
Compound Statements

PA statement that is composed of simpler
statements joined by some logical connective(s)
such as “v,” “w,” “r,” etc... is ca lled a compound
proposition

PA statement which is not a compound statement
is ca lled a simple proposition

PWe are thus interested in determining the truth
value (True or False) of a compound proposit ion
given the truth values of the simple propositions
of which it is composed.

Truth Tables

p    ¬p

T F
F T

p q p v q

T T   T
T F   F
F T   F
F F   F

p q p w q

T T   T
T F   T
F T   T
F F   F

p q p 6 q

T T   T
T F   F
F T   T
F F   T

p q p r q

T T   F
T F   T
F T   T
F F   F

This is the exclusive OR
p q p ø q

T T   T
T F   F
F T   F
F F   TThis is the biconditional

Some Notes on the Implication
PLet p 6 q be an implication
PThen q 6 p is called the converse of p 6 q
PAnd ¬q 6 ¬p is called the contrapositive of p 6 q

PAs we sha ll see, the contrapositive of an
implicat ion is equivalent to the imp lication itse lf. 
This is a very important and useful observat ion
when we wish to do proofs.

PDoes anyone wonder why F 6 T is True, for
example?

Propositional Equivalences

PTwo propositions are called logically equivalent
if they always have the same truth va lue

PThat is, p and q are logica lly equiva lent if p ø q
is always true

PPropos itions which are always true are called
tautologies
PPropos itions which are always false are called

contradictions
PPropos itions which are somet imes true,

sometimes fa lse are ca lled contingencies



Examples of Tautologies,
Cont radictions and Contingencies

Tautology Contradiction Contingency
p w q w ¬p  (p ø q) v ( p r q)   p 6 (q 6 r)

PWhy is this tauto logy always true?
PWhy is this contrad iction always fa lse?
PWhen is this contingency False?  When is it True?

Logical Equivalence

PHow would one show that two propos itions are
logica lly equivalent?
< Show that they  have t he same trut h tables
< Show that their bicondit ional is a t autology
<Use so me of t he equivalences from p age 17

   p v T  ]  p  p w F ]  p 
   p  w T ]  T      p v F ]  F
¬(p w q) ] ¬p v ¬q ¬(p v q) ] ¬p w ¬q

etc... etc...

Logical Equivalence

Let us show that p 6 q ] ¬p w q with a  truth table:
p     q     p 6 q      ¬p     ¬p w q

T    T    T  F           T
T    F         F  F           F
F    T    T         T  T
F F    T  T  T

Can you see how the “b iconditional” method would
work?  We would want (p 6 q) ø (¬p w q) to be a
tautology

Identifying Truth Tables

Can you identify the truth tables below:

p q  ???

T T   T
T F   F
F T   F
F F   F

p q ???

T T   F
T F   T
F T   T
F F   F

p q ???

T T   T
T F   F
F T   T
F F   F

P It turns out that, given any truth table, we can
construct an expression that gives exactly that
tab le!



Constructing Truth Tables

PIdentify each row that is true
PConstruct an “and” expression that

says it will be true
<p v q
<¬p v q

PTake the “or” of those expressions
<(p v q)w(¬p v q)

POf course, there may be a simpler
expression that is logically equiv.
<q

p q ???

T T   T
T F   F
F T   T
F F   F

Constructing a 3-variable Truth Table
PConstruct an express ion whose truth

table is that shown to the right.
PWe create a conjunction for each

row that must be true:
< (p v q v r)
< (p v ¬ q v r)
< (p v ¬q  v ¬r)
< (¬p v ¬q v r)
< (¬p v ¬q v ¬r)

PThe disjunction of those five
expressions is the answer:

p q r     ???

T T T T
T T F F
T F T T
T F F T
F T T F
F T F F
F F T T
F F F T

< (pvqvr)w(pv¬qvr)w(pv¬qv¬r)w(¬pv¬qvr)w(¬pv¬qv¬r)


