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PREFACE

Curriculum of a subject is said to be the throbbing pulse of a nation. By looking at the curriculum one can judge the state of intellectual development and the state of progress of the nation. The world has turned into a global village; new ideas and information are pouring in like a stream. It is, therefore, imperative to update our curricula regularly by introducing the recent developments in the relevant fields of knowledge. 

In exercise of the powers conferred by sub-section (1) of section 3 of the Federal Supervision of Curricula Textbooks and Maintenance of Standards of Education Act 1976, the Federal Government vide notification No. D773/76-JEA (cur.), dated December 4th 1976, appointed the University Grants Commission as the competent authority to look after the curriculum revision work beyond class XII at the bachelor level and onwards to all degrees, certificates and diplomas awarded by degree colleges, universities and other institutions of higher education.

In pursuance of the above decisions and directives, the Higher Education Commission (HEC) is continually performing curriculum revision in collaboration with universities.  According to the decision of the special meeting of Vice-Chancellor’s Committee, the curriculum of a subject must be reviewed after every 3 years. 

A committee of experts comprising of conveners from the National Curriculum Revision of HEC in Basic, Applied Social Sciences and Engineering disciplines met in April 2007 and developed a unified template to standardize degree programs in the country to bring the national curriculum at par with international standards, and to fulfill the needs of the local industries.  It also aimed to give a basic, broad based knowledge to the students to ensure the quality of education.  The new Bachelor (BS) degree shall be of 4 years duration, and will require the completion of 130-136 credit hours. The engineering degree will devote 65-70% of the curriculum towards engineering courses, and 35--30% to non Engineering courses.  

For the purpose of curriculum revision various committees are constituted at the national level, comprising of senior teachers nominated by universities, degree awarding institutions, R&D organizations, respective accreditation councils and stake holders. The National Curriculum Revision Committee for Computer Engineering in a meeting held on May 19-21, 2009 at the HEC Islamabad revised the curriculum in light of the unified template. The revised draft curriculum is being circulated for implementation in the concerned institutions.

PROF. DR. ALTAF ALI G. SHAIKH
Member Academics

August 2009
CURRICULUM DEVELOPMENT
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MINUTES OF NATIONAL CURRICULUM REVISION COMMITTEE MEETING IN COMPUTER ENGINEERING / COMPUTER SYSTEM ENGINEERING

INTRODUCTION

The final meeting of National Curriculum Revision Committee (NCRC) for Computer Engineering/ Computer System Engineering was held at HEC, Islamabad from 19-21 May, 2009.  The objective was to review and finalize the draft curricula proposed in the preliminary meeting of the same curriculum committee held from 29-31 January, 2009 at HEC Islamabad.

The following members attended the meeting.

	S. No.
	Name & Address
	

	1. 
	Prof. Dr. Anjum Ali,

HOD, Computer Engineering National University of Computer & Emerging Sciences,

FAST-NU, B-Block, Faisal Town,

Lahore.

	Convener

	2. 
	Dr. Abdul Fattah Chandio,

Associate Professor,

Department of Electronic Engineering,

Quaid-e-Awam University of Engg. 

Science & Technology, Nawabshah.

	Secretary

	3. 
	Prof. Dr. Shahzad Malik,

Head, Department of Electrical Engineering,

COMSATS Institute of Information Technology,

30, Sector H-8/1, 

Islamabad

	Member

	4. 
	Dr. Saquib Sarfraz,

Assistant Professor,, 

Department of Electrical Engineering,

COMSATS Institute of Information Technology,

Defence Road Off Raiwand Road, 

Lahore

	Member

	5. 
	Prof. Dr. Muhammad Riaz,

Dean Faculty of Basic & Applied 

Sciences

International Islamic University

Islamabad.
	Member

	6. 
	Dr. Syed Afaq Husain,

Professor & Chairman,

Department of Computer Science & Engineering

Air University,

Islamabad

	Member

	7. 
	Prof. Aamer Iqbal Bhatti,

Professor

Department of Control and DSP,

Muhammad ALi. Jinnah University,

Islamabad.

	Member

	8. 
	Dr. Muhammad Ashraf,

Associate Professor,

Department of Computer Engineering

M.A. Jinnah University,

Islamabad.

	Member

	9. 
	Dr. M. Ejaz Sandhu

Professor

School of Computer Science,

National College of Business Administration 

& Economics, 40-E/1, Gulberg-III,

Lahore-54660

	Member

	10. 
	Dr. Ahmad Shabbar Kazmi,

Associate Professor,

National University of Computer & Emerging Sciences, FAST-NU, B-Block,

Faisal Town, Lahore.

	Member

	11. 
	Prof. Dr. Inayatullah Babar,

Chairman,

Department of Computer Engineering

Mardan Campus

NWFP University of Engineering & Technology,

Peshawar.

	Member

	12. 
	Engr. Muhammad Khurram 

Assistant Professor,

Department of Computer Engineering,

Sir Syed University of Engg. & Tech.,

University Road Gulshan-e-Iqbal, 

75300 Karachi.

	Member

	13. 
	Prof. Dr. Mukhtiar Ali Unar,

Chairman, Department of Computer Systems and Software Engineering,

Mehran University of Engineering & Technology, Jamshoro.

	Member

	14. 
	Engr. Prof. Dr. Muhammad Yunus Javed,

Nominee Pakistan Engineering Council (PEC),

College of Electrical & Mechanical Engineering,

NUST Islamabad.

	Member

	15. 
	Prof. Dr. Muhammad Ali Maud

Chairman 
Department of Computer Engineering & IT

University of Engineering & Technology, 
Lahore.
	Member



The NCRC meeting started with the recitation from Holy Qur’an. 
Mr. Muhammad Tahir Ali Shah, Deputy Director (Curriculum) welcomed all learned members on behalf of Chairperson and Executive Director Higher Education Commission (HEC). 

In the beginning of both (preliminary and final) meetings, Mr. Muhammad Tahir Ali Shah highlighted the role of HEC for the development of curricula. He briefed the members about the regular revision of curricula for improving the quality of education in all disciplines taught by different universities and institutions to meet the educational needs of the country. He briefed the participants about the HEC procedure for revision of curricula. He explained to the participants the HEC unified framework / template for integrated curricula in the fields of Engineering, Sciences and Technology. In the preliminary meeting Mr. Shah suggested the participants to elect the Convener and Secretary of the committee. Consequently, Prof. Dr. Anjum Ali and Prof. Dr. Abdul Fattah Chandio were elected convener and secretary of the committee respectively. The convener and secretary thanked the committee members for their confidence. 

The duration of program is 4 years (8 semesters) and each semester is of 16 to 18 weeks (16 for teaching and 2 for examinations). The program consists of 65 to 70 percent of engineering courses and 30 to 35 percent of non engineering courses.

The design of curriculum is based on the concept of foundation, breadth and depth courses. This helps to create different streams of specializations within each discipline. The foundation courses must be taken by all the students. These courses provide students with the fundamental concepts and tools to pursue their studies at the higher level. The breadth courses lead students to different areas of specialization. The depth courses offer specialization within each engineering discipline. All depth courses must integrate a substantial design component. The students may select electives from any of the areas of specialization with some guidelines from their respective advisors. The students have to meet all the pre-requisites before taking breadth/depth courses.

After thorough discussions on current curriculum, the following sub-committees were formulated for different categories of subjects in Computer Engineering/Computer Systems Engineering (CE/CSE) for updating of course contents. 
	Subjects
	Members of Sub-committees

	Electronics/Circuits
	Dr. Anjum Ali
	Dr. Abdul Fattah Chandio
	Dr.  Muhammad Ashraf
	

	Microprocessor Interfacing, Computer Architecture and Embedded Systems
	Dr. Anjum Ali
	Muhammad Khurram
	Dr.  M. Younus Javed
	Dr. Abdul Aziz Bhatti

	Signal &  Systems and Digital Signal Processing
	Dr. Abdul Fattah Chandio
	Dr. Saquib Sarfraz
	Dr. Aamir Iqbal Bhatti
	Dr. Syed  Afaq Hussain

	Information Systems
	Dr. Syed  Afaq Hussain
	Dr. Zubair A. Sheikh
	Dr. Ahmad Shabbar Kazmi
	

	Networks
	Dr. Shahzad A. Malik
	Dr. Babar
	
	

	Computer Programming
	Dr. Zubair A. Sheikh
	Dr. M. Ejaz Sandhu
	
	

	Mathematics
	Dr.  M. Younus Javed
	Dr. Shahzad A. Malik
	Dr. Abdul Aziz Bhatti
	


	PROGRAM SUMMARY

BS COMPUTER ENGINEERING PROGRAM

	Duration:
	4 years

	Number of semesters:
	8

	Number of weeks per semester:
	16 - 18 (16 for teaching and 2 for examinations)

	Total number of credit hours:
	134

	Total number of courses
	40

	Number of credit hours per semester:
	15
	- 18

	Engineering Courses (Minimum):
	65
	- 70 per cent

	Non-Engineering Courses (Maximum):
	30
	- 35 per cent


	Domain
	Knowledge Area
	Total

Courses
	Total

Credits
	% Overall

CrHr based

	Non-Engineering
	   Humanities
	    7
	        19
	    32.8%

	
	Management Sciences
	2
	        6
	

	
	Natural Sciences
	6
	  19
	

	
	Sub Total
	15
	 44
	

	    Engineering
	Computing
	3
	      9
	   67.2%

	
	Engineering Foundation
	8
	     30
	

	
	Computer Engg. Core (Breadth)
	5
	19
	

	
	Computer Engg. Depth Electives
	5
	20
	

	
	Inter-Disciplinary Engineering
	2
	    6
	

	
	Breadth (Electives)
	
	
	

	
	Senior Design Project
	2
	      6
	

	
	Industrial Training (Summer)
	0
	      0
	

	
	Sub Total
	25
	90
	

	                      Grand Total
	40
	   134
	 100%


Last modified: 29 May 2009 AA

The HEC template applied to the Computer Engineering Program
	
	

	Knowledge

Area
	Sub Area
	Name of Course
	Lec
	Lab
	Total

	
	
	
	CH
	CH
	CH

	Humanities
	English
	English-I
	3
	0
	3

	
	
	English-II
	3
	0
	3

	
	
	English-III
	3
	0
	3

	
	Culture
	Islamic Studies
	2
	0
	2

	
	
	Pakistan Studies
	2
	0
	2

	
	Social

Sciences
	  Engineering Economics
	3
	0
	3

	
	
	Professional Ethics & Moral Values
	3
	0
	3

	Management

Sciences
	
	Entrepreneurship and Leadership
	3
	0
	3

	
	
	Computer Engineering Project Management
	3
	0
	3

	Natural

Sciences
	Math
	Math-I 
	3
	0
	3

	
	
	Math-II
	3
	0
	3

	
	
	Math-III
	3
	0
	3

	
	
	Math-IV
	3
	0
	3

	
	 Physics
	Applied Physics
	3
	1
	4

	
	 
	Numerical Methods
	3
	0
	3

	  Computing
	Fundamentals
	   Computing Fundamentals
	2
	1
	3

	
	Programming
	Computer Programming
	2
	1
	3

	
	Design
	Computer Application in Engineering Design
	2
	1
	3

	Engineering

Foundation
	--
	Basic Electrical Engineering
	3
	1
	4

	
	
	Digital Logic Design
	3
	1
	4

	
	
	Circuit Analysis


	3
	1
	4

	
	
	Electronics-1
	3
	1
	4

	
	
	Data Structures and Algorithms
	3
	0
	3

	
	
	Signals and Systems
	3
	1
	4

	
	
	Computer Organization
	3
	1
	4

	
	
	Probability Methods in Engineering
	3
	0
	3

	Major Based Core

(Breadth)
	--
	Data Communication and Networks
	3
	1
	4

	
	
	Microprocessors
	3
	1
	4

	
	
	Operating Systems
	3
	0
	3

	
	
	Data Base Management Systems  
	3
	1
	4

	
	
	Object Oriented Programming 
	3
	1
	4

	Major Based Core

(Depth courses)
	--
	Comp. Engg.  Depth Elective-I
	3
	1
	4

	
	
	Comp. Engg.  Depth Elective-II

	3
	1
	4

	
	
	Comp. Engg.  Depth Elective-III
	3
	1
	4

	
	
	Comp. Engg.  Depth Elective-IV
	3
	1
	4

	
	
	Comp. Engg.  Depth Elective-V
	3
	1
	4

	Inter-Disciplinary

  Engineering

Breadth (Electives)
	--
	IDEE-1
	3
	0
	3

	
	
	IDEE-2
	3
	0
	3

	Senior Design

Project
	--
	Senior Design Project-I
	1
	2
	3

	
	
	Senior Design Project-II
	1
	2
	3

	Industrial Training (Summer)
	0
	0
	0

	Total
	111
	23
	   134


MODEL BS COMPUTER ENGINEERING PROGRAM
First Year[image: image5.emf]HIGHER 

EDUCATION

COMMISSION


	Math-I
	3
	0
	3
	Math-II
	3
	0
	3

	Basic Electrical Engineering
	3
	     3
	4
	Circuit Analysis
	3
	3
	4

	Computing Fundamentals
	2
	3
	3
	Computer Programming
	2
	3
	3

	Applied Physics
	3
	3
	4
	Digital Logic Design
	3
	3
	4

	English-I
	3
	0
	3
	English-II (Communication Skills)
	3
	0
	3

	Total
	14
	9
	17
	Total
	14
	9
	17

	First Year Credits
	34
	


Second Year
	Math-III
	3
	0
	3
	Math-IV
	3
	   0
	3

	Computer App. in Engg. Design
	2
	3
	3
	Signals & Systems
	3
	3
	4

	Electronics-1
	3
	   3
	4
	CE Depth Elective-I


	3
	  3
	4

	Data Structures and Algorithms
	3
	   0
	  3
	Operating Systems
	3
	 0
	  3

	Computer Organization
	3
	  3
	  4
	Object Oriented Programming
	3
	3
	4

	Total
	14
	9
	17
	Total
	15
	9
	18

	Second Year Credits
	35
	


Third Year

	Numerical Methods
	3
	0
	3
	Probability Methods in Engg.
	3
	0
	3

	CE Depth Elective-II


	3
	3
	  4
	Database Management Systems
	3
	 3
	4

	CE Depth Elective-III


	3
	 3
	4
	CE Depth Elective-IV


	3
	3
	4

	Data Comm. and Networks
	3
	 3
	4
	Microprocessors
	3
	3
	4

	Islamic Studies
	2
	   0
	2
	English-III (Technical Rep Writing)
	3
	0
	3

	Total
	14
	 9
	17
	Total
	15
	9
	18

	Third Year Credits
	35
	


Final Year

	Professional Ethics &MoralValues
	3
	0
	3
	Entrepreneurship and Leadership
	3
	0
	3

	IDEE-1
	3
	0
	3
	IDEE-2
	3
	0
	3

	CE Depth Elective-V


	3
	    3
	4
	Engineering Economics
	3
	   0
	3

	Pakistan Studies
	2
	0
	2
	Comp. Engg. Project Management
	3
	0
	3

	Senior Design Project-I
	1
	6
	3
	Senior Design Project-II
	1
	6
	3

	Total
	12
	9
	15
	Total
	13
	6
	15

	Final Year Credits
	30
	


Total Credit Hours   =   134

Note: LAB hours shown in this table are contact hours.
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HUMANITIES

The HEC curriculum template requires at least three English courses, two culture courses, and two social science courses. The list of courses recommended by the National Curriculum Review Committee (NCRC) for computer engineering in this category is given below:

English Language Proficiency (English-I)
Communication Skills (English-II)
Technical Report Writing (English-III)
Islamic Studies

Pakistan Studies

Engineering Economics

Professional Ethics & Moral Values
An institution my use standard HEC course outlines for these courses, as given in all Engineering curricula booklets recently published by HEC.

COURSE TITLE:  
English Language Proficiency
Credit Hours:

3 (Theory)

Pre-requisites:

none

COURSE OBJECTIVES:

To improve the students’ proficiency in English Language.

ESSENTIAL TOPICS TO BE COVERED:

· Reading Comprehension

· Writing

· Listening

· Speaking

COURSE DESCRIPTION:

This is a basic language course which not only familiarizes the students with the four skills of English language (reading, writing, listening, speaking) but also enables them develop each skill in integration with the other.

Recommended Text(s):

Practical English Usage (Michael Swan)

A Selection of English Prose for B.Sc students.

(Compiled by Nosheen Khan)

References:

A Writer’s Reference (Diana Hacker)

The Business of Writing and Speaking (Larry M. Robins)

COURSE TITLE:  
Communication Skills
Credit Hours:

3 (Theory)

Pre-requisites:

English Language Proficiency

COURSE OBJECTIVES:

To improve the students’ oral and written communication skills in English Language.

ESSENTIAL TOPICS TO BE COVERED:

· English composition writing

· Oral communication

COURSE DESCRIPTION:

This is an advanced course which is designed to equip students with professional skills of technical report writing and communication skill in work place. The course provides intensive practice in developing technical reports/proposals according to the IEEE format. The course also focuses on the interview and presentation skills by arranging seminars and workshops where students interact with representatives from the Industry and get hands on practice and feedback. 

Recommended Text(s):

Models for Writers by Alered Rosa 

Creative Writing by Ian Burton  

Communicate!  Tenth Edition

References:

English Composition (Handouts)

A writer’s Reference by Diana Hacker.

COURSE TITLE:  
Technical Report Writing
Credit Hours:

3 (Theory)

Pre-requisites:

Communication Skills

COURSE OBJECTIVES:

To engage students in the process of technical writing vis-à-vis preparing them for the professional world.
ESSENTIAL TOPICS TO BE COVERED:

· All essential elements of technical writing

COURSE DESCRIPTION:

Identifying the author’s main idea/central theme of the selected passages from literature, social studies and science. critical analysis & interpretation of selected passages, expository writing, listening and speaking.
Recommended Text(s):

Technical Writing: A Practical Approach
COURSE TITLE:  
Islamic Studies 
Credit Hours:

2 (Theory) 

Pre-requisites:

none

COURSE OBJECTIVES:

To introduce the basic teachings of Islam to all computer engineering students.

ESSENTIAL TOPICS TO BE COVERED:

· Fundamentals of Islam
· Basic Sources of Shariah

· Sources of Knowledge

· Moral and social philosophy of Islam

· Islamic Political Principles

· Economics order of Islam

· Islam as a living force

COURSE DESCRIPTION:

Tauheed:

Arguments for the oneness of God, impact of Tauheed on human life. Place of man in the universe, purpose of creation, textual study of Surah al-Rehman and Surah al-Furqan, Prophethood, need for prophet, characteristics of a prophet, finality of prophethood, seerat life of the prophet as embodiment of Islamic ideology, faith in the hereafter aakhrat, effects of the belief on worldly life.
Ibadah:

Concept of Ibadah, major Ibadah, Salat, Saom, Zakat, Hajj and Jehad.

Basic Sources of Shariah:

The Holy Quran: Its revelation and compilation, The authenticity of the text. Hadith: Its need, authenticity and importance. Consensus (Ijma), analogy (Qiyas).

Sources of Knowledge:

Islamic approach to institution, Reason and experience. Revelation Wahi as as source of knowledge.

Moral and social philosophy of Islam:

The concept of good and evil, Akhlaq-e-Hasna with special reference to surah Al-Hujrat. Professional Ethics Kasb-e-Halal.

Islamic Political Principles:

Salient features of the Islamic state, Madina character, Responsibilities of the Head of the state, Rights and Duties of citizens.

Economics order of Islam:

Right to property, System of Taxation, Distribution of Wealth Zakat and Ushar, Interest Free Economy Shirakat and Muzarabat.
COURSE TITLE:  
Pakistan Studies 
Credit Hours:

2 (Theory) 

Pre-requisites:

none

COURSE OBJECTIVES:

To introduce the students to the history and ideology of Pakistan
ESSENTIAL TOPICS TO BE COVERED:

· Pakistan movement
· Two nation theory

· Economy and natural resources

COURSE DESCRIPTION:

Land of Pakistan: Land and people-strategic importance, natural resources. A brief historical background of creation of Pakistan, government and politics in Pakistan, languages and cultures of Pakistan.
Recommended Text(s):

Shafqat.Saeed. Ed. Pakistan Studies Lahore 1997

Hamid Abdul., Muslim separatism in India A brief survey 1858-1947

RizvI , Hasan Askari, military , state and society in Pakistan Lahore 2000.

Cohen Stephen , The idea of Pakistan. Vanguard. Lahore 2005.

Mehdi , nelofer., Foreign policy of Pakistan .Lahore.

Aziz K.K the making of Pakistan. A study in nationalism. 
Lahore

Ahmed Akbar ‘s Islam, ethnicity and leaderships in South Asia. Oxford Press karachi 1989.

COURSE TITLE:  
Engineering Economics
Credit Hours:

3 (Theory)

Pre-requisites:

none

COURSE OBJECTIVES:

To provide students with a sound understanding of the principles, basic concepts and methodology of engineering economics.
ESSENTIAL TOPICS TO BE COVERED:

COURSE DESCRIPTION:

Introduction to Engineering Economics, Cost Concepts and Design Economics, Money-Time Relationships and Equivalence, Application of Money-time Relationship, Comparing Alternatives, Depreciation and Income Taxes, Evaluating Projects with the Benefits \ Cost Ratio Methods, Cost Estimation Techniques, Price Changes Exchange Rates, Dealing with Uncertainty, Replacement Analysis, Capital Financing and allocation, Engineering Economic Study Results

Recommended Text(s):

Engineering Economy by William G. Sullivan, James A. Bontadelli, Elin M. Wicks
Reference:

Contemporary Engineering Economics by Chan S. Park 

COURSE TITLE:  
Professional Ethics and Moral Values
Credit Hours:

3 (Theory)

Pre-requisites:

none

COURSE OBJECTIVES:

To prepare a computer engineer with good moral values and the ability to practice his/her profession in an ethical manner. 
ESSENTIAL TOPICS TO BE COVERED:

COURSE DESCRIPTION:

To be decided by the institution.
Recommended Text(s):

To be decided by the institution
MANAGEMENT SCIENCES

The HEC curriculum template requires two management science courses. The list of courses recommended by the National Curriculum Review Committee (NCRC) for computer engineering in this category is given below:

Entrepreneurship and Leadership

Computer Engineering Project Management
The choice of topics is left up to the institution. A sample outline is included.
An institution my use standard HEC course outlines for these courses, as given in all Engineering curricula booklets recently published by HEC.
COURSE TITLE:  
Entrepreneurship and Leadership
Credit Hours:

3 (Theory)

Pre-requisites:

none

COURSE OBJECTIVES:

To introduce the importance of entrepreneurship, in particular in the areas of leadership, decision making and negotiation.
ESSENTIAL TOPICS TO BE COVERED:

COURSE DESCRIPTION:

Leadership styles; group and organizational leadership; values and ethics;  is leadership born or learned; Management vs. leadership; Entrepreneurship; Individual, group and organizational leadership principles; Human behavior and motivation in performance; Values and ethics in leadership and decision-making; Nature of entrepreneurial work - risks, rewards, challenges.  

Recommended Text(s):

Entrepreneurship: A contemporary approach by Donald F. Kuratko

The Art and Science of Leadership by Afsaneh Nahavandi, 2nd edition 

COURSE TITLE:  
Computer Engineering Project Management
Credit Hours:

3 (Theory)

Pre-requisites:

Communication Skills
COURSE OBJECTIVES:

To develop ability to plan and manage computer engineering projects successfully, maximizing the return from each stage of the hardware and software development life cycle.

ESSENTIAL TOPICS TO BE COVERED:

COURSE DESCRIPTION:

To be decided by the institution.

Recommended Text(s):
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NATURAL SCIENCES

Math-I


Math-II


Math-III


Math-IV


Applied Physics

 
Natural Science Elective

In courses called Math-I to Math-IV, an institution can cover the following topics/areas in any appropriate combination:

Calculus

Analytical Geometry 

Linear Algebra

Differential Equations

Discrete Structures

Complex Analysis

Transform Methods

Applied Physics

Numerical Methods (as Natural Science Elective)

As an example, a course called Calculus and Analytical Geometry can be taught as Math-I, or a course called Calculus-1 can be taught as Math-I, depending on the requirements of the institution. The outlines are given for essential topics of individual courses.

COURSE TITLE:  
Calculus
Credit Hours:

3 (Theory)

Pre-requisites:

none

COURSE OBJECTIVES:

To introduce basic concepts of differential and integral calculus.

ESSENTIAL TOPICS TO BE COVERED:

· Differential calculus

· Integral calculus

· Sequences and series

COURSE DESCRIPTION:

Definitions of limits & continuity, techniques of finding limits. Techniques of differentiation, tangent lines and rates of change. Extreme functions, Rolle’s and Mean value theorems, concavity and  optimization problems. Techniques of indefinite integration Definite integrals, properties of definite integrals. Solids of revolution, volume of solids of revolution. Arc length, surface of revolution, centre of mass Integration of transcendental functions Indeterminate forms and L’Hopital’s rule. Integrals of trigonometric and rational functions, improper integrals. Convergence and divergence of sequences and series, positive terms series, integral test, p-series. Basic comparison test, limit comparison test, the ratio and root tests, alternating series, absolute and conditional convergence. Power series, Maclaurin series, Taylor series and their applications.

Recommended Text(s):

Swokowski, Onlinick & Pence: Calculus (6th Edition)

G.B. Thomas & R. L Finney: Calculus and Analytical Geometry (8 ed)
Calculus by Anton, Biven and Davis, 9th ed.

COURSE TITLE:  
Analytical Geometry
Credit Hours:

3 (Theory)

Pre-requisites:

none

COURSE OBJECTIVES:

To introduce concepts and applications of analytical geometry

ESSENTIAL TOPICS TO BE COVERED:

· Vector operations

· 2D and 3D coordinate systems

· Polar coordinates

· Parametric equations

COURSE DESCRIPTION:

Vectors, scalars and vector products. Analytical geometry in 3D-space, cylindrical and spherical coordinates, applications of derivatives and integrals, area under the curve, volume of a solid,

Recommended Text(s):

George B. Thomas and Ross L. Finney, “Calculus and Analytic Geometry,” Latest

Edition, Addison-Wesley, ISBN: 0201531747.

George F. Simmons, “Calculus with Analytic Geometry,” Latest Edition,

McGraw-Hill, ISBN: 0070576424.

COURSE TITLE:  
Linear Algebra
Credit Hours:

3 (Theory)

Pre-requisites:

Calculus

COURSE OBJECTIVES:

To develop expertise in linear algebra and analysis of vector spaces through matrix operations. 

ESSENTIAL TOPICS TO BE COVERED:

· Matrix and vector algebra

· Determinants

· Vector spaces

· Solution of linear equations

· Eigen-analysis

COURSE DESCRIPTION:

Introduction to matrices, algebra of matrices, special matrices. determinants and their properties. Linear independence, bases, vector space, system of linear equations. Gauss elimination  Eigen-values, Eigenvectors, examples illustrating application to computer engineering.

Recommended Text(s):

Introduction to Linear Algebra by Gilbert Strang, 3rd ed, Wellesley-Cambridge Press.
COURSE TITLE:  
Differential Equations
Credit Hours:

3 (Theory)

Pre-requisites:

Calculus

COURSE OBJECTIVES:

To introduce solution of ordinary differential equations.

ESSENTIAL TOPICS TO BE COVERED:

· Physical concept of differential equations

· Solution of first and second order differential equations

· Partial differential equations

COURSE DESCRIPTION:

Introduction to Differential Equations, ODE of First order and first degree, ODEs of second and higher orders. Complementary function and particular integral, Non-homogeneous linear differential equations. Systems of linear differential equations. Partial differentiation; functions of two or more variables; partial derivatives; higher order partial derivatives; total differentials and their applications to small errors; differentiation of implicit functions; chain rule, maxima and minima of a function of two variables, examples illustrating application to computer engineering.

Recommended Text(s):

E. Kreyszing, Advanced Engineering Mathematics (8th ed)

Glyn James, Modern Engineering mathematics.

Differential Equations with boundary value problems, by Zill and Cullun, 3rd ed.

COURSE TITLE:  
Discrete Structures
Credit Hours:

3 (Theory) 

Prerequisites: 

Calculus

COURSE OBJECTIVES:

To introduce the use of discrete structures in computer engineering.

ESSENTIAL TOPICS TO BE COVERED:

· Functions, relations and sets

· Basic logic

· Proof techniques

· Basics of counting

· Graphs and trees

· Recursion

COURSE DESCRIPTION:

Boolean algebra, functions with applications in coding theory; set theory with application in grammar and languages, basic logic, introduction to group theory, analysis and complexity of algorithms, graph theory, proof techniques, basics of counting, discrete probability, propositional calculus, mathematical induction, recurrence relation, loop invariants, relations, introduction to combinatorics, inclusion-exclusion principle and binomial methods, counting and partitions, pigeon hole principle, algebraic structures, group and semi-groups. 

Recommended Text(s):

COURSE TITLE:  
Complex Analysis
Credit Hours:

3 (Theory)

Pre-requisites:

Calculus

COURSE OBJECTIVE:

To enable students to understand complex analysis and prepare them for understanding transform methods.

ESSENTIAL TOPICS TO BE COVERED:

· Complex numbers and functions

· Differentiation of complex functions

· Line integral

· Cauchy integral theorem

· Analytical functions and singularities

COURSE DESCRIPTION:

Complex numbers: Basic concepts, Polar Form, Euler Formula. Limit, continuity and Differentiability of Complex functions. Analytic function, C-R Eqns. Laplace, Harmonic & Exponential fns. Trigonometric & Hyperbolic functions, Complex logarithms. Line integral in complex plane. Cauchy Integral theorem and formula, Derivatives of analytic functions. Power series, Taylor series. Laurent series, Singularities, Residue integration method. Evaluation of real integrals.

Recommended Text(s):

E. Kreyszing, Advanced Engineering Mathematics (8th ed)

Brown , J.W. and Churchill R.V., Complex Variables and Applications, 7th ed, McGraw Hill 

COURSE TITLE:  
Transform Methods
Credit Hours:

3 (Theory)

Pre-requisites:

Complex Analysis

COURSE OBJECTIVE:

The introduce complex transforms as applied to frequency domain methods

ESSENTIAL TOPICS TO BE COVERED:

· Fourier series and transforms

· Laplace transforms

· Z-transforms

· applications

COURSE DESCRIPTION:

Fourier series for functions of any period, Even and Odd functions. Periodic functions, Trigonometric series, Fourier series. Concept of bandwidth, Half range expansions, Complex Fourier series. Fourier integral, Fourier Cosine and Sine series. Fourier Transform. Introduction to Laplace Transforms and its applications. Introduction to z-transforms.

Recommended Text(s):
E. Kreyszing, Advanced Engineering Mathematics (8th ed)

Brown, J.W. and Churchill R.V., Complex Variables and Applications, 7th ed, McGraw Hill

COURSE TITLE:  
Applied Physics
Credit Hours:

3 (Theory) + 1(Lab)

Pre-requisites:

none

COURSE OBJECTIVES:

To introduce the students to basic concepts of physics as applied in computer engineering.

ESSENTIAL TOPICS TO BE COVERED:

· Basics of wave motion

· Elementary concepts of thermodynamics

· Basic optics

· Basic electricity and magnetism

COURSE DESCRIPTION:

Wave Motion, Mathematical Concepts of Simple and Damped Harmonic Motion, Analytical Treatments of Superposition of Waves, Concepts and Applications of Diffraction and Polarization of Light and Sound Waves, Basics of Electrodynamics, Electric Charge, Coulomb’s Law, Electric Field and Intensity, Electric Potential, Capacitors and Charge Storage Concepts, Magnetism, Magnetic Fields, Faraday’s and Lenz’s Laws, Ampere’s Law and its Applications, Eddy Currents, Inductance, Induced Current and Their Applications (Transformers, Generators Etc.), AC Signals (Average and RMS Values), Electric and Magnetic Circuits, Electric Current, Resistance, Ohm’s Law, Simple Resistive Circuits (Series and Parallel), Kirchoff Laws, Linear Coefficient of Expansion of Metals, Specific Heat and Temperature of a Hot Body.

Recommended Text(s):

University Physics by Freedman and Young (Latest Edition),

College Physics by Resnick, Halliday and Krane (Latest Edition)

COURSE TITLE:  
Numerical Methods
Credit Hours:

3 (Theory)

Pre-requisites:

Linear Algebra and Differential Equations

COURSE OBJECTIVES:

To introduce commonly used numerical techniques in computer engineering
ESSENTIAL TOPICS TO BE COVERED:

· Numerical solution of algebraic equations

· Numerical differentiation and integration

· Computer based solutions of difference and differential equations

COURSE DESCRIPTION:

Floating Point number system. Error analysis. Solutions of equations. Interpolation. Splines. Numerical differentiation and integration. Numerical methods in linear algebra, system of linear equations, method of least squares, eigen values, eigenvectors. Solution of ordinary and partial differential equations. This subject is to be upplemented with extensive computer exercises.

Recommended Text(s):

Erwin Kreyszig, WIE Advanced Engineering Mathematics, Ninth Edition, International

Edition, John Wiley & Sons, ISBN-10: 0-471-72897-7

Curtis F.Gerald Patrick O. Wheatley: Applied Numerical Analysis,  Addison-Wesley 

Donald Greenspan & Vincenzo Casulli: Numerical Analysis For Applied Mathematics, Science, and Engineering, Addison-Wesley 

David Kahaner: Numerical Methods and Software, Prentice Hall.
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COMPUTING

The HEC curriculum template requires three computing courses. The list of courses recommended by the National Curriculum Review Committee (NCRC) for computer engineering in this category is given below:

Computing Fundamentals

Computer Programming

Computer Application in Engineering Design

COURSE TITLE:  
Computing Fundamentals
Credit Hours:

2 (Theory) + 1 (Lab)

Pre-requisites:

none

COURSE OBJECTIVES:
To develop understanding of basics of computer components, their operations, algorithm development techniques and basic programming. 

ESSENTIAL TOPICS TO BE COVERED:
· Introduction to computer components and operating systems

· Number systems

· Problems solving techniques: flow chart and algorithm development

· Computer programming fundamentals

COURSE DESCRIPTION:
Introduction to numbers systems, CPU, memory, input/output devices, data organization, file storage, programs and software, system and application software, operating systems, communication technology, Compiler, DBMS, Computer networks and internet, WWW, web mail applications, Computer graphics, AI,  Viruses and Anti-Viruses.

programming languages, compilation and interpretation, problem specification, algorithms, flow chart, pseudo code, basic programming techniques, data types and declaration, header file and linkage, variables and constants, arrays, input/output, termination, remark, control structures, Branching, conditional structures, repetition and loops, basic library functions, 
Recommended Text(s):
Computer science-An Overview by Glenn Brookshear, 3rd edition

How to program C/C++ By Dietel and Dietel

References:
Computer Science Illuminated by Nell Dale and John Lewis, 2nd edition

D.S. Malik, C++ Programming: From Problem Analysis To Program Design 
COURSE TITLE:  
Computer Programming
Credit Hours:

2 (Theory) + 1 (Lab)

Pre-requisites:

Computer Fundamentals

COURSE OBJECTIVES:
To develop capabilities of the student to write structured/object oriented programs in an appropriate high level programming language, design input, expected output and user interface.

ESSENTIAL TOPICS TO BE COVERED:
· Program structures

· Elementary data types

· Functions/Objects

· Input/Output

· User Interface

COURSE DESCRIPTION:
Arrays, c-strings, 2-d arrays, multi-dimensional arrays, Records (structs), Pointers, Classes and Data Abstraction, Inheritance and Composition, polymorphism, Operator Overloading, Recursion, Procedural versus object oriented programming languages, object oriented design strategy and problem solving

Recommended Text(s):
Dietel & Dietel, C/C++: How to Program
Lafore, Robert, The Object-Oriented Programming using C++: Waite Group. 
References:
Program Design with Pseudo-code, Bailey and Lundgaard, Brooks/Cole Publishing, 1988

Simple Program Design: A step-by-step approach, Lesley Anne Robertson, Course Technology, 2000

COURSE TITLE:  
COMPUTER APPLICATION IN ENGINEERING
DESIGN
Credit Hours:

2 (Theory) + 1 (Lab)

Pre-requisites:

Computer Programming

COURSE OBJECTIVES:

To introduce engineering drawing concepts using various tools required for software & hardware design. 

ESSENTIAL TOPICS TO BE COVERED:

· Tools and techniques for engineering design

· Simulation tools

COURSE DESCRIPTION:

This is a practical course aimed at enabling students to use engineering drawing concepts using various tools required for software & hardware design. Tools like Visio and Rational Rose are used for software drawing like process diagrams, class diagram, sequence diagram, interaction diagrams and deployment diagram, Entity-Relationship diagram etc. Matlab and Orcad is used for electrical/computer systems design while AutoCAD like design tools are taught for 3D engineering drawings.  Introduction to computer-aided design tools including AutoCAD, OrCAD, MATLAB, LabVIEW, Rational Rose and Vision, etc. Provide an understanding of computer-aided drafting principles and practices, and provide knowledge of engineering drawing fundamentals using AutoCAD. Drawing of electrical circuits and layouts of electronic assemblies. Study of theoretical concepts of electronic components and circuits using simulation softwares: PSPICE, MATLAB, and LabVIEW. Design of software designs using Visio and Rational Rose for understanding and implementing object oriented designs and standards like UML. 

Recommended Text(s):

ENGINEERING FOUNDATION

The foundation courses are the courses that all students of computer engineering must take. These courses provide students with the fundamental concepts and tools to pursue their studies at the higher level. An alphabetic list of computer engineering foundation courses is given below:
Basic Electrical Engineering

Circuit Analysis

Computer Organization

Data Structures and Algorithms

Digital Logic Design

Electronics-1

Probability Methods in Engineering

Signals and Systems

COURSE TITLE:  
Basic Electrical Engineering
Credit Hours:

3 (Theory) + 1 (Lab)

Pre-requisites:

none
COURSE OBJECTIVES:

To introduce basic electrical concepts, laws and simple DC circuit analysis.
ESSENTIAL TOPICS TO BE COVERED:

· Basic electrical elements

· Basic electrical laws

· D.C. analysis

COURSE DESCRIPTION:
Electrical quantities, signals, and circuit elements. Resistance, series parallel combination, voltage and current dividers, resistive bridges and ladders, practical sources and loading, instrumentation and measurement. Kirchhoff's laws, nodal analysis, loop analysis, linearity and superposition, source transformation, circuit theorems, power calculations. Dependent sources, circuit analysis with dependent sources, ideal transformer, amplifiers. Capacitance, inductance, natural response of first order (RC and RL) circuits. Response to standard forcing functions.  
Recommended Text(s):
Electric Circuits, by J.W. Nilsson and Susan A. Riedel, 8th Edition, Addison-Wesley.

COURSE TITLE:  
Circuit Analysis
Credit Hours:

3 (Theory) + 1 (Lab)

Pre-requisites:

Basic Electrical Engineering

COURSE OBJECTIVES:

To introduce transient and steady state analysis of DC and AC circuits

ESSENTIAL TOPICS TO BE COVERED:

· Elementary Transient Analysis

· Sinusoidal State Analysis

· Exponential Excitation and the Transformed Network

· Mutual inductance

COURSE DESCRIPTION:

Differential and integral forms of circuit equations, consideration of initial conditions, analysis of first and second order circuits, network response to sinusoidal driving functions, complex impedance and admittance functions, development of concept of phasors, power considerations, complex power, maximum power transfer,  series and parallel LC tuned circuits, quality factor, representation of excitation by exponential functions, single element response, forced response with exponential excitation, introduction to the transformed network, driving point impedance and admittance, mutual inductance, Laplace transform in circuit analysis

Recommended Text(s):
Electric circuits by James W Nilsson & Susan A Riedel, 8th Edition, Addison-Wesley.

COURSE TITLE:  
Computer Organization 

Credit Hours:

3 (Theory) + 1 (Lab)

Pre-requisites:

Digital Logic Design

COURSE OBJECTIVES:

To introduce the internal working and organization of various building blocks of a digital computer as well as simple assembly language programming techniques.

ESSENTIAL TOPICS TO BE COVERED:

•
Organization of the CPU 

•
Fundamentals of computer organization

•
Performance evaluation

•
Computer arithmetic 

•
Memory system organization

COURSE DESCRIPTION:

Introduction to computers, central processing unit, RISC, CISC and VLIW, metrics for performance evaluation, control unit, ALU, registers, busses, instruction sets and addressing modes, arithmetic functions – adders, subtractors, multipliers and dividers, comparators, RTL, CPU structure, stack operations, main memory organization and technologies, RAID systems, I/O interfacing, parallel and serial transfer, memory mapped input/output, isolated input/output, interrupts and DMA, interrupt driven I/O, secondary storage organization, input/output devices.

Recommended Text(s):
Comp Architecture and Organization By William Stallings, 7th Edition, Prentice Hall.

Structured Computer Organization By Andrew S. Tanenbaum, 4th Edition, Pearson. 

COURSE TITLE:  
Data Structure and Algorithms
Credit Hours:

3 (Theory) + 1 (Lab)

Pre-requisites:

Computer programming

COURSE OBJECTIVES:

To identify data structures and use them efficiently in algorithms for solving various problems.

ESSENTIAL TOPICS TO BE COVERED:

· Standard Data Types, Abstract Data Types (ADT) and their use 

· User defined Data structures

· Searching and sorting algorithms, and their efficiency

· Use algorithms in solving various problems

COURSE DESCRIPTION:

Fundamental data structures, data types, abstract data types, user defined data types, algorithms and their complexity, time-space trade off, arrays, records and pointers, matrices, linked lists, circular lists, two way lists, sequential (array) and linked implementation of stacks and queues, polish notation, recursion, towers of Hanoi, recursive implementation of stacks and queues, priority queues, tree, binary tree, binary search tree, traversals, threaded trees, heap, general trees, graphs, depth-first/breadth first traversal, adjacency matrix, shortest distance algorithms, sorting ,insertion sort, selection sort, merge sort, radix sort), hashing, searching: (linear search, binary search, depth first /breadth first search).

Recommended Text(s):
Robert Lafore, Data Structures and Algorithms in Java, 2nd Edition, 2003, Prentice Hall, ISBN: 0-672-32453-9, ISBN-13: 9780672324536 

Robert Lafore, Object-Oriented Programming in C++, 4th  Edition, 2002, Prentice Hall, ISBN: 0672323087, ISBN-13: 9780672323089

COURSE TITLE:  
Digital Logic Design
Credit Hours:

3 (Theory) + 1 (Lab)

Pre-requisites:

none

COURSE OBJECTIVES:

To introduce the basic knowledge of Boolean algebra, design and analysis of Combinational Logic Circuits, design and analysis of Sequential Logic Circuits, Registers, Counters, Memory and programmable logic devices.  

ESSENTIAL TOPICS TO BE COVERED:

· Switching theory

· Combinational logic circuits

· Modular design of combinational circuits

· Memory elements 

· Sequential logic circuits

COURSE DESCRIPTION:
Digital Computers and Binary Systems, Boolean Algebra and Logic Gates, Simplification of Boolean Functions, Combinational Logic Design, Combinational Logic with MSI and LSI, Sequential Logic/Circuits, Registers and Counters, Memory and Programmable Logic Devices, 
Recommended Text(s):
Logic and Computer Design Fundamentals by M. Morris Mano and Charles R. Kime, Prentice – Hall, New Jersey, 07458, 4th Edition, ISBN 0-13-012468-0

Digital Fundamentals by  T.L. Floyd, 8th Edition,  Prentice Hall

COURSE TITLE:  
Electronics -1
Credit Hours:

3 (Theory) + 1 (Lab)

Pre-requisites:

Applied Physics

Basic Electrical Engineering

COURSE OBJECTIVES:

To introduce large signal analysis and design of diode circuits and transistor based amplifiers.

ESSENTIAL TOPICS TO BE COVERED:

•
Diode circuit analysis and applications

•
Biasing of BJT amplifier.

•
Biasing of FET amplifier.

•
Modeling of amplifiers.

•
Operational amplifier application.

COURSE DESCRIPTION:

Introduction to diodes and their applications (rectifiers, clippers and clampers). BJT biasing, bias stability. Design and analysis of common emitter, common base and common collector amplifiers. FET biasing, design of common source, common drain and common gate amplifiers. Hybrid parameters, ac gain and frequency analysis of single/multistage amplifiers. Classes of amplifiers, power amplifiers, differential amplifiers, operational amplifiers and applications.

Recommended Text(s):
Microelectronic Circuits by Sedra & Smith, 5th Edition, Oxford University Press.

Basic Electronics by Grob, 10th Edition, McGraw-Hill.
COURSE TITLE:  
Probability Methods in Engineering
Credit Hours:

3 (Theory)

Pre-requisites:

Calculus
COURSE OBJECTIVES:

To introduce the basic concepts and engineering applications of probability.

ESSENTIAL TOPICS TO BE COVERED:
· axioms of probability

· random variables and distribution functions

· functions and sequences of random variables

· representation of random processes

COURSE DESCRIPTION:

Basic concept of probability, conditional probability, independent events, Baye’s formula. Concept of random variables, discrete and continuous one and two dimensional random variables, probability distributions, marginal and joint distributions and density functions. Important probability distributions (Binomial, Poisson, Uniform, Normal, Exponentials and hyper-geometric). Mean, variance, moments and moment generating functions, linear regression and curve fitting. Central limit theorem, autocorrelation and cross-correlations, power spectral density functions and stochastic processes.
Recommended Text(s):

J. Devore, Probability and Statistics, Latest Edition, John Wiley & Sons.
Ronal Walpole, Probabilty methods for engineering and scientists, Latest Edition,

McGraw-Hill.
A. Popoulis and U, Pillai, Probability, Random Variable and Stochastic Processes,

Latest Edition, McGraw-Hill.
COURSE TITLE:  
Signals & Systems
Credit Hours:

3 (Theory) + 1 (Lab)

Pre-requisites:

Transforms

COURSE OBJECTIVES:

To introduce mathematical representation of signals and dynamic systems, and provide basis for frequency domain courses like DSP, communication systems and control systems.

ESSENTIAL TOPICS TO BE COVERED:

· Signals Representation

· Impulse Response, Convolution

· Dynamic System Representation through Differential and Difference Equations 

· Physical concept of Fourier Series

· Physical concept of Fourier Transform

· Physical concept of Laplace Transform

· Dynamic System Representation through Transfer Functions

COURSE DESCRIPTION:

Linear Time-invariant systems, convolution integral for continuous-time systems, convolution sum for discrete-time systems, properties of linear time-invariant systems, systems described by differential and difference equations, Fourier Series, properties of continuous-time Fourier series, Continuous-time Fourier Transform and its inverse, properties of the transform, common transform pairs, discrete-time Fourier transform and its properties, frequency response corresponding to difference equations. sampling, uniform sampling, sampling theorem, aliasing, decimation, interpolation. Laplace Transform, region of convergence, properties, analysis of LTI systems, solution of differential equations, continuous and discrete-time filtering.

Recommended Text(s):
Signals and Systems, 2nd edition, by Alan V. Oppenheim and Alan S. Willsky, 2nd Edition or Latest, Prentice Hall.

Signals and Systems by B.P Lathi, Edition 2004 or Latest, 2nd Edition, Oxford University Press.
This page intentionally left blank
MAJOR BASED CORE

(Breadth)

The breadth courses introduce students to different specialties in the field of computer engineering early in their studies. These courses are essential for all computer engineering students.

Data Base Management Systems  

Data Communication and Networks

Microprocessors

Object Oriented Programming

Operating Systems

COURSE TITLE:  
Database Management Systems
Credit Hours:

3 (Theory) + 1 (Lab)

Pre-requisites:

Data structures and Algorithms
COURSE OBJECTIVES:

To introduce various components, models and optimization techniques of data storage in a database.

ESSENTIAL TOPICS TO BE COVERED:

· Basic Database concepts

· Relational Database System: understanding, query and report

· Various problems in Database management and their solutions 

COURSE DESCRIPTION:

Basic database concepts; Entity Relationship modeling, Relational data model and algebra, Structured Query language; RDBMS; Database design, functional dependencies and normal forms; Transaction processing and optimization concepts; concurrency control and recovery techniques; Database recovery techniques; Database security and authorization.  Introduction to data mining, object oriented, distributed and multi dimensional databases. Small Group Project implementing a database 

Recommended Text(s):
Database Systems: A Practical Approach to Design, Implementation and Management by R.Connolly and P.Begg, 4th Edition, Addison-Wesley Pub. Co (2003)

References:
Database Systems by C.J.Date, 8th Edition, Addison Wesley Pub. Co. 

COURSE TITLE:
Data Communication and Networks
Credit Hours:

3 (Theory) + 1 (Lab)

Pre-requisites:

Data Structures and Algorithms

COURSE OBJECTIVES:

 To introduce basics of computer communication and fundamental principles behind modern data networks such as Internet

ESSENTIAL TOPICS:

· Introduction to OSI and TCP/IP Models

· Transmission Techniques

· Medium Access Control 

· Routing Mechanisms

· Transport Protocols and Applications 

COURSE DESCRIPTION:

Introduction of Computer Networks and Services, Network Design Principles, OSI and TCP/IP Reference Models, Network Topologies, The Physical Layer and Data Communication Fundamentals, Transmission Medias, Data Encoding, Data Communication Interfaces, Data Link Layer and its Protocols, Multiplexing, FDM and TDM, Medium Access Control and Various Multiple Access Methods, Ethernet and Token Ring Systems, Wide Area Networks, Network Layer and Routing, Hub, Bridges and Switches, Internetworking, IP Protocol, IP Addressing, Transport Layer, Services provided by Transport Layer, TCP & UDP, Congestion Control & Quality of Service, Application Layer, Domain Name System, Worldwide Web, Overview of Network Security.

Recommended Text(s):

Data and Computer Communication by William Stallings, 7th Edition, Prentice Hall.

Computer Networks by Peterson and Davie, 4th Edition, Morgan Kaufmann. 

References:

Data Communication and Networks by Behroz A. Fourozan, 4th Edition, Osborne Publishing.

Computer Networks by Andrew S. Tanenbaum, 4th Edition, Prentice Hall.

COURSE TITLE:  
Microprocessors
Credit Hours:

3 (Theory) + 1 (Lab)

Pre-requisites:

Computer Organization

COURSE OBJECTIVES:

To introduce the organization and operation of microprocessor and microcontroller based systems. To introduce interfacing techniques.

ESSENTIAL TOPICS TO BE COVERED:

· Overview of microprocessors and microcontrollers

· Microprocessor system architecture

· Assembly language fundamentals

· Interfacing

COURSE DESCRIPTION:

Introduction to microprocessors and microcontrollers, microprocessor organization,  internal/external architecture of example microprocessors, addressing techniques, addressing modes,  machine language coding and the debug software development program, instruction set, assembly language program development through hardware and the MASM assembler, memory devices, cycles and sequencing, interfacing, microcontrollers, microprocessor applications, interrupts and ISRs; timings;  I/O interfacing.

Recommended Text(s):
The 8051 Microcontroller and Embedded Systems by Mazidi & Mazidi,Edition 1999 or Latest, Prentice Hall. 

The x86 family by John Uffenbeck

The Intel Microprocessors, Architecture, Programming and Interfacing, 6th edition Walter Triebel

References:

The 8051 Microcontroller, Scott McKenzie, 4th Edition, Pearson Higher Education.

COURSE TITLE:  
Object Oriented Programming
Credit Hours:

3 (Theory) + 1 (Lab)

Pre-requisites:

Computer Programming

COURSE OBJECTIVES:

To introduce objects, class hierarchy, operations on objects and use them in solving real life problems.

ESSENTIAL TOPICS TO BE COVERED:

· 
Procedural versus object oriented programming techniques

· 
Object Modeling, design and development

· 
Class Hierarchy and object reuse techniques

· 
Practical problem solving using objects

COURSE DESCRIPTION:

Procedural versus object oriented programming languages, UML modeling, object oriented design strategy and problem solving, objects and classes, member functions, public and private members, dynamic memory management, constructors and destructors, templates, object encapsulation, derived classes, class hierarchies, inheritance and polymorphism, operator overloading, stream class, practical design through Object Oriented Programming

Recommended Text(s):
James Martin, James J., Odell Object Oriented Methods: A Foundation, 2nd Edition or Latest, Prentice Hall.

Robert Lafore, Object-Oriented Programming in C++, Fourth Edition, 2002, Prentice Hall, ISBN: 0672323087, ISBN-13: 9780672323089

References:

The Unified Modeling Language User Guide by Booch, Rumbaugh and Jacobson Coad Peter, 2nd Edition, Pearson.

COURSE TITLE:  
Operating Systems
Credit Hours:

3 (Theory)

Pre-requisites:

Data Structures and Algorithms

COURSE OBJECTIVES:

To introduce various basic operational and management functions of an operating system.

ESSENTIAL TOPICS TO BE COVERED:

· History and evaluation of Operating Systems

· Process, CPU, Memory, File and input/output Management

· User and kernel modes and protection problems

COURSE DESCRIPTION:

History and Goals, Evolution of Operating systems, Process and CPU management, Problems of cooperative processes, Synchronization and scheduling algorithms, Deadlocks, Memory management and virtual memory, Relocation, External Fragmentation, Paging and Demand Paging, Secondary storage, Security and Protection, File systems, I/O systems, Multithreading, Kernel and User Modes, Protection, Introduction to distributed operating systems. 

Recommended Text(s):

Operating Systems Concepts by Silberschatz A., Peterson, J.L., & Galvin P.C., 7th Edition, John Wiley & Sons.

Modern Operating Systems by Tanenmaum A.S., 3rd Edition, Prentice Hall.
References:

Operating System by William Stallings, 6th Edition, Prentice Hall.

MAJOR BASED CORE

(Depth)

CE Depth Elective-I

CE Depth Elective-II

CE Depth Elective-III

CE Depth Elective-IV

CE Depth Elective-V

The depth courses offer specialization within the field of computer engineering. The HEC template requires that five courses be taught in this category. The students may select electives from any of the areas of specialization with some guidelines from their respective advisors.  All depth courses must integrate a substantial design component. A partial list of possible “depth” courses is given below:

Computer Architecture

Control Engineering

Digital Signal Processing

Digital System Design

Electronics-2

Embedded Systems

Software Engineering

Any other course considered suitable by the institution may be included in this list.

COURSE TITLE:  
Computer Architecture
Credit Hours:

3 (Theory)

Pre-requisites:

Computer Organization

COURSE OBJECTIVE:

Upon completion of this course, the student will have basic understanding of computer system architecture including CPU design, memory subsystem design and performance enhancement techniques.

ESSENTIAL TOPICS TO BE COVERED:

· Processor systems design

· Memory subsystem design

· Device subsystems

· Performance enhancement techniques

· Parallel architectures

COURSE DESCRIPTION:

Overview of main computer architectures and their performance comparison, instruction set architecture, CPU design, cache memory, different designs of cache memory system, virtual memory system, address mapping using pages, pipeling, super scaling, and threading, instruction level parallelism (ILP), introduction to parallel processing. Branch prediction, pre-fetching, multithreading.

Recommended Text(s):

David A. Patterson, John L. Hennessy, Computer Architecture: A Quantitative Approach, 3rd Edition, Morgan Kaufmann.

COURSE TITLE:  
Control Engineering
Credit Hours:

3 (Theory) + 1 (Lab)

Pre-requisites:

Signals & Systems

COURSE OBJECTIVES:

To introduce modeling and linearization of dynamic systems. To introduce frequency based controller design and analysis techniques.

ESSENTIAL TOPICS TO BE COVERED:

· Modeling of Dynamic Systems

· Dynamic System Representations

· Transient and Steady State Analysis

· Controller Design

COURSE DESCRIPTION:

System modeling, modeling of electrical, mechanical, thermal, hydraulic and biological systems, transfer functions, open- and closed-loop control systems, block diagrams, block-diagram reduction, signal flow graphs, continuous-time system response of 1st , 2nd and higher order systems, response components, stability, poles and zeroes, Routh-Hurwitz test, performance specifications, type number, system sensitivity, Step and impulse response, analysis and design with the root-locus method, Frequency domain analysis and design, Nyquist criterion, gain and phase margins, PID controller implementation and tuning, introduction to State-space method, state equations, state transformations and diagonalization, time response from state equations, industrial applications of control systems, basic concept of PLC.

Recommended Text(s):

Feedback Control Systems, 3rd edition, by Stefani, Savant, et. al., 4th Edition, Oxford University Press.

Feedback control of dynamic systems by Franklin and Powel, 5th edition, Pearson.

Modern Control Engineering by K. Ogata, 4th edition, Prentice Hall.
COURSE TITLE:  
Digital Signal Processing
Credit Hours:

3 (Theory) + 1 (Lab)

Pre-requisites:

Signals & Systems

COURSE OBJECTIVES:

To introduce concepts of digital filter design and spectrum analysis. 

ESSENTIAL TOPICS TO BE COVERED:

· Convolution and frequency response

· Sampling

· Fast Fourier Transform

· Z-transforms

· Digital filters, FIR, IIR

· Industrial Applications

COURSE DESCRIPTION:

Applications of DSP, digital signals, systems and convolution. Flip and Slide Convolution & Frequency Response, Fourier transform and frequency response, discrete time Fourier transform, symmetry properties, sampling theorem & D/A reconstruction, DFT and FFT algorithms, DFT properties & Circular Convolution (spectrum analysis & windowing), FFT algorithms and high speed (block) convolution, Z-transform and its properties with inverse, FIR and IIR filters and their implementations, FIR filter design methods, IIR filter design methods, resolution & side lobes, spectrum analysis, power spectrum for random signals, porting of DSP algorithms on embedded systems especially on DSP chips including fixed point programming.

Recommended Text(s):

Digital Signal Processing by J. P. Proakis and D. G. Manolakis. 4th Edition, Prentice Hall.

Digital Signal Processing: A Practical Approach by Emanual C.Ifeachor 2nd edition. Prentice Hall.

 COURSE TITLE:  
Digital System Design
Credit Hours:

3 (Theory) + 1 (Lab)

Pre-requisites:

Computer Organization

COURSE OBJECTIVE:

The introduce the skills to write VHDL/Verilog code that can be synthesized to efficient logic circuits. 

ESSENTIAL TOPICS TO BE COVERED:

· Digital Design Methodology

· Architectures for basic building blocks

· Timing and control concepts

· HW implementation for specific applications

COURSE DESCRIPTION:

High-level digital design methodology using VHDL/Verilog, Design, Implementation, and Verification, Application requiring HW implementation, Floating-Point to Fixed-Point Conversion, Architectures for Basic Building Blocks, Adder, Compression Trees, and Multipliers, Transformation for high speed using pipelining, retiming, and parallel processing, Dedicated Fully Parallel Architecture, Time shared Architecture, Hardwired State Machine based Design, Micro Program State Machine based Design, FPGA-based design and logic synthesis,

Recommended Text(s):

VHDL for Programmable Logic by Kevin Skahill, Edition 1996 or Latest, Addison Wesley

The Designer’s Guide to VHDL by Peter J. Ashenden 2nd Edition, Morgan Kaufman

Verilog HDL-A guide to digital design and synthesis by Samir Palnitkar, 2nd Edition, Prentice Hall Publisher

Advanced Digital Design with Verilog HDL by Michael D. Ciletti, Edition 2004 or Latest, Prentice Hall.

COURSE TITLE:  
Electronics -2
Credit Hours:

3 (Theory) + 1 (Lab)

Pre-requisites:
Electronics-1

COURSE OBJECTIVES:

To introduce small signal “analysis and design” of amplifiers, and analysis of wave generation and regulation circuits.

ESSENTIAL TOPICS TO BE COVERED:

· Small signal analysis of transistor circuits

· Analysis of the basic operational amplifier

· Feedback amplifiers

· Classification of amplifiers

· Wave generation circuits

· Power supply circuits and regulation

COURSE DESCRIPTION:

BJT & FET Small Signal Equivalent Circuit Models, Differential Amplifiers, BJT Differential Amplifier, MOS Differential Amplifier, Multistage Amplifiers, Basic Op-Amp Circuits, Analysis of the Op-Amp, Gain and Frequency Response of the op-amp, Op-amp as an Inverting and Non-inverting Amplifier, Applications of op-amp; General Structure of Feedback Amplifiers and Feedback Topologies, Feedback Stability Study and Compensation Techniques Using Negative Feedback, s-Domain Analysis, Poles, Zeros, Bode Plots, Transfer Function. Power Amplifiers, Class A Power Amplifier, Class B Power Amplifier, Class AB Power Amplifier, Class C Power Amplifier, Oscillators Circuits & Tuned Amplifiers, Oscillator Characteristics, LC and Crystal Oscillators, 555 Timer IC, VCO, PLL, Series, Shunt & Switching Regulators, IC Regulators.

Recommended Text(s):

Robert Boylestad and Louis Nashelsky, Electronic Devices and Circuit Theory, 8th Edition, Prentice Hall.

Reference:

Theodore F. Bogart Jr., Electronic Devices and Circuits, 6th Edition, Prentice Hall.

COURSE TITLE:  
Embedded Systems
Credit Hours:

3 (Theory) + 1 (Lab)

Pre-requisites:
Microprocessors

COURSE OBJECTIVES:

To introduce sufficient knowledge required to understand the design of complete embedded systems, including their hardware and software.

ESSENTIAL TOPICS TO BE COVERED:

· Embedded system overview and fundamentals

· Embedded design life cycle

· Sensors and actuators

· Real time operating systems

COURSE DESCRIPTION:

Introduction to embedded systems; components, tools and platforms; The C2M embedded design process; sensors and actuators; embedded system software, mixing C and assembly, HW/SW co-design; fundamentals of real-time operating systems, concurrent software and multi-tasking, scheduling, inter-task communication & synchronization, case studies using examples of embedded systems.

Recommended Text(s):
Arnold S. Berger , Embedded Systems Design: An Introduction to Processes, Tools, and Techniques, Edition 2002 CMP Books. 

Daniel Lewis, Fundamentals of Embedded Software: where C and Assembly meet, Edition 2002, Pearson Education.

Jean J. Labrosse, Microc OS II-The Real Time Kernel, 2nd ed., CMP Books.

COURSE TITLE:  
Software Engineering
Credit Hours:

3 (Theory) 

Prerequisites: 
Data Structures and Algorithms

COURSE OBJECTIVES:

To understand, analyze and develop complex software by going through different phases of software engineering methodology.

ESSENTIAL TOPICS TO BE COVERED:

•
Requirement Engineering 

•
Analysis Models

•
Design Models 

•
Project Management Processes

•
Testing and Quality Assurance

•
Deployment and Maintenance

COURSE DESCRIPTION:

Introduction to software engineering, Models of the software development process, Software requirements and specifications, Project planning, organization and management, , Software analysis and design techniques, Team project activities, Software quality assurance, Software testing, Software Engineering tools (CASE Tools) and environments.

Recommended Text(s):

Software Engineering: A Practitioner's Approach by Pressman, Roger S., 6th Edition, Mc Graw Hill.

Software Engineering by Sommerville , 8th Edition, Pearson Education.

References:

System Analysis and Design Methods by Whitten, Bently and Dittma, 5th Edition, McGraw-Hill.

The Mythical Man-Months by F. Brooks, Anniversary Edition, Addison-Wesley.

The Unified Modeling Language User Guide by Booch, Rumbaugh and Jacobson, 2nd Edition, Pearson.

The Practice of Programming by Kernighan and Pike, Edition 1999 or Latest, Addison Wesley.

The Science of Debugging by Telles and Hsieh, Edition 2001 or Latest.  Coriolis Group Books
Applying Use Case Driven Object Modeling with UML: An Annotated e-Commerce Example by Doug Rosenberg and Kendall Scott; Edition 2001, Pearson.

INTER-DISCIPLINARY

ENGINEERING ELECTIVES

IDEE-1

IDEE-2

IDEE courses offer specialization in fields, closely associated with computer engineering. The HEC template requires that two courses be taught in this category. A partial list of possible IDEE courses is given below.

Artificial Intelligence

Communication Systems

Digital Image Processing

Fault Tolerant Computing

Neural Networks and Fuzzy Logic
Parallel and Distributed Computing

Robotics

Systems Programming

 Any other course considered suitable by the institution may be included in this list.
 COURSE TITLE:  
Artificial Intelligence
Credit Hours:

3 (Theory)

Pre-requisites:
Data Structures and Algorithms

COURSE OBJECTIVES:

To introduce the foundations of artificial intelligence.
ESSENTIAL TOPICS TO BE COVERED:

· Expert systems
· Natural language processing

· Knowledge engineering

COURSE DESCRIPTION:

Introduction to Artificial Intelligence, Basic elements of AI, history, applications and

classification of techniques used. Production Systems and Search: Definition and examples of Production Systems. State Space Search: graph theory, strategies (data driven, goal driven), techniques (depth first, breadth first, etc.). Heuristic Search: definitions, techniques: hill climbing etc. Knowledge Representation: Knowledge representation issues, Procedural Knowledge Representation vs. Declarative Knowledge, Reasoning. Facts, Representing Knowledge using Rules, Logic Programming. Common Sense and Statistical Reasoning: Nonmonotonic reasoning

and modal logic for nonmonotonic reasoning. How to deal with Agents and their Beliefs. Use of Certainty Factors in Rule-Based Systems. Associating probabilities to assertions in first-order logic. Bayesian Networks. Expert Systems: Components of expert systems, development methodology (selection of problems, knowledge engineering), types (rule based, model based, case based), knowledge representation (rules, semantic networks, frames), inference, forward chaining, backward chaining, production systems and rule based expert systems. goal driven problem reasoning, data driven reasoning. (same as TE outline)
Recommended Text(s):

Artificial Intelligence: A Modern Approach, 2nd Ed., Stuart J. Russell and Peter

Norvig, Prentice Hall, 2002, ISBN: 0137903952.

 Artificial Intelligence, 2nd Ed., Elaine Rich and Kevin Knight, McGraw-Hill 1990,

ISBN: 0070522634

 Artificial Intelligence in Engineering Approach, R. J. Schalkoff, McGraw Hill, 1990,

ISBN: 0070550840

 Introduction to Expert Systems, 3rd Ed, Peter Jackson, Addison Wesley, 1998, ISBN:

0201876868

 Prolog Programming for Artificial Intelligence, 3rd Ed., Ivan Bratko, Addison Wesley

2000, ISBN: 0201403757
COURSE TITLE:  
Communication Systems
Credit Hours:

3 (Theory) + 1(Lab)

Pre-requisites:
Signal and Systems

COURSE OBJECTIVES:

To introduce analog and digital modulation techniques, multiplexing schemes and spread spectrum communications. 

ESSENTIAL TOPICS TO BE COVERED:

•
Amplitude and frequency modulation

•
Pulse modulation

•
Multiplexing

•
Digital modulation

COURSE DESCRIPTION:

Introduction to Communication Systems, Performance & Design Tradeoffs, Ideal and Practical Filters, Signal Distortion over a Communication Channel, Linear Modulation Schemes & Modulators, PLL Principle and Carrier Acquisition, Super-heterodyne AM Receiver, Angle Modulation Schemes & Modulators, Spectral Analysis of Angle Modulation Schemes, FM Receiver Example, Frequency Division Multiplexing, Baseband Digital Data Transmission, Sampling Theorem and Pulse Code Modulation Schemes, Digital Signal Line Coding Schemes, digital modulation techniques, Base Band Transmission on Band Limited Channels, Nyquist Pulse Shaping Criterions for Zero ISI, Equalizers, Linear Mean Square Estimation, Regenerative Repeaters, Time Division Multiplexing & Digital Multiplexing Schemes, Spread Spectrum Modulation Schemes, Code Division Multiple Access, Examples of Analog & Digital Comm. Systems.

Recommended Text(s):

Communication System by A B Carlson, 4th Edition or Latest, McGraw-Hill.

Reference:


Modern Analogue and Digital Communication System by B.P Lathi, 4th Edition, Oxford University Press.

COURSE TITLE:  
Digital Image Processing
Credit Hours:

3 (Theory)

Pre-requisites:
Linear Algebra, Signals and Systems

COURSE OBJECTIVES:

To introduce underlying concepts involved in processing digital images.

ESSENTIAL TOPICS TO BE COVERED:

•
Image enhancement in spatial and frequency domain

•
Image transforms (DFT, DCT, wavelet)

•
Segmentation

•
Restoration

COURSE DESCRIPTION:

Image formation process, types of images (Infrared, Thermal and Video  etc), Image acquisition techniques, digitization, acquisition flaws, image storage, compression techniques, image transformation (translation, scaling, rotation, stereo), image enhancement, image histogram, contrast enhancement, histogram manipulation , thresh-holding, binarization, Grey scale and color images, smoothing, sharpening, edge detection, Image restoration, morphological operators (erosion, dilation, opening, closing),  image segmentation, (Hough transform, skeletonization, thinning).

Recommended Text(s):

Digital Image Processing by Gonzalez and Woods, 3rd Edition 2008, Prentice Hall

Digital Image Processing Using MATLAB, by Gonzalez and Woods, 2nd Edition 2009, Prentice Hall.
COURSE TITLE:  
Fault Tolerant Computing
Credit Hours:

3 (Theory)

Pre-requisites:
Computer Architecture, Data Structures and Algorithms
COURSE OBJECTIVES:

To discuss various aspects of designing reliable and testable digital systems including fault modeling, simulation, test pattern generation, built-in self test, testing random access memories, and reliability testing.

ESSENTIAL TOPICS TO BE COVERED:

· Built-in self test
· Test pattern generation
· Simulation based test generation

COURSE DESCRIPTION:

Introduction to digital system testing, Economics of testing, fault models, Test generation at gate level and switch level, random test generation, BIST for Memories, fault diagnosis and reconfiguration, Simulation based test generation, design for testability.

Recommended Text(s):

M. L. Bushnell, and V. D. Agrawal, Essentials of Electronic Testing for Digital, Memory& Mixed Signal VLSI Circuits, Springer.
COURSE TITLE:  
Neural Networks and Fuzzy Logic
Credit Hours:

3 (Theory)

Pre-requisites:
Artificial Intelligence

COURSE OBJECTIVES:

To introduce basic concepts of neural networks, fuzzy logic and their applications.

ESSENTIAL TOPICS TO BE COVERED:

· Bioloical Neurons

· Aritficial Neurons

· Neural network architectures

· Fuzzy sets and relations

· Fuzzification and de-fuzzifications

COURSE DESCRIPTION:

Biological neurons, signal propagation in biological neurons, model of a single artificial neuron, activation functions, feedforward and feedback neural networks, re-enforcement learning, self-organizing map, learning vector quantization

Boolean vs. fuzzy logic, fuzzy sets, fuzzy relations, fuzzification, de-fuzzification, inference engine, case studies.

Recommended Text(s):
Haykin, S. Neural Networks-A Comprehensive Foundation, 3rd ed., McMillan Co.

COURSE TITLE:  
Parallel and Distributed Computing
Credit Hours:

3 (Theory)

Pre-requisites:
Computer Architecture, Operating Systems

COURSE OBJECTIVES:

To introduce various parallel computing approaches, and utilize parallel and distributed computing for solving real-world problems.

ESSENTIAL TOPICS TO BE COVERED:

· Multiprocessor systems
· Parallel Programming Models and Software Tools
COURSE DESCRIPTION:

Shared-Memory Multiprocessor Architecture:  Symmetric Multi-Processor (SMP), CC-NUMA, and Distributed Shared Memory (DSM), Message-Passing Multicomputer Clusters: PC clusters, workstation clusters, server farms, cluster of SMPs, availability support, single-system image, job management in clusters,  Grid Computing Infrastructure and Technologies: Grid technologies, major Grid Projects, Globus, GridSim. Condor-G, Nimrod, GridSec, etc.

Parallel Programming Models and Software Tools: Shared-variable, message-passing, support for collective communication, Fast MPI, LAM, OpenMP, MPI, PVM, Condor, LSF, middleware, etc., Latency Tolerance and Multiprocessing Techniques: Data pre-fetching, distributed coherent caches, latency hiding, Thread-level parallelism (TLP), etc.,  Cluster and Grid Computing Techniques and Applications: SMP clusters, storage-area networks, distributed Supercomputing, e-Science, Business Grids, etc., Emerging New Technologies and Research Frontiers: Grid and P2P Services, Wireless Grids, Network Security, Selfish Grids, and Trusted Computing, etc

Recommended Text(s):

K. Hwang and Z. Xu: Scalable Parallel Computing, McGraw-Hill, 1998, ISBN: 0-07-031798-4

F. Berman, G. Fox, and T. Hey (Editors), Grid Computing: Making The Global Infrastructure a Reality, John Wiley and Sons, 2003, ISBN: 0-470-85319-0

Foster and C. Kesselman (Editors), The GRID 2: Blueprint for New Computing Infrastructure, Second Edition, Morgan Kaufmann, 2004, ISBN 1-55860-933-4

COURSE TITLE:  
Robotics
Credit Hours:

3 (Theory)

Pre-requisites:
Control Engineering

COURSE OBJECTIVES:

To introduce the basic terminology of robotics, and derive mathematical models for simple robotic systems.

ESSENTIAL TOPICS TO BE COVERED:

•
Spatial Description

•
Transformations

•
Manipulator Kinematics

COURSE DESCRIPTION:

Introduction, components and subsystems, object localization, spatial description and transformations, kinematics (manipulator position / motion), statics, dynamics, mobile robots, task planning, sensors measurement and perception, control, programming.

Recommended Text(s):

Introduction to Robotics  by Phillip John Mckerrow.
COURSE TITLE:  
Systems Programming
Credit Hours:

3 (Theory)

Pre-requisites:

Operating Systems

Microprocessors
COURSE OBJECTIVES:

To introduce the basics of writing device drivers for typical operating systems. 

ESSENTIAL TOPICS TO BE COVERED:
· Device drivers for various systems
· File system drivers

COURSE DESCRIPTION:

Introduction to the Microsoft Windows ® Operating System, File Processing, Memory Management, Memory Mapped Files and DLLs, Process management, Threads and scheduling, Thread synchronization, Inter-process Communication, Input/Output, Device Drivers (USB or Parallel Port), File System Drivers, Filter Drivers
Recommended Text(s):

Windows System Programming 3rd edition, Johnson M. Hart, Addison Wesley

The Windows NT Device driver book 2nd edition, Art Baker, Prentice Hall
RECOMMENDATIONS

The Committee members came from different universities / institutions, from all parts of Pakistan representing both academia and industry. The following recommendations were made:

· The updated curriculum is a recommendation and should be adopted. Advance / useful courses can be added in the list of elective courses keeping in view the availability of resources and resource persons.
· Depending upon the dynamic nature of curriculum and the subject, the universities / institutions may forward their suggestions for consideration of the future NCRC meeting.
· National Book Foundation may be requested to expedite the procedure for procurement / reproduction of latest books in the relevant fields.
· Training programs may be arranged for faculty members to refresh their knowledge in line with the emerging technologies. 
· University / HEC may facilitate training of fresh faculty members.
· The recommended text books for various subjects may not be considered mandatory. These books are meant as a guideline only.
· The adequate lab work must be ensured for the courses containing lab work and necessary measures be taken for the enhancement of resources such as infrastructures, facilities, faculty and technical support staff.
· Each university / institution should make efforts to arrange internship of 4-6 weeks for its students during 3rd or 4th year during the vacations. 
· Industrial visits may be arranged for third and final year students. The students may be required to submit individual visit reports in order to gauge their professional knowledge gained during the visits.
· University-industry linkage is required to be established for encouraging R&D culture in each university / institution. This can be achieved by arranging to attach faculty with industries for an appropriate period of time.
· The final year project given to each group of students (not exceeding four) should involve analysis, design and practical work. The final year project should be allotted at the start of seventh semester so that sufficient time is available with the students to produce high quality projects. It is recommended that appropriate and timely funding be provided for each project keeping in view its nature and quality. 
· The department should have a strong student counseling and career planning program in order to facilitate the students for making sound academic / career decisions.
· The recommended curriculum is based upon semester system perspective and all the universities/institutions are advised to adopt this curriculum accordingly.[image: image2.png]
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Abbreviations Used:


NCRC.	National Curriculum Revision Committee


VCC.	Vice-Chancellor’s Committee


EXP.	Experts


COL.	Colleges


UNI.	Universities


PREP.	Preparation


REC. 	Recommendations


LI          Learning Innovation


R&D	Research & Development Organization


HEC	Higher Education Commission
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