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Course Textbook(s)

1- Rosen, Kenneth. Discrete Mathematics and Its
Applications 7th edition. McGraw-Hill Science,
2011.
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Other Recommended Resource:

1- Todd Feil, Joan Krone, "Essential Discrete
Mathematics", Prentice Hall, 2003.




Foundations of Logic




Foundations of Logic: Overview

* Proposition

* Logical operators
 Compound proposition
* Bit operators

* Equivalence




Propositional Logic

Propositional
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Propositional variable
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Operators / Connectives

operator or connective
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Unary operators take 1 operand (e.g., —3);
binary operators take 2 operands (e.g., 3 x 4).




Formal Name Nickname [Arity | Symbol
Negation operator NOT Unary -
Conjunction operator |AND Binary A
Disjunction operator OR Binary v
Exclusive-OR operator | XOR Binary D
Implication operator IMPLIES |Binary —
Biconditional operator |IFF Binary o




The Negation Operator
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E.g. If p = “I have brown hair.”

then -p = “l do not have brown hair.”
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E.g. If p=“I will have chicken for lunch.” and g=
will have steak for dinner.”, then pAg=“1 will
have chicken for lunch and

| will have steak for dinner.”




+ Note that 3 Operand columns
conjunction

poapnnp P9 1PAQ
of npropositons T T T
yvil_l have 2"rows T F F
in its truth table. = T =

- = -

02555 Lagiay Laa (—and A ) Celalaall o) SAL ) g e
sihia =i Y truth table da8s Jsoa o




Jadll ddasl , I disjunction operator Jwaill Jalxs
Jalzall AW Jalae 4 5 cdisjunction connective

ool o iy gl (binary operator )

o, 7

v e bl e ProposmonaI/

p=“My car has a bad engine.”
g="My car has a bad carburetor.”

pvqg="Either my car has a bad engine, or
my car has a bad carburetor.”

Meaning is like “and/or” in English.




Disjunction Truth Table
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Nested Propositional Expressions
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ust saw my old friend, and either he’s
grown or I've shrunk.”
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Let p="It rained last night”,
g="“The sprinklers came on last night,”
r=“The lawn was wet this morning.”

Translate each of the following into English:
~p -  "ltdidn’t rain last night.”

“The lawn was wet this morning, and

FA=P - It didn’t rain last night.”
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“Either the lawn wasn’t wet this
morning, or it rained last night, or
the sprinklers came on last night.”
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p = “l will earn an A in this course,”
g = “l will drop this course,”

p ®© g = “l will either earn an A for this course, or
| will drop it (but not both!)”




Exclusive-Or Truth Table
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The Implication Operator
Conditional Operator
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E.g., let p = “You study hard.”
g = “You will get a good grade.”

p — q = “If you study hard, then you will get a
good grade.” (else, it could go either way)




Implication Truth Table
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Examples of Implications
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—2-p=F,q=T,(p>0q)=T
—3-p=F,q=F,(p>q)=T
—4-p=T,q=F,(p>aq)=F
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Converse, Inverse, Contrapositive
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How do we know for sure?

Proving the equivalence of p — g and its
contrapositive using truth tables:
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The biconditional operator/IFF
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p = “You passed the exam.”
q = “you scored 50% or higher.”

p <> g = “You passed the exam if and only if
you scored 50% or higher.”




Biconditional Truth Table
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Compound Propositions
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Operations Priorities
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1. Negation / NOT
2. Conjunction / AND
3. Disjunction/OR, Exclusive-OR / XOR
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Boolean Operations Summary
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Name: not/and| or xor implies Iff
Propositional logic: A | v AN AN
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Boolean algebra: ﬁ pg | +
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C/C++/Java (wordwise):| | !
C/C++/Java (bitwise): ~ | & | A
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Logic gates: ISt HOI D> D >




Tautology & Contradiction (=8ill 5 (a8l sl
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Logical Equivalence skl ¢ 581l

Two propositions are said to be logically
equivalent if they have identical truth values
for every set of truth values of their
components.
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De Morgan's laws
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