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ABSTRACT

The exchange of data between different models in a multi-
simulation environment is about the exchange of informa-
tion from within the context of two separate worldviews.
This amounts to knowledge (information in context). To
represent this knowledge, in any of a number of different
ways (meta-data, ontological reference, frames, etc.) there
must be a method to bridge the gap between what the
worldview of origination can represent and what the
worldview of destination can receive. This requires some
understanding of the dimensions of difference between the
two worldviews. As each separate model is the product of
a different perspective by the model’s developer, each in-
dividual model will have a different worldview. Under-
standing what these differences are, and viewing them in
light of the requirements for conceptual interoperability
will contribute a great teal to the knowledge that must be
captured for meaningful exchange.

1 INTRODUCTION

The field of distributed simulation is based on the notion of
combining a number of different simulation systems (each
with their own models) together, to form a larger or more
complex synthesized simulation space than any one of the
systems could provide on their own. Because this space is
synthesized, each simulation system may need to have ac-
cess to data about the overall space, that it is not itself the
author of. In order to get access to that data, it may have to
rely on retrieval of information from either other individual
simulation systems, or from some distributed framework
that represents the entire synthesized space. An example
of the former is any situation where two (or more) simula-
tion systems have a data exchange agreement with each
other. Examples of the latter are DIS and HLA federa-
tions.

Each simulation system deals with a different portion
of the synthesized space, which is of course what makes it
valuable to include in a multi-simulation combination.

However, the fact that each simulation system has a
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different focus also means that varying data and processes
within that system will differ from data and processes in all
of the other systems. This is true even when the data or
processes within the different simulation systems are mod-
eled after the same real world referent.

The difference in simulation approach (examples
might include a system dynamics model, or a discrete
event simulation) are immediately identified as the culprit
for these differences, as in the case of a hybridized model.
There is a necessary reason why some differences would
exist, however, between any two distinct simulation sys-
tems, regardless of the approach being heterogencous or
homogenous. A simulation system, at its heart, is a soft-
ware package that can execute one or more models over
synthetic time or space. These models consist of a number
of objects (that they represent), each a referent of the ideal-
ized world that the model is seeking to mimic; and a num-
ber of processes (that provide transformation of and influ-
ence on the objects). Together these objects and processes
represent the artificial world that the model describes.
Given some start state for that worldview, and given the
means to order the processes based on one or more identi-
fied goals, the objects will have their data attributes change
during the execution of the simulation.

Interoperability between simulation systems can be
described using the levels of conceptual interoperability
model - a model that shows the different levels of interop-
erability that may exist between systems, from technical
interoperability through conceptual interoperability. The
differences between the two simulation systems exist be-
tween systems interoperating at level 1 in the same
strength as they exist between systems that are capable of
interoperating at level 6. The increased value of each suc-
cessive level in the LCIM over level one, however, is that
accommodations for the differences between world-
identity tuples are of increasing value. In plainer terms, the
differences between two systems that are interoperating at
level one would be the same as if those systems were
interoperating at level two - however, if they were to inter-
operate at level two, either more of the differences, or an
increasing depth of the same number of differences, would
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have to be dealt with in comparison to level one. And so
on until level six is reached.

The problem of interoperability has been dealt with by
several research groups. The idea of combining interop-
erability with composability was given an analytical treat-
ment by Petty and Weisel in (Petty and Weisel 2003). The
idea of, and requirements for composability to assist with
models (especially military models) was presented by Da-
vis and Anderson in (Davis and Anderson 2003). The pos-
sible dimensions of the differences between the involved
simulation systems (and their world-identities) have not
previously been explored, and are the focus of this paper.
By exploring the various implications of the world-identity
tuple, the various static and dynamic dimensions of differ-
ence between simulation systems are highlighted and de-
fined below.

2 KNOWLEDGE REPRESENTATION,
ONTOLOGY AND INTEROPERABILITY

Knowledge representation is the presentation of informa-
tion, in the context of a world view. The information is da-
ta, identified to have some semantic meaning. The context
is a definition of what that semantic meaning is valued at,
within the framework of its world view. This increased
layering of requirement, from data through information,
knowledge, and beyond, is captured in the Knowledge Re-

presentation Requirements Model (KRRM). This is a

model showing the increasing needs for greater ability to

represent knowledge, and also gives the levels of concep-
tual interoperability that may be reached if the require-
ments are met.

The KRRM has five levels of requirement, showing
describing what is needed for a system to either represent
or accommodate knowledge. The depiction in (Error!
Reference source not found. — Knowledge Representation
Requirements Model) shows the KRRM levels on the left,
along with the Levels of Conceptual Interoperability Mod-
el (described below) levels on the right that the KRRM le-
vels correspond to. A brief description of the KRRM re-
quirements follows.

e Data — the only requirement for the depiction of
knowledge at the data level is just that — Data. This
corresponds closely to level 2 of the LCIM, which is
the Syntactic Level.

e Information — this requirement becomes more useful,
as now the data is tagged with some semantic label,
depicting what the data means to the system of origi-
nation. This corresponds to level 3 of the LCIM,
which is the Semantic Level. At this level of require-
ment, some sort of reference model is referred to for
the semantic tagging — which could be an agreed to
meta-data schema, or a reference data model, to name
a few examples.
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Figure 1:Knowledge Representation Requirements Model

e Knowledge — this requirement requires that the se-
mantic labels that transform data into information are
now described, meaningfully, in the context that they
originated in the system of origination. This corre-
sponds to the Pragmatic Level, or level 4 of the LCIM.
At this level of requirement, typically some sort of on-
tological representation is relied upon in order to cap-
ture the context. For context, here, we refer to the on-
tological entities (described below), which includes all
of the objects and processes that make up the system.
The context, at any one time, is an enumeration of all
of the objects and processes making up the system’s
world, and any attribution they might have. This fol-
lows after the work in (Devlin 2006).

e Awareness — this requirement leaves the realm of stat-
ic knowledge and enters the levels of dynamic knowl-
edge. The information-in-context of the Knowledge
requirement level now must be able to be represented
in a time-sensitive way, as the context may change
dynamically with the life of the system. This corre-
sponds to the Dynamic Level, or level 5 of the LCIM,
and not surprisingly this level of requirement requires
some method of ontologically representing the chang-
ing worldview of the system, as it develops over time.

e Understanding — Once the awareness level of knowl-
edge requirement is reached, the next level of re-
quirement is Understanding, which relies on not only
having a method for representing knowledge in a time-
sensitive context, but also anticipating the intentional-
ity of the originating system, such that the dynamic
worldview can be anticipated. This requirement
matches up with level 6 of the LCIM, Conceptual In-
teroperability.

Each simulation system has its own worldview, attrib-
utable to its varied parentage (developed by different
sources, for different purposes). In order to represent and
exchange knowledge, therefore, a way for expressing the
semantics of the information making up that knowledge —
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from the framework of its origination worldview — must be
possible. This is accomplished by using an ontological re-
presentation to define the semantic meaning of the infor-
mation. A commonly used reference for defining what an
ontological representation is for information system know-
ledge exchange is (Gruber 1993). This states that an onto-
logical representation is a “formal specification of a con-
ceptualization”. The formal specification is to define the
information being exchanged, and the conceptualization is
the understanding of the worldview of origination for that
information.

In order to access the conceptualization that an onto-
logical representation is a formal specification of, it is nec-
essary to break that specification up into accessible com-
ponents. The first three types of components that are
discussed are entities, relations and rules. Entities and rela-
tions are quite familiar to the data modeling community,
and also appear within most modern ontological engineer-
ing theories. Rules, however, are an additional component
that assists with the ontology model being useful to sys-
tems, and will be described here in more detail. A fourth
component, primitives of meaning are essential to the other
component types and will be addressed below.

In light of the fact that this paper is discussing knowl-
edge representation and the dimensions of difference be-
tween simulation systems, and to define these it relies on
the ontological representation of information systems, and
more specifically, ontology for the purpose of assisting in-
teroperability between information systems, entities be-
come quite easy to define. As entities are revealed in the
entity-relational model (Chen 1976), it can be seen that
they are easy to recognize within a model. Entities are the
exchangeable symbols (words, data elements, etc) that rep-
resent the things of which our systems can address. Things
are further defined as being not only physical things, but
also everything, which can be addressed by systems
(things, both physical and otherwise; phenomena, includ-
ing both processes and events; modifiers for both of these).
It is typical to think of entities as the three dimensional ob-
jects of the worldview, but this is not the only practice.
There are a number of systems that are described as being
four dimensional that is their worldview is one based in
time, and the temporal confluence of entities, but not so
much that any entity is permanent. A good overview cov-
ering ontological representations of these two worldviews,
and how the Basic Formal Ontology can describe them is
found in (Grenon 2003).

Entities, in order to satisfy the specification presented
here, need to be represented as both types and instances.
Entity-types may be divided up further into subtypes, but
each child of an entity-type (whether a true instance, or a
subtype) retains all of the identity of the parent type. This
idea of terms of understanding being less generally defined
than their parents is known in the knowledge representa-
tion and artificial intelligence communities as sub-
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sumption and a treatment of the topic can be found in
(Brachman and Schmolze 1985). The organization of all of
an ontology model’s entities into an interconnected graph
is referred to as a taxonomical model.

Different entities, originating from different systems,
may have the same “name”, or symbol, representing them
and have different characteristics. This leads to a situation
making the enablement of interoperability very difficult.
Additionally, difficulties in enablement would arise when
differently named entities are meant to represent the same
thing from our limited universe of discourse. In both situa-
tions, and as hinted at above, it can be seen that entities dif-
fer from each other based on their characteristics. These
characteristics are defined by the primitives of meaning
that the entities can exhibit. This is discussed further, be-
low.

The type-subtype-instance relationship (of the taxo-
nomical model) is not the only class of relations between
entities that can exist. Relations can provide a semantic
link between entities in any number of different ways. The
enumeration of particular relation types is potentially
unique for each universe of discourse (Smith, et. al. 2005).

System-to-system interoperability requires exchange
of data, and that data must have a syntactic form. Further,
to proceed to even higher levels of conceptual interopera-
bility, semantics are required of the data interchange. In
both cases, and for further extension, a rule set, or gram-
mar, is required to control the syntax and semantics of the
data exchanged. But the data within a system undergoes
certain operations defined by that system. A set of rules de-
fining the syntax and semantics of those operations is also
required.

The existence of a taxonomical model that systems
can reference allows for the specific identification of enti-
ties referred to during system-to-system communications
(Zhang and Ziegler 1989). A set of rules can provide for a
semantically meaningful method for combining those enti-
ties into communications that satisfy the system-to-system
communications supporting interoperability up to the se-
mantic level. Internal relations identified among the enti-
ties of a system’s data model even allow, in effect, infer-
ence to be made within the interoperability supporting data
exchanges between systems. What is still missing from our
ontology, although it was mentioned several times above,
is the specific characterization of our entities. This charac-
terization provides for definition of our entities, and also
allows for the application of the relations and rules defined
above. Primitives of meaning, which are exhibited by enti-
ties, provide this characterization.

Primitives of meaning, or just “primitives”, are the ba-
sis for giving entities definition and characterization. They
are the most difficult component of the ontology to define.
They are also often difficult to see within the entities that
exhibit them. It is helpful to have a good definition of what
is meant by concept in order to see how the ontology mod-
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el requires them. One aspect of primitives to consider dur-
ing the definition of the term is that primitives are the only
component of our ontology that exists within actual items.
They are the link between a data representation of an item,
and the actual item itself. The concepts behind, for in-
stance, a truck, and the data representation (within an in-
formation system) of a truck are the same (Sowa 2000).
These concepts are what we are calling primitives.

Each ontological entity has a unique collection of pri-
mitives of meaning. Within the domain that the systems in
question come from, the primitives of meaning must be un-
iversally recognized and accepted. However, each sys-
tem’s ontological representation may have a different col-
lection of primitives that make up the various entities it
entails. This gives the different morphology of similarly
named entities, and is where the defined difference may be
found between the different system’s worldviews. As each
system is a different abstraction of potentially the same re-
ality, the difference is in which primitives of meaning each
system assumes are involved in the make up of their onto-
logical entities.

The terms to be exchanged between simulation sys-
tems — which are to capture the knowledge that the origi-
nating system wishes to convey to the receiving system —
are representative of some collection of these primitives of
meaning. In order to capture the meaning, as conceived of
by the system developer via the semiotic triangle which
connects referent to term (through conceptualization), an
enumeration of the primitives of meaning will be relied
upon.

If the primitives, which give identity to an entity, are
known, and captured within the ontology, then regardless
of any ambiguities with the entity’s name (or symbol), it
can still be clearly identified by using exactly these con-
cepts (Sowa 2000). Similarly, proper definition of the pri-
mitives that give definition to the entities of two different
systems interoperating with each other can show where
there may be conceptual gaps or misalignment between
those entities.

The primitives of meaning can ontologically show the
collection of all of the aspects that collectively make up
what a term is, but how did that term become understood in
the first place is described by the semiotic triangle (de-
scribed below). Although we are talking about symbols
and terms as the knowledge that is being exchanged be-
tween systems, it also includes all of the processes that af-
fect the entities making up that knowledge.
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Figure 2: Semiotic Triangle for System Interoperability

Some definition of the difference between terms and
meaning is appropriate. A useful source for this definition
is the theory of semiotics. Semiotics is the theory of mean-
ing of symbols. Some of the main contributors of ideas in
this field were Charles S. Peirce and Ferdinand De Saus-
sure. As a concise introduction, and to serve our purposes,
we will rely on the semiotic triangle (Ogden 1923). As can
be seen from (Figure 2: Semiotic Triangle for System In-
teroperability), a system will have some basis for referring
to real world (or imagined world) referents, that the devel-
opers conceived of. The stronger the bond (meaning it is
harmonized) between symbol and conceptualization, then
the more "correct", or semantically accurate, the symbol is.
Finally, if there is an adequate reference (relationship be-
tween referent and conceptualization), and if there is a cor-
rect symbolization (between conceptualization and sym-
bol), then there is a relationship whereby the symbol
actually stands for the referent.

For our purposes, the terms of exchange between sys-
tems are symbols (representing the semantic information in
context, or knowledge, being represented for exchange).
The meaning behind those symbols is represented by the
relationships between the symbol and the conceptualiza-
tion, and between the conceptualization and the referent.

3 MODEL DIFFERENCE AND THE LCIM

The research on composability conducted at the Virginia

Modeling Analysis & Simulation Center resulted in the

LCIM, which underwent several improvements since its

first publication (Tolk and Muguira 2003). The current

version of LCIM as depicted in (Figure 3: Levels of Con-

ceptual Interoperability Model) is documented in (Turnitsa

2005). The different levels are characterized as follows:

e Level 0: Stand-alone systems have No Interoperabil-
ity.

e Level 1: On the level of Technical Interoperability, a
communication protocol exists for exchanging data
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between participating systems. On this level, a com-

munication infrastructure is established allowing it to

exchange bits and bytes, the underlying networks and
protocols are unambiguously defined.

e Level 2: The Syntactic Interoperability level intro-
duces a common structure to exchange information,
i.e., a common data format is applied. On this level, a
common protocol to structure the data is used; the
format of the information exchange is unambiguously
defined.

e Level 3: If a common information exchange reference
model is used, the level of Semantic Interoperability
is reached. On this level, the meaning of the data is
shared; the content of the information exchange re-
quests are unambiguously defined.

e Level 4: Pragmatic Interoperability is reached when
the interoperating systems are aware of the methods
and procedures that each other are employing. In other
words, the use of the data — or the context of its appli-
cation — is understood by the participating systems; the
context in which the information is exchanged is un-
ambiguously defined.

e Level 5: As a system operates on data over time, the
state of that system will change, and this includes the
assumptions and constraints that affect its data inter-
change. If systems have attained Dynamic Interop-
erability, then they are able to comprehend the state
changes that occur in the assumptions and constraints
that each other is making over time, and are able to
take advantage of those changes. In particular when
interested in the effects of operations, this becomes in-
creasingly important; the effect of the information ex-
change within the participating systems is unambigu-
ously defined.

e Level 6: Finally, if the conceptual model — i.e. the as-
sumptions and constraints of the meaningful abstrac-
tion of reality — are aligned, the highest level of inter-
operability is reached: Conceptual Interoperability.
This requires that conceptual models will be docu-
mented based on engineering methods enabling their
interpretation and evaluation by other engineers. In
other words, on this we need a “fully specified but im-
plementation independent model” as requested in (Da-
vis and Anderson 2003) and not just a text describing
the conceptual idea.

It should be pointed out that these layers of operations
are still driven by implementations of agile systems that
should be described in order to enable intelligent software
agents to evaluate their applicability to support a decision
and their composability with other solutions. As such, it is
a typical bottom-up approach To what degree the bottom-
up approach can be merged with top-down approaches,
such as the coherence/correspondence approach described
by (Sousa-Poza 2005) is a topic of ongoing research.
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Figure 3: Levels of Conceptual Interoperability Model

The LCIM was applied in various domains success-
fully and featured as a reference model in various journal
contributions and book chapters. The originally intended
use is described in (Tolk et al. 2006): applying the ideas to
support composable M&S service for net-centric command
and control applications. The Interoperability Framework
for future U.S. Department of Energy solutions for the
Power-Grid described in (Gridwise 2007) uses a derivate
of the model. How to apply the LCIM to align smart appli-
cations is the topic of (Dobrev et. al. 2007). Finally, the re-
cent book on model and simulation-based data engineering
uses the LCIM to show functionality and supported con-
cepts of their solution (Zeigler and Hammonds 2007). The
study of Carnegie Mellon University on System of Sys-
tems mentions the LCIM as one of the candidates for suc-
cessful evaluation of approaches (Morris et. al. 2004).

Defining the ontology of the system is important, to
derive and expose the primitives of meaning. A further aid
in understanding the dimensions of difference between sys-
tems, and of breaking down the elements of knowledge in-
to atomic parts, can be accomplished by specifically defin-
ing a simulation systems world-view. The proposed
method here is to derive a tuple, which consists of a num-
ber of defining statements that would describe all of the
pertinent components of a system’s world-view. This tuple
is the World-View Identity Tuple (WVIT).

4 IDENTIFYING A SIMULATION SYSTEM'S
WORLD-VIEW

Ontologically speaking, we have defined ontological enti-
ties to be anything within the system that can be addressed.
This includes not only objects (we will use the term ob-
jects, rather than simulation entities, to avoid confusing the
term entity), but also processes. The other items to be cap-
tured as part of the ontology, according to situation theory
(Devlin 2006) would include temporal and spatial refer-
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ences, situations, infons, and parameters. Additionally,
following after (Sowa 2000), processes are equally as im-
portant as objects in representing the knowledge of a
worldview. So to the list from situation theory, we add an
equally rich list dealing with processes. As all of the tem-
poral and spatial references, situations, infons, parameters
that may apply to either processes or objects are them-
selves attributes of those two types of ontological entities,
we identify the first two elements of the WVIT to be ob-
jects and processes. Together we refer to the elements
(temporal reference, spatial reference, situation, infon, pa-
rameter) suggested by (Devlin 2006) as the attributes of the
objects and processes. Whenever we speak of attributes, it
is assumed that attributes have values, and the affects on
and depictions of attributes often affect the values of that
attribute more than the existence of the attribute itself, al-
though this is certainly possible.

One of the things not captured in the ontological de-
scription described earlier in this paper concerns the behav-
ior of both the objects within the world, and also the be-
havior of the world as a whole. We will differentiate these
two from each other by referring to the first as behavior,
and the second as intention.

Objects are the simulation entities (although we try to
avoid that term, so as not to confuse it with ontological en-
tity) that exist within the synthetic environment of the
simulation system. They also include all of the other fea-
tures of the synthetic environment that the simulation enti-
ties can interact with. Objects have (from their ontological
depiction, described earlier) as attributes a series of primi-
tives of meaning, each of which is responsible for defining
one aspect of the object. Each primitive of meaning may
be responsible for one or more attributes that the object
has. In addition, each object has a number of different on-
tological relationships that determine its place in the taxo-
nomical ordering of ontological entities, as well as other
world-view appropriate relationships that define its capa-
bilities, roles, and subjectivities. Taken together, an object
then is itself a tuple of its ontological primitives of mean-
ing, attributes that derive from the primitives of meaning,
and all of the ontological relationships that it may be sub-
jected to.

Processes are the functions that exist within the simu-
lation system world-view. They are responsible for bring-
ing about change to the attributes that the objects of the
simulation system exhibit. Processes, therefore, resemble a
function, and are defined by which primitive of mean-
ing/attribute pairings they affect, and the definition of how
they can affect each of those pairings. The process, which
is itself an ontological entity, is described by its primitives
of meaning, the resulting paired attributes (defining such
things as duration, reliability, predictability, etc.), and also
its ontological relations (defining which objects it may af-
fect). Just as the objects, then, the process description is
itself a tuple, consisting of its ontological primitives of
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meaning, attributes that derive from the primitives of
meaning, and all of the ontological relationships that it can
be part of.

Behaviors are the processes that an object can un-
dergo, due to its own defined nature. As with everything
else in the WVIT, this is subject to the conceptualization of
the referent that the simulation system developers chose to
observe, so that while the same object that may be repre-
sented in several different simulation systems, will always
exhibit the same behavior. The ontological element de-
scribed earlier known as rules are what are of interest here.
As such, a behavior would include a pairing of an object, a
process (both connected via a common ontological rela-
tionship). Note that the primitives of meaning and result-
ing attributes that are affected by the particular relationship
are already described in the tuple defining the process. As
with the earlier world-view identity items (the objects and
processes), this leads behaviors to also be a tuple, consist-
ing of an object/process pairing.

The final world-view identity item, intentions, is re-
sponsible for the overall behavior description of the simu-
lation systems world view. This is where the goals of the
individual objects, and groups of objects, can be defined.
For the WVIT, this means that the intention is (not surpris-
ingly) a tuple. It defines the desired condition, in terms of
an object and its attributes, as well as (optionally) a series
of (one or more) time depictions. In this way an intention
could state, for example, that a desired goal (outcome) of
the simulation-system would be that all Person objects be
alive (attribute of Health be greater than 0) at the end of the
simulation execution.

The WVIT is then a tuple, consisting of four items.
Each of those items is itself a set of all possible component
tuples of a particular type.

4.1  Static Dimensions of Difference

These first three dimensions of difference are static. That
is, they apply to the structure of the simulation, or rather
the models that the simulation system executes over time,
but the nature of the difference is not based on the simula-
tion system actually executing. The differences, here, can
be seen just by examining the WVIT of the various sys-
tems statically.

4.1.1 Multi-Resolution

Different world-views concentrate some part of their iden-
tity on amalgams or aggregates of items that could exist at
high levels of detail. For instance, an object could actually
represent a grouping together of other objects that exist at a
higher level of detail, but can all be combined into some-
thing addressable at a lower level of detail. The most
common example would be a military simulation that con-
centrates on the actions and effects of combat at the level



Turnitsa and Tolk

of a battalion, rather than of the companies, platoons,
squads or individuals that make up that battalion. Another
example would be a rail-line engineering simulation that
showed the effects of a steep grade on the overall train, ra-
ther than showing the affects of the grade on the individual
cargo carriages that make up the train. The same dimen-
sion of difference could apply to the other elements in the
world-view identity as much as they apply to objects.
They could apply to processes, goals and behaviors.

Usually, within a simulation system the resolutions of
all the world-identity items are required to be in alignment
with each other, but not always. Consider a military simu-
lation system that handles units of battalion level strength
and identity, but in its combat adjudication processes, tem-
porarily converts (internal to the process) the battalion to
companies for purpose of determining effects, but then
converts back to battalion before applying the effects to the
object.

4.1.2 Multi-Scope

In some ways, this difference is the easiest to spot, but may
have the gravest consequences to simulation interoperabil-
ity. In the case of a Multi-Scope difference between sys-
tems, it is quite likely that the traversal of the semiotic tri-
angle by the various system designers resulted in systems
that concern completely different objects, processes, be-
haviors, and/or intentions from each other. The idea of a
developer conceptualizing a referent, and then developing
the symbols (ontological entities, rules, relations, and their
implementation in a system) for a particular purpose, and a
separate developer developing a separate system (although
based on the same referent) could quite easily lead to this
difference.

Accommodating interoperability, and knowledge ex-
change, between systems with this level of difference is
accomplished by some sort of translation method, where
the entities that system A requires from system B are intro-
duced in the interoperability connectivity between the two.
The limitation here is, at most, level three in the LCIM, or
the Semantic Level, and that is only if certain data for the
interoperability can be derived from data in the system or
origination, and the translating method introduces the se-
mantic markup needed to increase the data to information
(following the KRRM). If this is not possible, then the
greatest level of interoperability, given this dimension of
difference, is Syntactic, or LCIM level two.

4.1.3 Multi-Structure

As each of the ontological entities, specifically objects and
processes, are defined ontologically (and later, in the
WVIT) as containing primitives of meaning, it is possible
that the same object or process, representing the same ref-
erent, from different simulation systems, might have dif-
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ferent internal structure of primitives of meaning. Addi-
tionally, other defining elements of the object or process,
such as the relationships or rules that they are subject to
ontologically, might also be different between different
simulation systems. This is why the WVIT is so important
to be aware of when comparing simulation systems, and
the knowledge that each espouses and is capable of repre-
senting.

In terms of the LCIM, systems may be up to level
three, Semantic Interoperability, compatible and still have
Multi-Structure variances. At level three, for instance,
there is a semantic value to the data being produced,
marked up to information (as per the KRRM), and ex-
changed, but the ontological definition of the primitives of
meaning are not part of the system definition, nor the needs
of the interoperability, yet. Once level four, Pragmatic In-
teroperability, is reached, the need for an ontological repre-
sentation of the system requires that such primitives of
meaning be exposed, and here Multi-Structure difference
will prohibit interoperability.

Some accommodation for Multi-Structure difference
could be made with a purpose-built translator from the
world-view of one simulation system to another; however
this could be potentially encompassing as the system it is
seeking to accommodate. For instance, if a translator ac-
commodates the passing of objects by making up for defi-
cient primitives of meaning, lacking in their definition in a
system they are being exchanged to, then the processes of
the original system that may rely on the presence of those
primitives of meaning (and their attendant attributes) to
operate on the object once it is returned, and it may have
expected that processes it underwent in the other simula-
tion system should have made changes to those attributes.
To build these processes into the translator system, is to
mimic the functionality of the other simulation system, re-
defined with the world-view of the originating simulation
system.

4.2  Dynamic Dimensions of Difference

The dynamic execution of the simulation-system over time
can introduce new changes to the structure of the world-
view of that simulation-system. This, of course, can intro-
duce differences between it and another simulation-system
that wasn’t apparent upon static investigation of the world-
view. This is the domain of the dynamic dimensions of
difference. A note should be inserted here that two of
these three are actually meta-dimensions. The first meta-
dimension is in the area of Multi-Stage differences, where
the differences are introduced by having a repeated itera-
tion of a multi-simulation combination, and each new exe-
cution brings in some changes to the WVIT of one of the
simulation systems (sometimes introducing new differ-
ences). The second meta-dimension is the dimension of
multi-perspective, which is actually a catch-phrase to in-
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clude one or more of the other dimensions. It, in itself,
only refers to the differences that the initial designers of
the various simulation systems might have had as they
traversed the semiotic triangle, leading from referent to
conceptualization to symbol. But the resulting differences
from this disjoint perspective results in one or more of the
other dimensions.

4.2.1 Multi-Phase

Given that a simulation system encapsulates a defined
world (leading to the WVIT), it is possible that with per-
mutations within the simulation-system that the world-
view itself will change (either intentionally, or otherwise).
The possibility of this being unintentional would be a rare
occurrence in a software based automata system, as all of
the definitions for the objects, processes, behaviors and in-
tentions must be developed to change dynamically, and to
adjust their parameters and operations with that dynamic
change. It is, however, theoretically possible. In any
event, whether intentional or not, it is possible that the
overall world view of the simulation system would change.
This leads to a dynamic WVIT.

If a separate simulation system that the original system
is interoperating with is not aware of the dynamic nature of
the WVIT, then it is likely that it will lose whatever level
of interoperability it was capable of, once elements of the
originating systems WVIT have modified. In order to ac-
commodate such changes, there must be some sort of
knowledge translator that is dynamically aware of the
changes in WVIT, and must accommodate them using
whatever methods described under Multi-Resolution, Mul-
ti-Scope, or Multi-Structural differences are then intro-
duced. If this can be accomplished, then the level of
Knowledge Understanding, or Conceptual Interoperability,
exists between the simulation systems.

4.2.2 Multi-Stage

This situation comes from the introduction of the concept
of multiple iterations of the execution of the simulation
systems in question. Each individual paired iteration of
execution is potentially subject to any of the other dimen-
sions of difference, but with multiple iterations (with the
purpose of altering the base conditions of attribute values,
or even object or process presence, for the purposes of a
simulation study or experiment) then the concept of ranges
of acceptable WVIT values come into consideration.

The ideas of Multi-Stage Multi-Simulation comes
from (Yilmaz et. al. 2007), and is actually a common oc-
currence, especially with simulation techniques that rely on
multiple “runs”, or executions of the simulation system in
order to produce a range of results.

With each exception that causes this difference to be
present, one or more of the other dimensions could be pre-
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sent, depending on how much the WVIT has changed in
the case where difference is introduced. Depending on
which of the other dimensions are affected would deter-
mine the extent to which the LCIM or KRRM could be ac-
commodated.

As this difference is really a meta-difference — after
all, some of the individual iterations of the multi-
simulation existed with a reduced level of difference, it is
only after the concept of multiple iterations with different
WVIT values that this dimension becomes apparent — it is
only able to be accommodated with a situational fix, again
depending on the nature of dimensions of difference that
each new iteration brings with it.

4.2.3 Multi-Perspective

As the system world-view identity tuple can show, the
worldview of each system is different. This difference
stems from the perspective that the system designer had
when developing the system. The objects, processes,
goals, and behaviors that make up the worldview are based
on that perspective, and all of them are based on some ref-
erent that the simulation system designer was seeking to
emulate. That referent (or set of referents) might have
been considered by another simulation system designer,
but from a different perspective. For instance, if one simu-
lation system designer is attempting to model a combat sit-
uation for infantrymen operating in an urban environment,
and another simulation system designer is seeking to do the
same thing, there might be some expectation of overlap be-
tween the two resulting systems. However, if the perspec-
tive of the first designer is to show the results of different
courses of action by the infantry objects in the simulation,
and the second designer's perspective is to show the effect
that different types of urban buildings have on small unit
infantry tactics, then there will be some identifiable differ-
ence between the systems. Perhaps the world-view entity
tuples of each would show identical objects, maybe even
identical behaviors and identical processes - but there
would be (in this example) different goals. These differ-
ences derive from having different perspectives.

This dimension of difference is included largely based
on the fact that it was identified early on in the works of
(Davis and Anderson 2003). In light of the other dimen-
sions it appears unlikely that it would appear as a sole dif-
ference. More likely it appears as if a difference in per-
spective would lead to differences in resolution, structure,
phasing, staging, or scope.

REFERENCES
Brachman, R., and J. Schmolze. 1985. An Overview of the

KL-ONE Knowledge Representation System. Cogni-
tive Science, 9(2): 171-216.



Turnitsa and Tolk

Chen, P. P. 1976. The Entity-Relational Model — Toward a
Unified View of Data. ACM Transactions on Data-
base Systems, 1(1): 9--36, March, 1976.

Davis, P. K. and R. H. Anderson. 2003. Improving the
Composability of Department of Defense Models and
Simulations. RAND, National Defense Research Insti-
tute Report.

Devlin, K. 2006. Situation Theory and Situation Semen-
tics. Logic and the Modalities in the Twentieth Cen-
tury, Elsevier Handbook of the History of Logic, Vol.
7, ed. by D. Gabbay and J. Woods, Elsevier.

Dobrev, P., O. Kalaydjiev, G. Angelova. 2007. From Con-
ceptual Structures to Semantic Interoperability of Con-
tent. Bookchapter in Conceptual Structures:
Knowledge Architectures for Smart
Applications, pp. 192-205, Springer Verlag.

Grenon, P. 2003. Spatio-Temporality in Basic Formal On-
tology, Institute for Formal Ontology and Medical In-
formation Science, University of Leipzig, 2003.
Available online at:
http://www.ifomis.org/bfo visited
March, 2008)

GridWise Architecture Council Interoperability Frame-
work Team. 2007. Interoperability Context-Setting
Framework. V1.0, July 2007.

Gruber, T. 1993. A Translation Approach to Portable On-
tology Specifications. Knowledge Acquisition, 5(2),
199-220.

Morris, E., L. Levine, C. Meyers, P. Place, D. Plakosh.
2004. System of Systems Interoperability (SOSI), Fi-
nal Report. Software Engineering Institute, Carnegie
Mellon University, Pittsburgh, PA, 2004

Petty, M. D., E. W. Weisel. 2003. A Composability Lexi-
con, Proceedings IEEE Spring Simulation Interopera-
bility Workshop, IEEE CS Press.

Smith, B., W. Ceusters, B. Klagges, J. Kohler, A. Kumar,
J. Lomax, C. Mungall, F. Neuhaus, A. Rector, C.
Rosse. 2005. Relations in biomedical ontologies. Ge-
nome Biology, April 2005

Sousa-Poza, A. A. 2005. Pragmatic Idealism as the Basis
for Understanding, Proceedings 2005 International
Conference on Systems, Man and Cybernetics, IEEE
Press.

Sowa, J. 2000. Ontology, Metadata, and Semiotics, Pub-
lished in B. Ganter & G. W. Mineau, eds., Conceptual
Structures: Logical, Linguistic, and Computational Is-
sues, Lecture Notes in Al #1867, Springer-Verlag,
Berlin, pp. 55-81.

Tolk, A., J. A. Muguira. 2003. The Levels of Conceptual
Interoperability Model (LCIM). Proceedings IEEE
2003 Fall Simulation Interoperability Workshop,
IEEE CS Press.

Tolk, A., S. Y. Diallo, C. Turnitsa, L. S. Winters. 2006.
Composable M&S Web Services for Net-centric Ap-

(last

1156

plications. Journal Defense Modeling and Simulation
3 (1): 27-44.

Turnitsa, C. 2005. Extending the Levels of Conceptual In-
teroperability Model, Proceedings IEEE 2005 Summer
Computer Simulation Conference, IEEE CS Press.

Yilmaz, L., T. Oren, A. Lim, and S. Bowen. 2007. Re-
quirements and Design Principles for Multisimulation
with Multiresolution, Multistage Multimodels, in Pro-
ceedings of the 2007 Winter Simulation Conference,
eds. S. G. Henderson, B. Biller, M. H. Hsieh, J. Short-
le, J. D. Tew, and R. R. Barton. 823 — 832. Piscata-
way, New Jersey: Institute of Electrical and Electron-
ics Engineers, Inc.

Zeigler, B. P., H. Prachofer, and T. G. Kim. 2000. Theory
of Modeling and Simulation. 2™ Edition, Academic
Press.

Zeigler, B. P., and P. E. Hammonds. 2007. Modeling &
Simulation-Based Data Engineering: Introducing
Pragmatics into Ontologies for Net-Centric Informa-
tion Exchange. Academic Press.

Zhang, G. and B. P. Zeigler. 1989. The system entity
structure: Knowledge representation for simulation
modeling and design. In Artificial Intelligence, Simu-
lation and Modeling, L. E. Widman, K. A. Loparo,
and N. R. Nielsen, Eds. New York: Wiley, pp. 47-73.

AUTHOR BIOGRAPHIES

ANDREAS TOLK is Associate Professor for Engineering
Management and Systems Engineering of Old Dominion
Universities Modeling, Simulation, and Visualization Fac-
ulty. He is also a Senior Research Scientist at the Virginia
Modeling Analysis and Simulation Center (VMASC). He
holds a M.S. in Computer Science (1988) and a Ph.D. in
Computer Science and Applied Operations Research
(1995), both from the University of the Federal Armed
Forces of Germany in Munich. His e-mail address is
<atolk@odu.edu>.

CHARLES D. TURNITSA is a Ph.D. candidate at the
Virginia Modeling Analysis and Simulation Center
(VMASC) of the Old Dominion University (ODU). He re-
ceived his B.S. in Computer Science (1991) from Christo-
pher Newport University (Newport News, Virginia), and
his M.S. in Modeling & Simulation (2006) from ODU. His
Ph.D. research under Tolk focuses on the domain of dy-
namic and fractal ontology models for M&S interoperabil-
ity. His e-mail address is <cturnits@odu.edu>.




<<
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


