. Use the corresponding logical equivalence to proveA N (BU CY=(ANBYU(ANC)

. pages 98/99 22,24,26,28,44 These pages follow.

. Define z ~ y means 5 divides x-y for x and y integers. Show that this is an equivalence

. Define (a,b) ~ (¢,d) means a+d = b+c, on Z+xZ%. Show that this is an equivalence

MA1124 Assignment2
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relation.

relation.
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c. 3 a dessert D such that V students S, S chose D. 34, A grade-point average of at least 3.7 is a mecessary
4. 3 a beverage B such that ¥ students D, D chose B. condition for graduating with honots.
e. 3 an item I such that ¥ students S, S did not choose I.
¢ 3 a station Z such that ' students S, 3 an item f such
that § chose I from Z.
Use the facts that the negation of a Y statement is a 3
21, How could you determine the truth or falsity of the statement and that the negation of an if-then statement
‘ following statements for the students in your discrete is an and statement to rewrite each of statements 31538
‘ mathematics class? Assume that students will respond without using the words sufficient or necessary:
truthfully to questions that are asked of them. . .
35. Divisibility by 4 is not a necessary condition for divisi-
a. There is a student in this class who has dated at least bility by 2.
one person from every residence hall at this school. i ) . .
b. There is a residence hall at this school with the prop- 36. Having a large income is not 2 necessary condition for
erty that every student in this class has dated at least a person fo be happy:
one person from that residence hall. 37. Having a large income is not a sufficient condition for
¢. Byery residence hall at this school has the property a person to be happy.
that if a student from this class has dated at least one
person from that hall, then that student has dated at 38, Being continuous is not a sufficient condition for a func-

least two people from that hall tion to be differentiable. _

39, The following statement is from An Introduction to
Programming.® Rewrite it without using the words nec-

Give the contrapositive, converse, and inverse of each essary ot sufficient.

statement in 22-2%. The absence of error Messages during translation of
a computer program is only a necessary and not ¢
sufficient condition for reasonable [program] cor:
73, ¥ computer programs P, if Pis correct then P compiles rectness.

without error messages.

12.¥Vx ERifx > 3 thenx* > 9.

40, Find the answers Prolog would give if the followin;

24. If an integer is divisible by 6, then it is divisible by 3. guestions were added to the program given in B
. : : : ample 2.2.9:
th te
25. ]:;r;};e square of an integer 1 even, then the integer 18 S isabove(by, i) b sisabovelws, £)
’ c. color(wy, blug)  d- 9color(X, white)
26. Vx € R, if x(x + 1) > O thenx = Qorx < —L e Tisabove(X, b1) T fisabove(X, b3)

27. ¥n € T, if n is prime then r is odd or n = 2. g Tisshove(s, X
28, integers a, b, and ¢, if @ b is oven and b — ¢ I8 41, Write the negation of the definition of limit of a §
' even, then a, Zeis 6\;811. guence given in Example 2.2.3.
42. The notation 3! stands for the words “there exists

9. %/ animals A, if A is a cat then A has whiskers and A has unique.” Thus, for stance, <31 x such that x is prit
claws. . - ‘ .
; and x is even” means that there is one and only ©
30. Give an example {0 show that a universal conditional gven prime number. Which of the following stateme!
statement is not logically equivalent to its inverse. are true and which are false? Explain.

a. 3! real number x such that ¥ real numbets y, XY =
b, 1 imteger x such that 1/x is an integer.
¢. V real numbers X, 1 real number ¥ such t

Rewtrite each statement of 31-34 in if<chen form. x+ty=0
3 Eammg a grade of C— in this course is 8 sufficientcon- 443, Suppose that P(x) is a predicate and D is the domai
dition for it to count toward graduation. . Rewrite the statement ‘3! x € D such that P!

without using the symbol 3!, (See exercise 42 for

32. Being divisible by 6 is a sufficient condition for being
meaning of 31.)

divisible by 3.

33. Being on time each day is a necessary condition for #Richard Conway and David Gries, An Introduction to Prog
: keeping this job. ming, 2d ed. (Cambridge, Massachusetts: Winthrop, 1975) b
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}fﬁﬁd (O(x) be predicates and suppose D is the e. Vx € D, (P(x} V Ox)), and
‘of x. For each pair of statements below, deter- (Vx € D, P(x)) V (Vx € D, o(x))
hether the statements have the same truth val- d. 3x € D, (P(x) V Q(x)), and

ustify your answers. ) ] @x €D, P(x) V Bx € D, 0(%)
x € D, (P(x) N\ Q(x)), and

(vxe D, PG N\ (Vx € D, Q(x)
Ax € D, P(x) A\ (3x € D, 0(x))

2.3 ARGUMENTS WITH QUANTIFIED

STATEMENTS |
nly complete safe- The rule of universal instantiation (in-stan-she-AY-shun) says that
.against reasoning ill, . L ) ’
-'zhé.?ffbit of reasoning If some property is true of everything in a domain, then
11 familiarity with the it is true of any particular thing in the domain. |

orinciples .of j’rr‘fgﬁc in  Use of the words universal instantiation indicates that the truth of a property in a
-;gqjo{zzng;,hsr: pr o lz particular case follows as a special instance of its more general or universal truth. The I
: _;zjuphy ”;gm artshgi’lz;n PLes. validity of this argument form follows immediately from the definition of truth values |
D n

for a universal statement. One of the most famous examples of universal instantiation
is the following:

| All human beings are mortal.
| Socrates is a human being.
~. Socrates is mortal.

Universal instantiation is tie fundamental tool of deductive reasoning. Mathemat-
| ical formulas, definitions, and theorems are like general templates that are used over
and over in a wide variety of particular situations, A given theorem says that such and
such is true for all things of a certain type. If, in a given sitnation, you have a particular
object of that type, then by universal instantiation, you conclude that such and such
is true for that particular object. You may repeat this process 10, 20, or more times
in a single proof or problem solution.

As an example of universal instantiation, suppose you are doing a problem that
requires you to simplify

&

rEL L,

where 7 is a particular real number and £ is a particuiar integer. You know from your
study of algebra that the following universal statements are true:

1. For all real numbers x and a]l integers m and n, x™ - x" = "7,
2. For all real numbers x, x! = .

| So you proceed as follows:

| PRl e = gkl step |
|
‘ = plrl)+t step 2
= rk+2 by basic algebra.




