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PEENETIVTHS. FBT8Ry - J2ICET 2MKROBRIEEL, B2 RE
DREL IR Ry N — 2B Jackson [2] % Baskett et.al. [1] R EIC K> THREN. LA
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B, TOxy M-I EZNLEMARME MR R OEER Y P -7 TEUT S
FHETHS. 18EILERE, Marie 3] K> TIREIN, Yao & Buzacott [6] 1 K- THIR
Indte. BRbEE, EERGBTI Ry U2 AELUFEOP TRLFEOKX
WEDELTHSENT WS, LAL, Marie [3], Yao & Buzacott [6] DAETIE, ¥—K
ZEEEAIC Coxian PHEEH L T WA B ENRETH S L HRHC, FTHEAMDK
E B EWVIRENB >z, Stewart & Marie [5], Willits & Dietz [4] 1%, Coxian 7377
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LDOET B, EBIC, /—RilKEETREEE L &L, REHERE pi(n) = P(k =n)
TEYT, /—RiCFET BT LOTEBRANEEE n, = min(s; + 4, N) £ET.

T T, —BARERILEOT VI AL EE LD S, BRILETE, oy b
T 2ICBNTE S — RRIEEN \(n) D M(n)/Cr/si/n BBITHHELTEX, £O
EEIRIEHERZRD D T L THDRy N — 7 DIRAEREROELEL §5. 9, BER
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{ 0, ="
X(n) =< pi(n+1) o (1)
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Step 0 Y—E ZAEREZFILT S, w(n) = min(n, s;)u.
Step 1 88y NI — T BEE pi(n) ZRD, (1)K D Ai(n) ZEHET 5.
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Step 2 (1) XKD m(n), (2)R&D y(n) BFHET 3.



57

J—F 1 2 3 4
H— AR | Hy | B | Ea | Hy
T (p ) 12|12
sev (¢?) 1311 |05 15
, BE(N) 8
FHIE (¢) 1074
0 1/3 1/3 1/3

1/2 0 1/2
1 0 0

/
RS (P) | 1/2 0 0 1/2

0

0

X 1. B—t—3- 2y b T— 70 £ 11 DIRTA-ZFRE
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e ENTZ. L L, BEHREDAEL RBICEVEENEIZS LWV RA
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<, BEYOTHR3TLENEETHS. £z, BEHREEVATLANDIGHCBOTE 2%
HABILEENTHS. Lith->T, AmXOEMEFIE, HEBBICENCHICAS
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IRREEILE L AR DE B T LT, BRARDGEEPHBHERITHIMNREIKTT 515
BICEEINCHERATE 5.

AR BT BT NVOREICIEERGHENLDS. DD, KR THR-TZET NV
IKBWOTE, B2IXNTEURMERODEOL LT eETHS. InHLE, IRTDOE
WECT—ECAZERTBZCERHETHS. FTTHROFELLTIE, BRI LI
T AENIBRTRAGT HEHT T ANDIEREZ NS, e, 2y FU—TRIC
EEOT TRy NI — D EET 2EEEENDHELZBTINETHS. #EI S
A BEBEBICR 5 LT D 3 ZREOENHA S LEIICHEINT 2120, FHEARDE



59

DINEL xR LD, 5B TINVIAVRXLOURDFEL RS,

2E 3k

[1]

Baskett, F., Chandy, K.M., Muntz, R.R. and Palacios, F.G., “Open, closed, and
mixed networks of queues with different classes of customers,” Journal of the Assi-
ciaton for Computing Machinary, 22 (1975) 248-260.

Jackson, J.R., “Networks of waiting lines,” Operations Research, 5 (1957) 518-521.

Marie, R.A., “An approximate analytical method for general queueing networks,”
IEEE Transactions on Software Engineering, 5 (1979) 530-538.

Willits, C.J. and Dietz, D.C., “Rapid, efficient analysis of the A(n)/Cy/r/N queue,
with apprication to decomposition of closed queueing networks,”
Operations Research, 25 (1998) 543-556.

William, J.S. and Marie, R.A., “A numerical solution for the A(n)/Cy/r/N Queue,”
European Journal of Operational Research, 5 (1980) 56-68.

Computers and

Yao, D.D. and Buzacott, J.A., “The exponentialization approach to flexible manu-
facturing system models with general processing times,” FEuropean Journal of Oper-
ational Research, 24 (1986) 410-416.



60

X 6: /—

R 1 DIRKE

0.3% 1 T T T T T T
Qut model ~t—
Simulation -~-¥---
Cox-2 modet -~ %
83
028
2
3
8 02t
I
[
5
& oer
2
1)
LARS
605 ¢
9 i 2 L L n i 5
0 1 2 3 4 5 6§ 1 3
Number of Customers
=4
B2 /—F 1 ORAEMER (F 1)
08 T T Y T T Y T
Qur model -+
Simutation --x---
Cox-2 model -
2
£
1
2
3
5
H
B
- , n : &
4 5 & 7 8
Number of Cuslomers
b1
B 4: /—F 3 DIREERER (7] 1)
08 T T T T T T
Our model -~
Simutalion ~-x-~-
Cox-2 mods) %
£
a
2
g
a4 4
Iy
n
$
5]
&
] L . L ) 1 1 :
0 1 2 3 4 5 § 7 8
Number of Cuslomers

fER (191 2)

0 T i T T j " Qurmogel ——
Simulation -+x=-s
Cox-2 model ¥+
hE
04
2
a
2
[
LS
> 03
g
g
]
[}
0.2
01
o . . e S
0 1 2 3 4 $ 6 1 8
Numbe of Customers
> NELE ) 3
X 3: /— F 2 DIRRERESR (fil 1)
0.16 T T ¥ T T T T
Qur model ~—+—
Simn:ﬁ’an
015 - Cox2 inodét, R
S
014+
onsk E
z
3 02y
K
4
. b
» o1t
¢
]
5 0t
@
008
008 -
007 ¥
008 L . : L ; i )
0 i 2 3 4 5 [} 7 8
Number of Cuslomers
0 B — Jp gk
X 5 /R 4 OIREERER (1] 1)
0.55 T 3 2 T T T T
Our model —t—
Simulalion -~
05+ Cox-2 model %
045 1
04+
2‘ p
i j
4 {
£ H
2 H
g I
] :
H /
7 ;
/ /
i
e, f
.
e
S
i ) i i T
3 4 5 6 7
Nomber of Customers

B 7: /— K 4 DIRBERER (F1]2)



7 2: PERERVIRFERE D LB (B 1)

J—FR 1 2 3 4
(a) | 0.693 (-0.7) | 0.457 (-1.5) | 0.228 (~0.9) | 0.929 (-0.6)
wi [ (b) | 0.698 (=) | 0.464 (=) |0.230 (—) |0.935(—)
() | 0.696 (-0.3) | 0.459 (-1.1) | 0.230 (0) | 0.932 (-0.3)
(a) | 2.172 (0.2) | 0.867 (~0.5) | 0.306 (0.3) | 4.655 (~0.0)
7, [ (b) | 2.168 (=) | 0871 (=) |0.305 (=) |4.657 (=)
() | 2.179 (0.5) | 0.849 (—2.5) | 0.282 (~7.5) | 4.689 (0.7)
72 3. MEREFLMTEIE O LLEL (1] 2)

J—FR 1 2 3 4
(a) | 0.462 (—21.3) | 0.208 (-23.6) | 0.150 (-22.7) | 0.626 (-20.1)
(b) | 0.587 (=) | 0.390 (=) | 0.194 (—) | 0.783 (~)
() | 0.506 (1.5) | 0.304 (1.0) | 0.197 (1.5) | 0.799 (2.0)
(a) | 2.510 (-8.2) | 0.684 (-24) | 0.242 (-22.4) | 4.563 (12.6
(b) | 2734 (=) | 0.900 (=) | 0.812 (=) | 4.054 ()
(c) | 2781 (1.7) | 0.789 (-12.3) | 0.316 (1.3) | 4.114 (1.5)
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7 EYIRTER LK,
(a) SHBIERULIE;

(b) ¥Ial—vay,
(o) $EBULIE (Cox-2 EFIL);

W) v aNORIEE, ¥3al—Ya Yy EORNEE (%) TH3.



