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Study on Quantum-Inspired Evolutionary Algorithm

Shigeru Nakayama Takahiro Imabeppu Satoshi Ono
Department of Information and Computer Science, Faculty of Engineering, Kagoshima University

Quantum-inspired Evolutionary Algorithm (QEA) is a evolutionary computation method inspired by quan-
tum superposition state of quantum bits. Although QEA shows better search performance for 0-1 knapsack
problem than existing genetic algorithms, QEA involves many parameres that must be adjusted manually
such as the number of groups, migration intervals. This paper proposes a simpler method called Quantum-
inspired Evolutionary Algorithm based on Pair Swap (QEAPS) which exchanges good solution information
between two individuals. Experimental results with 0-1 knapsack problems have showed that (1) QEAPS
finds better-qualified solutions constantly than QEA, and that (2) QEAPS can find the highly-qualified
solutions even with a simple conflict resolution way which is independent from target problem, which QEA
requires a complex conflict resolution way which depends on the target problem, and that (3) the difference
of search performances between QEAPS and QEA arises from the difference of diversity maintenance of
best solution information between them. -

1 FAHE
BFav¥a—4(1, 21 1&, EREDEREDTHIH

+ Binary GA

R, LONKEL L DRFIPFERZRA UEEE © rassackproven 0 J1 Jo |1 Jo
TITHB. LFE, BFHFZNFEERETFE Y 2E . Tt slamn Pt Lfs [4 |3 |2
L/, ﬁﬂ:ﬂ’ﬂ'}"}b: Y XL &Eﬂﬁ LT:E@$E§&%H%€%€% ~ Function Optimization Problem | 0.1 f1.3 0.3 | 1.5 |2.1
T ZLMERENTVS [3,4,6,5,7, 8, 9). ko Search Clal 5] 4L
Narayanan 5 [3] 1, SERO@IEHT LTV XL (Clas- . Ruosting0A [t | men] - [eke
sical Genetic Algorithm: CGA) T, EFROTHHHE . {;:,Z;ﬁz\ l N 1’ |(/ I o |
R U 7o TR (Interference Crossover: IX) & . bR it A
BWA LT BTREEN 7L S0 X LEREL, SCEt— - Genetc Aot [EEI=EE

JVAT VR (Traveling Salesman Problem: TSP) I

BT, CGA LHELTH 2/3 DA (#91/3 Al

L7z) R CREKEREEZRATESC L RRLE.

EES, BEFL UTBRRREZANT, TBRkYX % 1: BETFIRBIZVWANVAERER

BEMA7IVTY XL 4] REET7IVIY XLICEAL,

TSPICBWTREMAEREZM LTERC L 2HEL  BnT, MBS CHEDN S ZYINRET, 7o

e [4,5). EHICCDOFBRREBENTOTSIVYT 535 1k 8 TlEbN S TFIEBET, BSRER

CBEATESC EZRL (6], HHMNRREZLEDT  @nloffibhs S ZREGETEENS 5T,

—RAL L IR ETHREZRR LT (7). LTAN, Han b, BIEFLLTRFEY FEE%E
EHAGEEN TV TY XL CGA B ETHEDNDERE =B FREMELNT7 LT XL (Quantum-inspired

FITE, VWAV BETF AN ENTY S, RI1iC Evolutionary Algorithm: QEA) ZZEL T3 [8, 9].

REESIC, FyTHFy IMELETEDNSGSMTY  QEA IR, BTY Y MERETELTHY, 1=4U%

BUERT, MEL—VAY VIR ETEDNSBEE  goo b2 @ 0BT LT, CGA & h HARUVMEKT,



XOERMTHRERRTE ST L REELTVS [9).

QEA &, ZEFBAEER [10) PE&ETIVELEZHNT
VIV XL (Island GA: IGA) [11] &[E#E, HEEAD
EFRZEROHIER (FIV—7) a9, FVv—7T
OBFR EOBERITS. JTIV—TEICfERIC 2T
5 LT, MNEOSBMFIHEAIREL 55, TDK
i, JN—TEOBEETI AT REDIST A—
2R LT NEE SRV, Han i, Fv 7y
JRIBICBIT 57837 A—2 OFRERH ZHREIHICES
72D, REDEBREIT>TWVSH (8, 9], fDRIEIC
QEA Z#fHd 2813, MEORMESHELEEL 728
T A—R DR 2B H L, FEROEREZBETITD
FNEESRv. X7z, QEA T, HlFEREF O
WA EL BRRMEREICHET 5728, RIS Uiy
HEOBREDBELIZRD.

FFX TR, QEA XD bEMATIVITY LT, #
BICRBIRT A—2hVhizn, WREICEDBTE
HLB7 VTV XL (Quantum-inspired Evolutionary
Algorithm based on Pair Swap: QEAPS) %12Xd 5.
QEA T, £EHNTORBREERE /I —THTOR
BRREREZHET 0I5 L, QEAPS IE&FHKICHBW
TIVE LIGERE Nz 2 M TEkRBRIERE
Mg B, Thick b QEAPS X, QEA kb &4kw
INGA—2T, EHRANTEREZHR L S8R 21T
ST LNTES.

QEAPS & QEA DOf%%, CGA & IGA DBk L x
XV TEIHT 2 &, CGAIRITN—T L BFLESE
ALTEDHIGA THHDITH L, QEA ST IL—T
ERBFNIEZE D BRONT2E DWRET % QEAPS &k
3. EHESWEHA 12, 13) IKBVT, 0-1Fy ¥y
D 3 DDA 2V A2V A THAHUEIE DA M2 HER
Lle. AKX Tid, 1RFEY 5 QEAPS H'0-1 v 7y
TRED T T X [14] A VA2V RAIKEFEETICEE
HETHBH T &Y. Eiz, 7ERD QEA T, HED
RWRZ18 5 T2 DI M RETBICRHE U 7= HiIH5E R T
BROEDRBRETH D, 2895 QEAPS IR HE#EIC
REL AW U TV ER ERETL REDS
WREZELNDC LERT. 51, QEAPS & QEA
DOHHEEN EDBRIGERT 2 E2ERTS.

2 EFEv FREZAVEGEN7ZIVIVX
N

2.1 EEFOEFEw FRR

CGA TIEEDBEET L UT, /3 F Y, BEy, 925,
XF % E OB EMIATN TV SO L, QEA
BLU QEAPS Tid, BF & LTEFEY b (Qubit)
ZRAWS.

BTEy M, WEIERINIEENT MVERT
D 2 XTTHINT MV TRER TE, UTFDO & S s

< Individual i --,
8 5 Chromosome ‘Il: ’é
1% Individual i ~.
%% Chromosome 9i é%gé%i%ﬁ% ;
S ormations, OO0 0 1] |

X 2: CGA, QEA, BXU QEAPSICHIT 3 EiEDEE

E|0) & |1) ZIERBEREENY L ET 5.

BTy R, (0) & [1) LORY MUCHERER
B2 fRE e U TR R ERAaDEIRE (XY MVED
LLT, ERFC|0) & 1) &EFDOIENTES. BF
Yy MBI 2EREDEINEE ¢ 1, Bloch BREHWWT
FREN, UTOLSICEES.

q=a|0>+ﬁ|l>=[a} 2)
B
0,81, ZTNZTNORENERIE N2 EEERIRIES
£L, |of? +|6)? = 1 ICHBILET NS, |0) BEHITH
BHERIZ [of?, |1) DEME VBRI |82 Lk 3.
QEA BXU QEAPS I B B {EEKIE, 21T &
21T, BFE Y MDOREK LA F VU FDEBARER
ZET. Kt Otk BB RERE ¢ I TOX
SICBFEY FOTFVVILVEETEE B,

t
il o
miE 1EFKICEENZEETHTHS. BREMRERD, =
[bi1, bia, - - -, bim] 1&, FRERICBNWTRR LIS FY
FTHO, SETOMRTZEDMEEDREM (Personal
Best) ZRY.
2.2 1{EETOEEAHZXL GHELEH)

BFEY FREZAWISENT IV XL, BE
BZE %2175 Stochastic Hill-Climbing[15] *® Simulated
Annealing (SA)[15, 16, 17] L[, 1 {E&EHOTE
FRITOTLHAIRETH D, SA LR, KEMERD
5 RFTRBENLBITT 2z D [8].

1tz HWTEREZTS FIEZLTIORY. £7,
LEER G=1) IZBVT, |0) & 1) &P EHICERE
NBEI, an b B 2 1/V2 LT BT & THHHLEZT
W, BELEREDHIRERERT 52 KI, Ho5hH

IR T, R ¢ Otk i ICB B REHE ¢f LRTN, @
X [8, 9] ILHvy, BRI KT 2D WA IR 7 ¢ 270
U, HiZ ¢ &&ET.

AT, REEBRIITAD LD, WRIRIE a, & Bix ZE
Bl

t
t_ | Qa1
q; = t
i1

at,
®| ?l®-®
12




sform
nitary 20
Update "'by;W %,
o

& Y e Y Y
V4 "‘
Iy reremre 7(b) §

s 046 ] 2

t& I~ | 3

L oaloeliTol.T1] &

&
0

ﬁv‘go P ﬁ 7
gj“ a® Update b; "F gf
h if f(p) ;f(b,)% P >
plO o To]

M,
ake ,0,:‘;%% ol
On an“?j;‘;a*yw Evaluate p;
ist,,

4]

3: 1 {EfRDFHE &

LHRED NIRRT &M EHIZTET, LUTOFIREIC
o TIERDEH 5 X CEAN DR BAFIEROR G
DiRY.

1k OBEHFIEEZE 3 IR, £9, BFLEv bk
B q; DL DBEFE Y FORERBRICHY, BET
STET, 0FRIZF1DEEBZNLT V| p; 2185, B
FEw ORI, BFHFETIEO0 £zid 1 OKEAD
RO E Z 2 5N3H, QEA XU QEAPS Tl
05 1 EFTCO—FEEr BRESYE, r<|a)? DEE
K ODEENTZE L, r> |a? DBAIC 1 HBHIEH
et D35, BEKERE LTELNNNAF VT p;
ICH LT, CGA LRARRICHEISE f(p;) ZEHT B &
T, ki OFEE LTS, BEE (no B) BRlZT
WV, BRLEISEDNEVLFTUFE p L TBT LA
HETH5.

Ric, BREARERD LERICX>TEONzp, &28E
GFEGICHERT S LT, |0) izl 1) DERIRERE
RIS 57-D0OE#AEEY A b w; = (01,02, .., 0im)
BERTB. Ok =1,...,m) ¥, RIUH-> THRE
TN, UTOEFETHTRENZ L= 2 YEHE LT

¢ WEFT % (8, 9]
ol _ cos(0ix) —sin(Bix) ik
| | sin(0i)  cos(Bix) Bir
4)

f(pi) < f(bz) @t%é?, fﬁ']iﬂfpik =0, bik =1 —C&é '
T2, |1) DERIE NAHRIRBAED LA LV
LHWIT B, a=3/2, B=1/2DATHNE, X
QIR LI, BIRE (a>0,8>0)IXhiETST
reio, |1) BT AR |8 AAELRB LS
FIREEFHT B, |D)IGEFKKD 0 =00 &F
B. —HC, FER |G DT |62 KD ERELKED
TedITiE, HERIRIE o, Bie DIEAFICEKD, M4DX
312, EHETRIOEEEA 0, DIEABIRES. T4
5, K4 OB LIIEETORY MU, |1)ICEL %S
k3 icEEEE R, FEULIVERETONY MUiE, —|1)

4: |1) OEIRERZ HEIR S % /e DEE

IGEL B &S ICEEEE RS, KEEHONY B +0)
B =0) &, EHELAMICEIEI Y TR Lick
n, |EBMONY MU £|1) (o =0) &, EEEEYE
BN,

Oc ZEIEAEHRATH D, 0, BREWVIZE KRB
BERE, 0o NNEVIEERFNEERZTIC L LR
%. 3k 8] ic kU, Oc & 0.0017[rad) A5 0.057[rad]
ETOEMELTHDLENTED, 6 HAETES
b, HERRESICRETIREILIZD, RFTENOFIHAIY
RAREL, NETEDLERPRMEFLTLES C
LAEERENT VS [8).

ER LTz EERAEY X b u; iciE> THl q; ZEHTL,
f(pi) > f(b) L BBEEZ, SEERLINALF VT
p: ZF I REEOREMR b £ T 5.

3 EHREGTOEILAHDZXL
BTy PRIREAVGEAT IV TY XL, BH

BRELT I EEIZD THEILEEE T LHATRETH B

N, KIS RE(CREE R foic, BT

WAV XLRBENTO TSIV TR EDSEFRT

VIV AL LIS, SEEEZFAVTELEEE T L

LATRETH B.

3.1 QEA &£ QEAPS &7 LT ZLLE

RARX TIRET % QEAPS i, QEA[8, 9] IcHL, &

KU TORBEIT-o 27 NVI) X LTHS.

1) QEA T, £HNIC/IV—TEIERT 2DICHL,
QEAPS TRREMMICZIV—TE/ERR LI,

2) QEA T, ZIV—7HNTHITS RAMAIBE BXU
SERASETITS KEMBEEZ, b5 CHRELK
ZAIVTTITS DICH L, QEAPS T, &K
EHBNT, TVXLGERLU 2 BRI TREBRE
HMORMZITS.

QEA O7 )NV IV X L%EH 51, RETS QEAPS ©

TIY XLZR6ITRY. K6 TlE, QEA & QEAPS

TREZNHEZPROBLTREATRL TV .



Make initial population
cpeat cpeat
Until evaluation || |Foreach  |i_[Foreach 1} | Make p, by
ime reaches the |[1.8T0UP: & individual i [ observing g,
limit in group g
Evaluate p;
Update g,

Update personal
best b,
Local
migration
I— Yes| Global
Is global migration migration

condition satisfied?

K 5: fEskD QEA D7V TV XL

Make initial population }
Repeat
Until evaluation || | For each | Make p; by
time reaches the |[—]individual 7 |[ | observin

limit
Evaluate p, I
Update g, l

Update personal
best b;
For each pair i and j
generated randomiy.

6: ##F9T 5 QEAPS D7)V IY XL

Swap b, qnd b,

3.2 QEA TOB{THig

QEA DOB{EEIRICIE, R 7IORT X5 %, KEHIB
FELRABED 2 EE R, RFPIBEE, J—
THDEEDEHNT, REBSENEVREBRERE,
HOEEETORBMRIERE T20ETH D, —EHK
B/ic, BINV—TWTITS. REMBER, REARED
AEDOEHT, BELESENEVEREMRIEHRE, MO
HRETORBMRERE T2UETHD, —EHKEICT
5. FERO2EEOBEICED, QEAITEROEHL
TN, RREORERRIE, 0V —TROSHEE,
RIFEOINHERE, BET, QEA DHEHAMNL/ ST A—
2 THHEMRMAE 8] ZERLT, JIL—THBLUR
2L IV EFELAFEES RV (9.

3.3 QEAPS TOMIREREE

K9 % QEAPS T, BEEEONDDITEED
2 AR TR BRRIER 2 IR 20 Mg 2 1% % (K
8). ¥9, EMNOLTOMEENS, 2{EET 1 HEDON
S VELSERL, n/2@ONZEKT S, &XHICE
VT, BTy MIOREKICIIEEZITD T, RBM
TEROBELZMRT 3.

HE BT, REREREIT 2 2@ %, j
L, i, j ORBRRERE O, b £ T 5. FRHICK
Dbt =0t Bt =t LixB. TTT (B > f(bE)
LIRET . WM3HEITS b, (K L HR U CESE
PMED © FofB K 5 1&, bEISED L & S ICHERIRIBHIE
£ 370, BSEOREIEFTES.

B
.

D,
R 7

(b) Global migration.

7: QEA IC BT 3 RATHIE X TR (TR

Pt Individual 4 ~,

B 8: 2R3 % QEAPS IC 31 2 333 Hulikng

Kt & D BEVEISEORRARER T 2O L
I B T, ROMR t+11I2B0T, f(pith) >
FOHY) THIUE B R QICEHE N, FSEHED
WP ISER K &S ICERMTObN B T ik, ik
DOERIRIE air, Bik k=1,... ,m) M0 FF 1 IR
WIBIEE, Ak PRESNBHERIIELSES. Th
&, ik, B BIBRLTWB &, pittid pt 50 bt LRIk
DINAFVFIE D, RIS K > T—HFYIC biT A
WEENTE, T Lk THEHFENSB DT
H5. fpIT) < fOITY) THNIRBRIIEHINT,



Generations
300 1000

2

Probability convengence
of
E——
IHI |
i B

Global migration

(a) Transitions of fitness and probability
convergences in QEA.

N

S
3
8

B
£
g

(b) Transitions of fitness and amplitude convergences
in QEAPS.

B 9: SEISEE L HERDICRES OHER

b IS D K S ICHERRIEAZ(LT 5.
BAWIRIIEICRRORPLZRET S LI
DITH U, AECHEIE, (ERICE NS HERIRIEAIL
RLUTOWEVFRTE, BROSEMZEL, MRIRIE
MRS BBV THRROKF L2 EEST 2. BT
By Mok REMIE, KIEHIERRD O RATRRNE
EENICHEIT S DR RO (8], MATHAMRR X Z DFRF
BEELHICHEDELDTHBLEALS.

4 0-17Fv 74y IRBETOFERER
5 QEA & QEAPS OERMEED LEEISRER
5.1 ¥fF

229 % QEAPS & QEA L DIFRMEEZHETHE
BeiTolz. QEAICEIF 5735 A—RIGFE(THIE [8] I
fEV, QEAPS 0785 A—&I3 QEA LIRS, 10D
KIICERRE LTz, BROBTEMEEKOFTMEELIC
Yo TEETHLDEL [18,12]. EERDOECEEFE
I B EEAH 500,000 ENSE U TZREsi TIHRREZRT L.

£ 1 8T A=

Value used

Parameter name QEA QEAPS
Number of individuals (n) 10, 20, 30, ..., 100
Number of subpopulations 5
(groups) (g)
Number of individuals
. . 2,4,...,20 -
in a subpopulation
Rotation angle (6¢) 0.017 0.017
Number of observations (no) 1 1
Interval of local migration 1 -
Interval of global migration 100 -

B OBRE n 1 10 H5 100 £T 10 HLUATEEHL,
SHITEEE 30 @& L.

SHEEME L LT, FTEEG - 0 ORERFE R R Opt %),
BRITICBVWTELNIEREROBEDFEm4 %) &
ZOEREREA%], BEU, SRTICBY 2 REME
RE LR OFEmr icEEH T 5. REROHEIG
E% fopr £TBE, IR DEE Ap;) ETFORIC
Lo TERES.
fpi)

A(pl) = fOpt

x 100[%)] (5)
5.1.1 HI#KERNE

EEFEZBALEAE, UTo3EEOARIC
KoLTBEDE LT

Zero: EEIFRZEE L IBAEDHEICEZ 0 £ 9 5.
Penalty: EEHIRRZEE U@k OBISE f(p;) %2
LTFoRic k> TR 5.

N N
flpi) = Z CkPix — xmax {0, Z agpik — b} (6)
k=1 i=k

IEL, ¢, o BENENEY i OEB L TERTH
D, bi&Fy Ty I OERD LRERT. o ZLTD
XTEHEIT 5.

a= max {c/ax} (7)

Repair: L FOFEH S %% Random repair(8] IZ &>
TiHES 3. 72721, Repair DIFEDHR, RIYIOIRE
BOHIRRZEE Lix W EA S T 2) 21758

1) EEFIREWLTET, Wz 1 BT DT VA LIC
FERL, Ty Ty IhSmOERL.

2) ERHIEZERTZET, FVXLIGERLEEY
AT DTy Ty 73BT 5. EEHIEZEEL
TiEE, RBIGEM LRz B D BR<.

SHIFBER D FE L TOAEWVGEIC BRI N OEERT> T L
5, Repair I3HIFERORRHIZ T T RFREZEATVB LE
Z5NBA, FIRX TIRFATIIZ 8, 9] ICTEL>, Repair ZHIFIER
D—FEELTHS.




Repair iy 7y JREICRHE LI FRETH D,
Penalty {3 —&AVEHFBER HUSETHZ DD, Fv
Ty JiEERRE LTeREAWTWS. Zero (&R
BICEKE L RVHIRER LA ETHS. Thbb,
Repair, Penalty, Zero DIET, NREEICRHELTSE
ANEVHRER LA E L & 5.

5.1.2 BELMEEOHEBEEICERLLFY 7YY IR
BDUSX

EERIC WA RS UTC, fiYpoE & & MifEoHERIC
EBUELUTO3IEED I S X [14] ICBT 2@ >
ARV A% R 10 EER LTz,

Uncorrelated (Cy): fif#]) j Offifi p; L E& w; 2, K
il [1,v] O—kRDICHED ELEIC K D IRET 5.
Weakly correlated (Cy): w; ZXH [1,v] D—8KD
RIS EBICKOREL, p; ZXH [w; — r,wj + 7
D—FEDRICHE S BB X DIRET .

Strongly correlated (Cs): w; %X [1,v] D—Fk57
IS EBUC K DREL, pj=w;+7r LT 3.

Tk, AHORKRTE, v = 1,000, r =100, FE
N =500 &L, 2FMOEFTERD 50%zEEHIEL
L7z

FNFENDI S ADHBEEA VARV AILBIT B,
FOER L MEOREFZK 10 ITRT.

5.2 REER

Cus Cw, G IiCBIF3, QEA D Opt BEUmrEK
11(a), (b) BXT (c)iZ, QEAPS D Opt BLUmr%
®11(d), (e) BLT () I, QEAICBIZmaB LT
oa%® 12(a), (b) BLU (c)IT, QEAPSIZHFBma
B Uoa®E 12(d), (e) BEU () ITRT.

Opt ic&EBT %L, QEA TRETDISADETD
KEREMFICHBNT, —ELRERERRTEAh 7D
AL (K 11(a), (b) B&LU (c)), QEAPSTIXC, T
K 48%, Cy TERK 18%, Cs TIRA 91%DEIE Th
BWREPRRATE (K11(d), (e) BXU(f)), QEA KD
LREMAEREEKBCHBETETNDR I LHDLS.
=z, 11(e) BLT (f) IKHBWT, Cyw BLUCs T
Repair DFIEHKEZVDIE, Cy BLU Cs TlE, EED
INEWENEE, BERICHT BMfEDLA R, Repair
DIIEFEIE 2) DMRPIKENTDTHS.

12(a) 25 () ILBT Z2maBLUoalcEHT
L, 2fRMIC, QEAPS Dmuid QEA Dmak b & &
<, QEAPS Do 4ld QEA Dok D E/HEWVE, KXo,
QEAPS IZ QEA &0 &, EVRHEOMELEL THRA
TEBILHbhB. £/ 12(a), (b) BET (c)D5,
QEA Ti&, Repair &, Zero 8K U Penalty & Dm D
ZHKREL, QEA DERMRED 7 ThxWzdic, T

AERUKEE 5%D t RTICK D, KEBRICBWT, [ CHEKKS X
U CHIKBER 5 3% iV TR CRIEA VA2 ¥ 2% R,
QEAPS Dm4id QEA &b &HICH T L ZFERL T2,

Ty 7 RIREICEE U7z Repair DFIRDKENT &M
b, K12(d), (e) BXU (f) 5, QEAPS TiZ,
Repair, Zero #53& U Penalty DEAVNE L, Fv Ty
7RI E L TRV Bz Zero 38 X U Penalty T
LEREZITZ, QEA L0 LHFERMAAECHLT
ONARTHBT ehbhsb.

F7z, QEAPS X, QEA LAREDOHEDMREEZ LD
MERICHRATES. 12(a) BXU (d) h5, C, D
RIRETIX, QEA XEEED 100 D& FiCmah KD
#199.8% &b, QEAPS Tid, fE{AEAN 20 D& &I
mah¥999.9% L 75%. mrlcEEHT B L, EEED 100
D QEA Ti& 270,995 @ (K 11(a)) , EAEEAD 20 DO
QEAPS Tl 58,828 Bl (K11(d)), QEAPS & QEA
D 1/ALUTOBRREH TREDOHKEDMERRATE
T eAbh B, RS, Cyld, QEAPSH, QEA OH
1/9 DEFEZREE T, Cs Tid, QEAPS A, QEA D 1/3
LITDHFEZEHET, ASEDREORERETER.

6 HBbYic

BTy FREOEGTERVZESERELIcDW
THES L, NAcHugig = fV 3 a8t 7))L d) X
L. QEAPS Z42& L7z. QEAPS I 2 B{ARI CREME
HAEANRZ AT S 728D, HERD QEA Tidib
BTHo eI N—TEBIUBEZAIVTITDNTO
REBHIFEL B, W, BROFBCBOTIIE
ROZH LA, HERRIBDIGR L TV ERAGTIIEE
ROEPLERTEDTHY, BTEY FRROBRLT
MEFD, KIBHIERD S RFTRRA L BEHNCBITT %
REEEDBEHENH5.

0-1Fy 7Yy ZRER AW HESZEIC K b, QEAPS
X QEA (LT, XOEVHRTREMRERRETE
32k, BoNBMBOFEDESDEINI VT L, B
MZHKER LA EER VR 5E T AMEkiE
RETEZCL, BXU, AEEORKREOETHNE
1/3 RiGOBFRBHTRATES L RHRLE. 5
12, QEAPS DIFERMHEN QEA X h LENSEHIE,
QEAPS BRI BN THZBEREH L TV 57287
Tz, RERBEROIC—2T5BEOIDDICER
FRIEHOATHELT S MEHIHER T TV A28, RE
RISMOSHEN T 5 LHTE, KEWERND
BFFHIRRAERMCBITT 572D TH 5 T L ZhER
L.

5%, & O KBBIZRIEIC B BHERIEREORE, &%
ERITH L LBIC, A RELRIBEADERA 2K
L, QEAPS WARNZRIEOR M ZFHE(LT 5.

SE 3
[1] D. M. Lucas., A. Ramos, J. P. Home, M. J. McDon-
nell, S. Nakayama, J.-P. Stacey, S. C. Webster, D.
N. Stacey, and A. M. Steane, “Isotope-selective pho-
toionization for calcium ion trapping”, Physical Re-
view A, vol.69, no.012711, 2004.



Profit

(2
3l

[4

(6]

(7

(8

9]

(10]

(11]

(12]

(13]

(14]

1,000 -02 ' 1,000 !
800 4;{ 800 ‘
= 600 ;;"’l' = 60
5 z
£ 400 £ 00
*00
200 ?&5’ 200
0 . 0 _ ,
0 500 1,000 0 500 1,000
Weight Weight Weight
(a) Cu. (b) Cu. (c) C..

X 10: &2 5 A BT BEMOER L MEDRIR

il B FRES — F TOESBY — hDEZY,
zt:.ﬁrﬁli?z, vol.7, pp.77-82, 2005.

A. Narayanan and M. Moore, “Quantum-inspired Ge-
netic Algorithms,” Proc. IEEE Int. Conf. Evolution-
ary Camputation, pp. 61-66, 1996.

by 7%, SRRGHERER, R R, fiEEE, ‘BRI
WOV XL BT B BEFFBRREORED, 1EHRNIEE
LEEE, vol.48, n0.8, pp.2625-2635, 2006.

rly 7%, SR RERER, ERCE: gy L) LIS
B ERTFTHRIEDORE", f;‘?-i'?:ﬁ D-1, vol.J-88-D-1,
n0.12, pp.1795-1799, 2005.

il R, ATEIES, /NFEE BRI S5V S
B BZRFFHRZEDRE, ¥ AT LAY 26
X&E, vol.19, no.6, pp.262-268, 2006.

il X, s ED, RNGREER, NEFER: RET
IV XL BT BRETHRRIEDRRE”, 2% D,
vol.J-89-D, no.6, pp.1449-1456, 2006.

K.-H. Han, J.-H. Kim: “Quantum-Inspired Evolu-
tionary Algorithm for a Class of Combinatorial Opti-
mization”, IEEE Trans. Evolutionary Computation,
vol.6, no.6, pp.580-593, 2002.

K.-H. Han, J.-H. Kim: “On Setting the Parameters of
Quantum-inspired Evolutionary Algorithm for Prac-
tical Applications”, in Proc. 2003 Congress on Evolu-
tionary Computation, IEEE Press, pp. 178-184, 2003.

K. Mizuno, S. Nishihara, H. Kanoh, and I. Kishi:
“Population migration: a meta-heuristics for stochas-
tic approaches to constraint satisfaction problems”,
Informatica, vol.25, no.3, pp.421-429, 2001.

ARAHFRERR, MARE—BR, LR “1 Rt b —F AHK
BEEETIVICED GREMRFIERICBY 2 BRI
BRORRED, E¥# C, vol.125, no.1, pp.84-92, 2005.

FRILGR, SRIRFELE, NS, SR GHEER: “BFEMEL
7 L3V XL B33 g ORED %%ﬁ%#&ié
{E2E5 5 D, Vol.J89-D, No,9, pp.2134-2139, 2006.

S. Nakayama, T. Imabeppu, and S. Ono: “Pair
Swap Strategy in Quantum-Inspired Evolutionary Al-
gorithm”, in Proceedings of Genetic and Evolution-
ary Computation Conference (GECCO2006), Late-
Breaking Papers Session (2006).

S. Martello and P. Toth.: “Knapsack Problems - Al-
gorithms and Computer Implementations”, John Wi-
ley and Sons Ltd., 1990.

[15)

(16]

(17]

(18]

(19]

(20]

D. H. Ackley: “A Connectionist Machine for Genetic
Hillclimbing”, Kluwer Academic Publishers, 1987.

J. M. Varanelli and J. P. Cohoon, “Population-
Oriented Simulated Annealing: A Genetic/Thermo-
dynamic Hybrid Approach to Optimization,” Proc.
of the Sixth International Conference on Genetic Al-
gorithms, pp. 174-181, 1995.

S. Kirkpatrick, C. D. Gelatt and M. P. Vecchi, “Opti-
mization by Simulated Annealing”, Science, vol.220,
1n0.4598, pp. 45-54, 1983.

BEAWT, NFEF, PR “EREET VIV XL
= 5 — FVEDONAT )y RIC K 3 EBIRERED
HEBRED , (%3 D-1, vol.J89-D, no.1, pp.121-128,
2006.

C. A. Brizuela, N. Sannomiya: “A Diversity Study
in Genetic Algorithms for Job Shop Scheduling Prob-
lems”, in Proceedings of Genetic and Evolution-
ary Computation Conference (GECCO099), pp75-82,
1999.

L. J. Eshelman and J. D. Schaffer: “Preventing pre-
mature convergence in genetic algorithms by pre-
venting incest”, in Proceedings of Fourth Interna-
tional Conference on Genetic Algorithms, pp. 115-
122, 1991.



(%]

Discovery rate: Op

e miz{Repair)
2+ my(Penalty)
—4= my(Zero)
Opt (Repair)
Opt (Pemlty)
= Opt (Zero)

20 40 60 80

Number of individuals

100

0.0

(a) QEA’s Opt and mp in C,.

%
S

60)

40}

Discovery rate: Opt [%]

I
S

w3 i {Repair)
2y my(Penalty)
¢ mp{Zero)
wm Opt (Repair)
=3 Opt (Permity)
3 Opt (Zero)

5.0

4.0

3.0

i

20

1.0

60 80 100
Number of individuals

0.0

Mean evalu

(d) QEAPS’s Opt and mr in C,

T
5
£
=
g
k|
6
s
3
=
5
3
=

ion time: m{ X 105

Discovery rate: Opt [%]

[ = m(Repair)

& my(Penalty)
—=— my{Zero)
&= Opt (Repair)
Opt (Peralty)

20 40 60 8

Number of individuals

0.0

e m [ X 105]

<
S
3
3
s
5
g
2
=

(b) QEA’s Opt and mr in C,,

Discdvcry rate: Opt [%]

(e) QEAPS’s Opt and mr in Cy,.

%
S

a
S

FS
S

[
S

= mz{Repair)
A~ my{(Penalty)

= my{Zero)

&R Opt (Repair)

£ Opt (Pemlty) o
(71 Opt (Zero) /—
s
A

]

20 40 60 80 100

Number of individuals

5.0

=
=Y

w
o

N
=

Y

Mean evaluation time: m,| X 10]

Discovery rate: Opt [%]

100
> mz{Repair)
& my(Penalty)
80) —— my{Zero)
Opt (Repair)
601 Opt (Peralty)
7} Opt (Zevo)
40)
20}

40 60 80 100

Number of individuals

50

4.0

3.0

Mean evaluation time: [ X 10%]

(c) QEA’s Opt and mp in Cs.

Discovery rate: Opr [%]

T = m(Repair)
A& my(Penalty)
—— my{Zero)
s Opt (Repair,
o Opt (Penalt
773 Opt (Zego)

%
S

2

»
S
N

b

5.0

4.0

30

2.0

40 80
Number of individuals

Mean evaluation time: m[ X 10%)

(f) QEAPS’s Opt and mr in Cs.

11: FEfRR A% L B RRFERROTEFEEKICHET 5 QEA & QEAPS DL

Mean accuracy of best s

. Y"H"O—o_(__*— g’—_(ﬁ

/

Pf w1y (Repair)
A& my (Penalty)
e my (Zero)

~# 0 (Repair)
*__ A n,([’;nalty)
- - =~ @ (Zero)
X . % .

.. )
0‘..'*i

20 40 60 80

Number of individuals

10()

1.0

o
o

14
N

I
=

o
o

4
=

Standard derivation of m,:

(a) QEA’s my and 04 in Cy.

3
3 o
b
S
3
£
=
S 96
g
b
=

94

TR B
o (Repair)
& my (Penalty).
~>— m, (Zero)

7

~# 0 (Repair)
4 o (Penalty)
- -0 (Zero)

il %

40 60 80 100

Namber of individuals

20

1.0

o
%

o
=N

o
IS

I
5

o
=3

Standard derivation of m: o,

(d) QEAPS’s my4 and 04 in Cy

1

Mean accuracy of best sol.: 1,

of

©
%

il O= =00
o A

A/&;.)— my (Repair)

£ my (Penalty)|
ety (Zero)
- O 4(cha|r)

A 7 (Penalty

96 / KL Aoy a 4(Zero)
/ X x.
S
‘e
. ®9-0-0-0-0-0-0
T 20 40 60 80 100

Namber of individuals

1.0

08

Standard derivation of m: o ,

(b) QEA’s my4 and 04 in Cy,.

100 7 O—R=i3 (2t s
/ > 1 (Repair)
/ A my (Penalty)

o8 & ey (ZETO)
96, )
X - o (Repair)
3 s ooty

« % @ 4(Zero)

Mean accuracy of best sol

94

W T I

40 60 80 100
Namber of individuals

1.0

°

8

06

04

Standard derivation of my: 7,

(e) QEAPS’s my and o4 in Cy,

i

Mean accuracy of best sol.:

100,
. e Can *ane]
K

el o
7 e m1, (Repair)
-l & m;(Pcnulry'
—4— m (Zero)
/ ~& o (Repair)
A o (Penalty]
- 7 4(Zero)
X4 - i &K

®.
©-0-0-0-0-0-0-0

2
&

o
X

Trgy

20 40 60 80

Mamber of individuals

100

(c) QEA’s my and o4 in

sy

Mean accuracy of best sol

100 Rt s #
/ w=Om my (Repair)
/ & my (Penalty)
o £ e my (ZeT0)

~ 0 (Repair)
X A 0 4(Penalty,
. = W @ 4(ZLero)

I I e

40 60 80 100
Nimber of individuals

o

.6

1.0

4
)

06

04

Standard derivation of m: o

Standard derivation of m,. o

(f) QEAPS’s my and o4 in Cs.

X 12: & BRORSE O L EHEREIC BT % QEA & QEAPS DR





