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ẁv u}}aD |=Q@ |@}DQD l}DUHr uw}UQoQ Vkv |UQQ@ �� 2009 [16]QDN= |oR=p@=kDt p}rLD p@=kt QO �xv=NRBW;Cq;Q}W� pwYLt xv}y@

*

C}=Oy =@ |v@ Qm |=yQ@}i |WWm Ctw=kt u}@ \=@DQ= u}}aD
�� 2010 u=Q=mty w nv=}sD} Qwor= R= xO=iDU= =@ =yQDt=Q=B Q}O=kt |R=Uxv}y@ w |m} QDmr=

[17]

l}DvS

*
C}=U R= u=} wHWv=O |OvtC}=[Q u=R}t VHvU QO |Q}oQ=mx@ |} RH Cq=tDL= pOt Q[=L VywSB

x=oWv=O xv=}=Q |@Uv
xr=kt QO |R=Uxv}y@ VwQ |UQQ@ sOa %�� xr=kt QO |R=Uxv}y@ VwQ |UQQ@ %*
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Q}eDt uw}UQoQ ẁv u}= QO "�Ovr@/ x=Dwm pFt� OwW|t u=}@ xDUUo |}=DwO CQwYx@
`} RwD CQwYx@ MU=B Q}eDt Qo}O CQ=@ax@ "OwW|t h} QaD 1 w QiY CQwYx@ MU=B
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v}y@CUOx@ 6 |x]@=Q j@=]tC}Hr `@=D 'OvDUy|rQDvm |=yQ}eDt R=l} Qy |=Q@ pY=L

"O};|t

Logit(Y � i) = �i

1��i
= exp(Z) (6)

xm OQ=O OwHw xrO=at k � 1 x=ov; 'OW=@ k MU=B Q}eDt |=y|Ov@xk@] O=OaD Qo =
|=Q@ |va} "O};|t OwHwx@ |rwyHt k |xrO=at k 'Pk

i=1 Pi = 1 |xrO=at x=Qtyx@
u=wD|tv s=k Q]U |=Q@ "CWwv =Q 6 |r=tDL= CqO=at O}=@ MU=B Q}eDt R= Q]U Qy
R= w CU= Q]U k |atHD Cq=tDL= �k 'OW xDio xm u=vJ "CWwv =Q 6 |xrO=at
w xOW QiY 6 |xrO=at QUm GQNt Q=Okt xH}DvQO "Pk

i=1 Pi = 1 %s} Q=O |iQ]
xi=[= xrO=at k� 1 x@ kP

i=1
Pi = 1 |xrO=at p}rO u}tyx@ "CU=vat|@ VQ=Okt

"CU= 7 |xrO=at R= xO=iDU= P |x@U=Lt |=yVwQ R= Qo}O |m} "OwW|t

P = eZ

1 + eZ
(7)

|=Q@ ,qwtat xm CU= |OQi Cq=tDL= Q}O=kt |x@U=Lt VwQ u} QDxO=U 'VwQ u}=
|=ypOt w s}y=it =@ |}=vW; R= TB xt=O= QO "OwW|t xO=iDU= u; R= C=@U=Lt

"OwW|t x�=Q= xr�Ut |R=Uxv}y@ |=yVwQ '|@}DQD l}DUHr uw}UQoQ

|@}DQD l}DUHr uw}UQoQ |R=Uxv}y@ "5
"CU= |@}DQD l}DUHr uw}UQoQ pOt QO MU=B Q}eDt |R=Uxv}y@ VN@ u}= R= hOy
|Q=t}D ẁkw |=Q@ p=tDL= u} QDW}@ uOQw; CUOx@ 'MU=B Q}eDt |R=Uxv}y@ R= Qw_vt
O}=@ 'pOt u}= QO xv}y@ ?=wH uDW=O |=Q@ "CU= |Y}YND |x@DQ u} QDq=@ =@
|ak=w |=}vO QO xm |DQwYQO "OQm p}rLD w |Qw; `tH =Q OwHwt |=yxO=O s=tD
T=U=Q@ TB "CU= pmWt 'O=} R |SQv= w Ckw x@ R=}v Crax@ 'hOy u}= x@ p}v
uw}UQoQ QO "OvR=OQB|t |Q=t; |xat=H p}rLD x@ |ak=w |=}vO R= |Q=OQ@xvwtv
CU= |rQDvm pt=wa R= ?}mQD u} QDy@ uDi=} |R=Uxv}y@ R= hOy |@}DQD l}DUHr
|Dkw p=Ft |=Q@ "OW=@ umtt |x@DQ u} QDy@ QO p=tDL= Q=Okt u} QDW}@ |=Q=O xm
x=ov; 'CU= x@DQ u} QDy@ OOa u} QDW}@ xm OwW ZQi w OW=@ 8 =yx@DQ O=OaD xm
|=Q@ O}=@ R}v |@}DQD l}DUHr uw}UQoQ pOt &OW Oy=wN x@DQ u} QDy@ 8 OOa
|=yCr=L xty |UQQ@ "QDQ@ |x@DQ x@ uDi=} CUO |va} 'OwW xv}y@ OOa u}=
|Oa@ VN@ Q} R wO QO p}rO u}tyx@ w 'CU= Q@u=tR |Qt= |R=Uxv}y@ |=Q@ umtt
xOW O=yvW}B ?U=vt |@=wH x@ uO}UQ ^iL =@ pL u=tR uOQmsm |=Q@ |}=yVwQ
xU}=kt sy =@ sD} Qwor= wO u}= \UwD xOt; CUOx@ G}=Dv R}v u; |xt=O= QO "CU=

"Ov=xOW

|Q=mD@= |O=yvW}B sD} Qwor= "1"5
Qw]x@ �=yx� |rQDvm Q}eDt Qy R= =OD@= xm CU= u=vJ Qw_vt u}= |=Q@ xOWP=ND= VwQ
|=Q@ x}rw= ?=wH l} Q}O=kt u}= R= xO=iDU= =@ "s}vm|t ?=NDv= =Q Q=Okt l} |iO=YD
,=D=P xm CU= QmP p@=k "O};|t CUOx@ Z = �+�1x1 +�2x2 + :::+�mxm
uw}UQoQ R= xO=iDU= |=Hx@ u=wD|tv w CU= |]NQ}e l}DUHr uw}UQoQ |x]@=Q
|=Q=O MU=B |=yQ}eDt =Q} R 'OQm xO=iDU= QDq=@ C=HQO uw}UQoQ |x]@=Q R= l}DUHr
|x]@=Q R= u=wD|t u}vJty "�CU= Cw=iDt R}v =yQ}eDt TvH w� CU}v p=tQv `} RwD
=t= 'OQm xO=iDU= Z CU=Q CtU QO �=yQ}eDt u}@ p@=kDt \=@DQ= OwHw� |]NQ}e

"OQm xO=iDU= l}DUHr uw}UQoQ Qo}O ẁv wO R= O}=@ w CUH xQy@ |Qv}=@ l}DUHr
CQwYx@ =yQ}eDt TvH |tU= Cr=L QO xm CU= u; |@}DQD =@ |tU= Cr=L Cw=iD
|@}DQD uw}UQoQ QO =yQ}eDt TvH xm |r=L QO 'xOw@ �RtQk/ OQR/ |@; pFt� sU=
"OwW|t u=}@ �h}a[/ \UwDt/ ?wN =} 4 '3 '2 '1 pFt� |}x@DQ CQwYx@
|=Hx@ l}DUHr uw}UQoQ R= xO=iDU= p}qO xm O=O MU=B p=-wU u}= x@ O}=@ p=L
MU=B QO #CU}J xOW |Ov@xk@] |=yQ}eDt p}rLD w x} RHD QO |]N uw}UQoQ
'|]N uw}UQoQ R= xO=iDU= \QW xm u; CUNv %OQm xQ=W= syt p}rO wO x@ u=wD|t
QO =yQ}eDt u}= xm |r=L QO [18]'CU= 7xOv=t|k=@ |=yQ}eDt Q}O=kt uOw@p=tQv
C}y=t swO p}rO "Ovvm|tv |wQ}B p=tQv `} RwD R= ,=twRr xOW|Ov@xk@] |=yMU=B
uwJ w OvQ=O |@}DQD w |tU= '|}xrY=i '|@Uv C}y=t Q=yJ =yQ}eDt &CU=yQ}eDt
|]NQ}e uw}UQoQ R= O}=@ CU= |@}DQD =} |tU= xOW|Ov@xk@] |=yQ}eDt C}y=t
|R=Uxv}y@ xr=kt u}= *hOy xm =Hv; R= "OQm xO=iDU= =yu; p}rLD |=Q@ �l}DUHr�
uw}UQoQ ẁv u}= |=ypOt |UQQ@ x@ xt=O= QO 'CU= |@}DQD l}DUHr uw}UQoQ

"OwW|t xDN=OQB l}DUHr

|@}DQD l}DUHr uw}UQoQ pOt "4
"OwW|t |iQat �uwUQD}B pOt u=}@� |@}DQD l}DUHr uw}UQoQ pOt VN@ u}= QO
MU=B |=yQ}eDt p}rLD |=Q@ l}DUHr uw}UQoQ 'OW u=}@ R}v QDV}B xm u=vJ
QO� MU=B Q}eDt |=y|Ov@xk@] O=OaD hQat i Qo = "OwQ|t Q=mx@ xOW|Ov@xk@]
hQat � '�MU=B x@ |Y}YND |x@DQ u} QDW}@ Q@=Q@ |@}DQD l}DUHr uw}UQoQ
Q}eDt R= xDUO Qy ẁkw |OQi Cq=tDL= Qou=Wv p w '=yMU=B |atHD Cq=tDL=
|atHD Cq=tDL= x=ov; 'OW=@ �MU=B Qy x@ |Y}YND |x@DQ ẁkw p=tDL=� MU=B

"CU= 2 |x]@=Q CQwYx@ MU=B |=yQ}eDt ẁkw
�(i) =

X
i

P (Y � i) = p1 + p2 + :::+ pi (2)

�8Cq=tDL= C@Uv� |@}DQD l}DUHr uw}UQoQ |xw}W QO OwHwt Qo}O XN=W
Cq=tDL= ẁtHt x@ =Q s=i |xDUO |=Q@ |atHD p=tDL= Q=Okt C@Uv u}= "CU=
|xDUO |=Q@ Cq=tDL= C@Uv hQat 3 |x]@=Q "OyO|t u=Wv =Q k�1 =D i |xDUO

"CU= s=i

odds(Y � i) = P (Y � i)
1� P (Y � i) i = 1; 2; :::; k � 1 (3)

%CWwv R}v u}vJ =Q Cq=tDL= C@Uv |x]@=Q u=wD|t Qo}O CQ=@ax@
odds(Y � i) = P (Y � i)

P (Y > i)
i = 1; 2; :::; k � 1 (4)

|@}DQD l}DUHr uw}UQoQ QO Cq=tDL= Q}O=kt |x@U=Lt |=Q@ u=wD|t xm |rOt =t=
Cq=tDL=C@Uv R= |tD} Q=or CQwYx@ `@=D u}= "CU= |a}@] sD} Q=or `@=D 'OQ@ Q=mx@

%OwW|t xO=O u=Wv

Logit(Y � i) = ln( �i

1��i
) = ln( P (Y � i)

1� P (Y � i) ) (5)

%=@ CU= Q@=Q@ |atHD C}Hr `@=D Q=Okt u; QO xm
?}=Q[ =y�i xm u}= x@ xHwD =@ "Z = � + �1x1 + �2x2 + ::: + �mxm
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Q_v OQwt Q]U |=Q@ xv}y@ Q=Okt p w '|rQDvm |=yQ}eDt |xv}y@ Q}O=kt =yx "OwW
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7 |x@DQ R= QDQ@ 8 |x@DQ ,qFt &CU= QDlJwm OOa =@ |}x@DQ R= QDQ@ QDnQR@ OOa

"CU=

|Q=mD@==Qi |O=yvW}B sD} Qwor= "2"5
xr�Ut |R=Uxv}y@ w pL Ov}=Qi xm OW O=yvW}B |Q=mD@= VwQ l} p@k CtUk QO
Q}O=kt uOw@|iO=YD 'VwQ u}= ha[ `k=wQO "OyO|t s=Hv= |iO=YD CQwYx@ =Q
C}a]k sOa ?Hwt =yha[ u}ty "CU= uqm j]vt l} R= |wQ}B sOa w
R= pmWt u}= `iQ |=Q@ "CU= j}kO ?=wH =@ ?=wH O=} R |xrY=i w MU=B QO
|R=Ux}@W VwQ =yu; u} QDhwQat xm 'OwW|t xO=iDU= |Q=mD@==Qi |=ysD} Qwor=
|rLt |wHwCUH VwQ l} |DQ=QL C=}rta |R=Ux}@W "CU= |DQ=QL C=}rta

|]N |x]@=Q R= 'CU= Q=wWO Q=}U@ 9|vw}UQoQ ?}=Q[ u}tND Cr=L u}= QO uwJ
R= xO=iDU= =@ =yp 'x}rw= ?=wH Qy R= xO=iDU= =@ TBU "OwW|t xO=iDU= p}rLD |=Q@

"O};|t CUOx@ kP
i=1

Pi = 1 uDiQo Q_v QO =@ 8 |x]@=Q w 6 |x]@=Q
nX
i=1

Pi = exp(z)
1 + exp(z)

n = 1; :; ::; k � 1 (8)

u} QDW}@ =@ 'CU= QDQ@ |x@DQ Qou=}@ xm p 'xOWO}rwD |iO=YD Q}O=kt u}= x@ xHwD =@
u} QDW}@ R= xJv=vJ &OwW|t xU}=kt �QiY,qFt� xOW XNWt =OD@= QO xm |r=tDL=
|xrLQt x@ ,=OOHt w Ovm|t C@F =Q x w p=tDL= Q=Okt 'Ow@ QDnQR@ p=tDL=
u}= "Ovm O}rwD O}OH |=yp '=yQ}eDt O}OH Q}O=kt R= xO=iDU= =@ =D OOQo|tQ@ pw=
CUOx@ x w p u} QDy@ 'Q=QmD u=}=B R= TB w OwW|t Q=QmD |v}at O=OaD =D Q=m
xtD=N sD} Qwor= 'Ow@ =yp |xv}W}@ Q=Okt =@ Q@=Q@ p u} QDy@ u}= Qo = p=L "O};|t
sD} Qwor= xQ=@ wO w xOQm sm x@DQ l} QDQ@ |x@DQ R= 'CQwYu}= Q}e QO w O@=}|t
Q=Okt =@ sD} Qwor= |Q}os}tYD "OW Oy=wN =QH= xOW u}}aD *Q=QmD O=OaD u=ty =@
xv}W}@ p Q=Okt uDW=O \QW O}=@ Q=QmD u=}=B R= TB w OwW|t s=Hv= x@DQ u}= p

"|Q=mD@= |O=yvW}B sD} Qwor= CQ=Jwri "1 pmW
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x=ov; 'OW=@ P1 � P2 Qo = p=L 'O}yO Q=Qk 1 w 0 u}@
Nlimit = Nlimit+1 'B x = x 'B P = Probability(B G)

=} Nover = Max nover Qo = p=L "Nover = Nover + 1 w
CQwYu}= Q}e QO 'O} wQ@ 10 s=o x@ x=ov; 'Ow@ Nlimit = Max nlimit

Qo = w Nover = Nover + 1 x=ov; 'OW=@ P1 � P2 Qo = "O} wQ@ 7 s=o x@
CQwYu}= Q}e QO 'O} wQ@ 10 s=o x@ x=ov; 'OW=@ Nover = Max nover

"O} wQ@ 7 s=o x@
x@ CQwYu}= Q}e QO 'O} wQ@ 11 s=o x@ x=ov; Ow@ T � T0 Qo = "T = R� T0 "10

"O} wQ@ 3 s=o
"O}yO Q=Qk 1 Q@=Q@ xOvQ=tW u=wvax@ =Q i Q=Okt "11

x=ov; 'OW=@ (Up(i) � B X(i))=(Up(i) � Low(i)) = 0 5 Qo = "12
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x@ CQwYu}= Q}e QO w 'O} wQ@ 14 s=o x@ x=ov; OW=@ i = U Qo = "i = i+ 1 "13
"O} wQ@ 12 s=o

CQwYu}= Q}e QO w O} wQ@ 15 s=o x@ x=ov; OW=@ D = 2 Qo = "D = D + 1 "14
"O} wQ@ 5 s=o x@

s=o x@ x=ov; Ow@ Cq=tDL= Q=Okt u} QDW}@ =@ Q@=Q@ probability(B G) Qo = "15
"O} wQ@ 2 s=o x@ w B G = B G� 1 CQwYu}= Q}e QO 'xDiQ 16

"O}vm A=J |}=yv ?=wH u=wvax@ =Q B x w probability(B G) 'B G "16
xO=iDU= =yV}=tR; |L=Q] R= sD} Qwor= |=yQDt=Q=B s}_vD |=Q@ OwW|t Qw;O=}
=yQDt=Q=B R= l} Qy |=Q@ |O=yvW}B K]U wO =OD@= xm CQwY u}= x@ "CU= xOW
O=OaD 10|QUm pt=wa 1 2 |W}=tR; KQ] R= xO=iDU= =@ TBU 'xOW ?=NDv=
Q}O=kt x@ xHwD =@ "CU= xOt; CUOx@ V}=tR; u}= |=Q@ |W}=tR; KQ] 16
hOy `@=D Q=Okt |=Q=O xm |LQ] w xOW=QH= sD} Qwor= 'KQ] u}= |=yQDt=Q=B
QO "CU= xOW ?=NDv= xOWs}_vD |=yQDt=Q=B w QDQ@ KQ] u=wvax@ 'Ow@ |QDy@
s}y=wN |O=yvW}B |=ysD} Qwor= |UQQ@ x@ |OOa |=yp=Ft pL =@ |Oa@ VN@

"CN=OQB

|OOa p=Ft pL w x�=Q= "6
l} Qy ha[ w Cwk \=kv w OQmrta |xwLv 'pL VwQ wO OQwtQO p@k VN@ QO
*u}DUNv xm OwW|t u=}@ |OOa p=Ft wO VN@ u}= QO "s}DN=OQB EL@ x@ =yu; R=
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[19]"OvO=O
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T
) (9)

sD} Qwor= |=tO T "OvQ=QmD Qy QO hOy `@=D Q}O=kt B Z w Z x]@=Q u}= QO
"CU= |DQ=QL C=}rta QO CmQL |=Q@ VQ}PB \QW p w 'Q_v OQwt Q=QmD QO
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|Q=mD@==Qi |O=yvW}B sD} Qwor= Om V}B "1"2"5
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"�Ov=xOW

"O}yO Q=Qk QiY Q@=Q@ xOvQ=tW u=wvax@ =Q Nover w Nlimit "6
"O}yO Q=Qk |rQDvm pt=a Qy |=Q@ u}}=B w q=@ OwOL u}@ |iO=YD Q}O=kt Q@=Q@ =QX "7

x=ov; Ow@ probability(B G) � B P Qo = 'Q}O=kt u}= x@ xHwD =@ "8
w Nlimit = Nlimit+ 1 'B P = probability(B G)

=} Nover = Max nover Qo = p=L "Nover = Nover + 1
Qo = w 'O} wQ@ 10 s=o x@ x=ov; 'Ow@ Nlimit = Max nlimit

"O} wQ@ 9 s=o x@ Ow@ probability(B G) � B P
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G}=Dv w xOW |R=UxO=}B 'xOw@ 4GB u; RAM w 2 53GH u; CPU xm |}xv=}=Q =@
p=tDL= =@ 16 |xk@] 'umtt |x@DQ u} QDy@ xm s}v=O|t "CU= xOt; 4 pwOH QO u;
pwOH QO Q=t}D u}tHvB 'CU= xk@] u}= |=Q=O xm |Q=t}D "CU= 0 6118 Q@=Q@
j}kO ?=wH w CU= |[Qi p�=Ut VN@ u}= p�=Ut OW u=}@ xm u=vJ "CU= 3
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|Q=QmDQ}e CQwYx@ 15 =D 1 u}@ OOa |iO=YD Qw]x@ =yQ=t}D |x}k@ x@ w 16 OOa
|=ysD} Qwor= |UQQ@ |=Q@ j}kO |@=wH uDW=O p}rOx@ x} wQ u}= "CU= xOW xO=O

"CU= xOW |L=Q] |O=yvW}B
|=ysD} Qwor= |=y?=wH xrY=i u}ov=}t xm OyO|t u=Wv 4 pwOH QO xm u=vJ
"CU= �7 2245 w 37 4087 Q@=Q@ ?}DQDx@ xOW O=yvW}B |Q=mD@==Qi w |Q=mD@=
|Q=mD@= sD} Qwor= R= QDy@ |@=wH |Q=mD@==Qi sD} Qwor= xm CU= u}= Qou=}@ G}=Dv u}=
xO=iDU= Tv=} Q=w R}r=v; R= pwOH u}= G}=Dv QDy@ xU}=kt w QDW}@ p}rLD |=Q@ "OQ=O
MATLAB7 8 Q=Ri=sQv \UwD xOWs=Hv= Tv=} Q=w R}r=v; x@ xHwD =@ "CU= xOW
|xrY=i w '0 1847 Q@=Q@ |O=yvW}B |Q=mD@= w |Q=mD@==Qi VwQ u}ov=}t hqDN=
=Hv; R= "CU= xOW [0 1565; 0 2129] Q@=Q@ R}v hqDN= u}= |=Q@ 0 95 u=v}t]=
sy =@ VwQ wO u}= |=yu}ov=}t 'OQ=Ov Q=Qk u=v}t]= |xrY=i u}= QO QiY OOa xm
MU=B Q}eDt |R=Uxv}y@ QO |Q=mD@==Qi VwQ QDy@ OQmrta Qou=}@ 2 pmW "Ov=Cw=iDt

"CU= |@}DQD l}DUHr uw}UQoQ
xm 'xOW O=H}= 2 |xr�Ut |Q=mD@==Qi sD} Qwor= QDW}@ |UQQ@ |=Q@ xt=O= QO
|=yxk@] w|rQDvm pt=wa O=OaD "CU=XNWt=v u; j}kO ?=wH 1 |xr�Ut hqNQ@
1 xr�Ut x}@W xr�Ut u}= u}}=B w q=@ OwOL "CU= 1 |xr�Ut Ovv=ty 2 |xr�Ut
2 |xr�Ut "CU= xOW xOQw; ? |xt}t[ QO pt=m Qw]x@ 2 |xr�Ut pOt "CU=
|Q=mD@= VwQ x@ C@Uv QDy@ OQmrta p}rOx@ |O=yvW}B |Q=mD@==Qi sD} Qwor= \UwD
xU}=kt QO |Q=mD@==Qi sD} Qwor= R= =QH= u}tyOQ=yJ MU=B "�5 pwOH� CU= xOW pL
'=QH= u}= Q}O=kt R= |NQ@ |}=Qoty x@ xHwD =@ "�5 pwOH� CU= QDy@ =y=QH= Qo}O =@

"�6 pwOH� Ci=} CUO R}v |QDy@ ?=wH x@ u=wD|t OUQ|t Q_v x@
|r=tDL= Q}O=kt '2 |xr�Ut |Q=mD@==Qi pL R= TB '6 pwOH Q}O=kt x@ xHwD =@

"Ot; CUO x@ xr�Ut |@}DQD |=yxk@] |=Q@ 7 pwOH
'xOW x�=Q= xk@] Qy x@ |Y}YND |=yx@DQ R= l} Qy ẁkw p=tDL= 7 pwOH QO
"CU= ẁkw p=tDL= u} QDW}@ |=Q=O xr�Ut MU=B |=Q@ 16 |x@DQ xm Ovm|t u=}@ w

"u=v}t]= xrY=i T=U= Q@ |O=yvW}B VwQ wO |xU}=kt "2 pmW

"|rQDvm |=yQ}eDt OwOL "2 pwOH
QwDm =i ẁv q=@ OL u}}=B OL QwDm =i s=v
xDUUo 1000 100 A

xDUw}B 12 10 B

xDUUo 1 0 C

xDUw}B 1 �1 D

xDUUo 40 20 E

xDUw}B 1 0 F

xDUUo 40 30 G

xDUUo 1 0 H

xDUw}B 1 0 I

xDUUo 15 10 J

"xOW|L=Q] |=yQ=t}D "3 pwOH
|rQDvm pt=wa Q=t}D

J I H G F E D C B A

10 1 1 40 0 20 �1 1 12 100 1
15 1 0 30 0 20 �1 0 10 100 2
15 1 1 30 0 40 1 1 10 100 3
15 1 1 40 1 40 1 1 12 1000 4
15 0 1 40 1 20 1 0 10 100 5
15 0 0 30 0 40 �1 1 12 100 6
10 1 1 30 1 20 �1 1 10 1000 7
10 0 1 30 1 40 �1 0 12 100 8
10 1 0 30 1 40 1 0 10 1000 9
15 1 0 40 1 20 �1 0 12 1000 10
15 0 1 30 0 20 1 0 12 1000 11
10 0 1 40 0 40 �1 0 10 1000 12
10 1 0 40 0 40 1 0 12 100 13
15 0 0 40 1 40 �1 1 10 100 14
10 0 0 30 1 20 1 1 12 100 15
10 0 0 40 0 20 1 1 10 1000 16

|=yx@DQ u=ty MU=B u}= xm CU= MU=B l} |=Q=O 3 pwOH QO Q=t}D Qy
"CU=Dm} Q=t}D Qy |=Q@ MU=B Q}O=kt Q=QmD Qy QO TB "Ov=|@}DQD l}DUHr uw}UQoQ
(i = ?}=Q[ "OvW=@ Q@=Q@ |x@DQ |=Q=O Ovv=wD|tv Q=t}D wO Q=QmD l} QO |va}
x@U=Lt Minitab Q=Ri=sQv =@ (j = 1; 2; :::; 15)�j C@=F w 1; 2; :::; 15)�i
hr= |xt}t[ QO pw= |xr�Ut |=Q@ |@}DQD l}DUHr uw}UQoQ pOt "CU= xOW

"CU= xOt;
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"|O=yvW}B |=ysD} Qwor= \UwD 1 |xr�Ut pL G}=Dv "4 pwOH
=@ xrY=i pL u=tR Q=Okt xk@] |rQDvm pt=wa

=QH=j}kO ?=wH �x}v=F� p=tDL= ?=wH J I H G F E D C B A
���

31 43 1 4724 0 4195 16 14 0 1190 1 39 0 7652 20 0 5602 0 10 1985 110 1

VwQ

34 91 1 4627 0 3982 16 15 0 0127 1 40 0 8146 25 0 8692 0 10 7099 151 2

|Q=mD@=

38 13 1 4686 0 3785 16 15 0 1740 1 36 0 8356 22 0 8852 0 10 2864 273 3
37 02 1 4609 0 3853 16 15 0 2119 1 32 0 9563 20 0 9328 0 10 5043 162 4
55 54 1 4651 0 2720 16 10 0 5261 1 37 0 8555 20 0 6893 0 10 0150 365 5
37 75 1 4513 0 3808 16 13 0 3519 1 33 0 9084 20 0 9840 0 10 1107 209 6
34 24 1 4543 0 4023 16 15 0 3446 1 37 0 9576 20 0 9140 0 10 4558 247 7
32 74 1 4545 0 4115 16 14 0 5253 1 36 0 9765 21 0 8911 0 10 0293 228 8
31 82 1 4567 0 4171 16 15 0 3364 1 38 0 8971 30 0 9086 0 10 1265 121 9
36 53 1 7475 0 3883 16 14 0 6829 1 40 0 8859 28 0 9467 0 10 2618 108 10
43 20 1 4617 0 3475 16 15 0 3294 1 36 0 9859 22 0 4571 0 10 3946 189 11
39 88 1 4707 0 3678 16 13 0 1668 1 37 0 9146 25 0 5297 0 10 0739 161 12
41 14 1 4607 0 3601 16 12 0 6491 1 34 0 9458 20 0 9079 0 10 0032 193 13
38 49 1 4572 0 3763 16 13 0 0201 1 39 0 8416 28 0 9779 0 10 4153 198 14
28 31 1 4722 0 4386 16 15 0 1168 1 40 0 8256 21 0 9659 0 10 6029 174 15
3 792 12 6479 0 5886 16 15 0 0089 1 39 0 979 20 0 9825 0 10 0203 103 1

VwQ

4 854 12 6187 0 5821 16 15 0 0182 1 39 0 984 20 0 9952 0 10 0196 128 2

|Q=mD@==Qi

2 975 12 5877 0 5936 16 15 0 0349 1 40 0 98 20 0 988 0 10 0593 101 3
2 795 12 7062 0 5947 16 15 0 0163 1 40 0 9805 20 0 9783 0 10 0004 123 4
12 766 12 4877 0 5337 16 15 0 625 1 40 0 9991 20 0 9948 0 10 0443 105 5
16 835 12 5806 0 5088 16 15 0 0435 1 33 0 9904 20 0 9936 0 10 0245 131 6
15 92 12 6839 0 5144 16 15 0 006 1 40 0 9734 20 0 9833 0 10 0136 101 7
1 945 13 7109 0 5999 16 15 0 0382 1 40 0 9937 20 0 9851 0 10 0084 109 8
3 547 12 7156 0 5901 16 15 0 0002 1 40 0 937 21 0 997 0 10 0024 100 9
13 648 12 6941 0 5283 16 11 0 0032 1 40 0 9924 20 0 9841 0 10 0556 106 10
15 986 14 3821 0 514 16 15 0 0283 1 33 0 9935 20 0 9825 0 10 0025 127 11
6 505 14 2057 0 572 16 15 0 0597 1 40 0 9699 20 0 876 0 10 019 117 12
2 239 12 9654 0 5981 16 15 0 0307 1 40 0 9899 20 0 9837 0 10 0131 112 13
3 204 13 0968 0 5922 16 15 0 0613 1 40 0 9897 20 0 9916 0 10 0175 121 14
1 357 12 9684 0 6035 16 15 0 0004 1 40 0 9777 20 0 9955 0 10 108 15
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pL u=tR Q=Okt x@DQ |rQDvm pt=wa =QH=�x}v=F� p=tDL= ?=wH J I H G F E D C B A

15 4673 0 2192 16 10 0 993 0 30 0 0224 40 0 9731 1 10 0086 997 1
15 0238 0 2072 16 10 0 9952 1 30 0 0097 40 0 9982 1 10 0522 985 2
15 5291 0 2214 16 10 0 9977 0 30 0 0015 40 0 9981 1 10 0019 996 3
15 778 0 1962 16 10 0 9958 0 30 0 0211 40 �0 0404 1 10 1358 995 4
16 2821 0 217 16 10 0 9907 0 30 0 0152 40 0 898 1 10 0473 991 5
16 0528 0 2179 16 10 0 9891 0 30 0 0053 40 0 9224 1 10 0218 982 6
15 8042 0 2073 16 10 0 9964 1 30 0 0009 40 0 9461 1 10 0273 990 7
16 5027 0 2155 16 10 0 9989 0 30 0 0254 40 0 9497 1 10 0725 952 8
17 892 0 217 16 10 0 9873 0 30 0 0023 40 0 9834 1 10 2124 992 9
15 6022 0 2043 16 10 0 9471 1 30 0 0257 40 0 9828 1 10 0282 998 10
17 3795 0 2066 16 10 0 9872 1 30 0 0181 40 0 9602 1 10 0226 999 11
15 0373 0 2066 16 10 0 977 1 30 0 0118 40 0 9784 1 10 0356 999 12
15 5494 0 2186 16 10 0 9997 1 30 0 0219 40 0 9948 1 10 0924 993 13
15 3284 0 2204 16 10 0 9977 0 30 0 0128 40 0 9862 1 10 0027 996 14
16 8872 0 2173 16 10 0 998 0 30 0 0325 40 0 9923 1 10 1179 990 15

xOW x�=Q= |oS} w Qy |=Q@ xOW xDiQo Q_v QO OwOL 8 pwOH QO xm xOW ?=NDv=
"CU=

Q=t}D 8 =@ Minitab version 1 4 Q=Ri=sQv \UwD xr�Ut u}= V}=tR; |L=Q]
u=} wHWv=O Q=}DN= QO|}xt=vVUQB?r=k QO|W}=tR; KQ] u}=TBU "CiQo CQwY
OvyO X}YND =Q 8 =D 1 |x@DQ Q=t}D Qy x@ xm xOW xDU=wN =yu; R= w OW xO=O Q=Qk
X}YND 1 |x@DQ |oS} w u} QDO@ =@ |Q=t}D x@ w 8 |x@DQ |oS} w u} QDy@ =@ |Q=t}D x@�
O=OaD� OWQ= |U=vWQ=m u=} wHWv=O R= Qiv 31 C=Q_v |Qw;`tH R= TB "�OwW xO=O
OW XNWt """w xHOw@ p}@k R= |}=yC}OwOLt uDiQo Q_v QO =@ w '�V}=tR; Q=QmD
=Q 8 |x@DQ u=wD|tv w xOw@ u}}=B Q=}U@ MU=B Q}eDt |=Q@ 8 |x@DQ ẁkw p=tDL= xm
ẁkw p=tDL= "OQm sqa= QDQ@ |x@DQ =Q 7 |x@DQ O}=@ Qw_vt u}tyx@ "O}t=v QDQ@ |x@DQ

|Q=mD@==Qi VwQ \UwD w =yC}OwOLt x@ xHwD =@ Q_v OQwt |xr�Ut QO x@DQ u}=
R= |irDNt |=yw} Q=vU 9 pwOH "CU= xOW x@U=Lt |DQ=QL C=}rta |R=Ux}@W
|xv} Ry 'Q=t}D Qy |=Q@ x@DQ u; ẁkw p=tDL= w QDQ@ |x@DQ 'QDw}Bt=m C}=U C=YNWt
R= xO=iDU= =@ u=wD|t xm OyO|t u=Wv =Q pL u=tR w C=YNWt x@ xHwD =@ R=}v OQwt
Q_vQO |=yxv} Ry "CW=OQ@ u=} wHWv=O |OvtC}=[Q Ow@y@ QO |QF-wt s=o pwOH u}=

%R= CU= CQ=@a xOW xDiQo
p=} Q 6'000'000 %p=U QO Owrv=O CaQU V}=Ri= C}=@ wr}m Qy |xv} Ry �

p=} Q 8'000'000 %xv=}=Q Qy O} QN |xv} Ry �
p=} Q 2'000'000 %QoB=J Qy O} QN |xv} Ry �

Cq=L uDiQo Q_v QO =@ QDQ@ |x@DQ ẁkw p=tDL= |UQQ@ '9 pwOH u=}@ R= hOy
x@ C}=U OQmrta Ow@y@ |=Q@ |Q=my=Q |x�=Q= w |rQDvm |=yQ}eDt R= l} Qy hrDNt
15 |w} Q=vU x@=Wt |D}a[w Ovv=wD@ u}rw�Ut Qo = 'Qo}O CQ=@ax@ "CU= u}rw�Ut

"2 |xr�Ut |rQDvm pt=wa |=Q@ |}=Qoty R= TB xOt; CUOx@ Q}O=kt "6 pwOH
J I H G F E D C B A

10 1 0 30 0 40 1 1 10 1000

"=yx@DQ |r=tDL= Q}O=kt "7 pwOH
p=tDL= Q=Okt xk@] xQ=tW p=tDL= Q=Okt xk@] xQ=tW

0 0406 9 0 0121 1
0 0490 10 0 0141 2
0 0597 11 0 0164 3
0 0744 12 0 0191 4
0 0943 13 0 0219 5
0 1236 14 0 0252 6
0 1644 15 0 0291 7
0 2219 16 0 0340 8

Q}eDt |R=Uxv}y@ |xv}tR QO |OQ@ Q=m |xar=]t "7
|@}DQD l}DUHr uw}UQoQ pOt QO MU=B

OQmrta R= OWQ= |U=vWQ=m u=} wHWv=O |OvtC}=[Q |R=Uxv}y@ |wQ Q@ xar=]t u}=
Q=PoQ}F-=D |=yQ}eDt uDi=} 'Q=m u}= R= hOy "OW s=Hv= x=oWv=O l} QDw}Bt=m C}=U
MU=B |R=Uxv}y@ Qw_vtx@ pt=wa u}= Ow@y@ TBU w C}=U OQmrta w |}=Q=m Q@
xQ@N O=Qi= Q_v T=U=Q@ |rQDvm Q}eDt 6 O=OaD "CU= �� u=} wHWv=O |OvtC}=[Q ��
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v}y@"|rQDvm Q}eDt Qy |=Q@ xOW xDiQo Q_v QO OwOL "8 pwOH

|}woNU=B xwLv xk@] |=yu=mt O=OaD QoB=J O=OaD Owrv=O CaQU xv=}=Q O=OaDC}=U uqw�Ut lw@ Cwv (Kb/s)

?U=vt swO 10 2 1000 45 q=@ OL
?U=vt=v pw= 4 1 200 12 u}}=B OL

"=yu; |R=Uxv}y@ w xr�Ut hrDNt |w} Q=vU "9 pwOH
OL-SA VwQ =@ xr�Ut xv}y@ ?=wH xr�Ut |OwQw

w} Q=vUpL u=tR C}a[w xv} Ry x@DQ p=tDL= |xwLv
xk@]

O=OaD O=OaD CaQU O=OaD xv} Ry u} QDW}@
O=OaD QFm =OL

(S) �p=} Q� C}a[w x@DQ |}woMU=B |=yu=mt QoB=J Owrv=O xv=}=Q �p=} Q�
|=Q@ u=mt

QDQ@ uqw�Ut lw@ Cwv (Kb/s)
w xv=}=Q

C}=U lw@ Cwv
122 318174 4496000000 7 0 5722 ?U=vt swO 10 2 722 20 4500000000 30 1
157 839331 4498000000 7 0 5733 ?U=vt swO 10 2 721 21 4500000000 35 2
126 265032 4460000000 7 0 5733 ?U=vt swO 8 2 704 29 4500000000 40 3
127 527754 4972000000 7 0 5723 ?U=vt swO 8 2 796 24 5000000000 30 4
165 263057 4972000000 7 0 5731 ?U=vt swO 10 2 804 18 5000000000 35 5
127 825520 4958000000 7 0 5731 ?U=vt swO 10 2 803 17 5000000000 40 6
133 372884 5474000000 7 0 5732 ?U=vt swO 10 2 893 14 5500000000 30 7
166 227877 5486000000 7 0 5732 ?U=vt swO 9 2 891 17 5500000000 35 8
65 0643654 5488000000 8 0 5170 ?U=vt swO 10 2 874 30 5500000000 40 9
137 996340 5672000000 7 0 5733 ?U=vt swO 8 2 918 20 6000000000 30 10
84 249502 6000000000 8 0 4946 ?U=vt swO 10 2 966 25 6000000000 35 11
66 478542 5998000000 8 0 5972 ?U=vt swO 10 2 959 30 6000000000 40 12
122 457632 6122000000 7 0 5731 ?U=vt swO 8 2 997 17 6500000000 30 13
44 322154 6244000000 8 0 5272 ?U=vt swO 10 2 1000 25 6500000000 35 14
32 234354 6244000000 8 0 6344 ?U=vt swO 10 2 1000 30 6500000000 40 15

*|Q=mD@= VwQ R= pY=L G}=Dv =t= "Ovm|t O}rwD =Q j}kO ?=wH x@ l}ORv w QDy@
|DQwYQOCio u=wD|t u}=Q@=v@ wCU}v Q=OQwNQ@ |}q=@ u=v}t]= xHQO R= |O=yvW}B
w pL |=Q@ j}kO |=yVwQ R= xO=iDU= u=mt= w OW=@ nQR@ xr�Ut |xR=Ov= xm
|=yVwQ R= u=wD|t '�O=} R Q=}U@ u=tR hQY p}rOx@� OW=@ xDW=Ov OwHw |R=Uxv}y@
xO=iDU= u=tR u} QDx=Dwm QO xv}y@ ?=wH x@ l}ORv |@=wH x@ uO}UQ |=Q@ |Q=mD@==Qi

"OQm
?}=Q[ Ow@y@ w u}tND |=Q@ |Q=mD@==Qi |=yVwQ R= u=wD|t xOv}; C=k}kLD |=Q@
'CU= |@}DQD l}DUHr uw}UQoQ |R=Uxv}y@ |=yVwQ R= Qo}O |m} xm |vw}UQoQ
Qw_vtx@ |rQDvm |=yQ}eDt Ow@y@ w u}tND 'xar=]t u}= QO xOW x�=Q= VwQ "OQm xO=iDU=
=@ u=wD|t xm|r=L QO 'CU= xOw@ |Q=mD@==Qi VwQ R= xO=iDU= =@ MU=B Q}eDt uOQmxv}y@

OYQO 63 44 p=tDL= =@ 8 |x@DQ =@ Q=t}D x=ov; 'Ovvm O=H}= Q_v OQwt C}=U QO
Oy=wN q=@ QDw}Bt=m C}=U OQmrta |}=Q=m R= u=} wHWv=O |OvtC}=[Q w xO=Di= j=iD=

"CiQ

|Q}oxH}Dv "8
=@ |rQDvm |=yQ}eDt Q}O=kt Ow@y@ w u}}aD =@ MU=B Q}eDt |R=Uxv}y@ j}kLD u}= QO
wO R= pY=L G}=Dv "CU= xOW s=Hv= |@}DQD l}DUHr uw}UQoQ pOt R= xO=iDU=
uqm j]vt l} R= C}a@D p}rOx@ |O=yvW}B *|Q=mD@==Qi VwQ xm OyO|t u=Wv VwQ
|=y?=wH 'xv}y@ |x]kv x@ uOW l}ORv w Q}Ut |xt=O= |=Q@ uDi=} w CmQL |=Q@
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"OQ}o Q=Qk xO=iDU= OQwt xrRrR Q@=Q@ QO Ctw=kt QO =yu=tDN=U C}a[w |Ov@x@DQ
xO=iDU= =@ =ylv=@ w xt}@ |=yCmQW QO O}OH C=tON |xaUwD x@ u=wD|t u}vJty

"OQm xQ=W= l}DUHr uw}UQoQ |xw}W R=

Q=Okt Q@ s}kDUt QF= xm �|rQDvm |=yQ}eDt ?}=Q[� |vw}UQoQ ?}=Q[ Ow@y@ w u}tND
|=yVwQ =@ u=wD|t =Q Q=m u}= "CN=OQB MU=B Q}eDt |R=Uxv}y@ x@ R}v OQ=O MU=B
Ctw=kt u=R}t |v}@V}B VwQ u}= |=yOQ@ Q=m R= Qo}O |m} "O=O s=Hv= R}v |Q=mD@==Qi
\UwD Ov=wD|t CQwYu; QO xm CU= xrRrR Q@=Q@ QO E=OLq=O}OH |=yu=tDN=U

=yCWwv=B
1. ratio & interval
2. nominal & ordinal
3. ordinal logistic regression
4. non parametric ANOVA
5. Binary logistic regression
6. nominal logistic regression
7. residual
8. odds ratio
9. Regression coe�cients
10. fractional factorial design
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