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ABSTRACT 

 
This paper introduces the architecture type for agent systems and 
its properties. Based on literature on agent technology, properties 
of agents are explained systematically. Agent systems are 
understood as a software architecture type. 
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1.  INTRODUCTION  
 
 The field of software agents is a 
current topic of research and development in 
Computer Science which is especially 
oriented by the needs of gaining and 
processing information in large-scale 
distributed systems, such as the Internet. It is 
to be expected that software agents will be 
employed to a high extent for the realization 
of new kinds of application systems, such as 
Virtual Corporation, Electronic Commerce 
and Information Retrieval. For that reason 
extensive practical work was done which has 
resulted in various standardizing efforts (e.g. 
MAF/ MASIF, FIPA). On the other hand, it 
is obvious that questions of the scientific-
engineering substantiation of software 
agents have been considered insufficiently 
so far. Particularly, a very heterogeneous 
terminology has emerged. Descriptions of 
agents are mostly application specific. 
Software agents are very complex as to their 
structure, operation and functionality. 
Properties of software agents are analyzed. 

This leads to a classification. The findings 
are depicted analytically in an object-
oriented class model.  
 
2.  AGENT SYSTEM AS SPECIAL  
     ARCHITECTURE TYPE 
  
2.1 Description of the basic architecture 
type for software system 
 
 Below the object-oriented paradigm 
is used to model agent systems as special 
software architecture types. The notion of 
architecture type comprises1, 2 

 

•  The structural view:- elements of the 
software system, their coupling and 
interaction, 
•  The operational view:- creation, 
composition, manipulation, analysis of 
architectures of the description of software 
architectures. As structural components can 
be identified2  
• Components as the computation and 
memory elements of a software system. 
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They can be elementary or composite and 
provide coupling ports for interaction, 
• Connectors as the elements which mediate 
interaction and communication between 
components and 
• Systems as the configurations of 
components and connectors where the type 
compatibility of component ports and 
connector role has to be guaranteed. 
 The result of object-oriented 
modeling is the description of a common 
basic architecture type for software systems 
(figure no. 1). The extensional abstraction of 
common properties of the components of 
this architecture type, such as identification, 
set formation and recurrence, leads to the 
modeling of the class CArchitectureRoot. 
Abstractions, compositions, more detailed 
descriptions, analyses etc. of architecture 

types are possible using object-oriented 
concepts. A composition of architecture 
types results again in an architecture type. A 
software system can consist of components 
which have a different architecture type. 
Here a special architecture type for agent 
systems is derived from the basic 
architecture type for software systems 
(figure no. 1). It serves a classifi- cation 
scheme for the properties and relations of 
the components of an agent system. New 
properties, such as interactions via special 
connectors are gained for the construction of 
agent application systems. The use of object-
oriented techniques for the architecture type-
based approach facilitates the modeling of 
special and complex system components and 
the description of  heir relations on a high 
level of abstraction. 
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For the description of software 
architecture types, here especially for agent 
systems, expressions for the structure 
(architecture style) and the behavior 
(architecture operations) are needed. 
Conventional architecture description 
languages, e.g. ACME, though, only take the 
structural view of software architectures into 
consideration. By contrast, the object-
oriented paradigm is just right for the 
description of the operational aspect which 
goes beyond that. The expressions3 for 
object- oriented modeling used in this paper 
are explained in figure no. 1. The system 
components of the architecture types are 
modeled as classes and have the prefix ‘C’. 
 
2.2  Description of the architecture type 
for agent systems 
 

A software agent is a computer 
program which acts in an environment 
autonomously and goal-orientedly on behalf 
of a person or an organization (authority)4. 
Each agent has  an own execution profile 
and can execute tasks on its own initiative 
and co-operating with other agents during its 
life cycle. An agent has a property that 
determines who is authorized to use it. Since 
agents represent memory, computation and 
execution units, they are modeled as special 
components of a system. 

Agent connectors describe how 
agents interact and communicate with each 
other in software architectures. For that they 
have common properties, such as interface, 
protocol, filter, state and contents. Here the 
interfaces of agents (ports) have to 
correspond with the roles of the connectors. 
A role implements a protocol for the 
connection between agents. This protocol 
can both determine the interactions for 
agents individually and have at the same 

time global strategies for the use by others. 
For software agents one needs flexible agent 
connectors which in addition to the strategy 
for the interaction between agents also 
contain rules for their explicit use and 
facilitate resource allocation.5   

From the object-oriented point of 
view an agent system is an instance of a 
composite class. It defines agent classes, 
agent-connector classes and relations 
between them as well as the operations for 
creating, interpreting, executing, transferring 
and terminating agents and for establishing 
connections between authorities and agents 
and between agents themselves. Agent 
system type, agent system profile, regional 
affiliation, priority, security and ontology 
belong to the common properties of agent 
systems. Each agent system has  a name 
space at any time. It is formed by the agents  
and agent systems the system can 
communicate with. It changes dynamically. 
It is not important for agents and agent 
systems whether they are distributed locally 
on a host or in one or more networks. An 
essential property and at the same time a 
new quality of the software element agent, 
however, is its mobility 6, i.e. the ability of 
an agent to change the place of execution. 
In7, object-oriented models are given for 
both agent connectors and agent systems. 
 
3.  PROPERTIES OF AGENTS 
 

We can classify the properties as 
common properties and classifying 
properties. Common properties are valid for 
all agents. Classifying properties are used to 
categorize agents.  
 
3.1  Common properties 
Life Cycle:- An agent is created by an 
authority as an instance of a class through a 
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creation operation. An agent can only be 
destroyed by the same authority which 
created this agent, or on its behalf. An agent 
has a name space at any moment within 
which it can act. This name space consists of 
the names of known agents and agent 
systems including itself. The name spaces of 
agents of an agent application system are 
dynamic and not disjunctive. 
 
State, Reflexivity (CState) 
 

An agent has to be capable of 
reflecting its internal process and state. This 
is equivalent to the necessity to represent 
meta knowledge about its internal structure. 
The state can comprise a list of messages 
and statements about the state of activity of 
the agent (waiting, working, ...).  
 
Autonomy 
 

Autonomy means an independent 
and decoupled execution of tasks undertaken 
by an agent. The interpretation of a piece of 
messages, orientation etc. are  determined 
only by the agent. Its autonomy ends where 
its resources are depleted, and it depends on 
co-operation. 
 
Locality 
 

Each agent has  knowledge which it 
uses to fulfill its tasks. The local knowledge 
is determined by the agent’s profile, its state, 
including the list of known agents 
(CListOfAcquaintances). An agent initially 
does not know anything about the states of 
other agents. 
 
Structural Openness 
 

Agents can change in the course of 
time and thus show a new behavior or re-

organize the structure of relations between 
themselves and other agents, to 
 
Authority (CAuthority) 
 

The authority of an agent identifies 
the person or the organization for which an 
agent is activated. The authority has to be 
verifiable. Agents keep their authority 
during the whole life cycle. 
 
Goal (CGoal) 
 

An agent executes undertaken tasks 
goal orientedly. To this end a schedule is 
drawn up. Within the scope of this schedule  
an agent acts actively to achieve the goals. 
 
Security 
 

Concerning agents’ authorizing, 
communication, co- ordination, mobility and 
consumption of resources, etc., an agent 
application has to meet high security 
demands. Agents, agent connectors and 
agent systems are responsible for the 
warranty of security properties. 
 
Region Affiliation 
 

Agents and agent systems belong to 
regions according to their authorities. 
 
CAgentProfile (CAgentProfile) 
 

Syntax and semantics of results 
agents can produce. 
 
3.2  Classifying properties 
Locality Affiliation 
 

The locality of an agent is the 
location (address and place) where the agent 
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is located within the network. A mobile 
agent can change its place in the system 
during its work. Mobile scripts can be 
collected in one place, moved to another 
place and executed there. Mobile objects are 
moved from one place to another during run 
time and task execution. 
 
Role, Service Capacity 
 

Describes the kind of result an agent 
can produce. It represents its fuctionality for 
task execution. It is subdivided into action 
type and task type. 
 
Communication Behavior 
 

Each agent belonging to an instance 
of an agent system can communicate within 
its name space according to its behavior at 
any moment. The behavior (CBehavior) of 
an agent determines whether it carries out 
tasks delegated to it in co-operation with 
other agents or whether it is capable of doing 
this on its own. 
 
Negotiation Ability 
 

Negotiation ability describes the 
properties of an agent to execute a task 
collaborating with other agents and to 
negotiate this co-operation. When the agent 
accepts a task, it is put in its working basket 
(CListOfOrders). The agent disposes of 
patterns to arrange division of work with 
other agents (CNegotiationPatterns). 
 
Delegation Ability 
 

Taking into consideration authority, 
agents can place and take on tasks. 
Delegation means that partial tasks can be 
passed on to agents. Agents execute these 

tasks according to the results they can 
deliver and execution control.  
 
Correlation 
 

The activities of agents can take 
place synchronously, asynchronously or 
through a rendezvous (two agents meet at a 
place and solve a problem together). 
  
Learning Adaptability  

 
The intelligence of an agent is the 

level of its evaluating  and learning 
behavior. An agent learns by executing tasks 
and uses the acquired knowledge during task 
execution. 
 
Resource Limitation 
 

An agent can only act as long as it 
has resources at its disposal. These resources 
(CListOfResources) are changed by its 
acting and possibly also by delegating. He 
resources of an agent are the technical 
resources it needs for its work, and 
informational resources it can use. 
 
Re-useability 
 

Processes or subsequent instances 
can require to keep instances of the class 
‘agent’ for an information hand- over or to 
check and to analyze them according to their 
results (e.g. while acquiring information). 
The reusability of agents can take place in 
various agent systems and by agents of a 
different authority. 
 
4.  CONCLUSION 
 

With the help of above mentioned 
detail of architrave and  properties  a special 
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architecture type for agent system can be 
developed. The common and classifying 
properties have been described.  The 
architecture based approach may serve as a 
good basis for a software development 
methodology. Further models for special 
properties, e. g learning  adaptability, 
connector  protocols, have  to be researched. 
The collection and classification of 
properties of elements of architecture types 
and the derivation of special architecture 
types for agent application systems are an 
outlook for further research.  
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