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YOKbIT yfbiMbl CaraT Typnepi

YnecTipinreH xxymenepgeri yakbIT yFbIMbl MEH OHbIH, PU3nKanbliK XaHe NOrnmKanblk CaraTTapAblH epeKLenikTepiH
MaHbI3bIH TYCIHAIPY TYCIHAIpY

CuHXxpoHOay saicrepi Anroputmaoep

CafFaTTapfbl CUHXPOHOAY MICesie/IepPiH XaHe onapabl WweLy NTP, Cristian anroputmi, Berkeley anropuTmi, Lamport
dLiCTepiH KapacTbIpy NIOrKanblk caratTapsbl XaHe Vector clocks npuHumnTepiH

TYCIHAIPY



YaKkbIT CUHXPOHAaYbl
dun3nKanblk caraT
Jlornkanelk caraTt
Xeni Kigipici

Cristian anropuTMmi

Berkeley anropuTwmi

Lamport clock

Vector clock

NTP (Network Time Protocol)
Causal order

Distributed systems

Event ordering



INapic NKocrnapbl
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YrecTipisireH xxymenepgeri CaraTTapgblH Typepi: CaraTTapobl
VOKbIT TYCIHiri OUN3NKAbIK NKoHEe CUHXPOHOAYObIH KONKETTIiSliri

JIOrMKonblK,

04 05 06
PUr3NKANbIK YOKbITTbI Jlormkasblk YOKbIT NKoHe Lamport normkanbik,
CUHXpPOHAOAY aaicTepi ceb6enTinik (causality) COFOTTOPbI

Cristian anropuTwmi, Berkeley anroputwmi,
Network Time Protocol (NTP)
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BeKTopJiblk CAFATTAPR CuHXpoHOay Mmacenenepi KopbITbiHObI
(Vector clocks) MeH KNbIHObIKTAPbI



YrnecTipifireH Xkynenepgeri yokbIT TYCIHIri

YnecTipinreH xyneae KenTereH Tayesncis TymiHaep (cepBepnep, KOMNbOTEPNEP, AAaTYNKTEP) XKYMbIC iCTENAi. DPKANCICbIHbIH, 63 iLKi
caraTbl 6onapbl, )KaHe byn caFaTTap yakpblT ©Te Kefe arblpMaLlbinblk TyFbi3agbl (clock drift).

Mbicanbl;

e bip cepBep UTC+0O0 yakbITbIHAA

e EkKiHwWici con yakpiTTa UTC+00.05 60/1ybl MyMKIH
YaKkbIT CoKecCcCi3airi kaTenepre skeneani:

e XypHangappaa (logs) okuranapablH peTi 6y3blnagbl
e TpaH3aKumanap kate eHgenyi MyMKiH

e Pennukauus 6apbicbiHAa KAKTbIFbICTAp Nanga 6onaapl



CardT Tyepi

e HakTbl anempik yakbITTbl KepceTegi (UTC) e YakbIT MOHIH eMec, OKUFanappablH peTiH KepceTeai

e Mbicanbl: xymrenik caraT, GPS yakbIT, NTP yakbIT e "Kau okuFa bypbiH 6onabi?” cyparbiHa Xayan 6epepi




HenikTeH CUHXPOHOOY KONKET?

Macene

Jlor xyprisy
TpaH3akumnanap

Ksw »oHe pennnkauns

Xeni npoToKongapesl

TyciHikTeMe

OkuFanapablH peTi cakTanybl Kepek

Bip yakbITTa AepeKkTepai e3repty maceneci
EH COHFbI HYCKaHbI TaHAay KepekK

XabapnamanapabliH peTi MaHbI3abl



Client :requeens time
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PUN3NKASIbIK YVOKbIT
CUHXPpOoOHOAYV aaicTepi
Cristion anropmnTtmi

KnueHT cepBepaeH yakbIT cypanabl. Dopmyna:

KapananbiMm CepBep iCTEH LUbIKCA — XyWe
VENENTY



Berkeley anropmntmi

OpTanbik cepBep 6apblk MalMHaNapAaH yakbIT anagbl, opTalla MaHiH ecenTen, Ty3eTy xibepega,.

AlibipMaLblibli: UTC emMec, Xyie ilwiHge opTak yakbIT

NTP (Network Time Protocol)

NHTepHeTTeri Heri3ri yakblT CUHXpPOHAAY NPOTOKO/IbI
EpekLueniri:

o lepapxusnbik KypblabiM (Stratum geHreninepi)
e MwunnucekyHfa Oangik

e Xeni KewirynepiH ecernke anagbl

Stratum peHremnnepi:

Oenrei TyciHiri
Stratum O GPS, atoMblK caFat
Stratum 1 Tikenewn Stratum O-AeH anagsbl

Stratum 2 Stratum 1-geH anagpbl, T.6.



J1lormkanblk YOKbIT NKoHe
ceoenTinik

dur3mKanblk yakblT A21 601Maca, TOrnmKanbik yakblT
KongaHblnagbl. MaHbI3gbl NpuHLMN — causality (ceben-
cangap 6annaHbichbl).

[ Erep A okuracbl B okuracbiHa acep eTce:

Byn — happened-before relationship (Lamport's relation)




Lamport normkasiblk COFrdTTAPbDbI

Epexe:

* Op Npouecc caHAbIK yakbIT Xypri3egi
* Op OKWFaFa yakbIT +1
» Xabapnama xibepy: yakbIT Xibepineai

e Kabbingay: max(local, received) + 1

Mbican:
MNpouecc Okura
P1 A
P1— P2 message
P2 anapbl B

EERETTY

YakbIT
1

2

max(1,2)+1=3

HakTbl ceben-cangap peTiH spKallaH KepceTe anmanapl



Vector Clocks (BekToprnblk CAraTTAR)

Op npouecc backa npouecTepdiH YakblTbiH Aa cakTangbl. Mbicanbl 3 npouecc 6onca:

causality TONbIK aHbIKTanAbl xapg Tanantapbl ecedi O(N)

YrecTipisireH CUHXpoHOAyOAfFbl KNbIHObIKTAR

e enigeri Kigipictep

o [lakeTTepfiH XoFanybl

e TyMiHAEPAiH, iCTEH WbIFYbI

e OpTypni reorpacdusnbik OpHanacy

e MacwTabTany (Ken TyMiH — Ken Kypaeninik)



KOpbITbIHObI

Typ MakcaTbl
Pun3smnKanblK yakblt HakTbl UTC yakbITbIH TEHECTIpPY
Jlorvkansbik yakbIT OkmFanapablH peTiH aHbIKTay

[J 3amaHayu xyienep eki agicTi ge kongaHagbl (NTP + vector clocks)

Bakbl1Ay CcypdkTAbI

1. YnecTipinreH xyriege yakblT CUHXPOHAAYbI HE YLiH KaXeT?
dur3MKaNbIK XKaHE NOTMKaNbIK CaFaTTapablH ablpMalLblblFbl Heae?
Cristian anIrOpUTMI Kanau XyMbIC icTengi?

Berkeley anropuTMmiHiH epekweniri kaHgamn?

NTP NpOTOKO/bIHbIH apTbIKLWbINbIFbl KAHAAN?

Lamport IorMKanblk caraTTapbl fereH He?

N oo ouoa woN

Vector clocks kaHal »arganaa kongaHblnaabl?
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