
why is linear algebra so hard
why is linear algebra so hard is a question that resonates with many students
and professionals alike. Linear algebra, a fundamental branch of mathematics,
is crucial for fields such as engineering, physics, computer science, and
statistics. However, it often presents significant challenges. From abstract
concepts like vector spaces and transformations to practical applications
involving matrices and systems of equations, learners frequently struggle to
grasp its principles. This article delves into the complexities of linear
algebra, exploring why it is perceived as difficult, the abstract nature of
its concepts, the crucial role of mathematical maturity, and effective
strategies for mastering the subject.
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Understanding the Complexity of Linear Algebra

Linear algebra is often viewed as a more advanced form of mathematics,
building upon foundational concepts learned in earlier math courses.
Understanding why linear algebra is hard begins with recognizing the
complexity involved in its core principles, such as vectors, matrices, and
linear transformations.

One of the primary reasons students find linear algebra particularly
challenging is the shift in thinking it requires. In earlier math courses,
students are often focused on computation and procedural tasks. In contrast,
linear algebra emphasizes understanding relationships and properties of
mathematical objects. This conceptual shift can be daunting, leading to
confusion and frustration.

Moreover, linear algebra introduces a higher level of abstraction. Students
are required to visualize and manipulate multidimensional spaces, which can



be difficult for those who are accustomed to dealing with concrete numbers
and shapes. This abstraction is a significant hurdle for many learners,
making it necessary to develop strong spatial reasoning skills to succeed.

The Abstract Nature of Linear Algebra Concepts

The abstract nature of linear algebra is another factor contributing to its
perceived difficulty. Unlike arithmetic or basic algebra, where operations
are straightforward and tied to real-world scenarios, linear algebra often
involves concepts that are less tangible.

Vectors and Vector Spaces

Vectors are fundamental objects in linear algebra that represent quantities
with both magnitude and direction. Learning to manipulate vectors and
understand vector spaces—which are collections of vectors that can be added
together and multiplied by scalars—requires a deep understanding of their
properties. Students must grasp concepts such as linear independence, span,
and basis, which are pivotal to many applications.

Linear Transformations

Linear transformations further add to the complexity of linear algebra. These
transformations map vectors from one vector space to another while preserving
the operations of vector addition and scalar multiplication. Understanding
how these transformations work requires not only a solid grasp of matrices
(which represent these transformations) but also an ability to think about
the effects of these transformations geometrically.

Mathematical Maturity and its Role in Learning

Mathematical maturity refers to the level of understanding and experience a
student has with mathematical concepts and reasoning. It plays a crucial role
in the ability to learn linear algebra effectively.

Prior Knowledge Requirements

Students entering linear algebra courses are often expected to have a strong
foundation in algebra and pre-calculus. This includes familiarity with
functions, equations, and basic geometric concepts. Without this prior



knowledge, students may struggle with the more advanced topics introduced in
linear algebra.

Critical Thinking and Problem-Solving Skills

Linear algebra requires students to apply critical thinking and problem-
solving skills. This involves not only performing computations but also
interpreting results and understanding their implications in real-world
scenarios. Students who have developed these skills in prior coursework tend
to fare better in linear algebra than those who have not.

Common Challenges Faced by Students

Students often encounter specific challenges while studying linear algebra.
Recognizing these challenges can help educators and learners address them
effectively.

Understanding abstract concepts without concrete examples

Difficulty in visualizing multidimensional spaces

Struggles with matrix operations and their applications

Confusion regarding the significance of eigenvalues and eigenvectors

Inability to connect theory with practical applications

Each of these challenges contributes to the overall perception of linear
algebra as a difficult subject. For instance, many students find it
challenging to visualize what a transformation looks like in higher
dimensions, while others may struggle with the computational aspects of
matrix operations.

Effective Strategies for Learning Linear
Algebra

While linear algebra can be challenging, several strategies can help students
overcome difficulties and succeed in the subject.



Active Learning Techniques

Engaging in active learning techniques is crucial. This includes working
through problems in study groups, teaching concepts to peers, and utilizing
interactive tools such as visual aids and computer software to comprehend
abstract concepts.

Utilizing Online Resources

There are numerous online resources available, including video lectures,
interactive courses, and forums where students can ask questions and receive
guidance. These resources can provide additional perspectives and
explanations that may resonate better with individual learners.

Practice, Practice, Practice

Practice is essential in mastering linear algebra. Regularly working through
a variety of problems helps solidify understanding and builds confidence.
Students should focus on both computational problems and conceptual questions
to develop a well-rounded understanding of the material.

Applications of Linear Algebra

Despite its challenges, linear algebra has numerous applications across
various disciplines. Understanding its real-world significance can enhance
motivation and engagement.

In Computer Science

Linear algebra is foundational in computer science, particularly in fields
such as computer graphics, machine learning, and data analysis. For example,
algorithms that power image processing and machine learning models often rely
heavily on linear algebra concepts.

In Engineering and Physics

Engineers and physicists use linear algebra to model systems and solve
complex problems. Applications range from analyzing forces in static
structures to simulating dynamic systems in robotics and control theory.



Conclusion

Linear algebra's reputation for difficulty stems from its abstract
principles, the necessity for a solid mathematical foundation, and the
critical thinking skills it demands. However, with the right strategies and
resources, students can overcome these challenges and appreciate the vast
applications of linear algebra in the modern world. By embracing the
complexity of the subject and applying effective learning techniques,
learners can transform their understanding and mastery of this essential area
of mathematics.

Q: Why do many students struggle with linear
algebra?
A: Many students struggle with linear algebra due to its abstract concepts,
the requirement for strong mathematical maturity, and the shift from
procedural tasks to understanding relationships and properties of
mathematical objects.

Q: What are the key concepts in linear algebra?
A: Key concepts in linear algebra include vectors, vector spaces, linear
transformations, matrices, eigenvalues, and eigenvectors, all of which are
essential for understanding the subject.

Q: How can students improve their understanding of
linear algebra?
A: Students can improve their understanding of linear algebra by engaging in
active learning techniques, utilizing online resources, practicing regularly,
and forming study groups to discuss challenging topics.

Q: What is the role of matrices in linear algebra?
A: Matrices are used to represent linear transformations and to perform
operations on vectors. They are fundamental in solving systems of equations
and in various applications within linear algebra.

Q: Are there practical applications of linear
algebra?
A: Yes, linear algebra has practical applications in fields such as computer
science, engineering, physics, economics, and statistics, making it a
valuable area of study for various professionals.



Q: Why is vector space an important concept in
linear algebra?
A: Vector spaces are crucial because they provide the framework for
understanding how vectors can be added together and scaled, leading to
insights in dimensions, linear independence, and basis, which are
foundational for advanced topics.

Q: How does one develop mathematical maturity
necessary for linear algebra?
A: Developing mathematical maturity requires practice in problem-solving,
exposure to abstract mathematical concepts, and a strong foundation in prior
mathematics courses to build confidence and critical thinking skills.

Q: What challenges do students face when learning
about eigenvalues and eigenvectors?
A: Students often find eigenvalues and eigenvectors challenging due to their
abstract nature and the requirement to understand their geometric
interpretations and significance in transformations.

Q: Can visual aids help in learning linear algebra?
A: Yes, visual aids such as graphs, diagrams, and computer simulations can
significantly help in understanding abstract concepts in linear algebra by
providing concrete representations of multidimensional ideas.

Q: What mindset should students adopt when studying
linear algebra?
A: Students should adopt a growth mindset, viewing challenges as
opportunities for learning and understanding that persistence, practice, and
seeking help can lead to mastery of linear algebra concepts.
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  why is linear algebra so hard: Linear Algebra and Group Theory for Physicists and Engineers
Yair Shapira, 2023-01-16 This textbook demonstrates the strong interconnections between linear
algebra and group theory by presenting them simultaneously, a pedagogical strategy ideal for an
interdisciplinary audience. Being approached together at the same time, these two topics complete
one another, allowing students to attain a deeper understanding of both subjects. The opening
chapters introduce linear algebra with applications to mechanics and statistics, followed by group
theory with applications to projective geometry. Then, high-order finite elements are presented to
design a regular mesh and assemble the stiffness and mass matrices in advanced applications in
quantum chemistry and general relativity. This text is ideal for undergraduates majoring in
engineering, physics, chemistry, computer science, or applied mathematics. It is mostly
self-contained—readers should only be familiar with elementary calculus. There are numerous
exercises, with hints or full solutions provided. A series of roadmaps are also provided to help
instructors choose the optimal teaching approach for their discipline. The second edition has been
revised and updated throughout and includes new material on the Jordan form, the Hermitian matrix
and its eigenbasis, and applications in numerical relativity and electromagnetics.
  why is linear algebra so hard: Understanding in Mathematics Anna Sierpinska, 2013-01-11
The concept of understanding in mathematics with regard to mathematics education is considered in
this volume. The main problem for mathematics teachers being how to facilitate their students'
understanding of the mathematics being taught. In combining elements of maths, philosophy, logic,
linguistics and the psychology of maths education from her own and European research, Dr
Sierpinska considers the contributions of the social and cultural contexts to understanding. The
outcome is an insight into both mathematics and understanding.
  why is linear algebra so hard: Essential Math for Data Science Thomas Nield, 2022-05-26
Master the math needed to excel in data science, machine learning, and statistics. In this book
author Thomas Nield guides you through areas like calculus, probability, linear algebra, and
statistics and how they apply to techniques like linear regression, logistic regression, and neural
networks. Along the way you'll also gain practical insights into the state of data science and how to
use those insights to maximize your career. Learn how to: Use Python code and libraries like SymPy,
NumPy, and scikit-learn to explore essential mathematical concepts like calculus, linear algebra,
statistics, and machine learning Understand techniques like linear regression, logistic regression,
and neural networks in plain English, with minimal mathematical notation and jargon Perform
descriptive statistics and hypothesis testing on a dataset to interpret p-values and statistical
significance Manipulate vectors and matrices and perform matrix decomposition Integrate and build
upon incremental knowledge of calculus, probability, statistics, and linear algebra, and apply it to
regression models including neural networks Navigate practically through a data science career and
avoid common pitfalls, assumptions, and biases while tuning your skill set to stand out in the job
market
  why is linear algebra so hard: Inventing the Mathematician Sara N. Hottinger, 2016-03-01
Where and how do we, as a culture, get our ideas about mathematics and about who can engage
with mathematical knowledge? Sara N. Hottinger uses a cultural studies approach to address how
our ideas about mathematics shape our individual and cultural relationship to the field. She
considers four locations in which representations of mathematics contribute to our cultural
understanding of mathematics: mathematics textbooks, the history of mathematics, portraits of
mathematicians, and the field of ethnomathematics. Hottinger examines how these discourses shape
mathematical subjectivity by limiting the way some groups—including women and people of
color—are able to see themselves as practitioners of math. Inventing the Mathematician provides a
blueprint for how to engage in a deconstructive project, revealing the limited and problematic
nature of the normative construction of mathematical subjectivity.
  why is linear algebra so hard: Integer Linear Programming in Computational and Systems
Biology Dan Gusfield, 2019-06-13 This hands-on tutorial text for non-experts demonstrates biological
applications of a versatile modeling and optimization technique.



  why is linear algebra so hard: MATLAB For Dummies John Paul Mueller, Jim Sizemore,
2021-06-02 Go from total MATLAB newbie to plotting graphs and solving equations in a flash!
MATLAB is one of the most powerful and commonly used tools in the STEM field. But did you know
it doesn’t take an advanced degree or a ton of computer experience to learn it? MATLAB For
Dummies is the roadmap you’ve been looking for to simplify and explain this feature-filled tool. This
handy reference walks you through every step of the way as you learn the MATLAB language and
environment inside-and-out. Starting with straightforward basics before moving on to more
advanced material like Live Functions and Live Scripts, this easy-to-read guide shows you how to
make your way around MATLAB with screenshots and newly updated procedures. It includes: A
comprehensive introduction to installing MATLAB, using its interface, and creating and saving your
first file Fully updated to include the 2020 and 2021 updates to MATLAB, with all-new screenshots
and up-to-date procedures Enhanced debugging procedures and use of the Symbolic Math Toolbox
Brand new instruction on working with Live Scripts and Live Functions, designing classes, creating
apps, and building projects Intuitive walkthroughs for MATLAB’s advanced features, including
importing and exporting data and publishing your work Perfect for STEM students and new
professionals ready to master one of the most powerful tools in the fields of engineering,
mathematics, and computing, MATLAB For Dummies is the simplest way to go from complete
newbie to power user faster than you would have thought possible.
  why is linear algebra so hard: Why is Math So Hard for Some Children? Daniel B. Berch,
Michèle M. M. Mazzocco, 2007 This landmark resource gives educational decision-makers and
researchers theoretical and practical insight into mathematical learning difficulties and disabilities,
combining diverse perspectives from fields such as special education, developmental
  why is linear algebra so hard: Linear Algebra Larry E. Knop, 2008-08-28 Linear Algebra: A
First Course with Applications explores the fundamental ideas of linear algebra, including vector
spaces, subspaces, basis, span, linear independence, linear transformation, eigenvalues, and
eigenvectors, as well as a variety of applications, from inventories to graphics to Google's PageRank.
Unlike other texts on the subject, thi
  why is linear algebra so hard: State-Space Methods for Time Series Analysis Jose Casals,
Alfredo Garcia-Hiernaux, Miguel Jerez, Sonia Sotoca, A. Alexandre Trindade, 2018-09-03 The
state-space approach provides a formal framework where any result or procedure developed for a
basic model can be seamlessly applied to a standard formulation written in state-space form.
Moreover, it can accommodate with a reasonable effort nonstandard situations, such as observation
errors, aggregation constraints, or missing in-sample values. Exploring the advantages of this
approach, State-Space Methods for Time Series Analysis: Theory, Applications and Software
presents many computational procedures that can be applied to a previously specified linear model
in state-space form. After discussing the formulation of the state-space model, the book illustrates
the flexibility of the state-space representation and covers the main state estimation algorithms:
filtering and smoothing. It then shows how to compute the Gaussian likelihood for unknown
coefficients in the state-space matrices of a given model before introducing subspace methods and
their application. It also discusses signal extraction, describes two algorithms to obtain the VARMAX
matrices corresponding to any linear state-space model, and addresses several issues relating to the
aggregation and disaggregation of time series. The book concludes with a cross-sectional extension
to the classical state-space formulation in order to accommodate longitudinal or panel data. Missing
data is a common occurrence here, and the book explains imputation procedures necessary to treat
missingness in both exogenous and endogenous variables. Web Resource The authors’ E4 MATLAB®
toolbox offers all the computational procedures, administrative and analytical functions, and related
materials for time series analysis. This flexible, powerful, and free software tool enables readers to
replicate the practical examples in the text and apply the procedures to their own work.
  why is linear algebra so hard: Mathematical Models in the Biosciences II Michael Frame,
2021-01-01 Volume Two of an award-winning professor's introduction to essential concepts of
calculus and mathematical modeling for students in the biosciences This is the second of a two-part



series exploring essential concepts of calculus in the context of biological systems. Building on the
essential ideas and theories of basic calculus taught in Mathematical Models in the Biosciences I,
this book focuses on epidemiological models, mathematical foundations of virus and antiviral
dynamics, ion channel models and cardiac arrhythmias, vector calculus and applications, and
evolutionary models of disease. It also develops differential equations and stochastic models of many
biomedical processes, as well as virus dynamics, the Clancy-Rudy model to determine the genetic
basis of cardiac arrhythmias, and a sketch of some systems biology. Based on the author's calculus
class at Yale, the book makes concepts of calculus less abstract and more relatable for science
majors and premedical students.
  why is linear algebra so hard: MATLAB For Dummies Jim Sizemore, John Paul Mueller,
2014-10-20 Plot graphs, solve equations, and write code in a flash! If you work in a STEM field,
chances are you'll be using MATLAB on a daily basis. MATLAB is a popular and powerful
computational tool and this book provides everything you need to start manipulating and plotting
your data. MATLAB has rapidly become the premier data tool, and MATLAB For Dummies is a
comprehensive guide to the fundamentals. MATLAB For Dummies guides you through this complex
computational language from installation to visualization to automation. Learn MATLAB's language
fundamentals including syntax, operators, and data types Understand how to use the most important
window in MATLAB – the Command Window Get the basics of linear algebra to get up and running
with vectors, matrices, and hyperspace Automate your work with programming scripts and functions
Plot graphs in 2D and 3D to visualize your data Includes a handy guide for MATLAB's functions and
plotting routines MATLAB is an essential part of the analysis arsenal and MATLAB For Dummies
provides clear, thorough guidance to get the most out of your data.
  why is linear algebra so hard: Potential Theory and Geometry on Lie Groups N. Th.
Varopoulos, 2020-10-22 Complete account of a new classification of connected Lie groups in two
classes, including open problems to motivate further study.
  why is linear algebra so hard: Matroids: A Geometric Introduction Gary Gordon, Jennifer
McNulty, 2012-08-02 Matroid theory is a vibrant area of research that provides a unified way to
understand graph theory, linear algebra and combinatorics via finite geometry. This book provides
the first comprehensive introduction to the field which will appeal to undergraduate students and to
any mathematician interested in the geometric approach to matroids. Written in a friendly,
fun-to-read style and developed from the authors' own undergraduate courses, the book is ideal for
students. Beginning with a basic introduction to matroids, the book quickly familiarizes the reader
with the breadth of the subject, and specific examples are used to illustrate the theory and to help
students see matroids as more than just generalizations of graphs. Over 300 exercises are included,
with many hints and solutions so students can test their understanding of the materials covered. The
authors have also included several projects and open-ended research problems for independent
study.
  why is linear algebra so hard: Big Ideas for Small Mathematicians Ann Kajander, 2007 An
ideal resource for elementary school mathematics enrichment programs, regular classroom
instruction, or a home enrichment or home school program. Over 20 intriguing projects cover a wide
range of math content and skills.
  why is linear algebra so hard: Recountings Joel Segel, 2009-01-03 This book traces the
history of the MIT Department of Mathematics-one of the most important mathematics departments
in the world-through candid, in-depth, lively conversations with a select and diverse group of its
senior members. The process reveals much about the motivation, path, and impact of research
mathematicians in a society that owes so mu
  why is linear algebra so hard: Information-Driven Machine Learning Gerald Friedland,
2023-12-01 This groundbreaking book transcends traditional machine learning approaches by
introducing information measurement methodologies that revolutionize the field. Stemming from a
UC Berkeley seminar on experimental design for machine learning tasks, these techniques aim to
overcome the 'black box' approach of machine learning by reducing conjectures such as magic



numbers (hyper-parameters) or model-type bias. Information-based machine learning enables data
quality measurements, a priori task complexity estimations, and reproducible design of data science
experiments. The benefits include significant size reduction, increased explainability, and enhanced
resilience of models, all contributing to advancing the discipline's robustness and credibility. While
bridging the gap between machine learning and disciplines such as physics, information theory, and
computer engineering, this textbook maintains an accessible and comprehensive style, making
complex topics digestible fora broad readership. Information-Driven Machine Learning explores the
synergistic harmony among these disciplines to enhance our understanding of data science
modeling. Instead of solely focusing on the how, this text provides answers to the why questions that
permeate the field, shedding light on the underlying principles of machine learning processes and
their practical implications. By advocating for systematic methodologies grounded in fundamental
principles, this book challenges industry practices that have often evolved from ideologic or
profit-driven motivations. It addresses a range of topics, including deep learning, data drift, and
MLOps, using fundamental principles such as entropy, capacity, and high dimensionality. Ideal for
both academia and industry professionals, this textbook serves as a valuable tool for those seeking
to deepen their understanding of data science as an engineering discipline. Its thought-provoking
content stimulates intellectual curiosity and caters to readers who desire more than just code or
ready-made formulas. The text invites readers to explore beyond conventional viewpoints, offering
an alternative perspective that promotes a big-picture view for integrating theory with practice.
Suitable for upper undergraduate or graduate-level courses, this book can also benefit practicing
engineers and scientists in various disciplines by enhancing their understanding of modeling and
improving data measurement effectively.
  why is linear algebra so hard: The Data Science Design Manual Steven S. Skiena,
2017-07-01 This engaging and clearly written textbook/reference provides a must-have introduction
to the rapidly emerging interdisciplinary field of data science. It focuses on the principles
fundamental to becoming a good data scientist and the key skills needed to build systems for
collecting, analyzing, and interpreting data. The Data Science Design Manual is a source of practical
insights that highlights what really matters in analyzing data, and provides an intuitive
understanding of how these core concepts can be used. The book does not emphasize any particular
programming language or suite of data-analysis tools, focusing instead on high-level discussion of
important design principles. This easy-to-read text ideally serves the needs of undergraduate and
early graduate students embarking on an “Introduction to Data Science” course. It reveals how this
discipline sits at the intersection of statistics, computer science, and machine learning, with a
distinct heft and character of its own. Practitioners in these and related fields will find this book
perfect for self-study as well. Additional learning tools: Contains “War Stories,” offering perspectives
on how data science applies in the real world Includes “Homework Problems,” providing a wide
range of exercises and projects for self-study Provides a complete set of lecture slides and online
video lectures at www.data-manual.com Provides “Take-Home Lessons,” emphasizing the big-picture
concepts to learn from each chapter Recommends exciting “Kaggle Challenges” from the online
platform Kaggle Highlights “False Starts,” revealing the subtle reasons why certain approaches fail
Offers examples taken from the data science television show “The Quant Shop”
(www.quant-shop.com)
  why is linear algebra so hard: Linear Algebra and Its Applications Gilbert Strang, 1976
This text combines the underlying theory discussions with examples from electrical engineering,
computer science, physics, biology, and economics.
  why is linear algebra so hard: History in Mathematics Education John Fauvel, J.A. van
Maanen, 2006-04-11 1 . The political context . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1. 1 Introduction
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . 1 1. 2 What part does history of mathematics currently occupy in
national curricula? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 1. 2. 1 Argentina . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . 2 1. 2. 2 Austria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1. 2. 3
Brazil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1. 2. 4 China . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 1. 2. 5 Denmark . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . 5 1. 2. 6 France . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 1. 2. 7
Greece . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 1. 2. 8 Israel . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 1. 2. 9 Italy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . 9 1. 2. 10 Japan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 1.
2. 11 Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 1. 2. 12 New Zealand . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 1. 2. 13 Norway . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . 14 1. 2. 14 Poland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  why is linear algebra so hard: Mathematics of Optimization: How to do Things Faster Steven
J. Miller, 2017-12-20 Optimization Theory is an active area of research with numerous applications;
many of the books are designed for engineering classes, and thus have an emphasis on problems
from such fields. Covering much of the same material, there is less emphasis on coding and detailed
applications as the intended audience is more mathematical. There are still several important
problems discussed (especially scheduling problems), but there is more emphasis on theory and less
on the nuts and bolts of coding. A constant theme of the text is the “why” and the “how” in the
subject. Why are we able to do a calculation efficiently? How should we look at a problem? Extensive
effort is made to motivate the mathematics and isolate how one can apply ideas/perspectives to a
variety of problems. As many of the key algorithms in the subject require too much time or detail to
analyze in a first course (such as the run-time of the Simplex Algorithm), there are numerous
comparisons to simpler algorithms which students have either seen or can quickly learn (such as the
Euclidean algorithm) to motivate the type of results on run-time savings.
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