


















ECE313 MATH362 PROBABILITY WITH ENGINEERING APPLICATIONS

LECTURE31 JOINT PROBABILITY MASS FUNCTIONS

TOPICS TO COVER BASED ON CH 421

JOINT PMFS

JOINT PMFS

X AND Y ARE TWO DISCRETE TYPE RUS DEFINED OVER THE SAME PROB SPACE

R F P X 2 IR AND Y 2 IR

THE JOINT DMF PXY OF X AND Y IS DEFINED AS

Pxy U v PEX U Y V FOR ANY 14,2 122

DETERMINES THE PROBS OF ALL EVENTS ASSOCIATED WITH X AND Y

AS X AND Y ARE BOTH DISCRETE TYPE THERE IS A FINITE OR COUNTABLE SET

OF POSSIBLE VALUES OF X DENOTE THEM BY UI 42

SIMILARK THERE IS A FINITE OR COUNTABLE SET OF POSSIBLE VALUES OF Y

DENOTE THEM BY V1 V2

SUPPORT OF byy ui.gl 1 42 j 1,2 is at most

A COUNTABLE SET



CONSIDER THE EVENTS OF THE FORM Ej Y Vj j 1 2

NOTE THAT THESE EVENTS ARE MUTUALLY EXCLUSIVE

ALSO CONSIDER THE EVENT F Y V1 V2 NOTE THAT PCFI 0

Ej j 1,2 AND F FORM A PARTITION OF 2 1 E

Ejn Ep 0 j k AND Ej nF 0 f j

YE U F R

A A2 A PARTITION OFR THEN BED B YBAI P BI I PBAIL

HENCE USING THE LAWOFTFLPROBABILITY

u Y X u N E U X U nF

p u IPKX UN EI

P u IP x u Y v

PMF OF X MARGINALPMFOF PXY FOR X

1 E pylul IP X u Vj Pxy u v

SIMILARLY byv1 EP Ui Y v Pxy Ui v



IN THIS CASE PX AND PY ARE CALLED THE MARGINAL PMFS OF THE

JOINT PMF PXY

THE CONDITIONAL PMFS ARE ALSO DETERMINE BY THE JOINT PMF

CONDITIONAL PMF OF Y GIVEN UT Pyly up is

Py up
VI P Y V I NO PLA B PITI WHENPCB6

ANOTHER NOTATION Prix 01401 p Y V 404 WHEN PEX up 0

P 404

1 E Pylx0140 Pxy V 0
WHEN 1 140 70

PxUo

WHEN 0 140 0 Pyly V 401 IS UNDEFINED

CONDITIONAL PMF OF X GIVEN Y V0 PX y v 15

Pyly UV0 Pxe V0 WHEN Pylvo 70

Pylvo

WHEN Pylvo 0 Pyly U Vol 15 UNDEFINED



EXAMPLE LET XYI HAVE THE JOINT PMF GIVEN BY TABLE 4.1

PxY
ROWSUM Py

c

I SUMOF ROWSums
COLUMNSUM 90.1 90.6 90.3

SUMOF COLUMNSUMS

PX PEX 1 PEX 2 p 3
F
TALLEENTRIES

Pyful IP
u Y V Pxy U V

Px 1 0.1 Px2 0.3 0.2 0 1 0.6

Px31 0.1 0.2 0.3 COLUMN sums

byv1 EP Ui Y v Pxylui v

Py 11 0.3 0.1 0.4

ROW SUMSPy 2 0.2 0.2 0.4

Py 3 0.1 0.1 0.2



P4X YY Pxy t 11 Pxy 2121 Pxx13,3

0 0 2 0 0.2

PEX Y Px 2,1 Px 3,11 Px 13,21

0 3 0.1 0 2 0.6

Py V 40 Pxy V 0 WHEN P Uol 0

PxUo

Py 0121 Pxy V12

Px 2

Prix 1121 Pxy 1,2

Pxl2

Py x 2121 Pxe 212

Px 2

Pylx 3121 Pxe 2

IPx 2



NECESSARY AND SUFFICIENT CONDITIONS FOR P TO BE A VALID JOINT PMF

PMF 1 P 15 NON NEGATIVE

PMF2 THERE ARE FINITE OR COUNTABLE SETS 41,42 AND

V1 V2 SUCH THAT P U V 0 IF 41,42 OR

IF Y V1 V2

PMF I P Ui Uj 1

EXERCISE FOR THE JOINT PMF IN THE PREVIOUS EXAMPLE CHECK THE

ABOVE PROPERTIES

INDEPENDENCE OF TWO DISCRETE TYPE RVS

TWO DISCRETE TYPE RVS ARE INDEPENDENT IF

1.11 Pxy UV1 Pylul Pycul F U v E 1122

NOTETHAT WHEN 14VI IS OUTSIDE SUPPORT OF PX THE ABOVE CONDITION

is 0 0.0 TRIVIALLY TRUE

HENCE IT IS SUFFICIENT TO VERIFY IT FOR THE SUPPORT OF DXy

Cui Vjl 5 1,2 j 1,2



FURTHER NOTE THAT Pxy 4 V Pxu Prix VIU WHEN P U 70

UNDER INDEPENDENCE Px UV1 Pylut Pycul U v E 1122

INDEPENDENCE IS EQUIVALENT TO

1.2 Py x VIU Pycul WHEN P U 70

WHEN PXU O INDEPENDENCE HOLDS TRIVIALLY AS U IS OUTSIDE THE SUPPORT

OF DX AND ALSO U V IS ALSO OUTSIDE THE SUPPORT OF Px y V

EXERCISE FOR THE DISCRETE TYPE RVS X AND Y IN PREVIOUS EXAMPLE CHECK

THEIR INDEPENDENCE USING CONDITIONS 1.1 AND 1.2


