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Uniform API across 4 Languages

Python Julia Matlab C++
import numpy as np using Pkg ppmc = py.importlib.import_module('PyPartMC'); #include "PyPartMC.hpp"
Pkg.add("PyCall") si = py.importlib.import _module('PyPartMC').si; #include "PyPartMC/st.hpp"
import PyPartMC as ppmc
from PyPartMC import si using PyCall aero_data = ppmc.AeroData(py.tuple({ ... auto aero_data = std::make_shared<AeroData>(json({
ppmc = pyimport ("PyPartMC") py.dict(pyargs("0C", py.tuple({1000 * si.kg/si.m”3, 0, 1le-3 * { {"oC", {1000.0 * si::kg / (si::m * si::m * si::m), 0.0, 1le-3 *
aero_data = ppmc.AeroData(( si = ppmc["si"] si.kg/si.mol, 0.001, 0, 0}))), ... si::kg / si::mol, 0.001, 0.0, 0.0}} 1},
# [density, ions in solution, molecular weight, kappa, abifm_m, py.dict(pyargs("BC", py.tuple({1800 * si.kg/si.m"3, 0, le-3 * { {"BC", {1800.0 * si::kg / (si::m * si::m * si::m), 0.0, le-3 *
abifm_c] aero_data = ppmc.AeroData(( si.kg/si.mol, 0, 0, 0}))) ... si::kg / si::mol, 0.0, 0.0, 0.0}} }
{"0C": [1000 *si.kg/si.m**3, 0, le-3 *si.kg/si.mol, 0.001, O, 0]}, # (density, ions in solution, molecular weight, kappa, abifm_m, 1); );
{"BC": [1800 *si.kg/si.m**3, 0, le-3 *si.kg/si.mol, O, O , 0]}, abifm_c)
)) Dict("0C"=>(1000 * si.kg/si.m~3, 0, le-3 * si.kg/si.mol, 0.001, 0, 0)), aero_dist = ppmc.AeroDist(aero_data, py.tuple({ ... auto aero_dist = AeroDist(
Dict("BC"=>(1800 * si.kg/si.m~3, 0, 1le-3 * si.kg/si.mol, O, 0, 0)) py.dict(pyargs( ... aero_data,
aero_dist = ppmc.AeroDist( )) "cooking", py.dict(pyargs( ... ordered_json: :array({
aero_data, "mass_frac", py.tuple({py.dict(pyargs("0C", py.tuple({1})))}), ... ordered_json: :object ({
[{ aero_dist = ppmc.AeroDist(aero_data, ( "diam_type", "geometric", ... {"cooking", {
"cooking": { Dict( "mode_type", "log normal", ... {"mass_frac", ordered_json::array({
"mass frac": [{"OC": [1]}], "cooking" => Dict( "num conc", 3200 / si.cm"3, ... ordered_json::object ({{"0C", {1.0}}}) }) },
"diam_type": "geometric", "mass frac" => (Dict("0OC" => (1,)),), "geom mean diam", 8.64 * si.nm, ... {"diam_type", "geometric"},
"mode_type": "log normal", "diam_type" => '"geometric", "loglO_geom_std_dev", .28 ... {"mode_type", "log normal"},
"num_conc": 3200 / si.cmx*3, "mode_type" => "log normal", )), ... {"num_conc", 3200.0 / (si::cm * si::cm * si::cm)},
"geom mean diam": 8.64 * si.nm, "num_conc" => 3200 / si.cm”3, "diesel", py.dict(pyargs( ... {"geom mean diam", 8.64 * si::nm},
"loglO_geom_std_dev": 0.28, "geom mean_diam" => 8.64 * si.nm, "mass_frac", py.tuple({ ... {"logl0_geom_std_dev", 0.28}
}, "logl0_geom_std_dev" => .28, py.dict(pyargs("0C", py.tuple({.3}))), ... 1},
"diesel": { ), py.dict(pyargs("BC", py.tuple({.7}))), ... {"diesel", {
"mass frac": [{"OC": [0.3]}, {"BC": [0.7]1}], "diesel" => Dict( P, ... {"mass frac", ordered_json::array({
"diam_ type": "geometric", "mass_frac" => (Dict("0C" => (.3,)), Dict("BC" => (.7,))), "diam_ type", "geometric", ... ordered_json: :object ({{"0C", {0.3}}}),
"mode_type": "log_normal", "diam_type" => '"geometric", "mode_type", "log_normal", ... ordered_json: :object ({{"BC", {0.7}}}) }) 1},
"num_conc": 2900 / si.cmx*3, "mode_type" => "log normal", "num conc", 2900 / si.cm"3, ... {"diam_type", "geometric"},
"geom mean_diam": 50 * si.nm, "num_conc" => 2900 / si.cm”3, "geom _mean_diam", 50 * si.nm, ... {"mode_type", "log normal"},
"loglO_geom_std_dev": 0.24, "geom mean_diam" => 50 * si.nm, "loglO_geom_std_dev", .24 ... {"num_conc", 2900.0 / (si::cm * si::cm * si::cm)},
+ "loglO_geom_std_dev" => .24, )) ... {"geom mean diam", 50.0 * si::nm},
1, ) )) ... {"logl0_geom_std_dev", 0.24}
) ), 1) 1}
)) 1))
n_part = 100 n_part = 100; 1)
aero_state = ppmc.AeroState(aero_data, n_part, "nummass source") n_part = 100 aero_state = ppmc.AeroState(aero_data, n_part, "nummass_source"); );
aero_state.dist_sample(aero_dist) aero_state = ppmc.AeroState(aero_data, n_part, '"nummass source'") aero_state.dist_sample(aero_dist);
print(np.dot(aero_state.masses(), aero_state.num_concs), "# kg/m3") aero_state.dist_sample(aero_dist) masses = cell(aero_state.masses()); int n_part = 100;
print (aero_state.masses() 'aero_state.num _concs, "# kg/m3") num_concs = cell(aero_state.num_concs); auto aero_s = AeroState(aero_data, n_part, "nummass source');
fprintf('%g # kg/m3\n', dot([masses{:}], [num_concs{:}])) AeroState: :dist_sample(aero_s, aero dist, 1.0, 0.0, true, true);

auto masses = AeroState::masses(aero_s, {}, {});
auto num_concs = AeroState::num concs(aero_s);
double total mass = std::inner_product(std::begin(num_concs),

What are PypartMC and PartMC? nanObind std: :end(num_concs), std::begin(masses), 0.0);

std::cout << std::scientific << total mass << " # kg/m3\n";

PartMC is a particle-resolved Monte Carlo model for atmospheric e nanobind is a library used to cre- Project Architecture
aerosol dynamics, providing highly detailed simulations of aerosol nanespacel bl = nanobind; ate C++ to Python bindings. It is
processes. It is being developed at University of lllinois Urbana- 3 T By S ) . ' sia Ve Pybor
: - a successor to pybind11, created
Champaign for more than 20 years now. PartMC works as an exe- , Temme by the same author
cutable binary, completely controlled by outside configuration text ' , , /
files. https:/doi.org/10.1080/02/86826.201/.1311988 Str“:ﬁd?f’ftfing i The | A SRl Numy
’ e library works as a very con- _ -
‘ MR ) G venient and efficient wrapper ey
——] Pa rtMC ) B over the standard Python C API renobin geerate
}; (Python.h), with a very minimal -

PyPartMC is a modern, Pythonic interface to PartMC. It enables B HODOLE Sy elod e, e bartave boilerplate. \‘PP MJCC
researchers to leverage the scientific Python ecosystem (NumPy, example with nanobind"; -
SciPy, pandas, Jupyter) for setup, execution, and analysis of PartMC n.def ("add", add, "Add two imtegers"); nanobind also enables you to . B
simulations, drastically improving accessibility and workflow effi- Gl e (. s, e write your own type casters. e f
ciency. The package is being developed by teams at University of ) We have used that to create )
llinois Urbana-Champaign and AGH University of Krakéw. Con- e = casters for std::valarray and s
trary to PartMC, it serves as a library for building your own software. X e tl::optional to avoid rewriting
It is callable from Python, C++, and also Julia and Matlab through significant portions of the code-
their respective Python bridges. Listing 3. "Hello World” example in base. e

nanobind / \\

e Pxpg r! Mg nanobind_json \

PyPartMC uses JSONs inter- CAMP e

#include <nlohmann/json.hpp> é K\\\\\\\\\\\\\\\
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Garbage Collection with RAII Maintaining Submodules

Python (GC) C++ (PMCResource) Fortran Bridge Fortran Core PyPartMC objects live across different languages. C++ and For- PyPartMC makes use of a lot dependen-
N tran do not have a garbage collector like Python. To maintain cies, all of which are part of the reposi-

g oo memory safety, we use a thin RAIl wrapper on the C++ side tory through the Git submodule mech-

- Figure 2: C++ (PMCResource) to maintain a garbage-collector-like behavior. anism. To ensure maintainability, we use

s o aper Dependabot to automatically track and

Smaten Seeutor the lfecycle of PMCResource Wraps every Fortran object pointer. It also holds update submodules, guaranteeing that

Oblect out of scope /¢l ngégg.heap pointers to a "constructor” and "destructor” functions of said ob- our Fortran, C and C++ dependencies

Ldore ject. When Python GC deletes an object, nanobind will auto- stay secure and up-to-date without man-

deallocate(ype § matically call the underlying C++ object’s destructor, which in ual intervention. In case of a new version

Figure 3. Dependabot logo

turn will call the saved dtor function of the Fortran object. of a submodule, Dependabot will create

a PR bumping the version.

Python (GC) C++ (PMCResource)

Fortran Bridge Fortran Core
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