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PH/PH/c £513%® rate matrix icoOWT

itk - 8 HiEeH (Yukio Takahashi)

1. BUdic

BOZ Loy —C ABMAGHARLR2 PH/PH/c HHGHAEFLT
. BHBEEARY MV © @ rate matrix R GEFNVOHEE 2T 3
LTEERERETATVS, TZT R OEAE EETRELER
WA, FOMAOEBERMERI NN o BEIUBLBEASE W(x) O
WiRDB2FEE2RT. ORI, R oBAKBEEHEHICHT S [3] &
KU [4] OKROEEIHTHY., [3] OFEEAVWHIERSIC GI/
PH/c ®BFIWAL—RILTEHZLHTE2, . H2BKT. AN
BEM[1]1 XUV [2] T GI/Ek/C del/cgm* RRD—BE
LHRrTILHTES,

2. EBREHEAY FJVE rate matrix R .

BOZLicH—ECABRAHARSRS PH/PH/c B515EFIVE
ZEX. TOBERMIP>MHEE T(x) =1 —asexp(Qox)e. HIJROK
BT —UC XKML L2 Si(x) =1 —asexp(Qix)es 2T 5.
hOOHBHEE ZTREN A=—a,Qoter. ps=—a Qs ey LT3
L. FBR o=2/Zip:<1 BB, BHLRVIFHORICY X7 A
R RBRICERT 5.

YAFLADREE., FRHABLIEEABROMHBES X VEROKETS
H—EABBOMBSOMELTL DL, VAT LADHBIIRM /ST X —
BB RTNVITHEPUC K-> TRARTES., ZO<I/va 7#HHEDERME
BAERRE 0y 7 SEMATHERY. RRNAK n A ¢ FYKREN
BECHGET AR L0 Oy Y A, HARIVEADTOY Y A,.
HARIYVTHOTOy Y A, B, EhThHO>EDLIRBELTWS.

Ac=qea,®I.® - @I
(1) A=Q,8Q:® - BQc
A=1,®(q,a,® - ®qcac)
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TZT. 94=—Qiey THY, Tk, QLOEFENEITIIDIOR Y
A—BEIUVCHOBEEERDLTWS. FEMHRBITEICEROKCET
BY—UEARMSHOHOBME sorsa1se.0rsc ETHIE ZTHhBDA
THDRBUIL sesisc THb ‘
EERBREERI MV o & (1) O RFEETHE2D - EEMN—K
FBRRXNOMEUTRDODON I A, BRAESIEHROERLBEN»S. =
YPFRAABTHEILENARI RN o . n2c KEWTHTIHARY
Ricied. D&Y HBAKITH] (rate matrix) R HELELT
(2) Tpn=mcR"C (n=c)
ipd, ZeHhAHEHhTWS,
Z DL ED rate matrix R WIFHHBER

(3) A;+RA,+R*A,=0
i ETIEAORNBTHD. R . R,=0 HoHBLT. K
(4) Rysa=—A A, *—Ry*AA,?

Ic k> TREBITFIN (Ri) OBHRELTEX LN B,

3. R DBABEAEM

2% T(x) éEw‘JiU‘ Ss(x) M Laplace-Stieltjes ZHE #hFh
T*(z)=ae(zI:—Qa)*qs. Ss*(z)=a4(zI1s—Qs)*q,s &UL.
ThHEHRBLE C (EELBREERL) 0LoBEKLEXS. T
3k, HFEX
(5) CT*(Z1041)Ss*(—68,) =1 3=1,2,..05c
WBrEeE—MHoER®E 05, i=1,2,...5cy, 2D, [3]1 LV [4] T
. ZhABIDVWTHOEORBEIEOIh TV S,

Lemma 1. FJEA4T3 R OB ABEAEHE (Perron-‘Frobénius B)
(6) Na=T*(Z464)
THEABND. ZHIC. PHRBICENVTHRAIIL n ADEHWVWD
WEE P, . GbRMoMH: W(x) 95k,
Pan~Kn," n—o DL x
1—-W(x)~K”’” exp(—2;0,x) x—00 DL &E
THd. ‘

(7)
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SZTCOHME. 20 Lemma 1 % R OITARTOBABHEICH U THE
$TBHIILTHD. '

4. FELRKR
R O0—RBOBEHEICHLT, >X¥ORENTHXhZ. ZZTHER
EAHARTLTBED, LD 0 OFVYIC —0 ICHYTE o FHWTH
BT 3.

Main Theorem (i) 7,Wos@i1recerwec 2. DEDOHFBEAELH

B2 EBLEMIELRY) c+2@OBOMET S,
1=T*(w,)

(8) 7 1=8;*(wy) j=1,2,...,C
2.%=0 w35 =0

HBL I71<1 &b, » X R OBBFHETHY. ¥ind 5 R

DEBENY ik
1=%x0@®x,® - @x¢

T xs=as(wys I —Qy)

(9)

THd.

(i) so#10XE. R i 0 WO EEHELS. ZOBE
BEARLED (so—1)s:1sc Thd. ZLHMOREDOTT.
BYD (BEESLPEHLULTEBAE) si1sc MOBEHEEER
ThY. ThHRTATLOEIRHTEXOhS,

(i) R OIEFEFMED (8) ok >icE5Exbhde, (7)) R
HOEDED ICHELEL S, |

Pn=2x Kxnix" nce

1—-W(x)=2k Ki'exp(— @xo x)
CIZT 7k W Wk W, kBZBEOBEARHEICHTSZ 72 X 0w, ¥R
HULTEY., Kk ® K’ RERHEBTHS. Z W sisc @
DIEFEABICHLTE S, (10) OHF—RNIE. K VIFEMER
(11) rn=2x Kk”"7x" X«
MoWMND, 22T 2k BkBHOEAMHIHT S (9) RO
RIRIW 2 THY. K” BRYRKRAMERTH 2. RAEH Kx -
Ki' 8&U Ku” OMICIBERBEHER AR YLD

(10)
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5. lEBHDO 7 1\5'(3/‘
DEDED—HMD Lemmas % U T Main Theorem % {EHHT 5.,

Lemma 2. s,=22 N, R ITHEAMHE 0 2L, z0H£E
Bixbnd<rd (seg—1)s:sc THd.

ERERDEIICLTHTI. (4) 5. R . $3 s, sc x
sesisc 175 Roe EHWT

(12) R=(q,®I1:® = ®Ic)R,
LELZLHTES. LEN>TITH qo®@1.@ - ®@Ic KENBD
FBLORT bERBEIR (se—1)sa " sc FRDEWIL—KRMML
BREFRZMVE R OBRAE O KHET2EBAERI bt i35,

Lemma 3. DED2DODHFEHUHDTT R OEBOEEMH » &

(8) D&S>c&EITS, :

(i) Qs DEABHEBIUVBEEAERY MVT. x3Qis=wsxy MD
Xx5e3=0 R3OV,

(i) R sosyi s MOAEWK—RMIUREERI FIVED
Do

EEHICIE, WL O2DTFIO Ry A—FOBEEHIEZ. DLDITHOD
BEEONTHZ2ZLE2FAT S,

Lemma 4. Lemma 2 DFHATHALEGTGRI MvE, (9) TH
ABNBIERT RVOBASHEMIC sos,-sc BORY MUk
BU. tho e ET2EEHOBERI VLT 3L
Sesi1Sc RDEFTHE® R’ L35k, R’ EAHBR (8)
D (ELRBESRV) VLOOBTHS. #ic. (3) OMIRTA
TZD&E>RBTRDbELS,

Lemma 5. (3) OB T, I XATOEEMHOMAEN1L &V
MNZWH D, =EOEDUL RN,

20T B, (83) 2HVWT. FhoA—HULRTHE LRSS
W LERILHITES,



248

References

[1] Isﬁikawa, A. (1984) Stationary waiting time distribution in
a GI/Ex/m queue. JORSJ, 27, 130-150.

[2] Ishikawa, A. (1985) Eigenvalues of the transition rate
matrices in a GI/Ex/m queueing system. JORSJ, 28, 285-301.

[3] Neuts, M. F. and Y. Takahashi (1981) Asymptotic behavior of
the stationary distributions in the GI/PH/c queue with hetero-
geneous servers.‘Zeit. Wahr. Ver. Geb., 57, 441-452,

[4] Takahashi, Y. (1981) Asymptotic exponentiality of the tail
of the waiting—timé distribution in a PH/PH/c queue. Adv. Appl.
Prob., 13, 619-630.



