Self-Driving Cars & Forest Ecology:
Modeling for Machine Learning
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Road Map

Machine Learning: Forest Ecology:

- Machine learning as modeling | —gp |- Our data
- Example model: splines - Two models for tree growth

Machine Learning + Forest Ecology:

- Goal restated
- Assessment metric used
- Model assessment with crossvalidation

Conclusion:
- Resources to learn more

- Thoughts on modeling
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Machine Learning as Modeling

True (Unknown) Model: y zf(Y) —|— ¢

. A A E—
Approximated Model: y — f( X )

Now to the blackboard for
Chalk Talk #1...
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Approximate (i.e. “fit") a Model f(x)
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What does this f(x) predict for x = 0.57
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What does this f(x) predict for x = 0.57
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What does this f(x) predict for x = 0.57
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How about this f(x)?
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Model Fitting Method: (Cubic) Splines

 Splines use linear algebra to find the blue curve f(x)
that minimizes the (squared) vertical distances
between: A
* the predicted y = f(x)

* the observed y

 Amount of “wiggle” is dictated by user using the
‘"number of knots”

* |In other words, "number of knots™ controls the
complexity of the model
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Three Different f(x)
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Underfit! “Just right!” Overtit!
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Road Map

Machine Learning: Forest Ecology:

- Machine learning as modeling | —gp |- Our data
- Example model: splines - Two models for tree growth

Machine Learning + Forest Ecology:

- Goal restated
- Assessment metric used
- Model assessment with crossvalidation

Conclusion:
- Resources to learn more

- Thoughts on modeling




Data: 2008 & 2014 Censuses of Trees

University of Michigan Edwin ...

5650 Doyle Rd, Pinckney, MI 48169 Directions Save
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View larger map
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S Google
g Map data ©2019 Google Terms of Use Report a map error


https://www.google.com/maps?ll=42.45847,-84.011454&z=14&t=m&hl=en-US&gl=US&mapclient=embed&cid=4767091443843299483
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y . Qutcome Variable = Avg Annual Growth

Observed average annual growth of trees 2008-2014

Top 8 species (biomass)
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Predictor Variables x°

X1 - Species of tree
Xy - Size of tree (diameter at breast height)
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Predictor Variables
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y coordinate (meters)
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Two Models of Competition
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Road Map

Machine Learning: Forest Ecology:
- Machine learning as modeling | —gp |- Our data
- Example model: splines - Two models for tree growth

Machine Learning + Forest Ecology:
- Goal restated
- Assessment metric used

- Model assessment with crossvalidation

Conclusion:
- Resources to learn more
- Thoughts on modeling




Machine Learning & Forest Ecology

Goal of Modeling: Fit models f(x) that best
approximate the true (unknown) model

Goal of Machine Learning: Find models that best
‘predict” the outcome variable

My goal: Find models that best predict the growth
of trees

Tools: The same machine learning tools and
framework as self-driving cars
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Model Assessment Metric

* Question: “How good is our model?”
* Answer: "This is answered using the Mean
Square(d) Error metric!”

Back to the blackboard
for Chalk Talk #2...

E] alamy stock photo
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Mean Squared Error

On Machine Learning predictive modeling
competition site Kaggle:

Featured Prediction Competition

Google Analytics Customer Revenue Prediction $45,000

Predict how much GStore customers will spend Prize Money

R RStudio - 1,104 teams - a month to go

Overview Data Kernels Discussion LlLeaderboard Rules Team

Public Leaderboard Private Leaderboard

This leaderboard is calculated with all of the test data. F. Raw Data ¥ Refresh

B Inthemoney [ Gold [ Silver [ Bronze

# Alw Team Name Kernel Team Members Score ®  Entries Last
1 — Marwen Sallem 2 2mo
2 — Paulo Pinto </> 1line Perfect Score 13 1mo
£ = Its Me 6 2mo



https://www.kaggle.com/c/ga-customer-revenue-prediction
https://www.kaggle.com/c/ga-customer-revenue-prediction

Hold up! What about underfitting vs overfitting”?
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How” Using Validation Set Approach

123 n

Split your data into: 1

7 22 13 91

Assess your model
on test data

One last time to blackboard
for Chalk Talk #3...
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Typical Mean Square Error Performance
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Recall tor splines,
the # of knots controls
the model complexity
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Generalization: 5-Fold Crossvalidation

Repeat validation training/test set split 5 times:
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Road Map

Machine Learning: Forest Ecology:

- Machine learning as modeling | —gp |- Our data
- Example model: splines - Two models for tree growth

Machine Learning + Forest Ecology:

- Goal restated
- Assessment metric used
- Model assessment with crossvalidation

Conclusion:
- Resources to learn more

- Thoughts on modeling




Resource 1: Intro to Splines Video

IMO splines are among the gentlest
iIntro models to learning ML with!

@ YouTube Search

@ RStudio File Edit Code View Plots Session Build Debug Profile Tools Window Help

Q

@ A @ @ = ] 39%@) = SunSep10 2:06PM Q =

(] » RStudio
O R 2 - } ~ Addins ~
@) datacamp_audition.R* - Environment History Connections
Source on Save A 75~ 2Run | *% {* Source ~ . 5
10 values <- data_frame( Files Plots Packages Help Viewer
11 x = seq(from=0, to-1, length=500), @ Zoom | -Z Export - © y

12 fx = f00,
13 eps = rnorm(n=500, mean=0, sd=2),
14 y = f_x + eps

16 values %% 50
17 ggplot(aes(x=x)) +
18 geom_point(aes(y=y))

21 # Smoothing spline

22 smooth.spline(values$x, values$y, df=99) %>%
23 broom: :augment() %>%

24 ggplot(aes(x=x)) +

25 geom_point(aes(y=y)) + 25-
26 geom_line(aes(y=.fitted))

27

28

29 # Compare multiple degrees of freedom at once (pre-computed)

30 multiple_df +

31 stat_function(fun=f)

B2

33

34 # Exercise (pre-computed)

35 exercise 0-
36 fitted

37 truth

38

38:1 (Top Level) = R Script

Console skto -
0.000000 1.097897 1 0.1436781 0.954218
0.002004 -1.993931 1 0.9243647 -2.918295
0.004008 2.314370 1 1.7202591 0.594111
0.006012 3.656697 1 2.3156065 1.341090
0.008016 3.543211 1 2.4946519 1.048559
[ reached getOption("max.print") -- omitted 495 rows ]
multiple_df
multiple_df +
stat_function(fun=f)
exercise
fitted

PN L

25-

UAWN R

VV+VYV

True function f(x) in red

\Yi

R Project: (None) ~
20

=¥

“5- Publish ~

Corresponding R code at b

it.ly/rudebo

4

pbert_splines
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https://www.youtube.com/watch?v=bESJ81dyYro&lc=z23zz5zyqvz2tjmeqacdp431mx1a5pwmmd3l1dvuwt1w03c010chttps://www.google.com
http://bit.ly/rudeboybert_splines

Resource 2: DataCamp Pathway

1. Build you

ntroducti

r tidyverse data science toolbox with
on to the Tidyverse.

n particu

lar data viz and data wrangling.

2. Just enough modeling theory & exercises with

Modeling

with Data in the Tidyverse.

In particular Ch4 “Validation Set Prediction

framewor

3. Machine

K", the bridge between modeling and...

learning methods with

Machine Learning in the Tidyverse

40


https://www.datacamp.com/courses/introduction-to-the-tidyverse
https://www.datacamp.com/courses/modeling-with-data-in-the-tidyverse
https://www.datacamp.com/courses/machine-learning-in-the-tidyverse

Closing thoughts

Modeling is not as objective as you think:

What they think is an ... might not be the
“appropriate” model...  same for these folks:

Scenario:




To Close: Two Quotes on Modeling

"All models are wrong,
but some are useful.”
George Box

"WITF Is up with your
f(x)?” @rudeboybert
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Thanks!



Before | go: A “Wizard of Oz” Reveal...

44



Our approximated 7(x)was pretty close...
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.. to the true model f(x) = 0.2x"(10(1 — x))° + 10(10x) (1 — x)'°
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Our Data is Spatial:

y coordinate (meters)
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Resource 3: Paper

“Cross-validation strategies for data with temporal, spatial,
hierarchical, or phylogenetic structure” Roberts (2017)

Dependence Parametric Blocking
structure solution Blocking illustration
Spatial Spatial models Spatial Lo
(e.9.CAR, | .
INLA, GWR) R
Temporal Time-series Temporal T R I
models TYANTSL AN
(e.g.ARIMA) L
Grouping Mixed effect Group ,f“\) /B,
models ‘\,/,/'\'\ L)
(e.g. GLMM) NSt

_______

Hierarchical / Phylogenetic  Hierarchical ! !
Phylogenetc models o mmmm
(eg.PGLS) /o= ,



https://onlinelibrary.wiley.com/doi/full/10.1111/ecog.02881
https://onlinelibrary.wiley.com/doi/full/10.1111/ecog.02881

