
MOSEL-2 - A Compact But Versatile Model Description
Language And Its Evaluation Environment∗
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Abstract: In this paper we present the current version of the MOdeling, Specification and Evaluation Lan-
guage MOSEL-2 and show its applicability for performance and reliability modeling and evaluation of sys-
tems with Markovian and non-Markovian behavior. The tool MOSEL-2 consists of two major components:
thedescription languageand theevaluation environment.

Thedescription languageis the core element of MOSEL-2 and provides a high-level means for specify-
ing models, performance measures, and the graphical presentation of the results of these measures.

MOSEL-2’s evaluation environmentincludes a set of model translators that allow automatic transla-
tion of MOSEL-2 models to the model descriptions of several third-party performance evaluation tools.
MOSEL-2 uses these tools to evaluate the model by numerical analysis or simulation. The results returned
are collected by MOSEL-2 and presented in a unified textual and graphical form. This novel concept ex-
empts the users from learning a new model specification language and rewriting all models each time they
have to change a probability distribution within their models.

A new and unique concept has been added that allows the automatic approximation of non-Markovian
distributions by Markovian constructs. The goal of our ongoing research is to enhance the modeling and
evaluation power of MOSEL-2 steadily. This paper aims to give an introduction to the current version of the
MOSEL-2 language and its evaluation environment demonstrating the most recent improvements.
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1 Introduction

Performance and reliability modeling and the evaluation of these models play a major role in the design, de-
velopment, testing, and maintenance of systems in many application areas. These include computer systems,
communication systems and networks, manufacturing systems, and various others. In many cases, the fol-
lowing properties are characteristic for the real-world systems under investigation: Their dynamic evolution
proceeds from one discrete state to another at arbitrary moments in time. Often they are composed of smaller
subsystems which run in parallel and cooperate in order to fulfil a common task. They can be distributed and
may react to stimuli which are triggered by the system’s environment. One of the most frequently used tech-
niques to model and evaluate the performance of such a system at the dynamic level is to represent it by a
stochastic process which – roughly speaking – consists of all system states and all possible transitions between
them. For an important class of stochastic processes, known as Continuous Time Markov Chains (CTMCs) [1],
standard numerical algorithms can be used to compute the state probabilities. For systems whose dynamics can
be described by only a few states, an experienced modeler is able to deduce the underlying stochastic process
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directly by inspection. Unfortunately, this is impossible for many interesting real-world systems since they tend
to possess a large number of states at the stochastic process level. In this case, the investigator has to resort
to a formal high-level modeling technique which is based on some mathematical theory and allows expressing
some or all of the system properties mentioned above at a static level.

MOSEL-2 is a modeling environment which comprises a high-level modeling language that provides a very
simple way for system description. In the design of the MOSEL-2 language, particular emphasis was placed
on keeping the MOSEL-2 model specifications compact and still easy to understand. For example, models
comprising repeating elements can be specified conveniently exploiting MOSEL-2’s syntax pre-processor and
MOSEL-2 supports the evaluation of models with different sets of system parameters.

In order to reuse existing tools for the system analysis, the environment is equipped with a set of translators
which transform the MOSEL-2 model specification into the tool-specific system descriptions of various third-
party performance evaluation tools. MOSEL-2 uses these tools to evaluate the model by numerical analysis or
simulation. The results returned are collected by MOSEL-2 and presented in a unified textual and graphical
form.

The benefit of MOSEL-2 is that the same MOSEL-2 model can be evaluated using different performance
evaluation tools and their various methods. Currently, the tools MOSES, SPNP, and TimeNET are supported by
MOSEL-2. The evaluation methods provided by these tools include numerical solvers for Markovian models,
numerical solvers for a restricted class of models with non-exponentially distributed transitions, and DES for
non-Markovian models.

The paper is organized as follows. In Section 2 work related to the MOSEL-2 project is summarized. In
Section 3 the MOSEL-2 modeling and evaluation process is shown. Recent improvements of MOSEL-2 are
presented in Section 4. Section 5 concludes this paper.

2 Related Work

In the last decades, several modeling formalisms have been developed and used for performance and reliability
modeling in various problem domains. Among these, stochastic process algebras (SPAs) [2] and stochastic Petri
nets (SPNs) with their numerous derivates [3] such as general stochastic Petri nets (GSPNs), deterministic and
stochastic Petri nets (DSPNs), and extended stochastic Petri nets (ESPNs) turned out to be especially useful as
they allow a combined description of the functional and temporal system behavior including the specification of
phenomena like priorities, synchronization and preemption. Queueing network systems [4] is another widely
used modeling formalism which does not reach the expressiveness of SPNs and SPAs but instead supports
solution algorithms by which the desired performance measures can be calculated extremely fast.

SPNs and SPAs are high-level modeling formalisms in which the modeler gives a static description of the
system structure and behavior using a textual (SPAs, SPNs) or graphical (SPNs) syntax. In order to evaluate
the functional and temporal behavior the system has to be either simulated or analyzed depending on the ability
to generate the whole state space.

Fortunately, this no longer has to be carried out manually. There exists a variety of (freeware and commer-
cial) tools which are based on one of the high-level modeling formalisms mentioned above, e.g.: SPNP [5],
TimeNET [6], GreatSPN [7], DSPNexpress [8, 9], and WebSPN [10] are based on Petri nets, whereas TIPP [11]
and PEPA [12] are built around the SPA modeling formalism. Other packages, for example PEPSY [13], Win-
PEPSY [14], and QNAP2 [15] favor the queueing theoretical approach, whereas SHARPE [16], Möbius [17],
and MOSES [18] use a mixture of methods towards the generation and solution of the underlying CTMC.



Figure 1: Modeling and evaluation process using MOSEL-2.

All these packages usually have their own textual or graphical specification language which depends largely on
the underlying modeling formalism. The different syntax of the tool-specific modeling languages implies that
once a tool has been chosen it will be difficult to switch to another one as the model has to be rewritten using a
different syntax.

3 The MOSEL-2 Concept

Starting from these observations the development of MOSEL [19] and its successor MOSEL-2 [20] is based
on the following idea: Instead of creating another tool with all the components needed for system description,
state space generation, stochastic process derivation, and numerical solution or simulation, the focus was set on
the formal system description part and on exploiting the power of various existing and well tested packages for
the subsequent stages.

3.1 The Modeling and Evaluation Process

Figure 1 gives an overview of performance and reliability modeling and evaluation using the MOSEL-2 envi-
ronment:

1. The modeler inspects the real-world system and generates a high-level system description using the
MOSEL-2 specification language. He also specifies the desired performance and reliability measures
using the syntax provided by MOSEL-2. He passes the model to the evaluation environment which then
performs all following steps without user interaction.



2. The MOSEL-2 environment automatically translates the MOSEL-2 model into a tool-specific system
description, for example a CSPL-file (C based Stochastic Petri net Language) suitable to serve as input
for SPNP.

3. The appropriate tool (i.e. SPNP) is invoked by the MOSEL-2 environment.

4. The appropriate tool processes its input file in one of the two following ways:

Numerical analysis: Out of the static model description the whole state space of the model is generated
by the tool according to the semantic rules of its modeling formalism. This semantic model is mapped
onto a stochastic process. The stochastic process is solved by one of the standard numerical solution
algorithms which are part of the tool.

Simulation: The model is evaluated by the tool without building the whole state space using discrete
event simulation.

5. The results of the numerical analysis or discrete event simulation are saved in a file with a tool specific
structure.

6. The MOSEL-2 environment parses the tool specific output and generates a textual result file (system.res)
containing the performance and reliability measures which the user specified in the MOSEL-2 system
description. If the modeler requested graphical representation of the results, a second file (system.igl) is
generated by MOSEL-2.

Currently, the MOSEL-2 environment is able to translate models into system descriptions for the SPN-based
packages SPNP and TimeNET and for the tool MOSES, whose model description language MOSLANG is a
predecessor of MOSEL and MOSEL-2. As indicated in Figure 1, the connection of other performance modeling
packages, e.g., SHARPE, Möbius, and DSPNexpress, to the MOSEL-2 environment is projected.

3.2 The MOSEL-2 Specification Language

During the integration of TimeNET, the MOSEL syntax was widely revised and enhanced [20]. The current
version is called MOSEL-2.

The basic elements of a MOSEL-2 model arenodesandrules.

Nodesare used to describe the model’s current state. In a specific state, each node has a certain value, which
is an integer number in the range from 0 to a node-dependent capacity. Nodes are comparable to the places of
SPNs.

Rulesare used to describe the state changes. A rule may change the state by setting some nodes to a specific
value or by incrementing or decrementing the values of some nodes. A rule is enabled in a subset of states. This
subset is specified by the rule’s explicit conditions, and implicitly by some of the rule’s actions; for example, a
rule may not set a node to a negative value or to a value that exceeds its capacity. Several rules may be enabled
at the same time. Each rule is given a probabilistic firing time distribution. This firing time distribution specifies
how much time will pass from the point when the rule has been enabled up to the point when the rule will be
executed. Rules are comparable to the transitions of SPNs.

Exemplary, a MOSEL-2 specification of a closed tandem queueing network is shown in Figure 2. The line
numbers in this example are given for referencing only. They are not part of the MOSEL-2 syntax.

A MOSEL-2 specification can be divided into six parts: the optional constant and parameter part (lines 1 to 6),
the node part (lines 8 to 11), the optional function and condition part (unused in this example), the rule part
(lines 13 to 16), the result part (lines 18 to 23), and the optional picture part (lines 25 to 30).



Figure 2: MOSEL-2 model of a closed tandem queueing network.

A more detailed description of the MOSEL-2 syntax and semantics can be found in [20]. MOSEL-2 language
extensions supporting non-Markovian distributions, that can be evaluated with the help of SPNP are provided
in [21] and [22].

4 Recent Improvement: The Rule Pre-Processor

The most recent improvement is the introduction of a rule pre-processor by [22]. The rule pre-processor allows
automatic approximation of rules with non-Markovian distributed firing times by phase-type constructs. These
constructs comprise exponential distributions only and can thus be evaluated using Markovian analysis.

Currently, MOSEL-2 is able to pre-process arbitrarily distributed firing times that can be defined by their mean
t̄ and their varianceσ2. Due to the fact, that the mean and the variance can be obtained quite easily from
measurements, this subclass of distributions is referred to asempirical distributions. The MOSEL-2 language
element for such distributions isEMP(̄t, σ2) . In Figure 3 the corresponding SPN is shown. The dotted arcs
in Figure 3 denote arbitrary input, output, and inhibitor arcs from and to the remaining model.

Knowing t̄ andσ2, the square coefficient of variation (SCV)c2 = σ2

t̄2
can be calculated. According toc2

the pre-processor chooses the phase-type construct that will be used to approximate the rule with empirical
distribution:

If c2 = 1, then the empirical distribution is equivalent to an exponential distribution with rate parametert̄−1.
Therefore, the empirically distributed transition of Figure 3 can be substituted by the exponentially distributed
transition shown in Figure 4.



Figure 3: SPN model comprising an empirically distributed firing time.

Figure 4: SPN model of the exponential substitution.

Figure 5: SPN model of the hypoexponential substitution.

Figure 6: SPN model of the generalized exponential substitution.



If c2 < 1, then the empirical distribution is substituted by a hypoexponential distribution (see Figure 5). The
number of exponentially distributed stages needed can be calculated usingr = d 1

c2
e. The rates of these stages

can be obtained using a recursive algorithm introduced in [23].

If c2 > 1, then the generalized exponential (GE) distribution is chosen to approximate the empirical distribution
(see Figure 6). The rate parameter of the GE distribution is set tot̄−1 and the transition probability can be
calculated byp = 2

c2+1
. Unlike the hypoexponential substitution and possible alternative Coxian substitutions,

the GE distribution has the advantage that only one additional node has to be introduced – independent of the
valuec2.

The details of these concepts and their implementation can be found in [22]. It can be shown that a MOSEL-2
model comprising an EMP-rule with an SCV of 0.0001 can be pre-processed and translated by MOSEL-2 to,
e.g., SPNP’s model description language CSPL. The translated model file has a size of about 2 MB. It contains
over 10000 nodes and as many transitions. Unfortunately, the evaluation tools used by MOSEL-2 cannot handle
models of this size. Tests showed, that SPNP is able to solve a simple model containing a single EMP distributed
rule with SCVs down to 0.004675 (214 generated nodes) and that TimeNET can solve the same model with
SCVs down to 0.017245 (58 generated nodes). MOSEL-2 itself does not restrict the parameters of the EMP
distribution, because the smallest working SCV strongly depends on the complexity of the entire model and on
the evaluation tool chosen. As a rule-of-thumb, SCVs smaller than 0.05 should be avoided. Nevertheless, a
fixed lower limit with this value would be too restrictive.

5 Conclusion and Future Work

MOSEL-2 provides a textual model specification language, that is very compact and easy to learn. The model
translators of MOSEL-2 give access to various performance evaluation tools and their different evaluation
methods without forcing the user to learn the high-level description language of these tools. Several concepts
of MOSEL-2 prevent the user from tedious tasks while modeling complex systems. As an example, the rule
pre-processor was introduced in this paper.

Currently and in future we will be working on these topics:

More and more memory will be available in future computer systems for the state space generation and more
and more algorithms are developed to allow the numerical analysis of non-Markovian models. Therefore, it
will be desirable, to make the arising tools available to MOSEL-2 by providing appropriate translators.

The pre-processor will be extended to handle further phase-type distributions like the Erlang, hypoexponential,
hyperexponential, or Cox distribution.

The result measures of some evaluation tools do not provide support for complex terms. We are currently
rewriting MOSEL-2’s tool specific input file generators (i.e. model translators) and the result parser in such a
manner, that only the basic result measures (MEAN, PROB and UTIL) are requested from the evaluation tool.
MOSEL-2’s result parser can then use the results of this basic measures to compute the complex results that
were desired by the user. This will also faciliate the introduction of new evaluation tools to MOSEL-2.

Improving MOSEL-2’s documentation, which is currently available via several semester and diploma theses
only.

Using MOSEL-2 for modeling and evaluation of complex systems with Markovian and non-Markovian behav-
ior to prove its applicability and user friendliness.
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