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An Algorithm for a Combinatorial Optimization Problem

based on Bifurcation Characteristics

Kazuo Tsuchiyall ()Takehiro Nishiyamald Katsuyoshi Tsujita

Dept. of Aeronautics and Astronautics, Graduate School of Engineering, Kyoto University

Abstract: This paper deals with an optimization method of a combinatorial optimization problem using a repli-

cator equation. The model proposed shows successive bifurcation according to a performance index; by increasing

the control parameter in the equation, solutions with high performance become stable earlier than solutions with

low performance. Characteristics of the bifurcation are verified analytically and numerically. And then, we pro-

pose an algorithm to obtain sub optimum solutions efficiently based on characteristics of the bifurcation. The

performance of the algorithm is verified numerically.

1 0o0o0d

00o0U00O00oo0o0oOoUoO (oooo)oo
gooooobooooooooooooooooon
00000000000000000oooDoooogon
goooobpbobooooobobbooooboooa
0000000000000000oooDooooon
goooooobboboobbobooooooooooon
00 1j0000000000o00o0oooOooooon
gooooooboooooooobobbobooooon
0000000000000 0o0oOO 2Iboouon
goooooobooooobbooobobobooooon
0000000000000 000oo0ooooooooon
goooooobobobobobooooooooooon
0000000000000 000000D0000gon
goddoooooobbobobooooooooooo
000000000000000000oooooDOod
goooooobobobobobooooooooooon
goooooobobobobobooooooooooon
0000000 Booooo0o0oO0oOooOooooon
goooooboooooooooooooobooon
J0000o0ooOooOoooooooooOoOoOo

gobbooouooooooboobobobon
000200000 (Quadratic Assignment Problem,

QAP)000O00O00O00COU0COOOODOOUOOOO
goboooboooooboobooboobooboooboo
goboobooooooboooboobooobooo
gooooooooooboooooboooboonog

2 000000 (Quadratic Assign-
ment Problem, QAP)

QAPOOO N ={1,2,---, N}OONxNOO A=
a;),B=(by) 0000000000000
J

min L (1)
pElln
L= Z @izbp(i)p() (2)

0,
000000 NDOOOOODDODOOOODOOOoOOoOoo
pUO00O0O000ONxNDOOOODDOOOD IInxn
000000000 XO0OO0oooQAPOOOOOOO
ooooooooo

min L (3)
Xellnx N

L = trace(AT XTBX) (4)



QAPOUODDODOO0ODOOOOODOOOOOODODO; N
ooooo NOOOOOOOOODOOODOOODODOO
O0a; 000:0000,;00000000000b,0O
o0 x0000!/0000000000 000 kOO
00;000!(000000000000 a6, 0000
gbboooboooooboooooooboooobooo
0000000000D0000D00000QAPDDODO
ooooQooOoOo (Tsp)ooo0oO0O0O0OoO0oooon
gbobooooooooon

3 Uuobouobouooboboon

3.1 0ogoooo

NxNODOODO u;(i,j=1,---,N)0OD0OOD0O uy
000000000000O000

{(1 —uj) = % [Z“z%j + ufj'}

i i'#i

U5 =

—a1 ) (azybir + ajsbii)ul }uij (5)
i, 5!
000, a0>0,0<a; <1.

000 ()00 10000000000000000
000000 (u)=1)000000000 20000
0004(j)0000000000000000 3000
00000000000; QAPOOOOD LOOOO

oooooJooooo
J = Z ajjrbii/ufjuz% i (6)
i,1",3,5"
JOw,; 000000

0J

8’U,ij

=2 (ayybiir + ayrbiiJug i (7)
i, 5"

0000300000000 300000000000
Doooo0oO0oO0O0OoOoOoOO

000000 (5 0000000000000 (5) 0
00000 a000000000000000000
0000000000000000000000000
oooooQ

3.2 OO0
3.21 0000 (a; =0)
00000000 (500020000000

(A):u% ud (i,j=1,---,N)
1
0

(i =p(j)) (8)
(i # p(4))
good
U(Q):m (9)

O000A)OD00DDO0o0oO0@)Uoooooooo
dooodoooooboooooo

00o000o0o0o0o0opo0oooUooooUD (oo
0o

{ (A 0<ag<1 (10)

(B)Z()é0>].
00000000000 ap=1000000000
gdobooooooooouoooooobooo

3.2.2 0000 (a3 #0)

goooooooooooooogooono.
) { L+ Aug; (i =p(j))

11
0 (i # p(j)) .

Augg = —ar Y (ajibpipin) + aibpinpy)  (12)
jl

0000000000000000000000000
00 (00 Mo

2 _
a0>L+N%1@—L) (13)
L = Y aibpime (14)

3>’
= %Z(ajj'bip(j/)+%"jbp(j/)i) (15)
4,455

0000L00000000000000000000
00000000L0O00D000000000ON0ooo
0000000000000000000000000
0000000L00000000000 100000
0000O00L000 LO00000000000000
000000000 (13)0000000 LOD0OO0O
0000000000000000000000000
oooo



Flg 1: L/Lopt'E/Lopt

3.3 Uougboooog

00000000000ooooooo ()oo0oo
000 (13)000000oooooooooooon
QAPOOUUODO QAPLIBOOOOOOODOOOO
OO0 N=20000 (Nug20)DOOOOOOOO DEC
O Alpha Station model 500/333 OO0 00O

O000oUOoooooo SO0 OO0 ap-en 00000
goooooooo 2300000000000ag =1
00ooooooo sSsgooooooooooooood
goodooooobobboooooooobooooooad
O0000000000O0O000000 S/Smax =05
goooooooood

O00ap,y 000O0OOODODO LOOODO 450000
(Lope 0 LOOODOO0OO0)00000 50 ag-oy O
000 L/Lopy =1.05,1.1,1.2000000000000
goooooooooooooooLoooooooo
000000000O00ooO0OU (b)ob0ooooooo
O0Lo0o0o0o0ooo0d0ddddddday =100
gooooooobobobobobobooboooon
0000o0o00ooo0o0ooo0 (13)o0ooooo
00000000000 (13)Dooooouoouoooo
gooooobooooooooooooooooo
(13)00000oooooooood

4 0O40O0O0OOoOgoOogd

0000000000 (p)booUooooooood
00000 (B)00oo0oooooooOoooooo

Fig. 2: §/Smax
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Fig. 3: S/Smax on agp-a; plane

Fig. 4: L/Lops
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Fig. 5: L/Lop on ag-ay plane
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Fig. 6: davg-L/Lopt(N = 24)
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Fig. 7: 6cap-CPU Time(N = 24)
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O 1: The Performance of the algorithm
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Had20 | 20 6922 6970 | 1.006934
Lipad0b | 40 476581 476581 1
Lipa50b | 50 1210224 1210224 1
Lipa60b | 60 2520135 2520135 1
Nug20 | 20 2570 2596 | 1.010117
Nug21 | 21 2438 2464 | 1.010664
Nug22 | 22 3596 3602 | 1.001669
Nug24 | 24 3488 3490 | 1.000573
Nug25 | 25 (3744) 3750 | 1.001603
Nug30 | 30 (6124) 6128 | 1.000653
Rou20 | 20 725522 737376 | 1.016339
Ser20 | 20 110030 110978 | 1.008616
Sko42 | 42 (15812) 15878 | 1.004174
Tai20a | 20 703482 732178 | 1.040791
Tai20b | 20| 122455319 123738773 | 1.010481
Tai2ba | 25|  (1167256) 1197945 | 1.026292
Tai25b | 25| 344355646 344810540 | 1.001321
Tai30a |30 |  (1818146) 1861180 | 1.023669
Tai30b | 30| (637117113) 654528887 | 1.027329
Tho30 | 30 (149936) 151256 | 1.008804
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