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to reduce the total overall cost to fulfill a no constant demand assuming
fixed sale and production capacity. In this study we proposed model
attempts to minimize total production and work force costs, carrying
inventory costs and overtime costs € so that in the end, the proposed
models is solved by using LINDO program and getting optimal

production plan. Based on the analysis of the results of running the

proposed model, the following conclusions are drawn.:

Mathematical model for solving aggregate production planning
problems by using Linear Programming is simple and suitable tool
for objective goals, and it can be used in different fields of
engineering applications.

The model can be extended to any number of objectives by simply
introduce the new goal as constraint, and the new objective is to
minimize the deviations from the desired goal.

The model support managerial decisions to develop APP problems
particularly if resources budget are limited.

The model that has been developed in this study is so elastic that it
provides a facility in working against this kind of studies to find
the optimal solutions. This model can be applied to different
manufacturing companies by doing some modifications in
variables and parameters.

This model can be applied to others case studies in industrial
applications.

5.2 Recommendations:

Based upon the study, The researcher gave a number of important

recommendations such as:

The universities and research centers are to make empirical studies
on application of LP in libya and should be published on
specialized and general periodicals to be viewed and benefited
from by as many decision makers and engineers as possible.

More attention should be given for teaching OR subjects in
universities. Especially the applied part of it is studies. Which will
help students to understand these subjects and use them later in
their prospective careers.

Future researchers may also explore the multi-objective linear
programming model to solve aggregate production planning
problems.
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Table 2. Optimal production plan in Ghan Water Bottling Factory
Case with LP-APP model

Period Product X, I, R, 0,
Ghan (1.5L) - 15000 - -
Ghan(0.5L) - 15000 - -

0 Ghan (0.3L) - 15000 - -

Zalal (1.5L) - 15000 - -

Zalal (0.5L) - 15000 - -

Zalal (0.3L) - 15000 - -

Ghan (1.5L) 1 68500 10000 189 81
Ghan(0.5L) 2 73750 10000
1 Ghan (0.3L) 3 2875 10000
Zalal (1.5L) 4 19550 34550
Zalal (0.5L) 5 0 15000
Zalal (0.3L) 6 0 15000

Ghan (1.5L) 0 10000 175 75
Ghan(0.5L) 0 10000
) Ghan (0.3L) 50722 60722
Zalal (1.5L) 80450 10000
Zalal (0.5L) 0 15000
Zalal (0.3L) 21125 36125

Ghan (1.5L) 0 10000 181 0
Ghan(0.5L) 0 10000
3 Ghan (0.3L) 43278 10000
Zalal (1.5L) 0 10000
Zalal (0.5L) 57500 10000
Zalal (0.3L) 0 10000

Total production plan costs 317588.2 DL

Using LP-APP model to minimize total production costs ( Z ), total
production cost of (317588.2 DL).

Despite the good results that were obtained through the proposed
model, but remains very much sensitive to the accuracy of the
information and data provided by Ghan Water Bottling Factory .

5. CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions:

The purpose of this paper is to formulate and solve aggregate
production planning problems by using Linear Programming model for
production systems in which the objective function is to minimize the
costs of production over the planning horizon. The APP is concerned with
the determination of production, overtime, the inventory and the
workforce levels of a company on a finite time horizon. The objective is
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Based on the collected data, the APP model (in mathematical
form) is formulated to clearly show the objective function and constraints
in this study as follows:

N T T
Minimize Z Z[C"X" + hI.] + Z [7; R, +0,0.]
t=1

i=1 t=1
Subject to:
X\z;r +1L,y— 1, =D

Zml—X"—R,—O,=0
i=1

t t t
Z I, < 76000 24, < 106400 ZI,., < 106400
t=1 t=1 t=1

t t t

ZI" < 76000 Zli, < 10640 Zlit < 106400
t=1 t=1 _ t=1 _
I, =10000 0<R, <R, 0<0, <0,
X,20, 1,20 i=123........ 6 t=12,3

4.3 Solve the Linear Programming model to Aggregate Production
Planning Problem

The LINDO computer software package was used to run the
Linear programming model. Table 2 presents the optimal aggregate
production plan in the industrial case study based on the current
information.
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5- The Maximum capacity of storage in six products in the Factory.

Ghan Ghan Ghan Zalal Zalal Zalal
Produce (1.5L)  [©.5L) [©.3L) |(1.5L) |(0.5L) | (0.3L)
storage capacity(units) | 76000 106400 | 106400 | 76000 | 106400 | 106400

6- The membership’s functions related to each objective, and then we
will define the type of membership’s functions. The details of the
type of memberships function of is as follow:

T 1 2 3

7. 0.0468 0.0312 0.0412
o, 6.038 6.038 6.038
R, 189 175 182
0. 81 75 78

Table 1. The basic data provided by Ghan Water Bottling Factory
(in units of Libyan Dinar DL)

Product Period D;, Cie h,,
1 73500 0.932 0.0014
Ghan (1.5L) 1 —
T I —— N [,
1 78750 0.757 0.0013
Ghan T e T |
(0.5L) R E— —
1 7875 1.694 0.0127
Ghan 2 e - -—-
(0.3L) 3 940000 1.694 0.0127
) o v
Zalal
(15L) 2 105000 0.932 0.001
T e [ —
| R E—— ——- ——
Zalal N -——- -—--
(0.5L) 3 62500 0.757 0.002
Zalal | e S
(0.3L) 2 | e
3 26125 1.694 0.008

4.2 Formulations Aggregate Production Planning model by using the
Linear Programming
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0<R, <R, v
0<0,<0, v;
X,=20, I,=0 v, ,t

4. MODEL IMPLEMENTATION

4.1 Ghan Water Bottling Factory case study and data description

In this section, by visiting and interviewing Ghan Water
Bottling Factory in Tripoli , this Factory six types of products which are
important, [Ghan (1.5L)], [Ghan (0.5L)], [Ghan (0.3L)], [Zalal (1.5L)],
[Zalal (0.5L)], [Zalal (0.3L)] and The Factory operates 11 workers, and
the system of work in the Factory is a continuous production (7 hours)
for all days of the week except Friday, which is rest day, The individual
Factory in the production of drinking water products mentioned above,
the demand for their products makes is large, which may cause problems
in the productive capacity of this Factory, fluctuations in demand on the
level of monthly production capacity of any production capacity (CAP).

Ghan Ghan Ghan Zalal Zalal Zalal

Produce (1.5L) | (0.5L) | (0.3L) | (1.5L) | (0.5L) | (0.3L)

production capacity(units) 4750 3990 3990 4750 3990 3990

m, 0.0015 | 0.0018 | 0.0018 | 0.0015 | 0.0018 | 0.0018

Therefore, fluctuations in demand on the level and volatility of
productive capacity, calls for the Factory in an attempt to develop a plan
of production, trying to cope with the impact that fluctuations in demand
due to seasonal changes, Table 1 summarizes the basic data gathered
from the Factory .

The proposed model implementation by visiting and interviewing
Ghan Water Bottling Factory in Tripoli collected data can be summarized
has the following conditions:

1- There is a three period planning horizon.
2- A six products situation is considered.
3- The initial inventory a six products in period 1.

Inventory level I I I3 Iy I, Igo

(units) 15000 15000 15000 15000 15000 15000

4- Minimum inventory must be maintained during the period t of
product 1 is 1000 (units)
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3.2.1 Parameters and decision variables definition
Model: Fixed Work Force Model (Assumption: Hiring and firing
are disallowed Production rates can fluctuate only by using overtime).

0

i« = Unit production cost for product i in period t (exclusive of labor costs)
i+ = Inventory carrying cost per unit of product i between period t and t+1.
= Cost per man-hour of regular labor in period t

=n

el
"

0. = Cost per man-hour of overtime labor in period t

D;. = Forecast demand for product i in period t

m; = Man-hours required to produce one unit of product i
R, = Total man-hours of regular labor available in period t
0, = Total man-hours of overtime labor available in period t

I;; = Initial inventory level for product i

T = Time horizon in periods

N = Total number of products

i= Number of product types, i=1,2,...,N.

t= Number of periods (month) in the planning horizon, t=I1, 2,...,T.
X;. = Units of product i to be produced in period t

I;;, = Units of product i to be left over as an inventory in period t

R, = Man-hours of regular labor used during period t

0, = Man-hours of overtime labor used during period t

3.2.2 Objective function and Constraints
The objective of the aggregate production planning model is to
minimize total costs. In this study, we propose a model will be using two
strategies where they are available in Ghan Water Bottling Factory.
e The production rate can also be altered by maintaining a constant
labour force but introducing overtime or idle time.
e The production rate may be kept constant and changes in demand
absorbed by changes in the inventory level.

Accordingly, the objective function and constraints of the proposed
APP model is as follows.

N T T
Minimize Z Z:[ci,Xir + h,I.] + Z [Tth, +0,0,]
t=1

i=1 t=1
Subject to:
Xe+ Ly y—I; =Dy Vit

N

zmixit—Rt_otzo vi
i=1
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e To plan the production planning to minimize the production and
the storage costs so as to cover the demand for a product.

e Determine the production families by using available machines and
the workforce, to maximize the firm benefits.

e Determine the raw materials combination to make the production
for the minimal production costs.

e To plan the establishment of the firm so as to make the costs
minimal for production and distribution.

e To assign the workforce for the machines.

3. MODEL FORMULATION

3.1 Problem Description

Aggregate Production Planning decision problem examined here
can be described as follows. Assume that a company manufactures N
types of products to fulfill market demand over planning horizon T. The
goal of this APP decision problem aim to minimize total costs with
reference to inventory level, labor levels, capacity, warehouse space, and
the time value of money for each of the cost categories.

The forecast demand, related operating costs, and labor and

machine capacity are imprecise over a medium time horizon. This APP
decision focuses on developing an interactive PLP method of establishing
the production plan to satisfy forecast demand.
The problem of the research was that the traditional manner to put the
development and the stability of the economical unit. The hypothesis that
says that the use of linear programming to put the production plan leads
to providing relevant information was put under test. It is said that this
hypothesis may help the management to specify the ideal production plan
which will realize the maximum profits. A problem was surveyed in
accordance with a linear programming model and then it's solution and
then explaining the optimal solution economically.

3.2 linear programming model to Aggregate Production Planning

The proposed APP model was developed with the requirements of
the situations and general characteristics of industries. Therefore, it is
different from models available on textbooks and journals and it seems to
be more practical in industries.

Most industries use a monthly planning period for their master
production plans. Therefore, the aggregate production plan should also
adopt the monthly planning period in order to facilitate the disaggregation
of the aggregate plan into the master production plan. The planning
horizon of APP must be at least one year in order to cover the entire
seasonal cycle.
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(LDR) [5], (3) transportation method [9], (4) management coefficient
approach [10], (5) search decision rule (SDR) [11], and (6) simulation
[12]. When using any of the APP models, the goals and model inputs
(resources and demand) are generally assumed to be deterministic/crisp
and only APP problems with the single objective of minimizing cost over
the planning period can be solved. The best APP balances the cost of
building and taking inventory with the cost of the adjusting activity levels
to meet fluctuating demand.

This research develops a novel linear programming method to
solve aggregate production planning problem with imprecise forecast
demand, related operating costs and capacity .The presented model
attempts to minimize total costs with reference to inventory levels,
overtime, machine and warehouse capacity and the time value of money
for each of the cost categories. The objectives of this study are:

e To recognize the constraints and objective of problem in
developing aggregate planning.

e To formulate the aggregate planning in linear programming.

e To generate alternative solutions using proposed mathematical
model and select the best planning based on company’s
requirement.

This study is divided into two parts, Theoretical, which covers
related literature on linear programming technique then a theoretical
background. Empirical, which applies the techniques of linear
programming on Ghan Water Bottling Factory. This model shall
determine the quantity of monthly production, inventory, and total cost of
production within a 3 months period of time.

2. LINEAR PROGRAMMING

Linear programming is concerned with the maximization or
minimization of a linear objective function in many variables subject to
linear equality and inequality constraints [13]. Linear programming (LP)
can be used in aggregate planning if the costs of various resources are
assumed to be linear functions of the amount of those resources used by
the aggregate plan [14]. LP can be used to plan production over some
horizon for an actual product or for some pseudo product. LP is a method
that can be used to analyze the effects of long range financial plans,
aggregate plans, production plans, holding inventory, distribution
problems, promotion decisions, back ordering, the use of overtime, and
the use of subcontracting.

It’s possible to enumerate some of the reasons of choosing linear
programming in production management [15].
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1. INTRODUCTION

The aggregate production planning, which might also be called
macro production planning, addresses the problem of deciding how many
employees the firm should retain and, for a manufacturing firm, the
quantity and the mix of products to be produced. Aggregate production
planning methodology is designed to translate demand forecasts in to a
blueprint for planning staffing and production levels for the firm over a
predetermined planning horizon. The aggregate production-planning
problem has been studied extensively, since it was first formulated in the
1950s. Interest in the problem stems from the ability such models provide
to control production and inventory costs. The costs associated with
inventory management and production planning are a substantial portion
of the total expenditure of the manufacturing companies. Aggregate
production planning involves matching capacity to fulfill the demand of
forecasted, fluctuating customer orders in the medium term from 3 to 18
months ahead[1] [2] [3].

Aggregate production planning determines the intermediate range
capacity needed to respond to fluctuating demand. Specifically, how can
the productive, man power, and goods resources best be utilized in the
face of changing demands in order to minimize the total cost of
operations over a given planning horizon.

In responding to changing demands, management can utilize the
following strategies[4]:
e The production rate may be kept on a constant level and the
fluctuations in demand met by altering the level of subcontracting
e The production rate can be altered by effecting changes in the work
force through hiring or laying off workers.
e The production rate can also be altered by maintaining a constant
labour force but introducing overtime or idle time.
e The production rate may be kept constant and changes in demand
absorbed by changes in the inventory level.

Any combination of these preceding strategies is course also
possible. The problem of the APP is to select the strategy with least cost
to the firm. This problem has been under an extensive discussion and
several alternative methods for finding an optimal solution have been
suggested in the literature.

Since Holt, Modigliani, and Simon [5] proposed the HMMS rule in
1955, researchers have developed numerous models to help to solve the
APP problem, each with their own pros and cons. According to Saad [6],
all traditional models of APP problems may be classified into six
categories—(1) linear programming (LP) [7, 8], (2) linear decision rule
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USING LINEAR PROGRAMMING IN AGGREGATE
PRODUCTION PLANNING WITH APPLIED STUDY IN
GHAN WATER BOTTLING FACTORY — TRIPOLI

Dr. Forjani Ali Ahmed

ABSTRACT

The objective of this study is
to help solving aggregate Production
Planning by using Linear
Programming for Ghan Water
Bottling Factory. The technique
offers many detailed information
which traditional techniques do not
provide.

This  research  has  proposed
mathematical model for solving
aggregate  production  planning
problems by  using Linear
Programming in Ghan Water
Bottling Factory.

The proposed model attempts to
minimize total production and work
force costs, carrying inventory costs
and overtime costs.

The proposed model is solved
by using LINDO computer package
and getting optimal production plan.
At the end of the study, the
alternative plan was suggested and
the expected improvement by
comparing to the current layout in
the same studied period.
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