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' What is CHREC? HCHREC

_{ H NSF Center for High-Performance
Reconfigurable Computing

= NSF Center for High-Performance Reconfigurable Computing
o Unique US national research center in this field, established Jan’07

o Leading ECE/CS research groups @ four major universities
= University of Florida (lead)
= Brigham Young University
= George Washington University
= Virginia Tech

= Under auspices of I/UCRC Program at NSF

o Industry/University Cooperative Research Center
= CHREC is supported by CISE & Engineering Directorates @ NSF

o CHREC is both a National Center and a Research Consortium

= University groups serve as research base (faculty, students, staff)

= Industry & government organizations are research partners, sponsors,
collaborators, advisory board, & technology-transfer recipients

o CHREC is recognized by NSF as one of its BEST national centers

UF!UNWF_ ququququ of
CHREGQC . FLORIDA

NSF Center for High-Performance Viginla BYU 0%
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‘ CHREC Mission Mission

Basic and applied R&D to advance
S&T in advanced computing in these 3
increasingly overlapping domains.

Many common challenges,
technologies, & benefits, in terms of
performance, power, adaptivity,
productivity, cost, size, etc.

From device/system architectures to
design concepts and tools.

From satellites to supercomputers!

CHRELC Heavy emphasis upon I\/ISAPLD-reIated challenges UF £ GRIBA xj.u

NSF Center for High-Performance v@ﬁ h BYU
Reconfigurable Computing W D



‘ NSF Model for I/UCRC Centers

Research Interaction

Basic Applied/Development
CHRELC ] UF|FLORIDA
NSF Center for High-Performance V"g"ﬁj:h BYu .5
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' CHREC Members

Sandia
National _
Laboratories

° Los Alamos ﬁ
NATIO N.ﬁL LAB ORATO RY

LOCKHEED MARTIN

Oax RIDGE NATIONAL LABCRATORY

Raytheon [bﬂl

invent

l/-lAl?l?lS

& Rincon

NATIONAL
INSTRUMENTS

esearch ‘ B

1\ Corporation communications

NNNNNNNNNNN

National Science Foundation

(inteD  AGERA.

© ® N o g & O N P

AFRL Munitions Directorate (2)
AFRL Space Vehicles Directorate
Altera

AMD

Arctic Region Supercomputing Center (2)

Boeing Phantom Works (2)
Harris

Hewlett-Packard
Honeywell (2)

Intel

- L-3 Communications
- Lockheed Martin MFC
- Lockheed Martin SSC

Los Alamos National Laboratory (2)

- Luna Innovations

- NASA Dryden Flight Research Center
- NASA Goddard Space Flight Center

- NASA Marshall Space Flight Center

- National Instruments

- National Reconnaissance Office (4)

- National Security Agency *

- Oak Ridge National Laboratory (2)

- Office of Naval Research

Raytheon

- Rincon Research Corp.

- Sandia National Laboratory NM (2)
- SEAKR Engineering

- Xilinx

CHREQC

NSF Center for High-Performance
Reconfigurable Computing

Many MAPLD-related organizations
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http://www.nsf.gov/index.jsp

| CHREC Faculty

= University of Florida (lead)
Dr. Alan D. George, Professor of ECE — Center Director
Dr. Herman Lam, Associate Professor of ECE
Dr. Ann Gordon-Ross, Assistant Professor of ECE
Dr. Greg Stitt, Assistant Professor of ECE

Dr. K. Clint Slatton, Associate Professor of ECE and CCE

a

a

a

a

- o
= Brigham Young University Most importantly,

a

a

a

a

CHREC features a
very strong team of
students spanning our
four university sites
(majority US)

Dr. Brent E. Nelson, Professor of ECE — BYU Site Director
Dr. Michael J. Wirthlin, Associate Professor of ECE

Dr. Brad L. Hutchings, Professor of ECE

Dr. Michael Rice, Professor of ECE

= George Washington University
o Dr. Tarek EI-Ghazawi, Professor of ECE — GWU Site Director
o Dr. H. Howie Hwang, Assistant Professor of ECE
o Dr. Vikram Narayana & Dr. Saumil Merchant, Post-doc Research Scientists

= Virginia Tech
o Dr. Peter Athanas, Professor of ECE — VT Site Director é
o Dr. Wu-Chun Feng, Associate Professor of CS and ECE
o Dr. Francis K.H. Quek, Professor of CS W W W W W W
o Dr. Shawn Bohner, Courtesy Professor of CS

UNIVERSITY u)"

CHRELCDC . UF FLORIDA =®

NSF Center for High-Performance Vllginiam BYU
; : o
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‘ What is RC?

= Adaptive forms of computing capable of changing

hardware structure to meet app demands > o
— econ |gu_ra e
o Static or dynamic reconfiguration E Senera-purpose. (6.0, FPOAD
LL Processors
o Reconfigurable computing, configurable computing, =
custom computing, adaptive computing, etc. Speciapurpose |
o Often a mix of conventional fixed & reconfigurable (00, BIPe. IS
devices (e.g. control-flow CPUs, data-flow FPLDSs) : )
= Enabling technologies? | ( o %9
: i . FPGA Performance
o Field-programmable multicore devices —
. . C
o FPGAIs “Patriarch” (but space is broadening) o

MPPA

o Even Intel, AMD, IBM, & Microsoft engaged TILE
= Applications? etal.
o Vastrange — HPC, HPEC, GPC, et al.

o Faster, smaller, less power, less heat, adaptable &
versatile, selectable precision, high comp. density

|UNIVERSITY uf

CHREC 0 UF FLORIDA ®

NSF Center for High-Performance WWZM YU
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| Opportunities for RC?

10-100x speedups with

._ ) b !, = 2-10x% energy savings Q“\e‘

in many cases

Performance f
Power l

RC: Application-oriented, software-controlled, hardware-adaptive computing

CHREC 0 UF FLORIDA g
= s
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| CHREC Research History

8 projects completed in 2007 (2 schools)

a

a

a

a

8 scholarly conference & journal papers approved, published
Variety of other results (e.g. tools, codes, cores, graduates)
All motivated by interests & tech transfer of CHREC members
~20 students supported

14 projects completed in 2008 (4 schools)

a

a

a

a

17 scholarly conference & journal papers approved, published
Variety of other results (e.g. tools, codes, cores, graduates)
All motivated by interests & tech transfer of CHREC members
~40 students supported

12 projects underway in 2009 (4 schools)

a

a

Already >22 scholarly conference & journal papers approved, published
~40 students being supported

NIVERSITY uf |

CHRELDL » UF |FLORIDA

NSF Center for High-Performance mwm BYU Titcrotar
ncip— RRIGHAM YOUNT ot s
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' CHREC 2009 Research Projects

Device & System Architectures

= RC Device Architecture Exploration (F5)
s Characterizing and Optimizing Emerging Devices (V1)
= An API for Autonomous Adaptive Systems (V3)

Productivity Tools

= System-level Formulation and Design (F1)
= Translation and Execution Productivity (F2)
= Reuse Tools for RC Design (B1) 2
= Unified Parallel Programming of Tilera using UPC (G8) ’

Fault Tolerance & Partial Reconfiguration

= Virtual Arch. & Design Automation for Partial Reconfiguration (F4)
= Reconfigurable & Hybrid Fault Tolerance (F6)

= Reliable RC Design (B5a&b)

= Virtualizing FPGA Resources for HPRCs (G7)

| (where F=Florida, B=BYU, G=GWU, V=VaTech) |
CHREC 12 UF FLORIDA ,@

NSF Center for High-Performance WM BYU
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CHREC Novo-G

CHRELDC UF [FLORIDA
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Novo-G Concept

= Goals

o Investigate, develop, evaluate, & showcase:
= Most powerful RC machine ever fielded for research
= Innovative suite of productivity tools for app development
= Impactful set of scalable kernels/apps in key science areas N 0 OIG
o Project & machine name: Novo-G e
= “Novo” is Latin: "to make anew, refresh, revive, change, alter," essence of RC
= “G” for genesis (first of a series of Novo machines)

o Focus on experimental research challenges of RC spanning HPC to HPEC
= Motivations

o Design productivity is foremost need/challenge for widespread use of RC

o Challenges accentuated as scale increases (devices, systems, apps)

o Powerful experimental testbed to support R&D addressing these challenges
= Emphases

o Performance (system), Productivity (concepts/tools), Impact (apps)

UNIVERSITY glj'

CHREC ” UFiFLORE{]I')JA

H |
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https://novog-wiki.hcs.ufl.edu/wiki/Image:Novo-Glogo.png

‘ Novo-G Machine

= Cluster of 24+1 servers (compute + head node)

D

o 96 Altera Stratix-11l E260 FPGAs for app acceleration A =nYA

> Each w/ 768 18x18 multipliers, 254K logic elements, 204K registers, power <25W
> e.g.0n E260, 768 Integer, 192 SPFP, or 85 DPFP multipliers @ ~300MHz (Altera FPC)

> System peak >22 Tops (Int), >5TFlops (SP), >2.5TFlops (DP) solely in FPGAs
o FPGAs housed in four quad-FPGA PCle x8 GIDEL boards

> Embedded-style boards; supports both HPEC- & HPC-oriented research .
> 4.25GB memory attached to each app FPGA, 576GB total RAM in Novo-G l 1,&

o 24 boards housed in 24 Linux compute servers + head node
» 20Gb/s non-blocking DDR InfiniBand; Gigabit Ethernet
> 26 (24+2) quad-core 2.26GHz Intel Nehalem Xeon processors w/ QPI

= Funded by U. Florida plus special vendor discounts

|[UNIVERSITY p
CHREC - UF |[FLORIDA
NSF Center for High-Performance BYU k s
Reconfigurable Computing[ WM - st
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‘ Novo-G Machine

1 head-node server with: e

« 1U rackmount chassis 2

» Dual Xeon E5520 quad-core CPUs @ R
2.26 GHz, 4MB Cache, 5.86 GT/s QP!

« 24GB ECC DDR3, 1333 MHz

* Integrated dual-GigE ports & video

* ICH10R controller for 6 SATA drives

 3x 1TB Enterprise SATA2 drives

KVM/LCD unit for head node

24 compute servers, each with:

* 4U rackmount chassis with 645W P/S
* Intel Xeon E5520 quad-core CPU

* 6GB ECC DDR3, 1333 MHz

* Integrated dual-GigE ports & video

* GIDEL ProcStar-IIl PCle x8 card
 Mellanox DDR InfiniBand PCle card
 250GB SATA2 drive

Not visible (IB & GigE switches, PDUs)
CHREC y UF F6kibA | g

NSF Center for High-Performance Vilgilﬁ,r&h BYU
Reconfigurable Computing e e



‘ Novo-G ProcStar-I11I Board (one of 24)

JTAG for
SignalTap

2x2GB =4GB DDR2
RAM per FPGA

120.8 mm

[ T

PCle x8 interface
(4GB/s) Altera Stratix-ITI E260 FPGA

254,400  Logic Elements :
GiDEL ProcStar-III Board 768 multipliers (18x18) i e
Typical frequencies  100-325MHz gEENL] Kbits of embedded e
DMA channels 32 memory SR
DDR2 module slots 8 50% less power than Stratix-II e
vsrEan technology:
CHREC ; UF [FLORIDA ¢

" E
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UNIVERSITY
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Clanguage |
‘ NOVO—G TOOIS applications | impulse

Profile and Partition

= Commercial and open-source tools e
o Digital design tools: Altera, GIDEL, Aldec, Synopsys L e
o Cores and libraries: Altera, GIDEL
o High-level device design: Altera FPC, Impulse-C, IFPw«t rttFPrtA osiFPGA
Mitrion-C, SynplifyDSP, others TBD (e.g. OpenCL) MH N -~

High-level system design: MPI, UPC, SHMEM
Other options now in discussion with several vendors

= Variety of CHREC tools being ported and used for Novo-G

a

a

i S magne Sewch Fejet B e by

Strategic design & prediction: RCML, RCSE, RAT  o® i o et
High-level system design: SHMEM+, SCF
Hardware virtualization for fast PAR: IFET

App verification & performance analysis: ReCAP
Assorted kernel & app cores

CHREC . UF FioiiA 3

NSF Center for High-Performance Tech BYU
Reconfigurable Computing w



Example: Productivity Research

Reuse

Exploit reuse in all phases to leverage pre-existing
artifacts, requiring less original development

Abstraction Turns per day

Exploit higher-level abstractions at Significantly increase “turns per
each phase to reduce details and day” to reduce time and effort to
focus on separation of concerns iterate in development flow

Formulation

(strategic design, prediction, tradeoff analyses )

| . g8 .
Imentegratlon o 8 _ Besign | S Formulation-
grated end-to-end £ Q (tactical design, implementation) = .
development environment Q= £ driven
improves flow, automation, = S
reuse, and turns per day; E Ol Translation S Time spentin
maximizes productivity o) E.jl> _ . : g Formulation phase
P (compilation, technology mapping, linkage) = saves far more in other
: = (DTE) phases
Execution i
(debug, verification, optimization, run-time services)

Projected productivity impact on order of 20x

CHREC (vs. current design methods & tools) UF |FLORIDA

NSF Center for High-Performance Viginia BYU 4 &
b : i1} : o
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Example: RC Modeling Language

File Edit Mavigate Search Project Run Window Help
O -HE Q- il B - s )

I’ Project Explor &2 =B 33 sys_model_1.reml 33 alg_medel 1.reml 2 33 arch_model_1.rcml =
=k- 3 w Palette [>

1= Test models L\) Select

= Algerithm Models 1
— - 1 Marquee
33 alg_model_l.reml i=10 i=10 bt 1

Start Scatter All-to-All

33 hsi_alg.rcml
= Architecture Models

$$ arch_model_L.rcrr
= Misc, Examples
$$ sys_model_1.reml

4 m P
o= Outline =0
[ Data-driven 2 (Data-drive

End

Data-driven 2

Process Linel I

<<>>F_____

Gather

Data-driven 3

Name: Data Set1
Elernent Type: [unnamed]

Mame: Data Stream 1
Element Type: [unnamed]

} Data Connection
& Ctrl Connection
= Function Blocks <
(O Data-Driven
[ Control-Driven
D Process Line

= Data Blocks 40

m Data Set

[®) Data Stream

= Misc. Constructs <
<> Conditional

RCML
Editor in
Eclipse

Murn Elements: 0 Granularity: 0
<> Conditional 1 (Condition
[ Start (Data-driven)
[ Process Line 1 (Process Li
[T Data-driven 3 (Data-drive )
[ Data Set 1 (Data Set)
w Data Stream 1 (Data Set) i =64
. = ] = i 2 1 1024 pixels in ACSM Input —_— Name: TD Output
C] End (Ctr|-d|’IVEI"I] L Ta Sks = Error Log = propertles Start PreProcessing Scatter — ACSMpg:;I:TEtIDH == Reduce AVEFEQEACSM Sums Element TYPE! PIIEI
- ——| - Num Elements: 2097152

O DataDrivenBlock O ) ) ) )

General Name: = MName: ACSM Output

Attrib Element Type: pixel

ttributes Block Type: [ R C M L H S I M O d el Num Elements: 1048576
- k. r
Documentation - i=6l Broadcast (" Calc Weight Vector
# Instances: for each 1024 pixels in ACSM Input
Advanced Target Classification Name: ACSM Input
Tterated Data: Wrap Up Merge Images Gather O ) ) ) ) ) ) Round Robin Element Type: pixel
4 m 3 - - Mum Elements: 268435456

CHREQC

NSF Center for High-Performance
Reconfigurable Computing

UF FLORIDA &
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20 -
W"ﬁﬁm

Prediction (RAT)

Prediction (RCSE)
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 Example: RC App Performance (ReCAP)

Productively identify & remedy bugs & bottlenecks in complex systems
System Machine Node Board FPGA / Device

Secondary Interconnect Secondary Interconnect On-board FPGA

Secondary
Interconnect

Node

[CPU:

Top-level App

Board Interface

Board Interface

\ | Primary Interconnect

CPU
Interconnect

Legend :
mbedded CPU(s
o Traditional Processor L ﬁ )
Communication
4% FPGA Communication Pri A " ect CPU & Primary Interconnect
ReCAP Network 1 98GB/s
HDL Instrumentation CPU Instrumentation Potential Bottlenecks 99%
& Measurement & Measurement 2. 76GB/s
69%
HDL Instrumenter PPW+RC co1ME™ [ soavTy 4MB/s
HMM Backend . 67 % 88% 9%
Thirougghput “h
. (MiE's)
CPU-FPGA Analysis T
- New: . . ‘
& Visualization e - 1.79GB/s 2 50GB/
HLL & T “~ 72% 100%
PPW+RC debug ’ =y
Frontend Support R ..:_“\
210MB/s OMB/s
A 10% %
FPGAWGA 2

OMB/s

CHREQC

NSF Center for High-Performance

%

Reconfigurable Computing



‘ Novo-G Apps (in development) ,..\?

= Bioinformatics (VHDL, Impulse-C) = Image processing (VHDL)
o Smith-Waterman (DNA sequence aligning) o Parallel-Beam Filtered Backprojection
a VHDL: 512 PEs per FPGA, 125MHz = Adapted VHDL code shared by U. Wash.

m 2048 PEs streamed across board =

= Runs well on quad-FPGA board = Early returns (tests still underway)
o FPGAVvs. CPU-core speedup = ~700 0 Board vs. CPU-core speedup = ~640

0 Board vs. CPU-core speedup = ~2750 a Novo-G vs. CPU-core speedup = ~15k est.
0 Novo-G vs. CPU-core speedup = ~65k est.

o Implemented on quad-FPGA board

i=4

T
.

o Impulse-C: working to fit similarly 128 processing engines |}
— 512 iterations —
FPGA 1 FPGA 2 i
\ ﬁ:rom FPGA 1 _rﬂLsJRIJLs,'IRl,'I - LS R Gathering
Database DMA transfer —%| reconstructed
Database ) - T o] image from
114 FPGAs
o =S5 a _IHLSJRIJLSJRIJ Jisra a
CPU | [ LS: Load Sinogram fisirjis]ri] ... Jus]ri
Rl Reconstruct Image
MAX MAX
)

Data Set: sinogram data

=

Num Elements: 512 * 512

i
/From FPGA 3 ﬁ:rom FPGA 2 =T I “ﬂ
PE1537 . PE1025 el
Database J . -

. _ =<0 & ' | IE
2 = = Molecular dynamics (FPC) == |O i
o o Atomic particle trajectories "
Scores Scores . . .
= s o In design with Altera FP Compiler
CHREC N UF SR 1A

1
NSF Center for High-Performance WM BYU “ SN
Reconfigurable Computing ARIGHAM YouNG  MAMINGIS




‘ Novo-G Future Plans

= Applications
o Complete summer apps spanning all 96 FPGAs

o Port selected apps from prior CHREC projects & systems
= Hyperspectral imaging, 2D-PDF estimation, 3D-LIDAR processing, et al.

= Previously running on our Nallatech cluster, Cray XD1 server, SRC-7
server, XD1000 server, DRC server, AlphaData cluster, etc.

= Tools
o Complete port of CHREC tools suite to Novo-G
o Engage with more tools vendors to support

= System

o Expand machine size (we hope to double # of FPGAs by 1Q10)
= Room to add second quad-FPGA board in each server

= Explore options to directly connect two boards (bypass PCle), and
thereby stream apps across 8 powerful FPGAs

CHREC - UF/FLORIDA i

NSF Center for High-Performance mwm BYU %
Reconfigurable Computing W iciAm voung eI
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‘ Conclusions

= Novo-G machine is now operational

o Most powerful RC system ever fielded for R&D

= Configured to support both HPC and HPEC experiments
0 Key issues, from satellites to supercomputers

= Experiments spanning 1, 2, 3, 4, ..., 96 powerful FPGAs

o Target for many CHREC research projects
= R&D on design, verification, optimization, scalability, productivity

= Resources available to all CHREC participants
o Academia, industry, government

= Enabling technology for research breakthroughs
o New theories, concepts, methods, tools, insight

CHREC . UF FLORIDA .@

NSF Center for High-Performance V"g"ﬁ BYU
Reconfigurable Computing ——.. N -



Come Join Us in CHREC!

For more info:
www.chrec.org
george@chrec.org

Questions?

‘)

Lt

Faculty

— Under the auspices of the highly acclaimed
@’ v 0 program for Industry/University

i - Cooperstive Research Centers {[/UCRCY at
- the Mational Science Foundation, the
longest-running prograr at NSF, a national

Lok Alamos

@E . BOEING ml 5

center and consortium has been founded
knawn as the NSF Center far High-
Performance Reconfigurable Computing
(CHREC, pronounced "shreck"), CHREC is
comprised of more than 30 organizations

from the academic, industry, and
gowernment sectors with synergistic interests and goals in reconfigurable, adaptive
cornputing for a broad range of missions, from satellites to supercomputers, After a
two-year developrment and selection process at MSF, CHREC becarme operational in
January 2007, The Center is comprised of four research sites, each a major
university with a leading research group in this field, coupled with NSF and ~30
industry and government partners that influence, collaborate, and benefit in the
research with technology transfer. As is the nature of an I/UCRC, each industry ar
government partner supports CHREC with one or more Center memberships, where
each membership is commensurate with a slot to fund one graduate student at one
of the four sites. In 2008, members sponsored more than 40 memberships in
CHREC,

& broad range of goals have been defined with NSF for CHREC, including: (1) Serve
as the nation's first and foremost multidisciplinary research center in reconfigurable
high-performance computing as a basis for long-term partnership and collaboration
armongst industry, academe, and government; {2) Directly suppart the research
needs of industry and governrment partners in a cost-effective manner with pooled,
leweraged resources and maximized synergy; (3) Enhance the educatianal
experience for a diverse set of high-guality graduate and undergraduate students;
and (4) advance the knowledge and technologies in this emerging field and ensure
relevance of the research with rapid and effective technology transfer.

CHREC

NSF Center for High-Performance

Reconfigurable Computing

7 National Science Foundation

CHREC Sites

e University of Florida {lead

= Hrigham Young University

= George Washington Universi
= Virginia Tech

l,'.'\'l\'l'RS[TTn_,f -
UF FLORIDA ¢
" BYU E

CHREC Partners

AFRL Munitions Directorate

= AFR| Space Vehicles Directorate
Alters

Arctic Supercamputing Center
* AMD

= Hoeing

Harris

Hewlet-Fackard

= Honeywell

Intel

L3 Communications
Lockheed Martin MFC
Lackheed Marin S5C

Las Alamos Mational Lab
Luna Innovations

MASA Drvden

MASA Goddard

@ Internet | Prote

CHREC

NSF Center for High-Performance
Reconfigurable Computing
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