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The multiplication of two 4x4 matrices is realised applying the following formula: 

C = A·B
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where:
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Now, I came back to the problem.
The graph in the problem has 4 vertices, numbered from 1 to 4. On the edges, the probabilities of a particle travelling from a vertex to another, along the edge, are written. I saw that only some paths are permitted, e.g. from vertex 1 it is possible to go on vertex 2 (and nothing else), from vertex 3 to vertices 1 and 2, from vertex 4 only on vertex 4, and so on.

Matrix A in the problem has as elements aij the probabilities to go from vertex i to vertex j directly (in one step).
To go from a vertex to another one in two stages means to pass through an intermediate vertex (and only one). For example, to go from vertex 1 to vertex 2 in two stages on a graph with 4 vertices means to go on the following paths:

1-1-2; 1-2-2; 1-3-2; 1-4-2

The probability to go on two edges is the product of probabilities of going on each of the edge, because the particle must go on one AND on the other. For each of the paths, the assigned probability, calculated as specified is:
1-1-2: → a11 a12
1-2-2: → a12 a22
1-3-2: → a13 a32
1-4-2: → a14 a42
where aij is the probability of travelling from vertex I to vertex j (i, j = 1, …, 4)

These probabilities are to be added, because the particle could go on a path OR to another one, so that the probability to go from 1 to 2 in two stages is:


a11 a12 + a12 a22+ a13 a32+ a14 a42
From the definition of matrix multiplication, I see that I found the element (12) of the matrix A·A = A2
The generalisation to more stages is straightforward. I realise that to be rigorous I must use induction.

For the concrete example in the problem, 11 elements of the original matrix are 0, with the significance that a lot of paths are prohibited. In more stages it becomes more probable to go from one vertex to another, because the particle could travel through different vertices.
I have used Mathematica to rise the original matrix to different powers, and I made some observations:

- for the second power, I found 10 elements 0

- from the third power up the 1000-th power, for all powers I tried, there are always 9 elements 0, i.e. 9 paths prohibited, but their positions, with the exception of elements on positions 11, 22, 33, 41, 42, and 43, are no fixed.
- if the power is not a multiple of 3 the diagonal elements are the same, the first three 0, and the forth 1; if the power is a multiple of 3, the first element is not 0
- always the last line has the same elements: 0, 0, 0, 1.

I don’t know to interpret these results and to see if they where predictable, neither in terms of the original graph, nor in the form of the associated matrix.
A21 and A22 have the following values (rounded to 4 significant digits):
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From these results, I’m not able to predict what happens further. I see that 0.0078 is the double of 0.0039, as is 1 the double of 0.5 in matrix A. The decrease of the value of some elements (probabilities) is combined with the increase toward 1 of some others. The values do not vary so quickly to observe net difference from the 20 to the 21-th power.
A1000 is: 
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i.e. with a good approximation some elements approach 1, and others 0. There will be 1 on the fourth column, all other elements being 0. The physical interpretation for the particle is that going from any vertex to the 4;th one is a sure event, while going between any other vertices is an event with 0 probability for an enough high number of stages. 
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