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Thdi gian: 90 phit (khong ké thdi gian phat dé)

Cau1 (1 diém)

(a) (0,5 diém) MOt tdc tir c6 thé dude md td mot cach tdng quét nhu thé ndo?
How can an agent be generally described?
Loi gidi
Mot cdch tong quat, tac tlif 12 mot hé thdng x{ 1y thong tin nhan dit liéu diu vao va tao két
qua dau ra tuong ng

(b) (0,5 diém) Vi sao mot tac tir tht dinh c¢6 bd nhé khong phai 1a mot ham (theo nghia to4n hoc)
tlr tp céc 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?

Loi giai
Mot ham (theo nghia todn hoc) gan cho mdi dau vao diing mgt dau ra.
Dau ra ctia tdc tif ¢6 bd nhé khong chi phu thudc vao dau vao hién tai ma con phu thudc vao
ndi dung bd nhd, tiic 1a vao cdc dau vao trude dé. Vi vdy, cling mot dau vao & hai thdi diém
khac nhau c6 thé cho hai dau ra khdc nhau, nén quan hé giita dau vao va dau ra khong phai
12 m&t ham.
Cau 2 (1,5 diém)
(a) (0,5 diém) Dang chuin hdi (CNF) Ia gi?
What is conjunctive normal form (CNF)?
Loi gidi
Mot cong thiic 6 dang chuin hdi (CNF) khi va chi khi n6 12 hoi ctia cdc ménh dé (clause):
KinKyAN---NK,, (D)
trong d6 mdi ménh dé K; la tuyén cia cdc literal

Ki=LiyVLpV---V Lip,. (2)

MBGi literal 1a mot bién ménh dé (positive literal) (vi du P, Q, R,...) hodc phu dinh cia mot
bién ménh dé (negative literal) (vi du =P, -Q, —=R,...).
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(b) (1 diém) Bién dbi cong thiic sau vé dang chuin hoi:
Transform the following formula into conjunctive normal form:

(AAB) & (AV B)

Loi gidi
Bién d6i 1an luot:
1. Khit &. Tacé: ((AAB) = (AVB))A((AV B) = (A AB)).
2. Khit=. Tacé: («(AAB)VAVB)A(=(AVB)V(AAB)).
3. Dua phu dinh vao trong (De Morgan): (=AV =BV AV B) A ((=AA=B)V (A A B)).
4. Phan phdi V qua A 8 vé sau: (nAV ~-BVAVB)A(mAVA)A(-AVB)A(AV
—|B) A (—|B \Y B)
5. B4 cdc ménh dé ludn ding (chita mot bién cung phu dinh ctia né).

(AAB) & (AVB) = (=AV B) A (AV —=B) }

Dang chuén héi khong la duy nhét. Cau tra 16i diing vé logic khi khir déu dugc full
diém.
Cau 3 (1,5 diém)
(a) (0,5 diém) Phép hop nhét tdng quét nhit (most general unifier - MGU) 1a gi?
What is a most general unifier (MGU)?
Loi giai
Mot phép thé o cho céc bién lam cho hai literal trd nén gidng hét nhau goi 1a mot phép hgp
nhét (unifier); khi d6 hai literal dudc goi 14 hop nhét dude. Mot phép hop nhit dudc goi 1a

phép hgp nhét téng quat nhit (MGU) néu moi phép hop nhét khac déu nhan dugc tit né
bing c4ch thé thém céc bién.

(b) (1 diém) Hop nhét (néu c6 thé) hai biéu thiic sau, trong d6 x, y 1a 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)
Loi gidi
Ap dung thuit todn hop nhét cho
W ={p(x f(x). p(y. )}

k=0,Wo=W = {p(x, f(x)), p(y,y)}, 00 = € (trong d6 € 1a phép rong).
Tap sai khéc (disagreement set) 1a Do = {x, y}. Do d6 st dung phép thé o = {x/y} (thé x
bang y). Thay vao W ta c6

Wi ={p(, f(¥),p(y, )} (3)

Tiép tuc, D1 = {f(y),y}. Vi y xuét hién trong f(y) nén thuat todn diing lai va két luin
khong thé hop nhét dugc.
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Cau4 (2 diém)
Mot ndng dan cin dua mdt con s6i, mot con dé va mot cly bip céi tir b trdi sang bd phdi cia mot
con song. Thuyén chi ché dugc ndng dan cling nhiéu nhit mot trong ba thit trén. Khi khong c6
ndng dan & ciing bo, s6i s€ #n dé va dé sé dn bap cai. Mdi trang thdi dudc biéu dién bing hang thiic
state(Farmer,Wolf,Goat,Cabbage), cic thanh phin nhén gid tri 1eft (bd trdi) hodc right
(bo phdi). 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:

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) (0,5 diém) Can nhap truy van nao dé chay chuong trinh?
What query should be entered to run the program?
Loi giai
Nhép truy van start. (phdi c6 diu cham & cudi).
(b) (0,5 diém) Chay chuong trinh trén, ta dudc 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)]
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(c)

Nhan xét vé thit tu cdc trang thdi trong danh sach. Tur d6, trinh bay 13i gii thanh diy céc 1an
qua song theo ding thit tu thuwe hién, mdi 1an qua song viét thanh mot cau, chdng 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.
Loi giai
Danh séch 1a mot 16i gidi gdm 8 trang thdi, mdi trang thai cho biét ndong dan, séi, dé va bép
céi dang & b nao. Hai trang thdi lién nhau cdch nhau ding mot 1an qua song, nén 13i giai
c6 7 1an qua song.
Danh séch theo thit tu nguge: phan tit dau state (right,right,right,right) la dich,

phan tii cubi state(left,left,left,left) la xuit phat. Ly do 1a plan thém trang thai
mdi vao dau danh sdch ([Next |Visited]). Doc tir cudi Ién, 15i gidi la:

1. Farmer and goat cross from left to right
Farmer crosses from right to left

Farmer and wolf cross from left to right
Farmer and goat cross from right to left
Farmer and cabbage cross from left to right
Farmer crosses from right to left

Farmer and goat cross from left to right

=N B ps B9 e

(1 diém) Dé chuong trinh tu in 18i gidi thanh cdc cAu nhu & ¥ (b) thay vi danh sdch trang thdi,
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:

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,S2).

% ===== 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 =====

Trang 4/8



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>: bs xuit
phét, <Y>: bd dén) va chi dung write/1, n1/0. Bai lam chi can 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.

Lai giai

write_move(state(X,W,Z,K), state(Y,W,Z,K)) :-
write('Farmer crosses from '),
write(X), write(' to '), write(Y), nl.
write_move(state(X,X,Z,K), state(Y,Y,Z,K)) :-
write('Farmer and wolf cross from '),
write(X), write(' to '), write(Y), nl.
write_move(state(X,W,X,K), state(Y,W,Y,K)) :-
write('Farmer and goat cross from '),
write(X), write(' to '), write(Y), nl.
write_move(state(X,W,Z,X), state(Y,W,Z,Y)) :
write('Farmer and cabbage cross from '),
write(X), write(' to '), write(Y), nl.

MGbi 1an qua song chi khép ding mot trong bdn maiu ddu ménh dé, nén khong can dung !
va thit tu cdc ménh dé khdng quan trong.

Cau 5 (2 diém)
Xét bai toan 8-puzzle véi trang thdi dau va trang thdi dich du6i diy (6 mau xadm 1a 6 trong; mdi
nudéc di di chuyén 6 trong sang mot 6 ké: 1én (U), xudng (D), trdi (L) ho#c 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 théi dich
1 3 1123
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 thiy trang thai dich va cho biét dudng di tim dugc (day nuéc di cta 6 tréng). Sinh cac
nut con theo thi tu U, D, L, R, trdnh chu trinh do 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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Lai giai

Céch lam. Tim kiém theo chiéu rong gilt cdc nit da sinh nhung chua dugc md rong trong mot
hang dgi (vao trudc, ra truéce), nén céc nit dugc mé rong ding theo thi tu dude sinh ra va cay
dudc mé rong 1an ludt ting mitc. Khi md rong mot niit, thit cdc nube di cta  trdng theo thi tu
U, D, L, R; bé qua nuéc di ra ngoai bang va nudc di quay lai trang théi cha. Moi nit con dugc
d4nh s6 theo thi tu sinh ra va dugc kiém tra ngay khi sinh; néu 1a trang th4i dich thi thut todn
dung.

Cac budc.

Budc 1. M& rong nit 1 (trang thdi dau, 6 trong & gita hang trén). Khong di U dugc vi 6 trong
& hang trén ciing. Sinh nit 2 (D: 6 trong dbi chd véi s6 2), niit 3 (L: ddi chd véi s 1)
va nit 4 (R: d6i chd véi sd 3); khong niit nao 1a dich. Hang doi: 2, 3, 4.

Budc 2. M6 rong nit 2 (6 tr6ng 6 gilia bang). Nut 2 ¢6 dudc tir nuéc D nén khong di U, vi s€
quay lai nit 1. Sinh nit 5 (D, dbi chd véi s 5), niit 6 (L, ddi chd véi s6 4) va nit 7 (R,
ddi chd véi s6 6); khdng nit nao 1a dich. Hang doi: 3, 4, 5, 6, 7.

Budc 3. M& rong nit 3 (6 trong & géc trén bén tri). U va L ra ngoai bang, R quay lai nit 1, nén
chi sinh niit 8 (D, ddi chd véi s6 4); niit 8 khong phai dich. Hang doi: 4, 5, 6, 7, 8.

Budce 4. M6 rong nut 4 (0 trong & goc trén bén phéi). U va R ra ngoai bang, L quay lai nt 1,
nén chi sinh niit 9 (D, ddi chd vdi s6 6); nit 9 khong phai dich. Hang doi: 5, 6, 7, 8, 9.

Budc 5. M& rong niit 5 (6 tréng & gitta hang duéi). U quay lai nit 2, D ra ngoai bang. Sinh nit
10 (L, dbi chd véi s 7), khong phai dich; rdi sinh nit 11 (R, ddi chd véi s6 8), day 1a
trang thai dich nén thuat todn ditng. Céac nit 6-10 da dugc sinh nhung chua dudc mé
rong.

Lan ngudc tir niit 11 theo nit cha (cha ctia 11 1a 5, cha ctia 512 2, cha cta 2 1a 1), ta duge dudng

dil »2—5— 11 v6i cac nuéc D, D, R.

Cay tim kiém va bang du6i day trinh bay lai cdc budc trén.

1] [3
4|26
EE
— S
D L R
2 / 3\\[\
123 13 13
4 426 4]276
7058 70578 EE
P 5 A
s 6 [ "7~ 8 1 o |
123 1273 1273 4]173 136
4|56 4(6 4]6 2|6 2
7 8 715(8 715|8 7158 715|8
L R
10 1\
1273 1[2]3
456 4156
7[8 708

Cay tim kiém theo chiéu rong. Cac nit dudc ddnh sb theo thi tu sinh ra va dudc kiém tra ngay khi sinh;
chit trén canh 1a nu6c di cta 6 tréng. Nét dit: nit da sinh nhung chua dudc mé rong khi tim thay dich.
Xanh duong: dudng di tim dugc; xanh 14: nut dich.
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Budc Nutmd rong Niit con sinh ra (nudc di) Kiém tra dich khi sinh

1 1 2(D),3(@L),4([R) khong c6 dich
2 2 5(D),6(L),7([R) khong c6 dich
3 3 8 (D) khong c6 dich
4 4 9 (D) khong c6 dich
5 5 10 (L), 11 (R) 10: khong; 11: ding = dirng

Céc budc tim kiém theo chiéu rong: cdc niit dugc md rong theo thd tu dudc sinh ra. Vi du: nit 2 ¢6 duge
tif nudc D nén khong sinh nuée U tir nidt 2; niit 3 chi sinh duge nude D vi 6 tréng & géc trén bén tréi (khong
di U, L dudc) va nu6c R quay lai nut 1.

Dudng di tim dudc 1 — 2 — 5 — 11: 6 trobng di D, D, R (6 2 di 1én, & 5 di 1én, 0 8 sang

trai).
1 3 1123 1123 1(2]3
—+—+—— D +—+—— D R
41216 — |4 6| — |4(5|/6] — |4|5]|6
715]8 715]8 7 8 78

Bai lam chi cin c6 cay tim kiém hoiic bang véi cac trang thai va s6 thi tu niit ding, chon
diing nit dé m& rong 6 mdi buée (niit duge sinh ra sém nhét trong sd cac niit chura duge
mé rong) va két qua ding (dudng di 1 — 2 — 5 — 11, cac nuée D, D, R) la dugc diém t6i
da.

Cau 6 (2 diém)
Can du doén thdi tiét budi chidu dwa vao mdt vai quan sat thdi tiét don gian vao budi sdng cling
ngdy. Mo hinh xdc suét ddy dd, tic phan phdi xdc suat dong thdi ctia 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: Bau troi budi sdng quang dang

Sky Bar Prec P(Sky, Bar, Prec) (clear) hay nhiéu may (cloudy).

Clear Rising Dry 0,40 The sky is clear or cloudy in the
Clear  Rising Raining 0,07 morning.
Clear  Falling Dry 0,08 Bar: Khi 4p ké budi sdng bdo dp suit
Clear Falling Raining 0,10 ting (rising) hay gidm (falling).
Cloudy Rising Dry 0.09 The barometer is rising or falling in
Cloudy Rising Raining 0,11 thexr.norfz:ng. . o
Cloudy Falling Dry 0.03 Prec: Budi chiéu troi mua (raining) hay

’ kho réd .
Cloudy Falling Raining 0,12 0 réo (dry)

It is raining or dry in the afternoon.
(a) (0,5 diém) Phat biéu cdng thiic xdc 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.

Lai giai
Véi P(B) > O:
P(A A B)

PAIB) = —F
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(b)

(c)

Tuong duong: P(A A B) = P(A | B) P(B) (quy tic nhan).

(0,5 diém) Tinh P(Prec = dry | Sky = clear, Bar = rising).

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

Loi gidi

Dé gon, viét P(clear, rising, dry) thay cho P(Sky = clear, Bar = rising, Prec = dry); c4c xac
sudt khéc viét tuong tw. Cong hai dong dau ctia bang (hai dong c6 Sky = clear, Bar = rising):

P(clear, rising) = 0,40 + 0,07 = 0,47.

Theo dinh nghia xdc suat c6 diéu kién:

P 1 , isi 9d 0’40 40
(clear, rising, dry) = =~ 0.851.

P(clear,rising) 0,47 47

P(dry | clear, rising) =

(1 diém) Mbi budi sang, mot thiét bi cdm bién du bdo budi chidu c6 mua hay khong. Goi
S 1a su kién thiét bi bdo mua. Khi budi chidu troi mua, thiét bi bio mua véi xdc suit
P(S | Prec = raining) = 0,9; khi budi chidu kho rdo, thiét bi vin bdo mua véi xdc suét
P(S | Prec = dry) = 0,2. Dung cong thiic Bayes, tinh xdc suat budi chiéu tr&i mua khi thiét
bi bdo mua, P(Prec = raining | S).

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 | §).

Loi giai
Ky hiéu R 1a su kién Prec = raining; khi d6 =R 1a su kién Prec = dry. Cong b6én dong c6
Prec = raining trong bang:

P(R) = 0,07 +0,10 + 0,11 +0,12 = 0,40,  P(=R) = 1 — 0,40 = 0,60.
Theo cdng thiic x4c suat day du:
P(S) = P(S | R) P(R) + P(S | =R) P(=R)
=09-0,40+0,2-0,60 = 0,36 + 0,12 = 0,48.
Theo cong thiic Bayes:

P(S|R)P(R) 036 _
P(S) 048

P(R|S) = 0,75.

Nhu vay, khi thiét bi bdo mua, x4c suit budi chiéu trdi mua ting tir 0,40 1én 0,75.

— HET —
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