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QO u; hrDNt |=ypOt pL |=Q@ ẁvDt |=yVwQ |wQ Q@ j}kLD |xR}ov= u;
\UwD xm Ov=|Q=mD@= w j}kO |=yVwQ pt=W =yVwQ u}= "CU= xOW =yVywSB
|Q=mD@= |=yVwQ "Ov=xOW |UQQ@ [24]21w�=y w ww w [23]sryOv=U [22]'Qrm}=@
OvwW|t |L=Q] pw@k p@=k |D=@U=Lt u=tR QO |@} QkD |=y?=wH uDi=} |=Q@
"CW=O u=v}t]= =yv; \UwD xOt; CUO x@ |=y?=wH |ov}y@ x@ u=wD|tv xm
?=wH x@ u=wD|tv xm OvQ}o|t Q=Qk xO=iDU= OQwt |v=tR ?re= =yVwQ u}=
|=ysD} Qwor= R= |NQ@ "CU}v xv}y@ ?=wH uDi=} x@ |R=}v =} Ci=} CUO xv}y@
|rLt |wHDUH VwQ %R= Ov=CQ=@a u=oOvQ@ u}}aD |xr�Ut pL |=Q@ |Q=mD@=
[26]'24u=Qm w xN=W w 23xOW |R=Ux}@W O} Q@D |@}mQD sD} Qwor= [25]'22|iO=YD
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xjk 2 f0; 1g 8j 2 J; 8k 2 Kj (1)

'OvwW|t xO}t=vX}YND |=yC}OwOLt xm|w=Ut|=yC}OwOLt 'jwi|xr�Ut QO
xwkr=@ |xOvvmu}t-=D l} x@ \ki xYk=vt OQwt srk Qy u}t-=D xm Ovvm|t u}t[D
|m} QFm =OL xm Ovvm|t u}t[D |w=Ut QDtm |=yC}OwOLt u}vJty "O@=}X}YND
QO =yC}OwOLt u}= "OQ}o Q=Qk VQ}PB OQwt xwkr=@ |xOvvmu}t-=D Qy |=yO=yvW}B R=
|=yC}OwOLt '�Twmat w s}kDUt R= sa=� |@}mQD |=yG=QL =@ \@DQt |=yVywSB
?=wH uDi=} xm Ov=xO=O u=Wv [20]u=Q=mty w sryOv=U [39]"OvwW|t xO}t=v 35 XOR

|Ov@pwtQi jwi CQwYx@ xm|@}mQD |xYk=vt QO u=oOvQ@ u}}aD |xr�Ut pL w xHwt
xJQo = "CU= xO}J}B XOR |=yC}OwOLt uDiQo Q_v QO uwO@ =} =@ CU= xOW
p@=k |}xrtHOvJ u=tR QO xO}J}B |xr�Ut l} |=Q@ ?=wH l} uOw@ xHwt O}}-=D
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%O}yO Q=Qk xvQow O}vm hkwD 'LHSi(Y ) = 1 'i 2 I Qy |=R= x@ Qo = "11 s=o
uO=O Q=Qk =@ Qo = 'k 2 Kj Qy w yj = 0 xm j 2 J Qy |=R= x@ w A := �
%O}yO Q=Qk 'OwWv l} R= QDnQR@ =yLHSi(Y ) R= l} I}y Q=Okt 'yj := k

"A := A [ f(j; k)g
|OwaY CQwY x@ cjk=Pi2Ijk c

max
i C@Uv T=U= Q@ =Q A |=[a= "12 s=o

(�j; �k) xOW |R=U?DQtCUQyi QO w[a u}rw= xmu}= ZQi =@ w xOQm |R=U?DQt
O}vm |v=UQRwQ@ =Q LHSi(Y ) 'i 2 I Qy |=R= x@ w y�j := �k O}yO Q=Qk 'OW=@

"O}OQoQ@ 11 s=o x@ w
j}kLD u}= |=y|Qw;wv R= Qo}O |m} xm Q}taD Qorta R= xO=iDU= =@ Qo}O CQ=@a x@
|iO=YD CWo|=H l} 'xHwtQ}e ?=wH l} =@ Q_=vDt swRwtwQm Q}taD |=Q@ 'CU=
QO xOvQ@ Qy |xOWxDiQ}PB O=yvW}B OQ xm |DQwY QO w OwW|t O=H}= u=oOvQ@ R=
|xawtHt R= |w O=yvW}B 'Ovmv O=H}= |Q}}eD xYk=vt OQwt sqk= X}YND C}a[w
sqk= R= |NQ@ xHwtQ}e ?=wH l} QO "OwW|t hPL xOW xDiQ}PB |=yO=yvW}B
C}a[w QO |trk I}y xm |v=tR =D Q} R Ov}=Qi xm Ov=xDi=} X}YND Q=@ l} R= V}@

%OwW|t Q=QmD 'Ov=tv |k=@ X}YND Q=@ OvJ
|iO=YD ?=NDv= R= TB w OvwW|t |}=U=vW X}YND Q=@ OvJ C}a[w =@ sqk= �
hO=YD x@ u; =@ Q_=vDt |xOW xDiQ}PB |=yO=yvW}B R= |m} 'sqk= u}= R= |m}

"OwW|t hPL
u=oOvvmu}t-=D |=yO=yvW}B 'OvW=@ xDW=O OwHw |}xDi=}v X}YND sqk= Qo = TBU
Qy |=Q@ w OvwW|t |}=U=vW 'OvwW|tv sqk= |xQ=@ wO X}YND x@ QHvt xm xOvR=@
u}}aD |xv} Ry |xv}W}@ ẁtHt x@ |O=yvW}B |xv} Ry C@Uv =yO=yvW}B u}= R= l}
?=NDv= VQ}PB |=Q@ C@Uv u}= |xv}tm =@ O=yvW}B w OwW|t x@U=Lt sqk= |=Q@ xOW
'Ov@=} X}YND xwkr=@ u=oOvvmu}t-=D x@ sqk= |xty xm |v=tR =D Ov}=Qi u}= "OwW|t

"OwW|t Q=QmD
swRwtwQm |wQ Q@ Q}taD Qorta p=ta= w pFt O}rwD |xrLQt R= Oa@ %|v} Ro}=H
u} QDtm R= u; |oOvR=Q@ uOw@ QDnQR@ CQwY QO w OwW|t x@U=Lt u; |oOvR=Q@ 'OvRQi
|oOvR=Q@ u} QDtm =@ swRwtwQm u} Ro}=H 'u; uOw@ |Q=QmDQ}e w C}atH QO |oOvR=Q@

"OwW|t s=Hv= C}atH QO |�RH |R=U?DQt w OwW|t
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sD}Q
wor=

=@|
@}mQD

|xY
k=vt

QOu
=oOvQ

@u}
}aD%O@=}|t pmW Q}}eD Q} R CQwYx@ xDi=} Vy=m |xr�Ut 'u}=Q@=v@

min Cost =
X
j2J

X
k2ZKj

cjk�jk

S:t:X
j2J

X
k2Zkj

aijk�jk = 1 8i 2 IX
k2ZKj

�jk = 1 8j 2 J

�jk 2 f0; 1g 8j 2 J; 8k 2 ZKj (10)

%u; QO xm
cj0 = 0 8j 2 J
aij0 = 0 8i 2 I; 8j 2 J (11)

%OwW|t xDWwv Q} R CQwYx@ j |xr�UtQ} R u}vJty
min Zj =

X
k2ZKj

ĉjk�jk

S:tX
k2Kj

�jk � 1X
k2ZKj

�jk = 1

�jk 2 f0; 1g 8k 2 ZKj (12)

u; Q=Okt xm CU= �jk Q}eDt 51 |xDi=} Vy=m |xv} Ry ?} Q[ ĉjk u; QO xm
xO=U pmW "CU= x@U=Lt p@=k xDi=} Vy=m |xr�Ut 52|]N |R=UO=R; pL =@

%OwW|t xDWwv Q} R CQwYx@ j |xr�UtQ} R |xOW
Zj = min

k2Kj
ĉjk (13)

hrw - n} RDvO |x} RHD Q@|vD@t VwQ |=ys=o "2"2"4
j}kO pL |=Q@ hrw - n} RDvO |x} RHD Q@|vD@t VwQ |=ys=o KQW x@ xt=O= QO

"s} R=OQB|t � j}kLD u}= |=y|Qw;wv R= Qo}O |m} � xr�Ut
|xr�Ut |xDi=} Ow@y@ =} u} R=e; xHwt ?=wH x@ \w@ Qt |x}=B T} QD=t "1 s=o
|=yC}OwOLt O=OaD =@ Q@=Q@ x}=B |=yQ}eDt O=OaD "s}yO|t p}mWD =Q xDi=}Vy=m
=} u} R=e; xHwt ?=wH |=Q@ xm CU= m + n |va} xDi=}Vy=m |xr�Ut
X}YND |=yC}OwOLt |awvYt Q}eDt m 'xDi=} Vy=m |xr�Ut |xDi=}Ow@y@
Qy |=R= x@ =y�jk R= |m}� 1 Q=Okt =@ �jk Q}eDt n w QiY Q=Okt =@
p}mWD =Q x}=B |=yQ}eDt |xawtHt '�xHwt ?=wH x@ xHwD =@ j 2 J

|x}=B T} QD=t |=yuwDU 'QwmPt |x}=B |=yQ}eDt |=yuwDU u}=Q@=v@ "OvyO|t
Ovy=wN xDi=} Vy=m |xr�Ut |xDi=}Ow@y@ =} u} R=e; xHwt ?=wH x@ \w@ Qt

"Ow@
xOW KqY= TmrBt}U VwQ =@ =Q xDi=}Vy=m |xr�Ut |]N |R=UO=R; "2 s=o
xDiQo Q_v QO nQR@ |OOa '|awvYt |=yQ}eDt hOy `@=D ?}=Q[ "s}vm|t pL

"OvW=@ xDW=Ov =Q QiY R= QDnQR@ Q}O=kt uDiQo |xR=H= =D OvwW|t

%OwW|t xDWwv Q} R CQwY

Ajk =
h
a1jk a2jk : : : ; amjk

iT
(5)

|xr�Ut |=yC}OwOLt ?}=Q[ T} QD=t QO |Q]k CQwY x@ xm Bj lwr@ u}vJty
u}@ XOR C}OwOLt =@ Q_=vDt 'CU= xOW Qy=_ |@}mQD |xYk=vt u=oOvQ@ u}}aD

"CU= j |xOvyOO=yvW}B |=yO=yvW}B
u=oOvQ@ u}}aD |xr�Ut |x} RHD "1"2"4

xDi=}Vy=m |xr�Ut l} x@ =Q u=oOvQ@ u}}aD |xr�Ut 'hrw - n} RDvO |x} RHD VwQ
|=yC}OwOLt pt=W \ki xDi=} Vy=m |xr�Ut "Ovm|t x} RHD xr�UtQ} R n w

%OwW|t xDWwv Q} R CQwYx@ xm CU= �sy Q=vm QO Aj |=ylwr@� X}YND

min Cost =
X
j2J

X
k2Kj

cjkxjk

S:tX
j2J

X
k2Kj

aijkxjk = 1 8i 2 I (6)

|=yC}OwOLt w �Bj lwr@�XOR s=�j C}OwOLt pt=W j |xr�UtQ} R u}vJty
%CU= j |xOvyOO=yvW}B |=yO=yvW}B x@ \w@ Qt s}tYD |=yQ}eDt uOw@ l} w QiYX
k2Kj

xjk � 1

xjk 2 f0; 1g 8k 2 Kj (7)

'CU= Q=Ou=Qm j |xr�UtQ} R xHwt |x}L=v xmu}= x@ xHwD =@ 49V}=tv |x}[k j@]
R= [43]"OwW|t xDWwv u; |U-=Q \=kv 50?OLt ?}mQD CQwYx@ u; QO x]kv Qy
\ki w OQ=Ov OwHw |U-=Q Q}e |x]kv 'j |xr�UtQ} R xHwt |x}L=v QO Qo}O hQ]

%OvwW|t xDWwv Q} R CQwYx@ xm CU= |Oa)@ bj |U-=Q |x]kv bj + 1 pt=W

x(0)
j =

26666664
0
0
...

0

37777775 ; x(1)
j =

26666664
1
0
...

0

37777775 ; : : : ; x(bj)
j =

26666664
0
0
...

1

37777775 (8)

w Ow@ Ovy=wN l} w QiY ẁv R= jwi |U-=Q \=kv ?OLt ?}mQD ?}=Q[ 'xH}Dv QO
%CW=O s}y=wN

xj =

26666664
xj1
xj2
...

xjbj

37777775 =
X

k2ZKj
�jkx(k)

j =

26666664
�j1
�j2
...

�jbj

37777775
X

k2ZKj
�jk = 1

�jk 2 f0; 1g 8k 2 ZKj (9)
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xQ=t
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35
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|xQ
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�13
98

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt "xr�Ut |=yxvwtv |=Q@ hrDNt |=yxR=Ov= "1 pwOH

|=yO=yvW}B O=OaD O=OaD O=OaD |xR=Ov=
xwkr=@ |xOvvm u}t-=D Qy u=oOvvm sqk= xr�Ut

xwkr=@
15 =} 10 =} 6 =} 3 100 20 1
15 =} 10 =} 6 =} 3 100 30 2
15 =} 10 =} 6 =} 3 100 40 3
15 =} 10 =} 6 =} 3 250 20 4
15 =} 10 =} 6 =} 3 250 30 5
15 =} 10 =} 6 =} 3 250 40 6
15 =} 10 =} 6 =} 3 500 20 7
15 =} 10 =} 6 =} 3 500 30 8
15 =} 10 =} 6 =} 3 500 40 9
15 =} 10 =} 6 =} 3 1000 20 10
15 =} 10 =} 6 =} 3 1000 30 11
15 =} 10 =} 6 =} 3 1000 40 12

ẁQW =@ =yv; |wQ Q@ �hrw - n} RDvO |x} RHD Q@|vD@t VwQ� xOWx�=Q= VwQ swO
=@ G}=Dv u}= xm CU= xOW xO=O u=Wv pw= |xrLQt R= pY=L ?=wH u} QDy@ R=
Ca=U l} QFm =OL =@� 53wov}r Q=Ri=sQv =@ xr�Ut hrDNt |=yxvwtv pL G}=Dv
xm OyO|t u=Wv 2 pwOH QO xOWxYqN G}=Dv "CU= xOW xU}=kt �pL CYQi
l}ORv =} xv}y@ xHwt |=y?=wH uDi=} QO |@ wN Q=}U@ OQmrta l}DvS sD} Qwor=
|Q}oQ=m x@ R= pY=L G}=Dv u}vJty "CU= xDW=O xr�UthrDNt |=yxvwtv |=Q@ xv}y@
u}}aD Q@xwqa VwQ u}= xm OyO|t u=Wv hrw - n} RDvO |x} RHD Q@|vD@t VwQ
'l}DvS sD} Qwor= \UwD xOt; CUO x@ |=y?=wH �4 s=o QO� |ov}y@ Q}e w |ov}y@
hrDNt |=yxvwtv |xv}y@ ?=wH x@ uO}UQ =D xv}y@ Q}e |=y?=wH Ow@y@ x@ QO=k
xOW x�=Q= VwQ G}=Dv 'xwqax@ "CU= |@}mQD |xYk=vt QO u=oOvQ@ u}}aD xr�Ut
hQY =Q |QDtm |r}N u=tR wov}r Q=Ri=sQv =@ xU}=kt QO VwQ u}= xm OyO|t u=Wv
|@}mQD |xYk=vt QO u=oOvQ@ u}}aD |xr�Ut hrDNt |=yxvwtv |xv}y@ ?=wH uDi=}

"Ovm|t

|Q}oxH}Dv "6
VwQ wl}DvS sD} Qwor= R= |@}mQD CQwYx@ |}xrLQtwO j}kO VwQl} xr=kt u}= QO
|xr�Ut R=|Y=N ẁv nQR@ |=yxvwtvpL u=tRVy=m |=Q@hrw -n} RDvO |x} RHD
R= u; |=yC}OwOLt ?}=Q[ T} QD=t Q=DN=U xm |@}mQD |xYk=vt QO u=oOvQ@ u}}aD
x�=Q= 'CU= xO}J}B ẁv R= |@}mQD |R=Uxv}y@ |xr�Ut l} w CU= |Q]k - |mwr@ ẁv
w xr�Ut |xv}y@ l}ORv w xHwt ?=wH uDi=} |=Q@ l}DvS |Q=mD@==Qi sD} Qwor= "OW
|xv}y@ ?=wH uDi=} w xr�Ut |x} RHD |=Q@ hrw - n} RDvO |x} RHD Q@|vD@t VwQ
'xOW x�=Q= |}xrLQtwO VwQ QO "CiQo Q=Qk xO=iDU= OQwt QDtm u=tR COt QO u;

x@U=Lt =Q |awvYtQ}e |=yQ}eDt |xDi=}Vy=m |xv} Ry ?}=Q[ Q=Okt "3 s=o
?}=Q[ Q=Okt "s} Q}o|t Q_v QO =yxr�UtQ} R hOy `@=D?}=Q[ u=wva x@ w s}vm|t
QO xm OwW|t x@U=Lt Q} R CQwYx@ �jk |=yQ}eDt |=Q@ xDi=}Vy=m |xv} Ry

"CU= xDi=}Vy=m |xr�Ut QO �jk Q}eDt uwDU [Ajk ej ]T u;

ĉjk = cjk � CBB�1
"
Ajk
ej

#
8j 2 J; 8k 2 Kj (14)

=yxr�UtQ} R R= |m} pk=OL |xv}y@ Q=Okt Qo = "s}vm|t pL =Q =yxr�UtQ} R "4 s=o
xOt; CUO x@ |rY= |xr�Ut |xv}y@ ?=wH xvQow s} wQ|t 5 s=o x@ OW=@ |ivt
u=wva x@ =Q xDi=}Vy=m |xr�Ut |=Q@ xOt; CUO x@ xHwt ?=wH u} QN; w CU=

"s}yO|t VQ=Ro |HwQN
"s}vm|t ?DQt |OwaY CQwYx@ ĉjk T=U= Q@ =Q =y�jk "5 s=o

Ow@y@ |=Q@ =Q xOW |R=U?DQtCUQyi QO (�j0k0) |ivt ĉjk =@ �jk u}rw= "6 s=o
ĉjk =@ |Q}eDt I}y Qo =� s}vm|t |UQQ@ xOt; CUO x@ xHwt ?=wH u} QDy@
Q}taD Qorta R= |WN@ R= Qw_vt u}O@ "�s} wQ|t 8 s=o x@ OW=@ xOv=tv |k=@ |ivt
swRwtwQm Y = (y1; y2; : : : ; yn) O}vm ZQi "s} Q@|t xQy@ l}DvS sD} Qwor=
=@ Q@=Q@ =Q yj0 uS Q=Okt "OW=@ uwvm =D xOt; CUO x@ xHwt ?=wH u} QDy@ =@ Q_=vDt
%s}yO|t Q=Qk 'Ij0k0 \Ij:yj 6= � Qo = j 2 Jnfj0g Qy |=R= x@ w xO=O Q=Qk k0

"s}vm|t p=ta= Y |wQ Q@ =Q Q}taD Qorta 12 w 11 |=ys=o w yj := 0
1 s=o x@ OW=@ xr�Ut |=Q@ |QDy@ ?=wH 'Y =@ Q_=vDt xHwt ?=wH Qo = "7 s=o
x@ w s}vm|t hPL xOW |R=U?DQt CUQyi |=OD@= R= =Q �j0k0 xvQow s} wQ|t

"s}OQo|t Q@ 6 s=o
5 s=o QO xOW |R=U?DQt CUQyi QO (�j0k0) |ivt ĉjk =@ �jk u}rw= "8 s=o

"s} wQ|t 1 s=o x@ |rai xHwt ?=wH u} QDy@ =@ w s}vm|t xr�Ut OQ=w =Q

|D=@U=Lt G}=Dv "5
u=oOvQ@ u}}aD |xr�Ut |xv}y@ ?=wH uDi=} QO xOW x�=Q= VwQ OQmrta |@=} RQ= |=Q@
|iO=YD CQwYx@ hrDNt |=yxR=Ov= =@ xr�Ut R= xvwtv u}OvJ '|@}mQD |xYk=vt QO
QO�CU= xOW |Ov@Om MATLAB Q=Ri=sQv QO xm xOW x�=Q= VwQ =@ w OwW|t O=H}=
"OvwW|t pL �C}=@=o}o 4 |rY= |x_i=L w RDQy=o}o 2 53 QoVR=OQB =@ |}xv=}=Q
w (n) xwkr=@ u=oOvvmu}t-=D O=OaD '(m) sqk= O=OaD =@ xr�Ut R= xvwtv Qy |xR=Ov=
|=Q@ xOW xDiQo Q_v QO |=yxR=Ov= xm OwW|t XNWt (bj) =yv; |=yO=yvW}B O=OaD

"CU= xOW xO=O u=Wv 1 pwOH QO xr�Ut |=yxvwtv
|xrLQt w OwW|t O=H}= |iO=YD CQwY x@ xvwtv 3 'xr�Ut R= xR=Ov= Qy |=Q@
Qy |=Q@ Q=@ 10 'u; |iO=YD C}y=t p}rO x@ �l}DvS sD} Qwor=� xOWx�=Q= VwQ pw=
C}atH |xR=Ov= 'x}rw= |D=@U=Lt |=yV}=tR; j@] "OwW|t =QH= xr�Ut R= xvwtv
xm CU= xOW xDiQo Q_v QO 0 01 =@ Q@=Q@ pm VyH p=tDL= w 100 =@ Q@=Q@ (N)

sD} Qwor= |=QH= Q=@ 10 R= pY=L ?=wH u} QDy@ =yQDt=Q=B |=Q@ Q}O=kt u}= ZQi =@
"OwW|t xO} RoQ@ swO xrLQt |OwQw u=wvax@ xr�Ut R= xvwtv Qy |wQ Q@ l}DvS
|wQ Q@ l}DvS sD} Qwor= |=QH= R= pY=L G}=Dv u} QDy@ R= |}xYqN 2 pwOH QO
|xrLQt |=QH= G}=Dv w|@}mQD |xYk=vt QO u=oOvQ@ u}}aD |xr�UthrDNt |=yxvwtv
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sD}Q
wor=

=@|
@}mQD

|xY
k=vt

QOu
=oOvQ

@u}
}aD"wov}r Q=Ri=sQv G}=Dv =@ xU}=kt w xOW x�=Q= VwQ R= pY=L G}=Dv "2 pwOH

wov}r Q=Ri=sQv
xOW x�=Q= |}xrLQtwO VwQ

=yQ}
eDt

O=Oa
D

xr�U
t|

xvwt
v

pL
u=tR

`tH
�x}v

=F�

j}kO VwQ %swO |xrLQt sD} Qwor= %pw= |xrLQt
hrw � n} RDvO |x} RHD l}DvS |Q=mD@==Qi

�x}v
=F�p

Lu
=tR

|o
v}y@

hO
y`@

=DQ=
Okt

�x}v
=F�p

Lu
=tR

|o
v}y@

hO
y`@

=DQ=
Okt

u=tR
u}o

v=}t
�x}v

=F�=Q
H=

|o
v}y@

hO
y`@

=DQ=
Okt

192 p 42141 15 1 p 42141 14 p 42141 874 1=1
179 p 44957 16 2 p 44957 14 p 44957 844 1=2
196 p 46305 15 2 p 46305 13 p 46305 817 1=3
332 p 65769 28 5 p 65769 23 p 65769 814 2=1
346 p 69018 34 4 p 69018 30 p 69018 978 2=2
310 p 71459 33 5 p 71459 28 p 71459 841 2=3
1355 p 87054 50 22 p 87054 28 87076 853 3=1
1264 p 91897 46 17 p 91897 29 92005 863 3=2
1183 p 89643 41 13 p 89643 28 89678 878 3=3
225 p 39644 37 3 p 39644 34 p 39644 2103 4=1
231 p 41405 43 5 p 41405 38 p 41405 2210 4=2
247 p 47803 36 3 p 47803 33 p 47803 2021 4=3
677 p 66749 76 7 p 66749 69 p 66749 2100 5=1
598 p 64419 80 10 p 64419 70 p 64419 2104 5=2
701 p 67066 79 6 p 67066 73 p 67066 2032 5=3
2490 p 93798 116 37 p 93798 79 94397 2133 6=1
2966 p 94108 95 12 p 94108 83 p 94108 2205 6=2
2607 p 96067 109 29 p 96067 80 96200 2045 6=3
402 p 40714 88 22 p 40714 66 40741 4138 7=1
429 p 42652 87 9 p 42652 78 p 42652 4175 7=2
410 p 42030 81 11 p 42030 70 p 42030 4280 7=3
1265 p 68921 169 18 p 68921 151 p 68921 4339 8=1
1427 p 68262 190 47 p 68262 143 68266 4297 8=2
1208 p 61965 176 39 p 61965 137 61999 4211 8=3
3600 87718 263 60 p 87641 203 87828 4245 9=1
3600 79527 291 79 p 78983 212 79576 4246 9=2
3600 84466 246 66 p 84319 180 84474 4310 9=3
2159 p 39194 238 51 p 39194 187 39288 8421 10=1
2735 p 40000 229 45 p 40000 184 40025 8531 10=2
2461 p 40499 222 25 p 40499 197 p 40499 8436 10=3
3600 65342 290 39 p 65288 251 p 65288 8323 11=1
3600 64014 476 110 p 63880 366 64068 8772 11=2
3600 68617 420 99 p 68495 321 68602 8398 11=3
3600 85024 705 152 p 84866 553 85237 8290 12=1
3600 85178 688 168 p 84992 520 85326 8523 12=2
3600 85083 554 93 p 85007 461 85083 8571 12=3
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|U
Ovyt u=kkLt '|D; C=k}kLD |=Q@ O=yvW}B u=wva x@ "Ovm|t hQY =Q |QDtm u=tR wov}r

l}DvS sD} Qwor= |=H x@ pw= |xrLQt QO =Q |Qo}O |Q=mD@==Qi sD} Qwor= Ovv=wD|t
R= |Qo}O |=ypOt |=Q@ =Q xOW x�=Q= VwQ Ovv=wD|t u=kkLt u}vJty "Ovvm xO=iDU=

"OvyO xaUwD |@}mQD |xYk=vt QO u=oOvQ@ u}}aD |xr�Ut

|x} RHD Q@|vD@t VwQ ẁQW |x]kv u=wvax@ l}DvS sD} Qwor= R= pY=L ?=wH
pL QO xOW x�=Q= |}xrLQtwO VwQ OQmrta "OW xDiQo Q_v QO hrw - n} RDvO
u}= xm O=O u=Wv |@}mQD |xYk=vt QO u=oOvQ@ u}}aD |xr�Ut |iO=YD |=yxvwtv
Q=Ri=sQv =@ xU}=kt QO Qw_vt u}O@ w CU=yv; |xv}y@ ?=wH uDi=} x@ QO=k VwQ

=yCWwv=B
1. outsourcing
2. supplier selection
3. auction
4. reverse auction
5. combinatorial auction
6. non-additive
7. complementary
8. Abrache
9. Blumrosen and Nisan
10. Bichler
11. Ho�man
12. Hohner
13. Metty
14. Sandholm
15. Mars
16. Motorola
17. Procter & Gamble (P&G)
18. winner determination problem (WDP)
19. combinatorial optimization
20. NP-complete
21. Wu and Hao
22. stochastic local search
23. simulated annealing
24. branch and bound
25. genetic algorithm
26. tabu search
27. scatter search
28. branch and cut
29. branch and price
30. dynamic programming
31. Dantzig-Wolfe decomposition
32. block-diagonal structure
33. economies of scale
34. bidding
35. exclusive OR
36. meta-heuristic
37. Holland
38. evolutionary algorithms (EAs)
39. crossover
40. mutation
41. chromosome
42. �tness
43. binary tournament
44. population diversity
45. implicit enumeration
46. decomposition principle
47. restricted problem
48. column generation
49. representation theorem
50. convex combination
51. reduced cost coe�cient

52. linear programming relaxation
53. LINGO
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