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Abstract: Model-based systems engineering is a state of art engineering process being adopted by industry all over
the world to develop a safe, reliable, maintainable and available system. Industry standards like IEC 61508, EN50128
and RTCA DO-178C recognize the capabilities of the model-based approach for an effective engineering process
performance. There are number of model-based tools available in the market and the selection of an appropriate tool is
very critical for the success of the project. Hence there should be benchmark to select the appropriate tool for the
project.

This paper provides a measurement technique for evaluating model-based tools based on the tool features like its
applicability, portability, scalability, and compatibility, conformance to standards, versioning and reporting to name a
few. The effectiveness of the techniques proposed is evaluated for a proven system as a case study. The outcome
provides the metrics for the selection of appropriate tool for an application and probable combination of tools that can
be used in various phases of the life cycle. The proposed technique helps in selection of the most appropriate tool for a
particular application based on the project schedule, budget and safety requirements resulting into an effective process.

Keywords: Model Based Systems Engineering, Metrics, Safety critical embedded systems; Model based tools,
Evaluation criteria

I. INTRODUCTION

Development of critical systems i.e. the aeronautics or automotive industry requires a strict interdisciplinary
approach and conformance to standards and specifications in order to ensure safe systems, since failures are often
catastrophic and with loss of life as a consequence. The development of embedded systems with real-time and other
critical constraints raises distinctive problems. In particular, development teams have to make very specific
architectural choices and handle key non- functional constraints related to, for example, real-time deadlines and
platform parameters like energy consumption or memory footprint. Model-Based Design allows engineers to design
embedded systems and simulate them on their desktop environment for analysis of the design. This approach helps in
detecting the design bugs before implementing on to the target. Model-Based Design provides a variety of code
generation capabilities that teams use to generate source code for many purposes including simulation, rapid
prototyping and hardware-in-the-loop testing. Model-Based Design promotes a requirements-oriented project view and
greater integration and reuse between conceptual and detailed modeling and design work [1][2].

Model-Based Design with automatic code generation is an important and established technology for
developing aerospace embedded control systems. Using the model-based approach, one can reduce the risk of mistakes
and shorten the development cycle by performing verification and validation testing throughout the development
instead of only during the final testing stage. Design evaluations and predictions can be made much more quickly and
reliably with a system model as a basis [3].

Model based design methodology encompasses various domains across all phases of design life cycle. In order to
support this, there exist various tools that are available for use. These tools are commercially available, while some are
open source tools for academic usage and efficiency analysis; others are licensed by tool vendors. Depending upon the
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level of complexity, functionality and the application domain of the system appropriate tools are used. There are
various model based tools that are commercially available and are being used in safety critical domain, particularly for
design, analysis and testing purposes. Hence, the selection of appropriate tool contributes in the success of the project.
Modern software development tools have direct and growing impact on the effective and efficient development of
complex, safety-critical, real-time avionics systems and consequently, on the safety of the flying public. Most of the
commercially available tools in the market are volatile and confusing to the buyer, hence selection criteria becomes
very important for safety critical systems. The paper proposes, evaluates and discusses the measurement technique used
to evaluate the model based tools by generating metrics for their assessment criterion. The technique can be used as a
benchmark for the tool selection [4].

The paper is divided into various sections each describing the approach for quantitative assessment of the Model
based tools. Section 2 discusses background work and literature survey done in this direction. Section 3 elaborates the
proposed measurement technique for various commercially available tools. Section 4 discusses the metrics generated
for the tools and demonstrating them using a case study and discusses the outcome of the case study.

Il. BACKGROUND WORK

Tools [1][5] play an important role in the software engineering process, and the proper selection and use of
tools aid those involved in the design and development of real-time systems. On one hand, tools mechanize operations
prescribed by methods by storing system representations, transforming representations from one type of model to
another, and displaying representations in varying forms. On the other hand, tools empower users by enhancing
correctness checking and analytical power, by freeing them from tedious documentation tasks, and by providing multi-
user coordination (access and version control). None of these features are easily available in manual method. As
development processes, e.g., model-based development (MBD) and automatic code generation (ACG), become more
complex, pervasive, and automatic, the need for qualified development tools and related proof of quality for the
developed software will increase. There exist lot of commercial software development tools in the market and the
proper selection of the tool becomes a challenging task for the buyer. Almost each time a new tool is released, claims
are made about its capability for easy interface with other tools. Reality does not match this idealized picture leaving
the need for plenty of gluing between the tools artifacts, i.e., in-house work by the developer to get the tools to work
together for their application. [6]

Desired characteristics of modern tools include multiuser development, shared information repository,
integration with third party tools and applications, requirements modeling, executable specifications, use of established
software engineering notations, reliable code generation, performance analysis, interface with target for downloading
and debugging, and verification and validation of the system. The resulting target code depends heavily on the
usability, correctness, and precision of the tools used for the code development; hence the selection of proper tool is
necessary. [7]. Fig 1 depicts an example of the tool usage in the various phases of the software development cycle.
Tools are classified depending on their application in different phases of the design life cycle i.e Requirements tools,
Analysis tools, testing tools, Design tools, Implementation tools and Target tools. Several attempts have been made to
create a uniform tool environment to achieve the output of the project [8].
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Figure 1: Tools in the development cycle [8]

I11. PROPOSED MEASUREMENT APPROACH

As the model based systems engineering approach is being widely adopted to design and develop safety critical
systems, the need to use appropriate and accurate tool for the purpose becomes necessary. In order to select the most
appropriate tool from various existing tools in the market a lot of effort and a standard assessment criterion is required.
The proposed approach describes measurement techniques to quantitatively measure the capabilities of a tool so that it
becomes easy for the designer to select the most appropriate tool for implementing the application. The effectiveness
and applicability of the measurement technique is demonstrated by assessing the tools for a proven indigenously
developed Stall warning and Aircraft interface system (SWS/AIC). SWS/AIC system is a safety critical real time
embedded system used in aircrafts to warn the pilot of the impeding stall [3]. The stall condition in the aircraft is a
critical stage during which the aircraft loses altitude and the pilot will find it difficult to recover when not warned in
advance. Hence detection of the impeding stall is very critical.

The approach involves an extensive survey of various commercially available model based tools, study of the tool
characteristics, underlying framework, programming and their modeling domain. The tools used for the analysis
include Mathworks, SCADE, Reactis, OpenModelica, VisSim, Dymola, Escher and Atego. The preliminary assessment
of the tools gives an insight towards the underlying framework on which the tool execution depends, the modeling
domain that the tool encompasses and its applicability. The analysis involves detailed study of the tool robustness,
determinism, correctness, conformance to standards and correctness of the tool. Tool comparison database is generated
as a result of the survey. The proposed approach is depicted in Figure 2.
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Figure 2: Proposed Approach

From the analysis, quantitative metrics are obtained by weighted sum methodology for each of the assessment
attribute of the tool. The quantitative metrics will provide information about the gaps in the tool which can be
overcome by tool integration technique .The approach details the generation of quantitative metrics for each of the
analysis attribute described for the tools. The metrics generated as the outcome of the tool analysis are tool analysis
metrics and the tool comparison metrics [9][10][11].

IV. TOOL ASSESSMENT PROCESS

The main objective of tool evaluation is to define how well the appropriate tool adds value to the project. The
preliminary observations done for the tool assessments involve the applicability, functionality, platform dependence
and cost effectiveness of the tool. TABLE | depicts the preliminary assessment criterion for the applicable tools that
were used in the case study. The analysis was done for MATHWORKS, SCADE, Esterel, Reactis, Escher, VisSim,
Atego, Dymola and Open Modelica tools. This analysis was based on the framework, application domain, modeling
domain, programming style of the tool and the usage of formal method in the tool. Underlying framework of the tool
helps in streamlining the application. Information regarding the modeling domain supported by the tool helps in
designing systems for various applications like logic intensive, control intensive or data intensive. Since formal
methods (FMs) in the Model-Based Systems Engineering (MBSE) ensures a much safer and more reliable system, tools
are analyzed for the formal techniques incorporated in them [12].

The preliminary assessment of the tools is followed by the analysis of the tool characteristics. This gives the

developer a level of confidence in tool usage for the application. The characteristics analysis explains the capabilities of
the tools and the user interfaces it provides.

Copyright to IJAREEIE Www.ijareeie.com 194


http://www.ijareeie.com/

International Journal of Advanced Research in Electrical,

ISSN (Print) : 2320 - 3765
ISSN (Online): 2278 — 8875

Electronics and Instrumentation Engineering

(An ISO 3297: 2007 Certified Organization)

Vol. 2, Special Issue 1, December 2013

TABLEI: Preliminary assessment of tools

Tool Suite Framework Application Modeling Programming Application
domain Domain Formal
methods
Mathworks Mathematics Safety Critical, Control , Asynchronous Yes
Commercial, structure, logic
Academia , data , physical
systems
SCADE Eclipse Safety Critical , Control , logic | Synchronous Yes
modeling Academia , data
framework
Reactis Mathematics Safety critical, Logic , data Asynchronous Yes
Academia
Escher Unified Academia Data Asynchronous Yes
VisSim UML Academia Logic , data Asynchronous No
Atego UML, SysML Safety critical, Control , UML Yes
Commercial, structure
Academia
Dymola Modelica Safety critical Physical Modelica Yes
systems
Open Modelica Academia , Safety | Physical Modelica Yes
Modelica Critical systems

TABLE Il describes the tool characteristics analysis for the model based tools taken into account for the case
study.[13][14][15][16][17]

The applicability of the tool for a particular application is determined by the tool analysis and comparison metrics.
The metrics considers the static and the dynamic behavior of the tool for a proven safety critical system: Stall warning
and aircraft interface computer system. The following sub sections describe the tool analysis metrics and the tool
comparison metrics generated for the tools used for implementation of the case study. [18][19][20]

Copyright to IJAREEIE Www.ijareeie.com 195


http://www.ijareeie.com/

ISSN (Print) : 2320 - 3765
ISSN (Online): 2278 — 8875

-

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering
(An ISO 3297: 2007 Certified Organization)

Vol. 2, Special Issue 1, December 2013

TABLE II: Characteristics analysis for the tools

Characteristics Mathwork | Reactis Escher | VisSim Atego Dymola Open SCADE
s Modelica
Functionality v v v v v v v v
analysis
Determinism v 4 x v v v v v
Usage of formal v 4 4 v v v v v
methods
Model checker v 4 x v v v v v
Theorem prover x x v x x x x x
UML support x x x x v x x x
Traceability v v x x x x x v
Auto code v 0] x v v € € v
generation
Auto code v 0] x v v € € v
portability
Test case v v x v v x x x
generation
Test case analysis v v x v v x x x
Documentation v v x v v v v v
Tool support v v x v v v v v
Report generation v v v v v v v v
Report 4 v v v v v v v
interpretation
User friendliness v v v v v v v v
Conformance to v v v x v v v v
standards
Life cycle v v x v v v v v
integration
@: Plug in required €: Modelica script generated

The tool analysis while implementing depends on the impact it has on the system during the process. The different
tool attributes that are analyzed are:
e  Determinism
e Robustness
e  Traceability
e Correctness
e Conformance to standards

Determinism—the transformation does not introduce uncertainty in the output: the same model input always
results in the same output. The attributes that define the determinism of a tool are architectural, predictability,
algorithmic and lingual.

Robustness—the tool shall be able to handle incorrect inputs and recover from the error; a failure of one

component does not propagate to others (a designated degradation mode is desirable in a safety-critical system).
Robustness of a tool depends on the partition integrity, boundary conditions and coupling.

Traceability—the input and output sets is a bijection: each component of the code can be traced to the model
element (and vice versa). The tool must have the tracing feature right from requirements to test cases.
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Correctness—the transformation retains the original semantic meaning of the input (graphic representation or its
internal format), thus the resulting outputs (generated code) are the exact representation of the graphic constructs
supported by the tool. Correctness of the tool depends on its ability to provide correct algorithms, language, real time
management, formality and presentation.

Conformance to standards—the tool uses appropriate notations to describe the product architecture and design
whenever one or more standards are applicable (e.g., UML, control-flow diagrams). Also, the generated source codes
are created in compliance to any applicable rules (such as complexity restriction) and the coding standards.
Conformance to coding standards, design standards and behavioral standards is analyzed. . [21][22]

The tool attributes are depicted in Fig 3. TABLE I11 depicts the analysis metrics generated for the set of tools used
for SWS/AIC system as a case study. The metrics are obtained by calculating the weighted sum of the attributes
discussed above.

TABLE IlI: Tool Analysis metrics

Tools Deter | Correct- | Traceab | Robustness | Conforma
minis ness ility nce to
m Standards
Mathworks 100% | 80% 100% 90% 75%
Reactis 100% | 80% 50% 90% 50%
Escher 100% | 40% 100% 33% 0
VisSim 50% 40% 50% 33% 0
Atego 100% | 100% 100% 90% 75%
Dymola 100% | 60% 50% 66% 50%
Openmodeli | 100% | 60% 50% 66% 0
ca
SCADE 100% | 90% 95% 90% 50%
Tool Analysis

Determinis Correctnes Robustnes Conformanc Traceabilit
e to

—»{ Architectur P Algorithms »| Partition integrity

L3 Predictability p{ Language »| Boundary conditions

! Algorithms P Syntax and semantic formality > ;

g Coupling Behavioral standards |
—»{ Language »| Real time management
»| Language presentation rules
y
Requirement [@— Desig |« Cod [€—» Testcases
Figure 3: Tool analysis attributes
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From the tool analysis, it is observed that most of the commercially available model based tools have a
Matlab/Simulink gateway. The Simulink gateway allows import and export of data/models /signals from and to the tool
depending on the requirement. Many tools have a limited link to the Simulink library; hence Simulink library can be
treated as universal set for developing model based designs. It is also observed that many tools use formal verification
techniques for verifying the models. The most widely used formal verification engine is the Prover Engine which has
plug-ins for many tools including Matlab, SCADE, Rhapsody, Statemate etc. The qualitative attributes of the tools are
compared and quantitative metrics are generated for the same. The tool comparison metrics helped in computing the
tool attributes, compatibility of tools with each other to integrate the tools for enhancing the overall attribute of the
engineering process to be adopted for a application. The integration of the tools leads for an efficient framework.
TABLE IV describes the tool comparison metrics for the tools. [23]

From the tool comparison metrics, quantitative measurement of the abilities of the tools is done. The gaps of the
tools are bridged by integrating it with other tool of same intended application. Fig 4 describes the attributes for which
the weighted sum approach is used in order to generate the metrics. [24]

Tool Comparison

] I 1 1 I \

Error Safet Learnabilit Intelligen Evolvability Consistenc

\4 v A

Tailorin Analysis | Ouality of | Security Predictabilit

Figure 4: Tool Comparison attributes
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TABLE IV: Tool Comparison Metrics

Metrics Mathworks Reactis Escher VisSim Dymola | OpenModelica | Atego SCADE
Versioning Twice a year V-2012 5.1(2011) | V-8(2011) V-2013 V-1.8.1 V-7.4(2012) | V6
Base lining 80% 66% 33% 60% 75% 75% 80% 80%
Traceability 100% 100% 100% 50% 75% 75% 100% 75%
Credibility 80% 75% 75% 62.5 75% 75% 80% 80%
Responsiveness 66% 66% 33% 67% 66% 66% 66% 70%
Transparency 50% 50% 50% 50% 50% 50% 50% 60%
Expressiveness 90% 90% 90% 70% 90% 90% 90% 90%
Program effort 15.412% N/A N/A 23.66% N/A N/A N/A 12.32%
Purity ratio .6608 N/A N/A 0.2189 N/A N/A N/A 0.8
Tailoring 85% 80% 90% 60% 80% 80% 85% 85%
Intelligence 100% 95% 100% 100% 90% 90% 100% 100%
Predictability 100% 95% 80% 50% 90% 90% 100% 100%
Error handling 89% 66.4% 66.4% 66.4% 66.4% 66.4% 89% 90%
Consistency 80% 75% 80% 60% 80% 80% 80% 80%
Evolvability 100% 80% 100% 60% 100% 100% 100% 100%
Learn ability 66% 67% 66% 66% 66% 66% 66% 66%
Verifiability 97% 90% 90% 70% 80% 80% 95% 97%
Clarity 95% 90% 80% 90% 90% 90% 90% 95%
Conciseness 80% 75% 75% 60% 80% 80% 80% 85%
Expandability 95% 85% 70% 65% 75% 75% 95% 96%
Flexibility 75% 65% 70% 50% 75% 75% 80% 70%
Integrity 95% 85% 85% 90% 90% 90% 90% 95%
Security 88% 90% 90% 79% 90% 90% 80% 90%
Robustness 99% 99% 67% 66% 60% 60% 90% 90%
Quality of Support 99% 99% 99% 70% 90% 90% 99% 99%
Analysis Capability 7% 60% 50% 42% 60% 60% 7% 80%
Safety 94% 85% 85% 65% 75% 75% 90% 94%
Maintainability 91.35% 80% 80% 50% 70% 70% 90% 91.35%

V. CONCLUSION AND FUTURE SCOPE

The proposed measurement technique provides the benchmark to evaluate tools to be used in the project. The case
study for the proven system provides the approach to compute the metrics, evaluate the metrics and select the
appropriate tool for the program based on the functionality, schedule, budget and safety requirements. The results
provided a basis for determination of tool quality and its usage in the future projects.

The metrics generated for the tools helped in analyzing the gap for the tools for the particular application. The
compatibility of the tools provides alternatives for filling these gaps for a particular application. The gaps found during
the tool analysis can be overcome by tool integration method. The case study has helped in directing the work towards
developing an integrated tool platform consisting of various model based tools for enhancing the efficiency of the
process at different phases of the design life cycle.
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