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\ - =
) ' '
. ™ - % V) ! 1B P
By A ke - e A~ = A - _‘> . ] :
g ™ .5 2 & ; N
€ ot © s Ve T > >
A > ~ - ~ 3 - > r
p A . = . i
.
N o
W 5 = '
£ § ) 3 -

Prof. Alexander Dowling pgthon "

adowling@nd.edu dowlinglab.nd.edu

pandas I_|||_||’ AN M
Department of Chemical and Biomolecular Engineering —a

3 NumPy

@~orrepave  These slides are on the LAPSE archive: http://psecommunity.org/LAPSE:2019.1133

. University of Notre Dame, Notre Dame, IN
vocoreum November 11, 2019 AIChE Annual Meeting Orlando, FL




Research: Molecular-to-Systems Engineering
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Multi-institution Projects:

IDAES

Mathematical Modeling
Computational Optimization

Applied Bayesian Statistics &
Uncertainty Quantification

Energy & Sustainability
Applications
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Chemical Engineering Suggested 4 Year Curriculum University of Notre Dame entering FA18 Current Practice:

Year 1 Year 2 Year 3 Year 4 . T
_ : : : Computing & Statistics
Fall Spring Fall Spring Fall Spring Fall Spring
I ! v — 9 Prerequisite MATLAB in freshman
Intro to Chem Gen Chem O Chem 1 O Chem 2 A Chem P Chem L c -
CHEM 10171 » CHEM 10122 CHEM 10172 CHEM 20273 (CHEM 3033% CHEM30324| ™" »  Concurrent prerequisite engineering sequence
(3) (3) (3) (3) 3) (3) =
Chem Lab O Chem Lab A Chem Lab 2 COBIESF?TDCeosS:;Zzon
CHEM 11171 CHEM 11172 CHEM 31333 ) _ H
o TN 0 0 (Credits) Sophomore-required
EG 10112 = course only offered in H 1 H
— o ——— [] - eouneenlyo Numerl.cal & Statistical
EG 10111 CBE 20290 D = course offered both spring Analys IS (N SA)
(3) (m\ (PhysT (1)* and fall semesters
COE PHYS 10310 » PHYS 10320
Requirements .- ’W\L Diff Eq Ad_hOC Computing &
““““ MATH 30650 ChE Lab | ChE Lab I1** Ry
Calculus | Calculus II Calculus Ill Linear ODE \ (3) ) CBE 31358 CBE 41459 Stat|St|CS N U ppe r-level
MATH 10550 MATH 10560 » MATH 20550 MATH 20580 (3) IR class -OR-
(4) (4) \ (3.5) ) '-_’( Materials \<_ Biolab** (" Technical ) C|aSSGS
CBE 30361 €. CBE 41910 Elective ¢ .
R B Lo -_PYOMO | @s)sRelass | (@ “You learned this as
LA 4: art/lit/lang/culture Philosophy 1: intro um Stats Controls i i i
LA 5: his;/soc sci Philosophy 2: philo/CAD CBE 20255 CBE 20258 »| CBE 30338 Reactor Eng (" Technical ) Sophomores s just flgure It
O g e ot ere (3) t (Transport 1) M CBE 40445 Elective ”
?P:eo:og ; f:levecljop ZerTinfr:L(;atisfy w;x one .» CBE 30355 (3) \ (3) OUt - PrOf- Anonymous
of above) ( -OR- Transport Il ‘
Tioresn Morean Biotransport* Separations \' Design
3 . . =
15 year 1t year CBE(?;())357 (3) csEéc))443 —»( CBE :0448 Vision
) () L e ! e
—_— — Thermo | (" Thermo Il ) ( CBE ) (— CBE ) ) .
UCore 1 Writing 2 CBE 20260 CBE 30367 Elective Elective Vel‘tlca//y Integrate
(3) (3) (3) N ) B B3 ) . T
— computing and statistics
R EETYF v - 2 s N
UCore 2 Snlizgnfvilth UCore 3 UCore 4 University Core UCore 5 UCore 6 UCore 7 throughOUt the
) other UCore @) @) Curriculum 3) e ) e undergraduate curriculum
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Vertical Integration: Opportunities and Challenges

Numerical Methods Challenges

Equation solving (thermo., separations) Difficult to learn advanced

Optimization (controls, design) topics sophomore year

Numeric integration (transport, reactions) (e.g., PDEs, BVPs)

Statistics and Data Analysis “Brain drain” without

Probability (physical chemistry) repeated exposure

Visualization |

Regression Common software tools?

Error Analysis - labs

Uncertainty Propagation How to avoid burdening all
) faculty?

L] UNIVERSITY OF
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Modernizing Numerical and Statistical Analysis
Backward Course Design

Set Clear Learning Objectives Major Changes
At the end of the semester, you should be able to... Reorganized class topics
« Removed advanced topics (QR factorization,
1. Create mathematical models and apply compression with SVD, trust regions, BVPs,
computational methods to analyze systems using PDEs)
basic principles of chemical engineering (e.g., mass « Emphasized fundamentals, especially
and energy balances, thermodynamic equilibrium, probability & statistics
etc.)  Added mass and energy balance examples
2. Analyze data and quantify uncertainty using Switched to Python, with great student buy-in
standard statistical techniques and mathematical
models grounded in engineering fundamentals Incorporated active learning into lectures
3. Independently plan, implement, and debug short Shortened assignments

(100 to 300 lines) Python computer programs to
analyze data, solve engineering mathematical
models, and visualize results

UNIVERSITY OF
@NOTRF DAME



Active Learning is Essential for Computing and Statistics
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Figure 6.3-2: Attentiveness versus Time in
Lecture—Activities Interspersed

noTrRepAME  Right: Felder and Brent (2015), Teaching and Learning STEM: A Practical Guide



Spring 2019: Cloud-based Google Colaboratory (Jupyter Notebooks)

colab.research. google . com & L18-Error-Rates-Statistical-Power.ipynb ) .
Bl COMMENT 2% SHARE
File Edit View Insert Runtime Tools Help
= . CODE TEXT 4 CELL ¥ CELL CONNECT ra i A
Benefits of Google Colaboratry:
a Alexander Dowitgcoone | -
¥ Activity 10:07 PM Today
. B 4 hi ivsi ud hat i ) d f 80 o 81 f th ical ) Students can add comments to
t b 1 that 1 toft t - just
lee Google DOCS, but for COde ased on |s‘ana ysis, your eam.concu es that improving yield from ‘ o 81 percent of theoretica mav)u.mum ger?ggmm just like
performance is not worth the capital investment. Upper management will only approve the new process if it has a 0og

mean yield of at least 84 percent

With a partner, copy the code from above and repeat the analysis, Answer two questions:

Integrated with Google Drive:
. . . . 1. What is the statistical power with n = 50 if we assume the mean yield of the new process is 84 and same
d UtOm atl C versionin g y easy Sh ari ng standard deviation of the current process?

2. Using the same assumptions, what is the smallest sample size with a statistical power of at least 99.9%7

Record your answers here: https://forms.gle/JodRxokLfT4hpWGHE

Removes barriers to access:

students can complete assignments [ ] 1 # Question 1
from any internet connect computer e
— no need to support 80+ local Python B
installations ¢ step 3

Facilitates active learning

Free

UNIVERSITY OF

NOTRE DAME 7



u . . | show this slide on day 1.
Making your time more effective

Complexity of Concepts and Applications Difficult

Traditional Class (plan)

Lecture Tutorial Studying Homework
3 hr/ wk 1 hr/ wk 2 hr/ wk 3 hr/ wk

\ Y J \ ) L J L Y J

Initial exposure Practice But how? Builds on lectures

Traditional Class (reality for many)

Lecture Tutorial Studying Homework

3 hr / wk 1 hr/wk 1 hr/wk 10+ hr / wk

L J

Y L J L J \ Y J

Difficult to focus Too busy to start Either skipped or  Really difficult if not comfortable

100% of time homework before not effective with lecture examples 8
~



u . . | show this slide on day 1.
Making your time more effective

Easy Complexity of Concepts and Applications Difficult

*We’'ll start some homework problems during class.

This Semester
Class*

3 hr/wk

J

Tutorial Studying ‘ Problem solving 1R
1 hr/wk 1 hr/ wk together I

SlEeE Total

Preparation
2 hr / wk

9-11 hr/wk

L Y J L J \ J

L J

' v Homework* '
Initial exposure Practice & I'll teach you how 2 -4 hr/wk This is 100% on task
at home Jjump-start to do this & give time... i.e., Facebook
homework extra practice l , ' closed, not watching
problems Netflix, not texting

Easy extensions of
home and class

@JNOTRE DAME activities 9



Fall 2019: Cloud-based Vocareum (Jupyter Notebooks)

WWWw.VvVOoCareum. Com

vocareum @ ¥ My Classes ¥ Manage Help % Alexander Dowling ~
BenefltS Of Vocal'eum: Class 0 Jupyter~  View~  Student View Run Scripts =
': Jupyter Class0-Welcome Last Checkpoint: 08/25/2019 (autosaved) @ Control Panel
Many of the same cloud-based L o | | — R
. e dit View nser Ce Kerne Widgets Help ruste Python 3 [3.6
benefits as Colaboratory 221 @TelaTel e o (=
Our First Autograded Submission
Integ rated Wlth Lea rni ng We want to store the first seven elements of the Fibonaci sequence in the list £ib. Below is an answer with a few mistakes:
Management System (e.g., Sakai) s —
and gradebook
£ib = (0, 1, 1, 2, 3, 5, 8]
Supports autograding via nbgrader £ibs = (0, -1, 1, 2, 4, 5, 9, 13]
(Wlth Some enhancementS) In [ ]: 0.3 | sequence-length Autograder tests 3
### BEGIN HIDDEN TESTS
. . . . try:
Supports plagiarism detections (if you " gib
except NameError:
\A/Eir]t it) ir?nt(“ae sure to store the answer in “fib~.")

assert len(fib) == 7, "Your answer should contain SEVEN elements.

Paid service, but responsive technical
support

UNIVERSITY OF
NOTRE DAME 10



Fall 2019: Cloud-based Vocareum (Jupyter Notebooks)

WWWw.VvVOoCareum. Com

VOCOFEUIT\ ¥ My Classes ¥ Manage Help - Alexander Dowling ~

Benefits Of Vocareum: Class 1 m Details» Teacher View Grades Actions~
: Ju pyter L1 'Geﬂing'started'stlidents (autosaved) P Control Panel
|
Many of the same cloud-based Fle Edt View Inset Cel Kemel Widgets  Help NotTrusted | Python3[3.6] O
benefits as Co|ab0ratory B 4+ x OB 4+ % N B C Mrkdown ¢ =
_ ] Welcome to Your First Lecture Python Notebooks

I nteg rated Wlth Learn I ng . | will distribute one Python notebook via Vocareum for each lecture. You are expected to read each notebook and attempt
Management System (e.g., Sakai) every home activity before class.

Home Activity: These are very short activities are designed to promote quick mastery.

and gradebook

Some activities we will revist during tutorial.

Supports aUtograding Vla nbgrader Tutorial Activity: We will come back to this activity in tutorial.
(with some enhancements)

During each lecture, we will walk through the notebook. A majority of class time will be dedicated to completing class
activities with partners and discussing as a class. It is critical you attempt the home activties before coming to class, otherwise

Supports plagiarism detections (if you you may not be ready for the class activties.

wa nt |t) Class Activity: We will work on these activities with partners and then compile solutions together.

Bottom Line: Autograder (Vocareum) enables accountability for meaningful home activities before class,
which translates to more engaging class sessions.

UNIVERSITY OF
NOTRE DAME 11



Excited Students Become Long-Term Learners

Success Stories and Lessons Learned Extension Assignments
Watch TED talk, listen to podcast, etc.

Show students how computing and statistics: ARSI 2 I SR GUESiont

_ T : Completion grade, counts towards
Makes them_ competitive for jobs dropped homework

- Helps them in future classes & career Examples:

- Connects to & society | Planet Money, “What Causes What?”

Hidden Brain, “The Scientific Process”
TED Talks: Bias and Algorithms

Set them up for early success
- Require pseudocode

Final Project: Heavy Metal Water Treatment

Fit Isotherm Model & Calculate Draw
- Embrace the autograder Estimate Uncertainty ~ Filter Lifespan ~ Concl Lz{ Z’O”S
wi
Uncertainty
Show them how to study & learn | :: » W o -
independently - P .
B &4t) = Z (e —e(t) = = =

UNIVERSITY OF
NOTRE DAME 1 2




Special Thanks to Prof. Jeff Kantor

Pull requests  |siues  Marketplace

jckantor / CBE30338

Explons

<> Code ssues 0 Pull reguests 0 Projects 0 Security resights
Chemical Process Control  http://jckantor.github.io/CBE30338/
10 508 commits 1 branch 0 releases Al 2 contrivutors i View icerse

Branch master « New pul reguest

‘ Jckantor Lipdate 02 D6-Essthermic-CSTR ipynb

Croatenew file  Upioad fles  Find File m

Latest commit de4T55c 13 days ago

https://github.com/jckantor
Chemical Process Control

Introduction to Chemical Engineering Analysis
Introduction to Operations Research

Process Operations

UNIVERSITY OF

NOTRE DAME

CBE 30338

Feoctuck Cortral - Serary) + Comguistons « Actusson

e —— I~ TN—
w Process

[ e w Neae ]

| Actuate { Serss

| eiieurioegny

Syt - - [

View the Project on GitHub
ckantor/CHE30338

This project is maintained by jckantor

Hosted on GitMub Pages — Theme by orderediist

CBE 30338 Chemical Process Control

This repository comprises a collection of Jupyter/Python notebooks in
support of CBE 30338 Chemical Process Control taught at the University of

Notre Dame,

The links below display the notebooks as regular HTML web pages. From
there you can run the notebook on Google Colaboratory or download to
run on your own laptop. To run on your own laptop you will need to install
Jupyter and Python 3, such as the excellent Anaconda distribution from

Continuum Analytics
Please let me know (jeff at nd.edu) if you any thoughts or suggestions on
how these notebooks could be improved for teaching and learning the
principles of Chemical Process Control,
Table of Contents
Chapter 1.0 Getting Started

+ 1.1 Getting Started with Python and Jupyter Notebooks

+ 1.2 Python Basics

¢ 1.3 Python Conditionals and Libraries

* 1.4 Python Numeric Integration Revisited

Chapter 2.0 Process Modeling

* 2.1 Process Variables

- _Jupyter

e < B OO ¢ &

This course iad from CAEIIME by Jaffray Kantor feff st ndeckil the consend s avaliable oo Gihub. The fat i reessed uoder the CC-Y
NG-ND-4.0 Bonnsn, and cook is mvaased under the (T Icanse

< Simdation and Ootimal Contrel | Contents | Saft Landing a Rocket >

o0 Open in Colab

Simulation and Optimal Control in Pharmacokinetics

Installations and Initialization

Pyomo and ipopt are now prenstalied on Google Colaboratory. On MacOS and Windows PC, a one-Sme installation of pyomo and ipopt is reguined. The following
commands will perform he needed installation when using the Araconda distribution of Python.



https://github.com/jckantor
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