MIT OpenCourseWare
http://ocw.mit.edu

1.010 Uncertainty in Engineering
Fall 2008

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms.



http://ocw.mit.edu
http://ocw.mit.edu/terms

1.010 - Brief Notes #4
Random Vectors

A set of 2 or more random variables constitutes a random vector. For example, a random

X,

vector with two components, X = { } , s a function from the sample space of an

2
experiment to the (x;, X») plane.

e Discrete Random Vectors

e Characterization

e Joint PMF of X, and Xj:
Py (x) = Py x, (x1,Xx,) = P[(X; =x,) N (X, =x,)]

e Joint CDF of X, and X;:

Fg(ﬁ) = Fxl,x2 (x,,%,) =P[(X, <x,)N(X, £X,)]

= Z Z:le,x2 (u;,u,)

u <Xy U, <X,

e Marginal Distribution

o  Marginal PMF of X;:
le (x))=P[X, =x,]= ZP[(XI =x,)N(X, =Xx,)]= ZPXI,XZ (X,,X,)
all x, all x,
e Marginal CDF of X;:

FXl (x,) =P[X, <x,]=P[(X, <x,) N (X, <o0)]= Fxl,x2 (x,,0) = z ZPXI,XZ (u,x,)

all x, u<x,



Continuous Random Vectors

e Characterization

e Joint CDF Fy y (X,,x,): same as for discrete vectors.

X
e Joint Probability Density Function (JPDF) of X = {Xl } s Ty x, (X05X,)
2
This function is defined such that:

fXI’XZ(xl,x2)dx1dx2 =P[(x, <X, <x,+dx,)N(x, <X, <x, +dx,)]

Relationships between fy , and Fy  :

82FXI,X2 (x,,X,)
0X,0X,

fX],Xz (x,X,) =

Fxl,x2 (X,,X,) = I_;I_;fx,,xz (u,,u,)du, du,

e Marginal distribution of X;

e CDF: Fy (%)) =F x, (X,,0)

dFy (x,) _ OFy, x, (X;,0)
dx, 0x,

_i[
0x,

- .[—oofxlgxz (Xlauz)du2

e PDF: fy (x))=

;duljlmthxz (ulauz)duz)

e Conditional PDF of (X, | X, =x»)

fX],Xz (X1,X,)

fxz (x,)

oC fxl,x2 (x,,X,), for fx2 (x,)#0

f(X1|X2:x2)(X1) =



e Conditional Distribution

o Conditional PMF of (X, | X3 =Xy):

Py x, (x,,X,)

Pxx,—xn) (X1) = P[X; =x, [ X, =x,]= Py (Xx,)
x, (X

o Py, (X,X,)

| Py ler] 0.36
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Example of discrete joint distribution: joint PMF of traffic at remote location
(X in cars/30 sec. interval) and traffic recorded by some imperfect traffic counter (Y)
(note: X and Y are the random variables X; and X, in our notation).
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Example of discrete joint distribution: marginal distributions.
(a) Marginal PMF of actual traffic X, and (b) marginal counter response Y.



Independent Random Variables

X; and X, are independent variables if:
Fxl,x2 (X,,X,) = Fxl (X)) sz (X,)

Equivalent conditions for continuous random vectors are:

fxl,x2 (x),X,) = fx1 (x)). fx2 (x,)
or:
f(Xl\XZ:xz) (x,)= fxl (x,)

and for discrete random vectors:

Py x, (X1,X,) =Py (x,). Py (x,)
or:
P(x1|x2=x2)(X1) = Px] (x,)

i'Y[yl

x=0

fx[ohﬁreu

Surfoce = 'X.’fh‘ y)

Example of continuous joint distribution:
joint and marginal PMF of random variables X and Y.
(Note: X and Y are the random variables X; and X, in our notation)



