
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Methods and models for the design and study of dynamic agent organizations

Ghijsen, M.

Publication date
2014

Link to publication

Citation for published version (APA):
Ghijsen, M. (2014). Methods and models for the design and study of dynamic agent
organizations. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/methods-and-models-for-the-design-and-study-of-dynamic-agent-organizations(6a1ade26-16dc-4245-90c8-5cb3f30dfef4).html


S U M M A RY

Agents are so called intelligent computer programs that are able to function
autonomously and act pro-actively to perform tasks. A group of agents that
is cooperating to perform a large task is called a Multi-Agent System (MAS).
Similar to human organizations, a MAS also requires a form of organization
to facilitate decision making, task distribution, resource allocation and other
organizational activities to ensure effective and efficient cooperation.

The aim of this thesis is to identify and describe methods and models for
the design and study of dynamic Multi-Agent System (MAS) organizations.
In the first part of this thesis the focus is on methods and models for the
design of static agent organizations. For this purpose we define a number of
organizational building blocks and show how these can be used to design
different types of organizations. One of the key insights is that we distinguish
between operational and management activities in organizations. This distinc-
tion allows for the re-use of operational knowledge in different organization
designs and provides the necessary flexibility that is needed in the second part
of this thesis for the design of dynamic MAS organizations.

We have applied these ideas to design and implement MAS organizations
within the smart grid application domain. The goal of these organizations is
to coordinate the consumption and production of electricity. First we design
two organizations, a centralized organization and a decentralized organization.
Based on these designs we then implement a tree structured organization
using a market based coordination mechanism. In a case study we show how
this organization is able to coordinate the charging of electric vehicles on the
low-voltage distribution grid.

In the second part of this thesis we focus on methods and models for
the design of dynamic agent organizations. We first present AgentCoRe, a
decision making framework for agent coordination and reorganization in MAS
organizations. The framework describes abstract models (inference structures)
of the four main decisions that agents need make when operating in dynamic
organizations. These inference structures identify the decision processes and
the different types of knowledge that are needed by these decision processes.

We apply this framework to design a MAS organization for the RoboCupRes-
cue simulation environment. The goal of the MAS organization in this simu-
lation environment is to search for and rescue injured civilians in collapsed
buildings after an earthquake. In the design of the MAS we show how the differ-
ent AgentCoRe decision processes are operationalized in the RoboCupRescue
domain.

The AgentCoRe framework is used as a basis for the study of two types
of organizational adaptation. The first study is on reorganization in a hier-
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archical MAS, the second study is on the dynamic selection of coordination
mechanisms.

The study on reorganization in a hierarchical MAS also takes place in the
RoboCupRescue simulation environment. In this study we use organizational
adaptation to balance workload among agents in a hierarchical organization.
In cases of unbalanced workload among agents, the agents split large tasks
into smaller tasks and agents get reallocated to these smaller task. For the
design of this adaptive MAS organization we introduce a number of design
principles. The key principle behind this reorganization is that operational
agents working on a large task adopt a manager role to coordinate work on
this large task between a number of other agents. Other design principles
ensure the structural integrity of a hierarchical organization when its structure
is changed and limit the organizational scope of agents.

In a series of experiments in the RoboCupRescue simulator we investigate
the effect of unbalanced workload and limited communication capabilities of
agents on the performance of two static organizations and the aforementioned
adaptive organization. These experiments show that the adaptive organization
performs better than the two static organizations.

The second study on the dynamic selection of coordination mechanisms
takes place in an abstract task environment and it consists of two parts. The
first part is an empirical study in which we design and implement a MAS that
is capable of switching between centralized and decentralized coordination.
The decision to switch depends on whether the communication infrastructure
is broken or not. In an experiment we demonstrate that a MAS organization is
able to improve its performance by switching from a decentralized organization
to a centralized organization.

In the second part of this study on the dynamic selection of coordination
mechanisms we analyze three existing approaches to the dynamic selection of
coordination mechanisms. This analysis shows that the AgentCoRe framework
is sufficiently generic that each of the existing approaches can be described in
terms of AgentCoRe reasoning processes.

The third and final part of this thesis describes methods and models for
the study of MAS performance. We introduce the Extended Organization
Design model which is a domain independent model for describing the task-
environment of agent organizations and its relation to organization perfor-
mance. We present a methodology that describes how to use this EOD model
to design a simulation environment for studying MAS performance. This
methodology is then applied to the design and implementation of a search
and rescue simulation environment.

Using a prototype implementation of this simulation environment we then
show how the EOD model is used to perform a series of experiments for
studying the performance of a MAS organization. Using an iterative approach
we show how we construct a model that describes the relation between a
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number of task-environment and organizational factors on the performance of
a MAS organization.

We can conclude that this thesis has resulted in a number of methods and
models that enable us to design agents for dynamic MAS organizations and
enable us to study the performance of MAS organizations. Finally, we discuss
the applicability of these methods and models and present some directions for
future research.


