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w u=tR Q_v R= |R=UpOt ẁv u}= xm Ov=xO=O u=Wv Cw=iDt |=yp=Ft |UQQ@ =@
Q=twm w |} "CU= �VRP� x}rkv |xr}Uw |@=} Q}Ut p�=Ut R= QDy@ pL C}r@=k
x=Q 5u=oJQwt |vwrm sD} Qwor= R= xO=iDU= =@ [15]xOW x�=Q= pOt R= |}xvwo |=Q@
l} pt=W xm CU= xOQm x�=Q= |tDU}U [16]Qt=OR= "Ov=xOQm x�=Q= |}xrLQtl} pL
|mWRB C=R}yHD `} RwD w u=DUQ=t}@ x@ xO}O?}U; O=Qi= p=kDv= |=Q@ |[=} Q pOt
u}= hOy "CU= Q}Ut C} Q}Ot Ov}=Qi l} R}v w xO}O?}U; \=kv x@ QDB wm|ry =@
Ov}=Qi l} [17]Q}tO w Qt=OR= "CU= QDB wm|ry =@ QiU pm u=tR uOQmxv}tm sDU}U
xO}O?}U; \=kv |x}rND w =yq=m `} RwD |R=Unvy=ty |=Q@ |@=} Q}Ut w |Ov@xWwN

O=Qi= w xO}O?}U; \=kv x@ ,=t}kDUt s�=O `} RwD Rm =Qt R= =yq=m `k=w QO "CU= xOW
"OvwW|t pkDvt |v=tQO Rm =Qt x@ xO}O?}U; \=kv R= R}v swOYt

xrRrR R= TB u=twOYt w q=m u=tRsy l}DUHr |xr�Ut ẁ[wt C=}@O= QO
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"CU= xOWv ^=Lr Ckwt |v=tQO Rm =Qt w Ckwt `} RwD Rm =Qt 'u=twOYt w q=m

u; |R=UpOt w xr�Ut K} QWD "3
w 'xO}O?}U; O=Qi= u}@ |D=}L |=yq=m `} RwD R= CU= CQ=@a |UQQ@ OQwt |xr�Ut
`} RwD %OQ=O syt <RH wO Ck}kL QO xr�Ut u}= "|v=tQO Rm =Qt x@ O=Qi= u}= p=kDv= R}v

"|v=tQO Rm =Qt x@ xO}O?}U; O=Qi= p=kDv= w =yq=m
QO xrRrR R= TB xm Ckwt `} RwD Rm =Qt x@ |t�=O Rm =Qt R= =yq=m xr�Ut u}= QO
xO=O p=kDv= xO}O?}U; \=kv x@ =Hv; R= w 'pkDvt xOW E=OL= xO}O?}U; |xk]vt
xO}O?}U; \=kv x@ |t�=O u}t-=D Rm =Qt R= ,=t}kDUt u=wD|t =Q =yq=m xD@r= "OvwW|t
=yv; QO w Ovvm|t pta Ckwt |Qw@a |=yQ=@v= Vkv QO Ckwt Rm =Qt u}= "OQm pkDvt
R= Ckwt `} RwD Rm =Qt u}= "OwW s=Hv= �R=}v CQwYQO� =yq=m |Ov@xDUO pFt |}=yQ=m
`} RwD QO `} QUD "OwW|t ?=NDv= OvQ=O |O=} R |=[i xm TQ=Ot pFt |}=yu=mt u}@
C=R=}Dt= xrtHR= [26]'OwHwt C=ar=]t QO xOW QmP C=R=}Dt= Qo}O Q@ xwqa '=yq=m
pOt |xr}Uwx@ R}v Ckwt `} RwD Rm =Qt u}= |@=}u=mt xm CU= QmP x@ sRq "CU= u;
pFt |}xOWxDN=U V}B R= |=yu=mt u}@ R= Rm =Qt u}= "OW Oy=wN s=Hv= xOWx�=Q=

"OvwW|t ?=NDv= TQ=Ot
xO}O?}U; O=Qi= "CU=|v=tQO Rm =Qt x@ xO}O?}U; O=Qi= p=kDv= 'xr�Ut swOVN@
Rm =Qt =} =yu=DUQ=t}@ w |t�=O |v=tQO Rm =Qt x@ u=wD|t |oO}O?}U; u=R}t x@ xHwD =@ =Q
'Ckwt|v=tQO Rm =Qt E=OL= "OQm pkDvt Ov=xOW E=OL= xrRrR R=TB xmCkwt|v=tQO

6|L]UOvJ |Ov@xWwN sD} Qwor= l} R= xO=iDU= =@ Ov}=Qi u}= "Ov=xOQm x�=Q=
u}= R= w Ovm|t s}UkD K]U u}OvJ QO |mJwm |=yxWwN x@ =Q =[=kD \=kv
w |iHv "Ovm|t pL xv}y@ CQwYx@ =Q =yxWwN u}@ |@=} Q}Ut |xr�Ut j} Q]
|R} Qxt=vQ@ |=Q@ xiOyOvJ w |}xQwOOvJ |=} wB |xiOywO pOt l} [3]Vv=Q=mty
u=R}t uOQmxv}tm xiOywO pOt u}= "Ov=xOQm x�=Q= u=twOYt w q=m u=tRsy l}DUHr
pOt u}= "Ovm|t p=@vO =Q xO}O?}U; O=Qi= O=OaD uOQmxv}tm w xOWv xOQw;Q@ |=[=kD
uwvm =D xrRrR R= TB u=twOYt w q=m l}DUHr |xv}tR QO xOW x�=Q= pOt u} QN;

"CU=

|a]kQ}e |=ypOt "2"2
O=Qi= O=OaD 'u}t-=D `@=vt '=[=kD Ovv=t |}=yQDt=Q=B QO 'xv=DUwOQW@ O=Ot= |xQ}HvR QO
u=}t R= "OQ=O OwHw C}a]k sOa pkvwptL |=yQ}Ut w xLv=U u=mt 'xO}O?}U;
|=Q@ =Q OQ@ Q=m u} QDW}@ |iO=YD |R} Qxt=vQ@ 'C}a]k sOa =@ OQwNQ@ |=yVwQ

"CU= xDW=O xv=DUwOQW@ O=Ot= |xQ}HvR QO =yQDt=Q=B C}a]k sOa uOQmpOt
|@=} Q}Ut � |@=}u=mt |}xrLQtwO |iO=YD pOt l} [18]=OQ; w wrowU =Q=@ Q=@
\w@ Qt |=ys}tYD pw= |xrLQt QO "Ov=xOQm x�=Q= xrRrR QO pkvwptL |R} Qxt=vQ@ |=Q@
"OwW|t |UQQ@ pkvwptL Q=_Dv= OQwt |=yxv} Ry uOQmxv}tm hOy =@ |@=}u=mt x@
uOQmxv}tm hOy =@ =[=kD \=kv x@ =yQ=@v= pLt R= =yq=m pkvwptL swO |xrLQt QO
|UQQ@ OQwt =y|OwHwt |Q=Oxov |xv} Ry w =[=kD uOWv xOQw;Q@ R= pY=L |xt} QH
"CU= xOW xS} w xHwD |a]kQ}e C=irD w =[=kD u=R}t x@ Qw_vt u}O@ "CU= xDiQo Q=Qk
Q_v QO |iO=YD |=yQ}Ut x@ |UQDUO uO=O u=Wv |=Q@ =yu=tm C}iQ_ u}vJty

"Ov=xOW xDiQo
uOQmxv}y@ w |OwHwt u=R}t u}}aD |=Q@ |}xrLQtwO |rOt |mUv}@=R w Ct
|a]kQ}e =[=kD u=R}t pOt u}= QO [19]"Ov=xOQm x�=Q= |mWRB C=R}yHD `} RwD sDU}U
Q=@v= |xv}y@ u=mt u}}aD |=Q@ xDN}t; K}LY OOa |R} Qxt=vQ@ pOt l} =yu; "CU=
u=tR uOQmxv}tm hOy =@ =yq=m |OwHwt |xv}y@ u=R}t u}}aD w |mWRB C=R}yHD
=@ "CU= xOW pOt |R=Uw} Q=vU R= xO=iDU= =@ C}a]k sOa "OvOQm x�=Q= pkvwptL
pw= |xrLQt QO "OwW|t u}}aD pkvwptL u=tR w =y=[=kD u=R}t =yw} Q=vU x@ xHwD
OQwt |xv} Ry |R=Uxv}tm hOy =@ =yq=m |OwHwt u=R}t w =yQ=@v= u=mt XwYNQO
\=kv x@ =yq=m p} wLD XwYNQO R}v swO |xrLQt QO "OwW|t |Q}os}tYD Q=_Dv=
pOt x@=Wt "OwW|t xDiQo s}tYD pkvwptL u=tR |R=Uxv}tm hOy =@ xO}O?}U;
TQDUO QO u=mt= =@ |iO=YD |}xrLQtwO pOt l} [20]CU} wmv=QD w pw=Q 'xOW xDio
VwQ R= R}v pOt pL |=Q@ w 'x�=Q= =yw} Q=vU R= |[a@ QO =yQ}Ut R= |[a@ uOw@v

"Ov=xOQm xO=iDU= L-Shaped

'p}U |Q=Q][= l}DUHr |=Q@ |Q}os}tYD Q=R@= l} [21]Vv=Q=mty w nv=J
VwQ R= pOt pL |=Q@ "Ov=xOQm x�=Q= 'CU= |a]kQ}e C=irD O=OaD xm |Dr=L QO
|xt=vQ@ 'xOW x�=Q= |iO=YD |R} Qxt=vQ@ pOt "Ov=xOQm xO=iDU= 7xvwtv u}ov=}t ?} QkD
=@ =yq=m X}YND w q=m xQ}NP |=yQ=@v= u=mt u}}aD pt=W �� |D=}L `@=vt `} RwD
Ci=Ut uOQmxv}tm pOt u}= R= hOy "Ovm|t u}}aD =Q �� C}iQ_ C}OwOLt x@ xHwD

"CU= `} RwD |=Q@ xOW |]
=yq=m `} RwD |=Q@ |iO=YD |xiOyOvJ pOt l} [22]Vv=Q=mty w |Q}t= |oQR@
x�=Q= xO}O?}U; \=kv x@ TBU w |rLt |=yxOvvmu}t-=D x@ |rY= |=yxOvvmu}t-=D R=
xOW xDiQo Q_v QO |a]k Q}e R}v `@=vt Q=Okt =[=kD Q@ xwqa pOt u}= QO "Ov=xOQm
uOQmxv}W}@ 'Q=_Dv= OQwt |xv} Ry uOQmxv}tm %R= CU= CQ=@a pOt u}= h=Oy= "CU=

95



"""|
=Q@Q

=wDU
=|

R=Ux
v}y@

|xi
OyO

vJ
pOt

|x�
=Q=Ckwt |v=tQO Rm =Qt w =yu=DUQ=t}@ u}@ xO}O?}U; |xk]vt pm |v=tQO C}iQ_ "6

|v=tQOC}iQ_ R= |OYQOCkwt |v=tQO Rm =QtC}iQ_ `k=w QO &OwW|t s}UkD
"CU= pm

pY=wi w XNWt Ckwt `} RwD Rm =Qt w Ckwt |v=tQO Rm =Qt |=Q@ O}Ov=m \=kv "7
"CU= swrat R}v \=kv s=tD u}@

xDiQo Q_v QO QiY 'Ckwt `} RwD Rm =Qt w Ckwt |v=tQO Rm =Qt E=OL= |xv} Ry "8
"OwW|t

=} 'OQm ptL xO}O?}U; \=kv x@ s�=O `} RwD Rm =Qt R= ,=t}kDUt u=wD|t =Q =yq=m "9
"O=O p} wLD xO}O?}U; \=kv x@ Ckwt `} RwD Rm =Qt j} Q] R=

Ckwt |v=tQO Rm =Qt w =yu=DUQ=t}@ u}@ xO}O?}U; |xk]vt pm |v=tQO C}iQ_ "10
|v=tQOC}iQ_ R= |OYQOCkwt |v=tQO Rm =QtC}iQ_ `k=w QO &OwW|t s}UkD

"CU= pm
|a]kQ}e w |a]k Cr=L wO Qy |=Q@ xm pOt |twta w |rm =yZQi Q@ xwqa

%R= Ov=CQ=@a |a]k Cr=L |=yZQi 'CU= Q=QkQ@
|R} Qxt=vQ@ |xQwO pw] |=Q@ =yu; u=twOYt w xO}O?}U; \=kv |=[=kD u=R}t �hr=

"CU= XNWt
|=yq=m Q=Okt R}v w 's�=O w Ckwt |v=tQO Rm =Qt w =yu=DUQ=t}@ |x}rw= C}iQ_ �?

"CU= XNWt |R} Qxt=vQ@ |xQwO pw] |=Q@ `} RwD Rm =Qt QO OwHwt
=yxawtHt "1"1"3

&|R} Qxt=vQ@ |xQwO pw] %T
&xm@W |=yxQo |xty |xawtHt %N

&=[=kD |=yxQo |xawtHt %DN
&xOvvmu}t-=D |=yxQo |xawtHt %SN

&|t�=O |xOvvmu}t-=D |=yxQo |xawtHt %PSN
&Ckwt `} RwD Rm =Qt Q=QkDU= |=Q@ O}Ov=m |=yxQo |xawtHt %TSN

&|v=tQO Rm =Qt |=yxQo |xawtHt %EN
&|t�=O |v=tQO Rm =Qt |xawtHt %HN

&Ckwt |v=tQO Rm =Qt Q=QkDU= |=Q@ O}Ov=m |=yxQo |xawtHt %TEN
'Ckwt w |t�=O |=yxOvvmu}t-=D '=[=kD |=yxQo RHx@ |v=}t |=yxQo |xawtHt %IN

&Ckwt |v=tQO Rm =Qt w =yu=DUQ=t}@
&Ckwt `} RwD w =[=kD \=kv RHx@ =yxQo |xty |xawtHt %KN

&|v=tQO Rm =Qt RH x@ =yxQo |xty |xawtHt %NN
&=yq=m |xawtHt %CS

&x}rkv p}=Uw |xawtHt %V S
"xO}O?}U; O=Qi= |xawtHt %IS

=yxOvQ=tW "2"1"3
&u=tR |xOvQ=tW %t; s

&M = jDN j =[=kD |=yxQo |xOvQ=tW %m
&E = jEN j |v=tQO Rm =Qt |xty |=yxQo |xOvQ=tW %e

&Q = jHN j |t�=O |v=tQO Rm =Qt pt=W |=yxQo |xOvQ=tW %q
&G = jTEN j Ckwt |v=tQO Rm =Qt |=Q@ O}Ov=m |=yxQo |xOvQ=tW %g

&F = jSN j =yxOvvmu}t-=D |xty |=yxQo |xOvQ=tW %f
&L = jPSN j |t�=O |xOvvmu}t-=D |=yxQo |xOvQ=tW %l

|WN@ |v=tQO Rm =Qt u}= C}iQ_ "Ovm|t `} QUD =Q xO}O?}U; O=Qi= x@ |v=UQO=Ot=
pm |v=tQO C}iQ_ R}v |ak=w |=}vO QO `k=w QO "CU= xk]vt pm |v=tQO C}iQ_ R=
pOt R= xO=iDU= =@ "OwW|t s}UkD Ckwt |v=tQO Rm =Qt w =yu=DUQ=t}@ u}@ xk]vt
"OW Oy=wN u}}aD R}v Ckwt |v=tQO Rm =Qt C}iQ_ w =yu=DUQ=t}@ C}iQ_ xOWx�=Q=
Vy=m 'xr�Ut C}y=t x@ xHwD =@ '|m}DUHr |R} Qxt=vQ@ u}= R= |rY= hOy
|=Q@ swOYt O=Qi= Q=_Dv= u=tR Vy=m R}v w =yq=m Ci=} QO |=Q@ O=Qi= Q=_Dv= u=tR
=@ "CU= xOw@ O=vDU= OQwt hOy wO u}= =yQ=DWwv QFm = QO 'C=}@O= QO "CU= u=tQO
C=a=U QO R}v TQDUO QO |x}rkv p}=Uw O=OaD 'xrRrR R= TB |v=QL@ \}=QW x@ xHwD
Vy=m xOWKQ]t Q=_Dv= |=yu=tR Vy=m =@ u=tRsy u}=Q@=v@ "CU= OwOLt x}rw=
h=Oy= u}=Q@=v@ "Ow@ Oy=wN pOt h=Oy= R= |m} R}v xO=iDU= OQwt |x}rkv p}=Uw O=OaD
|R=Uxv}tm %R= CU= CQ=@a |m}DUHr |R} Qxt=vQ@ |=Q@ xOW x�=Q= |[=} Q pOt
|=Q@ O=Qi= pm Q=_Dv= u=tR |R=Uxv}tm 'u=tQO |=Q@ xO}O?}U; O=Qi= pm Q=_Dv= u=tR
"=yxQwO pm QO xO=iDU= OQwt |x}rkv p}=Uw O=OaD |R=Uxv}tm w '=yR=}v |R=UxOQw;Q@
|xO=iDU= p=@vO x@ swU hOy `@=D w xOw@ xv=DUwOQW@ ẁv R= pw= hOy `@=D wO
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&a ẁv |q=m C} wrw= %pa
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w C}atH sm =QD x@ xHwD =@ w OwHwt |=yxWkv R= xO=iDU= =@ xk]vt u}= |xm@W =OD@=
"CU= xOW u}}aD 2 pmW CQwYx@ 'C=aq]= Q}=U

xm OvDUy |O=Qi= pw= |xDUO %s} Q}o|t Q_v QO xDUO xU QO =Q swOYt O=Qi=
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xHwD =@ \=kv u}= O=OaD xm CU= QmP x@ sRq "CU= xOW x�=Q= =yxQo u}= R= s=OmQy QO

�
tX
s=1

hsphqs 8q 2 HN; h 2 IS; t 2 T (56)

VX
v=1

MX
m=1

tX
s=1

GX
g=1

Y mvhogs:A
v
sogt �

VX
v=1

MX
m=1

tX
s=1

PX
p=1

Y mvhgps

�
tX
s=1

CTEhqs 8g 2 TEN; h 2 IS; t 2 T (57)

Y;Z; dew; avv; TFD; TTD; hsp; CTE � 0 & Integer (58)

X; dev;� 0 (59)

uj 2 f0; 1g (60)

|=yQ}eDt |xv}y@ Q}O=kt y�2 w x�2 w P1 pOt hOy `@=D |xv}y@ Q=Okt f 0�1 xm |Qw]x@
uDiQo Q_v QO uwO@ pw= hOy `@=D pw= |xrLQt QO "OvDUy P2 pOt QO Y w X
xv}y@ X Q}eDt pt=W |=yC}OwOLt uDiQo Q_v QO uwO@ u}vJty w hOy `@=wD Q}=U
u=wvax@ CU= xOt; CUO x@ P1 pOt R= xm pw= hOy `@=D |xv}y@ Q=Okt "OwW|t
Y wX |=yQ}eDt x@ xHwD =@ swO hOy `@=D w xOW xDiQo Q_v QOP2 pOt QOC}OwOLt
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|m} CQwY u}= Q}e QO 'OUQ|t xv}y@ ?=wH u; x@ VwQ u}= OW=@ xDW=O xv}y@ ?=wH
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u=QyD QyW 17 |xk]vt %|OQwt |xar=]t "5
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"s}yO|t Q=Qk |UQQ@ OQwt u=QyD QyW QO QDW} Q 6 5 OwOL |oQR@ x@ xrRrR ZQi =@
"CU= xOW u}}aD u=U=vWQ=m Q_v R= xO=iDU= =@ =yQDt=Q=B |xty xm CU= QmP x@ sRq
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102



"""w
|tk

|t]
=i|

kDOt
Lt

O}U
'|O

tLt
=[Q "C}a]k sOa hrDNt Kw]U |=R= x@ hOy `@=D Q}O=kt "5 pwOH

`tH dew3mt dew2mt dew1mt
sOa u=R}t
C}a]k

210 55 59 85 72 1 78 6 pw= hOy `@=D
QiYdev3mt dev2mt dev1mt

462 6 73 5 32 4 356 7 swO hOy `@=D
1272 swU hOy `@=D
`tH dew3mt dew2mt dew1mt

sOa u=R}t
C}a]k

305 8 85 2 102 4 118 2 pw= hOy `@=D
�10dev3mt dev2mt dev1mt

662 2 120 8 52 4 489 swO hOy `@=D
1380 swU hOy `@=D
`tH dew3mt dew2mt dew1mt

sOa u=R}t
C}a]k

359 3 103 3 119 5 136 5 pw= hOy `@=D
�15dev3mt dev2mt dev1mt

835 4 159 3 64 3 611 8 swO hOy `@=D
1406 swU hOy `@=D
`tH dew3mt dew2mt dew1mt

sOa u=R}t
C}a]k

419 5 128 4 139 2 152 1 pw= hOy `@=D
�20dev3mt dev2mt dev1mt

1057 8 210 4 78 8 786 6 swO hOy `@=D
1419 swU hOy `@=D
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`} RwD Rm =Qt =yq=m l}DUHr p}yUD |=Q@ pOt u}= QO "OW x�=Q= xrRrR x@ Vvm =w QO
OQwt pOt QO R}v Rm =Qt u}= |@=}u=mt "OW xDiQo Q_v QO =yq=m `} RwD |=Q@ Ckwt
|rY= `} RwD Rm =Qt R= Ovv=wD|t =yq=m xOW |UQQ@ sDU}U QO "CiQo Q=Qk |UQQ@
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1. memetic algorithm
2. vehicle routing problem
3. soft time window
4. Federal Emergency Management Agency
5. ant colony algorithm
6. multilevel clustering
7. sample average approximation
8. data fusion
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