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What is'a-Function of aRandom

riable:

A Function of Variables?

2 /16



Joint

Two or More Random Variables

DIStrIbUtIOH§ndom variables are functions from a sample space

General

to the real numbers:
X:Q-R

the way we describe the likelihood that a random
variable takes a certain value is through the random
variables distribution, which we can describe using it's

CDEF:
dserde- ‘ox(‘x) = P(X=%

Fx(x) = P(X < x) contingeus -Px(x)i‘ P(X=%

when we have more than two random variables at
work, for instance X and Y we can talk about they're
behavior separately:

X: Q->RY: Q->R

or jointly ]
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Joint

Two or More Random Variables

DISt”bUtIOBSNe are more interested in how they behavior

General

simultaneously (or jointly), we are talking about a pair
of outcomes - this means we are now talking about a
pointin R X R.

And we can describe the simultaneous behavior of the
two random variables using a joint distribution, which
can be defined by (for instance) the joint cumulative
distribution function:

Fxy(x,y) = PX <x,Y <)
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Joint

Two or More Random Variables

DISt”bUtIOHSNe are more interested in how they behavior

General

simultaneously (or jointly), we are talking about a pair
of outcomes - this means we are now talking about a
pointin R X R.

X,Y): QXxQ > RXR

And we can describe the simultaneous behavior of the
two random variables using a joint distribution, which
can be defined by (for instance) the joint cumulative
distribution function:

Fxy(x,y) = PX <x,Y <)
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Joint [llustration: Joint CDF and Rectangles
Distributions ¢ twuws RV
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Joint [llustration: Joint CDF and Rectangles
Distributions

General
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Joint Distributions and Discrete
Random Variables

|deas and Notation
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Basics Joint Discrete Random Variables

, For two discrete random variables we have a joint
D|Screte probability mass function:

(ase plr,y)=PX =x,Y =)

You may recall from previous chapters that this can be
written as:

D(en, Yey) = PO Y20) PLED)

= P(Yay| X=20 PX=%)
v —

ac,lo:ngcr\('j.7

“/\’\( UITJ"‘:OV\ df CJ?F(AJef\(j
C\V\(J Cl\qu ‘(—f J<\\ L_J(J-‘L\.

px,y) =PX =x,Y =y)=PX =x|Y = y)P(Y =y)

or
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Basics Joint Discrete Random Variables

, For two discrete random variables we have a joint
D|Screte probability mass function:

(ase plr,y)=PX =x,Y =)

You may recall from previous chapters that this can be
written as:

px,y) =PX =x,Y =y)=PX =x|Y = y)P(Y =y)

or
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Basics  Example: Flip a coin

Suppose I flip a coin three times and let X be the
Random number of heads and Y be the number of tails
Variables  sawle spac
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Basics  Example: Multinomial Distributions

A Special discrete distribution

DISCI'ete Scenario: In a binomial experiment, there are n

caSE independent iterations of an experiment and the
probability of success is p. That is, we have two
possible outcomes. But what if we have three possible
outcomes?

Suppose that we have exactly three outcomes:
Outcome A, Outcome B and Outcome C with
probability of success pa, pp, and pc
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Basics  lllustration:

. With continous random variables, we now have two
Discrete  dimensions at play:

D X, b A
(ase Q) Ly
Continuous
(ase | -

’)_/L\t/ C,UF\'/Q 7

o [5) €A) = §P§ L. G20 s
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Basics  Joint Density Functions

. The joint cdf and pdf are connected in a similar way as
Discrete  the single variable case: g
6\!"

|

M
) g
(ase Fx(x) = P(X <x) = / Jx(x)dx
Continuous,, 4 ™
(ase , ey
Fy(y)=PY <y) = / fr(y)dy
But jointly:

Fxy(x,y) = PX <x,Y <y) = //fxy(x,y)dxdy
A
here A= TV ER | aco, Ly
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Basics  Joint Density Functions

. The joint cdf and pdf are connected in a similar way as
Discrete  the single variable case:

(ase &®=P@§m:/m&mw

Continuous,

(ase )
fww=mst=/’ﬁ@@

But jointly:

Fxy(x,y) =PX <x,Y <y = //fxy(x, y)dxdy
A
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Basics  Example: Joint Exponential

. Suppose you have two pieces of equipment with two
D|Screte different failure times...
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