Manara University P
Faculty of Engineering A

Department of IT 6 )li_al

Introduction to Artificial Intelligence

PL FOL
Exercises

Prof Dr. Eng. Mariam M. Saii

FiciE
MU-EPP-FM-005 Issue date 17November2025 1ssue no:1 https://manara.edu.sy EEI%:



PL Exercises

[EicsE
MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy ; :



| Va
Exercisel e

Use the truth tables method to determine whether (p — q) vV (p — —q) is valid.
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Let’s consider a propositional language where
e p means “Paola is happy’,
e g means “Paola paints a picture”,
e r means “Renzo is happy”.

Formalize the following sentences:

1. “if Paola is happy and paints a picture then Renzo isn’'t happy”
2. “if Paola is happy, then she paints a picture”

3. “Paola is happy only if she paints a picture”
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Solution.
1. phqg— —r
2. p—=q

3. =(p A —q) ..which is equivalent to p — ¢
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Let A ="Aldo is Italian™ and B =“Bob is English”.

Formalize the following sentences:
1. “Aldo isn’t Italian”
2. “Aldo is Italian while Bob is English”
3. “If Aldo is Italian then Bob is not English”
4. “Aldo is Italian or if Aldo isn’t Italian then Bob is English”

5. “Either Aldo is Italian and Bob is English, or neither Aldo is Italian nor
Bob is English”
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Solution.
1. -A
2. ANB
3. A— B
4. Av(-A — B) logically equivalent to AV B

5 (AnB)V(-AN-B) logically equivalent to A + B
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Define an appropriate language and formalize the following sentences
using FOL formulas.

1. All Students are smart.

2. There exists a stuaent.

3. There exists a smart stuadent.

4. Every student loves student.

5. Every stuaent loves some other student.

6. There Is a student who Is loved by every other stuaent.
/. Bill Is a student.

8. Bill takes erther Analysis or Geometry (but not both).
9. Bill takes Analysis and Geometry.

10. Bill doesn’t take Analysis.

11. No students love Bill

MU-EPP-FM-005 Issue date 17November2025 1ssue no:1 https://manara.edu.sy ; :



[

ojliaJl

1. vx.(Student( x) — Smart x))

2. Ax.Student x)

3. Ix.(Studeni(xX) A Smarq x))

4. vx.(Studenf(X) — 3Fy.(Student )) A Loves(x, ))))

5. vx.(Studen(x) — Fy.(Student)) A (x= y) A Loves(x, })))
6. Ax.(Studeni( x) A Vy.(Studeny) A (x= )) — Loves(y, X)))
/. Student Bill)

8. Takes(Bill, Analysis) « —Takes(Bill, Geometry)

9. Takes(Bill, Analysis) 1 Takes( Bill, Geometry)

10. —Takes(Bill, Analysis)

11. —3Ix.(Studeni( x) A Loves(x, Bill))
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Define an appropriate language and formalize the following sentences using

FOL formulas.

1. Bill has at least one sister:

2. Bill has no sister:

w0

Bill has at most one sister:

R

Bill has (exactly) one sister:

Bill has at least two sisters.

S

a

FEvery student takes at least one course.

™

Only one student failed Geometry.

%

No student failed Geometry but at least one student failed Analysis.

9. Every student who takes Analysis also takes Geometry.
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1. Jx.SisterO f(x, Bill)

2. -3z.SisterOf(z, Bill)

3. VaVy.(SisterOf(x, Bill) A SisterOf(y, Bill) — = = y)
4. 3z.(SisterOf(z, Bill) A Vy.(SisterO f(y, Bill) — = = y))
5. 3z3y.(SisterOf(z, Bill) A SisterOf(y., Bill) A ~(z = y))
6. Va.(Student(z) — y.(Course(y) A Takes(zx,y)))

7. dz.(Student(z)NFailed(z, Geometry) \Vy.(Student (y) A Failed(y, Geometry) —
T =y))

8. —dz.(Student(zx)NFailed(x, Geometry))NIx.(Student(x)N\Failed(x, Analysis))

9. Vx.(Student(x) N Takes(x, Analysis) — Takes(x, Geometry))
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1. VX H(X) = D(X) 0 uwlu) S o) &)

2. H(sct) Ouw) by

D(sct) oo b)yduw
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Exercise 1 : FOL e

* Tony, Shi-Kuo and Ellen belong to the Hoofers Club. Every member of
the Hoofers Club is either a skier or a mountain climber or both. No
mountain climber likes rain, and all skiers like snow. Ellen dislikes

whatever Tony likes and likes whatever Tony dislikes. Tony likes rain
and snow.

e Who is the member that is a mountain climber but not a skier ??
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e S(x): x is skier
* M(x): x is mountain climber
* Like(x,y): x likes y

* Every member of the Hoofers Club is either a skier or a mountain
climber or both

* No mountain climber S(x)vM(x)

- 3x M(x) Altke(x,rain)

ORsi0)
ol
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e all skiers like snow %

oo YYS(X)= [ike(x, snow)
* Ellen dislikes whatever Tony like.

v like(Tony,x) = -like(Ellen,x)

* Ellen likes whatever Tony dislil...

4 Vi like(Tony, 1) = ke Elln, )
* Tony likes snow like(Tony, rain)
like(Tony, snow)
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