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Current Trends in Programming

*+22% projected growth in programming jobs over next decade
*Development, QA, Analysis, Testing

Popular Programming Language Trends
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https://youtu.be/Og847HVwRSI
https://youtu.be/Og847HVwRSI

Overview

« Motivations and Metrics for Open-Source
« Algebraic Modeling Languages

« Data-Driven Modeling Languages

« Speed of Innovation

« Future of Open-Source Tools



Motivations and Metrics for Open-Source

« Motivations
* Sometimes required by sponsoring agency
 Spread development burden, “mind share”
* Transparency of results

my latest ideas

* Building a community

« Metrics
 |nstall Rate, Q+A Forum Posts, Citations

 Latest Release, Documentation
e OS Support, GitHub Insights my latest ideas
 Ease of installation

* Extensibility and scalability



Algebraic Modeling Languages — GitHub Metrics
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History of Pyomo
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N ovomo
»“DAE

First release in 2008 as the Coopr software
library

Rebranded as Pyomo around 2011
Moved to GitHub in mid-2016

Pyomo supports a wide range of problem
types, including:

e LP, QP NLP, MILP, MIQP, MINLP

 SP, GDP, DAE, Bilevel, MPEC

Distributed on pypi.org, anaconda.org, and
GitHub



IDAES Integrated Platform

ALAMO

a black-box modeling tool
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Optimization software ecosystem

Power Systems

Process Systems

Water Systems
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Benchmark: Temperature Control Hardware
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http://prismweb.groups.et.byu.net/360/

Application: Drilling Automation




Data-Driven Modeling Languages
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Data-Driven Applications

* Automatic
' Language
Translation
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Combined Architectures

Model Type Execution Interval

Steady state  Linear Weeks/Months
: ! |
Dynamic Lme:f\r.
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Physics-Informed, Data-Driven Modeling

*Option 1: Physics-Based Simulator Provides Data for ML

*Option 2: Adjust Parameters in Physics-Based Simulator to Fit Data

@ |

*Option 3: Physics-Based Model + ML for Residual Error

@— | = W

*Option 4: Hybrid Physics-Based and ML Modeling




Speed of Innovation

+ New chat

& Dark mode

@ OpenAl Discord

% Updates & FAQ

[ Logout

o]

https

//chat.openai.com/c

O
Examples

“Explain quantum computing in
simple terms" —

“Got any creative ideas for a 10
year old's birthday?" —

"How do | make an HTTP request

in Javascript?* —

ChatGPT

%

Capabilities

Remembers what user said
earlier in the conversation

Allows user to provide follow-up
corrections

Trained to decline inappropriate
requests

A

Limitations

May occasionally generate
incorrect information

May occasionally produce
harmful instructions or biased
content

Limited knowledge of world and
events after 2021




Future of Open-Source Tools — What’s Next

Model Predective Control
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Physics Informed Neural Network (PINN)
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Physics-Informed, Data-Driven Modeling

* Market * Economics
* Demand * Reliability
* Supply * Efficiency
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Gunnell, L., Manwaring, K., Lu, X., Reynolds, J., Vienna, J., Hedengren, ].D., Machine

Learning with Gradient-based Optimization of Nuclear Waste Vitrification with
e nS 0 r OW Uncertainties and Constraints, Processes, 10(11), 2365, Nov 2022, DOI:
10.3390/pr10112365.



Future of Open-Source Tools — What’s Needed

- Long term support and maintenance
. Stakeholder/project funding dictates priorities

- Understand development process for the open source tools you rely on
- Support and coordination of upstream and downstream dependencies
- Community involvement (bug reports/fixes, feature development, etc.)

- Wider adoption of software engineering practices O
- Lots of free infrastructure for open source GitHub
- Encourage students to get involved in open source

- Recognition of code and software contributions Azreipeiines f

. Interoperability of existing tools
- Blending of data-driven and equation-based methods
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