The Superpermutation Problem

Or “Why you should watch anime”



A teeny tiny problem

All permutations of 1,2 Superpermutation string
12
12
21
— (1211
21

Each permutation appears as a contiguous block inside 121.



A teeny tiny problem

All permutations of Superpermutation
1,2,3 string
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Each permutation appears as a contiguous block inside 123121321.



What is a superpermutation?

superpermutation?
Definition Example forn=3

All 6 permutations:

[123 ][ 132 ][ 213]
A superpermutation on {1,2,...,n} is a string
string that contains every permutation of [ 231 ][ 312 ][ 321 ]
of 1,2,...,,n as a contiguous block.

Example superpermutation:

[ 123121321

contains all 6 permutations



Early history and the first conjecture

Forn=12345 This led to the In 2014, a shorter
e conjecture that example was found
the shortest » Theseequal 1!+ )
e are Al 9, @ 0+ -“+an the same formula > forn=6,so the
33 g153 T ' N formula works for simple conjecture is
’ : for every n. false.

° The simple formula works beautifully at first, but it is not the whole story.

Small n minima

n minimum
1 1

2 3

3 9

4 33

5 153



How did anime come in?

Show some respect for
this epic anime! © © «

ARV SuzZUMIVA



Why people also call it the Haruhi problem

Episodes

The 2006 anime The Melancholy of Haruhi [ 1 J [ 2 J [ 3 J [ L ] [ 5 J [ 6 J [ 7 J
Suzumiya originally aired 14 episodes in a
deliberately scrambled order. [8] [9] [10] [11] [12} [13} [14]

The legendary problem on 4chan: if you are Sample viewing sequence
allowed to rewatch episodes, what is the

shortest viewing sequence that contains every @@@@@@@@@@

possible watch order of the 14 episodes?

one watch order

° Mathematically: the Haruhi question is exactly the n = 14 superpermutation problem.



The anonymous 4chan lower-bound proof

Every n-superpermutation has length at least For Haruhi (n = 14):
n!+(n_1)!+(n_2)!+n_3 14!+ 131+ 121 + 11
The argument was posted anonymously on 4chan and later written up — 93,884,313,611
formally.

Why this mattered

e It gave a strong lower bound for the Haruhi problem. @—'@—'E}@

e It was surprisingly elegant.

e It became part of the modern superpermutation story.



Idea behind the proof

1 Permutations as vertices

Think of every permutation as a

vertex in a graph.

321

Edge weight = number
of new symbols appended

Startwith 123 123
+1 — 1231
+2 12312

+13 1231213

+2 12312132 |

S R

+1 123121321

2 A superpermutation is a walk

Moving to the next permutation
costs the number of new symbols
you append.

overlap 3
1234 EEE— 2341

costs 1

3 Cyclic classes and 2-loops

The proof groups permutations
into (n-1)! cyclic classes, and any
superpermutation has to visit all
the classes. Then the proof shows
certain transitions cannot all be
too cheap.

o—

Lower bounds come from forcing enough expensive transitions.



Reference

A lower bound on the length of the shortest superpattern

Anonymous 4chan Poster, Robin Houston, Jay Pantone, and Vince Vatter

October 25,2018

This proof is inspired by that posted anonymously at
http://mathsci.wikia.com/wiki/The_Haruhi_Problem
which itself was taken from a 4chan discussion archived at

https://warosu.org/sci/thread/S3751105#p3751197

We see how anime can motivate people to produce beautiful mathematics
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Just one more slide...

&

According to rumors

Yu Deng, John Pardon,
Jacob Tsimerman, Hong Wang

are the Fields Medalists of this year

International Congress
of Mathematicians
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50% of them are anime fans




= O Yuri is a genre of Japanese media focusing on intimate relationships
Yu rnanimem atte 'S between female characters. -

N8

Yu Deng EtFF, B,

= B ZINEEK%E (The University of Chicago)  As:
® EHETAS (Princeton University) #%

BEEMER

wmo REMe XE3: o0 BEo M4 MEo XE

f2aosR=

B30 HBFFERERNE S BRRRETHA?

2018-07-29 14:47 - 3 PEIE - 59 1 KiE

WEHMBFBHNES, FBLESBIKRRNISHNGE?

2015-12-29 11:54 - 6 PMEIZE - 93 PNKiE

7+ 4 Mathematica i DSolve BB A L EME? ?

2015-11-01 23:22 - 2 PMEIE - 31 PNRFE

Translation:
o Lot “What are some excellent yuri fan works?”
2015-02-14 06:47 - 14 PMEIE - 270 P
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Conclusion: Watch some anime. That is the way to
way to your Fields medals
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