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In computational engineering, we are used to solving
problems by using physical laws.
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For example, we may consider a falling body.

We apply Newton's second law to obtain

The force  may then be set equal to  where  is gravity.
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By specifying initial conditions  and  and integrating
in time, we can !nd the trajectory  for all times .
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Our prediction is based on physical laws and a solution is
found after we specify some initial conditions.
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There are many other examples such as computing the
motion of a spring-mass system based on Hooke's law,

A more complex example is the motion of a "uid "ow
satisfying the Navier-Stokes equations.
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where  is the "ow velocity,  is the density,  the pressure, 
is the deviatoric stress tensor, and  represents body forces
like gravity.
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Machine learning takes a di#erent approach to make
predictions.

Generally speaking, it does not make use of physical laws,
such as the conservation of momentum or energy (although
there are exceptions as we will see), but rather it is based on
sampled data, typically called "training data."
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A well-known example is the problem of linear regression.

We are given some samples , , and we
are interested in building a model of the type 
that relates  to  with a linear relationship.
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Typically, the vector  and scalar  do not exist.

That is, there is no  and  such that

exactly for all points  in our training set.
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Instead, for example, we are going to look for  and  such
that they minimize the mean square error
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More details on linear regression are given in section 5.1.4 of
Deep Learning.
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https://www.deeplearningbook.org/

