Functions
The dot product is defined for vectors that have a finite number of entries. Thus these vectors can be regarded as discrete functions: a length-n vector u is, then, a function with domain {k ∈ ℕ ∣ 1 ≤ k ≤ n}, and ui is a notation for the image of i by the function/vector u.

This notion can be generalized to continuous functions: just as the inner product on vectors uses a sum over corresponding components, the inner product on functions is defined as an integral over some interval a ≤ x ≤ b (also denoted [a, b]):[1]

Matrice:   a = [1 2 3]   b = [2 1 0]T     a x b = number , while  b x a = matrix
t=(0:.1:6*pi)';      
x=sin(t*2);  
figure(4);
p1=plot(x);
p1.LineWidth=3;
p1.Color = [1 0 0];
hold on;
y=sin(t*2+0.05*pi);  % 1 , 0.5 for compare
p2=plot(y);
p2.LineWidth=3;
p2.Color = [0 0.5 1];
hold off;
pictures follow:
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... solution => complex number representation of sinus (see video,

https://www.youtube.com/watch?v=r18Gi8lSkfM   ... animated sin representation)
picture: (i0,)  i1, i2, i3, i4, ...
sin: see Google 

https://www.google.cz/search?q=sin&tbm=isch   

https://en.wikipedia.org/wiki/Discrete_Fourier_transform
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Windowing of a simple waveform like cos ωt causes its Fourier transform to develop non-zero values (commonly called spectral leakage) at frequencies other than ω. The leakage tends to be worst (highest) near ω and least at frequencies farthest from ω.
show this:

t=(0:.1:51.1)';       % array from 0 to 51.1, step .1 (512 elements)
 x=2*sin(t*pi/.55);   % div by 6.4, 1.6, .4, ...,0.555, 7, 8, .7, etc.
% x=0.5*sin(t*pi/0.5)+1*sin(t*pi/1.7)+2*cos(t*pi/7.7);   % div by 6.4, 1.6, .8, ..., 7, 8, .7, etc.
% x=x+randn(512,1)*0.9;
% x=x.*hamming(512);
x1=x;
% x1(513:1024)=x(1:512);     %uncomment first!
% x1(1025:1536)=x(1:512);
figure(1);
p1=plot(x1);
p1.LineWidth=3;
p1.Color = [1 0 0];
y=fft(x);
% figure(3);
% re=plot(real(y));
% re.LineWidth=3;
% re.Color = [0.2 0.4 1];
% hold on;
% im=plot(imag(y));   %,'o'
% im.LineStyle=':';
% im.LineWidth=3;
% im.Color = [0.7 0.4 0.6];
% hold off;
r=abs(y);
r1=r(1:255);
figure(2);
p=plot(r1);
p.LineWidth=3;
p.Color = [0 0 1];
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Source: Matlab documentation.

Why is this in the Algorithms course?
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https://en.wikipedia.org/wiki/Cooley-Tukey_FFT_algorithm exaple:

X0,...,N−1 ← ditfft2(x, N, s):       //    DFT of (x0, xs, x2s, ..., x(N-1)s):

    if N = 1 then

        X0 ← x0                              //      trivial size-1 DFT base case
    else

        X0,...,N/2−1 ← ditfft2(x, N/2, 2s)      //     DFT of (x0, x2s, x4s, ...)

        XN/2,...,N−1 ← ditfft2(x+s, N/2, 2s)    //     DFT of (xs, xs+2s, xs+4s, ...)

        for k = 0 to N/2−1           // combine DFTs of two halves into full DFT:
            t ← Xk
            Xk ← t + exp(−2πi k/N) Xk+N/2
            Xk+N/2 ← t − exp(−2πi k/N) Xk+N/2
        endfor

    endif

Note: exp(−2πi k/N):
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[image: image12.png]¢ = cosf +isind Euler’s formula.





Divide & conquer => O(n2) = O(n . n)  to  O(n log n)
https://www.youtube.com/watch?v=EsJGuI7e_ZQ    FFT – presentation, 18 minutes,  from 3:55

