ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software, Vol.18, No.8, August 2007, pp.1933—-1942 http://www.jos.org.cn
DOI: 10.1360/jos181933 Tel/Fax: +86-10-62562563
© 2007 by Journal of Software. All rights reserved.

ERERERNAT RO RERIEERS
k-4 FRA, FEA
OFF5 90 A BT A 5 3 BT A3 3 K95 410073)

Scalable Distributed Resource Information Service for Internet-Based Virtual Computing
Environment

ZHANG Yi-Ming®, LI Dong-Sheng, LU Xi-Cheng

(National Laboratory for Parallel and Distributed Processing (National University of Defense Technology), Changsha 410073, China)
+ Corresponding author: Phn: +86-731-4575816, Fax: +86-731-4556650, E-mail: sdiris@gmail.com, http://www kylinx.com/zym.htm

Zhang YM, Li DS, Lu XC. Scalable distributed resource information service for Internet-based virtual
computing environment. Journal of Software, 2007,18(8):1933-1942. http://www.jos.org.cn/1000-9825/18/
1933.htm

Abstract: Based on the characteristics of evolution, autonomy and diversity of Internet resources, researchers
recently proposed to realize the publication and query of Internet resource information through common DHT
(distributed Hash table) information services. However, current research on resource information services is
insufficient in generality, usability and adaptability. Aiming at the needs of iVCE (Internet-based virtual computing
environment) for resource aggregation, the SDIRIS (scalable distributed resource information service) is proposed
to construct. First, the adaptive DHT (A-FissionE) infrastructure is presented, which supports to adapt to different
system scale and stability transparently. Second, the MR-FissionE, which is an efficient multiple-attribute range
query algorithm, is presented based on A-FissionE. Theoretical analysis and experimental results prove that SDIRIS
can realize resource information publication and query efficiently.

Key words: iVCE (Internet-based virtual computing environment); resource information service; adaptive DHT

(distributed Hash table); multiple-attribute range query; ZKT (Z-curve Kautz tree)

# OE ATRATRGRER”. “Hrak Fa S Hm> 155k A3 E vAiE A DHT(distributed Hash table)fs
IR S 09T XK IR 2650 R AT & 09 KA Fo B30 IR 00 A 9 FRAZ SIS AR B R . 5 A MAe B 18 M55 57 @17

/ﬁ-éﬁii AT #3t B34 3% iVCE(Internet-based virtual computing environment) &) R aF K R EMETY &
g 9-A7 X TR 12 & IR 4~ SDIRIS(scalable distributed resource information service). & 2,42 & X A # i€ & DHT(adaptive

FissionE, & #k A-FissionE)/& & &M VAT £ & B R 1% B 69 77 R3E B R F) 69 & G AR AAS 2 i 2k K F € 2 DHT

Rk H) % B M R 19 44 & £ & (multiple-attribute range FissionE, 8] #& MR-FissionE). 22 #& 4 #7 fe £ 4l 45 R &

Bf ,SDIRIS %89 & 2 LI RAZ S04 EA 5 B i sh4s.

KR BT EIRE TR ERS; A€ DHT(distributed Hash table); % &M X 18] 34 % ;ZKT(Z-curve Kautz
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tree)
hEESES: TP393 XEKPRIRED: A

Wit 0 20 5 R 1) R S, AT A BB A0 T 0P IR T e it e it 2 b o %3 P B8 RS R L IS L iF
W 1) K 8L S 3R B (Internet-based virtual computing environment, & #iVCE)! A% 4% (A 71 501 %8 YR 4 SR B AT
WIBA A8 TR S A L 4 S IR R A o LA A 8 — IR R SR O SR T, TELTBG I o ) B AT e <R e
T 20 MR P A 2 418 R P RIS B L DG TR O 2R AN W7 A A A4 W U 10 Y 1 HE DA 5 5 B v M R i DR R
819 VA A DAREAT 42 )R R AR rh 4 2 AR M B TR AR AR )V 25 R R A LA g — R ELIBE ) R U Bk AR
Rk o5 TR B R AR )k T BRI Bk,

ELIBE P PR R BCR BT B AU L B H AR (churn rate) 48y T ARFELLF (1 W] 9 R A RN A A
P T 4 SR 4% Foh 43 A1 2N FH 38 3 36 T 43 A1 A 75 2 (distributed Hash table, fii FRDHT)$ A K 52 8L % A7 10 &
A R T Zh g, B30 RS A IR S B TR S B A . WeblIRZSTUE . AR I 25 1M 4% LA K Internet Py 77 L 52 12348
SRIAE b3 43 A7 28 A o A i A # o BEAAr e bh . SEILFN R 28 B O R5 B AR Fl A D) e, 45 4 A U
FRITT S r ok T AR ) S 4H.

b St 2 ) A, AT H AT T DHT R 25 169 % 25 B 98 R A JR 10 R A RN i 1 2 g 1%L OpenDHT 4 H 76 S i
Ot Y RIS AT DHT AR 5%, B H 27 J6 20 OGOy DHT 1) 30 28 il 0, 35 78 BE il il LA AN RPCIR AR CTIR - 5%
(41 SDIMSH2 i #5 K ML 3R 45 Hh 14 21 2R 45 Wyt 3 R AL SRR AW, A0 14 IS R A 2R A g v << e 387 BT 05 1) 2
AT D g, R AR T AE RS P S B R A S 7 () A 4% S T L. SWORD L % 199 s 7 FH ) 75 5K, 412 H 48 19 A % 9
{5 LR Ay 22 AN LI IR /NG, SV I PR 4 2 T e 0 58 00 4 1A R AL T (e 5 O R T, 3R DHT % AR 55
BB P )i JE DHT A ¥ B 38 WY e 07, b2 N R I e o 0 Z006T 6t AN [ ) 28 48 ASE RIS e Pk ¥ 5 DHTZ
AT S B0l % F 2R K /NFHTE BT A 22 55, 9 HLAE 2R GUMUBORIRR 8 M R AR AR A I 5 ZE B EAT W

B 3R R AT R SS AE, FRATT LB KB <973 v R H <« U H I BT R A 5 P ML AT 50 A
Zmg| A iVCE R E T R 1 A 20 YR S IR % SDIRIS(scalable distributed resource information
service) AL TR ILAE T 1 4, 32 H 7 FE N DHT JiKJZ 4444 A-FissionE(adaptive FissionE), AX} I )2 W H
37 WA 1 77 O8N AN [F] R G0 1 U RN B G 1 HL KA A-FissionE JiCJZ 440 32 T =i 200 2 J& P IXC (R 48 R 53
MR-FissionE(multiple-attribute range FissionE). 2173 #7 FIEH 45 S K 8 ,SDIRIS  Aef% w2k S 30 9% VA5 5L 11
RAG 5 A Ee.

AICE 1544 SDIRIS R4 it 5 2 444 Hi&N DHT J77% A-FissionE. 5 3 WAL &
P DT 3 5 3% MR-FissionB. 55 4 7 HEATBHUIGAE. 58 5 1905 24 T AT 5 45

1 SDIRIS R%4:5#

KA S A 20 iVCE H3EAHE& A1 SDIRIS 76 iVCE rh T b (¥4 & 4% J55 A 44 SDIRIS ) R 454544

EE 0T FFIBOA S R (3 TG BB S A V8 IR0 A =0 IR ) LIVCE 38 T H oo ML R4 R R
PAT AR . 8 F 0 R R PGS E 1) 2 B e i BE R EAT dih 5 dsh 26 IR T L BRI . B AT A PSR A [F) 5%
B, BEUR T ) 28 B AR — U D R B F AR R F R IL R H AR, ML B E o RS e T
PRIRTRE A TS LR T B E e R R A W EREE. 1 45 T8 URAR 45 1 10U L [ 4A (4 E broF0 R0, 3 L Join/Adapt 8 LB
BE ETCER LR R AR 3L AT 55 i B A M 2H R AT 7R O T 3% T 45 T SR B Fn R AT ARG
iVCE 735 B 41 R4S BOR & F 1 00 & AR IEAE B BT X — 75 3k, AR SCHg . SDIRIS %R 15 Ik %%, LA SDIRIS
129 iVCE J $03 [R) 44 o 1) F 2245 R SE AN 150 e, S I 1 32 70 R4 AR AR B AT 28 BRI TSR A F T R A

W 1 Bron, SDIRIS %5 SRS 0 R G 45H47  DHT 240)2 . 15 B IR D ERE B0 2

TG, A R 53 A0 2N PR AR RS i 1 5 AN A [, [] — 0 A 2 1 RS R RS 5 12 A W e B 5 I () () 4 7%
7 kA 8 3 A8 4k M ,SDIRIS {EJK)Z DHT 282 R % itk 7 Hi& )Y FissionE(adaptive FissionE, & i
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A-FissionE)J7 . A-FissionE WA i 22 98 AORMUBURIRE RE P, 1538 1 1t ] 485 0B JOR %l 2 50T S, 7245 2L
JIR 55 10 A4 148 0 1A 1) SaE 3R 2 [ 1 LA 4 1) 47 22 A-FissionE 7 58 G0 MR A8 /N FLG s 450 A7 Ik SR Y268 o 101 s
JE2 BRI e 2 SR AR DL A B AR AR 7 98 S R 5 T AE AR e AR R LA MR 7 I SR T LA FRD 0% e P2 ST %
42 BB AR I TR 437 T 2 1Rl s YL R A A

FCOR, N 1 B2 N AR 48 bl 10 75 5K SDIRIS A5 R S5 D RE R AR5 R Rl KGRI ACIE R . DX Tl
R REEWL Top-k 255 2 AT REREHL, I d1 41 B 4 5T L AR SEBLAN ] (1 2 #0375 K. H 77, SDIRIS SZRFHS
Tl UG P45 R DX ) 45 R FRATTRE A LU R AR 8L SCRP B 2. Top-k 8 R 55 AR R 7 5K

‘ Network memory sharing ‘ Stream media ‘ Distributed storage ‘ ‘
- L 3 R 4

Applications —»
SDIRIS e
S ~— ' — e
APIs
Information service interface
Resolver
B ol W SRS
«—" Pt \ 4 \‘\A --------- 'Y
. . . Information |Exact-Match Range Aggregate
Information service function publication query query query
DHT infrastructure A-FissionE

Fig.1 Architecture of SDIRIS
Kl 1 SDIRIS R4

B3 I, T AR AR AR 10 067 B 1 [ I SR 25 o 16 77 20, SDIRIS 9% A5 R R 25 2 11 )22 B A %8 [ (narrow
waist)” [ 47 AE, 38 33 75 B 5 25 #1155 (declarative interface), 32 7 2 N BAF 45 5 19 )5 S Al iR (5 B kA0 5 A i)
SR RS IS 1 2 1) L2 N AR A T Y ek B

(1) k)= Publish(localinfo)¥i 11 g 50U A A< B2 A% 5, 2L, 248 localinfo DL 45 Hf R T 20 A<
Hi 2 5 A AT 3R 91 o local Info==attrName 1=v1,attrName2=v2,...”.

(2) b2 AT Lookup(sql)4 1 ek 20T i) 4 2% (i A5 R, 3L, 2 480 sql B SQL 1) 77 U 7R W U5
KT A A SR, B 0 Lsql==SELECT {agg_func(expr),attr} FROM {commonwealth} WHERE {selPred}
GROUP BY {attr} HAVING {havingPred} FREQ i STOP IF t”.F} T % J&i i) FREQ F1 STOP IF i&fJ L4, I 1fi f) 7%
25 SQL Erify i 5 Ak % JALIX BN FRBCR FREQ 8 ) HI T 45 52 A W 1 AR 3o~ B 1 B IR [F]— Uk 45 ;S TOP IF
VB I T 90 5 1 U 45 TR 4 A, T LA A 96 45 T 00 N ) sl B S SR R AN TR U R I R A R 2 AR K B B
PEAR (U IR 55715 5519 CPU ANE0) JLF- AN 23 A8 A, 7 ) — 26 B 5 JEL (A AR 25 71 R 1D 20 PR 1N A7 25 ) PR A A1 DU AR A3
% AL, SDIRIS i FREQ A1 STOP IF 1 fi) S 1 HI AR b xR0 W Y135 JGL 100 250 ) A4 A & o 5% 18 A
Internet 7315 28 A3 45 492 105 S 000 o L S 1 o 45 SR s A 3L

1. SDIRIS % %t &5 K v, W W54 S 25 11 )22 A 76 - R S B ALK 888 Oy 17 S, IR s, S8 7 06 DHT 4844
JERE B S T Re AT VR4 A 21,

2 HBHi&ERN DHT A&

FE R AUV S PR IE v AN [ 40 A1 2 0 IR R Rt s A 2% AN AR [, ) — 43 A1 2 FH 0y R et sz kA v g
5 B 0] (1 % 1T % 26 S5 25 A8 Ak A /N IR . G P L 11 2R e A Y 20 v ) R 3 RN 6l 2 BT AR i i 3R
PR 1) 0 Z2E 38, 1E S 3 P iy A MR« R P 22 1) 2R 8 v s T R O B A 8, 36 R 0 s R 2 A KM
B RRE M TR I R G Hp A A P e R ORI B p 2R T T R RS PR AR R S b T A (H e X R 7 S A
KL R E P I 0 B G rho S 35 18 I S 0 B ) A 0 SR AL X IVCE N R 5 SDIRIS i T M 4 Bk 1h ¢ V)
JERE X FissionE 77 k BVk 47 Be ik, 3% 1 — |9 i % DHT J7 3% A-FissionE. 21 & 1 Jit 7%, 7 SDIRIS & 4 45 14
H, A-FissionEBE A& oAt %5 P45 S5 AR 25 1A il SRR, [0 Bt 1 925 1) )23 07 P i (AR it DS PC H0 R AR 45
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T TH T SE 1 ZE [B B FissionE ()55 Ay fi, 28 5 /i 244 SDIRIS X} FissionE [ eiit.
2.1 FissionEfEj 4y

oA A0 A5 R (DHT) 2 SE LB I S 55 (K G BE RO th T R B DHT S R A ey T /. 5 TIRCE

A O(logN), fH 2 L A7 452 K IR 96 AT 8 AT 9 T A v 42 1 7 3 T Kautz B () DHT J7 ¥ FissionE™, 37 4 1 4
O(1), 19 2% E 42 A O(logN) 41 ZE4H: 1 A (1+0(1)).

{EFissionE /X T &=a,a,...a, #rai€ {0,1,2,...,d} (1<i<k) H =i (1<i<k—1), MR &2 B yd. KM KE)
Kautz # Kautz %° [i] KautzSpace(d,k) & 15 Bt 5 K & h k. HJE K d (¥ Kautz 8 [ 4 & , B KautzSpace(d,k)=
{aa...a]a;€ {0,1,2,...,d} (1<i<k) Hagea; +1(1<i<k—1)}.5F 45 5 (13 £ d Rk, Kautz B K(d,k) A& — AN 17 82 RN B
H#Ad. L HAR KN ) L

e FissionE P, BN 55 bR IR AR 2 Kautz 2 (8] P i — D IEE N 2 HIKautzH WG FissionE F B £ 2H i
T LA 2 AHJEM— /NS Kautz B (W1K(2,1)). B3 5 53 004 Wi A BGE H FissionE % 715 fUbR TR A K AR Ja 56 &
23 TEAT AH Y. 1R R 3, 5545 bR PR IR B T BB R S TR 1, 3 FLBEE 1 RO N B0R H T 30 A8 840 %1 /U IRFR
Pk Kautz B3 Uy Uy... Uy, 19 STU R B R TR i 40 7 40 B S4B R 045 5L L 48 345 8, BT 4 v i A A
V=U,Us3...UxQ ... Qm(OSM<2) [ 5 557 S U A HH 320 40 Jt s A 320 40 A Sk, BT R 48 Hh T AT b Rk W=a U, ui(K—2<i<k) )
U NS4 E.

2.2 Bi&NFissionE

Y5 FissionE A8, A-FissionE [f198 iy 44 505 1 G b SR LA KT )On N 3B HE IR DX 34 43 5 6 AL
AT AR, K T 18 B 7 5] 1) 28 8 FURE RN A% 58 Pk, A-FissionE 43t 7 FissionE 96 $h#43% SEm%, I BAL A 7 80
R RO T
22,1 $hiiE

FEFissionEH BN SN 2, BEAE 1 A0 4 22 0] 359705 A BE RO 4, AT BT 7% B 430 s 5 & A T
R . KB, ARe ME 220 R AR E e 58 ANURE, B i I R G b X F ik v S8R B 210 (5
BT R ZEIR (log,N,N K 15 AN %), 5 FissionE AN [7], A-FissionE F1 F 17 21 £ B 415 v UV ORS00 o8 B sh gy
AP A B e 2 TP BN B A A R B T R R R R R

A-FissionE #E T/ F (small-world)” 73 70 ¢ 21 G B 48 3 15 mi: 19 /0 B 5795 20 A IR 8E 298, B Bh A 194D
JaE R A K

EX LEAREE). LR P Kautz# a=u,Us...UnH S=v,V,.. vy, — A BEECHi(0<i<min(m,n)) 1) U8 AL 2 55
XA 75 R (1<), U=V FRATVRR ) S5 K HUAE 4 98 K UE I JE MD( e, B)=Max(i).

B0, % a=10121,4-12102, W EATZ AH —ANEEHCH 1 FICE Q) LU —AD S 3 FIPCE(21), 8 B,
MD(a,f)=3.

EX 2(B88). W AARAR A a=U Uy, Up, 15 SIBEIAR TR B vy, v, T S AFIBIR BE 25

D(A,B)=m-1-MD(a,f).

1 4,D(10121,12102)=1,D(12120,0210)=3. 4} & X 2,201 B 4F FissionE #4h 7,5 £ B J& 3 A A 19 L 4h =,
A} 4 D(A,B)=0.

E A-FissionE 1, i tH 24 10 28 05 & x 240 A1 th gt /2 U, 401 SR D(A,B)=x, I 4, 47 s AR 8 1h 36 P AL & 15 S5 B
T Zpa il L FX 2. 29D(A,B)=0 I ,pag=1.3CHR[ 11 ]3E WA, 38 1 A8 45 &5 _F ik small-world 43 41 () i F K 4 R e 3k
35/ N T3 B AESR.

A-FissionE 1§ 155 FissionE AH 7] (1 2 £h 5w AR T, 24w 0] 799 0 B #% & B AR R k A7 BB (1~ — 8k
s CORp IR B — AN AT S (acknowledgement), A A T4 VR AL G 1T AL C Mt R P BEALIE B — L T C Rl k
Z AN B I AX P 77 sUAE T A B NS AR i R A v T B I RE o 2 ) R & small-world 277 [R5 48 .
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7 )2 A GO R IR LR, 0 B BT S R TR DA T A R S X B A LK autz R )
BRI .55 7T Sk AL, A a3 B A 2 A (KT A I 1 b R P A I 4 g AR AR
LT UK B R I0 T SRR S 0T 2R — EUR I 5 A T R i 00 R 52 66 T (BN R AR T R0 E R el AT i)
SRS S, J AL 205 1 E R % F BRI B
2.2.2 TR AR

T2 B ATLIZE 6 110, DR, 22— AN 45 R0 (0 4 R B 2R AR, DI V2 M T AR A 4 s ) % 1 2 v 6 2 B AT TG i i 2R AL
{1 57 45 8. IR Ik, A-FissionE R ] Pareto s 28 700 7216 75 3ok 4 W7 408 s 4 ki 2 75 R 24

— AR I R T U Y 55 2 R p ok 3R s A-Fission B [k % B 2% FP A 08 2 /1N T BRI E p e E 5T
R I AR TZBR RGP, T 5 A A 1040 A0 T8 5 5 4 Pareto ) A 2 Pareto ) A7 [ 25 £ IN 18] 4 % 4> A7 B& %0 (PDF) 7 15
L2 3(D).

ab?
f(x) :W (D

BB A0 1 R BYE I Zlto I\ FR 48, 535 — K ORI RSB A IR 2 Aty 2T 22 (1), 7T LAAS B 24 17 I Z0 6Ty
FBAARAT S 5 A 26, WA 2 (2). N A K (2) 1T LU i Pareto 43 ATi j& heavy-tailed, 4 §if I [A] ¥ b 2 fff DA ) [i]
(t=t) ) BR, T 0 AR A7 ] 8] () —to )R TR Y 17 B TR 65 s BATY A8 A 2550 R0 AR % p gt R v . 45 1 e o] DA I % e v )5 0
A B 1 2 AR R B AP IR A (liveness). 4 T 5 p, AN 5 s 75 2L 5038 48 J 99 st AL A5 sl 5 B
TRt AR T AT R AV R R L P LSt R B I R GER I T,

t a
pzlfjto f(x)dx:[l t-t J
l—f:f(x)dx t-t,+b

H1-T* A-FissionE } A8 T 19 7 3K 77 8 400 F 1 s 2 A5 A 0, B, o ()79 s A0 5 R T JE BT o 20 E A Bof
fbvE R T R I A-FissionE Ff' 3T fIE SE T AEANAR i 0 A8 IR G0 5, 3 E R TCPHR U B I 3 85 7403, RTO
B TS A X G) B s, B AVG A JJ) 12T 3RTO,VARZERTOK 34 75 7%

RTO=AVG+4xVAR 3)

A-FissionE A MR35 2 25 100 HURE AR 52 PE, 15 385 7 10 U 45 5% 553 188 SO 1% oy 2 8 7 S % 704 L IR 45 1 4
FEAS AN GE R 2 (B BEAT 346 2 1A S AR 0 T A 43 (1 90 AL 32 S5 s (K5 o B8 Pl 2 200 ) R0 T =75 s 2 38007 4 ()
B BRI, £ R AR K A SR, S T HRAERENN FTUESEZE R 0 MR,k
i, A-FissionE [f14#% % 4E38 24 O(logN), 5 FissionE AH [F; 1M 76 8 S0 MU /I BB 1k 5 559 I, 45 49 5 19 8 Eh 3 0
& O(N)NAE 5 15 14, LIS, A-FissionE ik #1)4x BB HR 1 148 R FEIR O(1).

3 ZRMHXERERA

AT ENAET ZK W (Z-curve Kautz tree, 5 Fr ZKT)SEI Bty 4 515 B RAR M 1L RGN AHETF
A-FissionE )2 J& I X [A] 4 R 5775 MR-FissionE.
31 BEGBEEEAT
AT T PHTH AR MR I T T 2B 2 4k & 1k 28 M 4k (0 ZKOBS . 8 %8 U3 6 % X mAN & 1 X (0<ism—1), %
TEORT G ) I M A = {x ) 3R 7 Ja P X, 5 T 2 PR AR 31 TR A2 28 01 P X omiy SXiXimann)- AT LA KA, — 1 1) 0 om —
AN J& 1 BB XBEAT b #E 4L (normalization), W 2 2(4).
X — X .
X = (26 —1), 0< X <21 “)
Xi(max) - X
N T FRGE, SO AT xR XA R &8 PR B 5 0 0<G<2%-1. 0 T S B 22 g 1 A 39 % U
o G 44 TR BRI S 2 2 TR B 0] 22 @ AR HEAT £ P4k (linearization). 3 A1 T 3 Z-curve 77 vE 1ok SE B 22 J& M A1 ) 25

@

i(min)
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AL,

E X 3(ZBRE). B R XA m A JE M Xi=xi0<ism=1), 4 xi B T W xioiy .. xi 19 3 R 8 )
Z(X)=X00X10--~X(m71)oXo1X11...X(m71)1--.X0kX1k...X(m71)k$;J< PRI G XM 2 Y g 1 TR B o =S W) A Z e S AR
Z(X)IHH FE D=kxm,0<Z(X)<2P-1.

ZKA R AREAS T R IR — > 2 Y25 8], 3295 O R A2 2 425 (8] vh T AT s Z e S 10 L [ i 8 1) 2 4%
AL % 7 R (K Kautz_Hash™ M 1 by JobR IR Z KB 10 LA T B0 G A3 R 3R 8 5 ok 1 48 224
22 1) X (miny <Xi X (max), 0STSM—1 MR F7 504 T 28 0 =2, o 45 B RER AR 38 0 &2 ZIKB oy R BN 9 A7 0 B2 > 179 1L
B4, B Z KB B B 02 45 s A I B 4 H A LA R Hash (L) 2 545 55 A B A 71 R BRIC, I Y p5 BT Y ) 7
7R L0, B3R Hash(LO), 15w CX B I 54 1 4 L1, FR IR A Hash(L1). HXi=h mod m, -1 45 s BAICE 2 &) 73 45
FATIT A T IR PG A 1 X TR) (B 57 s AR B3 1) 220 025 ) 1R SRS A 2 A R 23 1 2 4840, 1759 s BRIC - 47 o — ).
T RABFIC £ o 1 HAh B PEX () K T X T) 5 AR [F].

JITAT B2 U5 A S A 3 L Z I S i 80 R 1 Z KRR AR P b B S R 2 B A Niresn 25 15 5L 4810 41, 24
ZK B oAb T 5 0 2 (R4 R AT RS I 18 58 54 Sl B0 T N esn BT AKE 422 HECHIT TET A 21 £ R0 DU) 2 FE 5 - 115 1B
HFIC, IR - B U5 Z WIS 1% 7 G40 P A7 28015 6L 3 B 45 B AN C, TR] I, 45 s AR g b )15 i, A P R AR 45 B
BEUFNS GG LU R . (18 ZIKB 5 R b SR 2 Hobsal.

BRI G 1) i 44 5730 (Z-Hash) 1 1

Procedure Z-Hash (Resource X)

1. z=2(X); I Z s A B — 4 gk R
2. A=GetCorrespondLeaf(z); 172 RS LA H Rz R 4 T AR
3. L=BinaryString(A); AW R A K I [ g e

4. I=Length(L); 11 R AR R |

5. n=CurrentinfoNo(A); /I R A Y ET RN B

6. if (N+1<Ngresn) { Gk 30 1 e I VB
7. s=Kautz_Hash(L); /1448 FissionE (#0575 8%
8. Yelse { 1153 AN 1 A

9. AddTolLeaf(X,A) JIX IS I 5 A

10. B=GenerateLChild(A); //B FTRE N — HE R A LO

11. C=GenerateRChild(A); /1C BT MR —HEfE# R L1

12. for each Y eResource(A) { I A BB B R

13. if (Z(Y)11==0) { IR 0

14. HandOver(Y,B,A); /EY N ABE B

15. if (Y==X) s=Kautz_Hash(L0); /¥4

16. ) else { 1565 1AL 1

17. HandOver(Y,C,A); /Y W ABE B

18. if (Y==X) s=Kautz_Hash(L1);}}}

19. returns; /IR [B] X iy 44 45 53

B R AT YR K BX AT I Kautz bR 1A 1D0X), U 28 9545 B 10 B 34 (1D X0 X1 X . 1247 K T
FissionE## HIHL ] % A7 F] 1 57 Kautz #: Z-Hash(X) i) Kautz = 1] 1 175 5L
32 XE#E

FRATTHRe D2 VN B X AE A mYE 23 0] P I — R JF R A5 PR 81 2 (8 2 1) 5/ m e 2 T v (10— B 48 [X 3
<Xi(min)=xi(max)>(03ism_ 1 )m uﬁfm XminSXSXmax%R%E%i%jé’H EFI ’Xmin:{xi(min)}sxmax: {Xi(max)}-

W Znin=ZKunin)»Zmax=ZKinax)sZumin T Z max 111 35 [ T 5 1 Prefix(Zumin Zimax)- A T 78 53 K F 0 22 A~ @ VA (14 R 1)
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S5 A ok 44 2 e B I PR 2R 0 S A ARAT 22 PR IX T 4 2R N, 5 7R S AR ZK A P 5 B Prefix(Zomin Zimax) 1
(BT RN A). T BEVE RIS, 1T A AT BB A ZKAR 1R v ) 5 R

B PrefiX(Z min,Zimax)=2122...2p I AL EA p, W 97 3 12 11T 28 1K) ZKT 15 10 0 B 6“7 4 A3 LIS AT (p+ D) el €, 2331
NZ1,2120,. 2125 2y B TR G P HEATNAN Y £, 4 s=Kautz_Hash(L), %} 51 5% 5 > Kautz #1 s [ Kautz 1 £ & 32 3 3k, 1)
MW~ R IR 2 T Elogap<loglogN s R AT & A7 37 A SR 06 Fo v/ 28 B 22 W 294 ZK T35 1, TR 4
552 % 2 (logop)/q=<(loglogN) a2 B T 5 fr #715 £1A.

TERLFT R A JE AT R A A T R A AU X T8 R SRR 41 0 A BITAT A5 D, A5 ST 10 A TT AR U
ZK B 1) AT B A 51 2 J R X 1] 94 2 575 (MR -FissionE) 4l | :

Procedure MR-FissionE (Value X, Value X.x)

1. Zoin=ZXmin); Zmax=Z(Ximax); /AT Z 0

2. Zpe=PrefiX(Zmin,Zmax); 1145 3 B KL R i 4%

3. p=Length(Zpe); 1745 3 3R] i g5 < B

4. for (i=0; i<=p; i++) {

5. s=Kautz_Hash(Zyr); /145 3% B Kautz 5§

6. if ((A=Test(s))!=NULL) break;} //#Rilli% ZKT 5 & &5 1EAE
7. PruneSearch(A,XuminXmax) JAETT AT B A R

8.  return0;

EX AU ELWF <) mia [ ERAEZEAZ2 8 HEEX={GEY={yiL. X< Y2 HAUCS ZTEiI(0<)<
m—1)if 2 AT 1 0<j<i xi=y; I Hoxp<y; oL,

EX SHEFED). ¥ F &M m 475 D 3 —4E25 1) E [ — NG F & — AN 4E P, 24 LA X e O,
D PHEEPIATTER X ALY, 4 X< Y, FX)=F(Y)2 FOX)<F(Y).

TE X 6(Z B4 FFRLET). WFJe AmdE S [AID 2 — 4 2 M E ) — DN 4E PR F e — AN 4P i, 4 BAX
24508 2248 27 1) D P AT 32 82 X B X i X ), T S FAE E L AEIBE A [F (K i), F Xima)]-

TEFR L Mm=1 i, ZWe S AN 22 o 8 V4% ) 31— 4 45 1) 0,257 — 1 ]F%) 25 7] 4 7 Wt 5 2 m>1 Bp, Z e S S A 22 4
o 2 1) ) 4% 1A 0,25 1) 16 4 J s e S5, (ELAN 2 22 1) 48 J Bk 5

I m=1 B X=X, Z S Z(0)=X. 45 X < Y, W) x<y, BN Z(X)<Z(Y), BN 1, 3% e 55 A 2 7 e 5[] 30 4T 45
Xunin<XX mas> B X min <X <X ma> 1 Z(Kinin)SZX)EZ(K ). T 0, W IR ZBRSRF A U5 330 117 Z Rl S5 Ay 25 1) 4 P e 5

m>1 B EX= {1, Y={yi 0<ism—1). 75X < Y, AR R 2 0 AT = 0<j<i,xi=y; 3 Hxi<yi. 2Xi=XioXii - - -Xik,
Yi=YioYit Vil WXi<yi S5 T 7 AE gl A2 AT OSh<g’th=yjhijHXig<yig-XZ(X)=X00X10---X(i—l)gxigx(iﬂ)g---X(m—l)ks
Z(Y)=YooY10- - -Yii-gYigY i+ 1yg- - -Yem-1yo IT LA Z(X)<Z(Y). Rl b Z IS5ty 4 7 e i

Bem=2, H.22 18 25 18 29 (KininoXmax) s Xmin=(0,0), X max=(2,1). Hi£ B8, X'=(0,2) AN {E 1% ZAH 2 A 2 W AB &, Z(X) 2k
7 HEHRIEZ(X")=00...0100, H/N T HEHIELZ(Xax)=00...01001, Bl Z(Xinin ) SZ(X)SZ(Kpnax)- L Kiin X a3 1L Z
WIS PRI AN [Z(Kimin)» Z(Kma) ], BT =2 155, Z B S AN 2 245 i) 4 e S

2 m>2 15 (1 AE B R A B, IX BN RO O

EHSE B 1 ATEA, 24 2 WU AN BT 1, 80 B X i XX s JI6 4, X0 3 Z e 55 753 31 (KB Z(OX) IR 38 3 A — 5
FZKmin)sZ(Kinax) 1, AR T B8 I [Z(Kimin)» ZKimae) T — AN T4 R, 75 749 ATAVR ZK 7] T 38 & I, AT LR A a0 R
() BY R 2R T

(1) 7EHH RS A G A HL A 75 i B ST I H AR IR R R H B &

(2) WHRATH Z, e B A W SR RIS 45717 i B WS Y. 1) Kautz 5 45575 W, 36 W3 7 25 BOAREL BT 415210 T ZK
BHTe i — S8 %,

(3) FIFEMRL A AT HITE S 23 G B4 745 5% C 347,

PN S AFT U BT B B A, T Z KO B R R log, N BRI, ok B RG 48 2R J vd £ 7 B R d< logoN
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HRAE T 09 4 A7, e f 22 15 O N (AW S i R A B 0 IABE (R B, F B HAT I %R), Wit
O R R 2 T EloglogN AP MK BRI T 58 47 2745 sA, IR I, 5% 2 75 T logN-+loglogN 22 RITAT 5¢ 1 — 1K £ J& 1k X [H]
R F BB ZKM P A — B RSN N )2 A-FissionE ] — K 45 52 H #rKautz & 1) #% d1, I8 1l ,MR-FissionE [
R IEIR /N TFlog?N+logNloglogN.

4 RRAULIE

T A1 75 FissionE 1 8 2% ¥ _E B 8L T A-FissionE K5 A U it 98 2% 5190 SCHk [813F W1, 5 3 Al DHT &34 A b,
FissionE B A7 fe A0 1 6, PR e, Bl 1A% A-FissionE M FissionE#EAT T EL 4. H1 T A-FissionER B P fir & 7%, W
S PR SRS DT SN 1B B IXIEAR 4 . & LS FissionE 56 42 4 7, R ik, AT 1406} A-FissionE & %
101 35940 2R T AR AN R B Ao A HEAT TR

i+ H iy FissionE 3128 B AN 2 R 6 AN [R] 3 3% M00K (churn rate) ) 23 417 20 & St AR L, DA b FRAT T A2 A L
HHAT T fifb, B B2 B 3R P 40 SR I e 5 2 5 2719 /RD 1K A 8, AT K A6 R 1R) 5 96 B ) R 455980 A-FissionE 4
1L RE X FissionE BLULAS I G R AT T — P EZE T/E2 —.

BATE SEVAE T A-FissionE 1134 % p G238 52 560 A B0l (0715 sSORAR hy 4K, 4719 SR s SE R BIAN 10 279
GRS 3] 20K T /8D XA By 58 BRI R 1K) P2P M4, HEAT 5 000 JRAR LA OB BE AL 3% % 5 A1 ST R i,
SRIGTHEL 5 000 VB Hh 1357 B b RE IR B A5 A ] 2 Fror W AT LUE L 5 FissionE AHEE, A-FissionE fig
S B 7 T (1G0T S R Hh 2 0 6 B I A T 3R A AR I A AR
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Fig.2 Average search latency of A-FissionE algorithm under different bandwidth limitations
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Fig.3 Distribution of node degree under different bandwidth limitations
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A1 {EFissionERE 2% ™) F AL T MR-FissionEZ J& 1 [X M8 R 503 i T H Al 8o [ 28 (1 5 1 ) 28 i 40
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Fig.4 Average search latency of MR-FissionE algorithm under different bandwidth limitations
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EEXT AT PR URAE B SS A SE . S F PR B 38 A AR T T AN A2 AR SCHEH AF iVCE R EE T R 1 4
A 2B PR AE SR 45 SDIRIS. ¥ 46, A8 SC 4 H K A 5 3& N DHT(A-FissionE)Ji )z 4444, DLk F 2 M 3% W1 1) 5 &
I AN ] B 2R 8 A R R T 1 LV AR SO R T & Y. DHT 2 1 3 3080 22 @ 1 (X 7] 3% R 44 MIR-FissionE. 3116 4
B FIASEADL 45 SR 35 W ,SDIRIS 4% i R S L I8 45 2 1 R A 5 A i T e

SDIRIS K ¥44E PlanetLab “F & LisfT 5INK. A & 0. Top-k 2545 5 42 & I Bh S (M Sz BLLL &
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