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Abstract With the ever-increasing data volume in enterprises, the needs of massive data storage capacity currently be-
come a grand challenge in data centers,and researching shows that there are about 60% redundant data in storage sys-
tems. Therefore, the problems of high redundancy in data storage systems are paid much more attentions by resear-
chers. Exploiting CPU resource to compare the data block’s fingerprint which is unique, data deduplication techniques
can efficiently accomplish data reduction in storage systems, thus data deduplication techniques have become a hot topic
in both industry and academia fields. Based on adequately analyzing and summarizing literatures on data deduplication
techniques appeared in recent ten years, this paper first presented the principle of representative data deduplication sys-
tems, implementation mechanisms as well as evaluation methodologies after analyzing volume-level data deduplication
system architecture. Second, we also focused on existing deduplication optimizing techniques with consideration of both
the characteristics of data and scale of data deduplication systems. Finally four new research directions were given as
follows by comparatively analyzing various application scenarios of data deduplication systems, including research of pri-
mary-Storage-Level data deduplication approaches, research of distributed data deduplication scheme for clustered stor-
age systems, research of highly-efficient fingerprint searching techniques and research of intelligent data detection tech-
niques.
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FERFERE S M AN BAAS . R IAEAE RGP B R U4 I
Z B ORI ES T 5A BLHICHE , Qe JE W AE i R e BHE A7 1
HRE B — AT B 5T IR, T 5 2 B0 M BR £ AR (De-
duplication) Jg&H:H — Fh 5 & . fk (Capacity Optimization) £
R, BEAHERFHEREHER WEIE, 48R 5 LR
B0 T Ao Do) 45 A% 4 O B 6 45 103 I T A A O
WEFEHFEBB T T Z WA A, # Tl A, DataDomain
DDFS, IBM Diligent, EMC f) Avarma, Veritas ) PureDisk L)
J CommVault ) Simpana J2 H8 5045 1 F 52 B8 MR 7™
XL G IE H AT LLGAE] 201 I E B HOREMIER 2R ; B2 AR R
WHEAT TIRABESE , A4 32 H i MIT,OSU, UC #1 Stanford
FR%,fBE K Paderborn K2, T 1 818 K2, L K H
) CUHK. R0 R R R fidep A B K2 SR K.
AT ERMEM RS X &0/ RN R R G, & 0/A
PTERE R G g 80 %6 ~90 Y0 BB R E TUAYAY » X th 2 B
FEMRGEZH VRGNS EMROEE., EEE,EE
BREEAR & AL IR E AR R B B, 456 52
AR AL ER A2 PR AL B AN FRAIG 1T A % 18, T A B B 6
AN HEEHT I HLE PR .

EEBARMBRAE R — TN T RS B E HH:
R B G A HR R AR A R OR R0 T I B AR X 77
RGMERRRIRZ IR , AT SRIBURE DG R PERR AR AL B AR , BRIt A< SC A
EEBEM R AR TR 5L AR, S TE
FHEGEMBREAR 9 E A 3 ST E PR DL & R BT 1) .
B2 PN BEELIEMREROER ZR EERMESE
B AR A [R5 25 3 1 R B HIR MR RE MR RS
W RGBT 1 AR ARAE TN AR v AR A S AT
B APFRATTRAEWN REERMSFMEEAR; B 5
REMTRTUAMERRAEMNRETE; RS A ERAE
1% R G 0 BAFIE W E RN I R E e M e L A
T AANE AR,

2 ESHEMBRRENR

2.1 ESHEMERRAR

TSR0 M Bk 2 AR S — b i 08 46 DB 1 AR (Data Reduc-
tion) , WA TET BN FM ARG, BEBDFHRGE D
AT R . A MR M BB AR 1 5 o TR B X e 2
B KR TP B R A RR S e, BN M BR (UERL B
BREE 0, REELZWRIAEL RG], XA LA RO
BENI . EEBEMREA SR ECA MRS L7
RESE 2 BE . RIHSR T T R 8 M BB AR 7T LS R
T2 B B 18], 9> B g v O B2 B B vl T AR R AR
BERA.
2.2 EMV/ORRSHMEE

MR GG EORERLE X TR —K VOER, &
SR E T & VO R, Sl BB RGLE  HUUR SR
o2 HE T RS Cache )2 Gl FISZ 1/O JAREJE B S)
B RYEIE AR A WEMAE EEA TR,
SR G IR SR)Z SCh T A 2 B8, LA BLA i) T IR
R Lessfs™ #l OpenDedup™ 22 F R 2 @l I 25

S FR e Fuse™™ St T M, WA T 38 4 17 F P %o RS )2 O A B
BAREWAS B 5E5 M Linux X RS EXT2,EXT3 il
XFS A b A B AR, 55 51, A 0 T2 M0 28 4 th mT A5 2 3
FAR AR B &R SCST AHU kB Em M., T W
BAREMRGE T A MBS T 5, ST
EUMES N ARS8 E LU S T8 s A W RS,
LiveDFS™ g B AE A 1 30 R 40 EXT3 v 52 it () 52 M 2
B8, U R G2 B R G — M X S BRSO Py A AT 4 B
MEM, A G RET AT H X EA R T E
T WX SCAETRCE & B SENMBE R, St RS2 E M R 2
EFXt R T IZ T M T R 09 ST R GEXT B Y 43 X A B T 2
BE , DRI T LR A R EE A s 2 B R 4t 1/0 Deduplication™?!
EXHREZZ T WS FXHRE, BB L RFEAN MR
4, F RBAS ST 2 R W FE M , B O J2E i B, T 75
/O &S BIR BAEMEE M, P 02— M E A,
BME RSB 4 52 B RAID A1 ISCSI At S #F 2 2 T
e On, Bk EFROHEZEREBSHATREIZ N TE,
g2 PR, B RGEHTER VO ZRMN LRI TFTHELHENS
B3, 15 S BRI . (B E M e S 4T,
2.3 EMRZSENEMEE

FRE S e B 2 AR M B B VAL B R TR, 43 R AT E AR
i T S SR M B4 5 AR 08 S it T 2 58 I B A VR R DL AN TR] 5 43
NEEL (Off-Line) | £ 2R (Out-of-Line) F#E £k T M & 4t (On-
Line) ; M4 32 jti 2 M #21E BLBE A 8], 43 20 SO RO
T 22 5 5 4408 2 M) 2R 4 T TR 55 500 S AR i A 5 1 ) O =X
AN 53R EFAEFAFERE T R 5
2.3.1 ATRFBABGEMEL

ERGEIEE T, O T HAREORE T P 5 TR, BdE —
MR o AR BT AT A . RTEEE M BEFT T A%
P R GRE MRG0 , W] T im s A4 a8 (B Andin 2 1
ARG, EREEMRGE, BIABHERES 4 HH,
A P — 139 B0 3 5 D) 4% 2 i B3 v A7 v R 9 2R A T A 5 53X
PR TE T MW TE, % P I BN T, 7T LR 4 il
FRURS T s BBEUR s 7€ AR M R4 B, BT A M ERERE
) 285 A% 0 B 38 o A2 39 s AT TR R T BR R AR, XA O U
BhS EFTA EIER R EE N EHN, M EA TESH
M FE. HFENE T SRR AEFICRE T B
i B E Bhnsn R R BI AR E S, ME NS GH S
$RALTE 22 i B[] 0 BE YR R A7 B E M #RAE, i dn, NetApp (1
Snapvault i i T & — 46
2.3.2 EABEENEHEEM AL

T R GEAT 4328 £ (Primary) 724 2 88 1 DA (Secondary)
FHRE™ . N EMN EEA T P& R R, 5
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R, FHART, RENERSER TR, B LAR
GRBEARIED, 0 BRI BA SR 1E , 28 P A
RIEBHEIRE W B , T X ek ZRAURR, R N EE N R 5
FEXE VO FHRBHRA. FEEAFENTLEES —FF
L, AR Z TR E, B SR B A, R REHR T
B KRS oy % P o B4 3 oK R R B SR ARk . PRI T R AR R
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RGeS Fanfu 325 1/0 935 ma Rz i 18], i F5 7T LR
S FIHRE , B L FT LA 2 b 8 37 5 47 , T A RE AR & B
B3R 1 ST X Rz st 18] , B  FEiEK , WA R G
EE, T HL A7 F8 40 535 oR 1 e — MK F 75 %, Bk &
TN RGN Z R L AR R .
2.3.3 BERAXFEXEMZL

HRTELEMR G HLE M RGEMIELEMN RS RERT
PINFF R RG WAT N TSRS, T ERET
ARG R BN RGN % IS, ELBEMELIES
IR AZEES BT e EMTIE, B FENSRAE
oG, FH NS R , BRI/, T X R
GRIEIR WA K (I Y FE08 2R 50 BT A0 B 9 508 R 2 7 1
BT S T M 0 B AR 5 DA TG 6 S 4 B ) g A B ], FAEG
EMRGERITERE . WRE BB LBEEE S, BRI L5
KT H N AE B R G, 7T IR S A3 — AR A ek
HRERT . BEXFIXANAIRR, A BT B A EE AR O R 4R
RS HERE a0 iDedupt®) FUH Bk 34 B — & B 1Lk
AR AE S T 48 SCE TR B 1], (BB AR RE S BER Ar E
M. BLEM RS E—FEAEE TR (Post-Process) , $#E 56
MBI R ARG LHETE M BB, XA 5 XA Bl E
) 3 R 1 S R Ko P A 6 4 e R G Yo e 7 B ] R 19
FEREIA AT LR X RS R i 5 S AT A0 B X P 28 R ) B
EESHNEER, ol hER R . IELREM R4 (Out-of-
Line) il 1] F 5 f¢ R G025 PRI 58 BUxT DA AT S 3088 i B M1
BN TFHELSBLRZMY—FMEM RS, R R R
RABLHFZ], 41 : DDE ¥ = 176% R Gu b T2 2k 2 PR B 52
TEEE M .
2.3.4 IHBERBEMEL

SO TN R GE B B — SE | A7 4i% SIS (Single Instance
Store) , ‘B LA SCH A bL BEAE S AL B X 52, L 4 Microsoft [
wss20001%), X FHA LB — AR A Hash B TR R
REGIFEXA IR B E B A U RITR SUE AT LLEC, 40 SR AH
7, R4t RARFE—A48 Il R iR SO e £, T R B — R4S
BT 3E A T /NS B BAESE s H FARE
SoF B SO PR AT 43 B 43, AN R 43 BiE ) CPU 4
AHXTIG , RAM FF 45 AH XK, B 7 Ho AT R 2 s pR b, 7
PR TAES A, RER KBRS R /N B 5 T4K
T4 FEdi s (A 0 2 b7 B RS, B FRASCHE R B I B
T R BB AT SCHARLRE B B BRI, A BB A TS PR LA
B SO 22 16 B8 /)L ) T A 50 5 R O 250 A 1 T R A
AR ETHAMRERB TRANWEMRSE . REAEMR
Ge 4 A B BCE SO AR AL BE 35 AT R 43, 4n - DBLKE™ )
Al L FE ST HHEATRI 4y, R T R SR AR T S AT AE R
SUET A RAIL A RS SO R E M R G Sk
REERISA L, B TR ERE /N BN HESROERSE
150 QISR SO B R R o, — AN R SCHF I R A 3B 4 4 a
PR AEZA, XFIERARBEM R G T RIRFEREZE
He, PRI 58 68715 48 WG 4525 18] ; A0 R Hb , ABRRE BE HEA 7RI 43 718
FHEER, & AEZ CPU BIR, R EM R 5 hH T
BRSBK, WTIFEIR RAM R 3R, 1638 2 R 823 6]
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FFHAE ORI R BRI A W B P A B R Gidk FSP &
PO AT B e KN 43 X A BB B R T S B
B E) B FFEE BT R EM R G ESRARIER , H AT DA%
FEAE B A, XM TR R R AL E R TE
HIERAE D> W EHESR (U, B R IR 25 AR AR 55 2% » iR — A~
A N A TEA L, S EOLE BN A5 e R
PEH I AT A, TGB! B HbAR 8 SO I 25 19 28 fh ik
TTIRRE, LT REEM =, BitA AR EM RS CDC
FRUI PG BRI GES TERENNG S, W,
CDC B 1 2 i Fi] Rabin g SUR SO 73 F) K BE RN — 1
SrPLsRmE, £ 3R AW 8 % 0 $ R (Sliding Window Tech-
nique), JE R AR F £ H T Fingerdiff” F1 Sliding Block
Technique £ AR X HHEA7 T3 — 5 W dcH £ 5 TEMZE,
PRI RS, R IHATRI 23R8 B = SRR . A
AHDHb SIS MR8 . 458 BTl , SRR 4300 BE 5% ) B
MARGEHERE : DBABREM R D IREHE ., i FE— P RE
T BRI R/ N TOECHE T, S /N BE B R4, (B4R
LA HE , N F AR Hash BLMAK, THK, B
PR, B KNRE T RGN . RSk X F
TN R G = AL B[R] 4 23 [ R _E R — U
2.4 EMEEHMEZR

H AT ERE 4598 (Data Reduction) ) $ R 2 774 2 55 4T 488,
EHHEENER, S ESEEMBREAR MBI RSB A, T
GEE AR MR p R AT B, I BB FREM , B R B AL HAL
A PR F BRSO 2 Y, T O AR B SO A B . e 48
BT XA S U ZR AN R AR i BB, 1R R R B 0 4
MR TE CPU TR H R EMITTEAH, HHEFHE
K XPEEESEWEIER IR, BRrEREHSRFZRE
YTV EYE A —Be7= g A Storewize 2 &) 1 STN-2100 F1
STN-6000, A & Ocarina Networks /2 &) ) ECOsystem, &} 3%
FAEPURS A /RBGE R b F 25 34T IR 48/ R 48, i SR B A
RRIAFIL B, AN EFHAREN RS . EEEE
TR P98 SR AR R Ak B 5048 B ) N 2%, A A [R] Hash (£ 1)
He Rt — Ok SE R TH 2, AR 2 I A R
BREAFABREANERESEEHFEERIERBBA .
EEBIEMERE R R BAR , s 5 a5 A hs it LZS
FE4E B A B8 R 48 BORTE B4, DA HE AR %k
WHERIERE . EM RS LB LM EM G B EYE, B E
gE o RMEIE A N A S 48 5 AR RS AR FE.
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3.1 BREMRGHREN

BREZEIEMR R GRS ME 1R, %A
ek B %) 38 1k T AR P 2% Switch(FC/Ethernet) 5224~ Host
4%, R Host 1ZALYBAF AR B UR, 2 —Fh ALY SAN 7R4E X
BN . A TRE RGN M, B b
#EEA RAIDS 5 RAIDG, H AT LAgEHE 1 Host % i i 177
ik, B4 Host 3@ LUN Jj[a)AH R B FEAE T IR . B AN B
4b#E LUN B35 R b, RNV R RE, RS
% LUN FIFERE B IR Z 18] B SEBR 73 L K &R BT KL 24> 4L



i ) 77 BRSO W 75 B T S 50 M B J2 46 SE B B — )
Aot U ) T S AU B E A B o AL TG A 5 2 ) ) 2
T R G EUR B — Oy 8Os I . FbE B IRt Ak £/ 51
RS PSR Yk S0 J 9 DA B A ke 104G, W 2 b
1o 1R 8 (FC B SAS) R A X 38R 00 325 42 32 kA5 v 0
#/E.

i Host l | Host | I Host ] I Host |

C User Switch (FC/Ethernet ) D
[T 1 [ 1

ISCSI target

Volume(LUN)
Meta data
Deduplication Chunk

| Garbage Collection | |

Logger |

| Linux Kernel |

A1 BREIHEMRREERSH

MRGEMZR KR F, BEBEMER)Z 1 E S B iEL
FHIRFR 5 SO /008 TR i 22 K 4y BB 8 Chunking, $dE 4L
W4 7B ChunkHashing . $8 20 #5 #i] ¥ & FPindexing F1 £ 4%
JUHHE FIE— K4 DataStoring 4 BB, W& 1 fiR, ER
— o ML AU B 2 FE N R Gk R G5, T B IR 2 0 Th
Ay ISCSI i lal U2, E V5 [ B2 LA T B 362 25 2 40
BB e TR, A Volume Lt Deduplication
#& 3 .Compression # 3t . Garbage Collection # 3t Meta data
R Chunk #EHLFT Logger 514, TG R/ 0 AR 1 5
REEM RGBS BB R HEA LUN 61 SO s0801E
W E S T4 Chunk, 34154 —> Chunk ) Hash {f (1
nU$§ 4 FingerPrint, f&j# FP) , Deduplication A3 4R 4= 111
FP F| Meta data 3 880K 513K (i FR FPIndex &£, 10 3%
T B Chunk ) FP {5 8) LA FRICHAD, iR A3, BLH
ZH RS Chunk 2RI, B A S AR R, R0 EET
Logger ¥i% FP Xt counter Ml 1, AR B A, i 5 iz
HORF, T U E S AR I FP E 3 3] FPIndex %
H1,7E Meta data i & 5| £ Addrindex(UR7E T A LBA
5 PBA MBS RO bbb, BE AT EE B A AR
& BERREAK Container K/NER . A T 3 — 25X 84 L ife
A8, #RE A b H 45 55 ¥ Compression X} & — 4 Con-
tainer SCHEFEYE . I FHIRMOTHIEER R LR EUEE
FFEHC, BB M3 ot 2 25 i 1] IS -0 P 199 2598 3t (Counter 28
0 IEHEEO B AEH B Y, B3k [H Yt R Garbage Collec-
ton ¥ A RULIRTH M RS FP R5 1B R A AT S  Arify ek
BEFIAT Y M.

3.2 ESHIEFIERE

FEEHGEWHEBARES WA NEGE 5 A BdE#T
WWEHHEMEAR, BAT8 A MEREN G ANEA
Chunk ) & HEFE— A RHAEE Bl — A FP RAFIRE . RE
1% FP 5 FPIndex & EH () FP HEAT HLXT , HA B 41
fHREME—FR IR Chunk, ZFRAE{H — M2 BEHL P 2 %% Hash

(AR HARAE, an SHA #1 MD5 S5 8 ok REA B E R N
Hash sREFFEREAE AL HAZIBXT RIS RBE . R Z AR
AH TR 5, Hash Rl 5 |2 A0 H A5 BERTE /D

IR EAF AR T B A HAFIREAL, SHA-T RN A
IR BB Rl — Hash EEHER Ny 1/2'% s BEE A B %R
TRIGAROZ Wi £, H Hash W HHER FPIR™ 2% #i 7+
%’%Xﬂg:

FPIR=1—EXP( —N

2X 2"
o, N R ABHE S A5, m g Hash [EALE0, B R/ H
32kB, #4223 [8] 1PB,FPIR 24 4. 038X 1072 , Helfi K H e &
237K, LAV B AL RBOR /N Ry 1077 5 AT I 1PB $idfg =5
/6] Hash e SR8 R A FAM Y, BAER G AT LA
2% & Hash W53 SR
3.3 EMREE.SHMRIEME

BENRGARTE 1/O LB Rk B MMEREE 3 MR,
Ho g A R E AR TR, B TFRMEERS
RRKMABETEEMANT, BIA —H o SiEw R b,
WERE 1T/O FRE KR, &= B W RE , Br U@ o A BRI 3
TR NEZE X R, AR XA 1/0 BFEK,
& B R e AR o L R A R B R AT AR AR, LAY
B 15K 9 e 7 B ] . Data Cache " i) 038 3 2k F§ LUN +
LBA H##ERG|HAX G LUN B 53 Ac Cache %5 ], £ —
B,
3.3.1 Bi#FR

BN A RO T B SR S  M A{E AR RS A 18
SURET A MEIEI R B ER A KGR (FPIndex) H1, HIRIG
FrEATER T W) BRI T R 82 R SR ARG B 3, R 5
RSB ABIRA SR Datalog, BB AR T 3R, FE
PEILH FP 2| PBA MBS X RIMA BB R TR, HER
ht& 5|15 Addrindex il A LBA 3| PBA BB KR, 3+ E
BRI R RN YR BHF. WREAREE
KA R, SRRSO REEE W, EHiTEES Counter, H
EHHER TR P A 4R AH R PBA, I B3 53R 277 b ik R
B BAEMIELEFI AP LBA 3] PBA Z E BT £ R,
3.3.2 ER

HiEfE#IEES| R Addrindex AR , 3B /5 BRTE Data-
Log H it UM B AU 4R B, IF38 [ e U B il e . X FEB 4
RSN EER 53R, @ I W R B A A, BT
j54:' 88
3.3.3 MBiER

SeAE bR T 3R v M B A B B BRST OC R , B RS A HE AL
JE HP I R A L ) B OC R B E AR YR 5 | T BB LR i 2 2
752 DataLog I BRAE R I BEESR
3.4 EMRZERTMIRE

EMRGERITEMIETREBAE 3 N 1/0 FH . F
SRS R B [ A E M2, THEZES SR 1 AFHREEM
RGBT X 3 1MEW.
3.4.1 F3vh HatiE

EEBIEMER RS IEH RS R A E MR,
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— S ABE 1 R b i T B X T A i B e o s e
AT IRICED , Z R LB KA, AN AT BEE cache HSZH &
A, AT I T BN RE A 1/O, 3 hn T A& R R , R4
KB AFER B[R] 5 575 — 5 1 i F IR T IR 5088 1
SEMEAFR 2N SO SR — N E— R AR, DT 3 R Sk 3 %2
SR Bl 3 T SRR HE IR , 5 6 s R FF B R nY 4 AE 3R A
[i] » P e 7 i ], B3R B[] = PN FE AT T TR 48 + R A AT T
.

(DE AIER A

Tuwie =(Tpa+Tp+ T, Xh+Ta X A1—h,)+Ta) XN

¢

Torice : B ASIER B8] 5 T - BUHE 53 HEXF 5 1 B 1) FF 485 5
Ty R AE BLAY 16 BCF R FF 4 5 T, B 3R S AE AP Y
AR FFEY ; Ty B EARSAER R At (B P4 5 0, . B
BN PR Ta : 5 ABIRFMTEIETF 855 N: 5 AR
S

(2) BB ¥ 2 3R B[]

Troad = Tom X b +Taa X A—hp)+ T4 Xw (3)

Toraa « EHHE B IER B8] 5 T, - SEEARIAE N AF P (214
At 1R P 5 T < SRR SR AETE 25 P (0 25 B 18] FF 4 5 o < 1R Y
WA 35 T REARE FCEARFF 4 s W - SEBUSE B
3.4.2 EME

AT B M BRER SC B T R 1 46 e, LB AL AR vE R
T AR, T R s ST LA s 7R A 2 R A T A A
74 $ (Bytes In) FE M 22 J5 4 HH 3 M0 AG 0 A B 1 24
$ (Bytes Out) & X :

__Bytes In—Buytes Out
ddr BytesIn

BMERHEMNREN S FIENEER [, OTRED HEK
PELE (Data Set) B B FYARFAE LA S BAR R 5 B8 sy vk
AT B0 53 B K/ INJE 5 R RS B /INeS S BESE B 100 %%
RIAH R , X B M T EE R (B RS BRI A
W K, HOTEOE R K BERAER I, BT R T 2% B R 5
AR EM RGN R — AR E MR REAR, K
THRIAEM RGN ERRERE SCHEME [ EMR
FESCAT

Sair = far X far ()

F AL RO, R KRR E e T BB,
FHAR ARSI T EMRLCR T 100 % R R BB L . 5 TR EE M
REEMHRFARNTHEE: D REEIEIE; 2 RFER L,
EMEOR fur SEEREHETF LRI, SREEERF o
BUE W TIRIR N far = /B, EEMBIMEBERIET  RHEE
BRAT, FP i N AR b 3R sk e TSR seR s s AR
FAEEERIEOT , SRR, HH AR 8L,
3.4.3 T/O&nt &

FAEN A 3R Thy 18 B B A WAZ R R ECE 2 . W
FEMIG I T EH REIERE LR E, R EN RS 10
HFHREALHEM Y RGEEERE FHRERND—E. 5
SR BB Tateney B LY » T LA <

Tha = Bytes In/ Tiuency 6)
3.5 EMRGHIBAES

e M R G rh bl B AL R WY K, H FP A&l
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*100% @

FHLFF 55K 2 HT 4 1 7 MR 0 T ) 2R 4 1 R AT A A
R, EMERE workload K F . Lhan 100TB K% HE , Wk 4
— BB /N R 4kB, WA 100TB/4kB=25G M4tdEHe, 11
REANBIESIIE LSRN A 208, W] FPIndex # E 3t 25G
X 20B=500GB [ 25 & ; W RFM # A 50%, W] FPIndex £
KN 500GBX 50 % =250GB, BARAE A T WAE, IR
$dE =15 3] PB ¢, W% FPIndex RIE T K, FULFEE 5
PERUBE 34K, AT RENE BT AT 19 FP A A7 A AT BE X 45
—~ FP B—4r 1, BATHER FP AL mBiAR 22 B
FRAEFIFREAR , HRT S48 P A i DT e

WE 1 PR RIZEM RS, ARG —4 LUN B KA
4 64TB=2%B, Btk /Yy AkB=212B, |45 21 /212 = 2% A
B, R E—ANERH — R R, WAL 2% ANz, B 2% /8
=2GB ffy LUNLBA _bitmap %5 ] , 4158 s 3£ 4 1024 4~ LUN,
W 5 F 23 JE] 2 1024 X 2GB=2048GB; X F 1PB= 2B [ #fi #%
23 [8] , R K/NA 4kB=2" B, 3kt 2072 Bl 284> Chunk, [F]##
B—NREA— AR F R, WILF 2% 47, B 2% /8=32GB
¥y PBA_bitmap %5 [H] , [R] 3BT 7% (1) PBA W15 80k 5, W%
& LBA Frf 7 BB A 10, 4 R I bR kA 55 AT
fit PBA Brifs 7 st 6, Wl —AJo$dE LBA—>PBA 3
216 A, M 28 X 16B=4TB () AddrIndex 25 ] ,

g5 BRI , 2 B R A AT , B R I BB AR S
BRI, SR B A B FE S , 2 5 #h ik LUNLBA _bitmap,
Hihik ST Addrindex, 38407 FPIndex, #)3i it PBA_bit-
map #RICHE TR WTE, 5 ERA MR , AT S5 T =M R
SEtk BRI, (R T FLA5CHE MR AS ] BB TG PR 38 K, T A2
A%, 3 MBS AN T 4598 . D I/ 3R 103 L Bt Bk
JIN A5 AR LR s B, A 4RV /N, AT S B M AR, 2)
REWAXT AR G, 32 5 AR, 3 i i
YRR AT BEA i IR 28, ZE AR A U5 g 2 A 0 » 04T ek /1
SR R A ) F 4

4 REEMRSHEEER MR AR

M R 4 1/0 #% 42 4y~ Chunking, ChunkHashing,
FPindexing 1 DataStoring 4 4~Br B, 1 % H v iy & — 4 Hr Bt
BETT LR FR R I AR AT LR AR A e R SR 4R T+
M ZR Gk B ok B AT LA $LR T 5, 43 B3 ¥ Chunking Al
ChunkHashing B ¥k & 24 2 5 &34 CPU & 44,
BRI B AT S LB, X B G BRI R, IR
) SCERFN BB .7 7T SR F 22 8% 52 R SR i Eo 4447 5 DataStor-
ing Wr Bt — M2 RE A4 L RE BT R &, 7T LR I E MR RE SR 47
WSR2 T, BTG SCHRBERL 1878 48 80 il K R (FPindex-
ing) BMBRAMES . I TRIA RS FP RGBT
PE AW EMT Y R, TN RGE 2R RS Ek
FAR Garbage Collection, Striping $i AR 5 AL A , PAgE—
BT R G PERE A AT SR
4.1 FPindexing T LI A

oo AW AR AR T A, B RTE RO B R 2 1)
WA TR RNE , SR FHAZ 38 5 MR R A A BOR N B R i
GRS AR SR W FE I 5 R ARG & 1/0 55485 % F§ FP
PREFFNHE B Bloomfilter F AR F M #IE BURBI N FEH



Bt TAEER R AE T R HAE MR 1/O Fr k32w iz B [7] 2
[ AT BT . 53 AN AT RIAR IR BB A e s AT
Ak, 4 DDFS™ R4t
4.1.1 B3R K

BoE T 2R G BE B BHE R I 1S, HA BUR 51 R
FPindex 2B Wil , AT RE TR BCT W, 38 SO A ] S 3
BANPRER 1/O, 1 TR 5| A iatial . O TR E7E RAM
TR S A R, BEARIE SR T  E T R G iR
TR RS AR (Locality Preserved Caching) 3 $2 F148 ¢
A IEAER , JR R R R 73 2 23 1] J& 14 (Spatial Locali-
ty) Fn At 8] J5 5% (Temporal Locality) ,

Venti® 25 L 45 Hh 76 £ 0y 2 0 v S5t T 09 e i o
Z . UAEMARGWEAZEG AT EERIE T UL, A T Block
Cache.Index cache #1 Disk Striping 3 # W4 RIEBHEHF it
R, BMELEME 8 N5 Sheetah SCSI B&L KA ILfE . B
KB BB N 6. 5SMB/ Sec, Cache HKAT RS T Ik
IR R, 33 R WX T R HHE it A i3 F A7 Cache JRiid
BARRARFBEILRE & 1/O FHR AR AR, DDFS* i
HREGE Cache HARFAAER FE, AT 7EEF LPC BRI
fl b 3R H T SISL(Stream-Informed Segment Layout) £ A& ,
SISL K TCHHE 5% A\ £ 13 K8 5 28 0 A AR 1IE Y EE SRR 31
XSS RIE I AERE R Y 2s 6] B R B ESRAR , EoXT R ) FP
S B LEARAF Y BIVAH B SCHR ) B8 F o BB 7E A i 25 18] b
TARE BB Rl — > Container B ,i% Container B H ik,
B 1) 4 2 B X g — A% SE I, AN [R] 1) 2846 X LA [R] 1
BB, 48 2B, TR FTH 2 A4 . HA A
B A — K M Flush B 8% #, ] — ik 1/0, DL G i 5
. EZHT SISL HEAREHR T A BAREGERES R
PRIFFI R , A 345 LPC BRIy AR K 48 &, SISL &
Bk LPC firh R R AT 54, BT Al P& GofR 2 LPC
FEAR, XMBEARFEEARBHET AR LORRTFR
e, Bl —NMELHCRA IR ARS8 BUTE M A S I fe 8 4
TN , RZAENFEZ 1 — MR IR AZIE BT E A 2%
WS RN FE PR Arh, BB EREA LR 8T
RN AESHERA N, # A B LRU B ENF T
AR DL AR5 Bt AR A AR AE 8 SUE M — M E R A
WA, XMEEIFARER R, L5 s RERY, Bloomfil-
ter AN LPC HARGEBIRFT 100MB/ sec F iR IF 7w £
1 /O 75| A HRAE R =M.

HEEMFHEEMR S LPC BARIKAE TGRS, BT
BT RGHAT 2 LR E E 1), Bl [ B R EdE ,
BT AT A AT S A B, AR —&
YR B 1) 55 — 4~ Chunk, AT LB, #: T 3R % Chunk 4
A E—K B F B EIRE R BT —4 Chunk #H[F, HEXTFE
FE R GURERER AR BAA A RIFHIBOR, B EFME R
GE )BT LB BERLIY , SR Z R AR TR ARE
4.1.2 AR R

ARLPEAS I B2 ARAE H 50 B M R G rh g i R A, T
EMAGRERAEYR /O BKENRETMAT —NEEE
M ZhBE R, ZAE ) EE T RE LR A DU A BB B &
REE MY, FETEM 247, JCEE i A 4R X AT A AR R, E

SRR R AT TB ZUIa, XA i Fent 7, &N
FHARZARE, AT 2R TEE, Rmstak—iit
BEBARE R, B T R A A B T XA E LS A T H
IR A UPEB AR B LF HoB — A KG9 Chunk R 45 /)N
B—A/IMEEI Chunk F—H# , iXAN/MER 1 Chunk KB
WRKSE B P, i 00% Bfr b R, BiE IR A1
Chunk &, & 3% 4~ /NE B9 Chunk 2 86 BB A PIFE, A
T SEBLPROEE A2 $R LU X . 7 EU SR B i) A1 1 b X3 J2
— BRI % S e, R A T i B R I o 5 1) B0
B, X AR — MRS 2T 0 B, ik T B R, B EE
A 20 B o T M) R e i v 2 B U], X T E BN R
EHEER.

Sparse indexing scheme!® ZE—/ D2D 4 75 £ B3 45 1
ARG BAFFRBEIR YR A RBEMELRL], N —
W T EM RGN R, Z R R AR
A B T SE AR B I, ZE R AR R B O T — S Y Fl N 1R
FERE SUE B PL BT AT RARR 1 BN P I DR , 76 B A7 1 I
BCFE N — T A 0 M AR , RAE R RAEE MRS
WAHE R Z A — AU . SR S IR KRR B Bk
FERRYUE , e F— D EE R RER R R, L
WA . — b J2 oK BT A B9 Hash B H A N 7E, 2R ERAE IR
B EATT R 2T A NAF; 75 —FE 0L R A —> Hash
EFEAPFE, BAR 1/O FFE/IN, (B A v RAR, BRI 6 4R 2
—AN KRR

Extreme-bin"*" 75 5 | F SCAHIULHE  3X P M 0 2k 1 32
B H I RET B/ R R i SO R AR S i £ 2R
1o s X F 8 —4 3, Extreme-bin % #5 /M) Chunk ) Hash
EAEAARRIE S A MR AR B 19 ST )3 K —A bin,
bin EHe R M 1) ZEATEE , BTA bin 97 R M T8 S 5
A—A Primary Index #, Primary Index J&#H 4 /NE , BE LA
RAM, X F 8 — A5 A B SO R — K XA R bin (97
#&ViE, BT Extreme-bin fRHE, B — 304 BA —1M8
80, 8 I3 A FIAR AR LS AR AR KRR E B T BAT
FIARRUEE , R4 broder B, A TR] S AH R AR R M 48 80
RERBE A U 3K 2 BEAIR

Fanglu %5 A\ 42 i F 2R BE R 51, S AL B B 3 A
Segment, T A MR G BRI R R A BB LSRR
R A B, AR T AN REIE G A E A .
EEULE SRR B8 , SR 7 RE TR R AR Memery, T}
ARAF AN EMENAR ., Wr— 8t r R
RREBH S MU R R AN A AR E MR
4.1.3 BloomFilter # K

BloomFilter J&— 712 [A] R AR 5 10 BE HL B8 454 , &)
PRI B RAR G IS RS — R G I REFIMT — LR R
BT X445, BloomFilter Bk .0 BAMER HEZAA
i) Hash BRECRAEDRWR”, EEFHEM RS Venti ™
RS BARZNA FPindex 25 R, (B2 M B ML &
WK, H FPindex AT B2 8L T 4 77 BloomFilter £
AR — ) FE 23 [ e B ] (9B R, BRI 5 A BloomFilter £ AR
AT LA RO R U ) A R

DDFS™ 1 % ¥ BloomFilter i F F 3 M) % 4t 3k Jin i 45
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YU AR, FRZA Summary Vector, H LB FE 45 3 4
B B0 HA Ak B BE 4 A T8 SOR A T4 S Br. DBLKY 7
DDFS {25l F#2 4 T MBL(Multi Blooming Filter) ) B AH ,
EEEEMRSE R, 4 5%F 8TB Mg #, & — 3k 4kB, 1
& T 1664X1664 )2 ) BloomFilter, ¥ 5 FI N E =2 8] 11G,
SEPL T 150010PS [ BEHLE B H 700I0PS FBEHLIZHE R,

2% F FriR, % A Blooming Filter 2 Rij, FPindex &R 4R
x, B R B K A9 Chunk, 1TB JE IR EEEXT M #) FPindex
B JLA GB, Brlh FPindex 0wk 56 &R FFEE N R L, IS A0 &
T3 FPindex A MR A ¥ 1/O $-4F , AL BAE T H EMK T .
i Blooming Filter ¥ A& R It 52 & ) FPindex /NR £, #£
DDFS# 3¢+, 16 TB ) J 4 % . R % 2 1G iy 2 ], A5 4
Blooming Filter 7] A2 22BN E T, {2 Blooming Fil-
ter ANJ2f8# FPindex 251 , 7 DDFS?4 tf1, FPindex &% 7%
FERE R, Blooming Filter fREFENFE . RA ML LHH
Chunk 7] LA i Blooming H 5& A7 £EAH [F] i) FP, DA T 3k f2
THREERNER RS /0, [EXTIELF FP, ik 2R E it
1 FPindex My & W14 0E, #E & 1/0 Tkt 4% H8 DDFS*
25 H i) LE 3R, Blooming Filter 7] PAFE FPindex 25 i 1 78 1 I8
> 16 % AT 1 BERE 1/0. MBL L2 #)2 BloomFilter W
RPN A7 2 8], S — 23 8] 46 B[] (9 JEL I, LR B 2
Bloomfilter A 58 R B ff 3t 7€ fi2. FPindex, DA T i 4 332
BURHHCHHE B4R S FPSET,

H AT M R G585 R A B 3 b RSS2 5
b, M R SRR R E TR, BRTE S|
AR 10 SR & T U5 R SR AR AN BEBCH: RP . DDFS 3k A
BloomFilter $ AR 1R £ R B8 85 B AR 90 % I W77
firh R B RPN BEDLRE &L 1/O, B T &
HIPERE , & XX AN/ NRENLEE £% 1/0, Chunkstash® 3% F§ Flash
TGRSR RS A .
4.2 FEEFmMEFAR

MITEP RGOS B R, BT B EFRAMA R
W% SRS, TN R G AR 0 — A D BE R A R T LR I RE A4
INEEB AR EIM RS HERE

ETFEIRAZEK P H ¥ Chunking FIHHE 804G 7 H
¥ ChunkHashing H3H8 FF 58 L BEK, K T 2 5t i e
B ) » 25 JECRE R T o Br SE e A R AR SO A B A TR B
FATHE DT 42 T+ 2 45 14 i B2 B ], 20 P-Dedupe™ 3R Fi £
BAL AR Z A AR LI E M R G RK KT R B
FREALR G LR A], 2 B B Sk S R EM R 45
KRR FIEARBATTEE. EM AR 380 R (FPin-
dexing) F{R 77 70 55 1 — % 3% (DataStoring) 2% 4~ 1/0
PAL R E AL, — T, AR A% JE RAM & R, 7T LG FR
Hm RAM, ¥ BT 1) FP &AL T RAM Hhfin iR Ui il ik
B EEHR T CPU BMS M ERFRARH, X —HEHEA
FTRE, HATE A &bl RAM —#0 2 2G 5 4G, % )8
He— N8 PC (1) RAM # 8 A RAMCloud™ ¥ 25 sifif #h ™
KPFE AT IR SeE R R BT ] ; 55 — 7 IR MR8 S0k R
B ATTEHE B ME—BEE 1 MR SUE TREA 1/0 MR RR
il B AT A M RB R ME 3R B 500 4~ TOPS, T 3 & i 76K
4B SSD(Solid State Disk) #1 PCM(Phase Change Memory)

. 28 o

FRELAT B 1 TOPS ¥, /8 7 i SRANIG U 1] HE 3R f) R P03
dell*/F1 NETAPP-*) il % 1y B84~ SSD iy REBEIA B 6k~
18k A~ IOPS FfdLisEEBE , B A 80~250MB /s fIIF 5 &
R, BEHLE PR BB X ] 100~140 4> IOPS, P [ ] g 0.
05ms~0. 5ms, IEZ M F SSD R4FHHEAE, HRTEM R F
FH SSD SEFE6#TTEIE T Microsoft 41 X 76 28 — % #7475 i
R Flash FARFTMPERE, $tH 1) ChunkStash™ 15
BAEIESG ) RAM 5 DISK 2 8] hi1—%% Flash Memory, Hi
F Flash RIFHBLE BB , (15U HE 1A 3R BT LR Tt
PLE R AT, R BN R IR TR ARTINEM RS
PR TX~60X, ZERERRES] E AT LR A RAID AR #E— 42
F+ 1/0 Rk,

Chunkstash®" 1% 2 2|7 Data Domain /A R HAE BT
AR T R 2B A ) K AR TE A, (B2 3 R T 3k 6 b A7 2
—SNRBELE AL 1/O, i TR EREHLN B # & 1/0 33
PERERFEAR, AR BESCEREVLRE R 1/O b RS B E 1
AR, FHURE T A Flash 774#%#% 1 Flash 77
Al A R 110 B 1 R IR 5 A Ok R AR SE IR R 5 A v R AE
Flash 7Ef5#5 B0iE 5 M AEIF T SCSI #EE WK F RAM, {HE
Flash F)BEHLEE B RAH MK, Bl #F Flash 1 BEHLTE $ie 28
1 Log MY JRIRMER S IRXT Flash M RENLIE B, PPAh4E
RN, Flash B #6875 3] 200MB/Sec f& 13,

4.3 HrgEREHEAR

B IS AR LEA it R e b F TR A B R A
B R, B SR P 2 4 5 O RCE 3R v i 2R B 2 1 i
0L, BRTEEA 3 Fud F A B P AME AR AR (Mark
and Sweep) . T 5| FHi14%t (Reference Count based) F13 Bt
RHA I AR (Expiry Time based) ,

FREFI#HAR (Mark and Sweep) 2% B FI ) 45—
MHEBGEATIMC SR 5 X BT P B AT 4 L 1ml ok
YEPRIC 1 P B, (H R AEAR T B Be 75 R 45 U e R AT AS
SRR PR, 53 AR iE M B I A R R AR R, AR T
e Hoi T RAM, R 3 PBA ¥ S8 G/E#%: 1/0 MR,
Hydrastor™® $2 i H 24510 55 33 #§ (Read Only Mark and
Sweep) , iR T ARIC W Bt VR 45 22 Gt 14 5] R, [l Sg 5@ ol B 5
FAECRSZI , Ho5 | FRE 34 N2 2 B EE 3T Y, DT (5 BE AL B
g AE Y B B, Fanglu™ 42 43 4 A5 2 A1 3 4
(Grouped Mark and Sweep) #Lii], HFE B . b T #ER7E
PRt B B AL B — A SRR B B B — N AR, ET
B A SO B BE R A I BEE T IH A A R AR AR E R B
WARIE B B AR IE— 20 v A O 14 S, T 43 i i A
TR IC B B T AL 20 T 78 B 25 8% AT K KBRS T 451
B B[R R85, Anic A3 0 TIER RS R G821k
AL, MG Ay B ST AR e, £F
5] 314t (Reference Count based) f&j B4 3 # 5t 2 Xt & — 1)
HHAEH — M EESRIE R H G KB, B— kAl —1
BRI R — SR, B AR N 1 20 1, B —1k
TR T A B A LT R R 0, 156 B 2 B SR e FR AT LA Il ofie
HoEAR T AT i SOk VEkE S T RERT B (B R G
WA RR , HE R R SRR S ERE . B FRE0N
5 AR (Expiry Time based) il PBA B %0 i 7 2k B 4R



5| P DRI AT 3k — A M A B vk B 1ELJ X4 70 5 ) B
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4.4 striping AR5 LMD AR

T BRI B B T B AE R 4% B O R LA AT
MG T B 1/0 HITERE, Ventd™ 3 T 25+ 1/0 HEAE 5 2R
FAT Striping £ R™", Striping R 3t & — &k A sh bk 1/0
7 R I4 # B S5 N BRRE 48 B OB R, RSB I AR AT Y
75 A [5] #1285 _E AR BB B 5 AT 3R A5 I 5 4 1 it
53 AN A7 R G v R B P S R AR (B AR ST Y, B
i 4t 57 {5 Y 8 A ) AL ) — O T A 4 TRV L3RG, 55 —
T A RE T AR B0HE 25 R BB e B bk & . BN RTR RA7HE R
G A4 58 SR R G 2 A N A 6 RTO), 2 Data Domain /A ]
i) DDFS™ 3% FiI i 4% ) B 25 AL 4% 5 3409 RAID-6 4 5 5k 21
B U S £ B A A 0 2 S, 4 Reed-Solomon 4 %,
Hover 4% . WEAVER %71 STAR %5 7% 4 #8 7 L1 F R 48
B R GE M AT SR s BRI INAD L B A AL BE A5 4R A5 5
B2 AR HREFE AR CPU AT . HRTKZH
215 T SRR 1 7 SRR B DA R AR L IS 1 B R R R
AT SR AN AR L DRI w40 £ 45 A ) A 0 0 RS T b O R $R
RGP AT SEVERE A T — 2B BT .

5 EMRZESITEITE

M R GEE BE F ZARBUAE 1/O A w3 S 20 g ik (8] 701
HM R 3 AT T T AR G0 B AR 55 R Xk R B R A AR AIE
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Ventil?5] Symantec[23] MNFE EA& Ef£73
REBL[41] i B4 L33
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NEC HYDRAstor'36) GreenBytes[48] y
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B EEE w8 ERH
iDedupl13] DBLKL17] R L S

RIS FEMRGEHT T XSS, 245 R IERH
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Xof DR RS e ok S AR SURR, BN SR I IE IR AN R H %R

HE, FAHEEMNREE IS ARIHEN, FUEHR=Z R
TRMERRIE . A TR T & B PR, — B R e o B[R]
BAL FHRMEMEAE FEZEOEE, N TG L
ORI, 4 K 22 0k B 4k 07 N SEE T M, 4 IBM N Se-
ries®’ | NetApp ASIS®® . EMC Celerra™®? #1 StorageTank™”
ARG A W FAEAE T M R G0 oW T N SRR S BUH AR, B
SR —FPE 2R 1 77 205k St F A, 4 DDEY) | 1/0 Dedupli-
cation™ 1 LiveDFS'' | R T #E— B4R FHELR T EE
M &% 1) FPindexing 2 4L » iDedup™ #1 DBLKU 2 4 T
ARGF 1 S, O TR R s A 3R B ], — f SR FH B S o B 1k
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WMARGEAH R, BEESFIMEEAR WL RA  BET RS
Wi o 22 3R A ] 5 3 B ) 2R Gt T M A AL T A B R 1) S AR B A
LITREAR . IR, BEE EAMEEAR (ERBFE AR A 730 23
HRGEABRE , = FE I — &0 88 B AR s A
J 5 A 3 SR A A B , BRI T = A7 2 R SR B B AR ik
T BRTEM R S8 58 1 #UE, 40 DDEM) A LiveDFS™ 5 &
TAAE T W FE N SE 48] . — O TG T LK 48 VR i Vg B AR A
THAE 2= 3 5 55 — 7 T S RE 78 43 ) 2= 3 0 11 58 95 UR R A B0
SRR S0 S A £ 5 CPU W, K 1 52 0 i
BREAR R HLE =7 BT AR E S B IME A = B AL
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7.

GRIE ACITENR G Z AL B &, X
M R G EE SR R AR PR IR AN R AT T I3
NGRS A B R G IR R M N B e 2R I 43 #T
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DOFEE = FMBAR T S AR B3, Iz LA
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TR 5] R

O MEEFMRGEARIARY K, B3 SRS AE
B M B R SR B R4 [ R T 53 500 A I B R T i A
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O FEE I R GBI A Y K, ARG = R
PERHIE, B FP 2 B BT S s b, ™= 5 ) T EE
ARG HMERE, IR 1Y FPindexing AR AL AR A Rt — 42

¢« 20



Tt iy 38 3 STRCHE ) A SR R 4R T T AR G Ak B 2 N T
b2 A I 5 R AR A A TR

COEF XA R LA 053 A AR I ) 52 24 » e 5 1o
GG R ARS8 FUR A A EOR , X BT
G S AT NS » T R8N TR SO R A A T B AR A o
BB WA .

F T AR G R4 F) B0 4 80 R AR SR Al SR A2 R
FXE R R M BR AR AT T IWRARBIEAITE, LR 4
AR B oK R — B 8] 2 B R B B 0 &
J&T7 16, BEE B AEREBAR AR J » T BRI BR B AR 12
SRR T Bon B A T .

£ % X M

(1] Gartner: IT 4 & F 3K 40% % 60% [EB/ OL]. http.//
www, 199it, com/archives/16863. html, 2011-10-13/2012-06-05

[2] Greenan K M,Long D D E, et al. A spin-up save- d is energy
earned; achieving power-efficient, erasurecoded storage[ A7 //
Proceedings of the 4th Conference on Hot Topics in System De-
pendability[ C]. Berkeley: USENIX, 2008 4-4

[3] . HBITAMIARELEB/OL] http: //www2. ccw. com,
¢n/07/0710/¢/0710c24_4. html,2007-03 -19/2012-06-07

[4] McKnight J, Asaro T, et al. Digital archiving: end-user survey
and market forecast 2006-2010 [ EB/OL]. http://www. esg-
global. com/research-reports/digital-archiving-end-user-survey-
market-forecast-2006-2010/, 2006-03-15/2012-06-07

[5] FHl, 84k, 20058, T 2 B M BR BRI ], Bfi244i¢, 2010,
21(5):916-929

(6] fFENG:, Hk, X155 EEEBARM BB AR IR HE
HLBF%E 5 % J% . 2012,49(1) : 12-20

[7] Lessfs:Open source data deduplication[ EB/OL]. http://www.
lessfs. com/wordpress/ 2009-03-25/2012-07-05

[8] OpenDedup:Deduplication with OpenDedup [EB/ OL]. http://
www, tuxlanding. net/deduplication- with-opendedup/,2011-07-
13/2012-05-05

[9] FUSE:File systems using FUSE[EB/OL]. http:// fuse. source-
forge. net/,2012-08-23/2012-08-25

[10] SCST: GENERIC SCSI TARGET SUBSYSTEM FOR LINUX
[EB/OL]. http://scst. sourceforge. net /index. html, 2012-03-
20/2012-06-25

[11] Ng C-H,Ma Ming-cao, et al. Live Deduplication Storage of Vir-
tual Machine Images in an Open-Source Cloud[ A] // Proceedings
of the 12 ACM/IFIP/USENIX International Conference on
Middleware[ C]. Berlin: Spinger-Verlag, 2011 :81-100

[12] Koller R, Rangaswami R. I/O Deduplication: Utilizing Content
Similarity to Improve 1/O Performance[]J]. ACM Transactions
on Storage,2010,6(3):13

[13] Srinivasan K, Bisson T et al. iDedup; Latency-aware, inline data
deduplication for primary storage [ A] // Proceedings of 10th
USENIX Conference on File and Storage Technologies [ C]J.
CA,USA:USENIX,2012:299-312

[14] Hong Bo, Plantenberg D, et al. Duplicate data elimination in a
SAN file system [ A7 // Proceedings of the 21st IEEE/12th
NASA Goddard Conference on Mass Storage Systems and Tech-

0300

nologies[ C]. College Park, MD:IEEE, 2004 ; 301-314

[15] FEMELE[EB/OL]. http://articles. e-works. net. cn/storage/
article79873. htm, 2010-08-24/2012- 07-03

[16] Bolosky W J,Corbin S, et al. Single instance storage in windows
2000 [A] // Proceedings of the 4th USENIX Windows System
Symposium[ C]. Washington; USENIX, 2000 13-24

[17] Tsuchiya Y, Watanabe T,et al. DBLK; Deduplication for Prima-
ry Block Storage[ A // Proceedings of the 27th IEEE Symposi-
um on Mass Storage Systems and Technologies[ C]. Piscataway
IEEE, 2011:1-5

[18] Denehy T E, Hsu W W. Duplicate management for reference da-
ta[ R]. IBM Research Report, R] 10305 (A0310-017). IBM Re-
search Division, 2003

[19] Bobbarjung D R, Jagannathan S, et al. Improving Duplicate
Elimination in Storage Systems[]J]. ACM Transaction on Storage,
2006,2(4):424-448

[20] Understanding data deduplication ratios [EB/OLJ. http://
www. snia. org/sites/default/files/Understanding_Data_Dedu-
plication_Ratios-20080718. pdf,2008-07-18/2012-03-15

[21] Tan Yu-juan, Jiang Hong, et al. SAM: A Semantic-Aware
Multi-Tiered Source De-duplication Framework for Cloud back-
up [A] // Proceedings of the 39th International Conference on
Parallel Processing[ C]. Los Alamitos, CA, USA; IEEE, 2010
614-623

[22] Hash Collisions: The Real Odds[EB/OL]. http://www. back-
upcentral. com/mr-backup-blog-mainmenu-47/13-mr-backup-blog/
145-de-dupe-hash-collisions, html, 2007-10-14/2011-12-05

[23] Guo F, Efstathopoulos P. Building a high performance deduplica-
tion system [ A7 // Proceedings of the 2011 USENIX Annual
Technical Conference [ C]. Berkeley; USENIX, 2011 25-25

[24] Zhu Benjamin, Li Kai, et al. Avoiding the disk bottleneck in the
Data Domain deduplication file system[ A] // Proceedings of the
6th USENIX Conference on File and Storage Technologies [C].
Berkeley: USENIX, 2008 269-282

[25] Quinlan S, Dorward S. Venti: A new approach to archival stora-
ge[ A7 // Proceedings of the FAST’ 02 Conference on File and
Storage Technologies[ C]. Berkeley: USENIX, 2002: 89-101

[26] Lillibridge M, Eshghi K, et al. Sparse indexing: Large scale, in-
line deduplication using sampling and locality[ A7 // Proceedings
of the 7th USENIX Conference on File and Storage Technolo-
gies[ CJ. Berkeley: USENIX, 2009:111-123

[27] Bhagwat D, Eshghi K, et al. Extreme Binning: Scalable, parallel
deduplication for chunk-based file backup[ A] // Proceedings of
the 17th IEEE International Symposium on Modeling, Analysis,
and Simulation of Computer and Telecommunication Systems
[C]. London;IEEE, 2009 1-9

[28] Xia Wen, Jiang Hong, et al. Accelerating Data De- duplication by
Exploiting Pipelining and Parallelism with Multicore or Many-
core Processors [ EB/OL]. http://static. usenix. org/events/
fast12/ poster_descriptions/Xiadescription. pdf, 2012-3-2/2012-
7-6

[29] Ousterhout J K, Agrawal P, et al. The case for RAMClouds:
scalable high-performance storage entirely in DRAM[J]. Opera-
ting Systems Review, 2009,43(4) :92-105

(TF#%F 42 7O



Linux FZER RGBT 5L B 64 17 Windows ABI
HERLAL I S a8, 43 T 7E Linux F P 25 [8] R0 9 2% %5 6] 1
1 64 37 Windows ABI #4545 , B 5 32 F Linux F P 23 8] [
11 64 37 Windows ABI ff# 5 2, ZEFF IR 4 Wine 1 64
fi7 Ubuntu 10. 04 Ak E, SEE T —Fh 3% 64 /i Windows b
FREF M #E R4 Kedlinux, LMK E W, 64 17 Kg-
dLinux B fE X HF36 4> Win64 R FHFR ¥ 1932 1T, B L TE B 64
£ Windows ABI fE#I{L 2RI 1T 1Y .

£ % X M

[1] Vallee G, Naughton T, Engelmann C. System-Level Virtualiza-
tion for High Performance Computing[ C] // Proceedings of 16th
Euromicro Conference on Parallel, Distributed and Network-
Based Processing. Washington: IEEE Computer Society, 2008
636-643

[2] Hazelwood K. Process-Level Virtualization for Runtime Adapta-
tion of Embedded Software[ C] // Proceedings of the 48th Design
Automation Conference. New York: ACM, 2011:895-900

[3] Smith E,Nair R. lE#IHl: RE 53R E AT 5 [M]. &4, 5%

B, R U AT iR 2009:8-14

[4] Susanta N, Tzi-Cker C. A Survey on Virtualization Technologies
[R]. USA:ECSL, 2005

[5] B, PRuh, DM, S5, T m 2 H AN LA HE
BN ST, 2012,29(11) : 4185-4188

[6] Microsoft. Microsoft PE and COFF Specification[ EB/OL]. ht-
tp:// msdn, microsoft. com/library/windows/hardware/gg4631
19. aspx, 2013-02-06

(7] TagkZE, RWAR, B R. 32 A3 64 AL AT, 3HEEHLN A
ik, 2007,24(3):174-176

[8] Wiki pedia. x86 calling conventions[ EB/OL]. http://en. wiki-
pedia. org/wiki/X86_calling_ conventions, 2011-03-20

[9] Bryant A R, Mills R F, Peterson G L. Software Reverse Engi-
neering as a Sensemaking Task[]J]. Journal of Information As-
surance and Security,2012,6(6) :483-494

[10] Jing Yi-ming, Ahn G-J, Hu Hong-xin. Model-based Confor-
mance Testing for Android[C] // Proceedings of the 7% Interna-
tional Workshop on Security. Japan: Springer,2012;1-18

[11] Russinovich M E, Solomon D A. Microsoft Windows Internals
(the fifth edition)[ M]. USA, Microsoft Press, 2009

(8% 30 7

[30] Bartizal D. Thomas Northfield. Solid State Drive Performance
White Paper[ EB/OL]. http://www. csee. umbc. edu/~ squire/
images/ssd2. pdf,2008-3-24/2012-6-7

[31] Benefits of SSD vs. HDD [EB/OL]. http://www. amplicon.
com/docs/ white-papers/SSD-vs-HDD-white-paper. pdf, 2012-3-
21/2012-7-8

[32] Solid State Drive vs. Hard Disk Drive Price and Performance
Study [ EB/OL]. http://www. dell. com/downloads/global/
products/pvaul/en/ssd_vs_hdd_price_and_performance_study.
pdf,2011-5-1/2012-8-19

[33] Flash Memory Technology in Enterprise Storage Flexible Cho-
ices to Optimize Performance [EB/ OLJ. http://www. itdia-
logue. com/wp-content/ uploads/2010/04/Flash-in-Enterprise-
Storage. pdf,2008-11-1/2012-3-4

[34] Debnath B, Sengupta S, et al. Chunkstash: speeding up in-
linestorage deduplication using flash memory[ A7 // Proceedings
of the 2010 USENIX Annual Technical Conference[ C]. Boston;
USENIX, 2010:16-16

[35] The Art of Data Deduplication[ OL]. http: // www. ecsl. cs. su-
nysb. edu/tr/rpe2l. pdf

[36] Dubnicki C, Gryz L, et al. HYDRASstor: a scalable secondary
storage[ A ] // Proceedings of the 7th USENIX Conference on
File and Storage Echnologies [ CJ. Berkeley; USENIX, 2009,
197-210

[37] IBM System Storage N series Software Guide [OL]. http;://
www. redbooks. ibm. com/abstracts/sg247129. html, December
2010

[38] Alvarez C. NetApp deduplication for FAS and V-Series deploy-
ment and implementation guide[ R]. Technical Report TR-3505.
NetApp, 2011

[39] EMC. Achieving storage efficiency through EMC Celerra data
deduplication[ M]. White paper, Mar. 2010

[40] IBM Corporation. IBM white paper: IBM Storage Tank-A dis-

042.

tributed storage system[ M]. Jan. 2002

[41] Kulkarni P, Douglis F, et al. Redundancy elimination within
large collections of files[ A]// Proceedings of the 2004 USENIX
Annual Technical Conference[ CJ. Boston: USENIX, 2004 ;: 59-72

[42] YouL L, Pollack K T, et al. Deep Store: An archival storage
system architecture[ A7 // Proceedings of the 21st International
Conference on Data Engineering[ C]. Los Alamitos: IEEE, 2005
804-815

[437 Jain N,Dahlin M, et al. TAPER; Tiered approach for eliminating
redundancy in replica synchronization[ A // Proceedings of the
5th USENIX Conference on File and Storage Technologies [C].
Berkeley: USENIX, 2005 ; 281-294

[44] Rhea S,Cox R,et al. Fast, inexpensive content-addressed storage in
foundation[ A // Proceedings of the 2008 USENIX Annual Techni-
cal Conference[ C]. Berkeley: USENIX, 2008;143-156

[45] Meister D, Brinkmann A. dedupvl: Improving deduplication th-
roughput using solid state drives (SSD)[ A] // Proceedings of the
26th IEEE Conference on Mass Storage Systems and Technolo-
gies[ C]. Piscataway; IEEE, 2010:1-6

[46] Dong W, Douglis F,et al. Tradeoffs in scalable data routing for
deduplication clusters[ A] // Proceedings of the Ninth USENIX
Conference on File and Storage Technologies [ CJ. Berkeley:
USENIX, 2011:15-29

[47] Xia W,Jiang H,et al. Silo; a similarity-locality based near-exact
deduplication scheme with low ram overhead and high through-
put[ A7 // Proceedings of the 2011 USENIX Annual Technical
Con- ference[ C]. Berkeley: USENIX, 2011;26-28

[48] Zfs deduplication [EB/OL]. https://blogs. oracle. com/bonwick/
entry/zfs_dedup,2009-11-01 /2011, 11. 05

[49] Data striping[ EB/OL]. http://en. wikipedia. org /wiki/Data_
striping, 2012-08-15/2012-08-23

[50] Reed-Solomon Codes [ EB/OL]. http://hscc. cs. nthu. edu. tw/

~sheujp/lecture_note/rs. pdf



