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INTRODUCTION TO
ARTIFICIAL INTELLIGENCE

Time Allowed: 3 Hours

Instructions:  There are a total of 180 marks on this exam.
Attempt all questions.
Calculators may be used.
Non-electronic foreign language translation dictiorsungay be used.
The appendices on pages 25-29 can be removed for reference.

Questions
1. Search [35]
2. Machine Learning General Concepts [17]
3. Nearest Neighbour, N\ze Bayes and Decision Trees [25]
4. Perceptrons and Neural Networks [20]
5. Evolutionary Computing and Learning [28]
6. Rule Based Systems [35]
7. Natural Language Processing [20]
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Question 1. Search [35 marks]

(a) [4 marks] Search problems can be categorised into two grocgsstructing problems and modifying
problems. State two example search problems for each cgtego

| constructing problems: 15 puzzle, route finding
| modifying problems: design a timetable, 8 queens

(b) [6 marks] Considering all the search algorithms introduicetthe lectures, includin®FS, DFS, iterative
deepening, PFS(priority first), hill climbing, beam segrbrunch and bandandA*, identify a good algorithm
that is suitable for constructing problems and a good algorthat is suitable for modifying problems. Justify

your answer.

| constructing problems: A* if heuristics can be found. It@adeepening otherwise.
| Modifying problems: hill climbing if there is heuristicstleerwise, DFS.
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(c) [6 marks] Briefly describe each of the following search alions:

(i) Iterative deepening

(i) Priority first search
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Consider the path finding problem in a maze for parts (d), i) (&. Suppose we want to find the shortest
path from the initial state to the goal state.

Goal state

Initial state
©

(d) [6 marks] Outline an appropriate way of representing theckespace — how would you represent the
initial state, the goal state, and the actions that trarsferstate to another?

| X, Y coordinates
| Initial state: (0,0), goal state(8,11)
| actions: up, down, left, right

COMP 307 4 continued...



StudentID: ...

(e)[7 marks] Identify a good search algorithm for solving thislem and justify your answer. Explain your
heuristics using examples.

| A*. good heuristics can be found. Path cost is the length @fiith
| Heuristics: path length so far + city block distance to goal

(f) [6 marks] Draw a path on the figure on the facing page to showlwiso found by your algorithm
identified in the above question. Draw another path on theditushow a path that might be found by DFS
(using a different colour or dashed line). State any assiomgpiou made.

Draw on the figure!!!
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Question 2. Machine Learning General Concepts [17 marks]

(a) [4 marks] Briefly describe the key difference betwaeaipervised learningndunsupervised learnin@gand
state an example for each of them.

| In supervised learning, the instances are labelled;
| in unsupervised learning, the instances are not labelled
| classification vs clustering

(b) [5 marks] State the name of an algorithm or approach useddh efathe following machine learning
paradigms:
(i) Case based learning
(i) Induction learning
(i) Statistical learning
(iv) Connectionist learning

(v) Evolutionary learning

| (i) Nearest Neighbour, (ii) decision trees, (iii) Naive Ry
| SVMs, (iv) neural networks, perceptrons, (v) GAs, GP...
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(c) [4 marks] In machine learning systems, the data sets arealjypiseparated into &aining setand atest
set Briefly describe the role for each of them.

| (i) A training set is a collection of instances that are diseaised for learning
machine/concept/classifier,

| A test set is a collection of instances that are used to meabkerperformance of the
learned machine/concept
|

55

(d) [4 marks] Briefly describe thK-fold cross validation methofibr classification in machine learning.

chop the available data inf6 equal chunks;

For each chunk in turn, treat it as the test set, treat oth&rcKunks as the training set,
and the classifier trained from the training set is applieithéotest set;

The process is repeated K times with each chunk used exautly as the test test;
The K results are “averaged”.
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Question 3. Nearest Neighbour, N&ve Bayes and Decision Trees [25 marks]

(a) [3 marks] Why isR; necessary in most cases in the weighted Euclidean distarasure that is often
used in thenearest neighbour method

distance = Z M)

Note: the two instances A and B are represented by two feagaters with numeric valuesA = (ay, ay, ..., a,,)
andB = (by, by, ..., by), n is the number of features, ait] is the range of théth feature.

| If such a range was not used, then the algorithm will be bitsedrd the features with
very big values, which is often incorrect.
| In most situations, the relative importance of the feataresunknown. It is reasonaljle
to assume the features are equally important.

(b) [9 marks] Suppose you are building a Naive Bayes spam fidteligtinguish spam messages from real
email messages. You have picked two key words: “medicinad,“assignment” to characterise each message,
and have counted how many of the messages contain each word:

spam email
word word word word
present| not present] present| not present
“medicine” 50 350 1 49
“assignment” 1 399 20 30
Total count 400 50

(Question 3 continued on next page)
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(Question 3 continued)

If your spam filter was presented with a new message thatioeatdéoth the words “medicine” and “assign-
ment”, would your spam filter classify the message as spara email? Show your working.

| score(spam) = 50/400 * 1/400 * 400/450 = 50/(400*450) = 1(B60
| score(email) = 1/50 * 20/50 * 50/450 = 1/(5*225) = 1/1125
| Therefore, it will choose email

(c) [3 marks] The decision tree learning algorithm uses an iibypuneasure to choose between attributes.
Explain why thep(A)p(B) formula is a reasonable impurity measure for a set of inssbelonging to two
different classegl andB.

| p(A)p(B) is 0 if all the instances are in one category, andrissaimum if
| the two categories are equal, which is when they are equakgdn
| and it is smooth in between.

(Question 3 continued on next page)
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(Question 3 continued)

(d) [10 marks] Consider the following data set describing 1(laepplications at a bank, of which 5 were
approved and 5 were rejected. They are described by thridgutas: whether the applicants have a job or
not; whether their deposits are low or high; and whether ttreidit records are very good, good or bad.

| Instance | Job | Deposit | Credit | Class |
1 true | low very good| Approve
2 true | low good Approve
3 true | low very good| Approve
4 true | high very good| Approve
5 false | high good Approve
6 false | low good Reject
7 false | low good Reject
8 true | low bad Reject
9 true | low good Reject
20 false | high bad Reject

The bank wants to build a decision tree to help making graan tecisions. Which attribute should the bank
choose for theoot of the decision tree if they use the impurity functip@Approve) p(Reject. Show your
working.

Job: 6/10 * (4/6 * 2/6) + 4/10 * (1/4 * 3/4) = 5/24 = 21%)
Deposit: 7/10 * (3/7 * 4/7) + 3/10 * (2/3 * 1/3) = 5/21 = 24%)
Credit: 3/10 * (3/3 * 0/3) + 5/10 * (2/5 * 3/5) + 2/10 * (0/2 * 2/2¥ 6/50= 12%)

Credit has the lowest score, therefore the algorithm wél us
Credit at the root
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SPARE PAGE FOR EXTRA ANSWERS

Cross out rough working that you do not want marked.
Specify the question number for work that you do want marked.
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Question 4. Perceptrons and Neural Networks [20 marks]

(a) [4 marks] The XOR problem can be considered a binary claasific problem where the output value is
1 (classl) when the two input variables have different Baoleglues, and the output Gs(class2) when the
two input values are the same.

John Smith used a perceptron for the XOR problem. His pemegtiad two input variables and a single
output. However, his perceptron would not converge no mhtie/ he changed the learning parameters.

Explain why John’s perceptron was not successful.

| The instances are not linearly separable (by a hyperplane)
| the perceptron learning algorithm can only classify instarthat are linear separablg

(b) [6 marks] When using neural networks to solve classificatimblems, one common problemaserfit-
ting.

(i) Briefly explain the ternoverfitting

(i) List three possible reasons that can cause this problem.

(iii) State one approach that can avoid overfitting.

| (i) The performance of the learned concept is very good orirtiiging set, but is bad
on the test set
| (i) Training is too long, too few examples, too many hiddemes/layers

| (iii) using a validation set
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(c) [10 marks] Consider the following feed forward network thiaes the sigmoid/logistic transfer function
(see Appendix B),

= 1.0
h b,=3.0
Wy,=-1.0
[%)]
W,3=20 | & 2
5 b,=-20/ 8
()
W,,=15| =
Wge=1.0 bg=25
W= 2.0

() What will be the output of node 6 pfor the input vector (0.0, 0.0)?

(i) What will be the new value of weightrz¢ after one epoch of training using the back propagation
algorithm? Assume that the training set consists of onlyvetor (0.0, 0.0, 0.0, 0.0) and that the

learning rate; is 0.5.

O1 =1 =0;I3 = by = 3.0;03 = £(3.0) = 0.95;04 = f(—2.0) = 0.12

o =095-1.0+0.12-2.0+ 2.5 = 3.69; 05 = f(3.69) = 0.97

w = 70306(1 — Og)Bs = 0.5 x 0.95 x 0.97(1 — 0.97)(0 — 0.97) = —0.0134
Ynew = (Wag)otd + AWse = 1 — 0.0134 = 0.9866

COMP 307 13 continued...



Question 5. Evolutionary Computing and Learning [28 marks]

(a) [3 marks] Genetic algorithms and genetic programming aie teehniques in evolutionary computing

and learning. State three additional techniques in ewwiatly computing and learning.

| Evolutionary strategies, learning classier systems, Altrgy optimisation
| Evolutionary programming, PSO, artificial life, artificiaimune systems
| Differential evolution (DE), evolutionary multiobjectvoptimisation (EMO)

(b) [6 marks] In evolutionary learning algorithms, three gémeperators €litism, crossoveand mutatior)
are often used during the evolutionary process to genemtecandidate solutions. Briefly describe each

operator and its main purpose.

| Elitist or reproduction, is the operator that directly aepa small set of best individug
from the current generation to the next generation. The maipose is to make sure t
evolution does not make the best solution worse.

The goal is to form better individual solutions.

| Mutation is the operator that randomly changes a part of éfected individual. Th
main purpose is to maintain the diversity of a population.

Crossover is the operator that combines genetic materias different individualg|.

1S
he

D

(Question 5 continued on next page)
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(Question 5 continued)

(c) [3 marks] Suppose that you want to use genetic programmimi®) {@ a particular task and that a GP
package is available for you to use. Suggest three criterieefminating a GP run.

Set a maximum number of generations
Early stopping: when the problem has been solved

When the fitness of the best individual program cannot be ongat over a certaip
number of generations

(Question 5 continued on next page)
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(Question 5 continued)

(d) [6 marks] Suppose you are using genetic programming to fiograms to fit data from polynomial

functions such ag = x® + 2x* 4 x? + 3.5 given the value of.

() Suggest a good terminal set.
(i) Suggest a good function set.

(i) Suggest a good fitness function.

| Terminal sety{ X, R}, R is a random number
| Function set{+, —, *, %} or {+, -, "}

| Fitness measure: TSS, MSE, ...

|

COMP 307 16
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(Question 5 continued)

(e)[10 marks] The standard tree based genetic programming@agiphas been applied to many classification
tasks. In this approach, each evolved program typicallyrnst a single floating point number, which is
translated into class labels. For multiple class classifingproblems, one commonly used method for this
translation is thgrogram classification mgpvhich splits the program output space into predefined regio
each corresponding to a particular class.

(i) State two problems with this translation method.

(i) Suggest two distinct methods to overcome (or at least r@dheeproblems and discuss each of the
methods.

Limitations: the class boundaries are fixed
the boundaries need to be predefined
class orders are fixed

Two methods: (1) decompose the multiclass classificatioblpm into multiple binar
classification problem, then use GP each for each binargiizgion subproblem; (2
use dynamic class boundary determination methods

N
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Question 6. Rule based systems [35 marks]

Consider the following set of rules:

1. FifRand A and NOT N.
2. FifSand C and A.

3. PifSand C and H.

4. Pif Rand N.
5.SifLand NOTY.
6.SifBand T.

7. Rif Y and NOT T.

Suppose the following facts are true: B, C,H, L, N, A, T, Y
You may make your own assumptions as long as you include thgmur answers.

(a) [8 marks] Suppose we use backward chaining and the hypsttsetsted in the order of F and then P.
Explain how it reaches a conclusion.

rule 1, rule 7 fail, fail
rules 2, rule 6, success
So F is the conclusion

(b) [6 marks] Using the same set of rules and facts, explain howefa chaining will reach a conclusion.

rule 1, 2, 3, 4, 5, 6, success, add S to the memory.
rule 1, 2, success, add f to memory.
So F is the conclusion
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(c) [6 marks] State two example tasks, one suitable for applgackward chaining and the other suitable for
forward chaining. Briefly describe the reasons for your cési

| degree checking in A4, backward chaining, a lot of facts, tmoslevant, fewef
conclusions

| medical diagnosis, forward chaining, many facts known atdiginning, many concli-
sions

(d) [15 marks] In assignment 4, you wrote rules to check the B§ca#eand some majors. Add rules so that
it can check the BSc degree with a Math major.

Math major requirements:

e MATH 113, 114; one course from (COMP102, STAT 131/193, QUAR and

e at least 92 points from MATH 200-399 (excluding MATH 371, whiis 12 points), includ-
ing at least 48 points numbered 300-399.

The Utility Rules (Appendix C) and Documentation of the Riudéanguage (Appendix D) for assignment 4 are
given at the end of the exam paper, which you may remove fereate if you wish.

hasMajor[?Student, math]
IF allcourses[?student, ?courses]
AND member[math113, ?courses]
AND member[math114, ?courses]
AND passedFrom[?courses, [compl02, statl31, stat193, quanl102], 1]
AND pointsFromDisciplines[?student, [math], 200, 399, 92]
AND pointsFromDisciplines[?student, [math] 300, 399, 48]
AND checkMath371[?student, ?courses]
checkMath371[?student,?courses]
IF member[math371, ?courses]
AND pointsFromDisplines[?student, [math], 200, 399, 104]
checkMath371[?student, ?courses]
IF NOT member[math371, ?courses]
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Question 7. Natural Language Processing [20 marks]

Consider the following DCG grammar rules and some lexicons.
S --> np_sub, vp, pp

vp --> Vv, np_obj.
vp --> V.

pp --> prep, np_obj.

np_obj -> pro_obj.
np_obj > det, n.

np_sub -> pro_sub.
np_sub > det, n.

pro_sub -->[i].
pro_sub --> [you].
pro_sub --> [he].
pro_sub --> [she].
pro_sub --> [they].
pro_sub --> []john]
pro_sub --> [mary].

pro_obj --> [ne].
pro_obj --> [you].
pro_obj -->[hin.
pro_obj --> [her].
pro_obj --> [then].
pro_obj --> []john].
pro_obj --> [mary].

prep --> [to].
prep --> [by].

det --> [the].
det -->[a].

n --> [cake].
n-->[butter].

--> [l oves].
--> [saw] .
--> [gave].
--> Jate].

< < < <
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(a) [6 marks] Show the parse tree for the following sentence:
“Mary gave the cake to him”

| np-sub (pro-sub (Mary), vp ( v(gave), np-obj ( det(the), ak@) , pp (prep(to
np-obj(pro-obj(him))

(b) [6 marks] Write six sentences that are considered corraatylse grammar. Construct them so that two
are syntactically correct, two are syntactically incotud two are semantically incorrect (something do not

happen in the real world). Label the sentences clearly Usimigect”, “incorrect”, “semantically incorrect”.

correct: John loves mary, she saw him
incorrect: | loves mary, He gave a butter to her
semantically incorrect: he ate mary, the cake ate mary
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SPARE PAGE FOR EXTRA ANSWERS

Cross out rough working that you do not want marked.
Specify the question number for work that you do want marked.
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(c) [8 marks] What are the main problems of this simple grammaiéfl explain how they can be fixed.

it does not check the subject, verb agreement

it does not check the det noun constraints

Add the grammatical features to the lexicon

Rewrite rules by augumetn the rules with variables, to cltleelconstraints.

kkkkkkkkkkkkkkkhkkkkkkkkkkhkkkkhkkkk
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Cross out rough working that you do not want marked.
Specify the question number for work that you do want marked.

COMP 307 24 continued...



StudentID: ...

Appendix for COMP307 exam

(You may tear off this page if you wish.)

A Some Formulae You Might Find Useful

plcip) = IS @
flxi) = 5 +1exl. )

O; = f(I;) Zf(;wkei'okﬂLbi) ©)
Aw;_; = 10;0;(1 - 0;)B; (4)

Bi = ;w;‘—»k(’k(l — 0x) Br (5)
B:=d:—o: (6)
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B Sigmoid/Logistic Function

Logistic
1 l l l l l l l l l l l l l l l
0% | ety
0.92
0.88 : : : : : : : : : : : ; :
0.84
0.8
0.76
0.72
0.68
0.64
0.6
0.56
0.52
0.48
0.44
0.4
0.36
0.32
0.28
0.24
0.2
0.16
0.12
0.08 | 1 1 1 1 1 1 1 1 1 1 1 1 ;
0.0
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C Utility Rules for checking degree and majors

# Uity RUIES - - - - s m o m o o oo

# What are all the courses a student has passed
al | cour ses[ ?student, ?courses]
I F bind][ ?courses, executeSql List["SELECT coursecode
FROM St udent s
VWHERE id="", ?student,"’"]].

# Are there at | east ?numof the courses in ?Ist inthe list of all passed ?courses
passedFron{ ?courses, ?lst, ?nuni
IF greaterOrEqual [size[intersection[?courses, ?Ist]], ?nun.

# Has the student passed at |least n points in a range of course nunbers
# (eg 200 to 399)
poi nt sFronRange[ ?st udent, ?m n, ?nax, ?required]
I F  bind][ ?poi nts, executeSqgl Si ngl e["SELECT SUM poi nts)
FROM St udents NATURAL JO N Cour ses
WHERE id="", ?student, "’ AND nunmber>=",?nin, "
AND nunber<=", ?max]]
AND great er Or Equal [ ?poi nts, ?required].

# Has the student passed at |east n points fromcourses in one of a given list
# of disciplines and range of course nunbers
poi nt sFronDi sci pl i nes[ ?student, ?di sciplines, ?mn, ?max, ?required]
I F  bind][ ?poi nts, executeSqgl Si ngl e["SELECT SUM poi nts)
FROM St udents NATURAL JO N Cour ses
WHERE i d="", ?student,"’
AND di scipline IN (", ?disciplines, ")
AND nunber >=",?mn, "
AND nunber <=", ?nmax] ]
AND great er Or Equal [ ?poi nts, ?required].

# Has the student passed at |east n points fromcourses in a given degree schedul e
#and range of course nunbers
poi nt sFronSched[ ?st udent, ?schedul e, ?m n, ?nmax, ?required]
I F  bind][ ?poi nts, executeSqgl Si ngl e["SELECT SUM poi nts)
FROM St udents NATURAL JO N Cour ses
WHERE i d="", ?student,"’
AND schedul e="", ?schedul e, "’
AND nunber >=",?mn, "
AND nunber <=", ?nmax] ]
AND great er Or Equal [ ?poi nts, ?required].
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D Documentation: Rule Language

The language for the queries, facts, and rules is a simpteofider language with variables. The facts are
predicate terms that assert that some relationship holsigeba some values. A fact consists of a predicate
name followed by the arguments in square brackets. The angisrmay be constants (hnumbers or identifiers)
or lists (which are enclosed in square brackets). For exantip following are predicate term facts

i sa[ obj ect1, bl ock].
I engt h[ brickl, 15].
contains[archl, [brickl, brick2, brick3]].

Like facts, the queries are predicate terms but may als@oomariables (identifiers starting with a "?”). If a
query contains a variable, the backward-chainer will aptetm find a binding for the variable that makes the
query true (according to the facts and rules). For example:

i sa[ ?0bj, bl ock]

i sa[ brickl, ?category]

I engt h[ brick2, ?length]

| engt h[ ?0bj, 21]
hasDegr ee[ 301023, bsc, conp]
fail sCode[ woods, ?reason]

Rules consist of a head and a set of conditions. Like a queeyhéad is a predicate term that may contain
variables. The conditions of a rule are a sequence of [#ecainnected by "and”. Each literal is a predicate
term, a Boolean operator term, or the negation of a term. Tdu@ents of condition terms may also contain
non-boolean operator terms (listed below). For example fahowing are two rules that describe when an
object consisting of three bricks forms an arch:

i sa[ ?0bj ect, arch]
| F contains[?object, [?brl, ?br2, ?br3]]
AND on[ ?br 3, ?br1]
AND on[ ?br 3, ?br 2]
AND ar chProportions[?brl, ?br2, ?br3]
AND NOT touching[?br1, ?br2].

archProportions[ ?supl, ?sup2, ?top]

| F I ength[?supl, ?hl]

AND | engt h[ ?sup2, ?h2]

AND equal [ ?h1, ?h2]

AND wi dt h[ ?supl, 2?wi]

AND wi dt h[ 2wup2, ?w2]

AND | engt h[ ?t op, ?It]

AND greaterThan[?lt, sunf?wl, ?w2]].

When the user enters a query, the rule system will attempttcmthe query with a fact or the head of a rule
from its rule set (in order of their occurrence in the faddrset). If the query matches a fact, then it will return
success, along with any variable bindings required to magertatch. If the query matches the head of a rule,
then it will attempt to satisfy all the conditions in the ryla order), accumulating bindings of variables as
it goes. When a rule condition is a predicate term, it atteniptsatisfy the term in exactly the same way as
the original query. When a rule condition is a boolean opertrm, it will attempt to evaluate the operator,
and evaluate any of the arguments of the operator along thebExaept for the bind operator, operators will
evaluate all their arguments. This means that any variablas operator term must have been bound to a
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value by the time the operator term is considered. For exanmpithe archProportions rule above, ?It, ?wl,
and ?w3 must have been bound by the last condition (whichwhiéyhave been). Note that any operators
inside a predicate term will not be evaluated when the peageiterm is examined.

The boolean operators are:

e greater Than[ val ue, val ue] andgreat er Or Equal [ val ue, val ue] : binary operators that com-
pare numbers.

e not Equal [ val ue, val ue]: binary operator that compares any values

e nenber[val ue, listval ue]: binary boolean operator that returns true if the first argoinis an
element of the second (list-valued) argument.

e bind[vari abl e, val ue]: binary boolean operator that fails if the value is fail othi€ variable is
already bound to something different from the value. Otliggwit succeeds (returns true) and also
binds the variable to the value.

e ask[ predicate terni: asks the user whether the term is true or false (unless #rehas already
been asked the same question, in which case it returns tiesiiops answer without bothering them
again).

The non-boolean operators (which return a value) are:

e sum difference, product,andquoti ent: binary numeric-valued operators that return the sum,
difference, product and the quotient of their numericaliargnts.

e intersection, union: binary list-valued operators that return the intersectiounion of two lists.
e si ze: unary numeric operator that returns the length of a list.

e execut eSql Si ngl e[ SQL query] : Invokes the SQL query on the comp307 postgres database and
returns the first value of the list of values that the SQL quetyrned. The SQL query must return just
a single field or number. If the SWL query returns no values,dperator returns the value fail. The
arguments of this operator (and the next), after they haee legaluated, will be concatenated into a
single string that will be the SQL query. Typically, the amgents will be a mixture of strings (with
most of the SQL query) and variables, which must be boundlteesahat will be inserted into the SQL

query

e execut eSql Li st[ SQL query as a string]: Invokes the SQL query on the comp307 postgres
database and returns the first value of the list of valuesttieaSQL query returned. The SQL query
must return just a single field or number. If the SWL query metuno values, the operator returns the
value fail.
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