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Active Replication and Search Strategy of Scarce Resources Based on Local Demand
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Abstract: In unstructured P2P networks, the existing search protocols are effective for popular resources, but searching for scarce
resources is inefficient. Improving copy rates of scarce resources is the main method to solve the search inefficiency. The query hit rates
on scarce resources are lower as copies of scarce resources are small. So the existing passive copy replication strategies based on the
success queries are not suitable for the improvement of rare resources popularity. To solve this problem, we propose an active replication
and search strategy of scarce resources. In the search process, peers with scarce resources actively initiate the search for scarce resources.
And local demand information is effectively obtained in the process of search, and then scarce resources are copied to the peers that have
demands for the scarce resources. The method implements the on-demand replication of scarce resources to improve popularity and query
hit rates of scarce resources. Based on local requirement information, we provide three different kinds of on-demand replication strategies
and a rare resource search algorithm. Experimental results show that the active replication and search strategy of scarce resources can
effectively increase copy rates of scarce resources with lower replication consumption and network overhead, and then improve the query

hit rates of scarce resources.
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(demand proactive replication-full demand, & FX DPR-FD)HIEE 1 75 3K 0 55 K 75 =K & #il L (demand proactive
replication-maximum demand, & #% DPR-MD).

o DPR-FP: 75X B U5 [n] i = Bl 48 2R U A% 00 T, 40 1 v ke B A0 2 07 A 0 12 58 P o SR SR A o 2 %

R B I, T ) 5 12 TR Ok A 7 SR R A R, DU 12 W R R AR AT A B AT I A R R VR
SR 2R B AT R A AN Y S BRI R D T SR I 4 AR S L
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o DPR-FD:7E A 2 I BN AT 75 R (AT BE IR 2 Ji  AE AR ZR A% b 3 P08 12 B8 AT 75 SR 104 ik
AT BV 10 5L
o DPR-MD: 7 H % #8 28 ' 1 B A A7 75 SR R A 98 U 2 1B P R AR L0 i B U SR K B 1Y A
D X i BRI AT 2 Bl S A ME— S A
X3 AN () AR B2 A SR A Jd ¥ SR A R, T A A /AN S A AR L, 9 5 050 52 1 381 B 00 T SR AR 0 LK
— 55 PRUSTHLAIAT A% A AR [/ PR v, I A 25 R AL 8 3R S I 1 Jm3 358 PR 355 08 W8 U0 1) 795 SR -0, BV, T 18 4 R
(R PR E 1 2 A5 A 0 12 BRI 7 SR A R s 0 % BT AT SR RIIN AE PR AP B R 78 90 2 18 BRI AR S A A3
ASCRE AR A 8 5 A2 1) 21 BRI 2R P 2% 3 55 L DR PR SRR AR LA W v TS L T & 15 5K 1 DPR A2 SR
YO of % Yt ) A A S AT RS

3 BARRNRSEHRRE

TR T R A LB Z LG DPR o AN f A 75 2 08 AH B (19 2000 2548 F T s s AL B A ¢
TR ) R I 0 R TE A AN T35 A AR T B R ) T SR AR B 4 A X R B A5 R BRATT 5 T — Rl T T sl A
P54 ZHLHI(hit search algorithm, i FX HSA), FEAEIX 48 2 S 0E T 90 UE T 25 T/ 3K I E 3 ZHIHLHN 0 PERe. N T
a3 o gt TR FH G s 254 T RHLHIRN R 5] 18 58 Bt 2.

3.1 iR

1) H A%

BEANAE W 25 A AL 3 1 B — AT B 9 JC 2 M) il Message=(MType,ID,ONode,FNode,ONode,Item,Path,TTL,
Extension). JL ™1 ID JjiH 5. Message WIME—Ar i ;ONode y /1% S 7 IV U6 Y 5 FNode T A% 33 1% 3 LK
i 5;ONode Sy AT 2308 U5 15 5505 Item g 3% 7310 1 28 Y545 BL; Path J9 1% )T BT 4 07 ) 4 42 (5 & Extension
JI T B B> M Type Ju i BT A5 Query I Probe WiFI 2T U1 R B Message.MType & Query, i}
2% B B ST B Message.Extension S WTHRTH B, Message. MType /& Probe, 4 % B HRITE B,
45 Message.Extension TFI{H AR T2 rb BT 48 41 1R R 2 5 1) 75 SR A U8 Tt SRRl ok 73 sk ikl 5k i DPR-

MD, 0| Message.Extension (1) P4 2% 9 #R 8% 4% Hh 6 B8 95 ELAT 55 K 7% SR 45 A IR0 45 85 20 SR SR Y FL Al 7 o &2 1) 556
W&, W] Message.Extension " [ P 25 A 4000 3ok 2 Hh 5 4 1) o BR300 0% 95 1) 75 SR A R
2) TR

hy SIS T SR 32 ) BT S R R MU AR AN T N T B 3 R A B £ 45 K, 0 DAY RO 3T
K (peer object list, & HX POL). J&I) £ i ic 51 (success search list, fAjFK SSL)FI £ if] 5 3K ik X ¥ 4 (search
demand list, fi] #* SDL).POL JTJ J-ic 3% 7 s A B Bl 9 B U5 A 19 o o B2 A5 B SSL ] T st e 3715 A3k 1
J Ty Rk B A TR SRR I AT T s, SDL F T SR 7R 12719 A SR BRI SR A £ v Ty FR 6 G RO A X Gk
I A H 7 R AR R 5 E R W& 1~ 3. 3 1 W the degree of hit(ppo,)F1K 3 '/ Demand
information(pdo;) 75 il FH A R (5) Fl A 3 (6) 3k 15

TR S AR, 23 % SSLAT SDL 4T Zh A& M HI 4A 44 5 50, IR R A7 BEUR 1) S 2= F v,
M SDL HH R IR A #0065 G 1K) i SR AB R AEIAAT S R v IR K03 3 ol iy D e 4 95 4 130 R T BA AU A Sk A it 25 440
IR FIFO (¥ )5 3% A v 7 J2 AR AR L JEAT HE B R S 7, JL A7 fi 25 im0 A0 AS B 1A A7 i 15 Kb 2 i 0 3k
ATHCE T H 2 3 25 BT e 3h A e A 7 9548 RALHI(hit search algorithm, fAjFR HSA)FIIE T 75 K (K H5f ¥%
Y5 =B S ARIHLE P R 5] SR AL

Table 1 Peer object list POL
#1 WX BRIIE POL

Object-ID (peer own)  the degree of hit (ppo,)
10000-2 0.5
10000-6 0.0
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Table 2 Success search list SSL
Fz2 RIS IR SSL

Object-ID (queried and hit, not include in POL)  Neighbor peer list (success forward)

10000-1 P1.P3s- s Dis---)
10000-5 Popsoeeoi)

Table 3 Search demond list SDL
F 3 EMFKIdRSIE SDL

Object-ID (queried and not hit, not include in POL)  Demand information (pdo;)
10000-3 0.8
10000-4 0.6

3.2 #ENHHAS

24— AN R B — AT SR AT I D %
B R SRR SRS AE POL AP A SR AR U B ol s o 3R [ S 8, )& 2 POL H £ ify
o G TR I PR s PR AR L B IR AN, T BAT 20 5 2;
B2 fF SSL ORI AL A i A v G SR, DU AN R T AR AR S R ), A
JSC TR S 25 ) 1 408 10 i T S o S I X6 5 [ 408 1 a5 A0 3 Hp R A SR Y B 3R R AT I A
T T A, AR R R T R T RN B AT AP IR 3,
YR 3. fE SDL R 7540 2% 2 VO G o R A 5, D00 a3 WA 8 4% 1 1) 2 BT WA X ik B 11 A iR
i) J K, SDL H1 4 45 (Demand information) K BR T 75 12 15 fU A% 12068 G 1 2 v 75 SR A U5, T 44
TIAZRE G Bkt I 10 75 SR A5 RN o R
AL JUAE SDL A 38 IniZ A 0 5 W1 46 A0 L 75 SR A5 B AT D BR 4,
W4 AE TTL JGIHE P BENLEBEIZT s 00T AR R0 s i) B AR % D, 4k 248 R B 238 R R Ml ak
Dyig |l
33 HIIEHIRE
PR R B IR G S R AR A v T SR S R (B AR AT 8 R AT 2 1 SR S 1 I 5 e B
2 BRIV B TR BT RSB B B R [T R TR 4%, 43 3 5 SDL AT SSL & 3EAT FE
IR BUR Y/ I
SELL RWEA AN S EEEE SDL P an A S WA SDL A 55 % S AH G 45 B30T
72,
IR 2 KA B A S AE SSL
> WAL U A2 A R TR R S A SE T I 408 B 3R A AN T T s R
AN B UPREZ A0 J 1 s 0 N 6T B, 1R 20 21 2 0 AT A0 3R 450 A 3 0 LR AT AP BR 4,
> WmEEE N R A EE SSL R, P AT A BR 35
W3 AE SSL M T G, FEH 0 B (0948 1 AU N B0 B 1 4B R AR BR T AT 4,
IR 4 IR RERADGREE AL Z ) s R B RGE A A R AR A
U — A TR I DA R I, IR BT WA A B U AR 2 0 2 75 SRS AT 2 A B R ) 2,
TE S AR rp 615 i EAH DG 2R 5 | 45 A 3R AT T, T8 7 i A R SR FH A () (1 52 41 55 86 1 A6 P A [l
(1) 7t DPR-FP S HI5EHs T, B8R B AT LA 15 i) POL KA B I F] POL H FH A —IXk
s R Th A SDL HhiZexd % 2t I I AH A R B
(2) £ DPR-FD &I 50E N 76 & A G U 175 s 4k, % POL A1 SDL (1) 58 37 A 175 1 (1); 48 JE & 51 8 Y5 1715 s
Ab K SDL i % %8 P (K M 6 A TS B, JEAE SSL A N N 26 5 8 Y5 R 6ok HE 3R 47 4% 336 1) 408 S 4 A
58,
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(3) /t DPR-MD Sl SIS T, 75 5 AT SR 5 A AL, SR I RE R T (1); 00 T A2 i A E A B R SR 9 4,
HSEHs SDL FFZont B B K AH S A B R, AR e LA K SR i [ B8 i, 68 6 B3l 4 )i4E SSL
IMANAZS B B RS FCRE AT 1 386 1) 408 i 5 A B 0 LR 19 R AE SSL AP AN R BRI 14 1%
TH SR8 a4 R A5

4 MEXWRI LS

41 XWINEZE

Shy BB G 6 A0 A SR 1) 2 S R A S BN LRI 1R A 2 48 PeerSimP M 4 BLF- & AT B T 4 RS R 1
28 GERY RT3 93] Ay BT I X 2% 45 78 (random graph network) /)M {H: 5 X 24 455 78 (small world network). JoAR & BA
I 2% B 70 (scale free network-BA)FITGHR 5 DM M 2% 45 7 (scale free network-DM)B™.4 i (60 £ £ b 45 K 35 1 )2 4%
At L an 1 o, 4 B 4 g5 R i R T E BULER 4.
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9
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Fig.1 Node degree distribution in the network topology
P10 b G o i B 2 A1 A L

Table 4 Node degree of statistical information in the network topology
x4 WINPT R ZHE R
Mg AR MR EEH  RANE RS P BANEEAREH RO RS

Random graph (k=6) 10 000 6 19 10.5 84 3
Small world (k=11) 10 000 12 35 22 2 2
Scale free-BA (k=6) 10 000 6 408 11.9 2520 1
Scale free-DM (k=5) 10 000 3 1611 9.9 1 1

W4 2% v 1) 0 VR 20 A K - Zipf-like* 67100 A 78 W8 YR A 46 23 AT AR [ (0 175 50 R, 20 30 e o 77 IR A28 A9 45 A R
Zipf-like 43 Aii [ 22 1. 5236 A L4241 100 28 5 000 N6 %F1 10 000 A7 i) B8 206 G AK I Zipf-like 4 A v & AH



Mg AT EAE ROHA TR A B 58 R HH 2427

P R RAT B AR T AT I IRCA T B8 T A I 11 ] 80T S R A4, I BE WL ) 3 815 mOBE R R b AT S5 A A5 s AT 1
1) 55 G 3R AL e 1) ST 2R S B RILAS 2 A o B s ol B 2 o,

Xt T2, 2E RN Zipf-likeP TV 75 ) 43 A o M X B2 B TEAT BE, A 1000 256 5 mf it WL A 3k % 7 1) S it
HEAT A0 X A0 7 ST G B A AT S R0 5 B8 22 1) ol 28 900, B 82 00 T 6 SIZ 1190 19X 0% I D 17 0. 52 o SEE 36 v 1) 25 48
ST uE 3 FrR.

7 @ 16
g 5 = b M4F-------------=----1
O R E E2F-
E 4L 4 8 10fp-----mmmmmmmm oo
a + k=] <35 |
I S - =
a L E bl ]
8 2 . I S
B . >
SIS s 2 %;;; ************
0 ! o 0
0 20 40 60 80 100 0 20 40 60 80 100
Object items Object items
Fig.2 Object distribution Fig.3 Query distribution
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HSA 75, 06 T AE 2SR 52 1) 54 s R0 SR FH A2 1) S s (3R 1 75 SR 1R 4> 5 42 52 16 DPR-FP) W P i 5 1 (1) sk o 6 38
177 X b, g5 oy il il 4 RIS fos.
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Fig.4 Searching success rate of HSA under DPR replication and no DPR replication
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100 S e 100
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= 20 O Not replication 5 20 —o— Not replication
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Fig.5 Searching success rate of RW under DPR replication and no DPR replication
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popularity<2%), 21 i) i il R 5 e AR L BOR AL 4 mh AT I SRS ) HSA HIEAE 4 R4 ity mh, 20 5
RHRAT FE /N T 2% IE, JE 7 1) sl A6 KGR 5 T 20%~30%. 1M 7 ] 5 71t 1 75 AT 52 11 SRS 1) RW 55096 7156
GIRAT BEAE 1% 2047, A ) i o 38 23 00 5 8 T 10%~20%. 7 B 5(d)Hh W 7ps, JIT412 i (0 7 1 o o 6 B sy A
4 FEL 5 B0 EER T To 1R 2 75 AT S A HS A SVEAAE 4 Bl 2% 40 $h 45 Ky b (0 2 ol i R 3 - RW
1%t DPR-FD H1 DPR-MD P Fift & S N 1) sl o 445 0K #8546 AR DL IX AN R 45
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Fig.6 Searching success rate of HSA under DPR replication and no DPR replication (object popularity<0.5%)
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Fig.6 Searching success rate of HSA under DPR replication and
no DPR replication(object popularity<0.5%) (continued)
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Fig.7 Searching success rate of RW under DPR replication and no DPR replication(object popularity<0.5%)
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