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ABSTRACT
Malaria, Typhoid, Tuberculosis, Sexually Transmitted Diseases, Urinary Tract Infection, Yellow fever, Hepatitis-B,
Leprosy and Chicken Pox are the existing tropical diseases that are considered in this work. In sub-Saharan Africa, the
application of fuzzy logic to the diagnosis of these diseases is still very sparse and in some places practically nonexistent. Fuzzy set theory and fuzzy logic are very suitable and applicable basis for developing knowledge-based systems
in medicine for diagnostic tasks. Our design demonstrate how information technology and medicine can successfully
operate together using differential diagnosis by applying fuzzy logic to medical informatics We verified our approach
with trials with the following systems which are: A fuzzy expert system for syndromes differentiation in oriental
traditional medicine, an expert system for lung diseases using fuzzy logic, case based reasoning for medical diagnosis
using fuzzy set theory, a diagnostic system combining disease diagnosis of western medicine with syndrome
differentiation of oriental traditional medicine, a fuzzy system for classification of western and eastern medications and
a fuzzy system for diagnosis and treatment of integrated western and eastern medicine. Results from our experiments
showed that fuzzy logic is known to resolve the conflicts arising from ambiguity, uncertainty and imprecision of
information [1].
Keyword:
Keyword: Malaria, Fuzzy Logic, Medicine, System, Expert System.
1. INTRODUCTION
Tropical diseases are associated with a high level of
mortality rate and also they are very common in
developing countries. The tropical diseases under
consideration in this study can be classified into
respiratory tract infection (Cough, Catarrh, Chest pan,
difficulty with breathing, hemoptysis (coughing up
blood)), gastrointestinal tract (Abdominal pain,
vomiting, diarrhea, constipation, yellow discoloration of
the eye, anorexia, poor appetite).

Others include genito urinary tract (Pain on urination,
frequent urination, lower abdominal pain, abnormal
discharge, itching in genital region, blood in urine), and
constitutional (Fever, chills, weight loss); these tropical
diseases listed above have some similar symptoms which
makes it difficult sometimes for Doctors to diagnose
based on the fact that they have to consider a lot of
information before they can make the right diagnosis.
Our approach is to develop a methodology that makes it
easier for medical personnel to carry out diagnosis by
weighing each symptom with respect to the disease in
question using generalized fuzzy soft set (GFSS).
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2. RELATED WORKS

3. METHODOLOGY

In the early manifestations of telemedicine, African
villagers used smoke signals to warn people to stay away
from the village in case of serious disease. In the early
1900s, people living in remote areas in Australia used
two-way radios, powered by a dynamo driven by a set of
bicycle pedals, to communicate with the Royal Flying
Doctor Service of Australia. Fuzzy Logic is a logical
system which aims at a formalization of approximate
reasoning [2].

The study follows the generalized fuzzy soft set (GFSS)
methodology as highlighted in Fig.1 below.
The
architecture contains mainly six components:
a. Login: this enables the Medical Doctor to be
able to access the decision support system. The
Doctor logs in with a valid username and
password
b. GFSS Interface: this provides a graphic interface
showing the symptoms considered and their
respective acronyms.
c. Enter Patient’s Symptoms into the system: based
on the interaction between the patient and the
medical Doctor, the patient’s symptoms (in
relation to the symptom intensity) is entered
into the system
d. Knowledge Base: the symptoms of the patient is
keyed into the system and based on the weights
of the symptoms stored in the knowledge base,
the symptoms are Fuzzified.
e. Interference Engine: this is where the Fuzzified
value is defuzzified in the decision support
system model.
f. Results Table: the result is displayed which shows
the diagnosis of the patient

Fuzzy logic and its hybrids have also been applied in the
modeling of medical diagnosis systems, for the following
conditions [1]: malaria [3, 4], viral hepatitis [4],
cardiovascular diseases [5] and ontology-driven
differential diagnosis [6]. The application of fuzzy logic
was discussed in [7]. Its application in non-invasive
diagnosis of myocardial ischemia is discussed in [8],
while [9] utilized it in neural network analysis of muscle
contraction. [10] Also used fuzzy logic in implementing
a decision support system for automated diagnosis and
classification of ultrasound kidney images. [11] applied
soft computing and carried out a study on web based
intelligent self diagnosis medical system and [12] also
applied soft computing in a neuro-case-rule base
hybridization in medical diagnosis. [13] Applied
computing in the development of an expert system for a
computer aided medical diagnosis system based on
principal component analysis and artificial immune
recognition system classifier algorithm. [14] Also talked
about the application of knowledge based systems in
medical diagnosis, the application of fuzzy logic and
reasoning in medical diagnosis was discussed in [15]
My motivation came about when I realized that some
doctors have not improved on their knowledge gained in
university that is some Doctors are not familiar with
some of the new changes in medicine and in the human
health; for this reason these doctors can put the patient’s
life at risk. More so, when a patient goes to a hospital,
sometimes they have difficulty explaining how they feel
to the doctor, sometimes the doctor would waste time
attending to the patient based on the fact that there are
so many patients and limited doctors; for these reasons
we were motivated to look into medical informatics and
how to apply technology to medicine so as to be able to
save more lives and to permanently bring information
technology to the medical field. My expected result is to
have a user friendly working decision support system
interface that can run on any platform in any clinic. The
system should contain the symptoms of the ten tropical
diseases that are being considered which are: Malaria,
Typhoid, Tuberculosis, Sexually Transmitted Diseases,
Urinary Tract Infection, Yellow fever, Hepatitis-B,
Leprosy and Chicken Pox. The system should be able to
diagnose a patient based on the patient’s complaints and
also the level of severity of the patient’s complaints.

Figure 1: the DSS Diagnosis System Architecture
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Table 1: Malaria Pairwise Comparison Matrix

3.1 Data Collection
We gathered data by interacting with various Medical
Doctors who are experts in diagnosing tropical diseases
so as to be able to gain heuristic knowledge on the
diseases I considered. We considered three Medical
Doctors in Nigeria both from a private hospital and
thestate hospital in Lagos. Questionnaires were also used
alongside interaction with these Doctors.
The questionnaires contained information on all the
symptoms and complications that can be seen in a
patient that has any of the ten tropical diseases We
considered that is, evaluation of the ways in which each
Doctor carries out his/her diagnosis; it also contains the
symptoms grouping of tropical diseases. The most
important aspect of the data collection in the
questionnaire is the significance of specific symptoms
over another symptom of a particular disease under
consideration that is, the ratio of the importance of one
symptom over another on a scale of 1 to 9.

FEVER

HEADACHE

8/3
1

GENERAL
BODY
WEAKNESS
8/3
1

FEVER
HEADACHE

1
3/8

GENERAL
BODY
WEAKNESS
POOR
APPETITE

POOR
APPETITE
8/2
3/2

3/8

1

1

3/2

2/8

2/3

2/3

1

Step 2: calculate the eigen value for each cell
This is done by dividing the particular cell by the column
total of each cell with the formula below:
Eij= Vij / Tj
Where E = eigenvalue of cell {aij}

3.2 Analysis of Data
The analysis of data in this project involved the
following:
a. Evaluation of weights
b. Application of generalized fuzzy soft sets in a
case study
c. Software Design and Coding
d. Testing and evaluation

V = the value of the pairwise comparison matrix for cell
{aij}
T = the sum of the values on column j
Step 3: sum up the rows and columns
After calculating the Eigen values with the formula
above, a new matrix table is created. This step involves
the summing of the rows and columns so as to get the
row and column total. Note that the sum of the row
total and column total should have the same value.

3.2.1 Evaluation of Weights
Pair wise comparison matrix was used to evaluate the
true weight of the symptoms. This is done from the top
level of the hierarchy to the bottom level in order to
establish the overall priority index. The aggregation of
these weights using a modified fuzzy inference can be
adapted from [16, 17, 18].

Step 4: Calculation of the Eigen vectors
This step involves the calculation of the Eigen vectors
which gives you the calculated weights for each major
symptom that would be put into the database so as to be
able to work with the generalized fuzzy soft set in
diagnosing of patients. The Eigen vector is calculated by
dividing the row total by n.

Step1: Create a matrix table for each disease based on their
major symptoms
This step involves the ratio of importance of one
symptom over another on a scale of 1 to 9. That is for
instance, based on my interaction with Doctors, the
importance of fever over other symptoms of malaria is
8. Below is a table showing the matrix table created
based on the major symptoms of malaria and the
importance of one symptom over another.

λk = ΣEkj / n

i. e. λk = row total / n

Where
λk = the eigenvector corresponding to variable k
(Σ λk = 1)
Ekj = the eigenvalue of cell {aij} (j = 1, 2,….n)
n = the sum of the row total
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3.2.2 Application of generalized fuzzy soft sets
(Fuzzification)
(Fuzzification) in a case study

Hence Fρ = {(F (ei), ρ (e1)), I = 1, 2, ….., m}
Gδ = {(G (ei), δ (e1)), I = 1, 2, ….. , m}

The method in which the generalized fuzzy soft set can
be applied can be seen extensively in [19]. A rule base is
created which shows the symptoms extracted for the
fuzzy linguistic function. These functions are gotten based
on the definition of symptom intensities by medical
Doctors. These linguistic tags are coded into the system
as production rules and it is it based on the fuzzy
linguistic function shown below in a tabular form:
Range
0
0-0.9
1.01.9
2.02.9
3.03.9
4.04.9

Let U = {x1, x2…xn} be the universal set of elements
E = {e1, e2 ….em} be the universal set of parameters
NOTE: In this project, the set of elements x1, x2….xn
represent the tropical diseases that were considered and
the set of parameters e1, e2….en represent the
complaints of the patient.

Symptom Intensity
No sign
Very mild
Mild

Step 1:
Based on the symptoms the patient gave the Doctor, ‘Fij’
is created which is the equating of the weights calculated
above for the patient’s symptoms to the ten diseases.

Moderate

That is,
F(em) ={ (xn/the weights of headache for the ten
tropical diseases), the range of symptom
intensity of the patient’s headache}

Severe
Very severe

F(HDC) = { ( X1/ 0.1875, X2/0.125, X3/0.001,
X4/0.25,
X5/0.001,
X6/0.001,
X7/0.001,
X8/0.001, X9/0.001, X10/0.001), 3.0}

A patient was picked at random and the Doctor
observed that the patient to have headache (moderate),
fever (severe), poor appetite (severe), vomiting (mild),
abdominal pain (moderate) and general body weakness
(severe). The generalized fuzzy soft set formula below
was used. The formula converts the numerical weights
calculated above into fuzzified weights.

Step 2:
The next step is to create matrix tables for both the
patient (Fij) and the GFSS table (Gij) based on the
symptoms. The patient’s table is created by multiplying
the symptom intensity range of a symptom by the
weights.
For example: to get the value of row x1 (malaria)
column e1 (headache), the weight of headache for
malaria which is = 0.1875 is multiplied by the intensity
of the patient’s headache which is moderate = 3

S (Fρ, Gδ) = M (F, G). M (ρ, δ)
Where
M (F, G) = maxi Mi (F, G),
where Mi (F, G) = 1- Σ |Fi - Gj|

Therefore, x1e1 = 0.1875 * 3 = 0.5625

Σ (Fi + Gj)

Step 3:
The next step is to calculate M (ρ, δ) that is,

= 1 – Σ |weight on rowij – weight on rowij|
Σ (weight on rowij + weight on rowij)

M (ρ, δ) = 1 – Σ |ρi - δj|
Σ (ρi +δj)

This means that you subtract the value in row1 column1
on a GFSS table from the value in row1 column1 on a
patient’s complaint table. The same thing would be done
for other rows and columns

= 1 – Σ |maximum weight on rowi – maximum weight on rowj|
Σ (maximum weight on rowi + maximum weight on rowj)

and
M (F, G) for all the diseases under consideration that is,

and
M (ρ, δ) = 1 –

Σ |ρi - δj|
Σ (ρi +δj)

M (F, G) = maxi Mi (F, G), where Mi (F, G)
= 1 - Σ |Fi - Gj|

= 1 – Σ |maximum weight on rowi – maximum weight on rowj|
Σ (maximum weight on rowi + maximum weight on rowj)

Σ (Fi + Gj)
= 1 – Σ |weight on rowij – weight on rowij|
Σ (weight on rowij + weight on rowij)

i = generalized fussy soft set weight
j = patient’s weight
4
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5. CONCLUSION

Step 4:
The next step is to check for the relationship between M
(ρ, δ) and M (F, G) that is, show the relationship
between the two generalized fuzzy soft set (GFSS). From
my calculation M (ρ, δ) = 0.42, the only disease that is
similar to this is that of Malaria. Therefore based on this
calculation, the patient is suffering from Malaria.

Malaria, Typhoid, Tuberculosis, Sexually Transmitted
Diseases, Urinary Tract Infection, Yellow fever,
Hepatitis-B, Leprosy and Chicken Pox are the existing
tropical diseases that were considered in this work. The
development of this differential diagnosis will help to
benefit countries in remote places where health care
services are limited. Based on the linguistic tags, a fuzzy
rule base is created; in the fuzzy inference engine the
generalized fuzzy soft set is used to generate the
suspected diseases.

S (Fρ, Gδ) = M (F, G) . M (ρ, δ)
= 0.42
In cases where there is more than one calculated M (F,
G) that is similar to the M (ρ, δ) GFSS, laboratory tests
like blood count, blood film , virus screening etc. for the
related diseases can be carried out to determine the
major disease.

The contribution of the system that was built and
implemented is to improve the performance of Doctors
in the aspect of diagnosing of tropical diseases and also
to reduce the amount of time a patient spends in the
clinic.

3.2.3 Software Design and Coding
The software design and coding of the decision support
system was done using JAVA
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ABSTRACT
Information can be seen from two perspectives of (a) generation and (b) utilization. In educational efforts, the two
domains are addressed through and during transfer of knowledge from person to person. The work also defined
knowledge from generation and utilization perspective underlining their indispensable HORIZONS. The question in
mind is, can we characterize and stock knowledge that is regenerated (generated, used, reused, reformed,
repacked,…), when information (and knowledge) is transferred? The work presents information management as the
basis for sustainable educational development driven on the cyber-highway. It presents algorithm for sharable
knowledge. Knowledge for sustainable development is characterized and presented as integrating environments,
personality and context to existing information source. It separated the traditional (passive) knowledge from dynamic
(active) knowledge. It founded its theory on the fact that evolving knowledge can be stored and reformatted (despite
its diversity) for other uses particularly in an educational environment. A prototype, scenario of usage and associated
analysis were given.
Keyword:
Keyword: Prototypes, Algorithms, Knowledge, Systems, Models, Sharable, Associative Analysis.
1. THE TROUBLED MIND!
Premises for this work are constructed around education
with three pillars of data, information and knowledge in a
learning environment. It is alimented with data.
Advantage of “layman” definitions of some of the terms
is taken as follows:

Implicit is the notion of a teacher as a guide, not so
much to a specific place, but as someone who takes us
beyond the confines of our present perception to a larger
field of observation and study. This is very different from
learning and training where a goal has been set
beforehand and we are expected to reach it [8].

Education is an activity. Educating is the imparting and
acquiring of knowledge (object) through teaching and
learning, especially at a school or similar institution.
"After all, what is education but a process by which a
person begins to learn how to learn?" Education comes
from the Latin educo, educere which means to lead out
of or to lead beyond.

The French word translated education is: instruire; (train)
former; éduquer. It means to instruct, train and educate.
The word “éduquer” include all forms of instructions
(including home instruction) to direct an individual.
Literacy: ability to read and write: the ability to read and
write to a competent level. The French word for literacy
is “alphabetisation” related to Greek alphabet “Alpha,
Beta…”. The English translation for alphabetization is
“put in alphabetical order:” to arrange words or items in
alphabetical order. This may give us a clue as to why
information is often defined as “processed data”,
“organization of data”. It is feasible to define it as
“alphabetization of data”. It is possible to also deduce
that an educated person is a person who knows how to
arrange “alphabets” to meaningful form.
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Knowledge is an object / a state:
state the knowledge or
abilities gained through being educated. This term will be
given adequate attention in the coming section.

Information has a production connotation and utilization
connotation. The definition of information as “processed
data” is only applicable to its production and not to its
use. At production, information is evaluating two or
more data elements in HORIZONtal perspective one to
another. The system specialist decides what horizon he
will use to “view” data. The view can change from time
to time based on prevailing circumstances. His view
about relationships in the data is influenced by his
training and experiences in life. He strikes out specific
isolation of data items. He is able to identify differences
in data elements. In brief, information is a sum of a finite
series of data elements.

Wisdom:
Wisdom the ability to make sensible decisions and
judgments based on personal knowledge and experience.
Wisdom can be seen as integrating experience to
intelligence. Whereas intelligence is instantaneous,
wisdom involves gradual accumulative process. It has to
do with mental “stockage” and intelligent application.
Wisdom has time (δt) implication compared to
spontaneous appeal to intelligence.

∫

Wisdom= Intelligence Personal _ Experiences (δt)

The sum can imply aggregation, averages, frequencies,
correlations or mixture or other analysis. The system
specialist defines a “Cartesian coordinate” to fix these
data elements. He “alphabetize” the data elements for a
purpose. From his perspective, information may be

Wisdom has to be studied in perspective of sociology,
psychology and religion with a grain of “believe”. Single
dimension scientific approach to this concept is far too
insufficient. It will be interesting to know how wisdom is
acquired. It is difficult to establish if it can be acquired
systematically, spontaneously or unconsciously. A work
in biological sciences, philosophy may give some hints as
well.

∑ F ( Di) .

defined as

Where Di is a set of data

j

elements. From the equation, a user has a problem or
personality that he integrated to the summed data of a
information specialist. For this work, information is
defined broadly with illustrations in Figure 1

Information: In reality and to a reasonable mind,
defining data, information and knowledge is a serious
task. It is like a deer in the thicket. Most definition of
information is given in a perspective. The computer
scientists may define information as if there is no use of
information. Information scientists define information to
their own suits. In mass communication, information has
a specific connotation.

Information = User (Problem, personality..)
 Specialist (Training, Algorithms,

∑ F ( Di)

data str...)

j

ABC.Robert 2009

Information: Issues of concern
• It is difficult to differentiate data from
information
• When do we say we have information bearing in
mind the support factors? Support factors
include the medium of information transfer [5],
language of transfer (linguistic, communication
arts), algorithms for transfer (computer science,
mathematics, physics, chemistry …), ethics and
culture for transfer (religion, literary arts,
philosophy), environment, economy and
methodologies for information (social sciences,
education).
• Do we say it is information when it is constantly
being processed? At any point in time,
“finished” information is still being processed.
There is no definite time when the processing is
terminated (for the user must process it
himself).
• Knowledge is decoding hidden sense used in
representation data /information which may not
be known to its general audience or additional
sense added to represent existing data /
knowledge

Problems
Decision

Data

Algorithms
Models
Competence

D1

Information
(Utilization)

D2

D3

Dn

Information
(Generation)
Training

Task

Input to a
process

Output of
a process

Isolated data entities

Figure 1: Information takes its root from
separated data elements
A user of information is essentially “standing on the
shoulder” of an information specialist (producer) to see
the “scattered stars” of data. A user of information is
dependent on the producer of information. A producer
of information needs to establish an algorithm, a formula
or a model that will enable him see meaning in data
items.
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The specialist that generates information has several
competences, languages and experiences (training). Out
of all his “trainings”, he must be able to “map” one to
that of the eventual user of information. Generally, the
mapping is done in language. Apart from the language
mapping, there must be a map of interest between the
producer of information and its user. Here “interest” is
defined in terms of domain, content, application, results,
purpose and subject. It is in so doing that “information”
can be said to have been made and used. It must be
emphasized that information mapping can include other
trainings of the users and the producers.

In other works, information has been considered as
message [5]. A message has an origin, medium of
transmission and destination. The accuracy of this is not
the consideration here. In the case of information, the
three considerations is still of importance. Whereas,
information has audience (destination), origin (from
data) and medium (support), it is not of interest to
propose a model for its transmission here.

Language

2. STACKABLE AND STOCKABLE: A
FOUNDATION
0

2

4

6

8

Personalities (Production)

10

0

2

4

6

8

Knowledge: Using the same approach, knowledge is
evaluating series of information with common
denominator. Knowledge in the library science
(sometime referred to as certified or established
knowledge) is not the same as in religion, in culture,
ethics, philosophy and discrete sciences. Of course, we
can see common denominator across various regards to
knowledge.
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Personalities (Utilization)

Figure 2: Mapping of production language
and utilization language

Table 1: Information generation and information
utilization
Information production
Information is an output of a specialist
(with a specific training) who knows
how to assemble, validate and process
Goal
data elements.

Origin / destination

Requirements

End result
Tendency

The output is made available to an
individual or a group of individuals
having task(s) to perform.

The specialist has a specific training in
information collection and organization
Information is a product of an activity
(series of activities)
Processes are infinite

It is an input for a specialist who has a stake /
problem at hand, a decision to make or a
proposition to put forward

The input is derived from an information
specialist or a group of specialists
The user has a problem to resolve, a decision to
make (a clarification to make or a differentiation
to establish) which necessitate information
Information is (not a product) a component to
an activity (series of activities)
Processes are infinite

Prerequisite

Associated specialist requires training
and experiences to function with

Limitation

Specialists are restricted to specific
training in information production

Transformation

Information utilization

Output = Model (∑ Di)

Associated specialist requires
other information specialist

Specialists are not necessarily limited to a
domain (discipline) or formation.
Task = Processed (Information)

9
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One of the denominators includes the fact that, they are
based on information. In the topology of knowledge,
information is the origin of knowledge. Knowledge can
be converted, explicitly or implicitly. This work is not
specifically on knowledge transformation or on
knowledge management. For example, in some work in
knowledge management, considerations are given to
sharing of knowledge [7].
Broadly speaking, among
types of knowledge are:

From tacit
knowledge
From
explicit
knowledge
knowledge

•

•

•
Figure 3: Topology of knowledge
Source:
http://www.nwlink.com/~Donclark/knowledge/knowled
ge.html (12/05/2009)
Tacit knowledge

•

Personal knowledge is embedded in individual experience
and involves intangible factors, such as personal beliefs,
perspective, and the value system. Tacit knowledge is
hard to articulate with formal language (hard, but not
impossible). It contains subjective insights, intuitions, and
hunches. Before tacit knowledge can be communicated,
it must be converted into words, models, or numbers
that can be understand. In addition, there are two
dimensions to tacit knowledge:

•

•

To
tacit
knowledge
Socialization

To
explicit
knowledge
Externalization

Internalization

Combination

Socialization:
Socialization from tacit to tacit -- Sharing
experiences to create tacit knowledge, such as
shared mental models and technical skills. This
also includes observation, imitation, and
practice. However, "experience" is the key,
which is why the mere "transfer of information"
often makes little sense to the receiver.
Internalization:
Internalization from explicit to tacit -Embodying explicit knowledge into tacit
knowledge. Closely related to "learning by
doing." Normally, knowledge is verbalized or
diagrammed into documents or oral stories.
Externalization:
Externalization from tacit to explicit -- The
quintessential process of articulating tacit
knowledge into explicit concepts through
metaphors, analogies, concepts, hypothesis, or
models. Note that when we conceptualize an
image, we express its essence mostly in
language.
Combination,:
Combination, from explicit to explicit -- A
process of systemizing concepts into a
knowledge system. Individuals exchange and
combine knowledge through media, such as
documents, meetings, and conversations.
Information is reconfigured by such means as
sorting, combining, and categorizing. Formal
education and many training programs work this
way.

Common knowledge
Common knowledge is in the sense that it transcends
personal ideas. It has common denominator and
application to more than one individual. There are
different schools of thoughts on knowledge, in this case
two types of common knowledge were identified (a)
passive and (b) active knowledge. In passive knowledge,
all the characteristics used in defining information are
applicable. While information uses data elements,
knowledge is rooted in information elements. For
example, a librarian “alphabetize” a class of knowledge
(philosophy) using his training in library science. It can
also be said that knowledge is organized information. The
organization can be done using Internet technology or
simply in the library or even in a meeting of executives.
The principal concern is that there must be series (or set)
of information sources organized by a domain to achieve
an objective. The producer of knowledge gives a
“discrete ordering” (alphabetize) of series of
information.

Technical
Dimension
(procedural):
(procedural)
This
encompasses the kind of informal and skills
often captured in the term know-how. For
example, a craftsperson develops a wealth of
expertise after years of experience. But a
craftsperson often has difficulty articulating the
technical or scientific principles of his or her
craft. Highly subjective and personal insights,
intuitions, hunches and inspirations derived
from bodily experience fall into this dimension.
Cognitive Dimension:
Dimension This consists of beliefs,
perceptions, ideals, values, emotions and mental
models so ingrained in us that we take them for
granted. Though they cannot be articulated very
easily, this dimension of tacit knowledge shapes
the way we perceive the world around us.

Nonaka and Takeuchi [2] further discuss the four modes
of knowledge creation or conversion that are derived
from the two kinds of knowledge:
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In passive knowledge, knowledge is produced base on
established disciplines. The produced knowledge is tied
to expert’s understanding. More than production of
knowledge, the used knowledge can be an inspiration to
other kinds of production. In the case of knowledge
utilization, the user is not tightly attached to the
“systems specialist” as in the case of information
production.

existing information. This time, the interest is in gradual
changes that is generally time dependent.

Associated to the use of information are the evolutions
in knowledge about classified information (generally
passive knowledge). Works in knowledge management,
competitive intelligence and other decision sciences are
remarkably interested in such evolution which they
deemed pervasive [3].

A student in a library takes advantage of the
classifications of a librarian but he is not compelled to
use the knowledge according to the dictates of the
librarian.

For example, in [6] it was reported the importance of
integrating the entire workers to follow evolution in
enterprise surveillance. It implied that an enterprise can
only “make progress” and remain competitive by
effectively using active knowledge.

Passive generated knowledge (PGK) = Specialist
(Training, Algorithms, data str...)

∑ F ( Inf )
k

j

« Le fonctionnement d'un service de veille au sein de
l'entreprise repose sur l'utilisation d'une manière efficace de
l'information. Une activité courante pour les utilisations de
l'information est familière aux agents de l'entreprise, et
chaque entreprise prétend exploiter les informations qui la
concernent et donc pratiquer une forme de veille »
[6]

Spontaneous passive knowledge utilization.= User
(Problem, personality..)  PGK
Simply stated from the equation, passive knowledge is a
summation (summation is any operation on information)
of information. Spontaneous passive knowledge
utilization integrates user’s personality or problems to the
passive generated knowledge.

ABC.Robert 2009

Active
Knowledge

Problems
Decision

Passive
Knowledge
Algorithms
Models
Competence

I2

I1

Utilization

I3

In

Generation
Training

Task

Input to a
process

In a sustainable knowledge system (an interaction of
active knowledge components), the system’s integrates
not just information elements, the users of the system
and the system’s experts are all incorporated to the
system. It is the integration of the dynamic knowledge of
the user, environmental influences on the user,
information elements and the context that bring about
the growth of knowledge. In reality, the activities of the
system experts can be implicitly integrated into the
systems. Other factors can be implicitly and explicitly
collected. While the view of passive expert during
production may be one directional, the case of the
“sustainable expert” is different. He must be able to see
the initial system not just from a single perspective but
from inclusive position. He is essentially part of the
system. He is a consultant, user and manager of the
systems as he produces newer knowledge. He is assisted
with technology to collect dispersed knowledge.
Geographical location of active users is not a hindrance
to system’s activities. In a second order cybernetic, the
system expert is as important as the system users.

Output of
a process

Isolated information entities

Figure 4: Knowledge takes its root from separated
“information elements”

Active Knowledge =

∫ F (inf)t

The equation signifies that active knowledge implies
systematic increment of personal / collective usage of
information with time. It is to be noted that in active
knowledge, information takes a dimension not just from
discreet structure of information elements but also a
dimension of environment, personality and context of

Sustainable Knowledge =

∞

∫∫
in

Info

P.E.C..T .Info

Where P is personality of user, E is environment, C is
context of usage and T is time
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Sustainable (active)
stored knowledge
Environment
Problems
Decision
Personality

Algorithms
Models
Competence

In
I3

I1
I2

Generation &
Utilization

Passive
Generation

Figure 5: Knowledge is in plural dimension, evolving and “eternal”

All type of information and knowledge has specificity
related to personalization of user (at most group
specificity) superimposed into data element. It is a
continual and dynamic integration of personality to
realities. Whereas in information dynamism, personality
is integrated into data, in the case of knowledge
dynamism, personality is integrated to information.

•
•

•

From forgoing, it is evident that active knowledge
generation and utilization is tied to active involvement of
users of information. The users of information have the
potential of contributing to the information source in
form of comments, annotations and feedbacks on the
used information. Integrating the users’ personalities,
environment and context of use into the feedback, added
source of information can be derived and linked to the
source document. It is therefore possible to “extract”
users’ tendencies from expressions of usage of existing
knowledge. It is based on this that this work proposed
the use of feedback for sustainable active knowledge
management.

3. Stacking, storing and structuring for a reusable
knowledge
Information is can be seen from two perspectives of (a)
production and (b) utilization. In educational efforts, the
two domains are addressed through the transfer of
knowledge from person to person. The question in mind
is, can we characterize and stock knowledge that is
generated when information is transferred? We can
readdress the problems with these sub-questions:
•
•
•
•
•

Knowledge is the result of a cognitive agent’s
active construction.
Its purpose is not the representation of an external
reality, but the generation and maintenance of the
organism’s equilibrium.
The value of knowledge cannot be tested by
comparison with such an independent reality

Can we characterize knowledge?
Can we transform characterized knowledge into
stockable information or sharable knowledge?
How do we store the characterized knowledge?
What algorithm will be used to retrieve stored
knowledge?
How do we re-store newly “produced”
knowledge?

“Central to Michael Polanyi's thinking was the belief that
creative acts (especially acts of discovery) are shot-through
or charged with strong personal feelings and commitments
(hence the title of his most famous work Personal
Knowledge)” [4]. According to the constructivist theory
of knowing [1], one of the cornerstones of second order
cybernetics, can be briefly summarized in the principles:
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Table 2: Cross analysis of information sources, user, time and context of use
Interest
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

The complete context of usage of all
information sources by all users all time
The users of all information source in all
context at a time
Usage habit of a user
Usage habit of a user at a specific time
Information sources used in a specific
context and their users
Information sources used in a specific
context and their users at a specific time
Which information sources were used by
a user a specific context
Which information sources were used by
a user a specific context at a specific time
How a information source was used
How a information source was used at a
specific time and the users
How a information source was used by a
user
How a information source was used by a
user at a specific time
Who are the users that used a
information source
Who are the users that used a
information source at a specific time
How many time was a information source
used in a specific context by a user
Why was a information source used in a
specific context by a user at a time

Doc

Parameters of usage
Context
User

Time

Representation
∫∫∫∫dDdCdUdT

X
X
X

X

X
X

X

X

X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X

X

X
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CT∫∫ dDdU

CUT∫ dD
D∫∫∫ dCdUdT
DT∫∫ dCdU
DU∫∫ dCdT

X

DUT∫dC
DC∫∫dUdT

X

3.1. Stocking, sharing and sustaining development with
knowledge: A prototype
The assumption is on the premises that all knowledge of
systems is mediated by simplified representations—or
models—of them, which necessarily ignore those aspects
of the system which are “irrelevant” to the purposes for
which the model is constructed. The representation of
interest in this case centers on information integrating
document, context, user and time. Knowledge was
characterized using the attributes of the users, document
(information source), time and environment. The
characterization enabled a logical representation that can
permit a development of electronic version of knowledge
sharing forum on the Internet.

U∫∫∫ dDdCdT
UT∫∫ dDdC
C∫∫∫ dDdUdT

CU∫∫ dDdT

X
X

T∫∫∫ dDdCdU

X

DCT∫∫dU
DCU∫dT

X

DCUT
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Question from option 2
Questions from option 3
Personalised Questions
Questions
Help

•
•

•
•
•

Department of computer science
University of Ibadan, Ibadan Nigeria
1st semester examination 2008/2009 session
Course: Systems analysis
Course code: CSC302
Time Allowed: 2Hrs 30Mins
Instructions: Answer questions 1,2 and one other question
4.

TAKS 2003 G5 Science
Online Test
Sequential Math II Regents
Exams:Intermediate Level
Science: Written Test
Sequential Math II Regents
Exams:June 2004 Test
Sequential Math II Regents
Exams:June 2003 Test
Computer Science,
University of Ibadan, 2002
Exams Question: CSC412

a.

Define what information is from the perspective of a producer of
information and as a user of information
b. Enumerate and explain five functions of a system analyst
c. Enumerate five criticisms of conventional system analysis
d. Explain three characteristics of data to be valuable in an information
system
20 marks
Guided Answer
Why was the question
consulted?
Why do you want to
answer question?
Method used
Answers reference

Free Text
Section
Reading Only
Submit Answ er

Figure 6: Interface to sustainable knowledge management

Answers to questions were regarded as specific personal
knowledge of students on selected questions. Answers to
questions were guided with environmental specificity
related to students answering the questions. The “guided
answer” help us to integrate the environment of the
students to the system for future use.

After a representation, it is possible to make inter-field
analysis of these parameters as shown in table 2. The
concern here is not in decision science where we may be
interested in the influence of information sources and
users or in context as related to information sources.
A prototype of a sustainable system was built around the
representation
using
the
Internet
technology.
Examination questions were kept an Internet server. An
interface was built for students to answer questions of
their choice. The interface consists of three frames ad in
figure 6. The leftmost frame holds different types of
questions. The topmost (right) frame displays any
question selected by student. On the lower part of the
right is where the “guided answer”. A student can
answer a chosen question here. The judgment is that, the
questions were can be compared to as information
sources permitting a knowledge generation from
students.

The information about the students, their environment
and added knowledge is stored into sustainable
knowledge based. This can subsequently be searched
integrally with original information source.
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3.2. Sustainability using a prototype

Add document to base

To sustain a system, the direction of flow of
“information” must be reversible. There must be
User
constant feeding to the system. “Dead sea” system is not Complete
sustainable. It must receive input as much as output is document
expected from it.
link
Title of
document
(complete)

Comment
on
document

KLG

Confirm Cancel

Figure: 9: Interface to add external information source
User is not only privileged to add his environment and
usage habits to the system, he can add other sources of
information to the system.

Figure 7: A sustainable system has input and output
In Figure 7, all users of a sustainable system can benefit
from the central knowledge source (KLG). They are
encouraged to contribute to the same KLG. The flow of
information is bi-directional. The built prototype system
is a sustainable because, future information search by
users from the database integrates the environment of
students (called added knowledge). Added knowledge
can be a link to another information source. To add a
knowledge, the user specifies his user name and
comments to the added knowledge (as in Figure 9). The
system can take two search terms related to knowledge
and search for it in the system information base and from
added knowledge or even from Google.

4. CONCLUSION AND PERSPECTIVES
The work demonstrates the systematic integration of
user’s environment, activities and personal view to an
information system. It defined active sustainable
knowledge from the perspective of user’s participation in
system development. A prototype was developed taking
its strength from Internet technology. Applying these
models and underlying information technologies, it is
possible to realize a “sustainable education” in
educational endeavors. For such system, students and
teachers may be considered from either the perspective
of the producers of knowledge or users of stored
knowledge. They should be able to make reference to
stored knowledge and contribute to it as well. The
specific technology employed to do this is not of
importance because information technology is a fast
changing technology. Future work is being considered
from the perspective of collaborative active knowledge
generation and sharing applied to educational challenges.

Information Search with Extension
1. Search term
2. Search term
Make extended search in

Non
Added knowledge

Google.com database
Cancel

Send

Figure 8: Interface for integrated information search
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An Extended Multifactor Authentication in
Mobile Financial Transaction Using User
Authentication Module with Multilayered
Encryption Algorithms
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ABSTRACT
The search for ways to continuously increase revenues, cut costs, speed up transactions and reduce operational errors
in the increasingly competitive financial institutions have led to a flood of technological innovations to support these
business objectives. Although they provide benefits in terms of convenience, of mobile and wireless applications in
financial transactions have led to a barrage of security risks. We developed and implemented an extended multifactor
authentication mobile financial transaction system using multilayed encryption. The objective is to provide to provide
a level of security in mobile application-enabled financial transaction scenario. Preliminary tests and usage of the
application showed very promising results.
Keyword:
Keyword: User Authentication Module (UAM), Transactions, Java Cryptography, Financies.

1. INTRODUCTION
Mobile financial services are often referred to as mcommerce or m-banking applications. They can be
broadly categorized as extensions of existing bank
services delivery or as innovative approaches of
telecommunications providers where the mobile phone
network becomes a medium for financial transactions.
Mobile phone network transactions include the use of
network airtime or e-currencies for deposit, transfer of
funds or credits, and payment of services.

Most common bank services provided through mobile
phones have traditionally been SMS-based account
information applications using text commands which can
often be completed via a variety of telecommunications
operator networks. These applications have typically
been restricted to informational services such as
transaction records, balance status, market information
and minor transactions related to account administration
and settings. Financial organizations that offer online
services and Internet-based commerce should use secure
and efficient methods to authentication their customers.
The current authentication technique for online payment
system is not very secure to protect users from identity
theft, as a the result any attacker can gain access to
confidential information of the user like credit card
number or account password and make illegal transfer of
funds which will be charged to the valid user’s account.

African Journal of Computing & ICT Reference Format:
D. Akinmosin, G.G.O. Egbedokun & F.O. Ibitowa (2011).
An Extended Multifactor Authentication in Mobile Financial
Transaction Using User Authentication Module with Multilayered
Encryption Algorithms. Afr J. of Comp & ICT. Vol 4, No. 2.
Issue 2. P17-24

Single factor authentication increases risks posed by
phishing, identify theft, online fraud and loss of
confidential customer information. So, financial
institutions need implement an effective authentication
system to reduce fraud and increase security of sensitive
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Mobile Payments at a comparable level. The question is
then, which SE in the mobile handset is available to
facilitate the mass-market introduction of secure mobile
payments? [15]

information/applications. Strong customer authentication
is necessary to enforce security and assist financial
institutions to detect and decrease user identity thefts,
thus, increasing the faith of users on wireless financial
transactions.

2.1
Conventional Payment Process
A conventional process of payment and settlement
involves a buyer-to-seller transfer of cash or payment
information (e.g. credit card or check). The actual
settlement of payment takes place in the financial
processing network. A cash payment requires a buyer's
withdrawal from his bank account, a transfer of cash to
the seller, and the seller's deposit of the payment to his
account. Non-cash payment mechanisms are settled by
adjusting, i.e. crediting and debiting, the appropriate
accounts between the banks based on payment
information conveyed via check or credit card. Figure
2.1 is a simplified diagram for both cash and non-cash
transactions.

2. THEORY OF MOBILE FINANCIAL
TRANSACTION
Transaction-based services have caught the interest of
powerful stakeholders who are eyeing expanded business
opportunities. Operators, for example, are active in the
mobile-transactions arena, and see big opportunities in
expanding their businesses to become a partner higher up
the value chain. Typical transaction-based services
include supporting infrastructure services throughout the
various stages of the service life-cycle, such as issuing of
certificate authority (CA) services and payment-clearing
services. Banks, which are the traditional strong players
in the financial sector, are determined to maintain their
position by offering financial services in the mobile
environment as part of ways to achieve a cashless
economy.

Cash moves from the buyer's bank to the seller's bank
through face-to-face exchanges in the market. If a buyer
uses a non-cash method of payment, payment
information instead of cash flows from the buyer to the
seller, and ultimately payments are settled between
affected banks who notationally adjust accounts based on
the payment information. In real markets, this clearing
process involves some type of intermediaries such as
credit card services or check clearing companies.
Schematically then most payment systems are based on
similar processes. The 'information' conveyed to settle
payments can be one of the following: information about
the identities of the seller and the buyer and some
instruction to settle payments without revealing financial
information such as [14].

Examples of services are stock trading, the transfer of
funds between accounts, and payment services. Certain
progressive banks are already involved in limited trials.
Obviously, trust is a key issue. Traditionally, the financial
sector has not trusted anyone but itself. Therefore,
single-application security solutions, such as secure
electronic transactions (SET) and Europay, VISA and
Mastercard (EMV), were developed for use in the fixed
Internet environment and for point-of-sale terminals.
Unfortunately, even though consumers expect to have
global access to services, SET and EMV have thus far
failed to take into consideration geographical differences
and the limitations of the mobile phone and the mobile
environment. In general, the financial sector, which is
wary of operator-driven activities, has stated that
regardless of the technical solution employed, operator
independence is an absolute must. It sees itself as the
obvious supplier of the security infrastructure needed for
financial services and wants to have as little involvement
from operators as possible [15].

• Credit card or bank accounts numbers (including
checks and debit cards)
• Actual values represented by digital currency

Security is one of the fundamental elements of any
payment solution. Financial Institutions increasingly seek
to mitigate the risk of fraud in order to protect their
customers and hence their own payment franchise.
Enhanced security on plastic cards requires a so-called
"Secure Element (SE)" - like a chipcard - to store the
bank's payment credentials (security keys) and other
critical data. One example is the introduction of "Chip
and PIN" (EMV chip-based security) on cards in Europe
to replace magnetic stripe-based systems. While the
direction for plastic cards seems clear, the Industry is
looking for ways to secure

Fig 2.1: A Simplified Model of Transaction
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2.2

Payment Through an Intermediary—
Intermediary—Payment
Clearing Services
Services
When face-to-face purchase is replaced with on-line
commerce, many aspects of a transaction occur instantly,
under which various processes of a normal business
interaction are subsumed. For example, a typical
purchase involves stages of locating a seller, selecting a
product, asking a price quote, making an offer, agreeing
over payment means, checking the identity and validity
of the payment mechanism, transferring of goods and
receipts. In order to be used as a substitute for face-toface payments, online payment systems must incorporate
all or some of these stages within their payment
functions.

The key benefit of this payment clearing system \\

Fig. 2.32
2.32 Notational funds transfer system

The lack of face-to-face interaction also leads to more
secure methods of payment being developed for
electronic commerce, to deal with the security problems
for sensitive information and uncertainty about identity.
Consequently, electronic commerce transactions require
intermediaries to provide security, identification, and
authentication as well as payment support. Figure 2.2
shows a stylized transaction for online commerce using
an intermediary. In this model, the intermediary not only
settles payments, it also takes care of such needs as
confirming seller and buyer identities, authenticating and
verifying ordering and payment information and other
transactional requirements lacking in virtual interactions.
In the figure, two boxes delineate online purchasing and
secure or off-line payment clearing processes.

is that it separates sensitive and non-sensitive information

and only non-sensitive information is exchanged online.
This alleviates the concern with security that is often seen
as a serious barrier to online commerce. In fact, First

Payment settlement in this figure follows the example of
the traditional electronic funds transfer model which uses
secured private value networks. The intermediary
contributes to market efficiency by resolving
uncertainties about security and identity and relieving
vendors of the need to set up duplicative hardware and
software to handle the online payment clearing process.
The payment information transmitted by the buyer may
be one of three types.

Fig 2.3
2.3: Transaction with an intermediary
Virtual does not even rely on encryption for messages
between buyers and sellers. A critical requisite for this
system to work is the users' trust in the intermediaries
[14].
2.3

Payment Based on EFT—
EFT—Notational Funds
Transfer
The second type of payment systems does not depend
on a central processing intermediary. Instead, sensitive
payment information (such as credit card or bank
account number) is transmitted along with orders, which
is in effect an open Internet implementation of financial
electronic data interchange (EDI) (see Figure 2.3). An
electronic funds transfer (EFT) is a financial application
of EDI, which sends credit card numbers or electronic
checks via secured private networks between banks and
major corporations. To use EFTs to clear payments and
settle accounts, an online payment service will need to
add capabilities to process orders, accounts and receipts.
In its simplest form, payment systems may use digital
checks —simply an image of a check— and rely on
existing payment clearing networks.

First, it may contain only customer order information
such as the identity of the buyer and seller, name of the
product, amount of payment, and other sale conditions
but no payment information such as credit card numbers
or checking account numbers. In this case, the
intermediary acts as a centralized commerce enabler
maintaining membership and payment information for
both sellers and buyers. A buyer need only send the
seller his identification number assigned by the
intermediary. Upon receiving the purchase order, the
intermediary verifies it with both the buyer and seller and
handles all sensitive payment information on behalf of
both. This is the electronic commerce model followed by
First Virtual Holdings, Inc.
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The Secure Electronic Transaction (SET) protocol—a
credit card based system supported by Visa and
MasterCard—uses digital certificates, which are digital
credit cards. We call this type of payment system as
notational funds transfer system since it resembles
traditional electronic fund transfers and wire transfers
which settle notational accounts of buyers and sellers.
Notational funds transfer systems differ from payment
clearing services in that the 'payment information'
transferred online contains sensitive financial information.
Thus, if it is intercepted by a third party, it may be
abused like stolen credit cards or debit cards. A majority
of proposed electronic payment systems fall into this
second type of payment systems. The objective of these
systems is to extend the benefit and convenience of EFT
to consumers and small businesses. However, unlike
EFTs, the Internet is open and not as secure as private
value added networks (VANs). The challenge to these
systems is how to secure the integrity of the payment
messages being transmitted and to ensure the
interoperability between different sets of payment
protocols [14].

The only difference from Figure is that the intermediary
in Figure 2.4 acts as an electronic bank which converts
outside money (e.g. U.S. currency), into inside money
(e.g. tokens or e-cash) which is circulated within online
markets. However, as a private monetary system, digital
currency will have wide ranging impact on money and
monetary system with implications extending far beyond
mere transactional efficiency. Already digital currency
has spawned many types of new businesses: software
vendors for currency server systems; hardware vendors
for smart card readers and other interface devices;
technology firms for security, encryption and
authentication; and new banking services interfacing
accounts in digital currency and conventional currency,
e.g. Mark Twain Bank (http://www.marktwain.com).
Many of these new players navigate through areas
uncharted by researchers and government policy makers.
Old maps used to inscribe unknown territories with
"Here Be Dragons," a cartographic term for uncertainty.
What kinds of dangerous as well as fascinating "dragons"
we will encounter in this new world of electronic
payments is the subject of the remaining sections [14].

Fig. 2.4: Notational funds transfer system
2.4
Payment Based on Electronic Currency
The third type of payment systems transmits not
payment information but a digital product representing
values: electronic currency. The nature of digital
currency mirrors that of paper money as a means of
payment. As such, digital currency payment systems
have the same advantages as paper currency payment,
namely anonymity and convenience. As in other
electronic payment systems, here too security during
transmission and storage is a concern, although from a
different perspective, for digital currency systems double
spending, counterfeiting, and storage become critical
issues whereas eavesdropping and the issue of liability
(when charges are made without authorization) are
important for notational funds transfers. Figure 2.4
shows a digital currency payment scheme.

2.5
Authentication Principle
The authentication in this system can be broadly
categorized into two based on location, viz: Mobile
Station Authentication and the Financial Institution
Authentication.
2.5.1 Mobile Station Authentication
This is the first phase in authenticating a user or
customer at the mobile station. This is done on the
mobile device with the read-only transaction memory
chip already connected to the mobile device. The system
prompts for a username, choosing by the customer at
the point of subscribing for mobile financial services and
the alphanumeric password. If information supplied (i.e.
username and password) by the user conform with the
decrypted version of the content of the memory chip,
then user proceeds to the next phase of authentication
otherwise, user is left with two more trials before the
system locks out such user from the service.
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Accountability
Accountability defines the fact that actions or documents
can be associated with the originator, who could be a
person or company, so that they cannot deny
transactions they made at a later date. After complaints
from customers about misleading information or
unauthorized transactions resulting in financial losses, one
wants to be able to trace back the originator of the
information or who has altered the transaction [2].

After the customer has selected the goods and
proceeded to the payment phase in the merchant
system, the merchant system directs the customer to the
financial institution’s system where he can supply data in
response to the payment request generated by the
merchant. Each individual payment request entity has a
unique identifier both in the merchant system and the
financial institution’s system. A notification in SMS
format is sent to the customer’s mobile device as
acknowledgment of receipt of transaction from the
financial institution. Those identifiers can be used to
reference the individual requests in later stages of the
transaction. The Mobile Payment System registers the
payment transaction into persistent data storage.

2.6 Secure Micro SD Card (Secure µSD)
SD) - Concept
description
Mobile users are generally familiar with SD Cards in
mobile phones. 40% of all mobile device holders are
active SD Card users. In 2009, 90% of all shipped
Handsets that included memory cards used SD Cards
slots, increasingly being slots for Micro SD cards. Since
2000, 2.5 billion cards of the globally interoperable SD
memory card standard have been shipped, making it the
“the world-leading de facto interface of removable
media.”With a low impact on the Bill of Materials of the
Handset Vendor, diffusion of SD card slots has increased
from 30-40% in 2006 to approx. 50% at present.

2.5.2 Financial Institution Authentication
This is the second phase of authentication in which the
enciphered format of the username and password, IMEI
information and timestamp of the transaction are routed
through https protocol over bounty castle cryptographic
system to the financial house server. This is to ensure
that data packets are highly secured and are prevented
from man-in-the-mobile attack. The following factors
were ensured in this work;

Through the use of adaptors, even mobile devices with
regular SD Card slots can today use MiniSD and
MicroSD cards, the latter becoming the dominant form
factor. In 2009, over 60% of all mobile devices shipped
included a Micro SD Card slot. It can be expected that in
2012 more than 60% of the installed mobile device
base will hold a Micro SD Card slot. With these trends
towards microSD slots, Micro SD Cards with an
embedded chip that serves as Authentication Module are
a potential way to extend the security level and service
offerings on mobile devices. For the use in mobile
financial service, Micro SD Card are particularly
applicable (i.e. the so called Secure Micro SD Card or
“Sec. µSD”). This card connects to the mobile device
through the Micro SD Card slot. Secure SD Cards allow
the distribution of mobile financial service to a wide End
Consumer base. Secure Micro SD Cards can even be
issued for extended usage across the End Consumer’s
electronic devices such as laptops, portable media players
or navigation devices. Hence, a Secure Micro SD card
can, for example, host the following Applications:

Confidentiality
Confidentiality is the protection from unauthorized
disclosure of information to third parties, which could be
employees of the financial service provider, the mobile
service provider or anyone else. Within the scope of
mobile financial services this includes for example the
protection of the user from exposing his financial
situation or trading strategy to others.
Availability
Availability is the protection from unauthorized
withholding of information or services, i.e. information
services. It can be very damaging for an investor to get
time-critical information delayed or not at all. Since
financial information services could have a direct
influence on possibly following transactions, the lack of
availability of a service can cause a damage for the
investor, e.g. if he fails to sell his declining stocks.
Integrity
Integrity protects the user from unauthorized
manipulation of data or systems. It ensures the user that
the data he receives hasn’t been altered while being sent
to him or while being on his device. False, modified or
insufficient information might lead to wrong decisions
and to financial losses. Since unauthorized manipulations
can’t be prevented in non-trusted environments, the
integrity of the used data must be protected by all means
necessary and breaches have to be detected and
documented.

• EMV profiles and other payment Applications.
• ID Applications such as financial IDs and access to
Virtual Private Networks
• Loyalty and bonus programs in the area of ticketing
and customer relationship management.
• Security Applications and Privacy Protection for social
media services such as private and professional
communities and networks.
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The Secure Micro SD Card can be a mere storage
provider, and this is particularly interesting for mobile
financial service. In brief, the Secure Micro SD Card is
therefore an interesting secure element alternative for
Financial Institutions, Other Service Entities, Mobile
Network Operators and Other Mobile Distribution
Channels to offer and promote services to the End
Consumers [10].
3. THE SYSTEM DESIGN
This system is made up of the authentication unit
comprising the mobile device, authentication module,
username and password/TPIC for first log-on stage, and
the encryption unit which is in layered form.

Fig 3.1: Mobile Station Subsystem
Mobile Device and ROM chip

3.1
Components of the System
The architecture of the mobile financial transaction is
made up of 3 subsystems interconnected by the network
providers’ infrastructures. The subsystems are;
1. Mobile Station Subsystem
2. Financial Institution Subsystem
3. Merchant Subsystem

3.1.2 Financial Institution Subsystem
The financial institution is primarily made up of the
institution’s server, which is developed as a standalone
Java application server connected to a MySQL database
using the JDBC connector. The fundamental components
of the server are illustrated in Fig. 3.2 below [3].

3.1.1 Mobile Station Subsystem
The mobile station subsystem comprises of the mobile
device and a read-only memory chip/card. The mobile
device is expected to be a GPRS enabled phone with
capability of attaching memory card. The phone should
be able to connect to internet because data are sent
through secured hypertext transfer protocol, and charges
for internet connectivity depend on the network provides
the user has subscribed to.
The memory chip is in form of the common microSD
(µSD) memory card used for extra storage device for
most mobile phone and devices. The memory in this case
is expected to be a read-only memory in which data can
only be read from it but not written onto it. Data stored
on this chip are enciphered or encrypted, thus,
unreadable to human eye. The encrypted data is actually
made up of the IMSI of the customer from the network
providers, IMEI of the mobile device, and username and
password of the customer. MD5 operation is performed
on all these data after they are being enciphered and the
resulting hash value is stored on the µSD chip. This help
in protecting the content of the ROM chip in state. Fig
3.1 below depicts the structures of the mobile device
and the µSD ROM card.

Fig 3.2: Server Components
The server application deals with requests from clients
received through the http port. Customer and retail
records are retrieved by the server application as needed.
The financial institution communicates in two directions,
first with the customer and second with the customer’s
merchant already having financial records with the same
financial institution. Any transaction between the
customer and the merchant are always routed through
the financial institution which functions as intermediary
between the customer and the merchant. Financial
Institutions are believed to be reliable and solely
responsible for the protection of their customers’ assets,
be it information, financial or capital assets. This is
illustrated in the Fig 3.3 below.
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Architecture (JCA) and the Java Cryptography
Extension (JCE). The problem, of course, is that the
JCA and JCE are too heavy for the MIDP platform. The
Bouncy Castle Crypto package is a lightweight
cryptography API in Java. The package is organized so
that it contains a light-weight API suitable for use in any
environment (including J2ME) with the additional
infrastructure to conform the algorithms to the Java
Cryptography Extension framework. The package is
distributed under a license based on the MIT X
Consortium license, which means it is distributed at no
charge for commercial or non-commercial use.

FI sends info to Merchant

Financial
Institution(FI)

Merchant transact with FI

Customer transact with FI

FI sends info to Customer

Customer
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Merchant

Fig 3.3: Financial Institution –
Customer/Merchant
Customer/Merchant Model

4. SYSTEM IMPLEMENTATION AND
SIMULATION RESULTS
First Authentication of the user to the Mobile
Transaction Application Software and the Bank or
Financial Institution authentication Server based on user
login and password. 2. Second Authentication of the
user to the Bank or Financial Institution authentication
server based on the user’s account number and a secured
pin code, issued to the user at the point of subscription
for mobile financial service. This is subjected to change
based on the user’s discretion. Selection of the operation
to perform:
 Account Balance Enquiry
 Money Transfer
 Payment for Goods/Services

3.1.3 Merchant Subsystem
The merchant sell goods and or services to the
customers. Anytime a customer wishes to transact with a
merchant, such customer is directed completely out of
the merchant’s web page after selection of item i.e.
good(s) or services into the financial institution’s web
page for payment, keeping track of merchant’s signature
and transaction parameters. Customer can then supply
his or her sensitive transaction parameters required for
payment of such goods and services to the FI’s app.
3.2
Encryption/Decryption Unit
Along with the proliferation and portability of mobile
devices come a unique set of security concerns. Many
people carry mobile phones. As the devices become ever
more capable, offering access to corporate e-mail,
databases, and other enterprise information, the question
of how to protect that information becomes a priority.
Should a device ever be stolen or misplaced, there is a
risk of confidential data being compromised. This applies
not only to what might be on the device, but also to the
applications that provide access to data on a remote
server.

The Mobile Station is responsible for the first stage of
authentication. User is expected to supply the username
and password created while performing registration for
mobile financial services at the financial institution
premises. The username is unique to individual user. The
user is expected to click on the login button after
supplying these parameters or cancel if there is an error
in the parameter supplied.

3.3
Bouncy Castle Cryptography
In the J2SE world, Sun provides support for
cryptography
through
the
Java
Cryptography
On clicking login from the login screen, the parameters
supplied (i.e. username and password) including the
IMEI code of the mobile device are put together as a
single string and encrypted using XTEA-IDEA Engine,
the hash value of the encrypted string is then obtained.
The hash value alongside with the timestamp is then
verified against the same hash value of the encrypted
details stored on the ROM chip by the financial
institution.

Fig. 4.1 : A Screenshot of the Mobile
Application Interface
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If the login parameters are correct then a welcome
screen for pass in the first phase of authentication is
displayed. The user is then expected to click on proceed
to move to the next phase of authentication. On clicking
the proceed button, the encrypted login parameters is
forwarded along with timestamp to the financial
institution’s server for the second authentication stage.
This next screen view displays the operations that can be
performed by the mobile app. This is an exclusive choice
process. User can then choose which operation to
perform by selecting it and clicking the OK button.
On choosing the “Check Account Status” option the
balance enquiry screenshot is displayed. This shows the
account details of the individual that logged on to the
mobile app.

4.

The transfer option displays the page that contains
account information of the person making the transfer
and also asking the same person to supply the parameters
of the other person about to receive the money. These
include, destination account name, account number,
amount and branch code. A transfer completion
confirmation page is then displayed. Information about
amount credited and debited, from which and to which
account, and also the user’s account balance are also
displayed.

7.

5.

6.

8.

9.

10.
5. CONCLUSION
Security is a major issue in internet mobile based online
payment system. There are various internet threats which
affect the security system of the internet and increase risk
for electronic transaction. Traditional user ID and
password commonly used for user authentication has a
serious drawback. Future research work can focus on
securing the data in state (i.e. information stored in the
ROM chip) and also developing a hash algorithm to be
included in the J2ME API. Also, standard protocol for
distribution of pin codes to the user should be
considered.
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ABSTRACT
Most domain knowledge are dispersed and located in different sources; both human and inanimate. Thus, a means to
integrate such dispersed knowledge is required. We introduce a conceptual framework for the integration of
knowledge in the various phases of Economic Intelligence (EI) process in the course of resolving decisional problems.
We initiate the work with a detailed analysis of EI process, models and activities and proposed a general and detailed
design framework for knowledge integration. An implementation of the proposed framework is conceptualized to
build a corporate memory which we call knowledge repertoire. This repertoire provides storage for the harmonized
knowledge resources including, intermediate and final decisional problem resolution. Subsequently, actors or users can
promptly and easily explore and adapt knowledge resources to related future problems. Our objective is to leverage
organizational ability in the exploitation of diverse knowledge in the business competitive environment to which they
now belong. This will assist in establishing a system of organization, conservation, and transmission of knowledge of a
domain.
Keyword:
Keyword: Keywords:

Knowledge, Economic Intelligence, knowledge Capitalization (KM), knowledge resources,
KM framework, knowledge repertoire, exploitation.

1. INTRODUCTION
Humans are confronted with the need to solve problem
in every domain. The knowledge he/she possesses and
the ability to utilize appropriate information in his/her
environment are required to meet this need. Often,
problem resolution by a person is a factor of his/her
decision making capability. Taking strategic decision
requires sharing of knowledge among a group of people
of a common goal in a particular context. It also involves
searching for relevant information to solve an identified
problem.

These activities constitute the focus of a domain called
Economic Intelligence (EI). EI provides a process of
coordinated activities of economic actors in the course of
obtaining relevant indicators, (such as, a cloudy sky may
be an indicator for impending rain or road caution signs
for a traffic user) for effective decision making to meet
organizational goals.
The knowledge of actors for resolving Decisional Problem
(DP) is an essential resource which will foster
accomplishment of organizational goals if it is adequately
preserved and exploited. Actors can optimally exploit
knowledge only when an adequate integration strategy is
applied. Thus, this work provides a conceptual
framework for integration of knowledge in the various
phases of Economic Intelligence (EI) process in the
course of resolving decisional problems.
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The rest of this paper considers a number of theoretical
concepts in section 2, the approach and implementation
of this work in section 3, and conclusion with future
direction in the fourth section.
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2. Theoretical Concepts and Related Works

Hence, the need for EI process according to the research
team SITE-LORIA [25]. EI process entails the phases
highlighted below.

The central term - knowledge is briefly discussed in
section 2.1. The context of this work is Economic
Intelligence (EI). The focus of EI is to make available
relevant information considering the context of a DP and
goals of decision makers. We briefly introduce the field
of EI and its standpoints in section 2.2. Related
concepts, techniques and few existing applications in the
field of Knowledge Management (KM) are discussed in
section 2.3 and 2.4.

a)

Identification and definition of a
decisional problem
b) Translation of the decisional
problem to an information search
problem
c) Identification
of
relevant
information sources
d) Collection of relevant information
e) Analysis
of
the
information
collected to extract indicators for
decision
f) Interpretation of indicators
g) Decision-making

2.1 Knowledge
Knowledge is defined in terms of interpretation
attributed to information [17]. According to the author,
“information is intrinsically meaningless on its own and
remains so unless – and until – it is interpreted by
human beings, within some context”. In essence,
knowledge refers to the perception an individual has
about a fact or event in certain context. For instance, a
medical Doctor practice with the skill he possesses to
treat and administer drugs to patients. Such knowledge is
known as ‘know-how’. Also a procedure manual or
recipe for a meal is another instance of knowledge which
is regarded as ’know’. In the context of EI, both know
and know-how of actors (For example, the skill of an
actor who is responsible for analyzing and structuring a
problem associated with decision making or one who
conducts information research constitutes know-how
while document, information, events, etc. are instances
of know) invested into strategic decision making
constitute knowledge which should be preserved for
future reuse.

The EI process guides the activities of the stakeholders
(named as actors) involved in resolution of DP. The
actors and their respective roles are as follows:
 Decision maker who must formulate exact
description of a DP.
 Watcher who must locate, supervise, validate
and emphasize the strategic information needed
for solving a DP.
 Information system analyst/designer who
supports the watcher in information retrieval
task.
 Project Coordinator who serves as a link
between decision maker and watcher as well as
end-users [15].

2.2
Economic Intelligence
EI is a strategic tool which enables organizations to gain
competitive advantage through the means of acquisition,
processing and exploitation of relevant information from
its internal and external environments. EI can be defined,
at the level of a particular enterprise, as the decisionmaker's capacity to exploit the knowledge and the new
experiences, while reinvesting those already acquired, in
order to solve at best a new decisional problem[14].
This notion of EI supports the fact that it leads to
production of knowledge and learning [24].

All the actors work together in collaboration in order to
optimize sharing of strategic knowledge amongst one
another. Figure 1 illustrates the general components and
activities involved in EI projects with respect to the
phases of EI process from which we derive associated
knowledge. The profile of actors, expressed DP and its
related contexts, relevant information, indicators and
decision action constitute explicit knowledge (knows).
On the other hand, the skill of actors demonstrated in
the course of understanding, interpreting and usage of
information constitute tacit knowledge (know-how).

Information is needed by the various levels of decision of
the company or the community, to develop and
implement a coherent strategy and the tactics necessary
to achieve the goals set by the company in order to
improve the quality of its products or services and/or its
position in its competitive environment. These actions in
EI are to be structured in a continuing cycle, to
generating a shared vision of targets in the company.

Research in EI provides methods for identifying relevant
sources of information, analyzing the collected
information and manipulating it to provide what the user
needs for decision making. Thus, EI is decision-maker
centered. It addresses, mainly users that want up to date
information to make decision in a strategy framework
[4][13].
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Figure1. Activities in EI system

Actors require certain knowledge to resolve any given DP with the application of EI process. This knowledge is
conceptualized in form of EI models. The list below enumerates the EI models:
•
•
•
•
•
•
•

MEPD:
MEPD Model for Decision Problem specification
WISP: Watcher’s Information Search Problem
WISP
MIRABEL: Model for Information Retrieval query Annotations Based on Expression Levels.
MORPRI2E: Model for the representation of Information Search Problem in Economic Intelligence
AMIE: Annotation Model for Information Exchange
RUBICUBE:
RUBICUBE Representation of the User’s needs at the design phase of an Information system
CADRIE:
CADRIE Specification of the competence of project coordinator in a regional setup for Economic
Intelligence

Table 1 depicts the analysis of actors’ activities related to the models as indicated by the EI process in decision-making
activities.
EI Models

MEDP

MIRABEL
MIRABEL

WISP

MORPRI2E

AMIE

CADRIE
CADRIE

Activity
Applied to clarifying a DP. It combines both the context
of DP, the decision-maker and the challenges of DP to
identify the real needs of the decision maker for
information, and it fosters preparation of the information
research project (Bouaka, 2004).
It aids the expression of information need to initiate
searching and analysis of its context in relation to the
inference from the understanding of a user and watcher
(Goria, 2006).
It represents a methodology for translating DP into the
specification for information retrieval problems by the
watcher (Kislin, 2007).
It is applied to representing users with respect to their
specific needs and its context and to modeling an
information system which adapts to the changing needs
of users (Afolabi, 2007).
It is applied to generating value from relevant and
analyzed information through annotations for validation
of information relevance and reliability (Robert, 2007).
Coordination of other EI actors and their activities.

Table1. EI Models
27

a)

EI Phases
Identification and
definition of a DP

a) Identification and
definition of a DP
b) Transformation of DP to
an information search
problem
b) Transformation of DP to
an
information
search
problem
c) Identification of relevant
information sources
d) Collection of relevant
information
e) Analysis of the relevant
information
to
extract
indicators for decision
Phases a) to Phase g)
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Said and Bretones [24] considered the complementarity
of EI and KM with respect to the absorptive capacity of
companies in a narrative form. In Khairul and Saiful [11]
[15], the integration of KM process and Competitive
Intelligence (CI) process was described with the aid of a
KMCI relationship model as a mean to identify and
prioritize information needs of organizations for the
management of both external (CI) and internal (KM)
knowledge resource in business for gaining opportunities
to survive in the long term. The problem of how to
integrate the domain knowledge in these applications was
not the main target of the authors. Hence, we proposed
a conceptual framework for integration of knowledge in
the context of EI projects.

2.3 Knowledge Management
Knowledge Management (KM) is a global process in the
enterprise, which includes all the processes that allow
capitalization, sharing an evolution of knowledge capital
of the firm [6]. KM entails managing knowledge
resources in order to facilitate access and reuse [19].
Knowledge cannot be isolated from an individual or a
group of people, hence KM effort considers the culture
of people in an organization. It enables people of
common vision and culture to share their knowledge,
learn from one another and to innovate by working
effectively. The implementation of KM system requires
that a corporate memory (CM) be developed.
The knowledge to be capitalized is stored in a repository
or database commonly called “corporate memory or
organizational memory” [5]. CM refers to a structured
set of knowledge related to the firm experience in a
given domain. It is essential to identify the goal of KM
effort in order to determine the required kind of CM
that would “support the integration of resources and
know-how in the enterprise and the co-operation by
effective communication and active documentation” [7].
The firm’s knowledge could be formalized and modeled
in a CM for re-use and update by designated users. A
successful assimilation of technology [10] [12] into KM
yields solution such as, an intelligent documentary
system, a knowledge-base, a case-based system, webbased system or a multi-agent system. KM systems offer
firms that develop and leverage knowledge resources
achieve greater success than firms who are more
dependent on tangible resources [2].

3. METHODOLOGY OF KNOWLEDGE
INTEGRATION IN THE CONTEXT OF DECISIONDECISIONMAKING PROCESS
There is an outstanding feature of the knowledge of
actors and their activities in the context of EI which
necessitates the integration of such knowledge in order to
foster its optimal reuse for resolving related future
decision problems. The feature is that the EI models are
conceptualized separately, (cf. section 2.1) though they
all target the same goal of applying EI process for
resolving decision problems. Sequel to this, emerging
information (explicit knowledge) in the application of
these models to real life DP projects is in dispersed form,
that is, it resides in different actors and storage media.
Thus, this work proposed and implemented a conceptual
framework which serves as a platform for harmonizing
the EI models as well as the actors’ knowledge in order
to facilitate knowledge reuse and exploitation. It is
required that we had to investigate and deduce kr in EI
process and the respective EI models in order to model
the appropriate framework in the context of EI.
Consequently, we identified such kr in EI in section 3.1.

Techniques of knowledge capitalization are based on
information acquisition, representation or modeling and
exploitation. This information is issued from technical
documents and interviews done with the experts.
2.4 Review of Related Work
A number of applications already exist in the field of
Knowledge Management. An example of such
applications is the capitalization of the knowledge of how
to synthesize “purely Swiss” vitamin C [3], with
emphasis on its impact on society through the influence
of technology. There is another system on capitalization
of design process [16]. It focused on the development
of design project memory from designers’ activities
through direct extraction and tracking of knowledge
from project design tools, design process and product
data. Foguem et al. [8] presented an Experience
Feedback Processes (EFP) model for capitalization of
knowledge on changes and improvement of industrial
system with the goal of transforming know-how to
explicit knowledge on description of learnt lessons. Other
applications are capitalization of business experience and
resources of the experience in Software Engineering (SE)
projects [9] [18], equipment diagnosis and repair help
system [22].

3.1
Identification of Knowledge in EI projects
The knowledge to be exploited could be elicited from
the actors and their activities following the phases of EI
process in a decision making project (SITE)1. Table 2
highlights the identified knowledge based on the various
phases of resolution of DP [21].

1

SITE- (Modeling and development of Economic
Intelligence System) research team, LORIA, France
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EI Process’
Process’ Phases
a)

Knowledge Resources


Identification and
definition of
decision problem






b) Translation

c)










Identification of
sources

d) Collection of
relevant
information
e)

The Skill of identifying DP and their contexts or
environmental factors.
The understanding of the DP.
Definition of stakes of DP.
Skill for changing DP to information research problem
(IRP).
The interpretation of the IRP to validate its relevance to
the decision problem.
The specification of IRP.
Precaution skill2 and guide.
Skill of Information research.
Inventory of Relevant sources.
Precaution skill and guide.
Skill of information retrieval.
Repository of retrieved information.
Precaution skill and guide.

Analysis of
collected
information


Experience in analysis of information.

Analyzed information

Precaution skill and guide
Skill of adapting available information/resources to generate to
Interpretation of
indicators with respect to decision problem.
indicators
Precaution skill and guide.
Skill of actualizing decisions with the understanding of the

Decision making
problem. Precaution skill and guide.
Table 2: Phases of EI Process and Knowledge Resources

f)

g)

APPLICATION

TOOLS

TASKS

K
N
MEDP

Identification
of DP

EI

O
Environmental
Triggers

W
WISP

L

K

Translation of
DP to IRP

N

E
USERS

O

EI

D

T
MIRABEL

EI

P

A

R

C

O

G

Identification
of information
sources

W
L

E

E
Collection of
relevant
information

2

MORPRI E

D
G
E

AMIE

Analysis of
information

R
E
RUBICUBE
Interpretation
of Indicators

P

R
E
CADRIE

S

Decision
making

T
REUSE

Figure 2: Conceptual Framework for EI knowledge Integration
2

The precaution is in form of risk indicators (Onifade et. al, 2009) that aid to inform actors of possible risks.
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From survey and observation of EI system in SITE, the kr
are resident in dispersed media, hence the need to design
an adaptable framework for integration of the kr in order
to foster easy and prompt reuse of knowledge.

This framework serves as the platform for
implementation of Knowledge Management system in
which integrated kr from existing EI projects would be
accessible by actors to be explored for reuse.

3.2 Conceptual
Knowledge

4. CONCLUSION

Framework

for

Harmonization

of

Knowledge is a key for innovation and it fosters
resolution of decisional problem for gaining competitive
advantage in any given domain. We discussed the
context of Economic Intelligence as a field which
provides strategic process in decision making activities in
this paper. The goal of EI can be optimized through the
integration of knowledge in order to reuse it to solve
related future decisional problems.

We proposed a conceptual framework as depicted in
figure 2. This framework is an extension of the adaptable
framework presented in [20]. It depicts the integration
of the knowledge resources (kr) components of EI
system. The actors and the roles they play for
performing their tasks serve as the determinants of the
transition from one phase to the other in a given EI
project. The EI process is decomposed into various
phases that depict the tasks to be carried out. On the
other hand, the EI models that serve as the methods of
problem resolution are applied to respective task of
actor(s). The framework harmonizes all the kr of each EI
model into knowledge repository (repertoire). Kr on
actors, activities/tasks, tools, time-stamps (denoted as T)
and relevant information are integrated and stored into
knowledge repertoire. These kr could be exploited for reuse when actors explore available kr to address new DP.
This exploitation process is also tracked and represented
for further exploitation.

We designed a conceptual framework which serves as a
platform for modeling and organizing knowledge
resources in the context of EI. Consequently, dispersed
knowledge is integrated such that both the actors’ skill
and solution to specific EI project are captured for
storage. Thus, access to knowledge is accelerated and
actors could reuse it. We proposed to implement the
framework and consequently deploy it to real-life
decision making project.

There are four major phases in the life-cycle of this
framework. They are discussed subsequently.
Problem Identification: This is the phase in which a DP in
a domain is presented by the decision maker. The
knowledge on the decision maker about a DP is elicited
and externalized in form of a document. This gingers the
subsequent action to be taken by the watcher in resolving
the DP. The process of validation of knowledge being
shared between them is through annotation. There is
need to represent the knowledge on both actors and
their tasks.
Modeling
Modeling and Organization: The methods in form of EI
models applied to each phase of EI process for resolving
identified DP constitute kr that are harmonized and
represented for the storage of acquired knowledge in a
given project. The evolution of knowledge on solution
from each phase is tracked and stored with the respective
date/time stamps into the knowledge repertoire for
future exploitation.
Exploration for ReRe-use: The stored knowledge is explored
by actors to search for knowledge that could be reusable
for resolving a related new DP.
Evaluation and Evolution: Reused knowledge for new
project is evaluated by actors to discover the relevance
of such knowledge and to update the repository with the
new project to which knowledge is applied to.
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ABSTRACT
Knowledge maps provides a common context to access expertise and experience in large institutions. They explore
personal and group competencies and illustrates how knowledge flows throughout an organization or ‘network. This
study provides a framework for describing and evaluating an organization's knowledge strategy. The framework is
illustrated using activities from various departments representing the spectrum of physical and knowledge-based
products and services at the Ibadan National Museum. A system was developed that factored organizational
information, culture, and corporate knowledge management as means for a continuous and dynamic linkage between
organizations and stakeholders in order to continuously meet the need of the teeming public. The K-map system is
employed to discover the location, ownership, value and use of knowledge relics as well as highlight how to leverage
existing knowledge.
Keywords: Knowledge Maps, Museum, Public Sector, K-map System, Flow.
1. INTRODUCTION
These kinds of issues lead to the need for knowledge
mapping (K-Maps) Knowledge Mapping is all about
keeping a record of information and knowledge you need
such as where you can get it from, who holds it, whose
expertise is it, and so on. For instance, if you need to
find something at your home or in your room, you can
find it in no time because you have almost all the
information/knowledge about what is where and who
knows what at your home. It is a sort of map set in your
mind about your home.. Now, setting such a map about
an organization in a human mind is almost impossible.
This is where K-map becomes handy and shows details of
every bit of knowledge that exists within the organization
including location, quality, and accessibility; and
knowledge required to run the organization smoothly,
hence enabling users to find out required knowledge
easily and efficiently.

In many organizations there is a lack of transparency of
organization wide knowledge. Valuable knowledge is
often not used because people do not know it exists, and
even if they know the knowledge exists, they may not
know where. This scenario possess a threat to many
organizations
since
they
loose
certain
knowledge/information the moment the people who
have them are no longer available.
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2. RELATED WORKS
In times past, each century has been dominated by a
single technology. After the Industrial Revolution, the
key technology has been to enable information gathering,
processing and distribution. From the advent of radio
and television to the unprecedented growth of the
computer industry and the launching of satellites, people
have started to think that information is not enough,
what matters is knowledge; thereby bringing a shift of
emphasis from information to knowledge 26] [1]

With the ever changing trends, Knowledge Management
has gone beyond the shores of the private sector. Over
the last decade, the public sector of many economies has
undergone various reform initiatives. There is a global
drive for the introduction of KM practices in the public
sector in order to raise the level of efficiency and
effectiveness [21][20].
The field of knowledge management (KM) is exploring
methods of discovering, codifying, storing, and
automating knowledge. Davenport et al. [8], Syed-Ikhsan
and Rowland [25] and Egbu et al. [14] for example,
have stressed that products and services in organisations
“can be more successfully delivered with appropriate
knowledge management approaches which provide
project members the right knowledge and knowledge
owners at the right time”.

Nonaka and Konno [22] state that “the key platform of
knowledge creation is the phenomenal place”. Such a
place can emerge in individuals, working groups, project
teams, informal circles, temporary meetings, email
groups and the front line contact with the customer”.
Over the years, managing these human resources in an
effective was has become very challenging because
organisations’ knowledge is built upon human resources.
A key area of challenge for every organisation is
knowledge retention [19].

Alavi and Leidner [3] also stress that “except knowledge
is spread within an organisation, it will have limited
impact on an organisation’s ability to create value”.
Knowledge possessed by a few people, rather than
identified and shared across the organisation will have
limited impact on the organization’s ability to create
value.
As a way of increasing productivity and
effectiveness, knowledge sharing within an organisation
has to be maximized to its fullest potential.

Knowledge management (KM) “is the explicit and
systematic management of vital knowledge and its
associated processes of creating, gathering, organizing,
diffusion, use and exploitation. It requires turning
personal knowledge into corporate knowledge than can
be widely shared throughout an organization and
appropriately applied”. Davenport and Prusack [7,8],
Erickson and Rothberg [15] have all argued that
Knowledge Management has emerged as a mechanism
for an organisation to remain intelligent and competitive.

Knowledge sharing can be achieved by reusing
organisational knowledge and creating a system that
point to a source of information at the right time and
ultimately bring the right information at the right time to
the person who needs it to make a decision, In addition,
if such a system were available, it could be used to store
the organisational knowledge considered as intangible
assets.
There is an increasing interest in the capitalization of
know-how of groups of people in an organisation. This
know-how may relate to problem solving expertise in
functional disciplines, experiences of human resources,
and project experiences in terms of project management
issues, design technical issues and lessons learned.
Managing knowledge in a group implementation is the
process to be able to reuse in a relevant way, the
knowledge of the group domain previously stored and
modeled in order to perform new tasks. Knowledge in
the form of skills and competencies can only be
transferred from one person to another through
interaction.

Knowledge and the appropriate management of
knowledge have been increasingly recognised as a key
strategic resource for successful organisations and for
individual projects. Over the years, the knowledge and
knowledge management have been viewed as a critical
resource of sustainable competitive advantage [9,10]
[4][17]. It has been argued that knowledge has become
the core resource of the modern economy for
organisations, rather than the traditional resources of
money, land and materials [5] [10][22].
In the light of this perspective, many organisations are
increasingly interested in the potential benefits of
knowledge management and developing their strategies
and capabilities to effectively create, codify, share and
use knowledge in a purposeful manner [18][22][20]
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Studies have shown that some form of knowledge transfer
in the Nigerian public service, going by the very high
percentage of public servants who agreed to this fact, and
that this transfer takes place between colleagues as they
inscribe minutes on files and pass these from one officer
to the other.

With the explosion of digital connectivity, government
agencies all over the world are using ICT applications to
increase productivity, improve accountability, enhance
transparency and facilitate public sector reform.
Improved knowledge management (KM) is essential to
governmental agencies at the national, regional or local
levels, because governmental organizations are basically
knowledge-based organizations. KM has also become
one of the initiatives within most countries’ eGovernment Plans.

The available mechanisms for sharing knowledge in the
Nigerian public service as deduced from various studies
are, minutes in files, mentoring, induction, brainstorming,
minutes of meeting, feedback, airing of views,
storytelling, person to person and posting of staff.

Managing knowledge efficiently and effectively is
considered a core competence for organizations to
survive in the long run. The evolution and
implementation of Knowledge Management (KM) is still
in its infancy stage in most developing countries
[13][12].

Ajakaiye and Olusola [2] observed that the knowledge
system of any progressive society performs a pivotal
function in its development. However, they note that “in
spite of this recognition, the attention given to Nigeria’s
knowledge system has been weak and unstable, and has
therefore affected its effectiveness and utilization”.
Therefore the challenge is for institutions and countries to
determine and develop organisational practices,
principles, guidelines and approaches on how knowledge
can be created, harnessed, shared, tracked and distributed
among government agencies, research communities and
the public [24].

The communiqué issued at the end of the workshop on
Knowledge and Knowledge Management for Directors
and Senior Managers of the Central Bank indicated that
the workshop was highly rewarding and very relevant to
the current trend in the Central Bank of Nigeria and
recommended a Knowledge management portal that had
been created should be put to optimal use to enhance
knowledge sharing in the Central Bank of Nigeria.

Therefore Knowledge Management can be seen as an
approach for handling knowledge in an organisation.
Knowledge Mapping is an approach in KM where
knowledge maps are produced and serve as “a
navigational aid to explicit (codified) information and
tacit knowledge, showing the importance and the
relationships between knowledge stores and dynamics”
(Grey, 1999).

The Public Sector
Sector
The term public sector refers to “the functioning agencies
and units at the federal, state, county, municipal and local
levels of government. The sector includes all agencies and
miscellaneous units that perform some form public
sector” [22].

Ebener et al [11] view a knowledge map as “an
association of items of information preferably visual,
where the association itself creates new actionable
information”. Knowledge maps show the sources, flows,
constraints and sinks of knowledge within an
organization.

At the federal level for example, a minister (i.e. a
political appointee), is at the helm of affairs of the
ministry with a permanent secretary as the accounting
officer, (being the most senior civil servant in the
ministry). While at the state level, it is the commissioner
(political appointee) and also a permanent secretary as
the accounting officer. In the case of the local
Government, there are supervisory councillors (political
appointees) and the Head of Personnel Management who
is the most senior civil servant.
There are three main cadres in the public service, these
are classified by their grade levels, depicting the
hierarchy; Junior staff (GL 01- 06), Senior (GL 07- 12)
Management (GL 13 -17). The management cadre is
also referred to as the directorate cadre [6]
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Maier [20] describes five types of knowledge maps:
1. Knowledge source maps:
maps Knowledge
source maps help to visualize the
location of knowledge or information
systems and their relation to knowledge
domains or topics. They structure a
population of an organization’s experts
along relevant search criteria, such as
their domains of expertise and
proximity. They can further be
classified into knowledge topographies
to identify gaps; competence maps to
find experts and pointer systems that
directly link from challenges within a
process to a contact that can assist.
Knowledge source maps are also called
knowledge carrier maps. They are used
if not only people with knowledge in
the desired domain are listed but also
all forms of codified knowledge that
are relevant.
2. Knowledge asset maps:
maps A knowledge
assets map is a further enhancement of
the knowledge source map as it
visualizes not only that there is
knowledge in document or person, but
also the amount and complexity. This
type of map visually qualifies the
existing stock of knowledge of an
individual, a team, a unit, or a whole
organization. It provides a simplified,
graphic ‘balance sheet’ of an
organization’s intellectual capital.
3. Knowledge structure
structure maps:
maps Knowledge
structure maps show the relationship
between different knowledge domains
or topics and should not only visualize
that there is a relationship but also
explain the type of relationship. These
maps outline the global architecture of
a knowledge domain and how its parts
relate to one another. This type of
knowledge map assists the manager in
comprehending and interpreting an
expert domain.

4. Knowledge
application
maps:
maps
Knowledge application maps are a
combination of process models and
knowledge carrier maps as they
describe who should be contacted for
help at what step in the process. These
maps show which type of knowledge
has to be applied at a certain process
stage or in a specific business situation.
Usually, these maps also provide
pointers to locate that specific
knowledge (documents, specialists,
databases). Knowledge application
maps answer questions of people who
are involved in a knowledge-intensive
process, such as auditing, consulting,
research, or product development.
5. Knowledge
development
maps:
maps
Knowledge development maps visualize
the learning paths that are required to
acquire a certain skill as an individual
or certain competence as a team or
other organizational unit. These
diagrams can be used to depict the
necessary stages to develop a certain
competence, either individually, as a
team, or as an organizational entity.
These maps can serve as visualized
learning or development roadmaps
which provide a common corporate
vision for organizational learning.

3. PROBLEM
PROBLEM STATEMENT
The mapping of organization’s knowledge is a vital key in
moving any focused and goal oriented establishment to a
desired state. It is a great surprise that many
organizations where information system knowledge
mapping is really essential are not even aware and yet to
realize its efficacy. In national museum Ibadan for
example, records of their artifacts are still tracked
manually not until recent times when they started
inputting some of this information on a system.
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Of course this is a good step, yet it has not given a
structured approach to find some of this information
within the organization. It should be mapped such that,
at a glance one can actually visualize the required
information in a form of road map that links one
information to the other with various graphics as a
navigational aids.

4. METHODOLOGY
The
study was carried out with search into the
organization’s
knowledgebase.
Many
knowledge
extraction tools such as, interviews, questionnaires,
documents
researches,
study
of
organogram
(organization chart or human resources) and so on are
the key tools used to obtain information. We then
identified, built and ensured all the knowledge stores
that exists either exclusively in some form or alternatively
in peoples head are made usable and visible.

Apart from the issue of knowledge map (k-map) tool
itself, the idea or concept of mapping knowledge is of
major emphasis as it reveals the positive impact of
retaining knowledge in an organization. It has been
observed that many organizations loose or have wasted
knowledge in the time past by failing to keep track or
document each of their processes (in form of ideas or
invention from individuals or groups) in achieving their
respective goals per time. Organizations that are exposed
or better informed have actually maximized this concept
and have gotten an edge in their operations [11].

We organized knowledge in such a way that it can be
understood, indexed, accessed easily, cross-referenced,
searched, linked, and generally manipulated for
maximum benefit of all members of an enterprise. Hence
the capture, storage, transfers and exploitation of
knowledge plays a critical role in knowledge cycle.
Our design approach evolve knowledge maps as such
that enhances usability for easy access by the users. We
used knowledge mapping tools such as MS Visio and
Inspiration for flow charts and concept maps to
specialized software such as InFlow and NetMap. In the
course of this knowledge mapping, following views
(thoughts) are the guides to the emergence of this work
(design)

The case study organization is plagued with all these
problems. It has lost vital information due to loss of staff
that have some key ideas or information about certain
subject matters. The public organization is also not
maximizing her full potentials and that of her employees
because they don’t really capture the activities or ideas
(implicit) of their staff thereby wasting resources. There
is also no clue of who, where, what and which idea can
be found most relevant for
current issues or
regeneration of better system.

•

•
•

a) To compile an inventory of knowledge artifacts and
find tacit knowledge wellsprings?

Research Direction
We set out to meet an ongoing quest within the case
study organization (including its supply and customer
chain) to help discover the location, ownership, value
and use of knowledge relics, to learn the roles and
expertise of people, to identify constraints to the flow of
knowledge, and to highlight opportunities to leverage
existing knowledge.. The intention is to increase the level
of awareness, relevance and importance of knowledge
management
(through
knowledge
map)
for
organizations. We then developed a system that can
achieve the following.
Enhance quick access to information thereby giving an
organization amazing insight into the knowledge it
possesses and how it can go about maximizing its use.
Assist in tracking the acquisition and loss of information
and knowledge.
Provide a platform that can be used to explore personal
and group competencies and proficiencies.

b) To chart the speed source, destination and constraints
on knowledge flow?
c) To track compliance with established knowledge
practices? (capture deviations, exceptions and critical
parameters)
d) To search for knowledge related opportunities?
(Technology, cultural or practice related)
e) To discover communities of practice and emergent
knowledge roles?
f) To trace, value and locate intellectual capital and audit
intellectual property?
g) To document existing knowledge practices and plan
interventions?
Each of these requires different techniques and tools.
When you plan your knowledge mapping exercise think
deeply or consider what aspects of the knowledge cycle
you wish to pay particular attention to e.g. creation,
sharing, storage, transformation, exchanges, distribution.
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4.2 INDEXING
This is an alphabetical reference list or an alphabetical list
of topics, people or titles giving the location of where
they are mentioned in the knowledge map. Figure 4.2.1
below has displayed references to certain items or
elements. For example, at the click on alphabet “A”
among the keywords, makes reference to every item that
starts with that alphabet for easy access on the actual
map. So, the same functionalities apply to every other
keyword shown in the index of map diagram below.
Moreover, on each index subject, there is/are a reference numbers which indicates or serves as a pointer to
where you can find the subject on the content list. The
subject “ACQUIS ITION METHOD” as referenced in the
Figure 4.2.1 below can be found on content list number
5 and 6 respectively. It is now from the content list that
you can get full details of a particular subject or keyword
on the actual knowledge map through navigation.

Figure 1: Departmental Map

Figure 4.3.2: Knowledge Catalogue
Figure 4.2.1 Knowledge map Index

4.3 DESIGN APPROACH
The diagram Fig 1 below shows a phase out of the
numerous design phases, where the left column with
heading “title” serves as the entry point for all items on
each node. Also the order of the nodes (items) is
dependent on which one you make the parent node
(new item) and child (sub item) respectively. The same
approach is applied to other phases of this knowledge
map which are linked together with hyperlink to aid
navigation(showing similar documents dealing with the
same subject matter) using html codes to structure the
entire map for easy access, storage and retrieval of
information as required.
Figure 4.3.3: Design Front Page
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5. CONCLUSION

[9] Desouza, K. and Evaristo, R. (2003) Global
Knowledge Management Strategies. European
Management Journal, 21(1), 62-67.

This research attempted to create high-quality knowledge
maps and to suggest effective map-based visualizations
for a public sector organization. We translated the
organization's knowledge strategy into an organizational
and technical architecture to support knowledge
creation, management, and utilization processes. Our
platform has become an enabler of effective organization
of tacit knowledge for the organization ensuring
knowledge reuse at the National Museum, Ibadan,
Nigeria

[10] Drucker, P. F. (1993) Post-Capitalist Society,
Oxford, Butterworth/Heinemann.
[11] Ebener, S. (2006). Knowledge Mapping as a
Technique to Support Knowledge Translation‟,
Bulletin of the World Health Organization, Vol,.
84, No. 8, pp. 636-642.
[12] Economist Intelligent Unit, (2005). Know How
Managing
knowledge
for
Competitive
Advantage.
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ABSTRACT
Accuracy is an important issue in forecasting. Enrolment prediction is a very essential element in the budgeting,
resource allocation, and overall planning of any academic institution. In the last 18 years, a number of methods have
been proposed for forecasting based on fuzzy time series. The forecasting accuracy rates of the existing methods are
not good enough. In this paper, the max–min operator was used as universe discourse and a new method to deal
with the forecasting problems based on fuzzy time series was presented. The proposed method was found to obtain
more accurate forecasting results than existing models.
Keywords: Forecasting, fuzzy sets, fuzzy time series, enrolment forecast, max-min operator.
1. INTRODUCTION
The enrolment forecasting studies have been presented in
many methods and models such as regression models,
time series models and artificial intelligences. Most of
them were done for real data or numerical data. It is
very important to make reasonably accurate estimates of
the future enrolment for an Institution because many
decisions can be elaborated from them. However,
obtaining accuracy is not easy task, as many variables
have impacts on enrolment numbers. Many different
methods and models have been written by researchers
using fuzzy time series for enrolments forecasting.

With an ever increasing population and the need to
provide quality service delivery, comes the necessity to
budget and make estimates. From past data, projections
can be made about the future and plans made to provide
the necessary services that would enhance outputs.
Forecasting is prediction of future events based on past
and/or present experiences. It plays a vital role in our
world today as it is applied in predicting a lot of events
including weather changes, car fatalities and stock price
values among others. In order to achieve the above,
various approaches (such as the linear regression model,
auto-regression model, Neural Network model) have
been used.

With the number of prospective applicants/students
admitted into institutions increasing tremendously and
facilities needed for learning compared to ratio of
admission decline, there arises the need to put measures
in place to prevent an imminent breakdown of the
educational system.
The need for an improved educational standard has been
of great importance over the past few decades coupled
with this is the desire of virtually every Nigerian youth to
achieve as much formal education as possible.
Unfortunately, the rate at which demand for learning is
increasing is quite alarming compared with facilities
available.
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2.1
Series

BACKGROUND AND RELATED RESEARCH

In the last decade, fuzzy time series has been widely used
for forecasting data of dynamic and non-linear data in
nature. Many previous studies have been discussed for
forecasting using fuzzy time series such as enrolment, the
stock index, temperature and financial forecasting, etc.
Damousis and Dokopoulos [5] presented a fuzzy expert
system for forecasting wind speed and power generation
in wind farms. Chen and Hwang [2] developed a model
for temperature prediction using fuzzy time series. Park
and Lee-Kwang [8] brought forward a designing method
for type-2 fuzzy logic systems using genetic algorithms.
Jilani and Burney [6] applied M-factor high order fuzzy
time series to forecasting road accident data.

The Basic Theory of Fuzzy Sets and Fuzzy Time

2.1.1 Fuzzy Set Theory
Several definitions have been given for fuzzy set, some of
which are:
Definition 1: Let U be the universe of discourse. A fuzzy
subset
on the universe of discourse
can be defined
as follows:
....... (1)
Where
of

A number of remarkable contributions have been made
by different researchers in relation to enrolment
forecasting. Song and Chisson [9] in their pioneering
work introduced the concept of fuzzy time series as an
aspect of fuzzy set theory. To evaluate the model, the
conventional linear regression model was applied and the
predicted values obtained were compared with the fuzzy
time series results and actual enrolments.

is

the

membership

, and

membership of the element

function

is the degree of
in the fuzzy set A.

Definition 2:
2 Let U be the universe of discourse.
, and
be a finite set. A
fuzzy set A can be expressed as follows:

Chen [2] forecasted enrolments of the University of
Alabama using fuzzy time series; the further improved his
work in Chen [1] by applying a high order fuzzy time
series. In a research carried out by Chen and Hsu [1] on
the historical enrolments of the University of Alabama
using a first order and time invariant fuzzy time series
model, it was asserted that their method could get a
higher forecasting rate for forecasting enrolments than
the methods existing as at the time of their research. This
was shown by comparing the mean square error of
previous forecasts with the results produced from their
model. Chen and Chung [3] improved on the findings of
Song and Chisson [9] by combining fuzzy time series
and genetic algorithms to forecast enrolments.

Where the symbol “+” means the operation of union
instead of the operation of summation and the symbol “/
” means the separator rather than the commonly used
algebraic symbol of division.
2.1.2 Time Series
A time series is a chronological sequence of observations
on a particular variable. Usually the observations are
taken at regular intervals (days, months, years), but the
sampling could be irregular. Common examples of time
series are the Dow Jones Industrial Average, Gross
Domestic Product, unemployment rate, and airline
passenger loads. A time series analysis consists of two
steps:

Jilani [7] asserted that by applying a kth order and time
variant method based on frequency density based
partitioning of the historical enrolment data of the
University of Alabama, a better forecasting accuracy rate
can be established. To achieve this, the universe of
discourse was initially divided into equal intervals and a
weighted aggregation of the historical enrolments was
obtained in each interval. The intervals were later subdivided and fuzzified to get the required forecast.

(i) Building a model that represents a time series, and
(ii) Using the model to predict (forecast) future values.
If a time series has a regular pattern, then a value of the
series should be a function of previous values. If Y is the
target value that we are trying to model and predict, and
Yt is the value of Y at time t, then the goal is to create a
model of the form:

The work of Stevenson and Porter [11] [10] [5] was an
improvement over the method used by Jilani et al [6].
They used the percentage change in actual enrolments
from year to year as universe of discourse, and this
formed part of the basis for this research work.

..... (2)
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is the value of Y for the previous

observation

Where

which is the value for two observations

is a fuzzy relationship between
and

and is called the first-order model

ago, etc., and et represents noise that does not follow a
predictable pattern (this is called a random shock).
Values of variables occurring prior to the current
observation are called lag values. If a time series follows a
repeating pattern, then the value of
is usually highly

of

correlated with

The relationship between two consecutive data (called a
fuzzy logical relationship, FLR), i.e.,
and

,

is the

max - min composition operator.
Definition 4: Let

where cycle is the number of

observations in the regular cycle. For example, monthly
observations with an annual cycle often can be modelled
by

and

can be denoted by

Where p is interval or sub-interval number

the same LHS. This can be grouped into an ordered FLG
(called a fuzzy logical group) by putting all their RHS
together as on the RHS of the FLG. It can be written as
follows:

2.1.3 Fuzzy Time Series
Fuzzy time series can be defined in several ways, some of
which are:

If
defined

a

is
fuzzy

time
where

series
on
is a subset of

3.1
Forecasting Model Using Fuzzy Time Series
The model methodology consists of a series of steps
based on the historical enrolments of the University of
Agriculture Abeokuta.

real number.
Fuzzy relationships between two consecutive observations
can be defined.
Suppose
by

is

caused

by

DESIGN METHODOLOGY

The proposed fuzzy time series model for enrolment
forecasting procedure can be outlined thus:

Definition of the universe of
discourse
and intervals;

Fuzzification of historical data;

Establishment of fuzzy relationships;

Enrolment forecast.

.

consists of
as

3.0

be the universe of discourse

defined by the fuzzy set

is called

the left-hand side (LHS), and Aj is the right-hand side
(RHS) of the FLR.
Definition
5:
Let
be FLRs with

The goal of building a time series model is the same as
the goal for other types of predictive models which is to
create a model such that the error between the predicted
value of the target variable and the actual value is as
small as possible. The primary difference between time
series models and other types of models is that lag values
of the target variable are used as predictor variables,
whereas traditional models use other variables as
predictors, and the concept of a lag value doesn’t apply
because the observations don’t represent a chronological
sequence.

Definition 3: Let

.

Step1: Definition of the universe of discourse and
intervals Dmin and Dmax are defined as the minimum
enrolment and the maximum enrolment of known
historical data. Based on Dmin and Dmax, the universe of
discourse U is defined as [Dmin-D1, Dmax+D2] where
D1 and D2 are two positive integers chosen
appropriately to suite the historical data to be used. The
universe of discourse U is then divided into seven
intervals u1, u2, u3, u4, u5, u6 and u7, where each interval is
defined with an upper and lower bounds on the universe
of discourse. For instance if Dmin= 3654 and Dmax=
9568, then D1 = 54 and D2 = 32 making U=
[3600, 9600].

denoted

, then this relationship can be

represented by
..… (3)
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The intervals can then be defined thus u1 = [3600, x1],
u2 = [x1, x2], u3 = [x2, x3], u4 = [ x3, x4] u5= [ x4 x5],
u6= [x5 x6]and u7 =[x6 , 9600 ] . x1 x2 x3 x4 x5 x6 are
integer variables and x1 < x2 < x3 < x4 < x5 < x6.

Step 4: Enrolment Forecast
In order to forecast enrolments any of the following rules
can be used when applicable
Rule 1:
Assume that the fuzzified enrolment of the

Step 2: Fuzzification of historical data
The intervals X 1, X2, X3, X4, X5 and X6 contain integer
variables whose values are initially randomly generated
by the system. The historical enrolments are then
fuzzified using the randomly generated numbers. To
achieve this, the value of each Xi (1 ≤ i ≤ 6 ) in each
interval is substituted into the intervals of the universe of
discourse earlier defined. The historical enrolments are
then classified into these intervals to yield fuzzified
enrolments. The reason for fuzzifying the historical
enrolments into fuzzified enrolments is to translate crisp
values into fuzzy sets in order to get a fuzzy time series.

A j and assume that there is only one fuzzy logical
relationship in the fuzzy logical relationship groups in
which the current state of the fuzzy logical relationship
is A j , shown as follows:

AJ → AK
Where A j and

Ak

are fuzzy sets and the maximum

membership value of occurs at interval u k , then the
forecasted enrolment of the (
midpoint

Step 3: Establishment of fuzzy relationships
Some fuzzy sets A1, A2, A3, A4, A5, A6 and A7 are
defined as linguistic values of the linguistic
Variable “enrolments" shown as follows:

i + 1th ) year is the

m k of the interval u k .

Rule 2:
Assume that the fuzzified enrolment of the

ith

year is

A j and assume that there are the following fuzzy logical

A1 = 1/u1 + 0.5/u2 + 0/u3 + 0/u4 + 0/u5 + 0/u6
+ 0/u7;

relationships in the fuzzy logical relationship groups in
which the current states of the fuzzy logical relationships
are A j , respectively, shown as follows:

A2 = 0.5/u1 + 1/u2 + 0.5/u3 + 0/u4 + 0/u5 + 0/u6
+ 0/u7;

AJ → AK 1

A3 = 0/u1 + 0.5/u2 + 1/u3 + 0.5/u4 + 0/u5 + 0/u6
+ 0/u7;

A J → AK 2

M
AJ → AKP

A4 = 0/u1 + 0/u2 + 0.5/u3 + 1/u4 + 0.5/u5 + 0/u6
+ 0/u7;

Where A j ,

A5 = 0/u1 + 0/u2 + 0/u3 + 0.5/u4 + 1/u5 + 0.5/u6
+ 0/u7;

AK 1 , AK 2 , K AKP

the maximum membership values of
and AKP

A6 = 0/u1 + 0/u2 + 0/u3 + 0/u4 + 0.5/u5 + 1/u6
+ 0.5/u7;

occur

at

intervals

are fuzzy sets and

AK 1 , AK 2

K

u 1 , u 2 L and u p ,

respectively, and the midpoints of the interval u1, u2,
K , and up are m1, m2, K , and mp, respectively, then
the forecasted enrolment the

A7 = 0/u1 + 0/u2 + 0/u3 + 0/u4 + 0/u5 + 0.5/u6
+ 1/u7;

(i+ 1th ) year is equal to:

m1 + m 2 + ... + m p
p

The corresponding notations of these fuzzy sets are:
A1 = “not many”
A2 =”not too many”
A3 =”many”
A5 =”very many”
A7 =”too many many”.

ith year is

A4 =”many many”
A6 =”too many”

Rule 3:
3
Assume that the fuzzified enrolment of the

Aj

ith year is

and assume that there are no fuzzy logical

The historical enrolments of the University can be
fuzzified using the fuzzy sets defined with its
corresponding interval. Furthermore, fuzzy logical
relationship groups can be established among the
fuzzified enrolments with the ith fuzzy logical

relationship groups whose current state of the fuzzy
logical relationship is A j , where the maximum

relationship group containing fuzzy relations whose
current state is Ai where 1 ≤ i ≤ 7

m j of the interval u j .

membership value of A j occurs at interval u j , then the
forecasted enrolment of the
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The forecasting method described above yields a set of
values when applied to each chromosome in the initial
population. One of the objectives of this study is to
compare the linear regression model for forecasting with
that of fuzzy time series and genetic algorithms. The
linear regression model is briefly described thus:

X = the independent variable
Where
corresponding to each enrolment value)

4.0

The application is a standalone application developed in
the .net framework. On executing the program, a
message is displayed requiring an input of the destination
folder of the historical enrolments. Having read the file,
the forecasting process is then run to completion.
4.1
System Overview
The implementation program contains one module that
holds several sub routines and functions that are
necessary for the steps specified the forecasting process.
The subroutines contained in the application include:
generateintervals();
leastsquare();
forecast();
main();
enter();
grouping();

(year

The program starts execution from the Main sub-routine.
The figures of past enrolment are served as input into the
subroutine enter(). At the point of entry the minimum
and maximum enrolment values are determined and are
approximated to the nearest hundred and thousand
respectively; this defines the universe of discourse U. U
is sub-divided into seven intervals whose values are
randomly generated within the boundaries of U; these
are generated by generateintervals().

Y = The dependent variable (Actual enrolment values)
n =Number of years
a = The Y-intercept

b = The slope of the trend time
t = Time in years
t = Mean of time
X t = Forecasted value for year t

Xt

PROPOSED SYSTEM

= Mean of the dependent variable
Next, the historical enrolments are fuzzified by
comparing the actual enrolments with each interval;
fuzzy logical relationships are established then into
grouping(). The forecasting formula described is then
applied to forecast using the fuzzified enrolments and
fuzzy relationship groups. The next phase is to apply the
least square formula to forecast.

Input of Historical
Enrolment

Definition of Universe of Discourse
and Sub-division into Intervals

4.1.1 Running the application
application
The program uses a console application that takes in year
to year enrolments of The University of Agriculture
Abeokuta as input. The minimum and maximum
enrolments are determined and set as the max-min
operator of the universe of discourse. The universe of
discourse is then sub-divided based on a set of random
numbers generated by the system. Each set of interval is
used to fuzzify the historical enrolments, generate FLRG
and forecast. For comparison, the linear regression
model is also applied to forecast enrolment.

Definition of Fuzzy Sets and Fuzzification
of Historical Enrolment

Establishment of Fuzzy
Logical Relationships (FLR)

Establishment of
fuzzy relationship
groups

Enrolment forecasting based on
interval randomly generated

5.0

DISCUSSION AND CONCLUSION

This paper shows that enrolment forecast is of great
importance in institutions of learning as it aids proper
administrative planning. Various methods of forecasting
have been explored in the past; this research work
applies a model based on fuzzy time series to predict the
enrolment of the University of Agriculture Abeokuta.

Forecast with
linear regression
model

Analysis of result and
comparison

Fig 1: Conceptual Forecasting Procedure
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[5] Damousis, I. G. and Dokopoulos, P. (2001), A fuzzy
expert system for the forecasting of wind speed and power
generation in wind farms, proceedings of the second IEEE
International conference on power industry computer
applications, Sydney Australia. 63-69.

The method uses the max-min operator as the universe
of discourse which denotes the maximum and minimum
enrolments respectively; this was used to form intervals
for fuzzifying the enrolment figures and hence make
predictions. The results were compared with the least
square method of forecasting.

[6] Jilani, T. A. and Burney, S. M. A. (2007), Mfactor high order fuzzy time series forecasting for road
accident data, IEEE-IFSA, 2007, World congress.
Cancun, Mexico. 18-21.

The results obtained shows that fuzzy time series gives a
better forecasting value than that of the least square
method.

[7] Jilani, T.A, et. al. ( 2007), Fuzzy metric approach
for fuzzy time series forecasting based on frequency
density based partitioning, World Academy of Science,
Engineering and Technology, 34.

The system design is then translated into a computer
code that functions properly with the end-user in mind.
The implementation approach preserved and promoted
harmonious communication between the users and
developers. The following benefits are accrued:






[8] Park, S. and Lee-Kwang, H. (2001), A designing
method for type-2 fuzzy logic systems using genetic
algorithms, Proccedings of the joint 9th IFSA World
Congress and 20th NAFIPS International Congress,
Vancouver, Canada, 5, 2567-2572.

To forecast enrolments of a University in order
to enhance financial budgeting as well as
strategic and research planning
To determine and analyze external factors
responsible for enrolment figures
To analyze basis for competitive analysis
To aid efficient utilization of resources in the
University

[9] Song, Q. and Chisson, B.S. (1991) Forecasting
enrolments with fuzzy time series, Paper Presented at the
Annual Meeting of the Mid-South Educational Research
Association,20th, Lexinton, KY, 12-15.

5.2
Future Research
In this study the max-min operator was employed to
determine the universe of discourse, subsequent
researches could apply average of enrolments or
percentage difference in year to year enrolment to
obtain universe of discourse. Improvement can be made
on this research in future by applying genetic algorithm
to randomize the intervals used in order to yield better
forecasting values and optimized results for different
generations.

[10] Statistical digest and reports (2009) published by
Academic and planning unit vice chancellors office,
UNAAB.
[11] Stevenson, M. and Porter, J.E., (2009), Fuzzy
time series forecasting using percentage change as the
universe of discourse, World Academy of Science,
Engineering and Technology, 55.
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