Lecture 1: recap

e Natural, whole and real numbers

® ‘?’rogosi&mhs

¢ Logical operations: and, or, not, implication,
biconditional

e Truth tables

Lecture 2: Qverview
o Quantifiers

o Proofs: direct proofs

¢ Counterexamples

Boolk: Chap&er 1, Sections 1.4, 1.8



There is a red ball in the box.



All the balls in the box are red.



There is a red ball in the box.



There is a red ball in the box.



There is a red ball in the box and all the balls
in the box have the same color.



Every ball in the box is red, or every ball in
the box is yellow.



For each ball in the box, it is either red or
vellow.



All the balls in the box are red.



All the balls in the box are red.
Iff a bhall is (n Hhe box, A is @l






The box contains at least one ball, and
every ball in the box is red.
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Negation of guantifier statements
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To negate, you “H‘«F’ the quah&infiers and negate the bocz’”\:j.
(The Eruth value also {Lips.)



Higher depth gquantifiers
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The order of the gquantifiers matters!
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Examyt&s
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Proof techniques
o Direct proof

® Coumﬁerexampte
® Com&ragosi&ive
o Cowntradiction

e Inductkion



Direct proofs

¢ Move forward in logical steps from the assu,mp&on(s) to the conclusion,

¢ To prove “itf p then q", you assume thak p is Erue, and use this assump&ion to prove
that q also holds

© To prove that a statement is folse, you prove that the negation is true.

Example: Vn em : n” yn
 To prove a “for all” statement, you prove the statement for an arbitrary element.

¢ To prove a “there exists” statememnt, you m«tj need to give an exampie.
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Coum&erexamgtes
o To disprove a “for all” statement
Prove or clis prove
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Checlelist

® Do you understand how quantifiers work?

o Can you hegate quantifier statements?

e Do you understand why, U asked to prove something
for all elements of a set, it is sufficient to start the
proof by picking an arbitrary element?

© Do you understand why it is sufficient to disprove a
“for all” statement to find a single counter-example?

o Are you comfortable proving statements of the form “if
7 then g bj assuming p that is true, and showing that

9 follows?



