Exam 1 Math 230 - Introduction to Discrete Math February 28, 2017
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Name:

e READ THE FOLLOWING DIRECTIONS!

e Do NOT open the exam until instructed to do so.

e You have seventy-five (75) minutes to complete this exam. When . . ]
o ; : . Question | Points | Score
you are told to stop writing, do it or you will lose all points on
the page(s) you write on. 1 10
e You may not communicate with other students during this test. 2 12
e Keep your eyes on your own paper. 3 10
e No written materials of any kind are allowed. No scratch paper 4 10
is allowed except as given by the proctor. 5 6
e No phones, calculators, or any other electronic devices are al- 6 6
lowed for any reason, including checking the time (a simple wrist- 7 6
watch is fine).
. . . 8 8
e Any case of cheating will be taken extremely seriously.
9 8
e Show all your work and explain your answers when appropriate. 10 8
e Before turning in your exam, check to make certain you’ve an- 11 6
swered all the questions. 12 8
13 8
e The tables of common logical equivalences and valid arguments
. Total: 106
appear on the back page of the exam.
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No justification is necessary on this page.

1. (10 points) Circle “Yes” for propositions and “No” for non-propositions.

“Is every function computable?” ~ 3%-’;1‘:'07\

“Every function is computable.”

“Accessing the homework requires your Hawk account.”

“Access the homework using your Hawk account.” — c,omrwzncj

u.2

“12 — predicate

2. (12 points) Circle “Truc” or “False” as appropriate.
(a) True @ p — —p is a contradiction. Tf p"F, thea the F:v/?vv‘?{fm is T (ch'vcﬁl/)

(b True) TFalse (p ¢ q)V(pOq) is a tautology.
(¢ True  False n | 0 is true [or every integer n. n|0 = dkeZ (O = kn\ s this is frue by ta L“vj k=c
(d) ’I\fue \ @Se\/‘ 2 _C_ {1,2,3} 02 s ma'fq 51'.{ qnc{ S iy nafa- )‘L(lg;.-‘l' o‘[ Qr\,)/'“n}j,
(e)(True » False @ C{1,2,3}. Th emfwly set 7s & subset of ANY set.
= Ple) lel &

(f)(True?)  False ‘P(P(z))‘ 2 1peray] - 2/ za):o?a gl 5
~or~ P 7)) » 'P(;gg) = {0, 102}

( z

3. (10 points) The table below records the truth values of P(z,y) where the domain for z is {z1, 72, 23,74}
and the domain for y is {y1,y2,y3,ya}. For example, P(xz2,y3) is true by looking in the 2nd row and
3rd column; similarly, P(xs,y4) is true.

Determine whether each of the following is True or False.

(a@ False 3z Jy P(z,y) €9, X=X, and j:J‘f
z\y | Y1 Y2 Ys Ya (b) True False 3z Vy P(z,y) 4here is ne row with all T
7 |F F F T =N
2z | T FP T T (€) True’) False Yy 3z P(z,y) every column has a T
z3 |F T F T e Al
T4 T T F T (d Truc False 31/ vz P(:E 1/) He CD umn y;i 1’]6(5 R 7—
(@) False Vz Jy P(z,y) evevy row has o T
0 true (Ralse’) Vo ¥y P(e,y) notevery eatey s T
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4. (10 points) Circle “Yes” or “No” as appropriate. If the answer is Yes, nothing else is needed. If the
answer is No, prove why.

(a) Yes No\s\ Consider the set A of binary strings of length 4, and define
4 Sy = {x € A: z starts with 1}, Sgo = {& € A : « starts with 00}.
Do 51, Sgo form a partition of A?

7\/1& 5‘&,\;”‘7 OIOG 1‘3' ' A L?;'L'{\ f’l(llﬂ;«'_v' S‘. nev— S;](’J 5
(SO S’f v SC@ # -"4 Qs fej’ufr‘ei (37[‘ o /Qﬂw’{t.fl\an. >
SI N 500 . ¢ 'H\ouj"rl

DLC\‘V\?nj S~Gl = ZX 9/4: X S'/_ﬂ-rfﬁ WT’H—‘ Oli)
Z?L is '{‘rue, Host S,/ Soc», So, Fov‘m a Pari‘f{‘(@n.

(b)@ No Let B = {1,2,3,4} and C = {3,4,5,6,7}, and let D = B x C.
For each b € B, define S, = {(b,z) : x € C'}.
Do S, 89,53, S4 form a partition of D? i
nomee Ne Si is emply.
Si= 103, 0,9, LLS), 0,6), (1,7 The S; are pairwise
5, = £2,9), (, 4), (2,5), a4, (= ?)? J.‘sjofr\f Eat C#), thea

- 0., 60,65, (34, 01 et
Sz_{ e i"’,3>, (L{/ 1—/)/ ZL{/S’)/ (L{/ é’)/ (Li,?)f T[k: l/(vu'dn’ [&J’ Si — D‘

(c) Yes No ForeachneN,let S, ={q€Q:3b (b#0Ag=n/b)}.
Do Sy, 51,52, 83,... form a partition of Q7

% & Sé‘ p }JL'L][ Q/SG .\i; = ~:;9 E S}a/ se g;/] Si@ féﬂ

(Z\.é‘/ tle Su’é are V\G'lL Pq:‘rw[se C//‘gjol\«q'f,
as "”eio(f/‘égj mp a /):),r/'f,'f,‘g”‘ >

Tkey do cover all 07(' R : OS; = @,
<Db

I
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5. (6 points) Let p = “Alice is smart,” ¢ = “Alice studies,” and r = “Alice gets an A on the exam.” Trans-
late the proposition

“Alice is smart, but if she doesn’t study, she won’t get an A on the exam.”

into formal logic, using the propositional variables p, ¢, and any connectives.

pr (g )

6. (6 points) Let P(z) = “z is smart,” Q(z) = “z studies,” and F(z,y) = “z and y are friends.” Translate
the proposition

“Everyone who is smart has a friend who studies”

into formal logic.

W ( P6)—> Fy ( Foxg) 4 @(‘;Y))
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Exam 1
7. (6 points) Simplify - (Vz (z =0V Jy zy > 1)) to a logically equivalent proposition that does not use

the negation symbol.

ij(x-#o A V;) x}j41>

8. (8 points) Rewrite the proposition p ¢+ g using only the connectives =, A. (That is, find another propo-
sition that is logically equivalent to the given one, but uses only the symbols (, ), p, g, -, A .) Justify your

< Qp—az) A (Z"—)/DB Cond. Law

2 (’lf)v7> A ("Izvf)) Comc/- Law

5]

— ()9 A 1?) A T (Z, A "’/’) Dd\’{m‘fjan £ Daué/e “nejﬂ'{‘l\vc
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9. (8 points) Prove, using the table of common valid arguments, that the following argument is valid. (It
may help to rewrite some of the statements more formally first.)

Every student who gets an A on both the homework

and the quiz did all the reading. (2)
Olive is a student. (b)
Olive did not do all the reading. (c)
Olive got an A on the homework. (d)

Olive did not get an A on the quiz.

(y TF Olive getson Ao bith W &Quy, then she  Univ. Tust. (o), (8)
did all the féu‘m(.‘v:j,

(:l\ O,;VL ch‘ /u'LL 7€,+ G ,4 en L,‘.?Zl {A H‘l,,’ A (\,\4‘.2‘, /L{(f-:lqs 7:5:/[6;15‘/ C'), (c>
(3) Olive did not jcf A ws HiZ v zthe did siel jj/{ P o ng‘(orja.w/ (2)

(LI\ @,;VC O,fcl l/\('zL jéf- an /q G ‘“'\- chl\‘i‘ . D‘SJ‘ 5/” (3)/(d>
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10. (8 points) Prove that if 7n — 3 is even, then n is odd.
Wwe f) rave  tHe cotra peos itive .
Let n be even. Se =Xk ’Qr seme ke g
Then  An-3 = 14K-3

S R(Fk-2) 1.
S?‘c1¢é .LC’Z/ A[So 7/¢~Qé<7, Sa '7” ‘3 rs eJC!. Ij

11. (6 points) Prove by contradiction: in every class of 30 students, there is some month in which at least
three students have a birthday.

SM/DfoiQ 'ILO ﬂﬂ Cem{‘/‘é{w)/ lemf N Sone C/C'iSS (,p 30/
éwy./ wanlh Lms & 2 17"‘"*4;/0,/5,

ml # studeats = #Z;f‘rﬂ.c/e,/s L Zodd =24 < Ele)

Ccvnlﬁfo/ c/«\clta‘y» 7LLV1/?L —T@S"{uc‘levcfs =30 . E
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12. (8 points) Prove that for every integer n, n? + 3n + 1 is odd.

Lc'{’ " L)f. an 7«4‘(6("3"'.

C&ﬁa_’]l h €5 avin . S@ n :o?k 'stf Soe }<<—Z

Thivy WoeTndl = 41%% A8 ny
= R(2k%3k)+ |
}4642 —> kafch-Z/ so 0% 3ut| s odd,
M S’o Yl:Q/if/ for‘ Soi. LC‘Zg
Then  u%3n+)

If

ALEr et | + (hs3 +1

9L T Ik + &~
= atksuaa) # 1,
ke Z — 2k2+.5£-f02 €Z, so n %% Sntl@ rs oc/J

Yy
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13. (8 points) Prove that for all sets A, B, P(AN B)=P(A)NP(B).
You may use the following theorems (we proved most of them in class), but indicate clearly where you
use them. (You probably will not need to use all of them.)

. For all sets X,Y, XNY C X.

. For all sets XY, X CXUY.

I XCYand XCZ, then X CYNZ.

. XCYNZ, then X CY.

. If X C Y, then P(X) C P(Y).

T W N =

l/b)z’. meec’ YLa $wa '('Lm'f éQCA 5‘67[ s & 5‘&/7';@7[ c,)[ z‘[@ o?Zer_

C < { Z) <
;4/ B}’ (—)/ A’ B "A §.-‘mi(wl A)/ ) 4”%&:3
By (), TanB) STUA). " by ) Td TS
L
CamLé‘nFV\tj g’ w?'H’\ (3)/ ?(/4’) B) & T(A) /)P(L-g) y
G5 q/esire,J.

2| Lt XeTPWaTo.
Thas: Xe?(/;) and Xé?(g), [def. of n]
e X2A  eud XSB., [df of 7]

By (3), X<AaB,
heace X 63)(/4”)33-

[]

Alteratioe Gor S| Lot X PAB). Th X<ANB faf.e 1

1377 (4, X<A4 and XeB
S5 XeF(A) and X e€P(B) [def £ P
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