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Abstract: With the consideration of the multi-grade proactive attacks, the problem of reliable network design of third-
party logistics(3PL) is studied. A multi-level optimization model of the problem is established, for which, the model of
3PL network design minimizes the total logistics costs subjective to the reliability constraint by opening logistics facilities
of different secure grades, the model of proactive attacks minimizes the service level of the network by selecting the attack
strategies of different grades, and the model of the network-flows decision maximizes the service level of the network
after attacks. According to the characteristic of the model, an improved two-level artificial bee colony(ABC) algorithm
is developed. The top-level ABC is used to solve the problem of 3PL network design, and the down-level ABC is used
to solve the problem of proactive attacks optimization. The problem of the network-flows decision is solved by using
the network-flows algorithm. Finally, numerical experiments are presented and the results show the reasonability of the
model as well as the effectiveness of the proposed algorithm.
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ABC H (R EEURA 20, e KA AR BUN 50, B
B MU R BN 20. 52 PSO/ABC Bk () 1 )2 PSO
SRR LR 20, T AECH 100, BEIE RECA 1,
)TN 1.4, 52 DE/ABC 5% 1) | )2 DE S 1)
FREERUBL A 20, 75 ARECH 100, 22 HERE A 0.3, 45T
BK¥40.5.

X T REAN GV EEFP R 3 AT 204k, R 4 45
T LR SR I B O E B 2l P E AR 2 R
(CFIIME — BB )/ i AE) x 100%).

12 4 7] L, B85 1 P 2 ABC SR I B 04« I
ZEAH P IE AN 35) O 22 2 HRAL T oAk LRk B32:. B
b S E8 4 22 38 7E 0.1% ~ 0.9% N AR AL, B AR T HoAl
S AT L, R T AN [ R AR £ 48], 5 FR R = ABC
SRS IR R AR (1 BE.

TS T AR 1) RGN S5 R, L3S H bR
B FFBERA S 85 A A B R A | 52 B AR 45 7K F Mot
Ji R e R 2 B S BRI AR T AL AR AR SRR Y
FIERFAT 20 1 I 28 75 Ty BROAS AN 8 3 45 7 1Y) e R IR
AT DL, F R 55 /K- #i6 2 EEoK. b, SRR
i AR B KB AR 2 ZE AN i 220, T 52 B AR 5%
ACENARFEFE0.5 ~ 0.54 2 [H].

T AT AT SENE KT B0 N 2% T 2 SRR R,
DAL P1 ) 347 9256, 6 25 1 T R [A) A SRRk
SN A B PEGE S IR (b R R BUE BUA e O 800).
H13 6 AT WL, BE A B I In, HFRA . FF B RA . Bty
Jo TR SR R R SRR IR SS AKSEEE FT I N, 32 i A
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ALPR R AR R RS E , SEPR I AR 5 B KRB A 2 JE, 45 B S BT B A /O3 hn, 1 B T LB R 18 S 40
FEANIL 160, BNTEH KRBT A e — 2 BT, I 28 0T BE DR FF AR, BT LIS B Fl A PR R AS ] e AR
Bt B I3 K, X 2% B35 A AT 5 1 /K P AT e BT 4 4 FEANAR. [RIBS, B B A BE K, 5 L v S K 2644,
& 2 ) B 4 55 28 i 10 3PL iR RO A 3PL & W Ja o i SR 2 s AN S PR AR S5 K T L AR 2 1 K

*4 TRIPRES T /LMESER I REXTEE

A B € Hik A 7 AE FEIE Y 252 /%o
Uk = ABC 27383 27531 27430 0.1716
W2 ABC 27389 27583 27452 0.2520
Pl 0.5 800

Wi /2 PSO/ABC 27417 27606 27489 0.3871
)2 DE/ABC 27457 27657 27548 0.6026
Wk P )2 ABC 41148 41295 41201 0.1288
W2 ABC 41148 41457 41333 0.4496

P2 0.5 1100
Wi /Z PSO/ABC 41395 41923 41614 1.1325
/2 DE/ABC 41783 41830 41806 1.599 1
Mk I Z ABC 36233 36722 36548 0.8694
W2 ABC 36457 36905 36651 1.1536

P3 0.5 1500
)2 PSO/ABC 37250 38030 37590 3.7452
/2 DE/ABC 36898 37152 37007 2.1362
Sk I Z ABC 49312 49 665 49436 0.2515
W2 ABC 49314 49674 49489 0.3589

P4 0.5 2000
)2 PSO/ABC 49858 50292 50096 1.5899
WiJZ DE/ABC 49849 50390 50091 1.5797
MOt HIH = ABC 55823 56043 55988 0.2956
)2 ABC 55931 56473 56136 0.5607

P5 0.5 2500
)2 PSO/ABC 56322 56964 56568 1.3346
WiJZ DE/ABC 56692 57137 56923 1.9705

®5 TRMREHIHIFHER

S B € HirE Pl sRAEesmEs SERRIRGKT  BEEadeReE SERRld AR

P1 0.5 800 27383 2256 25127 0.5124 227 689
P2 0.5 1100 41148 2557 38591 0.5072 316 888
P3 0.5 1500 36233 3261 32972 0.5053 336 1313
P4 0.5 2000 49312 4989 44323 0.5396 491 1868
P5 0.5 2500 55823 5638 50185 0.5122 546 2456

®6 TEIAEMN S FEHIPMitMAE R

B H A5 TFBEHA IBHANAL A Tty Je e 7 R A A b fiR S5 KT BRI A
0.3 27157 2030 25127 145 0.3273 640
04 27289 2162 25127 197 0.4447 764
0.5 27383 2256 25127 227 0.5124 689
0.6 27557 2430 25127 305 0.6885 792
0.7 27815 2688 25127 317 0.7156 785
0.8 27857 2730 25127 372 0.8397 682

0.9 27863 2736 25127 399 0.9007 787
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N T 53 M B R BUT A e o P 2% e ik 45 2R (1 5%
Wi, [ B LA P N B BEAT S 86, 2 7 25 Y T 56 P AE
AR BU s A T VR 45 3 L rh ] SEPEKT 808
0.5). R 77 W, BB e B0, HARE. TF B8R,
SE PR By ARG, 18 S A AR B A L T e B
SR LB SEFRIR S5 KF M BEA LR AR E . RN AE T
FEVEACT B — TG IL T, B e IIHE K, 28 ZLORF

— 58 M AT SEPE KT, R BT RS 7R BT I R T 2l
4S5 20 B i AR 3PL AL H 0 AT 3PL A3 22, 45 SR %%
FSCAR S TN, 7 FH - 15 85350 70 1) I 265 7T e LR FEAS
A3, BT LA S AN A A AT B AR FEANAR. i Ah, T
2% BAT TLA B A S O i (1 SPLAIIR T i, TE 52
7 22 JE R 75 SR L T DGR R AR, AT B I
SR R R SRR S KA AT R R AR R AR

RT TREBERMA e TEAIPAIFMER

c H bR TFis A SR R T A 7R A SRR 5 KT BRI A
400 26657 1530 25127 227 0.5124 349
600 27089 1962 25127 227 0.5124 582
800 27383 2256 25127 227 0.5124 689
1000 27763 2636 25127 227 0.5124 970
1200 28189 3062 25127 227 0.5124 1160
1400 28589 3462 25127 280 0.6321 1296
1600 29189 4062 25127 227 0.5124 1360
1800 29489 4362 25127 253 0.5711 1746
4 & 70(2): 74-89.

KICHIL T 7% 16 2 S0 & BB =R
A EEE R 2 BT ) R, S T 2 R AL, B T
Ut 5 )2 ABC S92 X 48 i S92 R R AT SR AR B¢
J&, @I A LSRG IR E T R A . SRR A AR
0, 2 20 A B RE 6% 6} 1n) R AT & B OR, F H ok
HBEMT )2 ABC 59 Rt ) 1n) L3R AT A5 BOR M. 5735 4h,
A3 M T AR R (R AN B SR SRR K AR K
Trls BOAS T W 48 W T 45 SR B 2 e, 25 SRR B, To i i
IITRT SE P 7K 3 A2 1Y 0 B K B AR, BEARAS B 1 5
{14 ) 28 15 1] Bl 75 238 I 8 AR DA B2 B8 2 Bl 22
A S I 3PL A 0 B 3PL A R
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