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LAMPIRAN 1. Pembuktian Proporsi

Pembuldlan Proporsl (39)

TC (Q,S,S*,6):

ABDT +BCD*DK *DE *aa
n[gQ- n /p)- s,.kf'

20$- D /  P)-
,  f f i 2  r o t  ,  d * t r D

-i -------_;------

2Qlr-D/P)  O

Jika nrutan (sequence) produksi tetap, TC hanya berupa firngsi e. eSOL
dilambangkan seb4gai Q solusi awal

/ t  r n \

ABD+ Hl
|  , )  l -)

S'makd2-LtD\

e'? -q'zAD+AecD+4e2A2D2{u +r)

Pembuktian Proporsl (40)

rihi > ri\

(s+Qr,t) (s,+Qqtl)

Flow time dari komponen i dan j dalam S adalatr T-Ta dan T-Ta-Qr1t,- s1 ,

sedangftan rmtuk biaya WIP:

T

G'ttSi Si Qit'
TTbTaS

T
QitiSi Si Qitr

TS'

WP(S): Qr,h,(I-TaF Qrr\(t-fa-Q;tj- st: Qr,h(QrJr+ s1+Qqtl)r Qr,hr(Qqt)
WIP(S'F Qq\$-TaF Qritri(I-Ta-Q,t - s) : Qfihi(Qrtr+ sfQ,tiF Q,h(Qr,ti)
WIP(S)-WP(S') - Qr,h,(Q,t/ sj+QqtjF Qqh,(Qqt) - Q5\(Qqitl+ s+Q,t F

Qr,h,(Qr,t)
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Pembuldlan Proporsl (41)

TC (Q,S,S*d*):
N N \ DK DE H[90-D/p)-s^.tufQBDI+'|pht'rt,,(so*9"t*fr*r)*;.;, 

ze(r_D/p)

* F'** , *d*&
28\r-D/P) A

Jika urutan (sequence) produksi tetap, TC hanya berupa firngsi e. e*
dilambangkan sebagai Q optimum.

n(ao* 
f 

hu,,u,t- r,o). "(' 
- lo)- o- r* * u + 6 ̂ "*)

S',*u(2-2AD) /,, \=  r  a J  ,  - r

4e' -ge'AD+ eCD+ 4e,ArD, -4qACD2 +c2D2

Jika tlkuran D atch tetaf,,TC hanya berupa fungsi Sra"

25,*!QQ-?ADQ+2CD) r , ,  ,  _t_( u dl
vI +r)=lr _a 

)

Pembuldlan Proporsi (42)

Penjelasal ploporsi (42) sama dengan proporsi (,10)

_th 
> t \

(s+Q,t) Gr+Qt)
Flow time dari komponen i dan j dalam S adalatr T-Ta dan T-Ta-er,t - s1 ,

sedangkan rurhrk biaya WIP:

T
Si Qttt si Qit'

STa
T

s1 Qr,t, Si frit'
S' Ta TTb



o /

WP(S) : Qr,h,CI-TaF Qqh.;(I-Ta-Qq,tr- q) : Q,h,(Qr't'* s,+Qqt lr Qrhr(Qrti)
WIP(S'F Q.'hro-TaF Qr,h,(I-Ta-Q,tr s) : er\(erti+ si+er,t1)r e,hi(e,t)
WP(S)-WP(S') : Qr,h,(Qr,tt sr+Qt tj}- Ar\(qrtt - Qr,hi(Q5t + s;+Qr,t1)l

Q'hi(Qrit)

Pembuldlan Proporsi (43)

Panjelasan Proporsi (43) sama dengan proporsi (41)

TC(Q,S,S,o*,K)=

, f r2*,  ,6, ,*D+ ----:-= r _...- a i(a - An(f )
zd 12) o
" \  P )

Misalkan S tetap, Smar.' tetap, dan K tetap maka TC (Q ,S, S."k, K) hanyalah

merupakan fungsi Q
:l

Q menunjukkan r*.tranbatch optimum; yang meminimasi TC(Q, S, S*o,*, K)

n(not * iin r,rr-rn). u(t - *)- o- r* * 
" 

+ d,,-*)

S2-'*(2-2AD) ti- \
l H  - 4 ] r

4e2 -8e2 AD + 4ecD + 4e'A'D' - 9ACD2 + c2D2 \" 
' '- t
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Pembuldian Proporst (44)

Penjelasan Proporsi (,14) sama dengan proporsi (41)

TC(Q,S,S*k ,K) -

*

zd r2l o
- \  

P )

Misalkan Q tetap, S tetap, dan K tetap maka TC (Q ,S, S'n,1o, K) hanyalatr

menrpakan fungsi $"a" S*6rp5 memrnjulkan uletran batas optimum shortage

yang diijinkan yang meminimasi TC(Q, S, S**ao, K)

2S*,*(2Q-2ADQ+2CD) (s *o\_( u _n)
4Q ' -WtAD+4QCD+4Q'A 'D ' -AQACD2 +C2D2\ "  

' ' - '  
t "  A  )

Pembuldian Proporsl (45)

TC(Q,S,S,o*,K)=

* 9'*=. * $ry2+i(a-b
,d t-2\ a
- \  

P)

h('<)

Q tetap, S tetap, dan $',,1* tetap maka TC (Q ,S, $r,r1', K) hanyalah fimgsi K. K'r'

memr$uHcan ukuran biaya serup optimum; yang meminimasi TC(Q, S, S*,na.,, K)

D ib

OK
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LAMPIRAI{ 2. Contoh Peftitungan PenelitianTahap I

0 1
N= t=  TPC =

10  10  1
A =  B =  C =
12.92 1.85 11.7
OLB = -0.90564285

aSOL = 271 271 .41
Qmin = Zl1

hiri 0.22 0.12
riti 0.500 0.400
si  1.25 1.25

0.001663516 0.00'113
(10.6.2.4. 1.8.3.5.7.9)

S-r'r" = 301982.5

250
K =
320

D = H = E E

1 0 0 0 3 1 5

i 9

0.15 209

a b

1 0949 . 7 1898 .24

0.06
0.100

2
0.09213

301gt

4 5
0.04 0.4

0.120 0.400
1 .5  0 .8

0.0012 0.00379

0 7
0.08 0.42

0.320 0.240
0.5 ?

0.00095 0.00047

8 I '10

0.04 0.32 0.15
0.080 0.160 0.600

o.2 1.2 ' l

0.00189 0 00742 0.00095

hiri

riti

Qriti

1 0

0 . 1 5
1

u_o

157 .2
55ArS.2

o l

0.08 0.12
0 .5  125

o.32 0.4
83.84 104.8

' t 8

0.22 0.04
't .25 g.?

0.5 0.08
131 20.96

0.04
1 5

0 .12
31 .44

3
0.09

2
0. '1

z o 2

5 7 9
0.4 9.42 9.32
0 .8  ?  1 .2
0.4 0.24 0.10

104.8 02.88 41.92

n l{ nl u rihi riti
1 80 o22 1 .25 0.5 0.22 0 500
2 2 80 0.06 1 2 5 0.2 0 .12 0.400
3 2 40 0.03 2 0.05 0.06 0 1 0 0
4 4 40 0 .01 1 . 5 0.03 0.04 0 120

20 0 .1 0 8 0 . 1 Q.4 0 400
o 4 20 0.o2 0.08 0.08 0 320
7 10 0.07 2 0.04 0.42 o.240
8 8 1 0 0.005 0.2 0.01 0.04 0.080
I d 10 0.04 1 2 0.02 0.32 0.160
'10 1 0 10 0.015 1 0.06 0.15 0.600

3?C 11 1 .85 2.9,
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x = 0 .1

200
o

1894.24

N =  t =  T P C  =  E =
10 10 1 250
A =  B =  C =  K =
't2.92 1.85 11.7 320
O = 311 310.74

1 0  6  2
hiri 0 15 0 08 O12
riti 0.6 0.32 Q.4
si  1 0.5 1.25

0.000948167 0.00095 0.001132

{10.6.2.4.1.8.3.5.7.9)
So,nec = 93665.95 = 91662.95

1000 3

4 1
0.04 0.22

0 .12  0 .5
1 . 5  1 . 2 5

0.0012 0.00160

I

0 .15
a
1094.9.7

8 3
0.04 0.06
0.08 0.1
0 .2  2

0.00189 0.00213

5 7 9
0 4 0.42 0.32
0.4 0.24 0.16
0 . 8  2  1 2

0.00379 0.00647 0.00742

hiri

si
riti
0rit'

1 0
0 .  15

I
0.6

157 .2
26(96|9.,169B

6 2
0.08 0.12

0 .5  1 .25

o.32 0.4
83.84 1U.8

1 8
0.22 0.@

1 .25 0.2
0.5 0.08
't31 20.96

4
0.04

1 . 5
0 .12

31 .44

3 5 7 9
0.00 0.4 0.42 0.32

2  0 8  2  1 . 2

0.1 0.4 0.24 0.16
26.2 104.8 62.88 41.92

n k hl sl ! rihi nt
1 80 0.22 1 .25 0 .5 0.22 0 500
2 2 80 0.06 1 .25 0 .2 0 .12 0.400
3 2 40 0.03 2 0.05 0 0 6 0 .100
4 40 0.01 1 . 5 0.03 0.4 0 120
5 20 0 . 1 0 .8 0 . 1 0.4 0.400
o 20 g.o2 0.5 0.08 0.08 0.320
7 o 1 0 0.07 2 0.04 042 0 240
8 8 1 0 0.005 0.2 0.01 004 0 080
I 8 1 0 0.u 002 0.32 0 .100
1 0 1 0 1 0 0.015 I 0.06 0 .15 0.600

32C 1 1  . 7 1 .85

n l{ hi sl u rihi rib

1 1 80 0 2 2 1 2 5 0 .5 0.22 0.500
2 2 80 0 0 6 1 2 5 o 2 o .12 0.400

3 2 40 0.03 2 0.05 0.06 0.100
40 0.01 1 . 5 0.03 0.04 0.120

5 4 20 0 1 0.8 0 .1 o.4 0.400
6 4 20 0.02 U ! 0.08 0.08 o.320
7 6 1 0 0.07 2 0.04 0.42 o.240
8 d 1 0 0.005 0.2 0.01 0.04 0.080
I d 1 0 0.M 1 . 2 o 0 2 o.32 0.160
1 0 1 0 1 0 0.015 1 0.00 0 .15 0.600

32C 11 1 .85 o.1
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N =  t =  T P C =  E =
10 10 0.01 250
A =  B =  c =  K =
12.92 1.85 11.7 320
O = 311 310.174

1 0 6 2
hir i  0.15 0.08 0.12
nti 0.6 0.32 0.4
si  1 0.5 1.25

0.000948167 0.00095 0.001132
(1O.8.2.a.1.8.3.6.7.91

S-r-r. = 93662.95 = St6fit

1000 2 , t <
i 0

0.15 200
A D
1094.9.7 1898.24

4 1
0.04 0.22

0.12 0.5
1 5  1 2 s

0.0012 0.00166

8 3
0.04 0.06
0.08 0 1
o.2 2

0.00189 0 00213

5 7 9
0.4 0.42 0.32

0.4 0.24 0.10
0 .8  2  1 .2

0.00379 0.00047 0.00742

hin

riti
Qnti

1 0 6 2
0 .15  0 .08  0 .12

I  0 .5  1 .25

0.0 0.32 0.4
157.2 83.84 104.8

81Xn

1 8
o.22 0.04
1.25 0.2
0.5 0.08
131 20.96

0.04
1 . 5

4 .12
31 .44

3 5 7 9

0.06 0.4 0.42 0.32
2  0 .8  2  1 .2

0.1 0.4 0.24 0.16
26.2 1W.8 62.88 41.92
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LAMPIRAN 3. Contoh Perhitungan PenelitianTahap II

0 . 1

10  10
A =  t J =

12.92 1.85
QLB = -0.9056

aSOL = 271
Qmin = 211

I

t Y v =  t r =

1 250
C =  K =
I't .7 320

1000 3 1 5
I

0 .  15

10949.7

200
b

0 .22  0 .12
0.500 0 400
1 .25 1.25

0.00166 0.00113
(10.6.2.{.1.8.3.5.7.9)

3 4
0.06 0.04

0.100 0.120
2  1 . 5

0.00213 0.00121

5 6
0.4 0.08

0.400 0.320
0 .8  0 .5

0.00379 0.00095

7 8
0.42 0.04

0.240 0.080
2  0 .2

0.00e17 0.00189

1898.24

I  1 0
0 .3?  0 .15

0.160 0.600
1 . 2  1

0.00742 0.00095

271 41

2
hin
riti

Ssolmaks = 345584
K 77.1636

't0

hin 0.  15
si '1

riti 0.6
Oriti 157 .2
TC: e6117€O.97

= atts@.E
-- Tl

6 7 4
0.08 012 0.04
0.5 1 .25 1.5

0.32 0.4 0.12
83.84 104.8 31.M

'l 8
o.2? 0 04
1 .25  0 .2
0.5 0.08
131 20.90

3 5
0 06 0.4

? 0.8
0 .1  0 .4

26.2 104.8

7 9
o.42 0.32

2  1 . 2
o.24 0.10

62.88 41 .92

n l{ nl si 0 nhi riti
1 1 80 0.22 1 .25 0.5 o.22 0.500
2 2 80 0.06 1 .25 0 .2 o.12 0.400
3 2 40 0.03 2 0.05 0.06 0 .100

4 40 0.01 1 . 5 0.03 0 M 0.120
5 4 20 0 . 1 0.8 0 . 1 o.4 0.400
6 20 002 0.5 0.08 0.08 0.320
7 1 0 0.07 2 0.04 a.42 0.240
b o 1 0 0.005 o 2 0.0't 004 0.080
I tJ 10 0.04 1 . 2 0.02 o.32 0. 100
10 't0 1 0 0 015 1 0.06 0 .15 0.600

32C 1'l 1 .8 { 2.gi

I n l{ nl D nhi riti
1 1 80 0.22 1.25 0.5 o.22 0.500
2 2 80 0.06 1 2 5 0 .2 0 .12 0 400
3 2 40 0.03 ., 0.05 0.06 0. 100
4 4 40 0.01 1 . 5 0.03 0.@ 0.120
5 ?o 0 .1 0 .8 0 . 1 0.4 0 400
o 20 0.02 0.5 0.08 0.08 0.320
7 6 1 0 o.07 2 0.04 o.42 0.240
8 8 '10 0.005 o.2 0 .01 0.04 0.080
I 8 10 0 . @ 1 . 2 o.o2 o.32 0 .160
1 0 10 't0 0.015 1 0.06 0 .  15 0.600

7a 1 1 .8t 2.91



t 3

0.m92

hin
rig
si

Ssohaks =
K

hin
si
nb
onti

B =  C =  K =
1 .85 0. ' t17 97

g2 491 23/5 0.765(E
1 0  6  2

0.15 0.08 0j2
0.006 0.0032 0.004
0.01 0.005 0.0125

o.o7317 1 0.073193 0.087432
(10.6.24.1.8.3.5.7.9)

32U298 = g]F1-.EB

140.0904 -- 18
1 0 6 2

0.15 0.08 0.12
0.0'l 0.005 0.0125

0.006 0.0032 0.004
2.M 1 088 1.36

876.4:p 339.8645

4 1 8 3
0 04 022 0.04 0 08

0.0012 0.005 0.0008 0.001
0.015 0.0125 0.002 0.02

0.094563 0.12U67 0 145985 0.166667

1094.9.68 1898.244

5 7 9
0.4 0.42 0.32

0.004 0.0024 0.0016
0.008 0.02 0.012

0.292398 0.502392 0.57554

4 1 8 3
0.04 0.22 0.04 0.06

0.015 0.0125 0.002 0.o2
90012 0.005 0.0008 0 001
0 .408 't .7 0 .272 0 . 34

5 7 9
0.4 0 42 0.32

0.008 0.02 0.012
0.004 0.0024 0.0016

1.36 0.8j6 0.544

0 .1

'10

0.0392

hiri
nu
Si

Ssolmaks =

K

t =  T P C =  E =
0.01 1 250
B -  C =  K =
1.85 0.117 97

192 491 23r''9
1 0  6  2

0. ' r5 0 08 0.12
0.006 0.0032 0.004
0.01 0005 0 0125

0.07317 1 9.073193 0.087432
(10.6.2..1. 1.8.3.5.7.91

3234.298 = W.A
140.0904 = 1&

1 0  6  ?
0.15 0.08 0. '12
0.01 0 005 0.0125

0.006 0.0032 0.004
2.U 1.088 1.36

8976.432

1 1 5'1000
I
0 . 1 5
a

teta
200

4 1 8 3
0.04 0.22 0.04 0.06

0.0012 0.005 0.0008 0 001
0.015 0.0125 0.002 0.02

0.094563 0.128r''67 0. 145985 0.1 66667

10949.68 1898.244

5 7 9
o.4 0.42 0.32

0.004 0.0024 0.0016
0.008 0.02 0.012

o.292398 0.502392 0.57554

hiri
si
riti
onti

4 1 8 3
0.04 0.72 0.04 0.06

0.015 0.0125 0.002 0.o2
0.00'12 0.005 0.0008 0.001
0.408 1.7 0.272 0.v

5 7 9
0.4 0.42 0.32

0.008 0.02 0.012
0.004 0.0024 0.0016

1.36 0.816 0.544

n k hl 5l rihi . ntl

1 1 80 0 2 2 0 0125 0.005 o.22 0.005
2 2 80 0.06 0.0125 0.002 0 .12 0.004
3 2 40 0.03 o.02 0 0005 0.06 0.001

4 40 0.01 0.015 0 0003 0.u 0.00'1

5 20 0 . 1 0.008 0 00'r 0.4 0.004
6 4 20 o02 0.005 0.0008 0.08 0.003
7 6 1 0 0 0 7 0.02 0.0004 042 0 002
8 8 1 0 0 005 o.002 0.0001 0.04. 0.001

8 1 0 0.04 0.012 0.0002 0.32 0.002

1 0 1 0 1 0 0.015 0.01 0.0006 0 .15 0.006
14t o .111 l Q E 0.029t
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, , , .  ' ,  , , , 1  t l f  l . '  r l r { i r t c r r t  ( t ' r r l l } ' n c n l s  A  s t n ; ' l t '  n t ' t '

, 1  .  r , r . t l . c :  ( l l c  r :L ' : l  r l x ) l l c r : t "  o f  c : r c l r  t t l t '  b t l l  t t

rrr , .  .r f trcd.-t!t l .ry anrt ch-'r1q-cq'e; q-95t whcncvct r l

cl '  u"'cs f ionl onc () [x to anothcr' I f  comlnncnS arc
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tuth-
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I  I  r l  \ \ r \ r  I  l s i l l  l t ( r \ c t ,
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r . . ' r t l :  s c l r : 1 1  : r n d
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iii-i-i"" 
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!.iosrzinc [8], Baker I l]' and Dobson'

i-r,*tt"t anrl Rinrnrcl []l' ln brtch sequcncrng

"r"ui".t. 
thc objcctivc is to <icrctnrinc thc scqucncc

il;;;;;, 
"i 

'r jous so as to nrinimizc th-c.total

;:-" il:'6if;.n.'No'"'i and Yannakakis [2] dc'

""r;r"i'"" 
.ift.icnt algorithnr to minitnizr rltc total

no,, tin," for trvo subasrscnrbly schcduling Plobt:lt;

;;:;;; 
"rrutptionJ 

ol cqu"t setup dclav for cacn

."frrr*""tftfy and producrs consisting of onc suD'

l t l1l :2t1 /g1 /51L \)(J O l ??? i: l(( \  rcr Scr(ncc t l  \ '  Al l  r i l l t t t  r ' :(^(tr

. L 1 6 1  I I ? i -  2 2 I 7 ( 9 : t ) { . t c  |  2 ' r ' l



ess.mbly of cach tyflc .K:ilu 
[6] considcrcd thc

"ilJ"'.s 
ptot r rc tr r ;' "'l::1. I J; fln,X[i,:ll;

stantlY and Praluccs two tylx

dcvclotcd a closctl fontr sotulion blscd on.thc lon"'

;;-;;:;;8; discountcd cost critciion rvith thc as-

,";;;;il"i'"hcncvcr 
(ne(c is a posirivc anount of

t)oth typcs of producrs' ttre pro<Jucts are ntixcd int-

nrcdiatc lY anrl shil4rd awaY'

In this papr' wc constoct '{lcltrtylst++ryd::'

l',::*lu'"{";:.":r:,..T*5rffi -i#q:
liii,; i, ",*. il;;;r.'r :*r++{m#:;' ""'
and rlrc ql:1ntng l'ltlrlSt*t,i";r-i"-,n= prcvious rc.
npst commonly tlscd 

-ob1ccl

scarchcs is rh( rnrnrnrtrrrgq gf-rfFj:rl! 
P*:!ir-Jf

il"' ;, ;;; i' ", *" ..'. n;' I'll-' ?-"'1" IfT HI:f:iqiift : Il
duc,dates. this oblccttvc t

;""';:;;] *. tt'n't'l also consirhr tlre invctltorv

;;;;;:;', of (inal errxlucts iiic-c rl'c final proJucts

l)itii,*iu;t"';'l ' l"r';s'ii;' ' c:rrlv part of thc crclc' 
";:';;;J "' " :":l :,::1,,1,,i,l'l::i,,ll,l*'..,Jl:i:'Thcrc forc .  r l t t r  c l ro lcc  wl l l  r

:':;,*::nl'l'j,Ilf ":::.:':,"':'""'$::.T::
; ; t ; ; ;  ; ; i ' ' ' ' . ' ' l  i iu"uto 'v hol t t - i r rg.  qo' ' .p l l '

in" .i"r, o, cornplcting ottlcrs for thc final-products'
'"'ti,i.r" 

.', on 
"rr.lr"l 

,Jcnrantl for final pro9uirs

(parcnt itcnts). N cornponciit itcnrs i!'r: t:llT:':t::

ii;*-, t-t.,ttton plan rcquircnrcnts for parcnl rtcnrs

have dcFrutcnt (tcttt;ttld' 5uch pJrcnt-cotnf-":i,1 d:'

rJ n,t*', " r " " "n'n ""- l-'] i' t1,,T".;ffi11i Tr iii:::
malcrials. grcallY ttrcrcasc

#;;;-:; ;"1 t':: T::HX:llf: lil I T,'::ll
with thc rJctt'nrr in xl x)o ot (

;. ';; i i;,,t,tt prtxluctrotr. s"ttucnting for N cbrrrJ': '

ncnls on a 5rnglc ttl ictl l l lc givcrl consimt dc:rrrrtds

;;; ili p'alicrs lhc problcrrr is difficult srncc

Or,.Ul^,, ,t,'cisions antl scqucncing &cisions rtc 
'btr(n

il;:: ii. onrv diffcrencc bctwccn our problcm
"-i *. *.' i * ".;" I €i.;ffi#"' ol'1"',i
i1B lobkm) is T"t 

s1..1*;n,. 
whitc cach producr

i{ rtnat Ptiucs in our Pr
can bc sokl &s u finrl pod'rct in rlrc E|'SP'' El'

nr^Sltraby [{l provrttcd on c*t"n'itc oycrvicw of thc

ffi;;ior,r;;, and I'r-su [5] showcd.drat ::::-::

f;nlj n'il: iJ:sT x,rl;.:",,::ffi ';I:
(N l '  t  or r lp lc tc) '

B.ci 'n'^|.. t t . l ' . 'a/Eytt|toa]l, t t t lolt, fOp<tothnulRcsotchg|strg?7,57o.577

We suggesr a hcuristic for solvingrltc-pro:':i::
a single machine' Our

schcduling N contlnncnts on 
. .

ir"nlrtr",t * irt"ri"t bttching and scqucncing

;i;;'. *t i.tt i, bascd on a rcpctitivc -schedule'algotithm
;ii.";;, is organizct! T tll:::'1l::T:::1::
;.;fi;;";;ilsccrion. 2' and.tr" t'"f::.:::':::
ffi;f.' i; ilribc<l in Sccrion^i:.ll.Tl'lli jl
!i;;i';"*"e rhc sorurion-PlT::T:.':,:::::
;H;;;;i'"i'"t tt'" results of this paper and

discusscs ?xtenslons'

2. Itroblcm state[lcllt

Tlc problenr is to tlctcrpinc the ririninrunt cost

f.r*iUf.'r.rr.Oulc for N cortlPonents o." 
" 

tllsl:

:;;il;. m. rclcvanr assunrPtions for rhc Problenr

of scherJuling /V comPoncnts arc:
'"ii ' i.i"p 

titc su'itch'ing to caclr conrponcnt ts

ind-crrndcnr of ptoducrion ordcr'

2i st,onugct arc not allowctl'

ii 
-riJliil 

"ttts 
arc dirccrlv proportional to in-

vcntorY lcvcl.
4) Schcdulcs arc tcPclltrve'

;.";;. drat rirc following are knorvn i\nd

fixcd:
,'^ f' nt. comfioncnt nunrbcr (i - 1' 2" ' ' ' A')'

; - ;i;;;. asscrrrblc /v componcnts td t:rakc o;t-c

linal Prodttct'
' - ;;;;". of puts of conrponen( i required in a

final Product'
., = i","p ri^c incur:ed rvhen swilching to pro'

ducc componcnt t'

-, - ;;;;;;:r cost incurrcd whcn swirchins to

Pro'Jucc cortrJrcnc-nt t '

, - hroa"sring tintc for onc Patt of ccntponcn' '

t; : ii;;l; c"ost fo' on" part of componcnt I J"e:

uni t  t imc'

X - Cost of conrplcrrng an ordcr for final products'

b - Dcmana ratc for final oroducu'

H - HoldinS cost for onc unit of final products per

*.il]l"l''ili"*''n'"ntoo' "o'o "'" i:f::::
"r51il;il;"'"', 

of tt'c io,nJ,"n"ns.' T::il'f^:

. 
"i 

ii"; tinrcs c;1o bc consirJcred on dtc macntnc':'f*jf 
'ffi
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fiiiltrfrr[.:'#Tr'i -'u: -'' considcr the ,H r ; ji:,#:l;l"J *:r; ff "-".::;.;*t*,,,,"n ;:l f i {:rn
I:ij:l'l:',,-t l:lTj"l,iffi..fl:.",;::":: !! , 

''' u'" probrem rc,n*,al
oetryr and lo mate urr .,r,;,.,,i";lil 9flnScovcr ^ = , - fi 

'

*r. ;::*:#;:td:lu,T j;,t:i ::ii;a ̂  
=,* ,!),,,i,,,

;:J.l':iry""l; iJi;ii1j1"'"',,,l), ff,..T'l -,, -,t,n,,,
.,,r,';on.nrr. o.n""',i.'^rl,lll1s 1tt"." of anorhcr i- |

i:;l-;:',,::",':f,l' ;;;.i;ilit :::i;ffll':l1; .= f ,,.

/ 
.r**.urhra.rr.a 

.!,r& - , 
..r

5 7 t

. :  i  .

S llt{on n {r: , I U,'r,rpc,r,,l 1_- t,drn O" tg.p 
Frt )

-*-h---***-. I
r - r - , - -

b
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I t i  lSC denorc t l rc sum of changcovcr costs Fr
r r r r r t  l i t  c  J ru  ; r  l t ! r  l ' , ; r t c l r  r r f  r r l c  ( )  

' l l r r r r  
lS ( ' l r

su r  l t  I  l r . r  t

Proposition l. S,,pt,ns" thht'Q is .fixer!.
ptndntt i t t t t  rt t l t , .  rt .  t '  r,Jrr, l  rrr i l i r t t i tr.r ' l ' t- '(

0) canTLc oblntn<tt by r <'nunbering thc h
ncnts sd:ihat ir tt

:
t \ ' f  r t---:-=-:-- t

t1r1r1"Q\tfy1,' 
,

t , -

< -"lrl' l2)..--
- 

sp1+ Qrpl g

. l'r* r'rrl' i :  +A4;;;.

( ? )

Tlrc final rx(ducts arc astunrcd to l'c rnrnufac.

turcd ar :t uniforrn rate ( I )tfifffic carly put (I)i'
of thc.invcntory cyclc and uscd ai a uniform rerc ( D)
ih'Jijiilri'43, rn. .y.t.. l-qr FIC dcnorc rhc in'ciror1,
holding cost of l'inal products pcr unit timc. Thcn
this modcl is linown as thc economic production
quantity (til 'Q), rnd it is wcll ,known that FIC is
givcn by

i lQ |  / ) ,1 DK
F r a " - l l - - l + -

2  \ '  P )  O '
-trr! *rr tt cr - !d{ lf

ITo DK CDII
=  

?  
( ' - ^D )1 -a -  

, .  
(E ) .

Tlrcn tlrc tot:rl production cost t)cr unit tintc,
1C(O. S).6ivcn thc batch sizc Q and t l tc pro<tuct ion
sc(lucncc .i. cottc s;nnds to

' l r (O. . ' ; )  " -  \ \ ' l l ' (O. . t )  { .TSC {.  FtC. (9)

A: i  ( ' ( ) | l J t r . l i r t t .  t l t ( :  l ) r ( x lu ( ' t l o t l  l x td  ( ] l  t l l c  t l nJ l

prolucts :,horrrtJ tr grcater tltan or cqurl to tlc
dcr:r:rrril rrit'. Th:rcfotc, '.vc .:atr clx:rit: thc tarlloir. int

lov;cr  l r rund. Ql. l l .  on (h( 'bxlch s ize:

QLU ̂  cD /(t  -  ^t)). (  t 0 )
' l l rc  pr t r l r lcrr t  o l  rchcr lu l i r rg prtx lucls rv i t l t  N crr t t t .

Inncnts 11. l l rcn.  t ( r  f ind the opt in lunl  batch s i rc and

r h c gl]l4f ! {! !-l'.!r{l,r_c_t"!o!--!l$t!l!qc o f cot n pot t c n t s
th;rr  nr in inr izcs l ( . (  0.  S) of  (9)  undcr thc constnint
()n rhc t : r tc l t  s izr  of  ( t0) .

3. Solut ion prlr<edtrrc

Thc j<lint dctcrmination of thc optimum batch sizc

and rhc optimum production s.qucnce of compo-

ncnrs rcquirci :r totll cvaluation for fll Possiblc
combinirtrons of Q and 5i. l{owcvcr. if O is flxcd,
rhcrc i i isrs a s inrplc strucnrrc uhich al lows en opt i '
nr:ll pl(xluati(:n ncrlucrlcc of cotnlxrnents by thc lol'

lou'in3 prrlnsition'

Proof. Sec thc Appendix.

$ttflruttllolt
Rule (t l) indft:rrcs ihar in order to determinc

producrion scquencc for N conrponcnts using i.l
valucs, the batch size p should bc knorvn.

. lf thc produc(ion sequencc. S. is fixcci. tt
TC(Q, S) of (9) rs only a function of Q. an:l t
op(imunr batch sizd givcn the production sequ.n
can bc casily obtained by the following propositio

Itroposiiion 2. Suppose tlmt thc production s"
r;rcncc S is frtat, nn,l l,'t Qi dcnotc tha oPrunutl
botch sizc giuen tl . ptorluctictt scgucnce S. Then Q,
can he ohrainal l,s'

- IZD(E r  x ) l  "

|  -  / \D) I  ?.  Dt l '

(  I  l /

I'roof. Scc thc Appcndix.

3

o;
* 

{ , , t
. !  f . '  I  

-t ' , ' :

+2t )  L  / i ,1 '1 , ;  ) l  11 , ; r1 ,1 )
, - t  t - i  I

tf onc dccision variablc (@ or S) is 8iven, Ue

othcr.dccision variablc can bc casily determinc'j'
Thcrcforc, an itcrativc solution proccdurc is appro-

priatc. Also if thc possiblc rangc of thc optimunr

barch sizc crn bc found. lhc itcrativc tolurjon Prre'
durc will bc morc cffective.

Suppsc tltnl all componcn(s arc svailablc at (im':

zcro. trr ttris casc. tltc bltch'florv tlmcs for lll conl

ponenB are I ancl thc batch sizc is the uniqr'":
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Q S ( ) t .

I'rrxr(.

4c.'rrion variiblc. 'Itris 
optinrunr batch sizr can bc

otrlrtlrd b.r' thc follou.ing lcnrma:

lJmms I. Supposc tlytt oll conponcntt arc ouail-
ahla at lintc zero. U llttrc docs not c,ust o,y con.
t !rot,.t i  tr, t  thc batch si:r, r!tc oltt i trtum bdtch siac,
( J5 ( ) l  t r  t uc l t  I l t t !

.  .1, :p l .Calculare QMIN and tcr  eMlN gq 6.
in i r ia l  valuc of  Q.

Srcp 2. D:rcrhioe thd producrion scqucnce, .S. of
. contponcnts by rhc indcx rulc of (l l). Thcn ..il;;:

rtrc rorat pro<Juclion cosr. TC(C. S). of (c). fi;c
rlrffcrcncc berrljq6 lhc curr(,ni solurion and rhe pil.
\ r )us solut ion is lcss tJran t l t ( .  prcJcrcnl l incd tolc; .
ance lirnit, srop Oc proccdu:c. Orhcrrvisc, go to Step
t .

.$rclr -?. Calculirtc $c optintunt bi,tch sizc. O: ^.
( t2). tf rhc solurion is unchrngcd. srop rhc !'rocl.(,rrr(.. Orhcnvi$c. substitutc O5. for a ncrv valui oie
: r r r l ; 1 r r  t o  .S l cp  2 .

Onc of rhc conrnronly uscd lol.sizing rule for thc
MRI' (lr,tarcrial Rcguircnrcnr planning) sysrcnt is $;
frrcd ordcr qunnriry (FOe). Thc FOe is a rypical
slntic loi sizing rule undcr rvhich thc lot size is a.
prcdrtc.rntincd fixcd quanriry. Thc lor'sizc could 63
prcdcrcrntincd by thc ccononric ordcr quanriry (Eee)
forrrruh. Thcrcforc. onc of thc rratlitionlrl ntcthods;f
hanrlling our problcnt is to trcar thc conlponcn(t
rndcpcndtnrly of thc finll pfoducrs (rhis ivill tr
rcfcrrr 'r l  ro as lD solut ion). ln l f)  sotrrr ion, rhc botr lr
srrc of final producas ir detcrr:tincd by ttrc t!Oe, and
rhcn lhc production scqucnce of rV contponents is
r.r l ' r .r i rrr:r l  b.v t lrc inr lcx n: lc of ( |  t) .  l r  is rvcl l  known

f-z o('r ;i f 
-

|  2 A B D  . +  - . A I ) t !

\cc thc n pl}( t r ( l r r .

(  t 3 )

I  f l r l , t  t r :  t l tc  tcs t l l t  r r f  Ic r r t r r r ;1  l ,  $ ,e  r .n t r  ter l r r . .c
thc rn tcr  r . r l  o l r  thc  t ) | t t | l r r rnr  l '31(  h  S izc  by thc  to l lo rv .
ing Jr r  o1 ' . t . ; ,  t , t , t  '

I'roJxrrition 3. /-cr QlrllN dcnotc tltc nntiurum of
QSOI- .rnrl QLB oI ll0). Tttcn thc optinum borch
si:.. Q' , n.hich nriqi111i-13 TC(C. S) ol (91. is
g.(ct . ,  thon or cqual  r . r  Ql i l lN.

P ro r ( . 5 r c  ( l r t  Ap l rn ,1 r  r

I  l i .  r \ r lu(aon l ) roccdurc l r<1rnr wi th a dctcnl l in .
t ion of  rhc in i r ia l  valuc of  e.  Sincc rhc opr intunr
tt:rtch si.'c is grc.rtcr rhxn or c(luitl to el,flN. rvc
sci :cr  Q:! t lN as r j lc  in i t i i l  vaiuc of  2.  1}en t l rc
inilial lrcr<!rrction ..{quetce arf ccrnnorc t.i rt {r!)_
t ; r r r . '  r  ,  t hc  I ndc r  ru i r ' o f  (  )  t  i v c .n  r l l c  bJ t .  l :  s r zc
Q l l l "  l 1 ' c  l l r o c c ( l r r r c  l l [ : r o t c ' (  r l t c  i n i t r l l  v a l r : c r  b v
i t , - r . r ' ,  ' , ,  . r r  ou ( l i ncd  l ' < - l t rq :

rhr l  r l ,c  l joQ is givcn by

l :r )r.) ,/Lot7n . ( r , 1 )
' l l : , .  

l i ' r  so lu t ior r  c : rn  bc u*- tJ  rs  : rn  in i t i : r l  so i t r t ion o f
tlrt .ri.:orithnr. anrJ it nray cnlurrrcc lhc p:rfcrnldncc

' I  
a 5lr  I

lnFt l  , : . r  t  i ,Y ai .nr txxr(ol t

t  * u i a i h :si $1, I  r  i t r ; i r . i driti (ftigt si.
I
1
'|
1

, 5
6
7
8
2

r 0

I

, . ,
'4. ' ,

4

6
g l

li
t 0

lil)

80
a{t
4
20
20
t0
r0
t 0
r 0 .

o.i i '--* '--
o.06
0.0.1
0.01
o. l
0.02
0.07
0.005
0.04
0.015

- o.ot !)
0.ot25
0.01
0.015
0.m3
0.005
c.0!

' o.rs?
0  ( , l 2
0.01

0.@5
0.(xtl
0.00ct,
0.0@1
0.o0 |
0.0@8
0.@.1
0.000 |
0,000t
0.0006

o,22
0 , t2
u,o4
0.0.1
0.1
0..q8
o.42
0.01
0,3?
0.r5

0.005
o ut4
o.001
o.mt2
0.004
0.@t2
0.0024
0.0@t
0.mr6
0.OU)

_- o,{ =-_q{Ds

4 3a .-- - c, 3f2'S

o'o,  -  - - ' - -  4 l
0. oq4 -.-_ _-_ o,tl\

o,g- --__ !.2s1
o, l ! |2,  __ .  - ,^
o;ff  -  ,- . , '1td,ul
o ' lq  t ,q
o,4C -..-. .- - r,49

. \rb 
-- 

o. ,T
o-o ztt)

o . { t t t,o.toat ).qtL. ,.{ea
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.'K ' r t. /,|,.t'J

t - :o g. I.kt

<r( (ltc vrlrrrrrur l\rr)ccdurc. 
' l ltctc{orc, tl lc \^'(tlsl citsc

Pcl l irt rt r;ur,'c ()f ()qt prolx)scd ttrthd, is c(luiv;tlcnt to

t l ra t  o f  t l rc  l l )  . ro lu t ron.  A lso thc  t t | : t t  in tun l  nut l tbcr

of itclrtrorrs for our ulgoritlrttt c:rn bc linritcd to a
rca-sonrtrlc nurrrtxr try sclcctint thc suitiblc lirluc ol'

thc prcrtcrr":nrr incrl tolcrancc lintit on drc tctul ptoduc-

t ion cost .  I l r  lhc  ncxt  scc l ion.  !  tcn con lponcnl

cx l r r rJr lc  nro l r lc r r r  i , ,  t rsc t l  to  r l l r ts t ta tc  l l l c  so lu t ior l

or (Kc(ruac,

4.  l i rar r rp lc  prob l t 'n t

/\1: lO br.{Jr'en

Considcr a tcn conlponcnl problcrrr rvith asscmbly
time t - ().O I d;rylunit, Tlrc lolcrrndc linrit on thc
totrl prodtrc t i<:rii6'st i:i Civcn by.Sl.ll/day. Thc inprrr
datl for drc firrnl pro<.lucts irrc !s follo$s: /( -

$250,/ord,- ' r .  D- 20 uni ts lday.  l l  = 31/ dayrtuni t .
Thc input d;rta for N cou,F-,rcnts arc gi.,'cn.in Tablc
l . '

lJling the inprt d;rta for final products and conr-
ponc,r'l(,s:, Y-9-j.1t otx:rin the follou'ing valucs:
a -  t  t  L i - , r , r , - o . 0 3 9 2 ,
B  -  l : : , / r , r ,  -  l . f i s . C  -  f i - , . 1  -  0 .  1 t 7 ,
/ : ' -  ! :  , l ,  *  . 12o .
Q t - B ^ C ' t ) / ( t * ^ D ) = r .
r \ccort l r r r ; :  to (9).  t l r r :  lot ; r l  pr .x luct ion cosl . '1 'C( p,  . t ) .
1 : i i e r t  i l r r '  i , . r l i  l r  s t f c  1 )  a r t r i  t l r c  I t r \ l l t ( ' t i t r l l  sc ( l r l c t t ( ' ( '

. \ ' .  l i r r  t l r c  c \ i r | l r l ) l ( '  l ] r ( ) l ) l ( ' | l l  i s  c r | t 1151 ;1 .1  , t .

]c( O. , t)  -  |  t . trY)/Q i- 0.6940 - 3.5 |

I t c t , r t i , ' , y  / .  l r  l i t c p  l .

,"rrr'-g =(or)n'"u
' l 'C{ 

Q. SX=-S2 I t).,t / l;t.t..
Sincc thc di l fcrcncc bcrrvc.cn lh is cosl  and thc picvi .
ous tolnl productiorr ccrst is trcatcr tltan tlrc prcdcrt:r'
rn incd tolcranc<nr i ( .  go rc Srcp 3.  ln Stcp 3,  'v , :
oblainC; ( l t ) .1.  ! i r rcc r l rc '  sclur ion is urrc i rang.:r t .
stop rhc pr&ddic.

, 
'l}c pclforn-rncc of our proposc<t nlctlro(l airr l),

cornparcd with l lur t  of  rhc lD solur ion.  For r t , . :
crample problcnl. thc lD solution produccs frc lorrrl
production 'cost of 5257.1/day, conrparcd wil;)
S2l9.a/day by orrr nrcthod. Thc corrcsponding p
and S for thc lD solution are as follows:

B=,f i@77=st .
5  -  (  1 0 .  6 .  4 .  2 .  1 .  3 .  8 .  . s .  7 .  9 ) .

5. Conclusions

This papcr considers single ntrchine sclie.Julin3
problem whcre conrlrcnenrs of N different tJ,[]es Jrc
mrdc and thcn asscnrtrlcd to final proJucts of s;nglc
lypc. The pro_blcrn. is.to- dctc-rnline"thc optinrunr irat,:lr
s izc and i t re opr imurn product ion ssequence of  cr . , r .
poncnts within c:rch b:rlch so as to prinimi.'* t'rc rorr.l
grrrx l r r r . ' t ion cost  ' l ' l tc  i ( l rnt | r l t l ion Studir .d l r t . r , .  i .

. - ' { t$t ic s- ingl( '  n l ; rc l r i r r<:  rchcr lu l i r rg problcrrr ,  ib;  r r  h i .  i r
a sintple solution [)roc!'durc is dcvclop:d.

Wc assunrcd tlral thq {qlqg1i9n sglry_u lc_i,s rcpri
i t ivc.  l {owcvcr.  t l rc opt inr : r l  sc l tcdulc may l 'c  r r r : l ;
i lFt i r ivc.  l lcncc.  f r r r r i rcr  rcsc:rch is ncccss: , rv i , ,
addrcss non-rc l r t i t ivc schctJrr lcs for  scher lu l ing / . '
conponcnt prolrlcnls. Wc also lssunle that the fir.al

lrroducts arc dclivcrcd in batches. ln a ccnain sirLra-
t ion. i t  nra1. bc ccononr ical  (o del iver iodiv idual  i in;r l
product at thc limc of' asscmbly rather than to deliver
tlrc final products in batchcs. lf the final product.i rir:
dclivcred individually. the problenr app3ars (o rc-
quirc greatcr effon.

Wc also lcavc tlc obvious gcnaralization to (he
' problcm of schcduli.rg N componens whcn drc ce-

mand for thc final producls is saochastic. Thc 8€ncr3i
approach for thc problem of scheduling }/ comp.)-

ngn15 \r'ill require Srcater cffon. and u'e hope thc
(csults obtaincd in ttris papcr uzill stirnuletc funhci

rcscarch in this arca.

N I:'

t  )o l)  t tr ,rrr, , .L-( p.r,  t / t ,  t  
.r .  . . ;  ,  t) .

l :  I  I ' l

T - , , (L-* l ; )  A
os( )1 . .  r /-  

Y  ) A t i l J - A I . \ l t + l l  \ - / /

' l ) rcn 
Qlt l l {  -  nrar i r runr (QSOI-.  QLBI :  S0 is sc-

lcctcd rs thc initial valuc of O. ln Stcp 2. w< obtain
s  -  ( l o .  6 . , 1 .  2 . ,  r .  3J  8 i5 .7 ,  < ) )

using thc indcr rulc of ('l I ). Thcn
TC(O. s) - 522(t.6/day1'.

ln Srep 3, wc obtain - @j -e' tOl,trsing El. (t2). and
go to Stcp 2.  v

Iterarion 2. lrr Stcp 2. wc obtain
s -  ( r 0 .  ( ' .  ? - . ' 4 i  l .  E : 3 j 5 .  ? . 9 ) .
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Iu lc
lwo

h  r .  h  r
: ' - : : * -  > ' : - - ! ' i " ' - .  ( A . l )
l , +  Q r , t ,  S  + A r , t t . .

i , t ,  . , .  r . ,  . , i L  S "  , ;  , .  .  r  . ; .  i  1 1 , . .  ,  /  , r  t 1  . . 1  , r , r . ^ ^  , . 1

' I [:t S bc thc schcdulc fcrrncd by intcrchanging two
conrpoflcnts i nnd I (scc Fig. A. | ). Th-qn,, tftc stan
timc. ?i, of componcnt i rrndcr .S conesponds to the
srrn r inte of  cornlpncnt 7 undcr. f ,  Simi lar ly.  thc : '
frnish time. Io. of comgrncnl j undcr 5 corrcsponds
to lhat of conrponcnl i undcr S. Thcrcforc. thc
uor|t.in-orocess invcntor,v costs ior any othcr com.
ponents do not changc.

I cr Wtf,(.S) dcnorc tl'c srrrrr of rvork- in-pr(xdss
inv6n16t y cost for conlfnncnts i and j undcr S. 'I'lrcn

(,be florv rinrcs of comflonent i and comlonent j
undcr .9 arc T- T, and 7r- T,- Qr,t, - J,. rcspcc-
tilc!.v. n,.r.to,.. \VJP(S) is cxpr<,sscd as follows.

\\ 'rr '( s) - Qh,r,(T _ T,)

+ eh,r , ( l  -  T, -  er , r , -  s , ) .  (A.Z)

Srnrrlarl;,, thc sunr of uork-in.proccss invcntory cost,
\\'ll\.l), for cornlroncnts i and 7 under S, coi-rc..
sP rnds .c

\ \ ' l  I ' t '  5 ' )  -

t  ! r  i l i z  i n  g
in1: rcsul t :

gh, r , (T  *  T , )

4  Q h , t l I -  7 ' , -  Q . r , t t -  s ) .  ( A . t )

(A. l  ) {A. l ) ,  we can obra in  lhc  fo l low-

\ \ , l r ' (  s )  -  w lP( . t )

-  Qh, r , (Qr , r ,  - t  s j )  -  Qhj r j (Qr i rd  +r , )  >O.

( ^ . 4 )

Ir. Ci-t, ^l.Jt, llaa / Er,.o1,eaa lot.aot .'l Oi'..otinnol Rctcorch 96 I Ig97) J?O- 577

A n n  n d i x

I'roof of Progxrsitiorr t. Srtpposc thrt .t ir r-schc(
lu( h lhat ( I l) ,lcrs nor hql-d. Tlrcn thcrc fiisr
.oniFDncnts i and j adjaicnt in S such that

'l'hcrefore. 
thc intcrchangc of thc ($,o adj:rccnt conr.

Jxrrrcnts i anrl I brings a nct dccrcasc in (hc totel
prfrlrrction cos( and thc proof is norv cantplcla. .,

l'roof ol lDropositiorr 2. Uriliz-ing (6). (7). anO (g;.
1C(0. ,t) of (9) c:rn bc crprcssctJ rs

1'c( o. s) -

* D,f,h,un,,tn,, *#
HQ(t - AD) CDtt

+ --- . . 2  ' 2

Q;2 [2D( .8+  K )1 " ,  . .
( '

x { l t ( l - ^ D \ + 2 D t B
i ,

D ( E + K I  C D t l
1'-_--=- i itCD - -:-.

u z
(^.7)

9?('' ..)i ',',',',i .',n',)

,L,\,r,,'L,r,r,,,1

(A..5j

lf thc prcduction icqucn.c .S is fixcd. TC.( 0, S)
of (4.5) is onl-v a:func"tion_4_9f O. olgjr it_g1.1o

f show rhar rcXA. s) kt8frffi I O.ZfC;6nl gJ  ss | l l t i s
4 -

Ine Oplrnlum Ditlcn StZa Xilvcn .1
riiffi iaircToi3r6leASliinl |nrnl tzes S) of (4.5) is obtaincd by

+ 2 D

l 'nrof of Lcrrrnro l. Suppose that all conrponcnts are
available at tintc z€ro, Thcn thc barch flow rimcs for
all contponcnts arc I. Therefgrrc, drc ror:rl rvork-in-
proccss iovcnrory cosr. WIP(O. S). pcr unit time
givcn Q and 5.  is  such drar

\vi l ' (O, r . I

-  ^BDQ + BCD. (^.6)

Lltilizinn (7). (,q). and (rt.(r). rve crn show thxt
1(IO, S) is c.rp'rcsscd as

rc( O. s) = e[ aort + *tt(t - ^D)]

D
s)=-'o

'[:[i]:IT--l

t z
Frg. A. i . Crnn dir;rrm <r/ rh< rhcdulcr 5 rnd 5.

l h

T.
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Notc tl:at 
'fC(O, 

S) is convcr in O. lf wc .ch.r drc

constrrinl\ ()n thc b;rtch sizc. lhc optinlal bitch sitc.

QSOI-, is obt:rincd by

2 D ( E + K ' , )

I lt - ADll..
\

t ' r r ro l '  o l  t ' r , rp, l i r i ,xr  l .  t f  wc cott rpJtc Qr '  o l  (  12)

and QSOI. of ( ll). wc can find lhc following rch.

t  ionshi l ) i

A '  A '

A l t = t l t +  l r , t , l h , r ,
, -  |  l -  |

A i v

> B + L/,, , ,rs,1 )J, 11r1r1r1.
r - t  l - l

i lrcrcforc. \r'c c:tn obaain Oc following rcsulu

O; > Qsol. for any productioo s.qucncc S.
(  A.e)

tJt QR[l- dcnotc thc oplimum brtch sizc which

minimizcs TC(O. S) e1 (p) with telaxinS, Otc con'
srrainr on thc batch sizc of (10). Thcn QREI- conc-'

sponds to onc of Or'. and wc dcrivc thc following

rclalionship:

QR8L >_ QSO|... ( , \ . l 0 )

Norr wc cr:rnsr,tcr hc consuaitrl ort (hc \rt. 'h sirc.

TIcn thc op l i t t runr  batch s izc  Q'  u 'h ich i 'n in i rn t , tJs

TC(0, s) <lf (9) corrdspo;rds (n

i t  { - r l i  la l  ( . ) l  l t .  (  \  |  I  I
I  , , l l r r . t  \ \ ' t  r r c .

'Ilcrcfore. wc can dcrivc thc following rcsult:

Q'  :  maxinrurn{QI-B. QREL}

> maximunr{QLI} .  QSOL}

- QN.i lN.
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