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S Context

a con:s e ction. of different elements that together
esults not obtainable by the elements alone (INCOSE Definition).
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(One) Material/ (Many) Behavioral World
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;’__:4,-.»1 mpfesentatlon « Technical Requirements
-+ Selection of values  Physical laws
» Selection of (on the Shelf) components « Technological constraints
« Compatibility constraints « Standards and regulation Rules

A Mixed Calculus worid !



Functional World

» Functional requirements
Time deadline, Power supply ..
— -=Sgtect|on of functions « Non functional requirements
— Relatlons between functions Safety, Security, Sustainability ..
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- Moreover .. There are missing links
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Moreover.. There are a missing links
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-+ allocating resources to different types of elements at different level
- (functions, tasks, software, ...)

 Architectural design

« Organising a system in subsystems and components in order to
satisfy the requirements 0
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Cool/heater system configuration problem
(Yvars, Duhau, 2011)

Cool and Heat Food
Isolate and Stock Food
Diffuse Calories to the Heating Compartnent
DFCC: {1} Diffuse Frigories to the Cooling Compartment
BPE: {1} Be Powered by Electricity
ISHF: {1} Isolate and Stock Hot Food
ISCF: {1} Isolate and Stock Cold Food
SCHC: {1} Stock Calories in the Heating Compartinent
DCCH: {1} Diffuse Calories from the Cooling compartment to the
Heating compartiment
SFCC: {1} Stock Frigories in the Cooling Compartment
MWFC: {1} Make the Working Fluid Circulate
THC: {1} Transfer Heat through Convection
eHCI: 0,13} Heating Compartment of a capacity of 1
eHC2: {o,1} Heating Compartment of a capacity of 2
eCCl: {0,1} Cooling Compartment of a capacity of 1
eCC2: {0, 1} Cooling Compartment of a capacity of 2
eBT: {1} Buffer Tank
eRHC: {1} Radiant Heating Component
eWFW: {0, 1} Working Fluid: Water
eTWF: 0,13} Toxic Working Fluid
eSTN: fo,1} Standard Tube Network
ePTN: fo,1} Processed Tube Network
eP: {1} Pump
elWB: {1} Water Block
ePC: 0,13} Photovoltaic Cells
eB: {o,1} Battery
eACP: 0,13} AC Power

Cool/Heater Nomenclature
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Architectural Design Problem .;.

Torgue (N.m)

Gas turbine starter system
Dassault Aviation Engineering study 13
Zimmer, Yvars, 2011
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Design problem +++

---

(Tchertchian, Yvars, Millet, 2012)
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Sign Parameters are not fixed
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~« Numb ber and type of some components are not fixed

 Architectural design

« A mixing of everything above

15
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m to be designed is sub-definec
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igr mg a System means completing a sub-
deflned system which conforms to
: Requirements

[ e

: = Our Manifesto
Solving a Design Problem
Is
Completing a Sub-defined Model 16
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* non linear equations and inequalities with discrete and continuous variables



Sizing of a 8:stages Power Transmission System (Yvars, Zimmer)
7 Zﬁz = cosff,

89 non linear equations

r
__ 2cos iy cosapp COSa;
7=

cos agy? sin ag

nization criterion

—

1 )
— 51£ﬁ>1

Z'g: 8?1-_5 E
ﬁ’ .
3“(1—eﬁ)+; sieg <1

5=3

Jop;(X) = Jr.si (ra,f.lass )+ J’l’.i(bs .mf.(ZLS2 1 lez ))
5=0 s=1

b.sin i,
gg = ———
B H-Mpo

-
- .
| Domains First Propagation Admissible Optimal
- solution solution
4 Design Variables (DVs)

e (3 factor:

[10.0, 507.073] [12.937, 503.942] 12.937 12.937

[¥[10.0, 1014.15] [10.0, 1014.15] 10.155 10.0
=m L [05,50.0] [0.5,22.0] 15 15
W [11,45] [11,45] 14 L

— e w1 20-150] [20, 150] 20 20
7By (mm) < =10, 500] [10,330] 10.0 10.0
S R (mm)= | [10.0,507.073] [10.0, 503.875] 10.0 10.0
e 1. (MM) ¢ [10.0,71014.15] [10.0, 1014.15] 19.1168 84.9537729

o ¢, (rad) [-m, 7] [-m, =] -0.1533 -0.058

Stage 2 . 0.85(oy1im—850)
[0.5, 50.0] [0:5,22.0] 55 6.0 C,py = 0.85 — 350
[11, 45] [11, 45] 16 17
[20, 150] [20, 150] 56 60
i, oot 11,:330] L0 260 St 641im < 850MPa alors oy, = 850 MPa
[10.0,507.073]  [10.0,503.875] 10.0 10.0
[10.0, 1014.15] [10.0, 1014.15] 10.0 10.0

— —— — Si 641im > 850MPa alors oy, = 1200 MPa

[0.5,50.0] [0.5,22.0] 2.75 2.25

[11,45] [11, 45] 17 i

[20, 150] [20, 150] 149 149 — TMno%1t1

[10, 500] [10, 330] 16.0 10.0 60.102 cos fBo

[10.0,507.073] [10.0, 503.875] 10.0 10.0

[10.0,1014.15] [10.0, 1014.15] 189.22 123.5182346

[-x, n] [-m, ] -0.4 -0.09 K,

Performance Indicator K,=1+ i + K,

fop; (MM?) [0, + [24842.14,20821e7] 131947854 8.1e6 Ka+

MMyl Ny

Zl.V 'H.z
100 TN\ uZ+1

N
(@)
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DEPS IDE

@ DEPS 2018

Fichier

Edition Veir Projet Résoudre  Aide

@ Gestionnaire deprojet | = || @ [ = |
1

Modéles

4 PrablemiGroupl
4 SAFETYplusSECURITYplusPAYLOAD

~ Universal deps

- Partition.deps

- ProblemeS afetyplusS ecurityplusPayload.c
- Application. deps
- Canal.deps

- Systeme.deps

- LGS.deps
~BCS.deps

- EBAS deps

~ CBMF.deps

- CAS.deps

-~ AFCS . deps

- Cpu.deps

- Phuantities. deps
- Capacity.deps

- SystemeSh. deps
-~ CATIM2. deps

<

@ ProblemeSafetyplusSecurityplusPayload.deps

ProblemeSafelyplusSecuriyplusPaioad [ LGS [BCs [ EBAS | CBMF [ Cas | AFCS | CATIMR | Pantiion | Application | Canal [ Systeme|

Package ProblemeS afetyplusSecuityplusPayload :

* Lauwent ZIMMER et Michagl LAFAYE 11 octobre 2017 |
[* Madéle de déplaiement de 7 fanctions avion sur calculateurs IMa, )

[* Modélisation des exigences issues de la_sireté de fonctionnement *)
[* indépendances matérielles entre les voiss dans les systémes il
[* indépendances maténiells entre applications dans les woies bl
[* safety => déploiement sur 4 calculateurs ¥

[* Modélisation des contraintes de capacité de chaque CRIOM

[* Modélisation des exigences issues de la séourité
[* séqrégation des systémes selon le niveau de confiance HT, MT, LT ]
[* satety + security => déploiement sur 7 calculateurs

Uszes Univerzal, Phlluantities, CATIMZ, LGS, BCS, EBAS. CBMF, CaS, AFCS, Spsteme, Capacity, Cpu, SpstemeSM:
Prablem Conception

Constants

ariables

Elements

cpul - Cpul 300001); [~ 40 Mb)
cpu Cpul 30000, 2
cpu3: Cpu[ 30000, 3],
cpud - Cpuf
cpub - Cpul
cpuG - Cpul 30000, B
cpu?  Cpul 0, 7);

[* systémes comportant leurs exigences de siireté de fonclionnement

SCATIMY: SCATIMI): [* spstéme CATIM ¥
SLGS1 :SLGS[)  [*systémelGS

:SBCS() [ systéme BCS
SEBAST : SEBAS() : [* systéme EBAS
SCBMF1 : SCEMF) ; [ systéme CEMF
SCAST - SCAS[) ¢ [*spstbme CAS
SAFCST: SAFCS[): [ spstéme AFCS

[* ségrégation matérielle de SCATIMT des autres systémes

SM1: SMISCATIMIT, SLGS1):
SM2: SMSCATIMI, SBCS1):
SM3: SMSCATIMIT, SEBAS1);
<

Loaded

S Messages

SBCS1
Chl
Appl
P

iepu=[3.3]
App2

icpu=[4.4]
M1

@ o

i)

19:28
16/01/2019
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The DEPS language
declarat g’Zéatur

-

y J\/JodeJJg"‘ o nOI'edgé Representation
J af‘émce composition, aggregation, polymorphism
~|utes

e constants variables
— —j— mteger or real values

_' ~ e Properties
—————— — algebraic equations or inequalities

® Ontology for engineers
® guantities, dimensions, units
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management

j'f rsmg/Error handling

® (Generation of sub-defined model instances
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_The DEPS Laﬁguage

| —— -

\ /

+ Constraints = Models of Properties
Model colocalisation (71, 7)
Constants
D e T . Variables
~— Elements Elements
= P}dpedjes. Quantity ; : Partition 7
- End e : Partition ;
M',T] : n;eger’ Properties
Max : ; .
Unit:u;
End End

32
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e EPS solver

"DEPS by example

":lzlse -case: Synthesis of avionics embedded
- systems

® Ongoing studies and developments
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DEPS Solver (1)

ng *ca habilities addressmg
ns 1ned problems,

J near mathematical problems,
2] ons and inequalities,

e An object oriented architecture
e extensible



Domain representation layer

Interval and finite domains




— Domain computation layer

Interval computation and finite domain computation operators

Domain representation layer

Interval and finite domains




- Constraint definition on mix variables layer

,’,', , >, <, >=, <= and dedicated / global constraints

o Domain computation layer

Interval computation and finite domain computation operators

Domain representation layer

Interval and finite domains




S'Selver (5)

: Constraint propagation layer

.}Q stency (HC4Rev) extended to mix domains

= "‘-_f"_‘ - Constraint definition on mix variables layer

-

= §> >, <, >=, <= and dedicated / global constraints

Domain computation layer

Interval computation and finite domain computation operators

Domain representation layer

Interval and finite domains




bfu’ne algorithm
ategies ( first fail, round robin), variables scheduling

s Constraint propagation layer

.ok .

e

| ﬁgi'étency (HC4Rev) extended to mix domains

—

= Constraint definition on mix variables layer

~

-~ |=,<>, >, <, >=, <= and dedicated / global constraints

—_—
- [—

Domain computation layer

Interval computation and finite domain computation operators

Domain representation layer

Interval and finite domains
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VoG

SeUaRUE
Kind : Real ;

Modz| GasModel (M J k

Constaries

':. | Mini: 0 ;
MEIadYass VJOJ‘ iMass ; Max : +maxreal;
Variznlas 1;;., ;_",-_. EDcllmen5|on : [M]
E ey n

VIS5 rn;]sg, 25

Elesldalig s USer~deﬁned
- ;-’,ﬁf JC" - §':if'_ | CIUantity
_-*.s:.-':' i Quantity mass
T Kind : Mass ;
e Min: 0 ;

' Max : +maxreal ;
Unit : kg ;

End



2 ‘7,‘

Model Terli(e, @, € _1:1 ﬁ‘
Coristarnts » j
RESREDI= _l. |
r) Hre,:::,Jr«J 7=
ik em,x,r
= \/JrllefA ~-_--;.
‘~“"\f:$-\r’c Gme &
— .DtS'
”—-'Gas ) :
Properties™

3— -
a ce declaration

p*V= (Gas.Mass/Gas.MolarMass)*R*t;

End

02 part of Problem
Mode!l Problem()

Constants
Variable reference binding
Elepaeénts 02 shared by T1 and T2
02:GasModel(0.032);
H2:GasModel(0.002);
T1,T2:Tank(2.56e+7, 300,
T3:Tank(7.00e+7, 300, H2);
Properties
O2.Mass = 10 ; (* or T1l.Gas *)
T1.V4+T2.V< 500 ;

End

2);




Mocdel Gzigi (el H]JJ" }
Cornstarits "*'.-.
cidlo 1 Blo)fz]fGo J.)_.L)-’ |Io
HpleYass s Mo Mass

=1

Varizoles —-;.f'; *

04_.4 ’—

MEmass ;- ==

’ v-“""‘

— XTI ‘CoutStockage : DollarCost ;

—Ele e-nts”~- 3

,—.—“

_-:'PT’operhes
- CoutStockage := ckilo*M ;
End
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Constaris R
Varizanles
DIEINELET, _erence
SEENLs ‘*
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DENIVEC "medgﬁ@ nertanc

g ————

Model Corldgnisns QJrJJsx - IBUEIRESISION(R) EXtenc
Constarits G2 a8 . (Constants
irices¢ 1 Cogl ,)err}r‘ clex R': Resistor;

Varianles : = Variables
1= lchgnJerJ’Fg ._'{‘k'-' Elements
L_ SILSE = - ’ Properties
3 | = P1.V-P2.V = R*I;
=Pr ﬁ {2ls ",. ‘Model Port End
f’_jﬁ;ﬂ_’; -1;  Constants
= ,2-_ =L variables 1 resistor model:
- End L\ V': voltage ; « 3 variables (unknowns)
expr I : intensity ; « 1 equation
Elements 2 expressions
Properties

End



Medel S

Moclel Cogrigeniie (JnJax

Coristarts
iriclexc: € orn,)orwnc_f

PLL=T;
== e
End

V. & A\.‘ -

T —
ature -

Model W R)IEx ds*C*Gﬂ'BUh‘ent [GemponentIndexl

Corisealries -

() = r‘n'ﬂﬂ-c .

-
-~

Varlables

S Elements

Properties
P1.V-P2.V = R*I;
End

Model Resistor() extends Component [ComponentIndex]
Constants
Variables
R : Resistor;
Elements
Properties
P1.V-P2.V = R*I;
End



AWETY'S 13! 5 -eut_

ﬁ.—‘-” —

~ Problem One Resistor
Constants

e : Voltage = 10 ;
Variables Order of bindings

Elements /

Res : Resistor(1,100) ;

— Properties
= e Res.P1.V =¢;
— Res.P2.V = 0;
= 1problem : End

» 3 variables (unknowns)
3 equations



Fichier Edition Voir Projet Résoudre Aide

Modéles Chemins
4 - ProblemGroup1
4 OneResistor  C:\Users\yvarsp\Documenl
neResistor C:\Users\yvarsptDocument
- Component. C:\Users\yvarsptDocumenl
niversal.de C:\UsershyvarspiD ocumen

OneResistoriPb | Component

Package OneResistorPb ;

[*  AVERYSIMPLE CIRCUIT ¥
[*2018 - a DEPS modeling example *)

Uses Universal, Component ;

Problem OneResistor
Constants
e: Yoltage = 10;
Variables
Elements
Res: Resistor(1, 100);
Properties
Res.P1V =¢g;
Res.P2¥ =0;
End

[Solving Prblem ..
First Solution
OneResistor

es

1=[01.01]
P1
V=[10,10]
P2

V=[0,0]







.-y

e Voltage = 10;
\/ariables
Elements
Res1 : Resistor(1) ;
Res2 : Resistor(2,10) ;

Properties
- Resl.P2.V=0;
== " - Res1.P1.V = Res2.P2.V ;
= ol - Res1.P1.I + Res2.P2.1=0;
« 2x3 = 6 variables (unknowns) Res2.P1.V =¢;
* 2+4 =6 equations Resl.I = 0.1;

End



S Vere.complicated (3)

Fichier Edition Veir Projet  Résoudre

Modéles
4 - ProblemGroup1
- TwoSenalR esist C:5]zerghypvarsptDocumenl

i TwoSerialRe C:U zergiyvarsphDocurnen
Component. T\ gerghyvarsphDocummenl
Univerzal. de C:\ gers\yvarsphDocummenl

Chemins

Aide

_

Comporient

Universal

Package TwaSenalR esistorsPb ;
Uses Universal, Component

Problem SenialResistors
Corstants

& Woltage = 10.0;
Wariables
Elemernts

Res1:Resistar(1);

Res2: Resistor(2, 10.0);
Properties
Resl. P2y = 0.0;
Res1.P1W = ResZ P2V,
Res1.P1. + Res2 P21 =0.0;
Res2P1V =g;
Res1.P1.1=01;

End

Loaded

Salving Problem ...

First Solution
SenalResistors

v =[10,10]
P2
V=[9,9]




| T
Iimprevement (1) .

& ~
= ] i y

Res2
r= 10

‘

e

o e

.“.

0=,
Moclel | \14,1&- J~P2)

| Caglgtlgle: 9‘— =
-:f —= ~v r.|a15les

*ngenfs
~ ~ P1,P2: Port;
= Properties
P1.V. = P2.V :
P1.1+P2.1 =0 ;

End



Improvement (2

esZ
r—10 —

PIopIEMIWoeSeralAnaNode

: Constants
e : Voltage = 10;
Variables
=3 Elements
Model Nee Res1 : Resistor(1) ;
_ Ee Jﬂs ants: Res2 : Resistor(2, 10) ;
[ ~=§-\ a15|es = Connection : Node(Res1.P1, Res2.P2) :
"Eements ' Properties
P1, P2 : Port ; Resl.P2.V =0
= Properties Res2.P1.V =¢;
P1.V =P2.V; Res1.I = 0.1;
P1.I+P2.1 =0 - End

End



S lmprovement (3)

Projet Résoudre Aide

Fichier Edition Voir

[| &

Modéles
4 - ProblemGroup1
- TwoSerialResist C:\Users\yvarsp\Documents\recherche\DEPS 201 84M

- TwoSerialRe C:\Users\pvarsp\D ocumentsirecherche\DEPS 201 8\M Uses Universal, Component ;

- Component. C:\Users\yvarspiDocumentstrecherche\DEPS2018YM

‘- Universal.de C:\Users\yvarsp\DocumentstrecherchetDEPS 201 84M EmbltemtTWOS erialdndNode
onstants

Chemins TwoSerialResistorséndNodePb | Component | Universal ll[Solving Problem ...

Package TwoSerialR esistorsAndNodePh ; A~ First Solution
TwoSernialéndNode

e: Yoltage = 10.0; V=[9.9]

Variables

Elements V=[0,0]
Resl:Resistor(1); Res2

Res2: Resistor(2, 10); 1=[01.,01]
Connection: Node(Res1.P1, Res2.P2);

Properties V=[10.10]
Res1.P2V =0.0; P2
Res2P1V =g; V=[9.9]
Res1.l=0.1;

End




SEN s:JJ and™p rallei-(d:j

Model N@de'(Pl P2 2C))

Elements
P1, P2, P3 : Port ;
Properties

AR S=EP IR S

P2.V = P3.V;

P3.V =P1.V;
P1.I+P2.1+P3.1=0;

. ' End



C Ari
o€l

.
dlfanaparallel (2)
Vode!
e GO P2 K e
euVoltager
“\ariables
I : Intensity;
Elements

P1 : Port();

P2: Port();

Properties
e PLV = e;
— eZ2 P2.V = 0;
== == P2.1:=1:

PiLI =1
End



4 pa raIIeI-(G')

Resl , obiEI'hT

- :_ G §tan’cs
r=10

|JAndNode

—

r=10 T Variables
Res2 | e Elements
Gen : Vsource(e);
Resl : Resistor(1) ;
Res2 : Resistor(2, 10) ;
Res3 : Resistor(2, 10) ;

Connexionl : Node(Gen.P2, Res1.P2,
Res2.P2);

== -.-_-._’-— Connexion2 : Node(Res3.P2, Res1.P1,
S Res2.P1);

Connexion3 : Node(Gen.P1, Res3.P1);
Properties

End




@ DEPS 2018

Fichier Edition Veir Projet Résoudre Aide

Froperties

End

= - - - <
@ Gestionnaire de projet | =B % @ TwoSerialParallelAndNode.deps | = B8] X | @ Messages |ﬂ|
Modéles Chemins TwioS eralParallelindt ode Salving Prablem ... -
4 FroblemGroupT Package TwoSerialParallelindMode First Silufi E
4. T:WDSEIiaP..i[a"E C:MUserghyvarsphDocumentshrecherche \DEPS 20 ackage [woaenaanaleindioos i I'Ir'st:.IUS?eL:it;OISalallel.ﬁ.ndNode
TwoSerialP: C:iUsershpearsphDocumentsirecherche \DEPS 20 |zes Uriversal, Component : Resl
Companent. T sers\yvarsphDocumentsirecherche\DEPS 20 ] I=[05,05]
i Uriversal de C:5\U sershyvarsph\Documentsirechenche \DEPS 20 E'Ublfm tT woSerialParalleldnd ode HPTI 4.33393333393333.. 5]
ohstants
e Walkage = 10.0; W[5, 28]
Yariables P2
W=[0.0]
Elements Res2
| =[0,25, 0.25]
Fes1:Resistor(1); F1
Fes2: Resistor2, 10; W=[25, 28
Res3: Resistor(3, 10); F2
W=[0,0]
Resd
Gen : WSource(e); I =[0.75,0.75]
Cornesion : Node{Gen P2, Res1.P2, Res2 P2); F1
Connexion? : Mode(Res3 P2, Res1.P1, Res2 P1); YW= [10,10]
Connesiond : Mode(Gen. 1, Resd P1); P2
W=[25, 28]

Gen

| =[0.75,0.75]
P1
W=[10,10]
P2

V=[0,0
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Problem Wheatstone

./ f JSE} SLONE Constantsee
e: Voltage = 100

Priclejen 2‘) s
: Elem
Resily %,)Jsror
Res2: Re5|stor(2, 10);
Res3 : Resistor(3, 10);
Res4 : Resistor(4, 10);
Gen : VSource(e);
_ Mesure : Component(1);
= Connexionl : Node(Gen.P2, Res1.P2, Res4.P2);
S o Connexion2 : Node(Gen.P1, Res2.P1, Res3.P1);
—— Connexion3 : Node(Res2.P2, Res1.P1, Mesure.P1);
Connexion4 : Node(Res4.P1, Res3.P2, Mesure.P2);
Properties
Mesure.l = 0.0;
Mesure.P1.V = Mesure.P2.V;
=qle




Wheatstone
DBfiHge (3)

Fichier Edition Veir Projet Résoudre Aide

Solving Problem ...

Modéles
4 | ProblemGroup |

Chemine WheatstonePb | Comporent

4 -wWheatstone  Ch\zers‘wvarsphDocuments'recherchetDE PS 20184 Modeld Package WheatstonePb ; F{;Lig'g:';:e
wheatstone C:AU sershyvarsphDocumentshirecherche\DEPS 201 8\Models B || ses Universal, Component : Resl
Component. C:5U sers\yvarsphDocumentstrecherche\DE PS 201 84Models I=[05.05]

----- Universal.de C:5\U sers\pvarsphDocumentstrecherche\DE PS 20184 Models E'Ublfm t‘v\.fheatstone HF:I [9.99993999933399 , 10]
onztants
e Yoltage = 10.0; YW=[5.8]
Yariables P2
W=[0.0]
Elements Res2
I=[05.0.5]
Res1:Resistar(1]; P1
Res?: Resistor(2, 10); W=[10,10]
Res3 : Resistar(3, 10); 2
Fiesd : Resistar4, 10); W=[5,5]
Res3
Gen : VSourcels); 1=[05.08]
Mesure ; Dipole(1);
W=[10,10]
2
Connexionl : Mode[Gen P2, Res1.F2, Resd P2 W=1[5.8]
Cornesion2 : Mode(Gen P11, Res2.P1, Res3P1); Resd
I=[05.0.5]
Connexion3 : Mode[Res2 P2, Res1 F1, Mesuwe P1); P1
Connexiond : Mode(Resd. P1, Res3 P2, Mesue P2); W=[5, 5]
P2
Properties VW=[0,0]
Gen
Mesure.| = 0.0; I=01.1]
Mesure P1.Y = Mesure. P2V, F1
W=[10,10]
End F2
Y=[0,0]
esure
I=[0.0] =
Loaded = »
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== . EPS solver
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'-’EEPS by example
~ e Use-case IMA
® Ongoing studies and developments
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Use-case: e
esis of avionics embedded systems
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CORAC AME —
Proe g’_ igue de Deﬁrﬁaﬁrchltecture

:) -
2 Obj GITSH
— D&flglle t processus de conceptlon d-architecture de plateforme

Riormatigue embarquée, pour un périmetre fonctionnel étendu a
|ENSE| mJ le'des domaines.

— VR ‘ensemble d’étapes successives, le processus doit générer de

r:j@c aSS|stee une architecture, repondant aux besoins

~ eratlonnels et aux contraintes de ses fonctions embarguées (de

== m’ete de fonctionnement, de securite des donnees, etc..).

_',_, ==

e = ’Ce processus de genération doit, autant que possible, étre prouvée

~_ ~ correct par construction. Pour ce faire, il s‘appui sur un ensemble de
- modeles formels (i.e., reposant sur des notations mathématigues),

et sur des techniques d’optimisation et de recherche de solutions (de

type resolution de contraintes).
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CORAC AME —
Proe g’_ igue de Deﬁrﬁaﬁrchltecture

:) -
2 Obj GITSH
— D&flglle t processus de conceptlon d-architecture de plateforme

Riormatigue embarquée, pour un périmetre fonctionnel étendu a
|ENSE| mJ le'des domaines.

— VR ‘ensemble d’étapes successives, le processus doit générer de
r:j@c aSS|stee une architecture, repondant aux besoins
~ eratlonnels et aux contraintes de ses fonctions embarguées (de
== m’ete de fonctionnement, de securite des donnees, etc..).
_',_, ==
e = ’Ce processus de genération doit, autant que possible, étre prouvée
~_  (orrect par construction. Pour ce faire, il s‘appui sur un ensemble

- de modeles formels (i.e., reposant sur des notations

mathématiques), et sur des technigues d’optimisation et de

recherche de solutions (de type resolution de contraintes).
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~ Notre.Propos— =

T

VIBEEliser formellement (en DEPS) le
MeEximum dexigences et de contraintes de
GORCEPLION gui portent sur les fonctions

'» Geénérer (ou vérifier) un déploiement
correct par construction sur la plateforme
cible en dimensionnant (si besoin) cette

derniere

— i
—_ == i
i
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PIVOGEElSationisysteme

e
L\

BRVedeles des fonctions avion, des canaux, des voies, des
.J,),)lurr s, des partitions

- ]\/L)J!-’} _on des elements de plateforme

' .‘e1éwdes calculateurs

——

= 5" Vodelisation d’exigences :
—- 'j:) Modeles de patrons de slrete de fonctionnement des systemes
— ’2) Modeles de contraintes de capacite

—

= - 3) Modéles de sécurité inter- -systemes
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Fermalisation des exigence

sureféMntmnneme

S ss,) [tS en st ete de fonctionnement etudient les cas de panne
[E | netlon avion et en fonction de la criticité de celles-ci

— clage JF lcatlons des triplications de chaines de traitement, des
iedondances d appllcatlons

__' olei egregat|ons des ressources utilisees par les chaines ou les
|31rcat|ons

-

.-“:

e ——
z p———e
- -
—
—

‘-‘i“ .=:I5' QdUCtIOn de patrons d’architecture (schémas)
D

efinition d’exigences de slreté de fonctionnement associees
- (texte)

—
-

> FORMALISATION des patrons et des exigences en DEPS
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LGCP1

LGSP 1

NORM voie 1

LG CP 2

LG SP 2

NORM voie 2
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EXigences de Sireté a' [Fonctio
0 C'r HELG i

_-t_.-,' —
*_b-, e m—————

indépendance des S 1a LG CP 1
applications P 5

LGSP 1

NORM voie 1

EI n°3

= (Ndemi=nT )

LGCP2 | |/
LGSP 2t

— NORM voie 2

Chaine NORM

70



Partitions

PART PART PART PART

7



Partitions

PART PART PART PART

12



Partitions
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E - Déploiement de fonctions avion
——————— respectant les contraintes
e de Slreté de fonctionnement

ACARS&ATN

CAS 33
AFCS 1
AFCS 12
AFCS 13
AFCS 2
AFCS 22
AFCS 23
AFCS 3
AFCS 32
AFCS 33
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== % Déploiement des fonctions avion
—_——— Respectant les contraintes

== == - de Sdreté de fonctionnement

- de capacité mémoire (RAM) des CPIOMS
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Silan DEPS/IMA=

-

Or) ¢ JL;J”" formalisme de conception de haut

pIveEal én pture aVvec l'existant

EROTIEPEDT envisager un modéle déclaratif

cjtzle jitecture systeme, utilisable pendant tout son
= cycle de vie :

5. ,G'eneratlon d’architectures

-"'—’-fr-:_- ‘.—. ‘Dimensionnement, Veérification d'une d’architecture

-~ — Modification incrémentale d’ une architecture
= ® Nouvelles fonctions avion, applications ...
® nouveaux composants

— ... Certification de l'architecture
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