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Introduction UltraSAN [1, 2, 3] is a software pack-
age for model-based evaluation of systems represented
as stochastic activity networks (SANSs), e.g., [4]. The
software has been implemented in a modular fashion,
with clearly delineated interfaces between model spec-
ification, construction, and solution. UltraSAN of-
fers an X Windows-based user interface and both an-
alytical and simulation solution modules for transient
and steady-state performance, dependability, and per-
formability measures. Furthermore, the tool facili-
tates graphical representation of the obtained results
by its report generator. This paper gives a very brief
overview and pointers to more detailed descriptions of
the software.

User interface and model specification The X
Windows-based user interface of UltraSAN consists of
several modules. First, the control panel serves to
unify the rest of the modules under a single interface,
expediting the process of running model specification,
construction, and solution modules. In addition, the
control panel provides access to UltraSAN’s automatic
model and result documentation and several other use-
ful utilities.

The SAN editor (Figure 1) is a graphical user in-
terface used to draw and define SANs, that can then
be replicated and joined together using the composed
model editor (also a graphical editor). The performa-
bility variable editor is used to specify reward variables
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representing the performance measures of interest (a
discussion of measures that can be expressed as reward
variables can be found in [5]).

During the specification phase, global variables may
be incorporated throughout the model and reward def-
inition. A so-called study editor then is used to assign
values to the global variables used to parameterize the
model specification. The resulting experiments can be
organized into logical groups called studies. For ex-
ample, a study may consist of a set of experiments in
which only one of several global variables changes.

Model construction When one or more studies
have been defined, an executable model is constructed,
by compiling and linking solution library code with
model description code generated by the user inter-
face modules. If analytic solution is intended, Ultra-
SAN constructs the reduced base model generator, an
executable program that, when run, creates a machine
readable description of the Markov process underlying
the model. The algorithms for construction of the re-
duced base model are detailed in [6]. Reduced base
model construction takes advantage of symmetries in
the composed model and properties of the specified re-
ward variables to directly generate a smaller lumped
state space sufficient for obtaining the desired results.

If simulation is chosen, UltraSAN creates an exe-
cutable simulation by linking the model description
modules with a SAN simulation library. The event
scheduling in the simulation algorithms also take ad-
vantage of composed model symmetry [7].
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Figure 1: SAN editor.

Analytical solution After the construction of the
stochastic process, a solver is chosen according to the
measure of interest. For steady-state results of the
Markov process, two solvers are available, a direct
solver for relatively small models, and an iterative
solver for large models up to several hundred thou-
sand states. An analytic solver is also available for the
steady-state solution of certain models with determin-
istic delays. All steady-state solvers report the mean,
variance, probability density function, and probabil-
ity distribution function of each variable, based on the
steady-state occupancy probabilities.

For transient results the user has three more solvers
at his disposal. The first solver reports the mean, vari-
ance, probability density function and probability dis-
tribution function for instantaneous reward at one or
more time points. A second solver gives the expected
accumulated reward over an interval of time. A third
solver gives the distribution of reward accumulated
over an interval of time. All these three solvers are
based on uniformization.

Simulation If simulation is chosen as the solution
method, one can either choose to carry out a direct
simulation, or use importance sampling. For direct
simulation, two simulation modules are available, one
for steady-state measures and one for transient mea-
sures. The steady-state simulator uses an iterative
batching technique to estimate the mean and variance
of reward variables and time-between-completions of
activities. For transient measures the simulator uses
the method of independent replications. The simula-
tion automatically terminates when the required ac-
curacy in the result is obtained.

To speed simulation of systems with rare events,

importance sampling is available for transient mea-
sures. In order to apply importance sampling one
specifies with a graphical editor a so-called governor
that controls which biasing scheme is used. The com-
putation of likelihood ratios to correct for the intro-
duced bias is automatically carried out, resulting in
an unbiased estimate with confidence interval as out-
put. The importance sampling tool makes it possible
to conveniently experiment with importance sampling
biasing schemes for the specified model and measure
8]

For more information For more information
about UltraSAN, contact us by e-mail at usan@crhc.
uiuc.edu, or at the address on the first page of
the report. More information can also be found on
the world wide web at http://www.crhc.uiuc.edu/
UltraSAN, and research papers can be obtained by
anonymous ftp at ftp.crhc.uiuc.edu, in the direc-
tory pub/UltraSAN/USAN papers. UltraSAN is pro-
vided free to academics if used for educational or re-
search purposes.
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