FIT2011 (% 10 EMEMA S 74 — 5 L)

A-027

oo odn
Quantum-Inspired Evolutionary Algorithm O 0O 0O 0O O

Basic Study on Quantum-Inspired Evolutionary Algorithm for Integer Knapsack Problem
oo ooof 0o ooot 00 o0ooos

Ichiro limura

1. O0OO0OD

godoboooooooboooboubboooboo
O00ooo0oooOoooooooooooooon
o000oooooDOoodooboooooooooooo
goodooobooobouooobbooooodg
O00000D000DO Quantum-inspired Evolutionary
AlgorithmO QEAD OO Han OO0 O0ODO0OOOODOO
0000000000000 00 Classical Genetic
Algorithm: CGADODOOODOOQEADODOODOOOO
ooooooooooo«“0c00bOogoo”0oOogooon
000000000d0oo0o0ooooooooOodCGA
oo000000oooOO0ooooooooooooooo
goo-1000000000O0-1 Knapsack Problem: 0-
1IKPOOOOOOODOODOOOODOOooOoOooooooao
ODO00OQEADDOOOOOOOOOOO Pair Swapd O
000000oooQEADOODODODODOOOOOO
godooooobodboooobooooooooood
00 Quantum-inspired Evolutionary Algorithm based
on Pair Swapd QEAPSO O ODOOOO0-1KPOODOO
O0O0O0OO0OOQEAPSO QEAODOOOOOOOOOO
O00000o000o0o0o0oooooooo 23000
Oo00oooooooooooooooooooon
o00oooooooooooopoooooooodg

goodooobooooboooooboooon
o00o0ooo0ooooooooooogooooon
o00oooooooooooooooooooon
0000000ooooooDoooDDOoOdO QEAO
OO0 QEAPSOOO0DDOOOODOOOODOOOOO
o00ooo0Ooooooooooooooooooo
ogoood

2. 00O

00O
CGAOODOODOOOOOO0O00000000 1(a)
000000000000000000000000
000000D00HanO [1]0000 [2,3]00000
000000000000000 1(a)0000000
00000000000000000000¢ 0” O
00 1» 0000000000000000000
000000000000000000000000
000000000000000000000000
00000000000 1(b)00000000000

goboobobooooooboobo
goo

f00D00D00J, Prefectural University of Kumamoto
t0DDDO0O0O000, Ariake National College of Technology
$00D0D, Kagoshima University
ﬂQEADDDDDDDDDDDDD
gooboOooooobooooooooo
000 “Quantum-inspired” OO0 000
goooooboooboooooboooon

O ooooo
0 goooo
0 ooooo
O

Ogod

Yoshifumi Moriyama

Shigeru Nakayama

Individual i r Individual i

J
J N |
chromosomep, (2] 1] 4] 0] 3]

Classical integer type gene

Chromosome g;

R as:
Individual i Observe i

Observed bit
information p;

Chromosome g;

w(oJol1Jio] o]

Decode

i
Decoded integer
information c; [ 3 I 1 I 7 I 0 I 2 ]

—3 4 1 3 3

[oJ1JoJoJ1}

Observed bit
information p;

Integer type gene based on plural qubits
representation

(b) DOODOODO

Binary type gene based on qubit
representation

() 000000

U 1. 0000o0oo

gboobobooooooobooboobobooooo
gool1o00ooobOobooooooboobooon
000000000000 ooo 1(b)D0O0o00OO0O0
gbooooobowoobbooboorobobooogon

3. 0000
31 0000000000DO0000

00000000000 0000000000 Integer
Knapsack Problem: IKPOODOOOOOOOOOOO
goooooooooooo gjoj=1,---,NOOO
00000000000 ;000 ;00000000
b>000000TDOODODOODOODODOODODO
00000ooooo IKPOODOODODODOOOOoOoOoOoo

N N
I{na)}( chxj, subject to Zajxjgb. (1)
= =1
oooooood«z;,0< MOOO0O ;0000000
oboooMOOOOODOOODOODODO

gbooboooo IKpOOOooOoooobooobOoo
goboooboobooboooboooboooo 3boa
0000 400000 (1) Uncorrelatedd CyM O O
jO000e;000¢ 0000 1,0y00000000
0000000000 @) Weakly correlatedd Cyw O :
00,000 [1,0]00000000000O0D0OO0
0000 ¢; 000 [max(a; —r,1),a;,+r]00000
0000000000000 (i) Strongly correlated
0CsMO0 ;000 1,0]0000000O0000ODO
Udooioddeg=qa;+r000000000000O
obobooooboooobOv=1,0000r=1000000

000o0o0oo0OOo (b)yOOOOOOCOOOOOO
000000000 QEADOQEA,,, 0000 QEAPS
OQEAPS,,, 0000000000000 0O0OIKPO 0-
1IKPOOOUOOOOOWWOOODOOOoOoooo 1(a)

Copyright © 2011 by Information Processing Society of Japan and
The Instiute of Electronics, Information and Communication Engineers
All rights reserved.



FIT2011 (% 10 EFREFEM 74— L)

212,000

211,000 F

v
210,000 F
209,000 F

208,000 F

Average profit

207,000 F .7

--&- QEA_int
—6— QEAPS_bin —@— QEAPS_int

L -~k QEA_bin
206,000 E

205,000 i i
0.00010 0.00100 0.01000 0.10000
|8¢| [xmrad]

O2000000000000000000D00OO

00000000000000000000 QEA
0QEA,,;,,0 000 QEAPSOQEAPS,;,, 0000 40
000000000000000

32 0010000000000000000000

OO0OO0QEAODD QEAPSOOOOODOOOO
0000000 écrad 0000000000000
O00HanO 10000 [2,3]0000000000
O000000000000000000000400
00000000000000000000 60000
0000000000000000000 500,000 0
O00000000000000000000000
|0c|[rad) DOD0O0 11000000000QEACO
000000000000000 500000000
00100000000000000000000 CgO
0000000 NO20000000000000 M
0310=2°-1000000000000 IKP O 0-
IKPOOOODOODOOODOODOOO0O0O 6200=20x310
000000000000000000000000
000000000000 random repair0 00000
000000000000000 300000000
00000000000000 2000000000
000000000000000000000000
0000000000000000000 QEA,,, O
QEAPS,,,00000000000000D0O0O0O0O
QEA,;, 0 QEAPS,,, 00 000000000000
0006, 00000000000000000000
00000006 0000000 200000000
00000000000000000000da,B00
0000000000000000000000000
QEA,;, 0 QEAPS,,, 00000 0.017[rad]0 QEA,,,
0 QEAPS,,, 00000 0.00lxfrad] 0O OO ONDO
33 0020000000000000000

00000 1000000oggecobbboboood
00 20040060080010000000000000O
oboboooooooooboboboboooooon
CyOCwOOOO CsO 300000000000 DODO
oo l1ggooooob 3bobboboooooooooon
ooobooobooooooboobobobooooo
O000QEADOOODODOOOOOOOOOODOOO
Oo0000oooOO0oQEAOOOOOOCOOOOOOO

lo-1IKPODDOOO Han O (1) 0000 [2,3]000000
00QEA,;, 0 QEAPS,;, 0000.0l7[rad] 000D O0D00ODOO

220
(5 151#)

216,800

216,600
_ 216,400
B 216,200
5

$ 216,000
T 215,800

z
215,600
215400 | .-
215,200

«+{e QEA_bin e+ QEA_int
—6— QEAPS_bin —@— QEAPS_int

20 40 60 80 100
Number of individuals

(a) Class of IKP instance: Cu

195,800

195,600 &491 0

................ 1] a
% T T — FReeceneeeeresst”
A A Geeeeesett
-
$as200 F e &
N
195,000 @ co{Z+ QEA_bin @b+ QEA_int
—©— QEAPS_bin —@— QEAPS_int

194,800

20 40 60 80 100
Number of individuals

(b) Class of IKP instance: Cw

211,000

210,800
210,600

210,400

Average profit

210,200 «+{- QEA_bin e+ QEA_int

—©— QEAPS_bin =@ QEAPS_int

210,000
20 40 60 80 100
Number of individuals

(c) Class of IKP instance: Cg

03 IKpOOOOOOOOOODODOOOOOODODOO

000000000000000000000000
000000000000000000000QEAPS
000QEAPS,,, 0 QEAPS,, 0000000000
0000000000O0QEAPSOOOODOOO00
000000000000000000000000
0ooo

4. 0OOO

gbobooooooboooobobobobaoon
gbooboooboooooooooboobobooooo
gboooooobooooobooboo

g
oooooooooz22se013700000000000000

good
[1] K.--H. Han and J.-H. Kim: Quantum-inspired evo-
lutionary algorithm for a class of combinatorial op-

timization, IEEFE Trans. Evolutionary Computation,
Vol. 6, No. 6, pp. 580-593 (2002).

[2] S. Nakayama, T. Imabeppu, and S. Ono: Pair
Swap Strategy in Quantum-Inspired Evolutionary Al-
gorithm, Genetic and Evolutionary Computation Con-
ference (GECCO), Seattle, Washington, USA. (2006).

[3] 000000000 OO0O0O0O0DODOUOOOLDDOOO
gobooboooooooboboboooooooobooog D,
Vol. J89-D, No. 9, pp. 2134-2139 (2006).

[4] S. Martello and P. Toth: Knapsack Problems: Algo-

rithms and Computer Implementations, John Wiley &
Sons Inc, New York (1990).

Copyright © 2011 by Information Processing Society of Japan and
The Instiute of Electronics, Information and Communication Engineers
All rights reserved.



