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(2011 53 "=, 2011 62 AEY)

Q9o
SA% FAB AR 54 HAA A2 2717 ol e B9t ol 9Ot MarkovalshE A& s 3
71 wol] k. o] =RoAE ¥A Al MarkovEAS w2t A%, MarkovddE A= 93 o &

EE5H Pl o) At Ak B SAH 4A, A 44 2 W
2 1% Markovlsle] A go] ojst /129 Feld He BEHT T Az
ol Aol i3 AT ANE HelFm glek. FABAL) SHATNA 47

A7k Bse A9 o) ol BAbste] MarkovAs S 39 Ag5HE 54 ol BEHAAM, mo|APRTH
e Azl A0 A9E 22 4 glo} 9 olgx 1 k.
ZFRE0: SV, UNYY, B4, H0|2E, BRYRS, AEHelE

SAR AT A= AN 7R 8427 A9 #2157 %(control statistics), EEFEA] A (sam-
pling time)¥} #2]3HA (control limit). & 573°] AYPH = 5 A BERZEAHNA T8

[¢) = % L%

sto] Hel AR AN T o] FAIFe] HTAE Hloluhd o NTE Fu IA] ko FF
= ASske Aotk mEkA BEFELS A58 AR A o]4bA AlZke] dhste] o]fojAal glo
u, el SAES AR B met oibAd s e ASAd £= Qlok 3 g A%
< ZE 7| (sample size)oll w2t Db Rt ohyet O B2 5 g O wet 932 U Aok &
HREAAET 22TV AR 94 ger A Al et dubH oAt AR 28 E0l7
Al ZF Al o] He A ol et ke Fed = = ok AR AR A AN 2 os
W AE s QA S dAe] mRor FAEE AR Atk T2 Aol HelEA gl
Al 2 AIZE <5 (time-dependent) o] ¥11, @ A0 BRozwh PAE Ffole 28+ ok

ol FAAEY FAA Ao gt S4L o T E £ W7k #E5H FES(number of sam-
ples to signal), 28 % AJ7FS AlGA|ZH(time to signal)T} #HE5ZEe] 4=(number of observations to
signal)oll ©|s) A4 A} wetd BT TES EAHE BT

number of observations to signal; ANOS)7} £2 Algdtt. ZEZFSAFI 22377 AJA 4

o =EL 2000dE AR(EA SR Ao FRREAEAT] A UG Wol £HD AT (2009-
0073336).
1(156-070) A& Al 52T

e
o

3 $EA SR W4, E-mail: cspark@cau.ac.kr

ot

AE 221, S 4
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7 Aole sAHEY EAAL FFASTEETE Tl & 5+ o, o= &3] F7HZo|(average

gul

run length; ARL)Z &&{A 1t}

SR SHE 402 analvticall) FYHE AL AF0 LT AL AL B3}
AL w9 B3EE 97 BTk o714 A tedt 499 ot $AEAG] BAHe BEomY
T 1 A %(tlme-mdependenwom nRa)% BEFENAC) B4 FU 498 5 5 At

o E 59 34 23 o| Shewhart ZHS W= wo|t}, =

Xi =+ e,

o pE I B, = FEAL o] u] Shewhart B2 52 AF&5H dZo|= 7| RZE up2F 5
o] FFATAINI FEAZTHSTE A7 & 5 Atk olFA 53] ded A4S ALdstd #els
B AR s E v 01 Sr/‘r a XQ olfr+= #elF ATl Al L%“—’Tolﬂ oot} e
FAFY AL FEAAL AA Azl FAl == 7 L@r/}. d AHY 34 F4-ol HA, 53] vtz
A AR F4o FHY /7] digo ]D} o] #AIE sHZst7] sk /‘FQE]L AIFE<o] tiE 5
Z 7142 MarkovE4d (property) ©|th. & é EAFl MarkovEA S HEshe A9 Bl SAZ
ZAAIF-24] (updating equation)S F3l 7] & 4 Atk AlH tolAe] FE SAZS X, 34 SAHS
Seeb & uff AAFA o], ofd g foll thal

St = Si—1 + f(X) (1.1)

2 Z39 3 MarkovEA Z35r) o]H el TAZ] thdt Markovdsle]l A8 Woodall#}
Reynolds (1983) o]& Zx}12 ZAAE(sequential decision theory) #of|A EAATLE 5] Ho] AF
£5o] 23 k. JFF gz A o= ¥4 2¥o| Shewhart 2L w] +2 3} (cumulative sum;

CUSUM) # =98} X405 715 (exponentially weighted moving average; EWMA) #&] = o]t}

A A MarkovEAL WE3he Markov 4|8 74517 $18) 45 A% 0] Ashe %42
£ o]4k3}(make a discrete variable) 3ttt 573 EA|2k0] o]Ak3) 22 FAEA B0 HE = QU=
o] HAE the] B 7t (sub-interval) 22 E & (partition) st FF7bo]| dlFsh=s 32 i) tix
d(UnAoz Benel sled fow EAUC 5 BAEAYS oAs AsAre BAEAY
S oS 2AHapproximation) 171 HAL UIRTh ofH Agolt BTARES 44 Bl
FAZo] ou] oA 714 o[4S B BR flo] MarkovE4E /A ASE
Markovds§&] A-go] olsir}. o] =o)X+ MarkovEARE AME-Ste] T A= A1
Hol thEA WS BFotaL, =3 A2 FAde Az Ak x4 del = (reset chart) ]
ATo] MarkovdHE 2 &3= v AAISHL Aot

&

2. 2H22|ERIe| Markov 2 2AL

el FAFo] MarkovEAS W5 o] o] o]it3}ste] MarkovdsE /gt deldate] E42
ot AL dolEzt. WA FAE|EA o] He= g YA A Y (transient region; Rr)d 49
% (absorbing region; Ra) & 33t} o] F A g2 dvtxo g Ag)stA Ao o) &4t 3%

e aks vt 2ol Bt

AlA toll A Sy € Raol® ol dAlEE F11,

14
ot
N

(o}
)
ol

A,

o

g

ANGAL ] Ryt BT 4] Rye
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22| SOlM Markovizfo| 21g: 55 U

=
HU
o
oo
0l

olg} B, 7 R FAHL
mi,M2a,...,Mnp

2 JepE, 72t 248e vl Markovalsle] AAAEIS ey 9oy Be|SAZe) o)ikshs 1
grel od 2 Lol x3H™ S = m; 2 ZARAZIE ZE gulgith. o] 2A FAE Markovdd &
M2} 3t}

olxtsld el BAIFe] 2AF FE2 Markovelse] A o]&-E (transient probability)el] S|E= 1 4
AZE] el Ao Hol&E2 tha3t o] ZAFT 4,5 =1,2,...,n°l o)

pij = P (My = m;|Mi—1 = m;)
~ P(St S Ij|St71 = m,) .

Al doldE e
Q= [pij}nxn (2.1)

e} AYRALS 918 e Aolath. A EACR UL MEl} PL| LEX o}

niBE 24712 X4 n WE
(i) © AFE nQl 0(zero) WE|OA] (A Q4T 121 WH

L, : A9 nol 9] 9

AP 3 Z7)= FolH Markovadd7h A2 E oA 293l & T4AE S RS HW 2y
ok M7t 48 mi S WS Al T(mg)ek sHa olell tigt 83, t =0,1,...00 i)

P(T(m;) =1t) =s,Q'1,,5)
olt}. T, 5,2 A|ZHAFE| (starting state) ME] ZA] AJZAFE] io AR T 121 0WE]o)th. $1¢] FE34-E

ol-gstd, & F7] Ft AE mi S WEshe FEAT V(mi) € that 2] Addrh

V(m) =Y 1-P(T(ms) =t)

I
M]3
LN
o

—
2

3 Aol @ AEie BEehe At 1319 nHsE RE Ao e PERss FFALol
Ak, & BRABRESE

=1
=sn(l — Q) 'L, (22)
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82 Mol (i,5)%
AR el 4

3

il
AT

1ot ik, o

A L4, (I- Q) '[i,j]

0=

=

(2.3)

L

s,Q (I, — Q)1,
~Q“> I, — Q)1

sic}.

s
1

S

t

1
I.— Q) '1.
1T},

t=
Sn
Sn

P(N =1t)
E(N) = Zt . S;Qt_l(ln - Q)ln

e

~N

o]
=0

o)
el

e kA

)

< Toketl #F-&stt

HA43} fA, ERG
na/2H2 £

na
2

L
-

O]
1)d,L+

na
2

A
NN AN GIL 1

3T

.01-
1)d),...,(—L—zd,—L—d),(—L—d,—L),

2

g Bzagelel A
na

)
d,—L—(

Bl

9

2
(L,L+d),(L+d,L+2d),...,(L+(

na

o] o7}

(-

F74E, d=2L/nol Y

=]

T

ol

ol

ZE<] 09

S}
o

s M ARy

mA1,MA2,. .

o

vlzo] Molghge thez ol 2AMHT

2

.AO
<
ojm

LA ER Ol A

]anA

mAj‘Mt—l

[PA,ij

= P(Mt
~ P(St S IAj|St,1 = ml)
Qa

PA,ij
SR 7 Aol E e

wheby QAN &

W
)
22!
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FARAZ7 7} AR miol A AR AL b{m}, AE m; 2 BUs AL e{m;} 2 BASAL B
F717F SAVGEN mioll A Al Bt Sl ma B BV EEe
P (e{ma,;}b{m:}) = Z 1.»Q ' Qal,, ()

=15, Tn = Q)7 'Qaly, ()
= [(I. — Q)~'Qa] 4, ]

7ge ¢4 k.
BRI ERA ma; 2 BUEA A m B e BEASE

Vi(mi,e{ma;}) = V(mi) P (e{ma,;}|b{m:}) (2.4)
Qe & 4 AT, web FAF ERAH ma, 2 Bk 2404 AN mE FESE 37
54

V(mi, efma,})
P(e{ma;})
7h ek 9 AelA Bt 349 Ao] my,olBE P(e{may}) = Ple{ma}b{mi,})oleh 919
ARz RE, T FEAE ma 2 Brhe 2404 FRATEES

V(mile{ma,;}) = (2.5)

r]r

E(Nle{ma;}) = Z Vi(mile{ma,;}) (2.6)

A5 Zhe o) ASIA A o] dA] AEIE 7HA Markov s ® 2AA 7= A, I A

3 QY Apg} At ko] RS A7) 2t Q) ATt F45 gkl 7k
<+ o E Yehd 5 9lo] AF =7t ASsiA Rt 4 FE 8 4o vehe EHE 32 -9l w53 o

AdEd o) me F2 Fe 7HAA Hol AFEHE AT o fFESAS] sHAlC ERA $E (1, —

=58 22 E7Fss 3o R et A g2 A LEe A3t B st wet

HAE QY AE FA A FAl AFANY FERAE A 3] H

WU % (precision) & 28] A (double precision) ©]1} 48] (quadruple precision) &
g (I, - Q) 'Y & 847 25 5ol gho]l e =AE HUs] AEs| o} g}

LA A9 £ u] Gaussian 72 H (quadrature method) & AFESHE o) FL 27tog A st =
AREE AL = 9l Zloz A o, AAZ H Aolrt gle AUt Wk 238 A" 73
A 7t AE ARRSlof 817 wlEel 5Y Fez B ARG HH ol 7itE Y ARgoll £
EAg] st B2 AY ok Hlx Frlelt.

39 deAS 13t FAFTAZEC] 08 FHSE A Aeus st =3 A &
7S Zroll 00] 23h= o] thA

FELE QAT BPSE R0 £E FLE S sked $700) o
o

3. SHE HA

TR A AANAE el (in control; IC)AENY wje] FFHA A o] (ARLy)$} o] (out of con-
trol; OC)/Jeld wie] FFHZo|(ARLy)E Wt} ojuf ARLoet ARLi+ #3827 AS5H 7
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o FAZF At olsl o2 FAA AR FEE EAAE ATse S A4 72 A
Z(risk-based approach)°]gti1 % 3Hc}.

3.1. DHEREEY|

I FEZ3E1| (fixed sampling rate; FSR)E T EFE77H 2T 771 A - 24 4 5Y
S e BT A wach TAERRZY Belwe) BFULcly AL 4 (22)F o185 £
A AR 5 glek. BelEA] A (L7 23 BeeAM] Lo

Ry =(-L,L), Ra = (—o00,—L)U (L, o)
ol At} F2 (—L,L)& #1407  d(=2L/n) QA n(EF)7e] 3oz 75 Bgstd, £37e

(llvul)a (l27u2)7' C) (l’ﬂvun)7 (ll = _Lvu’ﬂ = L)

mi,mz,...,Mn
o] Hlof Ho|eHE

Py = P(St € (ljauj)|st—1 = mz)
=P(l; —m; < f(Xy) <uj —my)

2 AN 5 ek o) elHEL A4 (21)2 B3 4 (22)°] YA FRALeIE AXT 5 Yk

Fo oA A F AL SATZ] gl wet v 2RSS0 22277 2
"] (variable sampling rate; VSR)E AM83l= A5 AZs| 241 W OE% | AA & &
CEEESEEERRETE T

IR FRI7 N A= A= (variable sample size; VSS)H— st} WSS F7
Fske gl ok MEEEar|)7E Hoke e v dutEoR iRk AAg o] 7
ol ol 282 37 & Jol= AAF 2&o] Hifste] 719 FAE IIT £ (A
HeFEEnlo gigt Jd+7 2+ Reynolds (1996), Reynolds®} Arnolds (2001)3} Park 5 (2004) 5

rE rlr

E

ET7r0] Hdhe #& hi,he (e > h2)a]— BtaL, MR IV 7 A & n,ne (m < n2) B
12 nARERZE0 A8} TR E I R = (L, L)& 370207} d (= 2L/n) Q) n(E5)749
BIZoz 75 283 o, %%L%é-?ﬁf’% WHEFREI 7|7 Hol= ol wet 3719 288 R1370
3% (Rra, Rr2, Rr3) 22 &3ty 7 38y B30 05 285+ B30 8 ni,ne,ns(n =
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n1 +n2 +n3)et AL o, & EF, ng,npw Ay B8E B8E0] B OE5H 19 sEeke B
e A B 2B FE0AT 2837 v 2k

Rra= (=L, La)=1LU---Ulpn, (h1,m),
RTQ_( L27 —Ls ) (leLz): n1+1U“'UIn1+n2 (h*,ﬁ*),
Rrs=(—L,~L2)U(L2, L) = Iy 4npt1U---Ulp (ha,m2),

AZNA (hiy )& (h1,m2) B (he,m) L & & Q3 O HAst ARollE Rro & A S & &

St = Se—1 + f(Xe(Hr, Ni))
2 Z33}. o] Markovd4fe] HojggLe

Pyij = P(St € (L, u3)|Se—1 = my)
=P(l; —mi < f(Xe(Hi, Ni)) < uj —mi)

o7 AL = ok f9] Ho|FERE o]FofR PP
Qv =

—

PA,ij]

T2 3 EFE] WEe 237 9HE Fosict

w=(Hy,...,H|,Hs,... Hy,Hs,... Hs),

vw=(Ni,...,N1,Na,...,N2,N3,...,N3),

Zh WEjol| A F LT Fe] T SAUE ni,ne,nz WAL E dE o] ot
g9 EA4L thaat Zo] ¥dh

E
ofi
EH
r
Rl
i
)
it
>
o
rSL'
r
2,
(o3

ANSS = s/, (I, — Qv) ‘1.,
ATS =s, (I, — Qv) 'H,,
ANOS =s,, (I, — Qv) " 'N,,.

4. ZHAE 2

interval; ACU)S 311, o] 53 288 ddslo] 713 A
2 gt} o]y dt o] f & AAA AR FeEe EA4L AT A
approach)o]gtal% Fhtt. ofufel] 374 B3P Fe]dH 3]
St o] EHE Weke S 7HAsIth o]E 3 2
Itk o]4EQY S ASHeR Ueld dle AeEE, oiiieR Uil ws 23 22

sAHE S A A st 24 F71E 2T v 994
=

o
o
rie
-0,
)
(1)
o,
F[F
>,
o
o
o
ﬁa
22
¥ 3
)
fu
°
o,
=
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1z
0t
>

$E ouisi 7eHREE 72 ARt T WS4 BE 71985 (memoryless) AAE 7HA L glo] F
Aol olu AIFAE 3 37k Yol o] gcle] DA A S FES Sdsh F, AR 4L

(f(u) = Ae™™, u > 0), FARLFZETFI] holW
P(U>t+hU>t)=e " Yi>o0.

7]‘6]~y—4,] AL (PU=k)=0Q-p)*p k=1,2,...), & FEZZZ7 Yo o]Agle] AT
< pet 7t

e

PU>t+1U>t)=1-p, “t>

7129 e AFdME FAFVE BEFE Uil ARbE 94 A2 2]
A BFeltt. webA o] AFoXE AFEEE AR FAH 13]E°ﬂ/ﬂ Markov?ﬂaﬂ-% /‘H%—%
Park (2007)3} Park®} Reynolds (2008)& <2 & 4

BeEe] AA AANA ook S AL BFLARS, Bl % ol AEolN DEY BIEES
Solrt. Y MYEREF} AGHE 20 Be) W ool BEE AEu+ Y of
FEERA A5 FEAST, oA B5E HTAZAE Sl E2 =
517] i Bl sl =) 018D oL sellel lekeg 2aa Aolgee 7
gafioF gttt Ee AR (AHAEHY wf o] FANTE FE A) olFole MEE FEETF AlFETR=
A& 3o it

o2 A3 WA B AehE UEphE M2 e WSS ofe2} 2ol Aol

_m
g;
q
)
1o
M
rlo
A
oX,

>~

1, process in IC,
Vi=14 2, processis OC but no signal is given,

3, process is OC and a signal is given.
A4 F49Y AAE E Shhe RPL L2 BASAL Bl
T LARE = o] H, %‘E —?Oﬂ% SAH mi, ol

)E 6?04 M= A= H‘/P.

e

pijgt = P(Vi = §, 8t € L|Vie1 =4, Si-1 = my)
=PV = j,li — mi < f(Xe(Hi, Ni)) < w —me|Vier =)
o] AolgE2 FHAE W Vioy, Violl et tha3 2o FAIF SR YA
° (%—1 - 17 ‘/t - 1)(\)_] 761—?‘7
*k,1=1,2,...,n°l o3
piiee = P(Vi =1, — mi < f(Xe(Hp, Ni)) < wg — mg|Vier = 1)

= P(ll —mg < f(Xt(Hk7Nk)) < u; — mk) . e*/\Hk.

9] Aol A BEFZHH) Yol A o] elo] dAyskA] grolok stmg e k71 Faj H k.
xk=n+1,1= 1,2,...,n°ﬂ o3l
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2 S0 MarkovOi2le] =i

S8 k= (n+ 1)/297 Aele] Do|eE FU5

=

| A9 23R 5 004 tA] AlFERE (o]

1;].5
< T

o
P11t = P (i = mgny2 < F(Xe(Hng1y 2 Ning1)/2)) < W — Mni1y/2) e Mtz

xk=1,2...,n+1,1=n+ 19 ths}
o] A9 AR Gt FelFA T FHdE 2EE Ffolnz
P11,k(nt1) = P (f(Xe(Hp, Ni)) < =L or f(X¢(Hg,Ni)) > L) ce Mtz
$} o] Ak 4= )
olgt Zo] (Vimi =1, Vi =1)2 ufjo] BHo|qHES
= 4.1
Qu [pn’kl](nﬂ)x(nﬂ) (1)

= Q3.

o (Vii=1,V, =2 3¢,
* k:1,2,.“7n+1,l:172,...,n0ﬂ EH'B‘H
Pz = P(Ve = 2,1 — my < f(Xe(Hg, Ni)) < wg —mg|Vior = 1)
= P(l; — mi < f(Xi(Hg, Ni)) < ug —my) - (1 _ ew{k) '
2} Aol FolA BRTZH(H) HIA oAl Ao} 2 (1 - e k)7 Fozieh. ol
Aeo RAo YL
- 42
= Aelgit}.

o (Viii=2,V,=1)9 A%,
xk=1,2,...,n,0=1,2,...,n+ 1] t3j
P21,kl:0-

o (Vi1 =2, Vi =2)9 A%,
«k1=1,2,...,no| i3
po2t = P(Ve = 2,11 — my, < f(Xe(Hg, Ni)) < wg — mg|Vier = 2)

= P(ll —my < f(Xt(Hk,Nk)) < up — mk)
(4.3)

Q22 = [pzzkl}
nxn
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1z
0t
>

o|gA AojE FAHLE 4 (4.1), (4.2), (4.3) 2% R} T AA HolPLB L 7ot

Qll Q22

QV,tot = |: 0 Q22

:| (2n+1) X (2n+1)
S19) 2A) RolAL S ABoHE Do A SAL ohet o] AT 2 4 ek

ANSS = SIQn+1(IQn+1 — QV,tot)7112n+l7
ATS = s5, 11 (Tong1 — QV,tot)ilHtot,
ANOS = sy, 11 (T2nt1 — Qv,iot) 'Niot.

I\;—]’y H;ot = (H/7h27Hl)7 N;ot = (Nl7n27N/)'
LAH s Foh= el (n+ 1)AA Felolng FgeFHas FaodE Quutke o834

E(F) = an+1(1n+1 - Q11)711n+1,(n+1)

QL ECEEEE

fu
=
r 0
ok
Y
+
iat
rlr
e
)
=

E(F) = shyi1(Iont1 — Quitot)  Lont1,(nt)

238 5 Utk

333 EA e A FAFE A7 389 FHQ BxAE £ HAH(deviation from
target)= UERI F70]8-2 AXAFH 7ol B (squared error loss)dh= Q3 37t k. F
71 & AAAF B2 3 F717F 2] A7 9] AT B 7T Erhs A4S AAAFE
o7 vro] ALtk 3 2717 Fu] A7 e AAAFE S BE QAIGES] AxAEE ol
sge o] thaat Zo] At 4 Qith

N-1
E (Z S?) =s,(I-Q) 'R,
t=1

Ry, = (mi,m3,...,m}). $EARNA] AAFBRLS T8 AAFB R = o} of
=3} 2ol At & Ak

E(S¥) =s,I1- Q) 'QaRn,

/ _ 2 2 2
Ia—a RTLA - (mA,lamA,Qa .. 'amA,nA)'

529 &2 (traditional control chart; TCC)o| A= FAFE] N A&E 27 (signal error), & A

< 75t ok 28y AAY] FABAAAME ol9dT EH LR (decision error) 7}

t}. 2AHLHE= ©RA 2 F(search error) @} HHQ F (judge error) S A A= Fdolth

< Fred D8k L5, S olAkdele] A skt SAddS ol

2o g F8he 27 (search error )€} o] ¢ ¢lo] WA= 24|
3}

5 o
5= 2 (search error II)E oju]glt}t. AT FE o ddde] HASA] okt LS Aoz
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I 5.1. AlS, EHX], Eiet @ 2o T0| e =g U =A
SC Not Occurred Occurred
i 1 Si 1 No si 1
Signa No Signal . 1ena . o signa Signal
Result (signal errorI) (signal error IT)
s Fi Not fi
Search ind SC Not find SC Find SC ot find SC
Result (search errorI) (search error II)
Judge True signal . . False signal
False signal T Signal
Result (judge error I) alse signa rue Signa (Judge error II)
Probability| 1 — « oy o aas B (1-p8)B1|(1—pB)B2 (1—-p8)Bs
Action |No action Repair Reset No action No action Repair Reset No action
State 1C, 1Co 1C3 1C4 0OC, 0OC, OC3 OCy

*ar+aztaz=1,B1+p2+B3=1
* SC: o] A ¢l(special cause)

o

@3Hs 2 7 (judge error 1)2} o] lo] WA= WAYA| ¢k 107 Add= ©F(judge error

IHEELLIS

SA Aol A ol AAAS BA H3 BTl o gcle] AT Aoz B FHL Bew
Chrepair). 910l S Aol o)L 2] FHo L} BEATIN ool WARAT 3
A 2% Aow RIS FHS A2 BrHreset). ©]E 3 T tha 2] (action) & o] FAE Z,
ARl BAGe] ATk BN BAY 4 e LFHET To] ©E HE D 2A: E 510 el

%o} gl
A5 BHRANAE oleld AR LeRE TS B
2 Q. o WAle] Ve WA (FALFE AT B
e AZAL B 5 o Ao, Be
HolAE B4 & 577 B 5 drie

7F 2y = ol k.

AEA BelsolA BN AFLRE /S PAuC Y 2FS0] 2ol o] B &
gol Lol 1 B4 £G4 NHEE 9T 5 Y AVAL W=z Uk od BAE A
A3H7] 918l AEA FE] = (reset chart)E Aty A2 A=+ Fe AT 2159 (signal
region) ol Z£3E o] o]/ FATE FH o] FUAS FAS: Al FA4ES AxAsh= Aotk AM ol
dlo] FARGE 34 AxA Ao A7 F97t sivhsitt. A7IMe AxA delee] A4 2

29 AL Markov A4 2 ol §3ko] TR/ 2 e,
Az Felwol e Markovda|e] e 474, Ar, Az, Br, Bp2 F25K2  5.1014 32l A
o 8}e] ofelst 2ol el Tt

i

A1 =1Cy, Az =0Cq, B; =ICoUIC3UIC,, Bz =0C2UOC3UOCy

o] A% ANAHE Ay, As, FFAEE By Boolth &, AL §599% FAsAh oA F
SAEE AAF oz ojn] HaE golch

WA Aaee] dolgEel thal Lobuah 3 FEFZ hlA ool WA e BEL
e MG o] g3l AE] A oA A1 089 HOFBEL (1 — a)e M, AE] A 04 A8 HolFEL
(1—e™™") A8 AxollA A 029] Aol 0, AEl A0 Ay 29| Ao|BE-S 71 Ho] A=A

=)
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I 5.2, M=F Ze| =2 Markovizfof 2tst S

A A AL ER 5/l V(Ai) P(e{B, }\b{A }) V(Ai,eifh%})
ae ae
B 1 1—-a (1—a)?
Ar 5 s T _— e 1 — o A
2 l1—a W
By B(1—e= ) 0 0
Aa (1—-p8)(1 —a) Bl —e= M)
B : -Bl-a)

o] =t}

THeo AR OlA] EAE RS HolghEol thel dolEth AE] AjolA B oze] HAoFEe
ae™ ™M AE] AjolA Ba29] AolFEL (1 - B)(1 — e ™M), A8 ArollA Biogo] Ao|&dEL 0, 4
B Ax0lA] Bo29 Ho|FE2 1 7} FHo] AzA Aelxe] AN S5z Hojgig e

R ae M (17,8)(176_%)
° ‘[ 0 1-5 }

FAA LS B3 v 238 It
1 p—e™
(I_QR)*: - (1—51)(1—a) 7 (5.1)
| 0 -5
[ae™™  1—e M
([_QR)”Qg: l-a 1-a |. (5.2)
0 1

lud

A

AMzA Fe)=2] MarkovAsfol] &3t EA
=

3 B & 34 715 B

5.200 A= o it

24 (51), (5.2 4 (2. 4)% L E
22 RE FRF7)9 FFE

A
EE5E Npoleh 3, 5.

_11)]1 4
rlr

E(NR) = V(A1) + V(Ag)
o 1- Be M
(1= -a)

Ergdel 54t 340 B W (REFEAAL MF0E T o) 3450 JREES

rr

E(Nr,e{B1}) = V(A1,e{B1}) + V(Az,e{B1})

7 ae—kh

(1—a)
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E(NR, C{BQ}) = V(Al, e{BQ}) + V(AQ, 6{32})

(1—e)(1 - Ba)
(1=p)(1—a)*

Az He=ollA E%—’F—% g oy 3 2 B4 225+ AT gn, AZRA U L85 = Al
7+e Drolet a42h. w3, T hNR +gn+ Dr o]tﬂ A2 A S A ZH(reset signal time)2 hNg, &
A7 ]7P(Cycle length tlme) ro] Hth 9 7 7Y Al gk o AZER 23E 18 2
27} 9w,

Case R;: U >1Tgr

Case Ryr: hNr < U <Tgr

Case R[][: U S hNR
27 R o]3dd ¥ A FH0] Bk 2 Yulstal, 24 R Rire o449 #4 =

of Eihe AL @k Thek, RirSh Rin®l Aol o 44l0] hNy Hrh ¥
£ ol 7 3ol 7} gk,
BEFEAARE AT gn + Dp7bA o 4A90e] dojubd] g FHEL AOPR). o) HE3 =

P(e{B;}[b{A:})E o183 th5 &< €A Ak

—AX(h4+gn+DpR)
ae
P(Rr) = T ;
{1 . efk(g'nnkDR)}aef)\h
P(Rir) = T ;
1 — Ak
P(Rrrp) = ﬁ (5.3)

g i, Cases Rr3} R #74°] YA AN Bve A5 9usta,
Case Rrrr2 o H oA By ZAS uisith. webA, S defsl o] d/defol A Evan g 53
Z719 4 Hst rg_{—.,l_.g%_/,\_% 272y V(Ar,e{B1}) + V(A2,e{B1})8} V(A1 e{B2}) + V(A2,e{B2})7}

Ak A o AN B 2ASCIA & BAF/NN AR BEFEESE A (25)9
(2.6) X8 z+z} s Q% ae”M/(1-a)2} (1 —eM)/(1 - a)& o] T3} Zo] F3it.
E(Nr|R:) = E(Nr|R1) = 1 ia’
C1-B(l—a)e M
e A 7hA Aol W ol dele] AN o) hs) dobuA. o] giols] WA Ho] AFRES

weng 71985 JZo os)
EU|U>X)=E{U)+ EX|U > X)
:§+E(X|U>X)
o] -t webA,

E(U|R[) = E(U|U > hNgr +gn + DR)
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=E(U)+ E(hNgr + gn+ Dr|U > hNgr + gn + Dr)

1 h
_X+—1_a+gn+DR (5.5)
9 Aol gn + D = 02 15
1 h
E(U|U>hNR)_X+ T
o] ¥ 11 3}
e
P(U>hNR)— 1—a
& olg3to]
E(U) — E(U|U > hNR)P(U > hNg)
E(U|R =
(UlRi11) P(Rrir)
_1—a l_ l_’_ h ae M
T aeM A AN 1—a) 1l—-a
1 hae
DS T (=) (5.6)
< dEtth o9 FABH
E(U)-E P -E P
E(U|R1y) = (U) — E(U|R111)P(Ri11) — E(U|R1)P(Rr)
P(Rir)
At
1. h _ tre TR (5.7)

022 2 R7E 183 AF 32 A% (traditional control chart; TCC)Le] S tls] Lol= x|
o] =+ & 5.29 action©] repair == reset o] FAL] St 7|7t By, 18R oy FAHS
A%sHe Aolth. AxA BeEolAL oA BIHY Py Az At TAY B 277 YL
A7) B2t k. AFA BelEolA MarkovQ4le E 529 87) A4S the 3t 2ol Al Buwh,

K

Ay =1Cy, Ay =1C4, A3 =0C;, As=0Cy,
By =1C3, By =1C3, B3z=0C3, By=0Cs3,
1M Ay, Az, As, As= EA3EN, By, Be, B3, Bav S5738 0l sigEct. AZeFe) o]y £
& mesd LA e Aol e the 3 Pk
(1—a)e ™ aaze™™ B (1- 67>\h) (1-8)Bs(1— e M)
(1- oz)ef)‘h aazse M 8 (1 - ef/\h) (1-75)8s (1 - e*)‘h)
0 0 B (1-8)8s
0 0 B (1-8)8s

HoQ

Q" =
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w3l AN A A E4A 2] Aol e
aare M aage M 1-p8)6 (1 — e”‘h) (1-p8)B2 (1 — ef)‘h)
Q" ace ™M aaze™ (1 -pB)p (1 — ef/\h) (1—-8)B2 (1 — e”‘h)
4 0 0 (1-8)B (1-5)B2
0 0 (1-8)b (1-8)B2
o] FEtt. wetA FEA LS T3 they TR £8S A "t
1— aaze™ ™ aaze M B(1 —e ) (1—=p)Bs(1 —e ) 7
1-& 1-& (1-&)(1-&) (1-8&)(1—-E&)
1—a)e™ 1-(1-a) B(1 —e M) (1—=p)Bs(1 —e )
(I—QT) — 1-& 1-& (1-&)1-&) (1T-&)1-¢&) 6.1)
. . - (1= B)fs (- 6)s
1-& 1—-&
B 1-8
0 0 -5 -6
aare™ M aase M Bi(1— eiAh) B2(1 — efAh) 7
1-& 1-& (=&)X —=B) (1-8&)(1—8s)
aare™ M aane M Bi(1— e_Ah) B2(1 — e_Ah)
(quT) Q% — 1-& 1-& (1=&)(1—=p3) (1-&)(1—pBs) (6.2)
0 0 2 B
1—0s 1-8s
B B2
0 0 -5, - Bs
b ={l-al—az)}le ™ &=pF+1-75)ps.
A5 B2 =9 Markov o] #3F E42 4] (6.1), (6.2)2F A (2.4)5 53 & 6.1 Fe=o] ot
619 278 o8 AAOFE VAT Velv /Y BT FRERGL
B(Np) = 1=t bs | A=) (1= BBl —e ™)
ai ai a1a2 aiaz
B 1— 6267)\]1
o aiaz
ol Ha1, I3 54 FFAEE F40] B W 7 FERZESE e Zrh
C bi(1—bs) | bibs
E(Nr,e{B1}) = P P
b1
= a—%,
B e{pa) = 20200 L 2 g g
1
b
=
(A =by)p(1—e M) bsBi(l—e M) BBi(1—e M) | BiBs(l1—B)(1—e M)
BNt elBa}) = 27— ) A0 T ma0—F) T maa(l— )
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I 6.1. MSH 2|9 Markovizfof 25t 54
Transient. Absorbing. V(4;) P(e{B;}|b{A;}) V(Ai, e{B;})
B bil b1(1 —b3)
! a1 a?
By bj ba(1 — b3)
1 bs @ ot
Ay B Tar Bi(1—e ) (1=b3)B1(1 —e™?M)
ai(1—Bs) a3(1l - B3)
By ﬁg(lfe_kh) (I,bg)ﬁ2(1,e—)\h)
ai(1—Bs) a3 (1~ Bs)
1 103
B o1 2193
! a1 a?
B bj bobs
2 b a1 a?
3
As Bs a 51(1 — 6_Ah) bgﬁ]_(l — e_Ah)
ai(1—Bs) a(1 - B3)
B, 52(176—Ah) b362(1 76_)‘}1)
ai (1 — Bs) a?(1l - Bs)
B 0 0
B 0 0
As B pA—e) B BBL(L— e
3 aiaz 1—p3 araz(1l — B3)
B B2 BB2(1—e ™)
1— B3 ajaz(l — f3)
B 0 0
By 0 0
Ay B, (1 = )fs(t = = 2) 2 Bifis(1 = B)(1 — e~ M)
aiaz 1— 03 aaz(l — Bs)
By B2 BaB3(1 = B)(1 — e~ M)
1— B3 araz(1l — fB3)
xa1 =1—&1,a2=1—¢&2, b1 = aale_Ah, ba = aage"\h, b3 = OéOé3e_>‘h

:51(1—6’“){i+6+(1—ﬁ)ﬁs}’

a1(1 — B3) ay az

_ (- b3)52(1 e ) bsBa(1—eM) | BBa(1—e M) /32/5'3( —B)(1—e)
BN, etBa)) = a3(1—ps) * ai(l—fBs) * araz(1l — ﬂs) araz(1 — Bs)
_ B(l—e?) {i+ﬂ+ 1—5)63}
T oai(1-83) \a '

HORE DT BN BEZERE vlolg £ L FA0) 285 AS gn, TR 57
© AZARE o £85E ATE Drolek $4 £, Tr = Ny +gn + Drold, ol 42

Case Vi: U >Tr
Case Vir: hNy < U <Trp
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Case VIIIZ U S hNT

BEZSAGYE gn + DrAZE 744 ol49dle] dojub @b FEL 0P o HE

5.28] P(e{B;}b{Ai})E °l&3td th= &E< A At

a(l - a3)e—/\(h+gn+DT)
P(Vr) =
(V1) & ,
a(l— ag)ef’\h (1 — eiA(g"JrDT))
P(Vir) =
( II) 1— 51 )
1 — M
P(Virr) = -6
L AEN S} o] FE A Bubs 3R] B 2 Hd FEs= 4

V(Ai,e{Bi}) + ) V(Ai,e{B2}),

i=1 i=1 =1

V(A“ 6{33}) + Z ‘/'(A17 6{34})

o] €t} o] o3t FAFYI7L el FE o] FENdA ke 2ATMNNA T F7] B FE
9 B BB AT FER W 47 e 2ol efjich
1
E(Nr|Vi) = E(Nr|Virp) = T
— Gl
E(Np Vi) = —— 4 %2 (6.3)
T 111—1_&_1 1—62 .
ANz He| =oAL} FAR - L a3 ths 238 A&t
1 h
E(U‘VI) = X + q +gn+ Dr,
1 h (gn + Dr)e MantDPr)
E(U“/II)_X—'— 1751 - 1_e_>\(gn+DT) )
1 ha(l — az)e™™
E = = — . 4
(UVirr) = (=)= (6.4)

Thee FF ARG At tial] dotral. WA A FE 1T AT e F FFe
H7E ok she wFc] e wl ASE Fu FAFAHA o) AGAE BAFA] Eo}o]
HE dgsls Z92A ol & 529 IC, (& Ap)ol sjwsith o] (
stoh I o2 Sk o] o AEIY w) ASE F o A A o) ddels HAskA] £t
of e FHE I3 AEA ol & 529 0Cy (5 Aol Zect o8 AR LA K (false false
signal) gt gtk o] 7 742 @ FHI} FA | WA= FFE AR Hlste] F Aol 7k U] AR o=
Aol AAT ) A4 R8-S 2 £yt 47 37 eARSsE PP (1-Q7) 'Y

() = 22
E(Fy) = 1880 — <) (6.5)
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H>

1z
0t

7. HZ2ZH Markov 4|

AT ANA Fe]EAZo] F2A MarkovEA (asymptotic Markov property)2 W53dh= 471 L
th ol ol AlFoA Y AF G gt Aol Ho] AZFEL AT HIEAH O RE AEHo| H+=
ATE oulgitt. olo] gt o & SojR 7L
ARt — 104 A|R t2 9] HAoljaid o] AEE
Q:
o], HHolaHo]
lim Q; = Q
xr— 00
£ B2l AR ABEHoleta MR EAL o] u] A r& oJE ¢ > 00f] thEiA]
max |Qr[i, j] = @r-ai J]l <e
£ wEItha 7P sitt. o] B FAME mE AR tol] WS FEE2
P(T(mi) =1) =, Q1Qz - Qi1 (5
o] B, F84E m: e B PEIATE v 2o 2AH R x¥E 5 Qith
V(m) =Y sQuQ:--Q
t=0
~s Y QiQa-Q.Q (0)
t=0
r—1
=s;[ QQ: - Qr+ QiQs - QrZQ}l @0)
k=0 k=0
r—1
=s, QQ2 - Qr+QiQ2---Q.(I-Q) ]1 ()
k=0
] BHE ARSI FAHEA Aol 28 EAES AR 3T F IS ¢ 4
8. &8

°of RolAEe TAA ¥A4A] 54 A7E A8 MarkovAHE A-8stE el ths] LopR sk
th dA&5A ZE e 3AEATY 549 #Hol AHoRE BT W, olF oiIEFAIA
MarkovdH & A% vy I §4& 2AHHLeE 78 § JUES T &% =Folth Afol o
2t HESARY gEH £4E& o8t dElre SAE dFer 3T Qe A9t Stk
2t} stejebe o)™ A A WL g Bixbste] Suke RHS PV o B okl £F
£330 FEE 7IsAo] Bol MarkovEAES o]&3 ¥hHo] o AZHATE 142 I MarkovEA]
< o] &% o] BT B FEFor 78 Afole AR HaXor =& AAE va @ B
= @ Jo] S xdS Foketl =] Ak oA MarkovE/dZ o838 A 2 A=
£ 53 3= (process monitoring) ¥ ¥+ ol e} 347 (process adjustment)ol| = FAFSH A&
g2 4 At
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Z3o] U 7]29] dToAs moARS do] 2R EAL FHEe 49 wo] B 2= 7]
%]\‘I\_:‘E'ﬂ 0] - Markovqu—HE /\}‘%J’ HOLBSEE]' ;g-t—;—(pl."ECISIOn)7]- tdoiz] %‘ﬂ‘ O}HE} 73_?_ ] [q-ﬂ- _]% Eg;
2 Aol g5 thFdt SAATFTE olE A= BAH ] Ank. o3 o) wiEe] 2 oW
Markov Il & A12317)& ARSI}

202, Markov a7} A8l 498 25 THAE o RA% of wol ] TUL HEES A2

il
gl

o
J2

Park, C. (2007). An algorithm for the properties of the integrated process control with bounded adjustments
and EWMA monitoring, International Journal of Production Research, 45, 5571-5587.

Park, C., Lee. J. and Kim. Y. (2004). Economic design of a variable sampling rate EWMA chart, IIE
Transactions, 36, 387-399.

Park, C. S. and Reynolds, M. R. (2008). Economic design of an integrated process control procedure with
repeated adjustments and EWMA monitoring, Journal of the Korean Statistical Society, 37, 155-174.

Reynolds, M. R. (1996). Variable-sampling-interval control charts with sampling at fixed time, IIE Trans-
actions, 29, 497-510.

Reynolds, M. R. and Arnolds, J. C. (2001). EWMA control charts with variable sample sizes and variable
sampling intervals, IIE Transactions, 33, 511-530.

Woodall, W. H. and Reynolds, M. R. (1983). A discrete Markov chain representation of the sequential
probability ratio test, Sequential Analysis: Design Methods and Applications, 2, 27-44.



676

1z
0t
>

Implementation of Markov Chain:
Review and New Application

Changsoon Park!

!Department of Statistics, Chung-Ang University
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Abstract
Properties of statistical process control procedures may not be derived analytically in many cases; however,
the application of a Markov chain can solve such problems. This article shows how to derive the properties
of the process control procedures using the generated Markov chains when the control statistic satisfies the
Markov property. Markov chain approaches that appear in the literature (such as the statistical design and
economic design of the control chart as well as the variable sampling rate design) are reviewed along with
the introduction of research results for application to a new control procedure and reset chart. The joint
application of a Markov chain approach and analytical solutions (when available) can guarantee the correct
derivation of the properties. A Markov chain approach is recommended over simulation studies due to its

precise derivation of properties and short calculation times.

Keywords: Process control, transient region, absorbing region, transition probability, average number of

visits, reset chart.

This research was supported by Basic Science Research Program through the National Research Foundation

of Korea(NRF) funded by the Ministry of Education, Science and Technology(No.2009-0073336).
I Professor, Department of Statistics, Chung-Ang University, 221 Heukseok-Dong, Dongjack-Gu, Seoul 156-

756, Korea. E-mail: cspark@cau.ac.kr



