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Cognitive Computing

Deep Blue 1997

« DARPA Grand Challenge i
2007 -

« Watson 2011

. AlphaGo 2016 f
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Cognitive Computing: Deep Learning

“Two pizzas sitting on top of a stove top oven”

6
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Vision: Cognitive Simulation Assistant
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Challenges in CAE

License Cost Hardware Cost CAE-Experience
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CAD und CAE Today )

Design-
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Numerical
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Cognitive CAE

Numerical
analyst

Cognitive
Simulation
Assistant

Design-
engineer
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Simulation Apps |

=
ﬁ f_-;—: = abe e d ek roen ! P P iy Ay d e e e B LTI B e 2 tc—m Lq,'.,'{m =
Comeft e
Do sysesormon Sprimng Calculator
Pnagien T B wlroms
Bt Pt s o T 1y B3 ] g o i g o g il ) [0 = >
Corad v Dot (T3 7% = _wi Tormp Forid F1 et Blarel St o) l = _=
ok Pl e ol ] M L 1w ] 0 [oeg |
S P LA [ 5 ]l- w £ v e BHGRE e ]t-l w
L
S Dbges Tpa "'U'i'?l"ﬂ'"': T et e T n-l:
Whadar [Pmrigen el o] it o Miamubon o Bidn apy E
e [ 00 i =1 P s B orm [fa2a
Somerplans Lafeen 12 ]n ]
| Catoutate || Exk |
ek =
e

11

nafems.org/americas 2016 NAFEMS Americas Conference June 7th-9th | Seattle, WA



Simulation Apps i
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Generalized Cognitive Simulation App
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Model Factual CAE Knowledge

Philosophie: Study basic categories of being

Computer science: Knowledge representation

T Generically Information
¢ CompCITIbIHTy ThrOUgh ShCII’ed Dependent content
. Continuant entity
Upper Ontologies ; 4
Continuant Material
Independent]<::L Entity
- Well suited for =N immaterial
. . L Entity
data integration Specifically Quality ]
Dependent
Continuant Realizable ]
Entity
Occurrent

Process
Profile
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'information content entity’

Data ontology
""" 'centrally registered identifier’

¥ 'data item’
k- 0 'cartesian spatial coordinate datum'

What is represented by the > ®'data about an ontology part
B 'data set'
dafce " filename
o : : k- image
Information content enftity e

----- parameter_data
b0 process_result
----- 'setting datum'’

V. J'information structure entity’
v () data_format
v aggregate_data_format

How is the data representede - @class_data_tormat
* Information structure entity T o ata_format

~ @ list_data_format
----- operator_description
B 00 primitive_data_format
V- © simulation_input_deck_part
- abaqus_input_deck_part
----- code aster input deck part
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nafems.org/americas

Algorithm ontology

Draws on existing standards,
e.g. OpenAPl model

Based on data ontology

Integrates different software
modules and services

Alternative representation
by YAML/JSON

2016 NAFEMS Americas Conference

fversion number of the specification file
Ill-ﬁ“
fsoftware module

caeml :

module:

name: TetgenVolumeMesher

version:

description: This module contains the 1
tetrahedral m
contributors: Stefan Suwelack, Markus 3

keywords: volume meshing,

fthis 1= the software interface specifi
api:
type: PythonModule
namespace: msml.ext.tetgen
foption terms of service for web apis
termsOfService:
contact:
name: Stefan Suwelack
email: suwelack@kit.edu
url:
license:
name: LAGPLv3
url: http://www.gnu.org/licenses/agpl

externalDocs:
description: Find more information he
url: www.msml.crd
# here is the list of operators (i.e. alg

June 7th-9th | Seattle, WA



Simulation ontology

v @ 'biomedical computer simulation’

% & 'dynamics simulation’
. . . ’ """ 'finite element simulation’
« Representation of simulation > ©'Monte-Carlo simulation
knowledge “ & 'numeriecal simulation'
""" clearance
> O 'data item’
* Models, boundary @ graph
condifions, solvers... 2 \mage

- & 'markup language’
v 'mathematical entity’

. Based on existing work, e.g. 4 :':':;::,T
HUPSON ontology, Step AP - @ software
209 b variable
v @ model
: l- '3D model'
« Workflow representation 4 'aghESi':_" mﬂﬂ';"l
. . -5 "adsorption model’
and SII’T]UJOTIQH & 'anatomical part model’
automatization > & 'biomechanical model

_ » ©'biophysical model’
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Current work: Learn from experience

« Semantic database of
simulation data

@@

* Use machine learning to
extract knowledge

« Deep learning for shape
understanding

« Enables: BC transfer,
automate defeaturing,
meshing etc.
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Life is cheap.
It's the accessories that kill you!
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Computer Aided Engineering modeling
language

« Semantics-based CAE middleware

R

e |Interfaces, converters and runtime for CAE
modules

« Simulation data management

« QOpen source license (autumn 2016)
CAEML

::: ROS

“ Open Source Robotics Foundation

« Vision: Help to create OSS stack for CAE

openstack’

20
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Computer Aided Engineering Modeling
Language

CAEML Runtime Python API

Python Data API

Simulation Ontology
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CAEML core features

Framework for data conversion

— Data is represented as acyclic directed graph
— Format conversion is graph matching

— Easy creation of new convertes

Definition of simulation workflows

Runtime for simulation workflows

Simulation data management
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Applications

 Intuitive visual programming of simulation
workflows

« Cloud-based simulation services

« Cognitive Computer Aided Engineering
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Towards Cognitive CAE

Cognitive Lifelong
Simulation Apps ’ learning,
data analytics

CAEML
middleware

surgery @ KIT dkfz. HIPER

Karlsruher Institut far Technologie
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