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MUSICA Simulation Overview

MUSICA allows users to simulate chemical reactions in the atmosphere
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Motivations:

e Incomplete documentation — limited user base )¢
e Gaps in support resources — complex use cases X

e Poor user knowledge outside the development team )¢

MUSICA/MusicBox needs

Improved user guidance

Objectives:
1. Clear and accessible documentation
2. Interactive tutorials with added performance features

3. A method for user engagement




/ Enhance Documentation

e “Essentials” getting started guide
e Detailed user guide

e Python API reference

e Contributing guide
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Build Tutorials Jupyter
MusicBox essentials
Multiple grid cells

Latin hypercube sampling

Machine learning with Scikit-learn




MusicBox Essentials

d User Guide APIReference Contributing Citing MusicBox

1. Downloading MusicBox

Introducing the user to MusicBox

To install MusicBox onto your device, run
pip install acom-music-box

Note: Installing MusicBox will automatically install MUSICA, a required dependency of
MusicBox that is used throughout this tutorial.

Defining the species (chemicals), their phases

2. Importing MusicBox

(gas), reactions, and the mechanism

To import your newly-downloaded MusicBox into a Python file, as well as some other

libraries so that this demo can run:

acom_music_box MusicBox, Conditions
musica.mechanism_configuration as mc
matplotlib.pyplot as plt

Creating and solving the box model
3. Defining a System

In MusicBox, a system is defined by a mechanism that includes:

« a set of species and their 1 , and

 a set of reactions that the species participate in.

Interactive
notebook

view In
browser

http://bit.ly/4AnOMb6T

https://bit.ly/41ZSFOZ




MusicBox Details: Overriding Mechanisms and Loading Box Models

e Overwriting an old mechanism with a new one

Old mechanism New mechanism
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e Importing custom box model configurations
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e Overwriting a mechanism replaces the entire

chemical system:
Interactive

o species, conditions, simulation parameters
notebook

https://bit.ly/3IDBlek




MusicBox Details: Machine Learning with Scikit-learn

Getting started User Guide ) AP| Reference Contributing More ¥

A& > Tutorials > Machine...

Machine Learning in MusicBox

While MusicBox does not support machine learning directly, it is possible to feed in the
model's output to a learner to create a generalized machine learning (ML) model. Machine
learning involves the development of statistical algorithms that learn from existing data so
that the model can be generalized to new data. This tutorial will go through a very basic
example of running a simulation with the data being passed into a linear regression model
as well as a random forest model. Do note that both of the models that will be created are

toy models and do not represent real-life situtations.

1. Importing Libraries

Below is a list of the required libraries for this tutorial:

sklearn.model_selection train_test_split
sklearn.metrics root_mean_squared_error
sklearn.linear_model LinearRegression
sklearn.ensemble RandomForestRegressor
sklearn.preprocessing MinMaxScaler
acom_music_box MusicBox, Examples

matplotlib.pyplot as plt
numpy as np
pandas as pd

N CAttinaiin AanA CAlhsina tha Cuntana

view In

T http://bit.ly/3GQ5tYQ

Splitting the data into training and testing data

Normalizing the concentrations

Fitting, predicting, and evaluating with a linear

regression and a random forest model

Visualizing the predicted and actual

concentration curves

interactive

notebook https://bit.ly/4m3Lx2U




MusicBox & MUSICA Details: GPU Solver

Getting started User Guide AP| Reference Contributing More

A > Tutorials > Enabling...

e Creating a new Conda GPU environment

Enabling Your GPU for a Solver in
MusicBox

This tutorial will show you to use utilize a GPU for your MusicBox work. However, this . V 'f H -th -t G P U H 1 I bl -t

tutorial will not cover how to efficiently use a GPU through parallelization; it will simply B e rl yl n g a a IS aval a e O ru n O n
introduce getting a GPU set up to run your code. Note: This tutorial requires you to have a

Linux GPU-ready environment handy, such as a supercomputing node; it will fail otherwise.

1. Creating a GPU Virtual Environment

Running code on a GPU requires a different install protocol when setting up a virtual . R u n n i ng an d Visu aI iZi n g a baSiC Si m u Iat i O n

environment. To do so, run these commands in your terminal:

conda create --name music_box_gpu python=3.9

conda activate music_box_gpu

pip install --upgrade setuptools pip wheel

pip install nvidia-pyindex

pip install acom_music_box

pip install musicalgpul

conda install ipykernel scikit-learn seaborn scipy dask

2. Importing MusicBox

view Iin . Interactive
browser http://bit.ly/3GDZVRS8 notebook

https://bit.ly/4IPhpt0




Documentation: APl Reference and Contributing Guide

Getting started User Guide Tutorials APl Reference Contributing More ~

A > APIReference

API Reference

This documentation describes the Python API for MusicBox. For detailed information on the

chemistry-related objects and reaction definitions used in MusicBox via MUSICA, see the

musica.mechanism_configuration

MusicBox

acom_music_box.music_box module

MusicBox

MusicBox.add_evolving_condition()

MusicBox.loadJson()

MusicBox.load_mechanism()

MusicBox.solve()
acom_music_box.conditions module
Conditions
Conditions.from_config()

Conditions.read_data_values_from_table()

Conditions.read_initial_conditions_from_file()

Conditions.retrieve_initial_conditions_from_JSON()

acom_music_box.evolving_conditions module

EvolvingConditions

view in
browser

http://bit.ly/3l1aCAXC

User Guide API Reference

#A > Contributing

Contributing

The code for MusicBox is hosted on . For any proposed changes (bug fixes, new features,
documentation updates, etc.), please start by opening an e describing your request or planned
contribution.

Creating a development environment

To contribute to MusicBox and test changes locally, we recommend making a environment:

git clone https://github.com/NCAR/music-box

cd music-box

conda create ——name musicbox python=<minimum-3.9> --yes
conda activate musicbox

After the GitHub repository is cloned and the virtual environment made, MusicBox should be built and
installed with an ediable installation:

pip install -e .

Testing with continuous integration

MusicBox uses GitHub Actions to automatically test and validate changes whenever a pull request is
opened. A pull request will be considered for merging when it passes all tests in the test suite,
indicated by a green checkmark.

view in
browser

http://bit.ly/3GkBeZK



MUSICA Details: Multiple Grid Cells and Hypercube Sampling

Defining each of the grid cells both manually

Multiple Grid Cell Calculations

Thus far, this user guide has focused on box model examples in MUSICA, where the solver treats a
single, well-mixed air mass. However, the Solver object in MUSICA includes an important attribute:
number_of_grid_cells. This attribute specifies the number of independent, well-mixed air masses

and through Latin Hypercube Sampling (LHS)

(grid cells) whose chemical systems will be solved simultaneously by the same numerical solver.

Here, we will demonstrate how to set up and solve a multi-grid-cell chemical system in MUSICA,
building on the concepts introduced in the earlier box model examples. The following libraries will

= S e Running the solver through every grid cell

Contents:

e Plotting the concentration averages, ranges, and

confidence intervals of all the grid cells

Built with the

interactive
notebook

view in

oroweor  HEPH/bitly/41l0DKI7

https://bit.ly/3TMvJ9k




MUSICA Details: User-Defined Reactions

Defining the UserDefined, Emission, and

User-defined reactions with LHS sampled parameters

- 95% Cl over 100 grid cells Min-max range FirstOrderLOSS reaction classes
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e The initial conditions and reaction rates are both

randomized with LHS
Interactive

o Leads to a high variability between grid cells notebook

https://bit.ly/46hOnPy




MUSICA Details: Multiple Grid Cells and Parallelization with Dask

10k Grid Cell Performance 100k Grid Cell Performance
1 workers

e Parallelizing the solving of multiple-grid cells

e Local and PBSCluster implementations

Run Time (s)

e Batches grid cells due to low individual cost

o

"Batch Size 3 “Batch Size o 20x performance improvement optimizing
10k grid cells

1

e Scaling tests performed on Derecho
e Parallelization recommended for > 10k grid cells

o at least 4 workers interactive

notebook

https://bit.ly/4lJBWIA

o batch size > 100 cells at a time




Community Forum
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Welcome to musica Discussions!

& Announcements - K20shores

Q isiopen ° Sort by: Latest activity ~ Label ~ Filter: Open ~

Categories Va Discussions
IUJ Vo, » 1 Split utilities into separate files
¢ oo
/A Announcements mattldawson started on Aug 14, 2024 in Ideas
General
T P Define constants for fortran numeric types
eas : enhancement ‘ (J1:2
i Polls K20shores started on Jun 5, 2024 in Ideas
Jo QA )
1 » Version 0.1.0 Oo
Show.and tell mattidawson announced on Dec 19, 2022 in Announcements
Most helpful oy 4 Welcome to musica Discussions! Py oo

K20shores announced on Dec 12, 2022 in Announcements
Be sure to mark someone’s comment as an answer if it

helps you resolve your question — they deserve the

credit! o

[ Community guidelines
[4 ncar.github.io/musica

&2 Community insights

MUSICA and MusicBox encourage the use of the community forums for:
e Q&A

e Discussions



Scientists at the Indian Institute of Tropical Meteorology are utilizing the tutorials to help
students integrate MUSICA into their work

Improved docs encouraged ACOM scientists to adopt MUSICA/MusicBox for their own projects

Laid the groundwork for building a machine learning emulator, a key MUSICA goal
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Summary and Acknowledgements

MUSICA and MusicBox systems have been enhanced with:
e Detailed documentation & interactive tutorial notebooks

e Additional performance features for multi-grid cell calculations
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