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Goals of Discrete Math.

* Mathematical Reasoning

— Read, comprehend, and construct mathematical
arguments

« Combinato A

o
Goals of Discrete Math.

» Algorithmic Thinking
— Specify, verify, and analyze an algorithm
» Applications and Modeling
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Foundations of Discrete Math.

* Logic
— Specify the meaning of Mathematical statements
— Basis of all Mathematical reasoning

» Functions
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Readings Logic

* Rosen: 1.1-1.4,1.6-1.8, 7.1 * Rules of logic gives precise meaning to
mathematical statements.
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Proposition: Building Blocks of Logic Logical Operators
* Proposition = * Negation (NOT)

— Declarative sentence » Conjunction (AND)

Compound
proposition
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Logical operator




Negation

» The negation of p has opposite truth value to p

Conjunction

» The conjunction of p and g, is true when, and
only when, both p and q are true.

Disjunction

» The disjunction of p and q, is true when at least
one of por qis true.

Exclusive OR

» Exclusive or = OR but NOT both
p®g=(pvqg)A-(pAq)




Implication

* |tis false when p is true and q is false, and true
otherwise.

Biconditional

* p < qis true when p and g have the same truth
value.

Contrapositive

* The contrapositive of an implication p — q is:
—q — —p

o
Converse and Inverse

* The converse of an implication p — q is:
q—p
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Precedence of Logical Operators

Operator Precedence
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Consistency

s

» Translating natural language to logical expressions

is essential to specifying system spec.

There must be an assignment of truth values
to every expression that make all the

expression true.

» Specifications are “consistent” when they do not

Consistency

* Whenever the system is being upgraded, users
cannot access the file system.

* If users can access the file system, they can
save new files.

* If users cannot save new files, the system is not
being upgraded.

Consistency

* Whenever the system is being uparaded, users
cannot access the file system. |[p —- = q I

* If users can access the file system, they can
save new files. q—r I

 If users cannot save new files, the em is not
being upgraded. w

r \p—>-=q | q—r |ar—-p
T T T T

These spec. are consistent.
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Tautology, Contradiction, & Contingency

* A compound proposition that is always true is
called a “tautology”.

* A compound proposition that is always false is
“contradiction

“contingency”.

®

Logical Equivalences

The propositions p and q are called “logical

equivalent” (p=q

) if p < @ is a tautology

© K

Showing Logically Equivalent propositions

}) Show that the truth values of these propositions
are always the same.

— Construct truth tables.

0
Showing Logically E

» Example (Rosen p22):
Showthatp - g=—-pvq

quivalent propositions

Logically Equivalent '
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Showing Logically Equivalent propositions

}) Show that the truth values of these propositions
are always the same.

2 ies of establish ivalen

o Y
Logical Equivalences

* Distributive Laws
pv(gar)=(pvq)a(pvr)

A vrIr)= A Vv AT

© s

Showing Logically Equivalent propositions

+ Example (Rosen p25):
Showthat=(pv (=-pArq))=—pAr—=q

Predicate Logic




Predicate Logic

* In Propositional Logic, ‘the atomic units’ are
propositions.
- E.g.:

— p: John goes to school., g: Mary goes to school.

variables

predicates

) Y
Predicate Logic

* The statement “x go to school” has two parts:
Variable “x”
The predicate “go to school”

P(John) and P(Mary) have truth values.

= -
Creating propositions from a he
propositional function

}) Assign values to all variables in a propositional
function.

?) Use “Quantification”

) s
Universal Quantifier
» VXP(x) (read “for all x P(x)” ) denotes:

P(x) is true for all values x in the universal of
discourse.

> VXP(X)
P(x )AP(x,)A...AP(x,)
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Universal Quantifier

* Example (Rosen p.31):

* What is the truth value of VxP(x), when P(x) is x?
> x and the universe of discourse consists of:

Since x2 > x only when x <0 or x > 1, vxP(x2 > x)
is false if the universe consists of all real

numbers. However, it is true when the universe
consists of only the integers.

o

* IXP(x) ( read “for some x P(x)” ) denotes:

There exists an element x in the universe of
discourse that P(x) is true.

> IXP(X)

Existential Quantifier

P(x,)v P(x;)v ...v P(x,)

(2)
Existential Quantifier

+ Example (Rosen p.32):

* What is the truth value of 3xP(x) where P(x) is
the statement x2 > 10, and the universe of

Since the elements in the universe can be listed
as {1,2,3,4}, 7xP(x) is the same as P(1)\P(2) v

P(3)vP(4). There for 7xP(x) is true since P(4) is
true.

2

Negations

—VxP(x) = 3x —P(x)

—XP(x) =Vx —P(x)
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Nested Quantifiers Nested Quantifiers

+ Quantifiers that occur within the scope of other Statement ... is TRUE when

Logic: Key Terms

» Proposition * Inverse * Predicate
* Truth value » Converse * Propositional




