Calculus and NLP
Calculus refresher
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+ Our main use case is finding minima
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Derivatives Example: derivatives
« Derivative of a function (x) is another function f'(x) indicating the rate of
change n f(x) « 1/[x) is negative when f(x] is
« Alternative notation: '[x) = 4£(x] decreasing, positive when itis.
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Derivative of a function Example: calculating derivatives using the definition
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Some derivatives to know

« Powers: ghx® = !
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« Powers of : dke® = e*
+ Natural logarithm: 4 Infx]

General rules for derivatives
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Cain rule: examples
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Derivatives and extrema

+ Derivative of a function is 0 at
‘minimurm, maximum and inflection
ints

+ Derivative is useful for optimization
(minimization of maximization)
problems

+ We need additional tests to
determine the type of crifical points

Higher order derivatives

« Higher order derivatives, particularly the second derivative, are useful in
‘many applications
~ Determining the type of critical points
~ Polynomial approvimations to functions
« Notation:
- Second derivative: [x)
~ R derivative: 7))

Second derivatives and extrema

Second derivatives are useful for
determining the type of critical points
~ 17(x) < 01f (x) 5 concave down (1)
- £9(x) > OIF F(x) is concave up (1)
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Differentiable functions and continuity

Differentiability

Are these functions diferentisble?
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s and gradient
in (error) functions
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3single variable while treating all others s constans. For (x.),

+ Avery useful quantity, called gradicn, i the vector of parial derivatives with
respect to each variable.

« Gradient points to the direction of the steepest increase
« Examples if fx,y) = x* +
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Gradient visualization

Gradients:

Integrals

« Integral is the reverse of the
derivative (anti-derivative)

« The indefinite integral of fx) is
noted Fix] = [ f(x)dx

+ Weare often interested in definite
integrals
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« Integral gives the area under the

Numeric integrals & infinite sums

+ The integral can be defined as.

r = Jim 3 rlxax

where Ax = b=

« Integration is ‘infinite summation’

+ As the width of the rectanges converges to 0 (or
‘number of rectangles becomes ce), the sum
converges to the area under the curve.

 When integration is not possible with analytic
‘methods, we resort to numeric integration




Summa next

We reviewed three main concepts from calculus
+ Limits
+ Derivatives
+ Integrals
Next
+ Reg;

ssion again: through gradient optimization

+ Introduction to probability theory

Further reading

+ A nice video series: https
PLZHQUBOWTADMS K- 53D
+ No concrete reading suj

https: //wus. openculture. c

//ww. youtube . con/playlistTlist=

WVRMYO3t5Ye
tions, but check
/free-nath-textbooks



https://www.youtube.com/playlist?list=PLZHQObOWTQDMsr9K-rj53DwVRMYO3t5Yr
https://www.youtube.com/playlist?list=PLZHQObOWTQDMsr9K-rj53DwVRMYO3t5Yr
https://www.openculture.com/free-math-textbooks
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