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IRV —A BT ORF 22V 2 7RIBRFNCIER L2 & &, pshE B s 2 Bssafo
FERE IR A RS (pgl) ZRWTHET CE 2 2 L 2. RECHET 255 ENMED
FITIX, T & pgf KOWTOBREABRNEWRERL, I 2B L X-> THENT 3
HEERYT. $pef KD BE—oDFEE LT, ZOREKROFEAKEEITTAILIZES
T, b EORBEKERD 2 Ak REOMmE) OEMEH, pgf NEHEAKTEZO I EE,
OREBERF O OMRZHET 27: 0 OFER, RIECET 2B AOMEE <V 2
T7F A4 N EBOALRE, RENREINS,

F—U—F D HERERBELY, O, 3 7RIERT, 55 RHEHEE.

1. LI

KR T, MEERBEAROBREIMRADOB 2 HEERNS, BRI UD THERE,
HEEERR B (pgf) OBRWZHE .2 TS, B n DI~V X —A RITTRIIORE
TpD2HENAAD pgl i, FIZ X 2HEBEHEI L& 5T, 0u(t) = (pt+1—-p)" TH 5B
EDbhb, FITRVERBICL, {01} E~ra 7#EHFIC Lz &, 2ESHICS
BT 507, Thbb, REaDRVOPZ 1 BRI SZEROAGEEEZTAHALD. ZOMHE
Z—MEEITES LT, $Tbrd i, HEYDORERED O ICERFIOMITEDR
EPODIERETH eI ZETHL, REnDORFIOPZ 1 BEICEIZIR I 254
Tb, RIOHIIHORESE LR TNIE, 0L 10X VHICLE->T, 2OBRIFLT
HBERRSR, TRIOBD TERN LB L TEDL I RRVEDIEL DS S
. Eie, RINBHIOBECHELN 2L DFEOFT, Z0X3 % —RECLMNIETE 3
BERIIHBDE 50, AHREOHWII, 2D & 5 BRIECH L T pef WEFTHHLZEETH
BILBERTIETHS,

FRINEE B9 % BEES AR D RIRE DS 1983 Wy S E USRI I U 7., Y, RF0sr
T, RIUSH (iid) I BE, HECDFER2HAIHED 2 810k > THERDHER pef 258
NLENTEN, 1993 FEMLS IS E2—RIETE2—DDHAE LT iidR¥ 2~ L2 TR
Tl LI EOFERP R END L5k o7, LrLAanoHEvE0HEHL, BEs0snE

* HRETEPRR BREERER BERRESEF | T 560-8531 KRB HHAILET 1-3,
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Hicknh, REC->TE, Zhextl pgf 2V 5 HEE, iid RIIOGE LRIk V2
T7RINDBE LBV ARETH L Z ENRENTW S, RINidrs~ra7ii—fKibah
7 & &, BT 30 R pef ERWTER T 228 TE 2 2 &R BRI ThRRS, &
WEOHNIZ, ZhoDZ B BLCpgf WENBEETHE2ILETRTIETHY, T,
A THRRABECH LTI FDpegf 2 RT I ED L, BRIZODWTEFIAXEIEER
INTzw,
RE|EDHEEIIUTOEY TH 5, 2ETHREELS 25 2, 3ETHRMENT & pgf ZWREEK
L, WEAFRRNEMEL 2L X » CGEOMMRET T 2 FEER T, 4ETIE, HESEK
2RD B HI, ZOBEROBEHOEN» SR 3 ik (REOME) 2ik5. BEERAEK
BEzohlkE &, ZORBBEREFOSMOMRIHEEE BT IEIRE 22, S5ETIRE
BSOS EEMERO L SHEEZ5 2 28R E2BNT 2. ChETOERRBIZETE pegf OB
BREML LR LT TAHETHSD, IREFRZ->IFEELT, &, w2
TF A VADEDRABDT 72y IBRHERINTVE, TOHESENITHY, pgf KEAL
EIFIZDWT 6 TR, MG LK Z 20,

2. HIWLES

AEETIE, 001 DIER & ZBEERORY (X, i = 1,2,...) 2K, Zhddiid Faz~ov
X—ARIT), vNTATF 24V, BRIV TF 24 YERIBFCOVTEZ S B>
THH, (X} % BHORT, X.pME1 2L 22 L2, HOR LI L2EKEDBESZ
Ly s,

ZHNIUd TH 2 ERELEZEERPX:=1)=pP(X;i=0)=q(=1—p),i=1,2,...,
0< p<1&¥ 3,

REIDid THD L x, BEL HEOKRINEZ 2 ¥ TORITROSMA LA —5F —F D%
5345 (BBET Ge(p) ) S, Gu(p) ® pef iF Feller ((1968), p. 323) < Johnson et al.
((1992), p. 426) 2B v, Gp) DER kL k+1,..} TH 28, A% {aat+ 1.} 2y
7ML EEDDHETEET Ge(p, @) E2K.

RHBT N T TR TH D ERELI-EEE, PXe=1)=p, P(Xo=0)=gq(=1-p),
0<p<1Ti=12..1ZRL

P(XizllXi—lzl):pll, P(Xi:0|Xz’—1:1):ﬁ10214D11,
P(Xi:1|Xi71:0):Pm, P(Xi:0|X,-_1:0)=poo:1‘i)m,

LT3,
RINBmReN A7 RITH D ERELIE &, m< kT, T X ni, Xomeeon, Xo, Xi,
X . D3{0,1} flEimR~NaT7RINTHE., T5bE x,.,22=0,187=12,.. LT

.....

5.
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3. WEELERBHE

3.1 iid &35l

Feller ((1968), pp. 349-350) i3 &y ARy R BEERIRE ¢, BEEE T % & TR DB D53 D pgf
252 2 HER2RBRTW3, 1 A0 CHOWEEL p, AT 2HEEL g (=1-p) L35, 1
EOBTEN1T, o2k ThED, AT LBI€EKLS, IUDOME&ERE 2T,
fAlE» O T D% GITH), e a 0< 2< @) IZE5D, 0ICREZMLTIDT — L0
b3, ZDEEDRITEONAD pgf 2 KD B, then B nBEIOFITTI DT — LD HHER L
T5, IZTC, aktz3¥HLT5, ZOLE

Uzni1 = PUzrrn T QUz-1,n, 1< z< d_l, n=1
Thd., ZITIOMECNT 2EREME%E
uo,n:uct‘n:(), n=>1
Uao = Uop =1, Uz0=0, z2>0

EBL.IDEEEDRBO< 2< a BT INTDz E, n 2022 IT_RTO L
THDILD., pgf U:(s) = 2o tens” T B &

U:(s) = psUz1 (s) + qsUe-1 (s)
w185,

Ebneshahrashoob and Sobel (1990) 12337~V X — 4 HfTICB VT, B s ORI O#ED £
FREX r ODEBOEDOWTNIHBEZ 2 £ TORITEH (Weooner E2K) DHFFHE, THLHD
HOWTNHDE 2 % TORTHE (Waer £ L) DA ERD T 5, HiFE % sooner prob-
lem, #% % later problem ¥ \5 Z &2 T 35,

iZ U1z sooner problem #f8< 72D HBRE 52 5. RIIOEERS p (> 0), KEOHER
g (=1—=10), ¢°7(t) % Weooner DIFED pef, B i ORIES S, & j OXHBGER F;
ERT. Zh, BESHREIS>TVEEVRIRHEDTT, 0056, RE s DRINOE» 7213
EX vy DEBOEO T NHHBER I 3 £ TORITEROELHEA RO pet % ¢:(8), BEFH
BI->TWAEEOTT, S06, WFhOERBEZ 2 F TORITHOFMM & 5O pef
N ET B, TOEEROABRRHBED D,

B0 = () + atp(t) 4V = pigu(8) + gt (D)
¢ (1) = pige(t) + gt (2) $2(0) = ptgi () + qtd® ()

Bs-2(t) = ptds—1(t) + qig(t) | 7 2(t) = pte(t) + gt~V (t)
ps-1 () = pt X 1+ gt (¢) $TV(t) = pti (£) + gt X 1

CDOHBREENT 657 () BFoN S,

XiZ later problem Z##EL 1 DHBRELE 2 5. ¢ (1) % Winer DD pgf £ 35, X
P, BIES: I 5> TWT, sooner event ZEFEI > THWRWEWIZHFDTT, 5956
later event 42 Z % ¥ TORITEOKMT E M D pef % ¢:(t) T 5. £, BHEFBE
Zo5TWT, soonerevent IXF 72 5 TR E WD EEDT T, 505 later event D58 Z
3 CORITHROEZEMNEHMHD pgf 2 ¢9 () 55, &512, 5T sooner event B3 Z >
eI AT, FRABSsTHoI b WIREDTT, 405 later event B3 Z % £ TORITH
DEEME D pef % ¢s(t) £ T2, ARk, STE soonerevent VI 5722 5T, %
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NS Fr ThH-oTz eI ERHEDT T, 4505 later event 232 = 3 ¥ TORITHO KA = 94
O pgf % ¢ (¢) &3 5. sooner event S Z - 721, later event 32 Z 2 % TIZ, sooner event
EEEOEISL I o7 LT Y, 20 EDIREEIX, soonerevent BIZUH TR I -7 L 2D
REE L, laterevent 202 L CBAL TR E S BLTH B 2 LICEET S, £72, sooner
event 23 Ss TH Y, Ss BT TR I > TwT, BEF 28T TH 2 L W REDOTT, o0
5, later event (Z D& 13 sooner event 28 Ss TH > 7245 laterevent iX Fr TH 2) 2T
5 TORTBORMETESHD pef % ¢9 () L£3. %72, soonerevent 28 F, ThbH, F,
BITRKEI>THT, HES 2BRATTH L LI REDTT, 455, laterevent (2D
BE 13 sooner event 28 Fr ThH o725 later event i3 Ss TH 2) BEZ 2 £ TCORTH D%
S EIMDO pet % ¢ (1) ERT, ZOLE, RREHS 1 AT v FEORERERT L2 L
WE->T, ROFEBABKD LD,

P (1) = ptgh (1) + qtg (1) gO) = pt (1) + qtd®(2)

h(t) = 171‘4’2(0 + gty (¢) g@ () = Dl‘s/h(t) + qtg® (1)

boext) = i)+ 08D | 475D = p (D + a0
gs-1(t) = ptgs(t) + qtg™ (¢) GTV(E) = pidh () + gt ()
¢s(t) = ptds(t) + qtgV (1) PNt = " (#) + gt (8)

po(t) = ptsbs(t) + g (1) {0 (t) = ﬁtql’z(’)(t) +qtg" (1)

¢ 2’(1‘) = IJﬁ/)s(t) +qtg () | PE (t) = ptgb(” () + qtg ™ (¢)
TO(E) = pts() + gt X 1 <r> \(£) = pt X1+ gt (2)

ZOFBRADS ¢7(1), ¢s(2), ¢ (1), h(H) KDWTHRAT, ¢ (@) HESN D,

3.2 2naa7R3F

Aki and Hirano (1993) i3, iid %%¥% <N 2 7%F5ic#E3E L T, sooner problem & later
problem %2f#\>7z, Z ZTD pgf OFAEICOVTHERS, iidRFE~La 7R5D L S i
BICHIRT 2 £ &, HEDOTEOMBITICHAT pgf 2V 2 FEIBO TERATH S Z L5b
5,

TNAT7HRINX, i =1,2,.. ) CBOTRE rDODELX2XRTERE LES LDl DEEE
TEREZEZ, WIhHELIE I 2 HDER (sooner event) NI 2 £ TORITH
(Weooner £ <) EBRTHE Z 5 FDESK (later event) 3487 2 £ TORITE (Wiser £ )
DOHHICERT 5.

% 7 sooner problem IZ DWW TIRNRS, ¢(¢) % Weooner DSIAED pgf, £(¢) % Xo= 0935 2
S5NTz & &ED Weooner @%ﬁbﬁ‘%ﬁ#ﬁo) Dgf EL, Sl’(t) Xo=1 175\5'2. olz & & D Weooner
DEEMEIMOpgf LT3, () %, REID1DENEI 5> TVB EWILBEDTFT, *
D ¥ &H5 sooner event HREE Z 5 £ TORITHROEMBAT D pef LT3, 72, ¢9(8) %,
RI/DODEINEI > THBEVIREDTT, 2D L &5 5 soonerevent BRI 3 £ TD
BITBOREMESMD pgf T 5, ZDEE, T~V X—A BITOHRS LRIEICEZ T,
$(2), ), (1), ¢:(1), G =1,2,..,k = 1), V1), (=1,2,....,7—1) BROFBREM-+ 2
EBbh b,

(3.1) $(t) = po&(t) + prgp (¢)
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(3.2) E(t) = putdi (t) + pootd” (1)
(3.3) ¢ (1) = putdi (1) + puotg™ (¢)
$1(1) = putde(t) + protd™®(2)
G0 Bucal0) = putees(B)+ Dot (D)
$r-1(8) = put + potd®(¢)
V(1) = pouth (1) + pootd™® (2)
(3.5) B

"2 (8) = puir (1) + pootd "V (2)
7V (8) = portpr(2) + poot

(3.4) &£ (3.5) &< &k

(3.6) &1(t) = (put)* 4+ B(8) protd™ (¢),
(3.7 ¢V (t) = (poot)"™ + A(E) ot (2)
B3, 22
_ 1= (poot)"! 1= (put)*!
A==, 7 BO="77,4

Th5, (3.6) & (3.7) »5 pgf (8), £(8), ¢ (¢) 13
#(t) = p&(t) + 1y (2),
E(1) = putd(t) + pootdV (1),
¢ (t) = putdi(£) + Pt (1),
TEz6n3, I

(pud)* ' + B(#) (prot) (poot)"
1— A(t) B(t)(pnt)(prot)

A (put)* (poit) + (poot)!
1— A B(t)(pot) (prot)

& (t) =

#(1) =

ThH5,

ZZTlimrwd(t) BRKDZ E, ZHIEF, R idboera7—RIELIEE, A —5F—
k DBAAFICET 20D pgf 252 5. T bbb, VA 7RINCBLTRI LD 1 OF
PR Z % X TORITEROSAD pef i3

(popor + prpun) P 't* + p1(Porpro — pooprn) pu* 't
1 — (poot + porprof® + porpropiit® + -+ + porproprn™ 2¢%)

ThH5, £, ThEERITIE, ZO0MORESREEIX
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Doporpr* "t + pipu® ifx=~F,
xr+ -+ xk)poorlpo1u+m+'rk+l

.
Il+2.l'z+"‘+k-zk:-1"k< Llyevey Lk
Lo+t Tr g X3+2Tat+ (k—2) T+ hk—1
X Pro P

P(X =)= . S
+ 10 2 o’ o ( )
j=1 Z1+2Z2+ -+ kTe=T—k=i\  X1,..., Tk

X pooxnpmxz+m+xk+1p1012+---+rk
X p1113+214+--~+(k—2)1k+k—1 lfx 2 /{+1

TEZ26N%Z E8bh%, Rajarshi (1974) & renewal theory (Feller (1968) £H8) #F|H L
T, FRBYHREOT IO E2TK-> T 5,

Rz later problem IZ D W TR 3,

BRE L ED>BBTEISHFDOER (later event) B2 5 F TORITE T Wier £ 35
T, ¢(t) & Waer DBFED pgf, £(1) % Xo=0B525NT2 & ED Wister DRMAF E 345D
pgf, ¢(1) & Xo =1 0852 5NT2 L BD Wigter DRI E S50 pef 32, ¢:(1) #EE i D
1OEDPEI > T EWIREDTT, ZD L X5 laterevent B I 3 £ TCORITHDE
R ESEDOpgf LT 5. £72, V() BREjO0DEISRI>TWE EVIZRBEDOTT, %
DL &po later event BRI % F TORTHOFMFE 4D pgf LT3, i=0,1,...,k—1
WXLT, ¢:(8) %, EEBE XD BERICEID, o, ELFTTREID, HEES (D1 0D
HEBRI T3 L&, 595 later event (Z DEFE L Eo) DREZ 2 & CORITED LM =
SO pgt L5, Flz, 7=0,1..,r—1&NLT, ¢V %, BB E LY biciezy,
»D, BT TRREIY, BERS/jO0DESEI > Twa L &, S5 laterevent (2D
BER E) I 2 ¥ TORITHROFRME G EM D pgf &35, i=0,1,..., k1L T,
()2, Ee B EL XD HERICKIY, D, BB TTREID, BEREX IO 1 DESRI -
Tw3 L&, §506 later event (ZDFHIR E) BRI % £ TORITERO LR X540 pef
ET B, El, j=0,1.,r—1RNLT, E9(0) %, BB E LD LRI, 2o, E X
TTRRID, HERZ jOODESBRI>TWE L X, S5h 5 laterevent (ZDEEIE E) 28
2% TORTROZMT E 6D pef LT 5,

ZDE &

B =800, (D)=, &=

THE. EBI, oy bty 8%, 67, o, Gty 90, $77, Gy Gty £, 070 1D
£ OHBR LT

(3.8) (1) = p&(D) + py (¢)
(3.9) E(t) = putdh (1) + pootp® (¢)
(3.10) (/)(t) = ﬁ11t¢1(l‘) + D10l¢(1)(l‘)

&1(2) = putds(t) + Dot ()

1
(3.11) br—2(t) = putde_(t) + brotdV (¢)

Be-1(8) = putdo(t) + protd® (¢)
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¢V (t) = poutdi(t) + pootd™® ()

3.12) $T2(t) = poatd (#) + ootV (2)
T V(t) = potdi(2) + pootéo(t)
d(t) = Z?ut&[’l(l‘) + Dlol‘(/)(l)(t)
¢ (8) = putde(t) + Pty (t)
(3.13)
Gi—2(t) = putdi-1(t) + protd®(2)
Gi-1(t) = puido(£) + protd®(t)
¢D(8) = poutd(2) + pootd® (1)
(3.14) 7D () = poth () + puold ™ (1)
¢ V(E) = poutdi (¢) + poot
&o(8) = pouter () + pootEV (1)
E(t) = pnté&(t) + prot&V(t)
(3.15)
51c—2(t) = 1)111,‘51:71([) + ;/)mté‘“’(t)
Ee1(8) = put + pot€® (1)
EV(t) = pmter(¢) + pootE®(t)
(3.16)

E72(1) = putbi(t) + pootE (1)
E7V () = putli(£) + pootE (1)

(3.13) & (3.14) L &

B(#) (puot) (poot)" ™" (puit) + (prot) (poot)” ™"
1—A(t) B(t)(pat) (prot) — (puty — AW (put)*" (pont) (prot)

B2, -FEC (3.15) & (3.16) 2L &

&) = A(1) (poot) (pont) (punt)*™* + (port) (put)*™
1— A(8) B(#) (pont) (prot) — B(#) (port) (prot) (poot)” ™" — (poot)”

2155, KR, Wiaer O pgf i
¢(1) =(poput + prput) C(8) + (opwot + prprot) D(2)
TEz6h5, 22K
C () = {u) ™ 9o(8) + B(2) (prot) ()" £0(2),
1= A() B(t)(put)(prot)

(Boot) ' & (8) + A(t) (put)* ! (put) do(2)
1—A@) B(t)(put)(prot)

Ty () & &(1)1F (3.17) & (3.18) TZ#hENEZ SN T W5,
728, Uchida and Aki (1995) {2 Z D&% ¢ {HD E, & m{EO Ey iZDv>TO sooner and
later problem & L T—f&{t L, pgf 2T L T3,

(3.17) do(t) =

(3.18)

D(t) =
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3.3 BxrRwra7RF

Hiranoetal. (1997) X, m RXR~NVa7RFT, RELD1OENIUDTEI 3 (£ TOR
TEZ2rEDPL) ETREE LM< OHD1OEOBIZEE (A —N—59v 7L THLD)
DHHFE DT pgf EFAWTHEARTVS, SH5ZFITRE, B3 4OREDOHK 25 % non
-overlapping, TER S 4, R /DL, O3BV DOV TH, R Y pgf ZAHVTHARTNS,
ZOEITI, ZO4BYOEZHT, pef ZAVTHANS FEIZOWTHRARS,

BUBHIK, BRELI(m<HD1DEOEZIFE2A—1N"—5y 7 LTEIZLEE, mER<TNI
TRINT, tETRERR D1 DEDEZ ZEBOHH % pgf ZHWTHTHRS,

RIAD1IOENEI 2 ETRRES LD 1 OEI Z 2 [E$ (overlap) DA & 5346 D pef
ET 5, () EERIOBRVES i D1 DETHBEE, Ihdok BX/D10DEDES
L [a# (overlap) DS FDpgf L45, ZOL X, FMEOME F, YOk > LWL E
POEHELTH, wOorlST (B IDO10EMEI>TLESHIK) BRI /D1 DERIILD
THHAT 2 L83H2D05,

@ FFm = ¢, for each initial state (i, 2s,..., Tn)

TH5, ThZTRTCOEMETEIMRIFL L, THISRBCEREL TWAEWLI ER2RLTWS,
ZFIT =1 EBL EZAT i, TDEEDNS, ZORHE B2 X BHORTELLD)
DOEAE T, RELID1DEREAGTTH2, 20Or s, 2oBE (HB) 0xkfT72T5¢L
10BN TEAlaNS, 21 ThhE, (ZHBEEBTESEXRp.. TEIY) 4£—
N=Z 9 7L T1DOEZEZTHWEDT, RXLDO1IOHENIERID, 2L TROES ((+
1FZBHORIT) DERITRS (+10 1 0ER2BHF L wIREICR S, | BEOFTOKES
0 THNE (ZHNIEIFRMAEFEHER] - pa TRIS) 1OFEBZIITREZTLED, LT
SEETEFEI T LT ZFORORE S LD 1 OEXEHT 2. - T,

e = proateri+(1— pra1) @.
Rk LT
Gor1 = Dre1ldess + (1 — b)) @

Pr—2 = proatde-1+ (1 — pr1) .

BOW e T, PEQHBITINVRINIETRS kD 1 DEBTERL, TDEEOEMEIEH
WOpgfid 1 THB, £/, DXOBAITI BRI s FhE, BFIOHBEO LS, B3 LD 1
DEEZFHF -S> TVWBEDT, LTREILD]1DEXRZFORICEZ S, -T

¢k—1 = pl---lt X 1 + (1 - pl-v-l) ¢

Z DB,

Kz non-overlapping D2 T TR & pgf DKRD /2525, m< (< kThk=vl+
pE3T5, R vEpBIFEBBTISu<lTHE. 2:=0,1 ((=12,..,m LT,
gEE () X1 = Ty, Xo=Zn DEE, GUDTEI LDl DEPEILETIZIER Y
D 1 DEHSF Z 5 E# (non-overlap) DN &340 pef &35, ¢:.(1) ZEFOBERBR S
iD1IOETHZEE, ThddE, BXLD10HEORZ 2EH (non-overlap) O &Mt &
MO pgf T3, Ik E, LREFERC,
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for each initial state (x1, xs,..., Zn)

TH5, ThBTRTOEMTEIHIFLL, PHHRFCEKEL T LI EE2RL TS,
FITo=th tBL EIAT I, ZOEES, ZORE B2 BHOFETLLLD)
DHERTES/O1OEZBAIL TS, (BHOBRTOER, 188 0iE (ZHIZHESER pia
TRIB), A==y 78T 1 DEEZELTVWEDT, £ > 1 THhiFRE /D1 DER
FPRIST,FLTRD (i +1) BEHORMTOERITCRES +10 1 0FEZBHIF w3k
Birks, i(BHORTOHESRE, 08I (CHNIIER . TR 3), 22T1O#EIE—
BRHZ2 20, SoRBTEHT T ELTZEORD, BRI LD 1 OERBEH T2, -T,

de= pra o1t qrad
ki, ¢>2Thhid,
Goe1 = Pra Yoz + qrad

LA RYASN
F—N—Fy T ETREISLID1IDERRZIZDT, EX2/D1DER2BBATLLEKD
BEID1DEPREIBZEICK D, 5T,

o1 = praldee+ qrad .

T, gok{@EgcLT
or = pro1hrec1 T qra ¢
ooe1 = Dratpera+ qra @
(3.19)
Grove-2 = Proadeere1+ qra ¢
Grove-1 = prat dset qra ¢
do-ve = Prado-nen + qa @
</J(u—1)4+1 = Pl-~1¢(u—1)e+2 + qra </J
(3.20)
do-nese—2 = Proa@u-nere-1 T qua @
Pve-1 = proalhue+ qra
</’w = Pl---lf/’w+1 + qia 9/1
Dver1 = Droauerz + qua @
(3.21) e
Gverp-2 = pro1uerar + qra ¢
dueip1 = pra X 1+ qra ¢

2T (3.19), (3.20), (3.21) 2T ¢ %18, the=¢ £V pgf ZKRD B I EHNTE 3,
RETEREDS L DEASTTELE LI & EORMHTE pgf OKRDFEBRS, 2:.=0,10 =

IZ2EFTRTERS /DL OEIMEZ 2 EMOELHE T ZDFD paf &£ 5., ¢:(t) ZERTOR
ERREIDIDETHILE, Ihdrdk TERIIO1DEDEZ 2EBOEMEMAN XS
HDOpgf ET 5. 5RELIDIOESBRI > TR LEE, TEEI /D] DBEIZROBRE® 0T
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ORI 5w, +4bb overlap & non-overlap X IZR% Y, COBETRTEERES Y

Epd s, CRBTRXTORFTERHRIEL <, PHIRFEKEL TR I L EZRLTY
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Use of Probability Generating Function
for Distribution Theory of Runs

Katuomi Hirano
(The Institute of Statistical Mathematics)
Sigeo Aki

{Department of Informatics and Mathematical Science, Osaka University)

Let X1, Xs,... be a sequence of independent and identically distributed {0, 1}-valued
random variables, a {0, 1}-valued Markov chain or a {0, 1}-valued higher order Markov chain.
Let E, be the event that a run of “0” of length # occurs and let E; be the event that a run of
“1” of length % occurs in the sequence Xi, Xa,... .

In the case of Markov dependent trials, discrete distributions related to the events £, and
E, are studied. The probability generating functions of the distributions of the waiting
times of the sooner and later occurring events are given. To obtain the probability generat-
ing function of the distribution of the number of occurrences of E; in Xi, X,..., X», we use
the snake oil method.

The distributions of numbers of overlapping and non-overlapping occurrences of succes-
runs of length ¢, and the distributions of numbers of occurrences of success-runs of exact
length ¢ and of length ¢ or more until the first occurrence of success-run of length £ in the
m-th m < ¢ < k) order Markov dependent trials are studied: The distribution of overlap-
ping occurrences is the geometric distribution of order (¥ — ¢+ 1), and the both of exact
length ¢ and of length ¢ or more are the geometric distribution of order 1. To show these
results we describe how to solve by means of the conditional probability generating function
method. A finite-state Markov chain imbedding technique is also illustrated.

Key words : Probability generating function, distribution theory of run, Markov dependent trials, waiting
time problems.




