EECS 501 SOLUTIONS TO PROBLEM SET #8 Fall 2001

la.

Note E[(z(n) —y(n))?] = E[z(n)*] + E[y(n)’] — 2E[z(n)y(n)] = Rz(n,n) + Ry(n,n)—
2R,y (n,n) =0 — z(n) = y(n) with probability one from #6 of Problem Set #5.

1b.

Let y(n) = x(n 4+ T) — x(n). Then Ely(n)] = Elz(n+T)] — E[x(n)] =0—0=0 and
Ug(n) =E[(z(n+T)—2(n))?] = Re(0) + Rz(0) — 2R, (T) =0 — z(n +T) = x(n)

— x(n) periodic with probability one, using the result of #1a above.

Also, Ry(n+T) = Elz(i)z(i + n+ T)] = E[x(i)x(i + n)] = R.(n) — R.(n) periodic.

NOTE:

Chebyschev#— Prly > €] < 2 =0 — Prly = 0] = 1 (<#6 of Problem Set #5).

- €

z(n) = pr(n—1)+w(n),z(0) =0 < z(n) = Z;:Ol h(i)w(n—i) where h(n) = p",n >0
Note that the upper limit is (n — 1) since z(0) = 0 and w(n) is only defined for n > 1.

2a.

Elz(n)] =31= 01 p'E[w(n —i)] = 0. Plugging directly into lecture formulae:

2b.

Ky(m,n)=>""", ZJ ) PTI Ky (m—n—i+j) =301 Z] ) pIe2d(m—n—i+j)
Ky(m,n) =03, 377, Pm nt2 = 52 pm- nllipp i :ﬁp@mﬂ assuming m > n.
m—nl

K.(m,n) =022 —"

S B since K, (m,n) symmetric (or just redo for m < n).

2c.

2 |m—n|

For |p| < 1, clearly LIM e (m,n) = Zul

m,n— oo 1—-p

. Hence z(n) is asymptotically WSS.

This makes sense: the initial condition z(0) = 0 is now in the infinite past.

2d.

Asp— 16 e=1-p— 0, then K,(m,n) = 032" =¢"" —, 52 (zelmonh o0 octmin)

2 e((m+";6 Im=nD — 52 min[m, n], which is the II process result from lecture!

— oy

N(n): N(n) is the sum of a 1-sided iid random process (Bernoulli), so have N(n) =
St a(k) — BIN(n)] = nBlz] = np and K (i,§) = o2minfi, j] = p(1 — p)minfi, ]

Y(n): E[Y (n)] = E[(-1)"™] = E[[Ti_, (-1)*W] = [T} EI(-=1)*™] = (1 - 2p)"

1 with prob. 1 —
; ; x(n) x(n) p p
since z(n) independent— (—1)*'") uncorrelated and (—1) = | with prob. p

E[Y (n)Y (n+k)] = BT, (-1)"D [[Z5 (-1)*@] = E[[[}2,,, (-1)*9] = (1-2p)*,
for k > 0, since (—1)?*0) = 1. Hence Ry (k) = (1 — 2p)!*! (use same idea for k < 0).

But Ky (i) = By (i — 31) = EIY ()]EY (3)] = (1 2p) =31 — (1= 2p)(*0),
Y (n) is asymptotically WSS since ™™ (1 —2p)» = 0. Note: Given p 7é z.

n—oo

4a.

Pmf for x(n): {pu)(n) = 71 Pa(n)(0) = 1-3} = Elz(n)’] = 7n?+(1-)0?

Convergence in prob.< nlil\ﬁoPer(n) —0|>¢ = "™ Prlz(n) = 1] — LM

n—oo n—,oo n

=0.

4b.

Convergence with prob. 1< Pr[{s: "™ z(n,s) = 0}] = 1. Fix s # 0 where s € Q.

Then z(n,s) =0 forn > 1 — nL_I)M xz(n,s) =0. Pr[{s:s# 0}] =1 —converges a.s.

4c.

0)2] — LIM

Convergence in mean square< - LIM El(z(n)— e

n # 0 — doesn’t converge.



5. Note: E[M(n)z(n)] =1 3" | Elz(i)z(n)] = L 3" | R.(i,n) = C(n) since 0-mean.

Only if: Schwarz#: C(n)? = E[M (n)x(n)]? < E[M(n)?|E[z(n)?] = E[M(n)?|R;(n,n).
Then "M M(n)=0< "™ E[(M(n)-0)2]=0—- "™ C(n) - 0. QED.

n—oo n—oo n—oo

If: B[M(n)’] = 1z Y0, Yjo Ele(D)z()] = 55 X221 Xy Ra(is )
- % 2?21 23:1 R (j,4) — n% Z?ﬂ Ui(i) - % Zyzl iCi) - # i1 0026(1‘)'

Then "™ C(n)=0— "™ BE[M1n)?]=0— “IM A(n) = 0 using the hint

n

and L S0 o2 < LMAX R (i,i) — 0 since finite Ui(i). QED.

i=1"z(n) = n 1




