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"OyO|t V}=Ri= COWx@ =Q sD} Qwor= |=QH= u=tR M=2 5N ?=NDv=
|=Q@ 'uOW xOvQ@ |=Q@ =yxQo x@ u=Um} CYQi x�=Q= Qw_vtx@ u}vJty

SOFM VwQ
=yv; R= xm Ov=|D@=kQ |@Ya |=yxm@W R= |}xvwtv xOvR=UOwN |=ywor=
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Q_v QO xOvQ@ xQo ?=NDv= *|@=} RQ= Q=}at u=wvax@ xQo Qy uRw w |OwQw
pk=OL |=Q=O xm CU= u; �J� xOvQ@ xQo 'Qo}O CQ=@ax@ "OwW|t xDiQo

"OW=@ OwW|t OQ=w xm@W x@ xrLQt u}= QO xm i QyW =@ xrY=i
netj = jXi � Yj j J = Argminifnetjg (4)

"u; |UOvy Q}@aD w TSP |=Q@ SOFM |xm@W "1 pmW

3 ! sQ=yJ w |U |xQ=tW � h} QW
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"""R= xO=iDU= =@ `} RwD |R=Uxv}y@ p�=Ut pL

|yQo 'CU= QiY =yv; |xOvQ=OR=@XN=W xm|}=yxQo u=}t R= %2 sOk
"O}vm ?=NDv= CU= |OwQw QyW x@ xrY=i u} QDl}ORv |=Q=O xm

forfjjINHIBIT [j] = 0g; J = Argminj jXi � Yj j
(6)

"O}yO Q}}eD 1 x@ =Q xOvQ@ QyW |xOvQ=OR=@ XN=W TBU
INHIBIT [J ] = 1:
|o}=Uty `@=D R= xO=iDU= =@ =Q u; Qw=Ht |=yxQo w J xQo %3 sOk
J xQo R= |OOa |xrY=i d w QDt=Q=B G u; QO xm F(G,d)

"O}vm u}}aD 'CU=

d = minfjjj � J jj;M � jjj � J jjg; (7)

F (d;G) =

8><>:e(�d2=G2) if d < H

0 Otherwise

"H=0 2M w jr]t QOk Qou=}@ jj:jj
sOk x@ i � N + 1 Qo = "O}yO V}=Ri= OOa l} =Q i Q=Okt %4 sOk
x@ w i=1 wG = (1� �)�G CQwYu}= Q}e QO w 'O} wQ@ 2

"O} wQ@ |Oa@ sOk
CU= xOW l}ORv =yQyW x@ pw@k p@=k OL QO =yxQo pLt Qo = %5 sOk

"O} wQ@ 1 sOk x@ xvQow 'O} wW hkwDt
h} Q_ Q=}U@ x}rw= pL=Qt QO =yxQo |R=U=OH Ov}=Qi xm CU= QmP p@=k
|O=yvW}BVwQ QO "OQ=O sD} Qwor= OQmrtaC}i}m QO|O=} R Q}F-=D wCU=
XN=W h} QaD w =yQyW O=OaD Q@=Q@ wO x@ =yxQo O=OaD V}=Ri= ?}mQD
"Ovm|t C}=Oy =Q Ov}=Qi u}= |@U=vt wLvx@ xOvQ@ |=yxQo |=Q@ xOvQ=OR=@

VRP |xr�Ut |=Q@ sD} Qwor=
QO 'x}rkv p}=Uw |=Q@ C}iQ_ C}OwOLt x@ xHwD =@ |@=} Q}Ut |xr�Ut
QO |v=OvJ C=k}kLD uwvm =D "OwW|t QDxO}J}B Q=}U@ TSP =@ xU}=kt
xDiQov s=Hv= |@=} Q}Ut |xr�Ut |=Q@ SOFM |Q}oQ=mx@ |xv}tR
w [17] Ghaziri|=yQ=m x@ u=wD|t =yvD x]@=Q u}= QO w CU=

"OQm xQ=W= [18] Vakhutinsky & Golden

T} wQU |x�=Q= Qw_vtx@ 'x}rkv |xr}Uw K uOw@ TQDUO QO ZQi =@
=Q TSP |=Q@ xOW xDiQo Q=m@ VwQ u=wD|t u}at |=[=kD =@ x]kv N x@
Q}Ut l} uO=O pmW |=H x@ xr�Ut u}= QO "O=O xaUwD xr�Ut u}= |=Q@
`} RwD RmQt pwL xDU@ Q}Ut K O}=@ =yQyW C=YDNt RmQt QO xDU@

CQwY QO xm CU= xOW xDiQo Q_v QO xOvQ=OR=@ |YN=W xQo Qy
CYQi =yxQo Qo}O x@ w Ovm|t =O}B Q=Okt XN=W u}= 'xQo uOWxOvQ@
V}=Ri= ?}mQD =yvD xm OwW|t Qw;O=} "OyO|t uOW xOvQ@ |=Q@ |QDW}@
C}i}m uOQ@ q=@ x@ Ov=wD|t xOvQ=OR=@ XN=W |Q}oQ=mx@ w =yxQo O=OaD
QO 'OwHwt |=ysD} Qwor= QO xm |r=L QO "OwW QHvt sD} Qwor= OQmrta
QO ?}DQD u}= w xOW ?DQt |iO=YD CQwYx@ =yQyW 'sD} Qwor= ẁQW
?}DQD Q=QmD Qy QO |O=yvW}B VwQ QO "OwW|t ^iL pL=Qt |t=tD
sD} Qwor= |}=}=B x@ QHvt Qt= u}= "Ovm|t Q}}eD |iO=YD Qw]x@ =yQyW

"Oy=m|t x}rw= Q}O=kt x@ u; |oDU@=w R= w OwW|t
xm@W x@ xOW x�=Q= QyW Q}F-=D u=R}t |xOvvmu}}aD xm |o}=Uty `@=D
OQmrta C}i}m QO |Qo}O syt pt=a 'CU= xOvQ@ xQo Qw=Ht |=yxQo x@
u=mt Q}}eD u=R}t |xOvvmu}}aD `@=D u}= |rm Qw]x@ "CU= sD} Qwor=
"CU= xm@W x@ xOW x�=Q= C=YDNt CtU x@ xOvQ@ xQo *Qw=Ht |=yxQo
|xrY=i uOW O=} R =@ w CU= O=} R xOvQ@ |=Q@ Q}F-=D u=R}t CU= |a}@]
|=yxQo R= |[a@ xm |Qw]x@ 'O@=}|t Vy=m Q}F-=D u=R}t xOvQ@ xQo R= xQo

"OvQ}PB|tv |Q}F-=D xvwoI}y QwO
|=y|Q=QmD QO =yxQo |=Q@ |o}=Uty `@=D Q}F-=D u=R}t 2 pmW QO

"CU= xOW xO=O u=Wv sD} Qwor= hrDNt
xOvQ@ xQo R= xQo |xrY=i uOW QwO =@ OyO|t u=Wv pmW xm u=vJ
|=Q=O |=yxQo |=Q@ xm |Qw]x@ 'O@=}|t Vy=m COW x@ Q}F-=D u=R}t
OwHw |Q}F-=D xvwoJ}y ,=@} QkD xOvQ@ xQo =@ 15 R= V}@ |OOa |xrY=i
40 C}akwt =yvD |O=yvW}B sD} Qwor= QO 'xDmv u}= x@ xHwD =@ "OQ=Ov
xHwD p@=k V}=Ri= Ea=@ Q=my=Q u}= "OwW|t u}}aD =yxQo R= OYQO
xYqN Qw]x@ "OwW|t =y?=wH C}i}m QO Q}F-=D uwO@ sD} Qwor= CaQU

"OQm u=}@ Q} R pmW x@ =Q |O=yvW}B sD} Qwor= u=wD|t
?=NDv= 2N Q@=Q@ =Q M '=yxQo O=OaD w =yQyW O=OaD Q@=Q@ =Q N %0sOk

"O}vm
|Q=PoxQ=tWN =D1 R= =Q =yv; w xOQm?DQt|iO=YD Qw]x@ =Q =yQyW %1sOk

"O}vm QiY =Q =yQyW s=tD xOvQ=OR=@ XN=W "O}vm

hrDNt Q}O=kt |=Q@ w hrDNt |=yQ=QmD QO |o}=Uty `@=D C=Q}}eD "2 pmW
"|OOa xrY=i

sQ=yJ w |U |xQ=tW � h} QW ! 4
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TQOt O}tLr=O@a

uO=OQ=Qk Qw_vtx@ xm CU= �Q}Ut |xt} QH� u=ty swO CQ=@a w
x@ sRq "CU= xOW |L=Q] xm@W |Q}oO=} Ov}=Qi QO C}iQ_ C}OwOLt
"OQ=O sD} Qwor= OQmrta QO |}xOvvmu}}aD Vkvv QDt=Q=B xm CU= QmP
QO |R=Uxv}y@ w |Q}PBu=mt= u}@ sRq pO=aD Ck}kL QO QDt=Q=B u}=
|xrY=i |r=wDt |=yQ=QmD s=Hv= =@ xm =Hv; R= "Ovm|t O=H}= =Q xr�Ut
CWPo =@ |@U=vt sQi x@ CU= sRq 'O@=}|t Vy=m =yQyW R= =yxQo
xDiQo Q=mx@ |xO}= T=U=Q@ Qw_vt u}O@ "O@=} Vy=m R}v v Q=Okt u=tR
u}}aD Q} R |x]@=Q T=U=Q@ Q=QmD Qy QO QDt=Q=B u}= Q=Okt SA QO xOW

"OwW|t

v = v=(1 + �:v) (11)

|O=yvW}B |=yVwQ |@=} RQ=
|=yxO=O R= xO=iDU= =@ |O=yvW}B |=yVwQ |}=Q=m uO=O u=Wv Qw_vtx@
Q=Qk |@=} RQ= OQwt OwHwt |=yVwQ =@ xU}=kt QO VwQ u}= 'OQ=Ov=DU=

"CU= xOW xDiQo TSPLIB R= xO=iDU= OQwt p�=Ut "CU= xDiQo
TSP |=Q@ C=W}=tR; G}=Dv

?=NDv= p�=Ut R= |m} |=Q@ =Q =y?=wH |Q}opmW |ovwoJ 3 pmW
=y?=wH C}a[w pmW u}= QO "Ovm|t x�=Q= |O=yvW}B VwQ QO xOW
"CU= xOW x�=Q= |}=yv ?=wH u}vJty w Q=QmD 50 w 5 R= TB ' ẁQW QO
xDiQo pmW lJwm |xkrL l} R=e; QO 'OyO|t u=Wv pmW xm u=vJ
OwW|t xO}Wm =yQyWCtU x@ xkrL u}= sD} Qwor= |Q}oO=} u=} QH QO w
|Q}opmW Ov}=Qi xm pmW u}= "OUQ@ =yQyW |x}rm x@ ,qt=m xQNq=@ =D
|oO}J}B 'CU= xO}Wm Q} wYD x@ =Q Berlin52 |xr�Ut |=Q@ ?=wH
u=Wv |ak=w |xr�Ut l} |=Q@ =Q =yxQo |R=U=OH w xQo ?=NDv= Ov}=Qi

"OyO|t
u}OvJ |R=Ux}@W =@ |O=yvW}B VwQ |}=v=wD |xU}=kt Qw_vtx@
|O=yvW}B sD} Qwor=\UwD xOW x�=Q= |=y?=wH [19w1]'OwHwt sD} Qwor=

"Berlin52 |xr�Ut |=Q@ =y?=wH |Q}opmW pL=Qt "3 pmW

w =yC}OwOLt =@ ?U=vDt =Q xm@W |Q}oO=} Ov}=Qi w xO=O pmW xr�Ut
\=kv R= |m} OW QmP QDV}B xm u=vJ "O=O Q}}eD xr�Ut u}= |=y|oS} w
xHwD =@ "CU= =yxQo |R=U=OH QO |i=m |}=v=wD sOa SOFM ha[
'Q}Ut u}OvJ OwHw Q@ xwqa u; QO xm VRP |xr�Ut |oO}J}B x@
|R=U=OH Ov}=Qi O}=@ 'OQ=O OwHw R}v x}rkv p}=Uw C}iQ_ C}OwOLt

"O}WN@ u=t=U |@U=vt wLvx@ =Q =yxQo
xov Qo}Om} CQw=HtQO =Q =yxQo xm |} wQ}v =yvD SOFM QO
C} wkD OUQ|t Q_v x@ "CU= xOvQ@ xQo Qw=Ht |=yxQo u}}aD 'OQ=O|t
pL |@U=vt wLvx@ =Q =yxQo ?U=vt |R=U=OH pmWt Ov=wD|tv wQ}v u}=
|iQat =yxQo u}}aD |=Q@ |O}OH `@=D j}kLD u}= QO Qw_vt u}O@ "Ovm
'CU= xOW T=@Dk= EN VwQ R= u; |xO}= xm `@=D u}= "CU= xOW
|xr�Ut |=Q@ =yxQo |R=U=OH Ov}=Qi QO |@ wr]t G}=Dv |xOvQ=OQ@ QO

"CU= |@=} Q}Ut
"OwW u}}aD 9 `@=D \UwD =yxQo uRw xm OwW|t O=yvW}B

Y rj = �F (g; d)(Xi � Y rj ) + �(Y rj+1 � 2Y rj + Y rj�1)

(8)

C}OwOLt u}vJty "CU= r Q}Ut QO j xQo uRw Qou=}@ Y rj '`@=D u}= QO
sD} Qwor= x@ C}OwOLt <=[Q= Q=mwR=U =@ u=wD|t =Q x}rkv p}=Uw C}iQ_
xQo ?=NDv= Q=mwR=U x@ j}kLD u}= QO ?r]t u}= jkLD |=Q@ "OwRi=
xm CQ=@a l} uOwRi= =@ xOvQ@ xQo ?=NDv= uwv=k "CU= xOW xHwD xOvQ@
KqY= 'CU= x}rkv |xr}Uwx@ xDi=} X}YND Q=@ u=R}t |xOvQ=OQ@ QO
|xt} QH� "s}t=v|t �Q}Ut |xt} QH� =Q O}OH CQ=@a u}= "OwW|t
C}iQ_ R=Ht OL R= V}@ |=Q=O |x}rkv p}=Uw C}twQLt Ea=@ �Q}Ut
x}rkv p}=Uw Q}=U |=Q@ uOW xOvQ@ u=mt= ?}DQD u}O@ w xOW C@=kQ R=
CN=wvm} Qw]x@ =Q =yQ=@ xm CU= QO=k Q=mwR=U u}= "OR=U|t sy=Qi =Q

"Ovm s}UkD x}rkv p}=Uw u}@
'CU= xOW ZQi u=Um} x}rkv p}=Uw C}iQ_ j}kLD u}= QO xJQo
x}rkv p}=Uw =@ |@=} Q}Ut |xr�Ut x@ xaUwD p@=k |DL=Qx@ xO}= u}= |rw
R= xOvQ@ xQo '|O=yvW}B VwQ QO u}=Q@=v@ "CU= Cw=iDt |=yC}iQ_ =@

"OwW|t u}}aD |x]@=Q j} Q]
J = ArgminjfjXi � Y rj j+ v:Brg (9)

u; QO xm
Br =

X
(qrl =Q

2) (10)

X}YND r Q}Ut x@ xm l u=mt |=[=kD Qov=}@ qrl 11 |xrO=at QO
CQ=@a "CU= s}_vD QDt=Q=B v w x}rkv xr}Uw C}iQ_ Q 'CU= xDi=}
'xm@W x@ xOW x�=Q= QyW =@ j xQo |m}ORv Qou=}@ 10 |x]@=Q pw=

5 ! sQ=yJ w |U |xQ=tW � h} QW
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"""R= xO=iDU= =@ `} RwD |R=Uxv}y@ p�=Ut pL

"TSP |=Q@ |O=yvW}B VwQ C=W}=tR; G}=Dv "1 pwOH

xv}y@ ?=wH EN VwQ Guilty Net VwQ Matsuyama VwQ |O=yvW}B VwQ xr�Utu=tR ?=wH u=tR ?=wH u=tR ?=wH u=tR ?=wH
426 122 440 11 562 47 445 9 433 eil51
537 365 572 24 601 79 574 21 546 eil76
564 629 671 126 667 146 671 38 637 eil101
7542 394 8061 36 7873 42 5692 21 7542 berlin52

118282 5248 130737 166 123360 5951 122062 89 119272 bier127
6110 473 6521 131 6496 201 6422 72 6172 ch130
6528 740 7248 168 6883 275 6922 103 6643 ch150
7910 766 8423 93 8296 206 8171 83 8011 rd100
14379 843 17025 137 15438 3392 15873 59 14468 lin105
42939 715 45369 12633 45428 1668 48252 6153 42029 lin318
21282 749 22871 70 22347 3084 21668 53 21347 kroA100
22141 818 24143 23095 71 3095 2288 55 22457 kroB100

w �5 13 '[20] Matsuyama VwQ |=Q@ Q}O=kt u}= "CU= �1 22
Q}=U x@ C@Uv ' EN VwQ "CU= �6 26Gulity Net VwQ |=Q@
|xOvvmO}}-=D G}=Dv u}= "CU= Q=OQwNQ@ |QDsm |}=Q=m R= '=ysD} Qwor=

"CU= TSP xr�Ut pL |=Q@ |O=yvW}B VwQ |q=@ |}=v=wD
VRP xr�Ut |=Q@ G}=Dv

|=yxR=Ov= =@ xr�Ut 10 |Q}oQ=mx@ =@ VRP |=Q@ |O=yvW}B VwQ|}=Q=m
T=U=Q@ , vg x}rw= Q}O=kt "CU= xDiQo Q=Qk |@=} RQ= OQwt 200 =D 20
w xr�Ut |xR=Ov= T=U=Q@ g Q=Okt "Ov=xOW ?=NDv= xr�Ut |=y|oS} w
?=wH "Ov=xOW u}}aD `} RwD RmQt R= =yQyW |xrY=i \UwDt T=U=Q@ v

"VRP |=Q@ |O=yvW}B VwQ C=W}=tR; G}=Dv "2 pwOH
u} QDy@ VwQ ?=wH Vakhutinsky O=OaD xR=Ov= xr�Ut?=wH |O=yvW}B & golden Q}Ut
375 390 659 4 21 eil22
569 585 950 5 22 eill23
534 557 855 3 29 eil30
eil33 835 889 894 4 32
C1 521 537 560 5 50
C2 838 876 N/A 10 75
C3 829 863 N/A 8 100
C4 1044 1082 N/A 12 150
C5 1386 1334 N/A 17 199
C11 1042 1066 N/A 7 120

=@ xU}=kt QO |O=yvW}B VwQ \UwD xOW x�=Q= |=y?=wH |xU}=kt "4 pmW
"|@=NDv= |=yVwQ

QO CU= QmP x@ sRq "CU= xDiQo Q=Qk xU}=kt OQwt =yVwQ u}= =@
=ysD} Qwor= |t=tD 'xU}=kt *u=Um} \}=QW O=H}= |=Q@ 'V}=tR; u}=
C=W}=tR; u}= G}=Dv "Ov=xOW =QH= u}W=t l} |wQ Q@ w |R=UxO=}B
'4 pmW QO xU}=kt |DL=Q Qw_vtx@ "CU= xOW xYqN 1 pwOH QO
'xOW ?=NDv= |=yVwQ |=Q@ 'xv}y@ ?=wH =@ =y?=wH hqDN= OYQO

"CU= xOW xO=O u=Wv
|=ysD} Qwor= x@C@Uv '|O=yvW}BsD} Qwor= 'OwW|t x_Lqt xmu=vJ
C=Q}}eD R= |W=v Qt= u}= xm 'CU= |}q=@ Q=}U@ CaQU |=Q=O 'x@=Wt
u}= xm CU= QmP x@ sRq "CU= sD} Qwor= QO xOW O=yvW}B ?U=vt
\UwDt Qw]x@ =yQyW ?}DQD uOQm |iO=YD xm OyO|t u=Wv C=W}=tR;
sD} Qwor= |=Q@ "Ot=Hv=|t =y?=wH QO Ow@y@ OYQO wO pk=OL x@
\UwDt Qw]x@ w �2 17 QFm =OL xv}y@ ?=wH =@ hqDN= |O=yvW}B

sQ=yJ w |U |xQ=tW � h} QW ! 6
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TQOt O}tLr=O@a

=@ xm CU= QmP x@ sRq "OvOQm x�=Q= OwHwt |=yVwQ =@ xU}=kt QO =Q
p�=Ut Q}=U |=Q@ =Q |O=yvW}B VwQ u=wD|t ?U=vt C=LqY= |x�=Q=
|R=wt |=yQ=Ri=CNU |Q}oQ=mx@ =@ u}vJty "O=O xaUwD |R=Uxv}y@
=Q VwQ u}= |Q}oQ=mx@ u=mt= w xOQ@ q=@ =Q xr�Ut pL CaQU u=wD|t

"OQm sy=Qi nQR@ Q=}U@ p�=Ut |=Q@
xU x@ u=wD|t =Q |R=Uxv}y@ |xr�Ut pL |=Q@ |Q=mD@= |=yVwQ
xQ=W= u}kkLt xmu=vJ "OQm s}UkD|@}mQD w xOvyOOw@y@ 'xOvR=U |xDUO
'Ov=xOW O=H}= VwQ wO ?}mQD R= xm |@}mQD |=yVwQ [23�21]'Ov=xDW=O
[4] XU wTsai "CW=O Ovy=wN p�=Ut pL |=Q@ |QDq=@ |}=v=wD
VwQ l} |Q}oQ=mx@ =@ w xOQ@ Q=mx@ [3]Or}iB=y VwQ |=Q@ =Q xO}= u}=
Q=}U@ |=y?=wH Or}iB=y VwQ \UwD xr�Ut pL u=}=B QO xOvyOOw@y@

"Ov=xOQw; CUO x@ |@U=vt

|O=yvW}B VwQ pwOH u}= QO "CU= xOW x�=Q= 2 pwOH QO C=W}=tR;
|=yxm@W R= u; QO xm [18] Goldenw Vakhutinsky VwQ =@
"CU= xOW xU}=kt 'CU= xOW xO=iDU= VRP xr�Ut pL |=Q@ |@Ya
"Ovm|t pta jwi VwQ R= QDy@ p�=Ut |x}rm QO |O=yvW}B VwQ
w �6 5 C}a[w u} QDO@ QO 'xv}y@ ?=wH R= hqDN= u=R}t u}vJty
pL |=Q@ |O=yvW}B VwQ |}=v=wD xU}=kt u}= "CU= �4 \UwDt Qw]x@

"Ovm|t Q} wYD =Q VRP xr�Ut

|Q}oxH}Dv
p�=Ut pL |=Q@ VwQ wO SOFM OQm} wQ |x}=B Q@ xar=]t u}= QO
|O=yvW}B |=yVwQ CaQU w |}=Q=m 'C=W}=tR; "OW x�=Q= `} RwD syt

CWwv=B
1. self-organing neural networks
2. Teraveling Salesman Problem (TSP)
3. Vehicle Routing Problem (VRP)
4. Genetic Algorithms(GA)
5. Tabu Search (TS)
6. simulated annealing
7. adaptive neural network
8. unsupervised `@=vt
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