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Abstract. Both the TASTE and Overture toolsets have successfully
demonstrated that method integration is a very promising strategy to
create robust and effective tool suites. We explore the path of integrat-
ing both open source tool suites, to leverage their effectiveness even fur-
ther, with the aim to provide a potential platform for the end-to-end
design and engineering of dependable embedded systems, with a focus
on spacecraft avionics.

1 Introduction

The European Space Agency (ESA) designs, commissions and operates launchers
and spacecraft for a multitude of mission profiles, such as science and robotic ex-
ploration, earth observation, navigation, telecommunications and human space-
flight. It is paramount that software plays a significant role in this domain, as
all of these applications rely on the use of computers in order to reach their
mission objective. Computers are used, amongst others, to provide attitude and
orbit control, payload data handling, thermal control and health assessment and
management. In this paper, we focus on the spacecraft itself, or rather the avion-
ics subsystem that provides the aforementioned services, even though the Earth
bound ground segment and operations account for a significant part of the en-
tire mission eco-system. We take this focal point because after launch, access to
the spacecraft is restricted to telecommand and telemetry only, which limits our
options to monitor and influence the spacecraft behavior.

The complexity of spacecraft design is driven by the need to operate under
extreme environmental conditions for very long periods of time, typically several
years upto decades. Moreover, the launch into space as well as execution of the
mission itself poses engineering challenges in its own right. Even though space-
craft are continuously operated under ground control, some level of autonomy
is always required in order to ensure mission success. Communication delays
may take several minutes due to the distance between ground station and the
spacecraft, or may not be possible at all for some time, for example during the
launch phase or due to partial visibility of the spacecraft orbit in relation to the
position of the ground station(s) or when another celestial object is directly in
the line of sight between the spacecraft and Earth. Sometimes, communication
is relayed as direct communication to Earth is not possible. An example of this
is the Philae probe that recently landed on the 67P/Churyumov-Gerasimenko



comet, which communicates to Earth through the Rosetta mothership. This im-
plies that action needs to be taken by the spacecraft itself if unforeseen events
occur in between ground contact opportunities, at the very minimum to bring
the spacecraft back into a known “safe” state.

Moreover, maintenance of the spacecraft is typically not possible, or very
expensive and complex,1 which implies that robustness to “wear and tear” needs
to be addressed upfront as equipment performance will deteriorate over time or
may even break down unexpectantly. In contrast, it is interesting to note that
software maintenance is technically feasible and relatively low cost, by updating
over the air. Nevertheless, it remains complex because it directly affects system
operability and the overall health state.

It is clear that resilience to faults is an important design driver in order to
demonstrate that the level of dependability is sufficient to support the mission
objectives during its entire life-time. This focal point propagates throughout all
system design artifacts and all supporting life-cycle processes [8] and is proba-
bly the single most dominant contributor to the cost of the mission. Therefore,
improvement of our capability to support design and analysis of dependability
has a high potential gain in terms of cost and risk reduction. This is one of the
reasons why ESA is actively supporting research and development in this area,
for example through funding mechanisms such as TRP and GSTP 2.

Model based software and systems engineering (MBSSE) is a focal point in
these activities, with the aim to alleviate the increasing project schedule pressure
by improving the quality of the early design artifacts such that less effort is
required in the later engineering stages and supporting processes, in particular
for on-board software. Rigorous development approaches are proposed to support
a wide range of engineering activities, such as:

– the use of ontologies and formal verification techniques to create a catalogue
of system and software properties, which can form the basis for correct-by-
construction software synthesis and re-use of requirements across missions.

– the use of architecture description languages to explore system resilience by
analysing explicit fault models using model checking [4,9].

– improve the production of flight software by integrating well-founded formal
technologies in those parts of the engineering chain where their benefit is
clear and the gain is significant.

– the use of time and space partitioning kernels to implement mixed criticality
applications on multi-core processors, supported by formal analysis tech-
niques to study deterministic schedulability in the presence of uncertainty.

We first focus on the third item and we will revisit the other areas of interest
in Section 4. Our starting point is The ASSERT Set of Tools for Engineering
(TASTE) [20], which was originally developed in the EU-FP6 ASSERT project

1 Such as the International Space Station and the Hubble Space Telescope.
2 Technology Research Program, aimed at technology readiness level (TRL) 2-4 and

General Support Technology Program, aimed at TRL 4-6/8. See http://emits.sso.
esa.int and http://sci.esa.int/sre-ft/37710-strategic-readiness-level/

http://emits.sso.esa.int
http://emits.sso.esa.int
http://sci.esa.int/sre-ft/37710-strategic-readiness-level/


[3] and is still being actively maintained today. We will introduce this technology
in Section 2, and discuss the possible aligment with Overture in Section 3. It is
assumed that the reader is already familiar with Overture and Crescendo, we
refer the reader to [14,15] and [11,7,6] respectively, for further details.

2 The TASTE toolset

TASTE is a robust and open-source tool-chain for software development. It tar-
gets heterogeneous embedded systems using a model-centric development ap-
proach. Likewise to Overture, it is also meant as a laboratory for experimenting
with new software related technologies, based on free and open-source solutions.
It supports a rigourous process using formal models and automatic code gener-
ation. It is focused on the development of high-reliability applications, but not
necessarily restricted to aerospace. But of course, due to its heritage, many of
the technologies used have their roots in this domain.

Fig. 1. An overview of the TASTE toolset user-interface

The main philosophy has been to create a consistent set of interoperable tools,
based on mature languages with long-term support. Interoperability is achieved
by providing translators between the notations used, such that applications can
be composed of elements coming from a rich set of source languages. In essence, a



domain specific language approach has been adopted, whereby a notation is only
applied to that part of the problem domain where its matches best. Productivity
is improved because the power of each individual language and supporting tool
is leveraged by the ability to seamlessly integrate artifacts derived from those
languages into the target application. The main elements of TASTE are:

– An interface definition language; ASN.1 [2]
The Abstract Syntax Notation One (ASN.1, an ITU-T standard, endorsed
by ISO) is used to describe all datatypes and their constraints. This allows
high-level specification of data in a language neutral format, for example to
describe all telecommands (TC) and telemetry (TM). The set of standards
also provides methods for the physical representation of data. TASTE pro-
vides a compiler not only to verify ASN.1 specifications, but also to generate
application code in C and Ada, in order to read and write values based on
the chosen physical representation. Moreover, it can also generate interface
specification documents and test data sets fully automatically.

– A language to describe the system architecture; AADL [1,10]
The Architecture Analysis and Design Language (AADL, approved by SAE
International) is used to model the logical and physical architecture of the
system. It provides both a textual and graphical format to denote the sys-
tem composition. It is used in TASTE to capture the system structure: the
hardware artifacts, their physical interfaces and the deployment of software
over these elements. This allows for example early schedulability analysis,
with tools such as MAST 3 and Cheddar 4. AADL is designed as an extensi-
ble language; user defined properties can be attached to any language arti-
fact and so-called annexes allow semantically consistent language extensions.
The System-Level Integrated Modeling language (SLIM) was developed in
the COMPASS [4] and FAME [9] projects to introduce explicit fault models
[18,17].

– A language to specify system behavior; SDL [19]
The Specification and Description Language (SDL, an ITU-T standard) is a
formal language for describing state machines, both in a graphical and tex-
tual format. It is easy to use yet very powerful, with a precise and complete
semantics. SDL natively supports ASN.1 data types. TASTE comes with an
integrated SDL editor and Ada code generator called OpenGEODE. Execu-
tion (or simulation) traces can be visualised using the well-known message
sequence chart (MSC) notation. TASTE also provides features to record and
playback these traces for analysis and testing respectively.

Note that several other techniques are supported to specify system behavior
(i.e. Simulink, SCADE, VHDL, Ada and C) but in this paper we focus on SDL.
An full overview of TASTE is provided in [16,12], all tools can be found at [20].

3 http://mast.unican.es
4 http://beru.univ-brest.fr/~singhoff/cheddar/

http://mast.unican.es
http://beru.univ-brest.fr/~singhoff/cheddar/


The Ocarina tool [5] is used to generate high-integrity compliant Ada code from
the AADL models. This code can be combined with the generated Ada code from
the SDL and ASN.1 models to form an application, which can be deployed on
the PolyORB-HI middleware. TASTE also provides the functionality to manage
the build process. A range of target environments are supported:

– Linux (for non-realtime analysis of the application behavior);

– simulation environments supporting the SMP2 standard;

– real-time operating systems such as RTEMS and Xenomai, using virtualisa-
tion technologies such as QEMU and TSIM;

– RTEMS or Ada-Ravenscar run-times on target hardware, usually part of an
avionics test bench in order to emulate all external sensors and actuators.

The TASTE development process consist of the following steps:

1. describe the system logical architecture and interfaces (ASN.1, AADL)

2. describe the system behavior (SDL)

3. describe the deployment of functionality on the avionics hardware

4. verify the models (i.e. schedulability, fault resilience)

5. generate code, build the system and download on simulator or target

6. monitor and interact with the system at run-time (test execution)

The development process above is used in an iterative style, whereby results
obtained in any step can lead to changes made in previous steps. The high degree
of automation and the seamless integration of the tools and techniques enables
short turn-around times.

3 Potential alignment with Overture

A birdseye overview of TASTE was presented in Section 2. We base the potential
alignment of Overture and TASTE on a short quantitative comparison of both
toolsets and associated processes.

– Overture and Crescendo are both aimed at early design validation, whereas
TASTE is aimed at improving the production of high-quality software ar-
tifacts. Both are driven from formal models and rely on the integration of
robust and specialist tools. Therefore, they naturally complement each other,
as is also demonstrated by the goals of the INTO-CPS Horizon 2020 project
[13], from which the future development of Crescendo is now actively sup-
ported. The aim of this project is to extend Crescendo to upstream modeling
technologies such as SysML 5 and downstream with code generation to sup-
port hardware in the loop (HIL) simulations.

5 http://sysml.org

http://sysml.org


– Both Overture (through Crescendo with 20-sim 6) and TASTE (through em-
bedding code generated from Matlab/Simulink models) support the ability
to perform co-simulation, albeit at different levels of abstraction. The need
for this facility is clearly recognized in both approaches, in order to validate
the design in the former and in order to test the generated application in
the latter.

– The family of VDM languages, that is at the core of Overture and Crescendo,
provide an extremely powerful set of model oriented specification languages
that can be used for a wide range of applications. However, this versatility
comes at a price. Creating a VDM model for a specific application domain
usually requires development of a framework or a set of libraries in order to
improve productivity and maintainability. In particular in the area of em-
bedded systems, which are reactive systems by nature, the lacking built-in
notion of state machines is an example of such a weakness.

– The reverse seems to be true for SDL, a language that is naturally suited to
describe state machines with events described using ASN.1. SDL has built-
in features to describe the actions taken during state transitions, but the
expressive power of the notation is limited and does not allow complex al-
gorithmic specifications. It has to rely on so-called “external calls” to model
these complex transactions, but this also limits the ability to simulate SDL
models as a synthesis step is required to get the external call (implemented
in some other programming language) into to loop. Even though this process
is automated in TASTE, it remains cumbersome, in particular if debugging
is required across this interface to find the root cause of some test failure.

– VDM, SDL and ASN.1 support powerful techniques to support testing,
to complement more heavy-weight verification technologies such as model
checking and proof.

From this short assessment, incomplete as it may be, we can already conclude
that a lot of common ground is available, despite several distinct differences. We
argue that both tool environments can benefit from each other, by adressing the
weakness of one by the strength of the other and vice versa. We believe that
this will leverage the potential impact of both tool environments at lesser cost
than implementing new features to resolve or address some of the weaknesses in
either toolset individually. Of course, an investment must be made to achieve
this goal, and we make a few suggestions here, ordered in increasing perceived
impact and complexity:

– To convert ASN.1 definitions into VDM data types and values; this would
enable the independent specification of functionality over those data types
in VDM, with the ability to perform validation, for example using combina-
torial testing in Overture.

6 http://www.20sim.com

http://www.20sim.com


– To convert VDM data types into ASN.1 definitions, with the obvious benefit
that robust code generators are already available to read and write instances
according to an independently selected physical format. This alleviates the
need to write error prone “glue code” that is required when VDM models
are coupled, either to simulators or real hardware.

– To couple OpenGEODE with Overture, such that SDL “external calls” can
be realised by executing specific operation calls inside a VDM model, using
the built-in interpreter already available in Overture. This would allow ani-
mation of SDL models without the need to perform a synthesis step, while
re-using the powerful debugging features already available in both tool sets.
The abstraction mechanisms in VDM can be fully exploited to write concise
state machine transition specifications, rather than including hand-written
code. In return, it provides the VDM world with a strong and well-defined
notion of state machines, almost for free. Note that this approach relies on
the availability of the ASN.1 translators mentioned earlier, as this is the
technique used to specify data types in SDL.

– Assuming the previous step is feasible and successful, a similar approach can
be taken with Crescendo, which then also allows simulation of the physical
world without the need to instantiate a full avionics test bench. This will
provide the opportunity to use TASTE earlier in the design process.

– Analogous, implementing a code generator for MISRA-C or high-dependability
Ada (SPARK-Ada) directly from the VDM specification, would allow to use
these artifacts also for downstream engineering processes, whereby TASTE
already provides the infrastructure for managing the build process and for
creating and deploying the target image.

4 Summary and conclusions

We consider the suggestions from the previous section as the “low-hanging fruit”
even though we recognise that the amount of effort to realise each step can be
significant. We have not quantified this effort on purpose, as our primary aim is
to motivate the community to consider these options as interesting and viable,
both from an academic as well as a practical viewpoint. For this, we require
further dialogue with the Overture community at the workshop.

On a more fundamental note, we see other opportunities on the horizon that
pose a greater challenge and investment, but also with likewise higher potential
benefits and rewards. Over the past decade, the VDM-RT dialect has matured
into the modelling technology now used as the key asset in the Crescendo tool.
The VDM++ notation was extended with asynchronous operations and specific
language elements such as BUS, CPU and system were introduced to construct
explicit architectures onto which other software artifacts specified in VDM can
be deployed [21]. This allows the possibility to analyse timing and performance



behavior of real-time applications. This also proved to be a great step forward
in the early life-cycle analysis of system resilience to faults, as was demonstrated
in the DESTECS project. However, the fidelity of those models is restricted
(i.e. only a single bus can connect any two CPUs) and defining (and changing)
properties of the model is cumbersome (i.e. message length is implictly based on
the “size” of the VDM datatype). Instead of improving the situation by extend-
ing the built-in notation, we believe that adopting AADL as the mechanism to
describe the system architecture is a better, more future proof, solution.

The richness of the AADL notation allows to describe a far wider range of
embedded applications, keeping the existing notions of deployment already avail-
able in VDM-RT intact, but then described in AADL. Eclipse based tool support
for AADL is readily available, for example OSATE2 7. Moreover, AADL was de-
fined with extensions in mind, which may provide a very convenient mechanism
to change model properties without affecting the structure of the model. And
last but not least, other modeling extensions, such as the SLIM language can be
used orthogonal to the same model, allowing the application of other verification
and schedulability analysis tools. It even opens up the possibility to describe and
analyse mixed criticality applications on multi-core or time and space partioning
kernels, for example by using the ARINC653 AADL extension.

In summary, we offer our brief viewpoint on the future of Overture in this
paper, as input to the on-going discussion on the strategic research agenda of
the open source project. Of course this is driven from our business perspective
and background. Nevertheless, we believe that these suggestions are sufficiently
generic to be of interest to a wider community and we hope that they will trigger
the appetite to consider coupling TASTE with Overture. Furthermore, we also
hope that it brings the different formal methods communities closer together, as
we believe that gaining critical mass is paramount not only to gain momentum
in terms of tool development and cool stuff we can do with it, but also to increase
our user community.
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