Midterm Examination

VNU-HUS MAT3508 1 — Introduction to Al
Date: 2025-11-03 Time allowed: 90 minutes Credits: 3

Total: 10 points

Name (Tén): Student ID (Ma Sinh Vién):

Instructions (Huéng dan):

Write your answers on the blank spaces provided below each problem. Your
answers must be written in either Vietnamese or English but NOT a mixture
of both languages. Answers which are hard to read or understand (because of
bad handwriting, unclear expression, etc.) may receive no credit. (Viét cau tra
15i vao chd tréng dugc cung cip dudi mdi cdu hoéi. Cac cau tra 15i phai dugc
viét bing mot trong hai ngdn ngir: Tiéng Viét hodic Tiéng Anh, KHONG dugc
tron l1dn ci hai. Cac cAu tra 16i khé doc hoic khé hiéu (do chit viét tay xau,
dién dat khéng ré rang, v.v.) c6 thé khong dugc chdm diém.)

This is a closed-book exam. No documents (e.g., books, notes, etc.) or elec-
tronic devices (e.g., phones, tablets, laptops, smart watches, etc.) are allowed,
except a basic calculator. Blank papers can be used for rough work and must
contain student names and ID at the top of every page. (Day la bai kiém tra
déng sach. Khéng dugc mang theo tai liéu (vi du: sich, vé ghi chép, v.v.) hoac
thiét bi dién t& (vi du dién thoai, may tinh bang, laptop, ddng hd théng minh,
v.v.), trit may tinh cAm tay co ban. Giiy tring cé thé dugc st dung dé lam
nhap va phai ghi ré6 ho tén va ma sinh vién & géc trén ctia mdi trang.)

Any form of cheating or discussing with others (despite whether it is related
to the exam content) during the exam will result in a zero score. (Moi hinh
thitc gian 14n hoic thio luan véi ngudi khic (dit ¢ lién quan dén nodi dung
kiém tra hay khong) trong thdi gian lam bai sé bi diém 0.)

Show all work. Answers without justification will receive no credit. (Trinh bay
day du cac budc giai. Cac cau tra 16i khong cé 1y giai sé khong dude chim
diém.)

Clearly indicate final answers. (Ghi r6 d4p an cubi ciing.)

The score of this exam takes 20% of the total course score. (Diém s ctia bai
kiém tra nay chiém 20% tong diém hoc phan.)

Problem (C4u) | Score (DPiém)
1 /1.5
2 /2.0
3 /15
4 /2.5
5 /15
6 /1.0
Total (Tong) / 10.0




MAT3508 1 Midterm Examination 2

Problem 1 (Cau 1). (1.5 points)

Give a brief description of the Turing test. Give reasons for the unsuitability of the Turing
test as a definition of “artificial intelligence” in practical Al (Hay md ta ngan gon vé Phép thit
Turing. Néu ly do vi sao Phép thit Turing khéng phu hgp lam dinh nghia cho “tri tué nhan
tao” trong cdc ting dung Al thuc tién.)

What are your thoughts on whether machines can think? Explain your answer. (Ban nghi
gl vé viéc mdy moéc c¢6 thé suy nghi hay khong? Hay giai thich cAu tra 15i ctia ban.)

Solution/Hint (L&i giai/Gdi y).

The Turing test, proposed by Alan Turing in 1950, is a test of a machine’s ability to exhibit
intelligent behavior indistinguishable from that of a human. In the test, a human evaluator
interacts with both a machine and a human through a text-based interface. The machine is said
to have passed the test if it can convince the evaluator that it is human in about 30% of the
interactions.

Howewver, the Turing test is often criticized as an inadequate definition of artificial intelli-
gence for several reasons, some of which include:

e Focus on Behavior, Not Understanding: The Turing test measures a machine’s
ability to mimic human conversation, but it does not assess whether the machine truly
understands the content or possesses genuine intelligence.

o Limited Scope: The test is based on linguistic capabilities and does not account for other
forms of intelligence, such as emotional or social intelligence.

o FEasily Deceived: A machine could potentially pass the Turing test through clever tricks
or pre-programmed responses without possessing real intelligence.

(Any reasonable arguments can be accepted.)
Regarding whether machines can think, there is no definitive answer. Any reasonable argu-
ment is accepted.
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Problem 2 (Cau 2). (2 points)
Consider the following knowledge base: (Xét co s tri thic sau:)

(1) A= (BAC)
(2) B — =D
3) C—D

(a) Convert each formula into an equivalent CNF. (Chuyén mdi cong thitc da cho sang dang
CNF.)

(b) Write the resulting set of clauses. (Viét tap hop cdc ménh dé thu dugc.)

(c) Using resolution by refutation, show that the knowledge base entails =A. (Dung phuong
phap suy dién bang phan chimg dé chimg minh rang co sé tri thitc suy ra —A.)

Solution/Hint (Ldi giai/Gdi ¥).
(a) Convert to CNF:
1.LA—= (BANC)=-AV(BAC)=(-mAV B)A(mAV ().
2.B—-D=-BV-D.
3.C—>D=-CVD.

(b) Clause set:
{-AvV B, -AvC, =BV -D, -CV D}.

(¢) Refutation: assume A and derive a contradiction.

(1) -AVB

(2) mAVC

(3) =BV -D

(4) -CV D

(5) A (assumption for refutation)

Resolve:

(6) B from (5) and (1)

(1) C from (5) and (2)

(8) =D from (6) and (3)

(9) D from (7) and (4)

(10) ()  from (8) and (9) (empty clause)

Since assuming A leads to contradiction, the knowledge base entails —A.
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Problem 3 (Cau 3). (1.5 points)

Provide the most general unifier (MGU) of the two formulas below, or show that none exists.
Explain your steps. (Hay tim bo hop nhat tong quat nhat (MGU) clia hai cong thitc dudi day,
hodc chitng minh khéng ton tai. Gidi thich cdc bude thuc hién.)

P(f(x), g(y),y) and P(z g(f(a)), f(a)).

Solution/Hint (L&i giai/Gdi y).

Apply the algorithm mentioned in the lecture slides step by step.

1. Start with the set of corresponding argument equations obtained from equating the two
predicates: So = {f(x) = z, g(y) = g(f(a)), y = f(a)}.

2. Find a disagreement in Sy. Consider the first equation f(x) = z. The top symbols dis-
agree (function f wvs variable z). Choose the variable-side substitution that can eliminate this
disagreement: 01 = {z/f(x)}, which passes the occurs-check since z does not occur in f(x).

3. Apply 01 to Sy to obtain Sy = 01(So) = {f(z) = f(z), g(y) = g(f(a)), y = f(a)}.
Remove the trivial equation f(x) = f(x), leaving S| = {g(y) = g(f(a)), y = f(a)}.

4. Find a disagreement in S5. In g(y) = g(f(a)) the top symbols agree (both g), so inspect
arguments: y vs f(a). Choose the substitution 6 = {y/ f(a)}, which also passes the occurs-check.

5. Apply Oy to S1: Sy = 65(57) = {9(f(a)) = g(f(a)), f(a) = f(a)}, which contains only
trivial equations, so the process terminates.

6. Compose the substitutions in the order applied to get the unifier o = 0,06, = {z/f(x), y/f(a)}.

7. Verify and argue most-generality: - Applying o to both atoms yields P(f(x), g(f(a)), f(a)),
so o is a unifier. - It is most general because x remains a variable (not instantiated); any other
unifier must further instantiate x (or leave it), so any other unifier can be obtained by composing
o with a substitution for x.

Therefore the MGU is 0 = {z/f(z), y/f(a)}.
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Problem 4 (Cau 4). (2.5 points)
Consider the following Prolog program. (Xét chuong trinh Prolog sau.)

1.

G

Solution/Hint (Loi giai/Ggi ¥).

parent (john, mary).
parent (mary, susan).
parent (john, bill).
parent(bill, tom).

male(john).
male(bill).
male (tom) .
female(mary) .
female(susan) .

ancestor(X,Y) :- parent(X,Y).
ancestor(X,Y) :- parent(X,Z), ancestor(Z,Y).

sibling(X,Y) :- parent(P,X), parent(P,Y), X \= Y.

grandparent (X,Y) :- parent(X,Z), parent(Z,Y).

For each query below, state the answers Prolog will return in the order given (include all
solutions and indicate success/failure). (V6i méi truy van dudi day, néu cac cau tra 15i Prolog
trd vé theo thit tu — bao gom tat cd nghiém va chi ra truy van thanh cong hay that bai.)

7- ancestor(john, Who).
?7- sibling(mary, Who).

?- ancestor(X, susan).
7- parent(_, tom).

7- ancestor(john, Who).

Who = mary ;
Who = bill ;
Who = susan ;
Who = tom.

?7- sibling(mary, Who).
Who = bill.

7- grandparent (Who, tom).

Who = john.

?- ancestor (X, susan).
X = mary ;
X = john.

?7- parent(_, tom).
true.

?- grandparent (Who, tom).
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Problem 5 (Cau 5). (1.5 points)

Using A* search for the 8-puzzle, search (manually) for a path from the starting node

1 3
4 2 6

2 3

to the goal node 6]l . Use the number of misplaced tiles as the heuristic

5
8

7 5 8

function h(n). Show the steps of your search, including the values of g(n), h(n), and f(n) for
each node you expand and the contents of the priority queue after each expansion. (St dung

1 3

thuat toan A* dé tim dudng di tit trang thai ban dau [+ 2] 6] dén trang thai muc tiéu

HEE

1 2 3

+]l5 ]| . Dung s6 lugng 6 sai vi trf lam ham danh gia h(n). Trinh bay cdc budc tim kiém
7 8

clia ban, bao gom gia tri ctia g(n), h(n), va f(n) cho mdi nit ban md rong va nodi dung clia
hang doi wu tién sau moi lan mé rong.)

Solution/Hint (Lo&i giai/Gdgi y).

We perform A* with h(n) = number of misplaced tiles (excluding the blank 0). Goal G = [1
28456780

Notation: state shown as a 9-tuple [p1 p2 ... p9]; tuples are read row-wise. g = cost from
start; h = heuristic; f = g+h. Start S =[103 42675 §].

1) Initialize - Expand: S - g(S)=0, h(S)=3 (tiles 2,5,8 misplaced), f(S)=3. - Successors of
S(g=1):A=[013426758], h(A)=4, f(A)=5B=[130426758], h(B)=4, f(B)=5
C=[123406758],h(C)=2 f(C)=3

Priority queue (open) after expanding S (sorted by f then insertion): 1. C' (g=1,h=2,f=3)
2. A (g=1,h=4.f=5) 3. B (9=1,h=4,1=5)

Closed: S.

2) Ezxpand node with smallest f: C' - Ezpand: C = [1 23 4 06 75 8], g(C)=1, h(C)=2,
f(C)=3. - Successors (g=2): D = S (return to start) [1 03 4 26 75 8], h(D)=3, f=5 (already
closed with g=0, ignore as worse) E = [12 804 675 8], h(E)=3, f(E)=6F=[123/607
58], h(F)=3, f(F)=5 G =[123456708], h(G)=1, {(G)=3

Priority queue after expanding C: 1. G (9=2,h=1,f=3) 2. A (9=1,h=4,f=5) 3. B (9=1,h=4,f=5)
4. E (g=2.h=3.f=5) 5. F (9=2,h=3f=5)

Closed: S, C.

3) Expand G - Expand: G = [1 234 56 70 8], g(G)=2, h(G)=1, f(G)=3. - Successors
(9=3): C (back to previously expanded C) [1 23 4 06 75 8], h=2, f=5 (worse g, already closed)
H=1[1258/56078], h(H)=2 f(H=51=[123}56780] = Goal, h(I)=0, ¢(I)=3,
1)=3

Priority queue after expanding G (before popping goal): 1. I (9=3,h=0,f=3) ¢+ goal node
inserted 2. A (9=1,h=/4,f=5) 3. B (9=1,h=4,f=5) 4. FE (9=2,h=38,f=5) 5. F (9=2,h=3,f=5) .
H (9=3,h=2,f=5)

Closed: S, C, G.

4) Pop and expand/recognize goal I - Pop I = [1 23 4 56 78 0], g(1)=3, h(1)=0, f(1)=35.
This is the goal. Stop.

Resulting optimal path (moves of the blank): S = [1 03 4 26 75 8] — (down) C =[12 8
JO6G758 — (down) G=[123456708 — (right) [=[123456780]

Cost: g(goal) = 3 moves.
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Summary of expanded nodes (in order) with (g,h,f): - S (0,3,3) - C (1,2,3) - G (2,1,8) - 1
(3,0,3) — goal reached
Priority queue contents shown after each expansion above.
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Problem 6 (Cau 6). (1 points)

Let A and B be two binary random variables. Given the constraints P(A) = o and P(AV
B) = 3, manually calculate P(B) using the MaxEnt method. (Gid sit A va B 1a hai bién ngau
nhién nhi phan. Cho cic rang buéc P(A) = o va P(AV B) = (3, hay tinh thu cdéng P(B) st
dung phuong phap MaxEnt.)

Solution/Hint (L&i giai/Gdgi y).
e P11 = P<A7 B); b2 = P(A7 _'B)7 P3s = P(_'A7B)7 bs = P(_'A7 _'B>
e P(A)=a and P(AV B)=p
o Normalization: p1 +ps +p3+ps =1

o We have P(AV B) = P(A)+ P(B) — P(A, B), which implies P(B) = P(AV B)— P(A) +
P(A7B) :B_OZ‘f‘pl-

e From P(A) = P(A,B)+ P(A,—B), we have a = py + pa.
e From P(B) = P(A,B)+ P(—A,B) = p1+p3 and P(B) = —a+p1, we have p3 = 5 — .

o In short, we have the following system of equations

pr+p2tps+ps=1
p1t+Dp2 =«
ps = —«

o Solve the above system for the variables p;, one can derive

p1+p =«
p3=f—«
pr=1-p

o One equation is missing! Thus, we cannot derive p1 and py. Using the indifferent principle,
we must have p; = py = /2. (Another way is to maximize the entropy H = —py lnp; —
po Inpy under the above constraints using Lagrange multipliers.)

Therefore, P(B) = —a+p =0 —a/2=P(AV B) — P(A)/2.



