Algorithmic Foundations 2

Exercises for drop-in tutorial in week 3

Predicates and Quantifiers, and Sets

1. Suppose P(x,y) is the statement x + 2y = xy, where x and y are integers.  What are the truth values of

(a)  P(1,-1)


(b)  P(0,0)


(c)  P(2,1)

2. Suppose that Q(x) is the statement x + 1 = 2x, where x is a real number.  What are the truth values of

(a)  Q(2)


(b)  x Q(x) 


(c)  x Q(x)

3. Let P(m,n) be the statement n m, where the universe of discourse for m and n is the set of nonnegative integers.  What is the truth value of

(a)  n P(0,n)


(b)  nm P(m,n)

(c)  mn P(m,n).

4. Suppose the variable x represents students and y represents courses, and we are given the following list of propositions:

H(y): y is an honours course 

C(y): y is a CS course

S(x): x is a second-year 

P(x): x is a part-time student

F(x): x is a full-time student 

T(x,y): student x is taking course y.

Write each of the following statements using the above predicates and any needed quantifiers:

(a) Sarah is taking AF2

(b) All students are second-years

(c) Every second-year is a full-time student

(d) No CS course is an honours course

(e) Every student is taking at least one course

(f) There is a part-time student who is not taking any CS course

(g) Every part-time second-year is taking some honours course

Write each of the following in good English without using variables in your answers.

(h) S(Helen)

(i) y T(Joe,y)

(j) x(P(x)S(x))

(k) xy T(x,y)

(l) xy ((F(x)S(x))(C(y)T(x,y)))

5. Explain why the negation of "Some students in my class use e-mail" is not "Some students in my class do not use e-mail".

6. Let F(A) be the predicate "A is a finite set", I(A) the predicate "A is an infinite set", S(A,B) the predicate "A is contained in B", and E(A) the predicate "A is empty".  Suppose the universe of discourse consists of all sets.  Translate the following into logical expressions:

(a) Not all sets are finite

(b) Every subset of a finite set is finite

(c) No infinite set can be contained in a finite set

(d) The empty set is a subset of every finite set

7. List the members of the following sets:

(a) {x | x is an integer such that x2 =5}

(b) 5x | xZ and -2 x 2 }

(c) { xN | x2 {1,4,9}}

(d) { xZ | x2 {1,4,9}}

8. Use set builder notation to give a description of each of the following sets.

(a) {0,3,6,9,12} 

(b) {-3,-2,-1,0,1,2,3} 

(c) {1,4,9,16,25,36,49}

9. Suppose A = {a,b,c}. Mark each of the following true or false.

(a) {b,c} P(A)

(b) {{a}} P(A)

(c) A

(d) {} P(A)

(e) A ( A

(f) {a,c} A

(g) {a,b} A x A

(h) (c,c) A ( A

10. Suppose A = {a,b,c} and B = {b,{c}}.  Mark each of the following true or false.

(a) |P(A x B)|= 64 

(b) P(B) 

(c) BA

(d) {c}B 

(e) {a,b} A x A 

(f) {b,c} P(A)

(g) {b,{c}}P(B) 

(h) A x A

(i) {{{c}}} P(B)









