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1.  Consider the following two compartment model for the distribution of a certain drug following administration:

				
where Compartment 1 represents the blood, Compartment 2 the interstitial fluid, d1 is the known amount of the dose reaching the blood and c2 is the observation gain, which is also known.  The remaining rate constants are positive and unknown.
Perform a structural identifiability analysis for this compartmental model and hence show that it is structurally locally identifiable with respect to the proposed experiment.
Additional experiments performed on the system show that the rate constants for the outflows from Compartments 1 and 2 are equal.  Therefore, you may assume, in addition, that

				
What effect, if any, does this extra assumption have on the results of your structural identifiability analysis?
2. Apply the Taylor series approach for performing a structural identifiability analysis to the following Langmuir saturation equation:

				
where k1, k2 and c are unknown (positive) constants (p denotes the parameter vector comprising these three constants), q denotes the quantity in the compartment and y denotes the observation.  Show that this model is structurally globally identifiable.


Suppose that measurements are made for y yielding the following values for the first three Taylor series coefficients:  y(0, p) = 1,  and .  Using these measured values determine the constants k1, k2 and c.
3. Consider the following dimensionless Brusselator model for biochemical oscillations:

				
for parameters a, b > 0.
(i)	Determine the steady state for this system in terms of the parameters a and b.	
					
(ii)	Linearise the system about the equilibrium point from Part (iii), and determine its nature when a = 2 and b = 3.
(iii)	Suppose that the linearisations in Part (i1) have an output (or observation), Y, defined by the following:

				.
Applying the Observability Rank Criterion determine for what values of a and b the linearisation obtained in Part (iv) is observable.
4. The following linear compartmental model describes the metabolism of a certain drug following intravenous administration:

				
Compartment 1 represents parent drug in the blood and Compartment 2 the metabolite in the blood.  Only an unknown fraction, b1, of the dose reaches the blood.  It is only possible to measure the total concentration of drug and metabolite in the blood.  However, the corresponding observation constant c12 is known.  The remaining rate constants are positive and unknown.
Derive the transfer function G(s) for this system.	
Perform a structural identifiability analysis and show that this model is structurally locally identifiable.
Suppose that c12 = 0.2 ml-1 and that the measured response of the system is given by the following transfer function:

				.
Calculate the corresponding sets of possible values for b1, k2e and k12.

5.  Perform a structural identifiability analysis using the Taylor series approach on the following linear compartmental model:

				
where a02, a12, a21 and c1 are unknown (positive) constants, qi(t) denotes the quantity (mg) of material in Compartment i at time t (sec) and y denotes the observation (mg l-1).



	Suppose that measurements are made for y yielding the following values for the first four Taylor series coefficients:  y(0) = 1, ,  and .  Using these measured values determine the constants a02, a12, a21 and c1.

6. Consider the following dimensionless rate-limited elimination drug kinetic model:

				
where a = 3, b = 4 and c = 1.

(i)	Determine the steady states for  in terms of the positive parameters a, b and c.
(ii)	Linearise the system about these steady states and determine their stability.
(iii)	If the linearisations are observed with observation given by

				
	then applying the Observability Rank Criterion determine whether or not each of the linearisations obtained in Part (ii) is observable.

7.   	(*) Question for submission of solution
	Apply the Taylor series approach to determine the structural identifiability of the following model for the control of ovulation:

				
where α, β and c are unknown positive constants, x(t) denotes the amount (μmol) of hormone at time t (sec) and y denotes the observation (μM).


	Suppose that measurements are made for y yielding the following values for the first three Taylor series coefficients:  y(0) = 1, , and .  Using these measured values determine the constants α, β, and c.
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