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05 PR 2 ) AL B8 A1 . Readers AR 56 - 4b 38 |/ Checkpoint 2 J& 7242 S04 region, X204 region HPIR
BEROE XM ZATTEHL T EAT BRI AR AL B EOR . BN S A BRI E S N EINA K,
Kot R R 7 ) S AL BR B ELAT 38 . Checkpoint 7] BAiE Writer LLIHER) 7 B B P46, 3 H ol ARG 1E Reader
ALER I\, B IS TE (4 A R AE IE H oK 58 B B -

FAVEEAR T 5 — P RS o V522 SRR PP R AT BB NS B[R] — NS0, BE b AT 85 2R 1 & I el
R NMEF-HE S eI =D EE I BIRECRIE T Writer f)%iH) . Readers 1]
N5 R AR AR AR R (R S A SR R A Y 2. Writers TERESRS NG PARELE T HIAMAOGE R, Biln
Checksum, FHRIGIEE (945 %M. Reader AT AR Checksum R A I FF A4 A 78 Bt A s B sk
R IASRE R BRI E S A A (L, WRIXEEE SRR TARFEERAE), 7T DTS A — iR Aok g
BT, SR — bR R I T 44 R R AR A SRS R, B web SCRY . IXEEIESE 1/O DRECHE AT ERR
IR =R g, I HEM T Google WESHIFEHISCHHE A SEHl. BrEL, AHIRFAURE, N b —teqdh
/RHBLR E S B, # 9 0 K F Reader 1.

3 RGXE

FATE VLTS RGN, AT A 5 2 /N A SV Masster 44 15 F A8

PR Ay, FATIZER A — T AL, Master 4521 Chunk B % SS i dET A ., LAzl
BB ASERE . 5T A0 STEE IR M LA K bR DA

3.1 % (lease) “FTE|FF
AR — AN AR Chunk N & B E TCEUE I ERAE , ELin 5 AN AE el 10 S8 A . 22 S e /E 7 Chunk
FIFTEBIAR LT TAME AL (lease) HLHISRLREE 2 AN EIl A (8] 48 587 1) — it . Master 5 &4 Chunk

18 These functionalities for record 1/0, & 7 %1% & 5 HEE DB

" lease &M BE AR I — A ARIE
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[ — N RIARE S — AL, BAHEZAFEIAM T Chunk. 3= Chunk X} Chunk IFTA B A E AT 75104k
JIT A BRI ARSI PP BT B DR . BRI, B E 4R IS 15 Y6 Y Master 9 rids £ RIRLZ) f PP
YeiE, SRJE AL 3= Chunk 23 BL T 315 HE .

BT AL H K2 T B/ ME Master 19 U B B H . MY HJW)IRIEEIN I E D 60 P, Aid, W2
Chunk #2241, Chunk Bl LLHIE KA, 8% 2153 Master 1 x5 (A I B R 2 18 K I TH] o
TX A 24 S A1 SRR () (5 28 E T A2 P e Master =5 £ T Chunk R 4588 2[RI L Bk B R A58 . A I
Master 1 s 2B S ATHOH L) (9140, Master 15 fUARBUH 7L — > 2ot i E BB siE) . B E
Master 17 x5 M1 3= Chunk 2% 3Bk 52, EATIIR AT DL 2 AE [H AL 20 211 /5 F1 53 4 — A Chunk B AT H AL

R 2, AR RS, RIS AN BRAERE R

+ step |
Client Master

Secondary
Replica A —

l

Primary
Replica

1 Legend:
—— Control

Secondary — —_—)
Replica B

Figure 2: Write Control and Data Flow

Z P HLIE Master 5 s I WE—> Chunk ARS5aF5A HATIOALL), DLEHERIAMAE. WREa D
Chunk FA M), Master 17 i gl B i —DNRIARE . ML) XD R R SR,

Master 7 50K £ Chunk FIFRIRFT AL LB RIA (SN secondary BlAS. —ZREIA) I ik nl45 % 5
Blo 2P HLEEAF IX e DT R 2L K44k . A 7E S Chunk AR, B2 32 Chunk [R5 BRI E CANFHF
AR R, Z2 LA 7 2 EH R Master 5 IR -

F P BRI B A IR AR o 2P HURT DLDAE R B HEIE s . Chunk ik 55 a5 B U 2 8 o Of
FAETHIAE LRU g7, — B RIBRPE s ettt . i THAR R A2 M5t kAR H il
Oy B RAE AN, BATAT DA R S0 A SO Bl AT I, SR AR GRS, AN R B A
Chunk %% #5 0/ 47 7 3 Chunk. 3.2 T it— P ibiX i,

LA R RIAE R IARUE] 78R, 2 HURE S IEREIE Chunk RS54t . X AMERERR 1 ATHEE S
P EIARIEEE . 3 Chunk IR PTA B E D RCIES ) F 815, XEAERT Bk B ARKZ I HL, P4
FORIE T EAEPAT . B TS S BEERAE N A 2 E B CRAHIRES T (alex E: tHALEAEAMMIT
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R, RATEHZ T IR A SR, MVEROZEIEN P RAT IR R, IR A CRPIRE .

F Chunk FESERALBRIFA K —HEIA . B AR Chunk 2 BEAI 5115 DU R B 04T
XEEHRAE.

BT (k@ AR B 2 E Chunk, "EAITC& 580 T #:4E.

FE Chunk RS %M & Bl ARMTEIA A MAT AHHR AR FAZ P L. fEHBEHROER T, 5
NIEAERTBEZE L Chunk Fl—28 “ZRIAPAT B . (WERERELE T Chunk BRIGCT, #AEMIA ST )
T, AP B I IE RPN RG22 region AT A ERPIRES . BATHIE P HUACHSIE
B PAT R RAE B IX R R IR . AENCIHIRE R HAT 2T, F Bl IR (3) FIDER ()
LR K.

AR N R — IR E N EAR K, B HdEES 7 24> Chunk, GFS & P HAUS & EN 7 mE 4
FYRAT o X LEHR AT AR T AR B IE IR, (E R T RES L B L RN AT R T el 7
PRIk, RSO region IR ETFTRER &R BAFIE LIS A B RSt T X e il e 15 N
PEAE T A IR LA DU R U S0 AT 5€ - Chunk (T BIASHR & — 20« IX {3 3CFF region 4&F 2.7 T ifiid
=2 ERARE R

3.2 HIER

N TR MR, FATREBC T BRI R TR . EIEHR A S HLEE Chunk. 25 H
A ZREIARRFEIN, BE VETER T, R RVEE — MRS DR Chunk RS aBEHEL . FRATH B bR
TR G LA 58, B G X BOSUR I R, Se/ IMAHHEIR BT B0 1 A

NTRSFIHE LS5, BARITE A Chunk AR5 S50 7 1HEE, A2 D e
L (B, BAPRANEE D o ZeMEHEIARIT, AL T A H 0 58 A 1 DAS bR A B A A e, T
ARAEZ AL 18] 3 B 5

N T RAT Rk o B £ A R B IR R RE R Ceg, inter-switch S A P REH ILZRAU IR D, B E LA
HORERITEM AR Ik £ — G IC A HEEIE . B8 QIR IVLEHE R H R 5 . B -yt
Hedi A\ Chunk Ik 25 S1 HEIX S S4. AKX B HRIT K Chunk 5% S1. S1 {EERHHEILS] S2, [FI0h S2
A S4 i N S2. [AIRER, S2 {8l fLisy S3 M S4 L [A BT MIHLE:, MKUCKHEHER T %, JRA]
(IR 28 AN T 2, S 1P Mk sk T DA ST Y A “BEES

weJr, FATRIMET TCP iy, il XA 77 sUk s/ MEIEIR . Chunk JIR g5 s E Wi 2 84k )5
O EIF IR AT HERL o B TE T B A TH AR, RO IRATR A A W TR AS e i 2% . el 3 80 fa

20 R Chunk FF#E Y Chunk fIR %5 2%
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SEZ ) H A AN 2 PRI 2 o AR MR ZERIIE LT, %1% B 17 A 21 R /&I A FR) BARUN ]
BIT+RL , T /&ML HITFIEE, L 2P G L3 B L i B8 « 5 15 00T, BATHI 2% IE R 52 /2 100Mbps
(T), LAz /NT Ims. L, IMB ¥ (e SAR TS UL T 80ms 72 At RE 70 At 25

3.3 RFHIIEFIEM

GFS #fft 7 — MR T IR I INERAE - iesE . =57 NS ANE8AE, B REF 48805 AR
B Xf R A region (AT 5 AERIEAR AT [1: region BT At & (& 2 MR F LS AREE B
FESIE I, &R 75 B8 e S NEE . GFS fRIEZ /D — kR F 115 NEIERII AT (RIS A—
NI byte i), SARBHEENE] GFS $8E WAL E L, 2 )5 GFS iR [MIZX/ Mt E45 % 7 Hl. XKLL
THE Unix B4 RS gfEH T, XL O_APPEND BLxATIFHISCH:, AR S SRR SE AR 14T
N

ACKIBINETA T 7040 B AR IR, AR e A UM v, I8 WA IR 2 1% P LI AT X ]
AR E AN . MARBATLRAALGTT NS EANERAE, 2 B ZBSN R 2% & 5t iR LS,
BIARAE I — A A s BV BE 28 o AEFRATTA) AR b, SXREROSCIRE T I 2 A E 1 — T S8 B R 4t
BE R TORE Z A2 P ML EE 145 RS

CRIBINZE —MIB SR, WS 3.1 WA IS HIUE, B 72 Chunk A S8U5MAEHIZHE. &
FOHLEEEHEIER S S s —> Chunk RIFTR EIA, 2 )5 A3%1EK4% 32 Chunk. 32 Chunk 2 e BHXIRICRIE
IR 75 248 Chunk I 5 K RSE (64MB) . WERG L 1 5 KRSE, 32 Chunk 5 5644 241 Chunk SR 78 21|
KRGE, ZJR@RPTA BRI RRE, AR5 R % P HLESRIRT T 4> Chunk SH#EAT L RIE ik
o GLIRIBANAI A /N 4E Chunk S KRST ) 14, KR RMEAE SRS OU T, Belm i iR 528
FERHE G O B HE GO N EMFERAE Chunk KRS, 3 Chunk HE8EEE B B CEIAN,
SRIG A R A EIE SR E Chunk —FEMIALE b, 55 IR % S HLERIE D).

ARSI BT — D RIA _ERIMCT , 20 Sl /5 22 BB g AT 184 . AT IC B NS5 R,
[7]— > Chunk (FIAS A Bl A AT E AL 35 AN R 8 - R A — M4 i #7340 - GRS JF A fRIIE Chunk
KA BIAE T R0 2 e a8 B ROREERI A — DB T E DTN AR LS
R AT PSR AR R IAT, Bl — 2 CL B AF] Chunk HIFTA BIARIH R ALE . X2
Ja, P R RIAS 2D H R Ak R EACEE, AR5 2 B0 A B 0 B SR B A ki, B R AN
Chunk =, BMEHE R Chunk A4 Master 11 xii 7y 1 3 Chunk. StEATH— Bk RS, LB
A B B NHHE ) region 52 CUE L (LB 8D, WA (BB R E LD, 1k
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WIAE 2.7.2 500 8y, FATHIFE T 0T A EEA — 201 X 4.

3.4 k¥
PRI ERAE JLT- 7T LB (8] 56 SO — AN SCAFEGEE S CURD l— A8 01, I H LA SR IELERAT I H

EHRAEE T TP AT AT DU A PR ) 61— A BRI R SR 10 43 398 DL (it L2276 2 36 )
I DL DD, Bl R A A SR I VA B A 2 i, (T DRI R AR 0 MDA, R 5 9T DL A R 322
B AR B 2 A0 I AR

MAR AFS (alex 7F: AFS, HE Andrew File System, —F i &%), FATHPFRHER copy-on-write
BORSCHUARIE . 2 Master 7 i i) — MRIGIE R, B8 SEBOHERIBRI ST Chunk IIARZ) . IX 5T
TRIE T 52205 X 28 Chunk (15 B /E#R L 251 Master 22 FL AR BIFL LY # . Xl 45 Master 5 il — /N3G 018
Chunk FIHT#5 ILEIHL 25

FLABUH A S I J5, Master 15 s EX AMEAE LU B S B8 B 285, Master %5 B &2
HESCAF i B el 7730, B H EIC T AR S BB RAFAE N A7 PR h o B B2 R DR i S
AR SCAFAR 1] 58 2 AH IR 4 Chunk k.

FEPRIRIEZ 5, M P L — S A 2 Chunk C, B & R i%— MR E] Master 47 15 25124
AT (¥ AL 205545 44 o Master 47 3% 28 5] Chunk C 151 FITHEUR T 172 Master 5 £ R 22 T 1 [m1 527 P LI K
M2 e — BT Chunk AJ#% C™ 2 Ji5, Master 1 i ZREMA Chunk C 24T RIS Chunk ik #5612 —
AU CTHFT Chunk. I FEYE Chunk FT7E Chunk [ 5% & L QIR Chunk, FRATHH R A /£ A L T AS 238
it 2% 52 1] CRRATT AR A L FRATTIK) 100Mb DK R 298 3 45D 0 AKX s ket 1 5K 1y b 38 75 2UANAE ] & Chunk
BAT A Master 11 1l GRHT Chunk CHI—MEIAMIA L), ZJaRIEE YL, 2 PSS )5 #mT by
IEH IS XA~ Chunk, TiiAN 6 B 22 B2 —AN A7 FE Y Chunk 5e B R 1K .

4  Master 75 S HIR4E

Master 1 figAT T A A4 FR A (el 34 tbAh, EREEER N ARG R Chunk IEIA: EHRE Chunk
RIFE AL E, BIEET Chunk MIERTEIA, P &M & B 1) R GEE 3 BLARIIE Chunk #5842 =2, 7ET4 1) Chunk
I 5% 4 2 TR AR s2EAT B s X1, [RDSCAN P A P B A ) o AT BAT T 8 IR A A

2R AT A AR, B ASR BRI T A 2R R DA A COW AR L DR A A AR A
2 AR A4 KT LA Snapshot A RS THE?
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4.1 ZFREEETEFH

Master 17 5 R Z A AL AR A]: Lodn,  PRIRERAE L ZUE Chunk [ ds &5 LD K B
f¥) Chunk FIFHZT . AT BAERLERAERYISATIN, IEZ2 7 H &) Master 5 G I#AE . Rk, BATRHFZA
AR RN AT, {d 2Bk T region b IRIBR ARIESAT (¥ 1E 6T o

AFETHFZALG A R S8, GFS WA EHxH A B S SLBlRes 41t B 5 F I S B 454 - GFS A
SCRFSCAF B H R IR (R Unix ARiE IR EER B8 77 S 5RO . fEI288 1, GFS WA= RIEE — 14
BRARAN T WU X R B HRER . FIHIHTRE AT, XA AR A AA R N AE o FEAE A 4 PR s 1] FR v 2
ik b, BT AT (MR EEAR I SO 4 SRR R AR K H 348D #A — AN RBRI B 5 Bt

B> Master 11 Rt IRAELETT 00 < BT #EESRAT — RANROBL. WHAGOLN, R — N RAEW K/d1/d2/--
ldn/leaf, HSAERAEE B3RS H3/dL, /d1/d2, ---, [d1/d2/---/dn [, DL &/d1/d2/---/dn/leaf LS8 . &
B, RIEEAERAE, leaf v LR — A0, WArbo2—ANHx.

ITE, AR — N 7E/home/user B PR 2l/saveluser HIRS M5, R LT B 1E 61 22 52 fF:/home/user/foo.
PeHE R AFE Sk EU/home Fil/save [FIEzHL4, LA /homeluser Fil/savefuser (95 N8, SCAFGIEEIE RS home Al
Ihome/user (32N, LA K /homeluser/foo 5 ANB. IXPIMRAEZRF HAT, B EATR B /home/user
RIS AR U QIR A TR ERIC H R BB, PO RS “Hx”, s3I0 inode 551K
SRR BAR S5 . SO IR AR 152 H S MBS o

KI5 5 A R SRR Al — HSR AT A betun, W RARR ] —A> H %N R Qs 224 S
B MRIEERRIL A H 44 0 BSR4 BB NS H 44 UL LA 1k H SR ER |
B AR RR IR . SCAEA4 BB NP SISO QI A, B ORAN 2 2 IR E R 44 RS A

RN A RRR AT REA R L5 5, B EBORIE R BCSRNg, 7EA PR R L 2B . [FIAE, B
BRI EAR A — 425 — BRI R e B et A AR IR R HE s FE [ — AN 2K % 5 U
JF o

4.2 BIARRNE

GFS SRR MK 2 R AT R S5, AR IS5 . SRR 2 800 4> Chunk k55 4% 223
FEVFZHIZE L. Chunk RSSEFBOK B R —BGE A RN EREE % Hlsi v . ASFENLZE ERP & LS
(] [ JE T AT RERFS B — S E DRSS AL T34k, HLELAT H N 58 AT RE ELATLZE N T L& AN FE — RS IR 417 98
BNe Z IR AT GBI ) RS RTEETE DR AT FE T TR R B

Chunk EIA7 BV IO HMS AR 35 PR HAR: SO rTSEPEAT AT A, S KA i TE R . N T
KB A H 1, UGRAEZ GHLES L0 X e B A R ANEI, X RETIRT B A B8 B8 LA R 30 ok
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FRIZ I , DL R S KA R 5 AL 10 D09 265 75 B R FH 22 o AT Z0AE 22 M HLER IR 43 A7 A 47 Chunk IR AS o 3X PRAIE Chunk
) —SE BBV Bl 4 Cbean, LSRR, fn A Ym0 48 S e i R 1) D) R0 AR
AAE HRFFATHPIRAS . RIEEMAE MR E T, JCHAER Chunk FIBEERAE, BENEA XOR A 2 HLEEH
BEMWI. H—OrH, SEELINZ I ERBR T M IEE, [H2XMU R ERAITESAT T,

4.3 RIE, EFES, EFATINE

Chunk FIREIAA =ANHig: Chunk G, 537 6157 k8.

24 Master 5 i B —> Chunk I, "B S BEAENE FBCE AR IS RIS . Master 17 i 2 H 8 LMK

(1) A7 BAEAR TR A8 HI 22 1) Chunk ik 5% & _EAFEETIRIA . XA RIMOE R A BEDS-T- Chunk
JIR 55 4 2 T PR REE A FH 2

(2) FAIAERBIER Chunk IRF4F 1 “Bix” (¥ Chunk Q@ EAERIRE. EIROIEBIEA 52 bk
W, R B B th R 2 A KBS ANEHE 3 4F, 10 Chunk 72 Writer BLIES NEE K 54
e, MR “Em—, BREZR” BT, Chunk —E5ANRINZ JEM a2 R 1.

(3) ATk, FAT1A B Chunk (RIS /3 AT 7E 2 A HLAEZ ]

24 Chunk IR RUEI A% e /b T B P fi g I W VBRI %, Master 5 i BT EHIE . XA Rg2 d) LA
JER SRR —> Chunk ARg5#s AT T, Chunk AR 55834 &5 B TG IO — N EIASIA T, Chunk 5% 281
—MHEALRONEFRA T T, 5 Chunk BIAK) I KGR = 1 BT EPEHEHIK Chunk #RARYE L
ANEFRBATH . — MBI Chunk I BIABCE A S H KB 22D B, ZRMWAEIAR Chunk H 2
K—AEIAR) Chunk A = RILES. Fi5h, BAMLIEFH REITER (lived SCIFR Chunk 1Ml A2 Sl {4
BRI SCHE Chunk (B2F 4.4 9. &a, AT /MR Chunk X IEFEZAT B FHRE 7 IOSEm, BAT152
2 PHLEE R LR 7 AL B AR K Chunk IR 262K .

Master 1 s PR S R = K Chunk, 285 fin 2554 Chunk k55 4% B AR IMEIA” sefe” —ANEIA
ok o MR R A AL B ) SN AN G 2R A0 PETRERLAE A2, BRAI[R — & Chunk JIR55 s B A IEAEREAT ()
SRR BORE . ENUZRM A RIAS . Dy 1 By Lk ve B AR IR IR 4 R OB 2 LI EE, Master 15 5t
AN ERERIEEAS Chunk RS 4% b1 RN 32EAT 1 5e FERR A OB AT 1 IR 5341, Chunk RS54 il 15
ERUE Chunk Hi 55 #8517 SR AR BR ) & 1T v BE R AR R 96

)i, Master [l 5% & A IE UG B ASBEAT HOH OB . e AT RIS A O, AR E Bl EIA
S BB 27 R M) R 2 TR S AT R ARIEA T B B i« 1 ELZE I NI R, Master I 95 45 1209 PR SR — 4N ) Chunk
W% %, A ZAERIS (8] A FHT Chunk B0, AR T8 Bl A7 i O B k£ 5 ETm e e
. 534k, Master 5 sURAUE PR BIA TR . BHAEIL, Master 15 miB i A8 el 4 2= A T T4 1)
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Chunk Jik 55 #s_ERIRIA, M F15 22 48 5 1R B RE A 18 1 22

4.4 HiREYL
GFS 76 UM J5 A4 ez [ o] I3 25 18] . GFS 25 ] [m R FI P TR B3, AR SO AT Chunk 2%
FIH B RIS 384T . BRATRBLIXA ARG R . 4,

441 Hl#H

NS I FE P IR N, Master 19 sl A BB TR —FE, SLZEMIER#1E L H &5 2
KR HE, Master 55 A S BRSBTS SO — NS BRI I . BRI 44 7. 2
Master =5 i SCIF F G5 i 44 25 (B0 IR R IINHge,  E SR T = R i A BB G AR 18] 8] RE: /2 7T LA
BCEKD . ERSCHRE EMIER, A0 IH R LARTE FRFR K 44 73 ] DO B 2 v I
A RS A T 3 MR e RS AE AL FR A TR R, Master [ 5% & A A7 GRAF HOIZ AN STIF AR G
TCHHE A S bR . XA BRI T SCARRIE A BT Chunk (3 82,

FEXT Chunk 447 (MBS AT, Master 5 iR Z190L Chunk CR#E AR SO 5 1) Chunk)
FMEREAIRTCESE. Chunk k55 #4ERT Master 5 fiAZ E I LBME R H, & EMA R Chunk TGS,
Master 7 xi 81 &2 Chunk 55 @394 Chunk £ Master 11 s (RAF I T HdE o DL AFAE T o Chunk i 5% 28 7] LUE

B MBI £ Chunk K& 4

442 Vg

BRI BB EE G FR A = S0 — AR RN BA R, (HR7E GFS Rgth 2R
IR . FRATAT LR 5 10435 Chunk FUBTA 5L EANTI#S UAFAETE Master RS 3% 10 SO S e it v
A AT LR 5 1045 I AT Chunk (RIS AT T#S A Linux SCEF T 0AFA#7E Chunk RS 33 1048 & B R
Ji Master %5 SR REI A M EIASHS 2 “ B3R

7 ¢ WA 2 ) [ WAL 77 T A B BB R T LA A . w5, T A RO T A I KB A R 5t
B3R el 7y T AT SE . Chunk R REFESELE Chunk JIR95 25 QI T, Lt Chunk 5545 ERIERI, R
Rl A T JEE 4 Master 17 x5 130 (IR o BA I T 2. AT BE 2% 2%, Master 15 s 291 537 A 32 2R ICF BV 6
WG H SR Chunk IRSS#00%. BR AR T 500, T EERTBRR AR M k. B2, Bk EEE
A7t 73 18] (1 [ SRR A 5 R 2 Master 5 S URVEIN JS & iEalh, bein, BATHERATS Chunk 548 F4%. &
B, BRUERE R AT, R 5340, BIRIEIE Master T sURXS 2 N (KIS SE . IX A Master

2 JF3C: This effectively severs its links to all its chunks

2 BSR4 M metadata K B
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T R DA TS 7 DU S B B P L SRS SEARBE I N . 55 =, IEZR AR A A MO AN . AT
WO M R R AR IR AL T 2 R
RAEFATHE LG, GBS () i) 2 jU , SEIR Rl BEAG - A7k 2 (A, o) 2
Ak ) EEBCR SR . 2 5 R P B 2 B AN B i P SO IS, BRI A it 2 (R AN RE S AT . JRATT
A3 2 P B — A 2B B 4 SO 077 s = 1] [ U R 2 o FRATT Fe ¥ R P D i 44 23 TRV AS [ 8
I BOE A R A BSOS o Bildn, T AT LG RE Ll H SR A SO AR A, R A ST BT £
AHRE WA RSB R

4.5 WHAKBIEI AL

4 Chunk 5% &8 K 240}, Chunk (IEIAA FTRERIR T — LB M Ik 2. Master 5 i fR A7 1 &k
A~ Chunk FIRRAS S, FIRIX 70 24 Bl (A B AR ST B AS

TR i, A E Master 1m0 Chunk 83T —/METIAHZT, €t N Chunk MIRRAS S, AR5l 0B
A% Master 7 mi MIX S 5 A HITH B S0 sRAE AN AMAAE PR S Brb e RASER AR
PG RIERCIAT, I RAIXAS Chunk JHAG S5 2 1. AiRFEABIAFTE ) Chunk AR 55 4% IE 45 AL TR 2R
A, BABIARRIRA S A BAEIN. Master %5 5iEIX A Chunk 55 4 HBTE 30, I HH Master 75 ik i€
A Chunk IS5 LU R I RRCA 5 AR, il 2 Al H e 655 5 310 Chunk. 21 2R Master 9 57 21—
FLEAC S RA 5 R R S, Master %5 il IANE R Chunk k55 325 T LA ERIER I T, b2 ifeds
B RRAS 54 2 i R 5

Master ¥ s 2EBIAT A8 I Bl O A R BRI A IR BRI A fELZ 1T, Master 9 s #2012 2% ALY
Chunk {5 BIE R A, f6 A AR EE S I BURA A AE . J34h— HAORBEE 2, Master 11 s /£ I8 A
Z P HUBRAS Chunk ik S5 a5 A7 L2 B 78 Chunk i 55 % RS Chunk ik 55 2% #EAT SE RS, T JE A B e
1 Chunk IR AS 5 o 20 P LB Chunk 55 83 FESAAT 1A IR A1 2 BIE A 5 AR R A2 U W) 54 AT RRCA PR B

5 ZREEFMIZHL

P THE VLT GFS I 38 51 [ 55 o 2 — 2 B0 A A BB 2 (9 2Rk 2L ) B R 3 6 )
HEL R R G AN IO TRAT TR RS A OB SS FRA M, HS S 5 4o AR A ) T
SEME. SLEISORTT RS IR R GARTT ], TORIEEMR, IR AP AR RS2 B . TR A T e B 1 i T X
BepkR, LAJ% SAZE RS ORI B4 1 A, T GFS [ T B s I & Sl

51 SAHAM

£ GFS SEREMIBOA MR & 2, FEATART 45 5 AR 8] 58 2 A7 Bl 55 a5 1 ANFT AR o AT s FH 1 2% i B
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(EZ A R A DRAE RS R GER ey T PRI PR B AN A

511 HuEkE

A Master il 5543 A1 Chunk iz 55 a8 Gy < PG, EATTERBEBE T T EAE B Bl R B EATTIRIR S I 5
WRsh. Fe b, WAVFAX I IEH QAT U], W, BATESER kil FRERERRHARS 4. =/
DRI ARG5S R B R G0 sUBUEE, IEXER IO RN, B EHNERR R R RS 3, R
R AMER . 6.6.2 FTICI TSI E B A] .

512 Chunk £l

LA AT, R4S Chunk #i I 2IAFIHLZE L AA R Chunk A 554 o BT DOA SO 4423
(] R A )30 23 e AR 900 . B8 72 3. 29 Chunk IRZS#FE4R T, B ilid Chksum 24 (2% 5.2
) ORI T CASIR KIS, Master T AUE I 5w B O IR AGRIES D Chunk #5452 82 H1%°. B4R Chunk
ISR AR AR, (B R BANAE T IR E IR N85 R 55 4 I TUR MR T 5, B A A5G . 81
# Erasure codes” AR R IRAT H 2838 K10 AR 5 R o AT R G5 £ 20 TAE S iy s 'S AR
BAE, IRDHRENLNEAERAE, Rk, BATANERANTZA & AR G 1 R G20 F SEOUX S R IR M TR Ty
FRAHRENE, EIFAEATTSZHL

5.1.3  Master IR%- 2215 H

N T ORIE Master k55 &I 5EPE, Master 5@ FPIRS B E L M. Master i 55 a3 I A HER AT H B A0
checkpoint S E K122 SHlas L. X Master Jk 55 #9IRE BRI REW R BINMIRTIR R, #RIFHE
5 NF] Master 55 &% )85 A MANLARESE . 1Kk, — A Master e 55 ERE 0 ST A B aRAE, B4 )5
EHIRS, Heinhn R S AR RGN IBIRESTE S . e RN, JUFAT DOZZIEH R . Wik Master i
FEFTAE NS BLE AL R BT, AL T GFS RGN I Rt AR 2 75 H B IAAAT S8 B4R 0 S IOHLER LR 3 —
MBI Master JEFE . 7 7 s A RN (942 V5 ) Master (ELan gfs-test) 528, X472 DNS 54,
L5 AT BAYE Master BERERE B0 AOHLEE ESATIN, 385 S0 B0 44 (152 R AR A5 IR0 BT K] Master 47 £

IEAh, GRS HBATEE “527” Master fR554%, X8 “587-7 IRSTAAE “ 127 Master IR 5% &5 HLIIN (542
B RGN A BV ENTRE T, ARG, PrilefTrEds et “ 37 Master Ik 55 BB 218,
HHERAR 1 e XN TIREALH BRI SC sEIRLe RVESRI EE A  E i N TR, “ T

%5 a minor hiccup

% F4EA Chunk #5748 &I H TH 2 A BABIA, GhE £ 3
27 Erasure codes JH ARV EERE Z T AR SRS 1R, DL 4R 371 2R buffer PR3 00 & LA R
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Master k55 45 BERS S ik iU A . disi b, BUONSCAF NN Chunk JIRS5 4% e, Bk, NAFEFEA
SR BRI S N RN BN T B Y, o IR T R SO RO O, B SRR N A B R4
LIENSE
“SF7 Master IRg5a88 T IRKE B EBPIRAS R BN, & 2B 0 M B0 IEEBEAT IERAE I 0 ERIAS, I
HAKIEAI T Master 5% a4 58 45 HH 7] FR 50 R 52 o N AR BUE 4544 . A1 E Master JIg5 a8 —HE, “527” Master
IR 55 2 AE SR BB 2 AL Chunk IS5 2840 WH0E (2@ R, #dlEhadE T Chunk EIARM A EE
B “R2T7 Master [R5ras L3 € I Chunk R55d “4B T KifiE EMIRPIRAS . £ Master kg5 a3 K61 &
R R R A T R A BAS B, “RTF” Master il %5 #8 4 Fl1 32 Master AR 45253815 K508 H SRA& .

5.2 HIETTEM

A Chunk IRk 55 #5451 FH Checksum SkA & (R A7 I8 2 A0k . B8 E]—A GFS SRRl #A 4 )L E
G, LT, BRSBTS IR R s B R AR R A (5 7 T T —ANERED.
FATAT LG IF Chunk 84 R e $HR 50 ) R, (E R 50 Chunk IR 25 25 Ll A3 B A ks 5 30 A2 TR R
ASEhR. $5b, GFS SLVH B MRIAAFLE: GFS BBl L, FERLE T 56 8 1 AR T 4 8 bk
1F, FERMFERIA 52 A R (alex ¥E: BIARZ byte-wise 584 —8U(7). Bk, A Chunk R % 280 U7 4
4 Checksum SKE5 B CLIIRIAH 52 5 1 .

AT Chunk #4F 64KB K/MIBR . RANBRERG A 32 £/ Checksum. IS TEHUHE—F,
Checksum 5 H& (0 FH P 8cdfs /2 20 PR, JF BARTEAE A ANBERE b, AN il s AR H &

TR R, FEAEEER IR [R145 7% 7 i LB Chunk IRSS 38 2 HT,  Chunk iR 25 2% 2 B30 3 A1
W e B B A (950 Checksum. Rt Chunk IR 45 288 240 A R E R A% 35 B0 L & POMLES b o S0 5% A AN B
Checksum AN IE#, Chunk JIf %5 8838 0145 1% 5K # — AN RME E., IF ELIBAN Master JI} %5 881X MR . 141815,
R 724 L& R AS R EUCEHE  Master IR 55 28 th 2 ML B B A T B S HEAT WK OE o 24— W IR R AS ik 28 )
Master JIi 45 %5 &1 A< 4515 ) Chunk 7 25 S8 I B4 RO 1 A

Checksum XA ERIEE BEREIAIR AN, FTUAFET JUAN NSRRI — F o AR 4 AR 1 5 /D B3 L
JUANEE,  TBATT S 6 B — N A S AR SRR AT AR B0 . GFS 2 7 i AL 0 4 VA B AR A 0 5%
7E Checksum block fIHL5 b, 345/ T IKELHS IS IR M FO ST RS0 . %34, 7E Chunk I8
Checksum B A LR 7 % 1/0 B4E, Checksum FIHE0RT LUFT 1/O #AE RN 47

Checksum 31541 X 72 Chunk & 78 (13805 N ERERL T R (5 2 % L S 26 DA $OHa 1 5 N F5k
15, B EIRARERAN TAEF & TR A RT3 55— AN AR 52 BRI Checksum, A
FH A 3B IR 37 Checksum Bkt 3037 19 Checksum . BV 5 5 J5 — M AN 58 3£ 1) Checksum B 243K T,
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if LERATARES S B Aok, (8719 Checksum 1 E G BB AW &, 76T YOG IX A AT S BCERA (¥ 4%,
e E IR CEBIR T

FLEZ R, R SHAEE 3 CEAFAER — MEEIN Y Chunk, A6 ORI 484 78 o K158 — AR
Ja—AB, SRR BEPIT SR AR SE B R B EHTUE EANS B Checksum. MR AT 55— AR
JE—AME S, B2 HT1 Checksum R B 2 Bt A i 55 X 3 i B 4 1% o

£ Chunk fIR 55 a8 23 R HUIHi, B MRS MG S0 Chunk AN 2. XA IRATRESS K AR D1
R Chunk /2 5568, — BRHIA Chunk FIAEESIR, Master nf LLGIE —SBTi. IERRIEIA, R 5L
PRI EIA I R 4o XML IR S T ARIE SR AR Chunk K Master 1 53, il Master 75 AV EAIC
GHTRBGZIREIAT .

53 TR

VER . IR ST A&, MR RS . R, DU IERE T A5 7 T B 1A R T A R i 75 D,
[F st X RE BRI 8 . 3F H AR, RAVRAMEB BRI . ARSI AP EZL . GFS 1
MRS REMHE, a5 7 REREMFL (i, Chunk IRS4EIFISCHD LA A RPC 15
KA . X2 W H AR DB MR, X RSN IEIS AT AN G AR . SR, FRATEAFAAE 25 (8] SR VR
BT RENRFZRELE.

RPC HEELE T WZS b A B BT 0 SRANm B (1 PR 5%, (ER AR S I SO . 18 DERe s =k
SRR, PLRWEARPLEE B RPC H&idsk, ATA AT I B8 BoRIZI ) @l H 3550 FH R R ER
BRI B 34T o

HEXHERERI SRR/ G/NTEmRIEFAL), By H ERBATT TR 2 n. sl ke
WA H EORAFAE WA, AT TR AW R 2%

6 EE

AT, FATR A — L /NS UE R R I GFS R Gu LM AT b — 2L [l A R, A R A
Google A EE R LSE ) GFS SRAE AR HER I o

6.1 NAUEEENK

TATE—NME 1 & Master IR%54%, 2 & Master ik 5548 Bl 155, 16 & Chunk IR 5523 F1 16 % FHLA
i) GFS S4B I EVERE. VR, RALXFEMERBCE TR RN T 5 T, SN GFS SEREHEA
Chunk fil55 28 FIECE AN & P L

FT A WL OB B #—FE: P4 PII 1.4GHz 4bFE 3%, 2GB NTE, > 80G/5400rpm {4, ALK 100Mbps
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AT CAK &S B — A HP2524 ZZ#hl. GFS SR ATA I 19 GRS AAELE AL, BT 16 &
B PHBERR 5 — AL e PRSI ] 1Gbps 42 #E 1% .

6.1.1 BEE
N N WL GRS SUAF RGP BB . 5% 7 HLA 320GB (I SCIH4E & EALIEEHL 4MB region ]
WA BERIEE S AT 256 K, R, SRS HLRZ AR 1GB 1% . T 1 Chunk Ak 55 2% IR &
LA 32GB AAE, B, FATHII ARG &L 10%H S KA Linux BISCHERGEZEnt . RATHIINAL
RRLAZIN—ANERA SN R GEAF I DU BEECIR 25 R0

: Sa Network limi
Network limit 60+ // SONOR Tt Network limit
100 ~ Z 104
S < [+s]
z - / S
< < 404 P
% '3: / ___I.—l“-_‘ g / L }_I
= 50 g / T e 2 5- Ex
Ak Aggregate read rate = /’ > o e \ l/ =
2 z 201 / PR 4
/ Aggregate write rate < Aggregate append rate
7
0 T T T 0 T T 0 T T T
0 5 10 15 0 5 l() 15 0 5 10 15
Number of clients N Number of clients N Number of clients N
(a) Reads (b) Writes (¢) Record appends
Figure 3: Aggregate Throughputs.

K=: &itftE
WA RN THAIMNE SIS TG THE R Erh g IR NOmMiZ 8on 7N S . Xl
LA H 95%IMI AT SN, KA I B S AN R
K3 (a) 7n I N AR VBRI S BOHE B2 LA XA T BB AR . B PIAN ST AL 1Gbps 8
VLRI, SR A i I T s 3 B A PO A PR A2 125MIBYS,, B3 Ui A~ HILIEC B 1) 100Mbps - i 2 L AT
BRI BCE P A B AR FRAE R 12.5MB/s. S 45 Fo, 24— A% LRI i€, SR B2 2 10MBYs,
EI A Ul ik )75 HLEE VR S BOHE AR FRAE Y 80%. %I T~ 16 %5 L, AR TLIUH IS [ 94MB/s, KZ
e B R A BT R W BRARL Y 75%, gl A2 e AN 25 7 LR B3 G P 5t 6MIB/s o 32 B3 M B0% AR E T 75%,
TR R BB R LGNS, 2% T HLRIN A Chunk IRSS G HO LRI T, SBORAR
B T

612 BA

N A% LRI ] N ASASE RSO S AEdE . G HLELEEIR IMB [ B ESES N 1GB 13 .
K 3 (b) TR VAR S NEEMENTHE ERINRIRAE . B AR R 67MBIs, Iy HATH 2 —
byte 5 A% 16 /> Chunk iR 2525 11 3 4~ F, T4E4~ Chunk k55 2% 0050 N EHE L /2 12.5MBIs.
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—NEPHHE NE LR 6.3MB, KM BRI IR ) —F . SEOXGE R 2R BA TR 2% 7
Wk. BHIAEELIEE] Chunk k55 &R A B TEBUAHIERL . A —ABIAS 53— B A 180 L5
TR PR T A SN

16 D BV S N EEIL R 7 35MB/s (EIEEN 2 1L 2.2MBJs), KL Z BB IRRIA K —F.
ZANE ISR, BE & LR, 2% S HLRIN S F—> Chunk RS54 L34
. MmH, 16 MESVIFATEA SRR PRI 16 MRS TERERSZ, HNBN 5N
W R =AAFREIA .

FONHE L LA TR I EAG . AESCPRBT R, XA O AT 2 ZE e, PO LR 5% P L
RERSIRZ ZIERT , & A SAEA KB FHLRIIH 5 B I 5N 58 18 1 2 RS

6.1.3 igFiEMm

3 () R TILIBINERAERITERE. N N2 SRS B & 2] — AN St il B AR P Re 52 IR
TORAF S e J5—4> Chunk 1 Chunk IR 95 8B 58, 52 P HLIEE TR e I8 IAE B il — A% P L
(1] 6.0MB/s J15, TFEZE] 16 MNE LT 4.8MB/s ik, ST B 32 BLE B 1A [R5 7 ity 1) 0 28 411 2 DL K Y
28 AL B (AN [ T 3 B

FRATTERIRE 050 ) 5 [ P A 25 AN S (0 ST A o 45 ) 1 15, BRI NS 7 L [ P 28 it 38 M 3R sy,
XHEN MM # BB E B b Brbh, AEIRATHISERR R, Chunk IR &8 O 28 310 28 3R 50 o — A
FEE A, IR Chunk BRZS S HIEASCAFIEES N, B EE 5o — 0tk

6.2 SIPRRzFAPRVERE

FATIAERAT G VEAL — N Google P B IEFESE A PN SERE, EATTRA — @ AR, S8 A B B BT
AN TR TR A SR RS R AN AR R IESHS TN . Sl F R MB 1% TB 1)
b, AT B o, RJEIEAE RS RIS R0 B R A B TR AL S . SR B
RS FPEEII TS, FEARAD N T HIE UL, FR8e A A i g T8 sidase. XA ET, —
AR AR HRARISITEZ MHLG B AR, BRI SRS A2 AN
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Cluster A B
Chunkservers 342 227
IR R=E 7278 180TB
ERBR 55TB 155TB
XiGHE 735k 737k
S EE 22k 232k
Chunk# & 992k 1550k
chunkserversCEiE 13GB 21GB
masteryCEiE 48MB 60MB

*2:. MI-GFSEEFN

6.2.1 Tk

W R AT TATFTREIAN, PN EREEH L H & Chunk ARSS 8840 Rk, SCRFE TB Rt =] BiMERE R
SREAEAE T ORE R, (HREAFIRMA. “ ORI A8 T A 8 Chunk BIA . S2Br BRSO
ST =fr. Bk, SERESEPR B SAFAE T 18TB Al 52TB IS4 .

AR I SCIE R 2 A 2, (HREERE B A REMSESCE. BT “HE 0" 48 SCrwmbR T
B SREMHAS SO T, AR A5 LB VA SRAF B A ImT . b T4ERE B 7RI SCIHEOR, RIILE
Chunk £ M HEKZ .

6.2.2 JuHHE

Chunk fi 35 %% S 0RAF 11 )L GB Hyocidls, KZHUEKRE M Edai). 64KB K/MIHLE) Checksum.
TRAFLE Chunk IR %548 b & 1c =2 Chunk MIRA S5 8, RATE 4.5 Tihiikid .

£ Master ik 5545 EORAFIITCER /N2 T, KRARGET MB, 83 BT830 100 5735 170
o XANPATBAE ML K, Master i 55#5 1 A7 K/ SERRR T FROIF A 2 O GFS R E M. K
Z RO I T B A2 ARG 28 i B A7 IR K SO 44 - Master IR S5 4 B A7 TR0 & e 604 1 SCAF I Ay
FAIRLBR . SCAFE] Chunk FIBRESSC R, ALAE—A Chunk BIZETIRA 5. BbAh, BFxi4E—A Chunk, FRATHS
A7 T A AT EIAAL B DS E RS TG XA 5T TS5BS i #5 01 (B COW, - copy-on-write) .

TR PRI ARG 38, OB Chunk g% #8182 Master il 554%, #f A /47 7 50MB | 100MB {17t
Hdmo I, WEIRSS AR AREPEN: EIRSS AN ER AT, R 20 LR B [A] R £ IR EOX
SERHE T LA T o AL, Master Ji 55 #2155 S i — BOR 1E) - 3 W /2 30 31 60 # - EL 2 e FE AL 1 A ) Chunk
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Rk 55as, FFRIEIFTHAT Chunk HIALELE S

6.23 ILEHHERX

%8 A B

BEE (RE—5H4) 583MB/s 380MB/s
ERE (RE—8) 562MB/s 384MB/s
EEE (BMER) 589MB/s 49MB/s
B5RE (RE—5) 1MB/s 101MB/s
SBRE (Rg—at) 1MB/s 117MB/s
SEE (BMNERH) 25MB/s 13MB/s
master®fE (RE—o4p) 3250ps/s 5330ps/s
masterd®fE (RE— I8 3810ps/s 5180ps/s
masterigfE (B MERE) 2020ps/s 3470ps/s

F=: B -GFSEEMMREE

RENR TAFEN B SE AR fENNRR ik, IXANMERENGEAT 7 — A AR ). GXPNER R
ISR TR RCAS ) GRS B E ahid 7).

EWEBAZNE, FHENEFNT 30MB/s. HIATHRIUEREE IR IRk, SR B IEREAT KBRS A\
1B, BANEEIAS] T 100MB/s, fHF A Chunk # =ANEIA BRI, M4 712053 7 300MB/s.

FHOE AR LG NER SN L . EWIRATRARRRE, Sr TR, S Tt e T 5 AR
Bl AMEREAEEAT A B A B R . KR, SRHE A TE— FIN (R N #4ERF 1 580MB/s HYTEBUHE . FEAE
A TR 25 10 B AT DLSCRE T50MBYs IR, SR, B A 1 SRR R A B SCHRF IR U4 {8 32 BOH 52 42 1300MB/s,
ERERMMHA R 2] T 380MBIs.

6.2.4  Master IRS2SH) 73R,

R 3 IEHEER T K& 3] Master i 5545 K13/ F 15 R M2 5408 200 £ 500 4> Master 55 45% AT LU FA
IRLATXANERKHEEE, Ll Master JIR 5 2% (11 A B 68 AN 1& R GEHHE
FEF AT GFS 1, Master Al 55 /K 2 BOAE . € K 2 S0 18] AR R M FP 47 4 58 AR OR R H 3%
CEEHIAN ) ZEHIENRER SO RILRAMES T Master 55 23 0 BR 4L 1, 8IS 44 74 (8] it
1T =0 BRI AR . BUE Master i 55#% 7T LU FA IO RERD B2t AT 80T OOCHED Il iR /& 22010, 31T
A DA 7 A% R 4 1B a2 ¥ 2 Al v B A PR B G o ) 7 St — P iR R
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6.25 IKRERHE

LA Chunk IR55ERZT, —E Chunk EIAKIHCE AT e 2K T 2 K i 08, A1 At v
W R AL Chunk I A K&k 3 S K 518 € AR . IKEITH Chunk B FITAE 2% A [V HC e T SRR R 20
FEFATH GG, FATHEERE B LA —A Chunk IR554% Kill 5. 3X > Chunk 5% #% L K294 15000 4~ Chunk,
Hit 600GB HIKE . 2y 1 /N s FEARAE X IEAE IS AT O R AR PR RO §EmE, BLA )y GRS W B T SRR St 1E 4[],
TR TSR A e B E R BB Dy 91 4> (Chunk k%% a8 FIBCEK 40%), A EFERIERZ T
VEAS 45 55 /& 6.25MB/s (50mbps). T ) Chunk 7E 23.2 2304t WK E 7, S %I KE JE &1k 440MBIs.

FES3 A=K, FATT Kl #5287 54> Chunk fled5&, > Chunk Ilk55 4% K294 16000 > Chunk, 3t
7t 660GB f##h . X PR T3 1 266 > Chunk A HANEIA . X 266 > Chunk #% GFS A6 M Z#E4T &
#il, £ 2 oA IRE R E DG PRI IEERPOE AR A — DR, ERXDRET, RETUEZE S
Hb—A> Chunk JIR 5525 & R0 A 2 R H s -

6.3 TAEfafrath(Workload Breakdown)
AT, FATER TS GFS i TAEEIE DL TELE 0 #r, XA 6.2 i ig2fel, H2A
SEARHIE . ERE X TR K, EREY AT Sl ab .

6.3.1 JFERMEEEN

AFEHIHI Y )X e 4 R R AR 2 LA R IRIE K, I, XS5 SR RENs S eI ATT I B FH AR o0t
GFS CAF &G LA Bl LAE . eIV S IREE y 1 SR BAE P i 17 SR T 7E IR 45 4% ()22 FLI I SR, AVEL
& GFS Py G SISO IIE R, HLnal e RN SHR0E, S0 B3 It S A .

AT GFS kg5 S iC KM F LR RPC 1R H AT S EEHOCT 10 #ENSGIHER . Hll, GFS &
PRI ] RE S A — AN EARAE S U LA RPC BRI m IFATE, AR LB IX S RPC 5 R4 3 th A6 1) 152
B BUATRATM U7 R s R Ak, BT CAIRAT AT AT AN A B #0  2 22% . I R 32 A R Rt i
SKEVERMHE, A TRt B Aemi iz Wil . (H208 74 H i £ B m R A 3T 5 3 8 T4 IEAEis
AT PR AN IS, 1 LS 4 2 %5 P Bl O 4 A R AN B () A

7 1% 38 S IR ATT ) AR AT B ot B A DRI 3 1 45 18%° . Rl Google 58 445 il % GFS R GFS
IR AR, Frbh, NIRRT #ER T GRS i 704k, [, GFS t22h 17X e R P it i, X AEHIAH
HAE AT REAELE T IRFE PR R G0, AERAETRATI S0 sh i B () 15 FH 5 i v R 5B 2%

8 JE3. Since our access patterns are highly stylized, we expect any error to be in the noise

2 B EEAE AT (B £ St i 4 S MR
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6.3.2 Chunk fR%8s T/ESAT

4¢3 i 5 LR8N
- X:c3 X Y X Y X Y
0K 04 26 0 0 0 0
1B...1K 0.1 4.1 6.6 49 0.2 92
1K...8K 65.2 38.5 0.4 1.0 18.9 15.2
8K.. 64K 299 451 17.8 43.0 78.0 28
64K...128K | 0.1 0.7 23 19 <1 43
128K...256K [ 0.2 0.3 316 0.4 <1 106
256K...512K | 0.1 0.1 42 77 <1 312
512K..1M | 3.9 6.9 35.5 28.7 22 255
1M...inf 0.1 18 15 12.3 0.7 22

Fa: BIEAXPBHHAE (%) . RATRERE, ADESFRERNSEEMNESENIEE, MAZERNEER.

R4 oR TR KB BN A IS L . SRR R AR B S B B RN I T RS A
NHTEEIURAE T 64KB) — i A SRR 2 T i AGE ), H BIFE T BRSO h & 4k /N
REJBERURAE CRT 512KB) — s Ak B RIS 1L BN S

FESRAE Y b, A S ECE IR B R MR O . AT A, CHRAEE R, &%
PSP A 7= B - BB BB o A2 3B AT I R SO B it RIS 38 238 A SCP (1 R A 15 Bl
FEEAEOLR, WA U R 7 A SN, XS P RSO RN TR AL, SR X
W T EE BRI, AR EIZAT AR, B, S X AR B AL

B EAR AR BN M FRE R DU RE AT . KIS R (it 256KB) il H /& th T Writer 1] 1 2247
MU S . Writer 2475/ NEHE, JBIESEM Checkpoint B FID#AE, B0 RERRMGTHNIEN
CUNT 64KB) % (alex vE: RVCEZUCNOE AR, BHEREXR—ARIE, —REA), ZEitE
EPN

PR — N idsaB it . JATATELE BIEHRE Y hOR I INERAE T & EU B ELERRE X 212, X2
RUONSERE Y I TBRATAF RS, #15F GFS i 1 S 4 iR L.
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(3 {73 5 £CRIEM
&8 X X X Y X Y
1B..1K <A1 <1 <1 <A1 <1 <1
1K...8K 13.8 3.9 <1 <A1 <A1 0.1
8k...64K 114 9.3 24 59 23 0.3
64k...128k | 0.3 0.7 0.3 0.3 22.7 1.2
128k...256k | 0.8 06 16.5 02 <1 58
256k...512k |14 03 34 7.7 <1 384
512k...1M 65.9 55.1 741 58.0 0.1 46.8
1M...inf 6.4 30.1 33 280 53.9 74

Fx5: BIEANFHERAEER (%) . FTEESRR, RAOAESERERATEEREN, mAZERIEERN
FE. BT ARRENRERECERIGERAA BASEREFANHABEZERIA S, E5liE
BB X G RAIA MR F MIRIEER N M R F AL

R 5 WoR VIR LBEE B RN G ORISR . AERT IERAE, KIN3RME Gl
256KB) i T FEM LR, NI UM 64KB) BLARAE S B R L b, (R AR S S & AT
BT, SR PUONAE SO A REAL Seek B AR ST IfT T 2L -

6.33 CFKIEM vs. HME

CSRBNHERAEERATH AL RGP KRB . 5 TR X, DB IR A8 5 A E 1 He o 2 i =y
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