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Abstract

Machine learning is a methodology that enables
computers to predict outcomes based on specific
input data. It is a broad field that is used to help
identify trends in data and allow everything from
personalized recommendations for things like movies
and ads to self-driving cars. While there are many
different machine learning algorithms, four of the
most commonly used ones include, linear regression,
logistic regression, neural networks, and
collaborative filtering. Each of these algorithms has
its different strengths, weaknesses, and primary
uses. Machine learning algorithms have created a
large number of useful tools. The application of these
different tools has has and can be used across a
wide variety of fields ranging from healthcare to
climate change. My summer research project
iInvolved understanding the underlying algorithms
used In machine learning and applying them to small-
scale projects to gain a deeper understanding of how
machines learn.

Materials & Methods

Over the course of my research, | took a machine
learning course taught by Andrew Ng, a professor at
Stanford University and one of the most influential
minds in the machine learning world [1]. Through this
course | learned many of the fundamentals of
machine learning, | then applied what | had learned
by completing small projects during multiple phases
of the course. One of the more notable projects was
using a neural network to recognize the handwritten
digits 0-9. This project reinforced the content of the
course while giving a challenging project to work on.
Through this course and these projects, | was able to
learn about the fundamentals of machine learning, its
most common algorithms, and how to use them.
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Figure 1. Sample Digits from MNIST dataset
Source: [2]
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| studied the implementation and applications of a
wide variety of machine learning algorithms. | gained
an understanding of the strengths and weaknesses
of each model. Using these algorithms it is possible
to solve a variety of different problems. In particular, |
used the following algorithms: linear regression,
logistic regression, neural networks, and
collaborative filtering.

Linear regression is an algorithm that develops a
model to fit given labeled data such that it can predict
the label of a new example it hasn't been trained on.
An example of this Is estimating the price of a house
given Its size in square meters. The algorithm would
build a model based on a collection of examples with
the size of a house and its associated cost. The
model would then be able to predict the cost of a
unknown house given its size [Figure 2].

Logistic regression Is similar to linear regression
where the algorithm builds a model based on labeled
data but instead of being a range of values the output
IS binary. An example of this would be estimating a
student's chances of passing an exam based on the
amount of time they spent studying. The output of the
model is a prediction of whether a student would get
a passing grade on the test [Figure 3].

Neural networks are machine learning algorithms
that mimic the structure of neurons in the human
brain which consists of multiple layers of neurons.
These networks work by taking input from data in the
Input layer of the network and passing the result of
Its computation through a series of hidden layers and
until the output layer [Figure 4]. This algorithm Is very
versatile and can be modified by changing the
structure of the neurons and the number of layers. An
example of this algorithm is photo recognition. A
common example of photo recognition Is classifying
the handwriting.

Collaborative filtering is an algorithm that uses what
other users rate to match you with items that you
might like [Figure 5]. This Is the kind of algorithm that
IS used on many websites and apps such as Netflix
and YouTube to recommend content that you may
like based on your previous views.
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Figure 2: Price vs Square Footage Linear Regression

Source: [3]
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Figure 3: Exam pass logistic curve
Source: [4]
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Figure 4: Neural network structure
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COLLABORATIVE FILTERING
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Figure 5: Collaborative filtering

Source: [6]

Discussion/Conclusion

Machine learning is a powerful tool that can be
applied to many problems in almost any field. This
makes machine learning a popular field to study and
apply. Machine learning is at its most useful when it
can learn from accurate unbiased data. Although
machine learning tools can be extremely useful, a
critical component is the quality of the input data.
Many datasets contain systematic biases that are
often hard to detect resulting in unreliable outputs. As
applications such as self-driving cars become
common it iIs important to understand the
fundamentals of how these algorithms work along
with their imitations. My research gave me a solid
understanding of these fundamentals of machine
learning.
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