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An Optimistic Data Consistency Maintenance Method Based on Data Dependence

ZHOU Jing WANG Yi-Jie LI Si-Kun
(National Key Laboratory for Parallel and Distributed Processing , School of Computer ,
National University of Defense Technology, Changsha 410073)

Abstract  This paper proposes an optimistic data consistency method according to the question
about data dependence in data consistency. In the method, data object is partitioned into data
blocks by fixed size as the basic unit of data management. Updates are compressed by Bloom {fil-
ter technique and propagated in double-path. Negotiation algorithms detect and reconcile update
conflicts, and dynamic data management algorithms accommodate dynamic data processing. The
results of the performance evaluation show that it is an efficient method to achieve consistency,
good dynamic property, and strong robustness when choosing the size of data block appropriate-

ly. At the same time, a feasible way is put forward on how to choose appropriate data block size.
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FORFE 2 5T
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for ¢yt ap where (b_id scprsapst) € Toea (N’ d_id)
do if cp#clap#a)
then if FuncCepsbf) =1(FuncCap,bf)=1)

else 5 55 N $2 38 BT e (BB F5 00T ag0)
if dper, o WD) =w
then P(y) <P ) Up;s unit_P<P(i');
if PC) 5 B i sl A
then 7 o/ WAL A , IF 8 HFT A BIAR ST H 14

else RespondTentatMess(1,unit_P);

return;
Slag<0;
for each ¢/ € Tyeu (N d_id) (b_id)
do if Func(y'  0f)=0
then flag<1; corre_p<yp'; fu<U(4); break;
if flag=1

if flag=0

for Tuen (N1.d) (D)
do S<{id} U{p| id€ FBU(w};

ProcessTentatMess (DatalD d_id, BlockID b_id, UpdateID u, UpdatePath p, BF bf, CommitUpdatelD ¢, AbortUpdatelD a)
/)85 8 N CHR R 7)) 45 5 NCR R I7) #1085 Send TentatMess 14 B
/AR O HIWLL epe B ape IPRRBTE RO AL 0 Frm &S

then T HE5 M8 N FECH B o (BUR FEHEH ap) 5

if 3rer,, .o (@ €FBUW") then SendUpdates(N' N d_id b_id ,U(x'));

then RespondTentatMess(2,U (corre_p) , T(corre_p) s F(corre_p)) ;
if 25 5 N 3B 45 5 N k3% 19 AbortUpdates(abort_p) i &, then SendUpdates(N’,N,d_id,b_id, fu);

then SS={y|#' € Tue (N"sd_id) (b_id) } ; RespondTentatMess(3, BF(SS));
SendUpdates(NodelD N;, NodelD N,, DatalD d, BblockID 6, UpdatelD id )

for each €S do P(p) < P() U{N, ) ;¥ 8EHS S R E B KL B 455 Naos

//E5 RN B Bl B ST 9 9 58 (BUE S RD

/ /4 . N B W) S A ST
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/N R B A N Bl

/ /11 BY 3 B2

/785 N B R4S S N A B E
/ /T B3 8 2
/)45 Ny 4 s N Rk 4G

B2 W s SR b O A e R v

ProcessRespond (Int respondtype)
switch(respondtype) {
case 1: P(pu) <—unit_P; break;
case 2: dyer, (N (F(u") =FC(corre_p))

if T(")<<T(corre_m

RIS T BT R
case 3: for each ¢/ € Tyeo (N d_id) (b_id)

SendUpdates(N, N’ ,d_id . b_id, fu); }

then [A] B A B A % 1% AbortUpdates(corre_ ) B B 5
SendUpdates(N, N’ d_id ,b_id . U(z/")) ;

else  S<{p| p€ Twe(N.d) A" E FBU() } 5
abort_p<p" 5 [0 BT A5 1 BIAS %8 3% 92 35 88 57 AbortUpdatesCabort_ ) 175 4 5

do if Func(y',BF(SS))=0 then fu<U(4); break;

//45 5 N BB 45 5 N5R [l Respond TentatMess
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/) corre_p 5B o T EE AN CFH L B o — ELFAE
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/TG R N R % p VA 5
//S AL T A LU A W R I T
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FECBEALL R O R L P AN B AS &5 A R S R
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e DA 5 B — 2.
4.2 HEHEEHMOBEE

DACP J5 i v 5080 X RAE ) 16 RS — B 1
BT M [ /N B 2 05 25 A4 B s B X
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i RS SRR L A SR B i B AT R DN TR
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53 1.
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53 R R TR 4 4 B al B G 5 LS RS B dE
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PR 4R ST BB R

HIEREH. WREIEY D IEBUN T HE
(DACP W@ N unit/2) W 5 s B He 4 965813
MergeBlock([ 4). 24 D, A4S 1 04
A B 1 B 5 AR AR Y B g =/ 1 B Bl B Ot
HEE I G BB B AR B sum W6 2 sum = unit s
7 DU P23 AR A Y B g 5 K B A B G JF. 2R
unit <sum<<2 X unit, W iF S5 MergeBlock &
BEREE LA I o — A Eds Y m L sum =2 X
unit, W5 I 5 A EHE Pk 3 i by 5 - s B

MergeBlock (DataBlock D, )
sn<GetBlockSN(T gpm (D), D) 5
sum=<—GetBlockSize(Tgm (D), D,)
number <= Get Block Number (T gpm (D)) 3
unite[ number—1]<—0; k<03

then j<1;
do sum < sum-+GetBlockSize(Tqpm (D) ssn—7) ;
j<—j+1; unite[k]<—sn—j; k<k+1;
until sum=unit or sn—j=0;
if sum<unit or sn=1
then j<1;
do sum <= sum—+GetBlockSize(DBT(D) ,sn+j);
j<—j+1; unite[k]<—sn+j; k<k+1;
until sum=unit or sn-+j>number;
il sum<<unit

then UpdateBlock( Tgpm (D), (1,B,S),(1,B,sum))

for each (i,B,S) € Tqm (D) Niz=2
do UpdateBlock( Tgpm (D), (i, B,S),(0,B,0));

il unit<"sum<<2 X unit

for each tsn< (snsunite[ k])/min_sn
do UpdateBlock( Tgpm (D), (£sn,B,S),(0,B,0));

for j=max_sn+1 to number

if sum=2X unit

for each tsn< (snyunite[ k])/Cmin_snsmin_sn+1)

if sns=1 / /80 e Do A2 5008 0 0 40 JE 95 1 e fidln b

JEENBIEXT R — AR B AS 2390108 T aww (D) WG PIASJE M LA E

/BRI D, 5 unite [number— 119 (B e 6 IR — A B i e
then min_sn< MINCunite[ k]) ;max_sn< MAXCunite[k]);

UpdateBlock( T gym (D) s (min_sn,B,S) , (min_sn.B,sum)) ;
//tsn (B K sn VA R unite KU T2 min_sn B FA AE (G

do UpdateBlock( Tqpm (D), (j,B,S),(j— Gmax_sn—min_sn) ,B,S))
then UpdateBlock( Tgym (D), (min_sn,B,S) . (min_sn,B,sum/2));

UpdateBlock( Tapm (D) » Gmin_sn+1,B,S) , (min_sn+1,B,sum/2));
do UpdateBlock( T gpm (D), (tsn,B,S) ,(0,B,0));

/BRI D 145

/) AR Se D R B

[/ ARICEEA B o G ) S T K e vy

/) B unite HHAC SRS BB D I 1 B B IR i S
//GetBlockSize 3R F 4 5 sn— j BRI B9 A

/B e DA AR U S AR 48 B B ghi 5 /0N B Bl B 5

// BE P D iKUK S HAR 48 B9 e 2 5 K B Bl B 5 0f:
/A BHE X R B R A L unit

/R B B A B b e T B O IR ER A

/15 Do 3t 0 fe /N i 5 Rl s R B g 5 19 BiodiE Bk
/¥ B /N G 5 Xk 0 B 25T 03 B 26 3 I i 0 B8 B

/¥ B g5y esn 19 4 B RE R TR EAR S
/PR e B WU 25

/ /5 B I I 0 BE P Sy i SR A B
/15 R JE W BIE B G 5 R min_sn B min_sn+1

[ 4

BRI BB I B
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X F A B sl A G T B A DU R LT 2
B (D Bt Segh 8 G IR K 1 76 JF N B
BE B g ) 8 Bt P i B p i T AR e i
G5 LV E Ry =0, LU F 5 2500 Yoy i i 8
P P gt iy BRI (20 B P & 9t e 2 A 3 L
P P Z (R HEAT B B ity 5 9 02 T 4 i 0 A 23 R
it E IR ORI R A IR IR 3 A
B4 D, D, M D, . WA D,,D, 1 D, 4 FZ Fl
sum’ <unit AT %A D, 85 D, RN T unit /2.
Wk D8 D IEBUNT unie /2,0 D5 D, 8 458
F D, a3l MergeBlock 35, (3) i 3 5 & 7
st FEdE Y D AR ISR TR 4 IEs1R I
WA I — A Bl S B 5 43 A s

Yo, AR BB commir _U J@ ¥ E N
U sabort _U J@YEBRE RS54 I 00 Ir G B s A
8 M I 1) BB R A R R E B AR 2 5 A
I AR B L R AR 2 TR R Z S I B

HIERS . WREE S DR o T B (E
(DACP H1 8 & g 2 X unit) W J7 3 846 B 43 fige 5 1
DivideBlock (] 5) K £ 4i He D, 43 fif 2 WA~ s e
Do D, AR EAE D RFR AN 2021200002,
GG & B PR AR RIS O s B e A s B
5 PR A TR SR RS B e g A 7 D AE D
2 1K 32 190 2t L) S R PN D 4 T 0 ) 5 2% 2 )
K BE ] 7 AR T G A 1 3 T 56 B, AT 5 BOBUHE He i)
A I — {5

DivideBlock (DataBlock D,)
B(D,..) < B(D.); flag<0;

for j=sn+1 to number

do UpdateBlock( Tapm (D). (j.B,S).(j+1,B.,S));
for each (i,B.S) € Tapm (D)

do if i=0 then flag<1; TB< Bj; break;
i flag=1

then B(D,.1) < TB;

else if number=2¢"1

then B(D.,.;) <1003

else B(D,,1) < (number—+1);;
DeleteBlock( Tgpm (D) 5 (sn, B(D,) ,2Xds));

/53 5 TR 4 R A B B ey TR B ) 4
sn<GetBlockSN(T gom (D) s D.) ;s number <—GetBlock Number (T gum (D)) ;

VRS R G A o RS T G 20 TE 265 20 285 FR) i 1 388 23 OB T 4 1 4 Bk
/ASAFAE 2 VR % HL B 4 0% 1K BE PN 199 2 % 2 20 4 0 40 20 B 4 i

for j=1 to number do UpdateBlock(Taqpm (D), (j,B,S),(;,0B,5));

AddBlock( Tapm (D) s (sns B(D,,0) »ds) s (sn+1,B(D,.1).ds));

/K G T TE R B D: 2 S5 B BT A Bl B 5 1

//B(D., 1) W G B 1+ 2

/ /45 AT O BOHE e iy 2 S 5 m 14z
/ /R 3R B2 A » B 4 0 Sl number—+1 X W B9 — 3 ) &
// I R B

/7 BRIP4 54 i s B

5 Bl Beah A0 Rk

XF T H0HE P sl 28 o3 i S0k A LAR LR R 2
B (1) ZERHR S O3 ff 25 R 2 )5 45 B8 B 4 i
JERROR A — B0 I Ho e BB Je g 5 7] DL Od Jit B A
Bdm X 4. (2 B oy il Z Wi B B D, A B R A B
Fh I R (D, s cusau, TCaw)) 43 22 5 I 5%
I H H AW H (D, s cusaus T Cau)) Fl
(D, scusau, TCaw)) s JRECHE B b 0 3F 38 58 5 98
(] Hsf A Sy T A 3080 B ) Al 42 58 535
4.3 FERMMRE R ALIE

T DACP Jyikh , &Rl A SRR E 2 5
TR A WA A5 U RO T B0 (D) BT I [
Hi A SE IR R AE 5 (2) JE 48 A2 BB R AR ARG K5 (3) A
JH Bloom filter £ AR 7R 45 5 3F 48 52 087 i+ 55
FEEE I (4D B R U5 5 7 BB R v A
DU A T 550 F B o 1 2R AT b i Al 4 A8 B R Y
.

MR T R N TE R B R A 25 Y I 2% S
IR R B DA PR 25 A N 2 503 me 1z 0 36 5k

JEV IO 1 BRAG T N A A7 TGRS s ISR R B N
i — 2 B[] B (B T, — T3 A Wi R DA R % 45 i B
GBI 5 A TR RS N B SR AE L B
PSR AR IPNGER DR EE  S R A L VI E
N2 A

RS B NGRS B S 7 A7 3 I A1 3 1 )
ARG 5N, 38 I El e S 4 s T A E R R
B Pig BRAE B, & BT A A8 25 AR SO ) kR
A A 1) B B sl G 5 a5 R ROV A2 e O A A B
MEYE S N Si

(D) H#E Toee (N, s D) 5 Tooo (N, D), B HUER
G CrLCoPa & (1 8088 Yo e 45 550 N 2R 2400 ) 42
3T B BT s 53 A S BN e I O ol B o R 4 58
TR SR TS K B O B A I AR B0 Ak 1 S
Pty &g A Corp.

Ci<{D,|(D;,cusau.T(au)) € Ty, (N,, . D) \
(D; seusau s TCau ))& Toea (N, wD) ).
(2) HEESE 5 N A NGB T g (D) S IREUHRSE &
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Hl

AL
-

i 2008 4F

Co. CH AL N, R B ] 1 17 B 43 fift 2 J5 1 4K
R
C,<{D,; | (D; ET 4, (DY (N,DAD; & T g, (D) (N, ).
(3 C<C UG, 58 N EZ KA C i Edhs
B L K IO 0 A 4 52 BT 45 NG AR 5 6 2 1
HTRIA L, 5 Z 8] 00 9 2% 4E 3R, M) 45 4E 3R 45 /N 1)
LA BIA G5 5 AT 2 45 A B0 He o DT 46 4 45 a5
N PRI S e

5 SR

OptorSim"*" Jg&— A F T3 350 52 1l 55 v #4540
#r. OptorSim H DL FK 73 A3 17t 28 4 h — 1> BT IR AQ L
R Z AR A5 B R A BT R AR B R B T 4 A
RO AR R B 37 5K 38 3 A A7 A 4G L B
Ak 45 AL S THIR B0 A7 ST R AS A Bl g, B
A — 2 I TT S RE Ty RIAT 6 RE ) - Bl AS 8 B4 1 5T
AT e B A Bl 25 R R

FRATHE T U045 A7 Pk RE D 3. AE FRATT A 1k
AEM L PB4 T 1000 A~ 45 5 19 P2P p A A7 il &
Gt RGP I 1000 B X G AR 48 KO X 42
RN AT 5026 WL 1. AT DACP J5 5 19 3h
ASHENE B TT B oy Bk RE L KO i 10 45 R
4 ANT7 T AT AL 3L

x1 HEMNRSE

25 KN/ MB e

DT, 1 20

DT, 10 30

DT, 100 30

DT, 1000 20
5.1 EFHHEhEHHE

FEATTAE T 1T 52 55 v B R RHE X 4 DL B, R FAAL
AT o H i B R M BRI T [ B, /2] i ) 2
i 5 I 51 MergeBlock, X 84l Bt KT 2B, i}
S BN B e 43 i 2401 DivideBlock. 3 HLUE B 97 4
PR 2K B Ay O 3R B9 B (increment) | X 38 & 2
Cupdate) FIECHE I8 HE (decrement) =2, & T 357 X
R G e 95 B B 9 25 1) R /N iE — 25 Hb 4l 4y,
2 iR,

FATEE X2 Rl Ay He kN B, DL R B X % B AR
[vi) 50 ek I AS 1) 22 A 0 T R AT A LI k. 7 g 41 A
LS55 (1 W e B 220 o A B3 o 52 7 A [ R 1 )
A% ik S I A Sy 1B B AL BRI 2 L b AE R
SR HEAT I AR A LR AE 5000 AN HHT L HALE 4T R 4

12 58 W 5000 A8 I A& 4% B A B A— 20 H A
BRI/ [ B, /2] ~2B, Z ). 1 %F 5000 45
B A SR AR ISR R S G DL (static-B,) Fl g
A BERA Y B B 1 5 (dynamic-B,) , X} B, I
{8 5KB, 10KB, 20KB, 50KB, 100KB #1 1MB 43 %I
AT AL K s Lo BT 1 0 3 A% 6 1k 1)

x2 B
Bl HefEZEm K/N/KB R/ %
UTi., i [B./10] 11. 1
UT.. by [B./2]—1 11.1
UTi.s B B.—1 11. 1
UT,., 18 [B./10] 11.1
UT>., & [B./2]—1 11. 2
UT:.3 &k B,—1 11.1
UTs. g [B./10] 1.1
UTs.» U [B./2]—1 11.1
UT3;.3 el B.—1 11.1

MSEE A5 (I 6) i LA - 3l 546 00T Lo
A DL 19 SF- 249 5 A 1 8] A R 0 1 B
Blm P i & FH B AR AN MR B A 9 TR A 2 R
RGERE X B R H T B, = 20KB B I 48 .
HenAR/NT e M. s 72 m. Wik /£ T
T P4 52 36 R AP X0 BT 45 VR S AL

2.4
2.
§ 2.2} —1— 3
Seaf
z20}
§1.9 L
=18
gm L
=16t

145“ 1 1 1 1

10 50 100 150 200 250 300
Il A K /A
B 6 BB R 4 0 TR AL B B[R] Y 2 (B, = 20KB)
5.2 —EMHFHE

FEATBL LI 3K T AE R A B [ BN B R
DACP J7 % 1 Bayou"*! \UPTReC & yE1Y DL R 3]
B CWLM J5 361 78 — SO 2 47 Jy 1 1 IF 45
It H A X A F Y 3 8 K/ B, = 5KB, B, = 10KB,
B,=20KB, B, =50KB FI B, =100MB, jllj i DACP
J5 B TR RE.

Bayou Fl CWLM ¥k H1 4 F 8\ 05 ik il i )
1§ Canti-entropy) {% #5 B8, SO A& — Fl— ZovE v
BLH S B A28 s B BPE 5 208 O g — 45 AR AT —
UM E B PSR R X 5 — 2 R R
P05 2T X G IR R D7 2 AT Bayou 43512k H
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Bl HLi%E £ (random) \FE F4E IR BEF (latency-biased) |
CWLM LJ & UPTReC &3 Ul Jy : 5 DACP #47
XF . UPTReC 883k T 4E40 42 o A AR S5 4 1k
P2P F 4t v iy SCF — 20vk s B SO BT A R AR 21
B B R AS BE L B B AS e P H R AN B I B AS (S
B CEFERIA ID A1 TP Huht) s CWLM J7 ik 38 F 5 5
P58 1) G PP m A b T B H AR A B R S 4

) 0 R A I B A B o G 7 A T A 1
A%, PR Ay R BE AL L B 1 45 s

(1) AR 5000 [ 1 00 1) — B30H: 4 4 T 4

FRATRE B by 2 6 R [ 1 A B0 F o i A 7
— ZH AR AL S R A AU S G v 4R 28 5000 AN BT
AL IS AT 45 R SR [F] 5. 2.1 .

SIS ZE R (B DO A LLFR e A B AS B0 [
HARSHE ST, UPTReC & 3 iy M e B E
K UPTReC Bk A~ B A e 40 H & A il (1)
A A 4, 1 @ A4S 5% push T4 T A EL LT
AIAS B2 UPTReC H3LEA % 18 @A 65 1) 4E 9748
W I & A A D 80T vh 22, Y B A B0 B /INAT
CWLM Jy ik M e e £, Bl AL 7 5 Ik 2. Bl & R A 5
3G 2  DACP J5 ik i T 76 508 vl 2 K I o % 57
TR 43 T A A A O b 2 T AR R R L
L L T A 4 A AR g x4 F B, = 10KB, B, =
20KB Il B, =50KB [y 3 F % 0 T . B & Rl A £ &
(386 22, JL 0T AL 49 TF 8 1 A8 Ak B 34 5 H e 1 Bl A
ot TR MR Re 5 3L e Oy WA Y s T T
{AJE B, =5KB 1 B, =100KB W55 F , MERg R 2% .
X2 TR Ry BB X 52 43 B R BE /N L R b T A B
M FH R Z A F IR o B e ok T oK

2.9
2.8
2.7
2.6
2.5
2.4
2.3
2.2
2.1

P 1) B AL RIS ] /(100058 )

——A—DACP(5KB )
= <= =DACP(10KB)

1.5 - X- -DACP(20KB)

1.4 = s\ s DACP(50KB)

: —>—DACP(100KB)
13 | | ! 1 1
10 50 100 150 200 250 300
EIRN

P70 BIAS B [ G 1 DR R — B4R BT R E

8 TF 44 5 500 Xk 52 43 R R K S X T 4 Bdl ok
P T BURGE £ F A K MERE IR R | 9F HOBOHE Bk
K AR YR 22 P o 287 53

(2) FIA $ it 2h 25 A8 101 00 T 19 — B0k 4t b
ARG:!

AT T 7E A S BB LT,
DACP J7 ik 1 57 Al B 1 3% F 48 58 % #5775 .
CWLM J5y i Lk & UPTReC B RGP LY TF
B 0% B R GRLE B T B AL — BobE 4 b RN A1) 2
A B A8 4

R TR EIA R 1) sh A AR FRATT R R AR 9
[ 50 23 16 o0 A0 R A 9 52 SR g, H DACP 78 3%
TN AR ) N Z2AS Bl AS 3547 &2 S04 B, A6 B 4140
S5 () B i 2 A B X G A T B A
A%, G 3 A 43 H S BE LT B (0 25 05 L FE SR
HEAF AL A L B T 4228 5000 AN B 2 4h . 18 7 Ah i
32 10000 YK Bl AL 1 ) 385 3K 40U AT 45 R 4 R ] 1.

RSS2 IR (] 8) ] LA H - 7E B AR B0 3 &
A DACP Jr ¥ 7E B, = 20KB I (P RE AL T
BT AE R W7 B CWLM Jr i, [/ A % T 38
AL AT 5 K B B R AR T R 1 R G T A R
N T EP G DACP J5 35 v B Sk B0 % 4 4% B8 85 4
Pl oy o 45 24> BIA IEAT 521 AR A5l 8 1] o |l AR
0 A AN 2 R Ay 1B A 8 ) R R O 0 A 4 T
ML ET. 5340 DACP J5 i 76 Bl A B0 4 /0 1) 15
BT HEREMEF UPTReC 595, B X i iy F 42 1l 1fif
M A BB A% AN 25 5 BUR B W 45 IR AR 25 5 {H 2

2.70
2.65
2.60
255}
2.50
2.45

& 240}

(=)

S 2351

< 230}

:E:. 2.25+

B2 2,20

Lo1s , —

'O —A— S TRER AL

3} 2.10 N

B 505 —%—CWLM

A 001 —%—UPTReC
1'93 —4&—DACP(5KB)
1.90 = «[3=DACP(10KB)
1.85 + =& = DACP(20KB)
1.808 - =/¢ =DACP(50KB)
1.75 —m@—DACP(100KB)

10 50 100 150 200 250 300
1 3 B A A ik /A

B8 RlA K S AR AL DL B R YRR T 89X L
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Hl

AL
-

i 2008 4F

B & R A it i 1 2, DACP J5 35 7€ B, = 10KB,
B,=20KB fl B, =50KB i} fJ : it 5 UPTReC &
P Y BT UPTReC 83k, T4 3 i 43 P 52 1l
ORI AFAL s fH & B, =5KB #1 B, = 100KB 11§ i)
TP RE IR AR

(3) BIA K& B A AT OL N Z 86X R G 4 b
FE4H 1 52 1

FRATAERGT HE T ) A 358 o bk SR FH 22 4% 38 i e
R AR FH SR FH 22 475 388 60 B R A 0) M BB A S L H
T CWLM J7 7k 2 55 T 57 357 48 58 (19 7 7 5 A i 58 57
HEE BP0 5 DACP Jr i A B AT 1L
P PRt B 5 3 48R A e R IR AT H AR 8K
5777k

G255 (B 9) BT LLE < ok 2 4 3 0 &l
ASHEG TR A8 IR 1Y 3k £ 7 25 UPTReC 55 JL
SFUCA S W 1 X DACP J7 2 Gx B K B, =
20KB M1 B0 7 ok T 1M A i 4 =, B Oy R il 3R
TSR 38 N B A B AAAE A R T R ) A% 1. X T
BT IR BTy B — R R I R AR
A T R A S TR AL 1% it S e S G R AR
28 H PR b A R AR R T R AR B AR AR IR OG0 R
FH Z 85X PERE LT %A R .

2.72
2.66 - s
2.60 | "
2.54 1 4 e
2.48 1 2
22421 7
o ? - O i )
S 236} ST
o .
; 2.30 |- ;% Q"
el "
= 2.24 - pad
%
5 2.18 1 @o
=212 4"
gz.% L
& 2.00 —E— TR IR Y % U
Lol - 5 - TR I SR 07 T
Lss | —4A— UPTReC
1'82 " » ow = UPTReC M % % 1) 5 12
1‘76 —6— DACP(20KB)
: - & - DACP(20KB) K &t )5 1%
170 Il Il Il Il Il
10 50 100 150 200 250 300
IR R A B /A
E 9 RIARE BB O 28X RGP I8 19 52
5.3 YN EMNBE

i 3 A A A DL R BRI A AT AT L K B
i3 G0 PR/ & DACP J5 ik i 66 DACP J5
¥ PR U 2 1 20 BRIV 23 R AT B 1 B — 2K
PEAES PERE. 3 5 19 20 SRR/ il DL g — i 1 A AL
I A R L T BE Bl AR S0 I R AT R LAY

ek, T T TR AT 45 Hh A o] 3 BOE >4 70 B 19 05 3

Bl — B4R P 7 IR BT B R F) P2P
RGP AR IT 8 R G PR 2 B B (RI A
(9 AL R S 2 A5 T i TN R P2P R &
GERT R B R R (RES RO AR IF B
DAL 2R 114 B A T AN (] AT O il 0 HL i SR T 1 5 8l
— BV LE 3 T3 15 v ) 2 B AT AR LA 3R

HRAE A P2P RGEH & 5K 30 A 5k &
HSROFE R W T 842 B 5w N1 19
KN MERSIAE T REH BRI R ES BTN
TR AL L O HLoAT DUAR B 2R G AN R B B i HAR 5 5R
R HEAT AR R 1 9 B BB EE X 2 P2P R G A B dE
— BRI L B T B R R SRR SR
PyoPooe Py j 2P AT f; (0

L= HD =1,

ARG IRIBITH B L E —H IR/ By o By s oee s
B, B H P Py, P RIS A S H G2
THEE R T XN 475 51 BB &R
M E Sy PR/ B A B 28 P i SEit
frg.

Pl Pz Pn
B, di. di.» di.,
B, ds ds dz,u (%)
Bm dm.l dm.z dm.n

X AR R 1 S BN S B AT AL B Ak
PRIy 3 ANTTIH -

(1) 520w Jy 1) 1 98 . S 3 B8l Bk B
ZHON FR GEVERE 1 5 R 1 U7 ] 2 AN TR Y 5 A S8
R R W) S T [0 14 5 R S 36 40 B R T P RE A
T A 1 2 50000 5% e 2 972 1] ) B 52 30 5040 B/ R 5E
PERE B 5 5T 4 i A 2 000 552 36 5040 A 4 3 )
—m LR RS A_Force(P)H(GE[1,n]). B
PRARATE v T LR B0 580 137 50 5 v B B 2
5 J 1)

(2) B A ) R ) R e S 30 KA 1) S el )
Z e AR IO A S 36 R T Ak A S0 T RE AN TR
W T RGESEI AT A S 800 e 5 B
Z A AR R bR B A_Magnitude (P))
Gell.n).

COAX KN IR B AR5 A_Force(P;) Fll
A_Magnitude(P) (G E[ 1, n DA FLZ 5, LI
e AR ME HEFR —RES BRI ITA L5
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s ] Fe P IR 5 PR O 328 BCRG v i EAS BAE AR
o BEE L LB BRI 5 A BE A AR AR R R
B A_Relative(P))(GE[1,n]).

XF bR GO SR EHR S (Ge[1.m DFT . MR
(2 HE AT

2 fi X A_Relative(A_Magnitude(A_Force(d; ;)))
i=1

(2
PARGNEY S
D
B, | D
B, | D,
B, | D,

et D Ge[1,mD RN, KB D, =
min{D,, D, D, }, W B, ¥ & KX RE01E 215
PR

TEFAT R B 52 56 v 6 7 57 A% 1 1) (8] (P
FVEE BT 0 (P, WA 32 58 2800 T 397 4% 3k 1) (1] J2
TR — B T AL F RN EALARE S
B T30 AT B A i R BT b 2 58 1 B b SR A
FE M 43 A0 2R G AT RSO A Y S L (H 2
R Gk FE AR A P 4 A8 0 TR N AR T R S
A AT . DR AT 3 B S R 42 3% % (UAR) .
UAR = $ 52 905 B0t/ A SO 80 . o HAE 8 &
BB — IF R 2 S8 Py Py (152 i A
T4y 5k 0.6 F1 0. 4.

IE 2B AL A, ATk —H AW EAE N
L4 He K/, &y 1KB, 5KB, 10KB, 20KB, 100KB,
IMB, T0MB., )\ Fp i e 7 AT Y A5 4000 58 T 45 44K Hhs
Y 5 2 53 B R/

FAT X8 A ol B A B KN G ) AT — 2H AL 5K
5 o 7F B 2 AU S 36 1) W0 46 B 220 B M R 2 A
100 AR A K 33 22 Rl A 73 13 BE BL L 5 1 45
b ARSI AT R L PR3 5000 AN L BEALIE AT
S5y e B 5000 AN B R Y AL B T A B A —
EV QN VR SRR (o N T vl & (S IR
Ji7R.

FRATAE b R 525 A [R) B 00 T AR A [ B A
FRFD N BLT o A 18] 1 $dls 7 B R/ UAR 1Y
SR, SCIRECE A I 11 BTaR . NSEIS 25 A Y 4k
P Xt G 4 B 4 BE /NI L UAR AR w5 5 il 5 2008 X 42
Sy P RL EE 3 KL UAR FEAIR. 33X 2 B A« 25040 Bk

ZIN kg o 5 SR B A B A L A B R L 3
JINT g 48 5 1 B 4 o 7 ) — B dhe bR L

(S}
<2}

(S}
N

Do
oo

—
o0

1

S-S5 TR AL AR N 1A]/ (1000s)

1KB 5KB 10KB 20KB 50KB 100KB IMB 10MB
2 Pk

B 10 Bl 43 B /N Xt 7 35 B3 % 4 it [ 5452 1)

100

[©—F=01 4+ F~=1 —&— F,~10]

20 L L L L L L
IKB 5KB 10KB 20KB 50KB 100KB 1MB 10MB
B PR

B11 SR A3 B/ xd B 2 AR 5

3 4 T XA R A5 R AT A R AR
Horb - 240 PyoxE & e M BB 19 52 0 J2 97 1w 9, PR O
A_Force(P,)=1/P, ¥4 H X} R G 1) 52 ) 5 4 R 1E
] st 1/ Pyl Py i B0 24 )8 1 (0, Dl 2
W.EH It A_Magnitude(P;) =P, (j=1,2); X H
wE

d:

. _p_ i.j
A_Relative(P;)=P; max(drady, s idy )

ie(1,m]; j=1,2.

WX 2O R B R D, RATAT LA F Y
B,=20KB i3t ) D (& k.24 B, = 10KB i %}
NI DAHIRZ. I35k BAR B, = 1KB B 11515 3 1)
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Background

Data replication is an important technique to improve the
performance of distributed systems. P2P systems replicate
objects on multiple nodes to improve availability and perform-
ance. Data replication has many advantages such as avoiding
single server failure, reducing access response time, reducing
communication overhead and balancing load, but it unavoida-
bly introduces well-known consistency issues.

Data updates may be issued simultaneously on different rep-
licas in optimistic consistent systems and they may reach other
replicas in an arbitrary order. While being intuitive, two updates
conflict when a replica issues an update before it receives another
update that is already circulating among replicas.

However, the two updates do not conflict radically if
each update operates just on different segment of data object.
Additionally, if the outcome of one of the two updates chan-
ges the condition of another, eventual data consistency by se-
quentially applying them breaches user view virtually. All the
above questions are brought by data dependence in data con-
sistency, which is inevitable for describing updates by seman-
tic and often needs to be resolved manually.

In this paper. based on data dependence in data consis-
tency in P2P distributed storage system, the optimistic data
consistency method is proposed. It partitions large object into
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technique to summarily represent updates, and treats blocks
as management unit to detect and reconcile conflicts.

In recent years, Peer-to-Peer (P2P) computing has be-
come a popular network computing paradigm. Researches on
and applications of P2P computing have spread into many
fields. P2P distributed storage systems, constructed by P2P
computing technique, can offer data sharing and storage serv-
ices for massive users and massive data. Data replication, one
of the crucial technologies for managing massive data, can
improve data availability and data access performance, but
bring about problems of maintaining data consistency. Com-
pared with other distributed systems, Peer-to-Peer systems
exhibit some special characteristics, such as large-scale, dy-
namic, and heterogeneity, which has brought many challen-
ges for data consistency maintenance technique in P2P dis-
tributed storage systems. Based on characteristics of massive
data and P2P systems, an intensive study is conducted of da-
ta consistency maintenance technique for P2P distributed
storage systems, including a multi-replica clustering manage-
ment method based on limited-coding, an optimistic data con-
sistency maintenance method to improve update propagation
and reduce the space overhead of write-log and an optimistic
data consistency maintenance method based on key-attrib-

utes. The relevant papers of study have been published.



