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Executive Summary

The deliverable D8.6Prototype for ArchitectureDriven Assurance) is thelastoutput of the AMAS$ask
T3.3Implementation for Architecturdriven Assurancevhoseobjective is thedevelopment of a tooling
framework to support architecturgriven assuranceD36 is the evolution of D3, which described the
secondprototype, the sectbns modified with respect to D3.5 have been marked with (*) in the headlines.

AMASS task T3.3 has three prototype iterations, described in[EX§.4D3.5[21] and D3.6 (this document).
Thisdeliverablereports the status of the aforementioned tooling framewddk the final prototype release

(Prototype P2, in particular for what regards the system componesgecificationand the tooling

framework supporting architecturdriven assuranceby descting the supported functionalities and the
details abouimplementation.

This deliverable takes into account the work performed in the ottr@ject work-packages, mainly WPR2
WP4 WP5 andNF6 because theyhave strong dependencies with T3I&deed,in this deliverablea set of
functionalities regarding the system componentspecification has been selectedfrom the AMASS
RSt AGSNIo6tS 5Hdm daf. AZaSHY SNEII[IENDEEIES ybagtie tedhioddies that
allow the implementation ofall selected functionalityalso covering requirements which have not been
implemented in previous prototype iterations

The logical structural viewf the AMASS reference tool architectugtaborated inthe GAMASS Reference
Architectureg deliverablesD2.3[6] and D2.4[7], have alsobeen considered in this deliverable; in particular
physical componentike CHESS and its contract editing functionalitye beersuccessfullynapped tothe
logical tool component€omponent Editaaind Contract Editor

WP4and WF results have been particullgrusefulin guidingthe argumentationand evidence metamodel
specification importantly, system architecturgelated information can now be traced © the
argumentationandevidencemodels

The deliverable D3.@Prototype for architecturedriven assurance (€)is the final evolution of this
deliverable in particular, D3.6 documens the final state of the tooling frameworRd A YLX SYSy il
suwpporting architecturedrivenassuranceising contract based design

H2020JTIECSERO15 # 692474 Page6 of 82
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1. Introduction (*)

The AMASS approach focuses on the development and consolidation of an open and holistic assurance and
certification framework for Cyber Physical Systen{CPS) which constutes the evolution of the
OPENCO$Sand SafeCeér approaches towards an architectutgiven, multiconcern assurance, and
seamlessly interoperable tool platform.

The AMASS tangible expected results are:

a)

b)

TheAMASS Reference Tool Architectyurghich will extend the OPENCOSS and SafeCer conceptual,
modelling and methodological frameworks for architectut@ven and multiconcern assurance, as
well as for further crosslomain and intradomain reuse capabilities and seamless interoperability

mechanismsd.g.based orOpen Services for Lifecycle Collaborati®s ({3 specifications).

The AMASS Open Tool Platformwhich will correspond to a collaborative tool environment
supporting CPS assurance and certification. This platform represents a concrete implenmeoitatio

the AMASS Reference Tool Architecture, with a capability for evolution and adaptation, which will
be released as an open technological solution by the AMASS project. AMASS openness is based on
both standard OSL@&pplicationProgramminginterfaces APE) with external tools (e.g. engineering

tools including V&V tools) and on opsource release of the AMASS building blocks.

TheOpen AMASS Communityhich will manage the project outcomes for maintenance, evolution
and industrialization. The Open Commiyniill be supported by a governance board, and by rules,
policies, and quality models. This includes support for AMASS base tools (tool infrastructure for
database and access management, among others) and extension tools (enriching AMASS
functionality). A Eclipse Foundation is part of the AMASS consortium, the Polarsys/Eclipse
community* is a strong candidate to host AMAG®e D7.327], D7.5[28] and D7.629] for further

details)

To achieve the AMASS results, as depictelligurel, the multiple challenges and corresponding project
scientific and technical objectives are addressed by different yadkages.

1 WWW.opencossproject.eu

2 https://artemis-ia.eu/project/40-nsafecer.html

3 https://open-services.net

4 www.polarsys.org
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Figurel. AMASS Building blocks

Since AMASS targetambitious objectives related to architecturedriven assurance, muitoncern
assurance, seamless interoperability support and cdmssain and intra domain assurance reusbe
AMASS Consortiunmas decided to follow an incremental approach by developing rapid and early
prototypes.

The benefits of following a prototyping approach are:
1 Better assessment of ideas by focusing on a few aspects of the solution
1 Ability to change critical decisions bging practical and industrial feedback (case studies)

AMASSasplanned three prototype iterations:

1. During thefirst prototyping iteration (Prototype Core), the AMASS Platform Basic Building Blocks,
are aligned, merged and consolidated Beéchnology Reaidess LevelTRD 4 (technology validated
in laboratory)

2. During thesecond prototypingiteration (Prototype P1), the single AMAS§S:cific Building Blocks
will be developed and benchmarked at ¥TRL

3. Finally, at thethird prototyping iteration (Prototype P2), all AMASS building blocks will be
integrated in a comprehensive toolset operating at TRIttechnology validated in relevant
environment)

Each of these iterations has the following three prototyping dimensions:
1 Conceptual/research evelopment develgpment of solutions from a conceptual perspective.
1 Tool cevelopment development of tools implementing conceptual solutions.

1 Case study evelopment development of industrial case studies using the conceptual and tooling
solutions.

H2020JTIECSEROLS # 692474 Page8 of 82
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As part of the Prototyp®2, WP3 is responsible fodrivingthe architecture specificatioim order to design

FYR AYLX SYSy(d (GKS 0 ISisted CangohdnBpacificatiod sedRiyjurelOThis paB R &

of the AMASS platform nmagescomponent and contraebased desigiiseeD3.1[10] Section 3.1.1)

This deliverablefollows the outcomes of D3.521], which comprised a thorough report ae tool
developmentresults of thedSystem Componerft LIS OA FA O G A 2 y ¢ Itpresénis @ daadzhd RA y 3
pieces of functionality implemented in the AMASS platform tools, their software architecture, the
technology used, angome source code referencedn that framework, D3.6 sbngly focuses on the

integration of different approaches and ideas into one unified AMASS tooling framework supporting
architecturedriven assurance.

Other important parts othe D3.6 document are:

9 Description of theAMASS Platform tools for ttimal prototype
1 FinalizedJser Manuals and installation Instruct®n
1 Source code description

H2020JTIECSERO15 # 692474 Page9 of 82
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2. Implemented Functionality

2.1 Scope(*)

The scope for thehird prototype iteration is the provision of modelling tools f@ystem component
specification, including contractbased approach anthe link with the assurance case specificatidrne
mainscope is highlighted with reectangles on Figure2, whichshows the generallayered structureof the

AMASS platfornffrom AMASSleliverable D2 [19]).

AMASS HMI
e n R R i i wnhh rrr.:— _.m'l i nnbhi rrrrs: _______________________________
h‘ * n n I I
] - [ ]
c : Contracts : : Assurance Analysis L Cross-Intra domain Seamless
-
O = Management [ n reuse Interoperability
..': n L | [ ]
o = L) ™
(@] : :'lllllllllllllll’
o s T TTTTTTTETTETT FTTTTTTTTTmT T T TTISATITOSIITIEIEITITIAITITIITIIEI T T TITI T T T T T T
g: =
H — E— E—
|} .
=| System Component Evidence Assurance Case Compliance
. Specification Management Specification Management
.
'.IIIIIIIIIIII"
Infrastructure — ]
Assurance Project Assurance
Lifecycle Traceability
Management

General Purpose

Figure 3 illustrates the component decomposition of these tools based on the design spdoificat

Platform Management

Figure2. Layered structure of AMASS tool modules

documented in deliverable D3[16].
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7 Architecture-Driven Assurance |

«componenta

3 External System - Design Tools |
V&V-based Assurance Impact Assessment

zcomponents
System Architecture Modeling for Assurance]

Interaction with external tools ey :| «components
not implemented in Prototype 2 =] Requirement Analysis
. =1 CHESS Plugins

2 £ «Components
«components 21 CHESS Plugins
Rhapsody
£ 7 External V&V tools
scomponents «components
AutoFocus3 «components =] Behavioural Analysis
Assurance Patterns Library Manag it F-=-1--= “compenent>
«components «Components OCRA
Compass Module not implemented = CHESS Plugins
=components in Prototype 2
«components
=] Safety Anaysis «components
xSAP
«Components
=] CHESS Plugins
«components «components

Contract-based Assurance Composition nuXmv

zcomponents
=] Contract Editor with Content assist

«components
=components =] Contract-based Analysis ﬁ\
=1 CHESS Plugins. R '
scomponents
«components = | CHESS Plugins

=] Contract-based Views

=components
=] CHESS Plugins

T
! |
7 AMASS Platform basic building blocks ‘ use | 1
' i
! .

L W use

=Components

System Component Specification

«components «companents
=] Architecture/ Component/Requirement Editor =] Contract Editor

«components «components
=1 SysML plugins =1 CHESS plugins

Figure3. Description of main building blocks

The System component specification enables the design of: the overall architecture, each single component
and therequirements. Moreover, it provides features of contract editing. The architecture driven assurance
is decomposed in different modules; the System Architecture Modelling for Assurance module that
interacts with the External Design Tools, the M&ged Assrance Impact Assessment module that
provides V&V analysis invoking external V&V tools, the ConrAbi@s®d Assurance Composition that
provides contacbased features, and the Assurance Patterns Library Management module that implements
the concept of assance pattern

2.2 Implemented Requirementg*)

From the requirements point of viewhis lastprototype iteration focuses on a set &#MASSequiremens

as defined ithe AMASSleliverable D2.11 . dza Ay Sa a @ISXSSHE  NYOR 18K AAERKYSBoysl & £
all relevant requirementswhich the final prototype shall implement. Even though some of the
requirements are still pending or in development at the release of this document, the final prototype will

cover all of them.

H2020JTIECSERO15 # 692474 Pagell of 82



@AMASS

Prototype fa architecturedriven assurancéc)

D3.6 V1.0

Tablel. Requirements implemented in the final prototype of the AMASS platform (P2)

Requirement No
WP3_APL_001

WP3_APL_002

WP3_APL_003

WP3_APL_005

WP3_CAC_001

WP3_CAC_002

WP3_CAC_003

WP3_CAC_004

WP3_CAC_005

Wiz e7XeR0[0[s] Refinemat-based

the contract refinements along

the system architecture

Name Description Status ‘ Tools Involved Partners

Drag and drop an The system sl be able to Papyrus INT, TEC, CEA
architectural pattern instantiate in the component

model and architectural pattern Solved

selected from the list of pattern

stored
Edit an architectural The system should be able to Papyrus INT, TEC, CEA
pattern edit, store and retrieve Solved

architecturd patterns
Use of architectural The system shall be able to ap Papyrus | INT, TEC, CEA (B&
patterns at different levelq to the component model

architectural patterns at Solved

different levels: AUTOSAR, IM/

Safety/Security Mechanisms

(security ontrols)
Generation of The system shall be able to OpenCert TEC, CEA
argumentation fragments| generate arguments fragments .
from architectural based on the usage of specific Pending
patterns/decisions architectural patterns in the

compament model
Validate composition of | The system shall be able to CHESS FBK
components by validating| validate the composition of OCRA
their contracts components by supporting the | Solved

validation of their contracts,

analysinghe relationshp among

assumptions and guarantees
Assign contract to The system shall allow to CHESS MDH,FBK, B&M
component associate a contract to a SAVONA

component. Then, the system Solved

shall allow to drop a contract

from a component
Structure properties into | The system shall be able to CHESS/SA FBK, B&
contracts support the extraction of ONA
(assumptions/guarantees| assumptions and guarantees tg Solved

be used in component contract

based on component propertie
Specify contract The system shall enable users CHESS/SA FBK, B&M
refinement specify the refinement of the Solved ONA

contract along the hierarchical

O2YLRySyiQa IN
General management of | The system should enable usel CHESS INT, FBK
contractcomponent to have a view of the associatio
assignmers between contracts and

components for the entire

system architecture (thus, not

only a view on the single Solved

contract assignment for each

component)

The system should enable user CHESS, FBK, B&M
overview to have a hierarchical view of Solved | SAVONA

H2020JTIECSEROLS # 692474
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Requirement No Name

sl eTNeRelord Overview of check
refinements results

Description

The system should enable user
to havean overview in terms of
status of check refinement of a
the defined contracts.

Status ‘

Solved

Tools
CHESS

Involved Partners

FBK

R O7XeifS] Contractbased validation

and verification

The system must provide
support for contractbased
system validation and
verification, including
refinement checking,
compositional verification of
behavioural models, contract
based faulitree generation

Solved

CHESS

FBK

WK O7Xe0[e] Improvement of Contract

definition process

The operation of contract
definition should be improved ir
terms of time speh

Solved

CHESS,
SAVONA

FBK, B&M

(WK O7XeRkKE Overview of contract
based validation for
behavioural models

The system could enable users
to have an overview of the
validation of a contract over a
state-machine. In case of failure
the system could enablesers to
have information about the
trace that does nofulfil the
contract.

Solved

CHESS

FBK

\WiERINO7XeRekd Browse Contract status

The user shall be able to brows
the contracts associated within
component and their status
(fulfilled or not)

Solved

CHESS

INT

ke NeRkk] Specify contracts defining
the assumption and the

guarantee elements

The system shall provide the
capability to create a contract
defining two new properties
(assumptions/guarantees)
implicitly associated to that
contract.

Solved

CHESS

INT

eI e/ a8 Drop contract from

component

The system shall allow to drop
contract from a component

Solved

CHESS,
SAVONA

INT, B&M

WP3_CAQ15

Reassign contract to
component

The system shall allow to
substitute the already assigned
contract to a compnent with
another contract

Solved

CHESS

INT

\WIEEIRSTALV/MO[0KN Trace component with

assurance assets

The supplier of a component
shall be able to trace all the
assurance information with the
specific component

Solved

CAPRA

INT

AWIEEIRSTAVIMO[0PA Impact assessment the

component changes

The system shall provide the
capability for a component
change impact analysis

Pending

CAPRA

B&M, INT

\WIEEIRSTAV/MO[0EY Compare different

KI 68y Qi
before

architectures according tc
different concerns which
0SSy

The system shall bable to
compare different system
architectures based on
predefined criteria, like
dependability or timing concern

Solved

CHESS

FBK
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Requirement No Name Description Status ‘ Tools Involved Partners
\WIIRSTAV/MO[0ZY Integration with external | The system could interact with CHESS, | INT, UC3, TRC, FB
modelling tools external tools for system desigr Solved Papyrus B&M

anddevelopment (e.g.,
Rhapsody, AutoFocus, Compas
to get the system architecture.
AWERIESTOR0 System abstraction levels| The user shall be able to brows CHESS, INT, B&M
along the different abstractions| Solved | SAVONA
levels (system, subsystem

component)
\WIERIESTOM0Zl System abstraction levels| The user shall be able to move CHESS, INT, B&M
and edit along the different Solved | SAVONA

abstractions levels (system,
subsystem, component)

\WisRIESTOR0EN Modelling languages fo | The system shall be able to CHESS, FBK, B&M
component model support different modelling Solved OCRA,
languages to model the SAVONA,
component/Subsystem/system Papyrus
\WERIESTOM0Z8 Formalize requirements | The system shall be able to CHESS, INT, B&M

with formal properties specify requirements about a Solved SAVONA
component in a formal way

\WIERIESTORSM Requirements allocation | The system shall provide the CHESS, INT, T
capability for allocating Papyrus,
requirements to parts of the Solved CAPRA
component model. More in
general, requirements
traceability shall be enabled.

\WEEIRS{OMO[0sl Specify component The system shall be able to CHESS FBK
behavioural model (state | specify the component Solved
machines) behavioural model

\WEEIRSIOMO[oFA Fault injection (include | The system shall have fault CHESS, INT, TEC
faulty behaviour of a injection capabilities Solved | SABOTAG
component)

WEKIAAVZNNO[0kN Traceability between The system shall provide the CAPRA INT
different kinds of V&V ability to trace immediate
evidence evidence (obtained aring the

execution of the lefthand side
of the \*model) with direct
evidence (obtained during the | sglved
execution of the righthand side
of the \fmodel). For instance: a
contractbased, component
based specification should be
traced with the corresponding
analsisresults.

\WISRIAAVAR0 078 Trace modeto-model The system shall be able to tra CAPRA INT
transformation all component model Pending
transformations executed durin
V&V modelbased analysis

\WISKIAVAVZARO[0EY Validate requirements The system shall be able to CHESS, FBK, HON, UOM
checking cosistency, validate formal Solved | OCRA, V&
NBRdzy Rl y O& I |requirements/properties Manager
properties

\WIEKIAVAVARO[0ZY Trace requirements The system shall be able to tra Solved Papyrus, INT
validation checks requirementsvalidations CAPRA
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Requirement No
WP3_VVA_005

WP3_VVA_006

WP3_VVA_007

WP3_VVA 010

WP3_VVA 011

WP3_VVA_012

Name ‘ Description ‘ Status ‘ Tools Involved Partners
Verify (model checking) | The system shall be able to CHESS, FBK, HON, UOM
state machines verify the component Solved NuXmyv,
behavioural model match with V&VManag
the specification er
Automatic povision of The system shall provide the MediniAnal| B&M, KMT, AAT
HARA/TARArtifacts capability for automating HARA yze,
(Hazard Analysis Risk SafetyAchi
Assessment)/TARA (Threat Solved tect, CHES
Assessment & Remediation
Analysisyelatedartefacts(e.qg.,
FTA, FMEA, attack trees.).
Generation of reports The system shall generate CHESS, FBK, HON
qbgut system gesqription/ reports about Pending| V&VManag
GSNATFAOI OA 2y system/subsystem/component er
verification results
Model-based safety The system shall allow the usel CHESS, INT,FBK
analysis to generate fault trees and . XSAP
FMEA tables from the Pending
behavioural model and the faul
injection
Simulationbased Fault The system should allow the SABOTAG TEC, AIT, B&M
Injection userto generate fault injection | Pending
simulations from the fault trees
and FMEA tables
Design Space Exploratior| The system could support the CHESS FBK
design space exploration of a | Pending
system for a certain
safety/security criticality heel

Each requirement together with the implementation completed so far to implement the requirement is

briefly outlined in the following sections.

2.2.1 System Component Specification

2.2.1.1 System Architecture Edito(*)

Table2. Requirements implemented in the System Architecture Editor

Requirement No

\WEEEIRSTOMO0Pl System abstraction levels

Name Description ‘ Status Tools Involved Partners
\WEEKIRSTOMO0l System abstraction levels| The user shall be able to brows CHESS, INT, B&M
along the different abstractions| Spolved | SAVONA
levels (system, subsystem
component)
The user shall be able to move CHESS, INT, B&M
and edit along the different Solved | SAVONA
abstractions levels (system,
subsystem, component)
\WEEIRSTOMO0EN Modelling languages fo | The system shall be able to CHESS, FBK, B&M
component model support different modelling Solved OCRA,
languages to model the SAVONA,
component/Subsystem/system Papyrus
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System architecturespecification is supported bthe Papyus UMLSysMLeditor [5]. The selection of
UML/SysML has been drivey the wide adoption of these modelling languages in the industry in different
domains.Then, he selection othe PapyrudJML/SysML editohas been driven by the factdh Papyrus is

an open source toowith very strict adherence to the OMG standards definition and very good support for
customization (i.e. profiling), with also different successfully use case stories in the industry already
availabl®. In particular, recatly the Papyrus Industry Consortium has been created to support a model
based engineering platform based on the domain specific and thodecapabilities of the Eclipse Papyrus
family of productslt is worth noting that Papyrualsohas integration fadities with other toolssuch agshe
commercial IBM UML Rhapsody tpiml addition, it supports the XMl OMG standajd] for the interchange

of UML models between UML tools.

Throughthe Papyrus edito(seeFigure4), SysML Blocks and UML Components can be used to model the
architectural entitiesas required by the AMASS componemieta-model definition (see D2.4 [7]).
Decompositionof blocks'components iio sub-blocks/subcomponentscan be modelled by using internal
block diagrams or composite structure diagrarBsth the Papyrus Editor and other AMASS components
are under the same Open Source licenskich supports the reuse of these previous resuwiighin the
AMASS platfon.

Information about the functionabehaviourof a given component/block can be provided through state
machine diagrams.

The resultingJML/SysML modelsnd diagrams are stored in individual files in the Eclipse workspace.

5 https://www.eclipse.org/papyrus/testimonials.html
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& runtime-New_configuration - Papyrus - WES/WES.di - Eclipse Platform - X
File Edit “# Diagram Mavigate Search Papyrus Project Run CHESS Window Help
o == e ] -ﬁ-;ggqv;é\—»v‘ ‘E;}ufvu;v“:—ﬂnvgvﬁ'-ﬁQ-Hv 3 [ 100% v;:gi;vov@-bd‘-
RN B R | A~>d - 5~ [cuick Access| | g | 23 72|08
[ Project Explorer EZ = 8 P wesdi 2 = a
2% N <Blacks A |53 Palette b
B0 Online Transactional Checkout ~ System Ly ® G -
v [= WBS B properties
« ~3 WBS & in Pedal_PosT: Boolean *j Associgtions <«
2 di B in Pedal_Pos2: Boolean / Association
S ool # out Brake_Line: Continuous ) .
= no Iﬂ on =1 No_Double_Fault: Boolean /" DirectedAssoci...
&) uml v & Composition
- = o ModelElements <
B Model Explorer 53 g = operations
= Ii:g: E? 18 = <)==(> - B2 Package
- - B = traints Actor
v B3 WheelBrakingSystem = } £
brake_time: System_Brake_Ti
3 medelRequirementView e e gl Block,

«Blocks System
«Blocks

~ B0 modelSystemView o} PortAndFlows <2
~ B PhysicalArchitecture +bscy + Port
m [l
+ hydraulic

Blocks Hydraulic iy &l Flowport
aBlacks BSCU roperies Blocks FlowSpecificati...
?ASSOUEUW‘T [ in Pedal_Pos1: Bodlean Hydraulic o DataTypes w©

Association2 [ in Pedal_Pos2: Boolean properties
-
<Blocks SubBSCU & out\lid: Boolean € out Brake Line: Continuous Datalype
o A bscul_bscu #l out CMD_AS: Boolean [ in CMD_AS: Boolean 2] ValueType
"/ hasociations [l No_Double_Fault: Boolean B in Valid: Boolean rimitiveTune
g A_bscu_bscu o} CommentAn...
& Diagram PhysicalArchitecture BDD operstions -
B3, Disgram Physicalirchitecture_CD operations ConstreintBlock
constraints i
[ ConstraintPro..
5@ Disgram PhysicalArchitecture CD {2} {Valid := bscu?.Valid or bscu2.Valid } v
B3 Contracts T & Paramneter
E modelComponentView e

2

£ medelDeploymentView

=1 modelAnslysisView By PhysicalArchitect... 53 Hydraulic_IED [B& SubBSCU_IBD | B Contracts [B3 System_IBD B SowtwareComponent... B SoftwareContracts CD

[} =] 8 - v o
Properties g
=] Types ?
ta System
ML Name [ system 2
Comments Qualified name WheelBrakingSystem:modelSystemView::Physical Architecture:System
SysML
e Is abstract Otiwe  @fakse Is active Otue @ false
Profile
Style Is leaf Otrue @ false
Appearance Visibility public -
Rulers And Grid
Owned attribute i |[ 4| k|| | 2
Advanced

‘ = hydraulic: Hydraulic
=l hseu: RSCL

=

= |

Figure4. Papyrus editor

The Papyrus UML editor supparthe definition andapplicationof UML profiles. In AMAS&e Papyrus
tool is used together with the CHESS profile exten@inn particular CHESS is usedehas extension of
the UML and SysML modelling languateallow the modelling of contracts, as explained in the following
sections according to thAMASS componemeta-modelneeds(seeD24 [7]).

CHESS also provides extensio the Papyrus tool, for instance by adding dedicated diagram palettes to
facilitate the creation of the CHESS entities, or by addidgdicated property tabs view for editing CHESS
entities propertiegseeSction0).

Forthe GUI perspective, the CHESS theme enriches UML and SysML diagrams with useful information for
the user, such as multiplicity attribusdor ports and componentgndguard expressions in state machines

The user may alshide graphical elements that cae visual clutter such as the stereotypes applied to the
CHESS entities. CHESS enables the automatic generation of SysML diagnatine CHESS model and
provides a layout facility for arranging the diagram elements based on the Eclipse Layout Kejfi2](ELK

It is worth noting thatthe CHESS profile also provides other modelling capabilisash asthe
dependability profile[11] for failure modelling and specific support for timing propertiesed Sectiord

about CHESS featuredyloreover, CHESS provides a methodology for the design, verification and
implementation of CPS SW systefif The CHESS profile follows the satiwnsingapproach as Papyrus

and other AMASS components, which supports the easy integration of the developments from the
intellectual property perspective.
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\@AMASS

2.2.1.1.1Easy System Architecture Modelling with SAVORA

As Papyrus and CHESS can be used for vaiifert modelling activitiegheir options and possibilities

might overcome an average system engineer without an extensive background on applying SysML. It has
been found that a restricted user interface, which only allonsaningful actionsvould resultin a higher

user acceptanceSAVONA has been developed to support system enginaecseating static system
architectures in SysML.

«parts
= Lvl_2: Controlling

& in OpCmd: Event B in VSply: Continuous

& in CtrlEN: Enumeration ’l

Oplnd €l out Oplnd: Enumeration

«parts
(=) Lvl_3: Statemachine
& in OpCmd: Event

VSply
CtrlEN

out Oplnd: Enumeration
] out CtrlEN: Enumeration

I
«parts L] +
= Lvi_3: Controller Cascade
CtrlEN
B in SpdTgt: Continuous CHlEN CHlEN CHriEN Voply,
¥ ¥ +
«part» . «parts «parts «parts .
5] Lvl_4: Speed Controller (=] Lvl_4: Torque to Current [ Lvl_4: Current Controller &) Lvl_4: Voltage to PWM
SpdTgt | SpdTgt B in SpdTgt: Continuous . B in CurTgt: Continuous 3 in VSply: Continuous
€ out TrqTgt: Continuous TrqTgt | = inTrqTgt: Continuous CurTgt | @& out VMotTgt: Continuous VMotTgt | 5 in CtrlEN: Enumeration PWM PWM
B S Epmtec)
= S = in CtrlEN: Enumeration & in CtrlEN: Enumeration
5 in Ctrl_EN: Enumeration ) Bl in VMotTgt: Continuous
& in SpdActMeas: Data &l out CurTgt: Continuous = in CurActMeas: Data X
Al £l out PWM: Continuous
{1] 1
[ in VSply: Continuous
SpdActMeas s CurActMeas 2 S
; i [ in SpdActMeas: Data [ in CurActMeas: Data S £ duEWINE e utilp o1
[ in SpdTgt: Continuous SpdActMeas = in SpdActMeas: Data & in CurActMeas: Data ::E: CurActMeas &l out PWM: Continuous
] Uy

Figure5. SysML IBD showing multiple system layers

The SysMLInternal Block Diagram (IBD) hbsen chosen as the main diagram type for designing the
systems architecture in SAVONA, as it allows an intuitive understanding of the model though multiple
system layersMechanisms have been added that generate whitebox diagrams of selected system blocks,
which can automatically be synchronized on model changes. This enables an effditlglsy of the
Y2RSt Qa4 Odz2NNByid RS&aArAdy aidl ddzao

The Model Explorer is customized to only show relevant model elements such as blocks, parts, ports,
signals and diagramsts Icontext menyseeFigure6) has been revised to only allow applicable copy/paste
operations ando create new model elements and diagrams.

S «Block, Compenent» Controller Cascade
4 «Block, Compenent» Controlling

78
7 R

LA PR

Show Model Table
Create New Diagram
Duplicate Block
Delete

Undo

Redo

Copy
Paste
Import
Validation

s

Delete

Cirl+Z
Ctrl+Y
Cirl+C

Ctrl+V

- v

Figure6. Revised Context Menu of the Model Explorer
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SAVONAlso allows a tabular view afodel elements. Suchlodel Tablesan be viewed for each SysML
block, containinghe parts, ports and signals of the blodkigure7 shows the Signatgb containing all
signals of the selected blocklodel element names andescriptionscan be edited directly inside the
model table.

= Properties | # Data Dictionary | MotorAngleDetermination Table | Controller Cascade Table &3 = O

Components | Ports | Signals

Signal Name From Port To Port Description -
1 SpdTat Controller Cascade.SpdTat Lvl_4.SpdTgt Represents the rotaticnal speed target, which is setting up by user.
2 TraTat Lvl_4.TrgTat Lvi_4TrqTat Represents the torque target value for the current control. =
3 ViotTgt Lvi_4.ViotTgt Lvi_4 ViotTgt Represents the voltage target value for the motor,
4 CurActileas Controller Cascade.CurActileas Lvi_4.CurActheas Measurement value from current sensor, represents the motor current.
5 SpdActileas Controller Cascade SpdActileas Lvi_4 SpdActileas Measurement value from speed sensor, represents the motor speed.
& VSply Controller Cascade VSply Lvi_4VSply
7 PWIM Lvi_4.PWM Controller Cascade PWHM Represents a aenerated PWM sianal, -

Figure7. Model Table showing all signals of a SysML Block

The custom Properties View in SAVONA combines all relevant information for each etedent.
Element descriptions can be formatted and may contain hyperlinks as showigune8. The view also
contains sections for specifying contraatgich is further described isection2.2.1.5.1

i Properties | £} Data Dictionary = v = H

Speed Controller

Attributes 1yPeName  Speed Controller

Contracts | Description
- Takes the difference between speed target value and speed actual value.
Assertions

Macros See file:\C:/DC /info txt for more information.

Figure8. Properties View in SAVONA
a2zRStftAy3 | aeadsSyQa | NOKAGSOGdz2NBE 2 FouboyhantdSBaskfl (G a A
on the Eclipse Layout Kernel (HLLR) SAVONA offrsthe automatic layout of SysML IB@hichsimplifies
the laying outof new diagrams or parts of it.

Since SAVONA is also based on Papyrus it gffasibilities forinteroperability to the AMASS Platform /
CHESS. A CHESS export function atlomgerson ofthe SAVONA modéaito a CHESS model (deigure9).
That way the initial architecture design can be performed in SAVONAIlated bereopenedin CHES®
perform various V&V activities on the modeithout any loss of infanation.
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(%) Export to CHESS [E ™=
CHESS Export -33-
> >
Select the SAVONA model to export as a CHESS project. v

Only open models can be exported.

Meodels:

motor_angle_determinationModel.di
de-drive wv2Model.di

Directory Mame:  DC_CHESS_export

File Path: ChUsers\mgrabowski\ Desktop

Next > [ Finish || Canca |

Figure9. CHESS Export function of SAVONA

2.2.1.2 Formalize Requirements with Formal Properti¢y

Table3. Requirements regarding the formalization of system requirements

Requirement No Description | Status | Tools Involved Partners

\WIRIRSIOMO[0Z8 Formalize requirements | The system shall be able to CHESS, INT, B&M
with formal properties specify requirements about a Solved SAVONA
component in a formal way
\WERIRS{OlO0S) Requirements allocation | The system shallrpvide the CHESS, INT, MT

capability for allocating Papyrus,
requirements to parts of the Solved CAPRA
component model. More in
general, requirements
traceability shall be enabled.

Requiremens can be modelled in Papyrus using the SysML prdfii@deed, SysML comes with the
dedicatedRequiement stereotype(seeFigurel0) whichcan be managed througRequirement Diagras
The availability of system requirements represented in the model alltdves user to model their
traceability to the different pars of the system model. In particulatby using the SysML profile,
requirements can be traced to the entities of the architecture, by usingthitisfylink defined by SysMILn
this way requiremergtraceability(see e.g[8]), which isan important quality factoto be guaranteed while
building systemscan be obtained while using moegiven support.

In AMASSa formal property represents a distinct entity which is usegtovidea formal description o&
given system requirementhe latter usually described using informal textual language

To model formal propertiegthe CHESS profile defima constructcalledFormalPropert y asanextension
of UMLConstraint (seeFigurelQ). AFormalProperty can becreated firstin the modeland thenlinked
to the requirementthat it formalizes; the SysML tracdink can becreatedin the SysML Requirement
diagram or through the tabular editor provided by Papyr®s Then the formal description fothe
requirementis provided by using thepecificatiomattribute coming withthe FormalProperty entity. This

6https://wiki.ecIipse.orq/Par:)yrus User Guide/Table Documentation
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attribute can refer to the UMLOpaqueExpression element that contains languaggpecific texs to
express one formal property in different modalli languages.

~P “WBS.di I = B8

=Requirement=
Brake_Delay
=Requirement=
text=The delay between a brake command (given
via the brake pedal) and its execution (by
applying brake force to the wheel) shall not
exceed 10ms

«FormalProperty= N
{2} System_Brake_Time_Guarantee
{always { (change(Pedal_Pos1) or change{Pedal_Pos2)) ->
(time_until{ change(Brake_Line) } <=10))}

E’é SowtwareComponent... E’é SoftwareContracts_CD Select_Switch_CSD ESCU_CSD E WBS_Requirements 2 e

[C] Properties &3 o ~ = O

—

{7} System_Brake_Time_Guarantee

UML Mame System_Brake_Time_Guarantee Constrained element SR
- Visibility public v

Profile

Style Context F3 Contracts | | | &

Appearance

Rulers And Grid :

Achanced Specification EC°”5t"3'”t5PEC="E|WE}f5((Chaﬂge(Pedal_Pns'IJorchange(PedaI_Posa)) > s

(tire_until{ change(Brake_Line) ) ==10])"

| |

Figurel10. Modelling FormalProperty

It is worth noting here thathe CHESS profile does not force the usage of a particular formal language; the
choice of the formal language to be adopted for the formalizatioregfiirements isnade bythe modeller,
typically accordingto the adopted process/methodologyCHESS currently supp®ittegration with the
OCRA contract specification languégen particular, through the CHESS Contract plugins explained in
Section0it is possible to verify formal properties with respect to OCRA syntax.

7 https://ocra.fbk.eu
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2.2.1.3 SemiFormalRequirementDefinition

As users might not be familiar with formal expressions to define contracts, we adopted a custdmadexit
editor with synta checks and autoompletion, and a wizard to set up assertions with -pefined
templates for the most common assertion patterns

In the following paragraphs we explain both concepts in detail.

2.2.1.3.1Assertion Wizard

As applying a template language can be quifécult without any guidelines, we decided to implement a
wizard thatguides the user through the process of choosing and filling out an appropriate pattern structure
for their statement. The first page of the wizard shows the user the three main patigres of our
template language: Global Invariant Patie6Simultaneity Patternand TriggerReaction Pattern (sefeigure

11). We have added a short description and an example for each one so that it is easier for the user to
dedde.

After selecting the main pattern type, several possible pattern instances of theangeresented to the

user. Each of them features an example to demonstrate a possible applicatiorFige® 12). If an
appropriate patten instance is chosen, the user will be directed to the last page of the wizard, where the
patterns construct needs to be customized. The user can now replacéenmimals by simply clicking on
them. A dropdown menu shows possible substitutions and thgion to use a macro. If a terminal that

must be replaced by an event narigeselected a list containing all event interface nhames of the currently
selected component appears. That way the user can only choose and use model elements that are in scope
(seeFigurel1l3). The same holds for terminals that must be replaced by variable names except that the
suggested names come from all available ports except the event ports. We also provide a set of time units
the user can choose fromhen specifying timethehaviour Only if no norterminals remain in the pattern
instance and all terminals are replaced by actual interface names, values,aioifsanthe assertion be
assignedo a selected componenOtherwise,the wizard willgive ahint to the useraboutthe remaining
non-terminals or terminals.
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Figurell First step in theAssertionWizard: Select a General Pattern Type to formulate an assertion. Each selection
features a short description and example tifev the user an easy decision.

Figurel2 Second step in thAssertionWizard: Choose a pattern instantiation of the previously selected general
pattern type
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