The ML Orchestra: From Listener to Composer
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Unlocking the Mathematics Behind Machine Learning
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Based on Mathematics for Machine Learning by Deisenroth, Faisal, and Ong. | ZF Deisenroth, Faisal, Ong Fi& (H883#>) /M%) . IR



The Allure and Danger
of the ‘Black Box”
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“As machine learning becomes S EFR)TEE T
more ubiquitous and its software &, HHuathiikEsT
pcages b i o e (8, BERBABTS
low-level technical details are gﬁg%ﬁiﬁﬁg%ﬁiﬁ
abstracted away... However, this T
brings with it the danger that a TR KR, MILETES
practitioner becomes unaware of BIRBEIERMNISTTHARSE,

the design decisions and, hence, MRATRREERME, )

the limits of machine learning
algorithms.”
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A New Analogy: Machine Learning as Music
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“In analogy to music, there are
three types of interaction that
people have with machine
learning.”
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Let's explore these roles and find where you fit in the ML Orchestra.

UB—EREZERS, BEEENBEFIRES S LI,

& NotebooklLM



The Astute Listener: Appreciating the Symphony
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Users can focus on extracting insights from data using off-the-shelf tools... This is similar to C Demiatizalel] éﬁ 1’-|_’.-H'Z'
listening to music; the user is able to choose and discern between different types of machine s
learning... More experienced users are llke music critics, asking important questions about... (Off-the_sheﬁ tools / WAL TE ,;'

ethics, fairness, and privacy.
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The Experienced Artist:
Playing the Instruments
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"Skilled practitioners... can plug and play different tools
and libraries... This is similar to a virtuoso playing
music, where highly skilled practitioners can bring
existing instruments to life... Using the mathematics
presented here as a primer, practitioners would be
able to understand the benefits and limits of their
favorite method."
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(+ Plug and Play / EMERIFE Virtuoso / &Z&E XM

(» Understand Limits / IBfERB[E
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The Fledgling Composer:
Writing the Music
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"Developers of machine learning MEEFEINALETEFA
need to develop new methods and i AEHT BUEEX... Xt
extend existing algorithms... This BRESR{FEER, T8 FEILH
is similar to composers of music  FNIFLEA, SHEL LM
who, within the rules and B N{EfR. HEEREEEE
structure of musical theory, create G B HIGESETHF 2SR

new and amazing pieces. Thereis AR, |
a great need in society for new

researchers who are able to

propose and explore novel

approaches.”
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Mathematics is the Sheet Music for Machine Learning
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Mathematical Fields
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Structure & Form _______ . : @/){’ Probability & Optimization
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"We believe that the mathematical foundations of machine learning are

important in order to understand fundamental principles... Understanding X EBS TRl IBEAE, BRSNS S E

these principles can facilitate creating new machine learning solutions, #?;ﬁﬁiﬂﬁﬁﬁﬁﬁfiﬁﬂi}ﬁlﬁﬁ"‘ ’ i
f lk*uﬁﬁﬁﬁu J

understanding and debugging existing approaches, and learning about
the inherent assumptions and limitations of the methodologies we are

working with."
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Your Guide to the Orchestra / NS ANZA LIS

Mathematics for
Machine Learning

Mare Peter Deisenrcth, A. Aldo Faisal. Cheng Sean Ong

Marc Peter Deisenroth, A. Aldo Faisal, Cheng Soon Ong

Freely available for download to democratize education and learning.
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https://mml-book.com
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Finding the Words for Our Intuitions
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The book helps formalize concepts we often use intuitively. For example, what exactly is a “vector”?
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1. The Computer Science 2. The Physics View 3. The Mathematical View
View (It EHEF A ) (PEEFNA) (FFMA)
A vector as an array of numbers. A vector as an arrow with a A vector as an object that obeys
direction and magnitude. addition and scaling.
B, mEZRA A BAANIETX, EZEBEINALEREENN R,

The book uses Linear Algebra to unify these views, focusing on their shared properties.
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The Four Pillars of Practice / SSEBYIAASZ 1+

The journey culminates in four key machine learning appllcatlnns built upon the mathematical foundations.
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Predicting real-valued labels Finding a compact representation

of high-dimensional data.

(e.g., price).
FRMSCR{EIRSE (fI%0, f48) SHREHEUIEN R ERT WAERNERERES mATER

Modeling the underlying probability

distribution of a dataset. (e.g., categories).

Predicting discrete, integer labels
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Part I: Mastering the Mathematical Foundations
Bk FEIREE A
]/} Chapter 2: Linear Algebra / 41$1X3K

é Chapter 3: Analytic Geometry / &4 J1L{A]
[ H Chapter 4: Matrix Decompositions / 8% 47 ##

~Z1 Chapter 5: Vector Calculus / mZ2/#f145H
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/IR Chapter 6: Probability and Distributions / #1592 %
& Chapter 7: Continuous Optimization / FEZ {4
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Part II: Composing with
Machine Learning Algorithms /
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Chapter 9: Linear Regression
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Chapter 11: Density Estimation with GMMs
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Chapter 12: Classification with SVMs
I SZ AT A EHIHTT

1)

a]J3

TR

. Chapter 10: Dimensionality Reduction with PCA
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Your Invitation to Compose / IR IZINNECI{ERVITH

Whether you are an Astute Listener, an Experienced TR 28GR IRE. ZERFENZARR, HE2HF
Artist, or a Fledgling Composer, a deeper understanding of  FJFRI{ERRAZ, XTHERFE>)“RIEB” 10;E N\ EFIGE F I

the ‘musical theory’ of ML empowers you. It is the key to hE, XEBEFE™ENHF L. FHENBFEIEAFY
more rigorous development, novel applications, and true x5t

Innovation.

Begin your journey. The sheet music is open. / 75 THIIRIE . RIEE N IEES

https://mml-book.com

1112

& NotebooklLM



