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Revisiting the Socrates Exampl

We have the two premises:
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How do we get the conclusion from the premises?



The Argument

We can express the premises (above the line) and the

conclusion (below the line) in predicate logic as an
argument:

Ve(Man(x) — Mortal(x))
Man(Socrates)

Mortal(Socrates)

We will see shortly that this is a valid argument.
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Valid Arguments

We will show how to construct valid arguments in
two stages; first for propositional logic and then for
predicate logic. The rules of inference are the

essential building block in the construction of valid
arguments.

1. Propositional Logic
Inference Rules
2. Predicate Logic

Inference rules for propositional logic plus additional inference
rules to handle variables and quantifiers.
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Arguments In Propositional Logic

A argument in propositional logic is a sequence of propositions.
All but the final proposition are called premises The last
statement is the conclusion.

The argument is valid if the premises imply the conclusion. An
argument form is an argument that is valid no matter what
propositions are substituted into its propositional variables.

If the premises are p, ,p,h pB dnd the conclusion is g then

(b, p, 8p,) O g isatautology.

Inference rules are all argument simple argument forms that will
be used to construct more complex argument forms.



~ Rules of Inference for Propositiona

Logic: Modus Ponens

Corresponding Tautology:

— 5
p 9 (o g g
p
= q
Example:
LetpAA O) O EO Ol xEI C86
LetqAA O) xEI1l OOOAU AEOAOAOA
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ModusTollens
e Corresponding Tautology:

p d (g pe g oo

q

©. D
Example :
LetpAA OEO EO OT 1T xET C86
LetqgAA O) xEIil OOOAU AEOAOAOA
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Hypothetical Syllogism

Corresponding Tautology:

g 7 (P°q (o 90 1)
=
D
Example:
LetpAA OEO Ol [ x0O856
LetqAA O) xEI1l OOOAU AEOAOAOA
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Disjunctive Syllogism
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P N q Corresponding Tautology:

—p -prgqg &
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Example:
fetpAA O] <EIl GOOAN AEGAODAOR [/
LetqAA O) xEIil OOOAU %l Cl EOE 1| E(
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Addition

D Corresponding Tautology:

: p° p g

.DV(q
Example:
letpAA Q) xEll OO0O0AU AFOAOAO!
LetqAA O) xEI 1 OEOEO , AO 6ACA
O) xEIl OOOAU AEOAOAOA | AOE
O4EAOAZAI OAh ) xEII OOOAU A

, AO 6ACAO0O85



Simplification

P A q Corresponding Tautology:

. q g
Example:
leipAA O) “EIT G600AU AEOAOAOR | A
LetqAA O) xEIl OOOAU %l Ci EOE 1 EO
O) xEl ]l O000AU AEOROAOGA [ AOE Al
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q Corresponding Tautology:
(M g  pP°qg

R VAN
Example:
LetpAA O) xEii OOOAU AEOAOAOA |
lotgA R O) <ELl 0O00CAU %I CclLEOGE IE
Q) xEI T O0O0AlU AEOAODAOA | AOESD
O) xEIil OOBAU %l Ci EOE | EOAOAC
O4EAOAAI OAh ) xEI 1l OOOAU AEOAC
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R e S O I u tl O n Resolution plays an important role

in Al and is used in Prolog.

pVr
Corresponding Tautology:

pVg . =

gV
Example:
LetpAA O) xEI1 OOOAU AEOAOAOA 1 AQ
LletrAA O) xEI 1 OOOAU %I Gl EOE 1 EOA
A NCAN DY xEF] OO0 AU T AROKARNOA
O0) xEIl 110 OOOAU AEOAOAOA i AOE
0) X El T O00AD AEOAOAOA 1T AOE 1O
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Build Valid Arguments

A valid argumentis a sequence of statements. Each statement is
either a premise or follows from previous statements by rules of
Inference. The last statement is called conclusion.

A valid argument takes the following form:

S,
S,
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Valid Arguments

Example 1: From the single proposition

pAlp g
Show thatq is a conclusion.
Solution :
Step Reason
1. pA(p—q) Premise
2.p Simplification using (1)
3. p—q Simplification using (1)
4. q Modus Ponens using (2) and (3)
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Valid Arguments

Example 2:

With these hypotheses:
O)O0 EO 1106 O001TTU OEEO AmEOAOITIT AT A EO EO Al
O AR e g R e E e R R R O R OO O e
O G o e e e ey e
QY E xR OAEN AAKT TR 00EDR  OFEAT A BT AN E]
Using the inference rules, construct a valid argument for the conclusion:
O7A xEI1 AA EiIIT A AU OO1 OAO8O

Solution :

Choose propositional variables:
pd O) O EO OOT1T U DEEMA AMEOAOTEIO T@®OKIEN BET @do ET I A
gd O) O EO Al |l AASOODEAXEUROOABPAAABAATT A OOEDS8S
Translation into propositional logic:

Hypotheses: =-pAgq, 7 —p, - r — s, s —t

Conclusion: t
Continued on next slideA
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Valid Arguments

3. Construct the Valid Argument




