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CHAPTER I

INTRODUCTION 

Dynamic Model

A m anufacturing company typically  has the objective of m axim izing 

the long-term  value of its  common stock while satisfying its  cu s to m ers . To 

achieve th is , the company might in c rease  the quantity and im prove the quality 

of p roduction . Since the company is  operating in a dynamic environm ent, its  

po lic ies  should be dynamic also , to achieve its  objective.

In o rd e r to form ulate dynamic po lic ies, an understanding of how the 

company would p erfo rm  under a lte rn a te  co u rses  of action is  n e c e s sa ry . A 

Dynamic Model of the company shows how the com pany's perform ance v a rie s  

over tim e fo r a given set of po lic ies and a c tio n s . The Dynamic Model p ro 

vides a b asis  fo r experim ental investigation a t le ss  tim e and low er cost than 

try ing  actual changes in the com pany.

A company has sev era l components such as raw m ate ria l and fin 

ished  goods inven tories, production fac ilitie s , capital re se rv e , policy d e c i

sions, and an inform ation netw ork. These components a re  made up of s till 

sm a lle r  e lem en ts . The m anner in which these  components a re  in te rre la ted  

is  a s  im portant as the components them selves, in determ ining  the p e rfo rm 

ance of the com pany.
1
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T here  a re  sev e ra l fac to rs  which affect a com pany's perfo rm ance, 

but a re  beyond the com pany's con tro l, e .g . ,  the national economy, the 

po litica l and legal environm ent, and com petition from  other com panies. 

However, the company’s p re sen t po lic ies, actions, and functions (purchasing, 

sa le s , production, and R and D w ork)--w hich a re  fac to rs  within the co m 

pany’s co n tro l-- in te rac t with the p re sen t environm ent to re su lt in the future 

se t of conditions (see F igure 1).

com pany’s control

F ig . 1. - -In teraction  of the com pany's po licies with the 
environm ent.

In th is study, the policy decisions, actions, and th e ir in te rre la tio n 

ships a re  ex p ressed  by a se t of m athem atical equations. These re la tionsh ips 

may be appropria te ly  F o rtran -coded  and sim ulated  on a d igital com puter.

Some changes may be made in the com pany’s policies and actions, 

such as  in c reasin g  production capacity  o r s ta rtin g  a R esearch  and Develop

m ent D epartm ent. V ariations brought about in the com pany’s perform ance



because of these changes may be studied.

A Sm all M anufacturing Company 

The company taken fo r study is  a sm all m anufacturing co n cern . The 

company s ta r ted  its  operations in 1967 and shipped its  f i r s t  product in June, 

1967. The company has been growing rapidly since then . In the period 

between A pril, 1968, and O ctober, 1969, the company in c reased  its  p ro d u c

tion by th ree  and one-half tim e s .

Will the company be able to do a s  w ell in the fu ture a s  in the past?

Will the company be able to do b e tte r  if the production capacity  is  increased? 

Will some w ell-d irec ted  policy changes cause b e tte r  perform ance? The 

answ ers to these questions may be explored by developing a model and e x e r 

cising  i t .  It was the purpose of th is study to develop such a m odel. The 

response  of the model may be used by m anagem ent as an indicator of the 

re su lt to be expected fo r a certa in  ac tion . The lim itations of the model should 

always be taken into account when th e .re su lts  a re  considered .

Perhaps m ore im portan t than the d irec t answ ers to specific questions 

is  the insight into the re la tionship  between d ifferen t face ts  of the company 

which the model gives .



CHAPTER II

DELAYS

Delays a re  inheren t in sociological, econom ic, and physical sy s te m s . 

An understanding of the types of delays and th e ir  effect upon the sy s te m 's  

perform ance is  e ssen tia l fo r the study of the dynamic behavior of the sy stem .

A delay has one o r m ore inputs and outputs separa ted  from  each 

o th er in tim e by the delay t im e . During the delay tim e the inputs a re  being 

converted to outputs. In the case of production, inputs a re  the raw m a te r 

ia ls , and outputs a re  the finished p ro d u c ts . In shipping, inputs a re  products 

in one place and outputs a re  the p roducts in some o ther p lace . In c le r ica l 

p rocessing , inputs a re  the inform ation and data com ing p iecem eal, and out

puts a re  the averaged value of the data and the re levan t inform ation that the 

m anagem ent needs fo r decision m aking.

T here a re  two types of delays pertinen t to the study of the dynamic 

behavior of this com pany. These a re  shipping and sm oothing de lay s .

Shipping Delays

Shipping delays a re  rep resen ted  by exponential de lay s . The f ir s t  

and th ird  o rd e r exponential delays a re  d iscussed  and th e ir  re la tive  m e rits

4
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a re  shown in F igure  6 . 1

A f i r s t  o rd e r delay has a level (LEV) which ab so rbs the difference 

between the input (IN) and output (OUT). The OUT is the LEV divided by 

the delay tim e (DEL). The LEV is the accum ulated difference between

9
inflows and outflows (see F igure 2).

_ Q U T ,

/  \✓  \
DEL

F ig . 2 . - - F i r s t  o rd e r exponential delay

The level and ra te s  (IN and OUT in F igure 2) a re  analogously shown 

a s  the quantity of fluid s to red  in a tank, and the inflow and outflow, re sp e c 

tively , in F igure 3 .

F ig . 3 . --L ev e l and ra te s

The effect of the inflow (IN) and outflow (OUT) on the level (LEV)

^JayW . F o r re s te r ,  Industria l Dynamics (Cam bridge, M assachu
se tts : The M. I . T . P re ss , 1969), p .  90, F igures 9-3 to 9 -6 .

2 F o r re s te r ,  p . 87, F igure 9 -1 .



during  any tim e in te rva l, DT, is to increase  the level by

A LEV  = DT (IN - OUT)

w here IN and OUT are  the inflow and outflow, respective ly , during the tim e 

in te rv a l DT (see F igure 4). LEVI is  the level a t tim e 1 and LEV2 is  the 

level a t tim e 2 . The LEV2 is given by

LEV2 = LEVI ♦ ALEV

= LEVI + DT (IN - OUT)

= LEVI + (IN - OUT) DT

F ig . 4 . --Evaluation of level 

The outflow at tim e 1 (OUT1) is  given by

OUT1 = LEV1/R

w here R is  the re s is tan ce  offered to the outflow. R stands for the tim e 

delays in shipping d e la y s .

The inflow can s im ila rly  be determ ined , from  the level and delay



on which it depends.

The equations below give the values of LEV and OUT a t any tim e I. 

(1-1) and I a re  successive tim e -s tag es  separa ted  from  each o ther by the 

tim e in te rv a l DT .

LEV (I) = LEV (1-1) + D T• [IN (1-1) - OUT (1-1)] 

OUT (f) = LEV (1-1) /  DEL

A th ird  o rd e r exponential delay is  obtained by cascading th ree  f i r s t  

o rd e r  d e lay s . This is  schem atically  shown in F igure 5 .*

d e l "

F ig . 5. - -T h ird  o rd e r exponential delay

The outflow of the f ir s t  level becom es the inflow of the second level 

and the outflow of the second level becom es the inflow of the th ird  level. The 

delay affecting each outflow is  the to ta l delay divided by th ree  (see F igure 5).

The equations below give the values of levels and outflows a t tim e I:

F o r r e s t e r ,  p . 88, F igure 9 -2 .



LEV1(I) = L E V l(I- l) t DT(IN(I-1) - R l(I- l))

R1(I) = L E V l(I-l)/(D E L /3 )

LEV2(I) = LEV2(I-1) t DT(R1(I-1) - R2(I-1))

R2(I) = LE V2 (I -1 ) /(DEL/3)

LEV3(I) = LEV3(I-1) + DT(R2(I-1) - OUT(I-l)) 

OUT(I) = LEV 3(I-1)/ (DEL/3)

The resp o n ses  of f i r s t ,  th ird , and infinite o rd e r delays to a step 

input a re  d iagram m ed in F igure 6 .

Response of; 

f i r s t  o rd e r delay

th ird  o rd e r delay

Input

Response of infinite o rd e r 
delay (s im ila r to actual sh ip 
ping delay c h a rac te ris tic )

F ig . 6 . --R esponses of d ifferent o rd e r delays to a step input

The infinite o rd e r delay re p re se n ts  the actual shipping d e la y . But 

it is  inconvenient to re p re se n t an infinite o rd e r delay, a s  it involves infinite 

cascadings and infinite level and ra te  evaluations a t each tim e s ta g e . A 

th ird  o rd e r delay is  c lo se r to the infinite o rd e r delay in its  response than 

the f ir s t  o rd e r one and is  sim ple enough; hence, a th ird  o rd e r delay is  taken

to re p re sen t the shipping de lays.



Smoothing Delays

9

A sm oothing delay is the type of delay encountered in averaging 

incom ing o rd e rs  o r deciding the production ra te , e tc . This delay helps to 

even out the m om entary fluctuations in demand, production, e tc . ,  e x p e r

ienced by a b u s in e s s . The function of the smoothing delay is  depicted in 

F igure  7 .

F ig . 7 . --Sm oothing delay

The fluctuation (FL) is  adjusted  during the smoothing delay (SMD). 

The contribution of the fluctuation at any solution in te rva l (CFL) is given by

CFL FL •
DT

SMD



CHAPTER III

MODEL DESCRIPTION

The model is  a set of m athem atical equations, rep resen tin g  the 

m ain ac tiv itie s  (purchasing, production, inspection, sa le s , e tc .) ,  policy 

decisions, and th e ir  in te rre la tio n sh ip s . The main components of the co m 

pany a re  identified and a g ro ss  flow diagram  developed showing the flow of 

o rd e rs , goods, and inform ation . The flow diagram  is  given in F igure 9.

The p a ra m e te rs  a re  evaluated at each tim e stage from  the known 

values of the p a ra m e te rs  a t the p rev ious tim e s ta g e . F igure 8 shows the 

values of p a ra m e te rs  against tim e . (1-1), I, and 1 + 1 a re  tim e stages s e p a r 

ated  from  each other by solution in te rva l DT.

Value of 
P a ram e te rs

1-1 I 111-------*■ Time

F ig . 8 . --Evaluation of p a ram ete rs

10
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LEGEND:
---- °— * Flow of o rd e rs
----------* M ateria l o r custom er
--------- -*• Inform ation

F ig . 9 . --G ro ss  model flow diagram



M arket
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The m arket consists  of the;

1. Satisfied custo m er.

2 . Indifferent cu sto m er.

3 . D issatisfied  c u s to m e r.

4 . Potential custo m er.

The satisfied  cu sto m er is  the custom er who p laces an o rd er with 

the com pany. He knows other com panies which make the sam e p roduct. He 

continues to place o rd e rs  with the company as  long as the quality of the 

product, delivery  tim e, and a f te r-s a le s  se rv ice  a re  within acceptable lim its .

F o r convenient m athem atical model form ulation, the sa tisfied  c u s 

to m er is categorized  into two types:

1. Perm anently satisfied  cu sto m er.

2 . T em porarily  sa tisfied  cu sto m er.

The perm anently  sa tisfied  custom er is the custom er who has placed 

o rd e rs  in the p ast and continues to p lace o rd e rs  in the fu tu re .

The tem p o rarily  sa tisfied  custom er has not placed o rd e rs  in the 

p a s t, but he is  influenced by e ith e r the sa les  effort o r the com pany’s good 

nam e o r both; th e re fo re  he is w illing to  place a sam ple o rd e r . He becom es 

a perm anently  satisfied  custom er if the product quality and delivery  tim e a re  

within the desired  lim its .

The indifferent custom er knows about the company and its  product, 

and has bought the product at le as t once in the p ast, but is  ra th e r re luctant
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to  place m ore o rd e rs  because of e ith e r the poor product quality o r delayed 

d e liv e ry . However, he can be persuaded to buy m ore by p ro p e r follow -up.

The d issa tisfied  cu sto m er is  the custom er who has bought the co m 

pany 's  product in the p ast, but is  unhappy with e ith e r the product quality o r 

de livery  tim e and he decides not to p lace o rders.w ith  the company in the 

fu tu re .

The potential cu sto m er is  the one who needs the com pany's product, 

but has not known the company w ell enough in the p a st to place an o rd e r . H ie 

company can persuade him  to buy the product by vigorous sa les  e ffo rt.

Demand fo r the product is  d irec tly  p roportional to the perm anently  

sa tisfied  custom er and to the tem porarily  satisfied  cu stom er.

DMD(I) = DM1 x (PSFC(I-l)) ♦ DM2 x (TSFC (I-l))

DMD Demand (units/w eek)

DM1 Demand M ultip lier fo r perm anently  satisfied  custom er

(units/w eek)

DM2 Demand M ultip lier fo r tem p o rarily  satisfied  custom er 

(units/w eek)

PSFC Perm anently  Satisfied C ustom er (constant)

TSFC T em porarily  Satisfied C ustom er (constant)

The m u ltip lie rs  DM1 and DM2 a re  the average weekly o rd e r quanti

t ie s  demanded by the perm anently  satisfied  custom er (PSFC) and the



tem p o rarily  satisfied  custom er (TSFC), re sp ec tiv e ly .
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The tem p o ra rily  satisfied  cu s to m er's  o rd e r is  p laced on a tr ia l  

b a s is  only. This o rd e r is  much sm a lle r  than the one placed by the p e rm an 

ently sa tisfied  c u s to m e r . T h erefo re ,

DM2 <  DM1

The num ber of tem p o rarily  satisfied  custom ers (TSFC) who decide 

to p lace o rd e rs  with the company in the future depends upon the product 

quality ra tio  (PQR), delivery  tim e ra tio  (DTR), and a f te r - s a le s  se rv ice  

(AFS). A prem ium  is put on quality, although weight is  a lso  p laced on d e liv 

e ry  t im e .

When the product quality of the company (PQC) is the sam e a s  the 

average  product quality in the m arke t (PQM), the perm anently  satisfied  c u s 

to m ers  (PSFC) rem ain  a t the level of the p rev ious tim e s tag e . When the 

PQC is  h igher than PQM, some of the TSFC decide to p lace o rd e rs  with the 

company in the fu tu re , thereby in c reasin g  the num ber of the PSFC.

When the PQC goes below the PQM, the num ber of the PSFC is 

red u ced .

The logarithm ic function is  taken to re p re sen t the effect of the

product quality ra tio  (PQR)--the ra tio  of PQC to PQM --on the PSFC. The



function is  ch arac te rized  by:

positive values for

PQR > unity

ze ro  value fo r

PQR = unity

negative values for

PQR < unity

These c h a ra c te r is tic s  of the logarithm ic function a re  shown in 

F igure  10.

The effect of the delivery  tim e ra tio  (D TR)--the ra tio  of requ ired  

de livery  tim e (RDT) to the actual delivery  tim e (A D T)--is s im ila r  to that of 

the PQR.

PSFC(I) = PSFC (I-l) * TSFC(I-l)-SM P* fW TQ‘LOG‘PQ R(I-l) t 

WTD'LOG D TR(I-l)]

PSFC Perm anently satisfied  custom er (non-dim ensional)

TSFC T em porarily  satisfied  cu sto m er (non-dim ensional)

SMP Sales m ultip lier (constant)

WTQ Weight on the product quality ra tio  (constant)

WTD weight on delivery  tim e ra tio  (constant)
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X___ l o g  X

0 .5  -0 .69
0 .75  -0.286
1.0 0 .0
1.25 0.223
1.50 0.405
1.75 0 .56
2 .0  0.695
2 .25  0 .81
2 .5  0.915
2 .75  1.01

F ig . 10.--Behavior of log function
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PQR Product quality ra tio

DTR D elivery tim e ra tio

PQR(I) = PQC (I -1 )/PQM(I -1)

PQR Product quality ra tio  (constant)

PQC Product quality of the company (constant)

PQM Average product quality in the m arket (constant)

DTR(I) = RDT(I-1)/ADT(I-1)

DTR D elivery tim e ra tio  (constant)

RDT Required delivery  tim e (tim e in weeks)

ADT Actual delivery  tim e (time in weeks)

The num ber of the potential cu stom ers (PCR) who place o rd e rs  on 

a tr ia l  basis  is a m easu re  of the sa le s  effort (SFT). The num ber of indiffer 

ent custo m ers  who decide to place o rd e rs  on a tr ia l  basis  is  a m easure  of 

the SFT and a f te r-s a le s  serv ice  (AFS) com bined.

TSFC(I) = SMI • PCR(I-1)*SFT(I-1) + SM2 • IC R (I-l) [S F T (I-l)

TSFC

t AFS(1-1)]

T em porarily  satisfied  cu sto m er (non-dim ensional)

SMI Sales m u ltip lier fo r potential custom er (constant)

SM2 Sales m u ltip lier fo r indifferent custom er (constant)



PCR Potential custom er (non-dim ensional)
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ICR Indifferent custom er (non-dim ensional)

SFT Sales effort (non-dim ensional)

AFS A fte r-sa le s  se rv ice  (non-dim ensional)

The product quality ra tio  (PQR) is  the ra tio  of the quality of the 

com pany’s product to the average quality of like products in the m ark e t.

Product quality is  a d irec t m easure  of the com pany's re sea rc h  and develop

m ent w ork. If the company has no special R and D work, then its  product 

quality might be expected to rem ain  at the p re sen t level.

Technology is  growing a t a fas t r a te .  Due to the effo rts  of public 

au tho rities  on pollution contro l and due to the growing demand from  c u s 

to m ers  fo r no ise less  va lves, re sea rc h  in the production and operation of 

con tro l valves is  anticipated to in c rease  in the coming y e a r s . The R and D 

in th is field is , th e refo re , expected to take an exponential growth curve 

(see F igure 11).

The com pany's product quality in itia lly  is much h igher than the average 

product quality in the m ark e t. This is  because of the technical know-how 

acquired  by the com pany's two executives, while they w ere working with a 

leading company m aking control va lves, and a lso  because of som e of the 

good designs patented by the com pany.

The product quality ra tio  is  shown to be in itia lly  high, but drops

gradually  down if the product quality rem ains constant (see F igure 11).
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Product
Quality

A .

F ig . 1 1 -Product quality

PQC(I) = Constant

, v (I/C onstant)
PQM(I) » Constant x e

The delivery  tim e ra tio  (DTR) is the ra tio  of requ ired  delivery  tim e 

(RDT) to actual delivery  tim e (ADT). RDT is  taken a t an average of one 

m onth .

Actual D elivery Time (ADT)

A valve is  assem bled  only a f te r  an o rd e r is  p ro cu red . If a ll the 

p a r ts  a re  in finished goods inventory, the total delay co n sis ts  of the m ailing

delay, assem bling  delay, and shipping delay . This to ta l delay is called  the
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m inim um  d e lay .

If the requ ired  p a rts  a re  not in the finished goods inventory, to tal 

delay w ill be equal to the sum of the minimum delay, the production delay, 

and inspection delay, provided enough raw m a te ria l is  availab le .

If enough raw m a te ria l is  not availab le , then the total delay is the 

sum of the m inim um , inspection, production, and p rocuring  d e lay s . These 

delays a re  rep resen ted  in F igure 12.

At norm al inventory level, there  w ill be a few p a rts  which a re  out

of s tock . The company w ill take some tim e (DUD) in p rocuring  and producing
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these  p a r ts ..  Thus the to ta l delay a t norm al inventory level is  the sum of 

the delay due to ou t-o f-stock  item s (DUD) and minimum delay tim e (see 

F igure 13).

DT

F ig . 13 .--T o ta l delay at no rm al inventory

When the inventory level in c re a se s , the ab ility  to fill o rd e rs  in c rease s  

and the to tal delay d e c re a se s . When the inventory level d ec rea se s , the ability 

to fill o rd e rs  d ec rea se s  and the to tal delay in c re a s e s . Thus, the total delay 

co n sis ts  of the m inim um  delay tim e and a variab le  delay, caused by e ith e r 

production delay (DPN) o r p rocuring  delay (PGD) o r b o th . The variab le  

delay is  modeled to be inverse ly  proportional to the ab ility  to fill o r d e r s .

V ariable delay 1
Ability to fill o rd e rs

Ability to fill o rd e rs  is  d irec tly  p roportional to the ra tio  of the 

finished goods inventory actual (FGI) to the finished goods d esired  (FGD):

Ability to fill o rd e rs
FGI
FGD

Thus the actual delivery  tim e (ADT) is the sum of the minim um  d e 

lay, and the variab le  delay, which v a rie s  inversely  with the ra tio  FG I/FG D .
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This is  shown in F igure 1 4 .1 ADT is  a custom er decision p a ra m e te r , and 

the custom er continues to place o rd e rs  if the ADT is  within acceptable 

l im i t s .

Total
De ay

F ig . 14. - - Actual de livery  tim e

ADT(I) =

ADT

MDT

DUD

FGD

FGI

M DT(I-l) + DUD-
FG D (I-l)
FG I(I-l)

Actual delivery  _time (time in weeks)

Minimum delay tim e (time in weeks)

Delay due to unfilled o rd e rs  a t norm al inventory level 

(tim e in weeks)

Finished goods d esired  (units)

Finished goods inventory actual (units)

F o r re s te r ,  p . 147, F igure 15 .9 .



Sales Effort (SFT)

The com pany's sales effort consists  of v isiting  the potential c u s 

to m ers  and indifferent cu stom ers to secure  o rd e rs  from  them , partic ipa ting  

in trad e  shows, and giving b ro ch u res .

W henever the demand (DMD) is  below the demand desired  (DDD), 

sa les  effort is  in c reased .

The incom ing o rd e rs  a re  c le rica lly  p ro cessed  fo r  the purpose of 

determ in ing  sa les  e f f o r t . . This smoothing delay (SMD) is  about a m onth.

SFT(I) := S F T (I-l) - 5 ^ -  (DDD(I-l) - DMD(I-l)) 
SMD

SFT Sales effort (units/w eek)

SMD Smoothing delay (time in weeks)

DDD Demand d esired  (units/w eek)

DMD Demand (units/w eek)

The demand d esired  (DDD) is the amount of o rd e rs  that the company 

can m eet at any tim e, which is the effective production capacity  (EPC) 

available to new o rd e rs  .

DDD(I) = EPC (I-l)

DDD Demand d esired  (units/w eek)

EPC Effective production capacity  available to new o rd e rs



(units/w eek)

The A fter-S ales Service (AFS)

The com pany's AFS co n sis ts  of rep lacing  the defective item s, if 

any, and effective follow-up a fte r  the product is  supplied.

Due to lack of follow-up, custom ers might be lo s t a t a ra te  of two 

to  th ree  a y e a r . Since th is  is ra th e r  sm all, i t  is not incorpora ted  in the 

m o d e l.

F inished Goods D esired  (FGD)

The FGD is p roportional to the demand accepted (DMDA). The 

constant CNSTI re p re sen ts  the num ber of weeks the FGD could m eet the 

DMDA.

FGD(I) = CNSTI • DMDA (I-1)

FGD Finished goods d esired  (units)

CNSTI N um ber of w eeks FGD could m eet the DMDA (weeks) 

DMDA Demand accepted (units/w eek)

Finished Goods Inventory (FGI)

The company keeps a finished goods inventory consisting  m ostly of 

sm all p a r ts .  Only a few valve bodies a re  kept in finished condition, since 

the demand (DMD) for d ifferent size valves v a rie s  over t im e . The output of
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the inspection delay is  shipm ents in (SIN) to the FGI. The FGI is the accum u

lated  difference between SIN and the shipm ents sent from  the factory  (SSF). 

This is  analogously shown a s  the s to rage of liquid in a tank in F igure 15.

F in ished Inspection SIN[ Finished \ s S F —
Products Delay Goods r 1 

. In v en to ry /
—

F ig . 15 . --F in ish ed  goods inventory

FGI(I) = FG I(I-l) + DT (SIN(I-l) - SSF(I-l))

FGI Finished goods inventory (units)

SIN Shipments into the FGI (SIN)

SSF Shipments sent from  the fac to ry  (SSF)

Inspection

Inspection is  schem atically  shown in F igure 15. The input to 

inspection is  the finished products (FPR) from  the fa c to ry . Inspection 

is  rep resen ted  by a th ird  o rd e r exponential delay . T herefore  the SIN is  the 

th ird  o rd e r delay response of the inspection delay to FPR.

SIN(I) = DELAY3 (F PR (I-l), DLN)

SIN Shipments into the FGI (units/w eek)



FPR Finished products (units/w eek)
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DLN

DELAY3

Delay in inspection

Response of a th ird  o rd e r exponential delay of duration 

DLN to an input FPR

Production

Production has m anufacturing o rd e rs  as the input and facto ry  p r o 

duction as the output. Production is  a lso  rep resen ted  by a th ird  o rd e r expon

en tia l delay (F igure 16).

M anufacturing PRODUC- Finished

O rders TION Products

F ig . 1 6 .--Production

FPR (I) = DELAY3 (M NO(I-l), DPN)

FPR Finished products (units/w eek)

MNO M anufacturing o rd e rs  (units/w eek)

Delay in production (weeks)DPN



M anufacturing O rders (MNO)
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The m anufacturing o rd e r (MNO) is  decided by e ith e r:

1. M anufacturing o rd e rs  w anted.

2 . Production capacity .

3 . Available raw m a te ria l that can be used fo r production . This 

is  taken to be a fraction of the total raw m a te ria l inventory .

The MNO is re s tr ic te d  by the leas t of the above th ree  ite m s .

MNO(I) = MNW(I-l) if MNW(I-l) <C A  x (RM I(I-l)) and PN C(I-l)

= PN C(I-l) if PNC (1-1) <  CA x (RM I(I-l)) and MNW(I-l)

z RM I(I-l) xC A  if C A 'R M I(I-l) < MNW (I-l) and PNC(I-l)

MNO M anufacturing o rd e rs  (units/w eek)

MNW M anufacturing o rd e rs  wanted (units/w eek)

PNC Production capacity (units/w eek)

RMI Raw m aterial_inventory (units)

CA Constant - -fraction  of the RMI that can be used in production 

p e r  week (1/week)

M anufacturing O rders  Wanted (MNW)

M anufacturing has to:

1. M eet the demand accep ted .

2 . Replace inventory .
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3 . Adjust the excess backlog of o rd e rs  .

4 . Adjust the level in the pipeline .

MNW(I) = DMDA(I-l) + ~ -  [FGD (1-1) - F G I(I-l) t LD F (I-l)

- L A F (I-l) tU D F (I - l)  - U N F(I-l)]

MNW M anufacturing o rd e rs  wanted (units/w eek)

DMDA Demand accepted (units/w eek)

IDL Inventory adjusting delay (weeks)

FGD Finished goods inventory d esired  (units)

FGI Finished goods inventory actual (units)

LDF Pipe-line o rd e rs  d esired  a t factory  (units)

LAF P ip e lin e  o rd e rs  actually  at factory  (units)

UOF Unfilled o rd e rs  at factory  (units)

UNF Unfilled o rd e rs  norm al a t factory  (units)

C orresponding to the demand accepted (DMDA), there  is a certa in  

level of o rd e rs  d esired  in production and in spection . This is  the level 

which can m eet the DMDA for a tim e equal to the sum of production and 

inspection de lay s .

LDF(I) = DMDA (I-1) [DPN + DLN]

LDF Pipe-Line o rd e rs  d esired  a t factory  (units)
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DMDA Demand accepted (units/w eek)

DPN Delay in production (weeks)

DLN Delay in inspection (weeks)

Actual level of o rd e rs  in the p ipe-line  is  the sum of o rd e rs  in p ro  

duction and in sp ec tio n .

LAF(I) = O PF(I-l) + O N F(I-l)

LAF Pipe-line o rd e rs  actually  a t fac to ry  (units)

OPF O rders in production a t factory  (units)

ONF O rders in inspection at factory  (units)

O rders in production a re  the accum ulated difference between the 

m anufacturing o rd e rs  (MNO) and facto ry  production (FPR) (see F igure 17).

c z

MNO

OPE_ -----
___ __  __  _ ^ = r -> F P R

___________ I______ [-----

F ig . 1 7 .--O rd e r  level in production



OPF(I) r O PF(I-l) - DT (MNO(I-l) - FPR(I-l))
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OPF O rders  in production at facto ry  (units)

MNO M anufacturing o rd e rs  (units/w eek)

FPR F acto ry  Production (units/w eek)

O rd ers  in inspection (ONF) a re  s im ila rly  the accum ulated difference 

between the factory  production (FPR) and the inflow into the finished goods 

inventory (SIN)

ONF(I) = O N F(I-l) - DT FPR (1-1) - SIN(I-l)

ONF O rders in inspection at facto ry  (units)

FPR F actory  production (units/w eek)

SIN Shipm ents coming into the finished goods inventory (units/w eek)

Unfilled O rders (UOF)

Unfilled o rd e rs  (UOF) a re  the backlog of o r d e r s . This is  a level, 

and it has as  its  input the demand accepted, and as its output the shipm ents 

sent from  the fa c to ry .

UOF(I) = U O F(I-l) - DT DMDA(I-l) - SSF(I-l)

UOF Unfilled o rd e rs  at factory  (units)
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DMDA Demand accepted  (units/w eek)

SSF Shipment sent from  the fac to ry  (units)

T here  is  a p e rm iss ib le  level of backlog of o rd e rs . This c o r r e s 

ponds to the unfilled o rd e rs  at norm al inventory at the fac to ry .'

UNF(I) = DMDA(1-1) [MDT + DUD]

UNF Unfilled o rd e rs  at norm al inventory at factory  (units)

DMDA Demand accepted (units/w eek)

MDT Minimum delay tim e (weeks)

DUD Delay due to unfilled o rd e rs  a t norm al inventory level 

(weeks)

Shipments Sent from  F actory  (SSF)

T here is  a certa in  shipping ra te  d e s ired  which aim s a t filling  up 

a ll the unfilled o rd e rs  in the actual de livery  tim e . This shipping ra te  

d esired  (SRD) is  given by the unfilled o rd e rs  divided by the actual delivery  

t im e .

However, th e re  is  a maximum ra te  of shipping.possible, which d e 

pends upon the finished goods inventory lev el. This m axim um  shipping ra te  

possib le  (NIF) is  given by the finished goods inventory divided by D T --the

solution in te rv a l.
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SSF(I) = SRD(I-l) if SRD(I-l) <NIF(I-1)

- N I F ( l - l )  if N IF (I-l) < SRD (I-l)

SRD(I) :
U O F(I-l)
A D T(I-l)

NIF(I)
F G I(I-l)

DT

SSF Shipments sent from  factory  (units/w eek)

SRD Shipping ra te  d esired  (units/w eek)

NIF Negative inventory lim it at facto ry  (units/w eek)

UOF Unfilled o rd e rs  at factory  (units)

ADT Actual delivery  tim e (weeks)

Demand Accepted (DMDA)

The demand placed on the company is c le rica lly  p ro cessed , and the 

p lausib ility  of m eeting the demand requ irem en ts  is  checked before accepting 

an o rd e r .

DMDA(I) = D S F (I-l) if D SF(I-l) <  EPC(I-l)

= EPC (I-l) if EPC(I-l) < D SF(I-l)

DMDA Demand accepted (units/w eek)

DSF Demand smoothed at factory  (units/w eek)



EPC Effective production capacity  (units/w eek)
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DSF(I) = D SF(I-l) «■ [DM D(I-l) - DSF(I-l)]

DSF Demand sm oothed a t factory  (units/w eek)

DSD Delay in smoothing demand (weeks)

DMD Demand (units/w eek)

A certa in  percen tage of the production capacity is  re se rv ed  fo r f i l l 

ing the ex cess  of backlog of o rd e rs  (the d ifference between the unfilled o rd e rs  

ac tu a l--U O F --an d  the unfilled o rd e rs  norm al - -U N F). The excess backlog 

has to be filled  in the requ ired  delivery  tim e (RDT). T herefo re , the p roduc

tion capacity  to be re se rv ed  fo r th is is given by the ex cess  backlog of 

o rd e rs  divided by the requ ired  delivery  tim e .

The effective production capacity available to new o rd e rs  is  die 

d ifference between the production capacity  (PNC) and the capacity re se rv ed  

fo r filling  the excess backlog of o rd e rs . This is  shown in F igure 18.

Production Capacity 
(PNC)

Effective production 
capacity  available to 

new o rd e rs  (EPC)

Capacity r e -  
- served  fo r ~ 
filling  excess 
backlog of 
o rd e rs

F ig . 18. --T he effective production capacity  availab le to new o rd e rs
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EPC (I-l) = PN C (I-l) -[U O F(I-l) - UNF(I-l)] /R D T

EPC Effective production capacity  (units/w eek)

PNC Production capacity  (units/w eek)

UOF Unfilled o rd e rs  at factory  (units)

UNF Unfilled o rd e rs  norm al a t fa c to ry  (units)

RDT Required delivery  _time (weeks)

Raw M ateria l Inventory (RMI)

Raw m ate ria l inventory is  a level which has its input a s  shipm ents 

from  the supplier (RIN) and output as  shipm ents going to production (ROT) 

(see F igure 19).

F ig . 1 9 .--Raw m ate ria l inventory

RMI(I) = RM I(I-l) t DT•(RIN(I-l) - ROT(I-l))

RMI Raw m ate ria l inventory (units)

RIN Raw m a te ria l input (units/w eek)

ROT Raw m a te ria l output (units/w eek)
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The shipm ents out of the raw m a te ria l inventory (ROT) a re  d irec tly  

proportional to the m anufacturing o rd e rs .

ROT(I) = CA • M NO(I-l)

ROT Shipm ents out of raw m a te ria l inventory (units/w eek)

MNO M anufacturing o rd e rs  (units/w eek)

CA Constant

Supplier^ delay (SDL) is  rep resen ted  by a th ird  o rd e r exponential 

de lay . The input to the raw m a te ria l inventory is  the response of th is delay 

to the purchase o rd e r (PDR).

RIN(I) = DELAY3 (PDR(I-l), SDL)

PDR Purchase o rd e r (units/w eek)

RIN Raw m ate ria l input (units/w eek)

SDL S upplier's  delay (weeks)

DELAY3
Third o rd e r exponential delay

Purchase O rder (PDR)

The company p laces a purchase  o rd e r  (PDR) so that it can m eet 

the m anufacturing ra te  wanted (MNW) and a lso  can adjust the difference

between the raw m a te ria l inventory desired  (RMD) and the raw m ate ria l
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actual (RMI) as well a s  the difference between raw m a te ria l in p ipe-line  

d esired  (RLD) and raw m a te ria l in p ipe-line  actual (RLA) in the smoothing 

delay tim e (SMD). The increm ent in purchase o rd e rs  due to these d if fe r

ences is  given by the sum of these d ifferences divided by the smoothing 

delay .

T his increm ent when added to a constant (CA tim es MNV$ a t the 

previous tim e stage gives the value of the purchase o rd e r (PDR) a t the new 

tim e s ta g e .

PDR(I) - CA • MNW(I-l) + [RM D(I-l) - RM I(I-l) + RLD (I-l) 

• - RLA (1-1)]

MNW M anufacturing wanted (units/w eek)

PDR Purchase o rd e r (units/w eek)

SMD Smoothing delay (weeks)

RMD Raw m a te ria l inventory desired  (units)

RMI Raw m a te ria l inventory actual (units)

RLD Raw m a te ria l in P ipe-line d esired  (units)

CA Constant

(DMDA).

Raw m ate ria l d esired  is  proportional to the demand accepted



RMD(I) = CNSTP -DMDA(I-l)

RMD Raw m a te ria l d esired  (units)

CNSTP Num ber of w eeks that the d esired  raw m a te ria l could m eet 

the demand accepted (weeks)

The raw m ate ria l in p ipe-line  d esired  (RLD) is equal to the p u r 

chase o rd e r (PDR) m ultiplied by the su p p lie r 's  delay (SDL).

RLD(I) = SDL • PDR(I-l)

RLD Raw m ate ria l in p ipe-line  desired  (units)

SDL S upplier's  delay (weeks)

PDR Purchase o rd e r (units/w eek)

The raw m a te ria l in p ipe-line  actual is  a level. It has the purchase 

o rd e r (PDR) as  its  input and the raw m ate ria l input (RIN) as its  output.

RLA(I) = R LA (I-l) ♦ DT-(PDR(I-1) - RIN(I-l))

RLA Raw m ate ria l in pipe-line, actual (units)

PDR Purchase o rd e r (units/w eek)

RIN Raw m ate ria l input (units/w eek)



CHAPTER IV

SIMULATION AND RESULTS

The equations in C hapter 3 w ere F ortran -coded  and a com puter 

p rog ram  was developed."^

The various p a ra m e te rs  of the model w ere adjusted to re p re sen t 

the com pany’s perform ance from  A pril, 1968, to O ctober, 1969. The 

values of the p a ra m e te rs  given by the company accounts a re  shown by the 

•a ste risk  m ark  in F igure 20. The model then is  presum ed to rep re sen t the 

company, and is  used to p red ic t the perform ance in the future (about two 

and one-half y e a rs ) . Admittedly, th is is  not a very  long tim e over which 

to verify  model perfo rm ance, nor is  the agreem ent p rec ise  . However, it 

g ives a qualitative assu ran ce  that p a ra m e te rs  a re  in the right o rd e r of 

m agnitude. -

The perfo rm ance of the model is  lim ited  by production capacity 

(PNC). Increasing  the PNC is suggested as a rem edy . The model is  used 

to  study the changes that m ight be brought about in the m odel's  perform ance 

a s  a re su lt of the in c reased  PNC.

^The p rogram  is  not appended with the th e s is . It is  availab le in 
the M echanical Engineering D epartm ent, Brigham Young U niversity , Provo, 
U tah .
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DMD - Demand DMDA - Demand accepted FPR - Factory  production SSF - Shipm ents sent from  factory
FGI - Finished goods inventory RMI - Raw m ate ria l inventory UOF - Unfilled o rd e rs  at fac to ry  
*Actual perform ance figu res (FPR)

CO

F ig . 20. M odel’s perform ance with the p re sen t PNC and steadily  falling PQR
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The model shows that though the in sta lled  capacity  of the company 

is  doubled, the sales may not in c rease  unless p ro p e r attention is  paid to 

im prove the product quality of the company (PQC). R esearch  and develop

m ent may im prove the PQC. The model is  used to p red ic t the im provem ent 

m ade in perform ance because of the re sea rc h  and developm ent work (RDW).

Prediction of the Model’s Perform ance

The model is  used to p red ic t the perform ance during the next 122 

w eeks (about two and one-half y e a rs ) . The sim ulated re su lts  a re  shown in 

F igure 20.

The demand (DMD) in c rease s  and reach es  its  peak (400 p e r  cent) 

during the 120th week, and then gradually  drops to 155 percen t during the 

200th w eek. The DMD fa lls  below the production capacity  (PNC) during the 

period  from  the 160th to 200th w eek s . The fa ll in the DMD is  due to the PQR 

resu ltin g  from  a steadily  growing average product quality in the m arke t 

(PQM) and a ra th e r  stagnant PQC.

The demand accepted (DMDA) is  about the same as the DMD, 

but fo r the period between the 80th and 100th weeks, when the DMD exceeds 

the DNC. During th is period  the DMDA is  about the sam e as the PNC .

The production, in th is case , is  lim ited  by PNC . T herefo re , in 

accordance with the policy of accepting only the o rd e rs  which can be m et.

the model lim its  the DMDA to its  PNC.
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The factory  production (FPR) and die shipm ents sent from  the fa c 

to ry  (SSF) a lm ost c losely  follow the DMDA, since these  a re  the responses of 

the la t te r .

The finished goods inventory (FGI) ad justs slowly to the in c rease  in 

DMD. It reaches its  peak during the 100th week and rem ains a t th is  level 

until the 160th week, when it  begins to d rop .

The FGI in c rease s  when the FPR in c rease s  with respec t to SSF and 

vice v e rsa , since the input of the FGI is  the response to the FPR and the ou t

put of the FGI is SSF. During the period  between the 100th and 160th weeks 

the FPR and the SSF a re  equal, re su ltin g  in a constant level of the FGI.

The raw m a te ria l inventory (RMI) in itia lly  drops to 66 p e r  cent, due 

to  the in c reased  facto ry  production (FPR). It then in c rease s  gradually , as 

a re s u lt  of the purchasing  o rd e rs  placed on su p p lie rs , to a maximum during 

the 120th w eek. The RMI continues to in c rease  even when the DMDA drops, 

because of the reduction in the FPR, while the raw m a te ria l input continues 

a t the previous ra te , as a re su lt of p ast purchase o rd e rs .  Thus it a tta in s a 

peak (387 p e r cent) during  the 170th week and then drops very  ra p id ly .

The unfilled o rd e rs  a t the fac to ry  (UOF) in c rease s  as the DMDA 

in c re a se s , and atta ins its  maximum value during the 80th week, and rem ains 

a t th is  level until the 160th w eek. T h e rea fte r, it  fa lls  rapidly to  reach  140 

p e r  cent of its  in itia l value during the 200th w eek .

The UOF is  the accum ulated difference between the DMDA and the

SSF. When the DMDA in c rease s  re la tive  to the SSF, UOF in c re a se s , and
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it  d e c rea se s  when the DMDA d ec rea se s  with re sp ec t to the SSF. Initially  

the DMDA in c rease s  fa s te r  than the SSF; hence, the UOF in c re a se s . Be

tween the 80th and 160th weeks the DMDA and the SSF a re  equal, resu lting  

in a constant level of the UO F. A fter the 160th week, the DMDA fa lls  fa s te r  

than the SSF and the UOF d ec rea se s  rapidly a fte r  the 160th w eek.

M odel’s Perform ance When the Production 
Capacity Is Doubled

The re su lts  of the sim ulation when the production capacity (PNC) is  

doubled a re  shown in F igure 21.

The m odel's  perform ance in th is case  is  s im ila r  to the one when 

th e re  is  no change in the PNC, except that the m odel's  perfo rm ance is  not 

levelling  off during the period  between the 80th and 160th weeks in th is  

c a se . When the PNC is  doubled, the demand accepted (DMDA) is no longer 

lim ited  by the PNC as it is  when the PNC rem ains at the old r a te .  In this 

c a se , the model is  able to m eet a ll the o rd e rs  placed on i t .  Thus die DMDA 

is  equal to the demand (DMD).

The shipm ents sent from  the factory  (SSF) and the factory  p ro d u c

tion (FPR) follow the DMD, as they a re  the responses to the DMDA.

The finished goods inventory (FGI) in c rease s  as the FPR in c rease s  

and reaches its  peak during the 120th w eek. It then drops in response to the 

decline in DMD.

The raw m ate ria l inventory (RMI) drops in itially  to 66 p e r  cent d u r 

ing the 20th week, as a re su lt of the increased  FPR. As the DMD continues



RMI - Raw m a te ria l inven to ry  FGI - F in ished  goods inven to ry  U O F  - U n f i l l e d  o r d e r s  a t  f a c t o r y  

DMD - Demand DMDA - Dem and accep ted  FPR - F a c to ry  p roduction  S S F  - S h i p m e n t s  s e n t  f r o m  f a c t o r y

F ig . 2 1 . - -  M odel's’ p e rfo rm an ce  with doubled p roduction  c a p a c i t y  a n d  

stead ily  fa lling  PQR
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to in c rease , the RMI builds up because of the in creased  purchase of raw 

m a te r ia ls . The RMI continues to in c rease  even when the DMD fa lls , because 

of the continued raw m a te ria l input (RIN) a t the old ra te  a s  a re su lt  of the 

p ast purchase o rd e rs , while the FPR d e c re a se s . A fter the 134th week the 

RMI drops because of the decreased  purchasing .

The unfilled o rd e rs  (UOF) in c rease s  a s  the DMD in c rease s  with 

re sp ec t to the shipm ents sent from  the factory  (SSF) and then d ecreases  

rap id ly  because the DMD d ecrea se s  with re sp ec t to the SSF.

Effect of R esearch  and Development Work

As evidenced by the d iscussion  in the previous section, and Figure 

21, the m odel’s perform ance is  not com m ensurate with the in c reased  p ro 

duction capacity  (PNC). The m odel’s perform ance declines a fte r  the 

134th week because the com pany's product quality (PQC) is  le ss  than the 

average product quality of the m arke t (PQM). R esearch and developm ent 

w ork is  suggested as a m easure  to im prove the product quality of the co m 

pany (PQC).

The model is  used to p red ic t the effect of the re sea rch  and develop

m ent work (RDW) on perform ance .

The PQC is  assum ed to v a ry  exponentially with the quality index 

(QIX), which is  taken to be a th ird  o rd e r exponential delay response to  the

RDW. The RDW is  taken to be done a t a ra te  of 10 p e r cent of the s a le s .



RMI - Raw m ate ria l inventory  DMD - Demand
FGI - F inished goods inventory , DMDA - Demand accepted
UOF - Unfilled o rd ers  a t factory  FPR - Factory  production

SSF - Shipments sent from  factory

F ig . 22. - -  M odel's perfo rm ance w ith re sea rc h  and developm ent added to the doubled 
production capacity

O l



PQC(I) - EXP (QIX(I-l))

QIX(I) = DELAY 3 (RDW (I-l), DLR)

RDW(I) = (0.1 SSF) /  CA

PQC Product quality of the company (non-dim ensional)

QIX Quality index (non-dim ensional)

RDW R esearch  and developm ent w ork (units/w eek)

SSF Shipm ents sent from  facto ry  (units/w eek)

DLR Delay fo r re sea rc h  and developm ent (weeks)

CA RDW n ecessa ry  to make QIX = 1 (units/w eek)

The effect of RDW on the m odels perform ance is  shown in F ig 

u re  22.

The RDW im proves the PQC in tim e . This increased  PQC keeps 

m ore  custom ers sa tisfied . Thus the level of the perm anently  satisfied  c u s 

to m ers  (PSFC) in c re a se s , which in tu rn  re su lts  in m ore demand (DMD).

The DMD in c rease s  steadily  to reach  the PNC during the 160th w eek. 

Though the DMD still in c rease s  th e re a f te r , the model is  not able to accept 

a ll the o rd e rs  due to the lim ited  PNC. T herefo re , a fte r  the 160th week the 

demand accepted (DMDA) rem ains a t the steady state  of the PNC, which is 

equal to 700 u n its /w eek .

The factory  production (FPR) and the shipm ents sent from  the
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factory  (SSF) follow the DMDA.

The raw m a te ria l and the finished goods inventories build up to 

m eet the in c reased  DMDA and re ta in  constant levels as  the DMDA a tta in s  

the steady s ta te .

The unfilled o rd e rs  at the factory  (UOF) in c rease s  in itia lly  as the 

DMDA in c reases  with re sp ec t to the SSF and then re ta in s  a constant value 

a s  the SSF becom es equal to the DMDA .

Com m ents

The f i r s t  and second sim ulations a re  plagued by the re la tive ly  s ta g 

nant product quality of the company (PQC), com pared to the steadily growing 

average product quality in the m arke t (PQM). In the th ird  sim ulation the 

re se a rc h  and developm ent work s ta r ts  during the 78th w eek. Its effect is  

brought to b e a r on the product quality of the company (PQC) only during the 

110th week, because of the na tu ra l delay that the RDW takes to bring forth 

any fru itfu l r e s u l t s .

In the second sim ulation the fall in the m odel’s perform ance is 

fa s te r  than that in the f i r s t .  The m odel’s production capacity (PNC) is 

double that of the f ir s t  sim ulation . Consequently, the model - has m ore 

cu sto m ers , and the m odel's  perform ance is m ore sensitive  to  the drop 

in the PQR. T herefo re , the company should be m ore carefu l in guarding 

itse lf  against m ajo r p itfa lls , as it grow s in s iz e .

A policy of im proving the product quality of die company (PQC)
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along with in c reasin g  the production capacity would.help the model achieve 

its  objective of attaining steady g row th .



CHAPTER V

CONCLUSIONS

The preced ing  analyses show how to build a model and design a 

set of po lic ies based  on model perform ance to achieve the desired  growth 

of the com pany. The model shows that m erely  in c reasin g  the production 

capacity  (PNC) does not help in attain ing  a steady grow th. R esearch  and 

developm ent work (RDW) coupled with the PNC would re su lt in m ore p ro d u c 

tion and b e tte r quality, which tr ig g e rs  m ore demand (DMD)«

The dynamic model sheds light on the working of the com pany. It 

g ives insight into the effect of the m anagem ent p o lic ie s . Man can intuitively 

see things which a re  very  n ear only, when a lim ited  num ber (one o r two) of 

p a ra m e te rs  change . But business is  an in terp lay  of num erous p a ra m e te rs , 

which, when they in te rac t, produce re su lts  which a re  beyond human judging 

pow er. The model is  used to p red ic t the changes in the com pany’s p e rfo rm 

ance brought about by the p a ra m e te r  changes.

As tim e goes on, the p red ic ted  perform ance can be com pared with 

the actual p e rfo rm an ce . The c loseness of the pred icted  behavior to the 

actual behavior is a m easu re  of the valid ity  of the m odel.

The deviation between the p red ic ted  and actual perfo rm ances

should be c ritic a lly  analyzed, and p a ra m e te rs  adjusted  to close the gap.
49
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This p rocedure  would help to evolve a model which would rep re sen t the 

company m ore and m ore closely  as  tim e p asse s  on.

The author attem pted to incorpora te  a ll the m ajo r facets of this 

b u s in e ss . An extensive study could not be devoted to any one sec to r without 

producing a model of unreasonable s iz e . Now that the p re lim in ary  w ork fo r 

the overa ll case  is  done, future investigations can be concentrated  on a 

p a r tic u la r  sec to r with a b e tte r  understanding of the dynamic in teraction  with 

the ex ternal fa c to rs .

The cash  flow is  not incorporated  in the model since sufficient data 

a re  not availab le . However, th is is an im portant fac to r, and investing money 

in som e a re a s  would affect the com pany's operations in o ther a r e a s .  Hence, 

a m ore re a lis tic  model should take the cash flow into account. The general 

p rocedure  of model building can, however, be extended to incorpora te  th is 

link .

Some g ro ss  approxim ations have been m ade about the m ark e t. F o r 

b e tte r  rep resen ta tio n , more detailed data a re  n ecessa ry  which a t p re sen t a re  

not av a ilab le . The m arket is  quite complex and d eserves study in its e lf .

T im e lags and o ther constants a re  not exact, but depict the general 

na tu re  of the p a ra m e te r s .

One of the m ost powerful tools in solving m anageria l optim ization 

p rob lem s is lin ea r - p rogram m ing . This assum es that the effect of the 

changes in p a ra m e te rs  is  d irec tly  proportional to the changes in p a ra m e te rs  

th em selv es . However, th is assum ption is valid  only fo r a few p a ra m e te rs .
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M ost of the p a ra m e te rs  in business a re  ch arac te rized  by non-linear behav io r. 

Dynamic m odelling, a s  is p resen ted  in this study, is  an aid in the study of 

the n o n -linear behavior of the p a ra m e te rs  of business e n te rp r is e s .

A model is  not a panacea to the ills  of business e n te rp r is e s . It is  

no b e tte r  than the p rem ises  on which it is based .

A model is  no substitu te for efficient m anagem ent. But it is  a 

pow erful tool which can help m anagem ent in decision m aking.
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A DYNAMIC MODEL OF A SMALL MANUFACTURING COMPANY

Abraham John 

D epartm ent of M echanical Engineering 

M, S. D egree, August 1970

ABSTRACT

A dynamic model of Valtek Incorporated , Provo, Utah, was developed. 
The dynamic model shows the tim e-vary ing  perform ance of the company and 
w as used as a b asis  for designing policy decisions.

A g ro ss  flow d iagram  of die company was developed in consultation 
with the com pany's m anagem ent. A set of m athem atical equations re p re se n t
ing the com pany's po lic ies, actions, and th e ir  in te rre la tio n sh ip s  was developed, 
and these re la tionsh ips w ere appropria te ly  F o rtran -co d ed  and sim ulated on 
a d igital com puter. The effect of in creasing  the production capacity and 
s ta rtin g  re sea rc h  and developm ent work was studied using the m odel.

The model showed that in o rd e r to achieve steady growth, while 
in c reasin g  the production capacity , p ro p e r attention should be paid to re sea rc h  
and developm ent.
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