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Does it halt?

0 0 0 0 0 0 0 0 0 000000000

Step #0
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Does it halt?

1 0 0 0 0 0 0 0 0 000000000

Step #1
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Does it halt?

1 1 0 0 0 0 0 0 0 000000000

Step #2
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Does it halt?

1 1 1 0 0 0 0 0 0 000000000

Step #3
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Does it halt?

1 1 1 1 0 0 0 0 0 000000000

Step #4
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Does it halt?

1 1 1 1 0 0 0 0 0 000000000

Step #5
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Does it halt?

1 0 1 1 0 0 0 0 0 000000000

Step #6
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Does it halt?

1 0 1 1 0 0 0 0 0 000000000

Step #6 Will we ever read a 0 in state E ?
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Does it halt?

1 0 1 1 0 0 0 0 0 000000000

Step #6 Will we ever read a 0 in state E ?
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Does it halt?
Yes!

0 1 0 0 1 0 0 1 0 010000000

Step #47,176,870

The machine has halted!!
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Does it halt?

0 1 0 0 1 0 0 1 0 010000000

Step #47,176,870

The machine has halted!!

Can another 5-state machine do better?
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BB(n) = “Maximum number of steps done by a halting 
2-symbol Turing machine with n states starting from 
all-0 memory tape”
T. Radó. On Non-computable Functions. Bell System Technical 
Journal, 41(3):877–884. 1962.

Tibor Radó, 1895 - 1965

BB(n) = “Maximum algorithmic 

bang for your buck”
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The Busy Beaver function
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BB(n) = “Maximum number of steps done by a halting 
2-symbol Turing machine with n states starting from 
all-0 memory tape”
T. Radó. On Non-computable Functions. Bell System Technical 
Journal, 41(3):877–884. 1962.

● BB(1) = 1, BB(2) = 6     [Radó, 1962]
● BB(3) = 21                    [Radó and Lin, 1963]
● BB(4) = 107                  [Brady, 1983]
● BB(5) ≥ 47,176,870      [Marxen and Buntrock, 1989]           

Small busy beaver values:

BB(5) = 47,176,870?
Conjectured yes [Aaronson, 2020]  

The Busy Beaver function
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The Busy Beaver Challenge (bbchallenge)

● Goal: collaboratively solving the conjecture “BB(5) = 47,176,870”
● Consists of: website, Discord server, forum, wiki, galaxy of GitHub repositories

https://bbchallenge.org

Launched in 2022

https://bbchallenge.org
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The Busy Beaver Challenge (bbchallenge)
● Launched in 2022
● Goal: collaboratively solving the conjecture “BB(5) = 

47,176,870”
● Consists of: website, Discord server, forum, wiki,
● Online, async, almost exclusively communicating on Discord
● No management: “entropically-driven research”

○ Even the formal proof happened through a grassroot 
initiative

● 47,000 website unique visitors, ~50 daily
● 1000+ members on Discord
● 50,000+ messages exchanged
● ~50 active contributors
● 19 contributors whose contribution made it to the Coq proof
● Galaxy of ~30 GitHub repositories

https://bbchallenge.org

https://bbchallenge.org
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Summary: landscape of small BB values
Legend

Proved in Coq
Existence of a “Cryptid”
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Summary: landscape of small BB values
Legend

Proved in Coq
Existence of a “Cryptid”

Iterate Collatz-like function starting from 8:

Do you ever get twice as many more odd terms 
than even ones?

Antihydra halts iff this is true.

● 6-state TM
● Simplest open problem 

in mathematics, on the
BB scale

https://bbchallenge.org/antihydra

https://bbchallenge.org/antihydra

