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ABSTRACT

The process by which complex socia entities such as the state emerged from lower level structures and
other supporting economies has long been of prime interest to anthropol ogists and other disciplines as well.
Thisis because the emergence of such asocial structure can have a profound impact on the societies’
physical and socia environment. However, the task of devel oping realistic computational models that aid
in the understanding and explanation of state emergence has been a difficult one. The goa of this project is
to produce a large-scal e knowl edge-based computational model of the origins of the Zapotec State centered
at Monte Alban, in the Valley of Oaxaca, Mexico.
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The results of the data mining (Weiss 1998) process can be used in many different ways. Therefore, the form of
the knowledge collected will have a major impact on the efficiency and effectiveness of its use in a given application.
In this paper we examine the problem of extracting knowledge for use by agents in a large-scale multi-agent system
(Russell 1995). Here, the knowledge is ontological knowledge that represents constraints that the physical and social
environments placed upon the agents and their interactions. The ontologica knowledge represents the semantic
building blocks around which the world models are formed. For an agent in a particular model, only the thingsin his
ontology can exist and it cannot perceive things that are not represented in the ontology. An ontology (Fox et al 1998)
isabasic level of knowledge representation scheme, a formal definition of entities and their properties, interactions,
behaviors and constraints. Each agents decisions need to be checked against these constraints prior to their
execution. In a complex multi-agent system, hundreds of thousands of agents may need to check these constraints
regularly which means that a successful data mining activity will need to produce a relatively small set of
syntactically simple rules for the process to be efficient. Fox et a (1998) have used data mining techniques to
produce corporate ontogenies.

There are several factors that can influence the nature of the ontological constraints that are produced. First, the
nature of the data collection and measurement process and the uncertainty induced into the data set by the presence of
noise. Second, the nature of the representation used to express the extracted patterns; e.q. whether it allows for
uncertainty or not. Third, the data mining technique employed and the assumptions that it makes about the collected
data. Fourth, how these constraints will be stored, accessed, and used by the agents involved.

For a given data set one can compare the different data mining techniques in terms of the syntactic and semantics
of the induced constraints. In this application we are interested in simulating the emergence of the archaic state in the
Valley of Oaxaca, Mexico. A state is among the most sophisticated and powerful structures that has emerged from
the social evolution process. In the modern world these are termed “nation states' with a government composed of a
hierarchical decision-making structure where the decision-makers are either elected or appointed. States are
supported by various economies and are able to interact with each other via warfare, trade, etc . Most states in the
ancient world-often called archaic states-were ruled by hereditary royal families. These archaic states exhibited much
internal diversity with populations numbering from tens of thousands to millions. They had a bureaucracy, organized
religion, a military presence, large urban centers, public buildings, public works, and services provided by various
professional specialists. The state itself could enter into warfare and trade-based relationships with other states and
less complex neighbors.

The process by which complex social entities such as the state emerged from lower level structures and other
supporting economies has long been of prime interest to anthropologists and other disciplines as well. Thisis because
the emergence of such asocia structure can have a profound impact on the societies' physical and social
environment. However, the task of developing realistic computational models that aid in the understanding and
explanation of state emergence has been a difficult one. Thisisthe result of two basic factors:

1. The process of state formation inherently takes place on a variety of temporal and spatial scales.
The emergence of hierarchical decision-making can be viewed as an adaptation that allows decision-makers to
specialize their decisions to particular spatial and temporal scales.

2. The formation of the state is a complex process that is fundamentally directed by the social
variables but requiring dynamic interaction between the emergent system and its environment. Identifying the
nature of these interactionsis one of the reasons why the process of state formation is of such interest.

The goal of this project isto produce alarge-scal e knowledge-based computational model of the origins of the
Zapotec State (Flannery 1996), centered at Monte Alban, in the Valley of Oaxaca, Mexico. State formation took place
between 1400 B.C. and 300 B.C. While archaic states have emerged in various parts of the world, the relative
isolation of the valley allowed the processes of social evolution to be more visible there. Extensive surveys (Blanton
1989, Blanton, Kowalewski 1982, Kowalewski 1989) of the 2100 square kilometer valley, were undertaken by the
Oaxaca Settlement Pattern Project in the 1970's and 1980's. The location and features of over 2,700 sites dating from
the archaic period (8000 B.C.) to Late Monte Alban V (just prior to the arrival of the Spaniards) were documented.



Several hundred variables were recorded for each site. In addition, they surveyed the 6.5 square kilometer urban
center of Monte Alban, a site that contained over 2,000 residential terraces. This site was the focus for early state
formation in the valley.

Both surveys provided the knowledge needed to create our multi-agent simulation model. We then produced a
spatial temporal database that contained the results of both surveys and used data mining techniques from Artificial
Intelligence (Russell 1995) to produce knowledge about site location, warfare, trade, and economic decisionsto be
used for the construction of the multi-agent model. However, in order to do this we needed to add more data about the
spatial and temporal context to both the regional and urban center surveys. Specifically, we had to add variables that
allowed usto locate each site spatially and temporally to alevel of precision consistent with the scale of our
simulation. For example, temporal periods are characterized by the presence of pottery of different styles. That data
was available only in text form. All of this pottery data, over 130 variables for each residential terrace, was scanned
into the computer, corrected for errors, and added to the Monte Alban data set. This data allowed us to identify the
periods that each terrace was occupied. Pottery data was also integrated into the regional data set.

In addition, the survey had produced hundreds of pages of hand drawn maps for both the Monte Alban and
regional surveysthat contained the spatial context for the location of each site. Since our goal was to ask specific
guestions about the spatial and temporal context we needed to tie each site into its mapped location. We then
proceeded to digitize each of the maps and to associate each site object with its corresponding data record. This
allowed us to produce a geographical information system (GIS) that serves as our “virtua valley of Oaxaca’. This
actsas avehicle for our data mining activities and as a knowledge base for the multi-agent simulation and allows the
results of the simulation to be displayed and compared with the actual datain a spatial context. It is envisioned that
the resultant GIS system will be a useful tool for researchers and students from various fields to study the emergence
of complexity in the future.

In order to perform the data mining activities, we extended traditional data mining techniques and developed new
onesin order to deal with the complexities inherent in the Oaxaca database. At the regional level we used Utgoff's
incremental decision tree algorithm (IDTI) (Utgoff 1989) to generate the Decision Trees for each region and phase of
the valley. The approach was used to generate decision trees that discriminated between sites that were targets for
warfare and those that were not for a given period (Reynolds 1999). However, given the many disperate steps under
which the data was collected and organized it was felt that perhaps some improvements might be made by using a
technique that took into account the presence of uncertainty in the data -especially in regions and periods when the
social and settlement patterns were complex and prone to data collection error.

Since the majority of the data was discrete rather than continuous in nature we selected rough sets as a vehicle
for representing uncertainty here. We employed an evolutionary technique, Genetic Algorithms, to control the search
in this case because Genetic Algorithms had been successfully used with Rough Sets previously. The decision
systems or rule sets produced by both approaches were then compared in terms of their ability to decide about the
location of sitesthat are targets for warfare in this period. We then compared the two approaches over al relevant
phases of social evolution in the valey in terms of their syntactic structure and complexity..

Next the semantic impact of the two different rule sets on the evolution of complex socia structuresin the valley
was tested with a multi-agent simulation based upon the model of Marcas and Flannery (1997). A multi-agent system
model of the origins of an archaic state was devel oped. In the model agent interaction is mediated by a collection of
rules where the rules can pertain to various types of interaction such astrade, warfare, and ritual.

Our goal isto run the simulation with the two different set of warfare rules to determine the semantic differences
that each places on the emergence of complexity in the valley. Social networks are produced as the result of each run
and the extent to which avalley wide control network emerges, a signature of state formation, is determined.
Different levels of warfare can be generated using each set of rules. The results suggest that in terms of the model of
Marcus and Flannery, the observed rate of emergence of social complexity in the real world can only be achieved by
allowing for a sufficient amount of warfare among agents. Also, the patterns produced by the rough set approach
were more likely to exhibit the valley wide networks than the crisp set approach using decision trees.
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