Decision Tree Random Forrest Nearest Neighbor

000000

CS540 Introduction to Artificial Intelligence
Lecture 6

Young Wu
Based on lecture slides by Jerry Zhu, Yingyu Liang, and Charles
Dyer

June 10, 2020



n Forrest Nearest Neighbor

DOTSAY  on7.

My Cat's Decision-Making Tree.

. Is that
H I ? /ation for ma?

Yes. No.
?
l l 4—o
IS THERE TIME TO FLEE? I don't That's
want it. for me.

IS IT AN EX?

ARE YOU DRUNK? A FRIEND'S EX?

el By pibptiep S My Cat's Decision-Making Tree.
v fIs that?
Whataromy < é or me?
pves AN ENEMY OR FRENEMY? festreenind

say hi.
DO YOU WANT TO
REKINDLE AND/OR é ARE YOU WEARING / \

AN

GIVE 'EM WHAT FOR? ARE YOUIN A SUNGLASSES?
CONVERTIBLE
WITH BRAD PITT
? AND/OR RIHANNA? Yes. No.
bors S’
say hi. e T Thats
Say hi. Don’t for me.
say hi. Address the person using
ARE YOU nonmc A BANK? an amusing nickname
such as “Sarge,” “Slugger,”
or “Master Blaster.”

ARE YOU IN @ ) .
Excerst o Incomsequential Ovemmas A BATHROBE? Say hi.

NOCKKNOCKSTUFF.COM * © 2013 WHO'S THERE INC.



Decision Tree Random Forrest Nearest Neighbor
Ce0000000C0000 O 0000000

@ Decision Tree

o Find the feature that is the most informative. /“T(’ @ @F’

e Split the training set into subsets according to this feature.

@ Repeat on the subsets until all the labels in the subset are the
same.
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Binary Entropy

Definition

Y

o Entropy is the measure of uncertainty. =~~~
@ The value of something uncertain i1s more informative than the
. .  —————
value of something certain.

e For binary labels, y; € {0, 1}, suppose pp fraction of labels are
0 and 1 — pg = p; fraction of the training set labels are 1, the

entropy Is:

1 1
10 = o () = ()

_—

= :PO log, (po) — p1log, (p1)

0 (SPo
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Entropy

Definition

o If there are K classes and p, fraction of the training set labels

are in class y, with y € {1,2, ..., K}, the entropy is:
T

a 1
H(Y) =) pylog (p—y)

y=1

K
== Z py log, (py)
=T =



Decision Tree Random Forrest Nearest Neighbor

0000800000000 O 0000000

Conditional Entropy

Definition

e Conditional entropy is the entropy of the conditional
distribution. Let Kx be the possible values of a feature X and
Ky be the pos§ible labels Y. Define py as the fraction of the
instances that is x, and py|, as the fraction of the labels that
are y among the ones with instance x.
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Information Gain /ﬂ'
Definition
|l O
Q‘ﬂiim“
— T O~ ol
\
e The information gain is defined as the difference between the
entropy and the conditional entropy. / 5 b o
I

I(Y|X)=H(Y)-H(Y|X).
A\ sha X

e The larger than information gain, the larger the reduction in
uncertainty, and the better predictor the feature is.
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Splitting Discrete Features

Definition

@ The most informative feature is the one with the largest
_Informati

information gain.

argmax / (Y|X;)
J

e Splitting means dividing the training set into K subsets.

—~—

{6 yi) - xig = 1} (3, ¥) x5 = 2}, { (X1, i) = XG5 = Kix; }
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Entropy
Quiz

e Fall 2010 Final Q10
=Y

@ Running from You-Know-Who, Harry enters the CS building
—) on the Ist floor. He flips a Tfair coin: if it is heads he hides in

room 1325: otherwise, he ctimbstothe 2nd floor. In that case
he flips the coin again: if it is heads he hides in CSL;

otherwise. he climbs to the 3rd floor and hides in 3331. What

—_—

is the entropy of Harry's location? \\
o A: 0.75 325 CSL
e B:1 — 0\ B
&/-/} 2 q' C[-
o D: 1.75 i LT
e E: None of the above &—\\ \ B /\ _\\ ,&[ |
Lol e 23~ zloe T 37

Z Z £



Entropy Math
Quiz
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Entropy 2
Quiz

/ 651,
T

e A bag contains a red ball, a green ball, a blue ball, and a
black ball. Randomly draw a ball from the bag with equal
probability. What is the entropy of the outcome?

e A: 1 WQrI\YZ\% Jp‘f?:lg

e B: log, (3) 3 MD a;

C: + (1= %) \%Q\;\_ODQ 1

@ — Y,
T o E 4 NGy =) A

\ \ ) \
’(’qf‘(@ﬁx@ J‘ 4,,',‘3‘4 w~\: '(Df)z?\_t Z
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Pruning Diagram

Disucssion



Decision Tree Random Forrest Nearest Neighbor
0000000000000 ] 0000000

Baigging and Boosting Diagram

Discussion



Decision Tr Random Forrest Nearest Neighbor

JUOOQOOOQ0OO0O0Q0000 & .oooooo

K Nearest Neighbor

Description

e Given a new instance, find the K instances in the training set
that are thé closest.>

e Predict the label of the new instance by the W the
labels of the K instances.

S
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Distance Function

Definition

e Many distance functions can be used in place of the Euclidean
distance.

m
p(x.x') =|x—x|, = \l > (5 —x)°
j=1

@ An example is Manhattan distance.
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1 Nearest Neighbor
Quiz

e Spring 2018 Midterm Q7
e Find theéNearest Neighbor label for [gﬁing Manhattan

distance. /
2

X1113
x2|1[7]3|4]|5
0

5

4

y 111010

KX d 7312
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3 Nearest Neighbor
Quiz
nei  polit

e Find the 3 Nearest Neighbor label fqr([g} sing Manhattan

dlstance /K
'W‘?M ? xi [17[1[3[572
J:X x2 1713 ]4]5
y |0J1]110[0
din = 4 6103 3
e B: 1



ecision Tree Random Forrest Nearest Neighbor
0000000000 0C @ QOC00e00

Cross Validation
Quiz

QL c =Tonc F -"vay(
e Given the following tralnlngrdata What is the 2 fold cross

validation accuracy if 1 nearest neighbor classifier with
Manhattan distance is used? The first fold is the first five

data points. (. 5 | < Sl |
x\i 121213 4155\
vyl 1 312 31211
— i N
2L

2
/ [<
GCCuaw%ch/ ii/\/ T2 T T
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Cross Validation Diagram
Quiz
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Cross Validation 2
Quiz

e Given the following training data. What is the 10 fold cross

validation accuracy iftT nearest neighbor classitiey with
—— )

Manhattan djstance is_used? \\41\9\,;,@&_‘
X 21334 4]5]5%
v 312213321

e A: 20 percent, B: 40,(C] 60, D: 80, E: 100

2) 3>22 3% [ 2
— )

6 To Ceve






