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NASA Reconfigurable Hypercomputers

6M gates/FPGA




coaL: Compute Faster Without CPUs

TEAM: Drs. Olaf Storaasli, Jarek Sobieski & Robert Singleterry,

Dave Rutishauser, Joe Rehder, Garry Qualls, Robert Lewis
Students: MIT Harvard VT Brown UVA JPMorgan Case Pitt, Governor’s School

PARTNERS: Starbridge Systems (FPGA H/W + VIVA S/W)
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Clock Speed

Why FPGAS?

OpDIoCesso Bl

3.8GHz

¥ i ] (]

180MHz

Internal Memory

122 GBytes per Sec

/.5 TBytes per Sec

Memory Bandwidth

Bandwidth &
# Floating Point 2 146 N
Units

Power Consumption >100 WATTS <10 WATTS
Peak Performance 7.6 GFLOPs 26 GFLOPS N
Sustained 0.76 GFLOPs 13 GFLOPS
Performance

I/0 / External 8.5 GBytes/sec 67 GBytes/sec "
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VIVA: Custom Chip Design
What: Graphically code FPGASs: drag & drop Vs text) VIVA Menu
(+] @Basnc Data Sets
Traditional Code: 1D VIVA Gateware:-3D- ¢ (3% COM Data Sets
A T= A [=] @anmve Ohjects
doi=1, 1000 : :_r = = %2&&
C=A+B ° Adier— T & 3Select
end do . [ - 5 ﬂ/ £ AND
Parallelism ' —— & DeRet
/\ - &B NVERT
. _ T - @R
esoteric natural ‘=3ﬂ : ggz&ase
How: Converts icons-transports to FPGA circuit & @gmlzgteomeds
= CoreLib
Why: near-ASIC speed (w/o chip design $$$) E: §§;‘ﬁ;‘:‘;‘f‘“
; E Convert
Corelib: Pre-built objects & examples o %E:L?J:L?D .
:+ @ExposeCollect
Data: Any type-size-precision (not fixed) ggmes o
. am ; l§§ 10 "
System Description: ports to any hardware gﬂfﬁf
“write once, run anywhere” g'ﬂux
[+ Registers
[+ @Shlftlng
(e Gﬂsmhmfo
- 139 TOM
: Storaasli oxrnl




FPGA Options

CPU + FPGA Accelerator

Exploit kernel Parallelism Ops/cycle
C/FORTRAN calls VIVA kernel
Limit: FPGA gates + Amdahl’s Law

CPU CPU

Ax=b

50 line kernel

NASA 95% CPU Time FPGA
GPS / kernel

<=>1

28k lines
FORTRAN

Storaasli



GENOA-GPS" “Port”

GENOA Analysis/Design (AlphaStar) GPS Matrix Equation Solver (NASA)
Progressive Failure, Reliability, Durability Structural, EM, acoustic analysis+design

Manufacturing,Virtual Test, Life prediction . ] ]
Most Computations in 50-line kernel

Calls GPS

kernel coded: VIVA-GPS
Shuttle re-entry wing damage analysis time: VIVA2.4 => large applications ongoing
660 hours => minutes (Goal) (NASA-AlphaStar-Starbridge)

Finite Element Model

T
i
i
HO R ;','lu,'"llll ";I by
:}'h;’,’,’%‘;’i’%z”

{
<l

/]
'I’IIII[III

AWty
b

*‘99 NASA Software-of-the-Year
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Columbia Burn-thru Analysis

Spar Fracture
500,sec

Leadlng Edge FEM

RCC-Tseal Fracture
503 sec

Storaasli
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FPGA Use

Replace CPUs

Exploit Parallelism Fully
Max {Ops/cycle} => Fill FPGA
100% VIVA code
Limit: FPGA(s) gates

\
Maximize Performance via Parallelism

Adds/FPGA

16

32

128

256

512

640

% FPGA used

1

2

8

16

41

51

10° Ops

4

8

34

77

154

192

1000+ adds/clock cycle => 1011 Ops/sec
(1 add/cycle on CPUs)




Memory: FPGA & SDRAM

- keep “action” on/near FPGA -

2-8GB SDRAM
(large applications) 144x 2KB blocks RAM

<vi f I

oxrnl




S~ =VVA

Viva24
Reavision: 010
Date: 01 22r 04

Langley’s HC-36

HC
FPGA VIRTEXS
> 40 <
BUS CONTROLLER
| 64 64 ? 64 64 §
| |
v v v = < v v v
= = [ 1 ol HEIHE = S = 1 ] [
HHHE 33|33 R HHHE HHHE
FPGA FPGA R i FPGA FPGA
VIRTEXI 6000 VIRTEX-I 6000 VIRTEX-S 8000 VIRTEXI 6000
iasus iasad XPOINT FPGA et Frsare
QUAD | 1 1 QUAD II
L.CLOCK BUS
28 15
94 94 v 94| 94,
A N
A A R 5 y
69 69 69 69
3 N L 4 3
( CONNECTORS J1 thru J10 (560 pin 1/0) )

e 4 user FPGAs on network (3 for I/O)

* Use Remote Desktop “Console” (PC, Mac, ...) on Net
oxrnl
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VIVA

Viva24
Revision: 010

Date: 01 22r 04

-
Add Files in Parallel

Read 2 files => Store in FPGA RAM => -+ files => Write result

5
ckG |

= S

Co

i CBy Com
StickyRed- BCKG Countfeg]] AddCount
o
HCKG s
LR

Storaasli

2RowAdd
ilel =
pent ,OW:@«
B
CkG CIkG Countimsf] Count
o Count. Convert. EN
®Busy Waitla CEy HType BCLR
CIkG Co Jata
EN
2RamBlocks:.
CLR
Data  Reado
RegToggle— iteAdd
OneShot. lClk& 3
::IkG 2 5 S -
BCLR BCIkG
BECIKG Req. BCIG FileOut——
D Output_File i OpenRC3
G FREN HitAsde 0t [p=owpu Fie  OpenRCl o= O
L gﬁ\dds— ECkG M Open KFRDone
- =0 D Data ReadO: o Dataln BytesXFRDM
3 onvert. dd ReadOut -
Type ECIk of E S bse
= - L= P e
asmes BCIKG Do
BCIKG
" T
Input_File2 | i
HR?/TmIadellxXPlu .ty Plnput_Flle Opnic
(Open EOF
HCIk Data0: PvFor _OneShot LGl
4 2
P Pulsel
Bons Count. m ‘ T(?pe Tgopre\verl i M
% 7 oun BCIKG Active!
i
BBusy Wait 4 pCBy 0= 2RamBlocks. o Do Data
OneShot— BCIKG Co Data  godou
PulsefEN FReadAdd WBusy W
BCLR {WiriteAdd




Parallel Adds Faster
- 4KB, 8KB 16KB files -

File size

& 4KB
8KB
16KB
— —Log. (8KB)
— —Log. (4KB)
— —Log. (16KB)

12 16
FPGA Adders




SDRAM Use

Read file => Store in SDRAM => (+ files =>) Write result

A\

Read data from C:\WUsersWWAmadeiy 1 ME td

SDRAMTest Stored data - calculate
. 1l
ReadGo f.;,Bg gg; nt co }l’:‘l R o
AND CIkG Count B ‘
EN S 5
Mem_Ch0_256223.
CLR Address  — NxtRDs=| =] "l" ‘_I—_‘
; Fgpadiirite = Readivite Newris=g=ma]] Mexti{F
Pdﬁ@h i Pulse AND () Data o]y § I A
[} L —
. Pulselhest N Go S Done - - [u] | -l
OkEnor_HCKG Active e 1 ="
PulselGo  Done '
Busy Wait ol
Fileln ———
madelhIE 2 input_File  OpenRC] ] Open?
pen Open EOF EOF 1 -
Read Read ®FRDone —
Il T Serial-> Parallel
ose Close  BuytesXFRD U'J Type Data 5
ClkG DataOut P_Type
ClkG
Don.e Go Done
Busy W ait Busy W ait

Write results to C:WsersWWAmadeiM T MBout b

Rebdtput_File i
i _.rsu.ﬁ.made|k\1l"-'§lc-ut2txt
3 pen,

==

f

Close2|

FileOut.

Output_File  OpenRC| ] OpenRC2
Open #¥FRDone

Datain BuytesxFRD

Write

Close W

CIkG Done Done2

Busy

ClkG  DataStrobe
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Algorithms Developed

Matrix Algebra: {v}, [M], {V}T{V}, [M]x[M],GCD,...

* n!= Probability: Combinations/Permutations
- Cordic => Transcendentals: sin, log, exp, cosh...
> dylox & | f(x)dx => Runge-Kutta: CFD, Newmark Beta: CSM

Matrix Equation Solvers: [Al{x} = {b}, Gauss & Jacobi

* Dynamic Analysis: [M){ii} + [C){u} + [K{u} + NL = {P(t)}
- Analog Computing: digital accuracy %’, %l
i T




Applications: VIVA Code

Jacobi Matrix Solver

Gauss Matrix Solver

Storaasli

Rowl(313) = R0
CkG  Sinl OneRow— PackMSB_ [T
Hub. §Sinit = Fe
Data D wo e = e
DinCop JCopy N Pinse ow
Done_Arith i [ Ry |- e
NCkG 1 - mcm LI oo
°-OF PackMSB—
DoneF
F!c)v:\12[3x3].L OneRow— — |4 <
! -
{C'kﬁ = Datafe |
1 opy Des- ey aE— o
N E e
= s o ME
WCkG Al
o DP
o
UnPackMSE B
| 4 RegDatal
Fkow3[3x3].L  OneRow——
CIkG I - T
AR FaohT O] =1 — T— PSS o
i o P —— ]
Go DP 4 RegData? P D": :“Ji:. oo Mw o et | S
- UnPackMSE— 3::%—41 < !
L 1] - .
Ly oo
]| Dore :
Options.
Control Globals. DataType DataTupe a -
u{bihmetic iType i pef| RegDatad :
PUFEme BypassSOMatchiul P iType
Runge-Kutta
Listin.
Cellular Automata . = g
- = CKG
fromUpp [ i
'.[ Valuefl M
farLow I tol. W
.
farFarLow j AutomatanPlaneDatatiuty ¢ == % OFLE dd
farF arRight arRight = HPrec CkGf + F
,a'Fa.[thh! igl BRadix BPrec ClkGi
fromLeftLeftheighbor fi __l v kG
fromLeftl D De
itV alue:
Ml Negate.
kG K [pe= x oLl o
=aGo Do e = Ap
q E’:c ClkGi BPrec ckaf
WRadix N
ListOr A CIkG
T o P— » - =ik A= gy o o oo
- © D ;@
l v Waitl=—= Listin.
AutomatonPlaneDatain,_ ow
initYalues b —_— m arLow
% arRight
arRight! |
el
eftLeftheighbort
initBit
ClkG kG CkG (b
Go o ¥
L OF
=‘%§)=.=4 Busy Wit [

(¥.8)




Gauss-Jordan Ax=B Solver

FackMS|

¥

FackMS

¥

rowsel

FileMame
Delim

* VIVA code solves n equations.

Ex: x,+ x;+ x,=0 X, = 4
xo—zx +2x2=4 :> X, =-2
ot 2X, — =2 X, =-2
= e Run Ist on PC (emulator) then FPGA
D Storaasli oxrnl




Spring

S 4

£=

Dynamict Out.
detaT b:{—}

OynamicOut
To "
¥

OynamicOut

T H—}

Spring-Mass Solver

Method: 4-stage Runge-Kutta

OO

DynamicOut.

m

Tynamicout

Tynamicout

e

DynamicOut.

Tynamicout

OneShot.

Init i L
ChkG

Storaasli

du
o f(u,t)

Displacement

ko =nf(x,,7,)
ky=hf(x, +3h,y, +3k)
ky=hf(x, +3h,y, +3k;)
ky=hf(x,+h,y, +k;)

J}(Xk)) = J}O ;xn+l = )31 +-}i

Vo = Yotk + 2k, + 2k; + k)

Displacement vs. Time

i g

NAAAAA A A s

RVAVA RSS!
RIETA
Time (sec)




Cellular Automata

- Stephen Wolfram - A New Kind of Science => Inherently Parallel
- Complexity via cell interactions w/o PDEs
« CFD => Structures

« Compute cell

/ \N!! Z

Z

Cellular f\ “
8 ’:&“\

Automata ; QQ”\G -
solution I —

FEA °
solution " %

Storaasli




2 XILINX

R wision: 010
Date: 01 22r 04

Cantilever Beam Optimization

P=

P =Densty

Load

~LTip

d = Thickness

L=length——

w = Width

d

Constants:
L=24”" W=3"P=20Ibs
p =0.097 Ibs/in3

Constraint:
Stress, | ,oweq = 40K Ibs/in2

Find d, to minimize Weight = p x Lxwxd

Storaasli

where

6PL

Stress = < Stress

2 allowed
wd



- __VIVA

Viva24
Revision: 010

27 XILINX® Z
Minimum Weight Design Algorithm

- d chosen 1023 times Caleulate stress Calculate we|ght |f.
weightnt [z stress constraint Is met

- TEPPe EIaSCOCH urrent §fress being Analyze
Generate thickness randomly = u T " ot e e

ysis
[+ Weight Init Weight

StaticOut.
Type OFL

Data

Current Weight being Analyzed

tress Analysis.
o e Output optimum values
Stress is good, go to p
] weight :
Stress Fails Weight Opt
Weight Analysis Done
L |
Stress Opt Wait
aon Stress Opt gegEn Stress Opt
CIkG
[Stress Fails o1 Opt 9 EN
RegEn
— d10pt
% CkG
L EN

Next Configuration
L |

He:
D g aQ A Next Random Number
CIkG u

1

i . F
[:un‘trlul # of configurations b: i or Pulsel First Random Number

Current Configuration

Go Analysis

«f] Analysis Done
.

4 Opt Configuration #

Next Random Number

First Random MNumber

VIVA Results: d=0.156" (0.155 exact)

Minimum weight = 1.09 Ibs (1.082 exact)
Storaasli ornl




NATIONAL AERONAUTICS FIND IT @ NASA :

AND SPACE ADMINISTRATION

EARTH. MOON. MARS & BEYOND

Capabilities Supporting Partnerships in Space Exploration

+ GO

“a bold new course into the cosmos” e Vision forshace
Reconfigurable Scalable Computing (RSC ‘ e o e o Ao

for Space Apps - 4 yrs, $14.8M ‘ _
+ SEE-Immune Reconfigurable FPGA | €%

7 with Sandia (DOE) & Xilinx

/ Storaasli



RSC Team

THE UNIVERSITY OF QUEENSLAND Starbridge offers powerful
AUSTRALIA computation solutions for your world.

ASRC AEROSPACE C@ }
CORPORATION THOMAS JEFFERSON NATIONAL ACCELERATOR FACILITY

Storaasli oxrnl
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Reavision: 010
Date: 01 22r 04

&> Zero @ Sent J \
S e & | BTN

RSC Goals & Objectives

* Develop next-generation HPC leveraging:
— FPGAs
— Intellectual Property (IP)
« Soft cores, processors
— COTS software architectures
* Multi-processor
» Specialized
» Spinoff => next-gen avionics

Original Image

Storaasli




Zero

" ="

2 XILINX®

WJ Sent
= Done

VIVA

Viva24
Revision: 010
Date: 01 22r 04

Scalable Stacked Modules

 Small, stackable
— Mix-match modules for mission
« RSC modules:
— Processing
- 10
— Network
— Power
RSC scales:
# nodes/module
# modules/stack
# stacks in system

Storaasli
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FIND IT @ NASA :

+ G0

u()?sp NATIONAL AERONAUTICS
§BY AND SPACE ADMINISTRATION

EXPLORATION SYSTEM?

5 Moon, Mars & Beyon

Spirit & Opportunity Rovers
6 Radiation-tolerant FPGASs: S On G rS
1M gates @ 100kRads

Xilinx FPGAs have fransitioned from o flight ~ fiwwder

Nu Harizons Blectronics

nNEAL ASIC profotyping plotform fo playing infegral e
6M gates @ 200kRads foles in the Mars Exploration Rover Mission.  suciue e corme componers fr sy o

neering project mn be a crtical and difficult

choice, This is deady true for enginsems at the Jet

Propulsion Labomtory (JPL) when they must

select components used on high-stakes flight proj-

ects, and especially important on high-profile mis-

P On Mars ther an= no tow trucks or muto clubs
| — | to call if something stops working, So how did
I i Xilinx FPGAs go from peforming a predomi-
nantly flight ASIC prototyping role to being
dexignad into and flown in projects like the Mars
lander and rovers® And what does the fitture hald
for Xilinx and JPL space missions?




Software Architecture




Zero o Sent ‘ .
$7 XILINX' | & - YIVA
Rover Demo

Tele-operated => ’
Fuzzy-logic wireless control

4 Mecanum Wheels

RSC-controlled
3 Mecanum Wheels
Demo FPGA process power
(imaging Apps)
Many Sensors:
- Stereo, IR & 3600 Cameras
- Acoustic, proximity, ...

Storaasli 29




2 XILINX®

Rover Demo

et
s
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Computational Speed-Up of Complex
Durability Analysis of Large-Scale
Composite Structures

Frank Abdi (Ph.D),
Ernie Cochran, Renly Dutton,
Alpha STAR Corporation Long Beach, CA USA

And

Olaf Storaasli (Ph.D)
Oak Ridge National Laboratory, Oak Ridge Tennessee, USA

ATAA Paper (April ’08)

| OAK RIBGE NATIONAL LABORATORY 31 flpha STAR Corporation




Alpha %!g{ﬂ ﬂg'ynlglgl(liﬂll [ASC)

groun perience

19 years of successful industry experience in Advanced Composites and
Metal materials and structures simulation, and FAA certification

Forensic, and Failure Simulation of Large Scale industry Structures (e.g.,
US Space Shuttle Accident Investigation, Shuttle Return to Flight, Airbus
310, Boeing Delta Rocket tank, National Missile Defense (NMD) heat

seeker, B1-B bird strike crash, helicopter blade anomalies, etc.

Developed software (GENOA) design solutions for aerospace, automotive,
& electronic chip industries in durabllity/reliability of composite materials and
structures

Industry yerified computational to

[

NASA NASTRAN — - Development

Development

(90’s and
60’s and 70’s s

AY v

Price per 1b

Aerospace

| OAK RIBGE NATIONAL LABORATORY {,pha STAR Corporation



A

Industry Customers

Boeing
Lockheed
Northrop
Stork Fokker
Magna
Delphi

Alenia

Sogeti High Tech
EADS

General Dynamics
Bell Helicopter
CTC Cable

Government Agenc:es

= US Army
= US Navy
= NASA
=SOCOM

- DOE (ORNL, PNL) 2
= SOCOM

* US Air Force
=JAXA

| OAK RIBGE NATIONAL LABORATORY

Managed by UT Battelle for the Department of Energy

Goodrich

Honda
Honeywell

Solar (Caterpillar)
Siemens

flpha STAR Corporation



Objective
FEM Computing Time Skyrockets for Larger Durability,

Damage Tolerance, Optimization & Reliability Problems

Computing

Problem Problem Goal Problem Size )
Time

Space Shuttle Foam Predict Fracture Toughness,

Analysis reliability 360 GB of data > 2 Days

Composite Truck Chassis | Predict Residual Strength and Life 600,000 FEM 2 Weeks

Auto

Composite Structure Crash Analysis 400,00 FEM 8 Hours

System Durability and Reliability Weeks on Multi-

HMWWV Structure Analysis Ultra-large DOCESSOrS

Predicted Strength and Life After 100.00 FEM

Army Composite Bridge Battle Damage Repair

2 Days

Delphi/Delco

Microelectronic Chip Thermal Aging Analysis >1,000,000 FEM > 2 Weeks

Siemens combustor liner Fatigue Life Prediction Large > 2 Weeks

| OAK RIBGE NATIONAL LABORATORY 34 {,pha STAR Corporation

anaged by UT Battelle for the Department of Energ



Aerospace Structures: Virtual Testing /Verification
Organization Project Objective

Attachment Rapid implementation of

Delphi Techniques for lightweight composite materials
Heavy Truck in Class 7/Class 8 vehicles via
DOE Composite the development of advanced

] composite support lateral braces
ORNL Chassis Members P PP

socom | HMWV Composite | composite Replacement of d
Weight Reduction | \jetal parts (strength, stiffness).
Service load Evaluation

Shuttle Leading | Sequential damage
NASA _ Edge Re-entry | scenario (~503 s)
Igsggi‘gziﬁ‘ﬁ‘;g‘:r‘; Thermal- & wing Components
Structural structural failure

Failure under

Boeing-X37 Launch Load

Environment
( PSD)

Determine failure location,
failure modes of composite
Components

| OAKRIBGE NATIONAL LABORATORY 4ipha STAR Corporation

ed by UT Battelle for the De



shuttie Accident Re-construction STS 107
Burn Through (Re-entry) Simulation

Wing Shock \
Bow Shock \

7
\

g
=

Panel 8

D

rracuwurc

(shown in RED)  Insulation Fracture Spar Fracture RCC-Tseal Fracture

Time Line 230|Sec 500 sec 501& sec

Re-entry Simulation Recieved CAIB (Columbia Accident
Investigation Board)/NASA Achievement Award 2004

| OAK RIBGE NATIONAL LABORATORY 36 {lpha STAR Corporation

Managed by UT Battelle for the Department of Energy




W3O
3 Composites
Micro-Mechanics
Module
Determines
Reduced Material
Properties Due to
Damage
| J Spe®)
T 11 Commercial Eull Hierarchical
; - Finite Element Az ol B
. i M }_gga}s Analysis FEA Resuits 2T
Hierarchical Engineering (u, o, & Module
Mo el§ 8 m I ANSva initiation, Growth ahd
il R - ABAQUS SHECHN
_’ : - MHOST
E e
[_E—E—a - er
| ; . | Figure 2-3. Flow chart illustrating the interactions
Figure 2-2. Three functional pillars of GENOA between Genoa modules

Won NASA Software-of-the-Year Award__

Component [EEssss

CIOICHOCRCIONOIC
H AN N 4s RS
U IR NC ORRE IR NC

C Vehicle FEM Laminate
‘omponent n .

P Laminate aNgi Reduced properties are
FEM results are . S TS — N Damase is copacated up 1
carried down to the Genca Augmentation Lamina R amage s D7 OIXI.?H ea up io
micro-scale results introduced at vehicle s

micro- scale =
1ber, Damaged
e interS slice

icro-S . — interface
W- e ~— Unit Cell JAIKERNT
Matri c s Slice of FIber: Matrix

I;:;;xﬁ‘a; Sliced Unit Cell and Interface

a) FEA results at the structural scale are propagated b)_- Reduced fiber and matrix properties at the
down to the microscale microscale are propagated back up to the structural
scale.

B oty bl for Do gy PO RALE 37 s <lpha STAR Corporation




File for Generating

Door Assembly & Substructure Load
Applied on Cap-Upper Left

Super Element

Door Assembly

| DOEgrant_demo.cmd
! Thus 12 the MAESTRO comman @ sequence
| to process the DOEgrant Demo

‘Vcb:Upp«_kf\ 3 Web_Upper_nght 4
Cap_Upper_left 5 Cap_Upper_nght 6 0.35 1

level 2
Cap_Web left 7 53
Cap_Web_nght 8 64
level 3
Door_left o971
Door_sight 10 82
level 4
Door_Assy 11 710

bul):_dat: *demo.dat”
ripeel  “demo.spl®

0.45
*DEFINE_tree
level 1 0.4
Door_Base_left 1 Doos_base_snight 2

*CREATE_data_base "demo*

*CREATE super_element fem

SE_name “"Doos_Base_lefi"
SE_name “"Web_Uppes_left"
SE_name “Cap_Upper_left"

*STIFFNESS

solver *mhost_vi2 Door_Base

solver "mhost_vi2 '\Veb_Uppe:_leR'
solver "mhost_vi2 Cap_Upper_left*
*END

Time Savings vs. Resize Option

left*

\. Cap_Upper_Left

Web_Upper_Left

| OAK RIBGE NATIONAL LABORATORY

Managed by UT Battelle for the Department of Energy

Di?g

Savings 68%
Savings

Super Element Analysis Resize Option 1 Resize Option 2

lacement Comparison of Super Element
U) vs. Global FEM for Upper-Cap Left

Displacement

—e— Nodes 1-9 (SU)  —=— Nodes 1-9 (MH)

Nodes 10-18 (SU) Nodes 10-18 (MH)
—«— Nodes 19-27 (SU) —e— Nodes 19-27 (MH)
1.00E-02
/ Q'nn: Oa A\
N \ \:jE e /.// PN
/ ','n = Oa \
T Tal=iWaY

-8.00 6.00 4.00 2.00 0.00 2.00 4.00 6.00 8.00

X - Coordinate

7{Ipha STAR Corporation




FPGA (Field-Programmahle Gate Array) Accelerator
FPGAs achieve remarkable computation time reductions
(up to 100X faster than 2.2 GHz AMD Qpteron)

Applications accelerated:
- human DNA genome sequence comparisons, FPGA Accelerator Card
- molecular dynamics, ($299 to Academics)
» weather/climate forecast/modeling, ‘ ‘
» matrix multiplication & equation solution.

Double precision( DP) matrix equation accuracy;
- challenges FPGAs (requires many arithmetic units),
FPGA Speedup for Matrix factor/solve
 achieved via DP iterative refinement of SP 40~ 366
parallel FPGA calculations.

BLU

30
| Solver

= 25 213

* 36X speedup for matrix factor calculations g .

(dominate large matrix equation solutions). & 150
10.0

5.0
0.0

iterative refinement

double single s10e5

| OAK RIBGE NATIONAL LABORATORY 39 7{,pha STAR Corporation
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Date: 01 Apr 04

Summary

Hardware: Exploits advanced FPGA systems
FPGAs: Rapid growth, inherently //, flexible, efficient

VIVA: Powerful & growing (tailor to NASA needs)

Applications: - Many Engineering algorithms (VIVA => FPGAS)
- GPS-VIVA => CPU+FPGA accelerator

Speed: 640 ops/cycle (2x101! ops/sec) measured

Future: Reconfigurable Scalable Computing for Space

Storaasli



Contact

Olaf O. Storaasli
Future Technologies Group

Google Olaf ORNL

THANK YOU

Question h 4 Answer

Storaasli SIAM08



