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ClearSpeed

« Founded in 2002 we are a UK company, based in Bristol,
with offices in San Jose, CA and Tokyo

« We are driven by the principle that to deliver HIGH
PERFORMANCE you have to deliver HIGH POWER
EFFICIENCY as systems become more space, power
supply and cooling constrained

e ThereforewedelivertheWor | dds most power
high-performance processors, with supporting
subsystems, software development tools, libraries and
applications

« We provide solutions for both the High Performance
Computing (HPC) and embedded systems markets

e Partnering with HP, IBM, SGI, Sun and other OEMs to
deliver accelerated systems
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ClearSpeed accelerator overview
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AR » Architecture designed for Coarse-
S> Grained Data Parallel Processing:

— Achieves high performance, low power

— Multi-threading enables asynchronous,
overlapped I/O with compute

— Scalable array of many Processor
Elements (PES)

— Includes enterprise-class reliability
features necessary for HPC, such as
Error Correcting Codes (ECC) on
memories, spare PEs etc.

High Speed Bu

Peripheral

Networl%>

Controller

Poly Controller

s

= el e el

$ $ $  Programmed in an extended version
Programmable /O to DRAM High Sp@% of ANSI C called C™

— Rich expressive semantics
— Single “poly” data
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Register File
128 Bytes

|| PE SRAM
6 KBytes

- Memory address
generator (PIO)

Multiple execution units per PE
Floating point adder } 32 & 64-bit

Floating point multiplier IEEE 754
Fixed-point MAC 16x16 - 32+64
Integer ALU with shifter
Load/store
High-bandwidth, 5-port register file per PE
Fast inter-PE communication path (swazzle)
Closely coupled, ECC protected SRAM for data

» Keeping data close is key to low power
Per PE address generators & DMA (PIO)

« Complete pointer model, including parallel
pointer chasing and vectors of addresses

» Key for gather/scatter and sparse operations

www.clearspeed.com
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e Processor Cores:
— 192 Processor Elements (2x96)
— 96 Double Precision GFLOPS
— 250MHz

MTAP core 0 MTAP core 1 — Error Correction (ECC) on all
internal memories for reliability

e Also includes:

— Integrated PCI Express x16

— 2X integrated ECC DDR2
memory controller + scrubber

 Design details:
— IBM 90nm process
— 256 million transistors

ClearConnect e o« <10W typical, 12W max
Bridge port & + Launched at ISC08
 Available now

ClearConpect
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 Enterprise-class HPC accelerators
 Designed to fit into existing 1U & blade servers

— Low power consumption of 25W max, small, light, passively cooled
 Designed for high reliability (MTBF)

— All memory is error protected; no moving parts (e.g. fans) are required

« 96 Double Precision (D.P.) IEEE 754 GFLOPS peak

— ~4 GFLOPS per watt Double Precision
e More than 2X the GFLOPS/$ compared to previous gen.
« Launched at ISCO08, available now
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 Enterprise-class reliability T error correct/detect on all memories
« 1.152 TFLOPS double precision (64-bit) in 1U

e 12 AdvanceE e710 accelerators

« 24 GBytes of DDR2 DRAM with ECC

* 96.0 GBytes/s of DRAM bandwidth

 Only 400 watts typical power consumption

« Two PCI Express x8 connections to the host (up to 3m long)

« Upto 41 TFLOPS double precision in a single rack (peak)
— From 36 CATS-700 1U nodes

« 10X greater performance than the fastest dual socket quad-core
servers (3GHz x86) at the same power consumption

Copyright © 2008 ClearSpeed Technology Inc. All rights reserved.. www.clearspeed.com



ClearSpeed

 Reliable acceleration

« ECC on all memories, on- and off-chip
e From 18 CATS-700:

« 20.7 TFLOPS double precision

432 GBytes of DDR2 with ECC

« 1.73 TBytes/s of DRAM bandwidth

o 7.2 KW typical power consumption
e From 18 3GHz quad core hosts:

« 1.8 TFLOPS double precision

o 7.2 KW typical power consumption
o 225 TFLOPS double precision total
« 14.4 KW total power consumption
 No silent software errors
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Enterprise-class reliable PetaFLOP

e 1.125 PFLOPS double precision peak from CATS-700
* An additional 90 TFLOPS double precision from x86 hosts

e 50racks
o 750KW typical power consumption
« 21.6 TBytes of CATS DRAM memory 1 all with ECC
« 86.4 TBytes/s of CATS DRAM memory bandwidth
« Could be delivered this year with HP, SGI, IBM or Sun
« Roadrunner is 6X the size and 5X the power consumption
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 Within 7 years everything will be Petascale!
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ClearSpeed Development
Environment
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e Version 3.10 beta release at ISC, June 08

 Binary compatible across all ClearSpeed products
— The same executables run on the CSX700 and CSX600

« C"optimising compiler
— C with poly extension for SIMD datatypes
— Uses mature ACE CoSy compiler development system

— Generates performance within 90% of hand optimized
performance on many codes

« Debuggeri aport of gdb
— Runs on Cl| dadwére a felldspesd
« Profiling T csprof
— Heterogeneous, system-wide visualisation of an accelerated

application’s perfor manc ecowhostlarel r L
ClearSpeed accelerators.C| ear Speedods hardwar e
real-time

e Li braries (BLAS, RNG, FFT, moreé
 Preview of an ECLIPSE IDE
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Standard Eclipse graphical
debug interface for CSX
processor debugging.

CSX processor provides full
hardware debugging of
application code.

Provides seamless view of
all 96 processor cores and
the associated state.

Allows full symbolic debug
of the C" language.

Enhanced views for CSX
specific information.

Copyright © 2008 ClearSpeed Technology pic. All rights reserved.
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HOST CODE PROFILING [f=== |

L] I - — s m

Visually inspect host code =
executing. ;
Supports multiple threads |
and processes. Time |
specific code sections.
See overlap of host
threads executing.
Platform and processor
agnostic trace collection.

CSX PIPELINE

View detailed instruction  [= : .

issue information. Visualize | . e —

overlap of executing E=a "'g‘

instructions. Optimize code at = -~ i
the instruction level. View - ! ,

instruction level performance | —= [ S =
bottlenecks. Get accurate - [ — =

instruction timing. e = 2
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e “# HOST/BOARD INTERACTION

1 View host/board interactions.

B Provides performance
information for data transfer
operations. Trace cluster
node/board interaction. See
overlap of host compute and
board compute.

S TRAUVOL PO A

Advance™ Accel e
Advance™ Accel er

CSX CSX

Pipeline Pipeiine

CSX SYSTEM

View system level trace. |

Visually inspect the e s
overlap of compute and |=. —

/0. Visualize cache [ s \ — |
utilization. View branch :

trace of code executing. | =
Find and analyse

performance bottlenecks.

Get accurate event timing |-
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—Developer support =

 Lots of online support and self-training
materials:

— http://developer.clearspeed.com/resources/training/

» Self-paced training for programmers, includes optimisation
tips

— http://developer.clearspeed.com
* Online manuals, training materials, forums, support

— http://support.clearspeed.com
» All the latest software downloads, including example codes

Copyright © 2008 ClearSpeed Technology Inc. All rights reserved. www.clearspeed.com
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Porting lifescience applications
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—
1Ce COoaesS are gooa targets

e Why is this?
— They usually contain massive parallelism that can be exploited
— Often data parallel

e Scientists in the fields of computational chemistry,
biology and materials science need.:
— Simulations of larger systems (more atoms etc.)
— Longer simulations (e.g. protein folding)
— More accurate simulations, usually requiring more
computationally expensive methods
« ClearSpeed has focused on life science codes
requiring floating point operations:
— Molecular Dynamics codes such as BUDE (docking)
— Quantum Chemistry codes such as Molpro (DFT)
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Accelerated Density Functional
Theory (DFT)
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 Focused on the Density Functional Theory (DFT) part of
Molpro: http://developer.clearspeed.com/resources/training/

 Most of the run-time is spent in the exchange and
correlation kernels. These use quadrature on a grid to
evaluate integrals. The computational cost of both scale
cubically with the size of the problem:

— Building the density:

PA = Z XaAXBA\ Va3
&',:'3

— Building the contribution to the Fock matrix:

Vo = D WaVaXarXsa
A
— Both can be expressed as large DGEMM + matrix-vector ops

— Use Blocked DGEMM for maximum performance
 Was also possible to overlap this computation on the accelerator

with other Coulomb computation on the host at the same time —
heterogeneous computation
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« Modeling new Neuraminidase inhibitors to vaccinate
against the Influenza virus

e Sustaining >220 double precision GFLOPS on the Molpro
application per CATS-600 node

 With 10 CATS-600 nodes A 2.2 TFLOPS sustained in a
single rack at SCO07 (DGEMM at ~7 TFLOPS!)

e Executed ~60x10%>64-bit floating
point operations on Molpro in
~17 hours spread over 3 days
during SCO7
o 7.3X speedup per CATS node across whole app
— Accelerated portion is ~17X faster Ligand bound to
« Enables 1 Iigand per day with Neuraminidase active site

QM/MM levels of accuracy:
55 QM atoms, ~1,600 MM atoms, DFT BLYP VDZ

Copyright © 2008 ClearSpeed Technology Inc. All rights reserved. www.clearspeed.com
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Accelerated Drug Docking
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perrences portinc

 Uses Molecular Dynamics to perform Monte Carlo-based
drug docking T a double precision code

« Research into peptide-based protease inhibitors

 Multiple degrees of massive parallelism to exploit

— Multiple potential drug candidates requiring millions of docking
operations each

— Different orientations and configurations of flexible ligands
means that the energy of billions of poses must be calculated
« The fitness of a pose is evaluated by a computationally
expensive, highly accurate atom-atom empirical free
energy force field calculation

« The main kernel was responsible for >99% of the
computational requirements but consisted of just 500
lines of FORTRAN source code

 Ported in afew man days and fully optimised in just 1-2
man weeks
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Peptide-Based Elastase Inhibitors: A Case Stu¥

Therapy for Emphysema
Peptide libraries (based on a Trypsin inhibitor)

Peptide - Drug
Candidate

Predicted Successful
Interaction

Enzyme - Drug Target

Flexible amino acid side-chains in both protein (receptor) and ligand (peptide)

http://www.clearspeed.com/docs/resources/RSBUDE_WhitePaper.pdf
25
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Cn-codeforBUDE geometry & energy calculations

p_action=0;
1_hphb = ligand_atom-=hphb;
1_hphbl = 1_hphb;
p_hphbl = p_hphb; h]
if (p_hphb =zero) {
if (L_hphb=zero ) {
distdslv = p_nndst;

p_action=1; E
} else if (1_hphb=zero) { -
distdslv = ligand_atom-=npdst;
p_hphbl = -p_hphbl;
} p_action=1[] E
} else { Jf P must be +ve |
if (L_hphb = zero ) { E
//if (p_hphb = zero) { // already done this test in mono 33
distdslv = p_npdst; o=
1_hphbl = -1_hphbl; =
p_action=1; =
¥

¥

if (p_action==1) {
if (distbb = distdslv ) { /7 if an interaction
ffdslv_e = half#*(p_hphbl+l_hphbl);
dslv_e = p_hphbl + 1_hphbl;
if (!'zonel) { J/f 1T in outer zone, scale back
dslv_e *= (one-distbb/distdslv);

etot3 += dslv_e;
}

¥
} // skip if p_hphb is zero

#endif
} // skip to point if distij=10
} // loop ligand atoms subset
} // loop over protein molecule
} // loop over ligand moleucle in chunks
etotal[ix] = half*etotl +cnstnt*etot2 + half*etot3;

fr----- Add this atoms steric, desolvation, and charge energies to the cumulative total ‘'etot’.
// might want a mask here so we can print each of the 3 values seperately?
J/etotall[ix] += etotl + etot2 + etot3;

} /4 loop trial transformations
return;

¥
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ClearSpeed : University of
I BRISTOL

BUDE scaling on CATS

Scaling over boards in CATS-600 node

Host load

250

450
400
350
300
250
200
150
100 -+

50 A

200 -

150 ~

100 ~

docks per minute
(elapsed time)

host-only  host+cats

50 +

number of host processes

* Red theoretical 100% scaling
* Blue CATS-600 actual scaling (99% efficient)
» Green performance of four host cores (AMD 2.6GHz)

» 21X speedup vs. four host cores, ~10X vs. eight host cores
 Measured across the whole application, fully optimized host code

Copyright © 2008 ClearSpeed Technology plc. All rights reserved. www.clearspeed.com



CIearSpeed" Bl University of
- 'z BRISTOL \

Making and testing the peptides

Mixed synthesis of the 40 most
promising peptides

Tested for Inhibitory action
Mixture has a K; 10 nM

One peptide with K, a strong binding
of between 0.25 nM and 10 nM

A whole peptide library calculation
took 18 hours on ten CATS nodes,
compared to the 5 days it would have
taken on a dual socket, quad-core
based x86 system of the same size
and power consumption
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e Large matrix-matrix arithmetic operations
— E.g. Electromagnetics, radar cross section etc.

 Image processing
« RADAR/SONAR applications (e.g. SAR)

« Computational Fluid Dynamics, Smooth Particle
Hydrodynamics methods

-
.’.‘ « Star-P from Interactive Supercomputing

« MATLAB and Mathematica when performing large
matrix operations, such as solving systems of
linear equations
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Future
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« Ease of use improvements, e.g.:
— CSPX (formerly ClearStack) — now released in 3.10
« Makes talking between the host and card much simpler
* Includes C++ object migration base class
» Also makes it easy to use multiple accelerators simultaneously
« Making available in source code form for porting to other platforms
« Heterogeneous programming environment
— “Expl oi tLeweld@ardlle@ismdor SIMD Arrays using
OpenMP” | | WOMP 2007 (Bei jing)
« Programming model becoming more OpenMP-like
— Cross-platform
— Heterogeneous

e CATS can become more dense 1 up to 3 TFLOPS
double precision per 1U is possible with the CSX700

Copyright © 2008 ClearSpeed Technology Inc. All rights reserved. www.clearspeed.com
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« ClearSpeed accelerators are designed for HPC

« Have focused on Enterprise-class features to enable
reliable large-scale systems (ECC everywhere, just
like the host system itself)

 Real applications starting to prove accelerators are
credible
— E.g. real compounds synthesized from BUDE docking sims!
« ClearSpeed enables Petascale systems and beyond,

In smaller form factors than previously possible and
within existing infrastructure constraints

— E.g. 100 TFLOPS double precision in 3-4 racks, small enough to
fit in a department
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