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hdwp � 0 8p 2 Pw
i ; i 2 I; d 2 D;w 2W (5)
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u=} QH ẁtHt xm =Q =yu=tm QO u=} QH 'pOt u}= "Ovm|t x@U=Lt =RHt CQwY x@
=Q hY R= |W=v Q}N-=D w Ovm|t OwOLt u=tm |rm C}iQ_ x@ CU=yTqm |xty
uDU@ Q=m x@ xr=kt u}= Qo}O |Qw;wv l} 'xOW QmP OQ=wt Q@ xwqa "Ovm|t u}}aD R}v
=@ =Q xr�Ut u=wD|t u; j} Q] R= xm CU= |O=yvW}B sD} Qwor= QO |Q=QmD pL VwQ
pL 'Qo}Om} |wQ Q@ hrDNt |=yTqm QiU u=tR w u=} QH VvmQOv= |R=UxO=U

"OQm
|xOvvmpQDvm =@ C=aq]= pO=@D |=ysDU}U x@ RyHt xm@W u=oOvv=Q s=tD Qo =
sDU}U |rm |xv} Ry =yQ}Ut C=aq]= |x�=Q= w R} wHD =@ u=wD|t 'OvW=@ |RmQt
|Di=} QO C=aq]= x@ |Dw=iDt |=yVvm =w CU= umtt u=oOvv=Q =t= "OQm xv}tm =Q
OvW=@ RyHt u=QyD QyW QO u=oOvv=Q |xty xm OwW|t ZQi =Hu}= QO "OvW=@ xDW=O
ZQi TBU "OQ}o|t Q=Qk =yv; Q=}DN= QO sDU}U |xv}y@ |=yQ}Ut w C=aq]= w
x}k@ w Ovvm |wQ}B sDU}U |xv}y@ |=yQ}Ut R= u=oOvv=Q R= |WN@ \ki xm OwW|t
hrDNt Q}O=kt ZQi =@ ?}DQD u}O@ "Ovvm C}a@D xOvvmxO=iDU= pO=aD |=yQ}Ut R=
=@ u=QyD QyW |xm@W |OQmrta |=yQDt=Q=B 'xOW R} wHD |=yQ}Ut VQ}PB w Pwiv
Oy=wN xU}=kt |m}t=v}O w |m}D=DU= Cr=L wO |=Q@ xOvvmxO=iDU= Tqm wO ZQi
sD} Qwor= l} R= |Q}oxQy@ =@ 'p=L x@ =D xm OwW xQ=W= O}=@ R}v =Hu}= QO "OW
|wQ Q@ |}=y|UQQ@ w =yp}rLD u}vJ '|UqmOvJ |m}t=v}O l}i=QD X}YND
xDiQo Q_v QO xr=kt u}= Qo}O |Qw;wv Ov=wD|t xm CU= xOWv s=Hv= u=QyD QyW |xm@W

"OwW
C}OwOLt =@|UqmOvJ|m}t=v}Ol}i=QDX}YND |xr�Ut pOt =OD@= 'xt=O= QO
'OwW|t x�=Q= 3VN@ QO |O=yvW}B pL sD} Qwor=TBU 'OwW|t xO=O\U@C}iQ_
"OwW|t s=Hv= |Q}oxH}Dv R}v =yDv= QO w |UQQ@ 4 VN@ QO |OOa G}=Dv u; R= Oa@

30



2/
1|

xQ=t
W'

37
�2

|xQ
wO'

�14
00

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt

�d;t+`;wpk =
min

8<:(t+1+`�d) �t�Tdwpn � P
t0<t+`

�dt
0w

pk ft
0w
k (xt

0
k ); (1� P

t0<t+`
�dt
0w

pk )ft+`;wk (xt+`k )

9=;
ft+`;wk (xt+`k )

8p 2 Pwi ; i 2 I; k = (n;m) 2 Ap; d 2 D ; t : �dtwpk = 1; ` = 0; � � � ; jDj � t; w 2W
�16�

|=Q@ |m}t=v}O |xOvvmxO=iDU= pO=aD \QW "Ovm|t x@ QHD =Q OwN x@ \w@ Qt QiU
|xR=@ Qy 'OYkt - -=O@t GwR Qy |=Q@�%Ow@ Oy=wN Q} R CQwY x@ xUqmOvJ Cr=L
|xOW xO=iDU= |=yQ}Ut xDi=}s}taD QiU u=tR 'xOvvmxO=iDU= Tqm Qy w Ct} Ra
xOWv xO=iDU= |=yQ}Ut |xDi=}s}taD QiU u=tR =@ |w=Ut =} R= QDtm w Q@=Q@ sy =@

�"CU=
|m}t=v}O |xOvvmxO=iDU= pO=aD \}=QW ,=k}kO 3 =D 1 CqO=at xm OQm xQ=W= O}=@
x@ 5 w 4 \@=wQ [26]|iW w [25]|v=}DW; x@ OwW ẁHQ� Ovvm|t u=}@ =Q xOW xO=OKQW
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'w Tqm x@ \w@ Qt t |v=tR |xR=@ QO a u=tm QiU u=tR `@=D %f twa (xta)

'xm@W OYkt � -=O@t |=yGwR |xty |xawtHt %I
'w Tqm x@ \w@ Qt i OYkt � -=O@t GwR u}@ |=yQ}Ut xty |xawtHt %Pwi

d 2 D |xR=@ QO xm wTqm x@ \w@ Qt i OYkt � -=O@t GwR u}@ |=[=kD MQv %qdwi
'Ov=xOQm CtRa

QO a 2 Ap u=tm QiU u=tR R= |D@Uv xm '13Q}Ut � u=tm s}yUD Q}eDt %�dtwpa
xOQm Ct} Ra d |xR=@ QO xm 'w Tqm x@ \w@ Qt p Q}Ut |wQ xm t |v=tR |xR=@

'OwW|t x@ QHD 'CU=
x@ \w@ Qt p Q}Ut u=} QH Qo = CU= 1 Q@=Q@ xm '14Q}Ut � u=tm ẁkw Q}eDt %�dtwpa
QO w OUQ@ a u=tm x@ t |v=tR |xR=@ QO Ov=xOQm Ct} Ra d |xR=@ QO xm w Tqm

'CU= QiY Q@=Q@ CQwYu}= Q}e
't |v=tR |xR=@ QO a u=tm C}iQ_ %cta

"t |v=tR |xR=@ QO a u=tm =@ Q_=vDt |mtm Q}eDt %�ta
C}OwOLt =@|UqmOvJ|m}t=v}Ol}i=QDX}YND |xr�UtDTA-MCpOt
u=tR Tqm Qy u; QO xm Ovm|t u=}@ =Q xOvvmxO=iDU= pO=aD |x}=B Q@ u=} QH C}iQ_
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[10]%CU= QwmPt |xOW |R=UO=R; |xr�Ut pO=at Q} R |R=Uxv}y@ |xr�Ut xm OQm

min ~Z(x) =
X
a2A

X
t2D

Z xta

0
(f ta(!) + �ta(!; �ta)

cta
) d! (19)

s:t:X
p2Pi

hdp = qdi 8i 2 I; d 2 D (20)

hdp � 0 8p 2 Pi; i 2 I; d 2 D (21)

xta =
X
i2I

X
p2Pi: a2Ap

X
d2D

hdp �
dt
pa

8a 2 A; t 2 D (22)

22 =D 19 |xOW O=R; |xr�Ut '9 =D 1 |xr�Ut pL |=H x@ xt=O= QO 'u}=Q@=v@
|xt} QH `@=wD 'q=@ |xr�Ut QO "OW Oy=wN pL 'CU= |QDxO=U Q=}U@ |xr�Ut xm
"Ov=XNWt=v xr�Ut pL R= p@k =D xm OvDUy �ta Q}O=kt R= |a@=D �ta(xta; �ta)

|xR=@ w u=tm Qy |=Q@ �ta Q}O=kt |v=UQRwQx@ =@ w |Q=QmD CQwY x@ xr�Ut 'u}=Q@=v@
|xwLv R= `q]= |=Q@ "OW Oy=wN pL p@k Q=QmD QO =yv; Q}O=kt T=U= Q@ |v=tR
[10]xO=R=@=@ w |v=wH VywSB x@ |Q=QmD pL VwQ u}= u}vJty w xt} QH `@=wD ?=NDv=

"OwW ẁHQ
C@=F OwN |rai Q=Okt QO �dtpa w �dtpa |=yQ}eDt xm |Dkw '22 =D 19 |xr�Ut
Q=}U@ 'OwW xOQ@ Q=m x@ u; |=Q@ =yxt} QH |v=UQRwQx@ |Q=QmD OvwQ w OvwW xDW=O xov
"Ow@ Oy=wN C}iQ_ C}OwOLt uwO@ |m}D=DU= l}i=QD X}YND |xr�Ut x@ x}@W
w �dtpa |=yQ}eDt w |v=tR |xR=@ w u=tm Qy |=Q@ �ta Q}O=kt uDW=Oxov C@=F =@ TB
X}YND |xr�Ut pwtat sD} Qwor= l} R= u=wD|t 'xOW x} RHD |xr�Ut QO �dtpa
sD} Qwor= R= =Hu}= QO "OQm xO=iDU= Q_v OQwt |xr�Ut pL |=Q@ |m}D=DU= l}i=QD

"OwW|t xO=iDU= xr�Ut pL |=Q@ �[3]xO=R=@=@ w |v=wH ODFWTQP16�
pL OvwQ OQwt QO O}=@ =OD@= 'OW K} QWD SP1 xr�UtQ} R pL OvwQ xm p=L
l} R= V}@ =@ Cr=L |=Q@ pL VwQ TBU w OwW C@LY SP2 |xr�UtQ} R
|x@U=Lt |=Q@ 16 =D 10 \@=wQ s}kDUt pL "OwW xO=O \U@ xOvvmxO=iDU= Tqm
|rai Q=Okt QO =yu=tm u=} QH xmu; R= TB� Q}Ut - u=tm s}yUD w ẁkw |=yQ}eDt
Oy=wN Q=wWO Q=}U@ |D=@U=Lt ^=Lr R= T=}kt nQR@ |=yxm@W QO �OvOWC@=F OwN
|xQ}NP =t= "CU= O=} R Q=}U@ =yQ}Ut w OYkt - -=O@t |=yGwR O=OaD =Q} R &Ow@
xO=iDU= =@ u=wD@ =D OwW|t Ea=@ �RAM� Ckwt | x_i=L QO =yQ}Ut C=aq]=
VwQ "OQm |v=UQRwQx@ =Q QwmPt |=yQ}eDt '=yQ}Ut |wQ CmQL xO=U VwQ l} R=
[10]xO=R=@=@ w |v=wH w [8]|v=wH `H=Qt QO pYit CQwY x@ SP2 |xr�UtQ} R pL
pL VwQ K} QWD x@ xt=O= QO "OQm ẁHQ =yv; x@ u=wD|t xm CU= xOW xO=O K}[wD

"s} R=OQB|t |O=yvW}B sD} Qwor= |=ys=o TBU w |UqmOvJ Cr=L |=Q@ xr�Ut
p=@vO x@ xm Ov=xm@W |O=a u=oOvvmxO=iDU= pt=W 1 Tqm u=oOvv=Q xm OW xDio
|=yQ}Ut w C=aq]= R= R}v 2 Tqm u=oOvv=Q w OvDUy OwN QiU u=tR uOQm xv}tm
DTA-MC |xr�Ut |Q=QmD pL 'h}YwD u}= =@ "Ovvm|t |wQ}B xOW x}YwD
|R=Uxv}tm pt=W xm DTA-MC 1 |R=Uxv}tm |xr�Ut pL R= Ow@ Oy=wN CQ=@a
xov C@=F =@ w w=1 |=Q@ 16 =D 10 w 7 =D 4 |=yC}OwOLt CLD Q} R hOy `@=D

"CU= t 2 D w a 2 A Qy |=Q@ 'xt2a '2 Tqm x@ \w@ Qt |=yu=} QH uDW=O

min Z1(x(h)) =
X
a2A

X
t2D

Z xt1a

0
f t1a (! + xt2a )d! (23)

xO=iDU= 'DTA-MC |UqmOvJ |m}t=v}O l}i=QD X}YND |xr�Ut pL |=Q@
xOvvmxO=iDU= Tqm l} |=Q@ \ki xr�Ut Q=@ Qy u; QO xm CU= |Q=QmD OvwQ l} R=
xt=O= QO TB "OwW|t pL Qo}O |=yTqm x@ \w@ Qt u=} QH uOw@ C@=F ZQi =@ w
l} OwHw ZQi =@ 16 =D 1 pOt pL VwQ 'xr�Ut pL OvwQ QDxO=U syi |=Q@
\@=wQ QO wT}Ov= OwHw R= ?}DQD u}O@ xm OwW|t xO=O K}[wD xOvvmxO=iDU= Tqm
"OwW|t K} QWD |Uqm OvJ Cr=L |=Q@ pL VwQ u; R= Oa@ w OwW|t Q_v hQY
w �dtpa |=yQ}eDt uOQm ZQi C@=F =@ 'pOt QO xOvvmxO=iDU= Tqm l} ZQi =@
l}i=QDX}YND |xr�Ut x@=Wt |OL =D 16 =D 10\@=wQ uwO@ 16 =D 1 pOt '�dtpa
=yQ}Ut w =yu=tm u=} QH ?UL Q@ xm Ow@ Oy=wN C}iQ_ C}OwOLt =@ |m}D=DU=
x@ u=wD|t '=yu=} QH uOQm ZQi C@=F =@ R}v 16 =D 10 \@=wQ R= "CU= pL p@=k
CUO x@ =Q Q}Ut - u=tm s}yUD w Q}Ut - u=tm ẁkw |=yQ}eDt Q=Okt =Dm} CQwY
OQm xO=iDU= pOt pL |=Q@ |Q=QmD OvwQ l} R= u=wD|t T=U= u}ty Q@ [10]"OQw;
KqY= |r@k Q=QmD |=y?=wH R= xO=iDU= =@ ,=QQmt �dtpa w �dtpa |=yQ}eDt u; QO xm
Q_=vDt ?}DQD x@ SP2 w SP1 |xr�Ut Q} R wO x@ =Q pOt 'QDxO=U u=@ R x@ "OvwW|t
R= xawtHt l} =@ =OD@= pL sD} Qwor= "O}vm s}UkD 16 =D 10 w 9 =D 1 \@=wQ =@
wO pt=W sD} Qwor= |rY= Q=QmD Qy "Ovm|t ẁQW �dtpa w �dtpa Q}PBu=mt= |=yQ}eDt
|=yQ}eDt xmu; R= TB =yu=} QH uDi=} |=Q@ SP1 |xr�UtQ} R pL "1 %CU= xrLQt
SP2 |xr�UtQ} R pL "2 w OvOW xDW=O xov C@=F OwN |rai Q=Okt QO �dtpa w �dtpa
xm OwN |rai Q=Okt QO =yu=} QH uDW=Oxov C@=F =@ �dtpa w �dtpa|=yQ}eDt uDi=} |=Q@
C@=F R= Oa@ SP1 |xr�UtQ} R "OW Oy=wN Q=QmD hkwD \QW x@ uO}UQ =D OvwQ u}=
|m}D=DU= l}i=QD X}YND |xr�Ut R= |OL =D '�dtpa w �dtpa |=yQ}eDt uDW=Oxov

"Ow@ Oy=wN Cw=iDt C}iQ_ C}OwOLt =@
uDW=Oxov C@=F R= Oa@ SP1 |xr�UtQ} R xm s}yO u=Wv s}y=wN|t p=L
xm O=O u=Wv u=wD|t |DL=Q x@ "OW Oy=wN pL xvwoJ �dtpa w �dtpa |=yQ}eDt
Q} R |R=Uxv}y@ |xr�Ut pO=at xOvvmxO=iDU= Tqm l} ZQi =@ 9 =D 1 |=yxr�Ut

%CU= 7 =D 4 \@=wQ C}OwOLt CLD

minZ(x) =
X
a2A

X
t2D

Z xta

0
f ta(!) d! (18)

"OW Ovy=wN Q}@aD Sv=Qo q ?}=Q[ u=wva x@ �ta w udi |=yQ}eDt xH}Dv QO xm
|=yC}OwOLt OwHw p}rO x@ u; pO=at |R=Uxv}y@ xr�Ut =} 9 =D 1 pOt pL
|xt} QH `@=wD VwQ R= =Hu}= QO 'xH}Dv QO "Ow@ Oy=wN pmWt |OL =D 'C}iQ_
l}i=QD X}YND |xr�Ut pL |=Q@ pY= QO xm [27]u=Q=mty w QByW |m}t=v}O
Cr=L |=Q@ [10]xO=R=@=@ w |v=wH \UwD w xOw@ C}iQ_ C}OwOLt =@ |m}D=DU=
xr�Ut |R=UO=R; |=Q@ 'CU= xOW xO=O \U@ |m}t=v}O l}i=QD X}YND |xr�Ut
|xt} QH `@=D p=L "OW Oy=wN xDiQo xQy@ C}iQ_ C}OwOLt uwO@ CQwY x@
t 2 D w a 2 A Qy |=Q@ �ta 2 (0;1) =@ =Q �ta(:; �ta) : [0;1)! [0;1)

QiU u=tR x@ �ta(xta; �ta)
�
cta Q@=Q@ |}xt} QH uOQm xi=[= =@ TBU "O} Q}o@ Q_v QO

xm OwW|t p}O@D C}iQ_ C}OwOLt uwO@ |xr�Ut l} CQwY x@ xr�Ut 'u=tm Qy
1 \@=wQ QO xm Qo = "OQm Ovy=wN |R=@ =Q Sv=Qo q ?}=Q[ Vkv xt} QH `@=wD j} Q] u}= R=
|xr�Ut 'OvwW hPL xr�Ut R= 9 =D 7 \@=wQ w u} Ro}=H �ta(xta; �ta) =@ �ta '9 =D
|xr�Ut u}= ?=wH Qy "OW Oy=wN pY=L C}iQ_ C}OwOLt uwO@ xOW |R=UO=R;
w xta > cta |=Q@ �ta(xta; �ta)!1 xm |Dkw =Q 9 =D 1 \wQW 'xOW |R=UO=R;
w QByW x@ OwW ẁHQ� OQm Oy=wN =[Q= 'OW=@ xta < cta |=Q@ �ta(xta; �ta)! 0
xOy=Wt u=wD|t |DL=Q x@ '18 |R=Uxv}y@ |xr�Ut x@ =mD= =@ u}vJty �[27]"u=Q=mty
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xQ=t
W'
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�2

|xQ
wO'

�14
00

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt %�x}rw= ?=wH O}rwD� �1 s=o

a 2 A Qy |=Q@ �tja x}rw= Q}O=kt w � '" C@=F Q}O=kt "j=0 O}yO Q=Qk %1�1 s=o
'a 2 A Qy |=Q@ =Q f twa (xta) w xta = 0 O}yO Q=Qk "O}vm ?=NDv= =Q t 2 D w
"O}vm x@U=Lt t 2 D w a 2 A Qy |=Q@ =Q �ta(xta; �tja ) w w 2W w t 2 D
w 2W Tqm Qy w r 2 N -=O@t xQoQy 'd 2 DCt} Ra |xR=@ Qy |=Q@ %2�1 s=o

"O}yO s=Hv=
"O}@=}@ =Q r |xW} Q =@ |m}t=v}O |=yQ}Ut u} QDx=Dwm CNQO %1�2�1 s=o
%O}yO s=Hv= 'r -=O@t =@ ir 2 I OYkt � -=O@t GwR Qy |=Q@ %2�2�1 s=o

GwR x@ jraDt p=ai |=yQ}Ut xawtHt x@ =Q �pir Q}Ut u} QDx=Dwm %1�2�2�1 s=o
|=yQ}eDt w �pir Q}Ut QiU u=tR "O}yO X}YND �pir Q}Ut x@ =Q w Tqm w ir
'u=} QH "O}vm u}}aD n 2 N�pir Qy |=Q@ T dw�pir ;n |x@U=Lt =@ =Q �dtw�pir ;a w �dtw�pir ;a

"O}vm |v=UQRwQx@ =Q x]w@ Qt |=yu=tm |xt} QH w QiU u=tR
|v=UQRwQx@ t 2 D w a 2 A Qy |=Q@ =Q �ta(xta; �tja ) w f twa (xta) %3�2�1 s=o

"O}vm
�Q}Ut C=aq]= |v=UQRwQx@� �3�1 s=o

i 2 I OYkt � -=O@t GwR Qy w w 2W Tqm Qy 'd 2 D Ct} Ra |xR=@ Qy |=Q@
%O}yO s=Hv=

=Q x]w@ Qt �dtwpa w �dtwpa |=yQ}eDt w O}vm x@U=Lt =Q p=ai |=yQ}Ut QiU u=tR
|v=UQRwQx@ =Q x]w@ Qt |=yu=tm |xt} QH w QiU u=tR 'u=} QH "O}vm |v=UQRwQx@

"O}vm
%�p=ai |=yQ}Ut xawtHt |v=UQRwQx@� �2 s=o

=Q �ta(xta; �tja ) w w 2 W w t 2 D 'a 2 A Qy |=Q@ =Q f twa (xta) %1�2:s=o
"O}vm |v=UQRwQx@ t 2 D 'a 2 A Qy |=Q@

j = j + 1 O}yO Q=Qk %2�2 s=o
w 2W Tqm Qy w r 2 N -=O@t xQo Qy 'd 2 DCt} Ra |xR=@ Qy |=Q@ %3�2 s=o

%O}yO s=Hv=
"O}@=}@ =Q r |xW} Q =@ |m}t=v}O |=yQ}Ut u} QDx=Dwm CNQO %1�3�2 s=o
%O}yO s=Hv= 'r -=O@t =@ ir 2 I OYkt � -=O@t GwR Qy |=Q@ %2�3�2 s=o

w Tqm w ir GwR x@ jraDt p=ai |=yQ}Ut xawtHt QO Q}Ut u} QDx=Dwm Qo =
p=ai |=yQ}Ut xawtHt R= =Q QiY u=} QH =@ |=yQ}Ut "O}vm xi=[= =Q u; 'OQ=Ov Q=Qk
|x@U=Lt =@ =Q �dtw�pir ;a w �dtw�pir ;a |=yQ}eDt w �pir Q}Ut QiU u=tR "O}vm hPL

"O}vm u}aD n 2 N�pir l} Qy |=Q@ T dw�pir ;n

%�xt} QH `@=D |=yQDt=Q=B |v=UQRwQx@� �3 s=o
"�tja = �ta(xta; �t;j�1

a ) O}vm x@U=Lt
%�hkwD \wQW pQDvm � �4 s=o

CQwYu}= Q}e QO 'O}vm hkwD 'OvW=@ xOW =[Q= Q} R \wQW w RGap � � Qo =
"O}yO xt=O=

xtja
cta
� 1 8a 2 A; t 2 D

(1� xtja
cta

)�tja � �t0a "

8a 2 A; t 2 D : x
tj
a

cta
< 1� "

hOy `@=D |R=Uxv}tm pt=W xm DTA-MC2 |R=Uxv}tm |xr�Ut pL TBU w
uDW=O xov C@=F =@ w w=2 |=Q@ 16 =D 10 w 7 =D 4 |=yC}OwOLt CLD Q} R

"CU= t 2 D w a 2 A Qy |=Q@ xt1a '1 Tqm xm \w@ Qt |=yu=} QH

minZ2(x(h)) =
X
a2A

X
t2D

Z xt2a

0
f t2a (xt1a + !)d! (24)

=yv; QO xm
xtwa =

X
i2I

X
p2Pwi : a2Ap

X
d2D

hdwp �dtwpa

8a 2 A; t 2 D;w 2W (25)

R}v f t2a (xta) w CU= u=tm Qy |=Q@ |rwtat QiU u=tR `@=D u=ty f t1a (xta) w
%OwW|t h} QaD Q} R CQwY x@ xm CU= |}x}W=L QiUu=tR

f t2a (xta) = f t1a (xta) + @f t1a (xta)
@xta

:xta

8a 2 A; t 2 D (26)

DTA-MC2 |xr�Ut pL w xOvvmxO=iDU= pO=aD x@ DTA-MC1 |xr�Ut pL
u}}aD |=Q@ 17|@Uv h=mW Q=}at R= =Hu}= QO "OW Oy=wN QHvt sDU}U pO=aD x@
w |m}t=v}O Cr=L |=Q@ =t= "OwW|t xO=iDU= |xv}y@ ?=wH x@ ?=wH |m}ORv u=R}t
Q=}at u=wD@ =D OwW xDWwv |@Uv h=mW |=Q@ xQ=@ wO |i} QaD =D CU= R=}v |Uqm OvJ
|m}t=v}O |xr�Ut |=Q@ |@Uv h=mW wQ u}= R= "CW=O =yTqm |xty |=Q@ |k}kO

%OwW|t h} QaD Q} R CQwY x@ |UqmOvJ
RGap =

1�
P
w2W

P
d2D

P
i2I

P
p2Pdwi

hdwp udwiP
w2W

P
d2D

P
i2I

P
p2Pdwi

hdwp �dwp
(27)

OvR|t u}tND =yTqm |xty |=Q@ |@} QkD CQwY x@ =Q |@Uv h=mW 'Q=}at u}=
'i 2 I OYkt - -=O@t GwR x@ \w@ Qt p=ai |=yQ}Ut |xawtHt P dwi u; QO xm
OyO|t u=Wv Q=}at u}= "OyO|t u=Wv =Q w 2W Tqm w d 2 D Ct} Ra |xR=@
xm@W |rm |xv} Ry R= Q=Okt xJ =D |rai ?=wH T=U= Q@ xm@W |rm |xv} Ry xm
QO �O@=} p=kDv= Q}Ut u} QDx=Dwm x@ =[=kD |xty Qo =� umtt ?=wH u} QDy@ T=U= Q@

"OQ=O xrY=i |rai Q=QmD
QO |O=yvW}B VwQ R= xO=iDU= =@ u=wD|t xm CU= xOy=Wt p@=k Kw[w x@
x@ =RHt CQwY x@ =Q DTA-MC2 w DTA-MC1 p�=Ut R= l} Qy 'xr=kt u}=
xt} QH `@=wD |Q}oQ=m x@ =@ w OQm p}O@D C}iQ_ C}OwOLt uwO@ |xOW O=R; |xr�Ut
=@ sD} Qwor= 'Q=m u}= |=Q@ "CN=OQB l} Qy pL x@ '=yv; |R=Us=ovy@ |Q=QmD OvwQ w
QyW |xm@W |=Q@ Ct} Ra |xR=@ w OYkt - -=O@t |=yGwR pL hrDNt |=yOvwQ
|Q=QmD w s-=wD pL xm OvO=O u=Wv G}=Dv T=U= u}ty Q@ xm Ot; QO =QH= x@ u=QyD
Ea=@ 'Ct} Ra |xR=@ w OYkt - -=O@t GwR Qy x@ \w@ Qt |=yTqm |xty p�=UtQ} R
QO TB "OW Oy=wN |UqmOvJ |xr�Ut |=Q@ |O=yvW}B sD} Qwor= |}=Qoty Ow@y@
'=yTqm R=l} Qy x@ \w@ Qt |xr�Ut pL |=Q@ |O=yvW}B VwQ R= |Q}oxQy@ =@ =Hu}=
x@ |UqmOvJ |m}t=v}O l}i=QD X}YND |xr�Ut pL |=Q@ |O=yvW}B sD} Qwor=

%Ow@ Oy=wN Q} R ?}DQD
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"OvwW|t p}rLD w xU}=kt |m}D=DU= Cr=L R= pY=L G}=Dv =@ G}=Dv u}vJty "CiQo
|xv}y@ Cr=L x@ Ovvm xO=iDU= |R} wHD |=yQ}Ut R= u=oOvv=Q |xty Qo = xm s}v=O|t
x@ j=iD= u}= u=QyD QyW Ovv=t |}xm@W QO w C}ak=w QO =t= "O}UQ s}y=wN sDU}U
\ki |DL Qo = xm s}yO u=Wv xm CU= u; =Hu}= QO hOy "CUw}B Oy=wNv ẁkw
`[w x@ C@Uv u=R}t xJ =D 'Ovvm |wQ}B |R} wHD |=yQ}Ut R= R}v u=oOvv=Q R= |WN@
|=ysDU}U R= xO=iDU= C}ty= OwN |OwN x@ xm CW=O s}y=wN Ow@y@ xm@W OwHwt
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1. advanced traveler information systems
2. intelligent transportation systems
3. dynamic tra�c assignment
4. static tra�c assignment
5. analytical
6. simulation-based
7. dynamic network loading
8. Multi-Class
9. non-linear complementarity
10. mathematical programming
11. nonlinear complementarity problem
12. generalized travel time
13. path-link fraction variable
14. path-Link incidence variable
15. penalty
16. origin-destination-based Frank-Wolfe truncated quadratic

programming
17. relative gap
18. bureau of public roads
19. system optimum
20. total cost
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