ooooboooao
4520 19820 41-39

41

% HFED & WEET - & B AT 0 BRI >\ ¢
FRIEREZRZRCD &S %

| Ui

e FERFIERS 1P T PHYPY , MYPH/S
CERTY - EAFE4TH| T L PHAHY | (=2 wco¥its
BEERC B . Lucantond 05) , Newto 081, RO, 4%
BREORE EE > T IEFE D H2EERT T =2\ T
EH T~ X N ETILT Y TARGEER CRBE oK
BCER D ETILIERE OB T[Sk > T 051, 081,020) T
BT EEF LR RES BTN T 3 3o MBI TH
boFRECH  PRLTREMr T X > b OdiEs &
ok FRECOEETREE . AR FHELREHE
RBEDEOEEBIER T . & RPPY/PH/1, MYPH/S
SWT EAECRERINTL 3 oS 517D .

2. % A



42

2.1 . Phaae W ALl on,

Phase Aypo dishibution. I& Newto 01, 0TIT
BN RERETR. WIS T A - 5 BROBAET 2L
1 7BBCBY SRRER M LTEKOLYB (0,00
EoRERHTHY) | 7 0ERRG

FTHEERTNIL - (0, d)= (0,d), -, ofm)
. y > s ! O ’

MWW gemoalpy &:(% 19)

EEL Te+T =0, T:mxm 43,
CRIH, DA l’(x>~| oLoxp(THL , JERIS
B aE— A& Me=CDRRIaTRE o0 RZ|
CH 3. Phase type dishibution FHEEHT. -
5 . BT O Ead . (0, 00) £ 9T T
?ﬁ"ﬁ@’]7l@¢tvﬁ%m‘6&350

2. 2. TERAER R S aEBAF 05T S

Lucomteni 053, Newtto 8], ROICKY . ok 2 BA455
FT7) N2 IL A JBBCIFET X | £ = 2o WPREs T3 1A R
DRIBRBHE SOV BERE 5. EVARESES 27
LY RAMNBES 5 v iNh D> T\ Do



43

(\) GI/PH/S 517 @) PH/PH/S 47

Boo Bo( O 0 0 --- Boo Bo
Blo B Ao O O ---} Bio Bi Ao O

P=1B2 Ba Al A/ 0---| P=|  Ba Ao |
Bsx Bz Az A, Ag--- A AL Ao
\Bfo Ba As Ao {\;“‘ O As A, S

' ot i |
1 { ) 1 1

3 PGS 1

Bo By Ba Bs Be -

Co A Az Az Aq---

P= o A Az As -

0 "RE-

AR p REBERFSITFIESIL PHYPH/

MYPH/S s PH/G/ | 317 (ERELEE hateh aise

NIAME K <o SiF PREDEY T ERA ST LK > T
PH/PH/S EFILERESEATCECE5)THD. &F

T - EXEBBESIL R B 6LH/S &

17¢Ha, GI/M/S BLV PHFH/S EFILORE
PR (5475128018 (matupe Jeoradnic  Sowm , 087,200

258) 35 O THTAPI L0



44
3. PHYPH/ X
FAEMBANE («,T) o Phase Agpo
V- EZREMME (8, SO ophase Typo

K

Lol Mge SPRE 1&ha , 8‘;‘%&3;

1 :
3@26‘2’% - &b o o 0 -1
¢ &b --- MBQKD S
B & P &D I 0 ---

\ [

) 1 { v !

EBL B=S@L B=Srel, &-T, C-TOl+I95,
B =BTA, D=IFTH, T=-Te ,T=(T,--, T,
A°=dm8 s som) 5, S=-8e, §=(3,-+,5") |
Ef‘—'diag (Bl -, 60D

LEDIND, TROLESFORELL T
0={0R), 1sRsM} R FEphe
L ={G4R), A2, IsgsN, ISRSMY & FAASL,
43 Y- X phaee | |

ERWTHBEELES 0THE, <IT

G.2>  T=mulmaat-Chd, mad-Eit1>0

CHIE . BREE LT 73

4.



45

0 1 2 --K ktl kK2 K83 ---

rco aDo sz“ggDa o o @) "-\I
Bo C &D"’éﬁﬂD é?KD O o ---

o B C "‘gk-zD dD &D O ---

33 P=

i L el A

S
DEFM L=, %, ) FAOREIME —FT 5,

EEL. C=I+T6, c= [+T°C, B =T ,B=CH,
R=T0, D=G'Ds
PETOYIZFRACTHIEDIC.
G4 do=%, di =gk, -, Liw) (b=
Fo=Co, Go=(hDo, - gD Es( 5)

o

Of“OB C3|D"" ?-iD QD
k= O‘“‘?Q) F=18 &, k)ﬁ‘ﬁ;‘)?@o
0~ 0 0 O 3%/ \gpoo--30
Xg3r. PR
o &
$.5) p= EF& O
“Efe
<EWIN3B .,

Newto O8], 0] (& sp(RO<|, R=G+RF+R*E o
3.6) 4w =R G2  (matwi-gesmedig fovm)



46
ERLE. (PR REATH] R o Povien. Frofonius 78
RN
(3.7 do = $oF+4 B
d =4t (FHRED
g +& (I-R) e = |
KU %o, h MNLFY L (360 =& EEpmNEET
T8, :

T X N |
A7 MUEFER X(D=2xz EEI5ILis- T
(3.9 XOWe=-XMHum+ —L_—@®Pmnxwe

23~
LD DI 12D 0 s U0+ UAD

2xBUY(1) -2 BURW ]

Pme =-XMHURwH—2X"Huv S S
XPWe =—=XMHUuRmn—-2X"nu (D""Sa_d\(uu))

[3X°0) 29 +3XUUMIP0) +X () € 51

FEU10-) i zDe 3504 Hi2DU D
B GEGLD RO RUC W)

-3 BU®)- X4 BUBD]

EEL. 6@ & A@=B+2C+£52*D ok



47
L@, V@ & AD oznTi. T, REX7RLTHY
L T@OU@=P@e=| EEET . FEZUZN O
AR &@(x) U@, ’U‘(‘D(D 120 FROBIFNIZEK
YHETE ,
6“”(0,,@“’)(1):@ , VO =T
(3. D M= A0 e, UWCN=[T-ADFTT AW 0Ile
V=R )= I][T-AWT]
22
§¥W) = LG)ZCA“’C\) ILEO= Z( )M“ RONEE
U0 = [-AGT S R o-8POTTUE ()
-[Z( )’lf‘*’(l)u“‘“’c\>]e

/p:(é)( l).:azii (.A) /L)\O.)O ) EA‘%/\)(D _ d\(“a‘*)\)( D I] [I A(‘)‘Hﬂ_,

EEL . TP AW @E%N%/b TTRIN T
TN & OET .

AT AN I
w & OI\B"\W cwdtime,, 0fFHEH]
A X-R IR



48

(3109 Pw>0)=|-%Ll s LT
| | S P(w>0) = | 23

ERGTIMCTE, (REL X anfinctodimal
goronaton GF=T+TA" DREAT L

4+ MYPH/S ofEk
PERRO & rate 0 ol |
V- EXPHE (B,S) o phase Aidre, CSINXND
Gotch aigo THE (SIS, F=2d
LT8R DRE &
(A3d, ) L hG20) FHE
 de Aphae Y B XEOY-R -
H O O=R=ND
L0y N+l = SREAZ FILTEL |
L={G 5 d, 0] 420, de=min (5,40}
CRET S . L OWEHE
i Ch, S+ N—|
wn Ch, S >

E@éfﬁﬁﬁmt®§®$@5§§§ﬁﬁﬂ7w31%%
0 imfinifosimal W@Rf%



| 49
cem LS S --- Skl SR SHKH -

012
0 Co Dy Do - “1
G{- l) Q:-L Bl C\ Dy -
210 B.C,
St (ot Dbz = Ds O O -
S | Bs C 4D--&D &b O ---
Stl 0B C %D &&D D ---

Y8%., 0 OFEWME L=, X, 2%, ---)

do= (X, er) -, Xy ) 2 é{;\ =(Lsecio, Lsatoxet, - =, stk ) |
(lz1Y LInE PHYPH/ | ETILERIEDRHTE

ATOTERK >T . B L ERDBITENTE S
GFEERRIoRA S Y B8E)

R FILEER

(4.2)  X(D=5LiZs -
LB ¥, SFHrARATARE V. XPYwe , X¥0he
NKES . (NEEE) f

RoE0EE |
43> h=tnmb (I snsK)



50
YIBE . N & oum% @@3\‘ bzt ONEHTH
DHEER TS, ET1=

| 4-4) @ :g Zie Y%{*,c

& namdem (SEFNERNA| BELR ¢ BH (20 3FEEE
%9,
W\ & Badeh. OS]
W & abhary GERDRS R
E92k, (4.3), GPEAHNT
(45> PWi>0)=|-Sxe

PCw>o)=1-2xF
3=
FETENCEE,

5. PHPHY | oA
EHY - XETILSEN BN 300 - 2 I ENBEN
AFECE. Y - BEXESETB O T AABTFEN K I
ol K AT-EXEN) | FEFEN K XHE5
R4 - XIBZEF LEER B,
- FEMBOE & T) ophae dype (T MO
V-2 AE (8,3 ophae e (S:NXND

[0



51

L. KEEXL T.

0={C0,%), IsfR=M}

X={d,R), 120, |sd4sN, |=R=sM}
BB RE Q B9 — N = e T BY . LT T
EAFT FBARN L <HIREELRT . ToPRE0R
DWFHIME 5 IHCET <)L T80 imfiniteaimal
gemenadsr (&

O OF pFoX- .- (X K (et -~

OIGR 00 - 0 O O
HECD o --0 0 0 -

G Q=FloBETDP -0 0 o -
«oBoo0---8 B o -
KioBoo---0 T D ---
o oBo ---0 0o C --

CL :i: Vo )
£EL. B, 6, 0,8, T, B &G DERAHTH

5o

PR< |, R=D+RC+R"B
EHET mumimad, aslutbion R SHL T
(5.2) A& =2rR (A=20)
i}\ﬁi‘)ﬁ’bo |
Lo, X FREHEN



52 |
(5D [% =20 +2xBo
X =2+ ZF(C+ ZRB)
(Le+2X([-Re=|
KVFECE . 52 KVREEDANRES .,

R LEREE

(5.4)  X@&= ZL z*~Z7@o‘E*Z~ =" (H?Z)“’
EEXT B L. |

(5.5) XPWe=xT-R'RUIRI"'e

- X®e=0xf [(I-RI'RT (I-R)'<
M OoMB , |

JEPLAREEZ T, W Ewwrm% cilemor, OFFE
FBRr 35 ¢ _
(5.6) Pw>o0)=I- g_f

7\1\4%'(97!{50 (EEL (& WW@KW
A =T+TA OFERTRIL)




53
6. GIV&G/1 £ MV/§/5 03X
GV/G/ 1 >\WTE. Krimeon and L&g?/w@ﬂba:‘&%*
231 Riamaini anol Losnarol [T AL, EESEL T
%, @ITEGL/G/| > TEREL £ AHNETTE
LT . 6TY8/\ OPEsRE AEEQLOAMANESR
RUTee &k [TITREEINKRE ) FETA1E0FH. o
B0 IR EZE o SHESOMIXCESY 2L -3 >0
FRCFEEELEL O, EAESMD PHYPH/| 9
FEREA VT S0 IR 0BT ERET LTV B
MYG/5 ©OWTK. Gemeteo [S]INE = — 1) X T
VIR EZT . Kvuna anol 0Roone [ 14] INEBEHAE & -
T, ZTHEHARRERNTNE, THEOFE KoV
Ao MYPH/S 0REBRE A WT [ 4] &\ TREN
BTN G,

. RS ROFE

ARCE PHYPH/ |, MYPH/S & REAT L ILNTFI
A8y matuk - Geomcbe fovm ) [TBRHED ST L TH
WEIN, JK fated ake KINKE < B LATA O A XA
FE K< DY . FHR X £ ) wEEE0 BB o
HHREIR e 1 K= o LENEZL Ve T E

13



54
EEMI 2B, EHAE Lucardons [15], Rumasweni21]
FTFL o0 B PH/AY | BRORREBRLRERES
Ao SOFARRKDL bateh age. DTN discreta.
PMW"(EEﬁk?W dufeho s & & STEERAT
QA . BO=EBAGE ST D DEATCHET T B0
(disaste phose Fype dishibution |=20WTR Nesto
(161, (201 8D |

R PHYPH/L, PH/PHY/ | RoLwTHASREDM
DHENC I ZTEMNFE L B b 5T > THE Vo

S . BEH|
PHSPH/| , MYPH/s , PH/PHT/| o F2# 555
BEREZNENS T TCRS TTL}ELJE@%%m
2%73\ 2@%&% E@“

|4



1.0

|5

55

.FL%. 8.1 o3>0 FJ&.
fo5xE Pw>ro) EEY .,

20 TT
‘:/1,’
12/
/y
10 + .‘//
////
8+ by
70,0
61 /
/7
7,7
v
41 ,%,
&/
A
2 //’?
/é /
e’/
//// /
L e
K=ty L./
0.8+ / /“3' K=1
4
;s 7/
0.6 // ;)
1/
0.6F°1 ) 7 [k=4
11 K2 /=1
[
i/
0.2l 1/ £,/e, M1
N
i .
A A e n/m, K1)
0.1 TTeT
(] 4
0.08f s
10.06 L1 1 s L
0 0.2 0.4 0.6 0.8 1.0
P



56

Eug. 82 n3>nIJQ
FHRLBRERT,

|6



97

References
[1] Baba, Y, (1981) Algorithmic Methods for PH/PH/1 Queues with Batch

Arrivals or Batch Services. Res. Rep. on Inf. Sci. B~104, Department

of Information Sciences, Tokyo Institute of Technology. (Submitted to

JORSJ)

[2] Baba, ¥, (1982) An algorithmic Solution to the MS/PH/c Queue. (In Pre-
paration)

[3] Baily, D.E. and Neuts, M.F. (1981) Algorithmic Methods for Multi
Server Queues with Group Arrivals and Exponential Servers. European

Journal of Operations Research, 8, 184-196.

[4] Bailey, N.T.J. (1954) On Queueing Processes with Bulk Service. J. Roy.

Stat. Soc. Ser. B, 16, 80-87.

{5] Bellman, R. (1960) Introduction to Matrix Analysis, MacGraw-Hill, New
York.

[6] Burke, P.J. (1975) Delays in Single Server Queues with Batch Input.
Opns. Res. 23, 830-833.

[7] Chiamsiri, S. and Leonard, M.L. (1981) A Diffusion Approximation for

Bulk Queues. Management Science, 27, 1188-1199.

[8] Cosmetatos, G.P. (1978) Some Practical Considerations on Multi-Server
Queues with Multiple Poisson Arrivals. (1978) Omega, 6, 443-448.
[9] Cromie, M.V., Chaudhry, M.L., and Grassman, W.K. (1979) Further Results

for the Queueing System M*/M/c. Journal of Operational Research Society,

30, 755-763.

[10] Gross, D., and Harris, C.M. (1974) Fundamentals of Queueing Theory.
New York; John Wiley and Soms.

{11] Hollman, D.F., Grassman, W.K., and Chaudhry, M.L. (1980) Some Results

of the Queueing System Ekx/M/c. Nav. Res. Log. Quart. 27, 217-222.

\ T



58

[12] Rabak, I.W. (1968) Blocking and Delays in M(n)/M/c Bulk Queueing
Systems. Opns. Res. 16, 830~840.
[13]:Kabak, I.W. (1970) Blocking and Delays in M(X)/M/c Bulk Arrival

Queueing Systems. Management: Science. 17, 112-115.

[14] Kimura, T. and Ohsone, T. (1982) Diffusion Approximation for~an~Mg/G/c
Queue. (In3freparation)

[15] Lucantoni, D. (1978) Numerical Methods for a Class of Markov Chains
Arising in Queueing Theory. M.S.Thésis, Dept. of Statistics and Com~
puting Sciences. University of Delaware.

[16] Neuts, M.F. (1975) Probability Distributions of Phase Type. In Liber

. Amicorum Professor Emeritus H. Florin, Department of Mathematics,
University of Louvain, 173-206.

{17] Neuts, M.F. (1978) Renewal Processes of Phase Type. Nav. Res. Log.

Quart. 25, 445-454,
[18] Neuts, M.F.  (1978) Markov Chains with Applications in Queueing Theory,

Which Have a Matrix-Geometric Invariant Vector. Adv. Appl. Prob. .10,

185-212,
[19] Neuts, M.F. (1979) Some Algorithms for Queues with Group Arrivals or
Group Services. Proc. of 10th Annual Pittsburgh Conference. Modelling

and Simulation, Vol. 10, pt.2. 311-314,

[20] Neuts, M.F. (1981) Matrix-~Geometric Solutions in Stochastic Models -
An Algofithmic Approach. ‘John Hopkins University Press.

[21] Ramaswami, V. (1980) N/G/1 Queue and Detailed Analysis. Adv. Appl. Prob.

17, 222-261.
[22] Takahashi, Y., and Takami, Y. (1976) A Numerical Method for the Steady
State Probabilities of a GI/G/c Queueing System in a General Class.

J. Opr. Res. Soc. Japan, 19, 147-157.

13



59

[23] Kramer W., and Langenbach-Belz, M. (1978) Approximate Formulae for
General Single Server Queues with Single and Batch Arrivals. Angew. Inf.

, 20, s. 396-402.



