Tentamen 1 Maskininldrning

2D1431

2006-12-18, k1 14.00 — 19.00

Tillatna hjdlpmedel: Miniriknare.

Preliminéra betygsgrinser:

1 Terminologi

0<p<23 — U
23<p<29 — 3
29<p<3 — 4
3B<p<40 — 5

For var och en av termerna (a—h) i listan till vénster, ange den forklaring fran listan till
hoger som bist stimmer med termens anvdndning inom maskininldrning.

a) Hypotes

b) Begreppsinlirning

¢) Negativt exempel

d) Preference bias

e) Credit assignment

f) Temporal difference

g) Linjért separerbara data

h) Entropi

2 Boosting

1) Matt pa hur ménga triningsexempel som krévs
2) Inldrning av boolska funktioner fran exempel
3) Inldrning nér exemplen dndras over tiden
4) Triningsexempel som inte ger nagon ny infor-
mation
5) Antaganden om indatapunkternas férdelning
6) Terminologins roll for inldrningen
7) Begrepp som kan beskrivas av ett enlagers neu-
ronnét
8) Matt pa dverraskningen nir man far resultatet
av en handling
9) Triningsdatapunkt som inte ingér i begreppet
10) Miatt pa osikerheten
11) Inldrningsalgoritmens paverkan pa resultatet
12) Mojligt resultat fran inldrningen
13) Problemet att forstarka rdtt del av ett sam-
mansatt beteende
14) Datapunkter som inte bor approximeras linjirt
15) Ojamn fordelning av datapunkterna
16) Hinsyn till kostnaden for varje datapunkt

Vad krivs av en inldrningsalgoritm for att man ska kunna anvdnda boosting for att
forbittra dess prestanda? Andras hypotesrummet av att man anvinder boosting? Mo-

tivera!

(4p)

(3p)



3 Candidate-Elimination

CANDIDATE-ELIMINATION kan anviéndas for att hitta det intervall pa reella talaxeln
som stimmer med trdningsexemplen. Varje traningsexempel dr ett reellt tal, med infor-

mation om ifall det ligger i intervallet eller e;.

Ange for varje nytt triningsexempel vad mingderna S och G innehéller under

traningen med dessa exempel:

<4, —>,<3,+>,<1,—-><2,+ >

Exemplen presenteras i denna ordning (fran vinster till hoger).

4 Informationsinnehall

Antag att du har ett begrepp som definieras av

b=a; >03ANay>05

ddr ay och ay dr exemplens attribut som béada ir reella tal i intervallet [0, 1] med en

likformig fordelning 6ver intervallet.

a) Berikna entropin for begreppet nér varken a; eller a, dr kénda.

b) Vad blir den forvintade informationsvinsten av att méta aq?

5 Neuronnat

Rékna for hand ut vikterna och troskelvardet i ett en-
lagersnit med tva ingangar sa att alla punkterna i fig-
uren klassas ritt. Fyllda cirklar ska ge utresultatet
1, oppna cirklar resultatet 0. Visa tydligt hur utsig-
nalen ridknas ut fran insignalen med en formel dir dina
virden &r insatta.

6 En vit Jul?

Du bedomer normalt sett sannolikheten att vi far snd till Julafton till 60%. Du har dock
lagt mirke till att de ar vi fatt en vit Jul har du i 30% av fallen haft virk i vinster storta.

Aren utan sno har du dock haft virk i hela 80% av fallen.

I ar har du haft tydlig virk i din vdderta. Gor med hjilp av denna observation en
MAXIMUM-A-POSTERIORI skattning av ifall vi far en vit Jul eller ej.

7 Bias

a) Ge ett exempel pa en inldrningsalgoritm med restriction bias

b) Ge ett exempel pa en inldrningsalgoritm med preference bias
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8 Q-Learning
: ) N ) ) Gp)

Antag att du har implementerat ett program for Q-learning ténkt att anvindas for
beloningsbaserad inldrning. Du misstidnker dock att det kan ha blivit lite fel i pro-
grammet och provkor didrfor med ett litet testexempel.

Du konstruerar ett litet testexempel didr omgivningen kan vara i fyra olika tillstand
(s1, s2, s3 och s4) och agenten i varje tidssteg véljer en av tre handlingar (a;, as och
a3).

Q-funktionen lagras som en tabell i programmet och du initierar den med dessa
vérden:

S = 51 S = 89 S = 83 S = 854
a=a 0.1 0.2 0.3 0.4
a=ay 0.5 0.6 0.7 0.8
a = as 0.9 1.0 1.1 1.2

Agenten befinner sig fran borjan i tillstand s3 och bestimmer sig dir for att gora
handling a;. Den erhéller da en beloning med vérdet 1 och hamnar i tillstand so. Dér
viljer den att gora handling ay vilket visar sig inte ge nagon beloning alls men den
hamnar i tillstand s4.

Rikna ut hur Q-vérdena i tabellen borde fordndras ifall ditt program fungerar ritt.
Redogor for vilka Q-virden som dndras och hur mycket, nir agenten utfor dessa tva
steg. Avskrivningen av virdet av framtida beloningar () &r satt till 0.9. Updater-
ingssteget 1 dr 0.2 (d.v.s. Q-vérdena dndras med 20% av temporal difference-virdet).

9 Genetiska algoritmer
N : - . . o ] (4p)

Du vill anvédnda en genetisk algoritm for att optimera ledningsdragningen i ett elkraftnét.

Nitet skall forbinda 50 stider, givna i forvig. Optimeringen handlar om att vilja vilka

par av stider som ska forbindas med kraftledningar sa att man dels klarar att fa fram

tillrickligt med energi, dels haller ned kostnaden for ledningsbyggandet. Det finns

redan matematiska modeller som kan anvindas for att berdkna kostnaden och hur my-

cket energi man far fram i ett givet nétverk.

Beskriv for detta problem:

a) Vilken representation anvéander du i kromosomerna?
b) Vad anvinder du for firness-funktion?
¢) Vad finns i din population och hur stor dr den?

d) Ar det nigon idé att anviinda korsningar (crossover)? Motivera!

10 VC-dimension
(4p)
Betrakta en begreppsinlidrningssituation dir datapunkterna bestar av punkter pa en-
hetscirkeln. Hypoteserna beskrivs av sektorer, d.v.s. de beskriver begrepp bestaende av
de punkter som ligger mellan tva vinklar.

a) Hur stor dr hypotesmingden?

b) Hur stor dr VC-dimensionen?



Enbart ritt svar ger ingen poidng. Du maste motivera ditt svar!

Lycka till!



Exam in Machine Learning

2D1431

2006-12-18, k1 14.00 — 19.00

Aids allowed: calculator, language dictionary.

Preliminary grades:

0<p<23 — Failed
23<p<29 — 3
29<p<3 — 4
3B<p<40 — 5

1 Terminology

For each term (a-h) in the left list, find the explanation from the right list which best
describes how the term in used in machine learning.

a) Hypothesis

b) Concept learning

¢) Negative example

d) Preference bias

e) Credit assignment

f) Temporal difference
g) Linearly separable data

h) Entropy

2 Boosting

1) Estimate of the number of training examples
needed
2) Learning of booolean functions from examples
3) Learning when the examples change ofer time
4) A training example which provides no addi-
tional information
5) Assumptions about the distribution of the input
data points
6) The role of terminology for the learning
7) Concept which can be learned by a one-layered
neural network
8) Measures the surprise when receiving the result
of an action
9) Training data point, not part of the concept
10) Measure of the nonpredictability
11) The learning algorithms influence on the result
12) Possible result from the learning
13) The problem of enforcing the right parts of a
compound behaviour
14) Data point which should not be linearly approx-
imated
15) An uneven distribution of data points
16) Taking into account the cost of each data point

What is required from a learning algorithm in order to be able to use boosting to im-
prove its performance. Does the hypothesis space change when boosting is used? Mo-

tivate your answer!

(4p)

(3p)



3 Candidate-Elimination

CANDIDATE-ELIMINATION can be used to find the interval on the real axis, consistant
with the training examples. Each training example is a real number, together with
information about if it is in the interval or not.

Show, for each new training example, what the sets .S and G will contain during
training with these examples:

<4, — >, <3, +>,<1,—-><2,+ >

The examples are presented in this order (from left to right).

4 Information Contents

Consider a concept defined by
b=a; >03ANay>05

where a; and a are the attributes of the examples, both real numberis in the interval
[0, 1] with a uniform distribution over the interval.

a) Calculate the entropy for the concept when neither a;, nor as are known.

b) What is the expected information gain from measuring a; ?

5 Neural Network

Manually calculate the weights and threshold value of
a single layered neural network so that all the points N
in the figure are correctly classified. Filled circles 08 [--o
should give the output 1, open circles should give 0.

Clearly show how the output is computed from the 06 R
input with a formula where your values are included. 04
o] L]
0.2

6 A White Christmas?

You estimate the probability of a white Christmas to 60%. However, you have noted
that those years when we get a white Christmas, in 30% of the cases you have had an
aching toe. In years without snow you have toe-ache in 80% of the cases.

This year you have a clear ache in your weather toe. Use this observation to make
a MAXIMUM-A-POSTERIORI estimation of if we will get a white Christmas or not.

7 Bias

a) Give one example of a learning algorithm with restriction bias

b) Give one example of a learning algorithm with preference bias

(5p)

(5p)

(5p)

(3p)

(2p)



8 Q-Learning

Suppose that you have implemented a program for Q-learning, to be used for reinforce-
ment learning. You have a suspicion that there might be an error in the program and
therefore decides to try it out with a small test example.

You create a small test example where the environment can be in four different
states (s1, S2, s3 and s4), and the agent in each timestep chooses one out of three
actions (a1, as and ag).

The @-function is stored as a table in the program, and you initialize it with these
values:

§S=81 | S=8y | s=83 | §=84
a=a 0.1 0.2 0.3 0.4
a = as 0.5 0.6 0.7 0.8
a=as 0.9 1.0 1.1 1.2

The agent starts in state s3 and there decides to make action a;. It then receives a
reward of 1 and ends up in state so. There it chooses to make action as which turns out
not to give any reward, but moves you to state s,.

By hand compute how the Q-values in the table should have changed if your pro-
gram was correct. State which Q-values have changed and how much when the agent
made each of these two steps. The discount of future rewards () is set to 0.9. The
update step 7 is 0.2 (i.e. the @)-value is changed by 20% of the temporal difference
value).

9 Genetic Algorithm

You intend to use a genetic algorithm to optimize the wiring of the power lines connect-
ing 50 cities. The cities are given beforehand. The optimization concernes choosing
which pairs if cities should be connected with powerlines in order to distribute enough
energy to the cities while keeping the cost for the power lines down. You already have
mathematical models which can be used to estimate the cost as well as the amount of
energy a given network can transport.

For this problem, describe:

a) What representation is used in the chromosomes?
b) What will you use as your fitness-function?
¢) What is in your population and how large is it?

d) Will you have any use for crossovers? Motivate!

10 VC-dimension

Consider a concept learning situation where the data points are points on the unit circle.
The hyporheses are defined by sectors, i.e. they define concepts consisting of the points
between two specified angles.

a) How large is the hypothesis set?

b) How large is the VC-dimension?

(5p)

(4p)

(4p)



The correct answer alone gives no points. You have to motivate your answer!

Good Luck!



