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Rationale & Demand

Engineering education has been a State of Washington priority for UWT since its beginning.  In 1988 the HEC Board recommended the creation of branch campuses of UW and WSU to expand both access to 4-year degree programs and the potential for economic development.  It proposed development of baccalaureate and master’s programs in the liberal arts and professional fields to the legislature.  The HEC Board recommendations were adopted without modification when the legislation to create the campus was passed in 1989.  The following is a table from that HEC Board recommendation:

Exhibit 8

HECB Recommends Branches Focus

on Liberal Arts and Applied Degrees

	Baccalaureate Degrees
	Master's Degrees

	Business
	Business

	Computer Science
	Computer Science

	Engineering
	Engineering

	Arts & Letters
	Arts & Letters

	Nursing
	Education

	Sciences
	Health

	Social Sciences
	Social Sciences


Source: HECB, Design for the 21st Century (1988), p. 16

Also in 1988, the UW independently conducted studies to determine what degree programs should be offered at each of the branch campuses.  Based on surveys of prospective employers and students in the Puget Sound Region, the UW report displayed the following table of projected program enrollments for the Tacoma campus:

	 Baccalaureate programs: 

	     Arts and Sciences  (over half of anticipated enrollments), 

	     Business  (growing to about 20 percent), 

	     Engineering  (growing to about 12 percent), and

	     Nursing  (about 2 percent) 



	  Applied Master’s programs:

	     Engineering  (one-fourth of graduate enrollments), 

	     Business  (about 20 percent), 

	     Nursing  (about 12 percent), and 

	     Teaching  (roughly 33 percent). 







Source: UW Report on Degree program Projections for the proposed Branch Campuses (1988) 

In 1999, the AeA Washington Council Higher Education Task Force performed extensive fact-finding efforts in participation with state government, legislators, public and private college university presidents and administrators, and industry groups.  In October of 1999 it released a report entitled The High Technology Industry, State Government and Higher Education Teaming to Build the Workforce of the Future.  This report concluded that anecdotal and statistical evidence indicates a technical workforce shortage is pervasive throughout the high technology industry, including most engineering, computer science, and information systems fields.  It estimated there is one qualified person available for every eight computer science and engineering positions requiring a four-year degree.  The report stated that there was strong support for the creation of an Institute of Technology to provide a single focal point for developing technology degree programs, providing much needed state-of-the-art laboratory resources, research partnerships with industry, and a critical mass of top-flight talent.  It also stated that financial resources exist in industry to develop and fund such an institution in partnership with state government.

In 2000, Governor Locke championed the Institute of Technology concept for increasing the baccalaureate and master’s level education of computing and engineering professionals, and providing exceptional career opportunities for Washington citizens, especially women and underrepresented groups.  The WSA, the AeA, the UW, the Executive Council for a Greater Tacoma, Intel and other South Sound industries joined the governor’s office in encouraging the legislature to create the Institute of Technology and locate it at UWT.  They helped raise sufficient initial private funding to partner with the state.  In 2001 the legislature created the Institute of Technology at UWT and charged it to expand its Computing and Software Systems program and follow that with additional programs. Computer Engineering being the one most discussed. In a WSA report, Findings of the 2000-2001 Workforce Study, it was stated that the demand for significantly more baccalaureate and masters level professionals in the computer science, engineering, and information fields was critical.  The Governor’s office plan proposed augmented funding for beginning an engineering program in 2003, but the State’s economic situation made that unrealistic.  In a WSA report, Findings of the 2003-2004 Workforce Study, it was confirmed that the demand for significantly more baccalaureate and master’s professionals in the computer science and engineering fields still existed, and the need for continued growth of educational capacity was re-emphasized.

The Institute of Technology has now graduated approximately 200 BS and MS degreed professionals in Computing and Software Systems.  They are employed by many of the leading companies in the Puget Sound, including Microsoft, Intel, and Boeing.  The Tacoma-Pierce Country Economic Development Board now views the Institute as a key resource for economic development.  The report of a research study the Board commissioned from DCG Corplan Consulting LLC in 2004, Strategy for Leveraging the UWT Institute of Technology to Recruit and Retain Technology Firms in Tacoma-Pierce County, emphasized the importance of the UWT Institute of Technology in developing its strategy for economic development and in creating high paying and rewarding jobs for the residents of Pierce County and South Puget Sound.  The Executive Council for a Greater Tacoma is presently exploring strategies to encourage more students to prepare for Institute degree programs, and the Economic Development Board has offered to fund some of that research.

Besides increasing the number of students in its BS in Computing & Software Systems program, the Institute has made progress in expanding its programs through the creation of a BA program in Computing and Software Systems that provides expertise in computer applications and requires a minor in an area of application.  The Institute also created a minor in Computing and Software Systems to create strength in applying computers in other professions.  The Institute is encouraging the Milgard School of Business to create complementary programs to better serve needs in the Institute and in the School of Business.

During the past several years the Institute has been building both faculty and facilities in anticipation of the creation of engineering degrees.  It has reached a point where it is now feasible to launch a BS degree in Computer Engineering & Systems.  The Institute’s Board of Advisors has encouraged the creation a five-year program in which a student could earn both a BS and an MS in Computer Engineering & Systems.  Intel, one of the key industries in the South Sound, and the first contributor to the creation of the Institute of Technology, has been encouraging the Institute to offer an MS program in an Electrical Engineering area, such as Computer Engineering & Systems.  Intel has requested a list of equipment needs to which it could make contributions.
BS Degree in Computer Engineering and Systems

Program Mission
The Computer Engineering and Systems Program will educate each student to be a responsible and productive computer engineer who can effectively apply emerging technologies to meet future challenges.

Program Objective
The objective of the Computer Engineering and Systems Program is to produce graduates able to: 

· apply knowledge of mathematics, science, and engineering to identify, formulate, and solve computer engineering problems; 

· use hardware and software tools to analyze, design, develop and test computer-based systems containing both hardware and software components; 

· achieve success in graduate programs in computer engineering or a related field; 

· continue to develop their knowledge and skills after graduation in order to succeed personally and contribute to society; 

· work effectively as a member of a multi-disciplinary development team and undertake leadership roles when appropriate; 

· communicate their ideas, both in written and oral forms, so that others can use and build on their work;
· appreciate the importance of ethics in the profession and the need to act in society's best interest. 


Curriculum
The curriculum was designed with the strategies of:

· minimizing the number of new courses that will need to be offered;

· sharing curricula with the BS in CSS, particularly in the junior year, to allow students a better opportunity to explore their choice of degree;

· using CSS concentration courses to serve as part of the required CES curriculum;

· running the CES program in a cohort model to allow the program to be cost effectively launched with a minimum of 20 students;

· organizing the new courses so as to be able to use local expertise to initially expand the faculty;

· leveraging on the Cherry Parkes special focus laboratories to minimize the new facility costs.

The resultant curriculum is as follows:

· Computer Science Fundamentals

TCSS 305 
Programming Practicum

TCSS 342
Data Structures
· Electrical Engineering Fundamentals



TCES 215
Electrical Circuits (new course)


TCES 312 
Electronics & Analog Systems (new course)
· Computer Systems

TCSS 371
Machine Organization

TCSS 372
Computer Architecture

TCSS 422
Computer Operating Systems
· Math / Theory

TCSS 321
Discrete Structures I


TCES 323 
Linear Systems and Transforms (new course)

TCES 450 
Probability and Statistics with Numerical Methods (new course)
· "Soft Skills"

TCSS 360
Software Development and Quality Assurance Techniques

TCSS 325
Computers, Ethics, and Society
· Computer Engineering



TCES 230
Introduction to Logic Design (new course)


TCES 413
Advanced Digital System Design (new course)


TCSS 465
Embedded Real-Time Systems



TCES 480
Senior Design Project I (new course)


TCES 481
Senior Design Project II (new course)
· Breadth Electives



10 Credits (May include 5 credit-hours of Internship)

Rigorous engineering programs typically have few elective choices or else require more than 180 hours.  This curriculum is particularly tight since it includes core courses in both computer science and electrical engineering.  Most of the elective choices are in the lower division humanities and social sciences.

Description of New Courses

Although the Computer Engineering & Systems curriculum is built primarily on existing UWT courses, there are eight required engineering courses that are not presently offered.  

TCES 215 - Electrical Circuits 

5 Credits / Prerequisites: Physics II, Calculus II
Introduction to electrical engineering. Basic circuit and systems concepts. Power and Energy. Mathematical models of components. Kirchoff's laws. Resistors, sources, capacitors, inductors, and operational amplifiers. Solution of first and second order linear differential equations associated with basic circuit forms. Analysis of circuits with sinusoidal signals. Laboratory Required.
TCES 230 – Introduction to Logic Design

5 Credits / Prerequisites: Intro to Programming, Physics II  

Boolean algebra and logic simplification techniques. Design of combinational logic networks for decoders, encoders, multiplexers, and demultiplexers. Design of sequential logic devices including flip-flops, registers, and counters. Analysis of devices used to build logic networks, including open-collector, three-state devices, CMOS, and programmable logic devices. Use of tools for schematic capture and circuit simulations. Introduction to state machines. Laboratory required.

TCES 312 – Electronics & Analog Systems 

5 Credits / Prerequisites:  TCES 215, Differential Equations

Electronic devices, semiconductors, bipolar devices, amplifiers, analog circuits, analog/digital conversions, filters, noise, operational Amplifiers, signal shaping, discrete feedback amplifiers, and frequency analysis and response.  Laboratory required. 

TCES 323 –Linear Systems & Transforms

5 Credits / Prerequisites: TCES 312
Circuit analysis techniques for networks with both independent and dependent sources. Network topology. Natural and forced response for RLC circuits. Complex frequency, poles and zeros. Introduction to Fourier series, Fourier, Laplace and z-transforms. Introduction to the discrete Fourier Transform and the Fast Fourier Transform (FFT) algorithm.
TCES 413 – Advanced Digital System Design – 5 Credit hours

5 Credits / TCSS 372, TCES 312
Design techniques using combinational and sequential logic synthesis and optimization, state machines, discrete components, gates, LSI, and programmable logic, interfacing, memory systems, digital communication including serial/parallel & synchronous/asynchronous architectures, hardware description languages, and hardware simulators. Emphasis on reconfigurable logic for design and implementation. Automated development systems and procedures are used throughout design.  Laboratory required.  

TCES 450 - Probability and Statistics with Numerical Methods– 5 Credit hours

5 Credits / Differential Equations, Discrete Structures I
Basic concepts of probability and statistics with emphasis on models used in science and engineering. Probability models for statistical estimation and hypothesis testing. Confidence limits. One- and two-sample inference, simple regression.  Least squares solutions to data fitting problems, and numerical solution techniques applicable to large-scale engineering/science problems.  

TCES 480 – System Design Project I

5 credits / Prerequisites TCES 413, Corequisites: TCSS 465

Under faculty supervision, each student or team prepares a plan for a senior design project. This plan includes project definition, project requirements, preliminary design, and work schedule. Requirements and design shall address human factors, safety, reliability, maintainability, and customer cost. Oral and written reports are required. This course has a significant writing component.  
TCES 481 – System Design Project II

5 credits / Prerequisites: TCES 480

Continuation of TCES 490, students construct, test, and demonstrate their senior design projects. Formal oral and written reports documenting the project are required.  This course has a significant writing component.
Comparison of Institute Baccalaureate Degree Programs

The following chart provides a comparison of the BS in CES with the BS in CSS and the BA in CSS.  The CES program does require that students take 3 quarters of Calculus for Engineers/Scientists and 3 quarters of Calculus Based Physics, rather that the one quarter of each required for CSS.

Sample Schedule

The second chart is a recommended four-year schedule for students entering the program as freshmen.  It uses the present scheduling of existing courses, and proposes times for the new courses.  The program is designed for full time students, but efforts will be made to allow part-time students to make continual progress toward the degree.  It should be emphasized that whereas this schedule utilizes existing offerings, the extra demand that this curriculum imposes will require scheduling select additional sections.

Comparison of Institute Baccalaureate Degree Programs

	
	
	BS in

Computing & Software Systems
	BA in

Computing & Software Systems
	BS in

Computer Engineering & Systems

	
	
	
	
	

	Lower Division:
	Program
	                               English Composition (10 hrs)         
	(10 hrs)

	   (90 hrs)
	Prerequisites:
	                               Humanities (10 hrs)                       
	(10 hrs)

	
	
	                               Social Sciences (10 hrs)                 
	(10 hrs)

	
	
	                               Calculus for Engr/Sci (5 hrs)           
	(15 hrs)

	
	
	                               Statistics (5 hrs)                            
	

	
	
	                               Calculus based Physics (5 hrs)
	(15 hrs)

	
	
	                               Object Oriented Comp Prog (10 hrs)
	(10 hrs)

	
	
	
	Chemistry or Biology (5 hrs)

	
	
	
	Linear Algebra (5 hrs)

	
	
	
	Differential Equations (5 hrs)

	
	
	
	 215 Electrical Circuits (5 hrs)

	
	Electives:
	(35 hrs)
	(0 hrs)

	Major Core:
	Fundamentals:
	 305 Programming Practicum 
	 305 Programming Practicum
	 305 Programming Practicum

	
	
	 342 Data Structures
	 342 Data Structures
	 342 Data Structures

	
	Systems:
	 371 Machine Organization
	 371 Machine Organization
	 371 Machine Organization

	
	
	 372 Computer Architecture
	
	 372 Computer Architecture

	
	
	 422 Computer Operating Systems
	
	 422 Computer Operating Systems

	
	Math / Theory:
	 321 Discrete Structures I
	 321 Discrete Structures I
	 321 Discrete Structures I

	
	
	 322 Discrete Structures II
	
	        323 Linear Sys & Transforms

	Technical 
	
	 343 Design & Analysis of Algorithms
	
	 450 Prob, Stats, with Num. Methods

	
	"Soft Skills":
	 360 Software Dev & QA Techniques
	 360 Software Dev & QA Techniques
	 360 Software Dev & QA Techniques

	
	
	 325 Computers, Ethics, & Society
	 325 Computers, Ethics, & Society
	 325 Computers, Ethics, & Society

	
	Engineering:
	
	
	 230 Intro to Logic Design

	
	
	
	
	 312 Electronics & Analog Systems

	
	
	
	
	 413 Advanced Digital System Design

	
	
	
	
	 480 Senior Design Project I

	
	
	
	
	 481 Senior Design Project II

	Concentration:
	Major Electives
	 5 CSS Courses in BS list
	 4 CSS Courses in BS/BA list
	 465 Embedded Real-Time Systems

	
	Requirements:
	  (2 Max from Intern, Indep Study)
	  (2 Max from Intern, Indep Study)
	 

	Breadth:
	Free Electives
	 15 hrs Electives
	 20-30 hrs Formal Minor
	 10 hrs Electives

	
	/Minor:
	
	 10-20 hrs Electives
	    (May include 5 hrs of Internship)


Revised March 20, 2006
BS in Computer Engineering & Systems
Students following the program below will satisfy the requirements for the Computer Engineering & Systems major as well as the General Education requirement of the University.

	
	FRESHMAN YEAR
	
	
	
	
	SOPHOMORE YEAR
	
	
	

	Course No.
	Title
	Fall
	
	
	Course No.
	Title
	Fall
	
	

	
	Calculus I (MTH 124)
	5
	
	
	
	Differential Equations
	5
	
	

	
	English Composition I
	5
	
	
	TCSS 142
	Programming I (CSE 142)
	5
	
	

	
	Social Science
	5
	
	
	
	Physics III (PHY 123)
	5
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	Winter
	
	
	
	
	Winter
	

	
	Calculus II (MTH 125)
	
	5
	
	TCSS 143
	Programming II (CSE 143)
	
	5
	

	
	Physics I (PHY 121)
	
	5
	
	
	Linear Algebra
	
	5
	

	
	English Composition II or Tech writing
	
	5
	
	
	Chemistry or Biology (with lab)
	
	5
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	Spring
	
	
	
	
	Spring

	
	Calculus III (MTH 126)
	
	
	5
	
	Social Science or Humanities
	
	
	5

	
	Physics II (PHY122)
	
	
	5
	
	Humanities or Social Science
	
	
	5

	
	Humanities 
	
	
	5
	TCES 215
	Electrical Circuits (EE 215)
	
	
	5

	
	
	
	
	
	
	
	
	
	

	
	TOTAL UNITS
	15
	15
	15
	
	TOTAL UNITS
	15
	15
	15

	
	
	
	
	
	
	
	

	
	JUNIOR YEAR
	
	
	
	
	SENIOR YEAR
	
	
	

	Course No.
	Title
	Fall
	
	
	Course No.
	Title
	Fall
	
	

	TCSS 305
	Programming Practicum
	5
	
	
	TCSS 422
	Computer Operating Systems
	5
	
	

	TCES 230
	Intro to Logic Design
	5
	
	
	TCES 413
	Advanced Digital System Design
	5
	
	

	TCSS 321
	Discrete Structures I
	5
	
	
	TCSS 325
	Computers, Ethics, & Society
	5
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	Winter
	
	
	
	
	Winter
	

	TCSS 342
	Data Structures
	
	5
	
	TCSS 465
	Embedded Real-Time Systems
	
	5
	

	TCSS 371
	Machine Organization
	
	5
	
	
	Restricted Elective (May be Internship)
	
	5
	

	TCES 312
	Electronics & Analog Systems
	
	5
	
	TCES 480
	Senior Project I
	
	5
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	Spring
	
	
	
	
	Spring

	TCSS 372
	Computer Architecture
	
	
	5
	TCES 450
	Probability & Stat with Num Methods
	
	
	5

	TCSS 360
	Software Engr & Quality Assurance
	
	
	5
	
	Restricted Elective
	
	
	5

	TCES 323
	Linear Systems and Transforms
	
	
	5
	TCES 481
	Senior Project II
	
	
	5

	
	
	
	
	
	
	
	
	
	

	
	TOTAL UNITS
	15
	15
	15
	
	TOTAL UNITS
	15
	15
	15


+ Restricted Electives requires adviser approval.


Courses in italics are UW Seattle reference numbers

Resources Required to Launch the CES Program:

The BS in Computer Engineering and Systems program can be launched with a modest investment.  However, if the program is launched with an initial target of thirty juniors per year, clearly some additional resources will be needed in the first year and more will need to be added in the second year.  In addition, lower division math and science courses will need to be added at UWT to provide for our new UWT four-year students.

Faculty:

Faculty expertise is available to provide leadership for this program.  The Institute already has expertise in Electrical Engineering.  Professor Larry Crum, Project Manager Larry L. Wear (former professor and Chair of ECE, Cal State Chico), Adjunct Joseph T. DiBene (Principle Engineer, Senior Silicon Architect, Intel Corp.) and Director & Professor Orlando Baiocchi have PhD’s in Electrical Engineering, Lecturer Don McLane has a Masters degree in Electrical Engineering, and Assistant Professor Sam Chung has a Bachelors degree in Electronics (Electrical Engineering).  Dr. Crum has extensive background in development and leadership of computer engineering programs.  He has served as Chair of a Computer Engineering Program that offered BS and MS degrees in Computer Engineering, and served a Chair of a Computer Science & Engineering Department that offered BS, MS, and PhD degrees in Computer Science & Engineering.  Dr. Wear started the Computer Engineering Department at Chico, has served as Chair of both ECE and Computer Science departments, and has extensive teaching experience in Computer Science and Electrical/Computer Engineering. Dr. DiBene has extensive research and development experience in the semiconductor field. Dr. Baiocchi was a Professor and Chair of ECE departments in both California and North Dakota. He was also the Dean at SUNYIT where he started the Electrical and Computer Engineering programs. Both Dr. Crum and Mr. McLane have significant computer engineering industrial experience.  Both Dr. Wear and Dr. DiBene have recent industry and consulting experience in the electrical and computer engineering fields. 

Eight new courses need to be developed and offered by the faculty over then next two years.  Courses similar to these are offered at other universities.  It is believed that one new senior faculty, a visiting professor, and several part-time lecturers, working in local industry, might meet the initial needs. Intel presently employs many engineers with Masters and PhD degrees, such as Dr. DiBene, who are qualified to teach CES courses, and has offered to help identify some who may be good fits. In addition, there is an ongoing search for faculty to help staff the Computer Engineering and Systems program. The first candidate will be interviewed the week of April 10th, 2006.

Laboratory Facilities:

The Institute has developed laboratories with most of the facilities needed to begin offering the program.  There is presently capacity and much of the test equipment and supplies needed to provide the laboratory experimentation and undergraduate research.  Some additional supplies will be required.  Intel has been a great help in funding Institute equipment in the past, and has expressed a willingness to help with this.  In addition, UWS Electrical Engineering offered to help us acquire equipment equivalent to theirs where savings could be occurred with only per unit extra charges.  The challenge will be the cost of developing additional laboratories needed to build out the facilities as enrollments increase beyond the ability to share the CSS laboratories.

Students:

Pre-engineering programs are offered by most or all of our partner community colleges.  Students in these programs take the articulated Associate of Science Degree curriculum, that includes the lower division requirements in the CES program.  The options for these students to take upper division majors in four-year universities in western Washington are limited.  The staff at the SBCTC estimates that there are at least 50 students with a GPA of 3.0 each year that can’t complete their degree in western Washington, as they desire.  It is anticipated that at least 20 students will matriculate into the Computer Engineering & Systems program for its first class.  

Accreditation:

It is expected that engineering programs be accredited.  The program created following the guideline established by the Accreditation Board for Engineering and Technology. Dr. Baiocchi and Dr. Wear are both trained ABET program evaluators and Dr. Wear has been on two accreditation teams that have used the ABET 2000 criteria for accreditation. In addition, Dr. Wear directed the successful accreditation efforts for both an electrical/ electronic engineering program and a computer engineering program. Dr. Baiocchi led accreditation efforts for engineering programs at both the University of North Dakota and SUNYIT.  Dr. Crum led the development of an accredited computer engineering program at Wright State University and managed it through two accreditation reviews.  He was a member of the IEEE Computer Society committee that advised ABET on the original computer engineering accreditation standards.  He has also been a member of several accreditation visit teams and led an accreditation visit team for the Computer Science Accreditation Board, which partners with ABET in accreditation. 

Since the Computer Engineering program has been laid out with accreditation in mind, meeting ABET’s requirements, although time consuming, should not be difficult. ABET requires that a degree program have graduates before receiving accreditation, therefore there will be ample time to make any adjustments needed to satisfy the accreditation requirements prior to an accreditation visit.
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