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University of Puerto Rico Mayagiiez
Department of Electrical and Computer Engineering
ICOM 4075: Foundations of Computing
Partial Exam | (100 Points)
Question1 — (40 points) Short questions (2 points each)
(9
1- Define the scope of a quantifier. {e Vu (Fu\ ASCx )) X wile ,.7
Pat{' oe on alfel +t'0n m ML,'J\ \701(..\;\ e) ofc \mA Ly T\\.e qvow VhRoer | Vﬂ Ftn &% Y S(x) % waree
scoe

2- What is the truth set of the following predicate:
x% + 1 < 0 where the domain is R

g

3- What is the inverse of the following implication?
1 go to school only if it’s not raining.

IE€ 1 dawt go do schesl Thew sk G5 Yetaley.

4- What is the converse of the following conditional proposition?

a? = b* unlessa # b P
a* 9-: b — ac b
5- What is the contrapositive of the following implication?
Snowing is sufficient for me to go fishing. \/
’

_T? I dautt 90 e(!l\:wj Thin T3 Snowing .

6- If P(x,y,z) is “z is an equation with x and y as its solutions” find two sets of domain for the
following statement such that for one of them the statement is true and for the other one is

false: Q. {07-70, 7\( O = =D P2 D,
IzVxvVy -p(x,y,2)

Dz s Scf »? o.“ C1Ua{:en5 on Il? D’(’7 f 3 I(Z

not

| 5 { x—uy:a} '\’):,7 = /2

7- Translate the following statement into the logical expression (using quantifiers and predicates)

in two ways; one with the domain as people and the other with the domain as students:
n cla;; Somé students in your class do not want to be rich Dswmein st &AJ“ TN CexoranRixn
\

CXy: ¢ 3§ (x) i % wants to be Yich
Answerl + I ) Scx) A\ Rix
. is studcat . X in e\ wain (Peopl )
Seix i¢ Stede SCe) 2 x 1 studest in class Duale o't % e 1 32 SN A TR(

8- Negate the following proposition such that no negate sign comes before a quantifier:
vx 3y (p(x,y) = vz (q(x,2,10) @ q(x,z11)))

Ix Vg (Pog) A 32 1 (RIGT,00) @ﬂw,n)))



9- Parenthesize: (p -GV r))—((-.s A p) - Gan r))

Translate the statements of questions 10 to 16 assuming that L(x,y) is “x loves y” and H(x,y) is “x

hates y” and the domain for both x and y are all people.

10- 3x3y3z (x # y) AL(z,x) AH(z,y)

(3 -
Theve are tws d:fevenl Pevsams », and & Person Z That 2 VYoves x and hate y-
11- 3x L(x, Juan)A H(x, Hector)
Thede \s o Person who loves Juam and heto Rechoy,
12- 3x L(x,Juan)A (Vz L(z,Juan) - z = x)
Tere i o unigue QPersan wha Llovey Juam.
13- L(Mary, Juan)A L(Sarah, Juan) - H(Mary, Sarah) V H(Sarah, Mary)
18 bath Mah{ and Savah Love v an, elley Mty Mokes Sawl or Sevwk M‘m{ )
14- vx 3y Vz L(x,z) - H(y,z)
Foy on  Person X, Thete afe Some Pesfle y Sech Rab whaevay X, \oa)/ y hetes .
15- There is one and only one person that if you love him he loves you too.
N Llvew, %)y —» L(x, yoo)
16- There is at least one person who if Juan doesn’t love her, she would hate Juan.
IR —\\_(juan,x) —> H (x%,3van)
Multiple choice questions from 17 to 20:
17- Which one is not tautology?
a) VxP(x) - P(x)VQ(x)
@D @ - AP - -9)

c) P(x)for arbitrary x — Vx P(x)
d) —3xP(x) © Vx ~P(x)



18- In an exam one question was: “prove that there are no solutions in positive integers for the

equation x* + y3 = 21”. One student wrote the following: “if x3 + y3 = 21 since 3°=27 then
x and y must be less than 3. Thus the possibilities for x and y are 1 or 2. But none of 1°+2°, 1°+1°,
2°+2% makes 21”.

a) This is a proof by example

(BD This is proof by cases
c) Thisis a disproof by example
d) This is a wrong proof

%Which one is not a tautology? _
\ube ) poq) o @Vap) , arbitrary
ore b) pPAq-pVq

@ 3x P(x) — P(a)for'aeU where U is the domain
d) 3x (P(x)V Q(x)) e Jx P(x)V3IxQ(x)

20- Which one is a function (Place an X next to it):

aﬂ- (‘,A.Jn one 15 a ﬁ«*fﬂv\
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Question2- (10 points) Show that the following argument is valid:
o 5. Qo YL
vx P(x)VQ(x) '
Vx —Qx)VSk) . Vo Qv Sxy Pre mse
vy R(y) = - S»&) . "
3x = P(x) 3. N\ Gy v Stay Ul  (n Vod\c\u\av p g)
Ix - R(x) 8. Sta) b+
m . Y4y Ry -\ 51) Prevy e
¢ pogeTher wilk 'I"Q’QNCY/UL:B 10 R (o) — \¢S(a) UL (in @utiqulay | o)
" eque n (e §
=4 utiender g alaied alfa — {12 Sta) —\ R (e (an*vo?cs(\'wt £ w0
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. _Question Wts) Provide a proof for the following two equivalences using the specified method:
a) p=q9A=p = p->@A-Dp) Not using truth table
b) p->q) ®p=p->(@Dp Using truth table

. @na1p) ¥ (Rpae) £ (anp) Ve = P (Aae)

o) (P=9)ATp = (@AVP)ATP 2

b) _ij p-q| 90° (P—>4)&)F\ f— (2 6p)
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Question 4-(10 points) Prove that any 2-digit integer number ab satisfies the following property:
ab-ba = 9k
(Note: for example in a 2-digit number like 64, a=6 and b=4. Hint: Since the number is in base 10, try to
use the representation of numbers in base 10)
What kind of proof did you use?

ab &b o a |
bc\;O\—\-\Ob ) \

Ak b = oalse B G « I _9b =9(0‘-b)

(1< o'(' fros ‘%Q

Question 5-(10 points) if f:A > B and g: B — C are functions and f and g are 1-1 and onto, show that
gOf is a bijection. \

9ob(X) = gofey) — 03(%(3) -—"sl‘egg_‘\ = ) =93y

= B3
(95 ) A (203) =9 —->’6\=’Aa—+g“\> =Fury) |
(9 'S \_\\ ™S K xu\\ :‘Q’U.l\ - X\’—‘*.L)

Take on odb-'ham’ “element ceC. since q i on{*o, Thare exict

an element be 13 st. 9(b)=c. For be@ thue exisk o€ A sk

Py =¥ becouse 2 s onto.
Yot (o) = o) = 9Cb) = €

That means v any ceC Thee erst an acA st

Eog(d)_—c, Tl;elefzyf ‘ﬂ"ﬁ 5) onfo.



Question 5- (10 points) Proof the followings set propositions:

a) AXB=0 -A=0VB=0 Using contradiction
b) (AUB)—(AnB)=(A-B)u(B—-A4) Using 2-way subsets
¢) (ANB)U(ANBS)=A Using identity laws

| a) 'I(A=¢\/Gi¢) = A+ AB+¢
A#0 - 3aeh { = (a,b) e Ax13 by Tre defintion o 423
8+¢p — 3beD .
—> Ax3 P = 1 (Ax3 =p)

b) e @Aur)-(An3) = XEAUTD A x ¢ ANG — 2e AUB A2 € ANG

—>x€ AUG A xeAUD _-,(xeA v 71(—\3) Al xeR VreED)

—a(\*eAV‘x(—GBA 1eﬁ) v ((xeAvaen) A x €3)
a,(xe/hvxefi)v(xem\xeﬁ\ v (¥eAnxe3 )Y (ZeB AX€T)

> xe ANA Vue BNnA Y xe ANG vV xeBOAB — FV %€ B-AV xe A-3V

> xen-A VuaeA-O — ou—(\’s,A)\)(A—\?)

Trere Bore  (AUG)-(ANDGD) &= (A-3)V (3-A)

The oTher Side:
2e (B-AYU(A-B)—> X €B-A V 2 A-S —(xe3 ANEA) Y (2eA AAFB)

~ ((14\3 Ax¢A) V XeA) A ((w»’slwqfﬂ)v:r,ls) > (xe VxeAY A (xdA VaeA),

(e vaéB) AN(XEAVAEB) =X

—>x¢BUA A XEAVA AXEBUB N x€E AvB —XeBUA
BuA AXE Ans —s xe([Bua)-(ANG)

¢ BUA A leA VTeR) p (neBVxeD) N

ATAT A l&Z\UE —

xeBUA Axe ANB — XE
Thete for (B-AIUIA-B) & Aun)-ANB)

c) (nns)u(nnﬁ\ .ANBUR) = ANU=A



Question 7- (10 points) Show that if xeR and neZ then x < n & lx] <n

we have The P“Vﬂf/
TLa) € ox & Ll
asfeme  x<n

La\ < x A X< —> Ln) <n

The OTT\!( J\'kt s asSfume L')‘A<'\

Lu) &n — Lxlgn-)
ax & Lnd x) A Lrlgn-\— A g N-14]

—> €N



Question 8- (BONUS 10 points)- If f: A - Bisa functionand S € A, T € AandL € B show that:

c
a) f(SNTEF(S) N f(T)

b) f'L)= (FL)°

(s

o) dednT) o e saT ; Fooey

_9@(63 A Foo=4) A (2€T A Fo0:7)
~ Hef) A QeFA) - e ¥ %)

b) £y . dxebk Bl ] = $ren | ff‘“}
- {xeA) x%f’(‘m, - {xeA\xed L)
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