Simplifying the problem:
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My approach to solve this problem is to find the general algebraic solution for every 3x3

connecting average puzzle, hence we could be able to find the solution for every single set of
values around the grid.

Firstly, to simplify this: we can use this notation:

t, = (total of the adjacent squares which have a known value) =+ 4

(2)|(a)[6)az
(o)~ ]| & ]| < (7
[

441 o

.lC

3

NE
@11 4,

Therefore, for the term (a):
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(This 1s the average which is required to find a)

Which can be arranged as:

b_d_,
A4 74"ta

Which therefore can be presented as this:



b d
a—Z+Oc—Z+Oe+0f+0g+0h+Oi=ta

Hence can be presented as this:

b ¢
a—Z—Z+0d+Oe+0f+0g+0h+0
:ta+0tb+0tc+0td+0te+0tf+0tg+0th+0ti

Which can be represented as a matrix of each coefficient:

1 1
(1—10—100000100000000>

Which therefore, for every single grid square from a to i, if we rearrange all of the values, we

get this:
| 1 1 |
1 -3 0 -3 0 0 0 0 0 | 100000000
_1 _1 _1
$ 1 -3 0 -z 0 0 0 0 | 010000000
0 -+ 1 0 0 - 0 0 0 | 001000000
1 1 1
-3 0 0 1 -3 0 -z 0 0 | 000100000
_1 _1 _1 _1
0 -2 0 -+ 1 - 0 -% 0 1 000010000
_1 _1 _1
0 0 -3 0 - 1 0 0 -5 1 000001000
0 0 0 -+ 0 0 1 -% 0 | 000000100
_1 _1 _1
o 0 0 0 -y 0 -z 1 -3 1 000000010
lo o o o o -2 0 -1 1 00000000 1l

Where in the right we see an identity matrix, and if we perform Gaussian elimination, and do
operations on each row to convert the left 9x9 matrix into an identity matrix, we convert the
identity matrix in the right into the inverse of the left matrix. So once we find the inverse:

We want to convert the left matrix into the identity matrix so we can be able to find the
equations of t,, of which we could use to find the value of each unfilled grid square.

Here is the inverse of the matrix:



& u 1 111 3 1 3 3
b6 28 8 28 4 28 8 28 56
1 % 11 1 1 3 5 3
28 28 28 4 2 4 28 28 28
11 67 3 1 11 3 3 1
8 28 56 28 4 28 56 28 8
1m 1 3 3r 1 5 11 1 3
28 4 28 28 2 28 28 4 28
i1 113 1 1 1 1
4 2 4 2 2 2 4 2 4
3 1 11 5 13 3 1 1
28 4 28 28 2 28 28 4 28
1 3 3 1 1 3 67 11 1
8 28 5% 28 4 28 H 28 8
3 5 3 1 1 1 1 37 1
28 28 28 4 2 4 28 28 28
3 3 1 3 1 11 1 11 &
56 28 8 28 4 28 8 28 56

Which is the coefficients of each term of t,,.

So in the end,

1ty . 3t, . 3t
e

=67ta+11tb+ﬁ+11td+ﬁ+ﬁ+
28 56

56 28 8 28 4 28
11t, 37t, 11t 1ty 1t, 1t 3t, 5t, 3t

b=—st 2t 28 "2 "2t 2 T8 28 28

In the end, we can generalise all the equations to corner, edge and centre as every grid square
is just the rotational/reflected symmetry of the corner, edge or centre.
Here is the generalised formula for each outcome:
Corner:

Corner:
_67ta 11t, 1t. 11t; 1t, 3ty 1ty 3t, 3t;

c6 28 '8 T2t 12878 T2 56

a

Edge:
b_llta+37tb 11t, 1tg 1t, 1ty 3t, 5t, 3t

28 28 T 28 v 2 T2 T2 Ts gt s

Centre:
t, N ty to tg 3te tr ty tn G
4 2 4 2 2 2 4 2 4



Summary:

This is the generalised formula for every grid square involved in the 3x3 connecting squares
puzzle, and this method could be used for every other puzzle type, as this is just a direct way
of solving a generated simultaneous equation that is rooted from the 3 by 3. An issue that
might arise is that high degree matricies might be hard to calculate by hand, but this method
works well with low degree ones.

However If you would like to use an even more direct approach, you can directly do Gauss-
Jordan elimination to get row echlon form in the matrix calculator by itself:

I -5 0 -1 0 0 0 0 0 I
-2 1 -2 0 -2 0 0 0 0
0 -+ 1 0 0 -1 0 0 0 f
-4 0 0 1 -1 0 -1 0 0 I
U S s U SR
o 0 -1 0 -3y 1 0 0 -1
0 0 0 -1 0 0 1 -1 0 f
0 0 0 0 -1 0 -X 1 -1
o 0 0 0 0 -r 0 -t 1 4

Also note that t(e) is always just 0 because all adjacent squares are unknown values.

Sources:
Wolfram alpha to calculate the 9x9 matrix: Wolfram alpha 9x9 matrix calculation



https://www.symbolab.com/solver/matrix-calculator/%5Cbegin%7Bpmatrix%7D1%26-%5Cfrac%7B1%7D%7B4%7D%260%26-%5Cfrac%7B1%7D%7B4%7D%260%260%260%260%260%5C%5C%20-%5Cfrac%7B1%7D%7B4%7D%261%26-%5Cfrac%7B1%7D%7B4%7D%260%26-%5Cfrac%7B1%7D%7B4%7D%260%260%260%260%5C%5C%200%26-%5Cfrac%7B1%7D%7B4%7D%261%260%260%26-%5Cfrac%7B1%7D%7B4%7D%260%260%260%5C%5C%20-%5Cfrac%7B1%7D%7B4%7D%260%260%261%26-%5Cfrac%7B1%7D%7B4%7D%260%26-%5Cfrac%7B1%7D%7B4%7D%260%260%5C%5C%200%26-%5Cfrac%7B1%7D%7B4%7D%260%26-%5Cfrac%7B1%7D%7B4%7D%261%26-%5Cfrac%7B1%7D%7B4%7D%260%26-%5Cfrac%7B1%7D%7B4%7D%260%5C%5C%200%260%26-%5Cfrac%7B1%7D%7B4%7D%260%26-%5Cfrac%7B1%7D%7B4%7D%261%260%260%26-%5Cfrac%7B1%7D%7B4%7D%5C%5C%200%260%260%26-%5Cfrac%7B1%7D%7B4%7D%260%260%261%26-%5Cfrac%7B1%7D%7B4%7D%260%5C%5C%200%260%260%260%26-%5Cfrac%7B1%7D%7B4%7D%260%26-%5Cfrac%7B1%7D%7B4%7D%261%26-%5Cfrac%7B1%7D%7B4%7D%5C%5C%200%260%260%260%260%26-%5Cfrac%7B1%7D%7B4%7D%260%26-%5Cfrac%7B1%7D%7B4%7D%261%5Cend%7Bpmatrix%7D%5E%7B-1%7D?or=input


    t  n = ( t o t a l   o f   t h e   a d j a c e n t   s q u a r e s   w h i c h   h a v e   a   k n o w n   v a l u e ) ÷ 4


  a =   b 4 +   d 4 +   t  a


  a −   b 4 −   d 4 =   t  a


  a −   b 4 + 0 c −   d 4 + 0 e + 0 f + 0 g + 0 h + 0 i =   t  a


  a −   b 4 −   c 4 + 0 d + 0 e + 0 f + 0 g + 0 h + 0 =   t  a + 0   t  b +   0 t  c +   0 t  d +   0 t  e +   0 t  f + 0   t  g + 0   t h +   0 t  i


   ( 1 −  1 4   0 −  1 4   0     0     0     0     0     1     0     0     0     0     0     0     0     0   )


    t  n


    t  n


  a =   67   t  a 56 +   11   t  b 28 +   1   t  c 8 +   11   t  d 28 +   1   t  e 4 +   3   t  f 28 +   1   t  g 8 +   3   t h 28 +   3   t  i 56


  b =   11   t  a 28 +   37   t  b 28 +   11   t  c 28 +   1   t  d 4 +   1   t  e 2 +   1   t  f 4 +   3   t  g 28 +   5   t h 28 +   3   t  i 28


  ⋮  


  ⋮  


  a =   67   t  a 56 +   11   t  b 28 +   1   t  c 8 +   11   t  d 28 +   1   t  e 4 +   3   t  f 28 +   1   t  g 8 +   3   t h 28 +   3   t  i 56


  b =   11   t  a 28 +   37   t  b 28 +   11   t  c 28 +   1   t  d 4 +   1   t  e 2 +   1   t  f 4 +   3   t  g 28 +   5   t h 28 +   3   t  i 28


  e =     t  a 4 +     t  b 2 +     t  c 4 +     t  d 2 +   3   t  e 2 +     t  f 2 +     t  g 4 +     t h 2 +     t  i 4

