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Our Business is National Security

| hope that after you have heard more

THE wriTE wOUSE
waRminNGTON

ey 13, 1549 in detail from the Atomic Energy Commission,

your organization will find it possible to undertake this task.

Dsar Er. Wilsen:

1 am inforwed Lhat the Atemtc Leargy Comission iatemdts
10 ask Uat Uo Beli Tedephers Laberatories aseepd snder costrect
e direciion of W Sandia ladorwiory st Aldugquergee, Few Nexice.
This eperation, which 19 & vital segeent of Ue stonde
Teapara progren, 13 of extreas Lapartieante and wrpendy La Ue ne-
tional defense, ard should hawve the best possidle techaical diree-

In my opinion you have here an opportunity to

render an exceptional service in the national interest.

tan.

| am writing a similar note direct to Dr. O. E. Buckley.

I hope Lhat afver you have heard sore s detall froem

Very sincerely yours,

Harry Truman

¥r. Lavoy A. Wilsan,

Previdem

Amsrican Telaphose and Telegragh Cosgany,
195 Droateay,

Sev Tork 7, K. Y.
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Two Major Laboratory Sites Anchor Our Set of
Distributed Facilities

Albuquerque,
New Mexico

Tonopah Test Range,
Nevada

Kauai Test Facility,“ |
Hawaii

Yucca Mountain,
Nevada

Livermore, California

WIPP, New Mexico
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We are a Mission-Driven Laboratory

We serve many agencies of the
US Government with:

m Design and development:
nonnuclear portions of US nuclear
weapons

= Production: advanced components

m Safety, security, use control

m Treaty verification,
nonproliferation,
counterproliferation

m Advanced military technologies
= Energy and environment

= Homeland security, countering
weapons of mass destruction
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Four Mission Areas

m Nuclear Weapons

m Defense Systems and
Assessments

= Energy, Resources, and
Nonproliferation

= Homeland Security and
Defense
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Nuclear Deterrence for National Security
Our Defense Programs Mission

Credible deterrence built on both a safe, secure and reliable nuclear weapons
stockpile that is capable of meeting all military requirements — now and in the future —
and a science-based engineering infrastructure capable of responding to national
security needs whenever they arise.

Sandia’s Z Pulsed
Power Machine

B83 Modern
Strategic Bomb
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Defense Systems & Assessment Programs

0 Proliferation Assessment

0 Information Operations

0 Remote Sensing and Verification
0 Space Missions

0 Surveillance and Reconnaissance

0 Integrated Military Systems
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Energy, Resources, and Nonproliferation
Energy, Water, and Security Enabled by Science & Technology

m  Secure energy supplies for national
security

m Clean, abundant, and affordable energy §

m  Water research B
= Infrastructure protection

m Technologies for detecting
proliferation activities

m  Cooperative international
security programs

m  Hydrogen research
m  Nuclear power research

m Science, technology,
and engineering base
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Homeland Security and Defense

Mitigating the risk of catastrophic events and enhancing the nation’s
ability to respond and recover

Risk Management and
Infrastructure Protection

Catastrophic Event
Mitigation

Spesd n Knots Homeland Defense and

[ 34 to 50 knots.

[7771 50 to 85 knots. Force Protection

I 65 knots or greater
e  Offshore Platforms
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Technologies for National Security

We develop technologies to:

m  Sustain, modernize, and
protect our nuclear arsenal

m  Prevent the spread of weapons
of mass destruction

m Provide new capabilities to our
armed forces

m Protect our national
infrastructures

m  Ensure the stability of our
nation’s energy and water
supplies.

m Defend our nation against
terrorist threats
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Computer and Information Sciences is One of the Six
Core Technical Capabilities

Microelectronics
and Photonics

Bare Si; d-grain~0.5um

Temperature (K) -
551.80 .

Engineering Sciences
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Computational &
Informational Sciences

Pulsed Power

Materials Science &
Technology

Bioscience
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CIS Mission

To Enable High Performance Computing by:

m Providing SNL with the computational and informational science tools
and the platforms they need to carry out the labs science and
engineering missions at the leading-edge compared to our competitors

m Being a seed for new lab science initiatives — for example:
= Informatics and computing for intelligence
= Applying cognitive science to our missions

= Building modeling & simulation capabilities to support nanoscience and
global nuclear energy initiatives

m Helping disseminate new CIS technologies throughout the lab

m Being a high-tech corridor from academia into Sandia, and from Sandia
into industry (spin-in and spin-out)

m Being a national resource in computing and informatics for America’s
national security missions
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CIS Mission in Relation to National Needs

m CIS is a national R&D resource for mission agencies
NNSA
DOE Office of Science
DOE Energy Missions
EPA
Intelligence Community
Department of Defense

m CIS aims to enable solution of the most challenging problems facing
the nation in highest-end computing and informatics

m To do so, CIS brings a focus on scientific and engineering disciplines
together with broad capabilities in computing, information, and
knowledge generation

Sandia
' WA J g% National

v 0,95
//!/\‘ﬁarxcﬁsunmq.mvnﬁ Labﬂratﬂlies

r Security
July 2007



Sandia’s Organization Structure

VP100
Regional Technology

(Lenny Martinez)

1

President & Laboratories Director

V/P700 (7000)
Principal Scientist
(Gerry Yonas)

2
Deputy Director for the
Nuclear Weapons Program
(Joan Woodard)

500 200
Systems Integration NW Planning Ops.

Tech Support
(Rodney Wilson)

and Integration
(David Carison)

Tom Hunter

3
Deputy Director
(John Stichman)

4
Deputy Director for Integrated
Technology Systems
(Al Romig)

300
Counterintelligence
Program
(Bruce Held)

12001
Corporate Ombuds|
(Gerry Hays - NM)
(Reese Ramos - CA)|

12400
Ethics &
Business Conduct
(Carol Yarnall)

Independent Audit
& Advisory Srvcs.

Division 12000

12100
Institutional
Development
(Peter Davies)

12800

(David Palmer)

12300
Surety
Assessment
(Michael Callahan)

12900
leapon Engineering
Program

g
(Michael Cieslak)

VP 1000
Science &
Technology and
Research
Foundations
(Rick Stulen)

1100
Physical, Chemical &
Nano Sciences

1200
Nuclear Weapons
S&T Programs

1300
RadiationSciences

1400
Computation,
Computers,
Information & Math

1500
Engineering
Sciences

1600
Pulsed Power
Sciences

1700
Microsystems
S&T & Components

1800
Materials &
Process Sciences
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VP 2000
Weapons
Engineering &
Product Realization
(Steve Rottler)

2100
NM Weapon Systems
Engineering

2400
Manufacturing
Science &
Technology

2500
Energetic Component
Realization

2600
Surety Components &
Instrumentation

2700
Responsive NG
Product Deployment

2800
Stockpile Systems
Program

2900
Stockpile Resource

VP 11000 VP 9000
Legal Enterprise
(Becky Krauss) Transformation
(Joe Polito)
| |
9200
Legal Infrastructure Management
Support Assurance
11500 ] :
Legal Intellectual ¢ 9300 (4300)
Property ¢ Computng & ¢
+ Network Services
11600
California
Legal & Patent 9500 (4500)
Information
11700 Solutions & Services
Legal Business
Development
9600 (4600)
clo
9700 (10700)
IES Support &
Lab Management
Systems

VP 10000 VP 4000 VP 3000 VP 5000 VP 6000
CFO and Business Infrastructure HumanResources &  Defense Systems &  Energy, Security, &
I OP.?'agmi ’ ODPe’.a,:!;"?'ls Communications Assessments Defense
(Jennifer Crooks?) (Dori Ells”) (Pat Smith) (Jerry McDowell) Technologies
(Les Shephard)
| | | | |
10100 (9100) 4100 (10300) 3300 5100 6200
_ Strategic _ES8H& Benefits & Operations LOB Director,
R E Health Services And Planning Fuel & Water
Management Systems
10200 4200 3500 5300
Supply Chain Safseguar_ds & Human Resources Esledt;or::isc B rgioges 2
ecl \
Management urity ¥e Systems Analysis
3600
4800 (10800) Public Relations & 5400
- ;?rgﬁgr 2 Facilities Communications Integrated 6400
h Management & Military Systems .
Pension i Security Systems &
Opersfions Operations Development Technology
6700
|nf°5nsnoaoﬁon Nuclear Energy &
Systems Global Security
Technology
5600
Informati 6800
niomaton LOB Direcor,

Systems Analysis

5700
Monitoring
Systems

5900
Systems
Research

Nuclear Energy

6900
LOB Director,
Global Security

VP 8000
California Laboratory
(Paul Hommert)

8001
Office of
Homeland
Defense

8100
Homeland
Security
Systems &
Development

8200
National Security
Engineering

8300
Biological &
Energy Sciences

8500
Site Operations

8700
Physical &
Engineering
Sciences

8900
Computer
Sciences &

Info Technology
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Sandia’s CIS Organization Structure

Computation, Computers, Information & Math (NM) —

James Peery, Director

Computer Science & Mathematics — David Wombie, Sr. Mgr.

Computer & Software Systems — Sudip Dosanjh, Sr. Mgr.

Computational Sciences R&D — Jennifer Nelson, Sr. Mgr.

Optimization & Uncertainty Estimation
Computational Biology

Computational Mathematics & Algorithms
Discrete Algorithms & Math

Applied Computational Methods

Computational Modeling Sciences
Scalable Computer Architectures
Scalable Systems Software

Data Analysis & Visualization

Computational Shock & Multiphysics
Exploratory Simulation Technology
Multiscale Dynamic Materials Modeling

Electrical & Microsystem Modeling
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Computer Sciences & Info Technologies (CA) -

Len Napolitano, Director

Computer Sciences — Howard Hirano, Sr. Mgr.

Scalable Computing R&D

Math, Information & Decision Sciences
Visualization & Scientific Computing
Advanced Software R&D

Computer Network Security

Information Technologies — Chuck Oien, Sr. Mgr.

Collaborative Applications: Dev & Integration
Information Systems & Services
Videoconferencing & Collaborative Technologies
Engineering Design Services

Communication & Network Systems

Sandia
National
Laboratories



Components of a CIS Capability

Computational
Science
Applications

Algorithms &
Enabling
Technologies

Computing
Architectures
& Hardware
Systems
) (5 ) Sandia
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We Manage R&D Funds for LDRD and CSRF Projects

Computational & Information Sciences LDRD

Focus Areas Support Our Principal Customers
and Major Programs

$7M Portfolio

22% ALGORITHMS

49% APPLICATIONS

Computer Science Research Foundation

Focus Area, Strategic Initiatives, and
Advanced Technology R&D for NW Mission

$9.5M Portfolio

49% ALGORITHMS

23% APPLICATIONS

Sandia
National
Laboratories



Our History of Leading-Edge Computing (1977 - 1987)

1981

KARP

A

Solar Fatigue Analysis “uy

Cold War  SNL decides Aggressive  Challenge SNL creates
buildup to purcahse MIRV issued HPC R&D
- ot » m™y capability
<_‘_\jf"’ (& \77 Y ./ f -

B83 nose crush 3D simulation

o — "5
2D simulation i« ’Q - W
- - |
— o |
o S
— B
- s n
®

s iGordon Bell

2D very low fidelity model Award
of weapon details * e
eat Karp
Challenge
(500x)

Vector »

1987
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Our History of Leading-Edge Computing (71987 - 1997)

Collapse

of USSR Fg;r:;tcl;m 3D poupled physics
demonstration
Underground
Test Ban
Y
Structural mechanics -/
2 Hydrodynamics
Dense solvers » » » Iterative solvers (Aztec) » » » 2000 |
Load balancing (Chaco) » » » "---Dynamic load balancihg (Zoltan) » »
=
Optimization (Dakota) » » » 2002
Parallel molecular dynamics » » » 1998
Parallel sorting & searching » » » 1998
* Reorganization of computing at SNL.:
» NM capability systems
» CA to distance computing
Paragon: Gordon Bell Award ASCI RED

AR(Hl‘TE#TU‘R

Cluster »

1987
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Our History of Leading-Edge Computing (71997 - 2007)

2

1

M 4 Intelligence
=~ A v community
e

="

System thermal model using parallel
implementations of COYOTE & JAS3D

Low fidelity

3D Penetration
modeling

1995 « « « |Dynamic load balancing (Zoltan) » » »

1994 « « « Optimization (Dakota) » » »

Decision support informatics » » »

Trilinos solver framework » » »

Commodny:*

» LINUX
» Multi-vendor
> Open source

MPP:
High-fidelity
quick
response

1997
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Info
assurance

V&V QMu

f N 7 ®Agent-oriented
. 4 software
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3D Hydrodynamic

{%h‘ Logistics modeling » » »

Repaic O8N _

.

Computatiena
Fluid Dyhamics

Multithreaded architecturef » » »

Optimization + UQ (Dakota) »
Integrated QMU » » »

Parallel graph algorithms » » »

Compute process allocation

Red Storm




Technical Presentations to Follow

Computer & Software Systems
m  OpenFabrics & Infiniband: A Commodity Open-Source Architecture for HPC — M. Leininger
m System Software — R. Brightwell

Algorithms & Enabling Technologies

m Trilinos and Solver Research — P. Bochev

m  Uncertainty Quantification Algorithms & Deployment in Dakota — M. Eldred

m Verification, Validation, and Uncertainty Quantification Towards a Predictive Simulation
Capability for High-Consequence Applications — M. Martinez-Canales

Applications Development

m  Graph-Based Informatics for Decision Makers — B. Hendrickson

m  Applications of Agent-Oriented Software Engineering to Simulation and Optimization — J.
Siirola

m Charon — R. Hoekstra

m A Mathematical Theory for Peridynamics — R. Lehoucq

National Nuclear Security Administration
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Emerging Issues

m Decline of NW funding
m Rise of other mission areas
m How to support capability?

e Sandia
//;W ‘! '?é‘% : National _
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Charge to the Panel

Measure the quality, appropriateness, and innovation of our R&D
programs within the context of Sandia’s missions and in the context of
the national R&D enterprise.

Evaluate our strengths & weaknesses, as well as a holistic assessment
of our place in the international community in HPC and technical
informatics, using the metrics below:

= Quality & quantity of work
= Value for the dollar
= |nnovation, creativity & originality

= Successful application of our R&D to SNL, DOE, other U.S. government
agencies, and industrial needs

= Peer evaluation of the work measured by publications & citations to them

= Recognition of leadership in HPC through awards, invited talks & papers, and
key committee membership/leadership roles

= Effectiveness in utilizing research funding to set a foundation for the future

Sandia
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Charge to the Panel

Advise us on the following in relation to the new strategic plan:
= National and international trends
= Opportunities to be explored
= Culture and environment (i.e., innovation, creativity, collaboration, etc.)

= Strengths & weaknesses

Requested Deliverable:

An out briefing to our upper management and the set of slides from
that briefing, preferably with annotations on the ‘notes’ pages.

Sandia
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CIS LDRD Project Portfolio (2002 - 2007)

CA Projects

Massively Parallel Scalable Atmosphere Model m

Substructured Multibody Molecular Dynamics

Parallel Methods for
Coupling Circuit and
Device Scale Simulations A Hybrid level- A Numerical And Experimental Characterization of Decontaminating Water
set/particle Method for Distribution Networks

Modeling Surface
Evolution During
Feature Scale Etching
Parallel Atomistic Computing for Failure Analysis  PYRE PRI Large Scale Simulation for Human Behavior Modeling
of Micromachines Processes

A Java-Based Tool for
Multi-Fidelity Modeling
of Coupled Systems

Distributed Microreleases of Bioterror Pathogens: Threat Characterization
and Epidemiology from Uncertain Patient Observables

Implementation of Fault Tolerance in Scientific Penetrator Reliability Investigation and Design Exploration (PRIDE) . . . . "
Simulation Application Software Massive Multithreading Applied to National

& » 1 C * R == F & @ Inf t d Inf ti
Multilevel Methods for Nonlinear Structural A Fﬁ P L ll | A il ﬂ @} Tﬁj 5 nfrastructure and Informatics
Mechanics Fe | awm ¥ Yl 3 HPC Application Performance Analysis and

Prediction

Graduated Embodiment for Sophisticated Agent Evolution and Optimization
= = = Behavior-Aware Decision
Micromagnetic Suspension Support System

A Parallel Circuit Simulator for Cell Biology Robust Analysis of
Large-Scale
Combinatorial
Applications

Developing a Computationally Efficient Dynamic Multilevel Hybrid
Optimization Scheme using Multifidelity Model Interactions

A Method of Evaluating Research Using New Innovation, Risk, and Impact
Indicators

TV A J 'S f | ﬁg!c}gﬁal
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CIS CSRF Project Portfolio (2002 - 2007)

CA Projects

Computational Tools for Rapid Response to Toxic Releases in Buildings

Particle Components for a New Class of Simulations

Implicit MC Rad Trans

in ALEGRA

Alegra structured mesh development for hard and
deeply buried target defeat applications
Modeling Coupled Blast/Target Interaction to
Evaluate Facility Response and Structural Collapse

Fracture and Fragmentation Modeling in Shock Physics Wave Codes

Modeling Coupled Blast/Target Interaction to Evaluate Facility Response
and Structural Collapse

Charon Semiconductor Device Modelling for QASPR

High-Performance Algorithms for Using High-Fidelity Simulations to Make
Robust Decisions Under Uncertainty

Multiparty Trust Negotiation for Adaptive Distributed Computation &
A p p L I d A I I 0 M S Scalable, Secure, and Sharable Storage Systems

Fourth-Generation Shock Hydrodynamics (FGH) Application Code R&D

System Level Methods for Electrical and Microsystems Applications
Nanotechnology Analysi Techniques

Passive low-yield nuclear device for Asteroid Deflection

Massively Parallel Embodied Agent Simulation

Deep Reactive lon Etching through Multi-material & Multi-scale Modeling

TR T = Sandia
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CIS LDRD Project Portfolio (2002 - 2007)

Algorithmic Advances
in Computational
Structural Biology
Large Scale Nonlinear A Mathematical Framework for Multiscale Science and Engineering:
Optimization Arising The Variational Multiscale Method and Interscale Transfer Operators

from PDE Models Multi-Physics Coupling for Robust Simulation
Algorithmic Support for Commodity-based
Parallel Computing Systems

Topology Optimization for Improving Sensor Performance CA Projects

NM Projects

Data Mining on Attributed Relationship Graphs

— - Data Pipelining for Heterogeneous Data Fusion
Parallel Repartitioning for Optimal Solver

Performance Recognizing Patterns in
Stochastic Programming for Enterprise Modeling - Massive Datasets Highly Scalable Linear Solvers for Large Science
Optimization for Nondeterministic Simulation Simulations on Thousands of Processors

Scalable Fault Tolerant Algorithms for Linear-Scaling Coupled-Cluster Practical Reliability and Uncertainty
Electronic Structure Methods Quantification for Complex Hierarchical Systems

Sensitivities for Large-scale Simulation Codes

Massively-Parallel Linear Programming

Development of Computational Algorithms and Inversion Capabilities for
Transport/reaction Simulations of Chemical/Biological/Radiological
Terrorist Attack Scenarios in Support of Homeland Security

Robust Large-Scale Parallel Nonlinear Solvers for Simulations

1 Sandia
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CIS CSRF Project Portfolio (2004 - 2007)

CA Projects
NM Projects

ALGORITHMS

Effective Comparison of Complex Data

Improving and Accelerating Solutions for Design Optimization of Earth Penetrator Weapons

Robust Integer Programming and Discrete Optimization
Multiple-rate PDE f/ Circuit Sims

Geometry & Meshing Research ; 7

Scalable MD Methods for Reactive FF Informatics-Based Automatic Algor‘
Sens & Opt f/ PDE Models w/ Uncertainty Algorithms for Accurate and Efficient Reduced Order Modeling for Sim
C-laws f/ Str & Unstr Grids, ALEGRA Advanced ALE Algorithms for Modeling Large Deformation Solid Mechanics
Alg Res f/ Opt under Uncertainty Parallel Programming Model Research

A New Class of Self-Correcting Multigrid Solvers

Dynamic Hypergraph Partitioning

Rigorous Methods for Nonlinear Global Optimization
Unified Particle Method for Modeling Fluids, Materials, and Structures

Multiscale Analysis

Current Topics in DFT
Rigorous Methods for Nonlinear Global Optimization

Differentiation tools

Modeling Complex Fluids
“4D": Algorithm for Solving Transient Problems

Parallel Methods In Evolving Smart Agents

FE Modeling: Discretization,
Algorithms, Solvers

Interfacial Fluid Effects for Matls.

Transport-reaction methods
f/device

Multi-Scale Methods for Materials

Real-time Large-Scale Data Analysis

Preserving Finite Element Methods for Multiple-Time-Scale Conservation Systems
Mesh-enabled Shape Optimization (MESO)

Integer Program (IP) Bounding Techniques

Robust Multi-material Algorithms for HEDP Modeling

Automating Geometry Preparation for Mesh Generation

Fault-tolerant DRM for design tools

Scalable and Temporal Information Visualization Using ThreatView and ParaView

Spectral Elements f/Apps

Unconstrained Plastering and Related Advanced Meshing Research

| In{ormatics-Augmentedbptimization for Improved Decision Support
Crossing the Mesoscale: Massively Parallel Stochastic Particle Reaction
Agent-Based V&V and Uncertainty Analysis



CIS LDRD Project Portfolio (2002 - 2007)

Smart Sensor Technology for Joint Test Assembly
Flights

Robust Message Routing for Mobile (Wireless) Ad
Hoc Networks

IP Storage: A Performance and Security Study

Enhancing Simulation Performance on Clusters
with Configurable Auxiliary Devices

Emergent Distributed Tracking and Identification
from Features in Wireless Sensor Networks

CA Projects
NM Projects

=
National
Laboratories

National Nuclear Security Administratio
July 2007



CIS CSRF Project Portfolio (2003 - 2007)

Distributed Intelligent Control of Adaptable Modulér Sensor Nodes
Increasing Supercomputer RAS via Informatics Lightweight File System
Scientific Performance Modeling for Application Supercomputer RAS via Informatics
and System Characterization Next Generation Portals R&D

Investigation of Low-Level Message Passing _ _

Behavior, Resource Usage, and Optimizations

' Optimal Design of Sensors CA Projects lir

Supercomputer Architecture

Distributed Intelligent Failure Prediction/Recovery System for Large, HPC NM Projects
Clusters

1000 TFLOPS Supercomputer for 2010; Preliminary Research, Coalition
Building, and Sandia Leadership

Advanced Networking Research for a Next Generation Supercomputer

Computational Technology for MEMS

The application of Embedded Systems for High Performance Computing
(HPC) Reliability Availability and Serviceability (RAS) and systems support

Scalability and Perf Study
of Parallel File System

Parallel Programming
Model Research

Extreme Scale Clustering

Synth Workload-Based Est of HPC System Resource

Supercomputer System Design through Simulation

N-Way Light Weight Kernel

Predictive M&S for Validating & Comparing Alt. MPP Interconnect Archit.
Reliable Runtime for Large-scale Commodity Clusters

InfiniBand Computing Architectures for HPC & DataMining |

Sandia
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