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VN@ QO XwYNx@ 'q=m pkvwptL |]}LtCU} R C=QF= V}=Ri= x@ xHwD =@
O}rwD "CU= xOQm =O}B |QDW}@ C}ty= |}xv=Npo |=yR=o O}rwD Vy=m '|}xO=H
&OQ=O CNwU hQYt =@ |t}kDUt |x]@=Q pkvwptL VN@ QO |}xv=Npo |=yR=o
"Ot=Hv}@ |}xv=Npo |=yR=o O}rwD Vy=m x@ Ov=wD|t CNwU hQYt Vy=m wQu}= R=
'QwDwt CaQU 'uRw� x}rkv |xr}Uw %R= Ov=CQ=@a CNwU hQYt QO QF-wt pt=wa
'�?=DW wCaQU�l}i=QD '�"""w '|}=wyw?;\}=QW 'xO=H?}W�CU} R\}Lt '�"""w

[33]"�"""w u=ow=v |xR=Ov=� |HQ=N pt=wa w �"""w '|tUH \}=QW� xOvv=Q
|=ypOt "1 %OvwW|t s}UkD |rY= |xDUO wO x@ CNwU hQYt |=y pOt

"T=}ktCWQO |=ypOt "2 'T=}ktR} Q
w QwDwt |=y|oS} w ?UL Q@ CNwU hQYt u=R}t T=}ktR} Q |=ypOt QO
CNwU hQYt u=R}t T=}ktCWQO |=ypOt QO xm|r=LQO "OwW|t x@U=Lt\}Lt
hrDNt \}=QW QO x}rkv p}=Uw OQmrta R= xOt;CUOx@ |vw}UQoQ |=ypOt j} Q] R=
xOQw; OwN |=QDmO |xr=UQ QO Q}tO xm |}xU}=kt x@ xHwD =@ [34]"OwW|t xOR u}tND
?=NDv= OQw;Q@ u} QDy@ =@ pOt 4`t=H Q=WDv= pOt 'OwHwt |=ypOt u}@ R= 'CU=
CNwU hQYt MQv u; QO xm CU= Q} R CQwYx@ pOt u}= |xOW xO=U "CU= xOW

"OwW|t x@U=Lt Q} R CQwYx@ g/s ?ULQ@ 'F

F �
 
KNV +

� pt
" + pa

�
�

!
U (1)

QDt=Q=B u}= Q=Okt w CU= Kj
rev=L ?UL Q@ QwDwt l =m]Y= ?} Q[ k u; QO xm

w =yQDt=Q=B |xty xt=O= QO� CU= 0 2 =@ Q@=Q@ Q=@ XwYNt |x}rkv p}=Uw |=Q@
Q@ QwDwt CaQU N "�OvDUy \UwDt Q=@ XwYNt |x}rkv p}=Uw |=Q@ C=@U=Lt
Q@=Q@ u; Q=Okt w QD}r ?UL Q@ QwDwt u=mt Q}}eD V "CU= 33 Q@=Q@ w rev/s ?UL
2 |x]@=Q R= xm CU= C=w x@ x}rkv |xr}Uw R=}v OQwt |WWm |wQ}v pt "CU= 5
x}rkv |xr}Uw C=kraDt |=Q@ QwDwt R=}v OQwt CQOk pa '|}=Q=m " "OwW|t x@U=Lt

"CU= 0 45 Q@=Q@ ,=@} QkD xm CU= |}=Q=m Q=}at � w
pt = Mav +Mgv sin � + 0 5CdA�v3 +MgCr cos �v (2)

Q=@ w |r=N |x}rkv |xr}Uw u=Rw= `tH� x}rkv |xr}Uw |rm sQH M u; QO xm
m/s x}rkv |xr}Uw CaQU w m/s2 ?=DW ?}DQDx@ v w a" CU= Kg x@ �xOWptL
pO=at w |oO}Wm w OQwv Ctw=kt ?}=Q[ ?}DQDx@ Cr w Cd 'xO=H |x} w=R � "CU=
"CU= kg/m3 ?ULQ@ w 1 2041 =@ Q@=Q@ w =wy |r=oJ � "OvDUy 0 01 w 0 6
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"""V
y=m

uDi
QoQ_

vQO
=@R=

@|
OwH

wt|
@=}Q}

Ut

+
nX
i=0

nX
j=0;j 6=i

KX
k=1

TX
t=1

p � disijxktij =speed

+
nX
i=0

TX
t=1

hiIti +
KX
k=1

TX
t=1

vpltk (8)

subject to :X
i2V

X
K

Xkt
ij � 1 8j 2 N; t 2 T (9)X

j2V 0
Xkt1j = l(k; t) 8k 2 K; t 2 T (10)X

i2V

X
j2V

Xkt
ij � BM � l(k; t) 8k 2 K; t 2 T (11)X

i2v0
Xkt
ij �

X
m2v0

Xkt
jm = 0 8j 2 N; k 2 K; t 2 T (12)

fktij �
nX

m=0
fktmi � qkti �BM(1�Xkt

ij )

8i; j 2 N; k 2 K; t 2 T (13)

fktij �
nX

m=0
fktmi � qkti +BM(1�Xkt

ij )

8i; j 2 N; k 2 K; t 2 T (14)

fkt0j =
nX
i=1

qkti �Xkt0j 8j 2 N; k 2 K; t 2 T (15)

fkt0j � Q(k) 8j 2 N; k 2 K; t 2 T (16)X
k2K

X
t2T

ukt0 = 0 (17)

ukti + 1 � uktj +BM(1�Xkt
ij )

8i; j 2 N; k 2 K; t 2 T (18)

qkti � BM �
X
j2V

Xkt
ij 8i 2 N; k 2 K; t 2 T (19)

qkti � demt
i �

nX
j=0

KX
k=1

Xkt
ij � It�1

i

8i 2 N; k 2 K; t 2 T (20)

Iti = It�1
i +

X
k2K

qkti � demt
i 8i 2 N; t 2 T (21)

It0 = It�1
0 + rt �X

i2V

X
k2K

qkti 8t 2 T (22)

Xkt
ij 2 f0; 1g 8i; j 2 N; k 2 K; t 2 T

ltk 2 f0; 1g 8k 2 K; t 2 T
Iti � 0 8i; t 2 T
qkti � 0 8i; k 2 K; t 2 T
fktij � 0 8i; j 2 N; k 2 K; t 2 T (23)

CNwU |xv} Ry R= Ov=CQ=@a ?}DQDx@ u; |=yxrtH xm CU= 8 CQ=@a hOy `@=D
uRw x@ \w@ Qt |iQYt CNwU |xv} Ry 'x}rkv xr}Uw C=R}yHD \UwD |iQYt
|xv} Ry 'xOWptL Q=@ x@ \w@ Qt |iQYt CNwU |xv} Ry 'Q=@ uwO@ x}rkv |xr}Uw

QO =@ |OwHwt |=yxv} Ry x@ xHwD =@ |@=} Q}Ut |xr�Ut pOt "4"3
CNwU hQYt Vy=m uDiQo Q_v

h=Qo |wQ CNwU hQYt Vy=m uDiQoQ_vQO =@ |OwHwt |@=} Q}Ut |xr�Ut
|xawtHt V = f0; 1; :::; n; n + 1g xm OwW|t h} QaD G = (V;A)

T-=Q "OvDUy =yu=tm |xawtHt A = f(i; j) : i; j 2 V; i 6= jg w Tw�Q
sy "OvDUy u=} QDWt |xOv}=tv V 0 = V=f0g Tw�Q w �wBO� xOvvmx[Qa QiY
ptLDt xQwO Qy QO =Q hi |OwHwt |Q=Oxov |xv} Ry u=} QDWt sy w xOvvmx[Qa
|R} Qxt=vQ@ ji= pw] "OQ=O capi |OwHwt |Q=OxovC}iQ_l} |QDWt Qy "OvwW|t
Q=Okt "OW=@|t t 2 f1; 2; :::; Tg |v=tR |xQwO Qy w CU= T Q@=Q@ w OwOLt
CU= xOW ZQi "CU= rt 't |xQwO QO xOvvmx[Qa TQDUO QO |O}rwD pwYLt
|R} Qxt=vQ@ ji= pw] QO u=} QDWt |xty C=kqt |=Q@ |i=m |OwHwt xOvvmx[Qa xm
xOQw;Q@ O}=@ =y=[=kD |xty |va} 'OQ=Ov uOW|ivt |xR=H= |OwHwt w OQ=O =Q
w xOvvmx[Qa |OwHwt |rai K]U R= xOvQ}os}tYD |R} Qxt=vQ@ ji= ẁQW QO "OwW
|v=tR |xQwO Qy QO |QDWt Qy |=[=kD C=aq]= R= u}vJty w (I0

i ; I00 ) u=} QDWt
R}v t |xQwO QO i |QDWt x@ xOWxO=O p} wLD |q=m Q=Okt "CU= x=o ; (dimt

i) t

p}=Uw |xawtHt 'K = f1; 2; :::; kg |xawtHt "OwW|t xO=O u=Wv qkti =@
xO=O u=WvQk =@ s= k |x}rkv |xr}Uw C}iQ_ "OyO|t u=Wv =Q TQDUO QO |x}rkv
R= =Q Q}Ut l} QFm =OL |v=tR |xQwO Qy QO OQ=O xR=H= x}rkv |xr}Uw Qy "OwW|t
(i; j) 2 A u=tm Qy Ci=Ut "Ovm |] u=} QDWt R= |}xawtHt Q} R x@ xOvvmx[Qa
u}t-=D pw] QO pm |xv} Ry uOQmxv}tm xr�Ut hOy "OwW|t xO=O u=Wv disij =@
|x}rkv |xr}Uw Qo = 'xktij |} wOwO Q}eDt "CU=yxQwO |xty QO |QDWt Qy |=[=kD
QO w OQ}o|t l} Q=Okt Ovm |] =Q j wi |QDWt wO u}@ u=tm t |xQwO QO k
|x}rkv |xr}Uw Qo = 'ltk |} wOwO Q}eDt "OW Oy=wN QiY u; Q=Okt CQwYu}= Q}e
QiY Q=Okt CQwYu}=Q}e QO w l} Q=Okt OQ}o Q=Qk xO=iDU= OQwt t |xQwO QO k

"OQ}o|t
|QDWt u}@ u=tm |wQ |DkwCU= t |xQwO QO k |x}rkv |xr}Uw Q=@ u=R}t fktij
|xv} Ry "CU= QwDQ} R O=H}= R= |Q}owrH |=Q@ |Q}eDt ukti "Ovm|t CmQL j w i
"OwW|t xO=O u=Wv Cf =@ |iQYt |SQv= pwSwr}m l} O}rwD |=Q@ R=}v OQwt CNwU
R= xO=iDU= |xv} Ry vp "CU= xOW XNWt P =@ R}v |oOvv=Q Ca=U Qy |xv} Ry
x}rkv p}=Uw Q}Ut xm|}=Hv; R= "CU= |v=tR |xQwO Qy QO x}rkv p}=Uw R= l} Qy
h} QaD n+ 1 |R=Ht xQo 'OQ=Ov OwHw |RmQt Q=@v= x@ CWoR=@ x@ R=}v w CU= R=@

"OwW|t
'|OwHwt |@=} Q}Ut pOt w CMEM pOt w q=@ |=yQ}eDt w =yQDt=Q=B x@ xHwD =@
|=yxv} Ry w |iQYt CNwU |xv} Ry 'CU= wO u}= ?}mQD pY=L xm Q} R pOt

"Ovm|t xv}tm =Q x}rkv p}=Uw R= xO=iDU= w 'xOvv=Q '|OwHwt
min z =cfkNV �

nX
i=0

nX
j=0;j 6=i

KX
k=1

TX
t=1

disijxktij =speed

+
nX
i=0

nX
j=0;i6=j

KX
k=1

TX
t=1

cf��ijdisijWXkt
ij

+
nX
i=0

nX
j=0;i6=j

KX
k=1

TX
t=1

cf��ijdisijfktij X
kt
ij

+
nX
i=0

nX
j=0;j 6=i

KX
k=1

TX
t=1

cf�disij�speed2
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2|

xQ=t
W'

33
�1

|xQ
wO'

�13
96

u=DU
tR�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt

"|O=yvW}B pOt |=yQ}Ut "1 pmW

"x}=B pOt |=yQ}Ut "2 pmW

"OwW|t C}=Oy |r[=iD |Q=mD@==Qi sD} Qwor= \UwD |OwHwt |R} Qxt=vQ@ VN@ w
"OwW|t xO=O K}[wD |Q=mD@==Qi sD} Qwor= w |Q=mD@= VwQ ?}DQDx@ xt=O= QO

|Q=mD@= sD} Qwor= "1"4
x}rkv p}=Uw |@=} Q}Ut p�=Ut pL |=Q@ |tD} Qwor= 1964 p=U QO C}=Q w lQqm
xr=kt u}= QO [37]"CU= xOW =v@ |} wHxiQY swyit T=U=Q@ sD} Qwor= u}= &OvOQm x�=Q=
CNwU hQYt Vy=m uDiQoQ_vQO =@ x}rkv p}=Uw |@=} Q}Ut |xr�Ut pL |=Q@ R}v

"CU= xOW xO=iDU= C}=Q w lQqm swyit R=
"Ovm =O}B X=YDN= x}rkv |xr}Uw l} �u=} QDWt� =yxQo |xty x@ "1 s=o

R= Qw_vtu}O@ "OwW x@U=Lt xQo CiH Qy p=YD= R= pY=L |} wHxiQY "2 s=o

'|Q=Oxov |xv} Ry 'xOvv=Q |xv} Ry 'x}rkv |xr}Uw CaQU x@ \w@ Qt |iQYt CNwU
l} CU}v R=}v xm Ovm|t u=}@ 9 C}OwOLt "x}rkv p}=Uw R= xO=iDU= |xv} Ry w
xO=iDU= x@ \w@ Qt 11 w 10 |=yC}OwOLt "OwW C=kqt ,=tDL xQwO l} QO |QDWt
x}rkv |xr}Uw l} Qo = xm Ovm|t u}t[D 12 C}OwOLt "OvDUy x}rkv |xr}Uw R=
Q=Okt 14 w 13 |=yC}OwOLt "OwW|t GQ=N u; R= ,=tDL OwW OQ=w |QDWt x@
Q=@ |x}rw= Q=Okt 15 C}OwOLt "Ovvm|t XNWt =Q xQo wO u}@ x}rkv |xr}Uw Q=@
|xr}Uw Q=@ xm Ovm|t u}t[D 16 C}OwOLt "Ovm|t u}}aD =Q x}rkv |xr}Uw Qy
O=H}= R= |Q}owrH |=Q@ 18 w 17 |=yC}OwOLt "OwWv QDW}@ u; C}iQ_ R= x}rkv
QO |QDWt Qy x@ xOWxO=O p} wLD Q=@ u=R}t 20 w 19 |=yC}OwOLt "CU= QwDQ} R
|OwHwt ?}DQDx@ 22 w21 |=yC}OwOLt "Ovvm|t XNWt =Q |v=tR |xQwO Qy

"OyO|t u=Wv =Q =yQ}eDt ẁv 23 C}OwOLt "Ovvm|t u}}aD =Q Q=@v= w u=} QDWt

pOt |R=U|]N "5"3
C}OwOLt w hOy `@=D swU CtUk QO CU= XNWt q=@ pOt R= xm Qw]u=ty
Qw_vtx@ &Ov=xOW pOt uOW |]NQ}e Ea=@ w xOW ?Q[ sy QO Q}eDt wO 15

[36w35]"OW xO=iDU= xOW x�=Q= |=yOQm} wQ R= |O=yvW}B pOt |R=U|]N

=yxv} Ry Vy=m QO |O=yvW}B pOt |Q}oQ=mx@ Q}F-=D "6"3
Ci=Ut w xv} Ry '=yxv} Ry Vy=m QO |O=yvW}B pOt |Q}oQ=mx@ Q}F-=D |UQQ@ Qw_vtx@
`@=D xm |v=tR R= pY=L G}=Dv =@ u; G}=Dv w xOW x@U=Lt p=Ft l} ?r=k QO QiU
xOW xU}=kt 'CU= Ci=Ut x@ \w@ Qt |xv} Ry w |OwHwt |xv} Ry uOQmxv}tm hOy
QO |v=tR |xQwO wO w 'x}rkv |xr}Uw wO '|QDWt GvB =@ |}xr�Ut Q=m u}= |=Q@ "CU=
R= w ?=NDv= C=Qo ; pw= |xr�Ut R= |iO=YD CQwYx@ |QDWt GvB "OW xDiQo Q_v
?}W w ?=NDv= hO=YD x@ |QDWt CiHxU "OW xO=iDU= =yu; |=[=kD w C=YDNt
xOW pY=L �10 =D ��10 xR=@ R= |iO=YD CQwYx@ =yv; u}@ |xrY=i QO xO=H
xOW pL x}=B |OwHwt |@=} Q}Ut pOt w |O=yvW}B pOt \UwD xr�Ut u}= "CU=
|v=tR |xQwO wO pm |xv} Ry "OwW|t xOy=Wt 2 w 1 |=ypmW QO u; G}=Dv wCU=
R= xmQw]u=ty "CU= 147 14 Q@=Q@ x}=B pOt QO w 139 15 Q@=Q@ |O=yvW}B pOt QO
xv} Ry QO |OYQO 5 4 Vy=m Ea=@ |O=yvW}B pOt R= xO=iDU= CU=O}B =yxv} Ry
?}W xm |}=yQ}Ut |O=yvW}B pOt xm CU= p}rO u}= x@ Vy=m u}= "CU= xOW
V}=Ri= |OwOL =D xOW|] Ci=Ut OwW Ea=@ Qo = |DL Ovm|t ?=NDv= OvQ=O |ivt
291 31 x}=B pOt QO w QDtwr}m 315 42 |O=yvW}B pOt QO xOW|] Ci=Ut "O@=}
|=Q=O Ovm|t |] Ci=Ut uOQmxv}tm |=Q@ x}=B pOt xm |Q}Ut =t= &CU= QDtwr}m
OwW|t |iQYt CNwU |xv} Ry V}=Ri= Ea=@ xm CU= C@Ft ?}W =@ |=yu=tm

"O@=}|t V}=Ri= xv} Ry pm xH}Dv QO w

pL VwQ "4
Q@ |vD@t pL VwQ "OwW|t x�=Q= xr�Ut |=Q@ xOWx�=Q= pL VwQ VN@ u}= QO
QO "CU= C}=Q w lQqm |xOvR=U sD} Qwor= w |r[=iD |rt=mD sD} Qwor= ?}mQD
w CNwU hQYt Vy=m x@ xHwD =@ |@=} Q}Ut VN@ Q} R wO x@ xr�Ut VwQ u}=
Vy=m x@ xHwD =@ |@=} Q}Ut VN@ Q} R |=Q@ "OwW|t s}UkD |OwHwt |R} Qxt=vQ@
CU= C}=Q w lQqm VwQ Q@ |vD@t xm xOW x�=Q= |Q=mD@= VwQ l} CNwU hQYt
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y=m

uDi
QoQ_

vQO
=@R=

@|
OwH

wt|
@=}Q}

Ut|xr}Uw Qy Q}Ut w OwW hkwDt sD} Qwor= 'Ov=xDi=} X}YND =yxQo |xty "9 s=o
"OwW VQ=Ro x}rkv

|xOvyOOw@y@ sD} Qwor= wO R= C}=Q w lQqm VwQ R= pY=L ?=wH Ow@y@ |=Q@
|o}=Utyl} "CU= xOW xO=iDU= � interchange|o}=Uty w 2opt|o}=Uty
(i; i+1) u=tm wO hPL =@ Ovv=wD|t xmCU= T 0 |=yQwD xty pt=W T QwD R= 2opt

CUOx@ (i + 1; j) w (i; j � 1) O}OH u=tm wO uOQmxi=[= w (j � 1; j) w
u}= 'OQm h} QaD =Q � interchange |o}=Uty 1993 p=U QO u=tFa "Ov}=}@
xr=kt u}= QO [38]"CU= hrDNt |=yQ}Ut u}@ |QDWt �Z} waD pt=W |o}=Uty
C}i}m |UQQ@ Qw_vtx@ "CU= xOW xO=iDU= 1 � 1 interchange |o}=Uty R=
x@ \w@ Qt xvwtv |xr�Ut 10 |O=yvW}B |Q=mD@= sD} Qwor= R= pY=L |=y?=wH
G}=Dv =@ =yv; G}=Dv w OvOW pL j}kO VwQ x@ lJwm O=a@= QO R@U |@=} Q}Ut |xr�Ut
�0 017 |=]N u}ov=}t |xOvyOu=Wv G}=Dv "OvOW xU}=kt sD} Qwor= R= pY=L

"CU= |O=yvW}B sD} Qwor=

|r[=iD |rt=mD sD} Qwor= "2"4
"CU= NP-Hard p�=Ut |=Q@ |iO=YD |R=Uxv}y@ VwQ l} |r[=iD sD} Qwor=
|x}rw= Q=Okt x@ xHwD uwO@ xr�Ut pL %CU= |rY= C} Rt xU |=Q=O sD} Qwor= u}=
l} |r[=iD sD} Qwor= "sm |rQDvm |=yQDt=Q=B R= xO=iDU= w '`} QU |}=Qoty '=yQDt=Q=B
'`]=kD |va} &OQ=Ol}DvS sD} Qwor= x@=Wt |}=yQorta wCU= QwLtC}atH sD} Qwor=
wHwCUH Q=mwR=U u=wvax@ VyH Qorta R= |r[=iD sD} Qwor= "?=NDv= w 'VyH
wHwCUH |x}L=v QO QF-wt j]=vt x@ wHwCUH C}=Oy |=Q@ ?=NDv= Qorta R= w
Q=OQ@ CN=U |=Q@ OwHwt C}atH |=[a= |=RH= R= xO=iDU= =@ "Ovm|t xO=iDU=
|=[i QO QDy@ |wHwCUH |=Q@ |kiwt |=y?}mQD QF-wt Qw]x@ `]=kD Qorta 'uwtR;

[39]"Ovm|t O}rwD ?=wH
|Oa@ D Q=OQ@ NP R= xm CUwHwCUH VwQ l} |r[=iD sD} Qwor=
CQwYx@ u=wD|t =Q ?NDvt ?=wH "OvwW|t xO}t=v =[a= ,=Lq]Y= xm OQ@|t xQy@
C}atH "i = 1; 2; :::; NP u; QO xmCWwv xi;G = fx1

i;G; x2
i;G; :::; xDi;Gg

u}t=j p=Ft |=Q@ "OyO VWwB umtt |=H =D =Q wHwCUH |=[i pm O}=@ x}rw=
"O};|t CUOx@ 28 CQ=@a R= xO=iDU= =@ G = 0 Q=QmD QO w[a u}t=i R= QDt=Q=B
xji;0 = xjmin + rand(0; 1):(xjmax � xjmin); j = 1; 2; :::; D

(28)

"OvDUy QDt=Q=B u}t=j |q=@ OL w u}}=B OL ?}DQDx@ xjmax w xjmin

Kq]Y= x@ w CU= C}atH R= |w[a xm xi;G OQix@ QYLvt w[a Qy |=Q@ %VyH
OwW|t xDN=U 29 |x]@=Q R= xO=iDU= =@VyH Q=OQ@l} 'OwW|t xO}t=v hOy Q=OQ@
|iO=YD Qw]x@ xm OvDUy C}atH |=[a= R= w[a xU xr3 w xr2 w xr1 u; QO xm

"OvW=@ Cw=iDt Or=w w[a =@ w Qo}Om} =@ O}=@ w OvwW|t ?=NDv=
vi;G+1 = xr1 + F (xr2 � xr3) ; i 6= r1 6= r2 6= r3 (29)

"OQ}o|t Q=Qk [0 5; 1] |xR=@ QO ,qwtat xm CU= C@=F Q=Okt l} w T=}kt pt=a F
Qo = 'CtUk u}= QO "OwW|t xDio uwtR; Q=OQ@ 'hOy Q=OQ@ VyH R= pY=L Q=OQ@ x@
OQ}o|t QiY Q=Okt x]w@ Qt |xv=N 'OW=@ 0 5 =D QiY |xR=@ QO xOt; CUOx@ OOa
|OOa pY=L Q=Okt CU= umtt [40]"CiQo Oy=wN l} Q=Okt CQwYu}= Q}e QO w
pta xv}; CQwYx@ pmWt u}= `iQ |=Q@ "OW=@ QiY R= QDlJwm =} l} R= QDnQR@

u=Wv sumij =@ (i; j) u=tm |=Q@ x]@=Q u}= Qo = "OwW|t xO=iDU= 15 |x]@=Q
24 |x]@=Q R= xO=iDU= =@ j w i xQo wO p=YD= R= pY=L |} wHxiQY 'OwW xO=O

"O};|t CUOx@
(sum0i + sumi0) + sum0j � (sum0i + sumij) (24)

"OwW|t pY=L 25 |x]@=Q OwW xO=Uw xDWwv xOQDUo CQwYx@ 24 x]@=Q Qo =
cfkNV �(disi0 + dis0j � disij)=speed

+cf�W (�i0disi0 + �0jdis0j � �ijdisij)
+cf�(�0jdis0jdemj��ijdisijdemj��0idis0idemj)

+cf��(disi0 + dis0j � disij)speed2

+p(disi0 + dis0j � disij=speed) (25)

|xv} Ry xm |}xvwox@ CU= Q}Ut |] |xv}y@ CaQU speed '25 |x]@=Q QO
\@=wQ R= CaQU u}= uOQw; CUOx@ |=Q@ "OwW xv}tm xOvv=Q |xv} Ry w CNwU
xDiQo jDWt CaQU ?UL Q@ xOvv=Q |xv} Ry w |iQYt CNwU x@ \w@ Qt

"OvyO|t u=Wv =Q p=wQ u}= 27 w 26 \@=wQ 'OwW|t
@
@(v)

= 0! �fckNV �cij
v2 + 2fc��cijv � dpcijv2 = 0

(26)

v� =
�
KNV
2� + dp

2��fc
� 13

(27)

|DUQyi QO w ?DQt |rwRv CQwYx@ 2 s=o QO xOWx@U=Lt |=y|} wHxiQY "3 s=o
"OwW xQ}NP

"OwW s=Hv= 8 =D 5 |=ys=o 'x}rkv p}=Uw |xty |=Q@ "4 s=o
"OwW ẁQW p@k s=o QO xOt; CUOx@ CUQyi |=OD@= R= "5 s=o

=yv; |=[=kD ẁtHt w Ov=xOWv C=kqt ,q@k xQo wO R= l} I}y Qo = "1"5 s=o
Q}e QO "OvwW pYDt Qo}Om} x@ xQo wO 'CU= QDtm x}rkv |xr}Uw C}iQ_ R=

"OvwW u=LDt= CUQyi QO OwHwt |Oa@ xQo wO CQwYu}=
5 s=o x@ sD} Qwor= 'CU= xDi=} X=YDN= xQo wO x}rkv |xr}Uw x@ Qo = "2"5 s=o

"OwQ@
"OwQ@ 9 s=o x@ sD} Qwor= Ov=xDi=} X}YND =yxQo |xty Qo = "3"5 s=o

"1"6 |=ys=o 'x}rkv |xr}Uw u}= x@ xOWvxO=OX}YND |=yxQo |xty |=R=x@ "6 s=o
"OwW|t s=Hv= "2"6 w

"OwW x@U=Lt hOy `@=D Q=Okt w xi=[= x}rkv |xr}Uw QwD |=OD@= x@ xQo "1"6 s=o
"OwW x@U=Lt hOy `@=D Q=Okt w xi=[= x}rkv |xr}Uw QwD |=yDv= x@ xQo "2"6 s=o
R= u; |=[=kD w CU= xOQm xi=[= QwD x@ =Q xv} Ry Q=Okt u} QDtm xm |}xQo "7 s=o
xv} Ry u}= Qo = "OwW|t xi=[= QwD x@ 'CU= QDtm x}rkv |xr}Uw |r=N C}iQ_
OwW|t xi=[= QwD |=OD@= x@ xQo 'CU= QwD |=OD@= QO xQo uO=O Q=Qk x@ \w@ Qt
|xr}Uw xOv=t|k=@ C}iQ_ w OwW|t pYDt QwD |=yDv= x@ CQwYu}= Q}e QO w

"OwW|t Ot;RwQ x}rkv
"OwQ@ 5 s=o x@ sD} Qwor= 'OWv =O}B |QDWt u}vJ Qo = "8 s=o
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=vY

|U
Ovyt x}rw= C}atH O}rwD "3"4

Qy |=Q@ "CU= |Q=mD@= VwQ l} w |iO=YD VwQ Q@ |vD@t x}rw= C}atH O}rwD
0 5 R= pY=L OOa Qo = &OwW|t O}rwD |iO=YD OOa l} 'C}atH |=[a= R= l}
VwQ R= CQwYu}=Q}e QO w |iO=YD VwQ R= w[a u}= x@ |yOQ=Okt 'OW=@ QDlJwm
"OwW|t O}rwD w[a |=Q@ |iO=YD OOa =OD@= |iO=YD VwQ QO "Ow@ Oy=wN |Q=mD@=
Qo = "OwW|t O}rwD Qo}O |iO=YD OOa l} R}v u; |=yxv=N R= l} Qy |=Q@ TBU
w OQ}o|t l} Q=Okt xv=N u; 'OW=@ QDoQR@ w[a x@ \w@ Qt OOa R= pY=L OOa
|Q=mD@= VwQ =@ x}rw= |yOQ=Okt |=Q@ "CiQo Oy=wN QiY Q=Okt CQwYu}= Q}e QO

"OwW|t s=Hv= Q} R |=ys=o
xDiQo Q_v QO 'CU= QiY Q@=Q@ u; |=yx}=QO |xty xm n � t O=a@= =@ |U} QD=t "1 s=o
l} Qy |=Q@ "OyO|t u=Wv =Q |v=tR |=yxQwO O=OaD t w u=} QDWt O=OaD n "OwW
C=kqt u=tR sD} Qwor= pw] QO xm OwW|t xDiQo Q_v QO |}xOvQ=tW u=} QDWt R=
"CU= l} Q@=Q@ u=} QDWt |xty |=Q@ =OD@= QO xOvQ=tW u}= 'OyO|t u=Wv =Q =yv;
ji= |=OD@= QO =yv; |OwHwt Q@=Q@ sD} Qwor= |=OD@= QO u=} QDWt |xty |OwHwt

"CU= |R} Qxt=vQ@
"OwW s=Hv= 12 =D 3 |=ys=o 't 2 f1; :::; Tg |v=tR |=yxQwO |xty |=Q@ "2 s=o
Q@=Q@ |v=tR |xQwO |xQ=tW =@ =yv; |xOvQ=tW xm |v=} QDWt |xty |=Q@ "3 s=o
|v=tR |xQwO |=OD@= |OwHwt w |v=tR |xQwO QO |QDWt |=[=kD p[=iD CU=

"OwW|t x@U=Lt
|OwHwt R= =[=kD |va} 'CU= C@Ft |Q=Okt xOWx@U=Lt p[=iD Qo = "1"3 s=o

"OwW C=kqt xQwO u}= QO O}=@ |QDWt &CU= QDW}@
|OwHwt R= =[=kD |va} 'CU= |ivt |Q=Okt xOWx@U=Lt p[=iD Qo = "2"3 s=o
\w@ Qt |xOvQ=tW x@ w OQ=Ov xQwO u}= QO C=kqt x@ |R=}v |QDWt &CU= QDtm

"OwW xi=[= OL=w l} |QDWt x@
CUQyi l} QO OvwW C=kqt |v=tR |xQwO u}= QO O}=@ xm |v=} QDWt |xty "4 s=o

"OvwW xO=O Q=Qk
"OwW x@U=Lt CUQyi QO OwHwt u=} QDWt |=[=kD ẁtHt "1"4 s=o

|=[=kD ẁtHt 'Q=m u}= |=Q@ &OwW xOR u}tND R=}v OQwt |x}rkv p}=Uw O=OaD "5 s=o
q=@ x@ wQ pY=L w s}UkD x}rkv |xr}Uw Qy C}iQ_ Q@ p@k s=o QO xOt;CUOx@

"OwW|t x@U=Lt R=}v OQwt |x}rkv p}=Uw pk=OL Q=m u}= =@ "OwW|t OQo
sD} Qwor= x@ =yv; C=YNWt w u=} QDWt CUQyi 'x}rkv p}=Uw O=OaD "1"5 s=o

"OwW|t xO=O Q}Ut CN=U
x@ =Q CUQyi QO OwHwt u=} QDWt |xty Q}Ut CN=U sD} Qwor= Qo = "2"5 s=o
'CQwYu}=Q}e QO w OwQ|t 6 s=o x@ sD} Qwor= 'OW=@ xO=OX=YDN= x}rkvp}=Uw
CN=U sD} Qwor= x@ xQ=@ wO w Ovm|t xi=[= OL=w l} x}rkv p}=Uw x@ sD} Qwor=

"OwW|t C}=Oy Q}Ut
C}iQ_ u=R}t 'Q}UtCN=U sD} Qwor=\UwD xOWxDN=U |=yQ}Ut x@ xHwD =@ "6 s=o

"OwW x@U=Lt x}rkv |xr}Uw Qy |xOWxO=iDU=
l} xQwO u}= C=kqt CUQyi QO OwHwt u=} QDWt |xty |xOvQ=tW x@ "7 s=o

"OwW xi=[= OL=w

TBU w sm OOa R= l} Q=Okt 'OW=@ QDnQR@ l} R= xOt; CUOx@ OOa Qo = &OwW|t
u; u} Ro}=H OOa jr]tQOk CQwYu}= Q}e QO "OwW|t sm l} R= pY=L ?=wH

"OwW|t
R= pY=L VyH Q=OQ@ w hOy Q=OQ@ |wQ `]=kD Qorta 'VyH R=i R= Oa@ %`]=kD
R= ui OvRQi O}rwD |=Q@ CN=wvm} `]=kD "OwW|t p=ta= OvRQi Q=OQ@ CN=U |=Q@ u;

"OQ}o|t s=Hv= Q} R CQwYx@ vi uwtR; Q=OQ@ =@ xi hOy Q=OQ@ ?}mQD

ui(j) =

8>>>><>>>>:
vi(j) ! if

8<:(rand(0; 1) � CR)

or (j = jrand)

xi(j) ! otherwise

(30)

|iO=YD T}Ov= l} jrand "Ovm|t Q}}eD [0; 1] xR=@ QO w CU= `]=kD C@=F CR
"OW=@ Cw=iDt Or=w Q=OQ@ =@ <RH l} QO pk=OL OvRQi Q=OQ@ =D CU=

w Or=w Q=OQ@ u}@ R= Q=OQ@ l} ?=NDv= |=Q@ 'OW=@ |R=Uxv}tm xr�Ut Qo = %?=NDv=
[36]"OwW|t xO=iDU= Q} R |xU}=kt R= 'OvRQi Q=OQ@

x�i =

8<:ui; if (f (ui) � f (xi))

xi; otherwise
(31)

CQ=Jwri "O@=}|t xt=O= xtD=N \}=QW x@ uO}UQ =D xOWxO=OK}[wD |xv=oxU pL=Qt
"CU= xOW x�=Q= 3 pmW QO sD} Qwor=

"|r[=iD sD} Qwor= CQ=Jwri "3 pmW
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OwH

wt|
@=}Q}

Utw lJwm p�=Ut VN@ QO G}=Dv TBU w OwW|t u=}@ nQR@ w '\UwDt 'lJwm
"OvwW|t xU}=kt nQR@

xvwtv p�=Ut O}rwD "1"5
xOW xO=iDU= �p�=Ut pw= xDUO� C=Qo ; p�=Ut xvwtv R= p�=Ut xDUO u}= O}rwD |=Q@
|x}rkv p}=Uw O=OaD "CU= C=Qo ; p�=Ut C=YDNt u=ty u=} QDWt C=YDNt "CU=
|xr}Uw Qy C}iQ_ "CU= xr�Ut xv}y@ |=yQ}Ut Q@=Q@ xr�Ut Qy |=Q@ TQDUO QO
GvB x@ C}iQ_ p}O@D |=Q@ 'CU= OL=w 100 xOW?=NDv= p�=Ut xDUO QO x}rkv
V}=Ri= ?} Q[ u}ty =@ R}v u=} QDWt |=[=kD 'OwW|t ?Q[ 50 QO OOa u}= 'uD
=[=kD w OwW|t ?=NDv= [2; 5] |xR=@ R= hO=YD x@ |v=tR |=yxQwO O=OaD "O@=}|t
QO pwYLt u=R}t w '|Q=Oxov xv} Ry '|Q=Oxov C}iQ_ "CU= Q@=Q@ =yxQwO |xty QO
lJwm O=a@= QO xvwtv p�=Ut Ovv=ty |v=tR |xQwO Qy QO |RmQt Q=@v= QO TQDUO
xr�Ut l} R= |iO=YD CQwYx@ lJwm O=a@= QO xvwtv p�=Ut O}rwD |=Q@ "CU=
x@ xHwD =@ lJwm p�=Ut O}rwD |xwLv "OvwW|t ?=NDv= |v=} QDWt nQR@ O=a@= QO

"CU= xOt; 2 pwOH QO nQR@ p�=Ut

lJwm O=a@= QO p�=Ut |UQQ@ "2"5
QO "CU= xOW x�=Q= 3 pwOH QO lJwm O=a@= QO p�=Ut pL R= pY=L |OOa G}=Dv
O=OaD swO OOa 'xr�Ut |xQ=tW pw= OOa� 'xr�Ut C=YNWt 3 pwOH pw= uwDU
|=yxQwO O=OaD sQ=yJ OOa w 'TQDUO QO |x}rkv p}=Uw O=OaD swU OOa 'u=} QDWt
xU =@ l} |xr�Ut '1 � 3 � 2 � 3 R= Qw_vt ,qFt "OyO|t u=Wv =Q �|v=tR
CU= XNWt xm xvwou=ty "CU= |v=tR |xQwO xU w 'x}rkv |xr}Uw wO '|QDWt
u}vJty "CU= xO}UQ xv}y@ ?=wH x@ OQ=wt �70 QO |O=yvW}B |Q=mD@==Qi sD} Qwor=
R= "CU= xOQm x�=Q= =Q |@ wr]t C}i}m OYQO syO 6 |=]N u}ov=}t =@ sD} Qwor= u}=
VwQ pL u=tR u}ov=}t "CU= x}v=F 17 sD} Qwor= pL u=tR u}ov=}t R}v |v=tR Q_v
|O=yvW}B sD} Qwor= ?wr]t OQmrta |xOvyOu=Wv G}=Dv "CU= x}v=F 900 R}v j}kO

"CU= lJwm O=a@= QO

QO |O=yvW}B |@}mQD sD} Qwor= OQmrta Q@ Q=QmD O=OaD Q}F-=D "3"5
nQR@ O=a@=

Qw_vtx@ "Ov=xOW pL |@}mQD VwQ R= xO=iDU= =@ nQR@ O=a@= QO p�=Ut 4 pwOH QO
TBU w xOW xDiQo Q_v QO 50 =yQ=QmD O=OaD =OD@= nQR@ O=a@= QO =yQ=QmD Q}F-=D |UQQ@
O=OaD Qy =@ xr�Ut Qy "CU= xOW =QH= sy 150 w 100 |=yQ=QmD O=OaD =@ p�=Ut
xOW xO=O Q=Qk 4 pwOH QO u; hOy `@=D w u=tR u}ov=}t w xOW =QH= Q=@ Q=yJ Q=QmD

"CU=
Ow@y@ =y?=wH C}i}m sD} Qwor= |=yQ=QmD O=OaD V}=Ri= =@ '4 pwOH x@ xHwD =@
u} QDy@ p�=Ut R= �16 QO 50 Q=QmD O=OaD QO "CU}v C@=F Ow@y@ OvwQ =t= O@=}|t
'�2 9 Q@=Q@ Q=QmD 150 w 100 '50 QO =]N OYQO u}ov=}t "O};|t CUOx@ ?=wH

"CU= QiY w �0 9

|Q}oxH}Dv "6
QO xm OvDUy x}rkv p}=Uw |@=} Q}Ut p�=Ut |xQtR QO |OwHwt |@=} Q}Ut p�=Ut
u}= QO "OwW|t s=Hv= u=tR l} QO |OwHwt pQDvm w |@=} Q}Ut C=t}tYD u;

w 9 |=ys=o |v=tR |xQwO u}= QO xOWxO=iDU= |x}rkv p}=Uw |xty |=Q@ "8 s=o
"OwW s=Hv= 10

\UwD xm|v=} QDWt |xty &OwW x}yD |O}OHCUQyi x}rkv |xr}Uw Qy |=Q@ "9 s=o
O=OaD R= QDlJwm =yv; |xOvQ=tW w Ov=xOW C=kqt xQwO u}= QO x}rkv |xr}Uw u}=
|r=NC}iQ_ R= u=WxOvQ=tW =@ Q@=Q@|v=tR |xQwO |=[=kD wCU=|v=tR |=yxQwO
"OvwW|t xi=[= x}rkv |xr}Uw x@ \w@ QtCUQyi x@CU= QDlJwm x}rkv |xr}Uw
xm |QDWt L 'x}rkv |xr}Uw CUQyi QO OwHwt u=} QDWt u=}t R= "1"9 s=o
x@ |m} =yv; u}@ R= w OvwW|t =OH OvQ=O =Q |RmQt Q=@v= R= xrY=i u} QDW}@
u=R}t x@ V=xOvQ=tW =@ Q@=Q@ |v=tR |xQwO |=[=kD =D OwW|t ?=NDv= hO=YD

"OwW xi=[= 'OQ@|t |w |=Q@ O}OR=@ u}= QO x}rkv |xr}Uw xm |rwYLt
|QDWt |xOvQ=tW x@ &OwW Ot;RwQ x}rkv |xr}Uw |r=N C}iQ_ "2"9 s=o

"OwW xOwRi= OL=w l} "1"9 s=o QO xOW?=NDv=
l}I}y |=[=kD |woMU=B x}rkv |xr}Uw |r=N C}iQ_ xm|}=H =D 9 s=o "10 s=o
'OvW=@ xDW=Ov |}=[=kD Qo}O u=} QDWt =} OW=@v VQ}Ut QO OwHwt u=} QDWt R=

"O@=}|t xt=O=
R= xO=iDU= =@ w x@U=Lt u=} QDWt R= l} Qy |=Q@ |r=UQ= pwYLt u=R}t "11 s=o

"OwW XNWt Oa@ |xQwO |=OD@= |OwHwt u;
'Qw_vtu}O@ "OwW Ot;RwQ 1 s=oT} QD=t QO|v=tR|xQwOu}= x@\w@ Qt uwDU "12 s=o
Q=Okt u=Wx]w@ Qt |x}=QO 'OvQ=O Q=Qk |v=tR |xQwO u}= CUQyi QO xm |v=} QDWt

"OQ}o|t l}

=y?=wH V}=tv |xwLv "4"4
K]U Qy "OQ=O uwDU T w Q]U N O=OaD xm CU= |U} QD=t pt=W =y?=wH V}=tv
"CU= |v=tR |xQwO R= RwQ l} |xOv}=tv uwDU Qy w CU= |QDWt l} |xOv}=tv
0 5 R= QDoQR@ Q=Okt "OvDUy l} w QiY u}@ |Q=Okt uwDU w Q]U Qy pN=O O=Oa=
O}OR=@ sOa |=vat x@ u; R= QDtm Q=Okt w Q_v OQwt RwQ QO |QDWt O}OR=@ |vat x@

"CU= Q_v OQwt RwQ QO |QDWt

sD} Qwor= |=yQDt=Q=B s}_vD "5"4
pY=L |=y?=wH C}i}m QO |tyt Vkv |Q=mD@==Qi |=ysD} Qwor= |=yQDt=Q=B s}_vD
'T=}kt QDt=Q=B F %R= Ov=CQ=@a |O=yvW}B sD} Qwor= |U=U= |=yQDt=Q=B "OQ=O =yv; R=
R= xO=iDU= =@ =yQDt=Q=B u}= x@ |yOQ=Okt "x}rw= C}atH O=OaD w '`]=kD C@=F CR
=Q |O=yvW}B sD} Qwor= |=yQDt=Q=B Q}O=kt 1 pwOH "CU= xOW s=Hv= |Jwo =D VwQ

"OyO|t x�=Q=

|OOa G}=Dv "5
O=Oa@= QO xvwtv p�=Ut O}rwD |xwLv =OD@= QO "OwW|t x�=Q= |OOa G}=Dv VN@ u}= QO

"|O=yvW}B sD} Qwor= |=yQDt=Q=B Q}O=kt "1 pwOH
CR F =[a= O=OaD QDt=Q=B
0 7 0 5 5 � pn Q=Okt
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Ovyt "lJwm O=a@= QO xvwtv p�=Ut O}rwD "2 pwOH

lJwm O=a@= =@ p�=Ut QO QDt=Q=B Q=Okt |OwHwt |@=} Q}Ut |xr�Ut QDt=Q=B
nQR@ O=a@= u=} QDWt u}@ R= |iO=YD CQwYx@ u=} QDWt |=[=kD w C=YDNt

R=}v OQwt x}rkv p}=Uw |xv}tm Q@=Q@ xU TQDUO QO x}rkv p}=Uw |xv}W}@
[2; 4] |xR=@ R= |iO=YD CQwYx@ ?=NDv= |v=tR |=yxQwO O=OaD

|R} Qxt=vQ@ ji= |=[=kD ẁtHt Q@=Q@ |Q=Oxov C}iQ_
|v=tR |=yxQwO |xty QO u=} QDWt xty |=[=kD ẁtHt Q@=Q@ |v=tR |xQwO Qy QO Q=@v= pwYLt u=R}t

pwYLt sQowr}m Qy |=R= x@ 0 0002 |Q=Oxov |xv} Ry

"j}kO VwQ =@ |O=yvW}B |@}mQD sD} Qwor= |xU}=kt "3 pwOH
|O=yvW}B |@}mQD sD} Qwor= j}kO VwQ

xr�Ut C=YNWtOYQO pL u=tR `@=D pL u=tR ?=wH
=]N �x}v=F� hOy �x}v=F� xv}y@
0 10 13 64 95 4 64 95 1� 3� 2� 3

0 11 86 63 76 61 63 75 2� 4� 2� 3

0 14 02 92 8 27 92 8 3� 4� 2� 4

0 12 97 85 5 60 85 5 4� 5� 2� 2

2 3 14 125 78 83 122 93 5� 6� 2� 2

2 9 19 72 94 9 397 92 15 6� 7� 2� 2

0 16 04 90 32 930 90 32 7� 5� 2� 3

0 17 47 114 85 1117 114 85 8� 8� 2� 2

0 20 63 132 75 1748 132 75 9� 7� 2� 3

0 99 33 41 131 41 4661 130 11 10� 9� 2� 2

0 619 17 02 908 8 u}ov=}t

u}ov=}t uDW=O =@ sD} Qwor= 'lJwm w nQR@ O=a@= QO p�=Ut |wQ sD} Qwor= |=QH= R=
R}v nQR@ O=a@= QO "OQ=O |@U=vt OQmrta lJwm O=a@= QO OYQO 0 619 |=]N
14 w 8 '7 p�=Ut QO RH x@ xv}y@ ?=wH 'sD} Qwor= |=yQ=QmD O=OaD V}=Ri= =@
|x�=Q= x@ u=wD|t '|D; C=k}kLD |=Q@ =yO=yvW}B xrtHR= "CU= xOQm =O}B Ow@y@
u}vJty "OQm xQ=W= xr�Ut pL |=Q@ Qo}O |Q=mD@==Qi w |Q=mD@= |=y sD} Qwor=
xRwL u}= QO |O}OH ẁ[wt Ov=wD|t R}v uotyQ}e pkv w ptL u=ow=v uDiQoQ_vQO

"OW=@

|@=} Q}Ut pOt w OW ?}mQD `t=H Q=WDv= pOt =@ |OwHwt |@=} Q}Ut pOt xr=kt
Vy=m pOt u}= QO "Ot; CUOx@ CNwU hQYt Vy=m uDiQoQ_vQO =@ |OwHwt
Qy QO x}rkv |xr}Uw Q=@ 'Q}Ut ?}W x@ xOW|] Ci=Ut Q@xwqa CNwU hQYt
CtUk wO x@ 'pL |=Q@ pY=L pOt "CU= \@DQt x}rkv |xr}Uw CaQU w 'Q}Ut
|OwHwt CtUk w CNwU hQYt Vy=m uDiQoQ_vQO =@ x}rkv p}=Uw |@=} Q}Ut
pL |=Q@ w C}=Q w lQqm sD} Qwor= R= |@=} Q}Ut CtUk pL |=Q@ "OW s}UkD
pY=L G}=Dv x@ xHwD =@ "OW xO=iDU= |r[=iD |rt=mD sD} Qwor= R= |OwHwt CtUk
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Ut"hrDNt |=yQ=QmD O=OaD QO w nQR@ O=a@= QO |@}mQDsD} Qwor= |xU}=kt "4 pwOH
it = 150 it = 100 it = 50

xr�Ut C=YNWtOYQO pL u=tR `@=D OYQO pL u=tR `@=D OYQO pL u=tR `@=D
=]N (S) hOy =]N (S) hOy =]N (S) hOy
0 452 13 715 34 0 75 239 67 720 75 0 97 86 37 722 28 1� 31� 5� 3
0 451 54 908 4 0 64 265 7 914 22 5 73 196 93 960 51 2� 32� 5� 4
0 915 61 1272 45 1 4 174 97 1290 33 2 5 203 78 1304 82 3� 32� 6� 5
0 289 88 767 72 0 89 238 85 774 56 0 89 59 92 774 56 4� 33� 5� 3
0 2086 76 1049 06 2 2 692 24 1072 42 5 6 674 86 1108 03 5� 35� 5� 4
0 2482 58 691 55 1 5 1026 93 702 35 3 7 366 87 717 62 6� 36� 5� 3
0 1480 76 1678 11 0 1174 06 1678 11 0 228 42 1678 11 7� 36� 6� 5
0 667 46 880 97 0 492 91 880 97 0 337 94 880 97 8� 37� 5� 3
0 572 1155 33 1 4 613 32 1171 59 1 7 237 39 1175 85 9� 38� 5� 4
0 1725 67 1397 25 1 3 1552 94 1416 24 3 1 512 33 1441 74 10� 38� 6� 5
0 596 31 1255 95 2 6 437 43 1288 82 3 3 243 92 1297 83 11� 43� 7� 4
0 717 92 1192 51 0 4 596 85 1197 28 3 5 384 65 1234 12 12� 44� 7� 4
0 966 57 1779 11 0 34 717 66 1785 27 2 7 280 61 1828 13� 44� 7� 5
0 1354 48 921 63 0 979 47 921 63 0 807 61 921 63 14� 45� 7� 3
0 2121 56 1435 05 1 8 597 11 1461 31 2 5 408 91 1472 1 15� 47� 7� 4
0 2469 7 1078 44 0 76 2253 57 1086 72 4 4 481 37 1125 88 16� 52� 7� 3
0 1278 62 772 73 0 63 586 05 777 6 4 5 986 98 807 78 17� 53� 7� 2
0 1036 26 1148 46 0 96 681 38 1159 48 1 5 458 46 1166 44 18� 54� 9� 3
0 1203 65 0 97 740 06 2 92 386 51 u}ov=}t

=yCWwv=B
1. one-to-many
2. depot
3. vendor managed inventory
4. comprehensive modal emission model (CMEM)
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