
NEMO performance tool 

Introduction 
The proposed tool will be integrated within the NEMO model and it will allow the user to 
compare the computational performance of different versions of the code. The tool tests the 
computational behavior of a specific version of the model at different resolutions on a target 
architecture and produces as output a csv file that can be easily post-processed to extract 
needed information. 

Test case(s) 
The starting point for the design of the solution has been the BENCH [1] configuration, already 
part of the test cases available within the NEMO package, developed to measure the model 
performance. It allows us to (i) easily simulate the behaviour of the ORCA family configurations 
and (ii) activate/deactivate the different components such as biogeochemistry and ice, with or 
without using/producing input/output files, depending on the need to test the XIOS 
performance. Also the periodicity can be tested, with the advantage to analyse the model 
performance when the North Pole folding is activated. Finally, land-only subdomains can be 
excluded when real configurations are executed with the BENCH test, simply providing the 
input files. For all these reasons, it will be used as the reference test case for the development 
of the performance automatic tool.  
Anyway, the BENCH configuration cannot be used as is by the NEMO developers/users and 
it needs some adaptations. 
In details, the BENCH configuration now uses the following files: 

● the sh_bench, a bash script that takes as input the resolution of the model (chosen 
among the available ORCA family like 1°, 1/4° e 1/12°), the minimum and the maximum 
number of cores for the model execution. Intermediate runs depend on the number of 
cores per node on the target machine. The model can be launched on one of the 
machines listed and configured in the script, so that the script has to be updated 
whenever a new machine is added. 

● the submit_bench, a second bash script called by the first one for each simulation. It 
creates and configures the execution directory for each run and submits the model. 
The submit_bench file creates a specific run script for the target machine depending 
on the job scheduler. The submit_bench script has to be updated if a new machine has 
to be added too 

● the best_jpni_jpnj_eorca_<resolution>, three files (one for each resolution) containing 
the optimal parallel domain decompositions when changing the number of cores for 
model execution. The criteria to select the optimal decomposition is the minimisation 
of the domain size, in terms of number of grid points 

● the namelist_cfg_orca<resolution>_like, three namelists, one for each model 
resolution 

● the namelist_ref that allows us, among the other things, to activate/deactivate the HPC 
optimisations (i.e. tiling, extra-halo, neighbouring and North folding collective 
communications) 



● the namelists for the available other components (i.e. ICE and PISCES) 
● the cpp_BENCH.fcm file containing the keys to activate additional components (ICE 

and Biogeochemistry), XIOS and the loop fusion HPC optimisation. 
 
Some of these files are ready to be used on different machines, while some others need to be 
updated by the final user, impacting on both the portability and the usability of the test case.   
Moreover, the current NEMO BENCH configuration cannot be launched through the sette.sh 
script. 
The designed solution will replace both the sh_bench and the submit_bench by a new script 
called perte.sh built starting from the sette_reference-configurations.sh, so very familiar to the 
final user. The batch-template files, already included in the SETTE package, will be used to 
automatically create the run_script for the target machine. The perte.sh will run the model with 
the three resolutions (1, 1/4°, 1/12°). For each resolution, a set of experiments will be executed 
by increasing the number of cores starting from a minimum value to a maximum one. The step 
increase is done by the number of cores per node on the target architecture and the three 
parameters (minimum and maximum number of cores and cores/node) will be defined by the 
user within the perte.sh. Each experiment outputs will be stored in the NEMO_VALIDATION 
dir of the experiment itself. However, a csv file (perte_report_csv) containing a set of 
performance metrics will be written by the perte.sh script after the model execution and could 
be easily ingested in a database that can be used to track the performance changes with 
different versions of NEMO and architectures. 
 

Metrics 
Another aspect to take into consideration is related to the current performance metrics 
provided by the NEMO code after its execution. Two files reporting information about the 
model performance are provided: the timing.output and the communication_report.txt files. 
The timing.output file includes the following info: 

● the total time for each simulation time step. The analysis of this metric allows us to 
estimate the impact of the I/O operations that are usually performed at predefined time 
steps 

● the average time (computed on all the parallel processes) needed for executing the 
routines where the timing function is hard-coded activated 

● the time spent by the root process (usually the slowest) for executing each routine 
● the aggregate time spent for computation and communications by each process.  

Communications performed by the lbc_lnk routine, that implements the halo update, 
are separately considered by the collective ones, except for the neighbouring 
collectives used to perform the halo exchange. No synchronization among the parallel 
processes is implemented when the time spent in communication is monitored, so that 
some load unbalance effect could wrongly impact on the communication time. 
However, synchronization should be introduced to correctly evaluate time spent in 
communication and computation. 
 

The communication_report.txt file reports about the number of communications executed 
during the run, about their nature (p2p or collectives) and the calling routine. This information 



is really useful for developers during the optimization activity, while information reported in the 
timing.output file gives an idea of the model behaviour on a target machine. 
Some of these metrics will be maintained in the integrated tool, others will be synthesized 
and/or aggregated. Others will be added, such as: 

● the I/O time that especially impacts on some time steps (depending on the I/O 
activation and the writing frequency) 

● the memory footprint, monitored without instrumenting the model but using libraries, 
system calls or shell command lines, depending on the level of invasiveness we prefer 
to implement; it will be monitored when the run is starting, in the middle of simulation 
(avoiding IO time step), in the middle of simulation (considering IO time step), at the 
end of the simulation 

● the energy consumption, that requires to be treated separately: the hardware 
performance counters can be used to evaluate the energy usage of the job. Some 
feasible solutions have been performed in task 3 of the IS-ENES3 WP4 project. 

The final output will be a csv file that can be easily analysed and integrated in different 
contexts. The output file reports information about: 

● the HPC system where the model has been executed (usually the compiler prefix used 
to identify the arch_file in the SETTE package) 

● the NEMO version (i.e. the gitlab revision number) 
● the model resolution (i.e. ORCA1, ORCA025, ORCA12) 
● the number of parallel processes (number of cores used to execute the experiment) 
● the date of the experiment execution 
● the activated components as list of the compilation keys 
● the time spent to execute the fastest time step, called the minimum time step 
● the time spent to execute the lowest time step, called the maximum time step 
● the average time on all the time steps 
● the list of the average times spent in the monitored routine 
● the average I/O time computed as aggregation of the time spent in IOM routines from 

the previous list 
● the list of routines calling p2p communications and the number of calls for each routine 

(extracted from the communication_report.txt file) 
● the list of routines calling collective communications and the number of calls for each 

routine 
● the three values for the memory footprint (init, medium, final) 
● the energy consumption (in joules) stored in the hardware performance counters and 

extracted through RAPL on Intel architectures. 
 

Bibliography 
[1] Improving ocean modeling software NEMO 4.0 benchmarking and communication 
efficiency (Irrmann, G., Masson, S., Maisonnave, É., Guibert, D. and Raffin, E.), In 
Geoscientific Model Development, volume 15, 2022. 


