An Abstract Representation Model for Evolutionary
Analysis of Multi-Agent Interactions

Arash Shaban-Nejad

McGill Clinical and Health Informatics, Department of
Epidemiology and Biostatistics, Faculty of Medicine
McGill University
Montreal, Canada
arash.shaban-nejad@mcgill.ca

Abstract—Intelligent agents are able to assist human in managing
highly dynamic and complex systems in various knowledge
intensive domains. The communication between different agents
interacting in an integrated multi-agents system can be managed
through a set of steering rules, which together form interaction
protocols. To support the negotiation, communication and
interaction between different intelligent agents, using an
appropriate knowledge representation formalism is crucial. This
paper introduces the potential of category theory as a formal
representation vehicle to facilitate evolutionary analysis of agent
interaction and negotiation for managing evolving ontologies in
the domain of biomedicine. Utilizing categories supports agents’
communication, negotiation, state transitions, compositions and
transformations in different levels of abstractions.
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1. INTRODUCTION

One of the classic Al-complete (or Al-hard) [1] problems
occurs when one needs to manage unexpected situations and
deal with changes while planning for a real world critical
system. Critical, in this case, means when the failure or
malfunction of the system may result in severe loss [2]. One
may find excellent examples of life support critical systems
based on massive integrated/dynamic knowledge bases in
health science, dealing with the health and life of a patient, the
failure of which is intolerable.

In order to support and improve the level of automation
for analyzing and managing evolving biomedical ontologies
and knowledge bases, in our earlier works [3, 4], we have
proposed the RLR agent-based framework for Representation,
Legitimation and Reproduction of changes in distributed
ontologies with minimum human intervention. To support the
negotiation, communication and interaction between different
intelligent agents, in an automatic manner, a mathematical
knowledge representation formalism is necessary. As
highlighted in [6], despite worldwide efforts in this domain, no
proven formal frameworks, methods, and tools for modeling
automatic agent interactions and argumentation yet exist. The
interaction protocols, which consist of a set of steering rules to
manage the interactions, are commonly represented using
UML [7], Petri nets [8], State-charts [9], state-transition
diagrams or finite state machines [10]. RLR employs
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categorical notions as a basis for modeling an agent
communication language. The categorical framework is
expressive enough to model the agents’ behaviors, yet abstract
enough to represent the generality of the protocols. RLR
benefits from the algebraic power gained by using an abstract
categorical representation of agents’ interactions to increase
the autonomy of argumentations in the change management
framework. Category theoretical representation, with its ability
to derive formal inference out of a diagrammatic
representation, is independent of the type of interactions and
their details, so its generality can be used to describe different
types of protocols, study a multi-agent system (MAS)
framework in different levels of abstraction, analyze rule
transformations (yielding a practical image of adaptive
learning agents and their semantics), and formalize dialectic
trees for argumentation. In addition, we utilize the category
theoretical distributed graph transformation techniques [41]
for evolutionary analysis of concurrent model transitions and
transformations in multi-agent systems using the specific
conditions and transformation rules.

II. FORMAL REPRESENTATION MODEL

Category theory provides a universal algebra for the
representation of highly abstract concepts. Categorical
notations consist of diagrams with arrows. Each arrow f: X—Y
represents a function. A Category C includes: A class of
objects and a class of morphisms (“arrows”), and for each
morphism f there exists one object (A) as the domain of f, and
one object (B) as the codomain; For each object A, an identity
morphism, which has domain A and codomain A (“ID,”); and
For each pair of morphisms f>A—B and g:B—C, (i.e., cod(f) =
dom(g)), a composite morphism, g o f: A—C exists. Some of
the primitive constructors of category theory that we use in our
framework are as follows: Products, Coproducts, Functors,
Natural Transformation, Pushout and Pullback. In order to
orient the reader with a precise definition of categories and
some important introductory definitions, we refer to [5] for
additional information.

In the rule-based graph transformation, generally applying
a transformation rule Z—R denotes finding a proper match of
L (Left hand side) in the source graph and replacing L by R
(Right hand side), leading to the target graph of the graph
transformation. Following the double-pushout approach



(DPO) [42], a transformation rule is defined [26] as a pair #: L
< I — R of morphisms [: ] — L and r: I — R such that [ is
injective, where the graphs L and R are called the left and
right-hand sides respectively, and [ is called the interface or
gluing graph. Further information on different notions and

techniques for graph transformation can be obtained from [13,
14].

III. CATEGORICAL ANALYSIS OF THE RLR MULTI-AGENT
FRAMEWORK

RLR is a cooperative Multi-agent framework, for
capturing, representing, tracking and analyzing changes within
ontological structures through a rule-based reactive and
proactive behaviour acting along with an integrated
argumentation framework. In this research we use categories
to support agents’ communication, negotiation, state
transitions, compositions and transformations in different
levels of abstractions.

A.  Analyzing a Multi-agent Framework in Different Levels of
Abstraction

In our method, we define different types of categories
based on different local and global perspectives. Each agent
can be considered a category, with states of the agent as
objects and the actions that cause an agent to change its state
as morphisms. More generally, we can define a category of
agents, with agents as objects and the different types of
communication and interaction channels between agents as
(functor) morphisms. In the same way, one can for example
define the services given by agents as a category, with agents
as objects and the composition relations between the agents
(representing different interactions, communications, message
passing, or sharing attributes between agents) as morphisms,
or, alternatively, the category of services, with agents’ services
as objects and the mapping between the services as (functor)
morphisms. Moreover, by changing the level of abstraction,
we define a multi-agent system as a category' consisting of
services as objects and the relations between them as
morphisms, as well as the category of multi-agent systems,
with each system composed of several agents providing
different services as an object and the different communication
channels between two or more distributed multi-agent systems
as (functor) morphisms. This viewpoint about the categorical
conceptualization of MAS structures in different levels of
abstractions leads us towards defining a formal semantic for
various interactions occurring between agents in evolving
environments.

In an integrated multi-agent-based framework such as
RLR, functors (morphisms in the category of all small
categories) and their compositions are powerful abstraction
mechanisms for analyzing the relations between different
categories (e.g., relations between categories of agents,
relations between a category of agents and a category of
services, or a category of multi-agent systems and a category
of states, etc.). As an example, consider a scenario for the

1
Based on different conceptualizations, one may consider a multi-agent
system to be a category with agents as objects and the relations between
them as the morphisms.

alignment of two ontologies, by considering state as a category
with the different states of an agent (i.e., initial state (Ini_S);
requesting merge (Req M); receiving the merge result
(Rec_M) and checking for validity (Chk V)) as objects and
the message passing between the states (i.e., issuing alert,
change notice, ontology ID, and so on) as morphisms (Figure

1.

change state

OntologyIDs
ignore change

issue alert (new) Ontology ID

change notice

Figure 1. The categorical illustration of states for the ontology merging
scenario

The above categorical diagram might be changed to
demonstrate different options for performing ontology
merging. For example one may want to check whether two
ontologies are from the same domain or not (Chk D) and if
they are not from the same domain, cancel the merging and
move back to the initial state (Figure 2).

changesstate

Ontology IDs

OntologyID's
ignore change

Chk_D
-—
OntologyID’s

issuealert (new) Ontology ID

change notice

issue alert

Figure 2. The categorical illustration of states for an alternative ontology
merging scenario.

Considering the first model represented in Figure 1 as
Category OSt; and the modified version represented in Figure
2 as category OSt, in the category of states using the
composition law and a functor, we are able to represent the



transition between St; and St, through the functor F
representing “Check Domain”: F: St; — St,.

In a similar way different associations between different
types of objects (e.g., various cognitive units [11] described in
the categorical sense) can be modeled. For example?, one can
describe a set of prepositions as objects within the category of
prepositions and the relations between them as the morphisms
in this category. Figure 3 represents a typical diagrammatic

representation of such interactions for the following
prepositions:

1. Agent AG_1 received a message.

2. Agent AG_1 has perceived a change request through the message.

3. The perceived change request is a delete request.

4. The delete request is issued to be performed on ontology O;.

5. The target for the deletion is concept C, within Ontology O;,

6. Ontology O, is currently being used by KB;.

7. The concept C is being reused in a process Pr_1.

8. The concept Cxhas three sub concepts Cy, Cyz, Ca-

9. Two concepts Cy and Cy, are currently being used in a process Pr_1.

10. The controller agent of KB, should be notified about the request.

—_
—_

. The negotiation for loss/benefit has been performed.

12. Based on the negotiation outcome the delete request is postponed
13. The notification to the agent AG_1 is sent.

14. AG_1ignored the change request.

Figure 3. A generic categorical representation of different prepositions in an
agent based framework dealing with a “delete request” message.

As can be seen in Figure 3 several concurrent interactions
may be performed through the compositions between the

3
morphisms. Also several inferred knowledge can be gained
through this categorical approach, which can later on be used
in the learning phase in the RLR framework. Upon successful

2
Our example is inspired from the communication between the cognitive units

presented in [11].
3
As an example of this inferred knowledge, one may notice the simple

composition of morphisms in Figure 3 such that for instance: 1| — 2 — 3
implies 1 — 3.

completion of the negotiation process in RLR, the ontology
will either remain unchanged or be modified to convey the
new knowledge based on the outcome.

B.  Analyzing a Representation of Agents’ Rule Compositions
and Transformations

Intelligent agents perform actions in a context by using
rules that guide interactions. In order to perform an action,
which may lead to a state transition, often two or more sets of
rules may be combined and integrated, ideally in an automatic
fashion. The manual combination of rules is neither desirable
nor feasible in many circumstances (e.g., when dealing with
large sets of rules). The mathematical power of categories can
deliver a formal guidance for combining these sets of rules,
which are usually described in a diagrammatic representation®.
For example, in the RLR framework, the agents follow certain
rules, some simple and some complex ones (in the case of
multiple options leading to different decision points, e.g.,
adding concepts, which needs the combination of several rules
to find a place, check the validity, and so on).

/\
LNV

E Composition /
= O—F Q=
x
RS C: C:

Figure 4. The composition of two initial agents’ action graphs through
conjunction (C;) or adjunction (C). As can be seen in C, emphasizes are on
common paths within the two action graphs, while in C2 the focus is on sum
of the available paths.

As shown in Figure 4, the two graphs 1 and 2, respectively
denoting the (partial) state diagrams of agents A, and A, with
nodes, represent the state and edges symbolizing the
transitions. These two agents have their own opinions about
the set of states in a change management process, which may
differ with each other in some particular cases. To achieve the
compositions of the two agents’ views on performing a task,
one can follow several options including conjunction or
adjunction [12]. As the above figure shows in these types of
compositions, the origin of transitions (arrows) might not be
preserved. This approach can be generalized to support
composition of more than two action graphs with more
complex structures.

4
They may be represented by UML, state transition diagrams, Petri nets, or
finite state machines, to name a few possibilities.



Using categories to enhance the learning process has been
also addressed in [15] by measuring and comparing the
relative sizes of classes of inferable sets of functions based on
inductive inference. To define the semantics of agents’
protocols, we describe a set of pre- and post-conditions that
need to be satisfied before/after the occurrence of a particular
action or actions. Then the categorical semantics can be used
to model different interaction protocols within a general
dialectic framework. Currently, there are a few approaches for
using categorical semantics for describing agent interactions.
One of these approaches [16] has focused on denotational
semantics, considering the protocols abstracted away from the
type and the nature of the interaction results. Pfalzgraf [17] has
proposed a distributed logical ground based on category
theory, the concept of logical fiberings [18], and many-valued
logics [19] for modeling multi-agent communications. In
summary, the idea in this approach is to allocate a local logic
(logical fiber) to each agent and make the fibering (global
logical state space) out of the group of all the fibers over the
base space of agents.

In the RLR framework the semantics of an evolving agent-
based system can be captured through a category of states and
a set of operational transitions Op: St,, — St,, representing that
the state St,, can change into St, by performing an operation
Op. As illustrated in Figure 5 each individual agent (e.g.,
Aj...A,) can make a transition using a function (e.g., f,, &
...), which force the transition of MAS to the new states
through the operation arrows (e.g., for g).

Figure 5. The representation of a multi-agent system (MAS) transitions to
different states using different operations and in different levels of
abstractions.

The interactions in RLR can be studied through a category
with a set of states (87) denoting the points, a set M of possible
message expressions, and a transition morphism T (product of
states and massages). The current existing formalisms seem
sufficient to model the interaction protocols for a relatively
small set of interactions, but as the number of messages,
exchanged expressions and potential interactions between
multiple levels of nesting increase, it is far from trivial to
manage all the prospective arrangements.

Categories support the agents’ rule interactions with no

need for deep architectural and procedural nesting. As a
simple example, let us look at the composition operation (o),
which can be used to formalize the declarative rule
interactions for agents. For instance, one may need to define a
situation in which an agent should decide about the deletion of
a node in an ontology. Since the rules are not isolated in RLR
by using the composition operation (0), we can represent: Rg
o Rp 0 Rp © Rp where Rg is a morphism denoting “select node
command”, Rp is “parent checking condition”, Ry is “remove
child morphism”, and Rp is the action (e.g., deletion) to be
taken in the next move.

C. Modeling Argument Trees

Analyzing the dependencies and legitimacy of a claim in
an argument should be performed within a logical structure.
Toulmin [20] described an argument based on the Claim and
Data supporting this Claim, a Warrant to infer the Claim from
the Data and Backing to support the materials that support the
Warrant, a Qualifier to represent the soundness of an argument
with uncertainty, and a Rebuttal (Reservations) to represent
the exceptional cases (Figure 6).

1
RQ

Figure 6. The Toulmin’s layout for argumentation, with C, D, W, B, R and Q
denote respectively Claim, Data, Warrant, Backing materials, Rebuttal, and
Qualifiers’.

Toulmin's description of argumentation trees have been
adopted as one of the preferred vehicles for representing an
argumentation framework through two or more contradicting
structures where the roots, the nodes, and the edges
respectively denote a claim, the grounds (supporting
information), and the warrants (rules). Many of the uncertain
and arguable grounds can be considered sub-claims, which are
supported by a set of nodes (grounds). Figure 7 shows an
example of such a tree.

As it can be seen in the tree shown in Figure 7, each
branch has been associated with an argument about the claim
(root) and its interactions with other branches (other
arguments) form the argumentation structure. Currently
several tools are available for creating such argument
diagrams (e.g., Araucaria [21]). Toulmin argumentation
diagrams mainly focus on the static representation of
arguments, but they have been also extended to reflect the
evolving nature of argumentations in various domains (e.g.,
the dialogue game [22, 23]).

5 Adapted from: “A Description of Toulmin's Layout of Argumentation”
http://www.unl.edu/speech/comm109/Toulmin/layout.htm



Figure 7. A partial representation of a tree-like dialectically grounded
argumentation structure. In this structure C represents the claims (e.g.,
Ontology O is a formal Ontology); G denotes grounds (e.g., Ontology O is
written in OWL-DL); and R represents the warrants or rules (e.g., OWL-DL
ontologies are formal ontologies).

In RLR, we also define categories of arguments with each
category including the arguments as objects interacting within
an argumentation framework and the interactions between
them as morphisms. Our initial plan to design a categorical
model for RLR agent protocols starts with creating a graph for
potential messages exchanged by the agents. Consider the
category Ccommunicarion With a set of time points as objects and
message expressions, usually placed in argumentation
protocols, as morphisms. The morphisms represent the
expression needs for argumentation between two time points
(simply denoting the start and end of an argumentation). Thus,
a communication for a protocol in the argumentation
framework can be simply modeled by a sequence of
morphisms and their compositions. Functors and natural
transformations can be used to define different assignments
between various categories. Here we are also able to
generalize the communications between different protocols
(e.g., two categories Ccomm» Dcomm.) using functors (i.e., F:
Ccomm— Dcomm)- In existing agent languages such as FIPA-
ACL¢, the messages exchanged between the agents may
consist of requests and notifications, for example, without the
possibility to define any combination rules; while in our
approach we can define the rules’ compositions in various
levels of abstractions. This observation has been also studied
in [24] from a different perspective’, where every MAS
diagrammatic topology has been interpreted as a category
PATH where the nodes are the objects and every sequence of
consecutive arrows (a path which may include more than one
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Standardized by the Foundation for Intelligent
http://www fipa.org/repository/aclspecs.html

Physical Agents:

7 In the study performed in [24] the authors focused on the communications
between different MASs rather than the dialogues between individual
agents.

single arrow) in the diagram is a morphism?®. Based on [24], a
base diagram, which is a category PATH, has been associated
with each MAS to represent the general attributes and
organization of related communication channels (arrows) for
that MAS.

As mentioned in Section III.A, the arrows in the category
of agents (morphisms) convey a communicative operation of
forwarding a message from one agent to another. A category
of such arrows together implies an argument framework
starting with an initial action and ending with a final decision
(i.e., one may consider the classical example of auctioning).
The set of rules provides sufficient expressiveness for the
argument framework (e.g., winning bid > starting bid). Each
communication protocol can be considered a reusable pattern,
which is “formally defined and abstracted away from any
particular sequence of execution steps” [25], and can be
applied to other frameworks with different purposes. The
categorical representations along with the graphical
transformation greatly resemble UML diagrams (specifically
state and activity diagrams) while providing more expressivity
in terms of the underlying semantics.

IV. CATEGORY THEORETICAL DISTRIBUTED GRAPH
TRANSFORMATION

The transformation rules can be used to determine and model
agents’ behaviors and operations in MAS [40, 41]. They also
capture the effects of different agents’ actions and operations
on local or network levels, thus as a representation method,
these rules enable modeling the agents’ cooperation and
interactions. When we consider graph transformation for
formalizing agents’ interactions and cooperation by means of
communication with the other agents within a specific MAS or
between different MASs and with their environment, it can be
used for representing the transformation of the agents’
communication network. To analyze changes in relations
between a set of cooperative agents within a generic multi-
agent system (MAS), considering the category of MAS, a
transformation mechanism based on DPO can be defined by
finding a pushout complement for a particular state through
examining the gluing condition, consisting of dangling
condition and identification condition [14].

Considering the challenges for modeling changes in
distributed systems, which involve several issues including
traceability and synchronization, RLR utilizes a distributed
graph transformation technique, which explicitly supports the
synchronization and concurrency processes. For the sake of
consistent change management, a process within the RLR
model needs to be synchronized with its adjacent processes in
order to evolve coherently. For example, if two operations
want to act on a common ontology through specific actions
and conditions, these actions should act under a consensus
agreement so they can both perform and evolve coherently. To
coordinate the potential changes in the processes, a set of
synchronization requests are issued at each abstraction level.
These requests need to follow certain transformation rules and

8
This actually implies the composition of morphisms.



conditions, which are compatible with each other?, in such a
way that they support the concurrent evolutions of different
parts of the system autonomously based on the consensus
agreement. To ensure the consistency of the transformations,
we enforce certain types of reactions and behaviors (preferably
among several options) for agents in certain states, when the
conditions are applicable (determined by L in the rule L « 7
— R). The overall effect of an action within a scenario (e.g.,
select a node to be deleted) is described by a pair of instance
diagrams!®, modeling the before/after states [30]. Sequences of
transformations represent the changes in the states’ agents and
their behavior, and model their interactions within the
communication channels in a MAS'!. For example using the
method presented in [30], we consider the communications
between the Explorer Agent (EA) and the Log-Reading Agent
(LRA), which together capture changes by processing and
reading change logs in parallel, in a specified time range, in
RLR (described in [3]) to capture the type of change operation
(Figure 8).

EA: Explorer Agent LRA: Change Log 1 LRA: Change Log 2

OPt1 :Change Operation 1

| i |
| | |
Changetypelookup () | |
} ! Change type lookup () Jl
I A1

I, Propose change type () l |
lr ! Propose change type () !
I< ' '
| Accepttheproposal (| | |
| ’l Reject the proposal () |
l I !

Figure 8. The communication between explorer and log reading agents to
specify the type of a change operation. These communications can be placed
during the negotiation phase.

Due to the ability of graph transformation for handling
temporal representation [31], we have used the rule-based
graph transformation [30] to describe the pre- and post-states
of an agent-based model (Figure 9), grounded on the
communication diagram demonstrated in Figure 8. In this
figure, the Explorer Agent (EA) reacts to alterations that
appear in the environment (e.g., a change operation) and tries
to affect the environment by locating the change and
determining its type based on different proposals. In the same
way, one can define other rules for rejecting the proposals,
storing the proposals for future decisions, or aborting all the
communications.

9 The compatibility here refers to this fact that the combinations of these

transformation rules should keep the entire system in a consistent state.

10 In UML, instance diagrams (object diagrams), are useful for exploring
“real world” examples of objects and the relationships between them,
while the type diagram reflects a given Use Case [27].

In agile object oriented modeling, this usually is represented by UML
sequence diagrams [28].

Asks_query_from )
Change LRA: Change Log 2

Operation

o EA: Explorer Agent

Asks_query_from ™| LRA: Change Log 1

Changetype
lookup

Asks_query_from

LRA: Change Log 2

Proposed Picked
changetype [~ | EA:Explorer Agent
from LRA1 i
[ Asks_query_from ™ LRA: Changelog 1
Accepted by )
Proposed by

Figure 9. A generic transformation rule for describing the pre- and post
states in an agent-based model transformation based on the communication
diagram demonstrated in Figure 8.

By noticing the fact that many of the current dynamic
agent models are represented by sequence and state diagrams,
which have been studied here under a graph-oriented approach
as well, we can extend our approach to study agents’ model
transformations in more complex situations. For example, by
following some of the object-oriented principles like
differentiation between instance and type graphs (diagrams)'?
[32, 33], we can model the typed graph transformations [34,
35] by means of refactoring [36, 37, 38] the state diagrams
(adding/removing, merging, or decomposing the states) and
conceptual models of ontological structures.

As an example, following the approaches presented in [39]
and [38], we may merge the two states St; and St,, which
respectively represent the state of the RLR system after
querying to determine the type of change and receiving the
proposed answers, into one merged state St; 4 (Figure 10 (a)).
As another example, Figure 10 (b) demonstrates the
transformation of a state diagram to the new diagram,
representing the concurrencies between the two states Sts
(validation of the accepted response), and state Sts (ask
permission to put the results into an action). In fact, we would
be able to model various aspects of agents in the RLR model,
such as agents’ networks, topology, properties, interactions,
and cooperation based on the agreed goal in the negotiation
process. Also, due to the rule-based nature of this framework,
we can formally model the structure and behavior of an

12In conceptual modeling a type graph models a class diagram and an
instance graph models the objects (instance) diagram.



evolving system and anticipate certain types of
transformations and re-configurations upon future changes.

Figure 10. (a) pre/post state representation before/after merging two states; (b)
the representation of concurrency of two parallel states.

V. DISCUSSION

Categories have been extensively used in mathematics and
theoretical computer science to assist in separating the levels
of abstractions and integration of generic components. The
categorical method to study and measure changes and to test
several hypotheses and certain effects on developmental
change between two time points has been applied in biological
and social analysis as well as in psychological [29] domains.
However, the applications of category theory to formalize
agent-based biomedical ontology change management are
extremely rare. Our major contribution for this paper is
extending the semantics for change management process
within the RLR agent-based framework, by defining a
categorical framework to support agents’ communication,
negotiation (e.g., formalizing dialectic trees), state transitions,
compositions and transformations (e.g., rule transformation) in
different levels of abstractions (e.g., agents and MAS). We
have also employed graph transformation to facilitate
concurrency and synchronized analysis of evolving
ontological structures. For this purpose we have defined
several categories including categories of agents, multi-agents
systems (MASSs), services, states, rules and prepositions.

REFERENCES

[1] D. Shahaf, and E. Amir,“Towards a theory of Al completeness,” In Proc.
of 8" Int’l Sympo. on Logical Formalizations of Commonsense
Reasoning (Commonsense’07), in AAAI Spring Sympo., California,
USA, 2007.

(2]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

(18]

[19]

[20]
(21]

[22]

(23]

T. Aven, “Identification of safety and security critical systems and
activities,” Reliability Engineering & System Safety, 94(2): 404411,
2009.

A. Shaban-Nejad, and V. Haarslev, “Incremental biomedical ontology
change management through learning agents,” In Proc. of the 2" KES
Intl. Symposium on Agent and Multi-Agent Systems (KES-AMSTA 08),
March 27-28, Incheon, Korea, Springer Vol. 4953/ 2008: 526-535.

A. Shaban-Nejad, and V. Haarslev, “Strategic health information
management and forecast: the birdwatching approach,”. In proc. of 2™
Intl. Conference on Computational Collective Intelligence (ICCCI'10),
Taiwan, Springer LNCS 6423, 2010: 457-468.

A. Asperti, and G. Longo, “Categories, types, and structures: an
introduction to category theory for the working computer scientist,” The
MIT Press, 1991.

I. Rahwan, and P. McBurney, “Guest editors' introduction:
argumentation technology,”. IEEE Intelligent Systems 22(6): 21-23,
2007.

J. Lind, “Specifying agent interaction protocols with standard UML,” In
Proc. of AOSE'01, LNCS 2222, Springer, pp.136-147, 2001.

M. Purvis, S. Cranefield, M. Nowostawski, and M. Purvis, “Multi-agent
system interaction protocols in a dynamically changing environment,”
An Application Science for Multi-Agent Systems, Springer, pp. 95-111,
2004.

H.R. Dunn-Davies, J. Cunningham, and S. Paurobally, “Propositional
state charts for agent interaction protocols,” Electr. Notes Theor.
Comput. Sci. 134: 55-75, 2005.

N. Fornara, and M. Colombetti, “Defining interaction protocols using a
commitment based agent communication language,” In Proc. of
AAMAS'03, ACM Press, pp. 520-527, 2003

J.R. Anderson, “Concepts, propositions, and schemata: what are the
cognitive units?” In J. Flowers (edi.) Nebraska Symposium on
Motivation. Lincoln, Nebraska: Uni. of Nebraska. 1981.

M. Chechik, and S. Easterbrook, “Reasoning about compositions of
concerns,” In Proc. of the Workshop on Advanced Separation of
Concerns in Software Eng. at ICSE'01, 2001.

H. Ehrig, K. Ehrig, U. Prange, and G. Taentzer, “Fundamentals of
algebraic graph transformation,” Monographs in Theoretical Computer
Science,” An EATCS Series, Springer, 2006.

H. Ehrig, M. Korff, and M., Lowe, “Tutorial Introduction to the
Algebraic Approach of Graph Grammars Based on Double and Single
Pushouts”. In Proc. of 4th Int'l Workshop Graph-Grammars and Their
App. to Comp. Sci., Bremen, Germany, LNCS 532, Springer, 1990 pp.
24-37.

L. Fortnow, R. Freivalds, W.I. Gasarch, and M. Kummer et al.,
“Measure, category and learning theory,” Proc. of the 22" Collog. on
Automata, Languages and Programming (ICALP'95), Szeged, Hungary,
LNCS 944, Springer, 1995, pp. 558-569.

M.W. Johnson, P. McBurney, and S. Parsons, “A mathematical model of
dialog,” Electr. Notes Theor. Comput. Sci. 141(5): 33-48, 2005.

J. Pfalzgraf, “On categorical and logical modeling in multiagent
systems,” in proc. Of InterSymp-2004, Baden-Baden, Germany, 2005.

J. Pfalzgraf, “On logical fiberings and automated deduction in many-
valued logics using grobner bases,” RACSAM, Rev. Real. Acad.
Ciencias, Ser. A. Mat., 98(1): 213-227, 2005.

S. Gottwald, "Many-valued logics,” In: Handbook of the Philosophy of
Sciences. Vol. 5: Philosophy of Logic (D. Jacquette ed.), North-Holland:
Amsterdam, 2007, pp. 545-592. available at: http://www.uni-
leipzig.de/~logik/gottwald/SGforDJ.pdf

S. Toulmin, “The uses of argument," Cambridge University Press, 1958.

C. Reed, and G. Rowe, “Araucaria: software for argument analysis,
diagramming and representation,” International Journal on Artificial
Intelligence Tools 13(4): 961-979, 2004.

T.J.M. Bench-Capon, “Secification and implementation of Toulmin
dialogue game,” In Proc. of Legal Knowledge-Based Systems. JURIX:
The 11™ Conference, 1998, pp. 5-19.

T.J.M. Bench-Capon, T. Geldard, and P.H. Leng, “A method for the

computational modelling of dialectical argument with dialogue games.
Artificial Intelligence and Law, 8(2-3): 233-254, 2000.



[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]
[32]

[33]

J. Pfalzgraf, and T. Soboll, “The base diagram of a multiagent system: a
categorical model of the general communication structure,” In (proc.
Intersymp2007) Laker., G.E., and Pfalzgraf, J. (editors) Advances in
Multiagent Systems, Robotics, and Cybernetics: Theory and Practice.
(Vol. II) Published by IIAS, ISBN 978-1-897233-61-0. 2008.

M. Wooldridge, N.R. Jennings, and D. Kinny, “The Gaia methodology
for agent-oriented analysis and design,” Autonomous Agents and Multi-
Agent Systems 3(3): 285-312, 2000.

F. Drewes, B. Hoffmann, and D. Plump, “Hierarchical graph
transformation,” J. Comput. Syst. Sci. 64(2):249-283,2002.

UML 2 Object Diagrams
http://www.agilemodeling.com/artifacts/objectDiagram.htm
UML basics: The sequence diagram
http://www.ibm.com/developerworks/rational/library/3101.html

M. Ato, E. Ato, and J. Goémez, “Analyzing change among
developmental stages with categorical models,” Quality and Quantity
39(1): 87-108, 2005.

R. Depke, R. Heckel, and J.M. Kiister, "Formal agent-oriented modeling
with UML and graph transformation,” Sci. Comput. Program. 44(2):
229-252,2002.

S. Gyapay, D. Varr6, and R. Heckel, “Graph transformation with time,”
Fundam. Inform. 58(1): 1-22, 2003.

A. Corradini, U. Montanari, and F. Rossi, “Graph processes,” Fund.
Inform. 26(3,4): 241-266, 1996.

L. Baresi, R. Heckel, “Tutorial introduction to graph transformation: a
software engineering perspective,” In Proc. of the 2nd Int'l Conference
on Graph Transformations (ICGT'04), Rome, Italy, LNCS 3256,
Springer, 2004, pp. 431-433.

[34]

[35]

[36]

[37]

[38]
[39]

[40]

[41]

[42]

R. Heckel, A. Corradini, H. Ehrig, and M. Lowe, “Horizontal and
vertical structuring of typed graph transformation systems,”
Mathematical Structures in Comp. Science 6(6): 613-648, 1996.

M. GroBe-Rhode, F. Parisi-Presicce, and M. Simeoni, “Spatial and
temporal refinement of typed graph transformation systems,” In Proc. of
MFCS'98, LNCS 1450, Springer, pp. 553-561, 1998.

G. Sunyg¢, D. Pollet, Y. Le Traon, and J.M. Jézéquel, “Refactoring UML
models,” in: «UML» 2001 — The Unified Modeling Language.
Modeling Languages, Concepts, and Tools. LNCS 2185, Springer, 2001,
pp. 134-148.

T. Mens, N. van Eetvelde, S. Demeyer, and D. Janssens, “Formalizing
refactorings with graph transformations,” Journal of Software
Maintenance 17(4): 247-276, 2005.

T. Mens, “On the use of graph transformations for model refactoring,”
In: Proc. of GTTSE'0S, LNCS 4143, Springer, 2005, pp.219-257.

M. Boger, T. Sturm, and P. Fragemann, “Refactoring browser for
UML,” In Proc. of NetObjectDays'02, LNCS 2591, 2002, pp. 366-377.

P. Knirsch, and H.J. Kreowski, “A note on modeling agent systems by
graph transformation,” In Proc. of AGTIVE'99, LNCS 1779, Springer,
1999, pp. 79-86.

R. Depke, R. Heckel, and J.M. Kiister, “Agent-oriented modeling with
graph transformation,” In Proc. of AOSE'00, LNCS 1957, Springer,
2000, pp. 105-120.

H. Ehrig, M. Pfender, and H.J. Schneider, “Graph grammars: an

algebraic approach,” In: Proc. of 14th Symposium on Foundations of
Comp. Science, IEEE, 1973, 167-180.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


