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ABSTRACT

The purpose of this paper is to isolate the‘important factors
in inventory management and control and evaluvate their effects on
business decisions. In this report, the technical aspects which aim
at’giving the production and financial managers better control over-
inventories will be discussed. A thorough probing of inventory func-
tions, costs, optimum lot size, and anticipation of future needs vill
be conducted to better aid top management set the rules and formulate
the basic policy decisions for oplimum inventory flow.

Good inventory management and control are essential to effective
production and financial control.. In all businésses, it is imperative
that inventory contrqls be established which will provide materials,
parts, and subassembiies as they are needed without tying-up huge sums
which might be used in operating the program. The "how", in the form
of decision rules, and customer service consideratiéns, must be set
by top management. This is our area of challenge and profit !

This report concludes that there is no single theory of inventory
management and control, nor can one evolve a sihgle set of rules for
decision-making that will be optimal in all cases. An effective inven-
tory control system can not be an isolated entity; but, must be closely
coordinated with other planning and control activities such as sales

forecasting, production planning, and capital budgeting, since it affects




all these activities. Furthermore, no prudent system of budgeting
can be attained unless effective inventory management and control

have preceded it.
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I. JNTRODUCTION

"Why are we always out of stock?" So goes the complaint of great
numbers of businessmen faced with ﬁhe dilemmas and frustrations of :
attempting simultaneously to maintesin stable production operations,
provide customers with adequate service and keep investment in stocks
and equipment at reasonable levels.

But this is only one of the characteristic problems business
managers face in dealing with production planning, scheduling, keeping
inventories on hand, and expediting. Other problems -- just as per-
‘bieﬁihé ahd‘ﬁéffling, when mahagers épbroach them on the basis of
intuition and pencil work alone -~ dre:

"How often should we reorder?"

. "How should we adjust production, when sales are uncertain?"

"What capacity levels should we set for our shop operations?!
"How do we plan producﬁion and procurement for seasonal sales?"
The importance of inventory and management's control of inventory
to the typical business is great. Inventory is important not only
because it is a2 major asset{ but, more critically, because it is a
large current asset. Often, a good inventory control program can enable
management to take scarce working capital out of inventory and apply it
to areas of the business where it "will work harder" —— such as product
development, sales training, and advertising.

Inventory is important, in addition, because the costs of order-

ing, storing, and handling inventory are usually large enough so that




even a small percentage reduction of these costs can make a meaningful
difference to the combany's income statement.

Inventory is created for two general purposes, namely protection
-and econoy:

(1). To provide sufficient material to meet demands for the
particulaf rav material, part, or finished product with a minimum of

delay - (protection).

(2). To effect lower product costs by realizing the economies
resulting from longer manufacturing runs and from purchasing larger
quantities per order - (economy).

Definitions of the words "inventories" and "control" as they
will be used in this report follow:

Inventories constitute a particular category of assets consist-
ing of merchdndlse, raw materials and supplies, work-in-process, and
finished goods. They are items held for sale, or for conversion,

in ‘the normal. course of buciness.1

Control is the function of cons straining and regulating as well
as dlrectlng action for the maintenance of suitable levels of inventory.

The literature on inventory control is unusual in that it ranges
all the way from articles which describe the advantages of inventory
control to highly mathematicél papers which are of use only to the
theoretician. This pape; has attempted to emphasize the practical
aspects of inventory contro} rather than those that are too theoretical

for most businessmen.

Lchris Iuneski, "Some Aspects of the Meaning of Control,"
The Accounting Review, July, 196L, p. 592.

2up Discussion of Various Approaches to Inventory Management,"
The Accounting Review, July, 1964, p. 701.




Statement of the Problem

The purpose of this paper is to isolate the important factors
in inventory management and control and evaluate their effects on
business decisions.,
| In this report, the téchnical aspects which aim at giving the
production and financial managers better control over inventories
will be discussed. A thorough probing of inventory functions, costs,
optimum lot size, and forecasting willtbe conducted to better aid
top management in setting the rules and in formulating the basic
policy decisions for optimum inventory flow. The "how", in the form
af decision rules, and customer service considerations, must be set

by top management. This is our area of challenge and of profit!



II. INVENTORY CONTROL QUESTIONS

The duestion befﬁre hénageﬁent ié: How big should inventories
be? The answer to this is obvious —- they should be just sufficient to
fulfill the needs of the firm. The follow-on question is then asked,
"How do we determine what level is sufficient?" The answer to this
question may be reached through adéquate invenﬁory controls.

_The term'invenﬁory control' suggests that a need exists for con-
trolling inventories. "By controlling inventories, we mean that the
firm must decide what levels of inventory can be economically maintained.
These inventories consist of raw materials and component parts which the
company procures from external sources and component parts and finished

assemblies which the company manufactures itself and must be held for

sale, or for conversion in the normal course of business."3 The reason
‘that a management decision must be made as to what quantifies of pur-
Vchased and manufactured items will be kept in stock is simple. There
-are certvain cost édvantages.and disadvantages to be associated with
every unit of inventory.

To illustrate, an additional unit of inventory will decrease

the risk and, therefore, the cost of not being able to satisfy the

demand for the item; but, on the other hand, it will increase the
cost of storage. Hovever, for a given item, there will be some level
of inventory which will yield a total cost which will be lower than the

total cost generated by any other level,

3Raymond R. Mayer, Production Menagement, (New York: McGraw-
Hill Book Co., Inc., 1962); p. 315.




Yhat the firm's management must do is determine what this most
economical level is for each purchased and manufactured item and then
maintain the inventory at this level. This is what we call inventory
control, or in other words cbntrolling the cost of inventories through

good management.

The question "How big should inventories be?" is made more
difficult by the fact that generaily each individual with a manége—
ment group tends to answer the question from his own point of view.
‘He fails to recognize costs outside his usual framework. He tends to
think of inventories in isolation from other operations. The sales
manager commonly says that the company must never make a customer
-wait; the financial manager says that large inventories are draining
~off cash which should be used to make a profit.

Such a situation occurs a majority of the time. The task of
all production planning, purchasing scheduling, or inventory control
~ functions, in fact, is typicéily to balance conflicting objectives,

- such as those of minimum purchase or productioﬂ cost, minimum inventory‘
investment, minimun storage and distribution cost, and maximum service

to the customers.

Production versus Time

Often businessmen blame their inventory and scheduling diffi-
culties on small orders and product diversity: "You can't keep track
of 100,000 items." !"Forecasts mean nothing." e tre Just a small job
shop." Many businessmen seem to feel that tﬁeif problems in this
respeét are unusual; whereas, actually the problems faced by a moder-
.afe-éized manufacturer with a widely diversified. product line are
almost typical of business today.

(-3



Because of the diversity of products sold by most firms, the costs
of paperwork, setup, and control represent an extremely heavy drain on
many a company's profit and a severe cost to its customers. The variety
Qf_output has often blinded ﬁanagement to the opportunities for more sys-
?;giﬁlg production flow and for the elimination of many of the ineffi-
ciefcies of job-shop operation by better organization and planning.

The problem of planning and scheduling production or inventories
pervades all operations concerned with the matter of production versus
time -- that is, the interaction between production, distribution,
and the location and size of physical étocks. It occurs at almost
every step in the production process: purchasing of raw materials,
production of in-process materials, finished production distribution
of finished products and service to customers. In multiplant oper-
ations, the problem becomes compoundéd because decisions must be made
with reference to the amount of eaéﬁ item to be produced in each factory;
management must also specify h;w the warehouses should be served by the
plants.,

Action versus Analysis oty SE Roew N i

The questions uninformed businessmen raise in connection with
management and control. of inventories are basically aimed at action
rather than questioning and resolving the functions the inventory is
“performing in the situation.. The questions are stated, unsurprisingly,
in the cheracteristic terms of decisions to be made: ¥here shall we
maintain how much stock?! "#ho will be responsible for it?" Yithat shall
we do to control balanceé or set proper schedules?" A managef necess-—
arily thinks of problems in production planning intterms of centers of

responsibility.



However, action questiions are not enough by themselves. In order
to get at the answers to these questions as a basis for taking action,
it is necessary to back off and ask some rather different kinds of ques-
tions: "Vhy do we have inveﬁtories?" Wihat effects the inventory
balanccs‘we maintain?® "How do thesé effects take place?" From these
questions, a picture of the inventory problem can be deliheated which
shows the influence of inventories and costs of the various alte}na—
tive decisions which the menagement may ultimately want to consider.

This type of analytical question has been answered intuitively
bi‘businessmen vwith moderate success in the past. Consequently, most
of the effort toward improved inventory management has been spent in
other directions; it has becen aimed at better means for recording,
filing, or displaying information and at better ways of doing the
necessary clerical work. This is all to the‘good, for efficient
data-handling helps. Howeve?; it.aoes not lessen the need for a more
systematic approach to inventory problems that can take the place of
intuition.

As business has grown, it has become more complex; and, as
business executives have become more and more specialized in their
Jobs or farther removed from direct operations, the task of achieving
an economical balance intuitively has}become increasingly difficult.

One of the principal difficulties in the intuitive approach is
that the types and definitions of cost which influence appropriate in-
ventory policy are not those characteristically found on the bocks of
a company. Many costs, such as setup or purchasing costs, are hidden

in the accounting records. Others, such as inventory capital




costs, may never appear at all. Each cost may be clear to the
operating head primarily responsible for its control; because

it is a "hidden" cost, however, its importance may not be clear at
all to other operating executives concerned. The resulting confusion
may make it difficult to arrive at anything like a consistent policy.

In the last five years in particular, operations research teams

have succeeded in using techniques of research scientists to develop
a practical analytic approach to inventory cost questions, despite

growing businesi size, complexity, and division of management
responsibility.

Lprthor H. Smith, "Improved Techniques for Inventory Management
and Control," An Application of Operations Research Approach,
(A Case Study at General Mills, Minneapolis, Minn.), September, 196l,
Sec. 3, p. 17.




III. INVENTORY FUNCTIONS

The basic functions of invenltories serve to decouple successive

operations in the process of ma}ﬁng a product and getting it to the

consumers. For example, inventories make it possible to process a
;pfoduct at a distance from custoﬁers or from raw material supplies,
or to do two operations at a distance from one another. Inventories
make il unnecessary to gear production directly to consumption or to
force consumption to adapt to the necessities of production. There-
fore, inventories free one stage in the production-distribution
- process from the next, permitting each to operate more economically.
The essential question is:" -At what poin£ does the uncoupling
function of inventory stopﬂéarning enough advantage to justify the
investment required? To arrive at a satisfactory answer we must
distinguish between (a) inventories necessary because of the time
required to complete an oﬁeratién and to move the product from one
;£aéé“§f p;oduction to another, and (b) inventories employed for

organizational reasons, for example, to let one unit schedule its

operations more or less independently of another.

Movement Inventories

Inventory balances needed because of the time required to
move stocks from one place to another are often not recognized,
or are confused with inventories resulting from otker needs —-
that is, for example, economi cal shipping quantities (to be

discussed in a later section).




The average amount of movement inventory can be determined from
the mathematical expression I=SXT in which S represents the average
sales rate, T the transit time from one stage to the next, and I the
movement inventory needed. For example, if it takes two weeks to
move materials from the plant to a warehouse, and the warehouse sells
100 units per week, the average inventory in movement is 100 units
per week times 2 weeks, or 200 units. From a different point of view,
vhen a unit is manufactured and ready for use at the plant, it must
sit idle for two weeks while being moved to the next station (the ware-
house ) 3 sg, on the average, stocks equal to 2 weeks' sales will be in
movenent, -

g Hbvemeﬁf ihveﬁtories are.usuéliyitﬁoﬁéhfnbf in bonnecfidn with
ﬁovement between distant points.4— plant to warehouse. However, any
plant may contain substantial stocks in movement from one operation
to another. Movement stock is one component of the "float" or in-
process inventory in a manufacturing operation.

VWhen sales or time-in-transit changes, the quantity of movement
stock is changed. Time-in-transit is largely a result of method of
transportation; although, improyg&ents in loading or dispatching
practices may cut transit time by eliminating unnecessary delays.

Other influences of time-in-transit on total inventpries vill be

"described in connection with safety stocks.

Organization Inventories

Management's most difficult problems are with the inventories
purchased to satisfy the idea that the more inventory carried between
stages in the manufacturing—distribution process, the less coordina-
tion is required to keep the process running smoothly.

Despite superficial differences among businesses in the nature

5John F. Magee, Production Planning and Inventory Control,
(New York: McGraw-Hill Book Co., Inc., 1958), pp. 17, 18.
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and characteristics -of the organization inventory they maintain, the
following three functions are basic:

(1). lot size inventories are probably the most common in busi-

"ness. They are maintained wherever the user makes or purchases material
in larger lots than are needed for his immediate purposes, for example:

It is common practice to buy raw materials in relatively large
quantities in order to obtain quantity price discounts, keep shipping
costs in balance, and hold down clerical costs connected with making
out requisitions, checking receipts and handling accounts payable.

‘Similar reasons lead to long production runs on equipment calling for
expensive setup, or go sizable replenishment orders placed on factories
by field warehouses.

(2). Fluctuation stocks, also very common in business, are

"held to cushicn the shocks arising from unpredictable fluctuations
in consumer demand, for example:

Warchouses and retail outlets maintain stocks to be able to
supply consumers on demand, even when the rate of consumer demand may
show quite irregular and unpredictable fluctuations. In turn, fac-
tories maintain stocks to be in a position to replenish retail and
field warehouse stocks in line with customer demands.l

Short-~term fluctuaticns in the mix of orders on a plant often
make it necessary to carry stocks of parts of subassemblies, in order

=i give assembly operations flexibility in meeting orders as they
arise vhile freeing earlier operations from the need to make momentary
adjustments in schedules to mect assembly requirements. In most cases,
anticipating all fluctuations is uneconomical, if not impossible.
But a business cannot get along without some fluctuation stocks unless

it is willing and able to frequently make its customers wait until the

material needed can be purchased conveniently or until their orders

6Mayer, p. 185.

TMayer, p. 186.



1%

can be scheduled into production conveniently. Fluctuation stocks
are part of the price we pay for our general business philosophy of
serving the consumers! wants and whims rather than having them take
what they can get at the time.

(3). Anticipation stocks are needed where gocds or materials

are consumed on a predictable but changing pattern through the year,
and where it is desirable to absorb some of these changes by building
and depleting inventories rather than by changing production rates ﬁith
attendant fluctuations in employment aﬁd additional capital capacity
requirements.

The need for seasonal stocks may also arise where materials are
produced at seasonally fluctuating rates, but where consumption is
réasonably uniform., It is fair to say that in most businesses the
risks and excessive costs of back bfders so outweigh inventory costs
that a substantial protectionoin the form of safety stocks is justi-
fied. These safety stocks must be large enouszh so that inventories
can be restored, after an unexpected sales spurt, by a smooth and
and moderate adjustment in pfoduction rate.

Sales, marketing,.and productiop executives alike have an
immediate, vital interest in safety stocks. In these days of strong
but often unpredictable salés, safety stocks afford, for the factory
as well as for the sales office, a method of buying short-term pro-
tection against the uncertainties of customer demand. They are the
additional inventory on hand which can be dravm upon in case of
emergency during the period between placement oflan order by the
customer and receipt of the material to fill the order. However,

in practice their potentials are often needlessly lost.
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One reason for the failure is a very practical one. Because
safety stocks are designed to cope with the uncertainties of sales,
they must be controlled by flexible rules so that conditions can be
met as they develop. But sometimes the need for flexibility is used
as an excuse for indefiniteness: "We can't count on a thing; we
have to play the situation bf ear", And, in any sizable organization,
when people at the factory level start "playing it by ear", one can
be élmost sure that management policy will not be regularly traﬁs-
lated into practice.

Numerous studies have shown thal the methods used by existing
inventory systems in industry often violate sound control concepts.
The economy of the company is maintained, in the face of instability
and inefficiency in the inventory control system, only because of
constant attention, exercise of ovq:%iding common sense, and use of
expediting and other emergencyﬁmeasures outside the routine of the
system.

Actually, it is possible to have inventory controls which are - ;
not only flexible bﬁt alsc carefully designed and explicit. But the ‘
task needs special analytical tools; in a complicated business it
defies common-sense judgment and simple arithmetic. Methods must be
~employed to take direct account of uncertainty and to measure the
response characteristics of the system and relate them to costs.

Such methods are the distinctive mark of a really modern, progressive
inventory control system.

Basically, there are two different methods of inventory replen-
ishment systems designed to handle uncertainty about sales: fixed

order, commonly used for bins of parts or other materials; and



;f—.

1L

periodic reordering, frequently used for inventories involving a
large number of items under clerical control. While the two are
basically similar in concept,.they have somewhat different effects
on safety stocks, and choice of one or the other, or some related
variety, requires careful consideration.

The fundamental problem of éetting safety stocks under either
sys?em is balancing a series of types of costs which are not found in
the ordinary accounting records of fhe company--costs of customer
service failure, of varying production rates (including hiring and
training expenses), of spare capacity, and others. Often srecialists
can find the optimum balance with relatively simple techniQues once
the cost data are made explicit. However, part of the needed data
can come only from top management. For example, the tolerable risk

of service failure is generally a pelicy decision.

Striking A Balance

The "joker" is the fact that the gains whiéh these organization
inventories achieve in the way of less need for coordination and plan-
ning, less clerical effort to‘handle orders, and greater economies in
manufacturing and shippiné are not in direct proportion to the size
of the inventory. Even if the additional stocks are kept well balancad
and properly 1ocatéd, the gains become smaller, while at the same time
the warehouse, obsolescence, and capital costs associated with main-
taining inventories rise in proportion to, and sometimes even at a
faster rate than the inventories themselves. To illustrate:

Suppose a plant needs 2;OOO units of a specially machined part

in a year. If these are made in runs of 10C units each, then 20 runs
with the attendant setup costs will be required each year.
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If the produc£ion quantity were increased from 100 to 2CO units,
‘only ten runs would be required--a 50% reduction in setup costs, but a
100% increase in the size of a run and in the resulting inventory bal-
ance carried.

If the runs were furtﬂer increased in length to L0O units each,
only five production runs during the year would be required--only 25%
more reduction in setup costs, but 200% more increase in run length
and inventory balances.8 ’

The basic problem of managehent of inventory policy connected
with the three functional types of inventories discussed is to strike
a balance belwieen the increasing césts and the declining return earned
from additional stocké. It is because striking this balance is easier
to say than to do, ana because it is a problem that defies solution
through intuitive understanding alone, that new concepts are necessary.

This problem of the management of inventory includes production
scheduling and varies widely from company to company, Where finished
items can be stocked, the important cost factoré to weigh may be stor-
age, clerical procedures, seﬂﬁp, supervision, etc. But where finished
items cannot be stocked, the problem is one of setting capacity levels
large enough to handle fluctuating loads without undue delay, which
involves the cost of unused labor and machines. Despite the great
variety of situations that are possible, specific mathematical approaches
and theories are available for use in'solving almost any type of company
problem.

However, there is no alternative which has only advantages.

Inherent in the solution of the problem is the fact that inventories

do perform the important function of offsetting errors in forecasting,

8John L. O'Donnell and M. S. Goldberg, Elements of Financial
Administration, (Columbus, Ohio: Charles E. Merrill Books, Inc.,

1962), p. 133.
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permitting the leveling out of production schedules, enabling the
firm to procure and produce in economic lot sizes, and minimizing
the adverse effects of differences between actual and scheduled

progress; they do all this at a price.
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IV. INVENTORY COSTS

A}

This brings us face to face with the question of the costs
that influence inventory pdlicy, and the fact that they are char-
acteristically not those recorded, at least not in a directly
available form in the usual industrial accounting system.

Accounting costs are derived under principles developed over
many years and strongly influenced by tradition. The specific
methods and degree of skill and refinement may be better in parti-
cular companies; but in all of them the basic objective of accounting
procedures is to provide a fair, consistent, and conservative valua-—
tion of assets and a picture of the flow of values in the business.’

The definition of costs for production and inventory control
will vary from time to tiﬁe -- even in the same company -- according
to the circumstances and the length of the period being planned for.
The following criteria apply: .

(1). The costs shall “represent "out-of-pocket" expenditures;
that is, cash actually paid out or opportunities for profit foregone.
Overtime premium payments are out— of-pocket; depreciation on equip-
ment on hand is not. To the extent that utorage space is available
and cannot be used for other productive purposes, no out-of-pocket
cost of space is incurred; but to the extent that storage space is
rented or could be used for other productive purposes, a suitable
charge is justified. The charge for investment is based on the out-
of-pocket investment in inventories or added facilities, not on the
"book" or accounting value of the investment.

(2). The costs shall represent only those out-of-pocket expen-
ditures or forsgone opvortunities for profit whose magnitude is
affected by the schedule or plan. Many overhead costs, such as super-
vision costs, are out-of-pocket; but neither the timing nor the size
is affected by the schedule. Normal material and direct labor costs
are unaffected in total and so are not considered directly; however,
these, as well as some components of overhead cost, do represent out-
of-pocket investments, and accordingly enter the picture indirectly
through any charge for capital.

9Stan1ey Z. Bronner, "Organizational Aspects of Inventory
Management,” NAA Bulletin, Dec. 1961, Section 1, p. Ll.

1OCharles F. Margeson, "Financial Aspects of Inventory Control, "
Financial Executive, April, 1959, p. 16l.
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Direct Influence

Among the costs which directly influence inventory policy are:

(1). Costs that depend on the amount ordered:

(a). Quantity discounts - In the case of purchased mater-
ials, the firm is often in a'position to obtain a reduction in the unit
purchase price if it purchages these items in larger lots. Since the
same average number of units will be purchased per year regardless of |
tHe lot size, a lower unit purchase price will reduce the average
annual purchase cost. However, a decision to increase lot sizes in
order to take advantage of available quantity discounts is a decision
To increase the average inventory of these materials. In brief, the
factor of quantity discounts encourages the purchase of larger lots
and, hence, the maintenance of larger purchased materials and parts
inventories. '

(b). Setup costs - Setup costs are incurred every time

a firm inaugurates production of a given item. These costs are

fixed per setup because the same expense is incurred in setting up
equipmentlwhich ﬁill tﬁen be used to manufacture one unit as is
incurred in setting up equipment which will then be used to manu-
facture one thousand units. Thevonly'exception to this statement
would be in ihe case of a decision to manufacture larger lot sizes
which would resuit in the use of different manufacturing methods

and, hence, a different setup. But for a given method of production,
setup costs will remain constant. Consequently, since the same
average number of units will be produced per year regardless of the
lot size, larger lot sizes mean fewer setups per year and, therefore,

lower setup costs per year. However, as the lot size increases,
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the average inventory of the item being produced will increase; and
this cost element encourages the maintenance of larger inventories
of manufactured parts and products.

(c). Production control and procurement costs - Every time a

given product is to be manufactured, the production control depart-
ment must check on the availabilify of the factors of production,
schedule the work, prepare various forms and instructions for the
shop, and determine the progress of production. The nature of these
activities is such that the cost of performing them ﬁay be indepen-
dent of the size of ﬁhe order or may increase somewhat és the order
size increases, but at a relatively lower rate. As a result, as lot
sizes increase, fewer orders will be processed and average annual
production control cots will decrease. This will encourage the
production of larger lots and, therefore, the m;intenance of higher
average inventories of the ifems involved.

Similarly, when materials or parts are to be purchased,
purchasing requisitions must be prepared, purchase orders must be
placed, and paper work of a.clerical nature must be perforﬁed when the
materials are received. ' As in the case of production control activi-
ties, the cost of these procurement aétivities may be independent
of the size of the order or may increase by a smaller percentage than
the percentage increase in the size of the order. Consequently, the
firm would have an incentive to reduce the number of purchase orders
" by increasing the size of purcﬁased lots and, therefore, the average
level of its inventories. Doing so would reduce average annual procure-

ment costs Tor purchased materials and parts.




(d). Shipping costs - These costs represent another fac-

tor to the extent that they influence the quantity of raw materials
purchased and the resulting raw stock levels, the size of intraplant
or plant-warehouse shipments, or the size and the frequency of ship-
ments to customers.

(2). Production Costs:

(a). Overtime and shift premium costs ~ This is a cost

element which suggests a need for ieveling out of production demand
schedules generated bj the sales forecast. For example, the manage-
ment may find that there will be periods in which the plant capacity
is inadequate. To provide the necessary capacity during these peak
periods, the firm could schedule overtime work or add a second shift.
If this is done the éompany vill usually have to pay an overtime prem-
ium or a shift premium to those employees assigﬁed to the second or
third shift. .

Obviously, this will raise labor costs for a given level of
annual output. In addition, employees who work overtime or are assignea
to the second or third shift ordinarily operate at a lower efficiency
than do the other employees. This further tends to increase annual
labor costs. A possible alternative is to have the shop produce in
advance during periods of lower demand. This, of course, will result
in an increase in inventories of finished parts and products, but
vill eliminate or minimize the additional costs to be associated with
overtime or extra-shift operations. Therefore, the existence of this
cost element encourages the maintenance of higher average inventories

of finished parts and products.



21

(b). SHakedown costs - "These learning costs show up

wherever output during the early par£ of a new run is below standard
in quantity or quality."11 A cost of undercepacity operation may
also be encountered. For example, where a basic labor force must be
maintained regardless of volume, it is accounted for as a directly
variable labor cost.

(c). Hiring, training, and layoff costs - If the company

ch&oses not to schedule overtime and extra-shift work during periods
of peak demand, it aléo has the alternative of hiring additional
personnel during these periods and laying them off during periods

of reduced demand. However, there are certain costs to be asso-~
ciated with this alternative. Vhen new personnel are to be hired,
they must be recruited and interviewed, their applications must be
processed, appropriate records must be established, and very often
they must be trained. Similérly, laying off personnel involves scme
paper work, interviews, and very often severance pay. All this can
represent an apprgciable expense to the company. Further, if the
firm obtains a répﬁﬁétion of being unable to offer stable empioyment,
it may encounter difficulties in its attempt to recruit qualified
personnel. Those that are recruited ﬁay be relatively inefficient,
with the result that labor -costes for a given level of annual output
will increase. Again, all these costs suggest a need for leveling out
the demand for manpower, and this can be done by building up inven-

tories during periods in which a reduced demand exists for a company's

1lPrank J. Andress, "The Learning Curve as a Production Tool,
Harvard Business Review, January-February, 195L, p. 8L. .




products. ILike overtime and shift premium costs, these cost factors
encourage the maintenance of higher inventories of finished parts and
products.

It is also important £o note that if the company attempts to
eliminate hiring, training, ahd layoff costs by retaining excess per-—
sonnel on the roll during slack periods, average annuel labor costs will
be higher than they need be. As long as these redundant costs exist,
the incentive to level out the real demand for manpower will remain.,

(3). Costs of Handling and Storing Inventory:

(a). Handling costs - Materials and parts must be trans-

ported from the receiving department to the storeroom, from the store-
room to the point of use, etc., etc. . . . and finally from the last
vork station to the stock room. On occasion,_the cost per move will

be constant for a certain range of duantities handled. Or in some
cases, the increased cost of handling is not as great at the increase
in the quantity being handled. 1In all such cases, handling costs per
unit produced or purchased will decrease as the quantities héndled

are increased. Tﬁese quaniities will also increase as the manufactured
and purchased lot sizes increase.

As in the case of setup and like costs, lower unit hand-
ling costs will yield lower annual handling costs because the amount
of material handled per year will be unaffected by the amount of
material handled at any one time. Therefore, the factor of handling
costs encourages the procurement and production of larger lot sizes,
which is synonymous with maintaining higher inventories.

In other cases, however, it may be that increased inven-

tories will result in the overcrowding of storage areas. When this is
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true, the handling of materials may become more difficult aﬁd, there-
fore, more time-consuming. Consequently, annual hendling caqsts will
tend to increase. VYhen this occurs, it proves to be a force which
encourages the firm to carry small inventories.

(b). Storage costs - As a rule, an increase in the level

of inventories carried by tﬁe company is accompanied by an increase
in storage costs. Storage costs include such things as the cost of
fléor space, the cost of heat, light, and maintenance for the area
in which the inventories are stocked, and the cost of insurance.
Yhen these costs increase aé inventories increase, thi§ factor
encourages the maintenance of lower inventories.

Yet, there are cases in which an increase in inventories
has no effect or a negligible effect on average annual storage costs.
It may be that the additional rqu%;ed floor space costs the company
nothing, because if it were not used for storage, it would just lie
idle. Similarly, an increase in the amount of space allocated to the
storage of stock may have no effect on the amount of heat; light, and
maintenance requifed. Also, a slight increase in the value of inven--
tories may not necessitaﬁe an increase in the amount of insurance being
carried. If this is true, the factorfof storage costs becomes irrelev#nt.

(c). Obsolescence and spoilage costs - Thesé cost factors

may take several forms, including:

) Outright spoilage after a fixed period.

(2). Risk that a specific unit in stock or a indi-
vidual product number wills:

a. become technologically unsalable, except at a

discount or as spare parts.
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b. go out of style.

The exact nature of deterioration varies from product to
product. Certain food and drug products, for example, have spécified
maximum shelf lives and must either be used wifhin a fixed period of
time or be scrapped. OSome kinds of style goods, such as many lines
of toys, Christmas novelties, or women 's clothes, may effectively
"spoil" at the end of a season, with ohly reclaim or scrap value.
Some kinds of technical equipment ﬁndergo almost constant enginecring
change during their pfoduction 1ife; thus, component stocks may
suddenly and unexpecgedly be made obsolete.

(d). Thievery - Materials, parts, tools, and supplies
are all subject to being taken home. Unfortunately, men will pil-
fer almost anything they can carry home that belongs to the company.
Somehow they secem to think that stealing from the company is not
zreally stealing. In fact, iﬁ"the case of small tools, carrying them
home may be accidental. However, the failure to return them is
certainly intentional.

One electronics.company found it had no end of trouble
with disappearing diodes, transistors, tubes, and evc. It wasn't
only the value of the items that made trouble, but what was worse
vas the fact that they weré actually running out of production stock !
They finally adopted the policy of giving free parts to those men
that asked for them. The problem of unauthorized disappearances
of parts and their undue cost was thereby drastically reduced.

By making a show of policing thievery, most high-value




stealing of goods will be prevented. Actually, the purpose is not,
primarily, to catch people involved in petty stealing because they

have to then be fired on the spot; but one must keep stealing to a min-
imum loss and definitely prevent all organized large-scale thievery.

Companies furnishing hand tools fof production may
allow their men to sign the tools out for home use and make it
so easy for them to take things home "officially" that there is
no reason for them to steal. Gompaniés may evenflet their men charge
themselves for tools taken home resulﬁing in much lower losses after
initiating this change in policy.

Toolroom employees and the stock room employees need watch-
ing, too. They are normally not above helping themselves, especially
vhen they know thét tﬁére is little-or no inventory loss control;

A supervisor's desk placed in a gédd position to view the stock and
the tool rooms can greatly rééuce this practice.

Materials disappear too, particularly scrap. It is
generally censidered best to let the men take home small pieces
for their hobbies or alternéﬁively, sell them at "five and ten
cent" prices from a scrap shop.

Good ihventory control can reduce the temptation for
employees to steal or to be-careless with materials and parts. Shor-
tages caused by such actions can sometimes hold up production. Organ-
ize the records to reveal what is happening to spare parts, tools,
and other equipment and let the employees know they are being watched.

Supervisors should be instilled with the aesire to act as if

the inventories have value. They 'should also keep aware of slovenly




material and tool handling or usage and make on the spot correction

of infractions.

Capital Investment

Evaluating the effect of inventory decisions and scheduling
policies upon capital investment and the worth of capital tied up
in inventories is one of the most difficult problems for management

in the resolution of inventory policy questions.

Think for a moment of the amount of capital invested in inventory.
This is the out-of-pocket, or avoidable, cash cost for material, labor,

and overhead of goods in inventory. For example, raw materials are

normally purchased in accordance with production schedules; and, if
the production of an item can be postponed, buying and paying for

raw materials can likewise be put off.

Usually, the raw material cost represents a part of the out-of-
pocket inventory investmen£°in finished goods. However, if raw mater-

nust be purchased when available, regardless of the production

1le, the raw material component of finished product cost does not
jent avoidable investment and, therefore, should be eliminated

;he computation of inventory value for planning purposes.

s for maintenance and similar factofy overhead items, they are
usuzlly paid for the year ‘round, regardless of the timing of production
scheduled. Therefore, these elements of burden should not be counted
as part of product investment for planning purposes either. However,

if the maintenance costs actually vary directly with the production

rate, they should be included, of course.




Moreover, it is dangercus to assume that, as a "short-term"
investment, inventory is relatively liquid and risklesé. A businéss—
man might say, "After all, we turn our inventory over six times a
year." In reality, inventox& investment may or may not be short-term
and riskless, depending on the circumstances. No broad generalization
is possible, and each case must be decided on its own mérits.

For example: A great deal of inventory carried in business is
as much a part of the permanent investment as the machinery and buil-
dings. The inventory must be maintained to make operations possible as
long as the business is a going concern. The cash investment released by
the sale of one item from stock must be promptly reinvested in new stock,
and the inventory can be liquidated only when the company is closed.
How much more riskless is this than other fixed manufacturing assets?

To take an extreme case, inventory in fashion lines or other types
of products having high obsolescence carries a definite risk. Its value
depends wholly on the company's ability to sell it. If sales are insuffi-
cient to liquidate the inventory built up, considerable losses may result.

At the other extreme, inventory in stable product lines built up
to absorb short-term seasonal fluctuations might be thought of as bear-
ing the least risk, since this type of investment is characteristically
short-term, But even in these cases there can be losses. Suppose,
for instance, that peak seasonal sales do not reach anticipated levels
and substantially increased costs of storage and obsolescence have to
be incurred before the excess inventory can be 1iquidated.13

It might now be pointed out that the cost of the dollars investéd
in inventory may be underestimated if bank interest rate is used as
the basis, ignoring the risk-bearing compensation. How many business—
men are actually satisfied with uses 6f their companies' capital funds
which do not earn more than a lender's rate of return? In choosing a
truiy appropriate rate -- a matter of financial management policy -—-

the executive must answer some questions:

1. Where is the cash coming from -~ inside earnings or outside
financing?
2. Vhat else could we do with the funds, and what could we earn?

13Samuel Filon, Elements of Production Planning and Control,
(New York: The MacMillan Company, 1962), p. 163.




3. When can we get the investment back, if ever?

li. How much risk of sales disappointment and obsolescence is
really connected with this inventory?

5. How much of a return do we want, in view of what we could
earn elsewnere or in view of the cost of the money to us and the risk
the inventory investment entails?ll

(2). Investment in Facilities:

Valuation of investment in facilities is generally important
only in long-run planning problemé—~as, for example, when increases
in productive or warehouse capacity are being considersd.

Facilities investment is also important where productive
capacity is taxed, and where the form of the plan or schedule vill
determine‘the amount of added capacity which must be installed.

The facilities investment should represent out-of-pocket investment,
or as an alternate, foregone opportunities to make an out-of-pocket

investment elsewhere.

Customer Service

An important objectivélin most production planning and inven-
tory coﬁtrol systems is maintenance of reasonable customer service.
}p_eygluationrqf thevworﬁh of customer service, or the loss suffered
through poor service, is an important part of the problem of arriving
at a reasonable inventory poliey.

The result of being unable to establish satisfactory delivery
dates may be the loss of pétential orders. The cost of these lost
orders is the profit the firm would otherwise have realized. In addi-
tion, there is also the possibility that if the customer finds it

necessary on occasion to place his order with another supplier,

lbw111iam R. Spriegel and Richard H. Ianbﬁrgh, Industrial
Management, (New York: John Wiley and Sons, Inc., 1963), p. 33.3.




he may continue to order from this new supplier. Therefore, this loss
of subsequent profits becomes an additional cost to the firm since
future orders will now not be forthcoming.

This cost is typically very difficult to arrive at, as it includes
the papervork costs of rehandling back orders and, usually much more
important, the effect of cuétomer-dissatisfaction on future profits.

In some cases it may be possible to limit consideration to the
cost of producing the needed material on overtime or of purchasingrit
from the outside and losing the contribution to profit which it would
have made. On the other hand, sometimes the possible loss of customers
and their sales over a substantial time may outweigh the cost of direct
loss in immediate business; and it may be necessary to arrive at a
statement of a '"reasonable'" level of customer service--that is, the
degree of risk 6f running out of ;téck, or perhaps'the number of times
a year the management is vwilling to run out of an item.

In other cases, it may be possible to arrivé at a reasonable
maximum level of sales which the company is prepa¥ed to meet with 100%
reliability, beiné recoﬁciled to have service suffer if sales exceed
this level.

One of the purposes of inventory control analysis is to help
management arrive at a realistic view of the cost of poor service; or
of the value of bﬁilding high service. It is necessary to lay out
clearly what the cost in inventory investment and schedule changes is
to achieve the desired degree of customer service. OSometimes when
these costs are clearly brought home, even a 100% service-minded man-
agement is willing to settle for a more realistic "excellent" service

‘at moderate cost, instead of striving for "perfect! service entailing

extreme cost.



V. OPTIMUM IOT SIZE

One of the inventory problems which plague businessmen the most
is that of the optimum size of lot to purchase or produce for stock.
This happens also to be one of the oldest inventory problems. This
does not lessen the fact that it is one of the most profitable for

a great many companies to attack today with new techniques.

Common Practices

This problem arises because of the need to purchase or produce in
quantities greater than will be used or sold. Thus specifically, busi-
nessmen buy raw materials in sizable quantities -- carloads, or even
trainloads -- in order to reduce ‘the costslconnected with purchasing
and control, to obtain a favorabie price, and to minimize handling and
transportation costs. They replenish factory in-process stocks of parts
in sizable quantities to avoid, where possible, the costs of equipment
setups and clerical routines. Iikewise, finished stocks are maintained
in warehouses in quantitieé substantially greater than the typical
amount sold at once. |

Where the same equipment is used for a variety of items, the
equiﬁment will be devotea first to one item and then to another in
sequence, with the length of the run in any individual item to be
chosen, as far as is economically possible, to minimize change-over
cost from one item to another. It also reduces the production time
lost because of clear-out requirements during changeovers. Blocked
operations of this sort occur frequently, for example, in the petro-

.leum industry, on packaging lines, or on assembly lines vhere change~



ment, (New York: John Wiley and Sons, Inc., 1965).
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over from one model to another may require adjustment in feed speeds
and settings and change of components.

In all these cases, the practice of replenishing sféckélin siz--
able quantities compared with the typical usage quantity means that
inventory has to be cerried. It makes it possible to spreéd fixed costs,
such‘as setup and clérical Coéts,_over many units and thus reduce the
unit cost. However, one can carry this principle only so far; for, if
the repleﬁishment orders become too large, the resulting inventories
get out of line. The capital and handling costs of carrying these
inventories can more than offset the possible savings in production,
transportation, and clerical costs. Here, again, a balance must be
struck between these conflicting considerations. .

~ Even ‘though formulas for solerlng'the optimum 19?_§£?g~a§?
presented in many texts,l5 few companies make any attempt to arrive
at an explicit quantitative Qalan;é of inventory and changeqver or
setup costs. Why°

For one thlng, the cost elements which enter 1nto an expllclt
solution freqaently are very dlfflcult to measure. For example, it may
be possible to get a fairly accurate measure of the cost of settlng up
a particular machine; bu£ it may be almost impossible to derive the cost
of making out a new production order. Warehouse costs may be accumulated
separately on thelaccounting records, but these rarely show what the cost
of housing an additional unit of material may be. Seldom do the capital
cost or computed interest cost results, connected with inventory invest-

ment, ever appear on the company's accounting records.

15James W, Pritchard and Robert H. Eagle, Modern Inventory Manage-
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Furthermore, inventory is traditionally valued in suéh a vay
that the true incrementsal investment is difficult to measure for pur-
poses of scheduling. Often, companies attempt to strike only a quali-
tative balance of these costs to arrive at something like an optimum
or minimum-cost reorder quantity.

We can now visuzalize the value of an analytic solution does not

rest solely on one's abil’' - "lug-in' precise cost data to get an
aﬂswer. An analytic sol n helps clarify questions of prin-
ciple, even vith only ci: veilable for use.

"However, 33% of maﬁufacturing firms today still
have not accepted the pii. f optimum reorder quantities from
the over-all company stzc Only five per cent of these firms

depend on some type of ¥OO variation."16 Instead, production review

or traffic opinion is relied upon for decisions. Here, too, the

analytic solution can be of-help, even vhen the cost data is incomplete.
In addition, it is noted that in fewer than sixty per cent of

the small manufacturing firms reporting in a survey of operating contrél

techniques, stated that they had the basic information for effective

control of inventory. The others relied on frequent counting or

informal reports. Only thirty-seven ﬁer cent of these firms even made

written “sales forecasts”.17

16uEyxclusive Survey of American Production and Inventory Control
Society," Factory, April, 1961, p. 1hLl.

17william G. Dick, "Operating Controls in Small Manufacturing
Firms," Small Business Administration Bulletin, No. 13kL, Washington,
D.C., May, 1963. ;




__illustratesnthisﬁpropQSif_

Analvtical Results

¥hen the analytic approach is applied to a firm's problems, it
reveals certain relationships which are significant and useful to
executives concerned with inventory order quantities:

(1). The appropriate order quantity and the average inventory
quantity vary with the square root of sales. This means that with the
same setup costs and ordefing costs, the larger the sales volume for
an item, the less inventory per unit of sales is necessary. This elim-
inates, of course, one of the sources of inefficiency in many inventory
control systems -- namely, the system of rigidly ordering and maintain-
ing inventories equal to one month's sales.

(2). The total cost in the neighborhood of the optimum economic

order quantity is also relatively insensitive to small changes in the

ordered amount. Exhibit I
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18Robert H. Bock and ¥illiam K. Holstein, Production Planning

and Control, (Columbus: Charles E. Merrill Books, Inc., 1963), p. 195.

-




ﬁ——

With the establishment of these reletionships, the first essen-
tiel to the analytical approach can thus be gained--that is, defining
the éppropfiate inventory function. In some cases, the function is
to permit purchasé or manufagture in economical quantities or lengths;
in other cases it will be grossly different.

The important point is that the basic function is identified

vherever it may be found--in manufacturing, purchasing, or warehouse

opération. ) -
The only way to cut inventories is to organize operations so

that they are tied more closely together. For example, a company

can cut its raw materials inventory by buying in smallér quantities

closer to needs, but it does so at a cost; this cost results from

~ . .-the increased clerical operations needed to tie the purchasing A i

function more closely to manufacturing and to kéep it more fully

informed of manufacturing's blans and operations. The right inven-—

tory level is reached when the cost of maintaining any additional

inventory cushion offsets the saving that the additional inventory

€arns by:permittiﬂg‘thé'plant'to operate in a somewhatiless fully

organized fashion.




VI. ANTICIPATION OF FUTURE NEEDS

Inventory control reaily starts when it is determined how much
of each product to make. BMost companies manufacture nearly all their
products to stock. They make the products before they are sold, before
they know who they will be sold to, and even before they know how many

they will be able to sell.

Forecasting

Forecasts of customer demand are fundamentzl to the operation of
a business. Any company's survival depends on its ability to adapt its
products and its operations to its customers! needs, to stimulate a‘peed
or desire for its products, and to efficiently service its products when
“the demand arises. The problem of how to forecast demands as accurately

as possible is essential to the dewvelopnent of master producticn sched-

ules. The field of sales forécasting is a complete study in itself.

In a general way, most large companies forecast their busirness
goals from five to ten years in advance. They use these long range
forecasts in deciding on new building programs and product development
wvork. Production and inventory control is concerned with using fore-
casts for the near futuré, however, not the distant future. It is some-
times concerned with the company's sales for as far as fifteen months

ahead. The types of sales forecasls used are:

(1). General Business level Forecasts:

Most companies' sales depend a great deal on general business con-
ditions, so initially a firm is likely to need a general business fore-
cast. The economic research departments of large companies are constantly

studying business conditions and the reports of business conditions made




by outside economic -research organizetions.

There are also a great number of public and private economic
research forecasting organizations that send out their forecasts for
a fee. There are numerous professional forecasting agencies, weekly
newsletters, and government agencies all periodically reporting on
the economic status and health of -the nation.

Since most companies' production and inventory levels are affected
byPgeneral business levels, they definitely need to be knowledgeable vith

general business forecasts before they can forecast their own business.

(2). Industry's Forecasts:

A company's sales, in any short period, depend upon how well its
industry is doing. Hence, step two involves determining how the indus-
try is flourishing. Industry information is obtained thru trade asso-
ciations and conferences, private.gkganizations; U. 5. Department of
Commerce, and business magazines and journals. Companies whose busi-
ness derives from that of other firms must look at sales forecasts
for their customers! industries when making their ovmn sales forecasts.

(3). The Company's Forecasts:

The third step in‘forecasting is to consider the company's owm
~sales estimates. These are determined from the:

(2). Consensus of opinion of the organization's top officials,

(b). AOrders currently “logged",

(¢). Salesmen and distfibutoré,concerning their territory
conditions and customer buying plans, and

(d). Records of past sales of individual products and

classes of products.
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(L). Function of Sales Forecasts:

Ordinarily the production department doesn't forecast sales.

Its function is to analyze sales forecasts (produétion previevs)
made by others into starting points for determining:

(a). Master production schedules.

(b). Factory capacity requirements.

(c). Production progranms.
Thése are, in turn, the bases for placing material and part purchase
orders, planning production processes, and providing the needed men,
machines, and tooling.

(5). Uses of Sales Forecasts:

Either tﬁe sales forecast or the master production schedule may
be in very general terms: a) in total dollars, or b) in a 1list of
specific items. If it is only in,éeneral terms, it must be refined
to make it usable for produétion and inventory planning purposes.

It must be converted to specific units and quantities that can be
measured, analyzed, and later compared to actual performance. Then
guides must be provided or developed to show trends, to anticipate
increasing or decreasing future demand, and to establish desirable
goals in line with the general sales forecast.

A firm is concerned. with products being manufactured and parts
and raw materials purchased for stock; therefore, the sales forecast
is tempered by inventcry policy. It may be desirable, because of
business trends, to increase or decrease the inventory of finished
goods, parts, work-in-process, or raw materials. So, the master

production schedule may be more or less than the sales forecast.
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Approaches to Sales Forecasts:

6).

The approaches to sales forecasts are widely varied among

companies. This is so partly because of the rarity of satisfactory
general forecasting methods, partly becauvse expediency and available
data have a strong influence and partly because most companies fail
to recognize how many forecasts tﬁey'make. The genéral classes of

approaches used for making the different types of deménd forecasts

are shown in Exhibit II.1°

Exhibit II

Forecasting

L

Uso

Timo apnan

Charncteristica

Techniques

Busincas planning:
Product planning
Research programing
Capital planning
Plant location and ex-

pansion

Intermediate operation

planning:

Capital and cash
budgets

Sales planning

Production planning,
especially in seasonal
busincas

Botting production and
inventory budgets

Short-run production con-

trol: 5
Adjusting production

and employment
levels to nccount for
departures of total
inventory from plan

Forccaat of itein require-

menta:

Placing purchnse orders

Bcheduling items icto
production

Replenishing warchouee
stocks: controlling de-
cisions when and how
much to replenish

s o il

Generally five years or
more; sometimeas less

Generally eix months to
two ycare; at least
through one cycle in
scasonal busincsas

One to six weeks; span
equels lng between do-
cision to adjust oper-
ating ratea and tjmc
‘output is actually af-
fected

Span equals lead timo be-
tween placing order or
scheduling run and re-
ceipt or completion.
Estimate of error, or
maximum demand
nceded to protect scrv-
ico

Broad outline fore-
cast, often qualita-
tive only

Uscd for annlysis of
alternative operat-
ing plans; numer-
ical; not ncces-
sarily detailed by
itemn; estimnts of
reliability needed

Forccasts of opor-
ating activity, not
item forecnst

Designed for routine
use in manual,
punched-card, or
electronio systems

Technical-cconomie
studies; economic and
population studics;
marketing studics

Collective opinion; trend
analysis; gcasonal index
annalysis; correlation
with cconomic indices;
combination techniques

Statistical trend extra-
polation; explosion of
short-term product or
product-class forecasts

Ezxplosion of end-product
demnand; graphical;
statistical or numerical
techniques

19g. H. MacNeice, Production Forecasting,

(New York: John Wiley and Sons, Inc., 1961), p.

Planning and Control,

119.
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(7). Techniques to Sales Forecasls:

Techniques are highly diverse and depend strongly on the nature
of the company, the data-handling facilities, analytical skills avail-
able, and particularly on the types of customer and industry information
that exist. In addition, forecast techniques for controlling inventory

stocks and procurement of items depends greatly on the number and value

of the items controlled plus the type of information retrieval system

in use.

Planning Production

(1). Graphical Techniques:

Vihere the problem of planning against forecasted sales is not
nmade too complicated by a variety of items, processes, and stages, sim-

ple grezphical or arithmetic techniques can often be useful, for example:
o ILLUSTRATIVE SALES P'OéX&CAST AND
PRODUCTION AND INVENTORY PLAN

QUANTITY IN UNITS

. 110,000 (-
i
i 100,000 |

90,000 |

CUNULATIVE
PRODUCTION PLAN
. 80,000 |
70,000 SAFETY 8TOCK
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6 0,000 | SALES FORECAST

80,000 |

/ -
/ / :
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! SALES FORECAST

40,000
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20,000
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2OJohn F. Magee, "Inventory Problems of Uncertainty," Harvard
Business Review, March-April, 1956, p. 107. :
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Once the. sales forecast plus the safety stock has been obtained,

o 5 P o e - - -

the task is to draw in the production curve as shown in Exhlblt II on
the previous page. The to?al costs of inventory and production depend
on the form of the production curve, and characteristically the object
is to choose this curve or production plan to minimize the expected
total of these costs. '

(2). Advanced Techniques:

Sometimes the problem of plénning production to meet seasonal
demand is too complicated for simple, graphical techniques, and
more specialized techniques are needed, such as linear programming.

Iinear programmlng is useful where the problem is complicated
by numerous conditions as:

(a). Several product lines using the same facilities or staff.

(b). Possibilities of planned use of overtime and extra shift
premiums to meet peak needs. ’

(c). Several stages in manufacturing, with seasonal storage
possibilities between stages.

_ (d). A number of altérnate plants, with different cost and
employment situations, to meet demand.

(e). Joint planning of warehouse operations and of the
assignment of branch warehouses to the plant.

When using linear programming to resolve the seasonal planning
program, the objective is to minimize the incurred cost totals re-
quired to carry.inventories in slack periods to meet future sales
peaks, to change production levels to meet sales requirements, or to

resort to overtime. The objective has to be reached within several

2)ljohn F. Magee, "Linear Programming —- Lecture 13," Notes from
the 1963 M.I.T. Summer Course on Operatlons Research (Cambrldge Mass.,

The Technology Press, 1963).
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TJimitations:

(a). The normal and overtime capacity restrictions.

(b). The inventory size requirements for each line are

planned large enough to meet the sales requirements.

(c). The amount of variation that can be tolerated in

the planned production rate,

Sales Characteristics

-

Sales characteristics which strongly influence the production and

inventory control system and the relative importance of different func-

tions include:

1)
(2).
(3).
(L).
(5).
(6).

The

The

The

The

The

The

uni.t of sales -- dozens, tons, or carloads?

size & frequency of orders -- daily, weekly, or continuous?
sales uniformity or predictability.

service reqqireménts or alloweble delay in filling orders.
distributionqpattern -~ factory to customer, thru jobber?

accuracy, frequency, and detail of sales forecasts.

Production Characteristics

The production characteristics which influence the methods of

production and

Cl )
(2).
(3).
Gl
(5).
(6).
(7).

The
The
The
The
The
The

The

inventory control include:

form of organization -- job shop or product line.

ﬁumber of manufacturing stages.

degree of specialization required at each production stage.
required physical processing and handling requirements.
capacity of production and warehousing.

production flexibility and kinds of processing required.

quality requirements, shelf-life limits & obsolescencé risks.

(]




Role of Forecasting

Whether forecasts are needed or poscible is not the question;
they are made formally or informally every time a decision is made
to build or replenish an inventory. The question is whether the
necessary forecasts are being made as well as they might be, if
formally recognized, and if available statistical and market

research techniques vere used.




VII. CONCLUSION

The inventory functioﬁs and methods of analysis vhich have been
described in this paper illﬁstrate the way in which inventory questions
originally framed in action terms can be restated as analytical ques-
tiéns. The original questions are those characteristically asked by
operating management; they are concerned with the who, when, and where’
of inventory control. The analytical questions are different: VWhat
are the functions of the inventory? What are the costs and other
elements related to inventory 1eve1? At what level is the inventory
best performing its functions?

The two basic inventory.fupq£ions are: (1) to purchase time,
and (2) to separate successive operations or stages in the manufac-
turing or distribution process. These functions make the different
divisions and groups in a company's manufacturing and distribution
system less dependent on each othér, and lessen the need for highly
organized control,

The economics of these functions and the appropriate inventory
balances are determined by.a variety of cost or value elements.
However, the esseﬁtial costs are characteristically not the costs
reported in summary accounting records. The cost information needed
often requires reorganizétion or restatement of the accounting costs
to arrive at definitions suited to the specific problem at hand,

Actually, the same basic criteria govern investment in inven-

tories as in other capital assets: Vhat is the best balance between
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added earnings, cost savings, and intangible benefits, on the one hand,
and investment and maintenance costs; on the other?
Arriving at the right balance point in inveﬁtories is often
more difficult than in other capitel decisions. Inventory functions
are more complex, the advantages more subtle, and the balance of
gains and costs much more difficult to find. It is perhaps as a s
direct result that inventory decisions have been based more on in-
tuition than on logic and arithmetic. This has led to inefficiency.
Intuition~based policies are seldom eésy to administer, to keep
current, or to comprehend. Indeed, many businessmen's deep concern
over inventory policy is not that they think they are wrong, but
that they do not know.
Underlying the slowly developing inventory theory, is the e
search for new sets of useful conbépts, new methods for making
necessary measurements, and ééans of employing measurements to use
the new concepts. As production and distribution processes grow in
scope, complexity, number of stages, number of products handled,
and geographical disﬁersion;'the intricacy of the system exceeds
the limits of intuition,'logic, and arithmetic alone. The tech-
niques of the research scientist, together with the mathematical

tools now at his disposal, are bound to become increasingly wvaluable

in helping management to analyze and control its inventory pblicies.
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