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1. Introduction

This paper extends the stratification of computer systems introduced by Bell and Newell {1971) and
Newell (1981) to include an additional level called the Organization Level The organization level
provides a means of describing the competence of a distributed system without reference to the
underlying structures. [n the following, the Knowledge Level is described, followed by a discussion of its
limitaticns in modeling distributed systems. Finally, the organization level is proposed as an answer to
these limitations.

2. The Knowledge Level

Alien Newell, in his presidential address to the American Association of Artificial intelligence, proposed
the existence of a knowledge level as being a distinct, separate, and above the symbol level (Newell,
1981). Part of the motivation for this proposal was the vagueness of the term knowledge coupled with iis
ubiquitous use.

The term representation is used clearly {almost technically) in Al and computer science. In contrast, the
term knowledge is used informally, despite its prevalence in such phrases as knowledge engineering and
knowledge sources. It seems mostly a way of referring to whatever it is that a representation has. (Newell,
1981, p. 2)

In proposing this stratification, his intent was 1o answer the following questions:
* What is the nature of knowledge?

» How is it related to representation?

« What is it that a system has, when it has khowledge?
Central to the understanding of what knowledge is, is that knowledge has two components, an explicit
part which can be tied directly to a representation and an implicit part which is derived using some
method of inference.

An important property of this stratification was the separation of whatfrom how. That is, the knowledge
level is an investigation of competence rather than representational structure.

The Knowledge Level permits pradicting and understanding behavior without having an operational model
of the processing that is actually being done by the agent. {(Newell, 1981, p. 11)

A level is composed of a "medium that is to be processed, componenis that provide primitive
processing, laws of composition that permit components to be assembled into systems, and /laws of
behavior that determine how system behavior depends on the component behavior and the structure of
the system." (Newell, 1981, p. 5).

The components of the knowledge level are:
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System: Agent
Components: Goals, Actions, Bodies
Medium: Knowiedge
. Composition Law: None
Behavioral Law: Principle of Rationality

The behavior of an agent is teleological; it constructs a plan which achieves one or more goals. The
process of how to plan its actions is constrained by the Principle of Rationality:

If an agent has knowledge that one of its actions will lead to one of its goals, then the agent will select that
action. (Newall, 1981, P. 8)

Newell describes refinements to the principle, but the result is still somewhat vague.

The utility of the knowledge level is demonstrated by Brachman and Lévesque’s (1986) analysis of the
relationship between a database and a knowledge base. It has been argued that there exists an intrinsic
difference between knowledge and data (Wiederhold, 1984). But an analysis from the knowledge level
perspective demonstrates that a database is a limited form of a knowledge base. The limitations being
that database facis do not contain negation, disjunction, nor existential quantification. Consequently,
vinference reduces to calculation" when the database is viewed as a closed world. Knowledge bases
tend to incorporate fewer assumptions, at least not the closed world assumption, while provided a richer
semantics for describing ambiguity (i.e., disjunction). This analysis is directly due to their use of logic to
describe a database’s competence at the knowiedge level.

Dietterich (1986) explores the Iissues of knowledge acquisition by using the knowledge level to
categorize learning into two types: symbol level learning which does not result in additional knowledge,
and nondeductive knowledge level learning which does. In some cases the laiter’s behavior cannot be
predicted at the knowledge level.

3. Limitations of the Knowledge Level
Three "real” knowledge based systems were examined o identity their database requirements (Fox &
McDermott, 1986): '
« R1: computer configuration (McDermott, 1982; Bachant & McDermott, 1984),

« ISIS: job-shop scheduling (Fox, 1983; Fox & Smith, 1984; Smith et al., 1986), and

« Callisto: engineering project management (Sathi et al., 1985; 1986).
The following capabilities were found to be necessary for their production use:
1. access to one or more databases by a single knowledge based system,

5 one or more knowledge based systems accessing the same database, and

3. multiple knowledge based systems cooperating 1o solve a single problem.
In the Callisto system, the need for a group problem solving type of organization was most apparent.
Issues of synchronization of access, security of information, incompleteness of knowledge, and
inconsistency in knowledge among agents became an important consideration. At the knowledge level
each member of the group could be modeled as an agent. But in Newell's description of the knowledge
level, a system is composed of a single agent. Problems which require distribution, i.e., more than one
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agent, cannot be modeled’.

It is precisely thege issues raised by the distribution of problem solving that have been addressed in the
database literature. Multiple access to a single database has led techniques for handling synchronization
and security at the symbol level. n the case of distributed databases, updating techniques, including
version management?, are being explored which maintain some level of consistercy and completeness.

The knowledge leve! does not provide an adequate foundation on which to study the competence of
distributed systems because its focus is on the single agent.

4. The Organizational Level _

The intent of the organization level is to enable the study of the problem-solving competence of muiti-
agent systems, without reference to the underlying implementation. lssues concerning the problem
solving competence of multi-agent systems include:

« The impact of knowledge partitioning.

« The impact of incomplete and inconsistent knowledge.

« The relationship between the number of agents and problem solving competence.
« The impact of conflicting goals.

« The impact of resource contention.

The study of such systems is not unique to Al but has been the focus of a number of fields, including:
Organization theory, Organization behavior, Economics, and Sociology. Some of this literature is also
concerned with competence independent of equivalent knowledge and symbol level models, providing a
fertile ground from which to draw concepts. The following draws upon this literature to provide a basis for
defining the organization level.

What is competence at the organization level? Perhaps it is the efficiency with which goals are
accomplished. This is highlighted in the premises of Contingency Theory (Galbraith, 1973):
1. There is no best way to organize.

2. All ways of organizing are not equally effective
These premises recognize that it is not just "whether" a goal can be satisfied, but how efficient the
process of satisfaction is.

Organizational research has focused on the determinants of organizational competence. Early
research focused on two parts: 1) the structure which determines communication paths and, 2) the control
regime which defines authority hierarchies and rules of behavior. A variety of structures have been
investigated, including:

» Groups,

« Simple and uniform hierarchies,
« Multi-divisional hierarchies, and

10ne could use a single agent to simulate multiple agents, but this would defeat the purpose.

2The issue of version management has also been a concam in Al (Katz et al., 1986; Sathietal., 1986)
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* Markets.

Structures are defined by contracts between an agent and an organization, or between organizations.
In the former, they ‘are also called employment relations. Part of an employment reiation is the
specification of behavior under varying conditions, in essence, stimulus-response pairs or rules.

Within these structures various behaviors are found. For example, groups are very good at adapting to
changing market conditions. In hierarchies, trained incapacity (Merton, 1949) describes the rigid behavior
which may arise when responses successfully applied in earlier situations are no longer valid, but still
applied. The rigidity of contracts in the market place limit the ease with which an organization may adapt
to changing market demands. Small numbers is a market condition where the number of market
participants is small, circumventing the marginal pricing behavior of competition. Contracting under a
small number condition may result in opportunistic behavior due to participant’s lack of competitive
pressure. The importance of these classifications is to identify both structure and information related
conditions which will result in sub-optimal performance of the components and the system.

Organizations are dynamic, continualy moving from one structure to another. Two broad measures
have evolved as a way of explaining why certain organization structures are required. Unceriainty is
defined as the difference between information available and the information necessary to make the best
decision. Different organization structures result from diverse attempts in reducing uncertainty. In
addition to uncertainty in information, uncertainty may arise in predicting the behavior the environment
and the behavior of organization participants.

Complexity is the second measure. i is defined as excessive demands on rationality. That is, task
requirements exceed current bounds on the processing capabilities of the individual or organization,

Both of these measures are general, supporting a descriptive, almost anecdotal theory of organization
structure. The evolution of organization structure based on changes of uncertainty and complexity is
summarized in figure ORGSTRUCS.

A more detailed analysis of organizational competence can be found in the transactional analysis of the
firm (Williamson, 1975). Transactions take on a rather broad definition. They encompass normal
contractual agreements, communication of information, monitoring, delegation and control, and most
other activities that require interaction among agents within an organization or market. The handling of
transactions requires the consumption of resources. Hence transactions are too complex when they
require more resources than are available; complexity reduction becomes the problem of minimizing
resource consumption.

Transactions can also be characterized by the assumed differences in information, motivation, and
behavior amongst the parties of the transaction. Information impactedness is a differential of information
between parlies of a transaction. Impactedness may be due {o bounded rationality considerations
because of the amount of information, unavailability of information due to one party's inability to
communicate, or an agents deliberate hiding of information. Impactedness would be of little concern if the

Sfox (1979; 1981) provides a more detailed review of organization structures and how uncertainty and complexity affect
movement between them,
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cost of achieving parity was not prohibitive in most cases. Information impactedness is a recurring
condition for opportunistic behavior. To the extent that this is important for the systems we wish to study
at the organization level, the semantics of these assumptions would have 10 be elaborated and used in
the measurement of alternative organizational structures.

Transaction analysis also focuses on uncertainty in fransactions as a cause of prganizational change.
Uncertainty may arise in both information and behavior. As uncertainty increases, the transition from a
heterarchy 10 a hierarchy becomes preferable.

The study of organizations provides insights which further distinguish the organization level from the
knowledge level:
« At the knowledge level, the structure of the system is unimportant, whereas at the

organization level, structure has been found to be a major factor in problem solving
competence.

« At the knowledge level, functional performance is the concern, relegating time and space
based performance to the symbol level. Atthe organization level, fime based performance,
at least, is an issue because it becomes a major determinant of organization structure.

» At the knowledge level, an agent must conform to the principle of rationality. At the
organization level, though an agent may internally follow the principle of rationality, the class
of behavior it exhibits (2.9., opportunism) is important.

« At the knowledge leve!l there does not exist a law of composition. At the organization level,
the relationships between agents (i.e., contracts) and protocols of communication and
negotiation are important.

Based upon the above discussibn, the aspects of the organization level are defined 1o be:

System: Organization

Components: Agents

Medium: Transactions

Laws of Composition: Contracts

Laws of Behavior: Many

Competence Measures: Cost: Time to achieve a goal, Number of Agents,
Number of Transactions

The system at the organization leve! is defined to be an organization. The components of a system are
either agents or other organizations. Hence, abstraction is basic to the definition. While it would appear
that an organization composed of a single agent is reducible to an agent at the knowledge level, they
differ in the attributes to be measured. Agents could also be specialized. For example, one could
distinguish between agents which provide retrieval of information only (i.e., a simpie database), versus
agents which make decisions® The selection of types will depend on the performance measures.

The medium to be processed is a transaction. A transaction is a quantization of knowledge which can
be studied independently or in refation to other transactions.

The law of composition is defined to be a contract. Any agent or organization may enter into a contract
with another. A contract guarantees the response behavior of an agent to a defined set of stimuli. The

4|n the Organization Design Language (ODL} such a distinction was made (Fox, 1979).
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resulting behavior is more efficient. An agent's contractual relationship with an organization could be-in
the form of an employment relation or a consulting relation. Rules of behavior for an agent may differ
accordingly.

At the ofganization level there may exist more than one law of behavior. For example, computer
systems may display a law similar to that of a team rationality. On the other hand, it has been posed that
a market style of interaction may arise given the intent of each agent to maximize their own goals.

Lastly, we introduce possible measures of competence. As mentioned earlier, goals may be
accomplished with more than one organization structure. What distinguishes between them are the costs
involved. Indirect measures of these costs include: time to achieve a goal, number of transactions to
achieve it, and the number of agenis involved.

These aspects of the organization ievel provide a model for multi-agent systems. As such, the model is
incomplete. Progress in organizational research has depended upon the development of richer models,
simitarily progress in the study of the competence of multi-agent systems will depend upon the
development of a richer semantics and set of measures.

5. Conclusion

An examination of database requirements for knowledge based systems has given rise to the need for
a richer model of knowledge based systems not provided by the Knowledge Level. In particular, the need
to study competence of distributed systems has given rise to the organization level. The definition of the
organization level has been descriptive, being based on classical work in organization theory and
economics. It is clear that while at the knowledge level the efficiency and structure of an agent is
unimportant, the efficiency and structure of an organization is very important. Never the less, at this level
of description, many questions have been left unanswered:

« What types of contracts, transactions, and goals are there?

» Are there other measures of competence and structure?
« What is the direct relationship between structure and competence?

« What is the relationship between contracts at the organization level and goals at the
knowledge level?

Uttimately, one would hope that the organization level would support a normative analysis. Examples in
this direction include the application of economic theory of teams (Marschak & Radner, 1972) to the
analysis of group problem solving. In particular, the network model of organ'izations which is an
outgrowth of team decision theory has been used to measure the increased certainty of results in a
multi-agent systems (Fox, 1979, Chapter 4}.

Computational modets have been developed to described multi-agent systems: Actors (Yonezawa &
Hewitt), ODL (Fox, 1979), and PCL (Lesser et al., 1979), and their modes of interaction: {Davis & Smith,
1983), (Georgeff, 1983), (Corkill & Lesser, 1983) and (Rosenschein & Genesereth, 1985). As with the
knowledge level, logic may be the appropriate tool for analysis at the organization level.
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