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pOt
l}Yj = (y1j ; y2j ; :::; ysj)t wXj = (x1j ; x2j ; ::::xmj)t?}DQD x@DMUj

R= |}=Q=m xR=Ov= u}tND |=Q@ Q} R |OwQw QO QwLt|a=aW pOt "OvwW xO=O V}=tv
%CU= xOW xDiQo Q_v QO DMUo(o 2 J) |@=} RQ= CLD OL=w

��o = min �

s:t:
nX
j=1

�jxij � �xio; 8i 2 I;
nX
j=1

�jyrj � yro; 8r 2 O;
nX
j=1

�j = 1;

�j � 0; 8j 2 J: (1)

T=}kt x@ xOR=@ =@ |OwQw C}y=t QO DMUo |}=Q=m Q=Okt =Q ��o 'pOt u}= QO
u}= Q}e QO w �h}a[� =Q=m =Q DMUo x=ou; 'OW=@ ��o = 1 Qo = "s}t=v|t Q}eDt
Q} R |HwQN C}y=t QO QwLt|a=aW pOt 'u}vJty "s}t=v|t =Q=m =v =Q u; CQwY
xDiQo Q_v QO DMUo(o 2 J) |@=} RQ= CLD OL=w R= |}=Q=m xR=Ov= u}tND |=Q@

%CU= xOW
'�o = min'

s:t:
nX
j=1

�jxij � xio; 8i 2 I;
nX
j=1

�jyrj � 'yro; 8r 2 O;
nX
j=1

�j = 1;

�j � 0; 8j 2 J: (2)

=@ |HwQN � C}y=t QO |}=Q=m Q=Okt =Q DMUo |}=Q=m Q=Okt =Q '�o 'pOt u}= QO
QO w �h}a[� =Q=m =Q DMUo 'OW=@ '�o = 1 Qo = "s}t=v|t Q}eDt T=}kt x@ xOR=@

"s}t=v|t =Q=m =v CQwY u}= Q}e

xOvQ}os}tYD |=yOL=w Q=DN=U O}OHD "3
u; Ow@y@ w |}=Q=m u}}aD 'CU= `@=vt Ow@tm u; xYNWt xm |D@=kQ \}Lt l} QO
O}OHD |rY= |xr�Ut "CU= u=Q=Pox}=tQU w u=Q}Ot |=yxeOeO u} QDtyt xrtH R=
=yOL=w ?=aWv= '=yOL=w s=eO= ẁ[wt xU pt=W xm xOvQ}os}tYD |=yOL=w Q=DN=U
?=NDv= =Q} R &CU= u=Q}Ot syt |=yxeOeO xrtH R= 'CU= Xr=N Q=DN=U O}OHD w
xaUwD K]U =@ |Uwmat |x]@=Q xm 'xOvQ}os}tYD |=yOL=w s=eO= =} ?=aWv= Q=my=Q
u} QDtyt R= 'OQ=O `} RwD |wor= w |}=}i=QeH CaUw =@ |t}kDUt \=@DQ= u}vJty w
�?=aWv= w s=eO=� Q=DN=U O}OHD h=Oy= R= |NQ@ "O};|t Q=tW x@ u=Q}Ot CqmWt
p}tLD '`@=vt QO |} wH xiQY '`@=vt K}LY |Q}oQ=m x@ pt=W =yu=tR=U w C=UU-wt
u=oOvvm u}t-=D =@ \=@DQ= R= |W=v Cq[at `iQ w |WN@ QF= V}=Ri= 'xv} Ry u} QDtm
: : : w |Q}os}tYD Rm =Qt QO RmQtD O=H}= w '=yu=tR=U OWQ w u=vmQ=m Vy=m '`@=vt
"1 %CU= |QwQ[ Q=}U@ xDmv wO x@ xHwD Q=DN=U O}OHD ?U=vt Q=my=Q QO "CU=

|Q_v hrDNt |=yxv}tR QO Twmat |=yxO=O |WWwB p}rLD u; R= TB "OvOQm u=}@
|oDU@=w CLD '[9]C}U=UL p}rLD '[13 w 12 '2]`@=vt X}YND Ovv=ty |OQ@ Q=m w
xDiQo Q=m x@ : : : w [21�17]=yOL=w s=eO= '[12]|}=Q=m xR=Ov= Ow@y@ '[16�14]|vwQO Ckwt

"OW
u=wva CLD |}xr�Ut u=kkLt '=yCmQW |}=Q=m V}=Ri= |=DU=Q QO ',=Q}N=
Twmat |=yxO=O |WWwB p}rLD |x}=B Q@ w [22]KQ]t �3=yCmQW Q=DN=U O}OHD�
=yCmQW Q=DN=U O}OHD |xr�Ut QO u=v; "OvOt;Q@ u; x@ |} woNU=B OOYQO
XNWt V}B R= |}=Q=m h=Oy= =@ =Q =yOL=w 5?=aWv= w 4s=eO= ẁ[wt wO
xar=]t OQwt Twmat |=yxO=O |WWwB p}rLD swyit |Q}oQ=m x@ |x}=B Q@ 'xOW
QO Twmat |=yxO=O |WWwB p}rLD |Q}oQ=m x@ =@ 'Qo}O CQ=@a x@ "OvO=O Q=Qk
R= xawtHt l} xm u; R= CU= CQ=@a xm =yOL=w |rm Q=DN=U O}OHD ?wJQ=J
Twmat |}=Ri=sy =} s=eO= j} Q] R= |}=Ri=sy |x}=B Q@ xOvQ}os}tYD |=yOL=w
xOvQ}os}tYD =yOL=w R= O}OH xawtHt l} O}rwD x@ s=Ok= '?=aWv= j} Q] R=
=}� |=y|HwQN Q=OQ@ u}tND OOYQO `k=w QO "Ovvm|t |}=Q=m Ow@y@ Qw_vt x@
XNWt �|=y|HwQN =}� |=y|OwQw =@ =yOL=w O}OH |xawtHt �|=y|OwQw
=y|OwQw u}tND� Qw_vt u}= |=Q@ =yv; [22]"OvOt;Q@ |}=Q=m R= |v}at K]U w
x@ |=Q@ =Q |iOylD |R} Qxt=vQ@ |=ypOt '�O}OH |=yOL=w |=y|HwQN =}
O=yvW}B =Q |}=ypL x=Q w xDiQo Q=m x@ Caivt ẁtHt u} QDW}@ uOQw; CUO

"OvOQm
O}OHD |xr�Ut QO OwHwt Cq=-wU x@ |} woNU=B OOY QO =t 'xr=kt u}= QO
|WWwB p}rLD |x}=B Q@ xQw_vtOvJ |R} Qxt=vQ@ |Q}oQ=m x@ =@ =yOL=w |rm Q=DN=U
|O=yvW}B VwQ =@ xU}=kt QO VwQ u}= |=yC} Rt R= |m} "s}DUy Twmat |=yxO=O
Cw=iDt h=Oy= uDW=O CQwY QO Ov=wD|t xOvQ}os}tYD xm CU= u; [22]xOW xDio
|r=L QO 'Ovm p=ta= pOt QO =Q =yv; '�X=N |=y|OwQw R= |NQ@ |xQ}NP ,qFt�
xDi=} Vy=m COW x@ =yQ}eDt O=OaD xr=kt u}= QO xOW xOQw; sy=Qi |=ypOt QO xm
'u}vJty "CU= Q=OQwNQ@ |QDtm |D=@U=Lt |oO}J}B R= VwQ u}= 'u}=Q@=v@ "CU=
ptDWt |}xawtHt |wQ Q@ =ypOt u}= '|O=yvW}B |=ypOt |}=Q=m u}}@D Qw_vt x@
xOW p=ta= 6TQ=i G}rN |@ Qa |Q=mty |=QwW w[a |Q=HD lv=@ 42 R=

"CU=
|NQ@ swO VN@ QO %OR=OQB|t Q} R C=aw[wt x@ xr=kt u}= Qo}O |=yVN@
x@ swU VN@ QO "CU= xOW QwQt =yxO=O |WWwB p}rLD QO hQ=aDt |=ypOt R=
|=yxO=O |WWwB p}rLD |x}=B Q@ xOvQ}os}tYD |=yOL=w Q=DN=U O}OHD |xr�Ut
QO xOW KQ]t Cq=-wU x@ |} woNU=B |=Q@ |}=ypOt w xOW xDN=OQB Twmat
|=Q@ |ak=w |=yxO=O =@ p=Ft l} sQ=yJ VN@ QO "CU= xOW x�=Q= xv}tR u}=
pt=W 'sHvB VN@ "CU= xOW x�=Q= |O=yvW}B |=ypOt |Q}oQ=m x@ |xwLv u=}@
xOv}; |WywSB C=aw[wt R= |NQ@ u}}@D x@ w CU= QYDNt |Q}oxH}Dv l}

"OR=OQB|t

xOvQ}os}tYD |=yOL=w OQmrta |@=} RQ= "2
fDMUj : j 2 J = xOvQ}os}tYD OL=w n R= xawtHt l} O}vm ZQi
C@Ft |=y|OwQw hQYt =@ DUMj xm |Qw] x@ 'OQ=O OwHw f1; :::; ngg
yrj(r 2 xv=oOvJ C@Ft |=y|HwQN 'Xij(i 2 I = f1; 2; :::;mg) xv=oOvJ
|=Q@ |HwQN w |OwQw |=yQ=OQ@ O}vm ZQi "Ovm|t O}rwD =Q O = f1; 2; :::; sg)
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Ovyt Min(�1q; �2q; :::; �mq; 8q 2 Q)

s:t:X
j2�p

�jqxij+
X
q2Q

�q�iq��iq ��q � 0; 8i 2 I; 8q 2 QX
j2�p

�jqyrj+
X
q2Q

�q�rq��rq � 0; 8r 2 O; 8q 2 QX
j2�p

�jq +
X
q2Q

�q = 1; 8q 2 Q;X
q2Q

�iq �X
p2P

xip; 8i 2 I;X
q2Q

�rq =
X
p2P

yrp; 8r 2 O;

�jq � 0; 8j 2 �P ; q 2 Q;
�q � 0; 8q 2
�iq � 0; 8i 2 I; q 2 Q;
�rq � 0; 8r 2 O; q 2 Q: (5)

'pOt u}= QO
((�jq : 8j 2 �P ; �q; 8q 2 Q);

(�iq : 8i 2 I; 8q 2 Q);

(�rq : 8r 2 O; 8q 2 Q))

QmP u=}=W "CU= swrat w C@=F |Q=Okt ��q(8q 2 Q) 'u}vJty "CU=yQ}eDt Q=OQ@
|R=UR=@ Caivt u} QDW}@ |}=U=vW |=Q@ Q=DN=U O}OHD R= |rY= hOy Qo = xm CU=
xOW xDiQo Q=m x@ |=y|OwQw ẁtHt |R=Uxv}tm |xr}Uw x@ Caivt u}= x=ou; 'OW=@
[22]u=Q=mty w O=SvRwQt= 'hOy u}= T=U= Q@ "CU= x@U=Lt p@=k '|R=UR=@ \UwD
xJQo = &OvOQm |iQat Twmat |=yxO=O |WWwB p}rLD |Q}oQ=m x@ =@ =Q OwN |=ypOt
|R} Qxt=vQ@ =@ pwyHt |=yQDt=Q=B u}}aD 'Twmat DEA |=ypOt |rY= |xYNWt
Q=DN=U O}OHD R= |irDNt h=Oy= xOvQ}os}tYD Qo = 'OwHw u}= =@ "CU= |iOyOvJ
=Q 5 pOt "OwW s}_vD |iOyOvJ |R} Qxt=vQ@ sQi x@ O}=@ Q_=vDt |=ypOt 'Ovm p=@vO
=@ 6 |]NQ}e |iOylD |R} Qxt=vQ@ x@ '|vRw ẁtHt VwQ |Q}oQ=m x@ =@ u=wD|t

%OQm p}O@D =yC}OwOLt u=ty
Min

X
i2I

X
q2Q

wiq�iq

s:t

The constraints set of Model (5); (6)

w xOvQ}os}tYD\UwD =yuRwu}= xmCU=K[=wu}= "P
i2I

P
q2Q

wiq = 1 xm |Qw] x@
|xOvyOu=Wv QDW}@ uRw `k=w QO "OvwW|t ?=NDv= 'Ovm|t p=@vO xm|i=Oy= T=U= Q@
u; QDW}@ |R=UxQ}NP OOYQO xOvQ}os}tYD xm CU= X=N |OL=w |OwQw C}ty=
|=yOL=w |=y|OwQw |xOW Q=OuRw ẁtHt |R=Uxv}tm 'hOy pOt u}= QO "CU=
OL=w u}t=q R= |OwQw u}t=i� �iq(i 2 I; q 2 Q) |R=UR=@ R= TB |O}rwD

"CU= �|R=UR=@ R= TB xOvQ}os}tYD
Ow@y@ �=yOL=w Q=DN=U O}OHD QO CmQW s}tYD� |rY= |xR}ov= xm =Hu; R=
O}OHD Ov}=Qi QO xOvvmCmQW |=yOL=w xm OQm ZQi u}vJ u=wD|t 'CU= =yv; |}=Q=m

CQ=@a x@ "CU= ?=aWv= =} s=eO= |=Q@ |@=NDv= |=yu=tR=U u}@ OQmrta Tv=HD
Q}oQO |=yu=tR=U x@ \w@ Qt |=yxRwL w =yC}r=ai xawtHt l =QDW= xJ Qy 'Qo}O
=} s=eO= C}kiwt Tv=W 'OvW=@ xDW=O sy =@ |QDW}@ |m}ORv 'Q=DN=U O}OHD QO
�?=aWv=� s=eO= OvOkDat u=U=vWQ=m "2 "Ow@ Oy=wN QDW}@ =yu=tR=U u}= ?=aWv=
|QwxQy@ V}=Ri= w |}=Q=m ^iL CyH QO x@=Wt |}=Q=m =@ C=UU-wt w =yu=tR=U
R}v Qo}O `}=vY QO xaUwD x@ QHvt 'OwW|t Q=m w ?Um |=[i Ow@y@ Ea=@ xm

"OwW|t
[22]u=Q=mtywO=SvRwQt=\UwD xOWKQ]tCq=-wU x@|} woNU=B 'wQV}BVN@ QO
|}xawtHtQ} R '=yDMU R= xwQol} u=}t QO Qo =� '=yOL=w|rm Q=DN=U O}OHD?=@ QO
|}=Ri=sy j} Q] R= =} �s=eO=�|}=Ri=sy j} Q] R=|rm Q=DN=U O}OHD x@ Ovtxkqa =yv; R=
|HwQN |=yQ=OQ@ =@ =yDMU R= O}OH |}= xawtHt p}mWD w �?=aWv=� Twmat
u=R}t x=ou; 'OvW=@ XNWt V}B R= |}=Q=m R= |v}at K]Uw XNWt �|OwQw�
|DU}=@ |v}at u=R}t xJ x@ O}OH |=yOL=w u}= |=Q@ sRq �|=y|HwQN� |=y|OwQw

"OwW|t xDN=OQB �#OvW=@
DMUp |=yOL=w 'xOvQ}os}tYD OL=w n u=}t R= xm O}vm ZQi Qw_vt u}= |=Q@
O}OHD x@ Ovtxkqa xOvQ}os}tYD |=yOL=w R= |}xawtHt 'p 2 P � J xm |Qw] x@
xawtHt 'O}vm ZQi u}vJty "OvW=@|}=Q=m Ow@y@ Qw_vt x@ �?=aWv= =} s=eO=� Q=DN=U
"s}yO u=Wv (DMUq; q 2 Q)Q O=tv =@ =Q Q=DN=U O}OHD R= TB O}OH |=yOL=w
=Q Ov}=tv|tv CmQW |R=UR=@ QO xm |}=yOL=w xawtHt xm O}vm ZQi u}= Q@ xwqa
|=y|HwQN w =y|OwQw O}vm ZQi "P = J �Q 'u}=Q@=v@ "s}yO u=Wv �P O=tv =@
�rq w �iq |=yO=tv =@ ?}DQD x@ =Q 'q 2 Q Qy |=Q@ DMUq O}OH |=yOL=w
O}OHD C=}@O= QO xm CW=O xHwD O}=@ "s}yO|t V}=tv 'r 2 Q; i 2 I Qy |=Q@
TB |O}rwD |=yOL=w O=OaD R= |R=UR=@ QO xOvvmCmQW |=yOL=w O=OaD Qo = 'Q=DN=U
|O}rwD |=yOL=w O=OaD R= Qo = w �?=aWv=� =Q |R=UR=@ Ov}=Qi 'OW=@ QDtm |R=UR=@ R=

"Ovt=v|t �s=eO=� =Q |R=UR=@ Ov}=Qi 'OW=@ QDW}@ |R=UR=@ R= TB

Q=DN=U O}OHD R= TB =yOL=w |OwQw Kw]U u}tND "1"3
O}OHD QO xOvvm CmQW |=yOL=w xm s} Q}o|t Q_v QO =Q |Dr=L 'VN@ Q} R u}= QO
R= TB |O}rwD |=yOL=w |=Q@ OwN |=y|HwQN ẁtHt u=R}t ^iL =@ 'Q=DN=U
|Qw] x@ OvW=@ Q=DN=U O}OHD R= TB |=yOL=w |=y|OwQw u}}aD OOYQO '|R=UR=@

%u}=Q@=v@ "OW=@ |v}at Q=Okt =@ Q@=Q@ 'O}OH |=yOL=w u}= R= l} Qy |}=Q=m xm
|=y|HwQN ẁtHt =@ Q@=Q@ |R=UR=@ R= TB |=yOL=w |=y|HwQN ẁtHt "1

%CU= |R=UR=@ R= V}B |=yOL=wX
q2Q

�rq =
X
p2P

yrp; 8r 2 O: (3)

|=y|OwQw ẁtHt R= QDtm |R=UR=@ R= V}B |=yOL=w |=y|OwQw ẁtHt "2
%CU}v |R=UR=@ R= TB |=yOL=w

0 �X
q2Q

�iq �X
p2P

xip; 8i 2 I: (4)

R= w C@=F |Q=Okt |R=UR=@ R= TB |O}rwD |=yOL=w R= l} Qy |}=Q=m xR=Ov= "3
"OW=@ ��q(8q 2 Q) xOW u}}aD V}B

|O}rwD |=yOL=w R= l} Qy |=y|OwQw Q=OQ@ u}tND |=Q@ u=wD|t T=U= u}= Q@
%CiQo Q_v QO =Q 5 pOt 'Q=DN=U O}OHD R= TB
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"""Q=
DN=U

O}OH
D|

=Q@T
wmat

D
E

A
O}OH

pOt
l}X

j2�p

�jqyrj +
X
q2Q

�qyrq �yrq; 8r 2 O; 8q 2 QX
j2�p

�jq +
X
q2Q

�q = 1; 8q 2 Q

�jq � 0; 8j 2 �P ; 8q 2 Q;
�q � 0; 8q 2 Q: (8)

(8i 2 I)xiq = |=y|OwQw |=Q=O 'q 2 Q Qy |=Q@DMUq O}OH OL=w u; QO xm
|vOW 7 pOt |=Q@ � uwJ "CU= (8r 2 O)yrq = ��rq |=y|HwQN w ��iq

%TB 'CU=X
j2�p

��jqxij ���iq ��q = ��qxiq; 8i 2 I; 8q 2 Q; (9)X
j2�p

��jqyrj � ��rq =yrq; 8r 2 O; 8q 2 Q; (10)X
j2�p

��iq = 1; 8q 2 Q; (11)X
j2�p

��iq �
X
p2P

xip; 8i 2 I; (12)X
q2Q

��rq =
X
p2P

yrp; 8r 2 O; (13)

��jq � 0; 8j 2 �P ; 8q 2 Q: (14)

%xm CU= K[=w 14 =D 9 \@=wQ x@ xHwD =@
((�jq = ��jq : 8j 2 �P ; �q = ��q); �q = ��q : 8q 2 Q)

"���q � ��q 'u}=Q@=v@ w CU= 8 pOt |=Q@ |vOW ?=wH l}
?=wH ((���iq : 8j 2 �P ; ���q ); ���q : 8q 2 Q) xm u}= ZQi =@ lv}=

%s} Q=O 9 |x]@=Q w 8 pOt x@ xHwD =@ R}v w OW=@ 8 pOt |xv}y@
xiq���q �

X
j2 �P

���jqxij +
X
q2Q

���q xiq

�X
j2 �P

���jqxij +
X
q2Q

���q (
X
j2 �P

���jqxij)

=
X
j2 �P

(���jq +
X
q2Q

���q ��jq)xij 8i 2 I; q 2 Q

%s} Q=O q 2 Q Qy |=Q@ ��jq = ���jq +
P
q2Q

���q ��jq ZQi =@X
j2 �P

��jq =
X
j2 �P

(���jq +
X
q2Q

���q ��jq)

=
X
j2 �P

���jq +
X
q2Q

���q (
X
j2 �P

��jq)

= 1; 8q 2 Q (15)X
j2 �P

��jqxij �xiq���q ; 8i 2 I; q 2 Q: (16)

%CW=O s}y=wN R}v 10 |x]@=Q ltm x@ w x@=Wt VwQ l} QOX
j2 �P

��jqyrj �yrq; 8r 2 O; q 2 Q: (17)

u}= 7 �PPS� O}rwD u=mt= xawtHt swyit T=U= Q@ 'u}=Q@=v@ "OvDUy =Q=m =v 'Q=DN=U
CmQW |R=UR=@ QO xm |}=yOL=w R= ?OLt |@}mQD |xr}Uw x@ u=wD|t =Q =yOL=w
'OvDU}v |U=Q |=Q=m |rw xOw@ =Q=m xm |}=yOL=w xm CU= K[=w QB "OQm u=}@ 'Ovvm|tv
Qy QO xm OQm ZQi u}vJ u=wD|t u}=Q@=v@ "OvDUy PPS QO |D}a[w u}vJ |=Q=O
pOt CQwY x@ =Q 6 pOt u=wD|t 'u}=Q@=v@ "CU= ��q = 0(8q 2 Q) 'xv}y@ ?=wH

%OQm |U} wvR=@ 7 |]N |R} Qxt=vQ@
Min

X
i2I

X
q2Q

wiq�iq

s:t:X
j2�p

�jqxij ��iq ��q; 8i 2 I; 8q 2 QX
j2�p

�jqyrj ��rq; 8r 2 O; 8q 2 QX
j2�p

�jq = 1; 8q 2 Q;X
q2Q

�iq �X
p2P

xip; 8i 2 I;X
q2Q

�rq =
X
p2P

yrp; 8r 2 O;

�jq � 0; 8j 2 �P ; q 2 Q;
�iq � 0; 8i 2 I; q 2 Q;
�rq � 0; 8r 2 O; q 2 Q: (7)

\UwD |O=yvW}B pOt =@ xU}=kt QO 'jwi pOt |=yQ}eDt O=OaD xm CW=O xHwD O}=@
Q@=Q@ =yQ}eDt O=OaD pOt u}= QO "CU= QDtm COW x@ '[22]u=Q=mty w O=SvRwQt=
w O=SvRwQt= VwQ QO =yQ}eDt O=OaD xm |r=L QO 'xOw@ (jIj + jOj + j �P j)jQj
R= pOt u}= 'u}=Q@=v@ "CU= (jIjjQj+ jOjjP j+ j �P j)jQj =@ Q@=Q@ '[22]u=Q=mty

"CU= Q=OQwNQ@ |QDtm |D=@U=Lt |oOJ}B
xO=iDU= =y|OwQw u}tND |=Q@ Ov=wD|t jwi pOt xm OyO|t u=Wv Q} R x}[k

"OwW
O}OHD Ov}=Qi R= TB 'xOW O}rwD |=yOL=w xawtHt xm O}vm ZQi %1 |x}[k

Qo = "OW=@ |Q=H O}rwD u=mt= xawtHt uwQO Q=DN=U
� = ((��jq : 8j 2 �P ;8q 2 Q);

(��iq : 8i 2 I; 8q 2 Q);

(��rq : 8r 2 O; 8q 2 Q))

xOW O=H}= |=yOL=w R= l} Qy |}=Q=m x=ou; 'OW=@ 7 pOt |=Q@ xv}y@ ?=wH l}
"CU= ��q Q@=Q@ �q 2 Q Qy |=Q@ DMUq� Q=DN=U O}OHD R= TB

'q 2 Q Qy |=Q@ 8 pOt |xv}y@ Q=Okt xm s}vm C@=F O}=@ Qw_vt u}= |=Q@ %u=yQ@
%CU= ��q =@ Q@=Q@

���q = min �q

s:t:X
j2�p

�jqxij +
X
q2Q

�qxiq �xiq�q; 8i 2 I; 8q 2 Q
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2|
xQ=t

W'
38

�1
|xQ

wO'
�14

01
u=DU

tR�
h}

QW
C}

Q}Ot
w`}

=vY
|U

Ovyt X
q2Q

�rq �X
p2P

yrp; 8r 2 O: (22)

C@=F |Q=Okt =@ Q@=Q@ |R=UR=@ R= TB |O}rwD |=yOL=w R= l} Qy |}=Q=m xR=Ov= "3
"OW=@ �'q(8q 2 Q) xOW u}}aD V}B R= w

'Ovm|t p=@vO =yOL=w Q=DN=U O}OHD R= |irDNt h=Oy= 'xOvQ}os}tYD xm ZQi u}= =@
'Q=DN=U O}OHD R=TB |O}rwD |=yOL=w R=l} Qy |=y|HwQN Q=OQ@ u}tND |=Q@ =Pr

%CiQo Q_v QO =Q Q} R pOt u=wD|t
max (�1q; �2q; :::; �sq; 8q 2 Q)

s:t:X
j2�p

�jqxij +
X
q2Q

�q�iq � �iq �0; 8i 2 I; 8q 2 Q;X
j2�p

�jqyrj +
X
q2Q

�qyrq � �rq �'q �0; 8r 2 O; 8q 2 Q;X
j2�p

�jq +
X
q2Q

�q = 1; 8q 2 Q;X
q2Q

�iq =
X
q2Q

xip; 8i 2 I;X
q2Q

�rq �X
p2P

yrp; 8r 2 O;

�jq � 0; 8j 2 �P ; q 2 Q;
�q � 0; 8q 2 Q;
�iq � 0; 8i 2 I; q 2 Q;
�rq � 0; 8r 2 O; q 2 Q: (23)

%CU= Q} R CQwY x@ =yQ}eDt Q=OQ@ 'pOt u}= QO
((�jq : 8j 2 �P );

(�q;8q 2 Q);

(�iq : 8i 2 I; 8q 2 Q);

(�rq : 8r 2 O; 8q 2 Q)):

x@ =@ u=wD|t =Q 23 pOt "CU= swrat w C@=F |Q=Okt �'q(q 2 Q) 'u}vJty
=@ |]NQ}e |iOylD |R} Qxt=vQ@ |xr�Ut l} x@ |vRw ẁtHt VwQ |Q}oQ=m

%OQm p}O@D 23 pOt |=yC}OwOLt xawtHt
Max

X
r2O

X
q2Q

wrq�rq

s:t:

The constraints set of Model (23); (24)

C}ty= |xOvyOu=Wv QDW}@ uRw xmCU=K[=w QB "P
r2O

P
q2Q

wrq = 1 xm |Qw] x@
hOy "CU= u; QDW}@ O}rwD OOYQO xOvQ}os}tYD xm CU= X=N |OL=w |HwQN
TB |O}rwD |=yOL=w |=y|HwQN xOW Q=OuRw ẁtHt |R=Uxv}W}@ 'jwi pOt R=
xOvQ}os}tYD OL=w u}t=q R= |HwQN u}t=r� �rq(r 2 O; q 2 Q) |R=UR=@ R=
pOt u=wD|t '7 pOt x@ 6 pOt p}O@D x@=Wt VwQ l} QO "CU= �|R=UR=@ R= TB

%OQm p}O@D Q} R |]N pOt x@ =Q 2

w ���q̂ < ��q̂ xm |Qw] x@ OQ=O OwHw q̂ 2 Q l} xm O}vm ZQi hrN x@ lv}=
%s} Q=O 16 |x]@=Q x@ xHwD =@ R}vX

j2 �P

��jqxij �xiq̂���q̂ < xiq̂ ��q̂; 8i 2 I: (18)

xq̂ = uwJ 'x1q̂ = �1q̂ > 0 xm OQm ZQi u=wD|t C}rm R= uOW sm uwO@
%s} Q=O 16 |x]@=Q ltm x@ '(x1q̂; x2q̂; :::; xmq̂) 6= 0X

j2 �P

��jq̂x1j �x1q���q̂ < x1q̂ ��q̂: (19)

w ��1q̂ � � > 0 xm |Qw] x@ OQ=O OwHw � > 0 Ovv=t |D@Ft OOa TBX
j2 �P

��jq̂x1j � (x1q̂ � �)��q̂ = (��1q̂ � �)��q̂: (20)

w ��rq = ��rq O}yO Q=Qk r 2 O; q 2 Q Qy |=Q@ 'p=L

��ij =

(
��ij � � i = 1; j = q̂

��ij otherwise:

%xm CU= K[=w '20 w 18 '17 '15 '13 '12 '10 \@=wQ j@] Q@
r = ((��jq : 8j 2 �p;8q 2 Q);

(��ij : 8i 2 I; 8q 2 Q);

( ��rj : 8r 2 O; 8q 2 Q))

CQ=@a |vOW ?=wH u}= QO hOy `@=D Q=Okt "CU= 7 pOt |=Q@ |vOW ?=wH l}
%R= CU=X

i2I

X
q2Q

wiq ��iq =
X

i2I�f�1g

X
q2Q

wiq ��iq + w1q ��1q

=
X

i2I�f�1g

X
q2Q

wiq��iq + (��1q � �)wiq

<
X

i2I�f�1g

X
q2Q

��iqwiq + ��1qwiq =
X
i2I

X
q2Q

��iqwiq:

?=wH QO hOy `@=D Q=Okt R= r |vOW ?=wH QO hOy `@=D Q=Okt Qo}O CQ=@a x@
� "CU= C@=F smL =Pr w p]=@ hrN ZQi 'u}=Q@=v@ "CU= QDtm � xv}y@

Q=DN=U O}OHD R= TB =yOL=w |HwQN Kw]U u}tND "2"3
O}OHD QO xOvvm CmQW |=yOL=w xm s} Q}o|t Q_v QO =Q |Dr=L 'VN@ Q} R u}= QO
R= TB |O}rwD |=yOL=w |=Q@ OwN |=y|OwQw ẁtHt u=R}t ^iL =@ 'Q=DN=U
x@ 'OvDUy Q=DN=U O}OHD R= TB |=yOL=w |=y|HwQN u}}aD OOYQO '|R=UR=@
%u}=Q@=v@ "OW=@ |v}at Q=Okt =@ Q@=Q@ 'O}OH |=yOL=w u}= R= l} Qy |}=Q=m xm |Qw]
|=y|OwQw ẁtHt =@ Q@=Q@ |R=UR=@ R= V}B |=yOL=w |=y|OwQw ẁtHt "1

%CU= |R=UR=@ R= TB |O}rwD |=yOL=wX
q2Q

�iq =
X
p2P

xip; 8i 2 I: (21)

=@ |w=Ut =} QDW}@ |R=UR=@ R= TB |O}rwD |=yOL=w |=y|HwQN ẁtHt "2
%CU= |R=UR=@ R= V}B |=yOL=w |=y|HwQN ẁtHt
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"""Q=
DN=U

O}OH
D|

=Q@T
wmat

D
E

A
O}OH

pOt
l}"O=O xaUwD R}v

|=Q=m Q=DN=U O}OHD Ov}=Qi QO xOvvmCmQW |=yOL=w xm |DQwY QO %2 |x_Lqt
xawtHt =Q} R OvQ@Dat u=vJty 'xr=kt QO |O=yvW}B |=ypOt x=ou; 'OvW=@ |U=Q Q}e

"CU= u=Um} |R=UR=@ Ov}=Qi R= Oa@ w p@k O}rwD u=mt=
w |OwQw Kw]U u}tND |=Q@ u=wD|t 'xOW EL@ ?r=]t |x}=B Q@ %3 |x_Lqt

%OQm O=yvW}B =Q Q} R sD} Qwor= =yOL=w Q=DN=U O}OHD |xr�Ut QO |HwQN
pOt =} �1 pOt� |OwQw C}y=t pOt R= xO=iDU= =@ =yOL=w |}=Q=m xR=Ov= "1 s=o

"OwW|t |Q}oxR=Ov= �2 pOt� |HwQN C}y=t
\UwD 'Q=DN=U O}OHD Ov}=Qi QO CmQW |=Q@ =Q=m =v |=yOL=w R= |}xawtHt "2 s=o

"OwW|t ?=NDv= xOvQ}os}tYD
Ov}=Qi R= Oa@ T}U-=Dr=O}OH |=yOL=w R= l} Qy |=Q@ R=}v OQwt |}=Q=m xR=Ov= "3 s=o

"OwW|t O=yvW}B xOvQ}os}tYD \UwD 'Q=DN=U O}OHD
pOt =} 7 |OwQw C}y=t pOt |x}=B Q@ x]w@ Qt Q=DN=U O}OHD =@ Q_=vDt pOt "4 s=o

"OwW|t s}_vD 25 |HwQN C}y=t
"OwW|t|}=U=vW u; |xv}y@ �|=y�?=wH wpL sQ=yJ s=o QO xOW s}_vD pOt "5 s=o
u}vJty w xOW |}=U=vW T}U-=Dr=O}OH |=yOL=w |=y|HwQN w `@=vt u=R}t "6 s=o
w =y|OwQw u=R}t QO Q=DN=U O}OHD Ov}=Qi QO xOvvmCmQW |=yOL=w R= l} Qy syU

"OwW|t u}}aD T}U-=Dr=O}OH OL=w =y|HwQN

|ak=w |=yxO=O =@ p=Ft l} "4
|Q=mty|=QwW w[a|Q=HD |=ylv=@ R= xawtHtl} '|O=yvW}BVwQK}[wD |=Q@
=yxO=O "s}=xDiQo Q_v QO =Q 'OvDUy |HwQN wO w |OwQw wO pt=W xm TQ=i G}rN
'1 pOt T=U= Q@ |}=Q=m xR=Ov= x=Qty x@ w xOW PN= [22]u=Q=mty w O=SvRwQt= xr=kt R=

"CU= xOW GQO 1 pwOH QO
Q=DN=U O}OHD Ov}=Qi l} |=Q@ =Q B3 w B2 'B1 |=ylv=@ O}vm ZQi lv}=
'u}at |}=Q=m =@ C2 w C1 T}U-=Dr=O}OH lv=@ wO uOQw; OwHw x@ w s=eO= ẁv R=

%O}vm ZQi "s}=xDiQo Q_v QO

C1

2666664
�11
�21
�11
�21

3777775 ; C2 =

2666664
�12
�22
�12
�22

3777775 :
%s} Q=O 3 VN@ QO xOW xDiQo Q_v QO |=y|Q=PoO=tv x@ xHwD =@

�P = f4; :::; 42g; P = f1; 2; 3g; Q = f1; 2g:
|=Q@ 7 pOt |Q}o Q=m x@ w 1�3 VN@ QO xOW xDiQo Q_v QO C=}[Qi T=U= Q@

%OwW|t xDWwv u}vJ Q_=vDt pOt 'ZwQit Q=DN=U O}OHD
Min (�11w11 + �21w21) + (�12w12 + �22w22)

s:t:X
j2�p

�j1xij � �i1 ��1 �0; i = 1; 2;X
j2�p

�j2xij � �i2 ��2 �0; i = 1; 2;

max
X
r2O

X
q2Q

wrq�rq

s:t:X
j2�p

�jqxij ��iq; 8i 2 I; 8q 2 Q;X
j2�p

�jqyrj � �'q�rq; 8r 2 O; 8q 2 Q;X
j2�p

�jq = 1; 8q 2 Q;X
q2Q

�iq =
X
q2Q

xip; 8i 2 I;X
q2Q

�rq �X
p2P

yrp; 8r 2 O;

�jq � 0; 8j 2 �P ; 8q 2 Q;
�iq � 0; 8i 2 I; 8q 2 Q;
�rq � 0; 8r 2 O; 8q 2 Q: (25)

|O=yvW}B pOt =@ xU}=kt QO jwi pOt QO OwHwt |=yQ}eDt O=OaD xmCW=O xHwD O}=@
|oO}J}B R= pOt u}= 'u}=Q@=v@ "CU= QDtm Q=}U@ [22]u=Q=mty w O=SvRwQt= \UwD

"CU= Q=OQwNQ@ |QDtm |D=@U=Lt
|=yOL=w|=y|HwQNu}tND |=Q@ Ov=wD|t jwi pOt xm OyO|t u=Wv 2|x}[k

"OwW xDiQo Q=m x@ |R=UR=@ R= TB |O}rwD
O}OHD Ov}=Qi R= TB 'xOW O}rwD |=yOL=w xawtHt xm O}vm ZQi %2 |x}[k

Qo = "OvW=@ |Q=H O}rwD u=mt= xawtHt uwQO Q=DN=U
((��jq � 8j 2 �P ;8q 2 Q);

(��iq : 8i 2 I; 8q 2 Q);

(��rq : 8r 2 O; 8q 2 Q))

xOW O=H}= |=yOL=w R= l} Qy |}=Q=m x=ou; 'OW=@ 25 pOt |=Q@ xv}y@ ?=wH l}
"CU= �'q Q@=Q@ �q 2 Q |=Q@ DMUq� Q=DN=U O}OHD R= TB

(8q 2 Qy |=Q@ xm CW=O xHwD O}=@ \ki "CU= 1 |x}[k u=yQ@ x@=Wt %u=yQ@
%CiQo Q_v QO |}=Q=m xR=Ov= |x@U=Lt |=Q@ =Q 26 pOt O}=@ 'Q)DMUq

'��q = max '

s:t:X
j2�p

�jqxij +
X
q2Q

�q�iq �xiq;8i 2 I; 8q 2 Q;X
j2�p

�jqyrj +
X
q2Q

�qyrq �'qyrq;8r 2 O; 8q 2 Q;X
j2�p

�jq +
X
q2Q

�q = 1; 8q 2 Q;

�jq � 0;8j 2 �P ; 8q 2 Q;
�q � 0; 8q 2 Q: (26)

T=}kt x@ xOR=@ CLD xr=kt u}= QO xOW xOQw; sy=Qi |=ypOt xJQo = %1 |x_Lqt
|Wy=mQ}e w |W}=Ri=Q}e 'C@=F T=}kt x@ xOR=@ |=Q@ =Q =ypOt u}= u=wD|t 'OvQ}eDt

94



2|
xQ=t

W'
38

�1
|xQ

wO'
�14

01
u=DU

tR�
h}

QW
C}
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=vY
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Ovyt "TQ=i G}rN |Q=mty |=QwW w[a |Q=HD lv=@ 42 |}=Q=m xR=Ov= w =yxO=O "1 pwOH
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"""Q=
DN=U

O}OH
D|

=Q@T
wmat

D
E

A
O}OH

pOt
l}%O}vm ZQi "Ovvm|t O=H}=

Sq =

2666664
�1q
�2q
�1q
�2q

3777775 q = 1; 2; 3:

%s} Q=O 3 VN@ QO xOW xDiQo Q_v QO |=y|Q=PoO=tv x@ xHwD =@
�P = J � f8; 12g; P = f8; 12g; Q = f1; 2; 3g:

|=Q@ 7 pOt |Q}o Q=m x@ w 1�3 VN@ QO xOW xDiQo Q_v QO C=}[Qi T=U= Q@
%OwW|t xDWwv Q} R CQwY x@ Q_=vDt pOt 'ZwQit Q=DN=U O}OHD

Min (�11w11 + �21w21)+

(�12w12 + �22w22)+

(�13w13 + �23w23)

s:t:X
j2�p

�j1xij � �i1 ��1 �0; i = 1; 2;X
j2�p

�j2xij � �i2 ��2 �0; i = 1; 2;X
j2�p

�j2xij � �i3 ��3 �0; i = 1; 2;X
j2�p

�j1yrj � �r1 �0; r = 1; 2:X
j2�p

�j2yrj � �r2 �0; r = 1; 2;X
j2�p

�j2yrj � �r3 �0; r = 1; 2;X
j2�p

�j1 = 1;X
j2�p

�j2 = 1;X
j2�p

�j3 = 1;

�11 + �12 + �13 � 29 295;
�21 + �22 + �23 � 25 836;
�11 + �12 + �13 = 72 783;
�21 + �22 + �23 = 25 909;
�jq � 0; �iq � 0; �rq � 0;
8j 2 �P ; q 2 Q; i 2 I; r 2 O: (28)

S1 w S2 'S3 O}OH |=ylv=@ xm OW=@ u; s=eO= R= xOvQ}os}tYD hOy O}vm ZQi
?=wH 'u=Um} |=yuRw =@ jwi pOt pL=@ '=Pr "(��1 = ��2 = ��1 = 1) "OvW=@ =Q=m

%CU= xOW pY=L Q} R |xv}y@

X
j2�p

�j1yrj � �r1 �0; r = 1; 2;X
j2�p

�j2yrj � �r2 �0; r = 1; 2;X
j2�p

�j1 = 1;X
j2�p

�j2 = 1;

�11 + �12 � 4743 235; �21 + �22 � 2353 002;
�11 + �12 = 10455 658; �21 + �22 = 9551 423;
�jq � 0; �iq � 0; �rq � 0;
8j 2 �P ; q 2 Q; i 2 I; r 2 O: (27)

w C1 O}OH |=ylv=@ xm OW=@ u; Q=DN=U O}OHD R= xOvQ}os}tYD hOy O}vm ZQi
pL u=Um} |=yuRw uDiQo Q_v QO =@ =Q jwi pOt "���1; ��2 = 1� OvW=@ =Q=m C2

%CU= xOW pY=L Q} R xv}y@ ?=wH w xOQm
��11 = 304 7235655943;
��21 = 385 898289518
��11 = 636 302844229;
��21 = 2318 648474946
��52 = 0 681456352;
��62 = 0 318543648;
��jq = 0;8j 2 �P ; j 6= 5; 6; q = 1:
��12 = 949 429022836; ��22 = 1200=514169803
��12 = 9819 35515771; ��22 = 7232 774525054
��62 = 0 991504949; �10;2 = 0 008495051;
��jq = 0:8j 2 �P ; j 6= 6; 10; q = 2:

%OwW|t O=yvW}B Q} R Q=Qk x@ O}OH lv=@ wO |HwQN w |OwQw |=yQ=OQ@ 'u}=Q@=v@

C1 =

2666664
304 723565943
385 898289518
636 302844229
2318 648474946

3777775 ;

C2 =

2666664
949 429022836
1200 5114169803
9819 35515771
7232 774525054

3777775 :
ẁv R= Q=DN=U O}OHD Ov}=Qi l} |=Q@ =Q B12 w B8 |=ylv=@ O}vm ZQi lv}=
Q_v QO 'u}at |}=Q=m =@ S3 w S2 'S1 O}OH lv=@ xU uOQw; OwHw x@ w ?=aWv=
GQO 1 CUw}B QO `k=w pwOH QO (B8; B12) Q_v OQwt lv=@ wO C=aq]= "s}=xDiQo

"CU= xOW
|R=UR=@ R=V}B xOvQ}os}tYD |=yOL=w u=wva x@B12 wB8 |=ylv=@ '`k=w QO
|R=UR=@ R= TB =Q S3 w S2 'S1 O}OH OL=w xU xm |Qw] x@ Ov=xOW xDiQo Q_v QO
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=vY
|U

Ovyt

|Q}oxH}Dv "4
?=aWv= w s=eO= |rY= |xr�Ut wO pt=W � Q=DN=U O}OHD |xr�Ut 'Q=DWwv u}= QO
xO=iDU= =@ R}v w Twmat DEA swyit |Q}oQ=m x@ =@ �� xOvQ}os}tYD |=yOL=w
|}=ypOt '=DU=Q u}= QO "CU= xDiQo Q=Qk |UQQ@ OQwt |iOyOvJ |R} Qxt=vQ@ R=
sy=Qi |R=UR=@ Ov}=Qi R= TB O}OH |=yOL=w �|HwQN� |OwQw Kw]U u}tND |=Q@
|=yOL=w �|=y|HwQN� |=y|OwQw Q=OQ@ u}tND QO |i=m \}=QW "CU= xOW
u} QDtyt R= "CU= xOWC@=F w u=}@ 'u}atV}B R= |}=Q=m K]Ul} =@T}U-=Dr=O}OH
O=SvRwQt= \UwD xOW xOQw; sy=Qi |=ypOt =@ xU}=kt QO |O=yvW}B |=ypOt |=}=Rt

%OQm xQ=W= Q} R OQ=wt x@ u=wD|t '[22]u=Q=mty w
xv=oOvJ h=Oy= |Q}o}B u=mt= '|iOyOvJ |R} Qxt=vQ@ Q=R@= |Q}oQ=m x@ p}rO x@ �hr=

"CU= xOW sy=Qi xOvQ}os}tYD |=Q@ Q=DN=U O}OHD |xr�Ut QO
=yQ}eDt O=OaD =Q} R 'CU= |QDtm |D=@U=Lt |oO}J}B |=Q=O |O=yvW}B VwQ �?

"CU= xDi=} Vy=m COW x@ |O=yvW}B |=ypOt QO
QDy@ X}YND CyH u=Q}Ot x@ 'QD=Q=m |DQwY x@ Ov=wD|t |O=yvW}B VwQ u}=Q@=v@
=yOL=w |rm h=Oy= |=DU=Q QO Qt=CLD |=yOL=w |=Q@ C=O}rwD x[Qa s}_vD w `@=vt

"Ovm ltm
OQwt =Q=m =v |=yOL=w R= |}xawtHt |=Q@ Q=DN=U O}OHD |xr�Ut 'xr=kt u}= QO
xawtHt xm |Dr=L |=Q@ |O=yvW}B sD} Qwor= w =ypOt |xaUwD =Pr 'CiQo Q=Qk xar=]t
|=Q@ |@U=vt |xv}tR Ov=wD|t OW=@v u=Um} |R=UR=@ R= Oa@ w p@k O}rwD u=mt=
|Dr=L |=Q@ 'xr=kt u}= QO |O=yvW}B |=ypOt xaUwD u}vJty "OW=@ xOv}; C=k}kLD
OwHw |iO=YD =} |R=i '|}xR=@ |=yxO=O Ovv=t |k}kO=v C=aq]= '=yxO=O u}@ QO xm
xwqa "OW=@ xOv}; |WywSB Q}Ut |=Q@ |@U=vt |D=k}kLD |xv}tR Ov=wD|t OW=@ xDW=O
'[23 w 16]=yxO=O |vwQO Ckwt |oDU@=w CLD Q=DN=U O}OHD |xr�Ut VQDUo 'u; Q@
"CiQo Q_v QO wQV}B xHwDp@=k|D=k}kLD C=aw[wt R= u=wD|t =Q|}xm@W Q=DN=U =@

��11 = 4 248370716; ��21 = 5 37299349;
��11 = 9 789564808; ��21 = 25 035343881;
��51 = 0 996611804; ��61 = 0 003388196;
��jq = 0; 8j 2 �P ; j 6= 5; 6; q = 1:
��12 = 1=040415342; ��22 = 1=296996945;
��12 = 59=939435192; ��22 = 0=496656119;
��52 = 0=999938403; � � �10=2 = 0=000061597;
��jq = 0; 8j 2 �P ; j 6= 5; 10: q = 2
��13 = 1=018; ��23 = 1=282;
��13 = 3=054; ��23 = 0=377;
��53 = 1; ��jq = 0; 8j 2 �P ; j 6= 1; q = 3:
%OwW|t O=yvW}B Q} R Q=Qk x@ O}OH lv=@ xU |HwQN w |OwQw |=yQ=OQ@ 'u}=Q@=v@

S1 =

2666664
4 248370716
5 372979349
9 789564808
25 035343881

3777775 ; S2 =

2666664
1 040415342
1 296996945
59 939435192
0 496656119

3777775 ;

S3 =

2666664
1 018
1 282
3 054
0 377

3777775 :

=yCWwv=B
1. data envelopment analysis (DEA)
2. Inverse DEA
3. �rm's restructuring
4. merge
5. split
6. cooperation council for the Arab states of the Persian Gulf
7. production possibility set

�References� `@=vt
1. Charnes, A., Cooper, W. W. and Rhodes, E. \Measur-

ing the e�ciency of decision making units", European
Journal of Operational Research, 2, pp. 429-444 (1978).

2. Ghobadi S. \A generalized dea model for inputs
(outputs) estimation under intertemporal dependence".

RAIRO-Operations Research, 53(5), pp. 1791-1805
(2018a).

3. Moonesian, V., Jahangiri, S. and Ghobadi, S. \E�-
ciency and super-e�ciency under inter-temporal depen-
dence". RAIRO-Operations Research, 54(5), pp. 1385-
1400 (2020).

4. Sueyoshi, T. and Sekitani, K. \Returns to scale in dy-
namic DEA". European Journal of Operational Research,
161(2), pp. 536-544 (2005).

5. Zhang, X. S. and Cui, J. C. \A project evaluation sys-
tem in the state economic information system of china
an operations research practice in public sectors". In-
ternational Transactions in Operationl Research, 6, pp.
441-452 (1999).

6. Wei, Q. L., Zhang, J., and Zhang, X. \An inverse DEA
model for input,output estimate", European Journal of
Operational Research, 121(1), pp. 151-163 (2000).

7. Yan, H., Wei, Q., and Hao, G. \DEA models for re-
source reallocation and production input.output estima-

97



"""Q=
DN=U

O}OH
D|

=Q@T
wmat

D
E

A
O}OH

pOt
l}tion". European Journal of Operational Research, 136,

pp. 19-31 (2002).
8. Jahanshahloo, G. R., Hosseinzadeh Lot�, F., Shoja, N.

and et al. \Input estimation and identi�cation of extra in
inverse DEA models"/, Applied Mathematics and Com-
putation, 156, pp. 427-437 (2004).

9. Jahanshahloo, G. R., Hosseinzadeh Lot�, F., Shoja, N.
and et al. \The outputs estimation of a DMU according
to improvement of its e�ciency", Applied Mathematics
and Computation, 147, pp. 409-413 (2004).

10. Hadi-Vencheh, A., Foroughi, A. A., and Soleimani-
damaneh, M. \A DEA model for resource allocation",
Economic Modelling, 25(5), pp. 983-993 (2008).

11. Hadi-Vencheh, A. and Foroughi, A. A. \A generalized
DEA model for inputs. outputs estimation", Mathemat-
ical and Computer Modelling, 43, pp. 447-457 (2006).

12. Ghobadi, S. \Inputs and outputs estimation in inverse
DEA". Iranian Journal of Optimization, 9(2), pp. 119-
129 (2017).

13. Ghobadi, S. and Jahangiri, S. \Optimal allocation of re-
sources using the ideal-solutions". Journal of New Re-
searches in Mathematics 5(20), pp. 121-134 (2019).

14. Ghobadi, S. \A dynamic DEA model for resource allo-
cation". Int. J. of Mathematics in Operational Research,
17(1), pp. 50-77 (2020).

15. Ghobadi, S., Jahanshahloo, G. R., Hosseinzadeh Lot�,
F. and et al. \Dynamic inverse DEA in the presence of
fuzzy Data". Advances in Environmental Biology, 8(24),
pp. 139-151 (2014).

16. Jahanshahloo, G. R., Soleimani-damaneh, M., and
ghobadi, S. \Inverse DEA under inter-temporal de-
pendence using multiple-objective programming". Euro-
pean Journal of Operational Research, 240, pp. 447-456
(2015).

17. Gattou�, S. Amin, G. R and Emrouznejad, E. \A new
inverse DEA method for merging banks". IMA Journal
Of Management Mathematics, 25, pp. 73-87 (2014).

18. Zeinodin, E. and Ghobadi, S. \Merging DMUs based on
of the idea inverse DEA". Iranian Journal of Optimiza-
tion, 11(2), pp. 77-84 (2019).

19. Zenodin, E. and Ghobadi, S. \Merging decision-making
units under inter-temporal dependence". IMA Journal of
Management Mathematics, 31(2), pp. 139-166 (2020).

20. Ghobadi, S. and Soleimani-Chamkhorami, Kh. \Merg-
ing decision-making units with fuzzy data". Asia-Paci�c
Journal of Operational Research, 29(4), 2140012 (2021).

21. Ghobadi, S. \Merging decision-making units with inter-
val data". RAIRO - Operations Research, 55, pp. 1605-
1630 (2021).

22. Gattou�, S., Emrouznejad, A. and Amin, Gh.R. \Mod-
elling generalized �rms' restructuring using inverse
DEA", 48, pp. 51-61 (2017).

23. Ghobadi, S., Jahanshahloo, G. R., Hosseinzadeh Lot�,
F. and et al. \E�ciency measure under inter-temporal
dependence", 17(2), pp. 657-675 (2018).

98


