Unit #2.  “Mathematical modeling.  Mathematical models”

1.Make sure that you know the words below (use a dictionary if it is necessary). What parts of speech can they belong to and what derivatives can they form? Work in pairs.

1) mathematical           6) variable

2) describe                   7) extensively

3) science                     8) resulting

4) classify                    9) similarly

5) involving                10) predictor

2. Read the text with the dictionary – to make sure you understand it in detail

      
A mathematical model uses mathematical language to describe a system. Mathematical models are used not only in the natural sciences and engineering disciplines but also in the social sciences; physicists, engineers, computer scientists, and economists use mathematical models most extensively. The process of developing a mathematical model is termed 'mathematical modeling'.

Mathematical models can take many forms, including but not limited to dynamical systems, statistical models, differential equations, or game theoretic models. These and other types of models can overlap, with a given model involving a variety of abstract structures.

Also, many mathematical models can be classified in some of the following ways:

Linear vs. nonlinear: Mathematical models are usually composed by variables, which are abstractions of quantities of interest in the described systems, and operators that act on these variables, which can be algebraic operators, functions, differential operators, etc. If all the operators in a mathematical model present linearity, the resulting mathematical model is defined as linear. A model is considered to be nonlinear otherwise.

The question of linearity and nonlinearity is dependent on context, and linear models may have nonlinear expressions in them. For example, in a statistical linear model, it is assumed that a relationship is linear in the parameters, but it may be nonlinear in the predictor variables. Similarly, a differential equation is said to be linear if it can be written with linear differential operators, but it can still have nonlinear expressions in it. In a mathematical programming model, if the objective functions and constraints are represented entirely by linear equations, then the model is regarded as a linear model. If one or more of the objective functions or constraints are represented with a nonlinear equation, then the model is known as a nonlinear model.

Nonlinearity, even in fairly simple systems, is often associated with phenomena such as chaos and irreversibility. Although there are exceptions, nonlinear systems and models tend to be more difficult to study than linear ones. A common approach to nonlinear problems is linearization, but this can be problematic if one is trying to study aspects such as irreversibility, which are strongly tied to nonlinearity.

Deterministic vs. probabilistic (stochastic): A deterministic model is one in which every set of variable states is uniquely determined by parameters in the model and by sets of previous states of these variables. Therefore, deterministic models perform the same way for a given set of initial conditions. Conversely, in a stochastic model, randomness is present, and variable states are not described by unique values, but rather by probability distributions.

Static vs. dynamic: A static model does not account for the element of time, while a dynamic model does. Dynamic models typically are represented with difference equations or differential equations.

Lumped vs. distributed parameters:  If the model is heterogeneous (varying state within the system) the parameters are distributed. If the model is homogeneous (consistent state throughout the entire system), then the parameters are lumped. Distributed parameters are typically represented with partial differential equations.

3.Give Russian equivalents to the underlined expressions in the text and make up short situations using as many lexical units as it is possible.

4.Give synonyms for the words below. Learn them by heart.

1) to develop

2) extensively

3) variety

4) simple

5) chaos

6) randomness

7) typically

8) partial

5.Mark the following statements as either true (T) of false (F).

1) ⁪ Mathematical models are used only in the natural sciences and engineering disciplines. 

2) ⁪ A model is considered to be nonlinear if all the operators in a mathematical model present linearity

3) ⁪ Linear models may have nonlinear expressions.

4) ⁪ If one or more of the objective functions are represented with a nonlinear equation, the model is nonlinear.

5) ⁪ A deterministic model is one in which every set of variable states is uniquely determined by parameters in the model. 

6) ⁪ A stochastic model is characterized by randomness. 

7) ⁪ If the model is heterogeneous then the parameters in it are lumped.

6.Look through the text once more and give the definitions for the following terms and abbreviations. Look for additional information if it is necessary.

1) vs.

2) Differential equation

3) Lumped parameters

4) Deterministic model

5) Stochastic model

6) Irreversibility

7.Translate, and then render the following abstract into Russian.

The mathematical model must be adequate to modeling system.  Adequacy is not accuracy. When we say about adequacy, we always mean where and why the mathematical model will be used. For example, we construct a model of fluid movement in a pipeline. So, our model describes hydrodynamics, heat processes and corrosion of pipes. This model is extra-complicated, but the degree of accuracy can be low.

The terms verification and validation are connected with the term adequacy. These terms are often used interchangeably to mean the process of checking the accuracy of a numerical model. But, nevertheless there is the difference between verification and validation. Validation denotes the establishment of legitimacy. It requires verification and successful evaluation. Verification denotes establishment of truth, it is possible only for the mathematical steps. In other words, verification is a check of the math, while validation is a check of the physics. 

8.Work in pairs or individually. Choose a topic, look for additional information and prepare the presentation to demonstrate it to your group mates.

1) Computer simulation.

2) Modeling methods and their advantages.

3) Classification of mathematical models.

4) Analytical and empirical modeling.
