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|aw[wt Ov}=Qi |=yQDt=Q=B QO Q}}eD OOaD 'xwqax@ "OQ=O C}=mL Q}}eD RwQ@ |ak=w

pw�Ut xOvU} wv �
"1393 6 15 VQ}PB '1393 5 19 x}LqY= '1393 1 27 Ci=} QO %M} Q=D



"""\
=kvO

Qw;Q@
|=Q@

|Ov
@xWw

Ns
D}Qw

or=
|xa

UwD|Ov@VN@ xO=U |]N uw}UQoQ pOt l} QO |}=tvCUQO uwtR; Q@ |vD@t |WwQ
|}=U=vW w C=@F X}NWD |=Q@ u=wD|t VwQ u}= R= "CU= xOW O=yvW}B xOW
u=QoVywSB "OQm xO=iDU= I R=i QO xO=U |]N p}=iwQB xO=O xawtHt QO Q}}eD \=kv
|}=tvCUQO u} QDW}@ u}tND Q@ |vD@t |WwQ R}v |]N p}=iwQB V}=B |xv}tR QO
Q=Owtv R= u; QO xm OvOQm x�=Q= [15]Ci}W u=mt |}=U=vW |=Q@ Q}}eD |x]kv R=
xO=iDU= |]N p}=iwQB V}=B |=Q@ '9xQ}eDtOvJ |}=tv uwRwt lQLDt u}ov=}t pQDvm
KQ]t l} QDt=Q=B=v uw}UQoQ pOt T=U=Q@ =Q Q}}eD |x]kv OQm} wQ u=v; "CU= xOW
=@ u}vJty "OvOQm xO=iDU= xDi=}s}taD 10|}=tvCUQO C@Uv uwtR; R= w [16]OvOQm
u}tND |=Q@ Q}}eD |x]kv pOt l} |}=tvCUQO u} QDW}@ |xOvvRu}tND R= xO=iDU=
xO=iDU= =@ [17]"OvOQm x�=Q= xQ}eDtOvJ |xv=oOvJ |]N |=yp}=iwQB QO Ci}W u=mt
QO |}xrB C=Q}}eD u=tR |}=U=vW |=Q@ |WwQ '|}=tvCUQO u} QDW}@ u}tND R=
C=Q}}eD |=Q@ |Qv}=@ p}=iwQB QO Q}}eD u=tR hWm "OW x�=Q= [18]uwU;wB |=yp}=iwQB
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"�1 pwOH� OW pY=L pQDvm OL |=Q@ |@ wr]t G}=Dv

50



|t}
tY

QU=}
w|

@=Dyt
u=Qy

t pQDvm R= GQ=N d�2 x@ \w@ Qt |xQ=t; CU= XNWt jwi Q=Owtv QO xm u=vJ "CU=
Ci}W wO Q=Owtv 'u}=Q@=v@ "CU= |yHwD p@=k Q=Okt d�2 � d�3 u}@ hqDN= w CU=

"CU= xOQm |}=U=vW =Q fl�i ; i = 1; 2g = f20; 9g |v}tND |=yu=mt =@

OQmrta |@=} RQ= "5
xv=oOvJ Q}}eD \=kv |}=U=vW QO xOW x�=Q= VwQ OQmrta |UQQ@ x@ CtUk u}= QO
2009a xNUvMatlab Q=Ri= sQv\}Lt QO |R=Ux}@W R= Qw_vtu}ty x@ 's} R=OQB|t
=Hv}= QO &O} Q}o@ Q_v QO =Q 10 |x]@=Q QO xOW x�=Q= p}=iwQB pOt "CU= xOW xO=iDU=
X = 2(2)8 w n = 4 'm = 25 '" � N(0; 1) ZQi =@ w QwmPt pOt R=
|=yQDt=Q=B QO |Ov@xWwN VwQ OQmrta |@=} RQ= |=Q@ "OvwW|t |R=Ux}@W =yxO=O
Ci}W CQwYx@ C=Q}}eD "OwW|t O=H}= -=O@t R= ZQa w?}W QO Q}}eD xU w wO 'pOt
Qw_vtx@ "CU= xOW p=ta= �|rwRv w |OwaY R= |@}mQD� l}vwDwvwt w xv=oOvJ |}xrB
Q}}eD |xR=Ov= =D xOW xO=iDU= � ?} Q[ R= uw}UQoQ |=yQDt=Q=B QO Q}}eD u=R}t u}}aD
-=O@t R= ZQa QO Ci}W |=Q@ "OwW u=}@ Ov}=Qi Q=}at h=QLv= R= |@ Q[t CQwYx@
Ci}W |=Q@ w 'A+ �1(

q
�2 � (n�1 +X2S�1

xx )) x@ A pQDvm CLD Q=Okt
'xr=kt u}= QO "O@=}|t Q}}eD B + �2 �p

Sxx
x@ B pQDvm CLD Q=Okt ?}W QO

w 1 225 =@ Q@=Q@ ?}DQDx@ ?}W w -=O@t R= ZQa |=yQDt=Q=B OQw;Q@ Q=}at h=QLv=
uw}UQoQ pOt QO xm CU= CQwY u}O@ =yQDt=Q=B QO Q}}eD O=H}= OvwQ "CU= 0 224
C=Q}}eD 'Q}}eD xU Cr=L QO w 20 w 10 \=kv QO C=Q}}eD 'Q}}eDwO Cr=L QO |]N
QO Q}}eD |=R=x@ |R=Ux}@W G}=Dv "OwW|t p=ta= =yQDt=Q=B Q@ 20 w 15 '10 \=kv QO
|=]N p=tDL= "CU= xOW x�=Q= 4 w 3 pw=OH QO ?}DQDx@ ?}W w -=O@t R= ZQa

"CU= 4 VN@ |OOa p=Ft QO xOt; CUO x@ Q}O=kt Ovv=ty pQDvm OL w 1 ẁv
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20 093 14 846 10 011 16 23 3�0 557� �1 619� �2 664�

10 79 0

�1 0 �1 25
11 645 24 19 1

15 085 10 629 15 73 2
19 942 15 067 9 942 47 42 3�1 346� �1 084� �1 171�
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Q}}eD \=kv OQw;Q@ |x]kv O=OaD

3 
2 
1b�3 b�2 b�1 P (�) Q}}eD

36 33 0

�� 0 15 0 05
16 771 59 35 1

20 394 11 717 3 04 2
(6 355) (6 925)

18 71 13 54 9 885 1 2 3

1 28 0

�� 0 25 0 125
14 26 79 92 1

20 11 10 056 15 57 2
(2 885) (2 858)

19 92 13 98 9 67 3 11 3

26 35 0

�� 0 05 �0 125
18 381 17 89 1

19 477 10 394 52 95 2
(1 864) (2 568)

20 766 13 193 7 867 2 27 3

0 18 0

�� 0 �0 25
10 011 0 93 1

19 995 10 028 94 11 2
(0 904) (0 847)

20 784 14 594 8 131 3 75 3

2 3 0

0 225 0 15 0 075
14 591 87 95 1

19 371 8 878 7 57 2
18 439 13 141 9 268 2 05 3
(3 589) (5 708) (4 233)

16 96 0

0 15 �0 075 0 125
19 416 25 25 1

19 413 14 996 24 13 2
20 016 14 835 9 914 32 04 3
(0 961) (1 156) (1 978)

0 32 0

0 25 0 0 25
13 467 8 22 1

17 539 10 327 3 82 2
19 997 14 996 9 969 84 5 3
(0 767) (0 72) (0 807)
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%OQ@ s=v |D; C=k}kLD |=Q@ |}=yCYQi u=wvax@ Q} R OQ=wt R=
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"C=Oy=Wt pqkDU= ZQi Zkv \}=QW QO xOW x�=Q= VwQ OQ@ Q=m �

"CU= �11 2 Q@=Q@ u=tRty CQwYx@ Q}}eD wO |}=U=vW p=tDL= 'p=L u}= QO "CU=
\UwD Q}}eD |x]kv wO |}=U=vW p=tDL= �2; �1 u}@ hqDN= jr]t QOk V}=Ri= =@
x@ C@Uv xOW |}=U=vW Q}}eD \=kv Q=}at h=QLv= u}vJty "O@=}|t V}=Ri= sD} Qwor=

2 = 0 5 w 
1 = �1 5 C=Q}}eD |=R=x@ p=Ft u=wvax@ "CU= QDsmlJwm C=Q}}eD
\=kv |R=Ux}@W |=yQ=QmD R= �94 52 QO sD} Qwor= '20 w 10 \=kv QO ?}DQDx@
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"CU= 20 w 15 '10 \=kv QO -=O@t R= ZQa QO Q}}eD 3 pt=W 3 pwOH |xt=O=
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hqDN= Qo = |rw OwW|tv |}=U=vW |Q}}eD |x]kv OQ=wt QFm = QO OW=@ lJwm |r}N
"OW Oy=wN |}=U=vW Q}}eD |x]kv l} pk=OL O@=} V}=Ri= xOW p=ta= C=Q}}eD u}@
O=H}= =@ u; p=@vO x@ w s=10 |x]kv QO 
1 = 0 5 lJwm Q}}eD |=R=x@ p=Ft u=wvax@
sD} Qwor= 
3 = 2 w 
2 = 1 25 Q}O=kt =@ ?}DQDx@ 20 w 15 \=kv QO C=Q}}eD
=Q 15 |x]kv x@ l}ORv Q}}eD |x]kv l} |R=Ux}@W |=yQ=QmD R= �63 74 QO
x@ l}ORv Q}}eD |x]kv wO �32 93 C=Q}}eD u}= |=R=x@ u}vJty "Ovm|t |}=U=vW
=Q Q}}eD xU 'OQ=wt �2 98 QO 'xwqax@ "Ovm|t |}=U=vW =Q 20 w 10 |=yu=mt
xm OyO|t u=Wv Qt= u}= "OQm Oy=wN |}=U=vW 20 w 15 '10 |=yu=mt x@ l}ORv
|rw CU= lOv= Q}}eD xU |}=U=vW p=tDL= xm u}= =@ lJwm C=Q}}eD p=ta= |=R=x@
C=Q}}eD R= |m} pk=OL |R=Ux}@W |=yQ=QmD R= �99 QO ,=@} QkD |Ov@xWwN sD} Qwor=
|D=Q}}eD |}=U=vW QO |Ov@xWwN sD} Qwor= C} Rt "Ovm|t |}=U=vW =Q xOW p=ta=
x@ =Q C=Q}}eD u}= w OvwW|t p=ta= �|rwRv w |OwaY� s_vt=v CQwYx@ xm CU=

=yCWwv=B
1. statistical process control
2. monotonic
3. step shift
4. linear trend
5. multiple change-point
6. exponentially weighted moving average
7. cumulative sum
8. clustering
9. multivariate exponentially weighted moving average
10. likelihood ratio test
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