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sDU}U xm CU= u=yH hOy Cr=L |xOvyOu=Wv xm G � S 'OyO|t u=Wv =Q
R} Qxt=vQ@ |=ys=Ok= R= |}xawtHt A 'OUQ@ u; x@ Ovm|t VqD xOvvm|R} Qxt=vQ@
OyO s=Hv= u=yH Qo}O Cr=L x@ Cr=L l} Q}}eD |=Q@ VqD QO Ov=wD|t xm CU=
pta Qy |=QH= |=Q@ C=Q}F-=D w \QWV}B xm � � S � A� S p=kDv= |x]@=Q w
|=yCr=L w x}rw= |=yCr=L G w S0 'CtON?w |xv}W}B QO "Ovm|t h} QaD =Q
"Ov=xOW XNWt CtON?w |xOvyOCU=wNQO |=y|OvtR=}v QO xm OvDUy hOy
`@=D |xOvyOu=Wv � O=tv "CU= TQDUO QO C=tON |xawtHt 'A |xawtHt
pL |=Q@ |awvYt Vwy |R} Qxt=vQ@ R= [10]`HQt QO "CU= CtON Qy Cr=L Q}}eD
|awvYt Vwy |R} Qxt=vQ@ OQm} wQ pmWt "CU= xOQ@ xQy@ CtON ?}mQD |xr�Ut
CQwY x@ =} w OQ}o|tv Q_v QO =Q CtON C}i}m |=yQDt=Q=B |rm x@ =} xm CU= u}=
|}=yVwQ |wQ Q@ =t RmQtD xRwQt= xm|}=Hu; R= [11]"OvOv@|tv Q=m x@ =Q =yv; ?U=vt
Vwy Q@|vD@t |=yVwQ 'OvQ}o|t Q_v QO =Q CtON C}i}m |=y|oS} w xm CU=

"s}yO|t `=HQ= [12]|xr=kt x@ =yu; QwQt |=Q@ w s} Q}o|tv Q_v QO =Q |awvYt
h=Qo Q@|vD@t w l}Uqm |=ysD} Qwor= "2"4"2

xm OwW|t pY=L OQivt |=yCtON?w u=}t R= CtON ?}mQD OOaDt |=yKQ]
u=wD|t =Q =yCtON?w ?}mQD |xr�Ut ?}DQD u}O@ "OvDUy xv}y@ =yu; R= |NQ@ =yvD
Ovv=t |}=OD@= w |t}Ok |=ysD} Qwor= R= |NQ@ "CUv=O |R=Uxv}y@ |xr�Ut l}
pL =Q |R=Uxv}y@ x@ \w@ Qt p�=Ut Ovv=wD|t 23OL w xN=W w 22OQo?ka sD} Qwor=
x@ uO}UQ |=Q@ =t= Ovvm|t u}t[D =Q xv}y@ ?=wH x@ uO}UQ =ysD} Qwor= u}= "Ovvm
|t}Ok |=ysD} Qwor= R= xO=iDU= u}=Q@=v@ "OvQ=O |}=tv |v=tR |oO}J}B xv}y@ ?=wH
pL |=Q@ Vv=Q=mty w Qri=m [13]"OQ=O u=W}=QH= u=tR Vy=m |=Q@ Ow@y@ w Q}}eD x@ R=}v
|R=wt OLwxN=W sD} Qwor= l} �|Q=m u=} QH |R=Uxv}y@� CtON ?}mQD |xr�Ut
|DWBxrwm |xr�Ut x@ =Q CtON ?}mQD |xr�Ut '|O=yvW}B VwQ [14]"Ov=xO=O x�=Q=
xHwD =@ =Q 25'C}=[Q Q=}at u}vJty "CU= xOQm CW=ov 24|Oa@OvJ |}xv} RoOvJ
=@ |r=wDt VwQ |xU}=kt x@ C}=yv QO "OQw;|t CUO x@ Q@ Q=m |=y|OvtR=}v x@
uDiQo Q_v QO =@ xv}y@ ?}mQD KQ] ?=NDv= 'Qo}O |WwQ QO "OR=OQB|t |R=wt VwQ
�pY=L |@}mQD KQ] |=Q@ |va}� =yDv= x@ =yDv= CQwYx@ CtON C}i}m |=y|oS} w
x@ 'Q=OCyH h=Qo l} CQwYx@ xr�Ut uDiQo Q_v QO =@ TBU "CU= xDiQo s=Hv=
Q@ R}v =Q OwN |O=yvW}B VwQ "CU= xDN=OQB Q}Ut u} QDx=Dwm uDi=} |xr�Ut pL

[16]"CU= xO=O s=Hv= [15] 26CU=D}O"w}r@=O"w}m |}xO=O |xawtHt |wQ
OQwNQ@ |R} Qxt=vQ@ |xr�Ut Ovv=t CtON ?}mQD |xr�Ut =@ =ypLx=Q |NQ@
|v=wD=v w q=@ |=QH= |xv} Ry 'q=@ |oO}J}B =ypLx=Q R= CUO u}= ha[ "Ovvm|t
|Q=mD@= sD} Qwor= R= [17] `HQt QO "CU= u=tRsy Qw]x@ =yCtON?w |=QH= QO
|WywSB QO RQo} QOwQ "OwW|t xO=iDU= CtON ?}mQD KQ] uDi=} |=Q@ Q=DU="|=
|=yQDt=Q=B uDiQo Q_v QO uwO@ pOt pL |=Q@ �Q=DU= "|=� |Q=mD@= sD} Qwor= R=
|xawtHt R}v xOW xO=iDU= |}xO=O |xawtHt [18]"Ovm|t xO=iDU= CtON C}i}m
?}mQD KQ] uDi=} |=Q@ Qo}O |WwQ QO [19]"CU= CtON?w |twta uRNt 8
xr�Ut pL |=Q@ OLw xN=W VwQ R= 'CtON C}i}m |=y|oS} w R= x=o ; CtON

w = fw1; w2; : : : ; wpg ; and 8w (1 � i � p)
isweight of qi 2 qos

?w R= CtON ?}mQD |=yKQ] s=tD |xOvyOu=Wv 'wsc xawtHt %9 h} QaD
"CU=yCtON

wsc = fcs1; cs2; : : : ; cskg ; and 8 csi (1 � i � k)

is awsi;j ; so thatwsi;j 2 cws
h} QaD xvwou}= =QCtON?}mQD |xr�Ut u=wD|t q=@h} Q=aD x@ xHwD =@ %10h} QaD

%OQm
Maximize [wsc1; wsc2; : : : ; wscs] ;

subject to user constraint inC

|=yC}OwOLt x@ xHwD =@ 'CtON?}mQD |=yKQ]u=}t R= xmCU=vatu}O@h} QaDu}=
?}mQD KQ] �OwW|t xDiQo Q_v QO |R=Uxv}y@ Q=}at u=wvax@ xm � Q@ Q=mCtONC}i}m
"OW xDN=OQB CtON ?}mQD |xr�Ut h} QaD x@ uwvm =D "OwW|t x�=Q= xv}y@ CtON
?}mQD KQ] u}}aD QO xOW x�=Q= |=yVwQ 'OwHwt |xv}W}B QwQt =@ Oa@ VN@ QO

"OwW|t x�=Q= CtON

CtON ?}mQD KQ] u}}aD QO xOW x�=Q= |=yVwQ "4"2
|tqa= CtON C}i}m Q}O=kt x@ xHwD =@ =yCtON?w ?}mQD w ?=NDv= '=ypLx=Q
|@ w C=tON ?}mQD QO xm |}|oO}J}B &CU= C=tON |xOvvmsy=Qi \UwD =yu;
TQDUO QO OwHwt |=yCtON O=OaD %OQ}o|t C-=Wv Q} R OQ=wt R= OQ=O OwHw
|=Q@ =yCtON R= |t}_a uRNt l} w CU= V}=Ri= p=L QO COWx@ ?w QO
19x_Lr QO Kq]Y= x@ Ovv=wD|t =yCtON?w "CU= xOQw; OwHw x@ =Q wHDUH
=y|v=UQRwQx@ =D OW=@ QO=k O}=@ xOvvm?}mQD sDU}U u}=Q@=v@ &OvwW RwQ@ w xDN=U
xOW RwQx@ C=aq]= x@ xHwD =@ =Q V=|Q}os}tYD w Ovm |}=U=vW =QH= p=L QO =Q
Qy "OvwW O=H}= |irDNt |=yu=tR=U \UwD Ovv=wD|t =yCtON?w "OyO s=Hv=
xDW=O OwN |=yCtON K} QWD |=Q@ |Dw=iDt |twyit |=ypOt Ov=wD|t u=tR=U
VwQ l} =@ ?w |=yCtON |@=} RQ= w h} QaD |=Q@ OL=w u=@ R l} Ow@v w OW=@
|=} wB w =DU}= O}rwD pOt wO |Q=m u=} QH VwQ QO "CU= |Qo}O |xr�Ut u=Um}
|xOvyOCU=wNQO xm CU= |vat u=O@ u; |=DU}= |xvwtv "OQ=O OwHw |Q=m u=} QH
sDU}U |R} Qxt=vQ@ ẁQW R= p@k |a=RDv= 20|Ov}=Qi pOt l} O}=@ xi}_w l}
|=y|oDU@=w w h}=_w R= |}xawtHt |a=RDv= |Ov}=Qi pOt "Ovm O=H}= xOvvm?}mQD
|wHDUH |=Q@ xm CU= wHwTQB |xQ=Ro l} pt=W xi}_w Qy "CU=yu; |}xO=O
'Cr=L u}= QO "CU= xi}_w l} uOv=UQs=Hv= x@ |=Q@ |ak=w 21OQivt CtON?w
s=Hv= xt=vQ@ \UwD Q=mOwN Qw]x@ OQivt CtON?w uOQm ?UDvt w ?=NDv= =yvD
?=NDv= sy w |Ov}=Qi pOt sy =} wB CtON ?}mQD QO Qo}O hQ] R= "OQ}o|t
xm CU= u}= OvtR=}v xr�Ut u}= "OQ}o|t s=Hv= Q=mOwN Qw] x@ OQivt CtON?w
C=L}HQD 'OQivt |=yCtON |oDU@=w pt=W =Q |}=yC}OwOLt xOvvmCU=wNQO
Q} R |=yxDUO QO xOW x�=Q= |=yVwQ 'xr=kt u}= QO "Ovm XNWt xQ}e w Q@ Q=m

%OvwW|t |Ov@xk@]
|awvYt Vwy |R} Qxt=vQ@ w |Q=m u=} QH �

h=Qo Q@|vD@t w l}Uqm |=ysD} Qwor= �
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[25]"Q@= C=tON |Ov@xk@] "4 pmW
O=OQ=Qk xm |Qw] x@ OR=OQB|t |} wDQ=B |xv}y@ CtON ?}mQD uDi=} x@ |i=WDm =

"OwW =[Q= CtON K]U
|xr�Ut pL |=Q@ |@}mQD K}LY OOa |R} Qxt=vQ@ R= R}v Vv=Q=mty w Qri=m
x@ =yCtON O=OaD Vy=m |=Q@ =Q Rv}t"|m sD} Qwor= w Ov=xOQ@ xQy@ CtON ?}mQD
|xr�Ut x@ u; uOQm pOt |R=Uxv}y@ |xr�Ut pL |=yx=Q R= |m} [27]"Ov=xDU@ Q=m
|}=yK}LY OOa s}tYD |=yQ}eDt 'OQm} wQ u}= QO "CU= K}LY |]N |R} Qxt=vQ@
l} |=Q@ "OvyO|t x�=Q= =Q OQivt CtON l} ?=NDv= sOa =} ?=NDv= xm OvDUy
xDiQo Q_v QO QiY xvQo = w l} 'OW=@ xOW ?=NDv= ij CtON Qo = Q=mw?Um KQ]
ORt=v C=tON u=}t R= ORt=v CtON l} \ki xm OyO|t u=Wv 1 |x]@=Q "OwW|t

[28]"OwW|t ?=NDv= j |xi}_w s=Hv= |=Q@
xi}_w l} |=Q@ ORt=v C=tON u=}t R= ORt=v CtON l} ?=NDv= %1 |x]@=Q

mjX
i=1

xij = 1; xij 2 f0; 1g (1)

O=OaD V}=Ri= =@ "OvDUy ?U=vt lJwm |xR=Ov= =@ |r�=Ut |=Q@ =yVwQ xDUO u}=
OwN |x@ wv x@ xm O@=}|t V}=Ri= s}tYD |=yQ}eDt O=OaD 'ORt=v |=yCtON?w
"OwW|t OwW |UQQ@ O}=@ xm |]}=QW O=OaD w wHDUH |=[i V}=Ri= x@ QHvt
|=yCtON?w w h}=_w O=OaD xm Q=mw?Um |=yOv}=Qi |=Q@ =yOQm} wQ u}= 'u}=Q@=v@
Qo}O C}OwOLt "Ow@ Ovy=wNv VN@ QF= 'CU= O=} R h}=_w u}= s=Hv= |=Q@ ORt=v
CQwYx@ O}=@ =yC}OwOLt sy w hOy `@=D sy xm CU= u}= |]N |R} Qxt=vQ@
|xr�Ut pL |=Q@ R}v 32hwmQ=t |Q}os}tYD Ov}=Qi VwQ R= "OvwW h} QaD |]N
=@ CtON ?}mQD |xr�Ut '|WywSB QO "CU= xOW xO=iDU= =yCtON?w ?}mQD
xO=iDU= =@ w CU= xOW |R=UpOt hwmQ=t |Q}os}tYD Ov}=Qi VwQ R= xO=iDU=
xOW pL |@}mQD CtON l} ?=NDv= |=Q@ 33|D} wkD |Q}oO=} |=yVwQ R=

[29]"CU=
x@ QHvt u=Q@ Q=m C=Q_v uDiQov Q_v QO 'xOW s=Hv= |=yQ=m |UQQ@ x@ xHwD =@
xt=O= QO 'u}=Q@=v@ "OW Oy=wN |ak=w \}Lt QO |OQ@ Q=mQ}e w |a=RDv= |rL x=Q |x�=Q=
"OW Oy=wN x�=Q= u=Q@ Q=m C=Q_v x@ xHwD =@ CtON ?}mQD |xr�Ut pL w |R=UpOt

xr�Ut pL w |R=UpOt VwQ "3
l} QO CtON C}i}m |oS} w |=yQDt=Q=B R= |m} C=Q}}eD R= |}xvwtv 5 pmW QO

"CU= xOW xDN=OQB |O=yvW}B VwQ |@=} RQ= x@ |R=Ux}@W =@ w xOW xO=iDU=
l} u=wvax@ CtON ?}mQD |xr�Ut '=yC}OwOLt uDiQo Q_v QO |=Q@ u}vJty
QO [20]"CU= xOW |R=UpOt xDi=}xaUwD h]avt C}OwOLt |=[Q= ?wJQ=J
OQm} wQ R= |R=Ht u}W=t `@=vt X}YND |R=Uxv}y@ Qw_vtx@ '[21]Qo}O VywSB
l} x@ xr�Ut� CU= xOW xO=iDU= |Q=mD@= sD} Qwor= l} w |]N |R} Qxt=vQ@
"�CU= xOW |@=} RQ= |R=Ux}@W s=Hv= =@ w CW=ov |Oa@ wO |DWBxrwm |xr�Ut
Cq=kt QO O};|t ?=UL x@ h=Qo R= |}xvwo xm R}v CNQO |xO=O Q=DN=U R=
|=Q@ |rOt OwOLt Cr=L u}W=t R= xO=iDU= =@ 'wO w w�=@ "CU= xOW xO=iDU=
x�=Q= CtON?w ?}mQD CNQO l} w C=tON u}@ |=y|oDU@=w uDiQo Q_v QO
|atH |yOuRw R= xO=iDU= =@ 'xOW O=H}= Cq=L s=tD u}@ QO C}=yv QO [22]"OyO|t
|}xO=O xawtHt R= xO=iDU= =@ sD} Qwor= u}= "Ovm|t =O}B =Q u; |xv}y@ 27xO=U
|xr�Ut pL x@ 'Vv=Q=mty w nv=wy "CU= xOW |@=} RQ= xOW O}rwD w |R=Ux}@W
[23]"Ov=xDN=OQB |R=U|R=Ht Q@|vD@t |Q@= Vv=}=Q \}Lt l} QO C=tON ?}mQD
|=Q@ R}v =Q u; uOQm TQy w h=Qo Q@|vD@t |v}tND sD} Qwor= wO u}vJty =yv;
|@=} RQ= '|iO=YD |=ypOt O}rwD w |R=Ux}@W =@ w x�=Q= CtON ?}mQD KQ] uDi=}

"Ov=xOQm
pt=a Q@|vD@t "3"4"2

Ovm|t pta u=Q@ Q=m hQ] R= xm CU= Q=DNtOwNC}OwHwtl} |Q=Ri=sQv pt=al}
[24]"Ovm|t XNWt =Q C}akwt l} xm CU= \@DQt C=aq]= xvwoQy 28|xv}tR w
|wQ =D Ovvm|t xtr=mt OwN u=}=Dty =@ =ypt=a 'CtON ?}mQD Ov}=Qi |] QO
=ypLx=Q R= |NQ@ QO "Ovvm ji=wD 'Ovvm CmQW Ov}=Qi QO CU= Q=Qk xm |}=yCtON?w
"CU= xOW xO=iDU= CtON ?}mQD |xr�Ut pL |=Q@ pt=a Q@|vD@t |=ypOt R=
Q@=Q@ QO |OU Ov=wD|t ẁ[wt u}= xm OQ=O \}Lt pQDvm x@ R=}v =ypLx=Q xvwou}=

"OW=@ =ypLx=Q xvwou}= |Q}PBT=}kt
|D=}@}mQD |=ysD} Qwor= "4"4"2

CU= u}= xr�Ut u}= RQ=@|oS} w wCU= |R=Uxv}y@ |xr�Utl}CtON?}mQD xr�Ut
[13]"OQ=O sm u=tR QO|oQR@ Q=}U@ |wHDUH|=[i|UQQ@ x@ R=}v xH}Dv |x�=Q= |=Q@ xm
Vy=m QO |aU |D=@}mQD |=ysD} Qwor= R= xO=iDU= =@ =ypLx=Q R= |}xDUO wQu}= R=
|}xDi=}xaUwD CtON C}i}m pOt |WywSB QO "OvQ=O xv}y@ l}ORv ?=wH uDi=} u=tR
u}= QO [25]"CU= xOW x�=Q= |Q@= Vv=}=Q QO CtON C}i}m Q}O=kt |x@U=Lt |=Q@
O=yvW}B |Q@= Vv=}=Q C=tON ?}mQD |=Q@ l}DvS sD} Qwor= Q@|vD@t OQm} wQ l} pOt
=yCtON?w QO xmu}= hqNQ@CtON?}mQD xm Ovm|t u=}@VywSB u}= "CU= xOW
QO OQ}o|t s=Hv= �|OQ@ Q=m |=yxt=vQ@ ?}mQD� |OQ@ Q=m |=yxt=vQ@ K]U QO \ki
|=yxv=t=U Ovv=t� |OQ@ Q=m |=yxt=vQ@ K]U QO sy C=tON ?}mQD |Q@= Vv=}=Q
|Wv=}=Q `@=vt K]U QO sy w �30powo |=yxt=vQ@ =} 29|QDWt =@ \=@DQ= C} Q}Ot
|NQ@ "�4 pmW� OQ}o|t s=Hv= �CtON u=wvax@ QDU@ wCtON u=wvax@CN=UQ} R�
%R= Ov=CQ=@a 'OwW xO=O Ow@y@ Ov=wD|t xm CU= xOW u=}@ xr=kt u}= QO xm |OQ=wt R=
=} wB |xt} QH `@=D l} uDiQo Q_v QO '=QH= u=tR QO CtON C}i}m Q}O=kt |x@U=Lt
QDy@ =Q sD} Qwor= |}=Q=m xm|Qw]x@ VyH w ?}mQD |=Q@ O}OH |=yQorta |x�=Q= w

"Ovm
?wJQ=Jl}|WywSB QO "Ov=xDN=OQB ?wJQ=J|x�=Q= x@ R}v =ypLx=Q R=|}xDUO
xOW x�=Q= 31CtON K]U O=OQ=Qk R= x=o ; CtON ?}mQD |=Q@ xiOyOvJ |R=Uxv}y@
?}mQD |xr�Ut pL |=Q@ xiOyOvJ l}DvS sD} Qwor= R= VwQ u}= QO [26]"CU=
Qw]x@ xOW xDiQo Q=m x@ |xiOyOvJ l}DvS sD} Qwor= "CU= xOW xDiQo xQy@ CtON
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}mQDs=Hv= |]QW w |R=wt '|@}DQD |=yCQwYx@ =yQ=m |Ov}=Qi pOt l} QO
|@=} RQ= CtON ?}mQD u=tR QO |]QW CQ=@a '|]QW Cr=L QO [31]"OvQ}PB|t
|m}� OwW|t u}}aD Q_v OQwt CtON s=Hv= sOa =} s=Hv= ?}DQDu}O@ w OwW|t
?=aWv= p=tDL= xm OwW|t ZQi xvwou}= "�OwW|t =QH= xOW u}}aD |=yxN=W R=
xm |}=yxN=W "OQ=O OwHw u; R= |@U=vt u}tND =} CU= XNWt =yx@aW R= s=OmQy
\ki |R=wt |=yxN=W "OvwW|t =QH= sy |R=wt CQwYx@ OvDUy |R=wt CQwYx@
xO=O s=Hv= =Q u=WQ=m |R=wt |=yxN=W s=tD xm OvwW|t pYDt Qo}Om} x@ |v=tR
|Ov}=Qi pOt l} 8 pmW QO "�OW=@ xOW pt=m ?=aWv= Qy |=yQ=m s=Hv=� OvW=@
xOW xO=O V}=tv |R=U|R=wt l} w |]QW ?=aWv= wO w xi}_w Ciy R= pmWDt
OQmrta |x�=Q= |=Q@ CtON xDUOCiy C=tON pmW u}= QO xm O}vm xHwD "CU=
xOt; sy=Qi �CU= 7 =D 1 R= i xm � ti |xi}_w |=QH= |=Q@ xOW xO=O CU=wNQO
O=tv "OwW|t xO=O V}=tv T |xawtHt =@ h}=_w |xty R= |}xawtHt "CU=
tk R= QDOwR� OW=@ sOkt tk xi}_w Q@ ti xm|DQwYQO OwW|t xO=iDU= ti ! tk

�"OQ}PB s=Hv=

CtON ?}mQD |xr�Ut pL |=Q@ |O=yvW}B VwQ "1"3
n u}= s=Hv= |=Q@ "OvQ=O OwHw |Q=m u=} QH pOt QO xi}_w n O=OaD x@ s}vm|t ZQi
|=Q@ CtON ẁv m� OvQ=O OwHw ORt=v CtON?w m 'xi}_w Qy |=R= x@ 'xi}_w
MU=B u=tR Q=}at Q_v R= 'xi}_w Qy s=Hv= |=Q@ xOW x�=Q= C=tON "�xi}_w l} s=Hv=
w �C=L}HQD� =y|OvtR=}v Q@ Q=m 'xi}_w l} s=Hv= |=Q@ "OvDUy Cw=iDt xv} Ry w
u} QDtm =@ CtON ?}mQD l} w Ovm|t u=}@ =Q OwN CtON C}i}m |=yC}OwOLt

"OwW|t O=yvW}B w= x@ xv} Ry

hOy `@=D w h=Oy= |R=UpOt "2"3
|=yQ}eDt R= |}xawtHt 'hOy `@=D %OQ=O |O}rm QYva xU |R=Uxv}y@ |xr�Ut Qy
|}xawtHt |R=Uxv}y@ |xr�Ut l} MU=B "=yC}OwOLt R= |}xawtHt w s}tYD
=Q =yC}OwOLt xmu}= uwO@ =Q hOy `@=D xm CU= s}tYD |=yQ}eDt |=Q@ Q}O=kt R=
?}mQD |xr�Ut QO CU= umtt xmu}= x@ xHwD =@ "Ovvm|t xv}tm =} xv}W}@ Ovvm Zkv
l} x@ p}O@D |R=Uxv}y@ |xr�Ut 'OW=@ xDW=O =Q |[k=vDt h=Oy= Q@ Q=m 'CtON
hOy `@=D QO "OwW|t �xYN=WOvJ 'xQ=}atOvJ� xiOyOvJ |R=Uxv}y@ |xr�Ut
u=tR pFt Q@ Q=m Q_v OQwt CtON C}i}m |oS} w ?r=k QO u=Q@ Q=m C=Q_v QDt=Q=B
u}= Q@ ZQi 2 |x]@=Q QO "CU= xOW xOQw; CtON?w l} C}@ w@Lt =} MU=B
'3 hOy `@=D QO p=Ft u=wvax@ "CU= (qj) QDt=Q=B C}@ wr]t u=R}t Uj(qj) xm CU=
�pw= |=to}U� CtON |=QH= u=tR w xv} Ry Oy=wN|t CtON |xOvvmCU=wNQO

l} w |]QW ?=aWv= wO w xi}_w Ciy R= pmWDt |Ov}=Qi pOt "8 pmW
[31]"|R=U|R=wt

"CU= xOW xO=O u=Wv xDa=U 2 |v=tR |xR=@ l} QO '�MU=B u=tR ,qFt� CtON?w
Q=PoQF= =yCtON?w |@}mQD KQ] |x�=Q= QO C=Q}}eD u}= OwW|t xOy=Wt xm Qw]u=ty

"Ow@ Oy=wN
Ovm|t Ci=} QO Q@ Q=m xm |Q}O=kt =@ |tqa= Q}O=kt uOw@ Cw=iDt 'xH}Dv QO
|wQ Q@ xH}Dv QO w u=Q@ Q=m |wU R= xOW Ci=} QO |@}mQD CtON |wQ Q@ Ov=wD|t
OQwt QO Q@ Q=m 300 Q_v 7 pmW w 6 pmW QO "OQ=Po@ |ivt Q}F-=D u=Q@ Q=m C=Q_v

"CU= xOW xO=O u=Wv CtON?w l} MU=B u=tR |oS} w

2 |v=tR |xR=@ QO CtON?w l} x@ \w@ Qt MU=B u=tR QDt=Q=B Q=Okt "5 pmW
[30]"xDa=U

"CtON?w l} x@ \w@ Qt MU=B u=tR QDt=Q=B |xQ=@ QO Q@ Q=m 300 C=Q_v "6 pmW

300 x=ov R= CtON?w l} x@ \w@ Qt MU=B u=tR QDt=Q=B Q=Okt |oOvm =QB "7 pmW
"Q@ Q=m
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w`}
=vY

|U
Ovyt |@=} RQ= w |R=UxO=}B "4

|xQ=@ QO |D=L}[wD u}vJty "CU= xOW xDN=OQB xOW x�=Q= pOt pL x@VN@ u}= QO
"CU= xOW xOQw; u=Q@ Q=m C=Q_v R= pY=L |ak=w |}xO=O |xawtHt

|}xO=O |xawtHt "1"4
xOW xO=iDU= u=Q@ Q=m C=Oy=Wt x@ \w@ Qt |ak=w |}xO=O |xawtHt R= |@=} RQ= |=Q@
|yOR=}Dt= x@ \w@ Qt C=aq]= "CU= KQW u}O@ xO=O xawtHt u}= |=RH= [32]"CU=
Q@ Q=m 300 C=Q_v xm CU= 34srk-Q@ Q=m T} QD=t |}xO=O xawtHt u}= %u=Q@ Q=m
Qo}O VN@ "CU= �=yu; |yOQPo w MU=B u=tR |xQ=@ QO� CtON?w 500 |xQ=@ QO
VN@ u}= "CU=yCtON?w w u=Q@ Q=m x@ \w@ Qt C=aq]= |}xO=O xawtHt u}=
x�=Q= 3 pwOH w 2 pwOH QO C=aq]= u}= ?r=k "CU= Q@ Q=m 300 C=aq]= |w=L

"CU= xOW
"CU= xOW x�=Q= 3 pwOH QO xOW sy=Qi xm sy |DtON ?w 500 C=aq]=

xOW xDiQo Q_v QO xi}_w 8 =@ |Q=m u=} QH l} |O=yvW}B pL x=Q |@=} RQ= |=Q@
"CU= xOW xDiQo Q_v QO ORt=v CtON?w 40 =D 20 u}@ xi}_w Qy |=Q@ "CU=
Cw=iD Qo}Om} =@ MU=B u=tR w xv} Ry QDt=Q=B wO QO =yCtON?w u}= R= s=Om Qy

"OvQ=O
|}xi}_wl}miD x@ ORt=v |=yCtON?w |xv} Ry u=R}t 10 pmW w 9 pmW QO

"CU= xOW xOQw; 'OvyO s=Hv= Ovv=wD|t xm
'CU= xOW xO=O V}=tv |oOvm =QB Q=Owtv ltm =@ 11 pmW QO xm Qw]u=ty

"CU= xOQm xO=iDU= CtON?w R= xm |Q@ Q=m QwWm w |B"|; "2 pwOH
IP address of user country

12"108"127"138 United states

"OQ=O OwHw u; QO CtON?w xm |QwWm w CtON?w TQO; "3 pwOH
WSDL address country name

http://ewave.no-
Argentina

ip.com/ECallws/CinemaData.asmx?WSDL

"xi}_w l}miD x@ ORt=v |=yCtON?w |xv} Ry u=R}t "9 pmW

w C}kiwt MQv '|Q}PBTQDUO u=tRsy w xv}tm |O=yvW}B CtON ?}mQD KQ] QO =Q
"Ovm xv}W}@ =Q �swO |=to}U� C}@ w@Lt

QDt=Q=B l} C}@ w@Lt u=R}t uOQw; CUO x@ %2 |x]@=Q

Uj(qj) =

8><>:
qj�qminj

qmaxj �qminj
if larger qjmore desireable

qmaxj �qj
qmaxj �qminj

if smaller qjmore desireable
(2)

hOy `@=D u=Rw= X}YND |xwLv %3 |x]@=Q
U(s) =

X
j2J

wj :Uj(qj)
X
j2J

wj = 1

Min(
X
j2X

(
Qmaxj �Qi;j
Qmaxj �Qminj

� wj)

+
X
j2 �X

(
Qi;j �Qminj

Qmaxj �Qminj
� wj)); J = X [ �X (3)

|}=QH= KQ] \UwD CtON C}i}m QDt=Q=B u}t=j |xOW `}tHD Q=Okt Qij Ctqa
"CU= xOW |R=Up=tQv CtON C}i}m |oS} w u}t=j |=Q@ sy wj uRw "CU= s= i
|=yKQ] |xty |=Q@CtONC}i}m Q}O=kt |xv}tm w xv}W}@Qmin wQmax CqtH

"CU= xOW O=yvW}B *Q=mw?Um Ov}=Qi umtt |}=QH=

xr�Ut |R=UpOt "3"3
xi}_w n pt=W |Q=m u=} QH l} s=Hv= Qw_vtx@ CtON ?}mQD KQ] l} s=Hv= |=Q@
4 |x]@=Q QO xOW KQ]t pOt s}v=wD|t 'xi}_w Qy |=R= x@ ORt=v CtON?w m w
QO xv} Ry O}k =@ MU=B u=tR QDt=Q=B uOQm xv}tm hOy pOt u}= QO "s} Q}o@ Q_v QO =Q
CtON?w MU=B u=tR R= Q@ Q=m Q_v |xOvyOu=Wv RT QDt=Q=B "CU= xOW xDiQo Q_v
CtON?w u; |xv} Ry R}v cost QDt=Q=B w �Q@ Q=m \UwD xOW x@ QHD MU=B u=tR�
Q=JO Ov=wD|t CtON?w |xOvvmsy=Qi \UwD |tqa= Q}O=kt xmu}= x@ xHwD =@ "CU=
QO x@ QHvt w OyO|t Vy=m =Q h=QLv= u}= pOt QO Q@ Q=m Q_v 'OwW h=QLv= w C=Q}}eD
"OwW|t |ak=w |=}vO \}=QW uDiQo Q_v QO =@ Q@ Q=m |xOW x@ QHD Q}O=kt uDiQo Q_v
KQ] QO ORt=v CtON?w ?=NDv= sOa =} ?=NDv= |xOvvmu}}aD x |} wOwO Q}eDt pOt

"CU= CtON ?}mQD
CtON ?}mQD |xr�Ut |R=UpOt %4 |x]@=Q

MinZ =
nX
j=1

mX
i=1

xij �RTij

s:t
nX
j=1

mX
i=1

xij � costij < userConst

mX
i=1

xij = 1; 1 � j � n

xij 2 f0; 1g (4)

?=NDv= u; Q_=vDt CtON?w xm |DQwY QO xOW xDiQo Q_v QO |} wOwO Q}eDt
pOt u}= |xH}Dv "CW=O Oy=wN =Q QiY Q=Okt CQwYu}= Q}e QO w l} Q=Okt OwW
x@ xHwD =@ xv}y@ |@}mQD KQ] |xOvyOu=Wv xm CU= l} w QiY R= pmWDt |Q=OQ@

"Ow@ Oy=wN u=Q@ Q=m C=Q_v
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"""u
=Q@Q=

mC
=Oy=

Wt
Q@|

vD@t
Ct

ON?
w?

}mQD"xOW x�=Q= VwQ |O=yvW}B |=yCtON?w "4 pwOH
Total T8 T7 T6 T5 T4 T3 T2 T1
15 03 9 57 1 19 0 88 0 20 1 26 0 58 1 02 0 34 Rt

2913 940 498 271 296 280 107 373 148 cost

x�=Q= Q@ Q=m x@ =yCtON?w R= |}xawtHt R= pmWDt |xv}y@ |Q=m u=} QH C}=yv
l} QO w |R=UxO=}B 2013 |xNUv ?rDt Q=Ri=sQv QO O} wri sD} Qwor= "OwW|t
C}=@=o}o 1 sQ w RDQy=o}o 1 7 |xOvR=OQB =@ |B"Tm}= RwOv} w pt=asDU}U =@xv=}=Q
?=wH u=wD@ =D CU= xDiQ}PB CQwY |}xvwox@ xr�Ut |Q=PoOm "CU= xOW =QH=
pL x=Q "OQw; CUO x@ Q}Ut u} QDx=Dwm uDi=} |xr�Ut l} ?r=k QO =Q xr�Ut
QYva Qy xm CU= |Q}os}tYD Q=OQ@ l} CQwYx@ 'sD} Qwor= \UwD xOW x�=Q=
CtON ?}mQD |}=yv KQ] QO CtON?w OwHw sOa=} OwHw |xOvyOu=Wv u;

"CU=
|O=yvW}B pL x=Q\UwDCtON?}mQD |=Q@ xOt;CUO x@ |xH}Dv 4 pwOH QO
w u=tR u} QDtm '|O=yvW}B sD} Qwor= OwW|t xOy=Wt xm Qw]u=ty "CU= xOW x�=Q=
RT pwOH u}= QO "CU= xO=O '|DU=wNQO |Q=m u=} QH s=Hv= |=Q@ =Q xv} Ry u} QDtm
�T8 =D T1� |xi}_w s=Hv= |=Q@ xOW ?=NDv= CtON?w MU=B u=tR |xOvyOu=Wv
xOW ?=NDv= CtON?w |xv} Ry |xOvyOu=Wv R}v Cost CtUk "CU= Q_v OQwt

"CU= Q_v OQwt |xi}_w s=Hv= |=Q@

|O=yvW}B VwQ |xU}=kt "3"4
|=[Q= |oS} w |=Q=O '=yVwQ Q}=U =@ xU}=kt QO xr=kt u}= |O=yvW}B VwQ
|iQat '|tD} Qwor= |=yxaUwD '|:tm x@ |i}m |=yR=}v p}O@D 'Q@ Q=m |=y|OvtR=}v
C}i}m |[=} Q pOt l} |x�=Q= 35'|Q=Po XN=W w xO=O |R=UxQ}NP Q=DN=U
QO "CU= O}OH |=yQ=DN=U w =y?wJQ=J |x�=Q= 'Ot;QO |R=Uxv}W}@ 'CtON
u}= QO "CU= xOW s=Hv= =yVwQ Q}=U =@ |O=yvW}B VwQ |xU}=kt 5 pwOH
CQwY x@ CtON ?}mQD xr=Ut xm Ovm|t u=}@ '|OvtR=}v ẁv uwDU 'pwOH
C=Oy=Wt uwDU u}vJty "CU= xOW xDiQo Q_v QO xiOy OvJ =} xiOy lD
|oS} w u}= R= u}W}B |=ypLx=Q R= s=Om I}y xm CU= u}= xOvyO u=Wv 'Q@=m
- Ctqa w |oS} w uDW=O |=vat x@ + Ctqa pwOH u}= QO "Ov=xOQ@v xQy@
xm CU= u; |=vat x@ R}v * Ctqa "CU= x]w@ Qt |oS} w uDW=Ov |=vat x@
QO Qo}OCQ=@ax@ w CU= xOWv C@LY |O=yvW}B pLx=Q QO |oS} w u}= |xQ=@ QO
|aU pwOH |=ypNOt QO u}vJty "CU= xOW xDiQo xO}O=v Q_v OQwt pLx=Q
xOQw; x]w@ Qt pLx=Q |=Q@ =y|oS} w R= |NQ@ |xQ=@ QO |D=L}[wD CU= xOW

"OwW

|Q}oxH}Dv "5
"OW xDN=OQB |Q@= Vv=}=Q |w} Q=vU QO C=tON ?}mQD |xr�Ut x@ xr=kt u}= QO
R= ,=@r=e xv}W}B QO OwHwt |=ysD} Qwor= '|@ w C=tON ?}mQD |xr�Ut pL |=Q@
C=tON?}mQD Qw_vtx@ C=tON u=oOvvmsy=Qi |wU R= |tqa=CtONC}i}m Q}O=kt
xOy=Wt Q@ Q=m xJu; R= Ov=wD|t Q}O=kt u}= xmu}= x@ xHwD =@ "Ovvm|t xO=iDU=
u=Q@ Q=m C=Oy=Wt R= xO=iDU= x@ xr=kt u}= O=yvW}B xH}Dv QO 'OW=@ Cw=iDt 'Ovm|t

"xi}_w l}miD x@ ORt=v |=yCtON?w MU=B u=tR u=R}t "10 pmW

"xi}_w l}miD x@ ORt=v |=yCtON?w |xv} Ry u=R}t |oOvm =QB "11 pmW

w Cw=iDt ORt=v CtON?w Qy �xv} Ry Q=Okt pmW u}= QO� CtON |oS} w Q}O=kt
s}DUy |}xv}y@ C=tON ?}mQD KQ] p=@vOx@ xH}Dv QO "CU= |O=} R |oOvm =QB |=Q=O

"OyO s=Hv= MU=B u=tR u} QDtm w xv} Ry u} QDtm QO =Q |Q=m u=} QH u}= xm

|R=UxO=}B "2"4
u=} QH ?}mQD |=Q@ |R=Uxv}y@ |xr�Ut pL Qw_vtx@ |tD} Qwor= VN@ u}= QO
O}m -=D w |O=yvW}B pOt x@ xHwD =@ CtON C}i}m |=y|oS} w Q@|vD@t |Q=m
x�=Q= 'OwW|t QF-wt w =Q=m |@}mQD KQ] l} |x�=Q= Ea=@ xm u=Q@ Q=m C=Q_v Q@
"CU= xOW xOQ@ xQy@ 'p=WQ=w-O} wri sD} Qwor= R= 'pOt pL |=Q@ "OW Oy=wN
Q=OuRw h=Qo l} QO Q}Ut u} QDx=Dwm uDi=} sD} Qwor= l} 'p=WQ=w-O} wri sD} Qwor=
R= xO=iDU= |xv} Ry Q}O=kt =@ MU=B T} QD=t 'sD} Qwor= u}= s=o u}rw= QO "CU=
T} QD=t 'Oa@ |=y s=o QO "CU= xOW |yOQ=Okt xi}_w Qy |=Q@ CtON?w Qy
QO w |v=UQ RwQ@ 'u} Ro}=H |=yCtON?w R= xO=iDU= xv} Ry |xU}=kt =@ MU=B
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=vY

|U
Ovyt "|O=yvW}B VwQ =@ xv}W}B QO OwHwt |=yVwQ |xU}=kt "5 pwOH

VwQ pL VwQ ẁv C=Oy=Wt p=U xQ=tW
|@=} RQ= |OvtR=}v Q@ Q=m x�=Q= `HQt
|xU}=kt OL w xN=W � � 2009 [14]=@ pL |QU VwQ |R=wt|R=wt VwQ

QWS

uDi=}

� � 2011 [16]

Dataset

u} QDx=Dwm
QO Q}Ut
h=Qo

Q=OCyH

� Q=DU="|= � � 2011 [17]

xawtHt Q=DU="|= � � 2012 [18]
[19]|}xO=O

s=Hv=
w xN=W VwQ

� � 2012 [20]

|R=Ux}@W
OL

|=[Q= =@
C}OwOLt

s=Hv= xr�Ut X}YND � 2012 [21]

|R=Ux}@W |DWBxrwm |R=Ht u}W=t|Oa@ wO

xawtHt
xO=O Q=DN=U � � 2012 [22]

|}xO=O
CNQOw |R=Ux}@W

xOW O}rwD

w |R=Ux}@W sD} Qwor=

� � 2013 [23]
O}rwD |v}tND

|=ypOt Q@ |vD@t
|iO=YD TQy w h=Qo

u; uOQm
|w} Q=vU sD} Qwor=

'MU=B u=tR
� 2011 [25]|iO=YD l}DvS

'xv} Ry
xOW O}rwD |Q}PBTQDUO

C}@ w@Lt w

s=Hv= sD} Qwor= 'xiOyOvJ
� 2012 [26]

'|R=Ux}@W l}DvS K]U O=OQ=Qk|=yxO=O xiOyOvJ CtONxOW O}rwD
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=Q@Q=

mC
=Oy=

Wt
Q@|

vD@t
Ct

ON?
w?

}mQD"5 pwOH|xt=O=
VwQ pL VwQ ẁv C=Oy=Wt p=U xQ=tW
|@=} RQ= |OvtR=}v Q@ Q=m x�=Q= `HQt

�

|R} Qxt=vQ@

� � 2012 [27]

K}LYOOa
|@}mQD
|=v@tQ@
|=yxO=O
|}xJN} Q=D

�

Ov}=Qi

� � 2012 [29]

|Q}os}tYD
'hwmQ=t
|=yVwQ
|Q}oO=}
|D} wkD

xawtHt
|R} Qxt=vQ@

xiOyOvJ � 2016 [30]
[19]|}xO=O

l} w |]N
sD} Qwor=
|Q=mD@=

�Q=DU="|=�

xawtHt sD} Qwor=
xiOyOvJ � 2017 VwQ|ak=w |}xO=O � O} wri

|O=yvW}B
[32]

|}xO=O Q=DN=U
h=Qo

VwQ xm O=O u=Wv 'CU= u=Q@ Q=m C=Q_v pY=L xm |ak=w |}xO=O xawtHt |wQ
xDW=O =yCtON?w ?}mQD |xr�Ut pL |=Q@ =Q sRq |WN@ QF= Ov=wD|t |O=yvW}B

"OW=@

P=ND= =@ =D OW VqD xr=kt u}= QO "CU= xv}y@ CtON ?}mQD KQ] u}}aD QO
=yMU=B C}i}m ^=Lr R= xJ '|}x_Lqt p@=k Ow@y@ 'xOW O=yvW}B |=y|Qw;wv
Q@ |@=} RQ= "OwW O=H}= CtON ?}mQD |xr�Ut QO 'pL u=tR ^=Lr R= xJ w

=yCWwv=B
1. business to business (B2B)
2. service composition
3. service oriented architecture (SOA)
4. service providers
5. best responcse
6. register
7. WSDL
8. HTTP
9. XML
10. description
11. discovery
12. universal description, discovery and integration speci�cation

(UDDI)
13. web services description language (WSDL)
14. simple object access protocol (SOAP)
15. restful
16. put, post, get, delete

17. server
18. nist
19. on the 
y
20. process model
21. atomic
22. backtracking
23. branch-and-bound
24. multidimensional multi-choice knapsack problem (MMKP)
25. happiness
26. QWS dataset
27. simple additive weighting (SAW)
28. context
29. CRM applications
30. google apps
31. SLA-aware
32. markov decision process
33. reinforcement rearning techniques
34. user-Item
35. indexing
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