ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software, Vol.19, No.4, April 2008, pp.981-992 http://www.jos.org.cn
DOI: 10.3724/SP.J.1001.2008.00981 Tel/Fax: +86-10-62562563
© 2008 by Journal of Software. All rights reserved.

3R BRI B S E ST
T B zegb At

PR ARSI, LR 100080)

2R RSB FFITAERE AL 100049)

SR TR VHEHURL 2 SR e, SR RIT. /R 150001)
UIREE TSR R DY) RCHE 610064)

Measuring and Characterizing Topologies of P2P Networks

WANG Yong™®*, YUN Xiao-Chun®, LI Yi-Fei*

*(Institute of Computing Technology, The Chinese Academy of Sciences, Beijing 100080, China)
?(Graduate University, The Chinese Academy of Sciences, Beijing 100049, China)

¥(School of Computer Science and Technology, Harbin Institute of Technology, Harbin 150001, China)
*(School of Computer Science, Sichuan University, Chengdu 610064, China)

+ Corresponding author: Phn: +86-10-81854476, E-mail: wangyong@sotware.ict.ac.cn, http://www.ict.ac.cn

Wang Y, Yun XC, Li YF. Measuring and characterizing topologies of P2P networks. Journal of Software,
2008,19(4):981-992. http://www.jos.org.cn/1000-9825/19/981.htm

Abstract: Measuring and characterizing the topological properties of peer-to-peer networks will benefit the
optimization, management of the P2P systems. It seems infeasible to capture a complete and precise snapshot of P2P
overlay networks due to the variety of P2P protocols and dynamics of the servents. Studying the details of P2P
protocols and analyzing the specific P2P overlay network instance become an alternative method for this goal. In
this paper, the measured Gnutella network topology is basically taken as an example. The architecture and
performance of the distributed crawling system (called D-Crawler system) with feedback mechanism is presented.
The properties of degree-rank distributions and degree-frequency distributions of the measured topology graphs are
analyzed in detail. The small world characteristics for Gnutella network are discussed. The results show that the P2P
overlay network topology characters are closely related to the P2P protocols and clients’ behaviors. Gnutella
network shows different characters in each tier. The top level graphs fit the power law in degree-rank distribution,
but follow the Gaussian function in degree-frequency distribution. The bottom level graphs show weak power law in
its degree-rank distribution, but are power law in its degree-frequency distribution. Fitting results indicate that
power law could fit better for the degree-rank distribution and degree-frequency distribution of bottom level graphs,
Gaussian could describe the degree-frequency distribution of the top level graphs. Gnutella overlay network has the
small world property, but it is not the scale-free network, its topology may have developed over time following a
different set of growth processes from those of the BA (Barabési-Albert) model.
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H OE: MEH AT W4 (peer-to-peer networks)3a 1 MFAE R AF & P2P At . P44 18 4 5 1F) A G Hah AT 5 W 42
—RRHAEL,. B, FOEEHEGALMELG R, TERNEITA T F R K630 16 AR K B 3 55t
5 W & U S AT R P2P 4630 52 6] AR A AR P2P dB4MF M 69 —FF ST iR A 5 5 .04 Gnutella 45 ) & 5
R, T AT E %A E AR, TERGHEIRAT T, FAT AT EREH A X Gnutella 4641
478 ——D-Crawler;5-#7 7 Gnutella P 43641 B 69 Z % B At AE . JEIRF 5 A S AR VA BSR4 1 52 3o o 50 AT
4 R A A F M LIEAN B B RS AL R 9 s Fe B P SR BRAFAT S FInE X Gnutella P& R E] B R E)T &
Z R AR R A AR 64 E BT AR TR ER EEFBAFAERIE DL ERENH LHZNE EA
DA EFE T B B E B A Lt BAESAER IR R A, fo fE B IR AT A AT b LA O R 84 AR b A

SRR .Gutella M £ ELA7 /R4 b B AR K 69 TR 2 s ) a9 SR AR AR KR A28 TR R RE B R AF 4
BA(Barabasi-Albert) & K AEA! 3 & B G 4H—AF R T BA BLA 69 4 KiTA2,

KBIA: AT E WA R F RAE R E A HG R

REED LS TP393 SERFRIRAD: A

FEHUEEE A7 B8 T T 48405 58 B0 AN TR i, ok ) 25 430 A T 7 oA A AT 93 (1 4 A Internet i B T 22 ol
BT PP A (7 55 9 4%, T AT A 9 K 1 P BE AR, 5% w0 25 44 Internet (4 47 B30 0 o otk oK ) — 2%
Internet 7 o % 4% IR N T 410 +0 45 4 Pk A B YR o b A0l AN 1T S 4 b 82 1 A R St 5 I 8% [ N 3 4
T 0t 25 9 28 (1 40 M RE P AT B T 0 8% 2 A Rt 258 I 49 WA s 25 1 R 1 e I 71 AT T P2P IR 48 55 1 T A 3 i A2 4%
W 26 R SIS0 R AT 0 R 45 18 8 2 AT B AN X 5% P R DT ) 5 D 8 45 o 9 MR 2 (F8) B A3 AR L 1
25 ELARSE), N 22 AN 190 45 BIEAT R 5 43 BT, m AR AT R 45 19 45 (¥ 20y A R 2 (491, 194 4% 5 W) 1R P8 A0y 4 0 B R 2k
TR DLEE). 20 BT P2P I 285 1) 0 072 5 S 3 19X 468 410 A1 AT 2% AT 388 R FH 5 I I E IS AL P 7 92, 0 2 3 ) S 25
D 28 R TR REAN 1 s BRI R 2 D R A2 50 3R AR T, 5 48 . VA b SR DR 458 190 48 91 I 45 W I A7 AR AR K IR o, 1=
JU DR A 2 (L) 045 I 206 LA B o 1) 2 2 e e . 3 82 SRR TR A 4% B A B 3 7 ) IR0 46 v 160 3 a5 EL TR A % 140 3 5 A
A2 BR T 1 5 (K W9 28 15 0] i 7,30 5 L@ AT i e mp A2 BT 01 9 2% 1) il 3 AT S0 AR @A T 2% 30 SN SREUH ], 9 2%
() 47 40 B B 4 e A ol % b (K T AR 5(2) P2P I 4% v A7 5 — AN T ik A i B a4 A B KRG R TR A
NAT (network address translation, % 2% b il 2 ) 2 J5 45). 3% 26 4T 20 A s T P2P W 4 (HICAT 28 A B8 SR I IL 4B B A
ST BRI D 268 411 0 AN 58 A TR b, 6 558 190 28 30 P ICAT 8% 15 1 DB ) 850 2 3 SR i &5 SRV 0 1 5 e 3 M 1)
HELT .

Gnutellal 44 & — 24 T (¥ FE 85 K 400 55 190 45 30 E 7 v g T P B 0 2 oA Tz I B AR 3R
Ab,Gnutella by 25 1 FI T #r 19 B0 30, 199 45 52 30 HA 57 10 90 0 AR P8 75 2 0 R N 43 BT 40 0 45 3 AR SCIEE 4 i VA Y
R LA R A2 % 0 24 B8 R EE P38 BB AT 97 1 L 6T Gnutellald 4432473 45, 43 #r SR B Gutella X 2% 313
A R AE A R (0 & A3 v g AR FH A St 2 o 4% 4 U s

1 B=NE

Xof I 46 4 4P R I E S0 AT 3 AN TR HLFEA: (1) 1960 4F ErdosFIRényifz T ERBEHL K #1114 119 1999

AF LRI, AT T 22K T 9 1 ERSE RSB 8L (59 J5 VAT 5 K UASE 19 4% 3 41 1 57 5(2) 1998 4F,Watts Fl Strogatz! ™M 7

(Nature) Z%& &£, 5IN T /MM (small-world) (8 25 B RS DU AR M 58 480 ) 9 2% 331 52 4= BE LI 4% 1)

A5:(3) 1999 4, Barabasi fll Albert7t (Science) |k 2 2l $1 il T Io bR BERETY 35 VR 22 52 1) 52 2% 0 4% 1) i
P FE 53 A BAT T 2 e Ah 6 52 % 0 28 1) A A B T, AT TR T — e P SRR R

FaloutsosZ A 817 Y ‘R (power-law) B 25 >k %1/ i Internet | [ ¥4 25 45 45 0 % 1 9 2% (1995 4b 45 W R 10F, I 42

T B2 % (degree-rank) F 4 B 47K (frequency-degree) B £ A1 4% i A1 45 2 (eigenvalue-rank) B4t th T BE S %

LA 2 T 2 9% 1) 2 M 2 %% JiT k6 B (probability  density function), ifij 28 43 A1 Lb M %6 2% i B AT 5 4 IR e v
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Mk, DR e, SCRIR [14] 3 M T AR5 b L8434 7 % (complementary cumulative distribution function)Dgy 5 d )
KR, RIDg 5 dh B A T &R B Dyocd®, Br &4 [ 35 % (degree exponent), i i% F 4t iy CCDF(d)——Degree &
A, A FH 3 R B0 1 41+ P (¥ 2 ATRRAE

X5t A5 19X 8 30 A R 0 AT T A S AN R N, 3 1) T A S b e LAGnutellahy £ 2 11 1 45 #1645 19 2%
W F Jovanovic™ 7 2001 4F x5 11 119 Gnutellak 4% 4 #0347 o 300 i, & BLGnutellald 25 4 15 5 14 20 A 42 AL 5
R SRR, 32 24 I Gnutella i 4% & & IR BRI, L3R E] T 1 000 A A A7 1 A, B 19 16 AR 0 A7 R 2002
4, Saroiu A 52 T\ £ Napster M Gnutellal 45 13 1 7 32 0L BRI A5 L, 20 Hr T 195 4 0 46 v 4 45
(0 98 SR L2 (K B 40 A SR P 4 I N B B AN RGP 171 5 A7 AE T S AR R O L = R
P B 2 1 ot 5 R 4 A, SC HP SR T A 8 P LIRS A B AT VE AN 0 M7 W9 4% (1 4 M PR 5. SCRR[17] %6
Gnutellal® 45 (1177 5 3% 42 5 R0 24 i AT T 1E 40 (K0 23 BT #0120 A1 U Gnutella) 2 TEAT 4%, e 88 7 JL /NI
SRELZ) 30K A5 230 Ik 437, 32 Hh Gnutellal 45 [¥) 5 0% 2 18 7 A 75 4 A Bl A5 Gnutella ) 4 (¥ AN 17 % i, 3L
W £ 5 o 7E T R A 48 4k, Stutzbach 5 A B-8193 Il 75 2004 41 2005 4F % % T % 55 ¢ T-Gnutellalsd 251l 5 ) 16
3, Gutellal 45 1) 43 24 P M3 T T FM AT 8% 4E 6 £ Linux Box [, TR I [ AT 1 25 3R e 15 mp
LLik 243404 140K, 2047 T Gnutellal™ 2% 1 2 5 & (ultra-peers) . 1177 /4 (leaf-peers) 25 JiF (1) ¥ 42 5 M 45
Gnutella P £% 5 55 BE 43 A 1 AN I\ S 4 1192006 4, Xiel™4 A 44 Gnutella ) 45 1 43 4 Mesh il Forest 9 2, 2 Hh
Mesh 2 5 55 () BE 45 2 93 A1« JEER R 53 A LA B Forest 2 H - 1) K /N 73 A 45 #8 FL AT R A 0 4 [ Py ) 45 X 4% g
BWFITIE AL W7 10, 0 25 160 5 TIF 5 DI P12 0 00 st 58 199 4% 32 B A DR Xl 3 3 — 77 18 RS2 PR 9 4 465 R s v 4
e BRI AN B3 ZR 3 Tl 2 B N 35 T Sz FEGnutella vO.4 S 4H FMIEAT 28,20 7 22 U d 40 B IR
457 Gnutellal 25 (¥ /N FURE I 50 AE T W0 4% vh A7 /F BEFR BUCR A . P RE PR AR A S ok

25 L BTIR, 24 Wi P2P 4 285 47 0 1 A VR IR AR AN B A AN AN Ak T 19X 44 0 et 5 5 U 5% )2 TG, 3 e A B
VRN W T A5 1 245 A A O T TR A 190 48 4 I 1l A 22 TR B 5 2 A O BAR Y R ) A
BB X 4 ERBH AL ] (35 5000 A1) FIE b 155 P (e 40 A1), H L AT H1 [7] Degree-Rank 78 A 43 A1 1) T6 b S5 99 2% 7T LA
A SE A AN R 1) 45 a0 DR 0t AN A ARG 51 A5 85 110 A 0 A R 20 1 o 555 ) 4% (1 0 1 45 KRR HE S AN 8, 55 2 15 b 5
gk & ok Mitzenmacher POVHIFE 5% 1 %8 A RO $0 05 2 40 A 9 B2 7R, B 35015 2% 40 A1 7T LA 1 S A 4 A i
1k.Choul™ 4% 1) 7 220 45 HUR 5 th LR B O 17 (1 LR ¢ R, B :R=1/(0+1). SCHR[21]3 — P [l T 545 $UR L
JE F5 B O RN J $2 50D = % 2 1) {1 B8 ¢ &, H1:D~O+1,R~1/D.Mihail 25 A P25 1 P& [ R F (8 55 71 1 2 [l £
DA AT OB R AT R AT I 1 e B R R AR AR A4 LA BT O RE o 1 B 7 410 o B K TR R A1 {5 K I
Z i)
FEAEdim A7 5 28 SCHR 2314 H, TG A5 5 437 a7 1738 6 0 A5 b DX 20 AT IR RS 1) A ] ) Watts T 45 AR i 3 4
Hi(clustering coefficient) FI1 34 i 422 K i Sfe i i [ 1) /0Nt Fl P 48 A D7 THD 38 A R FH P 380 280 L P34 Bk R
B R 7 I . 4% T AR A5 A e 0 4 4 4 1 IR

SXof 25 9 8 30 1 S AR AE 3 BT AT 90 b T2 20 [ B, T BRI I K R B 5 B P2P 78 o P9 4% 4 6, e I
Fh L S 5 FRE 2 AT BE S VR A6 P2P 0 48 1 A5 MR IR, A 6 S I A B e A RBE L PLpRAb
M5 B SR B S PR AT T ISR

2  Gnutella M4&HRFMNIE

Gnutella 1) 2% gt an &l 1 Jra, 25 b R I A7 A 3 280 o, B

(2) EHFNBIT w1 RIS N 70 A5 0 A B SN ARG A AR B S &
A B R TR A R R R TR,

(3) MIASLILB YN s TN BE A G717 i (legacy peers), ik 27T AN 5 15 UM, L RE AN 9 2% rp 18 21
A AT
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ASCAE T AL G R JERRAE Gnutella 199 25 f_E J22 1 5 0k I, i35 ROBORRAE R 22 1Y s AR SOR
SRR ] Ultra 5 N1 B JZ 5 500 745 0N JE 9 O 444 .
A SO Gnutella v0.6 B SCRFE B v T 281 1T S 45 10 23 A 5200 45 9 26 41 40 SR IR 48 ——D-Crawler. £ 4¢
O Leaf peers Q Ultra peers [] Legacy peers W AME SR B0, Rk RBx 3 4
T2 30 A R AR TR AT R 9 2% (74 5 B 4R
PO AU A7 N 2% 30 B0 o 3 B 23 0 R
I W 2% 4 40 5 3% T B s Ak B B R R R S
N B 53 1 22 Hdi $E HL Gnutella B9 2% 46 b B JZ2 715 5 1H)
JSE MR 228 JSE 93 A R A R T A A £ IR 0 4 R ki
/ o ’. ARG R BRI, Ja B R R SRR R
o L9 N 4 PO 5 SRS 0 00 4\ 13 008 2, W i
© © SR 2R 9 52 1 OO PR R PR R M B S(A R
TR0 A58 B ) 0 ) 0 0 Bt 2 75 A R0 IR . 24
FaE PRI E S WAL FH 7 B (1 B I B ) TP 4% 4 b
R F S (bR VR R IR 194 46 1 b sl 3 0 A5 2807). % 8

Fig.1 The two tier system of Gnutella network
Bl 1 Gnutella [’ 45 {9 2 45 44

ZIRZ R R W 2 .

RN

Topo. Results Topo. Topo. data » Post-Processing
llection N database |¢ i
collectio Profiles ~_JProcessed data Data analysis

I Validate

Profiles Degree distributions
v & degree rank
System
feedbacks
Output

Fig.2 The framework of D-Crawler system
2 D-Crawler ZGZ 45

TH TG B B BRI K £ 400 20 A5 R 91T S5 N R D-Crawler T2 3 L 4 LR R AT A 1(L) 58
#% D-Crawler V5 0] I L8 R 26, ANE Gnutella 4% P93 Fh T M40 2%~3%;(2) 5 AL T8 Kk BS 1 Ja Bld T-H:
Ay J5 IR (4510 40 5 AT A FE 468 TCP 3 BT 3K, 20 by 25%~34%. 73 Ah 48 B 45 3R IBUY 18], KA 1% 35 soRA R AT
AR (FH I 71 57 9 7 S R 1 A A ). i T 3 TR DR AE A RE 25 i SRR 23 A 22 T, 38 75 S o 3 B 11 30
HEAT J5 A0 B, SRR (1) 0 WY 2 v A B ) T A (2) SRR A b B AR N TE 1) F Fh (1 A TR TR
TCP(transfer control protocol)i% # j& XL [ [11);(3) A HF 717 s o, A AR B O 55 — A 401 sl (4% = 11y
G (4) R AU R E OO S AN T R AR T AL S A B B 2 AR A S 5% # $h 2L
P0,58 3 AN 4 FEGAE LR (R AT 1%.

D-Crawler 57T . 53 P4 CPU 2.8GHz/512M RAM FIHLES I LA 16K/ 4 8h B39 B 15 1] Gnutella 45 5 i 4y
AT RE A S BRI BE S L00K~160K/ 438438 it 1 & HL#s IFAT BB 45 15 0Bl I3k 1.5M 5 &5
1.2005 4F 11 H~2006 4 3 JT A, A SCEE M@ P ESRECT JLA A Gnutella 99 48 3 4 PR ELR 1 EEER T 24T 4 4
FZL P2P W 4 7 M ICAT %5 A SC D-Crawler 5 G817 £U3R U BF FRE A4 %595 75 5K, 3R ml U i, D-Crawler
FRGE et R F A0 (R AL 050, 70 Bt D P 3R A K B 119 s, 0 A R I S8 % v

ARSI SCT HFh B R R e B AL 1 P A R R

FEX 1. BN max, Emax 73 50l 2 7% P 45 th 45 ST IK) R G n, e T i R 40 A i SR BT Ay AT B0, s U Hh 5
e IR M eh
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n e
+
N E

max max

2
SHIA T I AR GUAE RS — I 2SR 40 1 B b 00 46 A (R R A9 S 36 2 W R W, 2 I@AT I TR KT 30 20

H053 5AE N max, Emax-
TEX 2. [R5 17 TE4T (back-to-back crawling), 3 U 31 B Go={V0,Eo},G1={V1,E1}. & X G, G 1] i =
FEAVE=ve (V- V) Bive (Vi-Vo)}, b 2 7 4 A Eq={elec (Eo-Ey) Bke e (E1-Ep)}.
EX 3. WRNERENITCENE, IV TG EANENES A Go, Gy 1 AU AL 3. 52 SR M 5%
AL SR E o
5

v

O=—-—.
2

S WL B R SR Ia AT I A), A B UL 5 4 A8 A 17 0L D0 e 2 e MBS, SR /DN
TES 4. WXy 53 AR Go,Gy b 21 RO R A4 HIT KR 55 023 A1 e 4, 9 B A e AR M S e Lok
5:‘ K2y -2y ‘
K- (0T Ky~ ()|
$h 0 B A 5 VE R B Syt T 8 1 R R I 0 PR G, Gy 1Y R 43 A1 1 B A AR AR B, AN T LU 3 i Il 7 5
L I g — S0P ST A, U W 0 5k 25 5 R 1 3 P R i, B L T
Table 1 Comparison of different crawling systems

x1 TR ARGNERELLEL

S
E

System name  Crawling duration ~ Nodes achieved PCs required
D-Crawler 10~15 minutes 1.5M~3M 2 clients, 1 server
Cruiser™ 7 minutes 700K~1.0M 6 clients, 1 server
Crawler!”! 30 minutes 100K~200K 1pc

Jovanovic™®! NA 1K NA
Saroiu®! About 192 hours About 1.2M 1pc

RSO S 1~ X 4 $ R U 9k G0 I R iR D-Crawler 345 1) Wi D RERRIULAL S5 1R 0 41 TBAT 2%, 40
Hrdh AN ICAT 25 0 5 5 R v PR AN Se Bk 1 3 S 1] S 1 2 REAN AN T S B4 BE I, 2R SRR B A 1 £ £k
i 56 BENEAAE R VE IR EL A AP A T U HE AT S 45t Dl e AR 8 R AT B T R SR SR IR R, e 6 A R I
[F1) PR SR A 450 1 F) 0 HEVE R B e IR I T A i B SRR R P45 4 S LE L) 1T W7 :D-Crawler 28 4 SRR ) 41 Hidfs H
A L I HER I, B n A

HREX E A Gnutella 19 44 4 PRI 123 BT, A SCEREALIEER 3 20 40 AR WL 2 AR 15 i e U ORI
ZOREFGHE B LA 2 AR SR b0 XS IX 3 A0 S48 ¥ A R M AT 40 A

Table 2 The overall information of Gnutella snapshots
& 2 Gnutella P4 25 #i 4 Hofhs 25 B
2005-11-25  2005-12-10  2005-12-20 Average

Total 1758 761 1729 613 1727945 1738773
Utral peers 463 885 466 810 465 959 465 551
Utral peers (%) 26.38 26.99 26.97 26.78
Leaf peers 1294 876 1262 803 1261 986 1273221
Leaf peers (%) 73.62 73.01 73.03 73.22
Successful connections 73941 71842 71374 72 385
Successful connections (%) 58.86 60.07 58.92 59.28
Ave. degree of utral peers 74.01 74.02 74.28 74.10
Ave. degree of leaf peers 1.38 1.38 1.38 1.38

© HIHBREBSAHIGIT  http/ www, jos. org. cn



986 Journal of Software #4+% 4% Vol.19, No.4, April 2008

_ 1.27«System without feedback function 25000007« System without feedback function
= —*-System with feedback function ~*-System with feedback function’
g 10 T S 2000000 =
8 3 4
£ 08 *X > X
S 2 1500000 X
S 061 4 xox 2 *
@ 8 1 ¥
£ 04l ><r></ § 1000000
3 / z
S 02/ e 500000
o ; 7XXX><X.><—><
O K ,x-X'X/X/x'X
0.0 = " " " T T r=E=—YHT-+————+
5 10 15 20 25 30 2 4 6 8 10 12 14 16 18 20
Crawling duration (m) Crawling duration (m)
= 12 Syétem with feedback 112 s System without feedback -2
€ 101 P N 410 £ 11.0
2 o £ 049, X
€ o8y 08 £ : - los
Q 9 X
@ 0.6 {olen g -e los o
§ 0.4 é 0.2 0.4
R N 27| o I
g 0.2 8§ 40.2 g S — 10.2
o - . o K T
O 00 . W e a3 —*0.0 o . . . . R -0.0
1 2 3 4 5 6 1 2 3 4 5 6
Snapshots pairs Snapshots pairs

Fig.3 Topology accuracy and completeness of the systems with and without feedback

3 U H St By e RIAN A S 45 T e 2R 8 AR H I 9 0 Bt o ff 1 A 58 B T L
3 TRESHEHE

AR S S ATRFAE RERE S W Gnutella X 2% (1) $h e, R IRE AT U] T W 5% Gnutella 19 4% 4 F0 435 14 B I () 4
& (R EE 23 B AR 0 DRE 88 25 43 AT BB A0 3 18 2 A P A 1123 B Gnutellan 9 285 1) B2 73 A e
3.1 EZ4 4 % (degree-rank distribution)4%4E

Gnutella 2553 2 B/ NP2 RU(CILER 2 797), 25 2 TPt 3 s s BRI T g o SR B )3 200 S s A AN AH TR], 75 22 43
S5 1R U IR A o A o T a5 S AR G oy A L KR B TR B A R A ] 4 R T IX 3 R E
S AT RFAE RN 175 100 (P A AR BR Sl 38 2 6 B0 AL BR ). I A ] LA HE (1) Gnutella P45 AR 1 2715 55016 5 (ultra
to ultra peers) 5 L[ 75 7 1 Hp 10 A5 2] 2 T0] 43— BEARF A A A, A5 BT A G R H 4 6 {H ACC(absolute
correlation coefficient value)#£E 0.944 DL [-;(2) R&&rh Ultra 5 £S5t M- 28 B (ultra to leaf peers) 5 H B 13 )y
BRI S 2 2 1) 53 P BT O TR 0 AT, 25 B IRAH OC R A ACC #4948 0.915 LA _1;(3) M1 s #2116 Ultra 717
U (leaf to ultra peers) 55 HL B8 )3 )5 41 b 0 55 4 2 W) 4y = B 4G & WA o0 A (02 UG b | — BE L& 15 3R i
(ACC=0.97437), 1 i [1] A1 % Z £ 24 6 {H ACC #4/MT- 0.87.

4 [R5 U 2 2003 i (leaf to ultra peers) 87w, HE 44 1 100 1975 s 7E 1000 BL b AR 46 Gnutellatir il
o P R0 S S A S — A R R IR B B SRR A 1) T U H R D i S s B AL B
SR BOR T 1000 7 A, 3 3 B S PR (1) Gnutellald 2% 1 1 JE WS T T8O 1 i o AR 45 M) AL P2P I 4%
HIF 5 R R A% R PR, 3K A 7B K 00 7 4 A P2P I 4% v sz 6 T 34 #0055 A3(2) Ginutella®d 4% 1) 31 25 5
A I A5 F AR A, I % 4 I P B i S S B A R T T4 2 T T LI o 4 R TE AT % (1 e
AT IS TB) A Y320 P90 28 b B B Al AR T 8 3 A7 X 8% 203 7 R P BT 7 12 20 6 3 6 5

A0 G LR T OB RR Ultra 5 R0 R BRSO R T 2 B R T 82.17%~84.31% 111, iX
53 2 e s BE R T A5 SO — BT bR AU BE SR 30~100 2 TR I s o B £ R 62%. 25 A
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EF FE RS AE SRR "

Bl 4 v B2 RS a0 Al T DA Y B2 R B 5 BT B, U W R L Al A B ) AT R
Gnutella I (1745 i S0 AR R 2 ILER 3.2 745 S dds e B, 68 AN [ £ 199 265 4 b DR B A2 R H L IR I 0 1 2R
HEALSE o 75 RSB A8 K (D), I A% 415 S50 40 0 A 2 8 DK (2> ), 55 0 8 /I (B2 K), BRIV A8 a2
RS T 190 4 3 0 11T 0 BE A (KA A fi L.

Ultra to leaf peers
Ultra to ultra peers

£ —— EXp(35.74743)*x**(~7.27115)
- -;fw +2005-11-25 ACC=0.91585
100 - « 2005-12-10 100 4 &az — —Exp(2.03164)*x**(-0.12998)
ACC=0.93504
« 2005-12-20
kg o
S 10 S 10
[
a —EXp(8.18667)*x**(~1.42778) g
ACC=0.94462
= =Exp(1.75486)*x**(-0.06225) +2005-11-25
ACC=0.85868
1 4" - “Exp(2.30939)*x**(-0.25691) " N
ACC=0.95857 «2005-12-20
1 10 100 1000 10000 100000 1 10 100 1000 10000 100000
Rank Rank
T Leaf to ultra peers
1000 ——Exp(1.57382)*x**(~0.26629)
ACC=0.86691
— —Exp(8.46308)*x**(~2.63171)
ACC=0.97437
1004 - «EXp(3.53474)*x**(~0.31984)
ACC=0.76675
8
2
o
101
+2005-11-25
% 2005-12-10
1 %2005-12-20

1 10 100 1000 10000 100000 1000000
Rank
Fig.4 The degree-rank power law fitness of the measured topology graphs (in log-log plot)
B4 Peldndh Y Degree-Rank LA (6 B A4 R)

3.2 [EBYSRE 2% (frequency-degree distribution)43iE

Z\ i Gnutella [ 44 41 41 FEARZ I A1 Ve, 5 2200 I W 5B J2 799 s b J2 75 g 34 2 ) 8 B8 23 A e
TS Gnutella 19 2% 5 1S 73 Aii 455 25 WIS 53 A AR, A5 25 5740 i R PR R 242 82 1 A (R 2 85 8 2 A R R
SRA ML 000 )R T B S Al . i T (Gaussian) 43 A1 . XUHE £ (double  exponential) 43 i #1+ i 7%
(Weibull) 73138 HI f5z /0~ 7€ Jo B0 AR 388 55 22 S U7 R0 oK A W 4005 R B 5k 22 1 RGBS 4005 B BBl R 3 41 T
4 Fhoy A IR AL %2 %% 15 o5 % PDF(probability distribution function) & H &b 2 814> 4ii i1 ¥t CCDF(complementary
cumulative distribution function).

5 7R T Gnutella [ 4 P &S] )b 21 A BE R AR 88 BE A0 A« L/ N 2 DY R R B 4 A LA e b
B 4 BB A T Ol B s BN (1) Y AR RS A (leaf to ultra peers) M A H A 5 1 R
R, A0 BB bR A0S A OC R B ACC K U & HOR i (ACC=0.9885), 5 fii /- U & i 7% (2) Ultra
T RS A (ultra to leaf peers) S MR 25 58 5L B I S AT AE SR AR AR AR R, S 3T 43 AT R % A BB I K 0L G 80R
(ACC=0.9368), W FHH A Ml & ik 2 S I % 52 Gnutella ¥ 4% o AN [R] AR AR 1149 75 7 ity 408 Jt 4 37 SR s, 24 o i 30 70%
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(K] Limewire 7/ S BAFAT T BRI 1% 77 S 42 1) I e R G 2 S B A B R A A I B RN R (3) B2

=1

T 52 1A ultra to ultra peers) (1 8 A8 28 2% J8 43 AT S B R0 17 2% A0 AT "R £ 2 Pk AR RS, (8 W A 86 30 49 A1 i
AT AR 47 Hb 38 & (ACC=0.9976), A F8 £ 43 A7 bR Z U4 45 W LL 3 45 (ACC=0.8623). 318 ik 43 H7 A R iR A% (1) B 43 A1
5 0L, R IX b XU TE A 40 A A&t T Limewire B2 P uiife 32 A IEA 410 55 Bearshare H44F % 7 v
25 B IES 50 & 45 5.

X)

P (Degree

i

Table 3 Four PDFs and their CCDFs
T3 4 MR KB IR BRU A R EL

Function’s name PDFs CCDFs
’ C a+
Power law f(x)=Cx%, C>0,a<-1 F/(x) = ——x""
a+l
; A (x=%,)° ( X — X )
Gaussian f(x)= exps — 0 F'(x)=®| — 0
W= oz p{ 207 O
X—Xg
1 ®_y 1- il X< Xy
i f(x)=——exp{ - 2 (X)) =
Double exponential () Z,Be P{ 7 } F'(x) -
;X=X
2
Weibull f(x) AZ(KJH exp f[l)y &
al\a a F'(x)=e "
17 0.3
Leaf to ultra peers Ultra to leaf peers
0.1+ ——Power law fitting I
C=0.8140, Alpha=-2.5815 ---- Gaussian fitting
0.01+ ACC=0.9885 = 024 Sigma=0.8140, x0=29.4109
1E-31 Gama=1.6382, Alpha=0.9374 & i —— Double exponential fitting
. A Belta=2.0402, xo=29.4165
1E_41 “ = ACC=0.8355
1E-54 . —+2005-11-25
——2005-11-25 .50 2005-12-10
- 2005-12-10 £ ..%..2005-12-20
1E-6-+2005-12-20 z

10 100
Degree
0.37

—+—2005-11-25
—3--2005-12-10

X)

0.2

P (Degree

0.1

20 40 60 80 100
Degree

Ultra to ultra peers

% 2005-12-20 —— Gaussian fitting

Sigma;=1.9019, X0;=30.4794,
A;=0.4598

Sigma;=1.3413, x¢,=25.0275
A,=0.3090

ACC=0.9976
-Double exponential fitting
Belta;=4.7493, x0,=26.3388
Belta,=2.66209, x0,=31.4486
ACC=0.8623

R

0.0

60 80 100
Degree

Fig.5 The PDF fitness of the measured topology graphs
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Ultra 5 sk $H Gnutella 2% 3= T2 1R 4 5 5% R D) fil, A 2 190 286 1) B W 48 45 A (2) RIOUL 452 455 L (3) 55 S ik
[5,612 2K, Ui W] Gnutella 4% 7 i B 23 AT 45 FLE A 2,71 R T) R AT PO 1A 457, 2 252 20 7 i B AP 40 S
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o 5 9 4% LA AR R 1) 3 AR RE P T P B0 110 R 02 I T A7 4 7% 1 S I 5 I IV £ S K SR A1 1) 006 2
TA [7) T 2 (1 A% T8 36 36 5 35 1) SR 42 IRF ) A B8 T 9 2 500 (1 W A1 504D 3 58 400 4 AT R R A0 236 93 A1 R i 13
W,Gnutella B 2% th 1/ J2 M 48 B PEAEFEAR K 22 53 Ultra =15 sS40 B J2 R 488 13 40 A B AT L3 W) 6 B9 TE 2 4%
ARG, SR T BEA T2 S S5 LAY A1 s T L T S IR BE O R AR Leaf 1Y R4 Ultra
TR X 2% 3 I 5 R R A AR X [, DR R Y LA A /AN O R A A AR v I T A BOMNAR A N A 4 BT
Gnutella %% 4 $b 2 K, — MR U R B/ DA RSP 35 88 o BB A 220 i) b 221 Ulltra 3 002 D201 18 1 1 Y
45 AR X T I A5 AL R 19 4 A P R AR U — B A IR .

I 43 BT 5 SR S 7R, Gnutella 19 45 H8 4 (14 S A0 28 43 A1 ANl 2 T M T, IR B0 E T SCR 1A 45 1 AHL A P4 0
100 E AU A3 A X 4% 110 P8 A5 0 43 A S5 0 AN () 4 A 1 B A0 56 9 A1 A7 K 2 (long-tailed) (¥ 455 o5, [ ] 0] LA
B, 30D 00 BE S5 o AT S oy B A A E ST, X 5 Internet 119 R 24 9 A3 A B AR — B

4 vt BR (small world)4F 1%

o TG 11 P& G B ey, B Dy, Hd AN R84 A2 TR SEBR I BN B, B 2 AT K=dy(dy—1)/2 45300, )5 Ry

MR RHC, 58 XN C=E /K, BIGIHIZR A R C e O T A 19 sl I SR R AU 4ME, R 7s Hy
l N
C =N§Ci.

HRAE 5 SR FT AT 11 pivAT O<Cu <14 i Hb, 1 547 UK SR A R AN 0,2 575 s (2R AE R A00 1(P A48 Jt )
AR A 0PI B a2 [ B IE#). I G SR A R BCHE AL 0<C<1.1E 1 ALK & (friendship) B 45 1 JE 4R &
B0 T S S T T AV IR A 2 DA T A B R (O A 2 TG R 5 % R ), C U iy 1 44 ) A P
TR R S e T,

YA E G LR AE I A2 A B s SR W 6 rp i AT 0  BAR  R  BAR K T E LeE—
A A o A0 BE R AR AT RPN A R) R B IR IE S 40

[FJ IR 04T K 28 45 R M (clustering coefficient) Fl1 /I [1SF 24 BE 853 AN G0 T RF AL 1K) B0 2%, 42 FL AT /Nt SR e 1)
W 245 .5 58 I G, AT L ik b5 G I 1) Bt ATL ] (LA A TR0 %) s ORI 280,71 R 2 1) B WL 492) G ranaom PR 58 4R R 2K
Crandom M1 B REAE 16 778 4 S8 L random, & TE A7 7l G /M HE e 28 B> ¥l G I 2R 4R R B C I KT Crangom, 7 HL
GHI 3L #5484 BE L5 L pangor H1EE B, IUIA K B G A /It R PR A

BT IR ], 2 BUEM R 2% . N HE 2 (096 2 2% (19 fa i 53 2 TRD IR VR DR 2R) e I AE% . Internet
T WWW i 256 48300 5 /N 1 SR 1 Jovanic &5 75 SCHR[15]7 Fi HE,2000 4F, H 2 (1] Gnutella [ 4%t H A7 /)N
T LR VR AR K IR AE Gnutella ¥ 4% 45 55 BRI B0 AN W8 1 45 0 T, 99 28 S22 L R /I8 A SR

Bl 6 Sor T 3 ¥k Gnutella #iFhPR R 11 b 2775 pii 2 ) 5 15 A28 HEE 465 55 A1 17 D0, AR B 380 1y 2 Mk AR R
T Gnutella 42590 Fh 380 B R (1555 AN B0K T 1.5M), TSR AN 0 485 1405 11 B85 428 11 B i) 2R 2 i) 52 2% B AR
T A — A4 A P HEECHE BEALIE R T 500 AN AR EEA P 5 T IR IE R AR K B B 6 T LU LT
Gnutella P 45 ¥ $h ] v i T 63.3% 1 9 A 2 W] 1) e Jod B 70 A 82 DAy 4, e L 8 A0 A 88 AT IR AN L 285 43 A B DR,
AT DS FH AT 19 5138 B AR R BV ) 5% )RR AE B A K B Sk % i Gnutella ) 6% 74 w51 1) J i K A2 RRAE

x4 FIHT 3 kGnutellaPd 25 P HF) b 25 i 2 8] 1) 2R 82 R A8 B C gnutenna LA B T SRR AIE 16 42K Lgnurelia
A B AR 270 T 5 45 TR SRR s T %o B (1 B AL P 4D 2R 43 2 50318 BB Cpamatom FARE FIE 5 42K FE IR 3B L rangom- LA, 3R 1
EALF T SCHR[A5] T 2000 42900 5k (1 Gnutella) £ 4 A1 3 24 L0 () FLAT /) LR P A0y 9 468 3 4 IR 500 P A 2
daf DUA HE,3 Y0 S ¥ Gnutella i) £ 4 b Bl A2 Cgnutenia™>Crandoms H. Lgnutetia=Lrandom, 21 E Gnutella p) £ L 47 /M i
TRk 53 138 W] LA H Gnutellal® £ (14 38 48 2 25 LG SCHR [16]1 I 2 45 R A 364, 3X 3% B Gnutella i) 2% 1 AN I
K KR IR IS, 72 45 7 bl 5 85 3 — I 4 AR T8 Gnutela 9 48 ob 4 B VR 92 8 L B HL AR, 24 vz i B TTL=2
I, Gnutellal £ LU FE ) B (14 BEATL 19 45 5 25 5 7= A 0 4R 1 JE. 0 e e 37 B A 450 /N IR SR A2 2R B A &5 ) Ak 46 R 4%
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72 H I — A H o ) L

0.7 —— Gaussian fitting
Sigma=0.39959, X,=3.6089
0.6 A=1.0018
) ACC=0.9987
0.5
=
i 0.4
Qo
o
< 0.3
[a
0.2
— = 2005-11-25
0.14 -0 2005-12-10
& 2005-12-20
0.0 : ; 5 o ’
0 2 4 6 8 10

Shotest path length (hops)

Fig.6 The PDF fitness of the shortest path length
16 PRI b 1 S A A O AT S U
Table 4 Small world characteristics
F 4 PHEFRRE

Name Conutella Crandom LGnutella L random
Gnutellanetwork  0.03~0.05 0.00013~0.00017 3.68~4.36  3.93~4.27
Original Gnutella™  0.02~0.03 0.002~0.006 3.30~4.42 3.66~5.54

Movie actors 0.79 0.00027 3.65 2.99
Power grid 0.08 0.005 18.7 12.4
C. Elegans 0.28 0.05 2.65 2.25

LAk, SCRik 25148 6 TR BA(Barabasi-Albert) 5 52 Az il 1) 6 )R % 4% (scale free network), Hi 42 R4
V8 Bt A TP 0 RS ) ™ KT sl /N AL A 0 T A 0 0 £ &5 S 55 SOk (151900 2 5 S L% B Gnutella 99 45 45 AL
PR3 FE SR A R A AR B3 KX — AR T LSGAIE T ARSCE 3 45 L2 R A AN A AR R
S, Wl 2 3, Gnutella 199 2% 1) K BRI AN & BA LI IA (1) /1 Kl 7.

5 HZiwGRE

DB S 285 W 28 2 E— 25 A3 W P2P 10 4% 4 A I A Sk bl 1 A5 I 4% 1) 22 R T 1 B 1R B A R A D
FEA A7 AEAR I DRI 7] IR, 0 56 45 099 2 57 3] Internet SE P 46 TR A5 1K1 521, 24 Internet I 48RS AT E I, & 7
SR X A5 D) 4% Al A i B A AN S (1 R A B A S I S PR XS A D 4 b R

NPT P2P [ 25 4 41 45 W E AT ) 120 DR 258 R 2%, A oh 258 W 2 AR q) L 22 TR . B th i
DAl 55 250 SENI AR SO T TR e ST S M A A IR R SR L SR R R bR, R ST T
IE 43 A1 20 Gnutella $1 #1 IEAT 2% ——D-Crawler; 3E 1M 40 4T T W25 H 55 )27 s 30 IR BE SR A0 A« FE A%
I3 A 45 ERAE TR 2 BTG IE T Gnutella 4 2% m (6 /N [ e e 00 23 T 7

(1) 2T 1IE LI D-Crawler 24t A8 R LD 1) Al 25 YR PR ad M 3R HL Gnutella 9 45 3 0 PR R 11, 240
WoedE. e,

(2) Ultra 2 [ B 55 0 A3 A 7 = B M 0T, B8 AT 3 A AN I T AR i, 2 i 2847 2 A

(3) Ultra 75 st Xof P75 5 118 85 585 20 43 A1 4% 5 V93 i o AR P T, 56 4 A, 52 e 200 43 A1

(4) AT REE Ultra 9 5580 H (19 )8 45 2000 A1 PE AN BN, 52 = B om A e v, G v P8 AR K 1 o i R
J& Gnutella 1945 o1 FT -0 E 00 0975 25, 302 AR ZR A3 A LA T A 1 ok

(5) Gnutella M4 453 $h & FAT /M FAGE 19 B A E T Internet 36 41, H & e AN BA BB K e,

o} 5% R 285 0 AN 0 R 2 T 32 SR 22 1 DG T IR A TR 2 R AN A A AATTE— 25 25 R L, A N 1) B Ao
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