%17% 55 4 JR S| Z?]J 1t % EFE Vol. 17, No. 4
1991 ACTA AUTOMATICA SINICA July, 1991

Al Al ke
I A, - - — _-

H‘r
[+
-3

E VLS fE F1H PR 4R 4 25 1Y R BX
EFSRENERFD
m% ESH BN

(HEM BB Pt 5T )

i =

ANEEIBSEEN ARSI EZRNTUEBNNEM EA R TASGHEARLZ &L, R &
X — &8, Al DN R R AT KR L ot R se, MAFTEE MR, (FHEESEREMH,
HEENBESAFE.

@i UGG ARG, AFA S, R E TR,

—- 5| B

HEAM 8 B M (@ TR IAHEEAM 48 (ONQ) FIHIEFAHEBANZE (CNQ))FEL MR IA
TREFRRAE, NuED Bk, AL EE A KA SRR RIS
AN D RGN, XIBIHR T ZEE0E®E Y (Robustness), FF78 H BRI SE
PRI AW R IE o, EZNE K, BT o m{fTo, FREEAKR, Xt
— S T iZBEA A A, ENSEERNARETZHPSNVIRHIESNRFERTIT KK
B Rk,

;'1/[1 Bl "Mn
O

K1 HEEFERETSEE

FMS th—REBENARZEAFETZRARE, B 1 Z2HREE. B M; R FE
EYLEE, u; B RESEHINTESE, B, Roclss i BTN, HAEAFRY., X
ARG, 5N THBAAEL F—aVl8E. BTSRRI T
th 2 P PiRE 22 (Blocked) FI“PLi&” (Starved) BR, FAHEPAMK ST FRRBEAZLE.
R FEXFEE T RENDITIES B 2RI XE,
T RS E e, Rge R =R A S ETERPTT Y, B, X—ikHy

AT 1988 £4£ 11 H 16 B F.




482 =| i::JJ it % 17 &

R ARG, S ENEUELHR, ENETHEERAKRMLEELR. I8, FKREGH
SUUL T ER R T X G EBIBE s i M. BRI EZERIIEUT 54 Cox ﬁ*ﬁ?fﬂdﬁi’umﬂl%
EREGEY. BEXEREBTHERRANITER., AXCRH—FFREMGE, B
IHEE/N, KEERBE S AHE.

. PlasiERy R

AL I T — T ERURE X, iRERIBERE Y Fdlas & SR Z #BRM 18 2 2
#ﬁ’ i.ﬁﬁ%{gﬁﬂ_‘::

m(x) = pexp(— px), x> 0;
b(y) = Eexp(—E&y), y>0; ¢, (1)
r(z) = wexp(—wz), z>0,

M— P LHEEMTR,FTREEINENE: EZNTIERIRAHIHE, H3l—
IR P s IR B, -0, 5, HR()A[H, E/DHI—RiEEH BB E R

PAX > Y} = & | exp(— wt — §0)ds = ——, (2)

R AR, A H B PR AYRER 24

_ § 2
P ix < = ] — P {x > = ] — _ — 3
{x y} {x y} E+ u E+ u ()

WA © MY B98N, BHis B mruicicd:, FIARQ)FaXGHNE

PA—ATAMT A L & et} = () (5 )- ()

HHEMEEH, DREES BB BENER T, T — T4 BRI A B A
A

E==-—--‘5 ( +T)+§_i#-i—. (5)

4 T =, (SRepiny T 7 FRKIE

_ z k—1
= (§+#) (“é_+.u> 0
TR
14T
E P (7)
AN 2RI T &K 4
1 n
“ T E 14T (8

EREL WLy TN & =0, »' = p, 5 R EILE BN

N
>t~

-2,




4 {ETE!Ef % %fﬁm%E%Eﬁﬁﬁmﬁﬁﬁ%?ﬁiﬂﬁﬁﬁ.&@?ﬁ‘%%éﬁﬂ’ﬂﬁﬁﬂﬁﬁ 483

MIELENES, 5 REHAA ML o ireo g S, 7] H TRy 18200 A N TR (R

et UL 28 BB iRy in T 2
m(¢) = p'exp(— p't), 1 >0, (9)

FINA VLA A2 BLIRRE.

TERIRAE T2, Pl
HRBIR R RS R, N IR

— . R R R

HHIPH YL R EAMER, EXENBAREE, TR IAE R T
EZEHENEE. BHEEE X Hilé M Lz —1

THE,BEEXINE M, FTNT,[HERZEE B, %%, LHEFEALHE, N
FRALEE M, #PHE. WEBEN, BN TREHN TERGEMILE M, LETE.

BTN E, A FANSHIERER: ThE—2nTmE, ZRIMLE R8T
R, HEEE F—RX, %EEATﬂA%?ﬁ%%?ET%F,RE%@]%, HREIPLE L(AFEE

IEHERR]), BARAXFTH
PN THRAETLZ My 15,1H

ﬁ%i‘ﬂ SOREN. HNTFTRAE 2 RERR, tldE M NI

h—# o T EMmRE, R EEREN r, K 4

HORFrkE., i, PLEE M, WEFER w; T p; — r, HICATHE 3 Firc5E
M TLEHENARZERKMEX—TE

,#A?LHZH‘IE’J’*:P”‘@$%
m; = 1"': Tie (10)

F#E, S r, = 0 REER AN

7 AT IRMETE —EL.

2 MHEIEMEREHE

K3 FOLHEARTR

BiE PR WR, B RERIHARNEK ST &EEY, MAKAHTLTHEE. HHRERK
¥ @ BB RS AR SR E B R — N RFNRSEREM, HomRECH
m(¢) = mexp(— g;z), ¢t >0, (11)

o, SRR ER R G R HEBA R S5 1 A

S REE A FEAR, BIENLEE M, BEITATIMI, DRILE M, kEAZHEEE, ®

JERIHE N TR, %@EEPE’J”T—'J&%B_I HE 2 FORBURBIRER, RAEXNPLE: M. Kik

r.=0, Hik, BT UENLAHAE 3 @?Tﬂ’ﬁrﬁ} R, 287 HE 4 BB HEPA 4
EALEIRGR, B = p —r; (=1, —1), G, = u;, HBTREHR,E5—1

THELTFREREIMN

b HE 4 RO

[ MR E

Al 4 BUFEIL —If 'F?Hf—fﬁiz.

SRR R A PR ARG, RV (throughput) 29




484

i}
A
o
i3
=
e
13

A4 REFELHBAR R &R

TH=pg = p, —r, (12)

Elﬂ:!:,ﬂgﬁliﬁ 7y %T*fé TH, Lﬁﬂ'i ST I R P *%ﬂ;ﬁ# ,lﬁ]@mﬁﬁjhh%%
KEFARBIHEE ryy -7, 0.

Iﬁ by sb,y BIAVLEE My -3 M, TIPHZEM=R, BA ri(i=1,2,---,n—

1) ¥ #_E/;"h;:

v, = (ﬂ; — T1)bs- (13)
BZXRE r(i=1,2,-,n— 1), RERKEZEHOHEEME by, byy--+,b, 1, XF]H TFI
13T TROK S -
1) BEIEE b, b b s 4 k=1;
2) Q3K rf = (ui — )i =1,---,n— 1), 3MK a5, a3,--+,a8t_;
3) WEFITHREIEREA a %njm:ﬁ@:%:%} gia(i=1,---yn— 1), RENTHEA
ARG, KEHEME pi(i=1,2,-+,n—1);
4) B max{|pf —bf|, -, [pt i — bt |} <e(e>0FLEEI)EETHRE, N
R, NUSKIRTERE, H 1k, B INGREET —2 5
5) A TFREK b}
b = pt + p(pf —B1), (V< p<1), i=1,2,- yn— 1, (14)
k<—k+1, REHEE 2).
' -*:**“EWEIFM%%% i éﬂﬁi%ﬁfﬁ?ﬁﬁ%ﬁiﬁ,lﬁﬁtﬁum& wi<p; (i=2,+--,n),

/1

e b; =0 =1,y n— 1), BUZEEEE b FE < pu (i=2,--, n), L
b; =0(i=2,-+-,n— 1) ﬁﬂm%?ﬁ 25 B WAEXN Nipi HITFRE:
p¥ = Pr{L; > N; + 1}, (15)

e

L L R LENTHEBEEPRTORNENSI0Tg, E5FH, AX—ERK
ﬁ@ﬂ:‘“%g’f IJ\,

h. i & BT

Bll, RGEHWNEHARER, BSEORIH. ;——- 1.5, & =0 (K%F%ﬂ%ﬂﬁﬁ“), —
1 2]
2.0, -é_—~=56 T,—=23, B, — 7.
78 ; ~ 15, ; — 1411, RGBS BSAE % TH, = 0.2583, FAH &

FRMTOR#EE TH, = 0.2790,




WAL S F %@M%ﬁﬁ?ﬂfﬁﬁ%#ﬂ%%ﬁ%i?%%%%@ﬁ*ﬂﬁﬂﬁ 485

\ b

BI2m RGH 4 RAK, ZHBEEA B,— B,= B;= 1, EJLASKT, 55l
AT T ENRAARXE T BRI KR, SEERUKHEMEMSERBERTIE (L

= D DIBEERER:

=
= &M = X ek TH
I, 1L, I IR HESEHE A RS B XTI H & TMH a1
1.0 1.1 1.2 1.3 | 0.709 0.697 0.734 0.645
1.0 1.2 1.4 1.6 0.762 0.746 0.794 0.706
1.0 1.3 1.6 1.9 0.798 0.782 0.825 0.755
1.0 1.4 1.8 2.2 0.848 0.812 0.871 0.793
1.0 1.5 2.0 | 2.5 0.855 0.836 0.883 | 0.824

M

MEFRIDE D, A S BRI URE KRR T RSRE,

118

. >
VA é:l%: _L/t\;

HTHLES ik A A PR R i 88 (U B M, (515 X A2 P SR AU D A Al OO BB R, IR I R R LT

AR, ASCAMAERUER, HOREMESE R, BRAGERESBECENMRT Bl a1y

[ 1]
[ 2]
L 3]
[4]
[5]
{ 6]
[ 7]
[ 8]

[ 9]

E AT BB RL) , B — R LRI TS T 5 . AN G A T Bl RERBY AT
YT R, B R AT IR S AR By — & R R

2 X% X &

Solberg, J. J., A Mathematical Model of Computerized Manufacturing Systems, Proceedings of the  4th
Internatinal Conference on Production Research, 1977,

Buzacott, J. A. and Shanthikumar, J. G., Models for Understanding Flexible Manufacturing Systems, AIIE
Trans, Vol. 12(1980), 339.

Suri, R., Robustness of Queueing Network Formulae, Journal of the Association jor Computing Machinery,
Vol. 30(1983), 564.

Gershwin, S. B. and Berman, O., Analysis of transfer Lines Consisting of two Unreliable Machines with
Random Processing times and finite storage buffers, AIIE Trans. 13(1981), 2—I1L.

Gershwin, S. B. and Schick, I. C., Modeling and Analysis of Two and Three-storage Transter Lines
with Unreliable Machines and finite buffers, Operations Research 31(1933), 354—380,

Ho, Y. C. Eyler, M. A. and Chien, T. T.,, A Gradient Technique for General Buffer Storage Design in a
Production line, Inmzernational Journal of Production Research 17(1979), 557—580.

Altiok, T. Approximate Analysis of Expotential Tandem Queues with Blocking in Production Lines, European
Journal of Operational Research 11(1982), 390—338,.

Altiok, A. and Stidham, S, Jr., The Allocation of Interstage Buffer Capacities in Production Lines, IIE Tran-
sactions, Vol. 15(1983), 292—299.

Gershwin, S. B., An Efficient Decomposition Method for Approximate Evaluation of Production Lines with
Finite Storage Space-summary, Proceedings of IEEE 23rd CDC, 843—846, 1984.



17 #&

W
o

486 : )| e

MODELING AND ANALYSIS OF PRODUCTION LINE
SYSTEMS WITH UNRELIABLE MACHINES AND
FINITE BUFFERS

Wu Naror ZHUANG SONGXIN Xus JINSONG

(Shenyang Institute of Automation, Chinese Academy of Sciences)

ABSTRACT

Based on the modeling and analysis of tandem production line systems subject to machine
breakdown and system blocking, a queueing network model has been built. With this model,
we can solve the problem and evaluate the performance of the systems without involving comp-

lex computation. Simulation results show that the accuracy obtained by the model is satisfa-
ctory.

Key words: Flexible manufacturing systems; queueing networks; tandem production
hine.



