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Editorial of Vol. 50, No. 1, April 2023 of ABACUS, the Journal of the Mathematical Association 

of Nigeria (MAN)

Exploring New Horizons in Mathematics

In the evolving landscape of scientific inquiry and technological advancement, mathematics remains 

the cornerstone of progress and innovation. As we present the first issue of the 50th volume of Abacus, 

we reflect on the journey of mathematics within Nigeria and the global context. This issue, marking a 

significant milestone in our publication history, brings together a collection of works that exemplify 

the vibrancy and depth of mathematical sciences today.

Welcome to the Volume 50, No. 1, April 2023 edition of ABACUS, the Journal of the Mathematical 

Association of Nigeria. As we embark on this milestone 50th volume, we reflect on the rich history and 

ongoing evolution of mathematics in Nigeria and beyond. This issue brings together a compelling 

collection of research articles, reviews, and insights that underscore the dynamic and transformative 

power of mathematical sciences.

Mathematics is often heralded as the language of the universe, a discipline that transcends borders and 

fuels innovation across a myriad of fields. In recent years, the importance of mathematical literacy and 

its applications has never been more apparent. From data science and artificial intelligence to 

epidemiology and environmental modeling, mathematics provides the critical frameworks and tools 

necessary to tackle some of the most pressing challenges of our time.

In this edition, we present a diverse range of topics that reflect the breadth and depth of contemporary 

mathematical research. Our contributors, comprising esteemed academics, researchers, and 

practitioners, offer new perspectives and findings that contribute to the ongoing dialogue in our field. 

One highlight of this issue is a groundbreaking study on the application of machine learning algorithms 

in predicting climate change patterns. This research not only demonstrates the power of mathematical 

models in understanding complex environmental phenomena but also underscores the urgent need for 

interdisciplinary approaches to address global issues.

In the realm of applied mathematics, we feature studies on computational models that address real-

world problems, such as climate modeling and optimization in industrial processes. These articles not 

only demonstrate the applicability of mathematical theories but also emphasize the interdisciplinary 

nature of modern scientific research. By bridging the gap between abstract concepts and tangible 

outcomes, these studies highlight the essential role of mathematics in solving complex global 

challenges.

Another featured article delves into the advancements in cryptographic techniques. As cybersecurity 

becomes increasingly critical in our digital age, the development of more robust encryption methods is 

paramount. This paper explores innovative approaches that enhance the security of data transmission 

and storage, with significant implications for both public and private sectors.

Additionally, we are excited to include a comprehensive review of recent developments in 

mathematical education in Nigeria. This piece provides a critical analysis of current pedagogical 

strategies, the integration of technology in the classroom, and the ongoing efforts to foster a deeper 

appreciation and understanding of mathematics among students at all levels. By highlighting 

successful initiatives and identifying areas for improvement, this review aims to contribute to the 

ongoing enhancement of mathematics education in our country.

Furthermore, we are pleased to include articles that discuss the role of mathematics in emerging fields 
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such as data science and artificial intelligence. The exponential growth in data generation necessitates 

sophisticated mathematical tools for analysis and interpretation. The contributions in this volume 

provide cutting-edge research on algorithms and statistical models that are pivotal in advancing these 

technologies.

As we celebrate this milestone volume, we also look ahead to the future of mathematics in Nigeria. The 

Mathematical Association of Nigeria is committed to nurturing young talents and promoting a robust 

research culture. We are excited to announce initiatives aimed at supporting upcoming mathematicians 

through scholarships, workshops, and collaborative projects.

As we celebrate this landmark volume, we also look ahead to the future of ABACUS and the role it will 

continue to play in promoting mathematical scholarship. We remain committed to providing a 

platform for the dissemination of high-quality research, fostering collaboration among 

mathematicians, and inspiring the next generation of scholars.

We extend our deepest gratitude to our contributors, reviewers, and readers for their unwavering 

support and dedication to the advancement of mathematical sciences. Your collective efforts ensure 

that *Abacus* remains a beacon of knowledge and innovation.

In conclusion, we invite you to immerse yourself in the diverse and enriching content of this issue. Let 

us continue to push the boundaries of our understanding, explore new horizons, and harness the power 

of mathematics to shape a better future for all.

Sincerely,

Professor Muhammad Lawan Kaurangini

Editor-in-Chief  

Abacus, Journal of the Mathematical Association of Nigeria 
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AN OPTIMAL CONTROL STRATEGY FOR A SHIGELLA MODEL

1 2 3Onoja Abu , Patrick Noah Okolo , Rose Abah
1Department of Mathematics and Statistics, Federal Polytechnic, Idah, Nigeria

2Department of Mathematical Sciences, Kaduna University, Kaduna, Nigeria
3Department of Mathematics, University of Abuja, Abuja, Nigeria

Abstract

Shigellosis is an important public health problem as at least an estimated 140 million cases and over 

500000 deaths are recorded annually across the globe. The attendant economic and financial burdens 

that accrue to the associated illnesses and deaths are much. The purpose of this study is to determine an 

optimal control strategy among some selected interventions. Therefore, an optimal control model for 

shigella epidemics incorporating two control variables representing antibiotic treatment; and 

personal hygiene and sanitation was formulated. The necessary optimality conditions were derived 

using Pontryagin's maximum principle. The corresponding optimality system was solved using Runge-

Kutta method of order four. The results show that the model is able to determine an optimal strategy for 

management of shigellosis under some conditions.

1 
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Discussion lowest cost of 161134.60. The effects of this 

This section discusses analytical and numerical strategy on infected human population are 

results of our optimal control model. The depicted in Figures 1 through 6. 

optimal control model incorporates two time-

dependent variables consisting of treatment Conclusion

(Trt), and personal hygiene and sanitation. The In this paper, we formulated an optimal control 

main analytical result on existence and model for shigella epidemics, bearing in mind, 

characterization of the corresponding the role of asymptomatic infections on the 

optimality system of the control model can be transmission dynamics of shigella. The main 

found in Theorem 1. The optimality system was analytical result on existence and optimality 

numerically explored for three different system can be found in Theorem 1. Important 

possible intervention strategies. Table 3 shows numerical results can be found in Figures 1 

the costs implications of the three different through 6. The costs of the three different 

strategies while Figures 1 through 6 show the possible strategies can be seen in Table 3. The 

best outcomes of our numerical experiments. results show that optimal use of treatment as a 

Tab le  3  shows  tha t  t r ea tmen t  and  control strategy eliminates shigellosis fastest 

hygiene/sanitation as a control incurs the and gives the lowest cost. Optimal use of 

highest cost. The total cost of this intervention treatment and hygiene/sanitation is the most 

based on our model is 171519.28.  In another cost-effective and therefore, recommended in 

development, treatment as a strategy incurs the endemic and epidemic settings.
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CONTINUOUS FORMULATION OF HYBRID BLOCK MILNE TECHNIQUE FOR 
SYSTEM OF ORDINARY DIFFERENTIAL EQUATIONS

1* 2  3  4  5K. J. Audu , Y. A. Yahaya , J. Garba , A. T. Cole and F. U. Tafida
,1,2,3,4Department of Mathematics, Federal University of Technology, P.M.B. 65 Minna, Nigeria

5Department of Mathematics, Ibrahim Badamasi Babangida University, P.M.B. 11, Lapai, Nigeria

email: k.james@futminna.edu.ng

Abstract

In most Scientific and engineering problems, ordinary differential equations cannot be solved by 

analytic methods. Consequently, numerical approaches are frequently required. A block hybrid Milne 

technique was formulated in this paper in order to develop a suitable algorithm for the numerical 

solution of ordinary differential equations. Utilizing power series as the basis function, the proposed 

method is developed. The developed algorithm is used to solve systems of linear and nonlinear 

differential equations, and it has proven to be an efficient numerical method for avoiding time-

consuming computation and simplifying differential equations. The fundamental numerical properties 

are examined, and the results demonstrate that it is zero-stable and consistent, which ensures 

convergence. In addition, by comparing the approximate solutions to the exact solutions, we 

demonstrate that the approximate solutions converge to the exact solutions. The results demonstrate 

that the developed algorithm for solving systems of ordinary differential equations is straightforward, 

efficient, and faster than the analytical method.

Keywords: Ordinary differential equations, numerical solution of ODEs, Hybrid Milne method, 
approximate solutions, algorithm and power series
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Discussion of Results      technique with a greater degree of accuracy in 

The newly derived block Milne technique is this study. The novel technique aims to increase 

applied to stiff initial value problems in ordinary the efficacy and precision of Linear Multistep 

differential equations of the first order. The techniques by increasing the number of steps at 

present technique associates numerical results both grid and off-grid locations. In the creation 

with their exact solutions and summarizes the of the new approach, four off-step points and 

results in graphs and tables. The graphs of the four step points were selected. The convergence 

exact solutions versus the numerical solutions of the suggested technique's fundamental 

for problems 1 to 4 are presented in Figures 1 to attributes was analyzed. Systems of stiff 

4, which demonstrate that the numerical results problems were solved numerically to illustrate 

are in good agreement with the exact solutions. the accuracy of the suggested technique. The 

In addition, the absolute errors associated with numerical outcomes of the problems 

the numerical results and the analytic solutions demonstrate the effectiveness of the proposed 

are compared in Tables 2–9. The relatively small technique, as the computed outcomes 

difference between the exact answer and the corresponded well with the exact solutions. 

computed results proves the validity of the Based on the graphs and tabulated data, we can 

derived technique. infer that the proposed technique is an 

appropriate alternative for dealing with stiff 

Conclusion problems that exist in all disciplines of science 

Using the collocation methodology, we and engineering. For all computations, Maple 

established a self-starting hybrid block Milne 2015 was utilized.
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APPLICATION OF PULTZER'S ALGORITHM TO FRACTIONAL DIFFERENTIAL 
EQUATION MODEL OF DECAY-GROWTH OF RADIOACTIVE SUBSTANCES
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Abstract

Radioactive substances decay and as a result they create other substances which also have the affinity 

to decay. An example is Radium which decays to Radon and thus further decays to Polonium. In real 

sense, these decays take place in fractions. Suppose that initially a sample of pure radium decays. It is 

of interest to determine how much radium and radon the sample contain at time t. In this paper Pultzer 

algorithm for exponential function is appllied to make  a close comparison of the integer order and 

fractional order derivatives using the decay-growth model equation of a radioactive substance thus 

giving the amount of sample it contains after disintegration at time t. 

Keywords: Fractional derivatives, Fractional Differential Equation, Matrix exponential function, 
Mittag-Laffler function.
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Conclusion approximated integer order case. As a matter of 

From the analysis made so far, it can be seen that fact, fractional calculus has the potential of 

fractional orders tells precisely how the atom in presenting intriguing and useful applications in 

this subject disintegrate fractionally and as well the future. It is also important to note that a lot of 

grow fractionally as this can be summed up to the researches is still on going in this direction.
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STABILITY ANALYSIS OF SOLUTIONS FOR A CLASS OF THIRD-ORDER NON 

LINEAR DUFFING-TYPE DIFFERENTIAL EQUATION
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Abstract

In this paper, the eigenvalue method is applied to study the stability of solutions for a class of third-

order nonlinear Duffing-type differential equation. By dimensionalizing the equation to a first-order 

system, the nonlinear parts of each of the equivalent system derived is linearized using Maclaurin 

series expansion, stability solutions were investigated and it was concluded that since all the 

eigenvalues do not all have negative real parts, the system is unstable.

Keywords: Duffing-type ODE, eigenvalue method, Linearization, Stability.
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Conclusion instead of checking for each of the equivalent 

The eigenvalue method is very easy to handle as system. Furthermore, this method tends to be 

verified in this paper. The need to first convert complex if higher numbers are assumed hence; 

higher order differential equations to first order the technique requires the smallest possible 

differential equations has been a key to easily number to be assumed.  However, since all the 

solving higher order differential equations. eigenvalues of the matrices do not all have 

Therefore, it is recommended that one can check negative real parts, we conclude that the Duffing 

for the stability of the system by picking only system (3.1) is unstable.

one of the equivalent first order systems derived 
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HYBRID INERTIAL ALGORITHM FOR GENERALIZED MIXED EQUILIBRIUM 

PROBLEMS AND FIXED POINT PROBLEMS FOR BREGMAN RELATIVELY 

NONEXPANSIVE MAPPINGS IN BANACH SPACES
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Abstract
In this paper, we introduce a modified hybrid inertial iterative algorithm for approximating a common 

solution of generalized mixed equilibrium problems and fixed points problems for finite family of 

continuous Bregman relatively nonexpansive mappings in Banach Spaces. Then we prove strong 

convergence of the sequence to some element in the mentioned set. Our results extend and improve 

recent results announced by many authors. 
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