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Abstract 

Sustainable generation of electricity from renewable flowing river source in Imo State has been 

examined. The presented work has demonstrated the enormous potential in harnessing the energy 

for socio-economic development of the State. It is uncovered that Imo River alone can provide as 

much as 24 Megawatt of electricity using an indigenous patented technology available in Nigeria. 

The 24 Megawatt is based on 1.5 km spacing of the installations along the river line of flow. It is 

very obvious that the contributions of other major and even minor rivers will certainly make Imo 

State self-sufficient in cheap, clean and sustainable power which is a very important ingredient of 

industrialization and development. It will also be a blessing to our mother-earth that is now being 

destroyed by the fossil sources, raising tensions of climate change consequence for the future 

generation. It is hoped that Imo State does the needful by supporting research, innovation and 

investments in this area. 

Key Words: power generation, industrialization and development, climate change, research 

innovation and    investment 

____________________________________________________________________________________ 

1.0 Introduction 
     In recent time, there has been increasing 
development in marine power generation. This 
entails emission free generation of electricity 
using the flow energy present in the massive 
movement of water bodies from one place to 
another.  
     According to [1], a reduction of hydrocarbon 
emission by 1400 kwh generation saves 1 ton of 
carbon footprint of CO2 emission yearly. This fact 
is an essential benefit against the green house 
effects that has posed dangerous to the future 
existence of man and the globe. 
     There are very evident reasons to pay attention 
to renewable energy production, especially, when 
the renewable source exists around and within. 
Not necessary because of the protection to the 
global mother earth but it is also very sustainable 
and in most cases cheaper than its hydrocarbon 
equivalence. 
     This paper gives large emphasis to the country 
Nigeria, the most populous black nation. The 
author has believed that green energy exists 
virtually in every corner of the nation. This paper 

has chosen Imo state, a South Eastern State of the 
country as case study. Imo State lies within  
     latitudes 4o45’ N and 7o15’N and longitudes 
6o50’ E and 7o25’ E with an estimated population 
of 4.8  
      Million people [2]. This preference is simply 
based on the reason that the author has good 
understanding of the location. 
     It is very dangerous to believe that 
hydrocarbon will continue to flow forever. This 
seems to be opinion of many and one sees this 
belief as very misleading. Oloibiri in Bayelsa 
State Nigeria was where oil was first found in 
1958. Today, the state of Oloibiri as a town is 
saddened. Not only in terms of the fact that the 
exploiting companies have deserted the place due 
to unavailability of economic oil but the place is 
devastated by large scale social and 
environmental damage. This will be a subject of 
another paper. 
     The Western world has taken notice of these 
and there is a massive shift to the renewable 
energy. Of course the wind source of renewable 
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energy abounds in Europe and America due the 
abundance of the resource [3]. In recent time, 
especially in Norway and Denmark, there is 
aggressive effort in offshore wind turbine 
developments. Wind offshore has more speed 
compared to the inland due to minimal structures 
obstructing wind flow.  
     Nature has also blessed Africa and indeed 
Nigeria with abundant sun and flowing rivers. 
There has been much research in energy from the 
sun. Solar power is however not 100% available. 
Fast flowing rivers and ocean currents appear to 
be regular, consistent and can provide lots of 
power requirement for rural communities. 
     To fight climate change, improve energy 
security, the European countries introduced the 
European Wind Initiative (EWI). The EWI has a 
planned budget of EURO 6 bn [4]. Some of the 
key objectives are: 
1. To ensure Europe’s technology leadership 
in onshore and offshore wind power. 
2. To make offshore wind most competitive 
energy source in 2020 
3. To create 250 000 new skilled jobs in EU 
by 2020. 
     According to a report on the Vanguard 
newspaper of 12th September, 2017, about 60% of 
the 182 Million Nigerian Population has access to 
electricity. The majority of this power is 
generated by an ageing and inefficient grid that 
loses 8.6GW (69%) of the country’s 12.5GW 
installed capacity. The report agrees that 
investment in end-to-end electrification 

technology will directly tackle the scourge of 
unemployment. The report continues that with 
uninterrupted access to electricity, businesses are 
more productive, hospital’s provide better 
medical care, children receive better education at 
school, and homes are safer and more 
comfortable. Unfortunately, the same report is 
rejoicing of extra 3GW of addition electricity by 
Siemen in 2020 using gas turbines generators. 
Within this 3GW, a loss of 69% is also awaited.  
     Energy crisis has been a concern for both the 
Nigerian government and the people for the past 
few decades. Businesses have had to relocate 
from the country due to inability of the National 
power supply to meet their demand while homes 
have had to adapt to the epileptic power supply or 
in some cases complete blackout [3]. 
   This paper believes that the exact solution to 
reducing the loss is by decentralizing the power 
generation and distribution. Fortunately, as will 
be demonstrated, there are sufficient green energy 
sources available in all nooks and corners of the 
states and indeed the country. This could even 
mean that local governments or group of local 
government could agree to join hands and 
generate electricity for the people’s use.  
     Imo state as at today has Egbema Generating 
Company Limited, a power generating station 
with an installed capacity of 338 MW. The 
Table-1 below shows its zero availability and 
highlights other stations that are available in the 
country

.  
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Table 1. Power Generation Companies in Nigeria with On-grid license from NERC and their installed 
capacities 

[3]  
One thinks that inwardly, the State is better blessed with renewable power as will be shown in this paper.  
 

2.0 RivGen Technology in America as a Typical 

Example of Sustainable Marine Power 

Production from Rivers. 
     Some Alaska communities in the United States 
of America uses the RivGen Technology shown 
in Figure 1 to generate power for the 
community’s use. In 2015 Ocean Renewable 
Power Company (ORPC) installed and delivered 
power from its RivGen® Power System in the 
Kvichak River to the local microgrid in the 
remote village of Igiugig, Alaska, in the United 
States of America, significantly decreasing the 
community's diesel fuel use. 50kw of energy can 

be generated with such the RivGen technology at 
a water current velocity of 2.25 m/s [5], [6]. 
      According to [5], the RivGen® Power System 
connects directly into existing community grids 
and provides automatic fuel-switching so that 
whenever the RivGen® System is generating 
power, the diesel generator automatically turns 
down or off. It incorporates a pontoon support 
structure with a ballasting system which allows 
the device to self-deploy and retrieve under the 
control of an operator on a nearby support vessel. 
This is important because these communities 
typically do not have any meaningful 
infrastructure or equipment to support an 
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equipment-intensive operation. All installation, 
inspection, maintenance and retrieval activities 
can be managed with locally-available vessels and 
labor.                
     The RivGen® device consists of a two-turbine 
TGU supported by a chassis incorporating a 
pontoon support structure that acts as a foundation 
when the device is deployed on the riverbed, and 
provides its self-deployment and retrieval 
capabilities. TGU means Turbine Generating 
Unit. The system components fit into standard 

shipping containers so they arrive at the site ready 
to be assembled and installed. The device is 
assembled on shore, towed to the deployment 
location, secured to anchor lines, and deployed to 
the riverbed. Each RivGen® System can generate 
up to 35kW in a 7.5-foot-per-second (2.25 
meters/second) current with a maximum output of 
50kW. Depending on community needs and site 
size, an array of RivGen® Power Systems can be 
deployed [5],[6]. 

 

 
Figure 1: River Generator Power Technology developed by Ocean Renewable Power Company (Source: 
http://www.orpc.co/ ) 
 

3.0 Investigation Method 
     Major rivers in the state is investigated based 
on the work of [7] and a visit to Imo River at Udo 
at the peak of the dry season (December, 2014) to 
measure the velocity flow of  the largest river in 
the state, the Imo River. The spread of the major 
rivers were then examined with reference to the 
present energy consumption. 
     A Nigerian patent No. RP/NG/P/2015/205 is 
considered very appropriate to power production 
in this work because large surface area of vanes 
can be built. It is not only indigenous but also the 

installation will not obstruct the movement of 
people using local boats as the system does not 
require damming the flow or related systems. The 
activities fishermen are not disturbed. 
     The design of RP/NG/P/2015/205 is a flap 
system that allows current flow to incident on a 
perpendicular surface on one side of a vane (the 
active part), and then passively make a free flow 
on the other side, thus causing a rotation about the 
axis of the installation as shown in Figure 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Description of Nigerian Patent RP/NG/P/2015/205 
Note: Nigerian Patent RP/NG/P/2015/205 also provides for floating technology that requires no  Standing pile 

support 
 
  

Standing pile support  

Turning power shaft  

Generator

 

Active blade exposed 

perpendicular to water current 

Passive side. The blade is 

flapped up to parallel with 

the water current 

Turning shaft rotation 

Water Surface  
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      The author lives in Warri, a city in Delta State 
of Nigeria. Using the statistics of purchasing a 
recharge card of 85kWh for three (3) bedroom 
apartment containing, a typical kitchen size deep-
freezer,  Fifteen (15) numbers 20 watts low 
energy lamps and one (1) plasma television, the 
85kWh lasts for about 21 days with electricity 
supply of typically eight (8) hours out of the 
twenty (24) hours of the day. The implication is 
therefore the city home uses 12 kWh of electricity 
everyday on the average term [8].  

 

4.0 The Resource Rivers in Imo State 

     Imo State has many flowing rivers, but in 
classification term, one can discuss five (5) major 
rivers. These are shown in Figure 3 and Table 2. 
There is limited information relating to these and 
other rivers. The data presented in Table 2 is 
extracted from [2], [7] and [9]. It is noted that the 
figures given by the literatures are somewhat

 inconsistent
.  

 
 
  Imo River 
  Otamiri River 
  Uramiriukwa 
  Orashi River 
  Njaba River/Lower Orashi 

 
Oguta Lake  
 

Figure 3: The Five (5) 
Major Rivers in Imo 
State
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5.0 The power generation potentials of the major 

Rivers in Imo State 

     The major rivers described from section 3.0 to 
4.0 have average maximum depth of about 3.5 m. 
The theory presented below is based on the flow 
continuity.  

     Consider that a stream line flow is made based 
on the findings of [10]. This will improve the 
momentum flow and consequently on the 
velocity. 
     The flow is then likened to a jet with velocity 

. Power on the blades of the turbine (with the 
flow perpendicular to the blade), 

 

P = …………………………Eqn. 1 
 
Where 
  

the water density, 1000kg/m3 

 is the surface area perpendicular to the flow 

 is the flow velocity at the exiting stream line as described in [10]. 
     
     Typical surface flow velocity measured in Imo 
River at the peak of dry season at the bridge 
between Umunwana in Abia State and Udo in 
Imo state is approximately 1.2 m/s on the 10th of 
August, 2013 as measured by the author.  
     Applying the work of [10], this speed could be 
raised to 2.4 m/s. 
     With a blade of 3 m depth and 4m length, into 
the water in the manner proposed by [10], 
Applying equation 1 above,  
     Power is then calculated as: [1000 x (3m x 4m) 
x 2.43]  = 166.0 kW 

     With the Imo river flow length of 240 km. 
Implying that one could have 160 stations along 
Imo River spaced at maximum distance of 1.5 
km.  
     Total Power that will be generated in this 
arrangement is: 
PTotal= 160 x 166kW -= 27.0 Megawatt of 
electricity. 
      Consider a system loss of 10% 
     Total Power from the Imo River alone = 24.0  
MegaWatt of electricity

. 
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Table 2: The Imo State major rivers 

 

Main River Length Average 

discharge  

Rate 

Imo 225 km 4000 m3/h 

Otamiri 105 km 10.7m3/s 
(raining 
season) and 
3.4m3/s (dry 
season) 

Njaba/lower 
Orashi 

78.2 km 1700 m3/h 

Orashi No 
information 

No 
information 

Uramiriukwa 
River 

32 km No 
information 

 
Dry season: November – February 
Rainy season: March-October 
 

6.0       Discussions 

     From Table 1, one could observe that available 
power is about 4978 Megawatt. 
     Lagos alone utilizes 1000 Mega watt according 
to a report of Local News by Eremosele 
Ebhomele of 10th October, 2017. Kano and Abuja 
may also require about 1500 Mega Watt all 
together based on the population of Kano State 
being almost as Lagos State and the Abuja being 
the Federal Capital Territory. 
     Assume again that the balance is then shared to 
the rest of the 34 States. 
To be conservative, consider that the electricity is 
divided equally in the 34 States (which cannot be 
due to population and economic factors). 
     With the conservative assumption, Imo state 
will get about 73 MW. 
    Meaning that Imo River alone can provide 33% 
of what is received by the State from the 
centralized power grid. This is clean, renewable 
and free. The electricity may also be configured to 
go off-grid and run directly to the communities to 
complement the grid source. 
     It is pertinent to note that the 24 Megawatt of 
electricity computed above is only from Imo 
River. The author has not verified the velocity 
flow of other major rivers shown in Figure 1. 
They have therefore not been considered. Re-
doing same for all other major rivers could mean 
that Imo State could be self sufficient on power 
from renewable alone. 
     
 
 
 
 
 

 

      One good observation is that the major rivers 
in Imo State almost interconnect the various local 
government areas of the State (see Figure 3). This 
is an obvious advantage since the power 
production in each local government can be used 
within, instead of transmitting to the local grid 
with its attendant losses. 
     Imagine also of a situation where the 24 
MegaWatt of electricity is made available only to 
the industries in the State. The result will be 
attraction of foreign and local companies all 
around Imo State. This could be the same in most 
states of the country. 
     In another case, this electricity could be 
distributed to schools and research institutions 
and homes to boast activities that chain further 
developments.  
     It is the duty of the academia to point to the 
industry and indeed the society of the need to go  
green in the energy search. The developed world 
is doing the same. This of course has been 
highlighted in a large extent in the work of [3] 
which indicated that over 60 GW of electricity 
can be generated in the country using renewable 
sources only.  
     As earlier discussed, the Western world has 
simply discovered that it is the way to go. It is not 
only free but also a help to the mother earth 
against green-house effect. 

 

7.0       Conclusion 
     The Imo State government of the day should 
take the findings of this work and others very 
serious. Annual discharge of the rivers is not 
being recorded and should be. This point had 
earlier been suggested by [2] three (3) years ago. 
For development of the power technology from 
these major rivers, information on minimal and 
maximum flows needs to be recorded. 
    By and large, this paper has attempted to 
demonstrate that green power production using 
available renewable resources can help Imo State 
and indeed many other States in Nigeria to 
become industrialized. This is particularly true 
because of the cost of fuelling and maintaining 
the fossil hydrocarbon dependent power 
generators is enormous. The burden has led to 
closure of many businesses, small and great. The 
benefit of green and sustainable electricity 
production cannot be over emphasized; New and 
old companies will show up and the consequence 
is massive employment and then economic boom. 
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Abstract 

The two major motivations in medical science are to prevent and diagnose diseases. Diagnosis of disease must 

be done with care since it is the first stage of therapeutic actions towards eventual management of the disease; a 

mistake at this stage is disastrous and such adequate care must be ensured. Diagnosis becomes difficult in 

medical domain due to influence of medical uncertainties that arises from confusability in disease symptomatic 

presentation between two diseases. This confusability of these diseases stems from the overlaps in the disease 

symptomatic presentation and has led to misdiagnosis with various degrees of associated costs and in worst 

cases led to death. In this research, we present the analysis of the existing systems and finally present a 

framework for the diagnosis of confusable disease using neutrosophic-based neural network. 

General Terms 

Clinical Decision Support System, Medical Diagnosis, Machine Learning, Soft Computing. 

Keywords 

Decision Support System, Medical Uncertainties, Neutrosophic Logic, Confusable Diseases 
 

Introduction 
       Decision making in medical science is 

unique and is quite different from other science 
disciplines since it is a known fact that 
scientists tend to look for typical, normal 
phenomena while medical sciences look out for 
the atypical, abnormal, morbid phenomena. 
Medical decision making is a collaborative 
process between Physicians, Patients, and lab 
technologists typically through exchange of 
information that would ultimately guide the 
physician to make appropriate and proper 
therapeutic recommendations. There is an 
exponential amount of data generated daily in 
the medical domain thereby opening doors for 
all forms of uncertainties such as 
incompleteness of information, inconsistent 
description of disease symptoms, overlapping 
diseases symptoms, just to mention a few and 
has led to difficulties in properly diagnosing 
diseases in such situations. Medical uncertainty 
is an inherent phenomenon in medical science; 
it is what fuels medical research, prompts 
patients to seek medical attention and stimulate 
medical intervention notwithstanding, it poses 
challenges in diagnostic decision making. In 
recent times, the negative effect of medical 
uncertainties has attracted attention due to the 

emerging realities of this period in medical 
sciences where evidence based, shared decision 
making and patient-centered care has brought 
to fore the limitation of scientific knowledge. 
The effect of uncertainties in the medical 
domain has been acknowledged by researchers 
since the 1950’s when the sociologist Renee 
Fox conducted a seminal studies documenting 
how physician struggle with uncertainty during 
their trainings. Brause (2001) highlighted that 
almost all the physicians are confronted during 
their formative years by the task of learning to 
diagnose. Central to good diagnosis, is the 
ability of an experienced physician to know 
what symptoms or vitals to throw away and 
what to keep in the diagnostic process. 

       The ability of the physician(s) to thoroughly 
scan through the series of laboratory tests and 
symptoms of a patient  which are time varying  
as the case may be and pick out meaningful and 
useful  information that ‘stand-out’, for proper 
identification of a disease (amongst several 
diseases which would sometimes share 
common symptom ) makes a good physician. It 
is not overly out of place to say that perception 
plays a central role amidst skills and 
experiences garnered by an expert physician 
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during his or her education pursuit, in order to 
perform a near accurate or accurate diagnosis of 
a disease. Sisson et al (2007), opined that 
medical diagnosis is both science and arts 
where the art is what separate between two 
well-trained medical personnel thus is very 
necessary to talk of it if we are aiming at 
developing an application that would sieve 
through data and provide semantically relevant 
information amidst the wide range of 
uncertainties in a manner that simulate a human 
expert physician.  

     A pertinent question would be “how 
computers have helped in medical diagnosis?” 
and “how can we improve on the existing 
systems”. Computers have been employed 
widely in the medical sector in recent time, 
from local and global patient and medicine 
databases to emergency networks, or as digital 
archives. Meanwhile, in the case of medical 
diagnosis, due to the complexity of the task, it 
has not been realistic to expect a fully 
automatic, computer-based, medical diagnosis 
system. However, recent advances in the field 
of intelligent systems are materializing into a 
wider usage of computers, armed with Artificial 
Intelligence (AI) techniques. It is therefore 
imperative to have a decision support to assist 
in the diagnostic decision making. A decision 
support system in this context is a computer 
based information system that supports medical 
staff in diagnostic decision making. A properly 
designed medical decision support systems is 
interactive software whose intent is to help 
medical practitioners to semantically sieve 
through a deluge of raw data in order to identify 
and solve medical problems. 

        In the purview of computing, decision 
making in medical diagnosis is all about 
problem solving strategies which is done by 
taking potential candidate solutions from the 
possibilities of various solutions. But often 
times one is faced with the problem of how to 
choose from the abundant alternatives that have 
confusing or conflicting symptoms. If 
physician’s premises are wrong, then the final 
decision is also wrong which ultimately leads to 
cases of misdiagnosis whose cost is obvious. It 
is pertinent to note that we can successfully 
select the numbers of features that would 
optimally help in the diagnostic process but as 
to what values this features can have, which 
areas needs further probing cannot be 
empirically ascertained. Medical uncertainties 

come in different flavors and shapes, but its 
impact which comes along the lines of class 
overlap or confusable symptoms is of interest to 
us. It has continually affected the diagnostic 
decision of diseases which have ultimately led 
to performance degradation amidst the 
supposedly high percentage of accuracy of 
some re-known classifiers mostly when 
considered in relation to practical 
implementation in medical domain. The 
complexity of the management of low prevalent 
diseases in the midst of high prevalent ones is 
to a larger extent attributed to the fact that other 
diseases have signs and symptoms that are 
similar to those presented by patients of low 
prevalent ones. For example Typhoid which is 
highly prevalent in the Niger Delta region of 
Nigeria and Hepatitis disease which is low 
prevalent have some common symptoms and 
sometimes could be very confusing to novice 
practitioners and patients in rural areas  to 
diagnose correctly and as such as in most cases 
would overly conclude it for Typhoid. It should 
also be noted that in medical decision making, 
different types of misclassifications or 
misdiagnosis have different costs. For example, 
in Hepatitis diagnosis, a false positive decision 
translates into an unnecessary biomarkers test 
or liver biopsy which is associated with both 
emotional, financial cost and other inherent 
complications. False negative decision on the 
other hand, however, means a missed Hepatitis-
positive which in turn can be dead  

       Medical diagnosis must therefore take into 
consideration issues of uncertainty and class 
imbalance which comes either in form of 
confusability or overlaps ,incomplete 
information, vagueness, inconsistency or 
indeterminacy, disease prevalence in order to 
make a reliable decision towards the prediction 
and eventual treatment of a disease. 
Neutrosophic logic is a new logic which is an 
extended and general framework to measure the 
truth, indeterminacy, and falsehoodness of the 
information and as such suitable for handling 
issues of uncertainties thus giving fair estimate 
about the reliability of information. This 
research work proposes a framework that uses 
the tripartite membership power of 
Neutrosophic logic and combining it with the 
conventional Neural Networks in order to 
estimate a confusability measurement for two 
confusable diseases resulting from class overlap 
in lieu of providing an innovative approach that 
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might be useful to support decisions about medical diagnoses for confusable diseases.  

 

2.0 Related literature
    Evans and Gadd [3], describe four different 
levels into which clinical knowledge is organized 
in a medical problem solving context. They 
stated that Observations are units of information 
that are recognized as potentially relevant in a 
problem solving context, however they do not 
constitute clinically useful facts. Findings are 
observations that have potential clinical 
significance (e.g. symptoms). Facets are clusters 
of findings that are suggestive of pre-diagnostic 
interpretations while clinical diagnosis is the 
level of classification that encompasses and 
explains all levels beneath it. The model is 
hierarchical with facets and diagnoses serving to 
establish a context in which observations and 
findings are interpreted, and to provide a basis 
for anticipating and searching for confirming or 
discriminating findings. 
     Oguntimelehin et al [17] opined that medical 
diagnosis is simply the task of categorization 
which allows physician to make predictions 
using clinical situations and to determine 
appropriate cause of action. They said it is a 
complex decision process that involves a lot of 
vagueness and uncertainty management 
especially when the disease has multiple 
symptoms. Diagnosis has been seen generally as 
the identification of the nature and cause of a 
certain phenomenon. Several disciplines make 
use of it but we are only considering it in the 
parlance of medical science and to put it in more 
simplistic form, it is the answer to the question 
of whether a system( in this case human body) is 
malfunctioning or not, and to the process of 
computing the answer.  Expert diagnosis would 
not be trivialized in this regard, which is majorly 
based on experience with the system. Using this 
experience, a mapping is built that efficiently 
associates the observations to the corresponding 
diagnoses. 

 

2.1: Medical Uncertainties 

    Mishel[13] defined uncertainty in illness as 
the inability to determine the meaning of illness-
related events. McCormick [11] opines that 
uncertainty is a component of all illness 
experiences and it is believed to affect 
psychosocial adaptation and outcomes of disease 
and as such high levels of uncertainty are related 
to high emotional distress, anxiety and 
depression. Peter Szolovits [19] opines that 

“Uncertainty is the central, critical fact about 
medical reasoning. Patients cannot describe 
exactly what has happened to them or how they 
feel, doctors and nurses cannot tell exactly what 
they observe, laboratories report results only 
with some degree of error, physiologists do not 
understand precisely how the human body 
works, medical researchers cannot precisely 
characterize how diseases alter the normal 
functioning of the body, pharmacologists do not 
fully understand the mechanisms accounting for 
the effectiveness of drugs, and no one can 
precisely determine one's prognosis”. Paul et 
al(2011) opine that irrespective of the visible 
negative effect of uncertainty in various domain 
and most importantly to the medical domain, 
there is limited comprehensible way of 
addressing the problems it poses in relation to 
layperson, physicians and patients and health 
policy makers. According to Smithson [26] this 
knowledge gaps reflect limitations in empirical 
evidence; however, a more fundamental problem 
is the absence of a shared concept of uncertainty, 
and a lack of integration of insights from 
different disciplines. Uncertainty is not a 
monolithic phenomenon and such in considering 
it, the varied meanings and synonyms should 
also be considered. Bammer et al [1] opined that 
there are multiple varieties of uncertainty, which 
may have distinct psychological effects and thus 
warrant different courses of action, thus there is, 
need to have an organized conceptual framework 
that categorizes these multiple varieties of 
uncertainty in a coherent, useful way. 

 

2.2: Confusable Diseases 
     This research work pointed out the serious 
effect of uncertainty, yet how it affect medical 
diagnosis needs to be elucidated. When two or 
more diseases have some overlapping symptoms 
which make it naturally difficult for a physician 
to establish the right diagnosis, it is referred to as 
confusable diseases in medical parlance. Fries et 
al.[5] opined that in order to diagnose confusable 
diseases properly, a diagnostic criterion for a 
particular disease is needed so as not to confuse 
it with other diseases because of shared 
symptoms. Joop [8] opined that for a diagnosis 
to  be effective in this regard, the target disease  
has to be recognized in a pool of confusable 
diseases and suggested two ways to handle this: 
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by recognition of the combination of symptoms 
of the target disease or by exclusion of 
confusable disease as the cause of the symptoms 
.  Confusable disease is poised with the 
following problems outline herewith. 

a. Confusable disease manifests the same symptoms 
thereby leading to imprecise or incomplete 
diagnosis by the physician. 

b. A disease at one stage can manifest similar 
symptoms with a different disease at another 
stage. 

c.      Failure to correctly diagnose a confusable 
disease would lead to a physician giving the 
wrong treatment to the patient. 

Patients may be suffering from more than one 
confusable disease. 

 

2.3 Clinical Decision and Support Systems 
     In literature, many researchers have given 
their definitions of Clinical Decision Support 
Systems (CDDS). Musen [15] defined a CDSS 
as any piece of software that takes information 
about a clinical situation as inputs and that 
produces inferences as outputs that can assist 
practitioners in their decision making and that 
would be judged as “intelligent” by the 
program’s users. Miller and Geissbuhler [12] 
defined a CDSS as a computer-based algorithm 
that assists a clinician with one or more 
component steps of the diagnostic process. Sim 
et al [22] defined CDSS as a software that is 
designed to be a direct aid to clinical decision-
making, in which the characteristics of an 
individual patient are matched to a computerized 
clinical knowledge base and patient specific 
assessments or recommendations are then 
presented to the clinician or the patient for a 

decision. In more recent studies, researchers 
have been trying to classify CDSSs in the 
literature so as to provide a holistic picture of 
CDSSs. For example, Berlin et al [2] did 
research on CDSS taxonomy to describe the 
technical, workflow, and contextual 
characteristics of CDSSs, and the research 
results are very useful for researchers to have a 
comprehensive understanding of various designs 
and functions of CDSSs.      
     A general model of all clinical and decision 
support system is shown in Fig 2.1. the 
interaction is simple: A patient clinical signs and 
symptoms or lab tests is fed into the system 
having the inference mechanism component 
which in turn in consultation with the knowledge 
base proffer a diagnostic and therapeutic 
recommendation to the doctor who in turn advise 
the patient accordingly

. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.1: A general model of CD    SSs (Source:  
Lincoln 1999, Reggia 1983 
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2.4 Neutrosophic Logic 
     Neutrosophic Logic represents an alternative 
to the existing logics as a mathematical model of 
uncertainty, vagueness, ambiguity, imprecision, 
undefined, unknown, incompleteness, 
inconsistency, redundancy,  contradiction. It is a 
non-classical logic. It is  a logic in which each 
proposition is estimated to have the percentage 
of truth in a subset T, the percentage of 
indeterminacy in a subset I, and the percentage 
of falsity in a subset F, where T, I, F are defined 
above, is called Neutrosophic Logic. 
     A neutrosophic set A in X is characterized by 
a truth membership function TA, a 
indeterminacy- membership function IA and a 
falsity-membership function FA. TA(x), IA(x) 

and FA(x) are real standard or non-standard 
subsets of]-0, 1+ [. 
That is 
TA: X ԑ ]-0, 1+ [ 
IA: X ԑ ]-0, 1+ [ 
FA: X ԑ ]-0, 1+ [ 
There is no restriction on the sum of TA(x), IA(x) 

and FA(x), so 
-0≤supTA(x) + sup IA(x) + sup FA(x) ≤ 3+ 

 

2.5: Conditional Probabilities  
 2.1 In medical diagnosis, there are many 
variables that contribute to the diagnostic process 
of arriving at a particular disease with varied 
values of the variables which ultimately in most 
cases leads to some forgivable errors. As good as 
this may sound, there is a level of tolerable errors 
that would be associated with every instance of 
diagnosis of such disease but it is very unrealistic 
to quantify the errors for all instances of the 
disease owing to the fact that we would have just 
a handful of sample data (due to low prevalence) 
and as such there is going to be   many 
evaluation of the decision variables. In order to 
accomplish this feat in less time and space, 
conditional probabilities become handy. 
Conditional distributions are one of the key tools 
in probability theory for reasoning about 
uncertainty. They specify the distribution of a 
random variable when the value of another 

random variable is known (or more generally, 
when some event is known to be true). 
Formally, conditional probability of X = e given 

Y = d is defined as  P(X = e|Y = d) =P(X = e, Y 
= d) /P(Y = b)      …………………….          .2.2 
 
Note that this is not defined when the probability 
of Y = d is 0. The idea of conditional probability 
extends naturally to the case when the 
distribution of a random variable is conditioned 
on several variables. 
     As for notations, we write P(X|Y = d) to 
denote the distribution of random variable X 

when Y = d. We may also write P(X|Y ) to denote 
a set of distributions of X, one for each of the 
different values that Y can take. 
. 

3.0: Analysis of Existing Systems 
     Proper diagnoses and prevention is the major 
concerns in medical science, it is there 
imperative to have systems that assist in medical 
diagnosis with such an accuracy comparable to 
human physicians. Many existing system have 
employed different approaches in ameliorating 
the effect of uncertainties yet there is still room 
for improvement so as to handle the diagnosis of 
confusable diseases. 
    A detailed review and analysis of existing 
system was carried out in order to bring to fore 
areas to improve on, in order to tackle the 
embarrassing effect of confusable disease 
diagnosis. We reviewed the following:- 

i. The approaches and methods used in the existing 
system in knowledge construction 

ii. The inference mechanism in handling 
uncertainties. 

iii.      Support for diagnostic criteria for reliability of 
prediction of disease in a two class of diseases 
diagnosis with confusable symptoms 

 

3.1: Architecture of the Existing systems 

Using Neural Network 
    A typical architecture for diagnosis of disease 
used in existing system using an Artificial 
Neural Network is shown in Fig 3.1. 
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3.1: Architecture of the Existing System (Source: Mohammed et al(2015)) 

 
 

Fig. 3.1: Architecture of the Existing System (Source: Mohammed et al(2015)) 

 

3.2 Limitations of the Existing System 
     The existing system has some limitations 
which prevent it from having a practically good 
performance as needed. The salient findings 
include 
1. Though some of the existing system 
ensures multiple belongingness of a particular 
element to multiple classes with varied degree 
but capturing the neutralities due to class overlap 
or confusability which could degrade the 
prediction performance is missing. 
2. The existing system is mute or unable to 
classify instances that falls under overlapping 
region and as such refers them for further 
medical probe. This clearly defeats timeliness 
and quality of service delivery we are seeking for 
in clinical diagnosis and as such not suitable to 
handle confusable diseases whose features are 
overlapped. 

3. In diagnosing confusability in disease 
classes, some of the existing system used only 
unsupervised statistical approach such as k-
means to separate the overlapping region from 
the non-overlapping region. K-means is very 
poor when it comes to data with serious 
overlapping; is unable to handle noisy data and 
outliers as well as not suitable for non-linear data 
sets. Supervised machine learning using neural 
network is more suitable for complex nature of 
biological systems and non-linear data sets.  
4. There is no reliability or justification 
metric for the decision of the classification 
which serves as a diagnostic criterion that allows 
a disease to be definitely diagnosed or definitely 
excluded in cases of non-linear decision 
boundary cases.  
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Fig. 3.2: Proposed System Architecture 

 

4.1: Brief Description of the Components 

of the Proposed System 
        This section talks about the brief 
description of the various components in the 
proposed system architecture. 

1. Patient Symptoms and Signs 

Subcomponent 
     Disease symptoms are the biological 
indicators which are associated with the 
clinical presentation of disease as lear from 
medical literature and expert physicians. 
George et al (2000) opine that a symptom 
is a visible or even a measurable condition 
indicating the presence of a disease and 
thus can be regard as an aid towards 
diagnosis. It is based on  
this clinical presentation that a doctor or 
physician makes a tentative judgment about 
the state of the patient and consequently a 
test for confirmation.  
 

2. Feature Selection Sub Component 
     It is important to note that the essence of 
feature selection in this research is to help 

reduce the dimension of a dataset of 
features potentially relevant with respect to 
the diagnosis of the diseases, finding the 
best minimum subset without transforming 
the data into a new set. The feature 
selection process points out all the input 
features relevant for the diagnosis of the 
diseases, and it is an indispensable data 
preprocessing step.  
     The difficulty of extracting the most 
relevant variables is due mainly to the large 
dimension of the original feature set, the 
correlations  between inputs which cause 
redundancy and finally the presence of 
variables which do not affect the diseases.   
In this research, we will employ feature 
selection using genetic algorithm for the 
feature searching techniques. The genetic 
algorithm was originally used to select 
binary string but it has been used been used 
in recent times to explore the inter-
dependencies between the bits in the string, 
hence the choice of its usage.  Singh et al 
(2016) have successfully used it for feature 
selection and its performance was 
superlative. 
 

3. Confusability Measurement  
     There are two components that make up 
this component- Vagueness and 
multidimensional interpolation of the 
errors. The confusability measurement 
provides information on amount of 
uncertainty associated with such a 
classification that would have degraded the 
performance and is on this basis that final 
diagnosis is made. Confusability 
Measurement is 1-|Tm(class I) –Tm(Class 

II)|, where Tm means the truth 
membership. 
 

4. Inference Engine/Decision 

support Component 
     The decision made by the inference 
system through the neural work is 
optimized by this component by taking the 
result of the inference sub-component as 
input and with the aid of the result 
confusability measurement, a decision is 
ultimately made. The supporting 
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components for the confusability 
measurement are multidimensional 
interpolation and vagueness calculated 
from the two networks which objectively 
influences the result of the proposed 
system thereby optimizing the practical 
implementation of the system in regards to 
sensitivity and specificity in an 
environment poised with class overlaps. 
 

 5.0: Conclusion 
     To make proper, reasonable and 
appropriate medical decision in the 
diagnosis of confusable diseases, the 
knowledge base and the inference 
mechanism plays an indispensable role as 
they are the heart of clinical decision 
support systems. Once such clinical 
decision and support systems are built, we 
are faced in most times with a large feature 
set of symptoms which needs to be pruned 
to improve the performance of the system 
with regards to accuracy of classification. 
The key quality in this study is to achieve a 
better and proper diagnosis of confusable 
diseases. A genetic algorithm is applied in 
the feature selection phase. In quantifying 
the confusability, a multidimensional 
interpolation of error is plotted in the 
multidimensional feature space while the 
vagueness is calculated from the two class 
Neural Network as |1-(class A-class B)|, 
both vagueness and the errors form the 
confusability measurement. The inference 
mechanism is also improved by employing 
the concept of neutrosophic logic thereby 
having a tripartite membership (Degree of 
class A, Confusability Measurement, 

Degree of class B)  rather than just two in 
order to make therapeutic 
recommendations. With these 
consideration, it is hope that there is going 
to be an obvious improvement in the 
system performance in terms of handling 
confusability in disease symptomatic 
presentations and eventually renders a 
proper diagnosis. Therefore, in this study, 
the architecture for diagnosing confusable 
disease was developed using the concept of 
neutrosophic logic in combination with 
neural network. This will be able to capture 
and quantify the confusability in this 
situation and ultimately being used in the 
decision making process. 

 

6.0: Future Work 
     In the paper, analysis of the existing 
systems was carried out and some 
limitations were highlighted for 
consideration. The proposed architecture 
provides an interface where a patient’s 
symptom is captured by the system, the 
confusability measure is calculated and in 
consultation with the knowledge base, the 
inference mechanism makes its therapeutic 
recommendation to the doctors who in turn 
advise the patient accordingly. Future work 
will delve into the implementation 
procedure of the framework for the 
diagnosis of confusable diseases using two 
confusable diseases and the result from the 
implementation and evaluation will be 
provided. The interface for the system 
based on patients’ symptoms will also be 
presented

. 
_______________________________________________________________________ 
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Abstract 

Cloud computing is gradually maturing all over the world.  In Nigeria the awareness has 

increased but adoption is yet to follow the level of awareness.  The key de-motivation 

towards full adoption include proper understanding of the concepts, initial costs and the 

fear of compromised data integrity when strategic information is trusted in the hand of a 

third party.  Apart from integrity of data comprose, the other key factors inhibiting 

adoption is the cost of monthly subscription mostly in US dollars. This paper has 

considered the cost of establishing a local cloud service to serve surrounding 

organizations.  The paper contends that indigenous ICT firms should develop the capacity 

to incubate cloud services as this will go a long way to encourage adopters and save 

organizations from excessive ICT budget. 

 

1.0 Introduction 
     Wikipedia [1] has defined cloud 
computing as a model for enabling 
ubiquitous, convenient, on-demand access to 
a shared pool of configurable computing 
resources. Cloud computing and storage 
solutions provide users and enterprises with 
various capabilities to store and process their 
data in third-party data centers, thus 
minimizing the intial huge infrastructural 
costs which could be deployed in more 
pressing areas of immediate need.  To 
deploy an effective cloud service, there is 
need for constant power supply and good 
Telecommunications infrastructure sush as 
good telephone and broadband to maintain 
good service to the customers.   
We are facing problems in Nigeria. Today 
9th October, 2015 some banks could not 
operate beause there was no network service 
and customers had to leave the banking halls 
sad.  Thus cloud computing would be most 
useful to Nigerian organizations particularly 
the financial and education sector who have 

massive need for storage of data and 
efficient internet connectivity. 

 

2.0 Types of cloud services 
     We can classify cloud services on the 
basis of  location and type of service 
rederered thus: 

On Location, a cloud service is either a 
public, private, hybrid or community cloud. 

• On services rendered, the clous is 
either IaaS (Infrastructure-as-a-
Service, PaaS (Platform-as-a-
Service, SaaS (Software-as-a-Service 
or still Storage, Database, 
Information, Process,Application, 
Integration, Security, Management, 
Testing-as-a-Service. 

IaaS   (Infrastructure as a Service) is a form 
of cloud computing that provides virtualized 
computing resources over the Internet.  IaaS 
is one of three main categories of cloud 
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computing services, alongside Software as a 
Service (SaaS) and Platform as a Service 
(PaaS) [2]. In an IaaS model, a third-party 
provider hosts hardware, software, servers, 
storage and other infrastructure components 
on behalf of its users. IaaS providers also 
host users' applications and handle tasks 
including system maintenance, backup and 
resiliency planning. IaaS platforms offer 
highly scalable resources that can be 
adjusted on-demand. This makes IaaS  

Platform as a Service (PaaS) is a cloud 
model that provides all the infrastructure 
required to create & manage custom cloud. 
It is a model  that delivers applications and 
tools as a service over the Internet. PaaS 
providers host hardware and software on 
behalf  of user organizations [3] 

SaaS (Software-as-a-Service) is a software 
licensing and delivery model in which 
software is licensed on a subscription basis 
and is centrally hosted. It is sometimes 
referred to as "on-demand software". SaaS is 
typically accessed by users using a think 
client via a web browser. SaaS has become a 
common delivery model for many business 
applications, including office and messaging 
software, payroll processing software etc. 
[4],  All the services described above form 
the tripod of Cloud computing. 

3.0 Cloud Infrastructure  refers to 
component technologies required to 
host the cloud as shown in Figure 
1below; 

Fig. 1: An example of cloud omputing   system 

     You may have observed the linkages in 
the above computer network which include 
the client computer linking to the server 
via control node to the central data base 
and application servers. Thus, Cloud 
computing infrastructure includes: 

       Servers - physical servers provide 
"host" machines for multiple virtual 
machines (VMs) or "guests'. A 
hypervisor  
 
 

running on the physical server allocates host 
resources (CPU, memory) dynamically to each 
VM. 
Virtualization - virtualization technologies 
abstract physical elements and location. IT 
resources – servers, applications, desktops, 
storage, and networking – are uncoupled from 
physical devices and presented as logical 
resources.  
• Storage - SAN, network attached 

storage (NAS), and unified systems 
provide storage for primary block and file 
data, data archiving, backup, and business 
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continuance. Advanced storage software 
components are utilized for big data, data 
replication, cloud to cloud data movement, 
and HA. 

• Network - switches interconnect 
physical servers and storage. Routers 
provide LAN and WAN connectivity. 
Additional network components provide 
firewall protection and traffic load 
balancing. 

• Management - cloud infrastructure 
management includes server, network, and 
storage orchestration, configuration 
management, performance monitoring, 
storage resource management, and usage 
metering  

• Security - components ensure 
information security and data integrity, 
fulfill compliance and confidentiality 
needs, manage risk, and provide 
governance  

• Backup and recovery - virtual 
servers, NAS, and virtual desktops are 
backed up automatically to disk or tape. 
Advanced elements provide continuous 
protection, multiple restore points, data 
deduplication, and disaster recovery. 

• Infrastructure systems - pre-
integrated software and hardware, such as 
complete backup systems with de-
duplication and pre-racked platforms 
containing servers, hypervisor, network, 
and storage, streamline cloud infrastructure 
deployment and further reduce complexity 
[5]. 

4.0 Benefits of Cloud Computing 
Laurel Delaney [6] has identified ten 

crucial benefits of deploying cloud 
computing.  These include 

• Achievement of economies of 
scale, i.e. increase volume output or 
productivity with fewer people. Your cost 
per unit, project or product plummets.  

• Reduce spending on technology 
infrastructure. Maintain easy access to 
your information with minimal upfront 
spending. Pay as you go (weekly, quarterly 
or yearly), based on demand.  

• Globalize your workforce on the 
cheap. People worldwide can access the 

cloud, provided they have an Internet 
connection.  

• Streamline processes. Get more 
work done in less time with less people.  

• Reduce capital costs. There’s no 
need to spend big money on hardware, 
software or licensing fees.  

• Improve accessibility. You have 
access anytime, anywhere, making your 
life so much easier!  

• Monitor projects more 
effectively. Stay within budget and ahead 
of completion cycle times.  

• Less personnel training is 
needed. It takes fewer people to do more 
work on a cloud, with a minimal learning 
curve on hardware and software issues. 

• Minimize licensing new 
software. Stretch and grow without the 
need to buy expensive software licenses or 
programs.  

• Improve flexibility. You can 
change direction without serious “people” 
or “financial” issues at stake. [6]  

4.1 Some drawbacks of cloud 
computing:          [7] has identified the 
most critical demerits/bottlenecks in cloud 
computing deployment.  These include: 

i. Control and Reliability: The biggest fear 
of cloud computing is found in its major 
benefit – the ability to outsource the IT 
burden to a specialized vendor or provider. 
However with a move to the cloud you do 
give up the in-house control of a traditional 
IT department.  

ii. Security, Privacy and Compliance: 
Security can also be a concern in the cloud, 
particularly if you manage confidential 
data like customer information. 
Compliance in the cloud may also become 
an issue, which may require deploying a 
private cloud if you do have to secure 
private data.  

iii. Compatibility:  Making sure every 
existing tool, software and computer is 
compatible with the Web based service, 
platform or infrastructure. While on-site IT 
may have a little more control in managing 
integration and compatibility, it is often 
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"what you see is what you get" in the 
cloud.  
 

iv. Unpredicted costs:  The cloud doubtless 
can substantially reduce staff and hardware 
costs, but the price could end up being 
more than you bargained for. Migrating to 
the cloud is also an understated cost, and 
making sure the current systems that 
support your business while moving to the 
cloud could raise operating costs 
substantially.  

iv. Contracts and Lock-ins:Traditional IT 
could be downsized, upsized, contracted-in 
and otherwise controlled by you. On-site 
hardware, software, infrastructure and 
platforms lways carried some obligations, 
but now the cloud service provider, for the 
most part, has all the decision power. 
Vendor lock-in is also a major issue – as it 
was with old IT – and this could add up to 
cost and performance disadvantages later.     
However any good combination of cloud 
solutions – from SaaS, PaaS or even IaaS – 
can bring value to your business. 
Understanding your exact needs and IT 
strategy will aid in determining what cloud 
is right for you. Chances are you will 
strategically deploy cloud solutions that 
offer the most advantages while giving you 

the needed control, flexibility and 
scalability.  

 

5.0 Incubating Local Cloud Services 

in Nigeria 
     Currently most successful cloud 
services are rendered by ICT firms in the 
developed west such as Google.  We have 
no records of local ICT firms that has 
developed the capacity to launch cloud 
services.  This is new areas of investment 
gap which can help Nigerian economy.  
Although the key discouraging factors are 
weak broadband and telephone network, 
poor power supply.  With the performance 
of Goodluck Jonatham administration in 
laying strong foundation for energy supply 
which is now reflecting on current power 
supply throughout the country, the fibre 
optics backbone being layed by Telco such 
as Glo and MTN, some of the problems 
may be on its way out.  
     The Bank of Industry (BoI) may need 
to develop a novel lending policy to 
encourage local cloud incubation.  This 
will save lots of fund currently being paid 
as subscription to foreign cloud Service 
Company.  This will also help Nigeria 
develop indigenous cloud competency as it 
is the way forward to the future. 

 
_________________________________________________________________________ 
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Abstract 

The objective of this work, christened “HABA”(Hardware Backdoor Aware) is to collect data 

samples of series of read time of microcontroller  embedded on military grade equipments and 

correlate it with previously stored expected behavior read time samples so as to detect 

abnormality or otherwise. I was motivated by the challenges faced by the Nigerian military who 

have labour onerously to put a stop to the menace of the terrorist group “Boko Haram” but while 

having achieved some measure of success, are ambushed and killed by terrorists as a result of 

possible information leakage or intellectual property theft. The methodology adopted is 

Prototyping and the expected result is a correlation coefficient that will show level of similarity of 

Hexadecimal codes contained in the microcontroller of the equipments under test. 

 

Keywords: Backdoor, Hardware Backdoor, Correlation Coefficient, Read Time Analysis 

  

_______________________________________________________________________ 

 

1.0 Introduction  
     HABA is a Hardware Backdoor isolation 
system that utilizes knowledge from different 
source data, information and software and 
hardware resources to develop a microcontroller 
testing and simulation system that will help the 
National security organizations such as the 
military  new methods of e-espionage and cyber 
war, as well as expunge her present system of 
multi point procurement so as to enter into Trust 
agreement with major suppliers of her combat 
equipment. 
“     Backdoors and hardware attacks” wrote 
“The capillary diffusion of technology in our 
society has an important consequence. 
Hardware has to be properly analyzed during 
acquisition and qualification phases of the 
supply chain. 
     We are surrounded by electronic devices and 
appliances that in many cases perform critical 
functions in areas such as telecommunications, 
defense and health. Because of that, it’s crucial 
to validate electronic components they 
contain.[1] 

In a bid to bridge the digital gap, there has 
been an increase in the importation of 
computers and networking devices. The nation’s 
sectors such as military, government, education, 

resource management, financial etc have 
embraced  
 

Digitalization which is the use of digital 
technologies to change a business model and 
provide new revenue and value-producing 
opportunities. The importation of new and 
second hand electronic goods to Africa is a 
contributor to system compromise. Nigeria, 
the most populous among African nations has 
witnessed an upsurge in demand for cheap 
electronic goods from countries such as China 
and Japan. The technology rave in the country 
has seen many dumping old phones to get the 
latest, the demand for fairly used high 
specification computers, phones, tablets, is on 
the increase. Networking LANs, WANs, 
Campus, Banks, E-government, Military 
intranets and use of computerized military 
equipments   are some of  the areas where 
digitalization has taken place. 
     Nigeria has a vast landmark with porous 
borders which makes it difficult to control 
product importation. On the other hand, the 
supply chain is interested in satisfying the 
high demand for computers and related 
electronics. 
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     A recent United Nations study shows that 
Nigeria alone has over 100 million mobile users. 
Because of inflation and high poverty rate in 
Nigeria, a higher percentage of the mobile users 
update to or replace mobile phones with higher 
specification fairly used phones which could be 
a compromised phone from another country. 
     Military personnel of the Nigerian Army are 
not left out of the fairly used phones fever. If 
however a compromised phone is used on the 
intranet or internet network of an organization 
the entire network gets compromised. The 
problem therefore is: 
i. Nigerian Army’s current policy of 
diversification of sources of combat and combat 
support equipment procurement ensures 
availability without security. True availability 
cannot be measured without security 
considerations. 
     Any one of those devices could be equipped 
with a software or hardware backdoor with 
serious repercussions. The presence of hardware 
backdoors in particular represents a nightmare 
for the security community. 

     One of the main consequences of the world 
economic crisis was budget cuts for 
manufacturing and security validation, in both 
public and private sectors. Unfortunately, the 
cost is considered the factor that most 
influences the final choice for buyers. This led 
to the decline in the use of authorized 
resellers. 

      A study of practices based on knowledge of 
hardware backdoors in Nigeria reveal very 
high level of ignorance portrayed by reliance 
of performance but not security of 
computerized gadgets such as phones, 
television, washing machine, and all chip 
containing wares that are bought by Nigerian 
citizens. A lot of compromised fairly used and 
new computers, automobiles, toys, phones, 
photocopiers, microwave, washing machines, 
televisions, and other microcontroller based 
electronics are imported into the country 
without checking for hardware backdoors 
thereby making all users vulnerable to 
backdoor activities. Figure 1.1 and 1.2 
buttresses this

. 

 
Fig1.1 Ibru Warehouse at Westminister near the Port of Apapa in Lagos. 50 

Containers a week of used IT equipment arrive here. 

Source: Basel Action Network Report 
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Fig 1.2 One of many cavernous warehouses stacked with used IT equipment. Ijeshu 

Warehouse 

Source: Basel Action Network 
     The electronics and information 
technology industry is the fastest growing 
manufacturing industry. The growth rate of 
information technology in developing 
countries such as Nigeria is increasing 
rapidly. There is great hunger to stay 
informed and abreast of technological 
developments in order to compete and 
communicate in a globalized world, given 
such technologies as the internet, cell 
phones and cable television services. They 
however found that, due to lack of financial 
resources available to most people in 
developing countries, much of the growth in 
the information technology (IT) sector in 
developing countries has been encouraged 
by the importation of hand-me-down, used 
equipment from rich developed countries,    
whose consumers are all too happy to find 
buyers for it. As a result, many brokers and 
businesses have sprung up to channel used 
equipment from North to South, rich to poor 
[14]. The introduction of hardware Trojans 
could happen in each phase of the supply 
chain, depending on the methods adopted by 
attackers and on the technology used for 
hacking. 
Common hardware attacks include: 

• Manufacturing backdoors, for 
malware or other penetrative purposes; 
backdoors aren’t limited to software and 
hardware, but they also affect embedded 
radio-frequency identification (RFID) chips 
and memory 

E   eavesdropping by gaining access to protected 
memory without opening other hardware. 
This can happen through embedded chip 
built on the silicon of the target’s machine. 
Inducing faults, causing the interruption of 
normal behavior 

• Hardware modification tampering 
with invasive operations; hardware or 
jailbroken software. 

• Backdoor creation; the presence of 
hidden methods for bypassing normal 
computer authentication systems 
Counterfeiting product assets that can 
produce extraordinary operations, and those 
made to gain malicious access to systems”. 
 

       2.0 Literature Review 
     A backdoor is a method, often secret, of 
bypassing normal authentication in a 
product, computer system, cryptosystem or 
algorithm etc. Backdoors are often used for 
securing unauthorized remote access to a 
computer, or obtaining access to plaintext in 
cryptographic systems. 
     A backdoor may take the form of a 
hidden part of a program, a separate 
program (e.g. Back Orifice may subvert the 
system through a rootkit), or may be a 
hardware feature. Although normally 
surreptitiously installed, in some cases 
backdoors are deliberate and widely known. 
These kinds of backdoors might have 
"legitimate" uses such as providing the 
manufacturer with a way to restore user 
passwords. [2] 
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Malicious Hardware 
     Hardware infrastructure components are 
becoming increasingly vital in our everyday 
lives. Sensitive data, such as credit card 
numbers, medical data, private 
communications, and banking information 
are transmitted over communication 
channels, in most cases without the users 
being aware of it. Hardware backdoors 
involve code inside hardware such as may 
reside in the firmware of computer chips 
that give remote access to unauthorized 
persons using triggers. Hardware backdoors 
can undermine security in smartcards and 
other crypto processors unless investment is 
made in anti-backdoor design methods. 
They have also been considered for car 
hacking. 
     Hardware backdoors are considered 
highly problematic because: 

1. They can’t be removed by conventional 
means such as antivirus software 

2. They can circumvent other types of 
security such as disk encryption 

3.They can be injected at manufacturing 
time where the user has no degree of 
control. 
    It is, therefore, of utmost relevance that 
communication channels are secured against 
adversaries who try to gain access to 
sensitive data. Encryption and security 
protocols aim to secure communication from 
a sending device to a receiving device [3]. 
Cryptography is applied within these 
devices, which means that data are available 
in plaintext. Moreover, cryptographic keys 
are available in such devices, which make 
them a potential point of interest for 
attackers who aim to compromise data 
confidentiality. One way to gain knowledge 
of cryptographic keys would be to tamper 
with the device in a way that allows the 
attacker to read out the keys from memory 
[4]. There are other possibilities to include 
fault injection combined with analysis 
methods such as side-channel analysis [5]. A 
fairly new attack vector against the security 
of hardware infrastructure components was 
considered. They examined how malicious 
hardware inclusions affect the overall 
security of infrastructure components, 
focusing on data confidentiality, with  

 
 
particular interest on functions of a system 
that are implemented in hardware but have 
not been specified. 
Malware can be introduced into hardware in 
many ways. They quoted Waksman et al 
(2010) analogies: i. A malicious designer 
can inject an unspecified functionality into a 
design by adding just a few lines of 
hardware description code.  
ii. Furthermore, a synthesis tool can be 
modified by adversaries in that the hardware 
to be synthesized is altered in an unspecified 
manner. [3] 
iii. Even if it is expensive and resource-
intensive, a malicious chip producer can 
reverse-engineer a design to include 
circuitry at the physical level. 
malicious hardware can subvert an 
infrastructure and how sensitive data can be 
leaked by hardware Trojans.[7] 

 

Components of Hardware Trojans 

    As hardware Trojans have to pass 
functional tests without being detected, they 
have  two basic mechanisms: a trigger and a 
payload mechanism. 
    A trigger should activate the payload 
upon a certain condition, such as the 
occurrence of a rare event (e.g., a bit pattern 
0x3745 on a data line), the lapse of a certain 
time interval (e.g., 10,000 seconds), or a 
condition that is met by the environment 
(e.g., temperature is 65_C). The most 
essential requirement of a trigger condition 
is that it is not met during functional tests, 
which are integral parts of the hardware 
production process. Otherwise, it could 
activate the Trojan during the test, which 
would make it more detectable. 
     The payload mechanism implements the 
effective function of a Trojan. For instance, 
this could be a kill switch (i.e., the 
permanent deactivation of a hardware 
system), the interception of sensitive data 
such as a cryptographic key, or the remote 
control of a hardware system (which 
corresponds to opening a hardware 
backdoor).[9] 
     It is possible to leak the cryptographic 
key of a wireless device over the wireless 
channel. Depending on each bit of the key, 
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the wireless signal is altered within the 
permitted tolerances. That way, an attacker 
only has to reside within the range of the 
wireless device, record the signal, and 
perform a statistical analysis to obtain the 
key. Subsequently, the attacker can use the 
key for authentication and use the device as 
legitimate user, which enables her to subvert 
the entire infrastructure of which the device 
is a part.[10] 
     Data can be leaked over a secret channel. 
By modulating the power supply signal of a 
device, sensitive data can be leaked 
stealthily. It is hard to detect the covert 
transmission of data, since the signal is 
modulated in the code division multiplex, 
i.e., spread spectrum technology is used. 
Therefore, without knowledge of the correct 
code, the covert gnal cannot be detected, as 
it is indistinguishable from noise. To obtain 
sensitive data (such as a cryptographic key), 
an attacker has to probe the power supply 
signal of the device under attack and 
demodulate it by correlating it with the 
proper code.[11] 
     King designed a malicious processor, 
which has hidden hardware implemented 
that allows an attacker to perform extensive 
attacks on the software layer. The Illinois 
Malicious Processor provides mechanisms 
to illegitimately login to an overlying 
operating system as administrative user 

without providing a password. This way, an 
attacker can get broad access over an 
infrastructure component. If such a 
processor is deployed, e.g., in a router, the 
infrastructure itself could be modified, 
therefore serving as a base for further 
attacks on the network layer.[12] 

 

Related Literature 

Description Of Integrated Circuit 

Investigation Method And Apparatus  
     Skorobogatov made public the Integrated 
Circuit analysis technique which is quoted 
with patent number: WO2012046029 A1  
“The present invention relates to a method 
and apparatus for use to investigate 
integrated circuits chips (ICs) to discover 
and/or recover their hidden or lost content. It 
also relates to investigation and/or presence 
detection of mechanisms, algorithms and 
keys which may be held within the IC and 
which may be deliberately hidden or which 
may have been lost. [13] 

 

Summary of Literature Review 

     The topic backdoor was reviewed with 
particular interest on Hardware based 
backdoors. Research in this area, though 
fairly new has gained ground, with most 
researchers looking at methods of avoiding a 
trigger. However, we found that trigger can 
only be avoided by a 

conscious mind, and that an enemy within 
can purposely cause a trigger.  
     We therefore propose a system that 
searches for abnormality in the controlling 
hardware (microcontroller) and if found, 
isolation is achieved through otal 
replacement. 

 

3.0 Materials and Methods 
Through interview of military personnel and 
internet researches, it was found that  

1. Nigeria purchases both new and pre-
acquired weapons from many sources and 
that some of these could be sold out as a 
result of compromise discovery. 

2. That the hardware assurance check in pl  ace 
presently only checks for performance of the 
weapon, and servicing only involves 
replacement of faulty parts: security analysis 
of acquired weapons through Signal to 
Noise Ration checks are not carried out.

3.  
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System Flowchart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.0  System Flowchart 
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Mathematical Specification 
    A series of tests carried out of a correct 
system where used to compare series of test 
output on a microcontroller. A simple test 
data can be collection of read time from a 
microcontroller of a newly procured 
equipment, compared to previously store 
correct data set of tests algorithm of 
equivalent equipment microcontroller.  

 

Linear Correlation 
     Pearson correlation coefficient  analysis 
compares data sets of previously store 
expected behavior as documented or received 

from trust agreement and data set of procured 
equipments.  
Linear correlation 

  
If r =1, then the two data sets are said to be 
perfectly positively correlated and that the 
amount of yi-yj is always in fixed proportion 
to zi-zj. If r=-1, then the two data sets are 
perfectly negatively uncorrelated that is; if 
yi>yj, then zi<zj. Finally, if r=0 then data sets 
are uncorrelated. Also if r is higher than 1, 
then the two data sets are uncorrelated.[3] 

Experiment 

Table 1: Runtimes  of Microcontroller 

scanning 

S/N EXPECTED 

MCU RUN 

TIME  

RUN TIME 

FROM 

PROCURED 

MCU 

1 3SEC 4MS 3SEC 30MS 

2 3SEC 4MS 3SEC 39MS 

3 3SEC 3MS 3SEC  14MS 

4 3SEC 4MS 3SEC 20MS 

5 3SEC 3MS 3SEC 20MS 

6 3SEC 4MS 3SEC 19MS 

7 3SEC 5MS 3SEC 22MS 

8 3SEC 5MS 3SEC 19MS 

9 3SEC 4MS 3SEC 20MS 

10 3SEC 3MS 3SEC 21MS 

 

Experiment Description 
     The table above gives the dataset samples 
collected from 10 read times of code stored in 
two microcontrollers. The first, a trusted one 
that forms the basis of comparison of newly 
procured equipment microcontrollers. 
     The microcontroller under test is plugged 
into a hardware programmer which is then 
connected to an interface which is the PC. The 
programmer software is opened on the PC and 
IC manufacturer selected from the list menu. 
From manufacturer, particular chip is selected. 
The microcontroller used for this experiment is 
a medium grade (16F887). “F” added to the 
range “16” signifies it is of flash type which 
means its content can be erased and chip 
reprogrammed, hence it is preferred for 
prototyping. The chip is a 40 pin IC.  

Result 

Correlation coefficient of dataset is taken to 
know internal similarity of data contained 
within embedded chip. 
1000 milliseconds  = 1s 
MEAN Xi 
=3004+3004+3003+3004+3003+3003+3004
+3005+3005+3004+3003 
     10 
30039/10  =3003.9 
Variance of dataset{xi} 

S
2

xi  = 1  Ʃ(xi-x)2 

 N-1 

=(3004-3003.9)
2
 +(3004-3003.9)

2
+(3003-

3003.9)
2
+(3004-3003.9)

2
+(3003-

3003.9)2+(3004-3003.9)2+(3005-
3003.9)2+(3005-3003.9)2+(3004-3003.9)2 
+(3003-3003.9)2

  =4.9/9 =0.5444 

Standard Deviation Sx  =    S
2

xi    =     
0.5444  =0.73783467 
Mean of Data set yi  = 
3030+3029+3014+3020+3020+3019+3022+
3019+3020+3021 
10 
=30214/10  =3021.4 

Variance of y= S
2

yi  = 1  Ʃ(xi-x)
2
 

 N-1 

(3030-3021.4)
2+(3029-3021.4)2+(3014-

3021.4)2+(3020+3021.4)2+(3020-
3021.4)2+(3019-3021.4)2+(3022-
3021.4)2+(3019-3021.4)2+(3020-
3021.4)2+(3021-3021.4)2

  

  =202.44196/9 =  22.494 
  Sy  =    S2

yi    =     22.494  = 
4.74278399 

Covariance of dataset {xi} and {yi} 

 r
2
  = 1  Ʃ(xi-x) (yi-y) 

      N-1  

Variance of x variance and of y= S
2

xi   X  S
2

yi  

0.5444 x22.494  =11.247 
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Correlation coefficient:  r=  1  Ʃ(xi-x) (yi-y)       
   N-1    SxSy 

=(3004-3003.9) (3030-3021.4)+ (3004-
3003.9)(3029-3021.4) +(3003-3003.9) (3014-
3021.4)+ (3004-3003.9) (3020+3021.4) + 
(3003-3003.9) (3020-3021.4) +(3004-
3003.9)(3019-3021.4) + (3005-3003.9) 
+(3022-3021.4) + (3005-3003.9) (3019-
3021.4) + (3004-3003.9)(3020-3021.4) + 
(3003-3003.9) (3021-3021.4)/   3.5 
=(0.1)(8.6)+(0.1)(7.6)+(-
0.9)(7.4)+(0.1)(1.4)+(-0.9)(1.4)+(0.1)(2.4) 
+(1.1)(0.6) + (1.1)(2.4)+(0.1)(1.4)+(-0.9)(0.4) / 
3.5  =-2.84/3.5 = -0.8 

 

Result Discussion 

     The correlation coefficient measures the 
degree of relationship between two variables. 
In the experiment above variable x is used to 
represent the  expected readings from a normal 
behaving microcontroller while variable y is 
used to represent the reading from a newly 
procured equipment microcontroller. 
      To accurately measure the relationship, 10 
read times were collected as dataset for each 
microcontroller. The mean, standard deviation, 
variance, of each dataset was calculated and 
used as input for the correlation coefficient. 
The correlation coefficient is  -0.8 
      A negative correlation coefficient means 
that for the two variables x and y, an increase 
in x is associated with a decrease in y. 

Summary 
     Pearson correlation coefficient  analysis 
compares data sets of previously store expected 
behavior as documented or received from trust 
agreement and data set of procured 
equipments.  
Linear correlation 

  
If r =1, then the two data sets are said to be 
perfectly positively correlated and that the 
amount of yi-yj is always in fixed proportion to 
zi-zj. If r=-1, then the two data sets are 

perfectly negatively uncorrelated that is; if 
yi>yj, then zi<zj. Finally, if r=0 then data sets 
are uncorrelated. 

  

Conclusion  

     Correlation analysis is used to detect 
hardware backdoor  by finding the relationship 
between the read time of Microcontrollers in a 
newly procured equipment and Trust 
Agreement based Microcontroller with an 
expected behavior. The result shows that 
Correlation of -0.8 is out of the acceptable 
range. We therefore conclude that although the 
two codes perform the same function, chip type 
and memory being equal, the presence of 
suspicious extra code is determined by finding 
the correlation coefficient of dataset of their 
read times. This brings to the fore the need to 
be security conscious with respect to combat 
and combat service equipments. The 
procurement of computerized weapons with all 
of its advantages over the enemy, can have 
adverse effect if not monitored with only 
performance tests are relied upon. 
-Procurement policy presently practiced by 
Nigerian Army ensures availability without 
security considerations. Hence the overall 
system cannot be said to be dependable. 
 

Recommendations 
     It is recommended that  
1. Hardware backdoors are set to be triggered 
during functional tests of new equipment hence 
Microcontroller of procured equipment  should 
be tested even before performance and 
functional tests. 
2. Tested devices that fail the hardware 
assurance test must not be put to use until 
compromised parts are replaced. 
4.The recent purchase of T72 tanks and the 
RM70 with huge advantage of being 
computerized and capable of detecting the 
enemy must be scanned for backdoor and 
Trojan and must pass both performance and 
security assurance tests. 
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Abstract 
The quality of the results collections, displayed to users of web search engines today still 

remains a mirage with regard to the factors used in their ranking process. In this work we 

combined page rank crawling method and depth first crawling method to create a hybridized 

method. Our major objective is to unify into one search system, the page rank method and the 

depth first crawling method to get into crawling the web at an efficient rate for a better recall 

and precision. The page ranking and depth first systems respectively are aimed at producing 

increase recall and ranking backlinks of a query to a matched document. The unification now 

is to help produce additionally, the most authoritative pages in a search result, thereby 

increasing the precision thereof. The methodologies adopted are the document and query 

likelihood models. Documents or corpora of known measures in query types, recalls and 

precision from the Text Retrieval Conference (TREC), the Initiative for Evaluation of XML 

retrieval (INEX) and REUTERs collection, were used as work bench for evaluation of the 

system. The results obtained showed significant improvement from results if implemented 

using the depth-first method and page ranking method as a single entity. 

 

Keywords:PageRank, Authoritativeness, Outbound link, Inbound link, Depth-First,crawling. 

______________________________________________________________________ 

I. INTRODUCTION     

     The web creates new challenges for 
information retrieval. The amount of 
information on the web is growing rapidly, 
as well as the number of new users 
inexperienced in the art of web research. 
Search engines that rely on keyword 
matching usually return too many low 
quality matches. Search engine strive to 
retrieve information as relevant as possible. 
One of the building blocks of search 
engines is the crawlers. A web crawler is a 
program that goes around the internet 
collecting and storing data in a database for 
further analysis and arrangement [1]. The 
process of web crawling involves gathering 
pages from the web and arranging them in 
such a way that the search engine can 
retrieve then efficiently. 
Many papers written in the web 
information retrieval (IR) field utilize their 
own web crawlers to crawl, index, and 

analyze contents (including hyperlink texts) 
of the pages and network structure of the 
web. Sometimes a search function to return 
relevant pages to the users’ queries is also 
provided. Crawler and search function are 
considered to be the fundamental 
components of a search engine, and each 
has its own research challenges and 
problems. Web crawler, also known as 
spider or robot, is responsible for fetching 
pages, parsing hyperlinks, managing crawl 
queue, and indexing contents of the pages. 
Some of the real working crawlers like 
IRLbot, Mercator, Polybot, iRobot, 
UbiCrawler, and Googlebot provide good 
documentations on their designs and 
implementations. However, the 
descriptions are still too general to make 
any reproduction effort possible. Search 
function is an interface between a search 
engine and users. This function receives 
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users’ queries and returns relevant pages to 
the queries. The pages usually are sorted 
according to some criteria. The most basic 
criterion is Boolean match between 
contents of the pages and words in the 
queries. More advanced mechanisms use 
hyperlink structure of the web graph (e.g., 
PageRank, HITS, and Salsa), anchor text 
information, and user-click behavior to 
determine ranking of the relevant pages. 
The controlled nature of web content 
presents additional challenges to web page 
classification as compared to traditional 
text classification, but the interconnected 
nature of hypertext also provides features 
that can assist the processOgban et al. [2]. 
Classification plays a vital role in many 
information management and retirieval 
tasks. On the web, classification of page 
content is essential to focused crawling, to 
the assisted development of web 
directories, to topic specific web link 
analysis, and to analysis of the web 
structure. 

 

2.0 General review and problem         

definition 
     Page classification also known as web 
page classification is the process of 
assigning a page to one or more predefined 
category labelOgban et al. [2]. The field is 
often posed as a supervised learning 
problem [3] in which a set of labelled data 
is used to train a classifier which can be 
applied to label future examples. Retrieval 
of desired text information and 
understanding of search results is a difficult 
task. The problem can be either that the 
information is misinterpreted because of 
natural language ambiguities or the 
information need can be imprecisely or 
vaguely defined by the user. This calls for 
improved automatic method for searching 
and organizing text documents so that 
information of interest can be easily 
accessed.  

 
2.1 Depth-first search (DFS) crawling 
     This is a crawler for traversing or 
searching tree or graph data structures. One 
starts at the root (selecting some arbitrary 
node as the root in the case of a graph) and 
explores as far as possible along each 

branch before backtracking. In depth-first 
search the idea is to travel as deep as 
possible from neighbour to neighbour 
before backtracking. What determines how 
deep is possible is that you must follow 
edges, and you don't visit any vertex twice. 
Depth first search crawling is a more useful 
search which starts at the root URL and 
traverse depth through the child URL. First, 
we move to the left most child if one or 
more than one child exist and traverse deep 
until no more is available. Here 
backtracking is used to the next unvisited 
node and processes are repaid in similar 
manner [3]. By the use of these algorithms 
authors makes sure that all the edges, i.e. all 
URL are visited once depth. It is very 
efficient for search problems, but when the 
child is large then this algorithm goes into 
an infinite loop. 
 
2.2 Page rank crawling 
     This web crawler determines the 
importance of the web pages in any web 
site by the total number of back links or 
citations in providing page [3]. The page 
rank of a provided web page is calculated 
as Relatedness between the web pages are 
taken into account by the Page 
     Rank algorithm. The web page whose 
number of input link is high is considered 
of more importance relative to other web 
page, i.e. interest degree of the page to 
another. When the number of input link is 
increased then interest degree of a page 
obviously also increases. Therefore, the 
total weighted sum of input links defines 
the page rank of a web page. Google is the 
famous search engine tool in page ranking 
algorithm. 
PageRank works by counting the number 
and quality of links to a page to determine a 
rough estimate of how important the 
website is. The underlying assumption is 
that more important websites are likely to 
receive more links from other websites. 

 
2.3 The Algorithms 
Depth First algorithm 
     This algorithm is used to crawl the open 
web or a selection of URLs of your choice. 
Its crawler starts at the root URL and 
traverse depth through the child URL. First, 
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it move to the left most child and then starts 
crawling from the first link or webpage it 
sees, if one or more than one child exist in 
the link, it traverse deep until no more is 
available and that’s the way it does it round 
till it exhaust all the links connected to the 
URL. It selectively seeks out pages that are 
relevant to a pre-defined set of topics which 
also are not well mapped. The topics are 
specified by using exemplary documents. 
Rather than collecting and indexing all 
accessible web documents to answer all 
possible ad-hoc queries, it analyzes its 
crawl boundary to find the links that are 
likely to be most relevant for the crawl, and 
traverse all regions of the web. Here 
backtracking is used to the next unvisited 
node and processes are repaid in similar 
manner. By the use of this algorithm 
authors makes sure that all the edges, i.e. all 
URL is visited once in every breath. It is 
very efficient when a particular section of 
the web needs to be crawled. 
 
Depth first algorithm: 
1.       Given root set of distinct URLs 
2.  Move to the depth of the web 
3. Put the root URLs in a (priority)                   
queue 
4. Check for the lrftmost link 
5. Take the leftmost URLx out of the 
queue 
6. Extract all the webpages in x 
7. Mark x as visited 
8. Check for URLx leftmost child y 
9. Extract all the web pages in y 
10. For each URL y within x 
11. Extract every possible web page 
12. If any y hasn’t been visited 
13. Return 8 

 

 

 

Page Rank algorithm 

     Is the most commonly used algorithm 
for ranking the various pages.This 
algorithm determines the importance of the 
web pages in any web site by the total 
number of back links in providing page. 
Page ranking crawler carefully decides 
which URLs to scan and in what order to 
pursue based on the intuition that relevant 
pages often contain relevant links. It 

searches deeper where relevant pages are 
found, and stop searching at pages not as 
relevant to the topic. The page ranking 
crawler traverse the web selecting out 
relevant pages to a predefined topic and 
neglecting those out of concern.The Page 
Rank algorithm is based on the concepts 
that if a page contains important links 
towards it then the links of this page 
towards the other page are also to be 
considered as important pages. The web 
page whose number of input link is high is 
considered of more importance relative to 
other web page, i.e. interest degree of the 
page to another. When the number of input 
link is increased, then interest degree of a 
page obviously also increases. Therefore, 
the total weighted sum of input links 
defines the page rank of a web page by 
Anurag et al. 2014 [4]. 
Pseudo code of Algorithm 
If (page exists) 
{ 
Initialize level = 0; 
Compute pagepopularity(u) using the 
weight rank equation;//getting link with 
highest backlink 
Take the most ranked URLx 
(url_list=extract _urls(page);// extract all 
the urls from the page 
Mark x as visited 
{ 
From x 
Get the child URLy with highest backlink 
Extract URLy( ); extract contents of y from 
web 
} 
For each hyperlink URLy within x{ 
Visit any y that hasn’t been visited 
Extract URLs; until exhausted; 
Return to parent URL using self loop check 
 } 
{ 
calculate relevance of the page using 
equation for the measures of relevance; 
If (page is relevant) { 
relevantpageDB = page;// put page into 
relevant page database 
 } 
Else { 
computeLinkScore(u)using URL classifier; 
insert irrelevant page(v) according to link 
score 
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irrelevantTable.insert(v), LinkScore(v));} 
} 
}  
 

3. Methodology 

     A good document is a good match to a 
query if the document model is likely to 
generate the query, which will in turn 
happen if the contains the query words 
often. This approach thus provides a 
different realization of some of the basic 
ideas for document ranking which could be 
applied through some acceptable rules: 

i. A document or zone (Topic, Abstract and 
Introduction etc) that mentions a query 
term more often has more to do with that 
query and should therefore receive a higher 
score in ranking. 

ii. The exact ordering of the terms in a 
document is ignored but the number of 
occurrences of each term is material and we 
assign to each term in a document a weight 
for that term, which depends on the number 
of occurrences of the term in the document 
- term frequency 

iii. All terms are considered equally important 
when it comes to assessing relevancy on a 
query. 
The query Likelihood Model 
The original and basic method for using 
language models in IR is the query 

likelihood model . In it, we construct from 
each documentd  in the collection a 
language modelMd . Our goal is to rank 
documents byP(d|q), where the probability 
of a document is interpreted as the 
likelihood that it is relevant to the query. 
Using Bayes rule in this context, we have:  

 
(1) 

 
     P(q) is the same for all documents, and 
so can be ignored. The prior probability of 
a documentP(d) is often treated as uniform 
across alld and so it can also be ignored, 
but we could implement a genuine prior 
which could include criteria like authority, 
length, genre, newness, and number of 
previous people who have read the 
document. But, given these simplifications, 
we return results ranked by simplyP (q|d) , 
the probability of the queryq under the 
language model derived fromd . The 

Language Modeling approach thus attempts 
to model the query generation process: 
Documents are ranked by the probability 
that a query would be observed as a random 
sample from the respective document 
model. 

     Te most common way to do this is using 
the multinomial unigram language model, 
which is equivalent to a multinomial Naive 
Bayes model, where the documents are the 
classes, each treated in the estimation as a 
separate ``language''. Under this model, we 
have that:  

 

(2) 

 
For retrieval based on a language model 
(henceforth LM ), we treat the generation of 
queries as a random process. The approach 
is to 

1. Infer a LM for each document. 
2. EstimateP( q | Mdi ), the probability 

of generating the query according to each 
of these document models. 

3. Rank the documents according to 
these probabilities. 
The intuition of the basic model is that the 
user has a prototype document in mind, and 
generates a query based on words that 
appear in this document. Often, users have 
a reasonable idea of terms that are likely to 
occur in documents of interest and they will 
choose query terms that distinguish these 
documents from others in the collection. 
Collection statistics are an integral part of 
the language model, rather than being used 
heuristically as in many other approaches. 
 
 
 

4. The Hybrid Method 
     In enhancing the search engine, a hybrid 
method is formed. The hybrid method will 
now look for the leftmost child and start 
crawling from the links and web pages it 
sees, and the arrangement of the leftmost 
child is decided by the most relevant to the 
pre-defined topic. When it gets to that 
leftmost child, it now checks for the child 
with the highest number of back links and 
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starts its crawling from there and this it 
does down the deep web until no more 
links is available then it uses backtracking 
to come up again following from the next 
child it sees, then down again. Extra three 
major components were added to the 
architecture of the hybrid method as 
sketched in figure 1, the self-loop checker, 
search function and the content-filter.The 
self-loop checker is meant to check resolve 
cycles, while the search function does the 
web page grouping and the content filter 
accesses the links contents.  

4.1 The Hybrid Algorithm  
If (page exists) 
{ 
Initialize level = 0; 
From the root set of distinct URLs; 
Move to the depth of the web 
Put the root URLs in a (priority) queue 
Take the leftmost URL x out of the queue 
Extract all the web pages in x 
Mark x as visited 
{ 
Compute pagepopularity(u) using the 
weight rank equation;// get link with 
highest backlink from child links 
Start crawl from URL y with highest 
backlinks 
(url_list=extract _urls(page);// extract all 
the urls from the page 
Mark y as visited 
{ 
For each hyperlink URL y within x; 

If any y hasn’t been visited; 
Extract URLs; until exhaust; 
Return to parent URL using self loop check 

} 
For each URL not linked (not well mapped) 
{ 
Compute unlinked URL (v) using the 
content filter// queue similar links by 
checking the URLs content 
Extract URL m( ); // extract contents of 
unlinked URL (v) 
For (extract URLm; exhaust)// continue 
until you exhaust the links 
Return to seed URL using self loop check 
  } 
 { 
calculate relevance of the page using 
equation for the measures of relevance; 
If (page is relevant) { 
relevantpageDB = page;// put page into 
relevant page database 
 } 
Else { 
computeLinkScore(u)using URL classifier; 
insert irrelevant page(v) according to link 
score 
irrelevantTable.insert(v), LinkScore(v));} 
} 
{ 
Arrange relevant pages; 
implement search function;  
index extracted URL in categories; 
cats=sorting.queryFacet("category") 
sort in grouping order 

}  
} 
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Fig 1 Architecture of the Hybrid 

 

5.0. Results 
     Several results were produced from the 
series of data inputs. Documents or corpora 
of known measures in query types, recalls 
and precision from the text retrieval 
conference (TREC), the Initiative for 
Evaluation of XML retrieval (INEX) and 
REUTERs collection, were used as work 
bench for evaluation of the system.A 
collection of ten (10) queries were 
formulated for input into the web search 

engine considered in the study. The total 
number of matches found (TMF) and the 
total pages relevant to the query type (TPR) 
is as tabulated.  
 
Table 1: Showing the average results (in 
thousands) of ten categories of queries (10 
queries in each category)  
administered to the three search engines 
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Showing the results of ten categories of 
queries administered to the three algorithms. 
TMF stands for Total match found 
TPR stands for Total pages relevant  
The page rank and the depth-first crawling 
methods tops in the number of matched 
document (increase in recall), the hybrid 
method system is however, less in recall. But 
in actual collection of total pages relevant to 
the given query, the hybrid method tops as 
shown in the table 2; followed by the page 
ranking before the depth first ranking.  

However, comparatively the number of pages 
found relevant by weighting, ranking and 
other measures proves to be more advantage 
to our system. Here the total matches so 
found are less than other search engines and 
yet, the number of relevant documents so 
filtered is triple the other search engines as 
shown in table 2.  
Table 2.Showing the comparative average 
results (in thousands) of tens categories of 
queries (10 queries in each category) 
administered to the three algorithms

. 

 
A second evaluation is to find the precision, recall and F-measures of the results given by: 
Precision = [{relevant documents} ∩ {retrieved documents}]    
   (3) 
          [{retrieved documents}] 
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Recall = [{relevant document} ∩ {retrieved document}]     
  (4) 
                        [{relevant documents}] 
F = 2.Precision .recall         
  (5) 
Precision + recall 
Table 3. Showing the calculated recall, precision and F-measure of table 2 above. 

 PAGE-RANK 
CRAWLING 

DEPTH-FIRST 
CRAWLING 

THE HYBRID 
CRAWLING 

Precision 0.02 0.024871 0.03    
0.032157 

0.15 0.14972 

Recall 40.21 40.206349 31.10 31.097087 6.68 6.678851 

F-measure 0.05 0.049711 0.06 0.064248 0.29 0.292875 

 
Table 3 shows the calculated recall, 
precision and F-measure of the gathered 
result. The calculation still keeps our 
system (The Hybrid method) at the top of 
the measures in the case of the listed 
factors. 

Table 4.Comparison between page ranking 
crawling, depth-first crawling and the 
hybrid method 
 

Criteria Page ranking 

crawling 

Dept-first crawling The hybrid 

Precision Total pages relevant 
are less than that of 
the hybrid 

Has the least 
precision 

Proves to be in 
advantage to our 
system 

Recall  Has the highest 
number of match 
found 

Has a higher recall 
than the hybrid 

Has the least total 
match found 

Complexity  Less. Since this 
algorithm compute 
rank at indexing 
time. 

When the child is 
large, this algorithm 
goes into an infinite 
loop. 

Page rank handles 
the infinite loop 
system when the 
branches are too 
many. 

Relevancy  Important web 
pages are 
downloaded in 
limited time. 

Downloads more 
latest updated 
webpage than most 
other crawlers. 

Well suited for 
search problems 
because it involves 
both features. 

 

6.0 Conclusion 
     Our main goal is to improve the quality 
of web search engine. Before now, most 
people believed that a complete search 
index would make it possible to find 
anything easily. Anyone who has used a 
web search engine recently can readily 
testify that the completeness of the index is 
not the only factor in the quality of search 
results. The merger of these two crawling  

 
techniques gives a clear perfect indication 
to a better collection. While the page 
ranking method is interested in the 
arrangement and number of relevant 
matches, the depth first method filters the 
hidden documents of the web that are not 
well linked to the site map for obvious 
reasons. But the hybrid method here is 
interested in the precision.  

_________________________________________________________________________ 
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Abstract 

Decision making is core to the success of any organization. Therefore, an organization 

requires effective system to be able to make effective and efficient decision. Genetic 

Algorithm as a class of evolutionary algorithm was used to solve the problem of sales 

forecasting using Ambrose Alli University water factory as a case study. The dynamic system 

development methodology (DSDM) was adopted in the study and deployment of this work. 

This was because it supports rapid application development. Java Script, PHP HTML, and 

MySql were the programming languages used to build the application. The results obtained 

were realistic in nature in the sense that at some months, negative results were forecasted. 

This served as a warning that there might be problem in the future. Therefore, the decision 

makers of the organisations were expected to put in more efforts to forestall negative sales 

during such periods. The result of this work also showed that forecast predictions using 

Genetic Algorithm were found to be more accurate and effective when compared to other 

forecasting methods like the moving average and linear approximation method. The 

prototype software developed is hereby recommended for decision makers in organizations 

like water factories, breweries, supermarkets etc. which can enable them make more effective 

and efficient decisions.   

 
Keywords: Genetic Algorithm, forecasting, decision making. 
___________________________________________________________________________ 
 

1.0 Introduction 

     Advances in information technologies 
are allowing organizations to automate key 
business processes in an effort to increase 
throughput and reliability while reducing 
risk. The success of the venture is highly 
dependent on the availability  of 
generalized decision making system that 
are not just able to reliably replicate the 
human decision making system process, 
but do so in an explainable, transparent 
fashion. Decision making system in an 
organization is one such high volume 
application domain where intelligent 
automation can be highly beneficial, and 
reliability and transparency of decision-
making are critical. Decision making is 
core to the success of any organization. 

Therefore, an organization requires 
effective system to be able to make 
effective decision. In another perspective, 
decision making system should be readily 
accessible to the decision makers. Several 
research works have been carried out in 
developing applications for decision 
making using algorithms that can optimize 
decision making activities.   
     Decision making can be regarded as the 
mental processes (cognitive process) 
resulting in the selection of a course of 
action among several alternative scenarios. 
Every decision making process produces a 
final choice[1]. The output can be an action 
or an opinion of choice. Human 
performance in decision terms has been 



 

West African Journal of Industrial and Academic Research December 2016  Vol. 17                         45 

the subject of active research from several 
perspectives. From a psychological 
perspective, it is necessary to examine 
individual decisions in the context of a set 
of needs, preferences an individual has and 
values they seek. And from a cognitive 
perspective, the decision making process 
must be regarded as a continuous process 
integrated in the interaction with the 
environment. Again from a normative 
perspective, the analysis of individual 
decisions is concerned with the logic of 
decision making and rationality and the 
invariant choice it leads to[2}.  
     Yet, at another level, it might be 
regarded as a problem solving activity 
which is terminated when a satisfactory 
solution is reached. Therefore, decision 
making is a reasoning or emotional 
process which can be rational or irrational 
and can be based on explicit assumptions 
or tacit assumptions. Logical decision 
making is an important part of all science-
based professions, where specialists apply 
their knowledge in a given area to making 
informed decisions. For example, medical 
decision making often involves making a 
diagnosis and selecting an appropriate 
treatment. Research using naturalistic 
methods shows, however, that in situations 
with higher time pressure, higher stakes, or 
increased ambiguities, experts use intuitive 
decision making rather than structured 
approaches, following a recognition 
primed decision approach to fit a set of 
indicators into the expert's experience and 
immediately arrive at a satisfactory course 
of action without weighing alternatives[3]. 
Recent robust decision efforts have 
formally integrated uncertainty into the 
decision making process. However, 
Decision Analysts recognized and 
included uncertainties with a structured 
and rationally justifiable method of 
decision making since its conception in 
1964

[3]
. 

     Evolutionary Computing is the 
collective name for a range of problem-
solving techniques based on principles of 
biological evolution, such as natural 
selection and genetic inheritance.  These 
techniques are being increasingly widely 
applied to a variety of problems, ranging 

from practical applications in industry and 
commerce to leading-edge scientific 
research[4]. 
      Evolutionary algorithms have proven 
highly effective for achieving optimal or 
near-optimal solutions to many complex 
real world optimization problems. An 
Evolutionary algorithm uses some 
mechanisms inspired by biological 
evolution such as: reproduction, mutation, 
recombination, and selection. Candidate 
solutions to the optimization problem play 
the role of individuals in a population, and 
the fitness function determines the 
environment within which the solutions 
“live”

[5]
. Evolutionary algorithms often 

perform well approximating solutions to 
all types of problems because they ideally 
do not make any assumption about the 
underlying fitness landscape. This 
generality is shown by successes in fields 
as diverse as engineering, art, biology, 
economics, marketing, genetics, operations 
research, robotics, social sciences, physics, 
politics and chemistry

[6]
.  

     In artificial intelligence, an 
evolutionary algorithm (EA) is a subset of 
evolutionary computation, a generic 
population-based mate-heuristic 
optimization algorithm[7]. An EA uses 
some mechanisms inspired by biological 
evolution: reproduction, mutation, 
recombination, and selection. Artificial 
evolution (AE) describes a process 
involving individual evolutionary 
algorithms; EAs are individual 
components that participate in an AE[8] 
     A genetic algorithm (GA) is a search 
heuristic that mimics the process of natural 
evolution. This heuristic is routinely used 
to generate useful solutions to optimization 
and search problems. Genetic algorithms 
belong to the larger class of evolutionary 
algorithm (EA), which generate solutions 
to optimization problems using techniques 
inspired by natural evolution, such as 
inheritance, mutation, selection and 
crossover[4]. Genetic Algorithms have been 
used to solve many different types of 
business problems in functional areas such 
as finance, marketing, information 
systems, and production/operations. 
Within these functional areas, genetic 
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algorithms have performed a variety of 
alications such as tactical asset allocation, 
job scheduling, machine-part grouping, 
and computer network design[6] (Darrell et. 
al, 1995). Applying the well-established 
decision processing phase model of

 
 

Simon[9] Genetic Algorithms (GA) appear 
to be very well suited for supporting the 
design and choice phases of decision 
making[8]. 
     Models for tactical asset allocation and 
international equity strategies have been 
improved with the use of genetic 
algorithms. They report an 82% 
improvement in cumulative portfolio value 
over a passive benchmark model and a 
48% improvement over a non- genetic 
algorithm model designed to improve over 
the passive benchmark[10]. 
     Distributed computer network 
topologies are designed by a genetic 
algorithm, using three different objective 
functions to optimize network reliability 
parameters, which include diameter, 

average distance, and computer network 
reliability. The genetic algorithm has 
successfully designed networks with 100 
order of nodes[11]. 
     Therefore this work set out to develop a 
sales forecasting platform using Genetic 
Algorithm for more efficient and effective 
decision making which can be used in 
factories and industries. 
 

2.0 System Design and Methodology 

     The following approaches were used to 
realize the set out objectives of the 
researchers 

i.      System deployment architectural design 

ii. High level model design of the proposed 
system 

iii.      Web programming languages for 
translating the designs into reality 
(JavaScript, PHP, HTML and MySQL) 

iv. Dynamic System Development 
Methodology (DSDM) as the software 
development method. 

 

2.1 The system deployment architecture 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

Figure 1. System Deployment Architecture 

 
     Figure 1 depicts the system deployment 
architecture. It is designed to make use of 
2-tier client server architecture. The aim of 
this is to distribute the system between the 
client and the server end. This is to ease 
the burden of computation from the mobile 
phone. It is commonly known that mobile 

phones have less computational power to 
handle such massive algorithm. Therefore, 
the server handles most of the 
computation, leaving the mobile phones to 
make request and display the result. The 
data and the application logic reside on the 

Smart 

Phone 

 

Laptop 

 

PDA 

 
Wireless Cloud  

 

Network 

Firewall 

1. Web Server 

(WAMP Server) 

2. Developed 

Application 



 

West African Journal of Industrial and Academic Research December 2016  Vol. 17                         47 

server while the system interfaces are used 
via the client devices like mobile phones. 

 

2.2 Pseudocode of the Genetic 

Algorithm Used 

     Standard algorithm applies genetic 
operators such as selection, crossover and 
mutation on an initially random population 
in order to compute a whole generation of 
new strings[12]. 
1.  Start with values for a period of 1 
year each with l-bit of values. 
2.  Calculate the fitness f (x) of each 
sales value for the period (in thousands). 
3.  Choose, based on fitness, two sales 
values from the given period of sales (n) 
above.  

4.  Use a random process to determine 
whether to perform simulation on the 
values, if so, refer to the output of the 
simulated values as the sales. If not, 
simply refer to the sales as the sales. 
5.  Compute the sales values with least 
square regression model for each bits. 
6.  Put the two values into an empty 
set called the new sales values (sales 
forecast values). 
7.  Return to Step 2 until all the 
monthly sales forecast is done. Then 
replace the old sales with the new sales 
and then return to Step 1. 

 

2.3 The high level model of the system 
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  Figure 2 shows the high level model of 
the system. The first menu is the  

 
 
 
 
Administrator login. Here the Admin login 
to the system by supplying his user name 
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Figure 2: High Level Model of the Developed System 
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and password parameters. If the user name 
and password matches the parameters in 
the database, the system grants the Admin 
access to the Admin control panel.  In 
Admin Control Panel, the Administrator 
creates and documents users information 
and these are eligible users that can use the 
system. After a user has been successfully 
created by the Administrator, such a user 
is now eligible to use the system. This 
takes the user to the users login menu. In 
the users login menu, users login to use the 
system by supplying their username and 

password. If the username and password 
matches the record in the database, it gives 
room to the main menu where we have 
details such as; load previous years sales. 
The previous sales are loaded into the 
system in CSV (Comma Separated Value) 
format¸ followed by forecast next yr sales. 
The sales for next year is forecasted after 
loading in CSV format. When forecasting 
is complete, the user logs out of the 
system. The process is illustrated in table 
1. 
 

 

Table 1 :  Sample sales data for Bottled Water in Ambrose Alli University (AAU) Water 
factory 

Month 2013 Sales (thousand) 2014 Sales (thousand) 

January 125 180 

February 132 200 

March 115 210 

April 137 220 

May 122 230 

June 130 240 

July 141 245 

August 128 250 

September 118 255 

October 123 260 

November 139 270 

December 133 275 

 

Source: AAU Water Factory 
 
Table 1 shows a sample of sales history for 
the period of 12 months (January-
December 2013 and January-December 
2014) of a particular product (Bottle 
Water) 
 

3.0 System Implementation 

     The results obtained from this research 

work are in two forms: 

i. The software prototype 
development 
ii. The output result from the 
computation made using the genetic 
algorithm approach 
 

3.1 Running Client Application 

(a)      Establish a connection to the intranet 
via a wireless cloud named “forecast 
wireless” using any client device with 
built-in wireless LAN adapter. 

(b) Run web browser software like Mozilla 
Firefox, Internet Explorer, Opera, Opera 
Mini installed on the O.S. of your client 
device. 

(c) Locate the Uniform Resource Locator 
(URL) address bar, type the address 
http://192.168.1.2/forecast and press the 
enter key to invoke the web application 
client end login interface as shown in 
figure 3. 
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Figure 3. Client-end Login Interface 

 
     
Figure 3 shows the Client-end login 
interface. This interface is necessary due to 
the sensitive nature of sales information. 
There is need for security measures to be 
put in place to ensure the integrity of the 
data contained on the database. And to this 
end, user’s authentication was 
implemented. Clients are required to enter 
their username and password parameters. 
The username and password is compared 
with what it has on the database and if the 
username and the corresponding password 

does not match with the username and 
password in the database, the system flags 
an error message indicating “Invalid 
username and/or password” and does not 
grant user access to the system. The user 
either re-enters a correct username and 
password or log out. If on the other hand, 
the username and password satisfy the 
criteria, the user gains access to use the 
system.  
 

 

3.2 Using the Application from the 

Client-end 
     Using the application, the first thing is 
the “main menu interface”. The main 

menu of the  application consists of three 
functional modules, namely; Load 
Previous Years sales, Forecast Next Year’s 
Sales and Logout as shown in figure  4.  

4.

 
Figure 4.  The developed application main menu interface 
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     Figure 4 shows the main menu 
interface, the Load Previous Years Sales 
module help to load previous sales data 
into the system while the Forecast Next 
Year’s Sales performs the forecast using 
Genetic Algorithm and the result is 
displayed on the screen.  The logout 
modules logs users out when they are 
through with using the system. 

  

3.3 Load Data Interface (Previous 

Years Sales) 
     The Load data interface receives 
previous years’ sales history into the 
system from the user through the interface 
as shown in figure 5. 

 
 

Figure 5.  Load Data Interface 

 
     Figure 5 shows the load data interface. 
Here the previous sales history that will be 
used for forecasting is loaded into the 
system. When a user clicks on the browse  

 
option, the Previous years sales is located 
from the sub folder: 
C:\wamp\www\forecast\sales history. 
 

 

Figure 6. A display of the Output Result 

of the forecast 

 

4.0 Results and Discussions 

4.1 Forecast Next Year’s Sales 

Module 

      The forecast next year’s sales actually 
forecasts the sales using previous sales 
data already loaded using genetic 
algorithm computation approach and 
displays the results immediately onthe user 
mobile  device screen as shown in figure 6
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. 

 

Figure 6. A display of the Output Result 

of the forecast 

 

 
4.0 Discussion 

     The results obtained as seen in (figure 6) 
are able to give precise forecast due to both 
the mathematical and the scientific 
approaches applied. 
     Furthermore, the system is able to make 
inference using the existing sales 
information in the database. In addition, the 
system does not depend on human opinion 
but rather depends on its expert knowledge 
through the process of the genetic algorithm 
that has been applied. 
     The new system therefore targets mobile 
platform, which implies that the complex 
algorithm can be implemented on a mobile 
device. The algorithm which was developed 
relies on previous sales history to 
predict/forecast sales. This is done by 
selecting the fittest sales records i.e. records 
that occur more often in the sales history. 
The algorithm is finally deployed to a 
mobile device for quick and remote decision 
making.  
     Creating this type of application as 
standalone on a mobile phone will go a long 
way in reducing running cost and eliminate 

delay associated with client server 
connection. To achieve this, there is need to 
devise a framework that will ensure the 
application is tailored for mobile phones 
with limited processing and memory 
capabilities. Therefore, standalone 
application for sales forecast using 
appropriate models and frameworks is 
recommended for further study. 
 

5.0 Conclusion 
     Several research works have been carried 
out in the area of genetic algorithms, which 
include such researches in medicine, 
education but much attention has not been 
given to the field of forecast for business 
decision support applications. Therefore, 
this work focused on the application of 
effective and reliable algorithm in the area 
of decision making in ensuring the accuracy 
and effectiveness of the end results in 
factories and industries. The work applied 
genetic algorithms to solve the problem of 
more reliable decision making process for 
sales forecast in industrial organizations. 
     This work contributed to the body of 
knowledge by providing a new software 
solution for forecasting using genetic 
algorithm implementation on mobile 
computing platform in order to aid quick 
decision making

. 

 

___________________________________________________________________________ 
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Abstract 
The researcher has identified the security issues associated with e-commerce in Nigeria and 

proffered a solution by building a secured e-commerce platform for made in Nigerian goods. 

(www.madeinnigeiriagoods.com.ng), Risks associated with e-commerce in Nigeria motivated the 

researcher to embark on the work, with the objecting of providing a secured e-commerce for 

Nigerian goods. Rapid advancements in technology is allowing everyone to send and receive 

information and conduct transaction from anywhere in the world, Initially people used to share 

only information using the internet, but now this technology is used by all business areas such as 

marketing, buying and selling, which is called E-commerce, and this has come with lots of 

security issues: privacy, non-repudiation, dispatcher risk e.t.c, hence the researcher has taking 

concrete steps in identifying this issues and solution proffered. Since this work focused mainly on 

security issues, the researcher majorly used data on reported crimes cases from security agents 

and Nigerian communication commission in data analysis, and a detailed approach on solution 

of the identified threats has been presented. Object oriented structural design was used for the 

interface and coding, where extreme programming approach was adopted to ensure that each 

module of the coding was tested to ensure accurate result. WordPress and mysql was used for 

the front/back end. Getting to know the security issues and its solution will increases the overall 

growth and customers confident in E-commerce inNigeria 
     KEYWORDS: e-commerce, mobile commerce, online retail, internet and online selling  

____________________________________________________________________________________

 
 

Introduction 

     E-commerce is a type of business model for 
a small or larger business that enables a firm or 
individual to conduct business using electronic 
media such as internet. It can be divided into 
four major areas based on type of business and 
the parties involved in business. [1] They are 
business to business, business to consumer, 
consumer to consumer and consumer to 
business. This work explains E-commerce, 
importance of E-commerce, latest applications, 
advantages and draw backs. This is also 
explains in detail about current security issues, 
E-commerce threats, risks and privacy issues 
related to various areas of e commerce and 
proffered solution. 
 

 

 

 

Importance Of E-Commerce: 

     In e-commerce, time plays a vital role in both 
the businesses and consumers. From the 
business point of view, with less time spent 
during each transaction, more transaction can be 
attained on the same day. As for the consumer, 
they will save up more time during their 
transaction. Because of this, Ecommerce steps 
in and replaced the traditional commerce 
method where a single transaction can cost both 
parties a lot of valuable time. For example, a 
banking transaction can be completed through 
the Internet within a few minutes compared to 
the traditional banking method which may take 
up to hours. This fact clearly proves that 
Ecommerce is beneficial to both business and 
consumer wise as payment and documentations 
can be completed with greater efficiency. 
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Applications Of E-Commerce: 

     In recent times development of E-commerce 
applications is taking place rapidly. This is 
mainly due to the increased number of internet 
users and awareness of technology in people. 
Many people using internet to shop online, 
make bills payment and money transfers etc 
 

Advantages Of E-Commerce Applications: 

     People paying more attention to do electronic 
transaction using internet because of its 
ubiquity, that is they can do these from any 
place in the world at any time they wish. This is 
saving lot of time and effort and providing 
comfort.  The other important advantage of e 
commerce is the cheapest means of doing 
business. From the buyer's perspective also 
ecommerce offers a lot of real advantages. 
Reduction in buyer's sorting out time. 
Better buyer decisions 
Less time is spent in resolving invoice and order 
discrepancies. 
Increased opportunities for buying alternative 
products. 
 

Disadvantages Of E-Commerce: 

     However there are several benefits of E-
commerce applications, there are few limitations 
and risks involved in using those applications. 
The main disadvantage of E-commerce is the 
lack of a business model, lack of trust and key 
public infrastructure, slow navigation on the 
Internet, the high risk of buying unsatisfactory 
products, and most of all lack of security. It has 
a great impact on traditional business system. 
For example, telephone bill payment in 
traditional method was expensive and time 
consuming than the recent online payment. Of 
course, the recent online payment system is cost 
effective but, can't provide employment in the 
transportation system like traditional payment 
method. [2] So the major disadvantage of E-
commerce applications is, it perpetuates 
unemployment. In some way it can provide 
employment to few people like data base 
administrator, internet security providers etc. 
whereas privacy, security, payment, identity, 
contract comes under drawbacks of the e- 
commerce. 

 

E-Commerce In Nigeria  
     Despite the global popularity and growth of 
e-commerce, developingCountries like Nigeria, 
seem to be lagging behind. As a developing 
country,ICT is growing gradually in Nigeria, 
with Internet users making up 18.1% of the total 
population (Internet World Stats, 2012). This 
shows a considerable increase compared to 
users in 2006 (3.1% of total population). With 
more people becoming computer literate and 
open to adopting ICT usage, e-commerce is 
gradually gaining popularity among many 
Nigerians. However, previous studies have 
shown that e-commerce has not been fully 
adopted in the country. A study by Folorunso et 
al. (2006:2226) shows that 70% of the 
respondents surveyed had heard about 
ecommerce before, but only 32% had used it. 
This shows that, only a very small percentage of 
the sample surveyed actually used e-commerce 
(about 22%) and is evident in most researches 
done on e-commerce adoption in Nigeria. In 
order to understand reasons behind the low 
percentage of e-commerce users, Ajayi al. 
(2008:6) identify common e-commerce 
activities among users in Nigeria as products 
browsing (74%), products selection (56%), 
online payment (15%), offline payment (82%), 
checking results online (43%). From these 
percentages it is obvious that though consumers 
were interested in shopping online (by browsing 
online and selecting products), only a handful 
were actually making online payments (Ajayi et 
al., 2008). [3] 

 

Methodand Design 

     In order for the researcher to be able to 

implement a web based e-commerce 

administration site, the waterfall model was 

adopted to help in implementation. The 

waterfall model is the classical model of 

software engineering. This model is an activity 

centered process that prescribes that activities 

are executed sequentially. This model consists 

of five (5) distinct phases and for an activity to 

start in each phase, the activity or activities in 

the phase preceding it must finish completely 

before the next phase can be executed. This 

model is document intensive and produces at 
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least a document in each of its phases. The 

phases of the waterfall model are shown in the 

diagram below. 

 
Fig 1: water fall design model 

Scoping and planning  

This project was first planned and all 

requirements gathered, deliverable of each 

stage was taking into consideration.  

Conceptual design  
E-commerce model 

 

Development of methodology 
Development:  

While the front was done with word press, the 
backend database was done with mysql  , the 
designed also took into consideration of the 
security measure to ensure goods bought are 
delivered 

Identification Of Security Issues Concerned 

With E-Commerce In Nigeria 

     Since this work focused mainly on security 
issues, the researcher majorly used data on 
reported crimes cases from security agents and 
Nigerian communication commission in data 
analysis 
     In spite of its advantages and limitations in 
Nigeria e-commerce has got some security 
issues in practical. E-commerce security is 
nothing but preventing loss and protecting the 
areas financially and informational from 
unauthorized access, use or destruction. Due to 
the rapid developments in science and 
technology, risks involved in use of technology 
and the security measures to avoid the 
organizational and individual losses are 
changing day to day There are two types of  
important cryptography we follow for secured Fig 

2: e-commerce algorithm and process 

     E-commerce transactions. Symmetric 
(private-key) cryptography: This is 
an encryption system in which sender and 
receiver possess the same key. The key used to 
encrypt a message is also used to decrypt the 
encrypted message from the sender.Asymmetric 
(public-key) cryptography: In this method the 
actual message is encoded and decoded using 
two different mathematically related keys, one 
of them is called public key and the other is 
called private key. 
     To provide the maximum security using 
cryptography we target the following five areas: 
1. Integrity 
2. Non-repudiation 
3. Life risk 
4. Authenticity 
5. Confidentiality 
6. Privacy 
 

Integrity: 
     Integrity is nothing but message must not be 
altered or tampered with. There are several  
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chances for damage of data integrity in the E-
commerce area. Errors could take place when 
entering data manually. Errors may occur when 
data is being transmitted from one computer to 
another. Data could be modified or theft because 
of software bugs or viruses. Data could be lost 
due to the unexpected hardware damages like 
server or disk crashes. There is possibility of 
data loss due to the natural disasters like fire 
accidents. 
     There are many ways to minimize these 
threats to data integrity. We can maintain 
the Back up of our data efficiently by updating 
regularly. Modern technology provides us 
various security mechanisms to controlling 
access to data. We can improve the data 
integrity through designing user interfaces that 
prevent the input of invalid data, for example 
menu driven applications which allow user to 
choose particular they are looking for. We can 
use the error detection and correction software 
when transmitting data to develop integrity. 

 

Non-Repudiation: 

     Prevention against any one party from 
reneging on an agreement after the fact. For E-
commerce and other electronic transactions, 
including ATMs (cash machines), all parties to a 
transaction must be confident that the 
transaction is secure; that the parties are who 
they say they are(authentication), and that the 
transaction is verified as final. Systems must 
ensure that a party cannot subsequently 
repudiate (reject) a transaction. To protect and 
ensure digital trust, the parties to such systems 
may employ Digital Signatures, which will not 
only validate the sender, but will also 'time 
stamp' the transaction, so it cannot be claimed 
subsequently that the transaction was not 
authorized or not valid etc. 
 

Life Risk 
     Reports of dispatchers death has become 
common in recent times, many dispatchers has 
met their untimely death, in the hands of 
customers who refused to pay on delivery, 
taking advantage of pay  on delivery policy of 
some e-commerce sites. But instead of paying 
for the goods, they end up killing the dispatcher. 

 

Authentication: 

    In E-commerce, authentication is a process 
through seller validates the information 
provided by the buyer like credit card 
information. In this process verification of both 
the cardholder's identity and the payment card's 
details are checked. In E-commerce transactions 
sellers must be very careful and responsible to 
provide good payment authentication services. 
A well developed and implemented transaction 
authentication process will decrease the number 
of customer disputes and charged-back 
transactions. If the E-commerce website do not 
have the good authentication system could lead 
a great loss of both data and money. 
 

 Confidentiality: 

     Confidentiality is protecting our data from 
unauthorized users. That means whatever the 
data or information shared by the merchant and 
the customers should be accessed by those two 
parties only. No other should be able to access 
such data. To maximize the confidentiality we 
must follow good encryption and decryption 
methods, proper authentication and 
authorization procedures. We must use good 
antivirus or software error detections system. 

 

Privacy:  

     Privacy is a major concern in E-commerce 
area which tells the E-commerce user how long 
his or her personal information is going to be 
stored in web site owner's database, how safely 
they delete such personal information and what 
are the legal actions will be taken if the 
ecommerce website is misused. In online 
transactions, the website owner or service 
provider will have the ability to keep a record of 
all the purchases made by a consumer. Each E-
commerce website has its own privacy policy, 
as per the needs of the organization. So the 
customers must go through the privacy policy 
before they utilize E-commerce website for 
online shopping. Otherwise the customers have 
to phase big problem as the seller has the legal 
rights to take an action on customer for 
misusing their website. To get rid of this 
problem now a days we are able to use many 
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tools like filtering website with low privacy 
ratings 
     In the e-commerce security, some of the 
issues to be considered in this issue they are 
digital signatures, certificates, secure socket 
layers, firewalls. I will explain each and every 
concept with detail explanation. 
     Digital signature is an electronic signature 
that can be used to authenticate the identity of 
the sender of a message or the signer of a 
document, and possibly to ensure that the 
original content of the message or document 
that has been sent is unchanged. A digital 
signature can be used with any kind of message, 
whether it is encrypted or not, simply so that the 
receiver can be sure of the sender's identity and 
that the message arrived intact. 
     Digital certificate is an electronic "credit 
card" that establishes your credentials when 
doing business or other transactions on the Web. 
It is issued by a certification authority (CA). It 
contains your name, a serial number, expiration 
dates, a copy of the certificate holder's public 
key (used for encrypting messages and digital 
signatures), and the digital signature of the 
certificate-issuing authority so that a recipient 
can verify that the certificate is real. Some 
digital certificates conform to a standard, X.509. 
Digital certificates can be kept in registries so 
that authenticating users can look up other users' 
public keys. 
     In Security socket layer, Information sent 
over the Internet commonly uses the set of rules 
called TCP/IP (Transmission Control Protocol / 
Internet Protocol). The information is broken 
into packets, numbered sequentially, and an 
error control attached. SSL uses PKI and digital 
certificates to ensure privacy and authentication. 
The procedure is something like this: the client 
sends a message to the server, which replies 
with a digital certificate. Using PKI, server and 
client agree to create session keys, which are 
symmetrical secret keys specially created for 
that particular transmission. Once the session 
keys are agreed, communication continues with 
these session keys and the digital certificates. 
[4] 
     Some of the protecting networks are fire wall 
and proxy servers. Fire wall is to protect a 
server, a network and an individual PC from 

attack by viruses and hackers. Equally important 
is protection from malice or carelessness within 
the system, and many companies use the 
Kerberos protocol, which uses symmetric secret 
key cryptography to restrict access to authorized 
employees where as proxy servers (proxies) is 
a server (a computer system or an application 
program) that acts as a go-between for requests 
from clients seeking resources from other 
servers. A client connects to the proxy server, 
requesting some service, such as a file, 
connection, web page, or other resource, 
available from a different server. 

 

E-Commerce Security Threats: 

     However we follow security measures, there 
are is a chance of threats in several ways. We 
can classify such threats in to four types. 
1. Intellectual property threats: Some browsers 
use the information personally from a website 
without permission of the website owner. For 
example, music downloads, software 
pirating etc. To get rid of this problem website 
owners have to use secured authentication 
system 
2. Client computer threats: Sometimes client 
computers may impose for electronic threats 
like Trojan horse, viruses. Which enters the 
client computer without user's knowledge, steal 
the data and destroy or crash the client 
computer. To avoid these types of threats we 
need to use good antivirus system which should 
be updated regularly. The website owners 
should implement a strong privacy policy.  
3. Communication channel threats: As internet 
allows anyone to send and receive information 
through many networks. Data may be stolen, 
modified by unauthorized users of hackers. 
Hackers can develop software to steal the user 
Identification and pass words as well. Spoofing 
is another major threat while data is being 
transmitted electronically. Denial of service is 
also one of communication channel threat, 
where hackers' sends unlimited number of 
requests to the target server, which big number 
of requests may not be handled by the server. 
Obviously the genuine user will find websites of 
that server are always busy.[5] 
     We can overcome the communication 
channel threats using public key encryption and 
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private key encryption. We can also use proper 
protocols to get rid of communication channel 
threats. 
     Digital signatures are another way we can 
follow to minimize these kinds of threats. 
Where the actual message which we need to 
send is decrypted and bound with sender's 
private key and a signature is added to that will 
be send to the receiver. The receiver uses 
sender's public key and signature for decryption 
to see the actual message. [6] 
4. Server threats: Denial of service is a major 
threat for the servers, where hackers generate a 
program which sends many requests from the 
client side that cannot be handled by the server. 
Spamming is another important threat for the 
servers. To protect our server from the above 
threats we can use authentication for web 
access, digital signatures and firewalls. 
Firewalls check the incoming requests packets 
and if anything which does not match with the 
server related data, they simply reject those 
requests. 
     Some of the tools to achieve the security they 
are encryption, firewalls, security tools, access 
controls, proxy systems, authentication and 
intrusion detection. 

 

Develop Ent Of E-Commerce Security Plan: 

Perform a risk assessment 
Develop a security policy 
Develop an implementation plan 
Create a security organization 
Perform a security audit 
Firstly, security plan starts with risk assessment 
which means an assessment of the risks and 
points of vulnerability. Secondly, security 
policy is a set of statements prioritizing the 
information risks, identifying acceptable risk 
targets and identifying the mechanisms for 
achieving these targets where as in the 
implementation plan it will take to achieve the 
security plan goals. Thirdly, security 
organization educates and train users, keeps 
management ware of security threats and 
breakdown, and maintains the tools chosen to 
implement security. Lastly, security audit 
involves the routine review of access logs. 
 
 

-Commerce Model 
 

 
Fig 3: e-commerce model 

 

Materials Used 

     e-commerce is about combining three 
different systems: a Web server that can 
manage an online storefront and process 
transactions (making appropriate links to 
bank computers to check out people's 
credit card details), a database system 
that can keep a check of the items the 
store has in stock (constantly updating as 
people make orders and ideally making 
new orders with suppliers when stocks 
run low), and a dispatch system linked to 
a warehouse where the goods can be 
instantly located and sent to the buyer as 
quickly as possible. 
     Only the first of these three systems is 
strictly necessary for e-commerce. Many 
people successfully run small-scale 
online stores without either complicated 
databases or dispatch systems: they 
simply have a website to publicize their 
business and take orders and then they 
manage the stock control and dispatch in 
more traditional ways. Small traders who 
sell items on the auction website eBay 
often work in this way, for example. 
Their "databases" are in their head; their 
"dispatch system" is simply a walk to the 
local post office 
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Developed System    and Result 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4: develop system design 
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Managing Risk In E-Commerce: 

      To be able to manage the risk in E-commerce first step is identify the risk factor whether 
it is intellectual property threat, communication channel threat, client computer threat or 
server threat. Then we take a counter action against the relevant risk as explained above. If 
we don't do this regularly, E-commerce may mislead the customer because of the data 
stealing of modification. Customers and the website owners may lose valuable account 
numbers; pass words and  
Fig 5: Result of the developed system 
 
other personal information. As E-commerce is worldwide, it could lead for the global loss for 
both customers and sellers.[7] 

 

Summary 

     E-commerce is a type of business 
model for a small or larger business that 
enables a firm or individual to conduct 
business using electronic media such as 
internet. In e-commerce, time plays a vital 
role in both the businesses and consumers. 
E-commerce security is nothing but 
preventing loss and protecting the areas 
financially and informational from 
unauthorized access, use or 
destruction. Due the rapid developments in 
science and technology, risks involved in 
use of technology and the security 
measures to avoid the organizational and 
individual losses are changing day to 

day. In the e-commerce security, some of 
the issues to be considered in this issue 
they are digital signatures, certificates, 
secure socket layers, firewalls. To develop 
a security plan five major steps has been 
considered they are risk assessment, 
developing security policy, 
implementation plan, create a security 
organization and performing a security 
audit. [8]  
     With the implementation of solution 
offered by this research work, sellers and 
customers can now have a more secured e-
commerce site in Nigeria. 

 

___________________________________________________________________________ 
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Abstract 

A system supporting situation awareness (SA) in dynamic environment should not be a monolithic and coherent 

system but a system of systems (SoS), a large non-monolithic, distributed, heterogeneous system, built from 

multiple interacting sub-systems. Data in system of systems are stored in different repositories in a variety of 

formats to be correlated and analysed in real time, leading to rise in Big Data. The analysis of Big Data 

produces its real value by revealing hidden patterns and other useful information for situation awareness. This 

paper presents a model of retrieval and integration of structured and non-structured data from multiple 

heterogeneous systems (sources) in a system of systems that provides situation awareness. Hadoop platform is 

used to store and analyse Big Data in our SoS that provides situation awareness on campus safety and security. 

Keywords: Situation awareness, Big Data, System of Systems, Agile user-centred design, Hadoop Platform. 

 

 

Introduction  
   Situation awareness (SA) which involves 
collecting, aggregating, and interpreting 
information in order to know what is happening in 

the environment is a prerequisite for many humans, 
and organizations to make informed decisions and 
take appropriate actions [8].  
   Apart from directly observing the environment, 

additional, indirect sources of information can be 
used to help with the interpretation and 
understanding of the environment, e.g. historical 
information, extra information about actors in the 

environment, or public information in the news or 
available on the web [12]. 
   In most domains, computer-based support is 
indispensable for attaining good situation 
awareness. A support system for situation 
awareness helps with gathering, processing, and 
interpreting the vast amounts of relevant data [10]. 
Typically, such a system presents its output to a 

human operator. With the help of such a system the 
operator will get a better overview of what is 
happening, and, consequently, can make better 
decisions and take more effective actions. 

   A computer system for supporting good situation 
awareness in complex domains is not a monolithic, 
coherent system but a system of systems (SoS), a 
large-scale, non-monolithic, distributed, 
heterogeneous, complex system, built from 
multiple interacting sub-systems, which are 
complex, autonomous, independently operating 
systems themselves [8]. Such a system needs to 

perform many tasks, gather information from 
different sources at distinct locations, and interact 
with various stakeholders and other systems [12].  

   Data in SoS are Big Data stored in different 
repositories in a variety of formats [15] to be 
correlated and analysed in huge chunks of 

terabytes, petabytes, and zettabytes in real time. 
   Big Data creates enormous value for the global 
economy, driving innovations, productivity, 
efficiency and growth. Big Data represents a trend 

in technology that is leading the way to a new 
approach in understanding the world and making 
decisions [13]. It is currently building great 
relevance in areas such as scientific and medical 

research, credit risk analysis, security, marketing, 
management, etc. 
   Big Data collected requires adequate analysis as 
the real value of Big Data is the insights it produces 
when analysed. Big Data Analytics is the process 
of examining Big Data to reveal hidden patterns, 
unknown correlations and other useful information 
that can be used to have situation awareness from 

system of systems and to make better decisions [7]. 
   The application areas of Big Data are vast. They 
includes systems like the internet, cloud 
computing, security, military, energy, trade, 

transport etc.  
   The object of this paper is to present a model that 
uses Hadoop Big Data platform to integrate data 
from heterogeneous systems in a system of systems 
that provides situation awareness. The model uses 
Solr and Nutch search engines to retrieve structured 
data from systems databases and unstructured data 
from the web and analyse the data in a system of 

systems using Hadoop platform. The architecture is 
implemented in the domain of campus security and 
safety for proactive decision making and action 
taking.  
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   The remainder of the paper is as follows. The 
following section provides an overview of the 

background knowledge for the approach. We then 
present our design methodology and the system 
architecture and show how it can be applied in a 
problem domain, campus safety and security. The 

system architecture is evaluated from that 
application. Finally, the paper is summarized and 
concluded. 
 

I. Background 

   Big Data has become a driving force behind 
almost every interaction between individuals, 
businesses, and governments. Across many sectors, 

including banking, financial services, energy, 
healthcare, media, education among others, the 
exponential automation of business processes is 
enlarging the scope of data usage and analytics. 

Hashem et al [6] described Big Data as data sets 
with three aspects: Volume, Velocity and Variety, 
while Gartner [3], described Big Data as high 
volume, high-velocity, high-variety and highly 

complex information assets that demand cost 
effective, innovative forms of information 
processing for enhanced insight and decision 
making. Also, Big Data can be defined as data that 
exceeds the processing capability of conventional 
database systems. The data is too big, moves too 
fast, or does not fit the structures of conventional 
database architectures [7]. 

   Big Data creates enormous value for the global 
economy, driving innovations, productivity, 
efficiency and growth. Big Data represents a trend 
in technology that is leading the way to a new 

approach in understanding the world and making 
administrative decisions [13]. It is currently 
building great relevance in areas such as scientific 
and medical research, credit risk analysis, security, 
marketing, management, etc. 
   Big Data collected requires adequate analysis as 
the real value of Big Data is the insights it produces 
when analysed. Big Data Analytics is the process 

of examining Big Data to reveal hidden patterns 
[6], unknown correlations and other useful 
information that can be used to make better 
decisions. With Big Data analytics, data scientists 

can analyse huge volumes of data that conventional 
analytics cannot do [18]. High-performance 
analytics is necessary to process Big Data and as 
such, using high-performance data mining, 

predictive analytics, text mining, forecasting and 
optimization on Big Data guarantees maximum 
outcomes. 
   Many organizations seeking to collect, process 

and analyse Big Data make use of technologies that 
includes Apache Hadoop and related tools such as                
MapReduce, YARN, Hive and Pig. Hadoop is an 
open source framework for storing and processing 

large and diverse datasets across distributed 
systems.  
MapReduce is the basic data processing scheme 
used in Hadoop which includes two components, 

the Mappers and Reducers. Mappers read the data 
from HDFS, process it and generate some 

intermediate results to the reducers. Reducers are 
used to aggregate the intermediate results to 

generate the final output which is subsequently 
written to HDFS [16].  
   Woo [18] built a model in Nutch web search 
engine and Solr on Hadoop platform to collect web 

and local Big Data using J2EE. The data is 
collected in XML and integrated into local data 
base using Hadoop platform. The model integrates 
these heterogeneous data sources and retrieves 

information from the integrated database to provide 
situation awareness. The work of Woo [18] is 
closely related to an earlier work by Ashish et al 
[1]. Ashish et al [1] implemented Ebox system that 

provides integrated access to multiple 
heterogeneous data sources relevant to providing 
SA during emergency response situations. An 
operator of the Ebox system receives useful 

information from multiple sources at emergency 
situations. 
   Paik et al [12] constructed an enhanced Active 
situation awareness (ASA) framework for Big Data 

Analytics on social network data set. Hadoop, a 
distributed file system and data manipulation 
engine were placed under generic web service 
layer. The service layer provides logical service to 
carry out the function of the SA perception. 
   The work of Tannahill and Jamshidi [15] which 
is a bridge between system of systems and Big 
Data however, did not utilize the Hadoop platform. 

Data analytics tools like fuzzy interference, neural 
networks, PCA, and generic algorithm were used to 
reduce the size of Big Data to a manageable size, 
using the tools to extract information, build a 

knowledge base, and eventually develop a model of 
the Big Data to predict photovoltaic energy to 
assist in the optimization of a micro grid system of 
systems.  
   Similarly, He et al [7] proposes architecture with 
fixed objective procedures, as a data-driven 
solution, to conduct anomaly detection that will 
provide situation awareness using random matrix 

theory (RMT). The architecture is an application of 
Big Data into smart grids. The RMT framework 
provided a platform for the conduct of high-
dimensional analysis for real system with relatively 

moderate datasets. It also provides a natural way to 
decouple interconnected systems from data 
perspective. 
 

II. Agile User-Centred Design Process 

   The design combines Agile development 
methodology with User-centre design (UCD) using 
campus security and safety scenarios. Agile, user-

centred design and development method (Agile 
UCD) is an iterative and evolutionary development 
comprising of requirement analysis, design, 
prototype, and design evaluation [9]. Campus 

security and safety monitoring method, as 
instantiated in the institution’s security and safety 
control system, was developed within an agile 
development approach. The project was motivated 

by security and safety challenges resulting from 
students’ violence and lack of safety consciousness 
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in institutions of learning [10]. Throughout the 
project the solving of the practical issues remained 

core. Merging user-centred design within an agile 
approach is intuitively attractive given the user-
focused nature of both activities. Here there was no 
intention to strictly merge techniques from the agile 

and user-centred design methods but simply to 
emphasise the iterative, continuous nature of the 
engagement and learning. There were challenges in 
doing this because whilst UCD is user focused it is 

not naturally agile in nature [9]. 
   First there was an upfront requirement gathering 
stage for user-centred design that occurred before 
the software prototype development began. The 

object-oriented method was used to explore and 

model the requirements and the functional 
specifications of user system interactions to achieve 

a user-centred design. Scenario from campus 
security and safety situations formed the basis for 
the requirements analysis using the Unified 
Modelling Language (UML) [2]. In our 

requirements analysis, the functional and non-
functional requirements were analysed. Diary 
studies and persona development were used to 
understand the functional requirements of the users. 

For a complete analysis which includes non-
functional requirements, information from 
structured interviews, contextual inquiry and task 
analysis with universities security operators were 

used.  

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Functional and non-functional analysis. 

 
   
We performed contextual inquiry to better 
understand who the users were and their needs in 
terms of what tasks they needed to perform. 
Harmonization of the functional and non-functional 

requirements in order to have the requirement 
specifications that served as a roadmap for the 
design. 
   A persona was constructed and documented in 

scenarios of interaction, and functionalities detailed 
by use of use cases to describe the sequences of 
interactions between the user and the system to 

achieve a sub-goal in accordance to a user context 
of use. UCD naturally aims for a nearly complete 
set of requirements before development begins [14] 
but in this agile and user-centred design project 

requirements analysis was time boxed for short 
periods of time. As a result, this shortened the 
upfront UCD requirements process and, hence, 
small sets of requirements were derived from 

scenario-based systematic question-asking and Use 
Case analysis for each design iteration [4]. 
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   After the requirement analysis was completed, 
the next stage was the design stage, the iterative 

stage. At this stage we take decisions with campus 
security practitioners on which of the requirements 
will be implemented in a particular iteration and 
which requirements are moved to the next iteration. 

A conceptual design is produced, supported by 
UML to give form to the functional requirements, 
and features from the users’ view. The design 
produced an information architecture, and 

interaction standards development.  
 

III. System Architecture 
   The work proposes the model that searches and 

aggregates problems and solutions from multiple 
heterogeneous data sources (sub-systems). The 
model needs several processes. First is, selecting 
the data sources (systems) that deal with situations 

similar to the current situation.  
   In order to integrate data from multiple 
heterogeneous data sources, the system carry out 
two processes: data retrieval and data integration. 

Data retrieval collects data from the data sources 
and stores them into the third data source in a 
format specified. After data is collected, it is 
integrated into the system of systems Database, by 
converting them to the proper format of the 
Database.  
   Data integration processes are: first, to check if 
each data exists in the Database and then update 

data; second, to remove or combine duplicated data 

from the heterogeneous data from sub-systems 
[17], [5]. If the data is a large scale data that is 

more than tera-bytes or peta-bytes, Hadoop is used 
to store and compute the Big Data. The user 
receives situation awareness when the solution to 
the retrieved problem is adapted and updated. 

Situation awareness is defined as the situation that 
the user is alerted when the solution to the most 
similar situation is selected and updated. 
   Figure 2 illustrates the proposed architecture. It is 

mainly composed of web search engine, data 
retrieval/integration service, enterprise search 
engine, and web application service. The 
implementation of the model is done in open 

source tools and Application Program Interfaces, 
APIs. Since the data from multiple sources is Big, 
Apache Solr search engine is integrated with 
Hadoop platform to store and compute Big Data on 

HDFS and Hadoop core functions [18]. Solr and 
Fast search engine are used to search local 
Databases. Solr is an open source enterprise search 
engine on the Lucene APIs. Solr runs on servlet 

engine and has many features such as hit 
highlighting, faceted search, caching, replication, 
and a web administration interface. FAST [17] is 
an enterprise search engine and a product of 
Microsoft. After searching the data sources, the 
engine indexes data specified and stores indexed 
data into the search engines databases either as 
normal or abnormal. 

 
 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Architecture of Big Data SoS for SA 
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The system Searchable Data Generator periodically 
retrieves data from the databases and generates 
XML files. The XML files are posted to the Solr 
search engine and the search engine indexes the 

XML elements. Then, the indexed data are stored 
at the repository of the search engine. SA alert 
keeps the user’s contact information and interesting 
data. When the most similar situation’s solution is 

adapted and updated, SA alert sends an alert to the 
user. The system of system site has search 
functions that are built with Solr search APIs. 
Thus, when the user searches for solutions to 

problems by queries, the APIs request for search 
results. And, the search engine looks for the similar 
problems at the repository then it sends the 
response back to the user with the relevant search 

results. 
 

IV. Campus Safety And Security Situation 

Awareness 

   The university campus is primarily a learning 
environment. Activities such teaching, research, 
buying and selling take place on campuses, and 
involving various stakeholders. A challenging and 
important application area for situation awareness 
is Campus Safety and Security. In campus safety 
and security, the goal is to keep lives and properties 
on the safe and secure. 

   Keeping the campus safe and secure involves 
many aspects. First of all, students study and live 
on campuses. Many activities are carried out by 
students during official and non-official hours. 

Rules are set out for students and to adhere to. The 
authority monitors the day to day activities of 
students. Second, for effective science and 
technology training, laboratories in science and 
engineering departments contain volatile 
chemicals. There are rules on how the chemicals 
and the equipment should be handled by students 
and technicians. The chemicals are monitored. 

Reckless use of chemicals must be prevented and 
detected, and laboratories are regulated and 
guarded. Third, some students and staff reside on 
campus. Also, there are restaurants on campus. 

Cooking and other activities that involves fire are 
carried out by these groups.  University safety 
officers monitor the activities of everybody living 
on campus to prevent fire outbreak. Finally, arm 

robbery attack is a serious security threat to lives 
and properties in campuses. The campus also 
accommodates banks that could be attractive points 
to robbers. Effective surveillance activities on 

banks and campus entry points are maintained by 
security officers to prevent arm robbery attacks.  
   The various activities taking place on campus 
entail risks, threats, and potential dangers that may 

jeopardize safety and security. Maintaining campus 
safety and security is typically a task that is 
coordinated by the institution authority, working 
together with internal security officers, safety 

officers, police, state security service, and 
community leaders etc. The ultimate goal of these 

stakeholders is to maintain safety and security on 
the campus. Situations that have no effect on goal 
are classified as NORMAL, and situations that will 
affect goal is classified as ABNORMAL.  The first 

step is attaining situation awareness, i.e., knowing 
what is happening on campus, through anomaly 
detection.  
 

 

V. Anomaly Detection 
   A situation awareness system must support the 
surveillance operators in identifying and focusing 

on suspicious or abnormal situations, while 
filtering out normal situation as much as possible. 
Abnormal situations may indicate undesired or 
unlawful activities, risks, or threats. Examples 

include students violating institutional rules by 
holding clandestine meetings [11], students 
chanting protest slogans, sound of fire alarm, 
chemical smell around laboratories, strange 

movement of persons and vehicles on campus. The 
first example may indicate a cult activity, it may 
point to plans to boycott class due to administrative 
policies, but if the time of the meeting is not too 
late in the night and it is holding in a classroom or 
an expose place, then it probably is completely 
normal behaviour. In general, any meeting held in 
an unauthorised place, or that is held at an odd 

hour, is an anomaly. Of course, this depends on the 
group, e.g., a staff Christian fellowship meeting 
held at whatever time of the day or night is not 
abnormal, but a student group meeting is. Other 

examples of abnormal behaviour are movement of 
strange faces within the classroom and hostel areas; 
gun shoot sound in and around the campus.  
   Challenges for anomaly detection in the campus 
safety and security domain are long time frames. 
For some abnormal behaviours observations must 
cover a long time frame, e.g., a leakage of gas that 
will result to a potential explosion stretches over 

several hours before it is clear that an anomaly 
occurred.  
   The unique challenge faced on this project was 
data gathering from all the heterogeneous systems; 

violence monitoring system, fire monitoring 
system, chemical explosion monitoring system, and 
robbery monitoring system. The individual systems 
have sub-systems that also feed the system of 

systems. We therefore limit the discussion of 
results in this paper to data from sub-systems of 
violence monitoring system. The core functionality 
for anomaly detection in campus security is the 

monitoring and tracking of students’ movements 
and activities. The main source of information for 
students’ movements and activities tracking is the 
close circuit television (CCTV). Different 

locations, such as hostels, classrooms, libraries, 
shopping areas on campus are equipped with 
CCTVs. Messages from a particular location are 
interpreted depending on the activity going on in 

the area. Web sites of business houses, students, 
staff, and societies on campus provide CCTV 
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information. Other sources of useful information 
are visual observations, radio, and paid sites. 

 

VI. Discussions  
   Data from two systems, SS1 and SS2 are merged 
into the integrated system of systems SS3. 

Figure 3 presents solutions to a situation, direct 
threat to harm (DTH), retrieved from two systems 
and integrated in a system of systems. 
   Data of SS1 in table 1 has data format {local 

Code1, column 11, column 12, …., column 1l}. 
And, data of SS2 in table 3 has data format {local 
Code2, column 21, column 22, …., column 2m}. 

And, SoS Integrated data in table 2 has data format 
{SoS Code, list of local Codes, column 1, column 

2, …., column n}. The columns of data SS1 are be 
mapped to the columns of the SoS Integrated data 
as follows: [column 11 -> column 1, column 13 -> 
column 2, …, column 1l -> column n]. 

   Codes of Tables 1 and 3 are mapped to Local 
Codes of Table 2. Columns crisis, action, and actor 
of Tables 1 and 3 are mapped to the correspondent 
columns of Table 2 respectively. Effective level of 

Table 1 is mapped to Effect of Table 2. And, 
Approval rating of Table 3 is mapped to Approval 
of Table 2. 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
Analysing the three situations by experts, it was 
found that the solution extracted from the 
integrated situation in Table 2 was better for 

solving the current domain problem than that of 
Table 1 or 3. 
 

VII. Conclusion And Future Work  

   This work has shown a model of a system of 
systems that uses Hadoop Big Data Platform to 
integrate situations from multiple systems or 
sources. Retrieved information from the SoS 
integrated database provides operators with the 
required situation awareness to address safety and 
security challenges on campuses. Solutions 
retrieved from the SoS integrated database is found 

to be better in solving domain problems than 
solutions from individual systems. Future work will 
elaborately discuss result from the architecture 

presented in this work, comparing situation 
awareness and solutions from individual systems 
with that from the Big Data system of systems. We 
shall also use other Data Analytics techniques such 

as clustering, logistic model, data mining, and case-
based reasoning to reduce the size of Big Data of 
system of systems to a manageable size, using the 
tools to extract information, build a knowledge 
base, and eventually develop a model of SA with 
Big Data SoS.  
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Action     
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Abstract  

Thermoexergetic rate profile, thermoexergetic-efficiency and thermoexergetic-destruction were 

used in combination with the view to determine the thermo-feasibility of multicomponent 

distillation system with multiple feed rate. Simulation was of a multicomponent distisllation system 

was carried out and the stage-by-stage system exergy analysis was carried out. Multiple feed rate 

base cases sensitivity results gave the most adequate and feasible thermo-exergetic rate profiles, 

efficiency ranges and destruction at the depropanizer and debutanizer. Overall system performance 

of multiple feed rate base case -30 
o
C design gave optimum overall system exergy destruction and 

efficiency. Multiple feed rate could ensure thermo-feasibility of the system and this can form basis 

for system performance and productivity improvement. 
 
Keywords – Thermoexergetic-rate, thermo-feasibility, thermoexergetic-efficiency, thermoexergetic-
destruction, multicomponent-distillation, multiple feed rate 
 

________________________________________________________________________________________________
# 
 

Highlights 

• Concept of combining thermoexergetic rate profile, thermoexergetic efficiency and 
thermoexergetic destruction to optimize thermo-feasible system is proposed. 

• Influence of multiple feed rate on thermofeasibility of multicomponent distillation system 
was examined.  

• Multiple feed rate systems gave adequate thermo-exergetic rate profiles, highest thermo-
efficiency ranges and lowest thermoexergeno-destruction. 

• Multiple feed rate operation has high tendency to enhance thermoexergeno-feasibility of the 
multicomponent distillation system. 
 

Nomenclature and units 
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Introduction 
     Distillation separation technique is known 
according to Faria and Zemp (2005) as an 
increasingly large consumption of energy in 
chemical and petrochemical industries.  Olujic 
et al., (2003) put energy usage by distillation 
unit in the refinery and other continuous 
chemical processes at 40%. Hsuan and Jr-We 
(2005) and  Flores et al., (2003) both dealt with 

designing energy efficient distillation.  
Researchers had tried to developed new 
sequences that can enhance savings in both 
energy and capital costs. Many of such options 
were those of  Alatiqi and Luyben (1995), Finn 
(1993), Fidkowski and Krolikowski (1990), 
Glinos and malone, (1998) Hernades and 
Jimerez (1996) and Tedder and Rudd (1978). 
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Extension to these attempts was the works done 
by Christiansen et al., (1997), Rong et al., 
(2000) and Adesina and Popoola (2016). 
Worthy of mention is extension of the Petlyuk 
system (TCDS-PR) examined by Palacois et 

al., (2003) which have shown a more formal 
design strategy for two types of thermally 
coupled systems for four-component mixtures, 
one with a side rectifier and a side stripper 
(TCDS-SR/SS). Adesina and Popoola (2016) 
used exergy rate profiles to determine feasible 
multicomponent distillation system. Their 
analysis revealed how design for each 
integrated sequence can be determined from the 
conventional tray structure of a distillation 
sequence, and how such a design can be 
optimized for efficient energy consumption. 
     Palacois et al., (2003), Maia and Zemp 
(2000), Adesina and Popoola (2016) applied 
successfully exergy analysis to examine the 
thermodynamic efficiency of distillation 
columns. Hence going a step further, to 
evaluate the quality of energy lost via exergy 
analysis is an efficient technique for reducing 
inefficiencies. Al-Muslim and Dincer (2005) 
published a thermodynamic analysis of crude 
oil distillation systems which includes aspects 
like energy and exergy analysis, performance 
evaluation and system optimization. A 
thorough  evaluation of process using exergy 
analysis provides platform for identification 

and quantification of the sources of 
inefficiencies or process irreversibility related 
losses thus process thermo-feasibility can be 
studied. Taprap and Ishida (1996) have shown 
that large savings could be obtained if high 
quality energy can be reduced. Results of 
exergy and exergoeconomic analysis was 
presented and explained by LeGoff and Hornut 
(1998) for industrial processes. However very 
little information about how to proceed to 
determine thermo-feasibility of the column and 
system with multiple feed rate is available. 
Several attempts had been made by various 
researchers to introduce diagrammatic methods 
that could aid in the design and retrofit of 
energy efficient distillation processes (Ruchira 
and Masaru, 1996; LeGoff et al., 1996; 
Santanu, 2002; Dhole and Linnhoff, 1993; 
Demirel, 2006; Adesina and Popoola, 2016). 
Most either considered binary systems or 
multicomponent system with single feed 
stream, fed to the column. The aim of the 
research is to develop a method that interrelate 
thermo-exergetic rate profile, efficiency and 
destruction with the view to examining the 
distillation driving force and thermo-feasibility 
of multicomponent distillation system with 
multiple feed rates. 
     The exergy balance for open systems at 
steady state used was given as; 

 

                                    (1)    

                 (2)   

   
                  (3) 
 

he thermoexergeno-destruction is expressed by the equations 
 

                   (4) 

                       (5) 

Application of equation (3), (4), (5), and (6) gave exergy efficiency and exergy destruction equations as; 

 

                                                            (6) 



 

West African Journal of Industrial and Academic Research December 2016  Vol. 17                             71 

(7) 

 
Where 

                                    
                                                   (8) 

                 
                         (9) 
 

           
                                                                (10) 
 

                                                  
                       (11) 

Material and Methods 

     The simulation was carried out for single and 

multiple feed base cases with specification feed 

temperature of -50 oC, feed pressure of 1000 

kPa, reflux ratio of 4 and 1000 kgmole/hr. 

Multiple feed base case used a pair of 500 

kgmole/hr feed streams. Column streams and 

the tray by tray compositions and thermo-

exergetic properties were obtained. The specific 

enthalpy and entropy for the tray by tray vapour 

and liquid phase at reference (ambient) 

temperature of 293 K and pressure of 101.3 kPa 

was equally estimated. Sensitivity analysis was 

carried out for both single and multiple feeds 

cases. Thermo-exergetic rate profile were 

plotted from thermo-property data of the tray by 

tray liquid and vapour phases versus tray 

number. Columns exergetic driving forces was 

evaluated from the exergy rate profiles. System 

thermo-feasibility was concluded from use of 

the combination of thermo-exergetic profile and 

exergetic efficiency. The simulation was 

conducted with Hyprotech System 

Simulator(HYSIS) version 3.2 platform. 

Results and Discussions      
     Simulation results achieved adequate 
separation of the components with  two 
columns. The first column consisted of 55 trays 
with feed tray on 19 for single feed system for 
single feed rate and feed trays was on trays 21 
and 19 for multiple feed system. For both 
single and multiple feed rate systems, the 
second column  consisted of 62 trays and feed 
tray was on tray 31. This are shown in the 
process flow diagrams Fig. 1.  The molar 
composition of components that achieved 
adequate separation of the simulated system 
was depicted with component composition 
versus tray number shown in Fig. 2 and Fig. 3 
for single feed and multiple 

feed system respectively.  
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Figure 1. Process flow diagram for splitted feed multicomponent system. 

 

 

 
Figure 2. Molar Composition of Depropanizer of the Base Case 

         

 
Figure 3. Molar Composition of Debutanizer of the Base Case 

     
     The thermo-exergetic curve helps to 
understand the happening within the column 

as regards the exergy distribution profile 
within column and system and their 
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corresponding exergy efficiencies. The 
liquid and vapour profiles for each stage of 
the column reveals the driving force within 
the column and gives insight into the 
thermo-feasibility of an operation from 
given set of operating conditions. The 
thermo-exergetic rate profile has added 
advantage of determining the feasibility of 
not only binary columns but that of the 
multicomponent columns as well. This study 
ascertained and corroborated this assertion.       
     For thermo-feasible design, the profiles 
are not expected to cross or be constricted, 
exergetic efficiency must be optimally high 
and the exergetic destruction must be lower. 
Crossed curves or/and constricted profiles 
will amount to somersault of driving force 
within the column and system. Such system 
is thermo-feasibly infeasible. Constriction 
cases though thermo-feasible and might be 
thermo-exegetically efficient but such 

condition could render the design inefficient 
in terms of energy usage thereby leading to 
high avoidable exergy destruction.  Fig. 4 
and 5 shows the thermoexergetic rate curves 
for the columns of the single feed base case 
design. The profiles did not cross showing a 
thermo-feasible and efficient system with 
feasible process parameters. The multiple 
feed base case design, exergy profiles 
neither cross nor constricted as shown in 
Fig. 6. Here the liquid and vapour profiles 
were uniformly distributed  within the 
column. These shows that splitted case 
achieved evenly distribution of thermo-
exergetic properties within the column and 
system than the single feed case. Therefore 
operating the distillation system at the 
specified conditions with multiple feed 
could ensure high thermo-feasibility of the 
multicomponent distillation column.  

 

 

 

Figure 4. Thermoexergetic rate profile for the Depropanizer of the single feed Base Case 

 

Figure 5. Thermoexergetic rate profile for the Debutanizer of the single feed Base Case 
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     Going by the thermo-exergetic rate 
profiles for the sensitivity analysis as 
reflected in figures 7 and 8, single base case 
-30 oC, -80 oC, -30 oC-Reflux ratio 6, -80 
oC-Reflux ratio 6 and base case-Reflux ratio 
6 were thermo-feasibly efficient. Profiles of 
base case -30 oC-Reflux ratio 2, -80 oC. 
Reflux ratio 2, and base case-Reflux ratio 2 
crossed in their depropanizer and thus they 
are infeasible. Considering thermoexergetic 
efficiency Fig. 7, single feed rate base cases 
with -30 oC, -80 oC and reflux ratio 6, gave 

thermoexergetic efficiency range of 57.40 – 
70% and 65.20% - 54.90% at depropanizer 
and debutanizer respectively. Spitted feed 
base case gave same thermoexergetic 
efficiency range of 81.7% and 62.20% at 
depropanizer and debutanizer respectively 
compared with that of single feed rate base 
cases. 800 kPa cases gave 82.1% and 62.5% 
at depropanizer and debutanizer 
respectively. 1200 kPa case gave the lowest 
exergy efficiency at depropanizer and 
debutanizer respectively. 

 

Figure 6 Thermoexergetic rate profile for the Depropanizer of the splitted feed Base Case  
 

     This shows that operating this 
multicomponent distillation system at feed 
pressure of 1200 kPa will be unrealistic 
despite the feasible thermoexergetic rate and 
efficiency. Overall column and system 
thermoexergetic efficiency and exergetic-
destruction was given as Fig 7 and Fig 8 
respectively. Multiple feed rate base Case (-
30 oC - 1000 kPa) gave better 
thermoexergetic efficiency of 97.99% over 
other single feed base cases -30 oC of 
95.70%. In terms of the exergetic-
destruction, single feed  base case gave  
overall value of 1.51E+06 kJ/hr while 
multiple feed for splitted base case gave a 
much lower exergetic-destruction of 
1.12E+06 kJ/hr. By implication, multiple 
feed rate appear to have reduction effect 

tendency on exergetic destruction (losses), 
enhancing the exergetic driving force and 
consequently ensure high  thermo-feasibility 
of the system.  

Conclusion and Recommendations 
     Combination of thermoexergetic rate, 
thermoexergetic destruction and exergetic 
efficiency proves effective in determining 
the thermo-feasibility of multicomponent 
distillation system. Multiple feed rate could 
ensure thermo-feasibility of the system and 
this can form basis for system performance 
and productivity improvement. However, 
further studies on the thermoexergetic 
response of the examined thermo-feasible 
operating conditions ranges need to be 
established in order to determine the 
optimum operating parameters
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Abstract 

Many mathematical models of stochastic dynamical systems were based on the assumption 

that the drift and volatility coefficients were linear function of the solution. In this work, we 

arrive at the drift and the volatility by observing the dynamics of change in the selected 

stocks in a sufficiently small interval t∆ . We assumed that only one change occurs 

within ii ttt −=∆ +1 . During this time, a stock may gain one unit [+1], remain stable [0], or 

loss one unit [-1]. The likelihood of each change occurring were noted and the expectation 

(the drift) and the covariance (the volatility) of the change were computed leading to the 

formulation of the system of linear stochastic differential equations. To fit data to the model, 

changes in the prices of the stocks were studied for an average of 30 times. A simple 

checklist was used to determine the likelihood of each event of a loss, again or stable 

occurring. The drift and the volatility coefficients for the SDE were determined and the 

multi-dimensional Euler-Maruyama scheme for system of stochastic differential equations 

was used to simulated prices of the stocks for 301 << t . The simulated prices was compared 

to the observed price and we observed that the simulated prices is sufficiently close to the 

observed price and there for suitable for forecasting the price of the stocks for a short time 

interval.  

 

  

   Investment management was considered 
over the years as an act rather than a science. 
However, advancement in technology leading to 
globalization and the consequent expansion in 
the universe of investable assets have made it 
necessary to explore mathematically based 
approach to forecasting the price of assets rather 
than mere speculation. Furthermore, the large 
size of the markets today makes it imperative to 
adopt safe and repeatable methodologies in 
arriving at the choice of which asset to invest in 
or not. This justifies the need for a more 
scientific approach to investment management 
than the mere traditional arts based on 
speculation. The science of designing (or 
engineering) of contracts and portfolios of 
contracts that result in predetermined cash flows 
contingent to different events is referred to as 
financial engineering [3]. In other words, 
financial engineering employs scientific 
techniques using mathematical tools to give 

quantitative management of risk and 
uncertainty.  

    The application of financial engineering 
principles in investment management has 
changed the landscape of financial modeling so 
that computationally intensive methods such as 
Monte Carlo simulations and simulation of 
sample paths of stochastic differential equations 
are now widely used to represent variation in 
stock prices. Powerful specialized mathematical 
languages and vast statistical software libraries 
have also been developed over the years. The 
ability to program sequences of statistical 
operations within a single programming 
language has been a big step forward [3]. 

The focus of this work is to formulate the 
stochastic model for the dynamics of change in 
the prices some selected stocks and to use same 
model to simulate prices of the selected stocks.  
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Review 

     The binomial Asset Pricing model looked at 
the price of assets as going up or down by a factor 
u or d respectively. This model however does not 
take cognizance of the possibility of the asset 
price remaining stable within the time interval 
considered [4]. Edward Allen [1] proposed a 
method of formulating stochastic models based on 
observation of the relevant parameters rather than 
the assumption that the drift and the volatility 
coefficient are linear functions of the solutions. 
The model formulated here an extension of the 
model proposed  by Allen in [1]  

     The mathematical development of present-day 
economic and finance theory began in Lausanne, 
Switzerland at the end of the nineteenth century, 
with the development of the mathematical 
equilibrium theory by Leon Walras and Wilfredo 
Pareto [9]. At the beginning of the twentieth 
century, Louis Bachelier in Paris and Filip 
Lundberg in Uppsala (Sweden) developed 
sophisticated mathematical tools to describe 
uncertain price and risk processes. Since then, 
observations of prices of stocks, has been 
modeled as a stochastic process. A stochastic 
process with state space S is a collection of 

random variables  { }TtX t ∈,  defined on the 

same probability space  evolving over 

time. The set T is called its parameter set.If 

, the process is said to be of a 

discrete parameter set. If T is not countable, the 
process is said to have a continuous parameter set, 

for example,  nd . 

The index t represents time, and  as the “state” 

or the “position” of the process at time t. The state 
space is R in most usual examples, and then the 
process is said real-valued.  

Variation in stock prices and other 
phenomenon involving uncertainties when 
modeled as a stochastic process, leads to 
Stochastic Differential Equations (SDE). For 
example, in finance and insurance, the concept 
of cooperate defaults, operational failures, 
insured accidents, uncertainties in foreign 
exchange and prices of stocks can be naturally 
modeled by Stochastic Differential equations 
(SDEs) [7].  Stochastic differential equations 
with jumps was used for modeling credit events 

like defaults and credit rating changes Jarion [6] 
acknowledge that stochastic differential 
equations could be applied to modeling of short 
time rate typically set by the central banks. 
Models for the dynamics of financial quantities 
specified by SDEs have become increasing 
popular in the recent past. Models of this kind 
can be found [8], [4], [11], [12] to mention a 
few.  

  Stochastic Differential Equations 

Differential equations are used generally to 
describe the evolution of a system over time. 
Stochastic differential equation arises when a 
differential equation is subject to some random 
perturbation called the White noise. If x(t) is a 

differential equation defined for t 0, u(x,t) is a 

function of  and  and the following relation is  

satisfied for all t, 0  t T 

0)0(),),(()(
)(

xxttxutx
dt

tdx
==′=    

    (1) 

 is said to be the solution of the ordinary 

differential equation (1) with the initial 

condition . Equation (1) can be 

written as   and by the 

continuity of , we can write: 

∫+=
t

dsssxUxtx
0

)),(()0()(    (2) 

The differential equation (1) above becomes a 
stochastic differential equation if we subject it 
to a random perturbation by a White noise 
which is considered to be derivative of a 

Brownian motion i.e. )(
)(

)( tB
dt

tdB
t ′==ξ . It 

should be noted that the White noise does not 
exist as usual function of t since a Brownian 
motion is now where differentiable. If the 

intensity of the noise is denoted by  at a 

point x at time t, then we can write 

 

Itroduction

 

     

∫ ∫ ′=
T T

tdtBdttxttttxt
0 0

)()()),()(()()),()(( σξσ ∫=
T

tdBttxt
0

)()),()((σ  (3) 
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     where the integral in (3) above is an Ito 
integral. Therefore, we can say that stochastic 
differential equation arises when the 
coefficients of ordinary differential equation 

are perturbed by white Noise.  

      Itó Integral 

     The stochastic calculus of Itô originated 
with the investigation of conditions under 
which the drift and the diffusion coefficient of 
the diffusion of Markov process could be used 
to characterize this process [12]. Following 
the Einstein’s explanation of Brownian motion 
in the first decade of the 19th century, there 
were rigorous efforts by researchers to 

formulate the dynamics of the motion in terms 
of stochastic differential equation. The 
resulting equation was written in the form 

tttt dWXtbXtadX ),(),( +=  (4) 

     This symbolic differential form can be 
written in integral form as  

∫ ∫++=
t

ts

t

st dBXsbdsXsaXX
0 0

0 ),(),(  (5) 

    Since the Brownian motion  is a 

derivative of the Wiener process , the 

second integral in equation (5) above cannot 
be interpreted as the Riemann or Lebesgue 
integral because Brownian motion is nowhere 
differentiable. Furthermore, because the 
continuous sample path of Brownian motion is 
not of a bounded variation in any interval, the 
integral cannot also be interpreted as 
Riemann-Stieljes integral [11]. Therefore, the 

integral of the form  where  

is adapted to th filtration  

is called a stochastic or Itó integral. This type 
of integral arises naturally as a solution of 

stochastic differential equations or martingale.  

 

 

3.1 Approach to the Model Formulation 

     In order to develop a mathematical model 
that captures the dynamics of changes in the 
prices of stocks, an approach that is analogous 

to the method used over the years to formulate 
models resulting in deterministic ordinary 
differential equation is used. This involves 
studying the dynamics of a system of interest 

for a short time interval  after which the 

information obtained from the short time 
study of the dynamics of the system were used 
to formulate the mathematical model of the 
system. A stochastic system studied for a 
discrete time interval, results to a discrete 
stochastic model and for a sufficiently 

small , the discrete time stochastic model 

leads to stochastic differential equation model 

as , Allen E.J (2003). This modeling 

approach has been used widely for 
formulation of stochastic models of some 
important dynamical systems such as Emmert 

et.al (2006), Allen E.J (2003). As , a 

continuous time model is obtained from the 
discrete model which according to Kurtz 
(1971), has similarities with continuous time 
Makov chain models. This approach is 
different from the commonly used approach 
that is based on the hypothesis that the drift 
and diffusion coefficient are linear function of 
the solution.  

3.2 Mathematical Model of Dynamics of 

Change in Three Stock Prices 

Consider three stocks  

subjected to random influence by the market 
forces. We assume that in a small interval of 

time , a stock price may change by losing 

one unit (-1) or remain stable (0) or gain one 

unit (+1) which we represent by . 

The diagram below illustrates the schematic 
diagram for the model

: 
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Individual gains/ losses
             by S1 (1-2)

Simultaneous gains/losses
            by S1 S3
             (11 - 14)

Individual gains/losses
  by S   (5-6)3

Simultaneous gains/losses
by S2 S3 (15-18)

Individual gains/losses 
        by S2 (3-4)

Simultaneous gains/losses
by S1 S2 (7-10)

Simultaneous gains/losses
by S1 S2 S3 (19 - 26)

S1 S2 S3

S3

 

Figure 4.1: Schematic Diagram for the Stochastic Model for Change in Stock Price 

There are  possibilities by which the stocks  may vary in the small 

time interval . These possibilities are indicated in table 3.2 below. 

Table 4.1: Possible outcome of change in 3 stock price and the probabilities 

S/N Change in Stock price 

 

         
Probabilities 

1 [-1  0  0] 
 

2 [1   0  0] 
 

3 [0   1  0] 
 

4 [0  -1  0] 
 

5 [0  0  -1] 
 

6 [0   0  1] 
 

7 [-1  1  0] 
 

8 [-1 -1  0] 
 

9 [1   1  0] 
 

10 [1  -1  0] 
 

11 [-1  0  1] 
 

12 [-1  0 -1] 
 

13 [1   0  1] 
 

14 [ 1  0 -1] 
 

15 [0   1  1] 
 

16 [0 -1  -1] 
 

17 [0  -1  1] 
 

18 [0  1  -1] 
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19 [-1  1  1] 
 

20 [-1  1 -1] 
 

21 [-1 -1 -1] 
 

22 [-1 -1  1] 
 

23 [1  -1 -1] 
 

24 [1  1  -1] 
 

25 [1  -1  1] 
 

26 [1  1   1] 
 

27 [0  0   0] 

 
 

 

Here,  represent change in stock price. For 

example,  represent a gain of 1 unit 

in stock  while stock  and  remain stable; 

 represent a simultaneous gain of 1 

unit by stock and and a loss of 1 unit 

stock . It is assumed that the change in the stock 

price is proportional to the price of the stock. For 
simultaneous gains/losses, we assume that the 
probability of the change is proportional to the 
product of the stock prices. This is reasonable as, 
supposing that the one of the stock price is zero 
then, the probability of a simultaneous gain is 

zero. It is also assumed that  is sufficiently 

small so that  which is the probability that 

there is no change in the three stocks prices within 

the time interval  is positive.  

    The parameters , defines the 

rate at which stocks experience individual gains or 

losses respectively. The parameter  

 defines the rate 

at which stocks experience simultaneous gains 

and/or losses with each parameter depending on . 

For example,  is the probability that stock i 

gains one unit in the time interval .  

     The change involving  

simultaneously is denoted by . Also, 

denotes the changes involving  

and  simultaneously. For example,  

represent the change involving the two stocks 

 in which  gains while  losses. Also  

represent the change involving the two stocks 

 in which  losses while  gains. Finally, 

 denote the change in the three stocks 

 simultaneously. In all cases, the 

subscript 1 or 2 represent loss of one unit or gain 
of one unit respectively. It should be noted 

that .  

Using the above representations for  and  the 

expectation vector is derived as fol

lows: 

∑
= 
















=∆=∆
27

1

3

2

1

)(
i

ii

f

f

f

SpSE        (6) 

                                        

   Represent the totality of the likelihood of change involving stock .   (7) 

 .  Represent the totality of the likelihood of change involving stock    (8) 

 



 

West African Journal of Industrial and Academic Research December 2016  Vol. 17                             83 

 .                                                                                            (9) 

 Represent the totality of the likelihood of change involving stock . 

Putting 

1111 )( SbddS +=          (10) 

2222 )( SbddS += ,        (11) 

3333 )( SbddS += ,        (12) 

( ) 211122211221 SSSdS αααα +++= ,      (13) 

( ) 311122211231 SSSdS ββββ +++= ,      (3.1.9) 

( ) 321122211232 SSSdS γγγγ +++= .      (14) 

( ) 321222212221211112111121122321 SSSSSdS ηηηηηηηη +++++++=   (15) 

Then the covariance matrix is derived as follows: 

















=∆∆

32313

32212

31211

))((

dSSdSSdS

SdSdSSdS

SdSSdSdS

SSE T      (16) 

The covariance matrix represents the volatility coefficient of the SDE. Clearly, the covariance matrix is 
a positive definite symmetric and hence has a positive definite square root. We then have the SDE  

)(),,,(),,,()( 3232 tdWSSStBdtSSSttdS += µ     (17)  

where  

















=

3

2

1

32 ),,,(

f

f

f

SSStµ        (18) 

and  

2
1

32313

32212

31211

321 ),,,(
















=

dSSdSSdS

SdSdSSdS

SdSSdSdS

SSStB      (19) 

Methodology 

Prices of stocks are published daily. In other to 
characterize the drift and volatility which will 

form the coefficients of the stochastic  

 

differential equations, the daily stock prices of 
three selected stocks were observed for thirty 
days. The table below showed the daily prices 

of the selected stocks for the chosen days. 

 

Table 1: Daily prices of three selected stocks for 30 days 
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From table 1 above, a checklist of instances of 
loss, gain or unchanged or stable were noted and 
marked out as shown below in table 3.3 below: 
The tables shows only the first ten (10) rows of 
the thirty rows checklist. A stock price could 

loss (L), gain (G) or remain unchanged or stable 
(U) in day considered. This was cross checked 
for each stock and recorded as shown in the 
table. 

 

Table 2:  A checklist of occurrences of gain, stable or loss in the prices of the first 10 days of  the month 

S1 S2 S3 S

u

m

m

a

r

y

 

 

0
 
0
 
0

1
 
1
 
1

-
1
-
1
 
0

1
 
1
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1

1
 
0
 
1

0
 
1
 
0

0
 
1
 
0

1
 
0
 
0

1
 
0
 
0

 

The summary column captures how the 
prices of each stock vary in relation to the 
previous day. For example, (000) in the 
summary column indicates that the price of 
stock1, stock2 and stock 3 did not change; (-

110) shows that stock1 lost, stock2 gained while 
stock3 remained stable and so on. From table 
3.3 above the probability of each occurrence 

was determined by 

)27.( eioccurcouldeventsthemenumberoftitotal

occurenceofnumber
pi =

 

For example, the event that the change in the 
stock prices is (010) which occurred 4 times is 

148.0
27

4
= . The probabilities for the other 

events were determined and tabulated as shown 
in table 3.4 below

. 

Table 3 Table showing the pattern of change in price and their probabilities 

S/N Change in Stock price 

 

Number of 

Occurrence 

Probabilities 

1 [-1  0  0] 1 0.0370 

2 [1   0  0] 4 0.1481 

3 [0   1  0] 3 0.1111 

4 [0  -1  0] 0 0.0000 

5 [0  0  -1] 1 0.0370 

6 [0   0  1] 3 0.1111 

7 [-1  1  0] 0 0.0000 

8 [-1 -1  o] 2 0.0470 

9 [1   1  0] 3 0.1111 
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10 [1  -1  0] 0 0.0000 

11 [-1  0  1] 0 0.0000 

12 [-1  0 -1] 2 0.0740 

13 [1   0  1] 1 0.0370 

14 [ 1  0 -1] 1 0.0370 

15 [0   1  1] 0 0.0000 

16 [0 -1  -1] 0 0.0000 

17 [0  -1  1] 0 0.0000 

18 [0  1  -1] 0 0.0000 

19 [-1  1  1] 0 0.0000 

20 [-1  1 -1] 0 0.0000 

21 [-1 -1 -1] 0 0.0000 

22 [-1 -1  1] 0 0.0000 

23 [1  -1 -1] 0 0.0000 

24 [1  1  -1] 0 0.0000 

25 [1  -1  1] 2 0.0740 

26 [1  1   1] 5 0.1852 

27 [0  0   0] 1 0.0370 
 

From table 3.4 above relevant variables were computed as follows:   

 

= 0.0370 + 0.1481 + 0.0470 + 0.1111 + 0.0740 + 0.0370 + 0.0370 + 0.0740 + 0.1852 = 

0.7874 

 

1852.00740.00370.00370.00740.01111.00470.0000.01111.0 ++++++++=   = 0.5653 

Similarly,  

 = 0.5923. 

Hence, the expectation vector  

=

















=∆=∆ ∑
=

27

1

3

2

1

)(
i

ii

f

f

f

SpSE

 
















0.5923 

0.5653 

0.7874

 

The likelihood of the change in the price occurring with stock S1 only was 

1111 )( SbddS +=  = 0.1851 

The likelihood of the change occurring in the price of stock S2 only was

 2222 )( SbddS +=  = 0.1110; 

Similarly, 3333 )( SbddS +=
 = 0.

 
1481 

The likelihood of change in the price of stockS1and S2 only is 

( ) 211122211221 SSSdS αααα +++=  = 0.1581 

The likelihood of change in the price of stockS1and S3 is 
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( ) 311122211231 SSSdS ββββ +++=
 = 0.1480 

The likelihood of change in the price of stockS2 and S3 is 

( ) 321122211232 SSSdS γγγγ +++=
 = 0.0000 

The likelihood of change in the price occurring in the three stocks concurrently i.e. in S1, S2 

and S3 is: 

( ) 321222212221211112111121122321 SSSSSdS ηηηηηηηη +++++++=
 =    0.2962

 
Consequently, the covariance matrix is  

=

















=∆∆

32313

32212

31211

))((

dSSdSSdS

SdSdSSdS

SdSSdSdS

SSE T

















0.2962    0 0 0.00    0.1480

0.0000    0.1110    0.1581

0.1480    0.1581    0.1851

 

The resulting stochastic differential equation is therefore 

 

 

=)(tdS +
















dt

0.5923 

0.5653 

0.7874

dWt

















0.2962    0 0 0.00    0.1480

0.0000    0.1110    0.1581

0.1480    0.1581    0.1851

 

Results 

The resulting SDE was solved using the multi-dimensional Euler-Maruyama scheme for 
SDEs. This was achieved through a MatLab script file using the algorithm below: 

 

)(),,,(),,,()( 321321 tdWSSStBdtSSSttdS += µ
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Algorithm for the Multi-dimensional Euler Maruyama Scheme for 

SDEs 
1 Start 

2.  Initialization and declaration of global variable 

3.   Generate random probabilities (substitute observed probabilities) 

4.   Initiate loop: for k 1: n 

5.    Compute change in 1dS  as )2()1(1 PPdS +←  

6.   Compute in change in 2dS as )4()3(2 PPdS +←  

7.   Compute as change in 3dS as )6()5(3 PPdS +←  

8.  Compute simultaneous change in 1S  2S as 21SdS as 

)10()9()8()7(21 PPPPSdS +++←  

9.  Compute simultaneous change in 1S  3S as 31SdS as 

)14()13()12()11(31 PPPPSdS +++←  

10.  Compute simultaneous change in 3S  2S as 32 SdS as 

)18()17()16()15(32 PPPPSdS +++←  

11.  Compute simultaneous change in 1S  2S 3S as 321 SSdS as  

)27()26(

)25()24()23()22()21()20()19(321

PP

PPPPPPPSSdS

++

++++++←
 

12.   Compute Expectation vector as ∑
= 
















=∆←∆
27

1

3

2

1

)(
i

f

f

f

SPSE

 

where: 

32123333

321321222

321312111

SSdSSdSSdSdSf

SSdSSdSSdSdSf

SSdSSdSSdSdSf

+++←

+++←

+++←

 

13.   Compute covariance Matrix as 

















∆∆∆

∆∆∆

∆∆∆

←∆∆

32313

32212

3121

))((

SSSSS

SSSSS

SSSSS

SSE T
 

14.   Computer numerical solution using the Euler-Maruyama scheme 
given by 

  k

t

jk
k

j

kk

n

k

n dWBtSS ,

1

1 ∑
=

+ +∆+← µ  

15.   End loop 

16 Stop 

The algorithm was implemented through a MatLab script and the result of the simulation is 
as shown by the graph below: 
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   Figure  2: Euler Maruyama simulation of the stock model showing growth in the 

     The figure above shows the growth of the 
three stocks and the accumulated wealth pattern 
from the three stocks which is the cumulative 
sum of growth of the three stocks.  

     The prices of the stocks observed were 
compared with the simulated prices. It was 
simulated prices is found to be sufficiently close 

to the observed prices and hence could be used 
for forecasting. It was noted that if the deviation 
of the simulated prices from the observed 
increases as the number of days increases. 
Below is a chart a comparative view of the 
observed and simulated prices over the period of 
30 days. 

 

Figure 3: Comparative View of mean observed price and mean simulated price  
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ABSTRACT 

The focus of this  paper is, among other things, to examine determinants of stock price movement or 

variations as well to x-ray different approaches to forecasting stock price. The dynamic relationships 

between the stock price movement and the macroeconomic variables were reviewed. This problem of 

predicting direction of movement of stock and stock price index was addressed. 

Key  words: stock price    forecasting,  stock price  index, predicting direction of movement of stock, 

economic  prosperity, dynamic relationship 

 

Introduction 
     One of the major players that play a vital role 
in economic prosperity in most economies 
across the world by fostering capital formation 

and sustaining economic growth is the stock 
market. Stock markets are more than a place to 
trade securities; they operate as facilitator 
between savers and users of capital by means of 
pooling of funds, sharing risk, and transferring 
wealth. Stock markets are essential for 
economic growth as they ensure the flow of 
resources to the most productive investment 
opportunities (Udegbunam and Eriki, 2001). 
Guglielmo et al. (2004) argue that the primary 

benefit of a stock market is that it constitutes a 
liquid trading and price determining mechanism 
for a diverse range of financial instruments. This 
allows risk spreading by capital raisers and 
investors and matching of the maturity 
preferences of capital raisers (generally long-
term) and investors (short term).  This in turn 
stimulates investment and lowers the cost of 
capital, contributing to the economic growth of 
a nation in the long term. 

    Worthy of note is the fact that stock price all 
over the world is characterized by upward and 
downward movements. The factors driving 
stock price movements have become issue of 
concern to both researchers in academics and 
professional portfolio managers.  
     However, predicting stock and stock price 
index is difficult due to uncertainties involved. 
Prediction methodologies fall into three broad 
categories which can (and often do) overlap. 

They are fundamental analysis, technical 

analysis  (charting) and technological methods. 
Fundamental Analysts are concerned with the 
company that underlies the stock itself. They 

evaluate a company's past performance as well 
as the credibility of its accounts. Fundamental 
analysis is widely used by fund managers as it is 
the most reasonable, objective and made from 
publicly available information like financial 
statement analysis. Another meaning of 
fundamental analysis is beyond bottom-up 
company analysis, it refers to top-down analysis 
from first analyzing the global economy, 
followed by country analysis and then sector 

analysis, and finally the company level analysis. 
     Technical analysts or chartists are not 
concerned with any of the company's 
fundamentals. They seek to determine the future 
price of a stock based solely on the (potential) 
trends of the past price (a form of time series 
analysis). Numerous patterns are employed such 
as the head and shoulders or cup and saucer. 
Alongside the patterns, statistical techniques are 
used such as the exponential moving average 

(EMA). Candle stick patterns are believed to be 
first developed by Japanese rice merchants, and 
nowadays widely used by technical analysts. 
     With the advent of the digital computer, 
stock market prediction has since moved into 
the technological realm. The most prominent 
technique involves the use of artificial neural 
networks (ANNs) and Genetic Algorithms 
(Zhang, et al,2009). Scholars found bacterial 
chemotaxis optimization method may perform 

better than GA. ANNs can be thought of as 
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mathematical function approximators. The most 
common form of ANN in use for stock market 
prediction is the feed forward network utilizing 
the backward propagation of errors algorithm to 

update the network weights. These networks are 
commonly referred to as Backpropagation 
networks. Another form of ANN that is more 
appropriate for stock prediction is the time 
recurrent neural network (RNN) or time delay 
neural network (TDNN). Examples of RNN and 
TDNN are the Elman, Jordan, and Elman-
Jordan networks. (See the Elman And Jordan 
Networks). Efficient market hypothesis by 
Malkiel and Fama (1970) states that prices of 

stocks are efficient which means that it is 
possible to predict stock prices based on the 
trading data. 
     This study however provides a holistic 
review of the stock price forecasting with the 
aim of examining the determinants of stock 
price movement, different approaches to 
forecasting stock price as well as establishing 
and recommending model(s) for forecasting 
stock price. 

 

Determinants Of Stock Price Trend 

Movement 
     Following Rational Expectation Theory 
(RET), the price of a stock or bond depends 
partly on what prospective buyers and sellers 
believe it will be in the future (Victor A. 
Malaolu, et al, 2013). Rational Expectation 
theory is a building block for the ‘random walk’ 
or efficient markets’ theory of securities prices. 

A sequence of observations on daily stock price 
is said to follow a random walk if the current 
value gives the best possible prediction of future 
values. The Efficient Markets theory of stock 
prices uses the concept of rational expectations 
to reach the conclusion that investors buy stocks 
they expect to have a higher-than-average return 
and sell those they expect to have lower returns. 
When they do so, they bid up the prices of 
stocks expected to have higher-than-average 

returns and drive down the prices of those 
expected to have lower-than-average returns. 
The prices of the stocks adjust until the expected 
returns adjusted for risk are equal for all stocks. 
Equalization of expected returns means that 
investors’ forecasts become built into or 
reflected in the prices of stocks. More precisely, 
it means that stock prices change so that after an 
adjustment to reflect information like dividends, 

bonuses, the time value of money, and 
differential risks, they equal the market’s best 

forecast of the future price. Therefore, the only 
factors that can change stock price are random 
factors that could not be known in advance 
(Sergeant and Wallace, 1975).  

     Another factor which the theory identified is 
what is referred to as sector changes; the theory 
maintains that changes in the stock’s sector can 
have positive or negative effects on its price. 
Some sectors or industries are cyclical in nature 
and that should be expected to affect the stock 
price (Mukherjee and Naka, 1995; Maysami and 
Koh, 2000). Mukherjee and Naka (1995) argue 
that market forces such as demand and supply 
affect stock price movements. 

     Any change in demand and supply, both of 
which can change at different rates causes 
fluctuation in share prices. If demand for a stock 
rises, its price tends to rise. An increase in 
supply depresses the stock price. Demand and 
supply are however related to other factors. 
Investment returns or company profitability is 
another potential factor. This factor is however 
dependent on profitability as there is no 
company that can pay good investment returns 

in terms of dividends and/or bonus issues to its 
shareholders without a solid profitability report. 
     However no company is by law compelled to 
declare dividends. It is only when such company 
makes profit that it can declare dividend and/or 
bonus issues. An impressive investment returns 
will attract more investors to the company; in 
other words, if returns on investment are 
attractive, there will be high demand for its 
stock and the price moves up. The reverse is the 

case when a company’s investment returns is 
unattractive. Ordinarily, if a company is 
performing well in the area of profitability, 
investors will be interested to invest in such 
company and this will influence the share price 
of the company. On the other hand, a poor 
profitability will not attract investors as they 
will not like to put their monies at risk. In 
essence, impressive profitability of a company 
leads to increase in demand of the company’s 

shares and subsequently increase in its share 
price (Meristem Research Report, 2008). 
     Apart from specific company characteristics, 
other external factors such as government rules 
and regulations, inflation, exchange rate, money 
supply, growth in gross domestic product and 
other economic conditions, investor behavior, 
market conditions, competition, uncontrolled 
natural or environmental circumstances directly 

affecting the production of the company, 
behavior of market participants, strikes, and so 
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on, could be very important influencing factors 
in determining stock price movements. Inflation 
and interest rate are key external factors 
identified as determinants of stock price 

movement. Maysami and Koh (2000) using cash 
flow valuation model maintains that an increase 
in expected inflation rate is likely to lead to 
economic tightening policies that would have 
negative effect upon stock prices. A rise in the 
rate of inflation increases the nominal risk free 
rate and raises the discount rate. DeFina (1991) 
however argues that the cash flows does not rise 
at the same rate as inflation, and the rise in 
discount rate leads to lower stock prices. A 

report by dynamic portfolio limited shows that 
if the inflation rate is high, the tendency is that 
as the real income declines, the investors end up 
selling their assets, including stocks to enhance 
their purchasing power. The reverse is the case 
when the inflation rate is low, investors would 
like to acquire more assets. In essence, the era 
of high inflation rate negatively affects stock 
prices while low inflation rate boost stock 
prices. On the effect of monetary policy 

variables on stock price moments, Udegbunam 
and Eriki (2001) examination of the relation 
between stock prices and inflation in the 
Nigerian stock market provides a strong support 
for the proposition that inflation exerts a 
significant negative influence on the behavior of 
the stock prices. Moreover, the study shows that 
stock prices are also strongly driven by the level 
of economic activity measured by GDP, interest 
rate, money stock, and financial deregulation. 

On the other hand, the findings of the study 
show that oil price volatility has no significant 
effect on stock prices. A rise in interest rate may 
encourage investors to switch from the stock 
market to the money market. Reduced interest 
rate encourages demand for cash for speculative 
purpose and therefore may boost stock market 
activities. There is a relationship between bond 
yield, the level of stock prices and the price 
earnings ratio. The lower the yield on debt 

instruments, the higher the stock prices as well 
as the price earnings ratio. On the other hand the 
higher the yield on bonds, the lower the stock 
prices. Ologunde et al (2006) examined the 
relationship between stock market capitalization 
and interest rate. Using an ordinary regression 
analysis they showed that the prevailing interest 
rate exerts positive influence on stock market 
capitalization.   

     Exchange rate is another factor pointed out in 
the literature as a key determinant of stock price 
movements. 
     Adam and Tweneboah (2008) argue that the 

instability of exchange rate can cause 
speculation in foreign exchange market, disrupt 
international credit operations and international 
stock market operations. The instability can also 
lead to crisis of confidence that could cause 
capital flight, or a large-scale withdrawal of 
short-term credit facilities. If there is high 
exchange rate it would encourage round tripping 
and discourage stock market investment. It will 
cause operating cost upward movement and 

lower corporate profit in the real sector: The 
higher the operating cost the lower the profit. 
When the value of the currency is dropping, the 
incentive to invest by foreign investors in the 
domestic economy is lost. This can affect the 
stock market and stock prices. Adam and 
Tweneboah (2008) employed Johansen 
multivariate cointegration test and innovation 
accounting techniques from Vector Error 
Correction Model (VECM) to study the effect of 

macroeconomic variables and stock price 
movements in Ghana. They used quarterly data 
covering the period from the first quarter 1991 
to the last quarter 2006. They established that 
there is cointegration between macroeconomic 
variables identified and Stock prices in Ghana, 
indicating long run relationship. The result also 
shows that interest rate is the key determinant of 
the share price movements in Ghana. 
     Money supply and country GDP are also 

seen as potential determinants of stock price 
movements. Contraction in money stock is 
expected to have a negative impact on stock 
prices, while an upward movement in GDP 
could raise stock prices due to the poential for 
higher profits arising from a healthy business 
climate. However, when the GDP is on the 
downward trend, there is likelihood of stock 
prices dropping. Chaudhuri and Smiles (2004) 
test the long run relationship between stock 

prices and changes in real macroeconomic 
activity in the Australian stock market in the 
period 1960 to 1998. The real macroeconomic 
activities include real GDP, real private 
consumption, real money supply, and real oil 
price. The results of their study indicated that 
there is a long run relationship between stock 
prices and real macroeconomic activity.  

 

Stock Price Forecasting 
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     Since years, many techniques have been 
developed to predict stock trends. Initially 
classical regression methods were used to 
predict stock trends. Since stock data can be 

categorized as non-stationary time series data, 
non-linear machine learning techniques have 
also been used. Artificial Neural Networks 
(ANN) and Support Vector Machine (SVM) are 
two machine learning algorithms which are 
most widely used for predicting stock and stock 
price index movement. Each algorithm has its 
own way to learn patterns (Jigar Patel, et al).  
ANN emulates functioning of our brain to learn 
by creating network of neurons. Hassan, Nath, 

and Kirley (2007) proposed and implemented a 
fusion model by combining the Hidden Markov 
Model (HMM), Artificial Neural Networks 
(ANN) and Genetic Algorithms (GA) to forecast 
financial market behavior. Using ANN, the 
daily stock prices were transformed to 
independent sets of values that become input to 
HMM. Wang and Leu (1996) developed a 
prediction system useful in forecasting mid-term 
price trend in Taiwan stock market. Their 

system was based on a recurrent neural network 
trained by using features extracted from 
ARIMA analyses. Empirical results showed that 
the networks trained using 4-year weekly data 
was capable of predicting up to 6 weeks market 
trend with acceptable accuracy. Hybridized soft 
computing techniques for automated stock 
market forecasting and trend analysis were 
introduced by Abraham, Nath, and Mahanti 
(2001). They used Nasdaq-100 index of Nasdaq 

stock . 
     Armando Bernal (2012) used echo state 
networks, a subclass of recurrent neural 
networks to predict stock prices of the S & P 
200 with the claim that their network 
outperformed a Kalman Filter, predicting more 
of the higher frequency fluctuations in stock 
prices. 

 

Modelling Stock Price Movements 

     The mathematical development of present-
day economic and finance theory began in 
Lausanne, Switzerland at the end of the 
nineteenth century, with the development of the 
mathematical equilibrium theory by Leon 
Walras and Wilfredo Pareto. At the beginning of 
the twentieth century, Louis Bachelier in Paris 
and Filip Lundberg in Uppsala (Sweden) 
developed sophisticated mathematical tools to 

describe uncertain price and risk processes. 
Since then, observations of prices of stocks, has 

been modeled as a stochastic process. A 
stochastic process with state space S is a 

collection of random variables  { }TtX t ∈,  

defined on the same probability space  

evolving over time. The set T is called its 

parameter set.If , the process is 

said to be of a discrete parameter set. If T is not 
countable, the process is said to have a 
continuous parameter set, for example, 

 and . The 

index t represents time, and  as the “state” or 

the “position” of the process at time t. The state 
space is R in most usual examples, and then the 

process is said real-valued.  
     Traders in stock markets need to know 
exactly when to buy and/or sell in order to 
generate profit for their companies. It is in this 
regard that the random walk model which is 
considered as being consistent with the weak 
form of efficient market hypothesis (Anderson 
and Lauvsness, 2007) has been used for decades 
now by academics and professional to model the 
behavior of stock price. This method assumes 

that tomorrow’s stock price is equal to today’s 
price plus some random error. It is also assumes 
that the price generating process is of Gaussian 
family and can be modeled by a linear model 

     Linear models such as the random 
walk, autoregressive moving average (Box and 
Jenkings, 1994) and nonlinear econometric 
models are used to predict future behavior of 
stock prices. As noted by Fan and Huang 
(2001), such models present significant 
drawbacks, the major one being the normality 
assumption on which they are built. This strong 
assumption may neglect the occurrence of 
extreme events during market crashes. 
     Mwamba (2011) investigating the 
predictability of stock prices in more efficient 
and developed markets using two econometric 
methods namely: the random walk and the non-
parametric methods, concluded that stock prices 

are predictable with more accuracy when a 
nonparametric method is used. In using the 
univariate nonparametric kernel method in 
modeling stock price, the normality assumption 
is relaxed to let data speak for itself about the 
distribution that it follows. 
     Variation in stock prices and other 
phenomenon involving uncertainties when 
modeled as a stochastic process, leads to 
Stochastic Differential Equations (SDE). For 

example, in finance and insurance, the concept 
of cooperate defaults, operational failures, 
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insured accidents, uncertainties in foreign 
exchange and prices of stocks can be naturally 
modeled by Stochastic Differential equations 
(SDEs).  Stochastic differential equations with 

jumps was used for modeling credit events like 
defaults and credit rating changes Jarion 

acknowledge that stochastic differential 
equations could be applied to modeling of short 
time rate typically set by the central banks. 
Models for the dynamics of financial quantities 

specified by SDEs have become increasing 
popular in the recent past.  

 

Stochastic Differential Equations 
     
Differential equations are used generally to 
describe the evolution of a system over time. 
Stochastic differential equation arises when a 
differential equation is subject to some random 
perturbation called the White noise. If x(t) is a 

differential equation defined for t 0, u(x,t) is a 

function of  and  and the following relation is  

satisfied for all t, 0  t T 

0)0(),),(()(
)(

xxttxutx
dt

tdx
==′=    (1) 

 is said to be the solution of the ordinary 

differential equation (1) with the initial 

condition . Equation (1) can be 

written as   and by the 

continuity of , we can write: 

∫+=
t

dsssxUxtx
0

)),(()0()(  (2) 

     The differential equation (1) above becomes 
a stochastic differential equation if we subject it 
to a random perturbation by a White noise 
which is considered to be derivative of a 

Brownian motion i.e. )(
)(

)( tB
dt

tdB
t ′==ξ . It 

should be noted that the White noise does not 
exist as usual function of t since a Brownian 
motion is now where differentiable. If the 

intensity of the noise is denoted by  at a 

point x at time t, then we can write 

∫ ∫ ′=
T T

tdtBdttxttttxt
0 0

)()()),()(()()),()(( σξσ ∫=
T

tdBttxt
0

)()),()((σ  (3) 

where the integral in (3) above is an Ito integral. 
Therefore, we can say that stochastic differential 
equation arises when the coefficients of ordinary 
differential equation are perturbed by white Noise.  

 

Its Integral 
     The stochastic calculus of Itô originated with 
the investigation of conditions under which the 

drift and the diffusion coefficient of the diffusion 
of Markov process could be used to characterize 
this process. Following the Einstein’s explanation 
of Brownian motion in the first decade of the 19th 
century, there were rigorous efforts by researchers 
to formulate the dynamics of the motion in terms 
of stochastic differential equation. The resulting 
equation was written in the form 

tttt dWXtbXtadX ),(),( +=   (4) 

This symbolic differential form can be written in 
integral form as  

∫ ∫++=
t

ts

t

st dBXsbdsXsaXX
0 0

0 ),(),(  (5) 

     Since the Brownian motion  is a derivative 

of the Wiener process , the second integral in 

equation (5) above cannot be interpreted as the 
Riemann or Lebesgue integral because Brownian 

motion is nowhere differentiable. Furthermore, 
because the continuous sample path of Brownian 
motion is not of a bounded variation in any 
interval, the integral cannot also be interpreted as 
Riemann-Stieljes integral. Therefore, the integral 

of the form  where  is adapted 

to the filtration  is called a 

stochastic or Itó integral. This type of integral 
arises naturally as a solution of stochastic 
differential equations or martingale.  

 

Mathematical Model of Dynamics of Change in 

Three Stock Prices 

     Consider three stocks  subjected 

to random influence by the market forces. We 

assume that in a small interval of time , a stock 

price may change by losing one unit (-1) or 
remain stable (0) or gain one unit (+1) which we 

represent by .  

There are  possibilities by which the 

Tstocks  may vary in the small time 

interval . These possibilities are indicated in 

table 
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Table x:  Possible outcome of change in 3 stock price and the probabilities 
 

 

     Here,  represent change in stock price. For 

example,  represent a gain of 1 unit 

in stock  while stock  and  remain stable; 

 represent a simultaneous gain of 1 

unit by stock and and a loss of 1 unit 

stock . It is assumed that the change in the stock 

price is proportional to the price of the stock. For 
simultaneous gains/losses, we assume that the 
probability of the change is proportional to the 

product of the stock prices. This is reasonable as, 
supposing that the one of the stock price is zero 

then, the probability of a simultaneous gain is 

zero. It is also assumed that  is sufficiently 

small so that  which is the probability that 

there is no change in the three stocks prices within 

the time interval  is positive.  

     The parameters , defines the 

rate at which stocks experience individual gains or 
losses respectively. The parameter  

 defines the rate 

at which stocks experience simultaneous gains 

and/or losses with each parameter depending on . 

S/N Change in Stock price 

 

         Probabilities 

1 [-1  0  0] 
 

2 [1   0  0] 
 

3 [0   1  0] 
 

4 [0  -1  0] 
 

5 [0  0  -1] 
 

6 [0   0  1] 
 

7 [-1  1  0] 
 

8 [-1 -1  0] 
 

9 [1   1  0] 
  

10 [1  -1  0] 
 

11 [-1  0  1] 
 

12 [-1  0 -1] 
 

13 [1   0  1] 
 

14 [ 1  0 -1] 
 

15 [0   1  1] 
 

16 [0 -1  -1] 
 

S/N Change in Stock price 

 

         Probabilities 

   
17 [0  -1  1] 

 
18 [0  1  -1] 

 
19 [-1  1  1] 

 
20 [-1  1 -1] 

 
21 [-1 -1 -1] 

 
22 [-1 -1  1] 

 
23 [1  -1 -1] 

 
24 [1  1  -1] 

 
25 [1  -1  1] 

 
26 [1  1   1] 

 
27 [0  0   0] 
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For example,  is the probability that stock i 

gains one unit in the time interval .  

     The change involving  

simultaneously is denoted by . Also, 

denotes the changes involving  

and  simultaneously. For example,  

represent the change involving the two stocks 

 in which  gains while  losses. Also  

represent the change involving the two stocks 

 in which  losses while  gains. Finally, 

 denote the change in the three stocks 

 simultaneously. In all cases, the 

subscript 1 or 2 represent loss of one unit or gain 
of one unit respectively. It should be noted 

that .  

Using the above representations for  and  the 

expectation vector is derived as follows: 

∑
= 
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
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




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1

)(
i

ii

f

f

f

SpSE          (6) 

                           
(7) 

 Represent the totality of the likelihood of change involving stock .       (8) 

 Represent the totality of the likelihood of change involving stock         (9) 

 Represent the totality of the likelihood of change involving stock . 

Putting 

1111 )( SbddS +=           (10) 

2222 )( SbddS += ,          (11) 

3333 )( SbddS += ,          (12) 

( ) 211122211221 SSSdS αααα +++= ,        (13) 

( ) 311122211231 SSSdS ββββ +++= ,        (3.1.9) 

( ) 321122211232 SSSdS γγγγ +++= .        (14) 

( ) 321222212221211112111121122321 SSSSSdS ηηηηηηηη +++++++=     (15) 

Then the covariance matrix is derived as follows: 
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The covariance matrix represents the volatility coefficient of the SDE. Clearly, the covariance matrix is 
a positive definite symmetric and hence has a positive definite square root. We then have the SDE  

)(),,,(),,,()( 3232 tdWSSStBdtSSSttdS += µ       (17)  

where  
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Conclusion and Recommendation 
     The task in this paper is to examine 
determinants of stock price movement or 
variations as well to x-ray different approaches to 

forecasting stock price. The objective of this study 
is to provide quantitative evidence on the factors 
that determine the stock price movements.  
    A whole lot of factors can affect and determine 
stock price in any given economy for instance 
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exchange rate, interest rate, inflation, money 
supply, demand and supply, government rules and 
regulations, to mention but a few. After brief look 
at these determinants of stock price, this paper 

supports the claim of Sergeant and Wallance 
(1975), that the only factors that can change stock 
price are random factors that could not be known 
in advance.  
     Since years, many techniques and models have 
been developed to predict stock trends from 
different approaches. Variation in stock prices and 

other phenomenon involving uncertainties when 
modeled as a stochastic process, leads to 
Stochastic Differential Equations (SDE). 
Stochastic differential equation arises when a 

differential equation is subject to some random 
perturbation called the White noise. Considering 
the random nature of the factors that can change 
and/or determine stock prices, the Stochastic 
Differential Equation is a veritable tool/technique 
for modeling stock prices for the purpose of 
forecasting

. 
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Abstract 

This paper considered the cost of allocated goods and attaining maximal utility with such price 

in the finite dimensional commodity space and observed that there exist an equilibrium price. It goes 

further to establish that in an infinite dimensional commodity space with subsets as consumption and 

production set there exist a price system. The compactness and convexity properties of these two disjoint 

sets enables us to establish this price system in this infinite dimensional space via the existence of set of 

continuous linear functional. This price system becomes the competitive equilibrium price and 

allocation which maximizes and minimizes the cost function for producers and consumers respectively 

KEYWORDS: Competitive equilibrium, commodity space, functional, agents and price system.  
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introduction  

     we are interested in arriving at a compromise 
solution where both decision makers (producers 
and consumers) must come to a compromise. 
Mathematically we say that we are interested in 
analyzing the behavior of both producers and 
consumers so as to get a convergent point. This 
convergent point can be called efficient points 
existing in the commodity space. These efficient 
points are economically interpreted as 
competitive equilibrium. 

 

Definitions  

Economy: The economy is define as  

( ) ( )[ ]
BjjAiii YUXE

∈∈= ,, . 

This economy consists of the following 
components:  

(a) Commodity Space: This is a space that contains 
the list of all commodities in the economy. It 
contains both the goods allocated for consumption 
and the one undergoing production. It is denoted 
by S and it is a normed vector space which is 

infinite.  
(b) A set A which consists of the number of agents in 

the economy.  

(c) SX i ⊆ for all Ai∈ is called the consumption set 

which contains the commodity allocated for 
consumption for each agent 

(d) A set B which represents the number of firms in 
the economy.  

(e) Utility function ℜ→ii XU : .This measures the 

satisfaction each agent get from the consumption 
of any product.  

(f) Technology set ,, BjSYi ∈⊆  

{ }∑ ∑
∈

∈∈ ∈=∋∃∈==
By

BjjjjBjjj YyyyySyYY ,,)(:  

Y is known as the total production set. 

 Allocation 
     An allocation for the economy for the 
economy is defined as follows 

( ) ( )[ ] BA

BjjAii SyxE ×

∈∈ ∈= ,  

ix  denotes the produced goods that are allocated 

to agent I for consumption. The negative 

components of  ix  denotes the consumed goods 

while the positive components denotes the goods 
that are available in the consumption allocation. 

Similarly jy denotes the goods that the firm j is 

ready to release for consumption while the 

negative component of jy  denote the goods that 

are undergoing production 
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.Feasibility Allocation: 

(a)  An allocation ( ) ( )[ ]
BjjAii yx

∈∈ ,   is said to be 

feasible if 

(i) AiXx ii ∈∀∈   

(ii) BjYjy j ∈∀∈    

(iii) ∑ ix = ∑ jy  

      (b)   An allocation defined above is Pareto 

optimal if   

(i) AiXx ii ∈∀∈  

(ii)  BjYjy j ∈∀∈    

(iii) ∑∑
∈∈

=
Bj

j

Ai

i yx  

(iv) There does not exist any other allocation 

( ) ( )[ ]
BjjAii yx

∈∈
** ,  such that   

( ) ( ) AiallforxUxU iiii ∈≥*   

( ) ( ) AioneleastatforxUxU iiii ∈>*  

 Price System 
      The price system of this infinite dimensional 
commodity space S is the dual of the space S 

which is denoted by *S  and it is defined as 
follows: 

{ }SonfunctionallinearcontinuousaisffS :* = .

The dual space of the Banach space S which is *S  
is also a Banach space. Note the S is an infinite 

dimensional space and it is denoted by ∞= lS   

Analysis of Competitive Equilibrium in an 

Infinte Dimensional Space 

     The equilibrium price allocation can be 
guaranteed by the first welfare theorem. Before 
the welfare theorem we have a lemma 

Lemma: The dual space of an infinite 

dimensional space ∞l contains 1l that is ∞⊆ ll1 . 

The dual space of ∞l contains 
1l therefore there 

exist a subspace of ∞l which 
1l is its dual such 

space is defined as { }0lim:0 =⊂=
∞→

∞ t
t

xlxC   

∞⊆ lC0
, ∗

∞⊆ ll1  it follows that ∗⊆ 01 Cl  hence 

any ∗∈ 0Cf   is represented by 
1lf ∈  

 

Neoclasssical Growth Model For The 

Optimization Problem 

( ) ( ){ }


 ∞====

∞

=∞ pt
tt

tttt SSSSSSSSlS maxsup,,,,
0

3213213

. This considering an economy with three goods. 

{ } ({ xxxkxSxxxX tttttt −−≥≤≤−−≥∈= 1,0,01,:,, 112

0

3

0

321 δ
 

Utility function  RXU i →:  is denoted by  

( ) ( )[ ]∑ ++∂−−= +
23

1

31 1,1 tttt

t xxxxUtU β  

Production Set Y, such that   

{ }{ yyFyyySyyyY tttttttt ∀−−=≤≤∈= ),(,0,0:,, 23223321

 

Allocation 

[ ]yx,  such that Syx ∈,  

Price System 

RSf →: which is ( )321 ,, pppP =  

= ( ){ }∞=0

321 ,,
tttt ppp  

Competitive equilibrium is the set [ ]∗∗ yx ,  and 

f maximizes as follows 

(i) 
∗y  maximizes )( yf subject to Yy ∈   

(ii) ∗x  maximizes )(xf  subject to  

)()(, yfxfXx ≤∈  

(iii) 
∗∗ = yx  

Theorem 1: Let { }∞
=0nnx  be a sequence in 

iX converging to x  with nxUxU n ∀> )()( . If 

an allocation ( ) ( )[ ]∗
∈

∗
jtii yx ,  and a continuous liner 

functional f  constitutes an equilibrium then the 

allocation ( ) ( )[ ]
BjjAti yx

∈

∗
∈

∗ , is Pareto optimal. 

Proof: We proof by contradiction. 

 Let ( ) ( )[ ]
BjjAti yx

∈

∗
∈

∗ ,  and f  constitute a 

competitive equilibrium. Then 
iXx ∈∀  
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ii XxAixfxf ∈∈∀≥ ∗ ;)()(

iXxAixUxU ∈∈∀≥ ∗ ;)()(  and 

                                 

Suppose this assumption is not true, then we have 

that there exist Ai ∈ and 
iXx ∈ such that 

                                                

AixUxU ∈∀≥ ∗ )()(  and 

                                                    

Aixfxf i ∈∀< ∗ )()(
 

Let {Xn} ∈ X such that xxn → as ∞→n with 

( ) ( )xuxu n >  and ƒ is continuous there exist n  

such that  

( ) ( ) ( )
( ) ( )
( ) ( )
( ) ( )*

*

*

*

in

iin

in

in

xfxf

andxuxu

xfxf

andxuxuxu

<

≥⇒

<

≥>

 

Note that *

ix is not part of the competitive 

equilibrium for all i . This is a contradiction to the 
hypothesis of the theorem. Hence our claim is not 
true.   

∴ for all i , all iXx∈  

( ) ( )*

ixuxu >   and 

( ) ( )[ ]
BjjAii yx

∈∈
** , is a competitive equilibrium 

allocation. 

    Next we show that ( ) ( )[ ]
BjjAii yx

∈∈
** ,  is Pareto 

optimal. 

Suppose this is not true, then there exist another 

feasible ( ) ( )[ ]
BjjAii yx

∈∈
00 , such that 

( ) ( )*0 xuxu ii ≥  for all i  and 

( ) ( )*0 xuxu ii ≥  for some i 

since ( ) ( )[ ]
BjjAii yx

∈∈
** ,  is  a competitive 

equilibrium we have  

( ) ( )*0 xfxf ≥ for all i and 

( ) ( )*0 xfxf > for some  i 

Summing up agents we have 

( ) ( ) ∞<>∑∑
∈∈ Ai

i

Ai

i xfxf *0  

Since A is finite we have by linearity that 

( ) ( ) ( ) ( )∑∑∑∑ >⇒>
∈∈

***0

ii

Ai

i

Ai

i xfxfxfxf  

Since both ( ) ( )[ ]
BjjAii yx

∈∈
** , and ( ) ( )[ ]

BjjAii yx
∈∈

00 , are 

feasible we have by feasibility condition that 

∑∑
∈∈

=
Ai

j

Ai

i yx **  and 

∑∑
∈∈

=
Ai

j

Ai

i yx 00  









>








⇒









>








⇐

∑∑

∑∑

∈∈

∈∈

Bj

j

Bi

j

Bj

j

Bi

j

yfyf

yfyf

*0

*0

 

     ⇒ there exist Bj∈  such that 

( ) ( )*0

jj yfyf >  

∴ ( ) ( )[ ]
BjjAi

yx
∈∈

00 , is not a feasible condition. 

Hence a contradiction.  

( ) ( )[ ]
BjjAi

yx
∈∈

∴ 0* ,  is a competitive equilibrium 

allocation. 

NOTE:- This theorem assumes a competitive 
equilibrium and then proved that it is Pareto 
optimal by contradiction. 
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     In the next theorem we will show that for any 
Pareto optimal allocation there exists a price 
system such that this price system with 
allocations forms a competitive equilibrium. This 
implies that we will show the existence of price 
system in the infinite dimensional commodity 
space. 
     Since the price system which we are dealing 
with is the set of continuous linear functional on 
an infinite dimensional commodity price, we will 
proceed by proving that this functional actually 
exist and separates the preferred consumption 
allocation Xi and the aggregate production set Y. 

Theorem 2 

Hahn Banach Separation Theorem 

Let SYSX ⊂⊂ , be two convex sets which are 

non-empty and disjoint. Suppose X has a non-
empty interior then there exists a separating hyper 

plane f such that ( ) ( )xfCyf ≤≤ , Xx∈∀ , all 

Yy∈  and C is a constant. 

Proof  

Let 0∈ then set 

( )
( )εβ

εβ

ε

ε

,0

,0

+=

+=

YY

XX
 

Then  

(i) εX  and εY  are convex, nonempty and 

open. 

(ii) φεε =∩YX  for sufficiently small 

0>ε . there exist a closed hyper plane of 

equation [ ]xf = which satisfies εX  and εY  such 

that 

  

( ) ( ) ( )1,0,, BzYyXxzyfzxf ∈∈∈∀∈+≤≤∈+ α  

where f is the hyperplane of equation [ ]α=f . 

 YyXxyxZ ∈∈−= ,,  and we have  

( )( ) ( )( )yxyfyxxf −+≤≤∈−+ εα  

By convexity of X and Y and for 10 ≤≤ λ  we 
have 

( ) ( ) 0,, >∈∈∀−≤≤+ εεαε YyXxfyffxf  

 Since 0≠f , we have that X and Y are 

separated strictly by the hyperplane of equation 

[ ]α=f . This hyperplane f is the continuous 

linear functional. It is the continuity property of 
this linear functional that qualifies it to be a price 
system. 
     This hyperplane f is the price system for each 
agent in the economy hence the set that contains 
the continuous linear functional in this economy 
with an infinite dimensional commodity space is 
the price system for the economy. 
     Let our commodity space S be denoted by 

∞= lS . This is so because ∞l  has a non-empty 

interior while pl for ∞≤≤ p1  has an empty 

interior. 
     Since we are sure that there is existence of set 

of continuous linear functional *

∞l  in the infinite 

dimensional commodity space we now show that 
in this set of continuous linear function that a 
price really exists which combines with the 
allocations to form a competitive equilibrium for 
this infinite dimensional commodity space. 

 

ASSUMPTIONS ON THE ECONOMY 

a. For each ,Ai∈ iX  is convex hence X is convex. 

b. For each ,Ai∈  if 
iXxx ∈′, and ( ) ( )1xuxu ii >  then 

( )( ) ( )xuxxu ii
′>′−+ λλ 1 `for 10 << λ . This 

shows that ( ).iu is strictly quasi-concave. 

c. For each ,Ai∈ iu  is continuous. 

d. For each ,Bj ∈ jY  is convex hence Y is convex 

e. ∞= lS  is convex. 

THEOREM 3 

Let ( ) ( ){ }
BjjAii yx

∈∈
00 ,  be a Pareto optimal 

allocation. Assume that for Ah∈ there exist 

hh Xx ∈ˆ  with ( ) ( )hhhh xuxu &>ˆ and if there exist 

0,* ≠∈ fSf  such that 

(i) For all ( )yfYyyBj jj ∈=∈ max, 0   

(ii) For all Ai∈  and all iXx∈  

( ) ( ) ( ) ( )00

iiii xfxfxuxu ≥⇒≥  

Hence ( ) ( )[ ]
BjjAii yx

∈∈
00 ,  and f constitute a quasi-

equilibrium and it is unique. 

∞   
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By the hypothesis of the theorem we have 
that any Pareto optimal allocation can be 
supported by a price system to form quasi-
equilibrium. 

     This theorem only guarantees that 0

ix
 

minimizes the cost of attaining utility ( )0

ii xu  for 

each consumer not utility maximization among 

the set of goods that cost no more than ( )0

ixf  as 

would be required by the competitive equilibrium. 

Proof Of Theorem 2 

Let ( ) ( )[ ]
BjjAii yx

∈∈
00 ,  be a Pareto optimal 

allocation. 

Let 0
ix

N
 be the upper contour set with respect to 

0

ix . 

Let ( )0
ix

NInt  be the interior of 0
ix

N  

( ) 00 ≠
ix

NInt  

( ) ( ) ( ){ }0:0 iiiix
xuzuXzNInt

i

>∈=⇒  

By the second assumption we have 

ixN is convex. Then the interior of 0
ix

N is convex. 

Also 

    

( ) ( ) 000

0 ≠⇒∈
ii xxi NIntNIntx  

From the hypothesis of the theorem there exist 

some Ah∈  such that hh Xx ∈ˆ with 

( ) ( )0ˆ
hhhh xuxu > . 

From that h we have 

φ≠h

xh

N 0  

Define ∑
≠

+=
hi

x

h

x ih

NNN 00  

N is the aggregate consumption set. This can be 

split such that every agent i has much utility with 
agent h strictly more utility than the Pareto 

Optimal allocation ( ) ( )[ ]
BjjAii yx

∈∈
00 , . N is the sum 

of non-empty convex sets therefore SN ⊂  

From assumption d , Y  is convex.  

φ

φ

=∩⇒

=∩⊆

YN

YXandXN ii
 

By theorem (2) 

( ) ( ) YyNxxfCyf ∈∈∀≤≤ .  

Next we show that ( ) ( )[ ]00 , ii yx  and f constitutes 

quasi-equilibrium. 

By assumption С we have that  

uh is continuous therefore the closure of h

xh

NN 0= . 

Define the closure of N as follows   

∑

∑

∈

∈

=

=

Ai

i

xx

Ai

i

x

ih

i

NN

NN

00

0

 

By the continuity of f we have  

( ) NxxfC ii ∈∀≤ 00  

Since ( ) ( )[ ]00 , ii yx is Pareto optimal it is feasible and  

000 yyxx
Bj

j

Ai

i === ∑∑
∈∈

 

Obviously Nx ∈0
 

( ) ( ) ( )
( ) ( )00

000

xfCxf

xfCyfxf

==⇒

≤≤=∴
 

Suppose for a fix Bj ∈ , suppose there exist 

jj Yy ∈ such the  

( ) ( )0

jj yfyf >  

For jk ≠ we define 0ˆ
kk yy =  



 

West African Journal of Industrial and Academic Research December 2016  Vol. 17                             104 

  

( ) ( ) Cyfyf

haveweandYyy

j

Bj

j

=>

∈=⇒ ∑
∈

0~

~

    (2.1) 

Since ( ) YyCyf ∈∀≤ ,  equ. (2.1) is a 

contradiction. 

   0

jy∴  maximizes ( )zf  sub 

to BjYz j ∈∀∈  

Hence 0

jy  solves the optimization problem 

( )zfmax  sub to 0≥∈∀∈ zBjYz j  

Suppose for a fix Ai∈ and suppose there exist 

ii Xx ∈~ with 

   

 
( ) ( )
( ) ( ) 




<

≥
0

0~

ii

iiii

xfxf

andxuxu

 (2.2) 

Then for Cm ≠ we define 0~
mm xx =  

Obviously ∑
∈

∈=
Ai

i Nxx ~~ and  

( ) ( ) Cxfxf i =< 0~    

 (2.3) 

Since ( ) NxCxf ∈∀≥0  equ. (2.3) is a 

contradiction. Hence 0

ix minimizes ( )zf  

Subject ( ) ( ) Xzxuzu iii ∈≥ ,0
 

Therefore we conclude that 0

ix  solves the 

optimization problem 

   

 

( )

( ) ( )
0

,

min

0

≥

∈∀≥

z

Xzxuzu

tosub

zf

iiii

 

We have seen that quasi-equilibrium actually 
exists and by the theorem it is unique. We show 

that ( ) ( )[ ]00 , ji yx  together with the linear functions 

constitutes a competitive equilibrium. 

THEOREM 4 

Let the hypothesis of Theorem 2 be satisfied any 
let ƒ be a continuous linear functional which with 

( ) ( )[ ]00 , ji yx  satisfies the conclusion of theorem 3 

suppose that for all Ai∈  there exists ji Xx ∈1
 

such ( ) ( )01

ii xfxf < then ( ) ( )[ ]00 , ji yx  and ƒ 

constitute competitive equilibrium. 

PROOF: 

 We need to show that for all iXxAi ∈∈ 1,  

( ) ( ) ( ) ( )00

iiii xuxuxfxf ≤⇒≤  

let iXxAi ∈∈ , be chosen arbitrarily, satisfying 

( ) ( )0

ixfxf ≤  

Define λx by  

( ) 10,11 <<∀−+= λλλλ xxx i  

By assumption 

( ) ( ) ( ) ( )001

iii xfxfxfxf ≤⇒<  

we have that  

( ) ( )( ) ( )01 ii xfxxfxf <−+= λλλ  

By linearity we have  

( ) ( ) ( ) ( ) ( ) 10,1 0 <<<−+= λλλλ ii xfxfxfx  

By assumption 0

ix is part of a quasi-equilibrium 

also by convexity of ix we have iXx ∈λ and  

( ) ( ) ( ) ( )00

iiii xfxfxuxu ≥⇒≥ λλ  

Or by contraposition 

( ) ( ) ( ) ( )00

iiii xuxuxfxf <⇒<λ  

By continuity of iu we have ( ) ( )λλ
xuxu iii

0
lim
→

=

 ` 

~ 

 0 
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( ) ( ) ( )0

0
lim iiii xuxuxu ≤=
→

λλ
 Hence ( ) ( )[ ]00 , ji yx  and ƒ is a competitive 

equilibrium for the pure dynamic economy with 
an infinite dimensional commodity 

space ∞= lS and count-ably many agents and firms. 

________________________________________________________________________ 
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Abstract 

 
Themissionaries of the Orthodox Church from Europeencountered conflicts against their missionary 

activities in the African communities due to several factors bothered on the political interest of the 

Church.Wright Mills Conflict Theory was used to determine the sources of the conflict.Result showed 

that the cause of the conflict was political as it centered on the Behavioral approach of the White 

Missionaries and their Instrumental Motives. They took advantage of the influence of the colonial 

administration of Europe in Africa. In the actual sense, the Christian MissionariesfromEuropenever saw 

any positive outcome in African welfare neither did they take the indigenes of African communities to be 

of any morally nor intellectually well.As a result of their behavioral approach there wasdisagreement on 

several traditional practices of the Indigenes and the African quest to indoctrinate their cultural 

practices into the Christian tradition;conflict ensued on both parties. In conclusion, suggestion is given 

to help new missionaries of the other Christian missions in this modern Era to succeed in their Christian 

ministry and as well prevent frictions and tension of conflict against their spiritual venture in African 

Communities. 

Keywords:  African Missionaries, Conflict, Church Crisis, ReligiousConflict, Missionaries 

 

Introduction 
     The invasion of the British colonial 
administrators and eventful coming of the 
missionaries of Orthodox Church from Europe 
into African communitiesbetween 16th and early 
19th century remains very clear for the 
WestAfrican’s spiritual reawakening.It therefore 
calls for a number of questions and an in-depth 
examination on the developments that really 
went on within the mission communities of both 
the African people and missionaries. The 
European Christian missionaries came into 
Africa to Christianize and civilizeits societybut 
had an ambivalent character in their quest to 
modernize the black continent and also better 
their own economy(Shelley 2008).Again, the 
missionaries never saw anything good in 
African religion, culture, thought pattern or their 
social life, because of lack of understanding of 
the cultural and socio-religious stand point of 
the Africans which was evaluated with the lens 
of western concept. They made the choice to 
exert theirown influence on the people which 
were hitherto received by Africans with mix 
feelings and conflicting reactions. Using Wright 
Mills Conflict Theory as a study method, this 

research highlights those conflicts encountered 
by the Missionaries of the Orthodox Church 
within the African communities as political 
influences are involved, and suggests measures 
to help in the missionary success of Modern 
Religions that are still on missionary activities 
as this paper’s objectives. 
 

The Emergence Of Christianity And Its 

African Invassion 

     The Christian motives toward missionary 
activities hinges on the theology of its religious 
tradition. The religion was founded in Israel and 
Palestine for over 2000 years ago. The religion 
based its life and teachings on the concepts of 
Jesus Christ who was regarded as Jewish 
teachers and perhaps a prophet of divine origin. 
Traditionally, Judaism does not believe that any 
of their great prophets were divine. In Islamic 
theology, God is believed to have spoken 
directly to Prophet Mohammed who founded the 
Islamic religion, through an angel named 
Gabriel, but Islam does not give him the status 
of being divine. Consequently, Christianity like 
Islam is seen as a proselytizing religion, 
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meaning that it is their duty of the followers of 
these religions believes to share their religion 
and try to convert others to their religion most 
especially through evangelization. As the 
Religion grew, its sacred messages spread 
across Europe through missionary service and 
this obviously informed the Europeans 
exploring of unevangelized areas of the African 
coast to bring its message through the invasion 
of Europe in African Coastal regions. In the late 
19th century, the European imperial powers 
engaged in a major territorial scramble and 
occupied most of the continent, creating many 
colonial territories, and leaving only two fully 
independent states: Ethiopia known to 
Europeans as "Abyssinia", and Liberia. Egypt 

and Sudan were never formally incorporated 
into any European colonial empire; however, 
after the British occupation of 1882, Egypt was 
effectively under British administration until 

1922, likewise other African territories 
(Mokhtar, 1990). 
     Historically, Europe witnessed an awakening 
of a search for knowledge in religion, 
exploration, science, and industry (Falk 1997). 
The discovery and invention of compass, the 
new knowledge and skills of navigation, and the 
large and stronger vessels therefore encouraged 
the people to venture to unknown regions. From 
1364-1387 ten expeditions were sent to the 
coast of Sierra Leone. Franciscan missionaries 
sailed with the Portuguese expeditions to 
Madeira (1420), the Azores (1431) and the Cape 
Verde Islands (1450). Everywhere else along 
the West African coast the Portuguese ruled, 
and for the most part, the Roman Catholic 
mission and most black Africa during the 
fifteenth through the seventeenth centuries were 
under Portuguese auspices. 
      There was an earlier prevailing attitude of 
the major churches such as the Protestants who 
had considered missions work as unnecessary 
and hopelessly undertaking. This was clearly 
shown in the earliest period when the British 
East India trading company ships rejected and 
refused to transport missionaries in their first 
East India Companyvoyage in 1601 and 
returned in 1603(Gardner,1972) because they 
were oppose to missionary work and did not 
even allow them to reside in its territories. 
Possibly both Dutch and British undertook their 
exploratory and commercial ventures together 
with the objective to plant its reformed faith in 
its territories of which the British thought 
otherwise. But anew and pervasive 

determination in the Protestantism to carry the 
gospel to all men was aroused in the eighteenth 
century evangelical revivals in England and 
America. In affirmation to this, Shelley (2008) 
observes that: 
     Only in the 1820s and 1830s did interest in 

overseas missions become a general feature of 

British church life. This was due in part to the 

success of evangelical in influencing English 

and Scottish society. Many of their values were 

adopted outside their circle. In particular, the 

idea of Britain as Christian nation, with 

Christian responsibilities overseas took root 
(p.377). 
     Following the decision of the Protestant 
church to develop the passion to preach the 
gospel to the indigenous people of the world and 
Africa, this promptly made them to establish a 
Christian mission by sending of some 
Europeans explorers such as Dr. David 
Livingstone- a medical doctor on an routine of 
missionary work in Africa. This was actually 
followed by an influx of European missionaries 
into the coast of Africa for the purpose of 
mission work which entails evangelism in 
mission communities of Africa. In fact, the 
gathering of these mission communities was 
without its problems and envisaged kinds of 
challenges for the European missionaries. 

 

Conflicts Encountered By The Christian 

Missionaries 
     With Wright Mills conflict theory, this article 
showed that the major cause of the conflict was 
political and not only a matter of theological 
interest mainly. Christianity served as 
instrument for the political dominance of the 
western world in Africa as it watered down the 
strength of African resisting forces towards neo-
colonial policy and as a result paved way for the 
rapid influence of globalization in Africa 
through the western society.In Mills's view, 
social structures are created through conflict 
between peoplewith differing interests and 
resources. Individuals and resources, in turn, are 
influenced by these structures and by the 
unequal distribution of power and resources in 
the society(Knapp 1994). Using power struggle 
in the American society, Mill argued that the 
interests of this elite were opposed to those of 
the people. He theorized that the policies of the 
power elite would result in "increased 

escalation of conflict, production of weapons of 

mass destruction, and possibly the annihilation 

of the human race (p. 246)". By this theory, the 



 

West African Journal of Industrial and Academic Research December 2016  Vol. 17                             108 

Christian missionaries who came from Europe 
to Africa employed ideas  and different policy 
that were guided with sympathy and 
humanitarian stand point as a concern for the 
ordeal of Africans in the hands of slavery. And 
therefore emerged not only to outlaw slavery 
and slave trade in line with Christianizing the 
people, but as well as to offer them civilization 
through the influence of neo-colonization and 
form of trading activities to build a “new form 
of Social structure”. With these facts and 
realities not withstanding concerning the doings 
of the missionaries, there are some 
discrepancies that hither to existed between the 
missionaries and the mission communities the 
people they came to Christianize. As a matter of 
fact these discrepancies out rightly formed the 
crops of conflicts that existed in the mission 
communities as power struggle and control of 
church resources became superimposed on the 
African. To guide this, they develop ambivalent 
character toward African custom and beliefs 
which certainly became issues for conflicts. 
From Babalola’s (1988) statement “they 

launched assault upon customs and beliefs 

which they found objectionable and thereby 

caused conflict and alienated the majority of the 

people they had come to convert” (p.15).Contact 
with the indigenous communities resulted to the 
following conflicts and cohesions in mission 
communities: 

      

The White Man Skinchallenge in Malaria       

endemic region 

     This indicates the advantage of Black’s 
identity in Malaria endemic area over the white. 
Thereis need for Social cohabitation with the 
Europeans who had white skin by the 
indigenous black Africans and the need to 
survive in temperate zone of the Nigerian 
Communities.  One of the chief arguments used 
for support of colonization and missionary 
services in the early 19th century was that 
African can best evangelize to Africa. It was 
abelief supported by the European’s difficulty in 
surviving Malaria which provided a large place 
for blacks in the early days of missions in 
Africa. Steven Mackie observed (1970), 
    “to an extent far larger than is realized , or is 

represented in mission histories, the work of 

evangelism in parts of Africa….was due to 

indigenous first-generation Christian rather 

than a foreign missionaries.” (Pg. 71) 
The place (missionary position) was filled with 
honour by some outstanding black leaders until 

the Europeans scrambled for Africa. With the 
black leadership period missions were kept alive 
by black leadership when no white was on the 
field. Later black and white served together to 
create a much greater sense of equality than 
prevailed in the later period. 

 

      Church Hierarchy and Battle for Control 
As the church grew and became established, 

the quest for hierarchy became divided between 
the white missionaries and the black leaders in 
the church. After about 1870, there was a 
change in European relations with Africans 
which affected their relations in the church as 
well as elsewhere. The reasons for the change 
may be attributed variously according to one’s 
weighing of economic, political, or social 
influences. For instance, in the period of the 
scramble for Africa and the Mastery of health 
hazards for Europeans in tropical land, whites 
increasingly took top positions and placed a 
ceiling on those available to Africans (porter, 
1960). As a result blacks were not welcome as 
missionaries and were denied entrance into 
colonies unless vouched for and under the 
direction of whites. Within the missionary 
societies, people like Venn Henry were replaced 
by lesser statesmen and the balance was tipped 
against African leadership. A time, as in the 
notorious treatments of bishop Crowther, 
Africans were attacked without justice or mercy 
in the effort to assert European control. And at 
other times the takeover was achieved by less 
heavy-handed methods through the increase of 
white personnel. Taylor reports from Buganda 
reads: 
   “for the first fourteen years of the church’s life 

there had never been more than a handful of 

missionaries in Buganda, with virtually no 

power to impose their will. The destiny of the 

church lay, humanly speaking, in the hands of 

the church council and other Christians in 

positions of secular leadership. But by 1904 

there were 79 missionaries of the C.M.S. in 

Uganda, 83 of the white Fathers mission and 35 

of the Mill Hill Fathers, and though they might 

make no overt use of it, they were supported by 

the authority of the colonial government. They 

enjoyed an almost limitless freedom to make, 

and carry out their own schemes “(Pg. 71) 
 Leadership was taken over by whites, and the 
takeover was not so complete in the church as in 
state. The church became a training ground for 
African leadership because in any church 
structure there was considerable independence 



 

West African Journal of Industrial and Academic Research December 2016  Vol. 17                             109 

in the local church. Hence, the Nigerian 
historian Ayandele quotes as relevant to Nigeria 
the affirmation of booker T. Washington: 
“there is no other place in which the negro race 

can to better advantage begin to learn the 

lessons of self direction and self  control than in 

the negro church” (pg. 203) 
     In the actual sense, the first struggles for 
independence began in the traditional church. At 
times there was nothing to do but make a 
complete break with the European or American 
missionary society. Conflict began in Lagos 
(Nigeria) when in 1873 Africans formed a 
society for the promotion of Religion and 
Education in Lagos. They felt that C.M.S. 
educational policies were designed to avoid 
forming a native pastorate there like that which 
existed in Sierra Leone. So they estimatedthat 
the C.M.S. was spending 310 pounds in Lagos 
and determined to contribute 500 pounds a year 
for the maintenance of churches and schools. 
They were so intent on the effort that they could 
raise 98 pound at the inaugural meeting. The 
Africans regarded this as “a thing ordained by 

God and begging of an African church 

Missionary society”. The Christian missionaries 
saw it as a conspiracy to drive them out of 
Lagos. They attempted to eliminate the danger 
by threatening to dismiss subordinates who 
supported the movement and by appealing to the 
church to act separately. Although this brought 
some protestant pastors and churches into live, it 
resulted in the transfer of Lagos of James 
Johnson, the preeminent nationalist of the 
church in this period. Consequently, C.M.S. 
leadership recognized the strength of the 
movement that threatened to exclude Europeans 
and sought conciliation by the introduction of 
the Sierra Leone native pastorate plan as the 
best option. 

In conclusion, all the Europeans who sought 
control had their way in eliminating African 
leadership from the Niger pastorate and in 
preventing the formation of a Delta pastorate 
under an African Bishop succeeding Crowther, 
event affirmed the correctness and strength of 
the African position. In the Nigeria Pastorate, of 
the fifteen ordained African who worked on the 
Niger between 1880 and 1890, only one 
remained in the C.M.S. employed in 1895. Yet 
in the end only one agent died while all the 
others were re-employed ineitherSierra Leone or 
the Delta. Meanwhile, of the eight Europeans 
who came to the Niger in 1891, by 1894 only 
one remained (J.W. Webster, 1964). In the 

effort to form the Delta Pastorate African 
proved their willingness and ability to 
compromise and to trust the C.M.S. and its 
missionaries if there was the slightest evidence 
of their co-operation with the African desire for 
authority in church life (Webster 1964). The 
strength of the African church was confirmed 
even in its defeat. The entire struggle between 
African and missions between 1870 and 1900 
demonstrated the African claims that 
Christianity in Africa belonged to then and that 
they were willing to pay the price to posses their 
inheritance. On the side of the Europeans, they 
desire to rule only delayed the possession which 
has now been realized in the mission-founded 
churches. 

Another cause for the battle for hierarchy 
over church’s control was a call for 
indigenization as there was a need to 
domesticate and plant Christianity in the 
Nigerian soil.  The first problem was manpower. 
In various Christian groups, many black clerics 
embarked on training of manpower beyond 
levels which White Christian missionaries had 
not encouraged. As a result a number of 
scholarships were organized for clerics and new 
recruit, while local training institutions were 
established. They trained manpower created the 
agency for radical critique of Christianity and 
the patterns of Christian presence in the country.  

 

 Financial Difficulties and its political 

outcomes 
In Nigeria, the American Southern Baptist 

mission also owed its survival to black 
leadership. The mission was founded in 1855 by 
T.J. Bowen who later left the field for health 
reason. After J.M. hardens (a black American) 
kept the mission alive. When no funds were 
available because of the civil war, Harden 
started the first brick manufacturing plant in 
Nigeria. After his death his wife continued the 
work who with intelligent and generous work 
largely sustained the church in Lagos. 

Again a call for indigenization of 
Christianity in Africa also raised a financial 
implication for funding of the Christian mission 
because both indigenization and recovery of 
selfhood implied the need for self –reliance. In 
the early 1960s a number of strategy were 
devised for inculcating the sense of stewardship 
in funding. There was a certain degree of 
impatience in the demand for restructuring of 
the church and this swelled into a new debate 
under the rubric, moratorium (Kalu1980). This 
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was a realization that unless missionary 
agencies withdrew their money and manpower, 
the church in Africa would not feel the quest 
necessity to fund her and restructure her polity, 
liturgy and so on. It called for white 
missionaries to go home and to give Africans at 
least a five year period to reorganize 
themselves. It argued that white tutelage 
hindered the ability of black church leaders to 
control the decision-making process freely. 

Because of resurgent denominationalism 
which characterized the early period of 
independence, the moratorium call was made 
even more urgent. As one African country 
raised her national flag, Europeans panicked 
about the fate of the churches which they 
founded. They devised strategies to buttress 
their denominations and ensure that their 
doctrines were preserved. They encouraged 
adherents to open more churches in the urban 
areas. They built more secondary schools, often 
with the assistance of communities which 
perceived secondary schools as an index of 
development. The Catholic Church and 
protestant urged their members to vote for their 
members into the new legislation. Religion 
became a crucial aspect of politics in this early 
trial of a new administrative structure. By the 
outbreak of the civil war, denominational rivalry 
had spilled from the church building, 
schools,and hospitals into the political arena. 

 

     The Problem of Polygamy 
     The missionaries’ encounter and outright 
condemnation of the African’s attitude of 
having a polygamous family without giving 
thoughts to its values was seen by Africans as a 
conflict of underestimated fundamental values, 
but it was a challenge to content with by the 
missionaries. In Western Africa region, 
precisely Nigeria,the indigenous ancestors saw 
polygamyas a source of strength for their 
farming activities as agrarian people. Nmah’s 
(2012) stated that “In Africa, polygamy is 

practiced mostly among some other traditional 

title holders including some renowned farmers 

(who took It as) a matter of prestige to these 

people. That is to say that polygamy could be 

determined by economic, political, religious and 

social factors’’ (p. 73). Apart from seeing it as 
helping out in farming activities and of a 
prestige, Africans saw Polygamy as a big 
sacrifice and wondered at the idea of the 
missionaries in launching assaults on the 
traditional marital practice. They admonish 

polygamous African converts to jettison one.  
Some complied withit, while those that refuse 
were sanctioned. In the words of Okeke (2006) 
Undoubtedly, the Igbo people considered the 

remarks made and action taken against their 

system of marriage with a critical intent. 

Monogamy was presented to them as God’s 

decreed demand for all races. But right before 

their eyes were examples of a doubt standard 

morality with concubines or mistresses (p.139). 
The missionaries were totally against polygamy, 
but right before their eyes they were seen having 
concubines and mistresses. Of course African 
may have wondered whether any difference 
exist between the both. As a matter of fact 
blames should therefore go to Bishop Crowther 
who seems to be too English in certain issues as 
pointed out by Ayandele in Nnaemeka (2007) 
stating that Crowther made a sentimental 
pronouncement on polygamy and thus misled 
the Lambert conference of 1888 on the real 
position of polygamy in Africa. He saw 
polygamy as a form of slavery for women. 
The double standard of some of the Europeans 
and other coast traders (including African 
leaders), who professed to be Christians 
provided added incentive to return to the 
traditional lifeEkechi (1972). From the 1860s 
and more so in the 1870s many merchants at 
Onitsha, white and black, retained mistresses in 
their houses. To most people their actions 
constituted a blatant inconsistency with their 
espousal of the Christian teaching of 
monogamy. It was difficult for the indigenous 
people to reconcile the practices of the white 
men with the teachings of the missionaries. 
With persuasions the missionaries were able to 
an extent convert Africans into living a 
Christian life as expected of the missionaries of 
marrying one wife (monogamy). Thetruth is that 
Africa by and large still remains a continent of 
polygamy with a visible and appreciable 
cohesion. 

       

 Discomfort with the African Customary        

Marriage 
     The Protestant Christian missionaries’ attack 
on the African customary pattern of 
marriageshowed a radical attitude of disdain 
toward traditional pattern of behaviors against 
Africa system of marriage in Igbo land. As 
rightly pointed out in Okeke (2006): 
Two measures were adopted by the C.M.S in 

their attempt to regularize in lgbo land what is 

generally regarded as a Christian marriage. 
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The first was the approach of Bishop Crowther 

and his fellow workers. Secondly, the futile 

attempt by Bishop tugs well to enforce 

ordinance marriage along without Igbo 

traditional form of marriage (p.139-140). 
     The missionaries regarded Africans (Igbo) 
patterns of life as being absolutely embedded in 
idolatry. African agents of the mission however 
argued that the English system of marriage, as 
embodied in the prayer book, was quite at 
variance with the African traditional view of 
marriage and inheritance. Particularly, the 
pledge given in the marriage ceremony in 
England was considered irrelevant for the 
African, where communal ownership of 
property prevailed.This clearly showed that the 
Christian missionaries actually failed to take 
into consideration the understanding of a 
religion which they intended to introduce to 
Africans was culturally different from that 
which the established religion of the Africans 
had developed on. Ekechi (1972) stated: 
     The almost wholesale condemnation of 

indigenous customs by Europeans at times 

disturbed many of the Igbo evangelists. As a 

conference of CSM missionaries held at Onitsha 

on 12
th

 may 1914, several of the customs were 

discussed. The few Igbo representatives at the 

conference argued eloquently in favour of 

allowing some of the customs. They impressed 

upon their European colleagues that a realistic 

approach to local customs and practices was 

necessary if Christianity was not to mean social 

disintegration (p.165). 
     This is applicable to the Igbo pattern of 
marriage as demanded by the customs of the 
people, which the missionaries from African 
point of view certainly showed that they came, 
but to simply subvert the marriage custom of the 
land for a new foreign one that is adverse to 
their own way of life. However cohesion 
occurred as Igbo Christians themselves created 
measures most suited to their environment 
(Okeke 2006). 

       

      Confrontation of Human Sacrifice 
     The act of human sacrifice in Africa had 
been an ancient religious ritual of African 
tradition prior to the coming of European 
missionaries with their Christian teaching into 
Africa. The missionaries totally condemned 
human sacrifice and endeavored to abolish it. it 
was referred to a nefarious act for whatever 
reason or purpose. Though it generated lots of 
conflicts between African rulers and the 

missionaries but the action of the European 
missionaries on the issue was perceived by the 
people as an act intended to sanitize the society 
from cruelty and it died a natural death.But with 
the turn of events and the missionaries sudden 
involvement in slave trade even when the act 
had been outlawed with some persons described 
as imposters of the government officials seizes 
people over taxations and would later sold them 
into slavery. According to Ekechi (1972) “If the 

victims were Christians, however, the chances 

were that they could not be sold. According to 

the protestant missionaries, a Christian was no 

longer subject to sale as a slave” (p.149). As a 
matter of fact it created a chaotic social 
upheaval in the environment to an extent that 
safety and security appeared to have been tied to 
belonging to a Christian religion. And so as to 
avoid being taking into slavery people rushed 
into accepting Christian faith. But apart from the 
tension and conflicts this act of the missionary’s 
involvement in secret slave trade business 
generated, it may not be far from the truth that 
those slaves were eventually used as an object 
of human sacrifice by those who bought them. 
These actions of the missionaries certainly 
prompted the bewilderment of most Africans as 
captured in Nnaemeka (2007) berating the fact 
that since the missionaries who were preaching 
Christ and the love of one’s neighbor also 
involved themselves secretly in slave trade. It 
was difficult for Africans to reconcile the 
preaching of the missionaries with their actions, 
and the actions of the missionary’s really 
masterminded serious conflict in mission 
communities of Africa. But with serious 
disciplinary measure on the culprits from the 
colonial government cohesion was restored to 
the mission communities. 

 

Missionaries Vilification of African            

Traditional Religious practices 
When the early Western Christian 

Missionaries arrived on the soil of Africa they 
did not find it possible to plant Christianity 
without first disparaging the people’s culture 
and traditional religion. The first assumption of 
these early missionaries was that everything 
African was heathen and superstitiously fetish. 
They therefore descended on Africa religion and 
culture in an attempt to destroy it. Most 
Africans were of the opinion that the 
missionaries objectively came into Africa in 
order to totally exterminate and subvert the 
religion of the African people and in the process 
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enthrone their own religion on the people. This 
can be seen from the way and manner the 
missionaries poured aspersions and disdained 
attitude toward every aspect of African religion 
and culture. In the first place the missionaries 
while coming into Africa are believed to have 
had it at the back of their mind that Africans 
whom they are bringing the message of 
Christianity to, were not only unevangelized but 
has nothing good attached to their religion. 

Against this backdrop, the European 
Missionaries became more vocal in their attack 
on the customs and practices of the African 
society, and therefore were of the view that 
indigenous religion must be destroyed for 
Christianity to take it root. In destroying and 
burning down African symbols of religious 
status, the Missionaries never gave it a thought 
that the new religion (Christianity) can be 
grafted with the Africa religion. According to 
Omoyajowo (2015) there is in fact some truth in 
the wide spread assumption that Christianity 
contributed to the undermining of African 
culture.  
     However, the Missionaries’ iconoclastic and 
systematic destruction of African artifacts and 
way of life was very much berated by the people 
of Africa. According to Ekechi (1972) as might 
be expected, missionary attempts to uproot the 
life foundations of the African people met with 
strong resistance. At a time when many Igbo 
converts were responding to missionary appeals 
to abandon their traditional life, different 
interest groups in the society saw that their 
continued wellbeing was at stake if Christianity 
was allowed to subvert the society. For this 
reason the native Doctors, secret societies, and 
associations of title men offered stiff opposition 
to the continuation of missionary work in the 
country. 
     Basically, it was an open truth that the 
display of rascality by the European 
missionaries in their destruction and disparaging 
of African relics set them at conflict with the 
missionaries. The people of African was able to 
read through the activities of the missionaries 
with suspicion that their prestige, social status 
and perhaps economic interest are seriously 
under threat by revolutionary doctrines of the 
new religious invasion. For them their religion 
should be done away with and the missionaries 
themselves declared persona non grata in 
African coast. 
In the south eastern Nigeria of Africa, the Igbo 
people found it extremely difficult to remove 

the missionaries severe attack on their societies 
of title men such as Ozo title society, from the 
determination of the missionaries to discredit 
the society, having realized that the Ozotitle 
society was a principal unifying agency in Igbo 
land and following the social influence of the 
society. The missionaries therefore considered it 
their enemy instead of partnering with them. 
And this actual formed the basis of their conflict 
with the people in demanding that the 
missionaries black or white be expelled, though 
the missionaries later relaxed their decision and 
allowed Ozo title society to stay perhaps for 
cohesion to exist. 

      

      Confrontation of The Killing of Twin babies 
     As the European missionary thought of 
tackling slavery and slave trade issue as the only 
menace that stands to be confronted and 
eliminated, the traditional religious practices of 
killing twins became significant as it was seen 
as an anathema and an aberration whose 
ultimate end should be elimination of their life. 
As an opposition and challenge thatstirred the 
church (missionaries) on the face, just as 
Nnaemeka (2007) emphasize “that the church 
fought against various ills, like the killing of 
twins and human sacrifices (p.21). 
     The Christianmissionary’s fights and 
struggles to completely abolish the culture of 
killing of twins was a fight to finish with a 
strong resistance was put forth by most Africans 
against the laudable objective of the Christian 
missionaries. Taking the event as it unfolds in 
Onitsha the eastern part of Nigeria, Okeke 
(2006) observes that: 
     The 1877 trouble was sparked off by the 

determination of the converts to save the twins 

of Daniel Odiegwu. Over 300 able bodies men 

trooped into the home of the converts, killing a 

few and ravaging their property, as well as the 

property of the foreigners. Two leading converts 

John Iweobi and Edward Emejuru were 

martyred while trying to defend the twins and to 

justify the godly intention to preserve life. 

Throughout the struggle, Simon Jonas Mbanugo 

counseled the convert not to react with force. 

The twins were saved and handed over to 

Archdeacon Crowther who was visiting Onitsha 

at time (p. 148). 
     With the involvement of a Scottish woman 
named Mary Slessor who lived in Calabar 
Nigeria the Twin’s Killing as tradition was 
controlled and gradually put to a halt as she was 
credited for the religious struggle against the 
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African tradition. there were some element of 
cohesion that played out which ensured it 
permanent seal. As Okeke further gave an 
insight that it was Mbanugo who helped to 
foster closer relationship between the non 
converts and their Christian brethren. Through 
his initiative, a peace panel was instituted for 
the amicable settlement of such matters as 
twins’ trouble. 

 

      Struggle with Western Education 
     Among the strategies adopted by the 
Christian missionaries as an instrument of 
conversion in Africa was the introduction of 
western education. When the missionaries 
arrived in Africa, they preached the gospel and 
in addition taught their converts to read and 
write with English language (Omoyajowo 2015) 
as they employed the only method known to 
them; western education and culture. Education 
was of prime importance in evangelism and 
every mission station had its own school. In 
Sierra Leone the CMS in 1845 opened a 
grammar school in Freetown to give secondary 
education to boys not only from the colony, but 
also other parts of the coast. The same is to be 
said of Nigeria where the missionaries centered 
the mission stations on schools.But the 
questions that ever agitated the minds of the 
Africans had always been the usefulness of this 
missionaries system of education to their well-
being. According to Falk (1997): 
     The different purposes for education held by 

the churches and the people frequently caused 

much confusion. The church leaders were 

basically concerned with training personnel for 

the ministries of the church, whereas the church 

members expected the church schools to provide 

their children with the best tools for a good 

livelihood (p.436). 
      In as much as it was the desire of the 
Africans to acquire western education and hence 
let their children go to mission schools. Ekechi 
(1972) further pointed out that: 
     As men were considered the natural heirs to 

the father’s estate, the parents preferred the 

occupational education which the children 

received at home. Sucheducation, it was 

thought, was more important than the formal 

schooling introduced by the missionaries. To the 

African parents and their sons, agricultural 

work was preferable to mission education. 

There is no doubt that Taylor and his fellow 

missionaries imbued with the notion that British 

or European-oriented education was superior to 

the indigenous system of education, failed to 

appreciate this (p.24). 
     The early Christian missionary faulted in 
there neglect of the African system of education 
which was hinged on self-reliance, self- 
sustenance and self-endeavour. And for the 
European missionaries to have labeled the desire 
of the Africans for a skill oriented type of 
education as an uncivilized greatly exposes the 
imposition of western education and culture to 
extinct that of Africans. 
     To this end, the conflict of western education 
to the African culture could be further traced to 
an attempt by the missionaries to extinct the 
laudable custom of good African behaviour in 
young ones act of kneeling or bowing before the 
elders, which was seen and interpreted by the 
missionaries as a mortification. Ekechi (1972) 
remarks that it is clear from the records and 
from the actions of the converts that the kind of 
Christianity which was introduced into the 
country tended to make the Christians 
profoundly un-African and uprooted from their 
culture. The Christian church and the school 
became, in essence, the most important 
mechanism for detaching the young from their 
tribe they have been brought up. Basically, the 
issue to be grasp from Ekechi’ s postulations 
remains that western education from the eyes of 
the African people caused damages to the 
behavior and the conducts of their children. 
However, tension ensued in the mission 
communities firstly in Sierra Leone with the 
establishment of African church and the total 
withdrawal of European missionaries due to 
African climate in 1861 and handing over the 
mission work in the hands of the Africans. But 
following the establishment of Sierra Leonean 
native church by 1850 as an African Diocese of 
Sierra Leone, Babalola (1988) observes that: 
Sierra Leone evolved a system of education that 

lay emphasis on the production of the 

professionals. Thus the first African doctor, 

lawyer, Newspaper editor and journalists were 

produced in Sierra Leone. In British colonies in 

west Africa, the creoles from Sierra Leone 

serves as supreme court judges, colonial 

Treasurers, solicitor General, Post Master-

General, the chief medical officer, chief justices, 

court Registrars, legislative and Executive 

council members in various West African 

countries (p.46). 
     Consequently, as all other West African 
territories copied the Sierra Leone system to 
establishAfrican churches under the control of 
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Africans. In what is known as itineration, a 
policy that wasgeared towards opening up new 
stations in most Niger mission of Nigeria. 
According to Okeke(2006): 
Before the end of 1893, the effect of this 

itineration began to be felt. In 1894, three 

stations were opened and occupied by Ibo 

teachers. With the opening of these new 

stations, the staff strength was spread more 

thinly. Therefore, Dobinson planned for a 

regular training scheme in order to maintain a 

steady supply of teachers for the stations. 

Already Miss E.A Warner and her Lady 

assistants weredoing a notable work among the 

Ibo girls. Instruction in sewing and domestic 

work had begun (p.271). 
     On a further insight Okeke was quick to point out 

that by February 1895, the Asaba TrainingInstitute 

was formally started under the superintendence of 

Spencer and H. Meriman and otherSierra Leone 

recruits. This is however all about giving Africans an 

education that are full of skilland professional 

oriented for a cohesive society 

 

Missionary High-Handedness and Trade Dispute 

in Igbo-land 
     The revival of Christianity in Europe and 
America during the eighteenth century resulted 
in the formation of the society for the abolition 
of slave trade in Africa. And this actually 
informed the desire of the Europeans to trade 
with the people of the interior Africa with then 
advancing into West Africa also for a Christian 
missionary enterprise in Igboland. This is as a 
result of what Ekechi (1972) believes was “in 
response to the ideas of Thomas Fowell Buxton, 
the humanitarian, who claimed that the best way 
to stop slave trade and regenerate Africa was to 
establish legitimate commerce with the African 
rules by introducing commerce, civilization and 
Christianity”(p.l). These were the three 
fundamental principles of approach which the 
missionaries had in mind as they penetrate West 
Africa and Igboland in 1857. 
     In a further narration on the arrival of the 
missionaries in Igboland Okeke (2006) 
explained that under the leadership of Dr. 
William Baikie, the party arrived at Onitsha and 
were welcome by ObiAkazua and his elders-in 
council. As very much expected in their meeting 
with the king and chiefs of Onitsha there 
discussion centered on the indigenes’ 
contribution towards institutionalizing 
Christianity and in return the C.M.S agents shall 
assist the traders by establishing a trading 
factory or company. The overture was agreed by 

the king and chiefs’ andwas seal with a gun 
shut. This actually brought about the 
commercial revolution of Igbo Land with the 
emergence of the United African Company. But 
the perceived increase in wealth and cordiality 
that existed among the European agents, the 
missionary and the people were short lived by 
the increasing incidence of immorality. 
     The seemingly success of the European trade 
agents made them to throw cautions to the wind 
and got themselves into excessive greediness of 
gain, fornication and adultery. And this brewed 
a serious crisis in the community of the Onitsha 
people, just as Ekechi (1972) postulates that: 

The impact of the crisis at Onitsha was indeed 

far-reaching. In the mind of the missionaries 

and the trader had brought about serious 

disruption in the traditional society. By the 

coming of these elements, the chief protested, 

grave crime had tended to become venial in the 

eye of the so-called Christian. Can this religion 

be true many people began to ask, when those 

who are born, taught and brought up in the 

countries where it is said to be generally 

professed, live so indifferently of its teachings, 

laws and precepts? (p.51). 
     However the high-handedness of the 
European, which a kind of aggravated a serious 
crisis was the flogging of two young girls 
resulting in the dearth of one of the girls earlier 
taken as a slave by the European agents without 
any good reasons. The move made by the 
people to show their grievance by beating up the 
culprits resulted in the bombardment and 
destruction of towns and villages in Onitsha on 
28 October 1879 by the British. But following 
the second attack on the people by David 
McIntosh the agent general of the United Africa 
Company in 1880, Okeke (2006) posits that: 
The combination of distrust and disgust led 

Onitsha elders into serious plans to eliminate 

what they considered as a threat to their 

independent life. The aristocrats in the town 

formed a standard army to attack the factories 

and the homes of the foreigners. (p.161). 
For Okeke, the supposed attack of the Onitsha 
on the houses and factories of the foreigners 
prompted the bombardment of the Igbo people 
in 28th and 30th of October 1879. But there are 
some school of thoughts that believes that 
Mclntosh’s punitive action was not entirely 
motivated by a desire to redress acts of violence 
which he alleged had been committed against 
British property by the Africans. On the 
contrary, there were other recondite reasons as 
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pointed out in Elechi (1972) that the fact of the 
matter was that Mcintosh was intent on 
monopolizing the entire Onitsha trade to the 
exclusion of all his rivals. In 1879 a French firm 
had succeeded in obtaining a trading agreement 
with the chiefs of Onitsha. Mcintosh tried to 
persuade the chiefs to repudiate this trade 
agreement with the French. Because of 
traditional Igbo acceptance ofcompletion as a 
way of life, the chiefs refused to give the United 
African Company pre-emptive right over the 
whole trade in the area. Besides, they 
considered that it would be ungrateful to turn 
the Frenchmen out of the town after a trade 
treaty had been signed. 
     As a matter of fact the chiefs were prepared 
to trade with McIntosh and any other merchant 
who was not an enemy. But they strongly 
rejected McIntosh’s idea that the whole Igbo 
territory should become the queen of England’s 
sphere of influence. Being unable to achieve his 
goal by persuasion, McIntosh resorted to a 
might is right policy. To this end, the military 
action against Onitsha was, therefore an act of 
desperation resulting from unfulfilled ambition. 
However the seemingly evidence of Challenges 
in the entire scene can be seen in Okeke’s 
(2006) statement that “for the converts, the 
bombardment temporarily brought to an end the 
constant harassment from their non-Christian 
kinsmen. It was a great relief from persecution. 
Yet this did not produce any notable response to 
Christianity” (p.162). 

 

Conclusion 

      The conflict that ensued in the mission 
communities of Africa during the period of the 
European Christian missionary’s activities 
became challenging between the two parties 
involved and caused frictions against the 
success of the European missionaries in their 
evangelizing work.These challenges delayed the 
church missionary activities not only in their 
evangelizing work but also in the promotion of 
Christian education in African society. There 
was biased view and conflicting ideas which the 
protestant missionaries had concerning Africans 
and it muddled up relationships of the mission 
communities.With their total neglect and 
disparaging attitude against the Africans,Ekechi 
(1972) observes their utterances as in McIntosh 
thought: “the Igbos have no particle of sense in 

their brain to think for themselves” (p.45). 
These are one among the wrong primordial and 
confrontational sentiments against African 

society for their refusal to swallow hook, line 
and sinker the missionaries’ unbecoming 
attitude of making them perpetual servitude. 
The fact that mediocre and compromising 
attitude as exhibited by the European 
missionaries with the European colonialism 
really undermined the cohesion that ought to 
have entirely pervaded the mission communities 
was very factual.During colonialism in Africa, 
Europeans along with the Christian missionaries 
possessed attitudes of superiority and a sense of 
mission in every of their encounter with the 
Africans, including religious encounter. For 
example, the French were able to accept an 
African as French if that person gave up their 
African culture and adopted French ways. 
Knowledge of the Portuguese language and 
culture and abandonment of traditional African 
ways defined one as civilized(Khapoya 
1998).Kenyan social commentator 
MwitiMugambi argues that the future of Africa 
can only be forged from accepting and mending 
the socio-cultural present. For Mugambi, 
colonial cultural hangovers, pervasive Western 
cultural inundation, and aid-giving arm-twisting 
donors are, he argues, here to stay and no 
amount of looking into Africa's past will make 
them go away. With the political colonization of 
the African society,some aspects of traditional 
African cultures have become less practiced in 
recent years as a result of neglect and 
suppression by colonial and post-colonial 
regimes despite conflicts encountered. For 
example, African customs were discouraged, 
and African languages were prohibited in 
mission schools. Leopold II of Belgium 
attempted to "civilize" Africans by discouraging 
polygamy and witchcraft. Obidoh Freeborn 
posits that colonialism is one element that has 
created the character of modern African art. 
According to authors Douglas Fraser and 
Herbert M. Cole (1972), "The precipitous 
alterations in the power structure wrought by 
colonialism were quickly followed by drastic 
iconographic changes in the art."(P. 95) Fraser 
and Cole assert that, in Igboland, some art 
objects lack the vigor and careful craftsmanship 
of the earlier art objects that served traditional 
functions. Author Chika Okeke-Agulu states 
that "the racist infrastructure of British imperial 
enterprise forced upon the political and cultural 
guardians of empire a denial and suppression of 
an emergent sovereign Africa and modernist 
art." In Soweto, the West Rand Administrative 
Board established a Cultural Section to collect, 
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read, and review scripts before performances 
could occur. Editors F. AbiolaIrele and Simon 
Gikandi comment that the current identity of 
African literature had its genesis in the 
"traumatic encounter between Africa and 
Europe." On the other hand, MhozeChikowero 
believes that Africans deployed music, dance, 
spirituality, and other performativity cultures to 
(re)asset themselves as active agents and 
indigenous intellectuals, to unmake their 
colonial marginalization and reshape their own 
destinies. 
     There is now a resurgence in the attempts to 
rediscover and revalue African traditional 
cultures abolished through the influence of the 
colonial administration and that of theChristian 
Missionaries from Europe under such 
movements as the African Renaissance, led by 
Thabo Mbeki, Afrocentrism, led by a group of 
scholars, including Molefi Asante, as well as the 
increasing recognition of traditional spiritualism 
through decriminalization of Vodouand other 

forms of spirituality. With the challenges 
highlighted on the above paper, it is obvious 
that the New Religious Movement (NRM) in 
Christianity who are still seeking for New 
converts are still on the verge of their 
missionary activities in many rural African 
communities not reached by the earlier Christian 
missionaries of the protestant church. To 
succeed, effort should be made by the NRM 
missionaries to value human potential of 
African man, see value in African culture by 
enhancing Africanness in their religion and 
cherish their cultural heritage  to create a 
symbiotic relation for the Gospel to spread 
without frictions, establish Schools for the 
promotion of Secular knowledge through 
Science and Technology, and above all, 
establish income generating firm to help sustain 
the ministry and the Christian mission than 
laboring on poor Africans on tithing (Ejukam 
2016) which is contradicting to African culture.  
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