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Abstract

The Mobius modeling environment is an extensible
framework for discrete-event system analysis that allows
multiple formalisms and solution techniques to easily
interoperate, and new modules to be easily added. The
basis of the framework is an abstract functional interface
that defines the behavior and data to be shared among
modules. New formalism and solver modules continue
to be added to the tool. This paper describes recent
additions to Mobius, including a fault tree model definition
Sformalism, a model composition formalism based on action
synchronization, improvements in reward model definition,
and additional lumping capabilities in the symbolic state
space generator.

1 Mobius Tool

Mbobius is a discrete-event system analysis tool that has
been widely used for the analysis of dependability and
performability properties of systems. Recently, M&bius has
also been applied to the analysis of system survivability
and assurance [1], [2]. Mobius supports multiple modeling
formalisms as well as multiple solution techniques. It was
created to satisfy the need for a general, common modeling
environment to support the development and comparison of
new modeling technologies, and avoid the need to continu-
ally reinvent and reintegrate older, established technologies.
The Mobius framework consists of an abstract functional
interface (AFI) [3] that makes it possible for modules to
interact with each other in a unified manner.

The AFI is implemented by a set of C++ base classes that
represent common components of discrete-event models:
state variables, actions, and models. State variables hold
the state of the model, actions generate events that change
the state of the model, and models represent a component in
a system and contain sets of actions and state variables.
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The Mobius tool architecture is designed to be flexible
and portable. The front-end of the architecture consists
of a Java-based graphical user interface. The back-end is
written in C++ to attain efficient execution of the models
and high performance for the solution techniques. Modules
can either implement model definition formalisms or pro-
vide new solution algorithms. New modules can be easily
incorporated into the tool to expand the set of available
functionalities. Further details on the Mdbius framework
and tool can be obtained from www .mobius.uiuc.edu.

2 New Capabilities

Several new features have been included in releases of
the Mobius tool during the past year. These features include
two new model definition formalisms, unified support for
reward variables across all solution techniques, support for
the evaluation of reward variables at multiple time points,
and expanded lumping capabilities within the symbolic
state space generator.

2.1 Model Definition Formalisms

Simple systems can often be represented by a single
model constructed with a single modeling formalism. For
more complex systems, it is often convenient to use hierar-
chical representations of the system, made by decomposing
the system into components, constructing a separate model
for all of the components in the system, and then combin-
ing the component models into the model of the system.
To support the representation of both simple and complex
systems, model definition formalisms within Mobius fall
into two general categories: formalisms for the specification
of basic model behavior, and formalisms that support the
composition of models into larger, more complex models.

Fault Trees We have added to Mdobius a new formalism
that supports model definition using fault trees. Fault trees
are an effective way to represent the relationship between
sources of failure within a system. The top-level node of
the tree represents the operational state of the system. The
leaf nodes represent failure events that could occur in the
system. The failure events are connected to the leaf node



using gates that represent standard logical operations, such
as and, or, xor, k-of-n, and priority and.

Fault trees can be incorporated into composed models
through sharing of the leaf and root nodes with state vari-
ables from other models. Using model composition, it is
possible to create hierarchies of fault trees. Also, additional
aspects of the system that cannot be captured within the
fault tree itself, such as repair operations, can be incorpo-
rated into the system model through composition of the fault
tree model and models constructed in other formalisms.

Action Synchronization Composition Action synchro-
nization is a common composition technique that allows
larger models to be formed from component models by syn-
chronizing actions found within each component model. In
effect, when two actions are synchronized, they are replaced
by a single representative action that is enabled in states in
which both of the original actions are enabled. When fired,
the representative action performs the behavior of both of
the original actions. In the implementation of action syn-
chronization in M6bius, the distribution function of the new
synchronizing action is specified directly by the modeler
when the synchronization is defined, allowing for a large
degree of flexibility of behavior. Action synchronization
complements the two forms of state-sharing composition,
Rep-Join trees and generalized Graph composition, that
were available in previous versions of Mobius.

2.2 Reward Model Definition Improvements

In Mobius, reward models are used to define reward
variables, which are measures of interest that are evaluated
and reported when the system is analyzed. Two significant
improvements have been made to the way reward models
are defined. First, individual reward variables can be de-
fined for multiple time points (or multiple intervals of time),
rather than individual times as in previous versions. Second,
reward variables are handled in a consistent manner by all
solvers. Solvers now recognize the type of variable (instant
of time, interval of time, or steady-state) defined by the
reward model, and only solve variables that correspond to
type that they support. Also, all transient analytical solution
techniques reference the definition of measurement time
as defined in the reward model, instead of requiring the
modeler to re-specify the time points as solver parameters.

2.3 Symbolic State Space Generation

We have integrated our compositional lumping algo-
rithm [4] with the existing “model-level” lumping tech-
niques [5] in Mobius. In [5], we extended previous work
on Multi-valued Decision Diagrams (MDDs) and Matrix
Diagrams (MDs) [6] to composed models that share state
variables. The extension combines Replicate/Join-based
lumping techniques, which are based on the equivalence
of replicas in a Replicate node, with largeness-tolerance
techniques that use MDDs and MDs. Our efforts have
resulted in a new algorithm that symbolically generates the

lumped state space and the state transition rate matrix of a
hierarchical Replicate/Join model in the form of an MDD
and an MD data structure, respectively.

In [4], we designed the first efficient compositional
lumping algorithm for exact and ordinary lumping of
Markov chains represented as MDs. One advantage of our
compositional lumping algorithm over other formalism-
specific ones is that our formulation is simple and easy
to understand. More importantly, it is applicable to an
MD regardless of the formalism of the model from which
the MD was generated. More specifically, it works for
any model formalism for which there is a state-space
generation algorithm that generates an MD or Kronecker*
representation of the underlying CTMC'’s state-transition
rate matrix. The impact of the work is apparent from the
observation that many authors have recently used MDs
to represent very large matrices of Markovian models
specified in a variety of modeling formalisms.
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* Any Kronecker expression can also be represented as an MD.



