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e CucremeH agMuHuCTpaTOp

@ [Npaeun nHdpacTpykTypaTa Ha MasKku 1N roaeMn CUCTEMM

@ o1 1 cbpebp, 9600bps cebp3aHocT n 40 notpebutens

@ 10 750 cupebpa, 350gbps cBBP3aHOCT 1 geCeTKM MUMOHN NOTpebutenn
@ ISP, xoctunru, TenecoHus, kpuntorpacpusi, streaming

@ YoeekbT, KOITO byasaT B 4 CyTpuHTa, akKo Hello He paboTu



OcHOBHO 33 Npobnemu OT MOsiITa MpakTUKa
CAP Tteopema

Single points of failure
XopuzoHTaneH scaling

Mpexosu npobnemm

JInHeiinn n komnnekcHn cuctemn

n apyrn Hewa, KONTO NpedHaT Ha 3gpaBus CbH




@ Storage

@ Cloud (obnak)

@ 50mn. menTa, 100MA MacTrKa, HULLO CJIOXKHO



@ ba3u paHHK, cecum, CTaTyc Ha MpexarTa. . .

@ B obwm nunun Bcrnuko bes xapayepa u koaga
@ Bcunuknte gaHHm B egHa cuctema



@ ToBa, KoeTo e nog Bawwus codpTyep

@ Ot ontuka g0 6asn gaHHn n web cbpebpY

@ Bcuuko, 3a KoeTo OTroBapsi HAKOW Apyr :)



JaHHN

@ Consistency, Availability, Partition tolerance - pick two

WA 330 HE MOXEM NPOCTO Aa fobaBsiMe HOBUM MalwKnHM KbM DasaTta
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@ [la Hakapam codpTyepa aa pabotn
@ [la npeya Ha ycnyraTa ga ympe nopagw npobnemu Ha UHGpacTpyKTypaTa






Internet

web server

Internet

web server web server
application oot
database application
server server cache layer
database datahase
Puc.: Failures everywhere - =, (2» = vae




state

@ MaxHeTte ro n moxe ga ce ckanmpare

NHPPACTPYKTYpHUTE XOpa

@ EanncreeHoTo, koeTo npeun Ha aybnmpaHeTo Ha gageH KOMMNOHEHT e loca

@ Bcnuko octaHano e BbNpoc Ha Manko paboTta n pasbupane ¢



@ [lpounta ce CAP Tteopemara

@ Vlsnonsea ce guctpubyTupan/pennuknpan MeTog 3a CbxpaHsiBaHe Ha state
@ B aHewHnTe BpemeHa e TpygHO ga He ce n3berte



KOWTO Aa Ce MyCHE aKo rMaBHWUS nagHe
o CkanupyemocT HMNKakBa

@ BapuaHT, KoiiTo BrHarm paboTun - CUHXPOHHO PEMIMKUPAH BTOPU CHPBBP,



@ baza paHHn/nopobHa cnctema, KOSTO NoaAbPXKA AUCTPUOYTUpaHe
@ B nocneanute 10 roguHn nma MHOro MHOro MHoro paspaboTkm no sbnpoca

@ [loBeueTo TakMBa CMCTEMI MMAT OrPaHUYEHUs, KOUTO TpsibBa aa ce B3emar
B NpeaBng

@ Hukoii He e CBMKHAN C T€3M OrpaHNYEeHUs
@ Ha Bcuukm um ce ncka beskpaiina ACID 6aza cvc SQL unTepdeiic

@ BKJIOYNTEJSIHO N Ha MEH



@ load balancing

Ce CKasvpa € TpUBMANHW CPEeACTBa KaTo:
@ nybGnupaHe Ha KOMMOHEHT
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Puc.: He-TonkoBa-cepnyeH KoH
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@ [pbxTe cn cecnute, cookie-tata n T.H. B shared storage
@ [laiite cu waHc ga nonseaTe gpyr Tun 6asa
@ He nckaliTe HEBB3MOXHOTO






Single-Threaded Integer Performance
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12N G4



o [onemn KNBCTEPU OT MalUUHK

@ be3 cnopenena namer

@ unum ¢ 6aBHaA Takaga

@ State e nsHeceH (BbHLUeH storage, 6a3n gaHHm)
@ [lapanennsauunsi 4o cMbPT

@ bbpgewero Ha gocTa Hewa - co-routine mogen



(-] ,El,a oNTUMN3NPaME 3a NNATEHTHOCT

(] ,[I,a npeMaxBaMe 3aBUCUMOCTUTE AOKONKOTO MOXEM

(-] ,El,a n3bsreame CANHNYHN KOMMOHEHTU, NPE3 KONTO Aa MWHABa BCUYKO






@ ApxuTekTypa Ha ABHHUTE NNATKK

@ SATA/SAS

@ [louTn Ha Hukoro bazaTa gaHHWN He € JIOKasHO
@ Storage Beue e Ha Jpyro MsCTo

@ Bcunukun cme B obnayuTe



@ The network is reliable.
@ Latency is zero.

@ Bandwidth is infinite.
@ The network is secure.

@ Topology doesn’t change.

@ There is one administrator.

@ Transport cost is zero.

@ The network is homogeneous.






@ [la ce nsnonsea internet 3a reliable komyHukauus
@ CUMHXPOHU3aUMA Ha Ba3n AaHHK

@ KAKBUTO N A3 € CUHXPOHHW onepauunun



@ Bce oue HsimMa no-6bp3a ceeTAMHa

@ [la ce paboTu CUHXPOHHO C HsIKakBa ycnyra 6e3 ga Ma CMUCHA
@ [la ce nsnonseat b6aBHU NPOTOKOM

@ [la He ce oNTUMU3NPAT CbLECTBYBALLUNTE

@ Manko xopa ce 3amucnaT, 4ye handshake na SSL cecus moxe pa 6bae 3abbp3aH

[BOWHO



CbpPBBP

@ ‘RDMA"-tun geiicteus

BMECTO fAa 5 MpekapBaMe npes Hac
o [lornegnete BitTorrent

@ [lo-necHo e pa kaxem Ha fjBe cucTemmn ga cu konmpat nHopmaumsata m/y Tax,
o>« = = = 9ac

(] Mpe)KI/ITe HE MOraT Aa HACTUIrHaT BbTpCWHATa KOMYHUKaUnNA Ha €guH



@ Bcuyku paHHu ca pasHm

@ [laHHuTe, KOUTO ca BaxkHuW, TpsabBa Aa ce npeaaBaT KPUNTUPAHO
@ MwHoro TpygHO ce gecbrHUpa KOU AaHHU Ca BaXKHU
AaHHN

@ Hsama no-pasHn :)

@ V3og: kpuntupaiite Bcuyko, NMNPABUJTHO
=] F = = = 12N G4
T kora s 3awo wndpacTpykTypara ve eu obuwa

@ Hanpago e cTpalHo kosiko nHdopMaLmsi MOXe [a Ce M3Bagn JOpuM OT TpaduyHN



KOHTpON

@ Pagko usinata mMpexa, OT KOSITO 3aBUCUTE € Nof €AWHEH aAMUHNCTPATUBEH

@ [lopun ga e, Tos1 aAMNHUCTPATUBEH KOHTPOJI HE € MAarnYecKn

@ Wan NpoCTo HE CTE €ANHCTBEHNA, KOWTO NOCTaBs M3NCKBAHWS

@ lI3Boa: 3ano3HaiiTe ce ¢ Bb3MOXHOCTUTE Ha Mpexata BHUMATEJIHO
o = = = = 9ac



(] Mpe)KaTa MOXXE MHOIro ga B NOMOrHe

@ Moxe n ga BM NpocTpens B Kpaka Npe3 rnaeaTa









@ Cucrema, kosito obpaboTea nucma, c ABa KOMMNOHEHTa - mail cbpBbp 1 app
CbpBBP

@ Pass-through - mail cbpebpa 3a BCsIKO NoNyYeHO NUCMO ce CBBP3Ba C app
CbpBbBpPa, AaBa My ro aa ro obpabotn u 4yaka oTrosop

@ Store & Forward - mail cbpebpa cbxpaHsiBa nonyyeHnTe nucMa u app
CbpBbpa CU MM B3UMa, 3a Aa rm obpaboTn



@ Pass-through e ¢ no-vucka natentnoct ot S&F
o [llpepun pa ce npetoBapu

@ Pass-through e no-uyynaueo ot S&F

@ Pass-through e manko no-cnoxHo 3a guctpubyTtupane

@ ... MHOro gpyrun, 3aBUCNMN OT KOHKPETHATA peanm3aum;|/CV|Tyau,m;|
o F = = E DA



@ [lonseaiite pass-through camo ako 3Haete kakBo npaeute n Tpsibea aa
yCKOpsiBaTe HeLo

Ja ce xusee n bes Tax
o Failfast!

Mo-mManoBaxxHUTe KOMMNOHEHTN Tpsibea aa ca Ha store&forward n ga moxe
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Puc.: Jluneiina n KomnnekcHa cucremm




@ Airbus A380 nma okono 4 MUANOHA KOMMOHEHTA

@ Cawmo linux kernel-a B momenTa e Hag 12 mununona peaa kog
o 1,179,146 ycnoBHM npexofa B KOMMUAMPAH BUS

cobcTBeH Kof, CNOKolHO Moxem aa cturbem 500 munnona

@ Ha NPakKTNKa HAMaMe TOJIKOBa rojsama pa60Teu.|,a CNCTEMA B p€asiHNA CBAT
=] F = = E DA

@ AKO XBaHeM Lienunsi cu COPTyepeH CTeK, OT KOWTO 3aBUCUM N HALLUS



@ CHOTBETHO Aa pa3bepem kak MOXe Aa ce cyynu

@ Takaea ¢ Hag 25,000 koMNoOHeHTa e HanpaBO Marm4ecka
KOMMNOHEHT OTKaXke

@ Hsamame HauMH Ja KaXKeM KaKBO LUE Ce Cydu, ako MOBEYE OT eAuH
o [pumep - agpenn peaktopu

@ CpeaHo nmame no 15-50 6bra va 1000 pega production koga.
=} = = E = a
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@ TpyaHo e ga cu Hanpaeum paboTely MOLEN Ha KOMIJIEKCHA CUCTEMA



“Don't be fooled by the many books on complexity or by the many
complex and arcane algorithms you find in this book or elsewhere.
Although there are no textbooks on simplicity, simple systems work and
complex don't”

Jim Gray, “Transaction Processing”



@ lI3bsrgaiiTe KOMNAEKCHUTE CUCTEMU, AOKOJIKOTO € Bb3MOXKHO
@ [lpasete rmu MAJIKW

@ TbpceTe MHCTPYMEHTM, C KOUTO f1a MOXKETE Aa I AoKaxkeTe hopMaHO
o Failfast!






@ hard disk-ose

@ namer

@ 3anuceaTe Hewlo 1 TO Ce NoBpexfaa, bes ga Bn BbpHE rpeluka
@ eeprom







FPEWKN B PAaMKUTE Ha Mecel N NONOBMHA

o B pamkuTe Ha nocnegHaTa cegmMmua - 3 rpewku
o pannosere ca B/y raid macusu

@ ot 395 munwnoHa daiina (okono 1PB, B/y okono 100 cbpebpa),

@ CBECTHN CBbPBBPHU MALUNHA

~300
@ Tectos lab - pegosHo cbpBbpuTe be3 ECC crash-sat codpryepa
@ 16-32GB nawmer

@ OTKpUAN cnef n3BecTHo Bpeme nuncaTta Ha ECC
=] = = E = a



*“Just by reading from the same address >100K times, it is possible to corrupt
data in nearby addresses.”

https://github.com/CMU-SAFARI/rowhammer



@ "‘3aewliite ce B bsan yapwad n nbnzete 6aBHO KbM rpobuuiaTa”
@ [lpocTtn cnucremm

o Failfast

@ Run-time npoBepku 33 KOPEKTHOCT
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