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AESTRAvT

'Qie application of the computer to the solution of business 
problems has found a high level of acceptance in commerce.

Ihus investigation attempts to illustrate 'lie benefit,?* 
t>- be derived in its application in industry. In 
particular the inventory control problem in ^
firms is investigated.

The flexibility and compley!'ty of uhe system presented 

attempts to negate the possibility of optimum results 
being achieved using manual methods in applying the 

theories of inventory control. The author has attemp­
ted to sho"’ that the classical theories have very real 
limitations when applied to the control of components 
and raw materials, aa opposed to the saleable end- 
products.

The conclusion is drawn that other methods, such as 
net requirements generation made practical by the advent 
of the computer, provide a solution and may economically 
justify the application of data processing equipment.
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AUTHOR *S NOTE.

A number of teras used in this 
thesis are peculiar xo the field 
of data processing. A glossary 
of these terms appears in Appennix B.
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CHAPTER ORE

THE INVENTORY CONTROL PROBLEM

1.1. INTRODUCTION

The tremendous growth of the computer industry and the 
continuing increases in the costs of procuring and maintaining 
inventor!';C have inevitably led to the application of the 
"super machine" to the solution of the eternal business problem. 
This tifts been done with scae success and is often used to justify 

the purchase or hire of a computer.
With interest rates at the high level they are today, the 

biggest single problem in the control of inventories is the 
capital investment required. While it is safe to say that many 
companies carry excess inventories in relation to their working 
capital, it is simultaneously and paradoxically true that these 
companies have periodic bad: ordert, uneven production rates, 
excessive machine downtime due to material shortages, large stock 

"write - downs" because of disposal of obsolete stocks and 

deterioration of certain materials in store. (18,7.52)

1.2. THE PURPOSE OP INVENTORIES
In the manufacturing organisation, with it’s various classes 

of inventories, each class serves a slightly different purpose

(18,7.50).
(i) Raw materials :

This class of inventory requires further processings

to make them a part of, or to convert them into, an end prcuuct.

Inventories of this class must be maintained in order to
a) provide continuous supply to the processing departments

b) allow for batch production of economic lot sizes

c) permit flexibility in plant scheduling
d) speculate against price and cost changes
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e) take advantage of favourable raw-material prices.

(ii) Component Parts (Purchased)

These stock keeping units usually require no further 

processing and go into the end product in the sub-assembly 

or final assembly stage. The reasons for maintaining 

inventories of these iters are to

a) enable bulk purchasing at favourable prices to be made

b) ensure contiuuity of supply to assembly lines. These 
items are usually not interchangable and the shortage of

even one of them leads to delays in the production of the end 

product.

c) handle production variations.

(ill) Work in Process

This category includes all product materials on which 

some manufacturing, processing or converting operations have 

been performed. Inventories of this class are usually

maintained in order to
a) provide for differences in production rates between

departments or operations
b) enable economic batch sizes to be produced

c) store overruns or misruns

d) allow for errors in measuring and recording

e) provide final assembly with short lead times.

f) maintain continuity of supply during unscheduled 

maintenance for breakdowns etc.

(iv) Finished Goods
These are goods which are saleable as stocked. Finished

goods are stocked for the following reasons.
a) To absorb demand fluctuations and provide customer

service.



b) To give customers assurance of availability.

c) To hedge against expected surges in sales due to 

promotions or price reductions.

(v) Expense or Indirect, Materials

These items are essential to the running of the 

factory but are not included in the end — product.

1.3. THE COST OF MAINTAINING INVENTCIIBS

Th- maintenance of inventories would not pose a problem 

were there no costs associated *i"ch them. There are, however 

very real costs which must be minimized.

(i) Commercial Costs

(a) Capital Costs

Generally the most critical cost associated with 

inventories is the cost of the capital invested thereir, Dus 

cost is made all the mono significant in times of shortage of 

investment capital and of the accompanying high interest rate. 

Although stock is classified as a current asset, large 

p rot ions of the inventory such as specialised components may 

not easily bo disposable at cost price. A situation of 

serious eve "‘stocking can endanger the liquidity of the firm.

A study by the National Industrial Conference Board on 

business Policies in Inventory Management in the U.S.A. has 

shown that the average firm has nearly 30/& of its working 

capital tied up inventories.

Further a study done by the writer on a sample of manufacturing 

companies in South Africa show that an average of 50 % of the 

current assets of these firms was represented by inventories (22).

The annual cost to the company of this employed capital 

depends on the financial structure of the firm ana the 'ate at 

which it earns on its total capital employed.



A cozncn figure in use today is approximately 10 to 12/6 of 

inventory value per arnuia.

(b) Insuranr e

It is prudent for a company to insure i us stock

against loss by theft, fire cr other inpredictable occurances.

The annual premiums on th-is policy is normally proportional 

to the value of inver tory.

(ii) Storage Costs

(a) Space

In the same way that the capital empbved by 

inventories could be effectively used in other spheres of the 

business, so too can the space which the inventories occupy.

This cost is a little difficult to calculate cut is certainly 

proportional to the amount of inventory held.

(b) Handling'
All stock kept units must be packed, unpacked, 

received and issued.

(iii) Risk Costs

(a) Obsolescence

Design and technological changes made this c.-iat an 

extremely important one in the manufacturing environment. It is

common for parts to become obsolt te by improvcmen"1 in design,

technology, aesthetic appeal vr cost. The higher the invent u-y, 

the higher is the risk of losses due to obsolescence.

(b) Deterioration

Many items have a short shelf life and are subject 

to deterioration and subsequent scrapping.

The annual total of nil these cost is approximately 

proportional tothe value of the inventory nvestment.



'The proportionality factor currently in use varies between 

20 and 25% per annum.

1.4. THE PROBLEM AS IT EXISTS IN 11= .MANUFACTURING EHVIBONMENT

In the private sector of the national economy, the 

largest holders of inventories are the manufacturers. This 

section of the economy must maintain inventories not only of 

finished, aleable products but raw materials, components and 

partly processed materials as well.

Associated with these relatively large inventories are a 

number of problems peculiar to the numufav- iring industry.

The decision of the manufacturer to cut-back accelerate his 

production must come in advance of the distributors to 

increase or decrease his stocks. He also invariably has 

long lead times to contend with on his basic raw-ma terials 

such as steel.. This situation is schematically illustrated 

in Figure 1.1 (7,220). In South-Africa the fact that she 

is imports dependant complicates the problem even further.

In looking at the structure of inventories it becomes 

obvious that the manufacturer invariably has to deal with 

many more differem .terns. Naturally this depends largely 

on the type of product manufactured. However, for each 

product produced, all the components and raw materials 

required must be stocked. The number of items stocked thus 

compounds itself with its end-products. It is not uncommon 

for finished goods inventories to constitute only 10 to 20 

percent of total inventories. This is true notwithstanding 

the fact that the value of finished goods include material, 

labour and factory overhead. In the jobbing shop the 

proportion will be even lower than this since finished goods
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Figure 1.1 Production - Inventory System
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inventories barely exist.
A few further general obecrvations in regard to manufac­

turers* inventories are in order at this stage.
(i) The finished product is usually complex, and may 

be composed of many manufacturing levels
(ii) There are multiple uses of components, subassemblies 

and rew materials with significant values attached to them
(iii) Consolidation of requirements is necessary for 

effective inventory control.
(iv) "he finished product manufacturing cycle is 

relatively long.
(v) Obsolescence, due to changes in design, improvement 

in methods and advances in technology is common.
(vi) The firm often has a cimplex product mix with many 

permutations of finished gooas. (12,2)
1.5. EFFECTS OP INVENTOR'' CONTROL IE THE PRIVATE SECTOR ON

THE NATIONAL ECONOMY.
Consulting economist Dr. Me Crystal in his recommendation 

of scientific inventory control methods illustrates the 
significant effect inventories have on the national economy (15) • 

He points out that "of the total increase in domestic spending 

in 1?60 - 69 of some 56,500 million, increases in inventories 
accounted for 27%. More recently, of the total increase in 

gross domestic spending in ^967 - 69 of Rl,895 million, 
additions tc inventories accounted for 42 per cent, despite a

decline inventories in 1968".
After stressing the particular problems of manufacturers 

and of South Africa's dependence on imports, Dr. Me Crystal

points out that the effects on the lalnoe of payments may be

significant.



"This is what makes scientific inventory management 
of such importance not only to the manager, ana to the 
company, but to the economy as a whole.
The lower the proportion of national savings locked up 
in stocks, the greater the funds for investment in assets 
to produce more goods".

The fira must react to fluctuations in the national 
economy and avoid unintended investment in stocks. Many 
of the cyclical shortages and surpluses prevalent in raw 
material markets is due to users stockpiling. The effect 
of stockpiling is such as to exaggerate the shortage of 
the commodity in question. 3uch periods of shortages are 

invariably followed by periods of excess causing swings 
in the economy and instability in the manufacturing 

environment.
The relaxation of import control often leads to 

large build - ups in inventories. These investments 
may have significant effects on the balance of payments 
and ultimately on the countries gold reserves.

All these factors add up to an essential requirement, 

for the firm as well as the national economy for sound 
long term planning and veil developed inventory management 

systems, especially in the manufacturing industry.



CHAPTER TTO.

THE PROPOSED METHOD OP SOLUTION ATO 
RET.EVANT THEORY.

There are a number of prewritten inventory control computer 
programs currently being marketed. These systems have invariably 

been designed for application in merchandising, retailing, spares 
sales and other consumer dependent operations. Per this reason, 
the problem tackled here is one of controlling the four classes 
of inventory - Raw Materials, purchased and manufactured com­
ponents and expense materials. Since these inventories can 
constitute at least 70% of total Inventories, it is evident that 
the application of "merchanding-type" control systems to manu­
facturing industries will yield suboptimal results. The various 
models, which have been developed to answer the inventory 
problems of how much to order and when to order, provide good 
guidelines for optimising inventory levels. These models, 
although in their various forms cater for variables such as 
shortage costs, quantity discounts allowed etc., have serious 
shortcomings when manually applied to the "live" problem. This 

is especially true in the manufacturing concern.
A discussion of the abovementioned models and their 

relevance to the manufacturing problem is in order at this 

stage.

2.1 THE CLASSICAL INVENTORY MODEL.

Die objective of the classical inventory model as derived 

by F.W. Harris (10) is to determine the optimum lot size under 

highly idealised conditions.
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The formula derived attempts to minimise the sum of the 

two costs of inventories, namely holding and procuring 

costs (7,5%),

Die cos us of holding inventories as discussed 

previously are roughly proportional to the value of 

inventories held. If it is assumed that Q units are 

reordered each time, that inventories are repleiushed 

immediately the stock level reaches zero and the demand 

remains constant, the following inventory profile

The objective cost function to be minimised can be 

expressed

Total Costs = Inventory holding costs and procurement costs.

shown in figure 2.1 applies :

▲

t

Thr lot size Q is the variable which is under the 

control of management and the one to be optimised with



respect to the (ther uncontrollable variables. The average 

inventory leve". maintained during the year is gQ, where 

Q is expresse t in stock-keeping units.

If i i the inventory holding cost per unit per 

year, the an mal costs associated with holding inventories 

e-rc ic^Q.

This cost indir. ates, as can intuitively be seentthat the 

holding cost is proportional to the lot size quantity Q.

jot- <»

Figure 2.2

nnmial procurement costs can similarly be 

calculated. 'Hie placement of each order and the receipt 

of each of the consignments has a cost associated with it. 

These costs involve the clerical work attached to the 

placement of the order, the negotiation, telephone and 

postal charges, unpacking, inspecting and storing charges. 

It is assumed that these costs are constant for each order 

irrespective of the size or value of the order.



Similar preparation costa are incurred in each 
production run, in the case of shop or factory orders.

If it is assumed that A units are consumed in one 
year, then ■— orders will have to be placed. If the 
cost of each order is then the total order or preparation 
costs for the year will be Cp Q

These costs are thus inversely proportional to the 
lot sizes used.

Urr S'/rm <s

Figure 2.3

The total costs for the year are T.C. = 0^ + Cp Q
can be graphically shown as the superposition of the two 

costs shown above.



Figxi'e 2.4

The minlmua total cost can be found by differentiating 
the objective cost function with respect to the control



It should be noted that if Q is expressed in stock­
keeping units then = percentage holding cost per annum 

X price of stock unit.

It is interesting to note too that the total cost curve 
is invariably extremely flat in the region of Qo - the 
optimum lot size.
This effect cancels out to a certain extent many of the 
inaccuracies involved in the foregoing analysis. Thus 
if Qq is in error to a small degree the total cost incurred 

is not in error to the same extent.

This can demonstrated thus :
Total cost at optimum order quantity,

”  <%> - r  ch * 50 S
Substituting for Qo

- ^

If no* the optimum order quantity was in error by ̂ Q, 

the new total cost incurred wilu. be :



' :.M #

: #  v -

Qn + A QTC (Q0 + AQ) = ---- a +

, ,

h Q + A  Q p

£(1 + ^ ) ^  i r r A E )

let e = = fractional error
o

0. Q
TC (Qq + ̂ Q) -- -S^-2- (1 + e) + A C  _

Q„ Pd  + el

The total cost at order quantity can be expressed as :

TC (Qo) = 2Y

where Y = Ch*o A C_

s s

thus TC (Q^ + A Q )  = v (1 + e) + Y
0 (1 + e)

and TC (Qo + Q) - TC(Q^) =J Y y- - 2 j

Y (1 + «) ) 1 - 2 ,{1 + ■«■ J
(1 + e)

= Y 1 + 2e + e + 1 - 2  • 2e
x + e

1 + e

The fractional error in total cost is:

Y e
TC ( Q + AQ) - TC(Q ) = 1 + f

TC (Qo) 2Y

2(1 + e)

Ir
W k

.



Table 2.1

ijlie fractional error in total cost is thus relatively 

cm,an in comparison with the error in order quantity.
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2.2 EXTENSIONS TO THE CLASSICAL M01EL

In order to relax a few of the rigid assumptions used 

to derive the classical model extensions to this model have 

been evolved. The assumptions include :

(i) The demand is satisfied exr on ime

(ii) The demand is constant

(iii) The price of the item is fixed irrespective of 
quantity.

(iv) The entire order is received in inventory all at once 

These assumptions have been partically overcome by models

including shortage costs, buffer stocks and discount algorithms. 

Shortage Costs

It is often possible to accumulate back orders and satisfy 

these when stock becomes available. These shortages 

invariably incur costs which are usually proportional to the 

time for which the demand is unfulfilled.

Figure 2.6
4



The holding cost during the period is

* W i

Thus the holding cost is

Similarly the shortage cost is

2 A

Therefore the cost of shortage during T i3

(Q - V

The cost of ordering during one cycle is Cp 

Thus the total cost during one cycle io

2(Q - V

The ar>mial. costs involved
TC = Cost / Cycle X number of cycles per annum.

o *c. ( 0 - 1-

(S - I„)



To obtain optimal values of Q and Im

9lm ^ Gosts) = Q ^  9{Tp tal^Costs) = Q
m

This pair of simultaneous partial differential equations 
is solved ii;. Appendix A and yields :

%
K 7 ' Z v X
- J ^ r  

t - K T  /T T -
%  j°h

and I

The effect of introducing shortage costs into the classical 

model is such as to increase the optimum order quantity by
A y e ?

the factor j  -̂---
s

In the classical model Co is assumed infinite and

tends to one.
The shortage costs associated with components required for 

assembly in an end product may be considered infinite. However 

if a substitute component is available at a reasonable cost, 

the shortage cost may have a finite value, thus affecting 

the may-imnm inventory and optimum order quantities (7,59).

Quantity Discounts
If the price of the stock item is included in the

classical fomulae, a further variable is introduced when
this price is subject to quantity discounts as is often the c, se.

Holding cost when expressed in terms of price = *h p



Where is the hoJding cost expressed as a fraction of 

itea value per annum and P is the price or standard cost 
of the stock item.

P is not usually a linear variable since price "breaks” 

occur at various order quantities. The relationship of P 

to Q is illustrated in Figure 2.7 for a typical item subject 

to quantity discounts.
f

Figure 2.7.
An iterative procedure is necessary to determine the 

optimum order quantity in this case. Dus procedure is a 

complex sequence of computations in the case of 2 or more 

price breaks. (Reference 7, Pages 60 - 64)•

Variable Demand
The factor A, in the classical model is assumed oof i-tant 

and entirely predictable. However the variability ind 

uncertainty of demand is a most crucial factor in the develop­

ment of an inventory management system.

If A is the average annual demand expected, then if the 

demand distribution is symmetrical and Gaussian, then demands 

greater than A are as likely as demand less than A.



AtBCA+uyy

Figure 2.6

An additional component of inventory is required to 
reduce the risk of "stock - out" during periods of demand 
exceeding A. This component is commonly called buffer or 

safety stock.
A further consideration is that of the time required to 

procure supply of the stock item from the supplier. This time, 

the lead time is also a variable statistical in nature which 

affects the decision of when to order.
Figure 2.9 below illustrates these two components of inventory

management.

Av*e*6t. 4

irwiX/MHm «S4+e ,

Figure 2.9



Catering for any possible demand implies 

infinitely large buffer stock. Thus a "reasonable" m»vim nn 

usage must be estimated. The nomal or Gaussion distribution 

has been found to describe most demand functions adaquately • 

at the factory level of the production inventory system. 

Knowing the characteristics of the demand distribution e.g. 

the mean and standard deviation, enables the probability of 

any particular demand oeing exceeded, to be predicted.

The cumulative distribution shown in Figure 2.10 below 

illustrates this point for the case of a normally distributed
demand.

A realistic A can now be arrived at, by deciding onmax
the level of service required. The "service level" is defined 

as the percentage of time continuity of supply will be 

maintained. For example if a service level of 99$ was desired 

then only 1$ risk of stock out would be tolerated.

Givin this service level, reference to the normal 

distribution tables, a section of which is reproduced in table 2.2



rm'Lne înax* tiie niean demand A and the standard
deviation »* need be known to completely describe the Gaussian
distribution.

.Che deviation from the average \ is usually expressed in 

terms of &A the standard deviation - n %  . Oie probability 

that the demand exceeds A + n i.e. lies in the shaded region 
of the figure 2.11 is shown in the following table.

Table 2.2

3,090

2,576

2,3:6

1,960

1,645

1,282

0

X similar table can be 
distributions.

Probability that 
_________A exceeds I + nft__

0,1 %
0,5 %

1,0 %
2,5*

5,0 *

10,0 *
50,0 *

t up for other types of demand



Referring now, to Pig. 2.9 a decision rule for 

'when to order" can be derived. Bie item must be reordered 

wfceu bhe available stock reaches the reorx r level. This 

reorder level can be expressed as follows 

R.O.L. = A 1 + Buffer Stock

= Amax L 
= (A + n L

where L is the lead time on the supplier.

2.3. SHORTCOMINGS OP THE CLASSICAL THEORIES WHEN ArPLTTm TO 
COMPONENTS. "

How relevant is this decision rule in the control of 
components and raw materials required for manufacture of an 
end - product?

Assume the following product structure

tCe&Hcr
i

4 A C £>

4 4 A 4 4

Figure 2.12

Where A, B, C, D, ^  Dg, IL, a^d ^  the
components and raw materials of the end - product. A^ and A^ 

make up A, B is made from and make up which in

turn is combined with Dg and to make D.



Finally A, B, C and D are combined to produce the end - product.
Each of these items must be stocked and shortage of any 

one of them, precludes the manufacture of the end item. Thna 
each item must have a buffer stock and an associated service 
level.

Suppose a service level of 99# (n = 2.326) is decided on.
This is a high service level and requires fairly large buffer 
stocks, depending on the variability of demand.

The service level of the final product can no?/ be calculated.
I the probability of maintaining supply of Dt^ is .99 

as well as that of then the probability of maintaining 

supply of being the combination of the two is P(H^2) =

.99 x .99 = .9801.

The entire network can now be calculated on this basis.
■

AtolS) 6(o,HI 0 to,ism )

A  A " ) 6, (os*! £>*(«, h )

Oja,*)

Figure 2.13.

Thus the end product can only be provided at a service level 

of 91.8#. The structure chosen above is an extremely simple 

one and the problem is usually compounded in real situations.

To provide a service level of 95# on an end product would 
require unrealistically high buffer stocks of components were



26

this technique used.

Using a simple one level structure this can be 
demonstrated for n components

fboucr.

*, A,
P i g U T €

4
2.14

......... k

Service level of A = (Service level of A. ) 
e.g. .95 =

The table below illustrates the service level required for 

the components for various values of n (ie. numbers of 

components making up the end product)

Table 2.3

Required Service Level of A^No of components

96,7#
99,0#

99,15#
99,27#

99,4#

99,9#



™ s obviously invalidates the classical
detemination of buffer stocks for components and raw 

materials and leads to the concept of demand dependent items 
to be discussed later.

2.4*. SHORTCOMINGS OF CLASSICAL MODET-S IK SPECIAL CASES
Hie two formulae used in the classical models indicating 

when to order and how much to order summarise the foregoing 
theory.

How much to order :

%
subject to shortage cost modification and discount algorithm.

When to order : HOP = A Lmax

= (X + n D  )L 
It has been seen that A is a variable statistical in 

nature which can be described by A the average annual demand and 

%  the stadarc* deviation - if A is normally distributed.

This implies that the values of A and must be recalcalculated 

every time an order is placed. In the case of a demand with 

a discreet type distribution such as illustrated in Figure 2.15 

optimum results in the short term cannot, be expected. Stock 

held in anticipation of average demand are idle in times of zero 

demand and subject to stockouts in times of peak usage.

Example overleaf illustrates.

-

2C A P
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Table 2.4

1.PERIOD 
k

TOTAL:

DEMAND ( UNITS )

1 5
2 0
3 0
4 0
5 0
6 6
7 0
8 0
9 0

10 5

11 0
12 3

19

DEVIATION
A-A.

54,65

mm

2. Lead time = 1 period.

3. Service level = 95%.

4. Economic order quantity = 5 units.

Prcm 1: Z a^ = 19

A =ZA> = 1,58

and

Prcan the table 2.2 for a service level of 95% Buffer 

stock: = 2,4 ( 1,645 )
= 3,95 units.
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The reorder point using the classical fomul 

ROP = (A + n O' )L 

= (1,58 + 3,95)

= 5,53 Units

In figure 2,15 the demand pulses for each tine period is 

Illustrated. The solid line inventory profile in figure 2.16 

indicated the stock level over the period using the classical 

order point theory. The broken line illustrates a stock profile 

yielded when demand pulses are anticipated.

Figure 2.15.

4--- 1— — 4-
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It can be seen from the above that the average inventory 
held could be substantially reduced if, instead of placing 

an order when available stock reached reorder level, an order 
was placed one period (the lead time in this case) prior to 
the experienced demand. However this implies knowledge of 
when the demand is due vo occur and the manitude of this 
demand.

Since most manufacturers who manufacture standard products 
adhere to a production plan the feasibility of such demand 
prediction becomes practical.

2.5. THE BASIC CONCEPT Of THE SYSTEM - CONTROL THROUGH PUUtHISG

President Eisenhower is attributed with the remark 
"Let's make a plan eo we know what we're deviating from".

This remark has much relevance in the manufacturing 
environme vt.

A manufacturing orgaidsation whether it be a job shop, 

assembly (or product) line or a combination of the two, 

requires that all parts both manufactured and purchased, be 

available to meet production schedules. These requiremnts 

must be able to be adjusted as quickly as possible in order 

to respond to the changes in demand for end product.
In order to observe generality the system here presented 

will cater for the type of organisation manufacturing both 

standard and special made - to - order products. Most 

manufacturers, however will attempt to maintain an 
approximately constant level of production output. Changing 

the production level incurs cost such as hiring and firing, 

overtime costs, subcontracting, etc. It Is thus usually left 
largely to finished goods inventories to absorb fluctuations 
in customer demand rather than reacting directly with changes



in production output.

Iv, can be assume^ therefor a Uiat all nianuf . tuning companies will 

produce in accordance with a predetermined production program. Thta 

program will naturally be subject to alteration during the course cf 

the planning horizon. For this, and many other reasons, the com­

puter system is designed to yield maximum flexibility in alteration 
and updating of this plan.

Since it is not possible for a program to be set up for items 

made to order, a separate control ir; require'' for those items depen­

dent on orders. Because of exceptions such as these, manual control 

of a vast number of item is imprac cioal since a different set of 

rules is required for different categories of items.

By predicting, by time period the demand for each item, fine control

can be effected. Orders can be placed of the correct magnitude and
yv- ' '

at the correct time enabling minumm stock to be kept.

In a firm manufacturing tens or hundreds of products, involving 

hundreds or thousands of items, the calculation of requirements by 

time period is a monumental task rc^vuxing considerable clerical 

effort. Updating these requirements when production plans are 

altered multiplies the problem.

Thu« the system proposed user a finite production plan inorder 

to control inventories. Orly in the case of items whose use are rnt 

dependent on the production plan such as items made to order or 

expense, or indirect materials is a forecasting technique used.

2.6 FORECASTING.
Die forecasting methods used in the proposed system are 

basically derived from the work done by R.3. Brown (2, 3 and 4).

Although the system uses the forecasting technique to



PredlCt ^  01088 lims the ewreu produet^
plan, (e.g. eapenee mterdnle, „ ts ^  bolt<| ^  ^  lteM ^

in the jobbing aide of the bnefneee), the setting np of the pi™ _  

gnirea oonaldemble guidance of a aophlatlcated forecasting nodule.

The discission foUortng sun^rioes the b^lc plnoiples onl,, 

in the exponential smoothing forecasting technique. In the system 

proposal her, outlined it is not Intended that a comprehensive fore- I  

casting nodule be Incorporated. Bathe, the techniqu-s described ire 

used to naintain averages, degrees of variability and brand factor..

It is assumed thattbe production program for the end-products has 
boon set up using the more advanced techniques of double and triple 
averages and adaptive smoothing.

All forecasts, by their vary nature are an extrapolation of 
historical occwrfncea and a m  an aimlytlcal extension of the past. 
Common method is to use the simple average. This method may infaot 

be valid in a number of circumstances. for example if demands of 8, 

12, 9, 10, 7, 13, 11 and 10 were experienced during the pi feeding 8 
periods then it would be reasonable to expect that the forthcoming 
period will experience a demand of approximately 10 which is the 

sic-ae average of the 8 demands. This method has serious limitations 
for most demand patterns.

Demand characteristics can be classified into a number of 
categories -

(i) Constant demand : This type of demand is illustrated in

Figure 2.17. Random fluctuations, or noise, about a uniform 

and little changing average are experienced. The deviations 

from the average occur due to cinnce influences and are

■ M B
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of a random nature.

Figure 2.16

(ii) Trend Demand

A demand characteristic of the type shown below 

illustrates an increasing demand. This trend may be a rising 

or falling one. It is reasonable to expect that during the 

forthcoming serious demands of at least the last demand 

quantity will be experienced. Further it would be expected 
that the demand would fluctuate randomly about the extrapolated 

linear curve which is fitted to the past data.

Figure 2.17



(ill) Seasonal Demand

Many products have a seasonal demand pattern. This 

type of characteristic can be identified by a larger or smaller 

than average demand recurring at regular intervals.

These flue fcuations from the average can no longer be attributed

to isolated influences and are thus classified as seasonal.

Figure 2.18

Seasonal variations are usually identified when the peak demand 

exceeds the average demand by more than 20$ and that these special 

movements normally occur at constant tine intervals.

Exponentially Moving Average
Mormally the demand for a particular product is composed 

in some complex fashion of all three of the components shown 

above. During a product's lifetime, the demand usually displays 

an upward trend, a constant demand and then inrvutabl) .1

downward trend.
It is obvious that the simple average is totally inadaquate 

mi thed of forecasting future demand in the case where a trend is

experienced.
A method is required which will take greater cognisance of 

more recent demand than previous demand periods.
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j.hia imp?, lea a type of moving weight 3d average.

Bobert G* Brown developed such a weighted moving average 

which requires no storage of historical data since the average is 

updated every demand period using only the previous average and the doa- 

aiKl for the period just passed.

The fonaula used is :

Hew Average = Old Average + ̂ .(Current Demand - Old Average)

This can he qualitatively and intuitively explained as follows.

The old average is modified by some fraction, •v , of the error in 

this old average with respect to the actual demand experienced.

This average does not ignore previous demands at all, in fact 

takes all such demands into account with a smaller weighting the 

older the demand period is. This can be illustrated as follows:

Ai = Ai-1 +*(*1 - Ai-1)

s 1 ̂  •*••••••••« (l)

similarly,

Ai-1 = Ai-2^1-Cf  ̂"W<D1-1 

Substituting (2) in (l):

A. = ( A ^ C l - * )  +«(Di_1)(l-e<) 4«<D1

=A^ r) (l- ) + (l— *  )  ̂̂ ^ 1  ••••••(3 )

further,

Substituting in (5)- this yields,

A. = (A._3(l-*) tkrD^Xl-ef)2 +

= A1_3(l-«)5 t * (l-«)Zu l  *kDi

This can be extended for n periods to:

Aj r-. (D  ̂f (1-^)0^ + (l-9f)Z’Di_2 + ..... + (l-%)*Dj_^ + ....)

...........(2)
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It thus be seen fr™ this last result, teat altheugh the 
simple relationship la (l) i. _  t0 update ^  ^

this average uses all previous desm* figures, the resent 

the demand, the greater 1, its .eighty factor (l -*)* . Slace

of less than 1, (l -er) tends to aero as tends to infinity.

The above theory in utilised to good effect In computer 

systems, where minimum storage of uiatory Is desirable.

Smoothing Constant - Alpha.

The constant «  , used to modify the old average is commonly 

called the "smoothing constant". This constant lies between zero 

and one and can be chosen to suit the demand type.

llie effect of the smoothing constant can be illustrated by 
the following examplei

fa:'" „

%hle 2.5

pE t od Demand <* =0 Moving Averages•* =0.1 er =0.5 *  =1

Initial 100 100 100 100 100
1 100 100 100 100 100
2 80 96 98 90 80
3 105 100 99 96 105
4 120 100 101 109 120
5 85 100 99 121 85
6 60 100 95 91 60
7 130 100 99 111 130



New Average = Old Average + «< ( Current Demand - Old Average) 
. .New Average = Old Average

This implies that the average is unchanging and has a value 
irrespective of the demand experienced.

When = 1

New Average - Current Demand.
In this case the forecast of demand for the next period is the same

as the previous period.
- H I  ; :  . :oC = 0.1 yj.elds a slowly fluctuating moving average of a 

fairly constant nature. When *C = 0.5, the average fluctuates 
substantially and responds to the sudden changes in demand.

In practice the value of usually used is between 0.1 

and 0.3. In a computer system it is advantageous to change the 

value of eg according to the circumstances prevailing.

For example, when a new item is initiated and no historical 
data exists, the initial "average” will be 0. It will thus take a



moving aveiageappproacbee required

Table 2.6

»<***>



An "age counter" can be incorporated in the master record of each 

item. When a new item is initiated t* can be set at 0.5 ai*3 

maintained for a certain nun’ver of periods and thereafter can be 
reduced steadily to 0.1.

Measuring the Variability in Ttonar̂

411 types oj demand pattern vary about the steady mean or trend line 

as lie case may be. A measure of this variation must be maintained 
in order that safely stocks may be set to protect against abnormally 
large demands. A figure of merit similar to the statistical 

standard deviation is sought. Such a measure is the mean absolute 
deviation ( MAD). This is calculated simply and is upda' -u at each 
review period, similar tot he moving average.

The current deviation is defined as :

Demand this period - New avarag**

This can be pictorially illustrated as shown below.

The modulus of tbii deviation is calculated at each review 

period and is used to update the moving average of this deviation 

in tne same way that the moving average of the demand was calculated 

Sew MAD = Old MAD * ( Current Deviation - Old MAD

It has been found that when the demand has an approcmately 

Sausian distribution the MAD bears a definate relationship to the

Standard Deviation.
Once no vast storage or excessive processing need be

done in order to maintain this highly responsive indicator.
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Correcii for trend.

-*-f the exponential smoothing technique is used to track a 

steadily -increased or decreased demand? the moving average 

will lag behind the demand pattern. This is illustrated belcw.

Period Demand

Table 2.7 

Moving Average

IMti&l

1
ES
100
120

140
135

145

160

145

150

180

160

100 
100 
102 
106 

109 

113 

118 

121 i

124

130

133

Current MAD Algebraic
Deviaition_________Sum of Deviation

- - -

0 0 0

18 1.8 18

34 5.0 52

26 7.0 78

22 9.5 110

42 12.7 152

24 13.6 176

26 15.0 202

50 18.5 252

27 19.4 279

I

' - I
I

■

*
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The apparent trend from one period to another is the difference

in tka mjving average forecast from one period to the next, A. - A,1 1-1
TJiis difference is of course subject to random fluctuations, (these 

flue .nations can be exponentially smoothed in the same manner as 

ie average and the mean absolute deviations.

The current trend is thus = A . - Ai i-1
The average trend T. is:

Ti = Ti_. + e<(current trerjd - T

= ( Ai ~ Ai-1 ) + (1-k )Ti-i

The expected demand can now be ai jus ted by the above calculated
trend.

1 -»f 
Ei = Ai + " V *  Ti

where is the expected demand for period i, corrected for trend.

Table 2.8 below illustrates the technique of trend correction 
using an arbitrary ini tial average trend of 3. The new expected 

demand is superimposed on Figure 2.23.
Table 2.1

Period Demand Moving
Average

Apparent
Trend

Ave.
Trend

Trend
Correct.

Expect.
Demand

Current
Dev.

Sum of 
Dev.

Initial - 100 3 3.0 - * - -

1 100 100 0 °.7 24.3 124.3 -24.3 -24.3

2 120 102 2 2.6 23.4 125.4 -5.4 -29.7

3 140 106 4 2.7 24.3 130.3 9.7 -20.0

4 135 109 3 2.7 24.3 133.3 1.7 -18.3

5 145 113 4 2.8 25.2 138.2 6.8 -11.5

6 160 118 5 3.0 27.0 145.0 15.0 3.5

7 145 121 3 3.0 27.0 148.0 -3.0 -0.5

6 150 124 3 3.0 27.0 151.0 —1 ,,0 -1.5

9 180 130 6 3 3 29.7 159.7 >0. i 18.8

10 160 133 3 3.3 29.7 162.7 -2.7 16.1
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Seasonal Effects

For the purposes of controlling components, raw materials 

and expense ma erials seasonal effects have been ignored. Although 

the demand irr the finished product may have a seasonal pattern, the 

production of such end—items would normally be of a more stable 

nature • For this reason it is left to the moving average to trach 

the usage of the components and raw materials under seasonal 
influences.

2.7 OVERALL SYSTEM PROCEDURE.

The aim of the computer system here presented is to provide 

comprehensive information enabling purchase and works orders to be 
issued at the right time and in the correct quantities. The effect 
of this is to maintain minimum inventories while provide continuous 
service.

As -products, reports of excesses, shvrtages, obsolete stocks, 
purchasing budgets, volume of receipts and issues can be produced.
The system recognises the need for certain manual intervention and 

checking, to monitor the validity of data in its operating environ­
ment and it assumes that production planning personnel will be the 

communicators with the system.

Thewriter has found that ascientific lly based inventory control 

system can be implemented with considerable success using limited 

computer facilities. It is thus the aim of this presentation to 

illustrate tint such control is not beyond the reach of the small 

to average sized company. The computer used to verify the feasibility 

of the system was a second generation, tape oriented Burroughs B300 

configuration with memory capacity of 9.6. K. lytea.

All flowcharts, file layouts etc., will be discussed in 

tems nf a magnetic - tape based computer system, though liberal 

reference to random access files wixl be made.



Figure 2.24 Overall System Flowchart



The production program is used to explode the Bills of Material (Parts 

list) into the gross requirements of the assemblies, subassemblies, 

components and raw materials. Common requirements from different 

products are consolidation and grouped 1/ time period.

The items for which no requirements can be generated because 

no program can be set up or which are demand independent such as 

expense anu indirect materials, have their usage forecast using 

iheir demand histories.

The gross requirements are now subjected to the available stocks 

on band and in order and a net requirement by time period is generated.

The optimum order quantity is calculated, and m  order released for that 

quantity.

This overall procedure must be carried out regularly. The frequency 
of runs depends largely on the type of manufacture (i.e long or short 
cycle time) and on the type of computer equipment available. On the one aide 
of the computer scale, the tape-oriented system could probably only 

be updated once a w_>ek, while at the other end of the seal* the "on­

line*1 system would operate irV'real tine", and is in affect updated 

at each transaction. The broad principle remains the same in
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The foregoing chapteip presented the classical theozy and 

approach *  the solutin of the inventory control problem. It was 

attempted to show that these theories have very real limi tations 

.when applied to the prblems as they exist In the control of 

componnents and raw materials in the manufacturing environment.

In this and further chapters a possible solution to the 

problem will be presented. The proposed solution does not negate 

the classical theories but rather uses them in particular circumstances.
The key to the proposed solution is the information files, 

their contents and updating.

One oi the primary advantages of a computer system over a 
manual one is the fact that information is centrally gathered, 
stored and disseminated. In a manual system, information of the 

same type is invariably kept and updated in many different centres 
of the organisation in some or other fonc. The reason for this 

is that each facet of the business requires the iafozmationin 

a different format or sequence applicable to their needs.

By maintaining a central information bank namely on computer, 

individuals can make withdrawals from this bank in the format 

they require. 1 good example is the file containing parts lists.

This file is commonly required by planning and provisioning, 

shop floor ( only the assembly or product applicable at the time ), 

costirvt and engineering personnel. The problem is aggravated 

by the fact that each of these functional groups require parts 

lists in different forms. Shop floor personnel require assembly 

parts lists, engineering require ’’where - used" information, 

the most suitable form of parts list for coetii* is *he summarised 

bill of material with the requirements of each part consolidated
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within eacn product. There are many other forms of parts lists 

«nd these will aepend on the procedures within the department 
me;ioned.

Besides requiring multiple clerical operations, the de­

centralised information bank leads to discrepancies and inaccuracies. 
Th"* central information bank thus leads to miirimim clerical 

updating and retrieval, as well as to greater accuracy of 

information. Requirements of this central information bank 

are that it should be regularly updated as soon after the occurance
of the transaction.
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The file a used and their relationship to one another are 

illustrated in figure 5«1 above. These files may be kept in 

various forms and on various types of equipment. Important here 

however, are the contents of the files, their updating and their 

mutual interrelationshjps.

The basic files of an information system are generally 

referred to as the Data Base. 1 Data Base covers all the 

operational record information needed to handle a company's business 

Those presented here are by no means representative of a total 

Data Base. They will however exist inmost manufacturing 

organisations in some or other form as part of the total data

3.1 THE PRODUCT STRUCTURE FILE :

’Phi a file contains the relationships between the various 

parts ftnd their assemblies or sub-assemblies. This data can 

be stored in a number of ways, the most common of .vhich in disc 

or random processing is the "single-level" assembly form.

Bach component part is related to its parent part and this link 

is further described by the quantity of the component contained 

in the parent part.
If the product structure illustrated in figure 5.2 1 s 

considered, the records showing relationship between the parts 

can be described in record format as shown in table 3.1.

base.

Figure 3.2.
'i|”1
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In a disc oriented system only the addresses of the parts will be 

stored, thus linking the parts to their detailed records on 

the part number file.

Other fields can be included in the product structure record,

"previous where used address" , "number of components", and 

"low level code". toe last of these indicates the lowest level a 

patt is found in the product structure file.

toe requirements of the product structure are:

(i) that it should be easily updated, changed, added to and

(ii) retrievals from the file should be able to be economically

made, for the different requirements of the people within the firm.

toe layout discussed above facilitates these two requirements. 

A different approach is required when processing i s  d o j B l  

sequentially, in the case where the file is stored ox. m a g n e t i c  

tape, toe technique usually used is to store an entire product

such as "next component address" , "next where used address",

deleted.



to all levels relating each part to the end product. The sequence

of the records Is Important and indicates th, relationship of each
part to its parent.

The records describing the product illustrated in figure 3.2 
are shown in| M e  3.2 below.

ble 3.2 - Sequentially Stored Product 
Stucture Seconds.

End Product______Component
A

A
A

Level Mo. Quantity Baauenoe Mo.

0010

A

A
A
A

A

A

A
A

A

A

3
C

D

2

J

K

C

P

E

J

A

A

1

.2

.3

..3

...4

...4

.2

.2

..3

...4

...4

..3 

• • • 4-

0110

In this case the product structure file is stored In end-product 

sequence and each record can be uniquely referenced by the end—product 

number sequence number. For emazple A 0090 will reference the 

record showing she position of part ? in the product. After each

update the product structure is re-sequenced.

It is suggested that further fields be introduced for
teentorr ..plication. Por .p-n-lns cbnng. Mold



should be provided with an effactivity date.

Any transaction, update or retrieval from the file shoult first 

check whether the key date in greater than the effect!vity date.

If this is the case, then the teudiiy change should automatically
replace the existing data.

A no uhei useful facility is a field containing an alternative 

part. This can be used to good effect in the case of screws, nuts, 

bolts etc; or a sheet of steel with the required gauge but possibly 

larger offcut than the optimum sheet.

A scrap factor can also be usefully employed in the product 

structure record, when a certain wastage percentage is associated 

with a particular parent - component relationship.

The various standard formats of parts list retrievals are shown 
in figures 5.1, 5.2, 5.3 in chapter 5. These retrievals illustrate 
the great versatility of a well organised product structure file.

Care should be taken in the construction of the product 

structure file that excessive detail is not introduced. It is 

advisable to change the level in the structure only when a part or 

sub-assembly is held in inventory.

An example will nerve to illustrate :



xf only the ateel sheet and the complete bracket are stocked 

such that their inventory levels are known and controlled, then only 

these two commodities should appear on the product structure file.

In summary the product file should have the following suggested 
fields in its record.

1. Parent part no. or address of the part on the item f*j s.

2. Component part no. or address of the part on the item file.

J. Quantity per parent part.

4. Next component no. or address.

5. Address of next "wh^re - used".

6. Address of previous "where - used".

7. Level no. the two r f sequential processing.)

8. Altamvllve component no. or address.

9. Pending change commodity n'<. or address.

10. Effectiviio' date.

11. Scrap facto-.

12. User department code. (Can be ured to create requisitions - see 

chapter 4.)

v -
' ' :•

3.2 TKC PRC DUCT ION PLAN PILE.

vhe vital plan file contairs a record for each product that 

the company manufactures or is planning to manufacture within its 
planning horizon, -s well as any plans %r the production of spares.

Various irngthe of planning horizons are used, usually 
dependent on toe type of industry. Most industries, howevr have both 

a long - term and short - tern plan. The long term plan can extend 

Voo uuc to five years. The short tarn operating plan usually 

va 9 8 between one and three months, and is subject to revision

and alteration periodically.
The plan file should contain details for a period covering

the loneest ca.pon.ht le.d tU-. » =  qntotltle, to be
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manufactured can be expressed in weekly, monthly or even daily 
terms depending on the nature of manufacture.

An example of & plan file is shown below ;
Product Structure 

Address Product no. Period Quantity Per. Quant.
123456 7101 100 7102 200

Period Quantity
7206 0

In this case an 18 month horizon has been used. The format 
of the period number is year - month. The plan is updated monthly 
when any changes in the program may be included. When the month 
ends, the entire program is automatically shifted one month 
forward with an additional month being adi id at the end. In the 
example above, at the end of January 1971, the file shiff thus :

Product S j u g ture 
Address

Product no. Period Quanti ty ..««, .Per. Quant.

123456 7102 200 7207 derived

The additional period added to make up the 18 month 
horizon has its quantity derived from the preceeding 18 months 

and is simply the average of the quantities planed for these 
months. Alternatively the additional period's planned production 

quantity may be included in the update.
When the plan is initially set - up using marketing data, 

production capacity, sales trends, etc., the plan file can be 
used to evaluate tb feasibility of the plan in terns of plant 
and manpower capacity as well as to budget for material, labour 

and gross profit. This can be simply done by combinimi e plan 
file with the inventory and operation routing file (refer .## 
section 3.4 and Appendix ) to project the cash values of material 
to be used, direct labour *  be expended, turnover expected

: - : .  ' ;
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as.mlog the entire producer on output ia acid.

3.3 GROSS rJSQUIREMENTS PTT.w

This fi: j s generated from the plan and product structure 
files describv t a the receeding two 3r̂

( 2 )  
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Figure

The product structure is extended by the quantities on the 

plan file one period at a time. Common components, assemblies and 

raw material requirements are consolidated by time period.

For example, if the following plan and product structures 

apply, the gross requiremt its may be derived as shown.

Plan : Period Product A 
Quantity

Product B 
Quantity

1

2

3

4

5

100
200
50

Nil

200

1

1
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Figure 3.5

The quantities in parenthesis represent the quantity of the com­
ponent contained in its parent part.

In period 1, .100 A*s will be made 

therefore the gross require-monts for Period 1 are:

C - 400; D - 2.10; E - 200+200=400; F - 400; 8 - 400+400=800;
H - 400; J - 100; K - 500.

Similarly for period 2:

Component Requirements for 200 A's Requirements for 300 3*8 Total
C 800 1500 2300
D 400 - 400
E 400+400=800 1200 2000

P 800 - 800

0 800+800=1600 1500 3100

H 800 - 800

J 500 600 800

K

1

1000 3000
300

4000

300

« 300 300

S 600 600

M M



The requirements for periods 3,4, and 5 are similarly generated. 
The gross requirements file will be as follows:
Commodiy Period 4 V Period Oty Period Qtv Period Qtv nA n-Hr

A 1 100 2 200 3 50 4 0 5 200
B 1 0 2 300 3 100 4 0 5 0
C 1 400 2 2300 3 700 4 0 ; 5 800
D 1 200 2 400 3 100 4 0 5 400
E 1 400 1 2 2000 3 600 4 0 5 800
F 1 400 2 800 3 100 4 c 5 800
G 1 800 2 3100 900 4 0 5

%
1600

H 1 400 2 800 3 200 4 0 5 800

J 1 100 2 800 3 250 4 0 5 200

K 1 500 2 4000 3 1250 4 c 5 1000

L 1 0 2 300 3 ICO 4 0 5 0

* 1 0 2 300 3 100 4 0 5 0

I 1 1 0 2 600 3 200 4 0 5 0

In addition each of the above records will contain the ac.dress of 

the item on the master file (Section 3.4).

The gross requirement file itself has limited use since the 

components and sub-assemblies may be stocked at various levels 

of manufacture and planning for replenishment of stock must take 

into account these stocks.

The "net requirements" generation described in Chapter 5 

will provide the information required for the reordering procedure. 

Only when the items to be controlled have low level cedes of 2, 

can the gross requirements file be directly used. This condition 

exists in many industries, especially in South Africa, whore much 

of manufacture is actually assembly of bought-out components. Other



examp^s are niosetries such as clothing manufacture, 

the cloth, cot »n, buttons, etc., are stored, and not cut pieces 

and partly made garments. Those continuous process products 

commonly have structures similar to that shown below.

LEVEL 1 ..... I END PRODUCT

n  m  i i i i
LEVEL 2 .....

COIrCIHNTS MID MATERIALS 

In this case the available stock may be subtracted from the gross 

requirements to yield the net requirements and heme replenishment 

orders can be planned.

3.4 THE INVENTORY CONTROL MASTER PILE.

This file contains the details of all stock keeping items 

in the organisation. It contains much static information associated 

with the item as well as fields which are updated with each stock 

transaction.

The method and regularity of updating of this file are vital 

to the functioning of the control system. Ideally the file should 

be updated ax the instant of transaction occurence. This however 

implies "on line" file maintainance requiring terminals communi­

cating with the computer and accessing the records of this file 

on random access storage. The hardware requirements for this 

idealised situation are large and expensive, but are fast

becoming feasible, economically.
It is practical in many cases to update this file only once 

per month, accumulating transaction documents during the month 

and batch processing at the montb-end. This however does not 

facilitate accurate enquiry into the status of any item except 

at month-end; and even then the volume to be processed precludes



the aonth-end information being available on the first day of the 
following month.

A successful compromise has been found, i.e. to process daily. 

The trans-actions for the day can be batched and processed at night. 

The i. oil owing day the status of an .item, as at he previous day-end, 
is available.

The details of this file are ae follows:

1. Item Number.

This number uniquely defines the item and ie the control field 

of this file. The importance of the coding of this number should 

not be overemphasised. A code number of this nature should have 

the following characteristics. It should

(a) be unique

(b) be as short as possible

(c) not attempt to fully describe the item. Characteristics 

of the item can be carried on subsidiary fields

(d) contain a check or verification digit. This digit is 

'usually the last of the code number and is dependent on the proceeding 

numbers, according to a predefined formula. This number is checked

by the computer in a verification routine, and precludes such errors 

as transposition.

2. Description.

A short description of the item identifying it with its common naT .

3. Item Type.

A code indicating

(a) Manufactured assembly

(b) Factory made component

(c) Locally purchased item

(d) Imported item

(e) Purchased item for resale

(f) Raw material.
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4. Requirements Policy Code.

(Hus code is the key to the control procedure to be followed. The 

item must be analysed with respect to its controlability in terns 

of the predetermined production plan. If the demand for the item is 

independent to a .large extent of the production program then its 

control must be effected using the conventional methods of forecast 

usage from past demand data and order point theory.

Examples of these latter items are: any components c:f special

non-standard products, highly interchangeable items such an nuts, 

bolts, washers, pop rivets; expense materials such as broozis, rags, 

oils, paints, brushes, solder, welding, r*. Is, any maintenance item 

which must be stocked, etc. I tear of this nature have a requirements 

policy code of 1.

On the other hand if the .'tern is production plan dependent, 

uhen finer control can be effects I as described in Section 5»3, 

using the gross requirements file, and the generated net requirements. 

In this case the requirement policy code = 1.

5. Product Group Code.

This code classifies to which product group the item belongs, and 

can be used without the product structure to identify, for example, 

the inventory value« or open orders of raw materials held solely 

/or a particular product group. Among the codes will normally 

be one indicating standard item, i.e. one used on all products 

car a large nur.ber of product groups.

6. Drawing Number.
The drawing number is often the same as the commodity number, but 

this cross reference can be useful.

7. Location.

The location code here indicates the store o» section of store or
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a

"irehouae In dbloh this it*. 1, c^only k*pt. c o d . ^ b a

used *  produce seperat. report, for different etorcen aho^ng 
status of only the items which concern them.
8. Bin Number.

tt!. number pinpoint, the exact poeltlon l„ the .tore » e „  u,. lte. 

i. stored, toe de.pateMng of item, can be greatl, ...l.ted by the 

indication of the exact location of the item.
9. Unit of Measure.

A code to indicate the uni I in which the item is kept, 
for example

EA - Units; KG - Kilograms; Gr - Grama; M - Metre; 

CM - Centimetres; MM _ Millemetres; HU - Hundreds;

- Thousands; LT - Litres; etc.
10. Standard Cost-Material

11. Standard Cost-Labour.

12. Standard Cost-Overhead,

In the case of bought-out 

items, the total cost price 

can be represented as material cost.
15. Price Break Quantity-Humber 1.

The order quantity at which a discount is obtainable on the standard 
cost. -

14. Discount Number 1.

The discount expressed as a percentage obtainable at price break 

quantity number 1.

15. Price Break Quantity-Dumber 2: -

16. Discount Humber 2.

' I

Figure 5.6
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17. Llat Price.

In the case of items sold.

18. Weight.

.eight P., unit tf the ite. for p.eklng , =ratlng ^  
purposes.

19. Stock on hand.

The stock on band in all stock-keeping locations, each recorded 
seperately. The accuracy and regularity of the updating cf tneee 

fields is vital and a difficult practical problem. Suggested solutions 
tc the problems are presented in Chapter 4.

20. Current Demand.

This is the demand experienced during the period between the previous 

status report and the coming one. for example, if a movement 

report is provided daily, then the current demand will indicate 

the demand experienced during the day in question.

21. Accumulated Demand.

The total demand experienced for this item during the review period.

Any period may be used here, but it is suggested that in most 

circumstances a month is considered the most practical; since daily 

oi weekly movements will tend to fluctuat too rapidly. Even if 

updating of this file is done "on line", all trans actions are 

accumule au for the review period for the purposes of averaging.

Often it is not practical to record the demand, but rather the sales 

or issues. In such cases the demand field is not updated, only 

the sales.

22. Weighted Moving Average.

This is updated at the end of each review period as described in 

Chapter 2.
Hev Average = Old Average* <  (Accumulated Demand for the current

month-old average)
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23. ifeaa Absolute Deviati nn

Updated at the revle. period end * cc™nij.anth_end.

New MAD - Old MAD + ar ( Our rent Deviation - Old MAD )

= Old MAD ( l- w  ) + .y ( current Deviation )
where the

Current Beylutlon - Ace^uUted Demand - »e. drer^e Deemnd fcr Bute Period.
24. Sim of Deviations.

Me. Sum of Deviations . cid S m o f  Deviations + Current Deviations.

This field remains constant during the month, and is updated with all

the forecasting fields at the end of the review period.
25. Current Trend.

Apparent trend after the moving average has been updated.

Trend = New Demand - Old Demand.
26. Average Trend.

New Average Trend = ( 1- «r ) Old Average Trend +.*f( Current Trend )
27. Expected Demand.

Average Demand + 1 - Average Trend
28. Safety Stock.

In this input field the user has one of three options provided, 

depending on the code specified.

Die safety stock may be specified as a quantity, for example, a 

safety stock of 1000 pieces is required at all times. Special cases 

may demand this as a matter of policy for certain key items. 

Alternatively the safety stock may be stressed in terms of a number 

of periods of average demaml. For example, one yonth’s supply.

Biis rule of thumb is often used in practice, and may still have 

its application in a computer oriented system.



third alternative is tc leave this field blank. If this is the 

case the field "safety factor" Humber 30 is used as described.
29. Safety Stock Code.

1 = Qu intity ; 2 = Humber of Periods.

30. Safety Factor.

If the safety stock field is blank, this field is used to calculate 

the safety stock as follows:

Safety Stock = Safety Factor x MAD 

In this way a service level can be set.

Since the MAD is related tc the standard deviation of the demand, 

the following table can be derived from the relationship

MAD = 0,8

and from the standard normal curve area tables ( 16, 9-2 7 /

Table 3.5

-'"W:
Service LevelSafety Factor

99,87

99,18

97,72

94,52

84,3 3

78fBl1,00
50,000,00

The safety stock sub-routine provided is as follows:

Figure 3.7 
—  --------



or procurement time, m ,  ie the time erpreeeed in w  at3Mart

time period, from tb. time of identification of need for resupply

under the time the item is .filaUe for uee, heying hetn checked,

inspected, tested if neceesaty end t m n e m r M  to the place of uee. 
32. Leai t"ix,e_ Code.

This code identifies the unit of time used to erpress the lead time 
in field 31 above.

-T Example:

1 = days; 2 = weeks; 3 — montJis; etc.

33« Turnover Category. ( 18, 7 - 9 2 )

The A-B-C theory of inventory classification can be used to good 

eifect to highlight items requiring special control. Analysis of 

almost all types of inventories reveal that a relatively small 

proportion of the total number of items account f '■* more t>_ir 

half +he total inventory turnover.

The followir^ is a fairly typical distribution:

%  o f sn c *  r * w

Figure 3.^

Ibis distribution will vary as the obsolescence factor of the 

industry varies.



A typical breakdown of inventory may reveal:

Group percentage of Items Annual Turnover
A

B

C

1 #

r #

50#

65#

20#
15#

The inventory may be usefully classified into three or more classes, 

say: A,B and C. 3ze advantage of this stratification is that by 

controlling with extreme caubion only 15# of the stock items, 65# 

of the annual total turnover can be maintained with accuracy.

By the same token the "C” items, constituting only 15# of the

inventory investment, yet constituting half the items, may be very

loosely and cheaply maintained.

The turnover category code can be updated each month. ntHr. code 

can be used in various retrievals to highlight those items 1 

special consideration.

54. Order Policy Code. jjjj

Bependi ̂  on the type of item, different meth-' la of calculating 

the quantity to be ordered can tc selected.

23ie foil.owing codes can be provided:

1 Burober of periods supply of past average

2 Jfumber of periods of future requirements

3 Economic order quantity

4 Least unit cost

5 Order up-to-ievei

Policy 1 can be used in the case of low value expense or indirect 

materials where future usage can only be predicted in terms of the 

exy<.,cl"ed average derived from past data and updated in field 21 of

#



this master

Policy 2 can be used for those items where requirements are generated 

from the production plan and are retrieved from the urose requirements 

file described in section 3 .]. limitations on the fregency of 

deliveries may enforce such an order policy.

For Example:

the South African Iron and Steel Corporation ( Iscor ) requires 

a quarterly order from their customers for rolled steel sheets.

If tL ross requirements for an item wila a 3 month lead time were 
as follows:

PERIOD: January February March April iL., June July

QUANTITY: 200 500 600 350 500 550 600

and the order point was triggered, then the order would be placed 

to cover periods from April onwards. If the policy was set as 

"four months of future requirements” then an order for 2 0 0 0

would be placed covering the requirements for April, May, June

and July.

Order Policy code 3 is the one classically used. It is here re- 

commenled only for those independent expense and indirect 

materials where reliance must be placed on forecast demand.

The EOQ Is calculated in the conventional manner ( with or 

wituout modification of shortage costs.)

! tig

EOQ
2 x Average Demand x 12 x Procurement cost 
Percentage holding cost p.a. x price • m

It is suggested that a separate routine be used to update the 

order quantity field at regular intervals, say three mouths, 

rather tVmn continual time consuming updating.

The holding procurement costs can be estimated and used for 

all items or may be included in this master file. ( see fields 41

and 42. )



IMs is so if an item has exceptional expense associa^i aith it.

Order Policy Code 4 (l2,25), the least unit cost method, uses the 

principles of the economic order quantity involving Me order am? 
holding costs.

The major difference betweer this policy and the EOQ method, is that 

the least unit cost method uses the predicted future usage, while the 

EOQ formula depends on the past average demand for the item. An 

example will serve tv illustrate the iterative method of the least 
unit cost order policy.

The unit stock holding cast can be defined as:

Order Cost + Carrying Cost 
Order Quantity

If the reqw ements for future periods are:

Period Humber: 1 2 3 4 5 6 7 8 9

Qunatity Requd:10Q 0 100 100 50 300 200 100 200

Assuming the order is to be placed now and the lead time applicable to 

this item is three petiods, then the order now being considered, should 

cover requirements from period 4 onwards.

Assume the price of the item is fil, the order cost is S3, and the

carrying cost is 2$ per period. If 100 are ordered to cover period<

only, then no carryirj cost will be incurred, ( since the items will

be used immediatly ), thus unit cost is:

3 + 0  = R0,03
100

An ordef covering periods 4 and 5 for 150, will incur a unit cost of: 

order cost + (price x
order quantity

i.e. 3 + ( l x 5 0 x l a  0.02 ) 
1 0 0  + 50



Unit Cost = -- ̂  ( l * 5 3 x  I z  0.02 ) + ( 1 x 300 x 2 x 0.02 )
100 + 50 + 300

3 + 1  + 6 
450

10
450

= HO,022

and Unit Cost4,5,6 and 7

3 + 1 + 6 + ( 2 0 0  x 3 x 0 . 0 2 ) 
450 + 200

16
650

Unit Cost 4,5,6,7 and 3

HO.025

16 + ( 1 0 0 x *' x 0 . 0 2 ) 
650 3 00

24
750

= RO,°32

The minimirm 0r least unit at at was obtained at an order quantity 

of 4 5 0 , i.e. covering the requirements of periods 4,5 and 6 . 

Expressed generally, if the requirements .*# period i is Hi. the 

price of the item is % and b is the lead time in periods, then the

unit cost for k periods is:

L+k . x
c + 5 7  (p *c>, • (k-i) • Ri>
p i & i  ^ __________ _

i= Ir+1

c ^  o -  -  ^  C06tS ” ’PeCtiTe1’P h



The above is calculated for 1 from L+1 until the unit cost reaches 

a minimum. If a minimum cannot be reached with the available 

predicted requirements, then the total known requirements should 
be ordered.

Policy five - order up to level.

This order policy would only be used where it is known that the item 

has a definite steady demand. The quantity ordered will bring 

inventory level up to the quantity specified.

35. Order Quantity.

Die contents of this field are dependent on the order policy selected 
for the item.

In the case of policies 1 and 2, this field will contain the number 

of periods of demand for which the order is required to cover.

Policies 3 and 4 can cause the optimum c "der quantity to be re­
calculated at each update. Alternatively, because of the calculation 

and iteration involved, the optimum ozder qw-uUty may be periodically 

calculated in a special phase. This latter method is the more 

economical, and Incurs few errorj, since the economic order quantity 

normally does net vary excessively over short pericus.

In the case of Policy 5V I.e. " order up to level policy ", the 

level to which the order must bring the stock is included in this

36. Minimum Order Quantity.

Although the order quantity is calculated to minimise inventory 

costs, practical considerations may demand that an order quantl^ 

should exceed a certain minimum. One reason for this could be 

that the supplier cannot economically supply very small quantities, 

because of set—up, transport and other despatch and invoicing costs.
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3 7 . Mialmm Order Quantity Codn.

Wiis code allows the minima order quantity to be specified in terms 

either of a future quantity or in terms of a number of periods of 
average demand.

36. Maximum Order Quantity.

ihis lumtor can also be placed on calculated order quantity for 

practical purposes. The modifiers of minimum and maximum can be 

used to good effect during abnormal periods «nd bx'siness cycles 

where, for example, inventory policies of low investment and 

slightly lower customer service are desired.

Alternatively impending changes to a product range may require 

abnormally low quantity orders to be placed in order to minimize 

the risk of obsolescence.

3 9 . Maximum Order Quantity Code.

1 = Quantity; 2 = Number of periods of average demand.

40. Multiple or Bound Off Code.

This code is used to round off the theoretically calculated order 

quantity to the nearest 1 0 , 1 0 0 , 1 0 0 0  dozen, gross, etc.

w t h4*rtry x0£P Sir yu4ve tern*
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Al. Hoi d:' %  Coat.

Expressed as a percentage of the value of the item per annum.

A standard holding cost is generally used for all items. If 

however a particular item is subject to a larger or smaller 

holding cost than the normal then this cost can be specified 

in this field. If this field is blank then the standard 

holding cost is applied.

42. Order Cost.
This can be similarly specified in value terms should the 

ordering and/or receiving of the particular item incur 

abnormal order costs. In the case of factory-made com­

ponents the order or procurement costs is actually the 

aet-up cost which con be expected to vary considerably 

from one component to another.

4 .̂ Requirements over Lead Time.

This field is updated from the gross requirements file or

from the average demand as follows s
requirements over lead time = average demand t lead time. J  

The leac time must first be converted to the same units as that of 

the iverage demand.
S  L * ™ . *  P°li=7 in 4 de«e-i=«e .hnther fntnr. requlr-

mrnts or past average usage to be used.

44. Contingency Factor.
rns factor expressed w  a percentage Is used to Increase the ^ j p g  

calculated g^ss requirement, over lead tlxm. This facnlt. Is 

extremely useful as an allowance for:
(1 , scrap during manufacture (1 1 ) breakage. In .tore (ill) |l«rl»g

(iv) evaporation or (v) spares requirements.
in allowance for this latter Item may In e „ «  be substantial, 

especially *ere a ^ n t e .  1. offered on a product or when the

I IF-TT-



company runs a service or maintenance division.

The requirements are therefore modified as follows s 

Total requirements over lead time =  Gross requirement over lead 

time as in 42. X (l + contingency factor/ 100)

45. Outstanding Orders.

Total quantity on order with suppliers or works. (Oils fielu is 

updated from the outstanding order file which carries the line 
details of each order.

46. Quantity Allocated.

It may be convenient to set aside or allocate components to a 

particular job. Often material and component requisitions can 

be prepared at the beginning of the month to cover the requirements 

for the month's production. This stock has not been drawn, yet 

is allocated. (See section 4.3, chapter 4.)

Thus the available quantity is : 

stock on hand + orders outstanding - allocated quantity.

Although the outstanding orders are stocks which will only 
be received at some future date they must be included here since 

an order point will be signalled until such time as the goods are 

received. The method used for expediting late deliveries is described 

in chapter 4.

47. Order Point.
Used for classical inventory control procedures i.e. when the 

requirements policy code = 1 .
; rap

Order point = Requirements over lead tine + Safety stock.

48. Planner's Code.
In larger type organisations it is common for jn-oduction planning 

personnel each to be responsible for certain group of items (often 

associated with a particular product range).
a *  planner's code can be usefully ™ d  in reporting *  each planner 

separately or for tracking the effectivity of the individual planner'



control.

49. Critical Ratio.

The "critical ratio” is defined as
Critical Ratio = Available Stock - Order Point Quantity

Average Monthly Demand

Qualitatively the critical ratio gives an indication of how long

the available stock will last before another order should be placed

i.e. before the order point is reached.

Figure 3.10

'Phi g ratio is extremely powerful in systems where updating is done 

in a batch mode say once per month. In this case a critical ratio 

ratio less than 1 will indicate that the order point is due to be 

reached before the next stock report is available,

50. Suppliers.
If a creditors f ile is available or from a good received history file 

the three most popular suppliers for the item can be extracted and 

their codes kept in thio field.
This should be updated at regular intervals tor example bi-annually. 

In the case of manufactured components or assemblies this field can 

usefully contain the department or work centre number in which the

manufacture takes place.



51. Initiation Date

The date (month and year) when the item was initiated.
52. Date Last Moved.

Used for exponential awoothing techniques in the case where a special 
smoothing constant for the item is required.

54. Physical Inventory.

The count at the last physical stock - take of th. , item,

55. Date of Last Count.

file and denotes the lowest level, in all products on the file, at 

which the item occurs.

For example in the structure illustrated in Pig. 3.2 Part 0 would 

have a low level code of 3 since this is the lowest level at which K  

C occurs.

In the case of a rand can access file on a direct access device a 

number of address fields to related files will be required. B  

Examples of these address fields are:

This date can be used to highlight obsolete or dead stock

53. Alpha Smoothie# Constant. 

Date inventory was taken for this item.

56. Low Level Code.

This code is a level number, associated with the product structure

Product structure address 

Address of first routing operation 

Address of gross requirements fi 

Outstanding orders file address.

3.5 OUTSTANDING ORDER FILS
Once an order has been placed on a supplier or on the works, thir
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.trek 1 , considered available, ill that Is left i, to ensure Wat 

cjnmodities are received in tine. %e outstanding order file 

serves the purpose of foll,._up and "chasing" as mil as that of 

indioatina the "outstanding orders" component of available stock.

This file is updated by the two transactions: orders placed

and goods received. It carries all the details pertaining to the 
particular order.

1. Item Number.

The code number of the item that has been ordered.
2. Order Number.

The unique number associated with this order and quoted to the

supplier I or the works) when placing the order. The supplier in

turn quotes this number when making his delivery.

3. Date.

Of the order.

4. Supplier Number.

This is the code number assigned to the supplier as referred in the 

inventory control master file So. 50 and corresponding to the number 

allocated to this supplier on the creditors file. See appendix
i' fIn the case of a works order the department, work centre or even

machine number can appear in this field.

5. Buyers Code.

Used if i-equired to indicate the buyer who placed the order.

6 . Delivery Date.

Date commodity is required in receiving store.

7. Quantity Ordered.

Original order quantity.

8 . Quantity Outstanding.

Quantity yet to be delivered.

“TT



9. BN saber of Deliveries.

The number of deliveries *Hch have thus far made agalwt this 
order for this commodity.

1 0 . Quantity Tolerance.

Thi3 figure expressed as a precentage specifies the percentage over 
or under supply which is tolerable.

For example if the tolerance is specified as 5$ and the original order 21 

quantity was 1 0 0 0  then a delivery of 960 would yield this order complete.
11. Unit of Measure.

Corresponding to the unit code on the inventory master file So, 9.

The quantity ordered must be specified in terms of this unit.

12. Price.

The price Quoted to the buyer when placing the order. 

ij. Price Unit.

This code is used when the price is quoted in a different unit from 

the unit used internally.

For example if the company has already metrics ted and is ordering in 

Kilograms but the supplier still has 100 pound containers, the buyer

may then specify the price in terms of lbs. and indicate this in the 

price unit field provided on the purchase urder requisition.

3.6 RELATED FILES

The other related information files such as creditors (or 

suppliers), routing and work centre are not directly associated with 

the system here discussed. They are however logical extensions of 

thi? system and thus appear in the appendix.
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CHAPTER POOR 

IHPUT - CCMttmCATiaG WITH THE nOMPttTOB

The tremendous advances made in latter times in the field cf 

data collection make this subject ertenslve and outside the scope of 

this study. However, whether the form of data collection used is 

the punched card, poper tape, magnetic tape c direct input via 

terminals, the importance of the source documents should not be under­

estimated. Careful design of the man-machine interface in the system 

contributes much to the success of implemsntion.

A large volume of data collection is necessary to eet up and 

maintain the system. Data such as orders placed, material drawn, 

material received and jobs completed are required on a continuous or 

repititious basis. Each of these data records must at some stage be 

handled by people. The validity of the informs don must, wherever 

possible be verified by the system. In addition the master or static 

files must be updated when the situation demands for example when a new 

product is designed or a new item is introduced into a product,

4.1 UPDATING THE PRODUCT STRUCTORE FILE

The need for updating the product structure file arises whenever 

an engineering change is made to a product or a new product is initiated.

The reasons for product updating ar numerous but the control of 

the product structure files should be in the hands of an individual or 

a department such as the production planning department. Updating of 

the product structure file is usually done using punched cards and thus 

pieprinted card layout with iields clearly labelled are advisable.



^or adding, changing and deleting records or entire 
assemblies should be provided for in oider to give mar,mm, 

flexibility and to minimise the clerical effort involved.

Standard retrievals such as single level explosions, 

indented parts list and "where used lists*', (refer to Chapter 5), 

should be readily available and be kept up to date. A change to 

a component of one assembly may requires change to the same 

component in another assembly.

After each update a listing should be produced, showing the 

revised version of the altered assembly. These amendments to the 

product structure file are circulated to the departments concerned, 

for example, engineering, costing and production planning.

The following audit trails done programstically are advisable:

(i) a part add id k  j u I q  appear on the inventory control master 

file

(ii) the unit of measure specified on the product structure should 

coincide with that of the item on the master file

(ill) the parts chain must always teminate on a bought-out item

i.e. a component or raw material

(iv) validity of transaction code must be checked, for example, 

only A-add, D-delete, 0-change and B-replace may be allowable.

(v) a parent-component relationship should not be duplicated.

(vi) the relationship specified may cause "looping", for example:

x v )
’ A t  .

6 cA
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Abo-re a loop has boon caused tetb.en B aad A sluoe A 1. rade w  of 

B and 0, «blle B In turn Is made up of A and D. mis Is not
possible since A consists of B

and B consists of A cannot simultaneously be true.

After updating warning can also be given such as: component 

now has no where-used chain. This would occur when a component 

id removed from all its parents and does not appear on the structure 

file any longer but still exists on the master.

An example of a simple input updating form is ttiown below:
Card Columns _____________ Field

1

2-5

7-16

18-27

28-29

30-39

40-45

46-50

Transaction code

Date of update iffllYY 

Parent item number 

Component item number 

Component unit of issue 

Quantity of components contained in parent 

Effectivity date of chain 

Oser department code 

In the case of sequentially stored product structure files 

described in Chapter 3, the input updating fora used could be:

1

2-5
7-16

18-27
28-28

30-31

32-41

Transaction code 

Date of transaction 

End-product item number 

Assembly, component etc., item number 

Assembly, component etc., unit of measure 

Level number, with respect to end product final 

assembly

Quantity of item contained in the item one level



42-46

47-51

Sequence number defining uniquely the record in 

the product structure to be changed or deleted, 

or indicating the position in. which it is to be 
added.

User department code.

4.2 TjPEyims THE PBOffJCTIOK FIJIW FTT.g

Hie production plan file is automatically updated each month, 

in order to maintain a fixed length planning horizon, an additional 

month's plan must be added each month. At the month-end the previous 

month's planned quantities are averaged and used for the additional 
month's plan.

Per example, it the production plan over a planning horizon 

of 6 months is as follows:

January 80; 7e binary 20; March 70

April 40; May 150; June 60

Average 420/G = 70

then the assumed plan for July is 70.

The plan must be able to be updated manually as isquired, to 

allow for inclusion of possible short-term programs or revisions 

of long-term ones. This can be done "imply using punched card 

input specifying a change, addition of deletion to a quantity 

applicable to a particular time period. For example:

12-15

period number

Column

product codeField code

16-22

quanti ty

23-26

period number

e tc......

quantity

80

card number

6 periods can be catered for on each card. Any number of cards can

■PnlWIV



He used to covei the number of periods in the planning horizon.

After each update the ,e. production plan ririuld be printed 

and circulated to those concerned for verification of It* validity.

 jg.^mc THE a m u o oRY Ml.vmn gvre

This file contains both input and generated fields. The self 

updated fields have been discussed in Chapter 3, and require no 
further elucidation.

The documentation required for updating the variable fields, 
require careful consideration and planning.

1. Stores Control.

Besides the requirement for inventory control, all companies require 

an audited stock figure once per annum. More commonly, however, 

the firm requires a perpetual stock system for continuous profit 
evaluation and stock control.

fhile perpetual stock systems are generally expensive to 

maintain, they are vital to inventory control systems, are often 

by products of costing systems, save physical stocktaking and 

minimize pilfering.

2. Requisition for Stock.

Assuming that data capture is done "off line" then a document is 

required in order to signify issue of material and provide 

authority for stores release. It is suggested that where 

possible the computer produce the requisitions generated using 

the product structure and inventory master files. The "user 

department code" field suggested for the product structure file 

facilitates this.
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Urns if all iinal assembly ccoponents (i.e. level 2 items 

in the product structure file) are coded with their assembly 

department number a requisition can be produced which is unique 

to each sectio- of the store and to the destination department.

An example of this appears below. In order to make 

100 A’s, 100 B's, 200 C's, 100 D's, 500 E's and 200 P's are 
required.

B, C, and P. are stored in the raw material store, as 

indicated on the inventory control master (field Ho. 7 location).

D. and E, are stored in the component store. All parts 

are assembled in assembly department 17 with the exception of C 

which must first got] the plating shop, department 9 , prior to

"8,mbly- ; t | ^
After explosion of product A. using the structure file, 

the components are then extended with their descriptions, and 

stores location codes from the inventory control master file.

The location and destination codes are then uaed as the 

major sort keys bo produce three requisitions as follows;

ipb No: 123456 

Store: Raw Material Ho.2

Requisition Ho. 3561

Date: 14-09-70
—  E HDepartment: 17

Commodity No. Description Pnit Quantity gequd. Qtgr̂

B

L

Screw Steel BSW EA
3 / 8 x 1/4 ROD 
Steel Mild Strip 
3 x 3/16 x 3 6 EA

;1



Job No; 123456 

Store; Raw Material No. 2

Requisition No.

Bate: 14-09-70 

Department: 9

Commodity Number Description— Unit Quantity Required Qtr. Issued

BA 200Steel Screw 
No. 6 x 1^- 
RSD HD

Requisition No. 3563

Product No: 123456 Date: 14-09-70
Store: Component No. 1 Department: 17

Scmmodity Number Description Unit Quantity Requd. Qty. Issued

D Gasket Collar EA 100

E

-- -------------------

Guarentee Tag EA 400

A further degree of sophistication in control can be intro­

duction by updating the ’'quantity allocated" field or. the master 

at the same time as the requisition is produced.

When the goods are actually drawn from the store, then the 

storeman fills in the quantity issued column on the requisition.
The stock and quantity allocated fields are then reduced. In this 

way, pending usage can be taken account of in the inventory control 

phases.

3. Receiving of Goods into Store:
The documentation for the receipt of goods into store is extremely

mportant, not only to the internal efficiency of the company, but



to maintaining a good relationship with suppling creditors.

The generation of the goods received note is discussed 
fully in section 4.4.

4.4 UPDATING THE OUTSTANDING OR HSR ptt.B.

Two basic transactions affect this file - the placement 

of an order and the receipt of the goods. A system using a punched 

card as a " turn-around11 document has proved extremely successful 

in ensuring the accuracy and speed of updating. She system is 

simple and minimises clerical effort and thus minimises errors.

1. Placing the Order.

The buying department usually places an order on a supplier in 

accordance with a purchase requisition raised by the production 

planning department. Alternatively if the order ir for 

manufacture in the works, then the works order is placed by the 

planning department themselves.

f3 ie purchase order may be of any design but should include 

the fellowing :
Order Date, Order Humber, Supplier Humber, Item Humber,

Delivery Date, Unit, Quantity Ordered, Receiving Department Ho.,

Quantity Tolerance, Price Quoted and Price Unit Code.

In the case of a works order the two latter fields regarding

price may be ommitted.
In the case of a works order +he two latter fields regarding

price may be ommitted.
The above infozw %Jn is captured on say punched cards or 

paper tape and load.id |  to the outstanding order tape or disc file.

For each line of eachordir placed card, a m  no. inched out on 

. perlphe^l card puach ( c c n l j  1 0 0  -rd, / ^

tte te.ic info— tton -ov. W .  been b, . briof It- d.3or1PU„»

M d  supplier's mme. the supplier's name ie not neoeeear, if hie
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™ lter haS 0ll°s m  *lu> «« first Xetfr btmg tht first alpha-
betic letter of the supplier’s name. For example:

X 0 C 1 - m  manufacturing company limited, 
simultaneously, a unique goods received note ( GBN ) 

number is allocated to each card for identification. Samples 

of such goods receiving cards are illustrated in figure 4 .2 .

Each receiving department maintains., a file of the above 
cards in the following sequence:

major: Supplier S-imber

inter: Order Number

Minor: Commodity Number

The cards are conveniently stored in a caret box with alphabet 

separators dividing the cards into suppliers.

Works orders can be filed using the supplying department 

number as the major key.

When a delivery is made the suppliers name is identified from 

his waybill, the order number which is quoted is then selected and 

finally the item number or item description uniquely identifies the 

correct CRN card. If two or more such cards exist then the one with 

the earliest delivery date is used.

The variable information such as the quantity received and the 

suppliers delivery note, or waybill number is then entered onto the 

card and the card returned for processing. If the quantity received 

is less than the quantity ordered or outstanding, then a card is 

generated for the balance of the goods outstanding if this balance 

is greater than the quantity tolerance specified. Where no quantity 

tolerance is specified a standard of, say 5 ,̂ may be used.
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The parallel card file in the receiving department thus main­

tains the current outstanding position of all orders at any stage. 

The receipts each day are used to update the stock position of each 

item at the same time as the outstanding order file is updated.

A further by-product of the goods received note generated 

from the order is the clearance of creditors1 accounts. Tho price 

quoted on the order is one of the fields on the outstanding order 

file. When a receipt is acknowledged through the turn around card 

the quantity received is multiplied by this rate to yield the value 

of the delivery. The invoice has only to be validated in terms of 

this value for clearance of the suppliers invoice to be initiated 

by printing hie cheque or remittance advice.



OUTPUT CCMMUNICATIHi W1

Tt ■ system only affects the envlrorrjent when it presents its 

information to the people who must implement it. Qie wealth of 

information contained in the files must be easily retrieved in a 

concise and decisive manner. The principlec of management by 

exception can be used to great advantage ir tLi products of reports.

Much depends on the computer facilities available. If large 

random access storage is available with remote enquiry terminals, 

information can be acquired and disseminated without printiî j 

details of all items. On toe other hand where facilities are limited, 

careful consideration is required in optimising the use of reports.

5.1 RETRIEVALS PROr THE PRODUCT STRUCTURE yim.

These retrievals are of great value mainly to the uftmaring 

department of the firm. They are however intimately United tc the

problems of inventory control providing as they do the vital inform-
1  . ■.

ation pertaining to the component contents of each product,

a) Single Level Explosion or Assembly parts list (Figure 5.1)

The single level bill of material can be used for assembly orders, 

requ sitions or level by level net requirements plaining. (See 

Section 5.2).
toe rotrieml of the single leeel explosior. 1. derived directlj 

fron the vroduo* struoture -Mob c.btetos the p 1 r e n « . . = - p o b o = t  liht 

records.
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A.1SEHHL v 3 16 6 7-
S 1 fsi <• r «- r v e L 

XFTTLf » P 1 NT COMPLETE

P A R T  N O , DESCRIPTION QUANTITY U N I T

8 9 - 3 2 . 8 6 4 8 0 0 V  ASSEMBLY -  4 P T , 1
J F - 3 I - 8 1 8

1 9 - 2 3 - 8 2 1

ELEMENT 2KW COMPLETE 1

COLLAR » 2XW ELEM ENT 1

r 7 - 2 l - 3 5 5 GASKET COLLAR 2KM 2

1 9 - 2 3 - 8 9 4 HANDLE ASSEMBLY APT 1
1 9 - 1 8 - 3 6 7 NUT PRESSED STEEL 1 / 8 T H  2BA HJ PLATED 2
r e —* 4 - 4 2 2 g a s k e t s  h a n d l e  s m a l l 2

$ 9 - 1 7 - 0 6 3 L I D  ASSEMBLY k # 1

$ 4 - 3 0 - 2 0 1 CARTON -  APT KETTLE 1
1 0 - 1 4 - 3 1 ! g a u r e n t e e  t a g  -  K ET TLE S 1

8 7 - d * - ? 2 4 IN S T R U C T I O N  L EA FLE T  -  K E T T . E S 1

Picture 5.1



H m  descriptions, units of Issue, origin or to, otuer Itin 
details are obtained frat the Inrentoty m e .

b) Indented Parts list (Figure 5.2 )

ana, the complete parts list of , finished product, tan be used

for dross component requirements, material costins of finished product, 
and servlirj parts catalogues.

c) Summarised Where-Used List (Figure 5.3 )

When a company manufactures a variety of products, it is cannon 

to find the same component or raw material being used in a number of 

these products. Die sunsnarised where-used list indicates the 

relationship of a commodity to its various parent products.

Dais report: aids greatly standardisation in design, can be

used as an aid in value analysis, facilitates engineering charge 

notices and indicates the impact of component shortages on production 
schedules.

A specific benefit relevant at present is the ability to 

substitute metric for imperial components in all applicable products.
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93

GROSS RBQOIEEMRTrpR

toe fl" t Step toraids aolvijig tb, pr011„  ^  ^
manufacturing iuduatty i, the genemtiou of to re,ulre«uta for t o  

w l o u ,  aeaembliea, aub aae»bli,e, oc^oueut, a M  ra. uateriale to 
manufacture the end products desired.

fxAims.**

C r ia t: /g a s . 

/e/+4!rs

toe gross requiremente. file is generated as described in section

3.3.
A number of vital reports can be gemratfid from the gross require­

ments file in conjunction with the item master file.
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1*  sorting the ^

(field 50 of the inventory roeto,) .e..ue„ !6> eaoh 

p ed orde.e for eay a year can ha projected. (Befer figure 5.4 ).

IMS enables annual contract order, to be placed on which release 
orders <nm be Issued month by month In accordance with net require­
ment. generated (s.. Section 5.3). a ,  sdmuUnge, of such purohaalng 
procedures are many.

1 ) Optimum and constant prices can be obtained.

2 ) Financial planning with respect to costs of raw materials can be
accurately done.

3) Negotiations are entered into only once per arm.-

4) Prior warning to suppliers usually leads to improved delivery

since the supplier will batch his production in order to meet 

his customer's year's requirements. In the case of certain 

manufactured components the supplier will often choose to manufacture 

the film's total requirement for the year in one production run. Die 

supplier thus carries the stock on behalf of the firm for this 
advantage.

It is advisable that latitudes be allowed in the quantity 

specified in the contract to cater for alterations in program.

It is not uncommon to find that firms are able to save 10# or 

more on the costs of purchased commodities using the above method.

Die implementation of such a procedure is relatively simple using 
the computer. A standard letter can be generated by the computer 

proposing a contract -trier, with the projected quantities and 

commodities listed.

’13



G R O S S  N F O I J I R E M E N T S  F O R  T H E  H E R  I O O  M & R C H IRfl TO F E B .

s u p p l i e r  n o , X3Z2 - xrz m a n u f a c t u r i n g  c o , < f t y > l t d

D E S C R I P T I O N , * MARCH APRIL MAy JUNE JULY MUG. SEPT
99076 SPACER NEOPRENE 2 2000 1500 300 C 3500 2C00 1000

16110 CLAMP PLASTIC Cl*/3« *000 6000 3000 1000 5000 0 500
***** CLAMP PLASTIC CI*/37 200 300 150 50 250 0 10

44197 LEG PLASTIC 637/21 2000 1500 300 0 3500 2000 1000

3*002 GROMMET RUBBER 6)4/33 10000 1 7000 32000 *0000 1 1000 25000 9000
17*63 HANDLE RUBBCR 1 500 400 100 0 900 500 300
17366 KNOB LID 1 3000 2000 500 100 4500 3100 1800

etc,

.'i TERNATIVE SUPPLIERS 1*G329 ?ePS60

Pimae 5.4
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/
In ?^rger ccmpanlea it ia coomon to hare the function of 

production planning split among a number of people (field 48 of the 
inventory file - planner*e code).

It is extremely useful for each planner to have for ready 

reference a list of the gross requirements for the year of the items 
under his control.

5.3 KET 5EQUIRMEHTS GlgraBmON.

Die generation of the "net requirements" i.e. the requirements 

of the plant to meet its production plan, is the cornerstone of the 

entire system. Basically the net requirements may be defined as 

forecast and/or production program requirements (gross requirements)

less available inventory quantity. The net requirements are tfaur the 

quantity to be produced or purchased

Deriving the net requirements is complicated by the fact that 

assemblies and components are usually stocked at various levels.

For example, in the case of the kettle whose parts Lust iv 

illustrated in Figure 5.2, if the manufacturing program called for 500 

4 pint kettles during January, then 500 lid assemblies (Assy So. 8917003) 

would be required to meet this program. In turn, therefore 500 knobs

(Part No. 70.17.463) are required.
If however the Lid Assemblies (89.17.003) are kept in . work-in^ 

process store then the net requirement of Lid assemblies for the month 

of January will be reduced by the available stock at the b4##nlng of

that period.
For example If to. atollati. .«<* of Iti a»>=toli*s ~  ZOO, 

then a aet requirement of 300 la generated. Bus, in tom the greet



requirements for Knobs (70.17.463) is reduced to 300. If the available 

stock of knobs is 400 then no net requirement for knobs exists for 

January. There are thus '’hidden stocks" of knobs within the knob 

assemblies which therefore must be accounted for, before orders can 
be leased.

35ie lead time for the procurement, assembly or manufacture of each 

item must now be used to time the release of orders.

The following two simple hypothetical structures will serve to 

Illustrate the entire netting procedure.

JU)

Figure 5.5

The figures in parentheses indicate the quantity of the component

*related to it's parent.
tte requirements fnr 1  and 2 soeordine to tt* production plan

as follows:

* . g EES

S
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Period 4 5 6 7 8

A 1 0 C 0 2 0 0 1 0 0 0

Z 50 50 50 50 50
----------------

The lead times are as follows: i

To assemble A, Z, D & H 1 period each
To procure B ft Q 2 periods each
To assemble C NIL (for practical purposes)
To procure E,F,G,P,J ft E - 1 period each

To assemble I 2 periods

The aval] able inventories at the beginning of the requirement periods

are as follows:

NIL \ ■ m
NIL

B 600
200
200

E 100
N H

o NIL

200
NIL

100
100

:
NIL . .
200

mam
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W f f i S m m : j s p  ; K a g g  l
A and Z are end items which are ^qul»d in .ooordano. «tt to

production progmn. It is as«„ed tot to ptamsd quantities have

been calculated taking .coount of set-up, run tines, forecaeted sales 
and storage costs.

In order to make 100 A's in period 5, the product structure must 
be exploded at the first level to determine the requirements for 

assembly. Since the lead time for assembly of end-product A is one 

period, the components and sub-assemblies of A, namely B, G and D are 

required one period earlier i.e. in period 4 .

Having exploded A and Z in this way, the gross requirements for 
B, C, D, X and H are calculated. The requirements or B must be consol­
idated since they are required to make both A and Z. At this stage the 
low-level code (inventory control file - field 56) mrst be check id.

4 has a low-level code of 2 since it appear s on A at level 2. Jo 

order can be planned at this stage, until explosion of the planned 

orders at level 1 i. complete. Orders may now be planrad for B, C, D 

and X since none of these appear on any lower level in the product 

structure file.

Qae net requirements for B, C, D and X can be calculated by 

deducting the available stock. Prom those net requirements, a planned 

order ca-p be calculated in accordance with the order policy specified 

on the inventory master file (field He. 34) e.g. EOQ, least unit coot 

etc and the order quantity modifiers, field-, 3.>-40.

The planned orders must now be offset by their assembly or 

procurement lead times. For examplethe planned ord-, -Q- D 

2 0 0  in period 6 , therefore the parts required to make 2 0 0 D's, viz.

400 G’s and 200 H’s must be available in period 5.



When the explosion of the level one planned orders has been 

accomplished, the low-level code is again checked; if this code is 

now equal to 2 orders may again be planned. Thus total gross 

requirements for H may be calculated. They are 

50 per period due t . 

and ^'-0 in peroid 5 due to the planned order of D.

The entire procedure is continued 'mtil all levels have been exploded 
and all orders planned. The details of +he entire netting procedure 
are illustrated in Figures 5.6, 5.7, anu 5.8.

The planned orders can now be written to a file of planned 

orders containing the item number.. period and quantity to be released. 
Only items with a requirements pot icy code of ? ( see inventory control 

master file, field 3 ) <113 be included in me file..

8
From the planned order file, purchase requisitions can be

■ ;: v :" ; v
printed and works orders can be released.

Purchase Order Requisitions.
The planned orders can be sorted into "make" and "buy" items 

according to the item type code on the master. All the "buy" itM; 

requirements must be released to the planning office for approval 

prior to orders being placed. It is advisable to have manual 

intervention at this stage of 'he system. The reason for this 

is the fact that so many variables exist in the provisioning of 

components and raw materials, that rigid application of computer 

reports may overlook intangible factors familrxr omy to the person 

controlling inventories. Reference can be made ^ the n-t q ' 

ments generation print-out where gross requirements, available 

stocks, lead _aes and order policies may >« verified.
report in Figure 5.9 1, deslg=d to .collate the placed order.

for each su.DDl3.6r•
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Nego uj-ations are greatly facilitated by this accumulation since 
release orders can be issued against tL? contract orders referred 
tf lu section 5.2. Hie supplier number printed Is the most popular 
supplier in terms of recent purchasing history. Alternative 
suppliers are indicated to enable competitive orices to be obtained 
in the case where no contract has been entered into.

In the cases where suppliers are in possesion of dies made 
specifically for the firms requirements, contracts are relatively 
common.

Die flexibility of the planned purchase order schedule is 
great due to the fact that periodic requirements generations can 
be made in order to adapt to changes in production program, component 
changes and varying usage rates. Firm release orders need only be 
given to suppliers approximately one lead time prior to the required 

date in order that changes may be introduced into the planned 
purchase orders schedule with ml ninrun disruption of suppliers own 
production schedules. However an indication of future requirements 
will aid the manufacturing supplier to improve his scheduling and 

thus his delivery.

Works Order Release.

■5 * 3 works older schedule is vital to the successful planning 
nrvrf control of the production enviroment. Using the schedule, 
labour and machine requirements can be evaluated and corrective 
action taken where necessary. The level ty level net requirement? 
generation ar Illustrated in this section ensures rhat each part 

is available for assembly f t the next level at the right time and 
in the correct quantity to meet the required date of the end products, 

liter the production planning department has perused the schedule, 

they may b<j released be the respective department foremen. Qiis



   m  . . m w m m r n
procedure enables each department head to do hlo own forward 

in co-ordination with the planning department.

Wi th the aid of a routing file ( See Appendix 5 ) capacity 

planning aid scheduling mey/ be done cn the computer as an extension 
to the inventory control system.

'He works order schedule is very similar to that of the purchase 

order schedule and is illustrated in Figure 5.10. TLe set-up and 

rur times are derived from the routing file. Departments 22 and 49 

as shown have only sample loads. In the case of the works order 

schedule, the requirements are offset by the lead time in order 

that the start times are indicated to the production departments.

The retrievals illustrated in Figures 5.9 and 5.10 are samples of

the type of report available from the planned ordero file. The 

individual requirements of the firm will direct the exact format 

and/or sequence of such reports.

5 . 4  CONTROL OF NON lEliABD-DmaiigHT ITHE.

The preceding two sections illustrate a suggested control 

procedure for both "make' and "buy" items. However the generation 

of the requirements for such items presumes two factors:

(l) All the products of which the item is a part, have a

standard structure coded on the product-structure 

file.

(ii) All the products of which the item is a part appear

on a rigid production plan.

In the case of special made-to-order products the above two 

requirements will not be fulfilled.

In addition a great number of items cannot suitably be controlled 

as suggested in the preceding two sections. These types of items,
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5
as described in field 4 of the inventory control master file, are 

best controlled using conventional methods of forecast demand frcet 
past data and order point theory.

Hie procedure which can be instigated, is to handle those 

items with "requirements policy code" of 1  ( field 4 of the master ) 

in the manner suggested above as apart from those with codes of 2 

for which net requirements generation is most suitable.

The conventional order point method of control depends on 

the simple decision rule:

Order point = ( Average demand x Lead time ) + Safety Stock

When the available stock, namely:

Stock on band + Order outstanding - Quantity allocated

falls below the order point, then an order is generated.

The basic difference between this method of control and that of 

the net requirements generation method it that in the latter case 

orders are planned in advance and thus do rot necessarily require 

perpetual stock records. In the case of the 'Tder point method, 

stock and outstanding order levels must be updated as regularly as 

possible. Depending on the nature of the production of the fine, 

this could vary between cnoe per day, and once per week.

Ideally instantaneous updating of the information files at 

the of the transaction taking place is desired. In such an

environment an oraer may be generated as soon as the availbla stock 

drops below the older point. This level of sophistication can seldom 

be economically justified due to the fact that large on-line infor­

mation storage facilities are required.

It is usually found satisfactory to update the activities of the 

day during the evening data-procesaing shift. The reports produced

can include the items moved during the day, with an exception report
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pro video m d i c U d g  U k ™  item «l=h met be ordeM. t m m i e  ot ttoe
report is shown in figure 5.11.

';.%v w •'-y-s

Sufficient Information should be provided on the report to 
enable the re-order decision generated by the computer to be verified 
in terms of the validity of stock on band values and other variable 
factors. .< Once planning personnel have authorised the orders on the 
re-order report, the buying department are provided with the additional 
supplier and price information which enable orders to be placed 
without further reference to any additional data.

The control procedure described above relies on the ability 
of the moving average to accurately track the usage. $he asterisk on the
right hand side of the recorder report Indicates that the moving

j!
average is "out of control". A measure of the ability of the moving 
average to trcek the actual demand is given by the field "sum of
deviations" ( field 24 of the inventory control master ).
field accumulates the deviatiome from the actual demand of the

"

forecast demand. If the forecast ( or moving average ) is consis­
tently greater, or less, than the actual demand, then the "sum of 
deviations" will eon time to increase, or decrease. TdemTiy the 

accumulated deviation should be approximately zero, since the 
positive deviation should cancel out the negative deviations. The

1 11'Isum of deviations mast be measured xn terns of the variability of 
the deiPid, namely the mean absolute deviation ( IfiAD ). It is to be 
expected that if the MAD is large the ste of deviations will at 

times be large. A commonly used indication of an "out of control" 
moving avenge is the ratio of sum of deviations to the MAD. If 
this figure of merit exceeds 5 » then the moving average is considered

I: W M l * 1 I #  8to be "out of control1 and an asterisk is printed as an indicator.
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" - .AInventory Status Report.

The reorder report only indicates those itans whose available 
stock ha fallen below their order points, is such it is an exception 
report. It ia advisable to review all items under requirement 

policy 1, in terns of their status. This report, a uample of whlcii|lj||i 
is shown in figure 5.12, enables the planner to examine mi items
under Lie control. »iie iterns have been soi' id by turnover cate M B *

and planner number.

This stratification enables the controller's attention to be focused 
on the iv.rh value, fvst-mc zing H  i.

Tht cutj-cal ratio, as dê inec' in field 49 of the oaetei file, 
gives an indication of how long the available stock will last before 
the reorder point will be reached. This figure of merit enables 
over- and understocked items to be readily identified. If the 
review period of the reorder report is fairly long, the status 
reports will indicate which orders should be released, prior to
the reorder report being generated.

1If the facilities are available, it is desirable for the 
reorder report to be run daily, and the status report possibly 
monthly, depending on th% nature of the business. In this way 
the principles of management can be practiced by exception, since

unneulatly appear on the reorder
1

only items which must be o; 

report.

Identifying Excess, Obsolete or Slow-moving Items.
The disposal of excess stocks constitute an integral part 

or tne inventory control procedure. Excess, obsolete or slow-moyipg 
stocks represent unproductive capital, a luxury few companies 

can afford.
remand-depond»nt items which became obsolete through design
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are be8t hk-ouled at the time of redesign. Such Items should be 
"phased out" over a -riod of tJ»>-.

Excess non demand-dependent Item, are easily identified 
by ccsaparing the stock-on-tmid with the usage of such items. 

Stock-on-hand values can be expryaeed in terms of the number of 
months of average usage. Stocks of high turnover and high value 
items, namely, A itemq should be kopt as low ux possible. Thus A 

items are considered excess at a lower "number of montos supply" 
than B or C items. An example of the type 6f decision rule 
which can be used is as follows:
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Obsolete stocks can be identified frcm the "date last moved"

^ie] c ximber 52 on the master. Each month a report indicating

i 31̂ 3 which have not moved for six months can be highlighted in

5.5 RETRIEVALS F30II THE OPTS TAMPING ORDER PILE.

The file containing details of all works and purchase orders 
outstanding can be usefully employed in:

(ill) Reconciling outstanding order positions with suppliers. 

Budge t i % .
It is extremely important for the firm to know its financial 

commitments in terms of materials and components purchased front
suppliers. As new orders are placed and goods are received, the

cash required for creditors change.

The value of each order is allocated to the period in which 
the goods will be received. This cat be derived front the delivery 
date requested, and the standard value or quoted price of the item.

It is useful to further subdivide the financial commitments 

into the product groups as defined in Held 5 of the inventory 

master. In this way the value of orders for each product group 
can be realistically compared to the l*>vel of production of that 

particular group.
Using the principle of the turn around goods received note 

system described in section 4.4, the budget can be updated and 

the value of goods received illustrated on a daily basis. Figure

5.14 illustrates the type of budget report suggested.

c.u obsolete stock report. Examples of exceed and obsolete stock 
reports are illustrated in Figure 5.13.

(i) Budgeting for purchased requirements
(ii) Expediting late deliveries.
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Expedltug Deliveries.

Ite function of ensuring that suppliers meet their delivery 

promises, conmionly called "chasing1*, can be greatly aided by 

iiigMighting overall deliveries or by providing advance warning 
of pending ones.

■  ■ i n :;
Incorporated in the "tum-pround" goods received note system, 

an exception report showing orders whose deliveries are .ate can 

be produced. The supplier can be contacted in such cases in order 

to ascertain the reason for such delays.

In the ease of wcrks orders, progress chasers can be notified 

so as to enable rescheluli% within the plant to take place „

The sample report in Figure 5.15 illustrates. The control ti 

be exercised mny be arbitrarily decided. For example: showizg items 

which are only one day late may yield an exceptionally large "exception 

report. Thus the cut-ofi date may be set at any figure which is 

considered realistic.

In a similar mamer reports can be produced detailing expected 

deliveries for the coming week, month, etc. From such a report orders 

for vital items may be expedited or reminders given prior to the 

actual required date.

Reconciling*
A common downfall in many inventory control systems is the 

discrepancy between suppliers records and that of the firm. In 

the case of the nupplier delivering many different items, often 

in part fulfilment of an order, discrepancies do arise carsing 

misunderstandings as to the availability of stock with resultant 

stock-outs and/or overordered positions.

By sorting the outstanding order fil» into supplier sequence, 

a letter can be generated by the computer to the supplier requesting 

confirmation of t4e outstanding position according to dm tlm's
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records. Die name a»’I address of the supplier are read oy "j 

computer from the creditors file ( see Appendix ).

5.6 SUMMAIY 0? HED3XEYALS.

The combinations and pemutations of possible management 

an* control reports are infinite, and can be designed to meet the 

particular firm's requirements. What has been attempted here is 

a presentation of the principles involved in the design of the 

reports, and samples of a few of them. An attempt has been made 

to isolated and present only the rele/aat information to the 

particular person concerned. Any computer output not read and 

referred to by a human being within the organisation is innocuous 

in its attempt to control. Biis is true of all information 

system,, as oppo^d to process control system,, where sechlne. 

do in fact control processes. Notwithstanding the present advanced 

state of the art, no inventory control system can be visualised 

which negates the man-machine interface.



ASSESSMENT_______AND______COS'.PUS I0g5

6.1. The Shortcomings of a Manuel Inventory Control.

The problem of controlling the assemblies, components *i*i 

raw materials of the manufacturing firm, has been shown to c-> mx 

ertremely complex one. The algorithms defined in Chapters 5, 4,

and 5 offer a solution to this problem. However, the manual 
application of these algorithms is an unrealistic approach to 

the problem in the "real world" where five hundred or more 
product variations and tens of thousands of cmponemente aid raw 
materials are involved. Unscheduled changes have to be made, 
suppliers lead times and deliveries are statistical variables.

This, manual solutions to the problem besides being cumbersome 
sad cler .ally costly, certainly lead to substantially sub-

optinal results.
It has been shown that certain groups of item require

special consideration. Items are divided into "mute" and "buy"

categories. W  Items -  further ^
non-demand dependent categoric,. »a=ual =yat—  must, for 

Simplicity, turn a standard set of rules a p p l i e d  to each 
group and thus cannot deal 1 *  each item in terns of its ovn

peculiarities.
a  , Mrnsl system them is an understandable tnudenny to

overorder. Utia is due to the fact that pro^sioning is . long

and laborious process a M l s t W s  do- a, said, as —  
Updating of production prrgtt-s amttheir ac-panyi^ require«nt 

___________   often ignored in tbs hope that c— o» m d  atand^



lot least of all is the fear of "stockout". An over­

stocked condition is difficult to detect whereas a shortage 

becomes apparent only too easily, usually to the discomfort 

of the person responsible for the control of the particular 

item. It is therefore understandable that the planner will 

avoid this condition at all costs. This situation leads to 

overstocking which can seriously affect the liquidity of the 

firm.

5.2 The Computer as a Solution-

Since the control of inventories basically involves the 

manipulating of data such as demand product structure and 

orders' data, it is 2 ogical that the most powerful of data 

manipulators should be applied to the problem, namely the 

electronic computer. The computer, with its da* storage 

and manipulation facilities lends itself to a sophisticated 

solution to the problem of inventory control.
The investment in computer facilities is a large one 

but the economic justification can be found in lower 

inventory investment, fewer stockouts, less clerical error 

and effort, greater bulk purchasing power and lower obsolete 

stock levels. The reduced clerical load on production 

planning personnel enables greater emphasis to be placed on 

progress control and expediting of production. A generalised 

recommendation is difficult to make, however it is the writer's 

contention that.oat companies with raw material, c o ^ o n e n t M  

work in process inventories exceeding *2 0 0 , 0 0 0 canecona*«diy
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justify installing a computer to embark on a computer-oriented 

inventory control system. The sizes and capabilities of 

computers vary tremendously but can be chosen in relation to the 
size of the inventories they control.

6.3 Implementation of the Coi?i ter System.

The setting up of the inform lion files is the ttal part 
of the implementation phase on which the sucess of application 
depends. Most of the required information exists in the organ*- 
sation in some form or another. For example parts-lists 
or bills of material should be available and have only to be 
coded suitably. Similarly the contents of many of the fields 
of the inventory control file can be as .erxained wi ’"h a certain, 

amount of research. Attributes of the item such as lead time, 
unit of measure, price etc. will certainly be kept on record 
by some functional department within the fi rm. Not all the 

fields of the inventory control master file need be allocated 
at the time of implementation. Unobtainable information may

at a later stage be included.
It is difficult to estimate the period of implementation 

required to successfully launch a system of this nature. Oils 
depends largely on the availability of information, the 
accuracy of records and the manual effort applied. The imple­
mentation period may vary between three months in the case of 

existing computer files to eighteen months in the case o:: 
companies whose data is disorganised and unreliable. The 
benefits to be derived may take as long or evenlonger than the



implementation period and can manifest themr.olv'-a in a number of 
tangible ways. These benefits include lower raw material, com­

ponent and work in process inventories, fewer stockouts, fewer 

set-ups and smaller clerical staff requirements.
It is advisable to continually track the performance and 

effestivity of the system in terms of its influence on the 
materials control aspect of the manufacturing problem.

Since the system relies on the concept of control through 
planning it is imperative that well constructed, realistic pro­
duction programs are set-up. Oiis implies involvement or other 
areas of the business such as sales, marketing and finance.

6.4 Expansion of the System.

Hie system essentially attempts to control the materials 

area of the manufacturing enviroment. It can, however, be 
readily expanded to encompass the men, machines and money areas.

The Irgicel extension of the detailed item requirement 

generation is manpower and machine capacity planning, and the 
schedule; of these facilities for optimum throughout. Having 
evaluated the material, men and machine requirements to a" i 

objective, finance and profit planning follow.

Possible future Developments, 

toe future developeueuts of .olutioua to the Inventor? 

control problem ere Intimmtd, =o=n==t.« to tbe d,velof»m t of 

the compmt.r tnduntt?. % t h  larger c-potere beomtihg che.p«r 
nnd remo'n datn prooeaetig beoom. ug more feasible the application 

of computer, to the control of mamfactnrer.' lm.nt.rle. cm. be 

expected to Inc.^ee aubelmntlril, IB the ahort tem. BeriEme



updating and reorder generation can be envisaged with extensive 
enquiry facilities befccoing available thus eliminating tbd 
necessity for the production of long and detailed documented 
reports. The move away from cumbersome data collection from 

documents can be confidently predicted.
Mechanisation of warehouses, is an advance which can he 

expected to make its mark, in certain industries within the next 
decade. In such a system the replenishment and issue from 
store will be controlled by a computer on whose file the 
coordinates of every item will be kept. Removal of items from 
store will update the available inventory oositirn and trigger

replenishment orders.
Ultimately and ideally all available sotck of all manu­

facturers and suppliers will be stored on an immense computer.
By linking to this computer, any prospective purchaser may assess 
the availability, price procurement time of any item concerning 
him and register his demand for it. Thia highly idealised 
situation would undoubtahly lead to an overall incr^se in the

• . • C  1efficiency of manufacturers and would serve to IncrewK the ove

a i ; productivity of the nation.
The implementation of more ar" --i.- f sophistication ŝ vsterns

and the extraction of maximum benefits f r m  data processing 
equipment is one of the major challenges facing all those involved 

in improving and promoting productivity and its accompanying



The available literature on the subjects of computer 

ays temp and inventory control is both ovrrrehensive and 

extr^ive. However, he literature confines itself, in the 

main, to the control of saleable products. Very little 

detailed analysis has been done on the control of the com­

ponents and raw materials comprising those end-products.

Manufacturers of data processing equipment have, in 

recent years, responded to the needs of industry and have 

provided application programs for the control of their 

inventories. ( 8 , 11, 12, 13, 20 and 21 >, These

application programs tend to be extremely generalised in 

an attempt to make the package applicable to as large a

market as possible.
The classical theories of inventory control are extensively

covered in the many texts on Industrial Engineering, Production 

Management and Operational Research Methods. ( 5, 6 , 7, 10,

16, 1.7 and 16 These theories are well known and much *s

been done in extending the basic theory to remove the many

assumptions used to develop it.
The work done by R. G. Brown in the development of the

exponential smoothing technique of forecasting, ( 2 , 3, and 4 ) 

remains a standard in this vital area of inventory control. The 

application of the computer to this technique is dealt with in 

Reference 8 , and includes a simulation program for testing 

the validity of the forecast.
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1

It is the contention of the writer that the solution 

to the inventory problem is the use of the computer. However 

disciplined manual stores control and procedures are vital to 

aiy inventory system. These procedures are well defined in 
reference 16; and reference 2 2.

Hie effect of inventories on the macro—economy outside 

of the firm itself is covered in most economic texts, a good 

example of which is reference 19. In particular the effect 

of inventories on the economy of South Africa is dealt with 

in reference 2 0 .

...»
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— CLASSICAL INVESTCEY tmiTRT. 
SHORTAGE CCS'PS

/

In order to obtain the optimal values of Q, the order quantity and 
Ln» the maximum inventory level the two partial differential equationsH 
below must be solved.

9 (To'fal Costs) and 0 (Total Costs) 
OIn = 0

where the total inventory costs,
2

A. , c 7  A
ph e pi y  oh 2A Qzt„2 c a c 1st

= CpQ + Ch 2Q + T "  " cslm + ~2Q

C A C. ha2 C C In2 h  ̂ s s
2 ~ 2  +  2Q 2Q 2 2Q

C A + 4chIm - 4CsQ + ACgJm

+ m

Q T  CL C
^  (fit = “Q3*1 ' Cs + “ °

ChIm - C£Q + CgIm = 0

Im (C + Cs) = CcQ

" h ^ s
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substituting (2 ) in (l)

2
%  + St &
C

a  C ° h  *  = , ) 2

Q' + K *c,)2
multiplying throughout by C (a + C )s ' n a

+ Cs>2 = 20nA (C>, + C J ^ ^ c / q 2 * ( V q 2

[Cs<Ch +  -  C h ° a 2  -  ° a 3 V (ch * V

Q2 = + sa

°s(Ch + 0 s)‘ - C,2(Cb * V

Xj t K  =,>'

(«b * Ca [°B (Ch * °s> ‘ “all 

2CeA(0li + V
0»(°h * V  '

2 V ( ° h  *  C s )

CsCb

h Cs

substituting for Q in equation (<0

Im =

3m

:



Although not part or the townto^ control procedure iteeir, the 

routing file le a valuable ertenclon to the eystem operating in the 
mamfac ti uring enviroment.

Thu basic fields contained in this file are:
1. Item Number,

The item number of the factoiy-made component or assembly. Alternatively 

the address of this item on the item master file may be contained in ®  
this field.

2. Operation Number.

The number assigned to this manufacturing or assembly operation.

3. Production Centre.

The member of the centre in which this operation is performed. Alter­

natively this field can contain the address on the production or work 

centre file of the applicable centre.

4. Alternative Production Centre.

The centre in which the operation may be performed if the one specified 

in 3 above is fully loaded.

5. Operation Description.

A short description of the operation for example, fit, drill, ream, cut 

etc.

6 . Tool or Die Number.
The reference to any specific tool or die required to perform the operation.



7* Set-Up Time.

B »  standard tiro, in W s ,  raquirad to propare th, aquipront, tools or 
aorkplare for the perfurnaroe of this operation.
8 . Opsratioa Time.

The standard time to perform this operation.
9» Move Time.

The standard time to transport the item to the production centre for the 

next operation. In the case of the final operation the move time to 
store may be included here.

10. Number of Workers - type 1 .

The number of workers of labour classification 1 normally engaged in 

operation. The labour classification may be in terms of "rate of pay" oi 

"occupation type".

11. Number of Workers -type 2.

12. Number of workers - type 3.

etc.

13. Humber of Operations.

Die total number of operations associated with this item.

14. Contingency Factor.

The factor used to calcula U. the normal scrap reL.ted to this operation.

M L .
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^ffiraODUCTlON

A production centre can be defined as a group of mach^ea or men, 
usually closely situated, with a ccmnon function. In the case of H  

fabrication or machining, machines which are basically inteichangeable 
such as guillotines, lathes etc. may be grouped Int, a production 
centre. Assembly production centres are -nee commonly referred to as 
departments but the concept remains the same.

Each production centre is usually considered a cost centre and is 

controlled by a foreman, chargehand or ale setter.

^his file contains fields describing the contents and capacity of

each production centre.

1. Production Centre Humber.

The identification of the physical

2. Number of Machines.

The number of machines in this centre.

3. Machine Numbt rs.

This may be a variable length record or may contain the Mdresc on a

machine uetail file of the first machine in this

4. Production Gen ere Description.

The description of the production centre canmonly used.

5. Number of Shifts.

Normally worked in this centre.

L I

- -



6 , Hours per Shi f r.

■»« nufflber =, h<m» ,™Uabl, „„ „ ch raoMlle p„

7. Maintenance.

The tune allotted to this centre for scheduled maintenance per month,
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APPENDIX D

THE SUPPLIERS ffn.v

for the purposes of iuveuta, octroi, «M. m .  uesd rot be
extensive at all.

The following fields |ve useful:

1. Suppliers Code Number.

A unique number allocated to the supplier. These numbers can ue alloc-
u, .  .. . .. , , .. .

ated in alphabetic sequence making reference easy.
2 . Suppliers Name.

3. Suppliers Address.

To which 3rdi a are posted.

4« Telephone dumber.

To assist buying staff.

3. Terms.

Payment terns e.g. 30 days, 60 days etc.

6 . Discount,

Standard settlement discount applicable to the teims above.

7. Commonly Supplied Commodities.

The item numbers of those commodities commonly supplied by the supplier.

6 . Total Payments to Date.

The total payments to this supplier to date, this financial year.

9. Amount Owing.

At present to the credi+'T.

: 5»,
" '

m



GLOSSARY OP TERMS

Bacon Prooeaainfl-

A systems approach to processing where a number of similar input items 
are grouped for processing during the same machine run.
Card.

A machine - processable information storage medium of special quality 
paper, generally t| x ^  inches.
Card Punch.

A device to record information in cards by punching holes in the cards to 
r®F^®sent letters, digits and special characters.
Ltiso Storage.

A storage device which uses magnetic recording on flat rotating discs. 
File.

A collection of related records tre< *“d as a unit.
Flowchart.

A graphical representation for the definition, analysis or solution of 
a problem in which symbols are used to represent operations, data, flow 

and equipment.

Hardware.

The mechanical, magnetic, electrical and electronic devices or components 

of a computer.

Inquiry.

A request for information from storage.



A tape.1th a -gaatlc surface „„ wMoh aate can k  ^  „ lectl„

polarization of portions of the surface.
On-Line.

Pertaining U  peripheral equiment or devices iu ll^ct cccmunication 
«dth the central processing unit of the computer.
Real Time.

Pertaining to the actual time during which a physical process transpires. 
Sort.

To arrange data in an ordered sequence according to specific rules. 
Storage.

Pertaining to a device into which data can be entered anti from which it 
can be retrieved at a later time.

System.

vW

A collection of consecutive operations and procedures required to 

accomplish a specific objective.

Terminal.

A point in a system or communication network at which data can either 

entered or leave.

Update.

To modify a master file wilh current information according to a
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