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Abstract. Constructing correct Signal Temporal Logic (STL) specifi-
cations from informal requirements is a challenging task, due to the am-
biguous and imprecise nature of natural language descriptions. Witness
traces can support requirements elicitation and validation by provid-
ing concrete behavioral examples that satisfy or violate a specification.
However, naive generation of traces from a specification can result in
behaviors that are not plausible.

We present a method for generating semantically meaningful witnesses
for STL specifications by explicitly incorporating domain knowledge into
the generation process. The approach uses signal templates representing
common CPS behaviors to constrain the space of generated traces and
formulates witness generation as an optimization problem. The resulting
framework supports the generation of both satisfying and violating wit-
nesses, as well as differential witnesses that expose behavioral differences
between alternative STL specifications. We further combine witness gen-
eration with explainable trace diagnostics to facilitate requirements elic-
itation, specification validation, and the comparison of alternative spec-
ifications. We illustrate the approach on representative CPS examples.

1 Introduction

Cyber-physical systems (CPS) tightly integrate computation, communication,
and control entities with physical processes, enabling real-time interaction be-
tween digital and physical components. Requirements engineering plays an es-
sential role in the development lifecycle of CPS. It allows to correctly identify,
analyze and validate functional, safety and performance requirements in the early
stages of design, thus reducing the risk of failures that could lead to accidents.
Formal specifications provide a rigorous mathematical foundation to capture
natural language requirements and are used as input to many verification and
analysis tools to assess critical CPS properties.
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Requirements formalization is a challenging activity. It is widely recognized
as one of the key barriers in the adoption of formal methods in industrial prac-
tice [3]. First, translating requirements expressed in natural language into for-
mal specifications is a non-trivial process requiring specialized skills. A recent
study [9] revealed that the translation from natural-language requirements to
temporal specifications is highly error-prone due to common and systematic
misunderstandings of temporal logic semantics, even among trained users. Sec-
ond, natural language lacks the precision needed to eliminate ambiguity, making
requirements susceptible to multiple interpretations. Consider the natural lan-
guage requirement “every request is followed by a grant”. There are at least three
valid interpretations of this requirement depending on the implicit assumptions
that we have: every request is either followed by a grant in the same step, the
next step or in some undefined future.

To address this challenge, existing approaches generally fall into two com-
plementary categories: specification construction and specification wvalidation.
Specification construction relies on specification patterns, specification mining
and more recently LLM-assisted formalization. Specification validation is based
on visualization methods and example generation. Many existing approaches to
example generation synthesize behaviors solely from the specification, without
considering assumptions about the system or its operational context. Other ap-
proaches incorporate such assumptions but require an explicit system model in
addition to the specification — an artifact that is rarely available in the early
stages of system design. Consequently, generated traces may either depend on
unavailable models or, when derived from the specification alone, be formally
valid yet physically impossible or operationally irrelevant.

This paper presents a method for generating semantically meaningful wit-
nesses for Signal Temporal Logic (STL) [12], a widely used formalism for speci-
fying CPS properties, by incorporating general domain knowledge into the gen-
eration process. We introduce a library of signal templates representing common
classes of behaviors encountered in CPS, such as monotonic trends, bounded
transients, and response patterns. These templates constrain the space of candi-
date signals and encode assumptions that are often left implicit in formal spec-
ifications. Witness generation is formulated as an optimization problem that
searches for traces satisfying the STL constraints while adhering to the selected
behavioral templates. The proposed framework supports the generation of both
satisfying and violating witnesses from a single STL specifications. In addition,
it allows to generate differential witnesses that facilitate distinguishing between
two STL specifications. Differential witnesses are especially useful to interpret
two candidate formalizations of an ambiguous natural language requirement. We
demonstrate the effectiveness of our approach on representative CPS examples.

2 Background

Signal Temporal Logic (STL) [12] is a declarative specification formalism inter-
preted over real- and Boolean-valued traces. We adopt in this paper its interface-



aware extension (IA-STL) [7], which classifies variables appearing in the formula
as inputs and outputs. This simple, yet fundamental adaptation of STL allows
us to reason about the specification as an input/output relation rather then a
set of correct execution traces. Formally, given a set of variables X, an TA-STL
specification is a tuple (I, O, ¢) such that TN O = ), where I C X is the set of
input variables, O C X is the set of output variables, and ¢ is an STL formula
captured by the following syntax:

pi=fY)<c|—o| o1V | oiUrps | 1812

where Y C X, f : R? — R is a real-valued function, I is an interval in
R>o U {oo}, and c € R.

IA-STL formulas are interpreted over a multi-dimensional finite trace w that
maps at time ¢ € T the variables in X to a real value. Given t € T, we define the
quantitative semantics of STL [5] in terms of a robustness function p{’, defined
relative to the subsets V, W C X of variables such that V N'W = {:

0, ifY ¢ VUW,
pv (F(Y) < c,w,t) = q flwy (1)), else if Y ¢ W,
sign(f(wy (t))) - 0o, otherwise.
p\v/[/(_'ﬁpvwvt) = —p‘V/‘—/(gﬁ,wJ)
pVVV(SDI V2, w, t) = maX(Psz(SDM w, t)v p\vy((p% w, t))
pv (91U, w,t) = Supyeorynt

min(inft”e[t,t’) pVVV(Qolv w, tu)v pXV/V (@27 w, t,))
pr/V(%SIcpmw,t) = SUPy e(tonnT
min(infy e pyy (o1, w, 1), pyY (02, w, t'))

where wy denotes the trace w projected to the subset Y C X of variables
and @ and © denote the Minkowski sum and difference, respectively. With the
above definition, the classical STL robustness that does not distinguish between
input and output variables is defined as p = pg(. We identify two additional
useful notions of robustness: output robustness and input vacuity. The output
robustness represents the robustness of the specification relative to the trace,
measured only with the respect of the output variable. Positive and negative
robustness indicate by how much the output can be changed without falsifying
or satisfying the formula for the given input. Infinite robustness indicates that
the specification is vacuously satisfied by the given input. On the other hand,
the input vacuity measure represents the level of vacuity of the specification
with respect to the given input. Formally, we have output robustness defined as
X\O . . 0
Por = po ' and input vacuity defined as p;, = pj.

With robust semantics, a trace w satisfies (violates) an STL formula ¢ if
the evaluated robustness measure is strictly positive (strictly negative). The
satisfaction status remains undefined for the corner case when the evaluated
robustness equals to 0. In the following, we use the standard abbreviations F;¢ =
T U; ¢ (eventually), Gr¢ = —F;—¢ (always), Orp = T S; ¢ (once) and
H;$ = ~O;—¢ (historically).



3 Signal Generation from STL

In this section, we introduce STL-WITNESS, a method for generating meaning-
ful witness traces from STL formulas and depicted in Figure 1. The method
takes as input an STL specification ¢ defined over a set of real-valued variables
X. For each variable x € X, we associate a signal template s(p), defining the
overall shape of z. STL-WITNESS is parameterized by the choice of whether the
generated signal shall witness satisfaction or violation of .

Example/Counter-example
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STL Spec
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Signal
Class

Fig.1. STL-WITNESs Overview.

Example 1. In this section, we use the following natural language requirement to
illustrate the different steps of our method: “Whenever the battery temperature
exceeds 60°C, cooling shall be activated for at least 5 seconds.”. We associate to
this requirement two possible formalizations:

P = G(T > 60 — Gyg,5)(cooling > 0.5))
Yo = G(T > 60 — F[g 2)G[g 5 (cooling > 0.5))

The main difference between 11 and 15 is that whenever the temperature T’
is above 60°C, v requires cooling to be continuously above the 0.5 threshold for
the next 5 time units, while ¥y allows short periods when cooling is below that
threshold.

3.1 Signal Templates

We introduce in this section signal templates as parameterized patterns of signal
behavior that capture characteristic system dynamics or operating scenarios.
Rather than specifying exact signal values over time, they define a family of
traces that share the same shape but with different attributes. We denote a
signal template as s(p), where p is a vector of parameters associated to the
template. When the parameters in the signal template are fixed, we obtain a
concrete signal.

We use signal templates to systematically limit the generation process to the
representative STL satisfaction or violation witnesses. Table 1 shows the signal



templates that have a tradition of use in control engineering and that we use in
this paper. Figure 2 illustrates concrete instantiations of these templates. The
proposed library can be extended to new signal templates.

We observe that in our definition, a signal template is a black-box that can be
defined at any level of abstraction. This includes a full model of CPS. However,
since STL-WITNESS aims at generating example behaviors in the early stages
of the system development, where accurate models of the system-under-design
may not be available yet, we restrict our attention to the high-level classes of
behaviors that are (1) independent of explicit models and (2) fast to execute.
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Fig. 2. Examples of signal template instantiations.

3.2 Signal Generation as Falsification Testing

We formulate the problem of generating satisfaction and violation witnesses as a
falsification testing problem. Falsification testing is an optimization-based search
procedure aiming to find system inputs that generate an execution violating
a given requirement. In our setting, we use falsification testing to guide the
generation of signals that either satisfy of violate a given STL specification.

Let ¢ be an STL formula and let X (¢) = {z1,...,z,} denote the set of signal
variables appearing in ¢. For each variable x;, let s;(p;) be a signal template
parameterized by p; € P;. We denote by p = (p1,...,pn) the joint template
parameter vector, with P = P; x --- x P,. Each parameter valuation p induces
a multivariate signal®

wp = (s1(P1),- -, 5n(Pn))-

The generation of a violating trace is then defined as
* € argmin p(p, wp),
P g min p(p, wp)

1 'We abuse the notation and use interchangeably the notation s(p) for both a param-
eterized signal template and its instantiation with specific parameter values.



Table 1. A library of common signal templates.

ID

Signal Template

Description

T1

Step

Changes abruptly from one constant value to another
and then remains at the new value. Parameters: initial
- value before step, amplitude - step increment, delay -
onset time.

T2

Ramp

Changes continuously from one constant value to an-
other with a constant rate and then remains at the new
value. Parameters: initial - value before ramp, target -
value after ramp, slope - ramp rate, delay - ramp start

T3

Pulse

A signal that temporarily deviates from its nominal value
for a finite duration before returning to its original level.
Parameters: baseline - value outside pulses, amplitude -
pulse height above baseline, delay - start, period - repeat
interval, duty_cycle - fraction of period high window.

T4

Transient Distur-

bance

Temporarily deviates from its nominal value, forming ei-
ther a peak or a valley, before returning to the origi-
nal operating point. Parameters: nominal - baseline
value, amplitude - peak or valley height, width - Gaus-
sian width, delay - start.

TH

Monotonic
gence

conver-

Gradually approaches a target value without overshoot.
Parameters: initial - starting value, target - asymptotic
value, time_constant - exponential convergence speed,
delay - start.

T6

Overshooting conver-
gence

Exceeds the target value before settling to the desired
operating point. Parameters: initial - starting value,
target - settled value, time_constant - convergence speed,
overshoot - fractional overshoot, peak_time - time of over-
shoot peak, delay - start.

T7

Oscillatory
gence

conver-

Oscillates around the target value with decreasing ampli-
tude before reaching steady state. Parameters: initial
- starting value, target - settled value, damping_rate -
exponential decay rate, frequency - oscillation frequency
in Hz, delay - start.

T8

First order response

Generates the step response of a first-order system. Pa-
rameters: amplitude - input step size, gain - system
gain, time_constant - response speed; delay - start,initial
- starting value, offset - additive baseline.

T9

Second  order

sponse

re-

Generates the step response of a second-order system.
Parameters: amplitude - input step size, gain - system
gain, damping_ratio - damping factor, natural_frequency
- rad/s, delay - start, initial - starting value, offset -
additive baseline.

where p(p, wp) denotes the IA-STL robustness of ¢ on wp. A violation wit-

ness is obtained whenever p(p, wp+) < 0. The generation of a satisfaction witness




is framed similarly, with the difference that the objective is to mazimize robust-
ness and the stopping criterion is when p(y, wp«) > 0.

We illustrate the functionality of STL-WITNESS with the generation of a
violation witness for the formula 11 (see Figure 3), in which we associate to the
temperature variable T" a ramp signal, and to the cooling variable an oscillatory
response template. The property is violated because after the temperature goes
above the 60°C threshold, the cooling has an oscillatory response that brings it
down below the 0.5 threshold within the next 5 seconds.

Falsify Witness 2, robustness=-0.503671

701

60
~ 50
401

301

. VA
o (VAAVARVA

8

0 1 2 3 4
Time [s]

Fig. 3. Violation witness for 1.

Generating non-vacuous satisfaction witnesses. For many common STL formu-
las, satisfaction witnesses can vacuously satisfy the specification. This is the
case for the generated witness shown in Figure 4 in which the temperature
signal never reaches 60°. In that respect, such witnesses may not be useful to
understand when the specification is satisfied.

To address this problem, we use the IA-STL variant of the logic that explicitly
distinguishes between input and output variables in the specification. To avoid
the generation of signals that vacuously satisfy the specification, we measure
output robustness and forbid the traces with +o0o robustness as these traces
exactly correspond to vacuous satisfaction witnesses. This yield to witnesses
such as the one shown in Figure 5, in which the temperature goes well beyond
60°C, but the cooling also remains above the 0.5 threshold.

Providing additional insights to the violation witnesses. We use trace diagnostics
to provide additional insights about violationg witnesses and hence increase the
interpretation value of the generated traces. Trace diagnostics [6] consists in
finding an intuitive explanation of why a temporal property is violated by a
trace, rather than merely reporting that the property failed. Instead of showing
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Fig. 4. Satisfaction witness for ¥, that vacuously satisfies the specification.
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the entire trace, the diagnostic isolates the specific events and time regions that
caused the fault, providing a concise and meaningful explanation for engineers.
The same approach can be used to explain traces that satisfy the specification.

We adopt the trace diagnostics approach from [1], with the localization op-
erator A that is implicitly parameterized by the trace w. The operator takes as
inputs an STL formula ¢ and defines a mapping A(p) that associates a violation
or a satisfaction of ¢ at a given time ¢ to a set of intervals where the violation
(satisfaction) occurs. Figure 6 illustrates the additional insight brought by the
trace diagnostics. It marks in red the intervals that indicate the violation of the
specification. These correspond to the intervals where the temperature is above
60°C and cooling is below 0.5.
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Fig. 6. Violation witness for 11 with trace diagnostics

Generating multiple witnesses. The method described so far generates a single
satisfaction or violation witness. Generating multiple witnesses can be done by
simply minimizing or maximizing robustness multiple times. We call this a base
generation strategy. This strategy does not guarantee the variability of generated
witnesses. To foster requirements exploration and to ensure a diverse set of
witnesses that cover different regions of the template parameter space, we adopt
the greedy maz-min diversity criterion [8], which we call the refined generation
strategy.

After normalizing all template parameters to the unit interval, we iteratively
generate new witnesses. At each iteration, we select a parameter valuation that
maximizes its minimum FEucledian distance to the previously generated wit-
nesses while satisfying the desired robustness constraint. This greedy max-min
strategy encourages a broad coverage of the feasible parameter space and yields
behaviorally diverse witness traces.



3.3 Differential Specification Analysis with STL-Witness

Formal specification of informal requirements is not an activity with exact and
predictable outcomes. Informal requirements are often under-specified, natural
language can be ambiguous and there may be implicit assumptions about the
system and its environment. Therefore, for a given requirement, there could be
two or more candidate specifications. We extend the approach from Section 3.2
to allow generation of differential witnesses, which are traces that explain sim-
ilarities and differences between two specifications ¢1 and s. In essence, given
two specifications ¢1 and 9, we aim at generating four traces:

— Witness for satisfaction of both ¢; and 9 - maximize min(p(¢1, wp ), p(P2, Wp));

— Witness that satisfies 1 but violates 9 - maximize min(p(p1, wp), —p(p2, Wp));

— Witness that violates ¢ but satisfies 9 - maximize min(—p(¢1, wp), p(@2, Wp));
and

— Witness for violation of both ¢; and ¢, - maximize min(—p(¢1, wp), —p(@2, wp)).

These four witnesses together provide valuable insights on the similarity and
differences of specification pairs. We note that it is not always possible to find
all for witnesses for a given pair of specifications. For example, if 1 and s con-
tradict each other, there is not trace that satisfies both specifications. Similarly,
if (o refined ¢y, there is no trace that satisfies po but violates ;.
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Fig. 7. Witness violating both 11 and .

We note that in our example, 1 refines . It follows that traces from Fig-
ure 4 and Figure 5 also satisfy 1o by definition. It is therefore also impossible
to find a trace that satisfies 11, while violating 9. Figure 7 shows an example
of a witness that violates both 1 and 1. This is because when cooling goes
below the 0.5 threshold, it remains below it for quite long periods of time. On
the other hand, Figure 8 shows an example of a witness that violates 11, while
satisfying 5. In this case, the variable cooling does go below 0.5 but for very
short periods of time, filtered by the eventually operator in )s.
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4 Evaluation

In this section we present the evaluation results. We first briefly describe the
implementation of the prototype tool for generating traces from STL, formulate
our research questions, describe the experimental setup and finally execute the
experiments, responding to the questions.

4.1 Implementation

We implemented STL-WITNESS in a prototype tool in Python 3.12. We used
RTAMT [19] for both the IA-STL quantitative runtime verification and for trace
explanation. We restricted the implementation to the discrete-time variants of
the STL monitors. The trace diagnostics variant used in the implementation is
the epoch diagnostics [1] that over-approximates all violation explanations. Fal-
sification testing is done with the PSY-TaLiRo [18] library. The tool is available
at:

https://github.com/Digital-Safety-and-Security/stl-witness.

4.2 Research Questions

We focus on the following research questions that guide our experiments:
(RQ1) How effective is the generation of witnesses from STL with
STL-Witness?. Rationale: This research question determines whether STL-
WITNESS is a reliable and computationally efficient tool for illustrating specifi-
cations with examples. Metrics: To demonstrate the effectiveness and the compu-
tational efficiency of STL-WITNESS, we compute the average time for generating
a witness trace and measure the ratio of successful generations with respect to
the total number of attempts.



(RQ2) How diverse are generated witness traces?. Rationale: This re-
search question addresses the diversity of the generated traces. Metrics: In order
to measure the diversity between two generated traces, we take the normalized
Euclidean distance between the instantiated parameters.

4.3 Experimental Setup

We choose 5 natural language requirements and their associated STL specifica-
tions to evaluate STL-WITNESS (see Table 2). The requirements are chosen in
a way to represent commonly found formalizations of CPS intended behaviors.
Requirements R1 and R2 are translated to STL specifications S1 and S2. Re-
quirements R3, R4 and R5 are intentionally ambiguous, and for each of them,
we provide two possible formalizations, resulting in pairs of STL formulas (S3-1,
S3-2), (S4-1, S4-2) and (S5-1, S5-2), respectively.

4.4 RQ1: Effectiveness of STL-Witness

We evaluated the effectiveness of STL-WITNESS on all five requirements from
Table 1, including the generation of satisfaction, violation and differential wit-
nesses. Table 3 summarizes the results. The first column refers to the requirement
studied, and the second column represents the specifications associated to that
requirement. For R1 and R2, we consider both the satisfaction witnesses (Si
rows) and violation witnesses (= Si rows). For R3, R4 and R5, the focus is on
differential witnesses: Si-1 A Si-2: witnesses that satisfy both specifications, =
Si-1 A Si-2: witnesses that violate Si-1 but satisfy Si-2, Si-1 A — Si-2: witnesses
that satisfy Si-1 but violate Si-2, and — Si-1 A — Si-2: witnesses that violate both
Si-1 and Si-2. The experiments were done both with the budget of 100 and 1000
falsification iterations (columns n = 100 and n = 1000, respectively). For each
specification, we aimed at the generation of 10 witnesses. The Success column
reports the percentage of successful generated witnesses and the Time column
shown the time in seconds required to generate them.

We first observe that the generation of satisfaction and violation traces for
R1 and R2 has been successful in all the cases, with times ranging between
10ms and 120ms for the generation of 10 witnesses. For the differential witness
generation, we can see that there are three types of instances. First, there are
instances that are easy to solve. This is for example the case for S3-1 A S3-2
with 10 witnesses generated in 10 to 100ms. Second, there are instances that are
harder to solve and require a more extensive budget. One example is the formula
S3-1 A = S3-2, for which only 4 out of ten witnesses could be generated with
the budget of 100 iterations. However, with the budget of 1000 iterations all 10
witnesses could be found within 1.06s. Finally, there are instances that could
not be solved at all with the budget of 1000 iterations. This is the case for the
witnesses of the formula S5-1 A = S5-2. Upon closer look, we can observe that
S5-1 refines S5-2; hence a witness that satisfies S5-1 while violating S5-2 is not
realizable.



Table 2. Example requirement and alternative STL formalizations.

Req ID Requirement Description

Natural Language Requirement

If the distance to an obstacle falls below the safety threshold, the brak-
R1 |ing force shall remain with at least a minimal value until the obstacle
distance becomes safe again.

Spec ID|Valid STL Specifications
S1 G((d < dsafe) — (b Z bmin U (d 2 dsafe))

Natural Language Requirement

The controller may exceed minimum acceleration only if the distance
R2 |toalead vehicle has been greater than a threshold for the last 1 second.

Spec ID|Valid STL Specifications
52 G((a 2 a‘min) — H[O,l] (d 2 dsafe))

Natural Language Requirement

When the distance to the vehicle ahead becomes unsafe, the ego vehicle
R3 |shall reduce its speed within 2 seconds.

Spec ID|Valid STL Specifications
S3-1 G((d < dsa,fe) — F[0,2]('U < vcur’rent))
S3-2 G(H[O’Q] (d < dsa,fe) - F[072](’U < vzur’rent))

Natural Language Requirement

Whenever the battery temperature exceeds 60°C, cooling shall be acti-
R4 |vated for at least 5 seconds.

Spec ID|Valid STL Specifications
S4-1 G(T > 60 = Gyg,5)(cooling > c))
S4-2 G(T > 60 — Fg,2)Go,5 (cooling > c))

Natural Language Requirement

The cabin temperature shall remain close to the target temperature.
R5 |Spec ID|Valid STL Specifications

S5-1 |G(|T — Tret| < 1)

S5-2 |G ((IT — Tret| > 1) = Fi0,2/G0,2)(|T — Trer| < 1))

RQ1: STL-WITNESS is able to generate for satisfiable specifications satis-
faction, violation and differential witnesses in reasonable time.

4.5 RQ2: Diversity of Witnesses

We evaluated the satisfaction and violation witness diversity generated by STL-
WITNESS with both the base and the refined strategy.

Figure 9 shows the variability results for both strategies applied for both
the generation of satisfaction and violation traces. We observe that the base



Table 3. Success rate and computation time summary.

Req|Spec n = 100 n = 1000
Success (%) |Time (s)|Success (%)|Time (s)
R1 |S1 100 0.10 100 0.07
- S1 100 0.12 100 0.01
R2 |S1 100 0.12 100 0.01
= S1 100 0.10 100 0.01
R3 [S3-1 A S3-2 100 0.10 100 0.01
S3-1 A — S3-2 0 0.01 0 3.33
- S3-1 A S3-2 40 0.01 100 1.06
—=53-1 A = 83-2 100 0.01 100 1.11
R4 |S4-1 A S4-2 100 0.01 100 0.04
S4-1 A = S4-2 0 0.32 0 5.47
= 54-1 A S4-2 0 0.20 100 1.65
= 54-1 A~ S4-2 100 0.07 100 0.03
R5 |S5-1 A S5-2 100 0.06 100 0.06
S5-1 A = S5-2 0 0.44 0 2.68
- 55-1 A S5-2 0 0.42 90 1.38
= S5-1 A = 85-2 100 0.01 100 0.01

strategy results in generation of witnesses with little diversity, both in the case of
satisfaction and violation witnesses. This lack of diversity is likely caused by the
fact that the falsification testing library is invoked for each witness independently
on its previous invocations. This often results in the optimizer exploring the same
parameter space region, resulting in similar witnesses. In contrast, the refined
strategy uses the greedy max-min diversity criterion to explicitly guide the search
for witnesses that are different from each other. We can see that this is indeed
the case for both satisfaction and violation witnesses.

RQ2: STL-WITNESS achieves high variability when generating multiple
witnesses.

4.6 Threats to Validity

Construct validity. The witnesses generated by STL-WITNESS are limited by
the expressiveness of the predefined signal templates. While these templates are
intended to capture common CPS behaviors such as step changes, convergence,
overshoot, and oscillations, they may not represent all relevant behaviors that
satisfy or violate a specification.

In addition, STL-WITNESS enforces diversity in the normalized signal tem-
plate parameter space and not in the space of the generated behaviors. Therefore,
parameter-space diversity may not always correspond to the behavioral diversity.
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Internal validity. The quality and interpretability of generated witnesses is con-
siderably affected by the selected signal templates and their parameterizations.
In addition, the selection of the generated witnesses may be affected by the
choice of the optimizer used in the falsification testing library.

External validity. While signal templates provide an approximation of the CPS
behaviors, they do not explicitly model system dynamics and hence may not be
physically realizable. In addition, distinguishing traces generated by the differen-
tial analysis may not correspond to meaningful engineering differences between
two specifications.

5 Related Work

Specification visualization and example generation is the research field that is
the most closely related to our work and that provided the main inspiration for
our approach. RATSY [2] is a tool for the analysis of requirements expressed
in Linear Temporal Logic (LTL) and Property Specification Language (PSL).
It supports trace generation, consistency checking and realizability analysis of
specifications. However, its focus is limited to discrete-time, Boolean-valued be-
haviors. VISPEC [10,4] is a tool for the elicitation of requirements defined in
Metric Temporal Logic (MTL). It provides graphical support for specifying and
visualizing temporal properties. VISPEC is complementary to our work, as it



focuses on graphical specification design, whereas our approach emphasizes re-
quirement elicitation through positive and negative examples.

The problem of generating traces from Signal Temporal Logic (STL) spec-
ifications has been previously addressed by STLInspector [16] and by the ap-
proach proposed in [15]. Our method differs from these works in two important
respects. First, we formulate the generation of positive and negative examples
as a falsification problem, whereas both approaches encode trace generation as a
Satisfiability Modulo Theories (SMT) problem. Second, neither approach incor-
porates assumptions about the structure or plausibility of the generated signals,
which can lead to traces that are difficult to interpret and of limited value to
users. In contrast, our approach explicitly seeks examples that are both infor-
mative and plausible, thereby improving their usefulness for understanding and
validating specifications. Sato et al. [17] propose a MILP-based approach for
synthesizing traces satisfying complex STL specifications with or without the
presence of the system model, which Jouve-Genty et al. [11] extend to gener-
ate sets of behaviorally diverse satisfying traces. In contrast, STL-Witness uses
signal templates and falsification-based optimization to generate both satisfac-
tion and violation witnesses while explicitly constraining the generated signals
toward characteristic CPS behaviors without an explicit system model.

Finally, DialogueSTL [14] uses STL robustness to guide reinforcement learn-
ing, thereby generating trajectories that satisfy a given STL specification; unlike
STL-Witness, however, this generation is tied to the dynamics and action space
of a robotic environment rather than directly synthesizing semantically mean-
ingful signal witnesses from the specification.

6 Conclusions and Future Work

In this paper, we introduced a method for generating satisfaction, violation and
differential witnesses for STL specifications. The generated witnesses have se-
mantic meaning that improves the interpretability of the specifications and al-
lows comparing the intended meaning of specification pairs.

We plan to integrate STL-WITNESS with the solver [13] that check satisfia-
bility and pairwise consistency of the STL specifications. The solver will be in
particular useful to detect qualitative relational properties between two specifi-
cations, such as the contradiction and the refinement. We will study the applica-
tion of our method for benchmarking specification mining algorithms, but also
synthetic data generation for machine learning.
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