep record in the location hash chain and then for each HashStep record in the history hash chain in the TimeSignature structure, in the order in which the records appear in the chains:

		compute x as the result of hashing the input data with the algorithm specified by the hash algorithm code (the first byte) in the record;

		if the direction indicator (the second byte) in the record is 0:

		compute y as the concatenation of the DataImprint field (bytes from the third up to but excluding the last), the hash algorithm code (the first byte), the value of x, and the level byte (the last byte);

		if the direction indicator (the second byte) in the record is 1:

		compute y as the concatenation of the hash algorithm code (the first byte), the value of x, the DataImprint field (bytes from the third up to but excluding the last), and the level byte (the last byte);

		if the direction indicator (the second byte) is something else:

		abort with an error "invalid signature";

		the value of y is the input for the next step.



Finally, the value of y from the last step of the hash chain computation has to be hashed using the hash algorithm specified by the first byte of the publicationImprint field of the PublishedData structure. The result must be equal to the remaining bytes of the publicationImprint field.

3.5 Checking the Publication

To check that the signature matches the widely witnessed control publication, it must be verified that the contents of the PublishedData structure correspond to a printed publication acquired from a trusted source.

The publicationIdentifier field in the PublishedData structure contains the POSIX time [POSIX, section 4.15] value for the moment when the control publication was generated. A Guardtime control publication appears in the World Edition of the Financial Times 2–6 days after it is generated (depending on the publisher's schedules).

The PublishedData structure is formatted into human-comparable form as follows:

		the value of the publicationIdentifier field as a 64-bit integer (8 bytes in big-endian order) and the contents of the publicationImprint field are concatenated;

		a CRC-32 checksum [CRC, section 8.1.1.6.2] is computed on the result of the previous step and appended to it;

		the result of the previous step is encoded in base 32 [BASE, section 6];

		the result of the previous step may be broken into groups of 6 or 8 characters by dashes.



The result must be equal to the control publication that appears in the newspaper (ignoring possible differences in the optional character grouping).

3.6 Conclusion

Since in the whole computation starts from the contents of the PDF file and through a series applications of one-way functions ends up at a value that was known to exist at some well-established time in the past (the time when the newspaper was printed), this proves that the file in question existed before that time in the same form as it is currently.

The preceding statement relies only on the hash functions being one-way and assumes absolutely nothing about the Guardtime technology. Adding information about how the hash chains are constructed (which is seen by all Guardtime clients while it happens and can thus also be considered quite widely witnessed) makes it possible to extract the signing time with much better precision (appendix Extracting the Signing Time).

4. Hash Functions

The following table lists the hash functions that may be used in hash chains in Guardtime keyless signatures, along with their identifiers and hash value sizes.

		Algorithm Name

		Guardtime ID

		Hash Value Size

		Algorithm Specification



		SHA-1

		0

		20

		SHA, section 6.1



		SHA-224

		3

		28

		SHA, section 6.3



		SHA-256

		1

		32

		SHA, section 6.2



		SHA-384

		4

		48

		SHA, section 6.5



		SHA-512

		5

		64

		SHA, section 6.4



		RIPEMD-160

		2

		20

		RIPE, section 7





5. Extracting the Signing Time

The time when a datum was signed with a Guardtime keyless signature can be extacted from the history and the publicationIdentifier fields of the TimeSignature structure (section Parsing the Signature). The process is as follows:

		set h to 0 and p to the value of the publicationIdentifier field;

		for each HashStep record in the history hash chain, in the reverse of the order in which the records appear in the chain:



		if p is 0: abort with an error "invalid signature";

		set x to the highest power of 2 that does not exceed p;

		if the direction indicator (the second byte) in the record is 0: set h to h+x and p to p-x;

		if the direction indicator (the second byte) in the record is 1: set p to x-1;

		if the direction indicator (the second byte) is something else: abort with an error "invalid signature";



		if p is not 0: abort with an error "invalid signature";



The final value of h is the POSIX time [POSIX, section 4.15] value for the moment when the datum was signed.

6. Extending the TimeSignature

For each Guardtime signature and any control publication generated after the signature was issued, a hash chain can be created that connects the signature to the control publication and thus also to the printed medium in which the publication appeared. This process is called extending the signature.

The preferred way to do this is to access an online verification service using a tool obtained from either Scrive or Guardtime. This can also be done independently using the calendar database acquired either from Guardtime or, in case Guardtime has ceased the service, from the Estonian Technical Surveillance Authority, to which Guardtime is obligated to deposit the database before exiting the business.

The Guardtime calendar database consists of one hash value per second, indexed by integral POSIX time [POSIX, section 4.15] values (red nodes and black numbers on the figure below). Each of these hash values aggregates all signing requests that the Guardtime service processed during the corresponding 1-second time interval.

The aggregate hash values are connected into binary trees by hashing them together in pairs in left to right order, then hashing the first level pairs together again, and so on until a set of complete binary trees is obtained (blue arrows and nodes on the figure). For generating the control publication, the roots of the binary trees are hashed into a chain in right to left order (purple arrows and nodes), and the value from the last node of the chain is extracted for generating the control publication (golden arrow).

More precisely, each node on the figure is a DataImprint structure (section Parsing the Signature). On each step, the DataImprint from the left child node, the DataImprint from the right child node, and a single byte with the value of 255 are concatenated together, hashed, and the result is obtained as a DataImprint consisting of the concatenation of the 1-byte hash algorithm code (appendix Hash Functions) and the hash value.
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For manageability, the database is split into several files (separated by dashed black lines on the figure). For the files to be usable without access to preceding ones, each file starting from some time value t also contains the root values from the binary trees corresponding to the state of the database on time t-1 (dashed blue arrows between the first and second file on the figure).

To construct the hash chain linking a given signature to a given publication, the following steps have to be performed:

		The signing time has to be extracted from the history and publishedData fields currently in the signature (appendix Extracting the Signing Time);

		The calendar database files covering the full interval from the signing time to the time when the publication was generated have to be obtained (format and naming of the files described later in this section);

		The hash-linked structure corresponding to the time when the publication was generated has to be reconstructed (as described earlier in this section);

		The unique hash chain connecting the leaf entry corresponding to the signing time to the root entry corresponding to the control publication (dotted arrows on the figure above) has to be extracted;

		The TimeSignature structure (section Parsing the Signature) has to be updated with new values:



		The history field is set to the concatenation of HashStep records describing the steps in the hash chain; each HashStep record is constructed as the concatenation of the 1-byte hash algorithm code from the DataImprint in the current node, the 1-byte direction indicator (0 if the sibling node is to the right in the tree, 1 if the sibling is to the left), the DataImprint from the sibling node, and a single byte with the value of 255;

		The publicationIdentifier field is set to the POSIX time value for the moment when the control publication was generated;

		The publicationImprint field is set to the DataImprint value in the root entry corresponding to the control publication.



Each calendar database file consists of a fixed header, a set of root node records, a sequence of calendar node records, and a checksum record. In the following, many values are given in hexadecimal, with the 0x prefix prepended.

The header consists of 12 fields totaling 65 bytes:

		8-byte sequence: file format identifier; must be 0x47, 0x54, 0x49, 0x4d, 0x45, 0x48, 0x44, and 0x42 (ASCII representation of 'GTIMEHDB');

		4-byte integer: endian-ness indicator; fixed value 0x01020304; all other 32-bit integers in the file will be in the same byte order;

		4-byte integer: version number; must be 0x00000001 (in file byte order);

		8-byte integer: endian-ness indicator; fixed value 0x0102030405060708; all other 64-bit integers in the file will be in the same byte order;

		8-byte integer: file creation time as POSIX time;

		8-byte integer: first calendar record index; the POSIX time value for the first node in the calendar node section of the file;

		4-byte integer: first calendar record offset; the offset of the start of the calendar node section within the file;

		4-byte integer: calendar record length; the length of each record in the calendar node section of the file;

		1 byte: calendar hash algorithm; the 1-byte hash algorithm code (appendix Hash Functions) for the hash function used by all calendar nodes in this file (they all must use the same algorithm);

		1 byte: flags; must be 0x01;

		14 bytes: reserved for future; all bytes must be 0x00;

		1 byte: CRC8 checksum of all preceding bytes in the header record; this is intended as a short-term protection against accidental errors while the file is being created; checking this may be omitted as the checksum record at the end of the file gives much stronger protection.



The root node section spans the space from the end of the header to the beginning of the calendar node section. It consists of a sequence of root node records followed by a 1-byte CRC8 checksum of all preceding bytes in the section. Each root node record consists of 4 fields:

		4-byte integer: record length; the number of bytes to follow in this record (excluding the length field itself);

		8-byte integer: record index; the POSIX time value for the last calendar node in the complete binary tree whose root this node is;

		1 byte: the 1-byte hash algorithm code for the hash function used in this node;

		variable-length sequence: the hash value in this node (the length is determined by the hash function used; it may also be computed by subtracting 9 from the value of the record length field).



Note that the concatenation of the two last fields in each record yields the DataImprint value for the corresponding node.

The calendar node section spans the space from the end of the root node section to almost the end of the file; it is followed only by a checksum record that has the same size and format as a calendar node record. It consists of a sequence of calendar node records (and no section checksum). Each calendar node record consists of 3 fields:

		4-byte integer: record index offset; this value is to be added to the first calendar record index field from the file header to obtain the POSIX time value for this node;

		variable-length sequence: the hash value in this node (the length is determined by the hash function used which is specified by the calendar hash algorithm field in the file header; it may also be obtained by subtracting 5 from the calendar record length field in the file header);

		1 byte: CRC8 checksum of all preceding bytes in the record.



Again, note that the concatenation of the calendar hash algorithm field from the file header and the hash value field from the record yields the DataImprint value for the corresponding node.

The last record in the file is the cryptographic checksum of the whole file:

		4-byte integer: fixed value 0xffffffff;

		variable-length sequence: the hash value computed by hashing all data preceding the checksum record in the file using the hash function specified in the calendar hash algorithm field in the file header (the length is the same as for the calendar node records);

		1 byte: CRC8 checksum of all preceding bytes in the record.



The calendar database files are named following the pattern

    hashdb-tttttttttttttttt-yyyy-mm-dd-hhmmss.bin

where the fields have the following meaning:

		filename prefix, always hashdb;

		POSIX time value for the first calendar node in the file; 16-digit lower-case hexadecimal number with leading zeroes preserved (but no 0x prefix);

		year, month, and day of the file creation time; month and day are 2-digit decimal numbers with the leading zeroes preserved;

		hour, minute, and second of the file creation time (in UTC); each is 2-digit decimal number with the leading zero preserved;

		filename suffix, always bin.
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1. Purpose

The purpose of the Digital Signature Documentation is to provide a method so that the integrity of the Evidence Package can be verified mathematically and independently of Scrive, Guardtime or any other third party, only relying on public information. 

2. Overview

2.1 Digital Signatures

Digital signatures are used to make digital data tamper proof, so that it can be verified that the data has not been modified since the digital signature was created.

Digital signatures are designed in a way that there is a method for checking that the data that the signature is applied to is not modified, and that there is a method for checking that the signature has been issued in some trusted way.

2.2 Cryptographic Hash Functions

There is one mathematical concept that is pervasive in digital signing technologies: cryptographic hash functions. Such functions are used to straightforwardly compute a “hash value” of some fixed length (e.g. 256 bits) of some arbitrary amount of data, with the property that it is infeasible to reverse the function and get the data back from the hash value, but most importantly: it is infeasible to come up with any other piece of data that will compute to the same hash value.

These properties imply that it is sufficient to protect hash values of data instead of the data itself. The reason is that if we know that the protected hash value is unmodified and matches the hash value that we can compute of the data itself, then we know that it is infeasible that the data itself has been modified. For integrity purposes, hash values are essential condensations of the original data.

In addition to the cryptographic hash functions, many technologies for digital signatures are based on the use of keys.

2.3 Key-based digital signatures

In key-based digital signatures, secret information (private keys) are used to create signatures by some trusted organisation. Each private key has a corresponding public key which is used for verifying the integrity of the digital signatures created with the private key. So to check a key-based digital signature, one needs to access the public key that corresponded to the secret key used to create the signature. In addition to verifying the signature using the public key, one has to verify that the public key comes from the trusted organisation that created the signature. This can be done using digital certificates as part of the public-key infrastructure.

Key-based digital signatures are problematic due to the durability requirements that come with protecting Evidence Packages. The private key must be kept secret by the trusted organisation. Should the key become public, the digital signatures that were issued using it can no longer be used to verify the integrity of the data. As a mitigation, the trusted organisation can limit the time that any one public/private key pair is used, and then erase the private key. Should a private key leak from the trusted organisation, only signatures created during the lifetime of the private key become worthless. However, more frequent renewal of keys mean that the organisation issuing digital signatures must provide more public keys for verification purposes. The main problem remains: how can one be sure that a private key was not leaked and used to forge digital signatures? The PAdES standard specifies a set of restrictions and extensions to the standards for PDF and ISO-32000-1 and -2. PAdES is described in the technical specification TS-102 778 that is published and maintained by the European Telecommunication Standards Institute, ETSI.

2.4 Keyless digital signatures for durability

Keyless digital signatures rely solely on the properties of cryptographic hash functions to protect data, without the use of secrets.

An extremely simple (but naive) method for creating a keyless digital signature is to compute the hash value of some data and then make that hash value public so that it can be used to verify that copies of the data have not been modified. It is important that the hash value is published so that that a verifier readily can find it and trust that the hash value is authentic, and that the publication is permanently accessible for the foreseeable future. A suitable method is to publish the hash value in a newspaper that is widely spread and archived throughout the world.

Although simple, the naive method described is not practical in that it requires one hash value to be published for each piece of data that needs a digital signature. To make keyless digital signatures practical one can combine hash values from multiple pieces of data by juxtaposing the hash values and computing new hash values of the result, as illustrated below:
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By combining hash values in this way, one can choose to publish the combined hash value periodically, e.g. once a month. For verification to work, additional information is needed to ensure that a particular Evidence Package’s hash value leads to the hash value that is published in a newspaper (such a published hash value is called a publication code). Therefore, the digital signature contains information about what newspaper contains the publication code (currently, publication codes are printed in Financial Times), as well as intermediate hash values in the linked chain of hashes all the way to the publication code. For the middle Evidence Package in the diagram above, the digital signature would have information about where one can find the publication code c₆, as well as the intermediate hash values c₃, d₄, and d₅. From the Evidence Package’s computed hash value d₃, the intermediate hash values in the digital signature, and the combining cryptographic hash function H taking juxtaposed hash values, a verifier would compute the complete chain of hash values: c₄ = H(c₃,d₃), c₅ = H(c₄,d₄), c₆ = H(c₅, d₅). Having computed c₆, the verifier needs to check that it is equal to the newspaper’s publication code.

Since the digital signature must contain extra information about intermediate hash values that stem from other Evidence Packages leading to the publication code, one cannot immediately put the keyless digital signature into the Evidence Package upon its creation—one has to wait until the publication code is known. But since the parties involved in signing a document typically want access to the Evidence Package right away, Scrive E-sign provides the parties with an initial version of the Evidence Package with a temporary, keyless digital signature. Once the Evidence Package’s hash value has been part of the linked chain that leads to a publication code, Scrive E-sign produces a new Evidence Package with the permanent, keyless digital signature. Signatories that choose to store their Evidence Package in the archive service provided by Scrive E-sign can download the revised Evidence Package in the archive once it becomes available.

The devil in the details regarding the implementation of keyless digital signatures (e.g., in practice one would use trees of intermediate hash values instead of linked chains), but the fundamental principle is the same: data can be verified by computing a sequence of hash values and check against a value that is published in a trusted way.

2.5 Verifiable timestamps using keyless signatures

The keyless signature not only provides a method for verifying the integrity of the Evidence Package, it also encodes the time down to the second when the signature was created. By construction, the time encoding is irrefutable and can be produced as part of the verification method of the keyless digital signature.

The following diagram gives a simplified version of how the time encoding works. Each publication code that goes into a newspaper is the root of the so called calendar tree, which is an ever-growing tree with one leaf node for each second since midnight, January 1st, 1970 in Coordinated Universal Time (UTC), a point in time we will denote T₀. (In the diagram, we have assumed that there is one evidence package providing the hash value for each leaf node, which is a simplification since we for each second may have zero or more than one evidence package for which we want a digital signature. In reality, the hash value of each leaf node in the calendar tree is constructed from an aggregation tree of hash values. We have also assumed a very small calendar tree, consisting of just four leaf nodes spanning a time of four seconds. A calendar tree for a whole month is of course much larger.)
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Now, suppose we want to verify the digital signature for the evidence package in the third row. The digital signature contains the path from the root down to the leaf, telling us if we should choose the upper route (encoded as a 0) or lower route (encoded as a 1) to get to the next level. The choices form a sequence which can be interpreted as a binary number, and for the path highlighted in yellow, this binary number is 10 which in decimal is the number 2. One can then conclude that this leaf was constructed at T₀ + 2, that is, 2 seconds after midnight, January 1st, 1970 (UTC).

(In reality, the time encoding is not done using T₀ as a start point, but instead by using the time when the publication code was created as an end point. Details can be found in appendix Extracting the Signing Time.)

The next section provides precise information about the digital signatures produced by Scrive E-sign and how they can be verified.

3. How to Verify the Evidence Package

The signed document (PDF file) that the Evidence Package (HTML attachments - that this Digital Signature Documentation is part of) is embedded into, has either been electronically sealed by Scrive using the Guardtime Keyless Signature technology or with a PAdES digital signature. This enables independent verification of the time when the document was signed and checking that it has not been modified since. The process consists of several steps outlined below. If the document is signed using PAdES the signature can be validated in Acrobat Reader.

3.1 Extracting the Signature

The signature is embedded into the document following the standard PDF digital signature framework [PDF, section 12.8]. A Guardtime signature has the value GTTS.TimeStamp in its Filter field.

A single PDF file can contain several revisions of a document [PDF, section 7.5.6]. A Guardtime signature normally signs all revisions up to and including the one that contains it. In order to verify the document as it was signed, all subsequent updates have to be removed from the file.

More precisely, the signature protects the parts of the document specified by the ByteRange field of the signature. The two ranges must cover everything left after the previous step, except the Contents field of the signature.

The signature value is embedded in the Contents field in base 16 encoding. The value has to be stripped of trailing spaces and decoded [BASE, section 8] for further processing.

3.2 Parsing the Signature

The result of the previous step has to be parsed as an ASN.1 data structure in BER encoding [ASN, DER]. This must yield a ContentInfo structure [CMS, section 3] that embeds a SignedData structure [CMS, section 5] in the content field.

The contents of the encapContentInfo.eContent field of the SignedData structure have to be parsed as an ASN.1 data structure in DER encoding. This must yield a TSTInfo structure [TSP, section 2.4.2].

A Guardtime signature must have a single SignerInfo element in the signerInfos field of the SignedData structure and the object identifier 1.3.6.1.4.1.27868.4.1 in the signatureAlgorithm field of the SignerInfo structure.

The contents of the signature field of the SignerInfo structure have to be parsed as an ASN.1 data structure in DER encoding. This must yield a Guardtime-defined TimeSignature structure:

                          TimeSignature ::= SEQUENCE {

                            location HashChain,

                            history HashChain,

                            publishedData PublishedData,

                            pkSignature [0] SignatureInfo OPTIONAL,

                            pubReference [1] SET OF OCTET STRING OPTIONAL

                          }

                          PublishedData ::= SEQUENCE {

                            publicationIdentifier INTEGER,

                            publicationImprint DataImprint

                          }

Each of the HashChain fields is an ASN.1 OCTET STRING that contains a concatenation of a number of HashStep records. Each HashStep record in turn is a concatenation of a 1-byte hash algorithm code (appendix Hash Functions), a 1-byte direction indicator, a variable-length DataImprint field, and a 1-byte level number. The DataImprint field consists of a 1-byte hash algorithm code followed by the hash value (the number of bytes determined by the hash function). Note that all these are just concatenated together, not encoded as separate ASN.1 fields.

The DataImprint field in the PublishedData structure is an ASN.1 OCTET STRING that consists of a 1-byte hash algorithm code followed by the corresponding number of bytes of hash value (again, just concatenated).

The contents of the pkSignature and pubReference fields will not be used in the following and thus need not be parsed. However, presence of the pkSignature field indicates the hash chain contained in the history field is a temporary one not connected to a printed control publication. In such a case, the history and publishedData fields should be updated before proceeding (appendix Extending the TimeSignature).

3.3 Checking the Document

To check that the document matches the signature, it must be verified that the hash value of the signed document corresponds to the one embedded in the signature.

The concatenation of the sections of the original PDF file specified by the ByteRange field has to be hashed using the algorithm specified by the messageImprint.hashAlgorithm field of the TSTInfo structure. The result must be equal to the value of the messageImprint.hashedMessage field of the TSTInfo structure.

3.4 Checking the Signature

To check that the signature is internally consistent, it must be verified in several places that the hash value computed from one part of the signature corresponds to the one embedded in another part.

The DER-encoded representation of the TSTInfo structure (that is, the value of the encapContentInfo.eContent field of the SignedData structure) has to be hashed using the algorithm specified by the digestAlgorithm field of the SignerInfo structure. The result must be equal to the value of the message-digest attribute in the signedAttrs field of the SignerInfo structure.

The DER-encoded representation of the SignedAttributes structure has to be hashed using the algorithm specified by the digestAlgorithm field of the SignerInfo structure. The result will be the input data to the hash chain computation process described next. Note that the data to be hashed in this step is different from the representation of the signedAttrs field in the SignerInfo structure, as the latter is a tagged implicit set while the former is an explicit set [CMS, section 5.4].

For each HashStep record in the location hash chain and then for each HashStep record in the history hash chain in the TimeSignature structure, in the order in which the records appear in the chains:

		compute x as the result of hashing the input data with the algorithm specified by the hash algorithm code (the first byte) in the record;

		if the direction indicator (the second byte) in the record is 0:

		compute y as the concatenation of the DataImprint field (bytes from the third up to but excluding the last), the hash algorithm code (the first byte), the value of x, and the level byte (the last byte);

		if the direction indicator (the second byte) in the record is 1:

		compute y as the concatenation of the hash algorithm code (the first byte), the value of x, the DataImprint field (bytes from the third up to but excluding the last), and the level byte (the last byte);

		if the direction indicator (the second byte) is something else:

		abort with an error "invalid signature";

		the value of y is the input for the next step.



Finally, the value of y from the last step of the hash chain computation has to be hashed using the hash algorithm specified by the first byte of the publicationImprint field of the PublishedData structure. The result must be equal to the remaining bytes of the publicationImprint field.

3.5 Checking the Publication

To check that the signature matches the widely witnessed control publication, it must be verified that the contents of the PublishedData structure correspond to a printed publication acquired from a trusted source.

The publicationIdentifier field in the PublishedData structure contains the POSIX time [POSIX, section 4.15] value for the moment when the control publication was generated. A Guardtime control publication appears in the World Edition of the Financial Times 2–6 days after it is generated (depending on the publisher's schedules).

The PublishedData structure is formatted into human-comparable form as follows:

		the value of the publicationIdentifier field as a 64-bit integer (8 bytes in big-endian order) and the contents of the publicationImprint field are concatenated;

		a CRC-32 checksum [CRC, section 8.1.1.6.2] is computed on the result of the previous step and appended to it;

		the result of the previous step is encoded in base 32 [BASE, section 6];

		the result of the previous step may be broken into groups of 6 or 8 characters by dashes.



The result must be equal to the control publication that appears in the newspaper (ignoring possible differences in the optional character grouping).

3.6 Conclusion

Since in the whole computation starts from the contents of the PDF file and through a series applications of one-way functions ends up at a value that was known to exist at some well-established time in the past (the time when the newspaper was printed), this proves that the file in question existed before that time in the same form as it is currently.

The preceding statement relies only on the hash functions being one-way and assumes absolutely nothing about the Guardtime technology. Adding information about how the hash chains are constructed (which is seen by all Guardtime clients while it happens and can thus also be considered quite widely witnessed) makes it possible to extract the signing time with much better precision (appendix Extracting the Signing Time).

4. Hash Functions

The following table lists the hash functions that may be used in hash chains in Guardtime keyless signatures, along with their identifiers and hash value sizes.

		Algorithm Name

		Guardtime ID

		Hash Value Size

		Algorithm Specification



		SHA-1

		0

		20

		SHA, section 6.1



		SHA-224

		3

		28

		SHA, section 6.3



		SHA-256

		1

		32

		SHA, section 6.2



		SHA-384

		4

		48

		SHA, section 6.5



		SHA-512

		5

		64

		SHA, section 6.4



		RIPEMD-160

		2

		20

		RIPE, section 7





5. Extracting the Signing Time

The time when a datum was signed with a Guardtime keyless signature can be extacted from the history and the publicationIdentifier fields of the TimeSignature structure (section Parsing the Signature). The process is as follows:

		set h to 0 and p to the value of the publicationIdentifier field;

		for each HashStep record in the history hash chain, in the reverse of the order in which the records appear in the chain:



		if p is 0: abort with an error "invalid signature";

		set x to the highest power of 2 that does not exceed p;

		if the direction indicator (the second byte) in the record is 0: set h to h+x and p to p-x;

		if the direction indicator (the second byte) in the record is 1: set p to x-1;

		if the direction indicator (the second byte) is something else: abort with an error "invalid signature";



		if p is not 0: abort with an error "invalid signature";



The final value of h is the POSIX time [POSIX, section 4.15] value for the moment when the datum was signed.

6. Extending the TimeSignature

For each Guardtime signature and any control publication generated after the signature was issued, a hash chain can be created that connects the signature to the control publication and thus also to the printed medium in which the publication appeared. This process is called extending the signature.

The preferred way to do this is to access an online verification service using a tool obtained from either Scrive or Guardtime. This can also be done independently using the calendar database acquired either from Guardtime or, in case Guardtime has ceased the service, from the Estonian Technical Surveillance Authority, to which Guardtime is obligated to deposit the database before exiting the business.

The Guardtime calendar database consists of one hash value per second, indexed by integral POSIX time [POSIX, section 4.15] values (red nodes and black numbers on the figure below). Each of these hash values aggregates all signing requests that the Guardtime service processed during the corresponding 1-second time interval.

The aggregate hash values are connected into binary trees by hashing them together in pairs in left to right order, then hashing the first level pairs together again, and so on until a set of complete binary trees is obtained (blue arrows and nodes on the figure). For generating the control publication, the roots of the binary trees are hashed into a chain in right to left order (purple arrows and nodes), and the value from the last node of the chain is extracted for generating the control publication (golden arrow).

More precisely, each node on the figure is a DataImprint structure (section Parsing the Signature). On each step, the DataImprint from the left child node, the DataImprint from the right child node, and a single byte with the value of 255 are concatenated together, hashed, and the result is obtained as a DataImprint consisting of the concatenation of the 1-byte hash algorithm code (appendix Hash Functions) and the hash value.
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For manageability, the database is split into several files (separated by dashed black lines on the figure). For the files to be usable without access to preceding ones, each file starting from some time value t also contains the root values from the binary trees corresponding to the state of the database on time t-1 (dashed blue arrows between the first and second file on the figure).

To construct the hash chain linking a given signature to a given publication, the following steps have to be performed:

		The signing time has to be extracted from the history and publishedData fields currently in the signature (appendix Extracting the Signing Time);

		The calendar database files covering the full interval from the signing time to the time when the publication was generated have to be obtained (format and naming of the files described later in this section);

		The hash-linked structure corresponding to the time when the publication was generated has to be reconstructed (as described earlier in this section);

		The unique hash chain connecting the leaf entry corresponding to the signing time to the root entry corresponding to the control publication (dotted arrows on the figure above) has to be extracted;

		The TimeSignature structure (section Parsing the Signature) has to be updated with new values:



		The history field is set to the concatenation of HashStep records describing the steps in the hash chain; each HashStep record is constructed as the concatenation of the 1-byte hash algorithm code from the DataImprint in the current node, the 1-byte direction indicator (0 if the sibling node is to the right in the tree, 1 if the sibling is to the left), the DataImprint from the sibling node, and a single byte with the value of 255;

		The publicationIdentifier field is set to the POSIX time value for the moment when the control publication was generated;

		The publicationImprint field is set to the DataImprint value in the root entry corresponding to the control publication.



Each calendar database file consists of a fixed header, a set of root node records, a sequence of calendar node records, and a checksum record. In the following, many values are given in hexadecimal, with the 0x prefix prepended.

The header consists of 12 fields totaling 65 bytes:

		8-byte sequence: file format identifier; must be 0x47, 0x54, 0x49, 0x4d, 0x45, 0x48, 0x44, and 0x42 (ASCII representation of 'GTIMEHDB');

		4-byte integer: endian-ness indicator; fixed value 0x01020304; all other 32-bit integers in the file will be in the same byte order;

		4-byte integer: version number; must be 0x00000001 (in file byte order);

		8-byte integer: endian-ness indicator; fixed value 0x0102030405060708; all other 64-bit integers in the file will be in the same byte order;

		8-byte integer: file creation time as POSIX time;

		8-byte integer: first calendar record index; the POSIX time value for the first node in the calendar node section of the file;

		4-byte integer: first calendar record offset; the offset of the start of the calendar node section within the file;

		4-byte integer: calendar record length; the length of each record in the calendar node section of the file;

		1 byte: calendar hash algorithm; the 1-byte hash algorithm code (appendix Hash Functions) for the hash function used by all calendar nodes in this file (they all must use the same algorithm);

		1 byte: flags; must be 0x01;

		14 bytes: reserved for future; all bytes must be 0x00;

		1 byte: CRC8 checksum of all preceding bytes in the header record; this is intended as a short-term protection against accidental errors while the file is being created; checking this may be omitted as the checksum record at the end of the file gives much stronger protection.



The root node section spans the space from the end of the header to the beginning of the calendar node section. It consists of a sequence of root node records followed by a 1-byte CRC8 checksum of all preceding bytes in the section. Each root node record consists of 4 fields:

		4-byte integer: record length; the number of bytes to follow in this record (excluding the length field itself);

		8-byte integer: record index; the POSIX time value for the last calendar node in the complete binary tree whose root this node is;

		1 byte: the 1-byte hash algorithm code for the hash function used in this node;

		variable-length sequence: the hash value in this node (the length is determined by the hash function used; it may also be computed by subtracting 9 from the value of the record length field).



Note that the concatenation of the two last fields in each record yields the DataImprint value for the corresponding node.

The calendar node section spans the space from the end of the root node section to almost the end of the file; it is followed only by a checksum record that has the same size and format as a calendar node record. It consists of a sequence of calendar node records (and no section checksum). Each calendar node record consists of 3 fields:

		4-byte integer: record index offset; this value is to be added to the first calendar record index field from the file header to obtain the POSIX time value for this node;

		variable-length sequence: the hash value in this node (the length is determined by the hash function used which is specified by the calendar hash algorithm field in the file header; it may also be obtained by subtracting 5 from the calendar record length field in the file header);

		1 byte: CRC8 checksum of all preceding bytes in the record.



Again, note that the concatenation of the calendar hash algorithm field from the file header and the hash value field from the record yields the DataImprint value for the corresponding node.

The last record in the file is the cryptographic checksum of the whole file:

		4-byte integer: fixed value 0xffffffff;

		variable-length sequence: the hash value computed by hashing all data preceding the checksum record in the file using the hash function specified in the calendar hash algorithm field in the file header (the length is the same as for the calendar node records);

		1 byte: CRC8 checksum of all preceding bytes in the record.



The calendar database files are named following the pattern

    hashdb-tttttttttttttttt-yyyy-mm-dd-hhmmss.bin

where the fields have the following meaning:

		filename prefix, always hashdb;

		POSIX time value for the first calendar node in the file; 16-digit lower-case hexadecimal number with leading zeroes preserved (but no 0x prefix);

		year, month, and day of the file creation time; month and day are 2-digit decimal numbers with the leading zeroes preserved;

		hour, minute, and second of the file creation time (in UTC); each is 2-digit decimal number with the leading zero preserved;

		filename suffix, always bin.
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2. Overview

2.1 Digital Signatures

Digital signatures are used to make digital data tamper proof, so that it can be verified that the data has not been modified since the digital signature was created.

Digital signatures are designed in a way that there is a method for checking that the data that the signature is applied to is not modified, and that there is a method for checking that the signature has been issued in some trusted way.

2.2 Cryptographic Hash Functions

There is one mathematical concept that is pervasive in digital signing technologies: cryptographic hash functions. Such functions are used to straightforwardly compute a “hash value” of some fixed length (e.g. 256 bits) of some arbitrary amount of data, with the property that it is infeasible to reverse the function and get the data back from the hash value, but most importantly: it is infeasible to come up with any other piece of data that will compute to the same hash value.

These properties imply that it is sufficient to protect hash values of data instead of the data itself. The reason is that if we know that the protected hash value is unmodified and matches the hash value that we can compute of the data itself, then we know that it is infeasible that the data itself has been modified. For integrity purposes, hash values are essential condensations of the original data.

In addition to the cryptographic hash functions, many technologies for digital signatures are based on the use of keys.

2.3 Key-based digital signatures

In key-based digital signatures, secret information (private keys) are used to create signatures by some trusted organisation. Each private key has a corresponding public key which is used for verifying the integrity of the digital signatures created with the private key. So to check a key-based digital signature, one needs to access the public key that corresponded to the secret key used to create the signature. In addition to verifying the signature using the public key, one has to verify that the public key comes from the trusted organisation that created the signature. This can be done using digital certificates as part of the public-key infrastructure.

Key-based digital signatures are problematic due to the durability requirements that come with protecting Evidence Packages. The private key must be kept secret by the trusted organisation. Should the key become public, the digital signatures that were issued using it can no longer be used to verify the integrity of the data. As a mitigation, the trusted organisation can limit the time that any one public/private key pair is used, and then erase the private key. Should a private key leak from the trusted organisation, only signatures created during the lifetime of the private key become worthless. However, more frequent renewal of keys mean that the organisation issuing digital signatures must provide more public keys for verification purposes. The main problem remains: how can one be sure that a private key was not leaked and used to forge digital signatures? The PAdES standard specifies a set of restrictions and extensions to the standards for PDF and ISO-32000-1 and -2. PAdES is described in the technical specification TS-102 778 that is published and maintained by the European Telecommunication Standards Institute, ETSI.

2.4 Keyless digital signatures for durability

Keyless digital signatures rely solely on the properties of cryptographic hash functions to protect data, without the use of secrets.

An extremely simple (but naive) method for creating a keyless digital signature is to compute the hash value of some data and then make that hash value public so that it can be used to verify that copies of the data have not been modified. It is important that the hash value is published so that that a verifier readily can find it and trust that the hash value is authentic, and that the publication is permanently accessible for the foreseeable future. A suitable method is to publish the hash value in a newspaper that is widely spread and archived throughout the world.

Although simple, the naive method described is not practical in that it requires one hash value to be published for each piece of data that needs a digital signature. To make keyless digital signatures practical one can combine hash values from multiple pieces of data by juxtaposing the hash values and computing new hash values of the result, as illustrated below:
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By combining hash values in this way, one can choose to publish the combined hash value periodically, e.g. once a month. For verification to work, additional information is needed to ensure that a particular Evidence Package’s hash value leads to the hash value that is published in a newspaper (such a published hash value is called a publication code). Therefore, the digital signature contains information about what newspaper contains the publication code (currently, publication codes are printed in Financial Times), as well as intermediate hash values in the linked chain of hashes all the way to the publication code. For the middle Evidence Package in the diagram above, the digital signature would have information about where one can find the publication code c₆, as well as the intermediate hash values c₃, d₄, and d₅. From the Evidence Package’s computed hash value d₃, the intermediate hash values in the digital signature, and the combining cryptographic hash function H taking juxtaposed hash values, a verifier would compute the complete chain of hash values: c₄ = H(c₃,d₃), c₅ = H(c₄,d₄), c₆ = H(c₅, d₅). Having computed c₆, the verifier needs to check that it is equal to the newspaper’s publication code.

Since the digital signature must contain extra information about intermediate hash values that stem from other Evidence Packages leading to the publication code, one cannot immediately put the keyless digital signature into the Evidence Package upon its creation—one has to wait until the publication code is known. But since the parties involved in signing a document typically want access to the Evidence Package right away, Scrive E-sign provides the parties with an initial version of the Evidence Package with a temporary, keyless digital signature. Once the Evidence Package’s hash value has been part of the linked chain that leads to a publication code, Scrive E-sign produces a new Evidence Package with the permanent, keyless digital signature. Signatories that choose to store their Evidence Package in the archive service provided by Scrive E-sign can download the revised Evidence Package in the archive once it becomes available.

The devil in the details regarding the implementation of keyless digital signatures (e.g., in practice one would use trees of intermediate hash values instead of linked chains), but the fundamental principle is the same: data can be verified by computing a sequence of hash values and check against a value that is published in a trusted way.

2.5 Verifiable timestamps using keyless signatures

The keyless signature not only provides a method for verifying the integrity of the Evidence Package, it also encodes the time down to the second when the signature was created. By construction, the time encoding is irrefutable and can be produced as part of the verification method of the keyless digital signature.

The following diagram gives a simplified version of how the time encoding works. Each publication code that goes into a newspaper is the root of the so called calendar tree, which is an ever-growing tree with one leaf node for each second since midnight, January 1st, 1970 in Coordinated Universal Time (UTC), a point in time we will denote T₀. (In the diagram, we have assumed that there is one evidence package providing the hash value for each leaf node, which is a simplification since we for each second may have zero or more than one evidence package for which we want a digital signature. In reality, the hash value of each leaf node in the calendar tree is constructed from an aggregation tree of hash values. We have also assumed a very small calendar tree, consisting of just four leaf nodes spanning a time of four seconds. A calendar tree for a whole month is of course much larger.)
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Now, suppose we want to verify the digital signature for the evidence package in the third row. The digital signature contains the path from the root down to the leaf, telling us if we should choose the upper route (encoded as a 0) or lower route (encoded as a 1) to get to the next level. The choices form a sequence which can be interpreted as a binary number, and for the path highlighted in yellow, this binary number is 10 which in decimal is the number 2. One can then conclude that this leaf was constructed at T₀ + 2, that is, 2 seconds after midnight, January 1st, 1970 (UTC).

(In reality, the time encoding is not done using T₀ as a start point, but instead by using the time when the publication code was created as an end point. Details can be found in appendix Extracting the Signing Time.)

The next section provides precise information about the digital signatures produced by Scrive E-sign and how they can be verified.

3. How to Verify the Evidence Package

The signed document (PDF file) that the Evidence Package (HTML attachments - that this Digital Signature Documentation is part of) is embedded into, has either been electronically sealed by Scrive using the Guardtime Keyless Signature technology or with a PAdES digital signature. This enables independent verification of the time when the document was signed and checking that it has not been modified since. The process consists of several steps outlined below. If the document is signed using PAdES the signature can be validated in Acrobat Reader.

3.1 Extracting the Signature

The signature is embedded into the document following the standard PDF digital signature framework [PDF, section 12.8]. A Guardtime signature has the value GTTS.TimeStamp in its Filter field.

A single PDF file can contain several revisions of a document [PDF, section 7.5.6]. A Guardtime signature normally signs all revisions up to and including the one that contains it. In order to verify the document as it was signed, all subsequent updates have to be removed from the file.

More precisely, the signature protects the parts of the document specified by the ByteRange field of the signature. The two ranges must cover everything left after the previous step, except the Contents field of the signature.

The signature value is embedded in the Contents field in base 16 encoding. The value has to be stripped of trailing spaces and decoded [BASE, section 8] for further processing.

3.2 Parsing the Signature

The result of the previous step has to be parsed as an ASN.1 data structure in BER encoding [ASN, DER]. This must yield a ContentInfo structure [CMS, section 3] that embeds a SignedData structure [CMS, section 5] in the content field.

The contents of the encapContentInfo.eContent field of the SignedData structure have to be parsed as an ASN.1 data structure in DER encoding. This must yield a TSTInfo structure [TSP, section 2.4.2].

A Guardtime signature must have a single SignerInfo element in the signerInfos field of the SignedData structure and the object identifier 1.3.6.1.4.1.27868.4.1 in the signatureAlgorithm field of the SignerInfo structure.

The contents of the signature field of the SignerInfo structure have to be parsed as an ASN.1 data structure in DER encoding. This must yield a Guardtime-defined TimeSignature structure:

                          TimeSignature ::= SEQUENCE {

                            location HashChain,

                            history HashChain,

                            publishedData PublishedData,

                            pkSignature [0] SignatureInfo OPTIONAL,

                            pubReference [1] SET OF OCTET STRING OPTIONAL

                          }

                          PublishedData ::= SEQUENCE {

                            publicationIdentifier INTEGER,

                            publicationImprint DataImprint

                          }

Each of the HashChain fields is an ASN.1 OCTET STRING that contains a concatenation of a number of HashStep records. Each HashStep record in turn is a concatenation of a 1-byte hash algorithm code (appendix Hash Functions), a 1-byte direction indicator, a variable-length DataImprint field, and a 1-byte level number. The DataImprint field consists of a 1-byte hash algorithm code followed by the hash value (the number of bytes determined by the hash function). Note that all these are just concatenated together, not encoded as separate ASN.1 fields.

The DataImprint field in the PublishedData structure is an ASN.1 OCTET STRING that consists of a 1-byte hash algorithm code followed by the corresponding number of bytes of hash value (again, just concatenated).

The contents of the pkSignature and pubReference fields will not be used in the following and thus need not be parsed. However, presence of the pkSignature field indicates the hash chain contained in the history field is a temporary one not connected to a printed control publication. In such a case, the history and publishedData fields should be updated before proceeding (appendix Extending the TimeSignature).

3.3 Checking the Document

To check that the document matches the signature, it must be verified that the hash value of the signed document corresponds to the one embedded in the signature.

The concatenation of the sections of the original PDF file specified by the ByteRange field has to be hashed using the algorithm specified by the messageImprint.hashAlgorithm field of the TSTInfo structure. The result must be equal to the value of the messageImprint.hashedMessage field of the TSTInfo structure.

3.4 Checking the Signature

To check that the signature is internally consistent, it must be verified in several places that the hash value computed from one part of the signature corresponds to the one embedded in another part.

The DER-encoded representation of the TSTInfo structure (that is, the value of the encapContentInfo.eContent field of the SignedData structure) has to be hashed using the algorithm specified by the digestAlgorithm field of the SignerInfo structure. The result must be equal to the value of the message-digest attribute in the signedAttrs field of the SignerInfo structure.

The DER-encoded representation of the SignedAttributes structure has to be hashed using the algorithm specified by the digestAlgorithm field of the SignerInfo structure. The result will be the input data to the hash chain computation process described next. Note that the data to be hashed in this step is different from the representation of the signedAttrs field in the SignerInfo structure, as the latter is a tagged implicit set while the former is an explicit set [CMS, section 5.4].

For each HashStep record in the location hash chain and then for each HashStep record in the history hash chain in the TimeSignature structure, in the order in which the records appear in the chains:

		compute x as the result of hashing the input data with the algorithm specified by the hash algorithm code (the first byte) in the record;

		if the direction indicator (the second byte) in the record is 0:

		compute y as the concatenation of the DataImprint field (bytes from the third up to but excluding the last), the hash algorithm code (the first byte), the value of x, and the level byte (the last byte);

		if the direction indicator (the second byte) in the record is 1:

		compute y as the concatenation of the hash algorithm code (the first byte), the value of x, the DataImprint field (bytes from the third up to but excluding the last), and the level byte (the last byte);

		if the direction indicator (the second byte) is something else:

		abort with an error "invalid signature";

		the value of y is the input for the next step.



Finally, the value of y from the last step of the hash chain computation has to be hashed using the hash algorithm specified by the first byte of the publicationImprint field of the PublishedData structure. The result must be equal to the remaining bytes of the publicationImprint field.

3.5 Checking the Publication

To check that the signature matches the widely witnessed control publication, it must be verified that the contents of the PublishedData structure correspond to a printed publication acquired from a trusted source.

The publicationIdentifier field in the PublishedData structure contains the POSIX time [POSIX, section 4.15] value for the moment when the control publication was generated. A Guardtime control publication appears in the World Edition of the Financial Times 2–6 days after it is generated (depending on the publisher's schedules).

The PublishedData structure is formatted into human-comparable form as follows:

		the value of the publicationIdentifier field as a 64-bit integer (8 bytes in big-endian order) and the contents of the publicationImprint field are concatenated;

		a CRC-32 checksum [CRC, section 8.1.1.6.2] is computed on the result of the previous step and appended to it;

		the result of the previous step is encoded in base 32 [BASE, section 6];

		the result of the previous step may be broken into groups of 6 or 8 characters by dashes.



The result must be equal to the control publication that appears in the newspaper (ignoring possible differences in the optional character grouping).

3.6 Conclusion

Since in the whole computation starts from the contents of the PDF file and through a series applications of one-way functions ends up at a value that was known to exist at some well-established time in the past (the time when the newspaper was printed), this proves that the file in question existed before that time in the same form as it is currently.

The preceding statement relies only on the hash functions being one-way and assumes absolutely nothing about the Guardtime technology. Adding information about how the hash chains are constructed (which is seen by all Guardtime clients while it happens and can thus also be considered quite widely witnessed) makes it possible to extract the signing time with much better precision (appendix Extracting the Signing Time).

4. Hash Functions

The following table lists the hash functions that may be used in hash chains in Guardtime keyless signatures, along with their identifiers and hash value sizes.

		Algorithm Name

		Guardtime ID

		Hash Value Size

		Algorithm Specification



		SHA-1

		0

		20

		SHA, section 6.1



		SHA-224

		3

		28

		SHA, section 6.3



		SHA-256

		1

		32

		SHA, section 6.2



		SHA-384

		4

		48

		SHA, section 6.5



		SHA-512

		5

		64

		SHA, section 6.4



		RIPEMD-160

		2

		20

		RIPE, section 7





5. Extracting the Signing Time

The time when a datum was signed with a Guardtime keyless signature can be extacted from the history and the publicationIdentifier fields of the TimeSignature structure (section Parsing the Signature). The process is as follows:

		set h to 0 and p to the value of the publicationIdentifier field;

		for each HashStep record in the history hash chain, in the reverse of the order in which the records appear in the chain:



		if p is 0: abort with an error "invalid signature";

		set x to the highest power of 2 that does not exceed p;

		if the direction indicator (the second byte) in the record is 0: set h to h+x and p to p-x;

		if the direction indicator (the second byte) in the record is 1: set p to x-1;

		if the direction indicator (the second byte) is something else: abort with an error "invalid signature";



		if p is not 0: abort with an error "invalid signature";



The final value of h is the POSIX time [POSIX, section 4.15] value for the moment when the datum was signed.

6. Extending the TimeSignature

For each Guardtime signature and any control publication generated after the signature was issued, a hash chain can be created that connects the signature to the control publication and thus also to the printed medium in which the publication appeared. This process is called extending the signature.

The preferred way to do this is to access an online verification service using a tool obtained from either Scrive or Guardtime. This can also be done independently using the calendar database acquired either from Guardtime or, in case Guardtime has ceased the service, from the Estonian Technical Surveillance Authority, to which Guardtime is obligated to deposit the database before exiting the business.

The Guardtime calendar database consists of one hash value per second, indexed by integral POSIX time [POSIX, section 4.15] values (red nodes and black numbers on the figure below). Each of these hash values aggregates all signing requests that the Guardtime service processed during the corresponding 1-second time interval.

The aggregate hash values are connected into binary trees by hashing them together in pairs in left to right order, then hashing the first level pairs together again, and so on until a set of complete binary trees is obtained (blue arrows and nodes on the figure). For generating the control publication, the roots of the binary trees are hashed into a chain in right to left order (purple arrows and nodes), and the value from the last node of the chain is extracted for generating the control publication (golden arrow).

More precisely, each node on the figure is a DataImprint structure (section Parsing the Signature). On each step, the DataImprint from the left child node, the DataImprint from the right child node, and a single byte with the value of 255 are concatenated together, hashed, and the result is obtained as a DataImprint consisting of the concatenation of the 1-byte hash algorithm code (appendix Hash Functions) and the hash value.
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For manageability, the database is split into several files (separated by dashed black lines on the figure). For the files to be usable without access to preceding ones, each file starting from some time value t also contains the root values from the binary trees corresponding to the state of the database on time t-1 (dashed blue arrows between the first and second file on the figure).

To construct the hash chain linking a given signature to a given publication, the following steps have to be performed:

		The signing time has to be extracted from the history and publishedData fields currently in the signature (appendix Extracting the Signing Time);

		The calendar database files covering the full interval from the signing time to the time when the publication was generated have to be obtained (format and naming of the files described later in this section);

		The hash-linked structure corresponding to the time when the publication was generated has to be reconstructed (as described earlier in this section);

		The unique hash chain connecting the leaf entry corresponding to the signing time to the root entry corresponding to the control publication (dotted arrows on the figure above) has to be extracted;

		The TimeSignature structure (section Parsing the Signature) has to be updated with new values:



		The history field is set to the concatenation of HashStep records describing the steps in the hash chain; each HashStep record is constructed as the concatenation of the 1-byte hash algorithm code from the DataImprint in the current node, the 1-byte direction indicator (0 if the sibling node is to the right in the tree, 1 if the sibling is to the left), the DataImprint from the sibling node, and a single byte with the value of 255;

		The publicationIdentifier field is set to the POSIX time value for the moment when the control publication was generated;

		The publicationImprint field is set to the DataImprint value in the root entry corresponding to the control publication.



Each calendar database file consists of a fixed header, a set of root node records, a sequence of calendar node records, and a checksum record. In the following, many values are given in hexadecimal, with the 0x prefix prepended.

The header consists of 12 fields totaling 65 bytes:

		8-byte sequence: file format identifier; must be 0x47, 0x54, 0x49, 0x4d, 0x45, 0x48, 0x44, and 0x42 (ASCII representation of 'GTIMEHDB');

		4-byte integer: endian-ness indicator; fixed value 0x01020304; all other 32-bit integers in the file will be in the same byte order;

		4-byte integer: version number; must be 0x00000001 (in file byte order);

		8-byte integer: endian-ness indicator; fixed value 0x0102030405060708; all other 64-bit integers in the file will be in the same byte order;

		8-byte integer: file creation time as POSIX time;

		8-byte integer: first calendar record index; the POSIX time value for the first node in the calendar node section of the file;

		4-byte integer: first calendar record offset; the offset of the start of the calendar node section within the file;

		4-byte integer: calendar record length; the length of each record in the calendar node section of the file;

		1 byte: calendar hash algorithm; the 1-byte hash algorithm code (appendix Hash Functions) for the hash function used by all calendar nodes in this file (they all must use the same algorithm);

		1 byte: flags; must be 0x01;

		14 bytes: reserved for future; all bytes must be 0x00;

		1 byte: CRC8 checksum of all preceding bytes in the header record; this is intended as a short-term protection against accidental errors while the file is being created; checking this may be omitted as the checksum record at the end of the file gives much stronger protection.



The root node section spans the space from the end of the header to the beginning of the calendar node section. It consists of a sequence of root node records followed by a 1-byte CRC8 checksum of all preceding bytes in the section. Each root node record consists of 4 fields:

		4-byte integer: record length; the number of bytes to follow in this record (excluding the length field itself);

		8-byte integer: record index; the POSIX time value for the last calendar node in the complete binary tree whose root this node is;

		1 byte: the 1-byte hash algorithm code for the hash function used in this node;

		variable-length sequence: the hash value in this node (the length is determined by the hash function used; it may also be computed by subtracting 9 from the value of the record length field).



Note that the concatenation of the two last fields in each record yields the DataImprint value for the corresponding node.

The calendar node section spans the space from the end of the root node section to almost the end of the file; it is followed only by a checksum record that has the same size and format as a calendar node record. It consists of a sequence of calendar node records (and no section checksum). Each calendar node record consists of 3 fields:

		4-byte integer: record index offset; this value is to be added to the first calendar record index field from the file header to obtain the POSIX time value for this node;

		variable-length sequence: the hash value in this node (the length is determined by the hash function used which is specified by the calendar hash algorithm field in the file header; it may also be obtained by subtracting 5 from the calendar record length field in the file header);

		1 byte: CRC8 checksum of all preceding bytes in the record.



Again, note that the concatenation of the calendar hash algorithm field from the file header and the hash value field from the record yields the DataImprint value for the corresponding node.

The last record in the file is the cryptographic checksum of the whole file:

		4-byte integer: fixed value 0xffffffff;

		variable-length sequence: the hash value computed by hashing all data preceding the checksum record in the file using the hash function specified in the calendar hash algorithm field in the file header (the length is the same as for the calendar node records);

		1 byte: CRC8 checksum of all preceding bytes in the record.



The calendar database files are named following the pattern

    hashdb-tttttttttttttttt-yyyy-mm-dd-hhmmss.bin

where the fields have the following meaning:

		filename prefix, always hashdb;

		POSIX time value for the first calendar node in the file; 16-digit lower-case hexadecimal number with leading zeroes preserved (but no 0x prefix);

		year, month, and day of the file creation time; month and day are 2-digit decimal numbers with the leading zeroes preserved;

		hour, minute, and second of the file creation time (in UTC); each is 2-digit decimal number with the leading zero preserved;

		filename suffix, always bin.
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1. Purpose

The purpose of the Digital Signature Documentation is to provide a method so that the integrity of the Evidence Package can be verified mathematically and independently of Scrive, Guardtime or any other third party, only relying on public information. 

2. Overview

2.1 Digital Signatures

Digital signatures are used to make digital data tamper proof, so that it can be verified that the data has not been modified since the digital signature was created.

Digital signatures are designed in a way that there is a method for checking that the data that the signature is applied to is not modified, and that there is a method for checking that the signature has been issued in some trusted way.

2.2 Cryptographic Hash Functions

There is one mathematical concept that is pervasive in digital signing technologies: cryptographic hash functions. Such functions are used to straightforwardly compute a “hash value” of some fixed length (e.g. 256 bits) of some arbitrary amount of data, with the property that it is infeasible to reverse the function and get the data back from the hash value, but most importantly: it is infeasible to come up with any other piece of data that will compute to the same hash value.

These properties imply that it is sufficient to protect hash values of data instead of the data itself. The reason is that if we know that the protected hash value is unmodified and matches the hash value that we can compute of the data itself, then we know that it is infeasible that the data itself has been modified. For integrity purposes, hash values are essential condensations of the original data.

In addition to the cryptographic hash functions, many technologies for digital signatures are based on the use of keys.

2.3 Key-based digital signatures

In key-based digital signatures, secret information (private keys) are used to create signatures by some trusted organisation. Each private key has a corresponding public key which is used for verifying the integrity of the digital signatures created with the private key. So to check a key-based digital signature, one needs to access the public key that corresponded to the secret key used to create the signature. In addition to verifying the signature using the public key, one has to verify that the public key comes from the trusted organisation that created the signature. This can be done using digital certificates as part of the public-key infrastructure.

Key-based digital signatures are problematic due to the durability requirements that come with protecting Evidence Packages. The private key must be kept secret by the trusted organisation. Should the key become public, the digital signatures that were issued using it can no longer be used to verify the integrity of the data. As a mitigation, the trusted organisation can limit the time that any one public/private key pair is used, and then erase the private key. Should a private key leak from the trusted organisation, only signatures created during the lifetime of the private key become worthless. However, more frequent renewal of keys mean that the organisation issuing digital signatures must provide more public keys for verification purposes. The main problem remains: how can one be sure that a private key was not leaked and used to forge digital signatures? The PAdES standard specifies a set of restrictions and extensions to the standards for PDF and ISO-32000-1 and -2. PAdES is described in the technical specification TS-102 778 that is published and maintained by the European Telecommunication Standards Institute, ETSI.

2.4 Keyless digital signatures for durability

Keyless digital signatures rely solely on the properties of cryptographic hash functions to protect data, without the use of secrets.

An extremely simple (but naive) method for creating a keyless digital signature is to compute the hash value of some data and then make that hash value public so that it can be used to verify that copies of the data have not been modified. It is important that the hash value is published so that that a verifier readily can find it and trust that the hash value is authentic, and that the publication is permanently accessible for the foreseeable future. A suitable method is to publish the hash value in a newspaper that is widely spread and archived throughout the world.

Although simple, the naive method described is not practical in that it requires one hash value to be published for each piece of data that needs a digital signature. To make keyless digital signatures practical one can combine hash values from multiple pieces of data by juxtaposing the hash values and computing new hash values of the result, as illustrated below:
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By combining hash values in this way, one can choose to publish the combined hash value periodically, e.g. once a month. For verification to work, additional information is needed to ensure that a particular Evidence Package’s hash value leads to the hash value that is published in a newspaper (such a published hash value is called a publication code). Therefore, the digital signature contains information about what newspaper contains the publication code (currently, publication codes are printed in Financial Times), as well as intermediate hash values in the linked chain of hashes all the way to the publication code. For the middle Evidence Package in the diagram above, the digital signature would have information about where one can find the publication code c₆, as well as the intermediate hash values c₃, d₄, and d₅. From the Evidence Package’s computed hash value d₃, the intermediate hash values in the digital signature, and the combining cryptographic hash function H taking juxtaposed hash values, a verifier would compute the complete chain of hash values: c₄ = H(c₃,d₃), c₅ = H(c₄,d₄), c₆ = H(c₅, d₅). Having computed c₆, the verifier needs to check that it is equal to the newspaper’s publication code.

Since the digital signature must contain extra information about intermediate hash values that stem from other Evidence Packages leading to the publication code, one cannot immediately put the keyless digital signature into the Evidence Package upon its creation—one has to wait until the publication code is known. But since the parties involved in signing a document typically want access to the Evidence Package right away, Scrive E-sign provides the parties with an initial version of the Evidence Package with a temporary, keyless digital signature. Once the Evidence Package’s hash value has been part of the linked chain that leads to a publication code, Scrive E-sign produces a new Evidence Package with the permanent, keyless digital signature. Signatories that choose to store their Evidence Package in the archive service provided by Scrive E-sign can download the revised Evidence Package in the archive once it becomes available.

The devil in the details regarding the implementation of keyless digital signatures (e.g., in practice one would use trees of intermediate hash values instead of linked chains), but the fundamental principle is the same: data can be verified by computing a sequence of hash values and check against a value that is published in a trusted way.

2.5 Verifiable timestamps using keyless signatures

The keyless signature not only provides a method for verifying the integrity of the Evidence Package, it also encodes the time down to the second when the signature was created. By construction, the time encoding is irrefutable and can be produced as part of the verification method of the keyless digital signature.

The following diagram gives a simplified version of how the time encoding works. Each publication code that goes into a newspaper is the root of the so called calendar tree, which is an ever-growing tree with one leaf node for each second since midnight, January 1st, 1970 in Coordinated Universal Time (UTC), a point in time we will denote T₀. (In the diagram, we have assumed that there is one evidence package providing the hash value for each leaf node, which is a simplification since we for each second may have zero or more than one evidence package for which we want a digital signature. In reality, the hash value of each leaf node in the calendar tree is constructed from an aggregation tree of hash values. We have also assumed a very small calendar tree, consisting of just four leaf nodes spanning a time of four seconds. A calendar tree for a whole month is of course much larger.)
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Now, suppose we want to verify the digital signature for the evidence package in the third row. The digital signature contains the path from the root down to the leaf, telling us if we should choose the upper route (encoded as a 0) or lower route (encoded as a 1) to get to the next level. The choices form a sequence which can be interpreted as a binary number, and for the path highlighted in yellow, this binary number is 10 which in decimal is the number 2. One can then conclude that this leaf was constructed at T₀ + 2, that is, 2 seconds after midnight, January 1st, 1970 (UTC).

(In reality, the time encoding is not done using T₀ as a start point, but instead by using the time when the publication code was created as an end point. Details can be found in appendix Extracting the Signing Time.)

The next section provides precise information about the digital signatures produced by Scrive E-sign and how they can be verified.

3. How to Verify the Evidence Package

The signed document (PDF file) that the Evidence Package (HTML attachments - that this Digital Signature Documentation is part of) is embedded into, has either been electronically sealed by Scrive using the Guardtime Keyless Signature technology or with a PAdES digital signature. This enables independent verification of the time when the document was signed and checking that it has not been modified since. The process consists of several steps outlined below. If the document is signed using PAdES the signature can be validated in Acrobat Reader.

3.1 Extracting the Signature

The signature is embedded into the document following the standard PDF digital signature framework [PDF, section 12.8]. A Guardtime signature has the value GTTS.TimeStamp in its Filter field.

A single PDF file can contain several revisions of a document [PDF, section 7.5.6]. A Guardtime signature normally signs all revisions up to and including the one that contains it. In order to verify the document as it was signed, all subsequent updates have to be removed from the file.

More precisely, the signature protects the parts of the document specified by the ByteRange field of the signature. The two ranges must cover everything left after the previous step, except the Contents field of the signature.

The signature value is embedded in the Contents field in base 16 encoding. The value has to be stripped of trailing spaces and decoded [BASE, section 8] for further processing.

3.2 Parsing the Signature

The result of the previous step has to be parsed as an ASN.1 data structure in BER encoding [ASN, DER]. This must yield a ContentInfo structure [CMS, section 3] that embeds a SignedData structure [CMS, section 5] in the content field.

The contents of the encapContentInfo.eContent field of the SignedData structure have to be parsed as an ASN.1 data structure in DER encoding. This must yield a TSTInfo structure [TSP, section 2.4.2].

A Guardtime signature must have a single SignerInfo element in the signerInfos field of the SignedData structure and the object identifier 1.3.6.1.4.1.27868.4.1 in the signatureAlgorithm field of the SignerInfo structure.

The contents of the signature field of the SignerInfo structure have to be parsed as an ASN.1 data structure in DER encoding. This must yield a Guardtime-defined TimeSignature structure:

                          TimeSignature ::= SEQUENCE {

                            location HashChain,

                            history HashChain,

                            publishedData PublishedData,

                            pkSignature [0] SignatureInfo OPTIONAL,

                            pubReference [1] SET OF OCTET STRING OPTIONAL

                          }

                          PublishedData ::= SEQUENCE {

                            publicationIdentifier INTEGER,

                            publicationImprint DataImprint

                          }

Each of the HashChain fields is an ASN.1 OCTET STRING that contains a concatenation of a number of HashStep records. Each HashStep record in turn is a concatenation of a 1-byte hash algorithm code (appendix Hash Functions), a 1-byte direction indicator, a variable-length DataImprint field, and a 1-byte level number. The DataImprint field consists of a 1-byte hash algorithm code followed by the hash value (the number of bytes determined by the hash function). Note that all these are just concatenated together, not encoded as separate ASN.1 fields.

The DataImprint field in the PublishedData structure is an ASN.1 OCTET STRING that consists of a 1-byte hash algorithm code followed by the corresponding number of bytes of hash value (again, just concatenated).

The contents of the pkSignature and pubReference fields will not be used in the following and thus need not be parsed. However, presence of the pkSignature field indicates the hash chain contained in the history field is a temporary one not connected to a printed control publication. In such a case, the history and publishedData fields should be updated before proceeding (appendix Extending the TimeSignature).

3.3 Checking the Document

To check that the document matches the signature, it must be verified that the hash value of the signed document corresponds to the one embedded in the signature.

The concatenation of the sections of the original PDF file specified by the ByteRange field has to be hashed using the algorithm specified by the messageImprint.hashAlgorithm field of the TSTInfo structure. The result must be equal to the value of the messageImprint.hashedMessage field of the TSTInfo structure.

3.4 Checking the Signature

To check that the signature is internally consistent, it must be verified in several places that the hash value computed from one part of the signature corresponds to the one embedded in another part.

The DER-encoded representation of the TSTInfo structure (that is, the value of the encapContentInfo.eContent field of the SignedData structure) has to be hashed using the algorithm specified by the digestAlgorithm field of the SignerInfo structure. The result must be equal to the value of the message-digest attribute in the signedAttrs field of the SignerInfo structure.

The DER-encoded representation of the SignedAttributes structure has to be hashed using the algorithm specified by the digestAlgorithm field of the SignerInfo structure. The result will be the input data to the hash chain computation process described next. Note that the data to be hashed in this step is different from the representation of the signedAttrs field in the SignerInfo structure, as the latter is a tagged implicit set while the former is an explicit set [CMS, section 5.4].

For each HashStep record in the location hash chain and then for each HashStep record in the history hash chain in the TimeSignature structure, in the order in which the records appear in the chains:

		compute x as the result of hashing the input data with the algorithm specified by the hash algorithm code (the first byte) in the record;

		if the direction indicator (the second byte) in the record is 0:

		compute y as the concatenation of the DataImprint field (bytes from the third up to but excluding the last), the hash algorithm code (the first byte), the value of x, and the level byte (the last byte);

		if the direction indicator (the second byte) in the record is 1:

		compute y as the concatenation of the hash algorithm code (the first byte), the value of x, the DataImprint field (bytes from the third up to but excluding the last), and the level byte (the last byte);

		if the direction indicator (the second byte) is something else:

		abort with an error "invalid signature";

		the value of y is the input for the next step.



Finally, the value of y from the last step of the hash chain computation has to be hashed using the hash algorithm specified by the first byte of the publicationImprint field of the PublishedData structure. The result must be equal to the remaining bytes of the publicationImprint field.

3.5 Checking the Publication

To check that the signature matches the widely witnessed control publication, it must be verified that the contents of the PublishedData structure correspond to a printed publication acquired from a trusted source.

The publicationIdentifier field in the PublishedData structure contains the POSIX time [POSIX, section 4.15] value for the moment when the control publication was generated. A Guardtime control publication appears in the World Edition of the Financial Times 2–6 days after it is generated (depending on the publisher's schedules).

The PublishedData structure is formatted into human-comparable form as follows:

		the value of the publicationIdentifier field as a 64-bit integer (8 bytes in big-endian order) and the contents of the publicationImprint field are concatenated;

		a CRC-32 checksum [CRC, section 8.1.1.6.2] is computed on the result of the previous step and appended to it;

		the result of the previous step is encoded in base 32 [BASE, section 6];

		the result of the previous step may be broken into groups of 6 or 8 characters by dashes.



The result must be equal to the control publication that appears in the newspaper (ignoring possible differences in the optional character grouping).

3.6 Conclusion

Since in the whole computation starts from the contents of the PDF file and through a series applications of one-way functions ends up at a value that was known to exist at some well-established time in the past (the time when the newspaper was printed), this proves that the file in question existed before that time in the same form as it is currently.

The preceding statement relies only on the hash functions being one-way and assumes absolutely nothing about the Guardtime technology. Adding information about how the hash chains are constructed (which is seen by all Guardtime clients while it happens and can thus also be considered quite widely witnessed) makes it possible to extract the signing time with much better precision (appendix Extracting the Signing Time).

4. Hash Functions

The following table lists the hash functions that may be used in hash chains in Guardtime keyless signatures, along with their identifiers and hash value sizes.

		Algorithm Name

		Guardtime ID

		Hash Value Size

		Algorithm Specification



		SHA-1

		0

		20

		SHA, section 6.1



		SHA-224

		3

		28

		SHA, section 6.3



		SHA-256

		1

		32

		SHA, section 6.2



		SHA-384

		4

		48

		SHA, section 6.5



		SHA-512

		5

		64

		SHA, section 6.4



		RIPEMD-160

		2

		20

		RIPE, section 7





5. Extracting the Signing Time

The time when a datum was signed with a Guardtime keyless signature can be extacted from the history and the publicationIdentifier fields of the TimeSignature structure (section Parsing the Signature). The process is as follows:

		set h to 0 and p to the value of the publicationIdentifier field;

		for each HashStep record in the history hash chain, in the reverse of the order in which the records appear in the chain:



		if p is 0: abort with an error "invalid signature";

		set x to the highest power of 2 that does not exceed p;

		if the direction indicator (the second byte) in the record is 0: set h to h+x and p to p-x;

		if the direction indicator (the second byte) in the record is 1: set p to x-1;

		if the direction indicator (the second byte) is something else: abort with an error "invalid signature";



		if p is not 0: abort with an error "invalid signature";



The final value of h is the POSIX time [POSIX, section 4.15] value for the moment when the datum was signed.

6. Extending the TimeSignature

For each Guardtime signature and any control publication generated after the signature was issued, a hash chain can be created that connects the signature to the control publication and thus also to the printed medium in which the publication appeared. This process is called extending the signature.

The preferred way to do this is to access an online verification service using a tool obtained from either Scrive or Guardtime. This can also be done independently using the calendar database acquired either from Guardtime or, in case Guardtime has ceased the service, from the Estonian Technical Surveillance Authority, to which Guardtime is obligated to deposit the database before exiting the business.

The Guardtime calendar database consists of one hash value per second, indexed by integral POSIX time [POSIX, section 4.15] values (red nodes and black numbers on the figure below). Each of these hash values aggregates all signing requests that the Guardtime service processed during the corresponding 1-second time interval.

The aggregate hash values are connected into binary trees by hashing them together in pairs in left to right order, then hashing the first level pairs together again, and so on until a set of complete binary trees is obtained (blue arrows and nodes on the figure). For generating the control publication, the roots of the binary trees are hashed into a chain in right to left order (purple arrows and nodes), and the value from the last node of the chain is extracted for generating the control publication (golden arrow).

More precisely, each node on the figure is a DataImprint structure (section Parsing the Signature). On each step, the DataImprint from the left child node, the DataImprint from the right child node, and a single byte with the value of 255 are concatenated together, hashed, and the result is obtained as a DataImprint consisting of the concatenation of the 1-byte hash algorithm code (appendix Hash Functions) and the hash value.
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For manageability, the database is split into several files (separated by dashed black lines on the figure). For the files to be usable without access to preceding ones, each file starting from some time value t also contains the root values from the binary trees corresponding to the state of the database on time t-1 (dashed blue arrows between the first and second file on the figure).

To construct the hash chain linking a given signature to a given publication, the following steps have to be performed:

		The signing time has to be extracted from the history and publishedData fields currently in the signature (appendix Extracting the Signing Time);

		The calendar database files covering the full interval from the signing time to the time when the publication was generated have to be obtained (format and naming of the files described later in this section);

		The hash-linked structure corresponding to the time when the publication was generated has to be reconstructed (as described earlier in this section);

		The unique hash chain connecting the leaf entry corresponding to the signing time to the root entry corresponding to the control publication (dotted arrows on the figure above) has to be extracted;

		The TimeSignature structure (section Parsing the Signature) has to be updated with new values:



		The history field is set to the concatenation of HashStep records describing the steps in the hash chain; each HashStep record is constructed as the concatenation of the 1-byte hash algorithm code from the DataImprint in the current node, the 1-byte direction indicator (0 if the sibling node is to the right in the tree, 1 if the sibling is to the left), the DataImprint from the sibling node, and a single byte with the value of 255;

		The publicationIdentifier field is set to the POSIX time value for the moment when the control publication was generated;

		The publicationImprint field is set to the DataImprint value in the root entry corresponding to the control publication.



Each calendar database file consists of a fixed header, a set of root node records, a sequence of calendar node records, and a checksum record. In the following, many values are given in hexadecimal, with the 0x prefix prepended.

The header consists of 12 fields totaling 65 bytes:

		8-byte sequence: file format identifier; must be 0x47, 0x54, 0x49, 0x4d, 0x45, 0x48, 0x44, and 0x42 (ASCII representation of 'GTIMEHDB');

		4-byte integer: endian-ness indicator; fixed value 0x01020304; all other 32-bit integers in the file will be in the same byte order;

		4-byte integer: version number; must be 0x00000001 (in file byte order);

		8-byte integer: endian-ness indicator; fixed value 0x0102030405060708; all other 64-bit integers in the file will be in the same byte order;

		8-byte integer: file creation time as POSIX time;

		8-byte integer: first calendar record index; the POSIX time value for the first node in the calendar node section of the file;

		4-byte integer: first calendar record offset; the offset of the start of the calendar node section within the file;

		4-byte integer: calendar record length; the length of each record in the calendar node section of the file;

		1 byte: calendar hash algorithm; the 1-byte hash algorithm code (appendix Hash Functions) for the hash function used by all calendar nodes in this file (they all must use the same algorithm);

		1 byte: flags; must be 0x01;

		14 bytes: reserved for future; all bytes must be 0x00;

		1 byte: CRC8 checksum of all preceding bytes in the header record; this is intended as a short-term protection against accidental errors while the file is being created; checking this may be omitted as the checksum record at the end of the file gives much stronger protection.



The root node section spans the space from the end of the header to the beginning of the calendar node section. It consists of a sequence of root node records followed by a 1-byte CRC8 checksum of all preceding bytes in the section. Each root node record consists of 4 fields:

		4-byte integer: record length; the number of bytes to follow in this record (excluding the length field itself);

		8-byte integer: record index; the POSIX time value for the last calendar node in the complete binary tree whose root this node is;

		1 byte: the 1-byte hash algorithm code for the hash function used in this node;

		variable-length sequence: the hash value in this node (the length is determined by the hash function used; it may also be computed by subtracting 9 from the value of the record length field).



Note that the concatenation of the two last fields in each record yields the DataImprint value for the corresponding node.

The calendar node section spans the space from the end of the root node section to almost the end of the file; it is followed only by a checksum record that has the same size and format as a calendar node record. It consists of a sequence of calendar node records (and no section checksum). Each calendar node record consists of 3 fields:

		4-byte integer: record index offset; this value is to be added to the first calendar record index field from the file header to obtain the POSIX time value for this node;

		variable-length sequence: the hash value in this node (the length is determined by the hash function used which is specified by the calendar hash algorithm field in the file header; it may also be obtained by subtracting 5 from the calendar record length field in the file header);

		1 byte: CRC8 checksum of all preceding bytes in the record.



Again, note that the concatenation of the calendar hash algorithm field from the file header and the hash value field from the record yields the DataImprint value for the corresponding node.

The last record in the file is the cryptographic checksum of the whole file:

		4-byte integer: fixed value 0xffffffff;

		variable-length sequence: the hash value computed by hashing all data preceding the checksum record in the file using the hash function specified in the calendar hash algorithm field in the file header (the length is the same as for the calendar node records);

		1 byte: CRC8 checksum of all preceding bytes in the record.



The calendar database files are named following the pattern

    hashdb-tttttttttttttttt-yyyy-mm-dd-hhmmss.bin

where the fields have the following meaning:

		filename prefix, always hashdb;

		POSIX time value for the first calendar node in the file; 16-digit lower-case hexadecimal number with leading zeroes preserved (but no 0x prefix);

		year, month, and day of the file creation time; month and day are 2-digit decimal numbers with the leading zeroes preserved;

		hour, minute, and second of the file creation time (in UTC); each is 2-digit decimal number with the leading zero preserved;

		filename suffix, always bin.
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Purpose of the document

Scrive eSign is a system for signing documents electronically. This document provides a brief introduction to Scrive eSign so that a holder of a Scrive e-signed document can easily explain such document in court. For in-depth documentation, start by reading the attachment Evidence Package Introduction.

Scrive eSign system

Scrive eSign is developed by Scrive AB and is designed to:

		Enable its users to define workflows for signing electronically

		Execute the signing workflow

		Record as many of the signatories’ actions as possible as log data

		Once all signatories have signed, produce a final digital evidence package of the electronically signed materials together with the log data and other supporting materials necessary to optimise the usefulness of the evidence (the “Evidence Package”)



E-signing workflow

This is how a document is signed through Scrive eSign:

		To start the signing process the user of Scrive eSign either a) defines the signing process in the administrative user interface and selects to start the process, b) starts from a template process in the administrative user interface or c) starts from a template process within a system that has integrated with Scrive.

		To access the signing workflow the counterpart(s) either a) receive an email or SMS with an invitation to sign electronically and a link to the e-signing user interface, b) receive a tablet with the e-signing user interface already opened or c) are redirected from a webpage or client application user interface to the e-signing user interface.

		To review the document the counterpart(s) view the e-signing user interface and a) read instructions at the top that they shall follow the green instruction arrows to complete the signing process, b) depending on the signing process settings enter or not enter extra information into the document such as text and signatures, checks in checkboxes and extra document appendices and c) scroll through all document pages to reach the button with the text “sign” placed below the last page of the document (the “Signing Button”).

		To sign the document the counterpart(s) presses the Signing Button and, depending on the signing process settings, either a) a popup appears where they are informed that by clicking the Signing Button at the bottom of the popup, they are signing the document and that Scrive eSign will register their signature or b) a popup appears where they are asked to select their type of e-legitimation and sign the document using their installed eID application. 

		The confirmation text that the document has been signed upon clicking the Signing Button, is automatically displayed to the counterpart(s) in a web user interface and b) sent to the counterpart(s) in an email including the Evidence Package.



Evidence Package

To understand how to generate quality evidence in a digital environment Scrive has studied several evidence container technologies such as the signed paper, the printed facsimile and the recorded voice. We found that there has been good reason to perceive the signed paper document as the gold standard for evidence quality; it has several inherent qualities that are not easily transferrable into digital formats.

As a result of our research Scrive eSign has been designed to produce an Evidence Package that reproduce the evidence qualities of the paper, while at the same time add new qualities enabled by new technology. A key feature of the Evidence Package is that it shall be self-documenting, meaning that the signed document in itself shall contain all evidence necessary to explain the transaction.
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		To sign the document the counterpart(s) presses the Signing Button and, depending on the signing process settings, either a) a popup appears where they are informed that by clicking the Signing Button at the bottom of the popup, they are signing the document and that Scrive eSign will register their signature or b) a popup appears where they are asked to select their type of e-legitimation and sign the document using their installed eID application. 

		The confirmation text that the document has been signed upon clicking the Signing Button, is automatically displayed to the counterpart(s) in a web user interface and b) sent to the counterpart(s) in an email including the Evidence Package.



Evidence Package

To understand how to generate quality evidence in a digital environment Scrive has studied several evidence container technologies such as the signed paper, the printed facsimile and the recorded voice. We found that there has been good reason to perceive the signed paper document as the gold standard for evidence quality; it has several inherent qualities that are not easily transferrable into digital formats.

As a result of our research Scrive eSign has been designed to produce an Evidence Package that reproduce the evidence qualities of the paper, while at the same time add new qualities enabled by new technology. A key feature of the Evidence Package is that it shall be self-documenting, meaning that the signed document in itself shall contain all evidence necessary to explain the transaction.
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Purpose of the document

Scrive eSign is a system for signing documents electronically. This document provides a brief introduction to Scrive eSign so that a holder of a Scrive e-signed document can easily explain such document in court. For in-depth documentation, start by reading the attachment Evidence Package Introduction.

Scrive eSign system

Scrive eSign is developed by Scrive AB and is designed to:

		Enable its users to define workflows for signing electronically

		Execute the signing workflow

		Record as many of the signatories’ actions as possible as log data

		Once all signatories have signed, produce a final digital evidence package of the electronically signed materials together with the log data and other supporting materials necessary to optimise the usefulness of the evidence (the “Evidence Package”)



E-signing workflow

This is how a document is signed through Scrive eSign:

		To start the signing process the user of Scrive eSign either a) defines the signing process in the administrative user interface and selects to start the process, b) starts from a template process in the administrative user interface or c) starts from a template process within a system that has integrated with Scrive.

		To access the signing workflow the counterpart(s) either a) receive an email or SMS with an invitation to sign electronically and a link to the e-signing user interface, b) receive a tablet with the e-signing user interface already opened or c) are redirected from a webpage or client application user interface to the e-signing user interface.

		To review the document the counterpart(s) view the e-signing user interface and a) read instructions at the top that they shall follow the green instruction arrows to complete the signing process, b) depending on the signing process settings enter or not enter extra information into the document such as text and signatures, checks in checkboxes and extra document appendices and c) scroll through all document pages to reach the button with the text “sign” placed below the last page of the document (the “Signing Button”).

		To sign the document the counterpart(s) presses the Signing Button and, depending on the signing process settings, either a) a popup appears where they are informed that by clicking the Signing Button at the bottom of the popup, they are signing the document and that Scrive eSign will register their signature or b) a popup appears where they are asked to select their type of e-legitimation and sign the document using their installed eID application. 

		The confirmation text that the document has been signed upon clicking the Signing Button, is automatically displayed to the counterpart(s) in a web user interface and b) sent to the counterpart(s) in an email including the Evidence Package.



Evidence Package

To understand how to generate quality evidence in a digital environment Scrive has studied several evidence container technologies such as the signed paper, the printed facsimile and the recorded voice. We found that there has been good reason to perceive the signed paper document as the gold standard for evidence quality; it has several inherent qualities that are not easily transferrable into digital formats.

As a result of our research Scrive eSign has been designed to produce an Evidence Package that reproduce the evidence qualities of the paper, while at the same time add new qualities enabled by new technology. A key feature of the Evidence Package is that it shall be self-documenting, meaning that the signed document in itself shall contain all evidence necessary to explain the transaction.
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