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Fig. 1. The concept of Changing Crossover Operators.
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Fig. 2. The optimum solution found by GAs as well as ACO

for Oliver’s 30 city problem
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CXO. improved EX, SXX O i fip~D IR

Tablel

Process to converge to the optimum solution regards

as CXO, improved EX and SXX

generation CcX0 improwve dEX SXX

1} 1037.85 1037.85 1037 85

L1 449 61 440 61 93416

o 43795 437 95 809359
T* 437.95 43795 386.83
] 437.74 43795 858 89

a 434 77 43703 85076
10 430,71 43703 83078
11 430.71 43262 $19.60
20 42457 43262 699.19
23 423 .74 432 62 6T0.TS
40 423 .74 432 62 547 35
50 423.74 43262 510.40
60 423.74 43262 474.90
T4 423 .74 432 62 46656
100 423 .74 432 62 46656

on 7" generation CXO changes EX to SXX

F# 2 B EX /D SXX ~DFE R A A DR

Minimum length/ Time to

improved EX to SXX
generation minimum time to find | generation
for length the minimum to find
exchanging found length theminimum
EX for SXX (millisecond) length
1 42038 590 43
2 44597 3 57
3 42527 441 30
4 423714 481 31
b 42469 311 16
6 424 69 3 15
1 42374 441 23
& 42469 an 15
9 424 69 410 17
10 42469 420 16
1 424 69 b11 23
L
-EU 450 normalized time to find
5 445 éthe minimum
e length {millisecond}
g 440 — — minimum
E length found best model
€ 435
L
= 425 7 —— ﬁE"‘j, ———
-E minimum length [ ) ) ) ) )
= 420impmved EX finds
12 3 4 56 7 8 9101
Generations for exchanging for
improved EX to SXX
Fig.3. Searching the optimum generation to exchange
improved EX to SXX
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Table 2. Searching the best generation to exchange
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Table 3 Performance improvement of ACO endowed with

Simulated Annealing
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ﬂ(_)O distance_all _+ 47374 102 630
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updated
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AGO without 54 423.91 411 2,563
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# 4 GAs,ACO & CXO. ECXO DOHHE & MEhEr#
Table 4. Performance evaluation of GAs, ACO, and their

combination CXO and ECXO

MO methods best required required |population
length | number of | computer size
found | tours to | execution

find the time to
best find the
leneth [best leneth
{mseconds}
ECXO
1 (AGO with SASSXN 42374 1.620 260 00
2|ACO with 5A 42374 3.060 630 30
GXO
3 {improved EX—§X00 42374 6,900 441 300
4|ACO without 54 423.91 13,230 2553 30
5|improvedEX 432 62 3.300 380 300
6|5XX 466.56 22,200 8561 300
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il 2RO B &, CX0 1 6,900 [RID
f1T, 441 I VB CREMAREE L T D,
J7,ACO (SA ¥¥RE®H V) 1% 3, 060 [RIDJRTT, 630
UM CHREREREL TS, TOT —4
1%, REMIEROT-DOFE o — & FT
IRFH DBLE N B imo@mn&m%%%@);
DENTWD Z L, FrERITEE OB R
mosA%%&@)ﬁcm;@%hfwéz&
BRLTWD,

@ EEHMTZILITYALET— ban=—
REBILFEDEEICKL HERENRE

(A) BExJ7

ACO & GAs i T 52 & THICRKEED
VR ZIRKR T HINEER AR — 2R

425

——ECX0O
—=— ACOwithSA
GAs(CX0)
4246
w D
= \ GAs(CXO) finds the best solution
EU 4242
B ACO with SA finds the hest solution
A G ‘
423.8 5
/‘*
ECXO finds the best solution
423.4 * * * * *
1 2 3 4 3 4] 7
(>1000)

Number of tours
Fig. 4. Process to obtain the optimum solution for
both of GAs and ACO from viewpoints of number
of tours.
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f ¥£ ECXO (Extended Changing Crossover
Operators)” % #af L 7=, ECXO I% CXO @ OPI
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Table 5. Finding out the optimum generation for exchanging crossover operators from ACO to SXX (GAs).
eenerations best best number of total computer execution time to find
for length length | eeneration | number of | the best solution {mseconds)
exchanging | AGO finds | improved | = to find |eeneration execution | execation =
AGO for by EGX0 | the best | = to find . .
time for | time for | {msec)
5xX length the best
AGO S
found by | leneth by {msec) (msec)
SXX EGXO
1 605.09 42314 463 464 10 761 T
2 46548 42314 412 414 10 nm m
6 463.80 42627 169 175 40 280 320
10 46041 42314 31 321 60 530 590
21 45964 42314 206 227 140 340 480
22 45948 424 69 60 82 140 100 240
23 44182 43615 254 277 150 450 600
kil 42582 423714 23 54 230 30 260
36 424 64 42314 23 59 260 30 290
60 42391 42314 34 94 430 60 490
102 42374 = 0 102 630 = 630
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