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[1peaAnoCbINKK

* Amazon — UHTepHeT-Mara3uH:
— Hy>kKHO 06pabaTbiBaTb KOP3UHDI
* T.e. AaHHble, KOTOPblE UMEKT BEPCUN

— XpaHUTb N3006pakeHnsa ToBapos

* T.e. peagro nameHaemsble gaHHble
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YcTpouncrseo

* XpaHunuuie suaa key-value
* HeT eAMHOTO UEHTpa

— YacTtb dyHKUMM Master server nepegaHa KANEHTY

* KOHCUCTEHTHOCTb:

— 3anucb BbICOKOAOCTYMNMHA

e 3anucb bygeTt ycnewHom ecam ectb XoTa bbl 1 KmnBas
MaLIMHA

— BbICOKOAOCTYNHOCTb YTEHUA CHUXKEHa (MoryT
BO3BpallaTbCA HECKONbKO ycTapeBLllMe AaHHbIe)

Moaenb eventual consistency
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[TapTULUMOHUPOBaHMUE

* ANITOPUTM
1. [na Kaxporo Katoda k paccumtbiBaetca hash(k)
2. [pocTpaHCcTBO Xewen pa3bmBaeTca Ha y4acTKU
i -1 i i+1
* Mntocbl / mmnHycol (no cpasHeHuto ¢ HBase)?



[TapTULUMOHUPOBaHMUE

* ANITOPUTM
1. [na Kaxporo Katoda k paccumtbiBaetca hash(k)
2. [lpocTpaHCcTBO Xewen pa3buBaeTca Ha Y4aCTKM

—|—|—|—|—> hash(k)

-1 i -+
* Mntocbl / mmnHycol (no cpasHeHUto ¢ Hbase)

+ JaHHble panpeaenatoTcs PaBHOMEPHO

— He/IMHeNHoe YTeHue (2 coceaHnX KNt4da MOryT
ObITb Ha Pa3HbIX MaLlMHAX)



PennnumnpoBaHue

* HanBHOe pelleHue

— Ka)kaon mawmHe Bblagaém AmMana3oH Xelwewn

— L e

I -1 I i+

e HepoctaTku?



PennnyupoBaHue
* HanBHOe pelleHuUe

— Kaxkgon malumHe BblAaEM AMANA30H Xelwen

—|—|—|—|—> hash(k)

i -1 i i+1
* HenocTtaTku

— npu gobasneHnun / yaaneHUn malmH HYXKHO
nepemeLwlaTtb MHOIO AaHHbIX

hash(k)
i-1 ] i+1

(
—|—1'—"—:—|—> hash(k)

i-1 i+1



PennnyupoBaHue
* KOHCUCTEHTHOe XellnpoBaHue

— MI3ameHeHUA He NpmBoAAT K 60/1bLLIOMY NepemeLLeHunto
NaHHbIX (3aTPOHYTbI TONIbKO BAUMKaMLLIME MaALLMHbI)

data

— lnana3oHbl UMEOT pa3Hble pasmepbl



PennnyupoBaHue
* KOHCUCTEHTHOe XellnpoBaHue

— Perynupyetca ABymA napameTpamu:
* R — CO CKO/IbKU PENIK MOXKEM YMTaTb KONUU
* W — Ha CKONbKO pPENIMK KONUPYIOTCA AaHHble

R + W > N => KOHCUCTEHTHOE YTeHune 1 3anuckb (N — uenesoe
KOJ1-BO pennK)



PennnyupoBaHue
* [Tpobnemsl

— KOH)AUKTBI Konun

* MOXHO BBECTM BEPCMOHHOCTb KaxKaomy 3anmcbiBaemomy
3HaYEeHMI0 aBTOMATUYECKM NpunucbiBaeTcs Ne Bepcum

* B 3aBMCUMOCTU OT CTPYKTYPbI AaHHbIX BO3MOHbl pa3Hble
peweHuns (BbIBMpatoTcAa Ha CTOPOHE KANEHTA)
— MHoecTBO — 06beagnHeEHNE KOHGIMKTHbLIX KOMUIA
— JKCTpemasibHOe 3HayeHue

— 3Ha4yeHuMe camomn nocneaHen sepcum



PennnyupoBaHue
* [Tpobnemsl

— KOH)AUKTBI Konun

* MOXHO BBECTM BEPCMOHHOCTb KaxKaomy 3anmcbiBaemomy
3HaYEeHMI0 aBTOMATUYECKM NpunucbiBaeTcs Ne Bepcum

* B 3aBUCMMOCTU OT CTPYKTYPbI AaHHbIX BO3MOHbl pa3Hble
peLleHuns
— MHoecTBO — 06beagnHeEHNE KOHGIMKTHbLIX KOMUIA
— JKCTpemasibHOe 3HayeHue

— 3Ha4yeHuMe camomn nocneaHen sepcum

— [lepenosHeHWe Ha MallunHe

—

m; m>



PennnyupoBaHue
* [Tpobnemsl

— KOH)AUKTBI Konun

* MOXHO BBECTM BEPCMOHHOCTb KaxKaomy 3anmcbiBaemomy
3HaYEeHMI0 aBTOMATUYECKM NpunucbiBaeTcs Ne Bepcum

* B 3aBMCUMOCTU OT CTPYKTYPbI AaHHbIX BO3MOHbl pa3Hble
peLeHuns
— MHoxecTBO — 06beagnHeHNE KOHGIMKTHbLIX KOMUIA
— JKCTpemasibHOe 3HayeHue
— 3Ha4yeHuMe camomn nocneaHen sBepcum

— [lepenosiHeHMe Ha MallnHe
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e [lobaBnaeTca HOB. TOYKA pa3bmneHuns
* Cnepyrouwan mawmnHa 3abrpaeTt gaHHble U3 HOBOW obnacTu
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BoccTaHoOBAeHUe AaHHbIX
 BpemeHHble (temporary) BbinageHmsa

data

[laHHble NPUXOAAT Ha MaLLUUHY M,



BoccTaHoOBAeHUe AaHHbIX
 BpemeHHble (temporary) BbinageHmsa

data

MawwnHa m; nagaet, AaHHble nepeaatoTca Ha m,
* Korga m, 0XnBéT, Ha Heun byaeT cTapas sBepcus
* EciM R =1, TO Npu YTE@HUU NONYYMM YCTapeBLUMEe AaHHble

PeweHwne?



BoccTaHoOBAeHUe AaHHbIX
* Hinted handoff

data

— [laHHbIe aHHOTMPYIOTCA MOACKA3KoN m,

— Ka)kpaa mallnHa XpaHUT CAUCOK NOACKa30K U
npoBepsieT He NOAHANUCL 1M MALUMHbI-Y/1EeHbI CMUCKA

— Mo NoAHATUM MaLLMHbI, Ha HEE KOMUPYIOTCA AaHHblE



BoccTaHoOBAeHUe AaHHbIX
* [lepmaHeHTHble (permanent) BbinaaeHus
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KaK CMHXPOHU3MPOBATb penInkKM Ham, ;,, m, , U m,?



BoccTaHoOBAeHUe AaHHbIX
* CUHXpOHU3aUMA penanK
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BoccTaHoOBAeHUe AaHHbIX
* CUHXpOHU3aUMA penanK
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— Pa3buBaem amManasoHbl 0oA4HUM U3 cNOCobOoB:
* 3a4aHHOe KO/-BO pas
* [ToKa B Ka)XaoM noaamnana3oHe He ocTaHeTcA no 1 3HaYyeHuto



BoccTaHoOBAeHUe AaHHbIX
* CUHXpOHU3aUMA penanK
— Merkle trees

et Py

i i

XAXL

e [1nA KaxKa0oW MallUHbI CHUTAaEeM AePEBO KOHTPOIbHbIX CYMM
(mosTanHo, Ha4YMHaA C HAMMEHbLUUX NoAAMana30HOB):

* Bbiaensiem nogamanasoHbl, B KOTOPbIX CYMMbl PAcXOAsTCA U
CUHXPOHM3UPYEM TOJIbKO UX

— Mcnonb3yeTca B BitTorrent



http://www.bittorrent.org/beps/bep_0030.html

[lobaBneHune n ynaneHme mawuH

* [1lpoTOKOAN CNNeTHUYeCTBa g

Knactep

m 1,
— B KOHuUre ykasaHo 2-3 ’ =

y31a ANA KaxKaou

MaLLUNHbI

Knactep



[lobaBneHune n ynaneHme mawuH

* [lpoTOKOA cnneTHU4YecCTBa
— B KOHdUre ykasaHo 2-3
y31a ANA KaxKaou

MaLUUHbI
— Korga npoLecc cxoauTcs,

MallmnHa pobasnaerca B

Knacrep
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[lobaBneHune n ynaneHme mawuH

* [lpoTOKOA cnneTHU4YecCTBa ( Knacrep
mj m>
— B KOHdUre ykasaHo 2-3 ﬁ

y31a ANA KaxKaou

MaLLUNHbI

UKW pasbueHus

— Korga npouecc cxoguTcs,

MawunHa pobasnAaeTca B %}
KnacTep

)

Touku pa36ueHm>




[lobaBneHune n ynaneHme mawuH

* [lpoTOKOA cnneTHU4YecCTBa ( Knacrep
m m
— B KOHOMre yKasaHo 2-3 ﬁ F

y31a ANA KaxKaou

UKW pasbueHus

MaLLUNHbI

— Korga npouecc cxoguTcs,

S
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J
Knactep
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OuKM pasbueH

[ Toukn pasbue

MaluMHa nobaBnseTca B L

Knacrep

e Kak yganatb AMLIHUE TOYKU pa3bmeHuns?



[lobaBneHune n ynaneHme mawuH

* [lpoTOKOA cnneTHU4YecCTBa ( Knacrep
mj m>
— B KOHdUre ykasaHo 2-3 ﬁ

y31a ANA KaxKaou

UKW pasbueHus

MaLLUNHbI

— Korga npouecc cxoguTcs,

">

- S
Knactep

)

OuKK pasbuenu

pr—

oy,
Kip pa36MeHMg

MallmnHa pobasnaerca B

(=
[ Touu pasbue

Knacrep

* KaK yaanaTtb AvWHUE TOYKM pa3bnenHmna?

— TOYKam pa3bumenmna npmnceamsaetca timestamp
— CTapble TOYKM yaaNnArTCA

* COOTBETCTBEHHO, €C/IM TOYKU KaKOM-TO MallUHbl A0/r0
Bpema He 06HOBAIAOTCA, OHa yaansaeTca
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[MTonb3oBaTenn Cassandra
http://planetcassandra.org/companies/
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http://planetcassandra.org/companies/

