(/O\Io.l‘iau\c.e,

* For o sinA\c, PMA.OM uar;aue, X, the PMF F&(x) (or
the PDF £.(x)) Prou;&zs a full 6esa;r+ion while  the

mean [X] and  variance VN‘[X] pr‘ou;cle .S'lmlalo Summaries,

. For o Po(‘f‘ O'F Pm&om ual‘ia]:'es X am;l. Y’ the \)o'm"' PMF
Px,v(",‘/) ("' the ()".“"-‘- PDF ‘Fx,v(",\/)) Pr‘auio\c.s o\ ‘Fu“
cle,scr'i P"‘im\ wki | e 'H'\b meons [X]' lE [ YJ owul. ﬂ\e,

variances  Var[X] Var[Y¥] summarize how X and Y
behave 'mc\ivi&ua"sf.

* Can we summarize the between X and Y
with o 53(\\5\@ nwmbeaf‘?

< There are mav\\/ wauy.s o do this.

- We w'u“ 'FouLS on 'Hne/ covariance Cou[)(, ‘l’]/

which caP‘\'ures the (o.vertje,) linear re,|ad‘ionshi,:>
be;\'ween X o.ﬂ&. \{



¢ Tke, Covafionce COV[X, "'f} o‘F r'omc.\om vod‘iu\.'vles X am& Y ois
Coulx,¥] = E|(x - EIX])(Y - E[Y])]

> Sometimes easier 1o work with b)’ wri'l'inﬂ

Cou[X, Y] = EL[(X - me) (Y = )]
where pc= E[x] ande p, = E[Y].

F'[—-

2 Caplures (&uem.3°> linear r‘ela‘l‘ionsh:'p between X - E[X]
and V- ELV].

3 Useful OlMernde Formula: |[Cou(¥%,¥] = E[xY] - EXJEI[VY]

\rJ\n’ does this hold?
Cou(X, 97 = EL(X- ) (Y- )]
= ELXY - Xpy - I ¢ *)&xfkv]
= E[xY] - ElX]Juy = px E[Y] + reyvee
= Elxv]- EIX]ELY]




 Iohition: Tf Gulx¥1>0, +hen (- E[]) ond (¥ - E[¥])

+en& ‘|'o »\a\)@ ‘Hna Same.  siang.

TP CoulX2]< O +then (X = E[xI) and (v-E[Y])
'l'en(\ '|"o haue,

(Tk;s 15 n o we,ij\n'l'e,al_ mvenk\l..\e, sense , mean inj
‘H‘\o.'\' Io.r el vu\ubs o‘F X om(L \/ Lon‘l'(‘ib\d-& More
Yo +he wvariance.)

y - E[¥]
N Line with Posﬂ'iue, sloFe.

+ + 1S o \ae,'H'er ‘Fi"‘.

> x-E[x]




. Exam!:‘e,‘ X Alvu\ Y"-g/ IS Um-Porm(s/ 7-'-1) Y is Oniform (O 3)
\Nhad' 1S 'H\& Covaliance o'F X amL H”‘)
@ Ca\o&'o\"'& means,

Elv]= 2= 2 E[x]= E[E[xIv]] = E[ ¥52] = E[v+1]= 2

= 3 line

@ Sketch the f‘o.vﬂe,.

(@ Calclode the covariance.
Cou [, 1= E[O-EDD(Y-ELT] 4, (x,Y) - fay(xh )£,
= SS (x-2)(y-3) ‘qu(x,~/><\x 47 {r(\’) - (é O¢ye 3

O otherwise

w-2)(y-2) L. = dx
\SS( )(7 = ‘\7 -wa(xly)=£-'5_ yEx< y+&, Oc¢ y¢3

O otherwise

l
q
2> On averaye, X-E[X] and Y- E[Y] tend o have
'H\O, o line with £its be,He,r.



By the

[E[Xd—‘,’] =

- \What oJoouCl' the wvariance o'F the sum?

(X1 + E[Y].

Var[X + Y] = Var[X] + Var[Y] + 2Cov[X, Y]

> \Why ?
Vor X"'Y] =

r[()(-l- Y- E[x~+ Y])"LJ

E[((x-EXD) + (Y- EM]))]

E[(X - E[X])*+ (X

° Vawiomc.a af Linau‘ F:umcj'ions‘

- Ex] (Y-

= Var(x] + 2Cou[X, %] + Var[¥]

[v1) + (v- E[v])?]

| VaraX + bY +c] = o Var[X] + B Var[¥] + 2ab Cou[X, Y]]

e Couarionce o‘F Lineo.(‘ Funo'l'ions‘

Let U= oX+ bY +c

omd V=dJIdX +eV¥Y + F Then'

Cov [U, \l] =

od Var[X] + be Varl¥] + (ae + bd) CouX, V]




° B&Sio Covea.riance Pf‘o'ger‘"'ies‘-

> Coulx, Y] = CovlY X]
> Cov [X, %] = Var(x]
= CJO\I[X, m] =0 for ony fived number a.

e X and ¥ are uncorrelated. f CoulX, VY] = o
> Inéependenw uncorrelated ness.

> Unworrelotedness does nof im,;ly in&epemlenoe,.

. I‘F X cmlL VY are unwl‘('efla‘l‘ecl., then
= Var[X-i' ‘f] = Var[)(] + \/ar‘[\{]
> Vor[aX *b¥+c]= o> Var[x] + b2 Var[Y]
S Covl[aX+bY +¢, dX+eY+f][ = od Var[X]+ be Var[\]

> Elxv] = E(x] ELY]




& ;

> The contour
. “ P[o“" 5 a +0 - Jown ’
easier o 3/¢er'Pl‘e}|' than ': ‘:ur'Fac:.e:lo+AnL s offen

Surfuce Plot with
Color Contour Plot Underneath cCont
( nfour Plot Onl

Z55N
’ ///I/'lo‘o"\\\\
SN\




° EXample’
Covlx,¥]= -1 3 Coul[X, v]=0O CovlX, v]=+|

Visuolizations are impor‘hm"'.' lovariance Moy not tell +the
‘Fu.n $+ol‘\/.



