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Abstract: An optimal allocation approach of servers for improving the performance of P2P networks is proposed in this paper. The
approach is to allocate a limited number of servers over the P2P networks to satisfy as many peers as possible, by using a constrained
optimization algorithm. In considering that the polar space is more suitable to express length-related constraints, such as those in this
approach, a heuristic algorithm based on the polar coordinator mapping is proposed to deal with the optimization problem of the server
allocation. Compared with the existing heuristic algorithms that are based on penalty functions, this algorithm can effectively reduce the
search space, and the performance is better especially in a high dimensional search space. The experiment results show that our server
allocation approach can satisfy more peers’ requirement and effectively improve the performance of P2P networks.

Key words: P2P network; server allocation; heuristic algorithm; polar space; constraint
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0504 IO A T AR AR B IR SRS PR R A 3SRV P T DA S5 56 v T 380 1) G Al 25 50 4 1 2 R SCRR[ 103 1K
Table 1  Settings of benchmark
&1 PEREVEAL S5 1 e
AR A el o L R S A = el |

S1 Cartesian Cartesian
S2 Polar Cartesian
S3 Cartesian Polar
S4 Polar Polar

4.1 MREITE R E
AE S50 R 44 i VA R AR 1 SCHR[L5).
1 APEREVEAN B O G3 M, B — AR &M
max f (x) = (Vn)" ]I, x

=1
st g =" ¥ =<1 (11)
The golbal minima: x" = (1/n%,...,1/n%), f (x") =1

TE S5 H AR B BRI 4 n 4 )% B 10,40,70 A1 10047 LA R e 405 400 MAMA, AL HE4T 500 4.

TR b 25 TR) AT A0 IRE, A% 1) 21 A2 5 [0, 1] 0 908 Bl P9 Bt AL 77 A= 8 85 R 7R 23 T 0 46 A IS A AR 7 ] 37 44
xie[-1,11,i=1,2,...,n FBEHLF=A:.S2 T B 4 2 (7) 45401 P AR AR B 2 1) e 46 3048 | 2R 28 ), S3 77 ZEAE T
A TR(B)BEAT W Lhs b B 1) 6 45

230 B AE MR AL o 2 ) AT B 5 AR 72 A 10 R 3503 A 2 ORI 75 T T R 8, 365 I P R B B AT ) A
R H T R R AR RIS H A BRI, 00 20050 T R . 2 2(12) A2 1 e AR P 11 3 L 2 R B, e T DA A B R AT il
B0 FZE P AN ARG Y S5 BRI

f(x), if the individual is feasible
fitness = ", . (12)
—Zizlxi , otherwise
95 2 MEREVPAL R Ry G13 Jnl R, BN 3 MR A AR AL 800 AN, LA HEAT 300 4K
min f (x) = "%’
st h(X)=x"+x;+x+x2+x2-10=0
h,(X) = X,X; —=5X,%; =0 (13)

h,(x) =} +x3+1=0
The golbal minima: x" = (-1.717143,1.595709,1.827247,-0.763641,—0.763645),
f(x") =0.0539498
2 MA R 245 T () 24 430 B 52 V10 1N, 29 A Iy 15758 T AT AE . IR b, 24 47) s A R 28 A A A 2 ) o AT
I ST A () 2 2 B8 2 B S VL0 7 B AR 3 1) v J00 4 o BB /5 ST 7 1 X% € [V/10,V10],i =1,2,...,5 72,
WILE PR ) 450 G3 1) AR ).
G135 51 PR BOBETT LA 3 (14). 28T A 30(12), 24 30(14) th H A5 i 35 20 3R 4 1 7™ 5 1) /N AR 38 7 1
ZE IR A

_ f(x), if the individual is feasible
fitness =1 S abs(h, (x)) + e, otherwise (14)

42 KBERDT
FESEIG A, G3 A G13 [ B AT T 20 Uk, 15 2K e Pl 4 RANF- 3 45 I3 2.0 20 Y2 A fee I 45 SR 1) i
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K 75201 3~13 7.

M 2 G5 R PR UE H,10 4 G3 Il i) 4 AN B8 IR 45 RAREEIE . N 3 By &b m] BUE H,S2 Lt ST
SHAFI,S4 W HL S3 Wt S . 3K 158 W 7 AR A A 2 T 43 ] 1047 4 Pl B 11 5 6 LG B I JR 09 TR B3 A0 45 R R N BEVE
AT DUSE PR e S A, LR S3 T S4 1) d 2 25 R U AR R AE I 3 AT BN T R R IR I X Ui 2 H
T 1) L1 2 BTG IS AT A s 22 18] R DI 35 AN 1 b L2 0 A A A 5 1) T WU R AL AR SR AT AN RS IR R

Table 2  Results of benchmark functions
F 2 PEREVEAL MBI S5 A

1k BB VT AL B 5K S1 S2 S3 S4
G3, 10D (average)  0.999 994 0.999 998 1.000 000 1.000 000
G3, 10D (best) 0.999 996 0.999 999 1.000 000 1.000 000
G3, 40D (average)  0.980 600 0.983 687 0.985 237 0.986 748
G3, 40D (best) 0.995 381 0.995 885 0.995 653 0.998 345
G3, 70D (average) 0.611 867 0.684 801 0.835 390 0.886 304
G3, 70D (best) 0.821 512 0.840 857 0.864 586 0.945 874

G3, 100D (average) 0.234 862 0.409 831 0.782 416 0.825 901
G3, 100D (best) 0.313 861 0.425 624 0.855 211 0.879 551

G13 (average) 0.169 485 0.167934  0.0941752 0.088 770 2
G13 (best) 0.054 1737 0.0540091 0.0543095 0.053 958 6
G3 problem, 10 dimensions 10 G3 problem, 40 dimensions
-=-51 0.8 fO A -=es 51
-—--52 i ! -—--S2
S I S3 ., 06 S3
g — 4 [ —s4
i L 04
0.2
0.0 i . . —
200 300 400 500 0 100 200 300 400 500
Generations Generations
Fig.3 G3 problem, 10 dimensions Fig.4 G3 problem, 40 dimensions
K3 10 4 G3 it Kl 4 40 4 G3 I8

40 4 G3 ) ) 45 Tt 5 10 4Ef 45 AT — L2822 5. BUAR S3 R S4 4EE 4 K IHAT BN R A B I L 5 (1
Je 2 P gk R B A A R 22 5 EL4S BT I 12, S3 R S4 14 JLBEEL ST R S2 LT ok, 5 L A i 2 BE EL
10 4EK.

75 70 4k G3 o) i, S4 (145 010 L At 3 AN B L SR FE B S B NE] 5 F,S2 FH S3 EAZ T
S4fH 7 LU UG 5 ST B U AN /bt Ah S48 R A5 B T35 45 R L S2 UF AR 203X U B 2 T B AR b i s 1) )5 e AU
RS A AL IR IX L R4 1, BUARTEAR 4 25 [A] v 280 SR AN W 2 AR 78 o 448 20 T o ) SRE0E e DR R 4 i

1 G3 Jr) B N E] 100 45, B 6 AR BTE AT LA A G R R 2 R o AR 2R ) S1 R S2 i LUk B 8%
T (R A T A BB AR 25 1) R B AR AR 2R 1) S3 1 S4 #B BB LR HFE AT B LT (¥ 1 B8 .3 10 A L T B A A e 5 11 )3 ke A B9
275 (R 4 H5 0 5 T A

7 5 G13 jr) A 45 LS4 6 B 45 a4, 0F Bl S3 R S4 #AY R D (R i AR v B B B AR AR HE S1 RS2
TIPIR 2 NBe 2 45 SR 03B K B, S3 I S4 [Pk ik S AR e — e AN I AR AR A 2 T SR A AE M 1 9 22 0] A
B OS2 TR GL3 i 0 4 B A0 5 T W AR AR WIS 1 3 A xR0V RIS 98 A G 7 v o 5 I A 58 0 P A 1
A ZE AR K.
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10 G3 problem, 70 dimensions 10 G3 problem, 100 dimensions
0.8
p 0.6
£
ir 04
0.2
0.0 " 1 N N ) e X X
0 100 200 300 400 500 0 100 200 300 400 500
Generations Generations
Fig.5 G3 problem, 70 dimensions Fig.6 G3 problem, 100 dimensions
5 704 G3 i)l K6 100 4 G3 [ i
5 G13 problem
..... S1
4 =-===52
B e S3
[ — 34
w St ‘_'\___=
8 i :
i= ]
[ 2 H
1
1
1
1 i
1
1
1
0 1

0 50 100 150 200 250 300
Generations

Fig.7 G13 problem
K7 G13 i

AR 3 1 B VA S 30 P 45 R AS SO H AR 3 A AR A IR (19 3 ¢ SR AR BAT R 58 2R 2% AR X B e Ak
T AT AR G R 8 R AR T AT R S 56 B T A AR A R 0 e AUSRA 1 R B IR 5 R HGAPSO 53K 47 o L H
i R FR) 4 v P R ) 22 BB SR A AU 2 2 1) P i T A A R SR () S A 3SR B N Jd A BT PR B R 4
R AH R e 25 A RE Bt Jm) A A, DAL 15 2 1 45 RARIE T S I 4 SR AN B8 20 W7 W) 5

5 P2P M4EARSSEEE H XL

FE T AR AR BRI ¥ 7 R UV IR 5 T P2P 1 4% I 45 5 (K DA 350 28 1) A b A 42 1) R P X B0 n 2
FH 19X % 0 b 9 52 1), — IS 23 BSO8R, 4 R A 45 9 X B it Gt ml LA A 2 — il e L, DT U P 2P ) 8% ik 55 44 305 5 1)
AT TE n 25 )T 54k — 2 4 R4 A (9 A R B(E e O 00 s B AR IR Ak A e B 0L 4 5K (B). L4 3R
PR AT A FZRALT G310 851 F it e oL v, B Ask FH 3 1 W AR A e 0 ) & sV

R T P2P W48 &4 n=11 AN K/NASEE I X I8, DX 80 7 s 4 1) e — S M 50 J7~100 J7 155 2%
$5 MR AE 2000 4E 55T Gnutella W 4% 35 (8 481 % 1 W2 01F 72 110 P2P 190 2% 1) 45 08 4B 5+ 40 )™ T, 5 3% 70% 114
T RS FE AT AR AR SR ST 2 X P I AT T LA R S BRI A X W A G B AR R L
151135125 50%. A D3 ) DX I3 20 e 25 4 45 B 4 400, 4% R P R 55 #4520 G=4000,k=50 ™[] Bt 15 DBk A1 SR A
I HHL =2, =1, y=1000, RIAEREAN B ) BE AP SP3BT 2500 DL bl 1 8 qor W5 9050, 93 BRI 2 Sy B8, I 55
AW b AL B g R 5T R 1 000 i 5 KA T Omax=2, BT 2475 AURIAST HE 2 (BRI 2 A5 I, A 1 rU s 3 AR
S FEATLEAT 55 L F 2 c=100 J7, BPAEAN X8k 1 H bR MIREAE 100 J5 A2 A
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VIR P AL 400 MR, EARHEAT 500 4R,S1~S4 (1152 5 FaHE: 8 VAl S 50 AH 18], 85 - 7% 2 1) = A 1) 570
PRERABL T G3 il L. 2 ANl A2 20 RS AR I, 3 I 2 DAy T e R 0L 22 I A AN Tl 2 249 ARG A I A AR 13 82 Ay A
B, I HLAS AR B 2 R AT AR B2 3 I AR e A, A TS A AR LA S AR, S 56 e v — A PR REXS LT
5 SHRE A D IILAT Y s BORs 42 )R Gk 55 2 44 L 3047 20 .

XF P2P 94 2% e 55 4% FiS 25 il ABUHEAT T 20 XSEIR A3 B 45 R ILER 3K 20 k2 rh i i i 4 R 1, 43 21 1 8.
H1 777 % S5 AFAEBEHLIE, BB A IE AT B, A oh 345

Table 3 Results of P2P network server allocation problem
&3 P2P LIRSS s i ) A 2R

S1 S2 S3 S4 S5
Average solution  2.110x10° 2.191x10° 2.311x10°  2.311x10° None
Best solution 2.224x10° 2.251x10° 2.322x10° 2.322x10° 2.086x10°

x10°

2.5

Fitness

1.5

0 100 200 300 400 500
Generations

Fig.8 P2P network server allocation problem
K8 P2P o 4% it 55 s 1 45 i) il

H1 T P2P Jk 55 s i 25 1) 0 ) 24 B80AN 1, 2R AL T 10 4N 40 4R G3 il i, B AR S3 1 S4 AEAL AL iYL A b A I
N SR S5 PR 0 R B (E R S 28 P 5 SR LA 1 S1 RN S2, 0% ALZE M AR b 25 [ R AT 4R 1K 1) S2 45 31 1) 45 L LX) B
¥y S1 Z4f Lk,

M 3T LUA 8 R e AR A5 S 3828 5 S LET BT 58 S5 4T [ A Bl ) i 55 s e & BRI
FJa TGS 9 2% b A5 B 2 (0 IE T 05 P2P W 48 i 55 4 T I W AR T A% 5 B I g5 A R B M g%
i P8 B A DX G O (1 67 P I — BN 1) PSR 3 Sl 55 465 (14 1 L, LAY DA AS [ £ DX SR8 4k Ml 55k 2 B %
R SR BT P2P 4 IR 5 ).

6 % it

N TSGR IR S5 il AL P2P 0 4 T T SR B e P2P ) 4 R e DA | B 22 I A S
Tl P2P 2% I 55 % e DL H B G g I 5% s DAy Y 2 AT I A A U A e R N 55 s 1 U A LA
N DI B (A 55, A 190 0% £ R A P RE AR %28 7 S — Sl 0 RO A B e DA ) 8, AR SO b iy 7
P TR AR AR R 10 55 A AR R AR PRI A ) R e T AR 0% ) ) AR A AR OE 4 A A AR A S T R K,
DAL ARG A48 B 55 T LA A Jit b AR SR AR 22 4 Ak (9 i /MR 2R s ) L B — SRR T0 00 3R w0 an R RE ) 5
SARAE AT T IX LAY IR A SUETE AT LU SR P I 1) 2 B4 R 45 R

FEVEREVEAL SE 36, LL HGAPSO S A Dyt b X A5 DL AR 1 BE DAty bR B kAT 17 6 UE. SE 30 4 SRR W, A
TR AR AR RS PR e SUREAE PR RE A 45 R AT L3 O XA OL b b o 5010 24k B0 I iy 389 K de ) 1% 55
AN TXF P2P W48 JiR 55 45% #l B J5 SE MAAL, 45 AR W], & PR SE IR 55 4 BE U T AAEAS P2P 2% IR 5] 5 241
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