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+
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&sih = xHPsih xLPsih �HPsih0h = (�HPsih0h )2

$HPs
ih0h = xHPsih �HPsih0h "sih0h = xLPsik �HPsih0h

 sih0h = xHPsih �LPsih0h �sih0h = �LPsih0h �
HPs
ih0h

(22)

pt=W w Ovm|t xv}tm =Q pm |xv} Ry xm CU= hOy `@=D |xOvyOu=Wv 1 |xrO=at
pkvwptL|=yxv} Ry 'QDq=@K]U w QDu}}=BK]U|=yu=DUQ=t}@pLtC@=F |=yxv} Ry
pqDN= xvwoQy QO QDu}}=B w QDq=@C} wrw= =@ u=Q=t}@ x@CtON |=yxv} Ry w Q=_Dv= OQwt
K]U =@ |=yu=DUQ=t}@ O=OaD u} QDW}@ Qov=Wv ?}DQD x@ 3 w 2 CqO=at "CU=
?}DQD x@ 5 w 4 CqO=at "OvwW T}U-=D CU= umtt xm OvDUy QDq=@ K]U w QDu}}=B
7 w 6 CqO=at "Ovvm|t u}t[D =Q QDq=@ w QDu}}=B |=yu=DUQ=t}@ QO hY C=@F

h0 2 J QDu}}=B K]U =@ u=DUQ=t}@ QO s}kt p 2 P |awv u=Q=t}@ R= |WN@ %rpsh0h
X=N C=tON Ci=} QO |=Q@ h 2 K QDq=@ K]U =@ u=DUQ=t}@ x@ xOW xO=O p=kDv=

&s 2 S |w} Q=vU CLD
s 2 S |w} Q=vU CLD h 2 H u}}=B K]U w q=@ K]U |=yu=DUQ=t}@ Qo = %�sh

&QiY OQ=wt Q}=U |=Q@ w 1 OwW E=OL=
i|=[=kD xQo QO h0 u}}=BK]U u=DUQ=t}@ w h|q=@K]U u=DUQ=t}@ u}@ Qo = %�psih0h

"1 OwW Q=QkQ@ |]=@DQ= p ẁv u=Q=t}@ |=Q@ s |w} Q=vU =@
|[=} Q pOt 's}tYD |=yQ}eDt w =yQDt=Q=B '=yxawtHt |iQat R= TB p=L

"OwW|t x�=Q= |O=yvW}B

x}rw= |O=yvW}B |[=} Q pOt "2"4
pOt |=yQDt=Q=B |t=tD xm xOW x�=Q= |Dr=L QO |O=yvW}B |[=} Q pOt VN@ u}= QO
xO=iDU= [22w21] `@=vt R= 16 =D 13 |=yC}OwOLt |=Q@ "Ov=xOW xDiQo Q_v QO |a]k

"CU= xOW
Min

X
t2T

X
h2H

fhtyh +
X
t2T

X
s2S

PsTcst (1)X
h2J

yh � QL (2)X
h2K

yh � QH (3)X
i2I

X
p2P

hpsi x
ps
ih � �sh 8h 2 J; s 2 S (4)P

i2I
P
p2P

hpsi x
ps
ih +

P
i2I

P
h02J

P
p2P

�psh0 h
ps
i �

ps
ih0h � �sh0

8h 2 K; s 2 S
(5)

yh = 0 8h 2 nJ ���poph � popLmin

o
(6)

yh = 0 8h 2 nK ���poph < popHmin

o
(7)

xpsih = 0 8i 2 I; p 2 P; s 2 S
; h 2 �H ��dih > dDHsmax

	 (8)

rpsh0h = 0 8h0 2 J; p 2 P; s 2 S
; h 2 �K ��dh0h > dLHsmax

	 (9)

xpsih � 0 8i 2 I; h 2 H; p 2 P; s 2 S (10)

rpsh0h � 0 8h0 2 J; h 2 K; p 2 P; s 2 S (11)

yh 2 f0; 1gjHj 8h 2 H (12)

(1 + �HPh �sh)
P
i2I

hHPsi xHPsih +
P
i2I

hLPsi xLPsih

� �HPh (�sh)2 8h 2 J; s 2 S
(13)

(1 + 2�LPh �sh)
P
i2I

hHPsi xHPsih

+(1 + �LPh �sh)
P
i2I

hLPsi xLPsih

��LPh
264 P

i2I
(hHPsi )2�HPsih

+
P
i2I

hLPsi hHPsi &sih

375 � �LPh (�sh)2

8h 2 J; s 2 S

(14)
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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 �HPsih � xHPsih 8i 2 I; h 2 H; s 2 S (27)

&sih � xHPsih + xLPsih � 1 8i 2 I; h 2 H; s 2 S (28)

&sih � xHPsih 8i 2 I; h 2 H; s 2 S (29)

&sih � xHPsih 8i 2 I; h 2 H; s 2 S (30)

�HPsih0h � 2&HPsih0h 8i 2 I; h 2 J; h 2 K; s 2 S (31)

�HPsih0h � &HPsih0h 8i 2 I; h0 2 J; h 2 K; s 2 S (32)

$HPs
ih0h � &HPsih0h + xHPsih � 1

8i 2 I; h0 2 J; h 2 K; s 2 S (33)

$HPs
ih0h � xHPsih 8i 2 I; h0 2 J; h 2 K; s 2 S (34)

$HPs
ih0h � &HPsih0h 8i 2 I; h0 2 J; h 2 K; s 2 S (35)

"sih0h � xLPsih + &HPsih0h � 1
8i 2 I; h0 2 J; h 2 K; s 2 S (36)

"sih0h � &HPsih0h 8i 2 I; h0 2 J; h 2 K; s 2 S (37)

"sih0h � xLPsih 8i 2 I; h0 2 J; h 2 K; s 2 S (38)

 sih0h � xHPsih + &LPsih0h � 1
8i 2 I; h0 2 J; h 2 K; s 2 S (39)

 sih0h � &LPsih0h 8i 2 I; h0 2 J; h 2 K; s 2 S (40)

 sih0h � xHPsih 8i 2 I; h0 2 J; h 2 K; s 2 S (41)

�sih0h � &HPsih0h + &LPsih0h � 1
8i 2 I; h0 2 J; h 2 K; s 2 S (42)

�sih0h � &LPsih0h 8i 2 I; h0 2 J; h 2 K; s 2 S (43)

�sih0h � &HPsih0h 8i 2 I; h0 2 J; h 2 K; s 2 S (44)

�sih:�
s
ih:�

HPs
ih :
HPsih � 0 8i 2 I; h 2 H; s 2 S (45)

&Psih0h:�
HPs
ih0h :$

HPs
ih0h :"

s
ih0h: 

s
ih0h:�

s
ih0h � 0

8i 2 I; h0 2 J; h 2 K; s 2 S (46)

|wk |w} Q=vU Q@ |vD@t |iO=YD |R} Qxt=vQ@ pOt "4"4
|yHwD p@=k Qw] x@ |@=}u=mt w X}YND C=t}tYD 'OW u=}@ QDW}B xm Qw]u=ty
C=}rta w |R} Qxt=vQ@ u=} QH QO xm OQ}o|t Q=Qk C}a]k sOa R= |}xHQO Q}F-=D CLD
|QwQ[ C=t}tYD u}= x@ C}a]k sOa p=ta= 'xH}Dv l} u=wva x@ "OwW|t Qy=_
QO |O=yvW}B pOt "O};|t CUO x@ Ot;Q=m xm@W |L=Q] l} xm |Qw] x@ 'CU=
u}t-=D *u=v}t]= sOa R= sa= C}a]k sOa *hrDNt |=yxDUO pt=W |r@k VN@
|DW=Oy@ C=tON C=v=mt= QO u=v}t]= *C}r@=k w C}iQ_ |=yx@vH QO xm xOvvm
u=v}t]= sOa w `=HQ= w =[=kD MQv QO xm xOvQ}o *C}a]k sOa 'CU= xOW Tmavt
QO =Q =yw} Q=vU R= |}xawtHt "CU= |}=}i=QeH TQDUO QO 'xOW Tmavt u}@=t
u}}aD =Q pDNt \}=QW xOW xO=O p=tDL= l} =@ s=Om Qy xm s}=xOQm h} QaD pOt
|UQQ@ |=Q@ "OQ=O xDi=} jkLD |w} Q=vU x@ |oDU@ swrat=v |=yQDt=Q=B O=OaD w Ovvm|t
\UwD xOW O=yvW}B |wk OQm} wQ R= 'xDi=}xaUwD |[=} Q pOt uwQO |=yw} Q=vU
|wrwt \UwD xOW s=Hv= Q=m R= |DiQW}B xm CU= xOW xO=iDU= [26]u=Q=mty w nvw}r
w pLx=Q s=mLDU= %s=mLDU= ẁv wO pt=W VwQ u}= "CU= xOw@ [27]u=Q=mty w

=@ |@=NDv= |=yu=mt QO q=@ K]U w u}}=B K]U =@ |=yu=DUQ=t}@ xm OvyO|t u=Wv
u}t[D 8 |xrO=at "OwW|t T}U-=D xOW u}}aD V}B R= Q=Okt l} R= QDq=@ |D}atH
p@=k |xrY=i QFm =OL R= V}@ O}=@v C} wrw= u} QDtm w u} QDq=@ =@ u=Q=t}@ xm Ovm|t
w} Q=vU Qy CLD =yu=DUQ=t}@ QO C=tON x@ |UQDUO |=Q@ =Q �p=Ft u=wva x@� pw@k
u}}=B K]U =@ u=DUQ=t}@ |=Q@ pw@k p@=k |xrY=i QFm =OL 9 |xrO=at "OvwW ptLDt
K]U =@ |=yu=DUQ=t}@ x@ =Q QDu}}=B w QDq=@ C} wrw= =@ u=Q=t}@ =D Ovm|t u}}aD =Q
Q}e |=yC}OwOLt 12 =D 10 CqO=at "OyO `=HQ= |} w} Q=vU Qy CLD |QDq=@
w 13 CqO=at "Ovvm|t =QH= x]w@ Qt |Q}os}tYD |=yQ}eDt QO =Q |Qv}=@ w |ivt
\w@ Qt |=yC}OwOLt j} Q] R= u=DUQ=t}@ C=tON C}i}m xm Ovvm|t u}t[D 14
w QDq=@ C} wrw= =@ u=Q=t}@ Q=_Dv= u=tR xm |}xvwo x@ OwW|t p=ta= OOQD K]U x@
wO u=ty 16 w 15 CqO=at "Ovmv Rw=HD R=Ht u=R}t QFm =OL R= 'hY QO QDu}}=B
C=tON wO Qy s}kDUt Qw] x@ Ovv=wD|t u=Q=t}@ xm |Dr=L QO OvDUy |r@k C}OwOLt
'u}= Q@ xwqa "Ovvm Ci=} QO q=@ K]U |=yu=DUQ=t}@ QO =Q |YYND w |twta
CU= umtt q=@ K]U =@ u=DUQ=t}@ QO QDu}}=B w QDq=@ C} wrw= =@ u=Q=t}@ R= |OYQO
17 |xrO=at "Ov@=} p=kDv= QD|YYND C=tON |=Q@ QDq=@ K]U =@ |=yu=DUQ=t}@ x@
|=yu=DUQ=t}@ \UwD O}=@ QDu}}=B w QDq=@ C} wrw= =@ u=Q=t}@ |=[=kD xm OyO|t u=Wv
u=Q=t}@ x@ xm Ovm|t u}t[D 18 |xrO=at "OwW s=Hv= QDq=@ K]U =} QDu}}=B K]U =@
'OvW=@ xDW=O R=}v |YYND C=tON |x�=Q= x@ xm |QDu}}=B C} wrw= w QDq=@ C} wrw= =@
QDq=@ C} wrw= =@ u=Q=t}@ xm OyO|t u=v}t]= 19 |xrO=at "OwW x�=Q= sRq C=tON O}=@
u=} QH QO xm |}=yv; w xOW T}U-=D |=yu=DUQ=t}@ x@ \ki O}=@ QDu}}=B C} wrw= w
QO xm Ovm|t u}t[D 20 |xrO=at "OvwW xO=O X=YDN= 'w} Q=vU Qy CLD 'OvDUy
u=Q=t}@ 'OyO Q=Qk Q}F-=D CLD =Q xOW T}U-=D C=U}U-=D Ov=wD|t xm |DqqDN= jkLD
=yvD OvQ=O |YYND C=tON |x�=Q= x@ R=}v xm QDu}}=B C} wrw= w QDq=@ C} wrw= =@
u=mt 'xOW T}U-=D w u=} QH p=L QO |q=@ K]U =@ |=yu=DUQ=t}@ QO Ovv=wD|t
"OyO|t u=Wv =Q w} Q=vU Qy |=Q@ pm Q}eDt |xv} Ry Q=Okt 21 |xrO=at "OvwW xO=O

"OvDUy \U=w |=yQ}eDt h} QaD x@ \w@ Qt 22 CqO=at

|O=yvW}B pOt |R=U|]N "3"4
w wO xHQO |R} Qxt=vQ@ pOt l} "2"4 VN@ Q} R QO xOW x�=Q= |O=yvW}B pOt
Qw_vt x@ "CU= pmWt V=|rai pmW QO u; uOQ@ Q=m x@ xm CU= K}LY OOa
|=yQ}eDt |=yxDi=} pt=W xiQ]wO |=yC}OwOLt R= |W=v |]NQ}e |R=U=OH
[23]l}tQwmmt |=y|Q@=Q@=v R= 'swO xHQO uQ=kDt=v \}=QW 'u}vJty w xDUw}B
|v=yH |R=Uxv}y@ |=yOQ@y=Q R= |Q=}U@ |=Q@ |}x}=B u=wva x@ xm OwW|t xO=iDU=
u=}@ u}vJ |O=yvW}B pOt 'jwi VwQ OQ@ Q=m =@ "OvDUy [25]u}�wm w [24]uwQ=@ Ovv=t

%OwW|t
22 =D 1 CqO=at
&psih0h � xpsih + rpsh0h � 1

8i 2 I; h0 2 J; h 2 K; p 2 P; s 2 S (23)

&psih0h � rpsh0h
8i 2 I; h0 2 J; h 2 K; p 2 P; s 2 S (24)

&psih0h � xpsih
8i 2 I; h0 2 J; h 2 K; p 2 P; s 2 S (25)

�HPsih � 2xHPsih � 1 8i 2 I; h 2 H; s 2 S (26)
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=Q@|
iO=Y

DQ=w
DU=

|=}
wBp

Ot|
L=Q]

"|Q]U sQi x@ ?=wH V}=tv "4 pmW
"MU=B Q}eDt |x@U=Lt |=Q@ |@=} RQ= |=yQ=}at uRw "2 pwOH

=QH= u=tR `@=wD O=OaD =yQ=}atxOW |@=} RQ=
1 2 =yuRw

"?wr]t=v |R=U?DQt =@ l}DvS sD} Qwor= |=Q@ xOW xO=iDU= pt=a Kw]U "3 pwOH
=ypt=a Kw]U

3 2 1
150 100 50 C}atH O=OaD

=yQDt=Q=B0 9 0 8 0 7 VyH Qorta p=tDL=
0 3 0 2 0 1 `]=kD Qorta p=tDL=

w l} '0 5 R= QDoQR@ O=Oa= 'OW=@ 1 w QiY u; O=Oa= O}=@ xm Y VN@ |=Q@
=yX 'Y u}}aD R= TB "CU= xOW xDiQo Q_v QO QiY '0 5 |w=Ut QDmJwm O=Oa=
Q=Okt xQ}e w C}atH w E=OL= |=yC}OwOLt x@ xHwD =@ Ovv=wD|tv xm |}=yR w
|wQ R= =yQ}eDt |k=@ 'xOW QmP |=yC}OwOLt p=ta= R= TB "OvwW|t QiY 'OvQ}o@
x@ xm OwW|t x@U=Lt pm |xv} Ry 'C}=yv QO w OvwW|t x@U=Lt s}tYD |=yQ}eDt

"CU= xOW xDiQo Q_v QO hOy `@=D u=wva

MU=B Q}eDt "2"5
xOW x�=Q= Q=}at wO R= |@}mQD xm CU= xOW xO=iDU= MU=B Q}eDt R= QDt=Q=B s}_vD |=Q@
Q=m x@ |vRw ?}=Q[ "OwW|t x@U=Lt 57 |x]@=Q R= xO=iDU= =@ u; Q=Okt w CU=

"CU= xOW xO=O u=Wv 2 pwOH QO =yQ=}at |=Q@ xDiQ

Ri = w1RPD1 + w2RPD2 + :::+ wnRPDn
w1 + w2 + :::+ wn

(57)

|R=U?DQt =@ l}DvS sD} Qwor= x@ \w@ Qt Kw]U w pt=wa "3"5
?wr]t=v

?wr]t=v |R=U?DQt =@ l}DvS sD} Qwor= x@ \w@ Qt pt=wa w Kw]U 3 pwOH QO
w |Jwo =D VwQ QO Ot=aDt |=yx}=Q; OQ=Ov=DU= pwOH x@ xaH=Qt =@ "CU= xOW xOQw;
KQ] u} QD?U=vt u=wva x@ L9(33) Ot=aDt |x�=Q= 5'?D|v}t Q=Ri=sQv R= xO=iDU= =@
4 pwOH QO KQ] u}= Ot=aDt |=yx}=Q; "OwW|t ?=NDv= VW =D xU |=ypOt |=Q@
p@=k s}kDUt Qw] x@ w CU= Cw=iDt xr�Ut Qy QO Ri Q=Okt xm =Hu; R= "CU= xOt;

"OwW|t xO=iDU= xr�Ut Qy |=Q@ 6|@Uv h=QLv= OYQO R= CU}v xO=iDU=

RPD = Algsol �Minsol
Minsol

� 100 (58)

R= umtt OQ=wt |t=tD |=Q@ ?wr]t |rL x=Q uDi=} |=Q@ |rw= &CU= pOt s=mLDU=
OQ=wt s=tD QO 'pL x=Q uDi=} jkLD u}t[D |=Q@ |twO w CU= swrat=v |=yQDt=Q=B
[27]"OwW|t xO=iDU= R=Ht |=yOQmrta R= xO=iDU= =@ swrat=v |=yQDt=Q=B R= umtt
|wk |w} Q=vU Q@ |vD@t |iO=YD |Ov@pwtQi p=ta= =@ xOW x�=Q= |O=yvW}B pOt
QO xm Ow@ Oy=wN 56 =D 47 \@=wQ CQwY x@ u=Q=mty w |wrwt \UwD xOW O=yvW}B
Ov}=WwN=v |=[=kD u=wva x@ Os w ?=wH Tv=} Q=w R= |YNWt uRw u=wva x@ � u;
Q@ Q=wDU= |R} Qxt=vQ@ ?}=Q[ # w �s u}vJty "Ov=xOW h} QaD s |w} Q=vU CLD

"OvDUy w} Q=vU |x}=B
Min

P
t2T

P
h2H

fhtyh +
P
t2T

P
s2S

PsTcst

+�
P
s2S

Ps

" 
Tcst � P

t2T
P
s02S

Ps0Tcts0

!
+ 2�s

#
+#

P
s2S

Ps

 P
i2I

P
p2P

hpsi o
ps
1i +

P
i2I

P
h02J

P
p2P

�psh h
ps
i x

ps
ih0o

ps
2h0

!
(47)X

h2H
xpsih + ops1i = 1 8i 2 I; p 2 P; s 2 S (48)X

h2H
rpsh0h + ops2h0 = 1 8h0 2 J; p 2 P; s 2 S (49)

TCs �X
s02S

Ps0TCs0 + �s � 0 8s 2 S (50)

�s:ops21i:o
ps
2h0 � 0 8i 2 I; h0 2 J; p 2 P; s 2 S (51)


psih0 � xpsih0 + ops2h0 � 1
8i 2 I; h0 2 J; p 2 P; s 2 S (52)


psih0 � xpsih0 8i 2 I; h0 2 J; p 2 P; s 2 S (53)


psih0 � xps2h0 8i 2 I; h0 2 J; p 2 P; s 2 S (54)


psih0 � 0 8i 2 I; h0 2 J; p 2 P; s 2 S (55)

Where 
psih0 = xpsih0 :o
ps
2h0 (56)

47 =D 1 CqO=at

|O=yvW}B pL |=yVwQ "5
xaUwD |[=} Q pOt pL |=Q@ |O=yvW}B pL |=yVwQ u}}@D x@ VN@ u}= QO
C=QP s=LOR= sD} Qwor= w ?wr]t=v |R=U?DQt =@ l}DvS sD} Qwor= pt=W 'xOW xO=O

"CN=OQB s}y=wN

?=wH V}=tv |xwLv "1"5
|DW=ov =@ xDWQ u}= "OW xO=iDU= |Q=Wa= OOa xDWQ l} R= ?=wH V}=tv |=Q@
|xDWQ u}= "OwW|t p}O@D xr�Ut R= |@=wH x@ OwW|t xO=O u=Wv 4 pmW QO xm
s=o QO "Ov=xOt; Q]U l} QO xm CU= T} QD=t xU |=yQ]U `k=w QO '|Q=Wa= O=Oa=
|=H x@ |QU sQi R= xO=iDU= p}rO "OwW|t p}O@D T} QD=t xU x@ O=Oa= |xDWQ pw=
x@ sD} Qwor= xm CQwY u}O@ "CU=ysD} Qwor= `@=wD R= QDy@ |xO=iDU= '|U} QD=t sQi
xr�Ut R= |@=wH =@ Q_=vDt xDWQ u}= xm OwW|t =Qoty |Q=Wa= OOa xDWQ l} CtU

"CU=
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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 "C=QP s=LOR= sD} Qwor= |=Q@ Ot=aDt |=yx}=Q; "6 pwOH

VyH Qorta C}atH O=OaD `]=kD Qorta xQ=tW
V}=tR;

1 1 1 1
2 1 2 2
3 1 3 3
2 2 1 4
3 2 2 5
1 2 3 6
3 3 1 7
1 3 2 8
2 3 3 9

"OwW|t x�=Q= Q} R CQwY x@ G}=Dv w xDiQo s=Hv= j}kLD |=yxawtHt R= |O=OaD
pL R= pY=L |=yMU=B 'OwW|t xOy=Wt 8 w 7 |=ypwOH QO xm Qw]u=ty
|Qw] x@ 'OvQ=O |@U=vt C}i}m 'xOW x�=Q= pOt =@ xU}=kt QO |O=yvW}B sD} Qwor=
9 pwOH QO u=wD|t u}vJty "CU= OYQO 9 5 =@ Q@=Q@ |D=@U=Lt Ao u} QDW}@ xm
V}=Ri= =t= 'O@=}|t V}=Ri= |}=tv CQwY x@ xOW x�=Q= pOt u=tR xm OQm xOy=Wt
"CU= |H} QOD |W}=Ri= w |k]vt |Q=DN=U |=Q=O |O=yvW}B |=ysD} Qwor= u=tR
u} QDy@ |=Q=O C=QP s=LOR= sD} Qwor= Cio u=wD|t 'jwi ?r=]t j@] u}=Q@=v@
=@ |r[=iD pt=mD sD} Qwor= xm CU= |r=L QO u}= "CU=ysD} Qwor= u}@ QO OQmrta
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1. Mixed Integer Linear Programming

2. Here-and-Now
3. Wait-and-See
4. P-Robustness
5. Minitab

122



1|
xQ=t

W'
39

|xQ
wO'

�14
02

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt 6. Rpd: Relative Percentage Deviation

7. npop: Number of Population
8. pm: Probability of Mutation
9. pc: Probability of Crossover
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