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Context 

 

A system is a construct or collection of different elements that together 

produces results not obtainable by the elements alone (INCOSE Definition). 

é 

The value added by the system as a whole beyond that contributed 

independently by the parts, is primarily created by the relationship among the 

parts; that is how they are interconnected (Rechtin, 2000)  



Some system design characteristics 

 components 

structural hierarchy 

+ 

structural  variability 

 

functions 

functional hierarchy 

+ 

functional variability 
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Some system design characteristics 
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(One) Material/ (Many) Behavioral World 

Å Technical Requirements 
Å Physical laws 
Å Technological constraints 
Å Standards and regulation Rules 

World of Material architecture 
Å Graph representation 
Å Selection of values 
Å Selection of (on the Shelf) components 
Å Compatibility constraints 

A Mixed Calculus world !  

components 
structural hierarchy 
structural variability  



Some system design characteristics 
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Functional World 

Å Functional requirements 
     Time deadline, Power supply ..  
Å Non functional requirements 
     Safety, Security, Sustainability .. 

World of functional architecture  
Å Graph representation 
Å Duplication of functions 
Å Selection of functions 
Å Relations between functions 

functions 
functional hierarchy 
functional variability 



Moreover .. There are missing links 

function ï structure allocations 
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functions 
functional hierarchy 
functional variability 

components 
structural hierarchy 
structural variability  

? 



Moreover .. There are a missing links 
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functions 
functional hierarchy 
functional variability 

components 
structural hierarchy 
structural variability  

use-case ï functioning modes associations 



A taxonomy of Design Problems 
 
Å Sizing 
  
Å Setting all the design variables for all the given subsystems and 
  components in order to satisfy the requirements  

 
Å Configuration  
 
Å Constructing a system with the right number and types of  
  predefined components. Compatibility constraints limit the number  
  of possible combinations of the components. 
 

Å Allocation 
 
Å allocating resources to different types of elements at different level  
(functions, tasks, software, é) 
 

Å Architectural design 
 
Å Organising a system in subsystems and components in order to 
   satisfy the requirements 9 



Sizing Problem 
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Input Shaft      
0,ar  0,al  

Stage 1 
1x 1m  1,1Z  1,2Z  1b  1,ar  1,al  

Stage 2 
2x 2m  2,1Z  2,2Z  2b  2,ar  2,al  

Stage 3 
3x 3m  3,1Z  3,2Z  3b  3,ar  3,al  

 

A three stages power transmission system 
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Configuration Problem 

Cool/heater system configuration problem 

(Yvars, Duhau, 2011) 
Cool/Heater Nomenclature 

11 



Complex Engineered Systems and Design 
Problems 

Allocation Problem 
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Architectural Design Problem 

Gas turbine starter system 

Dassault Aviation Engineering study 

Zimmer, Yvars, 2011 
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Design problem +++ 

(Tchertchian, Yvars, Millet, 2012) 

Hybrid passenger ferry  
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Å Sizing 
  
Å Some Design Parameters are not fixed 

 
Å Configuration  
 
Å Number and type of some components are not fixed 
 

Å Allocation 
 
Å Resources required by some elements are not fixed 
 

Å Architectural design 
 
Å A mixing of everything above 
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What is common to Design Problems ? 



What is common to Design Problems ? 
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A System to be designed is sub-defined  

Designing a System means completing a sub-
defined system which conforms to 

Requirements    

Our Manifesto 
Solving a Design Problem 

Is 
Completing a Sub-defined Model    



A Design Problem is a matter of Synthesis 
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Synthesis 
Process  

A sub-defined 
System 

(degrees of freedom) 
A System Definition which 
conforms to requirements 

A Set of 
Requirements 



Synthesis isnôt Analysis 

Analysis 
Process  

System 
Definition 

Results 

Set of 
Requirements 

OK 
? 

KO OK 



Synthesis and Analysis are complementarity 

Synthesis 
Process  
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Synthesis and Analysis are complementary 

Synthesis 
Process  

A sub-defined 
System 

(degrees of freedom) 
A System Definition which 
conforms to requirements 

A Set of 
Requirements 

Analysis 
Process  

A System 
Definition 

Results 

Set of 
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OK 
? 

KO OK 

Refine and Complete  
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The DEPS Project  

ÅDevelop a formal modeling language for 
specifying System Design Problems 

 

ÅDevelop Problem Solving methods and 
tools 

 



The DEPS Project  

ÅTarget: engineering, embedded, real-time, 

cyber-physical, software-intensive é Systems 

 

Å Design steps: preliminary design, architecture 

generation, system integration, system 
verificationé 

 

 

 



Background  

ThingLab (1977) 

COB (2002) 

Nemo-Tec (1997) 

S-COMMA (2009) 

SysML+GAMS(2012) 
Objects+Eclipse (2000) 

SysML+ParaSolver (2013) 

 CE (2004) 

Deklare (1995) / Komod  

DEPS 

Xerox Park 

RRIAI 

ONERA (HALERTE) 

ANR  CO2 

Georgia Tech ESPRIT II PSA-LISMMA 

LINA 

NYU 

DeCoSolver (2004) 

AIST 



Constraint Explorer 
(L. Zimmer et al. 2004) 

Å IDE 

Å Declarative language 

Å Interval Constraint Programming methods 

25 Å non linear equations and inequalities with discrete and continuous variables 



Å 89 non linear equations 
Å 48 inequalities 
Å 1 optimization criterion  

Variables Initial Domains First Propagation Admissible 

solution 

Optimal 

solution 

Design Variables (DVs) 

Input Shaft  

ra,0 (mm) [10.0, 507.073] [12.937, 503.942] 12.937 12.937 

la,0 (mm) [10.0, 1014.15] [10.0, 1014.15] 10.155 10.0 

Stage1 

m1 [0.5, 50.0] [0.5, 22.0] 1.5 1.5 

Z1,1 [11, 45] [11, 45] 14 14 

Z2,1 [20, 150] [20, 150] 20 20 

b1 (mm) [10, 500] [10, 330] 10.0 10.0 

ra,1 (mm) [10.0, 507.073] [10.0, 503.875] 10.0 10.0 

la,1 (mm) [10.0, 1014.15] [10.0, 1014.15] 19.1168 84.9537729 

ɝ1 (rad) [-ˊ, ˊ] [-ˊ, ˊ] -0.1533 -0.058 

Stage 2 

m2 [0.5, 50.0] [0.5, 22.0] 5.5 6.0 

Z1,2 [11, 45] [11, 45] 16 17 

Z2,2 [20, 150] [20, 150] 56 60 

b2 (mm) [10, 500] [10, 330] 14.0 10.0 

ra,2 (mm) [10.0, 507.073] [10.0, 503.875] 10.0 10.0 

la,2 (mm) [10.0, 1014.15] [10.0, 1014.15] 10.0 10.0 

ɝ2 (rad) [-ˊ, ˊ] [-ˊ, ˊ] -0.0169 

Stage 3 

m3 [0.5, 50.0] [0.5, 22.0] 2.75 2.25 

Z1,3 [11, 45] [11, 45] 17 17 

Z2,3 [20, 150] [20, 150] 149 149 

b3 (mm) [10, 500] [10, 330] 16.0 10.0 

ra,3 (mm) [10.0, 507.073] [10.0, 503.875] 10.0 10.0 

la,3 (mm) [10.0, 1014.15] [10.0, 1014.15] 189.22 123.5182346 

ɝ3 (rad) [-ˊ, ˊ] [-ˊ, ˊ] -0.4 -0.09 

Performance Indicator 

fobj (mm3) [0, + [24842.14,20821e7] 13194785.4 8.1 e6 
26 

Sizing of a 3 stages Power Transmission System (Yvars, Zimmer) 



ÅDEPS Studio  is the IDE 

Å In fact an Integrated Modelling and Solving Environment  

ÅProject manager, Editors, debugger, DEPS compiler , DEPS solver  

 

Å DEPS (DEsign Problem Specification) Language  is a DSML 

 

Å Constraint Solving Methods 

DEPS ISNôT A TOOL ! 

DEPS 
(Yvars, Zimmer  In Progress since 2014) 



DEPS IDE 
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The DEPS language 
declarative features  

ÅModel-based Knowledge Representation 
Åinheritance,  composition, aggregation, polymorphism 

ÅAttributes 

ïconstants, variables 

ïinteger or real values 

ÅProperties 

ïalgebraic equations or inequalities 

 

ÅOntology for engineers 
Å quantities, dimensions, units 

 

 

 

 



The DEPS language 
the compiler 

ÅAhead-of-time 

 

ÅPackage management 

 

ÅParsing/Error handling 

 

ÅGeneration of sub-defined model instances 
 

 

 

 



Sub-defined Models Constraints 

Model Partition ()  
Constants 
Variables 
  icpu : CpuIndex ;  
Elements 
Properties 
End 
 

Model colocalisation (P1, P2) 
Constants 
Variables 
Elements 
 P1 : Partition ;  
 P2 : Partition ;  
Properties 
  P1.icpu = P2.icpu; 
End 

P1.icpu = P2.icpu; 

Models of Properties  +  =  

Quantity 
CpuIndex 
 Kind : Integer ;  
 Min  : 1 ; 
 Max : 4 ; 
 Unit : u ;  
End 

32 

Object-Oriented Language + Constraint Solving Language = DEPS Language 

The DEPS Language 



Outlines 

ÅContext 

ÅThe DEPS project 

ÅThe DEPS language 

ÅThe DEPS solver 

ÅDEPS by example 

ÅUse-case: Synthesis of avionics embedded 
systems 

ÅOngoing studies and developments 

 

 



 
 

Å A Need of solving capabilities addressing : 
Å under constrained problems, 
Å mixed non linear mathematical problems, 
Å both equations and inequalities, 
Å other relations. 

 
Å A Constraint based oriented solver 
Å constraint programming on mix domains 
 

Å Built for dealing with DEPS models 
 
Å An object oriented architecture 
Å extensible  
 

 
 

                                               

DEPS Solver (1) 
 



DEPS Solver (2) 
 

Domain representation  layer  
 

Interval   and finite domains 



DEPS Solver (3) 
 

Domain representation  layer  
 

Interval   and finite domains 

Domain computation layer  
 

Interval  computation and finite domain computation operators 



DEPS Solver (4) 
 

Domain representation  layer  
 

Interval   and finite domains 

Constraint  definition  on mix variables layer  
 

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

Domain computation layer  
 

Interval  computation and finite domain computation operators 



DEPS Solver (5) 
 

Domain representation  layer  
 

Interval   and finite domains 

Constraint  definition  on mix variables layer  
 

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

Domain computation layer  
 

Interval  computation and finite domain computation operators 

Constraint  propagation layer  
 

Hull consistency (HC4Rev) extended to mix domains 



DEPS Solver (6) 
 

Domain representation  layer  
 

Interval   and finite domains 

Constraint  definition  on mix variables layer  
 

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

Domain computation layer  
 

Interval  computation and finite domain computation operators 

Constraint  propagation layer  
 

Hull consistency (HC4Rev) extended to mix domains 

Solving  mechanism  layer  
 

Branch and prune  algorithm  
Spliting strategies ( first fail, round robin), variables scheduling 
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Models and Quantities  

Quantity  mass 

  Kind : Mass ; 

  Min : 0 ;  

  Max : + maxreal ; 

  Unit : kg ;  

End  

Model GasModel (MolarMass) 

 Constants 

   MolarMass : MolarMass ;  

 Variables 

  Mass : mass ; 

 Elements 

 Properties 

End 

model identifier    

QuantityKind  Mass 

  Kind : Real ; 

  Min : 0 ;  

  Max : + maxreal; 

  Dimension : [M ]  

End  



Part and shared models 

Model Tank(p, t, Gas) 
 Constants 
  R : Real = 8.314 ;  
  p : Pressure ; 
  t :  Temperature ; 
 Variables 
  V : Volume ; 
 Elements 
 Gas : GasModel ; 
 Properties 
  p*V= ( Gas.Mass/Gas.MolarMass)*R*t;  
End 

reference binding 

Model Problem() 

 Constants 

 Variables 

 Elements 

  O2:GasModel(0.032); 

  H2:GasModel(0.002);  

  T1,T2:Tank(2.56e+7, 300, O2);  

  T3:Tank(7.00e+7, 300, H2);  

 Properties 

  O2.Mass = 10 ;  (* or T1.Gas *)  

  T1.V+T2.V< 500 ;  

End 

Instance construction 
O2 part of Problem 

reference binding 
O2 shared by T1 and T2 instance declaration 



Aliases 

Model Gas (ckilo, molarMass) 

 Constants 

  ckilo : DollarCostPerKilo; 

  molarMass : MolarMass; 

 Variables 

  M : mass ; 

  expr CoutStockage : DollarCost  ;  

 Elements 

 Properties 

  CoutStockage :=  ckilo*M ;  

End 

Alias declaration 

Alias definition 



Universal constants 

Model circle () 

 Constants 

 Variables 

  Diameter, Circumference: length ;  

 Elements 

 Properties 

  Circumference = uPi*D ; 

End 



Derived models (inheritance) 

Model Component (index)  

 Constants 

  index : ComponentIndex ; 

 Variables 

  I : intensity ;  

 Elements 

   P1, P2 : Port() ; 

 Properties 

   P1.I :=  I;  

   P2.I := -I;  

End 

Model Resistor(R) extends Component 

 Constants 

  R : Resistor; 

 Variables 

 Elements 

 Properties 

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

End Model Port  

 Constants 

 Variables 

  V : voltage ;  

  expr I : intensity ;   

 Elements 

 Properties 

End 

1 resistor model: 
Å 3 variables (unknowns) 
Å 1 equation 
Å 2 expressions 



Model Signature 
Model Resistor(R) extends Component [ComponentIndex]  

 Constants 

  R : Resistor; 

 Variables 

 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 

Model Component (index) 

Constants 

  index : ComponentIndex ; 

 Variables 

  I : intensity ;  

 Elements 

   P1, P2 : Port() ; 

 Properties 

   P1.I :=  I;  

   P2.I := -I;  

End 



A very simple circuit  

Problem One Resistor 

 Constants 

  e : Voltage = 10 ;  

 Variables 

 Elements 

  Res : Resistor(1,100) ; 

 Properties 

  Res.P1.V  = e ; 

  Res.P2.V  = 0; 

End 

r=100  

Res 

e 

0 

1 problem :  
Å 3 variables (unknowns) 
Å 3 equations 

Order of bindings 



A very simple circuit  



More complicated (1)  

r=10  

Res2 

e 

0 

? 

Res1 



More complicated (2)  

Problem SerialResistors 

 Constants 

  e : Voltage = 10;  

 Variables 

 Elements 

  Res1 : Resistor(1) ; 

  Res2 : Resistor(2,10) ; 

 Properties 

  Res1.P2.V = 0 ; 

  Res1.P1.V = Res2.P2.V ; 

  Res1.P1.I + Res2.P2.I = 0 ;  

  Res2.P1.V = e ;  

  Res1.I = 0.1;  

End 

r=10  

Res2 

e 

0 

? 

Res1 

1 problem :  
Å 2x3 = 6 variables (unknowns)  
Å 2+4 =6 equations  



More complicated (3)  



Improvement (1)  

r=10  

Res2 

e 

0 

? 

Res1 

Model Node (P1,P2) 

 Constants 

 Variables   

 Elements 

  P1, P2 : Port ; 

 Properties 

  P1.V = P2.V ; 

  P1.I+P2.I = 0 ;  

End 



Improvement (2)  

Problem  TwoSerialAndNode 

 Constants 

  e : Voltage = 10;  

 Variables 

 Elements 

  Res1 : Resistor(1) ; 

  Res2 : Resistor(2, 10) ; 

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

 Properties 

  Res1.P2.V = 0 ; 

  Res2.P1.V = e ;  

  Res1.I = 0.1;  

End 

r=10  

Res2 

e 

0 

? 

Res1 

Model Node (P1,P2) 

 Constants 

 Variables   

 Elements 

  P1, P2 : Port ; 

 Properties 

  P1.V = P2.V ; 

  P1.I+P2.I = 0 ;  

End 



Improvement (3)  



Serial and parallel (1)  

Model Node (P1,P2, P3) 

 Constants 

 Variables   

 Elements 

  P1, P2, P3 : Port ;  

 Properties 

  P1.V = P2.V ; 

  P2.V = P3.V ; 

  P3.V = P1.V ; 

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

End 

r=10  

Res1 

e 

0 

Res3 
? 

Res2 

r = 10  



Serial and parallel (2)   

Model VSource(e) 

 Constants 

  e :Voltage; 

Variables 

  I : Intensity ; 

Elements 

  P1 : Port();  

  P2:  Port ();  

Properties 

  P1.V = e;  

  P2.V = 0;  

  P2.I := I;  

  P1.I := -I;  

End 

r=10  

Res1 

e 

0 

Res3 
? 

Res2 

r = 10  


