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Abstract. An initial conceptualization of organizational design tech-
niques for large-scale multi-agent systems (LSMAS) based on the paradigm
of organizational architecture is introduced. Seven perspectives (organi-
zational structure, processes, culture, strategy, individual agents, orga-
nizational agents and inter-organizational context) are analyzed and de-
�ned. By using a graph theoretic approach and recursive de�nitions the
ontological framework allows for modeling all perspectives on an arbi-
trary level of detail and complexity from the global system to low level
individuals. The provided conceptualization is the foundation of a to
be established ontology on organizational design methods for designing,
developing and maintaining LSMAS.
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1 Introduction

Due to their complexity and high-level of concurrency large-scale multi-agent
systems (LSMAS) have to be modeled using a higher level of abstraction to
be comprehensible at a global level [1]. (Human) organization theory provides
us with the necessary methodology to approach complex systems and through
the process of organizational design allows us to develop, analyze and optimize
di�erent perspectives of organization: structure, processes, culture, strategy, in-
dividual behavior and dynamics [2].

Due to the less formal approach to this �eld of research1 in order to be
usable in LSMAS development, we �nd it necessary to establish an ontology
of organizational design methods that will allow for modeling complex systems
having a formal semantic. The ultimate goal is for the ontology to act as a meta-
model for a to be established LSMAS development framework that would allow
for organizational design of such systems on a high level of abstraction.

1Descriptions from organization theory often include metaphors and vague descrip-
tions which cannot directly be formalized mathematically. Also there are various schools
of organization theory which often di�er signi�cantly in their conceptualizations.



The idea of applying organizational design methods to multi-agent systems
(MAS) is not new, and there has been a substantial amount of research in this
area.2 We have chosen to limit our approach to a speci�c worldview in organi-
zation theory, namely the paradigm of organizational architecture, which is put
forward by [6�10]. From this perspective an organization consists of its orga-
nizational structure, organizational culture, its business processes, strategy and
individual agents (human or arti�cial) which together form a complete mutually
interconnected system.

Due to the highly unstructured domain to be formalized we used a three
step approach in formalizing the needed knowledge about organizational archi-
tecture. Firstly we have developed a wiki about organizational design methods3

in order to provide a (as much as possible) state-of-the-art literature review
on organizational architecture in a collaborative environment. Afterwards this
wiki was annotated with semantic descriptors to yield a semantic wiki [11�13]
in order to make a �rst step towards formalizing the domain. The last and �nal
step is to use the experience gathered during the semantic wiki development in
order to establish a formal ontology of organizational design methods which are
applicable to LSMAS. The �rst part of this step is presented in this article.

The rest of the paper is organized as follows: in section 2 we shall introduce
the paradigm of organizational architecture as the main theoretical foundation
for the to be established ontology. In section 3 we establish a number of formal
concept de�nitions and their interrelations that capture the most important
aspects of our approach. In 4 we draw our conclusions and provide guidelines for
future research.

2 Organizational Architecture as a LSMAS Framework

Organizational architecture represents a well established paradigm for describ-
ing (human) organizations [6�10, 14]. We will adopt the interpretation of [2]
that organizational architecture is a complex organizational system which can
be modeled from di�erent perspectives: organizational structure, organizational
culture, business processes, strategy and individual agents (human or arti�cial)
which are mutually intertwined. Additionally we will add two important aspects
of organizations which are not clearly captured by these perspectives: (1) orga-
nizational dynamics and (2) contextual and inter-organizational aspects. We are
now able to provide an informal de�nition of these perspectives:

Organizational structure de�nes the decision and information �ows of an
organization.

Organizational culture de�nes important intangible aspects of an organiza-
tion including knowledge, norms, reward systems, language and similar.

2Due to space constraints, we are unable to provide a comprehensive literature
review, but the interested reader is advised to consult [3�5] for an extensive review.

3Available at http://ai.foi.hr/oovasis/wiki, in Croatian.



Strategy de�nes the long term objectives of an organization, action plans for
their realization as well as tools on how to measure success.

Processes de�ne the activities and procedures of an organization.
Individual agents de�ne the most important asset of any organization - the

individuals actually performing the work.
Organizational dynamics de�ne organizational changes including reorgani-

zation of any of the above mentioned components.
Context and inter-organizational aspects de�ne organizational behavior to-

wards its environment including strategic alliances, joint ventures, mergers,
splits, spinouts and similar.

In the following we will focus on the organizational perspectives leaving in-
dividual agent modeling to future research.

3 Conceptualization

In the following we will give a number of more formal de�nitions that shall out-
line the main concepts of the to be established ontology of organizational design
methods. These de�nitions are in a way a continuation of the work in [15�17].
While establishing these de�nitions we were guided by a set of simple but subtle
objectives: (1) we want to keep the number of (basic) concepts at a minimum
in order to avoid redundancy, but not at the cost of limited expressivity; (2)
we will tend to use conceptualizations that are compatible with well established
agent development approaches in order to allow for their introduction in the
to be developed modeling language; (3) we will tend to establish well founded
relations between the perspectives of organizational architecture (as outlined in
section 2) to allow compatibility between di�erent forms of organizing regardless
of perspective; (4) we will have established organizational design and engineering
methods in mind when providing the de�nitions in order to allow the establish-
ment of not only a best-practices knowledge base, but also a familiar framework
for modeling and design, (5) we shall have the interorganizational perspective in
mind when de�ning concepts so not to limit de�nitions to the design of only one
organization, but a multitude of them, as well as the design of their mutual inter-
play; (6) concepts should be atomic in order to allow for (inter-)organizational
dynamics including exchange of perspectives and reorganization.

Herein we will take a graph theoretic approach to de�ning the various con-
cepts in the perspectives whereby as an inspiration we shall use the fractal
organization principle [18]4 which allows us to de�ne organizational concepts
recursively. Let us �rst consider the organizational structure perspective.

De�nition 1. An organizational unit is de�ned as follows:

� Any agent is an organizational unit.

4Please bare in mind that this is a (human) organizational principle, not necessarily
a mathematical structure.



� If OU = (O,R,C) is a labeled graph in which O is the set of organizational
units (nodes), R is a labeled set of roles (relations, arcs) and C is a criteria
of organizing then OU is an organizational unit.

This de�nition has an important implication: it allows us to deal with agents,
groups and teams of agents, organizations of agents, networks of organizations
of agents (or organizations of organizations) as well as virtual organizations
of agents (as overlay structures in the sense of [19]) in the same way. This
in particular means that organizational units may form a lattice structure in
which each unit can belong to several super-units and/or be composed of several
subunits. The criteria of organizing could for example be an objective, function,
goal, mission, unit name, higher-order role etc. Note that the �xed point in
this de�nition is the individual agent, the implications of which are twofold:
(1) it allows us to connect the perspective of structure with the perspective of
individuals (directly), and (2) it allows us to model structure as a network of
organizational units, which is de�ned over the relation of a criteria of organizing.
This further implies connections to all other perspectives which might be the
particular criteria. Due to the recursive nature of the de�nition, in a complex
organizational hierarchy we are actually dealing with layered hypergraphs (in
which edges actually represent graphs). In this way a zooming facility can be
implemented that would allow a developer to comprehend the organizational
structure on an arbitrary level of detail. Thus, an organizational unit, in a way,
represents an aggregation of the underlaying complexity similarly to holonic,
swarm-like, aggregate, multi-level and other conceptualizations. Note here also,
that the de�nition of an organizational unit is detached from the de�nition of an
organization, and thus allows us to model interorganizational structure in which
organizational units might represent di�erent organizations which might have
mutual relations (for example competitor, strategic partner, spinout etc.).

The processes perspective can be modeled in a very similar manner.

De�nition 2. An organizational process is de�ned as follows:

� Any atomic activity performed by some individual agent is an organizational
process.

� If OP = (P,R,C) is a labeled directed graph in which P is a set of organi-
zational processes, R is a labeled set of ordered relations between processes
and C is criteria of organizing, then OP is an organizational process.

The given de�nition allows for modeling organizations as networks of pro-
cesses which can be de�ned in a number of ways. For example, the criteria for
organizing might be that one process uses inputs from another or that two pro-
cesses are using the same resources, or even that two processes are performed
by the same organizational unit or that they are crucial for the same organiza-
tional goal. Again this de�nition is recursive, and inherits the same properties as
the de�nition of organizational units above - possible zooming facilities and de-
tachment of actual organization (thus it is possible to model interorganizational
processes). Another possibility here that emerged is to model the same process



from various perspectives (e.g. criteria of organizing). Note that the �xed point
in this de�nition is an atomic activity or service performed by some individ-
ual agent. This means that we have one possible connection to the individuals
perspective as well as to all other perspectives if di�erent criteria are selected.

We will closely bound the strategic perspective to the paradigm of the bal-
anced scorecard [20], but adapt it by again using the fractal principle.

De�nition 3. An organizational strategy is de�ned as follows:

� Any measurable objective that can be achieved by an atomic activity is a
strategy.

� If OS = (S,R,C) is a labeled directed graph in which S is a set of strate-
gies , R is a set of relations between the strategies and C is a criteria of
connections, then OS is an organizational strategy.

Such a de�nition provides us with the possibility to model agent organizations
as networks of objectives which might be de�ned in a number of ways depending
on the criteria of connections. Such criteria might be in�uence (the outcome
of one strategy in�uences another, e.g. a mathematical function), responsibility
(two strategies are under the responsibility of the same organizational unit),
achieveability (two strategies can be achieved by the same organizational pro-
cess), etc. Note that we deliberately excluded two very important aspects of
strategy: action plans and decisions. Both plans and decisions are part of the
dynamics perspective, since they represent active changes in this or other per-
spectives. Due to the recursive de�nition we are again able to model strategy on
a number of di�erent levels of detail, and, due to the detachment of a particu-
lar organization, we are able to model interorganizational strategy (for strategic
partnerships for example). The �xed point in this case is an atomic objective
that can be achieved by an atomic activity which allows the connection of this
perspective to the process perspective.

Organizational culture in human organizations is a complex cybernetic sys-
tem that deals with various intangible aspects of organizational behavior includ-
ing but not limited to language, symbols, rituals, customs, methods of problem
solving, knowledge, learning etc. Due to this complex nature, formalizing culture
(for agent organization and even more for human organizations) is a quite hard
and non-trivial open research question. In [17] we used cultural artifacts (for
example knowledge in some agent's knowledge base, written norms of behavior,
language protocols, learning processes etc.) as the �xed point of de�nition, al-
lowing us to model organizational culture as networks of cultural artifacts. The
problem with this de�nition is that it remained quite vague and didn't quite �t
into the rest of the proposed framework since it overlapped with the other per-
spectives (for example procedures and protocols might be modeled as processes).

In order to provide a more applicable conceptualization of the organizational
culture perspective we decided to introduce give a more detailed view by de�ning
only one special concept which is of greatest importance - knowledge artifacts,
while other (possibly valuable) concepts have been excluded for the time being.
These excluded concepts might be included in the �nal version of the ontology



if they show to be valuable enough and applicable to a wide range of LSMAS
applications. We will model knowledge in terms of organizational memory [21]
again in a recursive manner.

De�nition 4. Organizational knowledge artifacts are de�ned as follows:

� Any knowledge artifact5 that is accessible to agents is an organizational
knowledge artifact.

� If OK = (K,R,C) is a labeled graph in which K is a set of organizational
knowledge artifacts, R is a set of relations between these artifacts and C is
an organization criteria, then OK is an organizational knowledge artifact.

Thus, agent organizations can be seen as a network of knowledge artifacts
which are accessible by particular agents. Special cases of knowledge artifacts are
norms which establish the rules of interaction between agents and values which
in�uence decision making and selection of objectives.

The individual agent perspective does not need much additional explanation
since the design and implementation of agents is a well researched �eld. Still
we do need to point out the implications of the aforementioned perspectives on
agents. Since agents have to be aware of their organizational context depend-
ing on the organizational model the various perspectives will introduce context
knowledge into the particular knowledge-bases of agents. Also since agents have
to behave in accordance to the model, it will introduce agent behaviors and
protocols which agents will have to adhere to.

In the organizational dynamics perspective there are three important con-
cepts: (1) time, (2) event and (3) change. In [16, 17] we have introduced active
graph grammars (AGGs) to model changes in the organizational structure of
agent organizations. AGGs are an active database theory inspired formalism
that allow reactive behavior in graph structures. Since all of the above concepts
(organizational units, processes, strategy and knowledge artifacts) are de�ned in
terms of graphs, AGGs (or any similar formalism that allows for event detection
and graph transformation) can be used to introduce changes in any of the per-
spectives. In this way reorganization can occur on any level. AGGs (or similar
formalisms) will allow us to implement a best practices knowledge base of orga-
nizational design techniques which will be individuals in the to be established
ontology.

Some drawbacks of AGGs is that they are de�ned to be local to agents and
that they allow only for reactive behavior. The �rst problem could be approached
by de�ning AGGs as shared knowledge artifacts to which all agents comply to a
certain criteria (are part of an organizational unit for example) have access to.
The drawback regarding reactive behavior might be solved using a BDI approach
to agents in which the plans are consecutive executions of active graph rewriting
rules.

5By knowledge artifact we understand a wide range of explicit knowledge in which
we assume that it is queriable by the agent, including but not limited to data and
knowledge bases, neural networks and machine learning architectures, various informa-
tion services etc.



This last remark brings us to another important aspect of organizational
dynamics and that is the continuous performance of the LSMAS that is be-
ing modeled. All previous perspectives only dealt with the static (structural)
aspects of organizational architecture. These static aspects set the stage of per-
formance: for example a de�ned strategy is a referent point in decision making
and execution of action. This situation is fairly compatible with the usual BDI
approach: beliefs are knowledge artifacts, desires are strategies and intentions
are plans for executing processes. While this is a well known procedure for indi-
vidual agents, the recursive de�nition of perspectives (especially organizational
units and strategy) introduce some additional complexity: here a multitude of
agents or even multitude of agent organizations have to reach consensus about
a collective process to be performed. Beliefs, reasoning techniques and possible
actions of agents might di�er considerably, thus there is need for distributed
consensus making techniques like abstract argumentation. Still extending the
BDI approach to agent organizations is an open research question.

In the end the contextual and inter-organizational perspective has already
been partially addressed in the other perspectives, mostly regarding inter-organi-
zational aspects. To model the environment of agent organizations we will use
the usual approach to introduce a special individual agent to which all other
agents have access.

4 Conclusions & Future Work

In this work-in-progress paper we gave an initial conceptualization for a to be es-
tablished organizational design methods ontology based on the paradigm of orga-
nizational architecture. We de�ned seven important perspectives that shall allow
us di�erent views of a complex system: organizational structure, processes, strat-
egy, culture, individual agents, organizational dynamics and inter-organizational
context. By using recursive de�nitions of most important concepts (organiza-
tional units, processes, strategy, knowledge) we established a framework that
shall allow us to view parts of agent organizations on an arbitrary level of de-
tail. Since each of these de�nitions has a criteria of organizing we allowed for
modeling di�erent views of the same underlying instances.

Our future work is oriented towards the implementation of this ontology
in OWL with the goal of establishing a meta-model for a graphical modeling
language of LSMAS. This language should then be implemented in a model-
ing tool together with a best-practices knowledge base of organizational design
techniques.

References

1. Lamarche-Perrin, R., Demazeau, Y., Vincent, J.M.: How to build the best macro-
scopic description of your multi-agent system? In Demazeau, Y., Ishida, T., Cor-
chado, J., Bajo, J., eds.: Advances on Practical Applications of Agents and Multi-
Agent Systems. Volume 7879 of Lecture Notes in Computer Science. Springer
Berlin Heidelberg (2013) 157�169



2. �ugaj, M., Schatten, M.: Arhitektura suvremenih organizacija. Tonimir and Fac-
ulty of Organization and Informatics, Varaºdinske Toplice, Croatia (2005)

3. Horling, B., Lesser, V.: A Survey of Multi-Agent Organizational Paradigms. The
Knowledge Engineering Review 19(4) (2005) 281�316

4. Argente, E., Julian, V., Botti, V.: Multi-agent system development based on or-
ganizations. Electron. Notes Theor. Comput. Sci. 150(3) (May 2006) 55�71

5. Schatten, M., �eva, J., Kudeli¢, R., Tomi£i¢, I.: Organizational Aspects of Large
Scale Multi-agent Systems - A Roadmap. In: press. (2014) 1�23

6. Nadler, D.A., Gerstein, M.S., Shaw, R.B.: Organizational Architecture, Designs
for Changing Organizations. Jossey-Bass, San Francisco (1992)

7. Merron, K.: Riding the wave: Designing your organization's architecture for en-
during success. Van Nostrand Reinhold (1995)

8. Galbraith, J.R.: Designing organizations: An executive brie�ng on strategy, struc-
ture, and process. Jossey-Bass (1995)

9. Henning, J.P.: The Future of Sta� Groups: Daring to Distribute Power and Ca-
pacity. Berrett-Koehler Store (1997)

10. Churchill, C.: Managing growth: The organizational architecture of micro�nance
institutions. In: USAID Microenterprise Best Practices Project Paper. (1997) 7�26,
81�87

11. Schatten, M., �ubrilo, M., �eva, J.: A semantic wiki system based on f-logic. In
Aurer, B., Ba£a, M., eds.: 19th Central European Conference on Information and
Intelligent Systems � CECIIS2008 Conference Proceedings, Faculty of Organization
and Informatics (2008) 57�61

12. Schatten, M., �ubrilo, M., �eva, J.: Dynamic queries in semantic wiki systems. In
Aurer, B., Ba£a, M., eds.: Proceedings of the 20th Central European Conference
on Information and Intelligent Systems, Faculty of Organization and Informatics
(September 2009) 13�20

13. Schatten, M.: Knowledge management in semantic social networks. Computational
& Mathematical Organization Theory 19(4) (2013) 538�568

14. Miciunas, G.: Cre/fm organizational architecture: Structuring sta� suc-
cess. The Environments Group, Available at http://www.envgroup.com/browse/
presentations/IFMA2002_staffsuccesspaper.pdf (2002)

15. �ugaj, M., Schatten, M.: Otvorena ontologija organizacijske arhitekture u funkciji
upravljanja znanjem. Ekonomski vjesnik XX(1 � 2) (2007) 39�45

16. Schatten, M.: Active graph rewriting rules for modeling multi-agent organizational
dynamics. In Ivkovi¢, M., Peji¢ Bach, M., �imi£evi¢, V., eds.: Proceedings of the
IBC 2012, 1st International Internet & Business Conference, Rovinj, BIT Society
(2012) 180�185

17. Schatten, M.: Reorganization in multi-agent architectures: An active graph gram-
mar approach. Business Systems Research 34(1) (2013) 14�20

18. Warnecke, H.J.: Die fraktale fabrik - produzieren im netzwerk (the fractal company
- production in the network). In: GI Jahrestagung. (1992) 20�33

19. Barnatt, C.: O�ce space, cyberspace & virtual organization. Journal of General
Management 20(4) (1995) 78�91

20. Kaplan, R.S., Norton, D.P.: The Balanced Scorecard : Translating Strategy Into
Action. Harvard Business School Press, Boston, Mass. (1996)

21. Walsh, J.P., Ungson, G.R.: Organizational memory. Academy of management
review 16(1) (1991) 57�91


