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 Email will be sent out later today about of free hours b.
 Friday, Saturday, and Sunday

 You must know how to cb pmf. pdf, calf, and inverse
 cof

 Binomial PMF Wincs and p= 0. 25 Important
 chistinction between
 sa step function pm fs op ofs: PMFS
 for caserete rus.
 have probability on
 the vertical scale but
 with PDFs for
 continous is it' s
 boking at density
 valves which are
 essentially probability
 Binomial CDF Wines and p= 0. 25 per the interval
 on the horizontal
 axis.
 Probability
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 Probability

 to12345:

 Exponential PDF H ambda= 2

 211 Notice that the vertical scale
 is density, which represents
 the amant of concentration
 of probability at a neat a
 particular pot of interest
 to you.
 0. 0. 5 1 1. 5 2 2. 5



Exponential CDF with Sambok= 2

 probability cp )

 1. 0 0. 5 1 1. 5 2 2. 5

 Because the paf is continuas, the CDF will be..
 continuas also.

 looking back at CDF from last class site
 Gq ( y )= şo for yeo.:: Pt
 ( l- exy y so:: tip 25 Of is
 asymptote
 to time yol
 to the transi

..... yytes

 all F& ( y ):. Q: What' s the place Yp on the
 A M areap. positive part of IR where
 Į yp y PCOs I syp )= p?

 For Up 30, POSZ5 yp ) Fq Cyp )= p]
= l- e- top P. so Fe= F", ( p )|
 I- p= e. typ Def: Yp is called the pan quantine
 109 ( 1- P )=- Xyp... or the loompth percentile of
 Yp=- log ( i- p ) ( ore chistribution of ) I



Some care is required when I is Chiscrete or mixed

 Det: I rv with CDF Fq ( y )

 For all ocpli Jefone F, CP ) as the smallest y
 valve such that Fq ( y ) Zp.

 Then Ft, ( p ) is the pth quastre of I and Fg lis
 the quantie function

 Measures of Center for the distribution of a rv I

 ta' s Got soia One way to define the center of a
 7 distrubka is to and the sota
 percentile.

 Deri the Ź quantile Akt the son percentile of a chistab to
 is called the mechian of the distribution
 1 _ 50%- 1

 Measures of spread for the
 2506] 259 250 259 distribution of a rv I
 ľ nechten i s One way to define the spread of a chist.
 F 16. 25 ) Fa (. 75 is to see how far apart its 75thanel
 RIQRA 25th percentiles are



Desi te ţ quantole= 59" ( 0. 25 )
 the 25th percentile is the lower quartile

 the į quantie F5 ( 175 )= 74 75th percentile is the

 upper quartile

 531675 )- F5" ( 0. 25 )= inter quartie range ( IQR )

 Ex: In Uniform ( 6, 2 ) Go for yea
 mode, fy ( 4 ) Fy ( t )= 37- 9 azyab
 bra

 CDF of mitam
 distration it

 Easy to rement Fq: F} ( p )= ( 1- P ) a tpb. for ospel
 and the mechian is ( a+ b )/ 2

 studying the rus at a time
 Def: X Z vs: the joint cor bivariate ) distribution of ( 8, 7 )
 is the collection PLC8, 2 ) ECJ of all probabilities for all
 sets CER? such that ( 8. I ) Ec isn' t weird

 ( Probability that the point ( X, 5 ) is in the set on the two
 chimensional plane ).



| 
 Case 1: ( F and I both discrete )
 Def: X. I rv If there are only finitely or Cantably
 infinitely many possible valves ex, y ) for ( 8, I ), Žand I
 have a discrete joint chistribution,

 Def: The joint probability mass funcha Gant pm f )
 of ( 8. g ) discrete is the fincta

 Egg ( x, y )= P ( X= x, I= 7 )
 Cand
 The sex{{ x, y ): Egg ( x, x )> 0 ) is the support of fisz

 Consequences

 15 f ( x, y )= 1
 G11 ( 8, 4 ) XI

 2 ) For any con- herd ) set ( of ordered pairs ( x, y ).
 PC ( FI ) E ( )={ for ( x, y ).
 ( 8, 4 )* C*

 Case 2: I, I both continuas....
 Def: Thorn X and I have a continas joint

 Chistribution if you can find a nonnegative
 finchon fra CX, y ) defined for all ( X, Y ) EIR?

 ( the real plane ) such that for every cnon- weird )
 subset c of the plane P[ ( 8, 3 )+ ( JESS Essa yoxdy

 faz ( X, Y ) is the joint pdf of ( 8. 3 )



The set{ ( x, y ): f&& ( x, y )= 0} is the support of

 ( the list. ) of ( 8, 7 )

 immediate consequences

 o for all ( Xuy ) in IR?
 The bivamate pof fag ( x, y ) ZO

 and if you integrate the bivariate pof over the
 entire real plane that has to integrate to 1.
 csa
 re _ ( x, y ) dx dy= 1.
 ă ă Teig ( t, x ) dx chy:

 The link between probabilities and densities is that
 if you want to k n ow much probability there
 is in a region you integrate the jant density
 function over that region..
 PDF of 8
 Eg ( x ). Si continuas... fgq ( x, y )
: 1 rv:
~. ( 8, I ): continuas
 1- dimensional...: 2- dim

 P ( 8= xo )= 0

 0- dimensional.., ( xo Yo ) 5 O- dim

. 30 perspective plot

 2D contar plot of g



een 
 2 ) if ( 8, 7, have a continuas, ont distribution, then
 K and I each have a continuas universale. Come
 variable ) margmal chistribtion when considered
 separately

 3 ) For all cath was pofs f& g ( x, y ).
 ca ) Every inclinchal point, and every contably
 infinite sequence or set of points in IR?
 to- dimensional ) has probability o meter fra
 ( b ) If g is a continas function of ore real variable
 defined on ( 6, 5 ), then the sets
{ ( x, y ): y= g ( x ), a 2x4sy anel
{ ( x, y ): x= g ( y ), acx< by also have probability
 ( 7- dimensional )

 4 ) So ( 2 ) is not the: if& has a continuas distributo
 on IR= IR" and I= 8 then both fand I have
 continuas distributions but P5 ( x, y ) lies'
 Con the line yox]=
 so (& I ) can' t have a continuas joint chistab ton on ir?

 Joint Distribtions can lead to tricky integrals.

 Bivariate densities are harder to manipulate trian
 univariate densities.



Ex: Suppose that ( 8. I ) have joint pdf
 Erz={ cx? for osx? zy si
 los else..

 hok as the normalizing constant
 The support of fez is the shared regien ( 5 )

 GTASAN dy dx
 ayxza

 C+ 2

 ly/ dx/
 x/ cx? ydy/ dx= 4

 e01- es

 from
 (= 21 search the clable integral calculate
 wolfram alpha to some

 x? zy- 15 SXE NE
 co

 comes out as c= 24 too
 Ex: compte P ( 8 37 )
 IP= 88 ayex The relevant part so of Swhere tzy
 Pole is sketched here, so
 Kan P ( 827 )= fffor ( x, y ) dy dy
 So



P ( 82Z )=// Esz ( x, y ) dox

 SE 1, 2]=> 2

 You can have bivariate distributions in which one of

 C&, I ) is discrete and the other is continas

 Case 3: Bi discrete Ii continuous
 Suppose you can find a function faz ( x, y ) defined on IR?
 such that for every pair of non- werd ) subsets A andrs of
 IR ( assume integral exists ). P ( BEA and IE 3 )= f
 Then fot is the joint pmf/ pdf of ( 8, 9 )

 Immedrate consequence:
 If 8 take on valves A,, Dz j..... then

 s f ( X;,? ) chy= 1:.:.:.
 ai te

 Ex: Randomized controlled Celinical trial
 Patients in @ get a treatment, patients in © gera
 placebo. Outcome is success ( eg. cancer goes mto
 remission ) or fasure

 let 8;= 5. 1 if patients in @ is a success
: ) o else

 and let olmkrown ) be the proportion of patients in the
 poplaton of all patients who might get the
' Trestment



who wald have no relapse if they had been in the
 study. Then an uncertainty about ors
 continuous on internal 181 ) and ( X;, g ) has a
 mixed bivariate distribution

 If you model ( 818 ) as Bernoulli ( 0 ) and on uniform ( 0, 1 )
 then the joint pm f/ pdf of ( 8, 0 ) habe

 Es, CT, G )={ 08 ( 1- 0 )-*/ for x= 0. 1 ) ).

 lo: else,
 Cococi,

 Then ( e. g. ) P ( X= 1 )= P ( X= 1 and O is anything between

= f' o' c- ej- so- fare

 Bivariate selfs
 Def:. The joint calf of thorus X and I is the
 function Fg g ( x, y ) satisfying Egg= P ( Xsx and I ty )
 for all- co cxcco and- cocy sos


