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1 FLIC

FATHIS ([23],[24]) Tl&, A XBaf-Bg oL URBEEERCOVTER U .. Ak
T, ZNSOHTREN T B REHER 6 DA XEH & BEREF A TOBRIHOV
T, BfE L BITRT.

NA ZHER FAOTEREOGEERICOVTE, 2L OMENDH D (cf.2, 13, 18]), HEE
BOBRBTEOEPWENRESIN TS, XA XHEEZEAL UREERTR, BHENH
WERICUTERRBR, Y N A XBXCY YTV THBEEE U TESRORIOEIC
HEL TS (cf, [18]).

MEEHNZRETAHR, FEANFRICEEZZBD, HHIVEERNGAmEcEZZEBL
NIEETHID, TNhTN—E—ENHB EPHONTVS (cf. [22]). 2T T, MENB LT
RENEHAEZER UCEEROERNEZSNSN, ChCER B0, MEZZERR
ERBL LTLHR, ZORNKELZEERICKMEEZ0ENHS. COBMDMRLEITD
TV (cf. [1, 6, 11, 17, 19, 20]).

FHE TR, TNE TOBRLOEITHIZE L FERRIC, V. Makis(10] IZ X 2 BRREETIVICDN
T, Y AT LOBREANRD3T A— R DRAOBEEER LTS, [10] T, BEIICIE, &
AT LOREDBIHID 3T A— & §(8 > 0) &b DB IR > TIEHIREE (state in control) A
BARERIIRAE (state out of control) ICHEATT 5 LEREHET /N2 <)V 7 RERE (Markov
decision process, MDP)(cf. [3, 12]) & UTERLL, BREOTEHHRIaX NEEDL L TO
BELEHEBERERD, chicky, SEREHROERGEZRRE L. 23] TR, 185 A~
2 0 DRHOBED “Makis Model” ZE O K\, T X MEEB X UHE [ ENIEHARa X
FE/MERE BRI U TRICREECRZ#M L. TOK, §2 T, RUHEERZAV TR
DIRFG AR §BRHEL, Whid B HEE & HEDFEE (Principle of estimation and control(cf.
[7, 15])) Z#M U CGESEEROERAEZRE Lz, 7z, [24] TR, N1 XH/-BRIHOT
EEHAVT, RERT A—Z § OFRIHHEPOZHTHLNS R ERICERIHZAEL, B
B OMRE R #H U TERREISBERZ RO TEEROERICDWTRR L. A8ET
&, HRT-BHROTCOWTEAFIRRIT TERT 5.

2 RNAXEBETIV

ARTHOHRS REEHETIVERN, AEENA ZETF M Lo TERETS.

VAT LDEETIRER 07, RIEETKER “1” TRT. AT LOREZEHEZ S = {0,1}
EB<. IKAE 0 2 HIREE L IcBB1T (MBERRORE) T 3RS M, /13T A—% 6 DB L
95 § DRBERMTHELIREL, 00 LT 5. ZIEL, O = {61,0,...,6,} BREWVICEK
BIERMETS. 0 DBEFIHH p ICHES HERER R 0 TRT. Rl t(t 2 0) DV AT LOKER X,
THRT. EAONERH A > 0l LT, h ORI TIREBICH T 2R (REE n D ¢ KT
T2 BBR LT, ¥ AT LDEFEYRE (to continue) T30 (TDITEZ 0" TRY), VA7
LOERZEL U THBEOEREZIEE (to stop and search) § 20 (ZOITE%R “1” TEY) 2#



R 3. 58-T, 1TEIZ=MIE A = {0(to continue), 1(to stop and search)} TH 5. ¥&# (78 “1”
ERIR) Lk %, VA5 LINER (R <07) T B HRIER (IREE “17) T % HDHEREIC 5
D, b LAREELZLIIERECRBICRMNICIRROBR, EXTRELNS /O AEEAZ—+T
3. BBIREH (decision maker) HY, IKEEICRE T 2 HHZBR T, 05 1 DITEIEBIRT HRERA
(decision epoch) i, ih(i = 1,2,...) TH 5.

B ik (1=1,2,3,...) TH@T33RTERER:

REE n D g FTOEE
v
y% i ) ] ) :

(1) K"—" . s yjz(yjl’yjz""’yjq) ]21,2,...,n-
Yn

K&2 T, YA7T LORBZHI T ZHMERBT 5.

R

Xin =0 (ERIZ1) DL E, i 4, .., p8 REWICHII TR Y} EFE— D737 Ny(uo, X)

(ET2& N, (5, 5)) 1>

T72U, Ny(po,X), Ny(p1, X) BB BITH (EE)S THD, ThENEERI FL yy =
(o1, Ho2, - - -, og) , 1 = (p11, Bz, . -+, p1g) BB D g RTIEERDHZET. TIT, m Dpe M5
D M-FE#E d) 1IZDWT, XBRET 5!

(2) dr:=[(11 — o) T7" (1 — Mo)]% > 0.

UFOESBaX MEEDDL L TN aATREETIVE LTEBREEX 3. DX Ml X
DEI, RBAZEZRS. (1) VAT LOEREZEL L THROGERYEETSRA A>0, (2)
KEE 1(RIEH) ZREO(EH) KO BAZBHA R20, (3) FEXEOREDCEXERLZLED
HARERYS/I2D DR M >0,(4) KEE nDY Y INVELZEA b+ nc (b,c20).

COREBRRIE, BOBERAREETIVaATREBEL LTHRZTENTE, X, =1 THHH
R §RH LR UT-IRREZER S = [0, 1)( {6]0 < 6 < 1}) DRLBRIONA ZEF IV FHEIC
EM]ENS (cf. [7, 21)).

Eli%E~NL XETIV:

THORER R ik (i =1,2,...) TROBRLI 5453 MDP EFIVEEX 3.

(1) § = [0,1]: RHBZERAE, (2) A = {0,1}: 1TEIZER, (3) © C (—00,00): /3T A—ZZEM, (4)
c(p,a): p€ S,a € ADLEDIR}.

BAZIEQ = 0x0,Q = Sx(AxS)® LRL, 7O RERTHBEBE 0, o, do, 1,1, . .-
£33, Thbb, Q5w = (6,p0a0,p1,01,p2,.--) DEE, 6(w) = 0,ho(w) = po,do(w) =
ao,p1(w) =pi1,... THB. 12721, po =0 & LT—RMEEEKDEIEV.

mh RS TIRRE 5y, = p DL E, 178 G, = 0(F /213 1) BBRL (m+1)ARERT Yipgy = y™H!
BRI LTB AR, (m+ D)k RERORRIE

(3) Pmar =T(p,y™+,0) (£720d T(p,y™,1))

IKHBT D, 12720, XA XDEEIC K O Hi-BHAA XNEAR T BRDE S ICEE S (Lemma
1[10)).
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T(p,2,0) = (1 - (1 — p)e~h1(2))/h(2|p), T(p, 2,1) = T(0, 2,0),
[

Y2

JTTEL 2 =230 (4 — o) B o — )y = Y = Win Yj2s - Yig)s

4)
Yn

h(zlp) = (1~ (1 = p)e™)hy(2) + (1 — p)e~ho(2),
| ho(z) = N1(0,4nd?), hy(z) = N1(—2nd?, 4nd?).

F: 2 3T B TIREOMEBE - OEDOHRIKETS. X =0F k1) DL 2 3F
B O(E i - 2nd?), D8 4nd} D 1 RTERDFRICHES .

GNEDEEDIAMIRTELLNS:
5) {c(p,O) = ME(th Iix,=13ds) +b+nc=M [h - l'3?’3(1 - e‘”")} + b+ nc,

c(p,1) = c1(p) +¢(0,0).

7272U, e1(p) = A+ Rp.

L—b (rate) a > 0 TEEMICHF 2 E NS (F512 A FEE) BE:
(6) ¢a(p,0) = ME(th Iix,=1ye™%% ds) + e~ P(b+nc) = MBg + B(b+ nc),

Ca(p, 1) = Cl(p) + Ca(07 0)

7=ZL,

) {Be = %; -g;%& (1 — e"(g“f’a)h) - p(1 - e——()h)} ,

B8 =e"h

BEK (policy) i&m = (mo, m1,...) TRU, mm(Hm) € A = {0,1}(m 2 0), Hp, = (Bo, @6, P15 - - - » Pm)
LT3 BEROSKE I TET.

P(O) % © LOERDPHEOLEL TS, FBDOBE « = (mo,m1,...) € MICH LT, BILEA]
(stopping time) DRH 7 = (19, 71,72,...) DRIC K> TEE 5.

19 = 0,7 = min{k|me(H) =1,k > 7-1}.

HSMC, BER m LB ERRIORY] (BEBEREMER) 71, 1 LICHIET 5. 1€- T, BT
BEEISUT, BREMET 2BIEBERER—H LU THOHS.
Zy % mh BRI TOBB T — 2 2 RTHERER L T, 12720, Xpp = 0D L & 2, BHERE
BEBIEL ho(2) = N1(6, 4nd?)(2) ICREVY, Xpp, = 1 DL E hy(2) = Ni(—2nd?, 4nd?)(2) ITHES .
Po=0,0=01cHBNT,

aG=a1=-=0n=0,21 = 21,00 =22, ,Zm = Zm
DL EDOWEBELERE 6, LT 5. TOELE, RBKOILD.
Lemma 2.1 (/24])

_ Rhilz, 22, 2m)

= ¥ Dy =2 >
(8) dm O DD Py =8 (m21)
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=17 L,

(9) hl(zl, . ,zm) = Z;n (8_(1"1)9h — e““”’h)ho(zl) cee ho(zl_1)h1 (Zz) <o hy (Zm)
h(z1,. .. 2m) = ha(21,. .., 2m) + € ™ Pho(21) - - - ho(2m)

6=6cP@®) &*ﬂ@ﬁﬁ?ﬁﬁm =peSHEXONLEZDEE » c HDOFEH/HaA
o(7|8,p0) ZRTEDS:

%
(10 ol o) = limsup = [}: C(ﬁm,&mw,m} ,
TREL, = (r0,11,72,...). DI, FIFIZENTAIARFIA b v(n|0,p0) RRTEDS:

(11) (|6, po) = Y B™Er [CalBim, im)|0, Po] -

m=0

EREL, = REFIERELRL, E [|0,0) &, 0,p BLUrHEASNTLED N LIcEE
BHERRE Pr(-|0,p) ICBT HHFETH S.

(|8, p), v(n|0,p) ZE/NCT BB m € M B2ENEH 0-FHRHE, 0-F5[XB#E VS, R
DEEHRLD ILD.

Theorem 2.1 (V. Makis[10]) A+ R < %/I— 75X, control-limit B - TR @ BRI
FT3. T4abb, ppe (0,1) WEELT, BREBK f1: 5 — 4,

03 9
(12 falp) = {1 AN

IC & B EHEBERD - FHER#EE X 5.

Theorem 2.2 (2K, B, B [23]) control-limit B1D 6-5|5 | X Bl ABERVFEHET S. ¢
kbbb, pye (0,1) MEELT, BililxiiER g : S - ARRTEALNS:

(13) 90(p) = {? AN

3 N4 XHF-RERFTOREH

T T TR, N XBH- RN I U B BRI DWT, ISR § O XEH & RiEmE
HIDH TORERIMOEEZTS.

BOEFIWVE mBAT, VAT LOBEZEIE LFEET 5 (to stop and research, a, = 1) &,
VAT LRBELRSSHHEMOBPE T AT LORE (BBELTVSHER) X oEa)icks.
“Stop” & “stop” DA% one cycle & LTHB L, TDcycle DEDIRL (renewal) &£ 7%55. fE>
T, one cycle TOXRAVITA—Z §DBEREVEELE O L L TUETIEESHOHER, &
RN ENBDTEFITHS.

BT —2DRY| Z, Z1, .. 3T BB IERA] (stopping time)o T LICER, T74bb, P(1 <
cSM)=1%5M>0NEETEHLTS.



“Stop” 93 &, X,h DEEHEIS C EINTEBDT, LEANS o HIE TORERIZ (21, 2, . .., Zoy Xon)

Tﬁ% é =8 0)}:%, 21 == Zl,Z2 = zg,...,Z(, == Za,Xo-h, =X @E@ng%}g%&‘i,
(14) f(z1,22,- ., 20, 710) = folz1, 22, - -, 2510) L0y (z) + fr(21, 22, . - -, 2510) L1133 ()
kL,

(15) folz1,22,...,2,|0) = /: e~ dtho(z1) - - holzo) = €% ho(21) - - hol20),

4 th
Flenoncoszalf) = [ 6 dtho(en) o) () -+ Pz
(16) = Ja-1n

= 37 (7R — R ho(ar) - o(anha(aag) - (z0).
=1

TH3. Tibb, VAT LZELELTREEZETTIREAETOLE f &, VAT LDZENEN
DIRRBICIE U I (fo(-10), F1(-10)) DREDHETHT.

KR kb TDIRT A— 2 OHEE 6, £ ZDEDENDYRYE, BLUBECERETVICELT,
Whip3 HE LHIBOE] (Principle of estimation and control) i & % MDPs TOR#{LF
HEICDOTIR, RITHHED [24) ZBRE NI,

“ T T TR, RTBOLEERIS £(-16) & TDONA XHEH, ¥z, BMEIREEOHRBERICDVT, Bk
KRTWL.
V.Makis({10]) TO—DDFREORE L H CIERETNVERS . BT —Z yldg=2J0TTE

An =1L, 2 REERA ORI MTINE T = (f ;) LEB. o= (g) = @

45 COEE, 2=2TH%.

z = 2(y — o)L Hpo — p1) DB T — 2D+ BTH BT LD, 2 EERR kL TD 2
DELT 3. 2 DHFICOVTIE, VAT LWERESIE Ny (0,2v2), FEREESIE N (—4,2v2)
D (1 RK5T) ERDFRICHES .

[ 1 Il 1 Il L
-4 -2 0 2 4 6

Figure 1: 2 JUTIERADHOERRE & £ S MR OBAHR
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0.15 0.15

/) “ /

-10 -5 0

0 5 10

Figure 2: ho DEEEB LEOLEDME Figure 3: hy DBEEK EOLEDME

EBRC, 2 KTIER A FRICHE D IEREEE > T, LEB X UHREROHER U TH5 (Figure
1,2,3). VAT LORENAIEELREMRIE R =28 L, ROTFT—XIIRAih = 2,4,6,8,10,12,14,16
DL EDBRIT—2%2KYT. ThHDTFT =2, f¥ED 4 D% No(uo, ), %% 4 D% No(ug,X)
KRS LD LRBIZBDTHS.

1 {043 9 (—-080\ 5 [(-027\ 4 {026
Y= -006/'Y =\ 215 )Y T\-107)°¥ T \-227)°
5 (282 ¢ (525\ ., (064 s _ [ 189
V= (1.09) v (1.76) v = (—1.21) v= (-—0.62) '
INEDMEDS, 2;, ho(z:), b () DEERRDTELSHIED Table 1 THS. ¥iz,60,=1,0, =
%,93 = 1_15’04 = *]-15,35 = -112 @%h?ﬂ‘iﬁ”’% fg(la),fl(fe) @ﬁ@%h\\ Table 2,3 ?5%
BT 6 IOV TR, &Y, FIA L, MERBEMOHLLTPO=0)=:=02LL1%
B i = 5 REE TOHERDT 05 = (61,02,03,04,05) 1 (0.23,0.22,0.20,0.18,0.17) £ LTHELHN
3. Flz, BINTGA—ANETH B & DR kh TOBBEIER 6y, 1 Lemmma 2.1 DR (8) I & D,
FlziE,0=0, THRLE, i=5bi=8FTENTh, 0.0024,0.0287,0.2803,0.8842 £ &t
LTWVWB T EhRES.
REBE (action ‘0) ZEXD HET THILE (action 1) ZITEERNT R REX TOLEICHT SR
HESE O(cf. [23]) IKDWTE, RDRDS, i = 5RTOLENRANLOND.
EEOBILBER T = (1, 70,...) £ 0 € OIIHL T, REERT %:
F7£(018) = P(X 5, = 016, po) = e~ 07,
F(1]8) := P(Xspn = 1]8,po) = 1 — e 7007,

B sih TD 9 OB LHERE 5k B, Xop =21, Xoph = 22,..., Xoph = 2 DL E,
. k
O (21,23, .., ox) = argmax [ | £7(x1]6)
6e®

TEXBNB. IEL, ik (21,29,...,5-1) CHEELTH XV, BIETIIC O, 65 = —;—logg
2185.
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1=2] 1.93 0.11 0.02
1=3 | ~001] 0.14 0.05
i=41| 1371 0.13 0.09
i=51]-3.14 | 0.08 0.13
1=6|—044 | 0.14 0.06
1=T7|-148 | 0.12 0.09
i=81 -3.17 | 0.08 0.14

Table 1: 24y hg(zi), h}(zi) @ﬁ

6, 6, 63 04 65
i=1 0.09 0.09 0.10 0.10 0.10
i=2 0.007 0.008 0.009 0.010 0.010
1=31| 0.0007 0.0009 0.0010 0.0011 0.0012
i=4]6.27x10"5 | 8.74x107° x10~2 1.22x107% | 1.34293x10™4
i=5] 3.42x107% | 5.19x107% | 6.66x107% | 7.87 x10~% | 8.86x10~°
i=6 | 3.41x1077 | 5.63x10~7 | 7.60x10~7 | 9.28x10~7 | 1.07x10°%
i=71]3.01x107% | 5.39x10°% | 7.64x10~8 | 9.65x10% 1.14x1077
i=8] 1.62x107° | 3.15x1077 | 4.70x1079 | 6.13x10°9 | 7.42x10°°

Table 2: fo(-|6) DI#

6, 0, 63 04 05
i=11282x1071 | 2.20x10~10 | 1.80x10710 | 1.52x10"10 | 1.32x10°10
i=2| 1.72x107° | 1.44x107% | 1.23x107% | 1.07x1077 | 9.50x10~ 10
i=23 | 451x1077 | 4.01x107% | 3.56x10~7 | 3.18x10~% | 2.87x10~?
i=4| 7251079 | 6.76x10~°% | 6.18x10~% | 5.63x10~° | 5.15x1077
i=5] 837x107% | 7.97x107° | 7.39x107° | 6.80x1079 | 6.27x107°
i=6| 1.01x10~° | 1.00x107® | 9.55x10~° | 8.96x10~9 | 8.38x10~°
i=T7] 1.17x10"% | 1.21x10~% | 1.18x10"% | 1.13x10~% | 1.07x10~®
=8| 1.23x107% | 1.30x10~% | 1.20x10~8 | 1.24x10~% | 1.19x10~8

Table 3: f,(-|9) D&

79



[2] Robert V. Baxley, Jr. An application of variable sampling interval control charts. Journal of
Quality Technology, 27(4):275-282, 1995.

[3] Dimitri P. Bertsekas and Steven E. Shreve. Stochastic optimal control. Academic Press Inc. [Har-
court Brace Jovanovich Publishers], New York, 1978. The discrete time case.

[4] Morris H. DeGroot. Optimal statistical decisions. McGraw-Hill Book Co., New York, 1970.

[5] T. S. Ferguson. Optimal stopping and applications (electronic texts). http://www.math.ucla.
edu/~tom/Stopping/Contents.html.

[6] M. A. Girshick and Herman Rubin. A Bayes approach to a quality control model. Ann. Math.
Statistics, 23:114-125, 1952.

[7] O. Herndndez-Lerma. Adaptive Markov control processes, volume 79 of Applied Mathematical Sci-
ences. Springer-Verlag, New York, 1989.

[8] M. HORIGUCHI. Bayesian inference in Markov decision processes. In A.B. Piunovskiy, editor,
Modern Trends in Controlled Stochastic Processes: Theory and Applications, Vol. 2, pages 177-189.
Luniver Press, UK, 2015.

[9] Masami Kurano. Adaptive policies in Markov decision processes with uncertain transition matrices.
J. Inform. Optim. Sci., 4(1):21-40, 1983.

[10] Viliam Makis. Multivariate Bayesian control chart. Oper. Res., 56(2):487-496, 2008.

[11] E. L. Porteus and A. Angelus. Opportunities for improved statistical process control. Management
Sci., 43:1214-1228, 1997.

[12] Martin L. Puterman. Markov decision processes: discrete stochastic dynamic programming. John
Wiley & Sons Inc., New York, 1994. A Wiley-Interscience Publication.

[13] Marion R. Reynolds, Jr., Jesse C. Arnold, Raid W. Amin, and Joel A. Nachlas. X charts with
variable sampling intervals. Technometrics, 30(2):181-192, 1988.

[14] Ulrich Rieder. On stopped decision processes with discrete time parameter. Stochastic Processes
Appl., 3(4):365-383, 1975.

[15] Richard S. Sutton and Andrew G. Barto. Reinforcement Learning: An Introduction. Adaptive
Computation and Machine Learning. MIT Press, Cambridge, MA, 1998.

[16) George Tagaras. A dynamic programming approach to the economic design of X-charts. IIE Trans.,
26(3):48-56, 1994.

[17] George Tagaras. Dynamic control charts for finite production runs. Europian J. Oper. Res., 91:38—
55, 1998.

[18] George Tagaras and Yiannis Nikolaidis. Comparing the effectiveness of various Bayesian X control
charts. Oper. Res., 50(5):878-888, 2002.

[19] Howard M. Taylor. Markovian sequential replacement processes. Ann. Math. Statist., 36:1677-1694,
1965. ‘
[20] Howard M. Taylor. Statistical control of a Gaussian process. Technometrics, 9:29-41, 1967.

{21) K. M. van Hee. Bayesian control of Markov chains, volume 95 of Mathematical Centre Tracts.
Mathematisch Centrum, Amsterdam, 1978.

[22] William H. Woodall, Thomas J. Lorenzen, and Lonnie C. Vance. Weaknesses of the economic
design of control charts. Technometrics, 28(4):408-410, 1986.

[23] {4 AR, WOEZ, BFFE SLEN/C XEREROMIGFE. HERRITHZPNER 1912 TRR
EEDTTORBNRBREDEIREISA] |, pages 181-192, 2014.

[24] WBOEZ. SERANA XEBROMISTFE (11). BERARHTHRCHRMER 1999 TARRIEDT TOBE
EFIVETDOED] |, pages 152-161, 2015.

80



