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Lasttime - (P(x)1 -P(y)) =Y

deMorgors
(P(X)V)
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Implications & quandes
= -P(x) vP(y)

Let P(x) = "X > O"

and Q(xy) = "Xy10"
translate :ByULP(y)---
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Proofs

A theorem (or leams proposition,
eff) is a statement

that can vigorously be shown
to hold true.

Generally in moth
, something like :

is even,
then it isdivisible by

2 .

"

-> "IfeR
70fly)/ < <,"VETO ↳E

↓

I

&

·
then (x -y) &"M
- fin-

of statements giving
"Int

The
sequenceaument Is a proof .
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,



unCond
-

When IS

So : to justify$tq ,
need to show

2
not In row --
-

In other words :
cannot be F .

If p
=

T

, q -
-- Y inference"
-



Guns H dfus :

First
,
some base assump or existentialL exists-

E even :E .

JKEL Sot 2k=X
X w

x oddEJkEyst . X
=2k+1

- Beren :

parity , whether even or add tes blc
2. y
=8
- =

X divides y ,
or Xly ,

if&only if
-

Fke] St . kox
=y

Other good background
:

st
.

X
= Yg

X rational Ipig
-X
-
-
-

-only 1 and X
are

X composite Imme of X
&I divisors

- -Tnot prime, or I at least onedivsor y Florx



Some other background assumptions :

3
=>

C

Also : addition & mult are
commutative :
-

Exy ,
X+y

= y+ X : work for any xay~-

Division &
subtraction are not :

St
. Xy

=y
- X

7x, y =1
T

Prove : X
=

-2 13 =-2



IExample : "Do n is odd
,
they

--

[If n is an odd integer, it
is even

-

then h2 is even

True or false?
-

No : End some
nt

1 : 12-1 odd , not
even .



P
Example :

-
If W is an

even integer,
then n

2
IS even .

n2 = 2 ()-

- T
Proof G

~Integer
-

:

cannot
is true

,

and show that q
(Assume P be false)
Pick any dfu ↳must beT

neuen = Fke1 S .t. 2k = n .
= w-

then N= 12k)
2
= 412
2

I 2 %2k2) =2eC u

-> this IS in ↳
where l= 2k"-Dkk

E ht is
even

-
-



Example : (direct proof)
-

-
and
%

odd
,
then

If Y IS even u

x+y
IS

g T~
Proof : Cassume first part, a directly

reason

- to get conclusion)

X is even Ji St. 2i
=X

Itis oddj sit. 2j +1=yY

then X
+y
= zi +2 +1
= 2(i +j) + 1
un
El

=> xry
is odd b



Proof by cases
The book shows some basic proof by
cases

,
but these can g

etmore interesting :

For all neX, n2 + n IS even C

-- -

Proof
-

By cases
Y

2 for It- n =

W even
:

-
= 21 +2k = 2 (2k2+k)

n2 +n -
thi -Ev

A
odd : n

= 2k+ 1 for k*
- ↓

n2+ n =L+1
+ 2k+ ) =41(+4k+)

2k +1

= 4k +6k +2 =2(c)



Assumptions
Proofs written for publication can

assume
a

Lot of background :

Even some later in class can
be intense!



Indirect proofs
or "proof by contrapositive"

Recall : p-q is logically equivalent to eg
-> up

So : If peq
seems difficult, we can

instead

consider showingiqt up
is true

E : IfBut] is odd, then n is
odd.

Try director odd=FI Sit.
3n +2 = 2k+

]

->3n = 2k1
2k+1
·
stud ??

=> n =-
3



Instead : P
---
n is

odd.

If In+ 2 is
odd, then --

contapos
:

19
~

+ >P E
2 .()

If n IS even
,

-

-then But2 IS even

t 2k=1

try : n even -FkED,-S
consider 3n +2 = 3(2k)+2

= 6k +2

=2(1)
EX

,

So But 2 is even
i



Two way implications

Example : For anyNEL,
his odd>

2
is odd.

· Here
,
Le reads as "If and only if

"

· Sometimes written pa
so(pzq)1 (g

->p)

How to prove
:



Let's try :
For anyNEL,
his odd>

2
is odd.

Proof :

=> :

# I
-



Proof by contradiction : (or indirectproof)
Recall thata contradiction IS a logical

false
statement which IS alwayS I

-

EX : 2=1 3 FX = X +1

Conside peg:
pea

I
Bad now : Want to exclude .

so : p119 is thing to avoid !



Proof by controduction
:

Assume prug , then
show some

logical contradiction
exists

then n
Example: If2 is even,

is even



Another :
- E is irrational .
Prove that

↑ rational meansRecall X -
Epigt1 St

.

X
= Yq

Proof : assume
- is Nationals confectiv

-
↓ then




