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Abstract The AI Ghetto

This article describes an undergraduate course
that combines the teaching of algorithms, artiti-
cial intelligence and technical writing. The pri-
mary goal of this course is to achieve a better in-
tegration of AI concepts and techniques into our
undergraduate CS program. This integration is
achieved through an alignment of material from
existing AI and Algorithms cluses.

Introduction

This article describes an undergraduate course that
combines the teaching of algorithms, artificial intelli-
gence and technical writing. More specifically, what
will be discussed is a class that merges the approximate
content of an existing one semester, sophomore level,
formal analysis of algorithms class, a one semester ju-
nior/senior level AI course, and a one semester tech-
nical writing class at the University of Colorado at
Boulder. A year-long pilot version of this course is
being taught during the 1994-95 academic year. This
course is team-taught by the AI faculty responsible for
the normal undergraduate AI offering, a Theory fac-
ulty responsible for the algorithms course and three
instructors from the University’s writing program.

The following sections provide our motivations for
creating this class along with the main themes under-
lying its structure.

Motivation

This course arose from a number of converging influ-
ences at the Engineering School at the University of
Colorado. We are currently engaged in a broad ef-
fort to re-organize undergraduate engineering educa-
tion with a focus on topic integration and a project/lab
orientation. This effort provided the framework and
the funding that made this course possible. In addi-
tion to these broad concerns with the state of engineer-
ing education, we were driven by a number of concerns
within our department with the teaching of AI, Algo-
rithms and writing.

One of the main motivations for this course arose from
our concern with the role of AI in the undergraduate
Computer Science curriculum. In our normal under-
graduate curriculum, AI tended to be marginalized.
The undergraduate AI course was usually taken as an
elective, enrichment course by seniors on their way to
job interviews. While the content of the AI course
was seen as interesting and intellectually stimulating,
it was not seen as something that is a central part of
their chosen field.

Much of the blame for this situation belongs to AI
itself. Too often, AI is presented as an arcane dis-
cipline divorced from mainstream computer science,
practiced by researchers uninterested in solving realis-
tic problems. This state of affairs benefits no one. AI
is marginalized and misunderstood, while mainstream
software practitioners perpetually reinvent the wheel
because of ignorance of known, well-studied, AI tech-
niques. Therefore, the central motivation behind this
integration attempt is the notion that the ability to
sensibly construct complex software systems that use
notions centrally investigated within AI should be a
core part of our students education.

Theory Motivations

The study of algorithms is greatly facilitated when mo-
tivated by concrete problems that enable students to
grasp the details and convince them that the algorithm
is a plausibly useful thing to learn and remember. In
the AI course, such motivation flows directly from the
fact that algorithms are introduced in the course of
solving some independently motivated problem. Such
motivation is, however, more work in a pure theory
course. Time spent describing problems in detail to
motivate an algorithm is time taken away from study-
ing the algorithm itself. Moreover, in such a course the
problems that are used for motivation have no overar-
ching theme. In our course, AI material serves as the
motivation for introducing and studying the behavior
of various algorithms.
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AI Content
Problem Solving using State Space Search
Logic and Theorem Proving
Natural Language Processing
Robot Motion Planning
Reasoning with Uncertainty

Algorithm Content
Graph Search and Optimization
Computational Complexity and NP Completeness
Parsing Theory and Dynamic Programming
Computational Geometry
Probability Theory and Randomized Algorithms

Table 1: Aligned AI and Algorithm Material

Writing Motivations

The writing ability of our undergraduates has been a
source of unending frustration to the faculty. The ex-
isting writing course requirements were clearly not do-
ing an adequate job. What was needed was a way
to integrate writing directly into the CS curriculum
rather than teaching it as a separate skill. However,
few faculty were willing to take on the additional bur-
den of critiquing and grading a large number of writ-
ten assignments. The solution taken in this course was
to integrate the same resources that would have been
used to teach separate writing classes directly into our
course. Three technically informed instructors from
the writing program were therefore assigned as addi-
tion instructors in our course.

Course Themes

Content Integration

At the core of this course is an alignment of material
from our Algorithms and AI courses. This alignment
is designed in such a way that specific algorithms and
their related complexity issues arise in the course of
solving specific AI motivated problems. Table 1 shows
some of this proposed alignment. It should be noted
that the entire course content does not fit neatly into
our current scheme; where necessary, material is pre-
sented that is pertinent to one area alone.

We are using two rather voluminous texts to support
the course: Cormen, Leiserson and Rivest’s Introduc-
tion to Algorithms (1991) supports the theory material
while Russell and Norvig’s Introduction to Artificial In-
telligence (1994) used for the AI content.

The following two sections present more detailed ex-
amples from two parts of the current offering. Note
that these two topics were deliberately chosen because
of the natural degree of overlap.

Search

The AI domain of problem solving through state-space
search had a high degree of overlap with the existing
algorithms class. Among some of the basic algorithms
and data-structures that were identical in both of our
existing classes were depth-first, breadth-first and uni-
form cost search, along with a variety of issues involv-
ing dynamic programming approaches to saving partial
solutions. In our AI course these topics are illustrated

using a variety of problem solving domains including
but not limited to route-planning and game playing.

In addition to the above topics, this part of the class
also introduces algorithms that are not typically part
of an algorithm class. Algorithms such as depth-first
iterative deepening, beam search, best-first search, A*,
IDA* and simulated annealing are all algorithms well-
studied in AI that seek to overcome the practical lim-
itations of more well-known theoretical algorithms.

Parsing

A central part of modern natural language process-
ing involves the declarative representation of gram-
matical constraints and the development of algorithms
to parse and generate strings (sentences) using those
constraints. These same topics have, of course, also
been of central concern in the area of programming
languages and compilers.

This section of the course will be organized around
a project such as a natural language consultant system
to provide advice on some topic. We will cover various
parsing and semantic translation techniques to support
this project. Among the topics that will be covered are
the CYK and Earley parsing, LR parsing, and Prolog
style DCG based parsing.

Project Orientation

It is becoming increasingly clear that students are learn
and retain more material when they are involved in a
ongoing project to build something useful. Although
it would appear that AI courses have the requisite fea-
tures for a project orientation, they are rarely struc-
tured this way. Rather, they usually consist of a series
of toy homework assignments none of which are very
convincing. One reason for this is time. It is very diffi-
cult to do significant projects in a one-semester course
and still cover the required breadth of material. Our
course is oriented around a small number of projects
over the course of the year.

Our projects are, by design, vaguely defined and es-
sentially open-ended in scope. The intent is to force
students to identify tractable subproblems and choose
appropriate mechanisms based on what they’ve learned
in the class. In the approach we are pursuing there is
no one-to-one mapping between the "the technique we
learned this week" to this week’s homework. Rather,
students must learn to apply appropriate techniques to
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the problems that they themselves have chosen. The
following are among the projects we are presenting to
students this semester.

¯ Design a kiosk-based tourist advisor system. The
system should present information about tourist at-
tractions based on stated user preferences.

¯ Design a system to perform route planning within
Boulder.

¯ Design a system to optimize traffic flow based on
placement of traffic lights in a simulated map of the
city.

In addition to skeletal project descriptions given at
the beginning of the year, students are provided with
more detailed constraints during the course of the year
to motivate class content. For example, after hav-
ing covered basic graph search algorithms, students
are successively told to modify their systems to pre-
fer right turns in route-planning, then prefer turning
left at intersections with left-turn arrows and then to
prefer traveling on roads with timed-lights in the cor-
rect direction of travel.

Communication
As noted above, the teaching of writing is also inte-
grated into this class. Three instructors from the Uni-
versity Writing Program teach smaller sections that
complement the main course. The focus in these sec-
tions is twofold: communicating their ideas to their
technical peers and communicating to a non-technical
audience. The projects provide the fodder for this
section of the course and the students must prepare
written project reports detailing their results. These
reports form the basis for their course grades. Un-
der our current scheme, the writing instructors review
these reports for writing and organizational structure
while the main course instructors assign grades for the
actual analysis and implementation.

Advanced Topics
An anticipated effect of this class is that students will
be exposed to basic AI content much earlier in their
undergraduate program. This fits in well with other
developments in our curriculum. We have been and
will continue to offer an increasing number of advanced
AI-related undergraduate classes. Our undergraduate
Natural Language Processing and undergraduate Con-
nectionism classes are now two fixtures in our program.
A significant difficulty we have had in the past is that
most of our majors wait until their senior year to take
the introductory AI class which is a prerequisite to
these advanced classes. Under our new course revision
these students will have received adequate preparation
for advanced classes before their senior year.

Summary
The central motivation for this course is the notion
that our students should view topics that are centrally

investigated under the AI umbrella as being a central
part of their major field. No isolated course taken dur-
ing their senior year and divorced from the rest of their
studies can effectively bring this about. Our course is
intended to introduce AI topics to our students much
earlier in their program and in a way that inextricably
links these topics to the core of computer science.
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