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Accreditation

The Bachelor of Science in Computer Engineering is ac-
credited by the EAC (Engineering Accrediting Commission) of
Accreditation Board for Engineering and Technology, Inc.
(ABET), 111 Market Place, Suite #1050, Baltimore, MD 21202,
phone: 410/347-7710 (website: http://iwww.abet.org). The
Bachelor of Science in Computer Science is accredited by the
Computer Science Accreditation Commission (CSAC) of Com-
puter Science Accreditation Board (CSAB),111 Market Place,
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Suite #1050, Baltimore, MD 21202, phone: 410/347-7703 (web
site: http://csab.org).

Advisory Board

The Department of Computer Engineering and Computer
Science is supported by an Advisory Board composed of engi-
neers, computer scientists, and business executives in the
Southern California area. This liaison helps the department
keep its curricula responsive to the needs of the community.

Undergraduate Educational Objectives

All courses and programs in the Department of Computer
Engineering and Computer Science are designed to meet the
following objectives: Students will receive a comprehensive
education in Computer Engineering and/or Computer Science,
as well as the sciences and humanities, that will serve them in
both their professional and personal lives. Students will be able
to analyze and solve problems in Computer Engineering and/or
Computer Science using modern techniques, skills, and tools.
Students will be able to communicate effectively. Students will
be able to design systems, components or processes that meet
performance, cost, time, safety, and quality requirements. Stu-
dents will understand their professional responsibilities, includ-
ing remaining current in their field of study, and will be able to
analyze the social and ethical implications of their work.

Undergraduate Degree Programs

The Department of Computer Engineering and Computer
Science offers programs leading to a Bachelor of Science in
Computer Engineering or a Bachelor of Science in Computer
Science. The goal of both programs is to prepare graduates
for a wide variety of computer-related careers by integrating the
theoretical foundations of the discipline with practical applica-
tions. The degree in Computer Engineering focuses on com-
puter hardware (design, construction, and operation of
computer systems) while the Computer Science degree places
more emphasis on computer software (programming). The
high school student planning to enter either program is advised
to pursue a strong program in science and mathematics.

Bachelor of Science in Computer Engineering
(code 3-4013) (126 units)

The Bachelor of Science in Computer Engineering degree
program has a two-part objective. The first is to provide stu-
dents with a strong background in mathematics, physics, and
engineering science. The curriculum includes a core of stan-
dard electrical engineering courses as well as courses in digital
systems, computer organization, programming languages, and
software, including operating systems, compiler theory and
software engineering. The second objective is to provide stu-
dents with the skills necessary to be effective contributors in a
quality-oriented, customer-focused environment. Courses
throughout the program, especially those in the junior and se-
nior years, emphasize an open-ended, design-oriented ap-
proach to solving engineering problems. Teamwork,
communication skills, and an interdisciplinary approach to
problem solving are integrated into the senior, computer engi-
neering design courses.
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Requirements

Lower Division: CECS 174, 201, 228, 261, 274; MATH 122,
222; PHYS 151, 152 (or EE 210 and 210L).

Upper Division: CECS 301, 325, 326, 346, 347, 360, 440,
443 or 444, 460A, 460B; EE 331, 380 (or MATH 380), 386;
MATH 323, 370A,; three units of an approved course in systems
modeling; plus nine units of approved electives to be selected
from CECS 406, 443 or 444 (if not taken as required course),
451, 472, 475, 497, EE 486, ENGL 317 (or ENGR 310).

Bachelor of Science in Computer Science
(code 3-4011) (126 units)

The Bachelor of Science in Computer Science degree is
designed to prepare graduates for a variety of professional
careers in the computer field. The curriculum is designed to
provide students with both breadth and depth in computer sci-
ence. Breadth is achieved through a series of core courses
that stress a balance between the theoretical and practical as-
pects of computer science. The topics covered in these
courses include the following: the basics of programming lan-
guages, software design and analysis, data structures, algo-
rithms, digital systems, computer organization, computer
architecture, and operating systems. Extensive laboratory time
is required for these courses, and design and analysis experi-
ences are emphasized. Depth is achieved through courses
(both required and elective) on advanced computer science
topics. These courses provide students with in-depth knowl-
edge of the material covered in the breadth portion of the cur-
riculum.

Requirements

Lower Division: CECS 174, 201, 228, 261 or 281, 274;
MATH 122, 222, 247; PHYS 151, 152 (or EE 210 and 210L);
four units of approved courses in science or with strong em-
phasis in quantitative methods.

Upper Division: CECS 325, 326, 328, 424, 440, 443, 444;
ENGR 350; MATH 323, 380 (or EE 380); ENGL 317 or ENGR
310; three units of an approved course in systems modeling;
plus nine units of approved electives to be selected as follows:
three (3) units from CECS 471, 475, 481, and six (6) units from
CECS 405, 406, 419, 421, 423, 426, 428, 448, 449, 451, 470,
472,473, 476, 497.

Minor in Computer Science (code 0-4011)

The minor in Computer Science is designed to prepare stu-
dents in other majors for careers in a wide variety of fields
which require computer science expertise.

Requirements

A minimum of 18 units, of which at least 10 units must be
upper division. CECS 174, 261 (OR ENGR 202), and 274, plus
additional approved upper division CECS courses. (ENGR
350 may be used as an approved upper division course.) A
maximum of 4 units may be transferred from another educa-
tional institution with approval of the advisor.

Master of Science in Computer Science

The Master of Science in Computer Science is offered by
the Department of Computer Engineering and Computer Sci-
ence, College of Engineering. Two options are offered:

1. Option in Computer Engineering
2. Option in Computer Science

2001/2002 CSUII B Cataloa »

Comniiter Fnaineerina and Comniiter Science o

The Option in Computer Engineering offers advanced study in
the theory, analysis, design and applications of both computer
hardware and software. The Option in Computer Science offers
advanced study in modeling software systems, operating sys-
tems, compiler construction, and analysis of algorithms.

Admission Procedures

To be considered for admission the graduate applicant must
have earned a bachelor’'s degree from an accredited institution,
have been in good standing at the last institution attended, and
have a grade point average (GPA) of at least 2.7 for the last 60
semester units (90 quarter units) attempted. The general Gradu-
ate Record Examination (GRE) is required. There is no separate
department application, but applicants should submit a second
set of transcripts to the department.

Prerequisites

Option in Computer Engineering (code 6-4010)

1. A bachelor's degree in computer science, engineering, or
other appropriate discipline from an accredited college or
university, with a minimum grade point average (GPA) of 2.7 in
the last 60 semester units attempted.

2. Creditin the following courses or their equivalents: CECS 228,
271, 274, 326, 346, 347, 440, 446 and 443 or 444; EE 310.

3. Students must consult with the program graduate advisor
prior to enrolling in any course for the program.

Option in Computer Science (code 6-4011)

1. A bachelor's degree in computer science, engineering, or
other appropriate discipline from an accredited college or
university, with a minimum grade point average (GPA) of 2.7 in
the last 60 semester units attempted.

2. Credit in the following courses or their equivalents: CECS
228, 271, 274, 325, 326, 328, 424, 440, 443, and 444.

3. Students must consult with the program graduate advisor
prior to enrolling in any course for the program.
Advancement to Candidacy
Students applying for advancement to candidacy must:

1. have completed all undergraduate deficiencies with grades
of C or better;

2. have attained an overall grade point average (GPA) of 3.0;

3. have completed at least 12 units applicable to the degree
with a GPA of at least 3.0;

4. have passed the University Writing Proficiency Examination;
5. and have their program of studies approved by the CECS
department graduate advisor.
Requirements for the Option in Computer Engineering
(code 6-4010)
Students must complete a minimum of 30 graduate and ap-
proved upper-division course units including the following:
1. atleast 18 units of CECS courses;
2. atleast 18 units at the graduate level of instruction;
3. CECS 526, 530, 531, and 546;
4. All students must complete either:
A. a comprehensive examination, or

B. a thesis with oral defense which requires a total of 6 units
of CECS 697 or 698, of which at least 4 units must be CECS
698.
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Requirements for the Option in Computer Science
(code 6-4011)

Students must complete a minimum of 30 graduate and
approved upper division course units including the following:

1. atleast 18 units of CECS courses;
2. atleast 18 units at the graduate level of instruction;
3. CECS 526, 528, 530, and 543
4. All students must complete either:
A. a comprehensive examination, or

B. a thesis with oral defense which requires a total of 6
units of CECS 697 or 698, of which at least 4 units must be
CECS 698.

Courses (CECS)

Lower Division

110. Introduction to the Internet (3)

Prerequisite: Some computer experience. Provides a general
overview of computer systems, networking, and the Internet.
World-Wide Web, email, telnet, ftp, newsgroups, finding informa-
tion on the Internet, and basic Web page creation. Considers le-
gal, ethical, privacy and security issues on the Internet. (Lecture 2
hours, laboratory 3 hours.)

126. Introduction to the UNIX Operating System (3)
Prerequisite: Consent of instructor. UNIX operating system's user
interface. File and directory commands, editor commands, com-
munication commands and other UNIX utilities. UNIX access per-
missions and security, I/O redirection, pipes, metacharacters, and
full-screen editing with vi. Electronic communication, simple shell
programming, and using the Xwindow System. (Lecture 2 hours,
laboratory 3 hours.)

174. Programming and Problem Solving | (3)

Prerequisite: MATH 117 (or equivalent.) Introduction to the basic
concepts of computer science and the fundamental techniques for
solving problems using the C++ programming language. Struc-
tured problem solving, object-oriented programming, programming
style. Applications to numerical and non-numerical problems. Not
open to students with credit in CECS 175. (Lecture 2 hours, labo-
ratory 3 hours.) Traditional grading only.

201. Digital Logic Design (3)

Prerequisite: MATH 117 (or equivalent). Basic topics in combina-
tional and sequential switching circuits with applications to the
design of digital devices. Laboratory projects with Small Scale
Integration (SSI) implementations using Computer Aided Design
(CAD). (Lecture 2 hours, lab 3 hours.) Traditional grading only.

228. Discrete Structures with Computer Science Applications |
(3)

Prerequisites: CECS 174 and MATH 122. The specification, devel-
opment and analysis of algorithms. Sets, relations and functions.
Logic and mathematical structures used in computer science. In-
troduction to combinatorics. Programming projects to exemplify
these concepts. (Lecture 2 hours, laboratory/problem session 3
hours.) Traditional grading only.

261. Computing with Java (3)

Prerequisite: CECS 174. Comparison of basic Java constructs to
similar constructs in C++. Object-oriented programming in Java.
Applets and graphical user interfaces. Mouse, key, and window
events. Exception handling and files. (Lecture 2 hours, laboratory
3 hours.) Traditional grading only.

271. Introduction to Numerical Methods (3)

Prerequisites: CECS 174 and MATH 123. An introduction to nu-
merical methods and the FORTRAN programming language. Anal-
ysis of computational errors; iterative methods for finding roots and
for solving systems of equations. Numerical techniques for evalu-
ating integrals, determining derivatives, and solving ordinary differ-
ential equations. FORTRAN programming projects will be
assigned. Not open to students with credit in CECS 342. (Lecture
2 hours, laboratory 3 hours.) Traditional grading only.
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274. Programming and Problem Solving Il (3)

Prerequisite: CECS 174. Disciplined methods of design, coding
and testing using the C++ programming language. Data abstrac-
tion, object-oriented design. Introduction to data structures (linked
lists, stacks, queues and trees.) Recursion. Sorting and searching.
(Lecture 2 hours, laboratory 3 hours.) Traditional grading only.

281. GUI Programming (3)

Prerequisite: CECS 174. Introduction to programming in a graphi-
cal user interface (GUI) environment. Menus, dialog boxes, forms,
textboxes, toolbars and other controls. Properties, methods and
events of objects. Program control statements including if, case,
while, loop, and do. System objects including the mouse, screen
and printer. (Lecture 2 hours, laboratory 3 hours.) Traditional grad-
ing only.

Upper Division

301. Digital Logic Design Il (3)

Prerequisites: CECS 174, 201, EE 210 or EE 211 or PHYS 152. Se-
quential logic, programmable logic design, basic Arithmetic Logic
Unit (ALU) design and memory devices. Laboratory projects with
Medium Scale to Very Large Scale Integration (MSI to VLSI) imple-
mentations and Computer Aided Design (CAD). (Lecture 2 hours,
laboratory 3 hours.) Traditional grading only.

325. Computer Organization and Assembly Language
Programming (3)

Prerequisites: CECS 201 and 274. Basic computer organization,
representation of information and instruction, addressing tech-
niques, input/output, assembly language programming, macros and
macro processing. Introduction to software systems, including as-
semblers, linkage editors and loaders. Programming assignments
in assembly language. (Lecture 2 hours, lab 3 hours.) Traditional
grading only.

326. Operating Systems (4)

Prerequisites: CECS 274. The structure and functions of operating
systems. Interrupt handling, processes and interprocess communi-
cation, memory management, resource scheduling, information
sharing and protection. Project implementation in C/C++. (Lecture
3 hours, laboratory 3 hours.) Traditional grading only.

328. Discrete Structures with Computer Science Applications Il
(3)

Prerequisites: CECS 228 and 274. A broad view of data structures
and the structure-preserving operations on them. Abstract data
types, algorithms, complexity. Programming projects to exemplify
these concepts. (Lecture 2 hours, laboratory 3 hours.) Traditional
grading only.

346. Microprocessors and Applications (3)

Prerequisite: CECS 325. Study of microprocessor and microcomput-
er elements. Design of microprocessor-based systems to solve
practical problems. Laboratory projects using CAD implementa-
tions and hardware design languages for simulation of designs.
(Lecture 2 hours, laboratory 3 hours.) Traditional grading only.

347. Microprocessor Hardware Design (3)

Prerequisites: CECS 301 and 346 and either EE 330 or 331. Study
of embedded processor applications and interfacing. Embedded

systems design, control of external devices, embedded program-

ming in C and assembly. Laboratory in implementation of embed-
ded designs and hardware assisted debugging. (Lecture 2 hours,
laboratory 3 hours.) Traditional grading only.

360. Integrated Circuit Design Software (3)

Prerequisites: MATH 123, EE 331, CECS 301 and 325. Introduction
to Computer Aided Design tools used in the design and fabrication
of integrated circuits. Discussion of the IC fabrication process, the
layout and routing of basic gates, transistor level design of gates,
synthesis and RTL level design, floor planning, and IC development
costs. (Lecture 2 hours, lab 3 hours.) Traditional grading only.

*405. Special Topics in Computer Science (3)

Prerequisite: Senior standing in computer science major. Selected
topics from recent advances in computer science and technology.
Course content will vary from year to year. (Lecture-problems 3
hours.) Repeatable to a maximum of 6 units with different topics.
Traditional grading only.
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*406. Special Topics in Computer Science (3)

Prerequisite: Senior standing in a computer science program.
Each offering is based on an area in computer science and tech-
nology in which recent advances have been made. Specific topic
will be recorded on student’s transcript. (Lecture-problems 2
hours, laboratory 3 hours.) Repeatable to a maximum of 6 units
with different topics. Traditional grading only.

*419. Theory of Computation (3)

Prerequisite: CECS 328. Finite automata and regular expressions.
Pushdown automata and context-free languages. Turing machines
and computability. Computational complexity. (Lecture-problems
3 hours.) Traditional grading only.

*421. Database Systems (4)

Prerequisites: CECS 228 and 274. Introduction to database con-
cepts, data models, data definition/manipulation languages and
relational database design. Projects may include cooperation with
students from other departments. (Lecture 3 hours, laboratory 3
hours.) Traditional grading only.

*423./523. Database Applications (3)

Prerequisites: CECS 421 and consent of instructor. (Bachelor’s
students register in CECS 423; Master’s students register in CECS
523.) Preparation for work on commercial database systems. Data
definition, constraints, retrieval, manipulation, security and usabili-
ty. Commercial development tools, distributed/multi-tier environ-
ments and integration of databases with intranets and internets.
Projects may include cooperation with students from other depart-
ments. Additional assignments/examinations required for CECS
523. (Lecture 2 hours, laboratory 3 hours.) Traditional grading
only.

*424. Organization of Programming Languages (4)
Prerequisites: CECS 274 and 325. Comparison of programming
languages (C, C++, Ada, Java, etc.) in their design and structure
regarding features such as data types, control structures and run-
time considerations. Includes computer projects illustrating some
of these concepts. (Lecture 3 hours, laboratory 3 hours.) Tradition-
al grading only.

*426. Topics in Operating Systems (3)

Prerequisite: CECS 326. Advanced operating system analysis and
design. Topics of current interest. Project implementation (Lec-
ture 2 hours, laboratory 3 hours.) Traditional grading only.

*428. Analysis of Algorithms (3)

Prerequisite: CECS 328. Applications of standard combinatorial
techniques to applied programming problems. Rigorous analysis
of the correctness and complexity of algorithms. Tree and graph
algorithms are emphasized. Topics include depth-first search al-
gorithm with related applications, sorting, union find problem, di-
vide-and-conquer technique and weighted-edge problem.
(Lecture 2 hours, laboratory/problem session 3 hours.) Traditional
grading only.

440. Computer Architecture (3)

Prerequisites: CECS 201 and 325. Review of logic design. Regis-
ter transfer and micro-operations. Basic computer organization.
Central processor organization. Microprogram control organization.
Arithmetic processor design. Arithmetic algorithms. Input-output
organization. Memory organization. (Lecture 2 hours, laboratory 3
hours.) Traditional grading only.

*443. Software Engineering (3)

Prerequisite: CECS 326. Software life cycle. Functional decompo-
sition, data flow and object-oriented development. Reusability and
portability. (Lecture 2 hours, laboratory 3 hours.) Traditional grad-
ing only.

*444. Compiler Construction (4)

Prerequisites: CECS 228 and 325. Syntax directed compiler study.
Organization of a compiler and overall design: parsing, semantic
analysis, optimization and code generation. (Lecture 3 hours, lab-
oratory 3 hours.) Traditional grading only.

*446. Microprocessor Systems Design (3)

Corequisites: CECS 347 and 440. Computer system design using
microprocessors including the use of multiple CPUs and RISC pro-
cessors. (Lecture-problems 2 hours, laboratory 3 hours.) Tradi-
tional grading only.
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*448./548. User Interface Design (3)

Prerequisites: Any one of CECS 421, 443, 470, 471, 481, plus con-
sent of instructor. (Bachelor’s students register in CECS 448; Mas-
ter's students register in CECS 548.) Evaluation, design and
programming user interface systems. Fundamentals of human cog-
nition, system characteristics, and the interaction between humans
and systems. Usability methods and user/task-centered design.
Tools for designing and building user interfaces, with emphasis on
rapid applications development. Additional assignments/examina-
tions required for CECS 548. (Lecture 2 hours, laboratory 3 hours.)
Traditional grading only.

*449. Computer Graphics (3)

Prerequisites: MATH 247, CECS 261 and 274. Basic software and
hardware of 2-D computer graphics. Applications. (Lecture 2
hours, laboratory 3 hours.) Traditional grading only.

*451. Artificial Intelligence (3)

Prerequisites: CECS 228 and 274. Introduction to the principles
and programming methods of artificial intelligence. Topics include
symbol manipulation, knowledge representation, searching, expert
systems and logic programming. Project implementation in LISP or
Prolog. Not open to students with credit in CECS 420 or 450. (Lec-
ture 2 hours, laboratory 3 hours.) Traditional grading only.

460A. System on Chip Design | (3)

Prerequisites: CECS 347 and 360. A complete System on a Chip
(SOC) design flow beginning with a design specification and end-
ing with a working SOC. Creation of RTL level modules designed
for reuse, integration of Intellectual Property (IP) for both RTL level
and physical level IP, IC verification, and the creation of self-check-
ing test benches for SOC designs. (Lecture 2 hours, laboratory 3
hours.) Traditional grading only.

460B. System on Chip Design Il (3)

Prerequisite: CECS 460A. System on a Chip (SOC) design appli-
cations. A variety of SOC designs will be built as class project
which involve both the hardware and software aspect of a SOC
along with hardware/software integration problems. Design re-
views, design specification and team design implementation will be
stressed along with project planning and tracking mechanisms for
system level design problems. (Lecture 2 hours, laboratory 3
hours.) Traditional grading only.

*470. World-Wide Web Development (3)

Prerequisite: CECS 326. Introduction to commercial practice in
World-Wide Web site development. Web server and client software
and the underlying networking technologies and protocols. Page
and site design and programming using contemporary develop-
ment tools and languages. Typography, graphics, database inte-
gration, usability, ethics and future directions. Projects will include
site development for an actual client and may include cooperation
with students from other departments. (Lecture 2 hours, laboratory
3 hours.) Traditional grading only.

*471. Internet Applications Using Java (3)

Prerequisites: CECS 261 and 274. Threads, images, and anima-
tion. User interface component libraries. Streams, readers and
writers. Client-server applications. Java beans. Internationaliza-
tion. Introduction to remote method invocation, Java database con-
nectivity, and multimedia applications. (Lecture 2 hours, laboratory
3 hours.) Traditional grading only.

*472. Computer Networking (3)

Prerequisite: CECS 326 and consent of instructor. Client-server
programming. Concepts of computer networking including network
design and management. (Lecture 2 hours, laboratory 3 hours.)
Traditional grading only.

*473./573. Enterprise Web Applications (3)

Prerequisites: CECS 421, 470, and consent of instructor. (Bache-
lor's students register in CECS 473; Master’s students register in
CECS 573.) Web commerce, high-availability Web sites, and infor-
mation architecture. Advanced client side and server side script-
ing, advanced searching and indexing, application servers. Legal
and business aspects. Projects may include cooperation with stu-
dents from other departments. Additional assignments/examina-
tions required for CECS 573. (Lecture 2 hours, laboratory 3 hours.)
Traditional grading only.

273



*475. Object-Oriented Programming and C++ (3)
Prerequisite: CECS 274. An overview of object-oriented pro-
gramming, data abstraction, and the C++ language. Classes,
constructors, destructors, function and operator overloading,
inheritance, polymorphism, input/output, standard template li-
brary (STL), templates, Visual C++, Microsoft Foundation Class
(MFC), and object-oriented design. (Lecture 2 hours, laboratory
3 hours.) Traditional grading only.

*476. System and Network Administration (3)

Prerequisite: CECS 326 and consent of instructor. Introduction to
the management and administration of Unix systems and TCP/IP
networks. Managing users, local and network file systems, elec-
tronic mail, print queues. Establishing and managing a network.
(Lecture 2 hours, laboratory 3 hours.) Traditional grading only.

*481. Event Driven Programming (3)

Prerequisite: CECS 326. A rigorous introduction to Graphical
User Interface (GUI) programming as provided in a number of
popular software development products. Topics include Win-
dows API (Application Programming Interface) using C and C++,
Visual Basic and other development tools. (Lecture 2 hours, lab-
oratory 3 hours.) Traditional grading only.

496. Computer Science Problem Solving (1)

Prerequisites: CECS 274 and consent of instructor. A study of
problem solving in Computer Science. Discussion of the theory
necessary to solve computer science problems as well as the
solutions to the problems. Problems studied will involve applica-
tions of graph theory, data structures, recursion, and algorithms.
The aim of the course is to enhance the student’s problem solving
ability. (Lecture 1 hour.) Course may be repeated in different
semesters to a maximum of 6 units. Traditional grading only.

*497. Directed Studies (1-3)

Prerequisite: Consent of instructor. Assigned study in topics in
current computer literature or computer-related projects with a
final report. May be repeated for a total of 6 units with written per-
mission of the Department Chair.

Graduate Courses

521./621. Database Architecture (3)

Prerequisites: CECS 328 and 421. (Master’s students register in
CECS 521 or 621; Ph.D. students register in CECS 621.) Rela-
tional database design theory-a rigorous approach. Security,
recovery, transaction management, distributed databases and
query optimization. Additional projects required for CECS 621.
(Lecture-problems 3 hours.) Traditional grading only.

523./423. Database Applications (3)

Prerequisites: CECS 421 and consent of instructor. (Bachelor’s
students register in CECS 423; Master's students register in
CECS 523.) Preparation for work on commercial database sys-
tems. Data definition, constraints, retrieval, manipulation, security
and usability. Commercial development tools, distributed/multi-
tier environments and integration of databases with intranets and
internets. Projects may include cooperation with students from
other departments. Additional assignments/examinations re-
quired for CECS 523. (Lecture 2 hours, laboratory 3 hours.) Tradi-
tional grading only.

524./624. Advanced Topics in Programming Languages (3)
Prerequisite: CECS 424 and 471. (Master's students register in
CECS 524 or 624; Ph.D. students register in CECS 624.) Inten-

sive study of languages of current interest which support object-
oriented, client-server, and multimedia applications (e.g. JAVA).

Additional projects required for CECS 624. (Lecture-problems 3
hours.) Traditional grading only.

526./626. Advanced Operating Systems (3)

Prerequisites: CECS 228 and 326. (Master's students register in
CECS 526 or 626; Ph.D. students register in CECS 626.) Theoret-
ical foundations of concepts applied in the design of operating
systems. Control of concurrent processes, deadlocks, mutual
exclusion, virtual memory, resource management and schedul-
ing. Additional projects required for CECS 626. (Lecture—prob-
lems 3 hours.) Traditional grading only.
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528./628. Advanced Analysis of Algorithms (3)

Prerequisite: CECS 428. (Master’s students register in CECS 528
or 628; Ph.D. students register in CECS 628.) Theoretical analy-
sis of algorithms. Divide and conquer, dynamic programming
and greedy algorithms; basic search and traversal techniques
including search trees; sorting; matrix manipulations; NP-com-
pleteness. Additional projects required for CECS 628. (Lecture—
problems 3 hours.) Traditional grading only.

529./629. Advanced Compiler Design (3)

Prerequisite: CECS 444. (Master's students register in CECS 529
or 629; Ph.D. students register in CECS 629.) Real-world and
theoretical problems encountered by the compiler writer. Error
handling, table management, the symbol table, run-time prob-
lems, code optimization, code generation and register allocation.
Additional projects required for CECS 629. (Lecture—problems 3
hours.) Traditional grading only.

530./630. Advanced Computer Architecture | (3)
Prerequisite: CECS 440. (Master’s students register in CECS 530
or 630; Ph.D. students register in CECS 630.) Fundamentals of
computer architecture. Description of architecture and descrip-
tion languages. Basic computer design and central processor
implementation. Memory hierarchy and input/output. Pipelining.
Vector processor, multiprocessor systems and dataflow ma-
chines. Additional projects required for CECS 630. (Lecture—
problems 3 hours.) Traditional grading only.

531./631. Advanced Computer Architecture Il (3)
Prerequisite: CECS 530. (Master’s students register in CECS 531
or 631; Ph.D. students register in CECS 631.) Advanced comput-
er architecture with emphasis on parallel processing. Vector pro-
cessors and multiprocessor systems. Dataflow computation.
RISC/CISC. Hypercube. Parallel software. Applications in artifi-
cial intelligence, signal/image processing, neural network and
optical computing. Additional projects required for CECS 631.
(Lecture—problems 3 hours.) Traditional grading only.

543./643. Advanced Software Engineering (3)

Prerequisite: CECS 443. (Master's students register in CECS 543
or 643; Ph.D. students register in CECS 643.) Study of software
engineering as a broad, problem-solving discipline. Includes
structured programming and software project management. Ad-
ditional projects required for CECS 643. (Lecture 2 hours, labora-
tory 3 hours.) Traditional grading only.

546./646. Fault Tolerant Computing Systems (3)
Prerequisite: CECS 530. (Master's students register in CECS 546
or 646; Ph.D. students register in CECS 646.) Fault tolerant tech-
niques are studied as tools to assure the reliability and continu-
ous availability of computing systems. Case studies of modern
fault tolerant systems reviewed. Software fault tolerant systems
studied as alternatives to verification and validation approaches
to software reliability. Additional projects required for CECS 646.
(Lecture—problems 3 hours.) Traditional grading only.

548./448. User Interface Design (3)

Prerequisites: Any one of CECS 421, 443, 470, 471,481, plus
consent of instructor. (Bachelor’s students register in CECS 448;
Master’s students register in CECS 548.) Evaluation, design and
programming user interface systems. Fundamentals of human
cognition, system characteristics, and the interaction between
humans and systems. Usability methods and user/task-centered
design. Tools for designing and building user interfaces, with
emphasis on rapid applications development. Additional assign-
ments/examinations required for CECS 548. (Lecture 2 hours,
laboratory 3 hours.) Traditional grading only.

549./649. Advanced Computer Graphics (3)

Prerequisite: CECS 449. (Master’s students register in CECS 549
or 649; Ph.D. students register in CECS 649.) Three-dimensional
representations, transformations and viewing. Color models and
modeling methods. Hidden-line and hidden-surface removal.
Lighting and shading. Visual realism. Topics of current interest.
Additional projects required for CECS 649. (Lecture 2 hours,
laboratory 3 hours.) Traditional grading only.
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551./651. Advanced Artificial Intelligence (3)

Prerequisite: CECS 451. (Master’s students register in CECS 551
or 651; Ph.D. students register in CECS 651.) Advanced concepts
in artificial intelligence. Topics include knowledge acquisition and
representation, fuzzy logic, logical reasoning, multi-sensor integra-
tion, Dempster-Shafer's theory of evidential reasoning, real-time
expert systems and neural networks. Additional projects required
for CECS 651. (Lecture-problems 3 hours.) Traditional grading
only.

552./652. Computer Simulation and Modeling (3)
Prerequisites: EE 380 (or MATH 380) and CECS 326. (Master’s
students register in CECS 552 or 652; Ph.D. students register in
CECS 652.) Studies of general purpose and special simulation
software. Model verification including graphical models Applica-
tions in various areas. Additional projects required for CECS 652.
(Lecture-problems 3 hours.) Traditional grading only.

553./653. Machine Vision (3)

Prerequisite: Graduate standing in engineering or computer sci-
ence. (Master’s students register in CECS 553 or 653; Ph.D. stu-
dents register in CECS 653.) Discussion and laboratory
implementation of current research in vision and image under-
standing. Topics include image formation, early processing, seg-
mentation, relational structures in 2-D and 3-D, motion, stereo, 3-D
reconstruction, morphological methods and computer architecture
for machine vision. Additional projects required for CECS 653.
(Lecture-problems 2 hours, laboratory 3 hours.) Traditional grad-
ing only.

570./670. Concurrent Parallel Programming (3)

Prerequisite: CECS 428 or 440. (Master's students register in
CECS 570 or 670; Ph.D. students register in CECS 670.) An intro-
duction to concurrent and parallel programming for multiprocess-
ing as well as distributed systems. Computational models and
paradigms. Parallel programming languages and programming
tools. Portable parallel programming and mapping techniques.
Heterogeneous concurrent programming. Concurrent program-
ming on local networks on workstations and personal computers.
Additional projects required for CECS 670. (Lecture-problems 2
hours, laboratory 3 hours.) Traditional grading only.

572./672. Distributed Computing Systems and Networking (3)
Prerequisite: CECS 472. (Master’s students register in CECS 572
or 672; Ph.D. students register in CECS 672.) Advanced concepts
in distributed computing systems and computer networking. Dis-
tributed architectures, computer network standards and design,
and computer network performance issues. Additional projects
required for CECS 672. (Lecture—problems 3 hours.) Traditional
grading only.

573./473. Enterprise Web Applications (3)

Prerequisites: CECS 421, 470, and consent of instructor. (Bache-
lor's students register in CECS 473; Master's students register in
CECS 573.) Web commerce, high-availability Web sites, and infor-
mation architecture. Advanced client side and server side script-
ing, advanced searching and indexing, application servers. Legal
and business aspects. Projects may include cooperation with stu-
dents from other departments. Additional assignments/examina-
tions required for CECS 573. (Lecture 2 hours, laboratory 3
hours.) Traditional grading only.

575./675. Object-Oriented Analysis and Design (3)
Prerequisite: CECS 475 and either CECS 443 or 543. (Master’s
students register in CECS 575 or 675; Ph.D. students register in
CECS 675.) An object-oriented approach to software develop-
ment based on modeling objects from the real world and then us-
ing the model to build a language-independent design organized
around those objects. Object-oriented methodology from problem
statement through analysis, system design, and object design.
Implementation of object-oriented designs in various target envi-
ronments. Case studies. Additional projects required for CECS
675. (Lecture 2 hours, laboratory 3 hours.) Traditional grading
only.

590./690. Special Topics in Computer Science (3)

Prerequisites: Graduate standing and consent of instructor. (Mas-
ter's students register in CECS 590 or 690; Ph.D. students register
in CECS 690.) Each offering is based on an area in computer sci-
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ence and technology in which recent advances have been made.
Additional projects required for CECS 690. (Lecture-problems 3
hours.) Repeatable to a maximum of 6 units with consent of de-
partment. Traditional grading only.

621./521. Database Architecture (3)

Prerequisite: CECS 328 and 421. (Master’s students register in
CECS 521 or 621; Ph.D. students register in CECS 621.) Relational
database design theory-a rigorous approach. Security, recovery,
transaction management, distributed databases and query optimi-
zation. Additional projects required for CECS 621.
(Lecture-problems 3 hours.) Traditional grading only.

624./524. Advanced Topics in Programming Languages (3)
Prerequisite: CECS 424 and 471. (Master's students register in
CECS 524 or 624; Ph.D. students register in CECS 624.) Intensive
study of languages of current interest which support object-orient-
ed, client-server, and multimedia applications (e.g. JAVA). Addi-
tional projects required for CECS 624. (Lecture-problems 3 hours.)
Traditional grading only.

626./526. Advanced Operating Systems (3)

Prerequisites: CECS 228 and 326. (Master's students register in
CECS 526 or 626; Ph.D. students register in CECS 626.) Theoreti-
cal foundations of concepts applied in the design of operating sys-
tems. Control of concurrent processes, deadlocks, mutual
exclusion, virtual memory, resource management and scheduling.
Additional projects required for CECS 626. (Lecture—problems 3
hours.) Traditional grading only.

628./528. Advanced Analysis of Algorithms (3)

Prerequisite: CECS 428. (Master’s students register in CECS 528
or 628; Ph.D. students register in CECS 628.) Theoretical analysis
of algorithms. Divide and conquer, dynamic programming and
greedy algorithms; basic search and traversal techniques includ-
ing search trees; sorting; matrix manipulations; NP-completeness.
Additional projects required for CECS 628. (Lecture—problems 3
hours.) Traditional grading only.

629./529. Advanced Compiler Design (3)

Prerequisite: CECS 444. (Master’s students register in CECS 529
or 629; Ph.D. students register in CECS 629.) Real-world and the-
oretical problems encountered by the compiler writer. Error han-
dling, table management, the symbol table, run-time problems,
code optimization, code generation and register allocation. Addi-
tional projects required for CECS 629. (Lecture—problems 3 hours.)
Traditional grading only.

630./530. Advanced Computer Architecture | (3)

Prerequisite: CECS 440. (Master's students register in CECS 530
or 630; Ph.D. students register in CECS 630.) Fundamentals of
computer architecture. Description of architecture and description
languages. Basic computer design and central processor imple-
mentation. Memory hierarchy and input/output. Pipelining. Vector
processor, multiprocessor systems and dataflow machines. Addi-
tional projects required for CECS 630. (Lecture—problems 3 hours.)
Traditional grading only.

631./531. Advanced Computer Architecture Il (3)

Prerequisite: CECS 530. (Master’s students register in CECS 531
or 631; Ph.D. students register in CECS 631.) Advanced computer
architecture with emphasis on parallel processing. Vector proces-
sors and multiprocessor systems. Dataflow computation. RISC/
CISC. Hypercube. Parallel software. Applications in artificial intel-
ligence, signal/image processing, neural network and optical com-
puting. Additional projects required for CECS 631.
(Lecture—problems 3 hours.) Traditional grading only.

643./543. Advanced Software Engineering (3)

Prerequisite: CECS 443. (Master’s students register in CECS 543
or 643; Ph.D. students register in CECS 643.) Study of software
engineering as a broad, problem-solving discipline. Includes
structured programming and software project management. Addi-
tional projects required for CECS 643. (Lecture 2 hours, laboratory
3 hours.) Traditional grading only.

644./744. Software Verification and Validation (3)
Prerequisite: CECS 543. (Master's students register in CECS 644;
Ph.D. students register in CECS 744.) Overview of software verifi-
cation and validation. Testing strategies, special testing problems,
automated testing. Verification of validation activities. Formal veri-
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fication. Additional projects required for Ph.D. students.
(Lecture-problems 3 hours.) Traditional grading only.

646./546. Fault Tolerant Computing Systems (3)

Prerequisite: CECS 530. (Master's students register in CECS 546
or 646; Ph.D. students register in CECS 646.) Fault tolerant tech-
nigues are studied as tools to assure the reliability and continuous
availability of computing systems. Case studies of modern fault
tolerant systems reviewed. Software fault tolerant systems studied
as alternatives to verification and validation approaches to soft-
ware reliability. Additional projects required for CECS 646. (Lec-
ture—problems 3 hours.) Traditional grading only.

649./549. Advanced Computer Graphics (3)

Prerequisite: CECS 449. (Master's students register in CECS 549
or 649; Ph.D. students register in CECS 649.) Three-dimensional
representations, transformations and viewing. Color models and
modeling methods. Hidden-line and hidden-surface removal.
Lighting and shading. Visual realism. Topics of current interest.
Additional projects required for CECS 649. (Lecture 2 hours, labo-
ratory 3 hours.) Traditional grading only.

650./750. Pattern Recognition Using Artificial Intelligence (3)
(Master’s students register in CECS 650; Ph.D. students register in
CECS 750.) General concepts of pattern recognition and trainable
classifiers, decision theory, supervised learning, non-parametric
techniques, rule-based systems and neural networks. Additional
projects required for Ph.D. students. (Lecture-problems 2 hours,
laboratory 3 hours.) Traditional grading only.

651./551. Advanced Artificial Intelligence (3)

Prerequisite: CECS 451. (Master's students register in CECS 551
or 651; Ph.D. students register in CECS 651.) Advanced concepts
in artificial intelligence. Topics include knowledge acquisition and
representation, fuzzy logic, logical reasoning, multi-sensor integra-
tion, Dempster-Shafer’s theory of evidential reasoning, real-time
expert systems and neural networks. Additional projects required
for CECS 651. (Lecture-problems 3 hours.) Traditional grading
only.

652./552. Computer Simulation and Modeling (3)
Prerequisites: EE 380 (or MATH 380) and CECS 326. (Master’s stu-
dents register in CECS 552 or 652; Ph.D. students register in CECS
652.) Studies of general purpose and special simulation software.
Model verification including graphical models Applications in vari-
ous areas. Additional projects required for CECS 652.
(Lecture-problems 3 hours.) Traditional grading only.

653./553. Machine Vision (3)

Prerequisite: Graduate standing in engineering or computer sci-
ence. (Master's students register in CECS 553 or 653; Ph.D. stu-
dents register in CECS 653.) Discussion and laboratory
implementation of current research in vision and image under-
standing. Topics include image formation, early processing, seg-
mentation, relational structures in 2-D and 3-D, motion, stereo, 3-D
reconstruction, morphological methods and computer architecture
for machine vision. Additional projects required for CECS 653.
(Lecture-problems 2 hours, laboratory 3 hours.) Traditional grading
only.

670./570. Concurrent Parallel Programming (3)

Prerequisite: CECS 428 or 440. (Master's students register in
CECS 570 or 670; Ph.D. students register in CECS 670.) An intro-
duction to concurrent and parallel programming for multiprocess-
ing as well as distributed systems. Computational models and
paradigms. Parallel programming languages and programming
tools. Portable parallel programming and mapping techniques.
Heterogeneous concurrent programming. Concurrent program-
ming on local networks on workstations and personal computers.
Additional projects required for CECS 670. (Lecture-problems 2
hours, laboratory 3 hours.) Traditional grading only.

672./572. Distributed Computing Systems and Networking (3)
Prerequisite: CECS 472. (Master’s students register in CECS 572
or 672; Ph.D. students register in CECS 672.) Advanced concepts
in distributed computing systems and computer networking. Dis-
tributed architectures, computer network standards and design,
and computer network performance issues. Additional projects
required for CECS 672. (Lecture—problems 3 hours.) Traditional
grading only.
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673./773. Topics in Distributed Computer Systems (3)
Prerequisite: CECS 572 or 672. (Master’s students register in
CECS 673; Ph.D. students register in CECS 773.) Network operat-
ing systems vs distributed operating systems, research and de-
sign issues of distributed operating systems, resources and
resource management in distributed systems, communication se-
curity and user authentication. Additional projects required for
Ph.D. students. (Lecture—-problems 3 hours.) Traditional grading
only.

675./575. Object-Oriented Analysis and Design (3)
Prerequisite: CECS 475 and either CECS 443 or 543. (Master's
students register in CECS 575 or 675; Ph.D. students register in
CECS 675.) An object-oriented approach to software develop-
ment based on modeling objects from the real world and then us-
ing the model to build a language-independent design organized
around those objects. Object-oriented methodology from problem
statement through analysis, system design, and object design.
Implementation of object-oriented designs in various target envi-
ronments. Case studies. Additional projects required for CECS
675. (Lecture 2 hours, laboratory 3 hours.) Traditional grading
only.

690./590. Special Topics in Computer Science (3)
Prerequisites: Graduate standing and consent of instructor. (Mas-
ter's students register in CECS 590 or 690; Ph.D. students register
in CECS 690.) Each offering is based on an area in computer sci-
ence and technology in which recent advances have been made.
Additional projects required for CECS 690. (Lecture-problems 3
hours.) Repeatable to a maximum of 6 units with consent of de-
partment. Traditional grading only.

694. Seminar in Computer Science (3)

Prerequisite: Six units of 500 or 600 level CECS courses. Inten-
sive study of a broad selection of conceptual and theoretical prob-
lems in computer science. A written student research project and
an oral presentation are required. Traditional grading only.

697. Directed Research (1-3)

Prerequisite: Classified Graduate standing. Theoretical and experi-
mental problems in computer science and engineering requiring
intensive analysis. (Independent Study.) Traditional grading only.

698. Thesis or Industrial Project (2-6)

Prerequisite: Advancement to Candidacy. Planning, preparation,
and completion of a thesis or equivalent industrial project report
on a suitable topic in computer engineering and computer science
following the library's prescribed format. Requires consultation
with department's Graduate Advisor and submission of an Agree-
ment for Independent Study form each semester of enroliment.
May be repeated to a total of 6 units.

744./644. Software Verification and Validation (3)
Prerequisite: CECS 543. (Master’s students register in CECS 644;
Ph.D. students register in CECS 744.) Overview of software verifi-
cation and validation. Testing strategies, special testing problems,
automated testing. Verification of validation activities. Formal veri-
fication. Additional projects required for Ph.D. students.
(Lecture-problems 3 hours.) Traditional grading only.

750./650. Pattern Recognition using Artificial Intelligence

(3)

(Master’s students register in CECS 650; Ph.D. students register in
CECS 750.) General concepts of pattern recognition and trainable
classifiers, decision theory, supervised learning, non-parametric
techniques, rule-based systems and neural networks. Additional
projects required for Ph.D. students. (Lecture-problems 2 hours,
laboratory 3 hours.) Traditional grading only.

773./673. Topics in Distributed Computer Systems (3)
Prerequisite: CECS 572 or 672. (Master’s students register in
CECS 673; Ph.D. students register in CECS 773.) Network operat-
ing systems vs distributed operating systems, research and de-
sign issues of distributed operating systems, resources and
resource management in distributed systems, communication se-
curity and user authentication. Additional projects required for
Ph.D. students. (Lecture—-problems 3 hours.) Traditional grading
only.
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