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1 R=i QO xOW lU} Q p}OaD pQDvm |=yQ=Owtv
�OWQ= T=vWQ� � �|tU=k =[Q

�Q=}O=DU=� |t}tY QU=}
�Q=}Wv=O� |Q=} QyW O}tL

|Uw] u}Or=Q}Yv xH=wN |DavY x=oWv=O '`}=vY |UOvyt |xOmWv=O

u=Q=t}@ pta R= V}B |=ylU} Q uDiQo Q_v QO =@ xm xOW lU} Q p}OaD pQDvm |=yQ=Owtv
w OvQ=O OQ@ Q=m |L=QH |=ypta R= TB u=Q=t}@ Q}t w nQt MQv V}=B QO 'OwW|t |L=Q]
|=Q@ u; R= 'u=Q=DUQB w u=mWRB \UwD |v=tQO C=tON |x�=Q= Ov}=Qi QO |v=tQO Rm =Qt u=Q}Ot
xm O@=}|t C}ty= ?@U u=O@ Q}}eD |x]kv |}=U=vW "OvQ}o|t xQy@ Q}}eD |x]kv |}=U=vW
|=Q@ |}=tvCUQO u} QDW}@ VwQ R= Q=DWwv u}= QO "OR=U|t QU}t =Q Q}}eD |ak=w Cra hWm
�nQt =} uOv=t xOvR� 1 w QiY |=yxO=O QO xO=O MQ OvwQ ?}W Q=Okt w Q}}eD u=tR OQw;Q@
1 R=i QO xOW lU} Q p}OaD |}=tvCUQO C@Uv uwtR; Q=Owtv R= xO=iDU= =@ xm �� u=Q=t}@
xJv=vJ xm CU= u; R= |m =L xrY=L G}=Dv "OwW|t xO=iDU= �� OQ}o|t Q=Qk V}=B OQwt

"OwW|t OQw;Q@ |QDW}@ CkO =@ OvwQ ?}W |xR=Ov= w Q}}eD u=tR OW=@ nQR@ Q}}eD |xR=Ov=
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lU} Q p}OaD pQDvm Q=Owtv 'l}DUHr uw}UQoQ 'lU} Q QwDm =i %|O}rm u=oS=w
"|}=tvCUQO u} QDW}@ OQw;Q@ VwQ 'Q}}eD |x]kv 'xOW

C=}@O= QwQt w xtOkt "1
xrtH R= "CU= xOW KQ]t |Dw=iDt lU} Q p}OaD |=yVwQ 'uoty |}xat=H uOQw;
`} QUD CUmW u=tR pOt w 3l}DUHr uw}UQoQ VwQ x@ u=wD|t =yVwQ u}=
u=tR w 5|rwvQ@ |=y|HwQN OQwtQO ?}DQDx@ =yv; R= xm OQm xQ=W= 4�AFT� xOW
uwtR; Q=Owtv R= C=ar=]t R= |NQ@ QO "OwW|t xO=iDU= pta R= TB u=Q=t}@ 6|=k@
|=yxO=O V}=B |=Q@ 7�RASPRT �xOW lU} Q p}OaD |}xr=@vO p=tDL= C@Uv
u}ov=}t Q=Owtv R= R}v |Qo}O C=ar=]t QO [2]"CU= xOW xO=iDU= u=Q=t}@ 1 w QiY
=k@ u=tR |xOvwWRwQx@ 8�RAEWMA�xOW lU} Q p}OaD |}=tv uwRwt lQLDt
'xt=O= QO [3]"Ov=xOQm xO=iDU= 2 R=i QO pta R= TB u=Q=t}@ |=k@ u=tR V}=B |=Q@
9�RACUSUM �xOW lU} Q p}OaD |atHD `tH Q=Owtv R= R}v |Qo}O u}kkLt
10�RASTCUSUM� =k@ u=tR lU} Q p}OaD |atHD `tH Q=Owtv R}v w |rwvQ@
R= TB u=v; |=k@ u=tR R}v w u=Q=t}@ lU} Q p}OaD |rwvQ@ |=yQ}eDt V}=B |=Q@
|rwvQ@ RACUSUM |=yQ=Owtv OQmrta =yv; [4]"Ov=xOQm xO=iDU= 2 R=i QO 'pta
pw] \UwDt R= xO=iDU= =@ 'Q}}eD |}=U=vW QO =Q RASTCUSUM Q=Owtv w
V}=B |=Q@ |rwvQ@ RACUSUM Q=Owtv R= u}vJty "Ov=xOQm xU}=kt 11xr=@vO
C=ar=]t R= |NQ@ QO [5]"CU= xOW xO=iDU= |v=tQO Rm =Qt |=y|HwQN |xDUw}B
Qw]x@ Q}oxty |=y|Q=t}@ w |mWRB QO pQDvm |=yQ=Owtv OQ@ Q=m R}v |r}YLD
|=yQ=Owtv QO 12Q}}eD |x]kv OQw;Q@ Q}N= |=yp=U QO [6]"CU= xOW u=}@ \wU@t
|x]kv |}=U=vW C}ty= "CU= xDiQo Q=Qk xHwD OQwt xOW lU} Q p}OaD pQDvm
u=wD|t QD`} QU Ov}=Qi Q}}eD u=tR uDUv=O =@ xm CU= ?@U u=O@ Ov}=Qi QO Q}}eD

|=yQ=Owtv R= =}vO QU=QU |mWRB |=yOL=w w |v=DUQ=t}@ Rm =Qt R= |Q=}U@ QO xRwQt=
V}=B Qt= QO 'OvDUy 2|Q=t; Ov}=Qi pQDvm |=yQ=R@= xrtH R= xm '1lU} Q p}OaD pQDvm
w =y|HwQN |@=} RQ= =yV}=B QDW}@ hOy "OwW|t xO=iDU= |v=tQO C=tON C}i}m
CU=yxO=O QO pwtatQ}e |wor= RwQ@ CQwY QO u=Q}Ot w u=mWRB x@ uO=O |y=o ;
|=yQ}eDt xrtH R= [1]"CU= u=tQO C}i}m QO pmWt RwQ@ Qou=Wv q=tDL= xm
=y|L=QH R= TB u=Q=t}@ nQt =} uOv=t xOvR OwW|t V}=B pwtat Qw]x@ xm |tyt
xm CU= |L=QH pta R= TB u=Q=t}@ Qta |=k@ u=tR COt R}v w '�|rwvQ@ Q}eDt�
Rm =Qt QO xm |v=Q=t}@ "OwW|t s=Hv= pQDvm |=yQ=Owtv `=wv= R= |m} |xr}Uw@ ,qwtat
'uU Ovv=t �� Cw=iDt |=y|oS} w uDW=O p}rOx@ OvQ}o|t Q=Qk u=tQO CLD |mWRB
OvyO|t p}mWD =Q |vwoty=v |xat=H �� xQ}e w C@=}O |Q=t}@ |xk@=U 'TvH
CQ=yt u=R}t x@ =yvDxv |L=QH pta R= TB Q=t}@ Qy nQt p=tDL= wQ u}= R= w
R}v Q=t}@ OQi pta R= V}B |=ylU} Q =} =y|oS} w x@ xmr@ 'K=QH |=yC}r@=k w
CU= umtt pY=L G}=Dv lU} Q p}OaD sOa CQwY QO wQ u}= R= "OQ=O |oDU@
XNWt u=tR l} QO u=Q=t}@ nQt MQv V}=Ri= p=Ft u=wvax@ "OW=@ xOvvmx=Qto
pta CLD u=tR u}= QO xm OW=@ |v=Q=t}@ |q=@ nQt lU} Q R= |W=v CU= umtt
xOW =yv; nQt MQv V}=Ri= Ea=@ u=Q=t}@ u}= X=N \}=QW `k=w QO &Ov=xDiQo Q=Qk
CUO x@ w =yxO=O QO lU} Q p}OaD Qw_vtx@ "K=QH lWRB OQmrta QO Q}}eD xv

pw�Ut xOvU} wv �
"1392 8 27 VQ}PB '1392 8 15 x}LqY= '1392 5 12 Ci=} QO %M} Q=D



"""QO
OvwQ

?}W
Q=Ok

tw
Q}}eD

|x]
kv|

}=U=
vWui = w lU} Q p}OaD `@=D ?}=Q[ Q=OQ@ � = (�0; �1; :::; �r) u; QO w

O=OaD |xOvyOu=Wv r "CU= i Q=t}@ lU} Q |=yQwDm =i Q=OQ@ (1; xi1; ::; xir)
xm =Hv; R= "OyO|t V}=tv =Q lU} Q p}OaD `@=D R}v f w CU= lU} Q |=yQwDm =i
u=wvax@ l}DUHr uw}UQoQ pOt R= u=wD|t CU= |rwvQ@ Ov}=Qi l} Q_v OQwt Ov}=Qi

[7]%OQm xO=iDU= lU} Q p}OaD `@=D
logit(pi) = �uTi = �0 +

rX
j=1

�ixij ; (2)

%u}=Q@=v@ w CU= logit (pi) = log(pi=(1� pi)) u; QO xm

pi =

exp

 
�0 +

rP
j=1

�ixij

!
 

1 + exp

 
�0 +

rP
j=1

�ixij

!! ; (3)

u=wvax@ �CvwUQ=B R=}Dt=� s=vx@ |Q=}at R= [12w4]xOW s=Hv= C=ar=]t R= |}xQ=B QO
|xOvyOu=Wv QDW}@ CvwUQ=B xm |}xvwox@ 'CU= xOW xO=iDU= u=Q=t}@ lU} Q QwDm =i
|=ylU} Q CU= QO=k |@ wNx@ xm xO=O u=Wv Q=}at u}= "CU= QDq=@ nQt lU} Q
Q}eDt u=wvax@ Q=}at u}= R= j}kLD u}= QO "Ovm Tmavt =Q u=Q=t}@ pta R= V}B
� = (�0; �1) Q@=Q@ pOt ?}=Q[ Q=OQ@ u}=Q@=v@ "OwW|t xO=iDU= u=Q=t}@ lU} Q

%=@ CU= Q@=Q@ pi xH}DvQO "OwW|t u} Ro}=H xi CvwUQ=B =@ ui Q=OQ@ w CU=
Pi = exp(�0 + �1xi)

1 + exp(�0 + �1xi)
; (4)

p}OaD pOt ?}=Q[ Q}O=kt OQw;Q@ `k=w QO =} uOQw; CUO x@ syt p�=Ut R= |m}
u} QDW}@ OQw;Q@ VwQ R= j}kLD u}= QO Qw_vt u}= x@ "CU= � = (�0; �1) 'lU} Q

"CU= xOW xO=iDU= [13]|N} Q=D |=yxO=O R= xO=iDU= T=U=Q@ |}=tvCUQO

|}=tvCUQO C@Uv uwtR; VwQ "2"2
'?mQt =} xO=U |=yZQi uwtR; Qw_vtx@ u=wD|t |}=tvCUQO C@Uv uwtR; VwQ R=
QO 1 w QiY ZQi wO CLD =yxO=O |}=tvCUQO `@=wD C@Uv R= xO=iDU= T=U=Q@
O}vm ZQi VwQ u}= K}[wD |=Q@ [14]"OQm xO=iDU= ?mQt =} xO=U ZQi uwtR; l}
|wQ}B � QDt=Q=B =@ g(z) ZwQit p=tDL= `} RwD R= z1; z2; :::; zk |=yxO=O xawtHt
� = �1 x@ � = �0 R= xat=H QDt=Q=B Q}}eD ZQi s}y=wN|t O}vm ZQi "Ovm|t

"s}}=tR=}@ =Q8<:H0 : � = �0

H1 : � = �1
; (5)

x=ov; s} Q}o@ Q_v QO H1 w H0 CLD =yxO=O |}=tvCUQO `@=wD =Q R1 w R0 Qo =
[14]%=@ Ow@ Oy=wN Q@=Q@ uwtR; |xQ=t;

� = R1
R0

|xDmv "OwW|t xDiQ}PB H1 ZQi x=ov; OW=@ QDnQR@ � Q=Okt l} R= xQ=t; u}= Qo =
sD} Q=or R= u=wD|t OW=@ lJwm |r}N R1 w R0 Q}O=kt xJv=vJ xm CU= u}= syt

%=@ CU= Q@=Q@ uwtR; |xQ=t; CQwY u}= QO [14]"OQm xO=iDU= =yv;
� = log(R1)� log(R0)

"OW Oy=wN xO=iDU= |}=tvCUQO `@=wD sD} Q=or R= xr=kt u}= QO

xO=O MQ C=Q}}eD xrtHR= '"""w 'Ov}=Qi QO Ci}W 'OvwQ "OQm hWm =Q Q}}eD p}rO
"CU=

13�RALRT �xOWlU} Qp}OaD|}=tvCUQOC@Uv uwtR; Q=Owtv R=u}kkLt
uDiQo Q_v QO =@ =yv; [7]"Ov=xOQm xO=iDU= 1 R=i QO u=Q=t}@ 1 w QiY |HwQNV}=B |=Q@
=yvD '|}=tvCUQO xv}W}@ VwQ R= xO=iDU= =@ R}v w 'Ov}=Qi QO Ci}W l} ẁkw ZQi
lU} Q =yv; "OvOQm OQw;Q@ =Q �� xO=O MQ Ci}W Q=Okt xv w �� Ci}W u}= ẁkw u=tR
Ov=xDUv=O K=QH |}=v=wD R}v w Q=t}@ OwN |OQi |=y|oS} w Q}eDt wO `@=D =Q u=Q=t}@
uw}UQoQ pOt R= 'uoty |}xat=H uOQw; CUO x@ w =yxO=O lU} Q p}OaD |=Q@ w
w Q=t}@ |=y|oS} w Qou=}@ =yQ}eDt R= |m} &Ov=xOQm xO=iDU= Q}eDt wO =@ l}DUHr
[12�8]|O=} R C=k}kLD Q}N= |=yp=U QO "CU= K=QH ẁv |xOvvmXNWt |Qo}O
lU} Q p}OaD pQDvm |=yQ=Owtv QO Q}}eD |x]kv |=Q@ 14R}@ OQw;Q@ |x�=Q= |xv}tR QO
Q}}eD |x]kv xm u}= |=H x@ QwmPt |=yVywSB QO `k=w QO "CU= xOW s=Hv= xOW
u}W}B `} RwD =@ |}=yQ}eDt =Q =yv; 'OvQ}o@ Q_v QO C@=F |QDt=Q=B =Q Q}}eD Q=Okt w
u}ov=}t R= '=yQ}eDt u}= u}UB `} RwD uOQw; CUO x@ =@ w Ov=xDiQo Q_v QO swrat
"Ov=xOQm xO=iDU= Q}}eD |xR=Ov= w u=tR |xOvvmOQw;Q@ u=wvax@ u}UB `} RwD Ot =}
Q=Owtv QO =RHt Qw]x@ |Wy=m w |W}=Ri= |=yCi}W ẁkw 'xOWO=} C=k}kLD QO
xOW OQw;Q@ Ci}W Q=Okt w Q}}eD |x]kv w xDiQo Q=Qk Q_vOt RASTCUSUM

l} R}v w Ci}W l} |xR=Ov= w u=tR [10w9]xOWs=Hv= C=ar=]t Qo}O QO [8]"CU=
|xR=Ov= w u=tR u}vJty "CU= xOW OQw;Q@ RASTCUSUM Q=Owtv QO Ci=
OQw;Q@ |rwvQ@ EWMA w CUSUM lU} Q p}OaD |=yQ=Owtv QO OvwQ l} QDt=Q=B

[12w11]"Ov=xOW
R=i QO|rwvQ@ RALRT Q=Owtv QO OvwQ?}W Q=Okt w Q}}eD |x]kv Q=DWwv u}= QO
|iQat xYqN Qw]x@l}DUHr uw}UQoQ pOt swOVN@ QO "OwW|t OQw;Q@ pQDvm 1
|rwvQ@ RALRT Q=Owtv w |}=tvCUQO C@Uv uwtR; VwQ xt=O= QO w OwW|t
Qw_vtx@ Q=Owtv u}= R= "OwW|t K} QWD OwW|t xOQ@ Q=m x@ Ov}=Qi V}=B Qw_vtx@ xm
[7]"CU= xOW xO=iDU= u=Q=t}@ 1 w QiY |=yxO=O QOCi}Wl} ẁkw u=tR |}=U=vW
u}}aD =@ "OwW|t xO=iDU= Ov}=Qi QO Q}}eD u=tR OQw;Q@ |=Q@|}=tvCUQO xv}W}@ VwQ R=
MQ OvwQ ?}W Q=Okt |}=tvCUQO xv}W}@ OQw;Q@ u}}aD x@ C}=yv QO Q}}eD u=tR OQw;Q@
=OD@= swUVN@ QO "OwW|t xQ=W= uwUi=Q � uDw}v?} QkD VwQltmx@ Ov}=Qi QO xO=O
xDN=OQB 1 R=i QO xO=O xawtHt l} V}=B x@ RALRT Q=Owtv OQm} wQ R= xO=iDU= =@
R= xO=iDU= =@ Ov}=Qi QO xO=O MQ |=yOvwQ |}=U=vW QO Q=Owtv |}=v=wD TBU "OwW|t
u}ov=}t |=yQ=}at T=U=Q@ =yxOvvmOQw;Q@ OQmrta G}=Dv "OwW|t |UQQ@ u=wD Q=Owtv
[11] CUSUM w R}@ |=yxOvvmOQw;Q@ OQmrta G}=Dv =@ =yxOvvmOQw;Q@ Q=}at h=QLv= w

"OwW|t x�=Q= Q=yJ VN@ QO |Q}oxH}Dv C}=yv QO "OQ}o|t Q=Qk xU}=kt OQwt

pOt |iQat "2
l}DUHr uw}UQoQ pOt "1"2

30 ,qwtat� XNWt |v=tR |xQwO l} |] QO u=Q=t}@ nQt =} uOv=t xOvR Ov}=Qi
|}xvwox@ OwW|t pQDvm yi |rwvQ@ |=yQ}eDt =@ xm O} Q}o@ Q_v QO =Q pta R= TB �RwQ
Q=t}@ uOv=txOvR |xOvyOu=Wv yi = 0 w 'i Q=t}@ nQt |xOvyOu=Wv yi = 1 xm
R= |a@=D xm s}yO|t V}=tv pi =@ =Q Q=t}@ Qy nQt p=tDL= "CU= xQwO u}= QO i

%CU= Q=t}@ lU} Q |=yQwDm =i
pi = f(�; ui); (1)
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=[Q %=@ CU= Q@=Q@ |}=tvCUQO `@=D sD} Q=or 1 ZQi CLD u}vJty

L1(�) = log

 
�Y
i=1

P (yijp0i)
!

+ log

 
mY

i=�+1
P (yijp1i)

!
=

�X
i=1
fyi log (p0i) + (1� yi) log (1� p0i)g

+
mX

i=�+1
fyi log (p1i) + (1� yi) log (1� p1i)g;)

(14)

L1(�) =
�X
i=1
fyilogit (p0i) + log(1� p0i)g

+
mX

i=�+1
fyilogit (p1i) + log(1� p1i)g: (15)

u=Q=t}@ nQt MQv OQw;Q@ |xwLv �hr=
=yv; OQw;Q@ x@C@Uv O}=@ p1i w p0i Q}O=kt uOw@ swrat=v x@ xHwD =@ '15 w 13\@=wQ QO
|t=tD O}=@ 'H0 ZQi CLD p0i ; i = 1; 2; :::;m Q}O=kt OQw;Q@ |=Q@ "OQm s=Ok=
w CiQo Q_v QO OL=w |}xawtHt CQwYx@ =Q u=Q=t}@ lU} Q x@ \w@ Qt |=yxO=O
"OQm OQw;Q@ =Q(�) l}DUHr uw}UQoQ |x]@=Q ?}=Q[ '|}=tvCUQO xv}W}@ VwQ =@
R= xm OyO|t u=Wv (1;m) T}Ov= u; QO xm OvyO|t u=Wv �̂(1;m) =@ =Q Q}O=kt u}=
xOW xO=iDU= l}DUHr uw}UQoQ |x]@=Q ?}=Q[ OQw;Q@ |=Q@m =D 1 |=yxO=O |t=tD
|=Hx@ p0i |v} Ro}=H w 4 |x]@=Q QO xOW OQw;Q@ ?}=Q[ u}= uO=O Q=Qk =@ "CU=
CLD "Ov};|t CUOx@ H0 ZQi CLD =yp0i |xOWOQw;Q@ Q}O=kt 'x]@=Q u}= QO pi
R= xm =Hv; R= "CiQo Q_v QO OL=w CQwYx@ =Q =yxO=O |t=tD u=wD|tv H1 ZQi
Q}}eD |x]kv R= Oa@ w p@k |=yxO=O 'xO=O MQ u=Q=t}@ nQt MQv QO Q}}eD l} � u=tR
R= p@k x@ \w@ Qt u=Q=t}@ lU} Q |=yxO=O Cr=L u}= QO "Ov=Cw=iDt |xawtHt wO
|=Q@ l}DUHr uw}UQoQ |x]@=Q ?}=Q[ w xDiQ Q=m x@ =RHt CQwYx@ Q}}eD |x]kv
"OwW|t xO=O u=Wv �̂(1;�) =@ Q}O=kt u}= "OvwW|t OQw;Q@ i = 1; 2; :::; � 'Q}O=kt
OQw;Q@ ?}=Q[ w OwW|t s=Hv= xw}W u}ty R}v i = � + 1; :::;m |=yxO=O |=Q@
w OwW|t xO=O u=Wv �̂(�+1;m) =@ =yxO=O u}= |=Q@ l}DUHr uw}UQoQ |x]@=Q xOW
|x]@=Q QO ?}=Q[ u}= uO=O Q=Qk =@ H1 ZQi CLD =yp1i w p0i Q}O=kt C}=yv QO
(� = l; l + l; ::;m � l) '� Q=Okt Qy |=R=x@ Q=Owtv |xQ=t; "OwW|t OQw;Q@ 4

%=@ CU= Q@=Q@
� (�) = L1(�)� L0: (16)

Q}}eD u=tR |}=tvCUQO u} QDW}@ OQw;Q@ "3"2
|t=tD Qo = "O};|tCUOx@ � Q}O=kt?ULQ@ �(�) Q}O=kt sUQ =@ RALRT Q=Owtv
l} R= =yxO=O xm CU= u; R= |m =L OW=@ QDsm UCL |q=@ OL l} R= � (�) Q}O=kt
u=wD|t xOt; CUO x@ |=yOQw;Q@ w Q=Owtv R= w Ov=xOt; CUO x@ pQDvm CLD Ov}=Qi
R= GQ=N 1 R=i QO Ov}=Qi CQwY u}= Q}e QO "OQm xO=iDU= 2 R=i QO =yxO=O V}=B |=Q@
OQw;Q@ Qw_vtx@ u=wD|t |}=tvCUQO xv}W}@ VwQ R= Cr=L u}= QO "CU= xOw@ pQDvm
u=tR |}=tvCUQO xv}W}@ |xOvvmOQw;Q@ VwQ u}= QO "OQm xO=iDU= Ov}=Qi Q}}eD u=tR
QO xm =Hv; R= [15]"OwW|t xv}W}@ L1(�) |}=tvCUQO `@=D xm CU= |v=tR Q@=Q@ Q}}eD
|}x]kv QO R}v �(�) u}=Q@=v@ CU= � R= pkDUt w C@=F |Q=Okt L0 '16 |x]@=Q
xv}W}@ OQw;Q@ xH}Dv QO "OwW|t xv}W}@ L1(�) |}=tvCUQO `@=D xm OwW|t xv}W}@

Q}}eD |x]kv pOt T=U=Q@ RALRT Q=Owtv "1"2"2
=} nQt Ov}=Qi x@ \w@ Qt '1 R=i QO y1; y2; :::; ym |rwvQ@ Q}eDt m O}vm ZQi
OwHw '|L=QH pta R= TB XNWt |v=tR xQwO l} QO Q=t}@ m uOv=t xOvR
CU= Q=t}@ u; lU} Q |=yQwDm =i R= |a@=D '(pi) i Q=t}@ Qy nQt p=tDL= "OQ=O
XNWt Ov=xDiQo Q=Qk pta CLD u=Q=t}@ xm =Q |v=tR ?}DQD i "(i = 1; 2; :::;m)

QO OvwQ l} CQwYx@ |Q}}eD � swrat=v u=tR l} QO xm OwW|t ZQi "Ovm|t
uOQm pOt |=Q@ "CU= xOW u=Q=t}@ nQt MQv QO Q}}eD Ca=@ xm CU= xO=O MQ Ov}=Qi
15�OR� u=Q=t}@ nQt Tv=W C@Uv QDt=Q=B R= 'u=Q=t}@ nQt MQv QO OvwQ l} ẁkw

[7]%OwW|t h} QaD u}vJ Tv=W C@Uv b w a OOa wO |=Q@ "OwW|t xO=iDU=

OR = a=(1� a)
b=(1� b) ; (6)

%w CU= Q}}eD sOa |xOvyOu=Wv OR0 = 1 h} QaD u}= =@
OR1 = OR0 + � � (i� �) i > �; (7)

swrat=v u=tR R= xm OwW|t ZQi "CU= � u=tR R= � ?}W =@ OvwQ l} |xOvyOu=Wv
Q}}eD p1i Q=Okt x@ p0i ; i > � pQDvm CLD Q=Okt R= i Q=t}@ Qy nQt p=tDL= '�

%xm =Hv; R= R}v w '7 |x]@=Q x@ xHwD =@ "CU= xDi=}
OR1 = p1i=(1� p1i)

p0i=(1� p0i)
; (8)

%=@ CU= Q@=Q@ p1i Q=Okt

p1i = (OR0 + � � (i� �))� p0i=(1� p0i)1 + (OR0 + � � (i� �))� p0i=(1� p0i)
; (9)

pOt u}=Q@=v@ i = � + 1; � + 2; :::;m w OR1 > 0 'OR1 6= 1 u; QO xm
%OwW|t KQ]t u}vJ Q}}eD |x]kv

P (yijpi) =

8<:pyi0i (1� p0i)1�yi i = 1; 2; ::; �
pyi1i (1� p1i)1�yi i = � + 1; ::;m

; (10)

OQw;Q@ |=Q@ R=}v OQwt |xvwtv xR=Ov= u} QDsm l xm CU= � = l; l + 1; ::;m � l
[l m�l] xR=@ QO Q}}eD xmZQiu}= =@ `k=w QO "CU=l}DUHr uw}UQoQ pOt?}=Q[
=@ pO=at 1 R=i QO =yxO=O pQDvm 'Q}}eD |x]kv pOt x@ xHwD =@ R}v w 'OyO|t MQ

%CU= 11 ZQi uwtR;8<:H0 : p1i = p0i i = 1; 2; :::m
H1 : p1i 6= p0i i = � + 1; ::;m

: (11)

%=@ CU= Q@=Q@ |}=tvCUQO `@=D sD} Q=or 'QiY ZQi CLD

L0 = log

 
mY
i=1

P (yijp0i)
!

=
mX
i=1
fyi log (p0i)

+ (1� yi) log (1� p0i)g;) (12)

L0 =
mX
i=1
fyilogit (p0i) + log(1� p0i)g: (13)
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Q}}eD

|x]
kv|

}=U=
vW[16]%Ovm|t

f (x+ �x) � f (x) + d
dx
f (x) �x; (20)

%x=ov; OwW xO=O Q=Qk f (x+ �x) = 0 Qo = w &CU= �x = xk � xk�1

xk = xk�1 � f (xk�1)
f 0 (xk�1)

; (21)

|x]@=Q |xW} Q x@ q=@ |DWoR=@ |x]@=Q(x0) x}rw= Q=Okt l} ?=NDv= =@
� Q=Okt uOQw; CUO x@ |=Q@ VwQ u}= |Q}oQ=mx@ =@ "OW Oy=wN =Qotyf(x) = 0

%CW=O s}y=wN

�k = �k�1 �
mP

i=�̂+1

n
yi(i��̂)

1+�(i��̂) � (i��̂)p0i1+�(i��̂)p0i

o
mP

i=�̂+1

�
�yi

�
(i��̂)

1+�(i��̂)

�2
+
�

(i��̂)p0i1+�(i��̂)p0i

�2� ;
(22)

l} R= �k w �k�1 |r=wDt Q=Okt wO Cw=iD xm CU= u}= VwQ u}= QO hkwD \QW
|xW} Q x@ l}ORv xm OwW ?=NDv= |}xvwox@ O}=@ � |x}rw= Q=Okt "OW=@ QDsm " Q=Okt
VwQ Ovv=t |@} QkD |=yVwQ R= u=wD|t xv}tR u}= QO "OW=@ dL1

d� = 0 |xrO=at
|xwLv w uwUi=Q � uwDw}v VwQ =@ QDW}@ |}=vW; |=Q@ "OQm xO=iDU= uwDw}v ?} QkD

"OQm xaH=Qt [17]OwHwt `@=vt x@ u=wD|t sD} Qwor= QO x}rw= Q=Okt ?=NDv=

|@=} RQ= w EL@ "3
1 R=i QO ?rk |L=QH |=yxO=O pQDvm %|OQwt |xar=]t "1"3

Qw]x@ xm CU= |}xO=O xawtHt u=ty 'xar=]t u}= QO xO=iDU= OQwt |xO=O xawtHt
xawtHt u}= "CU= xOW xO=iDU= [10w9'7'4'3]Qo}O u}kkLt R= |Q=}U@ \UwD xOQDUo
|m} QO 1998-1992 |=yp=U QO?rk|L=QH |=ypta x@ \w@ Qt |=yxO=Opt=W
CvwUQ=B R=}Dt= T=U=Q@ �=yxi� u=Q=t}@ lU} Q Q}O=kt "CU= uOvr |=yu=DUQ=t}@ R=
Ov=xOQm ZQi xm [10w9'4'3]u=QoVywSB R= |O=OaD hqNQ@ "CU= xOW u=}@ u=Q=t}@
=yxO=Ou}= R= xO=iDU= =@ w Ov=xOt;CUO x@ pQDvmCLD |Ov}=Qi R= pw= p=U wO |=yxO=O
[7]|Qo}Ou}kkLt 'Ov=xOQm|L=Q]2 R=i QO Oa@ |=yp=U|=yxO=OV}=B |=Q@ |Q=Owtv
Ov=xDN=OQB ẁ[wtu}=|UQQ@ x@ w xDiQo Q_v QO 1 R=i |=yxO=O =Q pw= p=U wO |=yxO=O
pt=W =yxO=O u}= #Q}N =} Ov=xOt; CUO x@ pQDvm CLD |Ov}=Qi R= =yxO=O u}= =}; xm
`} RwD l} R= pw= p=U wO �=yxi� |=yCvwUQ=B Q}O=kt "CU= |L=QH pta 1000
u=wvax@ pw= p=U wO |=yCvwUQ=B Q}O=kt [4]"Ovvm|t |wQ}B 9 8 u}ov=}t =@ |}=tv
Q}O=kt [7]"CU= xDW=O OQ@ Q=m lU} Q p}OaD pOt ?}=Q[ OQw;Q@ |=Q@ 1 R=i Q}O=kt
%u}=Q@=v@ w '[�0; �1] = [�3 473; 0 073] =@ CU= Q@=Q@ ?}=Q[ u}= |xOW OQw;Q@
logit (p̂i) = �3 473 + 0 073xi )
p̂i = exp(�3 473 + 0 073xi)

1 + exp(�3 473 + 0 073xi) ; (23)

Q=t}@ l} (logit (p̂i)) nQt Tv=W sD} Q=or u=wvax@ u=wD|t =Q �̂0 = �3 473
�̂1 = 0 073 "OW=@ QiY Q@=Q@ Q=t}@ CvwUQ=B Q=Okt xm |t=ovy 'OQm Q}UiD sr=U
Q}UiD Q=t}@ nQt Tv=W sD} Q=or |wQ Q@ CvwUQ=B Q}}eD OL=w l} Q}F-=D u=wD|t R}v =Q
|=Q@ "OwW|t xO=iDU= =yxO=O O}rwD |=Q@ x}=B pOt u=wvax@ q=@ pOt R= =Hv}= QO "OQm

OwN Q=Okt u} QDW}@ x@ Q=Owtv xm CU= |v=tR Q@=Q@ RALRT Q=Owtv |}=tvCUQO
%|va} OUQ|t

�̂ = argf max
�=l;l+1;:;m�l(� (�))g: (17)

u=tR |}=tvCUQO xv}W}@ |xOvvmOQw;Q@ u=wvax@ x]@=Q u}= R= R}v |Qo}O u}kkLt
[7]"Ov=xOQm xO=iDU= RALRT Q=Owtv QO Q}}eD

OvwQ ?}W |xR=Ov= OQw;Q@ |=Q@ uwUi=Q � uwDw}v VwQ "4"2
OQw;Q@ |=Q@ "O} Q}o@ Q_v QO =Q L1(�) |}=tv CUQO `@=D x@ \w@ Qt 15 |x]@=Q
R= TB u=Q=t}@ nQt MQv Q}O=kt '(�) OvwQ ?}W Q=Okt |}=tv CUQO xv}W}@
R= u=v; |x}rw= nQt MQv T=U=Q@ p1i ; i = � + 1; � + 2; :::;m Q}}eD |x]kv
QO =Q 17 |x]@=Q R= (�̂) Q}}eD u=tR OQw;Q@ w �9 |x]@=Q� |H} QOD Ci}W |x]@=Q

%s}yO|t Q=Qk 15 |x]@=Q

L1(�) =
�̂X
i=1
fyilogit (p0i) + log (1� p0i)g

+
mX

i=�̂+1

8<: yi log
�

(1+�(i��̂))p0i1�p0i

�
�log(1 + (1+�(i��̂))p0i1�p0i

)

9=; ; (18)

(�)OvwQ ?}W xR=Ov= |}=tvCUQO xv}W}@ OQw;Q@ hQat �̂ xm u}= |=Q@ sRq \QW
|t=ovy `@=D u}= Q=Owtv 'xvwtv |=Q@ "OW=@ xv}W}@ |=Q=O L1(�) `@=D xmCU= u}= OW=@
� = 0 1 w � = 500 Q@=Q@ Q}}eD ?}W |ak=w |xR=Ov= w |ak=w Q}}eD u=tR xm
|=Q=O xQ=wty `@=D 'OwW|t xOy=Wt xm u=vJ "CU= xOW sUQ 1 pmW QO OW=@
|Q=Okt Q@=Q@ (�̂) OvwQ ?}W xR=Ov= |}=tvCUQO xv}W}@ OQw;Q@ "CU= xv}W}@ l}
� x@ C@Uv 18 |x]@=Q R= |Q}ojDWt =@ "Ovm QFm =OL =Q 18 |x]@=Q xm CU=

%s} Q=O
dL(�̂)
d�

=
mX

i=�̂+1

�
yi (i� �̂)

1 + � (i� �̂)
� (i� �̂) p0i1 + � (i� �̂) p0i

�
; (19)

x@ |=Q@ uwUi=Q � uwDw}v VwQ CU}v � R= |YNWt `@=D dL(�̂)
d� xm =Hv; R=

uOQw; CUO x@ |=Q@ |OQm} wQ 'VwQ u}= "CU= xOW xOQ@ Q=m x@ � uOQw; CUO
xO=iDU= Q} R |]N ?} QkD R= xm CU= u; jDWt T=U=Q@ x]@=Q l} |xW} Q

|ak=w |xR=Ov= w u=tR xm |t=ovy(L1) |}=tvCUQO `@=D Q=Owtv "1 pmW
"OW=@ � = 0 1 w � = 500Q}}eD
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1. risk adjusted control charts (RACCs)
2. statistical process control (SPC)
3. logistic regression
4. accelerated failure time (AFT)
5. Bernoulli outcome
6. survival time
7. risk adjusted sequential probability ratio test chart (RASPRT)
8. risk adjusted survival time exponentially weighted moving av-

erage chart (RASTEWMA)
9. risk adjusted cumulative sum chart (RACUSUM)
10. risk adjusted survival time cumulative sum chart (RAST-

CUSUM)
11. average run length (ARL)
12. change point estimation
13. risk adjusted likelihood ratio test chart
14. Bayesian estimation
15. odds ratio
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