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u}t-=D |=yxQ}HvR p}mWD w |QwQ[ `k=wt QO pwYLt u}= u}t-=D QO =yQwWm |Q=mty
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=yT}Ov= "1"3
&|QDWt j]=vt %c

&lU=t O}rwD QO |iQYt |x}rw= O=wt %i
&=ylU=t `=wv= |xawtHt %j
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|R=Ux}@W |=ysD} Qwor= R= pOt u}= pL |=Q@ "OwW|t s=Hv= R}v |D@=kQ \}=QW QO
xOW x�=Q= C}U=UL |=yp}rLD TBU w xOW xO=iDU= C=QP s=LOR= w O} Q@D

"CU=
C=aw[wt R= |m} '|v=QL@ \}=QW =@ xyH=wt |=Q@ u}t-=D |xQ}HvR R= xO=iDU=
[20]u=Q=mty w QwBOU= "CU= xOW xHwD u; x@ xDWPo p=U OvJ QO xm CU= |@=PH
u}= QO "CU= xOQm x�=Q= uwN p=kDv= |=Q@ R@Uu}t-=D |xQ}HvR l} 2021 p=U QO
C=QF= Vy=m w =yxv} Ry Vy=m |=DU=Q QO xiOywO K}LY OOa pOt l} =DU=Q
|R} Qxt=vQ@ VwQ =@ |[=} Q pOt u}= "CU= xOW x�=Q= |]}LtCU} R ?wr]t=v
|R=UxO=}B u=yiY= u=DU= QO |OQwt |xar=]tl} |wQ Q@ w xOW |R=Uxv}y@ |v=tQ;
|xQ}HvR |Q=O}=B |xar=]t x@ 2021 p=U QO [21]u=Q=mty w Qm =t=Qm "CU= xOW
C=Q}F-=D R= p}rLD l} T=U= u}= Q@ "Ov=xDN=OQB =vwQm TwQ} w ẁ}W \}=QW QO u}t-=D
TBU w CU= xOW x�=Q= =vwQm TwQ} w ẁ}W |a=tDH= w |]}LtCU} R '|O=YDk=
Ow@y@ |=Q@ |D=O=yvW}B '|Q=DN=U |R=UpOt w |R=i |x} Q_v OQm} wQ R= xO=iDU= =@
OyO|t u=Wv j}kLD u}= G}=Dv "CU= xOW x�=Q= =vwQm \}=QW QO u}t-=D |=yxQ}HvR
uw}U=twD= |xv}tR QO lQDWt |Q=PoCU=}U =@ Ovv=wD|t u}t-=D |xQ}HvR |=mQW xm
|xQ}HvR Q@ =vwQm ẁ}W ?w]t=v |=ylU} Q '|DrwO |=yx}=tQU ?PH u}vJty w
QO =Q xRwL u}= QO xOW x�=Q= C=k}kLD u=wD|t xYqN Qw] x@ "Ovvm xv}tm =Q u}t-=D

"OQm x�=Q= 1 pwOH
|WywSB I}y uwvm =D OW s=Hv= ẁ[wt C=}@O= |wQ xm |D=k}kLD T=U= Q@
|mWRB |=ylU=t |=Q@ xDU@xkrL u}t-=D |xQ}HvR |UQQ@ x@ |Y=YDN= CQwYx@
R= TB Ov=wD|t =ylU=t QO xDiQ Q=mx@ O=wt R= |}xOta VN@ "CU= xDN=OQBv
|=Q@ =[=kD xm |]}=QW QO w OQ}o Q=Qk xO=iDU= OQwt OOHt uOW p} QDU= w Ci=} R=@
|=yxv} Ry Vy=m ?Hwt Ov=wD|t ẁ[wt u}= CU= V}=Ri= x@ wQ pwYLt u}=
pwYLt u}= `iO R= |W=v |]}LtCU} R C=QF= Vy=m R}v w |iQYt x}rw= O=wt

"OW=@

|[=} Q |R=UpOt w xr�Ut h} QaD "3
x�=Q= 1 pmW QO lU=t `=wv= O}rwD |=Q@ xDU@xkrL u}t-=D |xQ}HvR |rm Q=DN=U
Qw]x@ =Q =yv; p@=kDt Cqt=aD w Twmat u=} QH 'wQW}B u=} QH xm CU= xOW
C}r@=k =@ lU=t ẁv OvJ 'u}t-=D |xQ}HvR u}= QO "OQ}o|t Q_v QO u=tRsy
u=wvax@ xm@W u}= "CU= xOW xDiQo Q_v QO `iO =} |R=UR=@ 'OOHt |xO=iDU=
Twmat |xQ}HvR QO xrLQt GvB w xOvwQW}B |xrLQt GvB QO u}t-=D |xQ}HvR l}
|L=Q] Qw_vt x@ xiOywO |[=} Q pOt l} j}kLD u}= QO "CU= xOW xDN=U
OwU pm V}=Ri= pw= hOy xm OwW|t x�=Q= lU=t |xDU@xkrL u}t-=D |xQ}HvR
l} "CU= |]}LtCU} R ?wr]t=v C=Q}F-=D Vy=m swO hOy w u}t-=D |xQ}HvR
C}OwOLt � " VwQ R= xO=iDU= =@ w |R=i |R} Qxt=vQ@ |=v@tQ@ |O=yvW}B pL VwQ
Ot;Q=m |=ypLx=Q s=tD xm CU= u}= C}OwOLt � " VwQ C} Rt "CU= xOW x�=Q=
ltm xOvQ}os}tYD x@ =ypLx=Q u}= "Ovm|t sy=Qi QF-wtQ}e |=ypLx=Q O}rwD =@ =Q
Q@xwqa "Ovm ?=NDv= =Q =yxv} Ro u} QDy@ R= |m} w Ov}@@ =Q pt=m pLx=Q xm Ovm|t
hOy `@=D T=}kt \UwD C}OwOLt � " VwQ =@ xOt; CUO x@ pLx=Q 'u}=
Ov=wD|t xm Ovm|t xO=iDU= Ot;Q=m pLx=Q R= pOt u}= "OQ}o|tv Q=Qk Q}F-=D CLD
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pL VwQ h=Oy= ẁ[wt `HQt
l}DvS sD} Qwor= =yxv} Ry Vy=m s}kDUt l}DUHr |xm@W |L=Q]

[5]Rv=w}= w wmTwmat w

� � u}t-=D |xQ}HvR |=ypOt Q@ |QwQt [6]u=Q=mty w CQ�qwO

xOvm =QB |wHwCUH w OQmQ}O |=yxv} Ry |R=Uxv}tm xDU@xkrL l}DUHr |LQ] u=Q=mty w T=Q;Cq}yUD |@=}=H w

l}DvS sD} Qwor= |R=Uxv}W}@ w =yxv} Ry |R=Uxv}tm l}DUHr xJQ=Bm} |L=Q]
[9]u=Q=mty w |}=wW}B|} woNU=B Twmat w s}kDUt

l}DvS sD} Qwor= |]}LtCU} R |=yxv} Ry Vy=m xDU@xkrL R@U u}t-=D |xQ}HvR |UQQ@ [10]u=Q=mty w u=v=m

j}kO pL |v=UQ ?}U; MQv Vy=m w =yxv} Ry Vy=m xDU@xkrL R@U u}t-=D |xQ}HvR |L=Q] [11]nv=S w xO=R uUL

� � |xQ}HvR xRwL Cq=kt Q@ |QwQt
[12]u=Q=mty w u=Ov} w=oxDU@xkrL u}t-=D

|R=i |R=Uxv}y@ OQm} wQ xOW O}rwD O}Um = |O u@ Qm Vy=m u}t-=D |xQ}HvR |L=Q]
[13]u=Q=mty w |}q]xDU@xkrL |L]UOvJ

=y|R=@ |x} Q_v |D@=kQ Ct}k QO pO=aD xDU@xkrL u}t-=D |xQ}HvR |UQQ@
[14]u=Q=mty w |w|D=aq]= uQ=kD =@

|Q=mD@= VwQ xQ}HvR |=yxv} Ry pm |R=Uxv}tm |Q=PoCt}k w |OwHwt w |@=}u=mt
[15]lQw} w =}=mxDU@xkrL |xQ}HvR QO

?=D?W sQm w l}DvS =yxv} Ry pm Vy=m |rwYLtOvJ |xQ}HvR |xm@W |L=Q]
[17]u=}v=[tQ w u=}}=kU|D@=kQ

=y|R=@ |x} Q_v C@=kQ uR=wD |}xQ}HvR u}@ C@=kQ [18]u=Q=mty w |Q@ wv

w O} Q@D |R=Ux}@W =yxv} Ry pm Vy=m w |rwYLtOvJ |xm@W |L=Q]
[19]u=Q=mty w nv=wC=QP s=LOR= |}xQwOOvJ

|v=tQ; |R} Qxt=vQ@ |]}LtCU} R � |O=YDk= uwN u}t-=D |xQ}HvR |L=Q] [20]u=Q=mty w QwBOU=

|R=i |x} Q_v |a=tDH= � |]}LtCU} R � |O=YDk= =vwQm ẁQW QO u}t-=D |xQ}HvR |Q=O}=B [21]u=Q=mty w Qm =t=Qm

&n RmQt QO |R=U=OH \UwD l RmQt QO |Di=} R=@ i x}rw= |xO=t Q=Okt %finl
&xOW O}rwD j lU=t O=OaD %pj

&m |Qw;`tH RmQt R= |r=kDv= n RmQt QO xOW =OH j lU=t O=OaD %rjmn
&k xOvvmu}t-=D R= xOW |Q=O} QN i |x}rw= xO=t Q=Okt %sik
&n RmQt QO uOQm =OH j} Q] R= i |x}rw= xO=t Q=Okt %tin

&l QO i |xa]k |=Q@ Ci=} R=@ RmQt |R=Ov=x=Q |=Q@ |Qv}=@ Q}eDt %uil
|R=U=OH RmQt QO j pwYLt |=Q@ |R=U=OH RmQt |R=Ov=x=Q |=Q@ |Qv}=@ Q}eDt %vjn

&n

s}tYD |=yQ}eDt �
&m RmQt QO xOW xO=iDU= xQ=@ wO j lU=t O=OaD %ajm

RmQt QO j lU=t |=Q@ |Qw;`tH C=U}U-=D |R=Ov=x=Q |=Q@ |Qv}=@ Q}eDt %bjm
&m |Qw;`tH

&m RmQt QO xOW |Qw;`tH j lU=t O=OaD %cjm
&c |QDWt |xk]vt R= m RmQt QO xOW |Qw;`tH j lU=t O=OaD %cjcm

&l RmQt QO |Di=} R=@ i x}rw= |xO=t Q=Okt %fil
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xQ=t

W'
38

�1
|xQ

wO'
�14

01
u=DU

@=D�
h}

QW
C}

Q}Ot
w`}

=vY
|U

Ovyt "CU= xOW x�=Q= sHvB |xrLQt |va} 'xrLQt u} QN; QO C=U}U-=D hrDNt Rm =Qt

Max Z1 =
X
j

PFj

 
pj +

X
m

ajm

!
+
X
n;i

RPi:yin

�X
k;i

PCik:sik � X
j;c;m

CCjm:cjcm �X
m;j

SCjm:bjm

�X
m;j

UCjm:ajm �X
n;i

DCin:tin �X
n;j

SDjn:vjn

�X
l;i

RCil:fil �X
l;i

SRil:uil �X
n;i

WDCi:win

�X
j;c;m

RFjm:cjcm � X
j;c;m

TCCjcm:cjcm �X
j;m;n

TCDjmn:rjmn

�X
i;n;l

TCRinl:finl �X
i;l

TCPil:fil �X
j;m

TCUjm:ajm (1)

Twmat x[Qa |xQ}HvR QO pkvwptL |]}LtCU} R C=Q}F-=D |R=Uxv}tm swO hOy
|xOvyOu=Wv?}DQDx@ swOhOy `@=D |=yVN@ "�2|x]@=Q�CU=u@ Qm |=B OQ Q_v R=
|R=U=OH RmQt x@ |Qw;`tH RmQt R= '|Qw;`tH RmQt x@ |QDWt |x}L=v R= u@ Qm Q=WDv=

"CU= xv=NQ=m x@ Ci=} R=@ RmQt R= w Ci=} R=@ RmQt x@ |R=U=OH RmQt R= 'C=a]k
MinZ2 =

X
j;c;m

ETCjcm:cjcm +
X
j;m;n

ETDjmn:rjmn

+
X
i;n;l

ETRinl:finl +
X
i;l

ETPil:fil (2)

O}OH C=O}rwD ẁtHt =@ lU=t Qy |=Q@ =[=kD xm Ovm|t u}t[D 3 C}OwOLt
pO=aD 6 =D 4 |=yC}OwOLt "OwW|t u}t-=D xOW xO=iDU= xQ=@ wO |=ylU=t w
"OvyO|t u=Wv |R=UR=@ Rm =Qt w |R=U=OH Rm =Qt '|Qw;`tH Rm =Qt QO =Q u=} QH
Rm =Qt QO x}rw= O=wt Q=Okt '|R=U=OHRm =Qt QO x}rw= O=wt Q=Okt 9 =D 7 |=yC}OwOLt
10 C}OwOLt "Ovvm|t x@U=Lt =Q |R=U=OH Rm =Qt QO =ylU=t O=OaD w |R=UR=@
"Ovm|t x@U=Lt =Q |QDWt hrDNt j]=vt R= |Qw;`tH RmQt Qy QO =ylU=t O=OaD
|=ylU=t O=OaD C}OwOLt xv}W}@ x@ \w@ Qt 14 =D 11 |=yC}OwOLt
w xOW |R=UR=@ |x}rw= O=wt Q=Okt 'OOHt xO=iDU= C=aiO O=OaD 'xOW |Qw;`tH
C}iQ_ C}OwOLt 18 =D 15 |=yC}OwOLt "CU= Ci=} R=@ p@=k |x}rw= O=wt Q=Okt
"Ovvm|t u}t[D =Q xv=NQ=m w Ci=} R=@ Rm =Qt '|R=U=OH Rm =Qt '|Qw;`tH Rm =Qt |=Q@ =Q
"Ovm|t u}t[D =Q |HQ=N u=oOvvmu}t-=D C}iQ_ |xv}tm w xv}W}@ 19 C}OwOLt
s=tD "OvDUy pOt QO s}tYD |=yQ}eDt ẁv x@ \w@ Qt 21 w 20 |=yC}OwOLt

"Ov=C@Ft |Q}os}tYD |=yQ}eDtX
c

DEjcj = pj +
X
m

ajm 8j (3)

cjm = ajm +
X
n

ajmn 8j;m (4)

tin = yin + win +
X
i

finl 8i; n (5)X
j

Qij :pj =
X
l

fil +
X
k

sik 8i (6)

tin =
X
m

X
j

Qij :rjmn 8i; n (7)

fil =
X
n

finl 8i; l (8)

&n RmQt QO uOQm =OH \UwD xDi=} p=kDv= i |x}rw= xO=t Q=Okt %win
"n RmQt QO uOQm =OH \UwD xOW Ci=} R=@ i |x}rw= xO=t Q=Okt %yin

=yQDt=Q=B �
&m |Qw;`tH RmQt QO j lU=t OL=w Qy |Qw;`tH |xv} Ry %CCjm

&n |R=U=OH RmQt QO i |x}rw= |xO=t OL=w Qy |R=U=OH |xv} Ry %DCin
&c |QDWt RmQt QO j pwYLt |=Q@ =[=kD %DEjc

xk]vt R= j lU=t pkvwptL |]}LtCU} R Q}F-=D %ETDjmn 'ETCjcm
&n |R=U=OH OL=w x@ m |Qw;`tH RmQt R= R}v w m |Qw;`tH RmQt x@ c |QDWt
n|R=U=OH OL=w R= i|xa]kpkv wptL|]}LtCU} R Q}F-=D %ETRil 'ETRinl

&xv=NQ=m x@ l CtQt OL=w R= R}v w l Ci=} R=@ OL=w x@
&j lU=t |=Q@ m |Qw;`tH RmQt C}iQ_ xv}W}@ %MCjm
&j lU=t |=Q@ n |R=U=OH RmQt C}iQ_ xv}W}@ %MDjn

&k xOvvmu}t-=D R= O} QN VQ=iU u} QDtm %MNSk
&j lU=t |=Q@ xv=NQ=m C}iQ_ xv}W}@ %MPj

&i |xa]k |=Q@ l Ci=} R=@ RmQt C}iQ_ xv}W}@ %MRil
&k xOvvmu}t-=D R= O} QN VQ=iU xv}W}@ %MXSk

&xOW |Qw;`tH j lU=t OYQO xv}W}@ %nj
&k xOvvmu}t-=D R= i |x}rw= |xO=t OL=w Qy O} QN |xv} Ry %PCik

&j lU=t VwQi Q@ OwU %PFj
&j lU=t OOa Qy QO i |x}rw= xO=t |=yOL=w O=OaD %Qij

&l Ci=} R=@ RmQt QO i |x}rw= xO=t OL=w Qy Ci=} R=@ |xv} Ry %RCil
&m RmQt QO j lU=t |=Q@ |QDWt x@ CN=OQB R=@ dr@t %RFjm

&i |x}rw= |xO=t |=Q@ Ci=} R=@ R= OwU OL=w %RPi
&m RmQt QO j lU=t |Qw;`tH C=U}U-=D |R=Ov=x=Q |xv} Ry %SCjm

&n |R=U=OH RmQt QO j lU=t |R=U=OH |=Q@ |R=Ov=x=Q |xv} Ry %SDjn
&l Ci=} R=@ RmQt QO i |x}rw= |xO=t Ci=} R=@ |=Q@ |R=Ov=x=Q |xv} Ry %SRil

RmQt R= j lU=t pkvwptL OL=w |xv} Ry %TCDjmn 'TCCjcm 'TCUjm
R= ,=D}=yv w m |Qw;`tH RmQt c x@ |QDWt xk]vt R= 'xOvvm`} RwD x@ m |Qw;`tH

&n |R=U=OH OL=w x@ m |Qw;`tH RmQt
|R=U=OH OL=w R= i |x}rw= |xO=t pkv w ptL OL=w |xv} Ry %TCPil 'TCRinl

&xv=NQ=m x@ l Ci=} R=@ OL=w R= R}v w l Ci=} R=@ OL=w x@ n
&m |Qw;`tH RmQt QO j lU=t OL=w |Qw;`tH |xv} Ry %UCjm

&i `iO Rm =Qt R= l} Qy QO `iO C@=F |xv} Ry %WDCi
&xOW CtQt i |x}rw= |xO=t OYQO xv}W}@ %�i

&xOW xO=iDU= xQ=@ wO j lU=t OYQO xv}W}@ %j
&xOW Ci=} R=@ i |x}rw= |xO=t OYQO xv}W}@ %�i

"xOW |Qw;`tH j lU=t OYQO xv}W}@ %~�j
u=tR=U pm OwU QO |a=tDH= w |O=YDk= pt=wa |R=Uxv}W}@ 'hOy `@=D u}rw=
CqwYLt VwQi R= OwU Q=Okt Z1 hOy `@=D QO pw= VN@ wO "�1 |x]@=Q� CU=
Ci=} R=@ R= OwU u}vJty w �xOW xO=iDU= xQ=@ wO CqwYLt w |O}rwD CqwYLt�
O=wt O} QN |xv} Ry |xOvyOu=Wv VN@ u}twU "OvyO|t V}=tv =Q CqwYLt
|xv} Ry 'VR=OQB |xv} Ry '|Oa@ |xrLQt xU "CU= |HQ=N u=oOvvmu}t-=D R= x}rw=
|Oa@ |xrLQt wO "OyO|t u=Wv |Qw;`tH RmQt QO =Q |Qw;`tH |xv} Ry w |R=Ov=x=Q
R= pkvwptL |xv} Ry "CU= |R=U=OH Rm =Qt QO |R=Ov=x=Q w VR=OQB |xv} Ry pt=W
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Z�nadir1 = Max
�
Z1jZ2 � Z�optimal2 &x 2 F (x)

	
Z�nadir2 = Min

�
Z2jZ1 � Z�optimal1 &x 2 F (x)

	
(23)

pL=Qt K} QWD x@ xt=O= QO 'VwQ u}= QO xO=iDU= OQwt s}y=it w pwY= h} QaD R= TB
"OwW|t xDN=OQB |O=yvW}B pL VwQ

xawtHt |wQ Q@ hOy `@=D Qy |=Q@ =Q �nadir w �optimal |=ypLx=Q %1 |xrLQt
"O}vm u}}aD Ot;Q=m

u}at Q} R CQwYx@ hOy `@=D Qy |=Q@ |]N |R=i C}@ wr]t `@=D %2 |xrLQt
|=Q@ |R=i C} w[a |xHQO |xOvyOu=Wv �2(x) w �1(x) u; QO xm OwW|t

"CU= swO w pw= hOy

�1 (Z1) =

8>>><>>>:
1 Z1 > Z�optimal1
0 Z1 < Z�nadir1

Z1�Z�nadir1
Z
�optimal
1 �Z�nadir1

otherwise

�2 (Z2) =

8>>><>>>:
1 Z2 < Z�optimal2
0 Z2 > Z�nadir2

Z�nadir2 �Z2
Z�nadir2 �Z�optimal2

otherwise
(24)

� " VwQ |x}=B Q@ xiOylD pOt l} x@ xiOyOvJ pO=at pOt p}O@D %3 |xrLQt
"OwW|t s=Hv= 25 |x]@=Q j@=]t xm C}OwOLt

max f�1 (x) j�2 (x) � "; x 2 F (x) ; 0 � " � 1g (25)

w xOW ^iL hOy `@=D QO pw= hOy OQmrta R= C}=[Q xHQO '25 |x]@=Q QO
"OwW|t xO=iDU= |@v=H C}OwOLt l} u=wvax@ swO hOy `@=D R= C}=[Q |xHQO
`@=D =} |@v=H C}OwOLt u=wvax@ u=wD|t =Q C}=[Q |xHQO R= l} Qy 'p=L u}= =@

"O=O Q=Qk xO=iDU= OQwt hOy
x=Q O}rwD |=Q@ 1 w QiY u}@ l}D=tDU}U Qw] x@ 25 |x]@=Q QO " Q=Okt %4 xrLQt

"Ovm|t Q}}eD Ot;Q=m |xawtHt pm QO xv}y@ � wDQ=B |=ypL
hkwDt Ov}=Qi 'OW=@ |[=Q |O}rwD |=ypLx=Q R= |m} =@ xOvQ}os}tYD Qo = %5 xrLQt
Q}e QO "OW Oy=wN ?=NDv= |}=yv s}tYD u=wvax@ pw@k OQwt pLx=Q w OwW|t
x@ xOvQ}os}tYD w OwW|t ?=NDv= xOW xO=O K}HQD QDW}@ \NxQ=B CQwY u}=
wDQ=B |=ypLx=Q w OyO Q}}eD O}OH |xOwOLt QO =Q " Q=Okt =D OwQ|t 4 |xrLQt

"Ovm|t O}rwD |O}OH xv}y@

|D=@U=Lt G}=Dv "5
h=Q]= QO lU=t O}rwD |xv=NQ=m l} R= xvwtv p�=Ut CN=U |=Q@ |OwQw |=yxO=O
CyH N95 w |mWRB |x}qxU lU=t ẁv wO =Hv}= QO "CU= xOW PN= u=yiY=
|=Q@|UivD QDr}i w xOvQ=Oyov |=yVm 'xJQ=B |x}rw= |xO=t ẁv xU w Q=R=@ QO x[Qa
RmQt xU x]w@ Qt u}t-=D |xQ}HvR Q=DN=U QO "CU= xOW xDiQo Q_v QO =ylU=tCN=U
RmQtl} w x}rw= O=wt |xOvvmu}t-=D xU 'Ci=} R=@ RmQt wO '|R=U=OH RmQt wO '|Qw;`tH
O=tv pwOH u}= QO &CU= xOt; 2 pwOH QO xr�Ut |=yQDt=Q=B Q}=U "OQ=O OwHw `iO
`} RwD |xOvyOu=WvUnifInt O=tv w xDUw}BCN=wvm} `} RwD |xOvyOu=WvUnif
?Q[pY=L R= hrDNt |=yQ}Ut QO pkvwptL |xv} Ry "CU= xDUUo CN=wvm}
u=wvax@ "O};|tCUO x@ �q=m OL=wl} ptL QDtwr}m Qy |xv} Ry� Q}UtCi=Ut�

rjn =
X
m

rjmn 8j; n (9)

cjm =
X
c

cjcm 8j;m (10)X
m

cjcm � �j :DEjc 8j; c (11)

ajm � j :cjm 8j;m (12)X
l

finl � �i:tin 8i; n (13)

yin � �i:tin 8i; n (14)

cjm �MCjm:bjm 8j;m (15)X
m

rjmn �MDjn:vjn 8j; n (16)X
n

finl �MRil:uil 8i; l (17)

pj �MRj 8j (18)

MNSk �X
i

sik �MXSk 8k (19)

bjm; v; uil 2 f0; 1g 8i; j;m; n; l (20)

pj ; cjcm; ajm; rjmn; rjn; sik; tin

; finl; fil; win; yin 2 Z+ 8i; j;m; n; l; k (21)

|O=yvW}B pL VwQ "4
"OwW|t x�=Q= u; uOw@ xiOyOvJ C}y=t x@ xHwD =@ |[=} Q pL VwQ 'VN@ u}= QO
VqD w xOW xO=iDU= |R=i |xiOyOvJ |R=Uxv}y@ OQm} wQ R= pL VwQ u}= QO
"OwW u=}@ |R=i C} w[a `@=D l} ?r=k QO hOy `@=wD R= l} Qy C=Q}}eD =D OwW|t
pQDvm u; Q=Okt =D OwW|t xO=O Q=Qk =yC} wOLt QO C} w[a `@=wD u}= R= |m} TBU
CQ=@a x@ "O}; CUOx@ u; Q=Okt u} QDy@ =D xDiQo Q=Qk hOy `@=D QO |Qo}O w OwW
=@ CU= xOW |L=Q] C}OwOLt � " VwQ |=v@t Q@ |O=yvW}B pL VwQ 'Qo}O
h=Oy= R= l} Qy |R=i C}@ wr]t Q}O=kt R= hOy `@=wD Q}O=kt |=Hx@ xm Cw=iD u}=

"OW Oy=wN xO=iDU=
"CU= uwr}UB= C}OwOLt l}vmD x@=Wt '|O=yvW}B pL VwQ |rY= |xvO@
x@ �optimal swyit "OwW|t xO=iDU= �nadir w �optimal swyit wO VwQ u}= QO
Q_=vDt s}tYD |=yQ}eDt Q=Okt R}v w hOy `@=wD R= l} Qy |=Q@ umtt Q=Okt u} QDy@
"OwW|t x@U=Lt 22 |x]@=Q j@=]t hOy `@=wD R= l} Qy |=Q@ xm OQ=O xQ=W= u; =@

Z�optimal1 = MaxfZ1jx 2 F (x)g
Z�optimal2 = MinfZ2jx 2 F (x)g (22)

|=yC}OwOLt pt=W xm CU= xr�Ut xHwt |=y?=wH xawtHt F (x) u; QO xm
'hOy `@=wD R= l} Qy |=Q@ R=Ht Q=Okt u} QDO@ x@ �nadir swyit "CU= pO=at pOt
'OW=@ �OwN |xv}y@ Q=Okt QO� OwN C}a[w u} QDy@ QO Qo}O hOy xm u}= \QW =@
"OwW|t x@U=Lt 23\@=wQ j@=]t h=Oy= R=l} Qy |=Q@ 'Qo}O u=}@ x@ "OwW|t xDio

124



1|
xQ=t

W'
38

�1
|xQ

wO'
�14

01
u=DU

@=D�
h}

QW
C}

Q}Ot
w`}

=vY
|U

Ovyt

"swO w pw= |=yQ=QmD QO |O=yvW}B VwQ R= pY=L G}=Dv "2 pmW
|Di=} R=@ 'xOW |R=UR=@ 'xOW =OH C=a]k 'xOW |Q=O} QN |x}rw= |xO=t "3 pwOH

"�(Z2) = 0 |=R=x@ xOW `iO w
u}ov=}t i = 3 i = 2 i = 1

1281 67
0 0 3590 k = 1

Sik3178 0 0 k = 2
0 4767 0 k = 3

1615 3 112 1680 1680 n = 1
tin1640 2460 2120 n = 2

1248 932 1098 1500 l = 1
fil1000 1800 1160 l = 2

267 5 168 252 252 n = 1
win246 369 318 n = 2

267 5 168 252 252 n = 1
yin246 369 318 n = 2

"Ovt=v|t �xr�Ut |=Q=m RQt� =Q 2 pmW QO xOW x�=Q= \=kv "Ovm x�=Q= =Q hrDNt
Q=Okt '=Q=m RQt hrDNt |=y?=wH QO =y|HwQN QDy@ lQO Qw_vt x@ 5
xO=O u=Wv 5 =D 3 pw=OH QO =Q=m RQt R= hrDNt ?=wH xU QO s}tYD |=yQ}eDt
|x}rw= |xO=t Q=Okt pt=W pw=OH u}= QO |UQQ@ OQwt s}tYD |=yQ}eDt "CU= xOW
xr}Uwx@ |O}rwD |x}rw= |xO=t Q=Okt '(sik) |HQ=N u=oOvvmu}t-=D R= xOW |Q=O} QN
p=kDv= |x}rw= |xO=t '(fil) xOW Ci=} R=@ |x}rw= |xO=t Q=Okt '(tin) |R=U=OH

"xvwtv p�=Ut CN=U |=Q@ |OwQw |=yxO=O "2 pwOHgTCCjcm = Unif (0 4; 0 8)gTCP il = Unif (0 3; 0 6)

Dcm = Unif (3; 6)

Dmn = Unif (18; 25)

Dnl = (8; 12)

Dl = Unif (6; 8)

MXSk = UnifInt (4000; 5000)

MNSk = 100
MDjn = UnifInt (1000; 2000)

MRil = UnifInt (600; 1000)

nj = 0 7
j = 0 2
�i = 0 7
�i = 0 3

s}y=wN =Q TCPil = gTCP il:Dl R}v w TCCjcm = gTCCjcm:Dcm p=Ft
R}v w xv=NQ=m w O}rwD RmQt u}@ pY=wi Qou=Wv Dcm w Dl |=yQDt=Q=B xm CW=O

"OvDUy |Qw;`tH RmQt w |QDWt RmQt u}@ |xrY=i
|R=Uxv}y@ Q=Ri=sQv\}Lt QO pOt '|O=yvW}B pOt OQmrta p}rLD w x} RHD |=Q@
h=Oy= R= C}=[Q u=R}t 'OQwt u}= QO "OwW|t pL w xOW |U} wvOm GAMS

|]}LtCU} R h=Oy= R= C}=[Q u=R}t w CU= xOW ^iL hOy `@=D QO |O=YDk=
"OQ}o|t Q=Qk xO=iDU= OQwt |@v=H C}OwOLt l} u=wvax@

u=Wv G}=Dv u}= "CU= xOW xO=O V}=tv 2 pmW QO pOt pL R= pY=L G}=Dv
QO |]}LtCU} R C=QF= |R=Uxv}tm w pm OwU |R=Uxv}W}@ hOy wO xm OyO|t
OwW|t xv} Ry pmV}=Ri= x@ QHvt |]}LtCU} R C=QF=Vy=m =Q} R OvQo}Om} =@ p@=kD
QO |O=YDk= hOy `@=D Q}O=kt u}@ hqDN= "OyO|t Vy=m =Q u=tR=U OwU u}=Q@=v@ w
OW=@ CU} R \}Lt R= C_=iL |=Q@ xOW CN=OQB Ct}k Qou=}@ Ov=wD|t Q=Owtv u}=
CU} R \}Lt R= C@k=Qt |=Q@ u=tR=U |O=YDk= OwU uO=O CUO R= |=vatx@ xm
R= |tm XN=W l} u=wvax@ Ov=wD|t =Q} R OQ=O xv=owO C}ty= XN=W u}= "CU=
\}Lt R= C_=iL QO u=aiv|P |=Q@ OwN |=yVqD uO=O u=Wv |=Q@ =yu=tR=U |wU
|=Q@ CrwO |wU R= |}=v@t u=wvax@ Ov=wD|t R}v w OQ}o Q=Qk xO=iDU= OQwt CU} R

"OwW xO=iDU= =yu=tR=U xR}ov= s}_vD
'u}=Q@=v@ "Ovm s}_vD 1 w 0u}@ =Q uwr}UB= Q}O=kt Ov=wD|t pw= Q=QmD QO xOvQ}os}tYD
|a}Uw h}] CaQUx@ =D Ovm|t ẁQW `}Uw |xOwOLt l} =@ =OD@= xOvQ}os}tYD
xOvQ}os}tYD '|Oa@ |=yQ=QmD QO 'p=L u}= =@ "OyO VWwB =Q wDQ=B |=ypLx=Q R=
R= xO=iDU= =@ j}kO s}_vD j} Q] R= |}=yv pLx=Q ?=NDv= x@ Ovtxkqa CU= umtt
w 0 u}@ " R= xO=iDU= =@ pw= Q=QmD QO x}rw= pLx=Q xawtHt "OW=@ QDsm =QDt \=kv
G}=Dv "CU= xOW xO=O u=Wv 2 pmW R= swO VN@ QO 0 2 OWQ l} =@ x=Qty 1
R= C}=[Q u=R}t V}=Ri= =@ xm OyO|t u=Wv h=Oy= R= C}=[Q xHQO x@ \w@ Qt
QO "O@=}|t Vy=m |O=YDk= OQmrta R= C}=[Q u=R}t '|]}LtCU} R OQmrta
QDt=Q=B 'swO Q=QmD QO "OwW|t |R=UxO=}B R}v swO Q=QmD QO |O=yvW}B sD} Qwor= 'xt=O=
wDQ=B x]kv QO QyC}=[Q u=R}t w hOy `@=D wO Q=Okt w xOQm u=Uwv 0 8 =D 0 6 u}@ "
'CU= xOW XNWt xrLQt wO |=y|HwQN QO xm Qw]v=ty "CU= xOW XNWt
|=y?=wH R= |rt=m |xawtHt CU= xDUv=wD xOW |L=Q] C}OwOLt � " VwQ
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|[
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|R=

Up
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"=[=kD QDt=Q=B |wQ C}U=UL p}rLD G}=Dv "3 pmW
1360 x@ 1615 3 Q=Okt R= ?}DQDx@ |R=U=OH Rm =Qt QO |R=U=OH \UwD |O}rwD
O=wt u}ov=}t "CU= xDi=} Vy=m 5 pwOH QO 1351 3 x@ C}=yv QO w 3 pwOH QO
R= "CU= xO}UQ 945 5 x@ QN; pwOH QO w 952 x@ 1248 R= R}v xOW Ci=} R=@
|QDW}@ sHL O}=@ 'xDi=} Vy=m |Di=} R=@ x}rw= O=wt Q}O=kt pwOH xU u}= QO xm =Hu;
|x}rw= O=wt u}ov=}t xm OwW|t xOy=Wt "OQm x}yD wv |x}rw= O=wt R= =Q =ylU=t R=
1555 56 w 1549 78 x@ 1281 67 Q=Okt R= u=oOvvmu}t-=D R= xOW |Q=O} QN
`@=D QO u}t-=D |xQ}HvR |}=yv OwU Vy=m ?Hwt ẁ[wt u}= xm CU= xDi=} V}=Ri=

"OwW|t pw= hOy

C}U=UL p}rLD "1"5
w C=Q}}eD u=wD|t u; ltm x@ xm CU= u; |[=} Q |=ypOt |=yC} Rt R= |m}
|HwQN |wQ Q@ u; Q}F-=D w |UQQ@ =Q xOW KQ]t |=yQDt=Q=B R= l} Qy QO C=v=Uwv
l} Qy |=[=kD C}U=UL p}rLD Qw_vtx@ 'VywSB u}= QO "OQm OYQ =Q pOt |}=yv
Q@ u; Q}F-=D w xO=O V}=Ri= |OwaY OvwQ l} T=U= Q@ =Q QDt=Q=B u}= '=ylU=t R=
xDiQo Q_v QO 1 5 =D 0 9 R= Q}}eD ?} Q[ l} "OwW|t |UQQ@ hrDNt h=Oy=
?Q[ Q=Okt u}= QO =Q pwYLt OL=w Qy =[=kD x}=B Q=Okt x@DQt Qy QO w CU= xOW
"OwW XNWt pm `@=D Q=Okt Q@ u; Q}F-=D =D xOQm =QH= =Q pOt u; |=R=x@ TBU w xOQm

"CU= xOW x�=Q= 3 pmW QO =QH= u}= |xH}Dv
`@=D Q=Okt '=ylU=t |=[=kD V}=Ri= =@ OwW|t xOy=Wt 3 pmW QO xm u=vJ
hOy `@=D Q=Okt V}=Ri= "OQ=O |W}=Ri= OvwQ |]}LtCU} R R}v w |O=YDk= hOy
Q}}eD xm CU= |r=L QO u}= w OQ=O |]N ,qt=m |x]@=Q Q}}eD ?} Q[ V}=Ri= =@ pw=
QHvt =[=kD V}=Ri= Qo}O CQ=@a x@ "OQ=O |]NQ}e |x]@=Q swO hOy `@=D =@ =[=kD
=aO= u=wD|t \}=QW u}= QO =Pr "OwW|t |]}LtCU} R |=y|oOwr; O}OW V}=Ri= x@
OQ=O xQ}HvR |=yxv} Ry pm |wQ |i=iW ,qt=m Q}F-=D =[=kD Vy=m =} V}=Ri= xm OQm

|Di=} R=@ 'xOW |R=UR=@ 'xOW =OH C=a]k 'xOW |Q=O} QN |x}rw= |xO=t "4 pwOH
"�(Z2) = 0 66 |=R=x@ xOW `iO w

u}ov=}t i = 3 i = 2 i = 1

1549 78
0 0 4000 k = 1

Sik3862 793 293 k = 2
0 5000 0 k = 3

1360 1120 1680 1680 n = 1
tin920 1380 1380 n = 2

952 428 342 1500 l = 1
fil1000 1800 642 l = 2

204 168 252 252 n = 1
win138 207 207 n = 2

204 168 252 252 n = 1
yin138 207 207 n = 2

|Di=} R=@ 'xOW |R=UR=@ 'xOW =OH C=a]k 'xOW |Q=O} QN |x}rw= |xO=t "5 pwOH
"�(Z2) = 0 999 |=R=x@ xOW `iO w

u}ov=}t i = 3 i = 2 i = 1

1555 56
0 0 4000 k = 1

Sik3870 806 324 k = 2
0 5000 0 k = 3

1351 3 1120 1580 1680 n = 1
tin912 1368 1348 n = 2

945 5 777 1175 1176 l = 1
fil645 957 943 l = 2

203 3 168 253 252 n = 1
win138 206 203 n = 2

202 5 168 252 252 n = 1
yin136 205 202 n = 2

(yin) uOQm =OH\UwD xOWCi=} R=@ |x}rw= |xO=t w (win) uOQm =OH\UwD xDi=}
"OwW|t

'|]}LtCU} R hOy `@=D R= C}=[Q u=R}t uOW xi=[= =@ 5 =D 3 pw=OH QO
QO xm CU=vat u=O@ u}= w OW Oy=wN xDU=m OwU hOy `@=D C}@ wr]t u=R}t R=
Vy=m =@ "O@=}|t Vy=m =y|oOv}q; O}rwD w |}=yv OwU Q=Okt ?}DQDx@ pw=OH u}=
Vy=m R}v u}t-=D |xQ}HvR |DWoR=@ Q}Ut QO pkvwptL u=R}t O}=@ =y|oOv}q; u=R}t
x}rw= O=wt u}ov=}t 'p=Ft u=wvax@ "CU= XNWt ẁ[wt u}= pw=OH QO xm O@=}
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Ovyt |Qw;`tH Rm =Qt '|QDWt |xk]vt OvJ 'pOt u}= "CU= xOW s=eO= |O=YDk= hOy
uDiQo Q_v QO =@ =Q x}rw= O=wt |HQ=N `@vt OvJ w xv=oOvJ |R=UR=@ Rm =Qt 'xv=oOvJ
VWwB |R=Ov=x=Q |xv} Ry 'VR=OQB |xv} Ry 'pkvwptL |xv} Ry 'O} QN |xv} Ry
|x@U=Lt |=Q@ VwQ u}= R= '|rt=aD C}OwOLt � " VwQ |=}=Rt x@ xHwD =@ "OyO|t
|]}Lt hOy `@=D OQmrta R= C}=[Q hrDNt Kw]U |=Q@ wDQ=B |=Q=m |=ypLx=Q
QO |O=YDk= w |]}LtCU} R h=Oy= xm OyO|t u=Wv G}=Dv "CU= xOW xO=iDU=
u}= |wO Qy xm ?U=vt VwQ l} OwHw w OvQo}Om} =@ O=[D QO u}t-=D |xQ}HvR u}=
'=ylU=t |=Q@ =[=kDV}=Ri= =@ "CU= |QwQ[ Ovm xOQw;Q@ pw@k p@=k OL QO =Q h=Oy=
=yvD xm |DQwY QO w OwW|t pmWt Q=JO |O=} R ?=DW =@ |]}LtCU} R \}=QW
|]}LtCU} R u=QL@ l} x@ Ov=wD|t ẁ[wt u}= OwW xHwD |O=YDk= h=Oy= x@

"OwW QHvt
=ylU=t |=[=kD QO C}a]k sOa u=wD|t |D; C=ar=]t |=Q@ O=yvW}B u=wvax@
u}= =@ xr@=kt |=Q@ w OQm xi=[= |[=} Q pOt x@ syt w |U=U= ZQi l} u=wvax@ =Q
xO=iDU= |v=mt= |R} Qxt=vQ@ =} Q=wDU= |R=Uxv}y@ Ovv=t |}=yOQm} wQ R= C}a]k sOa
pL |=yQ=R@= '|[=} Q pOt |oO}J}B x@ xHwD =@ OwW|t O=yvW}B u}vJty "OQm
|x} RHD VwQ XwYN u}= QO xm OwW x�=Q= u; pL u=tR Vy=m |=Q@ ?U=vt
w RtQk uRwo sD} Qwor= uwJty u} wv |Q=mD@==Qi |=ysD} Qwor= =} xDi=} ?=DW RQOv@

"OW=@ Ot;Q=m Ov=wD|t |a=tDH= |UOvyt |R=Uxv}y@

u=R}t =} V}=Ri= u=R}t u=wD|t |oO=Ux@ =yv; u}@ |]N ,qt=m |x]@=Q x@ xHwD =@ w
XwYN QO X}NWD u=R}t u}= "OQm XNWt =Q QDt=Q=B u}= Q}}eD |=R= QO Vy=m
s=Hv= p@=k |oO=U x@ 'u; |]NQ}e |x]@=Q p}rO x@ |]}LtCU} R |=y|oOwr;

"OwW |R=Uxv}y@ ,=OOHt x]w@ Qt |[=} Q pOt =tDL CU= sRq w CU}v

|Q}oxH}Dv "6
OUQ|t Q_vx@ =ylU=t R= uwRi=RwQ xO=iDU= w 19 � O} wm TwQ} w |tOv=B x@ xHwD =@
xDU@xkrL u}t-=D |xQ}HvRl}?r=k QO pwYLt u}=Ci=} R=@ w O}rwD |=Q@ |R} Qxt=vQ@
|xm@W |R=Uxv}y@ w |L=Q] x@ j}kLD u}= "OW=@ =yCQwQ[ R= |vwvm \}=QW QO
|]}LtCU} R w |O=YDk= pt=wa x@ xHwD =@ lU=t |xiOyOvJ u}t-=D |xQ}HvR
|Q}os}tYD |R=Uxv}y@ =@ u=tR=U OwU |R=Uxv}W}@pt=W hOyu}rw= "CU= xDN=OQB
|HQ=N u=oOvvmu}t-=D R= xm x}rw= O=wt Q=Okt w Ci=} R=@ p@=k |=ylU=t O=OaD Q@
"CU= hrDNt |D=U}U-=D Rm =Qt X}YND w |@=}u=mt u}vJty w OwW|t |Q=O} QN
xHwD =@ |]}LtCU} R C=QF= |R=Uxv}tm 'xr�Ut u}= swO hOy xmCU= |r=L QO u}=
?wJQ=J QO "CU= Twmat u}t-=D |xQ}HvR QO pkvwptL R= |W=v u@ Qm C=QF= x@
`@=D =@ w xOW xDiQo Q_v QO |a=tDH= pt=a u=wvax@ |QDWt |xR}ov= '|O=yvW}B
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