CSH0 — Spwy 2024
[edtoe 20 = Apil 2




?LMM 7[0\/ Toa(i,«j

1 \/Mame. (X/ stondavd devinfion) — o wmeasure
of “Spread” of a vamdowr varialde

o How 1o compuﬁ Vaviance
o Vaviauce of Biowmial , Geowmehic, Poisson

o Cowaviance ¥ Covvelation
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Measures the vl dstance of o rv. W
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Obwovs werswve a)[ distamee 2s | X—E[X] |
More convevieid +o use (X - E[XDZ



E[X]=/

'D&ﬁm‘hm : ﬂe. VAV 1ance oFa\ andom Vawvable X s
Vav(X) = E[E-+)]
wherr M= E[X].

The stomdand deviahon of X 4s
(X) = Vo x)




A WMOve Co nveweml ZKPVRS STV

Claws = Vaw (X) = E[&-+9] = [E[XT-#

Poof = Var(X) = E[(x/)]
= E[XZ-Z/"X-t—/“z]
L eraty —e = E[E)—2MEX]+ ELF]
Eepm —e = ENC) -2/ &
- e[ -



. How do we compule E[Xx*]
EI 6[)(]:5&&?/[)&0\]

A E[x?)= Z a'xR[X=el

/MOI/C gCV\Cm[(,j , et 3= f(X) be avy —F.u/\c,'dm/\
defed v fe vonge of X [£q. Y= X* ]

Thew Y is also a vandom vaviclde:  Y(9)= (X))
Y= Ky

Claw : E[F(0] = Z F@) Plx=a]



Qi © E[F(0] = Z F@~ Prlx=a]

u Recall hat —fp/aw\ﬁ cv. Y, we have
E[y]- S Y« Ps) T D

WEJL

/Ac?\)\j Misto the vrv. Y= QC()() :
E[Y) = %ZJL Yw) < B w] ;\) .
-2 7 ()((w)\ <« P [v) ‘
WER

- = 2 T < w[o]

a0 Xw-a

= % 5 () ~ P X=a\




\/aviamce, : Examples

1 X = swve on voll of a»fwﬁv de

E(X] = éL(l r2+3+L+5tb) = 32:

,g[x’] = é (l+4 +9+(b+25+3b) =

% (X)) = E[x2]- E[X]®

= 9 - 42
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2. X= #ﬁ)@d poiils m a randow permutation
Rall: X= K+Xpt - +Xn  whee ¥i= {l ;&;}

0 Hewise
oD

Van (X) = E[X*]) — E[X)
S we Just need to compie E[X°] ...



So we qust need 1o compiile Efx]. ..
E[x?] = E[Q+Xat-+XaY ] U #xe+xa)°

2

= :‘Z E[X,}J +ZZ E[x‘ XJ ] +J KXz * X, Rq % %)

Motedat: ® X,= X. . %o E[x] E[x.] =

L WL
o KX = f b b fed o
oL vruase.

So E[xK] = T[i bl fred ins )= 25
s E(X] = (nx%) <2(2) e = 111=12

Adss  Vaw(X) = EIN1-EX" = 2-1 = |1




3 X~ Geometvic (p)
Rall . PX=k]) = (I-p)"'p  w-=hos.-
ElX]= <
To owmpiz E[X?) = ké K* (I—P.)k'\P :
o Staat . P = L
e Difea/a/(\i.d\lu.v.t_ :P: kZ'ok(l’P)k-—\: -—'—z-

P
o Mibiply by Ip 0 S (p) = L
k =\ P*
6 Df(c«ewj(\a"é ogaun zkl(l’jﬁ(| = Z=p
k=) P3
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5 X~ Bumomial ('4., P)
Recalll - R(X=k] - (1) p* ()"

E[X] = np
A_jio‘- X= X+ Ko+t --- XX, whee Xi= {1 kfsﬁ:o:l;:s
O ollevuxe

To COW\\Mr& E(XL]/ we could use

E(x*] = E [+ Xn)
= S EX) + 2 S ElrK)
= "‘J

—
— - ~

B\:mt’s wuch easier o wse fbe fadt that Hle X: ae
amdependlent




Voviance. of o Suwn

FcJV 01,':1_414 +wWo vandow vawaldes X, ‘ﬂ, we have :

Vow(X+Y) = E[(xY)]-(E[%Y) )
= E[x+¥+2xd) — (Ef¥)1+EM4] )
= £[X)+E[¥)r2E[x4) - EXT-EBT
— 2E[NELY)

= |Vav () + V() + 2(ED)-€09EC )

o (1548) = Ve OO R T () (-
G (13)

Clavw : Jf XY ave wdeperdent thew Coulty) -0
Gvollay : %Y amdepemdeat = Vo (X+Y)= \/a/v(X}l—\br(‘ﬂ




CLG_W\L JF A ae {‘Ed@ vdenl then COV(XM):O

?_i_boF + Reaall Yt XY /\’Mole\mwo\em‘t weans ol
P [X=a,9=b]) = R(X=alx R[9=1b] \fa bk

E[xs)= S Z do - P [Xea,9=b]
= % S alo x B[X=a]x R(Y-L)
- (g a Pr[X:m]> (% LP[9=L] )

= E[x) E[41
Hence Gov(X.¥)= glx4]-gXE() = O



5. X~ Buomial (VL,P)
Recall - R{X=k] = () P ([-py'"k

E[X] = np
A‘:B’D: X= X+ Kgt--- xX, whee Xi= {1 ‘Esﬁ:ﬁ:s
O olevuse

Sme the X; ave amdependen :
\bA/(X)'-'— :il VM/(XL)

B Vaw () = E[7) - E[]) = p—p*= p(ip)
Heuce. Vow(X) = |vp(1-p)




for X~ Buwowial (n,p)

E[X] = wp Var (X) = wp (1-p)
b.g p=V2 (fow win)
E(x)= 2

2

e

/}H < Van(X)
S E Ve lavge
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Itwibue Inken ?V\z\'u\icv\ :

We wil\ walke s iden
\Nec(.se W e v\l
lechuve 0




b Ramdown Wall ( "Drunkad's Wallc ™)

« Stavk o O
V2 2
——y L"\/'\.\ o ead"SECOV\d’ wwove
— o ' il 1‘. i:+l | {1 s"'?P IZS\,{(' w. phb. '/2
Ly S — o —

= posihon aftev v sewnds
Su = 2)(1v wheve X = - — left
il
Vow(Xe) =

E[S“] H »‘% E[X{'] F O E[X;z]‘ED(;]Z
N - '\—O ="
VW(S\,\) = é VM(XL) = Nx1 dn

So 6(54) = n KG(JQ)WML\

{I if de step o right

—Nn O .,1




Covavione ¥ Govvrldbion BaEaRs
Recall = Cov (X, ) = Exd]-E[ xJE[4] E [x*)-EM°
Cawwoledly = Gov (K4) = E[ (X-AI(D-My)) ch, o)
M(XLE[@'E[“)L]?/O = E [x9] - ME[)-L EDT+MP,
B E(Xﬂ]— /AX/A‘:)-/Ax/A\J‘*'}Ax/”:'
= E[XY)—E(KIE[4]

?VDPe/hes
1. XY mdepew;[g,d,’ = Gv(K4=0 Aﬁlg__:‘__egs is

3 Gu(XY)= 3 | V(X - Vor0)- Ve (4) |
deall: Y (L)) = Nanf¥) + Vo (4)=2Cv (X,4)




Gv(k¥) >0 = XY poitively covvelated
Cv (X9 <0 = XY vegetively covvelobed

B(’Jff&/ weosuwe -
Vefn: The corvelafion Gowv (X,4) 45 defued as

= GD\/ (X 7 U.D
CON(XA) 6 (x)6 (1)

?\folluﬁes
{. =1 Cwv(X)¥W) & +1
2. XY «'Mo\epevxo\e\/\’f = Covr ()()“5) =0

3 Cow(X¥) =+ = Y=altb Afvcosnis >0, b
G (X4)=-1 = Y=aX+tb -----0<0b




