FHUMALEE| Hoteol2| X8t SAO T8 AF

Agdga A3y 25 3} Y R
gy o] 5 3

Abstract

This paper deals with an event-driven optimal control model for a
flow type manufacturing system and a systematic control
procedure that we developed under the concept of theory of

constraints{TOC).

At first, an equation is suggested to find bottle-necks of
manufacturing systems. Then a target production level that
improves the existing heuristic solutions is derived. According to

a two-phase procedure differentiating a Dbottle-neck and

non-bottle-neck control, a system wide control scheme is derived.
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Priority dispatching and input sequencing are considered in an
optimization model that is activated with event-driven style. In
this scheme a control point where the bottle-neck locates can also

be changed dynamically.

Simulation study intends mainly to prove that the performance of
our model is greater than or equal to that of the others, but

which works in relatively low work-in-process inventory level.
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1. 3& EAq I3 93

FMSS] BE&2 & BHY 71 ¢ B4 F9 v/t 8884 &
A2A, Kimemia 9 Gershwin(1983)°] ¥%t#4(bellman’s equation}
58 ol 88td Agow AZA FARYL AAG oz o HEe A7t
o] Fo)A ¢t}. (Gershwin et al., 1985), (Akella, 1986), (Maimon
and Gershwin, 1988], (Gershwin, 1989). (Garetti et al., 1990],
(348, 1991).(d€4, 1992)

ol F HYP L AtAg ¥4 Wk (frequency)dE AZHog BA &%
& Uyl 5Ae BIAEE 24T FY 29T Y] AT, e
e FHE A¥HR U (DA 35S d&3olgtn vy (2)49, ¥
3 A2 4% (routing), &8 Atol9 AlZte] mBiHA %3 3w, (3§
g Aol giolA B B Fr1EQ Qatsojol & R F F£2&0] 4F
Z Agde A Fol AFHANLH (Y. H.Lee and Iwata, 1991],°] 1y
g vgte] 2¥L v 44 vddY BEAE AFHn 3. (Akella,
1990)

¥, M.H.Han ¥ Mcginnis (1988, 1989)¢8] 7-§- olgli= &g o]t
#d(event-driven) FH o2 ZFFAE AZT 2L A 7IHE A
o] AAAQ ditez FE%a Y. A7 e HE ¢ 2FE MWL
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vt} Al2ag B8-S JFsa, o4t &4 B4 Al uid Aagg dAsa 3
23l RYPE o g3 TA AEFE s WS Adsn Yrh.(Han,
1989)
o] ¥ Al I L ¥ 7HA Hetdol & F o] 3t}
(DA & #A(Cbig M) A Aogk 4 Aibdekel 242 J§ 4,
(2)A4 43 @A W9 FFF A vdo] gla, A2 22 (backlog) T
H 8§ oprldte Aoz /e A,
(DA2E AAZ B BAE F&A el A7 A Ad(myoptic)d §
o[t}
°| M.H.Han 294 ALEF 'Z (big M)’ & U2 A& T, o
£ 7 20| A e ARFFAE odvdte 4ot} B o Ade v
o d9saiaste TOCIHANE AifFEe A UolA A1 5 (time
buffer)2tidted FAH o2 A 83 249 4§ 7Mdolt) (Goldratt
et.al., 1990],(Raban, 1991] ol gt = 423 ditA A7} Hasr}.
28 Anng Evolhd AT An5E =¢ Agsie Aol UL @
A detel @ 4 ler, 2719 2dolA] HE&H AAE /e 2H|
ojAel a2 HEHEA A2y AAZ B AZo] nalsA] 2R

2. TOCY N

TOC(Theory Of Constraints)@& 80dd] X u]ZoA] =% sld A2
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Q2 AxG o R AHEA 908d £ OPT(Optimized Production
Technology) oAl TOC, A %7974 (Management By Constraints)
U FA A (synchronized manufacturing) S22 o]go} Z8EWHA 4
dHeel & EokzA ARr] ARART. (Fox et.al..1982), [Goldratt
et.al., 1986, 1990]), (Ronen, 1990), (4% ,1994)

ol ¥4FY AR 4% B A oA, HA 71EY AFEEH B
de A7HAl A9 AR F, &°lU(net profit), FAT E(return of
investment) ¥ g4 A (cash flow)el 23 g el iddd disie] v
A, O ARES 44 HIPsc 2ATAVNTLZA "BE-A2-3v])”
Mdol Ba%E B it (Goldratt, 1990)

EG I gl sl AABAVIYeEN =-us-2 A S ARME
v, 714 =3ol& A4te] A FH AE 4 ¥3)(expedite /deexpedite) 5
of gy 71eS Y. ¥ 2H oA Aol AnE oujsw, BRI
T 424 B91& EA3: W4 (input sequencing)g& o] g},

f-:m—-n:‘ e o
>0 0 0vQ - O=

Wy (&Y

(182.1)TOCY SHZY
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A% BEANAE B A Aoyt E AT, AEAES FF
gAY A gL Y A3 FoEdE fAiPsdr EFetn GAET
& @5 vido|t), o= ¥ AEHE VAT ALLA F WEe
EZAE 9. 23u ol# @ WEITHY &¥FAe FHIA A4EEH
A 715E Selshd Aatde] £5£& 2da2Y A §%0 ¥ FF st
ADE A 277 e Fio] EoAAHe AL WAy, FEY

A2 M T olg) mFsA 2 AEAI LY JHEEA FHEE Al2HAA
o] E&o] BoAA AL, 89 TOCAA = ZEFT A2 53] 3
S 7RG g A2H AL ALz Ao A 9 A
Agol AAZAL 238 #Art € L Uvic & H93 Ao, (Fox,
1982), [Raban, 1991)

ol EF 1 I8 EA ARE Folodrty: HeA L JITENE AE
Zolg}. 1y Alag o BEAZ 24 A S JITAdM e it
&40l E7t s, TOCAMEolg e €8l WEFTH (bottleneck) F& &
FA| %At 9 (Capacity Constraint Resource) €ttt AlgE Fo A4t
A& BAge §AYAE Agkn . ofd §FAFAA(CCR)OIE AA)
T WHo ol dFAEe] ARE Ff WE] 2 F v FFE ITE
t}.

2 o] MHER vhed 2 S /AR v Sl FEeR A
g 2ba] JPHE, AW BEFEE 2 Y, AnTdFE 2R /A
gt g SoA 2AF 71 (heuristics) & &8 g5 FAsve A
ojt}, wetA ofFAA = A HE £ w521 Yn o9 B F 4
Z3el  x3ol W3t (Ronen, 1990), (Luebbe, 1992],
(Raban,1994)
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1. ¥4 2324 (bottleneck)2) 34

N2 A R35o] Fol7 geola, 2t gaate] AHolA niv) ohg
4g olgsiel HA e UHUE xeolA (k)7 §EFF| A}, =,

: Y — .t
e={i " A0 g x70. i=1.2..m (0

ojef, 9] HellA A&7 ¥4 ST LFH(Xm) & 37 o] Fojd.
X:”=m1n{0,2(dl+,_,—-lv)} j=1,2,..,m (2)

9 (D29 ofu= EAZITF QAT ST THE Ao 7]
% 2 go] e FHL WESR BMATE Aol o] Fhel 1 <13 A5
© §%0] RAE F=e ALE Yo rn ofd Ao Aud TAEY
< F3E A £ € BHEY A 91 4 U o] Bve vdd 44
Hed THFARE dwsldA A& (throughput)S RAEFE Aol
Fasty, gds WEe fArst Hie] Hrl.

Y o] o] 10149 Aol FHFALWID)IE HA8 A7 A&
Faorgtt. a2gASA %S A ANaTFEHAT FHEA AS BhEA
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Uizl Ao Y1tz fvlete EOE BAE ol 4 . a2BE o7
A 2 gtz WEZE gt WEE T, dee BT 2H0A] &
o ¥z R ARE FA g 4L 2 @ 53], o] By R
28 3% o] w2 CCRe] #ttc Aot

282 GAFE ol BEe BE % FFEs Bady, AdE &
A BR Bk ole} Y4k Ay A TG R TAY 2H £F o R
o Folof gt & RYA L o] F-EE fEFes HIsnA ¥t

2.

o

A 25 24

oA71d FFee EFZe F4U AAE 2AgHA 83 BHAIAA
ARE AP & {22 e A A FAE AlTE ol oid 71
ol A A AL Ao 92 A #A v EEF AFFH Fol
Al2gee] HH Ax £E& F3e Aot

2.1 HY M &2 IH

Sel7t e SRR e A4e AR B FAFAL HAYRSTE T
2 n AW tlMY FAADT (1), Ad AR A5FE 1 F2FE d
g a9 o u
gge e} 2ok

x(t)=0, I(t)>T
x(t)=4d, I(t)=T
x(t)=r, I(t) T
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A =1ty + MTTR, B = to + MTTR + MTBF
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2.2 SH 25 A

(228 2,110 2= W8S HA28 AAFE FAH TE #34d U
% 24,

t T,
]::k[ T?l+(f3—t2)‘2_“+(t4_t3)Tj] - 5[ %‘(tg—tl)(T,_dTr) ]

dl kT, darT,

T, ~ dx—ad) +h(Tf—m)+s(Tj—dTr)—dG~£_—d)—
olef, J7} convex?] P& dJ/dT = 0 & &d:
AT (hd+sx) —hd(x—d) Ty
T;= (h+s)x | (3)

ol %A 4:(big M)E UAE Rolul, 24 24 o] FPTHe] o
& A Ane 4% AFE dvst g,
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3.1 423y =X

(1) 2 1: 44 s 9
ol e €A% 27% Ho 44gFe] ¥ & Byl
z, AX"<(b—f)t (4)

o) ASolL FAZ Fol AL v)FFo] TYSHA YLk A AR |
Agee] AR, ¥ g4 At AL KAV A BEF) AFA
7 FAAY. @A) ALDF ZIA (D)ol Mele] Sol7l Bol e ¥F
2 A AEans A @ g FLFDIAL, 4 e & 8F
gol RLF(T) TF o PUAES AFT. (2Y3. 104 s& 271430l
W, u g vt 330 2.

of Mol MgASE © G=—Tpth 7t HI, 4B D B4 e he
2}

L=d,U=d-1+T

(2) 42 2 : SYMLTHO| WABERL ¢ 247
& A% 87 (Xm)o] A4t EvteolngZ() HAFT & FFL2 a7
g, dndo g Au ngH| gl FUHoR AL ¥ Eel ¢ Jund
ol 47 4 & iz Aoltl, 1 RE AV Ane nTE HA I
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(1) 22 3 : SAIZE Ypt T Ois] MivHsel AL
|

ole di/le ¥EEFH o] Adte W3 A oz, 27 #LHe
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o] A% shgelnz B4 717t B¢ ¥l & (non-negative)o] B Aol
E 93der @& A gEookey, Ertvdvde 4% #(T& ‘%W
A shokgtt, dkEtE, o] Rl A ¥ F §-Fo] RAEA s R3usisl
E AT AdAezrel A4 HEQ FPRYE oo Mol d 2
02 ol RolA 2t Pttt FE WEFHAA LgHE 4+ 7IHE
o o AAElA] geth. o] Hol B FAl wWeae] HAolAA E£F A &
el Aol o] A4 v EAsE W} [ (0 A AS C;=E/d;xs; 19
E C= 07t 8. B¢ 3¢ g2 U = X" o] &

(2) A 4: M BoEsel 3L

o] ol BA7IE 2o At BibsoE s u el ] /A v gs
(non-positive)7t € Rolth. % wZHA sl TASALTE Rojthold
o] AHY PaFHge] A8 vl AAM WEFHo] o Ro2HY
sde oy, v Aadged a7sHE SANLTEE FAEA (S ¢A42)
A Asstel WEEAHol viAx G @, WS A4 B7M5(infeasible) 4
o] AW AE olFd AT AY YeUt QT (2¥3.4)0AM9} o] BA
713t 29) Aj3e] 2L 2, 3 9 4AHEH 0| Ho) HgETt € Ao, FE
AL A H)715(infeasible) .2 B4 8 Aot}

H8H4E B T 001, = (1— kel

addle G = §7F 9v, =@ B¥pe U = X "o
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(1) 3¢} A MYxEH
AL AR Gt AL v Ao HEH.
XiZXH-l_IH-l’ fOI' £=1,2,....n

(5)
ol o, Hro| AngFd N A E9ast.

YREREQFM (input sequencing)el #H

e SAALTR( XD A8 @n, A7 e HEITH] 4%
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of W, ki (1)9) el dem, kb B4719 B olw B30 9e
& Hgurh

(3)=BEXH Y
o714 Sl ool el (pull type)d WS mEs ALFE BE
o uto] AL A5 n, £F BEZY (input sequencing) S e B

maximize rX,

AX<bh

subject to  X,>d
X, <d+(T;,~-1,)

for k=X, where=1{41,2,...., n}
o] wj. A A<kl o (1)5E (B)7AL] AGzdel ¥}
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4.2 3189 4=9 d¥

e 7Hgedle deiztie Adsord REe $H&dE UsH gL
AR T2 F AISEIRET. F, AV Fo aa T dAe)
ARR 7ol /AL ¥ EE dRALeTE Rl

I
X3

P,;=min[ } . for X250 )

4.3 BH 32lE

o4 BARYE 4P FALRAFOE FYSA 83 Yol 5
WA drdl £ £ Utk (29 4.1)3=

* ERYNAE -

QAL A2 3 SEVEE(] A, b, £)9] g& F3E od [ AE A
TE Uehi, A 712AIL 9H, bt f= 212 2152 A4S 2 2%
U A 3o A 2ElAdN AeE & e AASE o}

A2, & 2P (E52) & e

243, A% BEEF(T)S 78

274, 2% A : HEFPY A9 YETHo] old A4S Yo EXW}. &
A 2AAA 9] A= (1) FEFYL 9534 YNEL Ba2e g Fu}
2Q)FEFEHAEAE FHAEAFH (P S H2EE @),
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FHUMAMAHS] Hefrtolo)xst SHof Tt o

2AS, WEFPe} WA A2 g A3t 14 Al rich(event-driven) %2hE
AN, A2 Sl

| AR
(parameters)

off-line

. on-line

M A" AE

! 4 -
i 4 monitoring

EEEATH
' (input sequencing)

\. <J

y

EEZSCERER |
RS AEAAR J |
g%

(priority dispatchin

(284.1) SHEIEEX
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V. A 3 d A

¥ AN AET AEFoIHNYAE SIMANelx, Heg LP
subroutine® FORTRAN77S o] &Rth, AA g xdojA|e] 22 67]
ol AH|o[A| Ateloliz ¥imr} EAFPC 2R HFAFL PAY A 0]
Aol Al 2T AL gtk AF FRT 270, 4 Z1Ae aFAIR
43 FYAT HF L FYSTHL(MTBF =500, MTTR=50) 7} 33
o} AlEH I E 3,000NtE Yo, FAXLEYE 999 (t=9)2
AR, 48 g2 259 dllr| A5 (Push type)d 718 =¥
(CHC:Conventional Hierachical Control)® M.H.Han® S#=23Y
(HC) ¥ TBC(TOC Based control)® M7HA] Z-+& 5o 4% vlmst
© 34L& AP

K% stage 1 stage 2 stage 3 stage 4 stage 5 stage 6

1 0.24 0.22 0.22 0.20 0.34 0.20
plan 1

2 0.16 0.16 0.14 0.14 - 0.12

1 0.20 0.34 0.20 0.22 0.22 0.24
plan 2

2 0.12 - 0.14 0.14 0.16 0.16

1 0.20 0.2 0.34 0.20 0.24 0.20
plan 3

2 0.12 0.16 - 0.14 0.16 0.14

(#5.1) arisAzt




FAMMAAE | Heofe 2oll7| X8 SHjo) 28t AT

+2 2E 1 RE 2
10 0.3 -
20 0.4 0.2
30 0.3 0.6
40 - 0.2

(#5.2) T22| EE2X(t=9)

A9 AHolA A8 ARE FL(demand) NN A2de] B% F, &
29488 B3 2ol 8P SP%)=TX,,/ Dd,x100 o &3

W#OZ CHC = 140.3%. HCi= 98.1% 2 TBCx 97.7%9 €4 &
% Boln gith. ol Fatel T Alxge A% pull typed BAWAE
sto a7t glow gk %E A4S F¥sicd W, CHCE: push
type?l AAEAE oz 7Y fFF(idle) T FAREL A% Yoide
o o] 2 Aot} [175.1)

mr

150 e

100 e T S ————
50

0
10 40 70 10 13 16 19 22 25 28
0 0 0 0000 00 00 00 GO 00

| CH BC 8¢ |

(d5.1) +2242 AN
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FHYLAAHY] Ao ol7| X8 SHoOf 28 AT

VL 32 9 33 3393

4 FMSY B4 248 d82%id. 58 SA e
A dvrde dFRoIE FEF ¥, A3F EANZ¥H M.H.Han and
Mcginnis® EARYE S EMatgn, FA9 RF-& 7€z gt TOCH
Mg E&ated A2 FAE At 2 WSS thge] 472 9] &
% sl |
A, FEZHE FHohle 7IYE AR, A9 24 & ol XA
th. st A2gAd FA WEE Hste ARdel Helen, FEFYF
(input sequencing)@% EAE UFUoH A7|He o HEFH A
Fol tFo] F=5 Yt
4, WEZHANAL A3 2XF TE SEs 22449 &9 MAE A
2T}, o] 2EZe ult WEEH (bottle-neck) A AL Az
Ede, o g gAdqA En ste HAHe BA9 /1EAE JEIg.
°]% Ilan & Mcginnis Al2EolA e 2 4:(big M)E MAE Aol %
TOCS f3elA Xohg o 2AALE AL&de ALFHA TS FEH L
2 {15d Blojn], HEFH S 2¢ W T TOCIHA AL a4 deke
ANG Rl
AR, WEFFe EEEEE TR 2 @4 TAE st o 9nlc
£A9 BAEEF PolFo) AANE AT A ATAR(WIP) 55

Fol A" 58 7PEA siof SAI7F AR et Alage AEE 7
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& 5 A Ade Held.

WA, 71 AL BA A2 7B o A it WA oz AlaY
o] def MF Al vl BFES wHo] Fo, Z gl HH3 nYg E
o §-F Y 549 (priority dispatching)?} Al2¥ Aeiel wlael 2
EE 9. =¥ FAS 2ol He WEIIR AR AT o
(dynamically) vt & R 81840}

A 3o A7UFeEe AA TYEEE(Line Of Balancing) %
THEETY HAE Fostc BAS A4 TAVITG)E s A A
A BEFY W 27d e AHE 4 F(purtubation) B & BA) &
TOCE 8¢ Alad YAJAEA Fol Urh.

iak
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C AL FMSS AAAY 3 dAAYE A SRHAQ AAABALAN 2R
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