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What is the No-3-in-Line Problem?

Dudeney, 1917

What is the largest 
number of points we 
can place on an n x n 
grid, no three of 
which lie on a line?



Play it yourself!



Play it yourself!

Three
Points
Collinear



Play it yourself!

Number 
of points:
5



Play it yourself!

Number 
of points:
6



Why is this such a difficult 
problem, one that has puzzled 
mathematicians for over 100 
years?



Challenge: Try to find 10 points on this 5×5 grid such 
that no three are collinear.



Theorem (Flammenkamp, 
1998):
For all n ≤46 and n = 
48,50,52, we can find 2n 
points on an n × n grid, no 
three in a line.

Theorem (Hall, Jackson, 
Sudbery, Wild, 1975):
For any ε>0 and all n that are 
large enough, we can find at 
least (1.5-ε)n points on an 
n × n grid, no three in a line.



Theorem (Flammenkamp, 
1998):
For all n ≤46 and n = 
48,50,52, we can find 2n 
points on an n × n grid, no 
three in a line.

Theorem (Hall, Jackson, 
Sudbery, Wild, 1975):
For any ε>0 and all n that are 
large enough, we can find at 
least (1.5-ε)n points on an 
n × n grid, no three in a line.

For n=47, 49, 51 and n>52, 
we do not know the largest 
number of points on an n x n 
grid with no three in line.



Can we use computer 
algorithms to find 
more than 1.5n points 
in these “big grids”?



We adapt the Monte 
Carlo Tree Search 
(MCTS).
- What is MCTS?



j

I’m hungry! Which 
way should I go to 

find more ants?



j

Let me try this 
direction today!



j

I find 4 ants!



4 ants this way

4 ants this way

j

Let me make 
marks along 

the path.



4 ants this way

4 ants this way

j

I didn’t eat enough 
yesterday. 

Maybe try another 
way?



4 ants this way

4 ants this way

j

j

Nice!
I got 5 
ants!



4 ants this way

4 ants this way

5 ants this way
5 ants this way

j

The 2nd way 
seems better!

Let me EXPLOIT!



4 ants this way

4 ants this way

5 ants this way
5 ants this way

j

There’s a new way 
I’ve never gone……



4 ants this way

4 ants this way

5 ants this way
5 ants this way

j

No risk, no gain.
Let me EXPLORE!



4 ants this way

4 ants this way

5 ants this way
5 ants this way

Yeahhhhh!
6 ants!



Optimized Reward Function:



Q: Why is the balance between exploration and exploitation 
so important?
- If we always explore, the tree will be like this (443 nodes): 



The tree is actually extremely large if we zoom out……



Where

Optimized Upper Confidence Bound (UCB) for 
Trees with Exploration Decay





Equivalent by rotating 90° clockwise



76 -> 36 nodes by symmetric action space restriction



- With optimized 
exploration-exploitation 
balance,



- With optimized 
exploration-exploitation 
balance,

- it cleverly gives up actions 
that do not seem to lead 
to good outcomes



- With optimized 
exploration-exploitation 
balance,

- it cleverly gives up actions 
that do not seem to lead 
to good outcomes

- and outputs an optimal 
solution with a tree of only 
28 nodes:



Algorithm performance optimization:

~2000x faster compared with early version



Results for largest number of points:

Flammenkamp:
The purple points 
(2n) are my results.

Hall, Jackson, 
Sudbery, Wild:
The brown line is 
our result (1.5n).



The yellow points surpassed previous best results:

I can do better!
I found 1.8n ± 2 pts 
for 58<n<73.



Example:
129 no-three-in-line 
points on a 72 x 72 grid



Another way to phrase this problem
-What is a “Complete Set”?

Short informal definition: 
Putting any more point into the set of points would cause 3 in a line.



Not “complete” “complete”

Try Yourself!



Example:

Largest 
Complete 
Set
In 4 by 4

Try Yourself!



Example:

Smallest 
Complete 
Set
In 4 by 4

Try Yourself!



SOTA Results for Smallest Complete Set (Aichholzer et al.):



We just “negate” the Reward Function:





I haven’t 
surpassed the 
SOTA result 
yet.



But I propose 
an approach 
to explore 
larger grids. 



1

2

3

4

5

Reward Function Optimization

Single Tree Search

Graph Search-Merge Similar States

Future Work

Incorporating Neural Networks

LLM-based Code Optimization
(e.g. Alpha Evolve)



Thank you

Challenge: 

Question of 100+ years.
Largest number of 
points on a 47x47 grid is 
still unknown.
Maybe you can do it!

Play it yourself!
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