linear algebra in python

Linear Algebra in Python: A Comprehensive Guide
for Data Scientists and Engineers

Introduction:

Are you ready to unlock the power of linear algebra within the versatile world of Python?
This comprehensive guide dives deep into the practical application of linear algebra using
Python's powerful libraries like NumPy and SciPy. Whether you're a seasoned data scientist
tackling complex machine learning algorithms or a budding programmer eager to grasp
fundamental linear algebra concepts, this post offers a structured learning path filled with
practical examples and code snippets. We'll cover everything from basic vector and matrix
operations to advanced techniques like eigenvalue decomposition and singular value
decomposition, all within the familiar and efficient Python environment. Prepare to
transform your data analysis and computational skills!

1. Setting the Stage: Why Linear Algebra Matters in
Python

Linear algebra is the cornerstone of many critical applications in data science, machine
learning, and computer graphics. Understanding its principles allows you to efficiently
process and interpret vast datasets, build robust machine learning models, and visualize
complex information. Python, with its rich ecosystem of libraries optimized for numerical
computation, provides an ideal platform to explore and apply these concepts. This section
emphasizes the importance of linear algebra in modern computational contexts,
highlighting its relevance across various fields. We’ll briefly touch upon the theoretical
underpinnings to establish a strong foundation before diving into the practical Python
implementation.

2. NumPy: Your Linear Algebra Workhorse in Python

NumPy (Numerical Python) forms the bedrock of most scientific computing in Python. Its
“ndarray’ (n-dimensional array) object provides a highly efficient and optimized way to
represent vectors and matrices. This section provides a practical introduction to NumPy,
covering essential array creation techniques, slicing and indexing, and basic arithmetic
operations with vectors and matrices. We'll illustrate how to perform element-wise
operations, matrix multiplication, transposition, and other fundamental matrix
manipulations using clear and concise code examples. We'll also explore NumPy’s built-in
functions for generating special matrices (e.qg., identity matrices, zero matrices).

3. Mastering Matrix Operations with NumPy: Beyond



the Basics

Beyond basic arithmetic, NumPy offers powerful functions for more advanced linear algebra
operations. This section delves into concepts like matrix inversion, determinant calculation,
and solving systems of linear equations. We'll explore the "numpy.linalg™ module,
demonstrating how to use its functions to perform these calculations efficiently and
accurately. We'll also cover techniques for handling singular matrices (matrices without
inverses) and discuss potential numerical stability issues that can arise during computation.
Practical examples will illustrate the application of these techniques in solving real-world
problems.

4. Eigenvalues and Eigenvectors: Understanding Data
Structure

Eigenvalues and eigenvectors are fundamental concepts in linear algebra with far-reaching
implications. They provide insight into the underlying structure of matrices and are
essential for various algorithms in machine learning and data analysis. This section explains
the meaning of eigenvalues and eigenvectors and demonstrates how to calculate them
using NumPy's “linalg.eig™ function. We'll explore the relationship between eigenvalues and
the stability of linear systems, and discuss their application in principal component analysis
(PCA) - a cornerstone technique in dimensionality reduction.

5. Singular Value Decomposition (SVD): Powerful Tool
for Data Analysis

Singular Value Decomposition (SVD) is a powerful matrix factorization technique that
decomposes a matrix into three simpler matrices: U, Z, and V. This section explains the
concept of SVD and demonstrates its practical application using NumPy. We’ll explore how
SVD can be used for dimensionality reduction, noise reduction, and solving least squares
problems. The section will include code examples illustrating how to perform SVD using
NumPy and interpret the resulting matrices.

6. Linear Transformations: Visualizing the Impact of
Matrices

This section provides a visual and intuitive understanding of linear transformations. We’ll
demonstrate how matrices act as operators that transform vectors and spaces. This will
involve visual representations using Matplotlib to illustrate the effects of various
transformations (e.g., rotation, scaling, shearing). The focus will be on connecting the
abstract mathematical concepts to their geometrical interpretations.

7. Solving Systems of Linear Equations: Practical
Applications

Solving systems of linear equations is a core application of linear algebra. This section



provides various methods for solving these systems, including Gaussian elimination and
using NumPy’s "linalg.solve™ function. We'll discuss the concepts of consistency and
inconsistency in systems of equations and how to identify them. Practical applications in
areas like data fitting and optimization will be highlighted.

8. Advanced Topics and Further Exploration

This section briefly touches upon more advanced linear algebra concepts and libraries, such
as sparse matrices (SciPy's "sparse’ module), and the application of linear algebra in
machine learning algorithms (e.g., support vector machines, recommendation systems). It
serves as a bridge to further learning and points readers towards more specialized
resources.

9. Conclusion: Embracing Linear Algebra’s Power in
Python

This guide provides a strong foundation for leveraging the power of linear algebra within
the Python programming language. By mastering the concepts and techniques presented
here, you will be well-equipped to tackle challenging problems in data science, machine
learning, and other computational fields. Remember that practice is key; the more you
experiment with the code examples and explore different applications, the stronger your
understanding will become.

Book Outline: "Linear Algebra Unleashed with Python"

Introduction: The Importance of Linear Algebra in Data Science and Python.

Chapter 1: NumPy Fundamentals: Arrays, Vectors, and Matrices.

Chapter 2: Basic Matrix Operations: Addition, Subtraction, Multiplication, and Transpose.
Chapter 3: Advanced Matrix Operations: Inverse, Determinant, Solving Linear Equations.
Chapter 4: Eigenvalues, Eigenvectors, and their Applications.

Chapter 5: Singular Value Decomposition (SVD) and its Uses.

Chapter 6: Linear Transformations: Geometric Interpretations.

Chapter 7: Applications in Data Science and Machine Learning.

Chapter 8: Advanced Topics and Further Resources.

Conclusion: Mastering Linear Algebra in Python.

(Each chapter would expand on the sections above, adding more detailed explanations,
numerous code examples, and exercises.)

FAQs

1. What is the best Python library for linear algebra? NumPy is the primary library,
offering a broad range of functionality. SciPy extends NumPy's capabilities with more
advanced algorithms.



1. How do | install NumPy? Use "pip install numpy" in your terminal or command prompt.

1. What are the differences between vectors and matrices? Vectors are one-dimensional
arrays, while matrices are two-dimensional arrays.

1. How do | perform matrix multiplication in NumPy? Use the "@" operator or the
“numpy.dot()" function.

1. What is a singular matrix? A matrix that doesn't have an inverse.

1. What are eigenvalues and eigenvectors used for? They reveal information about the
structure of a matrix and are crucial in PCA and other techniques.

1. What is SVD used for? Dimensionality reduction, noise reduction, and solving least
squares problems.

1. How can | visualize linear transformations? Use libraries like Matplotlib to plot vectors
and their transformations.

1. Where can | find more advanced linear algebra resources? Explore textbooks, online
courses (Coursera, edX), and research papers.

Related Articles:

1. NumPy Tutorial for Beginners: A step-by-step guide to learning the basics of NumPy.

2. Introduction to SciPy for Scientific Computing: Covers SciPy's linear algebra modules



and functions.

3. Principal Component Analysis (PCA) with Python: Explains PCA and its implementation
using NumPy and SciPy.

4. Linear Regression in Python: lllustrates the use of linear algebra in linear regression
models.

5. Support Vector Machines (SVM) and Linear Algebra: Explains the linear algebra
concepts behind SVMs.

6. Eigenfaces: Facial Recognition with Eigenvalues and Eigenvectors: A practical
application of eigenvalue decomposition.

7. Recommendation Systems using Matrix Factorization: Explores the application of
matrix factorization techniques.

8. Solving Systems of Linear Equations using Gaussian Elimination: Detailed explanation
of the algorithm and its implementation.

9. Sparse Matrices in Python: Introduction to handling large, sparse matrices efficiently
using SciPy.

linear algebra in python: Linear Algebra with Python Makoto Tsukada, Yuji Kobayashi,
Hiroshi Kaneko, Sin-Ei Takahasi, Kiyoshi Shirayanagi, Masato Noguchi, 2023-12-06 This textbook is
for those who want to learn linear algebra from the basics. After a brief mathematical introduction,
it provides the standard curriculum of linear algebra based on an abstract linear space. It covers,
among other aspects: linear mappings and their matrix representations, basis, and dimension;
matrix invariants, inner products, and norms; eigenvalues and eigenvectors; and Jordan normal
forms. Detailed and self-contained proofs as well as descriptions are given for all theorems,
formulas, and algorithms. A unified overview of linear structures is presented by developing linear
algebra from the perspective of functional analysis. Advanced topics such as function space are
taken up, along with Fourier analysis, the Perron-Frobenius theorem, linear differential equations,
the state transition matrix and the generalized inverse matrix, singular value decomposition, tensor
products, and linear regression models. These all provide a bridge to more specialized theories
based on linear algebra in mathematics, physics, engineering, economics, and social sciences.
Python is used throughout the book to explain linear algebra. Learning with Python interactively,
readers will naturally become accustomed to Python coding. By using Python’s libraries NumPy,
Matplotlib, VPython, and SymPy, readers can easily perform large-scale matrix calculations,
visualization of calculation results, and symbolic computations. All the codes in this book can be
executed on both Windows and macOS and also on Raspberry Pi.

linear algebra in python: Introduction to Applied Linear Algebra Stephen Boyd, Lieven
Vandenberghe, 2018-06-07 A groundbreaking introduction to vectors, matrices, and least squares
for engineering applications, offering a wealth of practical examples.

linear algebra in python: Linear Algebra Coding with Python Hyun-Seok Son, 2020-08-11
Python is one of the most popular languages for data analysis and prediction. What's more,
tensorflow and torch, useful tools of recent deep learning, are fully implemented by Python. The




basic form of data in these languages is an array, created by Python's important package numpy. In
particular, arrays are the basis of data science because they have structures of vectors and matrices
that give the meaning of direction and magnitude to each value in the data set. The matrix structure
allows transformation to a simple form without losing the basic characteristics of a vast data set.
These transformations are useful for efficient processing of data and for finding implicit
characteristics. Linear Algebra, a field that provides a basic theory of vectors and matrices, provides
many algorithms to increase the accuracy and speed of computation for analyzing data and to
discover the characteristics of a data set. These algorithms are very useful for understanding the
computing process of probability, statistics and the learning machine. This book introduces many
basics of linear algebra using Python packages numpy, sympy, and so on. Chapters 1 and 2
introduce the creation and characteristics of vectors and matrices. Chapter 3 describes the linear
system(linear combination) through the process finding the solution in a system of simultaneous
equations. Vector space, a concept introduced in Chapter 4, is used to infer the collective
characteristics and relationships of each vector of a linear system. Chapter 5 introduces the
coordinate system to represent the linear system geometrically. Chapter 6 introduces the process of
transforming while maintaining basic characteristics such as vectors and matrices. Finally, Chapter
7 describes several ways to decompose the original form into a simple form. In this process, we use
a variety of Python functions.

linear algebra in python: Coding the Matrix Philip N. Klein, 2013-07 An engaging introduction
to vectors and matrices and the algorithms that operate on them, intended for the student who
knows how to program. Mathematical concepts and computational problems are motivated by
applications in computer science. The reader learns by doing, writing programs to implement the
mathematical concepts and using them to carry out tasks and explore the applications. Examples
include: error-correcting codes, transformations in graphics, face detection, encryption and
secret-sharing, integer factoring, removing perspective from an image, PageRank (Google's ranking
algorithm), and cancer detection from cell features. A companion web site, codingthematrix.com
provides data and support code. Most of the assignments can be auto-graded online. Over two
hundred illustrations, including a selection of relevant xkcd comics. Chapters: The Function, The
Field, The Vector, The Vector Space, The Matrix, The Basis, Dimension, Gaussian Elimination, The
Inner Product, Special Bases, The Singular Value Decomposition, The Eigenvector, The Linear
Program A new edition of this text, incorporating corrections and an expanded index, has been
issued as of September 4, 2013, and will soon be available on Amazon.

linear algebra in python: Linear Algebra, Signal Processing, and Wavelets - A Unified
Approach @yvind Ryan, 2019-03-05 This book offers a user friendly, hands-on, and systematic
introduction to applied and computational harmonic analysis: to Fourier analysis, signal processing
and wavelets; and to their interplay and applications. The approach is novel, and the book can be
used in undergraduate courses, for example, following a first course in linear algebra, but is also
suitable for use in graduate level courses. The book will benefit anyone with a basic background in
linear algebra. It defines fundamental concepts in signal processing and wavelet theory, assuming
only a familiarity with elementary linear algebra. No background in signal processing is needed.
Additionally, the book demonstrates in detail why linear algebra is often the best way to go. Those
with only a signal processing background are also introduced to the world of linear algebra,
although a full course is recommended. The book comes in two versions: one based on MATLAB, and
one on Python, demonstrating the feasibility and applications of both approaches. Most of the
MATLAB code is available interactively. The applications mainly involve sound and images. The book
also includes a rich set of exercises, many of which are of a computational nature.

linear algebra in python: Basics of Linear Algebra for Machine Learning Jason Brownlee,
2018-01-24 Linear algebra is a pillar of machine learning. You cannot develop a deep understanding
and application of machine learning without it. In this laser-focused Ebook, you will finally cut
through the equations, Greek letters, and confusion, and discover the topics in linear algebra that
you need to know. Using clear explanations, standard Python libraries, and step-by-step tutorial



lessons, you will discover what linear algebra is, the importance of linear algebra to machine
learning, vector, and matrix operations, matrix factorization, principal component analysis, and
much more.

linear algebra in python: Linear Algebra: Theory, Intuition, Code Mike X. Cohen, 2021-02
Linear algebra is perhaps the most important branch of mathematics for computational sciences,
including machine learning, Al, data science, statistics, simulations, computer graphics, multivariate
analyses, matrix decompositions, signal processing, and so on.The way linear algebra is presented in
traditional textbooks is different from how professionals use linear algebra in computers to solve
real-world applications in machine learning, data science, statistics, and signal processing. For
example, the determinant of a matrix is important for linear algebra theory, but should you actually
use the determinant in practical applications? The answer may surprise you!lf you are interested in
learning the mathematical concepts linear algebra and matrix analysis, but also want to apply those
concepts to data analyses on computers (e.g., statistics or signal processing), then this book is for
you. You'll see all the math concepts implemented in MATLAB and in Python.Unique aspects of this
book: - Clear and comprehensible explanations of concepts and theories in linear algebra. - Several
distinct explanations of the same ideas, which is a proven technique for learning. - Visualization
using graphs, which strengthens the geometric intuition of linear algebra. - Implementations in
MATLAB and Python. Com'on, in the real world, you never solve math problems by hand! You need
to know how to implement math in software! - Beginner to intermediate topics, including vectors,
matrix multiplications, least-squares projections, eigendecomposition, and singular-value
decomposition. - Strong focus on modern applications-oriented aspects of linear algebra and matrix
analysis. - Intuitive visual explanations of diagonalization, eigenvalues and eigenvectors, and
singular value decomposition. - Codes (MATLAB and Python) are provided to help you understand
and apply linear algebra concepts on computers. - A combination of hand-solved exercises and more
advanced code challenges. Math is not a spectator sport!

linear algebra in python: Machine Learning with Python Cookbook Chris Albon,
2018-03-09 This practical guide provides nearly 200 self-contained recipes to help you solve machine
learning challenges you may encounter in your daily work. If you're comfortable with Python and its
libraries, including pandas and scikit-learn, you'll be able to address specific problems such as
loading data, handling text or numerical data, model selection, and dimensionality reduction and
many other topics. Each recipe includes code that you can copy and paste into a toy dataset to
ensure that it actually works. From there, you can insert, combine, or adapt the code to help
construct your application. Recipes also include a discussion that explains the solution and provides
meaningful context. This cookbook takes you beyond theory and concepts by providing the nuts and
bolts you need to construct working machine learning applications. You'll find recipes for: Vectors,
matrices, and arrays Handling numerical and categorical data, text, images, and dates and times
Dimensionality reduction using feature extraction or feature selection Model evaluation and
selection Linear and logical regression, trees and forests, and k-nearest neighbors Support vector
machines (SVM), naive Bayes, clustering, and neural networks Saving and loading trained models

linear algebra in python: Introduction to Linear Algebra Gilbert Strang, 2016-08-11 Linear
algebra is something all mathematics undergraduates and many other students, in subjects ranging
from engineering to economics, have to learn. The fifth edition of this hugely successful textbook
retains all the qualities of earlier editions, while at the same time seeing numerous minor
improvements and major additions. The latter include: * A new chapter on singular values and
singular vectors, including ways to analyze a matrix of data ¢ A revised chapter on computing in
linear algebra, with professional-level algorithms and code that can be downloaded for a variety of
languages ¢ A new section on linear algebra and cryptography * A new chapter on linear algebra in
probability and statistics. A dedicated and active website also offers solutions to exercises as well as
new exercises from many different sources (including practice problems, exams, and development of
textbook examples), plus codes in MATLAB®, Julia, and Python.

linear algebra in python: Algebra and Geometry with Python Sergei Kurgalin, Sergei



Borzunov, 2021-01-18 This book teaches algebra and geometry. The authors dedicate chapters to
the key issues of matrices, linear equations, matrix algorithms, vector spaces, lines, planes,
second-order curves, and elliptic curves. The text is supported throughout with problems, and the
authors have included source code in Python in the book. The book is suitable for advanced
undergraduate and graduate students in computer science.

linear algebra in python: Practical Linear Algebra for Data Science Mike X Cohen,
2022-09-06 If you want to work in any computational or technical field, you need to understand
linear algebra. As the study of matrices and operations acting upon them, linear algebra is the
mathematical basis of nearly all algorithms and analyses implemented in computers. But the way it's
presented in decades-old textbooks is much different from how professionals use linear algebra
today to solve real-world modern applications. This practical guide from Mike X Cohen teaches the
core concepts of linear algebra as implemented in Python, including how they're used in data
science, machine learning, deep learning, computational simulations, and biomedical data
processing applications. Armed with knowledge from this book, you'll be able to understand,
implement, and adapt myriad modern analysis methods and algorithms. Ideal for practitioners and
students using computer technology and algorithms, this book introduces you to: The interpretations
and applications of vectors and matrices Matrix arithmetic (various multiplications and
transformations) Independence, rank, and inverses Important decompositions used in applied linear
algebra (including LU and QR) Eigendecomposition and singular value decomposition Applications
including least-squares model fitting and principal components analysis

linear algebra in python: Lecture Notes for Linear Algebra Gilbert Strang, Lecture Notes for
Linear Algebra provides instructors with a detailed lecture-by-lecture outline for a basic linear
algebra course. The ideas and examples presented in this e-book are based on Strang’s video
lectures for Mathematics 18.06 and 18.065, available on MIT’s OpenCourseWare (ocw.mit.edu) and
YouTube (youtube.com/mitocw). Readers will quickly gain a picture of the whole course—the
structure of the subject, the key topics in a natural order, and the connecting ideas that make linear
algebra so beautiful.

linear algebra in python: Sparse Estimation with Math and R Joe Suzuki, 2021-08-04 The
most crucial ability for machine learning and data science is mathematical logic for grasping their
essence rather than knowledge and experience. This textbook approaches the essence of sparse
estimation by considering math problems and building R programs. Each chapter introduces the
notion of sparsity and provides procedures followed by mathematical derivations and source
programs with examples of execution. To maximize readers’ insights into sparsity, mathematical
proofs are presented for almost all propositions, and programs are described without depending on
any packages. The book is carefully organized to provide the solutions to the exercises in each
chapter so that readers can solve the total of 100 exercises by simply following the contents of each
chapter. This textbook is suitable for an undergraduate or graduate course consisting of about 15
lectures (90 mins each). Written in an easy-to-follow and self-contained style, this book will also be
perfect material for independent learning by data scientists, machine learning engineers, and
researchers interested in linear regression, generalized linear lasso, group lasso, fused lasso,
graphical models, matrix decomposition, and multivariate analysis. This book is one of a series of
textbooks in machine learning by the same author. Other titles are: - Statistical Learning with Math
and R (https://www.springer.com/gp/book/9789811575679) - Statistical Learning with Math and
Python (https://www.springer.com/gp/book/9789811578762) - Sparse Estimation with Math and
Python

linear algebra in python: Statistical Learning with Math and Python Joe Suzuki, 2021-08-03
The most crucial ability for machine learning and data science is mathematical logic for grasping
their essence rather than knowledge and experience. This textbook approaches the essence of
machine learning and data science by considering math problems and building Python programs. As
the preliminary part, Chapter 1 provides a concise introduction to linear algebra, which will help
novices read further to the following main chapters. Those succeeding chapters present essential



topics in statistical learning: linear regression, classification, resampling, information criteria,
regularization, nonlinear regression, decision trees, support vector machines, and unsupervised
learning. Each chapter mathematically formulates and solves machine learning problems and builds
the programs. The body of a chapter is accompanied by proofs and programs in an appendix, with
exercises at the end of the chapter. Because the book is carefully organized to provide the solutions
to the exercises in each chapter, readers can solve the total of 100 exercises by simply following the
contents of each chapter. This textbook is suitable for an undergraduate or graduate course
consisting of about 12 lectures. Written in an easy-to-follow and self-contained style, this book will
also be perfect material for independent learning.

linear algebra in python: Python Programming and Numerical Methods Qingkai Kong, Timmy
Siauw, Alexandre Bayen, 2020-11-27 Python Programming and Numerical Methods: A Guide for
Engineers and Scientists introduces programming tools and numerical methods to engineering and
science students, with the goal of helping the students to develop good computational
problem-solving techniques through the use of numerical methods and the Python programming
language. Part One introduces fundamental programming concepts, using simple examples to put
new concepts quickly into practice. Part Two covers the fundamentals of algorithms and numerical
analysis at a level that allows students to quickly apply results in practical settings. - Includes tips,
warnings and try this features within each chapter to help the reader develop good programming
practice - Summaries at the end of each chapter allow for quick access to important information -
Includes code in Jupyter notebook format that can be directly run online

linear algebra in python: Linear Algebra and Its Applications with R Ruriko Yoshida,
2021-06-27 This book developed from the need to teach a linear algebra course to students focused
on data science and bioinformatics programs. These students tend not to realize the importance of
linear algebra in applied sciences, since traditional linear algebra courses tend to cover
mathematical contexts but not the computational aspect of linear algebra or its applications to data
science and bioinformatics. The author presents the topics in a traditional course, yet offers lectures
as well as lab exercises on simulated and empirical data sets. This textbook provides students a
theoretical basis which can then be applied to the practical R and Python problems, providing the
tools needed for real-world applications. Each section starts with working examples to demonstrate
how tools from linear algebra can help solve problems in applied sciences. These exercises start
from easy computations, such as computing determinants of matrices, to practical applications on
simulated and empirical data sets with R so that students learn how to get started with R, along with
computational examples in each section, and then students learn how to apply what they've learned
to problems in applied sciences. This book is designed from first principles to demonstrate the
importance of linear algebra through working computational examples with R and Python, including
tutorials on how to install R in the Appendix. If a student has never seen R, they can get started
without any additional help. Since Python is one of the most popular languages in data science,
optimization, and computer science, code supplements are available for students who feel more
comfortable with Python. R is used primarily for computational examples to develop students’
practical computational skills. About the Author: Dr. Ruriko Yoshida is an Associate Professor of
Operations Research at the Naval Postgraduate School. She received her PhD in Mathematics from
the University of California, Davis. Her research topics cover a wide variety of areas: applications of
algebraic combinatorics to statistical problems such as statistical learning on non-Euclidean spaces,
sensor networks, phylogenetics, and phylogenomics. She teaches courses in statistics, stochastic
models, probability, and data science.

linear algebra in python: Math for Programmers Paul Orland, 2021-01-12 In Math for
Programmers you’ll explore important mathematical concepts through hands-on coding. Filled with
graphics and more than 300 exercises and mini-projects, this book unlocks the door to
interesting-and lucrative!-careers in some of today’s hottest fields. As you tackle the basics of linear
algebra, calculus, and machine learning, you’ll master the key Python libraries used to turn them
into real-world software applications. Summary To score a job in data science, machine learning,



computer graphics, and cryptography, you need to bring strong math skills to the party. Math for
Programmers teaches the math you need for these hot careers, concentrating on what you need to
know as a developer. Filled with lots of helpful graphics and more than 200 exercises and
mini-projects, this book unlocks the door to interesting-and lucrative!-careers in some of today’s
hottest programming fields. Purchase of the print book includes a free eBook in PDF, Kindle, and
ePub formats from Manning Publications. About the technology Skip the mathematical jargon: This
one-of-a-kind book uses Python to teach the math you need to build games, simulations, 3D graphics,
and machine learning algorithms. Discover how algebra and calculus come alive when you see them
in code! About the book In Math for Programmers you'll explore important mathematical concepts
through hands-on coding. Filled with graphics and more than 300 exercises and mini-projects, this
book unlocks the door to interesting-and lucrative!-careers in some of today’s hottest fields. As you
tackle the basics of linear algebra, calculus, and machine learning, you’ll master the key Python
libraries used to turn them into real-world software applications. What's inside Vector geometry for
computer graphics Matrices and linear transformations Core concepts from calculus Simulation and
optimization Image and audio processing Machine learning algorithms for regression and
classification About the reader For programmers with basic skills in algebra. About the author Paul
Orland is a programmer, software entrepreneur, and math enthusiast. He is co-founder of Tachyus, a
start-up building predictive analytics software for the energy industry. You can find him online at
www.paulor.land. Table of Contents 1 Learning math with code PART I - VECTORS AND GRAPHICS
2 Drawing with 2D vectors 3 Ascending to the 3D world 4 Transforming vectors and graphics 5
Computing transformations with matrices 6 Generalizing to higher dimensions 7 Solving systems of
linear equations PART 2 - CALCULUS AND PHYSICAL SIMULATION 8 Understanding rates of
change 9 Simulating moving objects 10 Working with symbolic expressions 11 Simulating force
fields 12 Optimizing a physical system 13 Analyzing sound waves with a Fourier series PART 3 -
MACHINE LEARNING APPLICATIONS 14 Fitting functions to data 15 Classifying data with logistic
regression 16 Training neural networks

linear algebra in python: Python for Data Analysis Wes McKinney, 2017-09-25 Get complete
instructions for manipulating, processing, cleaning, and crunching datasets in Python. Updated for
Python 3.6, the second edition of this hands-on guide is packed with practical case studies that show
you how to solve a broad set of data analysis problems effectively. You'll learn the latest versions of
pandas, NumPy, IPython, and Jupyter in the process. Written by Wes McKinney, the creator of the
Python pandas project, this book is a practical, modern introduction to data science tools in Python.
It’s ideal for analysts new to Python and for Python programmers new to data science and scientific
computing. Data files and related material are available on GitHub. Use the IPython shell and
Jupyter notebook for exploratory computing Learn basic and advanced features in NumPy
(Numerical Python) Get started with data analysis tools in the pandas library Use flexible tools to
load, clean, transform, merge, and reshape data Create informative visualizations with matplotlib
Apply the pandas groupby facility to slice, dice, and summarize datasets Analyze and manipulate
regular and irregular time series data Learn how to solve real-world data analysis problems with
thorough, detailed examples

linear algebra in python: Doing Math with Python Amit Saha, 2015-08-01 Doing Math with
Python shows you how to use Python to delve into high school-level math topics like statistics,
geometry, probability, and calculus. You’ll start with simple projects, like a factoring program and a
quadratic-equation solver, and then create more complex projects once you've gotten the hang of
things. Along the way, you'll discover new ways to explore math and gain valuable programming
skills that you'll use throughout your study of math and computer science. Learn how to: -Describe
your data with statistics, and visualize it with line graphs, bar charts, and scatter plots -Explore set
theory and probability with programs for coin flips, dicing, and other games of chance -Solve
algebra problems using Python’s symbolic math functions -Draw geometric shapes and explore
fractals like the Barnsley fern, the Sierpinski triangle, and the Mandelbrot set -Write programs to
find derivatives and integrate functions Creative coding challenges and applied examples help you



see how you can put your new math and coding skills into practice. You'll write an inequality solver,
plot gravity’s effect on how far a bullet will travel, shuffle a deck of cards, estimate the area of a
circle by throwing 100,000 darts at a board, explore the relationship between the Fibonacci
sequence and the golden ratio, and more. Whether you're interested in math but have yet to dip into
programming or you're a teacher looking to bring programming into the classroom, you'll find that
Python makes programming easy and practical. Let Python handle the grunt work while you focus on
the math. Uses Python 3

linear algebra in python: Linear Models with Python Julian ]J. Faraway, 2021-01-08 Praise for
Linear Models with R: This book is a must-have tool for anyone interested in understanding and
applying linear models. The logical ordering of the chapters is well thought out and portrays
Faraway’s wealth of experience in teaching and using linear models. ... It lays down the material in a
logical and intricate manner and makes linear modeling appealing to researchers from virtually all
fields of study. -Biometrical Journal Throughout, it gives plenty of insight ... with comments that even
the seasoned practitioner will appreciate. Interspersed with R code and the output that it produces
one can find many little gems of what I think is sound statistical advice, well epitomized with the
examples chosen...I read it with delight and think that the same will be true with anyone who is
engaged in the use or teaching of linear models. -Journal of the Royal Statistical Society Like its
widely praised, best-selling companion version, Linear Models with R, this book replaces R with
Python to seamlessly give a coherent exposition of the practice of linear modeling. Linear Models
with Python offers up-to-date insight on essential data analysis topics, from estimation, inference
and prediction to missing data, factorial models and block designs. Numerous examples illustrate
how to apply the different methods using Python. Features: Python is a powerful, open source
programming language increasingly being used in data science, machine learning and computer
science. Python and R are similar, but R was designed for statistics, while Python is multi-talented.
This version replaces R with Python to make it accessible to a greater number of users outside of
statistics, including those from Machine Learning. A reader coming to this book from an ML
background will learn new statistical perspectives on learning from data. Topics include Model
Selection, Shrinkage, Experiments with Blocks and Missing Data. Includes an Appendix on Python
for beginners. Linear Models with Python explains how to use linear models in physical science,
engineering, social science and business applications. It is ideal as a textbook for linear models or
linear regression courses.

linear algebra in python: Mathematics for Machine Learning Marc Peter Deisenroth, A.
Aldo Faisal, Cheng Soon Ong, 2020-04-23 The fundamental mathematical tools needed to
understand machine learning include linear algebra, analytic geometry, matrix decompositions,
vector calculus, optimization, probability and statistics. These topics are traditionally taught in
disparate courses, making it hard for data science or computer science students, or professionals, to
efficiently learn the mathematics. This self-contained textbook bridges the gap between
mathematical and machine learning texts, introducing the mathematical concepts with a minimum of
prerequisites. It uses these concepts to derive four central machine learning methods: linear
regression, principal component analysis, Gaussian mixture models and support vector machines.
For students and others with a mathematical background, these derivations provide a starting point
to machine learning texts. For those learning the mathematics for the first time, the methods help
build intuition and practical experience with applying mathematical concepts. Every chapter
includes worked examples and exercises to test understanding. Programming tutorials are offered
on the book's web site.

linear algebra in python: Learning SciPy for Numerical and Scientific Computing
Francisco ]J. Blanco-Silva, F. Silva, 2013 A step-by-step practical tutorial with plenty of examples on
research-based problems from various areas of science, that prove how simple, yet effective, it is to
provide solutions based on SciPy.This book is targeted at anyone with basic knowledge of Python, a
somewhat advanced command of mathematics/physics, and an interest in engineering or scientific
applications---this is broadly what we refer to as scientific computing.This book will be of critical



importance to programmers and scientists who have basic Python knowledge and would like to be
able to do scientific and numerical computations with SciPy.

linear algebra in python: Python Natural Language Processing Jalaj Thanaki, 2017-07-31
Leverage the power of machine learning and deep learning to extract information from text data
About This Book Implement Machine Learning and Deep Learning techniques for efficient natural
language processing Get started with NLTK and implement NLP in your applications with ease
Understand and interpret human languages with the power of text analysis via Python Who This
Book Is For This book is intended for Python developers who wish to start with natural language
processing and want to make their applications smarter by implementing NLP in them. What You
Will Learn Focus on Python programming paradigms, which are used to develop NLP applications
Understand corpus analysis and different types of data attribute. Learn NLP using Python libraries
such as NLTK, Polyglot, SpaCy, Standford CoreNLP and so on Learn about Features Extraction and
Feature selection as part of Features Engineering. Explore the advantages of vectorization in Deep
Learning. Get a better understanding of the architecture of a rule-based system. Optimize and
fine-tune Supervised and Unsupervised Machine Learning algorithms for NLP problems. Identify
Deep Learning techniques for Natural Language Processing and Natural Language Generation
problems. In Detail This book starts off by laying the foundation for Natural Language Processing
and why Python is one of the best options to build an NLP-based expert system with advantages such
as Community support, availability of frameworks and so on. Later it gives you a better
understanding of available free forms of corpus and different types of dataset. After this, you will
know how to choose a dataset for natural language processing applications and find the right NLP
techniques to process sentences in datasets and understand their structure. You will also learn how
to tokenize different parts of sentences and ways to analyze them. During the course of the book,
you will explore the semantic as well as syntactic analysis of text. You will understand how to solve
various ambiguities in processing human language and will come across various scenarios while
performing text analysis. You will learn the very basics of getting the environment ready for natural
language processing, move on to the initial setup, and then quickly understand sentences and
language parts. You will learn the power of Machine Learning and Deep Learning to extract
information from text data. By the end of the book, you will have a clear understanding of natural
language processing and will have worked on multiple examples that implement NLP in the real
world. Style and approach This book teaches the readers various aspects of natural language
Processing using NLTK. It takes the reader from the basic to advance level in a smooth way.

linear algebra in python: Computational Category Theory David E. Rydeheard, Rod M.
Burstall, 1988

linear algebra in python: Symbolic Computation with Python and SymPy Davide Sandona,
2021-10-05 SymPy is an open-source, lightweight and cross-platform Computer Algebra System
written in Python that enables the manipulation of mathematical expressions in an analytical form. It
can be used in a variety of disciplines in engineering and science to perform common analytical
computations such as differentiation and integration, simplifying and manipulating expressions for
greater insight, solving algebraic and differential equations, plotting, mathematical modeling and
more. Symbolic Computation with Python and SymPy takes you through SymPy's capabilities, with
sample code and in-depth guided exercises. If you are just starting with SymPy, or want to go
deeper, you will learn how to integrate this library into your workflow. Use Jupyter Notebook for
interactive computing. Create and inspect symbolic expressions. Gain hands-on experience in
expression manipulation with guided exercises and many Cheat Sheets. Solve algebraic equations,
inequalities and differential equations. Plot symbolic expressions and quickly create
parametric-interactive plots using widgets. Use calculus, multi-dimensional and plotting
functionalities. Convert symbolic expressions into numerical functions for fast evaluation with
NumPy and SciPy and leverage Cython to get the best speed up. Translate symbolic expressions to a
target programming language, such as C/C++, Javascript, Matlab/Octave, Julia and more. Explore
SymPy architecture and use Object-Oriented Programming to extend its capabilities. Source Code



available at Github

linear algebra in python: Linear Algebra and Learning from Data Gilbert Strang,
2019-01-31 Linear algebra and the foundations of deep learning, together at last! From Professor
Gilbert Strang, acclaimed author of Introduction to Linear Algebra, comes Linear Algebra and
Learning from Data, the first textbook that teaches linear algebra together with deep learning and
neural nets. This readable yet rigorous textbook contains a complete course in the linear algebra
and related mathematics that students need to know to get to grips with learning from data.
Included are: the four fundamental subspaces, singular value decompositions, special matrices,
large matrix computation techniques, compressed sensing, probability and statistics, optimization,
the architecture of neural nets, stochastic gradient descent and backpropagation.

linear algebra in python: Coding the Matrix Philip N. Klein, 2013 An engaging introduction
to vectors and matrices and the algorithms that operate on them, intended for the student who
knows how to program. Mathematical concepts and computational problems are motivated by
applications in computer science. The reader learns by doing, writing programs to implement the
mathematical concepts and using them to carry out tasks and explore the applications. Examples
include: error-correcting codes, transformations in graphics, face detection, encryption and
secret-sharing, integer factoring, removing perspective from an image, PageRank (Google's ranking
algorithm), and cancer detection from cell features. A companion web site, codingthematrix.com
provides data and support code. Most of the assignments can be auto-graded online. Over two
hundred illustrations, including a selection of relevant xkcd comics. Chapters: The Function, The
Field, The Vector, The Vector Space, The Matrix, The Basis, Dimension, Gaussian Elimination, The
Inner Product, Special Bases, The Singular Value Decomposition, The Eigenvector, The Linear
Program

linear algebra in python: Deep Learning for Coders with fastai and PyTorch Jeremy Howard,
Sylvain Gugger, 2020-06-29 Deep learning is often viewed as the exclusive domain of math PhDs and
big tech companies. But as this hands-on guide demonstrates, programmers comfortable with
Python can achieve impressive results in deep learning with little math background, small amounts
of data, and minimal code. How? With fastai, the first library to provide a consistent interface to the
most frequently used deep learning applications. Authors Jeremy Howard and Sylvain Gugger, the
creators of fastai, show you how to train a model on a wide range of tasks using fastai and PyTorch.
You'll also dive progressively further into deep learning theory to gain a complete understanding of
the algorithms behind the scenes. Train models in computer vision, natural language processing,
tabular data, and collaborative filtering Learn the latest deep learning techniques that matter most
in practice Improve accuracy, speed, and reliability by understanding how deep learning models
work Discover how to turn your models into web applications Implement deep learning algorithms
from scratch Consider the ethical implications of your work Gain insight from the foreword by
PyTorch cofounder, Soumith Chintala

linear algebra in python: Linear Algebra Kuldeep Singh, 2013-10 This book is intended for
first- and second-year undergraduates arriving with average mathematics grades ... The strength of
the text is in the large number of examples and the step-by-step explanation of each topic as it is
introduced. It is compiled in a way that allows distance learning, with explicit solutions to all of the
set problems freely available online http://www.oup.co.uk/companion/singh -- From preface.

linear algebra in python: Applying Math with Python Sam Morley, 2020-07-31 Discover
easy-to-follow solutions and techniques to help you to implement applied mathematical concepts
such as probability, calculus, and equations using Python's numeric and scientific libraries Key
FeaturesCompute complex mathematical problems using programming logic with the help of
step-by-step recipesLearn how to utilize Python's libraries for computation, mathematical modeling,
and statisticsDiscover simple yet effective techniques for solving mathematical equations and apply
them in real-world statisticsBook Description Python, one of the world's most popular programming
languages, has a number of powerful packages to help you tackle complex mathematical problems in
a simple and efficient way. These core capabilities help programmers pave the way for building



exciting applications in various domains, such as machine learning and data science, using
knowledge in the computational mathematics domain. The book teaches you how to solve problems
faced in a wide variety of mathematical fields, including calculus, probability, statistics and data
science, graph theory, optimization, and geometry. You'll start by developing core skills and learning
about packages covered in Python's scientific stack, including NumPy, SciPy, and Matplotlib. As you
advance, you'll get to grips with more advanced topics of calculus, probability, and networks (graph
theory). After you gain a solid understanding of these topics, you'll discover Python's applications in
data science and statistics, forecasting, geometry, and optimization. The final chapters will take you
through a collection of miscellaneous problems, including working with specific data formats and
accelerating code. By the end of this book, you'll have an arsenal of practical coding solutions that
can be used and modified to solve a wide range of practical problems in computational mathematics
and data science. What you will learnGet familiar with basic packages, tools, and libraries in Python
for solving mathematical problemsExplore various techniques that will help you to solve
computational mathematical problemsUnderstand the core concepts of applied mathematics and
how you can apply them in computer scienceDiscover how to choose the most suitable package, tool,
or technique to solve a certain problemImplement basic mathematical plotting, change plot styles,
and add labels to the plots using MatplotlibGet to grips with probability theory with the Bayesian
inference and Markov Chain Monte Carlo (MCMC) methodsWho this book is for This book is for
professional programmers and students looking to solve mathematical problems computationally
using Python. Advanced mathematics knowledge is not a requirement, but a basic knowledge of
mathematics will help you to get the most out of this book. The book assumes familiarity with Python
concepts of data structures.

linear algebra in python: Deep Learning Ian Goodfellow, Yoshua Bengio, Aaron Courville,
2016-11-10 An introduction to a broad range of topics in deep learning, covering mathematical and
conceptual background, deep learning techniques used in industry, and research perspectives.
“Written by three experts in the field, Deep Learning is the only comprehensive book on the
subject.” —Elon Musk, cochair of OpenAl; cofounder and CEO of Tesla and SpaceX Deep learning is
a form of machine learning that enables computers to learn from experience and understand the
world in terms of a hierarchy of concepts. Because the computer gathers knowledge from
experience, there is no need for a human computer operator to formally specify all the knowledge
that the computer needs. The hierarchy of concepts allows the computer to learn complicated
concepts by building them out of simpler ones; a graph of these hierarchies would be many layers
deep. This book introduces a broad range of topics in deep learning. The text offers mathematical
and conceptual background, covering relevant concepts in linear algebra, probability theory and
information theory, numerical computation, and machine learning. It describes deep learning
techniques used by practitioners in industry, including deep feedforward networks, regularization,
optimization algorithms, convolutional networks, sequence modeling, and practical methodology;
and it surveys such applications as natural language processing, speech recognition, computer
vision, online recommendation systems, bioinformatics, and videogames. Finally, the book offers
research perspectives, covering such theoretical topics as linear factor models, autoencoders,
representation learning, structured probabilistic models, Monte Carlo methods, the partition
function, approximate inference, and deep generative models. Deep Learning can be used by
undergraduate or graduate students planning careers in either industry or research, and by software
engineers who want to begin using deep learning in their products or platforms. A website offers
supplementary material for both readers and instructors.

linear algebra in python: PETSc for Partial Differential Equations: Numerical Solutions in C
and Python Ed Bueler, 2020-10-22 The Portable, Extensible Toolkit for Scientific Computation
(PETSc) is an open-source library of advanced data structures and methods for solving linear and
nonlinear equations and for managing discretizations. This book uses these modern numerical tools
to demonstrate how to solve nonlinear partial differential equations (PDESs) in parallel. It starts from
key mathematical concepts, such as Krylov space methods, preconditioning, multigrid, and Newton’s



method. In PETSc these components are composed at run time into fast solvers. Discretizations are
introduced from the beginning, with an emphasis on finite difference and finite element
methodologies. The example C programs of the first 12 chapters, listed on the inside front cover,
solve (mostly) elliptic and parabolic PDE problems. Discretization leads to large, sparse, and
generally nonlinear systems of algebraic equations. For such problems, mathematical solver
concepts are explained and illustrated through the examples, with sufficient context to speed further
development. PETSc for Partial Differential Equations addresses both discretizations and fast solvers
for PDEs, emphasizing practice more than theory. Well-structured examples lead to run-time choices
that result in high solver performance and parallel scalability. The last two chapters build on the
reader’s understanding of fast solver concepts when applying the Firedrake Python finite element
solver library. This textbook, the first to cover PETSc programming for nonlinear PDEs, provides an
on-ramp for graduate students and researchers to a major area of high-performance computing for
science and engineering. It is suitable as a supplement for courses in scientific computing or
numerical methods for differential equations.

linear algebra in python: Forecasting: principles and practice Rob | Hyndman, George
Athanasopoulos, 2018-05-08 Forecasting is required in many situations. Stocking an inventory may
require forecasts of demand months in advance. Telecommunication routing requires traffic
forecasts a few minutes ahead. Whatever the circumstances or time horizons involved, forecasting is
an important aid in effective and efficient planning. This textbook provides a comprehensive
introduction to forecasting methods and presents enough information about each method for readers
to use them sensibly.

linear algebra in python: Elements of Abstract and Linear Algebra Hiram Paley, Paul M.
Weichsel, 1971

linear algebra in python: Practical Discrete Mathematics Ryan T. White, Archana Tikayat Ray,
2021-02-22 A practical guide simplifying discrete math for curious minds and demonstrating its
application in solving problems related to software development, computer algorithms, and data
science Key FeaturesApply the math of countable objects to practical problems in computer
scienceExplore modern Python libraries such as scikit-learn, NumPy, and SciPy for performing
mathematicsLearn complex statistical and mathematical concepts with the help of hands-on
examples and expert guidanceBook Description Discrete mathematics deals with studying countable,
distinct elements, and its principles are widely used in building algorithms for computer science and
data science. The knowledge of discrete math concepts will help you understand the algorithms,
binary, and general mathematics that sit at the core of data-driven tasks. Practical Discrete
Mathematics is a comprehensive introduction for those who are new to the mathematics of
countable objects. This book will help you get up to speed with using discrete math principles to take
your computer science skills to a more advanced level. As you learn the language of discrete
mathematics, you'll also cover methods crucial to studying and describing computer science and
machine learning objects and algorithms. The chapters that follow will guide you through how
memory and CPUs work. In addition to this, you'll understand how to analyze data for useful
patterns, before finally exploring how to apply math concepts in network routing, web searching,
and data science. By the end of this book, you'll have a deeper understanding of discrete math and
its applications in computer science, and be ready to work on real-world algorithm development and
machine learning. What you will learnUnderstand the terminology and methods in discrete math and
their usage in algorithms and data problemsUse Boolean algebra in formal logic and elementary
control structuresImplement combinatorics to measure computational complexity and manage
memory allocationUse random variables, calculate descriptive statistics, and find average-case
computational complexitySolve graph problems involved in routing, pathfinding, and graph
searches, such as depth-first searchPerform ML tasks such as data visualization, regression, and
dimensionality reductionWho this book is for This book is for computer scientists looking to expand
their knowledge of discrete math, the core topic of their field. University students looking to get
hands-on with computer science, mathematics, statistics, engineering, or related disciplines will also



find this book useful. Basic Python programming skills and knowledge of elementary real-number
algebra are required to get started with this book.

linear algebra in python: Math Adventures with Python Peter Farrell, 2019-01-08 Learn
math by getting creative with code! Use the Python programming language to transform learning
high school-level math topics like algebra, geometry, trigonometry, and calculus! Math Adventures
with Python will show you how to harness the power of programming to keep math relevant and fun.
With the aid of the Python programming language, you'll learn how to visualize solutions to a range
of math problems as you use code to explore key mathematical concepts like algebra, trigonometry,
matrices, and cellular automata. Once you've learned the programming basics like loops and
variables, you'll write your own programs to solve equations quickly, make cool things like an
interactive rainbow grid, and automate tedious tasks like factoring numbers and finding square
roots. You'll learn how to write functions to draw and manipulate shapes, create oscillating sine
waves, and solve equations graphically. You'll also learn how to: - Draw and transform 2D and 3D
graphics with matrices - Make colorful designs like the Mandelbrot and Julia sets with complex
numbers - Use recursion to create fractals like the Koch snowflake and the Sierpinski triangle -
Generate virtual sheep that graze on grass and multiply autonomously - Crack secret codes using
genetic algorithms As you work through the book's numerous examples and increasingly challenging
exercises, you'll code your own solutions, create beautiful visualizations, and see just how much
more fun math can be!

linear algebra in python: IPython Interactive Computing and Visualization Cookbook
Cyrille Rossant, 2014-09-25 Intended to anyone interested in numerical computing and data science:
students, researchers, teachers, engineers, analysts, hobbyists... Basic knowledge of Python/NumPy
is recommended. Some skills in mathematics will help you understand the theory behind the
computational methods.

linear algebra in python: Data Science from Scratch Joel Grus, 2015-04-14 Data science
libraries, frameworks, modules, and toolkits are great for doing data science, but they’re also a good
way to dive into the discipline without actually understanding data science. In this book, you’ll learn
how many of the most fundamental data science tools and algorithms work by implementing them
from scratch. If you have an aptitude for mathematics and some programming skills, author Joel
Grus will help you get comfortable with the math and statistics at the core of data science, and with
hacking skills you need to get started as a data scientist. Today’s messy glut of data holds answers to
questions no one’s even thought to ask. This book provides you with the know-how to dig those
answers out. Get a crash course in Python Learn the basics of linear algebra, statistics, and
probability—and understand how and when they're used in data science Collect, explore, clean,
munge, and manipulate data Dive into the fundamentals of machine learning Implement models such
as k-nearest Neighbors, Naive Bayes, linear and logistic regression, decision trees, neural networks,
and clustering Explore recommender systems, natural language processing, network analysis,
MapReduce, and databases

linear algebra in python: Linear Algebra Jim Hefferon, 2015 This text covers a standard first
course : Gauss's method, vector spaces, linear maps and matrices, determinants, and eigenvalues
and eigenvectors. In addition, each chapter ends with some topics such as brief applications. What
sets it apart is careful motivation, many examples, and extensive exercise sets. Together these help
each student master the material of this course, and also help an instructor develop that student's
level of mathematical maturity. This book has been available online for many years and is widely
used, both in classrooms and for self-study. It is supported by worked answers for all exercises,
beamer slides for classroom use, and a lab manual of computer work--Page 4 of cover.

linear algebra in python: Linear Algebra Problem Book Paul R. Halmos, 1995-12-31 Linear
Algebra Problem Book can be either the main course or the dessert for someone who needs linear
algebraand today that means every user of mathematics. It can be used as the basis of either an
official course or a program of private study. If used as a course, the book can stand by itself, or if so
desired, it can be stirred in with a standard linear algebra course as the seasoning that provides the



interest, the challenge, and the motivation that is needed by experienced scholars as much as by
beginning students. The best way to learn is to do, and the purpose of this book is to get the reader
to DO linear algebra. The approach is Socratic: first ask a question, then give a hint (if necessary),
then, finally, for security and completeness, provide the detailed answer.
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