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Caul (1 diém)
(a) (0,5 diém) Mot tac tif c¢6 thé dudc mo td mot cach tong quét nhu thé nao?
How can an agent be generally described?

(b) (0,5 diém) Vi sao mot tac tii tit dinh c6 bd nhé khdng phai 1a mot ham (theo nghia todn hoc)
tlf tp cdc dau vao dén tip cdc dau ra?

Why is a deterministic agent with memory not a function (in the mathematical sense) from
the set of inputs to the set of outputs?
Cau 2 (1,5 diém)
(a) (0,5 diém) Dang chuin hoi (CNF) 1a gi?
What is conjunctive normal form (CNF)?
(b) (1 diém) Bién dbi cong thiic sau vé dang chuin hoi:
Transform the following formula into conjunctive normal form:

(AAB) & (AV B)

Cau3 (1.5 diém)
(a) (0,5 diém) Phép hop nhit tdng quit nhit (most general unifier - MGU) la gi?
What is a most general unifier (MGU)?

(b) (1 diém) Hop nhét (néu c6 thé) hai biéu thiic sau, trong d6 x, y 1 bién. Trinh bay tiing budc
thuat todn hdp nhét, cho biét MGU va céc biéu thiic thu dugc sau khi hop nhit.

Unify (if possible) the following expressions, where x and y are variables. Show each step of
the unification algorithm, and give the MGU and the resulting expressions.

p(x, f(x)), p(y,y)

Cau 4 (2 diém)
Mot ndong dan can dwa mot con s6i, mot con dé va mot ciy bip céi tir b trdi sang bd phdi ctia mot
con song. Thuyén chi chd dugc ndng dan cling nhiéu nhit mdt trong ba thi trén. Khi khong cé
ndng dan & cung b, s6i sé dn dé va dé s& dn bip cai. Mdi trang thai dudc biéu dién bing hang thiic
state(Farmer,Wolf,Goat,Cabbage), cac thanh phan nhén gid tri left (bJ trdi) hodc right
(b6 phai). Cho chuong trinh GNU Prolog sau:

A farmer needs to take a wolf, a goat and a cabbage from the left bank to the right bank of a river.
The boat can carry only the farmer and at most one of the three. When the farmer is not on the
same bank, the wolf eats the goat and the goat eats the cabbage. Each state is represented by the
term state (Farmer,Wolf,Goat,Cabbage), whose arguments are left or right (the bank).
Consider the following GNU Prolog program:
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start :- action(state(left,left,left,left),

state(right,right,right,right)).

action(Start,Goal) :-

plan(Start,Goal, [Start] ,Path),
nl, write('Solution:'), nl,
write(Path), nl.

plan(Start,Goal,Visited,Path) :-

go(Start,Next),

safe(Next),

\+ member (Next,Visited), % not (member(...))
plan(Next,Goal, [Next|Visited] ,Path).

plan(Goal,Goal,Path,Path) .

go(state(X,X,Z,K) ,state(Y,Y,Z,K)) :- across(X,Y). % farmer, wolf
go(state(X,W,X,K) ,state(Y,W,Y,K)) :- across(X,Y). % farmer, goat
go(state(X,W,Z,X) ,state(Y,W,Z,Y)) :- across(X,Y). % farmer, cabbage
go(state(X,W,Z,K) ,state(Y,W,Z,K)) :- across(X,Y). % farmer

across(left,right).
across(right,left).

safe(state(_,W,Z,K)) :- across(W,Z), across(Z,K).
safe(state(B,B,B,_)).
safe(state(B,_,B,B)).

(a)

(b)

(c)

(0,5 diém) Can nhap truy vin nao dé chay chuong trinh?
What query should be entered to run the program?
(0,5 diém) Chay chuong trinh trén, ta dugc két qua:

Running the program above gives the following output:

Solution:
[state(right,right,right,right),state(left,right,left,right),
state(right,right,left,right),state(left,right,left,left),
state(right,right,right,left) ,state(left,left,right,left),
state(right,left,right,left),state(left,left,left,left)]

Nhan xét vé thit tu céc trang thdi trong danh sach. Tu d6, trinh bay 15i giai thanh day cac 1an
qua song theo diing thi tu thue hién, mdi 1an qua song viét thanh mot ciu, chéng han:
Farmer and wolf cross from left to right.

Comment on the order of the states in the list. Based on that, write the solution as a sequence
of river crossings in the order they are carried out, one sentence per crossing, for example:

Farmer and wolf cross from left to right.

(1 diém) Dé chuong trinh tu in 18i gidi thanh c4c cAu nhu & ¥ (b) thay vi danh s4ch trang th4i,
ta thay dong write (Path), nl. trong vi tif action bing write_path(Path) . va thém vi
tlf write_path vao cudi chuong trinh nhu sau:

To make the program print the solution as sentences like those in (b) instead of a list of states,
we replace the line write (Path), nl. in the predicate action by write_path(Path).
and add the predicate write_path at the end of the program as follows:
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action(Start,Goal) :-
plan(Start,Goal, [Start] ,Path),
nl, write('Solution:'), nl,
write_path(Path). % replaces write(Path), nl

% ... plan, go, across, safe: unchanged ...

write_path([_]).

write_path([S2,S1|Rest]) :-
write_path([S1|Rest]),
write_move(S1,82).

% ===== BEGIN: Complete the clauses of write_move/2 below =====
% (1) Farmer crosses from <X> to <Y>

% (2) Farmer and wolf cross from <X> to <Y>

% (3) Farmer and goat cross from <X> to <Y>

% (4) Farmer and cabbage cross from <X> to <Y>

% ===== END: write_move/2 =====

Hay hoan thién chuong trinh: tai mdi vi tri ¢6 chi thich (1)—(4), viét mdt ménh dé cia vi tir
write_move(Statel,State2), trong d6 Statel, State2 la trang thdi ngay truc va ngay
sau mOt 1an qua song. Mdi ménh dé in ding mot dong theo mau & chu thich (<X>: bd xuit
phat, <Y>: bd dén) va chi dung write/1, n1/0. Bai lam chi cin ghi cdc ménh dé nay.

Complete the program: at each position marked by a comment (1)—(4), write one clause of
the predicate write_move (Statel,State2), where Statel and State2are the states just
before and just after a river crossing. Each clause prints exactly one line following the pattern
in its comment (<X>: bank of departure, <Y>: bank of arrival) and uses only write/1 and
nl/0. In your answer, write only these clauses.

Cau 5 (2 diém)
Xét bai todn 8-puzzle vdi trang thdi dau va trang thdi dich dudi ddy (6 mau xdm la 6 trong; mdi
nudc di di chuyén 6 trong sang mdt 6 k&: 1én (U), xudng (D), trdi (L) hoiic phai (R)).

Consider the 8-puzzle with the start and goal states below (the grey square is the blank; a move
shifts the blank to an adjacent square: up (U), down (D), left (L) or right (R)).

Trang thdi dau Trang thai dich
1] 3] 1]2]3]
41216 41516
7158 718

Dung tim kiém theo chiéu rong (breadth-first search), hdy vé cdy tim kiém tir trang thdi dau cho
dén khi tim thdy trang thdi dich va cho biét dudng di tim dugc (ddy nudc di ctia 6 tréng). Sinh céc
nut con theo tht tu U, D, L, R, trdnh chu trinh d dai 2 (khong sinh nuéc di quay lai trang thai
cha), va danh s6 céc niit theo thii tu dugc sinh ra. Kiém tra dich ngay khi sinh ra mdi nut.

Using breadth-first search, draw the search tree from the start state until the goal state is found,
and give the path found (the sequence of moves of the blank). Generate successors in the order
U, D, L, R, avoiding cycles of length 2, and number the nodes in the order in which they are
generated. Apply the goal test to each node as soon as it is generated.
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Cau 6 (2 diém)
Can du dodn thdi tiét budi chidu dua vao mdt vai quan sit thdi tiét don gian vao budi sdng cling
ngly. Mo hinh xé4c suit day du, tic phan phdi x4c suit dong thdi cta ba bién Sky, Bar va Prec,
dudc cho trong bang dudi day.

You are to predict the afternoon weather from a few simple weather observations made in the
morning of the same day. The complete probabilistic model, i.e. the joint probability distribution
of the three variables Sky, Bar and Prec, is given in the table below.

Sky Bar Prec P(Sky, Bar, Prec)
Clear  Rising Dry 0,40
Clear Rising Raining 0,07
Clear  Falling Dry 0,08
Clear Falling Raining 0,10
Cloudy Rising Dry 0,09
Cloudy Rising Raining 0,11
Cloudy Falling Dry 0,03
Cloudy Falling Raining 0,12

Sky:

Bar:

Prec:

Bau trdi budi sdng quang dang
(clear) hay nhiéu may (cloudy).

The sky is clear or cloudy in the
morning.

Khi 4p ké budi sdng bdo dp suit
tdng (rising) hay gidm (falling).
The barometer is rising or falling in
the morning.

Budi chiéu tr&i mua (raining) hay
kho rdo (dry).

It is raining or dry in the afternoon.

(a) (0,5 diém) Phét biéu cong thiic x4c suit c6 diéu kién P(A | B), v6i P(B) > 0.
State the formula for the conditional probability P(A | B), where P(B) > 0.
(b) (0,5 diém) Tinh P(Prec = dry | Sky = clear, Bar = rising).

Compute P(Prec = dry | Sky = clear, Bar = rising).

(c) (1 diém) MJi budi sang, mot thiét bi cdm bién du bdo budi chiéu c6 mua hay khong. Goi
S 1a su kién thiét bi bdo muwa. Khi budi chidu trdi mua, thiét bi bdo mua véi x4c suét
P(S | Prec = raining) = 0,9; khi budi chiéu khd rdo, thiét bi vin bdo mua véi xdc suét
P(S | Prec = dry) = 0,2. Dung cong thiic Bayes, tinh x4c suit budi chiéu trdi mua khi thiét
bi bao mua, P(Prec = raining | §).

Every morning, a sensor predicts whether it will rain in the afternoon. Let S be the event
that the sensor predicts rain. When it rains in the afternoon, the sensor predicts rain with
probability P(S | Prec = raining) = 0.9; when the afternoon is dry, it still predicts rain with
probability P(S | Prec = dry) = 0.2. Using Bayes’ formula, compute the probability that it
rains in the afternoon given that the sensor predicts rain, P(Prec = raining | S).

— HET —
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