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Announcements
1. Handouts and annotated handouts are available at
http://cisl.postech.ac.kr/class/eece574/schedule.htm . Passwords are ...
2. Lecture videos are available at the cisl.postech YouTube channel. Please add
clickable time stamps. X )
3. HW#02 and #03 were due at 10:59am Today. HW#04 will be posted soon.
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Corrections; Clarifications; Common mistakes, misunderstandings, misconceptions, 0 =+ '{:L

myth; Frequently Asked Questions; Conventional wisdom szt:(-|

1. stationarity = W\: irrelevance to the time
origin/reference XH:.) xi'n,; (2¢) ] ‘lk i:, %’ﬂa‘vﬂ% = bansldn— Myadgut

\g/Z—D CDF vs. 2-D time plane M\mm Pmi’erﬂﬁs

Overview (Chapter numbers from the main textbook by Pa% ) ﬁ%l\ ok » dmda | P

9. General Concepts =Rwc (ﬁ@&@ = “‘“‘EZ( = are  adll S f?i
7. Sequence of Random Variables R R Yo Wt &) W J rF

10. Random Walks and Other Applications Roc, B @(‘ﬁ;‘tlj
11. Spectral Representation

12. Spectrum Estimation
13. Mean-5quare Estimation
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Review —&[’h](ﬁ-') ¢,
1. stationarity M /b\xf{:‘g ‘ED‘({:']

b- l

a. the stationarity to order 1, 2, 3, etc. ( g XL) =
b. the strict-sense stationarity jx[tdd N Axl" R}c(s,tj-;E[}(@)XH:)]
c. the invariance of the n-th order CDFs/POFs/PMFs/CFs under time CX )= Gy C%s,)(t—)
translation: time difference when n=2 . .
/t( A I ,ati\
d. 1st includes 2nd includes ... includes SS "F)({tztm (7(:_‘) FPK'“ ( vt

2 PCX-L-\ =y, ){1;,_._117 X{;\EK“J

2. the mean function/path, the (auto)correlation function, the (auto)covariance

function
3. a wide-sense stationarity O, ‘%Fep Xe & wled ceontorlr
1 1 i t i
a. The mean 'Functrgn and tmw consequently, the oo {@L’{ 0o V*b
covariance function are W@L /Q/
b. The WS stationarity includes the stationarity to order 2. reall-volued RP

c. cf) a wide-sense covariance stationary RP == c)()( C_C)
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IV'One.-, two, many, ...

VMuItiple random processes are independent. LQMJ CSQ\ltf‘c&Q Q}(X{j:{t'ﬂa}** }/W{ﬁ/(/t)ttﬁ)
UAMultiple random processes are jointly stationary. T aerdend .
UMultiple random processes are WSS. DCS—‘

\/vector-valued RP

i Cowsten (s den x(B)=o_ W
6.5 Gaussian RPs %«rb_wss RP x@}’f

6.6 Poisson (counting) RPs & :HTFFT:
o As a CT discrete RP: a counting process; a Levy process, ‘([ﬂ: N‘t)'i‘* )
o As a DT RP: an arrival process, an interarrival process, a renewal process \ﬂ.&) _,_}AY[_&): lﬂ_&_).fpl.t)= x(.&)

o nonstationary but ergodic process
time average of a random process
stationarity and ergodicity of Gaussian and Poisson RPs

ergodicity in XX sense

a. the time average of a random process
i. the time average of a determinstic power signal
ii. vs. an ensemble average of a RP

b. an ergodic vs. a non-ergodic RP

6.7 Complex RPs
o complex envelope process

o proper-complex vs. improper-complex RPs




o complementary correlation function
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Statistical Independence and Joint Stationarity

@ Two processes X (¢) and Y (t) are statistically independent if the random variable
, X(ta)

group X (t1) ,..., X(ty) is independent of the group Y'(), Y(t}), ..., Y(t),)
for any M, N and any choice of times 1, ..., tx, ], ..., ).

@ More formally, two processes X () and Y'(t) are statistically independent if for any
M, N and any t,...,tx,t], ... th,

S
FXY (@1 ey DN YLy s YA YL ey ENy vy By) (S;ﬁ‘?)
= fx(@1y ey Nty e EN) fy (U, s Yari s o thy) (6.2-6)

o Def. Two random processes X (¢) and Y'(¢) are called jointly stationary to order ....
if ...
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o Def. Two random processes X () and Y'(¢) are called jointly wide-sense stationary if %
. — cipes—~cowelotran
— each process is WSS; and

— their cross-correlation function, defined by QQ) E (tf,'bt.) ‘5" Xﬂ:) }\ \ﬂ‘e
Ry (ti,ts) = EIX(1)Y (t) 2€ )Ylt‘zﬂ
is a function only of time differences and not absolute time; that is, if at)= L_&
Ryy(t,t+7)=E[X(#)Y(t +7)] = Rxy(7) ( 2) ’ )

=Ry (tet)
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6.5 GAUSSIAN RANDOM PROCESSES

@ Def. A continuous random process X (¢) is Gaussian, if the RVs
X1 = X(t1),..., Xy = X(ty) for any N and for any t £ [t,, ..., tx]", are jointly
Gaussian,
that is, the joint CF X (t) £ [X(t)), ..., X(ty)]” is given by

TOviny
Pyp(w) = oxp (JQ’JIM - %”—g)
2
where . /@('/ ><.E=A"[‘&t*t W‘/’blﬂ_ A B‘\‘} [aY &
tx = BIX ()] N
and M‘ NCO‘ {) RUs :
[Cxxwlii £ Cxx(ti,t;) = Cov{X(t:), X (t;)}-
o Lemma. If C'x()x(y is invertible, then X(t) is a Gaussian RP iff the joint PDF is C_D M—{é
iven b
given by La @)C CS) 1;3
fxw(@) = é(‘xl) (*l(i - ll,\'(f))TC;(lt X 1)(!* N,\'u))) Py (:;< )
o (2m)N det(Cxnx ) 2 S o Q@ (e =2
N ?
for any N and for any t 2 [t,, ..., t5]7. QV) , ( (1/1:)@
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