EE361: SIGNALS AND SYSTEMS 11
CH4: FUNCTIONS OF RVS, EXPECTATION

http://www.ee.unlv.edu/~blmorris/ee361



2

INTRODUCTION

" We will only give a brief glimpse of a few concepts

®* Would require much more time to do this properly



FUNCTION OF ONE RANDOM VARIABLE

® Define a new RV as function of another
Y = g(X)

= Denote Dy as the subset of Ry (range of X) such
that g(X) <y

(Y <y)=[gX) <y|]=(X€ Dy)
= Event of all outcomes € s.t. X(&) € Dy




DISTRIBUTIONS

= PDF

s CDF

" Fy(y) =P <y)
= Plg(X) <y]
= P(X € Dy)
— fDYfX(x)dx

= Note: we will only consider
continuous time

» With X continuous with pdf

fx(x) and y = g(x) a one-to-
one mapping

= x =g "(y) = h()
" Then,

" [ = @ |2

= fulh)1 |52



EXPECTATION (4.5 A, C)

f Zz g(xi)px(x;) discrete
\ ffooo g(x)fx(x)dr continuous

= Note subscript X in Ey[.] indicates the underlying
randomness =2 distribution comes from RV X

ElY|= Ex[g(X)] =«

® Linearity property
" E[Yi aiX;] = Xieg a; E[X]
" Independence property
" Ellli=19: (X0 = Elg;(X)]



SPR 4.92 EXPECTATION

= X number of heads in 3 tosses of a coin. Find
expected value of Y = X?

X ~ Bin(3,0.5) E[Y] = Ex[Y]
— Ex (X2 =S 22px (2
= px (k) = (i) 0.5%0.5%* X7 Xkl kpx ()
SR =D kpx(k)
px (1) =3/8 —
PXx (2) — 3/8 — Osz(o) 4+ 12pX(1) n 22pX (ZE‘) n 32}9)((3)
(3)



SPR 4.87 DISTRIBUTION

= Find the pdf of Y it X ~ U[—1, 2]
= Y =2X+3=g(X)
* Find mapping and partial derivatives

- d d
= x=h(y) == dy=2dx=>d—;=§=d—yh(y)

= Combine for final distribution
= fO) = @ D] = (O |52 = ()5 =2
1

= Note: fy(x) = 3 since it is a uniform RV

®  (Check endpoints
B =3 =3 /

.—1—T=>y:3—2=1 2=T$y=7

fr(y) ~U[1,7]

= See problems 4.2 - 4.4



