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Admin

• Lab 2 grades & feedback posted on Moodle

• Study guide & practice midterm posted

• I will be away for a conference Sep 26 - Oct 2

– Office hours: 11:30-1:30pm Friday (Sep 25)

– Guest lecture + midterm review on Sep 29

– No lab on Sep 30

– Midterm 1: in class 10/01



Midterm 1 Notes

• You may use one letter page (front and back) “study 
sheet”, handwritten, created by you

• You may also use a regular calculator

• Outside of your “study sheet” and calculator, no 
other notes or resources

• As per the Honor Code, all work must be your own



Why do we have exams?

• Process of synthesizing the material on your 
own is essential

• Preparing the “study sheet” is designed to 
facilitate that process



Outline for today

• Evaluation Metrics

– Confusion matrices

– Precision and recall

– ROC curves

• Review
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Goals of Evaluation

• Think about what metrics are important for 
the problem at hand

• Compare different methods or models on the 
same problem

• Common set of tools that other 
researchers/users can understand



Training and Testing
(high-level idea)

• Separate data into “train” and “test”

– n = num training examples

– m = num testing examples

• Fit (create) the model using training data

– e.g. sea_ice_1979-2012.csv

• Evaluate the model using testing data

– e.g. sea_ice_2013-2020.csv



Confusion Matrices 

Modified from Jessica Wu

Precision:

TP

(FP + TP)
=
TP

P ∗



Confusion Matrices 

Modified from Jessica Wu

Recall
(True Positive Rate):

TP

(FN + TP)
=
TP

P



Confusion Matrices 

Modified from Jessica Wu

False Positive Rate:

FP

(TN + FP)
=
FP

N



ROC curve (Receiver Operating Characteristic)

Random 
Guessing 

Predict all 
positives

Predict all 
negatives

Modified from Ameet Soni

https://en.wikipedia.org/wiki/Receiver_operating_characteristic


ROC curve example: comparing methods

AUC (area under the curve)
is a good overall metric

Example of a ROC curve
Chan, Perrone, Spence, Jenkins, Mathieson, Song



How to get an ROC curve for probabilistic methods?

• Usually we use 0.5 as a threshold for binary 
classification

• Vary the threshold!  (i.e., choose 0, 0.1, 0.2,…)

• If 𝑃 𝑦 = 1|𝑥 ≥ 0.2, classify as 1 (positive)

• If 𝑃 𝑦 = 1|𝑥 < 0.2, classify as 0 (negative)



Handout 8
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Lab 2: not posted online



Multiple linear regression

Model:

Predict:

Minimize cost:
“any” regression problem

ℎ𝑤 Ԧ𝑥 =෍
𝑗=0

𝑝

𝑤𝑗𝑥𝑗 = 𝑤0𝑥0 + 𝑤1𝑥1 + 𝑤2𝑥2 +⋯+𝑤𝑝𝑥𝑝 = 𝑤 ∙ Ԧ𝑥



Multiple linear regression vs. 
polynomial regression

Multiple linear regression (p>1):

Polynomial regression (p=1):

Note: d means degree

𝑋𝑑 =

1 𝑥1 𝑥1
2 𝑥1

3 … 𝑥1
𝑑

1
1
⋮
1

“simple” linear 
regression

Ԧ𝑥1

ℎ𝑤 Ԧ𝑥 = 𝑤0 +𝑤1𝑥1 + 𝑤2𝑥2 +⋯+𝑤𝑝𝑥𝑝

ℎ𝑤 Ԧ𝑥 = 𝑤0 +𝑤1𝑥 + 𝑤2𝑥
2 +⋯+𝑤𝑑𝑥

𝑑



SGD with time varying 𝛼
𝛼 is the “learning rate” or “step size”

SGD pseudocode:

derivative of J 
with respect to 𝑥𝑖



Matrix/Vector form of SGD

while not converged:

# shuffle the data (stochastic)

for i = 1, 2, 3…n:

Convergence:

pred truth


