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Abstract: In unstructured P2P networks, how to rapidly and precisely locate user required resources is currently a hot issue, and is also
one of core problems faced by P2P application fields. Related unstructured P2P resources location algorithms can not be optimized at the
same time in respect to precision ratio, recall ration and query costs, which can cause serious network bandwidth burden and huge index
maintenance costs. To address the problem, this paper proposes a query strategy called user requirement resource location strategy
(U2RLS). The innovation of this strategy is to integrate user requirements, user preferences and user interest based on the original
unstructured P2P network resources location flooding algorithm. The strategy subnets the user resources, and adopts the flooding
mechanism and query index mechanism with user required information to locate the resources accurately. This strategy effectively avoids
the netstorm caused by mass information, data overlapping, and resource search partial coverage phenomenon, so as to solve the problem
that query nodes use relay nodes blindly. The experimental results show that U2RLS has high search success rate, limited network
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resources consumption and short response time in query process, and therefore can significantly improve the efficiency for user resource
location.
Key words: user requirement; flooding algorithm; resource location; unstructured P2P network; BFS&UPF
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Fig.1 User resources location map
K1 stikE e

2.2 ZMEFREER
221 ZUEVEBRBUAE S OE

A1 Newman [ £ 47; 40 &5 # (1) 31355 bR Power lawbii HL < M5UR Bimodal ™4 1 P SR VP 42 1k 8 Ut 5 o7 S99
2% T BEFR AR

B 58, H Go() R Ak L5 i 43 A1 ek B

Go(x) :ZPka 1)
k=1

Ferp Py B AL ORE 5 A AR mUf 1 i ) i K RE AL

BT IAN A 18R B BE LB ICTY m I~ B EON 7, = ikpk =Gy (1) JXFE, T — AR 1Y mi I HCE
k=1

2, = [dieo(el(x»} - Gy1)GI().
X x=1
Gy(x)
G
MR 1(Power lawBEHLE). Power lawpifi AL &Y £ B BUR M o 35 500 A, A () F P S K E L,
Gy (1) FMEIEAME o (L— m? ) I(z - 2),GJ(1) HERLE K m* (GL(1) - (B 1)).7 < (2,3), m 4 1 18k

K, Gy(1) 2Go(1)1— B 4L, 1M G,(x) =

G{(D) ZGL(L)I ki AL

BT ={ALAGAg, . AR 540 J3 47 RURE 40, 1 e A2 41T 2 T,={B1,B2,B3,..., B} 5 /D i 41 S 17 SUAH 48 B L3k
IS A B BT 15 25 IR 26 A P, 26 BT P45 PRI ABE 2 24 P, Prew=1—Puira. To 115 25 11 20K 7R A Kira To
Y B BER TR N Kiew K Puitras Prews Kuttra, Krew P 2 2 (1) 1 (1129, 2,13 HE A 4% B A W 1)~ 34705 B

EE 1(ERECBIIZE SRooding). W1 7T 75 78 U2 LUK I EER S0 3 W4 2% v I8 2 W5 0 R D) % 4
o (2); IR E AT R B SRS W 4% 78 e N IE Lk



644 Journal of Software %M 3R Vol.26, No.3, March 2015

SRflooding:]-_(]-_R)C ()
TIE A R OAP (] — 8 A X 4% 45 L4 05 00 43 A 2R, C o W 4% 7 6 2% R (0,1). Bt 35 78 7 SR CI 4 n, (1-R) S i
871>, W SR100ding 1 1328 T 184 2K, BT % Y 2 467 1k M) 26 SR 55 0 24 74 7% 26 I IE L. O

EIE 2(FIRE ALY Z B8] STriooding)- U1 AR 8 D 28 181 FH 7 %3 U5 I FH IR 8] 24 ST iooding, 8 4 &5 I FH 7 %8 U5 ) oy
V) BT 75 B D B T SR e 1T 9 288 458 55 2 CHL [ g

W G (1), G, (1) A 135 A S {G)(1),6,1), (G D)2,.... (G](1)) T '},
HAE Gy (1) - (G[()'™ < k < Gg(1)- (G{(1))" , 21 M 45 78] i % C=l0g (1ry(1—SRyeq) B, 2 2 (4) 95 ity i B E S 4
p-Gy(D)+ p°Gy(1) - G;(1) + p° - Gy() - (G/))* +...+ "™ - Gy(1) - (G (1)) "™ " =I0gy gy (L~ SRq) )
75t 22 20(3)STiooding- O

EIR 3(FIRE B P EQHooding). WM™ I BE L LU I EURIY 5 73 A1 T+ 9 4% v, W 44453 o < D4 C, ]
Vs — U058 A (7 0 AR 2 hik U7 17— AN o, U 0 i P 20 QHiooding=R-C. HH I AT 522 5 (5):

RV,), h=1
Ch = h-1 (5)
[1-RV)I-R(V), h=2
j=1
TIE W7 A iy R R P 4 T R C R, T S S IS N A U7 ) (9 A 2R S Py(Vi), I CRa 7 S h Ik I 1) 1 465
BB Ehoy 1 INCoo S 1 BT Y R B Bk B ch K T 1 I Co 2 A 2 i AR AT 2 5K(6)

AL

M-

I
LN

M-

Il
JiN

p-pi-Go(D), h=1

1-[-p-py- GO, h=2 ©

Pi(\/h):{

3K PR U7 T A AR

SCHRILTI HE, B = (m/i) /(37 m/it ) ciPower law bl L P 43 15 4 i m A 45 85K 5Py (Vi) S i
AP ] g, R e ] 45 A 2 (5). .

EIE A(EREIEHE 2 E QMuooding). W1H 78 U5 7 % th B EO h, 28 hBk 1) B 35 F 4 C, 4 7 S8 hBk B 1) 7
W) K (query message) % ite, by A (7):

-G, (@), h=1
h_{p ?() )

p-G@®)-C, h=2

IE B M A BB A BRI kI R TR TTLxk, BN, 7 BEAR B4 R VA A i) i B B8 A

X(8):

p-G(1)-C,y, 2<h=<n (8)
C., h>n

n

p-Gy(D), h=1
g, =

T2 SV A BRI AN 2 BT 78 55 R C, IR B C B R AN 15 31 2 (7). O

EE S(EFIFREMEMHZEQE ooding) WA hBk 1) A i fiy - % 4 QH(h), QM A i F v pr 7 W B s AL R oA
TEURAE 9 286 v (1R S B, I8 S Bk I B 05 S 7 25 1 3% 2 QEiooding M 2 2K (9):
Y mQHM)/h 1

QEflooding - QM R (9)
IE B < U A AR P AR b I AN A G 04 IR T2 R B H AR R BRI 45 0 R A C o RO

Ze A, PR s SCQH(h) o 58 higlk (1 8 i i vh 0 7 e B 3 Pl W, e I Uy ) MR P (Vi) Bk Bh e S R



T S @d A 2 E R A AR L5 AL P2P IR FALIZ i ok 645

i B A R IR, D QueryHit(h) / QueryMsg s AT 10 G 2 3T S H R (1 5 SRR 2 0k L R SN R
HILE R BEAT R, B U5 A B RO A
TTL
, 1
QEﬂooding =(ZQH(h) QMJE
h=1
U585 N6 1 QE fooing 2 24 3K (9). -
EE 6(FIRE NI Z B SEnooding). W1 T IR L A K17 55 8 U5 A 40 iy vh 26 4 QH (), 2 98 5 17 e 21 6
ISR, %5 A 1 EE g R, W U A 0 S AR QML S A R R E A I R R S 44 2(20):
IDMCLION:
flooding — QM . h R (10)
E B 32 W SEEAE SO R BT IR R 3 RN AR A T A AR R U I A RO A (1),
TEM),/h e o
SEflooding = thXTTLh/ Xl:l_ (1_ R)th1 = :l (11)
7 I Power Tawlifi AL rfr 4 AN 5 U7 18] FOHE 2 Py =1/2" S RE, 55 ki U7 il — AN R0 HE R A
(1-1/2M) % R B g h 70 S Kk U7 ) (147 35 75 OB I M E L (x) =2"[1-(1-1/2")%], 1T QH(h)=R-E(x),QM=k-TTL,
JUESE

SE

QE toang =( X0y R-ECOJIK-TTL-R) =27 EO)L)/QM

i AR 1 4, SR =1 (1= R)C =1— (1— R)Zm 00 a3 A5t (11) e, 24 5L (10) . O
222 HHZEE N R

BRE L(MLEXER). 2 BB AN BT AT AR T IR, TG T8 E I 4T R 1 B G AT, M HEAT I ) BRI, R
A B R B 3K 2 P BT UK B RE U FE T T B A (¥ o] ¢, T i 5 1 S B A o, D T R A
(O3 22— Yz V3% 7 TR T 5 R 1D T TR 2 B A L 24 I % e T S I e R R ) v SR B E AR TR
B8 T, X 4% 1) e AR TR 98 K, AT 5 1 R 8% X

G 2(fEEREE). WA R 68 2 R R — AR AL IS B h 2 B e (R — AN L AR
B A AE B S R AR DA A R RO A, T B H T S B A L I e S S R R R T
TR G 10 T A2 RS A 470 AT R S ) T T PR RE A I 8% 110 2E A7 R A 52 5

BER (M RMB ). SCHR[18]7 WK H B a2 R ) 14 2 738 5 W 7 R AT 06 U 48 R I 2 7= Ak 4 R i 7
a5 A R G AR P A R B T R R A R A A R R AT I, R X B S G
2% FIIX ST 55 b s

W 2(2) T M8 6 3 5% i ph b o 2 8 U A0, FH P A 2 Uk O I, 1) B 1R AT 4T 45 S TA={B,C,D,E}
HRR R R R 32 A D UL C A R R e K AT C R 3%, C Il e IR AT 1 fUAE Te={B,D, G} I 1% s R 3% 25 i 14
KGR K s K C Il G A 1%, G i ' IR A0 15 A AE To={F, M} A [0 715 A R 2% 5 T 0 6L F 45 1 1 8 05 400 0
K, GlalFR 2L, F ) & 1148 a5 s A Te={B, H} H (1715 mUR 2 A v I B2 A 1 98 YR 400 K F 1) B a2 B In) ‘B (14 46
Ji 5 RUAR Te={A,C} b 1A 47 A5 & 3% Ay ) B A S AT IR W8 UR AR 0 K B I AR % H I nT A A 9 B AR R
A—>C—o>G>FBA AT L, LA C,GF,BiX 5 N s 7 o, Ho A5 At T /P AR AN 0] WL ()

W 2(b) o B v FH T 3 9 B o A v 2 9 4% 5% T M T AEE 2 T E A I ) TR 40 S T AR Ta={B,
C,D.E}RIX AU 5., B = AD ¥ 2 18 M A AR DR 2%, DIn) ‘& 48 8 17 i 8 Tp={C,E, 1,3, K} K 1% & )71 B, B 42
DK (1 3% 38 1 5 A, D 1) K 2 32 K i) & (408 i T AR T ={L} & 6 B3 8, th - 27— 4 42 B KL K ) LA 3%, i
I B AW HASD>Ko LA A E I FEH, HATA DK LIX 4 AN gl 7 o, H 4700 s 1 P A Ak
ANET LI,



646 Journal of Software 153 Vol.26, No.3, March 2015

0w 0l e-e

=

wwﬁﬁ’

N
42 ()

Fig.2 Partial coverage problem of flooding
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Fig.4 Probability tree
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R 513, W A% R PR AR 5 P SAR A (R R s 72 1 /N T B A r (% B0 i 2 B0 ), A 0 i b vl BT RA R
R BEIR R 5 AE AR 0] S, I AR AR A A8 2E jle I ST SRR AW, T 6 MR A b 2 4 — AN IR 1Z A
R i R 9 R BT A A Y N A I R 1 BFSSVE S RN F 7 S B 12 AT SR B — 4L
T RPG(S)={A1L,A, Ag, ..., AnJ A H IR A U] iy JEL 0T 12T SR R DY HINE AR A R AT SR A L e 9 g S B R
J TR Y A A

Bix 1 M XET R EE

Input: the set of resource nodes: PG(S)={A1,A;As,...,An}, interest diversity threshold value: r=0.3, initial

(12)

value of deviation distance: g, the probability of X is interested in Y: P(Y|X), cycle control number of nodes: i=0,
cycle control number of times: j=0, interest subnet nodes set of S:ISN(S)=J;

Output: ISN(S)={A, A}, A;,...,A'}.

1. for each cycle j of the times { //Periodically structure of user interest subnet.

2. for each resource nodes A; { //Calculate the deviation distance between user node S and resource

node A; in PG(S).

3 1=D(S||Ai); /IA; is belong to PG(S) and P(Y|X) is belong to interest Probability tree

4, if (u<r) then (A;eISN(S));

5 else if (A is already in ISN(S)) then delete A; from ISN(S);

6 else delete A; from PG(S);}
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7. ISN(S)={A,A,,A,,...,A} //Reconstruct subnet according to ISN(S)
8.  UPF algorithm will runin ISN(S) ={A, A}, A;.....,A'}; //UPF algorithm will be introduced in next
section.}

BT 2T &R 1) BFS @A IR RISATIE A L 207 A T 406 BFS 48 3, J8 T 7= A A B 40
/AN, P00 5% 4 T A X BTG Y R 3 AR 2 [ S8 6 T P 75 SR 1K) BFS SRS 2 PR i A 1), S5 L [R] I, FH P S %
AT A ISN(S) ={A, Ay, A, AT B 1 BB AP (S)={P1,P2,Ps, ..., P} B D4R R B T 8 R 5| 4
V25 (R IST [1) 552 2% FSE AR R ARG, oy FH ) 225 TR AR A A7 B, T R A S A S A 9 5 1190 X BB 5 AR (14 48 S 70 T 52
(Y 2 B A T R S Y P N, 2 AR B W G O 2 G Y N Sk T A
AR 3K 2 TR Ok X 4 57 SO W 8 22 4P SR 2R 5 | S0 — Bk S K R 1 O, R i B RS R SR A
PERE. 2 AN TEUR T SN W 2% I, 3R G0 o % R YR i PR U R 51 ST IR T4, R P AR b 11— 350k 4
TFRY, B Er 3 AN (1) — AN R U R BUSC AR I TR (2) SO ST IS A A % A B
JITAT 5 b R R 3B — BV B T3 (3) BEURIZR 5 SO AR ST, LS 4 ST 10 % R 5 4 ) 4.
33 BEEERHAMIZ 1R

TEX 6(B Az ek £Y). LT A G0 10— b 0t U A W Az i R e v 2R R R h AR
ERARNY T A, T h (B2 R TTL e ok 2 i, B

h=f(n,TTL).
R AT 26, e A 0 K R TTL A 25 0 £ 30 o 250

Pn—‘ TTL is odd
h=f(nTTL)= (13)

{gn—‘, TTL is even

76 BFS V2 F1 VR FE AR 46 8 R 547 DFS(deepen first search) i, w4k 1 s hif) £ & 2 A28 1, 70 9 Ry h=faes(n,
TTL)=nHTh=fprs(n, TTL)=1. 752 AN 516 & 73 A2 o, J8 30 k2 AL 2 Bt AN B, 8 1 0 30 4 AS T 9
W B B e SR C.

E X T(F P K E Emetrics). {EFI T U2RLS IR MG 3EAT 98 U5 A7 I, AR HEmE AR 35 1 7 75 SRR HEAT % 5 52
AR ) 2 05 AT . ROZRIETEME . AR O] AL g BB . T SRR T U A B
FH P 5 SRR AS [R) et 28 4k 43 W AR B (B0 A T B Wy, S T 3RO S5 1) 0 D 7 5 SR D P ) DLoKE I U 2 ) A0 SR A e
o B B BT R, 3w =1 widi B B IR, HL 1<t

i=1
EX SRR EKREZRIZHRE). 798 i 2 a5 0 8, 5INES i Fh &R R & 2 R 002 vt e 2
hi=l hxw; |.

33 5L wi ok R L 1 55 i A

Bk 2. )l R R Wz Ak

Input: the number of neighbors: n, the number of A;’s flooding nodes: h, ,h, , the set of TTL value: TTL={a,
b,c,...,m,n}, user node: S, the set of mix metrics in the network: W(S)={wy,w,,Ws,...,wy}, the set of mix metrics
chosen by user S: W'(S) ={w],w,,w;,...,w.}, the set of S’s interest subnet nodes: ISN(S)={A, A, A;,..., A}, empty
set 1: H=@. empty set 2: H'=@,

Output: the number of queries: m, the number of nodes which receive new messages: u, the probability of
nodes which receive messages: p.

1. foreachTTLa{

2. for each neighbor A; {  //Calculate the number of A;’s flooding nodes h,

3. if (ais odd), then (h, =[n/2]);
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4, else (h, =[n/3));

5. ha eH{hAl,hAz,h%,...,hA"};

6. foreach h, of Aj{ //Calculate the total number h” of flooding nodes according to user metric.

7. for each metric w; of S{ //Calculate the flooding nodes number h, according every user metric

w; in W(S).

8. by, =[hy xw;|;

9. hy eH":}

10. h":h;l+h’A2+h;3+...+h;m ;

11 for each metric w; of S { //Choose the nodes user required to send query messages according to each
user metric.

12. for each neighbor A; { //Choose the nodes user required to send query messages according to
each flooding node.

13. if (w of A inH'>w) then (send the Query message to A;eISN(S)); //if neighbor A;zISN(S),

query messages will not be sent to it.

14. else (delete A; from H);}

15. H=@; H'=® [[Clear the set of H.

16. if (TTL=0) then (end the frist for loop); //Use TTL to control loop times.

17. else (TTL=TTL-1);}}

3.3.1 BFS HIAM UPF SRR 2% WA . R B B 00 46 0 7 o 1L 2 (100 L 20 #r
T UL G SR L S X T BFS S RT DLEE G W 2% XU T AT 8 R A R AR R o A )
I B VR R A 16 55 SEAE N ASIE 1.
E B (BFS S92 Rz VB il e A i AR,
() TTL=7,RN(S) ={A,B,C,D}. 1§ B R i%¥=HS - AS —>B,S—>C,S— D.
(2) TTL=6,RN(A) ={B,D,1,Q},RN(B) ={C,L,K,W,J} RN(C) ={F,G,L,B},RN(D) ={A E,F}.
R RERENS > A>BS>A>DS>A>1,SH5>ASQ;
S-»B-»C,S-»>B->LS>B->K,S5>B->K,S>B—>J,S>B->X;
S»>C->F,S->C—>G,S>C—>LS—>C-B;
S D->AS—->D—>ES—>D-—>F.
(3) TTL=5RN(B)={J W,K,L,C,S},RN(D)={S,E,F},RN(I) ={J,H,Q},RN(Q) ={R,E, I};
RN (C)={S,F,G,L},RN(L) ={M,C} RN (K) ={X},RNW) =¢,RN(J) ={I,0};
RN(F) ={G,D,T},RN(G) ={F,Y},RN(L) ={B,M},RN(B) ={A,S,J W, K, L};
RN(A) ={Q,S,1,B},RN(E) ={Q,Z},RN(F) ={C,G, T} i Bk %12 H
S A->B—>»J, S A->B->W,S-A->B—->K,S->A->B—->LS—>A—->B->C,
S A-»>B—-»SS—>A—-D—>SS—->A—-D—->ES—>A—->D—->FS—>A->I1->1,
S>A->51->HS>A->1-5Q,S>A>Q->RS>A->Q->ZS>A->Q—1;
$S-B-»C—»S$S-B-»C—>F,S-5B>C—>G,S>B->C—>LS—>B->L->M,
S-»-B-»>L->C,S5>B->K—->X,S5B—>J->I;S5B—>J—>0,S>C—>F->G(,
$S»C-»>F-»DS-»C>F->T,S5C>G->F,S-5>C—>G->Y,S>C—->L->B,
S-C-»L-»>MS$S-5C—->B—>S5S-C—>B->AS->C—->B—>J,S>C—->B->W,
§S-C-»>B->K,S-C->B->LS->D->A->QS->D—>A->S5S>D->A-I,
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S-b->A-»BS->D—->E—>»>Z2S->D->F->C,S>D—>F->GS—>D—>F->T.

(4) TTL =4,RN,(J) ={1,0},RN,(W) = ¢,RN, (K) ={X},RN, (L) ={C,M},RN,(S) ={A,C,D};
RN, (S) ={A,B,C}, RN, (E) ={Q,E}, RN, (F) ={C,T,G};RN,(J) ={B,O}, RN, (H) ={N, P},
RN, (Q) ={A E,R};RN(R) = 4, RN,(E) ={Z,D},RN, (1) ={A,H,1};RN;(S) ={A,B, D},
RN,(F) ={D,G, T} RN,(G) ={F,Y}, RN, (L) ={B,M};RN,(M) ={U},RN,(C) ={B, S, F,G};
RN(X)=¢;RN, (1) ={A H,Q},RN(0) ={V};RN,(G) ={C,Y},RN(D) ={A,S,E},RN,(T) = ¢;
RN,(F) ={C,D, T}, RN(Y) =¢;RN,(B) ={K,W,J,A,S,C},RN,(M) ={U};RN,(S) ={A,C, D},
RN(A) ={I,Q,D,S},RN;(J) ={I,0}, RN, (W) = 4,RN, (K) ={X}, RN, (L) ={M};
RN, (Q) ={1,R,E},RN,(S) ={B,C,D},RN, (1) ={H,Q,J},RN,(B) ={J,W,K,L,C,S};
RN,(Q) ={R, A, 1},RN(Z) = #;RN,(C) ={S,B,G, L},RN,(G) ={C,Y},RN,(T) = ¢, B R 1%k M 45 Ny
S A->B—->J—->I,0,S> A->B—>K->X;S—-A—->B—>L—>C,M;
S>A->B-»>S—>ACD;S-A->D—>S—->ABCS>A->D->E—>Q,Z
S A->D—>F->CTGS>A>1—->J—>B0O,S—>A—>1—>H->N,P;
S>A->1-5Q->AERS>A->Q->E—>ZD;S>A->Q—->1->H,A;
S B-»C—-S—->ABDS--B—>C—>F->D,T,G;S>B—>C—>G->F,Y;
S$S-»B-»>C-»>L—-»>BM;S B»>L—>M->U;S—>B—>L—>C—>B,S,F,G,;
S»>B->J—>I—->HQAS>B>J—>0-5V;S5>C—>F->G->C)Y,;
S»>C>F->D—->ASES>C>G->F->CDT;S>C—>L>B—>KW,J,ASC,
S-C»>L>M->U;S»>C—>B—>S—>ACD;S->C—>B—>A->1,Q,D,S;
S-»>C->B—>A->10QD,S5;S>C—>B—>J->0,;S>C—>B->K->X;
S»>C->B->L>M; S D>A->Q—->I,RRE;S>D—>A—>S—>B,C,D;
S»>D->A->I1->HQJ;S>D—>A->B->JW,K,LCS;S>D->E—->Q—ARI;
S--D->F—-C->SG,BL; S D>F->G->C,Y,;

BFS Sk ik thid FEun &l 5 .

(S T

@ :TTL=6H, X TR A
@ =5k A ETTE T A
@ TTL=40 A BT A
@ TTL=3IN, A TR
- TTL=TH A5

- TTL=6/1 & {5 &

- TTL=5[ A5 5
TTL=4N A E B

Fig.5 BFS algorithm message routing plan
Kl 5 BFS HkH KK

BB R S AR AW K, Bk S 2 3 Uz B A AL AN R R 110 A A R L
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AT 4 SRR AT S R UG A 30 Ak AR, IR — A VE R 2 IR IR AE T 76 SRUUARTH R, SR
A g 2 PR — s i A T 2R 0 I, D % XU
£ UPF SLk U745 1 S A A i oK
ISN(S) ={A, A, A,...,A}TTL=7.

FEL i SR k) 4% 326 T P wy =0.5, 1 A 52 % U 4k w,=0.5.

FERNTN BIUE B o, A I 43R T ISN(S) AL el i 7.

TE B (UPF S0y 10032 3k it eh o 2 2 v BB ):

() TTL=7,RN(S) = PG(S) ={A,B,C,D},n, = 4,w, =0.5,w, = 0.5.
h®=[4/2]=2,h} =1,h; =1 h* =h’ + h} = 2,7E$%A C. ISN(S) ={S,AC}.

(2) TTL =6,RN(A) ={B,1,Q,D},RN(C) ={B,F,L,G,F},n, =4,n. = 4.

h* =[4/3]=2,h/ =1h}' =1,h* =h + h}' = 2,3%$%1,Q.;h® =[4/3]=2,h% =L,h7 =1,h® =h{ +h{ =2,
£ $B,G.ISN(S) ={S,A,B,C,G,I,Q}.

(3) TTL=5,RN(B) ={K,L,J,W},RN(G) ={F,Y},RN (1) ={H,J},RN(Q) ={R,E},n; =6,n, =2,n, =3,n, =3.
h® =[6/2]=3h? =2,n} =2,h* =h? +h} =4, 75K, L IW;
h® =[2/2]=1h% =1,hf =1,h® =h® + h$ = 2, IEF%F, Y.
h'=[3/2]=2h =Lhy =Lh" =h' +h) =2,%FH,J;

h? =[3/2]=2,h? =1,hY =1,hY =h? + h? =2, E#R, E.
ISN(S)={S,AB,C,E,F,G,H,I1,J,K,L,Q,R,W,Y}.

(4) TTL =4,RN(R) = ¢,RN(E) ={D,Z},RN(H) ={P,N},RN, (J) ={O}, RN, (J) = {O}(E : /7 5, 7ETTL = 4,
IR 82 15 551, OfF1i ), RN (W) = ¢, RN (L) ={M},RN(K) ={X},RN(F) ={D,T},RN(Y) = ¢,n, =0,
ne=2,n,=2,n =2,n, =2,n, =0,n_ =2,n, =1n. =3,n, =0.
h® =[2/3]=1hf =Lh; =Lh" =hf +h} =2,3%$Z,D;

h" =[3/3]=1h" =1h] =1Lh" =h| +h] =2,i%$D,T.

h" =[2/3]=1h" =L h' =1,h" =h" +h}' =2,JE$%P N;

h* =[2/3]=Lh" =L h =Lh% =h* + hy = 2,#%4$% O°.

h'z =[2/3]=1,h"2 =1, hjz =1, h"> =h + hj2 =2, &EF0";

h =[1/3]=1h =1, hy =1, h"" =h + hy* =2, EPEX.
h"=[2/3]=Lh"=1h; =Lh" =h +h; =2, 3EHM;
ISN(S)={S,AB,C,D,E,F,G,H,I,J,K,L,M,N,0,P,Q,RTW,X,Y,Z}.

(5) TTL =3,RN,(D) = ¢,RN, (D) = ¢(3F: : 77 55D, 7ETTL = 4], [ I 48252 715 s E, FIRTH ),

RN(B) =¢,RN(0) ={V},RN(I) =¢,RN(M) ={U},RN(C) = ¢,

RN(P)=¢,RN(N)=¢,RN(Z) =¢,RN(N) = ¢,

RN(X)=¢,ny =3,ny, =3,ny =6,n, =L,n, =3,n, =Ln. =4,n, =0,n, =0,n, =0,n, =0,n, =0,n, =0.

h® =[1/2]=1h? =1, =1,h® =h® + hY = 2, 3RV (7 : G0 s n] LUE ).

h" =[1/2]=0,h" =1h)" =Lh™ =h" + )" =2, U (7 : AT — A1 20T LLIEH%).

ISN(S)={S,AB,C,D,E,F,G,H,I,J,K,L,M,N,O0,P,Q,RT,UVW, X,Y,Z}.

el 6 JroR, UPF SEVELZesd 4 UR0Z PR I A7 719 i at g e oy, A i R 28 R L3 AR LA R

HAX T BFS 595, UPF 717544 9 2% B2 U 7 1A KR 252 Tt
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(S) HuaT A

@ TTL=Ti i R R A
@ (TTL=6, i 5 BT R
@ =50 A B TR A
@ TTL=4I A BHTEI R
@ TTL=3m A QTR
- TTL=7 1A #if5 5

- TTL=6[1 £ {5 &

- TTL=5/ A i 5

e TTL=4F A {5 5

- TTL=3[ & {5 8

Fig.6 UPF algorithm message routing plan
Kl 6 UPF Sk B KK

3.3.2  BFS HyE UPF 5L REXT HL 23 Hr
i 26 A BEIE T A b H T ARGE BEYR E AL K, TTL HIAR(E A 7,BFS M UPF PN S0 X Mg 6L L Bz
BRI SRR TR I R R R AR B T A B O LR 1.
Table 1 Performance comparison between BFS algorithm and UPF algorithm
F 1 BFS 5LiLH UPF 5Lk e E

Algorithm | TTL | Query msg | New peers | Msg per peer | Partial coverage | Redundant information
7 4 4 1.00 0 0
6 17 8 2.12 0 3
BFS 5 38 8 4.75 3 26
4 51 4 12.50 17 47
7 2 2 1.00 0 0
6 4 4 1.00 0 0
UPF 5 10 9 111 0 1
4 10 8 0.8 0 2
3 2 2 1.00 0 0

3.3.3 i SRIOT 85 FA B AL OR3P Ja B

FH P 27 3 B U2R LS SR % E AT %8 050 8 A7 I A B 11 T FH P i 4 (40 22 R R R0 22 e P A0 49 Ol 47 308 BN TR 5 A2
BT — AN AT 20 ) 7L B A TR A A P e A I Al A — AN AR 1 TR kb 3 T R A A ) e T SR
V5 AR AN B B TR R ) A 2% B B 00T, U2RLS K FH B4 2 — ol m] i F S B DU) 425 418 7 vk 38 3ok g D P A 4 43
2, K BCEAT AN D i s ok 1 A B O 4 2, &85 6 T A0 U HE EE BT R if-then RN AR A % 5 43 A A7 1Y
AP, S A A SR A AU R R T U2RLS 7 A7 A5 B ISR b #RRE ) 7F b R U2RLS TR 4
AR AR DG e U A A AN A R R P e O RS S A T B M I B e 4 1 8 Itk 2R C=(cy, ¢
Cayenv,Con) FT 45 18 J8 1 S D=(d1,d, 03, .., dy). U2RLS (R A5 0 TF 84 & - o 51 52 5 )3 sp(C=>D) A & {5 [ cn(C=D). I 41,
FH 7 () B RA R 22 A e B2 FH P O A SR U (1) — AN S 240 4 25 U2RLS SE W S 77 32 A2 FH P BT o 1R 8 0, 6 20 e 3%
FEMTH P RMERE . ATA AESEE TRARGELZAMHEE H AR AL e A m 5 B R AL
P2 ) FOHCYE 2540 45 28 e 530 T DAY 4 2 M ob P O A 00 25368 2 P 4 8, TR0 B AR T DL 5 4 FH P 5 1)
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ID. H U5 R FrAenn E . P AR S B P B RA AR KL
3.4 TTLERARNKEE

TTL BT U2RLS St J2 45 56 T2, 2 710 A0 RN e U519 o 22 TR) RO A B A I A 8, R st T 2
FORUL, a0 fa] 15 7 1) & BEHBEAT 58 4 bl TTL RO $EH.n A B K38 R A0, AR N ELEE AT A RE 8 T 2
TTL SIS 3G I A6 9 A0 P 4R 25 PRy vk B T DT 4 o 3% 0 e A2 0%

B 3 AUENE.

Inp

ut: the set of initial TTL P={a,b,c,...,m,n};

Output: the set of complete TTL as next time P’.
1. TTL=a; do UPF algorithm;
2. for each TTL value a {

w

4
5
3.5 BN R

if (TTL=0 && all nodes has been covered) then (end the for loop);
else (TTL=P;—P; && do UPF algorithm in a distance P;—P; deyond S); //j=i+1
if (TTL=0 && all nodes has been covered) then (end the for loop about this time);}

271 IR ) B DR A1 D Al B I U2R LS B8 SR BT 5 28 e 0 SRS 15 92 8 4874 R QIR BE U 9 A, F T
TS 2T R R A, BB DR T U OGBS R T I R 43 R TR I IR, R T I R 23 SRR
52 ROBEUEAH OC R R BRI A0 BT I SR 1 R b B 4 R T A N S

BiE 4 W RSN L

Input: the set of old resource nodes: PG(S)={A;A,A;,...,A}, the set of new resource nodes:
PG'(S)={A,A,, A,..,A},thesetof S’sold interest subnet nodes: ISN(S)={A, A}, A,...,A'};

Output: the set of S’s new interest subnet nodes ISN'(S) ={A’\ A}, A;,.... A'}.

1. for each node A;gPG’(S) { //if A; has been off-line node already, A; does not belong to PG'(S) definitely.

2.

3
4
5
6.
7
8
9

if (each node AjePG(S) has the relationship with A;)
then for each node A; { //A; has the relationship with A,
1=D(Aj||Aj)=c0; /IA; is an off-line node, there is no link between A; and A;, D(Aj||A;)=co.
if (A;eISN(S)) then delete A; from ISN(S);
update the interest probability tree;

else break; }
wait for the next user interest subnet period; //user interest subnet algorithm will be reactivated.
update the new interest subnet nodes set of S:ISN'(S) ={A’ A}, A;,.... Al}.

4 REHSIE KX AT

A S50 30 1k Peersim - & 4 i JLYRAR RS HEAT A48, BT B 1 I 4% 4 4 [ £ $5 Power lawBE ALl . Bimodal i b
P& L HG A R 5 44 (X P2P %8 5 5 37 7 1954 APS(adaptive probabilistic search)? Rw(random walk)[, BFSEF1
DFSM A48 P2P I £ 3247 18 75 K, B v T BE48L S 7 Z2 5% EL A BT SR B %o Bl LA 4 Fofr A 45 4 4k P2P % U5 & 7

S
1)
(2
©))
4)
5)

ARAE AR 7 3K an, U2RL SSRGS VR 15 5 2k Jo] JU132 14k R B30 PR 0T LE 23 #

Power law FEAL 1, U2RLS SR A 15 1] LU HI ™ BTl B EAT Phad . AER ) 58 218 2R ;

Bimodal 41 #h & U2RLS SR E 15 n] LUK 5215 249 P 287 98« 92D TG A B2 1) W 48 T4,

Bimodal 4 41 & 11, U2RLS S0 1) P2P 1 4 B¢ il A0 1o R i FLAT IR [ 0 2 48 0 900 2803 o S o
Power law FEAL 1, U2RLS SR AL 1 1] A RIGEE S 199 2% 8 st 5 (o7 1% 2% 0 72 2 L .
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4.1 BRI SHREINME

EVE S 98 NINERE
Table 2 Simulation parameters and default values
F2 B EBIME

Simulation parameters Default values
P2P simulator Peersim
Graph model Power law/Bimodal

The number of nodes 10 000

The average node degree 8
The number of query requests 1000
The number of objects 25~800
TTL set TTL={10,20,30,...,100}

Replication ratio 0.25%/1%/8%
Replication distribution Zipf (¢=0.82)
Query distribution Zipf (5=0.68)

User requirment metrics W1/Wa/Ws3

42 ZWLAPERwWTRE B ZH®E K Lo

T RIAE T ANTE i skw TR A B A U2 v R R VBT TLZ 1) (K 96 &R 24 AN A JH K4
B30T 194 2% $5 A O 1 K8 L BT 7 8 U AN, 106 632 T R B by 2 R T A 4 R AN ) T e AR A, S B 3 UK T
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Fig.8 Resource location success rate vs. TTL value in 4 algorithms
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Fig.9 Resource query hit rate vs. TTL value in 4 algorithms
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Fig.10 Redundant messages vs. TTL value in 4 algorithms
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Fig.11 Resource location efficiency vs. redundant messages and TTL value in 4 algorithms
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Fig.13 Resource location time vs. TTL value of 4 algorithms
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Fig.15 Total number of bytes costed vs. time slice
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Fig.16 Replication note distribution vs. coverage degree in DFS & U2RLS
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Fig.17 Replication note distribution vs. coverage degree in APS & U2RLS
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Fig.18 Replication note distribution vs. coverage degree in BFS & U2RLS
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