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ABSTRACT

In Ghana, there are a number of beverage manufacturing companies with the aim of
distributing their products to the entire, country.
The products need to be distributed within the ten regions of the country at a minimum total
cOost.
Accra Brewery Limited was chosen as a case study with their distributing cost of beverage
particularly beer for the past ten years from their archival data cannot be overemphasized.
Huge transportation cost in the past shows that there is a need to investigate the cause.This
study is aim at formulating a transportation model to minimize the cost of transporting the
beverage (beer) within the entire country, (i.c Ghana).
In pursuit of the objectives, secondary data on the transportation cost and number of beer
transported for the past six months in the year 2007 i.e, May- October was collected and
analyzed for this project.
The company's major distributors transport beer to different retail warehouses within the
country. The various production plants and retail warehouse were analyzed.
The objective is to develop a mathematical model to optimize the total transportation cost for
the Distribution Department of Accra Brewery Limited. Based on a few assumptions made, a
mathematical model was formulated to help in solving the problem. Excel Solver was used to
solve the problem.

The rcsyl_t_-éj;éwx that dunng-a-normal season the cost of transporting beer for the entire
country was 2,272.455.9 Ghana cedis, and 2.996,936.7 Ghana cedis in the lean season. The

o
cost of transporting beer in festive season was 3,439,329.8 Ghana cedis.
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CHAPTER ONE

INTRODUCTION

1.0 TRANSPORTATION SYSTEMS AND PROBLEMS FACING THE
INDUSTRY IN GHANA
Transport in Ghana is meostly road, rail, air and water. Ghana’'s transportation and
communications networks are centered in the southern regions, especially the areas in
which gold, cocoa, and timber are produced and big industries are located. The northern
and central areas are connected through a major road system; some areas, however,
remain relatively isolated. The huge percentage of the population uses the road network
transport system.

The large numbers of users of the roads has constituled most road network
problems. Myriads of problems facing the transportation in Ghana cannot be over
emphasized. Transportation and communications networks in Ghana have been blamed
for impeding the distribution of economic inputs and food as well as the transport of
crucial exports. Ministry of Roads and Highways major priority was to repair and
maintain the road in Ghana. During the 1980°s the government of Ghana used about
US$1.5 billion for road and rail rehabilitation.

Most new vehicles are intended for private use rather than for hauling goods and
people, a reflection of income disparities. Transportation is difficult in eastern regions,
near the E:EE;S-E: ur-u.{.l n tm&crdcvclﬂped northern regions, where vehicles are

—scaree: At any one time, moreover, a large percentage of intercity buses and Accra city

buses are out of service. Third world countries such as Ghana face a lot of problem in the



public transportation system due to the fact that the country is encountering major
economic growth and improvement in transporting people for economic activities.

. In Ghana, the modern public transportation system started in the late 1800 when
the first rail line was constructed for the commercial exploitation of gold, and the first
road created from Accra to the Eastern region. Omnibus Services Authority (OSA), State
Transport company (STC), City Express Services (CES), and lately Metro Mass Transit
(MMT) Ltd are public transport companies owned by the government to facility the
mobility of citizens to various destinations. The public transportation companies are also
established for the various reasons including one of the social services on government to
provide for the people, environmental factors, energy considerations and the promotion
of efficient public transportation to increase productivity and economic growth,

The public transport system can be divided in into the formal and informal
sectors. The informal public transport system can be categorized into two groups namely
taxis and “trotro™ for transporting people and small goods whiles the big trucks for
transporting huge goods such as cartons of beer etc.

Transportation by rail is also paramount and patronize in Ghana. The percentage
of population using the rail transport system is about 18%. In Accra the rail line stretches
from Nsawam to Accra Central. Most market women and children use the rail as a means
of transportation to various destinations. In the Western region, the rail transportation
system is ysed to transpart-sew materials from Tarkwa to Bawjiase for exploration of
Gold. Mostly this type of transportation is predominantly used in the rural areas.

S s
A lot of challenges are encountered in the rail transportation system and the

Ministry of Transportation is to address this situation.
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African Development Bank (ADB) conducted the feasibility studies and estimated
$5 million for the project. Possible projects at the time included extending a line from
Ejisu to Nkoranza and Techiman; a line from Tamale to Bolgatanga and Paga to Burkina
Faso; a line from Wenchi, Bole to Wa and Hamile and also to Burkina Faso, and a line to
Yendi where there are iron ore deposits Ejisu, Kumasi with extension lines via
Mampong, Nkoranza, Tamale, Bolgatanga and Paga was proposed for rehabilitation in
March 2007, (Ministry of Transportation Journal).

Water transportation is also predominant in Ghana. It is mostly used in the rural
areas in Ghana. The main water bodies known are the Lake volta, the Ankobra river, the
Densu river and the Weija river. The challenges on the water transportation systems are
many. Most of the lakes have tree stumps and this normally causes accidents on the lakes.
In 2002 a ferry hit a tree stump in a stormy weather and sunk in the Volta Lake. Human
lives were lost. Most ferries have no life jackets on hboard in case of any
eventualities.Dredging of the Volta Lake in 2004 caused the government of Ghana

billions of Ghana Cedis .(Ministry of Transportation Journal).

Accra Brewery Limited (ABL) is no exception and has a lot of challenges in transporting
the beverages produced by the company. Accra Brewery Limited was incorporated on
April 1, 1975 though it was originally referred to as Overseas Breweries Limited dating
back in liﬂt.’.l-'he; company—wasprovisionally listed on the Ghana Stock Exchange on
November 12, 1990 and formally on December 20 2001. ABL has one billion authorized

i

shares of which _249',446,564 are issued making its stated capital GII¢7,332,000,00, It has



Overseas Breweries Limited as it major sharecholders with about 62.9% of the shares
outstanding.

The company has distributions depot all over the Ghana. Its main business is
brewing of beer, malt and aerated soft drink. Acecra Brewery Limited is the producer of
Club Beer, Castle Milk Stout, Stone Lager, Club Shandy, Vitamalt, Muscatella etc. Due
to market forces and inflation over the past ten years the financial statement summary for
the year 2002, 2004 and 2005 are as follows. In 2002 the total net sales was 89,780,000
Ghana Cedis, the net profit was 5,064,000 Ghana Cedis, the key ratios net profit margin
was 3.64%, currency ratio 1.4400 and the debt/capital ratio was 0.1200. In 2004 the total
nel sales was 133,999,{}0{} Ghana Cedis, the net profit was 13,645,000 Ghana, the key
ratios for net profit margin was 7.42%, currency ratio 1.6600 and debt/capital ratio was
0.0700.The year 2005 indicated that the total net sales was 198,246,000 Ghana Cedis and
the net profit was 13,742,000 Ghana Cedis. The key ratio for the net profit margin was
6.93%, the currency ratio was 1.1500 and the debt/capital ratio was 0.1500. The project

centered on the distribution of Club Beer all over Ghana. (Cal Brokers Limited)

1.1 MODELLING

The transportation model seeks the determination of a transporting plan for a single
commodity from a number of sources (e.g. factories) to a number of destinations
(wareho usej.;:l;e'ﬂata of the-meodel should include:

(1) The level of supply at each source and the amount of demand at each destination,
RS

(i)  The unit transportation cost of the commodity from each source to each

destination.



Since there is only one commodity, a destination can receive its demand from one or
more sources. The objective of the model is to determine the amount to be transported
from each source to each destination such that the total transportation cost is minimized.
The basic assumption of the model is that the transportation cost on a given route is
directly proportional to the units transported.

A Model is a symbolic or physical representation of reality. Modelling is an art,
because judgments are made when selecting the important features of reality for the
problem at hand. Modelling also is a science; however, because data are collected to
measure the relationship between decision variables and clarifying objectives imposes a
discipline that is useful in itself as the definition implies, a model does not represent
precisely what is supposed to represent, that is, it cannot be mistaken for or replace
reality, The major component of the modelling system is that there is an opportunity to
evaluate the alternatives. These alternatives will be measured in some quantitative form.
Some scaling must be done to select the better alternative. These alternatives considered
arises from the effects of input variables where inputs enter the model and results in
dependent variables. These independent variables are also called input variables. Their
origin is from outside the model system and result from external causes. They are
differentiated from another quantity called the parameter and it becomes the quantity that
13 assignable and generally known as a constant, The dependent variable originates from
within tha_rt;;iemng system—amd results from the interaction of input variables and
patameters. The modelling system is characterized also by constraints or limitations on

e
the values that the model operates and help to deride the limits within which the model



will operate, We solve the model using a technique called Lincar Programming (LP).
Hitp://www-neos.msc.anl.gov.neos/

Linear Programming is a mathematical technique designed to aid institutions in
allocating scarce resources (energy, labour, capital, etc). For a typical LP model an
attempt is made to achieve some objectives {(maximizing profit, minimizing cost) in view
of limited resources (available labour or capital, service level of available machine time).
A linear objective function that is to be optimized (either maximizes or minimizes)
subject to linear inequality or equality constraints is the bedrock of an LP. The
proportionate relationship of two or more variables is called 'linear’ that is a given change
in one variable will always cause a resulting proportionate change in another variable.
The LP technique uses a systematic method called iterations to find an optimal solution to
an LP problem. Each step of the procedure is an attempt to improve on the solution until
the best answer is obtained.

However, the "ordinary" [P cannot solve our transportation problem since the LP has
some rigid limitations that can restrict its application in transportation Problems, The
Transportation technique is a particular form of LP that solves transportation problems.
Linear Programming (LP) is a general computer-based modelling tool for making
resource allocation decisions that transcend all aspects of service operations management.
The success of an Operation Research (OR) / Management Science (MS) technique is
- ultimately mcasured by the-spread of its use as a decision making tool. Ever since its
introduction in the late 1940s, linear programming (LP) has proven to be one of the most

e =l
effective operations research tools. Its success stems from its flexibility in describing



multitudes of real life situations in the following areas: military, industry, agriculture,
transportation, economics, health systems, and even behavioral and social sciences.

The usefulness of LP extends beyond its immediate applications, Indeed, LP
should be regarded as an important foundation for the development of other Operation
Research techniques including integer, stochastic, network flow and quadratic
programming. Linear programming is a deterministic tool meaning that all the model
parameters are assumlcd to be known with certainty, In real life, however, it is rare that
one encounters a problem in which true certainty prevails. The LP technique compensates
for this "deficiency" by providing systematic post-optimal and parametric analysis that
allows the decision maker to test the sensitivity of the "static" optimum solution to
discrete or continuous changes in the parameters of the model. In essence, these
additional techniques add a dynamic dimension to the property of optimum LP solution,
Linear programming should not be viewed as computer programming,

The use of models such as LP springs from a belief that applying the scientific method
can enhance the decision-making process. Science study nature and conduct controlled
experiments to understand better the phenomena of interest. Decision models are the
laboratories of managers who are interested in testing the outcomes of decisions before
their actual implementation. In this way, potential disasters may be avoided, and the
decision- making process may be improved through a better understanding of the
enwmnmmL ';;u“ﬂj'ne et al (26057

1.1.1 MODEL REVIEW

==
The art of formulating LP models and interpreting computer output is discussed here. The

mathematical details involved in solving an LP model are not discussed. The availability



of computer programs to solve such models is extensive. The chapter concludes with a
discussion of a particular form of LP called Transportation Technique. We begin by
discussing the concept of an optimum solution 10 a constrained model.

1.1.2 CONSTRAINED OPTIMIZATION PROBLEMS

Each day, we are faced with making decisions in which our potential set of alternatives is
restricted by money, time, physical limitations, or some other elements. For example,
suppose we wish to buy a car, we can qualify for a Ghana cedis (GHg¢ 10,000) loan, and
we want a vehicle with an Environmental Protection Agency rating of at least thirty
kilometres (30) per gallon. The set of possible cars is constrained by time, budget, and
mileage performance. These constraints are restrictions that reduce the allowable set of
solutions to our problem. Thus, constraints actually, help us to make decisions by limiting
our search for a solution to cars that meet the stipulated requirements [1].

If economy were our goal, we could measure this by calculating the cost per kilometre for
each car that meets our constraints. The car with the lowest cost-per-kilometre value
would be considered the optimum solution to our constrained decision problem.
Constrained optimization problems are common to service operations. For example, a
potential location for a service facility is constrained by the available sites. Schedule
telephone operators are constrained by variations in demand for the service and by the
personnel policies regarding split shifts,

Linear pmgﬁnming models-arew Special class of constrained optimization models. In
_Lﬁ.__ﬂl relationships are expressed as linear functions, and all LP models have the

following algebraic form:

Maximize (minimize) CXitCi Xt OX
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And non-negativity constraints

X, X, X Z 0

I n

Each constraint is limited to only one of the conditions <or=or=.

1.2 STATEMENT OF THE PROBLEM

The cost of transportation of club beer in Accra Brewery Limited for some years now is

very high. This has caused the marginal profit of the company to dwindle. The

expenditure of the balance sheet of the company is high on transportation. Transportation

Technique is used to determine the optimum transport cost of transporting a product from

a number of sources to various distribution centers.

1.3 PURPOSE OF THE STUDY

The cost of transporting products from various sources to various destinations to

maximize profit is a major headache for many Distribetion/Transport managers of

various companies. One school of thought is of the view that the total profit is not

maximized sifice the supply does not meet the demand. Another school of thought is that
e -‘_'_,_,—o—'_'---.-_

the unit cost of transporting a product from a source to a destination in not minimized.

his thesis seeks to delve into the transportation problem of Accra Brewery Limited

(ABL).



1.4 OBJECTIVE

This thesis aims at developing a mathematical model to ensure an optimum total

transportation cost for ABL.

1.4 JUSTIFICATION

e To help improve efficiency in the transport system.

* To help establish a better distribution of products depending on the demands at the
various centres so as to maximize profit.

* To achieve an optimum transportation cost for ABL.

1.6 I\lETHﬂljﬂLUGY

The data was collected from Accra Brewery Limited in Accra. A data format and a

questionnaire were designed for the collection of data from the Distribution Manager.

A model was built from the data collected and a computer program was used in solving

the transportation Problem. Attached is a copy of the data format and the questionnaire,

see Appendix A
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CHAPTER TWO
LITERATURE REVIEW

20  INTRODUCTION

Real world situations may be encountered with many transportation problems. The
demand and supply quantities may vary due to factors that can not be controlled.
Harizan., (2007) studied and presented an algorithm solving the fuzzy transportation
using membership functions of fuzzy numbers. The solution vielded optimal compromise
solutions,

Schmidt,, ( 1986) investigated the multi-period, multicommodity transportation of
fertilizer in the Republic of Indonesia. He developed a model which handles implicitly all
commodities but at least two commodities are needed for each sub problem. The main
goal of the Republic of Indonesia is to be advance in agriculture and self-sufficiency in
rice production for the next ten years and domestic consumption of fertilizer is to
increase. The distribution of the fertilizer was paramount and therefore experts in
shipping, handling storage, corporate manager, transport economist, mechanical engineer,
structural engineer, rail expert, port expert and operation research expert team was setup.
The operational research expert was to design a transportation model to optimize the
ferulizer flow in Indonesia considering suggestions from the other experts on the project.
The Fa'liliza-_u'ansporminn in Indonesia model shows that it is a multi-period, mult
commodity 'Einspnnauun’pr‘/u'hh;.-_ ﬁe author explained how the model was and steps
ngeded to reduce and simplify the model without loosing the optimality. After the first
step reduction they showed up the mult-period aspect and how to reduce the

transportation links and ultimately explained how the multi-commodity aspect was

11



reduced to the two commodities approach. Transportation problem was and continues to
be one of the main forces in mathematical disciplines of graph theory, optimization and
operation research.

The Propositions and acuendos invenes book has a story the “River Crossing
Problem” which was translated as a mathematical problem by Alcuin of York in the 18%
Century. The Alcuin’s river crossing problem has no impact on mathematics, However,
the characteristics of the literature displayed to large extent a large scale real
transportation problem. Borndorfer et al.,(1995) used a point of combinations,
optimization and operation research to explain the Alcuin’s transportation a wolf, a goat
and a bunch of -cal:lbagﬁ* The story is about a wolf, a goat and a bunch of cabbages. A
man had to take a wolf, a goat and a bunch of cabbages across the river. The only boat he
could find could only take two of them at a time but he had been ordered to transfer all of
these to the other side in good condition. How could this be done? Alcuin solved the
problem as I quote I would take the goat and leave the wolf and the cabbage. Then I
would return and take the wolf across. Having put the wolf on the other side 1 would take
the goat back over. Having lefl that behind, [ would take the cabbage across. T would then
row across again, and having picked up the goat takes it over once more. By this
procedure there would be some healthy rowing but no catastrophe ", Qur aim is to design
a mathematical model to describe a general technique based on geometry (polyhedral
theory) and_mteger programming 10 50lve Alcuin’s transportation problem. The problem
was solved using the polyhedral theory. A characterization of the transport property is

—
given, New properties for strong nonatomic probabilities are established. Belili et al.,

(1999) study the relationship between nondifferentiability of a real function f and the fact

12



that the probability measure A, f = (f{x)-1, where f{x) = (x, fix)) and is the
A, Lebesgue measure, has the transport property, In their paper, in order to simplify

matters, they consider E = R “ with the inner product (,.,} and the quadratic cost. They

give a characterization of the probabilities which have the transport property, preceded by
the necessary definitions; they introduce the notion of strongly nonatomic probabilities

and they investigated their properties. Finally, they examine the relationship between the

nondifferentiability of a real function f and the fact that the probability measure A, f:=

Ao( f A )7' |, where f(x) = (x, f(x)) and is the A, Lebesgue measure, has the transport

property. For example,they showed that the probability A, » where B is the Brownian
motion, 1sstrongly nonatomic i.e., on the other hand, if we take f{x) = J:B{:}de , the

probability has 4, the transport property i.e. but it is not strongly nonatomic. Often in

supply chain optimization multi-items have to be considered together, due to the
dependency of the cost structure or the operational constraints on the total guantities
transported and/or replenished. In other cases, the exact composition of the individual
items in a single vehicle/batch 1s important. Other complicating characteristics of multi-
item transportation/replenishment problems include capacity limitations of the
vehicles/batches, time dependency of demand and cost parameters and the existence of
fixed costs _p_;r vehicle/baich—Anily et al.,(2004) considered a multi-item lot-sizing
problem in which transportation production takes place in mixed wvehicles batches of
e

constant capacity. Apart from the usual unit storage and production costs, there is a fixed
cost per vechicle batch representing the use of limited capacity resource. In the

trangportation context, 2 warehouse ships a number of items by using trucks of a given

13



capacity so as to possibly stock items and satisfy demand forecasts at the retailer. The
objective is to find replenishment decisions for all items in order to satisfy the demand
for the items over a finite planning horizon, and minimize the sum of fixed costs
associated with the vehicles used, variable production costs and storage costs.
Transportation has a fundamental role in the economic development of all countries. It is
not just a means to service commuting people, but also to collect products and materials
from producers and distribute them to consumers. Transportation has become a
significant factor affecting the production costs of commodities. The production of sugar
cane in Thailand is no exeeption. The cost of transporting sugarcane from the farm gate
to the mills is quite high, owing to the multiple transport facilities and time-consuming
activities involved in the delivery process. The total transportation expenditure was
estimated at 5,708 million baht for the crop year 1999-2000. The average cost per
transaction incurred by farmers (excluding other labour costs) was in the range of 180-
220 baht per ton in 1999. A large portion of this cost comprises truck rental and driver
Wages.

These two elements together represent a high proportion of the overall production
cost. The transportation issue has been over looked in many industrial sectors and in the
agricultural sector, in particular. Chetthamrongchai et al., (2001) findings was on a study
on the transportation and other relevant costs of sugar cane production. The findings and
the 5ubsequ§nrt..;t-acﬁmmengaﬁa9n-s-mﬁid be considered for the enhancement of welfare of
the sugar cane farmers and the increased efficiency of the industry in general and may
-
also be applied to other agro-based industries facing similar problems. Schrijver.. (2002)

reviewed two papers that are of historical interest for combinatorial optimization: an

14



article of Tolsto from 1930, in which the transportation problem is studied, and a negative
cycle criterion is developed and applied to solve a (for that time) large-scale (10X68)
transportation problem to optimality; and an, until recently secret, Rand report of Harris
and Ross from 1955, that Ford and Fulkerson mention as motivation to study the
maximum flow problem. Dymowa et al., (1993) further development of approach
proposed by Chanas and Kuchta for the transportation problem solution in the case of
fuzzy coefficients. The direct fuzzy extension of usual simplex method is used to realize
the elaborated numerical fuzzy optimization algorithm with fuzzy constraints. It must be
emphasized that the fuzzy numerical method proposed is based on the practical
embodiment of the pioncer Stefan Chanas idea to consider the fuzzy values in the
probabilistic sense. The problem is formulated in the more general form of the
distributor’s benefit maximization. Srdjevic et al., (1997) continued general discussion
introduced in [1] on two methods for solving transportation problems: standard and
network linear programming. They put on modeling and computing issues related to both
methods. Simple illustrative example is used to demonstrate how transportation problem
may be attacked by two related solvers, Simplex and Out-of-kilter. Specific notes are
given on knowledge analyst has to be armed with in order to be able to apply the network
approach and use network methods and solvers. Goosens et al., (2005) considered the so-
called Transportation Problem with Exclusionary Side Constraints (TPESC), which is a
gEneralizatim;;f'the ordinasy-transportation problem. They determined the complexity
status for each of two special cases of this problem, by proving NP-completeness, and by
e

exhibiting a pseudo-polynomial time algorithm. For the general problem, they showed

that it cannot be approximated with a constant performance ratio in polynomial time

15



(unless P=NP). These results settle the complexity status of the TPESC. The balanced
relation between supply and demand in transportation problem makes it difficult to use
traditional sensitivity analysis methods. Therefore, in the process of changing supply or
demand resources, at least one more resource needs to be changed to make the balanced
relation possible. Doustdargholia et al., (2009) utilizing the concept of complete
differential of changes for sensitivity analysis of rnight-hand-side parameter in
transportation problem, a method is set forth. This method examines simultaneous and
related changes of supply and demand without making any change in the basis. The
mentioned method utilizes Arasham and Kahn's simplex algorithm to obtain basic
inverse matrix. The validity of mentioned method’s results are compared to and inspected
by the well-known transportation problems in the literature review. Chen et al., (2007)
considered fuzzy transportation problems with satisfaction degrees of routes since except
of transportation costs about routes, its safety or transportation time ete should be taken
into account. Further flexibility of demand and supply quantity should also be taken into
account. Moreover the fuzzy goal about total transportation cost is considered in place of
minimizing the total transportation cost directly. They considered two criteria. One is to
maximize the minimal satisfaction degree with respect to the flexibility and fuzzy goal
.The other is to maximize the minimal satisfaction degree among routes used in

transportation. But usually there exists no solution that optimizes both objectives at a

time. __: : L —

They seek some non-dominated solutions after defining non-domination. In the
_-—-'._--_.

framework of transport theory, Brancolini et al., (2000) were interested in the following

optimization problem: given the distributions p+ of working people and p~ of their
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working places in an urban area, build a transportation network (such as a railway or an
underground system) which minimizes a functional depending on the geometry of the
network through a particular cost function. The functional is defined as the Wasserstein
distance of ut from p— with respect to a metric which depends on the transportation
network. In the late 1940s, Dantzig and his contemporaries were faced with monumental
problems that arose in the areas of military logistics, management, shipping, and
economics. In 1947 Dantzig invented the simplex method a way to reduce the number of
calculations involved in optimization problems. This was the advent of linear
programming, Coover., (1985) sudied a cost minimization problem associated with Royal
Dutch Shell's distribution system in the Chicago area. The solution is made easier by
using a program called SIMPMETH, which was developed by Andree Chea. This
software was designed as a TI-83 calculator application. Badra., (2007) presented a
sensitivity analysis to multi-cbjective transportation problem. The proposed approach
yields to maximum tolerance percentages in multi-objective transportation problem, The
weighted sum approach is used to solve the multi-objective transportation problem. The
proposed approach allows changing in both the weights and the objective function
coefficients and the right hand side constraints simultaneously and independently from
their specified values while remaining the same basis optimal. Formulation of both
perturbed solution and the corresponding perturbed objective values are presented. An
iilustraﬁve_e_xf;;;-n.{e'is presentee-toclarify the idea of the proposed approach. Research on
expert-novice differences falls into two complementary classes. The first assumes that
s

novice skills are a subset of those of the expert, represented by the same vocabulary of

concepts. The second approach emphasizes novices' misconceptions and the different

LIBRARY
KWANE W mymay UNIVERSITY

SCIENCE awg TECH MY oy
IUMAEI-GHAI!.

17



meanings they tend to attribute to concepts. Our evidence, based on obscrvations of
problem solving behavior of experts and novices in the area of mathematical
programming, reveals both Lypes of differences: while novices are to some extent
underdeveloped experts, they also attribute different meanings to concepts. The research
suggests that experts' concepts can be characterized as being more differentiated than
those of novices, where the differentiation enables experts to categorize problem
descriptions accurately into standard archetypes and facilitates attribution of correct
meanings to problem features. Orlikowski et al., (1986) results are based on twenty five
protocols obtained from experts and novices attempting to structure problem descriptions
into mathematical programming models. They have developed a model of knowledge in
the LP domain that accommodates a continuum of expertise ranging from that of the
expert who has a highly specialized vocabulary of LP concepts to that of a novice whose
vocabulary might be limited to high school algebra. They discussed the normative
implications of this model for pedagogical strategies emploved by instructors, textbooks
and intelligent tutoring systems. Wieselquist., (2009) develop a quasidiffusion (QD)
method for solving radiation transport problems on unstructured quadrilateral meshes in
2D Cartesian geometry, for example hangingnode meshes from adaptive mesh refinement
(AMR) applications or skewed quadnlateral meshes from radiation hydrodynamics with
Lagrangian meshing.
The_xﬁs-.in" result of the—work is a new low-order quasidiffusion (LOQD)
discretization on arbitrary quadrilaterals and a strategy for the efficient iterative solution
il
which uses Krvlov methods and incomplete LU factorization (ILU)} preconditioning. The

LOQD equations are a non-symmetric set of first-order PDEs that in second-order form
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resembles convection-diffusion with a diffusion tensor, with the difference that the
LOQD equations contain extra cross-derivative terms. Our finite volume (FV)
discretization of the LOQD equations is compared with three LOQD discretizations from
literature. We then present a conservative, shorl characteristics discretization based on
subcell balances (SCSB) that uses polynomial exponential moments to achieve robust
behavior in various limits (e.g. small cells and voids) and is second-order accurate in
space. A linear representation of the isotropic component of the scattering source based
on face-average and cell-average scalar fluxes is also proposed and shown to be effective
in some problems. In numerical tests, our QD method with linear scattering source
representation shows some advantages compared to other transport methods, We
conclude with avenues for future research and note that this QD method may easily be
extended to arbitrary meshes in 3D Cartesian geometry.The Transportation Problem is a
classic Operations Research problem where the objective is to determine the schedule for
transporting goods from source to destination in a way that minimizes the shipping cost
while satisfying supply and demand constraints. Although it can be solved as a Linear
Programming problem, other methods exist. Linear Programming makes use of the
Simplex Method, an algorithm invented to solve a linear program by progressing from
one extreme point of the feasible polyhedron to an adjacent one. The algorithm contains
tactics like pricing and pivoting, For a Transportation Problem, a simplified version of
the regular_&ﬁ;;;l;zx'Methggi,ua-n—bcﬂsed, known as the Transportation Simplex Method.
Kumar discussed the functionality of both of these algorithms, and compares their run-
g —

time and optimized values with a heuristic method called the Genetic Algorithm. Genetic

Algorithms, pioneered by John Holland, are algorithms that use mechanisms similar to
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those of natural evolution to encourage the survival of the best intermediate solutions.
The objective of the study was to find out how these algorithms behave in terms of
accuracy and speed when a large-scale problem is being solved. Patel., (2006) dealt with
the formulation of Classic Transportation Problem and different methods to solve the
classic transportation problem, The auction algorithm is a parallel relaxation method for
solving the classical assignment problem. It resembles a competitive bidding process
whereby unassigned persons bid simultaneously for objects, thereby raising their prices.
Once all bids are in, objects are awarded to the highest bidder. Bertsekas et al., (1989)
generalized the auction algorithm to solve linear transportation problems. The idea is to
convert the lranaﬁﬂrlaliﬂn problem into an assignment problem, and then to modify the
auction algorithm to exploit the special structure of this problem. Computational results
show that this modified version of the auction algerithm is very efficient for certain types
of transportation problems.

The transportation problem is a specialized problem in Operations Research.
Wermes., (2007) discussed the development of a program designed to solve the
transportation problem. The program is used as an educational tool to learn how to solve
the transportation problem and can be used as a tool to solve the problem without the
educational parts. The logical development of the program includes a discussion of the
steps to solve the transportation problem. The first step in the process is the collection of
the infnrmatiea;;cmﬁt the transpertation problem. After collecting the data check to see if
the problem is balanced, look for a basic feasible solution, then check to see if it is optimal.
e
A detailed discussion of each step is included, but the focus is on the development of the

program. The code and program flow is the central theme of his work. Screen shots from
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the program are included as well as code and flow to understand the processes of the
program and how it relates to the solution of the transportation problem. Recently
Althoefer et al., (2004) have shown that a transportation problem is immune against
the"more for less”-paradox if and only if the cost matrix C = (ci,j) (of dimension m=n)
does not contain a bad quadruple. In this note a counter-example with infinite-
dimensional supply and demand vectors is given. In the second part they showed that the
quadruple-characterization of paradox-immune cost matrices remains valid in the
infinite-dimensional case in a slightly weaker form. As a side result a smooth inequality
is obtained for the situation where a transportation plan is split in two or more arbitrary
subplans, Jana et al., (2004) studied the solution procedure of Multi-objective Fuzzy
Linear Programming Problem (MOFLPP) with mixed constraints and its application in
solid transportation problem is going to be presented. There are two parts in this paper. In
the first part, a Multi-objective Linear Programming Problem MOLPP) with fuzzy
coefficients occurring in constraints and objective functions and fuzzy constraint goals,
has been considered. Here fuzzy constraint goals and coefficients of objective and
constraint functions are characterized by Triangular Fuzzy Numbers (TFNs). Using
Zadeh et al., (1970) multicriteria fuzzy decision-making process, the very problem has
been converted to a crisp non-linear programming problem. Then it has been solved using
fuzzy decisive set method. In other part, a linecar multi-objective solid transportation
problem with mixed constraint-as—well as additional restriction in fuzzy environment is
considered. In this transportation problem, cost coefficients of objective functions and

e ——
additional restriction function, the supply, demand and conveyance capacity have been



expressed as TFNs. This MOFLPP is solved by fuzzy decisive set method as before.
Numerical examples have been provided for two parts to illustrate the solution procedure,
The decision-making process is one of the everyday manager’s problems. The decision
making process is arising with the problem’s occurrence, which the manager firstly name,
define and formulate and then the manager is observing the factors, that are influencing
and limiting the solutions options. By the problems analyzing and solving, there can be
used the linear programming methods. Most of stoneware is still being transported by
trucks from a place of mining (stone pits) to a place of consumption (concrete factory),
where it is used as a basic material component for a production of concrete. The
transportation costs, which are not low, have to be included in a final price of the
concrete. Therefore, it must be carefully considered what routes to select for individual
trucks in order to assure a maximum volume of transported stoneware, and at the same
time the shortest possible total kilometre distance gone by all trucks Lampa., (2005).
Mikami et al., (2005) solved optimal transportation problem using stochastic optimal
control theory. Indeed, for a super linear cost at most quadratic at infinity, we prove
Kantorovich duality theorem by a zero noise limit (or vanishing viscosity) argument..
They also obtain a characterization of the support of an optimal measure in Monge-
Kantorovich minimization problem (MKP) as a graph. Our key tool is a duality result for
a stochastic control problem which naturally extends (MKP).Dahiya et al., (2006)
discussed a_p;l;s;dﬁx in fixed—eharge capacitated transportation problem where the
objective function is the sum of two linear fractional functions consisting of variables
o

costs and fixed charges respectively. A paradox arises when the transportation problem

admits of an objective function value which is lower than the optimal objective function
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value, by transporting larger quantities of goods over the same route. A sufficient
condition for the existence of a paradox is established. Paradoxical range of flow is
obtained for any given flow in which the corresponding objective function value is less
than the optimum value of the given transportation problem. Numerical illustration is
included in support of theory, Transportation problems appear in many practically highly
relevant areas of our daily life. In general, they include the assignment of produced goods
to customers and decisions on how and at which times the goods are picked up and
delivered. Improvements in solutions often have a direct and substantial impact on costs
and on other important factors like customer satisfaction. Because of the many facets and
decisions to be made, such transportation problems are often complex combinations of
assignment, scheduling, and routing problems. Raidl., (2007) focus on special classes of
transportation problems, namely those dealing with multiple visits. Multiple visits
problems occur when customers from a fixed set have to be visited repeatedly. The basic
form of this type of problems is given by the so-called periodic vehicle routing problem.
Further reductions in costs may be achieved by exploiting the possibility of switching
from the more frequent vendee managed inventory setup to a vendor managed inventory
system. The resulting problem type, known as inventory routing problem, will also be
considered in the project. A third important class is given by the periodic full truckload
problem, where customers require repeatedly at least one full truckload of the transported
unit. For aLLi-I;;.se"prﬂblgm_.-typcs;—hﬂth heurnistic and exact algorithms exist. Exact
algorithms have the aim to find an optimal solution and to prove its optimality; the run-
=
time, however, often increases dramatically with a problem instance's size, and only

small or moderately sized instances can be solved to provable optimality in practice, For
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larger instances, one usually has to resort to heuristic algorithms that trade optimality for
run-time; 1.e., these algorithms are designed to obtain good but not necessarily optimal
solutions in acceptable time. Two particularly successful categories of methods that
traditionally can be distinguished by these aspects are mathematical programming
techniques on one side and metaheuristics on the other. To some degree, they can be seen
as complementary; therefore it is highly promising to combine concepts from both
streams. Nevertheless, most of today's hybrid optimizers of this type, for which the term
"matheuristics” has been coined recently, follow rather simple combination schemes,
despite a potential for farther-reaching synergies. More work is necessary in order to
obtain a better general understanding as well as guidelines indicating under which
circumstances which hybridization strategics are most promising. The general aim of the
project is to develop and to investigate different hybrids of metaheuristics with integer
linear programming methods for solving the indicated classes of transportation problems
in a better way than by current state-of-the-art approaches. In more detail, we have the
following major goals to which the project's work plan is oriented: (i) boosting the
performance of heuristic and of exact algorithms by exploiting hybridization possibilities,
(11) developing hybrid algorithms for bi-objective and stochastic problem formulations.
The last two features are important insofar as in applications of periodic routing,
situations requiring decisions under uncertainty and/or encompassing more than one
single Dhjeu;t_ix_;;:;.rﬂ"frcqug;]ﬂ%—eneomﬂerﬂd, This project will be the first in which a
variety of "matheuristic" solution techniques for real-world transportation problems with
Mgat =

periodic visits will be developed and studied. Existing research results clearly indicate

that such approaches arec highly promising for the considered problem domain A
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particularly innovative aspect of our project is the consideration of models that combine
bi-objective and stochastic aspects; for such models, very few solution techniques are
known at present.

Finally, they expected the findings of this research also to be useful in the future
development of solution approaches for other classes of combinatorial optimization
problems, For students leamning the simplex method of linear programming it is a well
beloved occasion to solve the so-called transportation problem by the method of
distribution. This method is simple to calculate and easy to follow. The simple way of
solution suggests that its correctness may be proven by basic means. Schmidt., (2009) has
two main aims. Dﬁ:—: of them is to present the problem and to solve it by basic means. The
other one is the analysis of the so-called array-bases defined for this reason. In case of a
transportation problem m stores and n destinations are given, and the goods have to be
taken from the stores to the destinations such that the cost of transporting has to be
minimal.

The unit costs of the transportation are given by an array. In the solution some routes
{elements of the array) are chosen and the number of units to transport there is given, It
will be proven that the routes for the optimal transportation compose a basis, and the
solution is also achieved by those through the searches. (The basis of an m n = array
consists of m+n—1 elements such that they do not span a loop.) In the proof some
c:haracteriﬁﬁcs—;; the bases are-rcetded, for example that the number of them is finite, To
prove this it is enough to give an easily calculated upper bound, the exact value is given

i
in the appendix. As an extra result of this calculation some interesting formulas of

combinatorics are also proven. Estimating simultaneous hierarchical logic models is
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conditional to the availability of suitable algorithms. Powerful mathematical programs
are necessary to maximize the associated non-linear, non-convex, log-likelihood function.
Even if classical methods (e.g.Newton-Raphson) can be adapted for relatively simple
cases, the need of an efficient and robust algorithm is justified to enable practioners to
consider a wider class of models. Bierlaire., (1995) analyzed and to adapt to this context
methodologies available in the optimization literature. An algorithm is proposed based on
two major concepts from non-linear programming: a trust region method, that ensures
robustness and global convergence, and a conjugate gradients iteration, that can be used
to solve the quadratic sub problems arising in the estimation process described in this
paper.

Numerical experiments are finally presented that indicate the power of the proposed
algorithm and associate software. Lukaé et al., (2005) formulated two new models of the
production-transportation problem which can be described as follows. Let us supposed
that there are several plants at different locations producing certain number of products
and large number of customers of their products. Each plant can operate in several modes
characterized by different quantities of products and variable production costs. The
customers' demand for each product during the considered time period is known. They
considered the problem of finding the production program for each plant as well as the
transportation of products to customers for which the sum of the production and
Lranspnﬂatiauﬁé;;ts'fs mininized Eiven the condition that each customer can satisfy its
demand for a given type of product from one plant only. They also formulated the
Ly

problem as a bilevel mixed-integer programming problem. They solved the models for

the available data from a petroleum industry and compare the results. Transportation
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problem is a particular form of linear programming problem, which is solved by a
different technique called transportation Technique. The model of the transportation
problem deals with how to transport quantities of single product from a number of
factories or production centres, called sources to a number of warehouses or retail shops,
called destinations. The wusual objective of the model is to minimize the total
transportation cost or maximize fotal profit for supplying the quantities of the produci(s)
from the sources to the destinations so as to meet the requirements at the destinations.
The transportation techmque differs from the Simplex method but has seme basic
similarities, which makes it computationally more efficient. These similarities are as
follows:

(i) It 15 an iterative process;

(i1) It starts with an initial basic feasible solution (BFS),

(iii) At ecach step of the iteration, a test 1s made to check whether the total

transportation cost can be reduced or total profit can be increased, and
(iv)  The optimal solution is reached when no further cost reduction or profit is

possible, Hiller et al., (2001)
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CHAPTER THREE

METHODOLOGY
3.0 INTRODUCTION
This chapter deals with preliminary analysis of data from Accra Brewery Limited.
Data collection and a statistical method are used to gather information from a population
under study. Population is the total elementary elements under the case study, Sample is
subset of elements selected from the total population. Data needed to be analyzed are
purposeful for the Linear Programming therefore a personal interview was conducted
with Accra Brewery Limited distribution Manager.
31 DATA COLLECTION
A face-to-face interview was conducted with the Accra Brewery Limited distribution
Manager at ABL premises. Data collected was in raw form therefore an appropnate
STATISTIC was chosen to analyze the data. Data received was from May to October
2007 on the distribution and transportation cost from six sources to ten destinations.
These are all on regional bases and in the appendix B.
Data warehouses and sources are on regional bases. A chart on regional warehouses and
sources abbreviations in attached list of abbreviations.

32  STATISTICS

Statistics is a body of methods and theory that is applied to numerical evidence when

making decisions in the fﬂcﬁf}matainry. A statistic @ is said to be unbiased estimator
of the pepulation parameter@ . Inferences about the population parameters will be based

on the sample statistic and to make decisions based on these inferences. Based on the data

collected point estimator and interval estimation was chosen.
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3.2.1 POINT ESTIMATOR

o 2
Mean {X]-———ZA’, x are elements in the sample
n

i=]

Standard Deviation o, = _I‘ZEX, A _f}z
n -

3.2.2 INTERVAL ESTIMATION
Confidence interval at 95% was chosen. The sample size is small i.e n<30 therefore a t-

statistic was used.

=2 5 = 5
X -r_.l:--|_ﬁ {H{X+tﬂJ2,n—t;|:

Where s= sample standard deviation
n= sample size
The value from t-distribution table cutting « /2 of n-1 degrees of freedom.

At 95% level of significance , ¢ =2.571

The averages of the raw data is shown below
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34 TRANSPORTATION MODEL

The data of a transportation model include;
(i) Level of supply at each source (a;) and the amount of demand at each
destination {a‘!}- 1
(11) The transportation cost per unit of the product from each source to each
destination {Cg}.

The network for transportation model with m sources of supply and n destinations of

demand is illustrated in the figure 1.1

Units of _ Units of
Supply (a;) Source Destination
Source Demand (dJ,;J
CiXy d

& (1) X_ ——(l] 4

o2t ""C:_ ;:H -—--.(?{:?‘?(Ig;_
8 @)= \‘”' Z = —— () d,

S

N R T
am (m) - _ CwinXwn M. - T
Figure 1.1
T3 - _d_,,..-—--"-"___

35— CONSTRUCTION OF TRANSPORTATION MODEL

Suppose certain unit of the product is available at the m sources and 1s to be transported

to the n destinations. Let a; denote the quantity available for supply at source i, bj, denote

33
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the demand at destination j and Cj;, the cost for transporting a unit of the product from

source { to destination j, If the number of units to be transported from source i to
destination ; 1s represented by the double-subcripted variables, Xij, then X >0, for

each { and j and from a particular source i to the » destinations the cost is given by
H
ZCLI'XE SO G B R
4=l

The total cost for transporting the product from all the m sources is given by

7= Z x (2.1)
f=1 =l :
which represents the objective function of the transportation model (Amponsah; 2007)

The two distinct constraints are:

(i) Supply Constraints: For cach i, the total number of units of product leaving

source [ is Z"Yﬁ’ which cannot exceed the source supply (or production
=1
capacity), a;. That 1s,
D XpZas i=1;2,.m (2.2)
f=l

(i1) Demand Constraints: For each j, the total number of units arriving at destination

jis ¥ X, , which cannot be less than the demand d;. That is,

f=1

N Xl L2 (23)
i=l
Ml M0l
Now the transportation model becomes:

Minimize the total transportation cost,
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e n

Z= Z Cyp Xy

j=] =l

subject to the supply and demand constraints,

Ll

> X, <a i=12 .m
4=
Y ox =d. j=12 .n

=1

where X, 20, foralliandj.

proof

£ <a  fordi=1,2..m (1)

z:.arjjl_wflf forj=1, 2...n

Summing (1) over i, we obtain

i

] (el
E Xy = Z”f
f=1

=] I=]

Also summing (2) over j we obtain

Z - '.'-[‘.‘Ii Eid;_ﬂ-—"'""_—_-_—_
1=l I J=1

n m -
=1

e m R
Which follows from (3) and (4) that > a, 2 Zdi
=1

i=1
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When the total supply equal the total demand, the resulting formulation is called a

BALANCED TRANSPORTATION MODEL,

It differs from the model above only in the fact that all constraints are equations;

Thus:

If Z a, =) d, the problem is said to balanced

Thus for a balanced problem with

I=1 4=

ZI.f;“! i=1, 2...m
4=l

Zx&edf f=12, ...n
=k
" ._'__,_.---'_'_-_'__

Suppose that for some & we have

3, <a,
4=l
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Then ;Zldj <Y ¥x,<Ya

i=l  fal =1

A
This is contradiction and therefore a, = x,

S=1

Also suppose that for somei 4. < ixu then idl. < Z i“:f
=1

i=1 J=1 =l

i m
= leﬂr. this is contradiction and therefore n’i & Zxé,

i=1
3.6 GENERAL DESCRIPTION OF A TRANSPORTATION PROBLEM
* A set of m supply points from which a good is shipped. Supply point 1 can

supply at most §,

s A set of n demand points to which the good is shipped. Demand point j must

receive at least 4, units of the shipped good

» Fach umit produced at supply point | and shipped to demand point | incurs a

variable cost Cl.r.

X, = number of units shipped from supply point [ to demand point §

Min f 3 X

=1
Subject to iﬁ:‘ s 8, (r=12c0im)

i=m

3 X, 2d, (i=12...n)

i=l

X, 20(i=L2,m; = 1,2,...n)
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3.7 BALANCED TRANSPORTATION MODEL AND TRANSPORTATION

TABLEAU

(a)  Balanced Transportation Model: When the total supply equals the total

m Ll
demand, that is Z a = Za" ; the resulting transportation model is said to
i=] I=l

be balanced, otherwise, the model is unbalanced, An wunbalanced

transportation model can always be converted to an equivalent balanced

model,

The balanced transportation model of equation (3.4) is

Minimize | Z=i iCﬁX"ﬁ
f=1

i=1

Subject to: ZXH =q, , i=12 .m
_.-'=|.
Zfﬁ=di j=1.2. ..n
F=1

where X, 20, forall 7 and /.

If the transportation model is unbalanced it is balanced by either creating a fictitious (or

dummy) source or destination to absorb the difference. When the total supply exceed the

i

, the problem is solved by creating a dummy destination

total demand (ZH‘ > Zd :
= =l )

whose demand-is exactly the-excess, Since shipments to the dummy demand points are

not real, they are assigned a cost of zero.In the case where the total demand exceeds the

38
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Bl

supply [Z d; > Z ﬂj} , @ dummy source is created to transport the difference. The unit

f=1 i=1

cost of transporting from a dummy source or to a dummy destination is taken to be zero.

REDUNDANCY IN THE CONSTRAINTS

The constraints are

!

ZI,-}- =a, =R m (2a)
J=
qu' = el n (3a)
a=|

THEOREM

There i1s exactly one redundant equality constramt in (2a) and (3a). When any one

of the constraints in (2a) and (3a) is dropped, the remaining is a linearly
independent system of constraint

If a transportation problem has a total supply that is sirictly less than total demand the

problem has no feasible solution. There is no doubt that in such a case one or more of the

demand will be left unmet. Generally, in such situations a penalty cost is often associated

with unmet demand and as one can guess this time the total penalty cost 1s desired to be

minimum.
(b) Trans_]ﬁ:-;taﬁﬂﬁ Tahm:tmnspoﬂatinn mode] is represented in a more
____eompact tabular format called Transportation Tableau. It is a form of matrix

where the rows represent the sources and the columns, the destinations. The unit

costs Cij are shown in the upper left hand comer of the matrix cells (i, j).
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The transportation tableau for m sources and n destinations is shown in the figure

1.2 below.
Destination j:
Source i Supply (aj)
1 2 n
1 C
| Gy 12 l G | ‘ ay
2 Cay Caz l D a
m I Gai ‘ Cino Cinn a,
Demand (dj): d) ds dn

38 SOLUTION OF TRANSPORTATION MODEL
The solution of transportation model is characterized by three stages:
i Obtaining an initial basic feasible solution.
B Cummngdyinitia bl
(ii)  Checking an optimality criteria that indicates whether or not a termination
1 )8 LY

condition has been met.

(iiiy Developing a procedure to improve the current solution if a termination

condition has not been met.
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The requirement for application of a transportation technique is that the model must be
balanced. This results in one dependent equation and (m+n-1) independent equations, A
starting BFS of the balanced model therefore involves (m+n-1) variables.

39 GRAPHICAL REPRESENTATION OF A TRANSPORTATION
PROBLEM FOR BALANCED AND UNBALANCED SITUATIONS

Milamgeo enterprise has 3 elect power plants that supply the needs of 4 cities. Each
power plant can supply the following numbers of kilowatt-hours(kwh) of electricity:
plant 1-35 million; plant 2 — 50 million; plant 3- 40 million (see Table 1). The peak
power demands in these cities which occur at the same time (2pm), are as follows (in
kwh): city 1- 45 million; city 2- 20 million; city 3- 30 million; city 4 — 30 million. The
cost of sending 1 million kwh of electricity from plant to city depend on the distance the

electricity must travel.( Cooray; 2007)

TABLE |

FROM CITY1 [CITY.2 |€CIt¥3 [cCiTY4 | TOTAL
SUPPLY

PLANT 1| 8 6 10, 9 35

PLANT2 |9 12 13 7 50

PLANT 3 14 9 16 5 40

TOTAL 45 20 30 30

DEMAND | R e =an 3

St
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GRAFHICAL REPRESENTATION

Supply Points Demand Points

=3 J=4
ZSr =125 This is equal to Z‘{- =125

i=1 i=1
Decision Variables: X, # of (million)kwh produced at plant i and sent to city ].

Constraints: Supply (Capacity) constraints and Demand constraints

3.10 DEFINITIONS

(a)  Basic Feasible Solution (BFS): A solution is said to be Basic Feasible Solution
(BES) if:
(1) it involves (m+n-1) non-negative allocations, and

(i)  there is no eircuit among the allocated cells.

_—- = _F,_ﬂ--""'_'_-_

(b)  Cireuit: A circuit is made up of sequence of cells of transportation tableau such
el i

that:

(i) it starts and ends with the same cell, and
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(i)  each cell in the sequence is connected to the next member in the sequence

by a horizontal or vertical line as shown in the tableau below,

Cn | Ci2 Cia o
_.:1—- e >y aj

Cai l Caa G || Coy
- 11 ; az

|

C3 Ca ‘ ‘ C33 ‘ Caa

Trm—— X as
dj dz d; dy4

The required circuit is:
(1, 1)—(1,2) —=(1,3) —(2,3) —=(3,3) —(3.2) =(2,2) —(2.1) —(1.1).
(c) LOOP An ordered sequence of at least 4 diffcrent cells is called a loop if:
i, any 2 consecutive cells lie in either the same row or same column
ii. no 3 consecutive cells lie in the same row or column
iii. the last cell in the sequence has a row or column in common with first cell
in the sequence.
In a balanced transportation problem with m supply points and n demand points, the cells
corresponding to a -s;t of Em_ variables contain no loop iff the (m +n -1 )
varigbles-vield a basic solution.
This follows from the fact that a set of (m + n -1) cells contains no loop iff the (m + n -1)

columns corresponding to these cells are linearly independent.
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Loop (1.1) = (1.2) = (2,2) - (2,1)

Tl ]

Because (1,1) — (1,2) (2,2) - (2,1) is a loop, the Theorem tells us that
f X, X,. X, . X, | cannot yicld a basic feasible solution for this transportation

problem.

DEGENERACY
In certain cases, called degeneracy, the solution obtained by these methods is not
a Basic Feasible Solution because it has fewer than (m+n-1) circled numbers
(allocations) in the solution. This happens because at some point during the
allocation when a supply is used up in a cell there is no cell with unfulfilled
demand in the column of that cell. Then it is necessary (0 make one or more zero
allocations to some cells to bring up the number of allocations to (m+n-1). This
means that for cost calculation purposes, onc or more cells with zero allocations
are treated as occupied. The zero allocation is chosen in such a way that:

(i)  the total number of cells with allocations is (m+n-1) and
: (‘ﬁ} there isTrot circuit among the cells of the solution.

3.11 _SOLUTION TECHNIQUES OF TRANSPORTATION MODEL

Transportation techniques are variants of the Simplex method and so they require

initial BFS to starl with. The initial BFS may be obtained by the North-West
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(1)

Comer Rule, Least Cost Method or the Vogel's Approximation Method. The
other methods, which have been devised to improve the starting solution to
optimality are the Stepping Stone Method (SSM) and Modified Distribution
method (MODI). These solution methods as classified into two and are discussed
as follows.(Leavengood et al; 2007)

INITIAL BASIC FEASIBLE SOLUTION ( BFS)

The North-West Comer Rule (NWCR): The method starts by making the
maximum allocation allowable by the supply and demand constraints to cell
(1, 1), the north-west comer or the tableau. The satisfied row or column is
then crossed out row or column is zero (0). If a row and a column are satisfied
simultaneously, either one may be crossed out. This condition guarantees
locating zero basic variables; if any, automatically, After adjusting the amount
of supply and demand for all uncrossed out rows and columns, the maximum
feasible amount is allocated to the first uncrossed out cell in the new column
or row. The process is completed which exactly one row or column remains
uncrossed out. In certain cases, the solution obtained by the method is
degenerate. This happens because whenever a supply is used up there is

always an unfulfilled demand in the column.

Least Cost Method (LCM) The Least Cost Method identified the least unit cost in

the trans:;brnatibn tableau and-atlocated as much as possible to the associated cell
without violating any of the supply or demand constraints. The satisfied row or

e

column in then deleted, The next least unit cost is identified and as much as

possible is allocated its cell without violating any of the supply or demand
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constraints. At this point also, the satisfied row or column is deleted. This

procedure is continued until all rows and columns have been deleted. This method

performs better than the North-West Corner Rule.
Vogel’s Approximation Method (VAM): It provides a BFS which is optimal or close to it
and moreover, performs better than the Least Cost method and North-West Coner Rule.
The basic idea of VAM is to avoid shipments that have high cost. This is achieved by
computing column penalties by identifying the least unit cost and the next least unit cost
in that column and taking their positive difference. In a similar way row penalties are
computed by taking the positive difference between the least unit cost and the next least
unit cost in a row. This method is a variant of the Least Cost method and is based on the
idea that if for some reason, the allocation cannot be made to the least unit cost cell in a
row or column then it is made to the next least unit cost cell in that row or column and the
appropriate penalty is paid for not being able to make the best allocation. Column
penalties are shown below columns and row penalties to the right of each row of the
transportation tableau.
3.13 OPTIMAL SOLUTION METHODS

The method for obtaining the solution to transportation model is the Stepping-

Stone method (SSM) and Modified Distribution method (MODI).

314 STEPPINGSTONE METHOD-
The Steppingstone Method, being a variant of the Simplex method, requires an

et
initial hasic feasible solution which it then improves to optimality. Such an initial
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basic feasible solution may be obtained by the use of the Northwest comer rule,

the Least cost method or the Vogel’s approximation method.

Let us consider the balanced transportation problem shown below:

31 | : Cﬁ_‘ 012 i s B e SURCCIN WS C1n a,

S &% Cog | A R AN P e | Con | @2

| —r

bs bn

Suppose that we have an initial basic feasible solution of this problem consisting of non-
negative allocations in (m+n-1) cells. Let us call the cells which are not in the basic
feasible solution unoccupied cells.

It can be shown that for each unoccupied cell, there is a unique circuit beginning and
ending in that cell, consisting of that unoccupied cell and other cells all of which are

occupied such that each row or column in the tableau either contains two or more of the

cells bF thie CrGuit. =y = e
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3.15 CIRCUIT
A circuit made up of cells of the tableau of a balanced transportation problem is a
sequence of cells such that:
(a) it starts and ends with the same cell
(b) each cell in the sequence can be connected to the next member of the
sequence by a horizontal and vertical line in the tableau.

An example is as shown below:

1 2 3 4

316 TEST FOR OPTIMALITY

To test the current basic feasible solution for optimality, we take cach of the unoccupied
cells in turn and place one unit allocation in it. This is indicated by just the sign (+).
Following the unique circuit containing this cell as described above, we place

alternatively the sign (-) and (+) until all the cells of the circuit are covered.

—— = J_,_,.--""_'_-_._
Knowing the unit cost of the each cell, we compute the total change in cost produced by

e

the allocation of one unit in the unoccupied cell and the corresponding placements in the
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other unovccupied cells. This total cost explained above is known as the improvement

index of that unoccupied cell under consideration.

If the improvement index of each unoccupied cell in the basic feasible solution is non-
negative then the current basic feasible solution is optimal since every re-allocation
increases the cost. If there is at least one unoccupied cell with a negative improvement
index then a re-allocation to produce a new basic feasible solution with lower cost is
possible and so the current basic feasible solution is not optimal.

Thus the current basic feasible solution is optimal if and only if each unoccupied cell has
a non-negative imprdvcment index.(Chinneck; 2001)

3.17 IMPROVEMENT TO OPTIMALITY

As it has been stated above, if there exists at Icast one unoccupied cell in a given basic
feasible solution which has a positive improvement index then the basic feasible solution
15 not optimal.

(1)  To improve this solution, we find the unoccupied cell with the most positive
improvement index N say. Using the circuit that was used in the calculation
of its improvement index, we find the smallest allocation in the cells of the
circuit with the sign ‘-*. Call this smallest allocation m. We then subtract m
from the allocation in all the cells of the circuit with the sign *-* and add m to
all Jhr;}-’a-i.ﬂi:ri:;ations _in-thecells in the circuit with the sign ‘+'_This has the
effect of satisfying the constraints on demand and supply in the transportation

-

tablecau. Since the cell which carried the allocation m now has a zero

allocation, it is deleted from the solution and is replaced by the cell in the
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circuit which was originally unoccupied and now has allocation m. The result
of this reallocation is a new basic feasible solution. The cost of this new basic
feasible solution is less than the cost of the previous basic feasible solution.

This new basic feasible solution is tested for optimality, and if each unoccupied cell has a

non-negative improvement index then the current feasible solution is optimal, .The whole

process is repeated until an optimal solution is obtained.

The Stepping Stone Method is summarized as follows:

(i) Select an empty cell

(i) Identify a circuit beginning and ending in that cell

(iii) Insert altema.ling signs in the comer cells of the closed circuit starting with a
positive (+) sign in the empty cell

(iv)  Determine the sum of the cost of positive cells and negative cells.

(v)  If the difference of the sum is positive, do not move into empty cell but if it is
negative move maximum number of units to empty cell without violating
constraints and alternatively subtract the same number of units from cells with
positive sign.

(vi)  Ifitis zero, an alternate solution exists.

(vii) Repeat the procedure until all empty cells are evaluated.

318 MODIEIED DISTRIBUEION METHOD (MODI)

(METHOD OF MULTIPLIES)

Consider the balanced transportation problem below:
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E'I C-” C'12 __: I Ci a,
% G2t C22 | | | Gn | 32
| |
. ‘ 2
S\'I |Cm] sz | I_Cmn : am
by b2 bn

Let an initial basic feasible solution be available, obtained by the use of the Northwest-
corner rule, the Least Cost method or the Vogel’s Approximation method.
Then (m+n-1) cells are occupied. In the method of multipliers we associate the

multipliers Uj and Vj with row i and column j of the transportation tableau.

For each basic variable x; J in the current solution, the multipliers U; and ‘v'j must satisfy

the following equation:

Uj +Vj=Cjj for each basic variable xj;
These equations vield (m+n-1) equations (hacﬁuse there are only m+n-1 basic variables)
in (m+n) unknowns. Values of the multipliers can be determined from these equations by
assuming an arbitrarily value for any one of the multipliers (usually U is set equal to
zero) and then solving the (m+n-1) equations in the remaining (m+n-1) unknown

T - --F'-'rr--_-_-_._‘_ = & 4
multipliers. One this is done, the evaluation index of each unoccupied cell is given by

—_——— £ .
Cpg = Up + Vg — Cpgq for each non basic variable Xpq.
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Note:  These values will be the same regardless of the arbitrarily choice of the value of

Uj.The most positive E*;: 1 selected as the entering variable,

3.19 DETERMINATION OF LEAVING VARIABLE (CIRCUIT
CONSTRUCTION)

As noted earlier on there is a unique circuit starting and ending at the unoccupied cell.

This means that every comer element of the circuit must be a cell containing a basic

variable, It is immaterial whether the circuit is traced in a clockwise or counter clockwise

direction.

It can be noted that for a given basic solution, only one unique circuit can be constructed

for each nonbasic variable.

The process is summarized by plus (+) and minus (-) signs in the appropriate corers. The

change will keep the supply and demand restriction satisfied.

The leaving variable is selected from among the comer variables of the circuit that will

decrease when the entering variable increases above zero level. The leaving variable is

then selected as the one having the smallest value, since it will be the first to reach zero

value and any further decrease will cause it to negative.

Then the new basic solution is now checked for optimality by computing the new

multipliers (i.e. The whole process is repeated until optimality is obtained).

3.20 INTEGEF_PRDPERTY

If all the a; and 'hj are pusitiﬁi‘é'i'ﬁf;g.gré, then every basic solution is an integer vector.

Hence+fall a;, b; are positive integers, and if the transportation problem is feasible, it

has an optimum solution (%) that is an integer vector. (Murty; 2004).
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The solution procedure of MODI is as given in the following steps:

(1)
(ii)
(111)

(iv)

(vi)

Set up the initial balanced transportation tableau
Obtain the initial BFS using the NWCR, LCM or VAM
Split the allocated unit costs, C,j nto row and column costs, U; and Vj and
compute them using the formula,

Ci=UiV;
by first, preferably, putting U; =0
Compute the shadow costs, (UP t Y q} associated with the unoccupied or
unallocated cells, (p, g) and compare with the real costs, Cpq. That is,

eng = Cpg — (Up+¥p

(real cost) (shadow cost)

If ¢pq is negative, the cost of transportation can be reduced and if it is

positive the cost of transportation can be increased.

Check if all epg values are positive — no further cost reduction is possible
and the solution is optimal, otherwise, the BFS is not optimal and we

proceed to step (vi).

Improving of optimality of BFS: To improve the current BFS, find the

,rrléé:t negative qu)'jhlﬂ-&ﬂd assign (1) sign to the associated cell.

Form a circuit from this (+) sign cell connecting the allocated cells,

assigning alternatively () and (-) signs to the cells in the circuit so as to

keep the row supplies and column demands.
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(vii)  Adjust the allocations by adding the smallest allocation with (-) sign to all
allocations with (+) signs and subtracting from allocations with (-) signs.
This gives a new BFS which is also tested for optimality by proceeding to
step (iii).
The shadow cost is the transportation cost for not using a route, It is compared with the

real transportation cost to check whether a change of allocation is desirable.



CHAPTER FOUR

FURTHER ANALYSIS

40 INTRODUCTION

In chapter three, a number of observation were made through exploratory analysis of the
data. It was noted that while the means, the standard deviations and 95% confidence
interval was achieved. However, these observations do not give sufficient basis for a
meaningful comparison of transporting unit lager beer within the regions. To address this
issue, the data 1s subjected to further analysis using the North West Comer rule, Least
Cost Method and Vogel approximation method for the initial basic solution for the data,
And for optimality even though Stepping-Stone method (SSM) and Modified Distribution
method (MODI) can be used, | used the Linear optimization module integrated in
Microsoft Excel.

4.1 AVERAGE DISTRIBUTIONS

With the averages distribution data above, using a computer program for north-west
method, least cost method and vogel approximation method. Find the Imitial Basic

solution distribution.

i=m f=n
Ohjective function =Min Z ZC&-‘X i

i=] j=1

I=n
Subject to Y X, < S, (i =12, .t)
—"I.___..I—- _d_,_,..---—'_'__
R Sy sd () =1,20m)
=l
X, 20(i=12,mj=12..n)
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42 INITIAL BASIC FEASIBLE SOLUTION RESULTS INTERPRETATION

The initial basic feasible solution result shows that, the total transportation cost was

2.450,930.4 Ghana cedis. The Central region capacity with capacity 52,562 supplied only
the Central region warehouse and the Western region warchouse with 33,995 and 18,567
respectively. The Ashanti region source also with capacity 54,833 supplied the Ashanti
region warehouse and Upper West region warchouse with 50,744 and 4.089. Greater
Accra region source with capacity 168,292 supplied the Greater Accra region warehouse
with 141,341, the Western region warehouse with 811, the Eastern region warehouse
with 15,339 and the Upper West region warchouse with 3,501, The Volta region source
with capacity of 26,678 also supplied both Volta region warechouse and Upper West
region warehouse with 25,420 and 1,258 respectively. Brong Ahafo region sourcewith
capacity 18,295 supplied the Brong Ahafo region warehouse with 16,513, the Upper East
region warehouse with 1,665 and the Upper West region warehouse 117. The Northern
region source with capacity 25,526 also supplied both the Northern region warehouse and
Upper East region warehouse with 15,995 and 9,531 respectively. The above description
shows how the allocation was done by the Least Cost Method and because optimum cost
was not achieved there is a need to improve on the results. The results below show the

optimum allocation achieved by the Microsoft Excel solver.
s

e g —
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43 OPTIMUM SOLUTION RESULTS INTERPRETATION

The improved solution result shows that, the total transportation cost was 2,272,454 .9
Ghana cedis. The Central region capacity with capacity 52,562 supplied only the Central
region warehouse, the Westem region warehouse and Upper West region warchouse with
29906, 13,808 and 8,848 respectively. The Ashanti region source also with capacity
54,833 supplied the Central region warchouse and Ashanti region warchouse with 4,089
and 50,744. Greater Accra region source with capacity 168,292 supplied the Greater
Accra region warchouse with 141,341, the Western region warchouse with 12,870, and
the Eastern region warehouse with 14,081. The Volta region source with capacity of
26,678 also supplied both Volta region warehouse and Eastern region warehouse with
25,420 and 1,258 respectively. Brong Ahafo region source with capacity 18,295 supplied
the Brong Ahafo region warehouse with 16,513, the Upper East region warehouse with
1,665 and the Upper West region warehouse 117, The Northemn region source with
capacity 25,526 also supplied both the Northern region warehouse and Upper East region
warehouse with 15,995 and 9,531 respectively.

The lean season data distribution is captured in the table below.
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44  INITIAL BASIC FEASIBLE SOLUTION RESULTS INTERPRETATION
FOR LEAN SEASON DATA

The initial basic feasible solution result shows that, the total transportation cost was
3,609,051.20 Ghana cedis. The Central region capacity with capacity 37,762 supplied
only the Central region warehouse and the Western region warehouse with 25,695 and
12,067 respectively. The Ashanti region source also with capacity 44,895 supplied the
Ashanti region warehouse and Northern region warchouse with 38.314 and 6.581.
Greater Accra region source with capacity 151,281 supplied the Greater Accra region
warehouse with 107,741, the Western region warehouse with 6,517, the Eastern region
warehouse with 9,104 and the Northemn region warehouse with 19,180, Upper East region
with 4,990 and Upper West region with 3,749. The Volta region source with capacity of
24,080 also supplied both Volta region warehouse and Northern region warehouse with
20,965 and 3115 respectively. Brong Ahafo region source with capacity 16,675 supplied
the Brong Ahafo region warehouse with 14,861 and the Northern region warehouse with
1,814, The Northern region source with capacity of 16,244 supplied the northern region
warehouse with 16,244,

The optimum solution for the lean data is as shown below,
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45 OPTIMAL SOLUTION RESULTS INTERPRETATION FOR LEAN
SEASON DATA

The optimal solution result shows that, the total transportation cost was 2,996,939.7
Ghana cedis. The Central region capacity with capacity 37,762 supplied only the Central
region warehouse, Western region warchouse, Northern, Upper East and Upper West
warehouse with 6,728, 12,067, 24,109, 3,176, 3,749 respectively. The Ashanti region
source also with capacity 44,895 supplied the Ashanti region warchouse and Northern
region warchouse with 38,314 and 6,581. Greater Accra region source with capacity
151,281 supplied the Greater Accra region warchouse with 107,741 the Central region
with 18,967, the Western region warchouse with 18,584, the Eastern region warchouse
with 5989. The Volta region source with capacity of 24,080 also supplied both Volta
region warechouse and Eastern region warchouse with 20,965 and 3115 respectively.
Brong Ahafo region source with capacity 16,675 supplied the Brong Ahafo region
warehouse with 14,861 and the Upper East region warehouse with 1,814. The Northern
region source with capacity of 16,244 supplied the northern region warehouse with
16,244,

During festivities such as Easter, Christmas etc, the production of drink by the Accra

Brewery limited increases. The initial basic feasible solution of the festivities data is as

shown below.
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4.5 INITIAL BASIC FEASIBLE SOLUTION RESULTS INTERPRETATION
FOR FESTIVE SEASON DATA
The initial basic feasible solution result shows that. the total transportation cost was
3,652,695.80 Ghana cedis. The Central region capacity with capacity 75,695 supplied
only the Central region warehouse and the Western region warechouse with 42,245 and
33,450 respectively. The Ashanti region source also with capacity 73105 supplied the
Ashanti region warehouse and Upper West region warchouse with 63.173 and 9,932,
Greater Accra region source with capacity 193,638 supplied the Greater Accra region
warehouse with 174941, the Westem region warehouse with 1,317, the Eastern region
warehouse with l?,jsﬂ. The Volta region source with capacity of 37,609 also supplied
both Volta region warehouse, Eastern region warehouse and Upper West region
warehouse with 29,875, 4,193 and 3,541 respectively. Brong Ahafo region source with
capacity 28,278 supplied the Brong Ahafo region warehouse with 18,165 and the Upper
East region warehouse with 9,406 and Upper West region warchouse with 707. The
Northern region source with capacity of 43,146 supplied the Northern region warchouse

with 35,149 and Upper East region warehouse with 7,997.
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4.7 OPTIMAL SOLUTION RESULTS INTERPRETATION FOR FESTIVE
SEASON DATA
The optimal solution result shows that, the total transportation cost was 3,439,329.80
Ghana cedis, The Central region capacity with capacity 75,695 supplicd only the Central
region warehouse and the Western region warchouse with 32,313 and 29,909
respectively. The Ashanti region source also with capacity 73105 supplied the Ashanti
region warehouse and Central region warchouse with 63,173 and 9,932, Greater Accra
region source with capacity 193,638 supplied the Greater Accra region warehouse with
174941, the Western region warehouse with 4,858, the Eastern region warechouse with
13,839, The Volta rég'mn source with capacity of 37,609 also supplied both Volta region
warehouse, Eastern region warehouse with 29,875, 7,734 respectively. Brong Ahafo
region source with capacity 28,278 supplied the Brong Ahafo region warchouse with
18,165 and the Upper East region warehouse with 9,406 and Upper West region
warehouse with 707. The Northern region source with capacity of 43,146 supplied the
Northern region warehouse with 35,149 and Upper East region warehouse with 7,997
4.8 SOLVING THE TRANSPORTATION PROBLEM USING THE EXCEL
SOLVER

4.8.1 DECISION VARIABLES

The decision variables are the number of units of a single product to ship from the
capacities to the-warehouses. Initiat-values of these variables are all ones.

4.8.2 THE CONSTRAINTS
S ——

1. The amount shipped from each capacity cannot exceed the available supply.

2. The amount shipped to each warehouse must meet or exceed demand there.
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3. All amount shipped must be non-negative.
The total cost of shipping in each warehouse is computed by multiplying the amount
shipped by them per unit cost and summing. Total shipping cost is to be minimized.
483 PROBLEM SPECIFICATION
Target cell
Goal is to minimize the total shipping cost.
Changing Cell
Amount to be shipped from each capacity to cach warchouse.
Constraints
Total shipped (frt}m. source) must be less than or equal to supply at capacity.
Total shipped to warehouse must be greater than or equal to demand at warehouse.
Number to ship must be greater than or equal to zero.
Algebraic Formulation

Let x, be the number of units of products shipped from capacity ito warehouse j. Then

n

_ x, <availablei, i=1,2,..,n
the supply constraints are f\;‘ v ' el

The demand constraints are > x, >demand j, j=12,...m
=]

And the non-negativity x, 20, all i, j
S f""-_._-_'_F

=l L]
The objective is to minimize CQEFZ Z a;x,
—p—— / :
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Solver Parameters dialog
To define this problem for excel solver the cell containing the decision variables, the
constraints, and the objective must be specified. This is done by choosing the solver

command from the tool menu which causes the solver dialog to appear. The target cell is

the cell containing the objective function,

Solver option dialog

Selecting the “options™ button in the solver parameters dialog brings out a solver option
dialog box. The current solver version does not determine automatically if the problem is
linear or nonlinear. To inform the solver that the problem is LP, select “assume lincar
model” box. This causes simplex solver to be used.

Solving the simplex model

Select “show iteration result” box. Click *ok’ in the solver option dialog then click
‘solve’ on the solver parameter dialog. This causes the simplex solver to stop after each
iteration. Because an initial feasible basic is not provided, the simplex method begins
with an infeasible solution and proceeds to reduce the sum of infeasibilities. Observe this
by pressing ‘continue’ after each iteration. The simplex solver continuous and finds a
solution which is optimal.

Sensitivity Analysis

The most important information is the ‘shadow price’ column in the *constraints” section.

These shadow-prices (also called-duat-variables or Lagrange multiplies) are equal to the

change in the optimal objective value if the right hand side of the constraints increases by
—#-’

one unit with all other right hand side value remaining the same. Hence the first

nmultiplies show the effect of increasing the supplies at the capacity. Because the supply



in say capacity x are all not used, its shadow price is zero, Increasing the supply in say
capacity ¥ by one unit improves the objective. The other shadow prices show the effect
of increasing the demand. The ‘Allowable Increase’ is the amount the right hand side can
increase before the shadow price changes and similarly for ‘Allowable Decrease’.
Beyond these range some shipments that are now zero becomes positive whiles some

positive ones becomes zero. The ‘Adjustable Cell’ contains the sensitivity information on

changes in the objective coefficients. The reduce cost arc the quantities ¢, discussed.

These are all non-negatives as they must be in an optimal solution. If the ¢, for say

capacity x to warchouse y is zero, it indicates the problem has multiple optima (because

the optimal solution is non-degenerate i.e, all basic variables are positive).

Http://www.solver.com, 2007
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CHAPTER FIVE

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
51 INTRODUCTION
In this chapter the summary of the results of this investi gation, details of with have been
discussed in Chapters 3 and 4, are provided. Conclusions are also drawn for tends
observed from the findings and the relevant recommendations made. The purpose of this
chapter is also to determine whether the results obtained could be used to achieve the
main objective of the study, which is to minimize the transportation cost.
52 SUMMARY AND CONCLUSIONS
Results of data in the four categories namely averages, lean and festive seasons and the
sensitivity analysis of the results from excel solver shows that the minimum cost for the
period under study was around 2,272,455.9 Ghana cedis on the average range of
transporting the within the ten regions of Ghana used by the Accra Brewery Limited
(ABL) per month.

During the lean season the total cost of transportation was about 2,996,939.7
Ghana cedis and that of the festive secason was 3,439,329.8 Ghana cedis. The results show
that the difference between the lean season and the festive season is not much. Because
supply points and demand location were on regional bases, the results made it clear that it
is better to transport more cartons of beer within the same region or regional
transportation cost that is lesscostly. “Based on my findings and data analysis of the
collated data, I recommend that more cartons of beer should be transported within the
same region than to other regions. Moreover more cartons of beer should be transported

to inter-regional bases where cost of transportation is very minimal and also it is better to
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produce more during the festive season, This will help Accra Brewery Limited marginal

profit to go high since during the lean season the cost of transporting much lesser cartons

of beer still make the company to pay more.

5.3 RECOMMENDATIONS

This research was conducted for only six months. The results of this research provide
some scope for further studies. It could be of interest to provide data on the quarterly or
monthly basis. However data as available in the records require a lot of cleaning and
therefore a further study on this basis would be time consuming and expensive. It is
therefore recommended that the distribution department of Accra Brewery Limited and
management and any other stake holders would take up this proposal into consideration.
This will provide a more comprehensive view point about the cost of transporting the
beverage.

Despite a good work done, many lapses were encountered in the data collection. To avoid
this it is suggested that the data collection for the computation should be taken by

competent enumerators who understand the use to which the data will be put.
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