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Abstract: For most peer-to-peer file-swapping applications, sharing is a volunteer action, and peers are not
responsible for their irresponsible bartering history. This situation indicates the trust between participants can not be
set up simply on the traditional trust mechanism. A reasonable trust construction approach comes from the social
network analysis, in which trust relations between individuals are set up upon recommendations of other individuals.
Current p2p trust model could not promise the convergence of iteration for trust computation, and takes no
consideration for model security problems, such as sybil attack and slandering. This paper presents a novel
recommendation-based global trust model and gives a distributed implementation method. Mathematic analyses and
simulations show that, compared to the current global trust model, the proposed model is more robust on trust
security problems and more complete on iteration for computing peer trust.
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F B ZES: TP393 MEEARIRED: A

BARHTAT Peer-to-Peer(fjFx P2P)NFH H 2 ) iz (HAT AR B = A R AL LLER 3 2 G B 4k 1) AT 42, 1 3
A M R Iy N R R R MR VAT A R A7 L BN T (A 45 5 T DA AR 22 1 SO R S A 1,25 % [ S
3 Pl 1 SO (faked  files), [l IS, AN 47 B3 A 1O H 7 B = b v 1 (GO PR B 280) IR 95,48 749 IR 25 0 i T2 4 DA B ) R
UE.— Tl AT BB IR F Mk 2 0 P VP 5 A5 AR S5 0, 70 2 A IR FE IR SS R (R I 00 T A5 A 45 0 a7 s Jl ok 1 Ik

TE AR 28 (1) ) 268 B 55 (W1 Internet) A (U HL 71 9%) 145 AR 26 38 1 7 0 T mI 43 1 55 =07, L Ak
Lo(CA) REAMERFH Z CA FTai (AE -1 RPN & v 5 (10, R, 20 5 P b 2508 0 A 52 AT AR 1L, 78 H #i
I IZAFAE ) Peer-to-Peer FREEHH (WISC AL N D, A — R 5 CA BB, IX EEEETLUT JLEFE:() &
U IE AL AL A B A4 0 3% F R0 T84, 110 P2P PREE 38 5 48 5k 2 785 1%)(zero-dollar-cost certificates), ] )™ [ J& 2
5Mg . BHRA S I AAUREE D A CIAT A AR TE(2) W L R S A0 R 3X B ¥ 5. 5 R 30 P9 U5 T
5 X(a) D3R EI, RIATAE GAGIE) IR 4545 (1 /9 35t 2 BUEAS P2P RS i 35t;(b) Ao BUA R R s 2R 3L,
B pl F BOA A SR R BT A (IR ) R 2528 TEV2 0 5 LA AT B P2P & 45 3 1t (Napster (19 7 it RIL& — A~
BT IR, 6 H AT H 28T V2 18 2 Peer-to-Peer A5, 37— FB 16 90 A A5 AR AL 2 20 06 B2 (13X
B AR TAE H 6 P2P 4% 1A 38 A b AR TR AE A R T R 4 1) R PR L.

TEAL 23 Y48 Hh A5 AT 50 02 B8 06 R I RO, AN T 1455 A B AT AT B T JLABAN 4 110 HE 35, RIS £ O HE 77
I AT v JEHERE AR I R 45 B SE B b 3R BRI 5 AT 96 R AL T — T8 145 4T 19 2 Bl (Web
of trust). 7EIX FE A5 A P 28 Hh AR AT AN 4 1R T 455 B8 0 AS A 40 0 AT 52 1 AH W] DU by JLAb AN A v e A8 TAT S 1
WA TSR M4 0 Peer-to-Peer 455 A Kn W48 45 1R R IARBES X R BLAE(1) BIZ% P AN 7E 5 LAl A
BRI RS E T REANYEHE Q) M TR IS EA RS FIEREB) MR A FAN 1T
SEVE UGS o, RN A T DL L5220 5 0 IR T SR IR 400 2 L QSO L 52 Y R 5 (4) AN US55 Db T 6% v 1)
FCADAARSE GEHETF AR B DR, 3K 0 1 2L s S S I S s 5 480 T T e,

A ETERE— AT Peer-to-Peer FREE )4 Ja (5 AR BY, I 45 HH 120088 B 45 2% 20k R 4 A7 2SI BL 5 6, AN T
A AT =YY AT AR I b 258 g {5 b SR B il 0 s ) 4 R R A R AT R A U A AR SR R AR e IR T
LA AR R 4 R PR AR (LA 19,1 HLE A 34T 1) TR AT .

1 tHXIE

H A7 T35 T Peer-to-Peer PR3 K7 ATAL AL, ] LAVE 4 LR JLK:

(1) 3T PKICHRFAT R 753X 8 R 0 b A7 A8 D B T £ (leader peers), ST 15 A1 67 557 480 19 2% (10 1 8%,
SE T30 A R A Y s X A Y S A A vE PR T CA AR BT A5 0 DABRIE. IF dn AT R 1 BT A, X 2R R G AR A
SRR, LA T R RS BN eDonkey 112 server!®l,

(2) FET R B HERE AR XS R G b, 5 A I o 1) A PR At T AT ORI AT p {5 B X R R G,
A R SR FRD SR T R 100 T B, LRI 0971 5 AT B A A AR R B R R T 1 Cornelli % Gnutella (#7253
AT SR A S R 1k

(3) B4 X Pl 7 AN SR AT 5 0 T 7 R, 0 S 5 R S 10 T A R, DA SO S N R 490 R A T 3o
FSCISE ke e ) 3 S Pk R AT A0, 2 RN R S 1 9 e, DU i B R AT A 4 SRS 4 8 2 R B (U AT,
LS R v R T, 2% S Sk B S N (SO S =), TR T2 B e AR AR IR VEAT by, R 3 AR A S5
N ECSE RO SRS 4 H RTTRAT I SO L 220 A Kazaa SR Al & 1% 7 72 (Sig2Dat™).

(4) AR TG BEASE AL A SR I A 53 A 10 s T A R T ISR TR 3 ik 400 S 1 A ) A 6 T (3 AR, AT SR I YT
254 R AT A7 B B AT T 40, Stanford ¥ eigenRept 2 H BT T 40 A ME — 5 B AT AR BUARBL ) 4 R A5 AR R RS TN
AT LS AT B PRAD 1 e

EigenRep [I4Z% 0o AR, 24735 05 @ 75 8 T TS 8 k AR E I, B k IR Bk (M &5 &k k
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AR AT B B RO RN Rk B AT BE AR B AR 5 AR IX A By A CRE 1 S BRI RIS BEON @ IR R 25
e (4 Jay vl £ LB
Tk:Z(Cg,' XC/k) (1)

X AERE S 1, Cy A LY 5L IR AR AR AR, T 19 i i AR R Rl 5 .
Sat; —UnSat,

Cm et 2
7S (Sat, —UnSat,) )
J

Saty A UnSat; 43 55745 5 i 8 76 i 5 5% A0 28 038 2 BOR AR i 5 B

BigenRep 57 30 47 1 16 B 29 b A7 HIABUPE, 0 46 S BRI e 1 T B0 2 A P £,
S#3et 4347 Hash BLATSCE 1104 R (5 BEOR S 3.1 4). K110 eigenRep #47 ok LL T JLA™ il

(1) BRI TSI 0 EigenRep IS AT 4 5 FR IO HC SO A U e P R UE. BV AT AR C=|C, || 18
SR (RO BP9 52 b 35t 282 M (R 2 e 7 FRAAL (1) /R 9 S 4] ML 1 W 07 48 4 ) EiggenRep $EH Y — A
NBRNG 2 LE  B BUR A — AN (T 04 e PP R AN D T, >y H9A R
{5 2 E TR T R (1)

Ti=(1-) D (C,; xC ) +at (3)
t; =0, ift, ¢ P
WY W e 0SS LIXARIE T C B AN AT 2 PEAIAR R PR, I R UE 75X )T SRSk FATTA L %
i a H

B 1 BV AELAS R ME, DR DR 3X AR T E AR AR X 2675 fl A T 58 R IR A, R I i MR 84y A e & P
— AN A A 11 1)

(2) ZAE BB AT 7 I DR 5% HIVRE B A 0 38 AT o R MO AR AR AR B EAR AR T B R (2) MK (3),
QRS R0 0 AN AR B RS 0, B Unsar, 3400, T, £ 28 0] e 39 0, 1% B ARG = & B 4.

(3) AR Y (R WAL S I VLA 2 1 I 4% 1) P e O 4, I IR AL 5 8 25 5 BUHE 4 P9 48 30 L P )k A, TR b i i 2
FER IR 25 IR 55 e 2 TR L (0 T AT 1.

(4) ST R A BB 700 i AR ) L T B A RS CA R W R VER IR (LS 3 4 AT A 1)
B eigenRep B N LA 8.

AL eigenRep A7 7E 1 1) AL 88 H T — POt (9 42 R A5 AR BEBE TS IR 45 H T ARG o0 A R 4 A TE WM 8L 35 s
IRERHEAT T 47 HAS 5.

2 2REEEE

2.1 REWEXFRT

T G A SO AE 152 .
EX 1. B P AR nl i MR R AR R S AT B B ok A T A 5 A H D s X LR

P,.,=% b 1 AT R AR SR FEA ] I I] 7P (AN P T A 1 AN ) SRR AE ELIRTIRER, S, e
T BRSSO IREL, Fy AR i R R Dy R R 2R 1, =0, 1% P, =0.

FIN TR R BAT IR G T T AT . S, B T E  B S B E HAR B CA Rk
5E WAL Sy 215 ).

EX 2. 5RO, KT 5 i MR jl) O T = NG00, Py B L BR R 3¥ O= D) AR AT AL AR ATV
H AT IIBGE, % 0, =[aP, + (1 )T, 1x A JE B, T, 47 5t j (4R il A5 B2, T, <1 oo B H 0<a<1, AN (S AE
Yo, A>1.

XA R 2 T S T B a= LI IRHZOT 2 RS B CRAS LD S, R I el 3 AR A A PR AT S 6 4% 4
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BN AN TR R S, P a0, I 1% 7 58 A AR S LA IR 0 SR o By . — e, T i
a=0.5.
EX 3. BRICH(S,, , F,, YR 5w Xy BN, R8O E,,.
S, = F; . . .
EX 4. F RV:U—SU R R AL AR BE (recommend degree). IR Y| S, = 0,80 S, — F,; <0,

K
k

R, =0.

ESS. FRAEIE R=|R,| 126 (0035 FE K R AR

RS 042 R T A5 BE 5 R A 58 AT Ry R AR Y SO B 8 JR) 30 A 92 DA R e ) 4 R T AR B ok
YL A FE LU B GOV E) RFTRIXFAL B R R, W

AUk, FRATTSE B EAIE T — A DU ) BT 338 7 R A 25 190 466, 7 12 D99 6% R AN A4 T 1R O 2R (tie) 2R A )
7R A5 AT % 3R, 56 28 A0 8 JBE g AR 180 09 Jd 30 A B8 3k L, BRAVT SR P A 2 I 48 43 7 100 e fg 35 - 4% 08 N JE
(in-degree) [ H Ly 1 £ (centrality measurement)! 5 3% ok s i X 45 Hh 4 55 (1 42 = 0T 475 JEE Bonachil 24 Hi 1 5
T RN EE B O P D 5 VAR O & (1) BT O P (centrality ) & FE 15 s 7E W9 45 rh i T B F B AE AN IR
() E R SO (RIS ] R 2 2 0 8% v ) LA AS [R] I 18 S 7 A SO, 750 s v PE AR I 715 R 0 4 JR mT A5 B, DAL 1%
P 2% T IR 56 FR 7 s AS St SR I B AT R R .(2) TS5 s IINFE « AH BB (Ryy) LA B (HER) Y s B B PR F 22
PR W B AR5 55 ) T B (4 R I AR B ) A RO U, B T BT R H I B L R R R A 2,
Feon H bR s BT 1K P s AH FL DG I 1), 2D 5 IR W] {5 M 2 45 IR VAl o] e B R A I R H (N
FEYZ I PP Al B T, i 2 JNAR I R AR AR R BT 2 .(3) J e i 3700 R M 4 B E AR B P DL SE ST R
M 1) B X AT AR R T FR AL PTX=X.PT Oy PR X AT SR A Sy R i) R R AR SO bR SO X B

Gl=n V={i[Fj, H. i j 13 i s j RORH M1y

R4 SR RS BE )
N 6. W% N AR AR A T,
Ti=;(Rk;XTk) C))
b koY R RS T R
T
e £ i ) B =",
Tn
IS
R'T=T 3)

KL N R TAEAE R R R MEAT 0. B (4) 2 X 4 LRk RIS E vl LR IE 0< T, <13 v R W fF AT
FARE AR TCE Ry 715 m i P77 R IR
22 ERAIEEMITE

B AN RS0 A BV DL, 5 RE () ft i vh 50 nT LU 3 A% 45 Ak AR vk S B, 4910 4 Jacobi 1548 . Gauss-Seidel
EAEEIERTTVERER E R/ LR IE A T A U EE AT Jacobi E4REL Gauss-Sediel iEACHR & P17
13X B3R AT 1M IE Jacobi LAY,

EHE. WK T IR R R 51T /7 B Jacobi Al Gauss-Sediel 1R 8k.
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_ o max(S,; —F;,0)
i#) %) %
RIS 7 o 7 0 4 o DR I L -
PEL g, FAT AT 453 2150 T4 519 5042 R I A5 B2 1Y Jacobi 254X
1" V=R, ,O+R T+, 4R, T, ",
T =Ry T\ 4Ry T30+ 4Ry, T,

T =Ry T 4R TP 4 AR,y 1 Ty .
3 2RFAIEENSHKENNL

A JR AT BE (R 0 AT SRABES T2 3 A 32 B[] R R

(1) Atk X0 2P dE B 4 L IR LS P R AR B 1 97 11 B 44 35 n] RE D Bk v vl {5 52 100715 0 AT o) A
FRGE AT IS A R B IR AR B S 38 22 A1 a5 EAH DA 0l i ek v PR HE R AL, AT A AN R S ) AT IR
BT R  RN mUE I 45 T I AR LSS IR B VRO A TR 2R G0 o TR 2 (L5 3.3 1Y),

(2) PRSCAS B B 5 R) Dl AR 56 R AR .

(3) A SR AT A5 B s B 4 JR AT A B AR X 28 o o 3 R AR AT 1Y A 7 AT DA LA FR PR T B B e R T At
W7 AT AR R 5 T O A AR, T BB AR j T AR G B LY A O CE T SR A TR,
X T] RS BURVEAT A [R] I, IE W b S pd,— N R T BT & A ) 2.

3.1 2FRAEERNKE

A SCH L 43 Hash 2 (DHTs) UYL 808 5 5 104 J5 ml 45 B (75— 42 0 2 seigenRep [RIFEAEH] T
DHTs JiE: S50 A5 35 7 50050 E 40715 VE 40 801 3R .eigenRep 18 | Berkeley [ DHTs PpiX CANUS 75 25 (52 )
o kA5 Terracel"P2P B 4% K £ Terrace & IATTMI 3 (I T d-tree 45 K DHTs #4238 18 Terrace, B 2% o )
PG W RBOE B — N84 d-tree b IEI T AU RME— (R 48 Hh ik, 38 B ok (0 G 65 JEB0h d-tree AT 481040,
QTR 2 s 8 bk, U] o DAy 8B (1) B K 7 () H 2R e B Y s 18], R0 8 % ) Oy TPv4 b k2% 8] IR 05,
U3 5 2% i) (4 /N g 0~232— 1253 i) R P AR AN s 1) o A 38 S b ik, 32 4 il e stttk DAL 1 451, P v
FH B S 7, DU BR AR Y Rl Bt tH A 7 A0, AR I8 BB 4 n i e R HH o 8L MR Y S, 5 — A1 R 15
R A% RO IR T — AN RO B 25T A B ST T AR RO B TR A 2 (T RIS, R O
A7) 35 55 (1) Hash, 5 50 R LORER B (B06 R 5 1) B 2[R FE 22 f bk 2% ).

0..7

70...77

40...47 60...67

100107 120127 140.147 160..167
Fig.1 P2P nodes are projected into a d-tree based logic space, d is the upper bound of child trees
a node could possess, and it is also the base of logic address
Bl 1 P2P A5 B RN 1D d-tree A48 38 4 1) L, o d TS R
B FRABGIRI a2 18 4 ik 34
AR SO &, Terrace $&4L T 4017 AH OGHREAE:
(1) AERTT AL R Terrace 75 O(logN) T RV 2% 2 K1Y 5 BOJE PECINVEA E,) 'S N H(ID,), 7] IR CRAE TS
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sy MECLER SN H(ID;) ) AT B (TP Mk ). 3 S 1 319 s7E Terrace HH K2 st ik 5 A B hE TG 5% e vh 1 o)
Hash 8 £, 204715 207 (94711 ID; Hash | Terrace (138 7% [8].N 2k P 28 A, B[R] 40 18] 2(a) Bz Ho 18] 2(a)
T F A BRI 28 B VN Epp SN B HIRS S 3,10 Hash 13 B (RS S 500 12 8k, 4 121,000 i1 Terrace
15 ANHUELErp 88 5 N 5 ELJE 2(0) 79 5 F Ay BRI 11 B (W2 A5 (EBE T, 11 Hash 43 B S 5 R 2 48
Hudik, % 121,00 ey Terrace [f 6 HALHLF th B RS S A0 E ARIUY 21 B 12 RS AT L T

(2) TEAREN j ¥ IP HuhE I B0 AR 5 i AT LU O(logN) W9 JE B2 2% B NI 4 il HH(ID)3REL YT 5
(A DG HE (4 J5 T A5 2 7)) 38h H K615 557 1kR iR ID; Hash #1] Terrace 11938 45 2% 0] 4l & 2(b) TR,

(3) Terrace F.AHAHIAETI, M Terrace VAR i IR CRAE LIHI(1) (2)FRAE M 58 3. BT i i, X TLERATA NS
Terrace 19265 HLIAERE — 20 )R el 130CA 4R 1) 352 3% 2 DL SCHR[14].

(4) Terrace HATH/IMUH FMETITHS (O(d)).

120,121,122 120,121,122
D D

(a) (®)
Fig.2 A part of logic space of 3-degree Terrace tree (Ternary)

K2 =B Terrace H (B4 )i% 2% 0] (= 3k 61)

EX 7. W HTD WAERHIAIN Hash pRE(ED ISR AR SHA-1), M &5 hAERE T 2l 0 IIFRIRAE
Terrace " IR N i RS ZE &5 DL D=HTD(D,).ID; k4= JF M — 171 S AR IRET.

i T Terrace SR T 5t i) Hash [ 7515, RUAT SO  Fh 0 5 3R ECE 6 1tk 2 B ATL P, V2 AR 05 s (9 AN 45
AIE (At TP B g1k 55 ) 002 1R g 15 A (138 bk 3 2 W A5 B 1) B A4 O R 22 A PR A ok — 5@ L3 A X T Terrace, CAN
F Chord " 45 25 ISR T X1 Hash F9 730,755 a5 26 30 0 o 0032 48 dth ik by = 0 A0 55 2 Jg v 19050 w2 (i
Chord 77 S (W8 B b Ik e 3G TP Hbik 11 Hash {H ¥R ,CAN HH 7Y 231 1D $RE), PRI Uk, 0 R e 90 4 b 2 A
[ 5 36 ke T AR T T ORI AR e SR TR AR X 0GR (M Fh P 1 B 25 R 30, AT 71 i 55 AR 5 s 2 [)
1) I TR0 A B Sf 18 ).

HET Terrace, W £ 10 A T 715 550 ) I 19 2 AU 77 PR RS 8 R, 0 58 b4 Jo £ A B 1) AR Sl i Y 2 R )
IR 56 R R AR R 8 d R/ RS — AN 3 s i B g5 4.

D, Tr(k+l ) Py
Sir Fy, ¥ D,
Skzr F/Qr 71;“ IDA’Z
N kyr F, ke T,:(TA ) IDkT

Fig.3 The structure of documentary point of peer d
K3 MB%Ad IS
WP 3 %45 25 d RIS 45 2 RS ALID, 7 BUBRRY S, . S, Wy, . Fy, 05 r RAERS S
2 A 10 S R R IR D, D, S e MR AR UL, T L T e A E AT R £
JE, TS B d VST A e FAT A R A B P T A A BI(LER 3.3 ).
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3.2 KR

T A g B JUA SR s A HAE S

Put(ID,,ID,.E,..f): 17 5 u ¥ X5 20 v IIVER E,, "5 N Terrace B i bty HDT(ID,) 4S5 a5, )i &
ZA5 5 By £ HDT & Hash BG4, T .

Get(ID,,T,): M Terrace #4 "2 # il 9 HDT(ID,) 44 5 i Bicdls 85k vh B2 v 102 R {5 I 5 A A T,
A A R GRED) FI A B0 55 v 24T A R ] fE

Eval-Trans(ID,): 717 /4 B HA Y A TAS B I OB iR R E VRS RS S 45 L ID, S AE 5 %) U7 Ecal-Trans
(ID,) 4 true <A 5 B, 15 MIZ 7R A8 5y R

Wb SO IR AR R RIS R A A L B2 T AL R I R WD) P IR R A AR RS u
FES — T P I SR

Procedure Eval(ID,)  //Eval(ID,) & &K 5 5w 5715 5 v 28 5 JG5 b2 AT P4 I 72

if(Ecal-Trans(ID,)=true) then

Sue=S,t1
else
F,<«F,*1

endif

Put(ID,,ID,,E,,,ReCalcTrust);

End

AR AR u AR R R RN ST

Procedure ReCalcTrust(ID,,ID,,E,,)

K 1Dy, E A7 AR 5E B S5 1)

for (any j#v)
Get(ID;,T));
If(S,+F,#0)

S, —F,
ij(_ S i
XSy
J
endif
endfor

T Y R, xT,
k

end

MEL 20 A SRAF DR SCAT LU L2979 58w,y EAT 58— IKAE 5 Ji (RT B8 BB 8RR IR0, 58 2 1) & SR 2 LA S WA AR
VO FR) 4 SRR AT BE T, T, T 0035 55 0 0w A A 4145 719 5500 T A5 R, B 28 5 M JUA ™5 R PR 4 SR W] A B2 O 7 B Ji A
S SIS N /AT By 4 R 5% 0 JI 45 B A1 0 4 ).

1 eigenRep " ATEE T A i BAERD—IKEE H # 2 5 HR aAR, IARIE 1 HE AT 2y A A A 4 I 26 S Bl i, EL 3
AN I AR T4 B AR A W IR AR K 4 N TS R G o (KRN e 0N BB O(n). 1 B P4 it
BAZ A AL IE /N ASE I 5%

i Fk E A AT LU L5 eigenRep AN L AEFRATH PR AR R AL w KT Get(ID,, T,) BV AT 3R

(K9 T v 557 £ TR v A R R R R RIS v AT A 5 (K FE A () 4 e R A P (RE T Get Ji i), DAk, 3 B 2
ZRPER O(n)(F b5 1,745 K11 v BIAZ Gy ARFEAE AR Iz 328 /s 1 9 2 B RS, FRATTEL 2 ) DUREAE fe i — BUif Rl cLL A 55 v
A oh 75 AR A v BOAE Sy ACPE, AT — 20 Bl BT (2 I S 1) 0] U, Ea PR A it b —Fhesz 5
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YRB IR HB 3 IEA, M R A A B i OIS B A S A S B AR AN D D IR I 2t R
eigenRep IS IK) 4 MK AN IFBEAT SR ik 3L, PR by 19 s 1) A2 2 M /D TR A 408K 22 503 e (K P A BE AR A AN K5
4.1 TS50 I, AT MY eigenRep AH EG, HAT AH 22 (1 i AR Sk

3.3 B4, RRURBEIEERIDE

B 4 e A 5 BEAR 9T 05 B 70 A R nI 5 B v 16 A5, R A (1) T8 g A R A 2R A5k R
LA R AT A B (2) 8 kg S At S 2 5 L HEAT O ) A 5.

HAMG ™ EEN P2P W41 KA R R S A o] LU B 78— A8l 2 AN vl {5 1 sk IAS R A3
{109 ) 2, 7] T it 75 10 S 497 5 LA AN A (94T 4 . EigenRep P58 4 R1E 1 5 44 15 00 (4 40 21, 8K 117 3 5%, B 44 ] g
X} eigenRep P3G AE ™ 5 (1A REZM (WA 4.4 79).

44 foe B WAt R 9398 2 SR TN AL bR T 0 ST i BT AR SCAS 26 18 5 | N T W0 {5 88 = 5 A UM, A
T 753 ) B S 2 2% A8, 4% 0 T 170 Y 08 p BRI LA AR IRAT IDp WA W SLEC O 2 R4 77 #8 1) p $R AL
LI TP bk, 1 T p T2 ARSI 1D BT 45 41 TP btk p 01 5 1D 2 75 AT (MR A A L AT )i 3t
) 1P Huhik?

KHLFRATRA T IP Huhil 5745 SRR VSR R GIE 25, B8 Centyp .

Centyp.p TR IS AL R 2T u BA % H A D] pr RG] g 0k, 17 I SERAT R 0w AEFR A5 23 v 97
i B,y I8, [RTIRR AZ 510 TP Ml TP, AT A5 v (K12 B py (BRAT TN A, FL AT A8 5 3o il B el EL AL AN %) 77 119 TP
BE A5 HE).

TR A ow B A w B S v RS ZE S LA L4 R vl A5 BE A O B T Centypop I HTH2
NTTAE B 42 3w T N 199 A £ 55 T8 - G SR w 3258 [ 55 199 TP il 1P, v HOAY 22 45 D, W LA HH Terrace I 253 i o [194Y
DA w AY] pr SRIG T pr RV R — R r 3 — 0 w BBk il (challenge), AT w 5 e 2R w
$RAC w ¥ 1P Hidik 1P, GX A 5 B — @ 5, B AR w w] LAl Bk ik, 4810 D, W LLEE S o A8 BRI w IR IF
BN v IR, AT AE w 255

HoFF(2), B A w AP E 7R A MR A N v 2 S AT A B A DL OX IR v R15E w i
Bk A BREKD). th T 5w AT BB ST Terrace A D, AE3RI u 19447 pr  JF BLZ 5 8650 K3E —AN0F w BB, AT
{15 w 2.

Centp.ip ZER A TH LI Put(ID,,ID,,, R /) HEAT 101 F 4

w:(IDID,,E,pof, PV ) —2— D,

D,:(Request on P )y —eme s p,

Dy(pt)——D,

ue D[] pr D)) IIHIHE

u:(r,ID,) —ReTeme _y py

//Other local operation;

e e () —220l sy RORIB R P protocol Kf x,y BT A w RIEFITT AT v,

PRI VE B AR Y A A,B AE FLARGTEN T 1D (A5G AR T4 a7 104 Jay v A BRI e 208 5 i v
Put(ID,, D, E,, ) A X 7 PR LI i O HERE L Ryp B Ry FATHURE BEAT Bk A 5 K5 SR AHBAR 5 — AT R
oA TR B RS ZE SR AS AN ELSE (W A T VPN TR B BRI R B IR R A B R AR AT A R G
5 EigenRep BERS RIS LA IivHig.

Sehr b, %8 eigenRep B (1) Q)W LA M, — A HAR G AR W5 B AL A4 W] LU o R 1
BIRES 53 B BRI B EL Satyp, NN B I ATAE BE N BAS KNSR 1 79 Fik, H T+ eigenRep AN H & & T AL, AT
AT URER 7 ).

Sof T AT IR SR, 2 X 4 FTE S 6 T LAAS Y AR 3 5 v,
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T = Z(Rkv xT,fk)) - Z S = Fiy x T (6)
k

k Jv
J

PR, 22 0 1 o B PEIIR SR B 0K v (994 Jmd P A% B I, 1T LU I Pt 5L 1) v AR 28 R 16 AN B S IR PRADY
E 36088 S, BUR— A K H I 22 5K (6), 7T 77
S, 2K,

Tv(k+1) ~ Squ_ Fuv ><Tu(k) (7)

uv

PR, BB B B A R A SR T A B SRR S, >> F, u T DA v TSR R RS, & F, u BT
X v AT UGS FRATTR A ZE AR ER LA 0 I S A 71 B K R

(D) v RS R S e VRN B, RS, B E,, EATHIE i 0T S, — S0 > LB F,, — F o> 1L Z 3 3k
WLHARCS S FI R u Sy BRIV DRIk, Y s AR T RS I D A (IR S 5 R E X v PR AR s
M ATV R RS VR (BT AN RS GO W AT e ST D, B8 R 484552 w AT 55 40,8l A 20 (7) il LU a0 3 u
AR LY SR AN TIA R (R A PR AR, MU S v 25 R VP AR A A4

(2) WEERAL 5 B ZE SR 2% 5 3R A VPN A, 28 BRI 45 7 4R AS TR INAE B LAY B,y By RAAE 5 JaE (1
u AR5 u 3V E,, LN AR v £E— @ [ )57 0P Tl i Terrace #2238 WHA A,,.D, 41 S 1E 7] % 009 1
F v NN RIREAEAE B 2 ) B o 52 55 TATT R T 3F % il RAH B), -

(a) WA EMPE, NS, > S D, LT MR 352 %R

(b) WA A AT, D, ¥ 2 % VFAN .

W AAE TR BE O R WLE v 1A,

(@) WA IEA,D, LL 1= T® (IR 552 % E 0

(b) WA LT VPN, D, 36 4082 %2 1% T

BATIHIATTTHRTE w X v IR R o 35X ) (5 e s R 49 0 v BEATURER ) D, B2 (] RE A
1=T9 R R A R w AR % K5 BRI Y &0 v, U D, B2 mT gty 7O, S R RREAT PR % S )
(1), % KAIRERAT A 7] LA A 20 1.

TR RN SR P — A SR T S MRS BT T A5 Ry v AT AR T AR — AR R R L AT R B
FBBRE Y S5 TR AT Y A A AR R AR Y A AL — e b S I N P % 1YY e, L R s T i
(9 A8 Sy m CA IR A Ay v T A T R 0 R e T A A T T A v, R Wl R AL ) R K L A
CRAG AR 2 AR IL R AE BE K BEAIL.

4 MEREERSH

FAIHE T 2 A7 SRR T BA TR A0 S [, BAT IR I S BL T 2T eigenRep (K145 () 477 5. 76 3
ATTH) S DHTSs BB 7 A0, BIME S0 10 v BIRS 58 50 Dy oA BEALSR 58 AR 00 5,32 R 72 SN LT BLAR 5
JLF DHTs i th A AN 2 22 9. FATT e A8 A0 N 37 35 D SCPEIE o2 1 P B P £6) L b 1 2800 P i (0 SC A, 1 2%
SO A L 2 A Wi A A B BB 5 A5 O ME — A . FRATTBE v 17 LU LAY R (S B L B R 15 2, )L

4 2K 0 R 2L T D A 2K 0 A T A R ) S T 4R T 2, A S AR LB KR AT
T ), B

(1) 3R AR IR AE S IR S5 b (303 2 AE XS Al Y A B PPAN B (B 500 FLAB S RO PR,
A FCSE A FRATFRIZ AT 100 S K.
(2) SR LR 2B AR LA T

() FRALIR R R IR RN A R A BOS I (CEBO MR S5 A TRRIX RN 00 BE 2K,
(b) RSN R IX R RS IT A 52 A 5 S FAY R IF R PEAFL S 1 (R B MR 55 FATFRIX AT 50

ED 2%.
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(€) % KT AL IX N B R ROk IR % 0 A B TR 21 0 BK 24

(d) B WA XK E AL A B nE BT A& R A BRI (RO RS AR X
FE o EM 2.

FEIX L FRAT B 5 SO L 19 4 2 AR RT3 FH 7 m] LA BT 3 SO S L 75 R A 2% SR A 5 10 T A
W5 G AT REFEASZL )T (AT Dby A A 17, BITAK BT A 75 B A 9T 7% SO 0971 0 3k 8 mT {5 8 e v (90T
HIFS5Z AR5 (FE).

YRR 1000 AN A5 4 2009 266 BT TBE 3 1 SO AR 10 000.FATTKE 10 000 AN SC A4 BEAL 23 Fic 21
A 1000 AT PRI SO 2 P — A S AT s AT (BARIXAMI B AS A B H 2y T 38 G SCAE ) 46 o A
5 ) B ¢ 5 BRI LI LU A (80 4, T SR SN A AR S 8705 s 30T, AT bl ) A5 A FH P 6 38 AN B 7
FAARTERL 100 RAE G (R 100 ), [:RAE 5 B bw A AN 8 304 09 3044 o BE AL 3% 4 — A R B AT T 3K
A2 5 W B A5 FH P AT S0, R A 5 AN 2 i ) 7 44T 1 SCpE.

TEFRATTHIATT L SE 0 vy a5 28 (R VP A AL 2 A W 2% B T A8 5 (R B0 IR IR B AR ZE BRI U0 (A 1R 09 it
HOHE S A R0, I A S I Eh 10°.

S TR 4 ELER S 4 PIIT 650MHZ,256MB. /i EL3: T Java 523,
4.1 EEE{FE

EE 284/ 0 45 P 2% o IR R A8 BE 2R ARSI T2 0 R Be AN R KUY EE 28705 UG AT A AR B DL
eigenRep AL 152 M. 45 R U1 4 iR,

AT LLE 5 eigenRep 15 8AH LE, AT AR R ZEAN A BE JOB R0 A 1E 50 T BCR EAAH 2 FE M 25 50%
# EE 2879 s H0 R, 5 BRAR 9 48 AH LU, A0 88 mT DLk 2480 i 1 il Th R 8 (IR 79.%). 58 By b 7R X R 3L
TSI a2 E B IO SR TTE R 0),[K 0 EE 2877 s AR, R SR I, X A0 S H 1k B
A 5y SR WU AT REPE LR K EigenRep A AU T — /M AT {5 5 s 44 PCWIER 1 45 Tk eigenRep 8 i B #i
PRIEARHDBC S A LI P IS 2 100,30 AT (5 BE AR 24O/ FE 0 0.5), T R W, 7 S RARNE B 1,
PR AT S B Ly 2R 2 AT P R vy 26 AR T 7 19 4 v [ s 30 4 715 e LA S R e (9 W A 83— {0 AR 5 7 51 B vh
S AN B R RN A AR AR . TR IR, B T eigenRep FROSEARY Gl = 50006 5070 mt A6 S (LS 1 799), 2R BB 2879 RURIUE
FUE R SRME, LE A, LA g A i A1t 2 1) IR 95 (B 50 v ml {5 BT A SR B B0 52 IR 45 ) eigenRep 55 LK AR HE XS H:
BEAT R0 FRA DN L BEAT T 9256 BE 875 fU7E 1% 9256 vh 5028 S oA B BL 5 £k B 9 IR 45 (R 4R R 45145 5K, BL 0.5 1
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Fig.4 At different scale of EE nodes, the ratio to ideal case on successful downloading
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