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Abstract. S-TaLiRo is a Matlab (TM) toolbox that searches for tra-
jectories of minimal robustness in Simulink/Stateflow diagrams. It can
analyze arbitrary Simulink models or user defined functions that model
the system. At the heart of the tool, we use randomized testing based
on stochastic optimization techniques including Monte-Carlo methods
and Ant-Colony Optimization. Among the advantages of the toolbox is
the seamless integration inside the Matlab environment, which is widely
used in the industry for model-based development of control software. We
present the architecture of S-TaLiRo and its working on an application
example.

1 Introduction

Temporal verification involves the ability to prove as well as falsify temporal
logic properties of systems. In this paper, we present our tool S-TaLiRo for
temporal logic falsification. S-TaLiRo searches for counterexamples to Metric
Temporal Logic (MTL) properties for non-linear hybrid systems through global
minimization of a robustness metric [4]. The global optimization is carried out
using stochastic optimization techniques that perform a random walk over the
initial states, controls and disturbances of the system. In particular, the ap-
plication of Monte-Carlo techniques that use sampling biased by robustness is
described in our HSCC 2010 paper [6]. In [1], we report on our experience with
other optimization techniques including Ant-Colony Optimization.

At its core, S-TaLiRo integrates robustness computation for traces of hybrid
systems (TaLiRo) [4, 6] with stochastic simulation [9]. The search returns the
simulation trace with the smallest robustness value that was found. In practice,
traces with negative robustness are falsifications of temporal logic properties.
Alternatively, traces with positive - but low - robustness values are closer in dis-
tance to falsifying traces using a mathematically well defined notion of distance
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Fig. 1. The architecture of the S-TaLiRo tool.

At its core, S-TaLiRo integrates robustness computation for traces of hy-
brid systems (TaLiRo) [3] with stochastic simulation [8]. The search results in
simulation traces with smallest robustness values found. In practice, traces with
negative robustness are falsifications of temporal logic properties. Alternatively,
traces with lower robustness values are closest in distance to falsifying traces
using a mathematically well defined notion of distance between trajectories and
temporal logic properties. Such traces may provide valuable insight to the de-
veloper on why a given property holds or how to refocus a failed search for a
counter-example.

S-TaLiRo is based on recent progress in robustness metrics for metric tempo-
ral logic properties of continuous systems [3]. The extension of these metrics for
hybrid traces that combine continuous state evolution with discrete switches [5].
The application of Monte-Carlo techniques that use sampling biased by robust-
ness for falsification is described in our HSCC 2010 paper [5]. We report on our
experience with other optimization techniques including Ant-Colony Optimiza-
tion [1]. S-TaLiRo presents an optimized implementation of the robustness met-
rics along with the ability to plug-in other stochastic optimization algorithms.

2 The S-TaLiRo Tool

Figure 1 shows the overall architecture of our toolbox. The toolbox consists
of a temporal logic robustness analysis engine (TaLiRo) that is coupled with a
stochastic sampler. The sampler suggests input signals to the Simulink/Stateflow
(TM) simulator which returns an execution trace after the simulation. The trace
is then analyzed against the model by the robustness analyzer, whose goal is to
compute a robustness value. The robustness is computed based on the results
of convex optimization problems used to compute signed distances. In turn, the
robustness score computed is used by the stochastic sampler to decide on a next
input to analyze.

Fig. 1. The architecture of the S-TaLiRo tool.

between trajectories and temporal logic properties. Such traces may provide valu-
able insight to the developer on why a given property holds or how to refocus a
failed search for a counter-example.

S-TaLiRo supports systems implemented as Simulink/Stateflow (TM) mod-
els as well as general m-functions in Matlab. Other frameworks can be readily
supported, provided that a Matlab (TM) interface is made available to their
simulators. S-TaLiRo has been designed to be used by developers with some
basic awareness of temporal logic specifications. Simulink/Stateflow (TM) mod-
els are the de-facto standard amongst developers of control software in many
domains such as automotive control and avionics. S-TaLiRo also supports the
easy input of MTL formulae through an in-built parser. It has been designed and
packaged as a Matlab toolbox with a simple command line interface. S-TaLiRo
also contains an optimized implementation of the computation of the robustness
metric (TaLiRo) over the previous version [3] along with the ability to plug-in
other stochastic optimization algorithms.

2 The S-TaLiRo Tool

Figure 1 shows the overall architecture of our toolbox. The toolbox consists
of a temporal logic robustness analysis engine (TaLiRo) that is coupled with
a stochastic sampler. The sampler suggests input signals/parameters to the
Simulink/Stateflow (TM) simulator which returns an execution trace after the
simulation. The trace is then analyzed by the robustness analyzer which returns
a robustness value. The robustness is computed based on the results of convex
optimization problems used to compute signed distances. In turn, the robustness
score computed is used by the stochastic sampler to decide on a next input to
analyze. If a falsifying trace is found in this process, it is reported to the user.
The trace itself can be examined inside the Simulink/Stateflow modeling envi-
ronment. If, on the other hand, the process times out, then the least robust trace
found by the tool is output for user examination.
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Fig. 2. Room heating benchmark HEAT30 and results obtained from S-TaLiRo run.

3 Usage

S-TaLiRo has been designed to be seamlessly integrated in the model based
design process of Matlab/Simulink (TM). The user designs the model in the
Simulink/Stateflow (TM) environment as before. At present, the only require-
ment is that input signals must be provided to the Simulink model through
input ports. Then S-TaLiRo is executed with the name of the Simulink model
as a parameter along with the set of initial conditions, the constraints on the
input signals (if any) and the MTL specification. Currently, the user may select
one of the two available stochastic optimization algorithms: Monte Carlo or Ant
Colony Optimization. However, the architecture of S-TaLiRo is modular and,
thus, any other stochastic optimization method can be readily implemented.

As a demonstration, we applied S-TaLiRo to the room heating benchmark
from [5] (see Fig. 2). We chose the benchmark instance HEAT30. This is a hy-
brid system with 10 continuous variables (10 rooms) and 3360 discrete locations
((104 )24 where 4 is the number of the heaters). The set of initial conditions is
[17, 18]10 and input signal u can range in [1, 2]. The goal is to verify that no
room temperature drops below [14.50 14.50 13.50 14.00 13.00 14.00 14.00 13.00
13.50 14.00]T . The input signal was parameterized using a piecewise cubic Her-
mite interpolating polynomial with 4 control points evenly distributed in the
simulation time. S-TaLiRo found a falsifying trace with robustness value of
−0.429. Figure 2 shows the trace and the input signal discovered by S-TaLiRo.
In detail, the initial conditions were x0 = [17.4705 17.2197 17.0643 17.8663
17.4316 17.5354 17.9900 17.6599 17.8402 17.2036]T .



4 Related Work

The problem of testing hybrid systems has been investigated by many researchers
(see the related research section in [6]). Most of the research focuses on parameter
estimation [8, 2]. Recently, however, the problem of temporal logic falsification
for hybrid systems has received some attention [7, 6]. Unfortunately, the pub-
licly available tool support has been fairly low in this space. The only other
publicly available toolbox that supports computation of robustness for tempo-
ral logic formulas with respect to real-valued signals is BREACH [2]. However,
BREACH currently does not support temporal logic falsification for arbitrary
Simulink/Stateflow models. Along the lines of commercial products, Mathworks
provides a number of tools such as SystemTest1 (TM) and Simulink Design Ver-
ifier2 (TM). S-TaLiRo does not attempt to be a comprehensive test tool suite
as the above, but rather to solve a very targeted problem, i.e., the problem of
temporal logic falsification for hybrid systems. In the future, we hope to extend
S-TaLiRo and the theory of robustness to estimate properties such as worst-case
timings and integrate it into the statistical model checking framework.
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