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Class Overview

Main Goal: learn mathematical tools of modern algorithms research
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Course Goals

® Jumpstart your research in algorithms

® Give you the algorithms toolkit to use in your research

® Enable you to read algorithms papers / attend talks at

® Teach you cool math
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Disclaimers

® This is a theory class

¢ This is biased towards my interests / research

® This is a random walk
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Preregs

¢ Hard Requirements:

® > | previous algorithms class (500,1570,155)
® Mathematical maturity
® Probability and linear algebra

¢ Soft Requirements:

Ask Me If Unsure!
® Complexity (basics of NP-completeness)

® A bit of calculus
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Topics Overview

Doing Theory is Hard

The right tools make theory easier:
1. Basic Tools
. Randomized Algorithms

. Polyhedral Methods
. Metrics
. Graph Sparsification
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Basic Tools

Squinting at symbols makes them easier to think about
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Basic Tools
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Inequalities

How to Push Symbols Around Like a Pro
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Randomized Algorithm

Making random decisions makes decisions easier
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Randomized Algorithm
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Randomized Algorithm

Tools for Understanding Why This Works
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Polyhedral Methods

Making a problem continuous makes it easier
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Polyhedral Methods
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Geometry and Metric Embeddings

Simplifying the geometry of a problem makes it easier




Topics Overview
Geometry and Metric Embeddings
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Geometry and Metric Embeddings




Topics Overview
Graph Sparsification

Simplitying graph structure makes graph problems easier
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Graph Sparsification

graph G = (V,E) simple representation H
of some property of G
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Topics Overview
Graph Sparsification

graph G = (V,E) spanning tree H
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Graph Sparsification

What's the u — v shortest path? What's the u — v shortest path?

Methods for Sparsifying Graphs
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Class Logistics: Staff

® |nstructor: Ellis Hershkowitz (call me Ellis)

® (head) UTA: Manas Korimilli

® Grad TA: Willem (Will) Fletcher
® Office hours posted online

® Have an Ed board
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Class Logistics: Your Responsibilities

® 5 homeworks
® 2 midterms, 1 final
® ? theory seminars
® ] scribe notes

® (Class participation

computational tools, LLMs etc. allowed for anything but exams
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Class Logistics: Grades

® GGrades:
o A(>90%)
e B(>80%)
o C(>70%)
e NC (<70%)

® May curve upward
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Class Logistics: Homeworks

® 1 review homework on probability and linear algebra

Out now: due 1/28/2026
® 1 homework per: tools, randomization, polyhedra, metrics
® Graded on completion

e Will grade as if exam

® No late days

® Must turn in own writeup and in LaTex on Gradescope

29



Class Logistics: Exams

® Midterm 1: tools, randomization; midterm 2: polyhedra, metrics
® Final: tools, randomization, polyhedra, metrics
® | hate exams

® Exam grade is avg-grade(tools, rand, polyhedra, metrics)

® Topic grade is max(midterm grade, final grade)

® A subset of homework questions

® |n class, closed book, non-collaborative
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Class Logistics: Theory Seminar

® ? theory seminars of your choosing
® Schedule is online

® Must write a short blurb (~150 words) of what you learned /
how it relates to anything in which you're interested

® Blurb must be turned in on Gradescope

® Due 4/29/2026
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Class Logistics: Scribe Notes

® A LaTexed summary of lecture
® Fach student assigned one lecture
Need one for today’s lecture
® Will send out Ed post requesting preferences

® Due within 2 weeks of class
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Class Logistics: Class (Participation)

® All other classes are board talks by me; 1 or 2 may be subbead

® Goalis for class to be maximally interactive so please, please,
(please):

® Ask questions it you're confused!

® Do your best to answer questions, even if unsure!
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