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Problem 1

1. Compute the gradient VL of the function L : R2 — R defined as

0 I
L(z,y :——l—log(—>.
(7,y) » y

Here R% is the space of all real two-dimensional vectors with positive entries.
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Problem 1

1. For the first partial derivative we obtain

gr . 4 1 2y
i BT Ty

and for the second one

6‘_L_ ® 1 'y x
lﬂ 0y J '
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Problem 1

1. For the first partial derivative we obtain

%_y 15 Y y X))

and for the second one

6‘_L_ ® 1 'y x
lﬂ 0y J '
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Problem 1

Hence, the entire gradient reads as

L e

Y

b
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Problem 1

2. Show that L from Question [1]is scalar-invariant, i.e. L(x,y) = L(cx,cy) for any
scalar ¢ > 0 and all arguments x > 0,y > 0.

b
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Problem 1

2. We simply observe

Lior o - = log (%)

CY CY

L X
= ——1—log (—)

Y Y
= L(z,y),

and, consequently, the function L is scalar-invariant.
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Problem 2

1. Compute the expected value E, of a (discrete) Poisson-distributed random variable
X with probability

)\ZC
= exp(—)\)a, s — IR (1)

for a constant A > 0. What is the solution for s — oo?
Hint: Make use of the identity exp(\) = > o &

=0 2!

of

www.gmul.ac.uk n/QMUL y@QMUL




Problem 2

. The expectation for a discrete Poisson-distributed random variable X reads

izl = Z o= Zazexp(—)\))\—i
=0 =0 o
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Problem 2

. The expectation for a discrete Poisson-distributed random variable X reads

s, lo] = Y ap. = 3 wexp(-N
x=0 '

=0
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Problem 2

. The expectation for a discrete Poisson-distributed random variable X reads

S S Az
b = 3 a0 = oA
45
=0 =0
Constant
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Problem 2

. The expectation for a discrete Poisson-distributed random variable X reads

S S Ax
b = 3 a0 = oA
45
=0 =0
Constant
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Problem 2

. The expectation for a discrete Poisson-distributed random variable X reads

S S Ax
b = 3 a0 = oA
45
=0 =0
Constant

= dexp(—A) Z (x)\i—l) !
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Problem 2
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Problem 2

Hint: Make use of the identity exp(\) = > > A
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Problem 2

= Aexp(—A\) Z e Hint: Make use of the identity exp(\) = Y o2 /25,
g
s—1
)\CC
0
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Problem 2

2 )\x—l
= Aexp(—A\) Z e Hint: Make use of the identity exp(\) = Y o2 /25,
r—1 :
s—1
\®
— A\ exp(—)\) g
=0

Taking the limit s — oo therefore yields

zlT] = Aexp(—A) Z 3

=0

= dexp(—A) exp(A) = A.

z!
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Problem 2

2. For a uniform (and absolutely continuous) random variable X in |0, 1| compute the
expectation of f(X) for

)

0 otherwise

§ {—log(x) r € [0,1/5]

lq Make use of the convention 0log(0) = 0.
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Problem 2

b
= Lf0)] = [ J(xX)p(x)dx

b
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Problem 2

b
= Lf0)] = [ J(xX)p(x)dx

What’s the function p(x) here?
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Problem 2

For an absolutely continuous uniform random variable on the interval |a,b| the
probability density function reads

o(z) = {S_a T € |a, b

otherwise
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Problem 2

For an absolutely continuous uniform random variable on the interval |a,b| the
probability density function reads

o(z) = {ﬂ T € |a, b

0 otherwise

Hence, for |a,b] = [0, 1] we simply have p(x) = 1 for x € [0, 1], and we compute

b
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Problem 2

For an absolutely continuous uniform random variable on the interval |a,b| the
probability density function reads

p(@—{m o

0 otherwise

Hence, for |a,b] = [0, 1] we simply have p(x) = 1 for x € [0, 1], and we compute

l’ / f(x) —/ log(z) d = — [zlogz — 3

1
4 =t log( ) — log(b)) = : (1 + log(5)) ~ 0.5218875825 .
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Problem3

1. Let X be a random variable with expectation p and variance 2. Show that the
variance of aX + b, where a,b € R, is

Var,[az + b] = a®0” .

b
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Problem3

1. With the definition of the variance we compute

Var,[ax + 0] = E, [(ax + b — E,[ax + b])g]
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Problem3

1. With the definition of the variance we compute

Var,[ax + b] = E; |[(az + b — E,[az + b])Q]
= I, [(afL‘ + b — E,|lax| — 4:3;[17])2]
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Problem3

1. With the definition of the variance we compute

Var,[ax + b] = E; |[(az + b — E,[az + b])Q]
= E, [(az + b — E.[az] - E.[0])’]
= E, [(az + b — aEq[z] — bE.[1])]
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Var,|lax + b| = E, [(ax + b —

Fiow

Problem3

1. With the definition of the variance we compute

— K

— K

o

|

=E, [(ax+ b—E,
(
(
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Var;lax + b| = E

Fiow

Problem3

1. With the definition of the variance we compute

— K

S | 7y

o

|
(
=E, [(ax + b — aE,[z] — DE,
(
(

= E, [(az + b — E,[az] — E,[b])”]



Problem3

1. With the definition of the variance we compute

Var,[az + b] = E, [(az + b — E,[az + 0])°]

|
=E, [(az + b — E,[az] — E,[b])"]
—E, :(agp +b—aE.|x] — b 43:1:[1])2]
(
(

— K

BeR |

=E, [0® (z — E;[2])°
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Problem3

1. With the definition of the variance we compute

Var,[az + b] = E, [(az + b — E,[az + 0])°]

|
=E, [(az + b — E,[az] — E,[b])"]
—E, :(agp +b—aE.|x] — b 43:1:[1])2]
(
(
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Problem3

1. With the definition of the variance we compute

Var,|ax + b| = E, |(ax + b — E_|ax + b])g]

|
=E, [(az + b — E,[az] — E,[b])"]
—E, :(agp +b—aE.|x] — b 43:1:[1])2]
(
(

— K

www.gmul.ac.uk




