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Executive Summary

The MegaM@Rti2 deliverable D3.2: Runtime Analysis Tool Set describes the specification of the
MegaM@Rt2 runtime tool set to support automated code generation and model execution, log
analysis, runtime verification and online testing activities, as defined by tasks T3.2, T3.3, and T3.4,
respectively.

This deliverable aggregates and analyses information provided by the following deliverables: D3.1 -
Report on Foundations of Model-based Runtime Analysis Methods, D1.1 - Industry Requirements
Specification, and D1.2 - Architecture Specification and Roadmap - initial version.

Deliverable D1.1 summarized the needs of industrial partners in MegaM@Rt2 through a detailed
description of Case Study Requirements. These requirements have been used in the current
deliverable to derive the fundamental requirements of the MegaM@Rt2 Runtime Analysis Tool set in
the form of so-called Framework Requirements.

Deliverable D3.1 provided a succinct overview of the state of the art, state of practice, and the
preliminary technologies available in the project in order to support the innovation tasks of WP3. The
focus was on how different artifacts necessary at runtime can be obtained and used in the
MegaM@Rt2 framework for activities such as model execution, runtime verification, online testing and
runtime/real-time analysis.

Deliverable D1.2 defined an initial vision of global architecture of the MegaM@Rt2 Framework in
terms of conceptual tools (wrt. features, goals and objectives of each tool component) as described in
the FPP and individual tools by partners. An initial roadmap of when different tool features will
become available was also presented.

By analyzing Deliverables D3.1 and D1.2, a set of Tool Component Purposes specified by different
tool providers in MegaM@Rt2 were extracted in order to identify which tool components satisfy
different Framework Requirements and, by extension, different Case Study Requirements.

The current deliverable is structured as follows: after introducing the methodological approach to
requirements analysis and mapping, we present the identified MegaM@Rt2 Framework Requirements
as well as the corresponding Case Study Requirements they originated from. Then, we present the
Tool Component Purposes (features) and how they satisfy different Framework Requirements. We
also present a roadmap on how different Framework Requirements will be satisfied in different phases
of the project. Last but not least, we perform a gap analysis and we identify needs for additional tool
components in the project for which we discuss possible solutions.
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1. Introduction

The objective of this deliverable, as reported from FFP is: “This report describes the specification of
the MegaM@Rt2 runtime tools to support automated code generation and model execution, log
analysis, runtime verification and testing activities, as defined by tasks T3.2, T3.3, and T3.4,
respectively”, where the mentioned tasks aim at:
e obtaining directly and automatically some parts of the final system from the design models
(T3.2);
e investigating methods and tools for log analysis in order to extract relevant information
needed to be produced by the verification process (T13.3);
e developing novel methods and tools for scalable runtime verification and testing of system
implementations (T3.4).

The sources of information for this deliverable are the following:

e the Deliverable D1.1, entitled “Industry Requirements Specification”, which defines, to the
technology providers, the initial stakeholder needs relevant for the MegaM@Rt2 Framework
and gives the details on the case study scenarios that are used to demonstrate the
achievements of the MegaM@Rt2 Framework capabilities;

e the Deliverable D1.2, entitled “Architecture Specification and Roadmap - initial version”, which
defines the initial vision of the global architecture of the MegaM@Rt2 Framework, starting
with the description of the conceptual tools as described in the FPP and the individual tools
provided by the tool provider partners;

e the Deliverable D3.1, entitled “Foundations for Model-Based Runtime Methods”, which
provides an overview of the foundations of model-based runtime methods and technologies in
order to support the innovation tasks of WP3 of the MegaM@Rt2 project;

o finally, the MegaM@Rt2 Architecture model, which is updated by and shared among all
partners by using Modelio Constellation tool.

From this starting point material, this Deliverable investigates and provides the following results:

e a set of MegaM@Rt2 framework requirements that will be used as a bridge between case
study requirements and tool purposes;

e a set of mappings (traceability matrices) between the MegaM@Rt2 framework requirements
and case study requirements, on the one hand, and the tool purposes, on the other hand;

e a roadmap depicting how different case study requirements will be supported throughout the
project by MegaM@Rt2 framework requirements and therefore implicitly implemented in the
MegaM@Rt2 runtime tools;

e a gap analysis to identify which case study requirements will not be supported and present a
mitigation plan for them.

The document is organised as follows. Section 2 describes the strategy led to analyse and refine the
case study requirements and the runtimes tool purposes in order to bridge the gap between them.
Sections 3 and 4 respectively synthesize the results of this analysis by identifying, within the runtime
analysis tool set, the set of framework requirements to be implemented in order to meet case study
requirements and expectations. On the basis of a concrete mapping, given in Section 5, between the
case study requirements and identified framework requirements, Section 6 details the current and
intended capabilities of each runtime analysis tool that will make it possible to address the identified
framework requirements, and causally the case study requirements. Section 7 describes the intended
roadmap scheduling the development and/or the enhancement of the expected tool features. Before
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concluding this document in Section 9, Section 8 presents the few requirements that are not covered
by this plan, and provides some mitigation policies to address this issue.

2. Overview of the Analysis Strategy

The analysis strategy used in this document is based on the refinement of the MegaM@Rt2
Architecture model presented in D1.2 deliverable. In this approach (depicted in Figure 2.1) we start
with identifying the needs of industrial partners in the form of Case Study Requirements and from
them we extract generic MegaM@Rt2 Framework Requirements. For the latter, we identify a set of
Tool Component Purposes that will realize them. Later on, in future deliverables, we will analyze and
discuss how the Framework Requirements and the Tool Component Purposes will contribute to
defining, at Architecture Level, the Conceptual Tool Set and the corresponding Tool Set Components,
respectively.

Architecture Development Solution Development

Requirem ents

PUrposes Case Study Legend

Requirement : .
q o _Reﬁ nes -

Wark product

Refines : >
. Implicit

@ relationship
. Tool (trace]
L Realizes
Framework Component >

. Explicit
REC]UIFEITIEFIt PUFDOSE Relationship

(trace)

Architecture @ Satisfies Satisfies O

Level Basic

@ activities
Conceptual i : Tool Set O

Future
activities

Tool Set Component

Figure 2.1: Overview of the analysis strategy

Definitions and terminology (mainly derived from Modelio model):

e Architecture Development - a set of methodological activities aimed to define the
MegaM@Rt2 Framework structure

e Solution Development - the set of development activities required to integrate, upgrade,
implement the tools realising the MegaM@Rt2 Framework

e Case Study Requirement (CSR) - the stakeholder needs specified by case study providers
in Deliverable 1.1 for their specific case study

¢ MMRT Framework Requirement (MFR) - the requirements of the MegaM@Rt2 framework
(that should comply with (i.e. refine) the Case Study requirements)

e Tool Component Purpose (TCP) - the set of capabilities provided by a Tool Set Component
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In addition to the terms used in Figure 2.1, the following ones are commonly adopted to identify some
artifacts:

e Component: as from UML definition is a modular part of the system;

e Subcomponent: a component making part of a containing component;

The deliverable presents the results of the following activities (depicted in yellow hexagon shapes in
Figure 2.1) provided on the model:

e ACTIVITY 1: the Case Study Requirements were analyzed to identify MMRT Framework
Requirements by
o refining the existing conceptual requirements coming from FPP.
o generalizing/specialising the Case Study Requirements with the goal to identify the
services/features to be implemented on the framework level, i.e. creating additional
MMRT Framework Requirements not previously identified.
o creating the mapping between the MMRT Framework Requirements and the Case
Study Requirements setting up the relevant traceability matrix.
e ACTIVITY 2: for each Tool identified in the D1.2:
o the Tools Purposes have been reviewed and refined when needed.
o the map between Tools Purposes to MMRT Framework Requirements has been
created setting up the relevant traceability matrix.

The results of the following activities (depicted in orange hexagon shapes in Figure 2.1) are planned
to be included in the next deliverables:

e ACTIVITY 3: at the Architecture Level, each Conceptual Tool Set subordinates (i.e.
sub-components) and relevant interfaces have been refined to better satisfy the new and
refined MMRT Framework Requirements.

e ACTIVITY 4: at the Architecture Level, for each Tool Set Component:

o the component architecture (i.e. the subordinate structure) has been refined based on
the activity 2 results.

0 a detailed realisation relationship to the framework’s Conceptual Tool Set
components, subordinate components and interfaces have been defined by means of
inheritance/generalization links, guaranteeing a complete traceability between all the
model artifacts.

At the end the resulting model has been inspected to identify the gaps in the architecture
implementation (gap analysis) and the way to address them (roadmap).

This deliverable has been partially produced by exploiting the Modelio Constellation Document

Publisher to present the model artifacts. Additional sections have been introduced to complete and/or
clarify specific contents.
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3. MegaM@aRt2 Runtime Analysis Tool Set

One of the main goal of model-based approaches is to obtain a running application thanks to
productive models defined at design time. In the MegaM@R(t2 project, we will naturally apply such an
approach by using for instance code generation: a part (the biggest as possible) of the code of the
application is automatically generated based on the system and implementation models defined at the
design level. In this context, a kind of models is especially interesting: executable models. Such
models specify the behaviour of an application and are either interpreted or compiled. The interpreted
approach consists in implementing an execution engine that takes as input a model and interprets its
contents. The running system is then the couple formed by the execution engine and the model it
interprets. The compiled view consists in generating another model or code for a dedicated execution
platform.

Executable versions of the system will be obtained at runtime either by automatically generating the
code from runtime models or employing models which can be executed at runtime, either standalone
or part of a system implementation. Traditional methods for model checking and model-based testing
will have to be rethought and/or extended in order to fully tackle the specificities of runtime models
and contained information. Verification and testing/monitoring methods targeted at large models, and
which take into account traceability information and modularization e.g, using aspect-oriented
modeling (AOM) will be developed.

A specific kind of testing, which is of interest in the context of MegaM@Rt2 is called online
Model-Based Testing (also called “on-the-fly”), where the test generation and execution are realized
simultaneously. Therefore, each test step is generated after executing the previous test step during
the testing. With online model-based testing (MBT), the test generation algorithms can react to the
actual outputs of the System Under Test (SUT): model-based testing tools interact directly with the
SUT and test it dynamically. Online MBT has the benefit of being able to run longer test runs (hours
and days) and to better adapt to the dynamic behaviour of the SUT, such as non-determinism, so that
the test generator can see which path the SUT has taken, and follow the same path in the model. The
main advantage of online testing is indeed that the current execution results may influence the path to
take through the model for the next execution step, as well as produce instant results (including
feedback for modellers) both for test generation and execution. The main challenge that will be
addressed stands in defining generic transformations for extracting test models from design artefacts,
designing efficient algorithms for online test generation, and providing advanced diagnosis techniques
of the test runs.

As an extension of online MBT and runtime verification, model-based monitoring allows one to
observe executions of the system (in its environment) and to compare them against the executions of
a model. In contrast to online MBT, monitoring allows the system to be stimulated by its environment
and only to observe that its execution (e.g., behaviour or performance) conforms to the one specified
by the model. One of the techniques employed in runtime verification is the use of model checking to
generate monitors. The scalability of the runtime verification process will also be addressed by
investigating new methods (such as slicing, AOM, distributed verification). The automatic derivation of
runtime models from design models will be investigated, along with approaches for including, tracing
and validating requirements. UML-based artefacts will be the main type of models used for test
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generation and verification, but additional ones will also be considered (e.g., UPPAAL timed
automata) depending on the specifics of the system under test.

Monitoring allows one to observe executions of the system in its environment and to compare them
against the expected properties of that system as defined in the system model. These observations
can be made by modifying the system so that it produces specific traces or without disrupting it by
observing its interactions with the environment (e.g., black box monitoring). Typically, correlating the
information from the different sources will be necessary. The best way to combine them will also
depend on the capabilities of the runtime platform and the monitoring requirements derived from the
system specification.

Although monitors can be developed manually for a particular application, MegaM@Rt2 will automate
this process as much as possible, in order to reduce costs, minimize development errors, and improve
reuse of proven monitor components. Each kind of monitor generates a different set of trace
information, potentially with a diverse structure. MegaM@R1t2 will also classify the different types of
tracing mechanisms required in the project, and will specify a common modeling framework for the
integrated tracing of potentially separate non-functional properties, and their correlation. At the same
time generic interfaces will facilitate to plug-in such monitors with the data sources linked to the
communication stratum, the operating system logs and the application traces resulting from
interactions between the system’s modules and with the environment. Immediately after logs and
other kinds of trace information start to be collected, automatic derivation of runtime behaviour from
design model properties will be investigated by correlating and analyzing the traces using static
analysis techniques.

Trace analysis will also be used to extract information related to acceptance criteria in order to
validate the system implementation not only via testing but also when the system implementation is
deployed in its working environment. This approach has the potential to uncover faults that otherwise
will not be found during the testing process. In addition, it will allow one to trace the execution of the
system back to the models for debugging and fault localization.

This complete monitoring, taken from the actual running system, makes the whole MegaM@Rt2
process much more realistic and precise and thus enabling more and better early detection of
anomalous behaviours. This would allow the designer to correct them early avoiding a late discovery
of problems that could lead to time-consuming design loops. Note that, reference inputs can change
through time (as the actual system evolves as well) and therefore, this feedback loop enables a
continuous improvements of the design and its adaptation to the real system conditions.

4. Identification of the MegaM@Rt2 Framework
Requirements for Runtime Analysis

A major objective of the project, regarding Runtime Analysis Framework, is not only to provide an
integrated and enhanced framework to automate and generalize the conceptual approaches defined
within the project. It also consists to provide relevant and efficient tooled solutions that address the
project case-study challenges. To reach this goal, we thus aim to drive the Runtime Analysis
Framework development with the requirements collected from the project case-studies.
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In order to identify the MegaM@Rt2 Framework Requirements for the Runtime Analysis Tool Set
(RTA) that would satisfy all the Case Study Requirements (CSRs) in this project, we analyzed the
latter following the process described in Section 2 by:
e refining the existing conceptual requirements coming from FPP;
e selecting the CSRs applicable to the Runtime Analysis Tool Set;
e generalizing/specializing the CSRs with the goal to identify the services/features to be
implemented on the framework level, i.e. creating additional Framework Requirements not
previously identified.

For clarity, we categorize these Framework Requirements in five categories described in the following
sections:
e Basic Framework Requirements
Analysis of Execution Logs Requirements
Monitoring Requirements
Code Generation Requirements
Testing Requirements

4.1 Basic Framework Requirements

This section introduces the basic requirements related to the Runtime Analysis Framework. These
requirements have been gathered on the one hand when analyzing the case-studies requirements,
and on the other hand when studying the foundations for model-based runtime methods. In other
words, these basic requirements for Runtime Analysis Framework have been specified according to
the expected tooling solutions, provided by the MegaM@R(t2 partners in D3.2, to address the specific
needs and expectations of the project case-study providers specified in [D1.1].

From these inputs, 10 basic requirements have been identified following the steps described above.
They globally deal with the capacity of the Runtime Analysis Framework to support integrated,
efficient and user-friendly processes for code generation, verification and validation at runtime. To
meet this expectation, the framework should enable end-users to combine these different techniques
while satisfying the required level of traceability and monitoring as well. The framework should also
take advantage of this combination of runtime techniques to provide relevant feedback to users in
order to reach the required evaluation and assessment level for the systems under development.

RTA-00001 The framework shall use AOM techniques to facilitate code generation, runtime verification and validation

RTA-00002 The framework shall support runtime analysis methods combining model-based development, validation
and verification techniques

RTA-00003 The framework shall be able to manage complex and large-scale models
RTA-00004 The framework shall be able to manage heterogeneous models
RTA-00005 The framework shall offer partial verification and validation methods, able to give an answer under strong

time constraints but with only a certain confidence level

RTA-00006 The framework shall provide requirement traceability facilities at runtime
RTA-00007 Trace monitoring and online testing at runtime shall improve trace analysis results and localization of
faults
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RTA-00008 Trace monitoring and online testing shall be combined at runtime to verify functional as well as
non-functional properties in a synergic way

RTA-00009 Trace analysis tools shall be able to collect and analyse information from different sources and using
different techniques

RTA-00010 The framework shall take advantage of the relationships between a set of runtime models

4.2 Analysis of Execution Logs Requirements

This section addresses the analysis of execution logs related to the Framework Requirements for
Runtime Analysis. The MegaM@Rt2 framework should employ different techniques for the analysis of
the execution logs.

This framework provides the analytical specification models and also techniques to associate the
execution logs with the target system. In addition, the MegaM@Rt2 framework aims to use methods
to identify whether the system achieves its specification model. This includes different functional and
extra-functional constraints (e.g., timing, performance). The results of the analysis of execution logs
will be used to validate the model and finally to allow early detection of faults.

RTA-10000 The tool chain should allow the parsing execution logs

RTA-10001 The framework should provide human-friendly graphs and data visualization, including timing properties
RTA-10002 The framework should allow one to compare simulation to execution logs

RTA-10003 The framework should extract timing properties from logs

RTA-10004 The framework should support root-cause analysis from execution logs

RTA-10005 The framework should be able to collect information in a integrated manner

RTA-10006 The framework should support online analysis of execution logs

RTA-10007 The framework should support offline analysis of execution logs

4.3 Monitoring Requirements

In this section, we presents the MegaM@Rt2 requirements related to runtime monitoring. The
MegaM@Rt2 framework should employ different techniques for observing the internal operations of a
system and its interactions with other external models and entities with the aim of monitoring both the
runtime software and the abstract architectural constraints.

This framework provides not only the specification models and monitoring capabilities, but also
techniques to connect the model with the target system. In addition, the MegaM@Rt2 framework aims
to use methods for determining whether the system conforms to its desired specification model which
may apply to different functional and extra-functional constraints (e.g., timing, performance). The
results of this monitoring will be used to validate the model and finally to allow early detection of faults
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together with means for fault prediction in both the model and the system. Lastly, the MegaM@Rt2
framework will provide hardware monitoring probes to provide accurate results to the runtime model
together with profiling capabilities that help in determining the critical and computationally-expensive
parts of the software by using a hardware-software co-design method.

RTA-20001 The framework should support validation via model in the loop

RTA-20002 The framework should allow extracting and comparing timing properties to specifications
RTA-20003 The framework should provide feedback to the modeling phase, including timing performance results
RTA-20004 The framework should provide monitoring tools which allows definition of desired behavior
RTA-20005 The framework provides a monitoring tool to predict future problems

RTA-20006 The framework should provide monitoring tool which allows definition of alarms

RTA-20007 The framework should allow model-based monitoring using integrated HW probes

RTA-20008 The framework should allow profiling software on FPGA

4.4 Code Generation Requirements

In this section, we report the main MegaM@Rt2 Framework Requirements for automated code
generation - of a part (the biggest as possible) of the code of one application -, which is one of the
main MegaM@Rt2 ambitions. The MegaM@Rt2 project will provide a set of tools and guidelines for
automated code generation involving aspects weaving and model execution, continuous runtime
validation including runtime verification, monitoring and online testing as well as trace analysis.
MegaM@Rt2 will provide scalable model-based framework for continuous development and runtime
validation of complex systems in different languages mainly Java, C and C++ and optionally .NET
(RTA-30001). The progress of MegaM@Rt2 includes (i) the integration of modelling artefacts in
continuous development toolchains; the (ii) incremental re-generation of runtime models (and related
artefacts, e.g. test cases); and (iii) the automated tool support for artefact generation, such as model
simulators for subsystems of complex systems (e.g., the safety-critical train control and management
systems, TCMSs - one MegaM@Rt2 use case) with a large number of requirements (e.g., in the scale
of 3000-5000 for TCMSs) and signals (e.g., in the scale of 40000 for TCMSs). The MegaM@Rt2
framework will comprise UML-based modelling methods and tools - for continuous integration
processes - supporting DDS UML profile [DDS-UML], for the representation of DDS related concepts
in order to enable code generation based on it. MegaM@Rt2 will provide infrastructure for efficient
handling and management of numerous, heterogeneous and large models, such the traceability
analysis that enables linking of the automatic generated source code with system model while
keeping its skeleton synchronized if any change is made in the model, keeping changes made to the
logic untouched. The code should be integrated with the verification of system properties (e..g., in the
dual chain safety code generation for PIC32 microcontrollers systems). Moreover, it should satisfy
specific constraints (both hardware and software) of the applications. For instance, the generated
code of the TCMSs must be SILO-SIL4 [IEC-61508] certified (the Safety Integrity Level describes the
differents levels of "Functional Safety" on a safety device - SIL-4 is the highest value) (RTA-30002);
therefore, the code should be ready to be loaded onto safety (hardware and software) devices without
further manual post-processing. The MegaM@Rt2 Runtime Analysis tool set will cover fundamental
features at runtime such as (runtime) model execution and analysis from reports, logs (error logs,
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execution traces...), system interfaces, etc. The automated code generation capabilities will be
complemented with runtime monitoring tools to observe executions of the system (in its environment)
and to compare them against the executions of a model (RTA-30003). The monitors will either
generate automatically the instrumentation code (RTA-30004) or a set of configuration files that
contain the log configuration (RTA-30005). Finally, MegaM@Rt2 will provide support for optimizing
the code generation at runtime under several criteria (RTA-30006), such power consumption of
memory and processor (important for the devices of TCMSs) .

RTA-30001 The framework should provide code generation capabilities for different programming languages
RTA-30002 The framework should provide capabilities for generating code certified SILO-SIL4

RTA-30003 The framework should provide capabilities for generating monitors

RTA-30004 The framework should provide support for generating instrumented code

RTA-30005 The framework should provide support for generating log configuration files

RTA-30006 The framework should provide support for the optimization of code at runtime

4.5 Testing Requirements

This section discusses some of the testing capabilities that will be included in the MegaM@Rt2
framework. Software testing is an important part of this framework used to reveal software faults and
make sure the expected behavior matches the actual system execution. Testing is usually defined as
an observation of the system executed using a set of test cases.

We identified several framework requirements that are crucial for developing high-quality systems
through testing: (i) test selection, analysis and coverage, (ii) test generation, (iii) automatic test
deployment, test execution and the use of runtime simulators, and (iv) load testing. The test
generation capability will be used to generate a set of input parameters for a system, typically with
the aim of achieving some test goal. Test selection strategies will be used to sample a test suite and
perform effective testing in terms of fault detection or coverage while containing the cost. These test
case need to be deployed and executed on the actual system or through a runtime simulator in order
to stimulate a certain nominal or peak load behavior and determine the expected results.

RTA-40001 The framework should provide support for test selection

RTA-40002 The framework should provide support for test generation

RTA-40003 The framework should provide support for test execution

RTA-40004 The framework should provide support for test analysis, including test coverage
RTA-40005 The framework should provide support for automatic deployments of tests
RTA-40006 The framework should provide support for load testing
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RTA-40007

The system should provide support for runtime simulators

5. Case Study Requirements Satisfied by

Framework Requirements

This section reports the mapping between the refined MMRT Framework Requirements previously
presented for the Runtime Analysis Tool Set and the set of CSRs that have been assigned to WP3 by
the use case partners [D1.1].

Such a mapping is shown in the following table, and it offers a good vision over the current coverage
and relevance of the specified Runtime Analysis Tool Set Requirements, according to the real needs
expressed by the Case Study Providers in the project.

AINA_01 MegaM@RT2 should enable the automation of building the system and make the | WP2, RTA-30001,

builds self-testing. WP3 RTA-40003,
RTA-40005.

AINA_02 MegaM@RT2 should enable the possibility to automate testing and getting test | WP3 RTA-10000,

results automatically. RTA-100083,
RTA-40002,
RTA-40004.

AINA_03 MegaM@RT2 should enable the possibility to simulate service providers, tele | WP3 RTA-00003,
operators and mobile users in the test environment especially with the critical data RTA-10003.
load.

AINA_04 MegaM@RT2 should deliver methods and tools for the run-time analysis (run-time | WP3 RTA-10004,
monitoring) to improve finding root causes of error situations and predict possible RTA-10006,
future problems. RTA-20002,

RTA-20003,
RTA-20005,
RTA-20006.

BT_07 The generated code needs to be SILO-SIL4 certified. It's needs to be ready to be | WP2, RTA-30001,
loaded onto the device without further manual post-processing. Due to technical | WP3 RTA-30002,
limitations of the devices in terms of memory and processor power, the generated RTA-30006.
code needs to be generated such that it is consuming as litle memory and
processor power as possible.

BT_08 The design and coding steps need to be done such that debugging in the test | WP2, RTA-00008,
laboratory as well as on the train is simplified. This implies visualization of the | WP3 RTA-10000,
behavior of the system shall be feasible, and it shall be feasible to trace certain RTA-10001,
signal throughout the code and to visualize the same tracing. With such, RTA-10004,
debugging can be done quickly under high pressure during commissioning on the RTA-10007,
train and untrained personnel (e.g. the end customer) could easily understand the RTA-20003.
implementation.

BT_09 The expectation is that MegaM@RT2 provides methods on how to set up a model | WP2, RTA-20001
validation (model-in-the-loop) and how the related models should be designed. WP3

BT_10 The expectation is that MegaM@RT2 provides methods on: (1) how to design | WP2, RTA-00002
requirement models such that test cases can be derived; (2) how test cases for | WP3
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module testing can be derived; (3) how test cases for higher level integration tests
can be derived.

BT_11 The expectation is that MegaM@RT2 provides a method on how design system | WP2, RTA-30001,
models in an efficient way such that they provide the information that is required to | WP3 RTA-40007.
derive the subsystem simulator, where ‘efficient’ is to be understood that they can
be designed given the time and budget constraints in project given that there up to
subsystems to be simulated with a number of requirements in the scale of
3000-5000 and number of signals in the scale of 40000.

BT_12 The expectation is that MegaM@RT2 provides methods: (1) on how to choose | WP2, RTA-40001,
code modules to test that are under high risk; (2) on how to choose the best test | WP3 RTA-40002.
cases (correct level of detail testing) that with a high probability would find errors in
the code; (3) on how to schedule test cases over the time of the project such that
at any given time the correct prioritization is ensured; (4) on how to schedule test
cases over the time of the project such that at any given time the coherence of the
code is given (overall integration test).

BT_13 The expectation is that MegaM@RT2 provides a method on how the generation of | WP3 RTA-40002,
test scripts out of test cases can be automated. RTA-40003.

BT_14 The expectation is that MegaM@RT2 provides a method on how to improve the | WP3 RTA-40004
analysis of test results and test error root cause analysis based on the test results.

CAM_04 Modelling framework that supports optimisation of code run-time, e.g. using static | WP3 Discussed in
scheduling of tasks/processes (based on profiling or expertise) using priorities. gap analysis

CAM_05 Profiling tool with ability of monitoring software code run and running FPGA | WP3 RTA-20008
components.

CSY_03 Holistic analysis of the network, based on models and/or logs shall be produced, | WP2, RTA-00002,
with mean and worst case scenarios. WP3 RTA-00003,

RTA-00004,

RTA-10000,

RTA-40003.

CSY_04 Simulations shall be run using phase one models and inputs provided by logs. WP2, RTA-10000,
WP3 RTA-20001,

RTA-40003,

RTA-40004.

CSY_05 Simulations shall be compared to real executions (live or logged), metrics shall be | WP2, RTA-10002,
defined. WP3 RTA-40004.

CSY_06 Code for PIC32 shall be generable for modules (from models) and monitors. WP3 RTA-20007,

RTA-40005.

CSY_07 Code generation shall be integrated in the dual chain safety code generation for | WP3 RTA-30001,
PIC32. RTA-30004.

IKER_01 A modelling tool supporting DDS UML profile, for the representation of DDS | WP2, RTA-30001
related concepts in order to enable code generation based on it. WP3

IKER_02 An automated model-based code generation tool for different programming | WP3 RTA-30001
languages: mainly Java, C and C++ and optionally .NET.

IKER_05 A modelling tool that supports the linking of automatic generated source code with | WP3 RTA-30001

the model and keep its skeleton synchronized if any change is made in the model,
keeping changes made to the logic untouched.
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IKER_06 A modelling tool that supports the linking of new code changes with the model and | WP3 RTA-30001
update its skeleton whenever it is necessary, keeping the model updated and
synchronized with the code.

IKER_09 Automated model-based automatic unit test generation tool based on the | WP3, RTA-40002
components definition. A continuous integration process that supports the | WP4
detection of new commits and changes (in Git, TFS and SVN like source control
systems) triggering this way the integration process.

IKER_11 A continuous integration process that supports the automatic the generation of the | WP3 RTA-40003
executables and configuration files creation (compilation and binary generation).

IKER_12 A continuous integration process that supports the automatic test execution | WP3 RTA-40003,
(supporting GTest) and analysis. RTA-40004.

IKER_13 A continuous integration process that supports the automatic code coverage test | WP3 RTA-40004
execution and analysis.

IKER_14 A continuous integration process that supports the automatic deployment in a | WP3 RTA-40005
simulated environment to run integration tests.

IKER_19 A runtime monitoring tool that generates automatically the instrumentation code to | WP3 RTA-30004
be embedded on the use case source code (being possible to select or stablish
which information has to be logged).

IKER_20 If the IKER.19 is no possible, the runtime monitoring tool should create the set of | WP3 RTA-30005
configuration files that contain the log configuration to be generated by the Agents
and Supervisor.

IKER_21 A runtime monitoring tool that is able to gather log information produced by the | WP3 RTA-10000,
system on an integrated way, gathering information from Agents and Supervisor. RTA-10005.

IKER_22 A runtime monitoring tool that uses the currently existing middleware to gather the | WP3 RTA-10005
log information.

IKER_23 An online and offline runtime monitoring tool that is able to analyse the log | WP3 RTA-10006,
information produced by the system. RTA-10007.

IKER_24 A runtime monitoring tool that supports the definition of the desired behaviour of | WP3 RTA-10002,
the system so it can be used to compare it against the real log information. RTA-20004.

IKER_25 A runtime monitoring tool that allows to represent rules to define alarms related to | WP3 RTA-20006
the system behaviour.

IKER_26 A runtime monitoring tool that is able to predict future problems or misbehaviours | WP3 RTA-10004,
based on a set of basic predefined rules. RTA-20004,

RTA-20005.

NOK_06 It must be possible to view the produced test results and/or run-time data against | WP3 RTA-20001
the starting point.

NOK_07 There must be a way to get the learned lessons and new information, formed | WP2, RTA-20001,
during run-time as part of the analysis in the validation cycle, and to be able to do | WP3 RTA-20003.
validation as early as possible, possibly also against the models.

NOK_22 It must be possible to generate automatically test cases and possibly part of the | WP2, RTA-30001,
code (or other information usable in runtime analysis) based on the models. WP3 RTA-40001,

RTA-40002
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NOK_23

The generation must be possible to make in an external environment if
organization decides so.

WP3,
WP4

RTA-30001,
RTA-40002

NOK_24

The generation activities must be automatic in the way that they can be part of
continuous integration process as well as any later automatic parts of the process.

WP3,
WP4

RTA-30001,
RTA-40002

NOK_25

Environment must support continuous work, with several build and release
branches.

WP3,
WP4

RTA-00002,
RTA-00003,
RTA-00004,
RTA-00005,
RTA-00006,
RTA-00007,
RTA-00008,
RTA-00009,
RTA-00010,
RTA-10000,
RTA-10001,
RTA-10002,
RTA-10003,
RTA-10004,
RTA-10006,
RTA-10007,
RTA-20001,
RTA-20002,
RTA-20003,
RTA-20004,
RTA-20005,
RTA-20006,
RTA-20007,
RTA-20008,
RTA-30001,
RTA-30003,
RTA-30004,
RTA-40001,
RTA-40002,
RTA-40003,
RTA-40004,
RTA-40005,
RTA-40006,
RTA-40007.

NOK_26

Running the tests and getting the results must be automated.

WP3

RTA-40003,
RTA-40004,
RTA-40005.

TEK_06

The MegaM@RT2 framework provides automatic code generation that support
different programming languages (e.g. Java, C++, C).

WP3

RTA-30001

TEK_07

The MegaM@RT2 model-based runtime monitoring mechanism can be integrated
with custom hardware probes, which are needed for non-functional verification,
adaptivity, faults detection, and maintenance.

WP3

RTA-20007,
RTA-20008

TRT_01

From the parsing and the analysis of the execution logs of the application (e.g. the
Flight Management System of the TRT case study), it should be possible to extract
various timing properties of the application such as activation periods, maximum
jitters, worst-case execution times, overheads, etc.

WP3

RTA-10000,
RTA-10001,
RTA-10003,
RTA-10007.

TRT_02

The model of the application (e.g. the Flight Management System of the TRT case
study) should be annotated with the obtained timing properties

WP2,
WP3

RTA-20003
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TRT_05 The obtained timing performance results should be integrated in the model of the WP2, RTA-20003
application (e.g. the Flight Management System of the TRT case study). WP3,
WP4

All CSRs in the above table except CAM_04 map to one or more RTA requirements. Thus, CAM_04
is discussed in the gap analysis in Section 8.

6. Mapping Tool Component Purposes to
Framework Requirements

This section presents the mapping of the Tool Component Purposes (TCPs) to the framework
requirements with the aim to highlight the extent to which the framework requirements in WP3 are
satisfied by the TCPs. A roadmap of when these TCPs will be available throughout the project is
presented in Section 7.

Many TCPs satisfy one or more framework requirements in WP3. TCPs marked as Not Applicable
(N.A.) do not belong to WP3, but they satisfy at least one framework requirement in WP2 and/or
WP4. TCPs that belong to WP3, but do not satisfy any framework requirement are discussed in the
gap analysis (Section 8). Moreover, framework requirements that are not satisfied by any TCP are
also discussed in the gap analysis.

6.1 CompleteTest

CompleteTest is used to generate test cases for 61131-3 Function Block Diagrams [MDH-FBD]. The
main goal of the tool is to meet the needs of an industrial end user testing industrial code. The
function of CompleteTest is to provide a way for the user to select a diagram, generate tests
[COMPTEST-010] for a selection of coverage criteria (e.g., MCDC, decision coverage), visualize the
generated test inputs, and determine the correctness of the result produced for each generated test
by comparing the actual test output with the expected output (as provided manually by the test
engineer).
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Figure 6.1: Overview of the CompleteTest Architecture
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As illustrated in Figure 6.1, the CompleteTest tool is built from the following modules: an import editor
used for validating the structure of a provided input model, a translation plugin that creates an XML
format accepted by the UPPAAL model checker [MDH-UPPAAL], an UPPAAL server plugin allowing
CompleteTest to connect as a client to the model checker and verify properties against the model,
and a trace parser that collects a diagnostic trace from the model checker and outputs an executable
test suite containing inputs, actual outputs and timing information (i.e., the time parameter in the test
is used for constraining the inputs in time). Even if the tools is measuring coverage on the model
[COMPTEST-020, COMPTEST-030], the tool is not yet supporting the measurements of code
coverage for the code generated from the 61131-3 [COMPTEST-040].

COMPTEST-01
0

CompleteTest shall provide automated tests for 61131-3 Function

Block Diagrams

WP3

RTA-10001,
RTA-10003,
RTA-40002.

COMPTEST-02
0

CompleteTest shall support decision based automated tests for

61131-3 Function Block Diagram

WP3

RTA-00010,
RTA-40002,
RTA-40004.

COMPTEST-03
0

CompleteTest shall support MC/DC based automated tests for

61131-3 Function Block Diagram

WP3

RTA-00007,
RTA-00008,
RTA-00010,
RTA-10000,
RTA-10001,
RTA-10007,
RTA-20001,
RTA-40001,
RTA-40002,
RTA-40003,
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RTA-40004,
RTA-40006.

COMPTEST-04 CompleteTest shall provide coverage information for 61131-3 | WP3 | Discussed in gap
0 Function Block Diagram analysis

6.2 S3D

The framework which is being developed by the University of Cantabria in this project, called S3D
(Single Source System Design), is a combination of previous tools [UCAN-UML] and new additions
oriented to the analysis, optimization and verification of heterogeneous systems in a continuous
integration process [S3D-060]. As such, the idea is to create an integrated environment capable of
evaluating, exploring and verifying the system under design, both considering functional and
extra-functional properties, specially execution times [S3D-020]. To do so, the framework has to work
at different levels [S3D-090]: supporting its execution in the host computer for initial functional
verification; in a virtual platform model to consider timing parameters early in the design process,
when the platform is not available, or before putting effort on code porting; or in the target platform to
get real values to analyze and verify.

For that purpose, the framework integrates several blocks that are combined to reach the expected
goals. First, a simulation block is capable of performing early timed simulation of this code using
host-compiled annotation techniques in order to evaluate timing constraints [S3D-050]. Secondly,
there is another block which is in charge of generating test patterns to maximize the coverage of the
evaluation performed.

These blocks are used to perform verification and the system, subsystem and component level. This
means that it is required an important amount of information about the structure of the system and
some automatization facilities to perform the analysis process.Thus, following the S3D methodology,
the user has to start creating a UML/MARTE model containing all the system details required to
enable the operation of the different framework blocks [S3D-010]. For that purpose, a modeling
methodology is proposed. Additionally, the framework proposes and integrates the use of the Papyrus
(Section 6.6) environment for performing the task. As a result, the XMl files generated with the model
information are used as input for the other blocks of the framework [S3D-120]. The use of the XMl
files enables the possibility of using other tools for system modeling, depending on the modeling
capabilities and the compatibility with the UML standard.

Then this model can be simulated by the framework using a block capable of providing fast
performance estimation in order to obtain early estimations that will drive the system design
exploration [S3D-030]. Additionally, from that information, the framework has to create the tests
[S3D-100] required to evaluate the fulfilment of the functional and non-functional requirements using
sets of tests automatically created [S3D-070].

And finally, there are plans for integrating a schedulability analysis block [S3D-040]. That way, from a

single-source model, it will be possible to explore different architectural mappings in an assisted way,
minimizing designers effort.
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All these activities are performed at design time. However, in a continuous integration process it is
required to collect and manage all the information possible in order to improve the final design. In that
context, both the estimation obtained by the simulation block and the tests generated for analysis and
verification can be improved with run-time information. Thus, S3D Framework shall support automatic
runtime management to collect and analyze information for system verification [S3D-110].

In that context, the code generation facility has the goal of integrating in the target executable the
behaviour needed to collect execution metrics in order to improve design-time process and to verify
that the results obtained during that time were correct.

As a result, most of the S3D requirements fit with the MegaM@Rt2 Framework Requirements for
Runtime Analysis. Runtime information, in the form of logs to be analyzed offline [RTA-10007] will be
used as feedback for the modeling phase and the tools related with this fase [RTA-20003]. To do so,
this information will be obtained from the code execution by annotations done in the code
[RTA-30004].

Additionally, some of the requirements presented for S3D are specific from the design-time phase and
have no direct relationship with the run-time analysis, such as [S3D-030] and [S3D-050].

To perform this process, all these requirements will be solved during the different steps of the project.
Previous tools [UCAN-UML] provide features for analysis and optimization of embedded systems from
UML/MARTE models and XMl files [S3D-010, S3D-020, S3D-120]. As a result, these requirements
are considered as baseline elements, although they will be extended during the project according to
the needs resulting from the new developments to be performed. Then, support features for
performance estimation and code generation capable to handle the project needs will be generated at
the initial steps [S3D-030, S3D-050, S3D-080]. Once these features will be available, it will be
ensured the support of a continuous integration process supporting multi-level verification, as an
intermediate step [S3D- 060, S3D-090]. And finally, support for test generation, runtime information
collection, functional and non-functional validation and schedulability analysis will be solved at the end
of the project [S3D-040, S3D-070, S3D-100, S3D-110].

S3D-010 | S3D shall support UML/MARTE WP2, WP3 | RTA-00004, RTA-20003

S3D-020 | S3D shall support analysis and design of mixed-criticality embedded | WP2, WP3 | RTA-00004
systems

S3D-030 | S3D shall provide fast performance estimations WP2 N.A. for WP3

S3D-040 | S3D Framework shall integrate links to schedulability analysis tools | WP2, WP3 | RTA-20003
using models consistent with the generated code

S3D-050 | S3D Framework shall support automated generation of a simulatable | WP2 N.A. for WP3
performance model

S3D-060 | S3D Framework shall support continuous integration process that | WP2, WP3 | RTA-40002
supports test execution

S3D-070 | S3D Framework shall support test execution with functional and | WP2, WP3 | RTA-30004
non-functional validation
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S3D-080 | S3D Framework shall provide required code (C/C++) and makefiles | WP2, WP3 | RTA-00004, RTA-30004.
to provide target binary executables

S3D-090 | S3D Framework shall support multi-level verification (functional, | WP2, WP3 | RTA-40002, RTA-40003,
virtual and real) RTA-40004.

S3D-100 | S3D Framework shall support automatic tests generation for | WP2, WP3 | RTA-40001, RTA-40002.
design-time component verification

S3D-110 | S3D Framework shall support automatic tests generation for run-time | WP2, WP3 | RTA-40004, RTA-40005.
component verification

S3D-120 | S3D supports XMl interface to exchange models with external tools WP2, RTA-00004
WP3, WP4

6.3 PADRE

PADRE is an Eclipse-based framework that enables, in a unique environment, performance
antipatterns detection on UML-MARTE software models [PADRE-010] and refactoring of the latter
based on detection results. The modular structure of the framework has been described at high
architectural level in [D1.2], whereas the PADRE basic architecture is illustrated in Figure 6.2.

Performance antipatterns detection rules and refactoring actions on software models for a set of
well-known performance antipatterns can be specified in different languages offered by the EPSILON
platform [Kolovos, et al.], i.e. EPL, EVL, and EWL. By exploiting the different execution semantics of
such EPSILON languages, PADRE can support three different types of refactoring sessions at
different levels of automation [PADRE-050], namely batch multiple-step refactoring sessions (through
EPL) [PADRE-030], User-driven multiple-step refactoring sessions (through EVL) [PADRE-030], and
User-driven single-step refactoring sessions (through EVL or EWL) [PADRE-020].

PADRE is thus centered on three performance antipatterns (PAs) detection and solution engines that
provide different interactive support to the designer, and that are respectively based on those three
EPSILON languages, as in Figure 6.2. Firstly, the designer selects an engine to perform a specific
type of refactoring session, which is then started with respect to an initial UML-MARTE software
design model, i.e. M, given as input. During the refactoring session, a number of new refactored
models, i.e., M,,..,M,_,, can be created until a software model that reaches performance requirements,
i.e. M,.
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Figure 6.2: PADRE basic architecture

Each model involved in the process is required to be a UML model properly annotated with MARTE
stereotypes and tags [PADRE-010] that represent the information needed to execute a
Performance-oriented Model Integration step (not reported in Figure 6.2), that is: (i) the performance
parameters required to generate and solve a performance model, and (ii) the performance indices
required by antipattern detection and refactoring, and that are filled in with the outputs of the
performance model solution. Such integration step enables multiple-step refactoring sessions
[PADRE-030].

Besides, a performance expert has to build a basic knowledge, namely K,y .varte: Which is the
UML+MARTE representation of performance antipatterns detection rules and refactoring actions that
can be applied to remove them. Such knowledge is then used to produce detection and refactoring
code for one type of supported refactoring session.

Additionally, that code can be translated to other supported EPSILON languages [PADRE-040] in
order to enable further types of refactoring sessions. This transformation mitigates the effort needed
to exploit all the types of refactoring sessions supported by PADRE [PADRE-050], since it avoids the
performance expert to manually write additional code.

Finally, a PADRE extension is planned, basically consisting in the exploitation of runtime traces
information during the UML-MARTE design model refactoring driven by performance antipatterns
detection [PADRE-060], in order to improve the precision of the overall framework.

The next table summarises the mapping of PADRE purposes to MegaM@Rt2 Framework
Requirements for Runtime Analysis. As emerging from the table, most of the PADRE purposes are
specific from the design-time phase and have no direct relationship with the MegaM@Rt2 Framework
Requirements for Runtime Analysis, such as [PADRE-020] and [PADRE-030]. However, the planned
PADRE extension [PADRE-060] maps to [RTA-00009], where run-time information, in the form of
traces, will be used as feedback for the design phase.
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PADRE-010 | PADRE shall support UML software design models profiled with MARTE for | WP2 N.A. for WP3
performance attributes.

PADRE-020 PADRE shall provide facilities for user-driven single-step refactoring of | WP2, WP4 | N.A. for WP3
UML-MARTE software design models, driven by performance antipatterns
detection.

PADRE-030 | PADRE shall provide facilities for multiple-steps refactoring of [ WP2, WP4 | N.A. for WP3
UML-MARTE software design models, driven by performance antipatterns
detection.

PADRE-040 | PADRE shall provide porting facilities for translating performance | WP2, WP4 [ N.A. for WP3
antipatterns detection rules and refactoring actions among different
languages provided by the EPSILON platform.

PADRE-050 | PADRE shall enable different types of refactoring sessions at different levels | WP2, WP4 [ N.A. for WP3

of automation.
PADRE-060 | PADRE shall exploit runtime traces information during model refactoring | WP2, RTA-00009
driven by performance antipatterns detection. WP3, WP4

6.4 CHESS

CHESS, as introduced in [D2.1], is a flexible Papyrus plug-in, basically conceived to design
high-integrity embedded systems and to verify that the architected model comply with the given
non-functional properties. The modular structure of the plug-in has been described at high
architectural level in [D1.2]. A more detailed presentation of CHESS tools and purpose functionalities
is available in [D2.2] since it mostly concern to System Engineering Tool Set functionalities and
services.

CHESS offers an integrated environment and a component-based engineering methodology
supported by the CHESSML modeling language profiled from UML, SysML and MARTE
[CHESS-010]. The CHESSML is related to the CHESS Component Model approach [CHESS-020],
which is built around the concepts of components, containers and connectors as illustrated in Figure
6.3. It supports the separation of concerns principle, strictly separating the functional aspects of a
component from the non-functional ones that are specified by decorating the component’s interfaces
[CHESS-050].

Connector AR |

Execution platform

Figure 6.3: CHESS component model approach
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A component represents a purely functional unit, whereas the non-functional aspects are in charge of
the component’s infrastructure and delegated to the container and connectors. The container is a sort
of wrapper enveloping the user's component, which is responsible for the realization of all
non-functional properties that are specified for the component that it embeds. The connector is
responsible for the interaction between components; it allows to decouple interaction concerns from
functional concerns. From the interaction perspective, components are considered as black boxes
that expose only their provided and required interfaces.

Following the CHESS methodology, the user specifies the system’s components, declaring their
functional and non-functional properties, thus providing a Platform Independent Model (PIM) to
represent the solution to the problem, independent of any specific implementation [CHESS-090].

Automated model transformation produces a Platform Specific Model (PSM) from the user PIM and
platform specification [CHESS-090]; in particular the containers and connectors entities are created in
the PSM. The PSM is read-only: this way the implementation product is guaranteed to be
deterministic. Real-time and Failure Propagation analysis [CHESS-060, CHESS-070, CHESS-080,
CHESS-110], can be performed based on the PIN and the PSM, with back propagation of results to
the PSM, PIM platform and deployment models.

Contract-based reasoning was first envisaged as an extension to CHESS in the ESA funded FoReVer
study [FoReVer] and further elaborated within the SafeCer project [SafeCer]. Component properties
are formalized in terms of contracts [CHESS-030]. Stepwise refinement is subject to formal
verification and is a key point in the overall verification process [CHESS-040].

In addition, several facilities inherited from Papyrus environment, like XMI import/export interface
[CHESS-110], are available.

The separation of functional and extra-functional concerns, as prescribed by the CHESS component
model, is naturally reflected in the produced code. For each specific domain an appropriate code
generator has been developed from CHESSML to: Ada (space domain), Ada/C/C++ (railway domain),
C++ (telecom domain), EAST-ADL2/AUTOSAR/-C/Java/RTSJ (automotive domain) [CHESS-100].

Generators primarily produce infrastructure code, which reflects the information available in the PSM.
Therefore, the code generators do not produce code that implements functional behaviour. In fact, the
general approach in CHESS is for code generators to treat the functional view separately from the
rest. Functional code is intended to emanate from component implementations independent from
extra-functional decorations. The infrastructure code addresses the extra-functional and deployment
dimensions (thus covering, e.g., transparent distribution); it traps all invocations directed to and from
components and operates the forwarding as required, transparently to the functional code. Moreover,
generated code can be analysed and results meaningfully propagated back to the source models for
evaluating the preservation of extra-functional properties from models to code.

The [CHESS-100] purpose is the only one related to this WP3-code generation aspect, the other

CHESS functionalities are related to the modeling and system verification at design time practice, thus
are not applicable to this WP.

Page 30 of 84



MegaM(@ Rt

CHESS-010 | CHESS provides CHESSML modelling language, implemented as UML, | WP2 N.A. for WP3
MARTE and SysML profile

CHESS-020 | CHESS provides a Component Model to represent functional and | WP2 N.A. for WP3
non-functional aspect of a system

CHESS-030 | CHESS supports the modelling of contracts WP2 N.A. for WP3
CHESS-040 | CHESS provides contract refinement analysis WP2 N.A. for WP3
CHESS-050 | CHESS supports the modelling of timing and dependability properties WP2 N.A. for WP3
CHESS-060 | CHESS provides schedulability analysis WpP2 N.A. for WP3
CHESS-070 | CHESS provides state based analysis WP2 N.A. for WP3
CHESS-080 | CHESS provides failure propagation analysis WP2 N.A. for WP3

CHESS-090 | CHESS provides model-to-model transformation from PIM to PSM to support | WP2 N.A. for WP3
schedulability analysis

CHESS-100 | CHESS supports ADA code generation for structural elements WP3 RTA-30001
CHESS-101 CHESS support XMl interface to exchange models with external tools WP4 N.A. for WP3
CHESS-110 | CHESS will support performance analysis based on MOSES methodology WP2 N.A. for WP3

6.5 XPM

XPM (XtratuM Project Manager) is a rich client platform (RCP) application to automatically generate
the deployment for a target partitioned system based on the XtratuM hypervisor [XPM-010, XPM-020].
The main goal is to provide an efficient way to develop real-time and embedded applications with
minimal intrusion on the target system.

The deployment generated from a XtratuM configuration comprises the required files (makefiles,
customisation files, etc.) [XPM-030, XPM-050] for building the whole system according to the
execution environments (XAL, PaRTiKle or LithOS) of the partitions [XPM-040].

The workflow assumes that the model is initially created in Xamber specifying all the available
information to create a partial configuration file. This partial config file is the input to XPM and is used
to create a template with all the tree structure of the XM project and part of the source code related to
the creation of partitions and communication channels [XMP-060]. This tool is being developed from
scratch in the framework of this project.

The next table summarises the mapping of XPM purposes to MegaM@Rt2 Framework Requirements
for Runtime Analysis.

XPM-010 | XtratuM Plug-in shall provide a new type of project, the XtratuM Project Manager | WP2, WP4 | N.A. for WP3
(XPM)
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XPM-020 | XtratuM Plug-in shall provide XPM project management functionality WP2, WP4 | N.A. for WP3

XPM-030 | Given a XtratuM installation path, XtratuM Plug-in shall provide the following | WP2, WP3 | RTA-30001
XPM project model elements: Xtratum, Execution environment(s) and Partition(s)

XPM-040 | XtratuM Plug-in shall provide support for the following Execution Environments: | WP2, WP3 | RTA-30001
Partikle, XAL and LithOS

XPM-050 | XtratuM Plug-in shall be able to generate the Deployment of a XPM project, that | WP2, WP3 | RTA-30001
is, to generate all the files required to build every partition according to its
Partition Execution Environment

XPM-060 | Given a XtratuM configuration file, XPM shall provide an XPM project with all the | WP2, RTA-30001
model elements required by the system WP3, WP4

XPM-070 | XtratuM Plug-in shall be able to build the whole system under a Linux-based | WP2 N.A. for WP3
system

6.6 Papyrus

Atos plans to provide an open-source tool supporting code generation from UML models. Building on
the top of Papyrus as UML modeling tool, Atos will provide code generation facilities to produce
different kinds of source code: functional code, aspects, tests, probes, etc. More specifically, we need
to satisfy the following framework requirements:

e The framework should provide code generation capabilities for different programming
languages [RTA-30001].

e The framework should provide capabilities for generating monitors [RTA-30003].

e The framework should provide support for generating instrumented code [RTA-30004].

Papyrus provides two baseline purposes to realize those requirements:

e Direct code generation for specific programming languages [PAPYRUS-130].
e Custom code generators for component interaction and communication [PAPYRUS-150].

Regarding the framework requirement related to using AOM techniques to facilitate code generation,
runtime verification and validation [RTA-00001], Atos has identified the opportunity to develop, on the
top of Papyrus, a tool with the following purposes:

e Modeling support to aspect-oriented programming [PAPYRUS-170].
e Code generation of aspect-oriented-programming code [PAPYRUS-180].

The problem is that this framework requirement does not seem to be refining any use case
requirement. This would mean that there is no justification to include purposes realizing such a
requirement [RTA-00001] in the Runtime Analysis Tool Set.

PAPYRUS-010 Give support to 100% UML standard language, including all diagrams. WP2, WP4 | N.A. for WP3

PAPYRUS-020 Leverage UML extension mechanisms to create DSLs. WP2 N.A. for WP3
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PAPYRUS-030 Customize UML editors, views, perspectives and model explorer based | WP2 N.A. for WP3
on UML stereotypes.
PAPYRUS-040 Give support non-functional aspects modeling. WP2 N.A. for WP3
PAPYRUS-050 Give support to modeling of real-time systems, including rich time and | WP2 N.A. for WP3
resource modeling and allocation.
PAPYRUS-060 Give support to annotation-based modeling of extra-functional properties | WP2 N.A. for WP3
(e.g., scheduling and performance).
PAPYRUS-070 Give support to system engineering. WP2 N.A. for WP3
PAPYRUS-080 Integration with Git control version system. WP2 N.A. for WP3
PAPYRUS-090 Model compare and merge for version control. WP2 N.A. for WP3
PAPYRUS-100 Central model repository to allow for collaborative modelling. WP2 N.A. for WP3
PAPYRUS-110 Collaborative modelling by means of a central model repository. WP2 N.A. for WP3
PAPYRUS-120 Design applications through a component-based model and deploy WP3 Discussed in
them on heterogeneous platforms. gap analysis
PAPYRUS-130 Direct code generation for a specific programming language (Java, C++ | WP3 RTA-30001,
and C). RTA-30003,
RTA-30004.
PAPYRUS-140 Support to reverse and round-trip engineering. WP3 Discussed in
gap analysis
PAPYRUS-150 Create custom code generators for component interaction and | WP3 RTA-30003,
communication. RTA-30004.
PAPYRUS-160 Model composition through aspect-oriented modeling (model weaving). WP2 N.A. for WP3
PAPYRUS-170 Modeling support to aspect-oriented programming. WP3 RTA-00001
PAPYRUS-180 Code generation of aspect-oriented-programming code. WP3 RTA-00001
PAPYRUS-190 System variability modelling through feature models WP2 N.A. for WP3

Two baseline purposes of Papyrus that had been identified as relevant in early stages of this analysis,
could not be traced back to any case study or framework (system) requirement:

e Design applications through a component-based model and deploy them on heterogeneous
platforms [PAPYRUS-120].
e Support to reverse and round-trip engineering [PAPYRUS-140].

The rest of purposes of Papyrus are baseline [PAPYRUS-010, PAPYRUS-020, PAPYRUS-030,
PAPYRUS-040, PAPYRUS-050, PAPYRUS-060, PAPYRUS-070, PAPYRUS-080] or will be
developed [PAPYRUS-100, PAPYRUS-110, PAPYRUS-160, PAPYRUS-190] in this project as part of
the systems engineering capability of the Megamart framework. Therefore, they will not be analyzed
here.

Page 33 of 84



MegaM(@Rt

6.7 AIPHS

AIPHS, acronym of Adaptive Profiling HW Sub-system, is basically conceived to support designers on
the development of On-Chip Monitoring Systems (OCMSs) able to satisfy given Monitorability
Requirements, namely requirements about possibility to observe the behaviour of a system with the
goal of collecting metrics (e.g. related to execution time), without inserting SW overhead. It is a
flexible framework that targets SoCs implemented on Field Programmable Gate Arrays (FPGAs), or
on Integrated Circuits (ICs) integrating some reconfigurable logics.

The modular architecture of the framework has been already described in [D1.2]. In more detail,
OCMSs developed through AIPHS are based on a general reference architecture, shown in Figure
6.4, composed of a number of Sniffers (S) that can extract raw information from the system under
analysis, called Unit Under Monitoring (UUM) and represented as a number of tasks. Raw information
are fed into Event Buffers (EB), then they propagate toward a number of Monitors (M) able to process
raw information and extract monitoring information (e.g. through filtering and aggregation).

okl
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Figure 6.4: General reference architecture for OCMSs

Left side of Figure 6.5 shows a general on-chip embedded system HW architecture, composed of
on-chip and off-chip areas. The former can contain different Cores, that can be programmable
processors or dedicated accelerators, with possible Cache memories. Cores can share different
peripherals and controllers, indicated as Per. 1, Per. N. Off-chip area can contain memories (such as
RAM or Flash) and Network interfaces, indicated as Net. Interf. Then, right side of Figure 6.5 shows
the same system integrated with an OCMS developed using AIPHS framework: sniffers are
distributed along the HW architecture, and they send information to Monitors M1 and M2.

On-Chip Area Off- -Chi

p Chip On-Chip Area Off-
Core Core | ___|cCore Area Core Core| | cCore Chip
1 2 N A 2 N I Aren

\Cache| |Cache| |Cache| Cache| |Cache Cache

System | [

— —i Ext. 1 [
Net || Bus | - Net System Ext.
interr. ] > [T[Ram Interf. e s A BOE > Fram

[Per. 1] [Per.2] -~ [Per. N Per. 1] [Per. 2]~ [Per. N]

Figure 6.5: Embedded system hardware architecture without OCMS (left) and with OCMS (right)
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AIPHS has a library of elements that is filled with a set of digital components, that allow to evaluate
several metrics in different Intellectual Property (IP) cores based scenarios: they are described in
VHDL language [AIPHS-010]. In more detail, the metrics that can be currently evaluated by means of
an OCMS developed with AIPHS are:

e metrics for memory exploitation: in particular, count of the number of read and/or write
operations in a given time period for a specified memory area, evaluation of the elapsed time
between two memory accesses and evaluation of the total number of cache hits and misses
in a given period of time [AIPHS-030];

e metrics for HW communications: in particular, evaluation of the number of transactions
occurring during a specified monitoring period of time over a monitored bus, evaluation of the
amount of transferred data and the elapsed time to perform such a transfer, and to measure
the latency referred to single transactions [AIPHS-030];

e metrics for overall execution time: in particular, measurement of overall execution time spent
executing specific segments of code on a single core [AIPHS-020];

e metrics for code coverage: in particular, evaluation of the percentage of instructions covered
(i.e. executed) by a set of runs.

The AIPHS framework is also extensible with new components to consider more metrics. Figure 6.6
shows how to use AIPHS.
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_ LIB_MPIN _MH Target Adapter P = o
LIB_NUCLEUS \ MP _-_--"""H Sysiem Bus | | En
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Figure 6.6: Use of AIPHS

The framework will be extended, still basing to Figure 6.4, in order to consider the most relevant
existing monitoring systems [AIPHS-040]. Then, starting from this, a methodology to suggest the best
monitoring mechanism to be used in a given system, depending on data of interest and constraints to
be satisfied, will be defined [AIPHS-050] [AIPHS-060].

AIPHS-010 | Distributed hardware monitoring system for target on FPGAs, written in | WP3 | RTA-00007,
VHDL RTA-00008,
RTA-20004,
RTA-20006,
RTA-20008.

AIPHS-020 | Runtime generation of logs for WCET analysis WP3 | RTA-00007,
RTA-00008.

AIPHS-030 | Runtime generation of logs for performance measurements on targets | WP3 | RTA-00007,
with multi-core processors, running bare-metal and Linux based RTA-00008,
applications RTA-20002.
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AIPHS-040 | Generalization of the concept among monitoring infrastructures by | WP3 | RTA-00010,
defining a general reference architecture that can be adapted to different RTA-20004,
applications RTA-20008.

AIPHS-050 | Develop a methodology to suggest the best monitoring mechanisms to be | WP3 | RTA-10004,
used in a given system, depending on data of interest and constraints to RTA-10006,
be satisfied. RTA-10007,
RTA-20003,
RTA-20004,
RTA-20007.

AIPHS-060 | Provide case study support to select the best monitoring infrastructure WP3 | RTA-00007,
RTA-10004,
RTA-10006,
RTA-10007,
RTA-20003,
RTA-20004,
RTA-20007.

6.8 JTL

JTL, as introduced in [D4.1], is an Eclipse EMF-based tool, realized to design and manipulate models
[JTL-010, JTL-020], maintain consistency and synchronize software artifacts [JTL-030], keep
traceability during design [JTL-040, JTL-050]. Its constraint-based and relational model
transformation engine is specifically tailored to support bidirectionality, change propagation and
traceability.

The JTL transformation mechanism provides a relational semantics relies on Answer Set
Programming (ASP) given a change to one source, JTL uses the DLV constraint solver to find a
consistent choice for the other source. JTL has been proposed for dealing with non-deterministic
transformations, thus it allows to specify non-bijective correspondences between source and target
models (both in terms of consistency relations and traceability links). Furthermore, more than one
solution models can be generated as output of the bidirectional transformation according to the
non-deterministic specification.

The overall architecture of the environment supporting the execution of JTL transformations is
reported in Figure 6.7. The JTL engine is written in the ASP language and makes use of the DLV
solver to execute transformations in both forward and backward directions. The engine executes JTL
transformations which have been written in a QVT-like syntax, and then automatically transformed
into ASP programs. Such a semantic anchoring has been implemented in terms of an ATL
transformation defined on the JTL and ASP metamodels. Also the source and target metamodels of
the considered transformation (MM MM,,..;) are automatically encoded in ASP and managed by
the engine during the execution of the considered transformation and to generate the output models.

source?

The overall architecture has been implemented as a plug-in of the Eclipse framework and mainly
exploits the Eclipse Modelling Framework (EMF). Moreover, the DLV solver has been wrapped and
integrated in the overall environment.
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Figure 6.7: Overview of the JTL approach

Within JTL, the tracing information mechanism stores relevant details about the linkage between
source and target model elements at execution-time (including the applied transformation rules). The
traceability mechanism is an intrinsic characteristic of the ASP-based engine. Trace links are
extrapolated during the transformation execution and made explicit by the framework. Thus, trace
models are explicit and maintained as models conforms to the JTL Trace Metamodel, as defined in its
Ecore format within EMF. Trace models can be stored, viewed and manipulated (if needed) from the
designer. Within JTL, trace models are re-used during the transformation execution. In particular,
trace model, can be given as input of the transformation in order to (re-) establish consistency,
manage ambiguities and guarantee the correctness of the transformation (see Figure 6.8).
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Figure 6.8: Traces in the JTL approach
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The JTL tool components, as described in [D2.1], are:
- Bidirectional Model Transformation Engine: that allows executing model transformation in
forward and backward direction according to the relational specification.
- Traceability Engine: that allows to generate trace links that relate source and target model
elements, for each transformation executions and maintain them in dedicated models.
- DLV Constraint Programming Solver: the Bidirectional Model Transformation Engine and the
Traceability Engine relies on the DLV-based solver.
The JTL framework has been implemented within the Eclipse EMF framework and has been realized
as a set of plugins that exploiting Eclipse RCP [JTL-070].

The JTL tool component extends the Traceability Facilities conceptual component by:

- generating traceability links between heterogeneous software/runtime models [JTL-040]

- maintaining links in an explicitly way by means of traceability models [JTL-050]

- propagating feedbacks obtained from the tracing analysis back to the software models [JTL-060]

The mapping between the JTL Tool Component Requirements and the Framework Requirements for
Runtime Analysis is shown in the table below. JTL is an EMF-based tools [JTL-010] that supports
heterogeneous modeling languages based on EMF Ecore and that can be integrated with other
Eclipse-based modeling tools in order to support the definition of design and runtime models
[RTA-00004]. JTL intends to improve its baseline capabilities and provide requirement traceability
facilities at runtime [RTA-00006] by allowing the representation of runtime information and the
definition and generation of traceability links between (software/runtime) models [JTL-030, JTL-040,
JTL-050].

The capabilities to collect and analyse information from different sources and taking advantage of the
relationships between a set of runtime models [RTA-00009, RTA-00010] are related to the JTL
purpose [JTL-060]. In fact, JTL intends to define bidirectional relations between design and runtime
models that describe also how specific mappings may represent relevant inference information.
Furthermore, JTL intends import software analysis capabilities from other tools (for instance, PADRE)
to obtain feedbacks. Feedbacks obtained from the non-functional analysis are back propagated by
means of the JTL transformation engine.

JTL-010 JTL shall support the definition of software design models in a | WP2, WP3, [ RTA-00004
metamodel-independent way (within EMF). WP4

JTL-020 | JTL shall support the definition of runtime models (within EMF). WP3, WP4 | RTA-00004

JTL-030 JTL shall support the specification and execution of bidirectional model | WP2, WP3, | RTA-00006
transformations between (software/runtime) models. WP4

JTL-040 JTL shall support the definition and generation of traceability links between | WP3, WP4 RTA-00006
(software/runtime) models.

JTL-050 JTL shall collect traceability links in traceability models conform to a dedicated | WP3, WP4 RTA-00006
metamodel.

JTL-060 | JTL shall support the propagation of changes between (software/runtime) | WP3, WP4 [ RTA-00009,
models and correspondent traceability models. RTA-00010.

JTL-070 JTL shall support the integration with other Eclipse-based modeling tools. WP4 N.A. for WP3

Page 38 of 84



MegaM(@ Rt

6.9 PauWare

The main idea beyond model execution is that a model is specifying the behaviour of a system. By
behaviour, we mean when and why calling business actions. For instance, a state machine can
control the activation of elements of an elevator system, that is, when opening and closing its doors,
winding or unwinding the cable to reach a given floor, depending of the interaction of the user with the
interface of the elevator system.

PauWare enables to program in full plain Java a UML state machine and to associate business
methods with states and transitions of this state machine that will be executed by the PauWare
engine. A complete and final running system can then be implemented using PauWare under the form
of a standalone application.

PauWare is composed of a Java API enabling to program state machine contents (definition of states,
transitions and associated business methods) and of an execution engine. The engine executes the
state machine by processing events: when an event occurs, transitions are triggered and the required
business actions are executed.

For reducing the gap between the design and the implementation phases, code generation features to
the PauWare API from UML state machines [PAU-040] designed for instance with Modelio or
SC-XML specifications [PAU-050] will be developed. They will ensure that the implemented state
machine in the PauWare Java code is exactly the one that has been designed by the engineer. Then,
the engineer will have to implement the business actions associated with the state machine.

PauWare will also be extended with execution verification [PAU-020] and execution trace generation
[PAU-030] features to ensure that the state machine is being or has been executed correctly.
Verification is used during the execution. Execution traces are analyzed after the execution. These
features will be the most generic as possible and will be defined under a set of a meta-model and
Java code engines. This set will be integrated with PauWare but will also be available for any
Ecore-based executable language. It can then be used to add verification and trace features for any
executable DSML.

PAU-010 PauWare shall be integrated in the MegaM@Rt2 tool framework for | WP2 N.A. for WP3
simulation of UML state machines at design

PAU-020 PauWare shall be extended with runtime verification features that | WP2, WP3 | RTA-00001,
could also be used for i-DSML (interpreted/executable DSML) RTA-00002,
RTA-30004,
RTA-40007.

PAU-030 PauWare shall be extended with execution trace generation features | WP2, WP3 | RTA-10006,

that could also be used for i-DSML (interpreted/executable DSML) RTA-10007,
RTA-30004.
PAU-040 PauWare shall be extended with code generation or model | WP2 N.A. for WP3

interpretation for UML state machine diagrams (currently, only a
partial prototype exists)
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PAU-050 PauWare shall be extended with code generation or model [ WP2 N.A. for WP3
interpretation for SC-XML specification (currently, only a partial
prototype exists)

6.10 CMA

CMA, acronym of Completeness Metric Analyzer is a tool which provide measures that can be used to
assess the quality of a requirement specification process with respect to completeness including the
safety requirements. The tool is able to analyze XML files which store a set of requirements (natural
language or boilerplate requirements).

After the files are read, the percentage value of each category is calculated and displayed graphically.
Is also indicated by a summary report (OK, Warning, No Value) the adherence of the entered
requirements to a set of a statistical profile depending on the particular application domain and the
used categories.

The tool shows through a graphical representation, the theoretical curve related to a specific
application domain and the la associated curve to the entered requirements in order to support the
analysis on the quality/completeness of the entered requirements.

The tool allows to save the report of the analysis performed exporting products data on XML format.
The tool can be used in different application domains with several requirements and several
categories statistical profiles; to do this there is a configuration function: it is possible Editing (add and
remove) requirement categories. This feature allows to add, edit or remove new domain-specific
requirements categories or new specific requirements. The tool allows, also, to define the minimum
Thresholds that each requirement category must be overcome. The definition of the thresholds
indirectly allows to draw different statistical profile in order to delineate the different statistical weights
according to different application domains.

CMA-010 | CMA shall make sure that all requirements categories are covered. WP2, WP3, WP4 | RTA-00004

CMA-020 | CMA shall analyze how the coverage of requirements has been | WP2, WP3, WP4 | RTA-00004
performed.

6.11 Certifylt

This section outlines the capabilities of the Smartesting Certifylt tool. It also cites and explains its
expected requirements (annotated in the form of CERTIFYIT-XXX) regarding the MegaM@Rt2
project. These requirements are also synthesized in a dedicated table given at the end of the section.

As introduced in Deliverable D3.1, Smartesting Certifylt is a commercial model-based testing (MBT)
solution that automatically generates test cases on the basis of a model describing the system
requirements [CERTIFYIT-010]. As specification modeling language, Certifylt supports UML/OCL
models edited by an Eclipse-based UML modeller, especially IBM RSA tool [CERTIFYIT-040]. From
these test models, Certifylt automatically derives test cases by applying dedicated coverage
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strategies that constitute test objectives. These generation strategies can be configured using
dedicated panels that allows users to customize test generation directives according to test goals
[CERTIFYIT-020]. Finally, the generated test cases can be concretized into executable scripts. The
test verdict obtained by executing such tests on the concrete system under test (or a simulation
platform as well) makes it possible to to evaluate the conformance of the software implementation
with respect to the required properties and functionalities specified in the test models from which the
test cases are derived.

Finally, some material, including tutorials, can be provided to users to help them using the solution,
and to explain the expectation and good practices for each step of the process [CERTIFYIT-030],
which is depicted in Figure 6.9 below. Figure 6.9 indeed describes the overall MBT process supported
by Smartesting Certifylt. This process can basically be divided into the following three main steps.

Modeling for Test Generation. From functional aspects the system under test, the test model is
developed using a UML subset, called UML4MBT, in an eclipse-based modeling environment and is
checked for consistency [CERTIFYIT-050, CERTIFYIT-060]. This test model captures the expected
behavior of the system under test, i.e. operations and functions, and specifies the requirements, i.e.
constraints on data and function parameters, we want to test.

Automated Test Generation. Test selection criteria are chosen to guide the automated test
generation so that it produces a test suite aligned with the test strategy [CERTIFYIT-070]. In this
context, the system requirements are linked to the elements of the test model, and the coverage of
these requirements drives the test generation algorithms. The precise and unambiguous meaning of
the UML4MBT test model makes it possible to simulate the execution of the model, to use it as an
oracle by predicting the expected output of the system under test, and finally to provide traceability
matrix that gives a clear functional coverage metrics. In this way, one or more abstract test cases are
produced. Such an abstract test case takes the form of a sequence of steps, where a step
corresponds to an operation call representing either an action or an observation of the system under
test. The resulting test suite can then be exported for documentation [CERTIFYIT-080], typically as
HTML pages, for specification [CERTIFYIT-090], typically using XML-based format, and as
executable scripts [CERTIFYIT-100]. This last export enables to automate the execution of the
generated test cases and to collect the related verdict assignment.
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Figure 6.9: Smartesting Certifylt overall process

Automated Test Execution on a Test Bench. Once the test suite has been generated, the test
cases are run. Test execution may be manual—i.e. by a physical person—or may be automated by a
test execution environment that provides facilities to automatically execute the tests and record test
verdicts. For example, the tests can be generated into Java language and automatically executed
using the JUnit framework: each abstract test case defines a JUnit test case, while the set of test
cases creates a JUnit test suite. To bridge the gap between abstract and executable data, a file,
containing the prototype of each operation of the system under test, allow the linking between abstract
and concrete structures. The test automation engineer is in charge of implementing each operation
and data of this interface. Moreover, the executable test suite embeds traceability information
regarding the behaviors as well as the requirements specified in the test model [CERTIFYIT-110].
These traceability links enable engineers to have a precise feedback when a test fails.

It should be noted that Certifylt is not the only test generation tool provided by MegaM@R(t2 partners.
It thus complements this panel, in particular CompleteTest, by offering a solution dedicated to high
level functional modeling. Indeed, CompleteTest takes, as test model, Function Block Diagrams,
which allow modeling a more technical description of the system under test than the UML diagrams
used by Certify as test generation input. The abstraction level and expressiveness of the UML test
models supported by Certifylt are however quite similar to the UML-based test models supported by
the Conformiq Designer test generation solution. However these both approaches differ in the
algorithms they apply to derive test cases from such models and regarding traceability facilities.
Therefore, within MegaM@Rt2, it would be interesting to compare them notably in terms of test case
accuracy, scalability and user-friendliness.

The following table summarizes the tool requirements previously introduced and cited in the
presentation of the Smartesting Certifylt tool.
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CERTIFYIT-010 Certifylt shall support a reliable, scalable and (semi-)automated offline testing | WP3 | RTA-00003,
method RTA-10001.
CERTIFYIT-020 Certifylt shall provide user-friendly GUI to support model-based testing solution | WP3 | RTA-40002
CERTIFYIT-030 Certifylt shall provide guidelines and documentation to use the model-based | WP3 | Discussed in
testing solution gap analysis
CERTIFYIT-040 Certifylt shall be connected to a modeling solution import UML/OCL test | WP3 | Discussed in
models gap analysis
CERTIFYIT-050 Certifylt shall support syntactic and functional validation of UML/OCL test | WP3 | Discussed in
models gap analysis
CERTIFYIT-060 Certifylt shall support verification to ensure test model consistency and | WP3 | Discussed in
compliance regarding the solution gap analysis
CERTIFYIT-070 Certifylt shall automate the derivation of functional black-box test cases from | WP3 | RTA-00002
UML/OCL test models
CERTIFYIT-080 Certifylt shall publish specifications describing the generated test cases WP3 | RTA-00007,
RTA-10006,
RTA-10007.
CERTIFYIT-090 Certifylt shall publish documentations describing the generated test cases WP3 | RTA-00007,
RTA-10007,
RTA-40004.
CERTIFYIT-100 Certifylt shall generate executable scripts implementing the generated test | WP3 | RTA-10007
cases
CERTIFYIT-110 Certifylt shall manage traceability between functional requirements, test model, | WP3 | RTA-00006
generated test cases and related executables test script
CERTIFYIT-120 Certifylt shall serve as basis to support online model-based testing approach WP3 | RTA-10006,
RTA-40002,
RTA-40003.

Within the MegaM@Rt2 project, and as expressed by the last requirement of the table
[CERTIFYIT-120], the Smartesting Certifylt tool engine will serve as basis to provide and support
on-line model-based testing. This new feature will be developed during the project and will result in a
dedicated Certifylt plugin called MBeetle, which is introduced in the next section.

6.12 MBeetle

This section outlines the expected capabilities of the Smartesting Certifylt plugin called MBeetle. It
cites and explains its expected requirements (annotated in the form of MBEETLE-XXX) regarding the
MegaM@Rt2 project. These requirements are also synthesized in a dedicated table given at the end
of the section.

As introduced in Deliverable D3.1 and at the end of the previous section, MBeetle defines a

Smartesting Certifylt plugin [MBEETLE-040, MBEETLE-050] aiming at addressing online
model-based testing issues [MBEETLE-010]. More precisely, MBeetle is an add-on for Certifylt: it will
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use the test data storage and the test generation engine of Certifylt, and will increase its capabilities
by addressing online testing. In this way, it thus extends the current capabilities of the Certifylt tool,
which only supports offline testing approach. The main difference between offline and online testing,
i.e. between Certifylt and MBeetle, is defined by the way test cases are generated and executed.
Indeed, using offline approach, the test cases, including operation calls and expected results, are all
generated prior to be executed. Using online testing, the test cases are generated at the same time
they are executed. This method notably allows the test engine to apply on-the-fly strategies to
produce more relevant and more adapted scenario regarding the current state or outputs of the
system under test.

A first challenge regarding this extension is to be able to combine, in a single on-the-fly process, test
generation, corresponding execution and result reporting. The expected process of this major feature
is depicted in Figure 6.10.

MODEL SYSTEM UNDER TEST

Initial Initial

State State

|7 Operationi(x, 1) ‘ | Operation1(x, 1) ‘
‘ State 1 ‘ " State 1 ‘
| _ |
|Operation3(vall,y) ! |Operation3(va|1, y) !

‘ Staten ‘ Staten ‘

Figure 6.10: MBeetle online testing approach

A second challenge consists to adapt, in runtime, the applied test generation strategy to generate
more accurate test scenario by capitalizing on system outputs. Moreover, MBeetle should also
provide the required capacity of reliability, reporting and scalability to help engineers to efficiently
validate the system under test. That is why MBettle needs to retain the same functionalities than
Certifylt in order to offer the same or similar level of service.

Therefore, to meet all these expectations, MBeetle aims to propose a customizable easy-to-use and
documented testing solution [MBEETLE-020, MBEETLE-030], which should verify and extend the
offline testing capabilities of Certifylt [MBEETLE-070] to:
e Support UML/OCL test models by offering the expressiveness required to model large
systems and corresponding requirements [MBEETLE-060].
e Generate test cases from adapted online testing strategies based on requirement coverage,
but also regarding current execution results [MBEETLE-080].
Publish abstract test cases for documentation or manual use [MBEETLE-110].
Generate executable test scripts into a testing environment for automated step-by-step
runtime execution [MBEETLE-090].
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e Manage traceability between requirements and generated testing artefacts such as test case
specifications, test scripts and related test execution results [MBEETLE-100].
e Provide efficient feedback to end-users to help them validating the system under test. This
feedback should thus be gathered at runtime and displayed in a dedicated live dashboard
[MBEETLE-110].

Finally, in comparison with the other test generation solutions provided by MegaM@Rt2 partners, in
particular CompleteTest and Conformiq Designer, the intended capacity of MBeetle to support online
testing appears to be key differentiator.

The following table summarizes these requirements and expectations about MBeetle.

cases including their execution status and results

MBEETLE-010 | MBeetle shall support a reliable, scalable and (semi-)automated | WP3 | RTA-00002, RTA-00003,
online model-based testing method RTA-00008, RTA-40002.
MBEETLE-020 | MBeetle shall provide user-friendly GUI to support the online | WP3 | RTA-10001, RTA-10006,
model-based testing solution RTA-40002, RTA-40004.
MBEETLE-030 | MBeetle shall provide guidelines and documentation to use the | WP3 | RTA-40002
online model-based testing solution
MBEETLE-040 | MBeetle shall be integrated into Certifylt as a plugin to offer a | WP3 | Discussed in gap
turnkey solution analysis
MBEETLE-050 | MBeetle artefacts shall be compliant with those manipulated and | WP3 | Discussed in gap
provided by Certifylt analysis
MBEETLE-060 | MBeetle shall support modeling expressiveness of the test models | WP3 | RTA-40002
supported by Certifylt
MBEETLE-070 | MBeetle shall use the offline testing capabilities implemented by | WP3 | RTA-40002
Certifylt
MBEETLE-080 | MBeetle shall implement relevant test strategies dedicated to online | WP3 | RTA-40002
testing
MBEETLE-090 MBeetle shall be connected to test bed to manage on-the-fly test | WP3 RTA-00006, RTA-00007,
execution and results RTA-10006, RTA-40004.
MBEETLE-100 | MBeetle shall manage traceability between functional requirements, | WP3 | RTA-00006, RTA-40002,
test model, generated test cases and related test results RTA-40004.
MBEETLE-110 | Mbeetle shall publish documentations describing the generated test | WP3 | RTA-00006, RTA-10001,

RTA-40004.

6.13 Conformiq Designer

Conformiq Designer is a solution for next generation automatic software testing. Instead of using test
cases, Conformiq Designer users have a model, which describes the System Under Test, or the
product or application you want to test. From the Designer model, written in a combination of UML
behavioral modeling and Java style action language, Conformiq Designer uses highly intelligent
algorithms to automatically determine the necessary tests and test data, and automatically generates
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scripts for automated execution. It also automatically creates test case documentation in any
language, and upload it to your Application Lifecycle Management or Test Management system. On
design changes, Conformiq Designer will automatically update the test cases identifying which are
new, which are the same, and which are no longer valid. The tests generated are optimized for fast
execution and create known coverage, improving the quality of your product.

In Conformiq Designer systems are modeled as possibly multi-threaded computer programs that
interact with an external, unspecified environment by message passing. These model programs are
written in a combination of Java code and UML state charts. Conformiq Designer allows for the simple
test automation of complex systems, such as embedded software and network equipment. Highly
intelligent algorithms automatically generate the necessary tests, which aids in improving software
quality.

CQDESIGN-010 | Designer shall provide GUI to support automated testing WP2, WP3 | RTA-10001,
RTA-20003.
CQDESIGN-020 | Conformiq Designer shall support fully automatic generation | WP2, WP3 | RTA-00002,
of test cases from models RTA-00005,
RTA-20001,
RTA-40001,
RTA-40002.
CQDESIGN-030 | Conformiq Designer shall support generation of executable | WP2, WP3 | RTA-40001,
test scripts RTA-40002,
RTA-40004,
RTA-40005.
CQDESIGN-040 | Conformiq Designer shall support generation of human | WP2, WP3 | RTA-40001,
readable test documentation RTA-40002,
RTA-40004,
RTA-40005.
CQDESIGN-050 | Conformig Designer shall support generation of test plans for | WP2, WP3 | RTA-40001,
manual test execution RTA-40002,
RTA-40004,
RTA-40005.
CQDESIGN-060 | Conformiq Designer shall support traceability analysis | WP3 RTA-00006,
between the generated test cases, test scripts, test RTA-40002,
documentation, test plans and the model RTA-40004.
CQDESIGN-070 | Conformig Designer shall support generation of dependency | WP2, WP3 | RTA-40001,
based test cases RTA-40002,
RTA-40004.
CQDESIGN-080 | Conformiq Designer shall support test generation from | WP2, WP3 | RTA-40001,
models based on user selected testing goals RTA-40002,
RTA-40004.
CQDESIGN-090 | Conformiq Designer shall support visualization of test cases | WP2, WP3 | RTA-10001,
in order to provide the end user an understanding of the RTA-40004.
purpose and origin of the test cases
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for data-flow testing

CQDESIGN-100 | Conformiq Designer shall support test generation in a | WP2, WP3 | RTA-40002
scalable fashion providing the means of deploying the
solution on cloud/cluster
CQDESIGN-110 | Conformiq Designer shall support model analysis and | WP2, WP3 | RTA-00002,
debugging facilities RTA-00005,
RTA-20001,
RTA-20003,
RTA-40004.
CQDESIGN-120 | Conformiq Designer shall support simulation of test cases | WP2, WP3 [ RTA-20003
against the model
CQDESIGN-130 | Conformiq Designer shall support model profiling WP2, WP3 | RTA-20003
CQDESIGN-140 | Conformiq Designer shall support verification of the model to | WP2 N.A. for WP3
ensure internal model consistency
CQDESIGN-150 | Conformiq Designer shall provide guidelines and | WP3 Discussed in gap
documentation to use the solution analysis
CQDESIGN-160 | Conformig Designer shall support automatic test generation | WP2 N.A. for WP3
for mutation testing
CQDESIGN-170 | Conformiq Designer shall support automatic test generation | WP2 N.A. for WP3

6.14 Convex Hull

The VTT Convex Hull tool must be able to utilize as input the execution logs of the target system. The
VTT Convex Hull tool must be able to provide visualization of what are outliers/anomalies . Simulated
data and authentic data both will be utilized in both tools. Timing properties, related to time-series
data, may be applicable, if needed. The VTT Convex Hull tool is specifically targeted at identifying the
outliers/anomalies. The tool can be applied as an automated tool, which collects data, processing it

and provides end results. The tool will be functional in online and offline cases.

ConvexHull-010

The VTT tools will analyze the logs and provide additional information on the
inputs received. The convex hull tool will define which inputs are valid and

invalid.

WP3

RTA-10000
RTA-10006

RTA-10007
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6.15 Clusterability

The VTT Clusterability tool must be able to utilize as input the execution logs of the target system.
The VTT Clusterability tool must be able to provide visualization of which elements form clusters (VTT
Clusterablity). Simulated data and authentic data both will be utilized. Timing properties, related to
time-series data, may be applicable, if needed. The VTT Clusterability tool only indicates possibilities
of potential root causes, therefore indirectly. The tool can be applied as an automated tool, which
collects data, processing it and provides end results. The tool will be functional in online and offline
cases.

Clustera-010 | The VTT tools will analyze the logs and provide additional information on the inputs | WP3 | RTA-10000,
received. The clusterability tool will define connection between data which were RTA-10006,
previously unknown. RTA-10007.

6.16 Moka

Atos plan to implement on the top of Moka a tool that allows to compare simulation and (real)
execution logs [RTA-10002]; this has been identified as one of the requirement for the execution logs
analysis capability of the Megamart framework. Atos plans to develop, on top of Moka (Moka is the
executable UML module of Papyrus), a tool with the following purposes to realize such a requirement:

e Generation of model execution logs [MOKA-060].
e Aggregation and visualization of model execution logs [MOKA-070].
e Comparison and visualization of execution logs against model execution logs [MOKA-080].

MOKA-010 | Steady and precise semantic foundations for UML and related standards, such as | WP2 | N.A. for WP3
SysML and MARTE.

MOKA-020 | Execution engine complying with OMG’s Foundational UML (fUML) standard for | WP2 | N.A. for WP3
model animation and simulation.

MOKA-030 | Specifying the behaviour of executable models by means of an action language: | WP2 | N.A. for WP3
OMG'’s Action Language for fUML (AlIf).

MOKA-040 | Textual notation edition with syntax highlighting, completion and content assistance. WP2 | N.A. for WP3

MOKA-050 | Run and debug UML models. WP2 | N.A. for WP3
MOKA-060 | Generation of model execution traces. WP3 | RTA-10002
MOKA-070 | Visualization of model execution (traces) analysis results. WP3 | RTA-10002
MOKA-080 [ Comparison of model execution (traces) analysis results. WP3 | RTA-10002
MOKA-090 | Conversion of standard UML models into executable models. WP2 | N.A. for WP3
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The rest of purposes of Moka are baseline [MOKA-010, MOKA-020, MOKA-030, MOKA-040,
MOKA-050] or will be developed [MOKA-090] in this project as part of the systems engineering
capability of the Megamart framework. This is the reason why they are not considered in this analysis.

6.17 MATERA2

MATERAZ is an academic prototype tool set for model-based validation and verification of complex
systems. The purpose of the tool is to enable on-line model-based testing and monitoring of such
systems with respect to both functional and non-functional properties. In order to achieve a
high-quality testing and monitoring process, one needs to employ model-based specifications which
are properly validated and verified. The tool is developed as a collection of independent components,
each one implementing a specific task. However the components will share a common tool
infrastructure. In the following we describe each component in detail.

Modeling functional and non-functional properties: In MATERA2, the specifications of the system
under test (SUT) are created using the UML2 modeling language and additional profiles, such as
SysML. MATERAZ2 uses a combination of UML diagrams and executable modeling languages such as
Alf and fUML. For instance, the expected behavior of the system is modeled as component diagrams
and activity diagrams.

Model validation via simulation: The specifications of the system will be written in an executable
format in order to allow the simulation of the specifications with respect to different usage scenarios.
In addition to manually created scenarios, recommendations of the simulation input data for different
scenarios will be provided automatically.

Model verification via model checking: The UML based specifications will be translated into a
formal model (such as UPPAAL timed automata or Event-B) where dynamic properties of the
specification such as deadlock-freeness, liveness, safety and reachability will be verified.

On-line test generation and runtime monitoring: The formal model will be used for on-line test
generation and monitoring using tools like UPPAAL TRON and additional components provided by the
MATERAZ tool set.

In addition, the UML specification will be used to extract the expected behavior of the environment in
the form of Markov Chain (MC) models which will be used for performance testing and monitoring of
the SUT using the MBPeT engine. Throughout this process different performance KPIs (e.g.,
response time, resource utilization) will be collected and evaluated.

MATERA2 will have a strong focus on requirement validation and traceability at runtime.
Requirements will be included in the models, propagated during the test generation process and
evaluated at runtime. Means for analyzing test and monitoring results will be provided in order to allow
fault localization in the specifications.

MATERA2-010 | MATERAZ shall provide UML based modeling and executable specifications. WP2 [ N.A. for WP3

MATERA2-020 | MATERAZ shall provide UML based simulation facilities. WP2 | N.A. for WP3

MATERA2-030 | MATERAZ shall generate a human-friendly report in order to visualize the test WP3 | RTA-10001
and monitoring results.
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MATERA2-040 | MATERAZ shall provide feedback to the modeling phase, including timing WP3 [ RTA-20003
performance results.

MATERA2-050 | MATERAZ shall provide a monitoring tool to predict future functional and WP3 [ RTA-20005
non-functional problems.

MATERA2-060 | MATERAZ shall provide support for functional and non-functional test WP3 | RTA-40002
generation.
MATERA2-070 | MATERAZ shall provide support for on-line test execution and monitoring. WP3 | RTA-00008,
RTA-40003,
RTA-40004.
MATERA2-080 | MATERAZ shall provide support for load testing. WP3 [ RTA-40006
MATERA2-090 | MATERAZ shall provide support for requirements traceability at model and WP2, | RTA-00006
runtime level. WP3

6.18 Modelio

Modelio is an open-source UML Modeller provided by Softeam. Modelio is able to generate code from
UML models. In the project context, Modelio want to extend code generation facilities of Modelio.
More specifically, we need to satisfy the following framework requirements:

e The framework should provide code generation capabilities for different programming
languages [RTA-30001].

e The framework should provide capabilities for generating monitors [RTA-30003].

e The framework should provide support for generating instrumented code [RTA-30004].

Modelio provides two baseline purposes to realize those requirements:

e Direct code generation for specific programming languages [MODELIO-120].
e Custom code generators for component interaction and communication [MODELIO-140].

In the context of [RTA-00001] requirement related to using AOM techniques to facilitate code
generation, runtime verification and validation, Softeam want to extend Modelio facilities to allow:

e Modeling support for specific code [MODELIO-130].
e Code generation for specific code [MODELIO-140].

Softeam want allow to permit help runtime analysis by:

e adding visualisation at system level [MODELIO-90] .
e permitting model in the loop simulation [MODELIO-100]

MODELIO-010 | Modelio shall provide system modelling capabilities in SysML WP2 N.A. for WP3

MODELIO-020 Modelio shall support holistic system engineering practices WP2 N.A. for WP3
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MODELIO-030 Modelio shall support functional properties modelling on system level WP2 N.A. for WP3

MODELIO-040 | Modelio shall support extra-functional properties modelling with MARTE | WP2 N.A. for WP3

MODELIO-050 Modelio shall support functional properties in holistic system engineering | WP2 N.A. for WP3
approach

MODELIO-060 Modelio shall support extra-functional properties in holistic system WP2 N.A. for WP3

engineering approach

MODELIO-070 | Modelio shall manage traceability on Modelio project level. WP4 N.A. for WP3
MODELIO-080 Modelio shall manage traceability on holistic system engineering level. WP4 N.A. for WP3
MODELIO-090 Modelio shall visualise results of the runtime analysis on the system WP3 RTA-10000,
level. RTA-10001.
MODELIO-100 Modelio shall support Model Simulation (through FMI co simulation). WP2, WP3 | RTA-00003,
RTA-00004.
MODELIO-110 Modelio provides code generation facilities for specific programming WP2, WP3 | RTA-30001

languages (Java, C++, and C for example)

MODELIO-120 Modelio shall provide reverse/round trip facilities for specific WP2, WP3 | RTA-30001
programming languages (Java, C++, and C for example)

MODELIO-130 | Modelio shall provide modelling support of specific code. WP2, WP3 | RTA-30004,
RTA-00001.

MODELIO-140 Modelio shall provide specific code generator. WP2, WP3 | RTA-30004,
RTA-00001.

MODELIO-150 Modelio shall provide XMI import/export. WP2, WP3, | RTA-30004,
WP4 RTA-00001.

6.19 VeriATL

VeriATL is a model transformation verification tool that follows an unbounded verification strategy to
practically assess the correctness of model transformations. VeriATL is currently developed as an
Eclipse plugin for the verification of ATL model transformations [ATL] against correctness property
expressed in OCL [OCL]. The tool works by automatically generating the axiomatic semantics of a
given ATL transformation in the Boogie intermediate verification language, combined with a formal
encoding of EMF metamodels and OCL correctness properties. The Z3 automatic theorem prover is
used by Boogie to verify the correctness of the ATL transformation.

VeriATL supports the formal unbound verification of the following correctness properties
[VeriATL-010]:

e Syntactic correctness of model transformation, which ensures that every valid source model
generates a valid target model (the validity is usually given by syntactic constraints, e.g.
constraints on the multiplicity of associations).

e Semantic correctness of model transformation, which ensures that semantic constraints (e.g.
constraints on the uniqueness of associations) defined on the source metamodel, can be
preserved on the target metamodel after executing the model transformation.

Page 51 of 84



MegaM(@ Rt

e Termination of model transformation, which ensures that a model transformation terminates
under valid source models.

e Quality of model transformation specification, which ensures the absence of rule conflicts in a
model transformation and provides a certain degree of assurance for no runtime exceptions.

To increase the practical applicability of unbound verification in model transformation development,
VeriATL needs to support automatic fault localization to facilitate debugging on verification failure
[VeriATL-020]. This will be achieved by providing a small set of problematic transformation scenarios.
Each scenario consists of 1) only relevant parts of the original model transformation to reproduce the
bug and 2) debugging clue to help the user understand why the bug occurs.

Another way to increase applicability of unbound verification is to provide an incremental verification
module [VeriATL-030]. This module will be responsible to compute the impact of a model
transformation change on the verification of correctness property, to reuse the verification results of
correctness properties that are not impacted by the change, and to incrementally re-verifies only the
impacted part of the correctness property.

Last but not least, increasing the verification scalability will also improve applicability of unbound
verification [VeriATL-040], since it can ensure large scale model transformation against large scale
correctness properties can be verified within reasonable time.

Finally, in order to integrate VeriATL with other tools (e.g. EMF View), it will be necessary to provide
an extensibility mechanism (e.g. new language extension, or identify new correctness properties) that
facilitates the interoperability with other tools in the project [VeriATL-050].

VeriATL-01 VeriATL shall support the unbounded verification of already identified | WP2 N.A. for WP3
0 correctness properties on ATL model transformations.

VeriATL-02 VeriATL shall support fault-localization for unbound verification of ATL model | WP2 N.A. for WP3
0 transformations

VeriATL-03 VeriATL shall support incremental unbound verification of ATL model | WP2 N.A. for WP3
0 transformations

VeriATL-04 VeriATL shall provide scalable unbound verification of ATL model | WP2, WP3 | RTA-10004
0 transformations

VeriATL-05 VeriATL shall provide an extensibility mechanism to support the integration | WP2 N.A. for WP3
0 with other tools

6.20 LIME Testbench

The LIME Testbench (SSF) is a testing and runtime monitoring tool developed in the project
Lightwelght formal Methods for distributed component-based Embedded systems (LIME), and its
continuation project LIME2. The LIME Testbench implements two separate functions: runtime
monitoring of model-based properties, and test case generation. Both functions rely on the
instrumentation and monitoring of the execution of the program under test. Instrumenting the program
under test allows monitoring and recording all function calls, memory access, and registering
operations during execution without additional effort from the programmer. This in turn allows adding
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assertions to the program to monitor adherence to properties that can be specified with regular
expressions, temporal logic, or finite state machines. It is also possible to generate automatically high
coverage test suites by using a constraint solver to produce inputs that force the program to take
certain branches during execution. The above features work for Java, but there is also a C version
that supports the generation of test cases.

The Lime interface specification language (LIME ISL) developed in the project is a lightweight formal
method for defining behavioral interface. The approach is supported by implementation for Java and
C development to monitor whether the specified interface specifications are violated. The core idea of
the LIME interface specification language is to provide a declarative mechanism for defining how
different software components can interact through interfaces in a manner that can be monitored at
runtime.

LIME-010 | Runtime monitoring of the execution of the program under test, | WP3 | RTA-00003, RTA-00005,
already available in Java and C. RTA-00008, RTA-10006,
RTA-10007, RTA-20003,
RTA-20004, RTA-20006,
RTA-20007, RTA-30003,
RTA-30004.

LIME-020 | Auto-generate high coverage test suites by using a constraint | WP3 | RTA-00003, RTA-00005,
solver to produce inputs that force the program to take certain RTA-40001, RTA-40002,
branches during execution. RTA-40003, RTA-40004,
RTA-40005, RTA-40006.

LIME-030 | Generalize runtime monitoring of the execution to support | WP3 | RTA-00003, RTA-00005,
continuous monitoring. RTA-20003, RTA-20004,
RTA-20006, RTA-20007,
RTA-30003, RTA-30004.

LIME-040 | Develop a methodology to suggest the best monitoring | WP3 | RTA-00003
mechanisms, which can be adapted to different platforms.

6.21 RCRS Toolset

Refinement Calculus of Reactive Systems (RCRS) Toolset is an environment for compositional
modeling, reasoning, simulation and code generation of reactive systems, built on top of Isabelle,
Simulink, and Python. RCRS comes with a publicly available toolset. The toolset can be downloaded
from rcrs.cs.aalto.fi and consists of:

- Afull implementation of RCRS in the Isabelle theorem prover.

- A Formal Analyzer, implemented on top of Isabelle, which allows to perform compatibility
checks on a model, to flatten and simplify a hierarchical model into a single monolithic
symbolic transition system without internal variables ("wires"), and to generate simulation
code.

- The simulink2isabelle translator, which translates Simulink models into RCRS Isabelle
theories that can be processed by the Formal Analyzer. The tool supports a decent subset of
Simulink's basic blocks, including continuous-time blocks like Integrators.

- A set of examples, including some toy Simulink models, and the theories generated by
simulink2isabelle from the Fuel Control System benchmark model provided by Toyota.
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RCRS can model open (input-output), non-deterministic, and non-input-receptive systems.
Non-deterministic means for a given input, many outputs may be possible. Non-input-receptive means
some inputs may be declared as illegal. Components can be specified as symbolic transition systems
or as temporal logic (LTL) formulas. Components can be composed using three primitive operators:
serial, parallel, and feedback composition. RCRS supports checking compatibility of components
during composition. RCRS supports refinement, which allows to reason about component
substitutability. RCRS supports both safety and liveness properties. RCRS has been fully formalized
in the Isabelle theorem prover. This formalization is included in the publicly available RCRS Toolset.

The tool set can be easily extended to support additional Simulink blocks, or it could be extended to
support other hierarchical block diagram (HBD) languages. Currently the tool supports generation of
Python code for simulation, but it can be extended easily to support other languages. As the Isabelle
representation of the models is formal and well defined, code generation consists mainly in traversing
the abstract syntax tree of the model, and outputting the appropriate syntax for the target language.
Natively, Isabelle supports code generation into Scala, Haskell, OCaml, and StandardML and this can
easily be exploited for translating RCRS (Simulink) models into these languages.

RCRS-010 | RCRS theory implemented in Isabelle. WP3 | RTA-00003,
RTA-20001.

RCRS-020 | Translation of Simulink diagrams into Isabelle RCRS theory (good | WP3 | RTA-00003
coverage of Simulink blocks and options, limited support for action/enable

ports).
RCRS-030 | Generation of Python simulation code. WP3 | RTA-00003,
RTA-10001,
RTA-30001.
RCRS-040 | Formal Analyzer (compatibility check, simplification). WP3 | RTA-00003,
RTA-00005.

RCRS-050 | Systematic Translation of Simulink diagrams into Isabelle RCRS theories | WP3 [ RTA-00003
(systematic coverage of Simulink blocks and options, support for
action/enable ports).

RCRS-060 | Translation of other HBD languages (Modelica block diagrams) into | WP3 | RTA-00003
Isabelle RCRS theories.

RCRS-070 | Advanced Formal Analyzer — apply advanced automated tools for | WP3 | RTA-00003,

checking model properties. RTA-00005.

RCRS-080 | Generation of simulation code in different target languages. WP3 | RTA-00003,
RTA-10001,

RTA-30001.

7. Roadmap of how Framework Requirements are
Satisfied by Tool Component Purposes
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The following tables and figures give an overview on how the framework will satisfy the Case Study
Requirements showing, for each Runtime Analysis requirement, their traceability, up to the tool
component purposes as well as the plan to implement new tool features or to upgrade or enhance the
existing ones. As a result, it is possible to relate Case Study needs withtool purpose stage/release
phases. That way, it can be found which framework requirements are provided as baseline elements
and which will be satisfied at different milestones (initial - M15, intermediate - M20, and final - M32)
as defined in Section B3.1 of Annex 1 to the Grant Agreement of the MegaM@R!t2 project [Annex 1].
Additionally, it will be described how these tool components purposes requirements are related to
case study requirements.

We would like to point out that these milestones represent the point in time where a description of the
tool set component realizing each tool purpose will be included in a corresponding deliverale.
However the tool set component itself will be developed iteratively, evaluated and validated with our
industrial partners before being made available for integration in the MegaM@Rt2 framework and for
reporting.

We would also like to emphasize that the milestones for initial and the intermediate versions of the
tool set will be be available before the first case study evaluation which will take place before and
reported on milestone M24.

7.1 Basic Framework Requirements

The Basic Framework Requirements includes all the requirements related with the capacity of the
Runtime Analysis Framework to support integrated, efficient and user-friendly runtime analysis
activities, including code generation, verification and validation. Moreover, the framework should also
provide relevant feedback to users from runtime activities in order to improve the benefit obtained by
the users when operating with the framework.

As qualities, such as the ones related with user-friendly operation, can be consider not specific for a
research action but for the standard operation of the different tools, most of the requirements are
considered baseline issues by several tool providers. Moreover, the improvement of tools and the
integration of new issues make other tool providers consider several requirements as something to
achieve at the end of the project. As a result, almost all the requirements of this block have the
majority of the traces from tool provider requirements mapped in the baseline and final steps.

Only elements related with aspect-oriented modelling, the collection of information from different
sources and techniques and the benefits to be obtained from the use of different runtime models are
not considered baseline requirements, mainly because in the last two cases, it is required to develop
the different techniques before taking advantage from their combination.

RTA-00001 MODELIO-150 PAPYRUS-170, PAU-020,
MODELIO-130 PAPYRUS-180,
MODELIO-140
RTA-00002 CERTIFYIT-070, MBEETLE-010, PAU-020

CQDESIGN-020,
CQDESIGN-110
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RTA-00003 CERTIFYIT-010, LIME-010, LIME-020 LIME-030, MBEETLE-010,
RCRS-010, RCRS-050, MODELIO-100,
RCRS-020, RCRS-080 LIME-040, RCRS-060,
RCRS-030, RCRS-070
RCRS-040

RTA-00004 JTL-010, S3D-010, JTL-020, S3D-080 CMA-010, CMA-020,
S3D-020, S3D-120 MODELIO-100

RTA-00005 CQDESIGN-020, LIME-010, LIME-020 LIME-030 RCRS-070
CQDESIGN-110,
RCRS-040

RTA-00006 CERTIFYIT-110, JTL-030 MBEETLE-090, MBEETLE-100,
CQDESIGN-060 MBEETLE-110, MATERA2-090

JTL-040, JTL-050

RTA-00007 AIPHS-010, MBEETLE-090 AIPHS-060,
AIPHS-020, COMPTEST-030
AIPHS-030,
CERTIFYIT-080,
CERTIFYIT-090

RTA-00008 AIPHS-010, LIME-010 MBEETLE-010,
AIPHS-020, COMPTEST-030
AIPHS-030,
MATERA2-070

RTA-00009 PADRE-060, JTL-060

RTA-00010 COMPTEST-020 AIPHS-040 JTL-060,

COMPTEST-030

Table 7.1: Basic Framework Requirements Roadmap

Furthermore, the following figures are based on the individual framework requirements in WP3 and
their relationship with case study providers. They show the traceability from tool component purposes
to framework requirements and from framework requirements to CSRs. When viewed in conjunction
with the above table, these figures show which framework requirements will be satisfied in each
phase and how this information is reflected on the CSRs.

In general, it can be extracted from the figures that requirements related with the operation of the tools
themselves, such as efficient and user-friendly qualities, are not very relevant form the perspective of
use case providers, which are more focused on what the runtime capabilities of the framework must
support, than on how it should do it from a general perspective.

First, the use of Aspect Oriented Modeling techniques are covered by PAU, MODELIO, and

PAPYRUS. However, this functionality can be seen as an added value as it is currently not required
by any case study provider.
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Figure 7.1 RTA-00001 requirement traces
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Secondly, the combination of run-time analysis and model-based techniques is of special interest for
PAU, CERTIFYIT, MBEETLE and CQDESIGN, and it is required by BT, CSY and NOK case study

providers.

PAU-020
CERTIFYIT-070
MBEETLE-010
CQDESIGN-020

CQDESIGN-110

« Trace »

« Trace »

« Trace =

« Trace »

« Trace =»

Ez RTA-00002

« Trace »

« Trace =

« Trace »

Figure 7.2 RTA-00002 requirement traces

[y BT_10
C5Y_03

[y NOK_25

The management of complex and large scale componentes has been traced by MBEETLE,

MODELIO, CERTIFYIT, LIME, and RCRS and is required by AINA, CSY and NOK.
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Figure 7.3 RTA-00003 requirement traces

The management of heterogeneous models is an important issue for JTL, S3D, MODELIO, and CMA,
and it is required by CSY and NOK.
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The provision of partial verification and validation methods under strong constraints with a certain
confidence level is required by NOK and covered by CQDESIGN, LIME, and RCRS.

CQDESIGN-020
CQDESIGN-110
LIME-010
LIME-020
LIME-030
RCRS-070

RCRS-040

« Trace »
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« Trace =

« Trace »
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« Trace »

o Trace »

« Trace =

Figure 7.5 RTA-00005 requirement traces

NOK_25

The provision of traceability facilities at runtime has been traced by JTL, MBEETLE, CERTIFYIT,
CQDESIGN and MATERAZ2, and required by NOK.
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Figure 7.6 RTA-00006 requirement traces
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Figure 7.7 RTA-00007 requirement traces
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The use of runtime monitoring and testing for faults location will be covered by MBEETLE, AIPHS,
CERTIFYIT and COMPTEST and required by NOK.

Monitoring and online testing will be combined at runtime to verify functional and non-functional
properties by MBEETLE, AIPHS, COMPTEST, MATERAZ2, and LIME, as required by BT and NOK.
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Figure 7.8 RTA-00008 requirement traces

Trace analysis tools JTL and PADRE will work with different sources and different techniques, as

requested by NOK.

JTL-060

PADRE-060

« Trace »

Ba RTA-00000 IR NOK_25

« Trace =

Figure 7.9 RTA-00009 requirement traces

COMPTEST, JTL and AIPHS will benefit from relationships from sets of runtime models, as

traced by NOK.

COMPTEST-030
JTL-060
ATPHS-040

COMPTEST-020

« Trace »
« Trace »
Ex, RTA-00010 = Hacea NOK_25
« Trace »
« Trace »

Figure 7.10 RTA-00010 requirement traces

7.2 Analysis of Execution Logs Requirements

The generation and analysis of execution logs is an important mechanism to understand and evaluate
the operation of systems under development, especially for offline activities, where the analysis of
execution logs will be used to validate the model and to allow early detection of faults. As such, itis
one of the main elements of the Runtime Analysis area of the MegaM@Rt2 framework, and several
Runtime Analysis Requirements are related to execution logs.
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Since the analysis of execution logs is something specially related with the activities to be performed
in the project, the majority of tool provider requirements related with execution logs will be fulfilled at
the end of the project, and only a few requirements will be covered as baseline elements or in the
intermediate steps.

Additionally, requirements traced to execution logs are extremely related with the research activities
the tool providers plan to accomplish during the project. Thus, each tool provider had focused on a
small subset of requirements instead of trying to cover most of them. The result is that a pair of project
requirements has not been initially traced by any tool provider. The first one focuses on the
comparison of execution logs (RTA-10002), and the second one in the collection of information in a
integrated manner (RTA-10005).

RTA-10000 ConvexHull-010,
Clustera-010,
COMPTEST-030,
MODELIO-090
RTA-10001 COMPTEST-010, MBEETLE-110, MBEETLE-020,
CERTIFYIT-010, RCRS-080 COMPTEST-030,
CQDESIGN-010, MATERA2-030,
CQDESIGN-090, MODELIO-090
RCRS-030
RTA-10002 MOKA-060 MOKA-070, MOKA-080
RTA-10003 COMPTEST-010
RTA-10004 VeriATL-040,
AIPHS-050, AIPHS-060
RTA-10005
RTA-10006 CERTIFYIT-080 LIME-010 CERTIFYIT-120, AIPHS-050, AIPHS-060,
MBEETLE-090 MBEETLE-020,
PAU-030,
ConvexHull-010,
Clustera-010
RTA-10007 CERTIFYIT-080, LIME-010 AIPHS-050, AIPHS-060,
CERTIFYIT-090, PAU-030,
CERTIFYIT-100 ConvexHull-010,
Clustera-010,
COMPTEST-030

Table 7.2: Analysis of Execution Logs Requirements Roadmap

Additionally, the relation of execution log requirements with case study needs is also of great interest
for the project. As such, the following figures describe this relationship, analyzing the requirements
one by one. In that case, it can be seen that case study providers do have identified specific needs for
all the requirements. Thus, additional work will be needed to analyze how to cover these case study
requirements not planned to be covered by tool providers.

COMPTEST, ConvexHull, Clistera and Modelio will allow parsing execution logs. This requirement
has wide interest among case study providers, including AINA, BT, CSY, IKER and NOK.
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Figure 7.11 RTA-10000 requirement traces

The provision of human friendly mechanisms for data analysis will be covered by multiple tool
providers.

CERTIFYIT-010 « Trace »
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Figure 7.12 RTA-10001 requirement traces

MOKA will allow comparing simulation and execution logs, as requested by CSY, IKER and NOK.
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Figure 7.13 RTA-10002 requirement traces
COMPTEST will extract timing properties from logs.
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Figure 7.14 RTA-10003 requirement traces
AIPHS and VeriATL will support root-cause analysis from logs.
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Figure 7.15 RTA-10004 requirement traces

The collection of information in a integrated manner in complex systems, such as distributed
architectures is required by IKER, but not traced by any tool at the moment. Thus, it is considered in

the gap analysis in Section 8.

= Matn IKER_21
B3, RTA-10005
ol ] IKER_22

Figure 7.16 RTA-10005 requirement traces

Online analysis of execution logs is covered by multiple tools, as required by IKER, NOK, and AINA.
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Figure 7.17 RTA-10006 requirement traces

In a similar way, offline analysis of execution logs will also be covered by multiple tools.

LIME-010 = Jiarer
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B3, RTA-10007
ConvexHull-010 e i NOK_25
I « Trace = « Trace » I

Clustera-010 TRT_01
AIPHS-050 el
PAU-030 =Joaren

o Trace »

CERTIFYIT-100

Figure 7.18 RTA-10007 requirement traces
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7.3 Monitoring Requirements

Together with execution log analysis, monitoring is the other main solution used to capture information
from system execution and enable the application of the different techniques proposed to improve
system design. As such, the MegaM@Rt2 framework employs different techniques for observing
system operation and its interactions with other external entities. Additionally, the framework also
provides techniques to connect the model with the target system, and to determine whether the
system conforms to its desired specification model considering the different functional and
extra-functional constraints.

In a similar way than in the previous section, related to execution log analysis, tool provider
requirements related to monitoring are typically proposed as baseline issues, or to be achieved at the
final steps of the project. No traces are related to the initial step and only a pair of them at
intermediate steps.

RTA-20001 CQDESIGN-020, COMPTEST-030
CQDESIGN-110,
RCRS-010

RTA-20002 AIPHS-030

RTA-20003 CQDESIGN-010, LIME-010 LIME-030 AIPHS-050, AIPHS-060,
CQDESIGN-110, S3D-040, MATERA2-040
CQDESIGN-120,
CQDESIGN-130,

S3D-010
RTA-20004 AIPHS-010 LIME-010 AIPHS-040, AIPHS-050, AIPHS-060
LIME-030
RTA-20005 MATERAZ2-050
RTA-20006 AIPHS-010 LIME-010 LIME-030
RTA-20007 LIME-010 LIME-030 AIPHS-050, AIPHS-060
RTA-20008 AIPHS-010 AIPHS-040

Table 7.3: Monitoring Requirements Roadmap

The following figures describe this relationship of system requirements and related tool provider
requirements with case study needs. Also following the results from for execution log analysis, in that
case, it can be seen that case study providers do have identified specific needs for all the
requirements, which results in some gaps with tool providers plans. Thus, additional work will be
needed to analyze how to cover these case study requirements not planned to be covered by tool
providers.

CQDESIGN, RCRS, and COMPTEST will cover validation via model in the loop, as
requested by BT, CSY and NOK.
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Figure 7.19 RTA-20001 requirement traces

Comparing timing properties to specifications will be covered by AIPHS.

il AINA_04
ATPHS-030 LGN - 750002
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Figure 7.20 RTA-20002 requirement traces

The provision of feedback to the modeling phase will be covered by multiple tools, as required by
AINA, BT, TRT, and NOK.
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Figure 7.21 RTA-20003 requirement traces
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AIPHS and LIME will provide monitoring tools allowing definition of the desired behaviour.
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Figure 7.22 RTA-20004 requirement traces
MATERAZ2 will provide a monitoring tool to predict future problems.
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Figure 7.23 RTA-20005 requirement traces
AIPHS and LIME will allow defining alarms, as requested by IKER and NOK.
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Figure 7.24 RTA-20006 requirement traces

AIPHS and LIME will allow the use of integrated HW probes, as requested by CSY, NOK and TEK.
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Figure 7.25 RTA-20007 requirement traces

AIPHS will allow profiling SW on FPGA, as requested by TEK, CAM and NOK.
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Figure 7.26 RTA-20008 requirement traces

7.4 Code Generation Requirements

Code generation is also one of the main MegaM@Rt2 ambitions. Capabilities for generating monitors
or instrumented code enabling collecting information, generating execution logs or interacting with
system execution are very important for MegaM@Rt2 runtime analysis goals. However, although
several tools can cover code generation, multiple details related with this generation can be analyzed,
matching or not with the plans of each tool provider.

In this context, some specific requirements for code generation are not initially planned to be covered
by tool providers. The generation of certified code (SILO-SIL4) (RTA-30002) has not being considered
by any tool provider, mainly because tool providers will focus more on the development of better
design techniques than on the transformation of the resulting implementation on certified versions. In
a similar way, the generation of log configuration files (RTA-30005) is also an issue more related with
final tool implementation than with innovative actions, and thus no tool providers have this issue as a
critical action to be covered during the project. Finally, no tool providers have initial plans on working
on code optimization at runtime (RTA-30006). Resulting implications of these gaps are discussed
below, in the gap analysis (Section 8).

More details can be found in the following table:

RTA-30001 PAPYRUS-130, RCRS-080
CHESS-100,
XPM-030, XPM-040,
XPM-050, XPM-060,
MODELIO-110,
MODELIO-120,
RCRS-030
RTA-30002
RTA-30003 PAPYRUS-130, LIME-010 LIME-030
PAPYRUS-150
RTA-30004 PAPYRUS-130, S3D-080, LIME-010 MODELIO-130, PAU-020, PAU-030,
PAPYRUS-150, LIME-030 S3D-070, MODELIO-140
MODELIO-150
RTA-30005
RTA-30006

Table 7.4: Code Generation Requirements Roadmap
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As can be observed in the above table, most of the TCPs are already available in the beginning of the
project and only a few will developed during the project. This comes with two benefits: a) the
corresponding tool components can be already taken into used and evaluated, b) the tool provides
can focus their development efforts to support the other tasks of WP3.

Regarding relationship of code generation requirements with case study needs, it can be shown that
the support of different programming languages is widely required by several partners, since each one
of the other requirements are only mapped by one case study requirement at a time. As a result, the
gaps found due to the fact that some requirements are not planned to be covered by any tool provider

can be analyzed specifically considering the case study provider requirement them.

The provision of code generation capabilities for multiple languages is a requirement of great interest
in the project, considered by multiple tool and case study providers.
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Figure 7.27 RTA-30001 requirement traces
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The generation of certified SIL code is currently not specifically covered by any tool provider. It is

discussed in the gap analysis in Section 8.
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The provision of capabilities for generating monitors will be covered by PAPYRUS and LIME.

LIME-010 « Trace »
LIME-030 « Trace »
B RTA-30003 « Trace » R
PAPYRUS-130 « Trace »
w Trace =

PAPYRUS-150

Figure 7.29 RTA-30003 requirement traces

The generation of instrumented code will be supported by multiple tools, as requested by IKER, CSY,
and NOK.

PAU-020 « Trace »
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$30-070 « Trace »

Figure 7.30 RTA-30004 requirement traces

The generation of log configuration files is currently not traced by any tool provider, and it will be
covered in the gap analysis in Section 8.

B RTA-30005 sTAcE? o [y IKER 20

Figure 7.31 RTA-30005 requirement traces
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Similarly, the optimization of code at runtime is also not traced by any tool provider. It is also
discussed in the gap analysis in Section 8.

Es; RTA-30006

« Trace =

BT 07

Figure 7.32 RTA-30006 requirement traces

7.5 Testing Requirements

Final section or Runtime analysis requirements are focused on testing capabilities. Software testing is
an important part of this framework used to reveal software faults and make sure the expected
behaviour matches the actual system execution. This is one of the most important issues of the
MegaM@Rt2 framework, since it is the real final goal of most of the requirements presented before.

As such, testing requirements are the ones that more traces have found with respect to tool provider
requirements. Moreover it can be found traces at all the steps of the project, including baseline
elements, some elements planned to be solved at the initial steps, and the maijority of them to be

covered in the intermediate and final steps of the project.

This results can be shown in the following table:

RTA-40001 CQDESIGN-020, LIME-020 COMPTEST-030,
CQDESIGN-030, S3D-100
CQDESIGN-040,
CQDESIGN-050,
CQDESIGN-070,
CQDESIGN-080

RTA-40002 COMPTEST-010, COMPTEST-020, CERTIFYIT-120, MBEETLE-010,
CERTIFYIT-020, LIME-020 MBEETLE-030, MBEETLE-020,
CQDESIGN-020, MBEETLE-060, MBEETLE-100,
CQDESIGN-030, MBEETLE-070, COMPTEST-030,
CQDESIGN-040, MBEETLE-080, S3D-100
CQDESIGN-050, S3D-060, S3D-090
CQDESIGN-060,
CQDESIGN-070,
CQDESIGN-080,
CQDESIGN-100,
MATERA2-060

RTA-40003 MATERA2-070 LIME-020 CERTIFYIT-120, COMPTEST-030

S3D-090

RTA-40004 CERTIFYIT-090, COMPTEST-020, MBEETLE-090, MBEETLE-020,
CQDESIGN-030, LIME-020 MBEETLE-110, MBEETLE-100,
CQDESIGN-040, S3D-090 COMPTEST-030,
CQDESIGN-050, S3D-110
CQDESIGN-060,
CQDESIGN-070,
CQDESIGN-080,
CQDESIGN-090,
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CQDESIGN-110,
MATERA2-070

RTA-40005 CQDESIGN-030, LIME-020 S3D-110
CQDESIGN-040,
CQDESIGN-050

RTA-40006 MATERA2-080 LIME-020 COMPTEST-030

RTA-40007

PAU-020

Table 7.5: Testing Requirements Roadmap

Moreover, testing requirements have also found interest among case study providers, specially for BT

and IKER, which match with the majority of the requirements.

The support for test selection has been traced by NOK and BT, and it will be widely covered by
CQDESIGN, LIME, COMPTEST, and S3D.
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Figure 7.33 RTA-40001 requirement traces

Support for test generation is general interest among the partners, being covered by multiple tools.
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Figure 7.34 RTA-40002 requirement traces
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Support for test execution has been covered by several tools, as requested by AINA, BT, IKER, CSY,
and NOK.
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« Trace » =
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Figure 7.35 RTA-40003 requirement traces

Support for test analysis is also covered by multiple tool providers within the project.
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Figure 7.36 RTA-40004 requirement traces

Automatic test deployment has been requested by IKER, AINA, CSY, and NOK.
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Figure 7.37 RTA-40005 requirement traces
Support for load testing will be covered by COMPTEST and MATERA2.
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Figure 7.38 RTA-40006 requirement traces
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8. Gap Analysis

Figure 7.39 RTA-40007 requirement traces

In this section, we analyze the gap between the industrial needs specified as Case Study
Requirements and the MegaM@Rt2 Framework Requirements, on the one hand, and between the
MegaM@Rt2 Framework Requirements and the Tool Component purposes on the other hand. In
addition, we identify those Tool component purposes which at the moment do not trace to any
Framework Requirement and we discuss their potential benefits.

8.1 Unsatisfied Framework Requirements

The results presented in this section are obtained by analyzing which framework requirements are not
supported by any tool purpose. We have identified in total four such cases.
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The first case refers to framework requirement RTA-30005 (see Figure 8.1) - The framework should
provide support for generating log configuration files and it is specifically required by on case study
requirement IKER_20 - If the IKER_19 is not possible, the runtime monitoring tool should create the
set of configuration files that contain the log configuration to be generated by the Agents and
Supervisor.

B RTA-30005 =Tace>  EByIKER20
Figure 8.1 Case study requirements requiring framework requirement RTA-30005

As the requirement description says, requirement IKER 20 is needed only in case requirement
IKER_19 is not supported. However, based on our prior analysis requirement is supported by
RTA-30004 and satisfied by several tools as depicted in Figure 7.30.

The second case is related to RTA-10005 - The framework should be able to collect information in an
integrated manner. As shown in Figure 8.2, two case study requirements of the IKER case study are
traced to it: IKER_21 - A runtime monitoring tool that is able to gather log information produced by the
system on an integrated way, gathering information from Agents and Supervisor and IKER 22 - A
runtime monitoring tool that uses the currently existing middleware to gather the log information.

= Wdien IKER 21
Bz RTA-10005
m Mtk IKER_22

Figure 8.2 Case study requirements requiring framework requirement RTA-100005

Both these case study requirements imply that the log information is gathered at runtime from a
distributed architecture in an integrated manner. Even if such a functionality is not currently provided
by any of the tools in the MegaMart project there exists already several such tools both in cloud
domain and in the embedded one.

Two other cases of unsupported framework requirements are RTA-30002 - The framework should
provide capabilities for generating code certified SILO-SIL4 and RTA-30006 - The framework should
provide support for the optimization of code at runtime. Both these framework requirements satisfy the
same case study requirement BT_07 - The generated code needs to be SILO-SIL4 certified. It needs
to be ready to be loaded onto the device without further manual post-processing. Due to technical
limitations of the devices in terms of memory and processor power, the generated code needs to be
generated such that it is consuming as litle memory and processor power as possible, as shown in
Figure 8.3 and Figure 8.4.

B3 RTA-30002 e BT_07

Figure 8.3 Case study requirements requiring framework requirement RTA-100005

B RTA-30006 e BT_07

Figure 8.4 Case study requirement requiring framework requirement RTA-30006
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Both RTA-30002 and RTA-30006 are framework requirements related to code generation and a
series of tools are provided in MegaM@Rt2 project for code generation as detailed in Table 7.4.
Some of these tools can be adapted in the future to support the framework requirements in question.
However, we will also try to integrate our framework architecture with external SiL-certified tools
developed in other projects such as the RECOMP [RECOMP] and SAFE-E [SAFE-E] projects.

8.2 Uncovered Tool Component Purposes

In this section the unmapped Tool Component Purposes (TCPs) are summarised and evaluated in
order to highlight the additional capabilities that the Framework can provide.

Among the unmapped tool component purposes, the following ones, are not relevant for this gap
analysis since they concern with other WPs (Design and Mega-modelling), they are: S3D-030,
S3D-050, PADRE-010, PADRE-020, PADRE-030, PADRE-040, PADRE-050, CHESS-010,
CHESS-020, CHESS-030, CHESS-040, CHESS-050, CHESS-060, CHESS-070, CHESS-080,
CHESS-090, CHESS-101, XPM-010, XPM-020, XPM-070, PAPYRUS-010, PAPYRUS-010,
PAPYRUS-020, PAPYRUS-030, PAPYRUS-040, PAPYRUS-050, PAPYRUS-060, PAPYRUS-070,
PAPYRUS-080, PAPYRUS-090, PAPYRUS-100, PAPYRUS-110, PAPYRUS-160, JTL-070,
PAU-010, PAU-040, CQDESIGN-140, CQDESIGN-160, CQDESIGN-170, MOKA-010, MOKA-020,
MOKA-030, MOKA-040, MOKA-050, MOKA-090.

There are 82 tool component purposes related to the WP3. 12 purposes do not satisfy any use case
requirement related to WP3 and are not related to requirements of another work package. The
implementation of two of them will be canceled and two other purposes will not be used. Then, 10% of
the remaining purposes related to WP3 do not satisfy any use case requirement and are neither
satisfying any requirement in other work packages. For the 17 tools, only 5 have purposes related to
WP3 that are not satisfying any requirements in any work package. Then, there is no issue for 76% of
the tools.

The following table lists the tool component purposes that belong to WP3, but they do not satisfy any

framework requirement in WP3 and they also do not map to any framework requirement in WP2 or
WP4.

COMPTEST-040 CompleteTest shall provide coverage | This feature does not feature for
information for 61131-3 Function Block | measuring the test coverage of code
Diagram generated from IEC 61131-3 diagrams.

This could be useful for safety
certification of testing of such code and
this coverage could be used for runtime

monitoring.
CERTIFYIT-030 Certifylt shall provide guidelines and This feature aims to provide a high level
documentation to use the model-based of documentation to end-users. This
testing solution allows to reduce the learning curve and

to foster the use of Smartesting Certifylt.

CERTIFYIT-040 Certifylt shall be connected to a modeling | Certifylt engine is a test generator and
solution import UML/OCL test models does not embed modeling framework.
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That is why it should be connected to
modeling solution to make modeling in
user-friendly and professional way.

CERTIFYIT-050 Certifylt shall support syntactic and functional | To complete CERTIFYIT-040 and
validation of UML/OCL test models provide relevant and precise feedback for
debugging, Certifylt needs to notify users
when the test model is not syntactically
suitable  with  Certifylt UML/OCL
expressiveness

CERTIFYIT-060 Certifylt shall support verification to ensure | The goal of this requirement is similar to
test model consistency and compliance | and complement CERTIFYIT-040, since
regarding the solution it targets behavioral issues instead of

syntactic aspects.

MBEETLE-040 MBeetle shall be integrated into Certifylt as a | This requirement aims to ensure MBeetle
plugin to offer a turnkey solution and Certifylt compatibility and
compliance. This technical issue makes it
possible to aggregate the capabilities of
both tools and to provide a smooth use of
the whole solution.

MBEETLE-050 MBeetle artefacts shall be compliant with | The goal of this requirement is similar to
those manipulated and provided by Certifylt MBEETLE-040 in that it ensures the
proper functioning and availability of the
functionalities of both tools.

PAPYRUS-120 Design applications through a This baseline purpose of Papyrus that
component-based model and deploy had been identified as relevant in early
them on heterogeneous platforms. stages of this analysis, could not be

traced back to any framework (system)
requirement. So it will not be used.

PAPYRUS-140 Support to reverse and round-trip This baseline purpose of Papyrus that
engineering. had been identified as relevant in early
stages of this analysis, could not be
traced back to any framework (system)
requirement. So it will not be used.

CQDESIGN-150 Conformiq Designer shall provide guidelines This feature aims to provide a high level
and documentation to use the solution of documentation to end-users. This
allows to reduce the learning curve and
to foster the use of the Conformiq
Designer.

[COMPTEST-040] deals with the generation of test or code for an international standard: IEC 61131-3
from IEC. Even if the use case providers of the MegaM@Rt2 project are not using this modeling
standard, it is an added value to develop this tool purpose. Indeed, it will open the use of the
MegaM@Rt2 framework to developers working with this standard.

For the Papyrus tool of ATOS, there were two existing baseline purposes [PAPYRUS-120,
PAPYRUS-140] that were not satisfying any requirement. ATOS has decided to not proceed with
them. Therefore, there is no more problem with these purposes.

The main issue is about the tools of Smartesting: Certifylt and MBeetle with a total of 6 purposes that

are not satisfying any requirement in any work package. The uncovered purposes for Certifylt are
specific tool development features and for this reason cannot satisfy any use case provider
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requirement. In addition, [CERTIFYIT-040, CERTIFYIT-050, CERTIFYIT-060] are already provided as
baseline technologies, whereas [CERTIFYIT-030] is an implicit tool purpose for any high quality tool.
In consequence, it will be an added value for the MegaM@Rt2 project partners who will use Certifylt.

Mbettle aims at addressing online model-based testing issues where Certifylt deals only with offline
model-based testing. MBeetle is an extension of Certifylt with online capabilities. The two uncovered
purposes [MBEETLE-040, MBEETLE-050] of MBeetle deal with a better integration of the two tools
and they are provided in the initial release. Here again, they are specific developments and for this
reason cannot satisfy any use case provider requirement but integrating offline and online
model-based testing will be an added value for the MegaM@R{t2 partners.

[CQDESIGN-150] is an implicit tool purpose for any high quality tool. It will be an added value for the
MegaM@Rt2 project partners who will use the Conformiq Designer.

As a conclusion, there is a good coverage of the tool component purposes for the use case
requirements. For the uncovered purposes that are maintained to be developed, they will offer an
added value either for the partners of the MegaM@Rt2 projects or for the future usage of other
modeling standards with the MegaM@Rt2 framework.

8.3 Unsatisfied Case Study Requirements

The following Table contains a CSR that belongs to WP3, but is not satisfied by any Framework
Requirement in WP3. Moreover, it is also not fully satisfied in WP2 and WP4.

CAM_04 Modelling framework that supports optimisation of code | The CHESS tool provides partial support to
run-time, e.g. using static scheduling of tasks/processes | satisfy this case study requirement.
(based on profiling or expertise) using priorities.

The CHESS tool provides schedulability analysis (as described in D2.2). The results can be used to
(manually) optimise the model. CHESS also generate skeleton code from the model, but does not
provide any runtime optimisation support, as required. For the latter we will connect to tools
developed in other projects.

9. Conclusions

In this deliverable, we presented the requirement analysis and specification activities performed to
define the MegaM@Rt2 Framework Requirements for the Runtime Analysis Tool Set (RTA). The
derived set of framework requirements have been matched with the set of Tool Component Purposes
(TCPs) declared for all the tools identified by the partners as candidates to build the MegaM@Rt2
framework infrastructure. A deep and detailed coverage analysis completes the evaluation of the
defined requirements to identify:

e Gaps in the requirements specification.

e Lacks in term of tools capabilities to comply with the requirements.

e Additional functionalities provided by the proposed tool set that should enhance the

customers design productivity and effectiveness.
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The coverage analysis iterations allowed structuring a comprehensive set of framework requirements
that consistently cover the customers’ needs, i.e., the Case Study Requirements (CSRs). Only a few
CSRs do not result in any specific association with the RTA requirements.

The mapping analysis between TCPs and RTA requirements allowed us to discover several
unsatisfied framework requirements. The coverage analysis also allowed us to identify some added
values, i.e., some RTA requirements that are not required by any CSR.

As discussed in Section 2, the identified RTA requirements and TCPs will be refined in the following
phases of the megaM@Rt2 project into a Conceptual Tool Set and, respectively, into a set of Tools
Set Components. The latter will allow the industrial partners in the project to measure the productivity
and quality improvements in their respective application domains with respect to the set of KPIs
defined for MegaM@Rt2. However we defer the analysis and measurement of these KPlIs for the later
phases of the project.
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