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Beepenve MaTepuansi

MaTepunansl

@ Doug Beaver, Sanjeev Kumar, Harry C. Li, Jason
Sobel, Peter Vajgel, Facebook Inc. Finding a needle
in Haystack: Facebook's photo storage. 2010
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MoTunsauus

3ayemM Mbl 3TO pacCMaTpUBAEM:
@ [IpomblluneHHast BHeAPEHHAs TEXHONOM S
@ Jloruka npoekTupoBaHus
@ lIHTepecHble NpoekTHbIE peLleHNs
@ [1pocTO MHTepecHo, Kak AenatT B3POC/ble ASAbKM
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Lindppel

Ha 2010 roga;
@ 65 mnpa. opurnHanbHbix hoTok
@ 4x pasmepa = 260 mnpg. dotok = 20 MNbB
e +1 mnpa. ook (60 TB) kaxayto Hegento
e 1 Mrps B nuke
e B npoge 2 ropa
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XapakTep 3anpocoB

o [lnwem — oguH pas

@ Yutaem — yacro

@ Hukorga He nepesanucbiBaem
e VYaansem — pegko
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OcHoBHble Lenu

e High throughput and low latency
e UGC, CDN, User Experience
e 1 nonck no AUCKY MaKCUMyM
o MVIKpOMeTa,D.aHHbIe B NaMATU
e Fault-tolerant
e UGC
o [eopennnkauyus
o Cost-effective
e $/TB, readrps / TB
e $/ TB — Ha 28% meHbLue, read rps / TB — B 4
pa3a bonbuwe vs NAS

e Simple T|
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[TyTb 3anpoca

Web
Server Photo Photo Photo
Storage Storage Storage
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Background Tunu4yHas apxuTekTypa

Knunent nonyyaer URL ot Web Server

Npét ¢ URL'om 8 CDN

Ecan y CDN ecTb gaHHble, TO oTOAET

Ecnu Het, To ngét 8 Photo Storage n kawupyet

URL cogepxut Heobxogumyto CDN nHdopmauuto
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[ naBHbI YpOK

CDN He nogxoguT ans coumanbHbix hoTOCEPBUCOB

@ JdekTnBHO pasgaér «ropsuuney otku (npoduan
n cBexue)

o OnuHHbIA XBOCT (HenonyasipHble n/unu crapoie)

@ [InunHHbBI XBOCT HEBO3MOXXHO K3LLINPOBaTb
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Background NFS

[lyTb 3anpoca
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XpaHeHune MoToK

o Kaxgas doTka B oTAeNbHOM haiine Ha
koMmepyeckom NAS

@ Photo Store moHTupyet Bce pa3sgens Yepe3 NFS

@ Photo Store us URL BbiHuMaeT nyTb, ynTtaer daiin
no NFS un orgaér CDN

[Mpobemsi

@ Thicaun aiinos B KaXKAOM KaTasnore
o Bonbwe 10 anckoebix onepaunii Ha ogHy PoTKy
@ CoTHu (aiinoB B KaXk4oM KaTasore

o Bonbuie 3 anckoebix onepauuii Ha ogHy hOTKY
(MeTapaHHble KaTanora, inode, cogepxumoe daiina)

4
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OnTummnsayunm

@ Ksw us nmenn daiina 8 daiifosblii geckpunTop

@ [lponatyunm s4po — CUCTEMHBIN BbI30B
open_by_filehandle

@ He cunbHO nomorno Ha ONMNHHOM XOCTE

BbiBos
Ksw He Bcerpa cnacaer J
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AnbTepHaTuBSI

3 ncnonbayemoro B Facebook:
e Ananor GFS
e MySQL
e Hadoop
@ PC (inode — coTHu baliT Ha aiin)

BbiBos
Bcé He oyeHb nogxoanT ANt ANIMHHOMO XBOCTA J
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Hosasi Bepcus

@ CDN ans nonynsipHbix doTok (noka 4To)

e Haystack anst aavHHoro xeocta
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3afaya

@ VYMEHbLNTb Harpy3Ky Ha AucK
@ Tonbko Heobxoaumblie onepaumm
@ VMeHbLNTb pacxos NaMsT Ha MeTafaHHble

@ [lep>xaTb BCe MeTafaHHble B NAMSTH
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[loaxon

Haystack
OrpomHbie dalinbl € Kydell (DOTOK B KaXKA0M }
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KOMMNOHEHTBI

e Store
o Physical volume (Ha kaxgoii mawmne 100 x 100 b =
10 TB)
e Logical volume = Replica Set
e Directory
e Logical volume — Physical volume
o Potka — Logical volume
o Logical volumes with free space
e Cache

o [lpukpbiBaer Store
o 3awmwaet npu nepesanycke CDN
@ VYmeHblaet 3aBucumocts ot CDN T|
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Yrernne doTok
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ApxuTtekTypa KomnoHeHTbI

CDN URL
http://<CDN>/<Cache>/<Store>/<LV, Photo> J

@ bpaysep ngért Ha <CDN>
@ CDN wnuwert y cebs, ncnonbsys <LV, Photo>
@ Ecnu He Hawén, oTpesaeT <CDN> un naét B <Cache>
@ Cache nwet y cebs, ncnonbsyst <LV, Photo>
@ Ecnn He Hawén, oTpesaet <CDN> u ngét B <Store>

Direct URL
http://<Cache>/<Store>/<LV, Photo> J|
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JlobasneHune dpoTok
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PyHkuyum Directory

@ OTobparkeHune N3 NOrnYecknx TOMOB B pU3n4eckue
o [lpn pobasnerun dpoTok
o [lpn koHcTpymposanun URL o8 coTok
e banaHcupyeT Harpysky
(] 3a|'|V|Cb no Norm4eCKnMmMm TomMam
e YreHue no dusmyeckum Tomam
e Onpegenser, kto byget otgasate: CDN nnu Cache
@ [lomeyvaeT norudeckne Toma Kak read-only

o 3KCI'I)'IyaTaLI.I/IOHHbIe I'Ipl/l‘-II/IHbI
e Het cBoboaHoro mecta
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Write-enabling

@ Hosble Store gocTynHbl Ha 3anuch
@ Tonbko Ha Takue MalnHbl fobaBnsatoTC dhOTKY

e Korga MecTo Ha MaluvHe KOHYaeTCst — MoMeYaeTcs
Kak read-only

Buumatne!
DT0 BNEYET onpefenéHHble NOCNEACTBUS.
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VcTpoiicteo Directory

@ XpaHuT JaHHble B penaunuupoBaHHoin b/l
@ [lpocToii cepsuc Ha PHP
@ llcnonb3yer memcached

@ Ecnu tepsiem Store, To ygansieM COOTBETCTBYytOLLEE
oTobpakeHue n gobasnsem nocse 3ameHbl MalLUHbI
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®ynkummn Cache

MNonyyaetr HTTP-3anpocel ot CDN n bpaysepos
DHT: kntoy — id coTkm

Ecnwn HeT B KawWwe, To naér Ha Store
KawmpyeT pOTKY TONLKO MpY BbIMOJHEHNIN ABYX
YCNOBUIA:
e 3anpoc npuwén ot nosb3osatens, a He ot CDN
@ CDN cam zakawmpyet
o dotka 3arpyxxeHa c write-enabled Store

@ Ceexue oTkn bonee nonynsipHbl — NPUKPLIBAEM
write-enabled Store

@ DC Ha Store nyywe paboTtaet, korga nbo yteHue, Anbo
3anuncb, HO He CMECh

@ [lnaHupyetcsa push ceexux dpotok B Cache T|
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DyHKuMM Store

@ [lpocToii nHtepdpeiic — get, add, delete no <LV,
Photo>

@ Ha kaxgom Store mHoxectso PV

o Kaxablii PV cogepXxut MunamnoHsl dotok

@ PV — Gonbuwoii daiin (100 I'B)
/hay/haystack_<LV_id>

o [lonyuyeHue umenn daiina, cmeuleHns v pasmepa as
POTKU He TpebyeT AMCKOBbLIX onepawuuii

@ OTkpbiTble aiiNnoBble 4ECKPUNTOPLI A/t KAXA0ro
PV

@ OTobparkeHne B namsiTv us id poTku B MeTa,u,aHHbT|
(chaiin, cmewyeHne n pasmep)
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Store-dhaiin

@ Superblock
e [locneposaTtensHocTh needle
o Needle — doTka

Llecbko B. A. (TexHononuc) Haystack
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DopmaT

Superblock

Needle 1

Needle 2

Needle 3

Llecbko B. A. (TexHononuc) Haystack

Header Magic Number

Cookie

Key

Alternate Key

Flags

Size

Data

Footer Magic Number

Data Checksum

Padding
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[Monst needle

Field Explanation

Header Magic number used for recovery

Cookie Random number to mitigate
brute force lookups

Key 64-bit photo id

Alternate key 32-bit supplemental id

Flags Signifies deleted status

Size Data size

Data The actual photo data

Footer Magic number for recovery

Data Checksum | Used to check integrity

Padding Total needle size 1s aligned to 8 bytes EI |
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Nnpexc

@ In-memory

o (key, alternate-key) -> (flags, size,
offset)

@ Store MOXeT nepecTponTb UHAEKC npu cboe
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3anpocsl

@ Read
@ Write (Append)
@ Delete

Llecbko B. A. (TexHononuc)

Haystack

24 mas 2017 r.
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Cache nepegaér c 3anpocom: LV_id, key,
alternate_key, cookie

@ cookie reHepupyetcs u coxpansietcs B Directory npu
3arpyske oTKu
@ cookie sawmuiaeT ot aTak ¢ nogbopom URL'oB

Store n3BnekaeT MeTafjaHHbIE
Ecnn dotka He ynaneHa, To ynTaet needle ¢ ancka

[NpoBepsieT cookie n checksum

Bozepauaer dpotky Cache

T|
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HAetann peannsauunn 3anpocsb!

Write

@ Web server nepegnaér c 3anpocom: LV_id, key,
alternate_key, cookie n gaHHble

@ Kaxablii Store cnHxpoHHO O,0NUCLIBAET (POTKY B
PV 1 obHoBnseT nHgekc
e Mopaudukauma hoTku:
e Jlnbo B TOoT e LV c Temn e key n alternate_key:
ans Store bonbwunii of fset — ceBexee Bepcus
e Jlnbo B gpyroin LV: Directory obHoBAsiIeT MeTagaHHble 1
bosblie He ynTaer cTapyto oTKy
T
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Delete

@ Store BbiCcTaBisieT pnar B NaMsaT U CUHXPOHHO Ha
Auncke

@ 3anpocbl Ha YTeHWe BCEraa NpoOBEpstOT diar

o PoTka pU3MYeCKN He yaanseTcs
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®Oyhkumm Index

OnTumunsayust npn nepesarpyske Store

NHpekc ana kaxkporo Toma

Nuaekc conepxuT superblock n nHaekcHbie 3anucu
[MopsiiOK MHAEKCHBIX 3aMnceil COOTBETCTBYET TOMY
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DopmaT

Superblock

Needle 1 Key
Needle 2 Alternate Key
Flags
Needle 3 Offset
Needle 4 Size

N
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ObHoBNeHNE

o Write:

o CuHxpoHHoe gonucbiBavue needle B Tom
@ ACUHXPOHHOE — B NHAEKC

o Delete:

o CuHxpoHHO BbICTaBAsieTCA dhar B TOME
o WHpekc He obHoBNsETCA

@ Paboraet bbicTpee

T|
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[Tpobnembi

Needle ectb, a nngexcHoit 3anucm et (orphan)

@ «JleunTca» npu nepesanycke
@ [locneaHss 3anucb B MHAEKCE — NOCNEAHWIA
non-orphan needle

lHaekcHble 3anncn He oTpaxkatoT hakT yaaneHus
@ [lpn yTteHun Bcerga nposepsietcs donar deleted
e ObHoBAsIETCA MHAEKC B MaMsTL
e Cache yBepomnsetcs, 4to dpoTka yaasneHa
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Compaction

@ BuibpacbiBaHue yganéHHbIx n gybanpyroLmxcs
needles

e KonupoBaHue B HOBbIl haiin C NPOMycKoM Mycopa
e B 370 Bpems yganerus nayT B oba chaiina

e [lownun no koHua — GJIOKMpPYEM UCXOAHBIA daiin Ha
N3MEHEHNE 1 aTOMAPHO MePEeKTYaeMCs

NhTepecroe HabntogeHme
o Ceexne oTKN yaansoTcs dale
@ 25% cpotok/rog
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[Hetanun peanuzauunn OnTumunsaumnn

OnepaTrBHas NamsTb

20% skoHOMUU:
@ Bmecto dnaros y yaanénubix potok offset pasen 0

@ cookie He XpaHATCS B NaMATU, a NPOBEPAIOTCS
KaXkablli pa3 nocie 4teHus needle

B utore
10 6aiiT Ha doTky (B cpepHem) vs 536 6aiiT Ha
xfs_inode_t

T|
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@ [lncku nobsiT nocnesoBaTeNbHYO 3annch

@ 3arpyska aJibboMOB — OCHOBHOW Cy4ai

T|
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Harpyska

08% uTeHwii — neHTa HOBOCTEN U anbboMbl
BospacT 2 aHa — peskuii cnag 4ucia obpatyeHunii

CDN wn Cache goBosbHO adpdpeKTUBHBI, HO AJIVHHbIIA
XBOCT

80% — Cache hit rate
Haystack otseuaet Ha 10% narpysku CDN

3arpyska kaxgoii otk — 12 needles (4 pasmepa x

3 pennvikn)

CM. CTpecc TeCTbl B OpUrMHabHON cTaThel!

'Doug Beaver, Sanjeev Kumar, Harry C. Li, Jason Sobel, Peter Vajgel, T|
Facebook Inc. Finding a needle in Haystack: Facebook's photo storage. 2010
Haystack 24 mas 2017 r. 42 / 46



Pacnpegenerne Tpaduka

Operations Daily Counts
Photos Uploaded ~120 Million
Haystack Photos Written ~1.44 Billion
Photos Viewed 80-100 Billion

[ Thumbnails | 10.2 %

[ Small ] 84.4 %

[ Medium ] 0.2 %

[ Large ] 5.2 %

Haystack Photos Read 10 Billion

T|
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PaccmoTpenn

@ Apxuntektypa Haystack
@ OcrosHble komnoHeHThl: Directory, Cache, Store
@ lIHTepecHble pelexns

T|
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Ypoku

@ OcobeHHOCTU peanbHONR Harpysku

@ Bo 410 ynupaetech

e KISS?

2http://en.wikipedia.org/wiki/KISS_principle
A
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http://en.wikipedia.org/wiki/KISS_principle

Bonpochk!?

@ https://polis.mail.ru/blog/view/111/
@ https://incubos.org/contacts/
@ He 3abyabte npo [13
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