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Complexity in biology
Scale separation map (SSM) for re-stenosisof coronary stents

PMA Slootand A G Hoekstra, Briefings in Bioinformatics 2010 11(1):142-152; 
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Simple example ðpredator and prey

· Total change in prey population in a short time dt is given by births 
minus deaths:

· dPrey= A * prey * dt ðB * prey * predator * dt

(note that if there are no predators, the population will continue to 
increase)

· Total change in predator population in a short time dt is also given 
by births minus deaths:

· dPred= D * predator * prey *dt - C * predator * dt

(note that if there are no prey, the population will decrease to 0)

· These can be expressed as differential equations , where x 
represents the prey population and y the predator population:
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Simple example ðpredator and prey

·How does the system behave in time?

· For this we need to have initial values of x and y (prey and 
predator), as well as values of the rate constants A, B, C, and 
D.

· From this information we can calculate a numerical solution 
of the system of equations.

·One way we can do this is to approximate dx/dt over a short 
time step æt
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Simple example ðpredator and prey

·By re-arranging the equations, we can arrive at an 
expression where the value of x and y at t+æt is 
described in terms of x and y at t

·Once we know the initial conditions for x and y, 
we can keep calculating new values of x and y 
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Simple example ðpredator and prey

·This approach gives us estimates of x and y at discrete 
times t, t+æt, t+2æt, é

·For A = 1, B = 0.01, C = 1, D = 0.02, initial values of x and 
y of 20, and æt = 0.001, we get an oscillation in predator 
and prey



Simple example ðpredator and prey

·This approach gives us estimates of x and y at discrete 
times t, t+æt, t+2æt, é

·For A = 1, B = 0.01, C = 1, D = 0.02, initial values of x 
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ÅIncreasing æt to 0.05, we 

get different behaviour, 

with anincrease in 

amplitude



Simple example ðpredator and prey

·This approach gives us estimates of x and y at discrete 
times t, t+æt, t+2æt, é

·For A = 1, B = 0.01, C = 1, D = 0.02, initial values of x 
and y of 20, and æt = 0.001, we get an oscillation in 
predator and prey

ÅIncreasing æt further 
to 0.125, we get a 
major problem, with 
negative populations!

ÅIncreasing æt beyond 
0.125 results in major 
numerical instability.



Problems with the Euler method
What has gone wrong?
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The Euler approximation has some 

serious limitations because it uses the 

gradient at the current point xt to 

predict the value of the next point xt+1.

If the time step dt is small compared 

with changes in gradient the method 

works quite well.

If not then it is prone to serious 

errors.
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Alternative numerical methods
A vast subject.

A modified Euler method finds a point midway across the interval.

Euler method.

Modified Euler 

method 

(midpoint).

There are a host of other numerical approaches for solving differential equations ð

each have advantages and disadvantages.


