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NAS Parallel Benchmarks (NPB):BT-MZ

Set of programs derived from CFD applications to evaluate performance of
parallel systems

Problem sizes are pre-defined and are indicated as 'Classes’
BT : Block Tri-diagonal solver

MZ : Multi-Zone

Programming language : Fortran90

Parallel paradigms : MPI, OpenMP

For further details : https://www.nas.nasa.gov/software/npb.html
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NPB/BT-MZ : what does it do?

B Solves discretized versions of the unsteady, compressible Navier-Stokes
equations in three spatial dimensions

Operates on multiple structured discretization meshes (zones)

B Overall mesh is partitioned such that the sizes of the zones span a
significant range (uneven tiling)

B Exchange of boundary values between zones takes place after each time
step
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BT-MZ : configuration

version : 3.4.4

Parallelization : MPI + OpenMP
Class: C

Mesh : 480 x 320 x 28

Time steps : 200

Number of MPI ranks : 16
Number of OpenMP threads : 6

Venkata Ayyalasomayajula 50t VI-HPS Tuning Workshop, GWDG 6/15



Introduction to NPB BT-MZ : Configuration BT-MZ : Building on Emmy BT-MZ : Running on Emmy Final thoughts
[e]e] [e]e] @000 000 [e]e]

Outline

BT-MZ : Building on Emmy

Venkata Ayyalasomayajula 50t VI-HPS Tuning Workshop, GWDG 7/15



Introduction to NPB BT-MZ : Configuration BT-MZ : Building on Emmy BT-MZ : Running on Emmy Final thoughts
Oe00

BT-MZ : Building on Emmy

B Login to Emmy-P3 :
ssh -X ul2345@glogin-p3.hpc.gwdg.de

M Replace 'ul2345’ with the User ID allotted to you under the project
'VI-HPS Tuning Workshop (08/2026)’

B Source files located at :
$PROJECT/training_materials/NPB3.4-MZ-MPI-vi_hps.tar.gz

Venkata Ayyalasomayajula 50t VI-HPS Tuning Workshop, GWDG 8/15



Introduction to NPB BT-MZ : Configuration BT-MZ : Building on Emmy BT-MZ : Running on Emmy Final thoughts
ooeo

BT-MZ : Building on Emmy

tar -xf NPB3.4-MZ-MPI-vi_hps.tar.gz

cd NPB3.4-MZ-MPI

module load gcc/14.2.0 openmpi/4.1.7

make bt-mz CLASS=C

The built executable can be found in the /bin directory

To modify compiler/linker flags : /config/make.def
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BT-MZ : make.def

# FC - Fortran compiler
# FFLAGS - Fortran compilation arguments

FC = mpif90 # gcc
#FC = mpiifx # intel

FFLAGS = -03 -fopenmp # gcc

#FFLAGS = -03 -qgopenmp # intel

Note: feel free to add more compiler flags to further 'tune
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BT-MZ : Running on Emmy

B Before instrumenting the code using any performance tool, first measure a
reference run

Why? : to gauge instrumentation overhead

How? : sbatch jobscript_ref.sh

Use the reservation : vi-hps-tuning

preconfigured to use either gcc or intel

export SRUN_CPUS_PER_TASK=$SLURM_CPUS_PER_TASK
» srun doesn’t inherit from SLURM_CPUS_PER_TASK (anymore)

export NPB_MZ_BLOAD=0

» disables load balancing across threads
» Removes the limit for max. threads that can be used on each process
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BT-MZ : Example run

B Open the stdout file : bt-mz-ref.o<job_id>
NAS Parallel Benchmarks (NPB3.4-MZ MPI+OpenMP) - BT-MZ Benchmark

Number of zones: 16 x 16

Total mesh size: 480 x 320 x 28
Iterations: 200 dt: 0.000100
Number of active processes: 16

12.20
16

Time in seconds
Total processes
Total threads = 96
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Final thoughts

I Never execute your jobs on the Login node

B Use the workspace mechanism for the best performance of your
applications

May not be evident on 'small’ problem sizes

Perform experiments with different parameters and benchmark classes
B Most importantly - Have fun :)
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