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Agenda "y Altair

e Who is Altair?
o Altair NVIDIA Collaboration

« Product Innovation using Private and Public Clouds

* Infinite Exploration
»  “Going beyond Nominal Simulations”

e Data Movement

« Why is Remote Visualization Critical for HPC on the Cloud?
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. . , .
Altair Overview y Altair
Founded ...

In 1985 as a product design consulting company Close to 300M
Today ...

A global software, services & technology leader
with over 45 offices in 21 countries and
5,000+ customers worldwide

$100M

‘85 ‘13
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Altair Overview

ulbiiiie i

HyperWorks

Engineering Simulation
and Optimization Software

solidThinking

Simulation-driven Industrial
and Concept Design Software

PBS Works

High Performance Computing
Software and Consulting

7y Altair

ProductDesign Solutions

Product Innovation and
Development Consulting

Enterprise Solutions

Cloud-based Business and Engineering
Analytics Software and Consulting

Staffing Solutions

Technical Staffing and
On-premise Consulting
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Example of Altair's Advanced Simulation Solutions "y Altair

Integrated solvers platform with best-in-class scalability, quality, robustness.
Solutions include structural (OptiStruct and RADIOSS), CFD (AcuSolve), and
multi-body dynamics (MotionSolve) analysis. Altair's solvers are optimization-
ready and can be coupled for Smart Multiphysics analysis.

55
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Why Altair?
Altair is the only company that...

Makes HPC Tools

PBS Works

Develops HPC Apps

HyperWorks

and uses HPC Apps!

ProductDesign

7y Altair

~

<

<o

G

>

<~
:
&

500 Altair engineers worldwide
use HPC every day for
real-world modeling
& simulation
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Altair — NVIDIA Cooperation 7y Altair

HyperMesh

Visualization HyperView
HyperStudy

(Remote & Desktop) Inspire
SolidThinking

» Radioss (Structural — Crash)
» Acusolve (CFD)

A PP lication Solvers  Optistruct (Optimization)

HPC / Graphical  PBSProfessional Workload
Management

Resource * Improved Reliability
Management * Mixed Environments

« HWU Solver Licensing

: : Modification to encourage GPU
Licensing Usage

e 1 GPU is treated as 1 Core




Why Cloud?
How do we Define 1t?
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Accelerating Your Gateway to HPC Cloud Computing "y Altair

Altair’s Definition:

Easy access and use of high performance computational

and domain specific resources On-Demand

Soitis...

Access to One Big Computer

(the “Big Computer” being a hardware and software engineered solution)
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Components Required for Infinite CAE Exploration "y Altair

Application

Business & Software

Licensing

HPC System
Model
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Altair Cloud Offerings: Your Cloud Your Way! "y Altair

W Remote Visualization powered by NVIDIA
NVIDIA

Access to: HyperWorks on the Cloud

HyperWorks Simulation HyperWorks

Unlimited Cloud Suite On-Demand

Comprehensive software
On-premises, CAE private suite for simulation life Off-premises, CAE public

cloud appliance, unlimited use cycle management cloud appliance using existing
of HyperWorks HyperWorks & PBS Works

Powered by: PBS Works Suite
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Typical CAE Results Size for CRASH & CFD Analysis 7y Altair

Download Times in Hours for
SINGLE Simulation RUN

10 Mbps 50 Mbps
(Connection) (Connection)
Crash Medium 10 Gb 2.5 0.5
Crash Large 50 Gb 11 2
CFD Medium 100 Gb 23 4
CFD Large 4Tb 936 168

1. The times are assuming 0% loss

2. Download time is a Big Deterrent for running large CAE jobs on the cloud!



Copyright © 2013 Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Data Movement Problem in Large CAE Studies "y Altair

On Premises Cloud Off Premises Cloud

¢
L 8940429,
—

T
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Product Innovation Process 7y Altair

l ~
CFD

Structures

Modeling HyperMesh

Design Study System
[5tc / DOE/
Opt

Workload Manager

CcPU

HyperStudy
(Stoche ' DOE/
Optimization)

HyperStud

PBS Professional PBS Professional

AcuSolve

RADIOSS

CPU CPU

Translators

Visualization Tools

Traceability / Metadata
Traceability / Metadata
Traceability / Metadata

AcuReport Readers
AcuFieldView

HyperMath

HyperView Readers
HyperView

HyperMath

CPU CPU CPU CPU CPU CPU

KPI Extraction

Altair
Simulation
Manager

Altair
Simulation
Manager

—
Database Dashboards
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Cloud Maturation Path for CAE /> Altair

Modeling

Design Study System
(Stochastic / DOE/

Simulation
Data
Management

Optimization)

Remote
Visualization

Workload Manager

Solver

CPU

Traceability / Metadata

Translators

Visualization Tools

KPI Extraction

—_—
Database Dashboards

Application
Software &
Workload

Management




Product Innovation- Sheet Metal Forming - Example 1 "y Altair

tadel infa: hoodSmm

Fiesult; fhomelraviHoodfapproachesSdoe_ 1irun__ 00001 fm_1 fhoodSmm.h3d
Loadease 1 : Time = 0.0000e+00

Frame 1

Y‘&/x

Contour Flot
waThinningi Scalar value, wid)

S.3TIE+O01
[ +419E+01
SA4G0E+M
— 2EME+01
1.541E+01
[ S.E15E+00

-3.FFEE+DD

todel info: hoodSmm

Fesult: fhomelravil Hoodfapproachesddoe_1frun__ 00001 fm_1hoodSmm h3d
Loadease 1 : Time = 0,0000e+00

Frame 1

-1 35PE+01

-2.296E+01

-3.256E+01
Mas = 5379E+01
SHELL 10012509

Hin =- 3.258E+01
SHELL 100125254

2

Q/' :
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Product Innovation- Sheet Metal Forming - Example 1 "y Altair

Model info: hoodSmm

Result: /homelravi Hood/approaches/doe_ 1/run__00001/m_1/hoodSmm h3d
Loadcase 1 : Time = 0.0000e+00

Frame 1
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Product Innovation- Sheet Metal Forming - Example 1 "y Altair

Model info: hoodSmm
Result: fhome/ravis Hood/approaches/doe_1/run__00001 fm_1fhoodSmm.h3d
Loadcase 1 : Time = 0.0000e+00

Frame 1

64'6
B
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Product Innovation- Sheet Metal Forming - Example 1

Y
X
2 e Samples (possible parameter combinations)

J, L
' [ ] L]
T L] K N [ ]
Ha . L [} \
: . .
'. . i
e ] e« o |
[ [N | I
E [ ] [ ] ]
% e S
2 . b /)
’ Simulationinput
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Large Exploration - Example "y Altair

W | O Altair Compute Manager x I O Altair Display Manager x I + (=@ =

& il ) @ 101303150:8086/pbsworks/ui/dm/dm.htmi?appld=2 e | |B- Google Al B & 1
[8) Most Visited |} University of Michigan... € Altair FTP

Okkicaﬁons Places System % &

@ ) Wed Mar 26, 10:57 AM  rav

ravi_multiple_window.mvw - HyperWorks v12.0

Fie Edit View Model Resuls Ar g Tools P HyperFarm X Help

fare-fi-%-%-| [ i@ *Eﬂﬁviéﬁ%- a8 QLB LA AER T - A4+ O § Qi ir @8 B
;}mmﬂg
hood5mm 1]

Al
Loadcase 1 L]

H Time = 5.01 |

o- L

Entities

{.’é Assembly +

=} q". Companent

L Blankhc

part

N .77 Punch

I B rect bl
Rigid eb

[ Load Cases

G (é Notes (1)

e} Plot Styles |

B

B

dEuaaad

- Results
g Sets (4)

0@ BHMHNITSRL Y LY LIASLARF G- 00000
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Infinite Exploration - Example

7y Altair

~

-

doe_3_runsummary : Values

[ 5 -

= 98

5 3 =

0.75 0.726562 0.731482
AT —
” T —— —
A aae S
4"}"
»
J"A‘
P

-0.735 -0.738281 -0.743827

y
o
g
3 5
13) z
0.975786 248513
e N
-
\“’K-.
’ "\.,“
0.234354 72261.3

Response

\_

* Samples (possible parameter combinations)

/o ' '+ ™ Design space

Simulation input
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Product Innovation- Sheet Metal Forming - Example 1

@ Display Manager

1: HyperView /*

7y Altair

ravi

0 Wessages

Unselected samplesmode (hidden/ grayed)

>
Share Session Session Settings.
kT Responscs | Vardables | SnakeView Snn.ku\ﬁuwl
{?g Expiorer | iectary o | (]
o [puEma|la s a of|a- s -al| 20 de
&3 seue Variablcs B x
Define mockls
Defie csign variables e |
5 Spacilicatiors
s Outputvartables [5 doe_1_runsummary : Values
Define resparses Sembien O
Pt processing o .
Repor N ] 8 =
g £ 4 g
E 1 Variables S-mplcsl cmm' Fi.k:xl @« @ £ i H z
Select desion variakles. o = H 2 3 @ i
3 i £ -3 2 & &
Selctrenpornan Sarmple mame =]
Specilicatiors ] Row_o00 129 125 53,7891 217492 2.05042 34.0022 40,3500
Evaluals - 1 R 3 1
O] Row_oo0z |
Row_0003
i E Report O Row
B ez
E Select chsign variables D) w000
- [] Select resporses
[] specilicatiors ) Raw 0008
[¥] Evaie 0 Row o007
[¥] Post processing O Row_ooos
- 2] Rt 0 Row_o009
O Rew_0010
O Row_o011
O Row_0012
O Rew_o013 L
O Rew 0014 | o o 429013 31867 12,5327 20.4328 38.489
‘ Unhighlight Sample
[ 0 oispey
X
1: HyperView =
Share Session Session Seftings.
{%g N — R:Epmiul Vanablul SnakeView Snskn\‘i=W| o
© 1 Direclory
5 {M e @ alls & el a5 F— e
-3 sewp Variables 8 x
7] Kstine modsls
(] Deine design variables Inputvariables: |2
[ speciticatiors
Bt Ouputvariables [5 doe_1_runsummary : Values
Deline rasporsss ety e
] Post processing o -
&2 Repert ] 8 g H
Doe 1 Variablcs Smplnl Conidar | Filter « w £ g g 2
. [@] Select design variables d = ; & ] & i
St resprses e =
Specilicatiors O fow_ o001 125 125 537891 217402 405642 34.0022 48.35688
Evaluate - F 1 T 1
O Row_oo0z i
Aepert O Row_0003
|
Doe 2 O Row_o004
[i¢] Select design variables D Row_0005 /
[#] Select resperses / X
] swten. 1 Row_ 0005
o [] Evalusie O Row o007
] Post processing O Row_ooos
& o O —
O Row_0010
O Row_oo11
O Row_o012
0 Row_0013 L i
0 Row o014 = a a 420013 31667 12,5327 204320 38489
| Unhighlight Samplc

{ xS
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Best and Worst Case in the Runs! Zy Altair

] Model info: hoodSmm Model info: hoodSmm
Result: C:\Usersiravi\DownloadsthoodSmm. h3d sult: C:\Users\ravi\DownloadsihoodSmm(1).h3d
Loadcase 1 : Time = 0.0000e+00 Loadcase 1 : Time = 0.0000e+00

Frame 1 F 1
rame
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Product Innovation- Golf Club- Example 2 7 Altair
\ Shape Variables

Smile

Skirt
Sole

\ Thickness Variables /

|Sp2Wd ‘

Model Source: 4Mase, T. etal (2003)




Copyright © 2013 Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Infinite Exploration - Example "y Altair

A

X
“le Samples (possible parameter combinations)

hape 1 - Longer ,’// (] () \\\\ .
— Feo " , Design space
! \
1 . \
1 0o o0 '
H2 f S T
L 1 . 1
\‘ . . . . . I’I
\\\ . . [I
\ . a /I
X21 N - ¢ ///
Simulation input
X
K Xu !

Shape 2 - Wider

Reference: Product Innovation on the Cloud,

NAFEMS 2014, Ravi Kunju & Venkat Permeshwaran
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Infinite Exploration - Example

7y Altair

~

-

doe_3_runsummary : Values

[ 5 -

= 98

5 3 =

0.75 0.726562 0.731482
AT —
” T —— —
A aae S
4"}"
»
J"A‘
P

-0.735 -0.738281 -0.743827

y
o
g
3 5
13) z
0.975786 248513
e N
-
\“’K-.
’ "\.,“
0.234354 72261.3

Response

\_

* Samples (possible parameter combinations)

/o ' '+ ™ Design space

Simulation input
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Infinite Exploration - Example

7y Altair

N

-

doe_2 runsummary : Values

& 5 .
> ki)
5 3 E
0.75 0.75 0.75
N o
N
3 2
. = L >
g
e UA/'/ i o
-0.756 0.75 -0.75

Variables

0.918116

Response

iy g Average P~
o

167923

J

\_

L]

..

1 L]
LI |

i o 8
L]

L] L]
L}

L]

L]

* Samples (possible parameter combinations)

Simulation input
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Infinite Exploration - Example

7y Altair

-

.

sto_1_runsummary : Values

:
a

2 5 ¢ v ¥ 88 8 B o
g 5 & 2 8 8 8 8 o
T

5 03 . = o o w0 < T
& ¢ & :z ¥ % ¥ % 2 & o , g E £ £ g & £ § § & 5
S = [ <1 8 = 2 = 2Z = = = = H
5§ = ¥ & & &8 & & § 5§ & & & £ & & & & & @© @& o 2

3.30543 2.99526 3.64 158 0. 1229060, 123550. 123353, 1243710, 123928 0.14210.0777696. 136860.077430E07916930031 1760028255 17.802 1896.78 259744 256874 244041 248675 1.09764 249338
. . . 1 . " . . - X -

\\‘\ }\. [ ] . | y :

-3.27352-2,92545-3.685940. 0638 75, 068 97 (7 0650 148 065399E 0655238 074 399 04 180001 068 04-TB04 2163 04059EH 0008 18, 000525 1490,49261, 392 15773.3 17917.6 21178.5 22148.5 0.00494F0790

Variables Response

~

h

* Samples (possible parameter combinations)

Simulation input
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Results from Large DOE Run on the Cloud "y Altair

Lt — .

O Altair Display Manager I + ]
& ~ Google

6 @ v01:8086/pbsworks/ui/ihwod/ihwodportal.html?appld=1

@ Display Manager

ravi

0 Messages

HyperStudy v12.0.0 - F;ost-Processing

File Options View Display Tools MainPreferences Help

D oW A B oL o S ® v

Responsesl Variables SnakeViewl
B Snake View *| @

5200 = B [ = = = = R M I A

Variables

A

Input variables: [13 |
doe_3_runsummary : Values

Output variables: ‘ 10

Samples: ‘100 | a
ml
| ; 5 = g
! Variablesl Samplesl Corridor Filter = 8 5 % o
S = = o <
i i (4]
M e gk M M | 075 0.726562 0.731482 0.975786 248513
P Siess 353 — 4167.41
Stress_368 v 63679.805| 24991 e
'@ Stress_367 v/ 63425.652 247913.98] |}
v' '@ Cor v 0.65 0.8 I
O Average_Peak_Stress |[¥ 72261.31 150000| |+
|
: it
@ And 2 Or Find samples

1) n N

-0.738281 -0.743827 0.234354 72261.3

<
Messages
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Defining a Filter "y Altair

[Fireioxe ] (=[@] % |

‘ O Altair Display Manager l:‘

6 @ V01:3086/pbsworks/ui/ihwod/ihwodportal.html?appld=1

@ Display Manager 0 Messages

HyperStudy v12.0.0 - Post-Processing

File Options View Display Tools MainPreferences Help

12 W AdBE L oM M4 B o2 =

ResponseslVariables SnakeViewl o
AW E &S E D & @ pypril e [0 (mseevn t] @
Variables @® —_

Input variables: ‘13 |

| doe_3_runsummary : Values
Output variables: ‘10 |

Samples: | 100 ‘

2
o =
§’| =
Variablesl Samplesl Corridor Filter “g” % 3 & §
S 3 o (5] <
. i 075 0.726562 0.731482 0.975786 248513
?gtress_SSB ! BeGRio 05116741 T [ [ 1 T
Stress_368 63679.805 :
O Stress_367 63425.652 247913.98|
'O COR v 0.65 0.8|
O Average_Peak_Stress |¥| 72261.31 150000]

Find samples l | 1 1
0.735 -0.738281 0.743827 0.234354 72261.3 0

Messages -~ a |
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Isolating the best Possible Run from the Spread "y Altair

O Altair Display Manager | 4

| €= ) @ v01:2086/pbsworks/uifihwod/ihwodportal html?appld=1 ? v & ||B)~ Google P ¥ A B-

e

ravi

@ Display Manager 0 Messages

—

HypefStudy v12.6.0 = ;ost-Processing
File Options View Display Tools MainPreferences Help

1AM AMB-EE oML Ma B R
Responsesl Variables SnakeViewl
R H@E R S

Variables

B Snake View | @

Input variables: ‘ 13

: doe_3_runsummary : Values
Output variables: ‘ 10

Samples: ‘ 100

Variables Samples CorridorlFi]terl

Sample name
1 Row_0008 X 0. 72(-5562 0.731482 0. 97.5786

_| Row_0009
|1 Row_0010
| -] Row_0011
| 1 Row_0012
s
| -1 Row_0014
| -] Row_0015
| ] Row_0016

| Row_0017
|1 Row_0018 5 I 1

Unhighlight SampleJ -0.738281 -0.743827 72261.3

Messages
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Video Comparing Nominal vs. Zeroed in Design "y Altair

ISR AGESSSIVERY © Altair Display Mana: x
€« cC v 8086/ pbsworks/ui/ihwod/ihwodportal.htmi?applid=4

pvenkat

compare_doe3 13 nom.mvw - HyperWorks v12.0
Fle Eat View Model Results Annotations Tools Preferences Applications Help

ceeic o 8N0O-EEA:E b L%

DOE: Run13 Overlay with nominal Doe: Runid

Nominal run

-0 HDIPISRL ! LPYT I LSIAFIO-00000==—=

Ready


HV_Overlay.mov
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Time Savings Running on the Cloud "y Altair

Comparison of solution times between workstation and HPC infrastructure Details
Run time for 1 RADIOSS simulation (average for a workstation, dual core m/c) 90 sec
Number of sequential jobs 100
Total amount of time for 100 sequential runs (average for a workstation) 9000 sec
Number of compute nodes used on the HPTC infrastructure 10
Run time for 10 RADIOSS simulations (average, each job using 8 cores per run) 13 sec
Total elapsed time for total 100 runs (Estimate) 130 sec
Elapsed time savings 8870
Percentage Gain 98.6%
Adjustment for Data Latency 12%
Total Estimate Gain 86.7%

Note:

1. Your workstation is fully engaged in interactive applications
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Typical CAE Results for CRASH & CFD Analysis 7y Altair

100 Runs DOE or Stochastic Run

Crash Medium 10 Gb 2.5 0.5
Crash Large 50 Gb 11 2
CFD Medium 100 Gb 23 4
CFD Large 4Tb 936 168

1. The times are assuming 0% loss

2. Running DOE or Stochastic Simulation increases the result sizes further
3. Download time is a Big Deterrent for running large CAE jobs on the cloud!
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Design Study and Infinite Exploration on the Cloud Zy Altair

Standard BOM

Modeling

Design Study System
(Stochastic / DOE/
Dptimization)

Only Pixels
Only

Workload Manager

Solver

Translators

Traceability / Metadata

Visualization Tools
]
KPI Extraction

Database
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Hst-Pre.mov
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Hst-Post.mov
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Going Beyond

Creating an
experimental design

Build the surrogate model

7y Altair

Step 3

Optimize based on
surrogate model

Stochastic study based
on surrogate model

®

e

* Factorial designs

* Plackett-Burman

* Box-Behnken

» Central-Composite
* Latin HyperCube

* Hammersley

* User defined

* External Matrix

SOOI

0, LiH117

IR
o JRRINI A LT 1977

o

* Least square
* Moving least square
* HyperKriging

Genetic Algorithm

Sequential Quadratic
Programming

Adaptive Response Surface
Method of Feasible Directions

Sequential Optimization and
Reliability Assessment

Multi-Objective Genetic
Algorithm

Gradient-Based Method for
Multi Objective Optimization

External optimizers

Yon miges stress
L]
b
KA
'

% EI

K
o LY
a

0.06.051-0107 2F00E 3 BEGIA4GA OSH5 1507127 TE 138800, 16
TH2

+ Random
» Latin HyperCube
* Hammersley
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Observations: Running Simulations on the Cloud

* No Software Client installed locally

All Access even to interactive software through Web Browser

using Altair Display Manager

 No necessity to run jobs locally

All jobs were submitted to the cloud through Compute Manager

* No need to transfer Data to the local machines

Use of NVIDIA Graphics Cards on the server for remote

visualization

« Fully Optimized Utilization of Hardware Resources

Fully Integrated Web Job Submission through Compute Manager

7y Altair
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Conclusions 7y Altair

Cloud based HPC allow:;

. Massive Scalability of Hardware and Software Resources
instantly

. Running large spectrum of simulation design exploration on the
cloud

. Performing entire Simulation Lifecycle from anywhere using a
simple web browser is possible with right technology stack

. Remote Visualization with Graphic Technology from NVIDIA can
be efficiently utilized for accelerated interpretation of simulation
data for rapid product innovation




Copyright © 2013 Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

For More Information

Contact

Rajagopalan.Varadarjan@altair.com

Ravi Kunju
* ravi@altair.com

Visit Us Online

www.altair.com

www.altair.com/cloud

Cloud Solutions

7y Altair

HPC Made Easy

Lowering the barriers
to HPC access through

cloud technologies.

Learn More

Unlimited Usage

A private cloud solution,
providing unlimited access
to HyperWorks licenses.

Learn More

Visualize Big Data

Remote visualization of big data
through a single web portal,

minimizing data transfer.

Learn More

Thank You!


http://www.altair.com/
http://www.altair.com/cloud

