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® « Theorem (MGEF for linear transformation). For constants a and b, ***
Y=atrbX at an B vard © (denbity The dist.
Mch(fsz%jL—'g< ) = ef M&@w' at+bX :ﬁ'am. the dist. of X
! a a a
Proof. Ma+bX(t)mE&[ t(%)] — 2t By [e®)X] = ot My (bt).
®Theorem (MGF for SUM of independent r.v. s) If Xy, ..., X, are
| Independent each with mgfs M X, (75'5_"’1 M X, (t) respectlvely, then

the mgf of S—X T X, 1S [independent ]

S Q>R -5 (1) = Mﬁ(t)g e EMﬁ@)-‘“ (%)
s:R>R

Proof. Mg(t) = Eg(etﬁ) = Ex,, . x, [QI(M)]-' Nosé:ectjo.l c:o.secl:fs

“Yo-Ya | B 3 A negative binomial g
are indep. _i Ex,, . X, ) (8)] with n=1.
£ Ex, (e'21) x -+ X Bx, (€!22) = Mx, (t) x -+ x Mx, (1).

»Example. If X, ..., X, are i.i.d. ~ geometric(p), then

By unigueness
gg’f‘mﬁ"f}_‘}{,ﬂ‘;‘_’,“;’)" >5=X+-- +X ~ negative binomial(n, p). 7;;;%(—,;5?-

&P Broof. Ms(t) = My, (¢ ) % - % My, () — i LAp8-35
_ pet x pet _ [ pet }EJ

1—(1—p)et X 1—(1—p)et 1—(1—p)et

B

@ p. 8-39
,_J_"}—QEX"“ ple. If X, ..., X, are independent and

convolution o2

?ZVP-?-BZ.?-?"-) X. no_mml(,gz, g, for ZE_(IS,) =£(LNP 8-4)

Let S =agta, X+ +a, X, _then — Tan(s)= G (LNp8-13)

Ms(t) Y + “Yn =Z 2 9 2
=%t My(t) O ~ normal aO + aipy + -+ Appln, a1 07 + -+ az o )

=R My®)] & Yi~romal (2iti, 0262 b= A 2 2 o
Proof. Mg(t) = g%t x [}, ettt tloi/2) at) 4Byam‘gueness

Thn, & mg5:
in LNp.§-35

Recall. Joint _ (ao-i-al pitetan pn)t+ [(G%U%‘F +an‘7721)/2] £
disbribution - T Moe Loz
b@Definition (Joint Moment Generating Function). For random

variables X, ..., X X , their joint mgf 1s defined as mﬂzg‘"‘e"! “°ﬁ"'f;!l

(X1 Xn) :25R |, _ t1 X1+ +ta Xn
MXl,...,Xn(t?la"wé’Q) EXI;-"aX”rL (QT T )

Mxlo"':Xl 3 R"—’R. d‘ n-b 7
provided that the expectation exists. ifferent tes 5. (A) in LNp.8-38

»Example. If X, ..., X, ~ multinomial(n, m, Pis oo p,,), the

joint pmfis: N . .
T Tom,
(561, :Cm>p1 pm

o sxbsrb b} L=‘)°".m-
Xt 4 Xm=
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Joint t’:)ﬁ —> marginal ;i{;
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- S ;relw!:c‘anslu‘ between
» Some Properties of Joint mgf {from defnition] jo?ni‘ mg‘} &

i ‘—— -

can be > MXl (t) - MXl,XQ,---,Xn (t: 07 sy O) malymal mgf

any Xt —>— 3 —# of.| -

» uniqueness theorem E(7 Zo)=1, E(ﬁ gtiXi | When setbing ti=---=tn=t,
: : .~ | it becomes the mgf of

Note. | %X , ..., X, are independent if and only if Xy 4--++Xn

same —— - b ]

gm‘ y/h:::s MXI,.--,Xn(t_17- . .7t_n) ? MXl (tl) X+ X MXn(tTn). (*) '-n

r Fdf N T — — - ——
cdf. m.fp. — Joint mgf = - marginal mgs different ti’s LNp.8-38
k1t +kn — ™ s
S Mx,,..x, (0,...,0) T——Exl,...,xn (X1 X e X X =),
1 n - .

% Reading: textbook, Sec 7.7 similor o the Thm &meF '“LNP-Q'%"B’]
. t - A T - oni——) p. 8-41
e, o) il opbtn | —|eXpRWUON ™

moment (i ) v ovariargﬁc
RIY)|% Definition. Y=R(X) *Covariance === « Cxy = CoV(X,Y)
miment. generating funckion PuA0)5) ( ';; ‘T Rwpm | |rcorreltn = E(-AXY-A)]
Do, (Lol trrsSorm) — { SAEPER) Ew={ S oo | | skewness =~ B~ Eoom)
) ’;'x&) ‘:Eg(eﬂ) ﬁ S “g)ﬂglﬁ)d! [=) Eﬁfa R-('x) e . kw”toSDS . Cov(X»X)-—VAr(X)
M, G, )= (5% t¥) ;2 F R 8 p) *COV>0,<0,=0
@uipuionsss theorom FEE pgl%) /a4 %) < 5| B s PRY/s5tg * measure_degree
-‘ @&m Inbuition: “Ce’hr" 0; (53 * — g o; OSSOCmtm
Sondtbional st oo s — X<y Ex<Em) Teov (T, TV
S— & sl e Ep(e:x~)=>: E(x)all| [ 2<X<brasE)sb = FF v
M (o2= e difforences | | - egectation & T ~ i r (Tx0)= Zvar()
e Ki_y Ko + compare X, : indep. -W{FO‘Y)‘EOOE(Y) +2 TL cov(Xi, Xq)
5528 M~ xa(00)=E(K- X8) = = indep 2 uncorrelated <3
 mgS: & linear traasfrmation. TEwbied el | Elamifc] | LUTPE —
Masbx (0= €% My(bt) ~EV) =E[QIEIR] | [ hove same == \);;f(z:;-‘z Tk
4—®mgF & sum of indep. r:vs *co * cconvex mean U, var 6 Yz oA
Mgt (€)= Mx(£) XXMy (£) :Ve "le((‘gl))(:)") ﬂ{comaveaE[fmbﬁ(m) &;("_‘“PE-&) U <= Oxy = cor(X.Y)
N -~ ay e =, o Uxy = 3
.a:;v:mgf-(: m e ~Vor LY) SERI< REY) - VE@)’GZT - Souy)
2, XnCL~,Tn = () Rt %a(En . - X Y
» Joint & tnal compove its dist. with t = - -
NV he gt it of T30 s
° w e
‘ - * Eyix[A0|X=]: @ function | | - measure strength of
mafs of some.dist. — E@?"}T"’F]l Lineay, associotion
i e dist. Variance hion * e RX)| X =% |= R(X) * Cor(ao+au X, botbiY)
: disrte v L (V)= EqTarur¥] | | |* 5,x[= indep. e Sy orx)
 binomia| + Yorx[ Eyx(YIX)] Eyp[ROOX=2]=EJRQY [ |, aye
« Regative binomial| | 10w oF total eqectition  (CF{ || © Vary(¥)= Ex[Tary(yIX)] = a constanty function of X e:%{-ﬁ.ﬁﬁ&ifo
Lundorm g | |7 7 BeddROO]S) < Eyix(YIX)=EY) =
« gamma ExlRu]  ExEyx[Reolx] ||| * Vot =Vand Evit¥IX)] || ", criterton:Mse
+ beta, | > E(Y) =ExEy(YIX)e— < Y= Evx(YIX) + best constant predictor - better predictor
» norma. . My » MSE = 6y* - smaller MSE
— Exylfx.0]= * best linear predictor — need more
w —>| Uy~ XY (. E:G -2 i r"la.t.
ErEm[R{’.“'.Dl%].lE;Em[m,X)l&] e t"m f:o :m-ms vU-63) :?nt?&::t ation
L mult;phwhon lawﬁl Em(le___x) -DMSE=E,‘[VZr le(le)] ist,of X,Y
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