	Module Code
	MA1013
	Title
	Mathematics

	Credits
	03
	Hours/ Week
	Lectures
	03
	Prerequisites
	

	
	
	
	Lab/Tutorial
	01
	
	

	Learning Outcomes 
After completing this module, the students should be able to:
· Use discrete mathematical structures such as Logic and Set Theory in applications.
· Use  algebraic structures such as Real Numbers, Vectors and Matrices in applications.
· Apply the basic concepts of limits, differentiation and integration in engineering applications.


	Outline Syllabus

Logic and Set Theory

· Propositions, truth tables, symbolic statements, conditional connectives, quantifiers;  
· Techniques of proof: Direct, contradiction, induction, pigeon-hole principle;  
· Sets, cardinality, Cartesian product, ordered pairs; 
· Relations, functions, Boolean algebra: Disjunctive and conjunctive normal forms, logic gates, Karnaugh maps, minimization and applications.
Real Analysis

· Real number system, supremum and infimum, completeness axiom
· Basic functions: Polynomial, exponential, trigonometric, hyperbolic and their inverses.

· Limit of a function, continuity, differentiability, derivatives,  
· Rolle’s theorem, mean value theorem, L’ Hospital’s rule; 
· Sequences and series of real numbers.
· Tests for convergence of sequences and series.
Vectors, and Matrices
· Vector algebra, vector product, scalar product, scalar triple product, vector triple product, 
· Equations of lines and planes; 
· Matrix operations, transpose, adjoint and inverse of a matrix, echelon forms, rank, determinants.

· Systems of linear equations



Note:  This is for all MPR,ER,TT and  TLM students.
	Module Code
	MA1023
	Title
	Methods of Mathematics

	Credits
	03
	Hours/ Week
	Lectures
	03
	Prerequisites
	MA1013

	
	
	
	Lab/Tutorial
	01
	
	

	Learning Outcomes 

At the end of this module the student should be able to

· Solve a non-linear equation in a single variable, to a desired accuracy.
· Integrate a function of a single variable numerically, to a desired accuracy.
· Solve first order non-linear ordinary differential equations.

· Solve initial value problems involving second order linear ordinary differential equations.

· Apply multivariate calculus to solve simple engineering problems.

· Apply statistical skills in engineering problems.

· Use probability distributions for decision making in engineering.



	Outline Syllabus

Numerical Methods

· Algorithms and errors; 
· Numerical solution of non-linear equations.  Bisection and false position methods, simple iterations. Newton-Raphson method; 
· Estimation of errors and acceleration of convergence. Approximations of functions.

· Numerical integration; Trapezoidal rule, Simpson’s rule.

Ordinary Differential Equations & Multivariate Calculus

· Reimann integration; 
· First order ordinary differential equations: Variable separable, homogeneous and exact eqations. 
· Second order differential equations: Reducible forms.

· Functions of several variables: partial differentiation, chain rule, directional derivatives.

· Maxima and minima, Lagrange multipliers; 
· Taylor series expansion of multivariate functions. 

Basic Probability and Statistics

· Conditional probability, Bayes’ theorem. 
· Discrete and continuous random variables. Probability and cumulative distribution functions, joint distribution functions. 
· Uniform, Binomial, Poisson and Normal distributions and their applications. 
· Basic statistical indicators in data analysis, correlation coefficients; 
· Introduction of Minitab - statistical software.




Note:  For all MPR,ER,TT students excluding CS students.

	Module Code
	MA 1032
	Module Title
	Numerical Analysis 

	Credits
	03
	Hours/Week
	Lectures
	3
	Pre – requisites
	MA 1013

	
	
	
	Lab/Assignments
	0
	
	

	Learning Outcomes
After completing this module, the students should be able to
· understand the basic concepts of numerical methods for  error analysis , solving non – linear equations, methods for solving linar systems, approximations of functions, derivatives and integrals

· practically apply these methods in engineering problems

	Outline Syllabus 

Modeling, Computers, and Error Analysis

· Mathematical Modeling and Engineering Problem Solving

· Programming and Software

· Approximations and Round-Off Errors

· Truncation Errors and the Taylor Series 

Roots of Equations

· Bracketing Methods (bisection, false-position, incremental searches etc.)

· Open Methods (fixed- point iteration, Newton-Raphson, Secant method, etc.)

· Roots of Polynomials

· Case Studies: Roots of Equations
Liner Algebraic Equations

· Gauss Elimination

· LU Decomposition and Matrix Invention 

· Special Matrices and Gauss-Seidel

· Case Studies: Liner Algebraic Equations

Optimization 
· One-Dimensional Unconstrained Optimization (golden-section search, quadratic interpolation, Newton’s method etc.

· Multidimensional Unconstrained Optimization (direct and gradient methods, etc.)

· Constrained Optimization (liner programming, non-linear constrained optimization etc.)

· Case Studies: Optimization 

Curve Fitting 

· Least- Squares Regression (linear, non-linear, polynomial, multiple-linear regression etc.)

· Interpolation (Newton’s divided difference, Lagrange polynomials, inverse interpolation etc.)

· Fourier Approximation 

· Case Studies : Curve Fitting 
Numerical Differentiation & Integration 

· Newton – Cotes Integration Formulas (trapezoidal rule, Simpson’s rule, unequal segment etc.)

· Integration of Equations

· Numerical Differentiation

· Case Studies: Numerical Differentiation & Integration


Note:  Only for CS students
	Module Code
	MA1123
	Title
	Mathematical Methods 

	Credits
	03
	Hours/ Week
	Lectures
	03
	Prerequisites
	MA1013

	
	
	
	Lab/Tutorial
	01
	
	

	Learning Outcomes 
At the end of this module the student should be able to

· Solve first order non-linear ordinary differential equations.
· Solve initial value problems involving second order linear ordinary differential equations.
· Apply multivariate calculus to solve simple engineering problems.
· Apply statistical skills in engineering problems.
· Use probability distributions for decision making in engineering.


	Outline Syllabus

Ordinary Differential Equations 

· Orthogonal trajectories
· First order ordinary differential equations: Variable separable, homogeneous, linear and exact. 
· Second order ordinary differential equations, reducible forms.

Multivariate Calculus

· Multivariable functions, partial differentiation, chain rule, directional derivatives.

· Maxima and minima, Lagrange multipliers.

· Taylor series expansion of multivariate functions.

Basic Probability and Statistics

· Conditional probability, Bayes’ theorem. 
· Discrete and continuous random variables. 
· Probability and cumulative distribution functions, Joint distribution functions.

· Binomial, Poisson and Normal distributions and their applications. 
· Basic statistical indicators in data analysis, correlation coefficients.

· Introduction of Minitab statistical software.



Note:  Only for TLM students

	Module Code
	  MA2013
	Title
	Differential Equations

	Credits
	02
	Hours/ Week
	Lectures
	02
	Pre-requisites
	MA 1023

	
	
	
	Lab/Tutorials
	-
	
	

	Learning Outcomes

At the end of this module the student should be able to

· Apply Fourier series approximations for periodic functions in real world situations.
· Solve initial-boundary-value problems involving partial differential equations. 

· Apply Laplace transform  and Fourier transform methods to solve differential equations in engineering applications


	Outline Syllabus

Fourier Series Approximation

· Fourier coefficients, Dirichlet’s condition, odd and even functions. Half range series. 
· Trigonometric approximation to discrete data.
Partial Differential Equations
· Classification of second-order partial differential equations.
· Solutions by separation of variables. 
· Fourier series application to boundary value problems.
Laplace Transform and Applications 

· Laplace transforms of elementary functions and some basic theorems on Laplace transform.

· Application of Laplace transforms to solution of differential equations and system of differential equations. 

· Transfer functions, convolution theorem, concepts of stability and controllability.

Fourier Transform and Applications

· Non-periodic function, Fourier transforms, properties of Fourier transform and applications.




Note:  All MPR,ER,TT students excluding CS students

	Module Code
	MA2023
	Title
	Calculus

	Credits
	02
	Hours/ Week
	Lectures
	02
	Pre-requisites
	MA1023

	
	
	
	Lab/Tutorials
	-
	
	

	Learning Outcomes

At the end of this module the student should be able to
· Perform vector differentiation and integration and evaluate vector and scalar quantities in various engineering applications.
· Apply Divergence, Stokes’ and Green’s theorem in various situations.
· Apply Cauchy’s integral formula to solve engineering problems.
· Perform contour integration techniques.
· Apply conformal mapping in physical system modeling.


	Outline Syllabus

Vector Calculus
· Double integral, triple integral, vector functions; 
· Introduction to vector calculus. Vector differentiation and differential operators.
· Space curves and line integral, surface integrals; 
· Divergence theorem, Stokes’ theorem and Green’s theorem in a plane. 
· Some basic applications.

Complex Variables 
· Analytical function and Cauchy-Reimann equation. 
· Cauchy’s integral formula and applications.

· Taylor and Laurent’s series. 
· Contour integration.

· Introduction to conformal mapping.



Note:  For MPR,ER,TT students excluding CS students

	Module Code
	MA2033
	Title
	Linear Algebra

	Credits
	02
	Hours/ Week
	Lectures
	02
	Pre-requisites
	MA 1013

	
	
	
	Lab/Tutorials
	-
	
	

	Learning Outcomes
At the end of this module the student should be able to
· Reduce a matrix using Gauss-Jordan reduction. 

· Solve a system of n equations in m variables.
· Find the inverse of a matrix, eigen values and eigenvectors of a matrix
· Understand the dimension of a vector space, rank of a matrix and basis for a vector space. 

· Understand the concepts of linear independence, linear transformation and determinants.

· Apply  theories learnt above to solve engineering problems  

	Outline Syllabus

Vectors spaces, subspaces, linear combinations, spanning sets, linear independence and bases, column space, row space and the rank of a matrix ; Linear transformations; Eigen values and eigen vectors of nxn matrices; Inner product spaces, diagonalization of matrices, quadratic forms, Cayley-Hamilton theorem, the matrix form of a linear transformation


Note: To all MPR,ER and TT  students

	Module Code
	MA2053
	Title
	Graph Theory

	Credits
	02
	Hours/ Week
	Lectures
	02
	Pre-requisites
	MA 1013

	
	
	
	Lab/Tutorials
	-
	
	

	Learning Outcomes

At the end of this module the student should be able to,

· Apply graph theory to devise various search algorithms and other algorithms applied in scientific computing.

· Apply graph theory in other areas such as Operational Research.




	Outline Syllabus

· Basic definitions, degree of a vertex, paths, cycles and connectivity. 
· Digraphs, relationship graphs, Eulerian and Hamiltonian graphs. 
· Shortest path problems: Dijkstra’s algorithm. 
· Isomorphism of graphs, adjacency, matrices and adjacency lists. 
· Planar graphs, coloring of graphs. 
· Trees: Properties, spanning trees, rooted trees, binary trees, binary search and applications.




Note: EE,EN & ME Students

	Module Code
	MA2063
	Title
	Differential Equations and Applications

	Credits
	02
	Hours/ Week
	Lectures
	02
	Pre-requisites
	MA1013

	
	
	
	Lab/Tutorials
	-
	
	

	Learning Outcomes

At the end of this module the student should be able to

· Solve ordinary differential equations in engineering applications.
· Apply approximate Fourier series for periodic functions in real world applications.
· Solve various categories of partial differential equations that appear in engineering system modeling.

· Apply Laplace transform  and Fourier transform methods to solve differential equations in engineering applications


	Outline Syllabus
Differential Equations

· First order differential equations: Variable separable, homogeneous, linear and exact equations.

· Second order differential equations.
Fourier Series approximation

· Fourier coefficients, Dirichlet’s condition.
·  Odd and even function, half range series. 

· Trigonometric approximation to discrete data.

Partial Differential Equations

· Classification of second-order partial differential equations. 

· Solutions by separation of variables. 

· Fourier series application to boundary value problems.

Laplace Transform and applications 

· Laplace transforms of elementary functions and some basic theorems on Laplace transforms. 

· Application of Laplace transforms to solution of differential equations and system of differential equations. 

· Transfer functions, Convolution theorem, concepts of stability and controllability.

Fourier Transform and applications

Non-periodic function, Fourier transforms, properties of Fourier transform and applications.




Note:  For CS students

	Module Code
	MA2073
	Title
	Calculus for System Modelling

	Credits
	02
	Hours/ Week
	Lectures
	02
	Pre-requisites
	MA1013

	
	
	
	Lab/Tutorials
	-
	
	

	Learning Outcomes

At the end of this module the student should be able to

· Perform vector differentiation and integration and evaluate vector and scalar quantities in various engineering applications.

· Perform contour integration techniques.

· Apply conformal mapping in physical system modeling.

· Use probability distributions for various decision making in engineering.



	Outline Syllabus

Vector Calculus

· Multivariable functions, partial differentiation, chain rule, directional derivatives, 
· Maxima and minima, Lagrange multipliers. 
· Taylor series expansion of multivariate functions. 

· Double Integral, triple integral, vector functions; 
· Introduction to vector calculus. Vector differentiation and differential operators, space curves and line integral, surface integrals. 
Complex Variables 
· Taylor and Laurent’s series, contour integration. 
· Introduction to conformal mapping.

Basic Probability and Statistics

· Properties of random variables. 

· Statistical distributions. 

· Applications involving Binomial, Poisson, Normal and Exponential distributions.


Note:  Only for CS students.

	Module Code
	MA3013
	Title
	Applied Statistics

	Credits
	02
	Hours/ Week
	Lectures
	02
	Pre-requisites
	MA1023/

MA2073

	
	
	
	Lab/Tutorials
	-
	
	

	Learning Outcomes

At the end of this module the student should be able to,

· Identify the role of probability and statistics in their discipline area.

· Perform a range of statistical procedures related to the manipulation and interpretation of data.

· Distinguish between types of statistical tests that may me used to analyze data.

· Demonstrate basic knowledge of assessing the appropriateness of statistical models.

· Demonstrate   practical expertise associated with the use of statistical package in performing basic statistical procedure.



	Outline Syllabus

Discrete and continuous random variables:  

· Bivariate distributions. 

· Moment generating function. 

· Introduction to ML estimators. 

· Basic properties of Geometric, Hyper geometric, Exponential and Gamma, distributions. 

· Student’s t-distribution. 

· Fisher’s distribution and Chi square distribution.

Statistical Inference: 

· Sampling distributions, central limit theorem, confidence intervals for mean and variance. 

· Hypothesis tests. Goodness-of-fit tests and contingency table. 

· Simple linear regression. 

· Least square estimation and hypothesis tests in simple linear regression. 

Practical Work:  

· Use of MINITAB for statistical testing and regression analysis. 




	Module Code
	MA3023
	Title
	Numerical Methods

	Credits
	02
	Hours/ Week
	Lectures
	02
	Pre-requisites
	MA1023

	
	
	
	Lab/Tutorials
	-
	
	

	Learning Outcomes
At the end of this module the student should be able to

· solve a system of linear equations by various numerical methods.
· solve a system of non-linear equations by various numerical methods.

· find maxima and minima of functions of several variables by numerical methods.

· solve an initial value problem involving an ordinary differential equation by various numerical methods.
· solve an initial-boundary-value problem involving a partial differential equation by various numerical methods. 



	Outline Syllabus

· Gaussian elimination, Jacobi's and Gauss-Siedel methods.   
· Curve fitting.  
· Numerical solution of a system of non-linear equations; 
· Numerical optimization; 
· Numerical solution of an ordinary differential equation:  Taylor series method, Euler's method and Runge-Kutta methods; 
· Numerical solution of partial differential equation:  Initial boundary value problems involving Heat equation, Wave equation and Laplace’s equation. 




Note: MPR,ER & TT other than CS and CE

	Module Code
	MA4013
	Title
	Linear Models and Multivariate Statistics

	Credits
	03
	Hours/ Week
	Lectures
	03
	Pre-requisites
	MA1023/3013



	
	
	
	Lab/Tutorials
	-
	
	

	Learning Outcomes

At the end of this module the student should be able to
· Develop statistical models to identify influential factors in a given process.

· Understand the concepts of statistical data mining methods. 

· Use MINITAB and SPSS for data analysis.

· Select the appropriate multivariate statistical methods to analyze data.



	Outline Syllabus

Linear Models
· Types of measurement scale, multiple regression, one-way analysis of variance. Model diagnostics, partial F-Test, forward selection, Backward elimination and Stepwise techniques. 
Multivariate Statistics
· Geometric concept of multivariate data. 
· Introduction to data mining and warehousing. 
· Multivariate normal distributions. 
· Principal component analysis, explanatory factor analysis, discriminant analysis, cluster analysis. 
· Multivariate analysis of variance. 
· Use of  MINITAB and SPSS.



	Module Code
	MA4023
	Title
	Operational Research

	Credits
	03
	Hours/ Week
	Lectures
	03
	Pre-requisites
	MA1013

	
	
	
	Lab/Tutorials
	-
	
	

	Learning Outcomes

At the end of the course the student should be able to

· Identify appropriate OR techniques in a given real world problem.

· Perform sensitivity analysis in the chosen OR model.

· Choose an appropriate algorithm for the given the OR technique.

· Use the TORA software for engineering problems.



	Outline Syllabus

· Modeling with linear programming, geometrical solution to problems with two decision variables, simplex method including Big M-method and two phase method of a solution of problems with mixed constraints. 

· Duality in linear programming, Transportation and assignment problems, trans-shipment problems.  Theory of zero sum, two person matrix games.

· Revised simplex algorithm. Dual simplex algorithm, sensitivity analysis, and parametric programming.
· Integer programming, Gomory’s cutting plane, branch and bound, the knapsack problem. 

· Dynamic programming, the inventory model. Non-linear optimization.

· Introduction to network algorithm including minimum connector problems: Shortest and longest path algorithms and critical path analysis. PERT model.





	Module Code
	MA4033
	Title
	Time Series and Stochastic Processes

	Credits
	03
	Hours/ Week
	Lectures
	03
	Pre-requisites
	MA1023/3013

	
	
	
	Lab/Tutorials
	-
	
	

	Learning Outcomes
At the end of this module the student should be able to 
· Choose the appropriate time series modeling technique for a given data.

· Use Minitab and Eviews software to analyze time series data.

· Apply Markov chain techniques in modeling uncertain physical systems.

· Apply Stochastic modeling techniques in engineering applications.



	Outline Syllabus

Time Series
· Trend analysis, smoothing techniques, decomposition techniques. 
· Properties of various statistical time series processes. 
· Basic theory of stationary processes: AR, MA, and ARMA models; 
· Seasonal adjustment. 
· Use of Minitab and Eviews Software in time series data.
Stochastic Process
· An introduction to stochastic processes. 
· Stationary distributions. 
· Markov chains.    
· Homogeneous Poisson process, Birth-death process, queuing theory.


	Module Code
	MA4043
	Title
	Neural Network and Fuzzy Logic

	Credits
	03
	Hours/ Week
	Lectures
	03
	Pre-requisites
	MA1013

	
	
	
	Lab/Tutorials
	-
	
	

	Learning Outcomes

At the end of this module the student should be able to 
· Understand the learning in Artificial Neural Networks (ANN)

· Understand Artificial Neural Network Topologies

· Understand Learning Algorithms

· Understand various Neural Network Paradigms

· Understand Fuzzy rule generation

· Understand Defuzzification of fuzzy logic

· Understand Temporal Fuzzy logic(TFL)

· Apply TFL in Communication systems

· Understand Fuzzy Neural Networks

· Apply in Signal processing , Communication systems and optimization systems



	Outline Syllabus

· Neuron physiology, Artificial Neural Networks(ANN) concepts: Topologies, learning algorithms; 
· Neural network paradigms: McCulloch-Pitts model, ADALINE and MADALINE models, Hopefield model, competitive learning model, real-time model, Probabilistic Neural Network (PNN).

· Fuzzy logic, temporal fuzzy logic, fuzzy neural networks, application.




	Module Code
	MA4053
	Module Title
	Numerical Analysis for Scientific Computing

	Credits


	3
	Hours/Week
	Lectures
	3
	Pre – requisites
	MA1032

	
	
	
	Lab/Assignments
	0
	
	

	Learning Outcomes
After completing this module, the students should be able to
· understand a spectrum of advanced concepts in numerical analysis 
· apply them to solve engineering and scientific problems

	Outline Syllabus 
Modeling, Computers, and Error Analysis

· Mathematical Modeling and Engineering Problem Solving

· Programming and Software

· Approximations and Round-Off Errors

· Truncation Errors and the Taylor Series 

Solution of Linear Algebraic Equations

· Gauss- Jordan Elimination and Backsubstitution

· LU- Decomposition and its Applications

· Tri- Diagonal and Band-Diagonal Systems of Equations

· Singular Value Decomposition, Cholesky Decomposition & QR-Decomposition

· Spare Liner Systems

Eigensystems

· Jacobi Transformations

· Real Symmetric Matrices 

· Reductions to Tri- Diagonal From ( Givens & Householder methods)

· Eigenvalues & Eigenvectors of Tri-Diagonal  Matrices

· Hermitian Matrices 

Modelling of data

· Least Squares as a Maximum Likelihood Estimator

· Non- linear Models

· Robust Estimation

· Markov Chain Monte Carlo

· Gaussian Process Regression

Integration of Ordinary Differential Equations

· Runge – Kutta Method

· Stiffness and Multistep Method

· Richardson Extrapolation

· Second Order Conservative Equations

· Multi – step, Multivalue and Predictor-Corrector Methods

Two- Point Boundary Value Problems

· Shooting Method

· Relaxation Methods

· Automated Allocation of Mesh Points

· Handling Internal Boundary Conditions or Singular Points

Partial Differential Equations

· Flux- Conservative Initial value Problems

· Diffusive Initial Value Problems

· Initial Value Problems in multi-Dimensions

· Fourier & Cyclic Reduction Methods, Relaxation Methods and Multi-grid Methods for Boundary Value Problems .
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