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QHvt Qo}O |wU R= w OwW|t ?} QkD ?}=Q[ Q=OQ@ |xr}Uw x@ p}=iwQB h}YwD
K]U TB "OW Oy=wN C=@U=Lt s=Hv= |=Q@ R=}v OQwt |=[i w u=tR Vy=m x@
QO xwkr=@ C=Q}}eD |xR=Ov= w ẁv x@ xDU@ xm CU= |}=yQDt=Q=B R= |m} x} RHD
?=NDv= CkO =@ w xv=OvtWwy O}=@ 's}DUy =yv; hWm x@ Ovtxkqa xm |rwYLt

"OwW
|xrLQt |x} RHD R= pY=L ?} QkD Q=OQ@ 'x} RHD R= xrLQt Qy QO xmu}= x@ xHwD =@
|OwQw ?} QkD Q=OQ@ O=a@= hYv s=Om Qy O=a@= xm - C=}�RH w ?} QkD Q=OQ@ wO x@ p@k
pt=W - C=}�RH w ?} QkD |=yxir-wt ?}=Q[ O=OaD ẁtHt 'OwW|t p}O@D - CU=

j0 � 0 |=Q@ f�j0k(x);	jk(x); j � j0;2 Zg |xawtHt '[16]uOo ; T=U=
QOB `@=wD T=U= Q@ Ov=wD|t f(x) `@=D Qy "OyO|t =Q p=tQv Ot=aDt x}=B l} p}mWD

[16]"OwW xO=O V}=tv Q} R CQwY x@ QO=t w

f(x) =
2j0�1X
k=0

cj0k�j0k(x):::

:::+
J�1X
j=j0

2j0�1X
k=0

djk jk(x) (1)

"OvDUy QO=t w QOB `@=wD w |rY= `@=D |rN=O ?Q[pY=L djk w cj0k 'x]@=Q u}= QO
K]U u} QDu}}=B j0 QDt=Q=B "Ov=xOW |Q=Po s=v lHwt ?}=Q[ u=wva x@ ?}=Q[ u}=
QO "OW=@ lHwt ?} Q[ n R= pY=L Q=OQ@ � O}vm ZQi "OyO|t u=Wv =Q x} RHD

%OwW x@U=Lt Q} R CQwY x@ Ov=wD|t Q=OQ@ u}= CQwY u}=
� = wf (2)

`@=wD R= xO=iDU= =@ xm CU= lHwt Ot=aDt p}O@D T} QD=t l} W 'x]@=Q u}= QO
OwW|tv xOy=Wt f(x) `@=D ,qwtat |rta |=yOQ@ Q=m QO "OwW|t u}}aD lHwt
ZQi "OvDUy xOy=Wt p@=k pkDUt Q}eDt hrDNt Kw]U |=R= x@ MU=B Q}O=kt w
Q}O=kt =@ Q_=vDt MU=B Q}eDt Q=Okt n pt=W |Q=OQ@ y = (Y1; Y2; :::Yn)0 O}vm
Q} R CQwY x@ Ov=wD|t f w y u}@ |x]@=Q 'T=U= u}= Q@ "OW=@ pkDUt Q}eDt hrDNt

"OwW u=}@
y = f + " (3)

xQ}eDt n p=tQv `} RwD R= ,qwtat xm CU= |iO=YD |=]N Q=OQ@ " 'x]@=Q u}= QO
QO q=@ |x]@=Q u}iQ] ?Q[ =@ "Ovm|t |wQ}B �2I Tv=} Q=w w QiY u}ov=}t =@

%O};|t CUO x@ 4 |x]@=Q 'W T} QD=t
�̂ = � + � (4)

� = W" w xOW xOR u}tND lHwt ?}=Q[ Q=OQ@ =@ Q@=Q@ �̂ = Wy x]@=Q u}= QO
|wQ}B Nn(0; �2I) `} RwD R= u=vJty xm CU= xDi=} u=QwO |iO=YD |=]N Q=OQ@
Tv=} Q=w w � u}ov=}t =@ p=tQv `} RwD R= �̂ xm CU= |y}O@ CQwY u}= QO "Ovm|t
|}=v=wD '1 R=i QO �2 w � Q}O=kt u}tND R= TB =t Q=DWwv u}= QO "Ovm|t |wQ}B �2I
"s}vm|t |UQQ@ 2 R=i QO Q}}eD hrDNt Cq=L hWm QO =Q |O=yvW}B |=yVwQ

|O=yvW}B |=yVwQ "3
CqwYLtC}i}mV}=B QO Q} wYD R= xO=iDU= |=Q@ |O=yvW}B |=yVwQVN@ u}= QO
QO xm OvDUy u=Um} |x}rw= |=ys=o |=Q=O |O=yvW}B VwQ xU Qy "OwW|t |UQQ@

%s} R=OQB|t pL=Qt u}= |UQQ@ x@ xt=O=

VR=OQBV}B w pwYLt R= |Q=OQ@ Q}wYD "1"3
u}= "OwW|t x}yD u}W=t |}=v}@ x=oDUO \UwD pwYLt R= Q} wYD l} xrLQt u}= QO
x@ xDU@ xm OQ=O VR=OQBV}B pL=Qt x@ R=}v '|O=yvW}B Ov}=Qi QO xO=iDU= |=Q@ Q} wYD
QO VR=OQB V}B pL=Qt R= |irDNt `=wv= pwYLt w Ov}=Qi 'Q} wYD ẁv 'u}@ QwO ẁv
Q} wYD p}O@D pt=W Ov=wD|t pL=Qt u}= "CU= OwHwt Q} w=YD VR=OQB |=yVywSB
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"""p
wYL

tQ}
wYD

|Q}
oQ=m

x@|
=Q@|

}=yV
wQ|

xaU
wD"OyO|t u=Wv =Q CNU |R=Uxv=DU; '3 pmW

30sQv |R=Uxv=DU; R= xO=iDU= =@ |}=ORxiwv "3"4"3
u}= QO "CU= hwQat sQv |R=Uxv=DU; x@ xm OQ=O OwHw R}v |R=Uxv=DU; R= |Qo}O ẁv
=t= 'OvwW|t xO=O Q=Qk QiY Q@=Q@ xv=DU; OL R= QDlJwm C=}�RH ?}=Q[ R}v VwQ
|Q=Po|=H xv=DU; OL R= u=W|ak=w Q}O=kt p[=iD =@ 'xv=DU; OL R= QDnQR@ ?}=Q[

"OyO|t u=Wv =Q sQv |R=Uxv=DU; OQmrta Ov}=Qi '6 |x]@=Q "OvwW|t

fsoft(�̂) =

8>>>><>>>>:
0 j�̂j � �
�̂ � � �̂ > �

�̂ + � �̂ < �

(6)

"OyO|t V}=tv =Q sQv |R=Uxv=DU; '4 pmW
w OW Ovy=wN Q=Qk |UQQ@ xr=kt u}= |R=Ux}@W C=ar=]t QO OQm} wQ xU u}=

"OW Oy=wN xU}=kt Qo}Om} =@ hrDNt C=Q}}eD hWm QO =yv; OQmrta
pQDvm Q=Owtv R= xO=iDU= =@ Ov}=Qi V}=B "5"3

'OW Oy=wN s=Hv= q=@ |=yVwQ R= |m} x@ xm =yxO=O O=a@= Vy=m |xrLQt |=yDv= QO
Q=OQ@ V}=B |=Q@ 31 �GLR� xDi=}s}taD |}=tvCUQO C@Uv pQDvm Q=Owtv l} R=
pQDvm |=Q@ Q=Owtv u}= QO xm |}xQ=t; "OwW|t xO=iDU= u=tR pw] QO pY=L ?}=Q[

%CU= Q} R CQwY x@ 'OwW|t xO=iDU= Ov}=Qi

Rm;s=

8><>: max0<�<S;k
(S��)

2�2
k

(�̂1;�;S(k)� �0;k)2 s = 1; 2; :::;m
max

S�m<�<S;k
(S��)

2�2
k

(�̂1;�;S(k)��0;k)2 s=m+1;m+2; :::
(7)

"CNU |R=Uxv=DU; "3 pmW

"sQv |R=Uxv=DU; "4 pmW

Q} wYD |=ypUm}B O=OaD Q@=Q@ - |r@k |x} RHD Kw]U w |rai |x} RHD K]U C=}�RH
|}=yVwQ x@ w OvDUy nQR@ Q=}U@ u=tR pw] QO V}=B |=Q@ O=a@= u}= "CU= |rY=

"CU= R=}v =yxO=O O=a@= Vy=m |=Q@

=yxO=O O=a@= Vy=m "4"3
R= |m} "CU= |UQQ@ p@=k C=}�RH |=yxir-wt p=@k QO OQm} wQ wO 'Oa@ Vy=m |=Q@
K}[wD p}YiD x@ xt=O= QO =yVwQ u}= "28|}=ORxiwv |Qo}O w 27|R=UxOQWi =yv;

"OvwW|t xO=O
|R=UxOQWi "1"4"3

R= 'C=}�RH w ?} QkD |=yxir-wt x@ Q=OQ@ |r=wDt |=yx} RHD R= TB 'VwQ u}= QO
C=aq]= R= |O=} R VN@ ?} QkD |xir-wt l}miD R= xrLQt Qy QO xm |}=Hu;
x@ C=}�RH ?}=Q[ |=yQ=OQ@ R= ,qta 'Ovm|t xQ}NP OwN QO =Q |rY= Q=OQ@
QO =ylHwt R= xO=iDU= u=}=B QO 'CQwY u}= x@ "OwW|t Q_vhQY xOt; CUO
x@ ?} QkD Q=OQ@ l} '1 � n2 O=a@= x@ |rY= Q=OQ@ |=Hx@ 'j0 |x} RHD K]U
|O=} R OL =D =Q |rY= Q=OQ@ C=}YwYN xm CU= TQDUO QO 1 � n2

2j0 O=a@=
u=Wv =Q 2 |x} RHD K]U QO |R=UxOQWi '2 pmW "CU= xOQm xQ}NP OwN QO

"OyO|t
C=}�RH Q=OQ@ d1 'x} RHD pw= K]U R= pY=L ?} QkD Q=OQ@ a1 '2 pmW QO
d2 w 'x} RHD swO K]U R= pY=L ?} QkD Q=OQ@ a2 'x} RHD pw= K]U R= pY=L
R= xO=iDU= s=ovy QO T=U= u}= Q@ "CU= x} RHD swO K]U R= pY=L C=}�RH Q=OQ@
"OW s}y=wN xH=wt : : : w d4 'a4 'd3 'a3 Q}_v |}=yxir-wt =@ QDq=@ |x} RHD Kw]U
?} QkD |xir-wt R= xO=iDU= =@ Ov}=Qi |Q=t; V}=B |x} wQ ,qta '|R=UxOQWi QO
R= x@ QHvt Ov=wD|t Qt= u}= "OwW|t Q_vhQY C=}�RH |xir-wt R= w O@=}|t xt=O=
|=Q@ R=}v OQwt |=[i w u=tR 'u; |=R= QO =t= "OwW C=aq]= R= |WN@ uDiQ CUO

"CW=O Oy=wN |Q}otWJ Vy=m C=@U=Lt s=Hv=
29CNU |R=U xv=DU; R= xQ=iDU= =@ |}=ORxiwv "2"4"3

uO=O Q=Qk Q@=Q@ w lJwm Q=}U@ C=}�RH |=yxir-wt hPL '|}=ORxiwv OQm} wQ T=U=
xO=iDU= =@ xm OwW|t s=Hv= xv=DU; OL l} R= xO=iDU= =@ Q=m u}= "CU= QiY =@ =yv;
C=}�RH |xir-wt QY=va s=tD [16]"OwW|t x@U=Lt � = �

p2In(n) |x]@=Q R=
?}=Q[ Q}=U =t= &OvwW|t xO=O Q=Qk QiY Q@=Q@ 'OvDUy xv=DU; OL R= QDlJwm xm
5 |x]@=Q "OwW|t xDio CNU |R=Uxv=DU; Q=m u}= x@ "Ovv=t|t |k=@ Q}}eD uwO@

"OyO|t u=Wv =Q CNU |R=Uxv=DU;

fhard(�̂) =

8<:0 j�̂j � �
�̂ j�̂j > �

(5)

"2 |x} RHD K]U QO |rY= Q=OQ@ |R=UxOQWi "2 pmW
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2 1
|xQ

=tW
'35

�1|
xQwO

'�1
39

8u
=DUt

R�h
}QW

C}
Q}Ot

w`}
=vY

|U
Ovyt Cq=mW= RwQ@ =}|}=Q=m uDiQ u}@ R= x@ QHvt Ov=wD|t C=HwUvt K]U QOXkv xvwoQy

CqwYLt QO |vt}= Cq=mW= �|v=WvVD; C=R}yHD pFt� OQ=wt |NQ@ QO w |Qy=_
u}= O}rwD Ov}=Qi '|Q=t; u} wv |=yVwQ R= xO=iDU= =@ OUQ|t Q_v x@ 'u}=Q@=v@ "OwW

"OwW |Q}owrH |Oa@ |r=tDL= Q]N ẁv Qy R= =D OwW V}=B O}=@ C=HwUvt
p=ta= Q} wYD |wQ Q@ VR=OQBV}B pL=Qt '|R=Ux}@W C=ar=]t |=OD@= QO
O};|t CUO x@ pwYLt R= 128 QO 128 R}=U =@ Q} wYD l} ?}DQD u}= x@ "OwW|t

"OwW|t xO=iDU= `HQt Q} wYD u=wva x@ Q} wYD u}= R= |Oa@ pL=Qt QO xm
x@ sOYl} Q=}at h=QLv= w QiY u}ov=}t =@ p=tQv `} RwD =@ |iO=YD |=]N
u=wva x@ Q} wYD 1000 O=OaD ?}DQD u}= x@ w OwW|t xi=[= Q} wYD pUm}B Qy
x@ '|R=UQ=OQ@ R= xO=iDU= =@ Q} w=YD u}= R= s=Om Qy "OvwW|t O}rwD 1 R=i |=yxO=O
w ?} QkD ?}=Q[ pt=W Q=OQ@ u}= xm OvwW|t p}O@D lHwt ?}=Q[ R= Q=OQ@ l}
xQ=W= =yv; x@ p@k VN@ QO xm 'Oa@ Vy=m |=yVwQ ẁvD x@ xHwD =@ "CU= C=}�RH
u} Ro}=H Qo}O QY=va =@ OQ=wt |NQ@ QO =} hPL Q=OQ@ u}= C=}�RH CtUk 'OW
?} Q[ |O=OaD pt=W l} Qy xm Q=OQ@ 1000 '1 R=i u=}=B QO ?}DQD u}= x@ "OwW|t
xOW xO=iDU= 3 |x} RHD K]U R= xr=kt u}= |R=Ux}@W QO "s} Q=O Q=}DN= QO 'OvDUy
u=tR u}vJty w hWm |=Q@ Q_v OQwt Q}}eD O=a@= |xv}tm x@ xHwD =@ K]U u}= "CU=
|x}=B `@=wD u}vJty "CU= xOt; CUO x@ =]N w |aU R= xO=iDU= =@ C=@U=Lt s=Hv=
QO "OvDUy: : : w uQ=kDt '|m} Rmt xqm 'Q=y xrtH R= |irDNt `=wv= |=Q=O lHwt
'CU= x}=B `@=D ẁv u} QDG}=Q w u} QDOQ@ Q=mQB xm 'Q=y lHwt R= xr=kt u}= |R=Ux}@W

"CU= xOW xO=iDU=
xOt; CUO x@ Q=OQ@ 1000 |=Q@ Q=}at h=QLv= w u}ov=}t '1 R=i |=yDv= QO
xm O};|t CUO x@ ?}=Q[ Q=OQ@ pw] |xR=Ov=x@ Q=OQ@ wO u}=Q@=v@ "OwW|t x@U=Lt
�2
k u=wva x@ s=k ?} Q[ Q=}at h=QLv= R= w �0;k u=wva x@ s=k ?} Q[ u}ov=}t R=

"OwW|t xO=iDU= 7 |x]@=Q |xQ=t; C=@U=Lt QO
q=@ pQDvm OL uDi=} |=Q@ C=@U=Lt ' �2 w �0 |=yQ=OQ@ uOt; CUO x@ =@
pQDvm CLD Cr=L QO xQ=t; 10000 O=OaD '=yVwQ R= s=Om Qy |=Q@ "OwW|t R=e;
u}t= 9950 =@ Q@=Q@ q=@ OL Q=Okt "OvwW|t ?DQt |OwaY ?}DQD x@ w xOW O}rwD
|R=Uxv=DU; '|R=UxOQWi VwQ |=Q@ Q=Okt u}= "OwW|t xDiQo Q_v QO |@}DQD |xQ=t;
39 7064 w 13 7861 '12 9635 =@ Q@=Q@ ?}DQD x@ CNU |R=Uxv=DU; w sQv
s=tD= x@ |Q=t; Ov}=Qi pQDvm 1 R=i 'q=@ pQDvm OL uOQm =O}B =@ "O};|t CUO x@
|w} Q=vU wO uDiQo Q_v QO =@ |O=yvW}B |=yVwQ OQmrta '2 R=i QO "OUQ|t
x@ pmW `@ Qt Q}}eD l} 'pw= |w} Q=vU QO "OwW|t |@=} RQ= Q}}eD |=Q@ hrDNt
Q}}eD l} 'swO |w} Q=vU QO "OwW|t p=ta= pwYLt Q} wYD |wQ 5 QO 5 O=a@=
|=yVwQ |Ovtv=wD "OwW|t p=ta= Q} wYD |wQ pUm}B 3 Ct=N[ x@ ?Qwt
xr=@vO pw] \UwDt |=yQ=}at R= xO=iDU= =@ C=Q}}eD `} QU hWm QO |O=yvW}B
|x]kv p[=iD "OwW|t |@=} RQ= �STDRL� xr=@vO pw] Q=}at h=QLv= w �ARL�
|@=} RQ= |=Q@ |YN=W u=wva x@ R}v (" = �̂ � �) |ak=w R= |v}tND Q}}eD
'u}ov=}t Q}O=kt "OwW|t xO=iDU= Q}}eD |x]kv j}kO u}tND QO VwQ OQmrta
xOW VQ=Ro |OQmrta |=yXN=W u=wva x@ =yp[=iD |xv=}t w 'Q=}at h=QLv=

"CU=
=D 1 R= (�) =]N |x}L=v QO Qwv COW Q}O=kt QO Q}}eD u=R}t u}vJty
|xR=Ov= =@ pUm}B QO Qwv COW C=Q}}eD "CU= xOW xDiQo Q_v QO OL=w 10
G}=Dv "OvDU}v xOy=Wt p@=k KrUtQ}e sWJ =@ (� � 10) 10 |w=Ut =} QDtm
'CU= xOy=Wt p@=k pwOH QO xm Qw] u=ty "CU= xOt; 1 pwOH QO |R=Ux}@W
\UwDt w xr=@vO pw] \UwDt '(�) C=Q}}eD COW V}=Ri= =@ VwQ xU Qy QO

QY=va u}ov=}t �̂1;�;S(k) w Q}}eD |x]kv � 'Q} wYD |xOvQ=tW S 'x]@=Q u}= QO
"OwW|t x@U=Lt Q} R CQwY x@ xm CU= Q}}eD |x]kv R= Oa@ ?}=Q[ Q=OQ@ s=k

(s� �)�1
SX

t=�+1
�̂t(k) (8)

1 R=i QO xOW xOR u}tND ?} Q[ u}t=k Q=}at h=QLv= w u}ov=}t �2
k w�0;k

Cr=L R= Ov}=Qi GwQN X}NWD C}r@=k u=tRsy CQwY x@ xQ=t; u}= "OvDUy
Cr=L X}NWD |=Q@ "OQ=O =Q 32Q}}eD |x]kv u}tND Qw] u}ty w pQDvm CLD
x=oQy "OwW|t xO=iDU= 33 �UCL� q=@ |xv=DU; OL l} R= pQDvm R= GQ=N
|LqY= s=Ok= w OwW|t hkwDt O}rwD Ov}=Qi 'OQm Rw=HD UCL u=R}t R= xQ=t;
|}=Hu; R= u}vJty "OQ}o|t CQwY pQDvm CLD Cr=L x@ Ov}=Qi CWoR=@ |=Q@
'CU= xOW |L=Q] |}=tvCUQO |xv}W}@ OQm} wQ T=U= Q@ |rQDvm |xQ=t; xm
w OQ}PB|t CQwY |r@k |xvwtv m w xvwtv u; u}@ |}xU}=kt xvwtv Qy |=R= x@
VQ=Ro |}=yv |xQ=t; u=wva x@ C=U}=kt u}= |=Q@ xOt; CUO x@ u=R}t |xv}W}@
xQ=t; |=Q@ Q=Okt u}= O=H}= x@ QHvt xm |}x]kv |UQQ@ =@ '?}DQD u}= x@ "OwW|t
|xQHvB l} m "Ci=} CUO (�̂) Q}}eD |x]kv u}tND x@ u=wD|t 'CU= xOW
OwW|t xDiQo Q_v QO C=@U=Lt sHL V}=Ri= R= |Q}owrH |=Q@ xm CU= lQLDt
s}_vD p@=k O}rwD |xNQJ u=tR w |D=@U=Lt |=yC}r@=k x@ xDU@ u; |xR=Ov= w

"CU=
|=Q@ sRq |=yxvwtv O=OaD 'Ov}=Qi QO Q}}eD Qy RwQ@ R= Oa@ 'xQ=t; u}= R= xO=iDU= =@
Q}}eD |x]kv w |ak=w Q}}eD |x]kv p[=iD u}vJty w xr=@vO pw] =} Q}}eD hWm
O=OaD u}ov=}t "OwW|t C@F Ov}=Qi \UwD |O=yvW}B |rQDvm |x} wQ \UwD |v}tND
hWm =D sRq |xvwtv O=OaD Q=}at h=QLv= w (ARL) 34 Q}}eD hWm =D sRq |xvwtv
p[=iD |=Q@ xv=}t w 'Q=}at h=QLv= 'u}ov=}t u}vJty w (STDRL) 35 Ci}W
|=Q@ |}=yXN=W u=wva x@ (�̂ � �) |ak=w Q}}eD |x]kv w |v}tND Q}}eD |x]kv

"CU= xOW xO=iDU= |O=yvW}B |=yVwQ |}=Q=m |xU}=kt w |@=} RQ=

|R=Ux}@W C=ar=]t "4
|Q} wYD |wQ|R=Ux}@W|xar=]t 'xr=ktu}= |O=yvW}B |=yVwQ|}=Q=m|@=} RQ= |=Q@
u=Wv =Q xJQ=B l} Ci=@ R= |}xvwtv 5 pmW "CU= xDiQo CQwY xJQ=B ẁv l} R=

"OyO|t
CU= |y}O@ "OvQ}o Q=Qk xO=iDU= OQwt |}xOQDUo OQ=wt QO Ovv=wD|t =yxJQ=B

"xJQ=B Ci=@ R= |}xvwtv "5 pmW
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"""p
wYL

tQ}
wYD

|Q}
oQ=m

x@|
=Q@|

}=yV
wQ|

xaU
wD"hrDNt C=Q}}eD |=Q@ |R=Ux}@W G}=Dv "1 pwOH

|R=UxOQWi CNU |R=Uxv=DU; sQv |R=Uxv=DU;
UCL = 12=9635 UCL = 39=7064 UCL = 13=7861

pmW `@ Qt Q}}eD
� ARL STDRL E(") std(") med(") ARL STDRL E(") std(") med(") ARL STDRL E(") std(") med(")

�1 105 56 115 98 98 93 116 12 65 00 218 19 220 09 210 58220 43171 50 69 01 57 26 63 06 57 43 46 00
�2 8 22 3 48 0 90 2 51 0 00 188 36 196 57 181 31196 32114 00 7 88 2 87 0 64 2 11 0 00
�3 4 03 1 18 �0 09 0 93 00 56 04 44 27 46 99 44 04 38 00 4 29 1 27 �0 04 0 85 0 00
�4 2 53 0 69 �0 9 0 45 0 00 8 75 1 63 0 25 0 77 0 00 2 61 0 75 �0 09 0 47 0 00
�5 1 86 0 55 �0 03 0 26 0 00 5 55 1 04 0 01 0 33 0 00 1 91 0 47 �0 07 0 36 0 00
�6 1 34 0 49 �0 10 0 44 0 00 3 95 0 73 �0 02 0 14 0 00 1 49 0 52 �0 03 0 30 0 00
�7 1 06 0 24 0 00 0 00 0 00 3 10 0 46 �0 01 0 10 0 00 1 08 0 27 �0 01 0 10 0 00
�8 1 00 0 00 �0 01 0 10 0 00 2 45 0 50 0 00 0 00 0 00 1 01 0 10 0 00 0 00 0 00
�9 1 00 0 00 �0 01 10 0 00 2 05 0 26 0 00 0 00 0 00 1 00 0 00 0 00 0 00 0 00
�10 1 00 0 00 0 00 0 00 0 00 1 90 0 30 0 00 0 00 0 00 1 00 0 00 0 00 0 00 0 00

?Qwt Q}}eD
� ARL STDRL E(") std(") med(") ARL STDRL E(") std(") med(") ARL STDRL E(") std(") med(")

�1 175 74 174 09 170 67174 69127 00 231 98 216 64 224 85216 43 170 5 100 48 107 14 95 64106 59 59 50
�2 54 31 45 61 46 95 46 15 39 00 219 05 208 32 214 69210 21 14 00 35 49 31 99 28 68 31 58 19 50
�3 12 03 6 54 4 01 5 83 2 00 81 160 72 22 70 28 68 65 12 50 9 03 3 30 1 43 2 79 1 00
�4 5 78 1 83 0 24 1 29 0 00 45 59 48 49 40 44 45 01 12 00 5 30 1 56 �0 07 1 17 0 00
�5 4 14 1 29 0 02 0 85 0 00 28 28 22 33 19 02 22 51 9 50 3 56 0 99 �0 15 0 73 0 00
�6 2 93 0 93 �0 15 0 78 0 00 9 61 2 34 0 74 1 79 0 00 2 81 0 69 �0 09 0 62 0 00
�7 2 39 0 76 �0 02 0 32 0 00 6 75 0 31 0 01 0 44 0 00 2 13 0 56 �0 10 0 39 0 00
�8 1 99 0 58 �0 05 0 39 0 00 5 35 0 95 0 03 0 54 0 00 1 74 0 52 �0 07 0 36 0 00
�9 1 71 0 48 �0 01 0 10 0 00 4 20 0 93 0 05 0 33 0 00 1 59 0 49 �0 01 0 10 0 00
�10 1 4 0 49 �0 01 0 10 0 00 3 45 0 72 0 03 0 33 0 00 1 22 0 42 �0 02 0 14 0 00

XwYN x@ 'C=@U=Lt |=Q@ R=}v OQwt sHL w u=tR Cw=iD u}= "CU= |R=UxOQWi
=@ |}=yOv}=Qi u}vJty w OvDUy �100 |UQR=@ OvtR=}v xm T=UL `}=vY QO
w CaQU x@ xHwD =@ O}=@ u=YYNDt w CU= x_Lqt p@=k 'q=@ O}rwD CaQU
?=NDv= =Q Q_v OQwt VwQ |O=} R C}U=UL w CkO =@ 'Ov}=Qi C=YNWt Q}=U

"Ovvm

|Q}oxH}Dv "5
xHwD OQwt Q}N= |=yp=U QO xm '|Q=t; Ov}=Qi pQDvm u} wv |=yOQm} wQ R= |m}
"CU= |Q=t; Ov}=Qi pQDvm QO Q} w=YD VR=OQB R= xO=iDU= 'CU= xDiQo Q=Qk |v=w=Qi

|R=UxOQWi |=yVwQ u}vJty "CU= xDi=} Vy=m Q}}eD |x]kv hWm QO C=i=QLv=
|}=ORxiwv VwQ x@ C@Uv =Q |QDy@ ?D=Qt x@ OQmrta sQv |R=Uxv=DU; =@ |}=ORxiwv w
Q_vt R= w C=Q}}eD |=yCOW s=tD hWm QO CNU |R=Uxv=DU; R= xO=iDU= =@
x@ 'pmW `@ Qt C=Q}}eD QO "OvyO|t u=Wv OwN R= |OQmrta |=yXN=W s=tD
VwQ 'Q}}eD COW Q}O=kt s=tD |=R= x@ ?Qwt C=Q}}eD QO w (� � 2) |=R=
u}= "OQ=O C=Q}}eD hWm QO |QDy@ OQmrta sQv |R=Uxv=DU; R= xO=iDU= =@ |}=ORxiwv
CW=O xHwD O}=@ =t= CU= x_Lqt p@=k lJwm C=Q}}eD QO XwYN x@ Cw=iD
Q@=Q@ |R=UxOQWi VwQ QO Q} wYD l} |=Q@ xQ=t; |x@U=Lt w VR=OQB u=tR xm
|=[i u}vJty "CU= x}v=F 4 56 Q@=Q@ |}=ORxiwv |=yVwQ QO w x}v=F 1 108
VwQ R= QDW}@ ?D=Qt x@ x} RHD K]U x@ xDU@ |}=ORxiwv |=yVwQ |=Q@ |D=@U=Lt
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|U
Ovyt CLD Cr=L x@ Ov}=Qi `} QU uOv=OQoR=@ |=Q@ Q}}eD |x]kv hWm u}vJty w Ov}=Qi

|=yQ=Owtv Q}=U u}vJty w lHwt |x}=B `@=wD Q}=U R= xO=iDU= "CU= pQDvm
xDiQo Q_v QO |D; C=ar=]t QO Ovv=wD|t xm OvDUy |r�=Ut xrtH R= pQDvm

"OvwW

'CNU |R=Uxv=DU; R= xO=iDU= =@ |}=ORxiwv '|R=UxOQWi VwQ xU 'xr=kt u}= QO
|=ylHwt |=v@t Q@ xU Qy xm - sQv |R=Uxv=DU; R= xO=iDU= =@ |}=ORxiwv w
|UQQ@ C=HwUvt |wQ |O=yvW}B |=yVwQ OQmrta "OW x�=Q= - Ov=|Oa@ l}
QO C=Q}}eD hWm QO =yVwQ ?U=vt OQmrta Qou=Wv |R=Ux}@W C=ar=]t w OW

=yCWwv=B
1. multivariate exponentially weighted moving average(MEWA)
2. multivariate cumulative sum
3. geometric pro�les
4. machine vision systems
5. Jig and Fixture
6. pixel
7. spatial domain
8. frequency domain
9. Tico
10. Sari-Sarraf
11. Goddard
12. Ngan
13. surface barrier layer
14. machine learning
15. generalized likelihood ratio test
16. quantile-quantile plot
17. low rank tensor decomposition
18. functional principle component analysis
19. sharp changes
20. orthonormal
21. contrast
22. alignment
23. signal to noise ratio
24. vectorization
25. approximation
26. detail
27. compression
28. denoising
29. hard threshold DE noising
30. soft threshold dnoising
31. generalized likelihood ratio
32. change point
33. upper control limit
34. average run length
35. standard deviation of run length
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