
UW–Madison Math/CS 513
Numerical Linear Algebra

General information

Credits: 3

Course description: Direct and iterative solution of linear and nonlinear systems and of

eigenproblems. LU and symmetric LU factorization. Complexity,

stability, and conditioning. Nonlinear systems. Iterative methods for

linear systems. QR-factorization and least squares. Eigenproblems:

local and global methods.

Requisites: (MATH 320, 340, 341, 345, or 375)

and (COMP SCI 200, 220, 300, 310, or placement into COMP SCI 300)

or graduate/professional standing

or declared in Mathematics VISP (undergraduate or graduate)

Meeting time and location: Mon/Wed/Fri, 9:55am–10:45am, B302 Birge Hall

Instructional modality: In-person

Instructor contact info: Dr. Yue Sun, yue.sun@wisc.edu

Office hours: Mon/Wed, 1–2pm, 725 Van Vleck Hall

Grader: Arthur Young, arthurbyoung@math.wisc.edu

Jingsong Xie, jxie259@wisc.edu

Yiyu Chen, ychen2637@wisc.edu

Websites: https://web.math.wisc.edu/math513/

Course overview

Math/CS 513 and Math/CS 514 are concerned with the development and the analysis of numerical

methods for solving linear systems and differential equations. In particular, Math/CS 513 will focus on

algorithms that are pivotal in numerical linear algebra, i.e., algorithms which are associated with linear

systems of equations, matrices, determinants, and related topics that can be reduced to such settings.

It will cover topics including singular value decomposition (SVD), QR factorization, least squares

problems, and eigenvalue problems. For each algorithm we will develop numerical schemes from physical

and mathematical intuition, analyze these schemes, consider improvements, and discuss issues related
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to the implementation of these methods into computer code. An important aspect of accurately and

efficiently solving linear systems via numerical methods is the ability to solve large and sparse problems.

Therefore, in addition to the direct methods, this course will include discussions of iteration methods

for solving large linear systems. The course will also explore the use of numerical linear algebra through

practical examples drawn from a range of scientific and engineering disciplines.

Homework assignments will involve problems on theoretical (analyzing methods) and practical

(implementing methods into computer code) aspects of numerical linear algebra.

Learning outcomes

• Implement a numerical algorithm in computer code.

• Analyze the theoretical properties of a numerical algorithm, such as its conditioning and stability,
and illustrate these properties using a computer code.

• Construct and analyze a variety of classes of algorithms, such as SVD, QR factorization, LU
fabrication, least squares problems, eigenvalue problems, and iterative methods.

• Evaluate the advantages and disadvantages of numerical algorithms, in terms of properties such
as order-of-accuracy and computational cost.

• Apply algorithms to solve problems from a variety of scientific and engineering disciplines.

Course website and online platforms

All course material will be posted on the main course website, and will also be synchronized with the

Canvas site. The online messaging platform Piazza will be used for class announcements and questions

about the homework, projects, and general logistics. Important class announcements on Piazza will

also be copied via email, please make sure to check email regularly. The Piazza site is linked to from

the Canvas site. Code examples for lectures and will be distributed from a Git repository on GitHub.

Textbooks and additional references

The majority of the course will follow the required textbook Numerical Linear Algebra (SIAM, 1997 and

2022) by Lloyd N. Trefethen and David Bau, III. All required material from this book will be presented

in lecture, and it will not be necessary to obtain a copy. The following references may also be useful:

• J. Demmel. Applied Numerical Linear Algebra. SIAM, 1997.

• G. Strang. Linear Algebra and Learning from Data. Wellesley-Cambridge Press, 2019.

• S. L. Brunton and J. N. Kutz. Data-Driven Science and Engineering: Machine Learning,
Dynamical Systems, and Control, 2nd Edition. Cambridge University Press, 2022.

• G. Strang. Introduction to Linear Algebra, 6th Edition. Wellesley-Cambridge Press, 2023.

• MIT OpenCourseWare. 18.06 Linear Algebra.
https://ocw.mit.edu/courses/18-06-linear-algebra-spring-2010/

• 3Blue1Brown. Essence of linear algebra.
https://www.3blue1brown.com/topics/linear-algebra

Yue Sun has previously taught a graduate-level course in numerical methods at UW–Madison. The

course website contains lecture notes that may be useful supplementary material for this course:
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• Math/CS 714: https://web.math.wisc.edu/math714/

The previous co-instructor, Professor Chris H. Rycroft (who is on parental course relief and will be an

advisor to the course this semester), has previously taught a year-long sequence in numerical analysis

at Harvard University at the graduate level. These course websites are now hosted at UW–Madison:

• Harvard Applied Math 205: https://people.math.wisc.edu/˜chr/am205/

• Harvard Applied Math 225: https://people.math.wisc.edu/˜chr/am225/

These courses have extensive notes available. In particular, Applied Math 205 has a complete sequence

of videos on YouTube. Units 0 & 1 are useful background. Math/CS 513 will cover many of the topics

in Unit 2 & 5 in more depth.

Homework

The course will have six homework assignments due every 2 weeks, with deadlines on Tuesdays at

5pm Central Time. Homework should be uploaded via Canvas/Gradescope. Extension requests on

homework will be based on the late-day policy, discussed later in this document.

When computing the final homework grade for the course, the single lowest score will be dropped,

and the average taken over the remaining five. The course will be graded by Arthur Young, Jingsong

Xie, and Yiyu Chen. Small issues or clarifications with grading can be directed to the graders. In most

cases, homework regrades will not be considered.

Students should carefully read the UW–Madison academic integrity policy and AI policy included in

later in this document. Collaboration on homework assignments and discussion with other students is

encouraged, but each student must write solutions in the student’s own words, and not copy them

from anyone else. you must list the names of students with whom you have collaborated. In addition,

you must cite any books, articles, websites, lectures, etc. that have helped you with your work using

appropriate citation practices. Use of generative AI tools (such as ChatGPT, Copilot, etc.) is not

allowed for the writeup and code.

A note about writing

If you read any textbook or scientific article, you will see that there is a standard way of writing

mathematics, in which equations form part of full sentences and occur naturally with the flow of the

text. While completely optional, you may wish to practice this in writing your assignments. In general,

the course homework assignments and notes posted on Canvas will adhere to this standard.

One way to write mathematics like this is to make use of the free software package LATEX, which can

produce very high quality scientific documents, and is used extensively by mathematicians, physicists,

and engineers. LATEX can be installed on all major computing platforms. There is an excellent guide, The

Not So Short Introduction to LATEX2ϵ, which can be used to get started. The homework assignments

and solutions are all written in LATEX.

UW–Madison provides Professional feature access to the Overleaf online LATEX editor. This is a

collborative editor that allows you write LATEX and to work with other students.

A note about submissions

All assignments should be submitted on Canvas, which will redirect each submission to Gradescope for

final submission. Each assignment requires two separate submissions, marked as (pdf) and (code):
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• (pdf): Submit a single PDF of your writeup.

– This document should be self-contained and include all solutions (text, equations,

figures, etc.). Failure to do so will result in point deductions for the corresponding questions.

– If you complete the assignment in a Python notebook, please export it as a PDF.

– In Gradescope, you will be prompted to tag each question according to the outline—please

do this so the graders can easily navigate your submission.

• (code): Submit all relevant coding files for the assignment. Any standard file format is acceptable.

– If you use Python notebooks, please submit both the notebook file (.ipynb) and an

exported script file (.py) of your Python notebook. If you use VS Code, you can click

on the three dots in the top menu and select ”Export” then ”Python Script”. Or you could

convert a .ipynb to a Python script via command line.

– Failure to submit all relevant code files or missing .py files will result in point deductions for

the corresponding questions.

Late-day policy

Each student will have a total of 12 late-days over the course of the semester (Spring 2026). Late

days can be used only for homework assignments. Late days can not be used for quizzes or exams.

• A late-day is defined as a 24-hour period after the original deadline (i.e., 5pm CT on the following
day). No partial late-day will be given.

• A maximum of 3 late days may be applied to any single homework assignment. Late
submission window on Gradescope will automatically close after 3 days and no further submissions

will be accepted, regardless of remaining late days.

• Each time a student uses late days, they must complete the Late-day tracking form before
the original deadline. Failure to record late-day usage will be treated as not having used late

days, and the corresponding homework will be graded as late without late-day credit. The form

can only be submitted once per homework assignment. If you submit the form multiple times for

the same homework, only the first submission will be considered.

• Requests to use more than 3 late days on a single homework due to documented emergencies or
obligations must be submitted to the instructor before the original deadline. Such requests will

be evaluated case by case and are not guaranteed.

• Students are responsible for tracking their own late-day balance. Once a student has exhausted
all 12 late days, any further late homework submissions will incur a penalty of 5% of the total

homework score per 12-hour period, applied retroactively from the original deadline.

In-class quizzes

Math/CS 513 will have twelve weekly in-class quizzes on Wednesdays at the end of class, except during

the first and the midterm week. These quizzes will last 10 minutes and have one or two questions.

These quizzes will be “closed-book”, “closed-notes”, and no electronic devices. They will cover material

from the previous week’s lectures and relevant course contents. These quizzes are designed to support

you in building factual knowledge and procedural skills. The lowest two quiz scores will be dropped.
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There is one retake for each in-class quiz (the last quiz retake will be on the final exam). Namely,

each in-class quiz may be taken twice:

• First attempt: The in-class quiz on Wednesday of Week n.

• Second attempt (retake): During the in-class quiz time on Wednesday of Week (n+ 1), the
quiz will consist of two parts: (i) the regular Week (n+ 1) quiz, and (ii) a retake of the Week n
quiz. The retake will cover the same concepts/topics, but not the same questions.

If your score on the retake is higher than your score on the first attempt, then the retake score will

replace your first attempt score.

Should you need to miss a quiz, you should utilize the two drops or the retake option. No makeup

quizzes will be given. If you need McBurney accommodations, or have documented emergencies or

obligations, please contact the instructor and it will be evaluated on a case-by-case basis.

Exams

The course will have one 50 minute in-class midterm exam held on March 11, 2026. The final exam

will be held from 2:45pm–4:45pm on May 4, 2026. The midterm and final exams will be “closed-book”.

They must be completed individually, with no access to electronic devices. You are allowed to bring

one double-sided letter-sized cheat sheet to each exam. The cheat sheet must be handwritten (not

typed or printed or written on tablet), and it must be turned in with your exam. Failure to follow these

requirements will be considered a violation of academic integrity. The questions will be of a similar

style to the homework, although they will be more straightforward and designed to test your knowledge

of the key course concepts.

Grading

The final score will be based on in-class quizzes (15%), homework assignments (20%), the midterm

(25%), and the final exam (40%). The final exam will override the midterm score. Explicitly, this

means that overall course scores will be computed with the formula

Score =
15Q+ 20H + 25max{M,F}+ 40F

100

where Q is the quiz score, H is the homework score, M is the midterm score, and F is the final exam

score. The scores will not be curved. The boundaries for letter grades are not fixed, and will be set by

the instructor after the final exam. You are strongly encouraged to attend the course lectures, but

attendance/participation is not part of the course grade.

Honors or graduate credit

If you are taking the course for honors or graduate credit, then you will be required to submit a 3–5

page paper on a topic in numerical linear algebra that is not covered in Math/CS 513 or a topic you

hope to explore further. The honors/graduate paper will be 5% of your final grade, and the homework

assignments percentage will be reduced to 15%. The timeline for this is as follows:

• By 5pm CT on April 6, 2026, you must schedule a 30min proposal meeting with Yue Sun to
discuss your paper idea. Nothing written is required for this meeting, but you may find it helpful

to bring documents or other material to help facilitate the discussion.
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• The paper (with any associated code) will be due at 5pm CT on May 4, 2026 and can be
uploaded via Canvas/Gradescope. There is no extension to the deadline.

• The paper should be written in LATEX using Overleaf. You should add Yue Sun as a viewer to
your Overleaf project. Similarly, any code files should be shared with Yue Sun via GitHub.

Academic integrity policy

By virtue of enrollment, each student agrees to uphold the high academic standards of the University

of Wisconsin–Madison; academic misconduct is behavior that negatively impacts the integrity of

the institution. Cheating, fabrication, plagiarism, unauthorized collaboration, and helping others

commit these previously listed acts are examples of misconduct which may result in disciplinary action.

Examples of disciplinary sanctions include, but are not limited to, failure on the assignment/course,

written reprimand, disciplinary probation, suspension, or expulsion. Failure to disclose collaboration on

homework assignments, or failure to cite any books, articles, websites, lectures, etc. that have helped

you with your work using appropriate citation practices, will be treated as academic misconduct.

The teaching team reserves the right to use the Gradescope Review Similarity tool to check student

code submissions for similarity. Cases of excessive similarity will be reviewed manually by the teaching

team and addressed on a case-by-case basis.

AI policy

While generative artificial intelligence (AI) is powerful and rapidly evolving, it is also prone to producing

incorrect code, fabricated references, and misleading summaries. To become critical and responsible

users of modern tools, students are expected to learn independently—understanding not just what

works, but why it works—so that you can adapt and apply these tools effectively and accurately.

Responsible use of such tools requires, first and foremost, a strong foundation in the subject matter.

The use of generative AI tools and applications (including, but not limited to ChatGPT, Copilot,

Claude, etc.) in this course is governed by the following policies:

• Prohibited uses: All submitted assignments for this course must be a student’s own work. The
use of generative AI to draft or produce writeups, solutions, proofs, or code is prohibited. Such

use constitutes a violation of UW–Madison’s academic misconduct policy, specifically UWS

14.03(1)b (b) Uses unauthorized materials or fabricated data in any academic exercise.

• Permitted uses: Limited and strategic use of AI is allowed in the following cases:

– Copyediting: AI may be used to check grammar or to assist with formatting.

– Plotting: AI may be used to assist with plotting commands that are not demonstrated in

class. However, students must verify and be able to explain any submitted plotting code.

– Literature review: AI may be used as a “search engine” to help identify potential references.

You must independently verify all findings with cited traditional and verifiable sources. AI-

generated summaries cannot substitute for reading the original papers, as they are often

skewed by the prompt and may provide incorrect information.

• Disclosure requirement: If AI is used in any of the permitted ways, students must include a
paragraph in the writeup stating how AI was used, and clearly note the usage in comments within

your code. Students should be prepared to provide the exact prompt(s) used if requested by the

teaching staff. Failure to disclose AI use will be treated as academic misconduct.
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Diversity & inclusion statement

Diversity is a source of strength, creativity, and innovation for UW–Madison. We value the contributions

of each person and respect the profound ways their identity, culture, background, experience, status,

abilities, and opinion enrich the university community. We commit ourselves to the pursuit of excellence

in teaching, research, outreach, and diversity as inextricably linked goals. The University of Wisconsin–

Madison fulfills its public mission by creating a welcoming and inclusive community for people from

every background—people who as students, faculty, and staff serve Wisconsin and the world.

Accommodations for students with disabilities

The University of Wisconsin–Madison supports the right of all enrolled students to a full and equal

educational opportunity. The Americans with Disabilities Act (ADA), Wisconsin State Statute (36.12),

and UW–Madison policy (UW-855) require the university to provide reasonable accommodations to

students with disabilities to access and participate in its academic programs and educational services.

Faculty and students share responsibility in the accommodation process. Students are expected to

inform faculty of their need for instructional accommodations during the beginning of the semester,

or as soon as possible after being approved for accommodations. Faculty will work either directly

with the student or in coordination with the McBurney Center to provide reasonable instructional and

course-related accommodations. Disability information, including instructional accommodations as

part of a student’s educational record, is confidential and protected under FERPA. (See: McBurney

Disability Resource Center).

Additional UW–Madison academic policies and statements

• Academic calendar and religious observances

• Course evaluations and digital course evaluations

• Mental health and well-being statements

• Privacy of student records and the use of audio recorded lectures statement

• Students’ rules, rights and responsibilities

• Teaching and learning data transparency statement

• Campus resources for academic success

Course schedule

Numbers in the “Reading” column correspond to lectures in Numerical Linear Algebra by Trefethen and

Bau. Numbers with prefix “GS” correspond to chapters in Introduction to Linear Algebra by Strang.

Numbers with prefix “DD” correspond to chapters in Data-Driven Science and Engineering by Brunton

and Kutz. Numbers with prefix “JD” correspond to chapters in Applied Numerical Linear Algebra by

Demmel. The final column contains notes about how the homework deadlines align with the course

material. Each homework assignment will be due at 5pm CT on the Tuesdays.

Yue Sun will be traveling Denver, CO during the week of March 16–20, 2026 to attend the APS

Global Physics Summit. The lectures marked ‘GL’ will be given by guest lecturers.
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Lecture Date Topics Reading Notes

Unit 0: Fundamentals

1 Jan 21 Introduction; matrix–vector multiplication 1
2 Jan 23 Orthogonal vectors and matrices 2

3 Jan 26 Norms 3
4 Jan 28 Eigenvalues and eigenvectors GS 6.1
5 Jan 30 Computer arithmetic and matrix visualization 13

Unit 1: Singular value decomposition (SVD)

6 Feb 2 SVD: geometric picture, full v.s. reduced, definitions 4, DD 1.1&1.3 HW1
7 Feb 4 More on SVD: low-rank approximation, image compression 5, DD 1.2
8 Feb 6 More on SVD: image denoising, 3D reconstruction

9 Feb 9 Principal component analysis (PCA) DD 1.5
10 Feb 11 More on PCA: image reconsturction, eigenface example DD 1.6
11 Feb 13 SVD and PCA: extensions, applications DD 12.2&7.2

Unit 2: QR factorization and least squares

12 Feb 16 Projectors 6 HW2
13 Feb 18 QR factorization 7
14 Feb 20 Gram–Schmidt orthogonalization 8

15 Feb 23 Householder triangulation 10
16 Feb 25 Least squares problems 11
17 Feb 27 Underdetermined least squares

Unit 3: Conditioning and stability

18 Mar 2 Conditioning and condition numbers 12 HW3
19 Mar 4 Stability 14, 15
20 Mar 6 Conditioning and stability: examples 16–19

Unit 4: Linear systems

21 Mar 9 Gaussian elimination and LU factorization 20
– Mar 11 Mid-term exam
22 Mar 13 Pivoting 21

23 Mar 16 Cholesky factorization 23 GL
24 Mar 18 Stability and conditioning 22 GL
25 Mar 20 Complexity and timing algorithms GL

Unit 5: Eigenvalue problems

26 Mar 23 Eigenvalue problems and definitions 24 HW4
27 Mar 25 Gershgorin theorem, eigenvalue sensitivity JD 4.3
28 Mar 27 Overview of eigenvalue algorithms, Hessenberg reduction 25, 26

– Mar 30 Spring Break
– Apr 1 Spring Break
– Apr 3 Spring Break

29 Apr 6 Bisection method, power method 30, JD 4.4.1
30 Apr 8 Inverse iteration, Rayleigh quotient 27
31 Apr 10 QR algorithm with & without shifts 28, 29

Unit 6: Iterative methods

32 Apr 13 Iterative methods for linear systems 32 HW5
33 Apr 15 Krylov subspace methods, Arnoldi iteration JD 6.6, 33
34 Apr 17 More on Arnoldi iteration 33, 34

35 Apr 20 GMRES 35
36 Apr 22 Lanczos iteration 36, 37
37 Apr 24 Conjugate gradient method 38

38 Apr 27 Preconditioning 40 HW6
39 Apr 29 More on iterative methods
40 May 1 Course review
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