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C=YNWt R= Q[=L |xar=]t QO "CU= |r} Q |xm@W QO Q]NQB |=yx=oQPo |}=U=vW
pOt R= u}vJty "CU= xOW xO=iDU= =yu; |=yhO=YD C=aq]= w u=Q}= R=Ht x=oQPo 240

xOW xO=iDU= =yhO=YD COW QO Q=PoQ}F-=D pt=wa |}=U=vW |=Q@ |}xrtHOvJ C}Hq
|xR=@ x@ \w@ Qt Q[=L |xar=]t QO xO=iDU=OQwt |=yxO=O xm CU= sRq QmPD u}= "CU=

'|rt=wa uOw@ syt Qov=Wv Q[=L |xar=]t G}=Dv "CU= 1392 |r= 1388 |=yp=U
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'x}rkv |xr}Uw ẁv 'x=oQPo R= |Qw@a |x}rkv |xr}Uw O=OaD pt=W 'x}rkv |xr}Uw
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?}U; COW R= |O=} R Q=}U@ OL =D Ov=wD|t |}=vWwQ sDU}U ?Yv w x=oQPo x@

[20]"Oy=m@ =yhO=YD
x�=Q= =yhO=YD COW OQw;Q@CyH |OQ=Ov=DU= |=ypOt 'Q}N= |=yp=U |] QO
w} '19CQ=w}DU= � utrm COW %|=ypOt x@ u=wD|t =yu; |xrtH R= xm 'CU= xOW
23C}Hq w 22u} S}@ p=m} QBt= '|}=O=v=m '21u=yvB Tqm '20 �US-DOT� C=O T=
1 pwOH QO =yu; QO xDiQ Q=mx@ pt=wa x=Qtyx@ xOW xQ=W= |=ypOt "OQm xQ=W=
|=yQ=]k CaQU u}ov=}t OwHw x@ u=wD|t 1 pwOH QO syt C=mv R= "Ov=xOW x�=Q=
|=yQ=]k O=OaD u}ov=}t u}vJty "OQm xQ=W= =ypOt |t=tD QO x=oQPo R= |Qw@a
QO xm OvDUy |Qo}O pt=wa R= 'xOvyOQ=OWy sDU}U ẁv w \w]N O=OaD '|Qw@a

"Ov=xOW u=}@ =ypOt QDW}@
[20w19'18'16]"CU= xOW x�=Q= =yQwWm Q}=U QO xOWs=Hv=C=ar=]t Q@ |QwQt =Hv}= =D
R= xm 'CU= xOW s=Hv= u=Q}= K]Uty |=yx=oQPo |wQ Q@ R}v |OwOLt C=ar=]t
xO=iDU= =@ 'u; QO xm 'OQm xQ=W= �1385� |Qm =P Q=DWwv x@ u=wD|t =yu; |xrtH
w 1383 |r= 1371 |=yp=U u}@ xr=U 13 |xQwO l} |=yhO=YD |=yxO=O R=
'u}W}B C=ar=]t QO =yx=oQPo Q]N XN=W u}}aD CyH OwHwt |=yQ=my=Q K} QWD
=@ w |UQQ@ u=Q}= |tqU= |QwytH uy;x=Q QO xO=iDU= OQwt w |rai Q]N XN=W
|}=yx}YwD '=RxLv=U |=yx=oQPo QO |vt}=V}=Ri= |xv}tR QO OwHwt |=yQ=my=Q u=}@

[21]"CU= xOW x�=Q=
QO =yhO=YD COW |R=UpOt |=Q@ xOW x�=Q= C=ar=]t OwOat R= |m} QO
'CU= xDiQo s=Hv= �1389� u=Q=mty w |D};\UwD xm u=Q}= QwWm K]Uty |=yx=oQPo
=@ =OD@= =Pr "OwW x�=Q= K]Uty x=oQPo EO=wL COW |=Q@ |rOt =D CU= xOW |aU
|Q=t; |=ypOt w =yVwQ u}vJty w =yQwWm Qo}O QO OwHwt G}=Q |=ypOt |UQQ@
x@ \w@ Qt |=yxO=O R= xO=iDU= =@ 'hO=YD COW |R=UpOt CyH xO=iDU= p@=k

QO xO=}B u=Q@=a |vt}= |=Q@ |rtar=QwDUO '2007 p=U QO =O=v=m pkv w ptL u=tR=U
u=Q@=a |=Q@ ut}= K]Uty x=oQPo uOQm sy=Qi "CU= xOQm x�=Q= K]Uty |=yx=oQPo
QO x}rkv \�=Uw =@ xO=}B u=Q@=a u}@ |rY= R}=tD "CU= xO}J}B w Q=wWO Q=}U@ xO=}B
R= Qw@a x@ QO=k '|OwQw C}o uOw@ xDU@ \}=QW QO |DL xO=}B u=Q@=a xm CU= u}=
x=oQPo R= Qw@a |=Q@ xm |}xrHa =@ O=Qi= =D CU= xOW ?@U Qt= u}ty "OvDUy x=oQPo
OQwt QO ,=YwYNt "OvwW x=@DW= Q=JO Qw@a |=Q@ ?U=vt u=tR u}tND QO 'OvQ=O
R= "OvDUy ltm OvtR=}v xm |v=Q=t}@ w uUt O=Qi= =} w Ov=|v}@V}B p@=kQ}e xm u=mOwm
xar=]t =Pr "Ovvm|t ?=NDv= Qw@a |=Q@ =Q Q}Ut u} QDx=Dwm ,qwtat xO=}B u=Q@=a |iQ]
K]Uty x=oQPo QO =yu; |vt}= x@ Ov=wD|t xO=}B u=Q@=a |Q=DiQ C=}YwYN |xQ=@ QO

[15]"Ovm ltm

C=}@O= QwQt "1"2
=yhO=YD COW |v}@V}B |=ypOt Q@ |QwQt u=wvax@ Q}N= VN@ QO xJv; Q@ xwqa
|=yhO=YD COW |wQ Q@ Q}N= |=yp=U QO |Q=}U@ C=ar=]t 'CU= xOW xQ=W=
QO xm CU= xOW s=Hv= =yu; COW QO QF-wt pt=wa u}vJty w K]Uty |=yx=oQPo
w 9u=} 'xv}tR u}= QO xOW s=Hv= C=ar=]t QDW}@ j@=]t "Ov=xOW xO=O K}[wD xt=O=
OQwNQ@ R= |W=v |=yhO=YD xm OvQ=O Q_vj=iD= ẁ[wt u}= Q@ �2010� u=Q=mty
R= u=W}= "CU= K]Uty |=yx=oQPo QO =yhO=YD ẁv u} QDl =vQ]N 'wQOwN =@ Q=]k
QO xOW OQ=w |xv=mD u=R}t w xOQm O=} wQOwN p@=kt QO Q=]k |Q@=Q@ 4000 uRw MQv
|}=yhO=YD O=OaD |xvq=U MQv xJ Qo = "Ov=xDUv=O xOvWm Q=}U@ =Q hO=YD s=ovy
R= xDUO u}= |rw 'CU= QDtm Q=}U@ |}xO=H |=yhO=YD =@ xU}=kt QO p}@k u}= R=
xar=]t w xHwD C}ty= ẁ[wt u}ty xm OvQ=O p=@vO x@ Q=@oQt Q=}U@ G}=Dv =yhO=YD
ẁkw x@ |oOvv=Q QO xm |]}=QW u} QDG}=Q R= |m} [16]"OR=U|t Q=mW; =Q =yu; |wQ

R= |m} xRwQt= xm CU=yxO=H |oOvRer xH}Dv QO w |wH ?U=vt=v \}=QW 'OOvw}B|t
pQDvm 'l =m]Y= u=R}t Vy=m =@ |oOvRer "OwW|t |krD =yhO=YD pra u} QDsyt
=i}= |tyt Vkv '|vt}= QO |O}OyD u=wvax@ xm OR=U|t CNU =Q x}rkv |xr}Uw
=wy w ?; C}a[w R= |W=v lU} Q |xv}tR QO |v=w=Qi C=ar=]t xJ Qo = "Ovm|t
u=R}t QO |wHC}a[wVkv x@ OwHwt C=ar=]t R= |mOv= O=OaD =t= 'CU= xOW s=Hv=
xO=U |}x]@=Q Ck}kL QO x]@=Q u}= "Ov=xDN=OQB u=v}WvQU w xOvv=Q x@ ?}U; COW
x=o}=B T=U=Q@ "OQm u=}@ =Q u; |]N |x]@=Q l} ?r=k QO Ov=wD@ xm CU}v uWwQ w
K]Uty |=yx=oQPo QO hO=YD 25945 '=m} Qt= 10p=QOi uy;x=Q |xQ=O= |=yxO=O
[17]"CU= xDUw}B ẁkw x@ 2011 =D 2002 |=yp=U u}@ =m} Qt= |xOLDt Cq=}=
|=yhO=YD x@ \w@ Qt |wH \}=QW |Ov@xk@] =@ '�2011� u=Q=mty w 11|D= pO@a
h=Y,qt=m |wH \}=QW QO =yhO=YD �69 OwOL xm OvO=O u=Wv =O} Qwri |xk]vt
'|v=Q=@ pt=W� |wH ?U=vt=v \}=QW QO R}v =yu; �31 OwOL w Ov=xDUw}B ẁkw x@

[18]"Ov=xO=O MQ �xt w |Q@= '|iQ@
O}O QO pqN= uwJty Qo}O pt=wa Q}F-=D |wQ Q@ u=QoWywSB R= |O=OaD |iQ] R=
|D= pO@a "Ov=xOQm xar=]t u=oOvv=Q x@ ?}U; u=R}t QO OwO w xt OwHw R= |W=v xOvv=Q
R= |W=v |=yhO=YD |wQ Q@ `t=H |vwtR; 'OwN |xar=]t QO '�2011� u=Q=mty w
xO=iDU= =@ u=W}= "Ov=xOQm x�=Q= 2007 =D 2003 |=yp=U |] u=oOvv=Q O}O pqN=
w xDN=OQB u=oOvv=Q x@ ?}U; u=R}t |UQQ@ x@ |L]UOvJ |@}DQD l}DUHr pOt R=
CaQU C}OwOLt =@ =yx=QoQR@ QO QDW}@ =yhO=YD p}@k u}= xm Ov=xOQm |Q}oxH}Dv
OvyO|t MQ |QyW |x]N wO |=yxO=H R}v w |Q=vm |x}W=L uwO@ |=yxO=H 'QDq=@
|B QO =Q xFO=L QO Q}oQO QDW}@ |wQOwN O=OaD =@ |QDq=@ ?D=Qt x@ |=y?}U; w
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[22]"=yu; QO xDiQ Q=mx@ pt=wa x=Qty x@ K]Uty |=yx=oQPo |=Q@ xOW x�=Q= OQ=Ov=DU= |v}@V}B |=ypOt "1 pwOH
COW |v}@V}B |=ypOt xDiQ Q=mx@ Q=PoQ}F=D pt=waC}Hq u} S}@ p=m} QBt= |}=O=v=m u=yvB Tqm C=O T= w} CQ=w}DU= � utrm

� xOvv=Q uU
� xOvv=Q C}UvH

� |r} Q Q}Ut R= xOvv=Q h=iW O}O u=R}t
� x=oQPo h=Q]= QO xO=H |UOvy C}a[w

� � |}xO=H Q}Ut ẁv
� � x}rkv |xr}Uw CaQU

� wQOwN u=v}WvQU O=OaD
� � x}rkv p}=Uw OOQD u}ov=}t

� x}rkv p}=Uw ẁv
|r} Q Q}Ut ẁv

� � � |r} Q \w]N O=OaD
Q=]k |xrwtLt ẁv
=yQ=]k CmQL QD=wD

� � � |Qw@a |=yQ=]k u}ov=}t
� � � � � |Qw@a |=yQ=]k CaQU

|Qw@a Q=]k ẁv
� � sHL u}ov=}t w w C}atH

xO=}B u} Q@=a OOQD
� x=oQPo |}=vWwQ

x=oQPo K]U C}i}m
x=oQPo EO=wL |xJN} Q=D

� � x=oQPo |x} w=R
� x=oQPo ZQa
� � � |=ysDU}U ẁv

x=oQPo |Q=OWy
x=oQPo =D x=oQPo |xrY=i

Qw=Ht |}xO=H
� � x=oQPo |]}Lt \}=QW

hrDNt |=yQ=}at p}O@D j} Q] R= w xOw@v |WQ=tW ẁv R= u=Q=mty w |D}; |xar=]t
|=yxv} Ry `tH w xv} Ry Q=}at x@ �xQ}e w |r]at u=tR '|OwOUt u=tR uwJty�
|r�=Ut u}vJ =@ xyH=wt QO CU= QDy@ =Pr &CU= xOt; CUOx@ hO=YD R= |W=v
OW Ea=@ ẁ[wt u}= "OwW xO=iDU= ẁ[wt C=}@O= QO OwHwt Qo}O |=yVwQ R=
|=yx=oQPo QO =yhO=YD COW |R=UpOt CyH QO Q[=L Q=DWwv u=oOvU} wv =D
CUOx@ G}=Dv =@ xOW x�=Q= |R=UpOt R= pY=L G}=Dv w Ovvm RmQtD u=Q}= QwWm K]Usy
QO Q=PoQ}F-=D pt=wa |UQQ@ CyH QO w xU}=kt Vv=Q=mty w |D}; |xar=]t QO xOt;

"OwW xO=iDU= =yhO=YD COW
|xar=]t QO "OwW|t s}UkDhrDNt Kw]U x@|HwQN Q}eDt 'xOW QmP VwQ QO
Q_v QO xOvv=Q |=Q@ xDWm w |tNR 'sr=U %pt=W hO=YD COW K]U 3 'Q[=L
C} wrw= w OvDUy xDUUo xOvv=Q |=Q@ Q=_Dv=OQwt COW Kw]U "CU= xOW xDiQo
x@ C@Uv xDWm K]U 'Qo}O CQ=@a x@ "OvQ=O O=} R COW x@ sm COW R= |@}DQD
|@}DQD C}y=t O}=@ pw= x=ov QO =Pr &OQ=O |QDQ@ COW u=R}t Q_v R= 'sr=U K]U
QO =Pr "OwW ^=Lr =yhO=YD COW |R=UpOt QO QwmPt Kw]U u}@ OwHwt

|}xrtHwO |=ypOt |Q}oQ=mx@ w �hO=YD 122 pt=W� 1385 |r= 1381 |=yp=U
|y=oQPo |=yhO=YD COW K}[wD CyH |rOt =D CU= xOW |aU u=U=wB w |ivt
COW |x@U=Lt |=Q@ |Q=}at u=wvax@ hO=YD |xv} Ry 'QwmPt |xar=]t QO "OwW x�=Q=
xOW x�=Q= pOt QO xOW xDiQo Q_v QO pt=wa xrtH R= "CU= xOW xDiQo Q_v QO hO=YD
Twk OwHw sOa/OwHw '|Qw@a |=yQ=]k CaQU 'xO=H ẁv 'xO=H ZQa x@ u=wD|t
xU}=kt 'xt=O= QO "OQm xQ=W= Q}oCaQU OwHw w O}O Ci=Ut 'x=oQPo pLt QO xO=H
xrtH R= VR=Q@ |} wm}v |=yQ=}at Q_vx]kv R= |ivt |}xrtHwO w u=U=wB pOt wO u}@
'|ivt |}xrtHwO pOt xm O=O u=Wv uwUQ}B XN=W w xOW |Ov@T=}kt h=QLv=
pOt |HvUQ=@Da= CyH u}vJty "CU= xDW=O u=U=wB pOt x@ C@Uv |QDy@ VR=Q@
|v}@V}B |=yhO=YD COW u}ov=}t '|HwR |xU}=kt VwQ R= xO=iDU= =@ 'QwmPt
xOW x�=Q= pOt Q=@Da= C}=yvQO w xU}=kt xOW xOy=Wt |=yhO=YD COW =@ xOW

[6]"OW C=@F=
C}y=t =@ p�=Ut |=Q@ |ivt |}xrtHwO w u=U=wB |=ypOt xm CU= QmP x@ sRq
QO xOW xDiQo Q=m x@ |HwQN Q}eDt xm =Hv; R= u}vJty "OvDUy ?U=vt |WQ=tW
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|xQ
wO'

�13
98

R}}=B
�h

}QW
u=Qt

a|
UOv

yt %�2 |x]@=Q� OwW|t s}UkD JP
j=1

exp(xi�j)

Pr(yi = mjxi) = exp(xi�m)
JP
j=1

exp(xi�j)
(2)

'QDt=Q=BxawtHtOvJ =}l} xm|Dkw =D =t= 'OwW|t1p=tDL= ẁtHt xmv}=seQ|ra
'xOQm O}rwD =Q p=tDL= Q=Okt xm '|QDt=Q=B |xawtHt u; 'Ovvm|t O}rwD u=Um} p=tDL=
=Q p=tDL= Q=Okt xm QwmPt QDt=Q=B xawtHt |}=U=vW Qw_vtx@ "CU= xOWv |}=U=vW
R= |m} u}tND uOQm ^=Lr =@ "OwW ^=Lr C@=F ?} Q[ l} O}=@ 'CU= xOQm O}rwD
xDWwv 4 w 3 |=yx]@=Q CQwYx@ pOt ��1 = 0 OwW ZQi� QiY Q@=Q@ =yQDt=Q=B

%OwW|t

Pr(yi = 1jxi) = 1
1 +

JP
j=2

exp (xi�j)
(3)

Pr(yi = mjxi) = e(xi�m)

1 +
JP
j=2

exp (xi�j)
|=Q@

m > 1 (4)

Qo = [31]"OwW|t u}}aD xv}W}@ |}=tvCUQO VwQ R= xO=iDU= =@ =yQDt=Q=B u}tND
%Ow@ Oy=wN 5 |x]@=Q CQwYx@ |}=tv CUQO |xrO=at 'OvW=@ pkDUt =yxOy=Wt

L (�2; :::�J jy; x) =
NY
i=1

Pi (5)

xOW xOy=Wt s)=i |xOy=Wt QO ,=k}kO y Q=Okt xm CU= u; p=tDL= Pi 'u; QO xm
6 |x]@=Q CQwYx@ 2 |x]@=Q R= Pi |v} Ro}=H =@ |}=tvCUQO |xrO=at "OW=@

%Ow@ Oy=wN

L (�2; :::�J jy; x) =
JY

m=1

Y
yi=m

exp (xi�m)PJ
j=1 exp (xi�j)

(6)

"CU=m =@ Q@=Q@ yi =yu; QO xm CU= |OQ=wt s=tD ?Q[pY=LQyi=m 'u; QO xm
QO "OQw; CUOx@ =Q |}=tvCUQO sD} Q=or |xrO=at u=wD|t 'sD} Q=or Q=Okt uDiQo =@

"OR u}tND =Q � Q}O=kt u=wD|t |OOa |=yVwQ =@ 'xt=O=
sD} Q=or |xU}=kt R= xO=iDU= =@ Ov=wD|t �7 |x]@=Q� pOt |rm VR=Q@ |} wm}v
?}=Q[ s=tD xm |rOt� 25 w}=v pOt |=Q@ xOt; CUOx@ Q=Okt =@ pOt |}=tvCUQO
xO=O X}YND |HwQN Kw]U |t=tD x@ u=Um} p=tDL= =@ w xOw@ QiY =@ Q@=Q@ u;
u} Ro}=H C@=F Q}O=kt \ki =@ pOt l} |xU}=kt u}vJty "OwW xO=iDU= �CU= xOW
xOW xOy=Wt syU =@ Q@=Q@ |HwQN Qy x@ p=tDL= Q=Okt X}YND� CU= Q}PBu=mt=

�"CU= xO=iDU= OQwt |xO=O QO |HwQN R=

�2 = 1� LL (�)
LL (0)

(7)

Qov=}@ LL(0) w pOt |}=Qoty QO |}=tvCUQO sD} Q=or Qov=}@ LL(�) 'u; QO xm
Cr=L |=Q@� QiY R= �2 "CU= �?} Q[ uwO@� w}=v pOt R= |}=tvCUQO sD} Q=or
"Ovm|t Q}}eD VR=Q@ u} QDy@ Qw_vt x@ 1 =D �|}=tvCUQO sD} Q=or QO Ow@y@ sOa
|}x}W=L QF= [31]"OyO|t u=Wv =Q Ow@y@ uOw@ Q=O=vat '�2 |=Q@ 0 1 R= QDnQR@ Q}O=kt

|@}DQD C}@=QB uwJty |@}DQD p=tDL= |=ypOt R= |O=} R C=ar=]t 'u}W}B |=yp=U
=t=[26�23]"CU= xOW xO=iDU= =yhO=YD COW K]U p}rLD |=Q@ '|@}DQD C}Hq w
Q}N= |=yp=U QO '|@}DQD |=ypOt R= xO=iDU= QO OwHwt CqmWt x@ xHwD =@
VwQ `k=w QO "Ov=xOQm xO=iDU= |@}DQDQ}e |}xrtHOvJ pOt R= |Q=}U@ C=ar=]t
Kw]U R= l} Qy p=tDL= '=yQ}eDt R= l} Qy Q}F-=D Q@ |D}OwOLt uO=O Q=Qk =@ Q}N=
|}=U=vW Qw_vtx@ Q[=L |xar=]t QO [30�27]"Ovm|t x@U=Lt =Q |HwQN Q}eDt
24|tU= VwQ R= 'K]Uty |=yx=oQPo |=yhO=YD COW QO Q=PoQ}F-=D pt=wa
xOW xDiQo Q_v QO |HwQN Q}eDt ẁv x@ xHwD =@ "CU= xOW xO=iDU= �|@}DQDQ}e�
xOW xO=iDU= |R=UpOt Qw_vtx@ |}xrtHOvJ C}Hq pOt R= 'Q[=L |xar=]t QO

"CU=
ẁ[wt pwL xOW x�=Q= |=yptar=QwDUO w xOW s=Hv= C=ar=]t 'Q[=LVN@ QO
=@ xOW s=Hv= C=ar=]t R}v =yDv= QO w x�=Q= K]Uty |=yx=oQPo |=yhO=YD |v}@V}B
\UwD xDiQo s=Hv= C=ar=]t j@] "CU= xOW |UQQ@ u=Q}= QwWm |=yx=oQPo Q@ RmQtD
COW |xQ=@ QO |Qo}O x@=Wt |xar=]t Q}N= |=yp=U QO 'Q[=L Q=DWwv u=oOvU} wv
Q[=L |xar=]t QO =Pr "CU= xDiQov CQwY u=Q}= K]Uty |=yx=oQPo |=yhO=YD
QO Q=PoQ}F-=D pt=wa |}=U=vW |=Q@ |rOt '|}xrtHOvJ C}Hq pOt R= xO=iDU= =@
VN@ QO xm Qw]u=ty "CU= xOW x�=Q= u=Q}= QwWm |=yx=oQPo |=yhO=YD COW
|=yp=U� Q}N= C=ar=]t QO |}xrtHOvJ C}Hq pOt R= 'OW u=}@ C=}@O= QwQt
x@ xHwD =@ "CU= xOW xO=iDU= =yhO=YD COW |UQQ@ |=Q@ �2016 w 2015
Q[=L |xar=]t QO '=yhO=YD COW |UQQ@ QO |}xrtHOvJ C}Hq pOt |}=Q=m
pOt |iQat R= TB 'xt=O= QO "CU= xOW xO=iDU= |}xrtHOvJ C}Hq pOt R= R}v
x@ Q[=L Q=DWwv QO xOWxO=iDU= |=yxO=O |r=tH= h}YwD =@ '|}xrtHOvJ C}Hq
xOW xDN=OQB |}xrtHOvJ C}Hq pOt R= xO=iDU= =@ =yhO=YD COW |R=UpOt

"CU=

=yhO=YD COW |R=UpOt "3
K}[wD =Q |}xrtHOvJ C}Hq |x]@=Q pOt OwN |xar=]t QO nvq xJv; =@ j@=]t
u}= QO 'OW=@ |tU= |HwQN Kw]U J O=OaD =@ MU=B Q}eDt y Qo = 'CU= xO=O
|@}DQD J u=}t QO pw= xwQo xm CU= u}= xv=oOvJ C}Hq pOt |x}[Qi CQwY
=@ m |HwQN |xOy=Wt p=tDL= 'Pr(y = mjx) CQ=@a u}vJty "CU}v
xDN=U CQwY u}= x@ y MU=B Q}eDt |=Q@ pOt [31]"CU= x pkDUt Q}eDt uDW=O
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Vy=m x@ |a}@] Qw]x@ ẁ[wt u}= "Ov=xOW xDW=O xov |k=@ pOt QO 'OvDUy Q=O=vat
Q=Okt '0 90 u=v}t]= K]U |=Hx@ Qw_vt u}tyx@ "OwW|t QHvt =ypOt CkO

"CU= xOW xDiQo Q_v QO u=v}t]= K]U |=Q@ 0 95
C}Hq pOt '3 pwOH QO =yQ}eDt R= l} Qy |=Q@ |v}tND Q}O=kt T=U=Q@

%OwW xDWwv Ov=wD|t 10 w 9 |x]@=Q CQwYx@ |}xrtHOvJ

Log

"
P (Y = xDWm)
P (Y = sr=U)

#
= �40 714 + 3 186x1 � 18 518x2

�0 740x3 � 17 519x4 � 41 879x5 � 20 850x6

+39 352x7 + 22 983x8 + 22 894x9 + 18 540x10 (9)

Log

"
P (Y = |tNR)
P (Y = sr=U)

#
= �4 305 + 4 491x1 + 2 333x2

+1 615x3 + 2 986x4 � 1 572x5 � 1 582x6 + 2 631x7

+0 551x8 + 1 603x9 � 2 201x10 (10)

Q}e QO %QiY 'Crm}U QwDwt Q@=Q@ wQOwN ẁv Qo = %1� wQOwN ẁv %x1 %=yu; QO xm
&�CQwYu}=

&�Q}=U %QiY '|Q=wU wQOwN %1� wQOwN ẁv %x2
&�Q}=U %QiY 'Cv=w wQOwN %1� wQOwN ẁv %x3

&�Q}=U %QiY 'Q=]k =@ x}rkv |xr}Uw OQwNQ@ %1� OQwNQ@ |xwLv %x4
&�CQwYu}= Q}e QO QiY '4 R= QDtm l}� uo =w O=OaD %x5

&�CQwYu}= Q}e QO %QiY '13 =D 5 u}@ %1� uo =w O=OaD %x6
&�CQwYu}= Q}e QO %QiY '|}=vWwQ OwHw sOa %1� x=oQPo |}=vWwQ %x7

&�Q}=U %QiY 'OQivt w}Dwtwmr 1� Q=]k ẁv %x8
&�Q}=U %QiY '|Qi=Ut 1� Q=]k ẁv %x9

"�CQwYu}= Q}e QO %QiY 'OwOLt 1� |}xO=H u=oOvv=Q O}O C}a[w %x10
'OvDUy Q=O=vat =ypOt R=|m} QO\ki xm|}=yQ}eDt hPL =@ xmCU= QmP x@ sRq
Cw=iD |a}@] Qw]x@ 'CU= xOW x�=Q= Q}N= |=ypOt QO xJv; =@ |v}tND ?}=Q[
|}xrtHOvJ C}Hq pOt |R=UxO=}B R= pY=L G}=Dv '4 pwOH QO "CW=O Oy=wN
Q=Okt |=Q@ xOt; CUOx@ Q}O=kt T=U=Q@ "OwW|t xOy=Wt =yQ}eDt R= l} Qy |=Q@
T=U=Q@ w 4 pwOH j@=]t "OQm XNWt =Q Q}eDt Qy C}ty= xHQO u=wD|t '�P
w pOt C@=F ?} Q[ R= sa= xOW x�=Q= |=yQ}eDt |t=tD '�90 u=v}t]= |xrY=i
Q=]k ẁv 'x=oQPo |}=vWwQ 'uo =w O=OaD 'OQwNQ@ ẁv 'x}rkv |xr}Uw ẁv |=yQ}eDt
|Qw]x@ "OvDUy Q=PoQ}F-=D pOt QO |Q=O=vat Qw] x@ xO=H u=oOvv=Q O}O C}a[w w
QO OQwNQ@ ẁv w uo =w O=OaD |=yQ}eDt w Q}eDt u} QDC}ty=QB x=oQPo |}=vWwQ xm
|=yQ}eDt u=}t |oDU@ty T} QD=t R}v 5 pwOH QO "OvQ=O Q=Qk |Oa@ |=yu=mt

"CU= xOW x�=Q= xDU@=w Q}eDt w pOt QO xOv=t|k=@ pkDUt
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yt "xDU@=w w pkDUt |=yQ}eDt u=}t |oDU@ty T} QD=t "5 pwOH
O=OaD ẁv |}=vWwQ O}O C}a[w |xwLv ẁv COW
uo =w Q=]k x=oQPo |}xO=H u=oOvv=Q OQwNQ@ wQOwN xOvv=Q

0 187 0 017 �0 266 0 230 0 067 �0 332 1 uwUQ}B ?} Q[ xOvv=Q COW0 118 0 872 0 011 0 029 0 530 0 001 |Q=O=vat

�0 108 �0 041 0 239 �0 246 �0 135 1 uwUQ}B ?} Q[ wQOwN ẁv0 372 0 701 0 023 0 019 0 205 |Q=O=vat

0 045 �0 007 �0 189 0 285 1 uwUQ}B ?} Q[ OQwNQ@ |xwLv0 710 0 950 0 075 0 007 |Q=O=vat

0 008 �0 075 �0 262 1 uwUQ}B ?} Q[ O}O C}a[w
0 950 0 482 0 013 |Q=O=vat |}xO=H u=oOvv=Q

0 093 0 132 1 uwUQ}B ?} Q[ x=oQPo |}=vWwQ0 443 0 216 |Q=O=vat

0 853 1 uwUQ}B ?} Q[ Q=]k ẁv0 000 |Q=O=vat

1 uwUQ}B ?} Q[ uo =w O=OaD|Q=O=vat

"CU= |r} Q pkv w ptL |xm@W QO lU} Q |=Q=O w Q]NQB |=yx=oQPo |}=U=vW
|=yx=oQPo |=yhO=YD COW |xv}tR QO 'OW xQ=W= R}v xtOkt QO xm Qw]u=ty
|x�=Q= p=@vO x@ Q[=L |xar=]t "CU= xOW s=Hv= |mOv= C=ar=]t 'u=Q}= K]Uty
|=yxO=O x@ xR=D |y=ov =@ =yhO=YD COW QO Q=PoQ}F-=D pt=wa |}=U=vW |=Q@ |rOt
x=oQPo 240 C=YNWt R= Q[=L |xar=]t QO "CU= Q}N= |=yp=U QO =yhO=YD
xO=iDU= K]Uty |=yx=oQPo QO xO=ONQ |=yhO=YD C=aq]= w u=Q}= QwWm R=Ht
QO Q=PoQ}F-=D pt=wa |}=U=vW |=Q@ |}xrtHOvJ C}Hq pOt u}vJty "CU= xOW
xO=iDU= OQwt |=yxO=O xm CU= QmP x@ sRq "CU= xOW xO=iDU= =yhO=YD COW
|xU}=kt "CU= 1392 |r= 1388 |=yp=U |xR=@ x@ \w@ Qt Q[=L |xar=]t QO
|=yhO=YD |wQ Q@ u=Q=mty w |D}; xm xJv; =@ Q[=L |xar=]t R= pY=L G}=Dv
pt=wa R= QDy@ xJ Qy lQO x@ Ov=wD|t 'Ov=xO=O s=Hv= 1385 |r= 1381 |=yp=U
CUOx@ G}=Dv |xU}=kt "Ovm ltm u=Q}= QwWm |y=oQPo |=yhO=YD QO Q=PoQ}F-=D
'uo =w O=OaD 'OQwNQ@ ẁv 'x}rkv |xr}Uw ẁv %uwJty |rt=wa uOw@syt Qov=Wv 'xOt;
"CU= Q[=L |xar=]t QO xO=H u=oOvv=Q O}O C}a[w w 'Q=]k ẁv 'x=oQPo |}=vWwQ
R= |NQ@ 'xO=iDU= OQwt |=yxO=O u=Ykv x@ xHwD =@ Q[=L |xar=]t QO u}vJty

"Ov=xOWv Q=O=vat xDWm pOt QO xDiQ Q=mx@ |=yQ}eDt

u}= =@ 'CU= ẁ[wt u}ty |xOvvmO}}-=D R}v xDWm pOt QO Crm}UQwDwt |=Q@ xOW
x@ \w@ Qt Kw]U 'xO=iDU= OQwt |=yxO=O QO u=oOWxDWm Vvm =QB p}rO x@ xm Cw=iD

"Ov=xOWv Q=O=vat Cv=w w |Q=wU |x}rkv |xr}Uw
xm Qw]u=ty "CU= |@r=H Q=}U@ G}=Dv R= |m =L R}v OQwNQ@ ẁv pt=a p}rLD
|QDq=@ Q=}U@ p=tDL= 'x}rkv |xr}Uw x@ Q=]k OQwNQ@ 'OwW|t xOy=Wt 3 pwOH QO
OQwNQ@ ẁv pt=a xm =Hv; R= "CW=O Oy=wN x}rkv |xr}Uw |xOvv=Q uOW|tNR |=Q@
\}=QW QO uOW xDWm p=tDL= OQwt QO Q_vQ=y_= 'CU= xOWv Q=O=vat xDWm pOt QO
pOt QO OQwNQ@ ẁv pt=a uOW Q=O=vat sOa "CU}v Q}PBu=mt= OQwNQ@ hrDNt
=@ x}rkv |xr}Uw OQwNQ@ s=ovy QO u=oOvv=Q uOW xDWm sOa p}rO x@ Ov=wD|t xDWm

"OW=@ |UQQ@ OQwt |=yhO=YD QO Q=]k

|Ov@`tH "7
T=U=Q@ =yx=oQPo C}a[w 'u=Q}= QO Q[=L p=L QO 'OW xQ=W= QDV}B xm Qw]u=ty
|=yVwQ R= |m} xm OvwW|t |UQQ@ =yu; QO xO=ONQ |=yhO=YD O=OaD VwQ

=yCWwv=B
1. national highway tra�c safety administration (NHTSA)

2. Savolainen
3. ordered logit
4. probit
5. multinomial logit
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6. binary logit
7. binary probit
8. nested
9. Yan
10. FRA
11. Abdel-Aty
12. Xhao
13. Khattak
14. Hao
15. Daniel
16. logit mixed
17. ordered probit
18. multinomial logit model
19. coleman-stewart
20. United States department of transportation
21. latent class
22. empirical bayesian
23. logit
24. nominal
25. Naive
26. Uni-variable analysis
27. Mickey and Greenland
28. statistical package for social science
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