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Modelling and System Identification — Microexam |

Prof. Dr. Moritz Diehl, IMTEK, Universitit Freiburg
November 18, 2014, 8:15-9:15, Freiburg

Surname:

Study:

Name:

Studiengang:

Matriculation number:

Ha-’:hclnrlj !'-'[asler]:[

Please fill in your name above and tick exactly one box for the right answer of each question below.

1.

P

What is the probability density function (PDF) px (z) for a normally distributed random variable X with mean u and variance

a7 The answer is py () =

1

Wvarg?

M)

EVI e

[T—H)

(b)[ ] F.‘_Ti

@XT e =

What is the PDF of a variable

Z with uniform distribution on

the interval ¢, d)? For x € [e,

d| it has the value:

@[] pzlz)=(d—e)

[ ] pz(z)=(c—d)p?

(© | pzlz)=

T
Wid—e

td}g ??z{-ﬁ," = ,-jlc

answeris pzlr) = L

(2w )™ det(E)

. What is the PDF of an n-dimensional normally distributed variable £ with zero mean and covariance matrix £ = 0 7 The

@[] e+

tb}g’ E‘_&T.;.E 1,

©[] &=

(@[] er= > =




4. Regard a random variable X < E™ with mean d < [E™ and covariance matrix ¥ € ™™ Forafixeda € E™ and 4 € B™*7,

regard another random variable V" defined by ¥ = a + AX. What is the mean gy of ¥ 7

[a][[ Y —a+ AX tb]& a + Ad |;,;-]|:[ AXXT 4T td]l:l aT Ad + dTxd
5. Above in Question 77, what is the covariance matrix of Y77
(@[] d'=d )X AzAT @[] AT=14 (] AT'AT

6. Above in Question 77, which statement is true? CoviY) =

—

(a)[ ] YTY — pylpy

—
ﬂQ@ E{YY T} — pypy ) = cou('y)

@[] YYT — pypy

@[] EYTY}—pypy

7. (*) Above in Question 77, what is the mean of the matrix val

ued random variable 7 = Y¥7T'?

(a)[ ] (a+ Ad)(a+ Ad)T

(0[] aa™ + Add” AT + AT AT

@] (a+Ad)(a+ Ad)"

+ AT AT

([ ] aa” + Add" AT

ECY) = LE(«{-AX)
e A )
e

Y-‘cr{-,4 X

/&U(T)z A'Cov(k) A-\T\
ESYTS = utin) +ppp




8. A scalar random variable has the standard deviation y. What is its variance?

. Regard a random variable 5

@[] 7

YT

@] v

([ ] v

A scalar random variable has t

he variance w. What is its standard deviation?

() |:[ w

by ] w!

@[] w

(AP v

- . . 2 . , , a
E with zero mean phd variance 7=, What is the mean of the random variable z = 3 7

@[] 8+a*

M ] o

[c]& a?

(d[] B+o

. {*) Regard a random variable X R witQzeTo meaﬁ)‘ nd co

variance matrix *. What is the

mean of Z = XTX 7

@[] B3

(b)[ ] det(X)

©[] =03

(@p trace(x)
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. What is the minimizer =* of the convex function f : R —+ R, f(z) = — 227

[a]lj ¥ =-1

m[] =* =1

ILCJ.KT r* =log,.(2)

(@[] =* =0

. What is the minimizer r* of the convex function f: E — R,

flz)=a+ Bz + Lyr? |withy =07

@[ ] =* = =

O =2

@[] = =-+

@[] = =2

. What is the minimizer of the convex function f: BE™ — R,

flz) = lly — ®=|;3

iwith @ of rank n) ? The answer is * = . ..

@[] —(2e") 1Ty

M) —(@Te)'ely

©p (B7@)'aTy

@] (e2")'2Ty

. What is the minimizer of the function f : B" — R,

f(z) -

|b+ BT z||3 | (with BT of rank

)7 The answeris =* = ...

@[] (BB")"'BTb

P —(BBT)"'Bb

@[] (B"B)'Bb

@ [ ] —(B'B) 'B'b

. For a matrix ® € B" *? with rank d (and N > d), what is its pseudo-inverse &+ ?

@[] (287)'a7

M ] (2e7)'d

@fg (272) 13T

@[] (7®)'@




20.

21.

. Given a sequence of numbers y(1), ..., Yy V), what is the minimizer #* of the function

fl8) =37 (y(k) —8)%|?

(@[] __‘TZ}:":JIM:]” tbjg M (@[] ffzj:":lylfk_]” (] ST "'_"m.,

. What does “1.i.d.” stand for?

(aJE[ infinite identically disturbed U:l]l|:| infinite identically dependent

(cJE[ independent identically disturbed (-:1]I independent identically distributed

. Given a sequence of i.i.d. scalar random variables X (1)....,_ X (), each with mean p and variance . what is the expected

- N T
Y = #EA:J Xik)|?

value of their arithmetic mean, i.e. of the random variable ¥ defined by

(aJE 7 m[] & @] &

([ ] :j;

In Question 77, what is the variance of the variable ¥ 7

@] % O = A2 = @5

S
Given a prediction model | y(k) @9"1 + H@ e(k) | with unknown parameter vector # = (#;,#:)". and assuming i.i.d.
noise (k) with zero mean, and given a sequence of N scalar 'Ll'l]IILIE and output measurements r{1), . .., z(N)and y(1),.... yiN |,
we want to compute the linear least squares (LLS) estimate #5 by minimizing the function f(#) = |lyn — ®n0|3. If
ynv = (y(1)....,4(N))', how do we need to choose the matrix &, < RV*2?
r(1)? 1 1 x(1)* 1 z(1) 1 —=z(1)
@l | @ O |1 @L] f: G
| z(1)* 1] |1 z(N)? |1 z(N) ] |1 —x(N) ]

\(-_-A.X

JEGr = %/ ge‘k(w

—
—

e

ARl o)

< e ()= A -cou(K). 4T



