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PURPOSE

The purpose of this paper 1s to present a gquick and
scanning look at the mathematical and industrial aspects of
linear programming. In no way has the author encompassed
the entire realm of linear programming and its applications
in this paper, but rather hopecs that the material presented
here will serve as a tasty appetizer to encourage the reader
to further fill himself with the meat of such a vast and
practical field.

Many thanks go to Mr. Don Driekill, owner and manager of
Driskill's I. G. A. Market in Falrmount, Indiana, for his co-
operation in the release of wholesale prices on his goods and

the use of his name and store in this paper.



AN INTRODUCTION AND ORIGINAL PROBLEM IN LINEAR PROGRAMMING

PART I

A basic characteristic of management is decision-making.
Decislon-making 1s the process of choosing from among a
number of alternative courses of actlon. Declslons are made
concerning the objectives of the firm: what, how much, and
when to produce; the nature of personnel policles; and others.
In most situations there is an enormous amount of information
availlable to management, and the problem is to choose the rele-
vant information and process it as cquickly as possible. 'Thus
it is that management often makes decislons in spite of,
rather than in the 1ight of, the information available. "1

A single-plant firm produces a number of fairly similar
products. Each product requires a number of machining opera-
tions, which are performed on a number of different machines,
In addition, each machine requires varying lengths of time
to perform any one operation. The length of time required to
produce any particular product with the same set of machines
is not consistent, or are the raw material requirements for
each product exaectly equal. Let us assume that management 1s

interested in finding the particular combinaticn of products

lEugene T. Byrne, and Thomas H. Naylor, Ilinear Programming

(Belmont, California: Wadsworth Publishing Company, Inc.,
1963) p.8.




that should be produced. There is information available con-
cerning the process time per product per operation per machine,
raw material availabllities in terms of both quantities and
prices, hours of machine avalilabillity, demand prices and
quantities, plus a host of other factors that may or may not
have some effect on the extent to which a solution is achieved.
Clearly the number of combinations that can be produced may be
very large., In fact, there may be so many technically feasible
combinations that it would be very difficult to decide which
combinations are best. It is little wonder, then, that many
management problems are solved by rules of thumb that generally
tend to produce lesgs than optimal results.

World War II and the following decade mark a period of
important advances in management planning and control. One
such advance was the appearance of the digital computer, and
another was the avplication of higher mathematics and statistics
to problems of industry.2

Linear programming was developed rapidly during World War
II by scientists called upon to help with the analysis and
solution of wvarious tactlical problems encountered by all
brenches of the armed forces. 1In the years since 1its concep-
tion in 1947 in connection with plaunning actlivities of the
military, linear programming has come into wilde use in industry.

“hile the computer made possible rapid handling of nmassive

2John Crank, Mathematics and Industry (London: Oxford
University Press, 1962), p.48.
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amounts of data, linear programming provided a theoretical
framework for the organization and examlination of these data.
The result 1s that business problems of great complexity can
now be solved and made a vart of the raticnal decisions on
which the success of businesses so importantly depends.

A vital part of these advances in management ls the in-
creasing application of linear programming to solve a wide
range of managerial problems. This analytical tool has become
aquite applicable in many industries; including petroleum,
chemicals, steel, and agriculture. Exploratory studies using
the linear programming approach have also been made by airlines,
railroads, utilities, and financial institutions.

Interestingly enough, in splte of its wide apnlicapility
to every-day problems, linear programming was unknown before
1947.

Interest in linear programming extends beyond the world
of business, however. Economlsts have found it helpful in
studying the relation of the firm and resources. Mathematicians
have through it discovered new paths of research and luvestiga-
tion. It is a subject that will be of considerable interest
and importance to the business and academic worlds for some
time to come.

The linear programming model requires a method for finding
a solution to a system of simultaneous linear egquations and
linear inequalities which minimlzes a linear formula. This
central mathematical problem of linear programming was not

-3



known to be an important one with many practical applications
until the advent of linear programming in 1947. It is this
which in part accounts for the lack of active interest among
mathematicians in finding efficient solution techniques before
that date.

"Wwe are all familiar with methods for solving
linear equation systems which start with our first
course in Algebra. The literature of mathematlcs
contains thousands of papers concerned with tech-
nicues for solving linear equation systems, with
the theory of matrix algebra, with llnear approxi-
mation methods, ete. On the other hand, the study
of linear inequality systems excited virtually
no interest until the advent of game theory in
1944 and linear programming in 1947. As evidence
that mathematicians were unaware of the importance
of the problem of seeking a2 solutlon to an inequality
system that also minimized a linear form, we may note
that none of these papers made any mention of such
a problem, although_there had been earller instances
in the literature."”

According to Dantzig the Russian mathematician L. V. XKantor-
ovich should be credited with being the first to recognize that
certain lmportant brosd classes of nroduction problems had well
defined mathematical structures which, he belleved, were open
to practical numericeal evaluation and could be numericelly solved.4

If Kantorovich's earlier efforts had been appreciated at
the time they were first presented, it is possible that linear

programming would be more advanced today. However, his early

3George Bernard Dantzig, lLinear Programming and Extensions
(Princeton, New Jersey: Princeton University Press, 1963),
pp. 20-21.

41piq.
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work in this field remained unknown both in the Soviet Union
and elsevwhere for nearly two decades while linear programming
became a2 highly developed art. According to the New York Times,
"The scholar, Professor L. V. Kantorovich,

sald in a debate that Sovliet economlsts had been

inspired by a fear of mathematlics that left the

Soviet Union far behind the United States in ap-

plications of mathematics to economic problens.

It could have been a decade ahead."D

In 1936, J. Neymen and E. S. Pearson explained the basic
concepts for confirming statistical tests and estimatiing under-
lying parameters of a distribution from given observatlions,
They developed a lemma, the conditions of which are the condl-
tions that a solution to a bounded variable linear vprogramming
problem be optima1.6

"Credit for laylng the mathematical founda-

tions of this field goes to John von Neumann more

than to any other man."7
He played a2 leading role in many fields; atomic energy and
electronic computer development are two where he had great in-
fluence. In 1944, John von Neumann and Oskar Morgenstein pub-
lished their work on the theory of games, a2 branch of mathe-
matics that alms to analyze oroblems of conflict by use of
models termed "games'". A theory of games was first ovened in

1921 by Emile Borel and was first established in 1928 by von

Neumann with his Minimax theorem. The significance of this

5Harry Schwartz, '"Russian Assells Soviet Economics," The
New York Times, May 29, 1959.

6pantzig, op. cit., p. 23.
Tibid., p. 24



effort is that game theory, like linear programming, has its
mathematical foundation in linear inequality theory.

During the summer of 1947, leonid Hurwicz, economist as-
socliated with the Cowles Commission, worked with Dantzlig on
technicues for solving linear programming problems. This effort
and some suggestions of T. C. Kropmans resulted in the "Simplex
Method". The obvious idea of moving along edges from one
vertex of a convex polyhedron to the mnext (which underlies the
simplex method) was rejected earlier on intuitive grounds as
inefficient. In a different geometry it seemed efficlent and
8o was tested and accepted.8

Hence, the principal mathematical bases for linear pro-
gramming, according to Dantzig and Kropmans, are the theory
of linear equalitles, a part of algebra, and the theory of
convex polyhedra, a part of geometry. Algebraically, the
calculations are similar to elimination processes for sclving
systems of algebraic equatlons.

Von Neumamm, at the first meeting with Dantzig in
October, 1947, was able to translate basic theorems in game
theory into their equivalent statements for systems of linear
inequalities. He introduced and stresced the fundamental impor-
tance of duality and proposed the ecquivalence of games and
linear programming problems. later he made several proposals
for the numerical solution of linear programming and game problems.

A, W. Tucker took an interest in game theory and linear

8pantzig, op. cit., p. 24.



programming in 1948.9 since that time, Tucker and his former
students (notably David Gale and Harold W. Kuhn) have been
active In developing and systematizing the underlying mathe-
matical theory of linear inequalities.

The National Bureau of Standards played an important role
in the development in linear programming theory. Not only did
it arrange through John H. Curtiss and Albert Cahn the imvpor-
tant initial contacts between workers in this field, but it
provided for the testing of a number of computational proposals
in thelr laboratories. At the Institute of Numerical Analysis,
Professor Theodore Motzkin proposed several computational
schemes for solving linear programming problems. Alex Orden
of the Alr Force worked actively with the National Bureau of
Standards group who prepzred codes on the Standards Eastern
Automatic Comnuter for the general simplex method and for the
transportation problem. Alan J. Hoffmen, with a group at the
Naticnal Bureau of Standards, was instrumental in having experi-
ments run on a number of comnutatiocnal methods, 10

In June, 1951, the First Symposium in Linear Programming
was held in Washington under the jolint auspices of the Alr
Force and the Natlional Bureau of Ztandards. By this time,
interest in linear programming was widespread in government and
acédemic circles. A. Charnes and %W. ¥W. Cooper had just begun

their pioneering work on industrial applications. Aside from

9pantzig, op. cit., p. 24.
10pantzig, op. cit., p. 25.



this work, they published numerous contributions to the theory
of linear programming. A two-volume treatise was published
in 1961.11

The special siamplex method developed for the transnorta-
tion problem by Dantzig was first coded for the S5tandards
Zastern Automatic Computer in 1950 and the general simnplex
methed in 1951 under the general direction of A. Orden of the
Air Force and A. J. Hoffman of the Bureau of Standards. In
1951, ¥W. Orehard-Hays of the RAND Corporation worked out a
simplex code for the IBM-C.P.C., and for the IBM 701 and 704
in 1954 and 1956, resvectively. The latter code was remariably
flexible and solved problems of two hundred ecuations and a
thousand or more variables in five hours or so with great
accuracy. 12

The use of electronic computers by business and industry
has been groWwing by leaps and bounds. Many of the digital
computers which are commercially available have had codes of
the simplex technigue. In addition, there has been some interest
in bullding analogue computers for the sole purpose of solving
linear programming problems. It is possible that such computers
may provide an efficient tool for the evaluation of pearametric
changes in a system represented by a linear prograanming model
and may be useful when quick solutions of linear programning
problems are continuously needed, as for example, in production

scheduling.

llpantzig, op. cit., p. 25.
12pantzig, op. cit., p. 26.



"These computers have worked well on small
problems (for example twenty variables and ten
equations). Because of distortion of electric
signals, it does not seem practical to design
analogue computers which can handle large general
linear programming oproblems. However, it does
appear very worthwhile to try to develop appnlica-
tions of such computers to solving large-scale
systems which possess special structures.”

Dpantzig, op. cit., p. 26



BASIC ASSUMPTIONS OF LINEAR PROGRAMMING

1.

The productive opportunlities of an economy or
econonic unit, such as kilowatt, man-hour, etc.,
are defined by the resources and the productive
processes availeble to it. The productive pro-
cess is a physical event or series of events in
which men participate purposefully in order to
transform some resources into some producte.

The cquantities of at least some of the resources
are finite and so ls the number of vproductive
processes avallable,

Any productive process may be used at any posi-
tive level consistent with the supply of resources
available. The consumption of resources and the
outnut of products is proportional to the level
at which the process is uged.

Several productlve processes may be used simul-
taneously, if the supply of resources is adequate.
If this is done, the consumption of each rescurce
is the sum of the consumptions of the individual
processes used, and the outovut of products is the

sum of the outputs of tne individual processes.l4

14Robert Dorfman, Application of Linear Programming to the
Theory of the Firm (California: University of California

Press, 1951}, p. 18.
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CHARACTERISTICS OF LINEAR PROGRAMMING PROBIEMS

Generally speaking, linear programming is a mathematical
optimizing technique applicable to a class of problems having
certalin characteristics in common.

The techniques of game thecry are used in the theory of
linear programming.l5 The interpretation of these character-
istlcs varies in accordance with the specific content of the
problem, For this reascn, it is best to describe these common
characteristics in mathematicel terms in order to retain their
generality.

(1) A linear objective function - all linear programming
problems have as thelr objective the optimization of some ex-
plicit linear function of several variables. If this linear
objective functicn is denoted by F(X) and the appropriate vari-
ables of the problem by Xy, Xpy eesy Xp, then the goal of a linear
programming problem is a2lways to maximize (or minimize).

F(X) = C] X3 4+ Co Xp + ... + Cpy Xp,
where C3, ..., Cp represent the parameters of the problem. The
goal is not just to accomplish something, but to accomplish it
in the "best" possible manner. Since business operations gquite
often are conducted with the goal of maximizing profit or mini-
mizing cost, linear programming is found useful 1n business.

(2) A set of linear constraints - all linear functions

by themselves have a maximum of vpositive infinity and a

15"Game Theory", Colllers Encyclopedia (Vol. 10), pp. 560-2.
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minimum of negative infinity if ne restrictions are placed
on the values of their variables. Consecuently, the problem
of optimizing & linear function is nct a mathematically mean-
ingful problem unless the variables are restricted as to the
ranges of values they umay assume. In linear programming such
constrainte are contained in a set of linear inequalities as
follows:

Ay3Xy # AypXp + eee + AlpXp = b3

A21Xy + AppXp 4 ... # Appkn = Bp

where Ayy, BAyps «e-s Aypy «vey Apys Bpo, ooy A, are constant
coefficients and by, bps ..., by simply constants.

There are three points that should be kept in mind in
connection with these constraints (called structural constraints).
First, they are linear. DSecond, they are characteristically
inecualitlies although equality-constraints are not excluded.
Finally, the number of such constraints, that is, m, is not
restricted in any way except as it affects the practicel
problem of computation. Together these constraints define a
region of acceptable values of the variables. Since this
region may or may not include values up to infinity, linear
nrogramming becomes a prcblem of selecting a set of values

(of the variables) within this region, which will yield the
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maximal (or minimal) value of the objective function, 1In
termes of the illustratlve problem, the extent to which the
contribution to vrofit and overhead could be maximized is
limited, among other things, by the hours of machine availa-
bility, raw materials avallability, and processing times. 16

(3) The non-negativity constraints - as a direct out-
growth of its application in business and industry, all linear
programming problems require that the scolution values of their
variables be non-negative. This iz necessary becaucse the
variables in business and industry usually have no meaningful
negative counterparts., Mathematically these non-negativity
constraints are written as follows:

X1, X2, eeey Xn = O.

"It must be stipulated that n = m, or the problem

may very well have no solution. This arises from

the procedure of adding or subtracting non-negative

variables to inequalities to convert them to equal-

lties and write the constraints in the form of

equations."
BENEFITZ DERIVED FROM THE UZE OF LINEAR PROGRAMMING

The indication has already been made that linear program-
ming will provide the optimum solution to a problem when certain
conditions exist. 1In addition, linear programming:

(1) AIDS UNDERSTANDING. +“hen management makes the

decision to use linear programming, it i1s committing itself

168yrne and Naylor, op. cit., p. 9.

17apn-Min Chung, Linear Programmi (Columbus, Ohio: Charles
E. Merrill Books, 1nc., 19563) pp.
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to a new way of thinking about business problems. Because of
the mathematical nature of the technique, vague generalizations
describing the firm's activities are no longer adecuate. Man-
agement must thoroughly understand the firm's activitlies before
it can attempt to represent them mathematically. This requires
that the relationships governing the performance of an activity
be fully understood and in addition the relationship of any
given activity to the over-all performance of the firm must be
known as well. An outgrowth of the necessity for quantifying
relationships is the development of greater understanding of
the firm's activitles.

(2) PROVIDES INFORMATION FOR PLANNING AND CONTROL.
The use of linear programming further contributes to the ful-
fillment of the managerial function by providing information
that is useful in planning and control. In part, the planning
function is concerned with the recognition of change. This
agspect of planning is aided by the susceptibility of the linear
programming model to manipulation.18 Thus questions arise such
ag what is the effect on the present mix of prcducts if certain
raw materials' prices change? Or what is the effect cf a »ro-
longed machlne breakdown or an increase in machinery downtime?
Comntrol over operations is achieved by comparing plans with
results. To the extent that linear programning is useful in
prlanning 1t will also contribute to the fulfillment of the

managerial functicn of control.

18, Hedley, Iinear Progremming (Reading, Massachusetts:
Addison-Vesley Publiching Company, Inc., 1962), Chapter 11.
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(3) CONTRIBUTES TO THE DEVELOPMENT OF EXECUTIVFS.

The matter of executive development is & serious problem in
many firms. Training progreams are valuable in this respect
and their value can be increased through the use of linear
programming and other mathematical models as training de-
vices. Future executives can be given actual or fictitlous
problem situations in which they are reguired to develop the
mathematical model. Thelr results can be easily verified with-
out resorting to actual operations where mistekes are likely
to prove ocuite costly. Much of the knowledge and confidence
that ordinarily tzkes many years of experience to obtalin can
be gained in a significantly shorter period of time via the
technioue of model-building.19

It should be obvious that all of the above benefits will
create a more efficient management, which will result in
increased possible profit for the firm.

Before becoming completely delighted by the potential
benefits of linear programming, its limitations should be
considered. It cannot eliminate all of the judgment that is
assoclated with managerial decisiocn-making. Although linear
programming may eliminate managerial jJjudgment in such decisicn
areas as product mix, order allocation, machine schedullng, and
warehouse location, management must still decide, for example,

whether the best measure of effectiveness for a particular

19Byrne and Naylor, op. cit., pp. 11-12.
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activity 1s the contributicn to profit and overhead, or whether
it is best to minimize processing time, Iikewise, it must mske
decisions on the effects of certein programs on employee

morale and decide whether or not certain products must be pro-
duced so as to fill out the product line. These are elements
bf decision-making that management retains, and linear program-

ming does not diminish their importance.

LINEAR PROGRAMMING APPLICATIONS

As mentioned before, linear programming has been success-
fully applied to a wide range of problems that are found in
many different fields. The agricultural, industrial, and
wilitary sectors have made the most extensive use cf linear
orogramming. In addition, many applications can ve found in
the sciences, including econcmics and applied englineering.
There is little doubt that the list of applications will con-
tinue tovgrow as decision makers become more familiar with the
capabllities of the method. At the same time, the continuing
development of high-speed computing ecuipment will be a major
factor in the applicetion of linear programming tc those prob-
lems that fit into the framework of the techniocue.

In this section a few of the broader applications will
be presented, with the hope that they will sufficiently in-
dicate the general problem types that linear progremming can

solve. The following examples are typlcal of the general
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problem areas in which linear progremming has been employed
successfully. <0

SCHEDULING PRODUCTION AND INVENTORY CONTROL.

Many firms produce products that are subject to seasonal
sales fluctuations, e.g., oil refining companies. In such
cases widely fluctuating production rates have proved extremely
costly, whereas a uniform production rate bullds up inventorles
that recult in excessive costs for storing the product. Through
the use of linear programming these companies can establish a
production schedule that will satisfy demand when it arices
as well as minimize both the costly effects of fluctuating
production rates and the excessive inventory cearrying charges
resulting frem a uniform procduction rate.

Further applications in this area involve finding the
best uses of production capuacity and the best basls for as-
signing producticn to a number of manufacturing or producing
centers. ©xcess capacity problems involve selecting from
among & group of potential products that set of products which
will both utilize the capacity and maximize the contribution
to profit and overhead. Assigning production to a number of
producing points with due cecneideration to the initial loca-
tion of raw materials, plant production capacities, demand
requirements, and finel destination of products ls & problem

tyve that is easily solved by linear programming., This is

203, gass and V. Riley, Linear Programuing and Associated
Techniques (Baltimore, Maryland: The Johns Hopxins Press,
19587,
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also similar to the task of assigning production to processes
in a plant where the products have varyilng production periods
and the processes are not equally efficient. In this instance
linear programming will provide for the optimum allocation

of products smong the different processes in accordance with
some objective, such as minimum processing time.

BLENDING PROBLEMS. There are numerous instances in
which certain basic components are combined to produce a pro-
duct that has a certain set of specifications. Examples of
this type of problem are to be found in the blending of gas-
olines, the mixing of cattle feeds, and the mixing of meats
to produce sausage or other meat products. A problem in oll
refineries, for example, 1s to select & number of crude oll
preducts to be blended into different grades of gascline.

The basic products have certain common characteristics, such
as octane rating, vapor pressure indices, and distillation
temperatures. Considering the demand for gasoline of varying
specifications and the supply conditlons for the crude oil
products, linear programming can determine the mixture of
crude products that will yield maximum profits, minimum costs,
or some other optimum. The cattle-feed problem concerns
minimizing the cost of producling a feed that possesses certain
nutritional requirements,

PURCHASING. Processes requiring inputs that are avail-
able at different quantities, cualities, and prices present
2 purchasing precblem that can be solved for a least-cost
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objective. An 0il refinery, which purchases all of its crude
01l from outside sources, uses linear programming with a profit
maximizing objective to determine which erudes should be pur-
chased. The model considers ocutrut requirements and specifi-
cations, crude oils on hand, and processing costs in the
evaluation of this problem,

Whether to make a vproduct component or purchase it from
an outside source is another problem ares in which linear
programming can be of assistance. The factors that are con-
sidered in a problem of this type are: process and product
requirements, production and purchasing costs, selling costs,
overhead costs, and elther a profit or cost objective to be
optimized.

ROUTING AND ASSIGNMENT., The route that a salesman should
take in order to cover a specified territory while minimizing
distance traveled is also a problem type that can be solved by
linear programming. Under certein conditions the transporta-
tion method can be used for any routing problem inveolving an
origin-destination scheme. Thus, there may be empty boxcars
at various locaticns (origins) and requests for boxecars =zt
various locations (destinations). Given the costs of moving
empty boxcars, the transportaticn technicque will give the
cptimum assignment of empty boxcars from the origins to the
destinations. This technique is also useful in determining
the location of additional warehousing facilities and the al-

location of products to machines.
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Another class of problems involves assigning facilities
to jobs in a manner that embodies some performance cobjective.
Thus, problems of assigning vroducts to facilities in which
the costs of producing each product will vary with the facility
chosen can be solved by linear programming. This technlque can
also be used tc assign vorkers to Jobs offering a cuantitive
measure of the workers' effectiveness.

OTHER. Linear programming has been used with problems
of optimizing executive comvensation programs, location of
and management of river dam projects, farm management, award-
ing contracts, traffic control, scheduling a military tanker
fleet, minimizing trim losses in paper mills, balancing as-
gsembly-line operations, and »ptimizing investment allocations

for both individual and institutiohal investors.

2lByrne and Naylor, op. cit., pp. 12-15.
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PART II

Part of the problem presented in this portion is based on
factual information provided by Mr. Don A. Drisklll, manager
of Driskill's I.G.A. Market in Fairmount, Indiana. Other parts
of it, however, are hypothetical in order to illustirate a
practical usage of linear programming.

On his shelves Mr. Driskill usually stocks twelve different
kinds of Betty Crocker ceake mixes. He has 30,000 cubic inches
of storage space in which to store these cake mixes. Although
Mr. Driskill hes weeded out those cake mixes which do not sell,
the author would like to make the hypothetical assumption that
customer demand varies among the different cake mixes,

Within practical limits, Mr. Driskill can order as many
cases of cake mix as he desires. However, the author wculd make
the proposition that Mr. Driskill is limited on the size of his
order.

On each of ten of the twelve cake mixes, Mr. Driskill makes
a profit of 3.05. A profit of $.08 each is recognized on the
remaining two., Mr. Driskill, by taking into account storage
space, product demand, supply limits, and individual profit,
must arrive at the number of cases of cake mix to crder in order
to maximlze profit.

Consider the following table, noting that one case equals

twelve boxes of cake mix.



CAKE MIX ORDER CAGE PROFIT SUPPLY DEMAND

AMOUNT SIZE (PER LIMITS (BoxEs)
(BoxEs) (CUBIC  BOX (CASES
INCHES)

lemon Coconut Delight X3 732 .05 2 10
Angel Food Xo 630 .08 2 14
Yellow X3, 732 .05 5 40
Devils Food Xy 732 .05 3 24
White X 732 .05 6 54
Honey Spice X5 732 .05 3 24
Marble X7 T32 .05 2 18
German Chocolate X8 732 .05 3 20
Derk Chocolate Fudge Xg 732 .05 5 50
Black Walnut X310 732 .05 2 6
Almond Creme X117 732 .05 2 12
Tropical Mist Xio 630 .08 2 8

Angel Food
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Because of advertising specials often offered by the
national I.G.A., Mr. Driskill likes to reserve room for at
least four cases of cake mixes in storage. The object is to
maximize the profit function F(X) = .05X1 + .08Xp + .05Xz +
05Xy + .05X5 + .05Xg + .05X7 + .05Xg + .05X9 + .05Xqqg = .05Xq 9
+ .08Xq, while being held to the following restrictions.

(1) 61X; + 52.5X, + 61Xz + 61X4 + 61Xg5 + 61Xg » 61Xy

+ 61%g + 61Xg + 51X1q + 61X3; + 52.5%, £ 27,072

= 36, Xg = T2, Xg = 356,
36, Xg = 60, X1 = 24, X33 = 24, Xy, - 24

i

(2) Xq = 24, € 24, Xz = 60, X
1 L2 3 4
Xp £ 24, Xg

(3) X3 = 10, Xo
X7 - 18, .X8 = 20, Xg = 50, XlO = 6) Xll = 12, Xlg -8

B

b
1%

14, X3 = 40, X, = 24, X5 = 54, Xg - 24,

This situation leads to the necessity for finding values for 12
unknown cuantities via the use of 26 inequalities.

If one has knowledge cof the use of the computer and access
to one, this would be a good method for solution of this problem.1
However, neither the author nor Mr. Driskill had accegs to a
computer or knowledge of the use of one. Hence this problem was
tenaciously solved by an iterative method, with initial guesses
for the first trial.

The results of the computation are as follows: X; = 24,

X2

%9

boxes. Complete sazle of these czke mixes would maximize proflt

24, X3 = 60, X4 = 36, X5 = T2, Xg = 36, ;{7 = D4, XB = 36,

60, Xq0 = 24, X377 = 24, X35 = 24, in terms of number of

1The home office of a naticnal chain could profitably rent a
computer if it had hundreds of such problems to solve.
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at $23,39 using 26,676 cubic inches of storage space and leaving
3,324 cubic inches of back up storage space.

Mr. Driskill and the author discussed the use of such a
tool as linear programming in his entire store. He was thrilled
by the prospect, but quickly warned against using this as a set
rule of thumb, due to the unpredictability of people, supply
companies, weather, and similar influences. However, other
grocery chains have begun to use linear programming and, except
for the rare cases deviating greatly from the mean, the outcones
have been favorable to continuation of its use.® As Mr. Driskill
has said, no plan will ever be able to hold constant the demend
for, or even the supnly of, any product. Iinear programming is
flexible enough to sidestep these variant occurences in most
cases, and its applicability to so many facets of the grocery
store business gives promise of its becoming a valuable tool to

the grocer.

2This was learned by the author from Mr. Driskill who attended
a food retailers' clinic at Purdue University, April, 1966.
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