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_: sraph repfesentatlon A Technical Requirements
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- e?ecuon of values A Physical laws
A Selectl_on of (on the Shelf) components A Technological constraints
A Compatibility constraints A Standards and regulation Rules

A Mixed Calculus world !
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Functional World
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----- ] A Functional requirements
— AD plication of functions Time deadline, Power supply ..
~ A Selection of functions A Non functional requirements
A Relations between functions Safety, Security, Sustainability ..



- Moreover .. There are missing links
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Moreover.. There are a missing links
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ACo fructlng a system with the right number and types of
edeflned components. Compatibility constraints limit the number
= f-possmle combinations of the components.

~ -Aallocating resources to different types of elements at different level

= , (functions, tasks, software, &)

AArchitectural design

AOrganising 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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——_ - AResources required by some elements are not fixed

AArchitectural design

AA mixing of everything above
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= gr |ng a System means completing a sub

.... deflned system which conforms to
2 = Requirements

— Our Manifesto
Solving a Design Problem
IS
Completing a Sub-defined Model 6
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L. Zimmer et al. 2004 o
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Anon linear equations and inequalities with discrete and continuous variables o5



Sizing of a 8:stages Power Transmission System (Yvars, Zimmer)
- : —— Z5 =cosf
A89 non linear equations £ 0

nization criterion
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z2 =4
c ;& (1 — Elg) + :—z

5=3

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

__ bsinfiy

s E,g —
- H.Mno

| Domains First Propagation =~ Admissible Optimal
- solution solution

I Design Variables (DVs) e (3 factor:

[10707'507.073] || [12.937, 503.942] 12.937 12.937

I[I010,1014.15] | [10.0, 1014.15] 10.155 10.0

R
—
o
—
——
—

= ~[0.5,50.0] [0.5, 22.0] 1.5 1.5
ey “[11,45] [11, 45] 14 14
e e[ 207150] [20, 150] 20 20
by (mm) -~ [10,500] [10, 330] 10.0 10.0

“Tai(mm)= - [10.0,507.073]  [10.0, 503.875] 10.0 10.0

“Ta(mm) © [10.0,1014.15]  [10.0, 1014.15] 19.1168  84.9537729
3; (rad) T = =] -0.1533 -0.058

Stage 2 . 0.85(oy1im—850)
[0.5, 50.0] [05,22.0] 5.5 6.0 Cpp = 0.85 — 350
[11, 45] [11, 45] 16 17
[20, 150] [20, 150] 56 60
L%, 06] [140.:330] L L:0 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

] EEE Al 00169 S1 6yyim = 850MPa alors oy, = 1200 MPa

[0.5, 50.0] [0.5, 22.0] 2.75 2.25
[11, 45] [11, 45] 17 17
[20, 150] [20, 150] 149 149 — —nov1 1
[10, 500] [10, 330] 16.0 10.0 60.102 cos o
[10.0,507.073] ~ [10.0,503.875] 10.0 10.0
[10.0,1014.15]  [10.0,1014.15] 189.22 123.5182346
[, -4 [, ) -0.4 -0.09 K
Performance Indicator Kv =14+ 7 + KZ
fo; (MNP [0, + [24842.14,20821e7] 13194785.4 8.1e6 Ka—

MMyl Ny

Zl.V e
100 TN\ uZ+1
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ntegrated Modelling and Solving Environment

r m anager Editors, debugger, DEPS compiler , DEPS solver
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A Constraint Solving Methods



DEPS IDE

@ DEPS 2018

Fichier Edition Voir 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

=

e
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The DEPSﬁngua e
dec arative feature |

C JVLL(,FJ’ sed noledg'e Repfesentation
' nnéw , COomposition, aggregation, polymorphism

= AU’ utes
r: constants variables
- -;;1‘ = { integer or real values

= ’APropertles
— -.-:-:-- | algebraic equations or inequalities

AOntoIogy for engineers
A guantities, dimensions, units
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AGeneration of sub-defined model instances



_Elements
Properties:
End

Quantity

Kind : Integer ;
Min :

Max :

Unit:u;

End

+

T —
~ The DEPS Lsnguage

Constraints

uage = DeEPS Languagt

\ /

= Models of Properties

Model colocalisation (

Constants
Variables
S EES
. Partition ;
. Partition ;
Properties

End

, P29

32
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~ AUsecase: Synthesis of avionics embedded
~ systems

AOngomg studies and developments




ving capabilities addressing :
nstrained problems,

on linear mathematical problems,
3guations and inequalities,

er relations.
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== “/AA Constraint based oriented solver
— ~ Aconstraint programming on mix domains
e — - |

R

—

: - A Built for dealing with DEPSmodels

A An object oriented architecture
Aextensible



Interval

Domain

and finite domains

representation

layer




DERSSolver3d) .

Domain computation layer

Interval computation and finite domain computation operators

Domain representation layer

Interval and finite domains
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~ 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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& ~ Constraint propagation layer

)
b
—

g cy(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




| une algorlthm
t€ Jes(flrst fail, round robin), variables scheduling

E,

Constraint propagation layer

con 1Stency(HC4Rev) extended to mix domains

- an

- _ Constraint definition on mix variables layer

-

— = 5
_.'\J-
-y

.‘ }Il‘x\\ '\t".'

> > <, >, <= 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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‘ gralh J“L" HVOI v- S

Vi Mola !'
Model GWIO ol laMiess ) Kind ; Real;
constants ’ | e Min : 0/

.
) .
e

VISt tass: Molal EMass; Max : +maxreal;
\uﬂ'ar[abl S i Dimension : [M]
i End

53 ?
{-"v ~ e

EILIHUI[S‘:"— ~— Ser~deﬁned
S quant,'ty

. - Quantity mass
= = Kind : Mass:
R Min: O ;
' Max : + maxreal ;
Unit : kg ;
End
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= T

Model el Gcs)

Constants 4 ~"‘f

R 1 Reeli= 3 J!_.‘l

,J 2[essure ; in ance > declaration
Tem ;u atu =e-r =

\/L..l L..b[!"c

- o.'-\—"'

,e;nf'-

-—-'Gas“--' ;-

- Properties

p*V=( GasMass GasMolarMas9*R*t;

=

O2 part of Problem
Maocel Problem()

Constants
Variable reference binding

Ele nts O2 shared by T1land T2
O2:GasModel(0.032);
H2:GasModel(0.002);
T1,T2:Tank(2.56e+7, 300,
T3:Tank(7.00e+7, 300, H2);
Properties
O2Mass =10; (*orT1.Gas?*)
T1.V+T2.V<500;

End

2);




MEEREaSI(CKilo, molarMass)
Constants '_j;;-’ o
ekilo': D dlCO‘-‘i["“ Kllo

meIalass ola MaSS
varebles L

e il
——— ;“—a

~ 1*:*_.-[- .
Sllic 1SS e

‘autStG’ckage DollarCost ;
_—*ﬁop’éfﬁes
= CoutStockage:= ckilo*M ;
=0



PN

Moael ¢lreliEa i
Constants AR
Vali L,blu E:
elieter, \,uuu ference length ;
CILIHLI][& —— 3 3 ';"
rlcpu’cﬂg.ﬁ ~s'-
: ,,\,uu'f = uPPD ;

z-—-’ -
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DEfved n @@}g&@h@ﬁnu

Madel componciti(l ( mu@\ L VR EIRREE] S 0]

Constants e B Constants

o r', "" <

Ineexs vompontn ‘dex R : Resistor;
Valiables _ : Variables

N

B lnt-lnally, HEMERS

Eluncnls — :_, | Properties

==L ort()“ ‘ PLV-P2V = R*I;
“RIO] eEtles - Madel Port End
___,p}"L: ~ | ~ Constants
P2 = -l variables 1 resistor model:
“End V' : voltage ; A3 variables (unknowns)
expr |': intensity ; A1 equation
Elements A2 expressions
Properties

End



M LLLI‘C nature . -

- .

REE{S0] f’ g tends'eﬁ'mt Gomponentlndex!
constants

» - n-\ L
R :ReSIStC

Madel Componeit (Jan}x o= 'j,’i Variaoles
Constants - Elements
inclesx: VOIHPOII(,IIUJ}F” ~  Properties
Varlables SHRVASPAVASH 258
[ IntEsivgg s ?-;3?3 = End

lements: ""5'“ f‘«hi

: bF,l ‘_a:"‘ o f'T:. :
:EF'I;;FE— s Model Resistor() extends Component [Componentindex]
:.:P.g.l e Cor?stants
. Varlable_s
R : Resistor;
Elements
Properties
PLV-P2V = R* I;

=0



e 1.problem :
A3 variables (unknowns)
A3 equations

"~ Problem One Resistor

Constants

e : Voltage = 10 ; A
Variables Order of bindings

Elements /

Res : Resistor(1,100) ;

Properties
Res.P1.V =e,;
Res.P2.V = 0;
End



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]




Resl Res2

¢
f’s*
r:



T —

icate‘_a '(2

w
 eloblem se
() ISEER]ES

o Voltage 10

Variables
—
e = ENENS

\Ml@EE.com

Resl *.:._,».:_ s Calii

Resl : Resistor(1) ;
Res2 : Resistor(2,10) ;

Properties
e - Resl.P2.V =0,
= - Res1.P1.V = Res2.P2.V:
""':fp-rbbiem | Res1.P1.I+ Res2.P2.1=0;
-A2x3 = 6 variables (unknowns) Res2.P1.V=¢;
A2+4 =6 equations Resl.l=0.1:

End



_

g€ camplicated (3)

Fichier Edition Veir Projet Résoudre Aide

Modéles
4 - ProblemGroup1
4 TwoSeriaResist C:\Users'yvarsphDocumen

Chemins

Component | Universal

Package TwaSenalR esistorsPb ; ~

TwioSerialRe C:\ gers\yvarsphDocumenl |Uses Universal, Component ; Fesl
Component. C:5Users\ypearsp\Documenl I=[01.01]
Urivversal de C:\U serstyvarsphDocumen Problem SerialResistors R =[30. 30
Carstants F1
& Woltage = 10.0; W=[3, 9]
Wariables P2
Elements VW=[0,0]
Fesl:Resistar(1); Res2
Res2 Resistor(2, 10.0); 1=[01.01]
Properties P1
Resl. P2V =0.0; W=[10,10]
Resl P14 = Res2 P2Y; F2
Res1.P1. + Res2 P21 =0.0; W=[9,9]

Res2P1V =g;
Res1.P1.1=01;

End

Loaded




| T
Improvement (1) -

—— E
= L "0 —_d - -
i - -

Moael Ninﬁg,& Jr P2)
- OJM f =
= farr’etBles :
Lements

,—.—“

o PL, P2 : Port;

—
—

e _Propertles
P1.V=P2.\V;
P1.1+P2.1=0;

End




‘..':

[mprova ent (2)

A ) ] ' v '
Constants

e : Voltage = 10;
Variables
| Elements
CLLM@Q PZ) Resl : Resistor(1) ;
_ gon; tar t§i-_-_t : Res2 : Resistor(2, 10) ;
rables ' Connection : Node(Res1.P1, Res2.P2) ;
p___—-EIements o Properties
=== 0rEZ "Port; Res1.P2.V=0;
——— Repaliics Res2.P1.V=¢e;
P1.V=P2V; Resl.l = 0.1;
P1.1+P2.1'=0'; End

=0



nprovement(s)

Projet Résoudre Aide

Fichier—Edition—Voit

[| &

Modéles Chemins

4 - ProblemGroup1

TwoSerialResistorséndNodePb componenz Universal ll[Solving Problem ...
|

4 TwoSerialResist C:\Users\yvarspiDocumentsirecherche\DEPS 20184 Package TwoSeriaResistorsAndh odePb; = ‘ F!ﬁt\,gg tlal:::aolﬁnndN ode
- TwoSerialRe C:\Users\yvarsp\Documentsrecherche\DEPS 201 8\M Uses Universal, Component ;
- Component. C:\Users\yvarspiDocumentstrecherche\DEPS2018YM ;
‘- Universal.de C:\Users\pvarsp\D ocumentsirechercheA\DEPS 20184M EmbltemtTWOS enaltndNode [90 90]

onstants
e Voltage = 10.0; V [3.9]

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 =¢; V=[9.9]

Res1.l=0.1;

End

I
E I
< » L
< [ ’ Loaded i Ef 4




Elements
P1, P2, P3: Port ;
Properties
PINA="P2N
P2\/=PR3\/
P3.V= P1.V;
P1.I+P2.14+P3.1' =0 ;

= End



Serial and parallel (2)

“Model

(YIN\

VSo

- -

-;-‘15'. S I

Vai ables
| . Intensity;
Elements
P1: Port();
P2 Port();

Properties

— RN =¢,;
: == : P2.V=0;
= == P2.| = I:
= P1.l:= -I;

End



