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Introduction  
HPL is the benchmark used to rank system in the Top500 list. While a few documents already exist on 

running HPL on other platforms, none exists for Windows Server. The purpose of this document is 

not to describe how to build the HPL application (this is left to the reader), but more on how to run it 

on Windows HPC Server 2008, and how to choose and compute the main input parameters. After a 

quick presentation of the required input parameters and the most important ones, the companion 

Excel workbook is presented. This workbook contains all the computation required to define the 

problem size and the number of blocks parameters of the HPL input file, and gives the user a way of 

managing all the input and results of a HPL benchmark campaign. 

Sanity checks of the cluster  
As HPL performance is limited by the slowest node, it is important to do some sanity checks before 

starting to run massive jobs. Two areas have to be checked: the latency and the network bandwidth. 

For those two tests you can use the famous Pallas pingpong test between 2 nodes.  

The Pallas pingpong test output will give you results for both Latency and Bandwidth. 

HPL input parameters  
HPL parameters are stored in the hpl.dat file located in the executable directory;a sample file is 

shown below. 
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Figure 1 - hpl.dat 

There are twenty-nine input parameters that can be used and tuned for HPL and they are all 

explained here http://www.netlib.org/benchmark/hpl/tuning.html and later in the document. For a 

quick start we will focus on the first 4 main parameters and keep default values for the others. For 

the purposes of easier management and analysis we will not use the multiple parameter capabilities 

that are allowed by the input parameters. 

N, NB, P and Q parameters  
The Linpack NxN benchmark computes the solution of a linear system of equations A.x = b, where A 

is a dense NxN random matrix, and x and b are vectors of size N. Matrix A is first factorized in place 

as the product A= L.U, where L and U represent lower and upper triangular matrices. For numerical 

stability the factorization algorithm uses row partial pivoting. The solution x is then found in two 

successive triangular solve steps, L.z=b and finally U.x=z. The factorization requires (2/3)*N3 floating 

point operations, and the two triangular solves account for N2 floating 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 to the HPL executable 

before you start to page. This implies that you need to minimize the operating system to its minimal 

memory footprint. 

Assuming that the size of the Linpack matrix is 8*N² bytes, then on each compute node the usual rule 

is to leave more or less 20% of the memory for the system, N can be chosen with the following 

formula : ὔ=  0,8 ὔzόάὔέὨὩί ὓzὩάέὶώὖὩὶὔέὨὩ

8
 

If N is too high then the system will start to page and the performance will drop; if N is too low then 

you can be better. This formula computes an estimate of the best N value to use, before using it you 

should start with a lower value of N/2 or N/4. 

http://www.netlib.org/benchmark/hpl/tuning.html
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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 have find a good value for NB, then 2*i*NB should gives best values. NB and N are 

linked so try to have ὔ άέὨ ὔὄ= 0 to avoid remainder computations. 

P and Q are linked to the number of process used by this formula : ὖ  zὗ =  ὔόάὦὩὶὕὪὖὶέὧὩίίὩί 

In our case of running HPL with MPI on the cluster one process is launched per core, so ὖ ὗz=

ὔὦὅέὶὩί. A rule of thumb is to have Q > P and  eventually ὗ =  2 ὖz or ὖ= ὗ 

The HPL matrix N*N is distributed onto a two dimensional P*Q grid of processes and then divided 

into subgroups of NB*NB tiles. LU factorization is done by a loop of 
ὔ

ὔὄ
 iterations. Data related to the 

ith iteration are presented in Figure 2, D is the ith block of the main diagonal; L, U and T are the 

current part of the lower, upper and trailer matrices. 

 

Figure 2 - Data Pattern 

Using the Excel HPL workbook  
To help in computing and managing the HPL parameters LΩǾŜ ŎǊŜŀǘŜŘ ŀƴ 9ȄŎŜƭ ǿƻǊƪōƻƻƪ ŎƻƳǇŀƴƛƻƴ 

that contains two worksheet, one to help in the sizing, the other to manage the HPL jobs.  

The Sizing worksheet  
The first worksheet to look at ƛǎ ǘƘŜ Ψ{ƛȊƛƴƎΩ that is presented below. This worksheet allows you to 

compute the N and NB input parameters based on your cluster configuration. Four steps have to be 

followed as explained below. 
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Figure 3 - HPL Sizing 

Step 1 ς Enter the cluster configuration 

Enter the number of cores per node, 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 per clock is 2 for the Opteron, 2 for the Xeon, 4 for Xeon dual-cores, and 4 for 

Xeon Quad-cores. 

In the screeshot above we have nodes with 2 quad-cores Xeon at 3Ghz and 16 GB of memory. 

This first step computes the maximum GFlops per core and per node. 

Step 2 ς 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 same as that explained above and assumes that 80% of the node memory will be allocated to 

the HPL processes. 

In the screenshot above we have 256 nodes. 

Step 3 ς Chose a value for the number of blocks 

9ƴǘŜǊ ƘŜǊŜ ǘƘŜ ƴǳƳōŜǊ ƻŦ ōƭƻŎƪǎ ǳǎŜŘ ǘƻ ǎǇƭƛǘ ǘƘŜ ǇǊƻōƭŜƳ ǎƛȊŜΦ ¢ƘŜ Ψ.Ŝǎǘ bΩ ǾŀƭǳŜ ƛǎ ŎƻƳǇǳǘŜŘ ǘƻ 

have ὔ άέὨ ὔὄ =  0Φ ΨCŀǎǘ bΩ ƛǎ ƘŀƭŦ Ψ.Ŝǎǘ bΩΦ 


