Classical (Crisp) Logic

the forms of correct reasoning - formal logic
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e Definition

Symbolic logic

— Language represented by a small set of symbols
reflecting the fundamental structure of reasoning with
full precision.

* Propositional logic (dnermeler mantigi)

» Predicate logic (yliklem mantig1. Nesnelere
yuklenen 6zelliklere 1liskin mantik yordamlar)
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Forms of reasoning

If today is Monday, then my logic class meets at noon.
Today is Monday.

So, my logic class meets at noon.

If M, then L W i
M ]
Therefore, L v

Akl yiiriitme. Insan ya da bilgisayar sisteminin belirli
varsayimlardan hareketle vargilara ulasmasi.
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The structure of propositional logic

* Simple proposition
— A proposition that does not contain any other
proposition. (atomic proposition)

— Onerme. Ya dogru ya da yanlis olan bir sav 6ne siiren bildirim.

» Affirmative (Olumlu) proposition

— A proposition that contains no negating words or

prefixes. N
Complex proposition

@ has f@and OMOITOW 1S %

Proposition p Proposition q
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Logic Operations

Operation Symbol English Examples
negation — not; it is not the case that, un-; im-; in-
conjunction A and; but; however
disjunction Vv or; unless
implication = if, ... then; implies; only if
equivalence & if and only if; when and only when
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Negation (Olumsuzlama)

« p= "adog has four legs j
« q= TFElvisis mortal ;

English Sentence

Symbolic Representation

A dog does NOT have four legs
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Elvis is immortal —q
p —p p P
F T « Truth table —. !
T 1 0
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Conjunction (Birletim; Mantiksal
carpim, VE 1slemi)

p q PAq
!p/\qumin[lpl,lq[] 0 0 0
0 1 0
1 0 0
pral = Ipl-lq S B

p/\q| = max |0, p’ + ‘q[- 1]
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1sjunction
VEYA islemi)

Jupiter has ten moons or it is a massive planet.

A double major or a high grade point average is impressive for
law school.

John plays football or basketball.

P q pVvQq
|pvq’=max|‘p|, 0 0 0

0 1 1
Jpvql-—-min[l,]phjq]] 1 0 1

1 1 1
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Implication (Gerektirme, 1cerme)

If I meet the university distribution requirements, then I can
graduate.

On condition that the vehicle is maintai
for at least 200,000 miles.

We will have a celebration only if we are victorious.

ned properly, it will run

antecedent consequent
~ g
p = ¢l =min (1, 1 q| - |p] = : £
/ {l=minl, 1+ (q| - |[p]) 0 0 1
'p:H]'—l.—[pl(l—,q[) 0 1 1
p=sgl =}-pl vl Soort e ol B
L @l =PV q| 1 1 ]

Iki 6nerme verildiginde ancak birinci dnerme &ogru, ikinci
onerme yanlis oldugunda ¢iktinin dogru oldugu mantik isleci.
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Equivalence (Esdegerlik, denklik)

You will become a star if and only if you have an enterprising
agent.

p q p&q
if p, then g, and if g, then p 0 0 1
(p=q) A (q=p) 0 1 0
1 0 0
|;M:>q\:\p\-\q|+|ﬂp|-|~ﬂq\ 1 1 1

Iki p ve q 6nermesi verildiginde, her ikisinin de dogru (mantiksal
1) ya da her ikisinin de yanlis (mantiksal 0) oldugunda, ¢iktisi
dogru (1) olan 1kil1 Boole isleci.
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Truth values of complex propositions

(Onerme)

Either Joe or Bill or both will play badly at the tournament, but
if Joe plays badly, then there will be no splashy victory party.

!

(pvag)A(p=-—r)

p: Joe plays badly at the tournament.
q: Bill plays badly at the tournament.
r: There will be a splashy victory party.
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(pvg) A (p=-r)

0 1 0 0

Evaluation of a logic expression.
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Table of a complex proposition

p q r (pvg)A(p=—r)
0 0 0 0O 0 11
0 0 1 0O 0 10
0 1 0 1 1 11
0 1 1 1 1 10
1 0 0 i1-1 13
1 0 1 1 0 00
1 1 0 1 1 11
1 1 1 1 0 00

c d b a
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Contradictions and Tautologies
(Celiska, tutarsizlik ve Gereksiz tekrar)

Contradictions Tautologies
p PA—D P P vV—p
0 0 1
I 0 1 1

Tautology:logical implication

y o

q

[(p=q)

rl=q

Tautology:logical equivalence

0
0
1
1

O = O

1

O

1
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p q —(p A q) & (—pv—q)
0 0 1 01 111
0 1 1 01110
1 0 1 01011
1 1 0 11000
[ e g bca
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Function Name Expression Examples

r tautology [(p = @) Apl = gq,
ro disjunction PV G, ~(—pr-q)
rg implication q = p, —qgVvp
r4 assertion PV (pAqg)
rs implication P =q, —mpvgqg
re assertion qvVv (pAq)
re equivalence P <= q, (pArg)Vv(—pA —q)
rg conjunction P AQ
rg not both — (P Aq)
10 nonequivalence (pvag)ar—=(p Aq)
11 negation —lgv(pAag)l, —gq
19 inhibition PA—Qq,—(p=q)
r13 negation —pvipag)l, —p
r14 inhibition Q@ K=y (G =3%PD)
15 neither—nor —(pvaqg

contradiction

(pA=pP)AlgA—q)




inference

Vali

e - o = - =

pvr pDgvs

S o H -

=YNG

- - o

0011

>l © ©o ©

aloc o &0

p=>q A(r=s)

pvr

Premise 1
Premise 2

]1110

ey @, 62 A0 o

qVs

Conclusion

0001111

- = = = = = =
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Invalid inference

CITOTr
p q p:::’q F_'p _lq
Premise 1 pP=q 5 0 1 / 1 1
Premise 2 —
P 0 1 I R T T (1)
) 0
Conclusion —q 1 0 0 3
1 1 1 &
07.10.2010
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Conjunction (Conj.)

Simplification (Simp.)

—— EE————

1. p 1. pArg
2. 9 P

P Ag
Addition (Add.) Disjunctive Syllogism (DS)
1. D 1. pvag

Lpva 2 = _

e
Modus Ponens (MP) Modus Tollens (MT)
1. p=y¢q 1. p=>q
2. p 2. —q
q —p

Constructive Dilemma (CD)
L. p=>q) n (r =>8)
2. pvr

S.gVs

Destructive Dilemma (DD)
1. (p=sq) A Tr=>8)
2. —— q vV —a S

—pVv-—ar

Hypothetical Syllogism (HS)

. p=>q
2. @=3F

=0 =

Absorption (Abs.)
1. p =q
~p=>p A qg)

———— —— e —

— e —
—_

— —

Ee——————————-
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Rules of Replacement

—————

——
————

R

Involution (Double Negation)

P&~ p

Commutativity (pAq)e (@ Ap)
(pv @& (@ vp)
Associativity [pAal@gar)] e [(pag)ar]
[pvigvrle [(pvg) vrl
De Morgan’s Laws —(prq)e (wpv-q)
—(pvg) & (=pAr—q)
I Distributivity (palgvrle [(pag) v (par)
[pviganr)] & [(pvg A (pvr)l
Equivalence (pe=q) © [(p=q) A (@g=p)]
(peqg) © [(pag) v (mpA=q)l
Contraposition (p=q) & (—wq=-p)
Implication (p=q)=(=pvq)
Exportation [p= (g=r] © [(prqg) = 1]
Idempotency (pAp) & p
(pvp) ©p

fuzzy database modeling
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Predicate Logic

yiklem mantig1. Nesnelere yliklenen 0zelliklere 1liskin mantik
yordamlari.

General Proposition “ All dogs are quadrupeds

Lassie 1s a dog

Therefore, is a
: /

Subject term Predicate term

Singular Proposition —T
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Singular Propositions

Individual constant Predicate variable

1 D

Fidoisadog Df
Buster is a dog Db
Ginger is a dog Dg
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Generalization

/

Individual constant l Predicate variable
Fidoisadog Df
Buster is a dog Db
DI Ginger i1s a dog Dg
instantiation] l generalization l
Dx DX — X: Individual variable

Dx: propositional function
Df: substitution instances
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General Propositions

(3x)Dx ; There exists at least one X, such that the X 1s a dog

Existential generalization 3X : Existential quantifier

(IAX)( Dx A Qx)

: There exists at least one thing, such that 1t 1s

both a dog and a quadruped.

(V x) Dx|: For any X, X 1s a dog

universal generalization  vx : universal quantifier

(V X) DX = QX

: for any X, 1f X 1s a dog, then X 1s a quadruped

All dogs are quadrupeds
Lassie is a dog

Therefore, Lassie is a quadruped
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Relations represented by predicate logic

* John loves Mary --- Ljm

L : relation j,m : individual constant

___________________________

Y
AN
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Quantifier Negation

* It is false that everything 1s square --- —(v x)Sx

* There 1s something which 1s not square --- (3 x) ~Sx

Quantifier negation equivalences

(Vx) Px & — (dx) = Px
— (Vx) Px &5 (3x) - Px
(Vx) = Px &= — (dx) Px
—(Vx) = Px &5 (dx) Px
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The Square of Opposition

(Vx) ( Sx = Px) (Y x) ( Sx = — Px)
A E
I o
3 x) (5x A Px) 3 x) (Sx An— Px)
Universal affirmative (A) “all S are P” (Vx) (Sx = Px)
Universal negative (E) “no S are P” (Vx) (Sx = — Px)
Existential affirmative (I) | “there exists at least one S (dx) (Sx A Px)
which is P”
Existential negative (O) “there exists at least one S (Ix) (Sx A — Px)
which is not P.”




