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|Qw] =Q pwYLt |xv}y@ Ct}k 'CU= C}ty= R�=L u=} QDWt |=Q@ pwYLt |oR=D

"OwW pY=L �O}rwD u} QDW}@ ,=twRr xv� OwU u} QDW}@ xm Ovm u}}aD
|OwHwt pQDvm w O}rwD |R} Qxt=vQ@ 'pwYLt |Q=PoCt}k C=t}tYD Q=vm QO
pwYLt xm OwW|t QDW}@ |v=tR C=t}tYD u}= C}ty= "CU= syt Q=}U@ 'pwYLt
Q=PoQF= u; VRQ= Q@ pwYLt |oR=D w CU= OwOLt Qta =@ |vOW OU=i 'Q_v OQwt
XNWt pm}U l} QO Q=R=@ |=[=kD pm 'Ct}k u}}aD R= TB O}vm ZQi "CU=
|}xQwO |=[=kD QO |rw &CU= u}at w xOW OQw;Q@ �|oDiy =} xv=y=t =} xvq=U ,qFt�
QO j}kLD u}= QO Q_v OQwt u}t-=D |xQ}HvR Q=DN=U "OQ=O OwHw u=Uwv 'u=} QDWt

"CU= xOW xO=O u=Wv 1 pmW
|Q}os}tYD |=yQ}eDt |xv}y@ Q=Okt uDi=} |B QO j}kLD u}= QO 'xYqN Qw] x@

%s}DUy Q} R KQW x@ xOvvm O}rwD
&�hrDNt |oR=D =@ CqwYLt |=Q@ h}iND MQv� pwYLt |Q=PoCt}k "1

&�xQwO Qy QO O}rwD xDW=@v= xR=Ov= w O}rwD |=yxQwO� O}rwD |R} Qxt=vQ@ "2
&OP CU=}U Q@ |vD@t |OwHwt pQDvm "3

"pkvwptL w |O}rwD Rm =Qt x@ u=} QDWt |=[=kD X}YND "4

"xr�Ut |L]UwO u}t-=D |xQ}HvR Q=DN=U "1 pmW
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x@ xHwD =@ "OwW|t KQ]t hrDNt |oR=D xHQO =@ CqwYLt �|Q=PoCt}k =}�
'OwW|t =[=kD V}=Ri= ?Hwt |]N CQwY x@ h}iND CU= xOW ZQi xmu;
=@ Q@=Q@ �g Qta =@ pwYLt x[Qa p@=k Q=Okt� =[=kD Q=Okt 'dg h}iND p=ta= =@
=@ "CU= dg � (g � 1)=jGj xm OwW xHwD "OwW|t (1 � g�1

jGj + dg) ~Drt
Q} R CQwY x@ xr�Ut |=Q@ xOW x�=Q= |[=} Q pOt 'xOW xO=O C=L}[wD x@ xHwD

%Ow@ Oy=wN
max z = (

P
f

P
r

P
g

P
t
pgSgf!rt +

P
t

wt)�

(
P
f

P
t
Afyft +

P
f

P
t
pcfQft+P

f

P
g

P
t
hgfI

g
ft +

P
r

P
t
brLrt+P

f

P
r

P
g

P
t
tcf!rSgf!rt )

(4)

Qft � Pcapfyft 8f; t (5)

Qft =
X
r

Sg=1f!r
t + I1

ft 8f; t (6)

Igft = Ig�1
ft�1 �

X
r

Sgf!rt 8d; t; g 2 Gn f1g (7)X
g2G

Igft � Hcapf 8f; t (8)

Sgf!rt � Tcapfr 8f; r; t (9)X
f

X
g

Sgf!rt = ~Drt � Lrt 8r; t (10)X
f

Sgf!rt �

((1� g � 1
jGj ) + dg) ~Drt 8r; g; t (11)

0 � dg � g � 1
jGj � 1 8g (12)

wt =
X
f

I jGjft�1 �
X
r

SjGjf!rt 8t (13)

pg = (1� dg) �g 8g (14)

pg; Qft; qf!dt ; Sgf!rt ; Igft; Lrt; wt; d
g � 0

yft 2 f0; 1g (15)

Q=Okt 'x]@=Q u}= pw= VN@ "CU= xOW u=}@ 4 |x]@=Q ltm x@ OwU uOQm xv}W}@
OyO|t u=Wv =Q xOW OU=i pwYLt w Qta xQwO QO pwYLt VwQi R= pY=L Ot;QO
xm CU=vat u}= x@ xm OW=@ 
 = 0 OQ=O u=mt= 'X=N |Dr=L QO xm O}vm xHwD�
VRQ= u; R= OOHt xO=iDU= w Ci=} R=@ w CU= xO=iDU= uwO@ xOW OU=i pwYLt
l}miD 'VN@ Q} R GvB x@ xmCU=yxv} Ry ẁtHt |xOvyOu=Wv R}v swOVN@ "�OQ=Ov
CU= |O}rwD |=yxv=NQ=m |R=Ov=x=Q x@ \w@ Qt |=yxv} Ry 'pw= VN@ Q} R "CU= xOW
CU}v =yxv=NQ=m Q=QkDU= w |@=}u=mt x@ \w@ Qt xv} Ry u}= xm CU= K}[wD x@ sRq�
Qy QO O}rwD |=Q@ |rw &OvOwHwt V}B R= Cq}yUD u}= CU= xOW ZQi xm =QJ
=Q O}rwD Q}eDt |xv} Ry 'swO VN@ Q} R "�CU= |R=Ov=x=Q C@=F |xv} Ry x@ R=}v xQwO
=Q Ow@tm w |Q=Oyov |=yxv} Ry ?}DQD x@ sQ=yJ w swU VN@ Q} R "OyO|t u=Wv
x@U=Lt pwYLt pkvwptL |=yxv} Ry 'sHvB VN@ Q} R QO ,=D}=yv w OvyO|t u=Wv

"OwW|t

&Ow@ Oy=wN QiY CQwY u}= Q}e QO w 1 =@ Q@=Q@ Ovm O}rwD
&g Qta =@ pwYLt Ct}k %pg

&g Qta =@ pwYLt h}iND MQv %dg
&t |xQwO QO f |xv=NQ=m O}rwD Q=Okt %Qft

&t |xQwO QO f |xv=NQ=m QO g Qta =@ pwYLt |OwHwt K]U %Igft
&t |xQwO QO r |QDWt x@ \w@ Qt xDiQ CUO R= VwQi Q=Okt %Lrt

|xQwO QO r |QDWt x@ f |xv=NQ=m R= g Qta =@ pwYLt VwQi u=R}t %Sgf!rl

&t
"t |xQwO QO xOW OU=i pwYLt Q=Okt %wt

xDU@=w s}tYD |=yQ}eDt R= |[a@ w xOW xDiQo Q_v QO |=yQDt=Q=B R= |NQ@ OvJQy
|=[i Cra x@� xOw@ R}J=v |v=tR ji= pw] QO =yv; C=Q}}eD uwJ =t= OvDUy u=tR x@
QO u=tR x@ xDU@=w =yQDt=Q=B u}= '|R=UpOt QO |oO=U |=Q@ u}vJty w �Q=R=@ |D@=kQ

"Ov=xOWv xDiQo Q_v
`@=D 'OW=@  =@ Q@=Q@ Ct}k pk=OL QO xR=D pwYLt |=Q@ =[=kD xm ZQi u}= =@

%OwW|t h} QaD u}vJ 'Ct}k x@ C@Uv =[=kD
D (�) =  (1� ��)

1
� (1)

=[=kD |Dt}k VWm w OvDUy |ivt=v |=yC@=F � w � w pwYLt Ct}k � u; QO xm
`@=D 'OW=@ � = 1 Qo = u}vJty "CU= � � 1

� xm O}vm xHwD [32w31]'Ovvm|t u=}@ =Q
`@=D QakD w ?OLD ?Hwt ?}DQD x@ R}v � > 1 w � < 1 Cq=L "Ow@ Oy=wN |]N
'�u=U=vWQ=m Q_v w |N} Q=D |=yxO=O T=U= Q@� � w � ' OQw;Q@ =@ "OvwW|t =[=kD
OQw;Q@ u=wva x@ Drt� OwW|t OQw;Q@ |QDWt Qy |=[=kD |=Q@ 13|tU= Q=Okt l}
14|oDiW; '|}x]kv OQw;Q@ lU} Q Vy=m |=Q@ 'TBU "�u=} QDWt |=[=kD |tU=
Q} R CQwY x@ =[=kD Q=Okt |R=i OQw;Q@ "OwW|t xDiQo Q_v QO R}v |tU= Q=Okt QO

%OwW|t s=Hv=
~Drt =

�
D(1)
rt ; D

(2)
rt ; D

(3)
rt ; D

(4)
rt

�
D(1)
rt = (1� �1rt) �Drt

D(2)
rt = (1� �2rt) �Drt

D(3)
rt = (1 + �3rt) �Drt

D(4)
rt = (1 + �4rt) �Drt

(2)

u}}=B x@ wQ |oDiW; OYQO |xv}W}@ w xv}tm �1rt � �2rt � 0 xm |wLv x@
|oDiW; OYQO xv}W}@ w xv}tm �4rt � �3rt � 0 w OvDUy |tU= Q=Okt x@ C@Uv
|=Q@ =[=kD `@=D ~Drt xm u; x@ xHwD =@ "OvDUy |tU= Q=Okt x@ C@Uv q=@ x@ wQ
?Hwt |]N CQwY x@ pwYLt |oR=D sOa w CU= (g = 1) xR=D pwYLt
u=}@ u}vJ g Qta =@ pwYLt x[Qa p@=k Q=Okt u} QDW}@ =Pr 'OwW|t =[=kD Vy=m

%OwW|t

Sg =

(
� ~Drt
0

8g 2 G
8g > jGj (3)

=Q �pwYLt Qta xOv=t}k=@ C@Uv� pwYLt |oR=D � = 1 � g�1
jGj u; QO xm

|=[=kD R= |WN@ 'pwYLt |oR=D sOa p}rO x@ |va} x]@=Q u}= "OyO|t u=Wv
h}iND CU=}U R= xO=iDU= =@ w CU= xDiQ CUO R= CQwY x@ pwYLt xwkr=@
h}iND MQv OQwt QO |Q}os}tYD Q}eDt '=Hu}= QO "OwW u=Q@H O}=@ '|QDWt ?PH
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Q=mt
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rOt
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1|
xQ=t

W'
39

|xQ
wO'

�14
02

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt %OwW|t ^=Lr8>>>>>>><>>>>>>>:

minE (~c)x

s:t:

Poss
�
Ax � ~b

� � �
x 2 X

(17)

xR=Ov= X=wN uDiQo Q_v QO =@ w |}xkvRwP |R=i O=Oa= |[=} Q O}t= swyit x@ xHwD =@
|xOW OwOLt Tv=W =@ |R} Qxt=vQ@ VwQ T=U= Q@ jwi |v=mt= |R} Qxt=vQ@ 's=Rr=

[33]%Ow@ Oy=wN Q} R xOW |R=iQ}e pOt =@ pO=at |R=i8>>>>>>><>>>>>>>:
min

�
c(1)+c(2)+c(3)+c(4)

4
�
x

s:t:

Ax � �b(4) + (1� �) b(3)

x 2 X

(18)

|Q=wDU= w uOw@ xHwt |Q=wDU= swyit wO uDiQo Q_v QO =@ [34]u=Q=mty w |}=wW}B
� u=mt= K]U u; QO xm OvO=O xaUwD =Q Q=wDU= |v=mt= |R} Qxt=vQ@ OQm} wQ '|ov}y@
x@ pOt QO xv=}=Qo`k=w w xvq=ai CQwY x@ w xOW xDiQo Q_v QO Q}eDt l} u=wva x@

%CU= Q} R CQwY x@ Q=wDU= |v=mt= pOt |rm sQi "O};|t CUO

min
�
c(1) + c(2) + c(3) + c(4)

4
�
x+

'
h
b(4) � ��b(4) + (1� �) b(3)

�i
s:t:

Ax � �b(4) + (1� �) b(3)

x 2 X
0 5 � � � 1 (19)

=@ =} ,qwtat� CU= uOw@ xHwt |Q=wDU= |=Q@ |rQDvm QDt=Q=B l} ' � 0 u; QO xm
"�OwW|t xDiQo Q_v QO Ow@tm |xv} Ry =@ Q@=Q@ =} w O};|t CUO x@ C}U=UL p}rLD
xR=Ov= xJ =D OyO|t u=Wv xm CU= Q}eDt l} � Q=@ u}= Q=wDU= |v=mt= OQm} wQ QO

"OQ=O OwHw Ow}k |Q=QkQ@ u=mt=
~Drt |a]kQ}e QDt=Q=B |=Q=O 11 w 10 |=yx]@=Q 'VywSB u}= |O=yvW}B pOt QO
|U} wvR=@ Q} R CQwY x@ =yx]@=Q u}= 'Q=wDU= |v=mt= OQm} wQ |Q}oQ=m x@ =@ "OvDUy

%OvwW|tX
f

X
g

Sgf!rt = �drt(4) + (1� �) drt(3) � Lrt (20)P
f
Sgf!rt �

(1� g�1
jGj ) + dg)(�drt(4) + (1� �) drt(3))

8r; g; t (21)

sRrDUt 'xQwO Qy QO xv=NQ=m Qy QO O}rwD xm Ovm|t u=}@ 5 C}OwOLt xDUO
Ov=wD|t xv=NQ=m C}iQ_ =@ Q@=Q@ R}v O}rwD Q=Okt u} QDW}@ w CU= xv=NQ=m |R=Ov=x=Q
pwYLt Q=Okt 'xv=NQ=m Qy QO O}rwD Q=Okt u}@ pO=aD 6 C}OwOLt xDUO "OW=@
xHwD "Ovm|t Q=QkQ@ =Q xv=NQ=m |OwHwt w u=} QDWt x@ xOW x[Qa (g = 1) xR=D
"CU= xR=D ,qt=m OwW|t O}rwD xQwO Qy QO xm |rwYLt |y}O@ Qw] x@ xm OwW
C}OwOLt xDUO ltm x@ xv=NQ=m Qy QO g 2 Gnf1g Qta =@ pwYLt |OwHwt
|Q=Oyov V}=Hvo u} QDW}@ uOW C}=aQ R= u=v}t]= |=Q@ "OwW|t x@U=Lt 7
xOW xi=[= pOt x@ 8 C}OwOLt xDUO xv=NQ=m Qy QO xOW O}rwD CqwYLt

"CU=
`} RwD |xv}W}@� pkvwptL C}iQ_ xm Ovm|t u}t[D 9 C}OwOLt xDUO
|=[=kD uOW xOQw;Q@ "OwW C}=aQ xQwO Qy QO |QDWt Qy x@ xv=NQ=m Qy R= �pwYLt
~Det = Drt '|tU= OQm} wQ QO "OwW|t p=ta= 10 C}OwOLt xDUO =@ u=} QDWt
Vy=m "OwW|t xDiQo Q_v QO |tU= OQw;Q@ u}= x@ C@Uv Ow@tm Q=Okt w u} Ro}=H
h}iND =} Ct}k Vy=m x@ C@Uv =[=kD V}=Ri= w |oR=D sOa pt=a x@ C@Uv =[=kD
"CU= h}iND u} QDW}@ Qou=}@ 12 C}OwOLt xDUO "OwW|t p=ta= 11 ltm x@

"CU}v h}iND x@ R=}v OW=@ xR=D ,qt=m pwYLt Qo = xm CU= XNWt
"OwW|t x@U=Lt 13 C}OwOLt xDUO ltm x@ xOW OU=i CqwYLt Q=Okt
s}tYD |=yQ}eDt ẁv C}=yv QO "Ovm|t XNWt =Q pwYLt Ct}k 14 C}OwOLt

"CU= xOW u=}@ 15 C}OwOLt ltm x@xr�Ut

xr�Ut pL OQm} wQ "5
|Q}os}tYD QO xm CU= |OQ=wt xrtH R= hrDNt |=yxQwO QO u=} QDWt |=[=kD
sOa "CU= x=Qty C}a]k sOa =@ |ak=w |=}vO QO ,qwtat w CU= Q=PoQ}F-=D Q=}U@
=Q |Q}os}tYD lU} Q 'C}a]k sOa u}= =@ xyH=wt |=Q@ ?U=vt |OQm} wQ |x�=Q=
w OW=@v xv}y@ CU= umtt '|tU= pOt G}=Dv T=U= Q@ |Q}os}tYD "OQ@|t q=@
'VywSB u}= QO "OW=@ xDW=O |O=} R h=QLv= O=Di= Oy=wN j=iD= pta QO xJv; R=
QO hrDNt |=yxQwO QO u=} QDWt |=[=kD |a]k Q=Okt xJQo s}vm|t ZQi
Q}O=kt 'u=U=vWQ=m Q_v u}vJty w |N} Q=D |=yxO=O T=U= Q@ =t= 'CU}v TQDUO
VwQ R= wQ u}= R= "CU= u=}@ p@=k |R=i OOa l} CQwY x@ =[=kD |a]kQ}e
u; x@ xt=O= QO xm OwW|t xO=iDU= xr�Ut pL |=Q@ 15Q=wDU= |v=mt= |R} Qxt=vQ@

"s} R=OQB|t

xr�Ut pL |=Q@ Q=wDU= |v=mt= |R} Qxt=vQ@ xaUwD "1"5
%OQ}o@ Q_v QO =Q Q} R |R=i |R} Qxt=vQ@ pOt8>>>>><>>>>>:

min ~cx

s:t:

Ax � ~b

x 2 X
(16)

|R=i O=Oa= Q=OQ@ ~c = (c(1); c(2); c(3); c(4)) w ~b = (b(1); b(2); b(3); b(4))

O=Oa= c(1) < c(2) � c(3) < c(4) w b(1) < b(2) � b(3) < b(4) w |}xkvRwP
(��100)�K]Ul} =OD@= '|v=mt= |R} Qxt=vQ@ OQm} wQ T=U= Q@ "OvDUy 16|a]k
u}vJ Ow}k |=Q@ � 17u=mt= |xR=Ov= TBU 'OwW|t xDiQo Q_v QO Ow}k |Q=QkQ@ |=Q@
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"�uwQD=B CmQW R@U Cqt� |OQwt |xar=]t |=yxO=O "2 pwOH
Q=Okt xO=O
1 jFj
20 jRj

�p=U |=yx=t� 12 jT j
3 jGj

�Q=Ry 30000� uw}r}t 30 Af

Q=Ry 29 pcf

Q=Ry 2 5 hgf
Q=Ry 15 br

Q=Ry 3 tcf!r

�sQowr}m 6000� uD 6 Tcapfr

�sQowr}m 6000� uD 6 Pcapf

�sQowr}m 6000� uD 6 Hcapf

Q=Ry 36 


Q=Ry 130 �

�30 h=QLv= =@ 3 pwOH QO ~Drt

"OwW|t xDiQo Q_v QO �R@U Cqt O}rwD \N |R=UxO=t; |=Q@� u=twD uw}r}t 30 x@
|xv} Ry "CU= sQowr}m Qy |=R= x@ u=twD Q=Ry 29 pwYLt O}rwD OL=w |xv} Ry
|Q=Oyov C}iQ_ w CU= u=twD Q=Ry 2 5 xv=y=t R}v pwYLt OL=w Qy |Q=Oyov
Qy |=Q@ |v=twD Q=Ry 15 |xv} Ry 'Ow@tm CQwY QO "OQ=O OwHw sQowr}m 6000 ,=@} QkD
xOQw; 2 pwOH QO |OQwt |xar=]t x@ \w@ Qt C=aq]= "CU= xOW OQw;Q@ sQowr}m

"CU= xOW
=yu; |tU= |=[=kD w |iQat 3 pwOH QO xm OQ=O |rY= |QDWt 20 CmQW
QO |QDWt Qy |=[=kD xm CU= K}[wD x@ sRq "CU= xOW OQw;Q@ xv=y=t CQwY x@
O=Oa= O}rwD QO xm OW=@ xDW=O h=QLv= |tU= Q=Okt R= ��30 =D OQ=O u=mt= x=t Qy

"OwW|t xDiQo Q_v QO =yu; =@ Q_=vDt |}xkvRwP |R=i
pOt ltm x@ |OQwt |xar=]t |=yxO=O |=Q@ xr�Ut pL R= pY=L G}=Dv
"CU= xOW VQ=Ro 5 w 4 pw=OH QO p@k QO xOW x�=Q= Q=wDU= |v=mt= |R} Qxt=vQ@
|vOW u=R}t u=wD|t ' |rQDvm ?} Q[ R= xO=iDU= =@ 'OW xQ=W= QDV}B xm u=vJ
xv} Ry Q=Okt R= QF-=Dt hOy `@=D Q=Okt "OQm s}_vD =Q u; |R} QolU} Q w pOt uOw@
Qy |xt} QH ' `k=w QO "CU= ' Q=Okt R= QF-=Dt COW x@ R}v pm |xv} Ry w CU=
pOt xm OwW|t ?Hwt OW=@ q=@ Q=Okt u}= Qo = "OyO|t u=Wv =Q Ow}k Zkv OL=w
OwW|t ?Hwt ẁ[wt u}= =t= &OwW xv}W}@ u; uOw@ |vOW w OW=@ R} QolU} Q ,qt=m
Q=Okt VQ}PB w ' Q=Okt Vy=m =@ '=Pr "OwW p}tLD sDU}U Q@ |O=} R |xv} Ry xm
�u}t-=D |xQ}HvR |xv} Ry pm XwYN x@� hOy `@=D Q}O=kt u=wD|t lU} Q |mOv=

"O=O Ow@y@ |rw@k p@=k Qw] x@ =Q
w pm |xv} Ry Q=Okt '=QH= Qy QO w pL 0 � ' � 20 Q}O=kt |=R= x@ =Q pOt
OwW|t x_Lqt xm Qw]u=ty "CU= xOW VQ=Ro 6 pwOH QO Ow}k QO Zkv u=R}t
OwW|t QiY Q@=Q@ �xDi=}v jkLD |=[=kD� Ow}k Zkv ẁtHt '' � 16 |=R= x@
Q}O=kt `}tH |=R= x@ Qo}O CQ=@a x@ "CU= umtt Q=Okt u} QDW}@ pOt |Q=wDU= w
|vOW xQ=wty xr�Ut MU=B 'CUq=@ Ow}k Zkv |xt} QH xm u; Cra x@ '' � 16

"OUQ|t OwN Q=Okt u} QDW}@ x@ pm |xv} Ry 'Q}O=kt u}= |=Q@ "Ow@ Oy=wN
x@ xv} Ry '12 Q=Okt =D ' Vy=m =@ xm OwW|t x_Lqt 3 w 2 |=ypmW QO

%Ot; Oy=wN QO Q} R CQwY x@ R}v pOt hOy `@=D u}vJty
max z = (

P
f

P
r

P
g

P
t
pgSgf!rt +

P
t

wt)�

(
P
f

P
t
Afyft +

P
f

P
t
pcfQft +

P
f

P
g

P
t
hgfI

g
ft+P

r

P
t
'r(drt(4) � (�drt(4) + (1� �)drt(3)))+P

f

P
r

P
g

P
t
tcf!rSgf!rt )

(22)

drt(4) � (�drt(4) + (1 � �)drt(3)) = w 0 � 'r � br u; QO xm
Qo = "OvDUy lU} Q Q=Okt w Ow@tm |xt} QH ?}DQD x@ (1��)(drt(4)� drt(3))

|Q}owrH Ow@tm OL R= V}@ xt} QH R= =D OwW|t QiY Q@=Q@ (1��) 'OW=@ O=} R 'r
"�CU= C@=F |Q=Okt d(4)

rt � d(3)
rt xm O}vm CkO� OwW

pOt l} �Q=wDU= |v=mt= Cr=L QO xJ w |tU= Cr=L QO xJ� |}=yv pOt
QO Ct}k Q}eDt ?Q[ 'pOt uOw@v |]N p}rO "CU= xDN}t; wO xHQO |R} Qxt=vQ@
pL p@=k |xOQ R= xDN}t; wO xHQO |=ypOt xJQo "CU= hOy `@=D QO VwQi Q=Okt
,qFt� OQm xO=iDU= R}v |]N ?} QkD R= u=wD|t |rw [35]OvDUy |]NQ}e |=ypOt
|vD@t |]N ?} QkD xm CU= K}[wD x@ sRq [36]"�l}tQwmlt VwQ R= xO=iDU= =@

%OwW|t s=Hv= u}vJ y = Sgf!rt w x = pg ZQi =@ l}tQwmlt VwQ Q@8>>>>>>><>>>>>>>:
u � x:y : x 2 �xL; xU� ; y 2 �yL; yU�

u � xyU + xUy � xUyU
u � xyL + xLy � xLyL
u � xyU + xLy � xLyU
u � xyL + xUy � xUyL

(23)

BARON xOvvm pL R= xO=iDU= 'OwW =QH= xDN}t; wO xHQO pOt xm |DQwY QO
"OwW xDiQo Q=m x@ Ov=wD|t CPLEX 'R}v |R=U|]N CQwY QO "OwW|t O=yvW}B
OOa |R} Qxt=vQ@ pOt l} x@ pOt l}tQwmlt VwQ R= xO=iDU= =@ VywSB u}= QO

"OwW|t pL TBU w p}O@D xDN}t; K}LY

|D=@U=Lt G}=Dv "6
x@ 'u; |Q}PBOQ@ Q=m uO=O u=Wv w xOW x�=Q= pOt |HvUQ=@Da= Qw_vt x@ VN@ u}= QO
CmQW "s} R=OQB|t xr�Ut R= |OOa |=yp=Ft u}vJty w |OQwt |xar=]t l} pL
CmQW u}= |=yxO=O R= "CU= R@U Cqt |xOvvmO}rwD w u=}v@Vv=OCmQWl} uwQD=B
R= 'CU= QmP x@ sRq "CU= xOW xO=iDU= xr�Ut R= |OQwt |xar=]t l} u=wva x@
x@ |O=yvW}B pL |=yOQm} wQ uDiQo Q_v QO =@ j}kLD u}= |[=} Q pOt xm =Hu;
u; pL |=Q@ 'O};|t QO xDN}t; K}LY OOa |]N |R} Qxt=vQ@ pOt l} CQwY
?=wH xm '24; 7; 1 |xNUv GAMS Q=Ri=sQv QO OwHwt CPLEX Solver R=

"CU= xOW xO=iDU= Ovm|t u}t[D =Q xr�Ut |QU=QU |xv}y@
CmQW syt |=yO}rwD w CqwYLt xrtH R= �|D}twQm =} R@U Cqt� C=Bu} Qo
x[Qa |R=UOqwi C=Hv=NQ=m x@ syt |x}rw= |xO=t l} u=wva x@ xm CU= uwDQ=B
|rw OQ}o|t Q=Qk =[=kD OQwt p=U |=yx=t s=tD QO ,qwtat 'R@U Cqt u}= "OwW|t
pwYLt |=[kv= M} Q=D "OQ=O OwHw |O=} R C=v=Uwv u; |xv=y=t |=[=kD Q=Okt QO
QO xm CU= O}rwD p@=k sQowr}m 2000 xv=}y=t |xwkr=@ C}iQ_ "CU= x=t 3 ,=@} QkD
l}ORv |}xv} Ry �x=t� xQwO Qy QO pwYLt u}= |=Q@ O}rwD \N |R=Ov=x=Q CQwY
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Ovyt "�sQowr}m OL=w �R@U Cqt� \UwDt� |tU= |=[=kD "3 pwOH

OviU= uty@ |O QP; u=@; Qyt Qw} QyW O=OQt Q}D O=OQN CWy@}OQ= u}OQwQi Om |QDWt
T = 12 T = 11 T = 10 T = 9 T = 8 T = 7 T = 6 T = 5 T = 4 T = 3 T = 2 T = 1

645 150 990 525 1 S=}r; Oqwi CavY CmQW
�X=N |t=yU� u=QyD

300 300 270 900 2 T} Q@ ?wP CmQW

150 180 180 3 |k}kL XNW

90 90 90 60 4 u=et=O Q} wm Oqwi CmQW

195 165 345 360 300 195 225 5 CQ=HD CavY CmQW
u=H}=@ QP; T}OQB

195 6 |QoxDN} Q |vw=aD CmQW
R} Qyt OvBU Oqwi

120 120 120 90 7 Q} QU |vw=aD CmQW
CND}=B CavY

300 90 8 `}=vY CmQW
RQ@r= u=R} QVtW

840 135 300 150 225 495 9 ?wP `tDHt CmQW
uwDU}@ uy;

330 300 180 150 150 10 w ?wP |vw=aD CmQW
CWO O}iU Oqwi |QoxDN} Q

195 495 300 11 OwQy=W Oqwi CmQW

150 12 Q} wm u=@=D Oqwi CmQW

300 13 u=Hvr Oqwi QyBU CmQW

165 14 Oqwi `tDHt |vw=aD CmQW
OyWt u}ov VtW

105 75 195 120 15 VNQP; ?wP `}=vY CmQW

495 300 16 u=y=BU u=R=U lDre CmQW

150 17 u=vtU |S=}r; Oqwi CmQW

630 120 150 150 18 O}rwD w OQwv CmQW
|Oqwi C=a]k
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"3 pwOH |xt=O=
OviU= uty@ |O QP; u=@; Qyt Qw} QyW O=OQt Q}D O=OQN CWy@}OQ= u}OQwQi Om |QDWt
T = 12 T = 11 T = 10 T = 9 T = 8 T = 7 T = 6 T = 5 T = 4 T = 3 T = 2 T = 1

45 105 19 Iqm CmQW

105 20 =}U; uy; ?wP CmQW

"Cq}yUD C}iQ_ V}=Ri= =@ (PC) O}rwD |xv} Ry C=Q}}eD "4 pmW

Vy=m pOt |Q=wDU= xm |r=L QO O@=}|t Vy=m ��16 =@} QkD� |}x_Lqt p@=k Qw]
Vy=m pm |xv} Ry xJQo '' < 12 Q}O=kt QO =t= "��93 ,=@} QkD�CU= xDW=Ov |O=} R
"O@=}|t Vy=m COW x@ pOt |Q=wDU= w OQ=O |O=} R V}=Ri= Ow}k Zkv =t= O@=}|t
OQm} wQ QO pOt |Q=wDU= ?} Q[ |=Q@ |@U=vt s}_vD ' = 12 'pqODU= u}= =@
xDio |OQwt |xar=]t |OOa p=Ft pL |=Q@ |O=yvW}B Q=wDU= |v=mt= |R} Qxt=vQ@
pOt |Q=wDU= ?} Q[ s}_vD |=Q@ QwmPt Ov}=Qi xm CU= K}[wD x@ sRq "CU= xOW

"CU= |Q}oQ=m x@ p@=k R}v Qo}O |OOa |xar=]t Qy QO
u=R}t |}xQwO C=t}tYD Q@ xm CU= |}=yQDt=Q=B xrtH R= Cq}yUD C}iQ_
'(PC) O}rwD |xv} Ry� =yxv} Ry 'u; `@D x@ "CU= Q=PoQ}F-=D xQ}e w |OwHwt 'O}rwD
R}v �(TC) pkvwptL |xv} Ry w (BC) Ow@tm |xv} Ry '(HC) |Q=Oyov |xv} Ry
C=Q}}eD |=R= x@ =yxv} Ry u}= C}U=UL p}rLD x@ xt=O= QO "OQ}o|t Q=Qk Q}F-=D CLD
V}=Ri= �5 s=o pw] =@ �40 u=R}t x@ QDt=Q=B u}= Q=Okt "OwW|t xDN=OQB QDt=Q=B u}=

"CU= xOW x�=Q= 7 =D 4 |=ypmW QO =yxv} Ry C=Q}}eD OvwQ w xDi=}
OwW|t s=Hv= |QDW}@ O}rwD u=R}t 'O}rwD C}iQ_ V}=Ri= =@ '4 pmW x@ xHwD =@
|xv} Ry OwW|t ?@U u}= w �CW=O OwHw Ow@tm sDU}U QO xm u}= x@ xHwD =@ xD@r=�
|xv} Ry QO |Q}}eD Oa@ x@ �30V}=Ri= u=R}t R= O}vm xHwD u}vJty "O@=}V}=Ri= O}rwD
sDU}U |=[=kD Ow@tm xm =QJ CU}v QDW}@ O}rwD x@ |R=}v =Q} R OyO|tv MQ O}rwD
w O}rwD V}=Ri= |xH}Dv QO |Q=Oyov |=yxv} Ry V}=Ri= u}vJty "CU= xOW u=Q@H
xOW xO=O u=Wv 5 pmW QO ẁ[wt u}= "CU}v uyP R= QwO Q=@v= |OwHwt V}=Ri=

"CU=
V}=Ri= "CU= xOW xO=O u=Wv 6 pmW QO pkvwptL |xv} Ry C=Q}}eD OvwQ
x@ Q=@v= R= w Q=@v= x@ xv=NQ=m R= pwYLt u=} QH xm OwW|t ?@U =yxv=NQ=m O}rwD
V}=Ri= pkv w ptL |xv} Ry OwW|t ?@U u=} QH V}=Ri= u}= "O@=} V}=Ri= u=} QDWt
=O}B V}=Ri= pkv w ptL |xv} Ry Oa@ x@ �30 V}=Ri= R= ,=@} QkD xm O}vm xHwD "O@=}

"hQYt p@=k hrDNt |=yQta QO pwYLt h}iND Q=Okt w Ct}k "4 pwOH
g = 3 g = 2 g = 1 pwYLt Qta xQwO�xR=D pwYLt�
36 53 53 69 65 pwYLt VwQi Ct}k
43 8 17 4 0 xOW p=ta= h}iND MQv

"hrDNt |=yxQwO QO �sQowr}m � O}rwD Q=Okt "5 pwOH
6 5 4 3 2 1 xQwO

4995 5355 0 4005 6000 5670 O}rwD Q=Okt
12 11 10 9 8 7 xQwO
0 1215 1170 3420 0 1935 O}rwD Q=Okt

"pOt |Q=wDU= ?} Q[ C}U=UL p}rLD "2 pmW

" ' Q}O=kt |=R= x@ pL |Q=wDU= w pOt |Q=wDU= |xU}=kt "3 pmW
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|xQ
wO'

�14
02

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt "(') pOt |Q=wDU= ?} Q[ C}U=UL p}rLD "6 pwOH

pOt |Q=wDU= w jkLD sOa u}t-=D |xQ}HvR xv} Ry pm
' pOt |Q=wDU= ?} Q[x@ C@Uv pOt |Q=wDU= OYQO |=[=kD pm x@ C@Uv xv} Ry Vy=m OYQO

xv} Ry Q=OktCr=L u} QDh]avt xDi=}v jkLD Cr=L u} QDCNU
(' = 0) (' = 16)

0 3056.00 20.54 64656.96 0
19.67 2454.88 19.12 65812.42 2
34.07 2014.82 18.78 66089.08 4
50.65 1508.14 18.05 66683.08 6
75.12 760.33 17.11 67447.97 8
82.56 532.97 17.11 67447.97 10
86.43 414.70 16.76 67732.76 11
93.01 213.61 15.94 68400.00 12
95.42 139.96 14.04 69946.04 13
97.83 66.32 11.21 72248.82 14
99.12 26.89 7.21 75503.64 15
100 0.00 0 81370.45 � 16

"Cq}yUD C}iQ_ V}=Ri= =@ (BC) Ow@tm |xv} Ry C=Q}}eD "7 pmW

OQ}o|tv CQwY O}rwD V}=Ri= 'Oa@ x@ C}iQ_ V}=Ri= u}= R= xm =QJ CU= xOQmv
V}=Ri= =@ '7 pmW j@=]t "OQ}o|tv CQwY sy |QDW}@ pkv w ptL u; `@D x@ w
u}t-=D V}=Ri= =@ w CU= xOW xOQw;Q@ u=} QDWt R= |QDW}@ |=[=kD 'O}rwD C}iQ_
x@ sRq "CU= xDi=} Vy=m Ow@tm |xv} Ry u; `@D x@ w Ow@tm u=R}t 'u=} QDWt |=[=kD
'O}rwD |=yxv} Ry V}=Ri= R= QDW}@ Ow@tm |xv} Ry Vy=m u=R}t uwJ xm CU= K}[wD
xm CU= |y}O@ "CU= xDi=} Ow@y@ pm |xv} Ry ,=D}=yv 'CU= pkv w ptL w |OwHwt

"CU= xOW OwU V}=Ri= x@ QHvt xm@W Cq}yUD C}iQ_ V}=Ri=
|a]kQ}e \}=QW QO xOW x�=Q= |=yOQm} wQ OQmrta VHvU |=Q@ xt=O= QO
u}= |=Q@ "s}vm|t xO=iDU= �Ow}k Zkv� w �|ov}y@ R= h=QLv=� XN=W wO R=
OQmrta w xOW |R=Ux}@W x@DQt 20 'pwYLt |=[=kD |a]kQ}e |=yQDt=Q=B 'Qw_vt
\UwDt xm OwW|t ZQi "CU= xOW |@=} RQ= |O=yvW}B Q=wDU= |v=mt= OQm} wQ

"Cq}yUD C}iQ_ V}=Ri= =@ (HC) |Q=Oyov |xv} Ry C=Q}}eD "5 pmW

"C}iQ_ V}=Ri= =@ (TC) pkvwptL |xv} Ry C=Q}}eD "6 pmW
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|=yxv} Ry w OQw; CUO x@ xJQ=Bm} Qw] x@ =Q s}tYD |=yQ}eDt xv}y@ MU=B u=wD|t
|v=mt= OQm} wQ |xU}=kt QO u}vJty "O=O Vy=m �16 x@ l}ORv =Q u}t-=D |xQ}HvR
xm OwW|t x_Lqt 'C}a]k sOa pQDvm QO |tU= OQm} wQ =@ |O=yvW}B Q=wDU=
w �46 ,=@} QkD ?}DQD x@ |ov}y@ R= h=QLv= u}ov=}t w |ov}y@ R= h=QLv= u} QDW}@

"O@=}|t Vy=m �11
|xr�Ut xvwtv |O=OaD '|ak=w O=a@= QO p�=Ut pL QO pOt |}=v=wD |UQQ@ |=Q@
pL Ca=U l} |v=tR C}OwOLt =@ w CPLEX Q=Ri=sQv ltm x@ w O}rwD |iO=YD
xvwtv CU= QO=k |O=yvW}B pOt xm CU= u; R= |m =L xOt; CUO x@ G}=Dv "OW
xr=Ul} |R} Qxt=vQ@ ji= |=Q@ =Q |QDWt 50 w |O}rwD xv=NQ=m 4 QFm =OL =@ |r�=Ut

"Ovm pL

|Q}oxH}Dv "7
w `} RwD '|OwHwt 'O}rwD C=t}tYD xJQ=Bm} |R} Qxt=vQ@ |xr�Ut x@ VywSB u}= QO
xDN=OQB |vOWOU=i CqwYLt R= |L]UwO u}t-=D |xQ}HvR l} QO |Q=PoCt}k
CU= umtt xm |}=yxv} Ry w pwYLt OwOLt wC@=F Qta pw] x@ xHwD =@ "CU= xOW
Q=Okt w CU=wNQO u=tR QO ẁvD u}vJty w OwW O=H}= pwYLt uOW OU=i Cra x@
|=Q=O xr�Ut u}= QO |OwHwt pQDvm w O}rwD |R} Qxt=vQ@ sDU}U 'u=} QDWt |=[=kD
pwYLt u=} QDWt |=[=kD QO C}a]k sOa Qo}O Vr=J "CU= ha=[t C}ty=
x@ w xOW xO=iDU= xr�Ut |R=UpOt |=Q@ Q=wDU= |v=mt= |R} Qxt=vQ@ OQm} wQ R= "CU=
'uwQD=B CmQW� |OQwt |xar=]t l} pL x@ 'pOt uOw@ |OQ@ Q=m uO=O u=Wv Qw_vt
�|R=UOqwi C=Hv=NQ=m QO xO=iDU= OQwt w |vOWOU=i pwYLt |awv xOvvmO}rwD
OQm} wQ x@ C@Uv j}kLD u}= |O=yvW}B OQm} wQ |xU}=kt QO "CU= xOW xDN=OQB
R= h=QLv= xv}W}@ w |ov}y@ R= h=QLv= u}ov=}t Q=}at wO T=U= Q@ '|tU= Q=Okt
OQm} wQ xm OwW|t x_Lqt �|Q=wDU= |@=} RQ= syt Q=}at wO u=wva x@� |ov}y@
|QDQ@ |tU= OQm} wQ C@Uv |}x_Lqt p@=k Qw] x@ QwmPt Q=}at wO Qy QO |O=yvW}B

"Ovm|t x�=Q= |QD=mD= p@=k MU=B w OQ=O
u; R= |m =L =yQDt=Q=B C}U=UL p}rLD w |OQwt |xar=]t R= pY=L G}=Dv
MU=B =Q |QDW}@ |=y=[=kD u=wD|t Cq}yUD C}iQ_ V}=Ri= =@ OvJQy xm CU=
xm OwW CmQW OwU V}=Ri= x@ QHvt Ov=wD|t |}=H =D C}iQ_ V}=Ri= u}= =t= O=O
w ptL w |OwHwt 'O}rwD |=yxv} Ry V}=Ri= R= QDW}@ Ow@tm |xv} Ry Vy=m u=R}t

"OW=@ pkv
R}v w |O}rwD |=yxv=NQ=m O}rwD C}iQ_ QO pqDN= w C}a]k sOa uDiQo Q_v QO
|D=k}kLD |=yxv}tR R= |m} Ov=wD|t pwYLt pkvwptL w p=kDv= \w]N QO pqDN=
|R=U Q=wDU= w C}a]k sOa =@ xyH=wt |=yVwQ Q}=U |UQQ@ u}vJty "OW=@ xOv};
"CU= xOW x�=Q= VywSB xaUwD |=Q@ R}ov=Q@ Vr=J |=yxv} Ro R= Qo}O |m} R}v pOt

"|tU= w Q=wDU= |=yOQm}wQ QO |ov}y@ R= h=QLv= |xU}=kt "8 pmW

"|tU= w Q=wDU= |=yOQm}wQ QO Ow}k Zkv |xU}=kt "9 pmW

Qw_vt u}vJty "OwW|t =yu; u} Ro}=H |tU= Q=Okt OQm} wQ QO |R=i |=yxO=O
R= � Q=Okt xm CU= l}Uqm |v=mt= OQm} wQ u=ty '1 Q=wDU= |v=mt= OQm} wQ R=
QO u}vJty "�CU= xOW xDiQo Q_v QO � = �95 =Hu}= QO� OwW|t u}}aD p@k
CUO x@ pOt pL R= w xOW xDiQo Q_v QO Q}eDt � Q=Okt 2 Q=wDU= |v=mt= OQm} wQ
Q=wDU= |=yOQm} wQ QO |ov}y@ u=Uwv 'xrY=L G}=Dv T=U= Q@ (� = �67) O};|t
|v=mt= |=yOQm} wQ u}vJty w CU= |tU= Q=Okt OQm} wQ R= QDsm Q=}U@ |O=yvW}B
Ow}k Zkv |tU= Q=Okt OQm} wQ x@ C@Uv |}x_Lqt p@=k Qw] x@ |O=yvW}B Q=wDU=
|Q}os}tYD QO lU} Q Vy=m ?@U OwN u}= xm �9 w 8 |=ypmW� Ovm|t QDsm =Q

"OwW|t
VywSB u}= |O=yvW}B OQm} wQ |Q}oQ=m x@ =@ xm OyO|t u=Wv |OOa G}=Dv

=yCWwv=B
1. Deterioration

4. Analytic Hierarchy Process (AHP)
5. Linear Programming (LP)
6. Two Tier/Echelon Supply Chain
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Ovyt 7. Deteriorable/Perishable

8. Fresh-First (FF)
9. Old-First (OF)
10. Optimized Priority (OP)
11. Backorder
12. Trapezoidal Fuzzy Number (TFN)
13. Nominal
14. Perturbation
15. Robust Possibilistic Programming (RPP)
16. Crisp
17. Possibility Measure
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