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Abstract: Independence of irrelevant alternatives(IIA) tends to cause deviations in the prediction of customers’
choice behavior. To solve the problem, this study constructs a novel competitive facility location and design
model. This model is also applicable to the continuous and multi-attribute design problem. This study ana-
lyzes the performance of several algorithms through numerical experiment: The gravitational search algorithm
(GSA), the particle swarm optimization-gravitational search algorithm (PSO-GSA), and chaotic gravitational
search algorithm chaotic gravitational search algorithm 1 through 10. The experiment result shows the PSO-
GSA has the best ability to search in solution space. Therefore, this study regards PSO-GSA as a highly

efficient and stable algorithm for solving the new model.
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WA 3 bR ECA 18]
II (29, 0) = F (M (z0, %)) — G (20, ), (20)

Hdr F () 9™k a8 vl ek 25, 28T CO5 Wil RIS I i g AR BN, @R BN, F (1) N
P R A, HP
F (M (z9,)) = cM (20, ), Q1)

Hoerpr B SR A O

G (-) [RTRE Dy AT ik ek B, Dol et s AE W 51 0 o I, bt Trag B AR, G (-) BRLSE 5 87 Bt mi i &
MR AIE A BUSA, DAL & TR PEAR I E A, G (20, a0) = G1 (20) + G2 (o).
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Fig. 3 Transform feasible solution to “object”

FH 28 ML 25T S, WA TN Z0HE d4E RIS B I TE R
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vt + 1) = randv? (t) + al (t), (31)

GSAH 5| J1H HG- 1& B FE R #fis, (¢), BN EM,,; (t), BN EM,,; (t) LLERER 2 M, (6535
(RITH5E, AT 2 WSCHR[29].

52 PSO-GSAH%

PSO-GSA(particle swarm optimization-gravitational search algorithm) %75 5 - HH Seyedali T-20 10442 H, 1IX
TR AR & FE T 456 T PSORNEIE R R HGSA TE“FF K L1 %4, Benchmark MliX 3 #, PSO-GSAH
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WiTt I ZIfEd4E R TINEE, X (t) A aALAR, gbest At I 24 )= i AL i

HIRPSO-GSAR GSAFF AR A S ZAZ 1L, AL I L T Hr 75 7, (B R BB SKIR I, B XA S 1
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ator) 5| NGSA LAY 58 4= /8 R it 1111 — K5035, CGSAWK FRIR T AL 1 R N AT B M A H 7 3 AN [ T s A7 X
Jill, A5 302 7% Seyedalif) Wt 51 BY. Seyedaliks 10FP R 5 Tk N Z=GSA EiEF 5 IH G ()5, HET
SV R B S R, CGSA8 M CGSAVU I T GSAH H R KIRTt. 4T AN WA AT Sk A< SO i #
AR T 51 NS HAER, RN A CGSAL-10 U573 5GSA M PSO-GSAHEAT X L, V15 WL %2,

*k2 REHETF
Table 2 Chaotic operators

HE RGET AR
CGSAl Chebyshev Ti41 = cos (icos™1 (z;))
CGSA2 Circles Ti41 = mod (z; + b — (3) sin (27z,),1) ,a =0.5,b = 0.2

1,2;, =0
CGSA3 Gauss/mouse Tit1 = 1 .
“mod (771) otherwise

CGSA4 Iterative Zi41 = sin (‘;—”) ,a=0.7
CGSA5 Logistic ziv1 =ax; (1 —x;),a=4

%,ngi<P
zi—P p < <05

CGSA6 Piecewise Tipl = 0.5-p ,P=04
s Lo2i-P 05<w; <1—P
1-%1-P<a; <1
CGSA7 Sine Tiy1 = % sin (7x;),a =4
CGSA8 Singer @1 = p (7.86w; — 23.3222 + 28.7523 — 13.302 875x}) , u = 2.3
CGSA9 Sinusoidal @41 = ax? sin (7z;) ,a = 2.3
iox, < 0.7
CGSA10 Tent Tiy1 = 0.7 %1

1?0(173?,‘),11' > 0.7
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6.2 LWEKGE
A REE SL5 S HOAE R SRR SR 5. HiEZH: GSA, PSO-GSA, CGSAL-107 ¥ M
N = 50, e KIEARR B max it = 300, 51 JHEHHHIG, = 100, a = 20, ¢ = eps(eps IMATLABH [ 5/
1E#D), Py B2 K B K best K 95 5E K.
BT SR e TH A SO 9 25 S0 IV, WA S0 B o350 50 43 A, I 1 SE 1B 20 S ) B Y T,
DA AT e 7 o5 0 S FPos B 40 mT R BUE, V1% WL3R3.
*3 HESHHH

Table 3  Distribution of model parameters

ZH c wj A1 N; Bi Bid N;

A U~ (80,1200 U~ (0,5) U~ (051) U~(25) U~(0,5) U~ (=5,0) U ~ (2,5)
ZH Pi1 Pi2 Pi3 Ph1 Yh2 Vh3 Di
I3 U~ (1,6) U~(6) U~(6) U~(L,2) U~(L,2 U~(1,2 U~(0,100)

F A5 532 3 fEMATLAB2016a b 4% 5 32 17, S 56 L i b BE 248 S Core(TM)i5-4200M, = 412.5GHz, M 17
N8GB.

LT (1) [ A8 B AR Wit s B AR = (o1, @oz), BASCHN B0 B JE Mg = (o1, ogs - - -, s, FFRTT
(1) B Tl S 1A PR S 5 A

TR BRSO AT, T2 BRI H ), HGSA, PSO-GSA, PL KX CGSA1-105 7% [Fl i) %) 5
B HEAT SRAFE, P A S M4 R S AR A A I R0 S A0 M. 1 I R B 1000, 43 il T H 120 B3 1t 100K 17
H & TG b, M35 P CPUBATIN [E)(ACT). “F1 it 5% 2 (ARE) LA K % K it 5% Z(MRE). 3815 &1L
fRHIMEZE(NOS).

B TE =7 ANC I Rn = s R I

1) ACT(average CPU time/s): & 100X/ B H, S5 B R4S S AR I P38 4T I ), ACT S B U
ShPERE. 2) ARE(average relative error/%): 1000477 BLH, S04 H B i -5 12 007 B e (0 A 1) e K ARG 22
{H, ARES WSR2 942 2 BE. 3) MRE(maximum relative error/%): 100K 45 5 o, S i & 5 A5
B B AR 1T Y AE X Z2 {E, MRE J R 7% 185 2 P g 4) NOS(number of optimal solutions): &E1007% 1/ JH,
HRARZ IR B AR AR KB, NOS S SRS AG A R 1 e

BEOAT F A, BRI d 2 L e A, T S s 2 L R B KR, IR IR AT L B AL

A, BB TR ARG I rT e R TR 2 R s AR, TR S e R R R, AR
E[20, 10 000] 76 &l A i 5 75 5K s B0, 20 Hr 124 50025 10 & R A R I e 5 A e
6.3 BESLWERSH

AN [ B2 3R H g 24 fiff 1R T 32 CPU R[] L% 4.

R4 BI0ORHES R BIREUR LB TR E)/s
Table 4 Average CPU time to get the final solution in every 100 simulations/s

FRA  GSA PSO- CGSAl CGSA2 CGSA3 CGSA4 CGSA5 CGSA6 CGSA7 CGSA8 CGSA9 CGSAIOQ
B GSA

20 0.85 0.77 0.86 0.85 0.88 0.83 0.85 0.78 0.85 0.96 0.84 0.93

60 0.78 1.2 0.83 0.76 0.81 0.78 0.75 0.77 0.71 0.77 0.7 0.83

100 1.26 1.77 1.25 1.16 1.11 1.29 1.38 132 1.17 1.24 1.21 1.24
200 2.14 2.71 2.3 2.06 2.18 1.98 1.92 2.14 2.09 2.05 2.15 1.97

300 2.8 3.77 2.75 2.79 2.79 2.97 2.78 2.78 2.82 272 2.67 2.69

500 3.48 474 3.43 3.26 3.44 3.25 3.42 3.6 3.52 3.69 3.49 3.62

1 000 4.95 6.75 5.13 498 5.41 5.16 5.04 4.94 4.99 521 5.08 4.84
3000 21.59 26.3 20.84 20.88 19.94 19.78 20.43 21.5 20.29 20.95 22.68 20.1

10 000 63.5 73.52 59.53 62.23 60.78 59.7 60.65 59.49 57.7 59.09 65.49 60.91
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127 92 (0 WA SI0T B A A PR, 24 7% SR A B E /N T600, T s BRI AR s i h 45 1. R 75 R
FBUREIE10 000, fe K HBICPUR E AN A73.52 s, [RIG, AT DL 4B 4k 2 386 hin 75 R i slope R 4 &
GSA. PSO-GSA. CGSAI1-10%5 £ v 7£ o] A 4H N (8] 7, 25 B AL A, AHH T-GSA J.CGSA1-10, PSO-GSA &
EERE DA I s T R], SRIREUAR AR, ANElATh, AT DR H I B R B T AR 00 JiE DR 2 D e L IS,
PSO-GSAFE 2 5K M 7E AT I &, & & TR 2 [ R .
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Fig. 4 Average CPU time/s

RSNEANFIER) I A RS B AR B YA X R 25, BRPSO-GSA, BE#& 53R At 2, HA11IMHE L
(IAREIZ W1 PR, 24 53R S E50E 208, GSAZCGSAL-10[IAREIEFRIE2% e 4. Mk a2, N
[F) 5 1 38 T 22 R0 S . 7E 55 3R AR /N T-1 0008, PSO-GSATZ IR A7 {5 3R 4% 2, {H 471 5% 72 B AS I [
%, MEEII1.71% % 2 5 A 170.03%. 10 24 75 =K 22043 000 £ 10 000K}, PSO-GSAZR I AL 35

%5 BI00RBEPSLBRSRARNTIETRE

Table 5 Average relative error between final solution and optimal solution in every 100 simulations

FRA  GSA PSO- CGSAl CGSA2 CGSA3 CGSA4 CGSA5 CGSA6 CGSA7 CGSA8 CGSA9 CGSAIOQ
B GSA

20 200%  0.89%  1.89%  181%  177%  193%  207%  1.84%  1.78%  2.07%  2.07%  1.72%
60 2.04%  033%  215%  221%  216% = 226% = 233% @ 234% = 236% = 231% @ 235%  227%
100 201%  037%  2.15%  224%  2.03%  2.04%  231%  193%  2.10% = 227% = 1.93% = 2.13%
200 151%  0.75%  1.44%  146%  136%  154%  1.52%  1.42% 141%  131%  1.54%  1.55%
300 125%  067%  1.14%  120%  1.19%  1.13%  1.08%  125%  125%  1.08%  1.19%  1.22%
500 0.88%  0.80%  092%  0.92%  097%  085%  087%  089%  087%  086%  0.88%  0.97%
1 000 079%  0.62%  0.67%  068%  073%  0.69%  0.75%  071%  0.68%  065%  071%  0.76%
3000 0.48%  0.76%  047%  0.50%  0.44%  052%  052%  0.52%  0.46%  049%  049%  0.50%
10000  040%  0.79%  047%  045%  039%  042%  045%  045%  046%  043%  041%  037%

6N B Pl S e AR AR I B R AR R 22, 5 AREAHALL, 24 75 5K U8 & /> T-1 0008, PSO-GSA X T 45 15
(1) I 5 GSA. CGSA1-104b T [A—7/K-F. HBE#E 75 3K 38 0, Fra Bk 200 F s, Mm%
F$222.5%. 147 R A= d1 0008, PSO-GSAKIMRESE br J1 46 | T+, GSA KX CGSA1-100U) 4% 2L T .
PSO-GSAB LML IR bR 2R I, 2B 1 75 5K U8 &8 12 1 000, PSO-GSA e e P55, v .45 R vl R
TE = AR R 2.

RINEEPAG BRI R F5L b, XA N GIE T8 bR, £ 5 1004X 15 B 1, PSO-GSATE 3K

1

/4

BRI ae A E BRI A, 24575 R S8 #0820, 60, 100, 200, 300, 50011 0008}, PSO-GSA3K
1510 B AR R B B 53, 73, 62, 30, 28, 22 F122. E5E I HPSO-GSAE ML LE L 46 b5 b L. % E3E
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— R T AR S R R E A R A ML, WL A LA 12F IR TGOS T AR M 3T L 2511 8. 3.
PSO-GSASTLIEAE 51 TR HLE AR BL ) 53256} EL AT e B A Gn e B i) 6 B, 36 IH g AT AL BR 2045 Jh 3 22 Ab. SR
1M, PSO-GS A BLIHE AR AR 52 75 SR L B W PR 1, 2475 5K s Z0E7E 20, 300] X 18] 4, SbAR A AR, 73K
R 3 000/), PSO-GSAZ I fa trita T 147K F-8.3.

F6 BIORBHEFREMRS RIS A RE

Table 6 Maximum relative error between final solution and optimal solution in every 100 simulations

WK GSA PSO- CGSAl CGSA2 CGSA3 CGSA4 CGSA5 CGSA6 CGSA7 CGSA8 CGSA9 CGSA10
B GSA

20 1220%  1151%  1247% 12.22%  1041%  11.82% 11.59%  11.08% 11.67% 1247%  12.22%  11.54%
60 8.86%  529%  9.40%  6.87%  681%  1.72%  71.13%  721%  821% 7.11%  671%  6.87%
100 620%  298%  6.59%  7.18% = 6.54%  134%  645% = 6.68%  6.09% = 652% = 611% = 6.53%
200 4.49%  4.08%  6.52%  471%  488%  4.38%  421%  4.66%  462%  3.94%  475% = 4371%
300 395%  375%  4.69% @ 4.06% @ 4.16%  374%  3.39% = 456% @ 438%  4.12%  387%  4.84%
500 259%  3.05% @ 2.96%  3.45% @ 2.88% = 254% = 290% = 3.04% = 254% @ 276% = 331%  3.09%

1000 2.54% 2.57% 1.91% 2.00% 1.97% 2.78% 2.53% 2.10% 2.04% 2.49% 2.08% 2.86%
3000 1.50% 297% 1.48% 1.59% 1.52% 1.43% 1.36% 1.75% 1.39% 1.36% 2.05% 1.52%
10 000 1.46% 4.55% 1.55% 1.41% 1.13% 1.27% 1.38% 1.69% 1.55% 1.52% 1.84% 1.69%

RT BIORAFEFRERMBEORE
Table 7 The number of optimal solution in every 100 simulations

WK GSA PSO- CGSA1 CGSA2 CGSA3 CGSA4 CGSA5 CGSA6 CGSA7 CGSA8 CGSA9 CGSAIl0
B GSA
20 5 53 10 9 5 10 6 13 8 9 9
60 3 73 5 5 3 1 2 2 1 2
100 2 62 4 3 5 3 3 1 4 5 3
200 4 30 2 5 10 4 10 8 9 6 4
300 8 28 7 9 5 4 6 11 3 6 4 9
500 7 22 2 6 5 11 7 4 8 8 15 5
1000 4 22 8 6 5 5 10 4 10 12 8 6
3 000 10 14 6 9 10 5 6 3 7 7 11 12
10000 10 7 5 5 10 7 7 11 8 18
150

100

NOS

50

20 60 100 200 '3:00 500 1 0003 000 10 000

5 RISHEMBHEIRE

Fig. 5 Number of obtaining optimal solutions

HFRA~RTLIGEE, EH N4
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Fig. 6 Comparison of CGSA1-10, GSA and PSO-GSA
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PERE, 0(E 92530 3% W] = BE A A6 A AL, B0 YSc S50 B2, TITPSO-GSA A %5 BEAL 75 1A fif = (8] 48 R A ), fil 1 o
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