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ABSTRACT

Routing of production company vehicle in developing countries poses a challenging
task.

This study seeks to minimize the overall cost, which was essentially based on the
distance travelled by the vehicles of the company. We proposed a heuristic method
to find feasible solution to an extended capacitated arc routing problem on
undirected network, inspired by minimization of distribution cost of The Coca-cola
Bottling Company of Ghana Limited (TCCBCGL). The heuristic procedure consists

of Route first — Cluster secénd méthod.

Route first-Cluster second method constructed in a first phase a giant Travelling
Salesman Problem tour, disregarding the eapacity constraints, and partitioning this
tour into ichusters with feasible vehiele routes, taking into censideration the vehicle
capacity. The shortest path problem within the clusters.was solved using Dijkstra’s
algorithm. The technique was compared with the existing schedule with respect to
cost and distance travelled. The adoption of the proposed heuristic resulted in
reduction of the.number of existing vehicles, the distribution cost and reduction in
vehicle distance-tfavelled-per supply. The study.revealed a good performance of the

proposed heuristic method; which Would-betseful in vehicle routing.
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18  INTRODUCTION
The distribution of goods from depots 1o they final destination plays essential role o

the management of many distnbution sy sterms.

Typically, in a distribution system, vehicles provide pick-up, delivery or repair and
maintenance services 1o customers who are peographically dispersed in a given arca

hhmmplnnKhNHaS;Fthuﬂaud

routes for the vehicles 10 satisfy a ¥ of constrmnts o as 10 minimize the total

ZA)

fleet operation cost, while satisfy rmands of the vanous destinations.

n the world snd Ghana in particular,
l |

e

contunies (De Vries, 1994) Morcover, the expansion of markets s amocistod with

*”hhmdn“““.hhh“
and the cwrly mnctoonth contuncs. the mtroduction of canals were crodand wih



increasing the levels of inventive activities and triggering of industries (Sokoloff,
1998).Households became less self-sufficient and rather specialized consumer-
labourers; firms that specialized in the production of various goods emerged in great
numbers. Division of labour within firms led to a re-organisation of production and

increased levels of productivity with its challenges (Sokoloff, 1984).

During those periods there were increased in industrialization, which gave birth to
proliferation of specialized manufacturing firms (Kim, 2000). In this period, the
industrial structure was co?éo@ﬁﬁj fingﬂe tmit firms who specialized in production
of manufacturing goods and.- 1;.rhnt:rle:_salf-: merchants and retail stores owners who
distributed the goods. Since the manufacturing firms typically specialized in a
narrow line of products, it was simply too costly for them to market their products
directly to-eonsumers. The wholesale merchants, who bought and sold sufficient
quantity of products, in this setting, were able to-lower the cost of transactions more
efficiently. The wholesale merchants in addition to collecting information on various
manufacturers, by loeating major cities, also send sales agents to rural country stores
to collect information on ruralconsumer demands. In this period, most consumers
were able to jud;éf'the quality of most products ¥pon Gsual inspection; however, for
some_-:;'f"'lhe goods, they relied-on the local producers and retail merchants’ reputation

—for honesty (Kim, 1995).

With advances in science and technology during the late nineteenth centuries, it
became increasingly difficult for consumers to discern the quality of product which

they consumed.



Kim (1995) indicated that, even the manufacturing processes of the most basic
product such as food, became so sophisticated that consumers no longer have enough

knowledge to discern whether a product is wholesome or poisonous.

1.0.2 CHANNELS OF DISTRIBUTION

There are three types of distribution; Intensive, Selective and Exclusive distribution.
Intensive distribution is where the product is sold to as many appropriate retailers or
wholesalers as possible. Selective distribution occurs when the producer restrict the
number of retail outlets iffthe product whichsequired specialized servicing or sales

support. Then the Exclusive distribution is when a single outlet is given an exclusive

franchise to sell the products in @ geographic area (Hitchcock, 1941).

Distribution-could be broadly classified inte Direct and indirect distribution. There is

|

direct distribution if the producer bypass the marketing intermediaries and supplies

the product direct 10 thet.consumer. Indirectsdistribution involves the use of

= T Tagy?

intermediaries or middlemen and retailers to make the product available to the

i consumer (Kim, 2000).

-

=,

Channel of distribution is-a-path through Which goods and services flow in one

___—direction (from producer to wholesaler or from vendor to the consumer) and the
payments generated by them that flow in the opposite direction (from consumer to

the vendor). ks

A distribution channel can be as short as being direct from the vendor to the

consumer or may include several interconnected intermediaries such as wholesalers,



distributors, agents, retailers. According to Mahmoud (1996) there exist three main

channels of distribution of goods in Ghana.

Producer to consumer; where the producer sells directly to the consumer.
Producer to the Retailer and from the Retailer to consumer; where the
wholesaler is bypassed and the producer deal directly with the retailer.
Producer to the wholesaler, from wholesaler to the Retailer and from the
Retailer to the consumer; where the wholesaler buys in bulk from the

producer and later resells to the retailers who in turn sell to the consumer.

When it comes to heavy industrial producers, there are four channels of
distribution in Ghana.

Producer to consumer;.thesproducer market the products direct to the
conistimer, Example Tema steel works.

Producer-to customer. Some producers of industrial products use industrial
distributors to market their p;*o_duct for them. Example Coca-Cola Bottling
Company of Ghana limited, Guinness Ghana Breweries Limited, Ghacem
Limited.

Producer to_an Agent, and fromvthe Agent to the customer; is the most

popular method foreign—organizations use when entering the Ghanaian
market.

Producer to an Agent. From Agent to an Industrial distributor and from

industrial distributor to customer.
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1.0.3 DISTRIBUTION NETWORK AND MODEL

The entire chain of distribution intermediaries from the supplier to the consumer is
called the distribution networks. A strong and efficient distribution network is one of
the most important assets a manufacturer can have and is the biggest deterrent that

faces the new competitors.

Distribution model concerns with the mathematical simulation of the key decision
associated with a distribution channel to compute the optimal solutions regarding

inventory, warehousing, routing, trasportation,and other such factors.

11 BACKGROUND TO THE STUDY

Ghana’s economy is poised for considerable future growth primarily as a result of oil
production;-increased cocoa pricesand the increased level of direct investment into
the country. This along.with a number of factors; are expected to result in increased
consumer disposable income and resulting inerease in demand for The Coca-Cola

Bottling Company ofiGhana Limited’s premrum preduets.

Therefore the company looks forward for futire‘expansion of its customer base as

G - —
e

well as piloting a waynofraistribution and-selling that enhances the capability of its

___—sales force. This will help the company out-execute the competition and remain agile

enough to get ahead and stay ahead of its competitors.



1.1.2 PROFILE OF COCA-COLA BOTTLING COMPANY OF GHANA
LIMITED

The Coca-Cola Bottling Company of Ghana Limited (TCCBCGL) was formed in

| March 1995 from the divestiture of the Bottling Division of GNTC and started

operations on the 7th March 1995 at the GNTC plant at Adjabeng, Accra. It is a

subsidiary of the Equatorial Coca-Cola Bottling Company which in turn is owned by
The Coca-Cola Company, Atlanta, USA and the Cobega Group of Barcelona, Spain.
The Company has two (2) production facilities or plants situated in Accra (main) and

Kumasi.

lf As the effect of the global credit' crunch ingers on and companies resort to laying
employees off, The Coca-Cola Bottling Company of Ghana Limited (TCCBCGL)
has been looking for ways of creating jobs for the youth. The company introduced
what it calls the “Trolley Boys Project’*during-the latter part of 2007 to widen its

'_ distribution network as it finds ways of supporting the state's effort at creating job
opportunities for the youth.
So far the project has created‘jobs for about 500 youngpeople between the ages of
20 and %5 The 'yoting nien.who are recruited-by the cempany through its dealers and

. i . H ; . .
distributors are given coca-cola branded-trolleys and ice chests stuffed with the

e —

_____newly introduced 200ml coca-cola products and other canned as well as plastic
bottled brands of The Coca-Cola Company.

! The trolley boys are normally stationed at traffic-prone areas in Accra, Kumasi,

i Takoradi and Koforidua to refresh motorists and pedestrians. According to the Head

of the Commercial Function of The Coca-Cola Bottling Company of Ghana, Anton

LibHHARY
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Van Zyl, the trolley boys make a personal profit of GH¢10 to GH¢15 daily, which
amounts to between GH¢3,120.00 and GH¢4,680.00 per annum in a season- about

five times more than the nominal GDP in Ghana.

The Coca-Cola Bottling Company of Ghana employs over 800 direct employees and
700 contract staff. The company has about 40,000 registered customers who rely

mainly on selling its products for their income.

Apart from the 13 depots fhroughopt fthe icountry{Regional Distributors at regional
capitals), TCCBCGL has 63 Mini-Depot Operators (MDOs) that employ at least 10
people each and 128 Manual Distribution Centres (MDCs) which also employ 3

people each, across the country.

The companywproduces 10 main brands. These. areCoca-Cola, Fanta, Sprite,
Schweppes Malt and/Schweppes Carbonated drinks, Krest, Burn Energy Drink,
Minute Maid, Stoney Ginger Beer, Dasani and BonAqua. Over the years the
company hassgrown their carbonated soft.drinks market'Share from 60% in 1999 on

divestitgr;. to 94:4%in. 2009,

g— -
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DISTRIBUTION MODEL OF TCCBCGL

ACCRA PLANT KUMASI PLANT
(Main Depot) (Depot)
Mini-Depot / \ / —
Operators Mini-Depot
Regional Mini Operators
Depot
Retailer
End USer

Figure 1.1: Schematic of TCCBGL distribution model.

12 PROBLEM STATEMENT

Every company seeks to optimize production efficiency and distribution control.
Every industry “has 1its distribution. problems. One measure of the scale of these
problems is the total distribution cost. -Another imeasure is the proportion of total
costs which is attributable to distribution: Clearly it is worth making some effort to
increase efficiencyin both cases. A figurefor the cost of operating one vehicle in the
distribution system is high:* TCCBCG operate a_fleet.of about 21 long Haulage

i

trucks.-So a re-organization. which would Tesult ina saving of 1 vehicle in 5 would

reduce the company’s distribution cost.
ol

This thesis seeks to use Route first-cluster second method of routing system to

minimize transportation cost of TCCBCGL in order to achieve its target profit.



1.3 OBJECTIVE OF THE STUDY

This research is centered on Route first- cluster second method for vehicle routine.

The objectives are:

(1) to determine the optimal route to be operated by available trucks for the
distribution of TCCBCGL products.

(1) to minimize the total variable cost needed to transport TCCBCGL products
while satisfying routing constraints to serve all their customers with the

demand for the commodity.

1.4  JUSTIFICATION

The cost of transportation largely affects production companies which affect their
operations. The recommendations. and._suggestions from this study when
implemented svill-help Coca-Cola Bottling Company of Ghana-achieve cost saving
in distribution so'.as_to- improve upon their profit -margin in order to remain
competitive in the Ghanaian market. Coca-Cola Company and all other companies
will be able to expand their operations when they aresable to maximize profit. This
will create moré“employment oppertunities for people’ which will in effect have
positive impact on the economy,of Ghana

ST =W _

——When organizations are able to reduce their transportation cost and save money, such
monies could be used in enhancing corporate social responsibilities which will
benefit the communities-in which these organizations operate. The study will help
The Coca-Cola Company of Ghana and other manufacturing and distribution

companies to implement new transportation and distribution strategies to reduce cost



and make more profit. Finally, the study will serve as a reference material for the

academia for future research work.

1.5 METHODOLOGY

Data on the number of vehicles (trucks), vehicle capacity for all the vehicles, all their
key distributors, their destination and distances between them and the depot, and, the
cost of transportation for all the vehicles from the depot to their distribution points
and back to the depot, would be obtained from the Distribution and Sales managers
of the company.

Route first-cluster second method will be used to solve the transportation problem.
The second phase of the method is a standard shortest-path problem on an acyclic
graph and therefore Dijkstra’s algorithm will be used. Computations will be done

using VB.net for-Dijkstra’s algorithm.

1.6 SCOPE OF THE STUDY
The study will cover the Mini-Depot Operators (MDO) of The Coca-Cola Bottling
Company of Ghana Limited within Western, Central, Eastern, and southern Volta

Regions, their actual*déstination, the distancesfrom.Aecra‘to these MDOs, the

M J’,,-‘-"";___::_ ; -
distances between the MDOs and-the.quantity of goods supplied to the MDOs at a

—time.

1.7 LIMITATION -

There were a number of factors which could limit this piece of work to some extent.
One of the constrains is access to information. Due to competitions among
companies, there is reluctance by Managers in given out vital company information.

LASSES A it
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Also the time span (duration) for the research was limited. However sufficient time
is needed for such a work. Lastly, funds and resources was also a constraint since

one needed to move to the premises of Coca-Cola Bottling Company of Ghana

Limited for data.

1.80RGANISATION OF THE THESIS

The thesis is divided into five chapters. Chapter one provides information on the
background of the study. It also throws light on the problem statement and objective
of the study, methodology, jdstification, and “ergamization. Chapter two review
related works of some authors and summarize the route first-cluster second method
of solving transportation problem: Chapter three presents the methodology,
mathematical formulations and variants methods of solving transportation problem
in order to minimize cost. Chapter four presents data collection.and analysis of the
study. Chapter five captures. the summary of findings, recommendations and

conclusions.

1.9 SUMMARY

In this chapter, we focused onr-production and distfibution as it is today. We also

looked at channels of distribution-and~distribution network, and its associated
—problems. Brief history of The Coca-Cola Bottling Company of Ghana Limited,

background to the study, statement of the problem, objectives of the thesis,

methodology, scope of the study, limitation and organization of the thesis. In the

next chapter, we shall review some literature pertaining to Vehicle routing problem

and Route first-Cluster second problem.

11



CHAPTER 2

LITERATURE REVIEW

2.1 THE VEHICLE ROUTING PROBLEM (VRP)

The vehicle routing problem lies at the heart of distribution management. It is faced
each day by thousands of companies and organization engaged in the delivery and
collection of goods or people. Conditions vary from one setting to the next, therefore
the objectives and constraints encountered in practice are highly variable. Most
algorithmic research and soffiydrej'deyelopniefit in ghis area focus on a limited
number of prototype problems. By building enough flexibility in optimization

systems one can adopt these to variousipractical contexts (Laport 1992).

The vehicle routine problem (VRP) can be defined as a problem of finding the
optimal route of delivery eollection from one or several depots to a number of cities
or customers, while satisfying some comstraints. Colleetion of household waste,
gasoline delivery trucks, goods distribution, snow plough and mail delivery are the
most used application of the VRP. The VRP plays a vital role in distribution and

logistics.

#'__...-""'"'

—

e ,_,f':"ﬂ_'i_
Much progress has been done since the-publication of the first article on the” truck

— dispatching” problem by Dantzig and Ramser (1959). The authors described the
problem as a generalized problem of Travelling Salesman Problem (TSP). Several
variants of the basic problem have been put forward. Strong formulations have been
proposed, together with polyhedral studiers and exact decomposition algorithms. In
particular the study of this class of problems has stimulated the emergence and the

growth of several meta-heuristics whose performance is constantly improving.

12



In 2002, Toth and Vigo (Maffioli, 2003) have reported that the use of computerized
methods in distribution processes often results in saving ranging from 5% to 20% in
transportation costs. Barker (2002), described several case studies where the

application of VRP algorithms has led to substantial cost savings.

2.1.1 CLASSICAL VEHICLE ROUTING PROBLEM

The Classical Vehicle Routing Problem (CVRP) is one of the most popular problems
in combinatorial optimization and its study has given rise to several exact and
heuristic solution techniques @f, genexal applicability! it generalizes the travelling
salesman problem (TSP) and is therefore NP-hard. A recent survey of the VRP can

be found in the first six chapters of the book edited by Toth and Vigo (2002 a).

The VRP is often~defined under capagity, and route length restrictions. When only
capacity constraints_are-present the problem is denoted by CVRP. Most exact
algorithms have been developed with capacity constraints in mind but several apply
mutatis mutandis to distance constrained problems..In contrast most heuristics
explicitly consider both types of ¢onstraint.

In classical VRP, the-custemers.are known ingadvanee. Moreover, the driving time

e }_f,,.‘--——-:'"_if : :
between the customer and the Service times-at €ach customer are used to be known

———Madsen et al, 1995). The classical VRP can be defined as follows (Laport, 1992):

Let G = (V, A) be a graph where V = {1, ...,n} is a set of vertices representing
delivery points with the depot located at vertex 1, and A is the set of arcs. With every

arc (i, j) i #j is associated with a non-negative distance matrix C = (Cy). In some

13



contexts, C; can be interpreted as a travel cost or as a travel time. When C is

symmetrical, it is often convenient to replace A by a set E of undirected edges.

THE SYMMETRIC VRP
The symmetric VRP is defined on an ample undirected graph G = (V, E). The set v =
{0,...,n} 1s a vertex set. Each vertex i€V\{0} represents a customer having a non-
negative demand g;, while vertex O responds to a depot. To each edge e€E = {(i, j):
i, JEV,i<j}is associated with a travel cost C, or C;. A fixed fleet of m identical
vehicles each of capacity O, is'avatlablé at the dépot.! The symmetric VRP calls for
the determination of a set of m routes whose total travel cost is minimized and such
that:
(1) each customer is visiied exaetlysonce by one route
(ii)  ea€htoute starts and ends at'the depot.
(iii)  the total-demand of the custemers served by reute does not exceed the
vehicle  capacity O,
(iv)  the length foreach route does'not exceed apreset limit L.
(v) it is'common to assume constant Speed so that.distance travel times and
—~travel cost are_copsidered as synonymous):
—A solution can be viewed as a set of m cycle sharing a common vertex at the depot.
The asymmetric VRP is similarly defined on a directed graph G = (V, A), where A =
{(i,]): i, JEV, i #j} is and arc set. In this case a circuit (directed cycle) is associated

with a vehicle route.
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2.1.2 CAPACITATED VRP

The capacitated vehicle routing problem can be described as follows: Let G = (V’,E)
an undirected graph is given where V' = (0, 1,.....,n) is the set of » + 1 vertices and E
is the set of edges. Vertex O represents the depot and the vertex set V = V’\ {0}
corresponds to » customers. A nonnegative cost d;; is associated with each edge (i,j)
€E. The g; units are supplied off from depot O (We assume g = 0). A set of m
identical vehicles of capacity Q is stationed at dept O and must be used to supply the
customers. A route is defined as a least cost simple cycle of graph G passing through
depot O and such that the total"demand]of the vertices visited does not exceed the

vehicle capacity.

The practical importance of the.capaeitated vehicle routing problem provides the
motivation for theweffort involved im the development of heuristic algorithms
(Baldacci et al., 2007).-Suryvey covering exact algorithms was given by Laport
(1992). The chapters of Toth and Vigo (Moffioli, 2003) have surveyed the most
effective exact methods proposed in the literature up t0/2002. A recent survey of the
C-VRP, covering both exact andheuristic-algorithms can'befound in the chapter of
Cordeau et-al., (2001)-in Ehg boek edited by Betnhart'and Laporte (Baldacci et al.,
o "
2007). The most promising exact-algerithms for the symmetric capacitated VRP,

—which have been published since then are due to Baldacci et al., (2004), Lysgaard et

al., (2004) and Fukasawa et al., (2006).

2.1.3 VARIANTS OF VRP
Some of the variants are:
(1) VRP with time windows: In the VRP with time windows, a number of

vehicles is located at a central depot and has to serve a set of
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geographically dispersed customers with a demand with a specific
time window. The problem is to optimize the use of  fleet of wvehicle
that must make a number of stops to serve a set of customers, and to
specify which customers should be served by which vehicle and in what
order to minimize the cost, subject to vehicle capacity and service time
restrictions (Ellabibet  al., 2002).

VRP with Pick-up delivery: One complication in real-life situations as far
as VRP is concern, is jha coi]phcm?mth*anses in practice such that
goods not only ncecﬂ b% brﬁmght fma;p the depot to the customers, but
also must be picked up at a number of customers and brought back to
the depot. The VRP with Plck-up and delivery is known as VRP with
Backhauls (Ropke mﬂngcr "006 Bianchessi and Rughini 2007). The
problem can be-divided ‘into two, independent (CVRP) (Rokpe and
Pisinger 2006); one for the delivery (Linchaul) customers and one for
pick-up (backhaul) cuStomers, such that some vehicles would be
designated to linehaul customers and other to backhaul customers.

Stochastic ¥ RP: The stochastic VRP arise wh'erl};dnside-ﬁng demands and

travel times as stochdstic variable.

Other variants include the heterogeneous vehicle feer.

THE TRANSPORTATION PROBLEM

One of the subclasses of the linear programming problems for which simple and

practical computational procedures have been developed, that take advantage of the

special structure of the problem is the Transportation problem.
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The first formulation of transportation problem was presented, along with a
constructive solution by Hitchcock in 1941.Koopman (1947) single handedly
spearheaded a research on potentialities of linear programs for the study of problems
in Economics. Since Koopman’s work was based on the work done earlier by
Hitchcrock, the classical case of the transportation problem is often referred to as

Hitchcock-Koopman’s transportation problem. The problem may be expressed as

minimization of transport cost for moving a single commodity from @ origins

(source) to b destinations (sink)swhiley gperatimgs within supply and demand

constraints.

Hammer (1969) introduced the ‘time minimizing or bottleneck transportation
problem, and the algorithm for solving the problem. The objective was to minimize

the total time to transport all supply to-the destination, rather than minimizing cost.

Williams (1963) and Szware (1964) discussed the stochastic transportation problems,
with the objective of minimizing total transportation €ost plus expected penalty cost,
Wilson (1972, 1973, and*1975) showed that a linear approximation can be used in

order to sf)ﬂ;@fthe stochastié.transportation problem,as-a capacitated transportation

e

problem.

L
Toth and Vigo (1997) examined the problem of determining and optimal schedule

for a fleet of vehicles used to transport handicapped persons in an urban area, by

using a Tabu Threshold -—procedure to the starting solution obtained by insertion

algorithm.
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2.3 REVIEW OF ALGORITHMS FOR VEHICLE ROUTING
PROBLEMS

Gillet and Miller (1974) presented a sweep algorithm to solve the vehicle dispatch
problem. The principle of this algorithm is cluster first-route second. A number of
customers supplied by a single depot are clustered by their polar coordinate angle.
All customers are re-ordered according to their polar coordinate angle and a cluster
is created by sweeping consecutive customers as long as the capacity constraint is
not violated. For each cluster, a travelling salesman problem must be solved to

determine the minimum path in théwoute:

Another heuristic based on the cluster first-route second approach is the two-phase
method of Christofides, Mingozzi and Teth:«(1979). According to Bodin and Golden
(1981) there are ‘many«other approaches to solve the vehicle routing problem which
includes cluster first-route second and savings/insertion. The cluster first-route
second approach clusters all demand nodes into- feasible groups and then efficient
routes are proposed for each.group. Route first-cluster second approach initially
determines a single toute through all demand nodes, and then partitions this single
route into smaller and mere feasible routes.
T P .,
Bodin and Krush (1978) utilized the route-first-Cluster second approach for routing
—freet sweepers. They pointed out that the route first-cluster second approach should
be superior to the cluster first-route second for solving this problem though route
first-cluster second may produce overlapping clusters.

Bodin and Berman (1979) used route first-cluster second for routing school buses to

and from a single school.
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Je Beasley (1983) studied route first-cluster second method for vehicle routing and
compared the performance of route first-cluster second to the saving algorithm and
3-optimal algorithm. The computational result showed that the route first-cluster
second gave solutions at least as good as the saving method and often as good as the

3-optimal method.

Bramel and Simihi-Levi (1997) pres ented a book titled” The logic of logistics:
Theory, algorithms and application for logistics management”. They pointed out a
survey of a variety of results co&éringr mo:st: of thé"logi'stics area. One part of this
work is about vehicle routing problem, coyering and analysis of the single depot
capacitated vehicle routing problem with equal demands and unequal demands. They
also addressed the VRP with time window constraints and solving the VRP using a

column generation appzoach.

24 ROUTE FIRST —-CLUSTER SECOND METHODS FOR VEHICLE
ROUTING
The vehicle routing problem can be defined as.the problem of designing routes for

delivery vehicles of known capacities, operating from-4 single depot, to supply a set

= &

of custormers with knewf Tocations and known demand for a certain commodity.
~__Routes for vehicle are designed to minimize some objective such as the total distance

travelled.

Recent surveys (Bodin et al.,1979), Mole, Watson et al., 1979) list many approaches

(both heuristics and optimal) to the problem based upon a route first-cluster second

heuristics. A similar approach has been successfully applied to bus routine problems

(Bodin et al.,1979), the routine of electricity meter readers (Stern and Dror, 1987),
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the routine of street sweepers and vehicle fleet size and mix problems(Golden et al.,
1984).

The basic route first-cluster second method is best illustrated by a diagram, where we
have a central depot surrounded by a number of customers. We first form a “giant
tour” from the depot around all the customers and back to the depot (i.e. a travelling
salesman’s tour around all the customers including the depot). This tour can be

formed in a number of different ways.

D - Depot

C - Customer C

Figure 2.1: Example of a ‘Giant’ tour.

The key to the approach.is that it is very easy to-optimally partition such a tour into a

set of feasjple vehiclewroutes.~Arbitrarily assign a~direction“to the giant tour and

(withmiﬂtﬁs :;f generﬁﬁme the first customer on the directed tour after the

____depot (which we denote by 0), 2 be the second customer on the tour after the

depot,..., n be the last customer on the tour after the depot. Let (dj;) be the inter-
customer distance matrix and defined a matrix (C;) by

C;= the distance travelled by a vehicle in supplying the customer (1,0 2,.50)

in that order if the vehicle route (0,i + 1, i + 2....,j, 0) is feasible (1<)

= 0o otherwise
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j=i

1. e. C,;j = dﬂ(i+1) 5 Z dk(k-l-l) + du or Cij=m
k=i+1

Note that we assume here that all vehicles are identical. If we then find the least cost
path from O to n in the directed graph with arc cost (C;;) we will have an optimal
partition of the (directed) giant tour into feasible vehicle routes (Note that if no path
from O to » exist then the problem is infeasible).

For example, suppose that the cost path from O to nis O —s — ¢ — n of total cost Cps +
Cy; + Cin, then from the way that C;; is defined we must have s<t<c. The first part O —
s of this least cost path involves'a vehigle supplying customers 1, 2,.....,s in that
order (from the definition of C,s). The second part s— of this least cost path involves
a vehicle supplying customers s + 1, s# 2,...f in that order (from the definition of
Cs). The final part 7 — » of this least cost path invelves a vehicle supplying customers

t+1,t+2,...,n (from.the definition of (C.).

We know that each of thes¢'three vehicle routes 1s feasible (from the definition of the
(Ci) and together they supply él] the customers. Hence we have a solution to the
vehicle routing problem. Note that this partition of the giant tour into three feasible
vehicle routes is optimal since.we found the least.cost path from O to n in the
directed_grﬁ with arc costfGp=(Any-path-frem O 1077 corresponds to a partition of

the giant tour into feasible vehicle routes and the least cost path from Oto n

__-—Iﬂ-_-—

corresponds to an optional partition.)

We can see from the above description why the method is called route first-cluster

second. We first decided the order in which the customers are to be visited (the

routing part of the process) and then partition the customers (cluster the customers)
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into sets that constitute feasible vehicle routes. The route first-cluster second
heuristic is attractive for a number of reasons:

(1) The use of a giant tour ensures that customers who are near to each other
are close together in the giant tour and hence likely to be together on the
vehicle routes considered in the formation of the matrix (Cj).

(i1)  Via the partitioning approach we are able implicitly to consider a large
number of feasible vehicle routes and from them pick an optimal set of
routes.

(iii)  The partitioning of theéfgiant’taur is [e]‘aﬁve]ﬁy fast computationally (eg
using the algorithm of Dijkstra inyolves only O (n’) operations).

(iv) Because the partitioning procedure is fast (and the other parts of the
method are also not particularly time consuming) one can start form a
number-of. different, giant tours.and produce a feasible set of vehicle
routes from each tour. This overcomes the problem that any single giant

tour might lead toa bad set of vehicle routes.

Note here that since itis easily shown that an.optimal travelling salesman (giant) tour
followed by an optimal parti_tio;]ing does not neeessarily lead to an optimal set of
vehicle rE—l.;aas, one would expect fhat a-heuristie; rather than optimal, approach to the
——formation of the giant tour would be sufficient (e.g. an initial random tour followed

by a 2-optimal procedure or other heuristic approaches to the travelling salesman

problem). -

Levy et al., (1984) made a number of similar points in their discussion of the use of

the approach for vehicle fleet size and mix problems.
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There are a number of extensions that can make the basic method described above
both to improve it to cope with the practical constraints associated with vehicle

routing problems.




CHAPTER 3
METHODOLOGY

3.0 INTRODUCTION

In this chapter, we shall put forward the research methodology of the study.

3.1 HOW THE ALGORITHM FOR VRP WORKS.
3.1.1 SWEEP ALGORITHM

The sweep algorithm applied to planar instances of the VRP. Feasible clusters are
initially formed by rotating a rayKN u ST A vehicle route is then
obtained for each cluster by solvihg entations include a post

optimization phase in which vertices are ex

hanged between adjacent clusters and
only attributed to Gillet and

rst found in a paper by Wren and

-__1_“ .
=

A simple implementation of Tf'.u thﬁdfﬁhlﬁwﬁi

Assume each vertex..i. 1S repr (0O, P;) where O; is

q'

cngﬁ:.‘miw *ﬂu 0 an arbitrary vertex
=
<>

) )
0, 7*). Rank the vertices in increasing

the angle and P; is “the

i* and compute the remainingngle

order of lheir 0,

—Sfepl : (Route initialization). Choose an unused vehicle k.

Step2 : (Route construction). Starting from the unrouted vertex having the smallest
angle, assign vertices to vehicle k as long as its capacity or the maximal
route length is not exceeded. In tightly constrained DVRPs, 3 — opt may be

applied after each insertion. If unrouted vertices remain, go to step]
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Step 3: (Route optimization) optimize each vehicle route separately by solving the

corresponding TSP (exactly or approximately).

3.1.2 FISHER AND JAIKUMAR ALGORITHM
The fisher and Jaikumar algorithm is also well known. Instead of using a geometric
method to form the cluster, it solves a Generalized Assignment Problem (GAP). It
can be described as follows;
Step 1: (Seed selection). Choose seed vertices jx in V to initialize each cluster £.
Step 2: (Allocation of customers tofseeds): Coﬁlpute the cost d;x of allocating each
customer i to each cluster &k as
di=min{Csi + Cijx + Cjko, Cojx TCiat —(Coji +Ciio)
Step 3: (Generalized assignment). Solve'a GAP with costs d;;, customer weights g;
and vehicle-eapacity Q.
Step 4: (TSP Solution)xSolvea.TSP for each cluster corresponding to the GAP
solution.
The number of vehicle routes.k is fixed a priori in the fisher and Jaikumar heuristic.
The authors proposed'a geometric method based on the partifionof the plane into K
cones according to the ‘euStomer-weights. The seed vertices-are dummy customers
located ah;n;;tﬁé rays biseeting the-cones.” Once-the clusters have been determined,

the TSP s are solved optimally using a constraint relaxation based approach.

e

However Fisher and Jaikumar article does not specify how to handle distance

restrictions, although some are present in the test problem.

.
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3.1.3 CLARKE - WRIGHT SAVINGS ALGORITHM

The savings algorithm is a heuristic algorithm, and therefore it does not provide an
optimal solution to the problem with certainty. The method does, however often
yield a relatively good solution.

The basic savings concept expresses the cost savings obtained by joining two routes

into one route as 1illustrated in figure 3.1, where point O represents the depot

¢ £ *’ 0

(a) (b)
Figure 3.1: cost savings

Initially in fig. 3.1(a) customers 7 and j are visited on separate routes. An alternative
to this is to visit the'two customers on the same route, for example in the sequence
i- j as illustrated in fig. 3.1(b). Because the transportation costs are given, the
savings that result from driving the route in figure 3.1(b) instead of the two routes in
figure 3.1(a) can be calculated. “Denoting the transportation ¢ost between two given

points i andj by C;; The total transportation cost _Dg infigure 1 (a) is: D, =

Coi + Ciq_::g;j_ft Cio e
Equivalently, the transportation cost D in fig. 1(b) 1s: Dp= Coi +Cy+Cy,
_SatEl

By combining the two routes one obtains the savings S;;.

ij = Da—Dp =Ciot Coj — C:} -

Step 1: Calculate the savings S;; =C,j+ Cj, — C;; for all pairs of customer si and
Step 2: Order the savings in descending order.

Step 3: Starting at the top of the list do the following;
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For parallel version:
Step 4: If a given link results in a feasible route according to the constraints of the
VRP, then append this link to the solution if not reject the link.

Step 5: Try the next link in the list and repeat step 4 until no more links can be

chosen.

For sequential version;

Step 4: Find the first feasible link in the list which can be used to extend one of the
two ends of the currently€onstructed rotite:

Step 5 : If the route cannot be extended further terminate the route. Choose the
first feasible link in the list to start @ new route.

Step 6 : Repeat step 4 and 5 until no moze links ean be chosen.

3.14 BRAMEL AND.SIMCHI -LEVI ALGORITHM

Bramel and Simchi-Levi described' a two-phase heuristic in which the seeds are
determined by solving a capaecitated location problem and these remaining vertices
are gradually included into their allotted route-in a second stage. The authors
suggest first locating k seeds; called,concentratorsgamong the” » customer locations
to minimizf;:lrl'éﬁt'otal distaseeof custemets-to-their closest seed while ensuring that

the total demand assigned to any concentrator does not exceed Q. Vehicle routes

e me——

are then constructed by inserting at each step the customer assigned to that route seed

having the least insertion cost.

Bramel and Simchi — Levi describe the two-phase heuristic in another way, in which

they first orders the customers according to their locations, disregarding demand

27



size, and then partitions this ordering to produce feasible clusters that satisfy vehicle
capacity. These clusters consist of set of customers that are consecutive in the initial
order. Customers are then routed within their cluster depending on the specific
heuristic. This heuristic is route first — cluster second. This model will therefore
give the minimum number of trips. However, we do not allow splitting the orders to
favour vehicle capacity constraint. Therefore, the delivery quantities will be as high
as possible but not exceeding vehicle capacity. The route first — cluster second
approach takes the following steps:

Step 1: Begin with the solutions fram the cus';tomefs ir¢ach replenishment interval.

Step 2: Route all customers into a single route by considering their traveling
distance from one point to another poinf. Begin the route at the depot and
consider the closest customer relative to the depot.

Step 3: The customers.that are close to the routed customer will be routed in this

single route.

Step 4: Repeat step 3 until all customers are routed.

Step 5: For clustering phase, begin with the sequence of a single route. Start with the
customers in the first position, add the delivery quantity {demand) of the
customer at the second position to the first.positionof the sequence.

Step 6: Lfltg: delivery quantityis greater thanthe vehicle capacity, move to the next
Position in the sequence and repeat step 5 until all customers are
considered.

Step 7: The next cluster will be created by considering the customers that are left in

the sequence. Repeat step 5, 6 and 7 until all customers are clustered.
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Step 8: Apply the shortest path algorithm such as nearest algorithm, Floyd’s
algorithm or Dijkstra’s algorithm to each cluster in order to achieve

minimum distance in each cluster.

3.2 GRAPH THEORY

Graphs are defined by a set of vertices and a set of edges where each edge connects
two of its vertices. Graphs are further classified into directed and undirected graph
depending on whether edges they are directed. An important subclass of directed
graphs that arises in many applications such as precedentce constrained scheduling
problems is directed acyclic graphs (DAG). Other interesting subclasses of
undirected graphs include trees and bipartite graphs. There are two main data

structure for representing graph, the adjacency lists and the adjacency matrix.

Graph searching procedures-sueh as depth — first search (DES) and breadth — first
search (BFS) [Cormen et al., 1989, Tarjan, 1983] formibasic pre-processing steps for
most graph algorithms. Algerithms based on DFS have been known for the problem
of searching mazes. DFS.on directed graphs can be used to elassify its vertices into
strongly connected components to-detect cycle and-to find-a topological order of the

'__’,-'"“
vertices-of directed acyclie-graph

_...._--'"'—..-_--

3.2.1 MINIMUM - COST PROBLEM
Graphs can be used to model networks where vertical model sites and edges model
links between sites. Each link has an associated constructed cost. Finding a set of

links of minimum total cost that connects all the sites is known as the minimum

SPANNING TREE problem. It is known that a greedy algorithm solves the problem
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and a variety of algorithms have been developed for finding minimum spanning
trees. A recent exciting development was a randomised linear time algorithm to

solve the problem.

3.2.2 SHORTEST - PATH PROBLEM

A class of important problems in graphs is shortest-path problems, which play an
important role in routing message efficiently in networks. The problems of finding :
the transitive closure of a graph and all pairs shortest path have been well studied !

and several algorithms have been proposed,(Carmen etal.,11989). i

3.2.3 MATCHINGS AND FLOWS

Maximum-flow problems is that of finding a maximum flow of a single commodity
from a source vertéxto.a sink vertex that satisfies eapacity constraintsion the edges
and flow conservation constrains atthe vertices. Associating costs with edges yields
the minimum-cost flow problem. Several graph problems, including the assignment

problem and graph connectivity.can be reduced tothe minimum cost flow problem.

Graph is often depicted as.a'set of points (node, vertices)joined by links (edges). A

-_,..-""

graph is a-pair; G = (V,-B);of sets satisfying-E€fVT; thus the elements of V are the

nodes (or vertices) of the graph G, the elements of E are its links (edges). In this

_-—l-l"'-——'

case, E is a subset of the cross product V¥V which is denoted by EE[V]. We shall

always assume that VNE = ¢ to avoid notational ambiguities.

A connected graph is a non-empty graph G with paths from all nodes to all other

nodes in the graph. The order of a graph G is determined by the number of nodes.
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Graphs are finite or infinite according to their order. A graph having a weight or
number, associated with each link is called a weighed graph, denoted by G =

(V,E,W).

An example 1s shown below.

Figure 3.2: A diagram of weighted graph with 6 nodes and 7 edges/ links
Graph may be a dense graph or a sparse graph depending on the number of links.

The numbers of links that areroughly quadratic in-their order ar€ usually called

dense graphs. In the case Where the numbers of links are approximately linear in

their order, are called sparse graphs.

3.24 ADJACENCY MATRIX

Figure 3.3: A diagram of unweighted graph

The adjacency matrix of a graph is an n by n matrix stored as a two-dimensional

array with rows and columns labeled by graph nodes. A 1 or 0 is placed in position
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(u, v) according to whether  and v are adjacent or not. Node u and v are defined as

adjacency if they are joined by a link.

A B C D E F

AloO 1 1 1 0 0
B 1 0 0 0 1 1
@ 1 0 0 0 0 1 r
D 1 0 0 0 0 0 ;‘
B o e g gt g g 35
F 0 1 1 0 0 0 |

Figure 3.4: Adjacency Matrix

3.2.5 ADJACENCY LIST

The adjacency list is another form of graph representation in computer science. This
structure consists of a_list of all modes'in a given graph: Each,node in the list is
linked to its own list containing. the names of all nodes that are adjacent to it.
Adjacency list is most often used when the graph contains a small to moderate

number of links.

e O <
& @: 5 ,

(9

shL

Figure 3.5: Adjacency list.
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3.3 SHORTEST PATH ALGORITHM (SP ALGORITHM)

Path finding is applicable to many kinds of networks such as roads, utilities, water,
electricity meter reading, telecommunication and computer networks. The total
number of algorithms that have been developed over the years is immense depending

only on the type of network invoived.

After Minty (1957), considerable progress has been made in the shorts path f

——

algorithm. Numbers of major pages published were published by Bellman (1958),

- T r[—."_

Dijkstra (1959) and Moore (1959). There are a number of review papers, such as

the one by Dreyfus (1969). E

Labeling algorithms are the most populariand efficient algorithms for solving the SP
problem. These algorithms utilize ‘@ label for each node that corresponds to the
tentative shortest path.length Py to that node. The algorithm proceeds in such a way

that these labels are updated until the shortest path is found.

Labeling algorithm can be divided into two sets: The Label Setting (LS) algorithm
and Label Correcting. (LC) algorithm. For each number &f iteration, the LS
algorithm permanently SetS'the label of a node as the-actual shortest path from itself

to the start-node, increasing-the shortest path vector by one component at each step.

The LC algorithm does not permanently set any labels.

__._-—-'-"-——.-F_

All of the components of the shortest path vectors are obtained. Simultaneously, a
label is set to an estimate of the shortest path from a given node at each iteration.

Once the algorithm terminates, a predecessor label is stored for each node, which

represent the previous node in the shortest path to the current node. As a result, it
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only determine the path set P, = {P;, ..... ,P;}, in the last step of the algorithm.
Backtracking is then used to construct the shortest paths to each node. Typical label
setting algorithms include Dijkstra’s algorithm and A* algorithm. An example of
label correcting algorithms is Floyd — warshall algorithm.

The shortest path algorithms are currently widely used. They are the basis for the
network flow problems, tree problems and many other related problems. They
determine the smallest cost of travel of a production cycle, the shortest path in an

electric circuit or the most reliable path.

3.3.1 GENERAL CLASSIFICATION OE SHORTEST PATH ALGORITHM.
The shortest path algorithms are either matrix algorithm or tree building algorithms

(tree algorithm are also called labeling algorithms).

Matrix Algorithm

Matrix algorithms store the network information in the'matrix form and carry out the
computations using basic ‘matrix operations (as addition and multiplication of
matrices or matrix’s elements).p The disadvantage of the matrix is the imposed

inefficient matrix representation-ef a sparse network:' The more significant

-
e

disadvantage is that the matrix Tepresentation-allows one directed link between two

nodes (there can be at most two links between two nodes, but they have to be of
_—— ;

distinct directions).
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Figure 3.8: Matrix representation of the network of figure 3.6.

The network from Figure 3.6 is specified by a matrix in Figure 3.8. Not every
network can be represented in such a way. If a network has more than one directed

link from a single node to some other node, then it cannot be represented in a regular
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matrix since it can store only directed link going from a specified link to some other
node.

The network has two links connecting the 1% node to the 3" node. The link from the
1** node to the 3" node is ascribed the cost of 2, which is stored in the matrix M in
Figure 3.8as a;3 = 2. The link which goes in the reverse direction (from the 3™ node
to the 1* node) is ascribed the cost of 3, this is stored as a3; = 3. If there was a need
to represent the three links between 1* and 3™ nodes from the Figure 3.6, then we
realize we have run out of places in the matrix and the network cannot be fully

represented by a matrix.

There can be some improvement of the matrix representation envisaged for coping
with such an extended network. One impirovement is matrix of lists. An entry in this
matrix would not ¢haracterize only one directed limk from one node-to another but a
list of directed link from thissnode to another. However, this is not classified

anymore as the matrix approach to the SP problem.

The Tree Building Algorithm
A tree building algorithm-builds a-tree with the reet in.the source node of the trip.
Each noder-;)f the network—cam be either-a-leafierafork of the tree. A fork leads to

another forks or leave. These are certain true statement about the tree. The first is

_.__-—-'-'_——--

that, there are p leaves, then, these leaves are p nodes of the biggest cost to reach
among all nodes. The second says that, each fork node (a node that is a fork in the
tree) is of the cost, smaller than a cost of any leaf node (a node that is a leaf in the

tree).
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Building such a tree is dynamic programming task since the result of a node just
reached can be used to calculate the cost of the node which can be reached

immediately after this node.

(a) Network (b) Tree

3 ’&\l
1

1

Figure 3.9: Example of Network and.its tree.

3.3.2 INPUT AND OUTPUT TO THE SHORTEST PATH ALGORITHM
The shortest path algorithm can be divided.into groups that differ by the given input
and the desired output=«The groups are; One pair algorithm, One — to+many, Many-
to — one and All pairs algorithms.
e One pair Algorithm

There are two nodes given the.source node and the destination node. A shortest
algorithm finds only, one ‘shortest path (ifit exist) from the given source node to the
given destination node. “The trec;algorithms are going,to build an incomplete tree

with the reet in the soureemode. The-tree-will"be complete up to the moment the

destination node has been reached. The Dijkstra’s algorithm (1959) and Bellman

_,,_--'-'_-—.-—

algorithm (1958) are examples that are pair algorithms.

e Many-to-one pair algnrithms.
This problem is given many source nodes and one destination node. To each source
node there is time ascribed saying what time the journey starts from that node. The

solution to the problem is to find the shortest path from any source node to the
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destination node that will result in reaching the destination node at the minimal time
of arrival (not cost of the journey).
This type of a problem is easy to solve having the Dijkstra algorithm. The solution
doesn’t differ significantly from the Djikstra algorithm. Only at the beginning one
has to put all the source nodes into the priority queue with appropriate costs.

e All pairs algorithm
For this algorithm group, there is neither a necessity for source node nor for the
destination node. An algorithm from this group calculates all the possible shortest
paths; thus, the algorithm is to findithel shorteést patiior every pair of nodes. The
number of path (the paths from one and the same node is 0 and doesn’t require
calculation) is therefore
n>—n=n (n—-1). The computations aie-mostly done on matrices. The Floyd
algorithm (1962) is anrexample from the allipairs algorithm group.

e One-to-many algorithm
Only the source node is spegified. All shortest paths from this source node to all
other nodes will be calculatedulf there is a path from the source node to every other
node, then there will be. (n— 1) s.,hortest paths'evaluated (n isthenumber of nodes in
the network). A tree building algorithm will creat€ acComplete shortest path tree.

The Dijkstra algorithm and-the Bellinan algorithm are also examples of one-to-many

algorithms.

e —

3.4 SOLUTIONS TO VEHICLE ROUTING PROBLEM.
The VRP is a Non- deterministic Polynomial time hard (NP — hard) problem, which
is hard to solve in a polynomial time (Bodin et al., 1983). No optimal algorithm that

can solve NP — hard problems in a polynomial time has been found (Falkenauer,
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1996). Finding optimal solutions of NP — hard problem is usually very time
consuming and sometimes even impossible. Due to this characteristic, it is not

realistic to use optimal solution methods to solve large problems.

Branch and bound method has been applied to problems with small number of
customers (Pereira et al., 2002), but not for large size, where computational
limitation of memory buffers, and computing resources exists. Hence many other
approaches based on heuristics approximation algorithm that aim at finding good
feasible solutions quickly, have been ihtmc__iut:ed (Caporte et al., 2000; Prescott —

Gagnon et al., 2009).

The heuristics can be classified into_two Kinds: Classical heuristics (1960 — 1990)
and Modern heuristies (1990 - )

e Classical VRP heuristies ean be broadly classified into‘thiee.
(1) Constructive Heuristics
[t gradually build a feasible solution while keeping an eye on solution cost, but do
not contain an improvement phase per se. Examples of such'heuristics are Clarke —
Wright savings heuristics-(1964), insertion heuristicS and sequential verses parallel

..

version. - e

—_———"ﬂ_.'

(ii)  In two — phase heuristics, the problem is decomposed into its two natural
components:

Clustering of vertices into feasible routes, and, actual route construction, with
possible feedback loops between the two stages. Two — phase heuristics can be

divided into two classes: Cluster first, route second methods and route first, cluster

second methods.
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In the first case, vertices are first organized into feasible clusters, and a vehicle route

is constructed for each of them.

In the second case, a tour is first built on all vertices and is then segmented into

feasible vehicle routes.

(iii) Improvement methods attempt to 'upgrade any feasible solution by
performing a sequence of edge or vertex exchanges within or between
vehicle routes. The distinction between constructive and improvements ]
methods is however often blurred since most constructive algorithms
incorporate improvements stéps (typically 2 or
3 — opt) at various stages.

Six main types of metaheuristics have beemapplied to the VRP.

- Simulated Annealing (SA)/DeEtCrministic Annealing (DA)
- Tabu Search (1S)./Guidedlocal search

- Variable Neighberhood-searchu(VNS)

- Genetic Algorithm (GA) /Evolutionary methods

- Ant Colony. Optimization (ACQO)

-~ Artificial Neural Nefiyorks (ANN)

——

The SA, DA and TS, start from an initial solution x; and move at each iteration f
i

from x, to a solution x; + in the neighborhood N(x) of X, until a stopping .f

condition is satisfied. If f{x) denotes the cost of x,the fx,+ 1) is not necessarily

less than f{x;). As a result, care must be taken to avoid cycling. GA examines at

each step a population of solutions. Each population is derived from the preceding

one by combining its best elements and discarding the worst. ASA is a constructive
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approach in which several new solutions are created at each iteration using some of
the information gathered at previous iterations. As was pointed out by Taillard et al
(1995), TS,GA and SA are methods that record as the search proceeds, information
on solutions encountered and use it to obtain improved solution. ANN is learning
mechanism that gradually adjusts weights until an acceptable solution is reached.
The rules governing the search differ in each case and these must also be tailored to
the shape of the problem at hard. Also, a fair amount of creativity and

experimentation is required.

3.5 IMPROVEMENT/FEASIBILITY ROUTINE

There are improvement routines for VRP/(Salhi and Rand, 1993). Most of them can
be used both to decrease the amount of infeasibility for each route. Some of these
routines are:

e Routine REVERSE: This is a-new routine which is based on the observation
that reversing the direction of a-toute may improve its length. The procedure
simply chooses the routewith the smaller maxload.

e Routine 2- OPT. “:: This method, first described by Lin1965) is based on
interchanging arcs say ab.and-ed with ac and-#d.. The direction of the routine
will -be reversed m r_-custﬁm'ers‘ b~and ¢. We summarized that,

infeasibilities in VRP occur due to the fact that the customers are in the wrong

.—_—_—--'

order on the vehicle route. Thus, it is reasonable to re-arrange the ordering of
the customers on the route by reversing the direction of those parts of the
vehicle route, where infeasibilities occur. We note that applying this
transformation twice returns the route to its original state, thus 2- OPT can be

thought of as its own dual. It may be used either to decrease route length or to
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reduce the occurrence of infeasibilities. This observation is true for most of the
subsequent routines.

Routine 3- OPT : This is a slight modification of the original routine of Lin
(1965) which is based on the exchange of any three arcs with three other arcs.
The modified method considers only three consecutive arcs and hence is much

faster.

Routine SHIFT : This routine involves two routes, but is otherwise very
similar to our version of 3- OPT. It involves the deletion of a customer from a
route and its insertion into an are,on anotheér route.

Routine EXCHANGE : This routineps an extension to shift in that two
customers are inserted simultaneously into each other’s former routes, but not
necessarily into the former locations of each other.

Routine REINSERT., This 'method originates from a theorem by Mosheior
(1994). The author preved that a weakly feasible travelling salesman tour with
pickups and deliveries can always be made strongly feasible by re-inserting the
depot. Thus routine REINSERT considers all arcs en'a tour for possible depot
re-insertion. Maosheior (1994) showed. just how useful/thi§ routine can be in
eliminating infeasibilities;»however it is noted-that;"1t.is also possible that re-

inserting the depot would decrease the-roeute léngth.

d

\ L

3 /v S
\ d‘_‘

""" >l—

Figure 3.10: Routine reinsert
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3.6 FORMULATIONS OF VRP’s

3.6.1 MODEL FORMULATION FOR SINGLE DEPOT VRP.

An integer programming formulation of the single-depot vehicle routing problem.
The data of the problem are as follows: There are m vehicles. The capacity of
vehicle 4 is equal to Q4 (h =1, .... ,m). The depot is indexed by i =1 and the

customers by i=2,.., n: the demand of customer i isequalto q;(i=2, ..., n).

Finally, there is a matrix (C;;){’j=1 of travel times.

As to the decision variables let,

1l if vehicle h visits'eustomer i
Y = {

0, otherwise

1, ifvehiclesh visits'eustomer i and j in sequence
)(ﬂij: {
0, otherwise
This problem is
m n n
Minimize Z 2, Cos
h=1i=1 j=1
subject to
mo m, for =1
23’:& = s (3.1)
h=1 1; fori=25un
P R
m
Z qiVhi < Qupforh=1,...,m (3.2)
h=1
vii€{0, 1} forh =Y, i DI =T ey (3.3)

I
=
E

n n
thij =thji =ypifor h=1,...,m, i (3.4)
j=1 j=1
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ZXWEIUI— 1 for e 1 Ly Lomnil oo llimTe
L,LJEU
Xni€ 10,1} forh=1,...,m, ij=1,...,n (3.6)

The conditions (3.1) ensure that each customer is allocated to one vehicle and that
the depot is allocated to each vehicle. The conditions (3.2) are the vehicle capacity
constraints. The conditions (3.4) ensure that a vehicle which arrives at a customer
also leaves that customer. The conditions (3.5) are the subtour elimination

constraints. This formulation is due to Fisher and Jaikumer (1981).

3.6.2 THE CLASSICAL VEHICLE ROUTING PROBLEM
FORMULATION

The formulation of the VRP can be presented as follows (Laporte, 1992);

Let x; be an integer-vacriable which may takeéwalue{0, 1}, v {i, j}EE\ {{0, j}: JEV

and value {0, 1, 2}, V{0, /) €E; jEV. Note that 'x,; = 2 *when aToute including the

single customer j is selected in the selution.

The VRP can be formulated as.the following integer programming:

Minimize Z dUXU (37)
i#]
subject 1O~
— ’,_,-'-"__'_-_—
ZXU:L viev, (3.8)
v R TERE
ZX:; =1 VjeV, (3.9)
i e
Y Xy zlsl- V@) SV Llslz2) (3.10)
X;€{0, 1}, V {i,j}EE; i#j (3.11)
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In this formulation (3.7), (3.8), (3.9) and (3.11) defined a modified assignment
problem (i.e assignments on the main diagonal are prohibited).Constraints (3.10) are
sub-tour elimination constraints: V(s) is an appropriate lower bound on the number

of vehicles required to visit all vertices in the optimal solution.

3.6.3 CAPACITATED VEHICLE ROUTING PROBLEM (CVRP)
FORMULATION

The CVRP formulation proposed by Laporte et al., (1985) is then,

Minimizez G (3.12)
eck
subject to
X, 42 (3.13)
e€d (i)
Z X, = 2m, (3.14)
e€8(0)
Z X, > 2s), s S V{0}, s+ D (3.15)
e€d(s)

X.€{0,1), e&8(0) (3.16)

X.€{0,1,2)}, e€d0) (3.17)

__The degree constraints (3.13) states that each customer is visited exactly once,
whereas the depot degree constraints  (3.14) means that m routes are created.
Capacity constraints (3.15) impose both the connectivity of the solution and the
vehicle capacity requirements by forcing a sufficient number of edges to enter each
subset of vertices. We note that since the Bin — Packing problem (BPP) is NP- hard

in the strong sense, r(s) may be approximated
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from below by any BPP lower bound such as [Z qi /Q]] .

LES
Finally, constraints (3.16) and (3.17) impose that each edge between two customers
is traversed at most once and each edge incident to the depot 1s traversed at most

twice.

A widely used alternative formulation is based on the set partitioning or set covering
models. The formulation was originally proposed by Balinski and Quandt (1964) and

contains a potentially exponential number of binary! variables.

Let R= {Rl, .... ,Rs} denote the collectionbof all feasible routes, with s =| R |.
Each route R; has an associated cost,y;.and @y 18 a binary coefficient equal to 1
if and only if vertex 1 is visited (i.e. covered) by route R;. The binary variable
X;, j=1, ....,s is equaltolifand only ifroute R;is selected in the solution.

The model is;

Minimize Z y;X;(3.18)

j=1
Subject to
s 1
Z. 2% = 1,78 V{0} (3.19)
J= L. M
S
X;=m (3.20)
_ J=1
X;€{0,1}j=1,...,8 (3.21)

Constraints (3.19) imposed that each customer i is covered by exactly one route, and
(3.20) requires that mroutes be selected. Because route feasibility is implicitly
considered in the definition of R, this is a general model which may easily take

additional constraints into account. Moreover, when the cost matrix satisfies the
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triangle inequality (ie C;<Cy + Cy for all i, j, k,€V), the set partitioning model

may be transformed into an equivalent set covering model by replacing equality sign

with “>“ in (3.19). Any feasible solution to the set partitioning model may be

transformed into feasible solution of smaller or equal cost.

Fukasawa et al., (2004) presented the capacitated vehicle Routing problem

formulation as follows,

el

depot and the remaining vertices in N as clients/ customers.

Minimize Z d(e)X,

e=(u,v)eA

subject to

X, =2y €'N{0}

D X2 2KV s N(Q)

e=46(s)
X.=<1, Ve€AVS({0}),
e IJ !__,-—-‘"_'-_.___-_
gil,— X, =0, VYe€A
=1

X.€{0, 1, 2}, Ve€EA ,

H= (N, A), d, g and Q defined a CVRP instance having vertex O as the

(3.22)

(3.23)

(3.24)

(3.25)

(3.26)

(3.27)

(3.28)

(3.29)

X, represents the number of times that edge e is traversed by a vehicle. This variable

can assume value 2 if e is adjacent to the depot, corresponding to a route with a
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single customer/client. Avariables would ideally be associated with valid routes.
This would imply having a strongly NP -hard column generation problem.
Aivariables are associated to the set of all g — routes satisfying the vehicle capacity
constraint. A g - route is a walk that starts at the depot, traverses a sequence of
clients/customers with total demand at most Q, and returns to the depot. Clients may
appear more than once in a g - route and its demand considered for each time. Each

variable A, is therefore associated to one of the P possible q - routes.

Degree constraint (3.23) states that é&ah Qilient/dugfmme:iveﬂex is served by exactly
one vehicle. Constraint (3.24) requires that at Jeast k* vehicles leave and return to
the depot. This number, representing the minimum number of vehicles to service all
clients/customers is calculated by solving a Bin-Packing Problem (BPP). The

rounded capacity constraints stated . (3.25) use

k(s)

- [Z q(u)/ Q] as a lower bound en minimum number of vehicles necessary to
uEs

service the clients/customers in set S€N, Constraints (3.27) obligé X to be a linear

combination of g — routes. “Thetotal eonstraints complete the formulation.

-
S

— ,.—--""'-—_—-__._

3.7 FLOYD’S ALGORITHM

Floyd’s Algorithm (also known as Floyd-Warshall or Roy-Warshall algorithm) is a
graph analysis algorithm for finding shortest paths in a weighted graph (with positive
or negative edge weight) and also for finding transitive closure of a relation R. A
single executive of the algorithm will find the lengths of the shortest paths between

all pairs of vertices. The algorithm is an example of dynamic programming.
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Floyd’s algorithm compares all possible paths through the graph between each pairs
of vertices. It is able to do this by incrementally improving an estimate on the
shortest path between two vertices, until the estimate is optimal. The Floyd’s
algorithm assumes that there are no negative cycles. Nevertheless, if there are
negative cycles the Floyd’s algorithm can be used to detect them in the following

ways:

e The Floyd’s algorithm iteratively revises path lengths between all pairs of
vertices (i, /), including whe;’;e i =Y,

e Initially, the length of the path (i, j) is zero:

e A path {(i, k) (k,j)} can only improve uponthis if it has length less than zero,
i.e. denites a negative cycle.

e Thus, after'the algorithmy(i, /) will be negative if there exist a negative-

length path from'i-back to .

Pseodocode

1. /* Assume a function-edgeCost (i, /) which returns;the cost of the edge from

a

i 0 e
2.  (infinity if there is none)
3.  Also assume that n is the number of vertices and edgeCost (7, j) = 0
4.
5. intpath[ ][ ]

6. /* A 2-dimensional matrix. At each step in the algorithm, path[i][j] 1s the

shortest
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7.  path from i to j using intermediate vertices (1, k - 1). Each path
8. [i][j] is initialized to edgeCost (i, j).
P

10. procedure FloydWarshall ( )
11. fork:1ton
12. fori:1ton

13. forj:1ton

14. path [i][j} = min (path [i][j], path [i][k] + path [k][;]):

KNUST

The Floyd algorithm typically only provides lhc length of the paths between all pairs

of vertices. With simple modlﬁcatmnﬁ. lt*li possuble to create a method to
reconstruct the actual path between w W-. ndy
R —

inclined to store the actual path &om em:h dlcr mx to other veriex, this is not

_ 'l vertices. While one may be

-p-’ ’
- =
j

neoessnrylndmfacl hvtryccqyinlcrmsoj‘mmry x == |

- il
5

- k r , = il

|‘ll - i L
fov Y Ll

For each vertex, one nccd i{store &e mﬁmahcm about the highest index

intermediate vertex one has to g0 ﬁuuugh if one. '&lshcs o' e@ up at any given

vertex. Therefore, mformléthy reconstruct all pam&c%ﬁlstored in a single NxN
7 _

matrix ‘next’ where next Wﬁ&% index vertex one must travel

through if one intends to take the shortest path from i to j. The modified algorithm is
—
as below.

1 procedure FloydWarshallWithPatReconstruction ( )

2 fork: 1ton

3 fori:1ton

4 forj:1ton

5 if path [i][k] + path [k][j] < path [i][)] then

-

A ——
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6 path [1][j] : = path [1][k] + path [K][}];

7 next [1]1[1] : = k;

8 procedure GetPath (i, j)

9 if path [1][j] equals infinity then
10 return “no path *;

13 int intermediate: = next [1][j]

14 if intermediate equals ‘null ‘then

15 return

16 else

17 return GetPath (i, intermediate) + mtermediateé +GetPath (intermediate, j)

Floyd-Warshall(W, n)
{fori=1ton do
forj=1ton"do
{ d[i, j]1 = WIL3E
Pred [i,3] = nil;
}
fork=1ton do

fori=1lton do

e

— f',.—’__—_-_'_
foryj=1ton do

Pt

= if(d[i, k] +d[k, j] <d[3,]])
{ d[i, j] =d[i, k] + d[k, j]
pred[i, j] =k; —

}

returnd[1....n, 1.... n];

;

. /* there is an edge from 1 to j, with no vertices between */
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3.8 BELLMAN-FORD ALGORITHM

Bellman-Ford algorithm computes single source shortest path problem in the general
case in which edges of a given digraph can have negative cycles. This algorithm ,
like Dijkstra’s algorithm uses the notation of edge relaxation but does not use with

greedy method. Again it uses d[u] as an upper bound on the distance d[u, v] from u

to v.

The algorithm progressively decreases an estimate d[v] on the weight of the shortest
path from the source vertex s to eachiyertex¥yiinlV untihit achieve the actual shortest
path. The algorithm returns Boolean TRUE if the given digraph contains no negative

cycles that are reachable from source vertex's otherwise it returns Boolean FALSE.

Pseodocode of Bellman-Ford Algeorithm
Procedure Bellmanford (list vertiees, list edges, vertex source)
// This implementation takes ina graph; represented as lists'ef vertices and edges,
// and modifies the vertices sothat their distance and predecessor attributes store
// the shortest paths.
// Step 1: initialize graph
for-ea;“vertex V I Vertces ;-
if v is source then v. distance : =0
elsev. distance : = infinity
v. predecessor: = null
// Step 2: relax edges repeatedly

for i from 1 to size (vertices) - :

for each egde uv in edges : // uv is edge fromu to v
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u. = uv. source

v: uv. destination

if u. distance + uv. Weight <v. distance

v. distance: = u. distance + uv. weight

Vi pI‘EdﬂCGSSUI" =y

// Step 3: check for negative — weight cycles

For each edge uv in edges

u: = uv. source

v: = uv. destination

if u. distance + uv. Weight <v. distance.;

error *“ Graph contains a negative —weight eycle “

Bellman=ford algorithm

Y.
2.

3\

4,

BELLMAN-FORD (G, w,s)
INITIALIZE-SINGLE-SOURCE (G, s)
for.each vertexi=11to V[G].-d do

for each edge (u, v)in E[G] do

RELAX (u, v, w)

= 5 Poreachredge vy mrE[G] do

6.

i

if d[u] + w(u, v) <d[v] then

return FALSE

8. return TRUE
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3.9 DIJKSTRA’S ALGORITHM

Dijkstra’s algorithm reduces the amount of computational time and power needed to
find the optimal path. The algorithm strikes a balance by calculating a path which is
close to the optimal path that is computationally manageable (Olivera, 2000). The
algorithm breaks the network into nodes (where lines join, start or end) and the paths

between such nodes are represented by lines.

In addition, each line has an associated cost representing the cost (length) of each
line in order to reach a node. There e mahyt possible"paths between the origin and
destination, but the path calculated depends on,which nodes are visited and in which
order. The idea is that, each time the node, to be visited next is selected after a
sequence of comparative iterations during which, €ach customer node is compare

with others in termsiofeost (Stewatt, 2004).

The following comprehensible example, which 1s an application of the algorithm on
a case of six nodes connectedsby directed lines with assigned costs, explains the
number of steps between each of the iteration of the algorithm (Figure below). The
shortest path from node~l“fo, the,other nodes .car be“found by tracing back

predecesso:s{ibold arrows) white the paths'costiis-noted above the node.

Figure 3.11: An example of Dijkstra’s algorithm (Orlin, 2003)
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Dijkstra’s algorithm works by visiting nodes in the network starting with the objects
start node and iteratively examining the closest not- yet- examined node. It adds its
successors to the set of nodes to be examined and thus divides the graph into two
sets: S, the nodes whose shortest path to the start node is known and S'. the nodes
whose shortest path to the start node is unknown. Initially, S' contains all of the
nodes. Nodes are then moved from S' to S after examining and thus the node set, S,
“grows”. At each step of the algorithm, the next node added to S is determined by a
priority queue. The queue contains the nodes S', prioritized by their distance label,
which is the cost of the current shostest path [tol the start nade. This distance is also
known as the start distance. The node u, at.the top of the priority queue is then
examined, added to S, and its out- links are relaxeds If the distance label of u plus the
cost of the out- link (u, v) is less than the distance label for v, the estimated distance
for node v is updated-with this value. The algerithm'then loops back-and processes
the next node at the toptof the priority queue. The algorithm terminates when the
goal is reached or the priority queueds empty. Dijkstra’s algorithm can solve single
source SP problems by computing the one- to- all shortest path trees from a source

node to all other nodes.

Consider tEXMple belows—

RN o g
il

3
(e

Figure 3.12: Weighted — directed graph
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The above weighted graph has 5 vertices from A — E. The value between the two

vertices is known as the edge cost between two vertices. For example the edge cost

between A and C is 1. Using the above graph the Dijkstra’s algorithm is used to

determine the shortest path from the source A to the remaining vertices in the graph.

This 1s solved as follows

Initial step

sDist[A] = 0; the value to the source itself

sDist[B] = oo, sDist[C] = oo, sDist[D]

processed yet

Step 1

oo, sDist[E] = oo; the nodes not

Adj[A] = {B, C}; computing the value of the adjacent vertices of the graph

sDist[B] = 4:

sDist[C] = 2;

Shortest path to vertices B,"C fromA

e

P ,-—""’——’-_-_._
Step 2
Computation from vertex C

Adj[C] = {B, D}

sDist[B] >sDist[C] + EdgeCost [C, B]
IS | +022  (Tme)

Therefore, sDist[B] = 3;

sDist[D] = 2;
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Shortest path from B, D using C as intermediate vertex
Adj[B] = {E};

sDist[E] = sDist[B] + EdgeCost[B, E]
= L =6

e ——.

Adj[D] = {E}
sDist[E] = sDist[D] + EdgeCos i' :

e A

se that m@M. sDist[E] value 1s not

This is the same as the initia

changed.

e Step4 |

AdjfE] = 0; means-thiére is no oufgoing edges ﬁ'om E

And no more vertices, algorithm terminated. Hence the path which follows

the algorithm is,
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CHAPTER 4
DATA COLLECTION AND ANALYSIS
4.1 DATA COLLECTION
The data used for the study was collected from The Coca-cola Bottling Company of
Ghana Limited; Accra main Depot. Distances between the key distributors, thus
Mini-Depot operators (MDO’s) and Depot were collected from the sales session of

TCCBCG. Distances between the MDO’s was found using Google maps.

Fef

i .’Eﬂ iaﬁ;. B B I VJ:H‘* I’ll"' 4
fir (PO Ty operates homogeno'fhﬂe%*@i %ehiglgﬁ The types of vehicle used
hnT V' 0 g

& 5

include SCANIA, KIA and BENZ articulator trucks (Long Haulage) for external
distribution, and TATA and HYUNDAI ace trucks for internal distribution. The
maximum capacity of the long haulag¢ trucks is 1512 -;md that of the Tata ace trucks

is 450.

TCCBCG's current marketing.aﬁa distribution activities are organized in all the ten
regions in Ghana. The Kuma!l plant distributes the cﬁmpéa}"s products in Ashanti
and Brong Ahafo regions only whiles the Aecra plant distribuf@s products to the

following regions; Greater Acera, Eastern, Volta, Central, Western, Northern, Upper

r et
F. o T
S "_

East and West regions. _—

-;-'r

For the purpose of this study, we concentrated on the customers within Eastern,

Central, Western and part of Volta (southern Volta).
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4.2 DATA ANALYSIS
The table below indicates the destination of the MDO’s, their distances from the

depot and the quantities of crates of soft drinks supplied per delivery. The total

capacity of a full loaded truck is 1512crates.

Table 4.1: Destination of Customers and their distance in kilometres from the
Accra Depot

CODE LOCATION OF DISTANCE OF | AVERAGE CRATES
DISTRIBUTOR DISTRIBUTOR OF DRINKS
(CUSTOMER) FROM SUPPLIED/
PEROT(kn) DEMANDED

DO Accra 0 0

D1 Winneba 66 270

D2 Mankessim 112 260

D3 Cape Coast 149 500

D4 Takoradi 228 600

D5 Esiama 300 260

D6 Tarkwa 293 305

D7 Bogoso 313 280

D8 Samreboti 385 260

D9 Enchi 429 —420

D10 Asankragua 416 305

D11 Bawdie 338 265

D12 WassaEkuropon 323 230

D13 TwifoPraso 224 245

D14 AssinFose 190 260

D15 Kade 16 200

D16 Oda 130 400

D17 Swedru 85 465

D18 Asamankese 79 350

D19 “Suhum T > e 300

D20 Nkawkaw 147 370
D21 AkimTafo 103 180

D22 Koforidua 91 650

D23 Somanya 77 240

D24 Atimpoku 82 270

D25 Ho T 165 700

D26 Aflao 182 850
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The transportation cost of TCCBCG represents about 23% of the total production
cost. The company has registered seven transporters who operate within the area

understudy with 21 haulage trucks and 78 mini (5tons) trucks.

An average cost of GH¢6.02 is incurred in transporting product per km. The ratio of
this amount to the truck load of 1512 crates was 3.98 x10~. Therefore the unit cost
in transporting products from the Depot to the MDO’s is 3.98 X 10 multiply by the

distances from the Depot to the MDO’s.

43 MODEL FORMULATION
The problem was treated as VRP with Pick-up and Delivery since products need to
be brought from the depot to the customers-and crates of empty bottles be picked up

from the customers.and breught baek to the depot.

THE MODEL ASSUMPTIONS
e FEach customer has deterministic and constant demand
e There is no allecation between customers

e The system involves capacitated-and-identieal vehicles

e The customers aremispersedly

e The costs associated with this system are fixed order cost and transportation

cost.

The mathematical notation and formulation are as follows; Let
v be set of vehicles, where v €{1, 2, ..., V}

n be set of clusters, where n €{1, 2, ..., N}
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C, be cost of assigning a vehicle to cluster n; YnEN

U, be maximum load that will have to be carried in cluster n

t, be remaining capacity of each partially loaded vehicle v

1, ifvehicle v assigned to cluster n
A&n=:{

0, otherwise

The objective function Z is given by

Minimize Z = Z Z ConXon Bl BN+ L 0B Rye oo Jo von son con vee vonnes minions som

veV neN

Subject to

ZX"" = 1, forn=1,2,..,N

vev

Z UpXyn < t, forv-=%42,..,V

Xon €{0,1} forn=1,2, ¢ DEBady ==t Z0 Vet M. iae.

lllllllllllll

(1)

. (2)

Constraint (2) ensures:that each cluster 1s assigned to exactly one vehicle whiles the

constraint (3) ensures that'the ‘maximum load in-a_cluster does not exceed the

ity of the vehicl ioned to thatcluster.
capacity of the vehicle assigned tot

__-—-'-"_-F—_

ROUTING PHASE

The first phase of the problem was a routing phase which consisted of a “giant” TSP

tour. The tour began from the depot and considered the closest customer relative to

the depot. Thus nearest neighbor algorithm was employed here. Therefore the next

customer was then routed in this single route.
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Though the nearest neighbor algorithm was used, at some instances, the tour was

directed towards certain customers to avoid traversing a customer twice.

D10

Figure 4.1: The resulted ‘GIANT’ TSP tour

The tour follows as shown below.

Accra—»Winneba —» Agona Swedru—» Mankesim—»Cape Coast—» Takoradi—»
Esiama—p Tarkwa—s Bogoso —» Samreboi—» Enchi—p Asankragua—pBawdie —p
Wassa Ekuropon-— Twifo Praso—p Assin Foso—» Oda—» Kade—» Asamankese—»
Suhum —p Nkawkaw' % Aklm Tafo —»Koforidua—s Somanya—s Atimpoku—»

Ho —» Aflao —> Accra.

e T
CLUSTERING PHASE
The clustering phase began with the customer in the first position. The delivery/
demand quantity of the second customer was added to that of the first and the next
added until the quantity was less than or equal to the vehicle capacity. Those

customers formed cluster. If the quantity was greater than the quantity of the vehicle,

the next customer was considered.
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This was repeated until all the customers were considered.

The resulted clusters

CLUSTER 1
DO -D1 - D17 -D2 - D3- D0

CLUSTER 2
D0-D4-D5-D6—-D7-D0

CLUSTER 3
D0-D8-D9-DI10-DI11-DI12-D0

CLUSTER 4
D0-D18-D15-D16 - D14DI13 D0

CLUSTER 5
D0-D19-D22 - D21 -D20-D0

CLUSTER 6
D0 - D23 — D24 - D25 - D0

CLUSTER 7
D0 - D26 — DO

44 COMPUTATIONAL PROCEDURE

The computations was “done using Visual Basic.dot net (VB.Net) for Dijkstra’s
algorithm version 1.0.0.0 (2012) ~which performed  the traditional Dijkstra’s
algorithm to find the shorfésﬁfdiaa‘;l_c_e between two nodes (Destinations of MDOs).
Visual Basics dot Net with Dijkstra’s algorithm provides efficient routing solution in

a simple and straight forward manner.



~ EFILE  OPTION  HELP

LOCATIONS (Key) | DISTANCE MATRIX|
Key

Starting Vertex:

l

Ending Vertex:

Calculate

NOTE: Non - existing Links
are indicated with a distance
of 8888 to represent nfinity.

In Manual entry, set the
nfinity value where
applicable.

F1LE OPTION - H'El:f-‘-- - |
'Ed Load Matrix File, r—

‘ Manual Entry t _--_1 Keys =
Close ‘ - —_< =N
Save As._. J ! rl [:Ehﬂ.' 'l | __Add#
Exit % S ng Vertesc:
_— I - |
DS %’ — i
D6 ! ﬂ f;ﬁfﬂf?&_ )
D7 ! |pOo | _""]
D8 : - il ' !
B

D9

- - ©C "--_.t
o11 .o L—*"J&_ !"!"te:he_J ‘

e NOTE: Non —existing Links

% = <indicated with a distance

D14 P - L | of BB8B to represent infinity.

D15 =

il =y //—_— in Manual entry, set the

D17 - | infinity value where I|
] P S | PR———— ’ applicable.

Distanc&-Mat-W_hule Ne%:wnrk..::sv L;:;.';ided

Figure 4.3: Shows how matrix files are loaded in the program
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D17 o 1 il s yv-walue where

- |

—————————

Dlstance-Mat-Whnle Network.csv Lnaded :

Figure 4.5: Shows result after loading the distance matrix.

The distance between locations which are represented by DO, D1, D2,... can be
calculated using the starting vertex and the ending vertex. The result is display as
shown in figure 4.8 below. The shortest possible route and the total distance are

displayed.
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FILE

OPTION HELP

Key
Do
D1
D2
D3
D4
DS
D6
D7
DB
Do
D10
D11
D12
D13
D14
D1S
D16
D17
=.1 )

Distance—Mét—thle Net?\mc;rk.csv Loaded

LOCATIONS (Key) | DISTANCE MATRIDX

—

Dijkcstra’s Algorithim

I}

From DO to D13

Path: DO -> D18 -> D16 -> D14 -> D13

Distance: 227

[ oK

e

" -
=2 2

of 8888 to represent infinity.

In Manual entry, set the

~ | mfinity value where

applicable.

Figure 4.6: Shows the result of findingthe distance-between location 0 and
location 13.

45 RESULTS AND DISCUSSION

The existing schedule of distribution is as in the table below. There were seven

transporters. Each transporter uses, at least three vehicles for three paired schedule

days (the last paired day; Wednesday/ Saturday for locations in the three northern

regions and northern Volta was not considered in tius thesis). Thus a transporter had

two days to supply a customer (MDO) within a week.

Table 4.3: Schedule of distribution for the MDO’s.

TRANSPORTER MDO SEHEDULE COST(fuel
- : consumption)

= Ho~ Monday/ Thursday | 32
| Nkawkaw Monday/ Thursday 28
| Enchi Tuesday/ Friday 74
Cape Coast Tuesday/ Friday 25
3 Bawdie Monday/ Thursday 58
Takoradi Tuesday/ Friday 40
Bogoso Tuesday/ Friday 54
- Tarkwa — Tuesday/ Friday 56
Wassa Ekuropon | Tuesday/ Friday 62
5 | Koforidua Monday/ Thursday 15
Asankragua Tuesday/Friday 72
Assin Foso Tuesday/ Friday 32
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6 Samreboi Tuesday/ Friday 72
TwifoPraso Tuesday/ Friday 37
Aflao Monday/ Thursday 35
Essiama Tuesday/ Friday 58
7 Somanya Monday/ Thursday 13
Kade Monday/ Thursday 20
Winneba Tuesday/ Friday 12
Atimpoku Monday/ Thursday 15
Suhum Monday/ Thursday 12
Swedru Tuesday/ Friday 15
Mankessim Tuesday/ Friday 19
Asamankese Monday/ Thursday 14
Akim Tafo Monday/ Thursday 18
Oda Monday/ Thursday 25

With the new model, we have seven clustersioperated by seven transporters. Each
transporter was assigned to a cluster and usesat least one vehicle. A transporter had

at most seven days to supply a customer(MDO).

Table 4.4: Clusters of MDO’s and their shortest route.

CLUSTER . ROUTE COST (fuel
consumption)

1 D0 -D1 =D17=D2 —-D3-D0 32

2 D0 D4 — B5=DP6=D7—D0 68

3 D0 — D8 —D9=D10=D11=D12 - DO 121

—— ’_,,’/”)

1 4 D0-D18-D15-D16-D14-DI13-D0 | 41

5 D0-D19 - D22 - D21 — D20 — DO 31

6 D0 — D23 — D24 — D25 - D0 28

7 D0 - D26 - D0 35
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CHAPTER S

CONCLUSIONS AND RECOMMENDATIONS

5.0 INTRODUCTION

This chapter presents conclusion and recommendation of the study.

5.1 CONCLUSIONS

This study addresses the problem of minimizing the cost of transportation for the
distribution of Coca-cola Bottling ]ZNO[(ngTduCL The study proposed
Route first-Cluster second approach.

sl
e luﬂ.,. for a trip in a week is at least

From the table 4.3 above, total fu

873gallons (5238litres).From table el consumpllon for a trip in a

week was 356 gallo ns 621 7"'“u S). I '"'? Dﬁnﬁﬂfw~ }hé’fe would be one

" _———— i
still less than the total fuel consumption for the existing distribution model. That is

“about 19% reduction in fuel consumption.

It is therefore evident that the total fuel consumption is reduced due to reduced

distance covered.



5.2 RECOMMENDATIONS

Based on the findings of this research work, and the reduction in the cost of
transportation on the distribution of Coca-cola Bottling Company products, from the
depot to the areas under study, we recommend that the company adopt this Route
first-Cluster second approach model in their distribution, so as to minimize cost of

distribution and at the same time satisfy the demand of their customers.

We also recommend that further study be conducted which will cover the entire key

distributors in the nation.
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APPENDIX A

Pseodocode of Dijkstra’s Algorithm

1 functionDijkstra(Graph, source):

2 for each vertex v in Graph: // Initializations

3 dist[v] := infinity;// Unknown distance function from source to
-

4 previous [v] := undefined; // Previous node in optimal path from
source

5 end for;

6 dist [source]:= 0; | ;N t‘jaSTbm source to source
7 0;= the set of all nodes 1 ph¥;

// All nodes in the graph are unoptimized - thus are in Q

8 whileQis not empty: I,/ The main loop

9 u:= vertex in o, with 8 lﬁ—r_—l:i-; tance in dist [] i

I

10 if digt[u] = infini¥g

r, s

s

11 break; // all ices are ina le from source
12 end if;
5 remove u from QO;

14 for each neighbor v

from Q.
LS
16 o // Relax (u,v,a)
17 = dist([v]:= alt;
g 4 SIS previous[v] := u;
19 decrease-key v in 0; // Reorder v in the Queue
20 end if;
21 end for; -
22 end while;
23 return dist [];

24 endDijkstra.
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APPENDIX B

Visual basics.net code for Dijkstra’s algorithm

Namespace Dijkstra

" <summary>
"' Represents an object that specifies the distance between two vertices.
" </summary>
" <remarks></remarks>
Public Class Edge
'//properties
Private graph As Graph
" <summary>
"' Gets the Graph that contains this Edge.
" </summary>
Public Read Only Property Graph()tAs Graph
Get
Return Me. graph
End Get
End Property
Private first As Vertex
" <summary>
"' Gets the first Vertex of this Edge.
" </summary>
Public ReadOnly Property First().As Vertex
Get
Return Me. first
End Get
End Property
Private second As Veitex
" <summary>
"' Gets the second Vertexof this-Edge.
"' </summary>
Public ReadOnly Property Second() As-Vertex
Gefaahss
Return Me. second™
End Get
End Property
sl =
" <summary>
"' Gets the zero-based index of the Edge in the Graph.
" </summary>
Public ReadOnly Property Index() As Integer
Get
Return Me.Graph.Edges.IndexOf(Me)
End Get
End Property

Private distance As Double
" <summary>
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" Gets or sets the distance between the two verticies.
" </summary>
Public Property Distance() As Double
Get
Return Me._distance
End Get
Set(ByVal value As Double)
If Not Object.Equals(value, Me. distance) Then
Me._distance = value
Me.Graph.NotifyRecalculate()
End If
End Set
End Property

'//constructors

Friend Sub New(ByVal graph As Graph, ByVal first As Vertex, ByVal second As
Vertex)
Me._graph = graph
Me. first = first

Me. second = second
End Sub

Friend Sub New(ByVal graph As Graph, ByVal fitst As Vertex, ByVal second As
Vertex, ByVal distance As Double)
Me.New(graph, first, second)

Me. distance = distance
End Sub

End Class
End Namespace

Namespace Dijkstra

UL isummary:,
" Represents an object'that specifies a point ina graph.
" </summary>
Public Class Vertex
———_ /______’———-— =
'//properties
Private graph As Graph
— " <summary>
" Gets the Graph that contains the Vertex.
" </summary>
Public ReadOnly Property Graph() As Graph
Get =
Return Me. graph
End Get
End Property
" <summary>
" Gets an array of verticies that are neighbored with the Vertex.
" </summary>
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Public ReadOnly Property Neighbors() As Vertex()
Get

Return Me.Graph.Edges.GetNeighbors(Me)
End Get

End Property

" <summary>
" Gets the zero-based index of the Vertex in the Graph.
" </summary>
Public ReadOnly Property Index() As Integer
Get
Return Me.Graph.Verticies.IndexOf(Me)
End Get
End Property

Private key As String
" <summary>
"' Gets or sets an 1dentifier for the Vertex.
" </summary>
Public Property Key() As String
Get
Return Me. key

End Get
Set(ByVal value-As String)
If Not Object. Equals(value, Me. kkey) Then
Me. key = value
Me.Graph.NotifyRecalculate()
End If
End Set
End Property

Private visited As-Boolean
"' <summary> _
" Gets a value indicating'whether:this Vertexhasibeen visited.
" </summary> ——
Public ReadOnly Property Visited() As Boolean
Get
m—— Return Me._visited
End Get
End Property

Private distance As Double
m “:Sllmmal'y}
" Gets the distance that this Vertex is from the initial Vertex.

"' </summary>
Public ReadOnly Property Distance() As Double

Get

Return Me._distance
End Get

INIVERSITY o2 v
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End Property

Private tag As Object
"n <Summary>
" Gets or sets an object that contains data about the current instance.
" </summary>
Public Property Tag() As Object
Get
Return Me. tag
End Get
Set(ByVal value As Object)
Me. tag = value
End Set
End Property

Private _prex-*iouchrltg(’aA ‘ c!’léﬁ;
Friend Property Prcx-'i@?ﬁ’sé/ rtdf(MAs' Verex
Get
Return Me. previousVertex
End Get
Set(ByVal value As Veériex)
Me. previousVertex =wvalue
End Set
End Property

'//constructors

Friend Sub News(ByVal graph As Graph, ByVal key As String)
Me. graph = graph
Me. key = key
Me._distance = Double:Positivelnfinity

End Sub

'//methods : ,
Friend Sub SetDistaneg(ByVal distanée-As:Double)
Me._distance = distance :

Friend Sub SetVisited(ByVal visited As Boolean)
Me. visited = visited
End Sub
End Class

End Namespace
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