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Abstract:  Gnutella protocol simply uses flooding algorithm to route peer’s querying, so it has the poor scalability
problem. For not using down-layer’s routing information of Internet, it also has the common problem that its
querying routing is just implemented on application layer, and its efficiency is low. The distributions of topology
nodes in Gnutella and Internet are reviewed, and they not only exhibit power law and small world properties, but
also have the near power-coefficient t. A new distributed peer-to-peer network model based on active network
technology (active distributed peer-to-peer network, ADP2PN) is proposed, and its prototype system is implemented.
Simulation results about ADP2PN’s prototype architecture and querying routing algorithm show that it could
effectively resolve the above problems, so the model is reasonable and valid.
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8 FE: 44 X P2P W% Gnutella BE 4937 F AL F45 & #6938 % . A2 by WU A 3402 Fik B b
AT Y R E LR B, d T I AEIE B R B E I, B Z AT Internet JREIBAZ T Wb FTR 69 F R A A
HEE SR ERZH P AT EE X FH,#ZRT Gnutella W% -F= Internet W& & 693631 5-F HLAE, — & L
¥ 2 I RAAE (power law)Fe st R(small world)#F4E,m B LB A4k ¢ EFEMBET AL TFEHREHEK
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#9477 X, P2P W %-(active distributed peer-to-peer network, & #& ADP2PN)AEER! I 7 2R A A 4 @ i3 xf R A
R GAR F M A dE B2 14 09 34 oy B LR a9 LA AT R ) ,ADP2PN AL ST AR LA ST R A B AR E
R A 4 IRV RL B R BB i AT A4

KEEIR: xR 2 W 4 BAUE R R KRR AR Ak

HEESES: TP393 MERFRIRAD: A

TERF ST AL 53 AT 28 P2P 4% Gnutella 445 58 25 44 1 3 2 0, FRATT & B Gnutella 199 48 $h 0715 55 (1) 43 A0 AL 2 I8t
TR e A T L3R LA T S5 N SR A U ) 3 2D VR A F S B, Gnutella W9 4% 450 52 B0 LS R (1)
MU, 5 Internet B 190 2% 3 25 (K03 0 40 A AU AR B0, M0 FL 2 10 TR F 3 o =230, )5 35 11 7 ~2. 2030 37 fBUAR 25
Ml Gnutella P 25 K70 1R A% /Lo sl S X S5 TL IR A 2% | 5 A % AT A, A FLE 70 B 2 16 v 2 S B, T A2 R D ke Y
2% 210 B o L A B . R RN L, A R AR AS LA v P2P 45 A R T I F) — AR 71 il L 3 1 DL B DR A
FAVRE T — N IET EB MR A P2P WM 4445 (active distributed peer-to-peer network, & Fx
ADP2PN), ¥ J5 >R 1) Gnutella P 2545 1Y 15 04, I 55 3 20 9 2% 43 R 4 G I 70 8 1100 P90 24 A8 20 v g J St iy -1 Y 8%
R % A T ST R 3 Bl 1Y s (active network node, [RIFR ANN), F:AF A 45 7Y (1) 5% (cluster) 17 s, BT A 045
BUAT SR N P 2% I, S 2 4R 8 B il AR 307 20 06 B SN BINZ AR S0 XA 78 4 A A DR
Internet P2 2% F1 715 210 ¥ 0 45440, T2 B0 AR 16 /8 1H R R A e i R P X — i 122 D 8 A 70 v 3 35 L 1) 8
{7 5320 3Bl T Esh %Y S (active network cluster node, fij X ANCN)HEAT. 1T 7 LA 23 R 305 50110
% R AR B AR AW A AT LA B0y U B AT, R AR A B T8 A 48 R R R 4% B R R E

1 EzHoHER P2P MEIRE (ADP2PN)K R 4514

1.1 REREBE

TEHE— 118 ADP2PN B 2 i, 6 %) I 24 BR 55 4 Lo B8 - 1 ¥R & 4t (autonomous system, i 7 AS)#lH
—~ SNMP(simple network management protocol) ¥, 7] LAIRTF H V& 1N IR 28 0 Fh 450, BRAMBGE H VG R4t
HH ) 4 DL Internet ‘BF T 45715 b (0 B 1H 28 REAB IS AT Java RERIML, R L BLAT R 08 1) R GG PR % al 4,
k45, v LARC & 2 245 i BAE AT 35 T Java 10 B R S04 B3 A8 75 FRATT T LA SR I 2 245 19 4% 4 0 R TR A
ENT IR EHAE B AT S h A 4R

DA _E (R B FE 7E 244 1 Internet 48 1 552 7T LU SL ).
1.2 BEAXEE

1.2.1  EFENL

1E L5534 2 P2P W 45 455 8 (ADP2PN) B —ANIE N 1% P2P 90 4% (1 TS0 1 R 3= 20 ) 4 B R B A2 %5
B TR S IR 2% 2%, 119 RUBE 78 24 IR 25 28, O A0 s B L IR 2%, TR] I 0 78 >4 2% 12 9L, 5 FH At 4 A4 1 1 Tk
% PR WK g =55 5L (active servent,active server-client).
122 wRiA

—ANBEALTG ) ] Eh A AN SR T PR Y T PR 2 S A T R B R B A N S
BT WAL R U2 YR 2 B S M 4%, 0 Internet . WWW BRI EETE . AMTTAOAE £ 55 28 A% A5 HAY s <R Iy
I3 AHEAA PR R, R BEh K S SRR 2 A R 2R 39 2 LR 2 20 P(k)ook™ 7, L, 1< 7 <oo, B ) 4% 1A AN TR 1]
ZNGR

Internet ‘F T W 4% ) 7~2.2,Gnutella W 45 f) r~2.3, WWW T [ 5 42 W 45 1) o~2.1, 1T 5 [l 75 358 B 77 X 4% 19 1)
T 24 P =3 R AR R AR R T A Power Law 4340 13 SCAT LA ] B8 B8 D4 75 B9 24 v D H00 B iR =i
CRE”, 22 BT R B BUIG. B AR BT S A Y SRR B R LU R i e 4R B A A R R R R

© HHEREBAAIGUT http:/ www. jos. org. cn



HHH AT M)A X, P2P R &AER 1083

123 /PSR

N T ULHIAT 4 /N R RO BRATT 4 DA R s S

EXVEREE C(). CHILLTI A v MR E K 1) BFS(breadth first search) i, W) 12 5 25 (A 1v) 121 1 %5 H
h Cvil A2 LA R 56 R :Max(Cv)=C—(k=1),k 23 BFS B (K1 T AT 100 s, D) — A P 10 SR 4 8 D 2L BT AT skt v (¥ Cv {111
SEEIMH, BN C(h=Average(Cv).

TES2(FMERREL). 20— TC I B G AT =B 25 (u,v) 1) de 5 3% 428 1 3 B0R Num (u,v), W LAFAE 6 12 K
L 4y L=Average[ Num(u,v)]; 5= W 2 )RR B AR L € XA BT AR 73 P9 19 R 1) Jee B B A8 (1 S 0 P 3 8.

TEX 3(/MEFAFIE). P43 B s 2R AR R T AR AR B AR A PR

TEAF G /N SRR P 1) ) 2 A5 20 ey i) DURR A 15 A ) SR B ST R4 A A cluster, /R4 cluster 17
— AT A g v RS R PO L
124 T A

%5 ADP2PN W 45 #)3t (1) 32 5 M 4% 15 15 (active network node, HE ANN)BLIZIE S 1.1 15 (W5 &, & B
PR ISR . AE ADP2PN B st T R 45 S o 3R ATTRH T MIT(Massachusetts Institute of Technology)3t T~ Java
£ 32 5 B 2% Wp LT & T L ANTS ¥ (active network tools kids). ¥ i ANTS ) 555 £l &, BN AT $U4T ANTS 150

1.2.5 F35h P2P 4B (active P2P daemon, i #X AP2PD)

SEEL ADP2PN P45 th SR B ER, H (2 3R AR sh A 4 40 45 B B gt SRR 42,1847 B
RIH) P2P 4% % ph 2 P 503, SE I B 40 A X P2P 4 248 S A HL A AR B e S IR,
1.3 ADP2PNEE KR &

ADP2PN BB R G5 AN P 1 o A% IS0 1.1 1 BB B P (R i e s 39 e by 874 R R4 ik
() = 30715 i C B AR, TR 1l B0 o0k 45 o0 206 AL K P 38 3 8040 s A0 DA x5 o0 9% 10 71 e 00 T T 3
T T I 2 Bl A ) AR AT DA A 2 Y R A AR RO S B 6 T A e B L IR A Bl
A5 10 2 AR R DA I S o 2 By 2 A x84 5 B BSUACBRRE e A S 2 sl AR i 38 B =) b IR B 4 A 2
FE ORI th T Internet X2 2R IKETH, /I3 0 B REM A6 R E THEZ D KINR KA
A ZR G0N IS i H 1Y R DL DA X A R DX ) 4 L R ADP2PN AR i 2 2 R IR AL ).

node, SCHN)
: Cluster head node,

Highest "ADP2PN BackBone Secondly high
degree AS (Intemet BackBone) degree AS

(a) ADP2PN model top view (b) ADP2PN model AS level view
(a) ADP2PNATE (1 TR £ 0 /&) (b) ADP2PNEEALK) A KRG

Fig.1 ADP2PN architecture
1 ADP2PN BT (1 {4 R 45 1)

—AN AR RGN B B K DA RUB AN KRR (super cluster), f AS SR _E A A SR A B B Y
B4 28 A3 H LY A (super cluster head node, R FR SCHN), 1% Al A RA M T A s 5
HoAth B8 R M S ADP2PN BRI B 78 HVA RGN B, & AS XIRAL i T & AL P & 715 s AS 35
P E B0 F 2 R, 3L b AU AR R v I Y AUk B RLAS SR B R % 0 RU(SCHN) %
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e T &A AS S5 0 A S (cluster head node, fii Bk CHN), %A AS 35 (0 5% 100 5 A(CHN) X% 82 T 48 4 1) %
AN s (cluster node, fAIFR CN).JITA XS ST 25 78 DN % M0 2% B, T 5 L B 1 LI BRI 30 I 56, BUIn A 2]

TR AER I T3 A AL A SRR B A R SN B AN R B B RSB A
BN A AT LR T ANTS F) daf 2 Aot 5l = )y A 4 11 07 X P2P 25 ) £ 3040 ) AAE 8075 ki) P2P W SUARBE 42
IR AE BB g h B Bl i e A T3 SR BN P2P AT IR B SLEAT 00T L AR A RAT, LA S B
X AW S LSO AL R E AL AR

2 BHEEHRDN

7E ADP2PN P £ A5 70 v fiy T~ & AN = B0 S LS SR AR TE & A 30T A b 1, DR i 190 5 S 20 v oo S5 A
WA B A 5 98 KB AR sl AT JLB% i A R iSO R 0

(1) W RURs & 2 5 40 o 5 S AT H A (10 1 3 U S — AN G — 1 LS5 B 46 a0, 5 Hofth 3=
RN R AR T O S O R AR R ST B s T B AN LA BRI BIER,— Al
SRR LT O AR AT 50 N 1 B L L A5 RS R G RO A M S AE RO R G R AR LB
W H O AR R OB R L o — AN i s BRI AF O AT A A L A B AR A A
AT B R GO A B I AT RS &R 517, AT LUORAF7E = B 155 SRR 4 A B 07« I 485 5 s (I 1T kot 1y
P —28 S RE T ) A B 1) A B SEATLCRR A DB Bl AL .

(2) M= AEIEPIMANE B sl i =31 s K B S RS RSI(AMesE R
) TP bk o 1 R O 4482 TS 5 . Rb B AE D) ARIE 45 %0 i, 12 2 31 AU LR I E A <At 3L
SAE B R BN R IR AZ R 28 T A2 B« e 5245 EOR S5 20 A B DG B 2 B SR, LA 2 SR TT A
AT RBUIS AR ML A5 B SR 517 IR A S E AR, 19 B CRARJE = 30 5% T sl R ik 8 28 1.

(3) BEBG—N I [A] & 1 (A 4% ADP2PN 194 5 (1) 25 16 Air 2 2 2 A ) TTL S8 48), AH 48 32 345 15 s 1A) FLAH A8 # A%
TR A L G B SCER B FI R S RE B 2 AR AR L S AE B S R 51 R A AR L AR B R
5175 2 (1 Rl 2 W 1) <L AT EURE AR R P S e Bt < O 3 B X AR AL R I PR R BT R S Sk SR
). W0 2% )3 2y — BN J5 28— FEAH Q0 0 ) B0 R b AR de i M E R Rt R A 5 A A 3%
AT B WAL =G BRG] HIRAE R

(4) s KT A A 5 (maximum clustering-coefficient first, ff i MCF) U8 vk k4T 0 2 1 3o =45 B2
2% .

o M—& EFXAENLAFTUAT LA B AW I, 5 AE L A SR A Bl (query) E B EL(R
ANl R IR G AR A R ), 1% T T A AR B I A B SRR B A AR L AR R R
17 FHAR AL S AE B SO R 51 A I ) e S AT RO ST 0 A AR OB T e SR R A )k B
IR A= B 50 S AL 70 W B A v A DS 7 R [ < AH AR L AT RS R B A2, ) I A2 B AR A Rk Ay
BR i b B A, BN AR T AR e S AR [ PR e 8 A Sk A W AR I i S A TR T A M L S AR B SRR
517, 0] DB AR AN G2 A7 rh R AT A i v S0 o Y — A 9 i A (Quiery Hit); 75 WU, 25 4 B U0 % F R, 3R B
FEAH AR 3= BT A 2R A 88 e v (R B0 A o A o I Bl e R R 221 ORR TR A R b R R A T L IR
PR % A A R 4 e A, T B A0 O B0 % A TR RDRE 9 T v R B AR R U IR R 1 A )
W R e BN B S A — AN IS (time to live, [ FK TTL), BE &L — AN 55 %% &, TTL 345 1.

o YR —ANEFNEET AAERRNZ A LS R RRE (0 7V, 1 5E A v A IR A B SR SR A 4 3
AT R R T A e N QueryHit A7 W), 4b B[R] _E TR,

o 1T Internet [ H1 7 £/ 75 & AR B LAl B & B T 8 R Jn,— B e Bk i b1 /.
[F) R B, B 0 Y AR B2 AL S AR 1 58 A i A b 3 A B SRR D A AR AR L A B R ) A e,
Tjma Y. — A~ QueryHit £0;75 I, A £ 4k B O i 1 2, 3 30 L 97 70 5 v AT 408 218 4 188 o vy ) A v 0 15 i, b B I
bk,
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o HITHE—A B8 RGN R Z A0 BIRER OSPF 8% B, PR AL T+ 18] —AN VA B 45 b i e oo 5 5
AT CAAITIE 1% AS vl 0 3R 4 B e v, A AT Ut SRR T AR A e o 1 SR A B e 6 T AN ] OSPF #% b P 13
(7 A, T DU T AS Hh ¥ SNMP % BT 5 T iR AR 1S L.

o [FIFEIE L, A BB E I 35 T R b O R G, — B BIIEB AR O AL E TR AR A
PR B SE A A M AR B SR SR A8 L A B SRR 51 A5 A e e Y. — AN QueryHit AL A
LB H OB R R B AS IR B A T AU E I B R e

o UEMMEL AS WHH, T AS [ BGP P A i th 5 5, B[R ) DUE 5 A% AS AHAR )
AS PIEREFE ATHAR AT LLAS H [FIRE 1) 5 R 2 e A 4.

o EEZME, HB AW LA TTL ikl 0,504k 2 B A fr A 3L S5 B R0 4501 — B @ A7 T
I A ) ST o S AL 2 il L e 6 S H U ST TCP & 82, Tl HTTP P, A mi R S5 N3 E C AT i
A

o g T k2 PR A U 1A A0 LR IR [ v A ) SRR v BB B BT A A v P LI S B AR T R R
i & B AR B B, T LK 7 9 iy v B T A e 1 A R RS B R G LA I B A AR LT AR B R B8R, S
A T) 0 0 s KB 21 R It T A 4 i R ) £ A 1 SR, 2 v T LA — DR

3 ADP2PN REHRE R

7 ADP2PN #0500 22 45 s BE F2 o SR A 7 MIT 26T Java (K E 30 45 BT & T2 ANTS B3 T 3
WY RO A A AR N R AR () AT 60 AN BT A ML, EESZEL T E8) P2P BhINACEE, L KL E A
(query) F1 2 # i (QueryHit) - 5l 1.
3.1 REIME

SRR ARG MAET 604 15 & P4 flHL,256M P47, Linux 4 RGN RedHat8.0,E8) 45 i/ REUR M
HJ 2 JnodeOs v1.2.0, 1T FA 53 (executing environment, 7 #% EE)X ] T JDK 1.3, ANTS [RA N 2.0.3. 54— G
1T Windows XP R PC ML, %3¢ T Snifferd.5 H TIARSAT L4116 SHALEE — & 16 HAZ ML HK—
ANBRST IR R 14
3.2 RS

JR B RG22 IioR, HHh Gl L Internet #i4MEEHL T H BRITE(Boston University
Representative Internet Topology gEnerator)iE SR A WGIL Internet SEFRHFAEI GLP(generalized linear
preference)” i FME LA 2530 Fh 40 A1 L RERLHERNM SRR AE. 26 5 4.2 R O TE OB AU U R
FRIASEAEL 23 AT 2 R AR TR ) P M S5 R MR T B U AR (7 = A2 i T 15 B AL B ol i ey 3k Y L% 7 —
EC T A 40 FIR ST v s S P, DT R 3 1 I 00 AR R I A 2 B o Y B X R T AR
LS I b B TP i 2 7 U T T AR B R T SR (Route. ofg) S I v T R BT SRR b R R T
AP AT LU AT 24 ANTS 135 1 Bl 5 B G S Route.cfg SO, BRI B 60 15 £
P46 M BT R R, R I LL 3 ANl S A 40, 0B 2% HH 3R Route.cfg SCARIAE 20 UE 1Y 208 192.168.0.1,H1 [H]
TR 192.168.0.2, H BT s 192.168.0.3, BT st daod v (8] 755 S i R A REZIIA H 715, T I 2 i 58 I
# 1 addr 2 BAR R 55 TP Hihk A UDP S 1145

Table 1 Routing table format in Route.cfg of active node

=1 EF M R Route.cfg S A% 20

Source Destination Next Addr.
192.168.0.1 192.168.0.2 192.168.0.2 192.168.0.2:8005
192.168.0.1 192.168.0.3 192.168.0.2 192.168.0.2:8005
192.168.0.2 192.168.0.1 192.168.0.1 192.168.0.1:8005
192.168.0.2 192.168.0.3 192.168.0.3 192.168.0.3:8005
192.168.0.3 192.168.0.1 192.168.0.2 192.168.0.2:8005
192.168.0.3 192.168.0.2 192.168.0.2 192.168.0.2:8005
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HH T2 3 NS F2h 7 AL BT BAL UDP i 115 7] DU ), 25 A2 7E [ — AN LA _ERERUE AT 24> ANTS E3)715
FUAEASTS 351 addr #5°4 Localhost T i 115 AN BEAH [ .
3.3 EHP2PRIE(AP2PD) R4 INE

SZEL ADP2PN W28 B iSUAC R, 55 AN 6 1 49 S ARI8 4T AP2PD.FE SR 2 R 40 v AN S B T S s oh g, IR /e T —
SE R fRif, EESLEL 3 AN ThfE

(1) T T 8077 5 5 Mt RIS 2h 2 P 4 0 F0 15 B T & 7 5 2y SR AR v 0T i R 2.

(2) FATARMILTAFT B SRR G, I S A AR = Bh A S A Bz Rz L IR LR A S AR L = s
,_\)LH%%I”

(3) BAT B KB EEM A BEIAT X S PUIL 2A5 S 2 B b, SERUE R ) = 5t S HL & s B e 5
R

AP2PD iSRRI 45 48 Wi 1 3 B, BR T 45 1/, AP2PD [ VRN ¢ 1185 o 3025 B . E B Query [ & 284 28 4 1]
3w, 2 H E 3 Query FALFEIE KR TRAF dpe/IN i R E L YRR SR T S TP Mk 1. AR B (TTL) .
W 2 (P I 28T P AR IR BRIk L 3 SR & 10 IR 44 AE RS AT IR, &0 E gl Hp — G <R &
B R

AP2PD
7 AP2PD ANTS
File Build Tools Interaction Format View Tool Color Value Color Method Help protucol f— UDP
Mode Values. Degree stack
1.0 .
loo | Linux OS kernel stack |
la0
Ioo | IP header | UDP header | ANEP header | ANTS header | Capsule payload
0
0 7 0 70 70 7 0 31 0 15 31
Version | Flags(0) TypelD(18) ANTS_VERSION(0x00020004) Minimal
(1) | | GormiT s 1D) CANTS version) Query ID | g 4 h
ANEP Header ANEP Pakel Source address: Porl
Length (8) Length(1178) ]\ée{hOdlD(i l()”’}\tjlyses) (source requesting node)
(unit = 32 bit) (unit = byte) (Encrypted by MD5) (192.168.0.1:8005)
o [Option | Option Type(2) | Option Length (3> || ¢ TTL() | Visited node D
p |20 | 2= target D) | " (unit = 32 bit) Source address (192.168.0.1) (Querystl) | (8t
t (First) Scheme Identifier=1 Destination address Visited node ID list
i| g=1pva ;ddrcs]sl; (2;12\;6(; 3? =802.3) (192.168.02) (who has been forwarding)
N (Opuu:rl%z;loud.l e target IP ) Previous address File name being queried
4" T it s capsate was sent tof [ €IS 12 bytes lengihin
ion | Option Type(1)| Option Length (3
s [orin ] e | st ok f | erotope )
- deal with it, the node would
t (second) Scheme Identifier=1 request to get the code by this
o | (=1Pvaaddress, 2=1Pv6, 3=802.3) | [address) Capsule upper payload
frove varmes o res [ @.0) - ( data and code)
m Source IP (192.168.0.3) TTL(8) (capsuleffltime to
(Option Payload, here s source IP ) live value

Fig.2 Network topology of AP2PN prototype  Fig.3 AP2PD protocol stack and active Query capsule format
Bl 2 AP2PN J5i 71 2 4 1 190 4 41 41 45 1 13 AP2PD PS4 #4 [ 30 Query WA K

4 ADP2PN B B4

4.1 FEEMEIEE
A RAFITCZAUF W, T8 A0 2 R & AS 2% Internet ¥ Fb 45 14 15 AT TR0 A VRN /N AH: SO0 Ty
ADP2PN I £ 15570 1T J& 46 b SRl b 3 3o 45 6 5 2)) W 2 B AR R A (1) 3 A1 =X P2P I 48 B Lk, 1% 19 5 A5 200 378 - Ak I
TR RNt SR L R B R BT A A T X — A R e e K R R R A S SR AT X AL
A AT b ke T R A1 X P2P 4% Gutella A7 (1 1% F 9 BRI T 5 830000 190 28 3 11800 o 408 A0 A
AREEHE— P KIGTT Y 1k 0 . % 52244 Internet B4R % 175 2 AT LUK B — AN P04, RV 500 86 % fig o (ab 3
TS T R )RR, 48 T G R IR R R 2 YT At e 4, DR R B A M AR A O A IE 2
Internet [ 4% ¥ $h 5 I E R 0 /N tHE SRR PE () 3 22 D DR R AR, — AN R 45715 s 0 S A R K e T, A A 6 5
THAG VR I A0 S R, A T L 4 AT T T IR R R T B — AN IR 51 RO AN E AR R IR L 2 4 BRI
LA RO N TG R A5 1 W1 A5G R B8 AR WZ T A BN e A b im R B9 s T LA T
P2P 9 4% [ A SR R SR, 5 6 2 X 4% 1A R B 36 3 10 4 5 =l 0 10 SR DU, T 224 4 0 45 P2 o 4 A5 274 110

CEIFIFFUI  hitps// www. jos. org. cn
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H AR BIX — R ATTHR H A2 U] 76 43 R T3k — Jir U, DA bt A 7 o o 45 2L

[l HoF, H T 4SS 25 i A ) Xt AT % p 8 3T s 0 S s A e St ), G R OK M i T AT 9 8% 1) i b
it DU 78 A1 S R B0 A2 B 0 AL 5 4 8 10, 2 0 B R R e BT AT 0 I A I R AT A 2 A A i S
it P2P (i At 25 ) T R A B 1) 2 B B REAT VS IX PR R RIS DR AIE % bR 25 i AU L o R R R T,
T 0T LA D 6% 19 B8 e S e B /0 R bt 58 20 g 3 R 5 B
4.2 WMINEHRHE

7£ ADP2PN [ &5 #5700 epr Ao B0} S5 HL L A5 B B B A 00 Bt B 3R D BOR A T B KRR FE A 58 B3 1%
SEAE A A TR I BE AL 19 285 v Ll SR LAt AL 2% £ i 9 7 o LA Rk

“Bifi K18 Ji (random  walk, AR RW) i Hh 59 0 Jac 5 FH 10— Bt AL i e 2 o0 S0, JL A AR M A if )
0 K B RN AU AR LT AT A0 T s P BE LB I — A B AL R A T AL R E R DL R
i, Lk MCF 5795 5 ok BE i U0 45 Bl 45 1 P 4 oo,

3

10 T T T 1
09
o .‘°" <
9 . =1
£} o ¢ 2
g e 5
3 §' : E
= & . ‘. o
g %, : ¥ =
g 3o ] g
o 10 L E
Y %o g 8" :
T & E . E’ : @]
’ O
5 8 5]
10’ ; : :
101 102 103 104 105 0 10 20 30 40 50 60 70 80 90 100
Graph size Step
(a) Half graph cover times VS graph size (b) Cumulative distribution of nodes seen VS the number of steps
(a) FHRAE A BTN VS Y 8 H (b) RBURILTT A VST A4
Fig.4
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