IT 803 - Complex Adaptive Systems, Knowledge, and Systems Management (3:3:0) Complexity theory is
an emerging field of study that is evolving from several major knowledge areas: mathematics, physics, biology,
economics, organizational science, computational intelligence and systems engineering. It is a needed set of
endeavors brought about by two realities. The first is that modern science often does not reflect all of reality,
but only the part of reality that is ordered, linear, ergodic, isolatable, predictable, observable, and controllable.
The second reality is that modern trends toward disciplinary specialization run counter to the major need for
knowledge integration and transdisciplinarity for resolution of contemporary issues. Fundamentally, a system
is complex when we cannot understand it through simple cause-and-effect relationships or other standard
methods of systems analysis. In a complex system, we cannot reduce the interplay of individual elements to
the study of those individual elements considered in isolation. Often, several different models of the complete
system, each at a different level of abstraction, are needed. There are several sciences of complexity, and
they generally deal with approaches to understanding the dynamic behavior of units that range from individual
organisms to the largest economic, technical, social, and political organizations. Many of these studies are
agent or element based and involve complex adaptive systems and hierarchical systems. The structure and
behavior of these complex systems is not dictated uniquely by the edicts of a leader, but emerges and evolves
in a natural manner through the interactions of the agents. One measure of system complexity may be the
complexity of the simulation model necessary to effectively predict system behavior. The more the simulation
model must look like the actual system to yield the same behavior, the more complex the system. As a
general rule, we cannot create models that will accurately predict the outcomes of complex systems. We can,
however, create a model that will accurately simulate the processes the system will use to create a given
output. This awareness has profound impacts for economic, organizational, and many other efforts that are
concerned with systems of systems that are also of large scale and scope. Most studies of complex systems
often run completely counter to the trend toward increasing fragmentation, compartmentalization, and
specialization in most academic disciplines. The current trend in complexity studies is to reintegrate the
fragmented interests of disciplines into a common pathway. Without a cohesive systems ecology to guide
development and use of information and associated knowledge, and without the necessary knowledge
integration, engineering and management of complex systems is unlikely. There will be extensive use of the
Internet as a knowledge acquisition tool. Hopefully, the course will provide the background for additional
readings, study, and research in these areas. There are 4 principal course components.

1. Overview of Agent Based Complexity and Associated Simulation and Modeling. We will provide a general wide-
scope overview of complex adaptive systems, generally based upon Kelly (1994) and Holland (1995, 1998): and with
some specific focus on the ecological and organizational overview of Kauffman (1995). The ecological focus is of
particular interest as there is a great deal of contemporary interest in adapting ecological thought processes to the
development of models for information, knowledge, and systems management. We will briefly study the recent work by
Casti (1997) in modeling and simulation, and will pay particular attention to cellular automata simulation models
(Wolfram, 2002), nonlinear dynamics, mathematical biology, and agent based models with application to the social and
organizational sciences (Epstein 1997; Epstein and Axtell, 1996; Gilbert and Troitzsch, 1999).

2. Non-Zero Sum Games, Conflict Resolution and Agent Based Evolutionary Models of Cooperation and
Competition. Our efforts here will generally be based on the work of Axelrod (1997) and a general background in non-
zero sum evolutionary games (Samuelson, 1997) will be provided and used to study a number of interesting and
relevant problems such as the prisoner’s dilemma and the tragedy of the commons.

3. Increasing Returns to Scale, Network Effects, Path Dependence in the Economy, and Evolutionary Economics.
Our efforts here will examine contemporary studies concerning the economy as a complex system (Arthur, 1994;
Arthur, Durlauf, and Lane, 1997), and the related area of evolutionary economics (Andersen, 1996), with application to
such real issues as the Microsoft Internet Explorer and system of systems integration at the level of product, process,
and organization. We will discuss the excellent work of Shapiro and Varian (1999) and other works concerning the
network economy. We will also discuss the emergence of the Internet as a complex adaptive system and provide some
general guidelines here, and in the next part for systems management of such systems.

4. There is much current interest in such subjects as complexity and creativity, uncertainty, information imperfection, and
nonlinear dynamics, and learning in organizations. Knowledge Management is a term describing management of the
environment for knowledge transfer such that the transition from data to information to knowledge is efficient and
effective (Wilson and Bramer, 1994; Ruggles, 1997; Albert and Bradley, 1997; Davenport and Prusak, 2000; Brown and
Duguid, 2000; von Krogh, Ichijo, and Nonaka, 2000). In the concluding lectures, we describe recent work in this area



and likely futures for knowledge management, and systems and organizational management (Axelrod and Cohen,
1999; Kelly and Allison, 1999) through the use of the principles of complex adaptive systems.

Instructor:  Andrew P. Sage, Office: STIl Room 311, Phone 993-1506, Fax: 978-9716, EMail: asage@gmu.edu
Course Call Number 02445, Fall 2002, Thursday from 4:30 PM to 7:10 PM in ST-II-Room 128.
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Grades will be determined as follows: 50% - exams, 20% - project presentation, 30% - home assignments. Two take home
exams will be given, one at the middle and one at the end of the semester. There will be a project on complexity, including
a written report and oral presentation. Prerequisites: differential equations, probability, game theory, microeconomics.

IT 803 - Syllabus (subject to change) - Fall 2002

Part 1 — Introduction to WebCT (Internet Course Tool), and Course Overview: 29 August, 5, 12 September
Part 2 - 19, 26 September, 3 October

Part 3 - 10, 17 October, 24 October, Take home Mid Term Exam Due 17 October

Part 4 — 31 October, 7, 14, 21 November

Term Paper Presentations 5 December

Take Home Final Exam Due 12 December
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