
Switching to stochastic mode 

 

Here I describe how to calculate the net flows of individuals leaving a given compartment 𝐶𝐶 during a 
time step ∆𝑡𝑡. {𝑆𝑆𝑖𝑖}𝑖𝑖∈{1,…,𝑛𝑛} represent the different states that an individual could progress to other 
than 𝐶𝐶, given that they start from compartment 𝐶𝐶. A state is either a compartment or death. 

It is assumed that we know the current population size of compartment 𝐶𝐶, denoted 𝑚𝑚 ∈ ℕ. We also 
know the quantities 𝛼𝛼𝑖𝑖 that used to be multiplied by the origin compartment size to work out the 
net flows between 𝐶𝐶 and 𝑆𝑆𝑖𝑖 in the deterministic version of the model. These quantities are just the 
parameters (rates) associated with the flow in the case of a standard flow, or the force of infection in 
the case of an infection flow. 

 

 

     

 

 

 

Let us denote 𝛼𝛼 = ∑ 𝛼𝛼𝑖𝑖𝑛𝑛
𝑖𝑖=1 . This represents the aggregated exit rate in the deterministic version of 

the model. 

Should I stay or should I go? 

For each individual, the probability of leaving compartment 𝐶𝐶 after one time step, is given by 
𝑝𝑝𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = 1 − 𝑒𝑒−𝛼𝛼.∆𝑡𝑡 , such that 𝑝𝑝𝑠𝑠𝑡𝑡𝑙𝑙𝑠𝑠 = 𝑒𝑒−𝛼𝛼.∆𝑡𝑡. 

If I go, where should I go? 

For each 𝑖𝑖, the probability of transitioning from 𝐶𝐶 to 𝑆𝑆𝑖𝑖 after one time step is obtained by multiplying 
the probability of leaving 𝐶𝐶 by the conditional probability of transitioning to 𝑆𝑆𝑖𝑖 given that we have 
left 𝐶𝐶: 

𝑃𝑃(𝐶𝐶 → 𝑆𝑆𝑖𝑖) = 𝑝𝑝𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 × 𝛼𝛼𝑖𝑖
𝛼𝛼

= 𝛼𝛼𝑖𝑖
𝛼𝛼

(1 − 𝑒𝑒−𝛼𝛼.∆𝑡𝑡). 

Let’s put everything together 

Now, we know the probabilities of going to each state 𝑆𝑆𝑖𝑖, as well as the probability of staying in 𝐶𝐶 
after one time step, for an individual who is currently in 𝐶𝐶. These are { 𝑃𝑃(𝐶𝐶 → 𝑆𝑆1), … , 𝑃𝑃(𝐶𝐶 → 𝑆𝑆𝑛𝑛), 
𝑝𝑝𝑠𝑠𝑡𝑡𝑙𝑙𝑠𝑠}.  

We can use a multinomial distribution to sample the transitions of the 𝑚𝑚 individuals who are 
currently in 𝐶𝐶. This is the multinomial distribution with 𝑚𝑚 trials, and event probabilities { 𝑃𝑃(𝐶𝐶 → 𝑆𝑆1), 
… , 𝑃𝑃(𝐶𝐶 → 𝑆𝑆𝑛𝑛), 𝑝𝑝𝑠𝑠𝑡𝑡𝑙𝑙𝑠𝑠}.  

The numpy method numpy.random.multinomial could be used to implement this. 
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