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Analysis of a Multi-Stage Production/Inventory System
with an Acceptable Response Time
In the Case of Products with Different Processing Times

Ken TAKEDA' and Mitsuru KURODA®

Abstract

This paper deals with the case of manufacturing products with different
processing times, and analyses the relation between the target service rate in
terms of shipping the products in a specified ratio within an acceptable response
time and the planned inventory levels of finished and semifinished products to
satisfy the target service rate. Based on the result of the analysis, a mathematical
model to determine the optimal inventory configuration is formulated, which
minimizes the total planned inventory of finished and semifinished products. The
numerical experiments indicate that the optimal inventory configuration weighing
much on semifinished products is obtained by the above method. Furthermore,
this paper discusses a sensitivity analysis by examining the influence of change in
average processing rates used for the above analysis upon the service rate.
Lastly, to back up the analysis, production/inventory simulations including
machine breakdown are carried out in order to make sure the target service rate
can be achieved in the optimal inventory configuration taking into consideration
a change in the average processing rates.
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REEEZ 18U T Stepd ~, MET BHEIX
BREHEZ Licky T2 EEdbic, RERGH
L T Step 7 ~E#p.

Step 7 D IBED Tena & D E T NI Stepd ~, KT N
T T 5.

3.2.3 bEa—)RT 4w I RFEICL DEEERE

ta—Y AT 4 v 7 RAFRE, BEFEEOVYME

E(x;n) EREHERZE V V() 2o B0 EEE

BREHZR g, 23.026) X DED, ORI LN

TR EEER LS T2b0THS. hiE, 7

EEHICB T2 REEEROREHNEFHELTEY,

BTER( 2 )Tk 2 D FkR v CEBEBERZRE L TW»

5.

Ex;0)+1.96v V(x;)
2 2 B +196/ Vizow) )
DT EFIEE R

Stepl: BEY —C AKX S, FRICERB AREDA

TINTG A= RHRET 5.

A=

(26)

K1 ROBNDOBATEM

E, E, BATSAM
CASE 1 W= s 1009%
CASE2 Eie & (11)
CASE 3 B W (1)
CASE ¢4 I WE (1) »> (I
TG ERET 550

random [0,1) <exp[{E, (present state) —E, (next state)}/ T]1(1)
random [0,1) <expl{ E, (present state) — E,(next state) }/ T](I1)

BAREEILFRMIEE
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Step 2 : HRFIEEEEOVIYE I 2ED 5.

Step 3 : FHEEBESEE a0 I L2085 T [ 2 K4
L BT 5.
Ly=a;n X1

Stepd: L, 2T U, Q L%xHEL, R12) %2
7o 3B E L Stepb WA, 3R VWHERT
B AT ¥EMU T Step3 KR35 .

Step5 : Step4 THESNIZ L, [ ZEE(EICZ 2D T
Wr45.

3.24 EBEH

FRILERERT A ¢ 480 4

c BEY—EAES:0.95

FR S SR RER M - 2

. B BFEEL  10(Ny=N2=5)

° Ef@zﬁﬁﬁ%ﬁ . Lf:LS:2

- ST O TR 6 61=2 (5/f8), 8:=3.5

(53/18)

< BIFOITER .. . R 2 2

c 194 vdic ) OEERERFE C 1440 5

EEH1H

FHEEEEDEA | w;=10(V7, k), w;=1(V )

BHE (UToRTHE) 150, 60, 70, 80(%)

M

Nj ©
2 21Tj’k./<: X515, (Z5,) A,
CLy

BIFOFEELSM 48— (R3EH)
* ‘(EI’IE . T=10, Tena=0.1

xR2 BHI1MEDL OMLKM, (&/H8)

#]HNo. |1 2 3 4 5 6 7 8 9 10

JOTEFR | 1.0 1.5 3.0 3.5 5.0 0.5 2.0 2.5 4.0 6.0

X3 WRK1BHYOFEESM (ERSM)

FEEN S S

=¥k | 50% | 60% | 70% | 80% | —

/1 (=1, £=1) 90 105 120 140 92

"E2 (=1, k=2) 100 115 130 150 402

H3 (=1, £k=3) 15 20 25 30 32

4 (G=1, k=4) 70 80 90 105 212

B 5 (j=1, k=5) 55 65 75 90 112

"6 /=2, k=1 65 75 85 95 132

BT (=2, k=2) 20 25 30 35 62

B8 (j=2, k=3) 75 85 100 115 302

B9 (=2, k=4) 80 100 115 130 322

it 10 /=2, £=5) 10 15 20 20 32
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. [B—BE TOHEREE : iteration=5

CBEAHIAT Y 2=V T—T=09(y 3BHE

o BRRE)

c BBEROFEEEEOVIHME (SATHA) [ &

HLOYRER

* SA I & 3 REBEBEFROBERLIM | SAfF

LT 10 [
3.2.5 EBMEREEER

R4, REEEREK (BEY—-EXEIBY) O
B ERT DI T R BEEROBER S L LY
DTH5. MLLEDOEAREN 0%, 60%, 70%,
0% D 4B DWW THIERHEZTTV, Ea—YRT
A4y 7 RABECEIEEREK (BEY - XX
95%) & HBRL THRBEBEBRORHEL 20 5 R
ENTVS., FEEBRIREZV -7 AT —va v
SPARC LT (AS1000) ®2RWTITv, SAIZX 3%
BRI 1 EHIDHSS, ta—VRT 4 v 7
BRI 2OOHERMZE L. FEBREL T,
O MEHEEEZOGE, @ @ PN EERER
DEE, ®, @ LEOLQnEE, ®: LEOLO®

R4 FEEBROMEE (BEY—CRE95%)
SETROAMRE| 50% 60% 70% 809
TEEEREEL OS |HS | OS | HS | OS | HS | OS | HS
OB R EHEERE

okmmasE | || o
EEEDEE
® @/(@D+®@) |0.27]0.45[0.38]|0.56{0.43]0.67(0.48|0.68

@ @/(@+®) |0.73]0.55{0.62{0.44]0.57]0.33]0.52|0.32

OFtEAERD
= (ORIO))

® OQr@om
=201

OB EERE
Wk 2FEHgRE | 122] 204| 203| 304| 275| 403| 362| 509

OLSE TR E0)
SEE IR E
OFHEER
x4 2@DE 0.21]0.35[0.30(0.44]|0.35]0.51]0.40(0.56

QFHRERI
X3 E@DE 10.74]0.60{0.65[0.51)0.60(0.44(0.55|0.39

pas
=

() OS : BMEEMAL, HS: ta—Y XT 1 v 7 R EEH
154

139
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DR, ® @ FEOQ:@oiEM (85, FRERO
BAHN 101086, @ BEFEEEREC X > TFE
XX d 5 R, ® @ FEEMIC & o T
63 2R, @ LRROOFFEE LT 5 E
&, ©: L@ FYIREREICH T 2EE& 2D £
3.

DT, BEERRIR T RBEERER DR E R
%

(1) TRTCOEFmRICHL T, PREEGHOELE
EENEGOHEAER S FR->TH Y, REE=EE
ROBMSRBEATWS. 127, ARRENT
HEZONTENS OFFEERERIZ L bIZEML, &
DERZBYTS. LrL, AFRZr»DST, Ea
—VRT 4 v 7 RIERERER & D L BRI
L BB EEEOBRBIIER L LTn5.

(2) ®ERTOLQOONMERIIRHELEERER DR
MERICEDLTEBY, Bl LT PRSI
DFENZFNOMiEE A VEEE, ZOEE - EEHR
ORFMEERTEBNERECRS. 2055000
BELY, ba—VRXT 1 v 7 REBEBRIERT S
feRDEERRNICER, EERECEEERNE DR
FHIBTE 202 EETE 5.

(3) OEQRTFEHEER T 5B HEE
BEE L RS TR 2 EIG I, REE - EEAR
DARV—y a VEEERDLLTBY, ThZniin
Z72bDiF0.95 k%D, HEY—-ECARZ—HLT
W5, KD O SYIIFARCERMP I EENFBIN
EHRHMEND ETIRES R > R EXDEE2E
RLTW5., 28, REEBEBRK T TARETVERD
FTHEE-FEEY I 2V —Y a3 v ik o TERERIE
BRI, WTNOAMERIEBLTLRIZERELEDHOD
Tk (RE5ZW, BYSUYDEXCHET 54
B« A LT b PSR OFEERERNSTFS L T
5. @R LRz~ &, FHEAEIC D 3 H
MO EIE LA R PSSO EEDOFIE K E »
ZEFHS L THY, PR OREEER L AL
B - EEFRORFELEN TV S .

(4) DLEWRUZEBHEIZ, BFRICERED 480 4
LU A DHERKRICE W TR, FEIGE
BRI O T I s DREER L VEEZCHENS
ZEXEPETHS.

R5 BEEEMBR T COVEERM (9)
SERETTER 50% 60% 70% 809%
SEHRIERER (5 56 58 59 61

@ 1EOYIa2v—yvarHlElzesALL, ERAME
HLT20EDZ > 2To7.

140

4. PHEEREOECLST—EARIZRITTHE

4.1 BRESW

2. T, 1EHRLUARE, SV ArEERRELTK
B 5N EEREDOEMEI X > TRIFZ21T-
Jz. £ Z2AT, BEOEERE TIX, BV EZ, ¥
W&, &Eay VA X, A7 Pa—YrIRED
EEFEREETRORRC L > T, FHEERE R
HHEGEIC—E L2,

FT, BRSSO EBERSSEEROE
BWTEHEEREKELZBET 2 LW EHFDOTFT,
S ERERE OB Y — ERARICRITTEE RIS
PITT 5.

E¥EUD Bz, W, EEoy A X, AT7Y
a—) IR EREETIHS, BREOEVEEL
— NIRRT 2REHE I LORENRE
WBEHZ od . ZOBR, FRCERMACHEE
TEZ2HHERGOEPHEHETZHAWTINLTE 24
MOENEMT LS. AT, ThsDBERR2ES
T 3D RBEAFELEROMSEEA L, FLRE
HEOMRELBET S, W, S8 FoMITTRETO
IRBAEELE A 2R (8) TROBEAHE Fioxt
THIRELOREHEDEIG L ER LGS, 8RS
W—T ORI EERE X, HRE > o ERE
wiA) BT 5.

1 Ae) :“ﬁLf;FZj)

N; =3
Lfkgl'[l (5,0 = L) F5,6(Z5,8) A 1
= e
Afékglfj,k/; (xj,k—]},k>f},k(xj,k)dxj,k

27N
LiedSo T, HEARELEDS A DBE, HEG

BRI B S OM T TR CEEMRE &NV —7
JOE P, XRwwkoTRDENS.
Pj(/‘tf):ﬂj(/if)A . (28)

—7, YE#EFOMIITE CORBAFTEMEN
As DG, PERG j OVFgEERE O EEEIZRLT
TN—7EREBRIZLUTRQI) TEbEIND ), B
DAL LR CHAICE R P A AT Re 2 R RS /
DE Pis) 3RBO) TRD SN 5.

N; 3]
LX) (xj,k - Ij,k)fj,k(l‘j,k)dxj,k
k=1J1;n

ﬂj(/is)z i N; [
Asjg{ajglr/;j'k(xj,k“[j.k)fj,k(xj,k)dxj,k}
(29)
PiA)=L+ G(A)=L+ 1 (A)A (30)

Plbps, hEsE ko THIGTE 31X DT
BWE Q13 QA A) Ik TEbENS.

AFREETHRMmGE
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Qi(As, As) :/OWZjhj(Zj)de
B o

Pi(As, As)} hi(25) dz;
Pj(2s,4s)
(31)
72721, Pi(A, A)=min (P(4), Pi(As))
2T, BFoOFEERETHIET 5 ENE Uk &
Eboiwid, —ERAEROELIFPREERIC X -
THIET 2EXEOENLSETSE. LizhoT, K
HMEHNELENALADEE, Y —ERXAEXDEAL
AS(A, ) BRAD LS IcEbEINS.
M
Z{Qj(/h’) /15) - QJ}
AS(Af, /is)= 174 N (32)
g Zj .Z'; kf; k(.r,; k)dxg &

4.2 vIalb—>arER
4.2.1 EROHMEAR

AEI TR, FHEERENIELT 20 & U THERIEK
BOFERZIY T, KB EORATTESEER %
BBZWRY, BiT» 5RO SN AHIEEMERO T TH
By —ECANERTEX S L 2EELEEL2ID -
sV ab—yariZko THEID, BITOZNMEE
METT % .

Yialv—yaryeETTNE3.2.4 DEBREHF
FEIOWTSLAM I CHEE L, RS S 8F % 8]
BYBEETA BT, REAFEME A1
WA T SRR B (R CTRHE) 2 L
FhIRD.

Af(% % Tj.k'/olmxj,kfj,k(xj,k)dxj,k)

J=lk=
M

=Zg Jsk

V3 1 [ tasfir(wn)dua b (33)

EEAFITARRN0YDHBEERY T, BE
EE%&@TTG%E@@%E AL % 20 [T
S TH—EXRREATS. B, BRAEEEKOH
iz, R4 DFEREGERICRZ TREMTERICE
DL RXAZHWS .

(U+ Q)+j21:{@j(/1f, As)— Q)

2523 [ aanfin(wan) s (34)

22T, PRSMBOERET 4 v TIIEBIRESREE
LEVWERELTWS 0, #DRBARELE A
DEIX1THS.
4.2.2 KBREREEE

R61F, REABEERKT CHRBEEBEOFRKE 2 KE
LizyIav—yarildo By —EAERELE L
DD TH5., YIav—yaryOER, y—EX

Vol.51 No.2 (2000)

®£6 KRUESTFEINIBESOREEERR T ICBY
2y 3al—yvarvERPOELY—ERE (%)
96.0 95.1 95.4 95.0 94.8 94.7 95.9 95.2 94.7 95.6

95.2 94.1 94.0 95.5 94.9 94.4 95.1 96.0 95.0 94.7
S —ERH 1 95.02 (%)

ROFHIEIX 95.029% & HEY —E 2D 95% 1235
L, BIOBRE—HLTw. Ubrs, SEEY
DEAEICBWT, SEERNIEN D 5RO &N %5
fEREREZABENCER TS 2 Ltk > T, FiEDH
EARBERT 54EE CEEAEMTbL w2 5. &
7z, EWEEFEREOEMBTFHTE 2856, FHEE
HE DO LICHIG L - BN R EERER» KD oD
ZERHERTE .

5. #& Bl

KR TR, BHOEET A~ CIMTREBEZ 2
SR PEET 2 E2NRE LT, FYEERE DB
SEREBEALUTCHEY —EARL Z0DIZHEREL,
B L UHRSHOHEFEEROBR R L. &5
2, BEY—-ECAREERT I REEEBRORD
PREL, BUEEERD & REEEBRSEFARICL -
TET 25— e BbnaER 2R L. £z, F
WEEREOESY — AR RIZTTEE L BT
L, FHEERENELLTY, FhrRAARRE
EEEBEO T CHEY —EXAENERTEEI LR Y
Salv—yariZko THE»D, ZHAGEEFRD
FRAL S 2 R T RIS R O Z U M2 B T 7.

SHOBELE LT, AT NVOEEL RRIEADHEH
RHELC, ZEICEEFROFGT L ERET 28
BEID BB DO TEIENETS>NS.

Z2 x5 X ®
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