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u=Wv 1 pmW QO u}t-=D |xQ}HvR |twyit pOt R= |awv "OUQ|t u=}=B x@ |}=yv

"CU= xOW xO=O
`}=vY w =yCmQW u=Q}Ot \UwD u}t-=D |xQ}HvR C} Q}Ot x@ xS} w xHwD |xR}ov=
w |rN=O |=yOv}=Qi Ow@y@ =yvD 'xaUwD w =k@ |=Q@ xm OvDi=} QO =yv; xm Ow@ u}= |O}rwD
C=a]k u=oOvvmu}t-=D xmr@ 'CU}v |i=m CmQW pN=O |=y|}=v=wD QO |Q}PBh=]av=

[2]"u}t-=D |xQ}HvR sDU}U |twyit pOt "1 pmW

148



1/
1|

xQ=t
W'

34
�1

|xQ
wO'

�13
97

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt RmQt Qy "1 %xr�Ut u}= l}Uqm h} QaD QO "Ovm|t u}t-=D =Q =y=[=kD u}= '�=yxQo �

QDtm RmQt Q�y |=�[=kD "2 &OwW|t C=kqt x}rkv |xr}Uw l} xr}Uwx@ \ki =[=kD
Q C�}iQ_ R= QDW}@ x}rkv p}=Uw R= s=OmI}y "3 &CU= x}rkv p}=Uw C}iQ_ R=
xOWxOwt}B Q}Ut pm |=Q@ xv} Ry |R=Uxv}tm xr�Ut u�}= hO�y "O�vwW|tv |Q=P�oQ=@
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%CU= Q} R KQWx@ u=oJQwt
OvDUy pL x=Q |wHwCUH QO |awvYt |=yxJQwt xm |Y=N pOt x@ =Q xr�Ut �
CU= ?}DQD w V}=Q; R= |awv =} h=Qo =} Q=Owtv CQwYx@ pOt ,qwtat "s}vm p}O@D

"Ovvm CmQL u; QO Ovv=wD|t |awvYt |=yxJQwt xm
pL x=Q u} QDy@ |wHwCUH |=Q@ =Q =yxJQwt xm s} Q=O R=}v |Q=mD@= `@=D l} x@ �

"Ovm C}=Oy
"OvDUy \=@DQ= w pt=aD QO sy=@ xvwoJ =yxJQwt xmv}= |xQ=@ QO |Q}os}tYD �

Ov@=}@ =Pe =D OvwQ|t wU u; w wU u}= x@ |iO=YD Qw]x@ =OD@= |ak=w |=yxJQwt
|}=}t}W |xO=t l} R= |OQ l} w OvQ=O |}=} w@ TL =yv; 'OvOQo|tQ@ xvq x@ TBU
R= xmv}= OQwt QO =Q |D=aq]= Qo}Om} =@ w OvQ=Po|t =Hx@ u=WOwN R= uwtQi s=v x@
|vwtQi Q}Ut u}= xm |Dkw Qo}O |=yxJQwt "Ovvm|t pO=@D 'Ovvm |wQ}B Q}Ut s=Om
R= w OvOQo|tQ@ xv=N x@ OvUQ@ =Pe x@ Qo = w Ovvm|t p=@vO =Q u; 'Ovvm|t =O}B =Q
C} wkD =Q p@k Q}Ut Qo}O CQ=@ax@ 'OvQ=Po|t Qo}O OQ Q=vm QO uwtQi R= |OQ OwN
=Hx@ OwN R= CmQL s=ovy =yxJQwt xm CU= |}=}t}W |xO=t l} uwtQi "Ovvm|t
uwtQi xm OvyO|t K}HQD =Q |Q}Ut p=tDL= Q@|vD@t VwQ ?UL Q@ =yv; w OvQ=Po|t

%OQ=O |U=U= C} Rt 3 xm OwW|t Q}N@D u=tR QwQt x@ uwtQi "OQ=O |O=} R
xm =Hv; R= "CW=O Oy=wN |Oa@ |=yxJQwt |=Q@ |QDtm C}@=PH |vqw] Q}Ut �
C} wkD w Ovm|t |] QDV}@ =Q QDx=Dwm |=yx=Q |vqw] u=tR COt QO xJQwt l}
w OwW|t C} wkD QDW}@ OW=@ �xv}y@� QDx=Dwm xm =Pe w xv=N u}@ |y=Q Qy Ovm|t

"QDtm CU= QDQwO xmv;
OL R= V}@ 'OvOW|t |] Q=@ OvJ xm |}=yQ}Ut 'OW|tv Q}N@D ,qY= uwtQi Qo = �
"OvOQm|t OwOLt Q=}U@ =Q =Pe |=Q@ |iO=YD |wHwCUH w OvOW|t ?=PH

OQ OW|t s=tD ?=PH Q}Ut l} |=yDv= |=Pe |Dkw 'OW|tv Q}N@D uwtQi Qo = �
"Ov=t|t |k=@ u=vJty

OQ=O |O=} R uwtQi xm Ovvm|t C}a@D |Q}Ut R= =yxJQwt 'u=oJQwt |vwrm QO
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"|O=yvW}B sD} Qwor= CQ=Jwri "2 pmW

sD} Qwor= OQmrta |@=} RQ= w xvwtv p�=Ut pL "5
|=ysD} Qwor= w '|O=yvW}B sD} Qwor= '|[=} Q pOt =@ xvwtv uwtR;p�=UtCtUku}= QO
QO |O=yvW}B sD} Qwor= OQmrta TBU "OwW|t pL l}DvS w ẁvtt |wHwCUH
"OwW|t xU}=kt |[=} Q pOt pL R= pY=L |xv}y@ G}=Dv =@ lJwm p�=Ut pL
|=ysD} Qwor= G}=Dv =@ |O=yvW}B sD} Qwor= OQmrta 'nQR@ p�=Ut XwYNQO u}vJty

"OwW|t xU}=kt l}DvS w ẁvtt |wHwCUH |Q=mD@==Qi

p�=Ut |L=Q] "1"5
|NQ@ \UwD ,q@k xvwtv p�=Ut u}= "CU= 2 pwOH j@=]t xvwtv uwtR; p�=Ut
uwtR; w |@=} RQ= |=Q@ =yv; uOw@?U=vt w Ov=xOW |L=Q] |r w OQq}=D xrtHR= u=kkLt

[28w27]"CU= xOW xO=O u=Wv pL |=ysD} Qwor=
ẁv R= x}rkv xr}Uw Qy 'x}rkv p}=Uw OOQD C}OwOLt p=ta= Qw_vtx@ u}vJty

xJQwt u} QDy@ OQmrta \ki =yxJQwt |xty |UQQ@ |=Hx@ Q=QmD Qy QO xOWs=ovy@
|v=tR |x@DQt R= sD} Qwor= |oO}J}B "�|QU=QU |R=Us=ovy@� Ovm|t |UQQ@ =Q q
O=OaD n '=yxJQwt O=OaD g u; QO xm CU= O(g � n � Nmax) � (N 3

max)

"CU=yQ=QmD Q=Okt u} QDW}@ Nmax w =yxQo

u=oOvvm`} RwD sDU}U |R=Uxv}y@ |O=yvW}B pOt "2"4
|xr�Ut R= xO=iDU= =@ u}t-=D |xQ}HvR `} RwD sDU}U uOQmxv}y@ |=Q@ =Q |O=yvW}B pOt
xO=iDU= =@ �VRP� pkvwptL |xr�Ut pL |=Q@ "s}vm|t x�=Q= �VRP� pkvwptL
"OvDUy =Pe u=ty u=} QDWt w xvq u=ty `k=w QO |RmQt Q=@v= 'u=oJQwt |vwrm R=
=Q =ypL x=Q 'C=kqt |=Q@ u=} QDWt |B QO|B |=y?=NDv= =@ |awvYt |=yxJQwt
=Q |O}OH |=y|QDWt Q=QmD Qy QO xJQwt l} "CU= pt=m QwD l} xm OvR=U|t
xOW |UQQ@ u=} QDWt |xty xm O@=}|t xt=O= |v=tR =D =y?=NDv= u}= w Ovm|t ?=NDv=
l} R= O}=@ |QDWt n C=WQ=iU "OvyO|t p} wLD =Q =yVQ=iU |xty TBU 'OvW=@
l} C}iQ_ p}rOx@ C}akwt l} ?=NDv= xm|t=ovy "OwW `} RwD OQix@ QYLvt Q=@v=
Q=@v= 'OwW umttQ}e pLx=Q l} O=H}= Ea=@ Q}Ut pm Ci=Ut pw] =} ptL xr}Uw
|xr}Uw l} =@ O}OH Q}Ut w OOv@|t =Q Q}Ut |}=yv C}akwt u=wvax@ xOW?=NDv=

"OwW|t ẁQW O}OH ptL
"OwW|t XNWt 13 |x]@=Q j@=]t |vRw R=Ov=TB `@=D |Q=mD@= C=[wQit
suv = w:u + w:v � awuv + b jw:u � w:vj (13)

w:v w w:u 'CU= v w u u=} QDWt u}@ Ci=Ut |xv} Ry wuv QDt=Q=B x]@=Q u}= QO
Q=Qk |R=UxO=}B |=Q@ "CU= 0 Q=@v= RmQt w v w u u=} QDWt u}@ Ci=Ut |xv} Ry
13 |x]@=Q R= xOWp=tQv pOt l} |Q=mD@= T} QD=t "b = 1 w a = 2 s}yO|t

"OwW|t u=}@ 14 |x]@=Q j@=]t xm CU=

�uv = suv �min(suv)
max(suv)�min(suv)

(14)

u=} QDWt =yxJQwt TBU 'Ovvm|t ẁQW �|RmQt Q=@v=� QiY xQo R= xJQwt g xty
xm|t=ovy "Ovvm|t ?=NDv= 12 |x]@=Q pwtQi T=U= Q@ |UQQ@ |=Q@ =Q hrDNt
l} Qy |=]N R= |Q}owrH Qw_vtx@ 'Ovm C=kqt =Q |QDWt I}y Ov=wDv k |xJQwt
'Q=@ C}iQ_ Q=Okt xv}W}@ w Q}Ut |xv} Ry Q=Okt |xv}W}@ |va} =yC}OwOLt R=
s=ovy@ =Q Nk pw@k p@=k |=yxQo 'CUQyi QO w OvOQo|tQ@ QiY xQo x@ =yxJQwt
|=Q@ =Q x} wQ u}= w Ovvm|t ẁQW QiY xQo R= =yxJQwt R}v |Oa@ s=o QO "Ovvm|t
x=Q =yDv= QO "Ovvm |UQQ@ =Q u=} QDWt |xty xm|v=tR =D Ovvm|t Q=QmD u=} QDWt |k=@

"Ow@ Oy=wN (0; u; :::; 0; v; :::; 0) |wor= R= xr=@vO l} k |xJQwt pL
11 w 10 |=yx]@=Q x@ xHwD =@ w pL |O=yvW}B pOt |}=Q=m V}=Ri= Qw_vtx@
T=U= u}ty Q@ "OwW ^=Lr � w � '� |=yQDt=Q=B |=Q@ umtt Q}O=kt u} QDy@ O}=@
'C}U=UL p}rLD w sRq |=y|@=} RQ= s=Hv= R= TB w xvwtv |xr�Ut OvJ pL |]
|rm pL=Qt w OvwQ "OW XNWt 1 pwOH j@=]t QDt=Q=B xU u}= |=Q@ Q=Okt u} QDy@

"CU= 2 pmW j@=]t |O=yvW}B sD} Qwor=

"sD} Qwor= |=yQDt=Q=B Q}O=kt "1 pwOH
� � � =yQDt=Q=B

0 5 5 1 5 Q}O=kt
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Ovyt "|O=yvW}B sD} Qwor= |ov}y@ |@=} RQ= "3 pwOH

D (�)
?=wH

f�D Qi ni i n
|xQ=tW

sD} Qwor= xr�Ut
0 00 256 256 20 4 1 50 1
2 76 409 398 120 4 1 50 2
0 57 353 351 30 2 2 50 3
2 91 3075 2988 160 2 2 50 4

"xvwtv p�=Ut pL R= pY=L G}=Dv "4 pwOH
fD ni �i fi Qi pi i n

|xQ=tW
xr�Ut

256 4 1 20 20 0 1 50 1
409 4 1 100 120 0 1 50 2
353 2 1 1 35 30 0 1 2 50 3
3075 2 1 1 1500 160 0 1 2 50 4
465 4 1 2 50 40 0 1 3 50 5
7159 1 1 4 3500 300 0 1 3 50 6
546 4 1 7 120 70 0 2 4 50 7
685 2 2 5 225 120 0 2 5 50 8
895 1 3 2 400 200 0 2 6 50 9
1410 4 1 2 80 120 0 1 75 10
2501 2 1 5 150 200 0 1 2 75 11
3491 1 1 8 320 350 0 1 3 75 12
5350 8 1 20 50 0 1 200 13
7891 6 1 1 35 100 0 1 2 200 14
9748 4 1 2 50 200 0 1 3 200 15
18915 3 1 7 120 500 0 2 4 200 16
28935 1 2 5 225 1000 0 2 5 200 17
13298 10 1 100 50 0 1 280 18
17892 5 1 1 250 100 0 1 2 280 19
12451 5 1 2 50 200 0 1 3 280 20
23185 4 1 7 120 500 0 2 4 280 21
34956 2 2 5 225 1000 0 2 5 280 22

nQR@ p�=Ut pL QO |O=yvW}B sD} Qwor= |@=} RQ= "3"5
xU}=kt j} Q] R= nQR@ p�=Ut pL QO |O=yvW}B sD} Qwor= OQmrta CtUk u}= QO
"OwW|t |@=} RQ= �GA� l}DvS w �TS� ẁvtt |wHwCUH hwQat sD} Qwor= wO =@
QO wOv=Q@ \UwD ,q@k 'OvQ}o|t Q=Qk xO=iDU= OQwt CtUk u}= QO xm sD} Qwor= wO u}=
GA sD} Qwor= w Q=@l} p=Ft Qy |wQ TS sD} Qwor= "Ov=xOW |iQat 2011 p=U
Q=@GvB R}v |O=yvW}B sD} Qwor= &CU= xOW x�=Q= xH}Dv u} QDy@ w xOW =QH= Q=@GvB
xOW xDiQo Q_v QO |}=yv ?=wH u=wvax@ Q=Okt u} QDy@ w xOW =QH= p=Ft Qy |wQ
QO |O=yvW}B sD} Qwor= \UwD xvwtv p�=Ut pL R= pY=L G}=Dv C=}�RH "CU=
=@ =yv; |xU}=kt w G}=Dv u}= |xYqN u}vJty "CU= xOW xO=O u=Wv 4 pwOH
xU}=kt u}= "CU= xOW x�=Q= 5 pwOH QO R}v GA w TS sD} Qwor= wO R= pY=L G}=Dv
xawvtt |wHwCUH sD} Qwor= =@ |@ wN C@=kQ |O=yvW}B sD} Qwor= xm OyO|t u=Wv

"OQ=O

"=yp=Ft C=YNWt "2 pwOH
ni �i fi Qi pi i n xr�Ut |xQ=tW
4 1 20 20 0 1 50 1
4 1 100 120 0 1 50 2
2 1 1 35 30 0 1 2 50 3
2 1 1 1500 160 0 1 2 50 4
4 1 2 50 40 0 1 3 50 5
1 1 4 3500 300 0 1 3 50 6
4 1 7 120 70 0 2 4 50 7
2 2 5 225 120 0 2 5 50 8
1 3 2 400 200 0 2 6 50 9
4 1 2 80 120 0 1 75 10
2 1 5 150 200 0 1 2 75 11
1 1 8 320 350 0 1 3 75 12
8 1 20 50 0 1 200 13
6 1 1 35 100 0 1 2 200 14
4 1 2 50 200 0 1 3 200 15
3 1 7 120 500 0 2 4 200 16
1 2 5 225 1000 0 2 5 200 17
10 1 100 50 0 1 280 18
5 1 1 250 100 0 1 2 280 19
5 1 2 50 200 0 1 3 280 20
4 1 7 120 500 0 2 4 280 21
2 2 5 225 1000 0 2 5 280 22

Q}O=kt |=Q@ R}v QDt=Q=B u}= Q=Okt "Ow@ Oy=wN ẁvtt pi QDt=Q=B pO=at |r=tDL= =@ i
i � 3 Q}O=kt |=Q@ w '0 1 =@ Q@=Q@ 1 � i � 3 Q}O=kt |=Q@ 'QiY =@ Q@=Q@ i = 1

"CU= xOW ^=Lr 0 2 =@ Q@=Q@
MATLAB 7/10/0/499 (R2010a) \}Lt QO |O=yvW}B sD} Qwor=
QoWR=OQB =@ |YNW |xv=}=Q QO =ysD} Qwor= w =ypOt |xty w xOW |U} wvOm

"CU= xOW =QH= 1 GB |@v=H |x_i=L w 2 0 GHz Intel Core 2 Duo

|O=yvW}B sD} Qwor= |ov}y@ |@=} RQ= "2"5
CUOx@ |xv}y@ |=y?=wH =@ |O=yvW}B sD} Qwor= R= pY=L G}=Dv CtUk u}= QO
\ki u}=Q@=v@ "s}vm|t xU}=kt lJwm O=a@= =@ p�=Ut |=Q@ =Q |[=} Q pOt pL R= xOt;
w |[=} Q pOt =@ 'OvDUy x}rkv |xr}Uw ẁv wO QFm =OL w xQo 50 pt=W xm |r�=Ut

"CU= xOW xU}=kt 3 pwOH j@=]t G}=Dv w pL |O=yvW}B sD} Qwor=
|xvwtv p�=Ut pL QO |O=yvW}B sD} Qwor= OQmrta xm OyO|t u=Wv 3 pwOH
3 R= QDtm xv}y@ ?=wH =@ u; R= pY=L ?=wH h=QLv= =Q} R 'CU= pw@k p@=k lJwm
x@ C@Uv hOy `@=D Q=Okt xm OyO|t u=Wv u}vJty G}=Dv u}= "CU= xOw@ OYQO
C}U=UL ptL p}=UwC}iQ_ u}vJty w xr}Uw Qy |Q}oQ=mx@C@=F |xv} Ry C=Q}}eD
sD} Qwor= R= pY=L ?=wH h=QLv= Q=Okt p�=Ut ẁv u}ty QO w xDW=O |O=} R

"CU= QDW}@ Cq=L Q}=U x@ C@Uv j}kO pL x@ C@Uv |O=yvW}B
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30 xr�Ut Qy w ?=NDv= xr�Ut l} nQR@ =D lJwm p�=Ut R= xDUO Qy R= wQu}= R=
h=QLv= w u}ov=}t QDt=Q=B wO 'u; T=U= Q@ w xOW pL |O=yvW}B sD} Qwor= =@ x@DQt
"OyO|t u=Wv =Q |}=yv |oOvm =QB ?} Q[ Q}O=kt 4 pmW "CU= xOW x@U=Lt Q=}at
C=Q}}eD ?} Q[ XN=W QO sD} Qwor= OQmrta uOw@?U=vt |xOvyOu=Wv G}=Dv u}=

"CU= hrDNt O=a@= =@ p�=Ut pL QO u; C=@F w

|Q}oxH}Dv "6
=@ u}t-=D |xQ}HvQ `} RwD |xm@W QO x}rkv p}=Uw |@=} Q}Ut |xr�Ut xr=kt u}= QO
|=yQ}eDt w =yQDt=Q=B =@ x=Qty |[=} Q pOt w |UQQ@ p}=Uw OOQD C}OwOLt p=ta=
|O=yvW}B pOtl} 'nQR@ O=a@= =@ xr�Ut u}=pL |=Q@TBU "OWK} QWD u; x@ \w@ Qt
l} R= |O=yvW}B sD} Qwor= QO "OW xO=O xaUwD u=oJQwt |vwrm sD} Qwor= Q@ |vD@t
"OW xO=iDU= |R=Uxv}y@ Ov}=Qi |] xOWC@F C=aq]= |Q=Oxov |=Q@ uwtQi T} QD=t
hrDNt |R=Uxv}y@ Ov}=Qi u}@ C=aq]= xm O};|t OwHwx@ u=mt= u}= 'T} QD=t u}= =@
OQmrta Ow@y@ x@ sD} Qwor= u}= "OUQ@ |Q=mty wCmQ=Wt Q=mwR=Ul} x@ w OwW pO=@D
p}=Uw |=Q@ ?U=vt |@=} Q}Ut =@ w Ovm|t ltm u}t-=D |xQ}HvR l} `} RwD |xrLQt
w 'q=m `kwt x@ p} wLD 'xv} Ry Vy=m 'u}t-=D |xQ}HvR sDU}U |rm Ow@y@ x@ 'x}rkv

"Ovm|t ltm u=} QDWt C}=[Q V}=Ri=
pL QO u; OQmrta |xU}=kt u}vJty w |O=yvW}B sD} Qwor= |ov}y@ |@=} RQ=
|x�=Q= QO sy sD} Qwor= u}= xm O=O u=Wv GA w TS sD} Qwor= wO =@ nQR@ p�=Ut

"OQ=O |@ wN OQmrta =QH= u=tR QO sy w ?=wH
|UQQ@ |RmQt Q=@v= OvJ uDiQoQ_vQO =@ =Q xr�Ut u}= u=wD|t '|D; C=k}kLD |=Q@
x@ p}=Uw CWoR=@ s=Rr= sOa� R=@ Q}Ut Cr=L QO xr�Ut u}ty pL u}vJty "OQm

"OW=@ |D; C=k}kLD |=Q@ |Qo}O ?U=vt ẁ[wt Ov=wD|t R}v �Q=@v=

"=ysD} Qwor= |=QH= u=tR "3 pmW

"|O=yvW}B sD} Qwor= |ov}y@ |@=} RQ= "5 pwOH
GA TS ACO n xr�Ut |xQ=tW

1598 2 1538 1 1538 1 50 9� 1
2508 9 2467 3 2467 3 75 12� 10
14411 8 14219 2 14167 8 200 17� 13
21105 4 20846 1 20356 4 280 22� 18

T=U= Q@ =Q Qo}O sD} Qwor= wO =@ |O=yvW}B sD} Qwor= OQmrta |xU}=kt 3 pmW
xDUO Q=yJ 'CU= XNWt pmW u}= QO xm Qw]u=ty "OyO|t u=Wv =QH= u=tR
|xOvyOu=Wv G}=Dv w xOW pL =ysD} Qwor= u}= \UwD Cw=iDt xQo O=OaD =@ xr�Ut
p}qO R= |m} "CU= GA w TS sD} Qwor= wO x@ C@Uv |O=yvW}B sD} Qwor= |QDQ@
Qw]x@ u; C}y=t x@ xHwD=@ u=oJQwt |vwrm sD} Qwor= xm CU= u}= R}v ẁ[wt u}=
u}vJty "OQ=O =ysD} Qwor= Q}=U x@C@Uv |QDy@ |}=Q=m |@=} Q}Ut p�=Ut pL QO |rm
u}vJty w x_i=L uDW=O w C=@U=Lt sHL x@ xHwD=@ ẁvtt |wHwCUH sD} Qwor=
|D=@U=Lt u=tR OvtR=}v =ysD} Qwor= Q}=U x@ C@Uv ẁvtt CUQyi |v=UQRwQx@ Ov}=Qi

"CU= xOw@ |QDW}@
u=v}t]= Qw_vtx@ w nQR@ p�=Ut |=y?=wH QO q=@ |oOvm =QB p=tDL= x@ xHwD=@
?} Q[ XN=W C}a[w 'p�=Ut xvwou}= pL QO sD} Qwor= ?U=vt |}=Q=m ^iL R=
C=Q}}eD?} Q[XN=W "s}vm|t|UQQ@ R}v =QhrDNtp�=UtpL QO (CV) C=Q}}eD
Q=Okt TB &CU= u; u}ov=}t R= OL=w l} |=R=x@ Q}eDt l} |oOvm =QB u=R}t Qou=}@
%O};|t CUO x@ Q} R pwtQi j@=]t u}ov=}t Q@ Q=}at h=QLv= s}UkD R= XN=W u}=

CV = �=�� 100

=yCWwv=B
1. suply chein management (SCM)
2. vehicle routing problem (VRP)
3. ant colony (AC)
4. end user
5. location routing problem (LRP)
6. travelling salesman problem

7. quadratic assignment problem
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