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1 Executive Summary

A new degree program in Computer Systems is presented. This program is a spin-off of
our highly successful Computer Science degree. Students who graduate with a Computer
Systems degree will have a solid foundation in the fundamentals of computer science along
with the specialized knowledge necessary to pursue careers in system and network adminis-
tration, computing environment engineering and information technology management. The
goal of the program is to provide students with the theoretical foundation that provides a
solid understanding of current day systems, as well as the basis for continued professional
development. Computing systems evolve at an exponential rate. Thus, it is critical that if
we are to prepare students for the future, we must give them much more than just knowledge
of current day systems. We must provide them with core concepts that stand the test of
time.

Computer science faculty have had significant experience developing curricula for rapidly
changing technology. In addition, approximately one-half of our computer science faculty
have had some professional system administration experience varying from a little up to
nearly 10 years. We relied heavily on these experiences in the design of this curriculum.

In many ways the curriculum proposed here is unique. Although there are several pro-
grams being proposed across the country or in existence that are geared toward giving
students system and/or network administration background, most of those programs are
primarily focused on what is more appropriately called training. Such degrees prepare stu-
dents to become system administrators for small sites or very junior system administrators
at larger sites. A few computer science departments offer M.S. degrees in system and/or
network administration or M.S. degrees in networking. These, like this degree program, are
designed to prepare students for careers with greater system responsibilities at a large site
with a heterogeneous computing environment.

In the past a general assumption has been that system administrators are trained. This
degree program is designed to add specific computing systems knowledge to the foundation
courses in the computer science curriculum. Thus undergraduate students should initially



enter system and/or network administration positions with the detailed knowledge to imme-
diately perform in those positions. With sufficient experience, these alums should be able
to move into senior positions in system and network design/engineering and/or information
technology management

2 Need for Proposed Program

Computing occupations are becoming highly specialized. One of these specializations is
system administration/network administration. According to the the U.S. Department of
Labor’s Occupational Outlook Handbook, 2002-2003 Edition [1] “systems administrators
are projected to be among the fastest growing occupations over the 2000-10 period. Job
prospects should (be) best for college graduates who are up to date with the latest skills
and technologies.” Starting salaries for systems administrators in 2001 are reported to have
ranged from $50,250 to $70,750.

The Department of Labor’s statistics tell only part of the story. Indeed there is a demand
for system administrators, but there is also a strong need to be able to evaluate candidates for
system /network administrator positions. In an environment in which most system/network
administrators learn skills through an apprenticeship-type environment or on their own, it is
difficult to know when hiring if the person has the necessary skills and knowledge. A formal
college degree program can provide employers with confidence that the prospective employee
has an appropriate educational understanding of the necessary concepts. In many ways the
field of system administration is currently at a maturity level similar to that of program-
ming in the 1970s. Programming has evolved into software engineering partly through the
formalization of the education of programmers through first computer science and now soft-
ware engineering degrees. A similar maturation is necessary for the field of system/network
administration and computing environment engineering. Appropriate education will develop
professionals who will become more effective designers of the new computing systems. There
will be greater differentiation between designers of systems and those who are maintainers of
the systems. This is similar to the differentiation now occuring between designers of software
systems and coders.

3 Relevance to University Strategic Plan

We strive to be a national university of choice. This goal requires that we have top quality
programs. The program described here will lead to national recognition as not only one of
the first undergraduate programs in computer systems, but as a model because of the strong
academic foundation provided to students who anticipate a career in the design, planning,
engineering, and maintenance of computer systems and computing environments.



4 Related Programs

There are very few degree programs in computer systems with system/network administra-
tion in the United States. Some universities offer courses in system administration; some
community colleges focus on offering courses aimed at industry certifications. One of the
few academic-based programs is a M.S. Degree in Computer and Network System Admin-
istration offered by the Department of Computer Science at Florida State University. This
program assumes that students have an undergraduate degree in computer science and re-
quires advanced courses in operating systems, computer and network administration and
systems programming. There are other programs, such as at Northern Michigan, in which
the computer science program offers a network computing degree. This degree includes a
programming component as well as the option to take courses such as network programming
and Microsoft network certification preparation and Novell certification preparation. Simi-
larly the College of Business at Northern offers a Computer Information Systems degree with
a networking track that includes courses aimed at Microsoft or Novell certification. The Uni-
versity of Michigan—Flint’s computer science department offers a systems/networking track
in their computer science major. This is a traditional computer science major with upper
level coursework in systems and networking. Other programs, such as the one being proposed
by our School of Technology, focus on “hands-on” system and network administration.

The program proposed here is a spin-off of the B.S. degree program in Computer Science.
Our computer science program has prepared numerous students for careers in computing sys-
tems over its 28 years of existence. A scan of the computer science alumni list shows alums
in many related careers. Job titles include system administrator, network administrator,
computer services specialist, network manager, technical support analyst, senior program-
mer /network analyst, information technologist solutions specialist, systems engineer, systems
programmer, computer consultant, systems consultant, internet administrator, DBA /UNIX
Administrator, operating systems specialist, and computer systems administrator. Signifi-
cantly, many job titles also indicate alums who have advanced to higher levels such as senior
IS technologist, senior IS&T specialist, manager I'T client infrastructure services, consultant
enterprise network services, director production systems, manager of advanced technology,
deputy chief information officer, vice president of technology, CIS/LAN manager, manager of
advanced technology and director of telecommunications. These alums have worked in a wide
range of industries including government agencies such as NASA | universities such as Georgia
Tech, telecommunications industries such as Ameritech and Sprint and computer/electronics
industries such as Motorola and Texas Instruments.

This program has been designed to focus specifically on the needs of students interested
in careers in computing systems. The program will share the foundation courses with the
existing computer science degree program. Computer systems students will focus their stud-
ies through required upper level courses to provide them with a thorough understanding of
operating system and network principles. New upper level courses will build on that con-
ceptual foundation to provide students with knowledge of techniques and methodologies for
system and network administration. The coursework will conclude with focus on security
and performance analysis. These courses in security and performance analysis will also be



available as electives for students in the traditional computer science degree.

5 Program Administration

The program will be housed in the Department of Computer Science. A faculty committee
(the Computer Systems Program Committee) will be responsible for the computer systems
curriculum. This committee will work through the Department Undergraduate Committee
on all curricular issues. Course and curriculum proposals from the Computer Systems Pro-
gram Committee go to the Undergraduate Committee for recommendations that are then
forwarded to the faculty. The Undergraduate Committee is responsible for ensuring that
courses common to more than one degree serve all programs effectively. The Undergraduate
Committee is also responsible for ensuring an appropriate balance in curricular issues across
the different degrees offered by the Department.

The Computer Systems Program Committee is responsible for consulting closely with
representatives from industry to ensure that the curriculum stays relevant. In addition,
the Computer Systems Program Committee will monitor activities of related professional
organizations such as SAGE (The System Administrators Guild) for issues related to the
degree program.

6 Faculty Resources

The Department of Computer Science currently has 13 tenured/tenure-track faculty members
and 2 Lecturers. Seven of these faculty members have had experience with system admin-
istration during their careers, spanning approximately a 25 year time-span. This diversity
and longevity of experience provides a solid basis for the development and maintenance of a
curriculum that will provide the students an education grounded in principles that will last
them a lifetime.

The computer science faculty currently has the expertise to teach all of the new courses.
However, adding additional expertise in security would strengthen our course offerings as well
as our research and funding potential in this critical area. In addition to the ability to teach
the courses for this new degree program, several faculty members have research interests that
are closely related to this degree. As examples a recent M.S. student completed work entitled
“A Network Visualization Tool: Visual TCP/UDP Animator (VTA)” and a current Ph.D.
student is evaluating the effectiveness of various testing techniques to ensure the continuing
reliability of systems after modifications

Although we have the expertise to teach the required courses and perform related re-
search, we do not have a sufficient number of faculty to add the necessary number of course
offerings to our existing load. One and one-half additional faculty lines will be needed. These
can be added over a two-year time frame; the first during the 2003-2004 academic year to
allow time to develop the new courses before they are offered during the 2004-2005 academic
year. In addition, a graduate teaching assistant will be required to test and set-up the labs.



This support will be needed beginning with the 2003-2004 academic year. Finally, additional
administrative support will be needed within the Department to service the increased load
due to the multiple degree programs being offered within the Department.

7 Institutional Impact

Students in this curriculum will be taking a similar number of credits in mathematics and
general education courses as other computer science students. A few specific courses in BA,
EE and MA will be directly affected by increased enrollments.

A primary impact on the institution should be an increase in the number of incoming
students and better retention of current students. In addition, the program should draw
national attention because of its leadership. Ultimately the quality of the graduates will also
attract the attention of industry. Finally, those graduates who chose to remain in the area
will provide the campus community with a pool of individuals highly qualified to do system
administration and design.

8 Facilities and Equipment

The Department of Computer Science currently has sufficient lab space and computing
resources for the existing computer science courses that this degree requires. These resources
include four laboratories containing a total of 40 Sun and 40 Linux workstations. In addition,
the Department operates several servers primarily for remote access by students.

This new degree program will require two special purpose labs; one for the computer
and network administration courses and the other for the performance analysis course. The
one lab will consist of clusters of heterogeneous workstations along with a server and asso-
ciated peripherals. Each cluster can be assigned to a group of students for their computer
and network administration labs. A cluster will require a server, several workstations, a
programmable switch and associated peripherals. The client workstations for each cluster
can be those machines which are being rotated out from the traditional undergraduate labs.
The servers and other hardware will likely need to be purchased. Cost per cluster is ap-
proximately $4,000. In addition, a networked printer and a top-end wireless network could
be shared by the groups. Assuming six clusters, an estimated total cost for the equipment
would be approximately $28,500.

The performance analysis lab would require 12 workstations and a server for a cost of
approximately $30,000. Assuming that we need to acquire desks and chairs for the students,
the total cost of the two labs is estimated at $75,000. The Department does not currently
have space for these labs. A large system administration lab is planned for the proposed
Center for Integrated Learning and Information Technology (CILIT). This facility is expected
to be completed by Fall 2005.



9 Schedule

Because this program is solidly based on the existing computer science program, it can be
implemented almost immediately. Five new courses are planned: systems programming,
computer administration, network administration, computer and network security and com-
puter and network performance analysis. Systems programming, the first of the new courses
taken by students in this curriculum, is a variation of a course that has previously been
taught in the Department. Similarly Computer Administration is a modification of an ex-
isting course. Hence, minimal additional effort is needed to develop the curriculum through
the junior year. The planned schedule is to offer Systems Programming and Computer Ad-
ministration for the first time during the 2003-2004 academic year. First and second year
students next year could transfer into the new program with the first graduates completing
Spring 2005. This schedule requires that temporary lab space be found for the necessary lab
courses. (Permanent space for the labs should become available when the CILIT is completed
in Fall 2005.)

10 Curriculum Overview

The curriculum is based on providing students with a foundation in computing through
courses in programming, data structures, computer architecture, operating systems, networks
and databases. Given this foundation, students learn principles and current techniques for
computer and network administration, security and performance analysis.

The first two years of the computer systems degree overlaps significantly with the first
two years of the computer science degree and the proposed software engineering degree. This
not only provides economy of scale for the department and the institution, it is of signifi-
cant benefit to students. Most students come to Michigan Tech with limited awareness of
the diverse career opportunities available to them given their interest in computing. Often
students would have decided on a career based on whatever opportunities were available
to them in high school. If they had a Cisco networking certification course available and
they took and enjoyed it, they indicate an interest in networking. If they have had a pro-
gramming class, they indicate an interest in software engineering and if they have learned
programming on their own through their interests in computer games, they express plans
to become computer game developers. Given the broadening of their experiences through
their undergraduate curriculum, students’ interests often change. Thus, the commonality
designed into these degree programs provides students with an opportunity to get a solid
background in computing while broadening their awareness of career opportunities in the
computing field.

Students in all three majors will take CS1000 Computer Science Orientation their first
semester. The component of this course that has addressed careers in computing will be
significantly enhanced to help students identify their career interests and differentiate more
appropriately among the degree opportunities.

Following the common foundation with the computer science degree, students will take



a sequence of courses during their junior and senior years that will give them the specialized
knowledge to enter careers in system and network administration and computer environment
engineering. These courses will cover computer systems from individual systems through
networks. Focus will be on general concepts to provide students with the foundation to work
in any current or future system environment. Additional course work will include computer
and network security and performance analysis. Courses will have both a classroom and
a lab component. The lab components will focus on providing structured exposure to the
numerous techniques and systems used in this discipline. In the case of the performance
analysis course, which will also be open to students in the traditional computer science
degree, the lab component will be separate. Students in the computer systems degree will
be required to take the lab; for other students the lab will be optional.

Depending on their interests, students will complement the required courses through their
choice of technical electives. These will be chosen from a list of related courses in computer
science, mathematics, electrical engineering and business administration. In the future given
sufficient demand, additional courses may be added within the Department to broaden the
students’ exposure to related disciplines. Kernel programming and storage technologies are
two possibilities currently under discussion.

Ideally, the educational experience provided through the course work will be supple-
mented with actual work experience. Because of the uniqueness of this degree program, it
is difficult to predict the potential enrollments, however, we are estimating initial enroll-
ments at approximately 100 majors, 25 per year. Thus, we are opting to not require a
practicum until we can guarantee that the appropriate environments are available to meet
the demand. However, an experiential component will be strongly encouraged. Initially, this
will be encouraged via several channels. Students, as early as their sophomore year, will be
encouraged to find lab consulting positions in appropriate undergraduate labs on campus.
This will provide students with an opportunity to develop both their technical and commu-
nication skills by interacting with users. It should also help them determine their interest
in a career that generally requires significant user interaction. More advanced students may
gain actual experience in a system administration environment through a co-op or on cam-
pus. We will work to identify appropriate co-op positions through the many corporations
that currently hire our graduates. We will also identify appropriate environments for stu-
dents to get “structured” experience on campus. Initially we will work with the Center for
Experimental Computation which provides system administration for the 450 machines and
3000 users in Fisher Hall to identify appropriate apprenticeship opportunities for computer
systems students. In addition to its proximity, an added advantage of the Center for Exper-
imental Computation is the educational background of the staff members. One current staff
member has a M.S. degree in Computer Science and we are in the process of recruiting a new
director and senior system administrator who is also expected to have a M.S. in Computer
Science.



11 Conclusion

Projections of future employment opportunities indicate that careers related to computing
are among the fastest growing career occupations. Similarly, it is clear that the applications
of information technology are going to increase in the future. In order for Michigan businesses
and industry to remain competitive, it is critical that there be professionals available who
are capable of planning, designing, managing and maintaining suitable computer systems
to solve the problems of business and industry. This degree program aims to provide those
professionals.



12 Detailed Curriculum
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12. e Course Descriptions
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12.  Course Descriptions for Sample Technical lectives

14



15



13 References

16



