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pL=Qt *|i}m |=yxYNWt QO Q}}eD R= |W=v Ov=wD|t pL=Qt R= l} Qy QO |i}m
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O=yvW}B swO |xrLQt QO |}xrtHwO |i}m |xYNWt =@ |}xrLQtwO |=yOv}=QiV}=B
'swO |xrLQt QO |}xrtHwO Q}eDt V}=B Qw_vtx@ '|O=yvW}B VwQ QO "CU= xOW
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|i}m |=yxYNWt u}@ x]@=Q |Q=QkQ@ Qw_vtx@ "CU= xOW |L=Q] xrLQt wO QO |i}m
xm Logit \@=Q `@=D R= '�|HwQN� swO |xrLQt w �xOvvm |v}@V}B� pw= |xrLQt
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R= xO=iDU= =@ R}v u; u}ov=}t QDt=Q=B &Ovm|t |wQ}B |}xrtHwO `} RwD R= R}v (y) swO

"|}xrLQtwO Ov}=Qi |rm |=tW "1 pmW
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|QDy@ |Q=t; OQmrta xm OvOQm O=yvW}B |} woV}B OwOL =@ h=QLv= pt=a ?=NDv=
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xQ}eDtOvJ |v=tR |=y|QU |xr}Uwx@ pL=Qt u}@ \=@DQ= u; QO xm OvDiQo Q_v QO =Q
xvwou}= V}=B |=Q@ =Q |awvYt |@Ya |=yxm@W R= xO=iDU= =yv; "OwW|t Q=QkQ@

"OvOQm O=yvW}B =yOv}=Qi
|=yOv}=Qi V}=B |=Q@ pQDvm |=yQ=Owtv VQDUo w \U@ x@ R}v |Qo}O u}kkLt
|}xrLQtOvJ |=yOv}=Qi |xv}tR QO xm |D=k}kLD QDW}@ QO "OvDN=OQB |}xrLQtOvJ
QO |i}m |=yxYNWt xm OQwN|t sWJ x@ ZQi u}= xW}ty 'CU= xDiQo s=Hv=
QO =t= "Ovvm|t |wQ}B p=tQv `} RwD R= QN; |xrLQt QO xS} wx@ Ov}=Qi hrDNt pL=Qt
p=tQv Q}e |a} RwD R= |i}m |=yxYNWt CU= umtt w CU}v Qw]u}= xW}ty pta
�|}=tv |=y`} RwD |xO=wv=N� =t=o =} |}=tv 'uwU=wB '|}xrtHwO |=y`} RwD uwJty
OwW|t xO=iDU= p=tQv `} RwD |=Q@ xm |vw}UQoQ VR=Q@ `@=D \}=QW u}= QO "Ovvm |wQ}B
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=@ |}xrLQtxU Ov}=Qi l} u}kkLt u}vJty "CU= xOW O=yvW}B pQDvm Q=Owtv l}
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|=yQ=Owtv \UwD |i}m |=yxYNWt R= l} Qy |=Q@ =Q =yxOv=t|k=@ R= h=QLv= Q}O=kt
QO xDU@=w |xrLQt wO =@ |Ov}=Qi [13]|Oa@ C=ar=]t QO "OvOQm V}=B xv=o =OH pQDvm
w |rwvQ@ |=y`} RwD R= ?}DQDx@ pL=Qt |i}m |=yxYNWt u; QO xm OW xDiQo Q_v
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V}=B |=Q@ h=QLv= pt=a ?=NDv= pQDvm Q=Owtv R= TBU "OvOQm u=}@ xO=U |]N
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%R= CU= CQ=@a \}=QW u}= QO |}=tvCUQO `@=D 'CU= |}xrtHwO

L(y) =

 
n

y

!
py(1� p)n�y (4)

|=Q@ pO=at Qw] x@ =} w Q_v OQwt uwtR; |=Q@ xDi=}s}taD |}=tvCUQO C@Uv xQ=t;
'CU= � = np xm |t=ovy H1 : p 6= p0 p@=kt QO H0 : p = p0 uwtR;

"CU= Q} R CQwYx@

ln[L(y; n; p1)]� ln[L(y; n; p0)] = ln

" 
n

y

!
py1 (1� p1)n�y

#
� ln

" 
n

y

!
py0 (1� p0)n�y

#
= y ln p1

+(n� y) ln(1� p1)� y ln p0 � (n� y) ln(1� p0)

= y ln
�
p1
p0

�
+ (n� y) ln

�1� p1
1� p0

�
: (5)

?Q[ TBU w p1 |=Hx@ y=n w p0 |=Hx@ w�1(xT�) |Q=Po}=H =@ p=L
Q}O=kt |xQ=t; 'sign [y � �0] QO u; ?Q[ w u; R= QPH uDiQo Oa@ w 2 QO u;

%O};|t CUO x@ |}xrtHwO |HwQN Q}eDt |=Q@ (DR) h=QLv= xOv=t|k=@
DR = sign[y � �0]

�
2
�
y ln

 � y
n

�
w�1(xT�)

!
+(n� y) ln

� 1� y
n1� w�1(xT�)

��� 12
(6)

6 |x]@=Q QO xm CU= QmP x@ sRq "n �w�1(xT�)
� =@ CU= Q@=Q@ �0 u; QO xm

ẁ[wt u}= C=@F= "CU= C@Ft |Q=Okt xQ=wty xOW x@U=Lt u; QPH xm |DQ=@a
j@] h=QLv= pt=a ?=NDv= pQDvm OwOL 'xt=O= QO "CU= xOW x�=Q= CUw}B QO
ẁQW 2 R=i QO V}=B xm |t=ovy "OwW|t u}}aD h=QLv= xOv=t|k=@ Q}O=kt |xQ=t;

�y� j@]vt=v sqk= O=OaD w OwW|t xDiQo CqwYLt R= |}=Dn |xvwtv l} 'OwW|t
Q=Owtv Q@ w x@U=Lt �DR� xOv=t|k=@ Q}O=kt h=QLv= |xQ=t; TBU 'OwW|t xOQtW

%R= CU= CQ=@a |O=yvW}B Q=Owtv |=Q@ pQDvm OwOL "OwW|t sUQ |O=yvW}B
UCL = �DR + L� �DR
CL = �DR

LCL = �DR � L� �DR; (7)

|xat=H Tv=} Q=w w u}ov=}t ?}DQDx@ �2
DR = Var(DR) w �DR = E(DR)

"CU= pQDvm OwOL ?} Q[ R}v L w OvDUy DR

|O=yvW}B VwQ OQmrta |UQQ@ "5
XN=W |=v@tQ@ |O=yvW}B pQDvm Q=Owtv OQmrta |UQQ@ ut[ CtUk u}= QO
,=t}kDUt np pQDvm Q=Owtv "s}vm|t xU}=kt np |DvU pQDvm Q=Owtv =@ =Q u; ARL

pQDvm Q=Owtv xm |DQwY QO 'OQ}o|t Q=Qk xO=iDU= OQwt �y� |HwQN Q}eDt V}=B |=Q@
xOW O=yvW}B DR |va} xOv=t|k=@ h=QLv= Q}O=kt V}=B |=Q@ �DR� |O=yvW}B

"CU=
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"CU= xDiQo Q=Qk |UQQ@ OQwt =yv; R= l} Qy xt=O=
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"CU=
�1 QDt=Q=B QO Ci}W "2"2"5
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�0 + �&&�1 � �

|O=yvW}B VwQ np Q=Owtv
�h=QLv= pw] \UwDt h=QLv= pw] \UwDt

Q=}at xr=@vO Q=}at xr=@vO
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1 4 141 4 1 2 118 9 0 1
0 69 71 7 0 7 73 8 0 25
0 4 37 5 0 5 50 7 0 4
0 1 11 9 0 29 30 8 0 75
0 07 7 1 0 21 23 6 1
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|O=yvW}B VwQ np Q=Owtv
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|O=yvW}B VwQ np Q=Owtv

�h=QLv= pw] \UwDt h=QLv= pw] \UwDt
Q=}at xr=@vO Q=}at xr=@vO
0 9 96 9 1 1 114 6 0
0 7 77 2 205 3 0 1
0 47 54 6 4 4 457 1 0 25
0 2 26 6 - > 1000 0 5
0 1 14 5 - > 1000 0 75
0 03 4 5 - > 1000 1 5
0 01 1 6 - > 1000 3

p@k |xrLQt R= pkDUt OQ}o|t Q=Qk V}=B OQwt h=QLv= pt=a ?=NDv= pQDvm
x |va} pw= |xrLQt |i}m |xYNWt u}ov=}t QO xm |Di}W O}=@ Q}N =} CU=
|rQDvm Q=Owtv |xr=@vO pw] \UwDt XN=W Q@ |UwULt Q}F-=D OwW|t O=H}=
|W}=Ri= |=yCi}W VN@ u}= QO Qw_vt u}tyx@ "OQ=Pov h=QLv= pt=a ?=NDv=
xOW x�=Q= 4 pwOH QO u; G}=Dv xm CU= xOW O=H}= E(X) QO |Wy=m w
Q}}eD E(X) � � x@ E(X) u; T=U=Q@ xm CU= |DQwYx@ =yCi}W u}= "CU=

"O@=}|t
wO Qy xm OyO|t u=Wv 4 pwOH QO xDiQo s=Hv= |R=Ux}@W R= pY=L G}=Dv
pQDvm Q=Owtv =t= 'OvyO|t u=Wv Vvm =w �x QO xOW O=H}= C=Q}}eD x@ C@Uv Q=Owtv
u=Wv u}= w OQ}o|t Q=Qk C=Q}}eD ẁv u}= Q}F-=D CLD QDsm |r}N DR |O=yvW}B
Ov}=Qi swO |xrLQt Q@ pw= |xrLQt QF= |R=U=OH Qt= QO |O=yvW}B VwQ xm OyO|t
QDy@ xH}Dv QO "OQ}o|t Q=Qk C=Q}}eD ẁv u}= Q}F-=D CLD QDsm w Ovm|t pta QDy@
xO=iDU= |O=yvW}B VwQ R= Ov}=Qi swO |xrLQt OQwt QO QDy@ |Q}os}tYD |=Q@ CU=

"OwW
C=Q}}eD hrDNt `=wv= QO Q=Owtv wO Qy OQmrta uDiQo Q_v QO =@ w |rm Qw]x@
xU}=kt QO |O=yvW}B pQDvm Q=Owtv OQmrta xmCU=XNWt '=yQDt=Q=B QO xOW O=H}=
=yOv}=Qi R= xvwou}= QDy@ pQDvm |=Q@ xm OwW|t x}YwD w CU= xv}y@ np pQDvm Q=Owtv =@

"OwW xO=iDU= |O=yvW}B VwQ R=

2 p=Ft K} QWD "3"5
\@=Q `@=D w |O=yvW}B pQDvm Q=Owtv OQmrta QDW}@ |UQQ@ Qw_vtx@ p=Ft u}= QO
R= xrLQt wO Qy |i}m |=yxYNWt xm CU= xOW xDiQo Q_v QO |]}=QW 'Logit

Q@=Q@ xYNWt wO Qy |=Q@ (n) C=W}=tR; O=OaD "Ov}=tv|t |wQ}B |}xrtHwO `} RwD
Q}eDt QO p QDt=Q=B 'u}vJty "CU= xOW xDiQo Q_v QO 80 w 20 K]U wO QO w
QO p QDt=Q=B "CU= xDiQo Q=Qk |UQQ@ OQwt 0 1 w 0 05 K]U wO QO �x� |OwQw
?}DQDx@ �1 w �0 |vw}UQoQ |=yQDt=Q=B =@ 3 |x]@=Q |xr}Uwx@ R}v |HwQN Q}eDt
'CU= pQDvm R= GQ=N Ov}=Qi swO |xrLQt |Dkw "O};|t CUO x@ �0 5 w �1 =@ Q@=Q@
p=tDL= w CU= (�; � 6= 0) �01 = �1 � � w �00 = �0 � � xm OwW|t ZQi
pQDvm Q=Owtv wO OQmrta xt=O= QO "OwW|t x@U=Lt 8 |x]@=Q CQwYx@ j=@]v= sOa
pw] \UwDt Q=}at T=U=Q@ |vw}UQoQ |=yQDt=Q=B QO Q}}eD hrDNt Q}O=kt |=R=x@

"CU= xOW xU}=kt xr=@vO
w 20 |xvwtv xR=Ov= =@ |}xrtHwO `} RwD |=Q=O pw= |xrLQt Q}eDt 'pw= VN@ QO
|O=yvW}B VwQ pQDvm OwOL |R=Ux}@W Q=@ 10000 =@ "CU= 0 05C}kiwt p=tDL=
CUO x@ 97 pQDvm CLD |xr=@vO pw] \UwDt |=R= x@ 2 688 w �2 838 Q@=Q@
QO |@=}CUO p@=k pQDvm CLD xr=@vO pw] \UwDt u} QDl}ORv u}vJty "O};|t
G}=Dv "O};|t CUO x@ 9 9 w 0 pQDvm OwOL T=U=Q@ xm CU= 114 Q@=Q@ np Q=Owtv
7 =D 5 pw=OH QO xr=@vO pw] \UwDt T=U=Q@ pQDvm Q=Owtv wO |xU}=kt R= pY=L

"CU= xOW x�=Q=
QO np Q=Owtv *QDy@ OQmrta seQ|ra 'OwW|t xOy=Wt 5 pwOH QO xm u=vJ
|ivt |=yCi}W QO |O=yvW}B Q=Owtv OQmrta '�0 QDt=Q=B QO C@Ft |=yCi}W
pQDvm R= GQ=N |xr=@vO pw] \UwDt xm CU= QmP x@ sRq "CU= QDy@ ?D=Qtx@
u}= "CU= pQDvm CLD Cr=L R= QDW}@ |ivt |=yCi}W QO np pQDvm Q=Owtv QO
Q=Owtv QO xm |r=L QO 'OwW|t ?wULt pQDvm Q=Owtv u}= Xkv u=wvax@ ẁ[wt
6 pwOH G}=Dv j@=]t 'u}vJty "OwW|tv xOy=Wt |Ykv u}vJ |O=yvW}B pQDvm
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"""w
|Q}

t=u
}UL

Q}t=
'<=}r

w=K
r=Y

OtL
t "OQ=O |QDQ@ np Q=Owtv Q@ |O=yvW}B pQDvm Q=Owtv �1 QDt=Q=B QO C=Q}}eD |t=tD QO

u=tRty C=Q}}eD QO |O=yvW}B VwQ OQmrta '7 pwOH |q=@ |xt}v x@ xHwD =@
xm Qw]u=ty |rw CU= np Q=Owtv R= QDO@ �1 w �0 |=yQDt=Q=B QO CyHsy Q}e w
�|O=yvW}B VwQ hqNQ@� Q=Owtv u}= CU= XNWt pwOH u}= u}}=B |xt}v QO
'�1 QDt=Q=B QO C@Ft C=Q}}eD u; =@ Q_=vDt w �0 QDt=Q=B QO |ivt C=Q}}eD V}=Ri= =@
GQ=N |xr=@vO pw]\UwDt xm |Qw]x@ OyO|t u=Wv OwN R= |i}a[ Q=}U@ OQmrta
l} u}= xm OQ=O |W}=Ri= w |OwaY OvwQ C=Q}}eD ẁv u}= QO �ARL1� pQDvm R=

"CU= Q=Owtv u}= QO nQR@ Xkv
20 |xvwtv xR=Ov= =@ |}xrtHwO `} RwD |=Q=O pw= |xrLQt Q}eDt 'swO VN@ QO
pw] \UwDt |=Q@ |O=yvW}B VwQ pQDvm OwOL "CU= 0 1 C}kiwt p=tDL= w
x@ 2 72 w �2 88 Q}O=kt Q@=Q@ |R=Ux}@W |xr}Uwx@ 310 pQDvm CLD |xr=@vO
"O};|t CUO x@ 9 7 w 0 Q@=Q@ np Q=Owtv QO pQDvm OwOL u}vJty "O};|t CUO
xr=@vO pw] \UwDt T=U=Q@ pQDvm Q=Owtv wO OQmrta |xU}=kt 10 =D 8 pw=OH QO
QO C@Ft lJwm C=Q}}eD QO 'OwW|t x_Lqt xm u=vJ "CU= xOW xO=O u=Wv
nQR@ |=yCi}W QO xm |r=LQO 'CU= QDy@ np pQDvm Q=Owtv OQmrta �0 QDt=Q=B
np Q=Owtv 'p@k VN@ Ovv=ty u}vJty "CU= QDy@ |O=yvW}B VwQ OQmrta C@Ft
|OwOL =D R}v |O=yvW}B pQDvm Q=Owtv xD@r= "CU= p=mW= |=Q=O |ivt |=yCi}W QO
nQR@ |=yCi}W QO |O=yvW}B VwQ QO p=mW= u}= |rw CU= |Ykv u}vJ |=Q=O

"CU= xOW hQ]Q@
C=Q}}eD |O=yvW}B VwQ QO xm OyO|t u=Wv 9 pwOH QO xOW x�=Q= G}=Dv
C}U=UL p}rLD G}=Dv "OwW|t hWm np Q=Owtv R= QDOwR �1 QDt=Q=B QO C@Ft
QDt=Q=B QO 0 1 Q=Okt |=R=x@ xm OyO|t u=Wv p=Ft u}= QO p QDt=Q=B |wQ
pmWt Q=JO |ivt C=Q}}eD hWm QO Q=Owtv wO Qy 'pw= |xrLQt Q}eDt p

"OvwW|t
�0 QO C@Ft u=tRty C=Q}}eD xm OyO|t u=Wv 10 pwOH QO xOW x�=Q= G}=Dv
QO |O=yvW}B VwQ u}vJty "OQ=O |QDy@ OQmrta np pQDvm Q=Owtv �1 QO |ivt w
C=Q}}eD xR=Ov= V}=Ri= =@ pmWt u}= xm CU= p=mW= |=Q=O lJwm C=Q}}eD hWm
VwQ OQmrta �1 QO C@Ft w �0 QO |ivt u=tRty C=Q}}eD QO "CU= xOW hQ]Q@
Q=JO C=Q}}eD u}= QO np pQDvm Q=Owtv xm |wLvx@ 'CU= QDy@ ?D=Qtx@ |O=yvW}B

"CU= pmWt
80 |xvwtv xR=Ov= =@ |}xrtHwO `} RwD |=Q=O pw= |xrLQt Q}eDt 'swU VN@ QO
OwOL 332 pQDvm CLD xr=@vO pw] \UwDt |=Q@ "CU= 0 1 C}kiwt p=tDL= w
"O};|t CUO x@ 2 6 w �3 Q}O=kt Q@=Q@ |R=Ux}@W |xr}Uwx@ |O=yvW}B VwQ pQDvm
|xU}=kt G}=Dv "O};|t CUO x@ 12 1 w 0 Q@=Q@ np Q=Owtv QO pQDvm OwOL u}vJty
xOW x�=Q= 13 =D 11 pw=OH QO xr=@vO pw] \UwDt T=U=Q@ pQDvm Q=Owtv wO OQmrta
OwOL =D |O=yvW}B VwQ QO OwHwt Xkv xvwtv xR=Ov= V}=Ri= =@ 'T=U= u}=Q@ "CU=
hWm QO |O=yvW}B VwQ |r@k VN@ QO xm |wLvx@ 'CU= xOW hQ]Q@ |O=} R
xvwtv xR=Ov= V}=Ri= =@ Xkv u}= xm |r=L QO 'Ow@ u=wD=v �1 QDt=Q=B QO |ivt C=Q}}eD
p=mW= `iQ QO xvwtv xR=Ov= V}=Ri= xm CU= QmP x@ sRq "CU= xDi=} Ow@y@ |OwOL =D
xv=o =OH C@Ft C=Q}}eD hWm QO u}vJty "CU= xDW=Ov |Q}F-=D np pQDvm Q=Owtv
QDy@ np Q=Owtv =@ xU}=kt QO |O=yvW}B VwQ OQmrta '\@=Q `@=D QDt=Q=B wO Qy QO

"CU=
lJwm C=Q}}eD QO |O=yvW}B VwQ OQmrta '13 pwOH |q=@ |xt}v x@ xHwD =@
QO |rw CU= np Q=Owtv R= QDO@ �1 w �0 |=yQDt=Q=B QO CyHsy Q}e w u=tRty
QO u}= &Ovm|t hWm =Q C=Q}}eD w OwW|t KqY= |O=yvW}B VwQ nQR@ C=Q}}eD

"�1 � � x@ �1 Ci}W CLD |R=Ux}@W G}=Dv "6 pwOH
�1 + �

|O=yvW}B VwQ np Q=Owtv
�h=QLv= pw] \UwDt h=QLv= pw] \UwDt

Q=}at xr=@vO Q=}at xr=@vO
0 9 96 9 1 1 114 6 0
0 9 93 1 1 1 112 5 0 05
0 86 91 2 1 01 105 6 0 1
0 6 63 1 1 01 104 9 0 2
0 3 37 5 0 78 82 9 0 3
0 1 19 5 0 6 68 0 4
0 06 7 0 2 23 1 0 6
0 02 2 6 0 02 3 6 1
0 01 1 7 0 01 2 1 5

�1 � �
|O=yvW}B VwQ np Q=Owtv

�h=QLv= pw] \UwDt h=QLv= pw] \UwDt
Q=}at xr=@vO Q=}at xr=@vO
0 9 96 9 1 1 114 6 0
0 9 93 5 1 2 119 1 0 05
0 8 83 6 1 07 108 3 0 1
0 6 64 5 1 1 119 1 0 2
0 47 50 2 1 1 116 4 0 3
0 3 39 6 1 1 120 9 0 4
0 2 26 2 1 1 119 7 0 6
0 09 12 7 1 1 114 1 1
0 06 6 7 1 1 119 1 1 5
0 02 2 9 1 1 118 2 3 5
0 02 2 7 1 2 122 5 4

"�1 w �0 u=tRty Ci}W CLD |R=Ux}@W G}=Dv "7 pwOH
�0 + �&&�1 � �

|O=yvW}B VwQ np Q=Owtv
�h=QLv= pw] \UwDt h=QLv= pw] \UwDt

Q=}at xr=@vO Q=}at xr=@vO
0 9 96 9 1 1 114 6 0
1 01 97 53 0 7 71 7 0 1
0 82 86 8 0 44 45 6 0 2
0 74 74 5 0 3 30 4 0 3
0 57 60 8 0 2 22 3 0 4
0 35 34 4 0 1 11 4 0 6
0 08 9 7 0 04 4 8 1
0 03 3 8 0 02 2 9 1 5

�0 � �&&�1 + �
|O=yvW}B VwQ np Q=Owtv

�h=QLv= pw] \UwDt h=QLv= pw] \UwDt
Q=}at xr=@vO Q=}at xr=@vO
0 9 96 9 1 1 114 6 0
0 88 89 9 1 8 180 9 0 1
0 75 76 4 3 297 0 2
0 6 61 1 4 6 466 9 0 3
0 4 42 1 7 7 717 3 0 4
0 22 21 - > 1000 0 6
0 07 7 5 - > 1000 1
0 03 3 8 - > 1000 1 5
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"�1 w �0 u=tRty Ci}W CLD |R=Ux}@W G}=Dv "10 pwOH
�0 + �&&�1 � �

|O=yvW}B VwQ np Q=Owtv
�h=QLv= pw] \UwDt h=QLv= pw] \UwDt

Q=}at xr=@vO Q=}at xr=@vO
3 1 312 4 3 1 310 0
- > 1000 2 199 3 0 1
- > 1000 1 3 129 6 0 2
- > 1000 0 9 91 4 0 3

6 4 646 5 0 55 59 4 0 4
2 8 280 1 0 3 33 2 0 6
0 1 91 1 0 1 13 1 1
4 2 42 5 0 08 8 8 1 5
0 2 26 8 0 076 8 2 2 5
0 1 13 3 0 5 5 7 4
0 1 10 3 0 04 5 6 5

�0 � �&&�1 + �
|O=yvW}B VwQ np Q=Owtv

�h=QLv= pw] \UwDt h=QLv= pw] \UwDt
Q=}at xr=@vO Q=}at xr=@vO
3 1 312 4 3 1 310 0
1 4 142 9 3 9 402 2 0 05
0 7 66 3 5 504 5 0 1
0 1 13 4 7 5 762 6 0 2
0 03 3 4 - > 1000 0 3
0 01 1 8 - > 1000 0 4

"�0 � � x@ �0 Ci}W CLD |R=Ux}@W G}=Dv "11 pwOH
�0 + �

|O=yvW}B VwQ np Q=Owtv
�h=QLv= pw] \UwDt h=QLv= pw] \UwDt

Q=}at xr=@vO Q=}at xr=@vO
3 3 331 7 3 2 323 7 0
2 7 277 3 2 7 272 6 0 05
2 2 223 8 2 4 241 5 0 1
1 5 154 5 1 7 176 7 0 2
1 100 9 1 3 136 8 0 3

0 6 63 9 0 9 102 3 0 4
0 4 42 1 0 8 85 1 0 5
0 2 19 6 0 6 64 3 0 7
0 06 7 3 0 2 26 6 1
0 01 1 8 0 05 5 9 2

�0 � �|O=yvW}B VwQ np Q=Owtv
�h=QLv= pw] \UwDt h=QLv= pw] \UwDt

Q=}at xr=@vO Q=}at xr=@vO
3 3 331 7 3 2 323 7 0
5 506 4 4 2 431 1 0 1

6 1 613 7 6 3 636 5 0 2
6 5 649 5 - > 1000 0 3
7 3 741 7 - > 1000 0 4
6 1 618 6 - > 1000 0 5
4 8 486 - > 1000 0 6
3 6 365 4 - > 1000 0 7
2 8 293 8 - > 1000 0 8
1 1 109 3 - > 1000 1 25
0 6 65 5 - > 1000 1 75
0 3 34 9 - > 1000 3 5
0 26 30 - > 1000 6

"�0 � � x@ �0 Ci}W CLD |R=Ux}@W G}=Dv "8 pwOH
�0 + �

|O=yvW}B VwQ np Q=Owtv
�h=QLv= pw] \UwDt h=QLv= pw] \UwDt

Q=}at xr=@vO Q=}at xr=@vO
3 1 312 4 3 1 310 0
1 9 199 3 1 9 194 8 0 1
1 2 124 9 1 1 115 5 0 2
0 67 74 8 0 7 75 1 0 3
0 2 29 7 0 28 31 7 0 5
0 09 11 3 0 1 14 9 0 75
0 04 4 9 0 07 7 5 1
0 02 2 8 0 03 4 4 1 25
0 01 1 7 0 02 3 1 5

�0 � �
|O=yvW}B VwQ np Q=Owtv

�h=QLv= pw] \UwDt h=QLv= pw] \UwDt
Q=}at xr=@vO Q=}at xr=@vO
3 1 312 4 3 1 310 0
6 4 643 3 - > 1000 0 25
4 1 418 5 - > 1000 0 5
2 1 207 7 - < 1000 0 75
1 3 133 6 - > 1000 0 9
0 98 100 8 - > 1000 1
0 57 61 9 - > 1000 1 25
0 3 40 4 - > 1000 1 5
0 17 20 8 - > 1000 2
0 08 11 4 - > 1000 3
0 07 8 7 - > 1000 4

"�1 � � x@ �1 Ci}W CLD |R=Ux}@W G}=Dv "9 pwOH
�1 + �

|O=yvW}B VwQ np Q=Owtv
�h=QLv= pw] \UwDt h=QLv= pw] \UwDt

Q=}at xr=@vO Q=}at xr=@vO
3 1 312 4 3 1 310 0
1 9 198 7 3 301 2 0 05
1 6 166 2 2 8 286 3 0 075
1 2 129 9 2 6 266 3 0 1
0 7 75 7 2 6 263 1 0 15
0 4 44 8 2 4 243 8 0 2
0 1 17 9 1 7 175 7 0 3
0 07 7 4 0 9 97 3 0 4
0 03 4 1 0 38 43 1 0 5
0 02 2 8 0 1 15 2 0 6
0 01 1 8 0 027 3 3 0 8

�1 � �|O=yvW}B VwQ np Q=Owtv
�h=QLv= pw] \UwDt h=QLv= pw] \UwDt

Q=}at xr=@vO Q=}at xr=@vO
3 1 312 4 3 1 310 0
4 7 471 8 3 2 323 5 0 05
6 5 656 8 3 2 321 3 0 1
- > 1000 3 4 347 1 0 2
- > 1000 3 3 337 6 0 5
- > 1000 3 5 356 2 1
- > 1000 3 5 356 5 1 5
- > 1000 3 6 366 1 5
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t=u
}UL

Q}t=
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w=K
r=Y

OtL
t

"�0 � � x@ �0 Ci}W CLD |R=Ux}@W G}=Dv "14 pwOH
�0 + �

|O=yvW}B VwQ np Q=Owtv
�h=QLv= pw] \UwDt h=QLv= pw] \UwDt

Q=}at xr=@vO Q=}at xr=@vO
2 5 250 5 2 5 255 1 0
1 4 148 9 1 45 150 2 0 1
0 07 80 5 0 9 97 6 0 2
0 03 37 4 0 52 60 6 0 3
0 16 21 2 0 4 44 3 0 4
0 08 11 4 0 28 32 5 0 5
0 03 4 0 1 15 5 0 75
0 015 2 1 0 07 8 8 1
0 008 1 4 0 04 5 5 1 25

�0 � �
|O=yvW}B VwQ np Q=Owtv

�h=QLv= pw] \UwDt h=QLv= pw] \UwDt
Q=}at xr=@vO Q=}at xr=@vO
2 5 250 5 2 5 255 1 0
2 9 300 3 4 7 474 9 0 1
2 8 283 4 9 7 975 5 0 2
1 4 148 7 - > 1000 0 3
0 8 86 7 - > 1000 0 4
0 5 54 7 - > 1000 0 5
0 17 20 8 - > 1000 0 75
0 08 9 7 - > 1000 1
0 04 5 - > 1000 1 5
0 014 2 5 - > 1000 3

"�1 � � x@ �1 Ci}W CLD |R=Ux}@W G}=Dv "15 pwOH
�1 + �

|O=yvW}B VwQ np Q=Owtv
�h=QLv= pw] \UwDt h=QLv= pw] \UwDt

Q=}at xr=@vO Q=}at xr=@vO
2 5 250 5 2 5 255 1 0
2 6 266 3 3 07 307 4 0 01
1 4 149 2 2 5 262 3 0 03
0 9 93 6 2 4 242 4 0 05
0 5 52 4 1 8 190 8 0 075
0 2 28 6 1 4 151 9 0 1
0 08 10 1 105 1 0 15
0 03 3 7 0 56 59 1 0 2
0 01 1 3 0 1 15 0 3

�1 � �
|O=yvW}B VwQ np Q=Owtv

�h=QLv= pw] \UwDt h=QLv= pw] \UwDt
Q=}at xr=@vO Q=}at xr=@vO
2 5 250 5 2 5 255 1 0
2 4 244 3 2 7 273 2 0 1
1 4 147 7 2 6 262 6 0 15
0 8 84 7 2 8 282 5 0 2
0 5 56 2 7 268 8 0 25
0 3 36 2 2 6 268 5 0 3
0 15 19 1 2 7 274 3 0 4
0 08 10 1 2 74 280 3 0 5
0 02 3 5 2 6 265 6 1
0 02 2 5 2 6 261 5 2

"�1 � � x@ �1 Ci}W CLD |R=Ux}@W G}=Dv "12 pwOH
�1 + �

|O=yvW}B VwQ np Q=Owtv
�h=QLv= pw] \UwDt h=QLv= pw] \UwDt

Q=}at xr=@vO Q=}at xr=@vO
3 3 331 7 3 2 323 7 0
2 6 266 3 3 1 307 4 0 01
1 5 149 2 2 5 262 3 0 03
0 9 93 6 2 4 242 4 0 05
0 5 52 4 1 83 190 8 0 075
0 2 28 6 1 47 151 9 0 1
0 07 10 1 105 1 0 15
0 02 3 7 0 5 59 1 0 2
0 01 1 3 0 1 15 0 3

�1 � �
|O=yvW}B VwQ np Q=Owtv

�h=QLv= pw] \UwDt h=QLv= pw] \UwDt
Q=}at xr=@vO Q=}at xr=@vO
3 3 331 7 3 2 323 7 0
18 8 1897 1 5 2 525 8 0 1
10 1012 8 7 8 790 6 0 2
3 8 393 8 10 6 1084 9 0 3
2 1 208 1 14 1 1416 3 0 4
1 1 117 15 7 1580 7 0 5
0 35 40 1 - > 1000 1
0 23 29 4 - > 1000 2 5
0 2 27 9 - > 1000 5

"�1 w �0 u=tRty Ci}W CLD |R=Ux}@W G}=Dv "13 pwOH
�0 + �&&�1 � �

|O=yvW}B VwQ np Q=Owtv
�h=QLv= pw] \UwDt h=QLv= pw] \UwDt

Q=}at xr=@vO Q=}at xr=@vO
3 3 331 7 3 2 323 7 0
- > 1000 4 8 481 7 0 1
- > 1000 5 3 526 6 0 2
- > 1000 5 3 535 0 3

3 7 347 6 2 624 1 0 5
1 4 141 4 6 1 607 1 0 75
0 76 78 6 6 3 632 3 1
0 5 52 8 6 3 636 7 1 25
0 28 31 8 6 3 627 3 3

�0 � �&&�1 + �
|O=yvW}B VwQ np Q=Owtv

�h=QLv= pw] \UwDt h=QLv= pw] \UwDt
Q=}at xr=@vO Q=}at xr=@vO
3 3 331 7 3 2 323 7 0
0 4 39 3 2 2 225 6 0 1
0 15 15 8 1 6 165 4 0 15
0 06 6 6 1 3 127 5 0 2
0 02 3 1 0 8 85 8 0 25
0 001 1 02 0 007 1 4 0 5
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16 =D 14 pw=OH QO xr=@vO pw] \UwDt T=U=Q@ pQDvm Q=Owtv wO OQmrta |xU}=kt
Qy QO C=Q}}eD |t=tD QO '15 w 14 pw=OH G}=Dv T=U= Q@ "CU= xOW xO=O u=Wv
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pw= VN@ Ovv=ty np pQDvm Q=Owtv xm CU= QmP x@ sRq "OQ=O |QDy@ OQmrta np
=@ Xkv u}= u}vJty "CU= p=mW= |=Q=O �0 QDt=Q=B QO |ivt C=Q}}eD hWm QO

"CU= xOWv hQ]Q@ xvwtv xR=Ov= V}=Ri=
|O=yvW}B VwQ OQmrta xm CU= XNWt '16 pwOH |q=@ CtUk x@ xHwD =@
Q=Owtv R= QDO@ �1 w �0 |=yQDt=Q=B QO CyHsy Q}e w u=tRty lJwm C=Q}}eD QO
C=Q}}eD w OwW|t KqY= |O=yvW}B VwQ nQR@ C=Q}}eD QO xm |r=LQO 'CU= np
u=Wv OwN R= |rtar=Tma nQR@ C=Q}}eD QO np Q=Owtv |rw Ovm|t hWm =Q
C@=F Q=Owtv u}= QO xr=@vO pw] \UwDt u=R}t C=Q}}eD uOW nQR@ =@ w OyO|tv
Q=Owtv 'pwOH u}}=B |xt}v T=U=Q@ u}vJty "O@=}|tv Vy=m w Ov=t|t |k=@
C@Ft C=Q}}eD u; =@ Q_=vDt w �0 QDt=Q=B QO |ivt C=Q}}eD V}=Ri= =@ |O=yvW}B
w OyO|t u=Wv OwN R= np Q=Owtv x@ C@Uv |QDy@ Q=}U@ OQmrta '�1 QDt=Q=B QO
C=Q}}eD xvwou}= QO np pQDvm Q=Owtv |rw Ovm|t hWm |DL=Qx@ =Q |r=ta= C=Q}}eD
C=Q}}eD hWm |}=v=wD `k=w QO w OyO|t u=Wv OwN R= |O@ w ?U=vt=v ptar=Tma

"OQ=Ov =Q

|Q}oxH}Dv "6
QO '|}xrLQtwO Ov}=Qi l} QO h=QLv= pt=a ?=NDv= pQDvm Q=Owtv l} 'Q=DWwv u}= QO
"OW O=yvW}B 'CU= |}xrtHwO CQwYx@ swO |xrLQt |i}m |xYNWt xm |]}=QW
pY=L swO |xrLQt |i}m |xYNWt V}=B |=Q@ pQDvm Q=Owtv |xQ=t; Q=Owtv u}= QO
=@ |O=yvW}B |rQDvm Q=Owtv OQmrta |xU}=kt "CU= xDi=}s}taD |]N |=ywor= R=
u=Wv np pQDvm Q=Owtv =@ xr=@vO pw] \UwDt |xU}=kt R}v w |R=Ux}@W R= xO=iDU=
Q=}U@ OQmrta '|W}=Ri= w |Wy=m |=yCi}W hWm QO |O=yvW}B VwQ xm O=O
C=@F R= pw= |xrLQt |i}m |xYNWt u}ov=}t QO C=Q}}eD x@ C@Uv w OQ=O |QDy@
pQDvm |=yQ=Owtv R= OwW|t O=yvW}B '|D; C=k}kLD u=wvax@ "CU= Q=OQwNQ@ |QDW}@
|O=yvW}B |xQ=t; V}=B |=Q@ CUSUM w EWMA pQDvm Q=Owtv Ovv=t x_i=L =@
"OwW xU}=kt Q_=vDt |x_i=L=@ pQDvm |=yQ=Owtv =@ =y u; OQmrta w OwW xO=iDU=

"�1 w �0 u=tRty Ci}W CLD |R=Ux}@W G}=Dv "16 pwOH
�0 + �&&�1 � �

|O=yvW}B VwQ np Q=Owtv
�h=QLv= pw] \UwDt h=QLv= pw] \UwDt

Q=}at xr=@vO Q=}at xr=@vO
2 5 250 5 2 5 255 1 0
3 6 362 3 1 5 156 6 0 1
2 195 1 1 1 112 7 0 2
1 97 1 0 9 92 5 0 3

0 5 53 1 0 67 70 6 0 4
0 25 31 8 0 57 64 2 0 5
0 1 12 6 0 53 61 0 75
0 06 7 3 0 5 58 2 1
0 02 3 2 0 51 56 6 2

�0 � �&&�1 + �

|O=yvW}B VwQ np Q=Owtv
�h=QLv= pw] \UwDt h=QLv= pw] \UwDt

Q=}at xr=@vO Q=}at xr=@vO
2 5 250 5 2 5 255 1 0
0 5 51 9 4 3 424 3 0 1
0 1 10 7 8 1 810 5 0 2
0 03 3 1 - > 1000 0 3
0 01 1 8 - > 1000 0 4

xm u=vJ "OyO|t xt=O= C=Q}}eD hWm QO OwN O@ OvwQ x@ np Q=Owtv xm CU= |r=L
QO |ivt C=Q}}eD V}=Ri= =@ |O=yvW}B Q=Owtv OwW|t xOy=Wt pwOH u}}=B |xt}v QO
C@Uv |QDy@ Q=}U@ OQmrta '�1 QDt=Q=B QO C@Ft C=Q}}eD u; =@ Q_=vDt w �0 QDt=Q=B

"Ovm|t hWm QD`} QU =Q |r=ta= C=Q}}eD w OyO|t u=Wv OwN R= np Q=Owtv x@
80 xvwtv xR=Ov= =@ |}xrtHwO `} RwD |=Q=O pw= |xrLQt Q}eDt 'sQ=yJ VN@ QO
OwOL 250 pQDvm CLD |xr=@vO pw] \UwDt |=Q@ "CU= 0 05 C}kiwt p=tDL= w
CUO x@ 2 7 w �2 9 Q}O=kt Q@=Q@ |R=Ux}@W |xr}Uwx@ |O=yvW}B VwQ pQDvm

CWwv=B
1. Exponentially Weighted Moving Average
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"CU= C@Ft |OOa xQ=wty p=m}O=Q Q} R Q=Okt xH}Dv QO

CUw}B
6 |x]@=Q QO p=m}O=Q Q} R CQ=@a uOw@ C@Ft C=@F=

=@ y |HwQN |i}m |xYNWt |=Q@ |}=tvCUQO `@=D u=wvax@ =Q L(y; n; p) `@=D
u}tND p1 Q=Okt Qo = CQwY u}= QO "O} Q}o@ Q_v QO �n; p� |}xrtHwO `} RwD `@=D
QFm =OL L(y; n; p1) |}=tvCUQO `@=D x=ov; 'OW=@ p QDt=Q=B |}=tvCUQO QFm =OL
u}=Q@=v@ "CU= QDoQR@ L(y; n; p0) Ovv=t |Qo}O Q=Okt Qy R= w CU= =Q=O =Q Q=Okt

%s} Q=O xQ=wty
L(y; n; p1) � L(y; n; p0)

%s} Q=O CU= |OwaY =O}m = |a@=D sD} Q=or `@=D xm u}= x@ xHwD =@ p=L
ln[L(y; n; p1)] � ln[L(y; n; p0)]

%xH}Dv QO
ln[L(y; n; p1)]� ln[L(y; n; p0)] � 0
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