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Abstract. The automated analysis of model specifications is an area that historically
receives little attention in the simulation research community but which can offer significant
benefits. Since a common objective in simulation is enhanced understanding of a system,
analysis of a model specification can provide insights not otherwise available. In addition,
it can result in both time and cost savings to model development efforts. The Condition
Specification (CS) [5] represents one of the model specification forms that is amenable to
useful and informative analysis.

Current Web-based technologies such as XML offer exciting new approaches to extend
our knowledge in this and other areas of simulation research. This paper discusses the
motivations for and the creation of an XML Schema for the Condition Specification; a
translator for the CS grammar into an XML-based Condition Specification (CS-XML); and a
translator for the CS-XML into a fully-executable C/C++ program. It proposes immediate
future work using CodeSurfer [1], a software static analysis tool, for model analysis. In
conclusion, it is argued that the CS-XML can provide an essential foundation for Web
Services that support the analysis of discrete-event simulation models.

Introduction and Motivation

Model analysis can be beneficial in many ways.
Such analysis can support development and veri-
fication of a model, aid in debugging, or help a
modeler gain additional insights into the model be-
ing constructed. Observing and analyzing the be-
haviors produced by the simulation are the main
techniques for improving understanding of a sys-
tem being simulated. However, static analysis of
the model specification itself can often reveal char-
acteristics of a model not readily apparent from ob-
serving merely its run-time behavior. Furthermore,
automated model diagnosis supports model verifica-
tion and validation in the early stages of the model
development process, thereby leading to savings in

project development time and costs, and yielding im-
provements to overall process quality [2].

The Condition Specification (CS) is a way of
organizing primitives by which time and state re-
lationships can be formalized [5] and is discussed
in Section 2. Condition Specifications and Sim-
ulation Graphs [10] are among the few specifica-
tion formalisms that have demonstrated promise and
amenability to automated diagnostic techniques.

Extensible Markup Language (XML) has become
a standard for representing data and information in
a way that is easy and convenient for storage, re-
trieval, sharing, and processing in a distributed en-
vironment and among Web-based component appli-
cations. It is “playing an increasingly important role
in the exchange of a wide variety of data on the Web



and elsewhere” [11]. Consequently, the authors de-
cided to modernize the CS specification using XML.

The first step that was addressed was updat-
ing the Condition Specification to have a complete,
modern grammar 1. Next, an XML Schema was cre-
ated 1. Using this Schema, a translator was written
that translates a given CS into an XML-based CS;
this result is called a CS-XML, discussed in Section
3. With a CS-XML, we derive several important
benefits:

• Semantic power of the XML representation
due to its “extensible” nature,

• Ease and adaptability of use as a markup lan-
guage document over other formats such as bi-
nary, fixed-length, or even delimited text data
[8],

• Portability and supportability of its text-based
format between diverse systems and platforms
promoting the transfer of model specification
data, and, ultimately,

• Wider availability of model diagnosis and anal-
ysis techniques to the simulation community.

From this foundational representation of the CS-
XML, the authors have written a second transla-
tor to convert the CS-XML into a fully functional
C/C++ program for additional analyses; translation
into a conventional programming language provides
access to additional existing analysis tools. Potential
analyses are discussed in Section 4.

Standard processing via Web Services (e.g., pro-
viding various techniques for model diagnosis) is now
possible; these plans are discussed in Section 5. Con-
clusions are discussed in Section 6.

Model Diagnosis and the
Condition Specification

The Condition Specification was created to facil-
itate automated transformation among the classical
world views of event scheduling, activity scanning,
and process interaction. Serendipitously, supporting
these transformations requires a representation that
also enables several forms of useful diagnostic and
informative analysis. The diagnostic capabilities of
the CS are detailed in [6, 7]; an overview of its struc-
ture and possible analyses based on it are described
herein.

In a CS, a model consists of a set of Objects; the
state of each Object is captured in a set of Object
Attributes. Similar to Finite State Machines and
Zeigler’s DEVS formalism [12], model execution con-
sists of a sequence of changes to Object Attributes.
While a complete CS has several components, only

the Transition Specification is of immediate inter-
est for the analysis discussed here. A Transition
Specification describes both what triggers Attribute
changes and how new values for them are computed.
The triggers are called Conditions and the changes
are called Actions. Table 1 illustrates, in conceptual
form, a Transition Specification for a CS.

Condition Actions
Condition 1 Action Sequence 1
Condition 2 Action Sequence 2

. . . . . .
Condition n Action Sequence n

Table 1. Structure of Transition
Specification

The Conditions are boolean expressions in Object
Attributes and are of three basic types. Those that
only depend on the value of simulation time (en-
abling actions to be scheduled to occur at a partic-
ular future time) are called Time-based, or Alarms.
Those that depend on Object Attributes not includ-
ing simulation time are called State-based. Those
that depend on both simulation time and other Ob-
ject Attributes are called Mixed. For our purposes,
Alarms are considered booleans that are only true
at the instant that simulation time matches their
scheduled time.

At (exactly) the beginning of a simulation, the
special boolean condition Initialization, which must
be included in a Transition Specification, is true.
Hence, the Action associated with Initialization oc-
curs only once, at start-up. It may schedule one
or more Alarms for future times or it may change
the values of several Object Attributes so that some
Condition that was not previously true becomes
true. The simulation proceeds accordingly with Ac-
tions causing some Conditions to become true, either
in the same instant as the Action occurrence or at a
future value of simulation time using Alarms.

With this structure, a Condition Specification can
be analyzed to provide data and information which
will potentially lead modelers and users of models
to a better understanding of the system under con-
sideration. The results of these analyses include
items such as (1) explicit identification of causal re-
lationships among Actions, (2) possible sequences
of actions, (3) detection of certain types of errors
in a specification, (4) assistance in creating efficient
model implementations, and (5) creation of helpful

1Details are available from the authors.
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model documentation. The CS has extensive an-
alytic and diagnostic capabilities that offer signifi-
cant benefits to modelers in the areas of analytical
(existence of certain properties), comparative (dif-
ferences among model representations), and infor-
mative (extraction or derivation of characteristics)
diagnostic assistance. A variety of directed graph
and matrix structures are derivable which effec-
tively include the embedded relationships among ob-
ject attributes and from which cause-effect relation-
ships among these attributes can be readily deter-
mined. Analysis of these structures reveal informa-
tion regarding attributes (utilization, classification,
initialization, completeness, and consistency), the
strength of relationships between equivalent condi-
tions and the associated actions (called “cohesion”),
and model components (connectedness, accessibil-
ity). This information can be extremely useful to
modelers during the model development phases (e.g.,
measuring model complexity, simplifying model rep-
resentations). Studies have been completed on the
direct execution of CS forms for both sequential and
parallel execution [7]; continuing research focuses
on maximizing the utility of CS diagnostic capabili-
ties (e.g., simplification techniques to recognize and
eliminate redundancies [4]).

An example of analyses supported in a CS is
the identification of both possible causes and con-
sequences of each Condition-Action Sequence pair.
This is an informative form of analysis with several
potential benefits; for example, a modeler might de-
tect either unexpected or missing causes or conse-
quences for a Condition-Action Sequence pair, in-
dicating a modeling error; in cases where no er-
ror has occurred, it might provide additional insight
into model characteristics not easily observed during
model execution. It also has obvious use as model
documentation.

An Example of CS-XML

The authors have built a Condition Specifica-
tion parser that produces an XML representation,
dubbed a CS-XML, as output. The feasibility of
building static code analysis tools [4, 3] has been
demonstrated locally, using standard parsing, data-
and control-flow techniques in said tools. How-
ever, the authors have come to realize that in or-
der to extend this work, they must build on exist-
ing tools which use standard representations. XML
is such a representation and is well-supported by
several existing tool sets. (Some of these tools in-
clude an abundance of editors for creating XML
documents, tools based on the mature DOM (Doc-
ument Object Model) and SAX (Simple API for

XML) technologies for reading and parsing XML
documents, as well as a host of other associated de-
veloper APIs and tools for XML processing, valida-
tion, XSL (XML Stylesheet Language) transforma-
tion, and Web Services that are part of the standard
Sun Java JDK/SDK distributions.)

Figures 1 and 2 provide an example of a CS-XML.
Since the complete CS-XML for even a simple model
is quite large, only a pair of snippets are provided:
part of the Transition Specification for a model, and
the corresponding CS-XML generated by the trans-
lator from this part of the Specification. In Figure
1, the first line is a comment. The second contains
the boolean Condition (in parentheses after the key
word when). The remaining three lines are the Ac-
tion Sequence that is to occur whenever the Con-
dition holds; it includes a set alarm for the Alarm
arr facility. Figure 2 presents the corresponding CS-
XML for this part of the Transition Specification.

As can be seen from Figure 2, the CS-XML con-
tains sufficient details from a Transition Specifica-
tion to support both traditional static code analysis
and other types of analysis technologies which could
be incorporated into Web Services.

// travel to facility

when ((for some i: facility[i].failed == true) &&

(repairman.status == available)) {
j := closest failed fac(facility, repairman.location);

set alarm(repairman.arr facility, j,

traveltime(repairman.location, j));

repairman.status := traveling;

}

Figure 1. Part of a Transition
Specification

Potential Analyses

Both static and dynamic analyses can provide in-
sight to both modelers and to model users. Static
analysis of the model specification can reveal rela-
tionships that may not be readily apparent by sim-
ply observing model output. Dynamic analysis can
reveal specifics of which events caused which events,
which cannot be determined prior to run-time. Each
type of analysis has unique benefits; consequently,
we intend to explore a bit of both.

Figure 3 is a dependency graph of a machine re-
pair model. The main purpose of this graph, derived
from source code, is to show which events can cause
which events. A solid line indicates that event a
can cause event b to occur at the same instance in
time, whereas a dashed line indicates that event a
will cause event b at a future instance in time.
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<transition>

<boolean expression>

<for some>

<index>i</index>

<comparison>

<attribute>facility[i].failed</attribute>

<is equal to />

<value>true</value>

</comparison>

</for some>

<and />

<comparison>

<attribute>repairman.status</attribute>

<is equal to />

<value>available</value>

</comparison>

</boolean expression>

<assignment>

<attribute>j</attribute>

<equals />

<result>

<function>

<name>closest failed fac</name>

<argument>facility</argument>

<argument>repairman.location</argument>

</function>

</result>

</assignment>

<set alarm>

<argument>repairman.arr facility</argument>

<argument>j</argument>

<function>

<name>traveltime</name>

<argument>repairman.location</argument>

<argument>j</argument>

</function>

</set alarm>

<assignment>

<attribute>repairman.status</attribute>

<equals />

<value>traveling</value>

</assignment>

</transition>

Figure 2. Corresponding part of
CS-XML

In Figure 3, the simulation is started with
the event initialization. Initialization can cause
travel to failure, travel to idle, or termination to oc-
cur at start-up, and will cause failure to occur at
a future time; and similarly for the other nodes in
the graph. During any given run, determining if one
event causes another is undecidable; hence the need

for static analysis. However, consider for example
event travel to idle: while static analysis is useful for
determining what events could cause travel to idle,
in general only dynamic analysis can aid in deter-
mining which event actually caused travel to idle
(failure, travel to failure, end repair, initialization,
arrive idle, or travel to idle). Thus, model under-
standing could be enhanced using both dynamic and
static analysis techniques.

failure

 initialization

termination

begin_repair

travel_to_failure

arrive_idle

travel_to_idle

end_repair

Figure 3. Machine Repair depen-
dence graph

Future Work and Interests

As mentioned in Section 1, once a CS-XML has
been created, a translator can be used to produce
a fully functional C/C++ program. While this in
and of itself is extremely useful, two of the authors’
primary interest is in code analysis. Hence, we are
planning immediate work of applying CodeSurfer for
model analysis, as we are confident in its potential
for useful analyses.

We also plan to use XML parser tools for Simple
API for XML (SAX) and Document Object Model
(DOM) [9] to process the CS-XML in order to pro-
duce various and appropriate graph-based results
and to accomplish the analytical, comparative, and
informative diagnostic tests discussed in Section 2.
The intent is to create and distribute these tests
as Web Services using a Service-Oriented Architec-
ture (SOA) approach, making the analyses readily
accessible to both developers and users. The first
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service now under development is a validation ser-
vice to validate a given CS-XML against its XML
Schema. Furthermore, Extensible Stylesheet Lan-
guage Transformations (XSLT) will be investigated
for transforming the CS-XML and displaying these
results.

Summary and Conclusions

This paper has established the CS-XML and dis-
cussed its background and development. The au-
thors have provided a sample of the CS to CS-XML
translation and discussed a CS-XML to C/C++
translator, as well as multiple directions of future
work, including the creation of Web Services for
discrete-event simulation model diagnosis using the
CS. The CS-XML provides access in to the many
diagnostic capabilities of the CS - until now, a re-
source that has been largely untapped - and opens
the doors of many potential research opportunities
into new and advanced analysis techniques.
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