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Transportation links between countries make the socio-political relationship between them possible. Importation
and exportation of goods and services depend so much on the provider of logistics and movement of the goods im-
ported or for export [7.8,10]. Transportation is the life wire of any urban society such as Lagos, Nigeria. Lagos just
like any other fast growing urban city has transportation problems, ranging from congestion to air pollution and traf-
fic accidents [2]. The objective of this paper is to minimize the causes of the problems of public road transportation
system in the urban cities of sub-Saharan Africa countries, using Lagos as a case study. Most scholars, who worked
on urban transportation problems in Nigeria, have identified congestion as the most serious. Congestion occurs
when transport demand exceeds transport supply at a specific point in time and in a specific section of the transport
systems [1]. Lagos as a commercial and industrial nerve centre of Nigeria has the most problem of traffic conges-
tion. The causes of this congestion can be traced to the following: structural pattern of the roads and the unplanned
growth and haphazard land-use distribution. Associated with the problem of packing, accidents, environmental pol-
lution and noise pollution. Energy consumption and land consumption are on the increase due to the increase in the
number of vehicles on the road at a particular time.

Fig. 1. Chaotic Road Transportation in Lagos, Nigeria

In order to reduce congestion, which is the bane of most of the urban transport problems, the following factors
have to be maximized: Good drainage facilities; Provision of off-street parking facilities; Provision of traffic light;
Creation of barriers, overhead foot bridges or under passes; Good road maintenance culture; Comprehensive trans-
portation study; Linear programming, or Operational research technique is used in this paper to maximize these fac-
tors in order to minimize the identified urban transport problems caused basically by congestion in urban cities [4].

Operational research techniques are methods of mathematically based analysis for providing a quantitative basis
for management decisions [3,9]. Therefore minimizing the cost of achieving better transportation system by maxim-
izing those factors mentioned above is the main thing for the management.

2. Formulation of Problem

Let the factors responsible for congestion in the urban areas of sub-Saharan African are:
e Drainage Facilities
e Provision of off street Parking Farcilities
e Provision of traffic light
e Creation of Bariers
e Overhead Foot Bridges or Under Passes
e Good Road Maintainance Culture
e Comprehensive transportation study
In formulating the problem, the above factors are taking to be our decision variables(x;;).
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The objective of this paper is to maximize public road transport system in Lagos Nigeria.
2.1. Decision Variables

Let x;; represent number of factor i needed to use up j resource in order to maximize public road transport system in
Lagos.
Xy = Good Drainage Facilities
Xz = Provision of off ~ street Parking Farcilities
X3j = Provision of traffic light
X4j = Creation of Bariers, Overhead Foot Bridges or Under Passes
Xsj = Good Road Maintainance Culture
Xgj = Comprehensive transportation study
C; represents the contribution to x;;.
Let
Xy represent the number of good drainage facilities to be provided within a year.
X,z represent the number of drainages to be maintained in the last one year.
X5; represent the number of off  street Parking Farcilities to be provided within a year
X5, represent the number of times these off  street Parking Farcilities should be maintained within a year.
X3 represent the number of traffic lights to be provided.
X35 Tepresent the number of times they should be maintained within a year.
X4qrepresent the number of Overhead Foot Bridges or Under Passes that should be provided within a year.
X4prepresent the number of times they should be maintained after construction.
Xgqrepresent the number of times they should be maintained in a year.
Xszrepresent the number of times they should be maintained in a year
Xgqrepresent the number of times in a year to embark on transportation study.
X2 represent the number of roads comprehensive transportation study should be carried out
From the data gathered, the contribution C;, as regards the different factors (decision variables) x;; are represented as
follows:
C] _— 0.3, Cg =, 0‘2, C3 — 0.2, C4 = 0.8, Cs — 0.2, C{, e 0.8, C? = 0.4, C 8= 0.6_C9 = 0.5, C]o - 0‘5, C| 1= 0‘5, C|2 — 0.5.

2.2. Limitations to solving congestion problems

(i) Fully eradication of traffic is not affordable and possible especially in economically dynamic urban areas such as
Lagos.

(i) Expansion of road infrastructure is expensive and has wide — ranging economic, social and environmental
effects.

(iii) Selection of a strategic “Mix” of measures that will be effective in solving traffic congestion is not an easy task.

2.3. Sources of Congestion (in %)

From investigation carried out, the following are the sources of congestion in percentages
Bottlenecks — 40%

Traffic incidents — 25%

Work zones — 10%

Bad weather — 15%

Poor Signal Timing — 5%

Specific Events/others — 5%

2.4. Resources per Unit of a decision Variable (a;;)

Let a,represent the unit cost of providing Drainage Facility
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Let a;,represent the cost of maintaining the drainage facility.

Let a,;represent the unit cost of providing off- street parking facility

Let a,,represent the unit cost of maintaining off- street parking facility.

Let a3 represent the cost of providing one unit of traffic light

Let a3, represent the cost of maintaining one unit of traffic light.

Let a4 represent the cost of providing one unit of road barriers, overhead foot bridges, or under passes.
Let a4, represent the cost of maintaining one unit of road barriers, overhead foot bridges, or under passes.
Let a5, represent the unit cost of achieving road maintenance culture.

Let ag,represent the unit cost of continuing in that culture.

Let a4, represent the unit cost of embarking on comprehensive transportation study.

Let ag represent the unit cost of embarking on comprehensive transportation study per road.

2.5. Available Recourses (b;)

Let b, represent the amount available for providing good drainage facilities.

Let b, represent the amount available for provision of off- street parking facility

Let b; represent the amount available for providing of traffic light

Let b, represent the amount available for creation of road barriers, overhead foot bridges, or under passes.
Let b represent the amount available for providing good road maintenance culture.

Let bg represent the amount available for carrying out comprehensive transportation study.

2.5.1. Utilization of the available Recourses for solving congestion problems
From the data gathered and subsequent computations, the following represent some of the values obtained:
b, = 15% of ¥b;b, = 5% of ¥b;b; = 8% of ¥b;b, = 50% of ¥b;bs = 12% of ¥:b;b, = 10% of ¥b;
The total available resources, in terms of money is assumed to be N20 billion.
That is )L, b; = N20 billion.
Similarly, a;, = 10,000,a,, = 5000a,;, = 6000a,; = 3000,a;; = 8000,a3;, = 3000,a4, = 2000,a,4, = 10000,
as, = 4000,as, = 3000,a5, = 6000,2,, = 4000

2.6. Constraints

a11Xqq T apX12 < by
Q31X T 22Xz £ by
a31X3q T+ a32X32 < b
A41X41 T A42X42 S by
as51X51 + asaXsz < b
ag1Xe1 T ag2Xe2 < by
ap1Xq1 T agpXyp + 321X21 +azpXap +a31X31 + A3pXgp + 249Xy Q42X T A51X51 T A52X52 T A61Xe1 T Ae2Xe2

< Z by
i=1

xij = 0,] = 1,2, ...,6,j = 1,2,
2.7. The Model

MaximizeZ = 0.3x;; + 0.7xy5 + 0.2x5; + 0.8%3; + 0.2x3; + 0.8x35 + 0.4x,4, + 0.6x4, + 0.5x5; + 0.5x5;
+ 0.5x47 + 0.5x¢,
Subject to
0.01x,, + 0.005x,, < 300
0.006x,, + 0.003x,, < 1000
0.008x3; + 0.003x,, < 1600
0.02 + 0.01x,, < 10,000
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0.004xs, + 0.003xs, < 2,400
0.006x4; + 0.003x4, < 2000
0.01x,, + 0.005x,, + 0.006x,; + 0.003x,5 + 0.008x5; + 0.003x5; + 0.02 + 0.01x,, + 0.004xs; + 0.003xs,
+0.006x¢; + 0.003x; < 20,000
% 20,1=12,..,6j=12

3. Model Solution

3.1. Standardized Model

Maximize
Z = 0.3xq; + 0.7x43 + 0.2x5; + 0.8%5;5 + 0.2x37 + 0.8x3; + 0.4x,4, + 0.6x4; + 0.5x5; + 0.5%5; + 0.5%4
+ 0.5x¢,
Subject to

0.01x,; + 0.005%,, + S; < 300
0.006x,, + 0.003x,, + S, < 1000
0.008x3; + 0.003x5, + S5 < 1600
0.02 + 0.01x,4, + S; < 10,000
0.004x5, + 0.003xs; + S5 < 2,400
0.006x¢; + 0.003x,, + Sg < 2000
0.01%,; + 0.005%,5 + 0.006x5; + 0.003x,, + 0.008x3, + 0.003x35 + 0.02 + 0.01x,, + 0.004x; + 0.003xs,
+ 0.006%¢; + 0.003x,, + S, = 20,000
xij = O,i = 1,2, ...,6,] = 1,2,

3.2. 3.2 Simplex Method of Solution

In this paper, Simplex method algorithm was adopted to solve the standardized Linear Programming model.
Computer software was used to evaluate the initial tableau formed from the standardized model. The optimal solu-
tion was found as 1.98533e+006 after eight iterations with the following decision and slack variables values:

Xn = 0, X|2= 60000, Xg| = 01 X32= 333333, X;] — 0. X32= 533333, X4] = 0', X42= 16""006, Xs] = 0'. X52= 800000,
Xm: 0, Xc,:: 500000, S| = 0, Sz = 0, S3 = 0, S4 =0, Sﬁ =0, Sﬁ = 0, S? = 0.

4. Result Discussions

From table 2 above, the feasible solutions of the decision and slack variables are shown. The following decision
variables are very significant in achieving our objective of maximizing public transport systems in sub-Saharan Af-
rican countries: X2, X22, X32, X42, Xs2, X¢2, Tepresenting; the number of drainages to be maintained in the last one year,
the number of times these off  street Parking Farcilities should be maintained within a year, the number of times
they should be maintained within a year, the number of times they should be maintained after construction, the
number of times they should be maintained in a year, the number of roads comprehensive transportation study
should be carried out, respectively. From the values of these variables it shows that x4, is equal to one million, which
means that frequent maintenance should be carried out in order to keep the foot bridges and underpasses in good
shape. Xs> has value eight hundred thousand. This shows how important maintenance of the general transport infra-
structure is in order to maximize public transportation system in the region under consideration. From the results
obtained, x32 = 533,333 means that the traffic light provided should be maintained at least 533,333 times in a year.
Also x¢2 = 500,00 indicates that a comprehensive transportation study should be carried out on at least 500,000 of
the roads every year. In order to achieve the objective. In the same vain x> = 333,333 shows the number of times
the off-street parking facilities should be maintained within a year. Lastly x;> = 60,000 signifies number of times in
a year the drainage facilities are to be properly maintained.
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5. Conclusion

Interest is on optimization of public transport systems in sub-Saharan Africa. The analysis is carried out using
simplex method with the aid of computer software (LIPS). The peculiar situation in Lagos Nigeria was modelled as
a linear programming problem. It is shown that six out of the twelve decision variables, namely X2, X22, X32, X42, Xs2,
Xe2, are very significant if the objective is to be achieved. Generally, it was shown from the results obtained that
maintenance of all the facilities is a must if sub-Saharan Africa countries are serious about optimizing their public
transportation systems. Specifically the foot bridges and underpasses should be constantly maintained.in order to
human traffic on the roads.
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