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Discrete Mathematics
Introduction to Proofs

Definition: A theorem is a statement that can be shown to be true.

We demonstrate that a theorem is true with a proof (valid argument) using:

Definitions
Other theorems
Rules of logic
Axioms

A lemma is a ‘helping theorem’ or a result that is needed to prove a theorem.
A corollary is a result that follows directly from a theorem.

Less important theorems are sometimes called propositions.

A conjecture is a statement that is being proposed to be true. Once a proof of a

conjecture is found, it becomes a theorem. It may turn out to be false.

Forms of Theorems

Many theorems assert that a property holds for all elements in a domain, such as the
integers, the real numbers, or some of the discrete structures that we will study in
this class.

Often the universal quantifier (needed for a precise statement of a theorem) is
omitted by standard mathematical convention.

Example:

“Ifx > y, where x and y are positive real numbers, then x? > y? ” means

Faor all Pos.'fwe real humEers x anclJ
.—f x>\/ *”\en x >\/
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Methods of Proving Theorems
1. Direct Proofs

In direct proof, we show that conditional p — q is true. We assume that p is true and
show that g must be true.

Definition: The integer n is even if there exists an integer k such thatn = 2k, and n is odd
if there exists an integer k, such thatn = 2k + 1. Note that every integer is either
even or odd and no integer is both even and odd.

Example: —21 is odd since —21 = 2(—11) + 1; 0 is even since 0 = 2(0)

P s

Example: Give a direct proof of the theorem “If n is an odd integer, then n? is odd.”

Proct: Assume n is an odd ‘m’*eaer.

Then n= 2k +} for some 'm'\agex L.
UD& deQD

nr= (b +D> = 4kT+dbsd
= 2 (2k*+2\L) A

= 2 msA which s OAA-
QED

QED is an abbreviation of the words from the Latin phrase “Quod Erat Demonstrandum"
that literally means, "what was to be shown”. Traditionally, the abbreviation is placed at
the end of a mathematical proof to indicate that the proof or argument is complete.
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Example: Use a direct proof to show that “The product of two odd numbers is odd.”

Prodq . Let m and n be DAA ’\n"\e&ers.
Then m= 2k 8 and n=2r+i .
m-n = ()_\L-\-&b(?_r-\- 1_3
= Ay « 2k v 20+

= 2 (ObeabLav) A4
= 2_8_\.&__ wL—ch'\ \‘S DCZ(J
QED
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Example: Give a direct proof of the theorem “If n is a perfect square, then n + 2 is NOT a

perfect square.” . -
D:Q?' = |+ A=Cl+l> q= Cz-""") -

ProoQ! Assume_ n s a Pel“'pecj' squa.re.

Then n=m% for some in'}e\je"' o .

=2 I3
£ naO,then nx2 =0+
1 (hm=05 NOT a Fer{f‘e_c—l- square .

1—9 n > A ,‘\'\\e.h ‘\V\f\z sm\\es\- \berS;QQ,'SY
cotec-Fhan

G =0 square Qr

(m-&\} :

YW o \S

N —= =2 0x3S
Hence w42 s NOVY a ?er‘?ee*

squo.r‘e .

QED.
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2. Proof by Contraposition

T

We know thatp — q = —=q — —p.

This means that the conditional statement p — g can be proven by showing that its
contrapositive, =q = —p, is true. We assume that —q is true and show that —p is true.

%

Example: Prove that “If m and n are integers and m X n'is even, then m is even or n is
S
even.”

T)» Dn’rec‘l Pa—odF: ASsume. m xh |8 even.
(j Then m xh =2k for some in"fsjer E. .

G:n*lrafosi fion : Assume m isggc{ qnel N s oclef.
Then m = 2L+ and n=2c+1.

Hence mxn = C2L+1)(2r+1)
= 1‘“41"4-2.’4-&2."4'\

= o (2br+kte)+| 0
= 20+ Jor some st

which is odd .
P QED.
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3. Proofs by Contradiction

Suppose we want to prove that a statement p — q is true. We assume p A —q, then
show that leads to a contradiction.

I -
1 - - ) -
Why does it work to prove p — q is true? P A %—_ F =" %: F= %—"‘ ]

Example: Prove that if n is an integer and n® + 51s odd, thenn is&en using
a. aproof by contraposition
b. aproof by contradiction

Contraposition: ASSume a) i.S OC{J .
Assume —7%_. B +J_\2 Ae.P;n"gh'on N = 2k & ( ‘%"

$}ww'1'>. Sécjzne inteqer k.
hoas = (2L 5 = 8k2r2b*+6b ) +5
= > (4b>r o+l +a = 2 (Hor som=
"h'\?(jer €> which is even. AED.

d and

Contradiction:

ASSUMQ F I\"%_, Sulorobe n>+5S is oc‘
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Other types of proofs

-

e Trivial Proof: If we know q is true, then p — q is true as well.

T

Example: “If it is raining then 1=1"

e Vacuous Proof: If we know p is false then p — q is true as well.

Example: “If  am both rich and poorthen 2 + 2 =5"

Even though these examples seem silly, both trivial and vacuous proofs are often used in
mathematical induction, as we will see later.

e Proofs of Equivalence: To prove a theorem that is biconditional statement, that is
p < q, we show thatp — g and g — p are BOTH true.
P e
Example: Proye that the following is true for all positive integers n: n is even if and
only if 3n? + ¥ls even.

—> TL nisenen ,Then Bh24R is e@en

b’\re.ei\ ‘)rodcﬁ :

let & be ewen, then h =2k Sor
some ‘m'\es)ex' k.

Thercfore 20248 = (2W) 8 = (PAVIER2 4
- 2Cekra ® =20 be Ry
which {8 exen

< IQ 22 4R is even Fhen n s aen.

Pros 5& com ro\msi'\-‘\on:
Led & be odd dhen n= 24\ For

sotne \nieoecr <« . N
\’\%Qﬂ— 5“:-* = 2>(2.\£-*D * 8 © 2020, 1. Perepelitsa
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Counterexamples: When we believe a statement of the form VxP(x) to be false, we

look for a counterexample.

Example: Show that the statement “Every positive integer is the sum of the squares

of two integers” is false.
f—

Cou h"‘erexah\P’Q :

What is wrong with this proof?
“Proof” that 1 = 2.

Step

1.

A o o

a=b>b

a’ = ab

a? — b%? = ab — b?
(a—=b)(a+b) =b(a—-Db)
a+b=0>b

2b=0»b

2=1

D=

2+« |
340

Reason

l.

2
3
4.
5
6
7

Given

. Multiply both sides of (1) by a
. Subtract b? from both sides of (2)

Algebra on (3)

. Divide bothsidesbya—b = O
. Replace a by b in (5) since a = b
. Divide both sides of (6) by b
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