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Introduction

HPLis the benchmark used to rank system in the Top500 list. Velider documents already exist on
runningHPLon other platforms, none exists for Windows Serviére purpose of this document is

not to describe how to build thelPLapplication (this is left to the reader), but more bow to runit

on Windows HPC Served@3,andhow to choose and compute the main input parametekiter a
quick presentation of the required input parameters and the most important ones, the companion
Excel workbook is presented. $hiorkbook contains all the computation required to defthe
problem size and the number of blocks parameters oftftinput file, and gives the user a way of
managing all the input and results ofLbenchmark campaign.

Sanity checks of the cluster

AsHPLperformanceislimited bythe slowest node, it is iportant to do some sanity checks before
startingto run massive jobs. Two areas have to be cleeckhe latency and the network bandwidth.
For those two tests you can use the famous Paliagpongtest between 2 nodes.

The Pallas pingpong test output lgive you results fapoth Latency and Bandwidth.

HPL input parameters
HPLparameters are stored in the hpl.dat file located in the executable direagampl€ile is
shownbelow.
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| hpl_12-06-2007_11_14_59.dat - Notepad SNICE X
File Edit Format WView Help
HPLinpack benchmark input file
Innovative Computing Laboratory, university of Tennessee
HPL. out output file name (if any)

6 device out (6=stdout,7=stderr,file)
1 # of problems sizes (N)
24080 Ns
1 # of NBs
80 NBs
0 PMAP process mapping (0=Row-,1=Column-major)
1 # of process grids %P x Q) (1xN works best on Eth hub)
2 Ps
7 Qs
16.00 threshold
1 # of panel fact
1 PFACTs (0=left, 1=Crout, 2=Right)
1 # of recursive stopping criterium
4 MBMINs (>= 1)
1 # of panels in recursion
2 NDIVS
1 # of recursive panel fact.
2 RFACTs (0=left, 1=Crout, 2=Right)
1 # of broadcast
0 BCASTs (0=1rg,1=1rM,2=2rg,3=2rM,4=Lng,5=LnM)
1 # of lookahead depth
0 DEPTHs (>=0)
2 SwaP (O=bin-exch,l1=Tong, 2=mix)}
80 swapping threshold
0 L1 in (O=transposed,l=no-transposed) form
0 U in (O=transposed,l=no-transposed) form
1 Equilibration (0=no,l=yes)
8 memory alignment in double (> 0)
h

Figurel - hpl.dat

Thereare twenty-nine input parameters that can be used and tuned ftfPLand they are all

explained heréhttp://www.netlib.org/benchmark/hpl/tuning.htmland later in the document.df a

quick start we wi focuson the first 4 main parameters and keep default values for the others.

the purposes okasier management and analysis we will not use the multiple parameter capabilities
that are allowed by the input parameters.

N,NB, P and Qparameters

TheLinpack NxNMenchmark computes the solution of a linear system of equathrs= h whereA
is a dense NxN random matrix, axedndb are vectors of size N. Matrixis first factorized in place
as the producA= L.l whereLandU represent lower and upgr triangular matrices. For numerical
stability the factorization algorithm uses rquartial pivoting. The solutiox is then found in two
successive triangular solve stehsz=band finallyU.x=z The factorization requires (2/3)*Mloating
point operaions, and the two triangular solves account férfiNating point operations each; as N
increases, the factorization phase dominates the computation time.

N is driven by the maximum amount of memory that your system can deliver telfthexecutable
beforeyou start topage This implieshat you needo minimize the operating system to its minimal
memory footprint.

Assuming that the size of the Linpack matrix is@ies then on each compute node the usual rule
is to leave more or less 20% of timemory for the system, N can be chosen with the following
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formula :0 =

If N is too high then the systewill start to pageand the performancevill drop; if N is too low then
you can be betterThis formula computgan estimateof the best N value to use, before using it you
should start with a lower value of N/2 or N/4.
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For NB you should start with a value of 40 or 32 as a starting point, then NB has to be the highest as

possible. Once you ha¥iad a good value for NB, then 2*i*NB should gives best vaNBsand N are
linked so try to havéd & £€QU0 6 = 0 to avoidremaindercomputations.

P and Q are linked to the number of process used by this formula D = 0§ 6& 62 6"Di a2 i'Q

In our case of runninglPLwith MPI on the cluster one process is launched per cord 2 § =
0 a®£1 Q. A rule of thumb is to have Q > P and eventually 220 or0 = 0

TheHPLmatrix NN is distributed onto a two dimensionat ® grid of processes and then divided
into subgroups of NB\B tiles. LU factorization is done by a IooBLl_oefterations. Data related to the

i iteration are presented ifrigure2, D is the'f block of the main diagonal; L, U and T are the
current part of the lower, upper and trailer matrices.

Figure2 - Data Pattern

Using the Excel HPL workbook
To help in computing and managing tHelparametesL Q @S ONBI SR |y 9EOST
that contains two worksheet, one to help in the sizing, the other to managé&ifPigobs.

The Sizing worksheet

The first worksheet to looktA & (i K Shatispresenteyd Befow. This worksheet alle you to
compute the N and NB input parameters bds® your cluster configuration. Four steps have to be
followed as explainedelow.
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Figure3 - HPLSizing
Step 1¢ Enter the cluster configuration

Enter the number of cores p@&ode, the clock speed in Ghz, the memory per node in GB and the
number of flop per cycle delivered by the processor.

The number of flops perlockis 2 for the Opteron, 2 for the Xeon, 4 for Xeon e@les, and 4 for
Xeon Quaetores.

In the screeshot ab@/we have nodes with 2 qdacores Xeon at 3Ghz and 16 GB of memory.
This first step computgthe maximum GFlops per core and per node.
Step 2¢ Set the number of nodes

Set the number of nodes for which you want to compute the N value. The formula used to compute
N is the samasthat explained above andssumeghat 80% of the node memory will be allocated to
the HPLprocesses.

In the screenshot above we have 256 nodes.

Step 3¢ Chose a value for the number of bk
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