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[TnaH

* O Kypce

* PacnpeaeneHHble CUCTEMDI
- OnpepgenexHune
— O6nactm NpUMeHeHUs N NPMMepbI
— TpeboBaHMA 1 CBOMCTBA
— OTAnuma n ocobeHHoCTH
— Tunosble 3a4a4u



O Kypce

BBoAHbIM Kypc no pacnpeaeneHHbim cuctemam (PC)

— 6a3oBble NnoHATUA U moaenu PC

— PA3HOBUAOHOCTU PC, nX OCO6eHHOCTVI, npeabAaBademsblie Tpe6OBaHV|FI
— NpuHUUNbl peanmsaumm PC, TMnosble 3a4a4uM 1 cnocobbl UX pelueHus
— Ba’KHble TEOpeTUYECKME pe3ynbTaTbl U AITOPUTMbI

— TEXHO/IOTUM N NPaKTUYECKME HaBblKM pa3paboTkm PC



TeMbl

Moaynb 1

B3anmoaencrame mexkay npoueccamu,
HadeXHaAa nepegaya u RPC

MpoTokon HTTP, REST u Beb-cepBuUchI

[pynnoBble B3aMMOAENCTBUA, PACCbI/IKa U
pacnpocTpaHeHne nHpopmaumu

Henpsmoe B3aumoaencrame, ovepeab
coobuwenunn, publish-subscribe

OTKa3bl, nx 0bHapyKeHune, group membership

MimeHOoBaHMe, paspelleHmne MMeH 1 NoUCK

Moaynb 2

MacwTtabuposBaHue, 6anaHCUPOBKA Harpy3Kkn u
WapanHr

PennnKkauma AaHHbIX

Bpems, 4acbl U NOpAAOK COObITUN
KoHceHcyc 1 cBA3aHHble 3a43a4u
[MapannenbHaa o6paboTKa

BesonacHOCTb B pacnpeaeneHHbIX cMctemax

YcTOM4YMBOCTD K NMPOU3BOJIbHbIM OTKAa3am



OpraHusauyus

* 3aHATUA
— OHnavH, 1-2 obwmnx cemmHapa Ha Heaene

* [lomallHue 3a4aHnA
— 10 3apaHMM co cpokom 1-2 Hepenu, 3aMTa peLleHnn

* JK3aMeHbl
- (K) Konnoksuym B cepeamHe Kypca
- (3) UTorosbin B KOHLE Kypca

* OueHKka: 0.6 13+0.2K+0.23

— Bo3morkeH aBTomat, ecim 13>28 n K> 8

* Penosutopuir: https://distsys.ru/course/hse-2026



https://distsys.ru/course/hse-2026
https://distsys.ru/course/hse-2026
https://distsys.ru/course/hse-2026

PacnpepneneHHada cucrema
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OnpepeneHue 1

“A distributed system is one in which the failure of a computer you
didn't even know existed can render your own computer unusable.”

Leslie Lamport (1987)

https://www.microsoft.com/en-us/research/publication/distribution/
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OnpepeneHue 2

“A distributed system is a collection of autonomous computing
elements that appears to its users as a single coherent system.”

van Steen, Tanenbaum. Distributed Systems: Principles and Paradigms
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OnpepeneHue 3

“We define a distributed system as one in which hardware or software
components located at networked computers communicate and

coordinate their actions only by passing messages.”

Coulouris et al. Distributed Systems: Concepts and Design.
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OnpepneneHune 4 (basoBble NOHATUA)
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OnpepneneHune 4 (ba3oBble NOHATUA)

* A program is the code you write

* A process is what you get when you run it

* A message is used to communicate between processes

* A packet is a fragment of a message that might travel on a wire

* A protocol is a formal description of message formats and the rules that
processes must follow in order to exchange those messages

* A node is a computer where a process is running

* A network is the infrastructure that links nodes, and consists of routers
which are connected by communication links

* A component can be a process or any piece of hardware required to run
a process, support communications between processes, store data, etc.
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OnpepeneHue 4

“A distributed system is an application that executes a collection of
protocols to coordinate the actions of multiple processes on a network,
such that all components cooperate together to perform a single or
small set of related tasks.”

Introduction to Distributed System Design, Google
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https://www.hpcs.cs.tsukuba.ac.jp/~tatebe/lecture/h23/dsys/dsd-tutorial.html

PacnpeneneHHasa cuctema

* AnnapaTHbIX YpOBEHb: HAbOP aBTOHOMHbIX Y3/10B, CBA3aHHbIX CETbIO

— OYHKUMOHUPYIOT HE3aBUCMMO, HET NPUBbLIYHbIX Pa3aensembiX Pecypcos (Yacbl, NamsaTb)
— MoryT bbITb reorpadpuryecku pacnpegeneHbl, UMeTb OTINYAIOLLMECA XapPaKTEePUCTUKN

* [lporpamMmHbIN YPOBEHb: HADOP BbINONHAOLLMXCA HA Y3/1aX NPOLLECCOB,
B3aMMOZEMNCTBYHOLLLMX C MOMOLLbIO COOBLLLEHNI

— Kaxapblii npouecc nmeeT cobcTBeHHOE N0Ka/IbHOE COCTOAHUE
— Mpouecchbl He MMEeOT NPSMOTo A0CTYMNa K COCTOAHUAM APYrnX NpoLeccos
- Nepepava coobuleHNA TpebyeT BpeMeEHM 1 MOXKET 3aBEepLUUTLCA Heyaayel

* YacTb cuctembl MOXKET OTKa3aTb, MOKa Apyras NnpoaoaKaeT paboTtatb

— OTKasbl CeTH, Y3108, NPOLLECCOB...
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3ayeM HYXXHbl TaKne CUCTeMbI?
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[IlppuMeHeHune pacnpepesieHHbIX CUCTEM

* YBenn4yeHue npPpon3BoanNTE/NIbHOCTU

— PewweHune CNoXKHbIX BbIYMC/IUTENIbHbIX 33434
— ObcnyxmnBaHme 601bLLIOTO KOIMYECTBA KJIMEHTOB
— XpaHeHue n 06paboTka 6onbnx 06bEMOB AAaHHbIX

* IOCTYNMHOCTb Y OTKA30yCTOMYMBOCTb

— YCTOMYMBOCTb K OTKa3am 3a cyeT M3O6bITOYHOCTU
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[IlppuMeHeHune pacnpepesieHHbIX CUCTEM

Peer-to-Peer Model

* COBMECTHOe MUCMoab30BaHUE Pecypcos
— KnueHT-cepBep, peer-to-peer, BbIMUCAUTENbHbIN KNacTep

- NoppepnBaTb eANHYIO CUCTEMY AeLleBe,
YeM MHOXKeCTBO He3aBUCUMBbIX

* KoOMMYHMKaUUA N KoopanHauua
— [Monb3oBaTenn 1 y3nbl reorpadnyeckn pacnpegeneHsi

* YMeHbLUeHMe 3a4epKKN Npu obcnyXnBaHuu
reorpaduyecKkmn pacnpenesieHHblX Nosib3oBaTesien
— PasamewleHne gaHHbIX Kak MOXXHO bauKe K No/sib30BaTenam
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CoBpeMeHHble CUCTEMDI

* Email, obmeH coobweHmnamm
* NHTepHeT-6aHK
* Beb-nouck

* OHNANH-peaaKTOP AOKYMEHTOB

* CoumanbHasa ceTb -
* XpaHWAuLLEe AaHHbIX E«{,
* Obnako : f

* CeTb A0OCTAaBKWN KOHTEHTA, OH/IaNH-KMHOTEaTP
* PannoobmeHHana ceTb, KPUNTOBANIOTA

* Nloctyn K UN-mopenam, nx obyvyeHue

17



CoBpeMeHHble CUCTEMDI

* BbiCOKONpounssoauTe/ibHble
* BbICOKOHarpy»eHHble
* BbICOKOAOCTYMNHbIE

* MacwTabupyemsble

2 N - ¢ ?oéo..
* [leueHTpann3oBaHHbIE TR s o

H‘l. ;

° [MBbKUe

== PacnpepeneHHsble




HedyHKLUMWOHaNbHble TpeboBaHUSA

* [lponsBoanNTEIbHOCTb
* MacwTtabupyemocTb
* HageHOCTb

e 10CTYNHOCTb

* OTKa3oyCTONYNBOCTb
* be3onacHoOCTb

* CornacoBaHHOCTb

* Ynob6CcTBO CONPOBOKAEHUS

19



[MponsBoautenbHocTb (Performance)

* [lokasatenu npon3soanTe/IbHOCTHU

- 3apepkKa (latency): Bpems 06paboTkuM 3anpoca, Bpema oxKMAaHUA OTBETA
— MponyckHaa cnocobHocTb (throughput): o6pabaTtbiBaemble 3anpocos/AaHHblIE B CEKyHAY

* Y oTAeNIbHbIX KOMMNOHEHTOB CUCTEMbI Mmory O6bITb CBOW NOKa3aTenu

* Pa3Hble nokasaTtenu MoryT KOHGAMKTOBATb APYr C APYrom

Bandwidth LATENCY / THROUGHPUT

TIME TO COMPLETE ONE REQUEST REQUESTS COMPLETED PER SECOND LOW LATENCY
LOWER THROUGHPUT

e B-—e
) 1

o~ER—e

o~ER—e
oece-l}-000000
Latency 0000000 - oo -[)-000000
Il EXTEILY)

HIGHER LATENCY
HIGH THROUGHPUT
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OpuUeHTUpbI NPON3BOANTENBHOCTH

CPERA Latency | Bandwidth T
cnyvanHoe yteHue [ RTT nocnenoeaTensHoe YyTeHue / nepenaya
ns 100 ns 1 s 10 us 100 ps 1 ms 10 ms 0 ms 10 MB/s
| RAM ® =100ns ~ 100 GB/s® = 10 ps
DDR5, CPU — DRAM 70-120 ns 80-200
E] NVMe SSD ® =100 ps = 10 GB/s @ = 0.2 ms
PCle 4.0/5.0, TLC 50-150 ps 7-15 GB/s
® HDD =8ms @ ® = 250 MB/s = 12 ms
7200 rpm, CMR 5-12 ms 200-300 MB/s
e» Cers ULOL ® =100 ps RTT =~ 100 Gbit/s ~ 0.18 ms
¢ BHyTpW LUOL, Ethernet/RDMA, 20-200 ps 25-400 Gbit/s
@ Internet =50msRTT @ ® = 100 Mbit/s = 130 ms
PUKCHpOBaHHLIR gocTyn, BAK3kni pervoH 20-150 ms 25-500 Mbit/s
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Five epochs of distributed computing

FTP, email, Telnet HTTP, three-tier, Machine learning,
Interaction time among computers: 100 milliseconds and MPP HPC data-centric computing
Low bandwidth, high latency networks Interaction time among computers: 1 millisecond Interaction time among computers: 10 microseconds
Rare pairwise interactions between Complex apps don't fit in one server 200+Gbps — 1+ Tb/s networks
expensive computers Specialized accelerators: TPUs, GPUs, Smart NICs
1985-1995 2005-2020
RPC, client/server Web search, planet-scale services
computing, LANs Interaction time among computers: 100 microseconds
Interaction time among computers: 10Gbps networks, flash
10 milliseconds Infrastructure scales out across LANs
Shared resources between multiple computers (GFS, MapReduce)
g ""I Illlmm
CPU perf DRAM $/byte Disk $/byte Power efficiency
trends trends trends trends

https://cloud.google.com/blog/topics/systems/the-fifth-epoch-of-distributed-computing
https://www.nextplatform.com/2025/08/21/google-is-already-using-the-future-ai-network-you-might-get-in-2028/
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N3mMepeHne NpousBoguUTEeNbHOCTHU

¢ Cpe,u,me 3HAYEHUM HEAJOCTAaTO4YHO, BAXXHbl TaKXKe NepueHTn/in

¢ npOM3BO,£I,MT€I'IbHOCTb AO0/1XKHa /1exaTb B AONYCTUMOM NHTEPBA1e

Web transactions percentiles % v 67.6 ms 2.13s
APP SERVER ™ BROWSER

900 ms
800 ms
700 ms
600 ms
500 ms
400 ms
300 ms

200 ms

100 ms — / A
e —— ——————E e ——— e I =l \_,\_,_,\_/ .

O ———

Feb 5, Feb 6, Feb 7, Feb 8,
12:00 AM 12:00 AM 12:00 AM 12:00 AM

WS  os%  MEHER] Average
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MacwTtabupyemoctb (Scalability)

CnocobHoCTb cuctembl "pactn' B HEKOTOPOM n3MepeHnn b6es3 notepu
NPOM3BOAUTENBHOCTU U APYIUX XapPaKTEPUCTUK, a TaKKe 6e3 HeobxoanmocTu
N3MEHATb peanms3aumio

* BO3MOXHble M3MEpPEeHUA: YMUCI0 Y3108, NOSIb30OBaTENEN, 3aNPOCOB, OPraHU3aLnii, TepPUTOPUS

* Pa3sHOBMAHOCTM: Harpy3soyHas, reorpadpuyeckasn, agMMHUCTPaTUBHAA

|
| | |
/ Z \
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HarpysouHada MacwtabnpyemMocTb

* CnocobHOCTb cUCTEMDI yBe/IM4nMBaTb CBOKO NPon3BoanNTE/IbHOCTb NPU
yBeIMYEHUUN HAlTPY3KN NyTEM 3aMEHbI UNTU ,ﬂ,OGaBJ'IEHMFI alfnapaTHbIX CpeacTB

* [logxoAabl
— BepTUKaNbHOe maclwTabupoBaHue (scale up)
— ropM30oHTaNbHOE MacwiTabupoBaHue (scale out)

A
_.-® Wpean: nuHeitHbif pocT

”~
- TunuyHasa cuctema

RPS cuctemsi

Yucno ysnos
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IJ1aCTUYHOCTDb

ABTOMaTU4YeCKoe macluTabmpoBaHmMe pecypcoB Mo TEKYLLYIO HarpysKy

DEMAND

P b
Ny Ny

SCALING
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[eorpadmyeckas MmacwtabmnpyemocTb

CnocobHOCTb CUCTEMbI COXPaHATb TPebyemble XapaKTePUCTUKK (Hanpumep,
NPOU3BOANTENBHOCTb) NPU TEPPUTOPUATIBHOM PA3HECEHUN ee KOMMOHEHTOB

Barcelona Paris %  Tokyo %  Toronto Washington b 4

Amsterdam t 3l ® 32261ms @ 10.548ms 247.928ms 92.134ms ® 83.94ms
Auckland x 260.975ms 275.071ms 198422ms 187.308ms 214.29ms
Copenhagen 3l @ 39.605ms ® 23.809ms 233.871ms 107.62ms 103.205ms
Dallas x 133.646ms 113.981ms 146.888ms ® 45.877ms ® 37964ms
Frankfurt t 3l ® 24933ms ® 10.728ms 221.853ms 94.884ms 97.392ms
London t 3l @ 29.842ms ® 8.224ms 218.565ms 92.374ms ® 78ms

Los Angeles b 4 157134ms 144.735ms 114.896ms ® 78137ms ® 63.333ms
Moscow Ll ® 67861ms ® 50.043ms 278.057ms 132.542ms 137487ms
New York ®x 106.043ms ® 73134ms 176.005ms ® 2174ms ® 8432ms
Paris 3l ® 27262ms — 234.953ms 91.149ms ® 82149ms
Stockholm t 3l ©® 54.971ms ® 32158ms 246.37ms 112.309ms 108417ms
Tokyo ® 279.284ms 234.991ms — 178.581ms 170.332ms

https://wondernetwork.com/pings
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https://wondernetwork.com/pings

BEFORE

Internet

Content

Origin User

User Request

Request

User
Request

SLOW

Content Delivery Network (CDN)

AFTER

Content Egqqge
°"|9'“ Servgerg«@

Edae User
gSe?ver Request

FAST

https://www.limelight.com/resources/white-paper/5-things-multi-cdn-strategy/
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ALMUHUCTpPATUBHAA MacluTabnpyemMocTb

* Bo3MoOXKHOCTb cucTembl GYHKLIMOHMPOBATL Ha ba3e NPOM3BObHOIO KOIMYECTBa
HE3aBUCMMBbIX BNaaenbLeB, 06CNyKMBaOLWMX YaCTU CUCTEMbBI U
NpeaoCcTaBAAOLLMX PECYPCHI B PaMKaX CUCTEMbI

* [lpumepsbl: peer-to-peer, pansioobMeHHblIe CeTH,
butkouH, IPFS, rpua-nH@pacTpyKTypbl

Centralized Decentralized
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HapexxHocTtb (Reliability)

* CnocobHOCTb CUCTEMBI COXPaHATbL paboTocnocobHoe cocToAaHMe (He OTKa3biBaThb)
B TeYeHMe 3a[1aHHOro MHTepBasa NP 3aJaHHbIX YC0BUAX
— KoOMMOHEeHTbl cucTembl MOTYT MMETb Pa3HYHO HAAEHKHOCTb
— OTKa3 KOMMNOHEHTA MOMKET He npmnBoaANTb K OTKA3y BCEM CUCTEeMbl

OTKa3 Cepsuc
BOCCTaHOB/1EH
Pabota Ob6HapyXeHune OxxnpgaHue BoccTtaHoBneHuMe
MTTF MTTR
OTkas BocctaHoBneHue Cnepnytowmii oTKas
MpocTon PaboTa
MTTR MTTF

MTBF = MTTR + MTTF



Kakue otka3bl 6biBaoT B PC?

Typical first year for a new cluster:

~0.5 overheating (power down most machines in <5 mins, ~1-2 days to recover)
~1 PDU failure (~500-1000 machines suddenly disappear, ~6 hours to come back)
~1 rack-move (plenty of warning, ~500-1000 machines powered down, ~6 hours)
~1 network rewiring (rolling ~5% of machines down over 2-day span)

~20 rack failures (40-80 machines instantly disappear, 1-6 hours to get back)

~5 racks go wonky (40-80 machines see 50% packetloss)

~8 network maintenances (4 might cause ~30-minute random connectivity losses)
~12 router reloads (takes out DNS and external vips for a couple minutes)

~3 router failures (have to immediately pull traffic for an hour)

~dozens of minor 30-second blips for dns

~1000 individual machine failures

~thousands of hard drive failures

slow disks, bad memory, misconfigured machines, flaky machines, etc.

Long distance links: wild dogs, sharks, dead horses, drunken hunters, etc.

Lessons and Advice from Building Large Distributed Systems (Jeff Dean, Google, 2009)



https://research.cs.cornell.edu/ladis2009/talks/dean-keynote-ladis2009.pdf

[IpUYMHbI OTKA30B

Problems in the Datacenter

Downtime due to human error
Downtime due to system failure
Run out of IP addresses

Downtime due to natural disasters
Security breaches

Regulatory or compliance issues
Insufficient bandwidth

1 % of respondents

Latency issues
L ~

0 10 20 30 40 50
IDC s Enterprise Datacenter Survey, December 2013 (N =410)

* What can we learn from four years of data center hardware failures? (slides)

e The Network is Reliable: An informal survey of real-world communications failures

e Reading postmortems + collection of postmortems
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https://ieeexplore.ieee.org/abstract/document/8023108
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OoctynHocTb (Availability)

Cuctema AOCTyMNHa, KOraa noab3oBaTe/ I MOTYyT B3aMMOAENCTBOBATb C
CUCTEMOM, NONYyYaTb TPebyemble cepBUCHI, KOPPEKTHbIE OTBETHI U T.A.

e J1OoCTYNMHOCTb YacTO U3MEPAETCA KaK NPOLLEHT BPEMEHM, KOraa cMcTema AOCTyMnHa
* [IpNYMHbBI HEAOCTYMHOCTU: OTKA3bl, OWNOKKM, obHoBNeHMe 10, TeEXHUYecKme paboTbil...

* Bpems BoccTaHOBAEHUA Noc/ae 0TKa3os (mean time to repair, MTTR)

Availability = (1 - MTTR/MTBF) * 100%

Availability %

Downtime/year

Downtime/month

Downtime/week

Downtime/day

90.0% (one 9) 36.53 days 73.05 hours 16.8 hours 2.4 hours
99.0% (two 9s) 3.65 days 7.31 hours 1.68 hours 14.4 minutes
99.9% (three 9s) 8.77 hours 43.83 minutes 10.08 minutes 1.44 minutes

99.99% (four 9s)

52.6 minutes

4.38 minutes

1.01 minutes

8.64 seconds

99.999% (five 9s)

5.25 minutes

26.3 seconds

6.05 seconds

864 ms

99.9999% (six 9s)

31.56 seconds

2.63 seconds

604.8 ms

86.4 ms
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OTka3oyctonumsocTtb (Fault-Tolerance)

CnocobHOCTb CUCTEMBI NPOAO/IKATb HOPMANbHO PYHKLMOHUPOBATD
noc/sie 0TKasa 04HOro AN HECKO/IbKUX €€ KOMMOHEHTOB

* MoppasymesaeT 100% A0CTYMHOCTb, 06X0AMUTCA AOPOXKE BbICOKOWN AOCTYMHOCTU

* UmeeT onpegeneHHbie Npeaensl (Hanpumep, 0TKa3 MeHee NoI0BUHbI Y3/10B)

sin "

on demand

High Availability Fault Tolerance
Uptime 1t LleHa 1 Uptime ® 4 LleHa * 4

https://habr.com/ru/company/vk/blog/683192/ 34
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ObecneyeHne oTKa30yCTOUMUYNUBOCTM

* IckntoueHue egmHbIX ToYeK oTKasa (single points of failure)

* 136bITOYHOCTb Ha annapaTHOM YPOBHE, PennKauma COCTOAHUA
* ObHapykeHne n 06paboTKa 0TKA30B HA NPOrPaMMHOM YPOBHE
* BoccTtaHOB/IEHME OTKA3aBLIMX KOMMOHEHTOB

* [lporHo3mMpoBaHUe U NpeaoTBpaLLEeHMEe OTKa30B
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OcobeHHoOCTU oTKa30oB B PC

* Mpouecc A oTnpaBuAa 3anpoc npoteccy B, HoO He noay4ymnn oTBeTa

* YTO 3TO 3HAUUT?
— 3anpoc notepasca U He aowen Ao B
— 3anpoc gowen go B, Ho B noka He ycnen ero ob6paboTaTb
— 3anpoc gowen go B, Ho B ynan, He ycneB obpaboTaTb ero
— 3anpoc gowen Ao B, Ho B ero npocTto nponrHopmpoBan
— 3anpoc gowen Ao B n 6610 06paboTaH, HO OTBET NOKa He gowen Ao A
— 3anpoc gowen Ao B n 6610 06paboTaH, HO OTBET NOTEPANCA NPU AOCTABKE

* Henb3Aa oTIMYNTb OTKA3 CeTU OT OTKA3a Y3/1a Ui npouecca

e Ctaxkép Baca n ero nctopmum o6 naemnoteHTHocTn API
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be3onacHOCTb

* [lpepoTBpalleHne BO3MOXKHbIX Yrpo3
- YTeuka, panbcmduKauma, BaHAATU3M...

* 3aLllKMTA OT aTakK
- MNoacnywmnesaHune, nogmeHa, nostop, DDOS... = =

<2 |
* Ba3oBble TpeboBaHWA B = =
<2 |

— KoHpMaeHUManbHOCTb (o] =

— LlenocTHOCTb

— AyTeHTUPUKauuma
— HeBO3MOXHOCTb OTKa3a
— ABTOpU3aUMUA



CornacoBaHHoOCTb (Consistency)

* Mopaenb cornacoBaHHOCTU onpeagendaeT rapaHTnn, KOTopble CNCTEMA
npeaoctaBadeTr KAIMEHTaM Ha onepaunnm C XxpaHMMbIMU B HEeW AadHHbIMW

- an/IMepI npun YTEHNN BCErNda BO3BpPALWLAETCA nNocaegHee 3armMcaHHoe 3Ha4yeHne

e Kak obecne4ynTb ecnin B CUCTEME eCTb HECKObKO penaukK (Konuin) AaHHbIX U
OlHOBPEMEHHO paboTaloWmx KANEHTOB?

ObHoBNeHUe
eLwé B nyTn
Konua A . Konuna B
Hosbilt agpec Crapbi¥ agpec
[lonb3oBaTenb BUAUT MNonb3osaTtenb BMAUT

HOBOE€ 3HaA4YeHKe CTapoe 3Ha4vYeHUne



Pa3spneneHue ceTu

* Y3/1bl pabOoTalOT, HO YAaCTb CUCTEMbI HE MOXKET CBA3aTbCA C APYroW

* KaKk obecneunTb A0OCTYNHOCTb U COMMACOBAaHHOCTbL?

N3meHeHne AdaHHbIX

Y3en A

O6MeH BHYTpPM rpynnbl Npoao/XKaeTca

Y3en B

HeT ceA3uU

Y10 nssectHo C?

Y3en C

MpoaonxaTb paboTy ¢ HENONHOW MHPOpPMaLMEN NN XK AaTb BOCCTAaHOBNEHUA CBA3N?
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YnobctBo conposoxaeHua (Maintainability)

* EcTb 1t yBOOHBIN MOHUTOPUHT CUCTEMBI M NOAPOOHOE nornpoBaHue?

* HacKkonbKo BbICTPO MOXHO AMArHOCTUPOBATbL U YCTPAHUTb Npobnemy?

* MO*HO 1 BbINONHATL 06HOBAEHMA cnuctembl be3 downtime?

* MOHO NN OTKAKOYUTb YaCTb MALLIMH N NPOAO/IKATbL PaboTaTh?

* HacKkonbKo BbICTPO cMCTEMA BOCCTAHABAMBAETCA NOC/AE NOJHON OCTAHOBKMN?
* HacKONbKO 1€rKO MOXHO NPOBOAUTb PACLLUIMPEHMNE CUCTEMbI?

* HacKonbKo /1erko NOHATbL KaK yCTpoeHa un paboTaeT cucrtema?

* MOHO I a4anTUPOBATb CUCTEMY NOA MeHAoWmMecsa TpeboBaHMA?
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Peanunsauuna pacnpeneneHHbIX CUCTEM

“Distributed systems need radically different software than centralized
systems do.” (A. Tanenbaum)
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OTnnumna oT KJ1JaCCUUYECKOU Moaenu

KAacenteckihit PacnpegeneHHblin anroputm

HoecrenosareabHoe [NapannenbHoe ucnosHeHune (concurrency)
HeaHasa YactnyHaa nHpopmauma (HeT rnobanbHbIX YacoBs)
OFeyrersytoT [TpUCYTCTBYIOT HE3ABMCMMbIE OTKA3bl YacTeN CUCTEMDI
CnoxHoctb EHOp} C(#HOp, #Comm)
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Distributed Computing

* Pa3gen KOMNbIOTEPHbIX HAYK, M3yYatloLWmMM pacnpeaeneHHbie CUCTEMbI
— TeopeTnyeckne mogenu PC, TnnoBble 3aaa4u, pacnpeaeneHHble airopuTtmbl

* [lpumeHeHne pacnpeaeneHHbIX CUCTEM ANA PELIEHNA TPYA0EMKUX
BblYMCINTENbHbIX 33434
- PaSHOBVI,EI,HOCTb napanaeszibHbiX BbIYNC/IEHUM

* OnbIT pa3paboTKkM pacnpeaeneHHbIX CUCTEM B MHAYCTPUM

=
and management
MapReduce Borg storage system
Colossus TensorFlow

WAN DB

Bigtable Spanner
| |
2002 2004 2006 2008 2010 2012 2014 2016

NoSQL DB

GFS

\
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TunoBble 3agaun

B3anmopgencrteame mexay npoueccamm (B nape nam rpynne)

ObHapyKeHne OTKa3oB U YYET YYAaCTHUKOB

MmeHoBaHMe, NOUCK U pacnpocTpaHeHne MHGopmMmaLmm

MacwTtabupoBaHune, banaHCMpPOBKA HArpy3Ku

PennnKkauma aaHHbIX, obecneyeHmne coriacoBaHHOCTU

YnopaaoumnBaHme cobbiTUi, 06HapyKeHne KOHGANKTOB

KoopauHauua npoueccos (B3aMMHOE UCKAKOYEHME, BbIOOPbI inaepa, KOHCEHCYC...)
OpraHu3auua napanienbHon obpaboTKM 3aNpPoCcoB MU AAHHbIX

ObecneyeHne 6e30MNaCHOCTU U yCTOIZHMBOCTM K MPOUN3BOJIbHbIM OTKa3aM
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MaTtepuanbl

Distributed Systems (rnaBa 1)

Designing Data-Intensive Applications (rnaBa 1)

Why Do We Need Distributed Systems?

Why Are Distributed Systems So Hard?

Fallacies of Distributed Computing Explained

Lessons and Advice from Building Large Distributed Systems

Coming of Age in the Fifth Epoch of Distributed Computing

DISTRIBUTED
SYSTEMS

Designing
Data-Intensive
Applications

Martin Kleppmann
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