TYPES OF ML
ALGORITHMS

Lara J. Martin (she/they)
TA: Aydin Ayanzadeh (he)

11/30/2023
CMSC 671

By the end of class today, you will be able to:

* Distinguish between types of machine learning algorithms (in more detail)
* Determine the classes and features of a given algorithm

* Determine whether a given algorithm 1s supervised or unsupervised
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COURSE UPDATES

 Milestone 3 is due December 7% (a week from today)
* Draft of paper, official conference template
* Get preliminary results
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REVIEW: TYPES OF ALGORITHMS

Supervised Learning  Unsupervised Learning

classification or

- clustering
categorization

Representation

dimensionality
reduction

regression

e.g.
Principal Component Analysis (PCA)

Continuous Discrete



11/30/2023 — Types of ML Algorithms

REVIEW:

DIVIDING UP DATA FOR TRAINING

mouse

dog \ dog
hamster [position of lines]
[loops and dots]
[any other information
relevant to our problem] cat
Training Validation/Development
~809% ~10%

Why would we do this?  To prevent overfitting!

G

mousc

Nz

dog

Testing
~10%
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Classification

Regression

OVERFITTING

Overfitting

Right Fit

Underfitting




11/30/2023 — Types of ML Algorithms

K-FOLD CROSS-VALIDATION

* Another way of avoiding overfitting

 Not usually helpful when you need a model for generation = better for data
analysis

All Data

Training data Test data

| Fold1 || Fold2 || Fold3 | Fold4 || Folds |

spiit1 | Foldl | Fold2 | Fold3 | Fold4 | Folds |

spiit2 | Fold1 || Fold2 | Fold3 || Fold4 | Folds |

Spiit3 | Fold1 | Fold2 || Fold3 || Fold4 | Folds |

Split4 | Fold1 | Foldz | Fold3 | Fold4 | Folds |

Finding Parameters

Spiit5 | Fold1 | Fold2 | Fold3 || Fold4 | Fold5 |/

Final evaluation { Test data
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THE MACHINE LEARNING
FRAMEWORK

y = £(x)

o o . output prediction  feature(s) of
° Tl'allllllg- function input

given a training set of labeled examples {(x,,y,), ..., (X7 )75
estimate the prediction function f
by minimizing the prediction error on the training set
* Testing:
apply f to a never before seen fest example x and output the predicted value y

= £(x)
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Training Training Validation
-~ Labels Labels
Training

Images @ @

Y XX

l t 44 ‘ ‘ 4 — Image > Training C—> Validation %

it J e S RS M L]
o T P57 P e @ D [.earned
model

- " o
= Y sl ™ 2

Testing
— Image — Learned — | Prediction

Features model
Test Image
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SOME POPULAR MODELS

Linear Models

Support Vector Machines (SVMs)
K-Means

K-Nearest Neighbor (KNN)
Decision Trees

Logistic Regression

Hidden Markov Models (HMM)
Naive Bayes

Reinforcement Learning

Neural Networks
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LINEAR MODELS

Method of Least Squares y = mx _|_ b
A 4

Z e’ = Z(Yi — B)? "

random error for X

slope

height

class feature

observed value for ¥; |------------ What would be our
' classes and features?

predicted value for Y, F----------2 .

Is this supervised or unsupervised?
Supervised
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Support vector /

I

Optimal Hyperplane

11

SUPPORT VECTOR MACHINE

(SVM)

* Find the separator with the max
margin

* Only support vectors matter = other
training examples are ignorable

 Can be non-linear, depending on the
“kernel” (Kernel SVM)

 Choosing the right kernel can be
hard
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K-MEANS CLUSTERING

1. Specify how many clusters (k)
2. Cluster the points x such that each one has a minimal
distance to its mean/centroid of the cluster y;

12.5 A
10.0 A
7.5+
5.0 1
2.57
0.0 A1
—2.5
—5.0 1

-7.5 1

Data in 5 Clusters

10

12

14

12

k
argminz z l1x — pl|
S

i=1 XES;

What would be our
classes and features?

Is this supervised or unsupervised?

Unsupervised



1.

2.
3.

Band 2

A
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K-NEAREST NEIGHBOR (KNN)

Find the distance between the current
point to every other point

Pick the top k closest points

Return the predicted class

e
Class B + +
+ +

A What would be our
+ classes and features?

Is this supervised or unsupervised?

Band 1

» Supervised

k=1

K=1

"b

13
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DECISION TREES

e Make a decision at each node

Income .
o0
o o Loy, unt}l you reach the leaves
* Easily interpretable
Age Student
CR
f_’/’bQ Q&\G
31...40 . ’f%
Yes Yes & Age
D
4"“ 31....40
o | Age
12> R Yes - =
31...40 R| 4 What would be our
& C@
S Yes | @ g classes and features?
Yes No

Is this supervised or unsupervised?
Supervised



11/30/2023 — Types of ML Algorithms 15

MAKE A DECISION TREE

Outcome
Datum Features (Label)
alternatives bar Friday  hungry people $ rain reservation type gf:llz Wait? H 1 nts:
X Yes No No Yes Some  $$$ No Yes French  0-10 Yes ® Try toO COM b 1 ne as
X Yes No No Yes Full $ No No Thai  30-60 No .

2 many ata p01nts ds
X3 No Yes No No Some $ No No Burger  0-10 Yes . bl . . 1
X4 Yes No Yes Yes Full $ Yes No Thai  10-30 Yes p Oss1ible 1nto a Slng C
X Yes No Yes No Full $$$ No Yes French  >60 No 16 af
X No Yes No Yes Some $$ Yes Yes [talian  0-10 Yes ° You can use a fe ature
X, No Yes No No None $ Yes No Burger  0-10 No

more than once but
Xg No No No Yes Some $$  Yes Yes Thai  0-10 Yes 5 o b k
X No Yes Yes No Full $ Yes No Burger >60 No It's better to make as
X10 Yes Yes Yes Yes Full $$$ No Yes Italian  0-30 No f W dGCISIOHS as
X No No No No None $ No No Thai  0-10 No 1

¥ possible
X2 Yes Yes Yes Yes Full $ No No Burger 30-60 Yes
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LOGISTIC REGRESSION

Probability of passing exam versus hours of studying

c o

: is the midpoint of the curve
L. is the scale parameter (squish)
g‘ * Parameters are often

2 ozs estimated using MLE

What would be our
.00 I NS N NS N S N classes and features?
; : ; : :
Hours studying

Is this supervised or unsupervised?
Supervised
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HIDDEN MARKOV MODELS (HMM)

Hidden States
Py P, P ¢ MarkOVIan —

probabilities to
transition from one

P
“—| end state to another
*  Good for sequences
o, 0, 0 What would be our

classes and features?
Observations

Is this supervised or unsupervised?

Semi-supervised
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