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Overview

| 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, ... | 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

=3 GEG / templates / python-template / Merge requests / !3

merge ‘develop’ into bare ‘'main’ to provide review opportunity

[ESRVEEEE) cbaker requested to merge develop (3} into main 1week ago

Overview @)  Commits Pipelines Changes Al

&0 F0 ©

8~ Approved by .

%o Merged by @ jblaume 1 week ago Revert  Cherry-pick

Merge details
« Changes merged into main with 1c39bee2.
« Did not delete the source branch.

Activity Allactivity v 1=

* cbaker requested review from (@cbaker 1 week ago

* cbaker marked this merge request as draft 1 week ago

¢ cbaker changed the description 1 week ago
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https://gitlab.ethz.ch/geg/templates/python-template/-/merge_requests/3

Collaborative Coding

cbaker @cbaker started a thread on the diff 1 week ago
Resolved 1 week ago by jblaume

- peer review is the most effective way to . Colapse repts

ensure high quality code! S

9 *.py[cod]

- GitLab Merge Requests or GitHub Pull D) ek osarar 1wesk g

What is the [cod] doing? I've never seen this.

Requests are effective ways of creating a P — o s

*.py[cod] is a shorter way of saying *.pyc, *.pyo,and *.pyd . Thought is's useful to include

windows too ( *.pyd ), if | remember correct not everyone is using a Mac right?

persistent record of peer review comments

Edited 1 week ago by jblaume

and responses cbaker @cbaker ERD)

Excellent! Thanks for showing me this!
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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)

== GEG / templates / python-template
P python-template ©
¥ main v python-template /|  + v

Merge branch 'ci/setup-gitlab-pipeline' into 'main’ ' e*
jblaume authored 3 days ago

Name Last commit

3 hooks feat(ci): & add gitlab pipeline tem...

Find file Edit v

2d025abé [ History

Last update

3 days ago
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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
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https://docs.astral.sh/ruff/
https://gitlab.ethz.ch/geg/templates/python-template

Code Quality — FormATTING

» this code block shows a line that is too long
and has all the function args crammed
together

ript that demonstrates y po formatted code is hard to rea
import
.runner import
runner_base = (input_file= (__file__).parent / "flexible_SF_manual.yml",no_save=
runner = runner_base.clone()
runner.start()
lcoe = runner.tango.workflow.economic._results["LCOE"]
runner2 = runner_base.clone()
runner2.tango.specs["injection_well"]["diameter"] *= 1.1
runner2.update_parameters()
runner2.start()

lcoe2 = runner2.tango.workflow.economic._results["LCOE"]

ert lcoe != lcoe2

scripts/bad_formatting.py

,Log_level="NONE",}]

ol

1 1sel 7:112
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https://docs.astral.sh/ruff/
https://gitlab.ethz.ch/geg/templates/python-template

. . . .
..@" AL
. . .
° oo’ %oqe® %0,0®

Code Quality — FormATTING

[
Dcb:my-package/ (exp/geg-meetingx) $ git commit -am 'feat: script that demonstrates sloppy formatting'
ruff (legacy alias) Failed
--> scripts/bad_formatting.py:7:111
|
[

from tango.runner import Runner

runner_base = Runner(input_file=Path(__file__).parent / "flexible_SF_manual.yml" no_save=True,log_level="NONE",)

runner = runner_base.clone()
runner.start(Q)

|
|
|
|
|
|
|

Found 1 error.

ruff format Failed

« when we commit in our python-template repo,

1 file reformatted

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

Code Quality — FormATTING

« when we commit in our python-template repo,

the commit fails and ruff fixes the
formatting

cript that demonstrates why poorly fo tted code is hard to read"""
See https:// readthedocs.io/en/stable/running_mypy.html#missing-imports
from lib import

EV'UW .runner 'meu!'t

runner_base =
input_fil (__file__).parent / "flexible_SF_manual.yml",
no_save= ,
log_level="NONE",

Dl

runner = runner_base.clone()

runner.start()

lcoe = runner.tango.workflow.economic._results["LCOE"]

runner2 = runner_base.clone()

runner2.tango.specs["injection_well"]["diameter"] *= 1.1
runner?.update_parameters()
runner?2.start()
lcoe2 = runner2.tango.workflow.economic._results["LCOE"]
Name: (null)

ert lcoe != lcoe2 Profile: (null)
Command: None

scripts/bad_formatting.py 1 1sel 5:1
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https://docs.astral.sh/ruff/
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

Code Quality — FormATTING

bcb:my-package/ (exp/geg-meetingx) $ git commit -am 'feat: script that demonstrates sloppy formatting'
ruff (legacy alias)

ruff format

trim trailing whitespace

fix end of files

check yaml

check for added large files

don't commit to branch

[exp/geg-meeting edef4c3] feat: script that demonstrates sloppy formatting
1 file changed, 23 insertions(+)

create mode 100644 scripts/bad_formatting.py

« 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

Code Quality @ @®::

Code Quality — Tvre CHEcKiING

- 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/0
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https://mypy-lang.org/

Code Quality @ @®

Code Quality — Tvre CHEcKiING

@abstractmethod
solve_flow( , conditions):
pass

DE

, params):

depth = params["depth"]

- this code block shows poorly typed class and dimeter = parans[tioneter”]

.viscosity = params["viscosity"]
.roughness = params["roughness"]

fu nCtion dEﬁ n itions solve_flow( , conditions):

Solve for mass flow rate given inlet and outlet pressures.

[ ]
Args:
conditions: dict with... some keys? check the implementation I guess
Returns:
dict with... something in it? run it and see
[ ]

p_inlet = conditi ["p_inlet"]
p_outlet = conditions["p_outlet"]
fluid_density = conditions["density"]
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https://mypy-lang.org/
https://gitlab.ethz.ch/geg/examples/ngeo-demo/-/blob/exp/geg-meeting/src/my_package/bad_typing.py?ref_type=heads

Code Quality @@®
Code Quality — Tvre CHEcKiING

cb:my-package/ (exp/geg-meeting) $ uv run mypy src/my_package/bad_typing.py

src/my_package/bad_typing.py:1 Function is missing a type annotation [no-untyped-def]
src/my_package/bad_typing. 3 0 Function is missing a type annotation [no-untyped-def]
src/my_package/bad_typing.py:29: r: Function is missing a type annotation [no-untyped-def]
src/my_package/bad_typing.py:62: error: Call to untyped function "Wellbore" typed context [no-untyped-call]
src/my_package/bad_typing.py:69: or: Call to untyped function "solve_flow" in typed context [no-untyped-call]
src/my_package/bad_typing. : or: Function is missing a type annotation [no-untyped-def]

src/rny package/bad typ1ng4 :82: Function is missing a type annotation [no-untyped-def]

this is the mypy output with - -strict
enabled in pyproject.toml
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https://mypy-lang.org/

Code Quality @ @®

Code Quality — Tvre CHEcKiING

@dataclass

[ ] b ndary conditions for a flow solve
p_inlet_pa: f t
p_outlet_pa:
| fluid_density_kg m3:

@dataclass

L ult:
"Result of a flow solve."""
mass_flow_rate_kg_s

(B |
Istr base for lbore/pipe flow solvers.
Any subclass needs at minimum these geometric and fluid properties.
Pydantic enforc and validators at ¢ truction time u find
out immediately if u sed depth in mm instead of m, not at hour 3
L4 of a debugging session.

depth_m: float iel , descriptio 11lbore/pipe length [m]")
diameter_m: float i , gt=0, description="Inner diamet [m]™)
viscosity_pa_s: (..., gt=0, description="Dynamic viscosity [Pa-s]")
roughness_m

default=5e-5,

ge=0,
° description="Absolute wall roughness [m], default ercial steel"
b
@field_validator("diameter_m")
@classmethod
diameter_must_be_plausible(cls, v: at) ->
"""Verifi at diameter is within reasonable range"""
i v & il
. raise L (f"D ter {v} m s implausible for a wellbore — check units")
- this code block shows strongly typed cl
IS code DIOCK SNOWS Stron ed ClasSsS

@abstractmethod
solve_flow( , conditions: FlowBCs) -> Fl Lt:
: ompute mass flow rate from inlet/outlet boundary conditions

and function definitions
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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

At NREL, | used the following principles in

developing models of physical systems:

- input files, code objects, module structure,
and physical systems should have

approximate congruence

‘speed_soc_disch_bu

‘speed_soc_fc_on_buffer

b A
¥//

speod_soc_regen_buffer /. /7/
¥

e
¥

2021_Hyundai_Sonata_Hybrid_Blue_tht

ca_sholL .t o W_sam K 0172
oo ol W_sam 150225
et pctarel o 0075

length_m: 3.262 | width_m: 1.86

state: { soc: 0.50003 } | save_interval: 1

pwr_out_max_watts: 2000000.0
pwr_ramp_lag_seconds: 1.1
—L_”
energy_capacity_joules: 16014240000
pwr_out_max_watts: 112000.0
pwr_ramp_lag_seconds: 6.1

—.
pwr._idl_fuel_watts: 001 save._interval: 1

to_set_K: 205.1R\ te_deadband.

p_W_pdil k: 489.345

1:36.78 | pwr_i.

pwr_thrmi_

frac_of_ideg)_cop: 0.0778

heat_source: FueiConverter

K:05

pwr_aux_for_hvac_max_W: 8000.0
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https://unlimited.ethz.ch/spaces/GEG/pages/441420866/TAN+Code+Diagrams#TAN%3ACodeDiagrams-ModelHierarchy

Systems Modeling Architecture

At NREL, | used the following principles in
developing models of physical systems:

[ ]
new(value: T) -> Self {

1f(value, Default::default())

is_fresh( ) > | {
.1.is_fresh(Q)

is_stale( D) >
.1.is_stale(Q)

« state variables should be stored in containers

and locked to ensure updates once and only e fresh s 10 >
.is_freshQ),
once per time step *\state variable s

locO

D)
J;
0k
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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/ . , , ,
o . live demo in fastsim showing:
deserialization (e.g. yaml, json, _ .
* round-trip equality
messagepack) .
. , - yaml, json, and messagepack performance
« provable round-trip equality

* easier to store recoverable, human-readable

code objects
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000005:

Assessing Performance

- code profiling is a great way to check for e

This script was created for debuggging but also serves as an example of how to run Tango via script

bott | e n ec kS ! from p lib import

. from .runner import R

* I n t a n g 0 - C O re' I ra n u V r u n pyt h 0 n - m input_file = Path(__file__).parent / "flexible_SF_manual.yml"

. mnniev:;giiiiieﬂ nputfﬁle ,

cProfile -o output.prof examples/
loé_levelz"NONE "

. D)

run_flexible SF manual.py rumer = rne.ase.clone)

lcoe =‘runner.tango.workﬂow.economic._results[”LCOE”]

° then I ran snakeviz Output . prOf (after runner2 = runner_base.cloneQ

runner2.tango.specs["injection_well"]["diameter"] *= 1.1

brew install snakeviz) to generate an Ao

lcoe2 = runner2.tango.workflow.economic._results["LCOE"]

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

000005:

Assessing Performance

- code profiling is a great way to check for e

This script was created for debuggging but also serves as an example of how to run Tango via script

bott | e n ec kS ! from p lib import

. from .runner import R

* I n t a n g 0 - C O re' I ra n u V r u n pyt h 0 n - m input_file = Path(__file__).parent / "flexible_SF_manual.yml"

. mnniev:;giiiiieﬂ nputfﬁle ,

cProfile -o output.prof examples/
loé_levelz"NONE "

. D)

run_flexible SF manual.py rumer = rne.ase.clone)

lcoe =‘runner.tango.workﬂow.economic._results[”LCOE”]

° then I ran snakeviz Output . prOf (after runner2 = runner_base.cloneQ

runner2.tango.specs["injection_well"]["diameter"] *= 1.1

brew install snakeviz) to generate an Ao

lcoe2 = runner2.tango.workflow.economic._results["LCOE"]

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

000005:

Assessing Performance

- code profiling is a great way to check for
b Ott | e n e C k S ! 'u"-"exib'e_SF_T:;usaprn (<module>)

* in tango-core,lranuv run python -m

cProfile -o output.prof examples/ S

run_flexible SF manual.py

- then | ran snakeviz output.prof (after oo

brew install snakeviz)to generate an
interactive graphic
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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 0 00000 ®

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 reqularly. live demo Showing performance boost in Rust

in FASTSIm

» you have more than 1,000 lines of code

> |ots 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
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