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A Rich Heritage in Data Visualization & Analytics
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Consulting Services
Fieldview Suite Technology Transfer & Training
Visualization / Data Analysis o FV Customization & Scripting
Data Management / Optimization < 1 Applied Research | > Workflow Automation

Software Products

= _

- FieldView Funded R&D In situ integration in solvers
- FieldView Express Advanced Post-Processing,
- HPC FieldView Methods & Customization

-  XDB - Extract db
- Vislt — Open Source

» Los Alamos
NATIONAL LABORATORY
Uncertainty Quantification |
: OAK RIDGE
LocKNEED mﬂTﬁAy B Lawrence Livermore %Naﬁoml Laboratory

National Laboratory
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“CFD 2030 Vision Road Map

Slotnick, J., et.al. CFD vision 2030 study: a path to revolutionary computational aerosciences," (2013).

TRL . LOW O Technology Milestone * Technology Demonstration +» Decision Gate
MEDIUM
B HoH 2015 2020 2025 2030
Creation of real-time multi-fidelity database: 1000 unsteady CFD
Simplified data A A .
simulations plus test data with complete UQ of all data sources
Integrated Databases representation l l
- =
Knowledge Extraction L e—
Visualzation On demand analysis/visualization of a On demand analysis/visualization of a
10B point unsteady CFD simulation 100!? pointunsteady CFD simulation

* Post-Processing Needs:

— 2020: On-demand analysis/visualization
of a 10B point unsteady

— 2025: On-demand analysis/visualization
of a 100B point unsteady

— 2030: HO Common Practice

* Need: Data demands, In situ analysis
requirements, coupled data storage,
interactive visualization.
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* Understand the physics of a device

* Test out theories about design changes
*Verify performance after a change

e Certify performance by simulation

CAD / Parameters Mesh & job setup ‘ Compute (HPC) J ‘

© 2018 Intelligent Lig Technology, Teamwork, Trust Intelligent Light
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Down-select final
changes

Down-select
changes

valuate
. System
hanges via CFD ) Model

-

N\

Create CAD to
realize changes

Evaluate all inputs

ive design
anges

Long term
planning
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Issues

 Results file size is related to e Optimization, uncertainty
precision of discretization quantification, unsteady

e« HPC resources can be simulation require many runs
physically or logically distant * Human ability to digest data

Capacity vs Throughput Factor of Change (Logarithmic Scale)

Compute is
> 10,000

times faster,
disk < 100x

1979 1983 1993 1998 1989 2001 2003 2008 201 2011
Seagate STS06 ol i O B8 agate $T3550A4 | Quantum Fireball 5T3 | 18BM DTTA-351010 | Sea Cheetah X15 Seagste Cheetah X15.3 Seagate Cheetah 15k 6 Cheetah 15k.7 agate Pulsar XT.2
Ox | | 1 2A l 1 1 1 50
.
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“Big Data Examples

 Formula One Teams

* Aerospace and Defense

e Internal Combustion

* Wind and Nuclear Energy

Vorticity magnitude

80 Gb per
timestep

FIELDVIEW

1000 steps
X
4 designs

= 320 Tb!

Visit www.ilight.com to see these animations
© 2018 Intelligent Lig lTechnology, Teamwork, Trust Intelligent Light
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WHAT CAN WE DO?

© 2018 Intelligent Li Technology, Teamwork, Trust Intelligent Light
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- Ut|I| [ Extt ’ ~s-based Subsets
/._\ [READ)

Big CFD
DEE] l,

Compute Objects:
- Geometry

- Cutting Planes
- Iso-surfaces
- Streamlines

e Extracts can be built in batch Surface Geometry || EXtracts — r—r——-r—n
. . . Cut Planes Cut Planes
orin Intel’aCtlve Session Iso-surfaces egé lso-surfaces
e HPC resource can be used Stream/streaklines XDB Stream/streaklines
for EXTRACT process; _ Actions on Orgects
desktop or HPC for ANALYZE Animate

- Integrate Forces
- Probe/plot values
- Images output

© 2018 Intelligent Technology, Teamwork, Trust Intelligent Light
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Extracts are

 (@Goal: derive work products thatcan °
substitute for the full volume data

e A subset of the computed results
that is extracted for a specific
purpose

— Produced in batch, in situ & post-hoc

a powerful and flexible tool

www.ilight.com

Can be 100’s to 1000’s of times
smaller than volume data
— Exist on a spectrum of content & fidelity
— Can be used as surrogates in workflows
— Lightweight, free viewers

3D Surfaces Reduced

Numbers Images and _ _
in a log Inagesand Movies that or Lines with Order &
file Movies Carry Data Numerical Statistical
Data Models
3D PDF CINEMA FieldView XDB eXDB* Ing)rmation
File Size %rrlltgnt
Reduction — o

e Flexibility

© 2018 Intelligent

lTechnology, Teamwork, Trust
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Scientific Achievement
—  The highly popular Comamerclal Flusd Dynamics (CFD)
package FLUENT® has incorporated ADICS into thedr
latast varsion, 18.2
—  Insitu surface extracts saved 1o FeldvView £0B format,
based on ADIOS, allows higher fidelity output, resulting in
i e kndwdedge to come from commmercal CFD work

Significance and Impact
—  FLUENT® |5 one of the maost popular and wadaly usad
corwmercial CFD sokvers
= Enables angineers to perform cost effactive dasign
studies of internal combustion engines, chamical mixing
processes, and motor wehicle aerodynamscs

Research Details

e Leveraging DOE’s ADIOS
scalable I/O library

 Each node writes Iin
parallel, no need to
gather before 1/0O

e RDMA and domain

— XDB, created by Intalligant Light, 1s a state of the art data
- Imsagge of Pressure Distribution ever o Semi-Troeh Cab: m m
axtract systam that accaleratas productivity of CFD | Credit: Simulation results courtesy of Kavistan anage ent are hand |ed
woar kflowes by reducing 10-100 fobd the amaount of data R .:= ad in Faeddviaw] .

wrltten to disk e ANSYS included our

= A newi XDB library leverages ADIOS by replacing the native | “_ the witra-fost CFD workflow ssen n Formuia

XD file format with ADIOS BP format to acceberate the 1/0 | fine has gained further efficiency from the XDBLIB 2 O |n FLUENT

& HPC systams far i EOITANT Fialdviaw custamers j,rrregrprj.:.n l."_ll--"E'l\'.'Enf-Fl:E'Hl."II:E'W X0l rffhnﬂfﬂﬂ!r' ~
Tarkyorn Larssen (CREC Dymarmics)

LS DEFAEIMENT L} I::r"":E:ﬂ P: ) h. k
ENERGY -.i.r- I: Brad J. Whitloc m

© 2018 Intelligent Technology, Teamwork, Trust Intelligent Light
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Nowvel ldeas
v Complete Verficabon and Vasdation Frameawork

v Aubomabed data managemeant

+ Easy io use wizards for code verification
against gaperimentad data and across solver

+ Automatedirepeatable report generation

+ Butomated meta, valdation and solver data
storage via dalabase systems

+ Support many different data types and units
v Matlab, Excel adhoc ASCI
¢ FWUNE [CFX, Fluent, CFD++#] and FLOTID

Impact and Champions
IMPACT

v Used in Huclear Reactor, mul-phase and many

species, Maval Huclear Laboratory sofver
development VAV

+ Beblis Laboratory

+ Using to suppon extensive code verification
and validation efforts

+ KAPL
Froduct Orener; Eard PN, Duwguee, Intelligent Light

Milestones/Dates/Status

+ Today Delivered Four (4) versions - file based
+ Version § Milestones — Large Data and Databased
+ Milestone 1 — September 2018
¢ Milestone 2 — January 3018
+ Milestone 3 — Febrsary 201%
+ FINAL Version §— March 201%
+ Version § — Grid Convergence Support (TED)

Orffice of

LS DEFAKTNENT LF
© ENERGY 2o

Aauguist 27, 2018

lTechnology, Teamwork, Trust
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Spectre:

ol engineering CFD simulations il
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Novel ldeas
+ Complete UO Framewoark

v Aubomabed data managemant
v Easy 1o uss web deliverad GUI that

integrates Numerncal, Mode| Form and
complets Moedel Input uncertaintbes.

v Hew UIQ visualization echniques that coupls
statistical information with CFD field data
wigializalions

v Mew Model Form Uneertainty for ssrodynamics.
malevant probdam

Impact and Champions

IMPACT
= Bpecire removes readblocks o UQ in CFD applications
= Encapsilates ow bo aat up an anakysis

» Auomatically manages hundreds or thousands
of simudations on either in-house or m-the-cloud
= PFresented to representatives from the DOD, HASA and
major US asrospace companies bo suppoen military
asrcraft design, new launch vehicle design and Alrcraft
Cerification by Simulation

= Hlarled collaboration with Boging & early adoplers of

Milestones/Dates/Status

PE Finalize GLN design
implement Complete Model Input

Linpertainty L
impéement Moded Form Uncentainty for

187
AV
Impleament Musserical Lincertainty and 1Mz
Dhaoaes o Arsbimen s

01 Comphete UG stsdy on high kft wing 48

PN implement Field Data viewer 1048
Specire Technology U0 imptement Hew MPU methed 118
Principal Investigator: Ear P.N. Dugue, Intslligent Light WL Fanal Repart i
LS DEFARETHERT DF
COrffice of August 3T, PE

E-"EH.’?"\‘r Science
© 2018 Intelligent

lTechnology, Teamwork, Trust
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NORTHERN

TOTAL UNCERTAINTY IN MODEL RESULTS ARIZONA @@
UNIVERSITY

0.6

= Start with Input Uncertainty, Ujy ¢

Uncertainty:
I Experiment, Uy

[ Fluent, Umodel

[ Fluent, Unum
Il Fluent, Uinput

yla=34.48

= Append Numerical Uncertainty, Uyyy 08

= Append Model Form Uncertainty, U,;,oqe;

= Append Experimental Uncertainty, Up

Utotat,o50 = Uinput T Unum £ Umoder = Up

04

© 2018 Intelligent Light % g
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DATA SCIENCE...

© 2018 Intelligent Li Technology, Teamwork, Trust Intelligent Light
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scikit-learn
algorithm cheat-sheet

classification —
: WORKING

regression

NaT
. WORKING

ves . category : B0
" 3 YES EnsembleRegressors
oyouhave =
labeled No : tewteatires ™ o
_ data \ U= should be WORKING
: YES . ) important
s i n W NO RidgeRegression
‘quantity :

\ known

samples

number of
bz categories

f WORKING
y

o »
WORKING

MiniBatch — VES
KMeans ~
10K . b .
ﬁ: | dimensionality

reduction

P - ‘
© 2018 Intelligent Technology, Teamwork, Trust Intelligent Light
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"Our View of E/CFD Data Analytics

(,

Signal Processing (FFT, Wavelets)

Understanding Surrogate Models

Matrix Methods (POD, DMD)

Initial Understanding

Machine Learning (Neural Net),

Potential Impact on System Performance

© 2018 Intelligent Technology, Teamwork, Trust Intelligent Light
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Gettlng Data into Analy5|s IR

e Single Value Decomposition

* Dynamic Mode Decomposition Column Space
Time Steps

Independent Variables

Cells

PIV Locations

© 2018 Intelligent Lig lTechnology, Teamwork, Trust Intelligent Light
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e Utilize Reduced Order Methods to analyze
flow physics of 3D unsteady compressor

— Basic research performed @ BYU
— Prof. Steve Gorrell and Matt Jones

 Enabled POD and DMD capabilities in our
FieldView products via python plugins

* Reconstruction occurs on the fly
* 100-1000X compression

AFRL FA8650-14-C-2439 2013-2014

© 2018 Intelligent L Technology, Teamwork, Trust Intelligent Light
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Mode 1:

Blue color corresponds to
range of shock motion
during rotation

Modes 2 & 3:
Linear combination
of higher order
modes reveal exact
shock location for a
given angular
position

Earl P.N. Duque, Daniel E. Hiepler, Steven E. Gorrell, Matthew R. Jones and Trevor J. Blanc , “Visualization and Post-Processing of Large Scale
Engineering Applications using In-Situ Data Extracts and Proper Orthogonal Decomposition”, AIAA SciTech 2015, January 2015

© 2018 Intelligent Lig lTechnology, Teamwork, Trust Intelligent Light
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* Using SVD results in Modes an
Relative Modal Intensity

— Data matrix = U V*

— Similar to Eigenvectors and .
Eigenvalues s |/
e Using DMD results in Dynamic .

Modes and Eigenvalues % om o b o den o T
— Useful for frequency analysis

Spectral analysis of nonlinear flows. Rowley, C.
W., Mezic, ., Bagheri, S., Schlatter, P., and
Henningson, D. S. No. 1, 2009, Journal of Fluid
Mechanics, Vol. 641, pp. 115-127

© 2018 Intelligent Lig Technology, Teamwork, Trust Intelligent Light
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» FieldView has always been good
at visualization & extracting data

 \WWe now enable statistics and

linear algebra techniques R
 MATLAB, Excel, numpy g ' ) BN
» Direct output to snapshot matrices >
and CSV format XDB Surfaces ‘ ém :
_ Streamlines | X3
» To get CFD folks started, we ship: Solver Points B |
& test e
« OCTAVE -
. files ﬂ
* Numpy, matplotlib . )

FieldView: A waypoint

instead of an endpoint

© 2018 Intelligent Technology, Teamwork, Trust Intelligent Light
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* Develop intuition for data
analysis capabilities

* NACA 0012 uncertainty
quantification example results

* Use modal analysis to make
sense of data

© 2018 Intelligent Li Technology, Teamwork, Trust Intelligent Light




Populatlon of Condltlons IS Se I

* [nput parameter space
— Epistemic (known range)
* Mach number

— Aleatory (known distribution)

* Reynolds number
* Angle-of-Attack

* Population includes some ordered

characteristics

© 2018 Intelligent Lig lTechnology, Teamwork, Trust Intelligent Light
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Aerdynamlc PrdtlonsCaIcuIated for
Input Parameter Space
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e State variables

— Lift e

— Drag 3

— Moment i 0 O
e Nebulous cloud of data S
* Minimal insight into physics e

J phy < /
Drag (Cp) 00105 02 Lift (C, )

© 2018 Intelligent Lig Technology, Teamwork, Trust
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Detefmlne Slgnlﬁcant Modes

* Apply singular value 00—
decomposition to extract modes  _ Z\
* Mode 1 is nearly 100% of overall  ;
behavior 2 i
* Modes 2 & 3 compose residual R W

portion of state variable response

© 2018 Intelligent Lig lTechnology, Teamwork, Trust Intelligent Light
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PhlcaIS|gn||canceof Modes

 Significantly more ordered
* Mode shapes shown B o T
. 5 oz- »:v
— Span lift, drag and moment - M
— Isolated from Mach effects .
e O
S 04+ 05
» |dentify physical o o0 o e
functionality for each mode Drag Variatin ~ *® 7 Lt Variaion

© 2018 Intelligent Lig Technology, Teamwork, Trust Intelligent Light
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Down-select final
changes

Down-select
changes

valuate
. System
hanges via CFD ) Model

-

N\

Create CAD to
realize changes

Evaluate all inputs

ive design
anges

Long term
planning

lTechnology, Teamwork, Trust Intelligent Light




www.ilight.com

Technology Platform

FV Analytics

FV & HPC EV System Characterization
Linear Algebra Techniques (POD,
DMD, PCA, Machine Learning, etc.)

Desktop
Node Locked or Floating Automated Validation
FV Express Full Functionality Web-based, Integrated Database
All Readers . e L.
OEM Bundled Full-Time Sophisticated Users Uncertainty Quantification
Node Locked In situ and XDB Workflows Web-based, Dakota, Database

Reader Subset
Casual Users

© 2018 Intelligent Li Technology, Teamwork, Trust Intelligent Light



