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Logicka semantika

o Logika je veda o spravnem usuzovani,
O umeni spravné argumentace

o Jak ovliviuje logicka sémantika usuzovani?

o Jestlize usuzujeme, argumentujeme,
pouzivame jazyk.

o Abychom mohli spravne usuzovat a
argumentovat, mysime rozumet
jednotlivym vyrazum a vetam, tj. znat
JeJICh vyznam

o To, jak presne zachytime vyznam v jazyce
logiky, ovlivni podstatne, nakolik jsme
schopni platné usudky formalizovat a
dokazovat, nakolik jsme schopni usuzovani
automatizovat



Logicka sémantika

o Vyrokova logika

Omezena na prirazeni T, F atomickym
vyrokdm a skladani - algebra
pravdivostnich hodnot

o Predikatova logika

Navic — struktura atomickych vyroku -
vlastnosti a vztahy mezi individui

Tésnopis matematiky, zvladne mnohg,
ale ne vse, zejmeéna problemy s
prirozenym jazykem




Logicka semantika

=

ktera prvocisla jsou suda
ktera licha cCisla jsou suda
kteri chytri lidé jsou lini
Formalizace v PL1: 3x [P(x) A Q(x)]
Otazky:
ProC¢ maiji vety (1), (2), (3) stejnou analyzu?
Jak je to mozne, ze vysledna formule ma
interpretace, ve kterych je pravdiva (modely) a

interpretace, ve kterych je nepravdiva, kdyz je
to analyza vet (1) a (2)?

Jak prispiva , preklad" do formule PL1
k objasnéni vyznamu vét ?
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Logicka sémantika

1. Zadny stary mladenec neni zenaty

2. Z&dny stary mladenec neni bohaty

PL1: Vx [P(x)>-Q(x)] nebo
—3ax [P(x) A Q(x)]
Otazky:

ProC maji obé véty stejné dve formalizace a
ktera z nich je ta ,spravna®“ ?

Vzdyt (1) je analyticky pravdiva, zatimco (2) je
empirické tvrzeni, které je za jistych okolnosti
pravdive Ci ne.



Nedokonala analyza predpokladu

Vadi to?

Pokud bychom na zakladé dané
formalizace vzdy platné odvodili
relevantni dusledky, byla by analyza
v poradku

MUzeme vzdy provadét korektni
inference, korektni usuzovani na
zakladé analyzy premis v
predikatove logice (napr. PL1 )?




Paradoxy

o Nutng, 8 > 5
o Pocet planet je 8

o Nutne, pocet planet je > 5
Modalni logika, operator

o Je prikazano dorucit dopis
o Jestlize je dopis dorucen, pak je dorucen
nebo spalen

o Je prikazano dopis dorucit nebo spalit
Deontické logiky, operator O



O

Paradoxy

Karel véri, ze Praha ma 1.048.576 obyvatel
1.048.576 = 100 000(16)

Karel véri, ze Praha ma 100 000(16)
obyvatel
Doxastické a Epistémické logiky, operatory B, K

Karel vi, ze 1+1=2
1+1=2 < Sin(n) = 0

Karel vi, ze Sin(n) = 0
Paradox logicko-matematické vseveédoucnosti



O

Paradoxy

Karel pocita 2 + 5
2+5=7

Karel pocita 7
Logiky postoijd, ... (?)

Oidipus hleda vrah svého otce
Oidipus je vrah sveého otce

Oidipus hleda Oidipa



Paradoxy

o President CR je manzel Ivany
o Jan Sokol se chtél stat presidentem CR

o Jan Sokol se chtél stat manzelem Ivany

o Tom si mysli, ze francouzsky kral je moudry

o Francouzsky kral existuje



Extenzionalni vs. intenzionalni kontext

o Kdy je kontext extenzionalni?

o Kontext je extenzionalni, kdyz v ném
vlati pravidla substituce identit a
existencni generalizace

o A kdy tato pravidla plati?

o V extenzionalnim kontextu
hmmm




TIL

o Bohaty strom ruznych logik
Extenzionalnich, intenzionalnich, ...
Vyrostl zdola

o Je to OK? Jedna univerzalni logika?

o TIL — universalni logicky ramec
,top down" pristup



‘ Procedural semantics of TI1L

---- EXxpression

| M .
| Sense (procedure, construction)

2
- - -+ denotation

Ontology of TIL: ramified hierarchy of types
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3) TIL: three kinds of context

m  Hyperintensional; construction of the denoted function is an
object of predication

Tom computes Sin(n)

Tom believes that the Pope is wise but does not believe that
the Bishop of Rome is wise

m Intensional, the denoted function itself is an object of predication
Sine is a periodic function
Tom wants to become the Pope

m Extensional; value of the denoted function is an object of
predication

Sin(n) =0
The Pope is wise.



T11. Ontology (types of order 1)

(non-procedural objects)
Basic types
truth-values {T, F} (0)
universe of discourse {individuals} (1)
times or real numbers (T)
possible worlds ()

Functional types (B a,...a,)
partial functions (o, x ... x o) > B
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(PWS-)intense, mnoziny, extense

(PWS-)intense jsou entity typu ((ot)m);
zkracujeme o,

MnozZiny jsou objekty typu (oa) - charakteristicke
funkce

Extense dané intense typu o, ve sveté w a Case ¢
je a-objekt

(Bindrni) Relace jsou objekty typu (oa3) -
charakteristickeé funkce dvojic

Vztahy jsou objekty typu (oaf),,,



Nejdualeziteisi (PWS-)intense

1., - Individuovy urad neboli role. Je obsazovan
nanejvys jednim individuem, oznacen vyrazy jako
president CR*, ,papez*, ,prvni ¢lovék, ktery
zabehne 100 m pod 9 s*, ,Miss World 20057, ...

(o), - Vlastnost individui. OznacCena vyrazy jako ,byt
studentem®, ,moudry®, ,byt vzdelany a chytry®, apod.

0., - propozice. Oznacena oznamovacimi vetami
jako ,President CR je Milos Zeman®, apod.



Constructions

Variables x, y, p, w, t, ... v-construct
Trivialization °C constructs C (of any type)

o a fixed pointer to C and the dereference of the pointer.

o In order to operate on C, C needs to be grabbed, or
‘called’, first. Trivialization is such a grabbing
mechanism.

Closure [Ax,...x, X] - B o...q,)
oy o, P

Composition |[FF X, ... X | > B

B ay...0) o

n

Execution X, Double Execution 2X
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TII. Ontology (higher-order types)

Constructions of order 1 (*4)

o > construct entities belonging to a type of order 1
o [/ belong to *,: type of order 2
Constructions of order 2 (*,)

o =2 construct entities belonging to a type of order 2 or 1
o [/ belong to *,: type of order 3

Constructions of order n (*,)

o =2 construct entities belonging to a type of order n > 1
o [ belongto * : type of order n + 1

Functional entities: (§ o.,...a,) / belong to *
(n: the highest of the types to which B, o, ..., o, belong)

And so on, ad infinitum
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excplicit intensionalization and temporalization

constructions of possible-world intensions
directly encoded in the logical syntax:

AwAt[...w....L..]
OHappy — (o1).,; °Pope — 1,

T’

Aw At [OHappywt OPOpewt = O

In any possible world (Aw) at any time (At):
o Take the property of being happy (°Happy)

o Take the papal office (°Pope)

o Extensoinalize both of them (°Happy,,., °Pope ;)
d

Check whether the holder of the Papal office is
happy at that w, t of evaluation ([°Happy,,. °Pope,l)



Metoda analyzy

Prifadime typy objektum, o kterych vyraz V
mluvi, tj. objektum oznaCenym podvyrazy
vyrazu V vcetne V samotného.
Spojujeme konstrukce objektu ad 1) tak,
abychom zkonstruovali objekt oznacCeny
vyrazem V.
Pritom sémanticky jednoduchym vyrazum
priradime Trivializaci oznaceného objektu

Provedeme typovou kontrolu.



' Piiklad: , Primétor Ostravy®

= Typy: Primator(nééeho)/(((11)t)w) — zkr. (11)
Primator_Ostravy/((it)o) — zkr. 1.,

= Syntéza: AwAt [°Primator,, °Ostraval

Ostraval,

TM?

= Typova kontrola:

Aw At [[[°Primator w] f] °Ostraval

(((u)ir)co) i) l

(w)yr) 7
(1) 1

f/glt)
((it)w)  zkraceneé 1, (individuovy urad)




7 C¢

,Primator Ostravy je bohaty

Typy: Primator(neceho)/(n).,,, Ostraval,
Primator_Ostravyh_, (Byt)Bohatyl(ot).,,
Syntéza:

AwAt [°Bohaty,, AwAt [°Primator,, °Ostraval],l
Typova kontrola (zkracene):

Aw At [[[°Bohaty,, AwAt [°Primator,,°Ostraval],,l

(o1) 1

TM’

(ot)

((ot)w) zkracené o_, (propozice)



TIL vs. Montague’s 1L

IL is an extensional logic, since the axiom of extensionality is valid:

vx (Ax =Bx) > A=B.
This is a good thing. However, the price exacted for the simplification of
the language (due to ghost variables) is too high;

a the law of universal instantiation, lambda conversion and Leibniz's Law
do not generally hold, all of which is rather unattractive.

Worse, IL does not validate the Church-Rosser ‘diamond’. It is a well-
known fact that an ordinary typed A-calculus will have this property.
Given a term Ax(A)B (the redex), we can simplify the term to the form
[B/x]A, and the order in which we reduce particular redexes does not
matter. The resulting term is uniquely determined up to a-renaming
variables.

TIL does not have this defect; it validates the Church-Rosser property
though it works with n-ary partial functions

o the functions of TY,, are restricted to unary total functions
(Schonfinkel)



TIL.: logical core

constructions + type hierarchy
(simple and ramified)

The ramified type hierarchy organizes all higher-
order objects: constructions (types *,) as well as
functions with domain or range in constructions.

The simple type hierarchy organizes first-order
objects: non-constructions like extensions
(individuals, numbers, sets, etc.), possible-world
intensions (functions from possible worlds) and their
arguments and values.



Hyperintensionality

was born out of a negative need, to block invalid
inferences

o Carnap (1947, §§13ff); there are contexts that are neither
extensional nor intensional (attitudes)

o Cresswell; any context in which substitution of necessary
equivalent terms fails is hyperintensional

Yet, which inferences are valid in hyperintensional
contexts?

How hyper are hyperintensions?

Which contexts are intensional /
hyperintensional?

TIL definition is positive: _
a context is hyperintensional if the very meaning
procedure is an object of predication
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Three kinds of context

hyperintensional context. a meaning construction occurs
displayed
o so that the very construction is an object of predication

o though a construction at least one order higher need to be
executed in order to produce the displayed construction

intensional context. a meaning construction occurs executed in
order to produce a function f

o so that the whole function f is an object of predication

a0 moreover, the executed con_struction does not occur within
another displayed construction

extensional context. the meaning construction is executed in
order to produce a particular value of the so-constructed function
f at its argument

o so that the value of the function f is an object of predication

a0 Mmoreover, the _executed con_structi_on does not occur within
another intensional or hyperintensional context.



Hyperintensionality

Extensional logic of hyperintensions
Transparency:. no context is opaque

The same (extensional) logical rules are valid in all

kKinds of context;

o Leibniz’s substitution of identicals, existential quantification
even into hyperintensional contexts, ...

Only the types of objects these rules are applied at

differ according to a context

Anti-contextualism: constructions are assigned to
expressions as their context-invariant meanings



