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Planar Graphs

Planar Graphs

Deleting vertices or contracting/deleting edges
can’t turn a planar graph into a non-planar
graph.

Wagner’s Theorem:
A graph is planar if and only if you cannot form
a K5 or K3,3 using deletions and contractions.

K5 are K3,3 the forbidden graph minors of
the family of planar graphs.

diagrams from Wikimedia
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Forbidden Minors

Forbidden Minors

H is a graph minor of G if H can be obtained from G by deleting
edges, isolated vertices or contracting edges.

A family F of graphs is closed under taking minors if every
minor of a graph in F also belongs to F .

Robertson–Seymour theorem:
Every family of graphs that is closed under taking minors can be
defined by a finite set of forbidden minors.
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Animal computing mascots Coq?

Animal computing mascots: Coq?

We ran many regressions to learn which demographic characteristics were as-
sociated with a different opinion. The only characteristic that was statistically
significant (at the 0.05 level) was whether the respondent is from an English-
speaking or a non-English-speaking location.

https://discourse.rocq-prover.org/t/coq-community-survey-2022-resul
ts-part-iv-and-itp-paper-announcement/2001#p-5444-renaming-coq-8
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Animal computing mascots Python

Animal computing mascots: Python
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Animal computing mascots Go

Animal computing mascots: Go
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Animal computing mascots V

Animal computing mascots: V
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Animal computing mascots: Zig

Sunny, Unsigned Long Data Structures & Algorithms @ Furpocalypse 2026 November 1, 2026 12 / 59



Animal computing mascots C++

Animal computing mascots: C++
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Animal computing mascots Java

Animal computing mascots: Java
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Animal computing mascots MySQL

Animal computing mascots: MySQL
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Animal computing mascots Postgres

Animal computing mascots: Postgres

Sunny, Unsigned Long Data Structures & Algorithms @ Furpocalypse 2026 November 1, 2026 16 / 59



Animal computing mascots PHP

Animal computing mascots: PHP
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Animal computing mascots LLVM

Animal computing mascots: LLVM
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Animal computing mascots KDE

Animal computing mascots: KDE
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Animal computing mascots XFCE

Animal computing mascots: XFCE
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Animal computing mascots GNU

Animal computing mascots: GNU
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Animal computing mascots Linux

Animal computing mascots: Linux
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Animal computing mascots OpenSSH

Animal computing mascots: OpenSSH
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Animal computing mascots Plan9
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Animal computing mascots Fish

Animal computing mascots: Fish
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Animal computing mascots Powershell...
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Animal computing mascots Ghidra
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Animal computing mascots Docker

Animal computing mascots: Docker
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Animal computing mascots GitHub
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Animal computing mascots GitLab
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Animal computing mascots Trans Rights!
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Instruction Set Architecture

Instruction Set Architecture

CPU Programs = lots of instructions that the CPU steps through to execute
ISA is how the CPU interprets those instructions.
Examples: x86, RISC-V etc.
There are a lot of instructions.
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x86 ISA ADD

x86 ISA: ADD
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x86 ISA FADD

x86 ISA: FADD
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x86 ISA VADDPH/VMULPH

x86 ISA: VADDPH/VMULPH

Sunny, Unsigned Long Data Structures & Algorithms @ Furpocalypse 2026 November 1, 2026 37 / 59



x86 ISA VFMADD132PH

x86 ISA: VFMADD132PH

Sunny, Unsigned Long Data Structures & Algorithms @ Furpocalypse 2026 November 1, 2026 38 / 59
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x86 ISA VPCLMULQDQ

x86 ISA: VPCLMULQDQ

Sunny, Unsigned Long Data Structures & Algorithms @ Furpocalypse 2026 November 1, 2026 40 / 59



x86 ISA VPHMINPOSUW

x86 ISA: VPHMINPOSUW
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x86 ISA VMASKMOVDQU

x86 ISA: VMASKMOVDQU
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x86 ISA VPCMPISTRI

x86 ISA: VPCMPISTRI
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x86 ISA CMPXCHG16B

x86 ISA: CMPXCHG16B
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x86 ISA VGF2P8AFFINEINVQB

x86 ISA: VGF2P8AFFINEINVQB
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x86 ISA ROL

x86 ISA: ROL
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x86 ISA FIST

x86 ISA: FIST
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x86 ISA KNOTD

x86 ISA: KNOTD
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PowerPC EIEIO

PowerPC: EIEIO
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Motorolla 6809 SEX

Motorolla 6809: SEX
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Overview

Overview

I don’t have puns to present
TwT

I need to graduate
grad school got hands

Here’s my research instead
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Intro to programming

Intro to programming

Sequential code is a sequence of instructions.
Read numbers from memory.
Add these numbers.
Store the result back to memory.
If this number is nonzero, go to that line.

Modern processors do not exceed 10 billion sequential instructions per second.
Clock frequencies have plateaued (Dennard scaling).
In the time it took for light to travel from the projector to your eyes, my laptop
executed > 3GHz/(c/2m) ≈ 20 instructions.
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Intro to parallel programming

Intro to parallel programming

What if many processors worked on
the same problem at the same time?

Benefit: Better performance!
Having p processors means your
runtime can be divided by p.

Downside: Race conditions!
Now you need to coordinate p
processors. Good luck >:3

a = 0
parallel_for (i in 0,...,10^9) {

a += 1
}
print(a)

Processors Time Result
1 Processor 2.504s 1000000000
5 Processor 0.507s 925316000a

aThis is suspiciously a multiple of 1000 because
I fudged the implementation for the demo.
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Fork-join parallelism Intro to fork-join parallelism

Intro to fork-join parallelism

Model program execution as an SP-tree.
Individual operations are at leaves.
Internal nodes are labeled S or P.
Children of S nodes must run sequentially.

All operations in child i must finish before
any operations in child i + 1 can start.

Children of P nodes may execute in parallel.
A scheduler decides which operations
actually execute in parallel.
*handwave* Blumofe and Leiserson (1999).

Benefit: Easier analysis than general threading.

Downside: Less general than general threading.

S

1 P

2 S

3 P

4 5

6

7
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Fork-join parallelism Logical parallelism analysis

Logical parallelism analysis

Operation u logically precedes v if their least
common ancestor (LCA) is a S node, and u is
to the left of v.

Equivalently, v logically succeeds u.

Two operations are logically parallel if their
LCA is a P node.

We make a distinction about logical
parallelism because scheduling decisions
might make logically parallel operations not
actually execute in parallel.

S

1 P

2 S

3 P

4 5

6

7
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Determinacy-race detection

Determinacy-race detection
Two memory operations are a determinacy
race if they access the same location, are
logically parallel, and at least one is a write.

A determinacy-race detection algorithm must
monitor all memory accesses.

Each time the program makes a new memory
access we must:

Query if any previous memory access to the
same location is logically parallel with the
new access.
Update our data structures to account for the
new memory access.

S

1 P

2 S

3 P

4 5

6

7
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Representative of a set of accesses Active nodes

Active nodes
We want to summarize a set of accesses V so
that for any access w, we know if there exists
some v ∈ V that is logically parallel with w.

Assume w doesn’t logically precede any v ∈ V.

Suppose u ∈ V logically precedes v ∈ V.
If w logically succeeds v,
then w logically succeeds u.
If w is logically parallel with u,
then w is logically parallel with v.

u is inactive and we can forget about it.
Any u ∈ V that isn’t logically succeeded by
any v ∈ V is active.

S

1 P

2 S

3 P

4 5

6

7
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Representative of a set of accesses The representative node

The representative node

Any u ∈ V that isn’t logically succeeded by any
v ∈ V is active.

Let the representative of V be the LCA of the
active nodes of V, notated as V̂.

By properties of LCA, w is logically parallel
with some active node if and only if w is
logically parallel with V̂.

Theorem
For any w not logically preceding any v ∈ V, w is
logically parallel with some v ∈ V if and only if w is
logically parallel with the representative of V.
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EOM

Robert D. Blumofe and Charles E. Leiserson. Scheduling multithreaded computations
by work stealing. J. ACM, 46(5):720–748, September 1999. ISSN 0004-5411. doi:
10.1145/324133.324234. URL
https://doi.org/10.1145/324133.324234.
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