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ẁ[wt |xv}W}B QO |R=UwQOwN CavY QO u=Qlr}t |xr�Ut 'u}= Q@ xwqa

R= |m} \}=QW T=U= Q@ Q[=L VywSB |xr�Ut xmu}= x@ xHwD =@ "CU= xOW |UQQ@
R}v |R=UwQOwNCavYQO\@DQt|=yVywSB 'CU= xOWh} QaD|rN=O u=R=UwQOwN
l}DUHr CmQW l}\UwD C=a]k u}t-=D '|R=UwQOwN CmQW u}= QO "Ov=xOW QwQt
xr�Ut 'CmQW u}= |=Q@ "OwW|t s=Hv= �SGS� =B}=U QDUoxR=U s=v x@ 3 (3PL)Er=F
x@ pkvwptL xm Ovm |L=Q] |DQwY x@ =Q l}DUHr |xm@W xm CU= CQwY u}O@
C=ar=]t|xv}W}B Q@ |QwQt 'xH}Dv QO "OwW s=Hv= u=Qlr}tj} Q] R= QF-wt w =Q=mCQwY
|=yC}r@=k "CU= xOW s=Hv= |R=UwQOwN CavY QO C=a]k l}DUHr =@ \@DQt
|}=yp=Ft u; QO xm CU= xOW |UQQ@ [16]VywSB QO R@U l}DUHr QO u=Qlr}t
l} [17]`HQt QO "CU= xOW x�=Q= |Ow; w wDU=@ w '=Dw} wD |R=UwQOwN |=yCmQW R=
"OvO=O x�=Q= |rN=O l}DUHr QO u=Qlr}t |xr�Ut |=Q@ |rLt |wHDUH sD} Qwor=
|=Q@ |[=} Q pOt l} w CU= xOW |UQQ@ [18]`HQt QO s=ovy x@ u}t-=D swyit
pL |=Q@ "CU= xOW x�=Q= |v=tR |xQHvB =@ x}rkv p}=Uw |@=} Q}Ut T=U= Q@ u=Qlr}t
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uDUmW '=OD@= "Ov=xOW |UQQ@ sD} Qwor= u}= QO Cr=L wO "CU= xOW xOQw; Q} R
C}iQ_ R= xOv=t|k=@ |=yCr=B |xR=Ov= xm CU= xOW s=Hv= |}=H =D nQR@ |=yQ=@
=ywQOwN x@|iO=YD CQwY x@ xOW xDUmW|=yVQ=iU "OW=@ QDtm wQOwNu} QDnQR@
w xOv=t|k=@ |=yCr=B "OvwW p=UQ= s}kDUt CQwY x@ =D Ov=xOW xO=O X}YND
x@ =yCr=B 'xt=O= QO "OvW=@ xDW=O CmQW u=Qlr}t QO Ovv=wD|t =yVQ=iU |x}k@
ZQa =@ |R=wt Cr=B pw] xm |}xvwo x@ OvwW|t xO}J =ywQOwN QO |i}OQ CQwY

"CU= xOW p=ta= VQ=iU 5 =@ xr�Ut xvwtv l} x@ xm SBO sD} Qwor= "4 pmW

8i 2 I; j 2 I; j 6= 1; i 6= j; k 2 K (41)

Qm;k � pwm � Lk ��m;k 8m 2M;k 2 K (42)

pL VwQ "3
"CU= ?U=vt u=tR QO pL p@=k xr�Ut lJwm |=yxR=Ov= QO \ki xOW x�=Q= pOt
VywSB |xr�Ut "CU= sRq =Q=m sD} Qwor= l} |x�=Q= '|ak=w |=}vO p�=Ut pL |=Q@
QO O}=@ �=ysD};� =yVQ=iU |=yCr=B =Q} R &CU= |Ov@xwQo p�=Ut x@=Wt Q[=L
|=Q@ Ovv=wD|t |ywQo p�=Ut |=ysD} Qwor= 'xH}Dv QO "OvQ}o Q=Qk �=yxwQo � =ywQOwN
u}rw= sD} Qwor= Q@ |vD@t sD} Qwor= l} 'VywSB u}= QO "OvwW xO=iDU= xr�Ut u}=
T} QD=t l} =OD@= xm CU= CQwY u}O@ sD} Qwor= u}= "OwW|t x�=Q= 5 (FF) VR=Q@
|WN@ wO h=Qo j=@]v= |xr�Ut pL |=Q@ u; R= xO=iDU= =@ w OwW|t h} QaD Cy@=Wt
u}rw= x@ =yVQ=iU TBU "OwW|t O=H}= =yVQ=iU R= |r=wD l} 'xv}W}@ uRw =@
"OwW|t xO=OX}YND 'CU= xOW ^=Lr u; QO xr�Ut |=yC}OwOLt s=tD xm wQOwN
Vy=m |xOvyOOw@y@ sD} Qwor= wO 'OW O=H}= |vOW |x}rw= ?=wH l} xm u}= R= Oa@
|=ywQOwN QO =Q =yVQ=iU 'Vy=m sD} Qwor= "OvwW|t p=ta= ?=wH |wQ s=eO= w
QO =Q wQOwN wO |=yVQ=iU 's=eO= sD} Qwor= xm |r=L QO 'OyO|t Q=Qk QDlJwm

%CU= Q} R CQwY x@ pL VwQ sD} Qwor= Om x@W "OyO|t Q=Qk wQOwN l}
pL VwQ

&um x}rw= |yOQ=Okt =Q =yQDt=Q=B
ẁQW

&�|vOW |x}rw= ?=wH l} O=H}=�
's}kDUt p=UQ= |=Q@ =ywQOwN x@ w umW@ =Q =yv; 'um XNWt =Q nQR@ |=yVQ=iU

&xO@ X}YND
|=yVQ=iU R= |r=wD l} �1"1"3 CtUk T=U= Q@� SBO sD} Qwor= R= xO=iDU= =@

&um O=H}= xOv=t}k=@
&�2"1"3 CtUk T=U= Q@� um p=ta= =Q VR=Q@ u}rw= sD} Qwor=

T=U= Q@� um p=ta= =Q Vy=m sD} Qwor= �xOvyOOw@y@ |Q=mD@= |=ysD} Qwor= p=ta=�
&�5"1"3 CtUk

&�6"1"3 CtUk T=U= Q@� um p=ta= =Q s=eO= sD} Qwor=
u=}=B

Cy=@W Q@ |vD@t VR=Q@ u}rw= sD} Qwor= "1"3
'sD} Qwor= u}= "CU= xOW xO=iDU= x}rw= ?=wH l} O=H}= |=Q@ VR=Q@ u}rw= sD} Qwor=
|=yVQ=iU |=Q@ |Qo}O w nQR@ |=yVQ=iU =@ Q=m |=Q@ |m} xm OQ=O xrLQt wO
CQwY x@ =D OvwW|t xDUmW nQR@ |=yVQ=iU 'pw= |xrLQt QO "CU= lJwm
|x}k@ w nQR@ |=yVQ=iU R= xOv=t}k=@ |=yCr=B 'TBU "OvwW p=UQ= s}kDUt
(SBO) Cy=@W Q@ |vD@t |r=wD O=H}= sD} Qwor= R= xO=iDU= =@ lJwm |=yVQ=iU
x@ VR=Q@ u}rw= sD} Qwor= R= xO=iDU= =@ w OvwW|t O=H}= |r=wD l} CQwY x@ '6

"Ov@=}|t X}YND =ywQOwN
Cy=@W Q@ |vD@t |r=wD O=H}= sD} Qwor= "1"1"3

Q@ ?}DQD u}= "OvwW xO=O X}YND =ywQOwN x@ |Y=N ?}DQD x@ O}=@ =yVQ=iU
j]vt "CU= u=WOYkt w -=O@t u}@ |xrY=i C@Uv x@ =yVQ=iU Cy=@W T=U=
l}ORv �OY=kt� |O=@t |=Q=O 'VQ=iU wO Qo = xm CU= CQwY u}= x@ h} QaD u}=
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Qp

OtX
i2I;i�ns+2
i�ns+na+1

X
j2I;
j�ns+na+2

Xi;j � 1 (51)

X
i2I;
i�ns+na+2

X
j2I;j 6=1;
j�ns+1

Xi;j = 0 (52)

X
i2I;i6=1;
i�ns+1

X
j2I;
j�ns+na+2

Xi:j = 0 (53)

X
i2I;i6=1;
i�ns+1

X
j2I;
j�ns+na+2

Xi:j = 0 (54)

X
i2I;
i�ns+na+2

X
j2I;j�ns+2;
j�ns+na+1

Xi;j = 0 (55)

sHL x@ \w@ Qt |=yC}OwOLt
ui +

X
m2o0j

olm � X
m2D0j

olm � Uj + (1�Xi;j)�BM1

8i 2 I; j 2 I; j 6= 1; i 6= j (56)

Ui � L 8i 2 I (57)

wQOwN uRw x@ \w@ Qt |=yC}OwOLt
Wi +

X
m2O0j

wmPm � X
m2D0j

wmDm �Wj+

(1� xi;j)�BM2 8i 2 I; j 2 I; j 6= 1; i 6= j (58)

Wi �WC 8i 2 I (59)

u=tR x@ \w@ Qt |=yC}OwOLt
Ti +

X
m2O0i

LTmPm;k+X
m2D0i

UTmDm;k + ti;j;k � Tj;k(1�Xi;j;k)�BM3

8i 2 I; j 2 I; J 6= 1; i 6= J (60)

Tj � Ti m 2M; i = origm0j = Destm (61)

Ti � lbm 8m 2M; i 2 origm (62)

Ti � Ubm 8m 2M; i 2 Destm (63)

Xi;j f0; 1g ;Ui;Wi; Ti;; Ui � 0 (64)

Ckwt Qw] x@ OwHwt |=ywQOwN QO l} x@ l} =yVQ=iU '?=wH O}rwD Ov}=Qi QO
C}=aQ Q_v R= xv}y@ w |vOW Q}Ut l} 'Q=@ Qy 'u; T=U= Q@ w Ov=xOW xO=O Q=Qk
"OwW|t u}}aD =yVQ=iU |Q=oR=U '|v=tR |=yxQHvB 'wQOwN uRw w sHLC}OwOLt
u}DUNv x@ VR=Q@ u}DUNv j]vt T=U= Q@ VQ=iU Qy |}=yv X}YND 'C}=yv QO
pOt R= xv}y@ Q}Ut u}}aD |=Q@ "CU= |vOW u; |=Q@ Q}Ut |xt=vQ@ xmCU= |} wQOwN
|=yC}OwOLt '49�46 |=yC}OwOLt u; QO xm OwW|t xO=iDU= 64�45 |[=} Q
xv=DN@WwN "Ov=|@v=H |=yC}OwOLt x}k@ w OvDUy OQoxQwO |xOvWwQi |xr�Ut
R= QDtm � CU}v O=} R pta QO wQOwN l} x@ xDi=}X}YND |=yVQ=iU O=OaD
"OQm pL x}v=F R= |QUm QO CrwyU x@ =Q |[=} Q pOt u=wD|t w �CU= 10

h}OQ O=OaD ?Q_ pY=L 'wQOwN Qy R= xOW p=eW= pw] 'xH}Dv QO "OW=@ wQOwN
"CU= Cr=B ZQa QO Cr=B

VR=Q@ u}rw= sD} Qwor=
VQ=iU Qy |=Q@

O}OH |wQOwN l} w R=@ |wQOwN Qy |=Q@
&um |UQQ@ =Q ?=wH uOw@ |vOW w xO@ X}YND wQOwN l} x@ ,=Dkwt =Q VQ=iU

Ow@ |vOW Qo =
&xO@ X}YND wQOwN x@ =Q VQ=iU

&�Break� |=Q@ R= GwQN
Qo = u=}=B

|=Q@ u=}=B
|=Q@ u=}=B

uOw@ |vOW ^iL w |@=} Q}Ut "3"1"3
xm |}xvwo x@ 'OvwW|t xDiQo Q_v QO sD} Qwor= QO xr�Ut |=yC}OwOLt s=tD
'wQOwN pw] ^=Lr R= 'VR=Q@ u}rw= sD} Qwor= |HwQN "OW=@ |vOW xQ=wty ?=wH
|xQHvB uDiQo Q_v QO |=Q@ "CU= |vOW =yVQ=iU |Q=oR=U w wQOwN uRw
x@ VQ=iU Qy X}YND R= TB "OwW s=Hv= O}=@ wQOwN Qy |@=} Q}Ut '|v=tR
u}}aD xOW xYqN |[=} Q pOt l} j} Q] R= u; uOw@ |vOW 'wQOwN l}
h} QaD "CU= u; uOw@ |vOW |UQQ@ w wQOwN |@=} Q}Ut |=Q@ pOt u}= "OwW|t
\w@ Qt T}Ov= xm Cw=iD u}= =@ CU= x}rw= |[=} Q pOt x@=Wt =yQ}eDt w =yQDt=Q=B
|xOvWwQi |xr�Ut x@=Wt xr�Ut 'xH}Dv QO "CU= xOW hPL '�k� wQOwN x@
h} QaD |}=yxQo |wQ xr�Ut |=yQDt=Q=B w =yxawtHt 'u}= Q@ xwqa "CU= OQoxQwO
"OvwW C=kqt 'wQOwN u; pN=O |=yVQ=iU p} wLD =} CW=OQ@ |=Q@ xm OvwW|t
Q} R CQwY x@ xOW xYqN pOt w xOW h} QaD |i=[= |=yQ}eDt w =yQDt=Q=B

%OvDUy
Q}eDt

CU= xOW h} QaD QwD Q} R hPL |=Q@ xm |ivt=v Q}eDt l} %ui
QDt=Q=B

xOW xYqN pOt QO xOW h} QaD |=yxQo O=OaD %n
m VQ=iU |=yCr=B \UwD wQOwN R= xOW p=eW= pw] %olm

%xOW xYqN pOt
MinmizeObjF =

X
i2I

X
j2I

cij �Xi;j (45)

|@=} Q}Ut |=yC}OwOLtX
j2I

X1;j � 1 8i 2 I (46)X
j2I

Xi;1 � 1 8j 2 I (47)

ui � uj + nXij � n� 1 8j 2 I; j 2 I; i; j � 2; i 6= j

(48)

Xi;j = 0 8i 2 I (49)X
i2I;i6=1;
i�ns+1

X
j2I;j�ns+2;
j�ns+na+1

Xi;j � 1 (50)
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&V o = V o� fv1; v2g [ fvpg
&wW GQ=N xkrL R=

Qo = u=}=B
|=Q@ u=}=B

&counter = counter + 1
xm |v=tR =D u=}=B

|xrLQt QO xm CU= xrLQt xU |=Q=O xOW x�=Q= sD} Qwor= xm CU= QmP u=}=W
QO &OwW|t O}rwD =ywQOwN x@ X}YND |=Q@ =yVQ=iU R= CWo}=H l} CUNv
X}YND VR=Q@ u}DUNv j]vt T=U= Q@ =ywQOwN x@ =yVQ=iU swO |xrLQt
swU |xrLQt QO w &Ovv=t@ |k=@ |vOW =yC}OwOLt s=tD xm |}xvwo x@ Ov@=}|t
xOW xDN=U ?=wH Ow@y@ |=Q@ s=eO= w Vy=m |xOvyOOw@y@ |=ysD} Qwor= R=
|iO=YD C=}rta R= swU w swO pL=Qt QO "OwW|t xO=iDU= swO |xrLQt QO
|wQOwN l} xm Q=@ Qy 'CU}v uoty u=ow=v xmu}= x@ xHwD =@ "OwW|t xO=iDU=
wQOwN l} 'Ov@=}|t X}YND u; x@ =yVQ=iU w OwW|t xDiQo CtON x@ O}OH
?U=vD uwt=Q}B C=aq]= Ow@v Cra x@� OwHwt |=ywQOwN u=}t R= hO=YD x@
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s=eO= Qo}Om} =@ wQOwN l} QO =yv; |=yVQ=iU w ?=NDv= |iO=YD Qw] x@
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Ov=xOW O=H}= |}xvwo x@ |iO=YD |=yxvwtv "Ov=xOW pL xOW x�=Q= |Q=mD@= sD} Qwor=
|=yVQ=iU pt=W xv=RwQ |=yVQ=iU "OvW=@ |ak=w |=}vO |xr�Ut |xOv}=tv xm
�|DWoQ@ |=yVQ=iU�|r=NCr=B |=yVQ=iU w �wrHx@ wQ |=yVQ=iU� QB |=yCr=B
|=yxU=vW R=|DUQyi '=yVQ=iU O=OaD T=U= Q@ 'wrHx@ wQ |=yVQ=iU |=Q@ "OvDUy
'C=aq]= u}= T=U= Q@ "OwW|t O=H}= |iO=YD CQwY x@ C=a]k O=OaD w |vi
"OwW|t G=QNDU= |Ov@xDU@ x@ \w@ Qt C=aq]= s=tD w Cr=B ẁv w xOvvmu}t-=D
CN=wvm} `} RwD R= XNWt |vi |xU=vW l} R= VQ=iU Qy |=Q@ C=a]k O=OaD
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w q=@ OL w OYkt w -=O@t '=yCr=B O=OaD 'Cr=B s=v '|DWoQ@ |=yVQ=iU |=Q@
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|OQwt |xar=]t QO xm 'wQOwN C=a]k u=Qlr}t `} RwD |xv=t=U QO xv=DN@WwN
Ov@=}|t X}YND wQOwN l} x@ xm |}=yVQ=iU O=OaD 'CU= xDiQo Q=Qk Q_v Ot
�17 =D 8 R= xDa=U 9� pwkat u=tR l} QO xm u=R=UwQOwN/u=oOvR=U O=OaD w
|iQat |[=} Q pOt u=wD|t w CU= lOv= 'OvwW|t C=kqt wQOwN l} \UwD
|[=} Q pOt xm OwW xHwD CU= sRq "OQm pL CPLEX Q=Ri=sQv \UwD =Q xOW
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|=yVwQ =} �CU= xv}y@ R= QwO =yv; |HwQN ,=[a@ xm � |Q=mD@= |=yVwQ R=
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pwkat =QH= u=tR w xOW u}t[D �OwHw CQwY QO� |ov}y@ =Q} R "CU= xOW xO=iDU=

"CU=
xOvyOOw@y@ |=ysD} Qwor= "4"1"3

Ow@y@ |=Q@ sD} Qwor= wO u}= "OwW|t p=ta= x}rw= ?=wH |wQ xOvyOOw@y@ sD} Qwor= wO
"OvwW|t xO=iDU= VR=Q@ u}rw= sD} Qwor= \UwD xOW O=H}= ?=wH C}i}m

Vy=m sD} Qwor= "5"1"3
Vy=m sD} Qwor= 'OvQ=O |QDtm xv} Ry QDlJwm |=ywQOwN xm ZQiV}B u}= T=U= Q@
|xr}Uw l} =@ Ov=wD|t wQOwN l} pN=O |=yVQ=iU xawtHt =}; xm Ovm|t |UQQ@

%CU= Q} R CQwY x@ Vy=m sD} Qwor= Om x@W "xv =} OwW p=UQ= QDlJwm ptL
Vy=m sD} Qwor=

&xO@ Q=Qk ?=wH |=ywQOwN xawtHt u=wva x@ =Q V o xawtHt
&V o QO vo |wQOwN Qy |=Q@

&xO@ Q=Qk vo R= QDlJwm |=ywQOwN xawtHt u=wva x@ =Q V p |xawtHt
&�Ov=xOW ?DQt xR=Ov= |OwaY CQwY x@ xm �

&V p QO vp |wQOwN Qy |=Q@
lJ 'xOW xYqN pOt pL =@ =Q uOw@ |vOW w xO@ Q=Qk vp QO =Q vo |=yVQ=iU

Ow@ |vOW Qo = &um
&xO@ Q=Qk vp QO s�=O CQwY x@ =Q vo |=yVQ=iU

Qo = u=}=B
|=Q@ u=}=B
|=Q@ u=}=B

s=eO= sD} Qwor= "6"1"3
wO u}= R= wQOwN u} QDnQR@ QO =Q wQOwN wO pN=O |=yVQ=iU 's=eO= sD} Qwor=
O=OaD Vy=m x@ Ov=wD|t sD} Qwor= u}= "OyO|t Q=Qk QDnQR@ |wQOwN l} =} wQOwN
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�pm |xv} Ry� hOy `@=D "CU= �SBFF� Cy=@W Q@ |vD@t VR=Q@ u}rw= sD} Qwor=
|v=tR C}OwOLt xm |}=yxvwtv |=Q@ "CU= xOW x�=Q= xvwtv Qy pL |=Q@ =QH= u=tR w
xDi=} ?=wH u} QDy@ '�Ov=xOW XNWt * =@� CU= xOW sD} Qwor= hkwD Ea=@
Cryt QO |vOW ?=wH I}y '20 =D 13 |=yxvwtv |=Q@ "CU= xOW VQ=Ro xOW
xm Qw] u=ty �"Ov=xOW XNWt y =@ xm � CU= xOWv xDi=} x}v=F 1000 |v=tR
u}t[D xv}y@ ?=wH 'OvQ=O VQ=iU 7 =} 6 xm pw= |xvwtv 5 |=Q@ 'OwW|t xO}O
xv}y@ CU= umtt xOt; CUO x@ ?=wH '15 =D 6 |=yxvwtv |=Q@ "CU= xOW

"OW=@v
u} QDy@ =} xv}y@ ?=wH =@ SBFF sD} Qwor= '\Gap(�)" u=wva =@ uwDU QO
x@U=Lt 65 |x]@=Q R= xO=iDU= =@ Gap Q}O=kt "CU= xOW xU}=kt xOW xDi=} ?=wH

"OwW|t
Gapobj = (ObjSBFF �Objopt)/Objopt (65)

"|iO=YD |=yxvwtv C=aq]= "2 pwOH
xr�Ut |=yQDt=Q=B

|=yVQ=iUOOaD |=yVQ=iU O=OaD O=OaD |xQ=tW
|DWoQ@ wrHx@wQ O=OaD =yVQ=iU xvwtv

2 4 6 01
2 4 6 02
3 3 6 03
3 3 6 04
3 4 7 05
3 5 8 06
4 6 10 07
4 7 11 08
4 8 12 09
5 9 14 10
8 10 18 11
8 11 19 12
11 11 22 13
15 15 30 14
16 20 36 15
17 25 42 16
24 30 54 17
34 40 74 18
38 45 83 19
43 50 93 20
48 55 103 21
52 60 112 22
57 65 122 23

|D=}rta \}=QW s=tD w OwW xv}tm pkvwptL |xv} Ry xm |}xvwo x@ &CU= OvQ}o Q=Qk
=@ G}=Dv w CU= xOW pL xOW x�=Q= sD} Qwor= =@ R}v xr�Ut u}= "OwW xDiQo Q_v QO

"Ov=xOW xU}=kt |ak=w G}=Dv
|Q=oR=U '�|@ wJ/|Rri�Cr=B ẁv Ovv=t |D=aq]= '3 pwOH |=yxO=O T=U= Q@
|Dr=B O=OaD 'OQ}o Q=Qk Ov=wD|t wQOwN Qy ZQa QO xm |Dr=B O=OaD '=yCr=B Qo}O =@
G=QNDU= wQOwN Qy |xv} Ry w u=tR w OwW xO}J wQOwN Qy QO sy|wQ Ov=wD|t xm
w OwW|t pL GAMS/CPLEX =@ R}v |OQwt |xar=]t xr�Ut u}= "OwW|t

"OwW|t xU}=kt sD} Qwor= G}=Dv =@ pY=L G}=Dv

G}=Dv "1"4
|iO=YD |=yxvwtv pL "1"1"4

Om "CU= xOW |@=} RQ= |iO=YD |=yxvwtv R= xO=iDU= =@ xOW x�=Q= sD} Qwor= OQmrta
xDWwv MATLAB Q=Ri=sQv QO 7 (SBFF)Cy=@W Q@|vD@t VR=Q@ u}rw= sD} Qwor=
|xOvR=OQB w |rY= |x_i=L C}=@=o}o 8 =@ IV sw}DvB |xv=}=Q l} =@ w CU= xOW
=@ xr�Ut pL G}=Dv =@ sD} Qwor= OQmrta "CU= xOW =QH= (3=60GHz) Corei7
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Ovyt "sD} Qwor= |=QH= G}=Dv "4 pwOH

��� h=mW
SBFF

?=wH u} QDy@ xv}y@ ?=wH

xvwt
v|

xQ=t
W

xOWxDi=}
�x}v=F� \UwDt u=tR �103 hOy `@=D u=tR hOy `@=D

max: avg: min: �x}v=F� u=tR (�103)
0 00 14 35 7700 7575 7388 9 3 7388 01
0 00 4 2 7900 7900 7900 7 6 7900 02
0 00 4 15 1080 9920 8600 2 7 8600 03
7 83 21 92 19920 12840 9920 7 47 9200 04
0 00 26 51 20174 15648 6 11400 981 11 11400 05
1 47 38 12 16092 12802 6 10800 1004=71� 10644 06
0 00 43 95 27718 19253 2 11400 1003=91� 11400 07
7 65 48 63 25588 22304 2 17316 1018=33� 16085 08
6 09 49 85 23828 20789 6 12200 1005=87� 11500 09
7 85 52 12 27548 17532 9 12976 1003=69� 12032 10
�1 20 59 88 35496 22269 5 15188 1006=31� 15372 11
�18 86 66 01 28202 21452 5 13216 1004=57� 16288 12
�4 72 75 26 35838 27819 6 20200 1005=20� 21200 13
�48 74 108 97 50046 42051 7 34604 1007=84� 67502 14
�76 06 154 99 51488 40396 31628 1009=80� 132122 15

� 183 70905 51401 3 40228 1003=58� y 16
� 231 1 69906 60226 7 54236 1007=71� y 17
� 478 36 99300 85751 9 71782 1004=26� y 18
� 568 04 90522 77875 8 72315 1003=65� y 19
� 661 65 105986 97718 9 81166 1006=24� y 20
� 808 3 111726 101928 6 93552 1002=58� y 21
� 938 16 131543 121073 8 111791 1003=28� y 22
� 1170 99 141439 126160 7 112380 1006=96� y 23

"CU= xO}UQ s=tD= x@ =QH= |v=tR Cryt �
"OWv Ci=} K}LY OOa ?=wH y

"SBFF w CPLEX \UwD xOt; CUO x@ hOy `@=D "5 pmW

`@=D Q=Okt ObjOPT w CU= SBFF hOy `@=D Q=Okt ObjSBFF u; QO xm
XN=W u}= |ivt Q=Okt "CU= xOW xDi=} ?=wH u} QDy@ =} xv}y@ ?=wH hOy
\UwD xOW xDi=} ?=wH u} QDy@ R= QDy@ |@=wH xOW x�=Q= sD} Qwor= xm OyO|t u=Wv

"CU= xO=O x�=Q= GAMS/CPLEX

C@Ft Q=Okt u}= OQwt 23 R= OQwt 5 QO '4 pwOH QO h=mW Q}O=kt x@ xHwD =@
xO=O x�=Q= sD} Qwor= x@ C@Uv |QDy@ ?=wH j}kO pL OyO|t u=Wv xm 'CU= xOw@
x@=Wt hOy `@=D CU= xDUv=wD sD} Qwor= ��10� OQwt 23 R= OQwt 5 QO =t= &CU=
Gap Q=Okt xr�Ut xvwtv 23 R= OQwt 5 QO xm |r=L QO "OQw; CUO x@ j}kO pL
xm Cr=L wO u}= "CU= SBFF sD} Qwor= QDy@ OQmrta |xOvyOu=Wv xm CU= |ivt
"CU= xOW xO=O u=Wv\NQ} R =@CU= xOQm pta j}kO pL R= QDy@ =} x@=Wt sD} Qwor=
pL SBFF w CPLEX \UwD xm hrDNt p�=Ut xvwtv QO hOy `@=D Q}O=kt
u}= hqDN= xm OyO|t u=Wv pmW u}= "Ov=xOW xO=O u=Wv 5 pmW QO 'Ov=xOW
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Ot"|OQwt |xar=]t |xr�Ut pL G}=Dv "5 pwOH
SBFF CPLEX

�x}v=F� u=tR \UwDt hOy `@=D �x}v=F� u=tR hOy `@=Dxv}W}@ u}ov=}t xv}tm
354 39 89369000 76237000 68294000 1009=89� y

uOv=OQoQ@ w |R=UwQOwN |=yC}=U x@ u=oOvR=U R= C=a]k Cr=B `} RwD |ak=w |=}vO
|[=} Q pOt l} "CU= u=oOvR=U x@ |R=UwQOwN |=yC}=U R= |r=N |=yCr=B
R= u=ow=v l} |@=} Q}Ut xm CU= xOW x�=Q= xr�Ut u}= |=Q@ \rDNt K}LY OOa
|DWoQ@ pkvwptL w QB |=yCr=B wrHx@ wQ pkvwptL |=Q@ =Q uoty=v |=ywQOwN
|tHL C}iQ_ '|v=tR |xQHvB |=yC}OwOLt w OyO|t s=Hv= =Q |r=N |=yCr=B

"OQ}o|t Q_v QO =Q =yCr=B |Q=oR=U w |vRw w
|[=} Q pOt R= xO=iDU= =@ =Q=m CQwY x@ xm |ak=w |=}vO p�=Ut pL Qw_vt x@
l} |w=L sD} Qwor= u}= "CU= xOW x�=Q= |Q=mD@= sD} Qwor= l} 'OvDU}v pLp@=k
wO w VR=Q@ u}rw= sD} Qwor= l} 'uRw |xv}W}@=@ |WN@ wO h=Qo j=@]v= sD} Qwor=
|xv}y@ G}=Dv =@lJwm p�=Ut |wQ sD} Qwor= u}= OQmrta "CU= xOvyOOw@y@ sD} Qwor=
xm CU= xOW xO=O u=Wv "CU= xOW xU}=kt |[=} Q pOt pL R= xOt; CUO x@
sD} Qwor= u}= TBU "Ovm|t x�=Q= |@U=vt |=y?=wH xOW x�=Q= VR=Q@ u}rw= sD} Qwor=
u}= OyO|t u=Wv xm CU= xOW xO=iDU= |OQwt xar=]t |xr�Ut l} pL |=Q@
x�=Q= VywSB |xr�Ut |=Q@ ?U=vt u=tR QO =Q |@U=vt |=y?=wH Ov=wD|t sD} Qwor=

"Ovm
|L=Q] xr�Ut |=Q@ =Q |Q=mD@==Qi |=ysD} Qwor= u=wD|t '|D; |=yVywSB |=Q@
QO =Q hrDNt |=ywQOwN |oOv}q; u=R}t ẁtHt Ovv=t Qo}O hOy `@=wD "OQm x�=Q= w
xDiQo Q_v QO pOt QO Ov=wD|t xm CU= |]}=QW R= R}v |Oa@xU |Q}oQ=@ "CiQo Q_v

"OwW

'23 =D 16 |=yxvwtv R= w CU= O=} R Q=}U@ 15 w 14 p�=Ut QO pL VwQ wO
XNWt |v=tR Cryt QO K}LY OOa |vOW ?=wH CU= xDUv=wDv CPLEX

"OyO x�=Q= xOW
\UwDt 'xv}tm?UL Q@ xOW O=H}= |iO=YD xvwtv 23 QO SBFF |rm OQmrta
CU= u; Qou=Wv xvwtv Qy |=Q@ sD} Qwor= |=QH= Q=@ 10 QO hOy `@=D Q=Okt xv}W}@ w
OQmrta sD} Qwor= u}= 'p�=Ut xvwtv QDW}@ QO Q=Okt xU u}= sm hqDN= p}rO x@ xm

"OyO|t u=Wv =Q |Q=O}=B w CN=wvm} ,=D@Uv
|OQwt |xar=]t |xr�Ut pL "2"1"4

pL SBFF w GAMS/CPLEX \UwD xOW |iQat |OQwt |xar=]t |xr�Ut
GAMS/CPLEX 'xr�Ut u}= |=Q@ "Ov=xOW x�=Q= 5 pwOH QO G}=Dv w CU= xOW
Cryt w Ovm =O}B XNWt |v=tR Cryt QO K}LY OOa ?=wH l} CU= xDUv=wDv
x�=Q= SBFF sD} Qwor= 'p@=kt QO �"5 pwOH QO y� CU= sD} Qwor= hkwD Cra |v=tR
|@U=vt |vOW ?=wH 'x}v=F 350 OwOL QO CU= xDUv=wD \UwDt CQwY x@ xOW

"Ovm x�=Q=

=yO=yvW}B w |Q}oxH}Dv "5
|xr�Ut l} T=U= Q@ xm CU= xOW xar=]t `} RwD |xv=t=U l} 'VywSB u}= QO

=yCWwv=B
1. pickup and delivery problem
2. milk run
3. third-party logistics
4. mixed integer programming
5. �rst-�t
6. similarity-based ordering algorithm
7. similarity-based �rst-Fit algorithm
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