MATH 122 — Logic and Foundations Final Exam
Date: Dec. 13, 2023 Time Limit: 3 hours

Instructors:

A01 & A04 — CRNs 12137 & 12140 — M. Edwards
A02 — CRN 12138 — A. Sodhi

A03 — CRN 12139 — K. Krishnan

Before starting your test, enter your name and student ID (clearly) on this page.

This exam contains 22 pages (including this one, and scrap pages)
and 25 questions, worth a total of 80 marks.

You may not open the exam until instructed to do so. In the meantime, please read the
following instructions:

e No textbooks or class notes are allowed on this exam. A calculator is not necessary,
but a Sharp EL-510R, EL-510RN, or EL-510RNB calculator is allowed.

e Answer each question in the space immediately below that question. In order to receive
full or partial credit you must show your work and justify your answers, unless otherwise
instructed.
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[3] 1. Find all possible truth values of p, ¢, and r such that (p — ¢) — —r is false.
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[4] 2. Use known logical equivalences to show that p — (¢ vV r) is logically equivalent to

(pA-r) —=q.
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[2] 3. Check the appropriate circle to indicate whether each statement is true or false. You do
not need to provide any reasoning. Ao g (= e DD
( 477\
True False

(a) O @ If(-p) = gqthenp= (=q).
(b) O & The negation of Va,3y,xVy is Jy, Yz, (-z) A (-y).

(c) & (O The statement Vo, x < 3z is true for the universe of positive
real numbers.

(d) (O ® If an argument is valid, then its premises are all true.
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[4] 4. Use known logical equivalences and inference rules to show that the following argument

is valid. L -,7—_% (o Previtse
e 2. 1x > "
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[3] 5. Give a counterexample to show that the following argument is invalid.
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[2] 6. Let A, B, and C be sets. Check the appropriate circle to indicate whether each statement
is true or false. You do not need to provide any reasoning.

True False
O L If AC B, then A°C B°.

O & HACZand BCQ, then AC B.
O & Ifl10e€Aand3 e B,then30¢c AxB.
W O IfCeP(A),then ANC =C.
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[4] 7. Let A and B be sets. Show that (A\ B)U (A°U B)¢ = A.
Hint: Use set-theoretic identities.
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MQ@\ ‘ 0
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8. Let A C B.
3] (a) Prove that A\ B = 0. _
Prove Hhe CUV\BWG?QS%L:\:{ S Pv\%=h¢)
Then 02 Q.
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c. A £B
1] (b) Prove that A= AN B.
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* o
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9. Let A= {1,2,3}. Fill in each blank. No justification is necessary.
(a) The number of subsets of A that contain 1 but not 2 is G < :
(b) The number of non-empty proper subsets of A is 6 =22 T2
(¢) The number of onto (surjective) functions f : A — {w, z,y, 2} is o
(d) The number of relations on A is &a{ =R ‘ﬁ
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[2] 10. The three most common colours in the 193 of the member nations of the United Nations
are red, white, and blue. There are 52 flags that contain all three colours, 103 that
contain both red and white, 66 that contain both red and blue, 73 that contain both
white and blue, 145 that contain red, 132 that contain white, and 104 that contain blue.
How many flags contain exactly two of the three colours?

m-\ Vowe.  colouy Red |, White, %luw.\ msp

93 — [RowoOR |
(qg —_ 1‘?\
# Wwrth eractly 2“‘“
vt 2 calouwss
5\+ 4 A 2)

[2] 11. Check the appropriate circle to indicate whether each statement is true or false. You do
not need to provide any reasoning. All variables are integers.

True False c L 50
(a) O x Ifa|bandb|a, then a =0. 3 = Dv3
&S
M O & Ifd|(a+b), thend|aandd|b. = 3.(s%)
(c) O & The last digit of 3°! is 3. = 2. ) ==
(d) O % If a=0 (mod 3), then a # 0 (mod 2). = ~}

T =X Lmoé &Q\



MATH 122 (A01-A04) Final Exam — Page 10 of 22 December 13, 2023

THIS PAGE IS FOR ROUGH WORK ONLY,
NOT TO BE GRADED. WRITE ALL WORK INTENDED
TO BE GRADED ON THE SAME PAGE WITH THE ORIGINAL QUESTION.



MATH 122 (A01-A04) Final Exam — Page 11 of 22 December 13, 2023

[4] 12. Use the Euclidean Algorithm to find d = ged(222,207) and then use your work to find
integers x and y such that 2221@07y =d.

e Q2= Ix207 + |5
. ac}:|5-154tz

2 = 15— L-l2
- 15— (20F—3(5)

. 1S = Ix@ +3 & ged = koS - 20+
2 = 4x +o ~ 4 (229.—a0F) -2}
= A3As\{ — \D <o
a =%d(z?,z,zo?{-\ =7 = A8 X + &046(—-\8’)
X 7

[4] 13. Let a and b be positive integers. Prove that if ged(a,b) = lem(a, b), then a = b.

Su??o% 3cd(q\b3 = (am <Q,k)3 , WLe can

anpUIN < asb,

We Knso gcd qu\o\ < o (b %cA(q,lo) (Q\
2 Qevn (@) 20 (Y wl Reen(aw))
’ o (ab) 2 25 £ L (a D)

<
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[2] 14. Check the appropriate circle to indicate whether each statement is true or false. You do
not need to provide any reasoning. All variables are integers.

True False -
(a) m O Ifa=2%-3"-17% and b = 2%-32-193, then lem(a, b) = 2°-37-17%-193.

(b) R O Ifged(a,b) = 2, then there exist integers x and y such that
ax + by = 10.
(c) O @f If ged(a, b) = p a prime, then ged(a?, b) = p. %CA (2( ?\ =2

ed (2% 'l =%
(d) ® O Let pbe aprime. If p | a then p* | a* for any integer k > 1. 9 /
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[4] 15 Let n = (d3d2d1d0)7

. Prove that 6 | n if and only if 6 | (d3 + ds + d1 + dp).
(Ne  Kned
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[4] 16. Use induction to prove that 1(1!) + 2(2!) + -+ + n(n!) = (n + 1)! — 1 for all integers
n > 1, where n!l =n(n—1)---2- 1.

Rasis  UWhea wn=\ , LWS = il =

3 e = 2L -1 =\
Mo T atnt O ANew whRen n=\

TH SG\QQDSQ 'VG\QN g M'\“Q%_Q.\{ >N\

g L. ol e 2.2 4 aneal = ) L~
S O L - N T
12 Wawh %t‘/\&-o

l- (' 2 2! £ .-5A (\ca—(\ (la\q\ (CK—H\ «~“\“\
Lcslé at eSS

AV 42.2) ees b CV—*-\\(KH\‘
e RT A VNN,

= CD<+\> AP S (KA\-B (\44.} \ ‘oul Ijl_\ ‘
Clw Cerdy (kDL =1 = (ka2 Cead! =)
CZ—\—L\l -

oo BV‘ TT\L&LLC_/"\‘W \‘l‘. "\-2_")_! == (\.(\\_ 1((\_\_\3 ' _\ IV\(I\? \

o



MATH 122 (A01-A04) Final Exam — Page 14 of 22 December 13, 2023

THIS PAGE IS FOR ROUGH WORK ONLY,
NOT TO BE GRADED. WRITE ALL WORK INTENDED
TO BE GRADED ON THE SAME PAGE WITH THE ORIGINAL QUESTION.



MATH 122 (A01-A04) Final Exam — Page 15 of 22

December 13, 2023
[4] 17. Let ag, ay, as, ... be the sequence defined by ay = 4, and a,, = a,,_1 + 4n for n > 1. Find
ay, as, agz, and ay, then use your work to obtain a formula for a, (note: a formula, not
just a summation). It is not necessary prove that your formula is correct

Qo =4
qo.»..LL | = 4 + 4+
= Q+U-2 = B+ -l AR
Qa =—Qp +AS = L+n-l 4 k243
Qg =az + 44 = & Q- A2+ 43 Ly

Q’)Lw QA =

= L&+ Rl 4b24 s 4 Qe
= L + 4 (Le2d - - 4n)
= v+ ()
=2
= L 4+ Zf\(\/\+(\

[4] 18. Let by, by, ... be the sequence defined by by = 6, by = 23 and b, = 7b,_1 — 12b,,_5 for
n > 2. Use induction to prove that b, = 3" 4+ 5 - 4™ for all n > 0.
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[4] 19. Let f: R — (—2,00) be defined by f(z) = x? — 2. Prove that f is onto (surjective) but
not one-to-one (injective).

Take Any w< (~2,00) .
Ten -Q(%'\:é\\ & -2 =\
e x> = A2

X
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[2] 20. Check the appropriate circle to indicate whether each statement is true or false. You do
not need to provide any reasoning.

True False
(a) '& (O  For any integer z, |22t | = [2zH] — 1.
(b) O X There exists an onto (surjective) function from {1,2,3} to
{1,2,3,4,5}.
(c) O w A function f: A — B is one-to-one (injective) if for every a € A
there exists a unique b € B such that (a,b) € f.

(d) & (O A function f: A — B has an inverse if and only if the relation g
from B to A defined by g = {(b,a) : (a,b) € f} is a function.
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[4] 21. For sets A, B, and C'let f: A — B and g : B — C be one-to-one (injective) functions.
Prove that go f : A — C is one-to-one (injective).

3@@;5} %o -c- (ﬁ\\ %o = (ﬂ?_\
. %(-C C,c\\\ %(~Q (1(,__\\
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[5] 22. Let A = {10,11,12,13,...,99}, and let R be the relation on A defined by (z,y) € R
if and only if the sum of the digits of x equals the sum of the digits of y. For example
15R24 (ie. (15,24) € R) since 1 +5=2+4.

Prove that R is an equivalence relation on A. How many distinct equivalence classes are
there determined by R? Explain.
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[2] 23. Check the appropriate circle to indicate whether each statement is true or false. You do

not need to provide any reasoning. 2 - n,ﬁ C\ 'l'\' (2| L\ s (n‘“,)
True False z L R |
/ €A

(a) O & Suppose A is a set with |A| = n. There exists a reflexive relation R
on A that contains fewer than n ordered pairs.

(b) O W IfRis asymmetric relation on {1,2,3,4} and (4,1) € R, then R is

antisymmetric.

(c) ﬁ O If R is a reflexive relation on {1, 2,3} with (1,2) € R, then R is not
a function.

(d) O QA If Ris an antisymmetric and transitive relation on {1,2,3,4} where

(3,1) € R and (4,1) € R, then (3,4) € R. 123 203D ‘ (q‘\'\ﬁs

[3] 24. Let A be a countably infinite set. Using a diagonal sweeping argument, prove that A x N

is countable. L‘_:{.. A= ?—Q\\Q‘L] e 73

E\r@(u.l e\rﬁmen’l- G"
AARN T m e

) : . Ovcoy . Tl= seq.
r == : Arcated by o
— ’ arows Cuonteams

(a,R) (@2.,3) (a3) - evevy elervne S| tHa
™ N\ \(Cﬂ\?‘,\““" gﬂ*a:\\\ e $o S A xA\,

(@ 2D (an o A ™Y
\ o o o b4 vy
(A, 1) =D (Qz,\‘j > (aj, \—3§ Countable .

[2] 25. Check the appropriate circle to indicate whether each statement is true or false. You do
not need to provide any reasoning.

True False
(a) O % If A is an uncountable set, and B C A, then B is uncountable.

For any real number b such that b > 1, the open interval (1,b) is
uncountable.

% O
® (O If Aisa countable set, then AU {—1,1} is countable.
O & The set {...,—16,-9,—4,-1,0,1,4,9,16,...} is uncountable.

o‘ ‘\A‘; "\,’L%)q ..'_C;) - -
[END OF EXAM]
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