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Written examination
TIN174/DIT410, Artificial Intelligence

Tuesday 2 May 2017, 8:30-12:30

Examiner: Peter Ljunglof

This examination consists of six questions. A correctly answered question gives you 2 points,
the total number of points is 12. :

Grades: To get grade 3/G/ pass you need at least 66% correct, i.e., 8 points.

This is only for students from previous years:

To get Chalmers grade 4 you need at least 10 points.
To get GU grade VG/ distinction you need at least 11 points.
To get Chalmers grade 5 you need all 12 points.

Tools: Paper and pencil.

No extra books, papers
or calculators.

Notes: Answer every question
directly on the question
paper, and write your
ID number at the top of

every paper.

WELL, THE DAgs COUDN'T TELL ANV DIFFERENCE, AND NIETHER CAULD 1. CONGRATULATIONS,
YOU'VE CREATED A MACHINE THAT 15 JUST AS INT [T AND CONSCIOUS AS DOCS.

If you have any extra s

papers with associated
calculations, you should
hand in them too.

TNK V00, AND WITH 1005
GRANT MONEY, ' SUBE. HUMANS
AREN'T AR DEEIND,

Write legibly, and
explain your answers!
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1. Pacman!

We all know and love Pacman. This time Pacman only has one enemy ghost, and only four "food
dots" to eat. Every turn Pacman and the ghost moves simultaneously, one step in any of the four
directions up, down, left or right. They cannot enter a wall, and Pacman fails if they end up on the
same square (or pass over each other). Pacman wins when all four food dots are eaten.

a) Give a suitable representation of the states in this search problem.

State’.' (?*;PY, Cﬂx, C-}Yj F1|F2‘F3‘r—_‘l )
Px, Py Gn, Gy € N representing coordinates of P aua (.,

F1,Fy, Fs, Fy € Boolean retvesenting Fr eaten or ot

The goal state woold be : (72,7, 7, Troe, Troe True, True )

A fail state wo ' =
il Sta vid b&‘(PK'I—J'P‘['—'Y, Gx = cr_,C:;U'-‘:j; A 7,7:7)

cotrect? F

b) Which of the following heuristic functions are admissible for this problem? 1 l

Check all that apply:
[ ] The Manhattan distance between Pacman and the ghost
M The Manhattan distance between Pacman and the closest food dot
m The Manhattan distance between Pacman and the food dot the furthest away

D The sum of all Manhattan distances between Pacman and each food dot

Don't forget to explain your.answers, or to hand in any papers with additional calculations.
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2. Data structures and search algorithms

The generic search algorithm uses a Jfrontier of nodes that are waiting to be expanded. At each
iteration, one node is removed from the frontier, and its neighbors are added to the frontier.

r
a) For each of the following search algorithms, ﬁ ;
which data structure is suitable for implementing the frontier? | 1 }

Search algorithm Frontier data structure
Depth-first search 6 toc I

Breadth-first search Q Jeue

Uniform-cost search 'pr (ot Q LI 1

A* search

o 2
Pﬁorut‘d Queve
Greedy best-first search (Pf fority Q L k.
1. Sorted by §-cost”

2: 50rt@t by £-cose (G4h)
3. Sorted by “h-cogt”

b) Which of the following A* searches will always return an optimal solution?

Check all that apply:
[ZI A tree search with admissible heuristics
[Vl A* tree search with consistent heuristics
[ ] A*tree search with any heuristics
@ A* graph search with admissible heuristics
\/ @‘ A* graph search with consistent heuristics

(] a graph search with any heuristics

Don’t forget to explain your answers, or to hand in any papers with additional calculations.
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3. Search graph with non-admissible heuristics

The following is a search graph with a non-admissible heuristics.

a) Which solution is the optimal one, and what is its cost?
Which solution will A* find, and what is its cost?

Solution Path Cost
Optimal 5""7,4'—769(:7 ?
A* search SoA-B >0 g

Tic between Aq and Bq bwhen alphabetically in
fever of A

b) Which solution will uniform-cost search find, and what is its cost? - [‘ ':mffp;;t?‘mé
Which solution will greedy best-first search find, and what is its cost? 1 J
Solution Path Cost
Uniform-cost S 9 A £ b ';Z
Greedy best-first LIRS (5 q

Don't forget to explain your answers, or to hand in any papers with additional calculations.
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4. Magic squares
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Read the background information about magic squares in the tear-off sheet.

Method for constructing a magic square of order 3 (modified from Wikipedia)

In the 19th century, Edouard Lucas devised the general
formula for order 3 magic squares. Consider the table
on the right, made up of positive integers p, g and z.

These 9 numbers will form a magic square with
sum 3(p + q), solong as0< g <z < pand z = 2g.

ptg-z | p+2q+z P
ptz p+q p+2g-z
p+2q p-z ptg+z

:‘mncf?i

a) Formulate Edouard Lucas' magic square construction formula as a CSP over
the variables P, Q and Z. Let the magic square sum be 3(p + g) = 15, and let the

initial domains be {1...9}. All constraints can be formulated as binary constraints.

Draw the constraint graph and write the constraints next to the edges.

b) What are the resulting domains after the graph is made arc consistent?

Variable Final domain
P L
Q 1
. >

correct?

1

Don't forget to explain your answers, or to hand in any papers with additional calculations.
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5. The colours of Britain

The Britain map to the right is partly coloured, but it g :
really wants to be in full colour. As usual, neighbouring N
regions are not allowed to be in the same colour, ? :
and you have only four available colours. e
AW,

a) Which region(s) does the Minimum Remaining p—

corveci?

Values* heuristic suggest that you colour next? 1
(*i.e, choose the variable with the fewest legal values) |

Yorkshire
and The
Humber

Check all that apply:
North East

4
s Midlands East of

Englond

North West

Yorkshire and The Humber
West Midlands

South West

East of England

U O0ORORO

London

b) Assume that we want to colour "Yorkshire and The Humber" next. Which Py
colour(s) does the Least Constraining Value* heuristic suggest that you try first? ! 1 E
("i.e., prefer the value that rules out the fewest choices for neighbouring variables) ‘

Check all that apply:
Yellow
[] Red
[] Bue
(] Green

Don't forget to explain your answers, or to hand in any papers with additional calculations.



TIN174/DIT410, Artificial Intelligence Written by (anonymous 1D):
Written examination, 2 May 2017 RS BB BB W Eqdﬁupaeﬁsn nnnnnnnnnnn

6. Minimax and alpha-beta pruning

Assume the following minimax game tree, where () are leaf nodes,
/\ are maximising nodes, and V/ are minimising nodes.

a) Perform the minimax algorithm on the game tree above, and write the resulting [ coneciz |
min/max values inside the empty nodes. 1 J
J

b) Suppose you had used alpha-beta pruning, which branches would have been
cut off from the game tree? Check all that apply:

VDa []b []c []d
[ e O f /g mE
7 i [ & (] m (] n

Don’t forget to explain your answers, or to hand in any papers with additional calculations.



