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CS540 Introduction to Artificial Intelligence
Lecture 15

Young Wu

Based on lecture slides by Jerry Zhu, Yingyu Liang, and Charles Dyer
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Midterm
Admin

@ [he midterm is: @ |

e A: Too Easy | ~

e B : Easy chg ?OC
@ C: Just right
e D : Hard

e E : Too Hard
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Midterm
Admin

e Stats for ID = test are posted, fix bugs in auto-grading, then

post grades on Canvas.

@ No curve for regular version midterm, may drop one question
from make up midterm.

@ Go over some midterm questions on Satu\rday, join if you have
questions.

ZI
o Grades for M1 to M7, PL, D1 to D3 will be updated P Ps
tomorrow night (Iast chance to submit these)

[ Final exam is not cumulatlve but some topics are still relavent

(gradient descent, probability theory, reinforcement Iearnmg)

e T e
S</§1
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Unsupervised Learning

Motivation

U ’Pfx)
— Supervised IearningJ: (x1. ,(xz,yg),...,(x,,,yn . T

o\U supervised learning; x1, %2, .. __M

@ [here are a few common tasks wuthout labels. jNMF

% © Clustering: separate instances into groups.
-;‘.—-‘ ) . - . - -
@ Novelty (outlier) detection: find instances that are different.

@ Dimensionality reduction: represent each instance with a lower
dimensional feature vector while maintaining key

characteristics. fm54 = 2, ,,)%
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Unsupervised Learning Applications

Motivation
[0 Google News = \
@ Google Photo = >
C o Image Segmentation —9 \

— b

2 f‘:'( fb,\q;.)’

Q Text Processing&
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‘Hierarchical Clustering

Description
Slr'glc \,
S X
——9e Start with each instance as a cluster. ’7'{((
___— @ Merge clusters that areto each other. »

@ Result in a binary tree with close clusters as children.

K Means Clusterin
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Hierarchical Clustering Diagram

Description
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Single Linkage Distance

Definition

(D

e Usually, the distance between two clusters is measured by the
single—linkage distance.

Ck, Cvr) % mm){d Xi, Xjr) : Xi € Cy, xjr € Cpr}

qaL\aﬁq\ Euclyﬁg /" PCI—
@ It is the shortest distance from any instance in one cluster to
any instance in the other cluster.
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Complete Linkage Distance

Definition

@ Another measure is complete-linkage distance, _)
d (Ck, Ckl) =_n_23<{d(x,-,x,v) D Xj € Ck,x,-/ S Ck/}

1

e It is the longest distance from any instance in one cluster to
any instance in the other cluster.
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Average Linkage Distance Diagram

Definition
T

Oy

@ Another measure is average-linkage distance.

1
d(CoCo) = rermer 2 A0 o
—

x,-eCk,x,-,eCk, J

e It is the average distance from any instance in one cluster to
any instance in the other cluster.
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Hierarchical Clustering 1
Quiz

@ Given three clusters A = {0,.2.6}.B = Q;:_) 9} C@.

et

What is the next iteration of hierarchical clustering with
Euclidean distance and single and complete linkage?

?’/vlz Odflc&
—) AB [ C7
A< S I %<
8c = 8 <
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Hierarchical Clustering 2
Quiz

,</07<D o
(o), (5/ ;) =
® Given three clusters A = {0,1}, B = {i@} ,C ={8}. What is

the next iteration of hierarchical clustering with Euclidean
distance and complete linkage?

o A: Merge A and B. Ae £
@ B: Merge A and C. /4-1 P
k C : Merge B and Qj BC 4

@ D : [ don't understand. g
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Hierarchical Clustering 3
Quiz

o\Sprfig 2018 Midterm G5 Q3

o Given three clusters A= {0,1},B = {4,6},C = {8}. What is
the next iteration of hierarchical clustering with Euclidean
distance and single linkage?

@ A: Merge A and B.
@ B: Merge A and C. /% ;
\e C: Merge B and C.\ — BC 2
@ D : [ don't understand. ata ]
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Hierarchical Clustering 4
Quiz

@ Given the distance between the clusters so far. Which pair of

clusters will be merged using single linkage.
—

—

™| > |

h) \B\\r =
A (oY 203 496 <«
2 an

\__ C% (059
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Hierarchical Clustering 4, Diagram

2054 | 2687 | 808 | 0 || 1059
996 | 2037 | 1307 | 1059

W4 b cp B
R 3272 ™)
OGD IS0
“T A B C]| D] E
% A | 0 | 1075/ 2013 | 2054\ 996
— B |1075 | 0 T)3272 | 2687) 2037
N C | 2013 [3272| 0 | 808 |(130
D
E
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Hierarchical Clustering 5
Quiz

@ Given the distance between the clusters so far. Which pair of
clusters will be merged using complete linkage.

— A B C D 2
A 0 1075 | 2013 | 2054
B|1075 | 0 |[3272 2687 MT &
C | 2013 | 3272 0 (808) -
D | 2054 | 2687 | 808 | 0O

@ E : ] don't understand. o=
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Number of Clusters

Discussion

@ K can be chosen using prior knowledge about X.

@ The algorithm can stop merging as soon as all the
between-cluster distances are larger than some fixed R. |

o The binary tree generated in the process is often called ho?
dendfogram, or taxonomy, or a hierarchy of data points. _| pcl K

@ An example of a dendrogram is the tree of life in biology.

€ —
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K Means Clustering

Description

o This is not m@bor.

e Start with random cluster centers.

@ Assign each point to its closest center.

e Update all cluster centers as the center of its points.

=3
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K Means Clustering Demo

Description

GonveX P+

focd \
N jog/ﬂ
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Distortion

Distortion

K Means Clustering
0000000000000

@ Distortion for a point is the distance from the point to its

cluster center.

e Total di lon is the sum of distortion for all points.

Dk

k™ (x)

Z d (X,', ngx,-) (Xi))

i=1-

argmin d (x, ck)
k=12,..K

C,
A
A
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Objective Function Counterexample

Definition
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Gradient Descent

Definition

@ When d is the Euclidean distance. K Means algorithm is the
gradient descent when distortion is the objective (cost)

function.
K i Y Ix—cal3=0
aCk . ' /
k=1xeCy _ > )l A Dot v‘/jfol\rb
\—=>—22(X—Ck)=0 5
L S XEC[(

1

T4 2"\ ke

| Ck|
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K Means Clustering 1
Quiz

¢ = 1/what is the initial clusters and what is the
““initial total distortion (sum of squares without square root)?

(e Ce (Nl’\"LL

2 C, g"l/"} . fl}
[ e; 0 U

| 7 = | '
' CZ. C‘-— 2 sz’l

— |

0
2

W O) =
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K Means Clustering 2
Quiz

® ¢
e Given data x = {—1,0,2} and initial cluster centers
c;1 = 0, = 5, what is the initial clusters?

‘/o A:{Z} and {-1,0,2} B tot.f ‘A"fwu‘%
e B:{-1} and {0,2} L G
o C:{-1,0} and {2} ~I 6
\-J% —1,0,2} and {@D ;i S
don't understand. 3
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Total Distortion 2
Quiz

RT
e Given data x = {—1,0,2} and initial cluster centers

c; = 0, ¢ = 5, what is the initial total distortion (sum of
squares without square root)?

@ A:2

@ 1“1 0"+ 2= %
e C:10 — ~
e D :50

@ E : | don't understand.
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Number of Clusters

Discussion

@ There are a few ways to pick the number of clusters K.

© K can be chosen using prior knowledge about X.
B K can b\e\he one that minimizes distortion? No, when

K =0 (distopt -@ # ,,Q&dwe{
(3] K can be the one that minimizes dlst% regularlzer
S, K'= algmm (D) 4—@@ - log n! i e

® A is a fixed constant chosen arbitrarily. "‘ﬁv IA""‘Q&cﬁ'gb\ Pere
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Initial Clusters

Discussion
P4
Do, 4
@ There are a few ways to initialize the clusters. T4t wrﬂ,
. _ AN E 2r
.9 Klunlform random points in {x;}:_. . LA . 1)

91 uniform random point in {xi}7_; as ¢ ) then find the

farthest point in {x;}_; from cfo) as céo), and find the

farthest point in {x;};_; from the closer of c{o) and céo) as

céo), and repeat this K times.
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Gaussian Mixture Model

Discussion
0\ P =
— )

h-L\

@ In K means, each instance belong to one cluster wit
certainty.

@ One continuous version is called the Gaussian mixture model:
each instance belongs to one of the clusters with a positive
probability.

@ The model can be trained using Expectation Maximization
Algorithm (EM Algorithm).

S~——

=,
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Gaussian Mixture Model Demo

Discussion
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Summary

Description

Gwsed learning: O{j ‘,O O

Clustering: Hierachicat= Start fvith sin lusters —

Wlerge closest single, completé inkage) clusters — Repeat.
Q Clustermg K-Means — Start with random centers — Find
closest center to every point — Update centers — Repeat. j

____/'
—~ © Dimensionality Reduction: Principal Component Analysis.
S ——






