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odelir g language supporting problem solving description:
| ;*" stem descriptions : Behavior, Functions, Structure,

)CE global requirements,

-~ epartia ric descnpt|ons unknowns, degrees of freedom, alternatives,
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‘Néed of solving capabilities addressing :
= e under constrained problems,
e mixed non linear mathematical problems,

e both equations and inequalities.

> Solving a design problem is completing a subdefined system !
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» ‘deS|gn problem description language
constraint solving library

_H.., .:GOZ’ (RNTL project)
_.,.3_:-‘-” L. Zimmer coordinator
= » The Constraint Explorer software tool
Z ' * An integrated modelling and solving environment
» A design problem description language

 An interval constraint solver
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t manager, Editors, DEPS compiler, DEPS solver
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~Application Fields:

— T

ff_Embedded Systems, Engineering Systems, Cyberphysical Systems...

* Design steps:

« preliminary design, architecture generation, system integration...
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nbining both equations and inequalities
-orlented language

el h. n obJect

or Englneers

== CO stéﬁts and variables are physical (cardinal) or ordinal quantities

e — ‘dlmensmn units, variation domain ..

=y dual-purpose calculus
« integer or real values

« continuous or discrete quantities



ge = DEPS Language
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1 Modelling  + Constraints = Properties Modelling

Model colocalisation (1, 7)

Constants
— Tepu e it Variables
~— Elements ’ Elements
= P_ropedjes_ Quantity P : Partition ,
- End ; : Partition ;
Kind : Int 5 .
Mll?‘l : n;eger Properties
Max: ’
Unit: u;
L End




0)LLlpdi
R . Type : Real ;

FOFJJI‘JF] ) | Min: 0 :
MaokinEEs MOF k 7 Max : +maxreal;
Variables Dimension & [M]

.......

S End

YEISSH! rnsls&

n-l‘—*mr*rlj-‘-:i- - Ser~defmed
= ,1;)1:? SIUEST '-"3'""_‘ : quantity

f“r""'ﬁ gl 2
— -:;4%.- - Quantity mass
—_— e
S Kind : Mass ;
= Min: 0 ;
' Max : +maxreal ;
Unit : kg ;

End



| S ‘ O2 part of Problem
Model Taipi(o; GJ;I, Model Problem()
Constarnts S Constants

R |‘_ AT . . .
$HREadl = 6,51 L - Variable reference binding

9 r;_l;rﬁ]-‘?i: ance declaration Elathents O2 shared by T1 and T2
V el ,:, = 02:GasModel(0.032);

""f‘i-" ume; H2:GasModel(0.002);
2 T1,T2:Tank(2.56e+7, 300, O2);
Propert1e5' 4 T3:Tank(7.00e+7, 300, H2);
p*\/= (Gas.Mass/Gas.MolarMass)*R*t; Properties
=hle O2.Mass = 10 ; (* or T1l.Gas *)
T1.V+T2.V< 500 ;
End




All GlSCS

Model Czis (€:dle); rrul*'
Constarnts - ‘."’.’ i3
cidlo 1 Doll|fe OJ.B-J IIO
giolgilYiassEsMolar ass;

VErEblese

VM mass;

- -"-"

—=X Xpre ‘Cou StOfkage DollarCost ;

- T —

[ elth'“~- )

‘-—.-'

- —*Propertles
—— -CoutStockage := ckilo*M ;
End
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Mode] Port ~ Model Dipole (index)
Constarnis B Conistants
\/ZJF]ZJ'E)I’-’S index : DipoleIndex ;
Aoltage; Variables
,<,)r [ Thtensity ; I: Intensity ;
rlernénr""i Elements
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_'~!)J;'JCE) 1@5 = P1, P2 : Port ;
=N ':_‘,_ e Properties
e — = o=
S P2.1 := -I;

| End
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Model cirele ()
Cornsraries
Variaolas
DIEIELET

:Ierrwr USES
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MoJeJ ess ON(R) SXLENUS PIOIENIDIPG lelndex

P lL A
Signature

’) éﬁ;’; ‘I'J.‘ : o 1 resistor model:
— - » 3 variables (unknowns)
.‘_,_..- ‘._ o + 1 equation
e » 2 expressions



Maocdzl Sl {::‘.vb.,,)f extends Dipole [Dipolelndex]
Constants. _.e,

-

Varfaibleg= =i

- ‘_pertles e

-qs"—

Ly P2.V = R*I;

= Fnd-
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Foroblem ¢

-j"’- *vafrJab1es(unknowns)

= _,.1»+2 -3 equations

=———- _‘ —
——

Direct problem :

AWETY Simple,Circuit s

————

~ Problem One Resistor
Constants

e : Voltage = 10 ;
Variables Order of bindings

Elements /

Res : Resistor(1,100) ;
Properties
Res.P1.V =¢e;
Res.P2.V = 0;
End

Res.R = 100 > Res.I =0.1



Model Node (P122)

\ Constants

Cornsrtaries
Variznles

Hro,)rl E

,':-P,z ;/\ |
”Pﬁﬁz 1=

—= ’_E._nd‘
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\/ariables
Elements
P: Port ;
Properties
PV=0;
End

. Wodel Ground (P)

Model VSource (e)
Constants

e : Voltage;
Variables

I1: Intensity;

I2: Intensity;
Elements

P1, P2: Port ;
Properties

P1.I:=11;

P2.1:=12;

P2.V-P1.V = e;
End



 Problem One Resistor

Constants

Variables

Elements

VS: VSource(10) ;

e Gr: Ground(VS.P1) ;
ot Res: Resistor(1,100) ;
== +0+4 4+2%0 = 7 variables (unknowns) N1: Node(VS.P2, Res.P1);
~ *T+1+1+2%2 = 7 equations N2: Node(VS.P1, Res.P2);

' Properties
End

—
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J/JOr d ‘F $ 1@6 .roblem Serial

— — ’Costat.s —
S Voltage ="10%

Varlables

e Elements

= Res1: SdResistor(1) ;

Res2: Resistor(2,10) ;

tors:

Res1 ResZ

Properties
sl propiem: — Resl.P1.V =¢;
==t = 7. ables (unknowns) Res1.P2.V = Res2.P1.V ;
___f“.f-f} quatlons Res1.P2.I + Res2.P1.1=0 ;
= = Res2.P2.V =0 ;
~ subdefined model: Res1.P1.I = 0.1; (* requirement *)
Resl.R =7 End

Inverse problem : Res1.P1.1 = 0.1 - Resl.R =90



IfPIOVEMENR

Res1 Res?2

r=10 JeEEE.

V/S: VSource(10) ;
Gr: Ground(VS.P1) ;
Res1: SdResistor(1) ;
Res2: Resistor(2, 100) ;
N1: Node(VS.P2, Res1.P1) ;

N2: Node(Res1.P2, Res2.P1) ;

‘3#3*0 —*11 variables (unknowns) N3: Node(Res2.P2, VS.P1) :

—sF=#1+1+1+3*%2+1 = 11 equations .
. Properties

= Res1.P1.I = 0.1 (* requirement *)
| End

- o..—-\




“'
RaCkadess declaration and use

Package C ;

| | Kind:Angle; Uses B ;
S Min : -uPi;
Broblarm 25 S Max : uPi; Model MC ()
Corstanis S Unit : Rad; Constants
Varlaplag End cl : Force = 10;
al 2 Anglas “;"él;‘__‘_‘- = c2 : Force = 20;
2D dp] JL.“""'P ‘ Quantity Force Variables
=13+ Al .-—;..3'__”’ E Kind : Force; al : Angle;
";" _s- e - Min : O; Elements
ey = _ Max : 100; Properties
.-‘P ‘?t‘j : Unit : N; Endp
_—':_ En d - End




