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Course Overview

Welcome to COMP 2203: Computer Architecture and Organization 1

This course provides an introduction to the hardware principles that are necessary for the understanding of the operation of computers and other
digital circuits that are the subject of COMP 2213. It should be noted that the speed, density, and complexity of today's digital devices are made
possible by advances in physical processing and digital design methodology. Aside from semiconductor technology, the design of leading-edge
devices depends critically on hardware description language (HDLs) and synthesis tools. Three public-domain digital languages, Verilog, VHDL,
and SystemVerilog, all play a role in design flows for today's digital devices.

Although the material provide in this course does not go into enough depth to make you an expert digital designer, it provides experience with
paper-and-pencil methods and an introduction to SystemVerilog used by professional. SystemVerilog is a hardware description and hardware
verification language used to model, design, simulate, test and implement electronic systems. The language-based examples provided
throughout the book and explained in all chapters; its use is not a requirement for this course.

| recommend studying each module with the following strategy:

1. Read the summary provided under ‘lesson’ to obtain a general overview of the contents and purpose of the module.

2. Read the required sections provided for the corresponding chapter. On first reading, you may skip details but if you do, make sure
that you return to them on second reading.

3. Read my summary again. It will help you organize the details into a more compact picture.

4. Do the listed solved problems from the book corresponding to the prescribed material. Try to solve each problem without looking at
the provided solution and then check whether your solution is correct. Note that this is not required for the course - the purpose of
this is only to help you master the material.

5. Do the required exercises and carefully check your solutions before sending them to the instructor.

6. When you receive the marked assignments back, make sure that you understand all comments and corrections.

Being able to solve assignment problems is important not only for proper understanding of the material, but also for the midterm and final
exams.
Mastering the material is also necessary for acquiring a sufficient background to study more advanced computer courses.

You have 6 months to complete this 3-credit-hour course. You may set your own schedule, but if you intend to complete the course in less than 3
months, you should let me know. You may not be able to finish the course in a short period of time.

Please do not leave all of your course work until a few weeks before your completion date. Although | will make every effort to accommodate
your schedule within reason, | need time to grade assignments and mark exams, and | am not able to do so on short notice.

| hope that you will find the subject interesting and discover that the principles of digital technology are not complicated. | wish you success in
the course.

Instructor

Elhadi Shakshuki is a professor in the Jodrey School of Computer Science at Acadia University, Canada. His research interests include Intelligent
Agents, Pervasive and Ubiquitous Computing, Distributed Systems, and Wireless Sensor Networks. He is the founder and head of the Cooperative
Intelligent Distributed Systems Group at the School of Computer Science, Acadia University. He received his BSc degree in Computer Engineering
in

1984 from Tripoli University, Libya, MSc and PhD degrees in Systems Design Engineering respectively in 1994 and 2000 from the University of
Waterloo, Canada. Prof. Shakshuki is the Editor-in-Chief of the International Journal of Ubiquitous Systems and Pervasive Networks. He serves on
the editorial board of several international journals and contributed in many international conferences and workshops with different roles, as a
program/general/steering conference chair and numerous conferences and workshops as a program committee member. He published over 200
research papers in international journals, conferences and workshops. He is the founder of the following international conferences: ANT, EUSPN,
FNC, ICTH, MobiSPC, and SEIT. He is also a founder of other international symposia and workshops. In addition, he is the president of the
International Association for Sharing Knowledge and Sustainability, Canada, and has guest co-edited over 30 international journal special issues.
He is a senior member of IEEE, and a member of ACM, SIGMOD, IAENG and APENS.

1/5



COMP-2203-COIN3: Syllabus

Computer Science
Acadia University
Wolfville, Nova Scotia CANADA B4P 2R6

Phone: (902) 585-1524
E-mail: elhadi.shakshuki@acadiau.ca

Course Materials
Textbook

Digital Design: With an Introduction to the Verilog HDL, VHDL, and System Verilog, by Morris Mano and Michael D. Ciletti. (Sixth Edition)

ISBN-10: 0134549899 ISBN-13: 978-0134549897

We will cover all chapters, with the exception to chapter eight and chapter nine that deal with design at the register transfer level and
laboratory experiments.

See the student handbook for ordering information. Students can order the textbook directly from the Acadia University Bookstore. The
Vaughan Memorial Library also has a copy.

Supplementary textbook
Digital Design: Principles and Practices, by John F. Wakerly (Latest Edition)

ISBN-10: 013446009X ISBN-13: 978-0134460093

Module Overviews and Objectives
Module 1

Overview

This module presents the various binary systems suitable for representing information in digital systems. The binary number system is explained,
and binary codes are illustrated. Examples are given for addition and subtraction of signed binary numbers and decimal numbers in binary-coded
decimal (BCD) format.

Objectives

® To understand binary number systems.

To know how to convert between binary, octal, decimal, and hexadecimal numbers.
To know how to take the complement and reduced radix complement of a number.
To know how to form the code of a number.

To know how to form the parity bit of a word.

Module 2
Overview

This module introduces the basic postulates of Boolean algebra and shows the correlation between Boolean expressions and their corresponding
logic diagrams. All possible logic operations for two variables are investigated, and the most useful logic gates used in the design of digital
systems are identified. This chapter also introduces basic CMOS logic gates.

Objectives

To gain a basic understanding of postulates used to form algebraic structures.

To understand the Huntington postulates.

To understand the basic theorems and postulates of Boolean algebra.

To know how to develop a logic diagram from a Boolean function, and to know how to derive a Boolean function from a logic
diagram. To know how to apply DeMorgan’s theorems.

To know how to express a Boolean function as a truth table, and how to derive a Boolean function from a truth table.

To know how to express a Boolean function as a sum of minterms and as a product of maxterms.

To convert from a sum of minterms to a product of maxterms, and vice versa.
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* To form a two-level gate structure from a Boolean function in sum of products form and know how to form a two-level gate structure

from a Boolean function in product of sums form.
To implement a Boolean function with NAND and inverter gates and know how to implement a Boolean function with NOR and inverter
gates.

Module 3
Overview

This module covers the map method for simplifying Boolean expressions. The map method is also used to simplify digital circuits constructed
with AND-OR, NAND, or NOR gates. All other possible two-level gate circuits are considered, and their method of implementation is explained.

Objectives

To know how to derive and simplify a Karnaugh map for Boolean functions of 2, 3, and 4 variables.

To know how to derive the prime implicants of a Boolean function.

To know how to obtain the sum of products and products of sum forms of a Boolean function directly from its Karnaugh map.
To know how to create the Karnaugh map of a Boolean function from its truth table.

To know how to use don't care conditions to simplify a Karnaugh map.

To know how to form a two-level NAND and a two-level NOR implementation of a Boolean function.

Module 4
Overview

This module outlines the formal procedures for the analysis and design of combinational circuits. Some basic components used in the design of
digital systems, such as adders and code converters, are introduced as design examples. Frequently used digital logic functions such as parallel
adders and subtractors, decoders, encoders, and multiplexers are explained, and their use in the design of combinational circuits is illustrated.

Objectives

® To know how to analyze a combinational logic circuit, given its logic diagram.

To understand the functionality of a half adder and a full adder.

To understand the concepts of overflow and underflow.

To understand the implementation of a binary adder.

To understand the implementation of binary coded decimal (BCD) adder.

To understand the implementation of a binary multiplier.

To understand fundamental combinational logic circuits: decoder, encoder, priority encoder, multiplexer, and three-state gate.
To know how to implement a Boolean function with a multiplexer.

Module 5
Overview

This module outlines the formal procedures for analyzing and designing clocked (synchronous) sequential circuits. The gate structure of several
types of flip-flops is presented together with a discussion on the difference between level and edge triggering. Specific examples are used to
show the derivation of the state table and state diagram when analyzing a sequential circuit. A number of design examples are presented with
emphasis on sequential circuits that use D-type flip-flops.

Objectives

To know how to distinguish a sequential circuit from a combinational circuit.

To understand the functionality of a SR latch, transparent latch, D flip-flop, JK flip-flop, and T flip-flop.
To know how to use the characteristics table and characteristic equation of a flip-flop.

To know how to derive the state equation, state table, and state diagram of a clocked sequential circuit.
To know the difference between Mealy and Moore finite state machines.

To know how to design a state machine using manual methods.

To know how to eliminate equivalent states in a state table.

To know how to define a one-hot state assignment code.

To design a sequential circuit with (a) D flip-flops, (b) JK flip-flops, and (c) D flip-flops.
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Module 6

Overview

This module deals with various sequential circuit components such as registers, shift registers, and counters. These digital components are the
basic building blocks from which more complex digital systems are constructed. Objectives

To understand the use, functionality, and modes of operation of registers, shift registers, and universal shift register.
To know how to properly create the effect of a gated clock.
To understand the structure and functionality of a serial adder circuit.

To understand the behaviour of a (a) ripple counter, (b) synchronous counter, (c) ring counter, and (d) Johnson counter.
Module 7
Overview

This module deals with random access memory (RAM) and programmable logic devices. Memory decoding and error correction schemes are
discussed. Combinational and sequential programmable devices such as ROMs, PLAs, PALs, CPLDs, and FPGAs are presented.

Objectives

To know the organizational structure and functionality of programmable logic devices (PLDs).

To know how array logic diagrams differ from conventional logic diagram. To

know the letters that are used to refer to the number of words in a memory.

To know how to interpret memory cycle timing waveforms.

To know how to specify the number of memory address and data lines, given the capacity and word size.
To write a truth table for a ROM.

To write a programming table for a PLA.

To write a programming table for a PAL.

Evaluation

Assignments (7) 20%
Midterm 30%
Final Exam 50%

The assignments are delivered to the instructor via assignment drop-boxes. Please remember to put your name, student number, course number,
and assignment number on the assignment and keep a copy in the event the original is lost.

The last assignment should be received at least 4 weeks prior to the date you wish to write the exam. This will allow adequate processing time for
the request, and for setting the exam.

Note files must be readable by Excel 2007 or Word 2007.

Exam Policies:

» Course requirements must be completed to the satisfaction of your instructor before writing your exam, as per your course syllabus.

» Please consult with your course instructor about your intention to write any midterm or final exam before submitting an exam request.
» The final exam in an online course must be passed to successfully pass the course.

Graduating Students Note:
If you are graduating in Acadia’s Spring Convocation you must write your final exam by April 15th. If you are graduating in the Fall you must write
by September 15th. You must apply to write your final at least 5 business days in advance.

Applying to Write an Exam:

» Instructor permission is required before writing the exam.

+ Fill out the form 'Apply to write the Midterm Exam' after completing Module 3.
 Fill out the form 'Apply to write the Final Exam' in the final module of your course

Exam Format:
* Paper-based (Midterm & Final)
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e Closed-book (Midterm & Final)

*  Midterm is 2 Hours & Final is 3 Hours

Proctoring:

Some exams are proctored. This means that you will be supervised while writing your exam to ensure academic integrity and to assist with
any technical challenges you may have. For more information about scheduling a proctored exam, please visit Open Acadia's Exam Website.
* In-person at Acadia or in-person offsite

Proctored at Acadia

« Examination requests must be received 1 week (7 days) prior to the date you wish to write your examination.

«  We offer two standard sessions on Wednesdays beginning at 9:00 a.m. and 12:00 p.m. for in-person exams proctored at Acadia. To submit an
exam request and schedule an exam, please use the appropriate link available in your course on Moodle. See the Open Acadia’s Exam Website
for more information.

Proctored at Another Location

If it isn't practical to take your exam at Acadia, off-campus exams can be written at another university or college. Arrangements for an
examination may be made through the Registrar’s Office or the Continuing Education office of most universities and colleges. If it is not possible
to write your exam at an approved institution, please contact openacadiaexams@acadiau.ca for assistance.

» All fees associated with examinations written at other locations are your responsibility.

» Some courses may require specific software or internet accessibility at the off-campus examination location.

Student Handbook

You are responsible for becoming familiar with the contents of the Student Handbook. It contains important information about scheduling
examinations (if applicable), applying for extensions, withdrawing from your course, ordering books, and computer and library services available
to you. If you have questions about the policies outlined in the handbook (https://courseware.acadiau.ca/openacadia/studenthandbook.html),
contact:

Open Acadia

21 University Avenue (Rhodes Hall)
Wolfville, NS B4P 2R6

Phone: 1-800-565-6568

Fax: 1-902-585-1068

Email: openacadia@acadiau.ca

Academic Integrity

Academic integrity demands responsible use of the work of other scholars. It is compromised by academic dishonesty such as cheating and
plagiarism. A student who is uncertain whether or not a course of action might constitute cheating or plagiarism should seek in advance the
advice of the instructor involved.

+ Cheating is copying or the use of unauthorized aids or the intentional falsification or invention of information in any academic exercise

« Plagiarism is the act of presenting the ideas or words of another as one's own. Students are required to acknowledge and document the sources
of ideas that they use in their written work.

« Self-plagiarism is also a form of plagiarism. It is the presentation of the same work in more than one course without the permission of the
instructors involved.

* A student who knowingly helps another to commit an act of academic dishonesty is equally guilty.

* Penalties are levied in relation to the degree of the relevant infraction. They range from requiring the student to re-do the piece of work,
through failure on that piece of work, to failure in the course, and to dismissal from the university.

Course Schedule

You have 6 months to complete this course. You may set your own schedule, but if you intend to complete the course in less than 3 months, you
should let me know so that we can arrange a schedule.

Please do not leave all of your course work until a few weeks before your completion date. Although | will make every effort to accommodate
your schedule within reason, | need time to grade assignments and mark exams.
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