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"CU= |a]k w XNWt |v=tR xR=@ Qy QO pkvwptL p}=Uw O=OaD ��
"OwW|t s=Hv= p=U |=yx=t l}miD x@ |R} Qxt=vQ@ ��

Qy QO xOQw=Qi Qy |=Q@ Q}Ut Qy R= xr}Uw Qy pkvwptL Q}Ut Q}U COt w xv} Ry ��
"CU= |a]k w XNWt x=t

Q}PBu=mt= |Y=N |x}rkv p}=Uw \UwD =yvD =yu=tm R= |NQ@ QO xOQw=Qi ptL ��
"CU=

"CU= xO=iDU= p@=k |Y=N |v=tR xQHvB QO =yvD =yQ}Ut R= |NQ@ ��
=yC}OwOLt w hOy `@=wD QO u}=Q@=v@ wCU=C@=F|Div |=yxOQw=Qi O}rwD |xv} Ry ��

"OvwW|tv OQ=w
x=t Qy QO =yx=oW}q=B R= l} Qy \UwD |Div |xOQw=Qi Qy |x[Qa C}iQ_ ��

"CU= |a]k w XNWt
"CU= |a]k w XNWt RwQ Qy QO =yxOQw=Qi R= l} Qy |=[=kD ��

|=yxOQw=Qi |=Q@ u=wD|t =Q pkvwptL p}=Uw w |R=UxQ}NP Rm =Qt R= l} Qy ��
"O=O Q=Qk xO=iDU= OQwt Cw=iDt

|xv} Ry 'Ovm ptL =Q |Dw=iDt |=yxOQw=Qi pkvwptL |xr}Uw l} xJv=vJ ��
"OwW|t ^=Lr u; |wWwCUW

w CU= |a]k w XNWt RwQ Qy QO CNwU |=yx=o}=H w =yx=owQ}v |=[=kD ��
"OwW xOQw;Q@ RwQ u=ty QO O}=@

p} wLD |=Q@ |}=yv Oawtl} wCU= |v=tR xQHvB |=Q=O |�RH u=} QDWt |=[=kD ��
"OQ=O

'pkvwptL p}=Uw|@=} Q}Ut w |Ov@u=tR |xv}tR QO xOW s=Hv= C=ar=]t u}@ QO
|@=} Q}Ut w |OwHwt C} Q}Ot w pQDvm p�=Ut ?}mQD x@ C=k}kLD R= |O=} R O=OaD
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p=kDv= =yx=oW}q=B R= xrwr \N \UwD xm |tHL w OwW|t ptL x=owQ}v l} x@
|=yC}OwOLt "OW=@v QDsm pwYLt u; |=Q@ x=owQ}v u; xv=RwQ |=[=kD R= O@=}|t

Min
X
i2I

X
j2J

X
k2K

X
v2V

yijkptvrjoCikpo

+
X
f2F

X
j2J

X
i2I

X
v2V

xfjipvrjoCfipo

+
X
f2F

X
j2J

X
h2H

X
v2V

wfjhpvrjoCfhpo

+
X
f2F

X
j2J

X
g2G

X
v2V

zfjgpvrjoCfgpo

+
X
e2E

X
j2J

X
f2F

X
v2V

bejfpvrjoCefpo

+
X
e2E

X
j2J

X
i2I

X
v2V

sejipvrjoCeipo

+
X
e2E

X
j2J

X
h2H

X
v2V

mejhpvrjoCehpo

+
X
e2E

X
j2J

X
g2G

X
v2V

nejgpvrjoCegpo

+
X
e2E

X
h2H

X
p2P

X
v2V

PIPEehpvC0ehp

+
X
j2J

X
v2V

CleanjvrjoC00o (1)

CU= |v=} QDWt |=[=kD VWwB uOQmxv}W}@ pt=W xOWx�=Q= pOt hOy `@=D u}twO
"CU= |v=tR xQHvB |=Q=O u=W=[=kD xm

Max

P
t2T

P
i2I
P
j2J

yijkptvrjoCapoP
k2K

P
p2P

P
t2T

DK
kpt

(2)

=yC}OwOLt "4"2
l} w Q=@v= l} x@ \ki v RwQ QO j uw}t=m xm Ovm|t u}t[D C}OwOLt u}DUNv
p} wLD |}=yv Oawt xm Ovm|t ptL =Q pwYLt l} =yvD w O@=}|t X}YND |QDWt
k |QDWt w i |v=}t Q=@v= u}@ xm xDmv u}= uDiQo Q_v QO =@ "CU= t RwQ pwYLt u;
|xrY=i x@ xHwD =@ xm Ovm |Q}oQ=@ |v=tR O}=@ j uw}t=m 'OQ=O OwHw |v=tR |xrY=i
"�4 C}OwOLt� Ovm xOQw;Q@ =Q |QDWt |=[=kD 'p} wLD Oawt R= V}B Ov=wD@ |v=tR
QO RwQ u; QO 'OwW|t |Q}oQ=@ v RwQ QO xm j uw}t=m xm Ovm|t u}t[D 5 C}OwOLt
|QDWt x@ uw}t=m l} X}YND R= C}OwOLt u}= Qo}O CQ=@ax@ "OQ=O Q=Qk TQDUO
"Ovm|t |Q}owrH 'CU= |Qo}O |QDWt x@ |yOCtON p=L QO xm |v=tR =D 'O}OH
xm |v=tR =D O@=}|t X}YND |QDWt l} R= =[=kD l} x@ uw}t=m l} xm |t=ovy
|O}OH pwYLt Ov=wD|tv OOQoR=@ |v=}t Q=@v= x@ w OyO p} wLD |QDWt x@ =Q xOQw=Qi
j uw}t=m "�6 C}OwOLt� Ow@ Oy=wNv TQDUO QO COt u}= QO w Ovm |Q}oQ=@ =Q
xm O@=}|t X}YND |QDWt l} x@ xOQw=Qi l} ptL |=Q@ |DQwY QO o ẁv R=
QO QiU COt pw] QO uw}t=m ẁv u; |=Q@ Q_v OQwt |QDWt =D |v=}t Q=@v= u}@ Q}Ut
O}=@v xOQw=Qi Qy |=R=x@ RwQ Qy QO |v=}t Q=@v= Qy R= =y|HwQN ẁtHt "OW=@ TQDUO
x@ xHwD =@ "�8 C}OwOLt� OW=@ RwQ u; QO pwYLt u; R= Q=@v= u; |OwHwt R= QDW}@
O}=@v Q=@v= Qy |OwHwt '|Div |xOQw=Qi ẁv Qy |=Q@ |v=}t |=yQ=@v= XNWt C}iQ_
pwYLt Qy R= |v=}t Q=@v= Qy |OwHwt "OwW QDW}@ xOQw=Qi u; |=Q@ Q=@v= u; C}iQ_ R=
w u=} QDWt x@ pwYLt u; p=UQ= u=R}t ẁtHt 'p@k RwQ |OwHwt x@ xDU@=w RwQ Qy QO
"�10 C}OwOLt� CU= |rY= |=yQ=@v= w =yx=oW}q=B R= pwYLt u; Ci=} QO u=R}t
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u=DU
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w`}
=vY

|U
Ovyt 8f; i; p; v; h; g; e; o (16)

Q0fpv � S0fp 8f; p; v (17)X
f2F

X
h2H

X
p2P

wfjhpv � 1 8j; v (18)

wfjhpv � qjv 8f; j; h; p; v (19)

v+2dfhfjhp�1X
u=v+1

qju �M (1� wfjhpv) 8f; j; h; p; v (20)

wfjhpv � afhfholrjo 8f; j; h; p; v; o; l = v; :::; v + 2dfhfjhp�1
(21)X

f2F

X
g2G

X
p2P

zfjgpv � 1 8j; v (22)

zfjgpv � qjv 8f; j; g; p; v (23)

v+2dfgfjgp�1X
u=v+1

qju �M (1� zfjgpv) 8f; j; g; p; v (24)

zfjgpv � afgfgolrjo 8f; j; g; p; v; o; l = v; :::; v + 2dfgfjgp � 1
(25)X

e2E

X
i2I

X
p2P

sejipv � 1 8j; v (26)

sejipv � qjv 8e; j; i; p; v (27)

v+2deiejip�1X
u=v+1

qju �M (1� sejipv) 8e; j; i; p; v (28)

sejipv � aeieiolrjo 8e; j; i; p; v; o; l = v; :::; v + 2deiejip � 1
(29)X

e2E

X
g2G

X
p2P

nejgpv � 1 8j; v (30)

nejgpv � qjv 8e; j; g; p; v (31)

v+2degejgp�1X
u=v+1

qju �M (1� nejgpv) 8e; j; g; p; v (32)

nejgpv � aegegolrjo 8e; j; g; p; v; o; l = v; :::; v + 2degejgp � 1
(33)X

e2E

X
f2F

X
p2P

bejfpv � 1 8j; v (34)

bejfpv � qjv 8e; j; f; p; v (35)

v+2defejfp�1X
u=v+1

qju �M (1� bejfpv) 8e; j; f; p; v (36)

bejfpv � aefefolrjo 8e; j; f; p; v; o; l = v; :::; v + 2defejfp � 1
(37)X

e2E

X
h2H

X
p2P

mejhpv � 1 8j; v (38)

mejhpv � qjv 8e; j; h; p; v (39)

&Ovm|t ptL =Q |rwYLt ẁv xJ RwQ Qy QO uw}t=m Qy xm OvQ=O|t u=}@ 54 =D 47
u; 'Ovm ptL OYkt l} x@ -=O@t l} R= =Q pwYLt ẁv l} uw}t=m l} xJv=vJ
55 C}OwOLt "O@=}|t X}YND pwYLt u; x@ pkvwptL COt pw] QO uw}t=m
"OW=@ xOQw=Qi ẁv l} |w=L Ov=wD|t \ki RwQ Qy QO uw}t=m Qy xm Ovm|t u=}@
|}xOQw=Qi RwQ l} QO uw}t=m l} xJv=vJ xm Ovvm|t u=}@ 57 w 56 |=yC}OwOLt
|w=L Ovmv |Q}oQ=@ =Q |Qo}O xOQw=Qi xm |v=tR =D pk=OL uw}t=m uRNt Ovm |Q}oQ=@ =Q
xm |rwYLt xJv=vJ xm Ovm|t u=}@ 58 C}OwOLt "Ow@ Oy=wN xOQw=Qi ẁv u=ty
59 C}OwOLt "OQ=O wWwCUW x@ R=}v uw}t=m u; 'Ovm Q}}eD Ovm|t ptL uw}t=m l}
xm@W x@ |R} Qxt=vQ@ |v=tR ji= pw] QO xm pwYLt Qy sHL pm xm Ovm|t u}t[D
C}OwOLt xQNq=@ w "OW=@v QDW}@ pwYLt u; R=Ht sHL QFm =OL R= OwW|t OQ=w

"OyO|t u=Wv =Q =yQ}eDt ẁvX
i2I

X
k2K

X
p2P

yijkptv � 1 8j; t; v (3)

yijkptv � t� dikijkp � v + 2 8i; j; k; p; t; v (4)

yijkptv � qjv 8i; j; k; p; t; v (5)

v+2dikijkp�1X
u=v+1

qju �M (1� yijkptv) 8i; j; k; p; t (6)

yijkptv � aikikolrjo 8i; j; k; p; t; v; o; l = v; :::; v + dikijkp � 1
(7)X

j2J
yijkptvrjoCapo � Qipv 8i; k; p; t; v; o (8)

Qipv � Sip 8i; p; v (9)

Qipv =Qip(v�1) �X
j2J

yijkptvrjoCapo

+
X
j2J

xfjip
�
v�dfifjip�1

�rjoCapo
+
X
j2J

sejip(v�deiejip�1)rjoCapo 8i; k; p; t; v; f; e; o
(10)X

f2F

X
i2I

X
p2P

xfjipv � 1 8j; v (11)

xfjipv � qjv 8f; j; i; p; v (12)

v+2dfifjip�1X
u=v+1

qju �M (1� xfjipv) 8f; j; i; p; v (13)

xfjipv � afifiolrjo 8f; j; i; p; v; o; l = v; :::; v + 2dfifjip � 1
(14)X

j2J
xfjipvrjoCapo +

X
j2J

zfjgpvrjoCapo +
X
j2J

wfjhpvrjoCapo

� Q0fpv 8f; i; p; v; g; h; o (15)

Q0fpv = Q0fp(v�1) �
X
j2J

xfjipvrjoCapo �X
j2J

wfjhpvrjoCapo

�X
j2J

zfjgpvrjoCapo +
X
j2J

bejfp
�
v�defejfp�1

�rjoCapo
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pL VwQ "3
u}t-=D |xQ}HvR C} Q}Ot QO xO}J}B p�=Ut R= |m} pkvwptL |R} Qxt=vQ@ |xr�Ut
Q=Qk �NP-Hard�CNU u}at|}xrtHOvJ Q}e p�=Ut |xQtR QO p�=Ut u}= "CU=
C=[wQit uDiQo Q_v QO p}rO x@ 'VywSB u}= QO xOW x�=Q= |R} Qxt=vQ@ pOt "OvQ=O
=@ p�=Ut j}kO pL 'wQ u}= R= "CU= Q=OQwNQ@ R}v |ia=[t |oO}J}B R= ' ẁvDt
OQwt |xr�Ut xm u}= x@ xHwD =@ "CU}v Q}PBu=mt= pwkat u=tR QO |ak=w |=}vO O=a@=
OQ}o CQwY |}=ysD} Qwor= \UwD O}=@ u; pL 'CU= hOy `@=D wO |=Q=O |UQQ@
QO xO=iDU= OQwt VwQ =Pr "OvQ=OQwNQ@ xv=oOvJ h=Oy= =@ p�=Ut pL C}r@=k R= xm
u}= |R=UxO=}B pwY= 'xt=O= QO "CU= NSGAII |Q=mD@==Qi VwQ 'Q[=L Q=DWwv

"CU= xOW K} QWD xOW x�=Q= pOt |=Q@ VwQ

uOw@ |vOW w ?=wH V}=tv "1"3
?=wH V}=tv |xwLv u}}aD 'l}DvS sD} Qwor= l} |L=Q] QO xrLQt u}DUNv
Q=DN=U l} 'Q_v OQwt |xr�Ut pL Qw_vtx@ "CU= swRwtwQm l} CQwYx@xr�Ut
x�=Q= Q=DN=U "CU= xOW xDiQo Q_v QOxr�Ut ?=wH V}=tv |xwLv |=Q@ |@D=QtxrUrU
=@ CU= Q@=Q@ u; |=yuwDU O=OaD w CU= Q]U xU |=Q=O xm CU= |U} QD=t xOW
|xOvyOu=Wv T} QD=t uwDU Qy "xrwr \w]N O=OaD w =yuw}t=m pm O=OaD ẁtHt
OOa l} =[=kD Qy x@ 'Q_v OQwt |xr�Ut QO "CU= xrwr \N l} =} uw}t=m l}
'swRwtwQm swU Q]U 'pw= VN@ QO "Ovm|t u=}@ =Q =[=kD u; xQ=tW xm OQ}o|t jraD
Vkv wO Ovv=wD|t =yuw}t=m xm u}= x@ xHwD =@ "Ovm|t u}}aD =Q swRwtwQm C}r=ai ẁv
p=kDv= "1 %CU= xOW xDiQo Q_v QO =yuw}t=m |=Q@ C}r=ai ẁv wO 'Ovvm =i}= Cw=iDt
|=yx=o}=H '=yx=owQ}v pt=W u=} QDWt |=[=kD x@ |} woMU=B |=Q@ |Div |=yxOQw=Qi
|=yQ=@v= =} =yx=oW}q=B R= |Div |=yxOQw=Qi p=kDv= "2 &|�RH u=} QDWt w CNwU
Qou=}@ pw= Q]U 'OyO u=Wv =Q 1 OOa swU Q]U xJv=vJ "|v=}t |=yQ=@v= x@ |rY=
|xOvyOu=Wv swO Q]U w OwW|t p=UQ= uw}t=m u; \UwD xm CU= |}=[=kD xQ=tW
swRwtwQm swO VN@ "CU= �x=oW}q=B =} |rY= Q=@v= '|v=}t Q=@v=� =[=kD u}t-=D pLt
swU Q]U 'VN@ u}= QO "CU= xrwr \N \UwD |Div |=yxOQw=Qi p=kDv= x@ \w@ Qt
swRwtwQm CUNv VN@ R= VN@ u}= R}tD ?Hwt xm Ovm|t PN= =Q 3 OOa xQ=wty
pwYLt sHL Qou=}@ swO Q]U w OyO|t u=Wv =Q =[=kD xQ=tW pw= Q]U 'OwW|t

"CU= xrwr \N \UwD |r=UQ=
?=wH uOw@ |vOW ẁ[wt 'swRwtwQm |L=Q] QO C}ty= R�=L C=mv R= |m}
xm OvwW|t O}rwD |}xvwox@ x}rw= |=y?=wH 'Q[=L |xr�Ut QO "CU= u; R= pY=L
OvwW|t h} QaD |}xvwox@ =yQorta R}v sD} Qwor= hrDNt pL=Qt QO w OvW=@ |vOW

"OwW ^iL =y?=wH uOw@|vOW xm

x}rw= C}atH O}rwD "2"3
|YNWt O=OaD R= x}rw= C}atH l} O}rwD pt=W xOWx�=Q= sD} Qwor= ẁQW Ov}=Qi
w '|iO=YD CQwYx@ x}rw= C}atH O=Qi= 'xOW x�=Q= sD} Qwor= QO "CU=y?=wH R=

"OvW=@ |vOW pY=L |=y?=wH xm OvwW|t O}rwD |}xvwox@
CQwYx@ |iO=YD |x}rw= |=y?=wH O}rwD Q@ xwqa 'xOW x�=Q= sD} Qwor= QO
u}= QO "OwW|t xO=iDU= =y?=wH Ow@y@ Qw_vtx@ R}v |Q=mD@= OQm} wQ l} R= |vOW
Q}=U TBU w 'O@=}|t X}YND w xOW |}=U=vW |Qwi |=y=[=kD =OD@= OQm} wQ

v+2dehejhp�1X
u=v+1

qju �M (1�mejhpv) 8e; j; h; p; v (40)

mejhpv � aeheholrjo 8e; j; h; p; v; o; l = v; :::; v + 2dehejhp � 1
(41)

PIPEehpv �MVpRehpv 8e; h; p; v (42)

RehpvM � PIPEehpv 8e; h; p; v (43)X
p2P

PIPEehpv � Cap0eh 8e; h; v (44)X
f2F

X
j2J

zfjgpvrjoCapo +
X
e2E

X
j2J

nejgpvrjoCapo � DG
gpv

8g; p; v; o (45)X
f2F

X
j2J

wfjhpvrjoCapo +
X
e2E

X
j2J

mejhpvrjoCapo

+
X
e2E

PIPEehpv � DH
hpv 8h; p; v; o (46)

usejpv � yijkptv 8i; j; k; p; t; v (47)

usejpv � xfjipv 8f; j; i; p; v (48)

usejpv � wfjhpv 8f; j; h; p; v (49)

usejpv � zfjgpv 8f; j; g; p; v (50)

usejpv � sejipv 8e; j; i; p; v (51)

usejpv � bejfpv 8e; j; f; p; v (52)

usejpv � mejhpv 8e; j; h; p; v (53)

usejpv � nejgpv 8e; j; g; p; v (54)X
p2P

usejpv = 1 8j; v (55)

usejpv � usejp(v�1) �Myijkptv �Mxfjipv �Mwfjhpv

�Mzfjgpv �Msejipv �Mbejfpv �Mmejhpv

�Mnejgpv 8i; j; k; p; t; v; f; h; g; e (56)

usejpv � usejp(v�1) +Myijkptv +Mxfjipv +Mwfjhpv

+Mzfjgpv +Msejipv +Mbejfpv +Mmejhpv

+Mnejgpv 8i; j; k; p; t; v; f; h; g; e (57)

usejpv � usejp(v�1) � Cleanjv 8j; p; v (58)X
e2E

X
j2J

X
v2T

mejhpvrjoCapo +
X
e2E

X
j2J

X
v2T

nejgpvrjoCapo

+
X
e2E

X
j2J

X
v2T

bejfpvrjoCapo +
X
e2E

X
j2J

X
v2T

sejipvrjoCapo

+
X
e2E

X
h2H

X
v2T

PIPEehpv � POMPSp

8h; p; g; f; i; o (59)

yijkptv;xfjipv; wfjhpv; zfjgpv; sejipv; bejfpv;mejhpv; nejgpv;

usejpv; Rehpv; qjv; Cleanjv = 0 or 1 (60)
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w Ovm|t ptL =Q xOQw=Qi ẁv l} =yvD uw}t=m Qy xm CU= xOW ZQi VywSB
u=O@ C=[wQit u}= uDiQo Q_v QO "OyO|t p} wLD =Q |QDWt l} |=[=kD =yvD
|}=yuw}t=m R= 'u=DUOQm u=DU= QO xS} w Qw]x@ w u=Q}= QwWm QO xm CU= xOw@ Cra
Ovv=t |D=[wQit uDiQo Q_v QO "OwW|tv xO=iDU= OvW=@ uRNt OvJ |=Q=O xm
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