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F(x)=P[X <X]

o Cumulative Distribution Function (CDF)
o Probability Distribution Function (PDF)
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F(x)=P(X<x)=> f(t)

I<x

F(x)=P(X <X)=| foo f (1) dt
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0<F(X)<1 O0<P(X<x)<l  _y

Ll o3 e 2l G F(x) -v

lim F(X)=F(-0)=0 s lim F(x)=F(@o)=1 -Y

X—>—00 X—>+00
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P(a< X <b)=F(b)— F(a) -5

dF(x) F(x):j_x (1)t

dx

f(x)=

!00 S/ ” * . )o :9

f(x)=F(x)-F(x") F(x)=> f(t)

X<t
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f(x) =" Z(X)
X
<5 LS5 o1 5wl Jlaisl 5o 5] Caws 4
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E[X]=) x. f(x)

E[X]:y:j:xf(x)dx
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E(X +¢) =E(X) +¢ L) sl slo S
E(X +Y) =E(X) +E(Y)
E(aX) = a E(X)
E(aX +b) =aE(X) +b

E(aX +bY) = aE(X) + bE(Y)

RCUv PPN S| R P00 Y 5 X K1

E(XY) = E(X).E(Y)
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Goals (X)

Probability P(X)

0 0.18
1 0.34
2 0.35
3 0.11
4 0.02
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U = sz(x) = 1.45
VO jo ot S a5 ol S5 olaxsO

Cowl 1) Sy d Sl 005 (535L
1,1,0,2,2,1,0,3,1,1,1,2,4,3,1

Xi
Mean = E — =1.53
n
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V(x) = f (x — W2 f()dx = 02 = E[(x — w)?)
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V(X)=E[(X - )*]=E[X?+pu* -2uX]
= E(X %)+ u® —2uE(X)
=E(X?)+u® —2u° =E(X?)-u?
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of(x) =6x—6x4,0<x<1

ou= folx(6x — 6x%)dx = %

oV(x) = fol (x — %)2 (6x — 6x%)dx = 2—10
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V(c)=0

a=byle slo S5

V(aX)=aVv(X)

V(aX +c)=a’V(X)+0

V(aX +c)=E[aX +c—E(aX +c)J

= E[aX +c—aE(X)—-c]* = E[aX —aE(X)T
— E[a(X —E(X)) =a? E(X — )% = aV (X)
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Cov(X,Y)=E[(X — ) (Y — )]
s hYbabl, s Vi X' Lol sl cui Gy s Uy &S
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Cov(X,Y)=E[XY]— 4,

ST aiil Jitas ¥V g X juite g0 51 48
Cov(X,Y)=0
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cov(X,X) cov(X,Y)
cov(Y,X) cov(Y,Y)
cov(X,X) = var(X),cov(Y,Y) = var(Y)

1 < _ _
cov(X,Y) = cov(¥,X) = 2— 12(9@- —x%) (i —¥)
=1
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cov(X,a) =0
cov(X, X) = var(X)
cov(X,Y) = cov(Y, X)
cov(aX,bY) = ab cov(X,Y)
cov(X +a,Y +b) =cov(X,Y)
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Covariance between x1 and x2 = -0.8

cov = [_(1) . _2'8]

Covariance between x1 and x2 =0

cov=[} ¢

Pattern Recognition

Covariance between x1 and x2 = 0.8




COVARIANCE

oA positive covariance between two variables
reveals that the paired values of both variables
tend to increase together. A negative covariance
reveals that there Is an Inverse relationship
between the variables, that Is, as one increases,
the other tends to decrease.

o Weight loss reduces diabetes risk. Lack of
exercise increases the risk of diabetes.

o cov(weight, diabetes risk) > 0
o cov(sport, diabetes risk) <0
o cov(sport, HIV) =0
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V(X)) = E(X2) = (E(X))? = (k +1)é2k +1) (K —;1) _ (K +]i;k—1)
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f(x)=—— a<x<b
b—a
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% Easy-to-use function plotter

figure; hold on

ezplot('(2*pi)*-0.5 * exp(-1/2*(z~2))",[-10 10 0 0.5]);
ezplot('(2*pi*4)*-0.5 * exp(-1/2*(z/2)"2)",[-10 10 0 0.5]);

ezplot('(2*p1*0.81)"-0.5 * exp(-1/2*(z/.9)*2)',[-10 10 0 0.5]);
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% plot

X =[-7:..1:7];

Y = (2*pi)"-0.5 .* exp(-1/2.%(X.*2));
figure; plot(X,Y);

XX = [-7:1:7];

YY = (2*pi)*-0.5 .* exp(-1/2.*(XX."2));
hold on; plot(XX,YY,'r");
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PLOT U gusy  NRMPDF | Jloy J&> ali duslins

X = [-5:.1:5];

plota = normpdf(x,0,1);
plotb = normpdf(x,1,0.8);
figure; hold on;
plot(x,plota,'r’);
plot(x,plotb,'b’);
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D) = o0 -3 (k-0 2 (x- 1)

(27)%[2
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2. = covariance matrix

U = mean vector

|.| = determinant

[ = number of features (variables)
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Covariance between x1 and x2 =0

-3 -2 -1 0 1 2 3 -2 0 2
x1 x1

cov = [—3.8 _2'8] cov = [(1) (1)]
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Covariance between x1 and x2 = 0.8
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Covariance between x1 and x2 = -0.8

cov
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ezsurf('(2*p)™(-1)*exp((-1/2)*(x*2+y"2))",[-3,3 -3,3])
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MESHGRID gz

meshgrid(l:3,10:14)
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x1 =-5:.2:5; x2 =-5:.2:5;
[X1,X2] = meshgrid(x1,x2);
mul = [0 O];

Sigmal =[.8 0; 0 8J;

F1 = mvnpdf([X1(:) X2(:)],mul,Sigmal);
F1 = reshape(F1,length(x2),length(x1));
%c = F1; 008 <

%c(:) = 255;

% surf(x1,x2,F1,c);
surf(x1,x2,F1);
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SYMPY ;l eoliiwl b a5 uw
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#Python library for symbolic mathematics
from sympy.plotting import plot_implicit
from sympy.parsing.sympy_parser import parse_expr

S ='y - (2 * 3.14)**(-0.5)*exp((-1/2)*(x**2))'
eqgn = parse_expr(s)
plot_implicit(eqgn)
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Import numpy as np

import matplotlib.pyplot as plt

from scipy.stats import norm

# Plot between -5 and 5 with .001 steps.

X_axis = np.arange(-5, 5, 0.01)

mean =0

sd=1

plt.plot(x_axis, norm.pdf(x_axis, mean, sd), 'C1")
mean =1

sd =0.8

plt.plot(x_axis, norm.pdf(x_axis, mean, sd))
plt.show()
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D) = o0 -3 (k-0 2 (x- 1)

(27)%[2
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2. = covariance matrix

U = mean vector

|.| = determinant

[ = number of features (variables)
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Import numpy as np
import matplotlib.pyplot as plt
from scipy.stats import multivariate_normal
from mpl_toolkits.mplot3d import Axes3D
mu_x =0 # mean of x # define parameters for x and y distributions
variance_x = 3 # variance of x
mu_y =1 # mean ofy
variance_y = 3 # variance ofy
# define a grid for x and y values
X = np.linspace(-10, 10, 500) # generate 500 points between -10 and 10 for x
y = np.linspace(-10, 10, 500) # generate 500 points between -10 and 10 fory
X, Y = np.meshgrid(x, y) # create a grid for (x,y) pairs
# create an empty array of the same shape as X to hold the (X, y) coordinates
pos = np.empty(X.shape + (2,))
# fill the pos array with the x and y coordinates
pos[:,:, 0] =X
pos[:;,:, 1] =Y
# create a multivariate normal distribution using the defined parameters
rv = multivariate_normal([mu_x, mu_y], [[variance_X, 0], [0, variance_y]])
# create a new figure for 3D plot

# ... Pattern Recognition
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#...

# create a new figure for 3D plot

fig = plt.figure()

# add a 3D subplot to the figure

ax = fig.add_subplot(projection="3d")

# create a 3D surface plot of the multivariate normal distribution
ax.plot_surface(X, Y, rv.pdf(pos), cmap='viridis', linewidth=0)
# set labels for the axes

ax.set xlabel('X axis')

ax.set_ylabel('Y axis")

ax.set_zlabel('Z axis')

# display the 3D plot

plt.show()
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from sympy.plotting import plot3d
plot3d(exp(-(x**2+y**2)), (‘'X’, -2,2), (‘y’, -2,2))

11tion




