ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY
UNIT — 11 - TWO DIMENSIONAL VARIABLES

Let S be the sample space. Let X = X(s)andY = Y(s) be two functions each
assigning a real number to each outcome s € S. Then (X,Y) is a two dimensional

random variable.

Let X, Y be a two dimensional discrete random variable for each possible outcome
(Xi, Yj) . We associate a number P(Xi, Y;) representing [X T Y = yj] and
satisfies the following conditions
) Plx,y]]=0
i) XXp(xp)=1

The function P|x;, ;] iscalled joint probability mass function of x,y

Conditional distribution of X given'Y

P[X= x;nY = yj]

PIX =x/V =yl = =525

_ PlX=xiY =yl
Ply=yj]

Ply= y;nX=x;]
P[X= xi]

PlY =y;/X = x;] =

P[Xx= x,Y = yj]
P[X= xi]
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Test of independent

P[X= x,Y = y;)] =P[X = x;],P[Y = y; ]
Problems under on Marginal Distribution

1.The joint probability marginal function of X , Y is given by P(xy) =
K(2x+3y), x=0,1,2 ,y = 1,2,3 find K. Find all the marginal distribution

and conditional probability distribution . Also probability distribution X + Y.

Solution:
1 2 3 Y x
0 3K 6K 9K 18K
1 oK 8K 11K 24K
2 7K 10K 13K 30K
Zy 15K 24K 33K 72K

We know that ). > P(x,y) =1

= 72K =1

1
=>K=—
72

Marginal distribution
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X 0 1 2
P(X) 18 24 30
72 72 72
Y 1 2 3
P(Y) 15 24 33
72 72 72
Conditional distribution at x given y
_ ~ Plx=o0y=1] _ 3/;5 1
PIX =0/ = 1] = “2s = o7 =
_ _ Plx=2y=21_ S/ _ 1
PIX =2/Y = 2= =525 247, 4
_ _ Plx=oy=3]_ %/, _ 3
PIX =0y = 3] = =2 = o=
. _ Plx=1y=2] _ S/ _ 1
P[X=1/Y = 1] = Pr=1] TS 3
. _ Plx=1y=2] _ 8/, 1
PIX =1/ = 2] = 205 = it =
_ _ Plx=1y=3] _ 1/, 1
PIX=1/y = 3] = Z s = 2=
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Plx=2y=1] _ /75 _

PiX=2/Y=1= =y =1,

_ Plx=2y=2] _ 19/,

Plv=2] 2%/,
Plx= 2vy=3] 13/
PIx=2/v = 3] = WA= o

Conditional distribution at y given X

PIY = 1/x = 0] = B 2s8 138//7722 =
CRIVRVEEE
PIy = 1/x = 2= 222 370//7722 !
Py =2/X = 0] = P[Y;Xi": O 162{/7722 ’
e = e

Ply= 2x=2] _ 19/,

P[Xx=2] 30/,
P[Y= 3,X= 0] 9/
Plv=3x=1] _ 11/,

Plx=1] 24/,

13
33

[N N

N |-

11
24
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Plv=3x=2] _ 13/,, 13

PlY =3/X= 2] = =2 oy = 2

Distribution function of x + y

1 Py, 3/72
2 Py + Pyy 11/72
3 Pyz + Pi; + Py 24/72
4 Pis + P 21/72
S Py 13/72
2. The joint distribution of X and Y is given by f(x,y) = ’;r—ly,x =1,2,3;y =

1,2.
Find the marginal distributions.

Solution:

Given f(x,y) = x2+_1yx =123;y=12

> fAD) =~ fA) == fRD = =,f22) = -, fG1) = ,f(32) =

5

21

The marginal distributions are given in the table.
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X Py(y)
=P =y)
1 2 3
1 2 3 4 9
Y 21 21 21 21
P(1,1) P(1,2) P(1,3)
2 3 4 5 12
21 21 21 21
P(2,1) P(2,2) P(2,3)
Py(x) = P(X = x) 5 7 9
21 21 21 1

The marginal distribution of X

Pr()=P(X =1) ==, P(2) = P(X =2) ==, Px(3) = P(X = 3) =

The marginal distribution of Y

9 12
PP(D)=PY=1=—, PK@)=P¥=2)=7
Problems under on Conditional Distribution

1. The two dimensional random variable (X, Y) has the joint probability mass

x+2y

function f(x,y) = 7

x=0,1,2;y = 0,1, 2. Find the conditional

distribution of Y for X= x. Also find the conditional distributionof Y/ X =1

Solution:
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We know that the conditional probability distribution of Y for X = x is

0=

To find f(x,y) Marginal Distributions

where f(x,y) is the joint probability function of X and y.

Given f(x,y) = ==2,x =0,12;y = 0,1,2.
Py (y)
X =P(Y =)
0 1 2
0 0 1 2 3
27 27 27
P(0,0) P(1,0) P(2,0) P(Y=0)
1 2 3 4 9
Y 27 27 27 27
P(Y=1)
P(0,1) P(1,1) P(2,1)
2 4 5 6 15
27 27 27 ; (2\7( )
"0.2 P(L2) P22
6 9 12
Py (x) 27 27 27 1
=P(X = x) P( X=0) P(X=1) P( X=2)
iti i — v ic i Y\ _ fxy)
The Conditional Probability of Y for X= x is given by f (x) i

By using the above table we get the conditional probability of Y for X = x as

follows

When x = 0,
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P[Y = 0/X = 0] P[’;X‘LY; o - 6/027 = 0
PIY = 1/ = 0 = PR - g L
A == o= et
When x = 1,

= oy = P
PIY = 1/x = 1 = S 5 = S
PIY = 2/x = iim -2 A ‘ij _s
When x = 2,

Py = o/x = 2] = MR e

P[X= 2,y=1] yr
PlY =1/X = 2] 0 12/2277 =
P[x= 2,y=2] 6/ys
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Table of f(y/x)

Y 0 1 2
X

1 2
0 0 3 3
1 1 5
1 9 3 9
1 1 1
2 6 3 2

The conditional distribution of Y given X = 11s given in the table

Y Table of f(y/x = 1)
R e etk
2 Py =2/X = 1] = P[sz[xlz’yl]: 2A_ >ly g

2. The joint probability mass function of X and Y is
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0 1 2
X
0 0.10 0.04 0.02
1 0.08 0.20 0.06
2 0.06 0.14 0.30

Find the M.D.F of Xand Y. Also P(X < 1,¥ < 1) and check if X and Y are

independent.
Solution:

The marginal distributions are given inthe table below

% 0 1 2 P(X =x)
0 0.10 0.04 0.02 0.16
1 0.08 0.20 0.06 0.34
2 0.06 0.14 0.30 0.50
P(Y = y) 0.24 0.38 0.38 1

Now, P(X < 1,Y < 1) = p(0,0) + p(1,0) + p(0,1) + p(1,1)
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=0.1+0.08+0.04+0.2 =042

To test X and Y are independent

P(X=0)P(Y=0)=0.16 X0.24 # 0.1

#P(X =0)P(Y =0) # P(X =

e independent.




