
Reminders
-

↳ Notes (investing time is worth it) Regrettexti y
4 Office Hours : M + W 12: 30-2, Classification : X

*
ER

&

y'leso, ..., 43
and by appointment

↳ spam or not spam (binary)
↳ Discord

o DM · Pset Questions ↳ objects in an image
↳ next word

Today : Probability background



Probability Properties:-

A
,
B random events

02 Pr(A) = I
Y F

it rains Icarryella Pr(A11) = Pr(A) Pr(BIA]tomorrow

= Pr() Pr(AIB)
A B

Pr(AVB) = Pr/A) + Pr (B) - Pr(AMB)
↓ "Complement"

7A = Not A

Pr(A) Pr (1A) + Pr(A) = 1 <S Pr(Al= 1- Pr/A)
Pr(AUB)
Pr(A1B) A

,
B indep iff Pr(A1B) = Pr(A) Pr(B)

Pr(A)B)



Random Variables : yesRule :

X ~D
a distribution Pr(AIB) =

PBAPA↑

sampled from

For example, Xv Dice roll Proof ?

Pr(X = 1) = Pr(X =2)=...= 16



MaximumA Posteriori

Our regression strategy : Choose model that most likely generated data

Classification analogy : Choose latel that is most likely given data

Example: X = email
, y

= I email is spam]

Posterior :

Pr(Y = ) /X =x) vs . Pr(Y = 0(X = x)

Compute using Bayes Rule !

Pr(Y= 1(x= x) = Pri
=)

= P like no is



↓Medical Example :

* EG0, 13 outcome of test

Y =50, 13 disease

· Rare (1 % population)

· 5 % FPR

· 10 % FNR



#areBayes Classifier (with binary (
features

assume independent features

↓ d

Ne assumption : Pr(X =x( = )==

or 11-p:"(

For example
, Pr(X =

(0](
= 1) = Cl-p) Pu(l-P3) (1 - Pu) Ps

1 . Compute priors Pr(Y = 1)
, Pr(Y = 0)

2 . Compute observed probs pi" = Pr(Xi = 1(Y = 1)
,
pi= Pr(Xi = 1(Y =0)

3· Compute likelihoods

Pr (X = x(Y = 1)= (Xi = x= (Y = 1)

4. Predict class
angmat Pr(X = x (Y = i) Pr(Y = i)

with higher posterior itS0, 13
Pr(X = x)



9) /18/2025
Reminders
-

↳ Quiz ↳ Psets 1 and 4 due Monday
· going forward, single answer

↳ Office hours
,
let's talk !

· learning rate strategies
↳ manual
↳ scheduler
↳ adaptive
NOT analytic (just problem

· SGD vs GD
- speed (RAM vs memory

↳ Notes

↳ Student sessions
· discuss material or psets
· advertise on discord
· incentive : organizer can write

1 quiz question
· selfie = proof



E = 2 for now

↓ Today : Build classificationReviewdLi e30 , l...

↑ classification
model with parameters

*Give Bayes :

Choose angmax Pr(Y = y(X =x)

y30, 13

Naive assumption is independence

Pr(X =x(v = y)= Pr(Xi =xi(V =y)

o supervised (labeled datal

but no parameters



Model & Loss
Attempt #3 :

Idea : Adapt linear regression
f(x) = 0(w, X) where

Attempt # :

·(z) = z
f(x) =

(w
,
X)

2(d) =

14-metAttempt #2 :

f(x) = < w
, X)

-(w) = (y - < w
, x]) O

Z



Binary Cross Entropy Loss

2(w) = -Tylog(((w,x))) + (r-y) log(1 - -(w,x)))]

3
- 10g (0(w,X)))

la

le

-BCEWith logits

< X,
w>



Optimization
-

Goal :Compute VL(w)
& similaroeression ?

Theorem : V2(w) = XT)o(Xw) - y)
=- can we silve for

w*?



N
-

linear Transformation
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Measuring Error in Binary Classification

# incorrect
error rate = -

#predictions

Label O Label 1

TPR=@D

False True FPr = 4/0)
Positive Positive

Precision = Op
TrueNegative Falseregative



A Hidden Lever ...

Ifincorrect predictions, change threshold

Let ph = f(X" ) = 0(w,
xi))

Generally,
(i)

= pi)2
Choose any

(w,
X) =0

threshold !
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i= 1/4



Receiver Operating CharacteristicCurve

Random Guessing

TPRm
IncreasingI leads to

...

FPR
Area Under Curve (Auc)

gives single number

of performance



ultipleClasseseil
+50, 1,..., k - 13

Attempt #2 : Softmax

- e eZe

If : R
%
- %0, 17 R fee

CW
,
X) ek/eZe

<We
,

X >[ · I
<WR

,

X]
&make probabilities

GratEntropyy log (f(x)]
l= 1

Attempt #1 : Signoid

Min : 17



Computing the Gradient... :


