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U3enuvaHe Ha uHgpopmayusi 8 UmepHem, Xpucmo BbiyaHos



KOMMOHEHTU - servers

« URL server
o Store server
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KomnoHeHTn - Repository

 Cbabpxka nbnieH HTML
Ha BCAKa CTpaHuLa;

* KomnpecupaHe c zlib;

» [lokymeHTUTE Ce
CbXpaHsaBaT eduH cnea
apyr (doclD, Len, URL,

page)
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KoMnoHeHTu - Indexer

« [lekomnpecupa
OOKYMEHTUTE.

* Bcekn ooKyMeHT ce
KOHBEPTUPA B MHOXXECTBO
nosiBABaHMSA Ha OyMU —
hits.

* Hit — gyma, no3uuuns,
pasmep WpugT, rmaBHU
byKBM.

« Pasnpenenar ce B
4aCTUYHO COPTUPAHM
NHaekcun — barrels.

 [lapcBa nNMHKOBETE B
anchor file.
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KomnoHeHTn — URL resolver

» KoHBepTUupa
otHocutenHute URL B
abcontoTHu;

* [locTaBa TekcTa oT
KoTBaTa B MHOEKC C
doclD, co4yeH oT Hes;

* ['eHepupa 6asa oT
nuHkoBe (NuHkK-doclD).
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KomMmnoHeHTu — Sorter

« Coptupa barrels no
doclD.

* [[eHepupa NHBEPTEH
NHOEKC.

« OBHOBSABA NEKCUKOHA.
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Pa3npeneneHn amnoBu CUCTEMN

POC — dpannosa cucrema, cebp3Balla
3aeqHO (panrnoBu CUCTEMU Ha OTOAENHU
MaLUMHWN B MpexarTa.

daiinoBeTe ce cbxpaHsaBaT Ha pa3nNYHU
MaLUWHW, HO ca JOCTbIMHM OT BCUYKU B
Mpexara.
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OcobeHocTH

CnogengaHe Ha gaHHU MeXay MHOXeCTBO
noTtpedutenu.

MoOwunHocT Ha noTpebutenure.
[1po3payHOCT Ha MEeCTOMNOSIOXKEHUETO.
He3aBMCUMOCT Ha MECTOIMOSIOXEHUETO.
[1p0o3payHOCT Ha pa3LLUMNPABAHETO.
Pennunkauua Ha goannose.
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ApxutekTtypa Ha POC

Client computer Server computer

Application Application Directory service
program  program

Flat file service

Client module
network

Flat file service
3BbpLuBa hannoBute onepauunm
N3nonaea Unique File ID (UFID) 3a yka3sBaHe Ha dannose
NHTepdenc
*‘RPC mexaHn3bM 3a n3BbpluBaHe Ha onepauunTe
*He ce nanonsea HopMarnHoO OT NPUIIOXeHUaTa
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ApxutekTtypa Ha POC

Client computer Server computer

Application Application Directory service
program  program

Flat file service

Client module
network

Directory service
Csbp3Ba UFID kbM TekcTOBM MMEHA Ha dhannoBe n obpaTHo

Client module
[Mpenoctaea API| 3a gpannosute onepaunm Ha NpUoXeHndaTa
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[Tpumepun Ha PPC

Andrew File System (IBM, Open AFS)
NFS (Unix)

CODA (Carnegie Mellon University)
DFS (Microsoft)

U3enuyaHe Ha uHpopmayus 8 IumepHem, Xpucmo BbnyaHos



Google File System (GFS)

OrpomHun obemun ganHu Pb.
MHOXeCTBO pa3npeaerneHn CbPBbLPMU.
XuUnagu 3asBkU 3a ceKkyHaa.

» Konna Ha OOKyMeHTW.

» HeobxoanmocT OT: ronsimMa, pasnpenereHa u
OTKasoycToun4dmea (panrnosa cucremMa
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Google File System (GFS)

OTKa3oyCcTONYMBOCTTA N aBTOMATUYHOTO
Bb3CTAaHOBSAABAHE TPsiOBa [a ca BrpageHu

HoB pa3mep Ha Onok

[obaBAHETO Ha 3anncu e No-pasnpocTpaHEHO OT
4yucT 3anmc (Record Append)

[TpunoxeHunsata Ha Google n annosara cucrema
TpsibBa ga ObaaT CbBMECTHO MPOEKTUPAHU
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[lonyckaHus

Cucrtemarta ce mnarpaxaa oT HECKbMNK
Pa3npOCTPaHEHN KOMMNOHEHTHN, C Bb3MOXHOCT 3a
4YeCTn OTKas3W.

CuctemMnTe cbxpaHaBaT ymepeH 6pon roriemu
dannose (HAKOMKO MUMoHa, scekn no 100MB+)
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[lonyckaHus

TunnyeH obem npu onepauyma MeteHe”:
* YeTeHe Ha ronemm noToun gaHHu
OtpenuHun onepauumn vetat xunaan Kb, TunnyHo 1Gb u
noseye
 Onepauunte YeTeHe OT €OMH KITMEHT Ca YeCTOo OT
cbCceaHu nocriegoBatenHn obnacTtn ot doann
« Manko npon3BOSIHN YETEHUS
* [lpoumnTat ce HAKoNkKo Kb OT HAKaKBO NPOU3BONHO
OTMECTBaHe
* Hsakou npunoxeHus 3apagn Npon3BoaUTENHOCTTA
rpynupar Mankm npovnTaHms
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[lonyckaHus

TunnyeH obem npu onepauusa ,3annc’:
« MHoOro roniemun nocnegoBaTenHn 3anncBaHnUd, KOUTO
nobaBAT AaHHM KbM hann
« Cnepn kato BeYye BeAHbX e 3anncaH, dannbT psaako
ce moamdomumpa OTHOBO
* Manku 3anncBaHusi B NPOMU3BONHN MNO3ULMKN ce
nogabpaT, HO HEe ca U3NON3BaHM YeCcTo NMpu
pabora.
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Google File System (aHanorus)

e [1pn ®C Ha egHa mallnHa:
* [opHUTE HMBa NnogabpXKaT MeTagaHHU
« [1ONHOTO HMBO (OWUCK) CbXpaHdaABa AaHHUTE B
eanHuun — briokoee

* [pn GFS:
* Master npouec nogabpxa MeTagaHHU
« [1ONMHOTO HMBO (MHOXECTBO OT chunkservers)
CbXpaHsBa OaHHUTEe B eaunHNUM - chunks
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Google File System - apxutekTtypa

Application

(file name, chunk index) -

GFS client

(

(chunk handle,
chunk locations)

chunk handle, byte range)

chunk data

GFS master

File namespace

a4

i
a

_» [foo/bar

chunk 2ef0

Instructions to chunkserver

Chunkserver state

G FS chunkserver

G FS chunkserver

Linux file system

Linux file system

gly —

=le —
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Chunk

[onsm 6nok - 64Mb

CbxpaHsiBa ce oT chunkserver kato doann
3nons3eart ce umeHa 3a pedepeHumpaHe (chunk
handle)

Bcekn chunk e pennukupaH mexay HAKOMNKO
chunkservers
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Master

* EonHnyeH npouec, n3anbnHABaL, ce Ha oTaerHa
MallWHa, CbXpaHsiBall, MemaoaHHU:.
* ViIMeHaTa Ha gpamnnoBeTe
« CbotBeTtcTBUsATa chunk - pann
* VMITHpopmaLumsa 3a MECTOMNOMOXEHMETO Ha chunk
* VI[HbopMmauma 3a KOHTPON Ha OocTbNa
 Homep Ha Bepcusd Ha chunk
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KomyHukaumna mexay Master v
ChunkServer

« KoMmyHukupar cun perynsapHo (MOHUTOPWUHT) 3a
nony4yaBaHe CbCTOAHMETO Ha chunk server:
 OTnagHan nu e cbpBbLPA
* ima nn oTkas Ha OUCK Ha CbpBbpa
* Vima nn nosBpeneHn pensinku
« Kou pennukm cbxpaHsaBa CbpBbpa

« Master nsnpatia MHCTPYKLMK 3a:
* VI3TpuBaHe Ha cbllecTByBaLl chunk
 Cb3gaBaHe Ha HOB chunk
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GFS knueHT API

 GFS He e dpanmnoBa cuctema B TpaanLMOHHUSA
BUA:

« He e POSIX cbBmMecTnMa

 He nsnonsea VFS Ha agpoTo

* API:

* open, delete, read, write
* snapshot
* append
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MyTaunn

 [1Ba TMNa myTtauuwm:
« Write — 3annc Ha AaHHW B OTMeCcTBaHe BbB
doann, gageHo oT NPUNoXXeHUeTo
 Record append.:
* Onepauyunn 3a gobaBsiHe Ha JAaHHU KbM
doaunn
« [laHHUTEe ce gobaBAT aToMapHO
« OTmecTBaHeTo ce onpegensd ot GFS
« TpsibBa ga ce n3BbpLUAT 3a BCUYKN pPeNnSINKA
 Llen: MMHUMM3npaHe yyacTtmeTo Ha master
* [1OTOKBT AJaHHK ce OoTaAens OT NOTOKA 3a KOHTPO!
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ObcnyxBaHe Ha 3asBku - Read

Application
"

IRE_;J

(file name, byte range)

GFS Client _

A
2/
(file name,
chunk index)

(chunk handle,

replica locations)

P
Ix-la-.-}-rl

> Master
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ObcnyxBaHe Ha 3asaBKKU - Read (2)

Application

(data from file)

GFS Client

P
|_x.:q-#-l_|

(chunk handle,

byte range)

| (data from file)

)
\E_f'

Chunk Server

Chunk Server

Chunk Server
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N —

o A

Read anropntbm

[TpnNoXeHneTo reHepupa 3asBka

GFS knueHTBHT TpaHcnupa 3agaskaTta ot (filename,
byte range) -> (filename, chunk index) u s
nsnpawia KbM master

Master otroBaps ¢ chunk handle n
MECTOMNOSIOXXEHUETO HA PENIUKUTE

KnNMeHTHbT u3npatla 3asiBka No MecTornosioXXeHUETO
Chunkserver nanpatia 3assBEHUTE JaHHU KbM
KINEHTa

KnneHTHbT npenpauwia gaHHUTE KbM MNPUITOXKEHUETO
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Read anroputom - npumep

Indexer

"f-l-jj N

' |
— '"»f,f [Master Ch_1001
(crawl_99, 2048 bytes) (crawl_99, ’| {3,8,12}
index: 3) : Ch_1002
GFS Client crawl_%9 [~ {1.8,14}
(ch_1003, ch 1003
{chunkservers: {47;-!9}

4,7.9})

o

3
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Read anroputbm - npumep

N3umncneHne Ha chunk index ot byte range:
(donyckaHe: No3nuymaTta Ha panna e 201 359 161 bytes)

* Chunk size = 64 MB.

64 MB = 1024 *1024 * 64 bytes = 67,108 864 bytes.
201 359 161 bytes =67 108 864 * 2 + 32 569 bytes.

* KnueHtbT TpaHcnumpa 2048 byte range -> chunk index 3
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Read anroputbm - npumep

Application

e

(2048 bytes of data)

GFS Client

()

(ch_1003,
{chunkservers:

- """-(z-n-q.a bytes of

data)

I'II.-FS --"I

A

Chunk Server #4

W79

Chunk Server #7

Chunk Server #90
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ObcnyxBaHe Ha 3aaBkun — Write

Application
N

p
L

(file name, data)

GFS Client

)
2
(file name,
chunk index)

(chunk handle,
primary and

secondary replica

locations)

. Master
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Ob6cnyxBaHe Ha 3aaBku — Write (2)

Primary
Chunk
- Buffer
Application —
(Data) - B
- Secondary
- Chunk
e #f[Data] _ T Buffer
GFS Client 7| Data Secondary
_____E__:I_ Chunk
N I Buffer
b
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ObcnyxBaHe Ha 3aaBku — Write (3)

Application

GFS Client

-
-

(Write

command) -
N

.5 |
Nl

-

~

(write command,
serial order)

~
-

P —
Primary “_/ \
————=————Chunk -
- D1 | D2| D3] D4 H‘.
|i|
Secondary
Chunk | ¥
D1 | D2| D3| D4
|
|
II
Secondary
Chunk | F
D1 | D2| D3| D4

N’
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Ob6cnyxBaHe Ha 3aaBkn — Write (4)

N
g g'."‘*-. Primary f-::?:;'
WS : : Chunk .
(response) ’ Smpty H.
Application f,// I
;/ Secondary E
yd Chunk 1 |2
/ (empty) 2
ey | =
l-"-f I|I
GFS Client Secondary /
Chunk | |’
(empty)
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N —

Write anropntbom

[TpunoxeHneTo reHepupa write 3asBka.

GFS knueHTBT TpaHcnupa 3aaskaTta ot (filename, data) ->
(filename, chunk index) 1 4 nsnpawia Kkbm master.

Master otroBapsi ¢ chunk handle u (primary+secondary)
MECTOMONOXEHUA Ha PENSIMKNTE

KnneHTbT nanpatla gaHHUTE KbM BCUYKN
MecTononoXxeHus. [laHHNUTe ce cbXxpaHABaT BbB BbTPELLHM
bydepu Ha chunk servers.

KnnMeHTbT n3npatlla KomaHga KbM primary.
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Write anropntbom

6. Primary onpenens nocnegoBaTenHma pe 3a UHCTaHumMuTe
Ha OaHHUTE, CbXpaHeHU B HeroBusi bydpep n 3anmcea Tesun
MHCTaHUMK B TO3M pea B chunk.

/. Primary nsnpauwa pega kbMm secondaries n nm ykassa ga
N3MbITHAT 3anuc.

8. Secondaries oTroBapsT Ha primary.

9. Primary otroBaps Ha KnumeHTa.

AKO HSIKOM 3anuc He ce U3NBbIHU, KNMEHTBLT buBa nHpopmMmupaH
N CTapTupa OTHOBO ornepaumns 3anuc.
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Record Append

CneundunyHa onepauua 3a Google:

« ObegunHsaBa pesynTtaTt OT MHOXECTBO MalLUVHU B
eauH doaunn

* Ianon3Ba gpanna KaTo onatika OT TuUM
rpou3800UMes1-KOHCyMamop

* KnneHTbT n3npawa gaHHn 6e3 otmectBaHe (GFS
nobaBs JaHHUTE KaTo NOCreaoBaTEeNnHOCT OT
banToBe)

 GFS ocurypsisa nobaBsssHe Ha AaHHUTE aTOMapHO
KaToO eHa HernpekbCcHaTa rnocrieaoBaTesiHOCT OT
banToBe
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OTKa30yCTON4YNBOCT

 bbp30o Bb3cTaHOBABaHe — master u chunkservers
ca NPoeKTUpaHu Oa ce pectapTupar B paMKUTe Ha
HAKOMNKO CeKyHau

 Pennukaunsa Ha chunk-oBeTte

« Bcuykm npomeHu no metagaHHu — B Log
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OTKa30yCTON4YNBOCT

* NHTerpmntet Ha gaHHuTe — Bcekn 64Kb 6nok ot
chunk nma KoHTponHa cyma ot 32bits
» [lpoBepka Ha KOHTpOSIHaTa cyma ce U3BbpLUBa
BCEKM NbT Npu YeTeHe oT chunk.
1o Bpeme Ha nepuoaun Ha besgencteune, chunk
server ckaHupa chunk n nposepgaBa
KOHTPONMHUTE UM CYMMW.
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Bbnpocu?
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