Abstract- This paper proposes a novel evolutionary algorithm, called a two-phase quantum-inspired
evolutionary algorithm (TPQEA), which can improve the performance of QEA (quantum-inspired evo-
lutionary algorithm). From recent research on combinatorial optimization, the results of QEA with
population size 1 were better than those of CGA(conventional GA) with population size 100. More
specifically, the convergence speed of QEA was 70 times faster than that of CGA. Although the perfor-
mance of QEA is excellent, this paper shows that its performance can be higher. Through the analysis
of changing the initial Q-bit value and the introduction of a new termination criterion didgate, a
two-phase QEA (TPQEA) is proposed. To demonstrate the effectiveness and applicability of TPQEA,
several experiments are carried out on combinatorial and numerical optimizations. The results show that

TPQEA outperforms QEA in convergence speed, robustness and the power of a global/local search.
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TPQEA= 13 98} o] A 7+ Ao 2 Aodrt A HAl 42 ‘1A QEA(first-phase
QEA)Z 53 AsS Hole 7] QHIE g2 et F WA 342 294 QEA(second-
phase QEAE A 1H7] QEA A 2t& % 7] Q-H|E Z1-& o] & 3to] EE Q-HE /A& =713}

skl H A s & gt

Procedure TPQEA

begin

i) First-phase QEA

i) Second-phase QEA
end

a9 9: 24 FAF A3t &2 F(TPQEA).

Procedure first-phase QEA (&+A4))
begin

i) Q(t

begin
t—t+1
Q(t —1) e S0 o3t P(t) A4
P(t) B 7}
Q(t) 84 (Q-AI°1E A4k} o] F)
B(t— 1)3} P(t) % AAE 22 12 B(t)ol A%
if (A o] 27)
then 21 25 Wl A1 &) 7RAIE 2 A s 112 o] 5 (A o] F)
end
i) PSS ARE BA A 2F 27 QUIE g [of 41 ol A%
end

1% 10: TPQEAS] 19H4 QEA.
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Procedure second-phase QEA @A)
begin
t «— 0

) [0

P(t) 37}
P(t) % 2 #E B
while (not 5 =4
begin
t—t+1
Q(t—1) ZE) HAZol o P(t) A
P(t) 37}
Q(t) A (Q-Al o] E A4k} 0] &)
B(t—1)3} P(t) & NAIE 22 s & B(t)o A%
B(t) & H A & bell A%
if (A o] %27)
then A9 F 2 & b2 ZE /MAE A 8 AT BH)E o5 (A o]F)
else if(R| & o]F = 4A)
then 2|9 2§ Wl 2] W8 2 A 8 149 o] 3 (1] o] F)
end
end

12 12: TPQEAS] 217 QEA.
(m%x C’b(qj)> > 7. (12)

(m%x Cb(qj)) > (1—2€)y (13)

ii) FmelZo) vA s F2 AGeAA P 958 ABE Bl A 3F o] 27 Qi
E 2 [of BT Agshe HA o] S/,

79 12 TPQEAS] 26HA QEA 4318 52 LrehiTh. 7] 3 QEA G318 53} A9 5 U stnl,
't — 0 T o] A AR L, Q1)) 2715} 7 o] MAH ko] thth. 7| & QEAS] 27]3} %A
A= REQHIEE (L L& 2733 A v 20HA QEA A= 2 E Q-HEE 194 QEA

3
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EIV: 4439 5-0E EF EA(Nygp = 20)9] AF A3k Aol ALEH 7N = 7](population
sizef= 15, A Y o] F 7] T, = 100, A9 15 37] =30% AAeG, F 30U AF S 3
skt £ 8 27 (10)S AHESHR L, olaf v = 0.99% 23 ek th TPQEAY] 1A & ¢ 3k v &}
0= Z+7+ 0.99} 0.052 A A3t =3 TPQEAR} QEAE $I3t H, Ao E Q] 2 0.012 A A5}
ATk b., m., w.= Z+Z} best, mean, worst= /]U]'GLL, oSt t= 7+ 30 Ay Ao & HAF

o} duElE] Fa FE Ahrolth TPQEAY t+= F+ DAL A& EF &3 2ol
| | QEA | TPQEA]
b. 90 100
m. || 85.033| 100
ftrap W. 81 100
o || 1.722 0
t 218 84

5. TPQEA?] A% AZ: 5-H] E E =(5-bit trap) E A ol o] & &

TPQEA?] 4= AS3H7] Adl th=3 22 d59 5-HE B 2AE 23tk
J\Tt'ra.p*1

frrap(X) = > trap(wsis1, Tsita, Tsits, Toird, Tsiys).
i=0

AZNA, Nirap= E ] 7o) 2L, 3hrte] 50| E EF) 4+ ths3 2ok

[ 4—ones(x) , if ones(x) <4
trap(x) = { 5 , if ones(x) =5

B4 frap® AT S 2 (L1 1L 18 2] SIS, 29 13004 K ue) o] =3
(0,0,0,0, 03] WA= T o2} Ao 5-H]E Eo] A% BAL 7Ee] A3 2eF

Sol g A9 H4 2 TokA Bohe BAw @ SeA Yk,
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2 HAFAI ez AN dFTT FHA FHY §3HC = 20,v = 10)= Z= 71

U ZAE gtk 2oy FA 0l th et A S A2 f =

of opoldl S = Al 7HA #AIE 383, TPQEAS] A5 W€ 913 QEA i3t A=
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€ 27 5948t A3, TPQEA?] 1A QEAS 13 shetvl B gt 3715 it TPQEA
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1A | 294
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QU E A #HZ 35 1 1
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Sphere function:

N
Fx) =) af (14)
=1
S F7He —100.0 < 2; < 100.0, N = 30| th. x = (0,0,--- ,0)el A} A HAZE0.0S 2t=

Ackley function:

N N
f(x) = —20exp (0.2 ;;m?) — exp (]1[ ; COS(27T$Z')> +20+e (15)

A Z 742 —32.0 < z; < 32.0, N = 30°|th. x = (0,0,--- ,0)°l A A 475 0.0 2=t

Rastrigin function:

N

f(x) = 1ONZ (xf — 10 cos(2mz;)) (16)

=1

S Z7hE —5.12 < 2, <512, N = 300 Th.x = (0,0, -+ ,0)01 4 A 474002 ZeTh

Schwefel function:

N
f(x) = 418.9820N — > ; sin(y/i) (17)
i=1
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E}QEAA (15,3)2 =
Z¥ best, mean, worst=

Folt. - 2
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MA = = 7] (population size) 153 3] 4= 33] & 2| n| 3l
o1 u] 8}, 02k MAX_GENS
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77t 200 A Ao

EP QEAs
SEP PEP QEA TPQEA
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