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Abstract 

Differential Equations and Functional Data 

Profiled Estimation of Differential Equations 

Expansion of solution 

 

 

 

Inner optimization 

 

 

 

 

 

 

 

Outer optimization 

 

 

 

Variance-covariance Matrix of the estimator 

 

 

 

 

 

Green = true solution 

Response Surface Analysis 

Experimental variables                                          Responses  

 

 

 

 

 

 

Response Surface Plots 

Discussion 

References 

• The approach can be applied to a wide variety of systems for 

sensitivity analysis 

• It provides a concise model for sensitivity 

• Linear, quadratic and interaction effects supplied 

• In this example: 

• Large values of the smoothing constant worsen significantly 

all aspects of estimation procedure 

• There are also interaction effects of smoothing and bias 

• There are no interaction effects between smoothing and 

variance of the estimation procedure 

• There is no significant effect of remoteness of the starting 

value on variation. 
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System of Differential equations 

 

 

Functional data 

 

 

 

Predator-Prey system 
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We show the advantages of using a response surface 

approach to evaluate the impact of different factors to the 

problem of estimating the solution and structural parameters 

of a system of differential equations. The factors considered 

are: distance of initial point to the true value, noise in the data 

and amount of smoothing in the estimation method. The 

method of estimation is based on the statistical analysis of 

functional data known as profiled estimation. We considered 

simulating from the predator - prey system of differential 

equations. As responses of the experiment we used bias and 

variation of the estimation procedure. 

Simulation Scenarios 
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Structural values: a=2, b=1.2, c=1, d=0.9 

Initial conditions: F(0)=0.5, R(0) = 1 

Replicated 3^3 factorial design 

Factors Levels

Parameter Noise 0.5 1 1.5

Data Noise 0.1 0.5 1

Lambda (smoothing) 10^2 10^4 10^6
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Graphical Results 

Confidence Intervals for parameters 

First replicate 
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Simulation Scenarios 

Response Surface Plots 

Interaction Plots 

Y_bias

Variables Estimate P-value

Intercept -0.71 0.027

 Sx -0.02 0.91

L 0.14 0.01

I 0.16 0.06

(Sx-0.53)^2 0.17 0.84

(Sx-0.53)(L-4) 0.09 0.53

(L-4)^2 0.01 0.83

(Sx-0.53)(I-2.3) -0.26 0.16

(L-4)(I-2.3) 0.1 0.07

(I-2.3)^2 0.021 0.64

(Sx-0.53)(L-4)(I-2.3) -0.18 0.14

Y_rep

Variables Estimate P-value

Intercept -11.34 0.0001

Sx 6.77 0.0002

L 1.28 0.002

I -0.004 0.99

(Sx-0.53)^2 -14.72 0.02

(Sx-0.53)(L-4) -0.8 0.4

(L-4)^2 -0.28 0.36

(Sx-0.53)(I-2.3) 1.11 0.36

(L-4)(I-2.3) 0.47 0.21

(I-2.3)^2 0.62 0.06

(Sx-0.53)(L-4)(I-2.3) 0.44 0.56

Statistical Analysis 


