ooooboooao
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LTI AERO
BEEHATEEICONT
BiBA - RHBEHE AEAEE (Hideo Osawa)
0. BLHic

227 BREOBENTHENE (time-reversibility) OWFR . BHRBEME L
BEAKOWVWT. 20EHEELbIETDONTE L,

KELLY (1979) QHBEHNER. RERBHTACESI 2 rva7eFf VOTRBEIZOVT
m<%urm5°¢?b\:mxw&ﬁéhr%ﬁﬁﬂﬁﬁ(wwbwmmmnuw %
2y b7 -7 BFBTANOBTEIDOAT,. 2O0RIB L BTRRMBZINTER,

mew(mm)ﬁﬂﬁﬂﬁ§$%$ovwa7ﬁﬁavmt\ﬂﬁﬁuﬁﬁﬁﬁﬁ
AAOEER (F<TER) M. 2OBBAKMORBOX <7 P ARELB/UL,
COPE. BEHEERDIZMOIOHE. 7AW Y XA RBETIMENEDERB TR
~NOIEHLIENRBESL S,

OSAWA (1985) B—ROTRMEMERBET 5wz 7@ (M~ 2 7 BR)

OB D>V THT~, B storage TEFVELI{HATZ7 r2iboBBoTH
o0 TRESI/REZAV ],

AT, £ OSAWA (1985) KRBTV THRAED 5. TEHORLVERS .
BXEBBIhL, REBBREE2 b Dera v BBEHL. TREREDLTHICED L
AR AAH  (partial reversibility) WAL, ZOERAHICOVTHRL 3,
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1. = BBoRBRN R

{X s neZ )} BTREE (S, £) ZRBEMEL. #B®EE P(x.A)
Zbowenav@fiETE, ST I RBEBEBEKHIORZRBAETHSB,
yik -3 {X ) PRBHEBTE (time-reversible) TH 5 & .
HE® m, n€Z BIU A, Bey wHLT
7 (1.1 P[X €A , X €B] = P[X €A , X, €B ]
EBhTLTH B,

gL { Xn} BERTH2LThE, = () 220F®FHELLT (LD &

jA @) P (x ,B) = jB 7 @) P (x ,A)

ERINBIP. COKIBFRAENEET L ENTRTHEDORBETH B &M
DB, TOCLEBBEDE. ROESEAALLS,

B@®) % STEHEHIhEFRT L-UHIEBREEReENINORBIREGEL.
v % (S, ¢¥) LougRAELTZLE, f€B@6) HLT

v f = IS v (dx) f (x)

Pf(x) = ISP(mdwf(w

T, cOEE,. ROEENRXRD A,
EB1-1 E®EwravEM (X ) EHLT. RO 3DORBREARTS 3,

(i) { Xn} Ba#Etdsd,
(ii) EEo A ,Bey wHLT

1.2) v (1 PIB)=‘V(1BP1A)

A

$3(8 ,FILOoBFRBME v ﬁﬁﬁ?5°C:T\1AﬁA®$%EﬁTbéo

._.2__
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(iii) #HEo fl' f2 €B(S) il

1.3 V(flpfz)':- V(fZPfl)
B35 (S .,.¥) LoHERAE v QNEETS,
gh.ccoesd v @ | Xn} DARERETH 3,

1 ShHMERBREHTHI L. LOoEFHIRAMO

FRCO i ,j €S THLT

LEBWEAE (v ) MEET S,

EWVSEBE—BTZ, T pﬂ=P[XM1=len=i]&?5o

2° Px,) PENBKTEE px,y) b0 slRoOBEZ 3,
TRTO x,yeSHLT
p(Xp(x,y)=p(Wply,x)

LRLHEEE p(x) BEET B,

2. 7raxbowravzlionagis

BOEBHARILDELTEL D storage EF AR, —HOATT7 PAEBTHREL
LOBAND B, MICZDLOB, v a7 BBOTABFBRICDVTELITAHALS,

2 7 REs {Xn}ﬁ desS kHBVLTT7rA%xR L.

(:3)) HED x €S 5 (=5S— {6}) &Hl. P(x {6DH>10,

(A2) I P (8,d0) /P (x,{8}) <o
S
P

l/rdes. E®1-1 FRHVTRES S,

_3_
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EH2 -1 ko (A1,2) 2/ I RELB N2 7 BRF TR THELDOHSE TS
&HE

Ego f,, f, €806 wHL
@1 PCL P(f,P1,)) (8) =P(f, P(f; P1,;) (5)
ERRTCETHE, Cok 1,00 =1(x=0) =10 (zok),
2 2-2 o, {Xn}mﬁﬁﬁﬁbn &
n(A)= m, [, P (5,a0/P@&{0) Aey

n6=nH6D=(ISP(5Aﬂ/PQJ5D y 1

eBEAbNnB, XL P (8,d0 /P {0)=1 (x08) &%3.

3° Pkx, ) H»Bx Hl. S FCEE plx,y) b2 &x. 2.1) &

2.2) p(0,x) px, )P (y,{6}) = »p(8,y) p(v,x) P(x,{d}) X,y €S,
783, storage EFANHLTE. COHELEENBHDT L,

4 BE (D AEOBEQD BEBOL,, [y, [ €SB &ML
P (f P (fyee P (f PLg)en))(d)

= P (I _P(f_ P (1 P1y))(8)

-1

EEDB, 2.2 Soxy = oo ox 0 ZEROHBTRIBRILT.

p(l’,xl )p(x1 »Xg )~~-P(xn , {6}

= p(aixn )P(Xn 1xn_1)"'P(x1 3{8})

x5,
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3. GI1/G/1oBbEHoW#E#

By -—r~igbiifioXmskl (W } & | u ARUBHBERONEL

w =max (0, W_+ U )
n n

ntl

EWVS LindleyBEELTEINS, CO=na7EBTE. BB 0 KBWTT7 A

ERLTHEN,. 22T {Wn}mﬂﬁﬁwomT%N&éo
Unuﬁﬁ K@ K#IdDDEL, K oW TROFEEERBRY 5,
(Bl) K BEEZEE kX >0 %2#3b-o
(B2) j§°ax<x) JK(x) < oo

(83) [T xdK® < 0

EBERIRTELION B,
p.d.f. px,y)= k (y-x)

(3.1) xz20,y>10
P(x, {0} ) = K(Ex

COEE. FH2-10BBELTROBEREE S,
FH3I-1 {Wn}%iﬁfbé&é\Ch#ﬂﬁ?&6k®®ﬁ§+ﬁ§#ﬁ
K&) PHHEBSGETHI L TH 5,

COEROEWR. GB.D%E QCDEHPTREHT
k(Ok(y-x) K (-y) = k(nkx-y)K (-x) x,y > 0
EBRRTERET k() ZROBEEIL, BB, TETHI3FEE0 k) BROEE
Bohs,
-bx

(8.2 k(x) =
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ST c¢c=ab / (ath) , b >a WEOEETH 3,

b/ snénﬁaogm#~exﬁm\ Tn% nHFEHFLY (n+1) EHOZE
ORFHHBEBE L T. Tnﬁﬂiﬂ—yzwﬁﬁﬁﬁ\?tbﬁ M/G/1 %5
FTRORPESITODVTCEILITHE, FHHEHHEHAHE {Wn} AuFiosx, 3.2) kb

Un =Sn —Trl DR HE ¢U t) &

2y (t) = ab /{(b-it) (a+it)}
fbé(immﬁﬁﬁ)#é\sno%ﬁﬁﬁ ¢Su)u

¢S (t) = ab(A+it)/ {4 (b-it) (a+tit)} .
COLIBEHBRBELI DFARBERIFERIGCEONSE Z LM, Poisson EHH%
HET B Lickhhsd (OSANA (1985): Lemma5.2 £B). G I/ M/ 120 Th
RILEMROZ B, BlLELD.
FH3-2 M/G/1 $4U GI/M/1 #H5HAMoFBERARCS LT,

snMadThsoll M/M/1 kB3,

5° S, BLU T PE—OMNENS A - Ed2RBAHOLETD Un [

RUEBAHLELS, LrhMoTEORER GI1/G/1 E20TRHIEDER
WAROH., ChBACRBOIRVWEERDNS,

6° EiBRBELS Lindley BECHELTHER 3-1 LHEHBOERMIEBONL S,

EE. BUHEBREHREATM L LA BRI NEL L, LI TERS-2 T2V THNA B,
Wb, BEBRERLTA M/G/1 BXUT GI/G/1 EBVWTEOHLHKH
BELXAFEEZ230 M/ M1 LUTH3, b 5° KOV THELI&H

WA B,
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4. THEBH/HITHNOH

RFEMBF 5575 (a double-ended queue) #E X 3, TR~OEOBHF L. X541~
ADET7V VBBTHBLEL. KADF-—NBVDEYTEENSGA~-F uDRT 7 VHE
43, RTCH-TVIRBEORR. ¥y - NOHFERC. 20¥-—NERTRELS,
F-E2OHBIEBFETHZLLT. HIENAFL IO - NERDE-THRE

BET 2 coBHLE20ZEORBBHET S, BRIt b 3E0oRGFHHBAE Wt,
ROV —NOBbABE Ntfibxﬂﬁ Xt=(Wt,Nt)KOmT%iT

6&5°{Xt}®ﬁﬁ§ﬂﬁ

{(X,ﬂ)ix>ﬂ}U{(U,k)2k=ﬂ,1,"',x}

THHaM. s (x,0)%2x , (0,k) % -kTRITELIT S,

X, 00+ v7ORIRAD (t ) OHNORMERSMhwra 7@l (X ),

X = X - 3 %%ﬁ-éo

n tn

k¥- st

£ Y
¢+ -t
—% >

a., ZhBEORRE b, ¥+ - RFLORE

— e —— ——

B. 1 RXIZBBEKELHTH



ERAHOFELRES 54
ORBHE
px,y) = {
P(x,{0}) =
P @, {0) =
p(,x) = a2
P, {-1) =
P (-k, (-k-1})
P (‘k) {‘k+1})
o o C. Ck =

choAdgEoss 2.2, 2.3

iz A/(uK ) <
ACO exp {-¢ K (y-x)}
ICG exp {- A (x-y)}
C0 exp (-4 x)

/ICB /S (A+pK)

C.exp ((#Kx)/ (A+2K)

0

Cy

A/ {A+p (K-Kk)}

# (K-k) / {A+p (K-K)}, k=10,

ZOEBRHOIROEISCEBDIELI EMNTE S,

P =22 & axp{-(#K=2)x) S A+uK)

A+u( K-

-k A+upK

k) . KR! . {5&
(K—k)? u

229

1&£93, cD&& {Xn}

yz2x>10

xzy> 10

k=1a2a"'sK

&?50

THRIZLE. BRCHIDONE, T



23U

5. WAWWHEE (p —THH)

{Xn;neZ} BUHIREEE S, HBHE P=(pjk ) 2doxnd

Fiaovsiena27@ilii+2, T OLBUEERLE DV IOTHD. 20FAT
%6ﬁﬁﬁﬁﬁﬂﬁémmbbéuwiﬂmo%:T\:@ﬂﬁﬁ@%#%&b&bk

BEE (X ) CHLEAT S,

E® (Xn} HRROLIB S OBIES Sl’ 52 b0 x. {Xn}
IRy w (partiaily reversible) THB &Y,
cl) S = Sl U 32

(c2) RE j ., k B sl(ikmﬁu sz)uﬁtﬁau

Yi PikT Yk P

ERBNY P g;(uj),uj>ﬂ, NEET B,
BAWHFEE -AHEEEBT,
7° p—ﬁ]iﬁv)ﬁﬁfxm%bréiboHzé)?&fgg’t‘%kf’an%vw:ﬂ%ﬁﬁ\
KRB0, 3 BLT 1, 3 oOMA—FAFTTHIARIARVB[RL, ZI7T
S % SI= {0,1,2} & Sy = {2,3) whuhid, 8Bo%E

e ~<2 b u= (qr(l-s),pr(1-s),q(1-p) (1-s),q(1-p) (1-r)) A& h 3,

....9._
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{ Xn} Np TR TCHdEE. TOEFEFHEODVIERT S, FT.ROLIA

<7t B EREETS,

ﬁj=—uj+ zkesukpkj j €S
B OBRBE jesma m=1,2, D& &
By=-u; + (2 tcon™ % resn’ Yk Puj
= Uy FE G cse %5 Pkt pese Yk P

[

P C

Eo. RBjiH»o smoﬂuﬁnm6§%ﬁm\&u smmﬂbajquz<é

BAFEC o TmMA IO B bOR DB, B jeslﬂszﬂéﬂ

Eh. N2 P TERETHhE
B=—-u+uP

ThaiahoROZIENEBONS,

EES -1 o ZHERX
G.D a=aP+f

ORELTBLE. atu & {X } OFRE~IIATHB,
Chhd o ERDIIEHMHEBEEEN P IHBAATHI-—BIRDBECE

BHRZ . A Sl » Sy CRBEENDZEE. ROXSERDEB 5.

W& 6681 n s ELT. EREEIET ST LAEZhEN1TH. 17IH

2
sl &l
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¢33, coEE. FER
(5.2 a’ = a’ P +PB,

EEARE  a=(0,a') KHL

s
s
2
Rk
33
RF
=
>
b2
oF
o
]

cee ) EBLCE

XoT

@P+f = (0, @' Py+B, )= @

HoT (0,2’ ) & (5.1) ORRTH3, P, REFBHALZOCT. BEHR<n

a7EHEHLTER. u (uﬂ, u’) Ko7 a' B—BrEREIh3S,

R (un.g’+g’) & X ) 0)$Yﬁ'\“al~)v'eabzu
Bk p-wFoMELT. M/M/2 %EX3,
A EEOBEE. #, EV-/NAOY-URE, uB%%—NB@#—Exﬁ
L. XBRERONSA—FRAV S,
uo= u,+ #y

p = A/u <1
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. ROHBEBLBSNWTIRMFED LS, 20F53BE p TH—-/NA, 1-p TH—/B
EBx2EIRT 3,
COEFNVOFRHNARBRCHL. IBERBLIUCEBERHEARICIBUIRBh=ra v

2y (X ) oEBRIROLICEALNS,

,B

ey / \Hn i A
z+u e~
.u

"‘ Ty Fran FE

At

1+.u -
B B

- ]

CCTCREBA (B) 2% —2~NA (B) o BEbehrazotE2FTd0ET3, 20
M/M/A2I20VTRBERBO= L a7 BBELT p=1/2 OExBoaPichsc &

A KELLY oFxcHEEBIhTvad, { xn} KOV THREBOLEREDED, 22

TVE 3 %
S;=40.A 2, -}
So,=4{ B, 2, -+ 1}

o
=
I
w”
o
7~
>
+
=
=
ot
-]

[
=]
]
k3
b=
~~
>
+
L
o
S
o
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u, = A (A+u)yp ol? i=2.3, -
ERBETBIRIMPNV u
u = (up, u,, up, u,, )
2b9op—ABkRBETHEI L NDbHIB, SHK Sl’ szczsﬂsiﬁfm‘w% )
cFnE~I PN B, TTH Py B
Bs= By g @p-1 (1, 0, -1, 0 )
(0 P 1-p ‘
p g/l ) 0 0 0
87 | w0 0
0 p/(d+u ) 0
g0+ ) 0 %
0 AL
\ 0 ¥ /
P
o) \'

0)

EVIHFRTNOHNICLIOREZIDOTH B,

BEETCHEAONh S,

)
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ChAKOEEAHRROBTEONSG,

(A + pu)(1+ug)
k14 = T
A @4 +u) u,y 0
{4+ (l-p)p}(ﬁ+pB)
K4 = 4
B @QA+au) Ha 0
A {2+pu, +U-p) #,} (A+u) .
n = B A p3—2 x
j Q22+ u) My By 0
j=2,3: i
[ x#@& 1]
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