
Exercise 7, TEK5010 Multiagent systems 2018 

Question 1 

Given 2 types of workers in a swarm with different response thresholds 𝜃𝜃1 and 𝜃𝜃2 reacting to a stimulus s. 
This can be modelled by the coupled differential equations: 

𝜕𝜕𝑥𝑥1
𝜕𝜕𝜕𝜕

= 𝑇𝑇𝜃𝜃1(𝑠𝑠)(1 − 𝑥𝑥1) − 𝑝𝑝𝑥𝑥1 

𝜕𝜕𝑥𝑥2
𝜕𝜕𝜕𝜕

= 𝑇𝑇𝜃𝜃2(𝑠𝑠)(1 − 𝑥𝑥2) − 𝑝𝑝𝑥𝑥2 

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 𝛿𝛿 −
𝛼𝛼
𝑁𝑁

(𝑁𝑁1 + 𝑁𝑁2) 

Where Ni is the number of workers of type i actively engaging in task related to stimuli and 𝑥𝑥𝑖𝑖 is the 
fraction of worker of type i actively engaging in task associated with stimuli. N is the total number of 
workers of all types. 𝑇𝑇𝜃𝜃𝑖𝑖  is the stimuli response function of type i  workers, 𝛼𝛼 is a scaler related to the 
efficiency of doing task associated with stimuli and 𝛿𝛿 is a scales related to the increase in stimuli of not 
doing task associated with stimuli and p is the probability of a worker of any type stop doing task 
associated with stimuli (provided they already do the task). 

a. Model and explain the stimuli response function. Are there any parameters that need to be fixed in 
order to solve the above differential equations analytically? 
 

b. An analytic solution in terms of the probability of finding an active worker of type 1 of the above 
differential equations is given by: 

𝑥𝑥1 =
𝜒𝜒 + �𝜒𝜒2 + 4𝑓𝑓(𝑝𝑝 + 1)(𝑧𝑧 − 1)�𝛿𝛿𝛼𝛼��

1 2⁄

2𝑓𝑓(𝑝𝑝 + 1)(𝑧𝑧 − 1)  

 

where 𝜒𝜒 = (𝑧𝑧 − 1) �𝑓𝑓 + (𝑝𝑝 + 1)�𝛿𝛿𝛼𝛼�� − 𝑧𝑧 is a shift variable, 𝑧𝑧 = 𝜃𝜃12 𝜃𝜃22⁄  and 𝑓𝑓 = 𝑛𝑛1 𝑁𝑁⁄  is the fraction 
of type 1 worker in the population.  
 
Model the average fraction of active workers 𝑥𝑥1 as a function of the fraction f of worker of type 1 in 
the population using parameters 𝜃𝜃1 = 8, 𝜃𝜃1 = 1, 𝑝𝑝 = 0.2, 𝛿𝛿 = 1 and 𝛼𝛼 = 3. 

 
c. What happens if 𝛼𝛼 ≈ 𝛿𝛿? And what happens when 𝛼𝛼 ≫ 𝛿𝛿? Explain. 


