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Opgave 1



(a) x
t er en stationær proces: E(x
t) = E(w
t) − E(w
t−1 = 0 og



γ(t, t − k) = Ex
tx
t−k = Ew
tw
t−k+ Ew
tw
t−k−3+ Ew
t−3w
t−k+ Ew
t−3w
t−k−3


= 1
(t=t−k)+ 1
(t=t−k−3)+ 1
(t−3=t−k)+ 1
(t−3=t−k−3)


= 1
(k=0)+ 1
(k=−3)+ 1
(k=3)+ 1
(k=0), som er en funktion udelukkende af | k | (og ikke af t).



(b) x
t = w
3 er en stationær proces fordi Ex
t = Ew
3 = 0, og Ex
tx
t−k = Ew
23 = 1.



(c) x
t = w
3+ t er ikke stationær, fordi middelværdien er ikke konstant, Ex
t = t.



(d) x
t = w
2t er en stationær proces, idet Ex
t = Ew
2t = 1, og γ(t, t − k) = Ex
tx
t−k= Ew
2tw
2t−3 =



( 3 hvis k = 0 0 ellers, som kun afhænger af k (ikke af t).



Opgave 2 Resultatet er et generelt resultat for stokastiske variable X og Y : Cov(X, Y ) = E(X − µX
)(Y − µ
Y) = EXY − EXµ
Y − µ
XEY + µ
Xµ
Y


= EXY − µ
Xµ
Y − µ
Xµ
Y + µ
Xµ
Y


= EXY − µ
Xµ
Y.



Opgave 3



(a) Ex
t= β
1+ β
2t, som ikke er konstant, s˚ a x
t er ikke stationær.



(b) y
t= x
t− x
t−1 = β
1+ β
2t + w
t− β
1− β
2(t − 1) − w
t−1 = β
2+ w
t− w
t−1. Dvs. vi kan se ud fra metoden i (a), at vi m˚ a f˚ a at y
t er stationær.



(c)



Ev
t = 1 1 + 2q


q



X


j=−q



[β
1+ β
2(t − j) + Ew
t−j]



= 1



1 + 2q



"



(1 + 2q)(β
1+ β
2t) − β
2
 q


X


j=−q



j +


q



X


j=−q



Ew
t−j


#



= β
1+ β
2t + 1



1 + 2q [ − β
2· 0 + 0]



= β
1+ β
2t.



1



(2)
(d) Eftersom



v
t = β
1+ β
2t + 1 1 + 2q


q



X


j=−q



w
t−j,



autokovariansfunktionen er lig med γ(k) = Cov(v
t, v
t−k) =



 1 1 + 2q




2 q


X


j=−q
 q



X


i=−q



Ew
t−jw
t−k−i


(Kun bidrag n˚ ar i = j − k. Desuden k − q ≤ j ≤ q, n˚ ar k antages 0 ≤ k ≤ 2q)



=



 1 1 + 2q




2 q


X


j=k−q



Ew
2t−j


=



 1 1 + 2q




2


(q − k + q + 1)σ
w2


= (1 + 2q − k)σ
2w


(1 + 2q)
2 , (og alts˚ a nul for k > 2q) hvorfor i øvrigt autokorrelationsfunktionen er



ρ(k) = (1 + 2q − k)σ
w2


(1 + 2q)
2 · (1 + 2q) σ
w2


= (1 + 2q − k)



1 + 2q = 1 − k 1 + 2q .



Opgave 4


Homework 1 solutions, Fall 2010 Joe Neeman


(b)Xtoscillates with period 4. Since there is no noise,Vtcompletely
 smooths out the oscillations, resulting in a flat line.


(c)Xtoscillates more-or-less with period 4, but there is quite a bit of
 noise.Vtsmooths the oscillations.


(d) The same pattern is visible in (a)–(c). In each case,Xthad regular
 oscillations with period 4, andVtsmoothed out the oscillations, more
 or less. This was particularly noticeable in part (b) since there was
 no noise. Part (a) is a little different from the other two because it
 is not stationary, but this isn’t particularly visible from the plots.


What is visible, however, is thatXtis strongly correlated withXt+4


in part (a), while it isn’t in part (c). This can be seen from the fact
 that the peaks in part (a) vary relatively smoothly.


The R code that generated the data for this problem is as follows:


w <- rnorm(100)


xa <- filter(w, filter=c(0, -0.9), method="recursive")


va <- filter(xa, filter=c(1/4, 1/4, 1/4, 1/4), method="convolution")
 xb <- cos(2*pi*(1:100)/4)


vb <- filter(xb, filter=c(1/4, 1/4, 1/4, 1/4), method="convolution")
 xc <- cos(2*pi*(1:100)/4) + w


vc <- filter(xc, filter=c(1/4, 1/4, 1/4, 1/4), method="convolution")
 par(mfcol=c(3,1))


postscript(file="stat_153_solutions1_5.eps")
 plot(cbind(xa, va), plot.type="single", lty=1:2)
 plot(cbind(xb, vb), plot.type="single", lty=1:2)
 plot(cbind(xc, vc), plot.type="single", lty=1:2)
 dev.off()


6. The plot of the sample autocorrelation function is in Figure 3. The first
 7 coefficients are approximately (1.00,0.62,0.13,0.05,0.00,−0.14,−0.20)
 and theRcode that generated the data is as follows:


w <- rnorm(102)


x <- filter(w, filter=c(1, 2, 1), method="convolution")[2:101]


postscript(file="stat_153_solutions1_6.eps")
 a <- acf(x, type="correlation")


dev.off()
 print(a$acf)


4



Opgave 5



2



(3)
Homework 1 solutions, Fall 2010 Joe Neeman



(b)
 Xt oscillates with period 4. Since there is no noise,
Vt completely
 smooths out the oscillations, resulting in a flat line.



(c)
Xtoscillates more-or-less with period 4, but there is quite a bit of noise.
Vtsmooths the oscillations.



(d) The same pattern is visible in (a)–(c). In each case,
Xthad regular oscillations with period 4, and
Vtsmoothed out the oscillations, more or less. This was particularly noticeable in part (b) since there was no noise. Part (a) is a little different from the other two because it is not stationary, but this isn’t particularly visible from the plots.



What is visible, however, is that
Xtis strongly correlated with
Xt+4


in part (a), while it isn’t in part (c). This can be seen from the fact that the peaks in part (a) vary relatively smoothly.



The R code that generated the data for this problem is as follows:



w <- rnorm(100)



xa <- filter(w, filter=c(0, -0.9), method="recursive")



va <- filter(xa, filter=c(1/4, 1/4, 1/4, 1/4), method="convolution") xb <- cos(2*pi*(1:100)/4)



vb <- filter(xb, filter=c(1/4, 1/4, 1/4, 1/4), method="convolution") xc <- cos(2*pi*(1:100)/4) + w



vc <- filter(xc, filter=c(1/4, 1/4, 1/4, 1/4), method="convolution") par(mfcol=c(3,1))



postscript(file="stat_153_solutions1_5.eps") plot(cbind(xa, va), plot.type="single", lty=1:2) plot(cbind(xb, vb), plot.type="single", lty=1:2) plot(cbind(xc, vc), plot.type="single", lty=1:2) dev.off()



6. The plot of the sample autocorrelation function is in Figure 3. The first 7 coefficients are approximately (1.00, 0.62, 0.13, 0.05, 0.00,
−0.14,
−0.20) and the R code that generated the data is as follows:



w <- rnorm(102)



x <- filter(w, filter=c(1, 2, 1), method="convolution")[2:101]



postscript(file="stat_153_solutions1_6.eps") a <- acf(x, type="correlation")



dev.off() print(a$acf)
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