@Cwﬂd'_%_ﬁdﬁ@&_s_(&mg

Pace was oo fast e od & (echure
T wenl Wékb to "U o Sl Wﬁamg on time

‘Cu{.a:’ AV\iwef mi;d« questions From  chat

Iiwmqhmmws,ww%%
o & an A rv P wmeore
?Mr,,a‘“:a ppepriae pace

Stk &Lecﬁaz,b«!aj= refied st part £ ledure SB



® me\ﬂm& pandom  vagdalbes

)/E]’el randown VMWH,GS
. \mv‘ial-\.u b o
rando (‘j C mL%ﬂvm X and ¥: X+, 3xy K el

Ouestion (et s 2 (HHT)?

Answe X (HHT) =
)’(HHT\: . Z(HH = 2*
Y= > D= 2°+ 3= 443=7



@ Expected  value.

X:SL— R pandom varsable
Defindton: E(X) = Z

a - P(X=x) 7 Jswm over ra:f’zuz
e (%) v 0%' X
Ebu’mleﬁt Yormua:  E(X) = %X(«ﬁ P2 ™ sum over
we
Ex %\r& Tlip « N
- X j # e&cobuead-s

Z Iwes

o ufzomes In KL
Fum e Tosﬁb\.e. velweS: EON=

-

S wWiwy

-

O-P(x=0)* |- P(X= 1)+ 2 - P(x=2)

O (/4 + |- (YD) +2- (V)

O+ 72+ 2 = \
oveN oultomes

E(x) = X(ARHAY + X (RORHTY + X(THIPCTH)
_ EX(TTMTD

2 () (O (DY o ()
‘e YV Y e X0

= |



@D WseRul FPasks

X, ¥ rudom  yariables
a € R

PJ:? E(ax)= aB(X)

Pop EB() = a
G constt  random  varvable
%M\ tb & o metterr ot Hee snlzome 75

Claw o wnsonscous

E@ For oy Pumelion §: RxR & R . swotsticians "

EGvyNY = S 2 Flab) P(x=2 and Y=b)
akrshge () berorge (¥)




. € $von
@ w‘\'& of Xffgc\"* s Regyires no os sumplions alf X, ., K. |

Tm  E(x + X+ ..o X)) = E())* €D o +EGGD)

ﬂmfjg_ A% ?wFl&, eac\ weo-ﬁg e hat
Colleex all hots & reassign Hewn mMpwl:l

SR
X= # o studemts who (jd- et o hat lack
Whet s EON T

Aﬁ&m@ 1 Possble wluer & X : 0,1,2,...,n

E(x\ = %, K'PCX’KB = 11

k=0 ———
L,a Coun %\cu\a\\'e W?na $Acwov\-e><<(mﬁm




Tum  E(x + X+ .- tXR) = E())* EC¢D - +E(GRD)

E_mmTAu_ A Pw‘:l/b, eac umﬁg e hat
Colleex all kedks & reassign- Hen mne(omlﬂ
X= $# ofF shwdents who 5@4- HoeP o it back

Whet 55 ECX)T
A’d’t@m‘* 2  DXwe vandewmn vauTalles

L o on | gets Hkir het back
Yl:{O ﬂmon \aAP&wcgad' teew Lat back fndTc oy
vmqu.cs

-: T ets Hsir ot beack
¥ = {0 1t fogen N Jhsas mek goi dodhv ok buck

X =0 X E(X)3 e R
«lU rWW‘MM UW ?J:tm\n‘:\’

E(x) = E(xi+%et ... ¥X) :é(x.) L E(%Dr .+ E(%

- 1 \
T\+w+



@ owSance.

X 9 & rendom ewtalble
How 2 7s X from b \exwe—dto( velue

MI—\’—XB&MWW I
value E(X)= &  Heen Hve varianee of X, written

Var (XY 95
Var(x) = E ((X- &)

Commest Standsrd devifon o X: 600 = JVar (O



Def T X 55 &« rondomn vriable  with
value E(X)Z & Heen Hve variznee of X, oriiten

anr s
Var(X) = E ((X- &)

E.mm‘ﬁ& Roll & Pair g-svded dde. X=walue o wsll

EGO = 1 (%) + 2- (4> 3-CL+ -0 S (d+ 6 (%) = 2/¢ = 3.6
ou(ome (X - 3.5}
(1-3-5)*= ¢C.zs
(2-3.5\% =72-25
(3-3.9)= 0,25
(4- 3.5\ = 0.5
($=3:6) = 1.25
(G‘S:S\‘L: G'ZS
Var ()= Ex-35)) = €25: (%) + 225 (%) +025(') +0.25- (%)
+ 22506+ 6-25(l6)= V15/6 =

T mean’
'Bw\' ukpf( Aoes tswm ver awj{(om

ﬁw;wp_b(

OV LW N~



@M&ﬂlﬁ_é_\m

a = E(X)
Vor (x) = E((% - a))
L,\M&W\rdﬁ: messes how wmunch X denotes fron. Tt

leco vatanee * mﬂl" .t :
E0O e()
P6) JK 6D ‘ N N
X X
Quelion et E(X-a) 2

Srequsel  Posy and. negakire deAfiaksons cancel out

QA&QSQA W wot E((X—a\f'?m"\ absdute Adeviation
Avsitlc o clalde .
'\d‘“"u& dis s sometinmes ued



QuelSon wnot  E(X-a)?
Avsusel  Pos and.  negakre deVinksons cancel out

EM?& Roll o faivr ¢-stded Aie
X = valuwe o rell

E(X)= 3-S5
puiTome X X-3.95
\ \ -2,5
VA 2 =S
3 3 -0.S
Y4 Y4 0.5
S 5 .S
6 4 S

E(x-3.8)= -2.5(Y) - Ls(k)- 0-5 ()
* 0.80'%) + l.s(ed+ 21y = O



6D Altemative £onmala For ratiance.

MFWMD

rmndom.  verfeble X,
Var(6D) = E(x?) = (ECD)?

SO a = E(X)
Var ()= E((x-aY)
= E(X* -2aX+ a?)

-
—

E(x) + E(-20%) + E(«®)

E(X*) ~2a B(X) + a2 - deniton ot o

E(X?) - LECDEL) + () = E(X) - E(xY

-
-



T  Fov any ndom wrfeble X, Var(X) = E(x* — (E(X»z

W %74&4 S

Exomdl (A W dicky) X~ Bin(n§d Frp
T L eeds pirob-
Whet s Jar QO? ?x = & of \Nf::-:ds

Var (X)) = E(x?* — = G Need 6 fimd E(XD)

B V¥ i 1 s heads
Define X;i = 1o 9% com v i $als X=X Xy H e ¥,

ECY = e((ar Y= ECE Z %%)

/ A G
= ‘%€CY1)(33 - V\.F + C/\z_v\),F’L
C”ﬁ oe fc:\;ﬂ i*&
R 2 u?hf?&swmw

0 else Bwal anser
Var ()= B () - B(XY

EQaxy= P T * - () C >
' p i =g = NP e (WP - (vp)
= AP+ W - npP gt = npU-p)




@ Covoriance
Random yarsakleS X ound Y
When X 95 s Y uswally hjg, low s *t depends’
reladsve ¢ B (X))

DE T&2 X 5 & rondow varisble with CON=a
and Y B A pandona versable S EOND=b
Hen e (covariance of X and Y, witten

17
Coul(%, ¥ = 6 ((X-(7-8Y)

Question. T# gou éu.s{‘ kwoo the dishybation & X and
te Jduhsbudtn oF Y, can You crludake  Cov(X, Y)?

Awswer No! — You need the Soint  dBhrAution
Cov(x, V) weasurs ameﬁ;;"g obout  {he
Mp.ﬁov\sl'«g betweeh X and



Dk ECD=a EM=b = Cov(XY\= E((X-D(Y-bY)

Exam?l& e
X
4

—

o~ X cdn 3 tinees
# of leods E(N= LS
# of ¢mold E(Y)=1-5

—v

d

Coux,Y) = EL(Cx-1:DV-15N = = (LY (¥3) - (6-5) (Y&)
= ~0.75

N *ﬁ%lﬂ core\obed ; Lven X 55 ‘.a-ze,, V & swall (& vice-vesa)
Q:gm X Y X-1.s »-1S UX-1N(y-1.5)

HAR 3 0 1-$ —-\.5 - (1.9)?

HHT 2 | oS ~0,5 - CO'S')I

RTH 2 | .8 —0.5 = (o-5)*

THH (A 0:S —0.$ - (0-9)*

RTT | L -0-S 0.5 —(0-8)*

THT \ 2 -0.$ 0.5 — (0-5)*

T1w \ A -6, 0.8 ~ (0-5)*

177 g 3 - S [+ - (L-5)*



@) Meauiog of covafance

Sign of Cov(x,Y)

Cov (X, YYLO Cov(X, N=0 Lov(yMN 20
X and Y usual Just mmm X ts X oud Y uSMN{Iﬂ
MoVe  Jn OW"‘T\% lAUBf, doesyl{ tell weve W e same
Jrecdsons Yoo hatler Y 5 Mrection

(u@e or smal|
X Widh =Y low X Uigh> ¥ can be X Wah D Y Lk
X Lodw¢ywd]¢\ 0 bﬁwarh}}\ Xlag 55)"[2
% F ol £ W depnds on dhe
to 9w lbecaunge ON Vaianc e

/'C»We(p&fon of X)"“l y

. ' - va‘ X!V

More vwwwﬁ?'u“ measule - Core (XYY = SCOECY)

ésme sign as Con(x,Y> bt
Aoy betwern -l and |



E_&ﬂ&_ Whet 95 4\e sVav\ K Cav(X, N7
© pPick a  rendom ol»:sierw« zozo

X = e J—wfwﬁ:hw TN MQLQ:) Cov(X,¥)> 0O
Hok oy TE Wt bt e days
7= max rempetwe in Barkel«vj ware [ikely <o be
the nety Aoy ot e unext

@WcKaMpMAaﬂM 2000

X = imaw asfure e Berkeley Cov(x,Y)<0
Mw Th W5 bl pecple

Y= numher feo?\le ('S BG—V\O@L‘S wnalln  use Aeir
o used Heely' heaker *‘L-\{‘Az:j e less

@ Pick « roundopr bjf’h?m 20200 C,ovcx)ys'}’,o
X = v;:; temperniire in Berkeley (probably not
Y= wkd\—r}%ﬂo{; fe wodh P s



Warning t Cov(x,¥) =0 dees nok pmon XY independont !

Eﬂ?\& Php a Pdr coin 2. {iwmes

X =H of heads E(O= |

uf- «lve, +U0 %\\
Y= ‘2 too  hps m 4(#«&«\' E(N= Yo

Ounkome X Y X=1 Y- (xDN(r-"%) | 4 o
HH Z \ L 772 Y2 y
HT \ o ) ~lf o o4 °
TH \ o 0 “/7.. 0 X \ 4
T 0 I - V2 =\ 2 2

Cov(x,¥) = (DL + 0-Cr4) + 0-(/4) + 12 (/) = 78 /8 =0

XYW&WWM&M‘/l e bt wlen X small &
s% ‘:awxugle



© Facds _aboutr 60N, Var (XN, Cov{X,Y)

Propertres are  usehul,  dee fWOFs ore net Heal TWFWM
D Covarfance s sawwehﬁc

Cou(Yi XY= Cov(X,Y) (oder of X and Y docsit wmetter)
@ Covariante s bilinear

1]

Cov (X+Y, 2) = Gv (%, 2)+Cv(y,2) azB(x) L=E(Y) c-EF)
Cou (X+Y, 2) = E((x+Y=(att)) (Z -C)) 2 €(¢+Y) = ath
E ((Cx-+(7-)\(2-O)
= E((x-\Z-O) + (¥-b)B-CY)
liwesdity of —> = E((x-a)(2-N\)T B((Y-L)(2-O)
Bpeetidion = Cou(y,2) + Cov (Y, 2)

Cov(a-X, ¥Yy= a: Cov(¥,Y)

Cov (o;‘)(ﬁ'a.-,)(,‘f,“ +A'“')("‘l y3= a‘Covi,)YBA— A 4 a,\Covi,\,Y)



® Uarfance T~ terms oF covariance
Var(X\ = Cov(x, XY o= (%)

Cov (%, XN = E((X-D(x-a)) = E((x-2?)= Var(X)
@ Covoursanee n  termg oF valoe

Cov(Xx,Y) = E(xY)- ECOEG) az E(O L=£(Y)

Covlx, ) = B ((x-(Y-bY)

B(XY-aY =~bX+ab)

E(xYY = aT(Y) ~bE(X) + ab

CE(xY) - ECOECY) =6(NEX) + ECHE(Y)
E(xY) = E(X)ECY)

® Varianee F a  sum

Var(X+Y) = Var (SO+ Vr (Y\ + 2Cov (% Y)
Vor (X+ YY) = Cou(x+Y, X+Y)
Cov(x, x+Y) + Cov (¥, x+¥)

Cou( %, x) + G (x,Y) * Cov(¥, X))+ Cov(y,y)
Var (%) + oY) + 200 (YD)

i

TN

N



Suppese X and Y e Wuw\ad'
O E(XY) = EODOEW)

E(xNB £ z ab:P(x=a ond Y=L)
ac rwvne(iﬁ be wmae(y}

o of £ gk POk
nsCious
e = (o POcaY) (£ 6-P(Y=L) = ECNE(Y)

@ Cv(x,N=0
Cov (X, Y = E(XY) —EOANELY
= EGHED ~EGHEYY = 0

©) Var (x + y) = VW&Q*’ Vor (¥) -0 h).ero-&e«-ce
Ver (x+Y) = Var (X) + Var(¥) + J

= Var (XD + U (¥)



