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Designing artificial organisations: 
lessons from the “other” side

Liz Sonenberg
University of Melbourne

Agents-VIC presentation, May 27th 2005

• Over time, human organisations arrange their activities in different 
ways and it has been argued that computational models are a useful 
type of formal model for exploring organisational behaviour.

• At the same time we see computer scientists seeking to engineer 
ever more complex, distributed and loosely coupled software 
systems in ways where the individual sub-systems interact to form 
an artificial organisation. 

• I am interested in understanding how lessons from human 
organisations may be applied to inform the design/engineering of 
artificial organisations. 
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Motivation… Understanding Migratability

• Starting point - classical Management Theory – (eg) Mintzberg’s taxonomy of 
organizational forms 
– an organization©s structure is largely determined by the variety one finds 

in its environment 
(where environmental variety = complexity x pace of change)
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History of my interest

• Gil Tidhar’s thesis (1999)
– “Organisation Oriented Systems: Theory and Practice”

• Virginia Dignum’s thesis (2004)
– "A Model for Organizational Interaction: Based on Agents, 

Founded in Logic"

� Towards a Simulation Tool for Evaluating Dynamic Reorganization 
of Agent Societies, Presented at “Engineering with social 
metaphors”, England, 2005
– http://cfpm.org/sic/
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“Theory” - Key issues for Reorganization

1. When
2. Why 
3. What

• Behavior
• Structure

4. Who
5. How

• External to system: re-design
• Within system: dynamic

– Decision, authority



3

A
ge

nt
s-

V
ic

, M
ay

 2
7t

h
20

05

Towards “practice” - VILLA simulation 
a hunter-gatherer scenario

V. Dignum, F. Dignum, Utrecht University
L. Sonenberg, University of Melbourne
V. Furtado, A. Mello, University of Fortaleza
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Three objectives of simulation

http://www.business.aau.dk/lsd/Sime04/4
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OrgCon

2. match

1. generate
3. measure
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OrgCon

match

measure
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Craig Reynolds
http://www.red3d.com/cwr/

(also Sony Entertainment Research)

• Motivation: can complex group behaviours (eg flocking) be 
“generated/explained” in terms of simple individual behaviours?
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Craig Reynolds
http://www.red3d.com/cwr/

(also Sony Entertainment Research)

• The basic flocking model consists of three simple steering 
behaviours:
– Separation: steer to avoid crowding local flockmates. 
– Alignment: steer towards the average heading of local 

flockmates. 
– Cohesion: steer to move toward the average position of local 

flockmates.
• Each bot knows about static objects within the world and other bots 

nearby. More elaborate behaviour can be created using predictive 
obstacle avoidance and goal seeking

• First animation use: (1987) Stanley and Stella in “Breaking the Ice”
– Now widely used in film (eg) Batman Returns (1992), Hunchback 

of Notre Dame (1996), Antz (1998), ….
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http://opensteer.sourceforge.net/

An open source C++ library to help construct steering behaviors
for autonomous characters in games and animation; with demo
supporting plug-ins (eg Capture-the-flag) 
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Interaction with Groups of Autonomous Characters 
Craig Reynolds 2000

• Abstract:
This paper presents a methodology for constructing large groups of 
autonomous characters which respond in real time to the user©s 
interaction, as well as to each other and their environment. The
characters are based on steering controllers under the direction of a 
simple mental model which mediates between several conflicting 
behavioral goals. The characters are represented graphically by 3d 
models with a library of animated motions which are choreographed 
by the behavioral controllers. 

http://www.red3d.com/cwr/papers/2000/pip.html
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OrgCon

match

measure
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NK Model – Kauffman (1993), Levinthal (1997)

Kauffman©s NK model is a combinatorial optimization model that 
provides insight into the evolutionary effects of gene interactions on 
chromosome fitness

McKelvey http://www.billmckelvey.org/

* adapts these biologically inspired ideas to organizational fitness

* also looks at adapting properties of physical systems
(eg the laws of thermodynamics) to properties of organisations
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OrgCon 1. generate
3. measure

2. match
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Kathleen Carley
http://www.casos.cs.cmu.edu/

• Center for Computational Analysis of Social and Organizational Systems
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ORGAHEAD - designed to test different forms of 
organizations under a common task representation. 

Each member of the organization 
•receives information from a 
subordinate or from the 
environment, 
•makes a decision based on the 
information and what he or she 
has learned so far, and 
•provides superiors with an answer 
to the decision 

These decisions are either `yes/no© 
or `yes/maybe/no‘

ORGAHEAD tests a single quasi-
hierarchical organization 
containing up to three levels
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http://www.casos.cs.cmu.edu/projects/OrgAhead/index.html

• Virtual experiments are run to address a variety of questions 
regarding organizational learning and performance including the 
following:

• How do various constraints affect the performance of the 
organization? These constraints may include 

– size of the organization, 
– resources agents can manage at once, and 

– how much memory, or history, each agent can retain. 

• Do the structures of adaptive organizations (i.e. those that perform 
higher) radically differ from those that are maladaptive? 

• Does initial learning, or training, have long-term effects? 
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Organizational adaptation

• Every so often, a change is randomly proposed to the organization 

• This change can be a hiring of a new agent, firing, or changing 
linkages, either from agent to task or agent to agent. 

• The organization is capable of estimating its short-range 
performance as a result of accepting this change (using some 
probabilistic prediction)

• It will always accept a change that is estimated to improve 
performance and sometimes accept those that it thinks will 
temporarily degrade performance. 

– The mechanism that determines whether it will accept bad, or 
"risky", changes is the optimization heuristic, simulated 
annealing.
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Relative performance of adaptive and maladaptive organisations
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Design Versus Cognition:
The interaction of agent cognition and organizational design on 

organizational performance  (Carley et al, 1998)

• Radar/classification task –
distributed decision making 
task – determine status of an 
observed object on a radar 
screen: hostile, a flock of 
geese, or a civilian aircraft -
each agent has a limited view 
of the data needed to reach a 
correct decision – nine 3-
valued observable attributes 
19,683 possible objects

• Actual human and simulated 
performance data compared

• Organisational structure varied 
and also individual agent 
designs

http://jasss.soc.surrey.ac.uk/1/3/4.html
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Inhibiting Adaptation (Carley 2002)

• If the opposing force can be 
made less adaptive, more 
predictable, more consistent 
then it will be easier to contain 
or constrain their activity. 

• Explored with the 
computational CONSTRUCT-
O model – a network model, 
representing knowledge flows 
and social connections

• Applied to destabilisation of 
(terrorist) network models
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Simulating Organizational Decision-Making Using a Cognitively 
Realistic Agent Model (2004)

Ron Sun & Isaac Naveh

• Using Carley’s Radar Task – but 
with more sophisticated individual 
agents

Top level – symbolic representation
and learning via rule extraction
Bottom level – neural nets and 
Q-learning 

Conclusions:

The match with the human data 
is better than in the simulations 
conducted in the original Carley
study 

Which organizational structure 
(team vs. hierarchy) or information 
access scheme is superior depends 
on the length of the training

Various issues re cognitive variation

Claim: cognitive realism can lead to 
greater predictive power for social 
simulations  
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OrgCon

2. match

1. generate
3. measure
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Strategic Organizational Diagnosis and Design
Burton and Obel

“By using OrgCon®, a holistic picture is formed using 
all the elements of a company, showing balances or ©fits© 
between the elements. OrgCon® incorporates diagnosis 
and design recommendations for structuring organizations. 
It analyzes the current organization and then recommends 
appropriate changes.”
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Background “theory”

• OrgCon® incorporates a range of contingency factors including:
– Management Style; Organisational Climate; Size/Ownership; 

Environment; Technology; Strategy 
• Some 450 if-then rules are derived from the literature to generate 

recommendations depending on the contingencies present. The 
recommendations relate to organisational "... properties and 
structural configurations ...", including:
– Form 
– Complexity/Differentiation 
– Formalisation
– Centralisation
– Span of Control 
– Rules/Procedures 
– Professionalisation
– Meetings 
– Reporting 
– Incentives 

• Critical review (1998) of the contingency theory behind this 
approach at
http://jasss.soc.surrey.ac.uk/3/4/reviews/goldspink.html
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www.aptima.com

• “When do organizations need to change (Part I): Coping with incongruence”
• “When do organizations need to change (Part II): Incongruence in action”

• Experiments with human teams
using the distributed dynamic
decision making (DDD) testbed

• Contrasting tasks and contrasting
organisational structures (deliberately
designed good and bad fit pairs)
– various performance

measures

• Looking for lead indicators
signalling the need for
organisational adaptation
– communication & workload

measures are promising
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