
World Maths Day (3 March 2021) Puzzle Solution (explained by Dr Daniel Bearup) 

 

Challenge 1:  How many distinct table designs can be created?  

 

Answer: 6 possible designs 

 

Solution breakdown: If it was not for Constraints a) and b) we would be able to create a very large 

number of designs. Specifically we could choose the colour (black or white) of 16 tiles, giving us 16 

choices between 2 options. Without a) and b) none of these choices influence any of the others, so 

we multiply 2 by itself 16 times to get 216 (or 65536) options. Even requiring that there are the same 

number of black and white tiles (8 each) wouldn’t make much difference. We could choose a colour 

(2 options) and 8 tiles to be that colour (8 choices from 16 often denoted 16C8) giving us 2·16C8 (or 

25740) options.  

 

However, from a mathematician’s perspective, 

many of those choices would be the same, we 

would be able to rotate, reflect, or swap black 

for white to convert one design into another 

one. The idea behind this puzzle is that the 

Constraints, a) and b), implicitly apply some of 

these ways to convert between the designs 

(symmetries), thus reducing the number of 

options to something more manageable. (And 

at the same time, giving an idea of how a 

mathematician would classify the distinct 

patterns, i.e. those that we couldn’t create 

using symmetries of a design we already have.)  

 

Constraint b) tells us that the right hand side is a reflection 

of the left hand side. Thus, if we choose the left hand side, 

we’ve also chosen the right hand side; we just flip the left 

hand side over the middle line. So using b) we only need 

to consider how many options we have on the left hand 

side (eight tiles, 2 colours, 28 or 256). That is still quite a 

lot, but we haven’t applied a) yet. 

 

A table design satisfying Constraints a) and b) 



Constraint a) tells us that in any row we can only have 2 

of each colour. Since we create each row by flipping the 

left hand side over into the right hand side, we must have 

1 white tile and 1 black tile in each row of the left hand 

side (so that when we flip over we get 2 white tiles and 2 

black tiles). This means that when we choose the colour 

of a tile in one row, we end up choosing the colour of 

every other tile in the row (see below)!  

 

 

 

 

  

 

We’re now down to 16 options (from 256!), and we can choose the colour of each tile (2 colours) in 

the left most column (4 tiles) gives us 24 or 16. However, remember that we also have to have two 

white tiles and two black tiles in each column. So, let’s look at the options we actually have. 

 

 

The top left corner must be black or white (2 choices). We can then choose one of the other three 

tiles to be that colour (3 choices). We end up with a total of 2·3 = 6 possible designs which I’ve 

shown below: 

 

If we put two black tiles in a row of the 

left side, reflection would require us 

to put two in the right side and a) 

would not be satisfied. 



Now a pedantic mathematician might point out that a 180 degree rotation turns the top left and top 

middle designs into the bottom left and bottom middle designs respectively, so they might say there 

are only 4 designs. Another, even more pedantic, mathematician might point out that swapping black 

and white doesn’t actually change the pattern and so get only 3 designs (also reproducing the 

rotations above).  

 

I suspect that wouldn’t have been what the hotel manager intended in this (entirely fictitious!) case, 

so if you got the 6 designs above, well done! However, I can’t criticize you for thinking like a 

mathematician, so if you got 4 or 3 designs (following the reasoning above) those are also excellent 

answers! 

 

Challenge 2: The hotel manager decides that, 

given the number of delegates expected, this will 

not be enough unique designs. To allow a broader 

range of designs, they introduce an alternative to 

Constraint b).  

a) If the table is rotated 180 degrees the 

pattern that the two negotiators see will 

be unchanged (i.e. the table is 

rotationally symmetric). 

 

How many distinct table patterns can be created now? 

 

Answer: 22 designs (6 original designs + 16 new designs) 

 

Solution breakdown: We should note before we start that we already have two designs which satisfy 

Constraint c) (top and bottom right).   

 

Constraint c) tells us that the top left corner (4 squares) 

will be repeated in the bottom right corner. Furthermore, 

the bottom left corner will be repeated in top right corner. 

So, we need to think about the choices we can make for 

the top left and bottom left corners that are consistent 

with Constraint a). 

 

For the top left corner (or the bottom left corner) we have 4 tiles, 2 colours and no other constraints 

so we have 24 = 16 choices each for, potentially, 32 total. 

A table design satisfying Constraints a) and c) 



 

 

We can see that not all combinations of those designs will be compatible with Constraint a). For 

example, if the top left corner is all white, the bottom left corner must be all black so that we only 

have two white and two black in each column.  

 

It is useful to group our cases according to the number of tiles of a single colour that we have in the 

top left corner: 

 

Case 1) 4 tiles of the same colour. In this case, the bottom left corner must be all the other colour. We 

have only two options, the colour of the tiles in the top left corner. [2 options] 

 

Case 2) 3 tiles of the same colour (2-5 from the left). The 

bottom left corner must contain 3 tiles of the other colour. 

In addition, the bottom right corner must be a 180 degree 

rotation of the top left corner. This determines the 

orientation of the 3 tiles of the other colour in the bottom 

left corner. We can only choose which colour appears three 

times in the top left (2 options) and the orientation of those 

3 tiles (4 options). [2·4 = 8 options] 

 

Case 3) 2 tiles of the same colour (6-8 from the left).  

 

3A) When we have two tiles of the same colour in a column, the bottom left corner must have two 

tiles of the other colour in the same column (otherwise we have 4 tiles of the same colour in a column). 

So we can only choose the column colour in the top left. [2 options]  

Swap black and white to get the  

other 4 options. 



3B) When we have two tiles of the same colour in a row, the 

bottom right corner will be the 180-degree rotation of it. 

Thus the bottom left corner must have two tiles of the other 

colour in that row. Thus, we can only choose the row colour 

in the top left.  [2 options] 

 

3C) Since each row and column contains only 1 tile of each 

colour, we can combine the last two cases in any way so we 

have two choices for the top left and two choices for the 

bottom left. [2·2 = 4 options] 

 

Adding all of the options we have found together we get 18 

options, of which we already had 2 (the second 3C case and 

its colour swapped inverse.) So, we have gained 16 new 

designs to add to our existing 6 for a total of 22 designs. 

 

Now if we ask our pedantic mathematicians again, several of those cases are 90 degree rotations (e.g. 

3A and 3B) or reflections (e.g. Case 2) of others, and maybe we should exclude colour swapping as 

well (which overlaps with some of the 90 degree rotations). I reckon if we follow their approach, we 

only get 1 design from Case 1), 3 from Case 2), and 2 new designs from Case 3), so we’d end up with 

a total of 9 distinct designs. 

 

Again, if you got 22 designs, I think that’s what the hotel manager was probably looking for! If you got 

it down to 9 well done for thinking like a mathematician (or at least like me)! If you got something in 

between those values (or something lower), I’d love to compare notes. My email address is 

d.bearup@kent.ac.uk if you would like to get in touch. 

 

Finally if you want a special bonus challenge, drop Constraints b) and c) (but not a)) and see how many 

new designs are possible. There are a few to find (look at the possibilities that were excluded in Cases 

2) and 3) for a start). Good luck ☺  

 

  

 

Swap black and white to get 

the other 4 options. 
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