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The FoReVer Project

* Functional Requirements and Verification
Techniques for the Software Reference
Architecture (FoReVer) is an ESA/ESTEC project

« Consortium led by Intecs

e Partners
» Thales Alenia Space (Cannes)
* Fondazione Bruno Kessler (Trento)

* Running in the period January 2012 - May 2013
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4 The FoReVer Formal Methodological
& 6 Framework

* Model Based System Engineering (MBSE)
Methodology and Technology to support system
avionic development across phases O, A, B, and C

« Early apply Formal Verification techniques in the
context of MBSE for
« Specification of requirements
« Formal properties
« Formal reasoning
« Formal verification of properties

« Step wise refinement from System
down to SW
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Software Reference Architecture

Exploit the Software Reference Architecture (SRA) concepts
from the context of the SAVOIR-FAIRE ESA initiative
(COrDeT-2)

Refinement of avionics System level properties down to SW level and then
to SW implementation on top of the on-board software reference
architecture (OBSW-RA)

System level

OBSW-RA implementation

Avionics
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FoReVer Ingredients

Systematic approach to
formal verification of space
avionics systems properties
from the early development
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MBSSE

e Model-Based methodology to support the Space
System Engineering (from SSFRT)

* based on SysML: graphical, model based support for
system modeling of requirements, functional decomposition,
behavior, architecture, step-wise refinement and
traceability

 property formalization, formal verification, step-wise
refinement with assume-guarantee reasoning for modeling
the avionics at system and software level

FoReVer
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NuSMV3/0CRA

* NuSMV3 provides formal techniques for:

« modeling of the avionics for system and software co-engineering
and

« property verification

« OCRA package provides methodological framework for:
 stepwise refinement verification
e assume-guarantee reasoning
« traceability

« formal means for verification, step-wise refinement with assume-
guarantee reasoning applied to MBSE

FoReVer
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CHESS 3% CHESS

« Model-driven Component Based methodology for =%
high integrity software development from the 5
ARTEMIS CHESS/CONCERTO projects

« modeling of requirements, traceability and properties

« formal verification techniques for non-functional
properties of softfware (real-time and dependabiltity)

 correctness-by-construction (by automated code
generation)

« SRA component model

« system level support
« system and software co-engineering support

 stepwise refinement with integration of formal verification
means
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The FoReVer Approach

» Component-based

* The system is described in terms of
architectural components with their well-defined
inferfaces and related properties

« Components are refined into lower levels as black
boxes until they are refined

e Contract-based

* Formalize properties of system and components
in terms of component contracts

« Formal verification of contract refinement
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Contract Based Approach
Compositional Verification

4 )
A | Contract Refinement
Library of Components with
Contracts

If the refinement
steps are proven
correct, then any
implementation of
m ; the leaf components

that satisfies the
component
contracts can be

used to implement
the system.
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The FoReVer Integrated
Environment

‘f:i CHESS+ Graphical Editor

NuSMV3/0OCRA

raceability links

SW

FU"il_C:tibl'iéL Components/Behavior/Error
Timing and Model

Safety

Requirements Contral:ts, and Dteployment
Uepe'ndability
Properties HW Components/
ErrorModel

COMPASS Workshop, 22 October 2015 15



=101 %]

File Edit <JDiagram Mavigate Search Papyrus Project Scripts | CHESS Window Help

Code generation 3
| £5 - L1 ) [frahoma cls =B - . TBFesSsBREB VNS H [ 7D Papyrus »
Activate Extrafunctionalyiew
_ = - . 2 =
Brm I-?‘_j P} v U} 8 || #= *functional_step2.uml_modifis Fictivate RiailwayYiew O
O L = g fictivate Dependabilityifiev =1l % palette I
1-B8 «CHESS» functional_step2.uml_m Purge user model
B, <Package Import: UML Primi Build Instances -
3 «RequirementViews modelRe Filters b - - Nodes
EI =SystemViews modelSystemy Sd"'Edmab‘ll!tV("ERDa + Edges
#-E3 Functional level Dependability : = FoReVer i
-E3 Physical level
B L \y_ level E] contract (Class)
ogical level «subSystem:
Event PerformAttitudeContral = gpnnt'ai:tP)roperty
-B3 «ComponentViews modelConr + goToSafeMode : Boolean «formalPropertys [ roperty
B «Depl iews mod + safeModeEnabled : Boolean Assumption {7} FormalProperty
epoy.me.n =i made =contractProperty = {RefinedBy=[sensesundir.sunDir_Present, pe... {true} (Constraint)
B3 =AnalysisViews modelAn O o
— " = | System
1-'t5. Additional Resources
sformalPropertys &S (ComponentImple...
Guarantee
- = |SRAC t
{always(goToSafeMode 1 omporien
imali P hled (ComponentImple...
- implies safeModeEnabled)} (Component))
«contracts
SunDirection_Alway:

+ sensesundi Assumption

«gubSystem: {TRUE}
SenseSunDirection

ctProperty= + sunDir_P,

Copyright (c) 2010-2012, Fondazione Bruno Kessler

, , Verification &
#*% This version of ocra is linked to NuSMV 2.5.devel.

For more information on NuSMV ses <nttp://nusmv.fbk.su> Val |dat|0n
or email to <nusmv-users@list.fbk.eu>. |
Copyright (C) 2010 by Fondazione Bruno Kessler resu ts

4
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\:

“’1, The Vision for a Model Based Systematic

Approach

A4

A mixed top-down and
bottom-up approach

< | Early validation “left shift”

Phase 0" 4 | | " .~ PhaseE

Phase A

Phase B -

"Phase D

Contracts
ensure
correctness of
decomposition
and composition

OBSW-RA E
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Conclusion

* A MBSSE solution for system composition
correctness analysis

« Integration in the CHESS toolset

e An front-end for the COMPASS-STAR
technology in the OMG UML MBSE world

* Availability as open-source in the
Polarsys/Eclipse open community

* Increase the potential for other R&D extensions and
user experimentation/maturation
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Thank you for

your attention!
Questions?
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