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of Observed Bit Sequence

IcHIRO IIMURAY®  YOSHIFUMI MORIYAMAZ:?)  SHIGERU NAKAYAMAS:©)

Received: July 24, 2013, Accepted: November 1, 2013

Abstract: In order to expand the conventional binary-type gene-coding method based on the quantum bit
representation which is used in Quantum-inspired Evolutionary Algorithm (QEA) and QEA based on Pair
Swap (QEAPS), Ilimura et al. have proposed a novel integer-type gene-coding method that can obtain an
integer value as an observation result by assigning multiple qubits in a gene locus. In this study, we con-
ducted the computer simulations for clarifying the influence on search performance according to difference
in decoding process of an observed bit sequence which was not described in the previous study by limura et
al. From the experimental results, we have clarified that interpreting an observed bit sequence by regarding
as the pure binary code is more suitable than interpreting it by regarding as the canonical gray code, in
the decoding process of an observed bit sequence. Furthermore, we have shown that the integer-type gene-
coding method to interpret an observed bit sequence by regarding as the pure binary code is superior to the
conventional binary-type gene-coding method.

Keywords: quantum bit (qubit), quantum-inspired evolutionary algorithm (QEA), pair-swap strategy,
QEAPS, integer knapsack problem (IKP)
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Quantum-inspired Evolutionary Algorithm (QEA)*!%%,
Han 512X » TIRESN T3S [3], [4]. HEROBE TV
T X4 (Classical Genetic Algorithm: CGA) [11] & i
R0, QEA TEHET Y v b2 L 728 (a8 (&1
vy MRB) 2#ETICHY, 228 ) BT E D
BT ZET, CGA L) b WEERKT, X0 ERER TR’
ERRTELIEN, 0-1F v 7y Z[HiE (0-1 Knapsack
Problem: 0-1KP) [12] G & L2 FEBRTHER SN T W
4. QEA |21F, Simulated Annealing [13] D & 9 7, K
7 EEED S BT G EEAN L HEINISEBE S 2 5508
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Swap) WLFRIZZEZ 5 2 & T, QEA THRENLETH 727
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D, WEFEFERREOHLOBIE D5, QEA (ZIZEHKIE
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2 — F (Canonical Gray Code: CGC) & AL CTEHIH
285 LT 25, flioyA 91) 32— F (Pure Binary Code:
PBC) & L TR LGV TIRAL2ICER TV
WV, F 2 TARFZETIE, limura 5 OEBETE v P EHIZ
D EEPIE L T-RINEEZ W FS, BT % fliR

I QEA RIEROHMGT L ¥ 2 — 5 ECHfET AHERT VT X
LATHY, Tar¥a—4% ETEET2E T 7V TY XATIE
7\, “Quantum-inspired” &\ ) ZIREET TNV TY AL TH
HEDMBEIFERT VD, FEEWE &V,
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R1 NTA-SH (coo: CGC F72i3 PBC)
Table 1 Parameter configuration (o o o: CGC or PBC).

Parameter names QEA,;, QEAPS,,;,, QEASY QEAPSS?
Number of individuals 20, 40, 60, 80, 100

Rotation angle (0¢) [rad] 0.0107 0.0107 0.0017 0.0017
Number of subpopulations (groups) 5 — 5 —
Number of individuals in a subpopulation | 4,8,12, 16,20 — 4,8,12,16,20 —
Interval of global migration 100 — 100 —

b, TNTNOEFE Y b g VEIISND &, FEFRYRIE
Qijks Biji W2 T, NA F U IEH p 1 BENTNESND.
limura b DEATHIZE T, HEOEF Yy FMBUIERIZES
NDHNA FV)IEHR (€ bl Dij [pij1, Dij2, - ,pijh]T %
CGC LFERL TV 525, RKWFFETIEIZ oYy Ml PBC &
RS 2. ©v Mip,, &, BEEH x; = [va, v, - Tim]
5952 8T, BlFERE LTOEREXHRL. 72L&
Z1E, v M 010 & CGC LML 72356, SHNn b
BfEiL 3, PBC LRL72BGE 20 EONEZEICR
553, geftfk ¢ OWISE f(x;) 13, BEEIER 2, 25 L1,
CGA LIHU &) ICFHli s 5.
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AWFFED BHAY, Timura 5 OEEE € v PERBEE
D EHRERTRHALE RS, Blillke v MHoE
FHLELDEWDERMERICED X ) B2 5.2 L0
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R G 13 Timura & OSEATAFZE [10] kRS L7z, O F
D, —RILOD IKP & RIIRRVERE 2 5§ 5. T j
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CGC IZHARPBC & L TR L 72 AN T 5 2 L A5
BTEL. INLOERDS, QEA B XU QEAPS (2%
FOUER T RBUEEZ 5546, BIlIRE v Mo 50
ML LT, CGC LT 5 X)L PBC LEIRT 575k

DELTWBEVR D,

RIZ, = CGC LT 5 L0 b PBC LIRS 5508
IVBELTWIORIIOVWTESET L, 72221E, 3Ey
FNOTHWKEE 2 L. PBC OB, THMOED SIS
n (n=1,23--) FHICHHLE Y ;25055 1I1ZELL
A, FOHEHMOMEIZ ORI 2 BBk Ak
W% b, BRI, G200 3FHIIHLEY M E 00D
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Ji, CGC Tid, ‘FHWH R fEDZ bid 201 TH LA, —ET
E CEBICE LT 5. BRI, A5 3FHICH S
Yy b2 005 1IZZILEES L, 0 (=000) — 7 (=100),
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— 4 (110), --- DXk b, Witz 5L, PBC T,
05 12L& AE Y FOMBEEZREIL, L2
FE2S nFHOLE Y bEFIL, HOZLOKE S
—ET, DRIZ2M 2T LT A, L2 LADS, CGC
T, A5 nFEHOE Y MeiFoLThH, 20IF
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% CGC & L THRT 2 SRR T-RIEE V728
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