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Who are we?  
 



Training + Research + Technology Transfer 

Consortium: 

Created in 1987 in 
collaboration with 
UNESCO 

Specialized 

International Center for Numerical 
Methods in Engineering 

Introduction 



Introduction 



INTERNATIONAL BRANCHES 



CIMNE’s Classrooms 
The CIMNE Classroom Network  currently  
has thirty members, located mainly in Spain 
and Latin America. 

Espanya:  8 
 
Latinoamérica 
 
Argentina  5 
Brasil  2 
Chile 1 
Colombia   2 
Cuba 1 
El Salvador  1 
Guatemala  1 
México 3 
Perú 1 
Venezuela  3 
 
 



Personnel 

CIMNE regularly welcomes teachers and students from over 35 different nationalities. 



CIMNE in numbers 

509 135 1395 

1643 13 29 

Information at 30/09/2013 



Information at December 31th 2012 



Research, development and innovation (RDI) Departments in CIMNE: 
 
• Computational Physics and Large Scale Computing 
• Aerospace Engineering 
• Civil Engineering 
• Building, Energy and Environment (BEE GROUP) 
• Marine and Naval Engineering 
• Technology Transfer Services (TTS) 
• Bio-Medical Engineering 
• Socio-Economic Research 
• Pre and Post processing 
• Information and Communication Technologies 



CIMNE PRODUCTS 



CIMNE PRODUCTS 



CIMNE PRODUCTS 



CIMNE SPIN-OFF COMPANI  



CIMNE SPIN-OFF COMPANI  

Participation in companies (I) 



Participation in companies (II) 

CIMNE SPIN-OFF COMPANI  



CIMNE SPIN-OFF COMPANI  

Participation in companies (III) 



Quantech is Established on Barcelona in 1996 by a group of 
professors of the UPC and researchers of CIMNE. 

THE MISSION of this new company is Impulse, develop and 
distribute simulation software solutions to manufacturing 

industrial processes. 
 



Motivation  
 



Motivation  
Industrial Simulation 



Motivation  
Industrial Simulation 



Motivation  
Industrial Simulation 



 Reducing calculation time by parallelization 
 

 Modeling and Visualization are the bottleneck 
 
 

 

Motivation  
Industrial Simulation 



 Large and Complex Models 
 

 

Motivation  
Industrial Models 



 Many Details 
 

 

Motivation  
Industrial Models 



 STL is a common format 
 
 
 
 

 

Motivation  
Industrial Models 



 STL is a common format 
 

 STL files usually have gaps and overlaps 
 
 

 

Motivation  
Industrial Models 



 Multi-Disciplinary (FSI, etc.) 
 

 

Motivation  
Industrial Models 



Modeling 
 Not Clean 

Geometry 
 Complex 

Models 
 
 

Motivation  
Simulation Pipeline  

Meshing 
 Robustness 
 Not Scalable 

 
 

Analysis 
 Scalability 
 Efficiency 
 Complexity 

 FSI 
 Heterogeneous 

Machines 
 
 

Visualization 
 Connection to 

the Servers 
 Internet 

 Limited local 
resources 
 Small 

laptops, 
tablets, 
mobiles 



The EASYMulation 

What is C2C 
SIMULATION SOFTWARE FOR METAL CASTING 

HPDC – LPDC  

GRAVITY SAND  

PERMANENT MOLD CASTING 



Kratos  
Multi-Physics 
 



A Program for Engineering Calculation 
Engineers 

Kratos 
What is? 



A Program for Engineering Calculation 

Framework for parallel Multi-physics 
programs development 

Engineers 

Developers 

Kratos 
What is? 



A Program for Engineering Calculation 

Framework for parallel Multi-physics 
programs development 

OPEN SOURCE and FREE (BSD Licence)  

Developers 

Engineers 

Everyone 

Kratos 
What is? 



Kratos 
What is? 

CFD 
App. 

Structural 
App. 

Thermal 
App. 

DEM 
App. 

Kratos 
Kernel 

Kratos 
 

Coupled 
Solution 

 

FSI 

Thermo 
Structural 

… 

DataBase 

IO 

Projection 



Solid Mechanics 

Fluid Dynamics 

Kratos 
What can do? 

Thermal 

DEM 



Solid Mechanics 

Solid, Shell, 
Membrane, Beam 

Linear, Non-linear 

Static, Dynamic 

Kratos 
What can do? 

Small and Large 
Deformation 



Solid Mechanics 

Fluid Dynamics Thermal 

DEM 

Kratos 
What can do? 



Fluid Dynamics 

Incompressible 
Fluid 

Free Surface 

Turbulence 

Kratos 
What can do? 



Fluid Dynamics 

Incompressible 
Fluid 

Turbulence 

Free Surface 

Porous Media 

Kratos 
What can do? 



Fluid Dynamics 

Incompressible 
Fluid 

Turbulence 

Free Surface 

Porous Media 

Non-Newtonian 

BINGHAM  

VARIABLE 
YIELD  

Kratos 
What can do? 



Solid Mechanics 

Fluid Dynamics Thermal 

DEM 

Kratos 
What can do? 



DEM 

Kratos 
What can do? 



Solid Mechanics 

Fluid Dynamics 

FSI 

Thermal 

DEM 

Kratos 
What can do? 



Solid Mechanics 

Fluid Dynamics 

Thermal 

FSI TMec 

Kratos 
What can do? 



Kratos 
What can do? 



Kratos 
What can do? 



 Shared Memory 
 

 Clusters 
 

 GPU support 
 

 

Kratos  
HPC 



 Working with large models 
 

 

Experiences  
HPC 



Mesh  
Refinement  
2D and 3D 
 
MPI support 

Kratos 
 



GiD  
Pre & Post-procesor 
 



What’s GiD 
• A graphic pre and postprocessor 
• Motivation: several research groups and same needs 
• CAD systems, mesh generator, connection to solvers and 

visualization of results 
• Advanced visualization tools 

Preparation of analysis data Visualization of 
results 

GiD 

Geometry description 

Provided by CAD or using 
GiD 

Computer 
Analysis 

 



Analysis Data generation 
• Read in and correct CAD data 
• Assignment of boundary conditions 
• Definitions of analysis parameters 
• Generation of analysis data 
• Assignment of material properties, etc. 

GiD  
Pre Processing 



Visualization of Numerical Results 
• Deformed shapes, temperature distributions, pressures, etc. 
• Vector, contour plots, graphs, line diagrams, results surfaces 
• Animated sequences 
• Particle line flow diagrams 
• Simple user-definable interface 
• User-customisable menus 

GiD  
Post Processing 



• Structural analysis 
• Computation fluid mechanics (CFD) 
• Geomechanics 
• Industrial forming processes 
• Electromagnetics 
• Acoustics 
• Bio-medical engineering 
• Coupled problems 
• Earth sciences 

FEM code 
Finite 

volumes 

Meshless 
code 

Particle 
methods 

Spectral 
analysis 

Finite 
Differences 

GiD  
Applications 



Industrial Exascale Challenges
  
 



Modeling 
 Cleaning 
 Applying 

Conditions 
 
 

Challenges  
Simulation Pipeline  

Meshing 
 Scalability 
 Memory 

 
 

Visualization 
 Data mining 
 Simplification 
 In-situ post-

processing 
 

Analysis 
 Scalability 
 Efficiency 
 Complexity 

 FSI 
 

 
 



Modeling 
 Cleaning 
 Applying 

Conditions 
 
 

Challenges  
Simulation Pipeline  

Cleaning 
 Automatic 

In/Out 
 Embedded 

Approaches 
 
 

Applying 
Conditions 
 GUI 
 Scripting 

 

 
 



Challenges  
Simulation Pipeline  

Meshing 
 Robustness 
 Scalability 

 
 

Octree Mesher 
 Robust 
 Fast and scalable 
 Tradeoff between structure 

and unstructured mesh 
 

 

 
 

Parallel Refinement 
 For larger meshes 



• STL as input boundary 

Examples 

Challenges  
Simulation Pipeline  



• Resulting mesh: 

Examples 

Challenges  
Simulation Pipeline  



New Formulations 
 To ensure more locality 
 Decrease memory access 
 Fixed mesh methods 
 Multi Scale 
 

 
 

Challenges  
Simulation Pipeline  

Analysis 
 Scalability 
 Efficiency 
 Complexity 

 FSI 

 
 Heterogeneous Machines 

 Non-uniform Load Balance 
 Different paradigms 
 Hybrid approaches 

 



Challenges  
Simulation Pipeline  

Analysis 
 Scalability 
 Efficiency 
 Complexity 

 FSI 

 
 



Data Mining 
 Sensors 
 Cuts 
 Iso-surfaces 

 
 

Challenges  
Simulation Pipeline  

Simplification 
 Geometry Based 
 Result Based 

 
 

Visualization 
 Data mining 
 Simplification 
 In-situ post-

processing 
 

In-situ Post-Processing 
 Sensors 
 Cuts 
 Iso-surfaces 

 
 



Original model: 6 M triangles 

Challenges  
Simulation Pipeline  



Octree( 13 – 81923) < 1e-7: 1.4 M triangles ( 23 % original) 

Challenges  
 



Normal subdivision: 203 K triangles ( 3.1 %) 

Challenges  
Simulation Pipeline  



Normal cone filter: 181 K triangles ( 2.9 %) 

Challenges  
Simulation Pipeline  



Normal cone filter: 181 K triangles ( 2.9 %) 

Challenges  
Simulation Pipeline  



Original 
 
14 M Points 
28 M Triangles 
0 Lines 
 

Grid 40963 

10,3 M Points 
20,6 M Triangles 
7 Lines 
73,3 % 
72 s. con HashUC 
 

Grid 20483 

4,6 M Points 
9,1 M Triangles 
6 Lines 
32,5 % 
31 s. con HashUC 
 

Grid 10243 

1,3 M Points 
2,6 M Triangles 
23 Lines 
9,4 % 
11 s. con HashUC 
 

Grid 5123 

351 K Points 
705 K Triangles 
17 Lines 
2,5 % 
5 s. con HashUC 
 

Grid 2563 

91 K Points 
183 K Triangles 
11 Lines 
0,65 % 
4 s. con HashUC 
6 s. con FullUC 

Grid 1283 

23 K Points 
47 K Triangles 
12 Lines 
0,16 % 
4 s. con HashUC 
5 s. con FullUC 

Grid 643 

5 K Points 
12 K Triangles 
8 Lines 
0,04 % 
8 s. con HashUC 
4 s. con FullUC 

Grid 323 

1.212 Points 
2.800 Triangles 
4 Lines 
0,01 % 
23 s. con HashUC 
4 s. con FullUC 

Grid 163 

284 Points 
660 Triangles 
6 Lines 
0,002 % 
60 s. con HashUC 
5 s. con FullUC 

Grid 83 

68 Points 
138 Triangles 
6 Lines 
0,0005 % 
59 s. con HashUC 
7 s. con FullUC 

Grid 43 

18 Points 
32 Triangles 
2 Lines 
 ~ 0,0001 % 
61 s. con HashUC 
13 s. con FullUC 

Grid 23 

8 Points 
14 Triangles 
0 Lines 
 < 0,0001 % 
62 s. con HashUC 
62 s. con FullUC 

Challenges  
Simulation Pipeline  



Challenges  
Projects 

 NUMEXAS: 
 
NUMERICAL METHODS AND TOOLS FOR KEY EXASCALE COMPUTING 

CHALLENGES IN ENGINEERING AND APPLIED SCIENCES 

http://www.numexas.eu/ 
 

 VELaSSCo: 
 
Visual Analysis for Extremely Large-Scale Scientific 
Computing 

 

http://www.numexas.eu/


Challenges  
Horizon 



谢谢！ 
 
 
 
 

 
 
 
 

 
http://www.gidhome.com/ 
 http://www.cimne.com/kratos 
 

http://www.cimne.com 

http://www.gidhome.com/
http://www.cimne.com/kratos
http://www.cimne.com/


Validation 
Examples 

 

Validation 
Examples 

FE 
Implement. 

Data 
Structure 

 VB  
Interface 

 General 
Structure  Introduction Conclusion 
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