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T=U= u}= Q@ [20]"OW x�=Q= |v=mt p}rLD w 3 (DEA) xO=O |WWwB p}rLD u}@
xO=iDU= sDU}U QO OwHwt CtqU Rm =Qt R= l} Qy |}=Q=m |@=} RQ= |=Q@ DEA R=
xO=iDU= O}OH sDU}U |Ov@ Qm}B u}}aD Qw_vt x@ |@=}u=mt pOt l} R= TBU "OW
CtqU Rm =Qt |}=Q=m OOHt |@=} RQ= |=Q@ DEA R= xQ=@ wO R}v C}=yv QO w OvOQm
|=yl}vmD R= |@}mQD OQm} wQ l} '2019 p=U QO "OvDiQo xQy@ O}OH sDU}U QO
|=Q@ Ot;Q=m |=ywor= |x�=Q= w |Q}os}tYD Qw_vt x@ xiOyOvJ |R} Qxt=vQ@ w DEA

O=yvW}B X}YND � |@=}u=mt C=t}tYD uDiQo =@ CtqU |xRwL u=Q}os}tYD
=yQ=}at u}= TBU w h} QaD =Q OQmrta |@=} RQ= h=Oy= =OD@= Qw_vt u}= |=Q@ [21]"OW
OQmrta |@=} RQ= Q=}at Qy |=Q@ u; R= TB w OvOQm l}miD |OwQw w |HwQN x@ =Q
pL =Q xiOyOvJ pOt =yuRw u}= |t=tD |=Q@ "OvOQm h} QaD =Q =yuRw R= |}xawtHt
x�=Q= =Q |}=yv |Ov@x@DQ w x@U=Lt DEA \UwD =Q xawtHt Qy |}=Q=m R=}Dt= w OvOQm
|R} Qxt=vQ@ w xm@W |L=Q] |xr�Ut Q=@ u}DUNv |=Q@ '2020 p=U QO [21]"OvOQm
|[=} Q |R} Qxt=vQ@ pOt l} Qw_vt u}= |=Q@ [22]"OW |UQQ@ Q=m |wQ}v `t=H
w Cq}yUD O=H}= |xv} Ry� xv} Ry pm |R=Uxv}tm hOy =@ |]NQ}e K}LY OOa
=} C=tON |x�=Q= |xv} Ry pm x=Qty x@ u; =@ \@DQt |D=tON |=yOL=w |xv} Ry
C=tON C}i}m pQDvm |=Q@ hY |x} Q_v R= "OW x�=Q= �|QDWt |UQDUO |xv} Ry
p=U QO "OvOQm xO=iDU= 'hY QO Q=_Dv= u=tR |xv=DU; C}OwOLt h} QaD j} Q] R=
|UQDUO QO |}=[i Cr=Oa R= QwLt =[=kD |=y|@=} RQ= Qw_vt x@ u=kkLt '2019
u}= QO [23]"OvOQm xO=iDU= R�GTL2 OQm} wQ R= |L]UOvJ CtqU C=tON x@
l}i=QD xrY=i u}vJty w C=tON |x�=Q= hrDNt Kw]U uDiQo Q_v QO =@ OQm} wQ
'CtqU VN@ QO |D=tON hrDNt Kw]U |=Q@ u=vm =U Q=DiQ w |ak=w u=tR QO
Q@ 'CtqU C=tON |x�=Q= C=UU-wt hrDNt Kw]U x@ QwD Qy QiU u=tR u} QDsm
"OW x@U=Lt u=vm =U |Q=DiQ C=L}HQD x@ xHwD w QiU |ak=w u=tR |xrY=i T=U=
Ct=tON x@ |UQDUO j]=vt hrDNt `=wv= C}atH w x}L=v C@Uv R}v C}=yv QO
l} '2020 p=U QO "OW XNWt xv=oOvJ Kw]U |}=[i Cr=Oa p}rLD |=Q@
u}}aD Qw_vt x@ Q=}U |=yx=ov=tQO C}akwt u}}aD |=Q@ |iO=YD |R=Uxv}y@ pOt
OwQw |x]kv u=wva x@ Rm =Qt u}= `k=w QO [24]"OW x�=Q= CtqU sDU}U x@ OwQw |xwLv
R=}v QD|YYND C=tON x@ u=Q=t}@ xJv=vJ w OwW|t xDiQo Q_v QO sDU}U x@ u=Q=t}@
u=kkLt '2022 p=U QO "OyO|t X}YND QDq=@ Kw]U x@ =Q =yu; 'OvW=@ xDW=O
Q_v x]kv R= u=DUwOvy QO u=QO=t CtqU Cq}yUD |R} Qxt=vQ@ |=Q@ |@ wJQ=J
l} Qw_vt u}O@ [25]"OvO=O xaUwD =yu; uOw@ TQDUO QO w Cq}yUD x@ |UQDUO
p=@vO x@ xm OW O=yvW}B =yxv} Ry |R=Uxv}tm hOy =@ xiOylD |R} Qxt=vQ@ pOt
Cq}yUD u}@ u=Q=t}@ C=a=HQ= |xwLv u}vJty w Cq}yUD C}iQ_ w u=mt u}}aD

"CU=
|O}rm |=yxYNWt T=U= Q@ =yVywSB u}= '\@DQt |=yVywSB |UQQ@ R= TB
QDW}@ QO 'T=U= u}= Q@ "CU= xOW x�=Q= 1 pwOH QO u; G}=Dv xm 'OvOW |Ov@s}UkD
'Qo}O |wU R= "CU= xOWv xDiQo Q_v QO =yu=mt ?=NDv= |=Q@ |Q=}at '=yVywSB
x=Q l} "OwW|t xr�Ut |oO}J}B V}=Ri= ?@U Cq}yUD u=}t pt=aD uDiQo Q_v QO
=@ QDq=@ Kw]U Cq}yUD O=OaD uOQm sm =@ xr�Ut O=a@= Vy=m '|oO}J}B u}= Vy=m
u=mt u}}aD |=Q@ VywSB u}= QO "CU= xQ=}atOvJ |Q}os}tYD |=yVwQ R= xO=iDU=
w xOQm x@U=Lt |}=Q=m R=}Dt= ?r]w=O \=kv R= l} Qy |=Q@ =OD@= 'Cq}yUD Q=QkDU=
sDU}U QO |}=Hx@=H u=tR uOQm xv}tm 'u}vJty "s}vm|t xv}W}@ =Q hOy u}= TBU
x@ VywSB u}= 'wQu}= R= "CU= xar=]t u}= Qo}O hOy 'QDy@ |yOCtON Qw_vt x@
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w_vt

x@x
iOy

wO|
R}Qx

t=vQ@
pOt

l}
|x�

=Q="\@DQt |=yVywSB QwQt "1 pwOH

h=O
y=

D
E

A
Vw

Q

pOt
ẁv

pL
Vw

Q

h=O
y=O

=OaD
Kw]

UO
=OaD

u=oO
vU}

wv

h}O
Q

'QiU u=tR \UwDt |R=Uxv}tm �
BP

MH,
MO ML

O=@;Qyt w |v=wryB
1|R=Uxv}W}@ 'pm |xv} Ry |R=Uxv}tm

H �2011�VWwB CLD |=[=kD

=[=kD VWwB |R=Uxv}W}@ � MILP
EX,

SO ML
u=Q=mty w |v=y=Qi 2

MH �2014�

w QiU u=tR |Q=_Dv= VRQ= |R=Uxv}tm � MILP MH MO ML
u=Q=mty w xQDUt 3=yxv} Ry �2015�

'Cq}yUD O=H}= |xv} Ry |R=Uxv}tm � MINLP MH MO SL
u=Q=mty w QwB|H=L 4Cq}yUD |Q=m}@ u=tR |R=Uxv}tm �2016�

xm@W |=yxv} Ry pm |R=Uxv}tm � MILP EX SO ML
u=Q=mty w QwBu} QR 5�2017�

xm@W |=yxv} Ry pm |R=Uxv}tm � MILP EX SO ML
u=Q=mty w |Q=oDUQ 6�2018�

|vRw ẁtHt w QiU xrY=i |R=Uxv}tm � MINLP H SO SL
|kWa w utO=Q 7OwQw MQv R= xDU=wN=v C=i=QLv= �2016�

'Cq}yUD O=H}= |xv} Ry |R=Uxv}tm � MINLP DE MO ML
u=Q=mty w xO=R|Uwt 8Kw]U u}@ QiU u=tR pm |R=Uxv}tm �2018�

=yxv} Ry |Q=_Dv= VRQ= |R=Uxv}tm � MILP DE SO ML
u=Q=mty w QwBu} QR 9�2018�

sDU}U QO u=Q=t}@ u=} QH |R=Uxv}W}@ � MILP EX SO ML
u=Q=mty w wDv=DU} Qw} 10�2019�

xrY=i |R=Uxv}tm '|}=Q=m |R=Uxv}W}@
CCR MINLP EX MO SL

u=Q=mty w TrwB wQDt 11p}yUD u} QDl}ORv x@ Cq}yUD s=tD R= QiU �2013�

u} QDW}@ '|m}DUHr |=yxv} Ry |R=Uxv}tm Context-
MINLP EX MO SL

nvw�H w nv=w�y 12xrY=i xv}W}@ |R=Uxv}tm 'VWwB xrY=i dependent �2019�
VWwB DEA

QiU u=tR |R=Uxv}tm � ILP EX SO SL
u=Q=mty w nv=S 13�2019�

VWwB |R=Uxv}W}@ � BP EX SO SL
u=Q=mty w R=t}=D 14�2019�
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QW

C}
Q}Ot

w`}
=vY

|U
Ovyt "1 pwOH |xt=O=

h=O
y=

D
E

A
Vw

Q

pOt
ẁv

pL
Vw

Q

h=O
y=O

=OaD
Kw]

UO
=OaD

u=oO
vU}

wv

h}O
Q

xm@W O=H}= |xv} Ry pm |R=Uxv}tm � ILNP EX SO ML
xWt=Q w O} w=H|OtL= 15

�2020�

=yxv} Ry pm |R=Uxv}tm � MILP H MO ML
u=Q=mty w |UmwJ 16�2022�

'Kw]U u}@ |}=Hx@=H u=tR |R=Uxv}tm Non-
MILP EX MO ML Q[=L VywSB 17|=yu=mt |}=Q=m R=}Dt= |R=Uxv}W}@ Radial

|@=NDv= RAM

'(BP) l} wQiY |R} Qxt=vQ@ '(MH) |Q=mD@==Qi '(H) |Q=mD@= '(EX) j}kO '(MO) xiOyOvJ '(SO) xiOylD '(ML) |L]U OvJ '(SL) |L]U lD
(MILP) \rDNt K}LY OOa |]N |R} Qxt=vQ@ =} (MIP) \rDNt K}LY OOa |R} Qxt=vQ@ '(NLP) |]NQ}e |R} Qxt=vQ@ '(LP) |]N |R} Qxt=vQ@

nX
j=1

gfj�bj + dbf = bfk 8f 2 F; (6)

nX
j=1

�bj = 1 (7)

�gj ; �
b
j ; d

xg
i ; d

xb
i ; dgr ; dbf � 0 :

8i 2 I; 8r 2 R; 8f 2 F; j 2 J : (8)

Q}eDt w ?wr]t |HwQN |=Q@ 9COW Q}eDt u}t=j ?}DQD x@ �gj ; �bj q=@ pOt QO
|OwQw 11Ow@tm w 10O=R=t Q}eDt R}v dxgi ; dxbi "OvDUy ?wr]t=v |HwQN |=Q@ COW
?}DQD x@ xik w grk w bjk "OvDUy ?wr]t=v w ?wr]t |HwQN x@ \w@ Qt s=i
Qy QO ?wr]t |HwQN Q=Okt 'DMU Qy QO s=i |OwQw Q=Okt AJ x@ CU=Q R=
Q@ R}v hOy `@=D ?}=Q[ "OvDUy DMU Qy QO ?wr]t=v |HwQN Q=Okt w DMU

%O};|t CUO x@ 11 =D 9 \@=wQ T=U=
Rxi = 1

(jIj+ jRj+ jF j)(max
j2J fxijg �minj2J fxijg)

(9)

Rgr = 1
(jIj+ jRj+ jF j)(max

j2J fgrjg �minj2J fgrjg)
(10)

Rbf = 1
(jIj+ jRj+ jF j)(max

j2J fbfjg �minj2J fbfjg)
(11)

xr�Ut |[=} Q pOt "3"3
xr�Ut |=yQDt=Q=B "1"3"3
&=[=kD \=kv |xawtHt %I

&pw= K]U Cq}yUD |=Q@ ?r]w=O \=kv |xawtHt %F
&swO K]U Cq}yUD |=Q@ ?r]w=O \=kv |xawtHt %S
&swU K]U Cq}yUD |=Q@ ?r]w=O \=kv |xawtHt %T

&|D}iQ_ Kw]U |xawtHt %N
&pw= K]U QO f ?r]w=O |x]kv x@ i |=[=kD |x]kv R= p=kDv= u=tR %t1if

K]U QO s?r]w=O |x]kv x@ pw= K]U QO f ?r]w=O |x]kv R= p=kDv= u=tR %t2fs
&swO

|=y|HwQN C@Uv CQwY x@ =Q |}=Q=m C@Uv '|}=Q=m |x@U=Lt |=Q@ |OwQwlD x@
xO}t=v 6 CCR |}=Q=m C@Uv xm OvO=O s}taD xv=oOvJ |=y|OwQw x@ xv=oOvJ

[27]"OwW|t
OQmrta Ovv=wD|t =Q=m =v s}tYD |=yOL=w 'OwW|t u}}aD |}=Q=m RQt xm |v=tR
Ow@y@ |rai |=y|OwQw K]U Vy=m =} |rai |=y|HwQN V}=Ri= T=U= Q@ =Q OwN
O}rwD xm CU= u}= Q@ ZQi xO=O |WWwB p}rLD |DvU |=ypOt QO [28]"OvyO
QO `k=w QO [29]"CU= |}=Q=m Q=}at '`@=vt QDsm |=y|OwQw R= QDW}@ |=y|HwQN
�|R=Uxv}tm =}� |R=Uxv}W}@ j} Q] R= DMU l} |}=Q=m 'DEA |DvU |=ypOt
|=y|OwQw uwRwt ẁtHt x@ u; �|=y|OwQw =}� |=y|HwQN uwRwt ẁtHt C@Uv
Qy |=Q@ 1 R= �QDW}@ =}� QDsm C@Uv u}= xm |]}=QW T=U= Q@ u; �|=y|HwQN =}�
|=y|HwQN xJv=vJ xm CU= |r=L QO u}= [30]"Ot; Oy=wN CUO x@ 'OW=@ DMU

xJv=vJ u}=Q@=v@ "CU}v |}=Q=m Ow@y@ |=vat x@ =yu; V}=Ri= 's}W=@ xDW=O 7?wr]t=v
OwHw �Ov@=} Vy=m O}=@ xm � ?wr]t=v w �Ov@=} V}=Ri= O}=@ xm � 8?wr]t |=y|HwQN

[31]"OQm xO=iDU= ?wr]t=v w ?wr]t |HwQN =@ |=ypOt R= O}=@ 'OvW=@ xDW=O
w |OQmrta Q_vt R= |}=Q=m |@=} RQ= Qw_vt x@ =Q |rOt [32]wDwo w |W�wU

%R= CU= CQ=@a xm 'OvOQm x�=Q= �?wr]t=v w ?wr]t CQwY x@� |]}LtCU} R

Maximize
mP
i=1

Rxi d
xg
i +

sP
r=1

Rgrdgr

+
mP
i=1

Rxi dxbi +
hP
f=1

Rbfdbf
(1)

subject to :
nX
j=1

xij�gj + dxgi = xik 8i 2 I; (2)

nX
j=1

grj�gj � dgr = grk 8r 2 R; (3)

nX
j=1

�gj = 1 (4)

nX
j=1

xij�bj � dxbi = xik 8i 2 I; (5)
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u=Q=
mty

w|
@wka

}Q}t
=/"

""Q
w_vt

x@x
iOy

wO|
R}Qx

t=vQ@
pOt

l}
|x�

=Q=X
n2N

O2
sn � 1 ; 8 s 2 S (19)X

n2N
O3
tn � 1 ; 8 t 2 T (20)X

f2F
Xif = 1 ; 8 i 2 I (21)X

s2S
Yfs � 1 8 f 2 F; s 2 S (22)X

t2T
Wst � 1 8 f 2 F; s 2 S (23)

Xif � X
n2N

O1
fn 8 i 2 I; f 2 F; (i = f) (24)

Yfs =
X
n2N

O1
fn 8 f 2 F; s 2 S; (f = s) (25)

Wst =
X
n2N

O2
sn 8 s 2 S; t 2 T; (s = t) (26)X

f2F
uif � d1

i :pi 8 i 2 I (27)X
s2S

vifs � d2
i :uif 8 i 2 I; f 2 F (28)X

t2T
hifst � d3

i : vifs 8 i 2 I; f 2 F; s 2 S (29)

uif � M �Xif 8 i 2 I; f 2 F (30)X
i

vifs � M � Yfs 8 f 2 F; s 2 S (31)X
i

X
f

hifst � M � Wst 8 s 2 S; t 2 T (32)

O1
fn; O2

sn; O3
tn;Xif ; Yfs;Wst 2 f0; 1g

8 i 2 I; f 2 F; n 2 N; s 2 S; t 2 T: (33)

uif ; vifs; hifst � 0 ; integer

8 i 2 I; f 2 F ; s 2 S; t 2 T: (34)

`@=D "CU= sDU}U QO Q=t}@ |}=Hx@=H u=tR uOQm xv}tm p=@vO x@ 12 hOy `@=D
|=yC}OwOLt "OvQ=O |QDq=@ |}=Q=m xm CU= |}=yu=mt ?=NDv= p=@vO x@ 13 hOy
x@ |} woMU=B |=Q@ swU w swO 'pw= K]U C}iQ_ xv}W}@ x@ ?}DQD x@ 16 =D 14
17 C}OwOLt ?r=k QO |}xHOw@ C}OwOLt "OQ=O xQ=W= Kw]U u}= x@ u=Q=t}@
Qy QO xm OvQ=O xQ=W= u}= x@ 20 =D 18 |=yC}OwOLt "CU= xOW xO=O V}=tv
O=H}= swU K]U =} swO K]U 'pw= K]U p}yUD l} QFm =OL |D}iQ_ K]U
p}yUD l} x@ =[=kD \=kv R= l} Qy O}=@ ,=tDL 21 C}OwOLt T=U= Q@ "OwW
x@ xDi=}X}YND u=Q=t}@ 23 w 22 C}OwOLt T=U= Q@ "O@=} X=YDN= 1 K]U
T=U= Q@ "Ovvm =O}B X=YDN= QDq=@ K]U p}yUD x@ Ovv=wD|t 2 K]U w 1 K]U
u; x@ =[=kD \=kv x=ou; 'OwW O=H}= 1 K]U QO |r}yUD Qo = R}v 24 C}OwOLt
K]U QO |r}yUD Qo = ?}DQD x@ R}v 25 C}OwOLt T=U=Q@ w O@=}|t X}YND
'CU= xOW O=H}= 2 K]U QO xm |r}yUD x@ x]w@ Qt u=Q=t}@ x=ou; 'OW O=H}= 1
w 2 K]U u}@ \=@DQ= |=Q@ x@=Wt Qw] x@ R}v 26 C}OwOLt "OvwW xO=O `=HQ=
x@ |OwQw u=} QH u} QDsm x@ 29 =D 27 |=yC}OwOLt "OwW|t xOQ@ Q=m@ 3 K]U
xJv=vJ xm OvQ=O xQ=W= 32 =D 30 |=yC}OwOLt p@=kt QO "OvQ=O xQ=W= K]U Qy
"OQ=O OwHw \=kv u; u}@ u=Q=t}@ `=HQ= u=mt= x=ov; 'CiQo CQwY X}YND

K]U QO t ?r]w=O |x]kv x@ swO K]U QO s ?r]w=O |x]kv R= p=kDv= u=tR %t3st
&swU

&K]U Qy QO ?r]w=O |=yu=mt |}=Q=m %�3
t '�2

s '�1
f

&i |=[=kD |x]kv QO C}atH %pi
|a=HQ= w s=i |=[=kD |x]kv R= Kw]U R= l} Qy x@ xaH=Qt u}ov=}t %d3

i 'd2
i 'd1

i

&QDu}}=B K]U R=
K]U =@ swU /swO /pw= K]U QO p}yUD l} C}iQ_ %C3

tn w C2
sn 'C1

fn

&f/s/t ?r]w=O |x]kv QO n C}iQ_
=@ swU/swO/pw= K]U QO |r}yUD O=H}= |xv} Ry % OFtn w OFsn 'OFfn

&f/s/t ?r]w=O |x]kv QO n C}iQ_ K]U
"nQR@ |OOa %M

xr�Ut |=yQ}eDt �
CQwY u}= Q}e QO '1 Q@=Q@ OwW O=H}= pw= K]U QO p}yUD Qo = &|} wOwO Q}eDt %O1

fn

&QiY
CQwY u}= Q}e QO '1 Q@=Q@ OwW O=H}= swO K]U QO p}yUD Qo = &|} wOwO Q}eDt %O2

sn

&QiY
u}= Q}e QO '1 Q@=Q@ OwW O=H}= swU K]U QO p}yUD Qo = &|} wOwO Q}eDt %O3

tn

&QiY CQwY
X}YND pw= K]U QO f p}yUD x@ i |=[=kD |x]kv Qo = &|} wOwO Q}eDt %Xif

&QiY CQwY u}= Q}e QO '1 Q@=Q@ O@=}
K]U QO s p}yUD x@ pw= K]U QO f p}yUD |=[=kD Qo = &|} wOwO Q}eDt %Yfs

&QiY CQwY u}= Q}e QO '1 Q@=Q@ O@=} X}YND swO
K]U QO t p}yUD x@ swO K]U QO s p}yUD |=[=kD Qo = &|} wOwO Q}eDt %Wst

&QiY CQwY u}= Q}e QO '1 Q@=Q@ O@=} X}YND swU
&pw= K]U x@ =[=kD \=kv R= u=Q=t}@ u=} QH %uif

&swO K]U x@ pw= K]U R= |a=HQ= u=Q=t}@ u=} QH %vifs
"swU K]U x@ swO K]U R= |a=HQ= u=Q=t}@ u=} QH %hifst

%R= CU= CQ=@a |O=yvW}B pOt 'xOW h} QaD |=yQ}eDt w =yQDt=Q=B x@ xHwD =@

min

0B@ P
i2I

P
f2F

t1if :uif +
P
f2F

P
s2S

t2fs:(
P
i2I

vifs)

+
P
s2S

P
t2T

t3st:(
P
i2I

P
f2F

hifst)

1CA (12)

max
X
f2F

�1
fO

1
fn +

X
s2S

�2
sO

2
sn +

X
t2T

�3
tO

3
tn (13)X

i2I
uif �X

n2N
C1
fn:O

1
fn 8 f 2 F (14)X

i2I

X
f2F

vifs � X
n2N

C2
sn:O

2
sn 8 s 2 S (15)X

i2I

X
f2F

X
s2S

hifst � X
n2N

C3
tn:O

3
tn 8 t 2 T (16)P

f2F
P
n2N

O1
fn:OFfn +

P
s2S

P
n2N

O2
sn:OFsn

+
P
t2T

P
n2N

O3
tn:OFtn � b

(17)

X
n2N

O1
fn � 1 ; 8 f 2 F (18)
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Ovyt

"=yxrLt l}miD x@ u=QyD 1 xk]vt |xWkv "2 pmW
(https :==tka�eng:com=region�1�municipality�phone)

C@Uv VwQ u}= QO "OyO|t s=Hv= h=Oy= Q}=U |=Q@ =Q Q=m u}= Qw]u}ty w Ovm xv}y@
R= TB 13QPo ?} Q[ R= xO=iDU= p}rO x@ "CU= syt `@=wD pL |r=wD u}W}B VwQ x@
u}= 'xOW OwOLt hOy `@=wD O=R=t/Ow@tm |=yQ}eDt x@ \w@ Qt C=aq]= x@ |@=}DUO
xiOywO |O=yvW}B pOt 'u}=Q@=v@ "OQ=O |QDq=@ CaQU u}W}B VwQ x@ C@Uv VwQ

%OW Oy=wN p}O@D xiOylD pOt l} x@
Min (f1(x) � eps�
(S2=r2 + S3=r3 + :::+ Sp=rp)

Subject to : (37)

f2(x) + S2 = e2(12); (14)� (34)

x 2 S andSi 2 R+ (38)

=yxDi=} w pL G}=Dv "4
xOW s=Hv= |OQwt |xar=]t R= 'xOW x�=Q= OQm} wQ O}}-=D w |HvUCLY Qw_vt x@
s=OmQy "CU= xOW xO=iDU= '�xrLt 27 w x}L=v 10 pt=W� u=QyD 1 |xk]vt |wQ
?=NDv= CtqU Cq}yUD u=mt u}}aD |=Q@ ?r]w=O |x]kv u=wva x@ CqLt R=
w |L=wv l}miD x@ u=QyD 1 |xk]vt |xWkv '2 pmW QO "CU= xOW xDiQo Q_v QO

"CU= xOW xOQw; CqLt

xO=O |WWwB p}rLD G}=Dv "1"4
xOvQ}os}tYD OL=w l} u=wva x@ CqLt R= l} Qy QD=Q=m |=yu=mt ?=NDv= |=Q@
|m}ORv u}vJty w xrLt CL=Ut 'xrLt C}atH R= xm CU= xOW xDiQo Q_v QO
QO xrLt Qy |=Q@ xO=O |WWwB p}rLD pOt |OwQw u=wva x@ 'xrRrR pUo x@
|HwQN u=wva x@ |QyW x=iQ w |oOvR C}i}m u}vJty "CU= xOW xDiQo Q_v
xOW xDiQo Q_v QO ?wr]t=v |HwQN u=wva x@ R}v xOwUQi |QyW Ci=@ w ?wr]t
w =y|OwQw O=OaD m Qo = '2006 p=U QO xOW s=Hv= |=y|UQQ@ j@=]t "CU=
x=ou; OW=@ �?wr]t=v w ?wr]t |=y|HwQN O=OaD ẁtHt� =y|HwQN O=OaD n
[31]"OW=@ QDW}@ maxfm:n); 3:(m+n)g R= O}=@ xOvQ}os}tYD |=yOL=w O=OaD
=Hu}= QO� s}tYD |=yOL=w O=OaD xm =QJ CU= xOW C}=aQ pY= u}= =Hu}= QO

xOW QmP xr�Ut |OQmQ=m Q}e |=yC}OwOLt 34 w 33 |x]@=Q QO R}v C}=yv QO
"CU=

C=ar=]t pY=LVywSB u}= QO xOW x�=Q= CqO=at |xOta xmCU= QmP x@ sRq
VywSB u=oOvU} wv Q=m pY=L 26 w 25 '17 '12 |xrO=at xJQo = &CU= [18]u}W}B

"CU= Q[=L

pL VwQ "4"3
|UQQ@ OQwt xv=o} xv}y@ |=ypLx=Q |=Hx@ wDQ=B |=ypLx=Q 'xiOyOvJ p�=Ut QO
hOy `@=D l} QO =Q u; u=wDv xm 'CU= xv}y@ |t=ovy wDQ=B pLx=Q l} "OQ}o|t Q=Qk
[34w33]"O=O Ow@y@ h=Oy= R= Qo}O |m} pk=OL QO VOQmrta uDiQ CUO R= uwO@
xr�Ut wDQ=B \=kv |xOvR=U xv}y@ \=kv |xOvR=U 'wDQ=B |xv}y@ |=ypLx=Q 'u}=Q@=v@
Q}=U =@ xU}=kt QO xm =Q |@=wH '=y?=wH u}@ R= Ovv=wD@ u=oOvQ}os}tYD =D OvDUy
xiOyOvJ |]N |R} Qxt=vQ@ |xr�Ut [34]"Ovvm ?=NDv= 'OvyO|t K}HQD =y?=wH

%O} Q}o@ Q_v QO =Q Q} R
Min (f1(x); f2(x); :::; fp(x))

subject to

X 2 S (35)

f1(x); f2(x); : : : ; fp(x) "CU= xr�Ut s}tYD |=yQ}eDt Q=OQ@ X u; QO xm
|x}rw= pOt QO "CU= xr�Ut |vOW |x}L=v S w OvDUy xr�Ut hOy |=y`@=D
pLx=Q l} w OvDU}v Ot;Q=m u=OvJ xOt; CUO x@ |=yMU=B 'uwr}UB= C}OwOLt
=@ 'pmWt u}= Q@ x@re Qw_vt x@ 2009 p=U QO u=kkLt "O};|t ?=UL x@ h}a[
w [35]OvO=O Q}}eD =Q =yC}OwOLt 'hOy `@=D QO O=R=t w Ow@tm |=yQ}eDt R= xO=iDU=

%OvOQm x�=Q= =Q 36 pOt T=U= u}= Q@
Min (f1(x) � eps�
(S2=r2 + S3=r3 + :::+ Sp=rp)

s:t :

f2(x) + S2 = e2

f3(x) + S3 = e3
...

fp(x) + Sp = ep

x 2 S andSi 2 R+ (36)

Ow@tm Q}eDt Si "CU= 10�3 =D 10�6 u}@ lJwm |OOa eps pOt u}= QO
hOy `@=D x@ \w@ Qt xOW OwOLt hOy `@=D ei w CU= s=i C}OwOLt x@ \w@ Qt

"CU= s=i
CU= u}W}B VwQ |xDi=}Ow@y@ xm AUGMECON2 VwQ 2013 p=U QO
CQwY x@ hOy `@=D VwQ u}= QO "OW x�=Q= �2013� Tw} Qwri w T=DQw=t \UwD
?@U KqY= u}= "OW KqY= Max

�
f1(x) + eps

pP
i=0

10�(i�2) (Si=ri)
�

Q@ 12|LqY= |R=Uxv}y@ |awv 'xv}y@ u} Ro}=H xvwoQy OwHw CQwY QO =D OwW|t
|=Q@ =OD@= xOvvmpL '|Ov@pwtQi u}= T=U= Q@ 'xvwtv |=Q@ "OQ}o s=Hv= h=Oy= Q}=U
=Q swO hOy `@=D Ovm|t |aU TBU 'Ovm|t =O}B xv}y@ Q=Okt l} pw= hOy `@=D
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wO|
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t=vQ@
pOt

l}
|x�

=Q="DEA pOt pL |=Q@ =y|HwQN w =y|OwQw Q}O=kt "2 pwOH

h=QLv= w 0 3044 =@ Q@=Q@ \=kv u}= |}=Q=m R=}Dt= u}ov=}t u}vJty "Ov=xOQw; CUO
"CU= 0 1374 =@ Q@=Q@ =yu; Q=}at

pOt pL G}=Dv "2"4
|x�=Q= Rm =Qt 1 K]U Cq}yUD R= Qw_vt 'OW xQ=W= "1"3 CtUk QO xm Qw]u=ty
CU= |Rm =Qt 2 K]U Cq}yUD '�CW=Oy@ |=yxv=N� CtqU C=tON u} QD|}x}=B

x@ 2 pwOH QO "CU= QDW}@ maxf(3 3); 3:(3 + 3)g = 18 R= �OOa 27
xOW xQ=W= =y|OwQw w =y|HwQN R= l} Qy QO s}tYD OL=w Qy x@ \w@ Qt |xO=O

"CU=
QO xOW x�=Q= C=aq]= R= '=yDMU R= s=OmQy |}=Q=m R=}Dt= uDi=} |=Q@ p=L
3 pmW CQwY x@ u; R= pY=L G}=Dv xm s}vm|t xO=iDU= 1 pOt pL |=Q@ 2 pwOH
w u} QDsm 0 0677 R=}Dt= =@ V} QHD |xrLt '3 pmW T=U= Q@ "OwW|t xOy=Wt
x@ ?r]w=O \=kv u}@ =Q |}=Q=m R=}Dt= u} QDW}@ 0 5929 R=}Dt= =@ xQO@qo |xrLt
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Ovyt "|O=yvW}B pOt |=yC}OwOLt w =yQ}eDt O=OaD 'O=a@= "3 pwOH

=yC}OwOLt O=OaD =yQ}eDt O=OaD pOt O=a@=

8 jF j+ 7 jSj+ 7 jT j+ 6 jIj+ 1 = 513
jN j (jF j+ jSj+ jT j)

jIj jF j jSj jT j jN j = 262440+ jSj (jF j+ jT j)
+ jIj jF j (2 + jSj+ jSj jT j) =

100518

"u=QyD 1 xk]vt QO OwHwt Cq}yUD "4 pwOH
pw= K]U

V} QHD O=@;Q=O x}v=QiaR u=QtJ lHvrw x} Q]}k QP}J u=Qw=}v ?}W=RO xQO@qo
=yro lQyW |DqLt O}yW CtmL poR=

swO K]U
V} QHD x}v=QiaR u=Q=tH G=Q= lHvrw x}v=tQi u=Qw=}v

swU K]U
lv=W=m u=Qw=}v u=Q=tH O=@;Q=O

"|O=yvW}B pOt h=Oy= T=U= Q@ |O=yvW}B |xm@W w OwHwt |xm@W |xU}=kt "5 pwOH
C}a[w � Q}}eD |O=yvW}B |Dq}yUD |xm@W OwHwt |Dq}yUD |xm@W xYNWt
p

+16 24 2067 596 2468 369 |}=Hx@=H u=tR M} Q=D
p

+59 43 11 895 7 461 |}=Q=m `@=D

QO swU K]U Cq}yUD Q=QkDU= |xwkr=@ u=mt u=wva x@ 'Ov=xDW=O 0 4 R= V}@
sRq "OW Oy=wN x�=Q= 2"2"4 CtUk QO pOt |=yQDt=Q=B Q}=U Q}O=kt "s}=xDiQo Q_v
xOW xYqN 3 pwOH QO =yC}OwOLt w =yQ}eDt O=OaD 'xr�Ut O=a@= CU= QmP x@

"CU=
pOt |HvUQ=@Da= "1"2"4

1 xk]vt QO OwHwt |xm@W =@ =Q xOt; CUO x@ |xm@W 'G}=Dv |HvUQ=@Da= Qw_vt x@
4 pwOH QO xk]vt u}= QO OwHwt Cq}yUD x@ \w@ Qt C=aq]= "s}vm|t xU}=kt
pL G}=Dv xm OW pL OwHwt |=yu=mt =@ xOW x�=Q= pOt TBU "CU= xOW xYqN
|O=yvW}B |xm@W hOy `@=D Q=Okt 'T=U= u}= Q@ "CU= xOW xYqN 5 pwOH QO
hOy `@=D u}vJty "CU= xDi=} Ow@y@ �16 42 u=R}t x@ 'OwHwt C}a[w x@ C@Uv
u=wD|t u}=Q@=v@ "OyO|t u=Wv OwHwtC}a[w x@C@Uv =Q �59 43 Ow@y@ R}v |}=Q=m
C@Uv |O=yvW}B |xm@W |}=Hx@=H u=tR w |}=Q=m Q_v R= ẁtHt QO xm OQm =aO=

"CU= xOW QDy@ OwHwt C}a[w x@
u=tR w |}=Q=m h=Oy= u=}t pO=@D "2"2"4

pL xOW KqY= |OL VwQ ltm x@ =Q 34 =D 12 pOt '6 pwOH |xO=O xr}Uw x@
`@=D w xDiQo Q_v QO pw= hOy `@=D u=wva x@ =Q sDU}U QO |}=Hx@=H u=tR "s}vm|t
u=Wv h=Oy= |�wDQ=B Q=Owtv 4 pmW QO "s}vm|t pkDvt =yC}OwOLt x@ =Q |}=Q=m

"CU= xOW xO=O
Q@ "CU= xr�Ut u}= |=Q@ |}=Q=m w u=tR hOy `@=D u=}t pO=@D 4 pmW QO
C=tON Ci=} QO |=Q@ sDU}U QO p=kDv= u=tR pm '|}=Q=m V}=Ri= =@ 'Q=Owtv u}= T=U=
V}=Ri= =@ =Q} R "OyO|t u=Wv |DUQO x@ R}v =Q `@=wD u=}t |Q=oR=U=v w O@=}|t V}=Ri=
xHwD =@ xm O@=}|t V}=Ri= C=tON Ci=} QO |=Q@ sDU}U QO |}=Hx@=H u=tR '|}=Q=m

"OwW|t QDO@ hOy Q=Okt '�|R=Uxv}tm � u; C}y=t x@

"?r]w=O |=yu=mt |}=Q=m R=}Dt= |Dw@mva Q=Owtv "3 pmW

Cq}yUD w Ovvm|t x�=Q= �|rLt |=yu=DUQ=t}@ w =yl}v}rm � |YYND C=tON xm
jwi w |}x}L=v |=yu=DUQ=t}@� |YYND jwi C=tON xOvyOx�=Q= Rm =Qt 3 K]U

"OvDUy �|YYND
'Civ lQyW 'QP}J 'sU=k xO=Rs=t= 'poR= 'O=@;Q=O 'G=Q= 'xQO@qo |=yxrLt
xm =Q |raw@ Q=YL 'Q=Uywm '=ypo '?}W=RO 'u=Q=tH 'xmQO 'x}OwtLt 'lv=W=m
\=kv u=wva x@ 'Ow@ QDW}@ �=y|}=Q=m u}ov=}t� 0 3044 OL R= u=W|}=Q=m R=}Dt=
'G=Q= 'xQO@qo u}vJty "s}=xDiQo Q_v QO swO K]U Cq}yUD Q=QkDU= |=Q@ ?r]w=O
|}=Q=m R=}Dt= xm R}v =Q lv=W=m 'Civ lQyW 'QP}J 'sU=k xO=Rs=t= 'poR= 'O=@;Q=O
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|x�

=Q="|[=} Q pOt pL |=Q@ |=yQDt=Q=B Q}O=kt "6 pwOH

"u=QyD 1 xk]vt |=Q@ pY=L |xv}y@ Q=DN=U "5 pmW
"OwW |UQQ@ xOW O=H}= Cq}yUD O=OaD u}vJty w |}=Q=m w sDU}U QO |}=Hx@=H

"CU= wUsy |}=Q=m w xHOw@ C=Q}}eD CU= XNWt 6 pmW R= xm u=vJ
"O@=}|tV}=Ri= R}v |}=Q=m u; p=@vO x@ w Cq}yUD O=OaD O@=}V}=Ri= xHOw@ xJQy
|}=Hx@=H u=tR C=Q}}eD OQwt QO =t= &OQ=O p=@vO x@ x@=Wt |Q}F-=D R}v xHOw@ Vy=m
pm |}=Hx@=H u=tR �15 =D �10 R= xHOw@ Q}}eD =@ "OQm |a]k Q_v Q=y_= u=wD|tv
R= |m} "Ovm|t |O=} R C=Q}}eD Q}O=kt Q}=U QO =t= 'O@=}|t V}=Ri= |�RH Q=Okt x@

"xr�Ut |�wDQ=B \=kv "4 pmW
"CU= xOW xO=O V}=tv u=QyD 1 |xk]vt |=Q@ |O=yvW}B |xm@W '5 pmW QO
w swO ẁv R= Cq}yUD xrLt 10 QO 'pw= ẁv R= Cq}yUD xrLt 17 QO T=U= u}= Q@
|xv}y@ u=mt |xOvyOu=Wv xm@W u}= "OwW O=H}= O}=@ swU ẁv Cq}yUD xrLt 3 QO
sDU}U x@ OwQw |x]kv x@ =[=kD \=kv X}YND |xwLv u}vJty w Cq}yUD O=H}=
x@ R=}v ?}W=RO QO |YNW Qo = xvwtv |=Q@ "CU= �|}x}=B |v=tQO Rm =Qt� CtqU
O=H}= =Hu=ty QO xm |RmQt R= =Q C=tON u}= O}=@ 'OW=@ xDW=O pw= K]U C=tON
x@ C@Uv QD|YYND� swO K]U C=tON Ci=} QO |=Q@ =t= "Ovm Ci=} QO 'OwW|t
O}=@ 'OW=@ swU K]U C=tON OvtR=}v xJv=vJ w Ovm xaH=Qt poR= x@ O}=@ �pw= K]U
'OQ=O OwHw K]U xU Qy Cq}yUD G=Q= QO xm u}= x@ xHwD =@ "Ovm xaH=Qt G=Q= x@
=Q OwN |=[=kD Ov=wD|t 'CU= C=tON u}= Ci=} QO OvtR=}v xm xrLt u}= R= |YNW
`=HQ= |xwLv R}v w u=Q=t}@ `=HQ= |xwLv '7 pwOH QO "Ovm hQ]Q@ xrLt u}ty QO

"CU= xOW xO=O u=Wv xv=oxU Kw]U u}@ =yv;
xHOw@ |wQ C}U=UL p}rLD "3"2"4

u=tR |wQ u; Q}F-=D =D xDiQo s=Hv= xHOw@ |wQ C}U=UL p}rLD 'VN@ u}= QO
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Ovyt "xm@W hrDNt Kw]U QO =yu; `=HQ= |xwLv w u=Q=t}@ u=} QH u=R}t "7 pwOH

QO Q}}eD u; p=@vO x@ w 17 |x]@=Q T=U= Q@ Cq}yUD O=OaD QO C=Q}}eD Qt= u}= p}qO
V}=Ri= =@ xH}Dv QO w CU= 16 =D 14 |=yx]@=Q T=U= Q@ Kw]U u}@ u=Q=t}@ u=} QH
O=OaD QO Q}}eD |xOvyOu=Wv R}v 7 pmW "Ovm|t Q}}eD R}v pm u=tR u=Q=t}@ u=} QH
ẁtHt QO xm CU= xHOw@ Q}}eD p=@vO x@ 'Kw]U R= l} Qy QO xOW O=H}= Cq}yUD
"O@=}|t Vy=m =} V}=Ri= 'xHOw@ Vy=m =} V}=Ri= =@ |O=H}= Cq}yUD pm O=OaD

`=HQ= QDt=Q=B |wQ C}U=UL p}rLD "4"2"4
xmu=vJ "CU= xOW xO=O u=Wv hOy `@=wD Q@ `=HQ= QDt=Q=B Q}}eD C=Q}F-=D 8 pmW QO
u=} QH '16 =D 14 |=yx]@=Q j@] `=HQ= QDt=Q=B Vy=m =} V}=Ri= =@ 'OwW|t xOy=Wt

"Ci=} Oy=wN Vy=m =} V}=Ri= Kw]U u}@ u=Q=t}@
`=HQ= QDt=Q=B |wQ C}U=UL p}rLD "5"2"4

xmu=vJ "CU= xOW xO=O u=Wv hOy `@=wD Q@ `=HQ= QDt=Q=B Q}}eD C=Q}F-=D 8 pmW QO
u=} QH '16 =D 14 |=yx]@=Q j@] `=HQ= QDt=Q=B �Vy=m =}�V}=Ri= =@ 'OwW|t xOy=Wt "xr�Ut h=Oy= Q@ xHOw@ C=Q}}eD Q}F-=D "6 pmW
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|x�

=Q=

|D} Q}Ot |=yxDi=} "3"4
%R= Ov=CQ=@a xar=]t u}= |D} Q}Ot |=yxDi=} u} QDsyt

|O=yvW}B |xv}y@ Q=DN=U 'pOt |HvUQ=@Da= R= xOt; CUO x@ G}=Dv T=U= Q@ �
�16 42 u=R}t x@ |}=Hx@=H u=tR Ow@y@ w �59 43 u=R}t x@ |}=Q=m Ow@y@ ?@U
u=wva x@ =yu=mt |}=Q=m uDiQo Q_v QO xm OQm =aO= u=wD|t `k=w QO "CU= xOW
u=}t \@=wQ T=U= Q@ =yvD =yu=mt ?=NDv= =D CU= xOW ?@U |Q}os}tYD Q=}at
ẁtHt QO xm OvwW ?=NDv= |}=yu=mt w OW=@v X}YND w |@=}u=mt =yQ}eDt

"OvyO Ow@y@ �h=Oy= Q_v R=� =Q sDU}U C}a[w
"O@=} V}=Ri= sDU}U QO |}=Hx@=H u=tR =D OwW|t ?@U |}=Q=m V}=Ri= Q@ RmQtD �
|QDq=@ |}=Q=m xm OvwW|t ?=NDv= |}=yu=mt '|}=Q=m |wQ hQY RmQtD =@ `k=w QO
&OwW hw]at sDU}U QO |}=Hx@=H u=tR x@ |QDsm xHwD =D OwW|t ?@U w OvQ=O
Q@ =yvD w CW=O Oy=wNv xOW O=H}= Cq}yUD O=OaD Q@ |Q}F-=D I}y =y`=HQ= u=R}t �
|Q}F-=D QDt=Q=B u}= C=Q}}eD u}=Q@=v@ "CW=Po Oy=wN QF= Kw]U u}@ u=Q=t}@ u=} QH

&CW=O Oy=wNv xm@W Q=DN=U R= |}=OR RmQtD |wQ
xm@W QO |O=H}= Cq}yUD O=OaD =D OwW|t ?@U ẁtHt QO xHOw@ C=Q}}eD �
=O}B Vy=m |}=Q=m u=R}t ' ẁtHt QO xm s} Q=O Q=_Dv= 'wQu}=R= "Ovmv =O}B Vy=m
?@U 'pw= K]U QO |O=H}= Cq}yUD O=OaD XNWt=v C=Q}}eD |wor= =t= "Ovmv
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1. Arti�cial Bee Colony
2. Robust Possibilistic Programing
3. Data Envelopment Unit
4. Data Oriented
5. Decision Making Units
6. Charnes-Cooper-Rhodes
7. Undesirable
8. Desirable
9. Intensity Variables
10. Surplus Variables
11. Slack Variables
12. Lexicographic Optimization
13. Bypass Coe�cient
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