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Overview

@ This is a comedic/informative look at overlaps
between furry and computer science
e This is not a rigorous lecture
o There will be puns “w~

@ Don't worry if our jokes don't make sense!
o We've been coding for most of our lives
e If you're confused, that's on us
o We're out of touch with reality

@ If you are curious about anything in these slides,
feel free to chat with us!
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How | Found the Fandom (Unsigned Long)

sﬂvergatomon

(@silvergatomon

e Found furries through con videos Y] ' i ..more

on and 2 more links

£\ subscribed
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How | Found the Fandom (Unsigned Long)

@ Found furries through con videos

@ Found some eastern dragons with the
word “Long" in their name

Tien Long
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How | Found the Fandom (Unsigned Long)

long
A)

@ Found furries through con videos

@ Found some eastern dragons with the
word “Long" in their name

@ Thought about “long” for too long
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How | Found the Fando 3]

How | Found the Fandom (Unsigned Long)

Short signed integer type. Capable of containing at
least the i 67] range.

)] FOU nd fU rries th rOUgh con VideOS igned Short unsigned integer type. Contains at least the

0. range
o FOLI nd some eastern dragons Wlth the : Basic signed integer type. Capable of containing at
] "o . least the [-32 7 767] range:
word “Long" in their name

Basic unsigned integer type. Contains at least the
[o. range

@ Thought about “long” for too long

long int Long signed integer type. Capable of containing at

Y Realized it's in my Code signed long 7.+2 147 483 647] range.

signed long int

unsigned long Long unsigned integer type. Capable of containing at

unsigned long int least the [0. 4 294 967 29
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How | Found the Fandom (Unsigned Long)

@ Found furries through con videos

@ Found some eastern dragons with the
word “Long" in their name

Thought about “long” for too long

Realized it's in my code

Pun was too good—I made a fursona
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How | Found the Fandom (Bunsen)

How | Found the Fandom (Bunsen)

o FNAF made me a bunny-obsessed
furry back in 6th grade

artist: thepipefox (FurAffinity)
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How | Found the Fandom (Bunsen)

o FNAF made me a bunny-obsessed

4
furry back in 6th grade 4"/

@ Started in algorithms, moved to !‘*
hardware and performance engineering Q)
[

artist: @Alextheyellowthing (Telegram)
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How | Found the Fandom (Bunsen)

ProtoFacer: FPGA-Driven Interactive Protogen Head

o FNAF made me a bunny-obsessed
furry back in 6th grade

@ Started in algorithms, moved to
hardware and performance engineering

@ Made an FPGA-controlled protogen for
a final project because why not
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How | Found the Fandom (Bunsen)

o FNAF made me a bunny-obsessed
furry back in 6th grade

@ Started in algorithms, moved to
hardware and performance engineering

@ Made an FPGA-controlled protogen for
a final project because why not

@ Built another protogen because | didn't
like my old one

photographer: @JustDragony (Telegram)
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Fursuits are Planar Graphs

Fursuits are Planar Graphs

Bunsen's V1 head pattern Unsigned Long's tail pattern
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Fursuits are Planar Graphs

o Graph:
o Vertices labeled 1,2,...,n

o Edges go between two vertices
o At most n-(n—1)/2 = O(n?) edges?

?Assuming simple graphs
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Fursuits are Planar Graphs

o Graph:
o Vertices labeled 1,2,...,n

o Edges go between two vertices
o At most n-(n—1)/2 = O(n?) edges?

@ Planar graphs: graphs that can be
drawn without crossing edges

?Assuming simple graphs
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Planar Graphs

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

graph.

o—i i—,o----o
diagrams from Wikimedia
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https://en.wikipedia.org/wiki/Graph_minor

Planar Graphs

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

graph.

e Wagner’'s Theorem:
A graph is planar if and only if you cannot form
a Ks or K33 using deletions and contractions. K33 Ks

diagrams from Wikimedia

@ Ks are K33 the forbidden graph minors of the
family of planar graphs.
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https://upload.wikimedia.org/wikipedia/commons/4/40/K3%2C3_v%C3%A0_K5.png

Forbidden Minors

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

o 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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Planar Graph Sparsity

@ Simple graphs have O(n?) edges
@ Planar graphs have < 3n— 6 = O(n) edges!?
e Fursuits are planar graphs

@ Seam count = O(Fabric patch count)

2Assuming faces have degree > 3
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Planar Graph Sparsity

@ Simple graphs have O(n?) edges
@ Planar graphs have < 3n— 6 = O(n) edges!?
e Fursuits are planar graphs

@ Seam count = O(Fabric patch count)

@ Each patch you add only introduces a constant
number of new seams you have to sew!
Top: Bunsen’s V1 pattern with 40 pieces total (not all
shown)
aASSUI’T’Iing faces have degree Z 3 Bottom: Bunsen’s V2 pattern with 19 pieces total
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Planar Graph Sparsity

@ Simple graphs have O(n?) edges

Planar graphs have < 3n — 6 = O(n) edges!?

Fursuits are planar graphs

@ Seam count = O(Fabric patch count)

Each patch you add only introduces a constant
number of new seams you have to sew!

Therefore, it is totally reasonable to have 64
patches for your fu rsuit /J A part of Long's pattern with “16 pieces

2Assuming faces have degree > 3
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Fenwick Tree
Fenwick Treel

@ Binary-Indexed Tree

@ Fast prefix queries in O(log n)!

[1]2]3]4]5 6 7 /8 9 10 n 122131415516

[1[2ls[als[e[7 8o w0]n[H2rs[H]s]e]
L J

1Boris Ryabko (1989).
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Splay?

splay 1013 verb
spla )

splayed; splaying; splays

Synonyms of splay >

transitive verb

1 :tocause to spread outward

2 :to make oblique : BEVEL

intransitive verb

1 :to extend apart or outward especially in an awkward manner

2 :SLOPE, SLANT

https://en.wikifur.com/wiki/Furpile
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Splay Tree?

@@-ﬁw 5
A
: AQA 4O
@ After every operation, splay the A5 e
searched node to the root of the tree @\A LA O
. . @ ) A O,
using double-rotations. ®h » 0
| S
@ Suspected to be optimal for any bE ©°
. | Zig- Zag @
sequence of BST operations up to a ®®Z} =
constant factor (Dynamic Optimality A QA A Bc®§
Conjecture) g4

Trabelsi, Zouheir & Zeidan, Safaa & Masud, Mehedy & Ghoudi, Kilani.

(2015). Statistical Dynamic Splay Tree Filters.

2Sleator, Daniel D.; Tarjan, Robert E. (1985).
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Link-Cut Tree
Link-Cut Tree3

@ Maintains a set of rooted trees

e Amortized O(log n) link, cut
and find-root at any node

@ Improves Dinic's Algorithm !
(for max-flow) from O(V?2E) AD

— e ferred edges | J I

to O(VE log V). ormal edges R e

— — — = path — parent edges

By Drrilll, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=25495327

3Sleator, D. D.; Tarjan, R. E. (1983).
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Trees Macro-Micro Tree Decomposition

Macro-Micro Tree Decomposition

@ Node is micro if it has less than O(log(n))
descendants (else macro)

@ Node is macro leaf if it is macro and all its
children are micro

@ Subtree is microtree if its parent is a macro leaf

@ There are at most O(n/ log(n)) macro leaves

e Macro leaves have O(log(n)) decendants, and
do not share decendants

@ There are O(n*/€) distinct microtree shapes
e Brute force on all microtree shapes
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Merkle Tree*

@ Tree of hashes, widely used
for data verification
o Cryptographic schemes
e P2P file sharing
o Distrbuted filesystems

@ Each internal node hashes the
concatenated hashes of their
children.

@ Only recomputes O(log n)
hashes when data changes!

Top Hash

MMMMM

7

Hash

0

Hash 00
hash( .oy

)

al

AN

hash( =210 )

Hash
1

al

AN

*Merkle, R. C. (1979)

Hash Hash Hash Hash
0-0 0-1 1-0 1-1
hash(L1) hash(L2) hash(L3) hash(L4)
Data
& L2 13 L4 Blocks
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Message Digests

@ Also called “hash functions”

@ Takes any size input, makes Message| Message| | Message
fixed-size output block 1 | block 2 block n

o ldeally, different inputs make P E— [ —[Ep—
different outputs block 1 | block 2 block n | padding

e Hard to find two inputs with ¥ J —
same output for cryptographic @-’ ""’ SLTOL "

hash functions

e e.g. MD5, SHA, BLAKE
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The Cycle Finding Problem
Tortoise and Hare: The Cycle Finding Problem

@ Take some function f : [n] — [n],
and some starting value x.

o Notation: [n] is the numbers
{1,...,n}, and f is a function that
takes a number from [n], and
outputs a number in [n]
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The Cycle Finding Problem
Tortoise and Hare: The Cycle Finding Problem

@ Take some function f : [n] — [n],
and some starting value x.

o Notation: [n] is the numbers /

{1,...,n}, and f is a function that
takes a number from [n], and f(f(x)) ft—l(X)

outputs a number in [n] / V\
\f
)

f(x) «——x

@ By pidgeonhole principle, the sequence £5(x F1=2(x)
x, f(x), fF(f(x)),...,f'(x),... v
will repeat \ S

f5+1(x)ﬁ

Bunsen Bitti, Unsigned Long Data Structures & Algorithms @ Anthrocon 2026 July 3, 2026 18 /39



The Cycle Finding Problem
Tortoise and Hare: The Cycle Finding Problem

@ Take some function f : [n] — [n],
and some starting value x.

o Notation: [n] is the numbers /

{1,...,n}, and f is a function that
takes a number from [n], and f(f(x)) ft—l(X)

outputs a number in [n] / V\

A\

@ By pidgeonhole princip.le, the sequence £5(x) F1=2(x)
x, f(x), fF(f(x)),...,f'(x),... \ v

will repeat

e Find s, t such that f*(x) = f*7*(x)

f(x) «——x

f5+1(x)ﬁ
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Floyd's Algorithm
Tortoise and Hare: Floyd's Algorithm

@ Algorithm description

o Tortoise and hare start with f(x) «——x
X; := x and xp 1= Xx.
e When tortoise computes x; := f(x), /
hare computes xj, := f(f(xp)). f(f(x)) F-1(x)
\/ / \
f=(x) f1=2(x)
\ v
fs+1( )
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Floyd's Algorithm
Tortoise and Hare: Floyd's Algorithm

@ Algorithm description

o Tortoise and hare start with f(x) «—x
X; := x and xp 1= Xx. /

e When tortoise computes x; := f(x),
hare computes x, := f(f(xp)). f(f(x)) F-1(x)

o Eventually both tortoise and hare
will enter the cycle
e When both are in the cycle, the hare
will catch up to the tortoise
fs+1(X)

@ Algorithm analysis y / \
\
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Floyd's Algorithm
Tortoise and Hare: Floyd's Algorithm

@ Algorithm description

o Tortoise and hare start with f(x) «—x
X; := x and xp 1= Xx. /

e When tortoise computes x; := f(x),
hare computes x, := f(f(xp)). f(f(x)) F-1(x)

o Eventually both tortoise and hare
will enter the cycle
e When both are in the cycle, the hare
will catch up to the tortoise
fs+1(X)

@ Algorithm analysis y / \
\

@ Used in Pollard’s rho algorithm
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Polard’s Kangaroo
Tortoise and Hare: Pollard’s Kangaroo

How Long Does it Take to Catch a Wild Kangaroo?

Ravi Montenegro * Prasad Tetali

November 7, 2010

Abstract

We develop probabilistic tools for upper and lower bounding the expected time until two in-
dependent random walks on Z intersect each other. This leads to the first sharp analysis of
a non-trivial Birthday attack, proving that Pollard’s Kangaroo method solves the discrete log-
arithm problem ¢g” = h on a cyclic group in expected time (2 + 0(1))v/b — a for an average
z € [a,b]. Our methods also resolve a conjecture of Pollard’s, by showing that the same bound
holds when step sizes are generalized from powers of 2 to powers of any fixed n.
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Animal Computing Mascots

Animal Computing Mascots
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LGN EINECT TG R EECI Il  Trans Rights!

Animal Computing Mascots: Trans Rights!
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Animal Computing Mascots: Unofficial Mascot of C+-+
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Powershell..
Animal Computing Mascots: Powershell...
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wst
Animal Computing Mascots: WSL

From: Richard Stallman
Subject: WSL

Date: Mon, 23 Jan 2023 22:50:01 -0500
[[[ To any NSA and FBI agents reading my email: please consider 111
[[[ whether defending the US Constitution against all enemies, 111
[[[ foreign or domestic, requires you to follow Snowden’s example. ]]]

How about pronouncing (and writing) "WSL" as "weasel"?

Dr Richard Stallman (https://stallman.org)

Chief GNUisance of the GNU Project (https://gnu.org)
Founder, Free Software Foundation (https://fsf.org)
Internet Hall-of-Famer (https://internethalloffame.org)
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O'Reilly Book Covers

Support for Every Text Editing Task

Regular Expressions
Jor Perd, Ruby, PHP,
Python, C, fava, and NET

Regular
Expression
2 O

Pockei Reference

—e e WEBMASTER
V1 and Vim

W A Desktop Quick Reference
Editors

Pocket Reference

Tony Stubblehine

O,REILLYQ Arnold Robbins O'REILLY" Ntepbaen Spetinibotir & Robert Eclstedn

July 3, 2026 26 /39
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O'RLY Book Covers

-—
TamyitorAncaptiIharthe OtferBnginrors dneiBogs Introducing the uncanny valley inlo your codebase

Beautiful Typese

with LaTeX

Overfull \hbox (9.895pt too wide)

Coding ‘
With GPT

Being Friends
with Gay Furries
For Software Developers

7th Edition

ORLY’ Vincent Wolfe . ORLY’ @DanielW,_Kiwi
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E621 Programming Language Tags

@ How many posts
exist for different

programming

languages?
o

Category
Order

Has wiki?
Has artist?

Hide empty? v

 Search
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E621 Programming Language Tags

January 2026

Count
edit | history
@ How many posts edit | history
exist for different J—

programming edit | history
edit | histon

languages? ¢ history

o

Category

edit | history

edit | history
ord edit | history
rder

Has wiki? edit | history
Has artist?
edit | history

Hide empty?

edit | history
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E621 Programming Language Tags

June 2026

edit | history

edit |

@ How many posts i oy
exist for different it |
programming T
languages?

o

Category

Order
Has wiki?

Has artist?

Hide empty? v

C (+1), Java (+2), Fortran (41), CSS (+1, first one!)
Zig (+2 explicit)
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Hoppers!
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A Brief Introduction to Busy Beavers

@ Turing Machine (TM): A finite state machine reading and writing to an infinite
tape of symbols. Basically simulates modern computers.

Tape of infinite length
A

B | x1| X2 | X2| x2| B
Tape Symbols /£ — “~_RAW head

Finite
Control
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A Brief Introduction to Busy Beavers

@ Turing Machine (TM): A finite state machine reading and writing to an infinite
tape of symbols. Basically simulates modern computers.

@ TM halts if it reaches a halting state.Halting problem is well known to be
undecidable.

Tape of infinite length
A

B X1 | X - | X2 | X2| B
Tape Symbols /£ — “~_RAW head

Finite
Control
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A Brief Introduction to Busy Beavers

@ What if we only look at TMs that will halt?
How many steps does it take for all halting
TMs to finish their computation?
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A Brief Introduction to Busy Beavers

@ What if we only look at TMs that will halt?
How many steps does it take for all halting
TMs to finish their computation?

e For a halting TM M with n states that can
write {0,1}, M is an n-state Busy Beaver if it
runs for the maximum number of steps across
all halting n-state TMs.
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A Brief Introduction to Busy Beavers

@ What if we only look at TMs that will halt?
How many steps does it take for all halting
TMs to finish their computation?

e For a halting TM M with n states that can
write {0,1}, M is an n-state Busy Beaver if it
runs for the maximum number of steps across
all halting n-state TMs.

@ S(n) = that maximum number of steps
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A Brief Introduction to Busy Beavers

e How do we compute S(n)?

®Radé, Tibor (May 1962). "On non-computable functions” (PDF). Bell System Technical Journal.
41 (3): 877-884. doi:10.1002/j.1538-7305.1962.tb00480.x
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A Brief Introduction to Busy Beavers

e How do we compute S(n)?

@ You don't. S(n) is an non-computable function®.

®Radé, Tibor (May 1962). "On non-computable functions” (PDF). Bell System Technical Journal.
41 (3): 877-884. doi:10.1002/j.1538-7305.1962.tb00480.x
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A Brief Introduction to Busy Beavers

e How do we compute S(n)?
@ You don't. S(n) is an non-computable function®.

@ But we can still try to figure out what S(n) is!

®Radé, Tibor (May 1962). "On non-computable functions” (PDF). Bell System Technical Journal.
41 (3): 877-884. doi:10.1002/j.1538-7305.1962.tb00480.x
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A Brief Introduction to Busy Beavers

e How do we compute S(n)?

@ You don't. S(n) is an non-computable function®.
@ But we can still try to figure out what S(n) is!

@ What do you think comes next in the following sequence?

n

2

3

4

5

6

5(n)

6

21

107

47176870

77

®Radé, Tibor (May 1962). "On non-computable functions” (PDF). Bell System Technical Journal.

41 (3): 877-884. doi:10.1002/j.1538-7305.1962.tb00480.x
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The Difficulty of Computing S(n)

@ In order to show that S(n) < X, one must show that every TM with n states either

e Halts in at most X steps, or
e Does not halt.
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The Difficulty of Computing S(n)

@ In order to show that S(n) < X, one must show that every TM with n states either

e Halts in at most X steps, or
e Does not halt.

@ What if we construct TMs that halt if and only if some other problem is true?

o If an n-state TM M halts if and only if some conjecture P is true, then proving
S(n) = X means that M either halts in X steps or never halts.
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Cryptids

@ Coined by Shawn Ligocki in 2023.
A cryptid is a TM that halts if and only if
some hard conjecture is true/false.

@ Cryptids exist for many hard mathematical
conjectures
o Collatz Conjecture
e Goldbach Conjecture
e Riemann Hypothesis
o Consistency of PA and ZF set theory

Made by Lauren (2025), from Busy Beaver Challenge Wiki
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3SUM-Hardness

@ 3SUM: given n numbers, can you find 3 that sum to 07
@ Solvable in O(n?) by hashing
@ Assumed to not have a (significantly) faster solution

@ Some problems are at least as hard to solve as 3SUM, and are called 3SUM-hard

e Given lines in a plane, do any 3 intersect at a point?
e Given triangles in a plane, does their union have a hole?

@ Proof says, for any 3SUM instance, do some fast algorithm to transform into a
3SUM-hard instance whose solution matches the orignal problem
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3SUM-Hardness

@ 3SUM: given n numbers, can you find 3 that sum to 07
@ Solvable in O(n?) by hashing
@ Assumed to not have a (significantly) faster solution

@ Some problems are at least as hard to solve as 3SUM, and are called 3SUM-hard

e Given lines in a plane, do any 3 intersect at a point?
e Given triangles in a plane, does their union have a hole?

@ Proof says, for any 3SUM instance, do some fast algorithm to transform into a
3SUM-hard instance whose solution matches the orignal problem

o Note: If numbers are integers in [—m, m|, solvable in O(n+ mlog m) via FFT
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Fast Furrier Transform

@ A Fourier Transform (FT) decomposes a signal into 2[0] o]
its fundamental frequencies o] oe |
N/2-point
DFT
e Typically computed with complex numbers “i o=
z[6] o——
@ Also has discrete version (DFT) |
e Fast Fourier Transform (FFT) computes DFT in B o
O(n |Og n) o[5] o] DFT
@ Leads to pretty “butterfly diagrams” w0 ==

FT(Convolution(f, g)) = PointMult(FT(f), FT(g)) An FFT butterfly diagram
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Fast Furrier Transform: Inverse FFT?

e Multiplying polynomials of degree n f.g f.g
o Distributing would take O(n?) coeff | ppT | points
o FFT takes O(nlogn) o O(nlogn) | Pointwise
o Pointwise multiplication takes O(n) D'St”bUt'r;g multiplication
O(n)
O(n)
h . h
coeff| g1 | points
O(nlogn)
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Inverse FFT?
Fast Furrier Transform: Inverse FFT?

e Multiplying polynomials of degree n f.g f.g

o Distributing would take O(n?) coeff FFT points

o FFT takes O(nlogn) o O(nlogn) | Pointwise

o Pointwise multiplication takes O(n) D'St”b(l;t'r;g multiplication
e FFT is (approximately) its own inverse () O(n)

o No proof here: not a math panel h h

o IFFT takes O(nlog n) coeff | |FET | POints

o The Anti-Furry Transform is just a
Furry Transform in disguise :3

O(nlogn)
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nCurses

xked 2347: Dependency

ALL MODERN DIGITAL
INFRASTRUCTURE

A PROJECT SOME
RANDOM PERSON
IN NEBRASKA HAS
BEEN THANKLESSLY
MAINTAINING
SINCE. 2003
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nCurses

nCurses

xked 2347: Dependency

ALL MODERN DIGITAL
INFRASTRUCTURE

nCurses
apt-cache rdepends --installed --recurse
libncurses6 | less

A PROJECT SOME
RANDOM PERSON
IN NEBRASKA HAS
BEEN THANKLESSLY
MAINTAINING
SINCE. 2003

Bunsen Bitti, Unsigned Long Data Structures & Algorithms @ Anthrocon 2026 July 3, 2026 38/39



EOM

Data Structures & Algorithms @ Anthrocon 2026

Critters, Cryptids, nCurses

Bunsen Bitti, Unsigned Long

July 3, 2026

Bunsen Bitti, Unsigned Long Data Structures & Algorithms @ Anthrocon 2026 July 3, 2026 39/39



	Overview
	How I Found the Fandom (Unsigned Long)
	How I Found the Fandom (Bunsen)
	Fursuits are Planar Graphs
	Planar Graphs
	Forbidden Minors
	Planar Graph Sparsity
	Trees
	Fenwick Tree
	Splay
	Splay Tree
	
	Link-Cut Tree
	Macro-Micro Tree Decomposition
	Merkle Tree

	Message Digests
	Tortoise and Hare
	The Cycle Finding Problem
	Floyd's Algorithm
	Pollard's Kangaroo

	Animal Computing Mascots
	Trans Rights!
	Unofficial Mascot of C++
	Powershell...
	WSL

	O'Reilly Book Covers
	O'RLY Book Covers
	E621 Programming Language Tags
	Hoppers!
	A Brief Introduction to Busy Beavers
	The Difficulty of Computing S(n)
	Cryptids
	3SUM-Hardness
	Fast Furrier Transform
	Inverse FFT?

	nCurses
	EOM

