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Combinatorics, Algorithms, and Al for Real Problems.

We'll say more about the name later.
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Credit where Credit is Due

Origin of this talk

» In 2010 a Univ of MD Cybersecurity REU produced a 20-page
document:
Cybersecurity Scholars Handbook.

» Bill G modified this boring handbook into a fascinating
~ 400-slide talk!

Auguste: Why are you telling them all that?
Bill: In academia its very important to credit past work!
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Who are the mentors?

Who are the students?

What are the projects?

What is expected of you?

What should you expect of us?

Nuts and bolts of how the program works.

Advice on how to get the most out of this summer!
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Back in 2013 Samir and Bill wrote an REU grant with the theme
Applying Theory to Practice.
The program has changed over time to be:

Discuss Find a topic within CS that this title does not cover?

Systems, HCI, Software Engineering, anything else?
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Space Efficient Parallel Algorithms.
Mentored by Laxman. He has mentored for REU-CAAR before:

2023: Parallel Algs for High Dim Clustering

2024: Parallel Algs & Nearest Neighbor.

He seems to like Parallelism.

2 Student: Elizabeth (UMCP), Rebecca (Bryn Mahr).

Elevator Pitch Elon knows what every American had for
breakfast. Thats a lot of data!

We explore theoretical and practical space efficient algs.
Fun Fact Clyde Kruskal works in parallelism and used it:
He has triplets.
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Exploring the Hilbert and Thompson Geometries
Computationally:

Mentored by Auguste and Dave: They mentored for REU-CAAR:
2022: Exploring the Hilbert Geometry

2023: Exploring the Hilbert Geometry

2024: Exploring the Hilbert Geometry

They seems to like Exploring the Hilbert Geometry.

9 Students: Andrew (UMCP), Banerjee (Blair HS), Chaewoon
(Blair HS), June (UMCP), Kelin (UMCP), Megan (Blair HS),
Rowan (Haverford), Soren (UMCP), Veena (Blair HS).
Elevator Pitch Comp Geom looks at Euclidean geometry
problems computationally (e.g., how to best find the area of a
polygon). What happens if you do this on other geometries?
Perhaps curved spaces.

Fun Fact Auguste has 11 siblings: Januarye, Febuarye, ...,
Decembere.
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Cross-species identification of DNA that moves around:
Retrospective analysis and improved methods

(Thats the short title.)

Mentored by Erin and Rachel.

Erin mentored for REU-BRIDGE (biocomp):

2 Students: Luiz (UMCP), Parth (UMCP).

Elevator Pitch 30-50% of human genomes are derived from DNA
sequences that can copy-paste themselves(!) to new locations.

Biologist need to identify when this happens. What do use?

ML and Algorithms!

Fun Fact Initially under Al on the REU-CAAR website.

| changed it to algorithms when | was applying for a small theory
grant to help fund this program.

| didn't get the grant :-(.
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Machine Learning For Autonomous Driving: Theory and
Practice Mentored by Ming.

Ming: First-timer for REU-CAAR but has mentored many ugrads.

3 students: Arnav (South River HS), Kevin (UNC-Chapel Hill),
Sean (Dartmouth).

Elevator Pitch How can self-driving cars (which are good drivers)
deal with humans (who are not)?

With lots of data about human drivers!

Data can be used for ML!

In Theory.

We make it work!
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Crop Planning Dec. Support with Multi-Agent RL
Mentored by Aviva. She mentored in 2023 and 2024:

2023: Using Markov Dec. Process to Mitigate Climate Risk
2024: Crop Planning Dec. Supp. with Multi-Agent RL

We removed the phrase Climate Risk from the title hoping
that would appeal to Elon who, having build his fortune on
E-cars, is now a climate change denier. It didn’t work :-(.

4 Students: Amedeco (UMCP), Hiroshi (Soka Univ of America),
Simon (UMCP), Sofia (UMCP).

Elevator Pitch Farmers in India have to make decisions based on
clim—whoops based on the weather.

If they all act in their own self-interest to much of one crop.

How to coordinate? Use ML! Use RL!
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Bill and Aviva Conversation in 2023

AVIVA: | want to mentor a project for REU-CAAR.
What are the projects usually like?

BILL: | did one on Ramsey Theory. Auguste did Comp Geom.
We have a few quantum projects.

AVIVA: | want to use Math to help farmers in India.

BILL: So you want to help people?
AVIVA: Yes!

BILL: Whats that like?
That is, whats it like to want to help people?
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Mentored by Victor and Dominic.

Victor: mentored for us in 2023 and 2024.

2023: Classical and Quantum Error Correction

2024: Classical and Quantum Error Correction

He must be error-prone to need that much correction.

Dominic is a first-timer.

1 Student: Cassie (UC Davis).

Elevator Pitch Despite not using the term Quantum Error
Correction in the title, this project is about Quantum Error
Correction.

The title lists ways of doing Quantum Error Correction.
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Reducing the Overhead for Quantum Error Corrections With
LDPC Codes

Mentored by Yuxin and Yifan.

Both are first timers but have mentored students before.

1 Student: Aranav (UMCP)

Elevator Pitch More Quantum Error correction.
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Quantum Projects (cont)

Qutrit Quantum Quadratic Residue Codes
Mentored by Shubham and Victor.
Victor is the same Victor as before.

How can Victor mentor two quantum projects? Superposition!

1 Student: Mihir (UMCP)

Elevator Pitch Even more Quantum Error correction.
Must be a hot topic.

The QEC projects will be in contact with each other.
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Robust Bell Sampling

Mentored by Michael and Thomas and Dominik.

Michael has mentored ugrads before. Thomas & Dominik are new.
Why three quantum mentors on one project? Uncertain.

1 Student: Tony (CMU)

Elevator Pitch Not Quantum Error Correction.

Will study sampling in the presence of noise.

Hmmm- sounds like QEC but with a more practical slant.

At least practical compared to most of Quantum Computing.
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Quantum Projects (cont)

An Apparatus for Quantum Simulation with Dipolar
Quantum Fluids

Mentored by lan and Gretchen.

First timers but they've mentored ugrads before.

1 Student: Jarrett (Utah Valley University)

Elevator Pitch How to simulate a quantum system?

Find another system that is similar to it either simulate it or even
look at it directly.

This project will do that with laser cooling and trapping of atoms.
(But Atoms are so tiny!)
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> REU-CAAR Director: William Gasarch.
Worote the grant, finds the mentors, does admissions,
manages the REU-CAAR website,
makes decisions on housing (in a normal year),
organize lunch activities, get speakers,
arranges Amtrak and airport pickups,
deals with whatever else may arise, and
gives this talk.

The people below help to implement some of those decisions.
> Lots of Stuff: Sharron McElroy.
> Lots of other Stuff: Auguste Gezalyan.
> Airport, Amtrak Pickups: Clyde, Darling, Auguste.
> Help with Final Presentations: Clyde.
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» Ramsey Theory

» Applied Algorithmic Graph Theory (e.g., Scheduling)
>

Algorithmic Game Theory
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Big change. Projects in the fields above but also
» Quantum Computing
> Al-fair allocation (e.g., Kidney Exchange)
> AI-NLP, Image Processing.
> ML to help farmers in India
The Al projects all had a mathematical component.

We changed the name to:

Combinatorics, Algorithms, and Al for Real Problems.
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1. Grants are for 3 years. Original grant was 2013-14-15.
Grant was renewed: 2016-17-18, 2019-20-21, 2022-23-24.
Bill has been the Pl (Principle Investigator) 2013-2024.

2. Samir was coPI (co-Principle Investigator). 2013-2019

3. Samir left UMCP, became chair at NW in Spring 2020.
| had no co-Pl 2020-2024.

4. For 2022-23-24 we got additional money for a helper.
In 2022 Auguste is that helper. He
(1) co-mentored a group, (2) helped Bill a lot.

Fun Fact Usually Mentors get paid nothing.

Directors get paid very little.

Helpers get paid the most.

But this year nobody is getting paid.

That Fact was Funnier in my head then on this slides.
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The REU-CAAR Program in 2025

August 2025: Applied for renewal with Laxman as coPl.
December 2025: NSF: You will be recommended for funding.
Feb 2025: No $. NSF: don't know when/if you'll get the $.
Feb 2025: The head of NSF-Theory is fired without cause.

Feb 2025: The DIMACS directors gives me an idea: to take
applicants and run a program without money if it comes to that.
My website is honest about that (others are not).

March 20 2025: For a variety of reasons, by this point could not
use the NSF money even if | had it.

Does this change the program? Next Slide.
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Why is this REU different from Other REUs?

Usual Most of the students have stipends.

In 2025 Most of the students do not get stipends.

Effect

While terrible for the students this does not affect the program.
You are here to do learn things and do things, and you still will.

Usual All of the students live together in the dorms.

In 2025 All of the students are living apart in local housing.
Effect

The Dorms were the Social Center of the program.

Students would get to know each other there. Thats all gone.
We could run events 4-5, and even night events. Thats all gone.
What To Do

Have lunch together.

Talk with each other while in the program.

We may have our game nights during the day.
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Why is this REU different from Other REUs?

Usual 20. 3 HS. 10 Non-Res Schools. 7 Res Schools (3 UMCP)
2025 25. 5 HS. 4 Non-Res Schools. 16 Res Schools (12 UMCP)
Effect Won't affect us.

The students are all very good.

But the point of the REU program is to give people at non res
schools a chance to do research.

So bad philosophically.

| told this to Auguste and he said

Philosophy is bullshit.
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Enyue ‘Annie’ Lu is running REU-EXERCISE

(EXlore Emerging Computing in Science and Engineering)
for 2013-14-15, 2016-17-18, 2019, 2021, 2022, 2023-24-25.
This REU program is at Salisbury University.

Darren, Vaishnav, and Hal are running TRAILS

TRustworthy Al in Law and Society

This is the program’s Second year.

This program only has 5 people. They will join most of our lunches.

Erin S. is running RQS-Physics.
This program only has 3 people. They will join most of our lunches.

Bill Gasarch is running a Ramsey Gang.

Bill meets with ~ 5 students: 4 HS and 1 obnoxious 5th grader.
He (Bill, not the fifth grader) will talk about Ramsey Theory and
give them mini-projects. You may join us.
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Program Goals

1. Research! What is Research? Discuss!
Work on problems where the answers are not already known.

2. Expose you to a variety of career paths. Discuss!
Grad School, Industry, Government (not for long),
Writer for the Simpsons, Hobo, Other.

3. Build skills
Team Work, Communication, Project Management.

4. Build a network with faculty and students.

Useful for the future!
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1. Show up every weekday. 10:00AM-4:00PM
(Flexible since some of you are far from campus)

This is the Wrong Way To Look at the program
| Invite you to talk about jobs you’ve had. I'll go first.

Upshot

1. This program should not be seen as a job where you put in
your 8 hours a day and then you're free to what you want.

2. You are here because you care about
Algorithms or Al or Quantum.

3. You should want work on your projects after hours.
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What the Program Expects of You: Restart

1. Show up every weekday. On time AND sober. 10AM-4PM.
You should want to work longer.

2. Participate in assessments such as surveys.
3. Actively contribute to your research project and your team.

4. Check e-mail. Reminders, notices, requests will be emailed.
(I hyphenated email? Why? The original handbook did this
and | wanted you to see an interesting piece of history. X-ray
and T-shirt kept the hyphen but email did not. Why?)

5. Enthusiasm!
6. Attend lunches, talks, and other activities.

7. Give talks: Last week you will give a talk about your project.
(Joint with other programs.)

8. Enjoy yourselves!
First letters spell SPACE AGE. Better for an astronomy REU.
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Your Mentor’s Role

1. Role modeling: Their experiences offer clues for your own
professional success story.

2. Communication: Explain the project, answer questions,
listen to your concerns and ideas, etc.

3. Background: Explain why the research is important! How it
fits into other things!

4. Connection: Help connect you to their colleagues, graduate
assistants, others.
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What Faculty Mentors Expect from You

o LN

6.

Communication: Be clear in verbal & written comm.
Seek clarification, ask questions, provide suggestions.

Assertiveness: Think for yourself and support your own ideas.
Maturity: Be reliable for what your mentor asks you do do.
Enthusiasm: Be interested in the project, field, and topic.
Responsible: Tell your team changes that affect your
participation.

Adaptability: Be flexible and open minded.

First letters spell out CAMERA. Better for a Vision REU.
Credit Auguste thought of making the first letters spell words.
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1. If you feel uncomfortable, seek advice and guidance from
others.
Bill, Laxman, Auguste, or Aviva can offer assistance and
direct you to campus resources for help.
Note that in the United State there is Mandatory Reporting:
if a mentor or director hears about a case of sexual
harassment, they must report it.

2. While this slide is about Sexual Harassment and
Discrimination, feel free to talk to Bill, Laxman, Auguste, or
Aviva about any issue, even if it is uncomfortable.
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My Least Favorite Topic

Good News That You Know:
1. You get a mentor(s).

2. You get a chance to do research.

If you do not do your part

You could be asked to leave.

This is rare but it has happened three times, once in 2014 and
twice in 2015.

All three times it was white guys from Harvard.

What is ‘your part’:
SPACE AGE and CAMERA
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Complain SOONER Rather than Later

Better to get a problem resolved EARLY, whatever they are.
Key to a good relationship:

In any problem or dispute that arises the important thing is
not fixing it and making things work out

its finding whose to Blame :-)
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Most Common Complaints

1. Most common complaint from students:
My Advisor has not given us things to do

2. Most common complaint from mentors:
My Students are not doing their work

Upshot Communication!
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First Week++4 Talks

You should all know about each others projects:

For some of the projects p
there exists a mentor m for project p and a day d such that

mentor m gives a talk on project p on day d.

In symbols

(Yp)(3m, d)[MENTOR(p, m) A TALK(p, m, d)].
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1. Monday 12:00-1:30 lunch in This Room.
2. This lunch you will play telepictionary!

3. Tu,We,Th,Fr- Lunch in the union or IRB.
4

. Bill will join you for lunch some of the first week.
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1. Red Tape stuff (hopefully ends Tues). (Less this year than
usual since not NSF funded.)

2. Some days of the first week, a talk by a mentor on their
project.

3. Research-Every day.
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Get here by 10:00AM go to your projects room.
Research 10:00-12:00 (approx)

Lunch 12:00-1:30 (approx). MONDAY lunch IRB
Research 1:30-4:00.

Some Wednesdays there will be a talk.

In your free time you will talk about Applying Quantum
error correction, ML, and Geometry to Crop Decisions
Weekends— Explore Washington DC! or College Park! (Check
the metro website—lots of trains are not running at times.)

Some of these items may change (e.g., lunches, talks may be
a diff day).
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Explore Washington DC On Your Own AND

1. Those of you that are locals please help the out-of-towners.
(This year there are 18 locals and 7 out-of-towners.)
Sergey Brin was a UMCP undergrad, so use Google maps.

2. Weekends: visit Washington DC.
3. Go to the Whitehouse and say hello to President Trump.

Ask him to fund us next year so that Auguste does not have
to live in a cardboard box.

4. Ohio State Univ. ugrad J.D. Vance did his honors thesis on
Space Efficient Parallel Algorithms
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College Park Metro Station

There is a Metro Stop in College Park.

Check: There are websites that have metro information- check
them before any excursion.
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Discussion of Ethics of Research.

Discussion of graduate school (with other programs).
Game Days with Pizza!

Final presentation the last week (with other programs).

Unexpected things will happen! Always expect the
unexpected!
(Is that a paradox? A project for Summer 2026 REU.)
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Adam Winkler is Irwin's son who administers the foundation.
He's a law professor so he understands academia.

(The other sons: Charles—a director; David—a screenwriter.)
Adam has written two books:

Gunfight: The Battle over the Right to Bear Arms in
America

We the Corporations: How American Businesses won their
civil rights

The last book got this review

It is deeply shocking that We the Corporations is not boring.

Also, the last book was a nominee for the National Book Award.
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Questions from You?

| welcome questions now and anytime!



