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Abstract: Reducing the network overhead generated during the search is important in the study of unstructured P2P network. Flooding
and random walks are simple and easily implemented. However, a large number of redundant messages generated in the search process are
the main reason of producing excessive network overhead. An effective limited search mechanism RFSA (restricted forward search
algorithm) is proposed. The search path and redundant search path are defined. As the query messages reaching the node are received by
introducing the local messages index caching mechanism, the repeat messages forwarding are eliminated. Using the real-time search path
information carried in the search process, the neighbor notes that do not appear in the search path are selected to forward the query
messages. Theoretically, the number of messages and network overhead generated by the RFSA. In the simulation, comparative analysis
of the limited search mechanism and non-limited mechanism flooding and random walk algorithm is done in the network overhead, query
hit rate, search coverage rate, and the number of redundant messages, etc. The results show that this method reduces the generation of a
great number of redundant messages, and cuts down the network overload.
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Fig.1 Network topology
Bl1 Mg dh

WL A F 10 5 BT R AR AR BRI R S (W flooding, RW) H JL 7 AR T 4% 1) 3 B2 J5T IR] S 991 4% A7 E K 1Y)
R P AR R 7 TR AU A TR A B TTL A 0 089 1, U0 AR J8 2R B A s S b 86 i
AU AR ZR R AR ) 2 RS ) — 45 s [ — 3 S A R AR [ — % xR — T B I S R AR TR A i
TH I R B CAR B B2 SR A1 R A A TR B A v A s TR T SR A A 288 B I b 1
T ] G PR A AL AT AR R R A B KR 1 U AR SRR A B AR RO O AR AR S AE
53 W R BL T Z IR R HLH——RFSA.

3 ZREEMNHI(RFSA)

ML 4 01,04 08 647 24 ) Jl A AR 1 10 [ — 748 W 50 2% 0 L I 50 B RV A SC % U
R 48— 52 B LB MRS T A 0 728, L SRR

1) FEHIH R EE K.

ANSOIE I 51N G A7 WL, 32 N7 A M BB e v G 3R 5 | (A0 S ME— (¥ 1D), X B WA Fr i S AT 151,
I B CLAFAE T T B 2R B T 120 L 0 A, AT ) 19 e R R R

2) PN R S B

T 10 5% m 4 ) R 1 B AL R R B (10 £ A, 8 A1 A sl M e B K R R L R 5 2 UL
A I R B 43 R0 T A% T L, 7 AR A 0 U S R o K 0 R A0 A A SR BT 9
SRR R 5 T L A0 15 A 7 R B 0 L DA A 8 A S A M T
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3.1 RFSAHIELH

1) RFSA jH Bk =K.

AT R B B B R — &k — AN 64l L_Message=(ID, Item,QNode,FNode,Path, TTL).7E /i
B rp Path 2 LU E W — A Al F 1% B & W R KA B A1 KRR Path=
(QNode,Nodei,Nodej,...,FNode).H: #7,Nodei 4 QNode [1J—4 H #4017, Nodej 4 Nodei [1—A EL B4R &, MK 2
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e B U TR A A O L
Table 1 Details of every element in the L_Message and NodeR
# 1 L_Message FIl NodeR 1% 7L & 15 X

Elements Details
ID VR RO —FR IR
QNode FERSEi i d URE
FNode L3l A= SN IURERS
Item T BRI
Path MRk E
TTL R A AE I ]
RQueryList AT EBR M A 2 R B
ItemList A 1 IR RS
Neighbors T 2B R B

2) RFSA I piig k.

AMEAFHLH R & S P R BE R 8 X — =704 NodeR=(RQueryList,ItemList,Neighbors), 7,
FICEME UL 1.

Fovh RQueryList ic s 1% A SRR AW R 1D, 55 BN IN ) m_AT FIAE NI (8] s_AT, I
) m_AT FH 0 s 3126 1 P 4% IR — 3 JE 22 TAD 260 s 2 A5 AT 0T 1R 40 8 40 s 3008 A7 NI T) s AT 010 %
AL BB A R R, DA 209 B 1 4k 452 4% B 3 AT 0 I8 ;RQueryList H EidiE on 1k XA
RQueryList.element=(ID,m_AT,s_AT);RQueryList X F B\ FIAE k77t 45 44,70 S 1 28 34 BE FIFO 1 77 X adk A7 HE )
L5 5, e T R A PR B 255, SR ST TR AL sk LR B 1 3 S AT 22 B (¥ M B Neeighbors A g 33715 RURIAR
SN RN AR R B IR B i ) N_AT, 208 7 % 15 28 Neighbors.element=(NeighborNodelD,N_AT).
3.2 RFSAZEH X

52 PR SR AL ) 2 T8 e SR A b % A7 AL 5 45 0 1 g I AR5 B U7 s R B R S R R AR
3.1 WP E SUREE AR AN R — M, a3 A A S8 R b SR R AL s 2 SVA IR A N =2 BRI, vl
T rfsa-Flooding A1 rfsa-RW 52032:, HL Bk WA 1 R4k 2.4F rfsa-RW B30 v A S0 SR 2 k25 8 1) By
LR M BEALIE 2 10 5 2 BRI S BEHLIE B K ASA0 J 15 A 1) A% 1 v 5, DA n L4 22 7 5.

&% 1. rfsa-Flooding(Node,L_Message).

1. if (L_Message.ID¢ID(QRueryList.ID)){

2. if (L_Message.ltemeNode.ltemList) return; IR % ThiR A

3. else if (TTL=0){

4, for each neighbor i of the Node {

5. if (NodeR.Neighbor[i]¢L_Message.Path) /31 (K141 Ji AN AE %W R 8 R ik 12 b

6. forward(L_Message,the neighbor i);}  //4&356 31 K45 55 | AR e A

7. else discard(L_Message);}} HEFZEE

8. else{

9. if (QRueryList.get_m_AT(L_Message.|D)<Neighbors[Neighbors.lengh—-1].N_AT && TTL=0){
1) T[] — 90 JE 3802k S0 1) 2 4 A7 37 1 40 0 s

10.  forward(L_Message, new neighbors); and I3 A 32 25 T I N P

11.  modify(L_Message,m_AT);} IME B AE RQueryList HFiZ i BN ) m_AT

12. else discard the N_Message; } ¥ 5% 5

&% 2. rfsa-RW(Node,L_Message).
1. if (L_Message.ID ¢ ID(QRueryList.ID)){
2. if (L_Message.ltemeNode.ltemList) return; 18 2R )8 TR A
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3. elseif (TTL#0){

4, random select K different neighbors of the Node, for each neighbor i in K neighbors{

5. if (NodeR.Neighbor[i]¢L_Message.Path) HAT A AR B AR TE 9 B R g e
6. forward(L_Message,the neighbor i);} TR 36 DA 58 1 A48 a5 s

7. else discard(L_Message);}} NEFZH B

8. else {

9. [F 55 1 D3R 9~20 4R 12,

Sk 1 RIS 2 v RS R ) B )T DR T T T AR O I A A v v S I S AN
SR P R, AR SCSR FH 308 1) A R R B AN A1) =2 1) A 371 Sk S K 4k DG TR A 4K, f 8 D T A SRR SO RO T
% RO, AT 2 i 25 R 1R R0

4 RFSA e #T

16 P2P 48R Sk 55 ) WA T AT b o2 19X 4% R ) o R A R A S e T L R P R AR T
T R BT B 4 0 A b A8 R b AR R R TCAR T B T R E ) 32 B AR T 4% R oK R 1 A
B E IR T AT U AT BRI T R A RS e AT RIUR A58 W 2% T AR AR 1% S 0 U T R 2 A R B 3
R (AL P A s e R S R AU 0 AR R B AT R S R g v T A I 4% £ T K ARG
TR R I R R A Y 4% v I AT B 2, W) A A 2R I T R AR v, A v Ak R e T R b
T 5 10 9 28 4T A 150 ) A (D 8 5 0 ) P R (1, %o 2% S 8 0 11 480 2R gl B A THT AR 45 45 X 4 B 7R S RV i
FEAERI W) A R PSS SR A S TR A I REREAT AH DG A b
4.1 MLRIER]

WA SCHR[AT7], 25 52 P &% v =3 00 8 5 G B8 20 A1, D) ) 4% 97 1 45 Ky ) e 2 i o8 % (generating function) sz B, H:

Gy = 3. P’ @)

oA m A 4 Y A e KB oy R DR % T s MR R o0 A T Uk A iR £ (generating function), Bifi AL IE $F
PR % R R — A L T AR R A E A

a=w=gm=%m (4-2)
58 2 BRI TR .
z{%%@wﬂH:%mqm (43
ﬁ%qm=28iwﬁﬁ%h%¥ﬂ%ﬁﬁﬁﬁ

L)

h-1
2, =[G/ G, () = { , } 7, =G, (M)(G/@)" (4-4)

F T 52 B 14 199 4 T A7 AR TG 25 B AN ) 00 D0 485 0 0 5 440 AR SCAEE T 17 3 Pl DAL £ 9 6% 40 4 45 40 T VP 4 22
FVERIPEBE, 23 1) ok BB I Y 4% (random graph). /IMH SR 4% (small world) FI TG A7 5 9 2% (scale free).
1) BfHLEFR /N 5 4%
JINTHE AR P 185 43 A1 S ABLT- Bt AL 1] 199 25 1) 88 43 A7 T80 0T ABL T 318 4 A, D) Bt AL 1] R 48 /) k7 R 4% ) )8 4
1A
Px (random-+smatty = Cll\(l—l p‘a-pt (4-5)
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b p oA RO AR TR AR R R K Ay P 8 v N R I B SCHR (17045 70 1% 9 28 v AT R Bk AR e 1P 2 0 H
HI AN 359 FE B 7], B Gy (1) = G(Q) = z, ,JUAT 45 h 6P 240 e i % 2k
2, =G(G )" =7 -2/ =2 (4-6)
I,z =p(N-1),N 4 W 4 75 s B 50 H
2) o 45
TCHR 5 0 268 1) 55 4 A A5 8 2R 53 AT L B iscate treeyock™ e SCHIR[19, 20 1 F 55, 41
1 ’m3”: -2 'm‘“H
Gy() 3-7 1-m*" 3-¢

Gy = 1%2(17 M), Gl(0) = (4-7)

Horp 2< <3,
42 RFSAMZEEEE
EIE 1. 7F rfsa-Flooding &2 %1 % U i HIBEALIE 2, TTL Bk, H— &4 RT3 35 AVGrisa-Fioodingi A

TTL
AVGrfsa-FIooding-i = ZG[’) (1)(61’(1))}1_1 (4'8)
h=1
SEH: 4 h=1 I, AT (4-1)1 AVG e momings b= Gy (1) 524 h=2 I, i 23 38(4-2) 47 7 5 BRI - 8940 14 24 11
HH 2, = Gy(O)G] (L) AHAE SE B FY 19 2% v, by T4 Z [ i DA K 2106 [R] — 35 R0 A 7] A2 O A7 AE (5 199 2% O S
FREUNR), 45 rfsa-Flooding 592 i L SEBR B A B AR J& 45 R EH 2, < z, U
AVGrfsa-FIooding-i |h:2< G(; (1)61/(1)
[F] B, 24 h=TTL I}, rfsa-Flooding S S B A LI AR J& 45 sl L H 207, < 2 JUAT
AVGrfsa-FIooding-i |h:TTL< G[,) (1)(61’(1))TTL71 .

TTL
2%J“‘ i/l TTL=0 Hj—’izg?%lg%}iﬁ‘% ﬁl':? quzi/}jiﬁ‘l‘lj‘ i& H j"j AVGrfsa-FIooding-i < Z AVGrfsa-FIooding-i |h ’}J\ﬁﬁﬁ
h=1

TTL
AVGrfsa-Flooding -i = ZG(; (l) (Gll (1))h71 .
h=1

B )45 AT ELOUAT— A B 5 .
RIB 2.k risa-RW SLE A VU | IBEHLIEZ TTL B JE— 4002 107 4958 3 AVGrearues
AVG e < 5" min(k", Gy @G (D)") (4-9)
h=1

TR h= B, it S (4-1)47, 155 00T K80 2 FL g Gy (1) T efsa-RW 10 A K £ BB BLE 25 4 19
MU AIE ) B AR R 208 0 s H AR i kN0 Gy () < k IR B AR & 15 sUR~F 3 E o Gy(D) R
ZH KA AVG i i hg= min(k, Gy (1) ,min() 4 Bk AME BRE 2 h=2 B, B 2 20(4-2) AT 15, 37 R I T3 48
R A HH 2, = GY)G(1) I rfsa-RW 57 3% o 48 2% 51 F 5945 5 45 155 H 4 min(k?, Gy ()G() . 5z
B[R E T, 4 S 0 44 S 2 e e ol T 2 [ e I 3 4 R B R E e A

AVG ¢, rur i o< Min(k?,G{ ()G, (D)) -
FIEE, 4 h=TTL 8% 50T 248 5 AU % H O mink™ G4 (WG, @) ™) A7
AVG, i, i I < min(k™, G, (DG, ()™ ).

TTL

S 124 TTL=0 I 46 U I 3 10 P4 A H 0 AVG s < 3 AVG s b ST AR
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WIS TT A R R A B o R ARSI ORI S G R L AW R E NP
g Z S BEUR i (IR P BT U 1 3 10 0 286 R AS [ 5 e A B B ) 2% e B R A, Rl v i 3 X
AL R BN T HIAS TR EAAS by 00 25 S B A AS S e

51 RWIMRERES A

WF5Y .7k, Napster,Gnutella and Web [ F i SR 755 & Zipf-like 2> A28 T 4845 B 137 53600 F 2L SE I 2%,
et Zipf-like 43 A 008 G KIRAT BEBEAT BEE X B ARAT BE A R Py e () = X7 /Z;j’“ 4P c %
IR SCAEIRIECH , e 3B A3 ATREAE IF 9T 7R 78 P2P SCAFIE = R GE b, af I HUALIE 7 0.6 A1 0.81% x Kon a4
PR X A7 2 S 3 v 1 100 2 10 000 AW %, A 20 Gk Ml ok 4 38 AH Y I AT B AR TS B AT miAT B
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{180 ] I 0T AN B0, B L 1 e 4381 AKX T 200, ZE B AN AR AR T IR U AT BE AN 100 4T G Bt L
by 308 R A U OB T AT A U X Ry AR AR AT AT B (R0 558 2 bl A i, B Rl TSI (1 Y 4% 1 AR O

FRER ZH S BIME N 2.

Table 2 Simulation parameters

Parameters Value
Network size 10 000
Kind of file (object) 100
Total number of file (object) 10 000
File replication ratio 1%
File distribution Zipf (a=0.6)
Beta in small-word network 0.5

SR T BT 3 ol A 4 3 b S5 A, TR b R R Y R BE R AT REAT T 0 R LR 8.

Table 3 Analysis of node degree
F 3 WRUEST

Topology Min (degree)  Max (degree)  Avg (degree) Countmin  Countmax
Scale free network 2 220 4 4993 il
Small world network 6 19 10 84 3
Random graph 6 26 12 19 1

A 52 56 23 Ho B i o A a1l 2 s,

a=0.6, kind=100, number=10000
SO AT zipf
800
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200 N\*‘*»

100 M
0 L
10° 10! 10°

RECRINELES

SCAF AN

Fig.2 Distribution of resources
K2 B
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Fig.3 Comparison of total messages (1)
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Fig.4 Comparison of redundant messages (1)
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Fig.5 Comparison of total messages (2)
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Fig.8 Comparison of query hit rate
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