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»1ruth and Falsity

Recall that a statement is either true or false.

According to classical logic (the logic assumed

for this class), a proposition cannot be both.

The trut

N Or falsity of a Compound statement

Ul

timatel

Yy dCPCHdS UPOI] thC U'U.th ValllCS OfthC

simple positive statements making 1t up.
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LLonjunction
|

The conjunctive statement P & g asscrts that both
statements p and g are true. [tis false if and only if any
one eonjunet is false. This meaning of eonjunetion 1S

neatly expressed with what is called a “truth table™:

P | 9 | P&Yq
T T 1
o | e i
B ‘|' H
H |Z H
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«Negation

The negative statement ~ asserts that statement pis

false. This negative statement is itself false if and only

if P is true. The truth table for negation is here:

/ P
1 -
-
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» LDisjunction

The disjunctive statement p V g asserts that at least

one of statements P and q is true. e is false if and onJ.y if

both cﬁisjuncts are false. This is expresscd in the truth

table for disjunction:

PV

q

|
Tl -

.

-

-
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«Implication

T}IC hypOtthlCEll statement P — q ASSCITS th&t

WﬂCIlCVCI'p 1S true, thCIl q must bC truc as wc| 1 leis

faJ‘LSC 1fand only lfthC anteccdcnt 1S frue bllt the

consequent 1S ﬁz[se. Here is its cruth cable:

P19 17,9

T This is the one

T
1 - - that is tricky
T
-

_ to remember!
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1 ruth Table Construction

GlVCIl any statcment, we can constructa tr lltll

table to see what possible truch values it can have.

For instance, lets construct the truch table for

the following statement:

ItI do not hate logic, then I am smart.
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1 ruth Table Construction

Step 1: Translate the statement.

In this example, there are two positive statements

to symbolize:
1. L hate logic. (H)
2. ] am smart. (S)
So the entire statement is symbolized as follows:

~H—S
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1 ruth Table Construction

Step 2: Construct the columns.

The columns are determined by taking

apart the statement until we reach positive

statements that cannot be broken ¢

OWI any

further (because they arc justa singj
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1 ruth Table Construction

Start with the original statement:

~H—S
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1 ruth Table Construction

Next, identify the main connective:

~H—$§
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1 ruth Table Construction

Now identify the main parts it connects.

—S
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1 ruth Table Construction

Next add one column for each part.

—S
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To make things easier
later on, always put any
single letters to the far
left (because they cannot
be taken further apart).
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1 ruth Table Construction

Repeat the process with the parts just found.

S ~-H |~H—S

S cannot be broken down any further, but ~H can.
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1 ruth Table Construction

Keep putting anything that cannot be broken down

to the far left.
H S ~-H |~-H—S
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1 ruth Table Construction

And since H cannot bC bI‘Ol{CH dOWIl any fothCl’,

there is nothing more to do.

H S ~H |~H—S$
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1 ruth Table Construction

Step 3: Construct the rows.

IfthCI' c arc an » number OfSngIC lCttCI’ S, thCIl thCl’ C

will be 27 rows.

In this example, there is only HandS,son=2.Asa

I'CSlllt, thCI'C arc 2* or 4 TOWS.
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1 ruth Table Construction

For the first single letter (in this case H), set the first
half of the rows to T and the second half to E
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1 ruth Table Construction

For C&Ch O{:thCSC halves, fCPC&t thiS PI’OCCSS f()l‘ thC

next single letter (in this case S).

..................................................................................................
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‘able Construction

ruth

For C&Ch O{:thCSC halves, fCPC&t thiS PI’OCCSS f()l‘ thC

next single letter (in this case S).

H \ ~H |~H—S
........... L T A I
________ LI O A A I
............ [ LI A I

= F
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1 ruth Table Construction

Repeat this process for all the single letters (in this

CascE, thCI'C arc no morce to C-O).

> ~H |~-H—S

Notice that these are AlLL the possible truth
value combinations for these two statements.
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1 ruth Table Construction

Step 4: Fill out the remaining columns.

WOFI( dCIross C&Ch Column from IC& o fight,

Calcuj_ating thC r U.th ValllC fOI' C&Ch COlllmIl

based on the truch values of statements to the

jCﬁ and thC connective USCd in that Column.
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1 ruth Table Construction

Staring with the leftmost column that is not filled in,

= 1

the main connective is ~ and the main part is H.

H S ~-H |~H—S
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1 ruth Table Construction

USC thC r U,th table {:Ol” negation, giVCH thC ValllCS

from H’s column, to fill in ~H’s column.

H S ~H |~H—S$
T 1 F
T - F
F 1 1
F - T
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1 ruth Table Construction

Repeat this for the next column: here the main

connective is — and the main parts are ~H andS.

H S — S

i
-

) | -
-
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1 ruth Table Construction

Use implication’s truth cable, given the values from

~H’s and S’s columns, to fill in ~H — S’s column.

H S ~H |~H—S$

M - — —

>
F
=T
F
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1 ruth Table Construction

And itis all done!

H
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1 ruth Table Construction

Now SUPPOSC H is true bllt S 1S false. ThC U'U.th tablc

can be read to reveal the value of ~H — S.

H \ ~H |~H—3S§
1| s | n
[ D] D

= F | T | F

So when [ hate J;ogic but ] am not smart, this entire

statement is still crue.

dogical eAnalysis via Truth Tables—Introduction to Logical Reasoning—David Emmanuel Gray



1 ruth and Statements

A contingent statement is a statement that can

cither be true or false.

A tautology is a statement that is always true because

of its logical form.

A contradiction is a statement that is always false

because of its logical form.
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. ontingent Statements

The truth table tor "It I do not hate logic, then Iam

smart reveals thatitisa contingent statement.

H \ ~H |[~-H—$
1| s |
T

u T T
I

This shows that it may logically be either true or false.
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« lautologies

The statement Tt will rain tomorrow o7 it will not

rain tomorrow isa tautology.

R ~R | Rv~R
-
T

T —

No matter What, this scatement is always truc.
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Confradictions

The statement “Tt will rain tomorrow 4zd it will not

rain tomorrow  is a contradiction.

R ~R|R&~R
-
T

T —

No matter What, this scatement is always false.
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Next Class. ..

We will do a Workshop on translating Englisl

h to the

language of logic and constructing truch tabl
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