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C@=F ẁQW |x]kv =@ xv=oOvJ OQoxQwO |xOvWwQi |xr�Ut pL |=Q@ ACO sD} Qwor=
u=oJQwt sD} Qwor= xm Ovm|t O}}-=D V}=tR; G}=Dv w CU= xDiQo Q=Qk xO=iDU= OQwt
|x]kv u}}aD |}=v=wD ACO 'p=L u}= =@ [31]"Ovm pL =Q |r�=Ut u}vJ Ov=wD|t QDy@
xDiQo Q_v QO xr�Ut pL |=Q@ ,=t}kDUt u=wD|tv 'u}=Q@=v@ &OQ=Ov =Q xOvWwQi Qy ẁQW
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QO "CU= xOW pL =yxvwtv u=Um} |=yQDt=Q=B w =yxO=O u=ty =@ xr=kt |O=yvW}B
u}ov=}t '?=wH u} QDy@ ?}DQD x@ xm uwDU 4 QO IAC-PGA sD} Qwor= '4 pwOH
sD} Qwor= R= |}=yv G}=Dv "CU= xOW xOQw; 'CU= pL u=tR\UwDt wTv=} Q=w '?=wH
G}=Dv "CU= xOW xU}=kt =ysD} Qwor= Qo}O R= pY=L G}=Dv u}ov=}t =@ IAC-PGA

x@ l}ORv Q=}U@ QDsm |=yQyW OQwtQO hrDNt |=ysD} Qwor= \UwD xOt; CUO x@
=ysD} Qwor= Q}=U |wHDUH |}=v=wD '=yQyW O=OaD V}=Ri= =@ 'p=L u}= =@ "CU= Qo}Om}
'OwHwt |w} Q=vU 36 QO sD} Qwor= xU u=}t 4 pwOH QO "O@=}|t Vy=m Q=}U@
sD} Qwor= 'w} Q=vU 31 QO xm CU= xOW xO=O V}=tv nvQQB CQwY x@ QDy@ ?=wH
G}=Dv u}= QDQ@ sD} Qwor= xU u}@ uwJ w OQw;|tCUO x@ =Q QDy@ ?=wH xr=kt |O=yvW}B
' ẁ[wt C=}@O= QO OwHwt |=ysD} Qwor= |t=tD u=}t u}=Q@=v@ 'CU= xOW pY=L
IAC-PGA sD} Qwor= uOw@ ?U=vt |xOvyOu=Wv Q[=L Q=DWwv sD} Qwor= |QDQ@
Q=Owtv 2 p=Ft u=wva x@ 8 pmW QO "CU= xv=oOvJ OQoxQwO |xOvWwQi |xr�Ut |=Q@
hrDNt u=oOvWwQi O=OaD w QyW O=OaD xR=Ov= =@ Cw=iDt |=yxvwtv R= xU}=kt Qw_vt x@
pwOH QO pt=m CQwY x@ xvwtv pL O=Oa= =yxvwtv Qo}O |=R= x@ w CU= xOW s}UQD

"CU= xOW xOQw; 4
R= =yQyW O=OaD uOw@ nQR@ s=ovy QO |O=yvW}B sD} Qwor= xm OwW|t xOy=Wt
sD} Qwor= wO |xU}=kt Qw_vt x@ "CU= Q=OQwNQ@ ?=wH uDi=} QO |@ wN Q=}U@ |=}=Rt
'CU= xOt; [16]`@vt QO xm OwHwt |=ysD} Qwor= s=tD =@ IAC-PGA, AC-PGA

sD} Qwor= 5 u=}t ?=wH u} QDy@ w QDQ@ sD} Qwor= wO u; R= s=Om Qy ?=wH u=}t Ow@y@
xOW xOQw; OYQO CQwY x@ Ow@y@ u=R}t 5 pwOH QO &CU= xOW x@U=Lt Qo}O
sD} Qwor= 5� sD} Qwor= GvB u}ov=}t u} QDy@ u=}t Ow@y@ xOW ?=UL |=yOYQO "CU=
u}ov=}t w �CU=ABC 'PGA TWPS 'IPGA IWO |=ys=v x@nv=}H xr=kt
Q]U wO hrDNt QyW O=OaD Qy |=R= x@ "CU= IAC-PGA w AC-PGA sD} Qwor=
O=Oa= xm AC-PGA sD} Qwor= Ow@y@ u=R}t x@ \w@ Qt pw= Q]U xm OQ=O OwHw xO=O
sD} Qwor= x@ \w@ Qt Ow@y@ swO Q]U w xOW G=QNDU= [16]nv=}H |xr=kt R= s}kDUt

"CU= IAC-PGA

"IAC-PGA sD} Qwor= |}=Qoty "5 pmW

"IAC-PGA "6 pmW

[16]"xvwtv l} pL "7 pmW
[16]`HQt QO AC-PGA sD} Qwor= Q}Ut |xWkv "CU= xOW x�=Q= Q}Ut xWkv u=wva
|y}O@ "CU= xOW xO=O u=Wv 3 pwOH QO =ysD} Qwor= G}=Dv "CU= xOW xOQw;
xm CU= |vat u}O@ w Ovm ?Um |QDy@ G}=Dv Ov=wD|t O}OH sD} Qwor= xm CU=
"OQ=O MTSP |=Q@ |QDq=@ u=tOv=Q [16]sD} Qwor= x@ C@Uv IAC-PGA sD} Qwor=
AC-PGA sD} Qwor= xm OyO|t u=Wv sD} Qwor= wO |=Q@ =yxOvWwQi |=yQ}Ut xWkv
Ea=@ C}=yv QO xm OQ=O =yQwD QO |QDW}@ pN=OD IAC-PGA sD} Qwor= x@ C@Uv
|=y?=wH x@ QHvt IAC-PGA |=yQwDpN=OD sOa w OwW|t QD|vqw] Q}Ut O=H}=

"CU= xOW QDy@
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"Cw=iDt |=ysD} Qwor= |=y?=wH "8 pmW
"sD} Qwor= Ow@y@ "5 pwOH

sD} Qwor= AC� PGA

IAC� PGA

QyW |xOvWwQi 2 3 4 5 8 10

51 �4/9 �0/91 �1/42 �2/23 �9/19 �12/18
�2/5 �1/83 �4/8 �7/7 �7 �8/3

100 13/49 18/35 10/81 4/15 �7/61 �9/84
19/3 24/62 15/62 15/3 2/28 �5/8

150 31/13 27/3 22/26 19/76 5/70 3/61
36/90 30/03 27/7 23/36 10/11 11/5

200 38/83 34/53 30/05 26/43 16/27 10/83
43/50 39/5 36/6 32/77 26/52 22/67

225 41/03 33/71 29/06 25/20 16/21 11/35
46/48 40/38 36/26 23/25 27/43 21/21

280 47/77 43/46 39/34 34/83 22/72 19/26
50/53 48/14 44/54 39/24 34/36 30/27

|=Q=O |O=yvW}B sD} Qwor= OQwt 33 QO 'Cw=iDt |=yxvwtv QO xOt; OwHw x@ hrDNt
"CU= xOw@ QDW}@ Ow@y@

w=ysD} Qwor= |Ov@x@DQ Qw_vt x@ �Friedman� utO} Qi |QDt=Q=B Q}e uwtR;
|wQ �95 u=v}t]= K]U =@ =yv; u=}t |Q=O=vat Cw=iD OwHw |=Q@ u}vJty
Q=Ri=sQv QO uwtR; u}= "CU= xOW s=Hv= Cw=iDt |=ysD} Qwor= |=y?=wH u}ov=}t
u}rw= CU= xOW xO=O u=Wv 7 pwOH QO xm u=vJ "CU=xOW s=Hv=SPSS 16/01
8 pwOH QO u}vJty "CU= xr=kt |O=yvW}B sD} Qwor= x@ \w@ Qt �1/56� x@DQ

x@ AC-PGA sD} Qwor= C@Uv 'sD} Qwor= wO |xU}=kt Qw_vt x@ u}vJty
6 pwOH QO |O=yvW}B sD} Qwor= Ow@y@ u=R}t u}vJty w IAC-PGA sD} Qwor=
xOW 1 R= QDsm C@Uv u}= OQwt 33 QO OwW|t xOy=Wt xm u=vJ "CU= xOW x@U=Lt
QO "CU= IAC-PGA sD} Qwor= |=Q@ QDy@ hOy `@=D u=R}t |xOvyOu=Wv xm CU=
"CU= xO}UQ R}v OYQO 14 R= V}@ x@ |y=o xm CU= xOw@ Ow@y@ |=Q=O w} Q=vU 33
x@ �QDW}@ Ow@y@� QDnQR@ OOa 'xOvWwQi O=OaD w QyW O=OaD Qy |=R=x@ OOa wO Qy u}@
|w} Q=vU 36 R= OwW|t xOy=Wt xm u=vJ "CU= xOW xO=O V}=tv nvQQB CQwY
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sD} Qwor= Mean Rank

ABC 2/81
IAC-PGA 1/56

PGA 5/72
IPGA 4/28
TWPS 7/00
IWO 4/33

AC-PGA 2/31

"Q=t; p}rLD G}=Dv "8 pwOH
N 36

Chi-Square 173/012
df 6

Asymp. Sig 0/000

"QyW 1000 G}=Dv "9 pwOH
xr=kt QO OwHwt sD} Qwor=

n m
IAC� PGA u=tR

�?=wH� �x}v=F�
1000 2 25367595 1344/7

3 25629269 1132/14
4 25301707 881/9
5 25536954 833/4
8 26921707 721/98
10 26597972 710/14

u}ov=}t u=}t Q=O=vat Cw=iD |xOvyOu=Wv u}= w CU= 0/05 Q} R p-value Q=Okt
"CU=ysD} Qwor=

u}= hrDNt u=oOvWwQi O=OaD w QyW 1000 O=OaD |=Q@ Q=@ u}rw= |=Q@ u}vJty
xm OyO|t u=Wv G}=Dv u}= "CU= xOt; 9 pwOH QO u; G}=Dv w xOW =QH= sD} Qwor=
?=wH x@ |rwkat u=tR QO CU= xDUv=wD sD} Qwor= 'xr�Ut O=a@= uOw@ nQR@ x@ xHwD=@
OwHwt hOy `@=D 'CU= xOW |UQQ@ QyW 280 =D xr=kt QO xm =Hu; R= "OUQ@ xHwt

"CU= xOW xOQw; Ow@y@ OYQO uwO@ QyW 1000 |=Q@

"sD} Qwor= wO | xU}=kt "6 pwOH
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|Q}oxH}Dv "5
ACO ?}mQD =@ IAC-PGA s=v x@ xDi=}Ow@y@ |@}mQD sD} Qwor= l} 'xr=kt u}= QO
wO "CU= xOW |L=Q] nQR@ T=}kt QO MTSP |xr�Ut QF-wt pL |=Q@ 'PGA w
C}atH Q=Okt x@ |O=} R|oDU@=w PGA sD} Qwor= xm u}= pw= %OQ=O OwHw syt |xDmv
QFwt Qw] x@ =Q nQR@ T=}kt QO MTSP 'x}rw= C}atH O=H}= R= TB w OQ=O x}rw=
"CU}v =yxOvWwQi ẁQW \=kv u}}aD x@ QO=k ACO xm u}= Qo}O "Ovm pL Ov=wD|tv
x@ xHwD =@ =OD@= 'pw= |xrLQt QO "CU= |}xrLQtwO sD} Qwor= l} IAC-PGA

w ?=NDv= |oOvR=Q@ `@=D Q=}at R= xO=iDU= =@ xOW p}mWD QwD u} QDy@ l}DvS sD} Qwor=
"OwW|t u}}aD xOvWwQi Qy \UwD xOW O}OR=@ QyW O=OaD |iO=YD CQwY x@ TBU
u}}aD PGA j} Q] R= QwD u} QDy@ R= xO=iDU= =@ xOvWwQi Qy ẁQW |x]kv TBU
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1. traveling salesmen problem
2. multiple traveling salesman problem
3. improvemed ant colony-partheno genetic algorithm
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