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M otlvation

— Evaluate, Compare, Characterize platforms

— NCHC Application
° Suite

— (CPU Memory,...) SPEC,
STREAM,...

— HPL, HINT,...
— NPB,MM5,TPC,...



HPC Challenge Benchmar k
Suite

— DARPA HPCS (Defense Advanced Research Projects
Agency, High Productivity Computing Systems,
http://www.highproductivity.org)

To Augment HPL (Top500 List)
2010 Procurements

Simplify codes to catch application area in Spatial
and Temporal locality.



HPC Challenge Benchmar k
Suite Components

—IPI_ Scenarios
DGEMM »Loca

_ e Embarrassingly Parallel
-FT . Global

STREAM

Random Access » One Executing File
DTRANS » Based on the largest

) off HPL matrix




High-Performance Linpack
Benchmark(HPL)

esolving the system of equations

* LU factorization with partial pivoting

the operation count for the algorithm must be 2/3
n"3 + O(n"™2) floating point operations

http://www.netlib.org/benchmark/hpl/

HPL - A Portable Implementation of the High- r\ Innovative Computing Laboratory
HPL Performance Linpack Benchmark for Distributed-
BLAS Memory Computers

W

Version 1.0a &, Petitet, B. C. Whalev, ], Dongarra, 4. Cleary January 20, 2004 # Accesses




HPL Algorlthm
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HPCC Software

e FFT
— One dimensional Discrete Fourier Transform

iy

'J'T_ B
A%—Zﬂe "mo 1< k<m

— Operation Count IS 5mlog, m

STREAM
— Measure sustainable Memory Bandwidth in GB/s
COPY: ¢ — a ADD: ¢ — a+b

SCALE: b — oc

° Random AcceSS TRIAD: a «— b+ o c

— Measure the rate of integer updates to random locations in GUPS
— The MPI version generates the updating sequence locally and then
distributes it using all-to-all collective communication.

x— f(x) fix~—(x&a;); a;j—pseudo-random sequence

o £, gFm i, ve — T



Benchmark for Massage Passing on HPCC

e PTRANS
— Parallel Matrix Transpose, in GB/s

— Exercises the communications where pairs of processors exchange large

messages simultaneous.
— Test of thetotal communications capacity of the system interconnect.

e Db eff

— Ping Pong
« Maximal Latency in u s, Minima Bandwidth in GB/s
» 8bytesfor Latency, 2MB for Bandwidth

— Ring
* Processor Order
— Naturally model orders the processor in the ranks of
MPI_COMM_WORLD
— Randomly model is used the geometric mean of 10 different
Randomly Chosen Ordering
» Takethe best in the following MPI Implement

— MPI Standard non-blocking receive and send
—  Twin ~Aalleta NMMDI andrays for bath Airocti ane

A—AT LB



| nstallation of HPCC

 Download thisbenchmark suite
— hpcce-1.0.0.tar.gz on http://icl.cs.utk.edu/hpcc/

o Setup

— unpack (eg, tar —zxvf hpcc-1.0.0.tar.gz )
— Create afile Make.<arch> in the hpl directory, such as

Make.Gnu_ATLAS ( setup )
MPdir = MPI directories
LAdir = /work/chou/ATLAS/Iib/Linux_PAESSE2
LAINC =
LAIlib =-L$(LAdir) -Icblasatlas
HPL OPTS =-DHPL _CALL_CBLAS
CC = /opt/mpich/gnu/bin/mpicc

 Generatetheexecutingfile

— Return the top-level directory, type "make arch=<arch>" , such as,
make arch=Gnu_ATLAS , and then one obtain the executing file,
called “hpcc” inthisdirectory.
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|nput Filetor HPCC
 hpccinf.txt

40000 Ns

1 # of NBs

88 NBs

0 PM AP process mapping (0=Row-,1=Column-major)
1 # of process grids (P x Q)

4 Ps

4 Qs

16.0 threshold
1  #of panel fact
2  PFACTSs (O=left, 1=Crout, 2=Right

#HHAHE Thisline (no. 32) isignored (it serves as a separator). #HHHHH

0 Number of additional problem sizesfor PTRANS
1200 10000 30000 valuesof N
0 number of additional blocking sizesfor PTRANS

4098131320163264 values of NB
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Output Filefor HPCC

 hpccoutf.txt

RFACT : Crout
BCAST : lringM
DEPTH : 1
SWAP : Mix (threshold = 64)
L1 :trangposed form
U  :transposed form
EQUIL :vyes
ALIGN : 8 double precision words
Ti me G| ops
877.09 4. 865e+01
= 0.0195192 ...... PASSED
= 0.0178475 ...... PASSED
= 0. 0035047 ...... PASSED

40000
NB 88
PMAP : Row-major process mapping
P 4
Q : 4
PFACT : Right
TV N NB
WR11C2R4 40000 88
||Am-b||_oo / g eps * |A|‘_1
Ax-b| | _oo / eps * Al 1
| | Ax-b]| _oo / ( eps * || A]l|_oo
gin of StarRandomAccess section.
in table size = 2726 = 67108864
mber of updates = 268435456

U time used = 74.%20000 seconds
al time used = 75.050249 seconds
003576743 Billion(109) Updates

de{s) with error 0

nimum GUP/s 0.003510
erage GUP/s 0.003557
Ximum GUP/s 0.003577

per second [GUP/s]
und 0 errors in 67108864 locations (passed).

MPI_Wtick=9.999999e-07
HPL_Tflops=0.0486484

HPL _time=877.09
HPL_eps=1.11022e-16
HPL_Rnorml=8.77558e-10
HPL_Anorm1=10123.8
HPL_Anorml=10096.4
HPL_Xnorm1=43746.6
HPL_Xnorml=5.58446

rrent time (1150139847) is Tue Jun 13 03:17:27 2006
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Analysison HPCC Results

e Globa Merit

— G-HPL, G-PTRANS, G-Random
Access, G-FFTE, G-

STREAM,...

i Trlsd

a
 Per Processor Merit
glﬂ;ﬁt; - singie 1E§ *STREAM RandomAccess Latency Bandwidth
g ‘ ingle ing |Random Ping Random Matura
Copy | Scale Add Triad Copy | Scale Add Triad CPU = MPI Max. Ring Min. Ring Ring
SystemPracs | TRepfs | GB/s GBfs | GBfs. | GBfs | GB/s GEfs GBfs | GB/s GBf= | Gup/s | Gupfs | Gupfs | usec user GB/s GE/(s GB/fs
| | ] | | | r | . S e S | | | !
Source://icl.cs.utk.edu/hpcc/ - |
i G-STREA STREAM EP Ring Ring
System Information G-HPL | G-PTRANS| Access E = Triad Triad | EEMM |Bandwidth| Latency
Syatem - Procassor Spoed  Cownt Tds Proc | TFlopie GBis cupe || GFiopal| GBe GBis | GFlopia | B et
Tay K13 LMD GpLeron ACAz . oW S0 L FEREL | W EE LDEOE: o0 1395 | 0.146a0 i
Cray mfegs X1E 1.13GHz 248 1 248 33883 BE.01 1.85475 -1 3809 132233 13.564 0.230&6 14.58
Cray XT3 AMD Opteron 26GHzZ 4036 1 4036 | 169752 302.373 05353072 5T 20656.5 o043 4. 782 0.16856 J.d4
HEC 8X-T B.552GHz 32 16 2 02174 1634 D.0DTE 1.34 9843 432161 | 140636 514753 4 85
HEC 8X-8is 5X-8 HEHZ B 1 B D38 25183 D.020TES 313 3706 61.773 15.544 13.5473 J.02
IBM pEerias 655 POWET 4= 1.7GHz 256 4 64 1.0744 3.7 0.0D5503 10486 41T 6433 17.57T3 0.72355 B34
PathScals Inc. AMD Dptaron 2 6GHZ 32 1 32 01258 6713 | DLO03EY g 10350 R 1343 4,197 4775 026531 131
L] [ [ [ ¥
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Kiviat diagram on different networks

HFC Challenge Benchrark

Benchmarks normalize to the show ihe highest performance with a value of 1

FF=HFL
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S i

Hos
PP=FTRANS .~

- RandonRing Latency

'—RandonACCEss | I\ i i i
Y

1
Y
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Y
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PP-FFTE
-“h-““--

SH-5TREAH Triad

i EandonEing Bandwidth

3H-DGEHH

B PowsrEdge 2680 Clustsr Irntel ¥eon - 2.4 GHz - 32 procs -
O PowsrEdge 2650 Cluster Intel ¥eon - 2.4 GHz - 32 procs
[0 PowsrEdge 2650 Cluster Intel ¥eon - 2.4 GHr - 32 procsz o
O PowsrEdge 2650 Cluster Intel Xeon - 2.4 GHz - 32 procs

Source :http://icl.cs.utk.edu/hpcc/

= InfiniBand
SCI
Myrinet
GigE

1.

RandomRing Bandwidth
InfiniBand has significantly
greater bandwidth than
other technologies
RandomRing Latency
InfiniBand and SCI have
significantly lower latencies
than other technologies
STREAM. DGEMM. and HPL
Interconnect technology
doesn’t matter

STREAM and DGEMM have
communications

HPL scales well with respec
to communications
RandomAccess
Interconnect technology do
matter! Latency sensitive
PTRANS and FFTE
Interconnect technology dos
matter Bandwidth sensitive
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Case Study

System CPU*32 BLAS network Compiler
Cray XIMSP  0.8GHz UM ‘;"Z’ MP Libscis.2 MPT2.4 2D Torus Prg Env 5.3
SUPER-UX Mathkeisan
NEC SX-7 0.55 GHz 13.1 130 Sx 7.06
: Intel MKL 7,2
. [tanium 2
SGI Altix 1 6GHz SGI ProPack DGEMM, SGI MPT1.12 - Intel 9.0
' SCSL 1.5.1.1
AMD Opteron Goto PathScale MPI -
PathScale 2 6GHz Fedora Core 3 Opt64r0.99 10 InfiniPath 1.0 PathScale EKO v.2.2
: G : EP- . ! Randomly Ring !
G HPL: G- Rendom G-FFT stream Ebw  ZO0CONTY 00
System {PTRANS 5 cocs | L Sys - BW | Latency,

-------------------------------------------------------------------------------------------------

'GFLOPS; GB/s Mup/s: GFLOPS: GBY/s : GFLOPS; GB/s: M'S

Cray XIMSP 277 3266 166 | 296 | 476 | 264 T 141 | 1494
 NECSX-7 | 262 14359 078 696 | 873 | 241 | 496 | 1415 |
SGIAltix | 147 | 605 660 748 | 64 | 192 | 152 | 3.26

————————————————————————————————————————————————————————————————————————————————

" PathScale | 126 | 6.72 30.37! 1035 | 134 | 153 ' 027 | 131 |
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HPC Challenge Benchnark

Eenchmarks normalize to the show the highest performance with a value of 1

PP=HPL
AL

PP-PTRANS ..~ oTTess

RandonEing Latency

PP=-RandonAccess I: {

PP-FFTE

SN-STREAH Triad

} :IRandunRing Banduwidth

SH-DGEHH

1 thread/MPI procesz (32 - NAA - 03-15-2005

EINEC S5%-7 - 32 procs - 0.552 GHz
1 thread/MPI process (32 - non - 03-24-2006

Ecray ¥1  MSP - 32 procs - 0.8 GHz

BsGI Altix 3700 Bx2 Intel Itanium 2 — 32 procs - 1.6 GHz

LlPathScale, Inc. Customer Benchmark Cluster AMO Opteron - 52 procs - 2.6 GHz
1 thread/HPI process (32) - InfiniPath 1.0 - O7-19-2005

1 thread/HPI process (32) - Cray modified 2-0 Torus - 11-22-2004

| Y A 1 " | 1 " yi
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R, and Efficiency

Peak G-HPL Efficiency (flops/cycle) x GHz x procs

System GFLOPS GFLOPS %

Cray X1 MSP 409.60 277 68 16 x 0.8 x 32
NEC SX-7 28256 262 93 16 x 0.552 x 32
SGI Altix 204.80 147 72 4 x 16 x 32
PathScale 16640 126 76 2 X 26 % 32

System EP-DGEMM Efficiency
GFLOPS %
Cray X1 MSP 264 64
NEC SX-7 241 85
SGI Altix 192 94

PathScale 153 92
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Summar y

 HPL isthe Linpack toward peak
performance benchmark. [Jack J. Dongarral
— The benchmark is affected only slightly by

cache size, memory speed and network
performance. [Dr. Pase]

 The HPC Challenge Benchmark Suite

— This benchmark test suite stresses not only the
Processor, but Memory system and the
Interconnect. [Jack J. Dongarra]
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