
Tuesday , March 24

Welcome back !!
-

Han

· Positional encoding
· Decision trees



Input : the weather today is warm and sunny .

Tokens : "the ""weather" "today" "is" "warm" "and" "sun" "y"""

Vectors :
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Positional Encoding

"Jack gave water to Till

- tHVS .

sin(2ot)~"Till gave
water to Jack"

-

sin (2't) unr
iII

sin(Cht)00008 um
0 O & 512



Demo on CNN and transformer:



Decision Trees
-

- Remarkably accurate and interpretable

↳ works for classification and regression
4 Idea: Recursively partition data into homogeneous regions



Greedy Approach forClassification

For each leaf
,
choose the feature and split that best separates classes

(l)Let I be candidate leaf and Po the proportion of

points of class C in leaf I.

WLOG
,

C=0 is the majority class proportion of points

Goal : Find I to minimize
↓ in leafI

He(2(e)) =[2(e)pleshould we
define Loss

?



Error Rate of Majority Prediction :

&
error (1) = 1- pp()

Gini Impurity : Probability of misclassifying point if we randomly
predict based on proportion of class

&cini(l)= p,(e)(1-p,M)

#opy : Like cross-entropy , measure "spread" of distribution

Tentropy (2) =
- <p,

1)
log (p)

argmin Lentropy (1) = argmax T
play



Previously we updated parameters to minimize loss;

For decision trees
, we search over splits in data to minimize loss.

21000x1000A00X - -D
,
Xi

Time complexity to find best split in feature Xi?

Q : How do we adapt for regression?



Gradient Boosting

On their own , trees are not very expressive. But we can "boost"

them into very strong ensembles.

Let fe : R** E-1, 13 is the weak learner from iteration t

E(x) = <f, (x) + .. .++ f+ (x) + x+ f+ (x) = F((x) +2+ f+ (x) .

Goal: Given F
,
find to to minimize :

argin (y,



Goal: Given F
,
find to to minimize :

argin (yi) ,F (+) +af+(x()
fo

Idea : Gradient descent or productions rather than parameters.

F(x")F (i) -CFX
Train of so that

↑+ (x())=F for all i

When loss is MSE : L(y , F+(x)) = * (F(X) - y 12, then

F = y - E(X) = residualras
of Ff-



Choose learning rate
,
whenL convex,

* = argmin L(y), F(x()) +Gf+(x+))
by setting derivative to 0 and solving for

XGBoost was SOTA on Aubular data from 2014-2023

TabPFN (Transformer for tabular data) is now SOTA

Des lines himcontext learning

#D


