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|xkrL QO xm lQLDt |=y<|W w OvQ}o|t Q=Qk =yv; QO u=Qi=Ut xm =yhY 'Ovvm|t
w u=Qi=Ut u=} QH O=H}= |rm Ov}=Qi wO pt=W |R=Ux}@W pOt "Ovvm|t CmQL |r} Q
|=Q@ "Ovvm|t C} Q}Ot =Q =yQ=]k/u=Qi=Ut u}@ \@=wQ xm CU=yQ=]k VOQo pQDvm
=yxrY=iQU pk=OL x@ xHwD =@ =Q =yQ=]k =yxv=}=B '=yQ=]k|WOQoCmQL Ov}=QiC} Q}Ot

u}OvJ |=Q=O wQDt |xm@W l} "OwW|t xDiQo Q_v QO lq@ l} x=oDU}= wO Qy u}@
VQ}PB C}iQ_ �OvQ=O Q=Qk \w]N |=yDv= w =OD@= ,qwtat xm � =yxv=}=B "CU= xv=}=B
Qy QO Ov=wD|t x=oDU}= Qy '=yxv=}=B RHx@ "OvQ=O u=tRsy CQwYx@ =Q Q=]k u}OvJ
Ovv=t|t Q_Dvt =yQ=]k =yxv=}=B QO "OQ}PB@ u=tRsy CQwYx@ =Q Q=]k l} =yvD CyH
u=Qi=Ut |v=}t |=yx=oDU}= QO "Ovvm CmQL xOWu}}aD |=yxrY=iQU T=U= Q@ =D
hkwD |=yu=tR =yvD OQ=Ov OwHw |k}kO |v=tR pwOH w Ovv=t|t =yQ=]k Q_Dvt
CmQL "OQ=Ov OwHw |Q}oCk@U u=mt= wQDt \w]N QO "OQ=O OwHw xOWu}}aDV}B R=
=yQ=]k VOQo "OwW|t nvy=ty C=}rta pQDvm RmQt l} |xr}Uwx@ wQDt QO =yQ=]k
u=tR l} "OwW|t pQDvm xv=}=B Qy QO CL=QDU= u=tR w xrY=iQU pk=OL |xr}Uwx@
hr=Nt Q}Ut QO CWoR=@ |=Q@ xv=}=B QO Q=]k Qy |=Q@ sRq u=tR pk=OL 'CL=QDU=
CL=QDU= R=TB w Ovm|t xO=}B =Q u=Qi=Ut s=tD OUQ|t xv=}=Bl} x@ xm |Q=]k "CU=
|=Q@ GwQN u}rw= � OwQw u}rw= CU=}U "OwW|t hr=Nt Q}Ut QO s=Ra= |xO=t;

"OwW|t xO=iDU= =yxv=}=B QO s=Ra=
hkwD COt 'lq@ |] COt 's=Ra= u=tR |=RH= |xr}Uwx@ wQDt \N C=}rta
Ov}=Qi w =yx=oDU}= x@ u=Qi=Ut OwQw Ov}=Qi 'xv=}=B QO CL=QDU= COt 'x=oDU}= QO
=@ j@=]t =Q OwN QiU =yQ=]k "OwW|t K} QWD u=Qi=Ut uOWxO=}B w uOWQ=wU
R=e; -=O@t R= s=Ra= O=O} wQ =@CmQL Ov}=Qi "Ovvm|t R=e; xOW|R} Qxt=vQ@ |=yxrY=iQU
Ov}=Qi x=oDU}= x@ xO}UQ Q=]k "O@=}|t u=}=B OYkt x@ uO}UQ O=O} wQ =@ w OwW|t
"OyO|t s=Hv= hkwD COt |xR=Ov= x@ pk=OL =Q u=Qi=Ut uOQmxO=}B w uOQmQ=wU
"OyO V}=Ri= =Q Q=]k hkwD COt CU= umtt x=oDU}= l} QO u=Qi=Ut s=LOR=
s=LOR= |xH}Dv QO Oa@ |=yx=oDU}= |=yQ=]k |=Q@ hkwD COt CU= umtt 'u}=Q@=v@
R= O}=@ =yx=oDU}= QO Q=]k Qy hkwD COt "O@=} V}=Ri= Q=]k C}iQ_ C}OwOLt =}
|=yQ=]k O=OaD "OW=@ QDtm u}at |q=@ OL l} R= w QDW}@ XNWt u}}=B OL l}
x=oDU}= u;C}iQ_ O=OaD R= QDW}@ O}=@v x_Lr Qy QO x=oDU}= Qy x@ xOWxO=OX}YND

"OW=@
u}@ xOta CQwYx@ ,qwtat u=Qi=Ut |=[=kD |QyW |wQDt |=ysDU}U QO
C=a=U pw] QO Q=]k |=yT} wQU O=OaD 'u}=Q@=v@ "Ovm|t Q}}eD Gw= Q}e w Gw= C=a=U
|=[=kD "O@=}|t V}=Ri= ,=OOHt Gw= C=a=U |] w Ovm|t =O}B Vy=m Gw= Q}e
|=y`} RwD =@ =} wB =} u=tR x@ xDU@=w CQwYx@ |QyW |r} Q |=ysDU}U x@ \w@ Qt
`} RwD |=Q=O =[=kD xm CU= xOWZQi =Hv}= QO "OwW|t xDiQo Q_v QO |r=tDL=
|O=OaD x@ |Ov@u=tR |xR=@ xm CU= xOW ZQi "CU= u=tR x@ xDU@=w MQv =@ uwU=wB
T w xQwO |xOvyOu=Wv t 'u}=Q@=v@ "CU= xOW s}UkD XNWt pw] =@ |v=tR |xR=@
x@ xaH=Qt |xQwO u}rw= |=OD@= QO u=Qi=Ut "CU=yxQwO O=OaD ẁtHt |xOvyOu=Wv
OQ=w =yx=oDU}= x@ Ovv=wD|t xQwO u} QN; |=OD@= =D w (t = 0) Ovvm|t R=e; =Q wmU

"(t = T ) OvwW
MQv Vy=m w wUl} R= u=Qi=Ut QiU u=tR Vy=m x@ QHvt =yxrY=iQU Vy=m
xDiQoQ_vQO|ivt Q}F-=D|twO wC@Ft Q}F-=D|rw= xm OwW|t Qo}O |wU R= =yQ=]k ptL
ptL MQv x@ uO}UQ w Q=_Dv= COt uOQmxv}tm |=Q@ xv}y@ |xrY=iQU uDi=} "OwW|t
xm CU= |}xr�Ut �x@vWQ=yJ =D x@vW� xDiy |Q=m |=yRwQ |=Q@ xOWu}}aDV}B R=
MQv =@ hrDNt |Ov@u=tR |=yxR=@ QO xrY=iQU u}}aD 's}tYD Q}eDt "OwW pL O}=@
Ov=CQ=@a |R=Ux}@W pOt |=Q@ |iO=YD |=yQ}eDt "CU= u=Qi=Ut OwQw Cw=iDt
QO x=oDU}= l} x@ xm u=Qi=Ut O=OaD w Q=]k l} \UwD lq@ l} |] COt R=
C}a]k sOa pt=a |iO=YD Q}eDt wO u}= "OvUQ|t XNWt |v=tR |xR=@ l}
w xOWv ^=Lr |R=Ux}@W pOt QO =yQ=]k |@=QN `} RwD `@=D "Ov=|R=Ux}@W pOt QO
QO lJwm |=yQ}N-=D x@ QHvt xm |O=O} wQ xvwoQy =} =yQ=]k |@=QN CU= xOW ZQi
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"Q=Ri=sQv QO xOW |R=Ux}@W pOt R= |}=tv "2 pmW

"Q=]k R= uOWxO=}B Ot=W}B CQ=Jwri "5 pmW

"x=oDU}= x@ Q=]k OwQw Ot=W}B CQ=Jwri "6 pmW

w Q=wU w =yx=oDU}= x@ uO}UQ |=yu=tR pt=W u=Qi=Ut x@ \w@ Qt |=yOt=W}B
x@ =yQ=]k OwQw pt=W =yQ=]k x@ \w@ Qt |=yOt=W}B w =yQ=]k R=/x@ uOWxO=}B
uO}UQ x@ \w@ Qt |=yOt=W}B CQ=Jwri "CU=yx=oDU}= R= =yv; GwQN w =yx=oDU}=
u=Qi=Ut uOWxO=}B Ot=W}B CQ=Jwri w 4 w 3 |=ypmW QO u=Qi=Ut uOWQ=wU w
R=/x@ Q=]k GwQN w OwQw |=yOt=W}B u}vJty "CU= xOW xO=O u=Wv 5 pmW QO
Qi=Ut l} xm u=tR Qy "CU= xOW xO=O u=Wv 7 w 6 |=ypmW QO x=oDU}=

"x=oDU}= x@ u=Qi=Ut uO}UQ Ot=W}B CQ=Jwri "3 pmW

"Q=]k x@ u=Qi=Ut uOWQ=wU Ot=W}B CQ=Jwri "4 pmW

Q=Ri=sQv QO xOW|R=Ux}@W pOt R= |}=tv 2 pmW "OvQ=O|t xov |r@k CmQL u=tR w
"OyO|t V}=tv =Q

|m} "Ov=xOW h} QaD =yj]vt w =yC}OwOLt C} Q}Ot |=Q@ =yQ}eDt w 9=y|oS} w
\w@ Qt |=yQ}eDt "CU= bh(t) Q=]k Qy QO u=Qi=Ut O=OaD '=y|oS} w u} QDsyt R=
x@ uOWQ=wU |=Q@ =ywmU Q@ t u=tR QO Q_Dvt u=Qi=Ut O=OaD pt=W x=oDU}= x@
"OvwW|t RwQ x@ Ot=W}B Qy O=O} wQ =@ =y|oS} w w =yQ}eDt "CU= Qkd(t) Q=]k
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Q}Ot

w`}
=vY

|U
Ovyt

"xOW x�=Q= VwQ <=RH= "8 pmW

w 's}U wT=t}UDQ@ VwQ ltm x@ Q=wDU= |=Dty pOt uDWwv '|iO=YD nv}o}=Qm
"OwW|t K} QWD PSO |Q=mD@==Qi ltm x@ Q=wDU= |=Dty |xr�Ut pL

nv}o}=Qm pOtx@W |xr}Uwx@ C}OwOLt w hOy `@=D OQw;Q@ "1"3
|iO=YD

uwRwt |]N ?}mQD u=wvax@ =Q |iO=YD `@=wD R= swrat=v Q}O=kt |v}@V}B nv}o}=Qm
[16]n}=Qm uOat TOvyt\UwD Q=@ u}DUNvnv}o}=Qm "OyO|t x�=Q=CUO QO Q}O=kt
CU= Cr=L u} QD|}x}=B |rwtat nv}o}=Qm "OQ=O |irDNt `=wv= nv}o}=Qm "OW x�=Q=

%Ovm|t ZQi =Q Q} R |x]@=Q pmW x@ |rOt xm
Y (x) = f(x)T� +M(x) with M(x) � NID(0; �2(x)) (2)

|oDU@ty |=Q=O OwW|t ZQi xm CU= QiY u}ov=}t =@ |iO=YD QYva l} M
Ow@ Ovy=wN x}@W Qo}Om} x@ M(x0) w M(x) Q}O=kt xm =vat u}O@ "CU= |}=[i
Q}O=kt xm OwW|t ZQi |rwtat nv}o}=Qm QO "OvW=@ Qo}Om} l}ORv x0 w x Qo =
Q=Okt "OwW|t u} Ro}=H � =@ f(x)T� u}=Q@=v@ 'OvDUy C@=F E(Y (x)) u}ov=}t
uwRwt ?}mQD l} 'OwW|t xO=O u=Wv Ŷ (x0) =@ xm x0 |x]kv |=Q@ |v}@V}B

%CU= Q} R pmW x@ |HwQN |=yxO=O s=tD R= |]N

Ŷ (x0) =
XN

i=1 �iwi with
XN

i=1 �i = 1 (3)

|a@=wD �i w �xi |x]kv QO |R=Ux}@W |HwQN� hOy `@=D Q}O=kt =ywi u; QO xm
u}ov=}t uOQmxv}tm =@ =yuRw |xv}y@ Q}O=kt "OvDUy 'x0 's}tYD |=yQ}eDt Q=OQ@ R=

%O};|t CUO x@ Q} R pmWx@ |v}@V}B |=]N `@ Qt

�̂ = (
 + 11� 1T�M

1T�M1 )T�M�1 (4)

pmW x@ N � 1 Q=OQ@ 
 u; QO xm
(Cov[M(x0);M(x1)]; :::;Cov[M(x0);M(xN )])

=@ Q=OQ@ 1 w x1; x2; :::; xN \=kv s=tD |=Q@ N �N Tv=} Q=wm T} QD=t �M w
"CU= 1 |=yx}=QO

,=Q}N= "OW|t xDiQo Q=mx@ |a]k |R=Ux}@W |=ypOt |=Q@ ,qwtat nv}o}=Qm
|a]kQ}e|R=Ux}@Wp�=Ut|=Q@nv}o}=Qm pOtx@W|xaUwD |=Q@|iO=YDnv}o}=Qm

"x=oDU}= R= Q=]k GwQN Ot=W}B CQ=Jwri "7 pmW

w ODU}=|t Q=]k x@ uOWQ=wU |=Q@ hY l} QO 'OUQ|t wmU l} x@ O}OH
"OvwW|t Q=]k Q=wU �FIFO� GwQN u}rw= � OwQw u}rw= uwv=k =@ j@=]t u=Qi=Ut
Qi=Ut OW=@v QiY Q@=Q@ (Cmax � bh(t)) Q=]k xOv=t|k=@ C}iQ_ xm|DQwYQO
QO "O}=}@ |Oa@ Q=]k =D OwW|t Q_Dvt CQwYu}= Q}e QO w xOW Q=]k Q=wU
Vy=m hY pw] u=tRsy CQwYx@ w V}=Ri= Q=]k u=Qi=Ut O=OaD u=tR u}=

"O@=}|t
%CU= xOW xO=iDU= Q} R KQW x@ [7]xOWx�=Q= pwtQi R= ptL MQv |x@U=Lt |=Q@

FR = TP
TT � Cmax (1)

xr�Ut pL w Q=wDU= |=Dty |xr�Ut |Ov@pwtQi "3
|=yQ}eDt R= |Q}O=kt |va} "CU= minimax ?=wH l} uDi=} hOy =Hv}= QO
OwOL QO |iO=YD |=yQDt=Q=B Q}O=kt s=tD |=Q@ =Q hOy `@=D |xv}W}@ xm s}tYD
QwLtpOtx@W Q=wDU= |R=Ux}@W |R=Uxv}y@ VwQ l} pL |=Q@ "Ovm xv}tm XNWt
pw= <RH "CU= 8 pmW j@=]t <RH Q=yJ |=Q=O xOWx�=Q= VwQ "CU= xOW x�=Q=
<RH "OQ}o|t Q=Qk xO=iDU= OQwt =y?=wH |@=} RQ= |=Q@ xm CU= |R=Ux}@W pOt
hOy `@=D xDU@ pmW OQw;Q@ x@ s=Ok= |iO=YD nv}o}=Qm pOtx@W R= xO=iDU= =@ swO
VwQ R= xO=iDU= =@ swU <RH "Ovm|t =yQ=]k ptL MQv x@ \w@ Qt C}OwOLt w
"Ovm|t |Ov@pwtQi =Q Q=wDU= |=Dty |xr�Ut 's}UwT=t}UDQ@ Q=wDU= |R=Uxv}y@
|Q=mD@==Qi sD} Qwor= \UwD xOt; CUOx@ |[=} Q |R} Qxt=vQ@ pOt sQ=yJ <RH QO

"OwW|t pL PSO

pOtx@W xr}Uwx@ C}OwOLt w hOy `@=D OQw;Q@ xrLQt xU R= l} Qy xt=O= QO
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"""wQ
Dt|

xm@W
QO=

yQ=]
kC

mQL
|Ov

@u=t
R%O};|t CUOx@ Q} R |x]@=Q R= ŝ( �wi) u; QO xm

ŝ2( �wi) = 1
r

1
r � 1

Xr

j=1 (wij � �wi)2; i = 1; 2; :::; N
(12)

=@ �" w �M Q}O=kt "CU= 6 |x]@=Q CQwYx@ '10 |x]@=Q QO �i(x0) Q}O=kt
Q}O=kt u}=Q@=v@ &OvwW|t x@U=Lt |R=Ux}@W |HwQN/|OwQw |=yxO=O R= xO=iDU=
hOy `@=D Q=DN=U 'TB "CU= x0 R= |a@=D 
 =yvD TB 'OvDUy |a]k w swrat

%CU= Q} R pmW x@ xm OQ=O 
 Q=DN=U x@ |oDU@

 = � 2RM (�; x0) (13)

"CU= xOW |R=Ux}@W \=kv Tv=} Q=w � 2 w |oDU@ty `@=D RM (�; x0) u; QO xm
"OvDUy |}=tv w |Uwo '|FrFt `@=wD nv}o}=Qm QO pw=ODt |oDU@ty `@=wD

pOt 's}tYD |=yQ}eDt |q=@ w u}}=B OwOL u=wvax@ u w l uDiQo Q_v QO =@
%Ow@ Oy=wN Q} R pmW x@ |tU= |[=} Q |R} Qxt=vQ@

min C0

s:t:
XN

i=1 ~wie�ie(x0) � Cie; e = 0; 1
l � x0 � u (14)

xO=iDU= (e = 1) C}OwOLt w (e = 0) hOy `@=D |=yx]@=QV}=tv |=Q@ eT}Ov=
pOt Q=wDU= |=Dty 's}U wT=t}UDQ@ VwQ =@ j@=]t "CU= C1 = FR w OwW|t

%CU= Q} R CQwYx@ 14
min C0

s:t:
XN

i=1 �wie�ie(x0) + maxS[ftgjS�J;jSj=�;t2JnS

fXN

i=1 ŵieyie + (�e � b�ec)ŵteyieg � Ce; e = 0; 1
�yie � �ie(x0) � yie; i = 1; 2; :::; N; e=0; 1; l �x0� u
yie � 0; i = 1; 2; :::; N; e = 0; 1 (15)

xawtHt J w �3ŝi( �wi) =@ Q@=Q@� ~wi |=Q@ Q}}eD R=Ht Q=Okt u} QDW}@ ŵi u; QO xm
|iQat 'K}LY OOa ,=twRr xv '� QDt=Q=B l} "CU= hOy `@=D |a]kQ}e ?}=Q[
|Q=wDU= s}_vD QDt=Q=B u}= Vkv "OQ}o|t [0; bJcg |xR=@ QO |Q}O=kt xm OwW|t
|Q=mx_i=Lt K]U uDiQoQ_vQO =@ "CU= ?=wH |Q=mx_i=Lt K]U p@=kt QO VwQ
|xr�Ut =@ Q@=Q@ 15 |x]@=Q QO pw= C}OwOLt R= swO VN@ u=owO '� = (�0;�1)

%CU= Q} R |R=Uxv}y@
min C0

s:t:
XN

i=1 pie + �eze � Ce; e = 0; 1
ze + pie � ŵiej�ie(x0)j; i = 1; 2; :::; N; e = 0; 1
pie � 0; i = 1; 2; :::; N; e = 0; 1
ze � 0; e = 0; 1 (16)

|xr�Ut |xv}y@ ?=wH =@ Q@=Q@ u=owO |xr�Ut |xv}y@ ?=wH 'u=owO |Qw�D T=U= Q@
Oy=wN Q} R CQwYx@ |}=yv pOt yie = j�ie(x0)j uDiQoQ_vQO =@ "CU= |rY=

%Ow@

|HwQN V}=tv |=Q@ Q} R pOt R= |iO=YD nv}o}=Qm QO [17]"CU= xOW xO=O xaUwD
%OwW|t xO=iDU= x KQ] |x]kv QO |iO=YD |R=Ux}@W l} R= Q=QmD u}t=j

Yj(x) = f(x)T� +M(x) + "j(x); j = 1; 2; :::; r (5)

|D=P |=yR} wv "CU= x V}=tR; |x]kv l} QO |R=Ux}@W Q=QmD O=OaD r u; QO xm
ZQi "OvDUy u=Um} `} RwD `@=D |=Q=O w pkDUt x QO "1(x); "2(x); :::; "r(x)

Tv=} Q=wm T} QD=t �" "f(x)T� = � w Corr["(x) ; "(x0)] > 0 OwW|t
=@ CU= Q@=Q@ (g; i) QYva u; QO xm CU= N �N

Cov[
Xr

j=1
"j(xg)
r

;
Xr

j=1
"j(xi)
r

]

%CU= Q} R KQW x@ MSE |xv}y@ QoOQw;Q@ "xi w xg V}=tR; \=kv s=tD |=Q@
�̂ = (
 + 11� 1T (�M + �")


1T (�M + �")1 )T (�M + �")�1 (6)

xm CU= T} QD=t l} �̂" = DiagfV̂ (x1)=r; :::; V̂ (xN )=rg u; QO xm
Q}O=kt R= l} Qy |=Q@ "OvQiY QY=va Q}=U w V̂ (xi)=r u; |rY= Q]k QY=va

[17]%CU= Q} R pmW x@ wi Tv=} Q=w OQw;Q@ i = 1; 2; :::; N
V̂ (xi) = 1

r � 1
Xr

j=1 (wij � �wi)2; i = 1; 2; :::; N (7)

x]kv N '�ptL MQv� C}OwOLt w �Q=_Dv= COt u}ov=}t� hOy `@=D OQw;Q@ |=Q@
w |Q}oxvwtv LHS Q}_v CN=wvm} V}=tR; KQ] l} |xr}Uwx@ ?=wH |=[i R=
G}=Dv w s}vm|t =QH= x@DQt r |xOW|Q}oxvwtv \=kv |=Q@ =Q |R=Ux}@W pOt TBU
w u}ov=}t "s}yO|t u=Wv j = 1; 2; :::; r w i = 1; 2; :::; N |=Q@ wij =@ =Q

%OwW|t x@U=Lt Q} R CQwYx@ xOW|R=Ux}@W \=kv |=Q@ MU=B Tv=} Q=w
�wi = 1

r

Xr

j=1 wij ; i = 1; 2; :::; N (8)

ŝ2
i = 1

r � 1
Xr

j=1 (wij � �wi)2; i = 1; 2; :::; N (9)

|HvU Q=@Da= w VR=Q@ MU=B Q}O=kt u}ov=}t |=Q@ |iO=YD nv}o}=Qm pOtx@W
"CU= 3 |x]@=Q CQwYx@ |}=yv pOt "OwW|t

Q=wDU= |=Dty |xr�Ut |Ov@pwtQi "2"3
%s}vm|t |U} wvR=@ Q} R CQwYx@ =Q 3 |x]@=Q

Y (x0) =
XN

i=1 wi�i(x0) (10)

|a]kQ}e |=yQDt=Q=B �OvwW|t xO=O V}=tv �wi =@ TB u}= R= xm � =ywi u; QO xm
�s}tYD |=yQ}eDt Q=OQ@� x0 R= |a]k w swrat |a@=wD =y�i w hOy `@=D Q}O=kt R=
|a]k Q}e |=yQDt=Q=B x@ C@Uv xOt;CUOx@ C}OwOLt w hOy `@=D 'u}=Q@=v@ "OvDUy
|xr�Ut uOQw;CUOx@ |=Q@ =Q s}U wT=t}UDQ@ VwQ u=wD|t w OvDUy |]N �wi

"CiQo Q=mx@ Q=wDU= |=Dty
h=QLv= �� �3� |xrY=i QO q=@ p=tDL= =@ |a]k Q}e Q}O=kt xm =Hv; R=
|=Q@ =Q C}a]k sOa |xawtHt u=wD|t 'OvQ=O Q=Qk u}ov=}t R= �CU= OQ=Ov=DU=

%OQw; CUOx@ Q} R CQwYx@ �wi hOy `@=D |=yQDt=Q=B
Ui = [ �wi � 3ŝ( �wi); �wi + 3ŝ( �wi)]; i = 1; 2; :::; N (11)
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u=DU
tR�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt |x]@=Q =@ j@=]t ?=wH |=[i QO =Q OwN C}akwt xQP Qy %C}akwt |v=UQRwQx@ �

%Ovm|t KqY= Q} R
xi(I) = xi(I � 1) + vi(I) (20)

u} QDy@ C}akwt �xwkr=@ CQwYx@� xQP Qy %xOWxDi=} C=QP u} QDy@ |v=UQRwQx@ �
%Ovm|t RwQx@ =Q |QU=QU w |rLt ?=wH

If f(xi) < pbesti; then pbesti = xi

If f(xi) < gbest; then gbest = xi (21)

Qo}O C=QP w OwN |x@ QHD T=U= Q@ =Q VOwN C}akwt xQP Qy Q=QmD Qy QO 'u}=Q@=v@
[21w20]"Ovm|t RwQx@

|OQwt |xar=]t "4
28 1 |=Q=O 1\N "CU= u=QyD QyW |wQDt 1\N 'xOWxDiQoQ_vQO |OQwt xar=]t
\N u}= "OQ=O O=ODt= �lR} Qym � u=QyD ?wvH w �V} QHD� p=tW u}@ xm pw] QDtwr}m
=yx=oDU}= s=tD "CU= RwQ pw] QO Q=]k T} wQU 350 R= V}@ w x=oDU}= 29 |=Q=O
=Hv; QO Ovv=wD|t =yQ=]k xm CU= p} Q l} R= |WN@ wmU "OvDUy wmU wO |=Q=O
5:00 Ca=U QO QiU u}rw= "Ovvm s=Ok= u=Qi=Ut uOQmxO=}B/Q=wU x@ C@Uv w hkwD
O@=}|t xt=O= 24:00 Ca=U =D w R=e; 23:00 Ca=U QO QiU u} QN; w R=e; K@Y
x=oDU}= Qy C}iQ_ |UQQ@ OQwt |xr�Ut QO "OvUQ@ u=WOYkt x@ u=Qi=Ut s=tD =D
xm =Hv; R= "CU= xOW ZQi nQR@ OOa l} =yxv=}=B C}iQ_ w CU= l} Q@=Q@ |v=}t
\w]N QO =ylq@ |] u=tR R}v w u=Qi=Ut OwQw MQv R= |DUO |Q}oxvwtv u=mt=
\UwD xOWx�=Q= Q=t; R= |a]k Q}e |=yQDt=Q=B `} RwD `@=D u}}aD |=Q@ 'CU}v QU}t wQDt
R= |Di=} QO C=aq]= T=U= Q@ "CU= xOW xO=iDU= u=QyD |wQDt |Q=OQ@xQy@ CmQW
200 |=Q@ =yx=oDU}= R=/x@ =yQ=]k GwQN/OwQw |=yu=tR XwYN QO CmQW u}=
|=Q@ p=tQv `} RwD `@=D '�CU= lq@ Qy |] u=tR |=Q@ xvwtv l} pO=at QiU Qy� QiU
OwQw XwYN QO "CU= xOW OQw;Q@ � = 0 1 u=v}t]= K]U QO =ylq@ |] u=tR
xOWOQ=w u=Qi=Ut O=OaD u}ov=}t ?r=k QO xOWx�=Q= C=aq]= '=yx=oDU}= x@ u=Qi=Ut
xmCU}v|}xvwox@ xOWx�=Q= C=aq]= wCU=hrDNt|v=tR |=yxR=@ QO =yx=oDU}= x@
uwU=wB `} RwD `@=D 'wQDt u=U=vWQ=m Q_v T=U= Q@ "OW=@ sy=Qi `} RwD `@=D OQw;Q@ u=mt=
|=Q@ "OwW|t xDiQo Q_v QO =yx=oDU}= x@ u=Qi=Ut OwQw |=Q@ u=tRx@ xDU@=w MQv =@
u}ov=}t |xQ=@ QO wQDt |Q=OQ@xQy@ CmQW |=yxO=O R= 'uwU=wB `@=D MQv |x@U=Lt
'hrDNt |v=tR |=yxR=@ QO |Q=m |=yRwQ QO =yx=oDU}= x@ xOWOQ=w u=Qi=Ut O=OaD

%=yZQi "CU= xOW xO=iDU=
"OvUQ@ u=W}=yOYkt x@ O}=@ u=Qi=Ut s=tD �

"CU= xOW s}UkD 1 pwOH =@ j@=]t xR=@ GvB x@ RwQ l} QO |v=tR |=yxR=@ �
"OvwW|t s}UkD x}v=F l} lJwm |v=tR |=yxR=@ x@ |R} Qxt=vQ@ |=yxR=@ �

"CU= C@=F |r=wDt x=oDU}= wO u}@ QiU l} pw] QO =yQ=]k CaQU �
CaQU |xv}W}@ "Ovvm|t hkwD x}v=F 30 pk=OL 'x=oDU}= Qy QO =yQ=]k
|=Q@ CaQU Vy=m p}rOx@ xm CU= Ca=U QO QDtwr}m 80 Q@=Q@ =yQ=]k |D=}rta
xOWxDiQoQ_vQO |xR=@ "OwW|t p}OaD Ca=U QO QDtwr}m 50 x@ =yx=oDU}= QO hkwD
xaUwD ED Q=Ri=sQv QO |R=Ux}@W pOt "CU= xk}kO 15 =D 4 u}@ =yxrY=iQU |=Q@

min C0

s:t:
XN

i=1 �wie(�ie(x0)) +
XN

i=1 pie + �eze � Ce; e = 0; 1
ze + pie � ŵieyie; i = 1; 2; :::; N; e = 0; 1
�yie � �ie(x0) � yie; i = 1; 2; :::; N
pie � 0; i = 1; 2; :::; N; e = 0; 1
yie � 0; i = 1; 2; :::; N; e = 0; 1
ze � 0 e = 0; 1
l � x0 � u (17)

|=Q@ xOWxDiQoQ=mx@ |oDU@ty `@=D ẁv x@ |oDU@ xOt;CUOx@ |xr�Ut Q=DN=U
`@=wD |=Q@ w |]N q=@ pOt |FrFt |oDU@ty `@=D |=Q@ "OQ=O nv}o}=Qm pOtx@W
`@=D R= |OQwt |xar=]t QO xm =Hv;R= "Ow@ Oy=wN |]NQ}e |}=tv w |Uwo |oDU@ty
nv}o}=Qm |=ypOtx@W |=Q@ �uOw@ pw=ODt w QDy@ OQmrta p}rOx@� |Uwo |oDU@ty
|]NQ}e xOt;CUOx@ |[=} Q |R} Qxt=vQ@ |xr�Ut Q=DN=U 'xOWxO=iDU= |iO=YD
|D=@U=Lt |oO}J}B xm CU= xOW u=wva u}W}B |=yVywSB QO u}vJty "CU=
n u; QO xm CU= O(n3) nv}o}=Qm R= xOt;CUOx@ |[=} Q |R} Qxt=vQ@ pOt
|xr�Ut pL |=Q@ 'u}=Q@=v@ [18]"CU= ?=wH |=[i R= xOW |Q}oxvwtv \=kv O=OaD
|Q=mD@==Qi R= Qw_vtu}O@ "OvwW|t xDiQoQ=mx@ |=y|Q=mD@==Qi xOt;CUOx@ Q=wDU=
[19]QDt=Q=B sm O=OaD x@ |oDU@=w w `} QU |}=Qoty 'q=@ CkO '|oO=U p}rOx@ PSO

PSO |Q=mD@==Qi sD} Qwor= |xQ=@ QO |QYDNt KQW xt=O= QO "CU= xOW xO=iDU=
"OwW|t x�=Q=

PSO R= xO=iDU= =@ Q=wDU= |=Dty |xr�Ut pL "3"3
xQP Qy "CU= CaQU w C}akwt Q=OQ@ |=Q=O �O}Ov=m ?=wH� xQP Qy PSO QO
%Ovm|t s}_vD QwDm =i wO =@ j@=]t |QU=QU |xv}y@ |=DU=Q QO =Q xi OwN C}akwt
Qy QO "(gbest) C=QP pm C}akwt u} QDy@ w (pbesti) VOwN C}akwt u} QDy@

%OQ}o|t Q=mx@ =Q Q} R C=}rta xQP Qy 'I Q=QmD
xQP Qy |=Q@ xOWp=ta= Q}}eD u=R}t |xOvvmh} QaD xm CaQU %CaQU |v=UQRwQx@ �

%OwW|t h} QaD Q} R CQwYx@ CU=

vi(I) =�� (vi(I � 1) + c1 � (pbesti � xi(I � 1)

+ c2 � (gbest� xi(I � 1))) (18)

h} QaD Q} R CQwYx@ w CU= 10Z=@kv= ?} Q[ |xOvyOu=Wv � u; QO xm
%OwW|t

� = K

abs( 1� c2�
p
abs(c2�4c)
2 )

(19)

"c = c1 + c2 w �OwW|t xO=iDU= 1 Q=Okt ,qwtat� K 2 [0; 1] u; QO xm
|QU=QU w |rLt |xv}y@ |wU x@ CmQL COW |xOvyOu=Wv c2 w c1 Q=Okt
|Q=Okt O}=@ c� OwW|t xO=iDU= c2 w c1 |wO Qy |=Q@ 2 OOa R= ?re= "CU=
?=NDv= 2 05 Q@=Q@ ,=OwOL =yci R= l} Qy p=Ft u=wvax@ 'OW=@ xDW=O 4 R= QDnQR@

"�OwW|t
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@u=t
RuO=Di= Q]N C=QP sm O=OaD xm CU= xOW QmP u}vJty "O@=} V}=Ri= O}=@ sy C=QP

sD} Qwor= CaQU C=QP |xR=Ov= O=} R O=OaD w OyO|t V}=Ri= =Q |rLt |xv}y@ QO
10 Q@=Q@ xm wQDt \w]N |Ov@u=tR |xr�Ut Oa@ x@ xHwD =@ [19]"OyO|t Vy=m =Q
15 =@ Q@=Q@ C=QP |xR=Ov= |=Q@ sD} Qwor= OUQ|t Q_vx@ xOWs=Hv= |=y|UQQ@ w CU=
"OQ=O �|rLt xv}y@ s=O QO uO=Di= Q]N w sD} Qwor= CaQU Q_v R=� |@U=vt OQmrta
?=wH x@ \w@ Qt G}=Dv w 2 pwOH QO =yQDt=Q=B |=Q@ xOW xDiQo Q=m x@ Q}O=kt
QO �=yQ=]k ptL MQv w u=Qi=Ut Q=_Dv= COt u}ov=}t� MU=B |=yQ}eDt w xv}y@
p=tW CmQL CyH QO =yxrY=iQU x@ \w@ Qt HI "CU= xOW xO=O u=Wv 3 pwOH
?wvHCmQLCyH QO =yxrY=iQU x@ \w@ Qt HO w �lR} Qym � ?wvH x@ �V} QHD�
K]U �1 w hOy `@=D |Q=mx_i=Lt K]U �0 "CU= �V} QHD� p=tW x@ �lR} Qym �
u}ov=}t 'pw= MU=B Q}eDt x@ \w@ Qt Y1 "CU= ptL MQv C}OwOLt |Q=mx_i=Lt
ptL MQv u}ov=}t 'swO MU=B Q}eDt x@ \w@ Qt Y2 w x}v=F OL=w =@ u=Qi=Ut Q=_Dv= u=tR
'xOt;CUOx@ (0; 0) |Q=mx_i=Lt K]U |=Q@ xm pw= h}OQ "CU= OYQO x@ =yQ=]k
w =yxrY=iQU |xv}y@ Q}O=kt |Oa@ |=yh}OQ "CU= xr�Ut |tU= ?=wH Qou=}@
hrDNt |Q=mx_i=Lt Kw]U |=Q@ ptL MQv w u=Qi=Ut Q=_Dv= u=tR u}ov=}t Q}O=kt
|Q=mx_i=Lt K]U V}=Ri= =@ OwW|t xOy=Wt xm xvwou=ty "OyO|t V}=tv =Q
"O@=}|t V}=Ri= ptL MQv w Q=_Dv= COt u}ov=}t R}v w xv}y@ |=yxrY=iQU Q}O=kt
K]U V}=Ri= =@ ptL MQv w u=Qi=Ut Q=_Dv= COt Q}O=kt QO C=Q}}eD MQv xm |r=L QO
"CU= QDQ=wDU= |r=tDL= C=Q}}eD p@=kt QO =y?=wH w O@=}|t Vy=m |Q=mx_i=Lt
|m} %CW=O Q_v Ot O}=@ =Q VwQ xwQo wO Qo}O |=yVwQ =@ xU}=kt |=Q@
"|R=Ux}@W |x}=B Q@ |=yVwQ |Qo}O w |[=} Q |R=UpOt |x}=B Q@ |=yVwQ
uDiQoQ_vQO =@ wQDt QO =yQ=]k Q=wDU= |Ov@u=tR |xQ=@ QO |WywSB pw= |xDUO QO
QO Q=]k ptL MQv =@ u; |x]@=Q uOQm^=Lr w u=tR x@ xDU@=w u=Qi=Ut OwQw MQv
|x}=B Q@ =yVwQ |xQ=@ QO "OW=@ sy=Qi xU}=kt u=mt= xm CU= xOWv Ci=} xv}W}B
VwQ R= xDN=OQB wQDt QO =yQ=]k Q=wDU= |Ov@u=tR x@ xm |WywSB =yvD '|R=Ux}@W
xOQ@s=v `@vt QO xm =Hv; R= [15]"CU= xOQm xO=iDU= QwLtpOt |R=Ux}@W |R=Uxv}y@
|=Q@ =yvD VwQ u}= w xOWxO=iDU= Q=wDU= ?=wH uDi=} |=Q@ Tv=} Q=w |xv}tm VwQ R=
u; QO ptL MQv C}OwOLt uOQm^=Lr u=mt= CU= |Q}oQ=mx@ p@=k O}kt=v p�=Ut
j]vt `@vt u}= QO Q=wDU= ?=wH uDi=} |=Q@ xDiQ Q=mx@ j]vt u}vJty "CU}v QU}t
wQ V}B VywSB QO xOWxO=iDU= minimax j]vt =@ xm CU= Tv=} Q=w |xv}tm
|R=Ux}@W |R=Uxv}y@ |=yVwQ QO hqDN= x@ OQ=wt u}= uOQmxi=[= "OQ=O Cw=iD
w =}=Rt x@ xHwD =@ �QwLtpOtx@W VwQ p@=kt QO QwLtpOt VwQ� xOWxDiQoQ=mx@
QO "OQ@|t u}@ R= =Q VwQ wO u}@ Q=O=vat w |ak=w |xU}=kt u=mt= 'l} Qy ?}=at
Q} R KQW x@ =Q xv}W}B QO OwHwt |=yVwQ x@ C@Uv xOWx�=Q= VwQ |=}=Rt ẁtHt

%OQ@ s=v u=wD|t
Ovm|t xO=iDU= Q=wDU= |Ov@u=tR |x�=Q= |=Q@ minimax j]vt R= xOWx�=Q= VwQ �
s}y=it x@ Ovvm|t xO=iDU= Tv=} Q=w |xv}tm j]vt R= xm |}=yVwQ x@ C@Uv xm

"CU= QDl}ORv Q=wDU= |R=Uxv}y@
|Q=wDU= uOQm^=Lr u=mt= wCU= O}ktp�=Ut |=Q@ |Q}oQ=mx@p@=k xOWx�=Q= VwQ �
C} Rt l} xm OR=U|t QU}t |ov}y@ QO |Q=wDU= Q=vm QO =Q xr�Ut uOw@|vOW QO

"OwW|t xOQtW syt
R=}v 'xr�Ut uOQmpOt |=Q@ |R=Ux}@W Q=R@= |q=@ h=]av= p}rOx@ xOWx�=Q= VwQ �
|=yVwQ x@ C@Uv Q_v u}= R= w OQ=O |QDsm R=UxO=U |=yZQi uDiQoQ_vQO x@

"CU= C} Rt |=Q=O |[=} Q |R} Qxt=vQ@

"xOW xDiQoQ_vQO |v=tR |=yxR=@ "1 pwOH
Q@Dat |xR=@ |v=tR |xR=@

4 � x1 � 20 5 :00� 7 :00
4 � x2 � 15 7 :00� 10 :00
4 � x3 � 15 10 :00� 16 :00
4 � x4 � 15 16 :00� 20 :00
4 � x2 � 20 20 :00� 23 :00

w CU= xOW xO=O xaUwD QqwS=t CQwYx@ pOt u; 11O}�=D |=Q@ w CU= xOW xO=O
|DUO uOQmlJ w |iO=YD |=yQ}eDt |=Q@ C@=F Q}O=kt |Q=Po|=H R= xO=iDU= =@

"CU= xOW s=Hv= =y|@=} RQ= 'G}=Dv
R= xO=iDU= =@ |Q=t; ZQi uwtR; VwQ '|R=Ux}@W pOt |HvUQ=@Da= |=Q@
Q}eDt |xQ=@ QO |ak=w |=yxO=O xmv;p}rOx@ "CU= xOW xDiQo Q=mx@ t uwtR; |xQ=t;
|R=Ux}@WpOt|HvUQ=@Da=|=Q@ �u=Qi=Ut Q=_Dv= u=tRu}ov=}t�|R=Ux}@W|HwQN
|HwQN u=wvax@ �QiU l} QO =yQ=]k Q}N-=D u=tR u}ov=}t� R= 'CU= xOw@v CUOQO
|HwQN |Q@=Q@ 'QiY ZQi "CU= xOW xO=iDU= ZQi uwtR; |=Q@ |R=Ux}@W
Q}O=kt =@ |R=Ux}@W pOt R= xOt;CUOx@ �QiU l} QO =yQ=]k Q}N-=D u=tR u}ov=}t�
|HwQN Qw_vt u}= |=Q@ "CU= �u=QyD wQDt |Q=OQ@xQy@ CmQW R= |Di=} QO� |ak=w
xO=iDU= OQwt |=yxrY=iQU |=Q@ |R=Ux}@W pkDUt |=QH= 10 O=OaD |=Q@ |R=Ux}@W
u=v}t]= K]U QO w xU}=kt |ak=w |=yxO=O =@ Q}O=kt u}= w xOt; CUOx@ wQDt QO

"CU= xOW xDiQ}PB QiY ZQi � = 0 1
u=Qi=Ut QiU COt u}ov=}t |=Q@ |iO=YD nv}o}=Qm pOtx@W wO VR=Q@ |=Q@
LHS VwQ R= xO=iDU= =@ ?=wH |=[i R= x]kv 70 O=OaD x@ 'Q=]k ptL MQv w
\=kv 'CU}v |@ wN ?=}uwQ@ nv}o}=Qm pOtx@W xmv}= p}rOx@ "CU= xOW |Q}oxvwtv
�s}tYD |=yQ}eDt |=Q@ Q@Dat |xR=@ |=yDv= w =OD@= pt=W� ?=wH |=[i |}xWwo
QO Q=@ 10 |R=Ux}@W pOt "CU= xOW xDiQoQ_vQO |R=Ux}@W \=kv |xawtHt QO
x]kv Qy |=Q@ MU=B |=yQ}eDt OQ=Ov=DU= h=QLv= w u}ov=}t w |R=UxQ=@ wO x]kv Qy
VwQ R= xO=iDU= =@ xOWVR=Q@ pOtx@W Q=@Da= "CU= xOW x@U=Lt ?=wH |=[i R=
xOW xDiQ}PB (� = 0 1) u=v}t]=K]U QO wCU= xOW|UQQ@ `]=kDt|HvUQ=@Da=
VwQ "CU= xOW xO=iDU=nv}o}=Qm |=ypOtx@W |=Q@|Uwo|oDU@ty `@=D R= "CU=
R= SK matlab:m p}=i R= wCU= xOW Om MATLAB 8 1 Q=Ri=sQv QO xOWx�=Q=
"CU= xOW xO=iDU= =ypOtx@W VR=Q@ |=Q@ http://stochastickriging.net/

|R} Qxt=vQ@ pOt '� |Q=mx_i=LtK]UuDiQoQ_vQO =@ Q=wDU=|xv}y@ ?=wHuDi=} |=Q@
PSO R= Q=wDU= |xv}y@ ?=wH |x@U=Lt |=Q@ "CU= xOt; CUOx@ Q=wDU= |=Dty

"CU= xOW xDiQoQ_vQO 15 Q@=Q@ PSO QO C=QP |xR=Ov= "CU= xOW xO=iDU=
|xOvyOu=Wv� 13CaQU?}=Q[w�S� 12C=QP|xR=Ov=pt=WPSO|=yQDt=Q=B
|=yVywSB QO "OvDUy �(c2) |QU=QU w (c1) |rLt |xv}y@ |wU x@ CmQL COW
w c1 |wO Qy |=Q@ 2 =@ Q@=Q@ ,=@} QkD Q}O=kt |=Q@ PSO xm CU= xOW xO=O u=Wv u}W}B
xDW=O 4 R= QDnQR@ |Q=Okt O}=@ c = c1 + c2� OyO|t u=Wv =Q OQmrta u} QDy@ c2
[20]"�OwW|t ?=NDv= 2 05 Q@=Q@ ,=OwOL c2 w c1 R= l} Qy p=Ft u=wvax@ 'OW=@
c2 w c1 |=yQDt=Q=B |=Q@ 2 05 Q=Okt R= R}v wQDt \w]N |Ov@u=tR |xr�Ut QO
xOWv x}YwD |YNWt Q=Okt xv}W}B QO C=QP |xR=Ov= |=Q@ "CU= xOW xO=iDU=
u}}aD =]N w |aU CQwYx@ w CU= xr�Ut x@ xDU@=w C=QP |xR=Ov= ,=twta w CU=
O=OaD 'xr�Ut Oa@ V}=Ri= =@ xm CU= xOW QmP \ki u}W}B |=yVySB QO "OwW|t
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Ovyt "|OQwt |xar=]t QO xOWxO=iDU= |=yQDt=Q=B Q}O=kt "2 pwOH

Cmax FR recmin dwmin T vmax vave n m QDt=Q=B
2300 �50 90 s 30 s 5 80 km/h 50 km/h 20 29 Q=Okt

"hrDNt |Q=mx_i=Lt Kw]U |=Q@ MU=B |=yQ}eDt w s}tYD |=yQ}eDt |=Q@ Q=wDU= |xv}y@ Q}O=kt x@ \w@ Qt G}=Dv "3 pwOH
|=yQ}eDt |xv}W}@ |=yQ}eDt |xv}tm OQ=Ov=DU= h=QLv= MU=B |=yQ}eDt u}ov=}t |Q=mx_i=Lt K]U �x}v=F� xv}y@ |xrY=iQU

MU=B MU=B MU=B |=yQ}eDt Y1(s); Y2(�) � = (�0;�1) HI(s);HO(s)

Y1 = 249 Y1 = 224 Y1 = 10 2 Y1 = 235
� = (0; 0)

HI = (700; 240; 300; 240; 557)

Y2 = 77 Y2 = 70 Y2 = 6 Y2 = 72 HO = (600; 240; 300; 240; 600)

Y1 = 258 Y1 = 230 Y1 = 9 6 Y1 = 260
� = (10; 10)

HI = (740; 259; 300; 240; 660)

Y2 = 83 Y2 = 73 Y2 = 8 Y2 = 76 HO = (620; 240; 340; 256; 735)

Y1 = 264 Y1 = 249 Y1 = 10 7 Y1 = 278
� = (20; 20)

HI = (780; 273; 352; 258; 703)

Y2 = 88 Y2 = 79 Y2 = 7 Y2 = 82 HO = (648; 252; 409; 279; 821)

Y1 = 277 Y1 = 251 Y1 = 11 5 Y1 = 290
� = (30; 30)

HI = (790; 291; 368; 277; 816)

Y2 = 90 Y2 = 81 Y2 = 8 Y2 = 86 HO = (663; 260; 489; 310; 960)

Y1 = 278 Y1 = 271 Y1 = 8 4 Y1 = 301
� = (40; 40)

HI = (800; 320; 433; 305; 960)

Y2 = 90 Y2 = 90 Y2 = 5 Y2 = 92 HO = (720; 277; 497; 344; 997)

xOW |R=Ux}@W ED Q=Ri=sQv QO u; x@ \w@ Qt C=_Lqt w |vt}= |=yC}OwOLt
w xOW|Q}oxvwtv ?=wH |=[i R= x]kv |O=OaD LHS VwQ R= xO=iDU= =@ "CU=
u}ov=}t� |R=Ux}@W pOt |HwQN w �=yxrY=iQU� |OwQw u}@ |x]@=Q OQw;Q@ |=Q@
|iO=YD nv}o}=Qm pOtx@W wO �=yQ=]k ptL MQv u}ov=}t w u=Qi=Ut Q=_Dv= COt
R= u}vJty "CU= xOW VR=Q@ C}OwOLt |=Q@ |Qo}O w hOy `@=D |=Q@ |m}
Q=wDU= |=Dty |xr�Ut |Ov@pwtQi |=Q@ s}UwT=t}UDQ@ Q=wDU= |R=Uxv}y@ VwQ
Q=wDU= |=Dty pOt "CU= xOW xO=iDU= nv}o}=Qm R= xOt; CUO x@ `@=wD |=Q@
1 \N |OQwt |xar=]t |=Q@ "CU= xOW pL PSO R= xO=iDU= =@ xOt;CUOx@
x@vW� |Q=m |=yRwQ |=Q@ Q=wDU= |xv}y@ |=y?=wH w OW |R=Ux}@W u=QyD |wQDt
CUO x@ u=Qi=Ut |=Q@ =[=kD Cw=iDt |=yMQv =@ |v=tR |xR=@ GvB QO �x@vWQ=yJ =D

"CU= xOt;
QO |Ov@u=tR |xr�Ut pL Qw_vtx@ xOWx�=Q= VwQ |xaUwD |D; C=ar=]t |=Q@
u}vJty "OwW|t O=yvW}B \w]N u}@|oDU@ty w C=]=@DQ= uDiQoQ_vQO w xm@W pm
w |awvYt |@Ya xm@W w |vw}UQoQ pOtx@W Q}_v =ypOtx@W Q}=U |Q}oQ=mx@

"OwW|t O=yvW}B nv}o}=Qm pOtx@W R= xOt;CUOx@ G}=Dv =@ G}=Dv |xU}=kt

C} Rt |=Q=O QwLtpOt |R=Ux}@W |R=Uxv}y@ |=yVwQ x@ C@Uv VwQ u}= �
"CU= hOy `@=D Q=DN=U x@ C@Uv O}O |x�=Q= w |R=Ux}@W pOt QDtm |=QH= O=OaD

|Q}oxH}Dv "5
xDiQoQ_vQOu}W}B |=yVywSB QO|r} Q u=Qi=Ut|=[=kD QO|D=PC}a]k sOa,=twta
|=yV=WDe= RwQ@ w u=Qi=Ut s=LOR= x@ QHvt CU= umtt ẁ[wt u}= "CU= xOWv
x@ xar=]t u}= QO "OwW |Ov@u=tR |xt=vQ@ QO Q}N-=D O=H}= xH}Dv QO w |iO=YD
|] COt w =[=kD QO C}a]k sOa uDiQoQ_vQO =@ |QyW |r} Q sDU}U |UQQ@
?PH C}r@=k xm Q=wDU= |Ov@u=tR |xt=vQ@ u}}aD |=Q@ "CU= xOW xDN=OQB =ylq@
xOW xO=iDU= |R=Ux}@W |R=Uxv}y@ Q=R@= R= OW=@ =Q=O =Q lJwm |=yV=WDe=
=} p} Q lD� =yp} Q ẁv R= |W=v |=yC}OwOLt uDiQoQ_vQO =@ wQDt pOt "CU=
'=yx=oDU}= QO hkwD u=tR C}OwOLt '=yQ=]k CmQL CaQU '�xv=oOvJ \w]N
w 'x=oDU}= Qy QO \w]N O=OaD C}OwOLt '=yxrY=iQU x@ \w@ Qt |=yC}OwOLt

=yCWwv=B
1. headway
2. real-time

3. predictive control
4. response surface methodology
5. equilibrium assignment
6. successive averages
7. frequency
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8. enterprise dynamics
9. attributes
10. constriction coe�cient
11. verify
12. swarm size
13. acceleration coe�cients
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