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C}a]k sOa Vy=m =@ w OvwW `r]t u; ẁkw R= hO=YD pLt x@ uO}UQ R= p@k u=oOvv=Q

"Ovvm ?=NDv= OwN OYkt x@ uO}UQ |=Q@ =Q |QDy@ |=yQ}Ut Q@=at C}iQ_ |xQ=@ QO
Q=Qk xHwD OQwt Q}N= u=}r=U QO l}i=QD pQDvm CU=}U l} u=wva x@ |ewrW |Q=PoCt}k

QO sRrDUt CU=}U u}= K}LY s}_vD xm Ov=xO=O u=Wv u}W}B C=ar=]t "CU= xDiQo
C}a]k sOa \}=QW QO u; OQmrta w xOw@ �=} wB p}rLD� xm@W QO u=} QH C=Q}}eD |Q}oQ_v
pOt l} |iQat ut[ 'xr=kt u}= QO "CU= C=aq]= x@ u=oOvv=Q |UQDUO u=R}t R= QF-=Dt
|=} wB |Q=PoCt}k pOt l} 'OOQD ZQ=wa |Q}oQ_v QO C}r@=k =@ =} wB l}i=QD X}YND
pL Rr=iwU QyW |xm@W |=Q@ xr�Ut "OwW|t x�=Q= u; pL sD} Qwor= x=Qty x@ |ewrW

C} wrw= |v=UQ`q]= 'O=} R C}a]k sOa OwHw \}=QW QO xm OvyO|t u=Wv G}=Dv "OwW|t
|wQ R}v |}=yC}U=UL p}rLD u}vJty "OQ=O |Q=PoCt}k CU=}U x@ C@Uv |QDW}@

"OwW|t s=Hv= hO=YD COW w C}a]k sOa |=yQDt=Q=B

m.gholami.sh@ut.ac.ir
ababazadeh@ut.ac.ir

'|m}i=QD C=iO=YD '=} wB |Q=PoCt}k '|m}i=QD |xm@W %|O}rm u=oS=w
"Qi=Ut |D=aq]= |xDiQW}B |=ysDU}U

xtOkt "1
QO OOQD ZQ=wa p=ta= p@=kt |wU QO "CU}v umtt ,=twta |a=tDH= |=yCtw=kt
'CU= hwQat 2u} QDy@ - u}twO x@ ,=Lq]Y= xm xm@W |=yu=tm R= |}xawtHtQ} R
Q}_v |v=kkLt \UwD u} QDy@ - u}twO |xr�Ut "CU= Q=OQwNQ@ |QDW}@ C}rw@kt R=
|r=twU w OQBW w �2009� u=Q=mty w swQDUm = '�2002� hwyQw �1986� OvJQt
xm CU= xO=O u=Wv u}W}B C=ar=]t [7�4]"CU= xDiQo Q=Qk xar=]t OQwt �2004�
C=Q}}eD |Q}oQ_v QO sRrDUt l}i=QD u=} QH C} Q}Ot |=yCU=}U |@=} RQ= w KQ]
|rY= xm@W |=} wB p}rLD u}=Q@=v@ &CU= xOw@ hrDNt |v=tR |=yxR=@ QO u=} QH MQv
'Q}_v |OOaDt u=QoWywSB [10�8]"OwW|t xDN=vW =yCU=}U u}= KQ] QO |QwQ[
CU=}U �2019� u=Q=mty w nvJ w �2017� u=Q=mty w w}r '�2016� =v}Ow@=
pL |=Q@ |[=} Q |}=ypOt w |UQQ@ =Q =v@t Ci=Ut |ewrW |Q=PoCt}k u} wv
|ewrW |Q=PoCt}k CU=}U �1971� |Qm} w Q=@ u}rw= [13�11]"Ov=xOQm x�=Q= xr�Ut
|UQQ@ Ovm|t pYDt sy x@ =Q OYkt - -=O@t l} xm u=tm l} QO =} wB \}=QW QO =Q
nvJ w �2018� u=Q=mty w nvJ '�2016� Tro = w uw Q}_v |v=QoWywSB [14]"OQm
|UQQ@ =Q xm@W QO =} wB |Q=PoCt}k R= |irDNt |=yx@vH �2019� u=Q=mty w

[17�15]"Ov=xOQm

?@U =yQyW QO |YNW x}rkv |xr}UwC}mr=t MQvV}=Ri= wC}atH uwRi=RwQ OWQ
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'OW=@ xO}UQ =yv; |}=yDv= xQo x@ u=} QH xm |v=tR |=yxR=@ QO Q}Ut Q@ `k=w |=yu=tm
=@ CU= Q@=Q@ Q}Ut QiU u=tR `k=w QO "CU= Q}Ut u=} QH QUm |=yQ}eDt QO ?Q[
u}= R= u=} QH xm |v=tR |=yxR=@ QO Q}Ut u; |wQ |=yu=tm QiU u=tR |vRw u}ov=}t
xDiQo Q_v QO =yuRw u}= u=wva x@ Q}Ut u=} QH QUm |=yQ}eDt "Ovm|t Qw@a =yu=tm
=} l} K}LY OOa Q}Ut - u=tm ẁkw Q}eDt xm Ovm|t u=}@ 6 |x]@=Q "OvwW|t
Ov=wD|t =yvD d Ct} Ra |xR=@ =@ p Q}Ut u=} QH R}v 7 |x]@=Q T=U= Q@ "CU= QiY
|oDUw}B 9 w 8 \@=wQ "OUQ@ Q}Ut u; Q@ `k=w |=yu=tm x@ |v=tR |xR=@ l} QO
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C=Q

}}eD
uDi

QoQ
_vQ

O=@
=}wB

|Q=
PoC

t}kxr=kt u}= QO "OwW |v=oty pkvwptL |xw}W x@ xw}W u}= R= =[=kD R= |WN@
xOW |WwBsWJ |Q=PoCt}k CU=}U C} Rt u}= R= '=[=kD uOw@ C@=F ZQi =@

"CU=

|Ov@ Qtm |=}wB |Q=PoCt}k pOt "3
xm CU= xm@W |L=Q] |xr�Ut R= |Y=N Cr=L |ewrW |Q=PoCt}k |xr�Ut
,=twta xr�Ut u}= "CU= xm@W |=yu=tm QO QiU |xv} Ry Q}}eD 'u; QO s}tYD Q}eDt
|=yC}OwOLt =@ |[=} Q |R} Qxt=vQ@ =} |L]UwO |R=Uxv}y@ pOt l} CQwY x@
QiU u=tR pm |R=Uxv}tm ,=twta xr�Ut u}= hOy `@=D "CU= xOW h} QaD pO=aD
\}=QW QO� |a=tDH= Caivt pm |R=Uxv}W}@ =} �C@=F |=[=kD \}=QW QO� xm@W
|Q=PoCt}k xmu; x@ xHwD =@ xr=kt u}= QO "OwW|t xDiQo Q_v QO �Q}PBi=]av= |=[=kD
=y|OwQw QO QiU u=tR 'CU= Q_v OQwt xm@W |RmQt dwrW |xOwOLt QO =} wB
"CU= xOW ?=NDv= xr�Ut hOy `@=D u=wva x@ |Q=PoCt}k |xOwOLt uwQO w
O=yvW}B Q} R KQW x@ |ewrW |=} wB |Q=PoCt}k |xr�Ut |=Q@ |L]UwO |rOt

"OwW|t
[DCP]

minS(x; �) =
X

a2A0[A00

X
t2D

xta:f
t
a(xta) (13)

s:t:

0 � �t � �max 8t 2 D0 (14)X
a2A

X
t2D

xta:f
t
a(xta) � TC0 (15)

x solves DTTA (16)

QiU u=tR pm TC0 '|Q=PoCt}k |Ov@ Qtm pN=O |=yu=tm xawtHt A00 u; QO xm
p=ta= p@=k ZQ=wa xv}W}@ �max w |Q=PoCt}k CU=}U p=ta= R= p@k xm@W
|Ov@ Qtm uwQO |xOwOLt QO QiU u=tR ẁtHt 13 hOy `@=D "OvyO|t u=Wv =Q
\QW R}v 14 C}OwOLt "OyO|t u=Wv =Q u; x@ |OwQw |=yu=tm w |Q=PoCt}k
'syt C}OwOLt l} u=wva x@ 15 |x]@=Q "Ovm|t pQDvm =Q ?=wH uOw@ Q}PBu=mt=
x]@=Q u}= "CU= xOW h} QaD pw@k p@=k K]U QO sDU}U |rm C}a[w ^iL |=Q@
=@ |w=Ut =} QDtm O}=@ |Q=PoCt}k R= TB xm@W pm QiU u=tR xm Ovm|t u=}@
QO |ewrW =D CU= u; hOy '|Ov@ Qtm |=} wB |Q=PoCt}k |xr�Ut QO "OW=@ TC0
?@U O}=@v ẁ[wt u}= |rw "O@=} Vy=m u; |=y|OwQw w |Q=PoCt}k |xOwOLt
OQmrta u}t[D |=Q@ 15 C}OwOLt u}= wQu}= R= "OwW xm@W |rm XN=W Ci=
xm Ovm|t u=}@ R}v 16 |x]@=Q "CU= xOW xi=[= pOt x@ xm@W pm pw@k p@=k
pOt pL R= |rO=aD ?=wH T=U= Q@ 'hOy `@=D |x@U=Lt QO xDiQ Q=m x@ s=HL=
K]U xm CU= |L]UwO |rOt xOW x�=Q= pOt "OvDUy =} wB l}i=QD X}YND

xta =
X
i2I

X
p2Pi: a2Ap

X
d2D

hdp �
dt
pa 8a 2 A; t 2 D (4)

T dpn =

8><>:
P

a2Apn
P
t2D

f ta(xta)�dtpa if n 2 Np � r(p)
0 if n = r(p)

8p 2 Pi; i 2 I; n 2 Np; d 2 D (5)

�dtpa 2 f0; 1g 8p 2 Pi; i 2 I; a 2 Ap;d 2 D; t 2 D (6)X
t2D

�dtpa = 18p 2 Pi; i 2 I; a 2 Ap;d 2 D (7)

(T dpn + (d� t� 1) �t)�dtpk � 0
8 p 2 Pi; i 2 I; k = (n; m) 2 Ap; d 2 D; t 2 D (8)

(T dpn + (d� t) �t)�dtpk � 0
8 p 2 Pi; i 2 I; k = (n; m) 2 Ap; d 2 D; t 2 D (9)

�dtpk = 0 8p 2 Pi; i 2 I; k 2 Ap; d 2 D; t < t0 : �dt
0

pk = 1
(10)

�dtpa = 0 8 p 2 Pi; i 2 I; a =2 Ap; d 2 D; t 2 D (12)

s}UkD Q@ |v@t �1991� uwUv=H |O=yvW}B |xO}= R= |O=yvW}B pOt pL |=Q@
'�dtpa w �dtpa |=yQ}eDt uOQm ZQi C@=F =@ "OwW|t xO=iDU= xr�UtQ} R wO x@ xr�Ut
xOvvmxO=iDU= pO=aD |x}=B Q@ =DU}= l}i=QD X}YND |xr�Ut =@ x@=Wt 4 =D 1 \@=wQ
Q=Okt '=yu=tm w =yQ}Ut QO u=} QH u}}aD w X}YND xr�Ut u}= pL =@ "Ow@ Oy=wN
|rY= |xO}= "OvDUy u}}aD p@=k 12 =D 5 \@=wQ R= xO=iDU= =@ �dtpa w �dtpa |=yQ}eDt
- u=tm ẁkw |=yQ}eDt Q}O=kt KqY= |=Q@ |Q=QmD |OvwQ |Q}oQ=m x@ 'xr�Ut pL QO
s}UkD xr�Ut Q} R wO x@ |rY= |xr�Ut ?}DQD u}O@ "CU= Q}Ut u=} QH QUm w Q}Ut

%OwW|t
u=Wv =Q =DU}= X}YND |xr�Ut l} xm 4 =D 1 \@=wQ =@ Q_=vDt |xr�UtQ} R %SP1

"OyO|t
Q}O=kt |R=Us=ovy@ x@ \w@ Qt xm 12 =D 5 \@=wQ =@ Q_=vDt |xr�UtQ} R %SP2

"CU= �dtpa w �dtpa |=yQ}eDt
ẁQW �dtpa w �dtpa |=yQ}eDt |=Q@ Q}PBu=mt= |Q}O=kt ?=NDv= =@ xr�Ut pL
sD} Qwor= R= xO=iDU= =@ w C@=F Q}O=kt u}= =@ SP1 xr�Ut Q} R xt=O= QO w OwW|t
[29]"OwW|t pL =yu=tm w =yQ}Ut QO u=} QH uOQw; CUO x@ |=Q@ ODFWTQP

xO=iDU= =@ �dtpa w �dtpa |=yQ}eDt Q}O=kt |R=Us=ovy@ |=Q@ SP2 xr�UtQ} R TBU
x@ |@=}DUO u=tR =D Ov}=Qi u}= "OwW|t pL xOt; CUO x@ |=yu=} QH sHL R=
R= pkDUt w C@=F CQwY x@ =[=kD DTTA pOt QO "O@=}|t xt=O= hkwD \QW
|=Q@ OOQD ZQ=wa p=ta= |rm Qw] x@ "CU= xOW xDiQo Q_v QO ZQ=wa Q}O=kt
p=kDv= Ea=@ '=[=kD uOw@ Q}PBVWm u=R}t x@ xDU@ Ov=wD|t |YNW |x}rkv p}=Uw

�d;t+lpk =
min

(
(t+1�l�d)�t�Tdpn� P

t0<t+l
�dt
0

pk f
t0
k (xt

0
k );

 
1� P
t0<t+l

�dt
0

pk

!
ft+lk (xt+lk )

)
ft+lk (xt+lk )

8 p 2 Pi; i 2 I; k = (n; m) 2 Ap; d 2 D; t : �dtpk = 1; l = 0; :::; jDj � t
�11�
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"xm@W |wHDUH VwQ x@ DCP pOt pL u=} QH Q=Owtv "1 pmW

"OQ}o Q=Qk |Y=N \}=QW QO Ov=wD|t C=iO=YD ẁkw |x]U=w x@ xm CU=yu=tm QO
"CU= w xm@W C}a[w QO u=tm u}= C}iQ_ 'Swa 'a u=tm C}a[w R= OwYkt
xOW u}}aD =yu=tm s=tD |=Q@ P (sa) |r=tDL= `@=wD j@] 'w C}a[w `k=w QO

"CU=
C}a[w Qou=Wv w 'CU= Gw= Ca=U p}rLD |v=tR |xR=@ xmu; x@ xHwD =@
ẁkw |Q}oQ_v QO =@ "CU= Gw= Ca=U QO XNWt RwQ Qy QO C}iQ_ w xm@W
C}a[w QO RwQ Qy QO R}v xm@W |=yu=tm C}iQ_ 'RwQ Qy QO |m}i=QD C=iO=YD
|=OD@= QO �xm@W |=yu=tm C}iQ_� xm@W C}a[w "CiQo Ovy=wN Q=Qk OwN X=N
RwQ u=ty QO p}rLD |v=tR |xR=@ u=}=B =D XNWt RwQ Qy QO p}rLD |v=tR |xR=@
,=iQY w OyO|tv MQ XNWt RwQ l} QO C}iQ_ QO |D=Q}}eD `k=w QO "CU= C@=F
|Q}oQ=m x@ |xwLv T=U= Q@ "OwW|t xDiQo Q_v QOhrDNt |=yRwQ QOC}iQ_ Cw=iD
'Gw= Ca=U QO ATIS R= |Q=OQ@xQy@ |xwLv u}vJty w =} wB |Q=PoCt}k CU=}U

%Ow@ Oy=wN h} QaD p@=k w ZwQit C}a[w |=Q@ hrDNt |w} Q=vU VW
w} Q=vU u}= QO %�FI RDT� 10|Wvm =w ZQ=wa - pt=m `q]= %1 |w} Q=vU
?U=vDt =Q ZQ=wa RwQ Qy QO R}v sDU}U Q}Ot w OvQ=O |UQDUO ATIS x@ u=Qi=Ut

"OyO|t Q}}eD xm@W C}a[w =@
w} Q=vU u}= QO %�FI UDT� 11|Wvm =wQ}e ZQ=wa - pt=m `q]= %2 |w} Q=vU
xm@W C}a[w x@ xHwD uwO@ sDU}U Q}Ot |rw 'OvQ=O |UQDUO ATIS x@ u=Qi=Ut

"OQ}o|t Q_v QO RwQ Qy QO Gw= Ca=U |=Q@ =Q |D@=F ZQ=wa
u=Qi=Ut w} Q=vU u}= QO %�FI NDT� 12ZQ=wa uwO@ - pt=m `q]= %3 |w} Q=vU

"OwW|tv =QH= xm@W QO |Q=PoCt}k CU=}U |rw 'OvQ=O |UQDUO ATIS x@
w} Q=vU u}= QO %�NI RDT� 13|Wvm =w ZQ=wa - `q]= sOa %4 |w} Q=vU
?U=vDt =Q ZQ=wa sDU}U Q}Ot |rw 'OvQ=Ov |UQDUO ATIS x@ u=oOvvmxO=iDU=
'xm@W C}a[w R= `q]= sOa p}rO x@ "Ovm|t s}_vD RwQ Qy QO xm@W C}a[w =@
sOa p}rO x@ u}vJty "Ovvm|t ?=NDv= =Q |v=Um} Q}Ut RwQ Qy QO u=oOvvmxO=iDU=
Q}}eD TB "OvDUy `q]=|@ R}v RwQ Qy ZQ=wa MQv R= '|v=UQ`q]= sDU}U OwHw
Q_v R= w} Q=vU u}= u}=Q@=v@ "CW=O Oy=wNv =yv; Q=DiQ |xwLv Q@ |Q}F-=D 'ZQ=wa u=R}t

"CU}v x}HwD p@=k |OQmrta
w} Q=vU u}= QO %�NI UDT� 14|Wvm =wQ}e ZQ=wa - `q]= sOa %5 |w} Q=vU

ZQ=wa u=R}t u}}aD |=Q@ |R=Uxv}y@ |xr�Ut 15 =D 13 \@=wQ j@] u; |q=@
OOQD ZQ=wa =@ |mt=v}O l}i=QD X}YND |xr�Ut u; u}}=B K]U w CU= xv}y@
u; QO xm CU= nQ@rmDU= |R=@ =@ pO=at pOt u}= "16 |x]@=Q CU= xm@W QO
ZQ=wa T=U= Q@ �u=oOvv=Q� u=oOvvmp=@vO w u}}aD =Q ZQ=wa �sDU}U Q}Ot� wQW}B
pL |=Q@ xr=kt u}= QO "Ovvm|t OwN Q}Ut ?=NDv= x@ s=Ok= 'xm@W O}OH Q=DN=U w
|Ov@s}UkD =@ u; QO xm OW Oy=wN xO=iDU= pt=m VQ=tW VwQ R= |O=yvW}B pOt
|=y?=wH s=tD |@=} RQ= '\=kv R= s_vt w xDUUo |}xawtHt x@ ?=wH |=[i
?=wH u} QDy@ w OwW|t s=Hv= =} wB l}i=QD X}YND pOt pL ltm x@ xOW h} QaD
Q}PBu=mt= ?=wH |=[i pm Qw_vt u}O@ "OwW|t |iQat xv}y@ ?=wH u=wva x@
u}= |wQ `k=w \=kv s=tD w OwW|t s}UkD |w=Ut C=a]k =@ |}xm@W x@ xr�Ut
u}= p}mWD |=Q@ "OW Ovy=wN |@=} RQ= DTTA pOt R= xO=iDU= =@ ZwQit |xm@W
xHwD =@ "CU= xOW h} QaD '" '9ZQ=wa s=o u=wva =@ |QDt=Q=B '|HvQ]W |xm@W
Oy=wN u}}aD Q} R |x]@=Q ltm x@ xm@W |wQ \=kv pm O=OaD '|O=yvW}B pOt x@

%OW
� =

��max

"
+ 1
�jD0j

(17)

|xawtHt?}DQDu}O@ "CU= � |xawtHt |=[a= O=OaD |xOvyOu=Wv j�j u; QO xm
%CU= |Q}oQ_v QO p@=k Q} R CQwY x@ xOW h} QaD |xm@W |wQ \=kv

� = f�1; :::; ��g (18)

|wQ \=kv R= |m} xOvyOu=Wv 'Q}PBu=mt= ZQ=wa R= |}xawtHt �g u; QO xm
h} QaD p@=k Q} R CQwY x@ xawtHt u}= "CU= xr�Ut ?=wH |=[i ZwQit |xm@W

%CU=
�g =

n
�1; :::; �jD0jo (19)

u}= R= xOt; CUO x@ ?=wH 'xDUUo |=[i x@ xDUw}B pL |=[i p}O@D p}rO x@
'ZQ=wa s=o QDt=Q=B Q=Okt Vy=m =@ u}= OwHw =@ "Ow@ Oy=wNv |v=yH |xv}y@ VwQ
|wQ \=kv O=OaD u; ?U=vD x@ w O@=}|t V}=Ri= |Q_v Q_v R= xr�Ut pL QO CkO
R= xr�Ut |D=@U=Lt |=y|oO}J}B w OwW|t QDW}@ R}v ZwQit |HvQ]W |xm@W
|L]UwO pOt pL u=} QH Q=Owtv 1 pmW "Ci=} Oy=wN V}=Ri= pL u=tR Q_v

"OyO|t V}=tv =Q |O=yvW}B

Q}eDt C}iQ_ =@ =}wB |Q=PoCt}k pOt "4
a 2 u=tm Qy 'OW=@ xDW=O OwHw xm@W C}iQ_ QO C}a]k sOa xm |]}=QW QO
|=yC}a[w R= |m} QO Ov=wD|t xm@W QO sm =L |m}i=QD \}=QW x@ xDU@ 'A
QO sa 2 Sa C}a[w ẁkw p=tDL= p(sa) Qo = "OQ}o@ Q=Qk Sa |xawtHt

 u; QO xm CW=O Oy=wN OwHw (
; P r) |Dq=tDL= |=[i 'OW=@ a u=tm
Q} R p=tDL= `} RwD `@=D Pr w G |xm@W |=Q@ umtt |=yC}a[w s=tD | xawtHt

%CU=
Pr(w) =

Y
a2A

p(swa ) (20)

C}a[w R= OwYkt "CU= xm@W w C}a[w QO a u=tm C}a[w Swa u; QO xm
OOQD C}iQ_ E}L R= xm@W Q}PBu=mt= Cq=L s=tD xawtHt R= |}xawtHtQ} R 'w
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_vQ

O=@
=}wB

|Q=
PoC

t}k

FI RDT |w} Q=vU "2"4
R}v =} wB ZQ=wa w OQ=O pt=m |D=aq]= xm@W C}a[w R= Qi=Ut Qy w} Q=vU u}= QO
pOt "OwW|t s}_vD RwQ u=ty QO xm@W Q@ sm =L \}=QW T=U= Q@ xv=RwQ CQwY x@

%OwW|t h} QaD Q} R CQwY x@ w} Q=vU u}= |=Q@ |ewrW |=} wB |Q=PoCt}k
[FI� RDT]

Min
�

Z =
X
w2


Pr(w)
X

a2A0[A00

X
t2D

xtwa :f twa (xtwa ) (25)

s:t:

0 � �tw � �max 8 a 2 A0; t 2 D0; w 2 
 (26)X
a2A

X
t2D

xtwa :f twa (xtwa ) � TCw0 8 w 2 
 (27)

xw solves DTTA 8 w 2 
 (28)

"CU= xm@W w C}a[w QO xv}y@ ZQ=wa Q=Okt Q=OQ@ �w = (�tw) u; QO xm
x@ R}v ZQ=wa w OQ=O pt=m |D=aq]= xm@W C}a[w R= Qi=Ut Qy w} Q=vU u}= QO
=@ TB "CU= 
 |xawtHt |wQ x} RHD p@=k q=@ pOt "OwW|t Zwa xv=RwQ CQwY
XNWt RwQ Qy QO xv}y@ ZQ=wa Q=Okt 'ZwQit RwQ Qy |=Q@ DCP |xr�Ut pL

"OwW|t

NI UDT |w} Q=vU "3"4
|=yC}a[w|x}rm QO R}vZQ=wa w OvQ=Ov|UQDUO ATIS x@ u=oOvv=Q w} Q=vUu}= QO
|Q=PoCt}k xr�Ut pL =@ pO=at w} Q=vU u}= "CU= C@=F 
 = f1; :::; j
jg
ZQ=wa Q}O=kt uOw@ C@=F x@ xHwD =@ "CU= C}iQ_ QO C=Q}}eD |Q}oQ_v QO uwO@
=@ pO=at w} Q=vU u}= 'hrDNt |=yC}a[w QO u=oOvv=Q Q=DiQ Q}}eD sOa u}vJty w
"CU= �C}iQ_ C=Q}}eD |Q}oQ_v QO uwO@� x}=B |xm@W |=Q@ DCP |xr�Ut pL

Rr=iwU |xm@W '|OQwt |xar=]t "5
|@ wvH |=Dwm =O Cr=}= QO s=v u}ty =@ |QyW Q@=at |xm@W R= |WN@ Rr=iwU xm@W
C=ar=]t QO |W}=tR; |=yxm@W u} QDxOW xDN=vW R= |m} xm@W u}= "CU=m} Qt; QO
=ypOt |@=} RQ= |=Q@ =yVywSB R= |Q=}U@ QO w O};|t Q=tW x@ pkvwptL |UOvyt
552 w u=tm 76 'xQo 24 |=Q=O xm@W u}= "CU= xOW xO=iDU= u; R= =ysD} Qwor= w
RwQ QO x}rkv |xr}Uw 360600 pO=at u; QiU |=[=kD w CU= OYkt - -=O@t GwR
u; ZwQit |Q=PoCt}k |Ov@ Qtm w xm@W u}= =@ Q_=vDt h=Qo 2 pmW [30]"CU=
QO Ca=U QO QqO 20 =@ Q@=Q@ xm@W u}= QO '� 'QiU u=tR VRQ= "OyO|t u=Wv =Q
pm 'Gw= Ca=U |=[=kD x@ xv=RwQ |=[=kD p}O@D Qw_vt x@ "CU= xOW xDiQo Q_v
|=[=kD T} QD=t p}mWD |=Q@ u}vJty "CU= xOW ?Q[ 0 1 ?} Q[ QO =[=kD
x@ |}xk}kO 15 |v=tR |xR=@ Q=yJ u=}t |Da=U |=[=kD 'Gw= Ca=U QO =} wB QiU
sHL - QiU u=tR `@=D "CU= xOW `} RwD OYQO 20 w 30 '30 '20 |=ysyU ?}DQD

%CU= xOW h} QaD Q} R CQwY x@ R}v xm@W |=yu=tm
f ta(xta) = Aa +Ba(xta

�
�t)4 8a 2 A; t 2 D (29)

[30]`HQt QO xm OvDUy sHL - QiU u=tR `@=D |=yQDt=Q=B?}=Q[Ba wAa u; QO xm
"Ov=xOW x�=Q=

Q}Ot "OvyO|tv Q}}eD =Q OwN |xv=RwQ Q}Ut w OvQ=Ov |UQDUO ATIS x@ u=Qi=Ut
"OQ}o|t Q_v QO RwQ Qy |=Q@ =Q |D@=F ZQ=wa R}v sDU}U

xv w} Q=vU u}= QO %�NI NDT� 15ZQ=wa uwO@ - `q]= sOa %6 |w} Q=vU
xm@W Q@ =Q |OOQD ZQ=wa sDU}U Q}Ot xv w OvQ=O |UQDUO ATIS x@ u=oOvv=Q

"Ovm|t p=ta=
Oy=wN x�=Q= 5 w 2 '1 |=yw} Q=vU |=Q@ |O=yvW}B |Q=PoCt}k |=ypOt xt=O= QO
=@ =yvD '|Q=PoCt}k CU=}U |R=UxO=}B sOa p}rO x@ R}v 6 w 3 |=yw} Q=vU "OW
CU= |vi x}HwD Ok=i R}v 4 |w} Q=vU "Ow@ Ovy=wN |@=} RQ= p@=k DTTA pOt pL
OvDUy �16\NuwQ@� |}=y|rOt '|O=yvW}B |=ypOt s=tD "OW Oy=wNv |UQQ@ w
xr�Ut '
 |xawtHt |=yC}a[w s=tD QO xm@W |=yu=tm C}iQ_ uOw@ swrat =@ xm

"OUQ|t xOvvmxO=iDU= `q]= x@ QiU -=O@t QO R}v |Q=PoCt}k w OwW|t pL

FI UDT |w} Q=vU "1"4
xm@W C}a[w R= pt=m |D=aq]= ATIS x@ |UQDUO =@ Qi=Ut Qy w} Q=vU u}= QO
pOt "CU= C@=F 
 = f1; :::; j
jg |=yC}a[w |x}rm QO ZQ=wa |rw 'OQ=O
|=yRwQ |=Q@ � = (�t) C@=F |=} wB ZQ=wa Q=OQ@ l} uDi=} p=@vO x@ |Q=PoCt}k
hrDNt �C}a[w� RwQ j
j QO QiU u=tR pm |[=} Q O}t= xm |Qw] x@CU=hrDNt
\}=QW R= |}xOv}=tv u=wva x@ ,=iQY xOW xDiQo Q_v QO |=yC}a[w "OwW xv}tm
\}=QW R= |}xvwtv =yC}a[w u}= `k=w QO "OvwW|t O}rwD |iO=YD Qw] x@ |ak=w
|B QO|B w OvDUy xm@W |Q=OQ@xQy@ R= p=U l} QO Gw= Ca=U QO xm@W |xv=RwQ
CQwY x@ w} Q=vU u}= |=Q@ |ewrW |=} wB |Q=PoCt}k pOt "OQ=Ov |twRr =yv; uOw@

%OwW|t h} QaD Q} R
[FI UDT]

Min
�

Z =
X
w2


Pr(w)
X

a2A0[A00

X
t2D

xtwa :f twa (xtwa ) (21)

s:t:

0 � �t � �max 8 a 2 A0; t 2 D0 (22)X
a2A

X
t2D

xtwa :f twa (xtwa ) � TCw0 8 w 2 
 (23)

xw solves DTTA 8 w 2 
 (24)

f twa = (xtwa ) 'wC}a[w QO xm@W Q@=at QO s=HL= Q=OQ@ xw = (xtwa ) u; QO xm
C}a[w QO xm@W QiU u=tR pm R}v TCw0 w w C}a[w QO a u=tm QiU u=tR `@=D
|R} Qxt=vQ@ |=ypOt xDUO QO pOt u}= "CU= |Q=PoCt}k CU=}U p=ta= uwO@ w

=Q xr�Ut =yO}k u}= =Q} R 'CU= Q=wWO Q=}U@ =yv; pL xm OQ=O Q=Qk pO=aD |=yO}k =@
u} QDCNU FI UDT |w} Q=vU '|iQ] R= "Ovvm|t p}O@D ?OLt=v |}xr�Ut x@
'xv=RwQ ZQ=wa uOw@ C@=F =Q} R "CU=} wB |Q=PoCt}k |xr�Ut pL |=Q@ w} Q=vU
xr=kt u}= QO p}rO u}ty x@ "OR=U|t umtt=v =Q 
 |xawtHt |wQ xr�Ut |x} RHD

 |xawtHt |wQ xr�Ut xm KQW u}O@ "OwW|t xO=iDU= |Q=mD@= |rL VwQ R=
s=tD pL R= TB w OwW|t x} RHD |ewrW |=} wB |Q=PoCt}k |xr�UtQ} R j
j x@
|iQat xr�Ut ?=wH u=wva x@ xOt; CUO x@ ZQ=wa |=yQ=OQ@ u}ov=}t 'p�=UtQ} R
w O}rwD |Dq=tDL= `@=wD ltm x@ xm@W C}a[w j
j O=OaD 'Qw_vt u}O@ "OwW|t
ltm x@ =yv; R= s=Om Qy |=Q@ �DCP pOt� |ewrW |=} wB |Q=PoCt}k |xr�Ut

"OwW|t pL xm@W |wHDUH VwQ
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|xQ
wO'

�14
00

Q=y@
�h

}QW
u=Qt

a|
UOv

yt "C}iQ_ QOC}a]k sOa |Q}oQ_v QO =@ |Q=PoCt}k xr�Ut pL |=yZQi "3 pwOH
Q=Okt QDt=Q=B
50 j
j
0/5 �

0/5 �

0/05 "

QqO 1 �max

|=Q@C}iQ_ QOC}a]k sOa |Q}oQ_v QO =@ |Q=PoCt}k xr�Ut pL G}=Dv "4 pwOH
"hrDNt |=yw} Q=vU

u=tR pm u}ov=}t QO QiU u=tR u}ov=}t
w} Q=vUxm@W QiU |rN=O w |OwQw |=yu=tm

�Ca=U � xr}Uw� �Ca=U � |xr}Uw� |xOwOLt
9355/3 6020/4 FL UDT

8775/9 4235/6 FI RDT

9950/2 4839/5 NI UDT

8946/3 4425/0 FI NDT

9954/1 4849/2 NI NDT

%CU= xOW xO=iDU= Q} R |x]@=Q

Cwa =

(
C0
a � (1� �) if �wa � &

C0
a otherwise

8a 2 A000; w 2 
 (31)

C}iQ_Cwa 'C}iQ_Vy=m |=Q@ ptDLt |=yu=tm |xawtHtA000 � A u; QO xm
uwO@� xm@W |x}=B C}a[w QO a u=tm C}iQ_ C0

a 'w C}a[w QO a 2 A000 u=tm
|QDt=Q=B � 'hO=YD COW |xOvyOu=Wv �0'1� |xR=@ QO |OOa � '�C}iQ_ Vy=m
QO |iO=YD OOa R}v �wa w hO=YD ẁkw p=tDL= | xOvyOu=Wv �0'1� |xR=@ QO
Q@ w C}a[w QO a u=tm QO hO=YD ẁkw XN=W |xOvyOu=Wv �0'1� |xR=@
pL |=Q@ ZwQit C=t}_vD 3 pwOH "CU= CN=wvm} p=tDL= `} RwD `@=D l} T=U=
R= pY=L u}ov=}t G}=Dv R}v 4 pwOH "OyO|t u=Wv =Q Rr=iwU |xm@W QO xr�Ut

"OyO|t u=Wv =Q |UQQ@ OQwt |=yw} Q=vU |=Q@ xr�Ut pL
xm@W QiU u=tR pm |=Q@ =Q xH}Dv u} QDy@ FI RDT |w} Q=vU '4 pwOH j@]
CU=}U |xv=RwQ j}@]D x@ xHwD =@ "CU= xO=O CUO x@ xOwOLt QO QiU u=tR w
QO "CU= xOw@ R}v Q=_Dv= OQwt xH}Dv u}= 'w} Q=vU u}= QO xm@W \}=QW =@ |Q=PoCt}k
Cw=iD w xOw@ RyHt ATIS x@ u=oOvv=Q FI NDT w FI UDT |w} Q=vU wO Qy
'G}=Dv T=U= Q@ "CU= FI UDT |w} Q=vU QO RwQ Qy QO C@=F ZQ=wa p=ta= '=yv;
wO Qy QO =Q xm@W \}=QW xmr@ 'CW=O Oy=wNv |OwU =yvD xv ZQ=wa u}= p=ta=
C}a]k sOa OwHw CQwY QO '`k=w QO "OQm Oy=wN h}a[D |UQQ@ OQwt XN=W
|xH}Dv xv=RwQ C@=F ZQ=wa p=ta= 'ATIS x@ u=oOvv=Q |UQDUO w xm@W C}iQ_ QO
u=}t QO =Q Q=Okt u} QDO@ xr�Ut hOy `@=D 'w} Q=vU u}= QO "CW=O Oy=wN |@ wr]t
|Q=O=vat hqDN= =@ NI UDT w NI NDT |w} Q=vU wO "OQ=O =yw} Q=vU s=tD
|w} Q=vU wO Qy QO "Ov=xO=O CUO x@ xm@W QiU u=tR pm XN=W QO =Q G}=Dv u} QDO@
|=yu=tm OYQO 60 OwHw x@ xHwD =@ w OvQ=Ov |UQDUO ATIS x@ u=oOvv=Q QwmPt
"CU= Q=_Dv= OQwt xH}Dv u}= '|Q=PoCt}k |xOwOLt R= GQ=N QO A000 |xawtHt
QO `k=w QO "OQ=O NI NDT |w} Q=vU x@ C@Uv |mOv= |QDQ@ NI UDT |w} Q=vU
OvJ Qy 'C@Ft xH}Dv xv=RwQ C@=F ZQ=wa |Q}oQ=m x@ 'ATIS OwHw sOa CQwY

ZwQit |Q=PoCt}k |Ov@ Qtm w Rr=iwU |xm@W "2 pmW
"Rr=iwU |xm@W QO hO=YD ẁkw p=tDL= =@ ZwQit |=yu=tm "2 pwOH

|rN=O |=yu=tm |RQt |=yu=tm |HQ=N |=yu=tm
�10�17�'�17�10� �11�10�'�10�11� �1�2�'�2�1�

�14�15�'�15�14� �12�13�'�13�12�
�20�18�'�20�18�
��24�'�20�21�

�1�3�'�13

u} QDpw=ODt R=|m} u=wva x@ 17|@Uv h=mW Q=}at |=} wBh} QaD R= xr=kt u}= QO
pQDvm Qw_vt x@ Q} R KQWx@ l}i=QD X}YND |=ysD} Qwor= |}=Qoty pQDvm |=yQ=}at

%OwW|t xO=iDU= xv}y@ ?=wH

[RG =

P
d2D

P
i2I

P
p2pd+

i

hdpT dp � P
d2D

P
i2I

P
p2pd+

i

hdpudiP
d2D

P
i2I

P
p2pd+

i

hdpT dp
(30)

|xR=@ x@ \w@ Qt i OYkt - -=O@t GwR p=ai |=yQ}Ut |xawtHt pd+i u; QO xm
d Ct} Ra |xR=@ QO i OYkt - -=O@t GwR QiU |xv} Ry u} QDtm udi w d Ct} Ra
h=mW Q=}at uO}UQ hkwD \QW =@ l}i=QD X}YND |xr�Ut xr=kt u}= QO "CU=

"OwW|t pL 10�6 x@ |@Uv
Vy=m p=tDL= xm xm@W R= |}=yu=tm =D CU= R=}v xr�Ut pL R= CUNv s=o QO
=yu=tm Qw_vt u}O@ "OvwW ?=NDv= 'OQ=O OwHw hO=YD ẁkw p}rO x@ =yv; QO C}iQ_
pN=O |=yu=tm w |Ov@ Qtm |RQt |=yu=tm '|Ov@ Qtm R= GQ=N |=yu=tm xDUO xU x@
4 '|HQ=N u=tm 9 '=yu=tm pm u=}t R= "OvOW |Ov@s}UkD |Q=PoCt}k |xOwOLt
2 pwOH "OvOW ?=NDv= |rN=O u=tm 2 w �|HwQN wO w |OwQw wO� |RQt u=tm
QO hO=YD ẁkw p=tDL= 'pwOH u}= T=U= Q@ "OvyO|t u=Wv =Q ?NDvt |=yu=tm

"OQ=O OwHw xm@W |=yu=tm R= OYQO 19/7
=D CU= R=}v 'C}iQ_ |r=tDL= Vy=m |=Q@ ?NDvt |=yu=tm u}}aD R= TB
R= Qw_vt u}O@ "OwW u}}aD xm@W w C}a[w Qy QO |iO=YD Qw] x@ =yv; C}iQ_
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=ysD

U}U
wC

}iQ_
C=Q

}}eD
uDi

QoQ
_vQ

O=@
=}wB

|Q=
PoC

t}k

|=yw} Q=vU QOhO=YDCOWhrDNt?}=Q[|=Q@hOy `@=Du}ov=}t Q=Okt "4pmW
"hrDNt

QO hO=YD ẁkw p=tDL= hrDNt ?}=Q[ |=Q@ hOy `@=D u}ov=}t Q=Okt "5 pmW
"hrDNt |=yw} Q=vU

x�=Q= p}rLD =@ x@=Wt "OyO|t u=Wv =Q xr�Ut hOy `@=D |=Q@ xOt; CUO x@ G}=Dv
|=yw} Q=vU |=Q@ lQDWt Q=Owtv l} R= R}v VN@ u}= QO 'C=iO=YD COW |=Q@ xOW

"CU= xOW xO=iDU= NI NDT w NI UDT

|w} Q=vU 'hO=YD O=ONQ p=tDL= hrDNt Kw]U s=tD QO '5 pmW T=U= Q@
QO w OQ=O Q=Qk FI NDT |w} Q=vU u; R= TB "OQ=O =Q xH}Dv u} QDy@ FI-RDT

FI UDT |w} Q=vU "OvDUy NI NDT w NI UDT |=yw} Q=vU R}v swU |xOQ
xOy=Wt u; Q=Owtv QO R}v |D=v=Uwv w OQ=O Q=Qk =yw} Q=vU u=}t QN; |xOQ QO hqDN= =@

"OwW|t

ATIS w |Q=PoCt}k CU=}U |}=Q=m |xU}=kt "3"5
x@ C@Uv QDQF-wt |Wkv |v=UQ`q]= 'C=iO=YD O=ONQ CQwY QO G}=Dv T=U= Q@
sRq |}=Q=m |]}=QW QO |Q=PoCt}k CU=}U `k=w QO "OQ=O |Q=PoCt}k CU=}U
Q=Okt 6 pmW "OvW=@ `r]t xm@W C}a[w R= u=oOvv=Q =OD@= QO xm CW=O Oy=wN =Q
QO NI UDT w FI NDT 'FI RDT |w} Q=vU xU |=Q@ =Q xr�Ut hOy `@=D
'?} Q[ wO u}= Q=Okt V}=Ri= =@ "OyO|t u=Wv � w � ?} Q[ wO hrDNt C=@}mQD
hqDN='0/5 =@ Q@=Q@ w QDtm Q}O=kt |=Q@ "O@=}|t V}=Ri= R}v w} Q=vU xU u=}t hqDN=
'�0/5-0/5�|x]kv QO "CU= sm FI NDT w FI RDT |w} Q=vU wO u=}t
13/5 u=R}t x@ ?}DQD x@ FI NDT w FI RDT |w} Q=vU QO hOy `@=D Q=Okt

"hrDNt |=yw} Q=vU QO hOy `@=D Q=Okt |xv}W}@ w xv}tm "3 pmW
'=yw} Q=vU Q}=U =@ w} Q=vU wO u}= G}=Dv |xU}=kt =@ "CW=O Oy=wN x=Qty x@ =Q 'lOv=

"OwW|t XNWt xm@W QiU u=tR pm XN=W QO ATIS C}ty=
|xawtHt |=Q@ hrDNt |=yRwQ QO G}=Dv u}ov=}t '4 pwOH QO xOW x�=Q= O=Oa=
CU= \}=QW u} QDO@ O=ONQ 'C}a]k sOa |UQQ@ QO syt OQ=wt R= |m} "OvDUy 


pL |O=yvW}B OQm} wQ OvJQy "OQ}o|t Q=Qk Q_vOt Q=wDU= |R=Uxv}y@ QO ,=twta xm
u} QDO@ |UQQ@ 'CU= hOy `@=D u}ov=}t |R=Uxv}y@ |=v@t Q@ xr=kt u}= QO xr�Ut
3 pmW "OW=@ O}it =yw} Q=vU C=Q}F-=D |xU}=kt QO Ov=wD|t xOW O=H}= C}a[w
u=Wv hrDNt |=yw} Q=vU |=Q@ =Q xOwOLt QO QiU u=tR Q=Okt u} QDW}@ w u} QDtm
|=yw} Q=vU w ATIS x@ RyHt |=yw} Q=vU u=}t Cw=iD 'xHwD p@=k |xDmv "OyO|t
|=yw} Q=vU QO "CU= hOy `@=D Q=Okt |xv}W}@ w xv}tm u=}t hqDN=E}L R= u; Ok=i
"CU= QDtm ATIS Ok=i |=yw} Q=vU =@ xU}=kt QO hqDN= u}= 'ATIS x@ RyHt
x@ 'OW=@ Q_vOt xm@W C}a[w u} QDO@ QO \}=QW pk=OL ^iL xm |DQwY QO TB

"CU= |QwQ[ ATIS |Q}oQ=m

hO=YD COW C=QF= p}rLD "1"5
|UQQ@ OQwt |xr�Ut '=yw} Q=vU OQmrta QO hO=YD COW C=Q}F-=D |@=} RQ= Qw_vt x@
4 pmW "OW pL � hrDNt Q}O=kt |=Q@ '0/5=@ Q@=Q@ � QDt=Q=B uOQm ZQi C@=F =@
l}ORv Q=}U@ p}rO x@ "OyO|t u=Wv =Q hOy `@=D Q=Okt QO xOt; CUO x@ G}=Dv
=yv; |=Q@ lQDWt Q=Owtv l} R= 'NI NDT w NI UDT |=yw} Q=vU G}=Dv uOw@
x@ w} Q=vU wO u}= QO xOt; CUO x@ Q}O=kt '� > 0=5 |=Q@ "CU= xOW xO=iDU=

"Ov=xOW hPL =yQ=Owtv R= p}rO u}ty x@ 'Ov@=}|t V}=Ri= COW
"CU= sm � � 0=3 Q}O=kt |=Q@ hOy `@=D Q=Okt QO C=Q}}eD '=yw} Q=vU s=tD QO
QDW}@ Q=Owtv ?}W w O@=}|t V}=Ri= C=Q}}eD u}= u=R}t '0/3 R= QDoQR@ Q}O=kt |=Q@
|=yw} Q=vU x@ C@Uv V}=Ri= u}= u=R}t 'ATIS x@ RyHt |=yw} Q=vU QO "OwW|t
u=wD|t FI NDT w FI RDT |=yw} Q=vU |xU}=kt =@ "CU= QDtm ATIS Ok=i
|QDW}@ u=R}t x@ xm@W QO u=} QH `} RwD 'C=iO=YD C}a[w O}OWD =@ xm OQm u=}@
xm@W `[w Ow@y@ x@ RwQ Qy QO Q}eDt ZQ=wa p=ta= TB &OQ}o|t Q=Qk Q}F-=D CLD

"OQm Oy=wN ltm

hO=YD ẁkw p=tDL= C=QF= p}rLD "2"5
|UQQ@ OQwt |xr�Ut '=yw} Q=vU OQmrta QO hO=YD ẁkw p=tDL= |@=} RQ= Qw_vt x@
5 pmW "OW pL � hrDNt Q}O=kt |=Q@ '0/5 =@ Q@=Q@ � QDt=Q=B uOQm ZQi C@=F =@
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}QW
u=Qt

a|
UOv

yt O=OaD |Q}oQ_v QO =@ "CU= 214(194481) pO=at 'OQ}o|t Q=Qk |UQQ@ OQwt pt=m
|xr�Ut 9,724,05 pL sRrDUt xr�Ut pL '50 =@ Q@=Q@ |UQQ@ OQwt |=yRwQ
R}v l}i=QD X}YND xr�Ut Qy pL "CU= OOQD ZQ=wa =@ =} wB l}i=QD X}YND
191 ,=@} QkD x@ xr�Ut pL |=Q@ ?}DQD u}O@ "OWm|t pw] x}v=F 1/7 |@} QkD Qw] x@
x@ X}YND xr�Ut Qy pL u=mt= p}rO x@ Q[=L |xr=kt QO "CU= R=}v u=tR RwQ
w OW xDUmW =[iQ} R u}OvJ x@ pt=m VQ=tW VwQ QO ?=wH |=[i '=RHt Qw]
?}DQD u}O@ "OW s=Hv= |R=wt Qw] x@ QwmPt sDU}U |wQ Q@ xr�Ut pL C=@U=Lt
xm |}xr�Ut u}vJ pL |=Q@ u=tR u}= "Ci=} Vy=m RwQ 15/92 x@ xr�Ut pL u=tR
'CU= xO=iDU= p@=k xm@W QO COtOvr@ =D COtu=}t |v=tR |=yxR=@ QO u; |xH}Dv
C=@U=Lt w |}xv=}=Q |=yVwQ R= xO=iDU= =@ u=tR u}= Vy=m u=mt= "CU= pw@k p@=k

"OQ=O OwHw R}v `} QU

|Q}oxH}Dv "7
ZQ=wa |Q}oQ_v QO C}r@=k =@ =} wB l}i=QD X}YND pOt l} 'xr=kt u}= QO
|R=Uxv}y@ |L]UwO pOt l} u}vJty "CU= xOW xaUwD xm@W QO OOQD
xm@W |wHDUH sD} Qwor= R= xm CU= xOW x�=Q= |ewrW |=} wB |Q=PoCt}k
|Q}oQ_v QO |=Q@ |irDNt |=yw} Q=vU xt=O= QO "OwW|t xO=iDU= u; pL |=Q@
|xr�Ut pL QO |QyW |=yxm@W QO C=iO=YD ẁkw |x]U=w x@ C}iQ_ C=Q}}eD
u=wva x@ |ewrW |Q=PoCt}k |L]UwO pOt "CU= xOW KQ] =} wB |Q=PoCt}k
xr�Ut pL =@ "CU= xOW xDiQo Q=m x@ =yw} Q=vU u}= pL QO |rY= |xDUy
xOW s=Hv= |O=yvW}B |=yw} Q=vU u}@ |irDNt |=yxU}=kt 'Rr=iwU |xm@W |=Q@
u} QDy@ FI RDT |w} Q=vU xm OW XNWt xOt; CUO x@ G}=Dv T=U= Q@ "CU=
w |Q=PoCt}k CU=}U wO |xU}=kt QO "Ow@ R}v Q=_Dv= OQwt xm OQ=O =Q OQmrta
x[Qa Vy=m uOw@ O}OW CQwY QO xm OW XNWt 'u=oOvv=Q x@ |v=UQ`q]=
ATIS |Q}oQ=m x@ CQwY QO "OQ=O |QDW}@ C} wrw= |v=UQ`q]= 'xm@W QO
Oy=wNv |@U=vt xH}Dv Cq=L QFm = QO xv=RwQ C@=F ZQ=wa p=ta= 'xm@W QO
C}a]k sOa xm |]}=QW QO |Q=PoCt}k sOa 'G}=Dv |=v@t Q@ `k=w QO "CW=O
Oy=wN |QDy@ ,=D@Uv |xH}Dv C@=F ZQ=wa x@ C@Uv 'OQ=O OwHw xm@W QO

"CW=O
|=yZQi w OvOt; CUO x@ xO=iDU= OQwt |W}=tR; |xm@W T=U= Q@ G}=Dv u}=
w G}=Dv C}rm p=L u}= =@ "OvQ=PoQ}F-=D G}=Dv u}= C=}�RH Q@ R}v xOW xDiQo Q_vQO
u}= QO xOv}; C=ar=]t Q@ |y}HwD w CU= O=vDU= p@=k xOt; pta x@ |=y|@=} RQ=
'CU= xOW xDiQo Q_v QO C@=F CQwY x@ =[=kD Q[=L |xr=kt QO "OW=@|t xRwL
u=tR pm Q@=Q@ hOy `@=D w 'OvDUy uoty QiU u=tR VRQ= Q_v R= u=oOvvmxO=iDU=
xOvvmxO=U |=yZQi u}= R= l} Qy uDW=OQ@ "CU= |Q=PoCt}k |xOwOLt QO QiU

"OW=@ O}OH |}xar=]t ẁ[wt Ov=wD|t

=@ NI UDTwFI NDT 'FI RDT|=yw} Q=vUQOhOy`@=Du}ov=}t "6pmW
"hO=YD ẁkw p=tDL= w COW ?}=Q[ C=@}mQD

OwHw CQwY QO TB "O@=}|t V}=Ri= x}=B \}=QW x@ C@Uv OYQO 18/4 w OYQO
CU=}U |R=UxO=}B '0/5 =@ |w=Ut =} QDtm ZwQit ?}=Q[ Q}O=kt |=Q@ w ATIS

`@=D V}=Ri= R}v Cr=L u} QDO@ QO "CW=O Oy=wNv |Q}otWJ C=Q}F-=D |Q=PoCt}k
w OYQO 82 =@ Q@=Q@ ?}DQD x@ FI NDT w FI RDT |w} Q=vU wO QO hOy
u}ov=}t Qw] x@ TB &CU= xv=v}@O@ Q=}U@ Cr=L u}= ẁkw "CU= OYQO 209
=D R}v NI-UDT |w} Q=vU "CUv=O pw@k p@=k =Q w} Q=vU wO OQmrta u=wD|t
|OYQO 29/5 V}=Ri=� OQ=O |rw@k p@=k ,=D@Uv G}=Dv �0/5-0/5� ?}=Q[ ?}mQD
Ci= COW x@ u; G}=Dv '� w � ?}=Q[ Q}O=kt V}=Ri= =@ |rw "�hOy `@=D Q=Okt

"Ovm|t

xr�Ut pL u=tR "6
\NQ@ C} Q}Ot Qw_vt x@ w OQ=O Q=Qk |R} Qxt=vQ@ K]U QO |UQQ@ OQwt |xr�Ut
'u}= OwHw =@ "CU}v xr�Ut C=t=Rr= R= u; `} QU pL TB "CU= xOWv x�=Q= xm@W
Qw_vt x@ O}=@ xmCU= |}=yx@vH R= |m} 'xr�Ut pL u=tR w |D=@U=Lt |=y|oO}J}B
uOw@ |OQ@ Q=m R= Qw_vt "OwW p}rLD |O=yvW}B |=ypOt uOw@ |OQ@ Q=m |UQQ@
|O=yvW}B |=ysD} Qwor= "CU= pw@k p@=k |v=tR |xR=@ QO xr�Ut pL u=mt= '=ypOt
x2/67GHz |xOvR=OQB C=YNWt =@ Workstation l} |wQ xr=kt u}= QO
u=ty "Ov=xOW =QH= 16GB RAM |x_i=L w Intel r
 2Quad core Xeon

u} QDxO}J}B FI RDT w FI UDT |=yw} Q=vU 'OW u=}@ p@k VN@ QO xm Qw]
Qy x@ \w@ Qt |xr�UtQ} R =D CU= R=}v =yv; pL |=Q@ =Q} R &OvDUy pL |=Q@ =ypOt
QO =@ "OwW pL |R=Uxv}y@ |xr�Ut l} u=wva x@ xv=o =OH Qw] x@ �RwQ� C}a[w
VQ=tW VwQ ltm x@ xm Q}PBu=mt= |=y?=wH O=OaD 'xr�Ut C=[wQit |Q}oQ_v

=yCWwv=B
1. congestion pricing
2. second best
3. advanced traveler information systems (ATIS)

4. set-based uncertainty
5. cellular particle swarm optimization (CPSO)
6. mixed equilibrium tra�c assignment
7. method of successive average (MSA)
8. responsive toll
9. toll step
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t}k10. full information / Responsive dynamic tolls
11. full information / unresponsive dynamic tolls
12. full information / no dynamic tolls
13. no information / responsive dynamic tolls
14. no information / unresponsive dynamic tolls
15. no information / no dynamic tolls
16. O�ine
17. relative gap
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