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1. (10 points) Circle the correct answer (only one answer is correct for each
question)

1. The relation on the integers defined by zRy if z — y 13 odd
_{ayan equivalence relation '5_ _
@ symmetric, but not transitive or reflexive Gz
_Le) reflexive, but not symmetric or transitive

(d) symmetric and transitive, but not reflexive

2.If f: X — Y is an one-to-one function and g : ¥ — Z is an onto

{

oI
f

function, then g o f is necessarily: of: X2 £ 4
(a) one-to-one q x I —a ;:’ A
A 2767
(b) onto g T - 2
e

¢) a bijection _
(d)) not necessarily one-to-one or onto )

3. f: X =Y and g: Y — Z are functions and g o f is a bijection,

then:
@ f must be one-to-one and g must be onto ; —: % : é
(b) f and ¢ must both be bijections 3=>c=Z
/Qeﬁ f must be onto e

() g must in one-to-one
4. The function f : {a,b}* x {a,b}* — {a,b}* (X* is the set of strings
in X) defined by f((a, §)) = af is:
(a) onto and one-to-one %( i) =B
(b) on?—to—one but not onto SIPANE
¢) neither one-to-one nor onto
/(d onto but not one-to-one

5. For X a set with n elements, how many relations are there on X that
are both partial orders and equivalence relations?

-~

(a) more than 1 and less than n )(ﬁf (2020
(b) more than n refleyve %M\L sy Ve © TYuas e

(c) exactly n
Y N
/ (d) xactly 1 ) 0 S (X5
ol ST 5@& gf4hg ot (X



2. In this question write down your answer, no need for any justification.

(a) (2 points) Give an example of a functions f : X =Y, g:Y — Z so
that ¢ is onto but g o f is not onto.

X=gn2h Y={Aby Z=2%y5
P2, @y 9=, Loy}

(b) (2 points) What is S0 47 Feel free to write your answer as the
product or sum of a few numbers.

190
. ; po (16011
Si= otteroo = 12 5o g

i=0

(¢) (2 points) List elements of the equivalence relation on {a,b,c,d, e}
determined by the partition {{a, b}, {c},{d, e}}.

B> € (0,0,l00) b a) (b b) (), (id), (i), (2id), (@) ]

(d) (2 points) If X is a set with n elements where n > 1, how many onto
functions are there from X to {0,1}? - 2023, <0y o 2018

(e) (2 points) Give an example of a relation on X = {a,b,c} that is
reflexive and symmetric but not transitive.

R= %La,o\),u@i!@\,,tuc\,, (a, by, Loit), thia, ‘(01\0)5




3. Let X = Z x Zsg (i.e. ordered pairs of integers where the second integer
is positive), and define a relation @ on X by (a,b)Q(c,d) if ad = be.

(a) (8 points) Show that @ is an equivalence relation on X.

Refiewive
by ta) 6 2, (ab) @by becanse ab=lba. SO,
Qs vedirexive .

T |
() @ (wdy Hen ad=be. Bur (cd) @ Laby is
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we already lowe, we get (04 (f) = o e =
W) ders o e D af =be. S, WDRLed) and

AR 16 Trans e .

(b) (2 points) Give three different elements of [(2, 3)]q-

(2
(4, ()
b,




4. (10 points) Recall that the Fibonacci sequence { Fy, }52, is defined by Fo =
0,F, =1, and for n > 2, F, = F,_1 + Fr_s. Show that for n > 0,

Z?ngl = Fn+2 -1

Base cage:
n
n=0 . > H=hH 0 T T 17\ =0
=0

So LHs =RHS ;

lnducion SHp:
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proved Fad = 5 2Rl YnZ 0.
v=0




5. Let X be a set, and let P = {(A,B) € P(X) x P(X) : A C B} be the

set of ordered pairs (A, B) of subsets of X where 4 C B. Let {0,1,2}*
denote the set of functions from X to {0, 1,2}.

Define a function F : P — {0,1,2}* by for (A B) € P the function

********** \{! oA iO( L—% X 20'

i lmpm:t /_// N
\\l/ 7‘/ 0 =z € A A ‘~ F N - o V_l]y
F((A,B))(z) =<1 z€Bandz¢ A 5
v Pt |\S 2 r»r& B L OT?R‘J‘CC& P&W Panchov
© fangron 7 a 1D X =002

(a) (2 points) Let X = {a,b,c,d}. What is F(({a d},{a,b,d}))? Re-
member your answer should be a function X — {0, 1,2}.

"o k=44
F((‘ialdl‘,lia\i\ﬁf\%)): \ (%Xs \l\o

2 #%x=c

(b) (2 points) Again let X = {a,b,c,d}. Find a pair (A4, B) of subsets
of X with A C B so that F((A, B)) is the function g : X — {0, 1,2}
defined by g(a) = 1,9(b) = 1,9(c) = 2,9(d) = 2.

h=d  B=%0ibg

Question 5 continues on the next page. ..



Question 5 continued. ..

(c) (6 points) Show that for any set X the function F': P — {0, 1, 2}
defined on the previous page is a bijection.

ot (5B, (eD) e P and et Fla) = FULEDY. Sos
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This page has been left intentionally blank. You may use it as scratch paper. It will not
be graded unless indicated very clearly here and next to the relevant question.
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