' | ST PATHALGORITHM IN
ON THE APPLICATION OF SHORTES e
GRAPH THEORY 70O ROAD NETWORK ANALYSIS

Lo A Nafia, A M. Sadie sod M. D Shebu
Deparmment of Mathemancs and Compater Scmemce
Faderal Untversity of Techmdlogy
N, Niger State. Nigera
emad amovmserv@ ahon com)

ARSTRACY

W papes N.ﬂqi“mwuﬂ“m«‘w&mhfm
Wnoa t"w”m‘mﬂh&gww@ Jovacees) were gmnd The sl was pemerwnd

Priredecton

fhm\m”hmﬁﬂhmmﬁmum_m)nm(m
m)hhwam&MLMdlm&m.mhh&—.&mﬂia
RVPEoRt maeehad Ror Sanding way uwhndh&em&&mw

2 Tondag shortest rouse &mmp&rm“«.&eﬁﬁaﬁudmmw o

mhnnawm«tMmhuo&umm.dMsWW(%M
2008) '

Craph and petwork theon mt-ew:sb&muf-ﬁmm.ﬁmtmh
very essential boch for mmmmmm 0 Murn (1977) opimed that the
mm\fm&t«ymmhﬁmli?ﬂ‘ﬁﬁu ipplcations and has proven

-

M\Iéﬁ\&ﬂ&uaw‘qkmmmm&mm InCtion betwee
thMﬁ&Ma@.uhu@amkdﬁmﬁoﬂmmmm_
m“wwwmnl“hmw.ﬂhﬁsmatl



L A NAFILL A M SALIU& M. D SHEHLI

350

two vertices if they are connected by an edge. If the graph is directed, the direction is indicated by

drawing an arrow. Each vertex is indicated by a point and each edge by a line joining the poings

which represent its ends. In Mathematics and Computer Science, graph theory is the study of
graphs, mathematical structures used to model pair wise relations between objects from a certajy,

collection. A graph in this context refers to a collection of vertices or nodes and a collection of
edges that connect pairs of vertices (Bollobas, 1979).

Graph theory is the branch of Mathematics that deals with the arrangement of certain diverse
objects and the relationships between these objects. It involves formulating the model of a problem
in such a way that it can be approached by the techniques of graph theory. However, the way in
which the modeling is carried out, and the degree to which the mathematical model accurately
represents the original problem to be solved, varies considerably from problem to problem
(Bronson, 1983).

A network is a set of points called nodes, and a set of curves, called branches (or arcs or links) that
connect certain pairs of nodes. Only those networks considered are in which a given pair of nodes
is joined by at most one branch. Nodes are denoted by uppercase letters and branches denoted by
the nodes they connect. A branch is oriented if it has a direction associated with it. Schematically,
directions are indicated by arrows. Two branches are connected if they have a common node. A
path is a sequence of connected branches such that in the alternation of nodes and branches no
node is repeated. A network is connected if for each pair of nodes in the network there exists at
least one path joining the pair. If the path is unique for each pair of nodes, the connected network
is called a tree (Gibbons, 1985).

Path Algorithm

If a traveler wishes to travel from place A to another place B in a shortest possible time, he may be
interested in which route to take. In this case, it may not be difficult to find the solution by intelligent
guesswork, but such an approach is less likely to succeed as the road network becomes more and
more complicated. Columbic (1980) described an algorithm which can be used to find the shortest
path between any two vertices of a given network.

Shortest Path Algorithm

Whitting and Hillier (1960) wrote on the idea of this algorithm to find the shortest path from one
vertex to another in a given network. To do this, we move across the network from left to right,
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calculating the shortest distance from the first vertex to each of the intermediate vertices as we go.
At cach stage of the algorithm, we look at all vertices reached by an arc from the current vertex
and assign to each such vertex a temporary label representing the shortest distance from the first
vertex to that vertex by all paths considered unti] then. Eventually each vertex acquires a permanent
label (called its potential, and denoted by a square around the label) which represents the shortest

T
3

Chartrand and Oellemann (1993) presented the procedure to find
to another in a road network as follows:

STEP 1: Assign to first vertex potential 0, label each vertex (say V) reached directly from first

vertex with the distance from it to V. Choose the smallest of these labels and make it the
potential of the corresponding vertex or vertices.

STEP 2: Consider the vertex or vertices just assigned a potential. For each such vertex ¥, look at

each vertex (say W) reached directly from ¥ and assign  the label.
(Potential of ¥) + (distance from ¥ to w)

Unless W already has a smaller label, when all such vertices W have been labeled, choose

the smallest label in the network which is not already a potential and make it a potential
at each vertex where it occurs.

Repeat step2 with the new potential(s).

STOP : When the second vertex has been assigned a potential, this is the shortest distance from
the first vertex to the second vertex.

SHORTEST PATH: Work backward from the last vertex to the first vertex and include an arc
VW whenever

(Potential of ) — (potential of V) = (distance from V to w)

Illustration Of Shortest Path Algorithm Using Graphical Design Of Road Network Of
Federal University Of Technology, Bosso Campus, Minna

We illustrate the use of this algorithm by finding the shortest distance from the main gate (MG) to
the exit gate (EG) in the following road network of Federal University of Technology, Minna
(Bosso Campus):
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Figure 1: Graphical Design OfF.U.T. Minna
i iven
i MG potential 0, since the shortest distance from MG to MG is 0 as giv
We start by assigning to ,
in figure 2.
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We then look at those vertices reached by an arc from MG (that is SN, GL and MQ) and assign to
each such vertex a temporary label equal to the potential at MG plus the distance from MG to that
vertex. This gives the vertices SN, GL and MQ temporary labels of 9, 4 and 2 respectively as

given in figure 3.
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Figuwe 3: Step 2 of' the shartest palt Alporithm

Figure 3 : Step 2 Of The Shortest Path Algorithm

We now take the smallest label that is not a potential and mark it as a potential. In this case. the
relevant label is 2, at vertex MQ, so we assign to MQ a potential 2. Note that this is the shortest
distance from MG to MQ, since any other path from MG exceeds 2

Figures 4, 5, 6 and 7 give the other steps to follow in order to reach the shortest route in the
structure,
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Figure 6 : Step 5 Of The Shortest Path Algorithm
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Figure 4 : Step 3 Of The Shortest Path Algorithm
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Figure 7 : Step 6 Of The Shortest Path Algorithm
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Dhiscussion

From the figures ubove, we observe that MG —» GL -» PB —» SC —» EG is the shortest path and the

- 5. Columbic M. C. : i s P
duration is 29units. Hence, the route to follow from the main gate to the exit gate is to pass through 1c M. C.: Algorithmic Graph Theory And Perfect Graphs. New York: Academic Press

(1980).

Geography Laboratory, Professors’ Block and Science Complex. 6. Gibb A
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In conciusion, from the above illustration, it shows that application of graph theory in road network 8. Olayiwola, M. E. : “An Application Of G :. = EER B, (1979,
analysis can be useful to study not only the road network of a particular area but also to find the Unpublished Undergraduate Project, Fed raph Theory To Road Network Analysis”
(2008). > eral University Of Technology, Minna :,:..H:uv

shortest path or route between given starting and destination points. Road network analysis enables

us to find and follow shortest route from one place to another, In this study, it is found that the

shortest and most economical route to follow from the main gate to the exit gate is to pass through

Geography Laboratory, Professors® Block and Science Complex.

This analysis makes it possible and simple for people within the environment of Federal University
of Technology, Minna, Bosso campus to locate any building or place on campus. It also shows
distance hetween any given two points and this makes it easy for visitors to locate any building on

campus by studying the graphical analysis.

Recommendations

#oad networks are essential components of map providing important contextual information,

necessary for the interpretation of human presence and activities in the application of graph theory.

Spudving the network would actually guide the visitors’ movement and identifying the shortest
path provides the visitor or individuals the opportunity to use the most economical path or route in
Bosso campus of Federal University of Technology, Minna. Hence, this work is recommended for
anybody who wishes to know the road network of this campus with a view to knowing the main
points of Bosso campus of Federal University of Technology, Minna and finding the shortest
route between any two places or points. This will heip to save the user’s time.
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