CS-350:  Computer Organization

Course Syllabus


CS-350:  Computer Organization,
Spring 2001 Semester

Course Syllabus

© 2001  Charles Abzug

Summary Course Description:

This course combines practical knowledge of and experience with the organization and architecture of real computers (PCs) with a solid theoretical foundation that provides insights into the innermost workings of the modern digital computer.  Students learn how a digital computer works through thorough study of the principles of operation of a simple but workable machine.  They cover the principal subsystems of a computer, including the central processing unit (CPU), memory, input/output ports, communications bus, and several types of input/output devices (including keyboard and video display terminal).  Number systems and various schemes for the digital representation of numbers are also discussed, as well as the principles of digital integer arithmetic, to provide insight into several different ways that arithmetic calculations can be made in digital computers.

The major computer subsystems are surveyed, including the CPU, system bus and subsidiary buses, primary storage (RAM and ROM), and secondary storage (HDD and floppy drives, CD-ROM and DVD-ROM drives).

Basic electronics is reviewed, in order to convey an understanding of the operation of logic circuits (AND gates, OR gates, NOT gates, buffer gates, XOR gates and XNOR gates) and digital integrated circuits.  The types of integrated circuits that are studied include simple combinational logic, such as latches, flip-flops, and registers, combinational logic of intermediate complexity, including multiplexors, demultiplexors, encoders and decoders, and progressing upwards to more highly complex integrated circuits, such as an Arithmetic Logic Unit (ALU), a bus, “Random Access Memory” (RAM) and “Read-Only Memory” (ROM) modules.

Computer operations are introduced, along with the representation of computer operations in an Assembly Language.  Implementation of program statements in a Higher Level Language, such as C or C++, is studied through the decomposition of each higher-level language statement into a sequence of machine or Assembly-Language instructions, and some of these are further decomposed into sequences of micro-operations.  The operation of major subsystems of the computer is examined through decomposition of a subsystem into an organized set of simpler circuit elements.

Additional critical subjects covered include the principles of hierarchical computer organization, machine instruction sets, addressing modes, CISC vs. RISC, input/output processing, and interrupt handling, as well as the application of many of these concepts to modern personal computers, and the boot process.  The student partitions the hard drive on his/her own computer and installs the LINUX operating system into a separate bootable partition on the machine, in addition to the Windows-95/98 or Windows-NT operating system already there.  This is done both to provide deeper insight into the boot-up process and to prepare the groundwork for the study of Operating Systems in a subsequent course.

Required Textbooks and Materials:

Andrews, Jean (2000).  Enhanced A+ Guide to Managing and Maintaining Your PC  —  Comprehensive Enhanced Third Edition.  Cambridge, MA:  Course Technology.  ISBN 0-619-03433-5.

This book provides a substantial amount of practical information about the IBM PC and compatibles.  It covers both hardware and operating software issues, such as the installation of floppy disk drives, hard disk drives, and assorted types of adapter cards, management of memory, installation and basic operating principles of several operating systems, and instructions on how to assemble your own PC from components.  The book is reasonably up to date in its coverage of PC technology, and it has the advantage of having an excellent series of laboratory exercises as well as a highly useful summary and review section at the end of each chapter.  It is an excellent investment for the Computer Science student.

Maxfield, Clive Richard;  &  Brown, Alvin (1997).  Bebop Bytes Back:  An Unconventional Guide to Computers.  Madison, AL:  Doone Publications.  97-65591;  ISBN 0-9651934-0-3.

This is a delightfully written book that explains in substantial detail the operation of a simplified Central Processor Unit (CPU) as part of an overall architecture for a delightful little computer called the Beboputer.  The Beboputer and its CPU are complex enough to incorporate the major features present in many modern computers and their processors, yet at the same time sufficiently simple that a student can obtain a reasonably complete understanding of the entire inner workings of this machine.  The machine could actually be built and perform useful computational work.  Along with the text is a CD-ROM, which contains a simulator for the Beboputer that can be installed on a standard “Wintel” PC.  The student can write, assemble, and run assembly language programs on the simulator, thereby gaining substantial insight into the relationship between machine language, assembly language, and higher level languages, as well as how real computers and real machine/assembly language programs function.  

Peleg, Alex;  Wilkie, Sam;  & Weiser, Uri (1997).  “Intel MMX for Multimedia PCs.”  Communications of the ACM,  40 (1):  25-38.

This article discusses the general subject of Intel’s “multimedia extensions” (MMX) to the instruction set of its Pentium chip.  It includes a superbly written section on Saturation Arithmetic.

Suggested Supplementary Materials:

Maxfield, Clive Richard (1995).  Bebop to the Boolean Boogie.  An Unconventional Guide to Electronics Fundamentals, Components, and Processes.  Solana Beach, CA:  HighText Publications.  TK7868.D5M323 1995;  821.39’5—dc20;  94-41062;  ISBN 1-878707-22-1.

This book provides a superbly readable account of the basic principles of electronics and digital logic, including a description of how Integrated Circuits, hybrid circuits, and printed-circuit-boards are made, in each case discussing several alternate technologies.  It is delightfully written.  In order to spare the student the expense of having to buy an additional textbook, alternative readings to those from this book are suggested from internet sources.

Kofler, Michael (1999).  Linux.  Second Edition.  Reading, MA:  Addison-Wesley..  ISBN 0-201-59628-8.

This book includes a CD-ROM that incorporates the basic Red Hat Linux distribution, along with instructions for its installation and a nicely written explanation of the inner workings of the Linux operating system.  It also provides enough information and advice on how to configure and administer the operating system to get the user off to a good start with these functions.

PowerQuest Corporation’s PartitionMagic software.  URL for product information:
http://www.powerquest.com/product/pm/PMdescription.html     URL for sales information: http://www.powerquest.com/product/index.html 

This software package allows the user to resize and move existing disk partitions, and also to create new partitions, on a computer that is already in use with an installed operating system as well as data already present on the system.  It greatly simplifies the problem of converting a computer that has been set up to boot under a single operating system into one that can boot up under a choice of  two or more, with the selection made at boot-up time.  If you use this product, be sure to follow all the cautionary recommendations that come with it.

Learning Objectives:

By the end of this course, the student should:

(1) understand the operational characteristics of computer hardware, including basic machine subsystems and their principal components;

(2) understand the principles of positional number representation, and be able to convert a number represented in any possible radix to the equivalent number represented in any other radix;

(3) understand the difference between information and its representation on a machine, and be able to interpret a sequence of bits differently according to whether it represents an integer in any of several different representational schemes, a text character, a machine instruction, a memory address, etc.;

(4) understand how data are moved around and manipulated inside a computer, and also inside representative major subsystems, and be able to describe the operation of the machine in terms both of machine language instructions and micro-operations;

(5) understand the operation both of floppy disk drives and of hard drives, be able to explain how a disk is organized to hold data, and be able to install or replace a disk drive in a PC;

(6) understand how memory is organized in a modern digital computer, be able to explain the memory map of a PC, and be able to ascertain the memory configuration of a PC and replace/reconfigure the memory as needed;

(7) understand the principles of integer computer arithmetic, and be able to specify what would be the register contents and status flag conditions resulting from addition or subtraction of two numbers using the rules of unsigned numbers, signed-magnitude numbers, ones’ complement and two’s complement numbers, and saturation arithmetic;

(8) understand the basic principles of machine operations, addressing modes, and assembly language, and be able to write a simple assembly language program that could be used to implement a single instruction in a higher-level-language program, making use of one or more of the addressing modes of the assembler;

(9) understand the sequence of steps that takes place when a computer is booted up, and be able to partition a hard disk drive and install an alternative operating system, so that at boot-up time one of the operating systems installed on the machine can be selected to run.

Instructor:

Dr. Charles Abzug 
Course Outline:

1. Principal Elements of a Computer

a. Central Processing Unit (CPU) or Microprocessor

b. Bus

i. Power Bus

ii. Data Bus

iii. Address Bus

iv. Control Bus

c. Memory

i. Rewritable Memory (“Random Access Memory”, or RAM)

ii. Not-Readily-Rewritable Memory (“Read-Only Memory”, or ROM)

(1) simple ROM

(2) Programmable “Read-Only Memory” (PROM)

(3) Erasable Programmable “Read-Only Memory” (EPROM)

(4) Electrically Erasable Programmable “Read-Only Memory” (EEPROM), also known as “flash memory”

iii. Memory Size

iv. Memory Addressing

v. The Memory Map

vi. Direct Memory Access (DMA)

d. Input and Output, and Data Storage:

i. HDD (Hard Disk Drive)

ii. Floppy Disk

iii. "ZIP", "JAZ", etc.

iv. CD-ROM

2. Integer numbers and their representation (positional number systems)

a. Decimal Numbers

b. General Number Representation:  the Radix

c. Binary Numbers

d. Octal Numbers

e. Hexadecimal Numbers

f. Interconversion among Number Representations

i. Other radices to decimal

ii. Decimal to other radices

iii. Binary to Octal and Octal to Binary

iv. Binary to Hexadecimal and Hexadecimal to Binary

3. Basic Electronics

4. Logic Circuits

(a) Individual Logic Gates:

(i) NOT

(ii) Buffer

(iii) AND and NAND

(iv) OR and NOR

(v) XOR (odd function)

(vi) XNOR (even function)

(a) Simple Logic Circuits:  Small-Scale Integration (SSI)

(b) Complex Logic Circuits:  Medium-Scale Integration (MSI)

5. Computer Operations

a. What does a bit sequence represent?

i. Instruction

ii. Address in memory or elsewhere

iii. Data

(a)  Number:  Multiple schemes for representing binary numbers

(1) Unsigned Integer

(2) Signed-Magnitude

(3) Ones’ Complement

(4) Two’s Complement

(b)  Text

(c)  Other forms of data

b. Controlling the computer

6. Integer Arithmetic

a. Understanding Decimal Addition and Subtraction

b. Addition and Subtraction in Binary

c. Integer Arithmetic in Digital Computers

(i) Limitation in the Number of Bits Represented

(ii) Addition and Subtraction using each representation

(5) Unsigned Integer Arithmetic

(6) Signed-Magnitude Arithmetic

(7) Ones’ Complement Arithmetic

(8) Two’s Complement Arithmetic


(9) Saturation Arithmetic

7. Writing and storing programs, retrieving programs from storage, and running programs

a. Source Code

b. Object Code

8. Understanding the CPU

a. Accumulator

b. Basic Addressing Modes:  Implied, Immediate, and Indirect

c. Status Flags

d. Basic Arithmetic-Logic Unit (ALU)

e. Arithmetic Instructions

f. Shifter/Rotator

g. Internal Communications Paths

h. Instruction Register

i. Control Logic

j. Program Counter and Auxiliary Program Counters

k. Simple Control Instructions:

i. Unconditional Jump

ii. Conditional Jumps

l. Intermediate Addressing Modes:

i. Indirect

ii. Indexed

iii. Autoincrement and Autodecrement Indexed Addressing

(1) Pre-indexed

(2) Post-indexed

m. Stack and Stack Pointer

n. Intermediate Control Instructions

a. Jump to Subroutine

b. Return from Subroutine

o. Interrupt Vector

9. Input and Output

a. Numeric Keypad and Display

b. Keyboard

10. Simple Video Display

11. Basics of Assembly Language

12. Installation of the LINUX Operating System on a PC

a. Partitioning or Repartitioning the Hard Disk

(i) Resizing (downsizing) an existing partition

(ii) Creating new partitions in unpartitioned free space

(1) swap partition

(2) root partition

(3) other partitions

b. Running the installation program

c. Setting a root password

d. Creating a boot diskette

e. Installing the LInux LOader (LILO)

13.  Basic LINUX operations

a. Booting up and shutting down the computer

i. BIOS

ii. Device Drivers

b. System Management

Course Practices:

Relationship of Course Sessions to Readings:  Course sessions will cover some of the material in the readings, but will also include material not covered by the readings.  Therefore, students must do all of the readings and must also attend classes.  I do take attendance at every class, allthough information on attendance does not get factored into the grading process.  If you miss out on a class, it is your responsibility to find out what was covered, and to obtain the material from one of your fellow students.

Assignment, Homework, and Term Project Policy:  All work submitted must be machine-generated (i.e., not hand-written), and must be submitted both in hard- and in soft-form.  It must have your name, course number, semester (Spring 2001) and date of submission in the upper left corner of the first page, and must be stapled together.

Late Submissions Policy:  All work is due at the designated date and time.  Penalties for late submission are:

Date Submitted
Penalty from Maximum Credit

One day late
10%

Two days late
20%

Up to one week late
40%

Up to two weeks late
60%

Over two weeks late
100%

Grading Policy:

A grade of A, either on an individual assignment or for the entire semester, indicates work that is truly outstanding in the opinion of the instructor, demonstrating excellent understanding of the concepts covered.  A grade of B indicates very good work, above the instructor’s level of expectation for the class.  A grade of C indicates work that is satisfactory, demonstrating sufficient comprehension of the material to merit the student’s receiving credit for having achieved the course objectives.  A grade of D indicates work less than satisfactory, but nevertheless sufficient to merit receipt of credit for the class, while a grade of F indicates work far below satisfactory, demonstrating insufficient achievement in the skills or level of knowledge required.  Note that grades are based only on assignments given to every person in the class.  Opportunities to earn extra credit may be announced to the entire class at various times during the semester, but extra-credit assignments will NOT be custom-crafted for individual students. 

Your instructor will be pleased to provide extra help to any student who requests it.  However, the student who needs help must both:  (i)  take the initiative on his/her own to seek out the instructor, and  (ii) seek help in a timely manner and not wait until the last minute, when the examination or assignment due date is already imminent.

There will be one in-semester examination (mid-term), plus a term paper and a final examination.  In addition, there will also be at least ten, or possibly more, brief in-class quizzes given usually without warning at irregular intervals throughout the semester.  These will be based both upon the material covered in class (whether or not the assigned readings also cover the same material), and upon the reading assignments up to and including the date of the quiz.  Occasionally a student may have a bad day and not perform up to his/her level of knowledge.  Alternatively, circumstances may come up either that prevent him/her from covering the day’s assignment on time, or that preclude his/her attendance on the particular day when a quiz is given, resulting in a grade of zero.  Therefore the lowest two quiz grades for each student will be dropped.  Students are warned not to use up their two opportunities frivolously (e.g., don’t miss class without grave cause), so that they can preserve their allotment of excused low quiz or homework grades for circumstances of real need.

Class Participation: Vigorous student participation in class discussion makes for a much more lively and interesting class for all. To encourage participation in class discussion, the grading mechanism includes the opportunity for the student to earn a reward (details given below) for participating both vigorously and constructively.

Makeup of overall grade for the semester will be as follows:  First, a numeric score will be calculated based upon the student’s performance on all the examinations on the quizzes and homeworks, and on the term project.  The basis for calculating the numeric score is:

Collected Homeworks and In-class Quizzes:
 20 pts

In-semester (mid-term) Examination 
 20 pts

Term Project:
 25 pts

Final Exam:
 30 pts

TOTAL:
100 pts



Opportunities to be announced, and participation in class discussion can earn extra points :

 <10 pts

After the numeric scores have been determined, letter grades will be assigned based upon the distribution of the numeric scores.  Your instructor makes no commitment in advance regarding the letter-grade equivalent of specific numeric grades.  The cutoff scores for A, B, C, D, etc., will be determined at the end of the semester, based upon your instructor’s perceptions of the significance of the numeric grades in the light of the general description of the significance of the various letter grades given above.  After an initial assignment of grades is made, in the event that a student falls within 10 points below the boundary point of a higher letter grade, consideration will be given to the possibility of assigning him/her the higher grade, based both the quality and the frequency of the student’s participation in class discussions.  Thus, non-participation will not lower anyone's grade, but high-quality participation may possibly raise it.

Legibility and Clarity-of-Communication Requirements for Quizzes, Examinations, Homeworks, and Term Papers:  It is up to you, the student, to demonstrate to the satisfaction of your instructor that you have mastered the course material.  We know that at the time of your birth you knew nothing about the subject matter of this course.  If a change has occurred between then and now, then you must demonstrate that this has taken place.  Therefore, your writing and drawing must be clear and unambiguous, and your answer should be obviously correct on its own, without benefit of any post hoc verbal explanation of your answer that you may provide.  What this means is that:

(i) your handwriting must be legible to the instructor;

(ii) you must, yourself, bear the burden of choosing the correct words and technical terms that answer the question;

(iii) your drawings must be neat, technically correct, and properly labeled;

(iv) your sentences must be properly structured, and paragraphs must be correctly and logically organized;  and

(v) you must thoroughly address all the specific issues raised by the question.

Unclear answers will be marked wrong.  Instructors are human and sometimes make mistakes, too.  You are entitled to complain politely after class if you honestly feel that your answer is both clear and correct, but was misunderstood at grading time by the instructor.  If the instructor agrees that a mistake was made, then your grade will be cheerfully corrected.

Rules for Examinations:  

(1) No calculators, no books, no notes.

(2) The JMU Honor Code must be scrupulously observed.

(3) All work must be shown on your examination paper.  You will certainly be given extra paper if you ask it.

(4) You must provide exactly ONE answer to each test question.  In the event that more than one answer is provided, the answer that is wrong is the one that will be graded.

(5) All examinations must be taken at the scheduled time.  If you miss the scheduled examination, you are responsible for providing timely documentation to support a medical or other bona fide emergency in order to avoid receiving a grade of zero.

Assignments:

Detailed assignments are given in separate document.  Most assignments have two components:  readings and review questions.  Readings must be done on time.  Review questions are also extremely important for you to answer prior to the class when they are due.  Your answers in most cases will not be collected and graded, but these review questions are excellent preparation both for the brief quiz that you may encounter when you come to class and for the lengthier scheduled examinations..

Educational Philosophy:  There are three ways for students to learn complex technical subject matter such as what you will encounter in this course.  First is by reading.  Second is by coming to class and both watching and listening interactively.  Third is by working selected problems and examples.  This course has been carefully designed to integrate all three modes of teaching and learning.  There is some material covered in the reading assignments that will not also be covered in the classroom, and there is other material not covered in the reading assignments that will be covered only in the classroom.  Students will be held responsible both for the content of all assigned readings and for all classroom material.  To assist you in reviewing both the readings and the classroom materials and in preparation for the examination, review questions covering the main points will be provided, and in some cases answers as well.  Students are well advised to answer the questions in writing, and, where applicable, also to work out solutions to assigned problems in detail before peeking at the answers.  The reason for this recommendation is that in first crafting their own answers or their own solutions they will be much more seriously stress-testing their own level of comprehension of the material.  Then, when they compare their own answers with those that we have provided, they will gain much better insight into any deficiencies in comprehension that they may have.  If you look at the answers first, it will go much faster for you, but you will suffer in the depth of learning that you will attain.  We are treating you as adults by providing the answers up front and trusting you to use good judgement in working through the problems before consulting the answers.  Please don’t disappoint us.

Group Projects: Several projects during the semester, including the Term Project, will be assigned as Group Projects.  All such projects must be done as group projects.  Even if you prefer to work by yourself and are willing to do by yourself all the work required for the project, you must nevertheless join a group and participate in partnership with the members of your group.  Group members are advised to exchange both telephone numbers and E-mail addresses immediately upon formation of the group, to facilitate inter-member communication (this is a recommendation, not a requirement).  Each member of the group is responsible for cooperating fully with the group and for doing his/her full agreed-upon share of the work in concert with the rest of the group.  For every group project assignment, the group is required to deliver, along with their written project report, a Work Breakdown statement, indicating what. each member of the group contributed to the overall project.

Important Safety Note:

One of your course texts,  A Guide to Managing and Maintaining Your PC,  suggests that under certain circumstances it is safe to keep a PC (personal computer) plugged into the 120-Volt power outlet while the case is open, provided that the power switch on the PC itself is turned off.  That may be an appropriate mode of operation for an experienced computer technician, or even for an advanced student when working under close supervision in a laboratory environment.  HOWEVER, this course is intended for students who are both new to the inner workings of the PC and also inexperienced in the handling of electricity and electronic components.  Furthermore, we provide you neither with laboratory facilities in which to carry out the practical exercises described in that text nor with any level of supervision.  If you want to perform any of those practical exercises, you will be doing it on your own using your own or perhaps a friend’s home PC.  Therefore, we strongly recommend that you unplug the PC’s power cable from the AC power outlet before opening the case, and that you not plug it back in until after the case has been completely closed and all attachment screws have been securely refastened to hold the cover firmly and reliably in place.  Unplugging the cable at the PC end is not good enough, since the open end of the cable is quite dangerous.  Unplug it from the AC supply outlet before opening the case.  It is far better to risk ruining a chip through stray static electricity than to risk losing your life with 120-volt AC power line.

Class Meetings:

Classes meet during the Spring 2001 semester on Tuesday and Thursday mornings from 1100 to1215 hrs in HHS Room 2208.
Philosophy Regarding Classes Missed by Students:

In the university environment, there is an implied contract between students and instructor.  You expect me to come to class, and I expect you to come to class.  Occasionally, it might be necessary for a student to miss a class.  If you must miss an occasional class, I trust you, as a responsible adult, to do so only for adequate reason.  However, if you must miss a class, it is up to you to find out what was covered and what announcements or assignments were made, and to make up the missed work in a timely fashion.  You should prepare for the possibility of sudden brief acute illness (stomach ache, head ache, etc) by exchanging phone numbers and E-mail addresses at the very beginning of the semester with several of your classmates.  If at all possible, give notice to one of your colleagues prior to the missed class, so that when you come in to the next class you will be able rapidly to obtain a copy of notes on the missed material, as well as a summary of any announcements or assignments.  If you know in advance that you will miss a class, you should also arrange to have someone hand in for you any assignments that may be due that day.  Do not send me an E-mail, either asking me in advance of class what do I intend to cover, or querying me subsequent to the class on what did I cover.  I am responsible for a large number of students, and it would take an inordinate amount of my time to respond to such requests.  In the fortunately rare case that a student encounters a serious health problem or an issue in his/her personal or family life that spans several consecutive classes, in the past I have always been able to make a special accommodation to try to help the student through the crisis, and I will certainly make every effort to do so in the future, as well.  But I must ask you to take care of the onesies and twosies on your own.
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