On Demaocratizing HPC:
Addressing the Missing Middle
Lobbying for.a new paradigm
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Key Barriers

A The COC/IDC Revéakport concluded that there are three major
system barriers stalling HPC adoption:

0 Lack of Application Software
0 Lack of Sufficient Talent
0 Cost constraints

A They noted that these were the same constraints identified four years
priort2
A InterSect3602 had a similar perspective; that cost is not the top barrier.

doYou could give companies free HW a
problems:

d Political will to change a workflow and to build faith in simulation to
supplement physical testing.

0 Expertise and knowledge for using scalable systems, and
oOdCreation of digital model s. O

" ;
17 Source: CoC/IDC Reveal report, 2008. l ntel
21 Source: CoC Study of US Industrial HPC Users, July 2004

31 Source: Addison Snell, InterSect360




Alllance for

A >45 entities working towards reaching
the Missing Middle

0 Industry, ISVs, Academia, and National
Labs

d Many represented here today

A The motivation:

0 Facilitating innovation and economic
growth

d A rising tide that benefits all of the
. ec @ystem
- AMembership
0 Open and easily accessible

A Further info at
www.digitalmanufacturing.org



http://www.digitalmanufacturing.org/

AHPDM Focus Areas

Alndustry analytics Nature of the Missing Middle and
the key barriers

APublic Policy Setting the national agenda for
Transforming American Manufacturing

ACommunicationsEngaging with and about the MM
o www.digitalmanufacturing.org

d Major industry and government engagement: monthly
cadence

ASolutionssHow t o resolve t he

d Digital Supply Chain |
d Predictive Innovation Centers (PICs) intel)



http://www.digitalmanufacturing.org/

R&D Resources

Industry Resources

National Digital Manufacturing Strategy Vision

A
National
Labs
__________ Digital Maang_cturlng GAI?'___"__
- Digital 7, . -~ Digital 7. -«";"é'f:iDiQi{a[ i, .
Manufactum;ng;é Manufaciuﬂng;{ *quqqutqrgng*é
s ~R&D CHs  “-REDCHss  R&DECHS A
Industrff"" Industr? """" N 'ﬁdustfy"" Industr‘y'"‘
: ......... PIC . PIC . i PIC PlC .........
TAA TAA TAA TAA TAA
Center Center Centers/ """ " \ Center Center
|MEP |MEP |MEP |MEP |MEP I V1= =) |MEP |MEP |MEP |MEP
LocalHIEd & CommColleges
v _

To T o To

Existing R&D Expertise
Universities

National Labs

DoE/NASA/etc Labs

HPC Centers (i.e. OSC, NCSA, etc.)

o To o

Proposed National
Manufacturing Innovation

Network

Digital Manufacturing R&D Centers
(academic focus)

Industry Predictive Innovation
Collaboration Centers (ngprofit e.g.
NCMS)

Trade Adjustment Assistance

Centers (TAAC)

Approx. 14 National Centers

Expand mission beyond trade impacted
companies

MEPO s ( NI ST )
60+ National Centers
New focus on Digital Manufacturing

Focused Digital

Manufacturing Training
Community colleges,
Manufacturing web portals
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HPC-ISP PILOTS: Case studies to evaluate whether manufacturing
SMBs would see real benefits if they could obtain HPC access

o 2 Limited HPC Adoption 4 N\ s
) § in DoD Supply Chain Technical Approach: (J' Success Stories: 1
o A Demonstrate the business and competitive value of produgt | A Successful examples of accelerated
n il . . o . @) innovation, new discoveries, new
|:_) : H R simulation and analysis with HPC for U.S. manufacturing. E product development, shortened
o| i hi i A
< 5 L Comoutns A Motivate usage of this innovatieaccelerating technology = s o ESe, Gogit g
n | HES prCusers WeCusen throughout the DoD supply chain supplier base. ol A girl]c?t l\:/)vriﬁltég‘ r\r/1vergtsnuer>é c?lljrrl)?gn?nrs]aol?
WUMBER OF PROCES30R3, MEMORY 31ZE, 08 COMPLEXITY A Identify technologies and partners that can help supportarf =|  Value achieved/saved through a
: . < product value stream analysis.
A The limited industrial user adoption of HPC infrastructure for the DoD supply chain base. =\ Y,
HPC is eroding the competitiveness of Deliverables =
critical DoD suppli@gr and the countryos Z
industrial and military capability. A Conduct four 12nonth HPC pilot demonstrations with DoD 5‘:
o

supply chainh yiod eokmpami es .

{} KA The Council will deliver 10 HPC user case studies. y
(Phase 1 Case Studies Found: ) 7 : :>
- : Q HPC Demonstration
’ over complete flight envelape with HPC.

A HPC is ofterperceivedas an ultra
Demonsirate precision structural analysis
Aircraft Mach Number (Mn) Aircraft Mach Number (Mn)

National Labs,

Filling the Expertise Gap University HPC Centers,
Commercial HPC Services

Moving Users Forward

National Productivity

Opportunity World Class/Leadership

Computing

Pressure Altitude (Palt = f1)
Pressure Altitude (Palt = ft)

high-end technology appropriate only
for government or academia.

A There is a lack of understanding of
the business valu&®Ql) of
simulation and analysis with HPC.

A Access to talent, lack of software, and

\ initial capital cost are all barriers. j >
HPC Demonstration

= Apply HPC to simulate EMI
signature of fully integrated
electrical power supply system

HPC Demonstration [r’ e

* Demonstrate custom designed
manufacturing tooling using HPC.

Leading-Edge
Entry-Level HPC Users
HPC Uura

NUMBER OF USERS, APPLICATIONS

Desktop Only Users

NUMBER OF PROCESSORS, MEMORY SIZE, JOB COMPLEXITY

o o 5 Gt

HPC Demonstration

* Simulate subsystem in whole-
vehicle model using HPC.

Strengthen the D
Supply Chain

A Provide real world industry
examples of the value of simulation
and analysis with HPC that will
stimulate usage t
supply chain for greater supply
chain reliability, product
innovation, and cost savings.

NEW INSIGHTS
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ISP=Innovation Service Portal




Pilots intersecting different entry points

Ace Clearwater
Enterprises i
Virtual Metalform
Prototyping

Alpha STAR'i
Chassis Weight
Reduction for
HMMWV

IAP Research i
Electromagnetic
Interference
Signature Analysis

Woodward i
Fuel Nozzle Flight
Envelope Analysis

HPC Single Physics

Single Parts Multiple Parts Complete Chassis Modeling

m Complex Circuit Analysis Complete Power Subsystem

Single Physics Modelin

Desktop-Only Entry-Level High-End
Users HPC Users HPC Users

Modeling and Si

gxity (Computation, Communication, Memory)



IS| worked with an SMB engineering firm to leverage HPC

Information Sciences Insfitute

meOODWAR D ISI

Fuel injection

. HPC resource and
component supplier

expertise provider

A200 employees
A3 computational engineers

Jet engine supplier Military aircraft




Baseline goal: Simulate nozzle behavior at
many more points within the flight envelope
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Simulation problem: transient thermal + static
structural analysis

#1. Do thermal analysis to compute temperature
using time -varying heat convection loads as inputs

Color shows temperature

Vv

Model size increase: 4AMDOF -> 6MDOF
#2. Do structural analysis at different
time points, using thermal loads
calculated from thermal analysis
( Q G Gy G @
# of points increase: 4 -> 81 == = = 1=

Color shows first principal stress

~480 MDOF total: 120X increase




Harmonic analysis ran only on HPC

Hours (Ran for >4 weeks without completing)
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Background

w Power switching device for next
generation US Navy ships

w New technology provides
miniaturization
¢ Increased power density
¢ IncreasedconductiveEMI

w Traditional EMI solution is ~30%
over target cost and weight

w Current solution uses experience
and iterative testing/evaluation
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