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PE THI GIUA KY - LOI GIAI
Nhap mon Tri tu¢ nhan tao — Lép MAT3508 1 va MAT3508 2
Hoc ky T — Nam hoc 2026-2027 — Ngay thi: 28/10/2026
Thai gian: 90 phit (khong ké thdi gian phat dé)

Cau1l (1 diém)
(a) (0,5 diém) Phép thii Turing la gi?

What is the Turing Test?

Loi giai

Phép thir Turing diing dé kiém tra mot mdy c6 thong minh hay khong. Mot 1an thii gdm
nhiéu lugt, mdi lugt do mdt ngudi kiém tra khac nhau thuc hién. Trong mdi lugt, ngudi
kiém tra c6 nim phit dé g cau hdi cho mot déi tuong & phia bén kia biic tuong (khdng
nhin thiy dudc). D6i tuong d6 c6 thé 12 ngudi hodc mdy, va sau nim phit ngudi kiém tra
phéi cho biét d6 1a ngudi hay mdy. Mdy vudt qua phép thit néu it nhat 30% s ngudi kiém
tra cho ring né 1a ngudi.

(b) (0,5 diém) Hay giai thich vi sao phép thit Turing khong phii hop dé 1am dinh nghia “trf tué
nhan tao” trong céc tng dung thuc tién.
Explain why the Turing Test is not suitable as a definition of “artificial intelligence” in
practical applications.

Loi giai
Mot s6 1y do:

e Phép thit Turing chi ki€ém tra mdy c6 bi nham 12 ngudi hay khong, tic 1a do miic do
gidng ngudi chit khong do tri tué. Trong ting dung thuc tién, diéu can 12 mdy gidi
quyét tot bai todn, khong phai gidng ngudi. Mot chuong trinh chdi ¢ hay mot hé
nhan dang anh c6 thé lam tt viéc ctia né, tham chi t6t hon con ngudi, nhung hanh xi
khac hén con ngudi. Vi vay n6 khong vugt qua duge phép thit dit van 1a mot hé thong
minh. Hon nifa, chinh nhiing diém mdy giéi hon ngudi lai khién né bi nhan ra 1a may,
chdng han trd 15i ngay va chinh xédc phép nhan hai s6 16n.

 Ngudc lai, mdt chuong trinh c6 thé vugt qua phép thit nhd meo hoi thoai (1ang tranh
cu hdi, ¢d tinh mic 16i giébng ngudi) ma khong gidi dudc bai todn thuc t€ ndo.

 Két qua phu thudc vao ngudi thim vin nén mang tinh chi quan, khé dinh ludng va
kho 13p lai; n6 khodng cho tiéu chi dé thiét ké hay d4dnh gid mot hé thdng Al cu thé.

Trong ting dung, tri tué nhan tao thudng dudc hiéu theo kha ning giai quyét bai todn (vi du:
t4c tir hanh dong hop 1y dé dat muc tiéu), khong theo miic do gidng ngudi.
Cau tra 10i dién dat khac véi Iy do khic ma ding vin dugc diém tbi da.

Cau 2 (1,5 diém)
(a) (0,5 diém) Dang chuin hoi (CNF) 1a gi?

What is conjunctive normal form (CNF)?
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Loi giai
Mot cong thitc 3 dang chuén hdi (CNF) khi va chi khi n6 12 hdi ciia cdc ménh d@ (clause):
KiANKy A - A Ky, (1)
trong d6 mdi ménh dé K; 1a tuyén clia céc literal
Ki=LiVLpV---V L. )

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, =0, =R,...).
(b) (1 diém) Bién déi cong thiic sau v& dang chuin hdi:
Transform the following formula into conjunctive normal form:
(AN(A=B)) =B
Loi giai
Bién ddi 1an luot:
1. Khit = bén trong (A = B=-AV B). Tacé: (AA(-AV B)) = B.
2. Khit = bén ngoai. Ta c6: =(A A (=A V B)) V B.
3. Dua pht dinh vao trong (De Morgan, -—A = A). Tacé: ~AV (A A -B) V B.
4. Phan phdi vV qua A. Tacé: (-AV AV B) A (=AV =BV B).

(AN(A=B))=>B = (~RAVAVB)A(=AV-=BVB)

Dang chuén héi khong 1a duy nhit. Cau tra 15i ding vé logic khi khir déu dudgc full
diém.
Cau 3 (1,5 diém)
(a) (0,5 diém) Phép hop nhit tong quit nhit (most general unifier - MGU) la gi?
What is a most general unifier (MGU)?
Loi gidi
Mot phép thé o cho céc bién lam cho hai literal trd nén gidng hét nhau goi 1a mdt phép hgp
nhét (unifier); khi d6 hai literal dudc goi 1a hop nhét dugc. 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 céch thé thém cdc bién.

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

Unify (if possible) the following expressions, where x is a variable. Show each step of the
unification algorithm, and give the MGU and the resulting expressions.

x<2-x, 3<6
Loi gidi
Ap dung thuit todn hop nhét cho

W={x<2-x, 3<6}.
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k =0: Wy =W, 0 = € (trong d6 € la phép thé rdng).
Tap sai khéac (disagreement set) 1a Dy = {x,3}. Vi x 1a bién va khong xuét hién trong 3,
duing phép thé o; = {x/3} (thé x bang 3). Thay vao W ta c6

Wy ={3<2-3, 3<6}.

k = 1: tap sai khdc 1a D| = {2 - 3, 6}. Thuat to4n diing lai vi khong con bién dé thuc hién
phép thé va hai hang thiic cling khong dong nhat. Két luan 1a khong thé hop nhit dudc.

Khong hgp nhét duge, nén khong ¢6 MGU.

Cau 4 (2 diém)
Thu ky ctia Trudng Trung hoc Albert Einstein can 1ap ké hoach phan phong cho ky thi cubi ky.
C6 bdn gido vién Mayer, Hoover, Miller va Smith phu trdch bdn mon thi: Tiéng Ditic (German),
Tiéng Anh (English), Toan (Math) va Vat ly (Physics). Céc phong thi dugc dénh s6 tir 1 dén 4.
MBJi gido vién coi thi diing mot mon tai ding mot phong. Céc mon thi dudc td chiic & cdc phong
khéic nhau.

The secretary of Albert Einstein High School has to allocate rooms for final exams. Four teachers,
Mayer, Hoover, Miller, and Smith, are responsible for four subjects: German, English, Math, and
Physics. The rooms are numbered from 1 to 4. Each teacher gives a test for exactly one subject
in exactly one room, and the subjects are tested in different rooms.

Céc thong tin bd sung dudc cho nhu sau:
The following additional information is given:

1. Ong Mayer khong coi thi tai phong s6 4.
Mr. Mayer does not test in room 4.
2. Ong Miller phu trach mon Tiéng Pic.
Mr. Miller tests German.
3. Ong Smith va 6ng Miller khong coi thi & hai phong lién k& nhau.
Mr. Smith and Mr. Miller do not give tests in neighboring rooms.
4. Ba Hoover phu trdch mon Toan.
Mrs. Hoover tests Math.
5. Mon Vat ly dudc t chiic tai phong sb 4.
Physics is tested in room 4.
6. Mon Tiéng Diic khong dudc t6 chiic tai phong sd 1.
German is not tested in room 1.
7. Mon Tiéng Anh khong dudc t6 chic tai phong s6 1.
English is not tested in room 1.

Cho chuong trinh GNU Prolog chua hoan chinh sau, trong d6 mdi bién nhan gid tri 12 s6 phong
cua gido vién hodac mon thi tuong Gng:
Consider the following incomplete GNU Prolog program, in which each variable takes as its value

the room number of the corresponding teacher or subject:

start :-
fd_domain([Mayer, Hoover, Miller, Smith], 1, 4),
fd_all_different([Mayer, Hoover, Miller, Smith]),

fd_domain([German, English, Math, Physics], 1, 4),
fd_all_different([German, English, Math, Physics]),
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% ===== BEGIN: Complete the constraints below =====
% (1) Mayer not in room 4

% (2) Miller tests German

% (3) Distance Miller/Smith >= 2

% (4) Hoover tests mathematics

% (5) Physics in room 4

% (6) German not in room 1

% (7) English not in room 1

% ===== END: Constraints =====

fd_labeling([Mayer, Hoover, Miller, Smith]),

nl,
write([Mayer, Hoover, Miller, Smith]), nl,
write([German, English, Math, Physics]), nl.

(a) (1 diém) Hay hoan thién chuong trinh: tai mdi vi tri ¢6 chi thich (1)—(7), viét mot rang budc
GNU Prolog biéu di&n diéu kién tuong Gng. Bai lam chi can ghi cdc rang budc nay.
Complete the program: at each position marked by a comment (1)—(7), write one GNU
Prolog constraint expressing the corresponding condition. In your answer, write only these
constraints.

Loi giai

M®i bién nhan gid tri 1a s6 phong cta gido vién hodc ctia mon thi tuong Gng. Gido vién
coi thi mon nao thi gido vién va mon dé & cing mot phong, nén “phu trach mon” dugc viét
thanh phép bing giita hai bién.

Mayer #\= 4, % (1)
Miller #= German, % (2)
dist(Miller, Smith) #>= 2, % (3)
Hoover #= Math, % (4)
Physics #= 4, % (5)
German #\= 1, % (6)
English #\= 1, % ()

Diéu kién (3) ciing c6 thé viét theo cdc cdch tuong duong, vi du:

Miller - Smith #>= 2 #\/ Smith - Miller #>= 2,
Miller #\= Smith + 1, Smith #\= Miller + 1,

(c4ch tha hai da vi fd_all_different da budc hai gido vién & hai phong khac nhau).
(b) (0,5 diém) Sau khi hoan chinh chuong trinh § y (a) va nap vio GNU Prolog, cin nhap truy
van nao dé chay chuong trinh?

After completing the program in part (a) and loading it into GNU Prolog, what query should
be entered to run the program?

Loi giai
Nhép truy van start. (c6 diu cham cudi).
(¢) (0,5 diém) Gia st chuong trinh sau khi chay cho két qua:

Suppose the program produces the following output:

[3,1,2,4]
[2,3,1,4]
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Tu két qua trén, hay 14p bang cho biét mdi gido vién coi thi mon nao va & phong s6 may (bang
gom ba cdt: Gido vién, Mon thi, Phong).

From this output, make a table showing, for each teacher, the subject tested and the room
number (three columns: Teacher, Subject, Room).

Loi giai
Danh sdch tht nhat 1a s6 phong ctia Mayer, Hoover, Miller, Smith; danh sach thi hai 1a s

phong ctia cdc mon Tiéng Dic, Tiéng Anh, Toan, VAt ly (theo thi tu trong hai 1énh write).
Gido vién va mon thi 6 cung phong thi gido vién d6 coi thi mon doé.

Gido vién Mon thi Phong
Mayer Tiéng Anh 3

Hoover Toan 1
Miller Tiéng Dtic 2
Smith  Vatly 4

Cau 5 (2 diém)
Cho d6 thi cdc thanh phd trong Hinh 1. SO trén mdi canh 1a khoang cdch dudng bd (km); bang
bén phai cho khodng cdch dudng chim bay tit mdi thanh phd dén Ulm (km).

Consider the city graph in Figure 1. The number on each edge is the road distance (km); the table
on the right gives the flying distance from each city to Ulm (km).

Duong chim bay
dén Ulm (km)

Frankfurt Bayreuth Basel 204

111 Wirzburg Bayreuth 207
85 Bern 247
Mannheim 230 Frankfurt 215

Innsbruck 163
Karlsruhe 137

67

Karlsruhe

Landeck 143
Linz 318
Linz Miinchen 120

191 Mannheim 164

Memmingen 47
Niirnberg 132

Rosenheim

Salzburg

Passau 257

Rosenheim 168

s Stuttgart 75

Bern ® Innsbruck Salzburg 236
Landeck Wiirzburg 153

Ziirich 157

Hinh 1. D0 thi cdc thanh phd va khoang cdch dudng chim bay dén Ulm.

M&i nut n trong qud trinh tim kiém ing v6i mot dudng di xuit phdt tit Bern; g(n) 1a do dai dudng
b0 ctia dudng di d6, h(n) 1a khodng cach dudng chim bay tif thanh phd cudi ctia dudng di dén Ulm
(ham heuristic), va f(n) = g(n) + h(n) l1a u6c luong do dai ctia dudng di ngin nhét tir Bern dén
Ulm di qua n. Hay thuc hién thd cdng thuat todn A* dé tim dudng di tit Bern dén Ulm (trinh bay
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bing ciy tim kiém hoidc béng céc budc, ghi g, h, f cua tiing nit), rdi cho biét dudng di tim ducc
va do dai ctia n6. Mdi thanh phd chi dudc xuat hién mot 1an trén mdi dudng di.

Each node n in the search corresponds to a path starting from Bern; g(n) is the road distance
of that path, h(n) is the flying distance from the last city of the path to Ulm (the heuristic), and
f(n) = g(n) + h(n) is the estimated length of the shortest route from Bern to Ulm through n.
Carry out A* search by hand to find a route from Bern to Ulm (present it as a search tree or a
table of steps, giving g, h and f for every node), then give the route found and its length. Each
city may appear only once per path.

Lai giai

Céach lam. MQi nit ctia ciy 1a mot dudng di xuit phét tit Bern, ghi bing cdc thanh phd trén
dudng di (viét tit: Ber = Bern, Bas = Basel, Ziir = Ziirich, Kar = Karlsruhe, Mem = Memmingen,
Miin = Miinchen). V6i mdi niit, tinh g 1a dd dai dudng bd ctia dudng di (g cla nit cha cong do
dai doan dudng cudi), & 1a khodng céch dudng chim bay tir thanh phd cudi ctia dudng di dén Ulm
(tra bang), va f = g + h. Danh sach md chtia cdc nit da sinh nhung chua dugc mdé rong, ludn
sip theo f ting dan. O mdi budc, 1dy ra nit ddu danh séch (nit c¢6 f nhé nhit); néu niit d6 chua
phdi Ulm thi sinh céc nit con, bd qua thanh phd da c6 trén dudng di, rdi xép cdc nit con vao
danh sdch mé. Thuat toan ding khi nit dugc 1ay ra 1a Ulm.

Cac buéc.

Budc 1.

Budc 2.

Budc 3.

Budc 4.

Budc 5.

Danh sdch m& ban dau chi ¢6 nit Ber véi g = 0, h = 247, f = 247. Liy Ber ra.
Bern ndi véi Ziirich (120 km) va Basel (91 km), nén sinh hai nit con: Ber—Ziir véi
g =0+ 120 = 120, h = 157, f = 277 va Ber—-Bas v6i g = 0 + 91 = 91, h = 204,
f =295. Danh sdch m&: Ber—Ziir (277), Ber—Bas (295). Ber—Ziir diing trudc du Basel
gan Bern hon, vi A* xép theo f = g + h chii khong theo riéng g: Ziirich gan Ulm hon
(h = 157 so v6i 204).

Lﬁy ra Ber—Ziir (f = 277). Ziirich ndi véi Bern, Basel va Memmingen; Bern da c6 trén
dudng di nén bd qua. Sinh Ber—Ziir-Mem v6i g = 120 4+ 184 = 304, h = 47, f = 351
va Ber—Ziir-Bas v6i g = 120 + 85 = 205, h = 204, f = 409. Danh sich mé: Ber-Bas
(295), Ber—Ziir-Mem (351), Ber—Ziir—Bas (409).

Lay ra Ber-Bas (f = 295, nhd hon 351 ctia Ber-Ziir—-Mem). A* chuyén sang nhénh
Bern—Basel vi thut todn luon ldy nit c6 f nhé nhit trong toan bd danh siach md, bat
ké nit d6 nim & nhanh ndo. Basel ndi v6i Bern, Ziirich va Karlsruhe; bé qua Bern.
Sinh Ber-Bas—Ziir v6i g = 91 + 85 = 176, h = 157, f = 333 va Ber—Bas—Kar
v6i g = 91 + 191 = 282, h = 137, f = 419. Danh sich m3: Ber-Bas—Ziir (333),
Ber-Ziir—Mem (351), Ber—Ziir-Bas (409), Ber—Bas—Kar (419).

Lay ra Ber—Bas—Ziir (f = 333). Ziirich ndi v6i Bern, Basel va Memmingen; b6 qua
Bern va Basel. Sinh Ber-Bas—Ziir—-Mem vGi g = 176 + 184 = 360, h = 47, f = 407.
Danh sach m3: Ber—Ziir—Mem (351), Ber-Bas—Ziir—Mem (407), Ber—Ziir—-Bas (409),
Ber-Bas—Kar (419). Lic nay Basel, Ziirich va Memmingen déu xuét hién & hai nut
khac nhau ctia cy. Diéu nay hdp 1& vi mdi nit 1a mot dudng di khdc nhau; dé chi cim
mot thanh phd 1dp lai trén cing mot dudng di.

Lay ra Ber—Ziir-Mem (f = 351). Memmingen ndi véi Ziirich, Ulm va Miinchen;
bo qua Ziirich. Sinh Ber—Zir—Mem-Ulm v6i g = 304 + 55 = 359, h = 0, f =
359 va Ber-Ziir—Mem-Miin v6i g = 304 + 115 = 419, h = 120, f = 539. Danh
sach mé: Ber—Ziir—Mem-Ulm (359), Ber—-Bas—Ziir—Mem (407), Ber—Ziir-Bas (409),
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Ber—Bas—Kar (419), Ber—Ziir—-Mem—Miin (539). Ulm da dugc sinh ra nhung thuat todn
chua dirng, vi A* chi duing khi nit dich dudc Idy ra khoi danh séch mé.

Budc 6. Liy ra Ber—Ziir-Mem-Ulm (f = 359). Pay la Ulm nén thuét todn diing.

Cay tim kiém va bang duéi ddy trinh bay lai c4c budc trén.

Ulm ' Miinchen ! ' Memmingen
359 +0 =359 14]9+120:5391 1360 + 47 = 407 |

Cay tim ki€ém A*. M&i nit ghi g+ & = f; 0 trén canh 12 do dai dudng bo. Vong tron den: thi tu nit duge
lay ra khoi danh sdch m&. Nét dit: nit da sinh nhung vin con trong danh sdch mg khi thuit todn ding.
Xanh dudng: dudng di tim dugc; xanh 14: nut dich.

Budc  Niit 1ay ra khoi danh sidch mé Niit con g h f=g+h
1 Ber (f =247) Ziirich 0+ 120 =120 157 277
Basel 0+91 =91 204 295
= Danh sdch md: Ber-Ziir 277, Ber—Bas 295

2 Ber—Ziir (f =277) Memmingen 120 + 184 =304 47 351
B6 qua Bern (dd co trén duong di) Basel 120 + 85 = 205 204 409

= Danh sdch mo: Ber-Bas 295, Ber—Ziir—Mem 351, Ber—Ziir—Bas 409
3 Ber-Bas (f =295) Ziirich 91+85=176 157 333
B6 qua Bern (da co trén duong di) Karlsruhe 91 + 191 = 282 137 419

= Danh sdach mé: Ber—-Bas—Ziir 333, Ber—Ziir—-Mem 351, Ber—Ziir—Bas 409, Ber—Bas—Kar 419

4 Ber-Bas—Ziir (f = 333) Memmingen 176 + 184 =360 47 407
B6 qua Bern, Basel (da co trén duong di)
= Danh sdch md: Ber—Ziir-Mem 351, Ber-Bas—Ziir-Mem 407, Ber-Ziir-Bas 409, Ber—Bas—Kar 419

5 Ber-Ziir-Mem (f = 351) Ulm 304 + 55 =359 0 359
B6 qua Ziirich (da co trén duong di) Miinchen 304 + 115 =419 120 539

= Danh sdch mo: Ber-Zir-Mem-Ulm 359, Ber-Bas—Ziir—Mem 407, Ber—Ziir—Bas 409, Ber—Bas—Kar 419,
Ber—Ziir-Mem-Miin 539

6 Ber-Ziir—-Mem-Ulm (f = 359) 12 Ulm = da dén dich, ding

C4c budc thuc hién A*. Viét tit: Ber = Bern, Bas = Basel, Ziir = Ziirich, Kar = Karlsruhe, Mem =
Memmingen, Miin = Miinchen. Phan tt ddu ctia mdi danh sdch m& (in ddm) c6 f nhd nhét va dugc 1dy ra
& budc ké tiép.

Pudng di tim dugc: Bern 120, Ziirich 15, Memmingen >, Ulm,
do dai 120 + 184 + 55 = 359 km.
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Bai lam chi cin cé cay tim kiém hoiic bang cic budc véi cac gia tri g, i, f ding, chon
diing mit § mdi bude (it cé f nhé nhit trong danh sach mé) va két qua ding (duong di
Bern-Ziirich-Memmingen—Ulm, dé dai 359 km) la dugc diém t6i da.

Cau 6 (2 diém)
Ngudi lam vudn nghiép du Max mudn phan tich thdng ké sin luong dau Ha Lan thu hoach hing
nidm. V6i mdi qué diu hdi dudc, ong do chiéu dai x; (cm) va khdi lugng y; (g) ctia qua, rdi chia
céc qua dau thanh hai 16p: tdt (good) va xau (bad, qua 1ép). Dit liéu do dudc (x;, y;) nhu sau:

The gardening hobbyist Max wants to statistically analyze his yearly harvest of peas. For every
pea pod he picks he measures its length x; in centimeters and its weight y; in grams. He divides
the pods into two classes: good and bad (empty pods). The measured data (x;, y;) are:

Class = good Class = bad
x|2 33 4455667 x|4 56 6 78
yi|]2 334455567 yi|2 2 3 3 3 4

(a) (0,5 diém) Phat biéu cdng thiic Bayes tinh P(A | B), v6i P(B) > 0.
State Bayes’ formula for P(A | B), where P(B) > 0.
Loi giai
Vé6i P(B) > 0:

P(B| A)P(A)

P(AIB) = =5

(b) (0,5 diém) Goi y 1a khdi lugng ctia mot qua dau. T dit liéu, tinh P(y > 3 | Class = good)
va P(y <3| Class = good).

Let y be the weight of a pea pod. From the data, compute P(y > 3 | Class = good) and
P(y <3| Class = good).

Lai giai

Ky hiéu G 1a su kién Class = good. C6 10 qua tdt, trong d6 7 qué c6 y > 3 (céc gid tri 4, 4,
5,5,5,6,7)va3quiacoy <3(2,3,3). Taco

P(y>3|G)=14=07, P(y<3|G)=:=03.

(c) (1 diém) Dung cong thic Bayes va két quia y (b), tinh P(Class = good | y > 3) va
P(Class = good | y < 3).

Using Bayes’ formula and the results of part (b), compute P(Class = good | y > 3) and
P(Class = good | y < 3).

Loi giai
C6 16 qué: 10 qua t6t va 6 qua xau. Do d6
_ 10 _ 5
Trong 16 qud ¢6 8 qua c6 y > 3 (gdm 7 qua tdt va 1 qua x4u). Do d6

P(y>3)=2d =4 P(y<3)=3 =1
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Theo cong thiic Bayes:

_P(y>31G)P(G) _07-5/8 7 _

PG ly>3) = =g = =5 = 5 = 0875,
_P(y<3|G)P(G) _03-5/8 3 _

PGlysd)=—pog——"=—"15 =5 = 0375

Pém truc tiép ciing ra cung két qua: trong 8 qua c6 y > 3 ¢é 7 qua tbt; trong 8 qua cé
y < 3 ¢6 3 qua tét. Nhung bai nay yéu cau tinh dung cong thitc Bayes.

— HET —
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