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Overview
• Motivation

• OpenMP and MPI in Jupyter Notebooks

• Goals of our performance tool

• Case study: Developing compression algorithms

• Summary
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Why integrate performance analysis?
• We teach parallel programming and code performance

• Performance tools are difficult to use for beginners

• Manual analysis is time-consuming

Integrating performance analysis saves time and effort
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Related work

https://github.com/score-p/scorep_jupyter_kernel_python
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Quickstart (from README)
1. Download archive from 

2. Extract archive and cd

3. Run prebuilt image (or build from Dockerfile)

https://fernuni-hagen.sciebo.de/s/
mwRMDXht2TshHx8

docker run ‐‐rm ‐‐name xeus ‐p 8888:8888 ‐v "$(pwd):/home/jovyan/materials:Z" \1

‐it docker.io/fuhagen/xeus:2024‐09‐062
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Goals of our performance tool
• Support 3 analysis types:

1. Timing: Test scalability

2. Profiling: Find expensive functions and load imbalances

3. Tracing: See synchronization behavior

• Use compiled code only

• Use comments to mark code regions

• The results are visualized inside JupyterLab
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How to run a timing analysis?
• Given: A working C++ notebook

1. Create a main method using only comments

2. Add placeholder for the problem size, and add timing sections

During analysis the int n line becomes int n = atoi(argv[1]);

3. Start GUI from the menu bar

// start_main1

...2

// end_main3

// start_main1

...2

int n = 0;3

// start_mysection4

...5

// end_mysection6

// end_main7
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Source code replacements
Marker Replacement Analysis

// start_main int main(...){ all

// end_main return 0;} all

// start_mysection it depends on exec. model* Timing

// end_mysection it depends on exec. model* Timing

// pause_recording SCOREP_RECORDING_OFF(); Prof./Trac. (opt.)

// continue_recording SCOREP_RECORDING_ON(); Prof./Trac. (opt.)

*Possible replacements for // start_mysection:

t_start_{marker}_{count} = MPI_Wtime(); // for "mpi"1

t_start_{marker}_{count} = omp_get_wtime(); // for "openmp"2

clock_gettime(CLOCK_MONOTONIC, &start); // for "serial"3
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How to run a timing analysis?
C++ API

Python API

#include <performance.hpp>1

performance p{"/home/jovyan/materials/notebooks/edupar/Pi_EduPar.ipynb"};2

display::lazy_image im;3

im = p.display_timing({1, 2, 4, 8}, {32, 64}, 10, "‐O3", true);4

im5

import performance.wf_timing.main1

from pathlib import Path2

plot_path, plot, plots_list, df = performance.wf_timing.main.main( \3

    Path("/home/jovyan/materials/notebooks/edupar/Pi_EduPar.ipynb"), "", \4

    [1,2,4,8], [32,64], 10, "‐O3", True)5

plot6
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The automated process

Timing Profiling/Tracing

Generate compilable C/C++ file

Add timing functions and cycle through
problem sizes and execution units

Compile code with instrumentation

Compile code and run benchmarks

Collect and visualize results

Run instrumented application
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Case study: Developing compression
algorithms
• Idea: Change memory layout of floats before compression

(Google’s )

• Next week: Results @  in Ingolstadt

• Now: Demo

snappy library

PARS-Workshop 2024
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Summary
• C++ development and performance analysis is possible in

JupyterLab

• It’s easy to add new tools or analysis types
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GUI screenshot
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