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Linear Clobber

● Clobber invented in 2001 by Michael Albert et al.
● Black/White stones, empty spaces: ■■□_□
● Black can move to: ■_■_□
● White can move to: ■□__□
● Must clobber an opponent stone! Illegal White move: ■■□□_
● Breaks into subgames frequently: ■□■□_■■□ = ■□■□ + ■■□
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Conjectures

● Notation: (■□)^3 = ■□■□■□

● Albert et al. made 2 conjectures about linear Clobber:
○ (■□)^n is a first player win for n != 3

■ Verified for n <= 19
■ We verify for n <= 50

○ (■■□)^n = ⌊(n + 1)/2⌋·↑
■ Verified for n <= 17
■ We verify for n <= 28

● Chen et al. recently proposed a proof of (■□)^n conjecture
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Transposition Table

● 64 bit Zobrist hashes
● 4 way set associativity

○ Replacement policy
● Contents of 1 entry:

○ Win/loss
○ Heuristic value, “best” move
○ Age, depth (for replacement policy)
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● Represents all games up to length 16
○ All 3^16 = 43,046,721 games
○ Uses only 866,924 entries (~2% of all boards)

● Entry contents:
○ Outcome class (L, R, P, N)

■ > 0, < 0, = 0,    0
○ Lower/upper bounds along 2 scales: [−31↑, 31↑] and [−31↑⋆, 31↑⋆]
○ Nondominated moves for each player

■ Among equal moves, only the “simplest” option is kept
○ Complexity score
○ Simplest (nondominated) move
○ Link to SEG (Simplest Equal Game)
○ The board itself
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Complexity Score

● G1 may replace G2 during search if:
○ G1 is simpler than G2: CS(G1) < CS(G2)
○ AND G1 comes before G2 in the database

■ To prevent cycles
○ A database entry contains the simplest such game, if it exists

CS3(G) = 2 CS4(G) = 4
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Search Algorithm

1. Simplify board
2. Check database, then transposition table
3. Try outcome class and bounds to solve
4. Speculative subgame removal

○ For subgame Gi with certain known outcome classes, try to solve G - Gi instead
5. Generate and play moves

○ Move ordering informed by:
■ Outcome classes
■ DB “simplest moves”
■ Heuristic “best moves”
■ Middle of subgames
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length=[60,66]

Ablation: Iterative Deepening
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between runs

● 4*2^29 table entries
● From n to n+1 -> ~2.12x time
● Solve for both Black and White

Verifying (■■□)^n Conjecture



(■■□)^28 + 14(□□■) = new record
■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□_□□■_□□■_□□■_□□
■_□□■_□□■_□□■_□□■_□□■_□□■_□□■_□□■_□□■_□□■
~9 hours

(■■□)^17 + 9(□□■) = previous record
■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□■■□_□□■_□□■_□□■_□□■_□□■_□□■_□□■_□□■_□□■
12.72 seconds on clean start!

● Transposition table not cleared 
between runs

● 4*2^29 table entries
● From n to n+1 -> ~2.12x time
● Solve for both Black and White

Verifying (■■□)^n Conjecture



SEGClobber Download

● https://github.com/tfolkersen/SEGClobber
● MIT license
● Thanks for listening!

https://github.com/tfolkersen/SEGClobber

