Simple Population Balances 

– Predator Prey System
By,






Vijay Krishna Bodla






(s041492)






(For the course 28541)

Introduction:


A class of system is defined by Hares and Foxes such that the total system has a constant size with the time variations in the population numbers of hares and foxes is defined respectively by model equations:
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a,b,c,d are the system parameters
· Steady State Solution:

This can be obtained by taking the time derivatives to zero in the model equations. And thus, from equation (1) and (2),
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The MatLab codes are written to obtain the steady state solution of these simultaneous equations using fsolve for some defined values of the parameters, can be found in the appendix (ppsystem and ppsystemmain). 

· Dynamic Solution:

Matlab codes are written to find the dynamic solution of these differential equations for the given initial conditions and parameters, can be seen in appendix (pp_dyn and pp_dynmain). The results are shown for two different sets of defined parameters.
a)



b)
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Fig 1:a) Dynamic simulation plot for the

b) Dynamic simulation plot for the 

parameter set a=1.1,b=0.9,c=1,d=1

parameter set a=1.1,b=0.1,c=1,d=0.1

It can be observed from the plots that for the first set of parameter values the system shows an oscillatory response with a constant time period and amplitude. It shows a kind of a dynamic equilibrium behavior between the populations of hares and foxes.  As the population of one increases the other decreases for the given period of oscillations and then vice versa. 
The periods and amplitudes of oscillations have been found to be approximately,

	
	a)
	b)

	Period
	Hares -       6 
	Hares -                  11.5       

	
	Foxes -       6
	Foxes -                  11.5

	Amplitude
	Hares -       0.25
	Hares -                830 

	
	Foxes -       0.25
	Foxes -                  85


Population Control

Including the actions of human beings on the nature, the dynamic model equations can be modified to be,
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uh and uf are the respective rates of hares and foxes hunting executed
· Steady State Solution
This can be obtained by taking the time derivatives to zero in the model equations. And thus, from equation (4) and (5),
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The MatLab codes are written to obtain the steady state solution of these simultaneous equations using fsolve for some defined values of the parameters, can be found in the appendix (ppcontrolsystem and ppcontrolsystemmain). 


Now, defining a steady state point (H*,F*), the hunting rates for the system can be derived to obtain these final specified steady state values. From equation (6), these final specified state values can be written to be,
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Rearranging for the rates,
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Thus defining these rates yield the final steady state values (H*,F*) if the system ever goes to steady state. But a further analysis of the system tells that the response is quiet oscillatory and steady state is not possible without a control action. Thus these rates might yield to the final values aforementioned (H*,F*) but the system is not stable.
· Inventory Population Control

Inventory control action is applied to the system in order to stabilize it. Thus the model
equations are transformed to that of the inventory control and are defined as,
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Where KH and KF are given to be equal to 0.1
The rates for the hunting can be derived thus from these equations and are found to be,
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Where (H*,F*) is the set point


From equation (9), the feasible ranges of operation, i.e., the values of set points for which the rates are non-negative, can be obtained to be:
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Simulating this control action with two sets of parameters given, 1) a=1.1,b=0.9,c=1,d=1 and 

2) a=1.1,b=0.1,c=1,d=0.1

The set points for the sets of parameters have been taken to satisfy the equation 10. 
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Fig 2:a) Dynamic simulation with inventory control
b) Dynamic simulation with inventory control  

           for parameter set a=1.1,b=0.9,c=1,d=1
     for parameter set a=1.1,b=0.1,c=1,d=0.1

The responses analyzed for different sets of initial values have been observed to yield the same final set points and thus the control action is independent of the initial conditions.  

The matlab codes for both the sets of parameters can be found in the appendix. 
(set1: pp_dyncontrol and pp_dyncontrolmain; set2: pp_dyncontrol2 and pp_dyncontrolmain2)
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