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Abstract

In this study we consider a CONWIP system in which the processing times at each station follow an
exponential distribution and the demands for the finished products arrive according to a compound
Poisson process. The demands that are not satisfied instantaneously are assumed to be backordered. For
this system we develop an approximation method to obtain the performance measures such as steady
state probabilities of the number of parts at each station, the proportion of backordered demands, the
average number of backordered demands and the mean waiting time of a backordered demand. For the
analysis of the proposed CONWIP system, we model the CONWIP system as a closed queueing network
with a synchronization station and analyze the closed queueing network using a product form
approximation method. A matrix geometric method is used to solve the subnetwork in the application of
the product-form approximation method. To test the accuracy of the approximation method, the results
obtained from the approximation method were compared with those obtained by simulation. Comparisons

with simulation have shown that the approximate method provides fairly good results.
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CE 1) GlA 19 Hak: M=3, K=10, # =(22.2), ei=g=&=1/3

Ad Simulation {;‘é%ogggs
FP by BP w W, FP by BP w W,
01 | 95239  * * * * 95463 00002 00000 00002 10309
023 - - - -
02 | 89503 00032  * * * 89816 00024 00012 00030 12383
035 (25 - - -
03 | 82553 00131 00102 00171 13104 82658 00132 00118 00197 14941
(0.12) (076) (156) (152) (140)
04 | 73326 00469 00770 00971 2.0689 73506 00456 00671 00839 18458
024) (-277) (-128) (-136) (-10)
05 | 61104 01256 02979 02967 2.3626 61860 01190 02838 02838 2.3853
(124)  (-525) (-47) (-43) (09)
06 | 4663 02638 10659 08864 3.3536 47281 02586 10425 08687 33500
(1.38)  (-197) (-219) (-199) (0.16)
07 | 29063 04994, 38898 27764 55590 20435 04921 39636 28311 55731
(127)  (-146) (190) (197) (0.25)

wal A7 ) A g AlEE O
Aol s 7 el FAHA Aok =Y
ANEYol el o3 PR HE JE2R T
ZAHR 71 el sl gl e ARt ghol
ReEsl Atk Aggoldd g5 do A4
FAHE el 00010138 22 oz FAH
FARE RAY & e Afde FAAM *2
2 BEAEATE 4 AYFAMY HFAFTF
FE AQ JAY A 1Y AFst AE
golde AAuRE BE dAd s o B
AFA Eax dA 1o tsAMT [28 6]
A RFQlnh

E1-F4oH £ F A%l & IFAA AL
B AR dFe R OEY OF FF
o A7 & A& o Iu A7
el g3 dojA #st 01 W #FHL e

25

e
—O—NQO.i
\-—D—Sim |
1.5

Y T
01 02 03 04 05 06 07
[T 6] = 30Mel W MSE (o™ 1)

A% ASlE 2E AU gl 20% )%
THES BEY & Atk P e 4
Yo ghol 2 SelE 2A 23, o] B
T YRRy Ao @S 005 Wwd =S
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o)

- oA ' RHEENREE

CE 2> of|F 29 gt M=4, K=10, # =(4,224), &= =1/2

Ad Simulation éé%ogfg)rs
FP I BP w W, FP b BP w W,
0.2 94289  0.0000 * * * 94131 00000 00000 00000 08122
(-0.16) (0.00)
04 86510 0.0019 0.0011 0.0018 0.9802 86210 00018 0.0012 0.0019 1.0555
(-0.34) (-5.26) (9.90) (555)  (7.68)
06 | 75422 00215 00289 00320 14935 74896 00208 00271 00301 14459
(-0.69) (-3.25) (-6.22) (-593) (-3.18)
0.8 59014 01106 02827 02352 21270 58049 01136 03036 0.2530 2.2263
(-164) (271) (7.39) (756) (-4.66)
1.0 32106 04120 27150 18034 43772 32948 04021 28165 18777 4.6692
(226) (-240) (373) (4.11) (6.67)
CE 3) Of|H| 39 &3 M=5, A,=15, ¢ =(4,4333), g1=g =1/2
K Simulation (‘;\éforeirtgs
FP bs BP W W, FP b BP W W,
15 37305 04569 4.0898 1.8082 3.9574 39328 04371 43460 19315 44190
(542) (-4.33) (6.26) (6.81) (11.66)
20 76201 02335 1.5031 0.6668 2.8556 80161 02105 15046 0.6687 3.1769
(5.19) (-9.85) (0.09) (0.28) (11.25)
25 | 120101 01105 06424 02848 25785 125493 0.0970 05928 0.2634 27153
(449) (-11.7) (-7.72) (-751) (5.30)
30 | 168669 0.0463 02270 01008 21778 173263 00431 02401 0.1067 24762
(272) (-691) (577) (5.85) (13.70)
35 | 220681 00200 00960 00429 21475 222249 00185 00973 00432 23305
(071) (-75) (-1.35) (0.70) (852)
442 olFE A 3 FasHA dE AL A ALY EYRE 23t HAst AVUAA
2 gogd =29 F27 JdezE wAse a7 g & AEdHAE AT FEF Fa
A% CONWIP A28 $48 4+ & § 3 7ol 8 4+ A% 222 Bedd duy
WE U] EARA ¥ AWl B A7 o2 2AAA P RUEE AYRY 47 2
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(B 4 ofd| 42 @ M=10, K=15, ¢ =(77717,777.07), gi=ge=8 =1/3

Simulation Algorithm
YT . W W F o B W W
02 14,2517 * * * * 14,3180 0.0000 0.0000 0.0000 0.0000
(0.46) - - - -
04 13.4368 * * * * 135482 0.0000 0.0000 0.0000 0.0000
(0.82) - - - -
06 12.4872 * * * * 126727 00006 0.0004 00003 04907
(1.08) - - - -
0.8 11.4397 0.0070 0.0070 0.0044 0.6237 11.6698 00041 0.0037 00023 05669
(200) (-414) (-471) (-47.7) (-568)
10 10.2295 0.0250 0.0379 00190 07354 105159 00157 0.0209 00105 0.6663
(279) (-372) (-448) (-447) (-9.39)
1.2 8.8395 00652 0.1304 0.0542 08318 91893 00460 0.0887 0.0370 0.8039
(395) (-29.4) (-31.7) (-31.7) (-3.35)
14 7.3759 0.1336 03668 01317 09862 76762 01097 03102 01108 1.0095
(529) (-178) (-154) (-158) (2.36)
16 | 57014 02577 10899 03417 13258 55941 02244 09716 03036 13531
(-1.88) (-129) (-1085) (-11.1) (2.05)
1.8 3.7974 04378 28141 0.7798 1.7813 40925 04068 3.0000 08336 2.0491
(7.71)  (-7.08) (6.60) (6.89) (15.03)
HEFE i FaEE AoR FFHALH, 5. 43 &
Zt ZAAZAANM e HFATEY &, A UAF
Ao & 5& FAEIE 3 vi$ P 2 Q7dME gAFd dE £27} com-
FAX dAAL nE2= 99 ¥ &, UNF pound Poisson #A& W& ZH$9 CONWIP
A uFE 29 HF ¥ WFEHF29 HFA Azdo] gk ZAHENE FYsHT At
Y Az =& 2AE 7Y 98 doiA 8 g CONWIP Al2"g ¥A357] st & 4
Bt g Hole BEE $ AUt B 2 FA e ztztel CONWIP A2"g £713 &
FANE ARBAAL dA 1) M%7 & golAo] ERste HHY dridEges B9
Aol M) HFATE 48 HAFIoY 2A FL olE SHITANE ol &3t E4EA

A7) Yol ga dold HAAMTEY = gy oo, FP/EYL ol &ty R WELY A
23} 5% e ARG gtol g8 E4& FYsAw £ d7M Agd

AL WA TAHRZIEE HYRA EAse FEFY A
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