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e Context & problematic
@ Context
@ Problematic

9 Propositions
@ Choice of process of reference
@ SE processes formalization
@ Processes adaptation to businesses and projects
@ Validation et Verification of models of processes

9 Conclusion
@ Conclusion
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O Context & problematic
@ Context
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Increasing systems complexity

Example, the aviation

»

Complexité
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Increasing systems complexity
Example, the aviation

»

Complexité

I f f N
875 1783 1897 2005
Ibn Firnas Montgolfier Ader Airbus

2 axes of complexity :

© technical complexity
@ organizational complexity
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Manage complexity
Systems Engineering (SE) (1970)

Systems Engineering (SE) :
An approach and
interdisciplinary means allowing
systems realization and
deployment.
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Systems Engineering (SE) :
An approach and
interdisciplinary means allowing
systems realization and
deployment.

Can be considered as

© application of engineering
techniques to engineering
of systems,
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Manage complexity
Systems Engineering (SE) (1970)

Systems Engineering (SE) :
An approach and
interdisciplinary means allowing
systems realization and
deployment.

Can be considered as

© application of engineering
techniques to engineering
of systems,

@ and application of a
systematic approach to
engineering efforts.
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Systems Engineering Standards

Heritage of Systems
Engineering Standards

Systems
Engineering

(Trial Use)

[Martin98]

The use of a systematic approach is done via standards.
@ built throught several years by consortiums like INCOSE or AFIS
@ based on companies experimental skills
@ bring to evolute
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Systems Engineering processes

SE standards defined benchmark processes.

A process is [EIA632] :
a set of interrelated tasks that, together, transform inputs into outputs. J

Those elements are material, information or both.

QLATTIS
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O Context & problematic

@ Problematic
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Application of SE recommendations

[AFIS]
L2 . Ce que
Ce qu'établit I . Ce que met en
l'ind tri entrep.rlse | | et
industrie établit place le proje
processus » méthodes outils
+ EIA-632 + Pratique + Plans et plannings
+ |EEE 1220 de l'entreprise + Outils métier
+1S0 15288 + Procédures + Moyens
+ Méthodes
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For practical purposes

et -

Triversté

uuuuuuuuu

Samuel ROCHET () Formalization of Systems Engineering proces!



Problematic

How to apply described processes ?
@ Where to start, which processes to retain ?

uuuuuuuuuuuuuuuuuuuu
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Problematic

How to apply described processes ?
@ Where to start, which processes to retain ?

@ How to integrate and to share textual
recommendations ?

uuuuuuuuuuuuuuuuuuu

Samuel ROCHET () Formalization of Systems Engineering proces: 26 novembre 2007 11/70



Problematic

How to apply described processes ?
@ Where to start, which processes to retain ?

@ How to integrate and to share textual
recommendations ?

@ How to integrate business aspects ?
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Problematic

How to apply described processes ?
@ Where to start, which processes to retain ?

@ How to integrate and to share textual
recommendations ?

@ How to integrate business aspects ?
@ How to integrate project aspects ?
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Problematic

How to apply described processes ?
@ Where to start, which processes to retain ?

@ How to integrate and to share textual
recommendations ?

@ How to integrate business aspects ?
@ How to integrate project aspects ?
@ How to ensure respect of recommendations ?
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Problematic

How to apply described processes ?
@ Where to start, which processes to retain ?

@ How to integrate and to share textual
recommendations ?

How to integrate business aspects ?

How to integrate project aspects ?

How to ensure respect of recommendations ?
Standards are they compatible ?
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Problematic

How to apply described processes ?
@ Where to start, which processes to retain ?

@ How to integrate and to share textual
recommendations ?

@ How to integrate business aspects ?

@ How to integrate project aspects ?

@ How to ensure respect of recommendations ?
@ Standards are they compatible ?

@ Which part of reuse ?
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Problematic

General problematic

How to define and to apply all activities required for development of a
complex product ?

uuuuuuuuuuuuuuuuuuu
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Problematic

General problematic

How to define and to apply all activities required for development of a
complex product ?

Means
To use acquired experience = SE standards.
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Problematic

General problematic

How to define and to apply all activities required for development of a
complex product ?

Means
To use acquired experience = SE standards.

particular problematic

How, in practice, apply generic recommendations to projects by nature,
specifics ?

v
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Propositions

Propositions
© To start from a scenario given by SE standards (EIA-632).
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Propositions

Propositions

© To start from a scenario given by SE standards (EIA-632).
Q To elicit a global generic model of multi-processes interactions.
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Propositions

Propositions
© To start from a scenario given by SE standards (EIA-632).
Q To elicit a global generic model of multi-processes interactions.
© To improve it with specificities of business and project.
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Propositions

Propositions
© To start from a scenario given by SE standards (EIA-632).
Q To elicit a global generic model of multi-processes interactions.
© To improve it with specificities of business and project.

© To ensure approach coherence by a mechanism of validation.

uuuuuuuuuuuuuuuu
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9 Propositions
@ Choice of process of reference

uuuuuuuuuuuuuuuuuuuu
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Systems engineering standards

Three main standards in SE :

IEEE 1220, EIA-632, ISO 15288

pratiques _|
détaillées
IEEE 1220
pratiques
de B EIA-632
haut-niveau

description
de processus

ISO 15288

définition réalisation intégration transfert exploitation retrait
du des du vers H maintien en I de
systéme constituants systéme

I'exploitation || condition opérationnelle

service
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Choice of a standard

Approach validation on one standard.

selection of EIA-632 :
@ Compromise between life cycle coverage and detailed practices.
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Choice of a standard

Approach validation on one standard.

selection of EIA-632 :
@ Compromise between life cycle coverage and detailed practices.
@ Strong utilization by local industrials (Airbus, TOPCASED).

uuuuuuuuuuuuuuuuuuu
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Precision

The choice of EIA-632 is not restrictive :

Presented techniques and methods can be applied on others SE
standards.

Standard can be :
@ One standard (IEEE 1220, EIA-632 or ISO 15288);
@ A combination of standards.

uuuuuuuuuuuuuuuuuuu
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EIA-632

Generalities

Standard co-developed by :
@ Electronic Industries Alliances (EIA)
@ International Council on System Engineering (INCOSE)

Content :
@ 13 processes (5 groups)
@ 33 requirements on these processes
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EIA-632

Generalities

Standard co-developed by :
@ Electronic Industries Alliances (EIA)
@ International Council on System Engineering (INCOSE)

Content :
@ 13 processes (5 groups)

@ 33 requirements on these processes
Z# product requirements.
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EIA-632

Generalities

Standard co-developed by :
@ Electronic Industries Alliances (EIA)
@ International Council on System Engineering (INCOSE)

Content :
@ 13 processes (5 groups)

@ 33 requirements on these processes
equivalent to processes and described by tasks.
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EIA-632

Groups et processes

@ Technical management
»  Planning Process
>  Assessment Process
»  Control Process
@ Supply and acquisition
»  Supply Process
> Acquisition Process
@ System Design
» Requirements Definition Process
»  Solution Definition Process

@ Product realization

» Implementation Process
> Transition To Use Process

@ Technical evaluation

Systems Analysis Process

System Verification Process
End Products Validation Process

Yyvvyy

Requirements Validation Process

Acquisition
Request

Technical Management |

Directives

Outsomes

Acquisition
5 Supply

Sugply

e
Acquisiton

Process

Requirsments

Feedback

System
Design

System
Praducts

Wil

Seluton Defintion
Proces:

Design:

Realization

Impiementaton
Frocess

Transkon to Uss
Frocess

/A

Products

[

Technical Evaluation

L Sysiems
Analysic

Regurements  Sysiem  End Product
Validatisn | Venfeaton  Vaisaten
Frocess. Pracess Frocess
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EIA-632

Groups et processes

@ Technical management

»  Planning Process
> Assessment Process
»  Control Process

@ Supply and acquisition

> Supply Process
> Acquisition Process

@ System Design

» Requirements Definition Process
»  Solution Definition Process

@ Product realization

» Implementation Process
> Transition To Use Process

@ Technical evaluation

Systems Analysis Process
Requirements Validation Process
System Verification Process

End Products Validation Process

Yyvvyy
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rocess. Process
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Process

System
Design
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EIA-632

Groups et processes

X
@ Technical management =
»  Planning Process ool Rcalfabi Outaomes
>  Assessment Process Lkt \ & Supply Fecdbask
»  Control Process L
[ Acaston \
@ Supply and acquisition i 7
»  Supply Process P

> Acquisition Process A;!.é.:ﬁ"»
@ System Design

» Requirements Definition Process
> Solution Definition Process \’

@ Product realization

» Implementation Process

Design
s System
Products
s ftion

i
/1

Frosess

Product
Realization

implementaton
Process

Transiton to Use
Frocess

/1

Products

P Transition To Use Process ( Technical Evaluation
@ Technical evaluation (B i

Systems Analysis Process
Requirements Validation Process
System Verification Process

End Products Validation Process

Yyvvyy
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EIA-632

Groups et processes

.
@ Technical management =
»  Planning Process ool Outaomes

z
Feedback

Acquisition
& Supply

Supply
e
Acquisiton
Process

Reguirements

>  Assessment Process & saws \
»  Control Process

@ Supply and acquisition

> Supply Process T
> Acquisition Process Acison » \, m »S&E‘S&
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@ System Design : * ™~

Product
Realization

» Requirements Definition Process
P Solution Definition Process \’

@ Product realization

» Implementation Process
P Transition To Use Process ( Technical Evaluation

@ Technical evaluation E
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e SEEET v
i ey o o

Systems Analysis Process

Requirements Validation Process

System Verification Process

End Products Validation Process

implementaton
Process

Transiton to Use
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EIA-632

Groups et processes

@ Technical management

»  Planning Process
>  Assessment Process
»  Control Process

@ Supply and acquisition

> Supply Process
> Acquisition Process

@ System Design

» Requirements Definition Process
»  Solution Definition Process

@ Product realization

» Implementation Process
» Transition To Use Process

@ Technical evaluation

Systems Analysis Process
Requirements Validation Process
System Verification Process

End Products Validation Process

Yyvvyy
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EIA-632

Groups et processes

.
@ Technical management =
»  Planning Process ool Outaomes

z
Feedback

Acquisition
& Supply

Supply
e
Acquisiton
Process

Reguirements

>  Assessment Process & status \
»  Control Process
@ Supply and acquisition
> Supply Process
P Acquisition Process A;!.é.sfﬁ"»
@ System Design
» Requirements Definition Process
> Solution Definition Process \’

@ Product realization

> Implementation Process
> Transition To Use Process Technical Evaluation

@ Technical evaluation A i

Systems Analysis Process
Requirements Validation Process
System Verification Process

End Products Validation Process

System
Design

System
Products

Product
Realization

implementaton
Process

Transiton to Use
Frocess

/1

Products

Ena Product
Ve
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Yyvvyy
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9 Propositions

@ SE processes formalization
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EIA-632 model

Concepts to integrate :
@ processes
@ system and building blocks
@ life cycle

uuuuuuuuuuuuuuuuuuuuu
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EIA-632 model

Concepts to integrate :
@ processes

@ system and building blocks

@ life cycle
| || OSSAD | BPMN | UML | SPEM |
Semantic of processes O O O O
Metamodel O O O O
Life Cycle concept O O O O
Support by tools O 0 O as UML profile
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EIA-632 model

Concepts to integrate :
@ processes

@ system and building blocks

@ life cycle
| || OSSAD | BPMN | UML | SPEM |
Semantic of processes O O O O
Metamodel O O O O
Life Cycle concept O O O O
Support by tools O 0 O as UML profile

Choice of Software Process Engineering Metamodel (UML and
profile SPEM).

CLATTIS
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EIA-632 model
processes J

Triversé do Toouse

o = = =), I= DAl
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EIA-632 processes

Correspondences EIA-632 / SPEM-UML

Processes modeled in activity diagrams.

EIA-632 Type UML | Stereotype Icon

SPEM
Group Activity Discipline
Process Activity Process

Requirement | Activity Activity

Task Action Step w

CLALTIS
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Example of business model construction

Example, “end product validation”

Acquirer and Other (— i Systom Design
Stakeholder Requirements {bullding_block Acgulrer_Specifications)
System I [er—— o) | e
Design Sainiton 1
& Requirements ﬂj
Definition Other_Requirements from ntemal 8 €
Process

Requirement

ransformation»
Conflicts & Issues {building_block.Other_Requirements_from_internal_&_Extemal_Sources)

Validated System
Technical Requirements. ‘

Product
Solution Characteristics
Definition S

Process

esign_Solution

@

Specifications, Drawings, Models

QLATTIS
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EIA-632 processes

Process : Solution Definition Process

Solution Process

Action1 :R17 R R N
Logical ogical_Solution_Representation:
Solution

Represematinﬂ_ls ;{

I]erived_Technical_Requiremenﬁ

Action2 :R18 <—|

Physical
Solution

i m

Action3 :R19
Specified ‘
Requiremenﬁ

|Physi:aLSulutinniRepresentatinns‘

Specified_Requirernent

Design_Solution

Systemn Technical Reguirements

Solution definition process requirements :
@ logical solution representations
@ physical solution representations
@ Specified Requirements

Samuel ROCHET () 26 novembre 2007
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EIA-632 processes

Requirement 17 — Logical Solution Representations

Requirement 17 tasks :

a Select and implement one or more appropriate
approaches to providing an abstract definition of
the solution to the system technical requirements.
For the approaches selected, complete the
appropriate tasks from (b) through (d) below that
aid in defining logical solution representations.

b Establish sets of logical solution representations
by (1) doing tradeoff analyses (see Requirement
23), (2) identifying and defining interfaces, states
and modes, timelines, and data and control flows,
(3) analyzing behaviors, and (4) analyzing failure
modes and defining failure effects.

c Assign system technical requirements (especially
performance requirements and constraints from
the system technical requirements) to elements of
the logical solution representations, e.g.,
subfunctions, groups of subfunctions, objects, and
data structures.

QLATTIS
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EIA-632 model
processes + system and building blocks




EIA-632 system structure

System
L
I e
Consists of l 3
End Enabling
Products Products
Perform
Operational | | Assciared
: i ' ! Process
‘ Functions i ‘ Functions

System and building block
@ A system is compose of end products and enabling products

CLATTIS
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EIA-632 system structure

Bloc de construction

I
produit produits de ||| produits de ||| produits de
final éveloppeme test formation
produits de produits de produits de produits
retirement production déploiement support

%ous-systéme‘ kous-systéme"

System and building block
@ A system is compose of end products and enabling products

@ A building block contain a system, its end products and its

enabling products.
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Model of system structure concept

Thuilding_blosk M

6.1 system
congept::

buildinty_block
+building_blodk 1

developed by

+system 0.1

7

6.1system  (ereat 6.1 system
congept:: concepty,

end_fifoduct syste

6.1 system
congept:
Comnosite

nd_Product 6.1 system
concept:;
Implemented/Existing/Acquired_End_P|

+end_product

roduct

Formalization of Systems

gineering proces

seretopes

o M rend_produs tpstem sostem +enabling_product
—_— - -
o : :

1
foderegy  B.1system
concept::
enabling_product
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EIA-632 model
processes + system and building blocks + life cycle




Requirements and building blocks

ACQUIRER
REQUIREMENTS
TRACETO ‘ BUILDING BLOCK
OTHER TRACE TO SYSTEM
STAKEHOLDER 4 TECHNICAL
REQUIREMENTS REQUIREMENTS ASSIGNED TO
ASSIGNED TO
LOGICAL ASSIGNED TO PHYSlCAL
SOLUTION
REPRESENTATIONS REPRESENTATIONS
|
DRIVE l DRIVE } SOURCE OF
' ASSIGNED TO *
DERIVED ___— DESIGN SOLUTION
TECHNICAL

REQUIREMENTS SPECIFIED BY

A srabiioen T Ri;j;:;\ = araBiBloen
ot H:EEI‘:W .x,m«m\“m reaumeEs REEiﬂmEm.u!wu::muw remeves

SPECIFIED -~
REQUIREMENTS

NOTE: End product
specified requirements are
used for (1) building, coding,
or buying of products, (2)
assembly & integration, and
(3) end product verification

Subsystem specified requirements become assigned requirements
at next lower layer of building block development ...

Samuel ROCHET ()
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Requirements and building blocks

Bloc de construction de couche N

[

[

produits de

I
produits de
test

Jéveloppeme

produits de
formation

produit
final

produits de
retirement

produits de
production

produits de
déploiement

produits
support

—r

ous-systéme‘ %ous-systémj\
AN

Blocs de construction de couche N+1
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Requirements and building blocks

Bloc de construction de couche N

[

[

produits de
éveloppeme

;

produits de
test

|

produits de
formation

produit
final

produits de
retirement

kous-systéme‘ %ous-systém

-

produits de
production

produits de
déploiement

support

’ produits ‘

Blocs de coR

uction de couche N+1
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layered design

Samuel ROCHET () Formalization of Systems Engineering proces: 26 novembre 2007 32/70



Life cycle model

«Phasex»

Pre-System_Definition

top layer building block

[pre-system defined]

building_black

«Phase»

System Definition

building_block]

Cytlex

P
Engineering life cycle

«Phase»

top-layer

building blopk  Subsystems: Design

Second

Second Layer

Buiding Eloy

Blocks

Top Layer Building Block

First Layer Building Blocks

Layer Building blofks

Second Layer Buiding Block

«Phases
End Product Physical

Third and Lower Layer Building Blocks|
designed

«Phase»

Detailed Design

rd and lower layer
b blocks

Test and
Evaluation

hird and lower Layer Building Blocks
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Life cycle

définition du pré-systéme |

+ gestion technique BC

+ conception systéme 1
I

définition du systéme |

+ gestion technique BC
+ conception systeme j
+ évaluation technique 1
T intégration test et validation
du produit final
conception des sous-systémes | + implementation
. . + gestion technique
et amel| G j
& Gl (e mimue 1 2 + transition vers |'utilisation
! g + management technique

conception détaillée | J

+ gestion technique BC

+ conception systéme

+ évaluation technique | 1,2...N
1|

@ Processes define system components
@ engineering of each of theme is done via processes
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EIA-632 model analysis

Few numbers :

from 140 pages to 69 packages, 79 diagrams, 1534 elements, 1502
connections. ..

http://ww. | esia.insa-toul ouse.fr/~rochet/
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Model has shown :
@ comportment descendant then ascendant (life cycle),
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Model has shown :
@ comportment descendant then ascendant (life cycle),

@ different roles for elements at the same level (groups et
processes),
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EIA-632 model analysis

Few numbers :

from 140 pages to 69 packages, 79 diagrams, 1534 elements, 1502
connections. ..

http://ww. | esi a.insa-toul ouse. fr/~rochet/

Model has shown :
@ comportment descendant then ascendant (life cycle),

@ different roles for elements at the same level (groups et
processes),

@ workflow coherency (recursive processes).
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@ Propositions

@ Processes adaptation to businesses and projects
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How to integrate business aspects ? How to integrate
project aspects ?

Described processes are generic and need to be adapted at a context.

We needs to integrate specificities linked to :
@ company business;
@ a specific project;

Ce qu'établit I'er(n:iﬁ-g;sise Ce que met en
l'industrie établit place le projet

processus ‘—+ méthodes H outils ‘
/ N/ N/ N\

+ EIA-632 + Pratique + Plans et plannings
+ IEEE 1220 de l'entreprise + Outils métier
+150 15288 + Procédures + Moyens

+ Méthodes

uuuuuuuuuuuuuuuu
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Proposed approach

From standards to businesses and from businesses to projects

Processes modeling in
3 steps :
SPEM / UML
T T T © model of standard ;
! ! ! ; .
modeéle du [ mod,élle du [— modé!e du 9 model of busmess,
standard métier [~ pTroy‘et e model Of pl'OjeCt.
| | . . .
projet Project is an instance of model
of project.

uuuuuuuuuuuuuuuu
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From model of standard to model of business

{ spécificités
métier

M2 | XPEM / UML

1] /1]

! P G

M1

modeéle du modéle du
standard métier

Business specificities are
identified from norms and
standards of the domain

For example :
@ aeronautic,
Q railway,
© medical,
© defense...

CLATTIS
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From model of business to model of project

Project specificities are
identified from company
procedures and practices.

For example :
projet
© methods,
M2 | seem / U\ | @ internal procedures,

[t © company structure and
modele du modeéle du q .
métier @ projet Organlzatlon e

1 ‘

M1

CLATTIS
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Incremental construction of models

Methodology of construction

@ Identify specificities in norms, standards, recommendations or
practices of the company.

Q Integrate them manually in the model.

domaine normatif

modeéles

Norme 1 Norme 2 Norme 3 Norme 4
Modéle Modele Modele
générique intermédiaire métier

Samuel ROCHET () Formalization of Systems Engineering proces:
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Construction operators

Model construction is done by :
@ creation (new tasks)
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Construction operators

Model construction is done by :
@ creation (new tasks)
@ specialization (work products types)
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Construction operators

Model construction is done by :
@ creation (new tasks)
@ specialization (work products types)
@ refining (task described by a process)

uuuuuuuuuuuuuuuuuuu
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Example of construction

Case of design of personal protective equipment

Example of personal
protective equipment

r ~ (89-656-CEE) :
I‘ @ specific marking ;

@ imposed notice;

M

@ periodical verifications ;

@ test by an independent
laboratory.

o ...

CLATTIS
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Example of model of business

Example of “end product validation”

R33 End products validations. R3 End products validatons

jaldation Exit
Guora

«Stepn.

criteria

_Requirements.

End Protucs

e Fraducts

End_Produete. pattod]

1
Fnd_Producte
falidatad]

QLATTIS
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Example of model of business

Example of “end product validation”

R33 End products validations
n Exi

csian

acquire
End_Products appropriat
test artic

1
Fnd_Producte
falidatad]

modifications :
@ new activity of “validation by an independent laboratory”

@ “conduct validation” renamed in “conduct of auto-certification”
@ workproducts up to date.

uuuuuuuuuuuuuuuu
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Construction of models

Construction of all models or reuse

modele du
standard

modeéle du
métier

Samuel ROCHET () Formalization of Systems Engineering proces:
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Construction of model

Construction of all models or reuse

S

(2]

= i

©

2 ex

© v

+ (S

v
modele du modele du modele du
standard métier projet
JLATTIS
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Implications on life cycle

CLATTIS
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Implications of the approach

Processes associated to each product depend of business
model.

@ Each product follows a design specific to its business.

uuuuuuuuuuuuuuuuuuuuu

Samuel ROCHET () Formalization of Systems Engineering proces: 26 novembre 2007 47170



Implications of the approach

Processes associated to each product depend of business
model.

@ Each product follows a design specific to its business.

@ The use of a common referential ensure global coherency of the
project.
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@ Propositions

@ Validation et Verification of models of processes
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The need of validation

Hypothesis :
Transmission of properties through models.

Problems :
Which properties ? How to ensure there presence in models ?

uuuuuuuuuuuuuuuuuuu
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Kinds of properties

We consider two kinds of properties :

SPEM / UML
modeéle du [ modeéle du |—{ modéle du
standard [~ | métier [ projet
Projet

Samuel ROCHET () Formalization of Systems Engineering proces:
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Kinds of properties

We consider two kinds of properties :

@ intra—model properties

propriétés intra-modele

SPEM / UML
modéle du [ modele du modeéle du
standard |7 | métier projet
Projet

Samuel ROCHET () Formalization of Systems Engineering proces:
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Kinds of properties

We consider two kinds of properties :
@ intra—model properties
@ inter—models properties

propriétés intra-modele propriétés inter-modele

SPEM / UML

1. 1.1
[ [ 4
modéle du [ modéle du % modele du
standard 1| métier = projet
I
-

Projet

uuuuuuuuuuuuuuuuuuu
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Example of properties

Intra—model properties

Intra—model properties

“it must be allowed to go back over each step of the process”

«Activity» «Activity» «Activity»
Spécificatio Conception Vérification @ [yes] o

[na]

whActivitys whActivity» whctivity»
Spécificatio Conception Vérification [es] o

[no]

CLATTIS
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Example of properties

Intra—model properties

Intra—model properties

“it must be allowed to go back over each step of the process”

«Activity» «A[:livity» «Activity»
Spécificatio Concepliun Vérification [res]

[na]
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Example of properties

Inter—models properties

Inter—models properties

“All activities in an original model must be present in the modified
model”

Activity! Activity3

Activityl : - Activityd : s
P
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Example of properties

Inter—models properties

Inter—models properties

“All activities in an original model must be present in the modified
model”

Activityl : - 2 | Activingd :

Al:mnly1

‘ T
Activity ; A[:llvny3
Ac||mly3

Activityl Activityd

QLATTIS
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Principe of verification

Verification based on logic programming.
Adaptation of [Malgouyres2006]. J
| Logic programming | Model |
Knowledge base (facts) Model (See like information)
Deduction base (rules) expression of incoherencies

Interrogation of base know- | automatic detection of incohe-
ledge base and deduction | rences
base (goals)

CLALTIS
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Coherency rules verification on one model

méta-modele
SPEM

@

reégles de
cohérence

®

regles de
cohérence (LP)

SPEM (LP)
modele _
méta-modele
+ modele (LP)
Samuel ROCHET () Formalization of Systems Engineering proces:
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Coherency rules verification between models

modelel

méta-modele régles de
SPEM cohérence
SPEM (LP) régles de

cohérence (LP)

@

modele2

méta-modeéle
+ modelel (LP)

@

méta-modele
+ modeélel
+ modele2 (LP)

Samuel ROCHET () Formalization of Systems Engineering proces:
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Meta-facts extractions

ModelElement
(from Gore)

Classifier
(from Core)

WorkProductKind

Parameter
(from Core)

A\ +kind| 1
1 |o*
Operation B
Activity Parameter WorkProduct
from Cor)

sDeliverable - Boolean
/ kind - WorkProductKind
/ responsibleRole : Process Ro.

0.*| +workPoduct

hasWorkPerArtifact - Boolea.

WorkDefinition
+SUbWOrK |/ performer : ProcessP erbrm.
0 / parentWork : WorkDefinition | 0..*

+work +performer| ProcessPerformer
<

rﬂwork - WorkDefinition

0.* {ordered}
+parentWork
Activity 1
_F Rol
{ assistant : ProcessRo. rocessRole -
I step : Step +activity _ +responsibleRole
i +assistant
+activty ‘
o

QLATTIS
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Meta-facts extractions

| L
— ‘ [
Activity 1 0.
/ assistant - ProcessRo... @ Step
{ step : Step +activity +step
+activty ‘
0--‘
Addition to knowledge base :
)
CLATTIS



Meta-facts extractions

L
@ . |
Activity \ 0.
St
/ assistant : ProcessRo... [ i
{ step - Step +afftivity *+step
0

Addition to knowledge base :
@ of metamodel elements

uuuuuuuuuuuuuuuuuuuuu
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Meta-facts extractions

Activity ,>v =iy
1
/ assistant : ProcessQG } 0
/ step : Step juit +Step

0.*

Addition to knowledge base :
@ of metamodel elements
@ and there relations

Samuel ROCHET () Formalization of Systems Engineering proces:
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Facts extraction

callBehaviorAction(id5,...).
callBehaviorAction(id4,...).
callBehaviorAction(id3,...).

wActivityn «Activityn «Aclivityn controlFlow(id13,...).
\ \ literalinteger(id15,...).
A

package(ido,...).
ool sPEMActivity(id5,...).

Addition to knowledge base :

QLATTIS
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Facts extraction

controIFIow(|d13,...).

IiteraIInteger(idlS,...).
package(ido,...).
sPEMActivity(id5,...).

Ine]

Addition to knowledge base :
@ of model elements

QLATTIS
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Facts extraction

literalinteger(id15,...).
packagelidd,__ ).
SPEMActivity(id5,...)

Addition to knowledge base :
@ of model elements
@ of stereotypes

uuuuuuuuuuuuuuuuuuu

Samuel ROCHET () Formalization of Systems Engineering proces: 26 novembre 2007 57/70



Coherency rules formalization

| Rulein natural language

| Coded rule

“An activity A is not verifiable if
it can reach an activity B then
this one can not reach activity
A

noVerifiable (1dActl) :—
isActivity (IdActl,_),
isActivity (IdAct2,_),

getName (1dMdOriginal ,
getName (IdMdDerive ,
inModel (IdAct, 1dMdOri
not(inModel(ldAct, 1dM

IdActl \= IdAct2,
reach(ldActl, IdAct2),
not(reach(ldAct2 , IdActl)).

“An activity is missing if it is

present in the original model | missing (1dAct) :—

and not in the derived model.” isActivity (IdAct ,_),

modeloriginal),

modelderive),

ginal),
dDerive)).

Samuel ROCHET ()
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Validation tool

Transform | Compare | Analyze |

1w | [ $— 2

# le name JArin Evaluation

73[gemocte/2 - Request: -7

2
76/0etordering/2
77|0etPackage ableEl

7 [brg0 = id5 (_KTKWYFL_Echycvh(7a-IHa) B
7 o5

80|getsymbn |2 -

81|getUpper, rg0 = id7 (T 74Kgll. EdyeV IhxX 7a-IHg)

es

lrg0 = idg (SHBAsIL_EdyeV X 7a-IHg)
o5

0 = ielS (_KTKUNFU_EchyrVIhx?a-IHg)

I T ol < 8

9 s Activt

95|isActarj1
96/ isAddStructuralFe..
7 |isAddVariablevalu il
98isAnyTrigger/1
23isApplFunctionAc

100]isAnitact/1

101isAs: 1
e 10 — o |[smes—9
qq D
4— s | gomans— 5
6

artition/ 1

CH]
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Use of coherency rules

Rules can be employed like :

o
Samuel ROCHET () Formalization of Systems Engineering proces:
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Use of coherency rules

Rules can be employed like :
@ construction rules

Regles de _| modéle du —* modele du modsgle du
construction | standard métier [~ prbjet
JLATTIS
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Use of coherency rules

Rules can be employed like :

@ construction rules
@ business rules

Regles de __| modéle du

construction | standard

Samuel ROCHET () Formalization of Systems Engineering proces:

—*_modéle du modgle du
métier | prOjet
Regles métier
JLATTIS
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9 Conclusion
@ Conclusion
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Abstract

Work done :

© Study of recommended scenarios for engineering of a complex
system (standards of SE, EIA-632)
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Abstract
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© Study of recommended scenarios for engineering of a complex
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@ formalization of a standard in generic model
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Abstract

Work done :

© Study of recommended scenarios for engineering of a complex
system (standards of SE, EIA-632)

@ formalization of a standard in generic model
© proposition of an approach to specialize SE processes
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Abstract

Work done :

© Study of recommended scenarios for engineering of a complex
system (standards of SE, EIA-632)

@ formalization of a standard in generic model
© proposition of an approach to specialize SE processes

@ proposition of a mean to validate models in order to ensure
coherency of the approach
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Contributions

Contributions :
@ practical method of application of SE recommendations,
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Contributions

Contributions :
@ practical method of application of SE recommendations,
@ means to adapt them at different business of a project,
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Contributions

Contributions :
@ practical method of application of SE recommendations,
@ means to adapt them at different business of a project,

@ means to certify processes according to recommendations and
business rules,
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Contributions

Contributions :
@ practical method of application of SE recommendations,
@ means to adapt them at different business of a project,

@ means to certify processes according to recommendations and
business rules,

@ reuse of models on similar projects.
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Contributions

Contributions :
@ practical method of application of SE recommendations,
@ means to adapt them at different business of a project,

@ means to certify processes according to recommendations and
business rules,

@ reuse of models on similar projects.
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Contributions

Contributions :
@ practical method of application of SE recommendations,
@ means to adapt them at different business of a project,

@ means to certify processes according to recommendations and
business rules,

@ reuse of models on similar projects.

Answer to complexity management

@ Standards gives general answers without links with concrete
problematics of projects.

@ Approach developed here allows to link them.
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Perspectives

EIA-632 analysis and feedback :
@ analysis of the standard
@ point up of ambiguities and feedback to INCOSE
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Perspectives

EIA-632 analysis and feedback :
@ analysis of the standard
@ point up of ambiguities and feedback to INCOSE

Method improvement :
@ definition of a coherency rules base
@ extension to validation of dynamical properties
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Perspectives

EIA-632 analysis and feedback :
@ analysis of the standard
@ point up of ambiguities and feedback to INCOSE

Method improvement :
@ definition of a coherency rules base
@ extension to validation of dynamical properties

Application :
@ application in an industrial context
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For present-time

Diffusion of the approach :
@ ATLAS ANR project
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For present-time

Diffusion of the approach :
@ ATLAS ANR project
@ scientific collaboration with the LAAS-CNRS
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For present-time

Diffusion of the approach :
@ ATLAS ANR project
@ scientific collaboration with the LAAS-CNRS
@ TOPCASED project
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for your attention. ..
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Acquirer_Specifications

Action1 :
Requirement
Definition

Process I‘I'I

él Other_Requirements_from_Internal_& External_Sources

-

=--

«transformation»
fhuilding_block.Other Requirements from_Internal & External !

Ac
S0
def



-

Action1 :
Requirement
Definition

System_Technical Requirements

Process I‘I'I
o

ernal_Sources

ernal_& External Sources}




ernal_Sources}

Action? :
Solution
definition

Pro c:es:ﬂ_l

!

Design_Solution

= Specified Requirements

Y ¥

«centralB..
buildirg. bloack




watepn
conduct
validation

End Products -
[verified]

[if variances caused by poor test
conduct]



R33 End products validations

Walidation Exit
Citeria

«St:p; -.|[End_Products T«ssttf]p» End_Frudum9_<;
condu ] h est by a - .
auto-certification [verified(1)] [verified ()]

competent
laborato

[if variances caused by poor test
conduct]

End_Products En
[acquired] I
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