Dis cussion DA

Logich Sy mbols Othe, Mathematical Symbals
A aad I Givides
Vv or € in
— not < subset
E| there exists U union
v for afl N intersection
= implies \ relative complement

Lmglication
P=Q i P ther Qf
. eq_(ﬁ'/“lenf t«= QV-P
* To '\e'gm{'eJ use beMofya/l>sf “I(F=§ Q) = ‘l((—rP)VQ)E PA-Q



CS 70 Discrete Mathematics and Probability Theory
Spring 2022 Koushik Sen and Satish Rao DIS OA

| Truth Tables

Determine whether the following equivalences hold, by writing out truth tables. Clearly state whether or
not each pair is equivalent.
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) Propositiona] Practice

Convert the following English sentences into propositional logic and the following propositions into En-
glish. State whether or not each statement is true with brief justification.

(a) There is a real number which is not rational.

(b) All integers are natural numbers or are negative, but not both.

(c) If a natural number is divisible by 6, it is divisible by 2 or it is divisible by 3.
d) (xeZ) (x€Q)

© (reZ) (210)V3]x) = (6]x)

) (VxeN) (x>7) = ((Ja,beN) (a+b=x)))

a) (Ix € R) (x € Q) True, x=42

BY (Ux € ZY(((x«NYV(x<O)A(~(xeN A x<0)))  True, «20 if and ody i «€N
) (Vx € INY((elx) = (Ix) v (31x)) True, if x =6k thea x=20K)

X
-_—

d& Every iafejcr is  rational. True, every x €L con be wrttes 5
Q.& I‘F an inhger ;5 Af!/iﬁ“!. ‘)7 2 or 3., H’ s A;W'SI'“Q by 6 Fqlse_' l ir Al'w'si‘b 1)7 P2 &4*
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'FS EVQI}' natucal number greoter tan 7 is the Sum of twe natural aumdars,

T"V‘QJ for any x €N  where X>7 con write x+0 =x,



o

3 Converse and Contrapositive

Consider the statement "if a natural number is divisible by 4, it is divisible by 2".

(a) Write the statement in propositional logic. Prove that it is true or give a counterexample.

(b) Write the inverse of the implication in English and in propositional logic. Prove that it is true or give a
counterexample. (The inverse of an implication P — Qis -P — —(Q.)

(c) Write the converse of the implication in English and in propositional logic. Prove that it is true or give
a counterexample.

(d) Write the contrapositive of the implication in English and in propositional logic. Prove that it is true or
give a counterexample.

(¥x € N) ((#1x) = (2]x))
True. Tf x:=%k for LEN thea x=2(2K) where 2kEN, so 2|x.

(be € M) ((44x) = (k=)
False. Coasider x=2. Thea Y4 but 2x,

PL N) (('LI x) = (‘Hk)) False. Consider x=12.

(VKGN-) ((""*x) = (7-4’)()) True) b/e orig:na[ vas true
4 Equivalences with Quantiﬁers

Evaluate whether the expressions on the left and right sides are equivalent in each part, and briefly justify
your answers.

@ [ Vx (3 (x, )) = P(x)) vx 3y (0(x,y) = P(x))
(b) || =3 Vy (P(x,y) = =Q(x,y)) | ¥x (By P(x,y)) A (Fy Q(x,)))
© || Vxdy (P(x)=0(x,y) Vx (P(x) = (3y O(x,y)))

Not equivaleat. Let Q(x,y) be ° x>y" ad Plx) be ‘x5
Thea Yx ((3y Qley)) = P(x\) is  Saying “for every namber x,

'F  there exists a smaller Aumber y then 355" which § false.

But Vx 3y(Q(x,y\ %P[x)) is Saying “for all x, there exists a

number y such that if x>y, then x35" whih is +rae.

Not equivalent. Using beMorgan's Law oa = 3x by (Plx,y) = Qlxy)),
wR get Vx;y (F(k,y)/\Q(.x,y)) which & not eo@ivaleal 1o Vx(.:]y P(x,y))’\GyQ@r,yﬂ_

Equivaleat, Rewrite Ple) = Qlx, Y e P() VQley) and sepacate
inte cases. Tf P(\ ir false thea both sides ae somel if

CS 70, Spring 2022, DIS 0A

F(A is true *hea both r;a‘es ace sl eaLuFVqIEILf_



