
 

Warmup For each sentence draw a number line

and indicate all x values making the sentencetrue

a x 2 A x2 4

b x 2 V x2 4
c x 2 x2 4

d x 2 x 4

FreetBoundvariable
Let P x x 6 8 0

Is PG true It depends on

sentence
that is a free variable in theWe say
pex

Iink The sentence PG is a function of x



Is KEIR Pex time No

This sentence does not depend on x because

of the quantifier t

In this case we say x is a bound

Ie in the sentence Veritas

The quantifier I can also bound variables

Fx Pix does not depend on x

Analogy f x x us So x dx

Note Over a finite set universe

U is an and statement

F is an or statement



Ex If A 3 I 4 then

UxEA x2 220 312 20 n 12 20 n 42 20

Fx cA x O 3 O V I O V 4 0

Both true

For this reason we can think

of U as generalized and and
I as generalized or

Mm Generalized DeMorgan's Laws

a oxen Pa Gx A PG

16 FEA PG UEA PLA

Prof Ca Suppose AxeA Pa is time

Then txt Pk is false



So there is some x EA such that I
is false i.e P x is true

Hence Fxed pix is true

Conversely suppose Axed Pa is fine

Then there is x EA such that Pla
is true ie Pao is false

So 4x4 PG is false Therefore

Uxed P x is me

b is similar see book
a

Mtm Generalized Distributive Laws
Let P be a sentence not involving x

Let a be a sentence involving x

then
a Pa Axed Q x IEA Pra

6 Pv AxeA QA Vx A PV Qa

Roof Omitted see book



OrderofQuantifiers
Suppose Play is a sentence

involving 2 variables

What is the difference between

a Ux Fy Plays
and

b Fy x Plays
impliat

Ex Pay xty 1

a is for any XE IR
there exists yer such hat

xty l True

Poof Let XER Set y l x Then

yeR and xy xtCi x l on

6 is there is yer such that for any xek we have

xty 1 False

How to prove Let's show b is time



By DeMorgan

Fy Ux Play Ny Ctx Pays

Vy Ix Play

Roof Let yet We must show there is xek such ht

xty I Take x y Then xty g y o 1

To summarize

a Ux Ig Plays Finn I
choose y ad

and

6 Dy Ux Play In b we choosey first and
it has to workwith every x


