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Introduction to Mathematical Modeling 



Model 

An artificial construct in the language of 

Mathematics that represents a process or a 

phenomenon. 

 

Modeling 

The process of creating a model to obtain 

new insights. 

 

It provides explanations, predictions and 

extrapolations. 















Questions of scale: Size and time 



Model Selection and Design 



Model Structure 
 

Detail required: 

•   Correlative 

•   Explanatory 

 

•   Open/closed 

•   Continuous/discrete 

 

 

 

 



Model Structure 
 

Detail required: 

•   Deterministic vs. stochastic/probabilistic 
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X0=0.9, y0=0.4, A=0.2645 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

X0=0.9, y0=0.4, A=0.2650 



Model Structure 
 

 

•   Approximations 

 

 

 



System Components 
 

 

 

 

 

 

 

 

 

 

 
                       Model for disease spread within a population 

 

Once model is ready with its components and processes, model equations can 

be chosen (such as SIR* model) resulting in parameter estimation 

 

*SIR: Susceptible, Infected and Recovered 



System Components 
 

 

Parameter estimation 

 

 

 

Hill’s equation: 
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System Components 
 

 

System Components: 

•   Multivariate system (variables such as genes, cells, individuals, etc.) 

•   Processes and interactions (involve and connect variables) 

•   Parameters (numerical characteristics viz, pH, temperature, turnover rate, etc.) 

•   Universal constants (e, p, etc.) 

 

 

 

 

 

 

 

 

 

Dependents vs. independent variables 

Feedback: Inhibition vs. activation 

 



Model Analysis and Diagnosis 
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Computer simulations 

can be used for model 

evaluation 



Spread of infectious disease over 100 days and over an year 

Spread of the disease with only 20% infection rate 

Model Extensions and Refinements 



Exploration and Validation of Dynamical Features 
 

 

 

Results of two different quarantine rates (0.1 and 0.4) compared with no quarantine rate (dotted lines) 



Model Use and Applications 
 

 

 

Quarantine may lead to further outbreaks 



Change in infection rates to 50% and 20% of original values give different results wrt quarantining 


