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= Corollary. If X and Y are independent, Y. P- 840
then Cov(X, Y)=0, i.e., X and Yare | (M

\EE ¢
uncorrelated. ] Oyy=0| V‘ané(bY): 1.0
L 2 =0 -
o1t bl Proof. When X, Y are independent, cove—t Warbd=0t x
indep. rv’s — — byCorollan/ D %? o (?o
ooy | PANTEX)EMN)= [l A7 [ 87 2 o
Y=2\ o However, the converse statement -
1S not necessarily true. —s{"uncorrelated '=Y'uY“
(s & weaker condition than, "indep.” . | | Tacty'ye 1
(e.g., let X~Uniform(-1, 1) and Y=X? then | | - =
«BxY)=E(®)=( x®Ldx=0 Y
X‘,Y': COU(X Y) 0, ;‘(foa”_o{%a)_ cov X'=x;:b‘
mean =0 but X and Y are not independent). " Ts(x')=1
variane=1
. Y=Cor(x'¥) U Q: What's the dist, of YIX=x7? . ;
T cov(x’ 0 b P(V-g/x-x)oj:{ i g ®: Wh}f s cor
~»® Corollary. <r ; un - Free ?
si-audardc.zoi:ron X — ,LLX Y I ,LLY
(A&, pxy = F — — | Note Y'is o Sunckion o5 X .
LNp-6-33)| (Zr . gncy X Y Zero corvelakion does not
E[(x- (Y “Yi%my — ~ e wlanehis.
Proof. By definition. X Y <o in NG9 [

@ »Example. If (X, ..., X m) ~ Multinomial(n, m, py, ..., p,,), then

Cov(X;, X;) = —np;p;, forl<i#j<m.
= Because (X, X,, X5+---+X )~

Multinomial(n, 3, p,, p,, P3+---+p,,), and
X3+"'+Xm: n_Xl_Xz,

we have oS Xi+Xasn

E(X1Xs) =2 2122, 4, - )pflp?(l —p1 —p)t T T2

N—r1—I2

<Xtz Z/@/l%;/l '(n 961 m2)|p1 p22(1 p2)n_xl_x2
| <X=<n~l
| < Xasn-l) (n—2)!

pytetp, = 1-p—ps,

n — 1 p1p2 (x Di(z 1)!(n T1—x3)!
o= ETue n-z 1— _3?12 1 &;_}21 142__(n-2)-9.-9a."—'1-n_x1_m2
e et U U v

= n(n—1pip2. € Jont pnf o Mdlinomial(acz,3, P, 1-A-P)
= WLOG, we can get E(X, X ;) =n(n=Dp;p,, for # j.

Therefore, Cop(X;, X;) = E(X:X;) — E(X))E(X;)
= n(n—L)pip; — (npi) (np;) = —npip;-
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—® Cov & Cor for Sums of Random Variables [ ®): When langen,? |

p. 8-12

» And, for: # 7, b—o W/;ygaﬂre

— 5 _r PiP;
Corlin i) = om0 (e )]

»Notation. In the following, let X Xppoo0n X X and W/’% smaller,?
H:m‘: 1‘ aopt

A/afe.o<P¢+Pas|

Y,...Y, berv’sand -0 <ay,ay, ..., G,
by, b bl, ..., b < o0 are constants.

—>(>Recall. E(a0+a X+ +a,X,) = agra, BX )+ +a,B(X,).

Wp8-4

» Theorem (covariance of two sums). ;"f&"wgﬁ:’
COU(CLQ-l-CLle + - -|-CLan,bQ—|—b1Y1 -+ b,,Y, )

: b
BRI B e i

Proof. Let S = ay+a,X,+:--+a,X,, and Yi Ya-: Y
T'=by+b, Y+ +b Y then X

m- m? Xa

Q:*‘Q:Mx.""""anﬂxn — E(S) = zn (X — IuX) : ¥ -

=1 a;

(Lorbibly, +--+bm Uy, T—E(T) = YT b (Y — py;),

J=1 \wocxa,va‘)

[S—EW@IT-EM)] = 3o 25 abi(Xi —ux,)(Y — py,) o

éa

|

[gore Var (Xi) . z"
= — Z? 1 Z? 1 0;a;Cov( X5, Xj)—p[a,-as] | © vX;Q ':
nxn

Therefore, Cov(S,T) = E{[S — E(9)][T — E(T)]} p. 813

=) mean, of som = > Z;nﬂ a;b; B[(X; — px,)(Y; — py;)]

(Ne-8-9) | = 2oy ZT 1 aibjCov(X;,Yj).
*(>Theorem (Varlance of sum) COV(QO*“'X'* 0 Xn, 2o+ Xt - +0aXa)
Dts some sekul infornotion [ Queance mabrix
Var(ao Yo Xy + - +'Zzn—') any -

L Qn
_ n a2
— Zz 1| Var( >J Vor(Y:) (s;n_’meb'tc matr ¢ ¢——

+2 a;a;Cov(X;, X;).
—ZlézqénL J ( J) = Cov (e, )
Proof. Cov(X,;, X,)=Var(X,) and Cov(X,, X -)= Cov( > X,;)- )

[<F: -»@Corollary. If X, ..., X, are uncorrelated, then %JV&"(Y» \e"‘m"@; I

e of
(i%"(:«.:‘g) &’(jao +m Zan Xn) =D im 1'a2Var(X) Ciad
I:;(z';ﬁi'- Corollary. If X X, .., X, are uncorrelated and [ ““m"“o:’“s{zs
is a0 weth Var(X, )= = Var(X,) = 0% < 3o, large Nunber
[ Vo () [T R e i Ty o e

£5% in LNp8-5 a,wnsmkb Cn— A E(¥%)=? B
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Independent Cross
product
CO’U(Xl, XQ) X2 Set' VaT(Xl + XQ)
—0 ﬁ = Var(X1) + Var(Xz)

6;‘2‘ _ 6)(22 I _____ N Var(X; — Xo)

_____ : ggg /@ = Var(Xy) + Var(Xo)
I

Xi
ke + el o] £

same wa- e
differ;\n;g;;?lf:s ¢ ¢ ¢ OJ smaller variance QT'V‘:
Forr x| Yo T [ @X X TXDTea =2l | [Vr(X, + o)
> O ’ m — Vajr(Xl) +V@T(X2)

ToF crose +2Cov(X1, X5)

PS\';‘EILCt Cf‘ VCL?“(Xl - XQ)
_____ - = Var(Xy) + Var(Xs)

- QCOU(Xl, X2)

> Xl
® . ¢ o tq-[-la:ger variance

=6y = Gxs

cov(Xi, X2) I _____ -
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