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Abstract

Modern computer systems are characterized by distributed computing, with multiple computer
facilities and other digital resources connected together and integrated using network and
Internet technology. The 1S2002 undergraduate curriculum treats computer technology and
networking as separate entities within a three-course Technology Infrastructure area. In this
paper, we consider the reorganization of the material in the 1S2002 technology infrastructure
courses into a sequence of two new courses that reflect modern computer system architectural
design.

In our reorganization, the new courses incorporate nearly all of the material from the original
1S2002 computer technology and networking courses, plus selected material from the third
course, along with new material reflecting recent developments that are covered sketchily or
not at all in the 1S2002 model. The material is to be presented with an emphasis on system
architecture, integration, and interaction, with computer technology and network components
present in both courses. The introductory course presents material suitable for a beginning
IS/IT student with average computer literacy. This course also serves as preparation for a
subsequent IS system design course. The advanced course uses the knowledge gained in the
introductory course and other IS courses to offer deeper insight into the technology infrastruc-
ture of large integrated systems.

Keywords: system architecture, system integration, technology infrastructure, computer
technology, networking, 1IS2002-4, 1S2002-6.

1. INTRODUCTION ing demands in the design of the curriculum.
It is no secret that the IS curriculum ages

Many, perhaps most, college and university quickly and requires continual monitoring

IS/IT departments design their undergradu-
ate curricula with one eye focused on the
standard 1S2002 curriculum published jointly
by the ACM, AIS, and AITP societies
(IS2002, 2002) and the other on the rapidly
changing and expanding curricular require-
ments needed to produce a student that can
achieve both short- and long-term success in
the IS marketplace. At the same time, the
number of available teaching hours has not
expanded, resulting in @ number of conflict-
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and tailoring to reflect the current state of
the IS discipline.

In 2003-2004, the Bentley College CIS De-
partment undertook an in-depth study to
redesign its undergraduate curriculum.
Every CIS track and individual course un-
derwent thorough scrutiny. (More detail on
this study and the resulting BSCIS'04 cur-
riculum can be found in (Waguespack,
2004.)
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The present author has a deep, long-
standing, ongoing interest in the IS learning
area concerned with the infrastructure tech-
nology that forms the bedrock of IS. This
area includes hardware, software, data rep-
resentation, networking and system inter-
connection, and system configuration, archi-
tecture, control, and administration. The
author was a principal contributor to the de-
sign of 1S'97-4, the computer technology
component of the 1997 IS model curriculum,
which remained essentially intact through
the 1S2002 release. Thus, the curriculum
study at Bentley provided an opportunity to
examine and evaluate alternative ap-
proaches to computer and network technol-
ogy in the context of modern computer sys-
tems, with the expectation that the results
might contribute to forthcoming updates to
the IS curriculum. This paper presents the
results of a continuing evaluation of the cur-
ricular approach used to expose infrastruc-
ture technology to students, with specific
reference to the approach currently being
implemented at Bentley College.

2. STATEMENT OF THE PROBLEM

Within the standard IS curriculum there has
been little change to date in the approach to
the teaching of computer technology since
the studies leading up to publication of the
model 1997 IS curriculum. The IS'97 cur-
riculum technology infrastructure presenta-
tion area consisted of two architecture
courses, 1S'97-4, Information Technology
Hardware and Software, and 1S'97-6, Net-
works and Telecommunication, plus an addi-
tional course in computer programming, not
considered here. The two architecture
courses described in IS'97 were essentially
independent of each other, and were only
loosely tied pedagogically to other curricu-
lum areas such as system analysis, model-
ing, design, and implementation courses.

The 2002 curriculum [IS2002] offered minor
updates to these courses and added a new
course, 1S2002-2, Electronic Business Strat-
egy, Architecture, and Design that replaced
an IS’97 course in personal computer pro-
ductivity. The personal productivity material
is now assumed to be background knowl-
edge that is typically part of an incoming
student’s standard computer literacy.
1S2002-2 offers an E-business model as an
example of system architecture. However,
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much of the material in IS2002-2 can easily
be absorbed into other courses. The major
feature of 1S2002-2 is that it provides a con-
text for system architecture, which offers a
natural focal point for our redesign of the
remaining two courses.

In observing CIS hiring patterns and anec-
dotal evidence of long-term success from
alumni, the approach taken in 1S'97 appar-
ently proved itself to be adequate and ap-
propriate for the time. Computers were rela-
tively independent of each other. In most
business applications, interconnectivity con-
sisted predominantly of simple client-server
operations: file, print, and application ser-
vices and the like, and relatively straightfor-
ward networking technology. Widespread
commercial use of the World Wide Web did
not yet exist. Inter-enterprise value-chain
based intercommunications were severely
limited, both by the technology and by busi-
ness practices of the day.

Today, computers are routinely intercon-
nected into networks of varying complexity.
Networking software is integrated into the
operating system. Applications must com-
municate and integrate themselves across
networks and internetworked structures
made up of different computer systems and
other digital devices, such as PDAs, network
technology, system software, data formats,
file systems, system interfaces, and applica-
tion software. The applications themselves
may be made up of objects distributed
across network or Internet structures and
other computing resources. Internet and
Web technologies have transformed business
practices and have resulted in systems that
are far more sophisticated, complex, and
versatile than in the past. The openness of
the Internet requires security and control
measures that are designed into the various
system components. Understanding the ar-
chitecture of a complete system is of vital
interest to a modern system de-
signer/analyst.

Thus, while IS2002 may adequately present
the individual components in a technology
infrastructure, it does not significantly ad-
dress the important interaction and integra-
tion of components that is characteristic of a
modern system.
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3. DESIGN OF A NEW TECHNOLOGY
INFRASTRUCTURE SEQUENCE

The distributed and interconnected nature of
modern computing systems suggests that
there are strong potential advantages in
presenting computer technology and net-
working concepts in a more integrated fash-
ion than that specified in 1S2002. The ever-
expanding need for course slots in the IS
program also suggests that it is impractical
to allocate more than two slots to the area
of technology infrastructure. For the new
Bentley IS curriculum we have created a
two-course sequence that integrates com-
puter architecture, networking, and system
architecture into each course, with basic
technology presented in the first, introduc-
tory, course and expanded to a deeper level
in the second, advanced, course. Ideally,
students will take the courses in the se-
guence with a separation of a semester or
more between the two courses. System
analysis and design courses taken in the in-
tervening semester will enable students to
deepen their understanding of the implica-
tions of the technology that were presented
in the introductory course of the sequence
and thereby enhance learning in the ad-
vanced course.

Figure 1 shows the positioning of the new

structure of the Bentley BSCIS'04 curricu-
lum. CS240, Business Processing and Com-
munications Infrastructure, and CS440, Ad-
vanced NetCentric Computing, are the intro-
ductory and advanced courses of the new
sequence. CS240 is a prerequisite for
CS380, Multi-tiered Application Develop-
ment. As can be seen from the figure, a stu-
dent taking CS380 has already taken
courses in programming, object-oriented
application development, database man-
agement systems, and business systems
analysis and modeling. Most students will
take the advanced technology course con-
current with, or after the multi-tiered appli-
cation development course. With this struc-
ture, it is expected that a student taking the
advanced technology course will have con-
siderable IS maturity as s/he enters the
course.

The (CS240/CS440 sequence presumes a
number of advantages over the present
component-based approach:

1. The introductory course presents a com-
plete picture of the modern computing
system, including the components that
comprise an individual computer system
and the network technologies that tie in-
dividual systems together. An E-business
system example, similar to that sug-

technology sequence within the overall gested by the 1S2002-2 model course, is
Intro Advanced
Technology Technology
Programming 00 Applic. Multitiered IS Project
Fundamentals Development App.Dev. Mgt.
Bus. Sys. Anal ! IS Elective |
& modeling 1
1
Intro to Data
&InfoMgt. ¢ /N N\ e e
1
Database (IS Internship 1
Mgt. Syst. . or Elective) :
I 1

Figure 1 Bentley curriculum BSCIS'04 [adapted from Waguespack, 2004]
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included to provide context for the dis-
cussion. Of most importance, integration
is a de facto part of the picture.

2. The introductory course draws upon
prior student knowledge, but does not
require technical depth and maturity.
This can help to maintain interest and
enhance mastery when students are in
the early stages of the program. By the
time students take the advanced course
they are better prepared for the addi-
tional demands required by the more
challenging material being offered.

3. The introductory course can easily be
tailored to support the possibly-changing
needs of the system design courses, giv-
ing students the background they need
to understand issues and requirements
of system architectural design and per-
formance.

4. Because the advanced course is offered
late in the student’s undergraduate pro-
gram, the opportunity exists for the
course to explore and discuss new tech-
nology concepts and trends shortly be-
fore the student graduates and moves
into graduate school or a career.

4. IMPLEMENTATION OF THE
COURSE SEQUENCE

After polling the departmental faculty and
comparing the results with the learning units
defined in 1S2002, we created a tentative list
of topics for the two courses. Each topic was
evaluated for position in one of the courses
based on the criteria noted earlier: support
for an ensuing course, student maturity
level, basic or advanced material, and so on.
This study resulted in creation of the follow-
ing tentative syllabi. Each course is desig-
nated as 3 contact hours per week, taught
over 13 weeks, plus exam periods:

Introductory Course Topics
(Business Processing and Communications
Infrastructure )

e Introduction to the course and to system
architecture; discussion of the compo-
nents, linkages, interactions, and opera-
tional elements in a typical client-server
Web exchange. (1 week)
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Data representation and manipulation:
decimal and hexadecimal numbers, posi-
tive and negative integers, real num-
bers, alphanumeric data, bit-map and
object graphics, images, sound (1%
weeks)

Introduction to the CPU: a simple model
(Little Man Computer), basic CPU or-
ganization, typical instruction sets, ma-
chine representation of simple high-level
language constructs (1 week)

Memory: the memory hierarchy, types of
memory, performance issues, cache
memory, RAM, introduction to virtual
storage (1 week)

I/0 technology, program I/0O, interrupt
concepts, device controllers and control-
ler operations; bus technology and per-
formance (1 week)

I/O peripheral device technology and
operations: hard drives; CD- and DVD-
ROM/RAM; display technology; network
interfaces (1 week)

Introduction to networking; network to-
pologies; standards and protocols; intro-
duction to OSI and TCP/IP layered mod-
els; data packet representations of data
(12 weeks)

Network hardware and data link layers;
LANs and WANSs; Ethernet and switched
Ethernet; network components; simple
routing (1%2 weeks)

Examples of network applications: http,
smtp, ftp, etc.; the differences between
business applications and network appli-
cations (2 week)

Introduction to operating system soft-
ware: OS functionality, user interfaces;
application program interface concept;
multitasking and multithreading; file
systems; simple internal organization;
network interface and support (2 weeks)

System architecture; interconnectivity
and interfacing; clusters, client-server
and peer-to-peer networking; n-level ar-
chitectures; system integration; per-
formance issues (1 week)
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Advanced Course Topics:

(Advanced NetCentric Computing)

e Review of system concepts, basic system
components, and system architecture (%2
week)

e Internal CPU features, design, and im-
plementation; the CPU fetch/execute cy-
cle; CPU architectures (12 weeks)

e Computer systems: multiprocessing; PC
and mainframe design; virtual machine
concept (1 week)

e Networks: detailed discussion of layered
model; internetworking, routing, name
resolution, etc.; alternative network
models (e.g. ATM, SONET, frame relay);
applications: VOIP, etc. (3 weeks)

e Wireless and mobile networking; alter-
native device technology (cell phone,
PDA, etc.); operational issues; capability
and performance issues; protocols and
standards (1 week)

e Operating systems: kernel design; inter-
nal functions: process management;
scheduling, memory management, pri-
orities; network protocol stacks; security
and privacy considerations (22 weeks)

e Program translation and execution (2
week)

e Organization, operation, administration,
comparison of Windows, Linux (1 week)

e System technology design: network op-
tions, considerations and choices; secu-
rity; performance; administration and
maintenance; backup and recovery (2
weeks)

Taken together, the two courses cover all of
the technology infrastructure learning units
proposed for inclusion in 1S2002, updated to
reflect the 2004 IS environment. The intro-
ductory course is presently being offered at
Bentley College for the first time this Fall
semester, 2004. The advanced course will
be offered beginning in Fall, 2005.

Course Materials

Although the material covered in the new
course sequence is similar to that currently
presented in 1S2002-4 and 1S2002-6, the
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order in which material is presented is con-
siderably different. Therefore, there is no
single textbook presently available that
meets the needs of either new course indi-
vidually. Instead, we have opted to require
two separate textbooks, which will be used
together for both courses. For Fall 2004 we
have selected Englander [2003] and Panko
[2004]. In addition, the author is preparing
detailed notes that will supplement the text-
book readings in areas that require more
detail as well as areas that require integra-
tion and clarification between multiple sets
of readings.

Several years ago, the author created course
module outlines for each of the major topics
addressed in a typical Computer System
Concepts course. These outlines specify de-
tailed learning expectations, readings, typi-
cal questions a student should be able to
answer, and suggested approaches to learn-
ing. A typical module can be seen in [Eng-
lander, 1997]. Since the major topics are
similar to those being offered in the new
course sequence, these module outlines will
be reorganized and updated and made avail-
able to the students in both courses as addi-
tional learning support.

5. CONCLUSION

The new course sequence design offers an
alternative, and, we believe, preferable, im-
plementation of the technology presentation
area specified in 1S2002. The sequence sat-
isfies our stated criteria: it provides a fully
integrated picture of the technology from the
start, provides appropriate background
knowledge for the system design course that
follows, attempts to enhance learning by
reducing the stress level for students enter-
ing the sequence, and offers the advanced
material when students are more equipped
to handle it effectively. Although the intro-
ductory course is being offered for the first
time this Fall, with the advanced course to
premiere a year later, we are confident that
the sequence will meet its objectives. The
coverage within the course pair is very simi-
lar to that previously offered, but we believe
that the new organization, with its steady
focus on the modern system as a whole, will
substantially improve and deepen student
learning and understanding, as well as the
ability to teach and manage the course.
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