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Introduction

S ince the advent of the industrial
revolution, the world has seen a
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THE OPTIMIZATION OF PRO-
DUCTION PLANNING AT AN
INDUSTRIAL COMPANY

Abstract

Two linear programming models for the problem of
determining optimal planning strategies for an industrial
production are presented in this paper. These models are
established for two departments in a factory: foam and
mattresses departments. The first model relates to finding
a production planning for the foam department, whose
products are either used in the mattresses department or
sold directly to customers. The second model is concerned
with the production of mattresses. An integer linear
program is established to take into account the nature of
the output of this department. Solutions are obtained,
using the simplex algorithm, that does not only result in
greater expected revenue compared to the previous period
which had the same data, but also are less costly. The
implementation of the optimal solutions leads to an
increase in the revenue which equals up to 28.13% per
period, without any additional costs. Sensitivity analysis

for the optimal solution of foam production is developed

to show possible changes in the optimal solution as a
result of making changes in the original model.

ment responsibilities in these organi-
zations.

remarkable growth in the complexity
of organizations. An integral part of
this revolutionary change has been a
tremendous increase in the division of
labor and segmentation of manage-
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This increasing specialization has
created new problems. A related pro-
blem is that as the complexity and
specialization in an organization in-
crease, it becomes more and more
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difficult to allocate its available re-
sources to its various activities in a
way that is most effective for the
organization as a whole.

These kinds of problems and the
need to find a better way to solve them
provided the environment for the
emergence of operations research
(Hiller and Lieberman, 1990).

In this paper we develop two mod-
els: a linear programming model and
an integer linear programming model.
These techniques, which are among
the efficient tools in operations re-
search, are used to improve the raw
material handling system and logistics
of operations, for an industrial fac-
tory, called Fomaco, in order to max-
imize its total revenue.

This improvement will lead to two
outcomes. Firstly, it will give a pro-
duction planning that maximizes the
total revenue of the company. Sec-
ondly, it will allow greater flexibility
and enable the system to cope with the
potential changing of the production
strategy of the factory, without any
additional costs.

The solution to this problem has
been obtained by using the simplex
method developed by George Dantzig
in 1947.

This study is organized as follows:
In the following section, the produc-
tion system of concern is described,
emphasizing the products, its compo-

nents and the production process.
After description of the real system,
a model is constructed representing
the production in the company. Ana-
lysis of the model is then explained
followed by interpretation of the re-
sults obtained. The final section in-
cludes our concluding remarks and
suggestion for future work.

Description of the Production
System

Fomaco factory is one of the big-
gest producers of petrochemical pro-
ducts in Lebanon. The factory, which
is located at Bekaa over an area of
9200m?, was founded in 1986. Since
then, it has continuously increased its
production capacity and its share in
the world of industrial market.

The factory contains two produc-
tion departments:

1. Foam department.
2. Mattresses department.

The production process in the two
departments is based mainly on the use
of raw materials that are mostly from
petrochemical origin. Furthermore,
there is integration between the two
departments in a way that the outputs
of the foam department are the inputs of
mattress department. The foam depart-
ment operates independently from the
other department and satisfies the de-
mand of both the market and the mat-
tresses department.
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Table 1
The Sizes of the Mattresses in Both Groups of Mattresses
Width (cm) 90 100 110 120 160 165 170 175 180
Length (cm) 195 195 195 195 195 195 195 195 195

The two basic product types need a
variety of mechanical performance and
have different final output according to
which their operation routings differ.

Product Mix

The factory produces two kinds of
products:

1. Foam: there are ten different
kinds of foam: X, C18, C20, and
BB. SF, B, BS, EX, EXS, and SL.

2. Mattresses: there are two main
groups of mattresses: foam mat-
tresses and spring mattresses.

* Foam mattresses: there are
five types of foam mattresses
(Dolphin, High, Lux, Super-
lux and prestige), and in each
type there are nine sizes.

*  Spring mattresses: there are
seven types of mattresses
(Nice, Fine, Royal, paradise,
Regency, Sovereign, and
Eminence), and in each type
there are nine sizes.

The sizes of the mattresses in the
two groups of mattresses are summar-
ized in table (1).

Production Flow and Product
Components

We will describe foam and mat-
tresses productions and give the de-
tails of the components of each
product. The production process of
all kinds of production is mostly done
automatically on machines.

1. Foam production

Fomaco manufactures ten different
kinds of foam and each block from any
kind must go through five processes.
The flow production of foam produc-
tion is illustrated in figure (1).

The blending process consists of
mixing several petrochemical compo-
nents with water to produce one block
of foam. The blending process is a
critical process and any mistake re-
sults in the destruction of the whole
mixture. In this step, essential ingre-
dients are blended so that the block of

Figure 1

Flow Production of Foam
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foam obtained contains a specific
amount of each ingredient. This pro-
cedure is done in a computerized
machine, called casting machine,
which programs the amounts of raw
materials needed for each block and
type of foam. This machine is related
to the warechouse by a 50-meter line
that transports the foam to it auto-
matically. At this stage, the storage
process starts. Then, the obtained
block of foam is trimmed and cut
horizontally with an electronic saw.
Itcan carry out three blocks of foam at
once. The vertical cutting is run with
another electronic saw, at desired
measures. This saw can execute one
block of foam at the time. The process
of shipment is very delicate and needs
skilled employees because of the fra-
gility of the foam.

2. Mattresses production

Fomaco produces two groups of
mattresses and each group contains
different types and sizes. Mattresses
from each type are processed succes-
sively through six operations that are
indicated in figure (2).

The first process consists of the
preparation of the external face of a
mattress, which is composed of 4
materials, placed one above the other
as follows: textile, Dacron, foam, and
lining. Then they are sewed on a
particular machine. In the second
process, the obtained external face is
cut into appropriate sizes for different
kinds of mattresses. For each mat-
tress, we need two faces and four sides.
In the third process, all the necessary
things for getting a mattress are put
together. For the first type of mat-
tresses, foam is put between the two
faces. For the second type of mat-
tresses, a chassis is prepared and cov-
ered with foam and then the faces and
sides are placed appropriately. The
fourth process consists of sewing all
the parts of the mattress. As a final
process, the obtained mattress is cov-
ered by nylon and stored.

Aspects of the Problem

Our system is a mixture of semi-
finished and finished manufacturing.
This has led us to the development of

Figure 2

Flow Production of Mattresses

Preparation of the
external face

Y

cutting
process

Assembling process

>
>

/

Finishing Convering

process

process

212



Wadad A. Saad

two models. In the first model, the
foam production process is modeled
separately from the rest of the system
as a linear programming model. The
reason for that is that the foam de-
partment operates independently
from the second department (mat-
tresses department) and the factory
sells a big quantity of the foam as
semi-finished product. This model is
mainly used to estimate the optimal
quantity to produce of each type of
foam in order to satisfy the demand of
the factory and customers and to
maximize the revenue of the foam
department. The second model is con-
cerned with the finished products of
mattresses. It includes the production
process of mattresses. Since the items
in the mattresses department cannot
be fractioned we were obliged to es-
tablish an integer linear programming
model that is specific for this kind of
problems. In this model we use the
semi-finished product of the first mod-
el as raw material in the second. The
purpose of modeling in the second
case is two folds: (1) determine the
optimal quantities to be produced of
each type of mattresses with respect to
the capacity of production, the avail-
ability of raw materials, the available
machine hours, and the yearly market
demand; (2) maximize the revenue of
this production line.

Modeling the production of Fo-
maco factory requires extensive data

analysis to be able to determine input
quantities. One year’s data have been
taken into account to determine the
least quantity demanded of each type
of products. We used the data of the
year 2001. These data are used from
year to year in the factory without
significant changes.

Fomaco mixes amounts of different
available raw materials to produce one
block of foam used in the mattresses
department or sold to customers. Each
kind of foam differs not only in price
but in composition as well. Table (2)
indicates the amounts of ingredients
found in each kind of foam, taking into
account that these quantities are used
in one minute of operating machines.
The factory cannot produce more than
three blocks a week in all because it is
the maximum required in the share
market of Fomaco.

The accompanying table (2) con-
tains all relevant information con-
cerning production times required as
economic times to produce a block of
foam of each kind, raw materials
needed to produce an amount of foam
per minute, along with revenue per
block produced and minimum yearly
production requirement to fulfill the
minimum quantities demanded.

The amount of a block is obtained
by multiplying its economic time by
the one-minute output on machines of
this kind of foam.
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As noticed before, each type of
mattresses is produced in nine sizes.
The ingredients and the prices are
proportionally distributed according
to the sizes in each type of mattresses.
Because of that, if we choose one size
in each type and we do the study, we
will get the optimal quantities to pro-
duce of each type. In order to simplify
the problem and make it more con-
venient, we took the standard size 120
for all types of mattresses and used it
for this study. In fact, this size is in
demand more than the other sizes. The
results of the study will allow the
manager to have an idea of the type
he should increase its production
whatever the sizes are.

The following table (3) indicates
the amounts of ingredients found in
each type of mattresses. It also con-
tains the least yearly demand for
mattresses and the price of each type
of mattress.

Times needed in these processes
are not readily available in the factory.
We collected data in the real system by
observing a cycle of production and
calculating the time in minutes for
each operation. These times are illu-
strated in table (4).

Research Objectives

The factory seeks to determine the
amounts of products to be produced
in each department (foam and mat-

tresses departments) to maximize (in-
crease as much as is feasible) the total
gross income (in dollars) while satisfy-
ing the constraints of demand, avail-
able machine hours, and raw materials
usage.

Model construction and develop-
ment represent the crucial step in the
implementation of an optimal solu-
tion to this problem. Thus, an accu-
rate and exact solution to the model
will not be useful unless the model
itself provides an adequate represen-
tation of the true decision situation.

The construction of a mathemati-
cal model can be initiated by answer-
ing the following three questions?

1. What are the variables of the
problem?

2. What constraints must be im-
posed on the variables to satisfy
the limitations of the modeled
system?

3. What is the objective (goal) that
needs to be achieved to deter-
mine the optimum (best) solution
among all the feasible values of
the variables?

An effective way to answer these
questions is to identify the problem
and define all the sets, variables and
parameters needed for its solution.

Theoretical Background

There are two aspects of the pro-
blem to be addressed. One is the
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Table 4
Time in Minutes Needed for Each Process in the Production of
Each type of Mattresses

Processes of production hy,*

Raw Quantity to be Process 1 Process 2 Process 3 Process 4 Process 5
materials  Produced yy (hyy) (hy2) (hy3) (hys) (hys)
Dolphin N 2.00 1 5 5 3
High Yo 2.30 1 5 5 3
Lux y3 2.30 1 5 5 3
Super Lux Ya 3.30 1 5 5 3
Prestige Vs 3.30 1 10 10 3
Nice Yo 2.00 1 6 5 3
Fine y7 2.30 1 6 5 3
Royal ys 3.30 1 6 5 3
Paradise Yo 3.30 1 6 5 3
Regency Yio 4.00 1 10 10 3
Sovereign Y 4.00 1 20 15 3
Eminence Yi2 4.00 1 30 30 3
Availability Sp¥ 144000 (mn) 144000 (mn) 144000 (mn) 144000 (mn) 144000 (mn)
(s1) (s2) (s3) (s4) (s5)

Source: Fomaco Factory.

*n=12345andk = 1,2, ....12.
production planning of foam depart-
ment that maximizes its revenue. The
other is the production program of the
mattresses department, which also
maximizes its revenue.

To better understand the structure
of the problem and gain some initial
insight, we first consider the problem
of planning production of foam and
then we will treat the production
program of the mattresses depart-
ment. The problem will be formulated
and resolved using linear and integer
linear programming. They are power-

ful techniques for dealing with the
problem of allocating limited re-
sources among competing activities.
The approach of linear programming
is that of scientific method. In parti-
cular, the process begins by carefully
observing and formulating the pro-
blem and then constructing a scientific
(typically mathematical) model that
attempts to abstract the essence of the
real problem. This model is suffi-
ciently precise representation of the
essential features of the situation [Hil-
lier and Lieberman, 1990; Render and
Stair, 1994; Taha, 1997]. This techni-
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que has been used successfully in the
solution of problems concerned with
assignment of personnel (Moondra,
1976), (Anbiletal, 1991), industry
(Kabroal, 1981) transportation (Har-
rison, 1979), aircraft (Anbil et al.,
1991), (Subramanien and Anbil et
al., 1994), financial institutions (Ben
Dov, Hayer and Pica, 1992), (Saad
and Chebbo, 2001), (Balbiar and
Shaw, 1981), military (Peatre, 1987),
assignment, (Breslaw, 1976), medical
field (Hilal and Erikson, 1981), (Left,
Dada, and Graves, 1986) production
(Cabraal, 1981), agriculture (Glen,
1986), sports, (Zappe and Horowitz,
1993), and many other fields.

The Simplex method, developed
by George Dantzig in 1947, is an
efficient and reliable algorithm for
solving linear programming pro-
blems. It also provides the basis for
performing the various parts of post-
optimality analysis very efficiently.

The Models

Linear and integer linear program-
ming models of production planning
in the two departments (foam and
mattresses) are developed. These
models determine the quantities to be
produced in each department in order
to maximize the total revenue. Taking
into account the specifications of each
department, the input data, used in
these models, consist of the following.

Sets

* Foam
Raw material, 1 = 1,2,...,8.
Foam,j =1,2,...,10.

* Mattresses

Mattress, k =1,2,...,12.
Raw material, r =1,2,...,32.

Process, n = 1,2,3,4,5.

Parameters

* Foam

a;; amount of raw material i used in
the production of foam of type ]
during one minute of operating
machines.

b; availability of raw material i dur-
ing a year.

c; price of a block of the foam of
type j.

d; least yearly demand of the foam
of type j.

u; upper bound (or limit) of the
yearly demand of the foam.

* Mattresses

e,x amount of raw material r used in
the production of one mattress
of type k.

my least yearly demand of the mat-
tresses of type k.

px price per unit of each type k of
mattresses.

hy, time needed in the process n to
produce one mattress of type k.
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s, availability of time on the ma-
chines during a year.

f, availability of raw material r.

Variables

* Foam

Xj the number of foam blocks of
type j to be produced during one
year.

* Mattresses

yx the number of mattresses of type
k to be produced during one
year.

Mathematical formulation

The mathematical models were
formulated using the linear program-
ming technique and are solved using
simplex algorithm developed by
George Dantzig. Two models are pre-
sented. The first model is for the
production planning in the foam de-
partment and the second one is for a
production program in the mattresses
department.

1. The model of the foam produc-
tion (MF) is as follows:

Objective function (to be maxi-
mized)

If we let z represent the total gross
revenue (in dollars) of the foam de-
partment, the objective function is
written mathematically as:

j=10

Maxz = ]; Cjx; (@)
Constraints

Raw material constraint

j=10

j:ZI aljxjgbi fori=12,..8.(1)
Demand constraint

xizdj forj=12,..10

(@)

X < v forj=23

Non-negativity constraint

x]Z()

forj=12..10.(3)

Constraint set (1) states that the
amounts of raw materials used in the
production of foam are equal or less
than their availability. Lower and
upper bounds on the production of
all types of foam are represented by
constraint set (2). These limits are
determined by the least and highest
yearly demand of each type of foam.
These amounts are either sold to
customers or used in the mattresses
department. Constraint set (3) ensures
that all the produced quantities are
non-negative since we cannot produce
negative quantities. The objective
function (?) is a maximization of the
total revenue z of the foam depart-
ment.

2. The model of the mattresses pro-
duction (MM) is as follows:

219



AJ.AS, Vol. 10, No. 2

Objective function (to be maxi-
mized)

If we let w represent the total gross
revenue (in dollars) of the mattresses
department, the objective function is
written mathematically as:

k=12

Max w = kZ—I DiVi B)

Constraints

Raw material constraint
k=12

Z €Yk Sﬁ fO}"}":1727..,32 (4)

Demand constraint

Vi > my fork=12,.12 (5

Time availability constraint

k=12
Yo Vil <snforn=1,2,3,4,5.(6)
k=1

Non-negativity constraint

V=0 fork=12..12.(7)

Constraint set (4) stipulates that
the amounts of raw materials used in
the production of mattresses depart-
ment will not exceed their availability.
In constraint set (5) a lower limit is
established by the least market de-
mand of mattresses of each type.
Constraint set (6) place limits on the
use of machines. The last constraint
set (7) ensures the non-negativity of
the quantities of mattresses produced.
The amount produced of each pro-
duct cannot be negative or less than

zero. To avoid obtaining such a solu-

tion, the non-negativity restrictions
are imposed. The objective function
(P) establishes a maximization con-
straint w, which is constraint to be the
sum of all possible revenues in the

mattresses department.

Results /Analysis

Developing solutions of the above
models is an important step in the
quantitative analysis approach. Be-
cause we are using mathematical mod-
els, these steps require mathematical
calculations. Powerful software,
called Lingo 5.0, is used to solve this
problem. It can handle problems with
large functional constraints and vari-
ables. It is based on the simplex meth-
od and provides accurate solution to
linear and some specialized nonlinear
optimization problems.

Table (5) presents the different
results pertaining to the two models.
It shows the optimal amounts to be
produced of each product in each
department in order to maximize the
total revenue of the factory. The first
model, which is related to the foam
department generates a revenue
equals to $5414419.65 per year and
the second one results in a revenue of
$393 087.00 per year. As a result, the
total revenue of the factory is the sum
of these two revenues, which is equal
to $5 807506.65 per year.
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Table 6
Optimal and Current Production Plans

Department Revenue of the production Revenue or the optimal
plan of 2001 ($) production plan ($)
Foam 4214 449.99 5414419.65
Mattresses 317 984.00 393 087.00
Total 4532 433.99 5807 506.65

As noticed before, the data used in
this study refer to the year 2001. The
factory used the same raw materials and
machinery that are applied in this study.
Table (6) presents the optimal revenue
pertaining to optimal solutions and the
revenue resulting from the current pro-
duction strategy in the factory.

The total revenue of the factory
during 2001, resulting from the appli-
cation of its own production planning
was $4 532 433.99.

A simple comparison between the
revenue of the optimal solution and
the revenue of the current situation
shows the importance of the imple-
mentation of scientific technique in
management. The optimal solution
gives an increase in the revenue equals
$1275072.66, which represents
28.13% increase in the revenue.

The rate of Increase in the revenue

_ 3807506.654—4532433.990

4532433.990 x 100 = 28.13%

Our models give solutions that are
much better than the current solu-
tions, resulting in potential revenue
in excess of $§1 275 072.664 over the

year 2001. Since the cost of using the
models presented in this paper is
virtually zero, the increase in revenue
corresponds to real profits.

We carried out sensitivity analysis for
the optimal solution of foam production.
This information shows how the optimal
solution and the value of its objective
function change, given changes in various
inputs to the problem. We used LINGO to
compute ranges for the objective function
coefficients, right-hand-side values and
shadow prices.

*  Changes for the objective func-
tion coefficients

In general, if the objective function
coefficient of a single variable is chan-
ged within a certain range, then the
values of the decision variables will
not change. However, the value objec-
tive function may change. The infor-
mation in table (7) tells us the effect of
changing a single price of a product.

The products X, C18, and C20 can
individually have any prices greater than
zero without altering the optimal values
of the decision variables. This shows
very significant flexibility of these coeffi-
cients. Similarly, as long as the price of a
block of foam BB is greater or equal,
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Table 7
Optimal Solution Without Upper and Lower Limits
Product Variable Current coefficient (c;) Ranges

X X1 42219.33 0 < ¢y (forx;) < oo
Cl18 Xo 54054.00 0 < ¢, (forx,) < o0
C20 X3 40249.44 0 < c; (for x3) < oo
BB Xq 57141.45 28936.68 < cq4 (for x4) < 00
B28 Xs 45120.24 0 < cs(forxs) < 89717.42
BS28 X6 33534.10 0 < ¢q (for x¢) < 66220.00
SF X7 38399.32 0 < ¢ (for x7) < 163982.30
EX Xg 50938.29 0 < cg (for xg) < 315933.50
EXS X9 35901.45 0 < ¢y (for xg) < 236309.30
SL X10 42968.00 0 < c¢q (for x;0) < 82281.40

then 28936.68, the current production
mix solution will be optimal. It follows
that; the remaining coefficients can be
changed unilaterally, over their ranges,
without affecting the character of the
optimal solution. However, these coeffi-
cients are less flexible than the first three
ones.

* Changes for the right-hand-side
values

A shadow price is the change in
value of the objective function from an
increase of one unit of a scarce re-

source. The addition of one unit of an
abundant resource does not change
the objective function value. All these
changes dealt with the right-hand-side
of the constraints. The right-hand-
side of a single constraint can be
changed within a specified range to
keep the same shadow price. How-
ever, the values of the decision vari-
ables and the total revenue of the
solution may change. All the neces-
sary information about shadow prices
and ranges are given in table (8).

Table 8
Shadow Prices and Ranges of the Raw Materials
Raw materials Current avail-  Slack or Shadow  Type of the re- Range
ability (bi) surplus price source
Polyol 12 155110.00 10 735 830.00 0.00 Abundant 149270 < b; < ©
TDI 714 420.00 55169.58 0.00 Abundant 659 250.42 < b, < o0
Mathylene Chloride 17 625.00 0.00 57.55 Scarce 10 072.76 < by < 24 593.87
Tegostab BF2370 26 600.00 12 808.34 0.00 Abundant 39408.34 < by < ¢
Niax Al 2100.00 0.00 5340.32 Scarce 2082.89 < bs <2183.96
Dabco 33LV 1 500.00 379.72 0.00 Abundant 1120.27 <bg < 0
Stannous Octoate 4 800.00 2101.812 0.00 Abundant 2698.19 <b; < o0
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There are two scarce resources,
Mathylene Chloride and Niax Al.
The range over which the addition of
one unit of Mathylene Chloride will
cause the objective function to im-
prove by $57.55 to a value of

$5414477.20, 1s between 10072.76
and 24 593.87. Similarly, As long as
the amount of Niax Al is greater or
equal to 2082.89 and less than or equal
to 2 183.96, the addition of one unit of
this resource will increase the optimal
solution by $55 169.58 to a value of
$5469589.23 dollars. The remaining
resources can increase indefinitely
without altering the problem’s solu-
tion.

Linear programming is a mathe-
matical technique used to help man-
agement decide how to make the most
effective use of an organization’s re-
sources. This approach starts with
data that are manipulated and pro-
cessed into meaningful information.
This processing and manipulation is
the heart of quantitative analysis.

In addition to quantitative analy-
sis qualitative factors should also be
considered. The weather, legislation,
new technology, and so on may all be
factors that are difficult to quantify.
Because of the importance of qualita-
tive factors, the role of quantitative
analysis in the decision-making pro-
cess can vary. When there is a lack of
qualitative factors and when the pro-

blem, model, and input data remain
the same, the results of quantitative
analysis can automate the decision-
making process. In most cases, how-
ever, quantitative analysis will be an
aid to the decision-making process.
The results of quantitative analysis
will be combined with other (qualita-
tive information) in making-deci-
sions. Moreover, an optimal solution
resulting from a quantitative analysis
should be accompanied with a mar-
keting study and advertisement since
such a solution, suggest most of the
time, increasing the production of
certain products and decreasing the
others.

Conclusion

In this paper we have developed
two linear programming models for
managing the production in two dif-
ferent departments pertaining to the
same factory.

We develop a first model to deter-
mine the best quantities of foam to
produce in order to maximize the
revenue of this department. The sec-
ond model was a special type of linear
programming models, called an inte-
ger linear programming model. The
construction of this model is identical
with the first one, but the only differ-
ence is that the decision variables have
to take an integer value in the final
solution. This model seeks to max-
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imize the revenue of the mattresses
department.

We saw that our models solved the
existing problem much better than the
current policy, resulting in potential
revenue increase of $1275072.66 per
year. This represents 28.13% increase
in the total revenue. The cost of the
optimal solution implementation is
zero. As a result, the increase in
revenue corresponds to real profits
for the factory. This result demon-
strated the importance of using linear
programming model in decision-mak-

References

Anbil et al, R., 1991.Recent Advances in
Crew Paring Optimization at Amer-
ican Airline. Interfaces, 21 (1): 62-
74.

Balbirer, Sheldon D. and David Shaw.
1981.An Application of Linear Pro-
gramming to Bank Financial Plan-
ning. Interfaces, C11 (5): 77-82.

Breslaw, J. A. 1976. A Linear Program-
ming Solution to the Faculty As-
signment Problem. Socio-Economic
Planning Sciences, 10: 6.

Bowles, G. & Dagpunar, JS. 2000. Opti-
mazation of Sinking Funds for Ma-
jor Repair in a Houssing
Association. Jounal of Operational
Research Society, 51(2): 156-161.

Cabraal, R. Anil. 1981. Production Plan-
ning in Sri Lanka Coconut Mill
Using Paramatric Linear Program-
ming. Interfaces, 11(3): 16-21.

ing. It leads, under the same circum-
stances, to an increase in the revenue
estiwated at 28.13% per period.

We supplemented the optimal solu-
tion of foam production with sensitivity
analysis, which recognized the sensitiv-
ity of the optimal solution to changes in
the data used to build the model.

The need to efficiently allocate
limited and expensive resources, in
each company, necessitates the em-
ployment of new strategies based on
scientific methods and techniques
such as linear programming.

Dantzig, G. B. 1963. Programming and
Extentions. Princeton, New Jersy:
Princeton University Press.

Glen, J.J. 1986. A Linear Programming
Model for an Integrated Crop and
Intensive Beef Production Entre-
prise. Jounal of Operational Re-
search Society, 37 (Sep.): 487-494.

Hillier, F. S., and Lieberman, G. J.1990.
Introduction to Operations Research,
New York: Mc Graw Hill.

Hilal, Said S. & Erikson, Warren. 1981.
Matching Supplies to save lives:
Linear Programming the Produc-
tion of Heart Valves. Interfaces,
11(6): 48-56.

Left, H. S., Dada, M., and Graves, S.
C.1986. An LP Planning Model for
a Mental Health Community Sup-

port System. Management Science,
31 (2): 134-155.

225



AJ.AS, Vol. 10, No. 2

Murty, Katta. 1983. Linear Program-
ming. New York: Wiley.

Peatre, G.C. 1986. Linear Programming
in Air Defense Modelling. Jounal of
Operational Research Society, 38
(May): 487-494.

Polimeno, F., Rehman, T., Neal, H. &
Yates, CM. 1999. Integrating the
Use of Linear and Dynamic Meth-
ods for Dairy Cow Diet Formuta-
tion. Jounal of Operational Research
Society, 50(9): 931-942.

Render, B., and Stair, R. M.1994. Quan-
titative Analysis for Management.
5™ ed. Boston: Allyn and Bacon.

Scharge, L. LINDO. 1991. 4n Optimaza-
tion Modelling System. 5 ed. South

San Fransisco, California: The
Scientific Press.

Subramanien,R., Anbil er al, R. 1994.
Scheduling Planes at Delta Airlines
with Gold start. Interfaces, 24 (1):
104-120.

Yosi- Ben Dov, Lakhbir Hayre, and Vin-
cent Pica, 1992. Mortgage Models
at Prudential Securities. Interfaces,
22 (1): 55-71.

Taha, Hamdy. 1997. Operations Research.
7" ed. New York: MacMillan.

Zappe, C. Weber, W., and Horowitz, 1.
1993. Using Liner Programming to
Determine Post-Facto Consistency
Evaluations of Major Legue Base-
ball Players. Interfaces, 23 (6): 107-
119.

226



Wadad A. Saad

saalall
JioY! alidy) bkl
Laelual) &ls pill saay

RE S PHEN KUY
Lol Zaslal

SIS sl ] e LSl (Ll By sund Gk Lubyl sia sl
s b Y] e e Ll daa il ol aladialy Bk sy ol b Lelial
Jao 8uby e Joad Lo 7] dad slas) by cold, bl awdy pidwl) aws a4
o ol 15 e300 5-Lgad gyl Bl ol s 5.5
tiall T ly) Tl e lall o Eom CCBISEN 3 50l D elld 33 o (0 el 5005
b @l Sl e an uShand elalle sl alidiul 3ok oo Lole Glaa 3
Lo sl Sl Y33 VTV VT, M ¥\ e JN3 Taol) Loyl Al 3ok
Jalat g oal 08 G LS L) el 8 LondTiiall libaaal) il (pad elldg /YA VY dis
e a5 gl i La 305 (se Ly elligegibasy) gLy Bl Zaill Ll
LY 3 A1 L1 ol

Wadad Abdul-Hassan Saad (ph. D in Economics with a Major in
Econometrics, Université de Paris 2, Panthéon-Assas, France,
1990) Associate Professor of Econometrics and Operations
Research. Faculty of Economics and Business Administration,
Lebanese University. Her Area of Interest: Econometric Studies,
Optimization Problems, Statistical Studies.

227



