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 ◌◌◌◌◌◌◌

Overview

I will talk about things I learned from leading multiple teams to successfully develop scientific/

engineering software that is used by Google Maps, BNSF Railway, Wabtec (#1 US locomotive 

manufacturer), Toyota, Ford, Hyundai, ... I will also incorporate new concepts that we’ve 

implemented for the nGEO project.

This presentation was prepared with typst (source code), a new markup-based typesetting system 

for the sciences. It is designed to be an alternative both to advanced tools like LaTeX and simpler 

tools like Word and Google Docs. The goal of Typst is to build a typesetting tool that is highly 

capable and a pleasure to use.
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https://www.nlr.gov/news/detail/program/2021/google-taps-nrel-expertise-to-incorporate-energy-optimization-into-google-maps-route-guidance
https://typst.app/
https://gitlab.ethz.ch/cbaker/geg-meeting-nrel-learnings


⊛◌◌◌◌◌◌

Collaborative Coding

• peer review is the most effective way to 

ensure high quality code!

• GitLab Merge Requests or GitHub Pull 

Requests are effective ways of creating a 

persistent record of peer review comments 

and responses
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https://gitlab.ethz.ch/geg/templates/python-template/-/merge_requests/3
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●⊛◌◌◌◌◌

Creating a New Python Project

• the GEG Group maintains a cookiecutter python template on 

ETH-hosted GitLab, which provides a python project folder 

with reasonable, modifiable defaults for:

‣ dependencies

‣ testing

‣ data pipelines

‣ git hooks

• create a new Python project with the command uvx --from 

cookiecutter cookiecutter git@gitlab.ethz.ch:geg/

templates/package-template.git (see README.md for 

other prerequisites)
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https://github.com/cookiecutter/cookiecutter
https://gitlab.ethz.ch/geg/templates/python-template/-/blob/main/README.md?ref_type=heads#prerequisites
https://gitlab.ethz.ch/geg/templates/python-template/-/blob/main/README.md?ref_type=heads#prerequisites
https://gitlab.ethz.ch/geg/templates/python-template/


●●⊛◌◌◌◌

Code Quality — Formatting

• code formatting and linting checks (e.g. with 

ruff) make it easier for reviewers (and 

yourself!) to read code

• this code block shows a line that is too long 

and has all the function args crammed 

together

• when we commit in our python-template repo, 

the commit fails and ruff fixes the 

formatting
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https://docs.astral.sh/ruff/
https://gitlab.ethz.ch/geg/templates/python-template
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https://gitlab.ethz.ch/geg/templates/python-template
https://gitlab.ethz.ch/geg/examples/ngeo-demo/-/blob/exp/geg-meeting/scripts/bad_formatting.py?ref_type=heads
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Code Quality ●●⊛◌◌◌◌

Code Quality — Type Checking

• type checking (e.g. with mypy) improves 

robustness, make it easier for other 

developers to contribute, makes it easier for 

users to understand expected attributes and 

function I/O

• this code block shows poorly typed class and 

function definitions

• this is the mypy output with --strict 

enabled in pyproject.toml

• this code block shows strongly typed class 

and function definitions

RSE Tips 5/11

https://mypy-lang.org/
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https://mypy-lang.org/
https://gitlab.ethz.ch/geg/examples/ngeo-demo/-/blob/exp/geg-meeting/src/my_package/good_typing.py?ref_type=heads


●●●⊛◌◌◌

Systems Modeling Architecture

At NREL, I used the following principles in 

developing models of physical systems:

• input files, code objects, module structure, 

and physical systems should have 

approximate congruence

• state variables should be stored in containers 

and locked to ensure updates once and only 

once per time step

RSE Tips 6/11

https://unlimited.ethz.ch/spaces/GEG/pages/441420866/TAN+Code+Diagrams#TAN%3ACodeDiagrams-ModelHierarchy
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https://github.com/NatLabRockies/fastsim/blob/fastsim-3/fastsim-core/src/utils/tracked_state.rs


●●●●⊛◌◌

Serialization/Deserialization

• by following the previously mentioned 

congruence principal, one is able to easily 

use off-the-shelf solutions for serialization/

deserialization (e.g. yaml, json, 

messagepack)

• provable round-trip equality

• easier to store recoverable, human-readable 

code objects

live demo in fastsim showing:

• round-trip equality

• yaml, json, and messagepack performance
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●●●●●⊛◌

Assessing Performance

• code profiling is a great way to check for 

bottlenecks!

• in tango-core, I ran uv run python -m 

cProfile -o output.prof examples/

run_flexible_SF_manual.py

• then I ran snakeviz output.prof (after 

brew install snakeviz) to generate an 

interactive graphic
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https://gitlab.ethz.ch/geg/tango-projects/tango-core/-/blob/develop/examples/run_flexible_SF_manual.py?ref_type=heads


●●●●●⊛◌

Assessing Performance

• code profiling is a great way to check for 

bottlenecks!

• in tango-core, I ran uv run python -m 

cProfile -o output.prof examples/

run_flexible_SF_manual.py

• then I ran snakeviz output.prof (after 

brew install snakeviz) to generate an 

interactive graphic

RSE Tips 8/11

https://gitlab.ethz.ch/geg/tango-projects/tango-core/-/blob/develop/examples/run_flexible_SF_manual.py?ref_type=heads


●●●●●⊛◌

Assessing Performance

• code profiling is a great way to check for 

bottlenecks!

• in tango-core, I ran uv run python -m 

cProfile -o output.prof examples/

run_flexible_SF_manual.py

• then I ran snakeviz output.prof (after 

brew install snakeviz) to generate an 

interactive graphic

RSE Tips 8/11



●●●●●●⊛

Rust Programming language

Rust is a compiled language that:

• has a de facto compiler

• has a de facto package manager

• has great documentation

• has built in memory safety

• is, in my experience, relatively easy for python devs to learn

• is fun!
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https://crates.io/
https://doc.rust-lang.org/book/


Rust Programming language ●●●●●●⊛

Using Rust Under the Hood for Python

Oxidize (Rust nerd jargon for port to Rust) your code when:

• robustness is important

‣ your code will need to be persistent longer than a few months. 

Python tends to break when you don’t actively touch it regularly.

‣ you have more than 1,000 lines of code

‣ lots of other people will be using your code

‣ the compiler verifies that all code in a rust package (aka 

“crate”) is valid

• your code needs to be performant

live demo showing performance boost in Rust 

in FASTSim
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