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Random walks

Imagine that a random walker is positioned at time t = 0 at the ori-
gin of a two dimensional grid. The grid spacing is 1 unit of length.
The walker takes a step in any one of the four directions by throwing
a four sided die. Write a program to track the position of the walker
as time proceeds. With this program set up, you can do the follow-
ing:

1. Plot the trajectory of the walker after some time has elapsed. Find
the distance between the final and initial position at various times.
For a given amount of time elapsed, find the average distance
between the walker’s position and the origin by performing the
same experiment multiple times. Plot this average distance as a
function of time.

2. The diffusion of a drop of ink in water can be modelled using the
random walk. Imagine that a number of walkers are concentrated
at the origin at time t=0. At various points in time, plot all their
positions on the grid, and watch as the walkers diffuse.

Random walks can help find direction!

Now you can model the way ant colonies find the shortest path be-
tween two points using random walks. Imagine you have a two di-
mensional grid of size 10 × 10, but with boundaries that you cannot
move out of. At the left bottom corner is the origin of this grid, and
an ant is positioned at this point. On the right top corner (the point
(10,10)), some food is kept. The ants are required to find the food,
and report the position of the food somehow to the other ants. To do
this, ants lay a trail of pheromones wherever they go. If an ant finds
the food very quickly, it could perform multiple to and from trips to
the origin and back, so the phermone trail laid by it is stronger than
say, that of an ant that has laken a long time to find the food. Ants
preferentially take steps to those points where the pheromone conce-
tration is higher. Over time, the pheromone trail laid by the quickest
ants become stronger, and all ants end up following this trail. See
how this works using the following algorithm:

1. First set up a random walker on this grid. The difference between
this and the previous set up is that in this case, the random walk-
ers are not allowed to go out of the grid. So for example, if the
walker is positioned at (5,0), the probability of taking a step down
to (5,-1) should be 0.

2. Imagine that an ant is exploring the grid for the first time. Define
a 10 × 10 array that keeps track of the pheromone trail set by this
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ant, call it PA. Set all the array elements to 0 initially. When the ant
moves to a particular position (i, j), it adds to the local phermone
concetration. So the corresponding elements of PA[i, j] should be
increased by 1 unit. Find the time taken by the ant to complete
this trip and store it in a variable tA. PA is an array that contains
integers that mark the number of times the ant has visited that
position. Convert PA into an array with only 1’s and 0’s, by using
PA = np.sign(PA). This helps to find the trail of the ant, because
P_A is 1 in all the positions where the ant has been.

3. Let an array P store the pheromone trails of all the ants. At t =

0, it is 0 everywhere. At the end of the above ants trip, Set P to
(1− ρ)P+ Q× PA/tA. Here ρ represents the fraction of phermones
that have evaporated (taken to be 0.9) and Q is another parameter,
set to around 10000 (play around with these values).

4. Now imagine that ants explore this grid one after the other. At
a particular instant of time, some ants have laid pheromones at
different points on the grid. A particular ant finds itself at the
position (i, j), not at the boundary. In the neighbourhood of the
ant, the pheromone values set by other ants that have travelled
in the grid are P(i − 1, j), P(i + 1, j), P(i, j − 1) and P(i, j + 1)
for W, E, S and N respectively. The ant chooses a direction, but
now each direction has a different probability of occuring. These
probabilities are given by (1 + αP(i − 1, j))/(4 + α(P(i − 1, j) +
P(i + 1, j) + P(i, j − 1) + P(i, j + 1))) for W, (1 + αP(i + 1, j))/(4 +

α(P(i − 1, j) + P(i + 1, j) + P(i, j − 1) + P(i, j + 1))) for E, and
similar expressions for N and S. α is a parameter value set by you
(take α to be 10, but explore changing α). Let the ant start at the
origin and explore the grid with these probabilities, until it reaches
(10,10). Find PA, the pheromone trail, and tA, the time of travel of
the ant. At the end of its trip, update P to (1 − ρ)P + QPA/tA

5. Repeat the above 100, 200... times and plot the resulting trajectory
of the 100th ant, 200th ant etc. Show using graphs that the trail of
the ant becomes shorter and shorter over time.


