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= Corollary. If X and Y are independent, \ € P
5| then Cov(X, Y)=0, i.e., X and Yare L Lo o
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Y=z o However, the converse statement

1s not necessarily true. —f'unconelated” | | yL Y—ux;
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(e.g., let X~Uniform(-1, 1) and Y=X?, then | | . s
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»Example. If (X, ..., X m) ~ Multinomial(n, m, p,, ..., p,,), then
Cov(X;, X;) = —np;p;, forl<i#j<m.
= Because (X, X,, X5+---+X )~
Multinomial(n, 3, p,, p,, p;r- -++p,.), and
Xyt X, ==X, =Xy, pstetp, = 17pipy,
we have oS Xt xasn

= Xas=sn

E(XlXQ) - lex_Q m1)$2’n71_m1_$2>p3101p§2(1 — D1 _p2)n_xl_$2«

<ttt = AP e P Pyt (L= py — )T
| <«X¥=<n~l
|=Xsmi) @4 (n—2)!
n(n —1)pips Z (

x1— 1)'(:62 1)‘(n x1—T2)!
o= g‘l"'g:.é Yl-2, 35:1:1 1 &;72 1 4—(""2)*5. ya._—'_'ﬂr
x(p

O =85n-2 %2
O =Yaxn-2 — D1~ D2)

= n(n—Dpipz. € ot pns 25 Mutbinomial(az2,3, Pi. P, 1-P-P)
= WLOG, we can get E(X, X ;) =n(n=Dp;p,, for # j.

Therefore, Coy(X;, X,) = E(X;X;) — E(X;)E(X;)
= n(n—1)pip; — (npi)(np;) = —npip;. >
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—7fpip; _r Pip;
COT(X’L)XJ) \/%V(l pz)\/ﬂp’(l pj) |(1_pi)5(1_pj)j
%@COV & Cor for Sums of Random Variables (a ®Q: When lmngen? )
» Notation. In the following, let X Xy ooy X X and |pit W/feg smalfer?
Y,...Y,berv’sand —o0o <aya, ..., a,, odds= I-p faopf
by, b bl, ..., b < o0 are constants. T [ Nofe.osPitPi<|

mpg;,@Recall E(a0+a X t++a,X,) = agta, BQX )+ +a,B(X,).«

> Theorem (covariance of two sums). el

Cov(a0+a1X1—|— —|—CLan,bQ—|—b1Y1 -+ b,,Y, )

, bo R
[3:‘230”2‘1 . B Z’L 123 1 aib; COU(XuY)*[a. an][coU(Xb YJ_)]MM[:‘]

Proof. Let S = ayta, X ,+:--+a,X,, and Yi Ya< Ym

T = by+b, Y+ +mem, then X

Coaphrathe) 5 PFT = S e ), s [T

(rbbyt—tmbyn| T —E(T) = 70,5 = iv)s " ooy
>
[S—EOT-ED)] = i, X, abi(Xi — nx.)(Y5 — i, ),

€ Therefore, Cov(S,T) = E{[S — E(S)|[T — E(T)]} e

mm; = D1 2o @b EI(XG — px, ) (Y — py;)]
& (Np.8-) | = 2. 25— aibjCou(X;,Y)).

\ >(>Theorem (Varlance of sum) Cov (ot Xit--+aa X, Qo+ @ Xt~ +0a Xa)
covariana makrix

some useful information
Var(ao -I—a1X1 == —I—ran__') MMQ*;:&;“"’I{ g
laonLe = Y 1aiajcov(Xz-,Xj)—y,ta.,...,a,gw u
— 7’1, 2 . nxn
- Zz l| VL(Z)F:VN{Y;) Cwm_’nebrtcmatruc———-

2 — a;a;Cov(X;, X;). By Thm in
‘|‘_21§1<J§n§ v (X, J)IiCov(Yc,\ﬁ‘) LNp.8-%

Proof. Cov(X,, X,)=Var(X,) and Cov(X;, X,)= Cov(X;, X)). ). |

painuisely indep
(5] »@Corollary. If X, ..., X, ar;j)l‘{‘ncorrelated then @fﬁﬂ \ zl
Corl. ) => a2Var(X )

r———v*ﬁ
=0,yi.g wﬂlxﬁ HagXa) =

. (3()1‘4011&1’2 If X X0 X X are uncorrelated and Uarianwe eﬂ?bs
| ¥ Law of-
VCLT(X 1)— = Var(X,) = 0% < oo, p%Nqu

[3 7 ]=0 when nTeo | ek‘,,.,c,,w/mn( enou
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Independent Cross
Cov(X1, X>) XZ Pmdw:t Var(X; + X2)
=0 v = Var(X1)+ Var(Xsy)

2 o @f-—--- h Var(X; — Xo)
6)-(2: - 6X2 I _____ Nl C = Var(Xy) 4+ Var(X2)

_____ Xi
[g_] , ale"‘""\'aJtXn:[ac,';;,Qn] [):(n]
ol
j?;;;;g ;o:}::s L[%] . ¢ o o<y smaller variance QT“'Q-:-.
AR Why 20 X Tol KX Ton (20 =4in() el TES
Cov(X; 2:)(2) X, 1 | @X= X Tl -X=Tan(0)=2 Tanls) Var(X1 + X3)
>0 ’ Lﬂﬂ(ﬁ_. = Var(Xy)+ Var(Xs)
Cov(Xi, X2)¥* o /-7 45 7 (mof cross - +2C0ov(X1, Xo)
=Gx=;=63a I l?sr:"i‘:ut 5 Var(X; — Xs)
""" o~ = Var(Xy) +Var(Xy)
lX|-X3_=C —2Cov(X1, X2)
> Xl
° . * o OQ-Llarger variance
2
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