TEST #2
STA 4853/5856 Name:
May 3, 2013

Please read the following directions.
DO NOT TURN THE PAGE UNTIL INSTRUCTED TO DO SO

Directions

e This exam is closed book and closed notes.
e There are 27 questions, all multiple choice.

e Circle a single answer for each multiple choice question. Your choice should
be made clearly.

e There is no penalty for guessing.
e The exam has 10 pages.

e Fach question is worth equal credit.



The following information applies to the next 5 problems:

Suppose Y; = v(B)X; + N; where X; is a step function representing an intervention at time 10
(so that X; = 1 for ¢ > 10 and X; = 0 for ¢ < 10). The following five plots depict the changes
C; = v(B)X; produced in the series Y; by different transfer functions v(B). In each case, pick the
simplest type of transfer function that could produce the given changes C}.

In each case, the possibilities are:

a) Wo b) WQ32 C) Wo — CL)lB — WQBQ d) B3(w0 — wlB — W2B2>

wo — w1 B — wy B? wo — w1 B — wy B?

1-4B ) 1—6B—0:B? — 6383

Wo Wo

e) 1= 0,8 f) 1= 0,8 — 6,8

g)

Note: In all the plots C; = 0 for t <9, i.e., nothing changes before the intervention at time 10.

Problem 1. What is the simplest type of transfer function v(B) that could produce the changes
C; = v(B)X; pictured below?

a) b) c) d) e) f) g) h)

Problem 2. What is the simplest type of transfer function v(B) that could produce the changes
Cy = v(B) X, pictured below?

a) b) c) d) e) f) g) h)




Problem 3. What is the simplest type of transfer function v(B) that could produce the changes
Cy = v(B)X; pictured below?

a) b) c) d) e) f) g) h)

Problem 4. What is the simplest type of transfer function v(B) that could produce the changes
Cy = v(B)X; pictured below?

a) b) c) d) e) f) g) h)

Problem 5. What is the simplest type of transfer function v(B) that could produce the changes
C; = v(B)X; pictured below?

a) b) c) d) e) f) g) h)




Suppose you wish to predict the random variable X based on the information Z. Let X denote

your prediction for X. Suppose you pay a penalty depending on the accuracy of your prediction
X.

Problem 6. If you will have to pay a penalty of (X — )A()z, then the best prediction for X is
the of the conditional distribution of X given Z.

a) variance b) standard error c) median d) mode e) mean

Problem 7. If you will have to pay a penalty of | X — X |, then the best prediction for X is the
of the conditional distribution of X given Z.

a) variance b) standard error c) median d) mode e) mean

Problem 8. If you will have to pay a penalty of $100 unless X is within € of X (where ¢ is
small), then the best prediction for X is the of the conditional distribution of X given
T.

a) variance b) standard error c) median d) mode e) mean

Problem 9. If you are predicting future values of an ARIMA process with normally distributed
random shocks (given values of the series up to time n), then the best prediction is for

all three penalties in the previous three problems.
a) different

b) the same

c) equal to the variance

e

)
)
d) equal to the standard error
) never equal to the mean
)

f) never equal to the median

g) never equal to the mode

Problem 10. An ARMA(2,2) process will be invertible if . ..

a) it can be written as an MA(oo) process

b) the long run mean is constant
c) |6y <1
d) [¢] <1
e) |6 <1
f) l¢2| <1

g) 92| <1, 92+ ¢1 <1, and ¢ — 1 <1
h) ’92|<1,92+61<1, and 0, — 0; < 1



Problem 11. A transfer function v(B) can be expanded in a series v(B) = v + v1 B + vo B? +

v3B3 + -+ whose coefficients vy, v1, vs, ... are called the v-weights. The graph given below is a
plot of the v-weights (plotting vy versus k) for which of the following transfer functions?
a) (2—0.8B) b) B(2-0.8B) c) B*(2-0.8B)
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Problem 12. Suppose you are given values of a stationary ARMA process z; up to time n, and
you compute a “long range” forecast Z,,x = Z,(k) where k is large. The forecast 2, will always
be approximately equal to ...

a) 7, b) z, c) o2 d) o2 e) C ) 1. g) 1.960, h) 1.960,

a

Problem 13. Continuing the previous problem, the variance of the forecast error will be
approximately equal to ...
a) 7, b) z, c) o? d) o2 e) C ) . g) 1.960, h) 1.960,

a

Problem 14. A transfer function model

_ B'w(B)
0z)

X+ Ny

where the input X; is an impulse (or pulse) function was used in lecture to model the effects of
an intervention with . ..

a) permanent effects on the level of Y;.
b

) permanent effects on the variance of Y;.
c) permanent effects on the level of N;.
)
)

d
e

f) short-term effects on Xj.

permanent effects on the variance of NV;.

short-term effects on Y;.



Problem 15. Suppose {z;} is an AR(1) process:
2=C+d121+

and you have observed all the values z; and a; up to time n. What is the best forecast of 2,17
(The best forecast of z,,1 is denoted 2,1 or Z,(1) in the lecture notes.)

a) C+ ¢:C + ¢z, b) C + ayi1 c) f: + d1kn d) p. +1.960.,
e) C+ ¢12, + ani1 £) w. g) C h) C+ ¢12,

Problem 16. Continuing the previous problem, if you have observed z; and a; up to time n,
what is the best forecast of z,.27 (This forecast is denoted Z,42 or 2,(2).)

a) C'+ 12, b) C+ ¢12n41 C) [+ P1in41 d) C+ ¢:1C + @iz,
e) C+ d12p41 + Gpio f) w. g) p, +1.960, h) C

Problem 17.  For an ARIMA (p, d, q) process {z;}, the variance of the one-step-ahead prediction
erTors . ..

a) is equal to o2. b) is equal to o2 c¢) depends on ¢1,...,d,, and o2
d) depends on d. e) depends on 6y, ...,0,. f) depends on d, ¢1,...,¢,, and o2

Problem 18.  Suppose the series {Y;} and {X;} are jointly stationary, and the series {X;}
follows an ARMA model

where b; denotes a white noise series. Let f(B) = . Which one of the following statements

is true about the filtered series X, = f(B)X; and Y/ = f(B)Y;?

N
—~
Sy
~—

a) the cross-correlations between X, and Y] are zero
b
c

d

e

Y/ is white noise
X] is white noise
X/ is non-stationary
Y/ is non-stationary

)
)
)
)

f) Y/ = f(B)X;



Problem 19. Which one of the transfer functions given below uses the alternative parameter-
ization which is requested by the ALTPARM option?
wo(l — w1 B — wyB?)
2) S (1= 0B — 0,5
wo(l — w1 B — wyB?)
1—6B—0,B?
Wy — w1 B — wy B?
1—6B—0,B?
1 —w B — wyB?
1—6B—0,B?
1 —w B —wyB?
®) 5= 6B = 6,

b)

c)

d)

Problem 20. Suppose that X; and Y; are non-stationary but that the differenced series X; =
VX, and Y;* = VY, are jointly stationary and satisfy the transfer function model
. _ Bw(B),. 0(B)
= ay -
B Tt eyt

This model may be re-written in terms of X; and Y; as ...

s B L
b) Y, = B;?];?)Xt LU —¢Ji);)9(3) a,
©) f= B;é(s?)Xt e
i~ B g
.
o B 2,
BN Bb§g§<)B>Xt+ 35"

Problem 21. If {X;} and {Y;} are jointly stationary, then the cross-correlation function is
defined by pgy(s) = ...



Problem 22.  The minimum information criterion (MINIC) method can tentatively identify
the order of a stationary and invertible ARMA process. For a range of values for p and ¢, a table
supplies an estimate of the divided by n (the series length) that would be obtained if an
ARMA (p, q¢) model were fit to the data. The models with the tabled values are worth
considering as possible models.

The sentences above contain two blanks. Select the response below which gives two words which
correctly fill these blanks.

a) P-value, smallest b) P-value, largest c) BIC, smallest d) BIC, largest

e) AIC, smallest  f) AIC, largest  g) Chi-Square, smallest ~ h) Chi-Square, largest

Problem 23. Based on a series 21, 29, ..., 2, consisting of monthly data, you have fit an
ARIMA(1,1,1) model with no constant (i.e., C = 0). How would you expect the long range
forecasts 2, (k) = Z,41 to behave?

a) The forecasts will converge to a value which depends mainly on the last few observed values
Zny An—1y - - -

b) the forecasts will converge to a repetitive pattern, repeating every 12 months.

c) the forecasts will converge to a seasonal pattern (repeating every 12 months) added to a
straight line with nonzero slope.

d) the forecasts will converge to a straight line with a nonzero slope equal to the mean of the
differenced series Vz;.

e) The forecasts will converge to a value approximately equal to the overall mean of the time
series.

Problem 24. The MA(1) process z; = a; — 0.7a,_1 can also be written in the form

a) zz=a; —0.7a;_1 — 0.7%a;_5 — 0.73a;_3 — - -~

b) 2 = Q¢ + O.?Gt_l + 0.72at_2 + 0.736Lt_3 —
C) Zr = Ay — O.?Zt_l — 0.72Zt_2 — 0-73275—3 —
1
R
) 2 = 1
* T 1107B"

f) (1 — 07B)Zt = Q¢
g) (1+0.7B)z = a4



Problem 25. Suppose we observe all the values z; and a; (the random shocks) up to time n.
Call this set of information Z,:

In = {Zna Zn—1y4n—2;5 -+ 0n;, Qpn-1,Ap—2; . . }

What is the value of E(z,_1 + 2z, + ap_1+ ap + a1 + ans2| Z,)? In other words, what is the best
forecast of z, 1 + 2z, + ap_1 + @y + A1 + apio given the information 7,7

a) 0

o

Zn—1 + Zn + Ap+1 + Qp42

¢)

)
) Un1+ Ay F Qpg1 F Qpao
d) zpo1 4 20+ Ao+ @y F Zng1 + Znao
e) Zn_1+ 2n

)

f
g) Zn—1 + Zn + Ap—1 + Qp

Zn—1 + Zn + Zn+1 + Zn+2

Problem 26. Suppose you wish to identify the transfer functions in the model:

Bblwl(B) Bb2w2<B)

Yi=C 4 T X 4
t 5(B) "M 6y(B)

Xoy + Ny

One approach is to temporarily replace the transfer functions by simple linear transfer functions:
}/t = C + vl(B)Xl,t + /UQ(B>X2,t —+ Nt
where

v (B) =v10+vi1 B+ U1,232 + -+ Ul,KBK
V9(B) = v + V91 B+ v29B% + -+ 4+ vg x BX

and then fit (estimate) this model with a proxy model (say, ARIMA(1,0,0)(1,0,0)s) for the noise
N; and use it to compute estimated values for the noise process

N, =Y, — C —0,(B) X1 — 05(B) Xoy .

If the series {N,} seems stationary, then you ...

a) use the ACF and PACF of {N,} to select a model to use in pre-whitening the series {Y;},
{Xi.}, and {X5,}, and then use the CCF’s of the pre-whitened series to select tentative
forms for the transfer functions.

b) use the ACF and PACF of {N,} to select a tentative noise model, and the patterns in the
estimated v-weights 1 (B) and 0,5(B) to select tentative forms for the transfer functions.

c) obtain the CCF’s of {X;,}, and {X,,} with {N;} and use them to identify tentative forms
for the transfer functions.

d) use the estimated v-weights to pre-whiten the series {Y;}, {X1.}, and {X5.}, and then use
the CCF’s of the pre-whitened series to select tentative forms for the transfer functions.

e) accept the proxy model as the final noise model and use it to estimate the final forms for
the transfer functions.



Problem 27. Two jointly stationary series X; (the input) and Y; (the output) have been pre-
whitened according to the usual procedure. A plot of the sample cross-correlation function of the
pre-whitened series is given below. Based on this plot, identify a plausible transfer function v(B)
to use in the model Y; = v(B)X; + N;.

BQWO BZWO BWO
a) b) c)
1-0,B 1—0,B— 6,82 1—0,B— 6,B2% — 03B
B
d) 1 O;OB e) B(wo — wlB — (A)QBZ — w3B3) f) B2(w0 — wlB — (A)QBZ — W3B3)
— 01
g) BZ(WO — wlB — CUQBQ) h) Wy — wlB — CUQBQ i) B(WO — wlB — w2B2>
The ARIMA Procedure
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Plot is based on prewhitened series.
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