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Linkdpings Universitet
Institutionen for Datavetenskap

Patrick Doherty

Points:

Tentamen

TDDC17 Artificial Intelligence
29 October 2018 kl. 14-18

The exam consists of exercises worth 39 points.
To pass the exam you need 22 points.

Augiliary help items:

Directions:

Hand calculators.

You can answer the questions in English or Swedish.

Use notations and methods that have been discussed in the course.

In particular, use the definitions, notations and methods in appendices 1-3.
Make reasonable assumptions when an exercise has been under-specified.
State these assumptions explicitly in your answer.

Begin each exercise on a new page.

Write only on one side of the paper.

Write clearly and concisely.

Jourhavande: Mariusz Wzorek, 070 388 71 22. Mariusz will arrive for questions around 15.00.




1. Based on the material in Chapter 2 of the course book, define succinctly in your own words, the
following terms:

(a) Agent, Agent Function, Agent Program [1.5p]

(b) Performance Measure, Rationality, Autonomy [1.5p]

(c) Reflex Agent. Also provide a schematic diagram of such an agent. [1p]

(d) Goal-based Agent. Also provide a schematic diagram of such an agent. [1p]

(e) Learning Agent. Also provide a schematic diagram of such an agent. [1p]

9. The Davis-Putnam Algorithm and its extension DPLL, provide the basis for general propositional
model-checking. DPLL offers three improvements over the standard generate-and-test algorithm, TT-
Entails, described in the course book. The following questions pertain to DPLL and the three improve-

ments.

(a) The DPLL algorithm checks whether a formula in propositional logic is satisfiable. Suppose one
has a conjunction of propositional formulas A and a propositional formula «.

i

How would DPLL be used to determine whether or not A k= a ? (Please be precise in the
steps used to do this.) [2p]

(b) The unit clause heuristic is one of the three improvements used in DPLL.

i.

it

Provide a definition of unit clause in DPLL. [1p]

Suppose the following partial assignment is given: ¢ : {A : true, B : false} with the following

formula in CNF form: (-AVBV O A(DVE)A(-CVF)AG.

A. According to the definition of unit clause for DPLL, which are unit clauses in the formula
above? [1p]

B. Apply the unit clause heuristic to the formula above repeatedly, beginning with the partial
assignment provided. Extend the partial assignment with {G : true}, apply the heuristic,
and then extend with {C : true}. Show each step and provide the resulting reduced
formula in each step. [2p]

3. The following questions pertain to Answer Set Programming. Appendix 3 may be useful to use:

(a) Given the program II;, consisting of the following rules:

rl:
r2:
i
ii.
il.

iv.

puma <— not cat.

cat ¢ not puma.

What are the possible answer sets for I1,? [1p]

For each possible answer set S, provide the reduct, Hls for ITy. [1p]
Generate Cn(I15) for each reduct I of I1;. [1p]

What are the actual answer sets for IT; (Explain why)? [1p]

(b) Why is Answer Set Programming considered to be a nonmonotonic reasoning formalism (Be
precise and use an example)? [1p]



Figure 1: Constraint Graph

4. The following questions pertain to Constraint Satisfaction Problems (CSP’s). CSP’s consist of a set
of variables, a value domain for each variable and a set of constraints. A solution to a CS problem is
a consistent set of bindings to the variables that satisfy the constraints.

Figure 1 shows a constraint graph with eight variables. The value domains for each variable are the
numbers 1 to 8. The constraints state that adjacent/connected nodes can not have consecutive numbers
and they must be different. For example, if node C is labeled 1, then nodes A,D, and G can not be
labeled 2.

(a)
(b)

()

(d)

Explain what the Degree Heuristic is and why it is used. If the degree heuristic is applied to the
constraint graph in figure 1, what are the candidate nodes that could be chosen for labeling? [1p]

Explain what the Least Constraining Value Heuristic is and why it is used. If the least constraining
value heuristic is applied to one of the candidate nodes chosen in the previous question, what would
the potential candidate values be? Explain your choice. [1p]

Suppose node D = {8}, node F = {1} and nodes A, B,C, F,G, H are labeled {1,2,3,4,5,6,7, 8}.
Make the constraint graph arc consistent. In your answer, simply provide labels for nodes
A,B,C,F,G,H. You can use the AC-3 algorithm in Appendix 1 to assist you, but showing
exhaustive steps is not necessary. [2p]

Provide a solution to the CSP in the example. [1p]

5. The following questions pertain to automated planning:

(a)

During the lectures we discussed a simple but general state-space planning heuristic based on
counting the number of unachieved goals: The number of facts that are required to be true by
the goal, but are false in the current state.

Is this heuristic admissible, given that the cost of a plan is defined as the number of actions in the
plan? If so, clearly motivate why this is always the case, based on the definition of admissibility.
If not, give a clear counter-example illustrating the lack of admissibility (and explaining why this
is a counter-example to admissibility). [2p]

Landmarks can provide interesting information about planning problems and their solutions.
What is a fact landmark for a state s? For full points, you should be sufficiently precise that
your answer can be used to evaluate whether a particular entity is a fact landmark or not. Also,
please describe one way in which fact landmarks can be used to guide the search for a solution to
a planning problem. [2p]



6. A* search is the most widely-known form of best-first search. The following questions pertain to A
search:

(a) Explain what an admissible heuristic function is using the notation and descriptions in (). [1p]

(b) Can a consistent heuristic function be inadmissible? Explain why or why not. [1p]

(c) Let h(n) be the estimated cost of the cheapest path from a node n to the goal. Let g(n) be the

path cost from the start node ng to n. Let f(n) = g(n) + h(n) be the estimated cost of the
cheapest solution through n.

Provide a sufficiently rigid proof that A* is optimal if &(n) is admissible. You need only provide
a proof for either tree-search (seminar slides) or graph-search (in course book). If possible, use a
diagram to structure the contents of the proof to make it more readable. [2p]

7. Use the Bayesian network in Figure 2 together with the conditional probability tables below to answer
the following questions. Appendix 2 may be helpful to use. If you do not have a hand-held calculator
with you, make sure you set up the solution to the problems appropriately for partial credit.

(a) Write the formula for the full joint probability distribution P(A,B,C,D,E) in terms of (condi-

tional) probabilities derived from the bayesian network below. [1p]

(b) What is the probability, P(a,b,c,d,—e)? [1p]
(¢) What is the probability, P(d | —a,c)? [2p]

Sprinkler
(8)
Slippery Road
3}

Figure 2: Bayesian Network Example
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8. The following questions pertain to machine learning. Give short and informative answers.

(a) For the Q-learning update formula below,

Q(se, a1) — Q(s1,a¢) + a(R(s1) + ’Yazf?é{AQ(stH’ atr1) — Q(se, 04)).

i. Explain the values of Q() and contrast it to R(). [1p]
ii. How does agent behavior change if you increase v? [1p]
ili. Explain what the the curse of dimensionality is. [1p]

(b) You have a small supervised learning problem with a training set consisting of three pairs of (z,y)
examples, (1,2.5), (2, 3.0), (3,4.5), where z and y are the inputs and outputs respectively. Assume
you want to train a linear model y = wox + wi. Select a suitable loss function £ for training on
these examples, and write the formula for computing the training set loss as a function of the
model parameters, i.e. L(wo,w1) =7 [2p]



Appendix 1: Arc-Consistency algorithm

function AC-3( esp) returns false if an inconsistency is found and true otherwise
inputs: csp, a binary CSP with components (X, D, C)
local variables: queue, a queue of arcs, initially all the arcs in csp

while gqueue is not empty do
(X:, X;) < REMOVE-FIRST(queue)
if REVISE(esp, X5, X;) then
if size of D; = 0 then return false
for each X, in X; NEIGHBORS - { X} } do
add (Xg, X;) to queue
return {rue

function REVISE(csp, Xi, X;) returns true iff we revise the domain of X
revised «— false

for each z in D; do
if no value y in D; allows (z,y) to satisfy the constraint between X; and X; then

delete z from D;
revised «— true
return revised

Figure 3: AC3 Arc Consistency Algorithm



Appendix 2

A generic entry in a joint probability distribution is the probability of a conjunction of particular assignments
to each variable, such as P(X; = x; A ... A X, = z,). The notation P(x1,...,2,) can be used as an
abbreviation for this.

The chain rule states that any entry in the full joint distribution can be represented as a product of conditional
probabilities:

P(ml,...,mn)znp(wi}mi_l,...,ml) (1)
i=1

Given the independence assumptions implicit in a Bayesian network a more efficient representation of entries
in the full joint distribution may be defined as

n
P(z1,...,2n) = HP(wi | parents(X;)), (2)
i=1
where parents(X;) denotes the specific values of the variables in Parents(X;).
Recall the following definition of a conditional probability:

P(XAY)
P(Y)

The following is a useful general inference procedure:

P(X|Y)= 3)

Let X be the query variable, let E be the set of evidence variables, let e be the observed values for them,
let Y be the remaining unobserved variables and let o be the normalization constant:

P(X'e):aP(X,e):aZP(X,e,y) (4)
y

where the summation is over all possible y’s (i.e. all possible combinations of values of the unobserved
variables Y).

Equivalently, without the normalization constant:

P(X,e) _ ZyP(X> e>Y)
Ple) Y, ), P(xey)

PX|e)=




Appendix 3: Answer Set Programming

Computing Answer Sets for a program IL:

Given a program II:
1. Compute the possible answer sets for IT:
(a) Powerset 2! of all atoms in the heads of rules in II.
2. For each S € 2™

(a) Compute the reduct II% of II.
(b) If Cn(T1°) = S then S is an answer set for II.
(¢) If Cn(I1°) # S then S is not an answer set for II.

The following definitions may be useful:

Definition 1 A program II consists of a signature ¥
and a collection of rules of the form:

oV, ..,V lix1, ..., lm,not Ly, ..., not Iy
where the I’s are literals in ¥. O

Definition 2 [Satisfiability]
A set of (ground) literals satisfies:

1. lifle S;
not lif [ ¢ S;

L V.. Ay if for some 1 <i<n,l; €5

a set of (ground) extended literals if S
satisfies every element of this set;

5. rule r if , whenever S satisfies r’s body, it satisfies r’s head. O

Definition 3 [Answer Sets, Part I]
Let II be a program not containing default negation
(i.e., consisting of rules of the form):

l() V,...,Vli(-——li+1,...,lm.

An answer set of Il is a consistent set S of (ground) literals
such that

1. 9 satisfies the rules of IT and

2. S is minimal (i.e., there is no proper subset of S that
satisfies the rules of II. O

Appendix 3 is continued on the next page.




Definition 4 [Answer Sets, Part II]

Let II be an arbitrary program and S be a set
of ground literals. By TI¥ we denote the program
obtained from II by

1. removing all rules containing not [
such that [ € S

2. removing all other premises of the remaining
rules containing not.

S is an answer set of IT if S is an answer set of IT5.
We refer to II¥ as the reduct of IT with respect to S. O

Definition 5 [Consequence operator Ti]

The smallest model, Cn(I1), of a positive program II can be computed
via its associated consequence operator Ti. For a set of atoms X

we define,

TnX = {head(r) | r € Il and body(r) C X}.
Tterated applications of 71y are written as lel for § > 0, where

X =X
TEX = TaTi X fori > 1.

For any positive program IT, we have Cn(Il) = ;5 TE0.
Since Ty is monotonic, Cn(Il) is the smallest fixpoint of Tf;. O




