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Exam administration

• Where & when: Lincoln Hall Theater, 1:00pm, Mon Feb 16
• How: Paper exam w/ attached formula sheet and scratch paper
• What to bring:

• pencils & erasers or pens
• One 8.5x11 sheet of handwritten notes, front & back
• ID

• Don’t bring:
• Calculators or computers
• Textbook or printed notes



Grading

• Each TA will grade one problem part
• Partial credit will be possible, using a rubric designed by the TA
• Regrades will be possible only if points can be changed while 

remaining fair to all other students in the class



Recommended approach to studying

• Do every variant of every daily quiz at least once (regenerating a 
variant will give it new numerical values, which can be helpful for 
practice)
• Make sure you understand the equations behind MP1, MP2, and 

MP3.  The exam will not cover coding, but it will cover those 
equations.
• Then take the practice exam.

• Treat the quizzes and MPs as your training set
• Treat the practice exam as your dev set
• Then you should have a pretty good idea how well you’ll do on the test set
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Topics included on the exam

• Technically: Everything we’ve covered so far
• In practice: Not including lectures 1 (intro), 2 (probability = 

background for the rest), 7 (fairness = interesting special case of 
decision theory, but you don’t need to know the jargon)



Topics included on the exam

• Decision theory
• MPE=MAP, confusion matrix, precision, recall, specificity, sensitivity
• Naïve Bayes, unigrams, bigrams, ML parameters, Laplace smoothing

• Bayes networks
• Space complexity, inference, independence, conditional independence
• HMMs, Viterbi algorithm

• Learning
• Risk, empirical risk, overtraining, train, dev, test
• Linear regression, MSE, gradient descent, stochastic gradient descent



Decision Theory
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Precision = 𝑃(𝑌 = 1|𝑓(𝑋) = 1)	
Recall = 𝑃(𝑓 𝑋 = 1|𝑌 = 1)

SpeciBicity = 𝑃(𝑓 𝑋 = 0|𝑌 = 0)
Sensitivity = 𝑃(𝑓 𝑋 = 1|𝑌 = 1)

Confusion Matrix



Naïve Bayes
• Naïve Bayes classifier:

𝑓(𝑥) = argmax log𝑃(𝑌 = 𝑦) + log𝑃(𝑋 = 𝑥|𝑌 = 𝑦)

log𝑃(𝑋 = 𝑥|𝑌 = 𝑦) ≈4
!"#

$

log𝑃(𝑊 = 𝑤!|𝑌 = 𝑦)

• Laplace Smoothing w/OOV:

𝑃 𝑊 = 𝑤|𝑌 = 𝑦 =

𝑘 + Count(𝑤, 𝑦)	
𝑁 + 𝑘(𝑀 + 1) in − vocabulary

𝑘	
𝑁 + 𝑘(𝑀 + 1) OOV

• Laplace smoothing w/o OOV:

𝑃 𝑊 = 𝑤|𝑌 = 𝑦 =
𝑘 + Count(𝑤, 𝑦)	

𝑁 + 𝑘𝑀



Bayes networks

• Bayesian network: A better way to represent knowledge
• Reduces space complexity from 𝒪 𝑣!  to 𝒪 𝑛𝑣"  -- huge if 𝑛 ≫ 𝑝

• Does not reduce time complexity without extra assumptions

• Key ideas: Independence and Conditional independence
1. Shared ancestor ⟹ dependent unless ancestor known

2. Shared descendant ⟹ dependent unless descendant unknown

3. No shared ancestor or descendent ⟹ independent



HMMs

• Review: Bayesian classifier, Bayesian networks
𝑓(𝑥) = argmax

!
𝑃(𝑌 = 𝑦|𝑋 = 𝑥)	

• HMM: Probabilistic reasoning over time
𝜋" = 𝑃 𝑌# = 𝑖

𝑎",% = 𝑃 𝑌& = 𝑗 𝑌&'# = 𝑖)
𝑏%(𝒙&) = 𝑃 𝑋& = 𝒙& 𝑌& = 𝑗)

• Viterbi algorithm
SCORE: 𝑣& 𝑗 = max

"
𝑣&'# 𝑖 + log 𝑎",% + log 𝑏% 𝒙&

BACKPOINTER: 𝜓& 𝑗 = argmax
"

𝑣&'# 𝑖 + log 𝑎",% + log 𝑏% 𝒙&



Learning
• Learning:   Given 𝒟 = {(𝑥#, 𝑦#), … , (𝑥(, 𝑦()}, find the function 𝑓(𝑋) that 

minimizes some measure of risk.
• Empirical risk, a.k.a. training corpus error:

ℛ)*+ =
1
𝑛
0
",#

(

ℓ 𝑦", 𝑓(𝑥")

• True risk, a.k.a. expected test corpus error:
ℛ = E ℓ 𝑌, 𝑓(𝑋) = ℛ)*+ +ℛ-).)/01230425.

• Early Stopping: Stop when error rate on the dev set reaches a minimum, 
then test on test set to get an unbiased estimate of true risk



Linear regression
• Definition of linear regression

𝑓 𝒙 = 𝒙6𝒘
• Mean-squared error

ℒ =
1
𝑛@
",#

(

ℒ" , 	 ℒ" =
1
2𝜖"

7, 	 𝜖" = 𝑓 𝒙" − 𝑦"

• Gradient descent

𝒘 ← 𝒘− 𝜂
𝜕ℒ
𝜕𝒘 ,

𝜕ℒ
𝜕𝒘 =

1
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(
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• Stochastic gradient descent

𝒘 ← 𝒘− 𝜂
𝜕ℒ"
𝜕𝒘 ,

𝜕ℒ"
𝜕𝒘 = 𝜖"𝒙"
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1(a): the pastry alarm clock



Solution method
Bayes	Error	Rate = /
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1(b) Laplace smoothing



Solution method
Laplace smoothing w/o OOV:

𝑃 𝑊 = 𝑤|𝑌 = 𝑦 =
𝑘 + Count(𝑤, 𝑦)	

𝑁 + 𝑘𝑀



2(a): Independence & Conditional Indep



2(a): Solution

• No unknown ancestors, so they are independent
• If C is known, then they have a known descendent, so they are 

not conditionally independent given C



2(b): Probability & Conditional Probability



2(b) Solution method
𝑃 𝑋, 𝑌 = 𝑃 𝑋 𝑌 𝑃(𝑌)



2 c: Conditional Probability



3: Viterbi algorithm



3: Solution method
SCORE: 𝑣& 𝑗 = max

"
𝑣&'# 𝑖 + log 𝑎",% + log 𝑏% 𝒙&

BACKPOINTER: 𝜓& 𝑗 = argmax
"

𝑣&'# 𝑖 + log 𝑎",% + log 𝑏% 𝒙&

log 𝑎"%/𝑧 = J 0 𝑖 = 𝑗
−2 𝑖 ≠ 𝑗 , log 𝑏"%/𝑧 = J 0 𝑖 = 𝑗

−3 𝑖 ≠ 𝑗 ,



4(a) Gradient descent



4(a) Solution method: use the chain rule



4(b) Learning



4(b) Solution 
method
ℛ = E ℓ 𝑌, 𝑓(𝑋)
= ℛ#$% + ℛ&#'#()*+,)-+.'



Try the quiz!

• Today’s quiz is about word2vec
• It is not relevant to the exam!
• But it is is relevant to MP4
• Anyway, give it a try


