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INTRODUCTION 

Work has been done on pure inventory models. on job shop 

manufacturing models , on flow shop manufacturing models and 

on conveyor models . However, we have not found in the literature 

an attempt to put together the basic building blocks in a multi-stage 

assembly model. 

Rather than try to directly simulate a real system we have instead 
" .. -analyzed in depth the basic elements of a. •• I!l)~u1ti-stage assembly 

1 
system. From this has evolved a control group concept and a series 

of definitions of the ways in which one stage of a system can be linked 

with another. 

The magnitude of the system is a direct reflection of the 

~,J...,.t;=;l 
number of stages. the variety o~products (raw materials, parts, 

and assemblies) and the number of time periods for the operational 

cycle in each stage. Therefore, it was felt desirable to simulate a 

very small system as an initial pass, with the full expectation that 

this would permit a sharper, clearer understanding of the various pheno. 

mena. 
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GENERAL PROGRAM CONSIDERATIONS 

The purpose of this model is to explore strategic considerations 
~ ~ 

in planning a manufacturing control system. Decisionsl weI.,. s iii 

_ cycle planning. placement of inventories. choice of economic 

or automatic ordering plans. form of scheduling rules. importance 

of feedback of progres s information and importance of integrated 

versus decentralized decision planning. 

,.,..,~ 

2 ..... _'""!~1,ec use the machine was bei g used 

for. other roject wor. This w to e a 

small progr ch could be witten r dily in "Scrip and 

modified by oject programmers. 

The model has been intentianally Simplified so that exploration 

c03ld concentrate on order of magnitude changes".,.. For example. 

. 
• 

• 

an inventory control group gives instantaneous service; all communica,tio.,Ej 

channels are instantaneous; cycles are either one or two periods long; 

all sources have infinite supplies: there is only one customer; capacity 

and load considerations are ignored: the number of stages in the 

system are limited; there are only two products each of which consist8 

of two components; there is but one source for each input component. 

",. 
No provision is made for costs, set up, variable run time~ variable 

lquantityjusage! ' 
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It is intended that the model be initially used fo esti g 

the form of rdering and chedul Ong rules. Th need for llocation 

rules (for' put com nents) ~ also be t ted. The fac ors in 

the schedu ing ordering rule s will e examined in the light 

of different cycles and demand patterns. 

Part In DESCRIPTION OF PHYSICAL MODEL 

Section A Flow Chart 

1 The \e'lodelJiimulatedl looks as follows: 

'=:-L 2 3 14 st : jl :MIgl. A! £ 5 ri 
A .... A ~ A2 A2 

11 
12 

SD~rce I 
I B~ B~ 

Section B ~ Symbols Used in Chart 

[}- source of materials 

-j II I ~ventory~ontro~roup 

--0- yanufacturing contrOlJroup 

-0 Customer; product "sink" 

Physical material flow 
always from left to right 
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Su.mmarizing junction 

Distributing junction 

Exclusi ve "orl! 

"and" 

Section C Materials, Parts, Assemblies 

Raw materials A, B 

Manufactured Parts AI , A2 

Finished Models AlB, A2B 

Section 0 Precedence Charts 

~ 
The physical flow pret:edence matrix for this is , represented 

as follows: 

T1 Control Group N 

1
25 I 2 3 4 5 I I 12 21 22 l3 24 

I I I 
2 

I 3 

i t 1 I 

I 
I I I 4 

f 
I 

I I 5 I I 11 I 
Jl 

j 
I 

1I I I 
II I 
23 I 
24 I 
25 

\ I 

0 

, 

• 



? 
From 

cobtrol 
group' 

"Raw 
Material" 

III - D 
- 7 -

Where 1 signifies that this flow does exist and blank Q IU indicates that 

it does not. where 2 - onLppear in the same rowan "or ll condition is 

signified . where 2 ones appear in the same colwnn an "and!! condition is 

indicated . 
.... u J , 
~prxc ••• ~dence matrix actually shows the specific product which 

flows from one control group to thepext. 

Physical Product Flow Matrix 
To 

I 2 3 4 5 11 12 
I A 
2 A 
3 Al A2 
4 
5 
11 B 
12 
21 
22 
23 
24 
2S(a) 
2S(b) 

Product Gozinto Matrix 

"Finished component" 

A B Al A2 AlB A2B 
A I I 
B I I 
Al I 
A2 1 
AlB 

A~ - -Fo. r J~ <I e.. ... I'Qif~J .. 

A B Al A2 AlB A2B 
A 3 3 
B 21 21 
Al 21 
A2 

21 
AlB 
A2B 

Control Group ., 
21 22 23 24 2S(a) 2S(b) 

Al 
A2 

B 
AlB Az!3 

AlB 
AlJ3 

AlB A2B 

""') 
station, WAtch transfor~ ~ 
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Part IV Definition of Factors 

Section A Notation 

I'=. station; always used as a superscript 

I'\"~\,,,,,, 

IV-

a separate station ~. is defined {or each source, inveDtory~ 

control group and customer. 

m = "model" or part. product, material, assembly 

an item changes identity after going thru any operational 

control group (other than shipping) 

t ~ time period (/~ I ~,,,,,,,, t., / eA.) 

Section B Descripti:e of Physical System 

Cycle Tolerance 

• 
T m = 0, 1: ai 6 if an order which is not scheduled immediately for 

minimum lead time plus cycle is a 148t order 

1 if an order cannot be X "108t" regardless of when scheduled 

o = fixed cycle; 

1 :: any cycle 

~ T = tolerance 

T = 0; tolerance !Or~Cle only 
/V= c:;;o. 

T = I; tolerance for any cycle ax 

need T for each Inventory Station 
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X.K Lead Time -
a J 0 if previous station is an inventory station and the 

make from materi is stock 

a ~,' .. ~ ~ 
Lm = sum of cyCle,,' {or previous stations up to ~ point 

~ of carrying stock j.ruse maximum cycle if multiple source paths . 

J/eed L for each manufacturing station 

Cycle Time 

$ ~f a..tl ....... ,t:.'1 ~ 
~ G.n= manufacturing cycle - , ~' 

Section C Rules Parameters 
&<~ck- p •• ~ _ - s .:::z a p m~s reorder point in uni ts 

Pm S = 0 means non-stock~s reqUired ) 

• = ~means stock item)reorder every period 
#:..L..;~ 

= Economic Order Quantity 

Lel veling Factor 

a 
C) ~ I; ~ 1 

~s = Leveling Factor ~ I: aut ~ ~ (~~ 
~..........{~ ) 

dl.9 = 1 implies absolute leveling 

Ala __ 0 
~ implies that schedule will follow demand 

Section D Auxiliary ~.!., 

s ~ 
Urn. t f unfilled ord Ers at end of",t 

unfilled means not yet scheduled. 

":.,, 
inventory on hand at end of,.,t 

J' 
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Section E Decision ~ 

• Sm. t = scheduled .%an orders to au start rnanufactl.ere 

oJ 
during ~ t 

• ~ t = Quantity ordered by station s during time period ''''''0 
"" t of product .... . 

Section F Timing Relationships 

..," 
receiveo~ 

schedu1v 
production a 
write orders 

T 

I 

\ 

I 
I 
I 
I , t 

I 

----
, 
I ~ 

I 

I 

I 
, 1" , 
'- I. 

Section G Precede and Succeed Concept 

~-J-
I Ji ,J!'" 

\;'11 Nol 

~ 0 
8 :-1 i" ;:; 

..f 

" 

S:I r~ ~ S;-/ ho4t .. _ 

beginning physical action 

en d of physical action 

send p 
t to ne 

compute UtI ~ 

roducts completed during 
xt station 

receive products completed d",.inJ 
t from previous station 

~ 
~ 
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r~ ~ 
.... ..,. e )rII(:l represents all finished products from station':l that x:s."',,""''''''om! 

use n1as an input: 

m:l (o~~) 

A AI. A2 

B AlB. A2B 

Al AlB 

A2 A2B 

AlB AlB 

A2B A2B 

Sequenc e Relationshi p Ta hIe 

7A '--
~~ 

5 
II ~ 

c nt 0 12 -
roul.' as th 21 ----relat o ship 22 

____ ---::. ~ ~:.. r JJ. ..... 23 • .;OF 
24 

1 2 3 4 5 II 12 21 22 23 24 25 
1 0 -1 -2 -3 -3 x x -4 -5 -5\ -6 -7 
2 0 -1 -2 -2 x x -3 -4 -4 -5 -6 
3 2 1 0 -1 -1 x x -2 -3 -3 -4 -5 
4 3 2 1 0 x x x -1 -2 -2 -3 -4 

control group * 5 3 2 1 x 0 x x -1 -2 -2 -3 -4 
II 0 -1 -2 -3 -3 -4 -5 bas this relation- x x x x x 

ship 12 x x x x x 1 0 -1 -2 -2 -3 -4 
,zn 4 3 2 1 1 2 1 0 -1 ; 1 -2 -3 --- 225 4 3 2 2 3 2 1 0 x -1 -2 
23 5 4 3 2 2 3 2 1 x 0 -1 -2 
24 6 5 4 3 3 4 3 2 1 1 0 -1 
25 7 6 5 4 4 5 4 3 2 2 1 0 



II. / 

J( 

.Pt Wr>...t.,4 a.4. ~ ___ .:t 7J-./ ~ 2 ¥ 
4<, ... - ••. ~- ~ ": ~ :1 . ~" ... 
~ 7--?- l.V.. S": 3 ~_ ¥. 
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Part V List of Factors 

Section A Systems Parameters 

25 22-
R

5
-TalB RNB A2 25 4 

TA2B LAIB TAl 

24 21 4 
LAIB LA2B PAl 

24 
21 4-

LA2B C RAI 

24 21 3 C <it LAI 

«24 12 3 
TB LA2 

23 12 
3 TA2B PB C 

23 12' 
3 PA2B RB ~ 

23' II 2 
RA2B C ' T A 

22 5 2 
TAIB TA2 PA 

22 5 2' 
PAIB PA2 RA 

C' 
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Section B ..9 r ? ' I" 
Sys terns Status Variables 

!l00 ;t 

01 / 
25 23 4 12 R 19 RA2B 37 RAI 55 I AlB 

B 
25 22 3 5 02 RA2B 20 RA2B 38 SAI,t+2 56 IA2 

24 21 3 4 03 S AlB, t+6 21 S AlB, t+4 39 SAl, t+l 57 I Al 

04 S 24 
22 21 

40 S3 
58 3 AlB, t+5 S AlB, t+3 Al, t U

AI 

05 24 
23 21 

41 3 
59 3 S A lB, t+4 SAIB,t+2 SAI,t_1 UA2 

06 24 
24 21 3 

60 I 2 S AlB , t+3 S AlB, t+1 42 S A2, t+2 A 

07 24 
25 21 3 S AlB, t+2 S AlB, t 43 

S A2, t+1 

24 21 3 \ 08 S AlB, t+l 26 SAIB,t_1 44 S A2, t 

24 21 3 

~ \~ 
09 S AlB, t 27 S A2B, t+4 45 S A2, t-I 

10 
24 21 

46 R2 S AlB, t-I 28 
S A2B, tt3 A 

24 21 I II 
S A2B, t+6 29 

S A2B, t+2 47 S}l,i 
......... 24 

21 I 12 
S A2B, t+5 30 

S A2B, t+l 48 
SA, t-I 



Part VI Description of Model Operation 

.oisli!!!S!!!!!!~4:::t Set Initial Parameters 

Set all C independently 

Set all P independently 
3 

LA2 = C
1 

L!1 = C
1 

L21 = C 
AlB 
21 4 12 

LAZB = 0 because P > 0 and P > 0 

21 I#: 12 3 3 J 
L'HB = max I..JO (because P » 0), C + LA2 

22 
LAIB = 0 because P > 0 

Ll~B = 0 because p23 > 0 

R * = 0 if P = 0 or P = 99 

Set aU other R* independently 

Set T 

Set c( 
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Sm, t is mounded by t = L~ 
S • . 1 

U =OifT =0 m m 
S • 

r", = "if Pm = 0 

.hElea G Provide Demands 

• and t = l~Cm 

The systems analyst must provide the demands to be tested. 

These can be any set of positive values for each of the two 

VI -fJ,C,[; 

"i!L 

products . The number of time periods tested is a function of 

the demand cards itlB erted for testing. 

SSiliiiiF!iil!ll!l!! ...... Sequence of Decisions 

Read demands for period t 

Shift Sr to Sr_l 

Set all SI+L = 0 

Compute all R, compute all St+L 

Updale U, I 

Print status for period t 

advance t 

Part VII Formu.lation of Rules 

Operational Rules 

~ Updating System 

~ .:1 
Um/t = Tm 

• • 

• 
' (Um.t_l 

s : 1 

s :1 

+ R"" t 

r"" I = r"" I-I + 8:1 
Sm, t+l-C 

s 
- Sm,I+Lm 

s : 1 -4. Sm:I, I 

""" 
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Decision Rules 

• 
Sm. ttL

S 

m 
= min 

-r s -= it l"" t-I + 

- ~ "'~~~I,t 

~ 
p' 

m 

, = 0 if { ~'lp: 
'f S· 

ort--Rm = 0 

.:l .:1 J 
(Rm:l,t - Sm :l ' ~ 

L 8:1 
- m Um :1,t- l 

8:2 s:2 s: 1 

(I-Tm : l) (Rm:I, t - S m :l. t 
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Part IX 

t 3 3 4 
SA2 SAl IAl 

-1 10 10 

0 10 16 50 

1 10 10 40 

2 II 23 10 

3 II 42 23 

4 II 48 44 

5 II 43 72 

6 II 38 100 

7 11 35 123 

8 II 32 148 

9 II 29 170 

10 II 27 189 

II II 25 206 

13 11 21 234 

14 II 20 245 

15 11 19 255 

16 II 18 264 

17 11 18 272 

21 4 
SA1B RAl 

10 

10 0 

20 60 

40 60 

10 10 

20 10 

20 10 

15 10 

15 10 

10 10 

10 10 

10 10 

10 10 

10 10 

10 10 

10 10 

10 10 

10 10 

3 2 
UA1 IA 

0 0 

37 50 

56 87 

18 54 

15 15 

13 19 

12 10 

10 16 

9 7 

8 13 

7 5 

6 II 

5 9 

4 2 

4 8 

4 1 

4 8 

1 

SA 

0 

20 

70 

70 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 
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~,.) 'Y' ~ R... ~t:JJ t:...JJ ~. ~...: 
~/- <- ~ -:r~ ~ ~ ~ P<-

a...~ ...... ~ ~ :t: ~~~_ 
p ..... ~ ~ a... • .r<- Q ~ -.k... 
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3 4* 4 
RAI = 60, PAl = 60; 

3 
C = 2, LAI = I, 

3 I 
L ::.75; CA ::: 1 

4 4 3 21 
I = I 
AI, tAl, t-I + SAI,t+I_2 - SAIB,t 

4 

I AI, I = 50 + 10 - 20 = 40 

4 
RAl ::: O. 60 never 10 0 \oIt" 

Ordering Rule Error 

The way R rule is set 

o p ::: ~ after second week since l 1 p. 

= I 

IX-A 
Page Z 

~> m~ 
and therefore second term is always ordered. ,should be set up 

• 
•• 

80 tlw..t either Rm is ordered or else nothing for a stock item on 

economic order rule. 

The ordering rule 

• •• 

,.,.,A r 
Haoal'd take the following form: 

s:Z 

Rm , t = pr Rm + (I-P) 

s * 
~ .(0 if ~ = 0 

l lifR >0 
I' . 

'if = ' ~
o if am t 4) Pm 

1 if Q~. t ~ P~ 

Where 

.', 
V 

m,t [ 

.:2 
Rm:I,t L 

m 

s:Z 
- (I - Tm:l) 

s :2 
(Rm:I,t 

s: 1 

-~:I,t )] 



S j' Om t = 1m , t-I t t 
, t - E u 

m 

Schedule Rule Error 

8 :1 

m :l. t - l 
.:2 } 

- V t m, 

lX- A 
Page 3 

3 

= min·f[ 
3 

. 75SAI ,t t 

4 3 
(UAI, t- I + RAJ , t 

,25) (R: I , t t U ~l' 1-1 H l~, t-IJ) 

- SL,tt l ) 

check U rule 

3 

U Al I = I (0 t 60 - 23) = 37 , 

3 
UAI,2 = 1 (37 t 60 - 41 ) = 56 ok 

S~I, 2 = min. {[ .75 (10) t. 25 (60 t 0)1 [ <1 
= min. : (7.5 tiS). OJ = min . 1'23, oj 

should be 0 

answer actually was 23; 

check ipcDt: for programming error on min. test . 

Is there a ~iC ;:'or in using ~_I ; wouldn't it be more logical to 

examine It + L _ 1; If this is logical, can it be predicted. Probab Iy 

yes since all 5 data is available. 

2 2 I 3 3 IA,I6 = IA,I5 t SA, 16 ~SAI, t6 - SA2, t6 

2 
lA, 16 = 8 + 20 - 18 - I I = -I 
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2 
IA 17 = 1+20-18-11=-8 , 

IX-A 
Page 4 

It isn It logical for an inventory to go negati ve. This should be 

automatically prevented by the operation of the Scheduling Rule. 

There is also an error jn that minus numbers are not recognized 

and they are recorded and treated as though they were positive 

numbers with the same absolute value. 

3 
SAl, 17 

. p 
= mlll. ) l 

min . 

.75 (18)+.25(10 + 4) 

, 
(13 . 5 + 3. 5) , 8 

= min. (17, 8) 

answer was actually 18; 

g 
l 

, 1 
l 

inHicating that each factor was individually rounded upward 

and that the inventory limit was a ignored. 

The basic rule s eerna reasonable except that the unfilled should 

be cleared up. 

21 
SAIB,I + 

4 
IB, O =20 

21 
SA2B, I = 20 + 10 = 30 

There is no summary test for total usage 

Or-'- 4 t.y Rule shOula" be corrected as follows: 

" s >I 

5 5:1 s \1 
+ (1 -0() (R.n,t + Um,t_y ) 

L ~:-l. t-l 

s , 
S s 

~ m:O. t+Lm 
all s :-1 
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where m:O means other model using same resourCes. 

For example: 

21 
= min.{ [ 1 • 4 1 12 21 1 i . SAIB. t I ' IAI.t_1 IB , t-l SA2B. t J -21 , 

for t = I; SAIB.t = min. 1 25, SO, (20 - 10) = 10 

21 

[ . . 5 (10) +.5 !c10'+ 0)] • ~ 20] l 0 ' } 
SA2Q t+3 = min. 

! 

= 0 

answer actually was 10 

Therefore in programming must not have tested 
t- I 

However, this is fortunate since if test was made of a noD-stock 

inventory there would never be any available, hence 5 :: 0 always 
5 

and no RA2 would ever be placed. We should not examine 

inventory if p:: 0; so Scheduling Rule should read : 

S . ( = mm. ( 
, , 

should prevent negative a values on unfilled calculation. MUst 

avoid rounding errors such that order quantity for a non-stock 

inventory are greater than demand. 

It looks like an error to permit a non-stock station to order in relation 

to demand On user station . This permits a non-stock station to 

accumulate inventory in anticipation of an increase in schedule rate. 
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It looks like the R rule should be corrected for non-stock to depend 

5:1 s'l 
soley on Sm-l t + L' and nothing else. The allowed lead time . , m: l 

already compensates for availability delays. 

The ordering rule should look like this: 

s s* " 5 : 2 
Rm .! = ~'( Rm + (I-~) gYm.! 

where ~ . 'l' and V are defined as before 

s 

{

o if Pw > 0 
and 6 = s 

1 if Pm .. 0 

lnventories should not be permitted to go negative _ 

Inventory Rule should be ~ritten 

~x. L: 5 s:1 
m m:l. t 

s 
1m , t-l [ 0 I 

) , 
1:-1 5:-1 

+ Sm, ttl-'£. 

s ;1 
t +Lm : 1 

Conceptually how can there be an inventory at a non-stock station . 

This should be prevented 

( 

I = (1-0) I etc. 
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Sec ti on B ~!!!!!I !!!!I!!!= ==III:j!!!!!!::i!:1I 

Demand Analysis 

xax 
IX-B 

Page 1 

Take model AlB independ~IY M.<i.c.A ,41.1.l w-JJ-f"'-~ J 

Mcc:l .. I$ ~ ':~~ ........ v-cvJ....... c... ..... v...:~ . 
Usage mean: low 

Usage slope: 

medium 

high 

trend up 

trend down 

"'-" \N.-..I.. 
Permanent discontinuity: 

Temporary change: 

. ,j.-P' 
Mag, of discontinuity or change: 

Period of change: 

~donn pattern 

$u..r • .,..J, 
"Si Os ai .. o1 variation 

step up 

step down 

up early 

down early 

up middle 

down middle 

up end 

down end 

small 

moderate 

large 

short 

,..... 
Jrledlurn 

long 



• • 
• 

• 

• 

• 

• 



odel 

up model [0 ndations 

ra"\. 
(punched a,rd\ 

changes 

t:; 
Section ~ General Rules Discussion 

To actually simulate such a system requires the use o[ decision 

and operation rules [or transforming the system values at time t-l 

into those atxi.zx: time t. To do this means the establishment of 

decision rules for determining appropriate R'a and S's and opera-

tional rules for transforming U's and 1's . 

The two operational rules are: 

s 
(Um,t_1 

have an unfilled balance. 

s :1 
+ R",.t 

s 
- Sm, t • + r.", ) 

can 



...;- " ' " 

5 5 

1m t = I 
I m, t-l 

s : -1 
+ S 5: - 1 

m,t-em + 1 

,-
m 

• 
s :1 

Sm:l,t 

IX- D 
Page Z 

u g. S C Quy an inventory control group can have an inventory 

balance . 

~orcxu2il'~To determine 

must be considered. 

12 
IB and 

21 

SA2B 

Obviously any attempt to write completely generalized ordering 

rules initially would be doomed to failure . Howe l'er, it did appear 

reasonable to establish relatively general rule forms based upon 

the results of previous work and try various parameters in these 

rules for better system understanding . The simulation model should, 

of course, be programmed in~ such a way as to permit 

straightforward changing of rule format. 

For the purpose of scheduling and ordering rules each control 

!8.lOO< . WM !pre ,._ 'S"L"""JP' group is related to every pertinent control 

11 .. ~ ~ 

group by ... stages before or stages after representation . 

The general scheduling rule without inventory limitation is : 

s 
(1 - " ) 

0( S = Leveling factor • 

s: l 

('\n. t 
5 

+ Urn, t-l 

.,(5 = I implies absolute leveling 

• 
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Tbe general form of the scheduling rule has "'-- to take -cognizance of leveling considerations . This format i-.f suggested 

(~ ~ .~I. 0.....). s..,...n.- ~) . 
by the work done by Mills and Singleton" The concept is that each 

control group will schedule its own work rather than expecting its 

customers to provide a balanced set of orders. Since primary 

emphasis is on interstage relationships, capacity restrictions and 

unit loading data have been ignored. The real complexity enters in 

terms of availability of stock inventories or replenishment orders. 

If the "make_from" materials are carried On a stock basis at all 

directly preceding inventory positions, the maximum schedule 

quantity is the minimum inventory of the preceding inventory positions . 

Where any or all of the make-from materials are not carried on a 

stock basis the problem is more difficult to state. The limitation 

here is two-fold; first the ability .i: of the inventory preceding the 

Supplying station to Support the quantity desired and the ability 

of the supplying station to make the quantity desired. For a series of non-

stock products this continues to build-up until the ultimate SOurce is 

reached.<ifThere are two other:oapc: complications both to do with 

competitive demand for a product. First is the case where one of the 

inventories is used in two or more finished products where4 an 

s \' 8:1 
allocation rule is needed if IQOC 1m. t -l < ~ Sm:l, t 

The other case is where non-stock make-from materials are involved 

and the make-from quantity isn't adequate to Support all competing ""mal.d, 
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Section _ () 

Section f e, 

Program Logic 

25 
I. Read R 

2. Shift 5 

3. Set St+L = 0 

4 . Compute all R !t 5 

5. Update U, 1 

6. Print 

7. Advance t 

Detailed Rules Actually Programmed 

Read Rs 

Shift S ' . (All) 

Set Sm. t+L = 0 

5 
24 24 .) .,(24 
AlB, t+L

A1B 
= mlD' l 

24 
24 25 

+ (1 - "" ) (R AlB. t + UA1B,t-l) 

23 

'I{ 11 A2B. t-l 

25 

(RA2B, t 

23 

" 21 + i... SA2B t 
t ' 

J 



21 
S 

A2B 

12 

RB • t 

, 23 

+ RA2B• t 

22 22 
R - (I-T

AIB AlB. t 

23 23 
- (I-T A2B ) (RA2B • t 

24 25 

x- I:: 
Page Z 

22 
) (RAIB • t 21 ] 

- S AlB. t ) 

21 
- SA2B t • )] } 

25 
UAIB,t = TAIB 

24 
(UAIB, t-I + RAIB,t 

24 24 
- SAIB ttL ) 

• AlB 

22 22 

IAIB, t = IAIB. t-I 
21 21 

+ SAIB. t+C -2 

24 
- SAIB t , 

12 12 II 

lB. t = IB , t-I + SB. t+Cl!_2 

21 21 

- (SAIB.t +SA2B.t) 
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Section~ Additional Description 

Customer ~+~'"' 

R(Z4) each t 

S. 5 rule, R rule. C, I, [ 

Source 

Treat as inventory station with infinite inventory. 

No 

C each source 

S each source, up to C. 

'Sf i 
s ~ 

St = R;:I 

T • • 1_" . R. P. 0( • U 1 J: 

Inventory 
s 

Supplied: 10 • 

.......... ...J<.
T"Oor oo 

C
S 

= 0 all s 

8 8 8 .~ 8_$ 
RO ' So ' T • ;,. Uo , 

j 
.a ... ~ ....... T:.o_T·1 



s B!1 s 
Ut = T (Ut _1 

~ = 1 if ~8 = 0 or o..;J 

-= 0 otherwise 

X-G 
Page Z 

("'each inout moW It .. ,each output mode!> 

Supplied RQ~)sS~for all time periods 

clIP to t 

(. 't' .... :t,..I "'r I ) 
8 

T = 0 or 00 /\ ~ veach model 

8--- I' " 

r " 
8 .... '1'1-

e same for all models • 

Rules 
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t
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• s 
~ = St each mode l 
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Subject : F low Characteri stics 

• 

/y 
of Manufacturin Sho 

A matrix c an be drawn f>n which each row represents a source station and 

~ 
each column a destination station. An entry of sac -.wttl be made in each 

~ J'~ 
block which is -¥&ried for a particular Week. In other words, the complete 

routing for a job would be indicated by a 9 et of"ones i n various blocks with 

the follOwing provi sO: There must be at least one entry in row zero and at 

least one entry in column N + 1. This set o!"ones"defines the pr.Jee::;f5~ 

routing of a particular job . 
for a 

It is also po8t~ed that there is an ordering flow shop" 

• :c.-
of the stations such that all ~ will appear on or above the main diagonal. 

This definition of a flow Shol(1i'mPlies that ~if every job which goes 

through an area is mapped onto a routing matrix and if the above postu~e 
:l-

can be met, then by the introduction of the concept ... zero time at a station every 

job for which an entry occurs on or above the main diagonal can be represented 

by an e quivalent set of ~t.S'on the main diagonal itself. It is evident that if 

all ~ntries occ~r..;.r.n~ the main diagonal -' this1~e definition of a 

flow shop : a stra ight line sequence with no reversa ls. 

""'" b~ 
This q~a very useful simpliiication since it can be shown that many Stt-~ 

job shops would fit this category and that whenever this is true a flow shop 

simulation ~~be used to represent its performance. Typically, these are 



illustrative example is indicated below carrying through these operations 

for ~ five jobs in a shop of five stations. 

Routing Matrix V~h ...... I-~h-1---
~ 

3 \ 4 5 1 l 6 
0 

1 
Source Station t l -+-

} 3 

4 t 
5 

, 

Job Operations 

A l 4 3 
B 5 1 l 
C 1 l 4 
D 4 3 
E 1 l 4 3 

~- .. - - To 
0 

, C~ l 3 4 5 6 
A D B 

1 

l BCE ACE B 

From--j 
3 ADE 

4 ADE C 

5 B 
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SW- ~~ Old.Number New Number I' , 
0 0 
I 2 ""'" .... 2 3 

,Jol. 01""-i..-. 3 
5 

It "3 <4 .r 4 
4 / ~ I ,l :J 5 I c 2-)-{ 6 6 P ~ r 

E .. .3; S--New f!Ios. h.-' 
r~ Iw. ~_ 

To 
I 2 3 4 5 6 

0 B CE A D 

I B 

From 2 BCE 

3 ACE B 

4 ADE C 

5 ADE 

-
POssible Routings 

I 2 3 4 5 6 
0 I II I I 

I I 

2 If! 

3 I II I 

4 III I 

5 
III 



, . 
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Jobs note: 0 meanS 0 time 

A f m ean8 real time 

B 
G 0EeratioDs (new numbers) 

D 
E ~y,;", I 2 3 4 5 

A 0 e; * * 
, 

~ 
, 

* * 0 8 

( 0 * * * ~ 

p 0 ~ ~ H * 
E. ~ , , 

* 
, 

Hence , this can be simplified to the follO'Ning matrix and represe,nted 

by a flow shop model. 

--l---- 2 3 4 5 6 

0 Nt! 

I I 

2 I II 

3 1111 

4 11\1 

5 I II 
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AN EXPERIMENTAL MULTI-STAGE ASSEMBLY SIMULATOR 

by Burton Grad 
Technical Counselor 

ManuIactu ring Se rvices 
General E lectric Company 

• 

This program was written by D . D. McCracken, then of the General 
Electric Company, and many of the formulations are a result of his 
suggestions. The original concept for such a simulator was suggested 
by H. Mills of M arket Research Corporation of America . The work 
described was completed prior to June I, 1958 . 
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INTRODUC TION 

Work has been done on pure inventory models, on 
job shop manufacturing models, on flow shop manufacturing 
model s and on conveyor models . H owever, we have not 
found in the literature an attempt to put together the basic 
building blocks in a multi-stage assembly model. 

Rather than try to directly simulate a real system we 
have instead analyzed in depth the basic elements of an 
experimental multi - stage assembly system . From this has 
evolved a control group concepti and a series of definitions 
of the ways in which one stage of a system can be linked 
with another . 

The magnitude of the system is a direct reflection of 
the number of stages, the variety of differentiated products 
(raw materials, parts, and assemblies)and the number of 
time periods lor the operational cycle in each stage . There 
fore, it was felt desirable to simulate a very small system 
as an initia l pass, with the full expectation that this would 
permit a sharper, clearer understanding of the various pheno 
mena . 

GENERAL PROGRAM CONSIDERA TIONS 

The purpose of this model is to explore strategic 
considerations in planning a manulacturing control system . 
Decisions to be considered include: cycle planning, placement 
of inventories, choice of economic or automatic ordering 
plans, form of scheduling rules, importance of feedback of 
of progress information and importance of integrated versus 
decentralized decision planning . 

The simulator was prepared for the IBM 702 because 
the machine was being used for other Integrated Systems 
Project work . This was to be a small program which could 
be written readily in "Script" and modified by Project pro 
grammers . 

I 
F ebruary 23, 1958, Integrated Systems Project Progress 
Report, Production Control Service , 570 Lexington Avenue, 
New York 22, New York . 

• 
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The model has been intentionally simplified so that 
exploration could concentrate on order of magnitude 
changes. For example, an inventory control group gi ves 
instantaneous service; all communications channels are 
instantaneous; cycles are either one or two periods long; 
all SOurces have infinite supplies; there is only one custo
mer; capacity and load conSiderations are ignored; the num
ber of states in the system are limited; there are only two 
products each of which consists of two components; there 
is hut One source for each input component. No provision 
is made for costs, set up. variable run time or variable 
usage quantity . 

It is intended that the model be initially used for testing 
the form of ordering and scheduling rules. Tbe need for 
allocation rules (for input components) could also be tested. 
The factors in the sCheduling and ordering rules will be 
examined in the light of different cycles and demand patterns. 

DESCRJPTlON OF PHYSICAL MODEL 

Flow Chart 

The simulated model looks as follows: 

4 

SB-1 t 11r-----1~ A I~~ i1"r--I: ~ 

• 

AZ-? A Z AlB-+ AlB'" AIB~ 
ZI Z2 Z4 Z5a 

HI FA Itl}nlr 

" AZB ... AZB .. A 2B-725b II IZ 

so~ II r------.J 
B~ B~ 

* Final Assembly I 

• • • • • • • • • • • • • • 

• 
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Section B Symbols Used In Chart 

-0-
--0 

]--

• • • • • • • • • 

• • • • • • 

• 

source of materials 

inventor y control group 

manufacturing control group 

customer; product "sink" 

physical material flow, always 
(rom left to right 

summarizing junction 

distributing junction 

exclusive lIor" 

• • • • • 

• 

• • 
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Section C 

Section D 

Physkal 
Flow 

From 
Control 
Group H 

• 

1 

2 

3 

4 

5 

II 

12 

21 

22 

23 

24 

25 

• 

• • • • • • • • • • 
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Materials, Parts, Assemblies 

Raw materials A, B 

Manufactured Parts AI, A2 

Fini shed Models AlB, A2B 

Precedence Charts 

The physical flow precedence matrix for this product 
is represented as follows: 

To Control Group If 

1 2 3 4 5 II 12 21 22 23 24 
1 

1 

1 1 

1 

1 

1 

1 

1 1 

1 

1 

• • • • • • • • • • 

25 

1 

• • 

• • 



• 

• 

• • 

• 

From 
C ontrol 
Group #I 

• 

• 

• 

• • • • • • • • • • • 
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Where 1 signifies that this flow does exist and blank indicates 
that it does not . Where 2 ones appear in the same rowan "or" 
condition is signified. Where 2 ones appear in the same column 
an "and" condition is indicated. 

The following precedence matrix actually shows the specific 
product which flows from one control group to the next. 

Physical Product Flow Matrix 

To Control Group II 

I 2 3 4 5 II 12 21 22 23 24 25. 

I A 

2 A 

3 Al A 

4 Al 

5 A2 

II B 

12 B 

21 A,B A,B 

22 Al J 

23 AiS 

24 AlB 

25. 

25b 

• • • • • • • • • • • 

• • 

25b 

A?!3 

• • 
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"Raw 
Material" 
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Product Gozinto Matrix 

"Finished component" 

A B Al AZ AlB 

A I I 

B I 

Al I 

AZ 

All 

Ai-

Station Transformation Matrix 

"Finished component" 

A B Al AZ AlB 

A 3 

B ZI 

Al ZI 

AZ 

Ai 
Ai-

• • • • • • • 

• • • • • • 

AZB 

I 

I 

Aff3 

ZI 

ZI 

• • • • • • 
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DEFIMTION OF FACTORS 

Notation 

5 - station; always used as a superscript 

a separate station number is defined for each 
source, inventory group. control group and 
customer. 

s:: I, 2, . . .• 25 

• 

m =: "model" or part, product, material, assembly 
an item changes identity after going thru any 
operational control group (other than shipping) 

t ~ time period 

o < t < 9999 

Description of Physical System 

Cycle Tolerance 

s 
Tm =O,I: o if an order which is not scheduled 

immediately for minimum lead time 
plus cycle is a lost order . 

• 

1 if an order 
scheduled. cannot be "lost" regardless of When 

o := fixed cycle; 1 S any cycle 

T::: tolerance 

T = 0; tolerance [or advertised cycle only 

T::: 1; tolerance [or any cycle 

need T for each Inventory Station 

• • • • • • • • • 

• • • 
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Lead Time 

5 
o oC L < 6 ; 

m-

5 

o if previous station is an inventory 
station and the make from material 
is stock 

L = sum of cycle times for the previous stations 
m 

up to point of carrying stock; use maximum 
cycle if multiple source paths . 

need L for each manufacturing station 

Cycle Time 

l~Cs.=Z 

• 

C :; manufacturing cycle used for all operating groups 

Rules Parameters 

Reorder Point 

5 
P ~ 9999 " m- • 

5 

5 
P > 0 is reorder point in units 
m-

Pm ::; 0 means non - stock (as required) 

5 
p ::; 000 means stock' item , reorder every period 

m 

Reorder Quantity 

s * s* 
~ <9999; R ::; Economic Order Quantity 

- m 

Leveling Factor 

5 o ~ <X ~ 1 

0< 5::; Leveling factor used for all operating groups 
(except source and customer) 

s 
0( ::; 1 implies absolute leveling 

s 
ex :; 0 implies that schedule will follow demand 

• • • • • • • • • • 

• • 

• • 
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Auxiliary Values 

o ~ U ~ 9999 
s 

Urn' t ;II" unfilled orders at end of period t 

unfilled means not yet scheduled. 

o := I 4C 9999 

s 
I ::= inventory on hand at end of period t m,t 

Decision Values 

o ~ S < 9999 

s 
S = m,t scheduled orders to start manufacture 

during period t 

o ~R - 9999 
s 

~,t = Quantity ordered by station s during time 
period t of product m. 

Timing Relationships 

• • • • • • • • • • 

• • • 
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Precede and Succeed Concept 

G-lil f--I - -
m :l 

s s : 1 m :l 

81----111 f----O--
s :-1 s s: 1 

5 :1 means succeeding station 

5:-1 means preceding station 

m:l represents all finished products from station 
8:1 that use m as an input: 

m (in ut) m :l (out ut) 

A AI,AZ 

B AlB, AZB 

Al AlB 

AZ AZB 

AlB AlB 

AZB AZB 

• • • • • • • • • 

• • • 
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Sequence Relationship Table 

For Control Group 1# 

I 2 3 4 5 II 12 21 22 23 24 25 
1 0 -I - 2 - 3 - 3 x x -4 - 5 -5 - 6 - 7 
2 0 -I - 2 - 2 x x - 3 - 4 - 4 - 5 - 6 
3 2 I 0 -I -I x x - 2 - 3 - 3 -4 - 5 
4 3 2 I 0 x x x -I - 2 - 2 - 3 - 4 
5 3 2 I x 0 x x -I - 2 - 2 - 3 - 4 

II x x x x x 0 -I - 2 -3 -3 -4 -5 
12 x x x x x I 0 - I - 2 - 2 - 3 -4 
21 4 3 2 1 I 2 I 0 -I -I -2 - 3 
22 5 4 3 2 2 3 2 I 0 x -I -2 
23 5 4 3 2 2 3 2 1 x 0 - I -2 
24 6 5 4 3 3 4 3 2 I 1 0 -I 
25 7 6 5 4 4 5 4 3 2 2 I 0 

To explain the use of the sequence relationship table 
we would say that control group II 1 precedes control group 
4 by 3; hence, 1 is s :- 3 from 4. 

o means that it is a one to one correspondence . 

x means that there is no defined relationship since 
the stations are in parallel or independent flow Hnes . 

It would also be said that station 24 succeeds station 
4 by 3 , Hence, control group 24 is s:3 from 4 . 

• • • • • • • • • • 

• • 

• • 
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Part V LIST OF FACTORS 

Section A Systems Parameters 

25 22' R5' TAIB RAIB A2 

T 25 21 4 
A2B LAIB TAl 

L24 C21 R4' 
A2B AI 

C 24 (X21 L3 
AI 

ci-4 TI2 
B 

L3 
A2 

23 12 3 
T P C 

A2B B 

23 12' 
PA2B RB 

R
23

' CI I T2 
A2B A 

22 5 2 
T T P 

AlB A2 A 

p22 
AlB 

p5 
A2 R!* 

I 
C 

• • • • • • • • • • • • • • • • • 
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Section B Srstems Status Variables 

00 t 14 S24 28 S21 
A2b, t+3 A2B, t+3 

25 
S24 21 01 RAIB 15 29 S A2B, t+2 AlB, t+Z 

02 R 25 16 S 24 30 S 21 
A2B A2B, t+l A2B, t+l 

03 S24 S 24 21 17 31 S A2B, t AIB,t+6 A2B, t 

04 S24 18 
24 

32 
21 

AIB,t+5 S A2B, t - I S A2B, t - I 

24 
R23 RI2 05 SAIB, t+4 19 33 

A2B B 

06 
24 R22 SII 

S AlB, t+3 20 34 
A2B B, t 

07 S!~B' t+2 
21 II 

21 SAIB,t+4 35 S B t-I , 

08 
24 21 

36 
5 

SAIB, t+1 22 S AlB, t+4 RA2 

09 S24 23 S !IIB, t+2 37 
4 

RAI AlB, t 

10 
24 

SAIB, t - I 24 S 21 3 38 
SAl, t+2 AlB, t+l 

II S24 25 S 21 39 S3 
A2B, t+6 Al B, t AI, t+l 

12 S24 26 21 S3 
S AlB, t-I 40 AZB, t+5 AI, t 

13 S24 27 S 21 41 S3 
A2B, t+4 A2B, t+4 AI, t-I 

• • • • • • • • • • • • • • • • • 
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Section B Systems Status Variables (cent.) 

42 
3 I 21 

SAl, t+Z 48 5 A. I-I 54 UA2B 

43 53 49 U24 55 I 12 
AZ. t+l AlB B 

3 24 
56 

5 
44 S AZ. t 50 UA2B I A2 

3 23 4 
45 5 A2. I - I 51 I A2B 57 I Al 

46 R2 52 I 22 58 U3 

A AlB Al 

I 21 59 
3 

47 SA, t 53 UAIB UA2 

60 12 
A 

• • • • • • • • • • • • • • • • • 
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DESCRlPTION OF MOD EL OPERATION 

Set Initial Parameters 

Set all C independently 

Set a ll P independently 

L21 = C 
AlB 

• 

21 4 12 
L A2B = 0 because P ... 0 and P - 0 

21 [ 12 L
AZB 

= max. 0 (because P 

24 22 
LAIB = 0 because P - 0 

24 23 
L

AZB 
= 0 because P _ 0 

R * = 0 if P = 0 or P = 99 

Set all other R* independently 

Set T 

Set ex 

• • • • • • • • 

• • • • 
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Set Systems Status 

S s . b d d b t T S d t I_Cs m, t IS oun e y = ~ an = m 

s s : 1 
Urn = 0 if Tm = 0 

o if pS = 0 
m 

Provide Demands 

The systems analyst must provide the demands to 
be tested . These can be any set of positive values for 
each of the two products . The number of time periods 
tested is a function of the demand cards inserted for 

testing. 

Sequence of Decisions 

Read demands for period t 

Shift Sr to Sr _ l 

Set all St+L = 0 

Compute all R, compute all St+L 

Update U. I 

Print status for period t 

advance t 

• • • • • • • • • • 

• • 

• • 
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FORMULATION OF RULES 

Operational Rules 

Updating System 

5 s :1 s s : 1 
Urn. t = Tm x (Urn, t-1 + R.n, t 

• - Sm, t + L,n) 

• • 
I = I m,t m,t-l 

s:1 s.l 
+ Sm. t+l-C . 

2: 5. :1 
m:l, t 

m 

Decision Rules 

5:", t+L: = min,! [ 
• S s 

0: Sm, t+ Lrn - 1 

S 5:1 
+ (1 - CO (Rrn t , + 

• jJ s * fJ R;;." t = Rm + (1- ) 
s:Z s ' Z s'Z 

!\n :l, t - (l-T";) (R";:l, t -

• 

5.: 1 ) 
m:l, t 

fJ s* 
= 1 if Rrn i- 0 

m 

and if I '::",t-l + L s~-l _ L 
m 

s: 1 
U m:l, t-1 

[ 

.:2 
Rrn:l,t 

5 :2 s:Z S:I ] } 
- (1-T",:I) (R",:I, t - ~:1. t ) 

m 

< p' 
- m 

jJ = 0 if { 

.* or if Rm = 0 

• • • • • • • • • • 

• 

• 
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Part VUI INIT IAL TEST RUNS 

Section A Parameters Values 

lnitial Systems Parameters for Test Runs 

Set Parameters 

l5 II 4 
TAIB 0 L 0 PAl 30 

AlB 

l5 I L II 3 4* 60 TAlB RAI AlB 

l4 0 ell 3 
LAIB l LAI I 

l4 
LAlB 0 

()(ll 
. 5 3 

LAl I 

e
l4 I 

Il 
TB I e 3 l 

(Xl4 pil 0(3 
0 9999 . 75 

B 

Tl3 I R;:* 0 Tl I 
AlB A 

pl3 9999 ell I pl 0 
AlB A 

R
l3* 5 Rl* 0 TAl I 0 
AlB A 

U 
TAIB I 5 

PAl 0 e l I 

pll 30 
AlB 

R 5* 
Al 

0 

R U * AlB 
40 T4 I 

Al 

• • • • • • • • • • • • • • • • • 
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Initial Status Values For Test Runs all other r } = 0 

Set Initial Conditions 

Z4 ZI 3 
U 0 5AIB,_1 10 U AI, 0 0 

AIB,O 

Z4 
5 ~IZB' 3 

U
3 

U 0 10 0 

AZB,O 
AZ.O 

Z4 ZI 53 
5 10 5 10 10 

AIB,O AZB, Z AI,l 

Z4 10 
ZI 10 

3 10 

5 AZB, 0 5 AZB, Z 5 AI, 0 

I Z3 ZO 
5 ZI 10 53 10 

AZB,O AZB,O AI, -I 

ZZ 
ZI 10 

3 10 

I AlB, 0 
ZO 5 AZB,-I 5 AZ, I 

ZI 
IZ 3 

U AlB, 0 
0 I B 0 

ZO 5 AZ 0 
10 

, , 

ZI 5
11 53 

U AZB, 0 
0 ZO 10 

B,O Al, - 1 

ZI 5 Z 

5 AlB, 0 
10 I AZ, 0 

0 1 A, 0 
0 

I 
5 A,O ZO 

• • 
--------------------....... • • • • • • • • • • • 
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Demand Patterns Tri ed 

Trial 1 

Trial 2 

Trial 3 

Trial 4 

Trial 5 

• • 

65 time periods 

Demand Al B 10 all time periods 

10 all time periods 

65 time periods 

Demand AlB for t = 1 is 100; for t = 2 - 65, 
demand is 10 

Demand AZB is 10 for all time periods 

65 time periods 

Demand Al B is 10 for all time periods 

Demand AlB for t = 1 is 100; for t = 2-65, 
demand is 10 

65 time periods 

Demand AlB for t = 1-29 is 20; for t = 30 - 65, 
demand is 10 

Demand AZB for t = 1-29 is 20; for t = 30 - 65, 
demand is 10 

125 time periods 

Demand Al B for t = 1 is 2; for t = 2. demand is 
4; demand = 2t 

Demand AZB for t = 1 is 2; for t = 2, demand is 4; 
demand = Zt 

• • • • • • • • • 

• 

• 
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Section C Results 

Name Value 

24 
TAIB 0 

T 2S 
I A2B 

l4 
LAIB 0 

l4 
LAIB 0 

el4 
I 

O(l4 
0 

l3 
I TAlB 

23 
PAlB 9999 

Rl3* AlB 0 

22 
TAIB I 

II 
30 PAIB 

• • • • • • • • 
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Trial Runs 1- 5 
Initial Paramete rs 

Name Value 

22 * 
RAIB 40 

L21 0 AlB 

e 
II 

l 

<xli 
SOO 

T1l I 

pll 
B 9999 

Rll* 
B 0 

ell I 

S 
TAl I 

pS 
0 

Al 

RS* 
Al 0 

• • • • 

• • • • • 

Name Value 

4 
TAl I 

p4 30 Al 

4* 
RAI 60 

3 
LAI I 

3 
I LAl 

e 3 
l 

0(3 7S0 

l 
T I 

pl 0 

R2 * 0 

e l 
A I 

• • • • 
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Systems Status 
Trial Run 1 

t 0 1 10 20 40 65 

R 25 0 10 10 10 10 10 

AlB 

25 
RA2B 0 10 10 10 10 10 

5 24 
AlB, tt6 

0 0 0 0 0 0 

24 
SAIB,t+S 

0 0 0 0 0 0 

24 
SAIB, t+4 0 0 0 0 0 0 

24 
5 A1B,tt3 0 0 0 0 0 0 

24 
5 Al B, tt2 

0 0 0 0 0 0 

24 
5AlB,ttl 0 0 0 0 0 0 

24-
5 Al B, t 10 10 10 10 10 10 

5
24 0 10 10 10 10 10 
A1B,t - 1 

24 
5 A2B , tt6 

0 0 0 0 0 0 

24 
5 A2B, t+5 

0 0 0 0 0 0 

24 
5 A2B, tt4 

0 0 0 0 0 0 

• • • • • • • • • • • • • • • • 
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Trial Run I (cont. ) 

24 
0 0 0 0 0 0 S A2B, t+3 

24 
0 0 0 0 0 0 SA2B, t+ 2 

24 
0 0 0 0 0 0 SA2B, t+l 

S 
24 

AlB, t 
10 10 10 10 10 10 

24 
SA2B, t - I 0 10 10 10 10 10 

23 
0 10 10 10 10 10 RA2B 

22 
RA2B 0 40 10 10 10 10 

21 
SAIB,t+4 0 0 0 0 0 0 

21 
SAIB,t+3 0 0 0 0 0 0 

21 
SAIB,t+2 0 0 0 0 0 0 

21 
SAIB,t+l 0 0 0 0 0 0 

21 
10 20 10 10 10 10 SAIB, t 

21 
SAIB, t-I 10 10 10 10 10 10 

21 
SA2B, t+4 0 0 0 0 0 0 

21 
S A2B, t+3 10 10 10 10 10 10 

• • • • • • • • • • • • • • • • 
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T rial Run I (cont. ) 

21 
SA2B, ,+2 10 10 

21 
S A2B, '+1 10 10 

21 
SA2B" 10 10 

S21 
AlB. t-l 

10 10 

RI2 
B 

0 50 

Sl1 
B, , 20 50 

SII 0 20 
B, t - l 

5 
RA2 0 10 

4 
RAI 0 60 

S3 
AI, t+2 

0 0 

3 
SAl , t+1 10 23 

3 
SAl, t 10 10 

S3 
Al,t- l 

10 10 

S3 
A2, t+2 

0 0 

S3 10 11 
Al, t+l 

• • • • 

• • • • • • • • 

10 10 10 10 

10 10 10 10 

10 10 10 10 

10 10 10 10 

20 20 20 20 

20 20 20 20 

20 20 20 20 

10 10 10 10 

10 10 10 10 

0 0 0 0 

25 18 18 18 

27 18 18 18 

29 18 18 18 

0 0 0 0 

11 11 11 11 

• • • • • • • • 
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Trial Run 1 (cont . ) 
53 

, 

10 10 II II II II 
A2, t 

53 10 10 II II II II 
Al, t-l 

2 
70 20 20 RA 0 20 20 

51 20 70 21 20 20 20 

5 I 
A, t-l 

0 20 20 20 20 20 

24 
U

AIB 
0 0 0 0 0 0 

24 
U 0 0 0 0 0 0 

A2B 

23 
'A2B 

20 20 20 20 20 20 

, 22 20 20 90 90 90 90 
AlB 

U
21 

0 20 0 0 0 0 
AlB 

U21 0 0 0 0 0 0 
A2B 

, 12 20 40 10 10 10 10 
B 

5 
I A2 0 0 8 18 38 63 

4 
, Al 50 40 189 296 456 656 

U3 0 37 7 4 4 4 
Al 

• • • • • • • • • • • • • • • • 
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0 I 10 

0 0 10 

0 10 10 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

10 20 10 

0 10 10 

• • • • • 
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Trial Run 1 (cont . ) 

3 
U

A2 

I 2 
A 

20 40 

10 10 

10 10 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

10 10 

10 10 

• • 

0 I 0 

0 50 5 

Systems Status 
Trial Run 2 and 3 

65 t 

10 R
25 

AlB 

10 25 
RA2B 

0 
24 

SAIB, t+6 

0 
24 

SAl B, t+5 

0 ~iB, tt4 

0 S24 
AlB, t+3 

0 24 
5 AlB, t+2 

0 
24 

SAIB, ttl 

10 5
24 
AlB, t 

10 24 
SAIB,t_1 

• • • 

• • • • • • . 1 

0 0 0 

I I 8 

0 I 10 20 40 65 

0 10 10 10 10 10 

0 100 10 10 10 10 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

10 10 10 10 10 10 

0 10 10 10 10 10 

• • • • • • • 
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Trial Run 2 and 3 (cont . ) 

0 0 0 0 0 0 24 
5 A2B, t+6 0 0 0 0 0 0 

0 0 0 0 0 0 5 24 
A2B,t+5 

0 0 0 0 0 0 

24 0 0 0 0 0 0 5 0 0 0 0 0 0 
A2B, t+4 

0 0 0 0 0 0 5 24 

A2B, t+3 
0 0 0 0 0 0 

0 0 0 0 0 0 5
24 

A2B, t+2 
0 0 0 0 0 0 

0 0 0 0 0 0 5 24 

A2B, t+l 
0 0 0 0 0 0 

10 10 10 10 10 10 24 
5 A2B, t 10 100 10 10 10 10 

0 10 10 10 10 10 5
24 

A2B , t-l 
0 10 10 10 10 10 

0 10 10 10 10 10 R23 
A2B 

0 100 10 10 10 10 

0 40 10 10 10 10 R22 0 40 10 40 40 10 A2B 

0 0 0 0 0 0 5 21 
AlB, t+4 

0 0 0 0 0 0 

0 0 0 0 0 0 5 21 
AIB,t+3 

0 0 0 0 0 0 

0 0 0 0 0 0 5 21 

AIB,t+2 
0 0 0 0 0 0 

0 0 0 0 0 0 5 21 
0 0 0 0 0 0 AlB, t+1 

• • • • • • • • • • • • • • • • • 
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Trial Run 2 and 3 (cont . ) 

10 20 10 10 10 10 
21 

5 Al B, t 
10 20 3 7 7 7 

10 10 10 10 10 10 5 21 10 10 2 7 7 7 
AIB,t - 1 

0 0 0 0 0 0 5 21 , 0 0 0 0 0 0 
A2B, t+4 

)0 10 10 10 10 10 5
21 10 55 15 13 13 13 
A2B, t+3 

10 10 10 10 )0 )0 52) 
A2B, H2 

10 )0 )5 )3 )3 J3 

)0 )0 10 10 10 10 52) 10 )0 18 )3 )3 )3 
A2B,t+! 

)0 )0 10 10 )0 )0 52) 10 10 )8 )3 )3 )3 
AZB, t 

10 )0 10 10 )0 10 
2) 

5A2B, t - ) )0 10 23 J3 )3 )3 

0 50 20 20 20 20 RI2 
B 

0 140 20 50 50 20 

20 50 20 20 20 20 5)) 20 )40 20 50 50 20 
B, t 

0 20 20 20 20 20 5)) 0 20 20 20 20 20 
B, t-) 

)0 )0 10 10 
5 0 100 10 )0 )0 )0 

0 10 RA2 

10 10 )0 10 4 0 60 10 40 40 10 
0 60 RAI 

0 0 0 0 0 0 53 0 0 0 0 0 0 
AI , t+2 

• • • • • • • • • • • • • • • • 
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T rial Run Z and 3 (cont. ) 

10 23 25 

10 10 27 

10 10 29 

0 0 0 

10 11 11 

10 10 11 

10 10 11 

0 70 ZO 

20 70 20 

0 20 20 

0 0 0 

0 0 0 

ZO ZO ZO 

ZO 10 80 

• • • • 

18 18 18 53 10 23 25 25 22 26 
AI, t+i 

18 18 18 
3 10 10 27 18 14 29 

SAl. t 

18 18 18 53 10 10 29 18 15 30 
Al, t - l 

0 0 0 53 0 0 0 0 0 0 
AZ, t+Z 

11 11 11 53 10 33 23 15 14 14 

A2. t+l 

11 11 11 53 10 10 26 16 14 14 
AZ. t 

11 11 11 
3 10 SA2. t-l 

10 26 16 14 14 

20 20 20 AA 0 160 20 50 50 20 

20 
1 160 20 20 5 20 20 50 50 20 

20 20 20 
1 0 20 20 ZO 20 20 

SA. t-l 

0 0 0 U24 0 0 0 0 0 0 
AlB 

0 0 0 
24 0 0 0 0 0 0 

UA2B 

20 20 
23 

20 lA2B 20 70 235 281 341 416 

2Z 
80 80 80 IAIB 20 20 80 30 30 75 

• • • • • • • • 
--------------------.... • • • • 
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0 20 0 0 0 0 U21 0 20 17 93 153 198 
AlB 

0 0 0 0 0 0 
21 

UA2B 
0 45 I I I 2 

20 40 10 10 10 10 112 20 130 2 37 37 7 
B 

0 0 8 18 38 63 
5 

IA2 0 0 26 83 107 132 

50 40 189 296 456 656 ,4 50 
Al 

40 206 359 596 855 

0 37 7 4 4 4 U3 0 37 7 19 21 12 
Al 

0 I 0 0 0 I U
3 0 67 12 4 3 I 
A2 

0 50 5 I I 8 ,2 
A 0 140 7 27 30 II 

Systems Status 
Trial Run 4 and 5 

0 I 10 20 40 65 t 0 I 10 20 40 65 124 

0 20 20 20 10 10 R 25 
AlB 

0 2 36 40 80 130 248 

20 20 10 10 25 0 2 36 40 80 130 248 0 20 RA2B 

0 0 0 0 0 0 5
24 
AI B, t+6 

0 0 32 0 0 0 0 

0 0 0 0 0 0 5 24 
AIB,t+5 

0 0 18 0 0 0 0 

0 0 0 0 0 0 5 24 
AIB,t+4 

0 0 18 0 0 0 0 

• • • • • • • • • • • • • • • • • 
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Trial Run 4 and 5 (cont . ) 

0 0 0 0 0 0 5
24 
AlB. t+3 

0 0 0 0 0 0 0 

0 0 0 0 0 0 5 24 0 0 20 0 0 0 0 
AIB. t+Z 

0 0 0 0 0 0 5 24 0 0 20 0 0 0 0 
AIB,t+l 

10 20 20 20 10 10 5
24 10 2 21 34 34 34 34 
AlB, t 

0 10 20 20 10 10 5 24 0 10 0 34 34 34 34 
AlB. t - I 

0 0 0 0 0 0 5 24 0 0 17 0 0 0 0 
A2B. t+6 

0 0 0 0 0 0 5
24 
A2B. t+5 

0 0 14 0 0 0 0 

0 0 0 0 0 0 5 24 
A2B. t+4 

0 0 12 0 0 0 0 

0 0 0 0 0 0 5
24 
A2B. t+3 

0 0 36 0 0 0 0 

0 0 0 0 0 0 5 24 
A2B. t+2 

0 0 36 0 0 0 0 

0 0 0 0 0 0 5
24 
A2B. t+l 

0 0 32 0 0 0 0 

10 20 20 20 10 10 5 24 10 2 0 40 80 130 248 
AZB, t 

20 20 10 10 24 0 10 0 38 78 128 246 0 10 5A2B• t - I 

0 20 20 20 10 10 R23 
A2B 

0 2 10 40 80 130 248 

• • • • • • • • • • • • • • • • • 
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Trial Run 4 and 5 (cont . ) 

0 40 20 20 10 10 R22 
A2B 

0 40 49 34 34 34 34 

0 0 0 0 0 0 5
21 
AlB. ,+4 

0 0 0 0 0 0 0 

0 0 0 0 0 0 5 21 
Al B. t+3 

0 0 I 0 0 0 0 

0 0 0 0 0 0 5 21 
AlB, t+2 

0 0 29 0 0 0 0 

0 0 0 0 0 0 5 21 
Al B. t+l 

0 0 15 0 0 0 0 

10 20 17 17 7 7 
21 

5AIB• t 10 20 103 34 34 34 34 

10 10 21 17 6 7 5 21 

AlB. t-l 
10 10 I 34 34 34 34 

0 0 0 0 0 0 5 21 
A2B. t+4 

0 0 7 0 0 0 0 

10 15 23 23 13 13 5 21 
A2B. t+3 

10 6 5 40 80 130 248 

10 10 23 23 13 13 5 21 10 10 10 38 78 128 246 
AlB, t+Z 

10 10 23 23 13 13 
21 

5A2B • t+l 10 10 20 36 76 126 244 

10 10 23 23 13 13 5
21 
AlB, t 

10 10 20 34 74 124 242 

10 10 23 23 13 13 5 21 
A2B. t - l 

10 10 0 32 72 122 240 

0 60 40 40 20 20 RI2 0 42 0 74 114 164 282 
B 

• • • • • • • • • • • • • • • • • 
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20 60 40 40 20 20 5 11 20 42 0 74 114 164 282 
B, t 

0 20 40 40 20 20 
11 

SB, t-l 0 20 0 72 112 162 280 

0 20 20 20 10 10 R
5 

0 2 0 40 80 130 248 
A2 

0 60 20 20 10 10 4 
RAI 0 60 0 34 34 34 34 

0 0 0 0 0 0 53 
AI, t+Z 

0 0 20 0 0 0 0 

10 23 36 26 29 17 53 10 23 18 37 37 37 37 
AI, t+l 

10 10 37 26 29 17 53 10 10 0 37 37 37 37 
AI, t 

10 10 40 26 34 18 53 
AI, t-I 

10 10 0 36 37 37 37 

0 0 0 0 0 0 53 
AZ. ttZ 

0 0 0 0 0 0 0 

10 13 24 24 14 14 53 
AZ, ttl 

10 9 0 40 80 130 248 

10 10 24 24 15 14 53 
Alp t 

10 10 0 38 78 128 246 

10 10 24 24 15 14 53 
AZ, t-l 

10 10 0 36 76 126 244 

0 80 40 40 20 20 
2 

RA 0 62 20 74 114 164 282 

20 80 40 40 20 20 51 20 62 18 74 114 164 282 

0 20 40 40 20 20 51 0 20 20 72 112 162 280 
A, t-I 

• • ••••••••••••••• 
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Trial Run 4 and 5 (cant. ) 

a a a a a a U24 a a 20 a a a a 
AlB 

a a a a a a U24 
A2B 

a a a a a a a 

20 10 18 48 164 23 123 20 28 a I I 7 I 
A2B 

20 10 105 75 67 52 122 
AlB 

20 28 a 34 34 34 34 

a 20 4 34 112 18 u21 a 20 a a a a a 
AlB 

a 5 2 2 2 I 
21 

U A2B a 4 20 I I I I 

20 50 17 17 7 7 112 20 32 19 95 215 365 719 
B 

a a 9 19 47 73 15 a a a 36 76 126 244 
A2 

50 40 135 276 501 82 14 
AI 

50 40 20 72 132 207 384 

a 37 6 2 I 2 u 3 

AI 
a 37 18 2 2 1 2 

a 7 2 2 3 I u 3 a 7 16 5 5 5 5 
A2 

a 60 a 5 a 12 a 42 14 40 20 I a 
A 

• • • • • • • • • • • • • • • • 
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Part ]X MODEL IMPROVEMENT 

Section A Error Analysis 

The following material simply analyzes certain errors 
which showed up during the initial trial run . What is needed 

is that these runs and others be analyzed in depth to detect 
and correct the systems equations and the control rules. 

3 3 4 ZI 4 3 IZ I 
t SAZ SAl IAI SAIB RAI UAI A SA 

-I 10 10 10 0 

0 10 10 50 10 0 0 0 ZO 

I 10 10 40 ZO 60 37 50 70 

Z II Z3 10 40 60 56 87 70 

3 II 4Z Z3 10 10 18 54 ZO 

4 1 I 48 44 ZO 10 15 15 ZO 

5 II 43 72 ZO 10 13 19 ZO 

6 1 I 38 100 15 10 12 10 20 

7 II 35 123 15 10 10 16 ZO 

8 II 3Z 148 10 10 9 7 20 

9 1 I 29 170 10 10 8 13 20 

10 II 27 189 10 10 7 5 20 

11 II 25 206 10 10 6 II 20 

13 II ZI 234 10 10 5 9 20 

14 II 20 Z45 10 10 4 2 20 

15 II 19 255 10 10 4 8 20 

16 II 18 264 10 10 4 I 20 

17 II 18 272 10 10 4 8 ZO 

• • • • • • • • • • • • • • • • • 
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c 3 = 2, d, = I, Ri~ = 60, pil = 60; Til = I 

L3 = .75; C}. = I 

4 4 
I = I 
AI,t Al , t-l 

3 
+5AI ,I+l_2 

14 = 50 + 10 -20 = 40 
AI, 1 

4 
RAl = 0, 60 ne ve r 10 

Ordering Rule Error 

The way R rule is set 

21 
- 5AlB ,1 

jJ = 0 afler second week .ince l 

• • 

and therefore second term is always ordered. This should 
be set up so that either R!a*is ordered or else nothing for a 
stock item on economic order rule. 

The ordering rule might take the following form: 

• f1 -y . * Q .:2 
1\;;" I = P p Rm + (I - ~ I Y m, I 

o if R S *= 0 
fl = 

m 

1 if ~* ==-0 

• p. o if Om. t ::-
f= m 

1 if Q~ t c , - p. 
m 

Where 

s:Z 
Y m, I [ 

s:Z s:2 8:2 8:1 
~: I, I - (I - Tm :11 (R m : I , , - 5 m :I , II m 

• Orn,t = 

• • 

) 5 '" 5:-1 
) 1m , t - I + 't 5 m 

• • • • 

L 8:1 
m Urn : l , t - l y. :

2 1 m, I 

• • • • 

• • 

• • 
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Schedule Rule Error 

3 4 
UAI , t = TAl 

check U rule 

3 
(UAI,t_1 

3 
UAI,I = I (0 + 60 -Z3) = 37 

• • 

U!I, Z = I (37 + 60 - 41) = 56 ok 

3 I SAI,2 = rnm . [ .75 (10) + . Z5 (60 + 0)] 

= min . I (7. 5 + 15), o} = min . 

should be 0 

answer actually was 23; 

• • 

, [ 0 II 
! Z3,O 1 

check for programming error on min . test. 

• • 

Is there a logic error in U sing ~-l; wouldn't it be more logical 
to examine IttL_l; if this is logical. can it be predicted? 
Probably y es since all S data is available. 

Z Z I 3 3 
I A ,I6 = lA, 15 + SA,I6 - SAl t6 - SAZ, t6 

Z 
IA,I6 = 8 + ZO - 18 - II = -I 

Z 
IA ,17=1 

• • 

+ZO-18-11 = - 8 

• • • • • • • • • 

• 

• 
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It isn't logical for an inventory to go negative . This should 
be automatically prev ented by the operation of the Scheduling 
Rule. There is also an error in that minus numbers are not 
recognized and they a r e recorded and treated as though they 
were positi ve numbers with the same absolute value. 

5 3 . 
AI,I? = mm. 

min . 

= min. 

1 [ · 75(18)+ . 25(10+ 4) , [ 8]) 

I (13 . 5 + 3.5), 8) 
(17,8) 

Answer was actually 18; 

indica ting that each factor was individually rounded upward 
and that the inventory limit was ignored . 

The basic rule seems reasonable except that the unfilled 
should be cleared up. 

5 21 21 
AlB, 1 + SA 2B, I • 20 + 10 • 30 

4 
IB,O • 20 

There is no summary test for total usage. 
Rule should probably be corrected as follows: 

• 

5 t + L • min. IV 5 t + T.~ - I + (I - ex ) ('C t + U I) s s i s s s S ...s'1 S ] 
m. m V\. m, --m m, m, t- • 

[ 

S :- 1 

Im :_ 1• t-l - 5 S S ] 
m:O, t+Lm alIS :-I ) 

where m :O means other model using same resources . 

For example : 

21 ] 
SAIB, t = min. ) 112 

B, t-l 

for t • I; S~~B, t • min. { 25, 50, (20 - 10) 1 . 10 

• • • • • • • • • • • • 

• 
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S~12B. 1+3 = min. ![ . 5 (10) + . 5 (10 +0)] . [ 20] • [ 0 ]1 = 0; 

Answer actually was 10 

5 
Therefore, in programming must not have tested IAZ, t - } ' 

However, this is fortunate since if test was made of 

:::~:~S~O~koi~;:~~r~n~:~e ;'f;l:o:~~e:v:; ::Yp~::!~~bl~e 
should not examine inventory if P = 0; so Scheduling Rule 

should read: 

5 = min . \[ H ].[ ] S ' - 1 I P";:_I .. 0 

• 

should prevent negative values on unfilled calculation. Must 
avoid rounding errors such that order quantity for a non-stock 

inv entory are greater than demand. 

It looks like an error to permit a non-stock station to 
order in relation to demand on user station. This permits 
a non- stock station to accumulate inventory in anticipation of 
an increase in schedule rate. 

It looks like the R rule should be corrected for non - stock 
to depend soley on SS : ~I ' 1 + L~~I and nothing else . The m., . 

allowed lead time already compensates for availability delays . 

The ordering rule should look like this: 

R~. 1 = f3r~' + (I - fJ ) 6 v~~, + (l-jJl 6 
where fJ . 1 and V are defined as before 

and 6 = 
Oifps > 0 m 

S 
I if P = 0 

m 

s:l s:l 
Sm :I.1 + L",:I 

Inventories should not be permitted to go negative -
Inventory Rule should be rewritten -

• • • 

IS 
m, t - l 

+ Ss:-1 
m, ttl 

• 

L Ss:1 ] 
m m : l, t 

s :- 1 
- C 

• • • • • • • 

• 

• 
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Conceptually. how can there be an inventory at a non- stock 
station? This should be prevented 

).(1 -0 ) etc . 

Demand Analysis 

• 

Take model A l B independently, model AZB independently. 
models jointly in various combinations. 

Usage mean : low 

Usage slope: 

medium 
high 

trend up 
trend down 
no trend 

Permanent discontinuity : 

Temporary change: 

step up 
step down 

up early 
down early 
up middle 
down middle 
up end 

down end 

Magnitude of discontinuity or change: 

small 
moderate 
large 

Period of change: short 
medium 
long 

Random pattern 

Seasonal variation 

• • • • • • • • • • • 

• 

• 





• • 

Section C 

• • • 

• • • • • • • 

- 42 _ 

Ii we view a demand Curve as being a "sinusoidal!! 
function with a trend and intercept factor included then 
these changes can probably be handled through equation modification . 

demand 

time _ )-

There are four parameters needed to define a 
particular demand pattern (if it's consistent throughout test period) : 

• 

Y ::: Y intercept (initial mean); high, mediUm, low 

S = Slope of mean line; + large, + mediUm, 0 , _ mediUm, 
- large 

F = F requency of change; short, mediUm long 

A = Amplitude of change; small, medium, large 

To test all combinations Would take 135 runs. However, 
USing standard statistical experimental design procedures and 
omitting those combinations which are logically meaningful , 
the number of trials could be reduced by a ten to one ratio . 

General Rules D iscussion 

To actually Simulate Such a system requires the USe of 
deCision and operation rules for transforming the system values 
at tim e t - I into those at time t. To do this m.Eans the establish_ 
ment of deCiSion rules for determining appropr iate R's and S's 
and operational rUles for transforming U ' s and l's . 

• • • • • • • • • • • • 

• • 
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The two operational rules are: 

5 5:1 S 
Urn t = T (Urn t - l , rn ' 

5 :1 
+ Rm,t 

• • • • 

Only a source or a manufacturing control group can 

have an unfilled balance. 

IS =I:n,t_ 1 rn, t 
c s :- 1 

rn+1 
" s : 1 
L.. Srn :l,t 
m 

Only an inventory control group can have an inventory 

balance . 

. 12 21 21 
To determme IB both SAIB and SA2B must be 

considered. 

• • 

Obviously. any attempt to write completely generalized 
ordering rules initially would be doomed to failure . However, 
it did appear reasonable to establish relatively general rule 
forms based upon the results of previous work and try various 
parameters in these rules for better system understanding . The 
simulation model should. of course , be programmed in such 
a way as to permit straightforward changing of the rule format. 

For the purpose of scheduling and ordering rules each 
control group is related to every pertinent control group by 
"stages before" or "stages after" representation. 

The general scheduling rule without inventory limitation 

is: 

s s s s s 
Srn, t+Lrn = ex Srn, (t+Lrn) - 1 + 

f, 5 s:1 • 1 l(l - ex ) (It"" t + Urn, t-I) 

5 

o :: ex 1 

• • • 

cx. S 
-: Leveling factor 

• rx -: 1 implies absolute leveling 

• • • • • • • • • 
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The general form of the scheduling rule has to take 
cognizance of leveling considerations . This format was 
suggested by the work done by M ills and Singleton (Opera 
tions Research and Synthesis Services) . The concept is 
that each control group will schedule its own work rather 
than expecting its customers to provide a balanced set of 
orders . Since primary emphasis is on interstage relation
ships, capacity restrictions and unit loading data have been 
ignored. The real complexity enters in terms of availability 
of stock inventories or replenishment orders. U the "make
from" materials are carried on a stock basis at all directly 
preceding inventory positions, the maximum schedule quan
tity is the minimum inventory of the preceding inventory 
positions . Where any or all of the make - from materials 
are not carried on a stock basis the problem is more diffi-

• 

cult to state . The limitation here is two- fold; first, the ability 
of the inventory preceding the supplying station to support 
the quantity desired and the ability of the supplying station 
to make the quantity desired. For a series of non-stock 
products this continues to build - up until the ultimate source 
is reached . 

There are two other complications both to do with com 
petitive demand for a product. First is the case where one 
of the inventories is used in two or more finished products 
where an allocation rule is needed if 

IS 
m, t-l 

L s :j 
m Sm:l,t 

The other case i s where non- stock make -from materials are 
involved and the make - from quantity isn't adequate to support 
all competing demands . 

• • • • • • • • • • • 

• 

• 
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PROGRAM 

Memory ASSignments 

Initial Systems Parameters 

60 . 01. 0 

60 .02. , 
, , 

60 . 34 . 

Systems Status 

61. 00. 0 

61.01.0 

6 1. 02 . 0 
I 
I , 
I 

61. 60 . 0 

t 

25 
RA2B 

I , , , 
12 
A 

• • • 

S-Rule Subroutine Quantities (all unsigned) 

s s 
Sm. tH-'n 

s 

5 :1 
Rm.t 

• • 

70 . 01.0 

70 . 02. 0 

70 . 03.0 

70 . 04.0 

• • • • • • 

• • • • 

• • • • 
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• • 

s 
Urn t - l , 

s :- 1 
r", - I, t - I 

s :-1 
I 
m :- l . t - l 

spare 

spare 

spare 

• • • 
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70 . 05. 0 

70.06 . 0 first 

70 . 07 . 0 second 

70 . 08 . 0 

70 . 09 . 0 

70 .1 0.0 

R- rule Subroutine Quantities 

s 
R . 71.01.0 

m,t 

s* 
R 

m 

s :Z . 
R 

m :l, t 

s:Z 
R 

m:l, t 

s :2 
T 

m :l 

s'2 T . 
m:l 

s :1 
8m :l , t 

s :1 
S . m . l, t 

s 
I 
m, t - l 

• 

71. 02 . 0 

71. 03 . 0 first 

71.04.0 s e cond 

71.05. 0 first 

71 . 06 . 0 second 

71. 07 . 0 first 

71. OB . 0 s e cond 

71.09 . 0 

• • • • 

• • • • • • • 

• • • • • • • 
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R-rule Subroutine Quantities (cont.) 

L 5 :-1 
,Sm 

us :1 
m :l . t -l 

5 ; 1 
U m :l . t - l 

spare 

spare 

spare 

71.10.0 

71. 11. 0 first 

71. 1 Z. 0 second 

71.13 . 0 

71.14. 0 

71.15.0 

71.16 . 0 

Input Formats 

• • 

cols . 1-20 any desired identification 

eols. 2 1- 24 time pe r iod 

cols . 25- 28 

cols . 29 - 32 

• • • 

Parameters loaded into 7000 -- as bxxxx, for convenience 
in keypunching on standard card forms, and convenience in 
inspecting cards . 

Initial conditions loaded into 8000 -- same way . 

Program Logic 

1 . Read R 25 

2 . Sh;£t S 

3 . Se' St+L = 0 

4. Compute all R &; S 

• • • • • • • • • • • 

• 

• 
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5. Update U, I 

6 . Print 

7. Advance t 

Detailed Rules Actually Programmed 

Shift S's (All) 

Set S = 0 
rn, t+L 

Z4 25 24 ] 
+(1- '): ) (RA1B,t+ UAIB.t_l) • 

24 
5 (similar to above) 

A2B 

R23 = fJ R
23* + (1- fJ ) 

A2B. t A2B 
[ 

25 25 
RA2B • t + (I-T A2B) 

(RA2B• t - S A2B. t 
25 24 ] 

if I + L. S - U 1 
23 ,,21 24 
A2B. t -I t A2B. t A2B. t - I - R -[ 

25 

AlB, t 

(R 25 _ S 24 ) 1 } 
A2B. t A2B. t J 

22 .. 
R = (sImtlar to above) 

• • • • • • • • • 

• • 

(I _T
25 

) 
A2B 

• • 

• 

• 
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5 21 = mm. 5 -1 21 . ! [ 21 21 1 
AIB,ttL

AIB 
()( AIB,t+LAIB 

( 

21 22 21 
(1- ex ) (RAIB,t t UAIB,t - ll) 

S 21 (similar to above 
A2B 

R12 = jJ 
B, t 

+ (1 -jJ ) ([ 

t [ R~32B' t -
23 23 21 ] 1 (I - TA'B) (RA2B t - 5 ) 

c. • A2B,t 

U = T U 24 25 ( 24 
AIB,t AlB AIB,t-1 

t R - S 24 25 24 ) 
AlB, t AlB, ttLAIB 

22 22 21 
1 =1 tS 21 
AIB,t AIB,t-l AIB,ttC - 2 

24 
- SAIB,t 

12 12 
1 = I 
B,t B,t-l 

t Sl1 11 
B, t+e _ z 

21 21 
- (SAIB,t t SA2B,t) 

Section D Additional Description 

Customer station 

R(24) each t 

T(24) 

No U. S. S rule, R rule, C, 1, I 

• • • • • • • • • • • • • • • • • 
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Source Station 

Treat as inventory station with infinite inventory 

C each source 

S each source , up to C , 

s 8 : } 
S, = It, 

No T. R, P, C( J Uj I = ()CI 

Inventory 

s 
Supplied : 1

0
, 

S S S 8 
T , P , Uo. T 

T means either 0 or 00 ; it is represented as T = 0 
or T = 1 

s 
C = 0 (all s) 

no CX 

• . 1 St = min. 

s • 
I, = I, -1 

s s :1 

8:2 s 
+ S C. :2 - 1 - 5 ,- , 

s s:l s 
U, = T (U, - 1 + It, - S, ) 

s fJ s :1 Rt = R, 

jJ = 1 if pS = 0 or 00 

s 
p - <><> 

-y • s:2 
, = 1 if (I, + S,_ C. : 2 + 1 

= 0 otherwise 

• 

• • • • • • • • • • 

• • 

• • 
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Manufacturing Station 

s 
Supplied R~ for each input model, 5 for each output 
model, for all time periods up to t-C 

s 
T = 0 or c>o (represented by 1) for each model 

s . C 15 the same for all models 

No P. fJ . P 1 

Rules 

s J 8 :1 S [ S s 
5, = min. ) (R, + U' _ I). Q( 5,_1 

for each model 

.. .. .. 

.. .. .. 

+ (I- d ) (Rs :1 , 

s s:1 
U, = T r 

S S: I 
U' _1 +R, for each model 

s S 

R, = 5, for each model 

• • • • • • • • • 

• 1 .:2 l + U' _I • 1,-1 

• • • 


