Modeling and System Identification — Microexam 1

Prof. Dr. Moritz Diehl, IMTEK, Universitit Freiburg
November 21, 2018, 14:15-15:15, Freiburg

Surname: Name:

Study: Programm:

Matriculation number:

Bachelor D Master D

Please fill in your name above and tick exactly ONE box for the right answer of each question below.
You can get a maximum of 10 points on this microexam.

10.

. Which of the following functions is NOT convex on z € [—1, 1]

@[ Jz+42

() [ ] exp(—x)

(c) [x]sin~(x)

(d) [ ] —cos(x)

What is the probability density function (PDF) px (x) for a normally distributed random variable X with mean —6 and standard

1
VAT T

deviation 3? The answer is px (z) =

(z—6)2

®) [ e o

(2+6)2
@[ ]e =5

_(2-6)2

© [Je 5

_ (2+6)2

(d) [x]e 1=

Which of the following statements does NOT hold for all PDFs p(x) of a scalar random variable?

@[ ] [Z px)dz =1

®) [ ]p(z) >0

(© [x]plz) <1

) [] J2,plx)dz >0

What is the PDF of a random variable Y with uniform distribution on the interval [0, /3]? For z € [0, +/3] it has the value:

@[ pz(y)=2

®) [ |pz(y) = %

(© [x]py(z)= %

@ [Jpr(z)=1

Consider a multi-dimensional random variable X € R™ with mean value p. What is the covariance? cov(X) = ...

@[ JE{(X —p)}?

(0) [ B{(X — )}

© X]E{(X —p)(X —p)"}

@ [JE{(X —p) (X —p)}

Consider a multi-dimensional random variable X € R?. What are the dimensions of the covariance? cov(X) € ...

(a) Rdxd (b) D Rdxd®

(©) D Rd2 xd

(d) D RdX1

Regard a random variable X € R™ with mean ¢ € R™ and covariance matrix ¥ € R"*". For a fixed b € R™ and
D, A € R™*™ regard another random variable Y € R™ defined by Y = AX + Db. The mean of Y is given by puy = ...

(@ JAS'AT () []ATDb

(©) Ap+ Db

d [ ]Ap

In the Question above, what is the covariance matrix of Y?

(@[ | DX 'DT b []ATzA

([ | DX

(d) A AT

of Z=c¢"XXT¢?

Regard a random variable X € R"™ with zero mean and covariance matrix > € R"*™, Given a vector ¢ € R™, what is the mean

(@)[ ] det(X) () [[] c"trace(T) ¢

(c) 'S¢

(@) []eTetrace(X)

Regard a random variable A € R with zero mean and standard deviation d. What is the mean of the random variable Y = \2?

@[]0 b [ ]d

(© [x]d?

) []2xd
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. Which of the following formulas computes the covariance for a |

Regard another scalar random variable that has variance (d? — 2). What is its standard deviation?

@[]0 b [ ]d

(c) Vd? —2 (@ [ ](d*>—2)?

Regard the function f : R — R,
f(@)?

f(@) =3l - b+ Dzl

(with D of rank n and W positive definite). What is the gradient of

@[ | Wb

(b) [ W(Dz —b)

© [x] (DTWD)z — D Wb

@ [ ]2z (D"WD)z —b" WDz

Regard the function f from the previous question and the optimization problem z* = arg min f(z). The solution is * =

@[ ] (DWDT)"'DWb

() [ ] (DDT)"'DW

© [](DTD)"'Db

@) [x] (DTWD)~'DTWb

What is the minimizer z* of f : R® — R, f(z) = 3||Az — b|j3 i

frank(A) = n? The solution is 2* = ...

2
(@ ] A"

() [x] (ATA)"1ATS

©] |ATx

@[] (ATA)"14b

The answeris 0* = ...

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

£(0) = 35 (y(k) — 26)?

@[] 5% SN, y(k)? (b) [x] Sz

© [ & S, y(k)? @[], vk

Consider the model | y(k) = 261 + %x(k)Q + %x(k)?’ + e(k)

and the vector of unknown parameters 0 = (6;,6,,603)". The

additive noise €(k) is assumed to have zero mean and to be i.i.d. For a given sequence of N scalar input and output measurements

,y(IV), we want to compute the linear least squares (LLS) estimate On by minimizing the function

need to choose the matrix & € RN*3 2 &y = ...

x(1),...,z(N) and y(1),...
£6) = luw — ®xB3 Fyn = (y(1), ... y(N)) T, how do we
(a) L ®
2 3x(1)? 4x(1)? o 2P 2’
: : : 3 4
S o (A2 N3 Do :
2 3x(N)* 4x(N) ) x(g)z x(i,)s

©) O | @ []
z(1)? z(1)3 2 3
(3) 9 (4) 2 z(1) x(1)
sV o 2 2 2(N)* x(N)*
3 4

(all solutions were wrong in the exam, question taken out)

east squares estimator and a single experiment? 35 = ...

lyn —®n013

T2 (PP N) Tt corrected solution

(a)

(b) D HyN]?/fSQHZ((DN(DL)71

(©) D HyN];?ZHHQ(q)]—l\—/ + o)

@ [] PRoey

What is the minimizer z* of the convex function f : Ry — R, f(x)

—4log(z) — %? (function not convex, question taken out)

@[ " = -2 ) []a2*=-1/2

© [ Ja*=eVt-2 @ [x]2*=1/2

Which of the following is NOT a name of a probability distributi

on?

(a)[_ | Uniform (b) [ ] Gaussian

(©) Newton (d) [ ] Laplace

Given a uniformly distributed random variable X on the interval
For one of the examples X and Y are uncorrelated. Which one?

[—1, 1], regard the following X - dependent random variables Y.

@[ |y =sin(z) (b) y = cos(x)

© [ Jy=4° @[ Jy=e®
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