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GSIC Center, Tokyo Institute of Technology /
The NAREGI Project, National Institute of

Informatics

CCGSC 2008 @ NC, USA Sep. 14-17 2008 NAREGI




Rise of the Commodity Clusters: "The Scenario”

Widespread Use of Clusters:

Small to very large (e.g.
TSUBAME, Ranger)

High Performance Commodity ~Rise and spread of
Computing Commodity Clusters and

-High Performance x86 CPUs increase in their size
-Fast Commodity Interconnect P

-Cluster Software
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And this went to Petascale,
Despite all the Skept|C|sm

— The largest x86 Linux Cluster
~50,000 x86 cores

— Half a Petaflop

e RR: the first #1 "commodity’ CL.V V.
Top500

— The first #1 machine to use |IB
— The first #1 Linux machine

e The first #1 "heterogeneous”
SC (Cell and Opteron)
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FUJITSU THE POSSIBILITIES ARE INFINITE

“Why HPC Architecture Must be
Custom Bullt in the Exascal Era”

2007-11-28

Slides Coutesy of Hisa Ando
(Former) Senieor Architect
Fujitu Ltd.

(Abridged and Translated by Satoshi Matsuoka)




Exaflop HPC Energy Consumption .

®|n SCO7, Ray Orbach “Exascale by 2016”

®Energy Consumption at 90nm
mFPU: ~5 0 0 pJ/bpFop
¢ (GRAPE-DR: 65W/256GFlops=250pJ/DP FOP)
m General Purpose CPU : 2 0 nJ/Cycle
& 4FOP/Cycle => x10 power over FPU

®1 Exa Flops power requirement

m Circa 2006-7: 90nm technology: 500pJ x 1018 =
500x10° W

m Circa 2016- (conservatively) suppose 22nm
technology

& Gate capacitance 22/90 = x 0.24, Vcc 0.8V/1V=x0.8
& Power o« CV2=0.24 x 0.82=x 0.15

¢ 1 ExaFlop FPU array : 0.15 x 500pJ x 108 = 75MW(!)

[o®)
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Why Special Architecture for Exascale? .
—

® Total System Power ~= 1.5GW~2GW (!?)
m Extrapolate to gen. purpose CPU: 75MWx10 = 750MW

m Memory, power delivery loss, cooling, I/O and storage... incur
additional x2~x3 overhead

m > $100 million in Utility Bill(!)
® Save Power, save power, and save power:

m Objective: 1/30 power reduction
¢ Energy reduction of FPUs---low power design

¢ SIMD-parallel control of massive FMA FPUs

+ Powerful scalar processor---beat Amdahl’s law g%ogv%aura PP

® Claim (by Ando) such a processor cannot be general-
purpose (=for Commercial Apps)

® |.e., Exascale machine must be (made of) special-
purpose HPC architecture

[o®)
FUJITSU
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Special Purpose Processor for Exascale .

circa 2016

Server
Processor

| —

65nm technology

22nm technology

1 2 8 Fopx5GHz
= 640GFlops

AMD 4 Core Opteron 32 Cores
Chip 283mm?2 Chip 283mm?2
Core 26mm? Core 3.5mm?2 Grape-DR
90nm technology
8 Core (28mm2) Suppose . 51 2FM+FA
+2048FMA (128MmM?) 1 armA/mm?
L | +16MB L2$/LM (35mm?) @
Custom s | +W0 (60mm?) %Zan technology
HPC Cod 25(FM + FA)s/mm?
processor = = & 4096Fopx5GHz
' = 20TFlops
22nm technology
Chip ~250mm?2 FUﬁTSU

THE POSSIBILITIES ARE INFINITE




But wait, we now have this in commodity..the
GPUs (Tesla, FireStream, Larrabee, ClearSpeed)

! 65~55nm(2008)

=> 15 nm (2016)
x20 transitors (30 bil)
20TF FMA SFP

10TF FMA DFP

Thread Processor
Cluster (TPC)

Thread Processor
Array (TPA)

Thread Processor

nVidia Tesla T10: 65nm, 600m2, 1.4 bil Tr . | ”
1.08TF SFP o= - Massive EMAFRUS” _
“Powerful Scalar”

£2909019129900009900121010121299

]-
:

" M- .~ | .. BFTTNE 00 S I
m""}_/ 102 |
20GBytes/s GBytes/s :

Tesla Accelgyator




TSUBAME 1.2 Evolution (Oct. 2008)
The first’ Pe’rascale SC in Japan

——| Storage

1.5 Petabyte (Sun x4500 x 60)
0.1Petabyte (NEC iStore)

Lustre FS, NFS, CIF, WebDAV (over IP)
B/s aggregate 1/0 BW

Voltaire ISR9288 Infiniband x8

10Gbps x2 ~1310+50 Ports NEC SX-8i
~13.5Terabits/s
(3Thits bisection)

1ifffi:EiE§B§LhHV”— ;%;ipﬂ .
nified IME¥BERS" 300,000 SIMD Cores

network

32~128 GBytes/Node
10480core/655Nodes

NEW -~ 'fr ~900TFlops-SFP, 21.4TeraBytes
g T 50.4TeraFlops
GCOE ~17OTF|ODS DFP = inux (SUSE 9, 10)
HarpertSwin < S0TB/s Mem BW (1/2 ES) e flEERl  Nareo! Grid mw
90Node 720CPU LI - b
8.2TeraFlops |l AN — N
L = - ] p SN -
NEW: co-TSHE — = _ . | %E § tecctc
90Node 720CPU (Low Power) 3 : CIearSeed CSX600

~7.2TeraFlops SIMD accelerator

360 648 boards,
35 52.2TeraFlops

Nvidia Tesla T10P-one card per node, ~680 cards
High Performance in Many BW-Intensive Apps
10% power increase over TSUBAME 1.0 (130TF SFP / 80TF DFP)



TSUBAME Upgrades Towards Petaflops

ustained Acceleration s,
Japanese NP
>10PF (2012-1Q)
D
3
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IDC Servers and Cluster SC---
the differences (or are there?)

"]l The Same---the nodes
N - Processors (x86)
- Memory (DDR DRAM)
- I/0 (PCI-e)
- OS (Linux/Windows), MW
- Differences

- Network (IB vs GbE)
(< 10% of machine cost)

- Parallel Storage
- Power Density
- Parallel SW Stack: (MPI, OpenMP, BQ, ...)
- Operations as a SC

- Accelerators?

11



TSUBAME Network: ~1400 port

external @t Tree, IB-RDMA & TCP-IP
Ethe — -

= = Isection =
f : ;—:ifzf‘_‘ rv_ag_»‘ 2 . 8 8 Tb ps x 2
‘ 5 ‘ fiber for
: das~floor connections
Voltair % oo \
IS N\
IB 4x =S == =25, e e | ham= IB 4x
10Gbps 10Gbps
X 2
=M L, M‘ m‘

X4600 x 120nodes (240 ports) per switch  X4500 x 60nodes (60 ports)
=> 600 + 55 nodes, 1310 ports, 13.5Tbps =>60ports 600Gbpe
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A Cloud Exaflops Machine

Suppose 100MW power capacity,
1TFlop / 100W

Hmm, this is easy, as my Nvidia GTX280
or AMD Radeon 4870 is ~200-250W incl.
system overhead in SFP circa 2008...

Need 10x => Expect 1TF DFP @ 100W
system possible in 2012~13... (22nm)

Network? Approx 10%-25% of system
power and cost, so this is not a problem

Rest are software and operational issues

f Cloud centers can charge x2 standard
fee, then it is a good business case

e -
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Mar 2012... the Japanese “> 10

PF” SC to be Online

25~30MW Power
~1mil ft2 floorspace
$1 bil construction

Kobe, Japan
“the site”

e
= _-_-'\



neter, 1,400,000 ft2 IDC floorspace

= 14OMW power




Overview of HPC-GPGPU Project
(work w/MS earch TCI ——
Rez@%ceﬁsﬁbcus GPGPU \

SIMD-Vector

Advan Ced ) . . Acceleratio
Biginformatics Acceleration

Bioinformatics& e.g., 3-D All-to-All ultcore
Proteomics Protein Docking

.................................. =
GPGPU-CPU \
Hybrid Massively Parallel
“Adaptive” Solvers +
GPGPU FFT and other
Acceleration Kernels e Clluster

Coupled
{PC Acceleration

- Improving GPGPU
Programmability w/
Library/Languages
e.g. MS Accelerator
- High Dependability w/
large-scale GPGPU Cluste Towards Next Gen
odel-based GPGPU Petascale
PU Load Balancing Personal Clysters

and Desksides

Need x1000

acceleration
over standard PCs




All-to-all 3-D Protein Docking Challenge

P1L P2 P3 P4 P5 ... P1000
v

1,000 x1,000 all-to-all docking

fitness evaluation will take only

1-2 months (15 deg. pitch)
with a 32-node HPC-GPGPU cluster (128
GPGPUs).
cf.

~ 500 years with single CPU (sus. 1.6F)
P1000ds cassnsussnsnnansnnnnnap ‘ ~ 2 years with 1-rack BlueGene/L

screening with FFT

<

{Fast PPI candidate J

Blue Protein system

CBRC, AIST _Zig

(4 rack, 8192 nedes)




Calculation Flow for 3-D AA docking

--------
-----------------
----
.....
---------
-----------
.............................
‘

candidate

§ Protein 1 * docking sites

. data complex ' \ analy5|s
convolutio D il
NVIDIA

: CUDA 3 0 T v
Protem 2 i

J ‘ voer
rotatlon data _ .
(6 deg, 15 deg.) Docking Confidence level

*e
*
.
‘e
‘e
",
.......
"

.e®
.
.
wn®
-----
----------------------------------

Calculation for a single protein-protein pair: ~= 200 Tera ops.

3-D complex convolution O(N3log N), typically N = 256

X 200 Exa Ops for
Possible rotations R =54,000 (6 deg. pitch) 1000 x 1000¢¢



High Performance 3-D FFT
on NVIDIA CUDA GPUs

[SCO08 paper preview]

Akira Nukada
Tokyo Institute of Technology, GSIC.




Bandwidth Intensive Approach

Our 3-D FFT algorithm consists of the
following two algorithms

to maximize the memory bandwidth.

(1) optimized 1-D FFTs for dimension
X,

(2) multi-row FFT for dimension Y & Z.

The multi-row FFT computes multiple
1-D FFTs simultaneously.

Adapted from vector algorithms,
assuming high memory bandwidth.

1 1 11
This algorithm accesses multiple streams, but
each of them is successive.
Since each thread compute independent set of
small FFT, thousands of registers are required
Solution: for 256-point FFT, use two- pass 16-
point FFT kernels.




Performance of 1-D FFT

GFLOPS M 256-point lll 512-point
300

oI I II I

8800GT 8800GTS 8800GTX S1070 GTX280

Note: An earlier sample with 1.3GHz is used for Tesla S1070.




Comparison with CPUs
GFLOPS X3 Faster than FFTW on GPUs

90

30

0

Phenom Core2Quad Opteron CELLBE 8800GT 8800GTS 8800GTX GTX280
9500 Q6700 16core (PS3)




« Three 40U rack cabinets.

» Visual Studio 2005 SP1
- nVidia CUDA 2.x

Heavily Acclerated Prototype
Cluster System Configuration

- 32 compute nodes |i\ a A | -2
+ 128 88006 TS GPGPUs ERal i

- onhe head node. "“" jii
* Gigabit Ethernet network 2

 Windows Compute Cluster
Server 2003 SP1, planned
2008 migration

A et



Performance Estimation for 3D PPD

Single Node
Power (W) | Peak (GFLOPS) 3D-FFT Docking Nodes per
(GFLOPS) (GFLOPS) 40 U rack
Blue Gene/L |20 5.6 - 1.8 1024
TSUBAME 1000 (est.) | 76.8 (DP) 18.8 (DP) | 26.7 (DP) 10
8800 GTS *4 | 570 1664 256 207 10~13
System Total | Only CPUs for TSUBAME. DP=double precision.
# of nodes Power | Peak Docking MFLOPS/W
(kW) | (TFLOPS) (TFLOPS)
Blue Gene/L (Blue | 4096 80 22.9 7.0 87.5
Protein @ AIST) | (4racks)
TSUBAME 655 (~70 ~700 |50.3 (DP) 175 (DP) |25
racks)
8800 GTS 32 (3racks) |18 53.2 6.5 361

Can compute 1000x1000 in 1 month (15 deg.) or 1 year (6 deg.)24




CFD on GPUs

(Material from Prof. Takayuki Aoki, Tokyo Tech.)
Safet Nuclear (Coling)

I'NT Explosion

Weather/Environmental

25
Animations Courtesy Prof. Takayuki Aoki @ Tokyo Tech.



Riken Himeno Benchmark
(Prof. Takayuki Aoki, Tokyo Tech)

RIKEN Himeno CFD Benchmark Himeno for CUDA

Poisson Equation:
(Generalized coordinate)

V-(Vp)=p
2 2 2 2 2 2
ap+6 p+ap 8p+Bap o’ p

+a + =
y@yz P

ox>  oy> o1 OXy  OXz

Discretized Form:; 128+2

Pigik 2Pkt Pisjx N Piiak — 2Pkt Pijak N Piikia— 2Pkt Pijka

6e 18

P
<«

1 block =
16x16x8

16
>
64+2/ . o

compute

f region

Block has

2%
2} 256 thread
4 Total 256

blocks =

N

A 65536
y

AX? Ay? Ay*

o Pissjsak = Pigjiak = P jak ¥ Pigjax \
4AXAY

P Pissjka = Pt jher = P jak  Picyjia
4AXAZ

- —D . -p . +p;

+'Y p|,J+l,k+l pI,J+l,k—l p|,]—1,k—1 p|,]—1,k—l =p; ik )

4AYyAz o
18 neighbor
pomt acCCess

threads

> Block
shared mem
=16kB

Boundary region used fats
transfer



4 GPU node parallelization

s Host ~ s GPUs ™

Open MP
Parallel

GeForce 8800

PCI
Express

p
'S

64x64x128

o J




Parallel Performance

S Model [65x65x129]
1 GPU (no data transfer) 30.6 GFLOPS (0.269sec)
2 GPU (16kB transfer) 42.5 GFLOPS (0.193sec)
4 GPU (32kB transfer) 51.9 GFLOPS (0.158sec)

x53.1 acceleration % 0.976 GFLOPS (8.431sec)

................................................. Reference

M Model [129x129x257]
1 GPU (no data transfer) 29.4 GFLOPS (2.328sec)

2 GPU (66kB transfer)  53.7 GFLOPS  (1.275sec) PC &

A 2 ik
RELELT EROMANED P —

4 GPU (131kB transfer) 83.6 GFLOPS (0.819sec) iy

nnnn

L Model [257x257x512]
1 GPU (no data transfer) ..........

2 GPU (262kB transfer) ..........
4 GPU (524kB transfer) 93.6 GFLOPS (5.974sec)

C.f. NEC SX-8 6 CPU (966GF Peak) 38.3GFLOPS Size X




Two-dimensional Burgers Equation

du ou ou (éu du
+V o+ —
o ox oy o oy

o ov ov (o o
—+U—+V—=K —+——;
OX oy \@X oy

GeForce 8800 GTS

40 GFLOPS
ui,j. O

1024 X 1024 =
:j velocity u at the v-point U, = ui’j +ui+1’j +Zi’j 1+u;§1 I




Homogeneous Isotopic Turbulence

Burgers equation

Poisson equation

82p+82p_1 ou  ov
ox°  oy® At ox oy

Correction
ou_ 10p ov  10p

ot p OX a p oy

Pi.;
u @ O

1024 x 1024
Vi ’j




Two-Stream Instabllity
In Plasma Physics

Vlasov-Poisson Equation:

o‘d  e(n —n
ﬁ+v§_eE af :O _(l): ( e |)
ot OX m, ov OX €o

(E:—@, nezjfdvj
OX

f - electron distribution function
N: electron number density a1




120 GFLOPS wusing 8800GTS

—
X 130

2




Rayleigh-Taylor Instability
Heavy fluid lays on light fluid and unstable. x 9 O

Euler equation: 512 x 512

0 oE OF
Q +—+ =0

ot ox oy
_p ] _pU | _pV

2

PUl g _|PUT+DP | & _ PU:’
pV puv pV +p
e | eu+ pu | | eV+ pV |

88 GFLOPS using GTX280




Phase Separation

Phase transition dynamics is described by the Phase Field Model.

Cahn-Hilliard equation:
H : free energy

0 oH oH
5_\1|ZIZLV2 8——CV2\|J E:T\V—U\Iﬁ
\\J
Discretization: &V _ Virai = Wi +6Wi; Wi + Wiy,
ox* AX*
oty

8x26y2 :( ‘Vi+1,j+1_2\l’i,j+1 TV
=2 FAV G —2W
+\|fi+1,j—1_2\|fi,j_1 +\|]i—1,j—1 )

34



3-D Computation of Phase Separation
Mixture of Oil and Water:

158 GFLOPS using GTX280

Used register number = 46 x 1 6 @6 X 256 X 256

> nvcc option —maxrregcount 32
for G80, 92




Can we make 100 million cores scale in “non-
capacity capability app"?

Capability --- latency matters, strong scaling

=>» requiring 1~10KB 1lus messages to be efficient =» computation loop less
than 1 us.

=> Can only tolerate 1/1000 fluctuation i.e. both loop and communicaiton will be
1ns, c.f. strong scaling code on a petaflops machine

=> Even with 3-D stencils expect 1/30~1/100 i.e. 10-30ns

Are we being hypocritical just to
get money?

#strong
scaling apps

36

Peak Performance



A Typical "Weak Scaling Capability App”

- Capacity App in Disguise -

//;nitialize;

Loop until computation gets done {

MP1_AllScatter();
Do work within node for seconds,

minutes, hours..;
MP1_AllGather();

}

\\Einalize;

~

/

--- And is grossly inefficient compared to say simple

workstealing parameter-sweep esp. if load is
unbalanced

37



So the world will mostly go ensemble
--- capability at core, capacity at large ---

f & 'Eﬁ\\ f'
W <
: NN ‘
Barotropic S-Model QM/MM Molecular
Ensemble climate Simulation
simulation

"How are we to judge sciences, in that using 100,000
cores in a single MPI app has more scientific
significance than 100,000 single-threaded app, as
they both require system scalability in the design?”

BTW, MW may need to scale better for "capacity” e.g. BQ systems

8



SUBAME Job Statistics
Dec. 2006-Aug.2007 (#Jobs)
1400 S 1l leere

+ 1400 SC Users, 797,886 [~
Jobs (~3270 daily) o |
. 597,438 serial jObS §400000 '
(7480/0) # 300000
. 121,108 <=8p jobs o
as2%) 90% T
+ 129,398 ISV Application T i
Tobs (16.2%)
- However, >32p jobs Coexistence of ease-of-use in both

- short duration parameter surve
account for 2/3 of ‘ - large scale MPIP Y

cumulative CPU usage (Both are hard for physically

large-scale distributed grid) >



Issues, Issues, Issues

Large Scale Fault Tolerance * $%$$ - Subsidy Necessary
Programming Models

Storage (terabytes of
bandwidth) Resources Yens/CPU

hour

Amazon E2C 105

Being Green: Power Single Instance

consumption and cooling

- Not just the money but CO2 Tokyo Tech. GSIC |0.543

i SLA Svc.
emission
Sustainability | Tedyeatrah. 6SIC | 0.171
Bestdrétetiogaecon hybrid

UnivPTAya ™ [0.89
Dedicated Q

40




Biggest Problem is Power...

Peak Watts/

Peak Ratio c.f.
i CPU C
Machine ores Watts GELOPS MFLOPS/ CPU TSUBAME
Watt Core
TSUBAME(Opteron) 10480 800,000 50,400 63.00 76.34

----------------
M)

TSUBAME2006 (w/360CSs) 11,200 810,000 79,4305 98.06 : 72.32

-
.
.
L]
.
Ll
-------------- e,

TSUBAME2007 (w/648CSs) 11,776 820000 102,200 124.63 } 69.63 1.00
Earth Simulator 5120 6,000,000 40,000mm"(;j.().;".:l_.171.88 0.05
ASCI Purple (LLNL) 12240 6,000,000 77,824 12.97 %90.20 0.10
ATST Supercluster (Opteron) 3188 522,240 14400  27.57 :;63.81 0.22
LLNL BG/L (rack) 2048 25000 57344 229.38 312.21 1.84
Next Gen BG/P (rack) 4096 30,000 16384 546.13 557.32 438
TSUBAME 2.0 (2010Q3/4) 160,000 810,000 1,024,000 1264.20 5.06 10.14
Yeassssssnnsrees v

TSUBAME 2.0 x24 improvement in 4.5 years...? = ~ x1000 over 10 years



The new JST-CREST ‘Ultra Low Power (ULP)-
HPC “Project 2007-2012

1ERAFLOP OF PEHEQBM

5

SIMD-Vector
(GPGPU, etc.)

-

Nehworks |

o

A

U

[
»

e HW, Middleware, etc.

-

[

Modeled ULP-HPC

Applications

Generalized Autotuning Scheme

Bayesian Merging of Model and

Measurement

¢ Bayes model and distribution
Yi~ N(,uixo'iz)

w1 $.0% ~ NG )

o ~Inv- 2% (v, 07)

ot 1 k)

. . . d 3
+ Measured distribution aftern triafs " e

~ t, (/7™ o-if\’(rwl Ix,)

Vil Vi Yizr s Vi)

Model-based predect
of exe. time
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ABCLibScript: Algorithm

Selection
Specify start
IABCLib$ static sel ion st
IABCLib$ par: in NPrc;
IABCLibS$
!ABCLib$  according e:
IABCLib$ bl
arge —
IABCLib$  select sub re; n
IABCLbS s VA
IABCLibS ~ a e
* o  3do*
=
d

IABCLib$  select st gion en

IABCLIb$ static select region end

)

2016 TSUBA

becomes 1/1000

uuuuuuuuu

uuuuuuuuuuuu




electricity [W]

Himeno Size M Power Measurement

200 HimenoBMT M:

—— CPU (whole:65.0 s, init:2.12 s)

—— GPU (whole:5.87 s, GPU part:3.75 s)
whole:GPU/CPU=0.0903, speed-up=11.1

180 Jacobi part:GPU/CPU=0.0596, speed-up=16.8

160

140 - avg. electricity: n

CPU=160 W, GPU=170 W

GPU/CPU=1.06

120l Mblald | -
whole energy:

CPU=1.04E+04 J, GPU=9.68E+02 J
GPU/CPU=0.0932

100 1 1 1 | | | |
10 20 30 40 50 60 70

elapsed time [s]

Jacobi
* CPU
Av. Power 160W
Exec. Time:62.88s
* GPU
Av. Power:170W
Exec. Time:3.75s
GPU/CPU
Power:106%
Energy:1/15.8
=6.33%

For extreme memory intensive CFD app GPU uses only ,

6% of CPU energy



Power Efficiency in 3-D FFD

GPU Computation Idle Power GFLOPS GFLOPS/W
RIVA128 126 W 140 W 10.3 0.074
8800 GT On GPU 180 W 215 W 62.2

8800 GTS On GPU 196 W 238 W 67.2

8800 GTX On GPU 224 W 290 W 84.4
CUDA GPUs have four times l'==‘ ,{.:F!E:!] ;_El'}!}l-n--}

o || !
g I[.' 18 it

higher power efficiency than CPU. = w
RIVA128 is an old, low-power GPU,

to measure pure power consumption

of host system (CPU, chipset, memory).

The interface is legacy PCI.




Dividing the Labor in 2D FFT

(&IEEE IPDPS-HCWO08])
» Divide the labor for each 1D FFT among

the CPUs/GPUs ac
GPU:65%

0 A n

11 Lls — CPUL:25

0 n

E.g.:GPU:CPU1:CPU2=65:25:10

O
vvvvvvvvvvvvjw I

CPU2:10% A
45




Performance Model of Combined
CPU/GPU FFT Execution (1)

CPU Thread GP.IEJhrCe(;Ztml
Execution In GPU
| Transpose | | Transpose
S
=
=
3 Row FFT :
Ll In GPU FFT planning
S etc.
FFT Execution
Transpose Transpose

Synchronization

Col FFT
In GPU

lemory Releas
etc.

b

Cq

Predicted Overall
Exec. Time

Dl-wise I I

Max. predicted
compute time

for CPU/GPU Row-wise
Computation

_|_

Row-wise

Max. predicted
compute time

for CPU/GPU Col-wise
Computation

46



Performance Model Accuracy(1)
* Problem Size 81922, 1 CPU + GPU

 Predicted perf. of 81922 derived from our model

Problem Size 81922 (Measured vs. Prediction)

8
7 ——Predicted
&
D -=- Measured
06
£5 |
4
.% 3
02 | » Good match esp. with higher GPU labor
dq | » Slight difference near optimal performance
0
0 20 40 60 80 100

GPU Labor Percentage i



Software-Based Error Checking
on GPUSS

* Protects applications from bit-flip errors in global
memory using error-checking code (e.qg., parity
and ECC)

— memory allocation = allocates additional global
memory for storing error check code

— Wwrite accesses - calculates code for data written
— read accesses - calculates and compares code for

data read
GPU Global Memory
Alloc
>
- , User Area
Code Write
Gen. >
H Read Code Area
< 48

Error checking



N-body Problem with Error Checking

 The sample code
shipped with the
CUDA SDK

 Error checking

— read accesses to
position array

— Write accesses to
position and
velocity arrays

nbody (float *pos, unsigned *pos code,
float *vel, unsigned *vel_ code) {
float4 *mypos = pos[i];
check_float4(mypos, 1);
for (j in BLOCK) {
shared float4 block[];
block[k] = pos[k];
check_float4(block[R], R);
for (pt in block size) {
acc+=compute_acc(mypos,block[pt]);

¥

}
update pos(pos, vel);

write_check_code_float4(pos);
update_vel(vel, acc);
write_check_code_float4(vel);




Results of N-body Problem

CPU (4 cores with OpenMP) vs GPU vs GPU+Parity vs

GPU+ECC Phenom 9850 2.5 GHz, 4 GB of DRAM. Linux v2.6.23,
gcc v4.1.2, GeForce 8800 GTS 512, CUDA v2.0 Beta 2
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Road to Exascale
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So the first exascale machine will be
a Cloud with massive user base (?)
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