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* A compound proposition is made up of simple propositions and the logic symbols — (negation), A
(conjunction), V (disjunction), @ (exclusive or), = (implication) and < (bi-implication).
* A truth table lists all possible combinations of thruth values of the simple propositions together with the

resulting truth value of the compound proposition.
plalv| -

1 1 O 0

1 0 O 1
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* The conjunction, p A q, is true only when both p is true and q is true. Otherwise the conjunction is false.

plalprc

1 1 1
1 O 0
0 1 0
0O O 0
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* The disjunction, p V q, is true whenever either p is true or q is true or both p and g are true. p V q is false

only when both p is false and q is also false.

plalpVva

1 1 1
1 O 1
0 1 1
0O O 0
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* The exclusive or, p @ q, is true when exactly one of p and q is true and is false otherwise.

p | q|poq

1 1 0
1 O 1
0 1 1
0O O 0
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Truth Tables

* The only time that p — q is false occurs when p is true and q is false.

1 1 1
1 O 0
0 1 1
0O O 1
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* The biconditional statement p & q is true when p and g have the same truth values, and is false otherwise.

1 1 1
1 O 0
0 1 0
0O O 1
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Example

*  Construct the truth table for (a) (=p)A q und (b) p = —gq.

plalplq|(n)Aglpod
1 1 O 0 0 0
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Example

*  Construct the truth table for (p V —q) =(p A q).

p gl -qlpVqlprdl®V0) > @A)
1 1 0 1 1 1
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Precedence of logical operators

—
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Logic Circuits

Application to Computer Science Problems

* A logic circuit (or digital circuit) receives input
signals p4, Py, ..., Pn, €ach a bit [either O (off) or 1
(on)], and produces output signals Sq, So, ..., Sy,

each a bit.

* Complicated digital circuits can be constructed

from three basic circuits, called gates. S R

Inverter
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AND gate
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Determine the output for the combinatorial circuit in the following figure.
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Logical equivalences

Double negation law
* a(=p)=p
Commutative laws

* pvVq=EqVp

* PAQ=QqAp

Associative laws

* (pvq)vr=pv(qVr)
c AQPQAT=pA(QAT)

Distributive laws

c pv@Ar) =@V A(Vr)
- pA@@Vr)=(@EAqQV(PAT)
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When two compound propositions always have
the same truth values, we call them equivalent.
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Logical equivalences

De Morgan's laws
« =(pAqg) =-pV—q
« =(pvqg =-pA—q
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* p-og=-pVg

* pPog=E-qg-op

° pVg=E-p-q

* pAg=-(p—9)

- —alp-q)=pAq

c @oDA@P-o1r)=p->(@QAT)
- @odv@P-r=p->(@Vr)
- (@-oA@-or)=(@Vve-r
- (@-onv@-r=@Aqp-r
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d: Lisa is in Denmark

e: She is in Europe

d—e

If Lisa is in Denmark, then she is in Europe.

—e - —d

If Lisa is not in Europe, then she is not in Denmark.
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Thank you!
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