
�13
99

u=DU
@=D�

'h}
QWC

}Q}O
tw

`}=v
Y

|U
Ovyt

75
�61

"X
'1/

2|
xQ=t

W'
36

�1
|xQ

wO

O
ri

gi
na

lA
rt

ic
leR= xO=iDU= =@ ?rk |L=QH Q}t w nQt MQv V}=B

|}=tv uwRwt lQLDt u}ov=}t pQDvm Q=Owtv
xOW lU} Q p}OaD |xv=owO

�Q=}Wv=O� � QoWD; s} Qm
�OWQ= T=vWQ� � |QJvr= x}]a

QDW=lr=t |DavY x=oWv=O 'C} Q}Ot w `}=vY |UOvyt xOmWv=O

|=kDQ= QO Ov=wD|t '|Q=t; Ov}=Qi pQDvm |=yVwQ R= xO=iDU= xOW s=Hv= C=k}kLD T=U= Q@
pta R= p@k 'u=Q=t}@ \}=QW xm|}=Hu; R= "Ovm =i}= =Q |tyt Vkv |L=QH |=yOv}=Qi C}i}m
Q_v QO =@ xOW lU} Q p}OaD pQDvm |=yQ=Owtv R= xO=iDU= 'CU= Cw=iDt Qo}Om} =@ '|L=QH
xDiQo Q=Qk O}m -=D OQwt u=kkLt |wU R= 'u=Q=t}@ |L=QH pta R= p@k lU} Q w \}=QW uDiQo
QO =yQ=Owtv C}U=UL u=R}t '|L=QH |=yOv}=Qi QO pQDvm |=yQ=Owtv R= xO=iDU= QO "CU=
j}kLD u}= "CU= Q=OQwNQ@ |}q=@ C}ty= R= 'u=Q=t}@ nQt Tv=W C@Uv C=Q}}eD hWm
xOW lU} Q p}OaD xv=owO |}=tv uwRwt lQLDt u}ov=}t pQDvm Q=Owtv Q=@ u}DUNv |=Q@

p}rLD w x} RHD "Ovm|t O=yvW}B u=Q=t}@ Q}t w nQt MQv V}=B |=Q@ =Q �RADEWMA�
u=Wv ?rk |L=QH |=Q@ �ARL� xr=@vO \UwDt pw] XN=W T=U= Q@ j}kLD u}= |:tm
p}OaD |=yQ=Owtv Qo}O =@ xU}=kt QO '|O=yvW}B |xOW lU} Q p}OaD Q=Owtv xm OyO|t

"CU= Q=OQwNQ@ |QDq=@ C}U=UL R= '=yVywSB QO OwHwt |xOW lU} Q

atashgar@iust.ac.ir
atiyeh.aln@gmail.com

|}=tv uwRwt lQLDt u}ov=}t pQDvm Q=Owtv '|Q=t; Ov}=Qi pQDvm %|O}rm u=oS=w
"?rk |L=QH 'xr=@vO pw] \UwDt 'xOW lU} Q p}OaD |xv=owO

xtOkt "1
=@ ?U=vDt Ovv=wD|t xm OvQ=O OwHw |Dw=iDt |i}m |=yxYNWt 'u=tQO w CW=Oy@
hrDNt |=yVN@ QO u=Q=t}@ Q=_Dv= u=tR "OvwW V}=B |v=tQO RmQt l} |=yOQ@y=Q
'|Uv=SQw= C=tON |x�=Q= =D u=Q=t}@ OwQw u=tR COt 'u=Q=t}@C}=[Q u=R}t '|m}v}rm
'Q}t w nQt MQv 'wQ=O R} wHD |=y=]N 'xS} w |=yC@k=Qt |=yVN@ Cvwia u=R}t
xrtH R= '|v=tQO w |DW=Oy@ C=tON R= TB ?wr]t=v |=yOt=}B w ZQ=wa u=R}t
p@=k CiQW}B x@ QHvt =yv; j}kO |xar=]t w CQ=_v xm OvDUy |}=yQ}eDt u} QDsyt

[8]"OwW|t C}i}m QO |yHwD
l} |=yxYNWt uOQw; QO pQDvmCLD |=Q@ |Q=t; pQDvm |=yQ=Owtv |Q}oQ=m x@
Ck}kL QO "OwW s=Hv= =yxO=O Q@ sm =L |xS} w \}=QW x@ xHwD =@ O}=@ '|L=QH pta
�|L=QH pta R= TB u=Q=t}@ Q}t w nQt MQv Ovv=t� pt=wa V}=B R= pY=L G}=Dv
\}=QW x@ 'u=DUQ=t}@ |v=tQO w |DW=Oy@ |=yC@k=Qt C}i}m w K=QH OQmrta Q@ xwqa
|=Q@ "OQ=O |oDU@ R}v pt=wa Qo}O w uwN Q=Wi 'C}UvH 'uU Q}_v Q=t}@ |twta
|=yOv}=Qi V}=B QO xQ=t; l} \UwD |QD|ak=w \}=QW 'pt=wa u}= x@ xHwD =@ xmu;
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LCLi = Ê(Ri)� kV̂ ar(Ri)

LCLi =
P
�̂ij
ni

� k

vuuut niP
j=1

�̂ij(1� �̂ij)
ni2

(8)

xOW lU} Q p}OaD |}=tv uwRwt lQLDt u}ov=}t pQDvm Q=Owtv �?
6�RAEWMA�

x@ EWMARjj |xQ=t; x=ou; 'OW=@ s=j |xvwtv |=Q@ Q}t w nQt MQv Rj Qo =
"OwW|t h} QaD 13 |xrO=at CQwY

RAEWMARj = �Rj + (1� �)RAEWMARj�1 (9)

64



1/
2|

xQ=t
W'

36
�1|

xQwO
'�1

39
9u

=DU@
=D�h

}QW
C}

Q}Ot
w`}

=vY
|U

Ovyt

� k�2
vuut jX

k=1
(j � k + 1)2(1� �)2(j�k)var(Rk) (18)

=Q 3 CUw}B RADEWMA |xQ=t; |x@U=Lt |xwLv =@ QDW}@ |}=vW; |=Q@
"O}}=tv xOy=Wt

?rk |L=QH Q}t w nQt |R=Ux}@W "4
V}=B QO xOW lU} Q p}OaD pQDvm |=yQ=Owtv OQmrta |UQQ@ |=Q@ 'j}kLD u}= QO
1 pmW sD} Qwor= CQ=Jwri R= |R=Ux}@W VwQ '?rk |L=QH Q}t w nQt MQv
w Qv}DU= |=yxO=O T=U= Q@ |R=Ux}@W VN@ u}= QO "Ovm|t |wQ}B �8 xLiY�
x@ xOvvmxaH=Qt u=Q=t}@ |=y|oS} w pt=W =yxO=O "CU= xDiQo CQwY [13]u=Q=mty
|L=QH pta R= TB RwQ 30 =yv; Q}t w nQt C}a[w w u=DUrov= ?rk |L=QH RmQt

"CU= 1998 - 1992 |=yp=U u}@ QO
%CU= Q} R KQW x@ |R=Ux}@W sD} Qwor= |=ys=o

pOt |=yQDt=Q=B u}tND �
|=y p=U u}@ QO xm [13]'u=Q=mty w Qv}DU= |=yxO=O '|L=QH pta 2218 R=
u}= "OwW|t xO=iDU= pOt |=yQDt=Q=B u}tND |=Q@ OQ=O Q=Qk 1994 =D 1992
|r [42]'u=Q=mty w |UQ '[32 w 13]u=Q=mty w Qv}DU= \UwD |v=tR |xrY=i
|xQwO QO Qiv 142 jwi u=Q=t}@ u}@ R= "CU= xOW xO=iDU= [33]u=Q=mty w
MQv 'Qo}O CQ=@a x@ "Ov=xDiQ =}vO R= '|L=QH pta R= TB RwQ 30 |v=tR
QiY |x}[Qi CLD 0 064 =@ Q@=Q@ xar=]t OQwt |=yp=U QO |rm Q}t w nQt

"CU=
uwJty C@=F |xR=Ov= =@ |}=yxvwtv T=U= Q@ Ov=wD|t u=Q=t}@ Q}t w nQt MQv
|v=tR xrY=i =@ =Q =yxvwtv u=wD|t =} OwW V}=B |}=D 200 '|}=D 100
|xR=Ov= x@ |}=yxvwtv =@ "OQm |Ov@ s}UkD w |Qw;`tH �xv=y=t� XNWt
p@=kt QO "Ot=Hv= pw] x@ =yx=t =D C=aq]= |Qw;`tH CU= umtt C@=F
s=Hv= QDxO=U |D} Q}Ot ^=Lr R= 'C@=F |v=tR pw] =@ |}=yxvwtv R= xO=iDU=
|oO}J}B Ea=@ u}= w CU= Cw=iDt x=t Qy QO u=Q=t}@ O=OaD =t= 'OQ}o|t

"|O=yvW}B pOt OQmrta |R=Ux}@W sD} Qwor= "1 pmW

lQLDt u}ov=}t pQDvm Q=Owtv %|O=yvW}B |=yVwQ "3
xOW lU} Q p}OaD |xv=owO |}=tv uwRwt

8 �RADEWMA�
u}ov=}t lJwm Q=}U@ C=Q}}eD QO EWMA Q=Owtv C}U=UL V}=Ri= Qw_vt x@

"OW |iQat '[39]=t=W w =t=W \UwD Q=@ u}rw= |=Q@ DEWMA Q=Owtv 'Ov}=Qi
=D OwW|t ?@U Q}t w nQt MQv V}=B |=Q@ DEWMA Q=Owtv |Q}oQ=m x@
u=}@ xr=kt |xtOkt QO xm Qw] u=ty w OQ}ov Q=Qk xHwD OQwt u=Q=t}@ \}=QW Cw=iD
u}= 'OvDU}v Q=OQwNQ@ |v=Um} \}=QW R= u=Q=t}@ |xat=H |=[a= xm u; p}rO x@ 'OW
|=yVwQ p=ta= =@ j}kLD u}= "Ovm V}=B =Q Ov}=Qi C}i}m |@ wN x@ Ov=wD|tv Q=Owtv
pQDvm Q=Owtv u=wva =@ O}OH Q=Owtv |iQat w DEWMA Q=Owtv QO lU} Q p}OaD
'�RADEWMA� xOW lU} Q p}OaD |xv=owO |}=tv uwRwt lQLDt u}ov=}t
w nQt MQv XN=W T=U= Q@ u=Q=t}@ u=tQO C}i}m V}=B |=Q@ =Q |QD|ak=w \}=QW

"Ovm|t sy=Qi Q}t
xm Ovm|t Q=y_= DEWMA |xQ=t; |Q=wDU= OQwt QO [40]|vDy=mr; xwqa x@
'u}=Q@=v@ &CU}v T=UL =yxO=O uOw@ p=tQv ZQi x@ C@Uv DEWMA |xQ=t;
C=Oy=Wt CQwY x@ Q}t w nQt MQv V}=B |=Q@ u=wD|t =Q RDEWMA Q=Owtv

"OQ@ Q=m x@ R}v |OQi
x@ ' RADEWMAR

j |xQ=t; 'OW=@ s=j xwQo |=Q@ Q}t w nQt MQv Rj Qo =
%OwW|t h} QaD Q} R CQwY

EWMARj = �1Rj + (1� �1)EWMARj�1

RADEWMARj = �2EWMARj + (1� �2)RADEWMARj�1
(15)

"OvwW|t h} QaD Q=Owtv |R=UQ=wty |=yQDt=Q=B 0 < �2 < 1 w 0 < �1 < 1 xm
xm|v=tR QO DEWMA Q=Owtv OQmrta 'OvOQm Q=y_= [41]p=Oww w OwtLt
Qw_vt x@ TB [40]"CU}v �2 6= �1 xm|v=tR QO Q=Owtv OQmrta R= QDy@ '�2 = �1
O}t= 'ZQi u}= =@ "CU= �2 = �1 = � xm OwW|t ZQi xr�Ut uOW QDxO=U
VN@ u}= C=@F=� "CU=Q} R CQwY x@ RADEWMA Q=Owtv Tv=} Q=w w |[=} Q

�"O}vm xOy=Wt 2 CUw}B QO =Q
E(RADEWMARj ) = RADEWMAE(R)

j (16)

V ar(RADEWMARj ) =

�4
jX
k=1

(j � k + 1)2(1� �)2(j�k)V ar(Rk) (17)

'xOW lU} Q p}OaD |xv=owO |}=tv uwRwt lQLDt u}ov=}t |O=yvW}B pQDvm Q=Owtv
RADEWMA |xQ=t; Q=Okt xm Ovm|t QO=Y pQDvm R= GQ=N Ctqa |v=tR
QO xm OwW|t x@U=Lt Q} R CQwY x@ pQDvm OwOL "OW=@ Q} R pQDvm OwOL R= GQ=N

"CU= pQDvm OwOL QDt=Q=B k u;
UCLj = RADEWMAjE(Rj)

+ k�2
vuut jX

k=1
(j � k + 1)2(1� �)2(j�k)var(Rk)

LCLj = RADEWMAjE(Rj)

65



"""R=
xO=i

DU=
=@?

rk|
L=QH

Q}t
wn

QtM
QvV

}=B|=y|R=Ux}@W Q=QmD O=OaD x@ xr=@vO pw] |x@U=Lt "OwW|t xQ}NP |R=Ux}@W R=
QDt=Q=B |=R= x@ 'ARLin xr=@vO pw] \UwDt TBU w OwW|t s=Hv= Q_v OQwt

"O};|t CUO x@ pQDvm OL
xOW XNWt pQDvm OwOL |=R= x@ ARLout |x@U=Lt �

OwW|t x@U=LtARLout 'p@k s=o R= xOt;CUO x@ pQDvm OL |=R=x@ s=o u}= QO
"CU= p@k s=o x@=Wt |R=Ux}@W |=yQ=QmD O=OaD w

w OwW|t O}rwD |iO=YD CQwY x@ CvwUQ=B C=Qtv 'swO s=o x@=Wt u}vJty
OQw;Q@ 19 |x]@=Q =@ 'CU= pQDvm CLD Ov}=Qi xm |v=tR QO Q=t}@ Qy nQt p=tDL=

"OwW|t
C@Uv R= Q}t w nQt p=tDL= QO Q}}eD uO=O u=Wv |=Q@ '[13]u=Q=mty w Qv}DU=
xm |v=tR QO nQt Tv=W CQwY x@ Tv=W C@Uv "Ov=xOQm xO=iDU= Tv=W
xOt; CUO x@ G}=Dv x@ xHwD =@ nQt Tv=W x@ OQ=O Q=Qk pQDvm R= GQ=N Ov}=Qi
Q=Qk pQDvm R= GQ=N Ov}=Qi xm|v=tR QO "OwW|t h} QaD lU} Q p}OaD pOt R=
u=Wv =Q Tv=W C@Uv 20 |xrO=at "O@=}|t Q}}eD �Aij x@ nQt p=tDL= OQ}o

"OyO|t

OR =

�Aij�1� �Aij
�̂ij/1� �̂ij

(20)

�Aij = OR � �̂ij
1� �̂ij +OR � �̂ij (21)

nQt p=tDL= Qo}O CQ=@a x@ =} xDi=} Q}}eD nQt p=tDL= '21 |x]@=Q R= xO=iDU= =@
O};|t CUO x@ Tv=W C@Uv hrDNt Q}O=kt |=R= x@ Q=t}@ |=Q@ pQDvm R= GQ=N
|RwQ}B p=tDL= =@ |iO=YD CQwY x@ |rwvQ@ `} RwD |} wOwO Ot=}B 'u; R= TB w

"OwW|t O}rwD pQDvm R= GQ=N nQt p=tDL= T=U= Q@
QO w x@U=Lt Q}t w nQt MQv 'u=Q=t}@ xwQo Qy |=Q@ Q_v OQwt |xR=Ov= x@ xHwD =@

"OwW|t p=ta= Q_v OQwt pQDvm Q=Owtv |xQ=t;
|x@U=Lt |=Q@ R=}v CQwY QO u; Tv=} Q=w w Q}t w nQt MQv |[=} Q O}t=
CUO x@ pQDvm CLD nQt p=tDL= R= xO=iDU= =@ 'Q_v OQwt |xQ=t; pQDvm OL

"O};|t
GQ=N xr=@vO pw] \UwDt TBU w swO s=o x@=Wt xr=@vO pw] 'xrLQt u}= R= TB
x@ xOW xDiQo Q_v QO ARLin w pQDvm OL QDt=Q=B |=R= x@ ARLout pQDvm R=

"O};|t CUO
xOW lU} Q p}OaD |=yQ=Owtv OQmrta |xU}=kt �

'xOW lU} Q p}OaD Q=Owtv Qy |=Q@ C@=F ARLin uDiQo Q_v QO =@ xrLQt u}= QO
|=yQ=Owtv Qo}O =@ Tv=W C@Uv hrDNt Q}O=kt QO Q=Owtv Qy |=Q@ ARLout

"OwW|t xU}=kt xOW lU} Q p}OaD

xOW lU} Q p}OaD pQDvm |=yQ=Owtv OQmrta |@=} RQ= "5
'RAP pQDvm |=yQ=Owtv =@ RADEWMA |O=yvW}B Q=Owtv OQmrtaVN@ u}= QO
|L=QH |=yOv}=Qi QO Q}t w nQt MQv V}=B |=Q@ RACUSUM 'RAEWMA

K}[wD VwQ Q@ xwqa 'xOW lU} Q p}OaD p Q=Owtv QO "CU= xOW xU}=kt ?rk
Qw_vt x@ pQDvm OL uOQw; CUO x@ |=Q@ 'sQ=yJ VN@ QO swO s=o QO xOW xO=O

xDiy 4 OwOL QO Q=t}@ 100 Qy ,=@} QkD xar=]t u}= QO "OwW|t xr�Ut
|xR=Ov= =@ |}=yxvwtv R= ?@U u}ty x@ "Ov=xDiQo Q=Qk ?rk |L=QH CLD
Q}t w nQt MQv x@ xHwD =@ "CU= xOW xO=iDU= p}rLD w x} RHD |=Q@ 100
xHwD =@ w n = 100 |=yxR=Ov= =@ u=Q=t}@ |=yxwQo |=Q@ '0 064 |rm
`} RwD p=tQv ?} QkD R= u=wD|t 'CU= nq > 5 w np > 5 xmu}= x@
pY=L hwvQ}tU= - h=Qowtwrwm uwtR; QO u}vJty "OQm xO=iDU= |}xrtHwO
uOw@ p=tQv xm CU= 0 191 '|}=D 100 |=y|Ov@xDUO |=Q@ uwtR; |Q=O=vat
xOy=Wt 4 CUw}B QO =Q Q=Ri=sQv VQ=Ro � "Ovm|t XNWt =Q `} RwD u}=

�"O}vm
|=yQ=Owtv xmu; p}rO x@ w =yQ=Owtv OQmrta |xU}=kt Qw_vt x@ xr=kt u}= QO
'OvDUy T=UL =yxO=O uOw@ p=tQv ZQi x@ C@Uv RACUSUM w RAP

"CU= xOW ?=NDv= 100 |xR=Ov= =@ |}=yxvwtv
|v}@V}B |=Q@ l}DUHr uw}UQoQ |=yQDt=Q=B OQw;Q@ '=yxO=O |R=Ux}@W |=Q@
Q=Ri=sQv R= xO=iDU= =@ CvwUQ=B xQtv |L}[wD Q}eDtlD =@ Q=t}@ Qy nQt p=tDL=
QO pt=m Qw] x@ =Q Q=Ri=sQv VQ=Ro � %O};|t CUO x@ �22� |x]@=Q SPSS

�"O}}=tv xOy=Wt 4 CUw}B
log it(�t) = 0 079 �Xt � 3 73 (19)

Q=t}@ nQt p=tDL= �t w s=t Q=t}@ |=Q@ CvwUQ=B xQtv Xt xm |Qw] x@
pQDvm CLD Ov}=Qi xm CU= |v=tR QO CvwUQ=B |Q=PoxQtv T=U= Q@ s= t

"OW=@
Q_v OQwt ARLin |=Q@ pQDvm OwOL uOQw; CUO x@ �

Q}O=kt uOQw; CUO x@ Qw_vt x@ MATLAB Q=Ri=sQv R= xO=iDU= =@ j}kLD u}= QO
'xOW lU} Q p}OaD |=yQ=Owtv |=Q@ ARLin = 200; 370; 500 pw=ODt

"CU= xDiQo s=Hv= =yxO=O |R=Ux}@W Q=QmD Q=@ 10000
|=yQ=Owtv pQDvm OwOL QO k QDt=Q=B |=Q@ Cw=iDt Q}O=kt uDiQo Q_v QO =@
Q=Owtv pQDvm OwOL QO h QDt=Q=B wRADEWMA 'RAEWMA 'RAP

xm|v=tR QO wARLin 'OvDUy pQDvm CLD =yxO=O xm|v=tR QO 'RACUSUM

"O};|t CUO x@ ARLout OvQ=O Q=Qk pQDvm R= GQ=N =yxO=O
'|Q=Po|=H =@ |Q}oxvwtv VwQ |Q}oQ=m x@ =@ 'pQDvmCLD|iO=YD OOa O}rwD |=Q@
- 1992 |=yp=U u=Q=t}@ CvwUQ=B C=Qtv u=}t R= |iO=YD CvwUQ=B C=Qtv
C=Qtv R= l} Qy nQt p=tDL= OQw;Q@ 'u; R= TB "CU= xOW O}rwD 1998
w O};|t CUO x@ 19 |x]@=Q QO l}DUHr uw}UQoQ R= xO=iDU= =@ u=Q=t}@
|=Q@ "OwW|t O}rwD xOW OQw;Q@ nQt p=tDL= =@ |rwvQ@ |iO=YD OOa TBU
x@ xHwD =@ 'xOW lU} Q p}OaD pQDvm |=yQ=Owtv |xQ=t; uOQw; CUO x@
OwW|t Q=QmD |iO=YD O=Oa= O}rwD 'u=Q=t}@ xwQo Qy |=Q@ Q_v OQwt |xR=Ov=
Tv=} Q=w w Q}t w nQt MQv |[=} Q O}t= 'Q}t w nQt MQv u; R= TB w
CUO x@ Q_v OQwt pQDvm OL w xQ=t; |x@U=Lt |=Q@ R=}v CQwY QO u;

"O};|t
pmWDt '100 |xR=Ov= =@ u=Q=t}@ |=yxwQo QO =yxO=O Q}t w nQt MQv j}kLD u}= QO
p=tDL= =@ |rwvQ@ `} RwD Q=@ 100 QO =yV}=tR; �Q=t}@ nQt� C}kiwt ẁtHt R=

"CU= l}DUHr uw}UQoQ R= xOW OQw;Q@ nQt p=tDL= =@ Q@=Q@ nQt
Qo = "OwW|t xU}=kt 'Q_=vDt pQDvm OwOL =@ u; Q=Okt 'xQ=t; Qy |x@U=Lt R= TB
Q=QmD Qy |=Q@ xr=@vO pw] u=wva x@ n Q=Okt 'Ovm Rw=HD pQDvm OwOL R= s=n |xQ=t;
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uDiQo Q_v QO =@ w pQDvm R= GQ=N xr=@vO pw] \UwDt XN=W T=U= Q@ 'Tv=W C@Uv C=Q}}eD X}NWD QO xOW lU} Q p}OaD |=yQ=Owtv OQmrta |xU}=kt "2 pmW
"hrDNt Q}O=kt |=Q@ '200 pQDvm CLD |xr=@vO pw] \UwDt

ARLin = w� = 0=005; 0=0027; 0 002pQDvmCLD|=]NuDiQo Q_v QO =@
CQwY x@ ?}DQD x@ RAP Q=Owtv |=Q@ k '25 w 23 |=yx]@=Q 200; 370; 500

"CU= k = 2=80703; 2=99773; 3=09023
=@ 4 w 3 '2 pw=OH 'sQ=yJ VN@ sD} Qwor= R= xO=iDU= =@ =yQ=Owtv Qo}O |=Q@
Q}O=kt |=Q@ ARLout 'ARLin = 200; 370; 500 ?}DQD x@ uDiQo Q_v QO

"CU= xOW xO=O u=Wv 0 25 s=o =@ 4 =D 0 25 R= Tv=W C@Uv hrDNt
� RAP |=yQ=Owtv OQmrta 2 pmW |R=Ux}@W G}=Dv QDW}@ Kw[w |=Q@
Tv=WC@Uv C=Q}}eD QO =Q RADEWMA�RAEWMA�RACUSUM

u=WvARLin = 200|=Q@� = 0=1; 0=25; 0=5; 0=75hrDNt Q}O=kt |=Q@
"OyO|t

'RAEWMA�RADEWMA Q=Owtv wO|=Q@ '? 'hr=CtUk2pmWQO
|O=yvW}B Q=Owtv '� Q}O=kt u}= |=Q@ 'CU= xOW xO=O Q=Qk � = 0=1; 0=25
R= QDy@ '0=25 < OR � 2 Tv=W C@Uv C=Q}}eD |=Q@ RADEWMA

ARLout 'ARLin = 200 u=Um} \}=QW QO w Ovm|t pta =yQ=Owtv Q}=U
Q=Owtv OQmrta 'OR > 2 Q}O=kt QO � Q}O=kt R= Cr=L u}= QO "OQ=O |QDtm
OR > Q}O=kt |=Q@ w CU= u=Um} =@} QkD RAEWMA w RADEWMA

x@=Wt ,=@} QkD OQmrta RADEWMA 'RAEWMA 'RAP Q=Owtv xU 2=5
"OvQ=O

RADEWMA Q=OwtvOR � 1=25|=Q@ '� = 0=5'2pmWGCtUk QO
'RAPQ=Owtv xU OR � 1=5 |=Q@ w OQ=O =yQ=Owtv Q}=U x@ C@Uv |QDy@ OQmrta

"OvQ=O |v=Um} ,=@} QkD OQmrta RADEWMA 'RAEWMA

Tv=W C@Uv Q}O=kt |xty QO '� = 0=75 |=Q@ '2 pmW O CtUk QO
Q=Owtv wOu}= wCU= u=Um} ,=@} QkDRAEWMA wRADEWMA Q=Owtv OQmrta

OwHw [43]'=Qwri pwtQi |Q}oQ=m x@ =@ |Qo}O VwQ Q_v Ot ARLin x@ |@=}CUO
pQDvm OL R= GQ=N 'u=Q=t}@ R= |ywQo Q}t w nQt MQv xmu; p=tDL= VwQ u}= QO "OQ=O

%CU= Q} R CQwY x@ w OwW|t h} QaD s=i |xOy=Wt u=wD 'OQ}o Q=Qk

Poweri = �

8>>>><>>>>:
�k
s

niP
j=1

�̂ij(1� �̂ij) +
niP
j=1

(�̂ij � �Aij)s
niP
j=1

�Aij(1� �Aij)

9>>>>=>>>>;
+

26641� �

8>><>>:
k

vuut niP
j=1

�̂ij(1��̂ij)+
niP
j=1

(�̂ij��Aij)vuut niP
j=1

�Aij(1��Aij)

9>>=>>;
3775 (22)

"CU= OQ=Ov=DU= p=tQv |atHD `} RwD `@=D �()'22 |x]@=Q QO
xm|v=tR |=Q@ 22 pwtQi 'RAP Q=Owtv QO ARLin uOQw; CUO x@ |=Q@
p=tDL= xm OQ=O X=YDN= |v=tR x@ ARLin CQ=@a x@ &OwW|t x@U=Lt 'OR�1
p}OaD pOt x@ xHwD =@ xOW OQw;Q@ p=tDL= j@=]t |L=QH pta R= TB Q=t}@ Qy nQt

%=@ OwW|t Q@=Q@ 22 |x]@=Q Cr=L u}= QO "CU= �Aij = �ij w lU} Q
power = �(�k) + 1� �(k) (23)

%xm Ovm|t u=}@ [36]lwm u}vJty
power = 1�OC (24)

%s} Q=O xr=@vO pw] \UwDt w Q=Owtv OQmrta |xYNWt swyit x@ xHwD =@
ARLin = 1

1�OC = 1
1� 1 + power

(25)
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"ARLin = 370 =@ Tv=W C@Uv hrDNt Q}O=kt |=Q@ xOW lU} Q p}OaD |=yQ=Owtv pQDvm R= GQ=N xr=@vO pw] \UwDt |xU}=kt "3 pwOH

68



1/
2|

xQ=t
W'

36
�1|

xQwO
'�1

39
9u

=DU@
=D�h

}QW
C}

Q}Ot
w`}

=vY
|U

Ovyt "ARLin = 500 =@ Tv=W C@Uv hrDNt Q}O=kt |=Q@ xOW lU} Q p}OaD |=yQ=Owtv pQDvm R= KQ=N xr=@vO pw] \UwDt |xU}=kt "4 pwOH

|Q}o xH}Dv "6
|=yOt=}B V}=B QO xOW lU} Q p}OaD |Q=t; Ov}=Qi pQDvm |=yVwQ R= xO=iDU=
xat=H CtqU VN@ QO syt Ov}=Qi u}= C}i}m |=kDQ= ?Hwt Ov=wD|t '?rk |L=QH
'u=Q=t}@ |L=QH pta R= p@k \}=QW xm OwW|t ?Hwt 'lU} Q p}OaD OQm} wQ "OwW
|=Q@ xm |}=yQ=Owtv QO 'xwqa x@ "OQ}o Q=Qk xHwD OQwt |L=QH |=yOt=}B V}=B QO
Q=}U@ C}ty= R= 'C=Q}}eD x@ C@Uv q=@ C}U=UL 'OwW|t xO=iDU= |L=QH Ov}=Qi
|L=QH u=Q=t}@ Q}t w nQt MQv V}=B Qw_vt x@ j}kLD u}= "CU= Q=OQwNQ@ |}q=@
C}U=UL =@ =Q xOW lU} Q p}OaD |xv=owO |}=tv uwRwt lQLDt pQDvm Q=Owtv '?rk
p}OaD pQDvm Q=Owtv OQmrta p}rLD w x} RHD "O=O O=yvW}B C=Q}}eD x@ C@Uv q=@
'CU= xOW xO=iDU=CtqUVN@ QO Q=@ u}DUNv |=Q@ xm '|O=yvW}B |xOWlU} Q
CU= Q=OQwNQ@ |QDy@ OQmrta R= =yQ=Owtv Qo}O x@ C@Uv Q=Owtv u}= xm O=O u=Wv

"Ovvm xO=iDU= |L=QH OQmrta V}=B |=Q@ Q=Owtv u}= R= Ovv=wD|t =yu=DUQ=t}@ w

'RAPQ=Owtv xU OR > 2 xm|Dr=L QO 'CU= QDT=UL =yQ=Owtv Q}=U x@ C@Uv
"OvQ=OQwNQ@ |v=Um} C}U=UL R= =@} QkD RADEWMA 'RAEWMA

ARLin = 200 xm|Dr=LQO '2pmWw2 pwOHR= xOWpY=LG=DvT=U= Q@
|QDy@ OQmrta R= � � 0=25 QO RADEWMA Q=OwtvOR = 0=25; 0=5 w
|v@t Ctqa 'xvwtv u}rw= QO ,=@} QkD w CU= Q=OQwNQ@ =yQ=Owtv Q}=U x@ C@Uv
Q=Owtv 0=75 � OR � 2 Qo = "OyO|t Ov}=Qi uDiQo Q=Qk pQDvm R= GQ=N Q@
QO w CU= Q=OQwNQ@ OQmrta u} QDy@ R= � � 0=25 Q}O=kt |=Q@ RADWMA

'xvwtv u}rw= QO '� Q}O=kt x}rm QO RADEWMA Q=Owtv OR > 2 xm|v=tR
QDT=UL =yQ=Owtv Qo}O R= w Ovm|t QO=Y =Q Ov}=Qi uOw@ pQDvm R= GQ=N Ctqa

"CU=
lU} Q p}OaD |=yQ=Owtv u=}t QO |rm Qw] x@ Cio u=wD|t 'C=L}[wD u}= =@
nQt Tv=W C@Uv C=Q}}eD X}NWD QO RADEWMA |O=yvW}B Q=Owtv 'xOW

"CU= Q=OQwNQ@ =yQ=Owtv Q}=U x@ C@Uv |QDy@ OQmrta R=

=yCWwv=B
1. statistical process control
2. clinical risk index for babies
3. mechanism, glasgow coma scale, age and arterial pressure
4. glasgow coma scale, age and arterial pressure
5. risk adjusted P

6. risk adjusted exponentially weighted moving average
7. risk adjusted cumulative sum
8. risk adjusted double exponentially weighted moving average
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=yCUw}B
RAEWMA Q=Owtv Tv=} Q=w w |[=} Q O}t= C=@F= %1 CUw}B

x@U=Lt Q} R CQwY x@ u; |[=} Q O}t= 'EWMARjj |xQ=t; \U@ VQDUo =@
%OwW|t

E(EWMARj ) = E(�Rj + (1� �)EWMARj�1)

= E(�
jP
k=1

h
(1� �)j�kRk

i
+ (1� �)jEWMAR0 )

= �
jP
k=1

h
(1� �)j�kE(Rk)

i
+ (1� �)jEWMAR0

= EWMAE(R)
j

%s} Q=O Tv=} Q=w |=Q@ u}vJty

var(EWMARj ) = var(�Rj + (1� �)EWMARj�1)

= var(�
jP
k=1

h
(1� �)j�kRk

i
+ (1� �)jEWMAR0 )

= �2 jP
k=1

h
(1� �)2(j�k)varRk

i
RADEWMA Q=Owtv Tv=} Q=w w |[=} Q O}t= C=@F= %2 CUw}B
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=DU@
=D�h
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C}

Q}Ot
w`}

=vY
|U

Ovyt %3 CUw}B "1 pwOH xt=O=

"u=Q=t}@ |}=D 100 w |}=D 50 'xv=y=t |Ov@xDUO ẁv xU |=Q@ hwvQ}tU= � h=Qowtwrwm uwtR; %4 CUw}B "1 pwOH
One� Sample Kolmogorov � Smirnov Test

Monthly Fifty Hundred

24 44 22
Normal Parametersa:b Mean  06695833  063636  063636

Std. Deviation  032433851  0376700  0282076
Absolute  166  220  231

Most Extreme Di�erences Positive  166  220  231
Negetive � 111 � 129 � 117

kolmogorov-Smirnov Z  814 1 461 1 084
Asymp. Sig. (2-tailed)  522  028  191
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"""R=
xO=i

DU=
=@?

rk|
L=QH

Q}t
wn

QtM
QvV

}=B"l}DUHr uw}UQoQ pOt Tw}vsw= uwtR; %5 CUw}B "1 pwOH
Chi� square Df Sig:

Step1 Step 158 786 1  000
Block 158 786 1  000
Model 158 786 1  000

"l}DUHr uw}UQoQ pOt ?}=Q[ pwOH %5 CUw}B "2 pwOH
B S:E: Wald Df Sig: Exp(B)

parsonnet 0 079 0 46 9 680 1  002 1 152
Step1a

Constant �3 73  737 31 466 1  000  06
aVariable(s) entered on step 1 : parsonnet:

E(DEWMARj ) = DEWMAE(R)
j

EWMAE(R)
1 = 0 1 � 0 05390252907 + 0 9 � 0 064 )

EWMAE(R)
1 = 0 062990252907

DEWMAE(R)
1 = 0 1 � 0 062990252907 + 0 9 � 0 064 )

DEWMAE(R)
1 = 0 0638990252907

V ar(DEWMAR1 ) = �4
jX
k=1

(j � k + 1)2(1� �)2(j�k)V ar(Rk)

= 4 796715 � 10�6

UCLj = DEWMAjE(Rj) + kV ar(DEWMA)

= 0 0639278055807
LCLj = DEWMAjE(Rj) � kV ar(DEWMA)

= 0 0638702450007
CLD Ov}=Qi u=Q=t}@ R= xwQo u}= |=Q@ 'LCL1 < DEWMAR1 < UCL1 uwJ

"CU= pQDvm
=yxO=O uOw@ p=tQv Q@ |v@t SPSS Q=Ri= sQv VQ=Ro %4 CUw}B

100 w |}=D 50 'xv=y=t CQwY x@ =yxO=O |Ov@xDUO ẁv xU |=Q@ VQ=Ro u}= QO
|=]N K]U QO uwtR; u}= "CU= xOW s=Hv= hwvQ}tU= - h=Qowtwrwm uwtR; '|}=D
u=}t QO xm OwW|t xOy=Wt '4 CUw}B "1 pwOH QO "CU= Q=O=vat 0 05 R= V}@
x@ uwtR; |Q=O=vat K]U '|}=D 100 w xv=y=t |Ov@xDUO '|Ov@xDUO ẁv xU u}=
|}=D 100 w xv=y=t |Ov@xDUO OyO|t u=Wv xm CU= 0 191 w 0 522 ?}DQD
O=OaD xmu; p}rO x@ =t= "Ovvm|t |wQ}B p=tQv `} RwD R= |Q=O=vat CQwY x@ =yxO=O
xr�Ut pL QO |oO}J}B Ea=@ xv=y=t |Ov@xDUO 'CU= Cw=iDt x=t Qy QO u=Q=t}@

"OwW|t xO=iDU= =yQ=Owtv p}rLD w x} RHD |=Q@ |}=D 100 |Ov@xDUO w OwW|t
SPSS Q=Ri=sQv =@ =yxO=Ol}DUHr uw}UQoQ QDt=Q=B OQw;Q@ VQ=Ro %5CUw}B
xDiQo Q_v QO pkDUt Q}eDt CQwY x@ Q=t}@ QyCvwUQ=B |xQtv 'l}DUHr uw}UQoQ QO
"CU= u; CvwUQ=B |xQtv x@ xHwD =@ Q=t}@ Qy nQt p=tDL= xDU@=w Q}eDt "CU= xOW
"OwW|t xO=O u=Wv 5 CUw}B "1 pwOH QO 'Tw}vsw= uwtR; =@ pOt pm |@=} RQ=
QO CvwUQ=B |xQtv Vkv� pOt xm OR=OQB|t ẁ[wt u}= |UQQ@ x@ uwtR; u}=

u=Q=t}@ R= xwQol} |=Q@ RADEWMA Q=Owtv |x@U=Lt xwLv %3CUw}B
|L=QH pta CLD u=Q=t}@ R= |}=D 100 xwQo CvwUQ=B C=Qtv 3 CUw}B "1 pwOH
'CQwY x@ =Q |L=QH pta R= TB RwQ 30 =yv; Q}t w nQt C}a[w w R=@ ?rk
u=Wv u=DUrov= |L=QH RmQt QO 1992 |x} wv=S QO uOv=t xOvR %0 w nQt %1
xOW x@U=Lt 'sQ=yJ VN@ QO 21 pwtQi R= xO=iDU= =@ nQt p=tDL= "OyO|t

"CU=
CQwY x@ Q}t w nQt MQv |[=} Q O}t= w Q}t w nQt MQv u=Q=t}@ R= xwQo u}= |=Q@

%OwW|t x@U=Lt Q} R

R1 =
100X
i=1

Yi
n

= 5
100 = 0 05

E(R1) =
100X
i=1

�i
n

= 5 390252907
100 = 0 05390252907

|xQ=t; u}=Q@=v@ 'CU= Q}t w nQt MQv V}=B QO xvwtv u}rw= 'u=Q=t}@ R= xwQo u}=
EWMA � R0 = ZQi =@ w 17 |x]@=Q T=U= Q@ DEWMA Q=Owtv
x@U=Lt Q} R CQwY x@ j = 1 w � = 0=1 'DEWMAR0 = �P = 0=064

%OwW|t
EWMAR1 = �R1 + (1� �)EWMAR0
DEWMAR1 = �EWMAR1 + (1� �)DEWMAR0
EWMAR1 = 0 1 � 0 05 + 0 9 � 0 064 )
EWMAR1 = 0 0626
DEWMAR1 = 0 1 � 0 0626 + 0 9 � 0 064 )
DEWMAR1 = 0 06386

"CU= DEWMAR1 = 0=06386 'u=Q=t}@ xwQo |=Q@ u}=Q@=v@
CUO x@ |R=Ux}@W G}=Dv T=U= Q@ ARLin = 200 w � = 0=1 ZQi =@
|Q}oQ=m x@ =@ CQwY u}= QO "CU= k=6 pQDvm Q=Owtv QDt=Q=B 'sHvB VN@ QO xOt;

%s} Q=O pQDvm OwOL |x@U=Lt |=Q@ '20 pwtQi

V ar(R1) =
100X
i=1

�i(1� �i)
n2 = 0 04796714567

74



1/
2|

xQ=t
W'

36
�1|

xQwO
'�1

39
9u

=DU@
=D�h

}QW
C}

Q}Ot
w`}

=vY
|U

Ovyt "CU= xDU@=w Q}eDt Q@pkDUt Q}eDt Qy Q}F-=D u=R}t w|Q=O|vat x@ \w@ QtG}=Dv Q}UiD QO
pkDUt Q}eDt |=Q@ B Q=Okt x@ xHwD =@ "CU= pOt |vw}UQoQ?}=Q[ B pwOH u}= QO
log it(�t) = 0 079�Xt�3 73CQwY x@ pOt 'C@=F Q=Okt wCvwUQ=B |xQtv
"CU= Q=t}@ nQt p=tDL= �t w s=t Q=t}@ CvwUQ=B |xQtvXt xm CU= xOt; CUO x@

"OQ=O |}=Q=m w u}}@D CQOk xR=Ov= xJ =D �u=Q=t}@ |oOvR w nQt C}a[w |Ov@xk@]
|=]N K]U QO w CU= pw@k p@=k pOt VR=Q@ 'pOt |Q=O|vat K]U x@ xHwD =@

"CU= Q=O|vat 0 05 R= QDtm
pwOH u} QDsyt xm CU= l}DUHr uw}UQoQ pOt ?}=Q[ '5 CUw}B "2 pwOH
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