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Citatel ky,

Vizené
{ titatelia,

Vizen

Pri prilezitosti 50. vyrotia vzniku
Katedry logiky a metodoldgie vied Filo-
zofickej fakulty Univerzity Komenského
v Bratislave jej clenovia  zorganizovali
v Kastieli v Dolnej Krupej v drioch 17. —
18. 9. 2012 vedeckii konferenciu na tému:

Systémy dedukcie: od extenziondlnej
logiky k byperintenziondlnej logike

Toto mimoriadne (islo Casopisu Or-
ganon F obsabuje vickinu prispevkov,
ktorjch prezentdcie na konferencii za-
zneli. Uvodnou $tidiou je stat’ Marie
Duzi s nazvom Dedukce v TIL: Pfe-
chod od jednoduché k rozvétvené
hierarchii typl. Druby cldnok Explikace
a dedukce: od jednoduché k rozvétvené
teorii typll je z pera Jittho Raclavského.
Ivo Pezlar je autorom Stiidie o Tichébo
dvojdimenziondlnom chdpani inferencie.
Karel Sebela vo svojej stati analyzuje
Tichého tedriu dedukcie. Frantisek Ga-
bér a Lukds Bielik sii autormi dvoch
spolocnyjch cldnkov: Preo len (nutné)
pravdy ako predpoklady deduktivnych
usudkov? (dvojdimenzionilny verzus
jednodimenzionalny nézor na inferen-
ciu) a Vyuzitie pojmu ,zhoda“ v hy-
perintenziondlnej dedukcii.

V dalsich prispevkoch, ktoré sii uz
tematicky ~roznorodejsie, sa moéZeme
dozvediet’ nieco viac od Pavla Maternu
o problematike expresivity logickej ana-
lyzy prirozeného jazyka. Jaroslav Pereg-
rin je autorom state s ndzvom Odkud
se berou axiomy logiky? Milos Koste-
rec vo svojej Stiidii Anaforicky retazec
pise o problematike anafory. Stat Igora
Sedldra sa venuje problematike pozna-
nia a subStrukturdlnych logik. Maridn
Zoubar prispieva do tejto priloby Stidiou
Epistemicky kontextualizmus a jeho
motivacia.

V zdverecnom monotematickom blo-
ku je stidia Alexandra Simka a Jozefa
Sishu na tému logické programovanie
a interaktivne aplikdcie; Michal Certic-
kj sa zaoberd problematikou modelov
akcit a ich indukciou a Michal Vince
spolu s Janom Sefrankom napisali itii-
diu, ktord sa venuje problému dedukcie
a reprezentdcie znalosti.

Na konferencii sa okrem sicasnych
¢lenov katedry zicastnili af jej zaklada-
juci clenovia Gustdv Riska a  Pavel
Cmorej i dalsi bjvali lenovia. Otec-
zakladatel (prvy vediici katedry) aka-
demik a byvaly rektor Vojtech Filkorn
pred niekol kjmi rokmi zomrel. Konfe-
renciu pozdravil v mene dekana Filozo-

fickej fakulty UK prodekan doc. Anton

© 2013 The Author. Journal compilation © 2013 Institute of Philosophy SAS
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Eligs, dalej vediica Katedry filozofie
a dejin filozofie FiF UK doc. Mariana
Szapuovd, riaditel  Oddelenia logiky
Filozofického tistavu AVCR v Prabe
prof- Jaroslav Peregrin a vediici Katedry
logiky Filozofickej fakulty Karlovej Uni-
verzity v Prahe doc. Vitézslav gvejdar.
4j tito konferencia potvrdzovala
fakt, Ze nasa katedra spolupracuje naj-
md s Katedrou filozofie a dejin filozofie
Filozofickej fakulty UK a s Oddelenim
analytickej filozofie SAV. Z Ciech je to
najméd  Oddelenie logiky Filozofického
tistavu AVCR v Prahe a Katedra logiky
Filozofickej fakulty Karlovej Univerzity
v Prabe. Spolupracujeme aj s kolegami
z katedier filozofie filozofickjch fakilt
Masarykovej Univerzity v Brne, Zdpa-
doCeskej univerzity v Plzni, Univerzity
Palackébo v Olomouci, s kolegami z Ka-
tedry informatiky Fakulty elektrotechni-

EDITORIAL

ky a informatiky Vysokej skoly banskej —
Technickej univerzity v Ostrave, ale aj
s inymi pracoviskami, oo prikladom je
aj icast’ kolegov z Katedry aplikovanej
informatiky z Fakulty matematiky, fy-
ziky a informatiky nasej univerzity.

Na zdver chcem pod akovat’ vetkym
iicastnikom  konferencie za vytvorenie
tworivej a priatel’skej atmosféry a osobitne
méjmu dlborocnému priatel ovi Marti-
novi Samajovi, ktorého nezistny financ-
nj prispevok umoznil, aby sme medzi
nami privitali a pobostili aj byjvalyjch
Clenov katedry.

Diifam, Ze tento vystup z konferen-
cie dokumentuje, Ze sme iispeine nad-
viazali na dielo otcov zakladatel'ov a Ze
prave mladsi Clenovia nalej katedry sit
zdrukou jej d'alSiebo rozvoja.

Frantisek Gahér
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Deduction in TIL: From Simple
to Ramified Hierarchy of Types

MARIE Duzi

Department of Computer Science. VSB-Technical University Ostrava.
17. listopadu 15. 708 33 Ostrava. Czech Republic.
marie.duzi@gmail.com

RECEIVED: 13-02-2013 = ACCEPTED: 05-03-2013

Abstract: Tichy’s Transparent Intensional Logic (TIL) is an overarching logical
framework apt for the analysis of all sorts of discourse, whether colloquial, scientific,
mathematical or logical. The theory is a procedural (as opposed to denotational) one, ac-
cording to which the meaning of an expression is an abstract, extra-linguistic procedure
detailing what operations to apply to what procedural constituents to arrive at the prod-
uct (if any) of the procedure that is the object denoted by the expression. Such proce-
dures are rigorously defined as TIL constructions. Though TIL analytical potential is
very large, deduction in TIL has been rather neglected. Tichy defined a sequent calcu-
lus for pre-1988 TIL, that is TIL based on the simple theory of types. Since then no
other attempt to define a proof calculus for TIL has been presented. The goal of this
paper is to propose a generalization and adjustment of Tichy’s calculus to TIL 2010.
First I briefly recapitulate the rules of simple-typed calculus as presented by Tichy.
Then I propose the adjustments of the calculus so that it be applicable to hyperinten-
sions within the ramified hierarchy of types. TIL operates with a single procedural se-
mantics for all kinds of logical-semantic context, be it extensional, intensional or hyper-
intensional. I show that operating in a hyperintensional context is far from being tech-
nically trivial. Yet it is feasible. To this end we introduce a substitution method that
operates on hyperintensions. It makes use of a four-place substitution function (called
Sub) defined over hyperintensions.

Keywords: Existential generalisation — extensional rules — hyperintensions — sequent
calculus — substitution.

© 2013 The Author. Journal compilation © 2013 Institute of Philosophy SAS



6 MARIE DUZi

1 Foundations of TIL

From the formal point of view, TIL is a hyperintensional, partial typed
A-calculus. Thus the syntax of TIL is Church’s (higher-order) typed
A-calculus with the important difference that the syntax has been assigned
a procedural (as opposed to denotational) semantics. TIL A-terms do not
denote functions; rather they denote procedures (constructions in TIL
terminology) that produce functions or functional values as their product.
A linguistic sense of an expression is an abstract procedure detailing how to
arrive at an object of a particular logical type denoted by the expression.
TIL constructions are such procedures. Thus, abstraction transforms into
the molecular procedure of forming a function, application into the mo-
lecular procedure of applying a function to an argument, and variables into
atomic procedures for arriving at their values assigned by a valuation.

There are two kinds of constructions, atomic and compound (molecu-
lar). Atomic constructions (Variables and Trivializations) do not contain
any other constituent but themselves; they specify objects (of any type) on
which compound constructions operate. The variables x, y, p, ¢, ..., con-
struct objects dependently on a valuation; they v-construct. The Trwzalzsa—
tion of an object X (of any type, even a construction), in symbols °X, con-
structs simply X without the mediation of any other construction. Com-
pound constructions, which consist of other constituents as well, are Com-
position and Closure. Composition [F Ay...4,] is the operation of functional
application. It v-constructs the value of the function f (valuation-, or v-,
-constructed by F) at a tuple-argument A (v-constructed by 4y, ..., 4,) if
the function fis defined at A, 0thervv1se the Composition is v-improper,
i.e., it fails to v-construct anything.' Closure [Axi...x, X] spells out the in-
struction to v-construct a function by abstracting over the values of the
variables xi,...,x, in the ordinary manner of the A-calculi. Finally, higher-
order constructions can be used twice over as constituents of composite
constructlons This is achieved by a construction called Double Execution,
2X, that behaves as follows: If X v-constructs a constructlon X, and X v-
constructs an entity Y, then %X p-constructs Y; otherwise 2X is v-improper,
failing as it does to v-construct anything.

We treat functions as partial mappings, i.e., flat set-theoretical objects, unlike the

constructions of functions which are structured procedures consisting of constituents.
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TIL constructions, as well as the entities they construct, all receive
a type. The formal ontology of TIL is bi-dimensional; one dimension is
made up of constructions, the other dimension encompasses non-
constructions. On the ground level of the type hierarchy, there are non-
constructional entities unstructured from the algorithmic point of view be-
longing to a type of order 1. Given a base of atomic types of order 1, the in-
duction rule for forming functional types is applied: where a, Bi,...,8, are
types of order 1, the set of partial mappings from B x...x B, to a, denoted
(a pi... By, is a type of order 1 as well. Constructions that construct enti-
ties of order 1 are constructions of order 1. They themselves belong to a type
of order 2, denoted *;". The type *; together with atomic types of order 1
serves as a base for the induction rule: any collection of partial mappings,
type (a Bi... L), involving *; in their domain or range is a type of order 2.
Constructions belonging to a type *, that identify entities of order 1 or 2,
and partial mappings involving such constructions, belong to a type of order
3. And so on ad infinitum.”

The first three definitions below constitute the logical heart of TIL.

Definition 1 (types of order 1)

Let B be a base, where a base is a collection of pair-wise disjoint, non-

empty sets. Then:

(i)  Every member of B is an elementary type of order 1 over B.

(i) Leta, By, ..., Bm (m > 0) be types of order 1 over B. Then the col-
lection (ot By ... By) of all m-ary partial mappings from Byx...xf3,,
into a is a functional type of order I over B.

(iii) Nothing is a type of order 1 over B unless it so follows from (i) and
(ii). O

Remark. For the purposes of natural-language analysis, we are currently as-
suming the following epistemic base of ground types, each of which is part
of the ontological commitments of TIL:

2 For details see, for instance, Duzi — Jespersen — Materna (2010, Ch. 1.3, 1.4), or

Duzi — Materna (2012, Ch. 2).

3 . . .
TIL is an open-ended system. The above epistemic base {o, 1, T, ®} was chosen,

because it is apt for natural-language analysis, but the choice of base depends on the
area and language to be analysed. For instance, possible worlds and times are out of
place in case of mathematics, and the base might consist of, e.g., 0 and v, where v is the
type of natural numbers.
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the set of truth-values {T, F};

the set of individuals (a constant universe of discourse);
the set of real numbers (doubling as temporal continuum);
the set of logically possible worlds (the logical space).

Definition 2 (construction)

(i)
(i)

(iid)

(iv)

(v)

(vi)

The variable x is a construction that constructs an object O of the
respective type dependently on a valuation v: x v-constructs O.
Trivialization: Where X is an object whatsoever (an extension, an
intension or a construction), X is the construction Trivialization. It
constructs X without any change in X.

The Composition [X Yi...Y,,] is the following construction. If X v-
constructs a function f of type (afi...3), and Y1, ..., Y, v-construct
entities By, ..., B, of types By, ..., Bm, respectively, then the Compo-
sition [X Y1...Y,,] v-constructs the value (an entity, if any, of type )
of fat the tuple argument (By, ..., B,,). Otherwise the Composition
[X Y7...Y,] does not v-construct anything and so is v-improper.

The Closure [Axi...x,, Y] is the following construction. Let x1, x2,
..y Xp be pair-wise distinct variables v-constructing entities of
types Bi, ..., B and Y a construction v-constructing an a-entity.
Then [Ax] ... x,, Y] is the construction A-Closure (or Closure). It v-
constructs the following function f of the type (afi...B,). Let
v(B1/x1,...,By/x,) be a valuation identical with v at least up to as-
signing objects Bi/By, ..., B,/Bm to variables xi, ..., x,. If Y is
v(B1/x1,...,B/xm)-improper (see iii), then fis undefined at (By, ...,
B,.). Otherwise the value of f at (By, ..., B,) is the a-entity
v(B1/x1,...,Bn/xm)-constructed by Y.

The Single Execution X is the construction that either v-constructs
the entity v-constructed by X or, if X v-constructs nothing, is v-
improper.

The Double Execution *X is the following construction. Where X is
any entity, the Double Execution °X is v-improper (yielding nothing
relative to v) if X is not itself a construction, or if X does not v-
construct a construction, or if X v-constructs a v-improper con-
struction. Otherwise, let X v-construct a construction Y and Y v-
construct an entity Z: then ’X v-constructs Z.

(vii) Nothing is a construction, unless it so follows from (i) through

(vi). O
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The definition of the ramified hierarchy of types decomposes into three
parts. First, simple types of order 1 that were already defined by Definition
1. Second, constructions of order #, and third, types of order n + 1.

Definition 3 (ramified hierarchy of types)

T (types of order 1). See Definition 1.

C, (constructions of order n)

(i)  Let x be a variable ranging over a type of order n. Then x is a con-
struction of order n over B.

(i)) Let X be a member of a type of order n. Then %, 1X, %X are con-
structions of order n over B.

(iti) Let X, X1,..., X, (m > 0) be constructions of order n over B. Then
[X Xi... Xon] is a construction of order n over B.

(iv) Let x1,...%,, X (m > 0) be constructions of order n over B. Then
[Ax1...x, X] is a construction of order n over B.

(1) Nothing is a construction of order n over B unless it so follows from
C, (i) - (iv).

T,.1 (types of order n + 1) Let *, be the collection of all constructions of

order n over B. Then

(i)  *, and every type of order n are types of order n + 1.

(i) If0 < m and a, Bi,...,pm are types of order n + 1 over B, then
(o By ... B) (see T ii)) is a type of order n + 1 over B.

(i7i) Nothing is a type of order n + 1 over B unless it so follows from (i)
and (7). O

Empirical languages incorporate an element of contingency that non-
empirical ones lack. Empirical expressions denote empirical conditions that
may or may not be satisfied at some empirical index of evaluation. Non-
empirical languages have no need for an additional category of expressions
for empirical conditions. We model these empirical conditions as possible-
world intensions. Intensions are entities of type (B®): mappings from possi-
ble worlds to an arbitrary type B. The type B is frequently the type of a
chronology of a-objects, i.e. a mapping of type (ot). Thus a-intensions are
frequently functions of type ((at)m), abbreviated as ‘o, . We typically say
that an index of evaluation is a world/time pair (w, ). Extensional entities
are entities of some type a where o # (Bw) for any type B. Where w ranges
over ® and ¢ over T, the following schematic Closure characterizes the logi-
cal syntax of any empirical language: Awht [...w....z...].
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Logical objects like truth-functions and quantifiers are extensional: A
(conjunction), v (disjunction) and > (implication) are of type (000), and —
(negation) of type (00). Quantifiers ¥*, 3% are type-theoretically polymor-
phous, total functions of type (o(oa)), for an arbitrary type a, defined as
follows. The universal quantifier V* is a function that associates a class 4 of
o-elements with T if 4 contains all elements of the type a, otherwise with
F. The existential quantifier 3% is a function that associates a class 4 of a-
elements with T if 4 is a non-empty class, otherwise with F. Below all type
indications will be provided outside the formulae in order not to clutter the
notation. Furthermore, ‘X/a’ means that an object X is (a member) of type
o. ‘X —, o’ means that the type of the object valuation-constructed by X is
o. We write ‘X — o if what is v-constructed does not depend on a valua-
tion v. Throughout, it holds that the variables w —, ® and t -, 1. If C
—, O then the frequently used Composition [[C w] ¢], which is the in-
tensional descent (a.k.a. extensionalization) of the «a-intension v-
constructed by C, will be encoded as ‘C,, .

Our neo-Fregean semantic schema, which applies to all contexts, is
this:

Expression ———» Construction - - - - = - - > Denotation
expresses CONSLructs A

denotes

The most important relation in this schema is between an expression
and its meaning, i.e., a construction. Once constructions have been defined,
we can logically examine them; we can investigate a priori what (if any-
thing) a construction constructs and what is entailed by it. Thus mean-
ings/constructions are semantically primary, denotations secondary, because
an expression denotes an object (if any) via its meaning that is a construc-
tion expressed by the expression. Once a construction is explicitly given as a
result of logical analysis, the entity (if any) it constructs is already implicitly
given. As a limiting case, the logical analysis may reveal that the construc-
tion fails to construct anything by being improper.

Any given unambiguous term or expression (even one involving indexi-
cals or anaphoric pronouns) expresses the same construction as its sense
whatever sort of context the term or expression is embedded within. And
the meaning of an expression determines the respective denoted entity (if
any), but not vice versa. The denoted entities are (possibly 0-ary) functions
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understood as set-theoretical mappings. Thus we strictly distinguish be-
tween a procedure (construction) and its product (here, a constructed func-
tion), and between a function and its value. What makes TIL anti-
contextual and compositional is the fact that the theory construes the seman-
tic properties of the sense and denotation relations as remaining invariant
across different sorts of linguistic contexts. We do not develop a special ex-
tensional logic for extensional contexts, intensional logic for intensional
contexts and hyperintensional logic for hyperintensional contexts. Logical
operations are universal and context-invariant. What is context dependent
are the arguments on which these operations operate. In a hyperintensional
context they are constructions themselves; in an intensional context the ar-
guments of logical rules and operations are the products of constructions,
that is set-theoretical functions; finally, in an extensional context we operate
on functional values.

Technically speaking, some constructions are modes of presentation of
functions, including 0-place functions such as individuals and truth-values,
and the rest are modes of presentation of other constructions. Thus, with
constructions of constructions, constructions of functions, functions, and
functional values in our stratified ontology, we need to keep track of the
traffic between multiple logical strata. The ramified type hierarchy does
just that. What is important about this traffic is, first of all, that construc-
tions may themselves figure as functional arguments or values. Thus we
consequently need constructions of one order higher in order to present
those being arguments or values of functions. Typically, constructions that
serve as arguments to operate on are supplied by the two kinds of atomic
constructions, viz. Trivialization and variables. For instance, if x/*; — 7 is
a variable belonging to *j, the type of order 2, then O%/%, —> #| is a con-
struction belonging to *;, the type of order 3, which constructs just the
variable x.

It should be clear now that we need to distinguish three kinds of con-
text. Here I only recapitulate the characterizations of these contexts. Rig-
orous definitions are rather complicated and thus out of the scope of this
pzlper.4 When defining the three kinds of context we proceed in a top-
down way. First we distinguish two kinds of occurrence of a subconstruc-
tion D in a construction C, which means that we define the use-mention

For these rigorous definitions see Duzi et al. (2010, §2.6) or Duzi — Materna (2012,
Chapter 11).



12 MARIE DUZi

distinction. Then we define two kinds of using a construction D as a con-
stituent of C. The constituent D can be used either intensionally or exten-
sionally in C.

The use-mention distinction is traditionally understood as the distinction
between using an expression (or any piece of language) and mentioning it us-
ing a quotation in a meta-language. However, we do not analyse the seman-
tics of quotation, which is not to say that it is not an interesting topic in the
philosophy of language. Instead, we analyse the semantics of using expres-
sions in a communicative act. An expression £ is used to communicate its
meaning that we explicate as a TIL construction C. In principle, there are
three ways of using an expression within a linguistic discourse.

First, the meaning of E can be just mentioned as an object of predication
rather than used to point at the object denoted by it (if any). This is in
particular the case of sentences expressing attitudes. For instance, in the
sentence “a believes explicitly that Cracow is greater than Warsaw” the
meaning of the embedded clause ‘Cracow is greater than Warsaw’ rather
than the proposition denoted by it is the object of predication, because it is
possible that a believes that Cracow is greater than Warsaw without believ-
ing that Warsaw is smaller than Cracow. The believer a is related explicitly
to this mode of presentation of the proposition that Cracow is greater than
Warsaw.

Second, if the meaning of E is used to refer to the denoted object (that
we conceive as a function) it can be used either intensionally or extensionally.
If the former, then the entire function is an object of predication; and if the
latter, then the functional value is an object of predication.

Hence we must distinguish between three kinds of an occurrence of a
subconstruction D in a construction C.

Hyperintensional context within C: the kind of context in which a con-
struction D occurs in such a way that it is not used to v-construct a
function (or its value). Instead the construction D itself is the argument
of another function; the construction is merely mentioned. Only in a
hyperintensional context can a construction figure as the subject of
predication.

Example. “a is solving the equation sin(x) = 0”. Here a cannot be
related to the solution, that is to the class of real numbers {... -2x, -x,
0, m, 2m, ...}, because in such a case there would be nothing to solve for
a. Rather, a is related to the meaning of ‘sin(x) = 0, which is the con-
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struction Ax [[*Sin x] = °0]. He wants to find out which class of real
numbers is so constructed. Thus Solving is a relation-in-intension of an
individual to a construction, and the analysis of the sentence comes
down to this construction:

Awht [OSOIUingwta O [[°Sin x] = °0]]]

Types: Solving/ (01*,):0; @ — 1; x — T; Sin/(t1); 0/1; =/(077).

The Closure Ax [[°Sin x] = °0] occurs here hyperintensionally.
When evaluating the truth-value of the sentence, we do not evaluate
this Closure; it is a matter of a. Hence the whole Closure is the (sec-
ond) argument of the relation Solving, the first being a.

Intensional context of C: the kind of context in which a construction D
is used intensionally as a constituent of C to v-construct a function
rather than a particular value of the function.

Example. “Sine is a trigonometric function.” This sentence expresses
the fact that sine belongs to the class of trigonometric functions. Hence
the entire function sine rather than its particular value is an object of
predication here.

When Trigonometric/(o(tt)) is the class of trigonometric functions
of type (t7), the analysis of the sentence comes down to this Composi-
tion:

[0 Trigonometric 0Sin]

OSin is used intensionally within this Composition. It is not composed
with a t-argument in order to construct a value of the sine function.
The subject of predication is not a value but this very function.

Extensional context of C: the kind of context in which a construction D
of a function is used extensionally as an instruction to apply the func-
tion in order to v-construct a particular value of the function.

Example. “Sine of m equals to zero” expresses the Composition
[[°Sin ] = %] where °Sin occurs extensionally; the Composition is
used to construct the value of the sine function at m. Also, in the previ-
ous example, * Trigonometric is used extensionally.

The details, however, are somewhat more involved. The basic idea is
that a ‘higher’ context is dominant over a lower” one. Thus, as we have just
showed, in the meaning of the sentence “a is solving the equation sin(x) =
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” the Closure Ax [[°Sin x] = °0] occurs hyperintensionally and it thus
produces a hyperintensional context. And since a higher-order context is
dominant over a lower-order one, all the subconstructions of this Closure
including the construction of the function sine, that is "Sin, occur hyperln—
tensionally as well. Hence the subconstructions [Ax [[*Sin x] = %011, [[°Sin
x] = %], [°Sin x] OSin, X, %) are not constituents of the entire Closure
At [° Solving,, a O [[°Sin x] = °0]]]. Rather they are only mentioned
within the second argument of the function v-constructed by 0Solving,,. The
constituents of this Closure are those subconstructions that are used (inten-
sionally or extensmnally) to construct a function or a functlonal value. They
are: At [° Solwngwt a [Xx [[°sin x] = %111, [ Solwngwt a " [[°Sin «] =
%111, OSOIUmgwt, Solving,, Solumg, w, t, a and [Kx [[°Sin x] = %]].

S1m1larly in the meanmg of the sentence “Sine a trigonometric func-
tion” the Trivialization “Sin occurs intensionally whereas in the meaning of
“The sine of T equals 0” it occurs extens1onally However, if the latter is
included in an intensional context, ’Sin occurs intensionally. And if in-
cluded into a hyperintensional context, it occurs hyperintensionally.

The main reason for defining and taking into account these three kinds
of context is this. Not respecting particular levels of abstraction yields many
paradoxes and fallacies that arise from an incorrect application of exten-
sional rules like Leibniz’s law of substitution of identicals and the rule of
existential generalisation.

Traditionally, the validity of extensional rules has been fielded as a logi-
cal criterion for distinguishing (i) extensional/ transparent/’relational’ con-
texts from (ii) non-extensional/opaque/’notional’ contexts. The idea is that
extensional (etc.) contexts are those that validate rules of substation and
quantifying-in. What we are saying is that these rules are valid also in in-
tensional and hyperintensional contexts, but that the feasibility of applying
them presupposes that it be done within an extensional logic of hyperin-
tensionals. Deploying a non-extensional logic of hyperintensions generates
opacity and thus makes (hyper)intensional contexts logically intractable.’
Tichy issues in (1986, 256; 2004, 654) a warning against inter-defining the
notion of extensional context and the validity of the rules of substitution of
co-referring terms and existential generalization on pain of circularity
(where TIL and Quine agree on the use of ‘co-referential’):

Here I draw on material from Duzi — Jespersen (2012) and (2013) where more de-
tails can be found.
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Q: When is a context extensional?

A: A context is extensional if it validates (i) the rule of substitution of
co-referential terms and (ii) the rule of existential generalization.

Q: And when are (3), (i) valid?

A: Those two rules are valid when applied to extensional contexts.

We steer clear of the circle by defining extensionality for (i) hyperinten-
sions presenting functions, for (ii) functions (including possible-world inten-
sions), and for (#ii) functional values. These three levels are squared off with
the three kinds of context as introduced above.

The last notion we will need is that of procedural isomorphism. Laying
out the required semantics requires a fair amount of footwork. The main
problem we encounter here is the problem how to define synonymy. The
solution might seem to be simple; two expressions are synonymous if they
have the same meaning. Since we explicate meanings as constructions, the
related problem to solve is the individuation of constructions. When oper-
ating on hyperintensional level the individuation up to equivalence is too
coarse-grained, since different constructions may be equivalent by con-
structing one and the same object. On the other hand, constructions are
too fine-grained from the procedural point of view. Our working hypothe-
sis is that hyperintensional individuation is procedural individuation and
that the relevant procedures are isomorphic modulo a- or M- or restricted
B-convertibility. Any two terms or expressions whose respective meanings
are procedurally isomorphic are deemed semantically indistinguishable,
hence synonymous.

The degree to which ‘functions-in-intension’ should be fine-grained
was of the outmost importance for Church.® When summarising Church’s
Alternatives, Anderson (1998, 162) presents these options considered by
Church. Senses are identical if the respective expressions are (A0) ‘synony-
mously isomorphic’, (A1) mutually A-convertible, (A2) logically equivalent.
(A0) is a-conversion and synonymies resting on meaning postulates; (A1)
is a- and B-conversion; Church also considered Alternative (A1’) that is
o-, B- and m-conversion; (A2) is logical equivalence (see Church 1993).
(A2), the weakest criterion, was refuted already by Carnap in his (1947),
and would not be acceptable to Church, anyway. (A1) is surely more fine-

6 . _ . . . .
For Church, functions-in-intension are modes of presentation of functions-in-

extensions that is set-theoretical mappings. Hence functions-in-intension roughly cor-
respond to our constructions.
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grained. However, we are not willing to include unrestricted B-conversion.
The reasons are these. First, B-conversion is not guaranteed to be an
equivalent transformation as soon as partial functions are involved. Second,
even in those cases when B-reduction is an equivalent transformation, it
can yield a loss of analytic information.’

Church’s Alternatives (0) and (1) leave room for additional Alternatives.
One such would be Alternative (V4), another Alternative (3%4).® The former
includes a- and n-conversion while the latter adds a restricted B-conversion
by name. If we must choose, we would prefer Alternative (%) to soak up
those differences between B-transformations that concern only A-bound
variables and thus (at least appear to) lack natural-language counterparts.

Another reason for excluding unrestricted B-conversion is that occa-
sionally even B-equivalent constructions have different natural-language
counterparts; witness the difference between attitude reports de dicto vs. de
re. Thus the difference between “a believes that Warsaw is smaller than
Cracow” and “Warsaw is believed by a to be smaller than Cracow” is just
the difference between B-equivalent meanings provided the meaning of the
‘Warsaw’ is a proper construction of an individual. Where attitudes are con-
strued as in possible-world semantics, that is as relations to intensions
(rather than hyperintensions), the attitude de dicto receives the analysis

Awht [*Believe,y, a Mwht [*Smaller,, "Warsaw ° Cracow)]
while the attitude de re receives the analysis
At [hx [*Believey, a Mwht [*Smaller,, x °Cracow]] *Warsaw]

Types: Smaller/(011):; x —>, t; Warsaw, Cracow/\; Believe/(010+¢)<q.

The de dicto variant is the B-equivalent contractum of the de re variant.
The variants are equivalent because they construct one and the same
proposition, the two sentences denoting the same truth-condition. Yet
they denote this proposition in different ways, hence they are not synony-
mous. The equivalent B-reduction leads here to a loss of analytic informa-
tion, namely loss of information about which of the two ways, or construc-

7 For the notion of analytic information, see Duzi (2010) and Duii et al. (2010, §5.4).

The solution of the problem of the loss of analytic information is proposed in Duzi —
Jespersen (2013).

¥ For (A%) see Jespersen (2010).
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tions, has been used to construct this proposition. In this particular case the
loss seems to be harmless, though, because there is only one, hence unam-
biguous, way to B-expand the de dicto version into its equivalent de re vari-
ant.”

However, unrestricted equivalent B-reduction sometimes yields a loss of
analytic information that cannot be restored by B-expansion. Here is an ex-
ample. The Compositions

(C) Do [+ x 1] 3]
(C) [y [+ "351°1]

both B-reduce to the contractum [%+ °3 °1]. It is uncontroversial that the
contractum can be equivalently expanded back both to (Cj) and ().
However, the problem is that there is no way to reconstruct which of (Cy),
(C,) would be the correct redex. We do not know which function has been
applied to which argument.

The restricted version of equivalent B-conversion we have in mind con-
sists in substituting free variables for A-bound variables of the same type,
and will be called f,-conversion. Restricted B-conversion is just a formal
manipulation with A-bound variables that has much in common with n-
conversion and less with B-reduction. The latter is the operation of apply-
ing a function f/(Ba) to its argument value a/a in order to obtain the value
of fat a (leaving it open whether a value emerges). It is the fundamental
computational rule of functional programming languages. Thus if fis con-
structed by the Closure C = Ax [... x ...] then B-reduction is here the op-
eration of calling the procedure C with a formal parameter x at the actual
parameter value a: [Ax [... x ...] %2]. Now a construction of the value  is
substituted for x and the ‘body’ of the procedure C is computed, which
means that the Composition [... 04 ...] is evaluated in order to obtain the
value of the function fat a.

No such features can be found in B,-reduction. If a variable y —, o is
not free in C then the B,~contractum of [Ax [... x ...] y] is [... y ...]. Now

In general, de dicto and de re attitudes are not equivalent, but logically independent.
Consider “a believes that the Pope is not the Pope” and “a believes of the Pope that he is
not the Pope”. The former, de dicto, variant makes a deeply irrational and most likely is
not a true attribution, while the latter, de re, attribution is perfectly reasonable and most
likely the right one to make. In TIL the de dicto variant is not an equivalent
B-contractum of the de re variant due to the partiality of the role Pope/t,,.
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the evaluation of the Composition [... y ...] does not yield a value of f. As
a result we just obtain a formal simplification of [Ax [... x ...] y].

For instance, we see little reason to differentiate semantically or logi-
cally between “b is believed by a to be happy” and “b has the property of be-
ing believed by a to be happy”.'® The latter sentence expresses

Awht [[Mw'he [Ax [ Believe,y *a Mkt [*Happy, x111]w: °b)
This is merely a B,~expanded form of

Awht [hx [*Believey, "a hwkt [*Happy, x1] °b]

Thus we define:

Definition 4 (procedurally isomorphic constructions: Alternative (¥4))

Let C, D be constructions. Then C, D are a-equivalent iff they differ at
most by deploying different A-bound variables. C, D are n-equivalent iff
one arises from the other by n-reduction or n-expansion. C, D are [~
equivalent iff one arises from the other by B,-reduction or ,-expansion.
C, D are procedurally isomorphic, denoted OC ». "D, x/(0%,*,), iff there
are closed constructions Ci,...,Cyn, m>1, such that °C = °Cy, °D =
0Cm, and all G, Gi,1 (1 <1 < m) are either a-, n- or B,-equivalent. O

There are two weaker relations between constructions that we I will
need as well. They are equivalency and v-congruency:

Definition 5 (congruency and equivalence of constructions)

Let C, D/*, — a be constructions, and =, /(0*,*,), ~/(0%,*,) binary
relations between constructions of order n. Then

C, D are v-congruent, 0C »,°D, iff either C and D v-construct the same
a-entity, or both C and D are v-improper;

C, D are equivalent, 0C ~ 0D, iff C, D are v-congruent for all valuations
v. O

10 - . . . .
This is not to say we see no reason at all not to differentiate. For instance, it could

be argued that one thing is to believe that a is happy and another is to believe that a has
the property of being happy, because the latter at least appears to presuppose that the
believer have the additional conceptual resources to master the notion of property. Or if
the believer is a self-assured nominalist then he may protest that while he does believe
that a is happy he does not believe that a has any properties. Further research is re-
quired to decide one way or the other.
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Corollaries
If C, D are procedural? isomorphic, then C, D are equivalent, but not
vice versa: °C ~-°D = "C ~°D.
If C, D are equivalent, then C, D are v-congruent, but not vice versa: °c
~'D="°C%,"D.

Examples

a) Expressions President of Czech Republic’ and ‘the husband of Livia
Klaus’ are co-referentional. They just contingently happen to refer to
the same individual, Véclav Klaus, in the given world and time. After
March 8 2013 they will be no more co-referential. Hence their mean-
ings are v-congruent in the given (w, z): [Awks [OPresident_ofm OCR])ue
~, [Awkt [OH usband_ofyy, OLivia] 1wt

b) Assume that ‘Pope’ and ‘the head of Catholic church’ are co-denota-
tional terms by denoting one and the same office. Then their meanings
are equivalent: OPope ~ Awht [OHead_omeCat/oolics]

¢) Assume that the expressions ‘azure’ and ‘sky-blue’ are synonymous.
Then their meanings are procedurally isomorphic: 0 dzure ~ OSky_Blue

So much for the logical and philosophical foundations of TIL as it is in
2010. As mentioned above, Tichy defined a sequent calculus only for pre-
1988 TIL that differed from the current version of TIL in these three
main issues. First, it was based on simple hierarchy of types. Second, as a
consequence of the first, pre-1988 TIL constructions did not involve
Trivialisation and Double Execution. An object was a construction of itself.
Hence this version did not, strictly speaking, distinguish between an object
and a mode of presentation of the object. Finally, as a result, constructions
were not objects sui generis. They could be only used to construct objects
but could not figure as arguments of functions. In other words, pre-1988
TIL did not take into account hyperintensional contexts in which we oper-
ate on constructions.

" In his (1988) Tichy deals with inference in Chapter 13 where he discusses the dis-

tinction between a one-dimensional and two-dimensional conception of proofs and ar-
gues for the latter. He provides logical and philosophical reasons for his conception of
a two-dimensional inference. The two-dimensional view is no doubt a rigorous explica-
tion of the way to execute proofs correctly. However, Tichy does not develop a new
proof calculus for TIL-1988, nor does he compare the two-dimensional inference and
the sequent calculus for TIL as introduced earlier in his (1982) and (1986). Actually,
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2. Tichy’s sequent calculus

When defining extensional rules for operating in (hyper-)intensional
contexts we encounter two main problems, namely the problem of substitu-
tion of identicals (Leibniz) and existential generalization. Tichy proposed
a solution of the substitution and existential generalization problem in his
(1982, 1986) and defined a sequent calculus for the pre-1988 TIL, that is
for extensional and intensional contexts. Moreover, the solution is re-
stricted to the so-called linguistic constructions of the form Awht [Cy C,

. Cp] or Awht [Axy ... x», C]. In order to explain and recapitulate Tichy’s
calculus and rules I will now use terminology as introduced above. In par-
ticular T will speak about a (hyper-)intensional and extensional context
though Tichy does not use these terms.

2.1. Substitution and existential generalization

a) Substitution. a = by C(a/x) | C(b/x)
This rule seems to be invalid in intensional contexts. For instance, the

following argument is obviously invalid:

The President of CR is the husband of Livie. 3
Milo$§ Zeman has been elected for the President of CR.

Milo$ Zeman has been elected for the husband of Livie.

b) Existential generalization. C(a/x) | Ix C(x)

Again, in intensional contexts this rule seems to be invalid. For in-
stance, the following argument is obviously invalid:

Milog Zeman wants to be the President of CR.

The President of CR exists.

Now we must take into account that Tichy solves these problems only
for a particular case of linguistic constructions. Thus he does not define
e.g. substitution of identicals in general. He specifies the intensional de-

the adoption of the sequent calculus is not necessarily connected with the two-
dimensional inference, as was evident in Gentzen’s work.
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scent of a construction C with respect to w, ¢, or both, and proves under
which conditions is the so-descended construction substitutable for an-
other construction.

Ad a) In order to solve the problem of substitution, Tichy introduces in
(1986) the notion of hospitality of a construction for a variable z occurring
in a construction C(z). In principle, there are four cases. If a variable z is
(1,1) hospitable, then the construction of the form [X,] is substitutable for
z. That is, z occurs in an extensional (de re) context. If a variable z is (1,0)
hospitable, then the construction of the form [X w] is substitutable for z.
That is, z occurs in an intensional (de dicto) context with respect to time ¢.
If a variable z is (0,1) hospitable, then the construction of the form [X 7] is
substitutable for z. That is, z occurs in an intensional (de dicto) context
with respect to a world w. Finally, if a variable z is (0,0) hospitable, then
the construction of the form X is substitutable for z. That is, z occurs in
an intensional (de dicto) context with respect to both ¢ and w.

Ad b) Existential generalization. Tichy first defines an exposure of a vari-
able. In brief, a variable z — o is exposed in a construction C if it is free
and occurs extensionally in C, that is it does not occur in an intensional
context like Az [...z...]. Second, he takes into account the hospitality of a
variable z. Then he defines the rule of existential generalisation for exten-
sional contexts like this.

Let x — a be (1,1)-hospitable and let D(k,[), 0 < k<1,0<[<1,bea
construction substitutable for x in a construction C(x). Then the fol-
lowing rule is valid:

At C(D(k,))/x) F Awht 3x C(x)

This rule needs to be explained. First, D(k,)) > 0, 0<k<1,0<[<1,
is an abbreviation for a construction of one of these forms D,;, D,, D,, D.
Second, if x is exposed and (1,1)-hospitable then the existential generalisa-
tion is valid.

Example. “The president of the Czech Republic is an economist.”

Awht [OEconamistwt OPCRW] F Awht 3x [OEconomistwt x|;

Types. Economist/(01):e; PCR/1:: the office of the president of CR; x —, 1.
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2.2. Sequent calculus

The basic notions we need are these.

Match is a pair a:C, where a, C — « and a is an atomic construction.
A match a:C is satisfied by a valuation v, if @ and C v-construct the same
object; match :C is satisfied by v, if C is v-improper; matches a:C and
b:C are incompatible, if a, b construct different objects; matches a:C, :C
are incompatible.

Sequent is a tuple of the form a;:Cy, ..., @,,:Cy, = b:D, for which we use
a generic notation @ 2> ¥, A sequent @ > ¥is valid if each valuation
satisfying @ satisfies also ¥,

Remark. Note that due to this definition a valid sequent can be viewed

as a valid argument. Thus Tichy actually applies here his two-dimensional
conception of inference introduced later in 1988 book though he does not
explicitly speak about the two-dimensional inference in his 1982 paper.

N

N U1 WA W

The rules preserving validity of sequents are specified like this.

Structural rules.

| D> if Ye @ (trivial sequent)

OOV D, 2> Y, if @ ¢ @, (redundant match due
to monotonicity)

D, 8>V D> D>F (simplification)

|| @ yy (trivial match)

PG, D>% || O, if % and & are incompatible

D82V D, y:3>YVI|@>¥  (yisnotfreein @,P)

Application rules.
a-instance (modus ponens):
D2 y:[FXi..Xl, @, fF, x1: X1, ¥ Xy || @D ¥
(f; x;, different variables, free in @, ¥, F, X))
a-substitution:
(i) @2 y:[FXi..X,], @2 x1:X1)e, @ D 50X || @ D y:[Fx1...]
(it) @ 2> y:[Fxioxm); @ x1:XKiyerey @D %X || @ 2 y:[FX1..X,]
extensionality:
D, y:(fx1...xm] 2 y:lg x1ee.xml; D@, y:lg 10 xm) 2 y:[fxreexm] I
D fg
(9, X1,--.,%m, are different variables that are not free in @, f; g.)
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A-rules.
10. @, fdxi..x, Y 2 V|| @ > ¥ (fis not free in @, ¥, ¥P)
11. B-reduction:
D > y:[[Ax1...x, Y] X1.. X || @ 2 y:Y(X1.. X0/ %100 X0m)
(X; is substitutable for x;)
12. B-expansion:
DD x1:X50; @D % Xy @2 y: V(X1 X/ X100 %m) ||
D 2 y:[[Axy...x, Y] X1...X,]

So much for Tichy’s proof calculus as he introduced it in the two pa-
pers (1982) and (1986). In the next Section 3 I am going to generalize the
calculus for TIL 2010 as presented in Duzi — Jespersen — Materna (2010).

3. Generalization for TIL 2010

Our goal is to generalize the calculus so that it involves ramified theory of
types, all kinds of constructions that is not only Tichy’s linguistic construc-
tions, existential generalization to any context and substitution of identicals
in any kind of context be it extensional, intensional or hyperintensional.
For the sake of convenience I first briefly recapitulate the free kinds of con-
text as introduced in Section 1.

3.1. Three kinds of context

Constructions are full-fledged objects that can be not only used to con-
struct an object (if any) but also serve themselves as input/output objects
on which other constructions (of a higher-order) operate. Thus we have:

Hyperintensional context: the sort of context in which a construction is
not used to v-construct an object. Instead, the construction itself is an ar-
gument of another function; the construction is just mentioned.

Example. “Charles is solving the equation 1 + x = 3.” When solving the
equation, Charles wants to find out which set (here a singleton) is con-
structed by the Closure Ax [°= [° °1 x] °3]. Hence this Closure must oc-
cur hyperintensionally, because Charles is related to the Closure itself
rather than its product, a particular set. Otherwise the seeker would be
immediately afinder and Charles ’s solving would be a pointless activity.
The analysis comes down to:
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Awht [*Solvey, *Charles “[Ax [°= [°+ °1 x ] °3]1].

Intensional context: the sort of context in which a construction C is used
to v-construct a function fbut not a particular value of f; moreover, C does
not occur within another hyperintensional context.

Example. “Charles wants to be The President of Finland.” Charles is re-
lated to the office itself rather than to its occupier, if any. Thus the Clo-
sure AwAt [OPresident_ofwt OFinland] must occur intensionally, because it is
not used to v-construct the holder of the office (particular individual, if
any). The sentence is assigned as its analysis the construction

At ["Want_to_be,, *Charles A\wht [OPrexident_oﬁw Finland]].

EXxtensional context: the sort of context in which a construction C of
a function f'is used to construct a particular value of fat a given argument,
and C does not occur within another intensional or hyperintensional con-
text.

Example. “The President of Finland is watching TV.” The analysis of
this sentence comes down to the Closure

AwAt [OWatcbw[ AwAe [OPresident_of;J, °F, inland) OTV] .

The meaning of ‘the President of Finland’ occurs here with de re supposi-
tion, i.e. extensionally.

3.2. Extensional calculus of hyperintensions

In this section I generalise Tichy’s extensional rules for substitution and
existential generalization so that they be applicable to constructions of any
kind (not only linguistic) and in any context. Moreover, I am going to ex-
plain the way in which partiality is being ‘propagated up’, and finally I will
deal with the problem of -conversion.

3.2.1. Rules of existential generalisation

Now I sgecify the rules for existential generalisation into the three kinds
of context.'? These rules will be specified in a schematic way. Let F —
(a); a = o We will examine an extensional, intensional and hyperinten-

2 For details see Dui (2012) and Dui — Jespersen (2012).
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sional occurrence of a construction of the schematic form [... [F 4] ...]
within a construction D.

a) Extensional context

Let an occurrence of a construction [... [F 4] ...] be extensional and let
it v-construct the truth-value T. Then the following rule is truth-
preserving:

[..[Fa]l..]F3x[..[Fx]..]; x>, a
Example. Pope is wise. = Somebody is wise.
Awht [OVVisewt Opopewt] E Awht 3x [O\Visewt x].

Types: Wise/(01)rp; Pope/try; x — 1.

Hence we can quantify into an extensional context by an abstraction
over the value of the function constructed by F. This is quite comprehen-
sible. In an extensional context the value of the function is an object of
predication.

b) Intensional context
Let [F a] occur intensionally in a construction [... [F a] ...] that v-
constructs T. Then the following rule is truth-preserving:

[ [Fd] ] F3fL. [fd] .]; F— (@B)

Example. b believes that Pope is wise. | There is an office such that b be-
lieves that its holder is wise.

Awht [OBelieuew, % Aws [0 Wise,: OPopewt]] E
Awhe 3f [OBelievewt % Awht [0 Wisew furl]-

Types: Believe/(010+4)<0: an intensional belief; b/1; Wise/(01):; Pope/tre; [
> g

In an intensional context we cannot quantify over the value of a func-
tion, because the entire function is an object of predication. Hence we
must quantify over the entire function.

¢) Hyperintensional context
Let [F a] occur hyperintensionally in a construction [... .. [Fa].]..]
that v-constructs T. Now if we want to validly quantify into hyperproposi-



26 MARIE DUZi

tional context, we come up against a major technical complication. An at-
tempt analogous to the intensional one above yields:

[ [Fa] ] ]
L. Lo [Fal ] o ]; Fy (aB)

Why is the conclusion no good? The occurrence of fin °[... [fa] ...] — notice
the leftmost Trivialization — is “bound that is bound by Trivialisation, be-
cause the variable f occurs within the hyperintensional context of the con-
struction [... [fa] ...]. So fis mentioned, hence not available for a direct logi-
cal manipulation. It is shielded from 3 by Trivialization in or... [fa] ...].

Yet it would be a serious flaw of an extensional logic of hyperintensions
if one of the fundamental extensional rules were not applicable in a hyper-
intensional context. For instance, from the premise that a believes* (hyper-
intensionally) that the Evening Star is a planet it does follow that there is a
concept ES of an individual role Evening Star/i., such that a believes* that
its occupant is a planet. But how?

First, we must realize that in a hyperintensional context the object of
predication is a construction of a function. Hence we must quantify over
construction. Second, the solution consists in the application of the follow-
ing substitution technique. A valid argument is obtained by applying the
function Sub of the polymorphous type (¥,%,*,*,) that operates on con-
structions in this way. Let X, Y, Z be constructions of order n. Then Sub is
a mapping which, when applied to (X, Y, Z), returns the construction that
is the result of correctly substituting X for Y'in Z. A correct substitution is
one that does not make any variable occurring free in X become bound in
the resulting construction (no ‘collision’). For illustration, the Composition
[°Sub 2 %% °[°% x °1]] constructs the result of substituting %2 for x into
[°+ x °1], which is the Composition [°+ 92 °1]. Therefore, the Composi-
tion [°Sub 2 %% °[% x °1]] is equivalent to 1% 9 911, both constructing
the Composition [+ %2 °1].

In Duzi — Jespersen (submitted) we analyze four different arguments
that share the same premise, but have different conclusions. Two of them
are invalid, while the first of the valid ones leads up to the solution of the
problem of quantifying into hyperpropositional contexts. Here I reproduce
the two valid rules and introduce another one, which I argue for as the
most general one.
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(1)

°3*nc [... [°Sub ¢ % °[... [c ] ...]] ...]]
Types: 3*/(0(0%,)); ¢ =, *,3 >, (af)

Prodf.

() °l..[Fad] ..] constructs [... [F a] ...] %}

(i) [°Sub ¢ % °[... [c 4] ..]] v(F/c)-constructs the construction
[... [F a] ...]; (the first occurrence of ¢ is free)

(i) Ac [ [°Sub ¢ % °[... [c a] ...]] ...] constructs a non-empty class of
constructions

(o) ["FNe [.. [PSubc°°[... [ca] ..]] ..]]

Note, however, that [... [c 4] ...] in the conclusion of (1) comes with
wrong typing and so is necessarily an improper Composition. The variable ¢
ranges over constructions rather than functions, so ¢ cannot be Composed
with an argument of a function (see Definition 2, iii)). To be sure, the im-
properness of a construction matters only if the construction is introduced as
used in order to produce a product, at which it fails. If a construction is merely
mentioned as an argument of a function, it occurs as an ordinary object that
can be operated on, and its failure to produce a product is logically immaterial.

In the present case [... [c 4] ...] is an argument of Sub, and the Composi-
tion [*Sub ¢ % °[... [ca] ..]] is a proper constituent, because ¢ v-constructs
a construction of a function. In a word, lazy evaluation of ¢ in this Composi-
tion is an option because the second and third occurrence of ¢ is Trivializa-
tion-bound, i.e. mentioned. But, though technically feasible, it is methodol-
ogically and philosophically unsatisfactory that wrong typing should be an in-
tegral part of the solution. Fortunately, there are attractive alternatives:

L.0[... [Fa].l].]

)
[3*ne [...[°Sub ¢ FO[ ... [Fd] ..]]...]]
Proof.
(i) the Composition °Sub ¢ °F °[... [F 4] ..]]1 o(F/c)-constructs
ol [Fa] ..]]
(i) the Closure Ac [... [°Sub ¢ °F°[... [F 4] ...]] ...] constructs a non-
empty class

i) ["3*c [... ["Sub ¢ "F°.. [Fd] ..]] ...]]
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This rule does not have a flaw of wrong typing. Yet it is not general
enough. The reason is this. The construction ¥ may have more than one
occurrence in the hyperintensional context and we may want to quantify
only over some of these occurrences. Hence the general rule for quantifying
into hyperpropositional attitudes is this: "

L. L. [Fad] ..]..]
3¢ [... ["Sub ¢ °d°[... [d a] ..]] ...]]

(3)

Additional type: d —> (af).

Prodf.

(i) the Composition [°Sub ¢ °d °[... [d 4] ..]]1 v(F/c)-constructs
0
[... [Fa]..]]

(i) the Closure Ac [... [°Sub ¢ °d °[... [d a] ...]] ...] constructs a non-
empty class

i) ["F*c [... ["Sub ¢ °d°[... [d a] ...]] ..]]
Example.

b believes* that Pope is wise. | There is a concept of an office such that
b believes* that its holder is wise.
Awit [*Believe* , °b *[hwt [*Wise,, OPopewt]] E Awhe 3*c ["Believe*,,, b
[°Sub ¢ °d *[hwhe [*Wisey, dy]111;

Types: Believe*/(01#,),,: hyperpropositional attitude; ¢ —>, *,; 20, Lo d
=y b

If we wanted to infer more, namely that there is an office such that b be-
lieves* that its holder is wise, we would need another assumption, namely
that the construction of this office is proper. In this case this additional as-
sumption is valid, because the Trivialisation *Pope is not v-improper for
any valuation ». Hence a stronger argument is also valid:

B This solution has been suggested by Jakub Macek as a reaction to (1). I am in-

debted to him for making this suggestion.
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b believes* that Pope is wise. |= There is an office such that b believes*
that its holder is wise.

Awt [[*Believe* , °b *[hwht [ Wise,, OPopewt]] A [OProper OPope]] E
Awhe 3f 3¢ [[f= 2] A [*Believe* b [°Sub ¢ °d *[hwt [*Wisey, dud1111;

Additional type: f— 14,

3.2.2. Substitution

In order to specify substitution of identicals (Leibniz) in the three kinds
of context, recall Definitions 4 and 5 of v-congruent, equivalent and proce-
durally isomorphic constructions. It should be clear now that

a) In a hyperintensional context (propositional attitudes, mathematical sen-
tences, ...) substitution of procedurally isomorphic (but neither equivalent
nor v-congruent) constructions is valid.

b) In an intensional context (modalities, some notional attitudes, ...) substi-
tution of equivalent or procedurally isomorphic (but not only -
congruent) constructions is valid;

¢) In an extensional context substitution of v-congruent (or equivalent or
procedurally isomorphic) constructions is valid.

Examples.
a) extensional context

The temperature in Amsterdam is the same
as the temperature in Prague.
The temperature in Amsterdam is 20 oC,

The temperature in Prague is 20 °C.

Proof of the validity of this argument. In any (w, #)-pair the following
steps are truth-preserving:

1. [OTempemture_inw, OAmsterdam] = [OTempemture_inm Ongue]

assumption
2. [ Temperature_in,, “Amsterdam] = °20 assumption
3. [OTempemture_inM Ongue] = %0 substitution 1, 2

Types: Temperature_in/(T\)r; Amsterdam, Prague/t; 20/7.
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b) intensional context

To illustrate invalidity of substitution of v-congruent constructions in
an intensional context, consider an example of B. Partee:

The temperature in Amsterdam is r1s1ng
The temperature in Amsterdam is 20 oC.

20 °C is rising.

1 [stmgwt e [° Temperature Nope Amsterdam]] assumption
2. [OTemperature ing: "Amsterdam] = °20 assumption
3 [ Rising, 20] 292

Additional types: Rlsmg/(orm)m the property of magnitude; AwAr
[ Temperature_in,, Amsterdam] - Teor

The last step is invalid. In the first assumption the Composition
[OTemperature ing: "Amsterdam] occurs intensionally. To be rising is the
property of magmtude (function) rather than of its Value Hence v-con-
gruent constructions [ Temperature_in,, Amsterdam] 920 cannot be mu-
tually substituted.

As a valid argument we can adduce the recent one:

Benedict XVT resigns as Pope.
Pope is the same office as the Head of the Catholic church.

Benedict XVT resigns as the Head of Catholic church.

Proof of the validity of this argument. In any (w, )-pair the following
steps are truth-preserving:

1 [Reszgnwt OBenedict Pope] assumption
2. [Pope =\wht ["Head of,,,t Cat/oolzcs]] assumption
3. [° Resign,, Benedzct At [*Head oﬁ,,t Catholics]]  substitution 1, 2

Types: Resign/(0ltr)r0; Pope/tre; Benedict/1.

¢) hyperintensional context

To illustrate invalidity of substitution of equivalent constructions in a
hyperintensional context, consider this example:
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Marie knows* that Benedict XVI resigns as Pope.
Pope is the same office as the Head of the Catholic Church.

Marie knows* that Benedict XVI resigns as the Head

of the Catholic Church.
1. [*Know*,, "Marie °[hwht [OResignw, O Benedict 0Pope]]] assumption
2. [OPope = Awht [OHead_ofw,OCat/oolics]] assumption
3. [OKnaw*wt "Marie 0[7\.11}7\.1‘ [ORexignwt O Benedict
AwAt [OHead_oﬁ”tOCatbolics]]]] 222

Additional type: Know*/(ov*n).,: hyperpropositional attitude.

Marie may know (hyperintensionally) that Pope Benedict XVI resigns
but does not have to know that Pope is the Head of the Catholic Church.
In hyperintensional attitudes we must fully respect the perspective of the
attributee.

3.2.3. Sequent calculus and [-conversion

If we apply extensional rules of substitution of identicals and existential
generalisation as specified above, Tichy’s sequent calculus (or any other ex-
tensional calculus) can be applied. Yet we must be aware of the problematic
nature of B-conversion. Though it is the fundamental computational rule
of A-calculi, it is underspecified by B-conversion. This rule can be executed
in two different ways; ‘by value’ and ‘by name’. There are two problems
with the latter.

First, in logic of partial functions such as TIL the rule of transformation
‘by name’

[[le...me] Xl...Xm] I— Y(Xl...Xm/Xl...Xm)

is not equivalent, because the left-hand side can be v-improper whereas the
right-hand side v-proper by constructing a degenerated function that is un-
defined for all its arguments. To illustrate it, consider two constructions C;
and C; that are not equivalent, because they construct different functions:

C1 [[Ax [Ay [ODividey x]1] [°Cot °r]]
G, [Ay [ODividey [°Cot °r]]]

Types: x, y = t; Divide/(tt1): the function of dividing y by x; Cot/(t7):
the cotangent function; m/t.
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The construction Cj is the Composition of the Closure [Ax [Ay
[° Divide y x]]] with the Composition [°Cot °n]. Since the contagent func-
tion is not defined at the argument T, [°Cot °n] is improper by failing to
construct anything. Due to compositionality principle the entire Composi-
tion Cj is improper, because the function constructed by the Closure [Ax
[Ay [° Divide y x]]] does not receive an argument to be applied at. However,
the Closure is never improper, it always constructs a function. Hence C; is
a proper construction. It constructs a ‘degenerated function’ of type (t1)
undefined on all its arguments. But C, is a B-contractum of Cj, that is the
entire Composition [°Cot °] has been substituted for the variable (formal
parameter) x. Thus whereas C; does not construct anything, C, constructs a
degenerated function that is an object (though a peculiar one).

Partiality, as we know all too well, is a complicating factor. Though
lambda logic can be modified so as to allow ‘undefined terms’, application of
a function in A-calculi had always been total. E. Moggi (1988) would appear
to have been the first to advance a definition of a partial A-calculus, and S.
Feferman (1995) introduced axioms (A,) for Partial Lambda Calculus. How-
ever, they both consider only a ‘total application’ to a term that is denoting.

The second problem is this. Even if we apply an equivalent ‘total p-
reduction’, it can yield a loss of analytic information as illustrated in Sec-
tion 1. This is due to the fact that we do not keep track of the function
and arguments that have been used in the transformation.

An analogy from programming languages can be helpful to explain the
problem. Imagine you have a procedure (program) Ax C(x) with a “hole” x
(unsaturated procedure with a formal parameter x). It does not make sense
to compute C(x) in this stage. Before calling the program Ax C(x) one
must ‘fill in the hole’ x that is to supply an argument (value) for which C
should be computed. To this end there is a subprogram D that specifies
the material (argument value) to be filled into the hole x.

There are two possibilities how to do it.

1. Insert into the hole x the whole subprocedure D and then compute
C(D). This corresponds to calling D ‘by name’.

2. Compute D first in order to obtain “the material” (argument value)
a. Then insert a into the hole x and compute C(a). This corre-
sponds to calling D ‘by value’.

In case 1 there may be an undesirable side-effect. Imagine that the sub-
program D is somehow garbled and as a result the whole procedure C gets
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garbled after the insertion (‘damage being propagated up’). Moreover, in-
stead of the hole x you have now got D and D may conflict with C. Again,
no good, damage. This corresponds to the case of an invalid beta reduction
that does not preserve equivalence. And still moreover, even if D does not
damage C when computing C(D), after the execution of C(D) you lost the
track of D and of the result D produces. The two procedures have been
merged together. Now you want to compute another procedure E(x) and to
supply the same material for the hole x. Even if the execution of C(D) were
successful, D might have been changed by the execution. There is no guar-
antee that the same material would be supplied to the hole x in E(x). This
case corresponds to a valid B-reduction preserving equivalence but yielding
the loss of information.

Fortunately, there is a remedy. Call the subprocedure D ‘by value’. The
idea is simple. Compute D first to obtain its result a (if any), and then sub-
stitute this result for x. This solution is preserving equivalence, avoids the
problem of the loss of analytic information, and moreover, it is in practice
more effective. If the execution of the subprocedure D fails to produce a
product, it is pointless to call C(x) or E(x) or any other procedure that
should operate on this product. Thus we know it in advance, rather than
only when executing C(x). We keep all the procedures C(x), E(x), D sepa-
rated and evaluate them only when needed. Everything is all right, as it
should be.

Tichy’s A-rules involve B-reduction ‘by name’. Due to the version of se-
quent calculus that operates on matches the rule is validity preserving; -
reduction ‘by name’ in the sequent calculus is this rule:

D 2 y:[[Ax1...x, Y] X1.. X || @ 2 y:Y(X1.. X0/ %10 Xm);
(X; is substitutable for x;)

The left-hand match is satisfied by a valuation v if y and [[Axi...x,,Y]
Xj...Xon] v-construct the same object. Hence the Composition [[Axj...x,,Y]
Xj...Xn] is v-proper and the rule is validity preserving.

In this way the problem of partiality is avoided rather than solved. It is
the standard way to deal with application as presented, for instance, by
Moggi and Feferman. The rule does not give us any hint what to do in
case that the Composition [[Ax)...x,, Y] Xi...X,,] is v-improper, because in
this case the left-hand side match is not satisfied by the valuation v due to
the fact that the atomic construction y is always satisfied. Thus the rule is
not applicable.
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For these reasons we developed a substitution method that makes it pos-
sible to define a generally valid B-transformation ‘by value that does not
exhibit the above specified defects. To this end we make use of the func-
tion Sub defined in Section 3.2.1. Moreover we occasionally need another
function T7,/(*,0) that takes an object of type o to its Trivialisation. Note
that there is a substantial difference between the application of this func-
tion and the construction Trivialisation. For instance, 1f x =, 1, "x v-con-
structs just the variable x. The variable is 0-bound in ’x and thus it occurs
hyperintensionally. On the other hand [77, x] v(John/x)-constructs 0 Tobn.
The variable x is free in [ 77, x] and thus occurs intensionally.

Let x; =, 04 be mutually distinct variables and D; —, o (1 < i < m)
constructions. Then the following rule of S-reduction ‘by value’ is valid:

[[Ax1...%m Y] Dr... Dyl F21°Sub [*Troy Di] %xi ...
[Osub [OTram Dm] Oxm OY]]

Note the Double Execution on the right-hand side. The result of applying
Sub is a construction that must be afterwards executed; hence Double Exe-
cution.

Example. “John loves his own wife. So does the Mayor of Ostrava.”

Awht [Xx [ Lovewt X er Of e X] _]obn] =gy
Awt 2 [°Sub Oojobn I Lovey, x er fue x]]
Awht [so_doeswt vt Ow;] >
Awht Z[OSub [Awht Ax [Lovewt X er ofwr x]] %50 _does [so does,;
OMOM]] =py Awht [Ax [ Love,,; x Wﬁ 0 o %] MOM] =gy
At 2[°Sub [°Tr MO, *x °[*Lovey, x [ Wife_ofu: x]]

Types. Love/(0W)r; Wife_ofl (Wre; Jobn/t; MO/, the office of the
Mayor of Ostrava; x —>, L.

One can easily check that in all these constructions, whether reduced or
non-reduced, the track of the property of loving one’s own wife is belng kept.
This property is constructed by the Closure AwAt Ax [*Love,, x ["Wife_of,.
x]]. When applied to John it does not turn into the property of loving John’s
wife. And the same property is substituted for the variable so_does into the
second sentence. Thus we can easily infer that John and the Mayor of Ostrava
share the property of loving their own wives. If we used B -reduction ‘by name’
the Closure would be reduced to Awht [ Lovey, ]o/m er Ofur jolon
doubt that it can be B-expanded to the original Closure. The problem is that
it can be also expanded to another Closure Awht [Ax [*Lovey, x ["Wife_ofy
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%obn]] °Jobn], which means that the property of loving Jobn’s wife has been
applied to John. In this way we lost the track of the property that has been
applied to John and that we want to apply to Mayor of Ostrava. And it also
shows exactly how the B-reduction by value works to our advantage. 14

4. Conclusion

We described generalization of Tichy’s sequent calculus to the calculus
for TIL 2010. The generalization concerns these issues. First, the exten-
sional rules of quantifying in and substitution of identicals were generalized
so that to be valid in any context, including intensional and hyperinten-
sional ones. Second, we showed that the sequent calculus remains to be the
calculus for TIL based on the ramified hierarchy of types with one impor-
tant exception, which is the rule of B-reduction. We specified a generally
valid rule of B-reduction ‘by value’ that does not yield a loss of analytic in-
formation about which function has been applied to which argument. No
doubt that these are valuable results.

Yet some open problems remain. Among them there are in particular
the question on the properties of the calculus like completeness and the
problem of its implementation. There is also a question whether another
similarly extensional calculus of hyperintensions would not be more con-
venient for implementation. To this end we develop a computational vari-
ant of TIL, the functional programming language 7T7L-Script. Till now we
managed to develop and test the modules for recognizing particular types of
context and we implemented B-reduction by value that we use universally.
Moreover, we specified and implemented the algorithm that makes it pos-
sible to exploit Prolog inference machine (see Duzi et. al. 2009). However,
the full-fledged TIL inference machine is still a future work.
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Abstract: In the first part of the paper, I argue that explicating systems which fall under
the simple theory of types are limited in explicating our conceptual scheme. Such limi-
tation is avoided if one utilizes, instead, a ramified type theory, especially the one devel-
oped by Pavel Tichy. In the third part of the paper, I explain the role of so-called con-
structions and derivation systems within such a framework, elucidating how deduction
demonstrates properties of objects.

Keywords: Deduction — explication — ramified theory of types — simple theory of types.

V této stati nejprve zpresnim nékteré pojmy souvisejici s pojmem expli-
kace. Prezkoumdme pak, jaké moznosti maji explika¢ni systémy, keeré jsou
. . ool .. ., .

vyvedeny v jednoduché teorii typd  nebo pod ni néjak spadaji. Ve druhé
sekci narazime na nemoznost modelovat v takovychto explika¢nich systé-
mech intenzionalni® pojmy. Pezkoumame pokus tuto limitu piekonat pro-
stfedky jednoduché teorie typl. Nezdar je zdkonity, a proto je nezbytné jako
explikacni systém pouzivat rozvétvenou teorii typl. Pléduji konkrétné pro

Pod teorii typl myslim systém funkci a non-funkei (primitivnich objektd, na jejichz
souborech jsou néjaké funkce definovény), nikoli néjaky formalni jazyk ¢i teorii.

yIntenziondlni“ neni v této stati minéno ve smyslu tykajicim se sémantiky pomoci
moznych svéti.

© 2013 The Author. Journal compilation © 2013 Institute of Philosophy SAS
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teorii typt Pavla Tichého, nebot’ ta kombinuje prvky jak Churchovy jed-
noduché, tak Russellovy ¢i spis Churchovy rozvétvené teorie typl. Ukdzeme
si, ze prislusné intenziondlni entity, tzv. konstrukce, determinuji objekty,
maji k nim tedy velmi Gzky vztah. Pak tzv. derivaéni systémy jsou systémy
obsahujici konstrukce a dedukéni pravidla. Umoznuji rigorézné dokazovat
fakty o objektech, jejich vlastnostech a vzijemnych vztazich. Jestlize kon-
strukce artikuluji intuitivni rysy objektd, jez jsou explikovany béznymi ex-
tenziondlnimi objekty teorie typd, tak derivacni systémy artikuluji vlastnosti
téchto objekti a jejich konstrukei.

1. Explikace a jednoducha teorie typa

Jak znimo, explikace spoCivd v tom, ze explikovany — intuitivni, pre-
teoreticky — pojem (explikandum), je preveden na explikujici — rigorézni, teo-
retickj — pojem (explikat, popt. explikans).” Jak uvadél jiz R. Carnap (1950),
takovéto prevedeni ma respektovat a. vécnou trefnost (materidlni adekvat-
nost), b. formdlni spravnost, c. plodnost (umoznit formulovani obecnych
zakontt).* Nize se v tvahich omezime na filosoficko-logickou explikaci
(a nikoli tfeba Cisté filosofickou explikaci), za explikaty ted;r budeme mit
néjaké logicko-matematické entity, zejm. mnoziny ¢i funkee.

Prevodu jednotlivych explikand na jednotlivé explikity koresponduje ex-
plikacni funkce, coz je parcidlni zobrazeni prvych pfedmétd na ty druhé. (Ex-
plikaci ve smyslu néjakého procesu se nize vénovat nebudeme, byt o ni bu-
deme pfilezitostné nepfimo hovorit.)

Nyni uvazme dvojici, jejimz prvym ¢lenem je souhrn urcitych vybranych
pre-teoretickych pojmt ¢i entit a druhym ¢lenem je systém explikujicich
pojmi, explikacni systém. Je-li k tomuto pridana patficna explikujici funkce,
jedna se o explikacni ramec. Ten je tedy urcitou trojici.

Pojem ve smyslu notion, nikoli concept; tedy entita ne nutné komplexni povahy, ja-
kou maji pojmy, z nichz se skladaji myslenky.

Prvni dvé podminky popisoval uz Alfred Tarski ve svém slavném textu (1933/1956),
kde provedl ukazkovou explikaci vjznamu predikatu ,pravdivy*.

Pfi zde pfijimaném funkciondlnim, nikoli mnozinovém, pojiméni fundamentd ma-
tematiky a logiky jsou mnoziny chdpiny jako charakteristické funkce (jimZ se pfilezi-
tostné fikd ,tridy).

Pojem explikaéniho rimce byl inspirovin Tichého pozndémkami v (1986a, 258-260).
V soucasnosti tenduji k tomu chapat explikaéni rimec jako trojici, jejimz prvnim ¢lenem
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Typicky je explika¢nim systémem churchovskd jednoducha teorie typt.
(Ponékud provokativné tedy pfedpoklzidém, Ze to, v ¢em se pohybuje vétsi-
na prace logik, lze subsumovat pod ramec Jednoduche teorie typt.) Chur-
chovskd jednoduchd teorie typti obsahuje a. typ’ pravdivostnich hodnot
(obvykle dvou hodnot T a F), b. typ individui a dile c. molekulirni typy,
keeré klasifikuji Vsechny mozné totdlni i parcidlni funkce nad objekty ato-
mickych typt ad. a. a b.® Pfedméty atomického typu jsou vlastné abstraktni
objekty, jsou to entity logicky primitivni, tedy neslozené, nijak nedélitelné.
Od sebe navzdjem jsou numericky odlisné, maji tak rozdilnou numerickou
identitu, a jsou kategoridlné odlisné od vSech objektd nélezicich do jakého-
koli jiného typu.

Objekty atomickych typit volime k explikovani entit ¢i pojma logicky pri-
mitivnim zpisobem. Pro pfiklad, pomérné slozity pre-teoreticky objekt,
jimz je uréity ¢lovék, je explikovan jakozto logicky primitivni entita, urcité
individuum z explika¢niho systému. Takto jsou vlastné ignorovany vsechny
rysy nepodstatné z hlediska dané explikace. Napfiklad k tomu, abychom vy-
svétlili fungovani jazykové predikace vlastnosti individuim, lze vhodné od
fyzikalni slozenosti lidi abstrahovat.

Objekty molekuldrnich typii typicky volime pri explikaci podminénych fe-
noménl ¢i pojml. Onou podminénosti je obecné odvislost od néceho, ¢i
obecnéji néjaké prifazeni. Pro priklad, funkce z moznych svétd do pravdi-
vostnich hodnot, tedy moznosvétové propozice, byly navrzeny jako vyznamy
oznamovacich vét, ¢imz bylo vystizeno, Ze jejich nabyti konkrétni pravdi-
vostni hodnoty je odvislé od logické modality (moznych svétd).

Povsimneme si nyni, ze explika¢ni funkce je k individuaci explikacnich
ramc nezbytnd. Kdybychom explikovali uré¢itou kolekci néjakych entit ja-
koito nékterou charakteristickou funkci, je dosti podstatné, zda je v daném
explikacnim ramci intuitivni logickd kvalita ,Ano“ zobrazena explika¢ni
funkei na T, anebo na F.”

je (celé) konceptudlni schéma. Nékdo by mohl namitnout, Ze nejasné entity z pre-
teoretické oblasti nemohou byt v oboru explikaéni funkce. Jenomze tu uvazujeme az
v meta-rdmci, v némz zkoumame urcité explikacni systémy. Tato véc je podrobné vy-
svétlena v Raclavsky (2013), kde jsou feseny i dalsi obtize s pojmem explikace.

Typy miZzeme popisovat jako mnoziny objektl urc¢itého druhu.

Vlastné se jednd o Tichého (1976, srov. jiz 1971) rozsifeni Churchovy (1940) kon-
cepce, kterd byla omezena jen na totilni funkce. Tichy mezi atomické typy obvykle kla-

de jesté typ moznych svétid a typ redlnych Cisel, ale toho si zde nemusime vsimat.
9

8

Tento konkrétni piiklad i problém jsem ptevzal z Tichy (1988, 196).
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Pro jiny pf‘iklad,lo pfimo fantastickou pluralitu odlisnych explika¢nich
ramci ziskime, kdyz je v explikacnim systému uzit typ moznych svétd, tj.
(obvykle nekonec¢na) kolekee logicky primitivnich entit Wy, W5, ..., W,. Je
to proto, ze témito jsou explikovany intuitivni systémy moznych faked, kte-
rych je mnoho a také neni nijak standardizovano jejich pofadi, takze neni
jasné, zda teoretik pfi jejich explikaci pouzil tu ¢ onu konkrétni explika¢ni
funkei.

Mnohost explika¢nich rimct je od pocitku podminéna uz tim, Ze teore-
tikové pomoci (logickych) individui explikuji entity rozmanitych druhd,
totiz cokoli, co je ,predmétem avahy“. Pokud se nyni podivime do oblasti
explikaci v ramci filosofie, tak sice plati, ze jakozto individua jsou expliko-
vany konkrétni entity jako lidé apod., takze odpadd pravé zmiriovana plura-
lita, nicméné i tak je tu premira explikacnich rimc. V mnohych z nich je
totiz explikacni funkce zna¢né parcidlni — explikovdny jsou pouze nékteré
z intuitivnich entit, co jsou, neboli pro ostatni intuitivni entity nevraci ony
explikacni funkce zadné explikity.

Tato fragmentarnost je pfirozené dasledkem omezenych lidskych sil:
teoretik se pri explikaci soustfedi jen na jeden ¢i nékolik z plejady fenomeé-
nd a pojmd, které tu jsou. Nekdy se ale za touto fragmentdrnosti skryva re-
zignace na cil, jimz je explikovat celé nase konceptudlni schéma. Obcas se sice
na obhajobu caste¢nych explikaci hovofi o efektivité a ekonomii, jenze ta
casto vede k tomu, Ze explikace je vyvedena jen s minimdlnim usilim
a s pouze prostymi metodologickymi prostfedky, které nicméné prfece jen
zajisti jeji prijatelnou praktickou aplikabilitu.

To, zZe jsou proponovany explikace jen casti celého konceptudlniho
schématu, je nékdy doprovizeno nadéji, Ze ony fragmentarni explikacni
ramce pljde slozit tak, aby doslo k pokryti vétsi oblasti konceptuilniho
schématu. Pfi tomto je vSak potieba, aby byly dané explikaéni rimce vza-
jemné sesklddatelné. Je-li tomu tak, explikace toho ¢i onoho dil¢iho feno-
ménu ¢i pojmu je vlastné plodnd, ponévadz umotznuje formulovini obecnych
zakont tykajicich se naSeho konceptudlniho schématu. Je tfeba po-
dotknout, ze metodologickd ¢i jina provizornost mnoha explikaci slozitel-
nost s jinymi explikacemi Zel neumoziuje.

Snaha o co nejvice univerzalni explikaci je protichtidnd zastavani meto-
dologického postoje filosofického redukcionismu, ktery védomé usiluje
o vtésnani reality do skatulky tfeba prvoradové logiky. Konflikt mezi obéma

10 Ktery vychdzi z Tichého pozorovini v (1988, 201).
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smérovanimi byl ve 20. stoleti manifestovan osobnostmi Alonzo Churche
a Willarda Ormana van Quina. Zatimco Quine jakoukoli kvantifikaci pres
néco jiného nez pres individua okdzale odmital, Church si plné¢ uvédomoval
nezbytnost kvantifikovat i pres jiné entity nez individua (napf. pres tridy
tfid individui), coz je zakotveno v jeho jednoduché teorii typl. Vystizny je
v této souvislosti jeho postieh, ze Quine-nominalista je v pozici analogické
misogynovi, ktery neuznava existenci Zen, ale to pfece neznamena, ze ne-
mdme existenci Zen normdlné pfedpoklédat.ll

Ve prospéch logiky proniho #ddu, tedy z hlediska ji pojednavanych objek-
th jen torza jednoduché teorie typd, jisté mluvi jeji nepopiratelnd Usporna
elegance. Kdyz totiz pfedpoklada pouze individua a pravdivostni hodnoty,
tak je aplikovatelna na jakoukoli doménu intuitivnich entit, jez jsou expli-
kovatelné individui nebo nanejvyse jejich tfidami/relacemi. Ona aplikabilita
je vsak principdlné fragmentarni. Nejen to, dsledkem je podfezini plod-
nosti explikace kvilli neslozitelnosti onéch dil¢ich explikaci.

Naopak jednoduchd teorie typl zazila a stdle zaziva v explikaci celého
konceptualniho schématu éru znacnych aspiraci. V podstatné mife je to
zpisobeno aplikacemi pfi analyze pfirozeného jazyka, nebot ten hovori
o nepfeberném mnoizstvi entit naseho konceptualniho schématu. Expliko-
vat entity, o nichz hovofi vyrazy pfirozeného jazyka, pak znamend podavat
urcité explikace téchto entit jakozto entit. Coz je vlastné krédo klasické
analytickeé filosofie zohledrujici jazyk a provozujici jeho logickou analjzu, te-
dy vlastné explikaci vyznamu.

2. Explikace a pfechod od jednoduché k rozvétvené teorii typi

Kromé celkové jednoduchosti je kladem jednoduché teorie typt napf.
i to, zZe vSechny entity v jejim rdmci jsou mnozinové povahy, coZ je pfi sou-
Casné preferenci mnozinovych entit vitino. Avsak navzdory jejim riiznym
kladim md jednoduchd teorie typl principidlni limity. Neni totiz schopna
fadné zachytit strukturovanost, tedy adekvatné explikovat tak komplexni en-
tity, jakymi jsou tfeba jazykové vyznamy. Pfirozené, ponévadi objekty jed-

1" Viz Church (1958), ovsem zde namisto o explikaci zakladt matematiky realistickym

nebo nominalistickym zpsobem uvazuji obecnéji.

2 Viah explikace k pfirozenému jazyku a k filosofii diskutuje Carnap v (1963, zvl.

933-940, sekce 19, odpovéd Strawsonovi).



42 JIRI RACLAVSKY

noduché teorie typt jsou jen mnozinové objekty, coz jsou objekty bud lo-
gicky primitivni anebo jsou to pouhé funkce zobrazujici jedn;r entity na jiné.

Onu zdsadni limitu si uvédomil jiz objevitel teorie typ1°1,1 Bertrand Rus-
sell. Vétné vyznamy chapal jako funkce ve starém, intenziondlnim smyslu,
tedy jako jisté komplexni procedury — nikoli jen pouhd zobrazeni — vedouci
od argumentl k hodnotim. Tyto funkce podléhaji nikoli extenziondlni, ale
intenziondlni individuaci: a¢ jsou dvé funkce ekvivalentni tim, ze davaji pro
shodné argumenty tytéz hodnoty, nejsou identické, nebot’ se lisi svou
strukturou. Ke kategorizaci takovych entit slouzi rozvétvend teorie typii
(Russell 1908, Whitehead — Russell 1910-1913). Napriklad typ strukturo-
vanych propozic je rozvétven (ramifikovin) v nekoneéné mnoho podtypd, tj.
rada tohoto typu.

Russell byl redukcionista a s ramifikaci své dité, jednoduchou teorii ty-
pt, doslova vylil zvanicky. S vyjimkou individui totiz exkomunikoval
vSechny entity jednoduché teorie typd, tj. vSechny funkce v extenziondlnim
smyslu. Toto se vlastné stalo hlavnim pfedmétem znacné kritiky rozvétvené
teorie typl, ponévadi explikace béiné matematiky bez extenzionalnich
funkci byla zna¢né krkolomnd. Nacez se rozvétvena teorie typl stala vseo-
becné nepopularni.

K jejim vzdcnym sympatizantdm ale patfil napriklad Church, ktery do-
konce sam navrhl jeji nyni nejpouzivanéjsi verzi.'* Church si byl totiz dobfe
védom, Ze k explikaci intenziondlnich pojmii jako napt. presvédceni (belief’)
nebo védéni (knowledge), jez operuji na propozicich (vyznamech vét), je
ramifikace nezbytna (Church 1984, 521).

Nékeefi teoretici se ovsem pokusili vtésnat svét intenziondlnich entit do
uzkého rimce jednoduché teorie typt. To lze ale jen za drastického zjedno-
duseni, jehoz metodologicky prikladnou variantu pfedlozil Richmond
Thomason."” Thomason explikoval denotity vét pomoci funkci z moznych
svétl do pravdivostnich hodnot, tj. moznosvétovych propozic, ¢imz si pone-
chal vydobytek intenzionalni (moddlni) sémantiky. Je ale znimo, Ze tyto

B Russell (1903, Appendix B). To, Ze rozliseni aspon néjak obdobnd tém z jednoduché

teorie typll proponovalo vice autord, coz bylo autorovi staté naznacovino anonymnim
recenzentem (této i jiné mé staté), poprela osoba vic jak povolan, totiz Church (1976a,

410).

4" Church (1976). Zvléstni je, ze Church se nikdy nepokusil zkombinovat jednoduchou

a rozvétvenou teorii typt tak, jak to udinil Tichy (srov. nize).

" Thomason (1980). Priklad jsem poutil jiz v (2009, 19-20).
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funkce nedokazou dostate¢né jemné individuovat vyznamy vét, protoze jed-
na takovd funkce by byla vyznamem nekoneéné mnoha ekvivalentnich,
avsak svymi intuitivnimi vyznamy navzdjem odlisnych vét.

Thomason se proto rozhodl tyto vyznamy (nikoli denotaty) vét expliko-
vat zpusobem, ktery je pro jednoduchou teorii typlh pfiznaény — kazdé véeé
nalezi svébytny vyznam urcitého typu, k nekoneénu vét je tak tfeba pfifadit
nekonecné mnoho jistych entit. Neni potfeba, aby tyto entity byly funkcio-
ndlniho charakteru, takze jsou to entity logicky primitivni. Pro né zavedl
Thomason novy atomicky typ, nazvéme ho pro ted ,typ vétnych vyznamu’,
ktery je odlisny od typu individui i typu pravdivostnich hodnot a typu moz-
nych svétd. V prislusné instanci jednoduché teorii typi pak jsou i funkce
z ¢i do typu vétnych vyznami a to napf. do typu moznosvétovych propozic.

Intuitivné plati, Ze strukturovany vyznam urcuje denotdt, tj. pravdivostni
podminku véty, ktera je vhodné ztotoinéna s moznosvétovou propozici.
Napfiklad pravdivostni podminka, ze Alik je pes, je jednozna¢né determino-
vana ekvivalentnimi procedurami, ,Alik je pes®, ,Neplati, ze Alik neni pes®,
atd., jez jsou vlastné vyznamy vét.

Pro Thomasona jsou ale vyznamy vét logicky primitivni a takové entity
proto nic nedeterminuji. Mohou vsak byt zobrazeny na jiné entity. Napri-
klad vétny vyznam P, je zobrazen na pravdivostni podminku-propozici, Ze
Alik je pes. Zadn4 takovato funkce z vétnych vjznamt do moiznosvétovych
propozic ale nevysvétluje, pro¢ a jakym zptisobem P, determinuje, ze Alik je
pes. Aby to zjistil, Thomason ma jedinou moznost: podivat se do systému
explikovanych entit na to, ktera entita je explikovana logickou entitou P,
zda je to tfeba intuitivni vyznam-procedura ,Alik je pes spiSe nez ,Neplati,
ze Alik neni pes“. Takze teoretik musi vyskolit z rdmce explikujicich entit
a podivat se na explikacni ramec jako takovy, resp. na jeho explikacni funkci.

Zcela totéz plati o Churchové explikaci pojmi.'® Piedpokladejme pro
jednoduchost, ze Cisla jsou u Churche explikovana individui, prvky atomic-
kého typu 19. Tzv. koncepty ¢isel jsou prvky pravé tak atomického typu 1.
Prvky 1; jsou vsak logicky primitivnimi explikacemi intuitivnich entit jako
»2+3%, ,odmocnina z 25% ,5 minus 0 atd. Samozfejmé, Ze tyto pojmy Cisel,
totiz koncepty Kj, K i K3, jsou néjak usouvztainény. Ale pouze pomoci
funkci operujicich nad objekty typu 19 a ;. Z4dné z téchto funki, napf. ta,
co zobrazuje K na Cislo 5, ndm ale sama o sob¢ neobjasni, pro¢ je 5 ur¢eno
privé pojmem K, anebo pojmem Kj3. Tyto funkce jsou jen zobrazenimi

' Napt. Church (1951). Piklad diskutuji uz v Raclavsky — Kuchyrika (2011, 162).
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domény na kodoménu, nic vic. Navic kombinatoricky tu jsou i funkce, kte-
ré napt. K, zobrazuji na jiné ¢islo, feknéme 7, a tak je vysvétleni opét dele-
govano na fakt, kterd z téchto funkei je explikaci kterého intuitivniho
pojmu.

3. Konstrukce v rozvétvené teorii typu

Pod vysvétlenim v téchto pfipadech myslim to, ze napf. ¢islo 5 je urceno
intuitivnim pojmem ,2+3 z toho dvodu, Ze tu je uréita procedura apliku-
jici + na dvojici (2,3), atp. Pravé takovéto vysvétleni je vlastné ¢inéno Ti-
chého konstrukcemi."” Explikaci intuitivniho pojmu ,2 + 3“ je konstrukce
zapisovand pomoci ,[2 + 3], kterd vede k ¢islu 5 a to tak, Ze jsou zkonstruo-
vany objekty +, 2 a 3, pficemz ta funkce + je aplikovina na (2,3).18

Kazda konstrukce je dana jednak tim, ktery objekt konstruuje, jednak
tim, jak ho konstruuje. Konstrukce mohou konstruovat tyz objekt a proto
byt ekvivalentni, ale pfitom nebyt identické, kdyz onen objekt konstruuji
odlisnym zpsobem. Konstrukce mizeme chapat jako ne nutné efektivni
algoritmické vypocty (Tichy 1986, 526), tedy nikoli rovnou jako algo-
ritmy.19

Konstrukce jsou mimojazykové entity, které mizeme zapisovat pomoci
(typovanych) A-termu. Jinymi slovy, kazdému typové dobfe utvorenému A-
termu koresponduje urcitd konstrukce. Stoji za zminku, ze Tichy ptivodné
pouzival Churchovu jednoduchou teorii typt a teprve poté, co si vazné uve-
domil existenci strukturovanych entit, si povsiml, ze procedury bude muset
od jejich jazykového vyjadreni A-termy izolovat (Tichy 2009).

Tato véc ma ponékud filosofické pozadi, a proto zde musi nastoupit fi-
losofickd obhajoba pojmu konstrukce proti pfipominkam ze strany zastinc
jednoduché teorie typi ¢i obdobnych anebo pod jednoduchou teorii typ
v zdsadé spadajicich ramcl. Takovouto obhajobu najdeme zvlasté v prvni
kapitole Tichého knihy (1988). Alternativné lze pouzit i jiné prameny nejen
od priznived Tichého (Raclavsky 2009, Duzi ez al. 2010), ale i z okruhu né-
které dalsi literatury, v niZ je tematizovdna strukturovanost vyznaml. Pro

7" Viz k tomuto napr. vystizné ¢linky Tichy (1986; 1995).
Srov. specifikaci konstrukci, nejlépe v Tichy (1988, kap. 5).

Y Zcela ptvodné Tichy (1968) pracoval s algoritmy, v té dobé nazyvanymi ,procedury’.

(V naslednictvi P. Materny pouZivam termin ,procedura’ v intuitivnim smyslu.)



EXPLIKACE A DEDUKCE 45

Uplnost jen pfipomenu, ze Tichy povazoval jazykové vyznamy za velmi
vhodné explikovatelné jakoito konstrukce denotétt téchto vyrazt.”

Zylastni je, ze po odhaleni kategorie konstrukci v prvni poloviné 70. let
20. stoleti Tichy hned neopustil prostfedi jednoduché teorie typl. Kon-
strukce jakozto entity konstruujici objekty jednoduché teorie typt do této
teorie typl samy nendlezely, ale takfikajic se nad ni vznisely. T'o ma nepo-
piratelné vyhodu pfi ontologické Setrnosti, pfijimané i Tichym, kterd je pro
filosofii a logiku 20. stoleti symptomaticka. Nicméné dan za tuto ontolo-
gickou Usporu je nasnadé: konstrukce samy nemohly byt v ramci explikace
explicitné traktovany.

Tuto limitu si Tichy prokazatelné uvédomil az po textu (1986), v némz
podal nedobrou explikaci vyznamu véty jako ,Xenie pocita 2+3° ¢i Xenie po-
Gita 3+0°%" Jak pozdéji mnohem plauzibilngji vysvétluje (1988, 72), agent
ma podlé oné véty postoj k procedufe secteni dvou a tfi, resp. déleni tfi
pomoci nuly, nikoli k jejimu vysledku (ktery v druhém pfipadé neni zadny),
a uz vibec nemd postoj k ¢eskému jazykovému vyrazu. Pfi tomto musi byt
konstrukce [2 + 3], resp. [3 + 0], uchopena jako takové, bez ohledu na to,
co pripadné konstruuje, a tedy tak explicitné traktovana v ramci teorii typt.

K tomuto je potfeba uznat druh bezprostfedni, jednokrokové konstruk-
ce, tzv. trivializaci. Trivializace [2 + 3], totiz °[2 + 3], konstruuje [2 + 3],
takze °[2 + 3] je hledanou komponentou logické analyzy véty ,Xenie pocita
2+3%* Trivializaci ve svych drivéjsich textech (uz 1976) Tichy ztotozrioval
s objektem samotnym — kazdy objekt totiz byl svou vlastni bezprostredni
sebe-konstrukci. To mj. dokazuje Tichého ontologické skrupule. VSimné-
me si, ze Tichy k ontologickému rozsifeni pfistoupil pravé v zdjmu ade-
kvatnosti explikace, protoze bez explikace pojmi ,Xenie pocita 2+3“ nebo
»3+0 je nedefinovino® by $irsi explikace naseho konceptualniho schématu
nebyla mozna.

Jakmile byly limity jednoduché teorie typt prolomeny a konstrukce byly
uznany jako entity, k nimz napf. néjaké funkce vedou, nevyhnutelné doslo
k ramifikaci. Kromé bezprostfednich konstrukci konstrukei jsou tu totiz jis-
té i konstrukce obsahujici proménné pro konstrukce (uvazme jejich potfebu
pro analyzu vét jako ,Existuje néco, co Xenie pocitd’) a jiné druhy konstruk-
ci, které konstruuji konstrukce. Nyni vstoupilo do hry zakladni pravidlo vy-

2 Srov. napt. Tichy (1988, zvl. kap. 12) anebo fadu textl v Tichy (2004).

21 e 1 w , ol
Konkrétni Tichého pfiklad se tykal nedefinovanosti déleni tfi nulou.

2 i . Gy,
Trivializaci prvorddovych objektd v této stati vyznacuji tuénym fezem.
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stavby nejen konstrukei — nekruhovost. Jakmile by proménnd (jakoito kon-
strukce, nikoli jen pismeno) byla soucisti konstrukce, kterou samu tato
proménnd konstruuje, by celd tato konstrukce nemohla byt specifikovina.
To je vlastné verze Principu bludnébo krubu (Vicious Circle Principle), kte-
rym zd@vodrioval ramifikaci typu propozic a také jednotlivych typt propo-
zi¢nich funkci uz Russell (1908, 1910-1913 s Whiteheadem).?

Tichého dimyslna teorie typt (Tichy 1988, Def. 16.1.) ve své spodni
¢asti zahrnuje jednoduchou teorii typl jakozto ndstroj kategorizace tzv. pr-
voradovych objektd. Tyto objekty jsou konstruovany konstrukcemi uréité-
ho typu fidu 1. Druhorddové objekty, tedy funkce z ¢i do konstrukei fadu
1, konstrukce fidu 1, a na zakladé tzv. kumulativity i prvofidové objekty,
jsou konstruovany konstrukcemi fidu 2. Atd., vys a vyse.

Typ konstrukei je tedy ramifikovan a po zplisobu jednoduché teorie ty-
pl jsou kategorizovany rovnéz funkce z ¢i do konstrukci. Tichého teorie
typt je tak rozvétvena, aniz by — a to je zasadni rozdil od vSech ostatnich
rozvétvenych teorii typlt — prestala kategorizovat objekty traktované jiz
v jednoduché teorii typt.”* Tato typové teorie tedy zahrnuje nepfeberné
mno¥stvi entit™ a je tudiZ mocnym néstrojem pro explikaci.

4. Explikace a rozvétvena teorie typl

Vidéli jsme, ze v zdjmu explikace naseho konceptudlniho schématu lze
uznat intenzionalni entity, a proto ramifikovat teorii typl, a pfitom si vsak
ponechat extenzionalni entity jednoduché teorie typt. Do naseho explikac-
niho systému jsme tedy zafadili strukturované procedury, konstrukce. Nyni
je tieba se na jejich ulohu zeptat obecné.

Vyse jsme pfi diskusi Churchovych a Thomasonovych explika¢nich po-
stupt videli, Ze sila jednoduché teorie typl je znacni. Pro explikaci jakého-
koli pojmu ¢i fenoménu je tu k dispozici néjakd funkce nebo primitivni en-

B U Tichého srov. (1988, 47-48), vypracovani tématiky viz v Raclavsky (2009, 50-53).

Rozvétvenou teorii typi se vlastné jednohlasné mysli néco, co nijak nezahrnuje jed-
noduchou teorii typl; vzhledem k tomuto fikat Tichého teorii ,rozvétvend‘ vyvolivd
mylny dojem.

25
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Jak poznamenal uz Tichy v Cmorej — Tichy (1998). Neni ale vSezahrnujicim rdm-
cem, napfiklad se do néj nevejdou mnotziny zahrnujici typové riznorodé objekty. Jesté
dalsi poznimka: mezi konstrukcemi a tim, co konstruuji, samoziejmé existuje néjakd
funkce, kterd je rovnéz obsazena v dané teorii typa.
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tita. Nevyhodou je, ze Zidnd z téch entit neni logicky komplexni tak, jako
konstrukce. Nevyhodou ale rovnéz je, ze jak u primitivnich objektd, tak
u funkei je to, co tato entita explikuje, jasné az z pohledu na explikaéni
funkci, ktera tuto entitu pfifazuje urcitému intuitivnimu pojmu. Toto pfi-
fazovani bychom mohli chépat jako jakysi téméf konceptudlni zdvih, kdy se
od extenzionalnich objektd zdvihneme k intenzionalnim objektim, které ty
extenziondlni objekty zaddvaji.

Konstrukce pak délaji presné tu véc, ze v explika¢nim systému zastupuji
konceptudlni entity, které jsou de facto pfitomny v oblasti intuitivnich entit
explika¢niho ramce. Diky tomu, Ze tyto intuitivni entity maji v explika¢nim
systému korelat, uz neni tfeba vystupovat z tohoto systému, abychom zjisti-
li, co vlastné ta ¢i ona funkce ¢i primitivni entita explikuje.

Uvazme nazorny priklad. Vyplyvani lze definovat jako vztah mezi moz-
nosvétovymi propozicemi: propozice P Vypl}'lvép z tfidy propozic Pj, ..., P,
pravé tehdy, kdyz konjunktivnim slozenim (prinikem) propozic P, ..., P,
ziskame propozici, kterd je podtfidou propozice P.*® Takye tieba ze dvou
propozic {Wy, Wi} a {Wy, W3, Wi}, kde W; je néktery moiny svét a pri-
slusné konjunktivni slozeni dava {W}, Vypl}'fVéP propozice {Wy, W, Ws}.
Uplatnit tento pojem propoziéniho vyplyvani® k objasnéni vyplyvéni na ja-
zykové arovni ale neni dostate¢né iluminativni, protoze v praktickych situa-
cich nejsme s to nijak rozhodnout, zda je propozice {Wi, Wio} denotitem
vety ,Alik je pes® anebo spise ,Alik je kocka’. Abychom to védéli, museli by-
chom védét, jaky systém faktd, tedy ktery intuitivni mozny svét, je expliko-
van svétem W ¢i Wig. Na Grovni vyznami téch vét ale pfitom velmi dobfe
vime, Ze z ,Alik je pes®, tedy z konstrukce Aw [Pes,, Alik], vyplyva ,Alik je
savec”, tedy Aw [Savec, Alik]. Nemusime k tomu védét, presné které pro-
pozice jsou konstruoviny kterymi konstrukcemi. Stai jen, Ze plati, Ze ty
konstrukce konstruuji progozice, které jsou ve vztahu vyplyvani® — poné-
vadz konstrukce C vyplyva~ z tiidy konstrukei Cj, ..., C, pravé tehdy, kdyz
propozice konstruovand konstrukci C vyplyva® z propozic konstruovanych
konstrukcemi Cy, ..., C,.

Hned uvedu jesté dalsi pfiklad. Uvazme mozny svét Wy, jenz je explikaci
systému faktd (intuitivniho mozného svéta), v némz je Alik psem, Micka
kockou a fada dalsich takovych skute¢nosti. Logicky primitivni entita W je
zcela bezbarva a o tom, co explikuje, nedava vibec zadny naznak. Proto to,

26 . ‘ y L o " ‘o
To je zaloZeno na faktu, ze propozice je charakteristickd funkce moznych svétd, tedy

vlastné néjakd tiida.
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co reprezentuje, mize byt zjiSténo az inspekci prislusné explikacni funkce.
V pfislusném explikacnim ramci je ale Wi tim jedinym moinym svétem,
ktery je konstruovan konstrukci (ve slovnim opisu) ,ten jediny w takovy, ze
Alik je ve w psem, Ze Micka je ve w kockou, atd.“. W je touto konstrukei
zcela barvité popsin, konceptudlné uchopen onou konstrukei. Uchopen,
a vétsinou i podobné barvité popsin, je i nekoneénem dalsich, ekvivalent-
nich konstrukei, které vSechny jsou soucasti daného explikaéniho systému.
Abychom védéli, co za svét je svét Wy, nemusime tedy vyskakovat z onoho
explika¢niho systému. Vratime-li se k pfikladu churchovské explikace ma-
tematickych pojm, z pouhého nahlédnuti rigorézniho konceptu-konstruk-
ce [2 + 3] vime, jaky mad vztah k ¢islu 5, tedy pro¢ je [2 + 3] pojmem ¢isla 5.

Gottlob Frege si na vice mistech posteskl (napt. Frege 1979, 122), ie
yintenzionalni (obsahovi) logikové® se sice sprivné vénuji obsahtim (inten-
zim) pojm, na coz ,extenziondlni logikové“ zapominaji, ale chybuji obdob-
né jako oni, protoze zapominaji na extenze pojmi. Prelozeno do problema-
tiky vyplyvani, kontrola platnosti usudkd se nemize zaobirat pouze myslen-
kami (,Gedinke', ,Sinne’) vyjadfenymi témi vétami, musi se starat také o vy-
znamy (,Bedeutungen) vét, tedy o pravdivostni hodnoty (resp. o moznosvé-
tové propozice). A vsimnéme si, ze v Tichého teorii typl jdou intenze a ex-
tenze ruku v ruce: véta Vvyplyvd (v daném jazyce) z tridy néjakych vét V7,
- V, pravé tehdy, .kdyi V vyjadtuje (.V tom jazyce). konstrukci, kterd \.rypl}'/—
v~ z konstrukei vyjadfenych (v tom jazyce) vétami Vi, ..., V;, — neboli kdyz
ta véta V denotuje (v tom jazyce) propozici, kterd Vyplyvép z propozic deno-
tovanych (v tom jazyce) vétami Vi, ..., V.2

5. Dedukce v rozvétvené teorii typu

Pro svou jesté nerozvétvenou teorii typt navrhl Tichy systém prirozené
dedukce v nepublikované rozsahlé monografii (1976). Z té evidentné cerpal
wldsté v gozdéjéi expozici svého systému v (1982), kterou doplnil
v (1986a). 8 Tichého dedukéni systém je objektualni, operuje na konstruk-
cich, nikoli na vyrazech.

Pfejato z Raclavsky (2009, 264), srov. téZ (2012, 247-248).
V tuzemsku byl pfi propagaci a rozvijeni Tichého logiky jeho dedukéni systém na-
nestésti prehliZen, jedinou vyjimkou je expozice Jana étépéna v Materna — gtépz’m
(2000). Vznikl tak mylny dojem, ze Tichého logika neni logikou, protoZe nezahrnuje
dedukci; s timto ndzorem polemizuji ve stati Raclavsky (2012).

28
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Zakladnimi kameny dedukce nejsou samy konstrukee, ale jisté dvojice,
tzv. shody (;matches) X:C. Druhym ¢lenem této dvojice je libovolné slozend
konstrukce C. Jejim prvnim ¢lenem X je bud’ trivializace objektu konstruo-
vaného (pfi dané valuaci v) tou konstrukei C, nebo proménnd pro objekty
patficného typu, anebo dokonce nic. V poslednim pfipadé se tak pracuje
s tim, Ze dand konstrukce C nic ne-v-konstruuje (rozuméj v-konstruuje
nic). V prvém pfipadé jsme zase informovani, resp. je explicitné pojednano,
presné ktery objekt dand konstrukce C konstruuje. V druhém pripadée se
dovidime a ddle pak pracujeme s tim, ze dana konstrukce C v-konstruuje
objekt ur¢itého typu. Pro ilustraci uzite¢nosti pro dedukci, druhy pripad
odpovidd tomu, kdyz napfiklad u implikace vime, Ze jeji antecedent dava
néjakou pravdivostni hodnotu. Prvy pfipad odpovidd tomu, kdyz vime, ze
antecedent davd pravdivostni hodnotu F, takze miZeme odvodit, ze celd
implikace je pravdiva, coz v pfedchozim pripadé bezprostiedné nelze.

Ze shod jsou stavény sekventy a z nich jsou stavéna derivacni pravidla.
Shody jsou splnoviny valuacemi a sekventy jsou platné odvisle od spliiovani
v nich obsazenych sekventl, nacez na platnosti sekventd zdvisi korektnost
pravidel.

Jako obecny divod potfeby dedukce Tichy uvadi, ze to je zpisob, jak
studovat vlastnosti konstrukei, které vSak plynou uz z jejich prvotni specifi-
kace (tj. ktery objekt dand konstrukce konstruuje a presné jakym zplsobem
ho konstruuje):

Stipulations #1 — #4 [specifikace jednotlivych druhi konstrukci] consti-
tute a complete characterization of constructions and their behaviour.
Whatever can be established about constructions, especially the way
they depend for what they yield on valuations and on one another, can
be derived from #1 — #4. In establishing results of this sort, however, it
would be inconvenient always to refer back straight to these fundamen-
tal principles. In the present chapter we shall develop a method whereby
arguments concerning constructions can be broken down into a rela-
tively small number of simple and readily checkable kinds of steps. Each
of these steps will be justified once and for all in terms of #1 — #4 and
then used as a prefabricated block of argumentation without further ref-
erence to those principles. Arguments composed of such blocks will be
called derivations. They will have the advantages of conciseness and easy
readability; checking the correctness of a derivation will be, in fact,
a matter of mechanical routine, requiring no intuitive insight. (Tichy
1976, zalatek kapitoly II. Derivations)
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Na prvni pohled by se z této uvozujici pozndmky mohlo zdat, ze podle
Tichého se dedukee tyka vylucné konstrukei, nikoli objekt. T'ento dojem
je klamny uz proto, ze kazda konstrukce je dina krom jiného tim, ktery ob-
jekt konstruuje a tak v disledku se vlastnost té konstrukce prenese na jed-
nu z vlastnosti toho objektu. Pro pfiklad, ¢islo 5 md vlastnost ,byt konstru-
ovan konstrukei, jez spociva v aplikaci funkce sCitini na Cisla 2 a 3“ a tedy
i vlastnost ,byt konstruovan konstrukei, jez aplikuje funkci scitani, kdy
vlastnost ,byt konstrukci, jez aplikuje funkci scitini“ mad ta konstrukce [2 +
3]. Tichy si toto nepochybné uvédomoval, kdyz hloubéji v kapitole II. De-
rivations charakterizoval dedukci vystiznéji jako formulovani tvrzeni o ob-
jektech a konstrukcich:

Statements about objects and constructions can be often couched in
terms of sequents and their validity. (Tichy 1976, sekce 15)

Mohlo by se mozna zdat, ze pojmoslovi Tichého dedukce — spliovani
shod valuaci, platnost sekventl, apod. — se vymyka tomu, co je obsaieno
v jeho teorii typd, a Ze dedukce se nad entitami teorie typt jaksi vznasi. Ne-
ni tomu tak. Jak jsem ukazoval jiz jinde (Raclavsky 2012, zvl. 249), jde jen
o jiny zptisob, jak vyjadfit uréité vlastnosti jistjch konstrukei. Rici, #e shoda
5:[2 + 3] je splnovana, obnasi fici, Ze konstrukce [’[2 + 3] = 5] (kde kon-
strukce druhu dvojité exekuce, 2C, v-konstruuje to, co v-konstruuje C)29 v-
konstruuje pravdivostni hodnotu T. Podobné pro platnost sekventd, které
jsou vlastné tvrzenimi tvaru implikace, jejimz antecedentem je mnozina
(konjunkce) shod a konsekventem je shoda sukcedentu. Obdobné pro deri-
vacni pravidla, protoze derivacni pravidla jsou vlastné posloupnostmi usud-
kd, tedy vlastné sledy implikaci.

To, jak G¢inné a ndzorné vyobrazuji derivacni pravidla vlastnosti objektl
@i jejich konstrukei), nyni struéné vylozim na ndsledujicich dvou prikla-
dech.”® V obou piijde vlastné o jakousi obdobu ,sémantickych postuldtii®.
Ty fikaji, ze napf. ,stary mlddenec’ je ekvivalentné nahraditelny pomoci ,ne-
zenaty muz', a ze ,stary mladenec’ implikuje ,savec’; to je ddno tim, jak je
zadan vyznam souslovi ,stary mladenec’. Uvazme obousmérné derivaéni pra-
vidlo F floio2[01 Vv 02] < fhoroz[[—01] = 0], kde Aojorlor v 03] je
n-redukovatelné na v, o; je proménna pro pravdivostni hodnoty a f pro bi-
narni pravdivostni funkce. Takovéto pravidlo midm za definici, vymezuje

» Tento, Sesty druh konstrukei nemd korelat v A-kalkulu.

%" Rozebiraném jiz v Raclavsky (2012, 250-251).
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totiz, ktery presné objekt je konstruovin konstrukei v. Je to totiz tyZ ob-
jekt, ktery je konstruovan konstrukei Aojoz[[—01] = 0;]. Deriva¢ni pravidlo
®U(T:01} = T F @ = T: [01 > 03], kde @ je mnozina shod, zase
ukazuje, Ze konstrukce tvaru implikace je pravdivd, pokud jsou pravdivé oba
jeji ¢leny, coz ilustruje tu vlastnost implikace, ze pro (T, T') vraci T.

Dedukce zkratka umoznuje rigorézni studium vlastnosti objektd a jejich
konstrukci. To ma i zcela pfimou souvislost s explikaci, pokud pfijimame,
ze explikdt intuitivniho pojmu je urcity objekt Tichého teorie typt, pricemz
definice jakozto deriva¢ni pravidlo tento objekt urcuje prostfednictvim kon-
strukce druhu trivializace, ktera se vyskytuje v jeji ,levé“ shodé. Naptiklad |
fAoi02[01 V 02] < fhoi0z[[—01] = 03] predvadi explikat intuitivniho ,ne-
bo“, totiz pravdivostni funkei v. Pro pfipad intenziondlnich pojmt (napf.
vyznami vyrazl) to znamend, ze konstrukei druhu trivializace je jako expli-
kat urcovina néjakd konstrukee, nikoli prvoradovy objekt; neni tomu tedy
tak, Ze napf. pred chvili uvadénd formalni definice ukazuje explikit vyznamu
slova ,nebo".

Veskerou oblast dedukce v Tichého rimci lze rozdélit do rozmanité se
pfekryvajicich soubord, jimz mlzeme fikat derivacni systémy. Aniz bychom
8li do detailt jejich specifikace,” derivaéni systém je dvojice, jejim# prvnim
¢lenem je mnozina urcitych konstrukci CS a druhym ¢lenem mnozina deri-
vaénich pravidel DR.* Derivaéni pravidla propojuji jednu podmnozinu CS
s jinou podmnozinou CS. Derivacni systémy jsou tak vlastné néco jako ob-

jektudlni logiky ¢i kalkuly, avsak nemusi mit vlastnosti na tyto kladené.”

31 Viz k tomuto Raclavsky — Kuchyrika (2011, 171).

Pojem derivacniho systému vznikl pfi uvahach nad pojmovymi systémy Pavla Materny
(napt. 2004). Pojmovy systém je vlastné mnozina konstrukei s urcitou vlastnosti (Mater-
na explikuje pojmy jako jisté konstrukce). Vlastné tak jde o soubor pojm, ale nic vic —
chybi ,uvazovani“ s témi pojmy. (Chybi i moznost odlisit mezi jednoduchymi pojmy pr-
votni a odvozené pojmy — srov. tfeba pfipad ,zeleny” a ,grue” —, k ¢emuz je pochopitelné
néjaka dedukce nezbytnd. Tento problém fesi uz prvni podoba derivatnich systémi
v Raclavsky 2008, tam jesté nazyvanych ,pojmové’.) Ve svétle toho, Ze derivaéni pravidla
lze ,preklopit” na urcité konstrukee, lze fici, Ze derivaéni systémy zexplicitniuji dedukeni
potencidl pojmovych systéml tim, Ze ¢ini zjevnym derivaéni pravidla latentné obsazend
v urcité sadé konstrukci. Pojem derivacniho systému ale dovoluje, aby CS obsahoval
konstrukce, které nemaji korelat mezi prvky DR.

Na prikladu logik-kalkuld v rimci vyrokové logiky je toto vysvétlovino zvl. na s. 252
publikace Raclavsky (2012).
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Hlavné to vsak nejsou syntaktické (¢i jazykové) entity, na rozdil od axi-
omatickych systémt ¢i formalnich teorii soucasné logiky, coz jsou vlastné
jen néjaké mnoziny znakl (resp. dale nékteré operace na nich). Tyto znaky
jsou interpretovatelné jako znamenajici ty ¢i ony entity a tim jsou od onéch
potencidlnich sémantickych pfivéskd vlastné neodvislé. Derivacni systémy
jsou ale zcela objektudlni (mohou vsak byt jazykovymi prostredky uchopeny,
vyjadreny). Pokud je tedy uznino, ze lidské uvazovini a dedukce je objektu-
alni, Ze jejim predmétem jsou pojmy ¢i myslenky, resp. jejich posloupnosti,
a nikoliv, Ze tyto jsou jen jazykovymi vyrazy, tak jejich rigoréznimi korelaty
nejsou formdlni teorie ¢i dokonce kalkuly, ale pravé deriva¢ni systémy.
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Abstract: In this paper we revisit Pavel Tichy’s novel distinction between one-dimen-
sional and two-dimensional conception of inference, which he presented in his book
Foundations of Frege’s Logic (1988), and later in On Inference (1999), which was prepared
from his manuscript by his co-author Jindra Tichy. We shall focus our inquiry not only
on the motivation behind the introduction of this non-classical concept of inference,
but also on further inspection of selected Tichy’s arguments, which we see as the most
compelling or simply most effective in providing support for his two-dimensional ac-
count of inference. Main attention will be given to exposing the failure of one-dimen-
sional theory of inference in its explanation of indirect (reductio ad absurdum) proofs.
Lastly, we discuss shortly the link between two-dimensional inference and deduction
apparatus of Tichy’s Transparent Intensional Logic.

Keywords: Deduction — Frege — Gentzen — indirect proofs — Tichy — TIL — two-di-
mensional inference.

1. Introduction

In his Foundations of Frege’s Logic (1988) Pavel Tichy offered quite un-
usual conception of inference (deduction), which he dubbed as two-
dimensional inference. Our main purpose here will be to provide further
examination of this atypical notion of inference that stands in sharp con-
trast to “traditional” one-dimensional one. This will go hand in hand with
our reexamination of selected Tichy’s arguments, which we see either as

© 2013 The Author. Journal compilation © 2013 Institute of Philosophy SAS
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the most potent or most convincing for the case of accepting the two-
dimensional account of inference.

The following paper is structured into three parts: the first one is de-
voted to the general introduction of two-dimensional inference and its
main properties. The second, and main, part will be dealing with argu-
ments Tichy presented in order to vindicate his new-found dichotomy, as
well as with the rationale behind it. In the third, and final, part will be
briefly discussed the relationship between two-dimensional inference and
Tichy’s Transparent Intensional Logic (TIL).

2. Two-dimensional inference: a brief overview

Before we approach the two-dimensional inference itself it will be very
useful to first shortly recount Tichy’s general conception of inference. In
Tichy (1988, 235-236) we can find three basic characteristics, which he
uses to describe inference: inference is (a) advancement from some premises
to what they entail, (b) a way of extending our knowledge and (c) a truth-
proliferating operation. So for Tichy inference is not only an operation (or
a function; see Tichy — Tichy 1999, 73) that preserves truth, but also ex-
tends our knowledge base. It is also important to note that when Tichy
talks about truth proliferation, he means proliferation of logical truths in
broad sense (valid entailments, tautologies, theorems), rather than the em-
pirical ones.' Remember these features of inference well as they will come
in handy later.

Now, once we have briefly familiarized ourselves with Tichy’s general
take on inference, we can focus our attention specifically to the two-di-
mensional case. As already hinted, Tichy distinguishes between the so-
called “one-dimensional” and “two-dimensional” view on inference, or
more precisely, on the role which hypotheses play in deduction (see Tichy
1988, 235).

Let’s begin with the one-dimensional account of inference:

This might also explain why Tichy prefers the term “truth-proliferation” to the
much more common “truth-preservation®: in his account we really are rather expanding
the inference than just keeping it valid, simply because every step is true from the very
beginning, so it only makes sense to speak of proliferation instead of preservation. Of
course, this distinction is merely stylistic. See also Tichy — Tichy (1999, 74).



56 IVvo PEZLAR

On one view, inference steps take hypotheses themselves as premises
and yield what those hypotheses entail. This might be called the one-
dimensional view of inference. (Tichy 1988, 235)

On the two-dimensional account, however, the inference steps do not
proceed from hypotheses to conclusion, i.e., from some proposition or
propositions to another one. That’s because the building blocks of two-
dimensional inference are not propositions.

On the other, two-dimensional, view inference steps do not work on hy-
potheses as such but on antecedents consequent compounds, i.e., on
entailments in which the hypotheses appear as antecedents. As infer-
ence step takes us then from one or more valid entailment of this sort
to a further valid entailment. (Tichy 1988, 235)

So on the one-dimensional account the inference step takes us from cer-
tain proposition(s) to another proposition, while on the two-dimensional ac-
count the inference step takes us from certain valid entailment(s) to an-
other valid entailment. In other words, for Tichy inference is an operation
on valid arguments (antecedents/consequent compounds), not on their
constituents, i.e., antecedents and consequents. The difference between
one-dimensional and two-dimensional inference can be graphically illus-
trated in the following manner:

One-Dimensional Inference: Two-Dimensional Inference:
hypothesis antecedents
————— Inference Step S EEEE—
conclusion consequent
Inference Step
antecedents
consequent

As we can see, what Tichy is actually doing is combining “hilbertian”
style of proving from logical truths, i.e., axioms, with “gentzenian” style of
proving from assumptions. So in the end we get a deduction method,
where we start proving from logically true assumptions, i.e., antece-
dents/consequent compounds (valid entailments), and continue to other
valid entailments, which logically follow from them.?

It seems that what is crucial in Tichy’s theory of inference is not really the two-
dimensionality of inference steps, but rather their “self-sustained” nature, i.e., their
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It is worth to note that Tichy’s terminology is here very fluctuating:
aside from antecedents/consequent compounds and valid entailments, he
also speaks of conditionals, tautologies and theorems. Granted, they all can
be viewed—at least from Tichy’s standpoint—as referring to one and the
same thing. For simplicity sake, we will prefer the first two terms, i.e., an-
tecedents/consequent compounds and valid entailments (or arguments) and
ignore the rest.

To sum it up, the two-dimensionality of inference lies in the idea that
we do not infer from various hypotheses to their logical conclusion, but
from valid arguments, composed of hypotheses and their conclusions (i.e.,
antecedents and consequents), to other valid argument. In other words, we
move one dimension up, hence two-dimensional conception of inference,
in which the inference “atoms” are no longer propositions, but the whole
valid arguments built from them.

Finally, let’s consider the following argument example:

Premise 1: It rains.
Premise 2:  If it rains, the streets will be wet.

Conclusion: The streets are wet.

What we learn from this and other similar valid arguments, according to
Tichy, is not that “The streets are wet”, but the whole (logical) fact that
“From ‘It rains’ and ‘If it rains, the streets will be wet’ follows that “The
streets are wet.”, which he calls entailment statement (Tichy 1988, 236). In
other words, we learn no empirical fact by simply carrying out the infer-
ence, but only that between such and such propositions holds relation of
logical consequence.3

autonomous logical validity. This, of course, raises a couple of further questions well-
fitted for further study, e.g., why should be the premises of deduction always logical
truths or what are we exactly doing when we move from antecedents to consequent (it

cannot be inference, since it is reserved for moves on “higher” dimension).

3 . -
This, however, doesn’t mean that we are unable to learn any new empirical truths

through the two-dimensional inference at all: although it doesn’t really make sense to say
“if the premises are true, then the conclusion is true®, because premises are always valid
entailments (tautologies), it still makes sense to say “if the empirical propositions that ap-
pear in the premises are true, then the empirical proposition that appears in the conclusion
is true“. Remember that on the two-dimensional account of inference, premise is the
whole antecedents/consequent compound. See also Tichy — Tichy (1999, 73-75).
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The new piece of information that expands our knowledge base is then
not the conclusions itself, but the logical truth that such conclusion fol-
lows from such premises (i.e., the entailment statement).

Or, to use Tichy’s own example, let’s have the following proposition:

(1) Peter and Paul are spies.
From this, Tichy argues, we cannot infer
(2)  Peter is a spy.
but only the whole entailment statement:
From “Peter and Paul are spies” follows that “Peter is a spy”.

The reasoning is the following: let’s assume that the inference step in
question would really take us from (1) to (2). What would we learn by such
a move? That Peter is really a spy? Certainly not, because (1) might be
a purely hypothetical statement. Thus, one-dimensional explanation of this
argument fails to meet Tichy’s second requirement for inference (b), i.e.,
that it expands our knowledge. In other words, by inferring (2) from (1) we
learn nothing at all about Peter being a spy: but what we learn, is that (2)
follows from (1).

Now remember the third condition (c): inference must be truth-
proliferating. It’s easy to see that the one-dimensional account fails to sat-
isty even this requirement. For something to be truth-proliferating it must
be applied to something that is true (otherwise what should it proliferate?).
But in this case, we have no knowledge whatsoever whether (1) is true or
not. In other words, (1) is simply a hypothetical assumption and as such it
needs no concrete truth value. Thus, the move from (1) to (2) can’t be in-
ference, since it does not proliferate truth. So it seems that the only condi-
tion that the one-dimensional view of inference can fulfill is the first one
(a). And one out of three, that’s hardly a satisfactory result.

To summarize the first section, let us say the following: Tichy’s infer-
ence proceeds not from hypotheses to conclusion, but from valid argu-
ment(s) to other valid argument. This is the core of two-dimensionality,
i.e., that the corner stones of deduction are valid entailments.

In the next section we examine more closely the arguments in support
of two-dimensional inference and try to shed further light on the whole
motivation behind it.
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3. Motivation in the background

Why Tichy strives for the vindication of this atypical, novel conception
of inference? What are its main advantages? What bothered him so much
about the classical one-dimensional inference (aside from the already dis-
cussed matter that it fails to satisfy two out of three of his own general re-
quirements for inference)? These are the questions we try to answer in this
section.

Tichy’s reasons for introducing two-dimensional inference can be
broadly categorized in two groups: (i) logical (formal, technical) ones and
(ii) epistemological (philosophical) ones. The logical reasons contain, e.g.,
unsatisfactory (at least for Tichy) explication of indirect proofs offered by
the one-dimensional account of inference. Among the epistemological rea-
sons we can include, e.g., the impossibility of inference from false proposi-
tions (i.e., continuation in Frege’s line of thought; see, e.g., Frege 1914,
244-245), problems affiliated with the introduction of assumption as cogni-
tive attitude sui generis (see Tichy 1988, 254) or complications accompany-
ing analysis of natural language arguments involving fictional characters or
arbitrary objects.

Given that the main subject matter of this paper is deduction, we will
focus here only on the first mentioned group, more accurately, on the fail-
ure of one-dimensional account of indirect proofs, which will be the topic
of our inquiry below. Although, it’s important to keep in mind that this
distinction serves mainly a didactic purpose and in reality both groups (i)
and (ii) are, of course, very closely related and intertwined.

One last thing that needs to be said before we move forward to the ex-
amination of the just mentioned failure is that we will not be echoing
Tichy’s original argumentation step by step. Rather, we present here only
some of his arguments. More specifically, those which we see as the most
persuasive, comprehensive and easily digestible and we try to expand on
them further a little.

Both topics are discussed at length in Chapter 14: The Fallacy of Subject Matter in
Tichy (1988).
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3.1. Failure of one-dimensional inference

As we have already implied above, according to Tichy the one-
dimensional theory of inference is incapable of precisely describing indirect
(reductio ad absurdum) proofs. Let’s check if it is really the case.

Suppose that we want to offer an indirect proof of the following
mathematical statement:

If x = 3 then 2x + 4 # 12
First step is to assume that its opposite holds, i.e.,
If x =3 then 2x + 4 = 12

If we proceed to solve the equation 2x + 4 = 12, we learn that x = 4. Now,
if we put it back to the original statement, we get that

Ifx=3thenx=4

which is, of course, a contradiction. Thus, our reductio assumption that if
x = 3 then 2x + 4 = 12 must be false and its negation true. Therefore, we
have proved that if x =3 then 2x + 4 # 12. m

But take note of the fact that from what we infer in the end that if x =
3 then 2x + 4 # 12 is not just series of individual steps, but rather the
whole preceding argument, i.e., the argument that has just resulted in con-
tradiction. What we do in the last step of reductio proof is that we with-
draw of one of the premises (the one that has led us into contradiction)
and then we put its negation as a conclusion of another argument, i.c., the
argument which does not have among its antecedents this particular reduc-
tio hypothesis. From this we can see that we are not really dealing here
with inference between propositions alone, but rather with inference be-
tween two arguments.

Or to put it differently, reductio proof is guided by the following rule:
“Put the opposite of anticipated conclusion among antecedents, and if you
end up in contradiction, infer another argument, which has as its conse-
quent the anticipated conclusion.” From the wording of this instruction it
is apparent that we are really moving from one argument (the failed one,
i.e., the one with contradiction) to another, not just from proposition(s) to
other proposition. In other words, from the failure of one argument we in-
fer another one, in which the negation of reductio hypothesis appears as
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a consequent.” However, this type of inferring one argument from another
is something which cannot be fully explained in terms of the one-
dimensional view, where we just work with propositions.

Of course, the one-dimensional theory of inference can describe indirect
proofs, but Tichy’s point is—and I think he is quite right in this—that its
description is inaccurate and doesn’t really correspond with what we are ac-
tually doing while we are carrying out indirect proofs such as the one just
mentioned. In this respect, the one-dimensional account of indirect proofs
seems inadequate.

So what form should take the adequate rule for reductio proofs? Before
we try to answer this, we will make a short detour to proofs in general.

As we have already repeated above many times, according to Tichy we
don’t prove things from hypotheses, but from compounds assembled from
hypotheses (antecedents) and single conclusion (consequent). This also
means, among other things, that during the proving process each inference
step in a way recapitulates all the hypotheses of previous steps (i.e., which
hypotheses are still in force, and which were abandoned).

Therefore, proof is better seen as composed of consecutive stages, i.e.,
gradually expanding valid arguments, each of which is fully self-contained
(see Tichy — Tichy 1999, 75), rather than as just single statements. This is
very noticeable in Fitch diagram proofs. Let’s have a look at the following
example that uses Tichy as well:

1 [p ol hyp

2 [poslolpoporll hyp

3 [polporll 1,2, mp

4 p hyp

5 [polporll 3, reiteration

6 [po7] 4,5, mp

7 r 4, 6, mp

8 [porl 4-7, implication introduction

In indirect proofs we take into account the whole argument, not just its conclusion,
because the conclusion alone would not be able to justify why should hold the opposite
of the reductio hypothesis.
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Notice that even though the last 8th line is justified only with reference
to subproof on lines 4 to 7 (plus the accompanying inference rule), if we
would really like to check its correctness, we would have to take into ac-
count also its “position” in the whole proof. More precisely, we would also
have to look onto the line 3, to check if the line 5 is correct. Tichy writes:

The point is that the notion of subordinate proof is not absolute but
relative to the particular place that a subproof occupies in the main
proof. What is a subproof as it occurs in a particular proof in a particu-
lar place, may not be a subproof as it occurs in another proof or in a dif-
ferent place in the same proof. (Tichy 1988, 246)

This leads Tichy to reinterpreting proofs as, rather than moving from
individual propositions to another propositions, as progressing from one
segment (i.e., antecedents/consequent compound) of the proof to another
segment. Tichy then continues:

Individual constituents of a proof must not be construed as single
statements (“propositions” in Fitch’s terminology) or subproofs, but as
antecedents/consequent compounds. (Tichy 1988, 249)

This is also the reason why Tichy chooses to base his deduction appa-
ratus on Gentzen’s sequent calculus (see Gentzen 1934): it (at least accord-
ing to Tichy) explicitly embodies and captures his idea of two-dimensional
inference.

In contrast to Gentzen, however, Tichy sees sequents not as just two
strings of “unconnected” formulae, i.e., antecedents on the left side and
succedents on the right side, but (and this will hardly come as a surprise) as
valid entailments, i.e., antecedents/consequent compounds. We will denote
Tichy’s sequents in the following way

Oy wey Oy /Y

where o, ..., 0., are antecedents and , consequent.

Now, if we apply this sequent style of proofs to our earlier example in
Fitch notation, we will see that the last line 8 is no longer warranted, be-
cause not all relevant hypotheses have been listed. The last step of the
proof then should look more like this

posl, [poslolpolporll, p/lpo7l

i.e., it should contain all the hypotheses, which are still in force.
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In other words, according to Tichy, for full and comprehensive descrip-
tion of a proof step it is not enough just to list the conclusion and the im-
mediate lines, from which it was inferred, but also all the hypotheses that
are still assumed. Tichy writes:

[A] step in a proof is not completely described by simply citing the suc-
cedent formula B. The nature and legitimacy of a step depends equally
on what particular hypotheses are currently in force. Besides, a step of-
ten consists in discharging a hypothesis and leaving the succedent in-
tact. Thus in a fully perspicuous proof, where nothing is suppressed,
the relevant hypotheses have to be listed at each step. (Tichy 1988, 251)

And according to him ignoring this leads to the following mistake:

This leaves the door open for a kind of double talk. It makes it possible
to imagine that in a proof formalized as a string of sequents it is the
succedent of a step that is inferred from the succedents of some preced-
ing steps, rather that the whole sequent from the preceding sequents.
An illusion is thus created that the premises of an inference are often
purely hypothetical statements which the maker of the inference would
not dream of endorsing of subscribing to. (Tichy 1988, 253)

Now we can finally return back to our unfinished business from earlier and
try to formulate basic scheme for reductio proof in scope of two-dimen-
sional inference. The rule for indirect proof can be in simplified manner
stated in the following way:

Oy vevy Oy =P / L

Inference Step
Oy ~eey O / P

where L is contradiction and —p reductio hypothesis.
This brings us to the end of second part. The last topic that remains to
be discussed is the relationship between two-dimensional inference and

TIL.

4 Two-Dimensional Inference and TIL

At first sight it seems that two-dimensional inference is rather stand-
alone concept, independent not only of TIL, but also hyperintesionality in
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general. Is it really so, or does two-dimensional inference actually offer any-
thing TIL specific?

Here the situation gets complicated, because Tichy himself never si-
multaneously discussed both two-dimensional inference and the deduction
system of TIL itself, which is based around the concept of match (see, e.g.,
Tichy 1982b). Of course, when discussing the match and the rest of the
deduction system, T'ichy also relies on generalized version of sequent calcu-
lus (after all, he calls the antecedents/succedent entity as sequent), but on
the other hand, the adoption of sequent calculus doesn’t necessarily mean
also the acceptance of the two-dimensional inference, as was evident in
Gentzen’s work.

To put it differently, Tichy’s deduction apparatus that appeared in his
earlier works predating Tichy (1988), i.e., Tichy (1982), (1982b), (1986),
can be quite easily interpreted even in terms of one-dimensional account of
inference. In this respect, it would seem that the introduction of two-
dimensional inference was motivated mainly by Tichy’s pursue for overall
philosophical rigor rather than by something strictly TIL related.

This interpretation would be also supported by the fact that Tichy re-
peatedly talks about two-dimensional and one-dimensional view on infer-
ence, not two different kinds of inference. If we take this Tichy’s formula-
tion seriously, it will become clear, that the two-dimensional and one-
dimensional accounts of inference are not so much two competing con-
cepts, but rather two distinct tools for two distinct scales. For some
straightforward deductions, the one-dimensional approach might be (and
actually is) sufficient, but for some other, more complex ones, it seems to
fail to offer satisfactory explanation, as we have seen in a case of indirect
proofs.

Simply put, adhering to one position does not necessarily compromise
the other one. It is rather a question of accuracy and scrupulousness of ex-
plication of inference. In this respect, we can simply view the two-
dimensional inference just as more fine-grained, more precise analysis of
the “traditional” one-dimensional inference that Tichy developed in order
to adequately describe reductio proofs. But as already stated, for some tasks
the latter might work just fine (and sometimes even better), just as for
some tasks there is no need for microscope, because magnifying glass will
suffice.
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Abstract: This paper focuses on the theory of deduction, developed by the Czech logi-
cian Pavel Tichy. Research on deduction in Tichy’s logic is still not very advanced.
Tichy’s own deduction system is a generalization of Gentzen’s natural deduction and al-
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deduction that motivates Tichy’s choice of deduction system. Some of Tichy’s expres-
sions suggest that in the question of the status of the theory of deduction in logic he
held the prevailing modern approach, but this contradicts the fact that most of his writ-
ings concern selected problems of logical semantics. Having introduced Tichy’s original
conception of deduction, I pay attention to the so called object-conception of logic,
which explains the special position of the theory of deduction in his conception.
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1. Uvod

Jaakko Hintikka rozliSuje dvé zikladni funkce logiky, deduktivni, tj. za-
byvéni se inferenci, a deskriptivni, kterou nazyvé také logickou sémantikou."
S ohledem na toto déleni je nesporné pravdou, ze Pavel Tichy se ve svych
¢lancich vénoval mnohem vice oblasti logické sémantiky, nez tématu vyply-
vani (i kdyZ je samozfejmé pravdou, ze uvedené déleni neni zcela ostré,

Prevzato z Materna — Stépz’m (2000, 32-33).
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zvlasté pri aplikaci na Tichého teorii vyplyvani, ktera rozhodné neni nesé-
mantickd). To, co lze i pfesto v jeho textech najit, je nesporné velice origi-
nalni koncepce. Jak se pokusim dale ukazat, tato originalita souvisi prede-
v$im s celkovym nahledem Tichého na logiku.

Na prvni pohled se Tichého ndzor na povahu logiky nijak zvlast nelisi
od vetsinového pojeti, které je charakteristické pro moderni logiku. Podle
tohoto pojeti je logika predevsim a na prvnim misté naukou o vyplyvini.
U Tichého lze nalézt formulace, které s uvedenym nazorem konvenuiji.
V dialogu s Pavlem Cmorejem, na misté, kde se na chvili zastavi a uvazuje
o logice obecné, pise: ,Logika je podle mého nazoru teorie usudki a jako
takova je soudasti epistemologie, a tedy filosofie” (Cmorej — Tichy 1998,
287). Logika je tu tedy ztotoinéna s teorii tsudku; na prvni pohled je toto
tvrzeni v souladu s vétSinovym modernim nahledem na logiku a v nesouladu
s vétsinovym zaméfenim Tichého textl. Ale s touto koncepci se zdd byt
v rozporu Tichého tvrzeni, Ze ,budeme-li védét, o Cem mluvime, budeme
zaroveni védét, co z Ceho vyplyvd“ (citovano podle Stépan 2002, 55).” Na
prvni pohled se totiz tento vyrok zdda neunosné podceniovat roli dedukce
v ramci logiky. Tento ¢lanek si klade za cil podat interpretaci tohoto Ti-
chého vyroku v souvislosti s jeho teorii dedukce a zasadit jej do $ir$iho rim-

ce Tichého koncepce logiky.

2. Tichého uvahy o vyplyvani

Kdyz ve 13. kapitole své monografie za¢ind Tichy své Gvahy o vyplyvani,
jiz prvni dilezity poznatek je sémantické povahy (Tichy 1988, 234). Tichy
se snazi ukazat, ze vyplyvani neni relaci mezi propozicemi, ale mezi propo-
zicnimi konstrukcemi. Argumentuje matematickymi usudky — propozice, ze
1 + 1 = 2, je pravdiva ve véech moinych svétech a casech. Totéz plati
i o Pythagorové vété. Plati-li ale standardni definice vyplyvani, pak z prvni
uvedené propozice vyplyvd druhd a vice versa, nebot” ani v jednom pfipadé se
nemfize stat, ze v téch svétech a casech, v nichz je pravdiva premisa, bude
zaver nepravdivy. Jednoduse proto, Ze zadny takovy svét a Cas, v némi by
jedna z obou propozic nebyla pravdivd, neexistuje. Usudek, podle ného
z 1 + 1 = 2 vyplyva Pythagorova véta, je vsak jisté absurdni. Kromé jiného
by timto zptsobem bylo moziné dokazat, ze libovolnd matematickd pravda

Viz jiz prebéhla diskuse na toto téma in Raclavsky (2012).
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vyplyva z libovolné jiné, pfipadné Ze z libovolné matematické pravdy vyply-
vaji vsechny ostatni.

Neni-li vyplyvani relaci mezi propozicemi, pak dle Tichého je relaci me-
zi propozi¢nimi konstrukcemi. Usudek 2 =1 + 1 |- 1 + 1 = 2 je platny ni-
koli proto, Ze ve vsech svétech a Casech, v nichz je pravdiva premisa, je prav-
divy i zavér. Shody ¢i neshody v pravdivosti zde k posouzeni nestaci, je za-
potiebi hledat mezi premisami a zavérem hlubsi vztah. Jak pise Tichy —
»Aby byla jedna matematickd pravda vyvoditelnd z jiné, musi ob¢ vykazovat
jistou strukturni afinitu” (Tichy 1988, 234; tu¢né pismo je moje). Nyni je
tedy zasadni ozfejmit povahu této ,strukturni afinity“. K tomu se ale spise
nez Tichého monografie samotnd hodi systematizace postfeht z riznych
Tichého textd, kterou provedli Tichého zici a nésledovnici (viz Materna —
Stépan 2000, Dodatek; Raclavsky 2012, 248-251).

3. Tichého pojeti dedukce

Zakladnim pojmem je pojem shody (match). Shoda je usporadand dvoji-
ce X:C, kde C je konstrukce a X je trivializace objektu ur¢itého typu nebo
proménna pro tyz typ. Dale, shoda je spliiovdna uritou valuaci v, pokud
C v-konstruuje tyz objekt jako X. Pfiklady — méjme shodu

P:PAD

kde p je proménnd typu pravdivostnich hodnot. Nabyvi-li p pravdivostni
hodnoty Pravda, pak totéz plati i o konjunkci p A p. Nabyva-li p pravdi-
vostni hodnoty Nepravda, pak totéz plati i o konjunkci p A p. Dand shoda
je tedy spliiovana obéma (a tudiz vSemi) valuacemi. To shoda

P:p,

kde P oznacuje (objekt) pravdivostni hodnotu Pravdu, je spliovina valuaci,
ktera pfitazuje pravdivostni hodnotu Pravdu proménné p, ale neni splriova-
na valuaci, kterd proménné p pfifadi pravdivostni hodnotu Nepravdu.

Dile, méjme mnozinu @, ktera je uréitou mnozinou shod a shodu X,
pak mizZeme utvofit sekvent @ = X. Sekvent je platny, pokud kazdd valua-
ce, ktera spliiuje vSechny prvky @, spliiyje i X (kde , @ se oznacuje jako an-
tecedent, ,X“ jako sukcedent a ,=>“ oznacuje uvedeny vztah mezi antece-
dentem a sukcedentem). Prikladem platného sekventu budiz napt. sekvent
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P:p—>qP:p=>P:q.

Valuace, kterd spliuje vSechny prvky antecedentu této sekvence, pfifazuje
q pravdivostni hodnotu Pravdu. Je proto jasné, Ze tato valuace spliuje
i sukcedent. Sekvent je tedy platny. Zavedeni pojmu sekventu je motivova-
no tim, ze Tichého dedukéni systém je variantou sekvenc¢niho kalkulu.

A konec¢né, inferenéni pravidlo je platnost zachovavajici operace na sek-
ventech. Vzhledem k tomu, ze v sekven¢nim kalkulu je diikaz posloupnosti
tsudkit nezavisle na sobé platnych, kdy kazdy krok ditkazu ,rekapituluje®
ptedchozi kroky, pak i klasickd inferenéni pravidla budou vypadat trochu ji-
nak, slozitéji. T'ak napf. modus ponens bude u Tichého mit tuto podobu:

OP=>P:(p>q,P=>P:pbd=>P:q’

Inferenéni pravidla jsou vlastné jakési zobecnéné sekventy, kdy platny sek-
vent miZeme ztotoznit s logicky pravdivou implikaci a nasledné ty sekventy,
které budou mit stejny ,tvar jako dany platny sekvent, budeme moci trans-
formovat podle né;j.

K Tichého pojeti dedukee jesté nékolik poznimek — shody jsou urcitd
tvrzeni identity. Toto zvlastni pojeti zdroven zaklada jeho sirokou uplatni-
telnost, nebot’ tvrzeni identity je jednoduse bud’ pravdivé, nebo nepravdivé
pfi libovolné valuaci jeho slozek. Nékteré valuace jeho slozek nemusi ,vést”
k pravdivostnim, ale jinym hodnotam, pfipadné nemusi ,vracet” Zidnou
hodnotu. To, Ze valuace slozek shody muze vést k hodnotim jinym neZ
pravdivostnim, umotznuje to, ze v Tichého systému lze usuzovat nad objek-
ty libovolného typu (jelikoZ jsou shody urcitymi tvrzenimi identity, lze tak
napf. v matematice tvrdit identitu néjakych cisel, ddle identitu stavll véci,
individui atd. — véechna tato tvrzeni lze brat jako platné usudky). To, Ze va-
luace slozek nemusi davat zidnou hodnotu, je nezbytné proto, ze Tichy
pracuje s parcidlnimi funkcemi. A kone¢né to, ze tvrzeni identity vidy ve-
dou k jedné z pravdivostnich hodnot, je dilezité proto, ze Gsudky lze verifi-
kovat pouze nad pravdivostnimi hodnotami. (Viz Materna — Stépén 2000,
106, 110.)

Ptiklady pfevzaty z Materna — Stépéan (2000, 110-122).



70 KAREL SEBELA

4, Podcenéni teorie dedukce?

Po tomto nezbytném uvedeni do Tichého teorie dedukce se vritime
k avaham o mistu teorie Gsudkd v ramci Tichého pojeti logiky. Jak bylo na
zacatku Feceno, mezi logiky prevladd pojeti, podle néhoz je teorie dedukce
jednim z nejdalezitéjsich, ne-li viibec nejdilezitéj$im tématem logickych
badani.

Tvrzeni, ze v Tichého logice nema dedukce ani zdaleka tak velky vy-
znam, bychom mohli dile vyostfit vySe zminénym Tichého vyrokem ,bu-
deme-li védét, o cem mluvime, budeme zaroven védét, co z ¢eho vyplyva“.
Jak tomuto vyroku rozumét? Na prvni pohled konvenuje s tim, co jsme
o Tichého teorii i praxi logiky napsali vyse. Nicméné jednd se o Tichym
samotnym nepublikovany nazor, navic neni zndm presny kontext vyroku,
opatrnd interpretace je tedy na miste.

Prvnim problémem je to, jak chapat frazi ,védét, o c¢em mluvime“. Ne-
jde tu ani tak o to, zndt Tichého ndzory na problematiku logické sémanti-
ky, v tomto ohledu se Tichy vyjadfoval Casto a jasné, spise je otazkou ono
Lveédét”. K této otdzce se za chvili vritime.

Za druhé, jde o to, jak silny vlastné tento vyrok je a co vSechno se jim
chce fict. Jedna se na pohled o implikaci, kdy to, Ze vime, o ¢em mluvime,
je postacujici podminkou pro to, abychom védéli, co z ¢eho vyplyva. Pokud
bychom pofadi antecedentu a konsekventu obratili, délali bychom z Tiché-
ho inferencialistu, coz myslim zcela odporuje litefe i duchu Tichého ¢lan-
ka. Poradi je tedy spravné.

Védét, o ¢em mluvime, je tedy podminkou pro to, abychom védéli, co
z ¢eho vyplyva. Bylo by neproblematické, kdyby dand pasaz mluvila o tom,
ze se jedna o podminku nutnou. Je véci prvnich kurzt logiky, aby se stu-
dentlm vysvétlilo, Ze nespravné chapani propozic, které tvori usudek, mize
zpUsobit zdsadni pochybeni pfi jeho hodnoceni.

Predpokladam, Ze néco tak zfejmého ale Tichy danym vyrokem nemys-
lel, spise se zda, ze onu podminku chapal, ve shodé s tim, Ze se jednd o im-
plikaci, jako podminku postalujici (zdroveri je to vsak i podminka nutnd).
To uz je mnohem méné samozfejmé a vice kontroverzni tvrzeni a nabizi se
podezfeni, ze Tichy tim velmi podcenuje ulohu teorie dedukee. Co lze proti
tomuto ndzoru Fici?

Nesoulad s vétSinovym pojetim logiky samozfejmé neni nijak dalezity;
dle mého nazoru vsak toto Tichého pojeti vede k neintuitivnim disledkam.
Vezméme si jako priklad nasledujici: je nespornym faktem, ze lidé ve své ar-
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gumentacni praxi ¢as od ¢asu chybuji a berou jako platné i deduktivné ne-
platné usudky. Tento fakt je koneckoncii jednim z divodl existence logiky
jako oboru, ktery je dobré v néjaké zakladni mife ovladnout. Napf. ¢astou
argumenta¢ni chybou je usuzovani z pravdivosti implikace a konsekventu na
pravdivost antecedentu dané implikace, tiebas usudek ,Pokud dosel benzin,
pak motor nepracuje, motor nepracuje, tedy dosel benzin“. Otazka nyni zni,
co ve svétle Tichého dicta znamend to, Ze se nékdo splete a bude povazovat
tento usudek za platny? Vi tento ¢lovék, o c¢em mluvi? Zde je na misté pri-
pomenout, ze dle Tichého to, ,0 ¢em mluvime, jsou konstrukce a jimi
konstruované entity, jako napf. propozice, vlastnosti individui, individuové
ufady atd.

Jako prvni se nabizi varianta, Ze tento clovek nevi, o ¢em mluvi. To je
samo o sob¢ dost kontroverzni, a Tichy by zde musel zpochybnit to, cemu
se fikd autorita prvni osoby, musel by zpochybnit, Ze mluv¢i mad privilego-
vany pfistup k vyznamam svych vlastnich slov. Tento princip mize byt sice
napaden, ale povétsinou se tak déje spise z pozic stoupencl nazoru, ze vy-
znam slov je né¢im socialné urCovanym, coz neni Tichého pfipad.

Proti této namitce by se ale Tichy mohl branit a fict, autor argumentu
nevi, ,0 cem mluvi®, protoze jednoduse chybné analyzuje premisy, napft. se
domniva, ze hovori o individuu, ve skutecnosti je ale fe¢ o individuovém
ufadu. Kupfikladu pravé tato ziména je Tichym a jeho nisledovniky casto
zminovana, kdyZ napf. propozice, Ze soucasny prezident USA je demokrat,
je oponenty mylné chipe jako propozice o Baracku Obamovi. Ve skutecnos-
ti fikd néco o individuovém uradu prezidenta USA, konkrétné Zze je obsazen
demokratem. Tuto interpretaci mizeme podporit i tak, Ze to, o ¢em podle
Tichého mluvime, tedy vesmés (hyper)intenziondlni entity, jsou entity po-
vytce abstrakeni, pfi jejichz pozndni a ,uchopovani se mtzeme skutecné
mylit. Pokud bychom tedy pfijali tuto variantu, pak jestlize nékdo nevi, co
z ¢eho vyplyvé, pak je to proto (a jenom proto!), ze $patné analyzuje propo-
zice tvofici premisy a zavér daného usudku. Dilezité je zde ono ,jenom®
proto — neni zde pfipusténa moznost, ze dany mluvéi sice vi, o ¢em mluvi,
ale chyba nastane pfi vlastnim dedukovani, kdyz napf. pouzije neplatné
usudkové schéma nebo platné schéma $patné aplikuje. To je asi hlavni di-
vod kontroverznosti této Tichého myslenky — je rozporu jednak se zabéha-
nou praxi vyuky logiky, v niz se o chybich pfi dedukci béiné mluvi (chybnd
interpretace premis a zavéru je jen jednou z nich), jednak se zdd nedoceno-
vat mnohdy Gimornou prici pfi dedukovani. Toto udajné podcenéni je ale
mozné zmirnit nasledujicim rozliSenim — frazi ,vime, co z ¢eho vyplyva“ lze
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chépat dvojim zptsobem: a) umime z danych premis dedukovat urdité zvé-
ry b) u danych premis a zdvéru umime jejich analyzou zjistit, zda u nich do-
chazi ke kyzené shodé¢ a tedy jedna-li se o pfipad logického vyplyvani. Moz-
nost b) zfejmé k onomu podcenéni nevede.

Druha varianta je, ze doty¢ny mluvci vi, o ¢em mluvi, ale pfesto povaiu-
je za platny Gsudek, ktery neni platny. Tato varianta by tak vyvracela Ti-
chého tezi.

5. Teorie dedukce a Tichého pojeti logiky

Lze Tichého pozici néjak uspokojivé vysvétlit? Podle mého zde k objas-
néni mize velmi pomoci ndsledujici citat z Tichého ¢lanku:

Logika studuje logické objekty ... a zplsoby, jimiz mohou byt takové
objekty konstruovany z jinych takovych objeked. Logik se zabyva tim,
aby vysvétlil, napf., jak se Bill, individuum, a chozeni, vlastnost propoji
(combine) tak, aby to poskytlo ¢ konstruovalo propozici, Ze Bill chodi, a
jak se chiize propoji s nékterymi jinymi objekty tak, aby poskytlo ¢i
konstruovalo propozici, ze vSechno chodi. Vyznam zkoumdni logickych
konstrukei objektld je dvoji. V prvé fadé povaha takovych konstrukci
Casto zajiSCuje pozoruhodné vztahy mezi objekty, jeZ jsou témito kon-
strukcemi generovany. Naptiklad dvé shora zminéné konstrukee zajist'u-
ji, Ze propozice, kterou generuje prvni z nich, je slabsi nez (gj. vyplyvd z)
propozice konstruovand druhou z nich. Na druhém misté mohou byt
logické konstrukce pfifazovany jazykovym vyraziim jako jejich analyzy.
Napf. prvni konstrukce bude slouzit jako logicka analyza véty ,Bill cho-
di“ a druha jako logickd analyza véty ,Vsechno chodi®. Pokud jsou tyto
analyzy spravné, pak prve zminény vztah mezi konstrukcemi legitimizuje
argument s premisou ,VSechno chodi a zavérem ,Bill chodi®. (Tichy
1978, 275, citovino podle Materna — gtépén 2000, 30-31)

Dilezita je hned prvni véta — ,logika studuje logické objekty“ — kterd
charakterizuje pojeti logiky podle Tichého. Nejzasadnéjsi charakteristikou
tedy neni studium relace vyplyvani, teorie usudkd, zkoumani argumentace,
logika je studiem urcitého druhu objektd (za chvili uvidime, zZe zde samo-
zfejmé je velmi uzka provazanost, tady jde jen o to, najit onu dle Tichého
prvotni funkei logiky). V prvni vyteckované pasazi Tichy uvadi nékolik pri-
kladt takovych logickych objektt — individua, pravdivostni hodnoty, mozné
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svéty, propozice, tridy, vlastnosti, vztahy apod. Hlavni funkci logiky je tedy
popis urcitého druhu objektd; tuto hypotézu lze podpofit i dalsim cititem
z jiného Tichého ¢lanku — ,Logika mize byt chipana jako ontologie kon-
strukci“ (Tichy 1986, 517, citovano ze Svoboda — Jespersen — Cheyne 2004,
604). Tento citat pochazi z pozdéjsiho Tichého obdobi, kdy se konstrukce
jakozto specificky druh abstrakenich objektd staly nejdalezitéj$imi entitami
v Tichého pojeti logiky.

Za druhé, z této hlavni funkce logiky, tj. studia ontologie konstrukci,
Tichy odvozuje dvé dalsi funkce logiky, které mizeme popsat jako logicka
analyza jazyka a teorie dedukce. Tyto funkce jsou pak jakymisi aplikacemi
primdrni funkce logiky. Zaroven by tato pasiz mohla nabidnout vstficnéjsi
interpretaci vyse zminéného Tichého vyroku, podle néhoz znalost toho,
o ¢em, mluvime, je zaroven znalosti toho, co z ¢eho vyplyva.

Ve svétle nastinéné Tichého koncepce logiky lze nyni nabidnout nasle-
dujici interpretaci: podle Tichého je primarni funkci logiky ontologie kon-
strukci. Ve vztahu k jeho teorii dedukee je to vidét jiz na zakladnim pojmu
shody, kterd je tvrzenim identity mezi urcitou konstrukei a trivializaci néja-
kého objektu. Ve vztahu k néjakému danému asudku to tedy znamena po-
psat ontologii konstrukei, které jsou v onom tsudku zastoupeny (viz. typo-
vd analyza). Poté, co se toto podafi, je mozné ziskané nahledy aplikovat dvo-
jim zptsobem: jednak mohou byt popsané logické konstrukce objektd pri-
fazeny jazykovym vyraziim jako jejich analyzy, ziroveni mohou byt zjiStény
pozoruhodné vztahy mezi objekty, které jsou témito konstrukcemi genero-
vany (vyplyvani). PovSimnéme si, Ze obé aplikace jsou odvislé od pfedchozi
yontologické® prace a zdroven jsou jedna na druhé relativné nezavislé, v tom
smyslu, ze neni nutné vykonat nejprve jednu z nich, aby bylo mozné vykonat
druhou. Tichého kontroverzni tvrzeni, ze budeme-li védét, o é¢em mluvime,
budeme ziroven védét, co z Ceho vyplyvd, tak nechdpu jako implikaci, ale
ekvivalenci. Tato ekvivalence je ale zdroven konsekventem implikace, jejimz
antecedentem je tvrzeni o nutnosti studia prislusnych logickych objektd.

Shrnuto a podtrieno — Tichého kontroverzni vyrok neni vyrazem pod-
cenéni teorie dedukce v rimci logiky, nicméné je vyrazem specifické kon-
cepce logiky, kterd se vyrazné lisi od pfevlidajiciho chipani logiky. Tato od-
lisnost byla jiz dfive charakterizovana jako tzv. objektové pojeti logiky (Ma-
terna — Stépdn 2000, 33).4

Dékuji anonymnimu recenzentovi za velmi podnétné pripominky k ptvodnimu ru-

kopisu.
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1. Naozaj ma kazda inferencia zaéinat nutnou pravdou?

Ak si pre¢itame Meinongovu pricu o predpokladoch (1910, 1983), mdze
nds zarazit, preco sa jej vobec Tichy v ¢lanku o inferencii, ktorej spoluau-
torkou je Jindra Tichd, venoval a dokonca v Meinongovi videl predstavitela
pradu, ku ktorému mali vraj blizko mnohi logici druhej polovice dvadsiate-
ho storocia. Ved je to praca priznacnia dobovym psychologizmom, ktory
Frege a jeho nasledovnici (v¢itane Tichého) v oblasti logiky a epistemologie
zasadne odmietali. Nik z logikov, ktorych Tichy dalej kritizuje, sa k tomuto
psychologizmu nehlasil. NavySe Meinongova praca neobsahuje takmer ni¢
z modernej logiky a mnohé pasize sa len velmi tazko daji pochopit inak
ako tak, Ze Meinong modernu logiku vlastne nepoznal a niekedy nerozliso-
val medzi vyrokovymi a predikatovymi premennymi.2

Na druhej strane je pravdou to, Ze Tichy uZ vo svojej knihe (1988) spo-
mina Meinonga v kapitole O inferencii, kde vysvetluje Fregeho dvojdimen-
ziondlnu teériu inferencie a odmieta predpoklad ako kognitivny postoj sui
generis. Urobit’ hypoteticky predpoklad A podla Tichého znamend urobit
tautolégiu Ak 4, tak A — teda nieco, comu kazdy bezvyhradne veri — Starto-
vacim bodom jeho inferencie (1988, 254). Na Meinonga tu véak odkazuje
bez uvedenia pramena. Zrejme neskor este viac ,ocenil® jeho ndzor na po-
jem predpokladu a urobil ho vlajkonosicom kritizovaného pradu v logike,
ktory obhajoval tzv. jednodimenziondlny vyklad inferencie.

2 Meinong ako priklad schémy hypotetického sidu uvidza ,Ak A je B a B je C, tak gj
A je CY ale aj ,Ak je A, tak je aj BY, pricom hovori o A, B, C ako o subjektovych
a predikdtovych vyrazoch. Nie je vobec zrejmé, o aké vyroky by mohlo v takom pripade
ist. Zrejme tym istym oznacenim ,preskakoval® z kategorického sylogizmu do vyrokovej
logiky a vyrazy A, B, C zastupuju raz predikdty, inokedy vyroky, pricom v druhom pripa-
de vSak chyba vyjadrenie vyrokovej spojky a namiesto toho tu vystupuje slovo ,je“ ako
reziduum vyjadrenia inkluzie (,Kazdé A je B¥). Vzdpiti vSak jeden priklad vyroku uvidza:
»Ak tento trojuholnik je rovnostranny, tak nie je pravouhly“ (1902, §18, 80). To je véak
uz vyrok, ktory sa necleni na samostatny antecedent a konzekvent. Meinong neskoér
miesto pragmatického ukazovaciecho zdmena uvddza neurcity ¢len (nejaky) a sprévne
konstatuje, Ze ide o vztah medzi rovnostrannostou a pravoublostou (zabudol dodat’ troj-
ubolnikov). Volné prechadzanie Meinonga z kategorického sylogizmu do vyrokovej logi-
ky moZeme ndjst’ aj v (1910, § 29, 192-193).
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Tichy zaklada rozliSenie medzi jednodimenziondlnym a dvojdimenzio-
ndlnym pohladom na inferenciu na tom, aka ulohu v dedukii hraja hypoté-
zy. Podla prvého pohladu odvodzovaci krok je postup od hypotéz ako pred-
pokladov k tomu, ¢o je z tychto predpokladov odvodené (na zéklade logic-
kych pravidiel), resp. o z tychto predpokladov vypljva. Na odvodenie (deri-
vation) sa pritom Tichy tak v jednodimenzionalnom ako aj v dvojdimenzio-
ndlnom pohlade pozerd nie ako na syntakticka operaciu, ale ako na séman-
tickd, resp. sémanticko-syntakticka operdciu, pracujicu so struktirovanymi
sémantickymi entitami, ktoré nazyva konstrukcie. Naproti tomu dvojdi-
menzionalny pohlad vymedzuje inferenciu vidy ako odvodenie urcitého vy-
plyvania z (mnoziny) inych vyplyvani. Odvodzovaci krok teda nevychddza
z hypotéz ako predpokladov, ale nanajvys zo zlozenin ,Ak antecedent, tak
konzekvent®, resp. ,Ak antecedent, tak sukcedent, t. j. z vyplyvani, pricom
antecedentmi tychto zlozenin mézu byt hypotézy. Inferenény krok je po-
tom postup od jedného alebo viacerych vyplyvani tohto druhu k dalsim vy-
plyvaniam (1988, 254). Kaidy inferenény krok musi zastupovat’ pravdu. Ku
klacovemu slovu hypotéza v tomto vymedzeni sa este vritime. Pozrime sa
vsak teraz na zdkladnu liniu Tichého kritiky Meinonga.

Tichy na avod svojej kritiky hovori, Ze ak by bol predpoklad kognitiv-
nym postojom, potrebujeme ho asporti objasnit’, ked ho uZ nevieme defino-
vat. Meinong sa podla Tichého pokusa vysvetlit' predpoklad ako tvrdenie
bez presved¢enia, a preto namieta:

Klamar véak tvrdi bez toho, aby bol presvedceny, a predsa z toho, ¢o hovo-
ri, nerobi predpoklad. Nepredpoklada to, pretoze to neakceptuje. Mali by
sme potom predpoklad vysvetlit’ ako ,akcepticiu bez presveddenia“? To by
sa milo lisilo od toho, keby sme povedali, Ze predpokladat’ nie¢o znamend
akceptovat’ to bez toho, aby sme to naozaj akceptovali. (Tichy 1988, 254)

Predpokladat’ (nie¢o) znamend podla Tichého nieco akceptovat? A zname-
nd akceptovat’ nieco to isté ako byt o tom presvedceny? Skusme to preverit
a dodajme, Ze sa k Meinongovi este vratime.

2. Predpoklad kvéli argumentu
Tichy v dalSej Casti svojich Gvah o charaktere a funkcii predpokladov

kritizuje aj iny ndvrh pojmu predpoklad, pricom vsak neuvidza jeho auto-
ra:
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Niekedy sa hovori, ze predpokladat’ Cosi znamenad zaclenit’ to do nasho
systému presvedceni, a ak je to nutné, tak aj za cenu odstrdnenia neja-
kych dosial existujucich presvedceni, aby sa — takpovediac — utvoril pre
ne priestor.3 Nie je vsak celkom jasné, ako to urobit. Ak som presved-
eny aj 0 A aj o B a chcem predpokladat, Ze nie (A a B), ktoré presved-
Cenie mdm potladit, A alebo B? Ak aj predpokladim [supposing], ze
tento problém nejako vyriesim, nadalej zostiva otazka, aky postoj mam
zaujat’ k tomuto revidovanému systému presvedéeni. Podla vietkého
[presumably] nie postoj presvedcenia [belief]: pretoie predpoklad [as-
sumption], nech uZ je to ¢okolvek, urdite nie je sebaklam. (Tichy 1988,
254)

Aky typ postoja k propozicidm znamenaji vyskyty slov ,supposing’,
resp. ,presumably“ v Tichého citite? Ide o postoj predpokladania k nasle-
dujacim dvom propozicidm?

(1)  Problém revizie systému presvedCeni ma nejaké riesenie.
(2)  Postoj k revidovanému systému presvedceni nie je postojom pre-
svedcenia.

A tyka sa negativna charakteristika vyznamu slova ,assumption® pojmu
predpoklad?

Pytajme sa, ¢i Tichy akceptoval aspon jeden z tychto postojov, resp. ¢i
chapal tieto vyrazy ako predpoklady, pripadne ako postoje predpokladania.
Kvoli argumenticii urdite, a to vSetky, inak by nemalo zmysel sa o nieco
sporit’.

Akceptoval ich v tom zmysle, Ze by sa stali sucast'ou jeho suboru pre-
svedCeni? Zrejme nie, pretoze cielom argumentu je popriet’ tézu H, ktord
tvrdi, Ze predpokladat’ nieo znamend zaclenit’ to do ndsho systému pre-
svedceni.

Znamena to, ze Tichy na jednej strane okrem pojmu predpokladu ako
nieCoho, ¢o je zjavne pravdivé a ¢o akceptujeme, implicitne prijima ako
predpoklad nieco, ¢o je zlozkou prvého predpokladu a v prospech ktorého
argumentujeme, na druhej strane spochybriuje opravnenost’ pojmu predpo-
kladu, ktory je spojeny s kognitivnym postojom menitelného presvedéenia.

3 Oznaéme tento Tichého névrh ako hypotézu H.
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3. Tri pojmy predpokladu

Pozrime sa teraz blizsie na to, ktoré pojmy predpokladu su tu v hre. Ked
uvazujeme o dedukcii, mézeme za zdkladny pojem predpokladu povazovat
pojem logického predpokladu danébo systému (predpokladr), ktory predstavuje
jednu spomedzi viacerych zloziek deduktivneho usudku (pravidla) alebo de-
duktivneho odvodenia alebo ktory vystupuje ako zlozka jemu zodpovedaju-
cej implikativnej propozicie (propozicnej schémy). Tento pojem predpokladu
sa véak nespdja s nejakym stupriovatelnym kognitivnym postojom a vlastne
predpoklada dokonalého, vsevediaceho logika. Zda sa, akoby Tichy iny po-
jem predpokladu nepovazoval za potrebny.

Okrem tohto pojmu predpokladu vak mézeme rozlisit minimalne dva
dalSie, tentoraz pojmy epistemického predpokladu, s ktorymi uz mozno spojit
aj identifikaciu odlisnych ,nenulovych® kognitivnych postojov.

Prvy z pojmov epistemického predpokladu (predpoklady;) je epistemicky
predpoklad v absoliitnom zmysle, t. j. bezvyhradnd akceptacia nieCoho — pra-
vé presvedcenie, ale uz nedokonalého skumatela a logika. Myslime si, ze
prave tento pojem predpokladu bol skutoénym predmetom Tichého argu-
menticie ¢i kritiky v citovanej pasdzi.

Druhy pojem epistemického predpokladu (predpokladr;) je epistemicky
predpoklad v relativnom zmysle: ide o akcepticiu niecoho kvéli argumentdcii,
pricom o danom predpoklade nemusime byt presvedceni, resp. nezavizuje-
me sa k jeho pravdivosti. Dokonca mozeme byt’ presvedceni o opaku. Tak
je to vidy, ked argumenticiou niekoho presvedcujeme o chybe, nepravde:
predpokladajuc tuto nepravdu nie sme zaviazani ju akceptovat s presvedce-
nim. Ukazuje sa, Ze prave tento pojem predpokladu Tichy pouzival v uve-
denej argumenticii. Oba pojmy epistemického predpokladu (na rozdiel od
pojmu logického predpokladu) vsak maja spolo¢ni ¢rtu (rekvizitu) — to, ¢o
predpokladame, nejako prijimame, akceptujeme — absolitne alebo relativne.
V diskusiich prijimame tézu, predmet diskusie vicSinou relativne, kvéli ar-
gumentu, inak by sa naSe presvedcenia neuveritelne Casto a fahko menili.
(To by sme sa podobali niektorym politikom a ich ucelovosti v prijimani
ndzorov bez vnutorného presvedéenia.)

Ak by Tichy trval na svojej explikicii pojmu predpoklad aj pri pouzivani
pojmu predpoklad v argumentacii, tak v silade so svojim odporucanim by
musel prijat’ vSetky svoje hypotetické predpoklady (v citovanej pasazi) v tvare
Ak 4, tak A, kde ,A“ predstavuje dand hypotézu. Musel by teda napriklad
konstatovat’:
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(1Regl) Ak problém revizie systému presvedéeni md nejaké riesenie,
tak problém revizie systému presvedéeni mad nejaké riesenie.

Tichy tak zjavne neurobil. Dévodom najskor mohlo byt to, Ze neslo
o formilne dokazovanie, o inferenciu, ale len o neformilne zdévodnovanie,
argumentdciu v $irSom slova zmysle. Preverme preto aj jeho vzorovy priklad
presvedCovania, ktory md demonstrovat’ nim preferovany dvojdimenzional-
ny pohlad na inferenciu.

4. K akej zmene presvedéenia méze viest dvojdimenziondlny
pohlad na inferenciu?

V stati O inferencii uvadza vzorovy priklad, ako niekoho mézeme o nie-
¢om presvedcit a dosledne respektovat’ jeho ndvod na prijatie hypotetické-
ho predpokladu v tvare logickej pravdy Ak A, tak A. Predpokladajme s Ti-
chym, ze pomyselného diskutéra — Petra — chceme presveddit o téze:

(R)  Brent nie je dobry oSetrovatef,

(R) teda reprezentuje hlavnd tézu (t. j. zdver) argumentacie. Tichy konsta-
tuje, Ze na podporu (R) mozeme predlozit’ dve propozicie:

(P)  Brent podal niekolkym svojim pacientom nespravny liek.
(Q  Dobry osetrovatel nikdy nepodava nespravny liek Ziadnemu pa-
cientovi.

Ak Peter akceptuje aj P, aj Q a je priemerne inteligentny, tak by nemalo
byt tazké doviest ho k tomu, aby akceptoval aj R. Pretoze z P a Q spolu
vyplyva R. Staci, aby si Peter uvedomil tento logicky fakt. Ak si ho uvedo-
mi, tak z dévodu konzistentnosti, ked uZ nie¢o predtym akceptoval, ma ak-
ceptovat’ rovnako aj R. Ak Petrovi zdlezi na konzistentnosti, tak bude pre-
svedéeny o R, ak ho presved¢ite o platnosti vyplyvania R z P a Q (Tichy —
Tichy 1999, 74).

Peter véak nemusi hned ,vidiet“ ono vyplyvanie, a preto je v takomto
pripade vhodné mu poméct’ a demonstrovat,, ze plati vyplyvanie Rz Pa Q.
Tichy navrhuyje:

Mozete argumentovat’ napriklad tymito Siestimi krokmi:
(1) Pozri sa Peter, ty si presvedceny, ze P, tak pripustme P.
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(2) Si presvedéeny aj o Q, takze pripustme aj Q.

(3) Teraz kvoli argumentu predpokladaj,* Ze Brent je dobry osetro-
vatel.

(4) Podla P podal nejakému pacientovi nesprévny liek.

(5) Podla (3) a Q na druhej strane nikdy nepodal Ziadnemu pacien-
tovi nespravny liek.

(6) Tu mame zjavnu kontradikciu. Teda predpoklad (3), ktory k nej
vedie, nemdze byt sprivny; opak musi byt pravdivy. Brent nie je
dobry osetrovatel.

Vezmime tento miniaturny argument pod drobnohlad a pytajme sa: Co
predstavuju jednotlivé kroky dokazu?

Na prva otizku sa nika odpoved, Ze sme dokazali propoziciu, Ze
Brent nie je dobry oSetrovatel. To je vak sotva spravne. Dokdzat’ nieCo
predstavuje sposob stanovenia (dokdzania) jeho pravdivosti. Avsak ko-
rektnost’ ndsho dokazu sa dd overit' bez akéhokolvek odkazu na empi-
rické fakty. Takze, ak poslednym krokom dékazu bola jednoducho pro-
pozicia R, ze Brent nie je dobry oSetrovatel, pravdivost tejto propozicie
by bolo mozné chipat’ bez akéhokolvek odkazu na empirické fakty.
Hoci urdite existuje navokol vela zlych osetrovatelov, bezpochyby nikto
nie je a priori zly oSetrovatel. Teda demonstricia nestanovila pravdivost
R. Navzdory tomu, ¢o sme dokdzali, Brent moze byt vynikajici oSetro-
vatel. Co sme dokézali, je skor to, ze medzi R a druhymi dvomi propozi-
ciami P, Q je urdity vzt'ah. Inak povedané, je to presne to, o sme dokd-
zali. Chceli sme Petrovi pomdct ocenit’ tento logicky fakt. (Tichy —
Tichy 1999, 74)

Tichy vzapiti komentuje logicka osnovu dékazu:

Ako sme mu pomohli ocenit’ ten fake? Viedli sme ho k tomu jednodu-
chymi krokmi.

V (1) sme mu pripomenuli zrejmy fake, ze z Pa Q vyplyva P.

V (2) fake, Ze z Pa Q vyplyva Q.

V (3) fakt, ze z P a Q a propozicie, e Brent je dobry oSetrovatel’, vy-
plyva, Ze Brent je dobry ofetrovatel .

Potom Tichy komentuje jednotlivé kroky dékazu zmiesanou recou optik
jednodimenziondlnej a dvojdimenzionalnej inferencie:

4 Polotuéne vyznatili autori (Now assume, for the sake of argument, that Brent is a good
nurse).
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Teda nielen posledny krok dékazu, ale kaidy z jeho predchddzajicich
krokov je vyplyvanim. Kaidy krok toho dékazu je tvrdenim vyplyvania
zdbévodneny odkazom na nejaké predchidzajuce tvrdenia vyplyvania.

Krok (6) je zdévodneny odkazom na kroky (5) a (4), ktoré tvrdia, ze
z P, Q a propozicie, ze Brent je dobrj oSetrovatel, vyplyva, ze Brent podal
nejakému pacientovi chybny lick a ie nikdy5 to tak neurobil.

Zdovodnenie (6) sa dovoliva zdkona logiky — nazyvaného zavedenie
negacie — ktory hovori, Ze ak z n+1 propozicii vyplyva A anon A, tak
z prvych n propozicii samych vyplyva negicia poslednej propozicie.6

Nasledne Tichy opravuje tento komentar a opisuje kroky dékazu v re¢i vy-
luéne dvojdimenzionilneho pohladu na inferenciu:

Kazdy z tych krokov je samostatné tvrdenie nieCoho, ¢o je nutne pravdi-
vé, tvrdenie, ktoré sa da urobit mimo kontext tohto alebo 'ubovolne
iného dokazu. Platnost kroku (6) napriklad nezdvisi od platnosti vyply-
vani (4) a (5). Hovorime, Ze ziskame krok (6) ,z“ krokov (4) a (5) pomo-
cou pravidla zavedenia negcie. To vSak neznamend, Ze (6) je platny ne-
jako vdaka (4) a (5) a mo6ze byt vysvetleny odkazom na tieto vyplyvania.
(Tichy - Tichy 1999, 75)

Ak sme vsak dokazali logicky fakt (spornost troch tvrdeni), tak sme
Petra presveddili len o spornosti tvrdent, nie o tom, ze (R) je pravda. Je teda
zrejmé, Ze sa ndam nepodari dokdzat’ pravdivost’ (R) bez odkazu na empirické
fakty. Ani sme sa nepokusili vykonat' empirickd proceduru identifikicie
pravdivosti R.

Navyse sa pytajme, ¢o vlastne reprezentuju vyroky ,P“, ,Q“a ,R“? Vyrok
,P“ zrejme reprezentuje urcity empiricky fake, ,Q“ zase analyticka (vyz-
namovu) pravdu, pripadne urcitd empiricka generalizaciu, a napokon vyrok
»R“ opit’ empiricky fakt so zakomponovanym (apriérnym) hodnotiacim kri-
tériom..

Peter je presvedceny (vie), ze P. Peter ako kompetentny uzivatel jazyka —
je presvedceny (vie), ze Q. Chceme ho presvedcit, Ze v takejto situdcii ne-
mdze byt nonR pravdivé. To vsak znamend, ze tvrdenie o vyplyvani konsta-
tuje spornost’ triedy propozicii P, Q s propoziciou nonR. Propozicie P a R
vsak maju v zasade rovnakd povahu — su empirické. Dokaz ndm nepovie ni¢

5 Nikdy“ sa tu nemd chédpat’ len Casovo, ale aj ako kvantifikdcia cez individud, t. j.
ynikomu“. Pozn. autorov.

6 Blizsie o tom pozri: Tichy (1976, 383).
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blizsie o stave veci, pokial nepredpokladime pravdivost nejakej empiricke;
proporzicie, t. j. nejaky empiricky fakt. Bez toho mézeme odvodit’ len spor-
nost’ nejakych propozicii, nie (empirickd) pravdivost’ nejakej z nich. Jediné,
k ¢omu mdzeme Petra priviest takymto dokazom, je to, Ze ho presved¢ime
o spornosti jeho povodnych presvedcent.

Nechceli sme ho vsak presvedcit o (R) za pomoci predpokladov (P)
a (Q)? Zda sa, Ze ani tymto formdlnym vzorovym dokazom nemézeme rozsi-
rit’ nase empirické poznanie.

Vritme sa k Tichého neformilnej argumentacii proti hypotéze H.
Chcel nis presveddit’ o tom, ze hypotéza H je neakceptovatelnd, pretoze md
neprijatelné dosledky. Cielom jeho argumenticie nebolo dokazat spor, ale
nepravdivost H vzhladom na pojmovi ststavu a logické vizby medzi poj-
mami. Tichy explikuje hypotézu H ako analyticki nepravdu bez odvoléva-
nia sa na empirické fakty (okrem danosti jazyka).

V pripade s Brentom vsak téza R nie je analytickou pravdou, a preto
stanovenie jej pravdivosti musi odkazovat’ aspon na jednu empirickd pravdu
— napriklad na P. Takze bez odkazu asponl na jednu empirickd pravdu ne-
mdzeme zmenit nase empirické presvedcenia, a predsa to ma byt ciefom
argumenticie.

5. Kritika predpokladu arbitrarneho objektu

V nadviznosti na svoje uvahy o ulohe predpokladov v dedukcii kritizuje
Tichy aj pojem tzv. arbitrdrnebo objektu a svoju kritiku demonstruje na Kle-
eneho dékaze./ Spochybruje opravnenost’ predpokladu typu ,Nech urditt
podmienku splnia nejaké Fubovolné individuum®. Podla Tichého neexistuje
nijaké nespecifikované individuum (Tichy — Tichy 1999, 83).

Tichy tu chape vyrazy ,predpokladat™ a ,akceptovat™ synonymne v tom
zmysle, Ze ,trieda veci, ktoré sluzia ako predmety predpokladu, je zjavne ta
istd, ako trieda veci, ktoré slizia ako predmety presvedéenia [belief]“ (Tichy
— Tichy 1999, 83). Podla Tichého arbitrdrny, t. j. l'ubovolny, neznameni to
isté ¢o nespecifikovany: ,,Lubovol’n)i znamend to isté, ¢o kazdy ['ubovol'ny, te-
da frazu, ktord nepochybne vyjadruje vseobecnu kvantifikiciu.“ V tom ma
Tichy pravdu.

Tichy sa dalej snazi ustretovo rozumiet’ Kleeneho argumentécii a navr-
huje vysvetlovat’ frizu ,Predpokladajme o nejakom l'ubovolnom individuu,
Ze nie je Cierne“ argumentacnym sposobom:
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Fraza signalizuje, Ze odvodenie zacina sekventom:

(*)  x nie je ¢ierne — x nie je Cierne

avsak ani antecedent, ani sukcedent nie su propozicie, takze nejde
o vyplyvanie.

Navrhuje véak reviziu spojenia (*):

(**)  Pre kazdé Tubovolné x, z propozicie, ze x nie je ¢ierne, vyplyva
proporzicia, Ze X nie je Cierne.

Podla tejto analyzy by sme mohli lahko vysvetlit, preco je vhodné ho-
vorit nielen ,Predpokladajme o I'ubovolnom individuu, Ze nie je ¢ierne®, ale
aj ,Predpokladajme o nespecifikovanom individuu, ze nie je Cierne“, pretoze
prvé spojenie vyzdvihuje kvantifikator, druhé jeho dosah a v tomto dosahu
je voIna premennd a ako taka takpovediac reprezentuje nespecifikované indi-
viduum.

Problémom vsak ostiva skutoénost’, Ze vyraz

(***) z propoticie, Ze x nie je Cierne, vyplyva propozicia, ze x nie je Cierne

nehovori ni¢ o nespecifikovanom individuu, pretoze x nie je cierne vobec nie
je propozicia, ale to, ¢o Russell nazyva propozi¢na funkcia.

V tejto savislosti sa Tichy (1988, 260) odvoliva na Fregeho kritiku
spravnej analyzy vety ,Ak x je P, tak x je Q“ ako zlozeného suvetia. V sku-
tocnosti ide o jednu vSeobecnu propoziciu, ktora nema ako zlozky propozi-
cie x je P, resp. x je Q (1988, 260). To s podla Fregeho pseudopropozicie.”

To je nepochybne presvedCiva a opravnend Tichého kritika Kleeneho
postupu. Co je véak predmetom kritiky? Jednodimenziondlna teéria infe-
rencie, alebo hlavne nieco iné? Predmetom kritiky — sice v have dvojdimen-
ziondlnej teodrie inferencie — je najmi fake, ze Kleeneho predpoklad ma tvar
x je P, pricom ide o vetnt schému, ktora vyjadruje propozi¢na funkciu, nie
propoziciu. Vetna schéma sa naozaj neda predpokladat’. V tejto stvislosti je
tym hlavnym predmetom kritiky nie jednodimenzionalna teéria inferencie,
ale zamenenie propozi¢nej funkcie s propoziciou.

7 Frege charakterizuje pseudopropoziciu ako nieCo, ¢o md gramatickd formu vety, ale
nevyjadruje myslienku, na rozdiel od redlnej propozicie (Frege 1906, 377).
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6. Tichého metodologické vyhrady voéi jednodimenziondlnemu
nazoru na inferenciu

Spolu s kritikou arbitrdrneho objektu ma Tichy naozaj aj vyhrady voci
jednodimenziondlnej tedrii inferencie v systéme prirodzenej dedukcie. Jeho
vyhrady vSak maji metodologicka povahu (Tichy 1988, 258).

Jadro prvej vjbrady spociva v tom, ze pri takychto dokazoch si treba pa-
miitat’ histériu celej sustavy dokazov a aj kroky konkrétneho dokazu, pre-
toze sa v niektorych krokoch dokazu len odkazuje na predoslé dokazy a nie-
ktoré predpoklady v riadku dokazu nie st uvedené, ale sa na ne odkazuje,
¢im jednotlivé riadky dokazu nie st vyplyvaniami:

Od (itatela sa vyzaduje, aby si uchovaval cestu od predpokladov, t. j. aby
si pamital na kaidom stupni, ktory z predpokladov bol odstraneny
a ktory bol ponechany ako platny. To, mimochodom, je to, preco eli-
mindcia pomocnych predpokladov pomocou pravidiel odstraniovania
musi byt v takychto dokazoch ponechand Gplne na ¢itatelovej predstavi-

vosti. (Tichy — Tichy 1999, 82)
Tuato metodologicku vyhradu preformuloval na imperativ:

... v iplne zrozumitelnom dékaze, kde ni¢ nie je ponechané na predsta-
vivost, sa musia vhodné antecedenty (v sekventovom kalkule) uviest

v kazdom kroku. (Tichy — Tichy 1999, 82)

Vyhodou sekventového kalkulu (SekvK) je nepochybne to, ze kazdy jed-
notlivy krok dokazu je sim vyplyvanim (teorémou). Je vSak naozaj pravdou,
ze dokazy v prirodzenej dedukcii (ND) st doslova ponechané na citatelovu
predstavivost’? V kazdom riadku dékazu mézu byt vyznacené jednoznalné
odkazy na prislusné dékazy ¢i predpoklady (riadky) dokazu. Nejde teda
o ,volnt“ predstavivost Citatela, ale o schopnost’ pamiitat’ si predchddzajuce
dokazy a kroky aktudlneho d6kazu, podporovana explicitnymi odkazmi.

Vyhodnost prvého postupu (SekvK) voci postupu v ND je vsak na disku-
siu. V sekventovom kalkule mame predpoklady, ktoré v prirodzenej dedukcii
vystupuju v jednotlivych riadkoch derivicie, zaclenené do jednoriadkového
derivaéného kroku (zvicsa v pozicii antecedenta implikativnej formuly ¢i vy-
roku). Prave takéto ,zhustenie“ derivicie moze byt v konecnom désledku
menej prehladné. Naproti tomu kroky dokazu v systéme prirodzenej dedukcie
nemusia byt’ teorémami, ale su prehladnejsie, pretoze neopakuju to, ¢o uz raz
bolo dokazané. Naopak, vyzdvihuju len to nové, a tym st uspornejsie.
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Drubii vjbradu voci jednodimenziondlnemu systému prirodzenej deduk-
cie Tichy adresuje Gentzenovi. Jej jadro spociva v tom, ze pri definiciich
pravidiel ND sa zamiena fakt dékazu jednej formuly z druhej za tieto for-
muly.

Tichy namieta (Tichy — Tichy 1999, 80), ze napriklad Pravidlo zavede-
nia implikacie v ND

[A]
B

A—B

netvrdi, Ze z formal A a B vyplyva (resp. je odvodené) A—B, ale ze z faktu,
ze z A (v kombindcii s nejakymi inymi propoziciami) vyplyva (resp. je odvo-
dené) B, vyplyva (je odvodené) A—B. Vzt'ah, ktory toto pravidlo vyjadruje,
nie je vztahom medzi formulami, ale medzi vyplyvaniami. Této vyhrada vo-
¢i uvedenému pravidlu ND je opravnena, avsak podla nds nemieri proti
meinongovskému pojmu predpokladu ako tvrdenia bez presvedienia, ale
identifikuje chybu typu zameny predmetu skamania (fallacy of subject mat-
ter) (Tichy 1988, 270).

Ostry kontrast medzi inferenciou zaloZenou na ,bezakceptacnom® pred-
pokladani a inferenciou zaloZenou na vztahu medzi vyplyvaniami nebrini
podla Tichého tomu, aby ho vi¢sina sucasnych logikov stratila zo zretela.
Na ilustriciu si vyberd ucebnicu Graema Forbesa (1994, 86), ktord komen-
tuje slovami: ... meinongovskou recou uvadza Studenta do systému, ktory
formalizuje Fregeho pojem inferencie“ (Tichy — Tichy 1999, 79).

Podl'a Tichého (1988, 236), ak z hypotetického predpokladu

(2)  Peter a Pavol st $pioni
odvodime to, Ze
(1) Peter je $pion

nedozvieme sa, ze (1) je pravda. To, ¢o sa dozvieme, je to, zZe (1) je pravda
relativne vo vzt'ahu k hypotetickému predpokladu (2). Podla Tichého sa te-
da v skuto¢nosti dozvieme to, ze z (2) vyplyva (1):

Toto tvrdenie je véak kategoricky pravdivé. Ide o pripad nepodmiene¢ne

platného logického principu — z konjunkcie vyplyvaji oba konjunkty.
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Tvrdenie sme neziskali ,z“ (2) a jeho pravdivost’ nie je relativna, alebo
zavisla od (2). Mysliet’ si to znamend dopustit’ sa sotva zretelnej chyby,
ktord mézeme nazgvat’ chyba predpokladu. (Tichy 1988, 236)

Tento poznatok analytickej pravdy o vyplyvani konjunktu z konjunkcie
véak nemdze nijako rozsirit’ nase empirické poznanie — je logickym faktom
(t. j. mnozina teorém je uzavretd vzhladom na reldciu logického désledku).
Ak ma byt logika ndstrojom na roz$irovanie empirického poznania, tak by
nds predsa mali zaujimat’ aj tie ,relativne pravdy, ktorych evidencia pravdi-
vosti je garantovand vzhfadom na evidenciu o pravdivosti inych empirickych
tvrdeni. Paradoxnym sa méze zdat, Ze na stanovenie evidencie pravdivosti
konjunkcie musime mat najprv evidenciu pravdivosti oboch konjunktov
a deduktivne usudzovanie ndm to len znovu ,pripomenie” a vlastne (zdanli-
vo) neprinesie Ziadnu nova (empirickd) informdaciu. Akoby sa na scénu hli-

sil paradox dedukcie.

7. Tichého priklad tsudku s empirickou premisou

Jednoduchost’ analyzovaného prikladu inferencie (2) | (1) vsak, zd4 sa,
zastiera niektoré dolezité stvislosti do tuzadia. (Tichy bol pritom jeden
z prvych, ktory paradox dedukcie presvedcivo a systémovo vysvetlil.8) Pre-
verme preto este raz Tichého pohlad na inferenciu na priklade s osetrovate-
fom Brentom, ktory sme uz vyssie uviedli. Majme tsudok:

(Q  Dobry osetrovatel nikdy nepoddva nespravny liek Ziadnemu
pacientovi.
(P)  Brent podal niekolkym svojim pacientom nespravny liek.

(R)  Brent nie je dobry oSetrovatel.
Vseobecny predpoklad (Q) uvedme v reglementovanom tvare (Q*):

(Q*) Ziadny dobry oetrovatel nikdy nepoddva nespravny liek ziadne-
mu pacientovi.?

8 Tichy (1988, 4); na bize jeho systému logiky (TIL) to pre vietky typy analytickych
pravd urobila Duzi (2010).

9 Protivnici logiky ako ndstroja na rozsirovanie poznania by mohli tvrdit, Ze evidenciu
o pravdivosti vSeobecného predpokladu (Q*) nemdzeme mat, pokial nemdme evidenciu
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Tichy by mal akceptovat, Ze z empirického zistenia (P) a vSeobecného prin-
cipu (Q) vyplyva (je z nich odvoditelné) nové empirické zistenie (R), ktoré
uz nie zjavne (t. j. nie explicitne) je obsiahnuté v premisich na rozdiel od
prikladu s konjunkciou Peter a Pavel sii $piéni. 10 Takze z empirickej premisy
spolu s vhodnymi principmi (véeobecnymi zikonmi, konvenénymi pravdami
a pod.) mozeme logicky odvodit’ novi, zaujimava empirickd pravdu. Jej
pravdivost’ je vsak vidy relativizovand k pravdivosti premis, pokial ju neveri-
fikujeme priamo, o sa vsak niekedy ani nedd. Priame testovanie toho, Ze
Brent je zly osetrovatel, je problematické. (Uz pre stoikov boli najcennejsi-
mi tie Gsudky, v ktorych sa z epistemicky zjavného usudzovalo na episte-
micky skryté. Napriklad z faktu, Ze Por presiaka jeho pokozkou a principu Ak
nieco presiaka niecim injm, tak to iné md pory, usudzovali na existenciu pérov
v pokozke.) To, ze Brent niekedy nickomu podal nesprivny liek, je vsak
samostatne empiricky zistitelné, ale to, ze Brent je zly oSetrovatel, sme lo-

gicky odvodili.11

o pravdivosti vSetkych jednotlivych pripadov a zo véeobecného principu nemdzeme od-
vodit' nové jednotlivé pripady, ale len to, ¢o princip sim predpokladd ako zndme. T4dto
vyhrada je zaloZend na platnosti predpokladu, ze len induktivistickd cesta vedie k pozna-
niu vSeobecného (a teda presne vzaté, uplnd evidencia vSeobecného principu nie je moz-
nd). Historia vedy velakrat demonstrovala, Ze ciest k poznaniu veobecného je viac a ide-
alizdcia a abstrakcia st ovela silnejsie vedecké metddy ako empirickd generalizacia (ktord
aj tak vzdy uz predpokladd nejakd protohypotézu). Platnost’ gravitaéného zdkona aj pre
netestované telesd v budicom case je prikladom pars pro toto. Predpokladdme, Ze s tym
by Tichy v zédsade suhlasil, a preto tu nemusime viac zdévodmovat’ opravnenost’ véeobec-
nej premisy Q.

10 Samozrejme, ani predpoklad v tvare konjunkcie nds neopravriuje tvrdit, Ze niektory
jej konjunkt je v nej obsiahnuty tak, Ze jeho odvodenie neprind$a novi (analytickt) in-
formaciu, hoci empirickd informativnost’ zdveru je mensia ako predpokladu (zdver vylu-
¢uje menej moznych svetov ako s nim nezluditelnych oproti predpokladu). Blizsie o tom
pozri Duzi (2010).

11 Niekto by mohol namietat’, Ze zistenie, ze Brent podal nejakému pacientovi ne-
spravny liek, je vlastne zhodné s empirickym zistenim, Ze je zly oSetrovatel. Aj keby bol
pojem ,zly oSetrovatel“ definovany pomocou pojmu ,podat’ niekedy niekomu nespravny
liek, neboli by to podl'a Tichého pojmy totoziné, a preto zaver prinasa novu informadciu.
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8. Hypoteticky ako vyznamovo neuréeny verzus
hypoteticky ako epistemicky neurceny

Co vlastne viedlo Tichého k teérii dvojdimenziondlnej inferencie? Nie-
ktoré dévody sme uz uviedli a uprednostiovanie dvojdimenzionilneho vy-
kladu odvodzovania voci jednodimenzionilnemu sme demonstrovali ako
metodologickd, nie logicku zdlezitost. Tichy vsak uvidza $pecidlnu motiva-
ciu pre svoju tedriu dvojdimenzionalnej inferencie — ako velakrat predtym
v inych otdzkach — je jeho inspirdciou prive Frege a najmi jeho stat’ Zdkla-
dy geometrie II. (1906). Podla Tichého bol Frege presvedceny, Ze usudzu-
jeme z (mnotziny) vyplyvani na vyplyvanie a podla neho bol Frege prvym,
kto na spominant chybu predpokladu upozornil (1998, 236). Je naozaj Fre-
geho odmietnutie usudzovania z hypotetického predpokladu jasny priklon
k dvojdimenziondlnemu pohladu na odvodzovanie? Skisme to preverit
a podlozit’ textovou evidenciou.

Tichy cituje tri rozne Fregeho priklady. Prvj priklad (Frege 1906, 425)
mad vseobecnt povahu a opisuje, ako by mal vyzerat’ dokaz nezdvislosti neja-
kej propozicie od suboru axiém. Taziskom tejto pasaze je vlastne kritika
Hilbertovho postupu, v ktorom vystupuje veta, resp. formula ako Cisto for-
malna, jazykova entita bez priradeného vyznamu, ktord moze byt v zavislosti
od interpreticie raz pravdiva a inokedy (pri inej interpretacii) nepravdiva.
Frege v tejto suvislosti odmieta odvodzovanie z takychto pseudovyrokov
(pseudopropozicii) a s nim spité Hilbertovo formalistické chdpanie axiém,12
ktoré moézu menit’ pravdivostnit hodnotu. Pre Fregeho st axidmy obsazné
(majt zmysel) a pravdivé, a preto nemdzu mat’ povahu hypotetickyjch (a nein-
terpretovanych) predpokladov 4 la Hilbert. Neugenost pravdivostnej ho d-
noty takéhoto predpokladu vsak nie je spésobend tym, Ze je pre nds episte-
micky nedostupnd, hoci ju predpoklad objektivne ma,13 ale tym, Ze predpo-
klad vobec nema priradeny zmysel, resp. vyznam (je vo Fregeho terminold-
gii vlastne pseudopredpokladom), a az v zavislosti od toho, aky zmysel mu

12 Frege ironicky prirovndva Hilbertovo usudzovanie z formélnych (zmyslovo vnima-
telnych) viet ako postupnosti znakov k Usiliu obrobit’ zahradku mentilnou aritmetikou

(Frege 1906, 424).

13 Pre Fregeho neprichddzala do tvahy neurcenost’ v tom zmysle, Ze by propozicia bola
funkciou na svetamihoch, ako vysvetluje intenziondlna logika empirické propozicie, pre-
toze jeho plnd myslienka obsahovala ako svoju stcast’ aj Casovy parameter, a preto pre
fiu platilo, Ze je (nemenne) pravdivd alebo nepravdivd — ,Ale tito myslienka, ak je prav-
divé, tak je pravdiva nielen dnes i zajtra, ale bezéasovo® (Frege 1992, 52).
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priradime, bude pravdivy alebo nepravdivy. Frege teda odmieta hypotetickost’
axiém ako vyznamovii neurcenost' formalnych viet. (Tento pojem hypotetic-
kosti mézeme nazvat' aj sémantickd hypotetickost’) Hypotetickost ako epis-
temickd neuréenost, nedostupnost’ pravdivostnej hodnoty predpokladu, tu
nie je v hre. Musime teda zodpovedat otdzku, ktory z tychto dvoch pojmov
hypotetickosti pouzil Tichy vo vymedzeni rozdielu medzi jednodimenzional-
nym a dvojdimenzionalnym pohladom na inferenciu.
Stojime pred dilemou (D):

A) Ak Tichy pracoval s prvym pojmom hypotetickosti ako vyznamovej
neurcenosti, tak vsetky jeho uvddzané protipriklady voci jednodi-
menziondlnej tedrii odvodzovania su chybné — taziskom si tam em-
pirické predpoklady, z ktorych vsetky su vyznamovo urcené, hoci nie
su analyticky pravdivé.

B) Ak Tichy pracoval s druhym pojmom hypotetickosti ako nie priame;
kognitivnej dostupnosti, tak citovand pasaz z Fregeho nemdze nijako
podporit jeho ndzor na inferenciu.

Druby citovany priklad je v istom zmysle konkrétnejsi a vo Fregeho tex-
te sa vyskytuje pred prikladom, ktory Tichy zmieniuje ako prvy.1 Frege ho
uvadza diskusiou o tom, ¢o je to odvodenie. Zdoraziuje, ze odvodenie nie je
zlozené zo znakov, hoci méze vyzerat’ ako postup od jednej skupiny znakov
k novej skupine znakov: ,Kaida z premis je urcita propozicia poznand ako
pravdivd; a v zdvere je tiez uréitd propozicia poznand ako pravdivd“ (1906,
387). Dalej analyzuje vyznam spojenia formdlne odvodenie. Frege konstatuje:

Mbézeme povedat, Ze v istom zmysle je kazdé odvodenie formélne, pre-
toze sa deje podla nejakého vseobecného zikona odvodenia. V inom
zmysle Ziadne odvodenie nie je formalne, pretoze aj premisy, aj zavery
maju svoje myslienkové obsahy, ktoré sa vyskytujui v tomto konkrétnom
sposobe spojenia len v tom odvodeni. (Frege 1906, 387)

V stlade s tym nemézeme sériu formdlnych odvodeni povazovat za
vlastné odvodenie, ale len za jeho schému. Takato schéma ndim méze slazit
na to, ze v danom pripade nemusime prejst cely retazec odvodenia, jeho
jednotlivé kroky, ale mézeme z prvych premis prejst priamo k zaveru. To
vsak uz bude vSeobecna teoréma. Potom uvedie priklad retazca nepravého

14 Frege (1906, 387-388). Tichy v odkaze na ¢islo strany uvidza 337-338, o je zrejme
preklep.
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odvodenia z pseudopropozicii, ¢ize v tomto zmysle vyznamovo neurcenych
jazykovych entit — vo Fregeho zmysle hypotetickych predpokladov — a us-
tretovo ho preformuluje na véeobecnt teorému (Strukturdlne pravidlo) tva-
ru:

A,BEC CED

A,B ED,

ktort by sme mohli nazvat' pravidlom vypustenia odvodenej premisy. Pou-
Zivanie takéhoto pravidla je, samozrejme, skor v sulade s technikou odvo-
dzovania v prirodzenej dedukcii (neopakovat’ uz dokdzané) nez so sekvento-
vym kalkulom. Zdé6raziujeme, ze Tichy spravne akcentuje, ze predpoklady
podla Fregeho musia byt pravdivé. Predmetom jeho kritiky je vsak hypote-
tickost’ predpokladov formalistického odvodenia v zmysle vyznamovej neurce-
nosti predpokladov, t. j. sémantickd bypotetickost, a nie ich epistemicka neur-
enost.

Treti priklad je z iného Fregeho textu (Frege 1979, 245) a je Specificky
v tom, ze hovori o takzvanych nepriamych dékazoch, v ktorych sa zda byt za-
ver odvodeny z niecoho nepravdivého. Ako priklad nepriameho dékazu
predkladd dokaz tézy, ze v trojuholniku proti najdlhsej strane je najvicsi
uhol. Uvadza $est’ jednoduchych tvrdeni o vztahoch medzi velkostami uh-
lov, resp. stran v trojuholniku, z ktorych tri a tri sa navzijom vylucuji. Ich
spojenim utvori pit analyticky pravdivych implikativnych tvrdeni (napr. 4k
B, tak €: Ak strana BC je dlbsia ako AC, tak uhol pri A je vicsi ako pri B) a za
ciel si vyty¢i dokaz nového tvrdenia Ak {, tak vy (Ak strana BC je kratia ako
AC, tak uhol pri A je mensi ako pri B). Potom navrhne opis osnovy nepria-
meho dékazu, ktory vychadza z predpokladu non y a komentuje to, Ze sa
zda, akoby sme takyto ddkaz urobili z domnelej premisy non y. Vzapiti uro-
bi vlastny dokaz, v ktorom takdto premisa nevystupuje a komentuje to tak,
ze nemozeme tvrdit, Ze sme urobili dokaz z nie¢oho, ¢o nie je pravdivé a ze
ona udajnd premisa v skutocnosti vystupuje len ako zlozka antecedentu
geometrickej pravdy.

Dévody odmietnutia odvodzovania z nepravdivého predpokladu vsak ne-
lezia v predvidani dvojdimenziondlnej tedrie odvodzovania, ale jednoducho
v tom, Ze ak by sme vychadzali z toho, ze y (Strana BC je kratSia ako strana
AC) je nepravda, tak by odvodené dosledky boli platné nie pre kazdy troj-
uholnik, ale len pre trojuholniky istého typu. Geometrické pravdy o troj-
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uholnikoch sa maju tykat vsetkych trojuholnikov a st vyjadrené napriklad
implikaciami typu Ak B, tak €. Preto Fregeho komentar:

«

nemdzeme v skutoCnosti povedat’ ,predpokladajme, ze [non y]“, pretoze
to by mohlo vyzerat' akoby [non y] malo slizit' ako predpoklad pre od-
vodenie, hoci je iba podmienkou. (Frege 1979, 246)

Frege tu vsak nerobi ziadnu premenu hypotetickej propozicie na tautologic-
ky kondiciondl Ak y, tak y, ako to na zaciatku navrhol Tichy (1988, 235),
ale vychadza z kondiciondlu Ak non y a non B, tak o, ktory bol geometrickou
pravdou.

Zamerajme teraz na$ drobnohl'ad na pasiz, ktort Tichy vlozil medzi pr-
vé dva Fregeho citaty. Hovori v nej:

Nekonstruujeme hypotézy, aby sme ich potom poutzili ako predpoklady.
Vytvirame ich na to, aby sme ich mohli testovat, zistit, ¢i ich mozno
odmietnut. Na to, aby sme hypotézu H odmietli odvolanim sa na fakt
non-F, je zbytoéné odvodit’ F z H. Treba vsak odvodit’ kondiciondl 4k
H, tak F, pretoze inak by ndm chybala hlavnd premisa pre modus tol-
lens. Na to, aby sme odvodili tento kondiciondl, nepotrebujeme predpo-

kladat H ako hypotetickt premisu. (Tichy 1988, 237)
Ak textu dobre rozumieme, tak Tichy:

1. Spochybnuje hypotézu H;

2. Nespochybriuje (empiricky) fakt non-F, ktory ndm ma slizit na od-
mietnutie H;

3. VytyCuje odvodenie kondicionilu Ak H, tak F, aby sme mali hlavna
premisu pre modus tollens.

Rekonstrukcia odmietnutia hypotézy H by potom vyzerala takto:

1. Z nejakych premis 4j, ..., 4, odvodime H—F (4, ..., 4, E H—F).

2. Kedze predpoklady 4j, ..., 4, nie st spochybnené, mézeme pracovat
s H—F ako predpokladom (pouzijeme pravidlo modus ponens).

3. Non-F je faktom, takie mo6zeme podla pravidla modus tollens odvo-
dit’ non-H, ¢ize odmietnut’ hypotézu H.

Tento opis odvodenia je vsak urobeny v slovniku jednodimenzionilneho
pohladu na inferenciu a podobal by sa na druhy Fregeho priklad s teorémou
o vynechani odvodenej premisy. Myslel to Tichy inak? Mali by sme odvo-
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denie preformulovat’ do sekventového kalkulu? A akym sposobom? Navyse,
¢o by sme tym ziskali?

Pokusme sa zhrnat' nase zdvery z explikdcie troch Fregeho prikladov.
Videli sme, ze ani jeden z uvedenych prikladov z Fregeho pric nezahfna
empirické propozicie a nemd za ciel odmietnut hypotetické predpoklady
v zmysle kognitivne neurcenych empirickych propozicii, ale odmietnut’ bud
hypotetické predpoklady v zmysle vyznamovej neurcenosti (prvé dva), alebo
hypotetické predpoklady v zmysle predpokladov, ktoré by neboli poznané ako
veobecne (analyticky) pravdivé (treti). Preto si myslime, Ze nie s zjavnou
oporou pre dvojdimenzionalny pohlad na odvodzovanie. Samozrejme, ako
to byva s presved¢eniami, napriek dileme (D) a pripadnej adekvatnosti na-
sich explikacii Fregeho prikladov, Tichy sa mohol Fregem v otdzke dvojdi-
menziondlneho ndzoru na inferenciu inspirovat. Myslime si, ze okrem tych-
to dvoch pojmov hypotetickosti (kognitivnej a sémantickej) Tichy pracoval
aj s tretim logicko-sémantickym pojmom bypotetickosti, a to s pojmom pre-
menlivosti pravdivostnej bodnoty empirickej propozicie (nazvime ju intenziondl-
na hypotetickost). Ked'ze na jednej strane s tymto pojmom hypotetickosti Fre-
ge nepracoval a bol vo vSeobecnosti zistancom atempordlnosti propozicii
a na druhej strane Tichy kritizuje atemporalne chdpanie propozicii (1980),
nie je fahké vysvetlit, pre¢o mohol Tichy vidiet vo Fregem predchodcu aj
v otizke dvojdimenzionalneho pohladu na odvodzovanie. Mozno v niekto-
rych situdcidch nebadane ,interferovali“ ¢i sa zamienali vsetky tri uvedené
pojmy hypotetickosti: epistemickd, intenziondlna a sémanticka. Ved Tichy
sa nikdy netajil tym, Ze logiku chdpal ako nastroj na rozsirovanie poznania
a vel'mi blizku k epistemolégii.

9. Epistemicky ,I'ahko” verzus ,tazko” dostupné predpoklady

Tichy uvadza eSte jeden argument proti meinongovskému chapaniu

predpokladu:

Ak nés niekto vyzve predpokladat’, ze ¢islo 3 je parne, nasou odpovedou
by v tomto zmysle ,predpokladu® bolo ,KedZe 3 zrejme nie je pdrne,
dakujem, ale nebudem predpokladat, ze také je. (Tichy — Tichy 1999,
83)

Toto opravnené odmietnutie sa tyka trividlneho pripadu (epistemicky
ahko dostupnej analytickej nepravdy), ked by sme niekoho, kto by tvrdil,
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Ze 3 je parne, zrejme zbytocne presved¢ovali o opaku prostrednictvom od-
vodzovania vo formalizovanej Peanovej aritmetike. M6zeme opravnene oca-
kavat, Ze ak nepoznd taku trividlnu pravdu, tak t'azko by pochopil povedzme
axiémy aritmetiky a dokazy z nich.

V pripade epistemicky tazko dostupnej (nerozhodnutej) analytickej pro-
pozicie ju mézeme kvéli argumentu predpokladat’ a ciefom argumenticie
(resp. dedukcie) je odvodit, ¢i takyto predpoklad nevedie k sporu so siibo-
rom prislusnych analytickych presvedéeni z danej oblasti (tedrie).

Ak sa diskusia tyka lahko overitelnej empirickej propozicie, tak nepo-
trebujeme argumenticiu, ale overenie. A ¢o v pripade neoverenej a tazko
priamo overitelnej alebo priamo neoveritelnej empirickej propozicie? Ak ju
odmietneme, tak nerespektujeme diskusiu. T'u ndm neostava ni¢ iné, ako ju
prijat’ za predpoklad alebo prijat’ predpoklady, z ktorych je odvoditelnd ona
alebo jej opak. Ak ju neodmietneme, tak sme sa zaviazali s oponentom sle-
dovat’ dosledky jej prijatia alebo inych relevantnych predpokladov spolu
so siborom doteraz akceptovanych tvrdeni. Takto to robi napr. ucitel
v diskusii so Studentom, takto to robi vedec v diskusii s inym vedcom vidy,
ked chce niekoho presvedcit, Ze to a to nie je pravda.

10. Korekcia Tichého kritiky Meinonga

Tichého kritika Meinonga je kritikou jeho explikicie pojmu predpokla-
du. Meinong sa v duchu jeho obluby neexistujucich ¢i pseudoexistujacich
objektov riadil tzv. Principom neobmedzenej slobody predpokladanial> a veta
podla neho vyjadruje bud’ sad (Urtheil), alebo predpoklad (Annahme) (Me-
inong 1902, §60, 272). Cise okrem sudov — myslienok (Gedanke), ktoré su
seriézne a o ktorych (objektivnej pravdivosti) sme aj presvedceni — pripustal
v nadej fantdzii aj moznost’ myslienok, o ktorych nie sme presvedceni (Mei-
nong 1902, §61, 277) (mdzu sa tykat aj ,logicky“ spornych objektov
(Stvorhrany kruh je kruh) & neredlnych objektov (Zlati hora je zlatd). Prave
tieto fantazijné myslienky oznacil za predpoklady.

Meinong si vsak uvedomil, ze bezbrehy princip slobody predpokladania
by viedol k otvorenym rozporom — na Grovni vyrokovej logiky respektoval
(alebo pokusal sa respektovat’) princip neprotirec¢ivosti (vylucenia logického
sporu) — napriklad s tym, ¢o sme uz doposial predpokladali. Preto hovori,

15 Das Prinzip der unbeschrinkten Annahmefreiheit” — Meinong (1910, §60, 346).
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ze Princip neobmedzenej slobody predpokladania plati pre izolované predpokla-
dy, ale pre viaceré predpoklady plati ¢osi ako Princip relativnej obmedzenosti
predpokladania. Ako priklad uvadza, ze ked raz predpokladame, ze A bolo B
a B bolo C, tak nemézeme predpokladat’ ni¢ iné neZ to, ze A bolo C (Mei-
nong 1910, §60, 346).

Takto explikovany vyznam vyrazu predpoklad nie je v stlade s beinym
vyznamom tohto slova, napriek tomu sa mu — az na jeho ,zairaty“ psycho-
logizmus — dd rozumiet. Podla vSetkého nasa sustava predpokladov méze
(podla Meinonga) obsahovat’ napriklad len nepravdivé empirické predpo-
klady spolu s ich logickymi désledkami. Z hladiska rozsirovania empirické-
ho poznania by takato sustava navzajom konzistentnych, ale empiricky ne-
pravdivych predpokladov bola bezcenna. V tomto zmysle je Tichého kritika
Meinonga uplne opravnend.

Takto explikovany pojem predpokladu vsak nezahffia vyznam vyrazu
»predpoklad® v zmysle vjznamu vjroku, o ktorom vieme alebo prinajmenej sme
presvedcent, Ze je pravdivy. Nejde teda o pojem predpokladugi, na ktory si
Meinong rezervoval pojem sid.

Meinongov pojem predpokladu ma zakladni ¢rtu pojmu predpokladu
kvéli argumentu — nemusime byt o fiom presvedceni, ale ak ho raz predpo-
kladdme, tak sme zaviazani brat’ ako platné aj vSetky jeho logické dosledky.

Predpoklad kvéli argumentu moze byt pravdivy a my o tom mdzeme, ale
nemusime vediet a o jeho pripadnej pravdivosti presved¢ovany subjekt ne-
musi vediet. Predpoklad kvdli argumentu moze byt nepravdivy a my opit
o tom moézeme, ale nemusime vediet, rovnako ako o jeho pripadnej nepravdi-
vosti nevie presved¢ovany subjekt. Predpoklad, ktory je nepravdivy, a my
o tom vieme, mdzeme v presved¢ovani Uspesne pouzit ako vychodisko argu-
mentu, ktory vedie k sporu s inymi presved¢eniami druhej strany (agensa).
V tomto zmysle — pre ciele presved¢ovania — nie je bezcennym predpokla-
dom. Tichy ma pravdu v tom, ze v takomto pripade nim nestali sim pred-
poklad, ale aj nejaky platny kondicional, v ktorom je skimany predpoklad
v pozicii antecedentu a mézeme takto odvodit’ nové tvrdenie, ktoré bude
napriklad v spore s niektorym tvrdenim, ktoré uz agens akceptuje.

11. Zaver

Tichého kritika Kleeneho pojmu ,arbitrirneho® objektu je opravnena.
Prvi metodologickda vyhrada voci jednodimenziondlnej teérii inferencie
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z pohladu dvojdimenziondlne teérie inferencie je skor otazkou kognitivnej
alebo metodologickej vhodnosti toho alebo onoho postupu, a preto vo svo-
jej podstate epistemickou (empirickou) otizkou. Druhd metodologickd vy-
hrada by prestala byt vyhradou, ked by sa podarilo pravidla systému priro-
dzenej dedukcie redefinovat’ na zéklade Tichym navrhnutého objektudlneho
pristupu ako relacie medzi mnozinou konstrukeii vyjadrenych premisami
a konstrukciou vyjadrenou v zavere.

Tichého kritika Meinongovho pojmu predpokladu je opravnena v tom,
ze explikicia pouzivania vyrazu ,predpoklad vedie aj k logickému pojmu
predpokladu — tzv. kategorického tvrdenia, s ktorym nespdjame stupnova-
telny kognitivny postoj; tento pripad pojmu Meinong svojvolne nezahrnul
pod jeho pojem predpokladu.

Tichy vsak pojem predpokladu kvoli argumentu — predpoklad g», ktory
sim pouzival, neurobil jednym z vysledkov explikicie pojmu predpoklad
a ak by sme sa pridizali jeho odmietania epistemicky hypotetickjch predpo-
kladov, nemohli by sme pouzit logiku ako ndstroj na rozirovanie empiric-
kého poznania, ale len na rozsirovanie analytického (logického) poznania.
Hoci mnohé jeho priklady su prave analytického charakteru, predsa len jeho
$pecidlny paradigmaticky priklad taky nie je: md demonstrovat, ako logika
umozriuje rozsirovat’ empirické poznanie a menit’ presvedcenia. Takéto pra-
vé presvedcenia nedokonalych skimatelov ako predpokladyr; sa vsak mézu
stat’ vychodiskom d’alSiecho odvodzovania a rozsirovania poznania.
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Cesky logik Pavel Tichy predstavil v niekolkjch pracach svoje nizory na
povahu logiky a osobitne dedukcie, ktoré vychidzaju z teoretického rimca
nim navrhnutého systému (T)ransparentnej (I)ntenzionalnej (L)ogiky. A aj
ked jeho prace z konca sedemdesiatych a zaciatku osemdesiatych rokov 20.
storoCia zdoraznuju odlisné aspekty inferencie a dedukcie nez jeho vrcholné
dielo, reprezentované predovsetkym pracou The Foundations of Frege’s Logic
z roku 1988 (Tichy 1988), ¢i jeho stidiou On Inference (koautorovanou je-
ho manzelkou Jindrou; pozri Tichy — Tichy 2004/[1999]), spolo¢né im je
preferovanie doplneného a modifikovaného sekventového kalkulu Gerharda
Gentzena, ktory Tichy povazuje za vhodny systém pre explikiciu povahy
dedukcie, resp. logickej inferencie.

Volba sekventového kalkulu ako rimca pre Tichého rozpracovanie de-
dukcie je podmienend okrem iného aj jeho presved¢enim, ze logické odvo-
dzovania, ergo inferencie, st vlastne derivacné kroky od urcitych vyplyvani
kinym vyplyvaniam. KedZe pravidla sekventového kalkulu zachovavaju
platnost’ (a nielen pravdivost, ako je to napriklad v pripade pravidiel priro-
dzenej dedukcie!), pretoze reprezentuji derivaciu uréitého platného sekven-
tu z mnoziny platnych sekventov, tento deduktivny ramec predstavuje pre
Tichého ,,vhodna p6du® pre rozpracovanie jeho avah o dedukcii.

V ostatnom case sme mohli postrehnat’ viaceré funda¢né, interpretaéné
i evolucné price, ktoré sa v roznej miere venuju analytickym i deduktivnym
aspektom TIL (pozri napriklad Duzi — Jespersen — Materna 2011, Raclav-
sky — Kuchyrika 2011, Raclavsky 2012, najnovsie aj Duzi — Materna 2012).

Prave ostatné Raclavského studie (Raclavsky — Kuchyrika 2011; resp.
Raclavsky 2012) nds viedli k premysleniu Tichého nazorov na dedukciu.
V tom, Co nasleduje, najskér stru¢ne predstavime Tichého argumenty
v prospech tzv. dvojdimenziondlneho pristupu k dedukeii, ktory inferenciu
chdpe ako relaciu medzi urditou mnozZinou vyplyvani a inym vyplyvanim.
Nisledne poukdzeme na dovody, pre ktoré povazujeme takyto pristup za
problematicky. Nakoniec zvazime vyuzitie pojmu zhody pri explikicii pravi-
diel prirodzenej dedukcie pracujicej nad propozi¢nymi konstrukciami a na-
zna¢ime, nakolko mozno Tichého intuicie spojené s dedukciou korigovat'.

1

Za¢nime Tichého vrcholnym dielom. Tichy v pricach (1988, kap. 13)
a Tichy — Tichy (2004[1999]) priblizuje svoje filozofické ddvody, ktoré ho
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vedu k prijatiu sekventového kalkulu gentzenovského typu ako teoretického
ramca pre vlastni explikdciu dedukcie.

Tichy za¢ina 13. kapitolu (s nazvom Inference) svojej prace (1988) pri-
pomenutim toho, na akom druhu entit vlastne (logické) odvodzovanie
»operuje“. Najskor totiz na prikladoch matematickych inferencii ukazuje, ze
»[na] inferenciu je mozné najlepsie pozerat’ sa ako na opericiu na propozi¢-
nych konitrukcidch, a nie na propoziciach® (1988, 235). No vzapiti uvadza
dva odlisné pohlady na inferenciu, ktoré moino s takouto koncepciou spa-
jat, a to podla toho, aka ulohu v inferencidch prisudzujeme hypotézam ako
predpokladom, ¢ presnejsie dokazu z hypotéz (k odlisnym pojmom pred-
pokladu, s ktorymi Tichy — aspor implicitne — pracuje, pozri Gahér — Bie-
lik 2013). Tichy doslova uvadza:

Mime tu teda dva pohlady na ulohu, ktort hypotézy hraji pri dedukcii,
ktoré si mozeme osvojit. Podla prvého pohladu kroky inferencie bert
hypotézy ako také za premisy a vedu k tomu, ¢o z tychto hypotéz vyply-
va. Toto mdZzeme nazvat jednodimenziondlnym pohladom na inferenciu.
Podl'a druhého, dvojdimenziondlneho pohladu, kroky inferencie neoperu-
ju na hypotézach ako takych, ale na komplexoch zloZenych z anteceden-
tov a konzekventov, t. j. na vyplyvaniach, v ktorych sa hypotézy objavuju
ako antecedenty. Inferen¢nym krokom sa tak dostavame od jedného ale-
bo viacerych platnych vyplyvani tohto druhu k dalSiemu platnému vy-
plyvaniu. (Tichy 1988, 235)

Tichého odmietnutie usudzovania z hypotéz, ktoré sa pokusa dolozit' uz
u Fregeho, nahradza dvojdimenzionilnym pohladom, pre ktorého rozvinu-
tie vyuziva prive Gentzenov sekventovy kalkul. (Treba vsak doplnit, ze Ti-
chy v Tichy 1988, 240-249 interpretuje aj Gentzenov kalkul prirodzenej de-
dukcie tak, aby bol zluditelny s jeho dvojdimenzionalnym pohladom. Na-
priek tomu vsak vyuziva sekventovy kalkul, ktory podla neho implementuje
dvojdimenzionalnu koncepciu inferencie explicitnejsie.)
Gentzenove sekventy su totiz komplexy reprezentované ako

Ay A, = B

kde 4; predstavuje antecedenty a B sukcedent(y) sekventu, pricom znak ,=“
reprezentuje relaciu vyplyvania. Sekvent je platny, ak jeho sukcedent vyplyva
z jeho antecedentov. Pravidld odvodenia (inference rules) Gentzenovho sys-
tému nds podla Tichého dostivaju od platnych sekventov k inym platnym
sekventom. Teda ak ®; nim bude reprezentovat mnozinu antecedentov
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sekventu a ¥; prvky sukcedentu sekventov, tak pravidld odvodenia mozeme
vyjadrit’ v tvare:

(Seq) =Y, ..., 0,23, E N

Pravidld formy (Seq) hovoria, ze vidy, ked st sekventy formy ®;=%, ...,
$,=%, platné, je platny aj sekvent $=%. O sekvente &= potom mézeme
povedat,, Ze je odvoditelny podla pravidla (Seq) — porovnaj napriklad Tichy
(2004/[1982], 473).

Je zaujimavé (a upozorfiuje na to aj Jan Stépan v praci Materna — Stépan
2003, 109), ze Tichy sa vo svojej vrcholnej prici (1988) vobec nezmienuje
o pojme zhoda, ktory zaviedol a pouzival vo svojich predchadzajicich pra-
cach; pozri napriklad Tichy (2004/[1982]), Oddie — Tichy (2004/[1982]) ¢i
Tichy (2004/[1986]).

Okrem iného, prave pojem zhody robi TIL ako Siroky ramec dedukcie
zaujimavym a expresivnym. Tichy zhodu prvykrit definuje v (2004/[1982],
472-473) ako usporiadanu dvojicu, ktorej prvym prvkom je a-objekt alebo
a-premennd a, a ktorej druhym prvkom je a-konstrukcia A. Zhodu ozna-
Cuje

a:A

Dnes by sme preferovali Raclavského doplnenie (z Raclavsky 2009, 286),
ktoré suvisi s Tichého implementiciou konstrukcie nazvanej trivializdcia
v jeho vrcholnom diele, a povedali by sme, ze zhoda je usporiadand dvojica,
ktorej lavu stranu tvori premennad alebo trivializacia ee-objektu a prava stra-
na je urcitd (obvykle zlozend) konstrukcia v-konstruujica e-objekt. Zaroven
by sme doplnili, Ze zhoda je konstrukcia v-konstruujuca funkciu, ktord
usporiadanym dvojiciam konstrukcii (a, A) priraduje pravdivostna hodnotu
T (Pravda), ak obe konstrukcie v-konstruuju ten isty objekt; v opaénom
pripade im priraduje pravdivostni hodnotu F (Nepravda). Alternativne by
sme mohli zhodu explikovat' ako propoziciu, ktord je v uréitych svetami-
hoch ({mozny svet, casovy okamih)) pravdiv, v inych nepravdiva.

Povieme, ze valuicia v splna zhodu a : A, ak a aj A v-konstruuju ten isty
objekt. Tichy kvoli parcialite funkcii konstruovanych konstrukciami pri-
pusta v dedukcii aj zhody tvaru : A, kde Tavi strana zhody chyba. Ak chce
teda povedat’, ze konstrukcia A je v-nevlastnd, povie, ze zhodu : A splna va-
ludcia v (por. Tichy 2004/[1982], 473).
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V principe by sme mohli Tichého pojem zhody rozsirit’ na n-ticu kon-
strukcii a hovorit, ze zhodu medzi a : A; : A, : ... : A, splna valudcia v, ak
konstrukcie a a A; a ... a A, v-konstruuju ten isty objekt.

Spomenuli sme, ze Tichy vo svojom vrcholnom diele (1988) nikde vo
svojich uvahich o dedukcii sa nezmieriuje o pojme zhody. Naproti tomu
v praci (2004/[1982]), v ktorej predstavuje systém parcidlnej (jednoduchej)
tedrie typov pre svoju teoriu konstrukeii, zavidza pojem zhody a implemen-
tuje ho do sekventového kalkulu. Sekvent formy =% sa sklada z mnoziny
zhéd @ a zo zhody 3. Sekvent formy &= je platny, ak kazdd valudcia, kto-
ra splna mnozinu zhod @ (t. j. kaidy prvok mnoziny ®), splna aj zhodu X.
Derivaéné pravidld teda vyjadruji (resp. predpisuju) kroky od (mnoziny)
platnych sekventov k inému platnému sekventu. Do dedukcie sa tak cez
sekventy dostavaju zhody.

Nado st vsak zhody pre dedukciu potrebné? Ak je ich vyuzite[nost
pre inferenciu? Jan Stépan v praci Materna — Stépan (2003, 112) rekapitulu-
je dva hlavné dovody: 1. hoci entity vstupujuce do zhody nemusia mat’ cha-
rakter propozicii (moze ist’ o konstrukcie konstruujice objekty inych ty-
pov), zhody uz tento charakter maju; a 2. prostrednictvom (pojmu) zhody
mozno implicitne zaviest pojem sporu.

V tretej casti nasho prispevku zvdzime este dal$iu moznost’ vyuzitia poj-
mu zhody — na explikiciu sémantiky pravidiel prirodzenej dedukcie nad
propozi¢nymi konstrukciami. Predtym vsak zrekapitulujme stru¢ne dévody,
pre ktoré Tichy preferuje dvojdimenziondlny pohlad na inferenciu (odvo-
dzovanie).

2

Tichy diva do protikladu usudzovanie z hypotéz ako predpokladov
k usudzovaniu z pravd. Niekedy vSak vo svojich formulaciich naznaluje,
akoby opakom usudzovania z hypotéz ako predpokladov bolo usudzovanie
z nevybnutnyjch prdvd a, naopak, akoby opakom usudzovania z nevybnutnjch
prdvd bolo usudzovanie z hypotéz ako predpokladov.

Ked sa Tichy pokusa demonstrovat, Ze jednodimenzionalny pohlad na
dedukciu je neudrzatelny, konstatuje:

Nie je totiz Uazké ukdzat, Ze pojem odvodenia [the notion of inference]
z hypotéz nedava zmysel. Predpokladajme, Ze odvodim
(1) Peter je $pidn
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z Cisto hypotetického predpokladu, ze

(2) Peter a Pavol st $pioni.
Co som sa vd'aka tomu dozvedel? Sotva som sa dozvedel, Ze (1) je prav-
divy ¢i dokonca pravdepodobny [vyrok]. V skuto¢nosti som sa o (1) ako
takom nedozvedel vobec ni¢. To, ¢o som sa dozvedel, je, ze (1) je prav-
divy, takpovediac, na zdklade, resp. podl'a predpokladu (2). (Tichy 1988,
235-236)

A svoje zdovodnenie hned nasledne rozvija v tvrdeni, Ze vysledkom inferen-
cie nie je vyrok (1), ale vyrok o vyplyvani (1) z (2). A Tichy pokraluje:

Tento vyrok je vSak pravdivy kategoricky. Ide o pripad nepodmieneéne
platného logického principu, principu, ktory hovori, Ze z konjunkcie vy-
plyva ktorykol'vek z konjunktov. (Tichy 1988, 236)

V prvom rade je zvlastne, Zze Tichy sa pokusa na tomto priklade (hoci
nie vyluéne len na nom) ukdzat’, akd je povaba inferencie. Uvedeny priklad
totiz mozno stotoznit’ s pripadom (logicky) platného sekventu. Ak by sme
to vyjadrili inak, ide o inferenéné pravidlo formy | ®=3. s prizdnou mno-
zinou sekventov {® =%, ..., ®,2%,}, pricom mnozinu ® tvori konjunkcia
dvoch vyrokov (propozi¢nych konstrukcii) a¥ tvor ktorykolvek z konjun-
ktov ®. Ak teraz ponechime bokom otizku, ¢i do sekventov vstupuju aj
zhody (ako to robi aj Tichy v 1988), tak by sme sa mohli pytat’, v ¢om zd-
sadnom sa lisi zachytenie vyplyvania medzi (1) a (2) prostrednictvom pri-
slusného pravidla odstranenia konjunkcie v systéme prirodzenej dedukcie
(teda pravidla, ktoré si mdZeme reprezentovat’ ako: AAB |- A). Ved' ani to-
to pravidlo nehovori ni¢ konkrétne o pravdivosti A, resp. pravdivosti AAB,
ale o reldcii (logickej odvoditelnosti, resp. vyplyvania) medzi A a AAB. Na-
pokon, v tretej casti sa pokdsime ukazat, aké si moznosti explicitnej sé-
mantickej reprezentdcie pravidiel prirodzenej dedukcie (resp. jej fragmentu)
pomocou pojmu zhoda.

Vratme sa vsak k Tichého odmietaniu inferencie z hypotéz. Zda sa to-
tiz, ze Tichy zakladd svoj argument na nedostato¢nej distinkcii. Ako sme
konstatovali, Tichy, zda sa, povazuje usudzovanie z hypotéz ako predpokla-
dov za opak usudzovania z nevybnutnjch prdvd a naopak. Hypotézy ako
predpoklady vsak nemusia byt opozitom nevyhnutnych pravd. Prijat’ v usu-
dzovani za pravdivy nejaky vyrok, ¢i presnejsie, propoziciu, eSte neznamena
urcit, ¢ ide o (zlozity) analyticky vyrok, ktory je nevyhnutne pravdivy
(vzhladom na danu sustavu pojmov-konstrukcii) alebo ide o empiricky vy-
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rok, ktory méze byt kontingentne pravdivy. Inak povedané, predpokladom
v usudzovani sa moze stat’ bud analyticky, alebo empiricky vyrok. Na druhej
strane, hovorit o pravdich neznamena hovorit automaticky o nevyhnut-
nych pravdich. (Viac o odlisnych pojmoch predpokladov a ich vzt'ahu k Ti-
chého argumentom v prospech dvojdimenziondlneho pohladu na inferenciu
pozri v Gahér — Bielik 2013).

Ak je nasa uvaha korektnd, tak ked hovorime o inferencii z predpokla-
dov (pojem tzv. logického predpokladu), musime rozliSovat tieto moznosti:
bud je inferen¢ny predpoklad (i) analyticky (t. j. nevyhnutne) pravdivy, ale-
bo (i) empiricky (t. j. kontingentne) pravdivy, resp. (iii) analyticky neprav-
divy alebo (iv) empiricky nepravdivy.

Zda sa teda, ze Tichy tu spija epistemologické aspekty argumentacie
s logickou strankou inferencii. Zbavenie sa problému hypotetickosti pred-
pokladov ich premenenim na logicky pravdivé implikacie brani pouzitiu lo-
giky na rozsirovanie empirického poznania a na zmenu presveddéenia, ktoré
Tichy obhajoval.

Ked totiz usudzujeme aide nim o pravdivost’ empirickych vyrokov
(propozicii), tak nase usudzovanie moie obsahovat dve odlisné kategorie
chyb: Prvd sa tyka toho, Ze z urcitej mnoziny vyrokov logicky neopravnene
— t. j. chybne — odvodime iny vyrok (o ktorého pravdivost nam pri skimani
mdze ist); chyba druhej kategorie spociva v tom, Ze aspon jeden z vyrokov,
z ktorych nase odvodenie vychddza, nie je pravdivy, a teda aj v pripade, ze
sme pouzili logicky spravnu inferenciu, zdver tejto inferencie nemusi byt
pravdivy.

A préve moznost, ze sa mozeme pri usudzovani, resp. odvodzovani mylit’
asporl v jednom z nasich (napr. empirickych) predpokladov, Tichého pri-
stup k dedukcii nepripusta. Dvojdimenziondlny pohlad na inferenciu pri-
pusta len nevyhnutné pravdy — vyplyvania platnych sekventov z inych plat-
nych sekventov. Ako nim vsak mdze potom inferencia poslizit' pri pozna-
vani empirickych pravd, ked tie nie su v derivacnych pravidlach sekventov
pritomneé?

3

Ked’Ze si myslime, Ze pojem zhody moino vyuzit aj v inom inferen¢nom
systéme, a to bez toho, aby sme uvazovali o inferen¢nych pravidlach ako
o krokoch od mnoziny vyplyvani k inému vyplyvaniu, pokusime sa v nad-



VYUZITIE POJMU ZHODA V HYPERINTENZIONALNEJ DEDUKCII 105

viznosti na uvedené price (najmi Raclavsky 2012, Raclavsky — Kuchyrika
2011 a Materna — Stépan 2003), predstavit’ sémanticka verziu pravidiel pri-
rodzenej dedukcie, ktoré operuji nad propozi¢nymi konstrukciami s vyuzi-
tim pojmu zhoda. Nas postup pritom preberd zakladna schému niektorych
odvodzovacich pravidiel z price Oddie — Tichy (2004/[1982]), kde sa vsak
inferencia realizuje na sekventoch, a nie medzi zlozkami sekventov.2 My tu-
to schému modifikujeme tak, aby v nej boli zachytené aj propozicie, resp.
propozi¢né konstrukcie, no ziroven ju presivame z prostredia sekventového
kalkulu do prostredia (fragmentu) systému prirodzenej dedukcie.
Ked tak urobime, pokusime sa zodpovedat’ aj tieto dve otdzky:

1. Ako sa da Tichého poziadavka, aby v deriva¢nych pravidlach vystu-
povali len nevyhnutné pravdy (tautolégie), zladit' s tym, Ze v usud-
koch pracujeme aj s empirickymi (nihodnymi) pravdami?

2. Vakom vztahu st pravidla B-redukcie, a-redukcie, ¢i n-redukcie,
ktoré TIL vyuziva, k nami prezentovanej explikdcii (fragmentu) pra-
vidiel prirodzenej dedukcie?

Predstavme teda nas navrh sémantického modelovania dedukcie v ramci
rozvetvenej tedrie typov pre systémy prirodzenej dedukcie. Teraz vyptsta-
me exaktné definicie Tichého rozvetvenej teérie typov (Citatela odkazujeme
na pracu Tichy 1988, resp. na ktorukolvek zuz zmienenych publikacii
o TIL) a predstavujeme len definicie tych pojmov, s ktorymi budeme dalej
bezprostredne pracovat.

Definicia (pojmu) zhody

Konstrukcia a:A, kde a je premennd v-konstruujica objekt urcitého ty-
pu « alebo trivializicia tohto objektu a A je konstrukcia v-konstruujica
objekt urcitého typu @, v-konstruuje zhodu, t. j. funkciu M, ktord
usporiadanej dvojici konstrukeii (a, A), (resp. (__, A)), priradi pravdi-
vostn hodnotu Pravda (T), ak a=@, teda ak a aj A v-konstruuju ten
isty objekt (resp. ked A je v konstrukcii __:A v-nevlastnd). V opaénom
pripade M priradi tejto dvojici pravdivostnd hodnotu Nepravda (F).

Povieme teda, ze zhodu M splna valuicia v, ak a aj A v-konstruuja ten isty

objekt.

2 Mime na zreteli napriklad pravidlo 2.19, ktorého forma vyjadruje vlastne zndme pra-
vidlo Modus ponendo ponens: ®=T: I2]; ®=T: I | &=T: J; kde T je pravdivostnd
hodnota Pravda a I a J s premenné pre pravdivostné hodnoty.
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Pojem vyplyvania v TIL mozno vymedzit viacerymi sposobmi. Spolo¢né
im je vsak jedno: Vyplyvanie sa modeluje primarne ako relacia medzi propo-
zicnymi konstrukciami, resp. ako relacia medzi propoziciami a az sekundar-
ne ako relacia medzi vyrokmi.

Ked sme v prvej casti charakterizovali platny sekvent, vyuZili sme pri
tom pojem vyplyvania zalozeny na pojme splfiania zhod (v antecedente,
resp. sukcedente sekventu). Ked'ze budeme dalej pracovat’ s pojmami pro-
pozi¢nych konstrukcii a propozicii, bude vhodné, ak explikujeme pojem vy-
plyvania medzi propoziciami (v-konstruovanymi propozi¢nymi konstruk-
ciami prislusnych radov) a nisledne aj odvodeny pojem vyplyvania medzi vy-

rokmi.

Definicia vyplyvania medzi propoziciami

Nech pj, ..., pn g s konstrukcie v-konstruujice propozicie pi, ..., pn, G5
anech w, ¢t si premenné v-konstruujuce moiné svety wi, a ¢asové oka-
mihy t;. Povieme, Ze propozicia q vyplyva z propozicii py, ..., pn prave

> v 7 7. P. P ’ ’ v ’

vtedy, ked pre kazda valuaciu v a pre fubovolné (w, t;) plati, Ze v tych
(wi, t;) apri tych valuiciach », v ktorych s pravdivé vietky propozicie
P1, - Pny je pravdivd aj propozicia q.

Definicia vyplyvania medzi vyrokmi

Nech Vi, ..., Vy, Vst vyroky jazyka J oznacujuce (v poradi) propozicie
Pt - Pny q. Povieme, Ze vyrok V vyplyva z vyrokov Vi, ..., V, v jazyku J,
ak propozicia q oznacena vyrokom V vyplyva z propozicii py, ..., pn 0zna-
¢enych vyrokmi Vi, ..., Vp.3

Uvedené definicie teraz mozeme bezprostredne vyuzit na definovanie plat-
ného usudku.

Definicia platného Gsudku

Nech Vi, ..., V, / V je Gsudok, kde Vi, ..., V,, st jeho premisy a V zaver
usudku. Povieme, ze usudok Vy, ..., V, / V je platny (t. j. logicky sprav-
ny), ak jeho zaver vyplyva z premis.

KedZe sme si definovali zdkladné sémantické pojmy, s ktorymi budeme d'a-
’ pojmy 1y

lej pracovat, pozrime sa, ako ndm mézu pomdct’ pri explikacii (fragmentu)

systému prirodzenej dedukcie v logickom ramci konstrukcii TIL.

3 Dakujeme anonymnému recenzentovi za pozndmku, Ze definiciu vyplyvania medzi
vyrokmi je vhodné relativizovat’ vzdy k uréitému jazyku.
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Ukézeme, ze pravidld prirodzenej dedukcie mozeme zasadit’ do hyperin-
tenziondlneho rimca TIL pomocou pojmu (konstrukcie) zhody, kde prvym
prvkom funkcie-zhody budu trivializicie pravdivostnej hodnoty Pravda (T),
resp. Nepravda (F) a druhym prvkom budu zlozené konstrukcie — tzv. kom-
cii, ako su konjunkcia, disjunkcia a pod., jednak propozi¢né premenné — te-
da konstrukcie p, ¢, 7, ..., v-konstruujlice propozicie, t. j. objekty typu
((ot)w), skritene 0, aplikované (pod-kompoziciami) na (v-konstruované)
hodnoty premennych w a ¢ (kompoziciu [[pt]w], ktord v-konstruuje pravdi-
vostnu hodnotu propozicie p na argumentoch w a t, budeme skratene zapi-
sovat pyy).

Zapis tychto pravidiel tak predstavuje sémanticku verziu fragmentu pra-
vidiel prirodzenej dedukcie pre nekvantifikované vyroky (v tomto pripade
vychddzame z pravidiel prirodzenej dedukcie Borkowského typu — pozri na-
priklad Gahér 2003, resp. Zouhar 2008).4

Modus ponens (MP)
ETZ [0_> Puwt th]
T: Pwt

o, Qur

Zavedenie implikacie (ZI)
OT: Gut

0T3 [O_> Puwt th]
Odstranenie konjunkcie (OK)

OT: [0/\ Puwe th] OT: [0/\ Puwe q:w]
0T Dur o, Qut
Zavedenie konjunkcie (ZK)

0

OT: Dur

T gue

T [0/\ Puwe th]

4 Pravdou je, ze takdto sémantickd explikicia fragmentu pravidiel prirodzenej dedukcie
nezohladnyje parcialitu propozicii. Ak by sme parcialitu pripustili, viaceré pravidli by
neboli platné (napriklad pravidlo (ZI) ¢i (ZD)).
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Zavedenie disjunkcie (ZD)

O pue T Gur

0T5 [OV Duwr qwt] OT3 [OV DPuwt Qwr]
Odstranenie disjunkcie (OD)

ET: [OV Duwt th] 2T3 [OV DPuwt Qwr]
F: pue F: que

o, Qut O, Duwr

ET: [EV Duwt th] 2T3 [EV DPuwt Qwr]
T: "= pud T: [= quil
OTZ Qur OTZ DPuwt

Zavedenie ekvivalencie (ZE)
2T3 [2_> Puwt th]
T: [ —> Que Pwt]

"T: % put Gud

Odstranenie ekvivalencie (OE)
0T5 [O<_> Duwr qwt] OT3 [0(_) DPuwt Qwr]

OT: [0_> DPuwt th] OT: [0_> qut pwt]

Co majt vlastne uvedené pravidld vyjadrovat’?! Domnievame sa, e ich
potencidl je nasledovny:

Venujme sa najskor pravym strandm zhod v premisach i zaveroch usud-
kovych schém, ktoré v tychto pravidlich vystupuju. Moézeme konstatovat),
ze ich hyperintenzionalna (t. j. konstrukénd) forma je takd, Ze v pripade, Ze
su propozicie na pravych strandch zh6d premis v svetamihoch (w, t) pravdi-
vé, s v tychto svetamihoch pravdivé aj propozicie v zaveroch tychto pravi-
diel. To znamend, ze na to, aby sme vyjadrili platnost’ niektorych nasich
usudkov, stadi, aby sme sledovali len pravé strany zhdéd danych pravidiel
(resp. ich lambda-viazané varianty), alebo sa jednoducho ststredili len na
zredukované pravidla, ako napr.:

(ZDY)  pu

[OV DPuwt th]
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respektive:

(ZD")  Aw s [pu]

Aw At [OV Puwe th]

Naco je potom dobré vyjadrit’ tieto pravidld vo forme prechodu od zhod
v premisach usudku ku zhode v zavere Gsudku, pricom na lavej strane zhod
(ako prvy prvok zhody) vystupuji trivializacie pravdivostnej hodnoty (T,
resp. F)?

Odpoved nemusi byt na prvy pohlad intuitivna, ale skisme ju preverit.
To, o touto reprezenticiou pravidiel zamyslame vyjadrit, mozno zhrnat
takto: Usudky mézu byt samozrejme platné aj vtedy, ked je zaver nepravdi-
vy, pripadne ked premisa alebo premisy nie s pravdivé (pozri nase defini-
cie). Ak vSak chceme navyse vyjadrit skutonost, ze vidy, ked su premisy
logicky platného Gsudku pravdivé, je, resp. musi byt pravdivy aj zdver Gsud-
ku, mézeme k tomu pouzit' uvedené pravidla (MP) — (OE), resp. dalsie
(odvodené) pravidlzi Umoziiuje ndm to prave pojem zhody: Pre tieto pra-
vidla totiz plat1 ze pri kaidej valudcii v avo vetkych svetamihoch (w;t),
v ktorych su splnane zhody z premis, je splnana aj zhoda v zavere. Inak po-
vedané, ak konstrukcie na pravych stranich zhod premis prislusnych usud-
kov v-konstruuju pravdivostnd hodnotu T, bude ju konstruovat’ aj pravd
strana zhody v zévere usudku. T'o samozrejme neznamend, Ze nejaky aktual-
ny tsudok, ktory je platny, musi splniat’ prislusné zhody.

Vezmime si napriklad Gsudok:

(U1 Ak Bratislava je rieka, tak Dunaj je mesto.
Bratislava je rieka.

Dunaj je mesto.

Ak nahradime propozi¢ni konstrukciu Bratislava je rieka, ktord je vyz-
namom vety ,Bratislava je rieka®, propoziénou premennou p a propoziénﬁ
konstrukciu Dunaj je mesto, ktora je vyznamom vety ,Dunaj je mesto®, pro-
pozi¢nou premennou ¢, mézeme po zohladneni vyznamu logického opera-
tora implikdcie (implikatora) a parametrov moznych svetov a ¢asov, v kto-
rych tieto propozicie vyhodnocujeme, vyjadrit hyperintenzionalnu formu

usudku (U1) takto:
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(Ul*) Aw At [0_> DPuwt th]
Aw At [pue

Aw At [qud

Je zjavné, ze usudok formy (U1*) je platny, teda aj Gsudok (U1) je platny;
no v aktualnom svete a ¢ase st propozicie oznacené vetami ,Bratislava je
rieka“, resp. ,Dunaj je mesto® nepravdivé (a teda vyslednd konstrukcia v pr-
vej premise Gsudku (U1) je pravdiva). Ak teda dosadime do pravidlovej
schémy (MP) za p, q propozi¢né konstrukcie Bratislava je rieka, resp. Dunaj
je mesto, zistujeme, Ze pri valudcii, ktord premennym w, ¢ priradi na$ akcual-
ny svet a chronolégiu doterajsich okamihov, nemézeme odvodit’ pravdivost
zaveru, pretoze zhoda v druhej premise nie je spliiana.

Co teda pravidld (MP) — (OE) zachytdvaji? Domnievame sa, Ze zachyta-
vaju najmi tieto tri aspekty: 1. Tieto pravidld umoziriuji zachytit’ rozdiel
medzi platnostou tsudkov (inferencii) a aktudlnou pravdivostou ich pre-
mis. 2. Tieto pravidld umozriujl vyjadrit' aj tie Tichého logické intuicie,
podla ktorych pri logickej inferencii, resp. pri dokazoch — obzvlast v takej
discipline, akou je matematika, o ktora sa Frege, Gentzen i Tichy pri svo-
jich uvahdach o dedukcii opierali — pracujeme s pravdami; a napokon: 3. tie-
to pravidld umoznuju, aby do inferencii vstupovali aj konstrukcie empiric-
kych propozicii, vyjadrujicich nahodné pravdy.

Dliime este jednu odpoved, ktora sa tyka otazky, v akom vztahu st pra-
vidla B-redukcie, a-redukcie, ¢i n-redukcie, ktoré (nielen) TIL vyuziva,
k nami prezentovanej explikdcii (fragmentu) pravidiel prirodzenej dedukcie?
V prvom rade TIL je systém konstrukcii operujucich nad objektmi z urcitej
epistemickej bazy a nad funkciami generovanymi z tychto objektov. Moze-
me teda zjednodusene konstatovat, ze TIL operuje nad funkciami istych
typov. Pri analyze vyrazov prirodzeného jazyka sa TIL pokusa identifikovat
v pripade empirickych vyrokov konstrukcie, ktoré v-konstruuji propozicie,
a v pripade analytickych (neempirickych) vyrokov zasa konstrukcie, ktoré v-
konstruuji pravdivostné hodnoty. Uvedené pravidld B-redukcie, a-reduk-
cie, ¢i n-redukcie tak Specifikuja, kroré prechody od konstruovania uréitych
funkii, resp. aplikdcii funkecii na argumenty prislusného typu, st pripustné.
Pokial véak chceme zostupit’ v pripade propozicii k dedukcii pravdivostnej
zavislosti urcitej propozicie od mnotziny inych propozicii, musime aplikovat
(kompoziciou) tieto propozicie na hodnoty premennych w, ¢, aby sme do-
stali pravdivostné hodnoty, ktoré si argumentmi undrnych a binarnych lo-
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gickych spojok. A prave v tejto rovine pracujeme s deduktivnymi pravidla-
mi, ktoré sme sa tu pokusili nacrtnuat’.
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Abstract: The concept of expressivity of a theory or a system’(for example a system of
concepts or — derivatively — of basic expressions) is surely important: a theory (system) is
the more expressive the more problems it allows to be solved. We will try to formulate or
at least to suggest an explication of this notion. We will, of course, assume that an appro-
priate explication of the notion of problem has been given.
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1. Obecna definice expresivity

T; necht je teorie v daném jazyku L v case t. IIj, II,, ... necht jsou
mnoziny problémi fesitelnych v teoriich T, T3, ... v Case &

= T md stejnou expresivitu jako T ift TI; = I,

» T\ md nizst expresivitu nez T iff 11} < I,

= Ty je expresivné nesrovnatelndg s T, it Il NI, = &

(Pfedpokladem smysluplnosti definic je dobra explikace pojmu problém. Ze
své kuchyné mohu nabidnout stat’ Materna 2008, pokud jde o definici pro-
blému.)

Takto lze definovat expresivitu teorie. Nahradime-li vyraz ,fesitelnych® vy-
razem ,formulovatelnych®, dostaneme expresivitu jazyka. Za problém poklidam
v tomto textu proceduralné chapany pojem, tj. v podstaté uzavienou konstrukci

© 2013 The Author. Journal compilation © 2013 Institute of Philosophy SAS
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ve smyslu TIL (viz Duzi — Jespersen — Materna 2010, 2.2). V pfipad¢ mate-
matickych problémi je pojem FeSitelnosti ztotoinén s algoritmickou fesitelnosti
(§j. funkce konstruovani danym pojmem je ¢astecné rekurzivni), v pripadé
empirickych pojmi/problémi je pojem fesitelnosti slozitéjsi.

Pokud jde o problém Logické analyzy prirozeného jazyka (LAP]), lze fesi-
telnost chapat tak, Ze problém adekvatni analyzy vyrazu pfirozeného jazyka
je resitelny v teorii T,, pokud vysledek této analyzy v T; nelze v jiné teorii T;
korigovat.

2. Mé¥itka expresivity logické analyzy vyrazi logickych teorii
Zde zilezi na tom, jak budeme chapat T;. Myslitelné volby:

" Riizné tddy: vyrokova logika, predikitova logika 1. fadu, predikatova
logika 1. fadu s identitou, predikdtova logika 2. fadu

*  Riizné ,sméry“: klasicka logika, intuicionistické logika

*  Rizné axiomatické (formdlni) systémy téZe logiky (i téhoz sméru

Nase definice mohou ovéfit fake, ze vyrokova logika i jazyk vyrokové lo-
giky je méné expresivni nez predikatova logika 1. fadu.

Otazka: Lze ovéfit, ze (zda?) predikatova logika 1. fadu je méné expre-
sivni nez predikatova logika 2. fidu?

Problém je zde nasledujici: Véta ,Ke kazdé tiidé existuje tfida, kterd je
jeji podtridou® neni v predikatové logice 1. fadu analyzovatelna, takze vyraz

VPAQ (Vx (Px) o Qx))

predikitové logiky 2. fadu je neanalyzovatelny v 1. fadu, tj. 2. fad je expre-
sivn€jsi nez 1. fad, pokud jde o formulovatelnost problému. Jind véc je, zda
problémy formulovatelné v 2. fidu jsou fesitelné, coz nelze tvrdit vzhledem
k neuplnosti predikatové logiky 2. fadu.

3. Méfritka expresivity v Logické analyze pfirozeného jazyka
Necht' T je néktera z teorii vyznamu Logické analyzy pfirozeného jazy-

ka. LAPJ predpoklada (méla by predpokladat) princip kompozicionality
(PK) (viz napt. Szabd 2005, 5):
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Méjme E jako mnozinu vyrazt (daného jazyka), m necht je pfifazeni vy-
znamu, M bud mnozina vyznami, které jsou k dispozici, a F necht’ je k-
clenna syntakticka operace na E. Pak m je F-kompoziciondlni, existuje-li
k-clenna parcialni funkce G na M takovd, ze je-li definovino Fley,...,er),
Pak m(F(eh'":ek)) = G(I’)’Z(é‘]),...,ﬂ’l(@k)).

M¢jme tedy vyraz e daného pfirozeného jazyka, jehoz gramatika urcuje,
ze je slozen ze (smysluplnych) podvyrazl ej,...,e,. Podle PK tedy kompo-
nenty konstrukce C, kterda je vyznamem wvjrazu e, jsou vyznamy vyrazii
€h---,er. Méjme teorii T, pro kterou analyza C’ vjrazu e obsahuje vyznamy
podvyrazii ¢’y,...,¢’, vjrazu ¢, kde m < k. Rekneme, 7e vjraz e nelze v T ddle
zjemnit.

Definice
Vyraz ¢ jazyka L je analyzovatelny v T; iff vyznam ¢ (= vysledek analyzy
e) v T, nelze ddle zjemnit v T

IT; necht je mnozina vyrazii pfirozeného jazyka L analyzovatelnych
v teorii T;. Pak schémata definic v ¢asti Obecna definice expresivity lze
aplikovat jako definice moznych vztaht mezi IT,, IT,.

Necht tedy IT,, I, ... jsou mnoziny problémi fesitelnych v teoriich T}
T, ... LAPJ, kde je vyznaceno novym indexem, zda jde o tyto mnoziny
v ramci vyrokové ¢i predikatové logiky apod. Pak lze snadno dokazat

Hi vfrokovd logika & Hj predikdtovd logika 1. Fddus

Vzhledem k tomu, ze podle Definice je jazyk vyrokové logiky chudsi nez
jazyk logiky predikatové a ze problém je formulovatelny v urcitém jazyce,
muizeme tedy konstatovat, ze mnoZina problémii resitelnjch ve vjrokové logice
Jje vlastni podmnoginou problémii tesitelnjch v predikdtové logice.

Vskutku, vyraz Kazdy Zivocich je zkrotitelny je ve vyrokové logice analyzo-
vatelny jako jednoduchd konstrukce, reprezentovana napf. jednim pisme-
nem. Takovd analyza neumozniuje zapojeni do kategorického sylogismu na
rozdil od analyzy poskytované predikatovou logikou 1. fadu. A tedy

T ojrokovd logika j€ méne expresivni neZ Tpredikisond logika 1. #adu-
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4. Montague a TIL

Necht T, je Montaguova teorie LAPJ znima napf. z Montague (1974)
nebo GAMUT (1991). Necht T, je Tichého LAPJ zalozend na Transpa-
rentni Intenziondlni Logice znimé napf. z Tichého monografie nebo
z knihy Dutzi — Jespersen — Materna (2010). Tvrzeni, ze

T, je méné expresivni nez T,
lze dokazat, jsou-li dokazatelnd dvé tvrzeni.

A) Itone © Iy,
B) Ilry, & Iyion

Tedy plati-li, ze

Kaidy vyraz analyzovatelny v Montaguové LAPJ je analyzovatelny v Ti-
chého LAPJ, ale ne kazdy vyraz analyzovatelny v Tichého LAPJ je ana-
lyzovatelny v Montaguové LAPJ.

Dtikaz tvrzeni A) je v obecnych rysech myslitelny, ale jeho provedeni by
mélo podobu zvlistniho pojednani (pfipominajiciho dikaz, ze rekurzivni vy-
Cislitelnost je Turingovska vy¢islitelnost — nebo naopak).

Naproti tomu dikaz tvrzeni B) je jednoduchy. Priklad: Méjme véty

Q) 2+3 =+V25.
b) Karel pocitd 2 + 3.

Montague nema k dispozici konstrukce (abstrakini procedury) jakozto objekty
sui generis. Bez nich ovéem véty typu b) (postojové) nelze analyzovat a stoji-
me pred problémem, jak vysvétlit nepouzitelnost Leibnizova pravidla

y=2 &.y..) > D..z.),

jehoz aplikace by pfi pravdivosti premis vedla k nepravdivému zavéru Karel
potitd +V 25. Montaguova analyza konéi strukturou a = b, kdeito v TIL
mame

= % %2 °3][% v %25]],

a spolu s analyzou b) dokazeme vysvétlit, pro¢ nepravdivost zavéru je v sou-
ladu jak Leibnizovym pravidlem, tak s obéma premisami.
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Neformalné jde o to, ze TIL umotznuje rozlisit, kdy konstrukee, ktera je
vyznamem vyrazu, je uZita, a kdy je zminéna. V tvrzeni a) je konstrukce [+
02 93], keer je vyznamem vyrazu 2+3, uzita: konstruuje ¢islo 5. V tvrzeni b)
nas nezajima, co tato konstrukce konstruuje — zajima nds tato konstrukce
sama: Je zminéna (ale zstava vyjznamem vyrazu 2+3). Leibnizovo pravidlo
nelze uplatnit, protoze neplati y = z: v a) se rovnost tyka toho, co dany vy-
znam konstruuje, a v b) se nemluvi o tom, co dany vyznam konstruuje.
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Abstract: Systems of axioms for elementary logic we can find in textbooks are usually
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1. Jak — k €ertu — Mendelson pfisel zrovna na tyhle axiomy??

Kdyz se v ucebnicich logiky seznamujeme s néjakym logickym kalku-
lem (at’ uZ je to béind, standardni logika, nebo néjaky méné béiny kal-
kul), jsou nam obvykle predlozeny jeho axiomy. Pro¢ mi dany kalkul pra-
vé takové, a ne jiné axiomy? Obvykle je dokazino, ze tyto axiomy odpovi-
daji pfislusné sémantice, to jest, ze kalkul, zalozeny na téchto axiomech,
je korektni a dplny. (To je ovsem mozné jenom v pripadé kalkulu, jehoZ
jazyk ma néjakou samostatnou sémantiku, jako ji tfeba ma klasickd logika
— v opacném pripadg, jako napfiklad v pfipadé intuicionistické logiky, jsou

Préce na tomto textu byla podpofena grantem GACR ¢&. 13-21076S »Zaklady logiky
ve svétle novych vysledki filosofie a védy*.

© 2013 The Author. Journal compilation © 2013 Institute of Philosophy SAS
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axiomy odlvodriovany néjak jinak.) Dikazy korektnosti a uplnosti ovSem
nebyvaji prili§ prehledné a pfilis hluboky vhled do povahy axiomt nam
obvykle nezjednaji.

Vezméme napriklad systém axiomi klasické predikitové logiky, ktery
predklidd ve svém uvodu do (matematické) logiky Mendelson (1964):

A—> B> 4)

(A B—>0)—>(E—>B)—> A Q)

(-4 — =B) = (4 — B)) — 4))

Vx A —Ala/x], kde Ala/x] znaci formuli 4 se véemi vyskyty x nahraze-
nymi a

Vx (A — B) > (4 > VxB), jestlize A neobsahuje x

Odvozovacimi pravidly jsou generalizace a modus ponens:

A/l VxA
A A—>B) /B

Jak se k takovym axiomim dopracovat? Pro¢ vypadaji pravé tak, jak vypada-
ji?

V knize, kde jsou tyto axiomy prezentovany, je samoziejmé mozné najit
jisté vysvétleni — je tam totiz dikaz korektnosti a Gplnosti tohoto kalkulu
(vzhledem k béiné sémantice klasické logiky), a my miZeme stopovat, kde
a jak se v tom dikazu tyto axiomy a pravidla vyskytuji a timto zplisobem
ziskat odpovéd na otazku, pro¢ potfebujeme pravé je.

Tato odpovéd se mi ale nezdd byt uplné uspokojivd, a tak se v tomto
¢lanku pokusim ukdzat jinou cestu, jak se k pravé témto axiomim muZeme
dopracovat, cestu, kterd vede pfes budovini logického systému klasického
predikatového poctu v malych, prihlednych kraccich.

V tomto ¢linku budu pfedpokladat, ze logika je primarné néco tak pfi-
zemniho jako technika obhospodarovani pravd, které ziskivime nezavisle na
ni. Pfedstavme si, ze pracuji v reklamni agentufe a dostanu telefonni se-
znam, ve kterém jsou zaskrtina jména, na néZ mam soustfedit néjakou re-
klamni kampan. Téch jmen je spousta a ji hledim cesty, jak si jich co nej-
vice zapamatovat; extrémné uzite¢ny by pro mé byl néjaky algoritmus, ktery
by mi dovolil je vSechny vygenerovat. Takze pfijdu-li napfiklad na to, ze
véechna ta jména jsou vymezitelnd néjakym pfedpisem (odpust'te mi fan-
tasknost takové pfedstavy), napfiklad ,Vezmi znaky Pe, Kla nebo 4, pride;j
k nim b nebo 7, ...%, bude to pro mne velmi uZite¢né. A logika, jak na ni
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nahlizim tady, je obecna teorie takovéhoto ,managementu, nikoli ovsem
jmen potencidlnich zakaznikd, ale nasich poznatki, to jest vyrokd, které
mame za pravdivé.

Z hlediska tohoto ¢lanku ovSem neni prilis podstatné, jak moc toto
velmi prizemni chapani logiky bereme vazné. (Ji mam pocit, Ze na logiku je
uziteCnéjsi se divat takto, nez v ni vidét tfeba teorii nejobecnéjsich strukeur
svéta nebo lidské mysli; ale zde neni misto, kde bych mohl vysvétlovat
proc.)

2. Jazyky a vyclenéné vyroky

Zda se mi, zZe spojka, ktera je z hlediska logiky naprosto prizracna, je
konjunkce. Ta se chova prosté tak, ze je odvoditelna z obou svych konjunk-
th a kterykoli z téchto konjunktd je odvoditelny z ni. A protoze vime, ze
klasickou logiku lze postavit na konjunkeci a negaci, zda se, ze cely problém
axiomatizace se muze zkoncentrovat do problému, jak k prihledné axioma-
tizaci konjunkce pridat axiomatizaci negace. To mé vede k tomu, Ze zaénu
s témito dvéma spojkami, takze k Mendelsonové axiomatizaci s implikaci se
budu propracovavat oklikou.

Uvazme velmi jednoduchy jazyk prvniho fidu, jehoz slovnik je tvofen
individuovymi konstantami Azor, Brok a Pasik a unarnimi predikity pes,
kan a vepf. Mime devét vyroka:

pes(Azor), pes(Brok), pes(Pasik), kurn(Azor), kun(Brok), kun(Pasik),
vepi(Azor), vepi(Brok), vepf(Pasik)

Predpokladejme, Ze tfi z téchto deviti vyroki jsou vyclenéné (to jest ,pravdi-
v¢Y); konkrétné pes(Azor), pes(Brok), vepr(Pasik); ostatni jsou nevyclené-
né. Vyclenéné vyroky si mizeme prosté sepsat do seznamu, do kterého mi-
zeme, kdykoli budeme postaveni pfed kol rozhodnout o tom, zda je nékte-
ry z vyrokd tohoto jazyka vyclenény, jednoduse nahlédnout.

Predstavme si ale, Ze tento jazyk rozsifime o spojku A, kterd, jak byva
zvykem, reglementuje® eskou spojku a. Vjrokt tedy ted’ ui bude neome-
zeny pocet, a my uZ tak nemiZeme udélat jejich uplny seznam. Takovy se-
znam ale jisté miZeme udélat nepfimo: mizeme zadat instrukci, jak ho —
potencialné — vygenerovat. Zjevné stadi, kdyz k vySe uvedenému seznamu

2 Pojem reglementace pouZivim ve smyslu, v jakém ho zavedli Svoboda - Peregrin (2009).
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deviti elementarnich vyrokd pfidime pravidlo, ze kdykoli mame na seznamu
vy¢lenénych vyrokd néjaké dva vyroky, je tam treba pfidat i vyrok, ktery
vznikne jejich spojenim pomoci A.

Jak by mél nyni vypadat seznam vsech vyclenényich vyrokd? Mi-li spojka
A fungovat, jak je béiné, podobné jako a, pak by mél asi vypadat tak, ze by
obsahoval vyrok tvaru 4 A B pravé tehdy, kdyZ by obsahoval i obé¢ jeho sou-
casti, 4 a B. Predpokladame-li, Ze mazeme vyjit ze seznamu vsech jednodu-
chych vyclenénych vyrokl, pak takovy seznam vsech vyclenénych vyrokd
v tomto jazyce zfejmé muZeme vyrobit tak, ze k nému budeme pridavat
konjunkei kazdych dvou vyrokd, které na ném uz jsou. Pravidlo pro takové
pridavani zapiSeme ndsledujicim zptsobem:

(A) 4, B} (4 A B)

Rikejme jazyku, ke kterému jsme se takto dopracovali, (JA).

Jazyk (JA)

Vyroky:
1. Je-li J jméno a P predikat, je P(]) vyrok; pficemz jmény jsou
Azor, Brok a Pasik, a predikity jsou pes, kun a vepr.
2. Jsou-li A a B vyroky, je i (4 A B) vyrok.

Vyclenéné vyroky:

1. pes(Azor), pes(Brok), vepf(Pasik)
2. Jsou-li 4 a B vyclenéné, je vyclenény i (4 A B); zkricené
(A) 4, B} (4 A B)

Na vygenerovani néjakého vyroku pomoci pravidel generovani seznamu
vyclenénych vyroki se ovSem také muzeme divat jako na jeho ditkaz. Vez-
méme napriklad vyrok (vepr(Pasik)Apes(Brok))Avepf(Pasik). Dokédzat ho
muzeme nasledujicim zpisobem:

1. vepr(Pasik) vy¢lenény jednoduchy vyrok
2. pCS(BrOk) vyclenény jednoduchy vyrok
3. vepr(Pasik) Apes(Brok) z 1. a 2. pomoci (AD)

4. (vepr(Pasik)Apes(Brok)) avepr(Pasik) z 3. a 1. pomoci (AD)



ODKUD SE BEROU AXIOMY LOGIKY? 121

3. Co na seznamu byt nemd

Pravidlo (Al) ndm zaruluje, ze budeme-li vychazet ze seznamu vsech vy-
clenénych jednoduchych vyrokd, budeme mit na seznamu i vSechny kon-
junkce, které chceme vyclenit. Abychom tam ovsem méli jenom je (a ne na-
vic také tfeba néjaké z téch, které vyclenit nechceme), musime tento se-
znam generovat pouze pomoci pravidla (AI). To znamend, Ze na seznam ne-
smime pridavat (4 A B), aniz by tam uz byly i 4 a B.

Abychom tohle vyjadfili zase pomoci pravidel, museli bychom do hry
vzit pravidla pro to, co na seznam vyclenénych vyrokd nepati. Takova pra-
vidla se normalné v logice nevyskytuji — zavést bychom je ovSem mohli.

Mohli bychom naptiklad psat

(AE1Y) A4 AAB)
(AE2¥) B4 (AAB)

a Cist to nepatri-li na seznam A (resp. B), pak tam nepatii ani (A A B). Al-
ternativné bychom mohli uvazovat o generovini — vedle seznamu vyclené-
nych vyrokd — i paralelniho seznamu nevyclenénjch vyrok a vzit uvedena
pravidla jako pravidla pro generovini tohoto seznamu. (Vyroky, které patif
na seznam nevyclenénjch vyrokd, jsou pfitom samoziejmé ty, které nepati na
seznam vyclenénjch vyroki.)

Pridime-li tato dvé pravidla k pravidlu (AI), dostaneme uZ jednoznaéné
vymezeni seznamu vSech vy¢lenénych vyroki jazyka (JA)? Za predpokladu,
ze mame dan seznam vSech vyclenénych jednoduchych vyroki, pak zfejmé
ano: pravidlo (Al) ndm zajisti, aby se na seznam vyclenénych vyrokt dostaly
vSechny vyroky, které maji byt vy¢lenéné, a pravidla (AE1*) a (AE2*) ndm
zajisti, aby se tam nedostaly zadné z téch, které vyclenéné byt nemaji.

Vsimnéme si dale, Ze fekneme-li, Ze nepatfi-li na seznam A, pak tam
nepatii ani (4 A B), je to v podstaté totéz, jako kdybychom fekli, ze patfi-li
tam (4 A B), pak tam patfi i 4. Plati-li totiz to prvni, musi platit i to druhé
a naopak. Takze pravidla (AE1*) a (AE2*) mlzeme, jak se zda, transformo-

vat do podoby

(AE1)  (AAB) |4
(AE2)  (AAB }B

Pravidla (AE1) a (AE2) ndm ale uZ opét fikaji, co se na seznam md ptidat —
jak tedy mohou zajistit, aby se tam nepfidalo to, co se tam pfidat nemd? Vtip
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je v tom, ze pravidla (AE1) a (AE2) promitnou pfiddni jakékoli nepatficné
konjunkce dolti az na jednoduché vyroky, a tak se nim jako vysledek pridani
jakékoli nepatficné konjunkce v seznamu objevi i nékteré jednoduché vyroky,
které tam nepatfi. Takze jakakoli nepatfi¢nost kdekoli v seznamu se promit-
ne do konfliktu s vychozim seznamem vy¢lenénych jednoduchych vyroka.

4. Negace

Predstavme si nyni, ze jazyk (JA) rozsifime o dalsi zplsob, jak ¢init z vy-
roku slozitéjsi vyroky — pfidime symbol —, ktery, jak je obvyklé, reglemen-
tuje zapor v pfirozeném jazyce, takie vyrok —4 md byt vyclenény pravé teh-
dy, kdyz vyrok 4 vyc¢lenény neni — jinymi slovy vyrok —4 patfi na seznam
vyclenénych vyroki pravé tehdy, kdyz na néj nepatfi 4, a naopak.

Vsimnéme si, ze pravidlo, které jsme pravé stanovili, sice urcuje, které
negované vyroky na seznam patfi a které ne, ale neni pouzitelné pro genero-
vdni tohoto seznamu. To je situace dramaticky odlisnd od té, kterou jsme
méli v pfipadé A: tam ndm pravidlo (AI) (pfipadné spolu s pravidly (AE1)
a (AE2)) jak vymezovalo, co na tento seznam patii, tak tento seznam genero-
valo. Otazkou tedy nyni je, zda mzeme dostat pravidla, ktera by ndm genero-
vala seznam vsech vyclenénych vyroki i v jazyce s negaci — fikejme mu (Ja—).

Vyse diskutované pravidlo (a fikejme mu radéji princip, abychom zda-
raznili, Ze nejde o pravidlo generativni), mzeme rozdélit do dvou ¢asti:

(—1) Je-li na seznamu 4, nepatfi tam —4.
(—2) Jestlize na seznamu neni a nikdy nebude 4, patfi tam —4.

Je nyni moiné, tak jako v pfipadé konjunkce, obecné fici o vyroku, ktery ob-
sahuje tfeba vice nez jednu negaci, zda je nebo neni vyclenény? Pokud neob-
sahuje konjunkci, pak mizZe byt jediné tvaru —...—4 a na seznam patfi pravé
tehdy, kdyz je téch negaci lichy pocet a 4 neni vyclenény, nebo je negaci po-
et sudy a 4 vyclenény je. Jak to ale bude s vyroky, které obsahuji jak negace,
tak konjunkce? Ani v tomto pripadé neni rozhodnuti tézké. Vime-li, které
jednoduché vyroky jsou vy¢lenéné, vime tim, které jejich konjunkce a negace
jsou vyclenéné, a tedy které konjunkce a negace téchto konjunkei a nega-
cijsou vyclenéné atd.

Tak napfiklad mdme-li vyrok (vepf(Pasik) A —(vepf(Pasik) A
—(—pes(Pasik) A vepr(Brok)))), pak to, zda je vy¢lenény, snadno zjistime na-
sledujicim  zptsobem. Vyrok pes(Pasik) vyclenény neni, tudiz vyrok
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—pes(Pasik) vyclenény je. Protoze vyrok vepi(Brok) vyclenény neni, neni vy-
¢lenéna konjunkce (—pes(Pasik) A vepi(Brok)), a tudiz je vyclenéna jeji ne-
gace —(—pes(Pasik) A vepf(Brok)). Vyrok vepf(Pasik) je také vyclenény, tak-
ze je vyclenéna celd konjunkee (vepf(Pasik) A —(—pes(Pasik) A vepr(Brok))),
a tudiz neni vyclenénd jeji negace —(vepr(Pasik) A —(—pes(Pasik) A
vepr(Brok))). Takze a¢ vyrok vepr(Pasik) je vyclenény, jeho konjunkee s tou-
to nevyclenénou negaci, ktera tvofi cely zkoumany vyrok, vyclenéna neni.

Principy (—1) a (—2) skute¢né nejsou generativni pravidla, tj. nepodavaji
ndm zddny pfimy ndvod, jak konstruovat seznam vyclenénych vyrokd. (—1)
ndm pouze fikd, jak seznam nerozsifovat, zatimco (—2) nim sice fikd, co na
néj pridat, ale za okolnosti, u kterych neni uplné jasné, zda je mizeme vibec
nékdy s jistotou rozpoznat. Jak mizeme védét, ze A na seznamu nikdy nebude?

Zaved'me opét trochu terminologie. Seznam, na kterém neni zadny vy-
rok spolu se svou negaci, tedy neni tam zadné 4 spolu s —4, budeme nazy-
vat konzistentni, v opacném pripadé mu budeme fikat nekonzistentni. Se-
znam, ktery obsahuje negaci kazdého vyroku, ktery neobsahuje (tedy obsa-
huje —4, vidy kdyZz neobsahuje 4) budeme nazyvat (syntakticky) iiplny. (Bu-
deme také nékdy fikat, Ze seznam je konzistentni resp. uplny s ohledem na
néjaky druh vyrokd, napriklad s ohledem na jednoduché vyroky, obsahuje-li
nejvyse resp. alespon jeden z dvojice 4 a —4 pro kazdy vyrok A tohoto dru-
hu.) MaZzeme tedy fici, Ze nasim koneénym cilem z hlediska negace je kon-
zistentni a syntakticky uplny seznam. To ale stale jesté nemdme pfedpis pro
generovani takového seznamu. Lze se k nému dopracovat?

Jednou z cest, jak mtzeme postupovat, je ta, Ze se na negaci budeme di-
vat jako na prostfedek generovani seznamu nevyclenénych vyrokd, o jakém
jsme uvazovali vySe: mzeme si predstavit, Ze pfitomnost —4 na tomto se-
znamu znadi, ze A nepatfi mezi vyclenéné vyroky. Predpokladime, ze jedno-
duché vyroky na vyclenéné a nevyllenéné rozdélené mame, to jest seznam
vsech vyclenénych jednoduchych vyrokd bereme za dané vychodisko. Pfi-
dejme tedy do tohoto vychoziho seznamu i negace vsech nevyclenénych
jednoduchych vyroki. Tak bude seznam obsahovat pro kazdy jednoduchy
vyrok bud'to jej, nebo jeho negaci (tj. bude 4plny s ohledem na své jednodu-
ché vyroky). Ted jde o to ho rozsifit na véechny vyroky jazyka.

Budeme postupovat indukci. Méjme vyrok V a predpoklidejme, Ze pro
vSechny jednodussi vyroky uz plati, ze je-li vyrok vyclenény, je na seznamu
on sim, a neni-li vyclenény, je tam jeho negace. Chceme zajistit, aby totéz
pak platilo i pro V: to pak zjevné povede k vysledku, Ze to bude platit pro
vsechny vyroky.
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Je-li Vslozeny, mize byt tvaru (4 A B) nebo —4. Vezméme nejprve prv-
ni z téchto pfipadd. Pravidlo (AI) nim fikd, Ze tento vyrok je na seznamu
tehdy, kdyz na ném jsou 4 i B; a jenom v tom pfipadé. To znamend, Ze
jestlize na ném A nebo B chybi, nepatfi na néj ani 4 A B. Ale pfedpoklada-
me-li, Ze ni$ seznam uz je Gplny pro vSechny vyroky jednodussi nez A A B,
pak na ném v takovém pfipadé bude —4 nebo —B. Takze kdyz pfidime
pravidla

(—=All) —AF—-@AAB)a

budeme védét, ze budeme mit na vysledném seznamu negace vsech téch
konjunkei, které na tomto seznamu nebudou.

Zbyva nam druhd moznost, totiz ze V je —A4. Vime, ze je-li 4 vyclenény,
je na seznamu on sam, a neni-li vy¢lenény, je tam —4. Vime tedy, ze je-li
—4 vyclenény, je na seznamu. Co kdyz ale —4 vyclenény neni? V takovém
pfipadé vime, Ze je na seznamu A, ale potfebovali bychom, aby tam byl
i =—4. To zfejmé zajistime pfidanim pravidla

Uvedenad pravidla nim tedy dovoli rozsifit kazdy konzistentni a aplny se-
znam jednoduchych vyclenénych vyrokd na konzistentni a uplny seznam
vsech vyclenénych vyrokd.

Mime tedy nyni ndsledujici formulaci jazyka (Ja—):

Jazyk (Ja—):

Vyroky:
1. Je-li J jméno a P predikit, je P()) vyrok; pficemz jmény jsou
Azor, Brok a Pasik, a predikity jsou pes, kun a vepr.
2. Jsou-li 4 a B vyroky, je i (4 A B) vyrok.
3. Je-li 4 vyrok, je i —4 vyrok.

Vyclenéné vyroky:

1. pes(Azor), pes(Brok), vepr(Pasik), —pes(Pasik), —vepr(Azor),
—vepr(Brok), —kiin(Azor), —kun(Brok), —kuri(Pasik)
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2. (A\)A4,BF(AAB)

3. (=All) =4 =4 A B)
4. (=AI2) =B F —(A A B)
5. (D) 4 b —d.

5. Logika

Logika se nezajima o zidny konkrétni jazyk; zajima se o zikonitosti,
které plati pro kazdy jazyk néjakého druhu, napfiklad pro kaidy jazyk s ope-
ratory A a — fidicimi se vy$e uvedenymi pravidly (bez ohledu na to, jakym
dal$im vyrazivem disponuji). MiZeme napfiklad zkoumat, existuje-li néjaky
druh vyrokd, ktery by vidy patfil na seznam vyclenénych vyrokd v kterém-
koli takovém jazyce. Je zfejmé, ze v jazyce typu (JA) takovy druh nenajde-
me: zfejmé totiz neexistuje viibec Zadny vyrok, ktery by byl na kazdém ta-
kovém seznamu, natoz pak druh vyrokt. (Neexistuje totiz zidny jednoduchy
vyrok, ktery by musel byt na kazdém takovém seznamu, a vzhledem k tomu,
ze vyrok tvaru A A B by se dostal na kazdy seznam jenom tehdy, kdyby tam
jiz byly A a B, nebude ani zadny takovy vyrok na kazdém seznamu.)

Vezmeme-li ale jazyk typu (Ja—), situace se méni. Tak napriklad kazdy
vyrok tvaru —(4 A —4) nutné patfi na seznam vyc¢lenénych vyrokd kazdého
jazyka takového typu. To plyne z ndsledujici Guvahy. Podle (1) nepatfi na
zadny takovy seznam A4 soucasné s —4. To znamend, Ze tam nepatfi ani
A A —4. (Patii tam jediné konjunkce vygenerované pravidlem (AI), a toto
pravidlo nam 4 A —4 vygenerovat nemize.) Ale nepatfi-li na seznam 4 A
—4, pak tam podle pravidla (—2) patii —(4 A —4).

Jsme schopni jakykoli vyrok tvaru —(4 A —4) v ramci jazyka (Ja—) doka-
zat (to jest vygenerovat ho v ramci seznamu vy¢lenénych vyrokd, bez ohledu
na to, co je 4 za vyrok)? Odpovéd na tuto otizku je pozitivni. Podle predpo-
kladu mazeme pro kazdy vyrok 4 dokizat bud'to jej, nebo jeho negaci. Pred-
pokladejme tedy, Ze je dokazatelny A. Pak je pomoci (——I) dokazatelny
i =4, a =(4 A =4) je pak dokazatelny pomoci (—AI2). Neni-li naopak do-
kazatelny 4, ale —4, je —(4 A —A4) dokazatelny pfimo pomoci (—AlIl).

Muzeme ale —(4 A —4) dokazat obecné, to jest aniz bychom mohli pred-
pokladat, ze je dokazatelny 4, ¢i ze je dokazatelny —4? To je zfejmé pro-
blém. Jedind dvé pravidla, kterd nds mohou vést k zavéru tvaru —(4 A —4),
jsou (—AIl) a (—AIl), a nemame-li k dispozici ani 4, ani —4, je tento zavér
nedosazitelny. Zjevné bychom tedy potfebovali néjakd pravidla pro genero-
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vani seznamu, ktera by odpovidala principiim (A1) a (A2). Lze o néjakych
takovych pravidlech uvazovat?

Pokud jde o (—1), zda se, ze v podstaté jediny zpisob, jak se mizeme
tomuto principu alespon trochu pfiblizit, je pravidlo

(=19 4,-AFB

Toto pravidlo fika, Ze je-li na seznamu néjaky vyrok spolu se svou negaci,
pak tam muize byt uz cokoli. To se zdd byt jenom slaby odvar z principu
(—1): zfejmé ndm nezabrdni pridat na seznam 4 i —4, pouze zpisobi, Ze
v takovém pripadé se seznam rozroste uz o Uplné vSechno. (Budeme mit te-
dy uz jenom jedinou nekonzistentni teorii, totiz teorii obsahujici viibec
vsechny vyroky.)

Principu (—2) se zase pomoci odvozovacich pravidel dokazeme neuméle
priblizit tak, ze formulujeme jakési ,metapravidlo®, to jest pravidlo, které
nam ze dvou odvozovacich pravidel vygeneruje nové odvozovaci pravidlo

(—2%)  jestlize X,A F BaX,—4 |- B, pak X |- B

Viimnéme si, Ze mame-li (—=1*) a (—2*), mUZeme uZ dokdzat —(4 A —A)
obecné — tedy dokizat, ze je —(4 A —A4) odvoditelny z prizdné mnoziny
predpokladdi. K tomu ndm, vzhledem k (—2*), zfejmé sta¢i dokazat, ze
—(A4 A —4) je odvoditelny jak z (4 A —4), tak z —(4 A —A). Protoze to dru-
hé je trividlni, sta¢i dokazat to prvni:

1. UA—=4) predpoklad
2. -4 z 1. pomoci (EA2)
3. —(AA—4) z 2. pomoci (—AIl)

Navic lze ukazat, Ze pravidla, kterd jsme dosud formulovali, nim uz dovoluji
dokdzat vsechny vyroky, které patfi na seznam vy¢lenénych vyrokd.
Jako vedlejsi produke téchto avah jsme dostali i rozsifenou formulaci ja-

zyka (JA—):

Jazyk Ja—):

Vyroky:
1. Je-li J jméno a P predikit, je P(J) vyrok; pficemz jmény jsou
Azor, Brok a Pasik, a predikaty jsou pes, kur a vept.
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2. Jsou-li 4 a B vyroky, je i (4 A B) vyrok.
3. Je-li 4 vyrok, je i —4 vyrok.
Vyclenéné vyroky:

1. pes(Azor), pes(Brok), vepr(Pasik), —pes(Pasik), —vepr(Azor),
—vepr(Brok), —kun(Azor), —kun(Brok), —kur (Pasik)

2. (A\)A4,BF(AAB)

3. (Al —A =4 A B)
4. (=AI2) =B F =4 A B)
5. (oD 4 | ——d

6. (=% A4, —4 | B

7.

(—2%) jestlize X,4 F Ba X,—4 |- B, pak X |- B

6. Formalni jazyk

Zabyvame-li se logikou, miZzeme se namisto konkrétniho jazyka zabyvat
jenom jazykovou formou, kterd bude ztélesnovat to, co je spolecné vsem re-
levantnim jazykim. Takovou formu dostaneme, kdyz v jazyce, ktery mame,
nahradime konkrétni vyrazivo, s vyjimkou toho logického, ,prazdnymi
symboly — parametry. Takze namisto jmen Azor, Brok a Pasik a predikatd
pes, kun a vepr budeme mit napfiklad parametry a, b, ¢, ... a P, Q R, ....
Zadny z wyroki (kterym je jiz ted lépe Fikat formule) takovéhoto formdlni-
ho jazyka nebude vyc¢lenény; a seznam jeho vyclenénych formuli pak bude
sestavat z téch, které budou udavat tvary vyrokl vyclenénych v jakémkoli ja-
zyce. (Prokazeme-li totiz, Ze je néjaka formule v tomto jazyce vy¢lenénd, pak
mizeme zcela analogicky prokazat, Ze je ve svém jazyce vyclenéna jakdkoli
formule tohoto tvaru.) Navic obricené vsechny formule vyclenéné v kazdém
jazyce budou vyclenény i v tomto jazyce (coz plyne prosté z toho, ze i on
sam je jazykem pfislusného tvaru).

Takovémuto formdlnimu jazyku mizeme také fikat logika; a kazdému
konkrétnimu jazyku této formy pak mézeme fikat jazyk v rdmci této logiky.
To, co jsme pravé konstatovali, pak mtizeme vyjadrit tak, ze vyroky néjake-
ho tvaru budou vyclenény v kazdém jazyce v ramci nasi logiky pravé tehdy,
kdyz bude tento tvar vy¢lenénou formuli této logiky.



128

JAROSLAV PEREGRIN

Logika (LA—) Jazyk (JA—)
Jména: neurcena (v pfipadé Azor, Brok, Pasik
nutnosti pouzivime ge-
nerické symboly g, b, c,
Predikaty: neurceny (v pfipadé pes, kun, vepr
nutnosti pouzivime ge-
nerické symboly P, Q,
R, ..)
Jednoduché vy-  neurceny (v pipadé jakykoli predikit nasle-
roky: nutnosti pouzivime dovany jakymkoli uzi-
symboly P(a), Q(a), vorkovanym jménem,

P(b), ...nebo 4, B, C napr. pes(Azor),
pes(Brok), vept(Azor),

Slozené vyroky:  jakékoli dva vyroky spojené A; jakykoli vyrok

s predfazenym —
Vy¢lenéné jed- - pes(Azor), pes(Brok),
noduché vyroky: vepr(Brok)

Vyclenéné sloze-

né vyroky:

(A) 4, B} (4 A B)

(=AIl) =4 F —(4 A B)

(=AI2) =B F —(A A B)

() 4 b =4

(=1%) A4, -4 } B

(—2%) jestlize X;4 - Ba X,—4 |- B, pak X |- B

Miuzeme se nyni, analogicky jako jsme v konkrétnich jazycich tvofili se-
znamy jejich vyclenénych vyrokd, pokusit v ramci formalniho jazyka vytvofit
seznam vyrokd, které budou vyclenéné ve vsech jazycich pfislusné formy.
Jinymi slovy to budou vyroky, které budou vy¢lenéné, aniz bychom cokoli
predpokladali o mimo-logickém vyrazivu jazyka — o tom, kolik md jmen ¢i

predikatd, ani o tom, které jeho jednoduché vyroky jsou vyclenéné.
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7. Pfirozena dedukce

Problém, na ktery narazime s nasi dosavadni charakterizaci vyclenénych
vyrokl v ramci jazyka (LA—), je ten, ze obsahuje ,metapravidlo‘ (=2*). To,
nam, jak jsme vidéli, neslouzi k vyvozovani vyrokd z vyrokd, ale pracuje
,0 uroverl vys“: slouzi k odvozovani pravidel z pravidel. V (hilbertovském)
axiomatickém systému, s jakym pracuje Mendelson a k jakému bychom te-
dy méli sméfovat my, ovSem neni pro takovd pravidla misto — jak bychom
se ho tedy mohli zbavit? Provedeme to tak, ze doCasné uhneme z cesty smé-
fujici k hilbertovské axiomatizaci a pokusime se vybudovat systém gentze-
novské prirozené dedukce; na tu pavodni cestu se pak vratime az tehdy,
kdy? zavedeme implikaci.’

Presun k pfirozené dedukci uskute¢nime tak, ze se namisto seznamu vy-
¢lenénych vyroklt budeme snazit vybudovat seznam vyclenénych sekventi,
kde sekvent je, neformilné feceno, zachyceni kroku od urditych premis
k uréitému zdvéru: Je-li X seznam vyrokt a 4 vyrok, je X | A (jednoduchy)
sekvent.* A tak jak jsme se dosud snazili vybudovat seznam vy¢lenénych vy-
rokt (ktery mél odpovidat seznamu pravdivych vét) se nyni mizeme pokusit
vybudovat seznam vy¢lenénych sekventl (které by mély odpovidat pfipadim
spravnych odvozeni).

Jaky bude vztah mezi vyclenénymi vyroky a vyclenénymi sekventy? 4 pa-
tii na seznam logicky vyclenénych vyrokt prave tehdy, kdyz patfi na seznam
vyélenénych vyrokd jakéhokoli jazyka v rimci pfislusné logiky; a X |- 4 bu-
de patfit mezi logicky vyclenéné sekventy prave tehdy, kdyz kazdy seznam
vy¢lenénych vyroki, ktery obsahuje vSechny prvky X obsahuje i 4. Z toho
je jasné, ze vyrok A4 je logicky vyclenény pravé tehdy, kdyz je logicky vycle-
nény sekvent |- 4 (s prizdnym seznamem predpokladf). A chceme-li ,pte-
lozit“ nase dosavadni vymezeni nasi logiky do nové podoby, ve které pijde o
seznam nikoli vy¢lenénych vyrokd, ale o seznam vy¢lenénych sekventd, ne-
musime, zdd se, délat vlastné nic, protoze navod na vybudovani seznamu vy-
lenénych vyrokd mzeme rovnou ist jako navod na budovani seznamu vy-
lenénych sekventl — (Al), (—AIL), (—AI2), (——I) a (—1%) stanovuji vycho-

Podrobnéji o hilbertovskych a gentzenovskych systémech viz dodatky ve Svoboda —
Peregrin (2009).

% Gentzen (1934, 1936), ktery tento termin zavadi, pfipousti sekventy, které maji na-

pravo od |- nejenom jediny vyrok, ale stejné tak jako nalevo cely seznam. My se omezu-
jeme na jednodussi variantu, ktera odpovida pfirozené dedukci.
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zi typy sekventd, které jsou na seznamu, a (—2*) urcuje, jak tento seznam
rozsifovat.

To, e to je takto jednoduché, je ale jenom zddni. Tato pravidla nas ne-
povedou k takovému seznamu sekventd, jaky chceme; to jest k takovému,
na kterém budou vsechny sekventy odpovidajici pravidliim, kterd plati v ja-
kychkoli jazycich v ramci nasi logiky. Vezméme napriklad platny sekvent
A, B} (A4 A B). Ten na seznamu bude (diky axiomu (Al)). Ale co tfeba
sekvent 4, B, C |- (4 A B)? Ten je jisté také platny: stadi-li k pfitomnosti
vyroku (4 A B) na seznamu vyclenénych vyrokt pfitomnost vyroki 4 a B,
pak tim spise k tomu stadi ptitomnost 4, B a C. Nicméné sekvent 4, B, C |-
(A A B) z (AD), (—AI1), (=AL2), (=) a (—=1*) pomoci (=2*) nedostaneme.

Ukazuje se tedy, ze potfebujeme dalsi odvozovaci pravidla; v nasem kon-
krétnim pfipadé pravidlo

(E)  jestlize X,Y |- 4, pak X,B,Y |- 4

Toto pravidlo je v jistém smyslu trividlni: netyka se zidnych specifickych
logickych operatord, jenom nam fikd, Ze rozsifujeme-li u platného sekventu
seznam predpokladd, jeho platnost tim nijak neohrozime. Podobné neohro-
zime platnost sekventu ani tehdy, kdyz mezi jeho predpoklady vyskrtame
duplicity ¢i kdyz jeho pfedpoklady néjak prehazime; coz nim fikaji nasledu-
jici metapravidla:

(C)  jestlize X,4,4,Y |- B, pak X,4,Y |- B
(P)  jestlize X,4,B,Y |- C, pak X;B,AY |- C

Pak musime zachytit fakt, Ze odvozeni, kterd jsou zachycovana sekventy, se
mohou ,skladat: dokazu-li z predpokladi X zivér 4 a potfebuji-li 4, spolu
s néjakymi dalSimi predpoklady Y, k dtikazu zavéru B, pak B zfejmé dokazu
z predpokladlt X'a Y.

(T)  plati-li X,4Y FBaZ |- 4, plati i X,Z,Y |- B
Nakonec musim, jak se ukazuje, pridat jesté jeden (trividlni) axiom

D  X4Y|FA4

Predpokladime, ze X je seznam vyrokl (u kterého mize hrat roli poradi a ve kterém
se nékteré vyroky mohou vyskytovat opakované). Kdybychom jej brali jako mnozinu, by-
la by tato dvé pravidla nadbyte¢na.
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Doplnime-li naSe nové vymezeni nasi logiky timto zpisobem, dostaneme,
jak se da ukdzat, vymezeni, které je uplné.

Jazyk (LA—):

Vyroky:
1. 4,B,C, ..
2. Jsou-li 4 a B vyroky, je i (4 A B) vyrok.
3. Je-li A vyrok, je i =4 vyrok.

Sekventy:

1. Je-li X (kone¢nd) posloupnost vyrokd a je-li 4 vyrok, je X |- 4
sekvent.

Vyclenéné sekventy:

(D) XA |4

(A) 4, B} (4 A B)

(=AIl) =4 F —(4 A B)

(= AI2) =B | —(4 A B)

(=D A4} -4

(=1%)4, -4 } B

(—'2*)X,A FBX~AFB/X}B
E) XA/ X,B |4

(C)X%‘I)A FB/ XA}l B

10.(P) XAB - C/ X,BA L C

WM XAFB YA/ XY B

0 0® N oA W N e

8. Klasicka vyrokova logika

Vymezeni jazyka (LA—), jak jsme se k nému pravé dopracovali, fakticky
odpovidd klasické vyrokové logice; zatim ale jesté v podobé, kterd je ponékud
prilis slozitd. Pokusme se tedy tento systém zjednodusit.

Zaprvé, vSimnéme si, Ze pravidlo (——lI) je odvoditelné z ostatnich:



132 JAROSLAV PEREGRIN

1. 4, —A | ——A4 o)
2. A, —A | ——4 (=1%)
3. 4 I— —4 z 1. a 2. podle (=2%)

To jest toto pravidlo mizeme z naseho systému bez nidhrady vyskrtnout.
Dile odvodime jedno pomocné pravidlo, konkrétné

1. X,A}FB predpoklad

2. BB} -4 (=1%)

3. X,A,—~B}|—4 z 1. a 2. pomoci (T)
4. X,—A,—~B} -4 0]

5. X,—B | -4 z 3. a 4. pomoci (—2%)

Toto pravidlo ndm nyni dovoluje nahradit axiomy —4 | —(4 A B) a =B }-
—(4 A B) axiomy (EAl) a (EA2), tj.

(AEl) (AAB}4
(AE2)  (AAB }B

Dalsi pomocné pravidlo, které dokdzeme, je

1. =—d4,-A4A} A4 (=1%)
2. —A4,AFA 4))
3. —4 I—A z 1. a 2. pomoci (—2*)

Vratme se k naSemu dbikazu, ze toho, ze —(4 A —4) patii na kazdy se-
znam — nyni ho miZeme pojmout jako diikaz pravidla |- —(4 A —4):

1. A4, —A F = A —4) (=1%)

2. AA—4) 4 (EAD)

3. AA—d), -4 F -4 A —-4) z 1. a 2. pomoci (T)
4. (AN—A) -4 (EA2)

5. (An=4), AN —4) F =4 A—=4) z 3. a 4. pomoci (T)
6. (An—=4) F—=AA—-4) z 5. pomoci (C)

7. =(AA=4) F—=AA—4) D

8. I— —(A A —=4) z 6. a 7. pomoci (—2*)
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9. Implikace

Samozfejmé mizeme uvazovat o jazycich, které maji jiné ,logické spoj-
ky“ nez A a —. Neékteré mlzeme také vyrobit z téch, které jiz mime. Za-
ved'me napriklad standardnim zpisobem implikaci:

(A — B) =pef. (4 A —B)

Lze snadno ukdzat, Ze pro takto zavedenou implikaci plati, co by pro ni pla-
tit mélo, to jest

(»E) A4,A—>DB}B
() X, AFB/XFU- B

To mimo jiné znamend, ze X,4 |- B je pravidlem pravé tehdy, kdyZ je pra-
vidlem X |- (4 — B) (to je dobfe zndmé véta o dedukci).

Nis ale vice zajima pripad, kdy vezmeme — za primitivni symbol a se-
stavime axiomaticky systém, v némz jsou (—1*) a (—2*) doplnény ndsledu-
jicimi axiomy

(»E) A4,A—>DB}B
(=D X,A+FB/X}FA— B

Konjunkce je pak definovana jenom jako zkratka:
(A AN B) =Def. —|(A e —|B).

Ukazme, ze plati to, co jsme v pfedchozi verzi brali za axiomy pro kon-
junkci. Rozepiseme-li v nich konjunkce podle definice, budou vypadat takro:

Jejich dikazy jsou pak nésledujici:

(AD):
2. A,——B l— —( - —B) z 1. pomoci (—3*)
3. BF——B (=D

4. A, B I— —(A — —B) z2. a 3. pomoci (T)
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(AE1):

1. —4,A}F—B (=1%)

2. - AFA—-—-B z 1. pomoci (—1)
3. -Ad——-B) A z 2. pomoci (=3*)
4, ——AF 4 (—4%)

5. —(4 — —B) I—A z 3. a 4. pomoci (T)

Duikaz (AE2) je pfimocare analogicky.

Od tohoto momentu je cesta k vyrokové ¢asti Mendelsonova axiomatic-
kého systému cestou ne prili§ zajimavé (i kdyz ne vidy uplné jednoduché)
yaxiomatické gymnastiky®, kterou tu uz pfedvedeme jenom v naznaku. Je
zfejmé, Ze diky pravidlu (—I) mbZeme jakykoli axiom tvaru 4y,...,4, |- 4 na-
hradit axiomem Aj,...,4y-1 FA4,—>4 a potaimo axiomem |- A1—>(...(4, —4)...).
Tak mzeme axiomy (—1*) a (—2*) nahradit axiomy

=1*) k(4> U D)

=2*)  F({A—- B - ((=4— B)) > B)
Navic, jak lze ukazat, jsou oba tyto dva axiomy ekvivalentni axiomu
1) F (4 - B) — (=4 — —B)) —>4))

Dtkaz tohoto faktu zde pouze naznalime. Fakt, ze z (=1*) vyplyvd
z (—=1*), mizZeme nahlédnout tak, Ze nahlédneme, ze (—1*') je ekvivalentni
vyroku

F (= — 4) > B) > (U > 4 - —B)) > 4)),

ktery je instanci (—1*”). Fake, ze z (—1*") vyplyva z (=2*’), je moiné uka-
zat tak, Ze se ukdze, ze (—1*") je (diky faktu, ze z (—1*"') plyne, ze A — B je
ekvivalentni s —B — —A) ekvivalentni

F (~B > ——d) > («—B - ——d)) - 4),

coz je (diky faktu, zZe z (=1*") plyne A > ——4 a =——4 — A) dile ekviva-
lentni

F((=B—4) - (B— 4) - 4)).
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Naopak fakt, ze (=1*”) vyplyva z (—=1*') a (—2*), lze ukdzat tak, ze se uka-
ze, ze (—2*') je diky (—1*’) ekvivalentni
F (=B > —4) - (=B > ——4)) > B)),
coz je dale ekvivalentni
F (=B — —4) - (=B —> 4)) > B)).
Dile plati, ze axiom (—I) mizZeme nahradit axiomy

(=11 FUAd— (B—A4)
) FA->B->O)>»>(A—>B)—>U- )

Ani tento dikaz nebudeme provadét. Ukazat, ze (—I1) a (—I2) jsou du-
sledkem (—I), neni tézké; ukdzat, ze naopak (—I1) je dsledkem (—I1)
a (—12) prakticky znamena dokdzat v Mendelsonové systému vétu o deduk-
ci (véta 1.9 na str. 37 v Mendelsonové knize).

Nyni se dostivime k formulaci jazyka (Ja—), ktery jiz, na Grovni vyroko-
vé logiky, odpovida t¢ Mendelsonové:

Jazyk (LA—):

Vyroky:
1. 4, B, C, ... jsou vyroky.
2. Jsou-li 4 a B vyroky, je i (4 — B) vyrok.
3. Je-li A vyrok, je i =4 vyrok.

Sekventy:
1. Je-li X (kone¢nd) posloupnost vyrokd a je-li 4 vyrok, je X |- 4
sekvent.
Vyclenéné sekventy:

. (DXALA

. (>E)4,(A—> B) } B

FUAd— (B—A4)
FA->B->O)>(A>B)—>MUA—>0)

AW N
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F (-4 — B) > (-4 > —=B)) > 4))
. E)XFA/XBFA4

. (OXAAFB/ XA} B

. P)XABFC/XBAFC

. DXAFBYFA/XY}B

O 00 NN o W»

Tu uz mizeme primocare pretransformovat z formdtu prirozené dedukce
zpét do podoby hilbertovského axiomatického systému:

Jazyk (L—>—):

Vyroky:
1. Je-li / jméno a P predikat, je P(]) vyrok.
2. Jsou-li 4 a B vyroky, je i (4 — B) vyrok.
3. Je-li A vyrok, je i =4 vyrok.

Vyclenéné vyroky:

. Ad—> (B—4)

(> B>0)>((d—>B)—>U—> Q)
. (k4> B) » (4 > —=B)) > 4))

. A4, A—>B }B

N W N =

10. Predikatovy pocet

Presuime se nyni dale k predikatové logice, to jest rozsifme nas jazyk
o nové druhy vyrokt obsahujicich kvantifikatory. Budeme tedy pfedpokla-
dat, ze mame-li vyrok, pak z néj mizeme novy vyrok vytvofit tak, ze mu
pfedradime symbol V nasledovany proménnou (kde proménné budou po-
mocné symboly ze seznamu x, ), z, ...) a touto proménnou v ném nahradi-
me nula nebo vice vyskytd néjakého jména v tomto vyroku.

Jaké vyroky tohoto nového druhu ted budou patfit na seznam vyclené-
nych vyroka?

Intuice je tu zfejma: Vyrok tvaru Vx4 patfi na seznam, patfi-li tam 4 ,pro
véechna x“. Co ale pfesné znamena ono ,pro vsechna x“? Explikace, kterd se
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nabizi, je ta, Ze VxA patfi na seznam, pati-li tam kazdy vyrok, ktery vznikne
z A tak, ze v ném vsechny vyskyty x nahradime néjakym jménem. To nds,
z jedné strany, vede k neproblematickému pravidlu (kde A[sy/s1] znaci vyrok,
ktery vznikne z 4 nahrazenim vsech vyskytd symbolu s; symbolem s,):

(VE) Vx4 |- Ala/x],
z druhé strany bychom vsak potfebovali néco jako pravidlo

(VI) A17A27A3) |_ va)

kde Ai,43,43, ... budou vyroky, které vzniknou z A nahrazenim proménné x
vSemi moznymi jmény; a toto druhé pravidlo problematické je. Jednim pro-
blémem je, ze pokud budeme mit jazyk, ve kterém je nekoneéno jmen (coz
neni pfipad jazyka (Ja—), ale coz mize jisté vzniknout u jazyka, ve kterém
je mozné produkovat pomoci funktor komplexni jména), nebudeme ho
moci vitbec formulovat. Druhym problémem je, Ze se nezdd, ze by to pravi-
dlo bylo skute¢né obecné prijatelné — pokud pfipustime, Ze mlze existovat
néco, pro co nemame jméno, pak se zdd byt rozumné pfipustit, ze mohou
byt vsechny vyroky v antecedentu tohoto pravidla vyc¢lenéné a generalizace
v konsekventu mlize byt presto nevyclenénd.

Zda se tedy, ze pro generalizaci jako zdvér potfebujeme néjaké ponckud
striktnéjsi predpoklady. Co by se zdalo byt k tomu, abychom dokézali Vx4,
dostacujici, by bylo, kdybychom dokdzali 4, aniz bychom pfitom cokoli
pfedpokladali o x — to by tedy pak byl dikaz vpravdé ,pro jakékoli x“. Pri-

slusné pravidlo mzeme formulovat napfiklad ndsledujicim zptisobem

(vI') X | A/ X | Vx4, jestlize X neobsahuje x jako volnou pro-

ménnou
Neni tézké ukdzat, Ze toto pravidlo je ekvivalentni nasledujicim dvéma:

VI'l) A/ kA
(V1'2) F Vx (B — 4) > (B— VxA), jestlize B neobsahuje x

Ze 7 (VI) plyne (VI'1), je zfejmé (jde jenom o specidlni ptipad); e z néj
plyne (V1'2) dokdzeme nasledovné (predpoklidime, Ze B neobsahuje x):
1. Vx(B—>A) B4 (VE)

2. B,B>A |4 (>E)
3. B, Vx(B—)A) |—A zl.a2.
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4. B,Vx(B—A) | VxA z 3. pomoci (VI')
5. Vx(B—A) | (B—>VxA) z 4. pomoci (—])
6. | Vx(B—A) — (B—>VxA) z 5. pomoci (—1I)

Abychom obricené¢ dokézali, Ze z (VI'1) a (VI'2) plyne (VI), postupuj-
me nésledovné (predpokladime, ze X je Aj,...,4, a Ze ani jeden z téchto vy-
rokil neobsahuje x:

1. Aped, FA predpoklad

2. I—A1—>...(An—>A)...) z 1. opakovanym uzitim (—1I)

3. I— Vx(A;—>...(4,—A)...) z 2. pomoci (V1'2)

4, I— A—...(4,>VxA)..) z 3. opakovanym uzitim (VI'1)

5. Ap..., 4, I— Vx4 z 4. opakovanym uzitim (—E)
11. Zavér

Systém prirozené dedukce, jak nazev napovida, byl zaveden mimo jiné
proto, abychom mohli principy logiky formulovat v ,pfirozenéjsi®, a tudiz
prithlednéjsi podobé. S podobnym cilem byly formulovany i nékteré hilber-
tovské axiomatizace, jako napriklad ten, ktery rozebirim v Peregrin (2003,
Oddil 2.2). Pokud ov$em zredukujeme klasickou logiku na konjunkci a ne-
gaci, situace se zjednodusi: protoze fungovini a potazmo axiomatizace kon-
junkce je zcela pruhlednd, redukuje se problém nalezeni prihledné axioma-
tizace klasické logiky na problém prihledné axiomatizace negace. My jsme
v této praci vysli z toho, Ze divime-li se na logiku jako na nastroj obhospo-
dafovani seznamt vyclenénych (;pravdivych’) vyrokd, mizeme se na negova-
ny vyrok —4 divat jako na prostfedek klasifikovani vyroku 4 jako nevyc¢lené-
ného. To vede k formulaci potfebnych axiomi pro negaci, které mohou byt
dale transformoviny do axioml pro implikaci, tak abychom dospéli k ,za-
hadnému’ axiomatickému systému, ktery predklada Mendelson. Touto ces-
tou se pro nas takovy systém stane snad trochu méné zahadnym.
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Abstract: This paper deals with the problem of semantic analysis of contexts involving
so-called anaphoric chain. The notion of anaphoric chain is explained by way of an
example. Afterwards, a semantic analysis of sentences containing anaphora established in
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to whether both approaches are really analyses of anaphorically used expressions.
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1. Uvod

Anaforicky pouzité vyrazy nadobudaji svoj vyznam vzhladom na pred-
chédzajici jazykovy kontext. Tento vzfah nazyvame anaforickd vizba. Ide
o pomerne Casty sémanticky jav. Napriklad zimend sa velmi Casto pouzivaju
anaforicky. V kontexte viacerych viet, ktoré tvoria suvisly text, sa Casto vy-
skytuje niekolko anaforickych vizieb. Rozne ¢itania textu ziskavame aj po-
mocou identifikicie réznych moiznych anaforickych vizieb. Diskusia o sé-

' Tito $tadia vanikla na Katedre logiky a metodolégie vied Filozofickej fakulty UK

v Bratislave v rimci projektu podporeného grantom VEGA ¢. 1/0046/11 Sémantické mo-
dely, ich explanacnd sila a aplikdcia. Dakujem Maridnovi Zouharovi za kritické pripo-
mienky k predchddzajicim verzidm ¢lanku.
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mantickej analyze anaforicky pouzitych vyrazov sa uskutocnila vo svete aj
u nds.” Klasickii metédu analyzy anaforickych kontextov v rimci Transpa-
rentnej intenziondlnej logiky (TIL) pontka M. Duzi v stati Duzi (2006).
Casom sa tito analyza rozsirila na texty pozostivajuce z viacerych viet, ¢o
v pévodnej stati chybalo.

Adekvitna sémanticka analyza by mala zachytit' anaforicka zdvislost’ ana-
foricky pouzitého vyrazu od tej casti predchadzajuceho jazykového kontextu
(tzv. antecedentu), vzhladom na ktord nadobuda anaforicky pouzity vyraz
svoj vyznam, ako aj samé nadobudnutie tohto vyznamu. Pozrime sa napri-
klad na text:

(1) Peter prisiel. Videl. Zvitazil.

Korektna syntaktickd analyza odhali zaml¢ané podmety v dvoch vetich textu

(1):
() Peter prisiel. On videl. On zvitazil.®

Text (1) ma viac ako jedno ¢itanie. Ziskame ich napriklad pragmatickym
priradenim hodnét pouzitym zamenam, pripadne kombindciou pragmatic-
kého priradenia a anaforickej vizby. Zda sa vsak, ze text (I’) md iba jedno
Citanie, pre ktoré nepotrebujeme ziadne pragmatické priradenia. Je to v si-
tudcii, ktord zrejme zdroven predstavuje jeho najprirodzenejsie Citanie, pod-
la ktorého sa obe zdmena vztahuji na Petra. Korektnejsie povedané, je to
situdcia, v ktorej obe zamend nadobudaju svoj vyznam vzhladom na vyznam
vyrazu ,Peter, ktory sa vyskytuje v prvej vete (1'). Pri pozornejsom pohlade
véak zistime, Ze ani pri anaforickom pouziti oboch zimen nema text (1’) iba
jediné citanie. Jeho rozdielne ¢itania ilustrujem pomocou nasledujucich
spresneni, ktoré nie si gramaticky uplne korektné:

(2)  Peter prisiel. On (pricom myslime Petra) videl. On (pricom mys-
lime Petra) zvitazil.

2 Na diskusiu, ktord prebehla v textoch Gahér (2002) a Zouhar (2004), nadviazala Du-

zi (2006). Podstatnu précu v sémantickej analyze anafory v TIL predstavuju kapitola
Anaphora and Meaning v knihe Duii — Jespersen — Materna (2010) a kapitola Anafora
a vjznam v knihe Duzi — Materna (2012).

Predikdty prisiel, videl, zvitazil s v skuto¢nosti bindrne. Pre jednoduchost” ich vSak
budem v ¢linku povazovat’ za undrne.
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(3)  Peter prisiel. On (pricom myslime Petra) videl. On (pricom mys-
lime toho, ktory videl) zvitazil.

Rozdiel medzi textami (2) a (3) sposobuju prive rozne anaforické vizby.
V texte (2) su obe zdmend v anaforickej vizbe s vyrazom ,Peter” z prvej vety.
V texte (3) je v anaforickej viizbe s vyrazom ,Peter” zimeno pouzité v druhej
vete. Zameno v tretej vete nadobuda svoju hodnotu vzhladom na zimeno
pouzité v druhej vete, nie vzhladom na anaforicku vizbu s vyrazom ,Peter”
z prvej vety. Takéto prepojenie jednotlivych anaforickych vizieb v texte sa
nazyva anaforicky retazec, pricom jednotlivé anaforické vizby v anaforickom
ret’azci predstavujli obnivkd retazca.

Adekvitna sémantickd analyza by mala poskytnit’ obe mozné (itania
textu (1'), pri ktorych neinterpretujeme ani jedno zo zdmen pragmaticky.
Ukazem, ze klasickd sémanticka analyza anaforickych vizieb v TIL neumoz-
fiuje zachytit obe moiné ¢itania. Zaroveri predstavim ind sémantickd analy-
zu pomocou prostriedkov TIL, ktord obe mozné ¢itania zachytava.

2. Anaforicky refazec v TIL*

Marie Duzi vo svojej praci nadviazala na ¢lanky F. Gahéra a M. Zouhara.
V ich diskusii sa rozvinuli rozne poziadavky na adekvitnu reprezenticiu vyz-
namu anaforicky pouzitého vyrazu ako aj problémy, ktorym by sa mala vy-
hnut. Duzi pripisuje vyznamu viet obsahujucich anaforicky odkaz nasledu-
juce vlastnosti:

Tedy vyznam véty s anaforickjm odkazem, onen sémanticky ndvod (Ci
instrukce) na vyhodnoceni pravdivostnich podminek je (v tomto pfipadé)
opravdu dvoufizovy (coi je zachyceno konstrukci ,double exekuce® —
dvojnasobného provedeni). Tento ndvod zni: Nejprve proved substituci
vyjznamu antecedentu za anaforickou proménnou, a pak vysledek téro substi-
tuce (3. konstrukci propozice) opét proved. (Obdrzis propozici, kterou miizes
a posteriori vyhodnocovat v kterémkoli empirickém kontextu w,r.) (Duii
2006, 111)

Predpokladim, Ze systém TIL je vdaka neunavnej prici jeho zdstancov (itatelovi
zndmy. V opaénom pripade odporucam kapitolu Zikladni pojmy a definice TIL v publi-
kicii Duzi — Materna (2012, 35-86).
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Adekvitna sémantickd analjza® by mala tieto vlastnosti postihntt. Re-
prezenticia vyznamu viet obsahujicich anaforicky odkazujuci vyraz by mala
obsahovat’ spominant dvojfézovost. Této poziadavka zdroven kladie urcité
naroky na teoreticky systém, ktory vyuzijeme pri analyze. Systém TIL je na
tato ulohu dostatoéne bohaty. Na zvlidnutie danej ulohy pouziva Duzi sub-
stituénu funkciu SUB:

Necht' SUB,/(*, *, *, *,) je funkee, kterd ,pracuje na konstrukcich tak-
to: Necht A/*,, B/*,, C/*,, D/*, jsou konstrukce fadu n. Je-li funkce
SUB,, aplikovina na konstrukce A, B, C, pak vraci jako hodnotu kon-
strukci D, kterd vznikne korektni substituci konstrukce A za konstrukci
B do konstrukce C. (Duii 2006, 109-110)°

Pomocou funkcie SUB substituuje vyznam antecedentu za anaforicky
pouzity vyraz (anaforickd premennt). Vysledkom pouzitia funkcie SUB je
konstrukcia propozicie, nie propozicia. Preto musime tento vysledok este
vykonat. Vykonanie obidvoch fiz umoiruje pouzitie dvojitého vykonania
(double exekuce). Pozrime sa napriklad na text:

(4)  Pavel vstpil do miestnosti. On sa posadil.

Analyza prvej vety textu (4) nie je problematickd, preto ju vynechim. Spo-
meniem iba konstrukciu zodpovedajicu antecedentu ,Pavel: °P. Tito
konstrukciu teraz pouzijeme pr1 sémantickej analyze druhej vety textu (4).
Pre korektnost spomenlern 7e konstrukciu *P méieme prl analyze druhej
vety pouzit’ vd'aka rozsireniu TIL o tzv. diskurzné referenty.” Tie sluzia ako
register objektov, ktoré sa vyskytli v predchddzajicich castiach textu. Podla
tejto metddy analyzy vyzerd analyza druhej vety textu (4) nasledovne:

(4B) On (myslime tgm Pavla) sa posadil.
(4B%) *[’SUB "P° "Dwke [°Py, 1]

> M. Du# a P. Materna predkladaju svoj pohlad na podmienky adekvitnosti séman-

tickej analyzy v Duii — Materna (2012, 74-79).

¢  Funkcia SUB sa definuje v zdsade rovnakym spdsobom aj v inych pracach o TIL.

Pozri napr. Duzi — Materna (2012, 66).

O zavedeni diskurznych referentov a ich poutziti pozri napriklad Duii — Jespersen —

Materna (2010, 346 a dalej).
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Typova analyza:
0SUB : %, ;0P %5 %+ %y "t [Py c 1] : %2
Syntéza:
21 suB P % Tawrr [ °P, ¢ 111

l l l :l objekty konstruované

* %k ok * * v . /.
rirrr 1 1 1 zlozkami kompozicie

prvd fidza: kompozicia na objektoch konstruovanjch zlozkami
1 kompozicie. Vysledkom je konstrukcia propozicie.

Owt <3 drubd fiza: vykonanie konstrukcie propozicie.

V prvej fize substituujeme konstrukciu P za premennt ¢ do konstrukcie
Awe [°P,, o], &m sa konstruuje konstrukcia propozicie: [AwAs °r,. °A].
V druhej fize sa konstruuje sama propozicia (objekt typu 0wr). Mozno nie
je zrejmé, preco sa objekt P dvakrat trivializuje a greéo trivializujeme pre-
menn ¢, ktord je sama konstrukciou. Konstrukcia "P sa v prepise nachédza
kvoli funkcii SUB v kompozicii. Funkcia SUB sa definuje na konstrukciach.
Vysledkom pouzitia konstrukcie kompozicie je aplikicia funkcie v-konstru-
ovanej konstrukciou SUB na argumenty v-konStruované konstrukciami
0p O a "Awis [°P, c]], &ize °P, ¢ a [AwAz [°Py, c]]. Tie su objektmi vhod-
ného typu. Ak by sme vsak pouzili priamo tieto konstrukeie:

(4B*%) *[°SUB °P ¢ [Awat [°P,, 1]

ziskali by sme v-nevlastnt konstrukciu. Funkcia SUB sa totiz nedefinuje na
objektoch, ktoré zodpovedaji vykonaniu konstrukcii ‘Pac.

Zda sa, ze je vSetko v poriadku. Analyza (4B*) zachytiva konstrukciu
propozicie. Navyse sa tak deje podla navodu, ktory podla Duzi vlastne vety
s anaforickym odkazom predstavuji. Akd vetu véak analyza (4B*) zachytava?
Urtite to nie je druhd veta v priklade (4). Dévod je jednoduchy: Ziadny
podvyraz druhej vety v texte (4) nezmieniuje pouzitie substituénej funkcie.
Plati:
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.. ¢o je to pripustnd analjza daného vyrazu V. Je to takova konstrukee
C, ze 7adna uzaviena podkonstrukce konstrukce C nekonstruuje objekt,
o kterém vyraz V nemluvi, ktery neni vjrazem Vzminén... Déle je nutno
vysvétlit, co minime tim, Ze néjaky objekt je danym vyrazem zminén. Je
to takovy objekt, ktery je oznaten néjakym smysluplnym podvyrazem
daného vyrazu V, véetné Vsamotného. (Duzi — Materna 2012, 51)

Podl'a urcenia pripustnej analyzy nie je analyza (4B*) pripustnou analy-
zou druhej vety textu (4) jednoducho preto, ze v ziadnom z podvyrazov vety
sa nezmienuje napriklad trivializacia substitu¢nej funkcie. Podla zistancov
tejto analyzy patri analyza druhej vety v texte (4) vyrazu (4B), ktory by mal
verne zachytavat’ vyznam druhej vety v texte (4). Prvym problémom vsak je
to, ze vyraz (4B) zrejme nie je vetou slovenského alebo ceského jazyka.
Druhy problém ndm vystapi v suvislosti s principom kompozicionality
v TIL:

Princip kompozicionality se da zhruba formulovat také takto: Syntaktic-
ké operace, dle kterych je dany vyraz V'sloZen ze svych podvyrazi, odpo-
vidaji sémantickym operacim, dle kterych je vyznam vyrazu V slozen
z vyznami jeho podvyrazii. (Duzi — Materna 2012, 77)

Konstrukcia (4B*) obsahuje ako svoju podkonstrukciu vyznam vety ,On
sa posadil“. Vyznam druhej vety v kontexte (4) je vsak iny — predstavuje
zrejme Uplny navod na konstrukciu propozicie. Ak analyza predpoklada
princip kompozicionality, je otizkou, aka syntakticki operdcia zodpoveda
doplneniu vyznamu vety ,,On sa posadil® pomocou substitucie. Sotva to bu-
de vyraz (4B) pretoze, ako sme uz povedali, zrejme to ani nie je adekvatne
utvorend veta. Analyze (4B*) skor zodpoveda formulacia typu: ,On sa posa-
dil, pricom substituujme Pavla za On.“ Tito veta je vsak odlisna od druhej
vety v texte (4). Spominany ndvrh analyzy md eSte aspon jeden dalsi kl'uco-
vy nedostatok. V tvode sme urcili anaforické vyrazy ako vyrazy, ktoré nado-
budaja svoj vyznam vdaka vizbe na predchadzajuci jazykovy kontext. Analy-
za (4B*) vsak zjavne neobsahuje Ziadnu podkonstrukciu, ktorej by mohol
zodpovedat’ taky podvyraz analyzovanej vety, ktory by spadal medzi anafo-
ricky pouzité vyrazy podla nasho vymedzenia. Zdd sa, ze v druhej vete v tex-
te (4) je zdmeno ,,On“ pouzité anaforicky a vdaka anaforickej vizbe by malo
odkazovat’ na Pavla. Pozrime sa vSak na tlohu premennej ¢ v analyze (4B*).
V danej analyze premenna ¢ vobec nevystupuje ako konstituent. Nie je pou-
zitd na konStrukciu individua. Je iba zmienend a ndsledne sa za fiu substi-
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tuuje konstrukcia *Pavel a a% t4 je pouzita ako konstituent konstruujuci in-
dividuum. Navrhovand analyza sa teda de facto tyka vety, ktord neobsahuje
anaforicky pouzity vyraz. To je zdvazny nedostatok tejto analyzy. V dalsich
Gvahidch v ¢lanku treba mat’ tieto fakty stile na zreteli pri hodnoteni adek-
vatnosti navrhovanych postupov sémantickych analyz viet obsahujucich ana-
foricky pouzité vyrazy.

Pouzime teraz tento postup na analyzu textov (2) a (3). KedZe je medzi
nimi relevantny sémanticky rozdiel, mala by ho analyza objasnit. Analyzuj-
me najprv text (2)

(2)  Peter prisiel. On; (pricom myslime Petra) videl. On, (pricom
myslime Petra) zvitazil.®

Analyzu prvej casti textu opit vynechdm. Spomeniem iba sémantickd ana-
lyzu antecedentu ,Peter: °P. Analyzy druhej a tretej vety textu (2) podoba-
ja:

(2B) On (pricom myslime Petra) videl.
(2C) Ony (pricom myslime Petra) zvitazil.

Analyzy:

(2B *[°SUB P °0n; *[AwAt [°V,,, Oni11]
2C*) *°SUB P °0n, *[AwAt [°Z,, Onl]

Typova analyza:

OSUB : %23 P : *3;°0ny 2+ %33 [kt [V Onl] = 25
"Dt [°Zys Onz 1]+ %

Syntézy sa v pripadoch (2B*) a (2C*) prakticky zhoduji s pripadom
(4B*). Preto ich nebudem uvadzat’. Spomeniem iba to, Ze vetim (2B) a (2C)
mimo kontext zodpovedaji otvorené konstrukcie, kedze obsahuji volné
premenné zodpovedajuce pouzitym zdmendm. V textoch (2) a (3) sa véak
zamend pouzivaju anaforicky.

Analyzujme teraz text (3).

8 ; . . Vo , . .
V dalSom texte budem jednotlivé poutZitia zimena ,,on“ na vhodnych miestach inde-

xovat’ pre ich jednoduchsie rozliSenie v sémantickej analyze.
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(3)  Peter prisiel. On; (pricom myslime Petra) videl. On, (pricom
myslime toho, ktory videl) zvit'azil.

Analyza prvych dvoch viet textu (3) sa zhoduje s analyzou prvych dvoch viet

textu (2). Preto sa zameriam iba na poslednu vetu:
(3C) On; (pri¢om myslime toho, ktory videl) zvitazil.

Analyza musi zohladnit' fake, ze zdmeno ,On,“ sa nachddza v anaforickej
vizbe s anaforlcky pouzitym zdmenom ,On;“ v druhej vete textu. Substituo-
vat' za premennt Ony teda nemédgeme priamo konstrukciu P, ale najprv
vyznam antecedentu, teda anaforicky pouzitého zimena ,On;“ v druhej vete.
Obsahuje vsak uvedena analyza druhej vety textu (3B) nejaky vhodny ante-
cedent? Mozeme v druhej vete, resp. v jej sémantickej analyze néjst antece-
dent anaforicky pouzitého zimena ,On,“ ako samostatny vjznamovy celok,
ktory by sme pouzili pri substitucii? Inymi slovami, akd cast’ sémantickej
analyzy vety (3B)

(3B 2[°SUB P °0On; "[Awat [°V,,, Oni]]]
mame dosadit’ do schémy konstrukcie:
(3C?) 2[°SUB 222 °On, *[Awis [°Z,: OnJl1]

za otazniky? Vzhlfadom na pouzitie funkcie SUB a premennej On, by to
mala byt konstrukcia konstrukcie 1nd1v1dua Jediné typovo vhodné podkon-
Strukcie anal zy (3B*) st konstrukcie °Pa On 1, ktoré by viazala trivializacia.
Pri powsiti "’P namiesto otdznikov v (3C?) viak ziskame rovnaky Vysledok
ako v pripade analyzy (2C*). To je neuspokojivé, pretoze adekvitna séman-
tickd analyza by mala postihntt rozdiel medm (2) a (3). Ak na druhej strane
pouZijeme namiesto otéznikov konstrukciu *On;, tak ako vysledok dosta-
neme otvorend konstrukciu. To je rovnako neuspokojivy vysledok, pretoze
textu (3) rozumieme bez potreby dalsej informacie.

Vidime, Ze tretiu vetu textu (3) nemdézeme analyzovat’ pomocou schémy
(3C?). Text (3) obsahuje dve anaforicky pouzité zimend, pricom vyznam
obidvoch by sa mal nachddzat’ v sémantickej analyze vety (3C). Musime to-
tiz. zachytit' to, ze zdmeno ,On,“ nadobuda svoj vyznam od antecedentu,
ktorym je anaforicky pouzité zameno ,On;“ v druhej vete textu. Pozrime sa
na nasledujuci prepis:
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BC) 2 °SUB P On; [°SUB *0On; *On, *[Awie [°Z,. On)]1]
Syntéza:

Z1%uB P °0n, [ °SUB °0n;°On, [Awit [°Z,, Ony 1111

RN

B B objekty konstruované
rrre 1 U zlozkami kompozicie

objekty konstruované
zlozkami kompozicie

*
A 1 TS T T

. objekt konstruovany
1 kompoziciou

O(J)T

Analyza (3C**) obsahuje dve pouzitia funkcie SUB. Syntéza (3C**) postup-
ne ukazuje, ako sa najprv konstrukcia On; substituuje za konstrukciu Ony.
Nasledne sa za konstrukciu On; substituuje konstrukcia °P. Vznikne tak
konstrukcia propozicie, ktord sa vykond dvojitym vykonanim.

Mohlo by sa zdat, ze sme problém vyrieili. Dand konstrukcia uchopuje,
ako sa vyznam zdmena ,,Ony“ nahradza vyznamom zdmena ,,On;, ktory sa nd-
sledne nahradza vyznamom vyrazu ,Peter. Napriek tomu to nie je korektna
analyza textu (3). Vyznam zimena ,On,” je v anaforickej vizbe s anaforicky
pouzitym zdmenom ,On;“ a nie so zimenom ,On;“. Anaforicky pouzité zi-
meno ,,On,“ sa viaze na antecedent v druhej vete textu. Vyznam antecedentu,
teda anaforicky pouZitého zamena ,On;“, by sa mal nachidzat’ v sémantickej
analyze druhej vety. Vieme vsak v analyze (3C**) identifikovat’ anaforicku viz-
bu zimena ,Ony“ santecedentom nachadzajicim sa v druhej vete textu?
V analyze (3C**) najprv substituujeme za vyznam zimena ,On,“ vyznam zd-
mena ,On;¢ ktorym je vSak volnd premennd, teda nie vyznam anaforicky
pouzitého zimena. Vyznamom anaforicky pouzitého zamena v druhej vete by
nemala byt volnd premenna. Otdzne vsak je, o je jeho vjznamom.

Tato analyza nim hovori, ako analyzovat’ vety s anaforickym odkazom.
Nehovori nam vsak to, ako analyzovat' vyznam anaforicky pouzitého zime-
na. Problémom tohto sposobu analyzy viet obsahujucich anaforicky odkaz je
to, ze hoci konstruuji vhodné propozicie, nekonstruuju ich vhodnym spo-
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sobom. Pri pouziti tohto spésobu nevieme identifikovat’ v druhej vete textu
vhodny antecedent.

Pre adekvétne zachytenie anaforického ret’azca potrebujeme zachytit to,
ako odvodzuje anaforicky pouzity vyraz v poslednej casti textu svoj vyznam
od vyznamu antecedentného vyrazu v druhej vete. V analyze (3C**) sme sice
uchopili substiticiu vyznamu antecedentu za vyznam zamena ,On;“, no tito
vizba sa nevyskytuje vo vyzname antecedentu v sémantickej analyze druhe;
Casti textu (3B) ako samostatny prvok. Znamena to, ze antecedent zdmena
,Ony“ sa nenachddza vo vete (2B). Hoci sme tvrdili, Ze vyznam vyrazu ,On,*
sa odvodzuje od vyznamu anaforicky pouzitého vyrazu ,On;“ obsiahnutého
v druhej vete textu, nevidime tito previazanost’ na rovni sémantickej ana-
lyzy jednotlivych viet. Je teda otdzna aj adekvitnost’ analyzy (3C**). Ucho-
puje sice previazanost’ vyznamov vyrazov ,Peter, ,On;“ a,0On,, no neu-
chopuje previazanost’ vyznamov tychto vyrazov v texte (3). Této sémantickd
analyza viet obsahujucich anaforicky odkaz teda nie je v pripade anaforické-
ho ret’azca vhodna.

Preco povodnd sémanticka analyza anaforicky pouzitého vyrazu pomocou
TIL nepostacuje? Identifikicia antecedentov v texte tvorenom viacerymi
vetami vyuziva v TIL tzv. referenty diskurzu (discourse referents). Referent
diskurzu funguje ako pomocnd premenna, ktora ako svoj vyznam nadobuda
vhodné antecedenty vyskytujice sa v texte. Potencidlnym antecedentom sa
stava kazda novy uzavrety konstituent vyznamu vyrazu, ktory sa vyskytne
v danom diskurze.

Kazdy uzavieny konstituent vyznamu vyrazu, ktery se vyskytne v daném
diskurzu, se stivi docasnou hodnotou typové vhodného referenta dis-
kurzu. Jakmile sa vyskytne anaforicky odkaz, metoda vyhledd typoveé
vhodnou hodnotu referentu a dosadi ji za anaforickou proménnou po-
moci nasi substituéni metody. (Duzi — Materna 2012, 380)

Pri navrhovanej substitu¢nej metdde sa vsak v sémantickej analyze druhej
vety textu (3):

(3B 2[°SUB P °0n,; *[AwAt [°V,, On,]1]

nevyskytuje ziaden uzavrety konstituent,” ktory by sme mohli stotoznit
s vyznamom anaforicky pouzitého zimena ,On;“. To znamend, ze sa ani

Duzi a Materna pisu: ,Presnd definice konstituentu je trochu slozitéjsi... prozatim
staci charakteristika, Ze konstituenty dané konstrukce C jsou ty jeji podkonstrukce, kte-
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nemoéze stat’ hodnotou vhodného referenta diskurzu. Zameno v tretej vete
textu sa podla tejto metddy nemdze vzt'ahovat na anaforicky pouzité zaimeno
v druhej vete. Preto ani analyza tretej vety textu (3) nemdze obsahovat ana-
lyzu anaforickej vizby zimena ,On,“ s antecedentom v druhej vete. Z toho
dovodu tito analyza viacvetnych textov neumoziiuje uchopenie vsetkych ¢i-
tani.

Vzhladom na tento problém treba navrhntt adekvitnu sémantickd ana-
lyzu anaforickej vizby vhodnt aj na sémantickd analyzu anaforického ret’az-
ca. Hlavnou poziadavkou pri tom je to, aby sme v sémantickej analyze vety
obsahujucej anaforicky pouzity vyraz vedeli identifikovat’ jeho vyznam ako
samostatny vjznamovy celok.

3. Navrh

V nasledujucom texte navrhnem alternativnu analyzu formul s anaforic-
kym odkazom v TIL. Najprv predstavim predbeznu verziu analyzy, ktora si
vyziada isté upravy. Postadi vSak na uvedenie principu navrhovanej analyzy.
Nedostatky predbeznej verzie navrhu sa ukdzu na prikladoch. Nisledne pre-
zentujem nova vseobecna schému na analyzu vyznamu anaforicky pouzitych
vyrazov. Ide o uniformny névrh pre vsetky vyskyty anafory, ¢o demonstru-
jem na uvedenych textoch. Ak vSak uplatnime kritéria pripustnej analyzy
a dosledne uplatnime princip kompozicionality, nebudu ani tieto analyzy
zodpovedat’ vetim s anaforicky pouZitym vyrazom. Nase analyzy predpokla-
daju, Ze kazdy kompetentny pouzivatel jazyka je schopny formulovat’ pri-
stavkovii vetu, ktora je parafrizou vety s anaforickym odkazom. Spominané
sémantické analyzy sa tykaji az tychto pristavkovych viet, ktoré vsak neob-
sahuji anaforicky pouzity vyraz. Sémanticka analyza anaforického retazca
preto trpi podobnymi zasadnymi nedostatkami ako pévodny vseobecny na-
vrh analyzy viet s anaforickym odkazom.

Pozrime sa najprv na jednoduchsi priklad. Vritme sa k textu (4) (t. j.
,Pavel vstupil do miestnosti. On sa posadil.“). Predbezne navrhujem analy-
zovat’ druht vetu nasledujucim sposobom. Najprv formulujme pristavkova
vetu, ktord parafrdzuje druht vetu v texte (4):

(4B’) On, teda Pavel, sa posadil.

ré jsou uzity k ziskdni vystupu, tedy je nutno je provést, chceme-li provést C.“ (Duii —
Materna 2012, 61)
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Prvé verzia navrhovanej sémantickej analyzy tejto vety:
(4B”) [AwAz [°P,, *[°SUB ®P°0n *On]]]

Hlavny rozdiel oproti predchddzajicemu ndvrhu sa tyka pouzitia funkcie
SUB. Funkcia SUB sluzila v predchadzajucich analyzach na substituovanie
vyznamu antecedentu za premennu. Pévodna otvorend propoziénd kon-
strukcia bola vtedy jednym z argumentov funkcie SUB:

(4B%)  2[°SUB P’ °[Awis [°P,. 1]

Bola to konstrukcia, do ktorej sme substituovali za premennd. V tomto po-
uziti sme nemohli uchopit’ Ziadny konstituent, ktory by zodpovedal vyz-
namu anaforicky pouzitého zimena. Dévodom bolo prave pouzitie celej po-
vodnej otvorenej propozi¢nej konstrukcie ako jedného z argumentov funk-
cie SUB. Anaforicky pouzité zimeno vsak ziskava svoj vyznam vdaka vizbe
s antecedentom a nie vdaka tomu, Ze sa zmienime o propozicii, v ktorej sa
nachddza. Vyznam anaforicky pouzitého zimena by mal patrit’ medzi samo-
statné konstituenty propozicie a nie naopak.

Vo svojej analyze pouzivam funkciu SUB iba na substittciu konstrukcie
P 7a vyznam zamena ,,On“. Ako konstrukcia, do ktorej substituujeme pou-
zitim funkcie SUB, je véak zmienena iba volnd premennd On, ktora zodpo-
vedala pévodnému zdmenu ,,On“ v otvorenej konstrukeii.

Takto uchopeny vyznam vyrazu ,On, teda Pavel “ nisledne patri medzi
konstituenty vyslednej propozicie. Ndzornejsie sa to ukaze pri syntéze:

[AwAs [ °P,, 2[ °SUB “P °0On °0n]]]

‘l’ l \l/ ;l/ s objekty konstruované

Kk ok kK * | ) .
et 1 1 1 zlozkami kompozicie

‘- vysledkom pouZitia funkcie SUB je trivializd-

1 cia individua P, teda konstrukcia individua

0. U <= objekty konstruované zlozkami kompozicie

0 « pravdivostnd hodnota v danom svetamibu
ako vysledok pouzitia kompozicie

Owt < propozicia vd aka pouzitiu uzdveru
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Tito analyza spifia podmienky pouitia substitu¢nej funkcie.'” Substitd-
ciou nekolidovali ziadne premenné. Mohlo by sa zdat, ze sme substituovali
za premennt, ktord viaie trivializicia On. Vzhladom na jej umiestnenie
v kompozicii sme vsak substituovali az do konstrukcie On, ktora je ako pre-
mennd konstrukciou vhodného typu a zdroven nie je viazand. Tidto analyza
vety (4B) teda splna technické podmienky. Jednotlivé zlozky v danom zlo-
zeni nakoniec konstruuju vhodna propoziciu. Navyse v analyze (4B”) mé-
zeme identifikovat’ samostatny konstituent, ktory predstavuje vyznam vyra-
zu ,On, teda Pavel®, ktorym parafrazujeme vyznam anaforického ziamena:
2[%UB PP °0n °0n). V tejto konstrukeii je zrejma vizba s antecedentom.
Zaroven zachytdva obe fazy pouzitia vyrazu: ziskanie vyznamu od anteceden-
tu pomocou substiticie a nasledné vykonanie vysledku tejto substitucie.
Navrhovand predbeznd analyza vyznamu viet obsahujucich anaforicky odkaz
teda spociva v analyze samostatného vyznamu vyrazu ,On, teda Pavel® vo ve-
te (4B’) pomocou funkcie SUB.

Vratme sa teraz k pévodnému problému analyzy anaforického ret’azca.
Skusme analyzovat text (2) (t. j. ,Peter prisiel. On (pricom myslime Petra)
videl. On (pricom myslime Petra) zvitazil.“). Analyzu prvej vety opit vyne-
chim. Analyzy druhej a tretej vety v tomto texte sa prakticky zhoduja. Obe
vsak predstavuju analyzy pristavkovych viet:

(2B) On, teda Peter, videl.

(2C) On, teda Peter, zvit'azil.

2B”) [Awht ["V,, *[°SUB ®P°0n; °On/]]]
2C") [Awht [°Zy. *[°SUB ®P °0n, *On,)]]

Syntéza sa v obidvoch pripadoch prakticky zhoduje so syntézou v pripade
vety (4B’). Preto ju nebudem uvidzat. Zaujimavym vysledkom je moznost
identifikécie vyznamu pristavkovych Casti viet: [’SUB P *On; On)],
2[°SUB "P°On, "Ony].

VicSiu vyzvu by mal zrejme predstavovat’ text (3) (t. j. ,Peter prisiel. On
(pricom myslime Petra) videl. On (pricom myslime toho, ktory videl) zvit'a-
zil.“). Analyzu prvej vety vynechim a analyza druhej vety sa zhoduje s pri-
kladom (2B”). Prejdime teraz k analyze vety (3C).

10 , . . , , . . .. . s vt
»Korektni substituce je takovi, kterd nezpisobuje kolizi proménnych, tj. Zidna pro-

ménnd vyskytujici se volné v X se nesmi stit po substituci vizanou.“ (Duzi — Materna

2012, 66).
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(3C) On (pricom myslime toho, ktory videl) zvit'azil.
Opit najprv formulujeme prislichajicu pristavkovi vetu:
(3C) Ony, teda Ony, teda Peter, zvit'azil.

Vieme, Ze antecedentom anaforicky pouzitého zimena ,Ony“ je anaforicky
pouzité zameno ,On;“ v druhej vete. Vieme zdroven identifikovat’ vyznam
Earafrézy vjznamu tohto antecedentu v pristavkovej vete (2C): *[’SUB “P
On; °Onj]. Analyza vety (3C) pomocou navrhnutého pouiitia funkcie
SUB vyzera nasledovne:

(BC") [Awe [°Z,, 2[°SUB [°SUB ®P°0n; °0On;] *On, *OnJ]]
Syntéza:

wrt [°Z, 2 [°SUB [°SUB P °0n; "0On;]°0n,°0n)]]

RER:

A L U T T

* *
*1*1*1*1 *1 1 1

0, 1

Oun'

V tejto analyze (3C”) vieme identifikovat’ samostatny konstituent, ktory
zodpovedd sémantickému uchopeniu parafrazy vyznamu anaforicky pouzité-
ho zdmena ,,On,“:

21%UB [°SUB *P°0n; °On;] *On, °Ony)

Vizbu na antecedent predstavuje pouzitie konstrukcie ["SUB ®P°On; *On)],

ktord je podkonstrukciou parafrazy vyznamu anaforicky pouzitého zdmena
,On;“ v druhej vete textu (3): 2[OSUB ©p0oy, OOn;].
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Pomocou tejto analyzy teda vieme rozlisit’ relevantné sémantické rozdie-
ly medzi textami (2) a (3). Stcasne vieme identifikovat’ samostatné konsti-
tuenty, ktoré zodpovedaju parafrizam vyznamu anaforicky pouzitych vyra-
zov. Napriek tomu analyzy v tejto podobe nesplnaju niektoré zakladné vy-
chodiska systému TIL. Ako vieme, TIL je zisadne antikontextualisticky
systém. Analyza vyznamu vyrazu by nemala byt podmienend kontextom,
v ktorom sa tento vyraz vyskytuje. Pozrime sa teraz blizsie na uvedené ana-
lyzy viet (3B’) a 3C)):

(3B”) [Awat [°V,,, 2[°SUB “P°0On; "Onj]]]
(C") [AwAz [°Z,, [°SUB [°SUB *°P°0n; *On;] *Ons °On,)1]

Vsimnime si, akym sposobom sa vyznam antecedentu podiela na vyzname
parafrdz anaforicky pouzitych vyrazov. Podla analyzy (3C”) je anaforicky po-
uzité zameno v tretej vete (3C) v anaforickej vizbe iba s ¢ast'ou vyznamu an-
tecedentu. V analyze (3C”) zodpovedd vyznamu antecedentu konstrukcia,
v ktorej sa nevyskytuje dvojité vykonanie, t. j. ['SUB P °On; “On,], kym
v analyze (3B”) sa dvojité vykonanie vyskytuje: 2["SUB “P°On; *On,].

Podmieruje to pouzitie funkcie SUB. Ak by sme pouzili cely vyznam
antecedentu, neskonstruovali by sme propoziciu. Analyza parafrdzy anaforic-
ky pouzitého vyrazu v druhej vete (3B”) vsak obsahuje cely vyznam antece-
dentu. Dalsi rozdiel spociva v podobe analjzy. Kym vyznam antecedentu
v analyze druhej vety (3B”) sa viaZe trivializiciou, analyza (3C”) obsahuje
priamo podkonstrukciu vyznamu antecedentu bez trivializacie. Hoci analyzy
oboch viet konstruuju propoziciu, chyba zdévodnenie rozdielneho postupu
pri analyze parafrdz vyznamu anaforicky pouzitych vyrazov. Ak nie je antece-
dentom anaforicky pouzitého vyrazu iny anaforicky pouzity vyraz, tak pri
substitu¢nej funkcii pouzivame trivializovany vyznam antecedentu. Ak je
antecedentom anaforicky pouzitého vyrazu iny anaforicky pouzity vyraz, tak
v parafrazach pri substitu¢nej funkcii pouzivame kompoziciu, ktord predsta-
vuje podkonstrukciu antecedentu. Na jednej strane tak sice v tejto analyze
mézeme identifikovat’ vyznamy parafrdz anaforicky pouzitych vyrazov vo ve-
tich ako samostatné konstituenty danych viet — to bola nimietka voci po-
vodnému ndvrhu analyzy anafory TIL; ak vsak na druhej strane pouzijeme
nds$ postup analyzy v tejto podobe pri textoch obsahujucich anaforicky ret’a-
zec, nepostupujeme pri analyze vetkych prvkov v danom ret’azci jednotne —
kontextualizmus ,ako vysity*.

Navrhovani analyza ma teda zavainy nedostatok. Vyhodou predbeznej
analyzy bolo uchopenie parafrazy vyznamu anaforicky pouzitého vyrazu ako
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samostatného konstituentu. Zabezpecil to hlavne novy sposob pouzitia
funkcie SUB. Ako hlavny nedostatok sa ukazal rozdielny sposob uplatnenia
vyznamu antecedentu vo vyzname parafrizy anaforicky pouzitého vyrazu.
Okrem technickych dévodov vsak chybali relevantné dovody na to, aby sa
vo vyzname parafrazy anaforicky pouzitého vyrazu podielala iba podkon-
$trukcia vyznamu antecedentu a nie cely vyznam antecedentu.

Vyznam antecedentov v prikladoch konstruuje objekt, ktory je v hierar-
chii o droven nizie, ako potrebujeme pre funkciu SUB. Aj preto je v po-
vodnej analyze v TIL vyznam antecedentu viazany trivializaciou alebo trivia-
lizovany pomocou funkcie 77. Ak v analyze vety (3C) vyuzijeme cely vyz-
nam antecedentu:

(3C”) [kt ['Z, *[*SUB*['SUB “P°On; *On;) *On; *On]1]

ziskame nevlastna konstrukciu. Ak navySe vyznam antecedentu este ucho-
pime trivializaciou rovnako ako antecedent v analyze predchadzajucej vety
(3B”), tak opit ziskame nevlastna konstrukciu.

Riesenie predstavuje pouzitie funkcie 77. V ramci systému TIL sa defi-
nuje nasledovne:

Typové polymorfni funkce 77y je definovina takto. Necht' a je objekt
typu . Pak T7q/(*, &) vraci na argumentu @ Trivializaci prvku a. (Duzi
— Materna 2012, 66)

Zdoraznim rozdiel medzi konstrukciou trivializicie (znak 0) a funkciou Trq.
Konstrukcia trivializcie konstruuje objekt, ktory viaze. Napriklad °3 kon-
$truuje objekt 3. Ty ako funkcia vracia hodnoty vzhladom na argument.
Tento jav predstavuje aplikiciu funkcie na argument a preto sa v TIL spdja
s kompoziciou, ktora sluzi na zachytenie tychto javov. Napriklad 77, °3]
konstruuje 03,

Novi schéma analyzy parafriz vyznamu anaforicky pouzitych vyrazov ma
nasledujici tvar:

2[0SUB [°Tr 222] % %]]

Namiesto otaznikov patri cely vyznam antecedentu. Rovnaky postup je pri
vsetkych antecedentoch. Ako premenné vystupuji vyznamy pdévodnych ne-
anaforicky pouzitych vyrazov. Této schéma je jednotna pre vsetky analyzy
vyznamu parafrdz anaforicky pouzitych vyrazov bez ohladu na ich umiestne-
nie v anaforickom ret'azci alebo mimo neho a bez ohl'adu na to, akého dru-
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hu je antecedent anaforického zdmena. Zachovava sa vyznam parafrz anafo-
ricky pouzitého vyrazu ako samostatny konstituent. Na rozdiel od predchi-
dzajlcej analyzy nevznikd kontextualizmus, ¢o mozno ukdzat na prikladoch.

Hlavny problém predstavovala analyza sémantického rozdielu medzi tex-
tami (2) a (3). Pozrime sa najprv na analyzu druhych viet tychto textov,
ktorych vyznam sa zhoduje:

(2B/3B) On; (pricom myslime Petra) videl.

Pristavkova veta, ktort formulujeme ako parafrdzu viet(2B/3B):
(2B’/3B’) Onj, teda Peter, videl.

Analyza (schéma je zvyraznend hrubo, vjznamom antecedentu je ’p) .
(2B*/3B") Awis [V, *[°’SUB [* T+, °P] *On; Oni]]

Syntéza:
Dwre [ "V 21°UB ["Tr, °P] °0n;°Onl]

=

U1

U M M

0, 1

O(A)T

Vyznamu parafrazy anaforicky pouzitého vyrazu ,Onj, teda Peter zodpoveda
konstituent:

2[%SUB [°T7.°P] “On, "On)]

Pévodny antecedent %P sa tu nachadza cely. Analyza parafrzy tretej vety
textu (2) sa prakticky zhoduje s analyzou (2B”):

(2C) Ony, teda Peter, zvit'azil.
2C" wAt [°Z, 2[°SUB [°T+,°P] *On, *OnJ)1]
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Syntéza sa prakticky zhoduje s pripadom (2B"). Pozrime sa teraz na analyzu
tretej vety textu (3):

(3C) On; (pricom myslime toho, ktory videl) zvitazil.
Analyza:

(3C) Ony, teda Ony, teda Peter, zvit'azil.
(BCY [t [°Zy, [°SUB [* T+ *[*SUB [*T7,°P] °On; °On)]] °On, *Onj]

V analyze (3C") sa pouZiva navrhnutd schéma dvakrit. Antecedentom para-
frizy anaforicky pouzitého vyrazu ,On,“ je totiz opit parafrdza anaforicky
v , « v , . v.
pouzitého vyrazu ,On;“. Vyznamom antecedentu parafrzy anaforicky pouzi-
tého vyrazu ,On;“ je konstrukcia ’p, Vyznamom antecedentu parafrazy ana-
foricky pouzitého vyrazu ,,Ony“ je konstrukcia 2[%UB [°T7,°P] *On, "On).
Zhoduje sa s vyznamom parafrazy anaforicky pouzitého vyrazu v analyze (3B").
Vyznam parafrizy anaforicky pozitého vyrazu ,On,“ som zvyraznil hrubo.
V reprezentacii vyznamu parafrazy anaforicky pouzitého vyrazu ,On,“:

2°SUB [* T *[*SUB [*Tr,°P) "On; "On]1 °On, ° Ony)
teda vieme identifikovat jeho antecedent ako aj antecedent jeho antecedentu.
Syntéza:
e [ Z, 21°SUB ["Tr, 2 [°SUB  ["T7, °P] °On; "Ons]] "On, *OnJl]]

Y

* Kk K K ok * *

* *
U M 1 1

O 1

Owt
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Pomocou tejto schémy analyzy parafrdz vyznamu anaforicky pouzitych
vyrazov teda vieme identifikovat’ relevantny sémanticky rozdiel medzi tex-
tami (2) a (3). Samozrejme, plati to iba v pripade, ze nahradenia viet s ana-
foricky pouzitym vyrazom pristavkovymi vetami su adekvatne. Zaroven vie-
me reprezentovat’ vyznam parafrdz anaforicky pouzitych vyrazov ako samo-
statny konstituent. Tento vyznam analyzujeme vidy rovnako, a teda nevzni-
ki kontextualizmus. Prvy predbeiny navrh modifikicie pévodnej TILovskej
analyzy anafory nim ukazal, ze s funkciou SUB musime zaobchdadzat inak
ako v Standardnej analyze. To je poucenie, ktoré sme si odniesli z nedostat-
kov $tandardnej analyzy. Druhy ndvrh respektuje toto poucenie, no zdroven
ukazuje, Ze je potrebné zaviest do vyznamu funkciu 77, aby sme sa vyhli
nedostatkom prvého navrhu.

4. Zaver

Pri analyze textov tvorenych viacerymi vetami by adekvitna sémanticka
analyza mala uchopit’ véetky ich mozné (itania. Anaforicky pouzité vyrazy
v textoch pozostavajucich z troch alebo viacerych viet s jednym zo zdrojov
roznych moznych ¢itani. Antecedentom anaforicky pouzitych vyrazov méze
byt vyraz s vhodnym vyznamom. Antecedentom sa véak moze stat’ aj anafo-
ricky pouzity vyraz. V takom pripade hovorime o anaforickom retazci. Ana-
lyza textov obsahujucich anaforicky ret'azec vyzaduje identifikiciu vyznamu
antecedentu vo vyzname vety, ktord ho obsahuje. Ak ho nevieme identifi-
kovat’, nemdzeme ani analyzovat anaforickd vizbu, v ktorej by sa mal na-
chidzat’. Dovodom je to, ze analyza vety, ktord obsahuje antecedent, by ne-
obsahovala ziadny prvok, ktory by zodpovedal vyznamu antecedentu. Po-
vodna analyza viet obsahujicich anaforicky odkaz v TIL, ma vsak prave tito
charakteristiku. T'outo metddou nevieme identifikovat’ v sémantickych ana-
lyzach viet samostatny konstituent, ktory by zodpovedal vyznamu anaforicky
pouzitého vyrazu. Preto sme ju nemohli pouzit na adekvatnu analyzu textov
s anaforickym ret'azcom. Navrhol som alternativou analyzu vyznamov ta-
kychto viet, ktora je zalozena na formulicii ich parafraz pomocou pristavko-
vych viet. Zameral som sa hlavne na analyzu parafraz vyznamu anaforicky
pouzitého vyrazu. Tento navrh umoziiuje identifikovat’ samostatné konsti-
tuenty, ktoré zodpovedaji parafrizam vyznamu anaforicky pouzitych vyra-
zov. Umotnila sa tym analyza parafrdz textov obsahujucich anaforicky ret’a-
zec. Ak sa parafriza anaforicky pouzitého vyrazu stane antecedentom dalsej
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parafrézy anaforicky pouzitého vyrazu, vieme to pomocou tohto navrhu za-
chytit’ aj na Urovni sémantickej analyzy. Ak prijmeme to, ze pristavkové ve-
ty takto zodpovedaju vetdm s anaforickym obsahom, ide o uniformny navrh

aplikovatelny na véetky vyskyty anafory.
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1. Introduction

The Gettier examples (see Gettier 1963) suggest that in order to know
a proposition, the belief that the proposition holds cannot be based on false
assumptions. For example, assume that my colleague Dr. A has bought a
new car. I believe that one of my colleagues has bought a new car (C), but
this belief is based on the false assumption that Dr. B, also a colleague of
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mine, is the owner (B). My belief that C is a true belief. It is also justified:
by valid inference from B and B — C. However, it is quite plausible to as-
sume that I do not know that C. The obvious reason is that my justification
of the belief that C is based upon the false assumption B.

The notion of belief based on true assumptions (BTA belief) is interesting
even in itself, considered independently of the analysis of knowledge (and
even independently of the Gettier examples). BTA belief is safe: if a justifi-
cation is requested, true assumptions can be provided. Moreover, if “based
on” is construed as a truth-preserving relation, then BTA belief yields zrue
belief.2

This paper outlines a simple formal model of BTA belief. The basic
idea is to use explicit bodies of assumptions (or information) and the conse-
quences of portions of this body. Hence, “based on” is construed as
a truth-preserving relation. However, it is not assumed that the body of as-
sumptions is a set and that the consequence relation is classical: the model
utilises the proof theory of substructural logics.?

Section 2 briefly reviews the possibilities of modelling BTA belief
within standard epistemic logics. Section 3 outlines the substructural ap-
proach: epistemic states are defined and the semantics of a propositional
epistemic language is given. Section 4 provides examples of valid formulas
and discusses some prominent examples of non-valid formulas. Section 5
concludes the paper and outlines directions of future work.

2. Epistemic logics and BTA belief

Standard epistemic logics (see Fagin et al. 1995, ch. 1-3, for example)
model belief as a necessity-like operator. Semantically, the logics corre-
spond to various classes of models M = (W, R, V), where W is a non-
empty set, R is a binary relation on Wand V'is a valuation. The truth con-
ditions of Boolean formulas in points x € W are the usual Boolean condi-
tions. A formula 4 is believed in x iff A holds in every y such that Rxy.

2 On the other hand, if “based on” is construed, for example, in probabilistic terms,
then this does not hold: a set of true propositions can make a proposition p “highly
probable” while p is, in fact, false.

3 An exposition of substructural logics can be found in Restall (2000).
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One may provide a BT'A-like interpretation of this semantics. Assume
that every x is given a body of formulas Ax(x), seen as the assumptions
adopted in x. The relation R may be construed as follows: Rxy iff every
formula in At(x) holds at y. If R is assumed to be reflexive, then every as-
sumption adopted in x is true in x.

However, there are two problems. First, the bodies of assumptions 4#(x)
are not explicitly given within standard epistemic models. In general, stan-
dard epistemic logics do not articulate reasons for beliefs. Second, the resul-
tant belief operator suffers from the notorious omniscience properties.* For
example, belief is closed under every propositionally valid inference rule. As
a special case, every propositional tautology is believed. In general, belief
within a standard epistemic logic L is closed under every L-valid inference
rule.

Both these problems are addressed by justification logics (see Artemov
1994, 2001, 2008 and 2011, for example). These extend the Boolean lan-
guage by a set of justification terms. This allows to express claims such as “¢
justifies A7, where ¢ is a justification term and 4 is a formula. Informally, “¢
justifies 4” is true in a world x only if 7 is an admissible evidence for 4 at x
(or: relatively to the context of x). It has been proposed recently to inter-
pret justification terms ¢ as sets of formulas *(z, x), relatively to worlds x
(Artemov 2012). In line with this interpretation, ¢ may be seen as corre-
sponding to a true assumption at x iff every formula in *(z, x) is true in x.

3. Epistemic states and substructural logics

This section outlines the basics of the substructural approach. Epis-
temic states are defined and an interpretation of the formal definition is
briefly discussed. Familiarity with substructural logics is helpful, but the
necessary background is provided.

Definition 3.1

The language Ly is the language of classical propositional logic. The
language L; is Ly with a unary operator Bel. p, g, etc. (4, B, etc.) will be
used as metavariables ranging over the set of propositional variables P
(the set of formulas Fm). Every formula of Ly is a structure and the only

4 A readable discussion of the omniscience properties may be found in Fagin et al.

(1995, ch. 9).
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substructure of itself. If X and Y are structures, then (X ; Y) is a struc-
ture with substructures X and Y (We shall refrain from using the out-
ermost pair of parentheses). The set of structures will be referred to as
Struct. A consecution is an expression of the form X |- 4, where X is a
structure and A is a formula of Ly. A structural rule is a rule of the form

Y(X) -4
Y(X*) |4

It is assumed that structural rules are closed under substitution of for-
mulas. (Structural rules shall be referred to by X < X*.) If I"is a set of
structural rules (closed under derivability®), then a consecution is /-
provable iff it is provable using no other structural rules than those in 7

The intuitive interpretation of Bel is “it is a BTA belief that”. Struc-
tures are to be seen as bodies of information, where “;” is a punctuation
mark meaning “taken together with”. Consecutions X |- 4 are read “the
structure X entails 4”. Structural rules state that certain structures X may
be replaced (even within other structures Y) by structures X* without af-
fecting the set of entailed formulas. Here are some familiar examples of
structural rules:

B) X;V;2 < X;V;Z (“Associativity”)
Bo) X3 V);Z2 «X;(Y;2 (“Converse associativity”)

C) X;Y<=TY;X (“Weak commutativity”)
M X=X X (“Mingle”)

W) X;X < X (“Weak contraction”)
K) X<X;Y (“Weakening”)

We shall be working with natural deduction systems for substructural
logics. These systems are given by the axiom 4 |- 4, a set of structural rules
and a set of introduction and elimination rules for the connectives. While
variations in the former yield different substructural logics, the latter will
be constant:

5 Arule Ry is derivable from rules Ry, ..., R, iff the admissibility of R is a consequ-

ence of the assumption that R, ..., R, are admissible. For example, (M) is derivable
from (K): if X'; ¥ may replace X, where Y is arbitrary, then, obviously, X ; X may repla-
ce X as well.
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(=) IfX;AF B, then X} A4— B.

(E) fXFA—>Band Y} A, then X; Y} B

(Al) fXFAand X | B, then X FAA B.

(AE) fXFAAB, then X FAand X | B.

(VI) Both X |4 and X |- Byield X AV B.

(VE) IfYA) F C, Y(B) F Cand X F AV B, then Y(X) | C
(Neg) If 4 F =B and X |- B, then X |- —4

Let us note that the cut rule
(Cut) If X | 4 and Y(4) | B, then Y(X) | B

is admissible in every natural deduction system built upon these rules.
Of course, structural rules affect the set of provable consecutions. For
example, weakening is essential in the proof of 4 |- B — 4:

1. AF4 (axiom)
2. A;BRA (1., K)
3.AFB—> 4 (2. -0

Similarly, (CI) is sufficient for 4 |- (4 & B) — B and (B), (Bc), (WI) are
sufficient for A — (4 — B) | A — B. The choice of structural rules is usu-
ally influenced by the assumed nature of structures. For example, if struc-
tures are seen as sets, then all the above structural rules (with the possible
exception of (K)) are plausible.® If it is assumed in addition that the conse-
quence relation is monotonic, (K) is plausible as well. However, if struc-
tures are seen as multisets, then (M) and (WI) are no longer plausible. If
they are seen as liszs, then (CI) has to go as well. For more detail see Restall

(2000).

Definition 3.2
A substructural frame is a tuple F = (W, R, C, <) where W is a non-
empty set, R is a ternary relation on W, C is a symmetric” binary rela-

6 The set {4, B} is identical with {B, A} and {4, 4, B}.

7 Symmetry is assumed since we shall be working with a single negation. In addition,

we opt to consider a single implication, but without considering only commutative fra-
mes. This is the case since we want our “non-epistemic fragment” of the language to
consist of the ordinary Boolean formulas. Symmetry is a natural assumption if C is read
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tion on Wand < is a partial order on W. Moreover, the following con-
ditions are assumed:

>0 )

If Rxyz and ¥’ < x, 5 < y, 2 < 2, then RxyZ.
If Cxy, ¥ < xand y’ < y, then Cx’y.

A substructural model is a couple M = (F, E), where E is an evaluation
function from W X (Fm U Struct) to {0, 1} such that:

If E(x, p) = 1 and x < y, then E(y, p) = 1

E(x, AN B) = 1iff E(x, A) = E(x, B) = 1

Elx, AV B) = 1iff E(x, 4) = 1 or E(x, B) = 1

E(x, A > B) = 1iff for all y, z: If Rxyz and E(y, 4) = 1, then
Ez B) =1

E(y, —A4) = 1iff for all y: Cxy implies E(y, 4) = 0

E(y, X; Y) = 1 iff there are y,z: Ryzx, E(y, X) = 1 and E(z, ¥) = 1

A consecution X |- 4 is valid in M iff E(x, X) = 1 implies E(x, 4) = 1
for all x € W. A consecution X |- 4 is valid in F iff it is valid in every
M = (F, E).

We do not give an exposition of the substructural semantics — inter-
ested reader is referred to Restall (2000) and Mares (2004).

Lemma 3.3

Let ND be a substructural natural deduction system with a set I” of struc-
tural rules. A consecution X |- A is provable in ND iff it is valid in the class
of frames that satisfy the conditions corresponding to members of I Some of
the corresponding conditions are:

cB)  If R(xy)zw, then Rx(yz)w
cBc) If Rx(yz)w, then R(xy)zw
c(CI) If Rxyz, then Ryxz

M) If Rxxy, then x < y
(W) Rxxx

cK) If Rxyz, then x < z

(R(xy)zw means that there is a u such that Rxyu and Ruzw, while Rx(yz)w
means that there is a u such that Ryzu and Rxuw.)

as “consistency”, but commutativity is considered to be rather strong. For details, see

Restall (2000).
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Proof: See Restall (2000, ch. 11).

Definition 3.4

Let 7" be a set of structural rules. A /~frame is a frame that satisfies
every condition corresponding to members of /. A [-countermodel to
X | 4is a model M = (F, E), where Fis a [-frame and there is x € W
such that E(x, X) = 1 but E(x, A) = 0.

Definition 3.5

An epistemic state s is a triple (X, I, V), where X is a structure, /”is a set
of structural rules and V'is a function from P to {0,1}. Truth values of
L;~formulas at states are defined as follows:

TG, p) = 1iff Vs, p) =1

TG, —A) = 1iff T(s, 4) = 0

TG, AN B) = 1iff T(s, 4) = 1 and TTs, B) = 1

T, AV B) = 1iff T(s, 4) = 1 or T(s, B) = 1

T(,A—> B) =1iff T(s5,A) =0o0r T(s, B) = 1

TT(s, Bel A) = 1 iff there is a substructure Y of X such that Y |- 4 is
I-provable and 7Ts, B) = 1 for every formula Bin Y.

A formula is I*valid iff it is true in every ¥ = (X, I, V). A formula is
universally valid ift it is 7=valid for every I

An epistemic state is given by a structured body of information (assump-
tions) X and an “environment” specified by the valuation V. Notice that we
construe epistemic states as syntactic objects. This is an alternative to the
usual construal of states as “sets of possible worlds”.

As noted above, the properties of X are partially specified by the struc-
tural rules in 77 It is a BT'A belief that 4 iff there is a body of information
Y within X such that i) 4 is inferable from Y using no structural rules other
than those in /"and i) ¥ consists only of true formulas.®

Let us note that this approach builds upon Konolige’s deductive
model of belief, see Konolige (1984), and the usual methods of knowl-
edge representation, see Sefranek (2000), Brachman — Levesque (2004).
However, the present framework is a generalisation of these: substruc-

8 The truth condition of Bel is the reason why structures (“assumptions”) may conta-

in only Lo—formulas. A more generous definition of structures would render the truth
condition circular.
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tural logics allow us to work with various types of structures and conse-
quence relations. The idea of using substructural logics in modelling
epistemic notions is not new, see Bilkova et al. (2010) and Sequoiah-
Grayson (2009), for example.

4. Properties of BTA belief

This section discusses some of the properties of BT'A belief. We begin
by pointing out several universally valid formulas and rules.
First, BTA belief is factive:

(1) Beld— 4

The reason is that, no matter what structural rules are assumed, provable
consecutions X |- 4 have the following property: If v is a Boolean valuation
such that every formula B in X is true with respect to v, then 4 is true with
respect to v as well. This may be easily demonstrated by induction on the
complexity of proofs.

Second, BT'A belief (in every /=state) is closed under /=consequence: If
A | B is I'-provable, then Bel A — Bel B is /=valid.® This is a straightfor-
ward consequence of the admissibility of (Cut).

Third, BTA belief is closed under “A elimination” and “V introduc-
tion”:

(2) Bel(A A B) — (Bel AA Bel B)
(3) (Bel AV Bel B) = Bel(4 v B)

This is a trivial consequence of the rules (AE) and (VI). Note, however,
that BTA belief is not necessarily closed under “A introduction”, since the
converse of (2), i.e.

(4) (Bel A ABel B) = Bel(4 A B)

is not universally valid. For example, consider an epistemic state s = (X, 7,
V), where I” contains only (CI), X = p ; g and V(p) = V(g) = 1. Obviously,

®  Hence, Bel may be read as implicit belief. Epistemic states may be extended by in-

cluding a syntactic filter (such as an awareness set), but we shall not do so in the present

paper.
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Bel p and Bel 4. However, there is no substructure of X that entails p A g:
the consecutions p FpA g, g pAgand p; q | p A qare all clearly inva-
1id.?0 The converse of (3) is not valid either. To see this, it is sufficient to
consider a state s such that X = p V q and I"is empty. It is clear that nei-
ther p V g |- p, nor p V g |- g are provable using the empty set of structural
rules: there are /-countermodels to both consecutions.

Closure under modus ponens

(5) Bel(d— B) - (Bel A — Bel B)

is not universally valid either. Consider an epistemic state s = (X, 7, V),
where " contains only (CI), X = (p = q) ; (r; p) and V(p) = V(g) = V(r)
= 1. Obviously, Bel (p — g) and Bel p. However, there is no substructure
of X that entails g. We will provide a countermodel to (p = ¢q) ; (r; ¢) |
g. (The reader may provide countermodels to consecutions with other sub-
structures of X as an exercise.) Let W= {x, y, z}. As usual, let C and < be
identity on W. Assume that Rxxy and Ryyz. Now let E(x, r) = E(x, p) = 1.
Hence, E(y, 7 ; p) = 1. Moreover, let E(y, p) = 0. Consequently, E(y, p — q)
= 1. Therefore, E(z, (p = q) ; (r ; p)) = 1. But nothing prevents us from
having E(z, q) = 0.

In general, consider the following epistemic closure schema:

(EC) If 4y A ... AA, > Bis universally valid, then Bel 4; A ... A Bel 4,
— is universally valid.

It is clear that only quite special cases of (EC) are true. For example, if n =
1 and 4 |- B is provable without any special structural rules. The latter
condition is essential: many consecutions 4 |- B, where 4 — B is a proposi-
tional tautology, are not provable without recourse to specific structural
rules. In fact, to achieve this was the point of introducing substructural lo-
gics.

Moreover, as the failure of closure under “A introduction” (4) demon-
strates, (EC) does not hold if n = 2, even if 4 A 4, |- B is provable with-

10 . . .
A countermodel to the first consecution: Let W be a singleton consisting of x, let

C and < be identity on W and let Rxxx. Obviously, this is a (CI)-frame. Moreover, let
E(x, p) = 1 and E(x, q) = 0. (There is a similar countermodel to the second consecu-
tion.) A countermodel to the third consecution: Let Wbe {x, y}, let C and < be iden-
tity on Wand let Rxxy. Moreover, let E(x, p) = 1, E(x, g) = 1 and E(y, p) = 0. Obvio-
usly, E(y, p 5 9) = 1, but E(y, p A q) = 0.
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out using any structural rules. In addition, it is plain that propositional tau-
tologies are not universally BT'A believed either: for example, g V —q is a
propositional tautology, but it is sufficient to consider a state s where X =
p. It is plain that p |- g V —q is not provable by using every I To sum up,
BTA belief does not suffer from many of the notorious omniscience prop-
erties.

5. Conclusion

We have outlined a simple formal model of belief that i) is based on
true assumptions, ii) does not suffer from the usual omniscience properties.
Moreover, the present framework is rather general: one may concentrate on
various types of bodies of information (sets, multisets, lists etc.) and conse-
quence relations (monotonic as well as nonmonotonic).

However, this paper is only an outline of a broader project. Many paths
of future research are open. First, this paper does not discuss the problem
of axiomatisation of the set of universally valid L;-formulas. A related open
problem is proving correspondence results for various epistemic formulas.
Second, one may attempt to combine the substructural approach with the
usual epistemic Kripke semantics and, in addition, to provide multi-agent
versions. It is also possible to interpret several extended epistemic languages
(possibly containing dynamic or group-epistemic operators) in these com-
bined models. Finally, it is much desired to elaborate the present frame-
work so that it could handle the familiar introspection properties (and for-
mulas with iterated epistemic operators in general). However, these investi-
gations are left for another occasion.
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Abstract: According to Keith DeRose, the best argument for epistemic contextualism is
supplied by communication intuitions ordinary speakers have when evaluating utter-
ances of sentences of the form “S knows that p” and “S does not know that p”. It is
claimed that utterances of “S knows that p” and “S does not know that p” can both be
true with respect to the same S and p because the speakers of the utterances employ dif-
ferent epistemic standards. The aim of the paper is to show that one can accept this
claim as true while denying epistemic contextualism. A handful of possible contenders
to epistemic contextualism are given. Thus, the alleged best argument for contextual-
ism has to be supplemented by other arguments to show that epistemic contextualism
should be given preference to the other approaches.
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1. Uvod

%3

Vyrazy ,vediet“ a ,poznat’™ (a ich gramaticky modifikované tvary) budem
nazyvat’ epistemické slovesd. Vety, v ktorych sa subjektu pripisuje, resp. upiera

Tiato stat’ vznikla na Filozofickej fakulte UK v Bratislave v rdmci grantu VEGA ¢.
1/0046/11 Sémantické modely, ich explanacnd sila a aplikdcia. Chcem pod'akovat recen-
zentovi za pripomienky k predchidzajicej verzii state.
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poznanie (nejakej propozicie), budem nazyvat epistemické vety. Mozeme roz-
lisit’ pozitivne epistemické vety formy ,,S vie, ze p“ od negativnych epistemic-
kych viet formy ,S nevie, ze p, kde S je subjekt a p propozicia. To, ¢o epis-
temické slovesd zachytdvajli, budem oznacovat terminom epistemicky postof;
to, Ze nejaky subjekt vie, resp. nevie, Ze nejakd propozicia je pravdiva, je teda
epistemickym postojom tohto subjektu k propozicii.

Epistemicky kontextualizmus tvrdi, ze sémanticky obsah epistemickych
slovies je zdvisly od kontextu, v ktorom sa pouziju prislusné epistemické ve-
ty.3 Podl'a epistemického kontextualizmuge preto pripustné, aby tvrdenie,
ktoré uskutoc¢ni hovorca Hy pouzitim vety

(1)  Svie, ze p

vzhladom na svoj kontext K;, a tvrdenie, ktoré uskuto¢ni hovorca H, pou-
Zitim vety

(2) S nevie, ze p

vzhladom na svoj kontext K, boli suc¢asne pravdivé (pricom podstatné je to,
ze Hy a Hy posudzuju epistemicky postoj S k p vzhladom na #if isti situdciu
aberu pri svojom hodnoteni do tGvahy tie isté informacie, ktoré maja
o S a danej situdcii). To je mozné napriek tomu, ze vety (1) a (2) z formal-
neho hladiska vyzeraju ako vzajomné negacie. Epistemicky kontextualista
totiz povie, ze ak Hj vyjadri svojim pouzitim vety (1) propoziciu P a H, zase

Epistemickych postojov existuje, prirodzene, ovela viac, no v tejto stati ich nebudem
spominat’. Budem takisto predpokladat, Ze aj negativna epistemickd veta vyjadruje epis-
temicky postoj subjektu k propozicii, hoci — ako na to poukazal anonymny recenzent —
bolo by korektnejsie povedat, Ze sa v nej vyjadruje absencia takéhoto postoja. Pojem
epistemického postoja teda budem pouzivat’ v takomto SirSom zmysle.

Niekedy sa pouiva termin epistemologicky kontextualizmus, no ten je podla mna za-
vadzajuci. Vzbudzuje totiz dojem, Ze ide o epistemologickd teériu, a teda kontextualiz-
mus by vyzeral ako konkurent napriklad fundacionalizmu, koherentizmu, reliabilizmu
atd. Kontextualizmus je vSak teériou, ktord patri do filozofie jazyka, zaobera sa sémanti-
kou epistemickych slovies, a preto bude vhodnejsi termin ,epistemicky®.

Alternativne by sme mohli epistemicky kontextualizmus formulovat’ tak, ze kym
tvrdenie, ktoré jeden hovorca uskutoéni pouzitim vety (1) vzhladom na jeden kontext, je
pravdivé, iné tvrdenie, ktoré hovorca uskuto¢ni pouzitim tej istej vety vzhladom na iny
kontext, je nepravdivé (pozri Cohen 1999, 65). Tuto formuliciu kontextualizmu vsak
nebudem pouzivat, kedZe sa jej vyhyba aj Keith DeRose, ktory je v tejto stati kl'a¢ovou
postavou.
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pouzitim vety (2) vyjadri propoziciu Q, tak neplati, ze Q = —P. To zname-
nd, ze rozdiel medzi propoziciami P a Q nie je dany len tym, Ze v jednej
z nich sa vyskytuje negicia. Ak sa dve propozicie lisia len tym, ze jedna je
negiciou druhej propozicie, poviem, Ze su vecne totoZné; to znamend, Ze
propozicie Py a P, st vecne totozné, ak plati, ze P; = =P, alebo P, = —P;.
Ak dve propozicie nie su vecne totoiné, su vecne odliiné.” Pouitiami viet (1)
a (2) vo vhodnych kontextoch mozno teda vyjadrit vecne odlisné propozi-
cie.®

Vecnt odlisnost medzi propoziciami P a Q kontextualista pripise na
vrub rozdielom v sémantickych obsahoch epistemického slovesa ,vediet’™,
ktoré toto sloveso nadobuda pri konkrétnych pouzitiach epistemickych viet
(1) a (2). Pre¢o prive tomuto slovu? Nuz preto, tvrdi kontextualista, Ze
v situdcidch, v ktorych sa poutziju vety (1) a (2), vstupuja do hry rozne epis-
temické Standardy, ktoré s sucastou toho, ¢o epistemické vety vyjadruji
vzhladom na dané kontexty pouzitia. Tento dolezity pojem vymedzuje je-
den z poprednych epistemickych kontextualistov takto:

K propozicii, o ktorej je subjekt presvedéeny, ma subjeke silny [strong]
epistemicky postoj, ak jeho presvedcenie [belief] o tejto propozicii ma
do znaénej miery vlastnost’ alebo vlastnosti, ktoré s potrebné na to, aby
pravdivé presvedéenie bolo poznatkom [a piece of knowledge]. ,Episte-
mické sStandardy’, ktoré s stanovené kontextom, sa tykaju toho, aky
silny epistemicky postoj musi subjekt mat’ k propozicii..., aby bola prav-
divd veta, ktord mu pripisuje ,poznanie’ v danom kontexte. (DeRose
2011, 7)

Zjednodusene povedané, epistemické Standardy predstavuju poziadavky,
ktoré musi pravdivé presvedcenie, ktoré subjekt md, splnit’, aby ho mohol
hovorca povazovat’ za poznatok (vzhfadom na svoj kontext). Na spresnenie
dodévam, Ze epistemické Standardy nie st zdovodnenim ¢i evidenciou, ktora
subjekt ma k dispozicii v prospech svojho presvedéenia (a na ktorej zdklade
on sim dané presved¢enie povazuje za poznatok), ale st to kritérid, ktoré st
urcené hovorcom (a jeho kontextom), ktory posudzuje, ¢i dany subjekt vie,
alebo nevie. Inymi slovami, epistemické standardy s v podstate kritériom,

5 w . o o .
Podobne budem pouzivat’ termin vecne odlisné pravdivostné podmienky.

Pojem vecnej totoznosti propozicii by sa dal definovat aj véeobecnejsie, no na uéely
tejto state to nie je potrebné, kedZe iné moiné pripady vecnej totoznosti, ktoré nie st
zachytené v definicii uvedenej v texte, nds nebudu zaujimat’.
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vzhladom na ktoré sa posudzuje, ¢i subjektova evidencia v prospech jeho
(pravdivého) presvedéenia postacuje (z hovorcove;’ perspektivy) na to, aby
hovorca toto presvedéenie povazoval za poznatok.” V jednom kontexte mé-
zu byt tieto $tandardy benevolentnejsie ako v inom kontexte, a teda za po-
znatok sa moze vjednom pripade povazovat také pravdivé presvedéenie,
ktoré by sa v druhom pripade za poznatok nepovazovalo. Ked' preto v prvom
kontexte hovorca H; vyslovi vetu (1), povie nie¢o pravdivé, no nieco pravdivé
povie aj hovorca Hy, ked’ vzhladom na druhy kontext vyslovi vetu (2) (pri-
¢om, opakujem, H; a H, hodnotia epistemicky postoj S k p vzhladom na ta
istd situdciu a zohladnuju tie isté informécie, ktoré maju o S a danej situacii).
Vezmime si na ilustraciu priklad, ktory je inSpirovany J. L. Austinom (po-
zri Austin 1979, 108) a ktory v urditych modifikdcidch pouzivaju aj epistemo-
logicki kontextualisti (pozri DeRose 2011, 4-5). Budeme uvazovat o dvoch
kontextoch K; aK;, vktorych hovorcovia vyhodnocuji postoj subjektu
k istej propozicii. Cely priklad nacrtnem len schematicky, bez beletristickych
detailov (ktoré by azda mali vzbudzovat’ va&iu déveryhodnost’ prikladu).®

Pozadie: Osoby A a B vedia, ze ich kolega C nosieva do price klobuk,
ktory vidy odkladd na uréity vesiak. V urcity den A a B vidia, Ze na ve-
siaku je klobik C. V prici ho vSak osobne nestretli a nemaju k dispozicii
ani ziadnu ind spolahlivi spravu o tom, ¢i C v praci naozaj bol. Pritom-
nost klobtku je teda pre nich jedinou relevantnou evidenciou.

Kontext K;: V tomto kontexte, v ktorom st standardy poznania relativ-
ne nizke, sa A rozprava s osobou D. Mozeme si predstavit, ze D je man-
zel B a zaroven dobry priatel A, pricom md podozrenie, ze ho manzelka

7 - , v ‘ . v . .
V limitnom pripade sa méze stat, ze hovorca je totozny so subjektom. Kontextualis-

ti o takychto pripadoch niekedy uvazuju (pozri DeRose 2011, 1-3). Lenze ani v tomto
pripade nemozno zamietiat zd6vodnenie alebo evidenciu, ktord ma subjekt v prospech
svojho pravdivého presvedcenia, s epistemickymi standardmi, podla ktorych posudzuje,
di vie, alebo nevie (a teda sim sebe pripisuje alebo upiera poznanie). Takéto ,sedenie na
dvoch stoli¢kich® véak moZze Gvahy skomplikovat’ a zatemnit, a preto budem rozliSovat
subjekt poznania a hovorcu. Na niektoré problémy, ktoré vznikaju, ak subjekt poznania

je totozny s hovorcom, upozortiuje aj K. Bach; pozri Bach 2005a, 56, pozn. 5).

¥ DeRose kladie mimoriadny ddraz na to, aby sa priklady, ktoré maju ilustrovat’ neja-

kd tedriu, formulovali ¢o najstarostlivejSie. Musia byt’ presved¢ivé a musia byt’ formulo-
vané tak, aby vyzerali ako bezna jazykovd komunikdcia medzi beznymi hovorcami.
V podstate takmer celd druhd kapitola knihy DeRose (2011) maé za ciel ndjst’ ¢o najlepsie
priklady ilustrujuce kontextualizmus.
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(t. j. osoba B) godvédza s C. Z ur¢itého dbévodu chce vediet, ¢i B vedela,
¢i C je v praci.” Na tato otazku A odpovie, ze B vedela, ¢i C bol v praci
(ked’ze B videla — spolu s A — klobuk na vesiaku).

Kontext K,: V tomto kontexte, v ktorom st standardy poznania relativ-
ne vysoké, sa A rozprava s osobu E. Mozeme si predstavit, ze E je vySet-
rovatel, ktory zist'uje, ¢i C, ktory je podozrivy z vrazdy, bol v ur¢itom
Case v praci, aby overil jeho alibi. A odpovie, ze nevie, ¢i bol C v préci,
hoci na vesiaku visel jeho klobuk, no osobne ho nestretol. E sa takisto
pyta, ¢i by B mohla potvrdit alibi C, no A odpovie, ze ani B nevedela, ¢i
C bol v prici, ked’ze mala k dispozicii len taka evidenciu, o akej vedel aj
hovorca A."°

Mozeme zanedbat’ skutocnost’, ze s D sa A rozpraval vinom case ako
s E, kedze medzicasom sa evidencia A ani B v prospech toho, ¢i C bol
v prici, nijako neobohatila ani neochudobnila. V Kj, v ktorom su episte-
mické Standardy pomerne nizke, mozeme povazovat za pravdivé tvrdenie,
ktoré A uskutocni pouzitim vety

(3) B vedela, ¢ C bol v praci,

kym v Kj, v ktorom st epistemické Standardy postavené vyssie, zase moze-
me povazovat za pravdivé tvrdenie, ktoré A uskutoéni pouzitim vety

(4) B nevedela, ¢i C bol v préci.

Vety (3) a (4) mdzeme povazovat za Specifickejsie verzie viet (1), resp. (2),
a teda ilustruju kontextualisticki tézu o zdvislosti pripisania pravdivostnych
hodnét od kontextu pouiitia.“

V tomto priklade sa pouZiva gramaticky korektnejsie spojenie ,vediet, ¢i“, nie spoje-
. . ) Vo« v . 7 .V ’ v . Ve « A
nie ,vediet’, Ze“. Vecne sa vSak na tejto Gvahe ni¢ nemeni, pretoze vetu ,S vie, ¢i p“ mé-
Zeme povazovat’ za synonymum vety ,,S vie, Ze p, alebo S vie, Ze non-p“, kde sa vyskytuje
vizba ,vediet, Ze“.

10 Nechcem, aby vznikol dojem, Ze existujd len dva druhy epistemickych Standardov —

vysoké a nizke (resp. relativne vysoké a relativne nizke Standardy). V skuto¢nosti ich je
vela, mozno neobmedzene vela.

Extrémny pripad by zrejme predstavovali skeptické epistemické $tandardy, ktoré st
prilis vysoké na to, aby sme nasli vicsi pocet takych viet formy (1), ktoré by sa povazovali
za pravdivé.
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2. Argument

V predchidzajucej ¢asti som uviedol len zakladni formuliciu a jednodu-
chu ilustraciu epistemického kontextualizmu. Pozitivnu evidenciu v jeho
prospech som zatial nespomenul. DeRose uvadza ako najddlezitejsi argu-
ment potvrdzujuci epistemicky kontextualizmus skuto¢nost, ze bezni pou-
zivatelia rozumeju epistemickym vetdm presne tak, ako to kontextualizmus
opisuje:

Najlepsie dovody v prospech kontextualizmu pochadzaju z toho, ako sa
vety, ktorymi sa pripisuje (upiera) poznanie, pouzivaju v beznej nefilozo-
fickej rec¢i: To, ¢o by bezni hovorcovia povazovali v niektorych nefilozo-
fickych kontextoch za ,poznanie’, by v inych kontextoch ako ,poznanie’
odmietli. (DeRose 2011, 47)

Modelové priklady, ktoré som uviedol, tak slizia nielen na ilustraciu myslien-
ky epistemického kontextualizmu, ale mozno ich lahko transformovat’ aj na
jeden z najdélezitejsich argumentov v jeho prospech. Samozrejme, bude to
platit’ v pripade, Ze tieto priklady opisujt, ako by sa zachovali bezni ,nefilozo-
ficki“ pouzivatelia jazyka, ktori by mali vyhodnotit’ pravdivostné hodnoty tvr-
deni uskuto¢nenych pouzitim epistemickych viet vzhladom na svoje kontexty
v zhode so svojimi intuiciami, ktoré maju ako kompetentni hovorcovia (ktori
su navyse nezatazeni filozofickymi predsudkami rozliénych druhov). Ako zd6-
razniuje DeRose, ,,[o]dvoldvame sa tu na to, ako my, kompetentni hovorcovia
intuitivne vyhodnocujeme pravdivostné hodnoty konkrétnych tvrdeni usku-
to¢nenych... v konkrétnych situiciaich“ (DeRose 2011, 49).

To st vstupné udaje, ktoré epistemologicky kontextualista berie do
uvahy vo svojej argumentdcii a vyvodzuje z nich svoje zdvery. Premisami je-
ho argumentacie st teda tieto dve tvrdenia:

P1.Hovorca H; vyskytujuci sa v kontexte Kj, v ktorom platia relativne
nizke Standardy poznania, usudi na ziklade svojich informacii o sub-

12 . , , y o
DeRose si argument tohto druhu, zdd sa, vysoko ceni, kedZe ,poskytuje najlepsie

dovody, ktoré mdme v prospech kontextualizmu nielen v pripade viet pripisujucich po-
znanie, ale, domnievam sa, je tou najlep$ou evidenciou, ktord moéze o I'ubovol nom vyraze
z beiného jazyka ukdzat’, Ze ma kontextovo citlivé pravdivostné podmienky“ (DeRose
2011, 48). Ako sa pokusim ukdzat v tejto stati, tento optimizmus nezdielam v pripade
epistemickych viet; na inych miestach som spochybnil vyutzitie takychto udajov aj pri vy-
razoch iného druhu; pozri Zouhar (2009), (2010, 271-312), (2011).
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jekte S a jeho postoji k propozicii p, ktory si S utvoril na ziklade do-
stupnej evidencie E, ze S vie, ze p, t. j. H;y povaiuje tvrdenie usku-
to¢nené pouzitim vety ,,S vie, ze p* za pravdivé vzhladom na K.

P2.Hovorca H, vyskytujuci sa v kontexte K;, v ktorom platia relativne
vysoké standardy poznania, usidi na ziklade #yjch istyich informacii
o subjekte S a jeho postoji k propozicii p, ktory si S utvoril na zakla-
de t¢j istej dostupnej evidencie E, ze S nevie, ze p, t. j. H, povazuje
tvrdenie uskuto¢nené pouzitim vety ,S nevie, ze p“ za pravdivé
vzhladom na K.

To znamend, ze podla Standardov, ktoré vo svojom kontexte uplatiuje Hj, je
evidencia E, ktord podmienuje epistemicky postoj S k p, postacujuca na to,
aby sa tento postoj klasifikoval ako poznanie, kym podl'a standardov, ktoré vo
svojom kontexte uplatnuje Hj, nestadi ta ista evidencia v tej istej situacii na
to, aby S mal poznanie. H; a H, uskutoénuju toto posudenie v zhode so svo-
jimi intuiciami na zdklade dostupnych relevantnych informacii (opakujem, ze
obaja maju tie isté informécie o S a jeho situdcii). Trefou premisou argu-
mentu je konstatovanie, ktoré epistemicky kontextualista musi akceptovat

bez akychkol'vek vyhrad, kedZze je fakticky formuliciou jeho doktriny:

P3.Kedze dvaja kompetentni pouzivatelia jazyka H; a H, vyhodnotia
(v zhode so svojimi intuiciami, ktoré maji ako beini kompetentni
poutzivatelia jazyka) obe tvrdenia uskuto¢nené pouzitim viet ,,S vie, Ze
p* a,S nevie, ze p“ v zodpovedajucich kontextoch ako pravdivé, tak
tvrdenie uskutolnené pouzitim vety ,S vie, Ze p“ v prvom kontexte
ma vecne odlisné pravdivostné podmienky ako tvrdenie uskutoénené
pouzitim vety ,A nevie, ze p“ v druhom kontexte.

Z premis P1 — P3 mézeme odvodit zéver Z:

Z. Tvrdenie uskutocnené pouzitim vety ,S vie, ze p“ v prvom kontexte
ma vecne odlisné pravdivostné podmienky ako tvrdenie uskuto¢nené
pouzitim vety ,A nevie, ze p“ v druhom kontexte.

V premise P3 a zdvere Z sa vyskytuje termin ,pravdivostné podmien-
«13 , v y AR
ky*,” ktory DeRose pouziva pomerne casto v podobnych savislostiach, no

13 & . v . , . _ .
Citatel zrejme postrehol, Ze odvodenie tohto ziveru vyzaduje zamléand premisu,

podla ktorej obaja kompetentni pouzivatelia jazyka vyhodnotia tvrdenia uskuto¢nené
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treba dodat’, Ze namiesto pravdivostnych podmienok hovori pomerne casto
aj o sémantickom obsabu i o vyjadrenej propozicii. Na viacerych miestach
konstatuje, Ze sa v zavislosti od kontextu pouzitia meni obsab viet pouzitych
v danych situdciach (pozri napriklad DeRose 2011, 3, 8-9, 20, 34, 36, 133
atd.). Ak obsahom vety (vzhladom na kontext jej poutzitia) je propozicia,
tak mozno povedat’, Ze propozicia vyjadrend pouzitim vety ,S vie, ze p*
v prvom kontexte je vecne odlisna od propozicie vyjadrenej pouzitim vety ,,S
nevie, ze p“ v druhom kontexte. Moino uzavriet, Ze DeRose nerobi rozdiel
medzi pravdivostnymi podmienkami a sémantickym obsahom, resp. propo-
ziciou, a Ze skor pod tymito oznaceniami rozumie to isté.

V tejto stati sa nezameriam primdrne na posudenie a zhodnotenie epis-
temického kontextualizmu ako urcitej tedrie vyznamu epistemickych slov,
ale pokusim sa kriticky vyhodnotit' argument, ktory DeRose povazuje za
»najlepsi v prospech kontextualizmu®. KI'i¢ovym aspektom tohto argumen-
tu je odkaz na intuicie, ktorymi disponuje kompetentny pouzivatel jazyka,
ked vo svojej vypovedi poutije epistemicku vetu, resp. je adresitom vypove-
de, v ktorej sa pouzila epistemickd veta. Bude nas teda zaujimat, ¢i takéto
intuicie naozaj postacuju na to, aby sme ziskali zaujimavé zavery tykajice sa
sémantickych teérii a ¢i stacia na to, aby sme mohli odlisit’ (prijatelny)
kontextualizmus od (neprijatelného) invariatizmu. '

pouzitim viet ,,S vie, Ze p“ a ,S nevie, Ze p“ v danych kontextoch ako pravdivé bez roho,
aby si vzdjomne protirecili. Zo zadania ilustracnych prikladov, ktoré epistemicki kontextu-
alisti uvddzaju na podporu svojej koncepcie, je zrejmé, ze sa tito vec predpokladi. Keby
sa takyto predpoklad neprijal, kontextualisticky zéver by nevyplynul. Kedze ide o samo-
zrejmu poziadavku, nekomplikoval som fiou vyklad v hlavnom texte, ale presunul som ju
len do tejto poznamky pod ciarou.

Invariantizmus je Standardnou opoziciou vodi kontextualizmu. Podla invariantizmu
vyjadruji vSetky tvrdenia uskutolnené pouzitim tej istej epistemickej vety ten isty sé-
manticky obsah (propoziciu) a maji tie isté pravdivostné podmienky, a to nezdvisle od
kontextu pouzitia epistemickej vety. Désledkom je to, Ze ak jeden hovorca povie, ze vy-
poved uskuto¢nend pouzitim vety ,S vie, ze p“ je pravdivd, tak vypoved uskutoénend po-
uzitim vety ,,S nevie, ze p“ (napriklad v nasich modelovych situcidch) musi byt neprav-
divéd (alebo naopak). Kontextualista vyhodnocuje takyto zdver ako tvrdenie, ktoré je
v rozpore s evidenciou, a preto invariantizmus nie je podla neho prijate[nou alternativou
(pozri napriklad DeRose 2011, 51, 89 a inde). Ak za invariantizmus budeme povazovat
kazdu tedriu, ktord tvrdi, Ze sémanticky obsah vety ,,S vie, Ze p* zostava vo vSetkych kon-
textoch nezmeneny, dostaneme Siroké spektrum koncepcii, z ktorych niektoré dokonca
mbzu vysvetlit aj empirickd evidenciu, ktort kontextualizmus uvidza vo svoj prospech.
Obhajcami klasickejsich foriem invariantizmu su napriklad Bach (2005a), Rysiew (2001),
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Klasicky argument proti vyuzivaniu komunikacnych intuicii kompetent-
nych pouzivatefov jazyka v sémantike formuloval K. Bach (pozri Bach
2002). Bach v zdsade tvrdi, Ze sa nijako nedd povedat, ze takéto intuicie su
sémanticky relevantné. Nemusia totiz poukazovat' na ni¢, z coho by sme
mohli vyvodzovat’ sémantické zavery. KedZe sme ich zaznamenali pri aktu-
alnom pouzivani jazyka, méze ist skor o intuicie, ktoré sa tykaja pragmatic-
kej roviny pouzivania jazyka. Hybnou silou kontextualizmu (vritane episte-
mického kontextualizmu) je teda (okrem iného) pojmovy zmitok, ktory
prameni z nerozliSovania pojmov patriacich do rozli¢nych sfér (k tomu pozri
aj Bach 2005b). Vo svojich avahach vsak budem postupovat inak a hoci ak-
ceptujem Bachove argumenty aj zavery v tejto otdzke, nevyuzijem ich proti
uvedenému argumentu. Moja argumentédcia nebude spocivat’ ani v tom, Ze
by som poukazoval na pripady, v ktorych takyto pristup vedie k chybnym
predikciam v tom zmysle, Ze by nesprivne vyhodnocoval pravdivostné hod-
noty niektorych tvrdeni (a teda tvrdenie, ktoré by sa malo povazovat za
pravdivé, sa v konecnom désledku ukdze ako nepravdivé, resp. naopak).
V literatdre sa mozno stretnut aj s takymito argumentmi a za véetky z nich
odkizem len na vybornu Studiu D. Zemana; pozri Zeman (2011). Nebudem
poukazovat’ ani na to, ze epistemicky kontextualizmus stoji na neadekvitnej
koncepcii jazyka, konkrétne na chybnej syntaxi a sémantike epistemickych
slovies. Poukazuje na to napriklad J. Stanley, ked zd6raznuje urcité zasadné
odlisnosti medzi tymito slovesami a vyrazmi, ktoré sa bezne povaiuju za
kontextovo citlivé; pozri Stanley (2004). Zameriam sa skor na to, Ze udajny
najlepsi argument v prospech epistemického (a v podstate akéhokolvek
in¢ho) kontextualizmu nie je v skuto¢nosti az taky uspesny, ako by sa moh-
lo zdat’ z optimizmu, ktory vyvoldva medzi privrzencami kontextualizmu.

3. Medzera v argumente

Problém, ktory vznikd v savislosti s argumentom z predchadzajacej ¢asti,
spociva v tom, ze aj ked pripustime, Ze jeho premisy P1 a P2 su pravdivé,
eSte to neznamend, ze musime akceptovat’ aj epistemicky kontextualizmus
ako (jedinu) prijatelnt koncepciu. Dévodom je skutocnost, Ze javy, ktoré

Schiffer (1996) atd. Z istého hladiska véak mézZeme ako invariantistické koncepcie klasi-
fikovat aj subjektovo citlivy invariantizmus (pozri najmi Stanley 2005), relativizmus (pozri
napriklad MacFarlane 2005, 2007a) alebo dokonca tzv. neindexicky kontextualizmus (pozri
MacFarlane 2007b, 2009).
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sa spominaju v premisich P1 a P2 argumentu, sa daju vysvetlit’ aj pomocou
inych koncepcii, ako je kontextualizmus, a teda sa ukaze, ze premisa P3 je
nepravdivi. Ak teda DeRose hodnoti spominany argument ako najlepsi
v prospech epistemického kontextualizmu, prejavuje sa ako prilis velky op-
timista, ked’Ze sa tymto argumentom este nevyludili vSetky potencidlne kon-
kurenc¢né teérie.

Zhriime si podstatné fakty: Faktom je, Ze ak urity subjekt S ma k dis-
pozicii ur¢itd evidenciu v prospech propozicie p, tak jeden hovorca méze na
zaklade svojich epistemickych $tandardov povedat, ze S vie, ze p, kym druhy
hovorca moéze vzhfadom na svoje epistemické Standardy zase povedat, Ze
S nevie, ze p. Nespornym faktom je aj to, Ze situdcie tohto druhu nie su
ziadnou exotickou raritou, ale mézeme sa s nimi stretnit’ pravidelne a po-
merne casto, ked'ze niroky, ktoré kladieme na poznanie, su v beinych pri-
padoch zna¢ne nestile. Vdaka tomu modzeme povedat, zZe to, ¢o sa tvrdi
v premisich argumentu, si nespochybnitelné fakty a bolo by zdsadnou teo-
retickou chybou, keby sme sa ich pokusili ospravedlnit’ ¢i obist’ nejakymi
teoretickymi uskokmi, alebo dokonca slepo ignorovat.

Nemdm v umysle ignorovat’ ani ospravedlnovat’ tieto fakty, ale zdroven
sa domnievam, Ze este nedokazuju, Ze tvrdenia, ktoré sa uskutocnia pouzi-
tim viet ,,S vie, Ze p“ a ,S nevie, Ze p* (vzhladom na zodpovedajice kontexty
pouzitia a epistemické Standardy, ktoré si nimi uréené), vyjadruji propozi-
cie, ktoré sa od seba vecne lisia. O ¢o ide? Epistemicky kontextualista nds
chce presvedcit’ o tom, ze pripisanie urcitych pravdivostnych hodnot istym
vhodne zvolenym tvrdeniam — pricom toto pripisanie robia kompetentni
pouzivatelia jazyka na zaklade svojich intuicii — ukazuje, Ze sémanticky ob-
sah tychto tvrdeni je kontextovo citlivy, t. j. to, ¢o tieto tvrdenia vyjadria,
vraj zavisi od kontextu pouzitia, a teda by sa mohlo stat, Ze td istd veta vy-
jadri rézne propozicie vzhladom na rdzne kontexty pouzitia, v ktorych sa
uplatriuji rozne epistemické Standardy. Suvislost’ medzi pripisanim pravdi-
vostnych hodnét tvrdeniam a kontextovej zavislosti vyjadreného obsahu sa
tu vsak skor predpoklada, no nedokazuje sa. V tom spociva kla¢ova medzera
v predlozenom argumente v prospech epistemického kontextualizmu — ide
zamlCany predpoklad, ktory sa nijako nezdovodnil.

Konkuren¢na tedria, ktord by respektovala tie isté fakty, o aké sa opiera
kontextualizmus, by zaroven konstatovala, ze sémanticky obsah epistemic-
kych viet zostava stabilny vzhfadom na akékol'vek kontexty pouzitia. Propo-
zicia, ktora epistemicka veta vyjadri vzhladom na kontext pouzitia, nejako
zahrna podla kontextualizmu aj epistemické Standardy stanovené danym
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kontextom pouzitia a vd'aka tomu v kontextoch s réznymi $tandardmi bude
vyjadrovat’ rozne propozicie.” Lenie nie je nevyhnutné zahffiat’ tieto Stan-
dardy priamo do vyjadrenych propozicii. Ak teda odolime tomuto pokuse-
niu, dostaneme koncepciu, ktord nebude medzi zlozky propozicie zaradovat
epistemické standardy, ale rezervuje pre ne nejaké iné miesto; takato kon-
cepcia nebude kontextualisticka, ale, naopak, zaradi sa do invariantistického
pradu, hoci aj nadalej — na rozdiel od mnohych inych invariantistickych te-
orii — bude respektovat’ fakty, ktoré boli hybnou silou kontextualizmu,
a nebude ich ani ospravedlnovat’, ani obchadzat’.

Z nasho hladiska je podstatnd skuto¢nost’, ktort som v predchidzajicej
casti spomenul len akoby mimochodom. Naznacil som, ze DeRose formu-
luje kontextualizmus raz tak, Ze epistemicka veta (resp. jej pouzitia) maji
variabilné pravdivostné podmienky, inokedy zase tak, ze ma variabilny séman-
tickj obsab. Takyto sposob vyjadrovania si moézeme korektne dovolit' len
vtedy, ked akceptujeme, ze pravdivostné podmienky a sémanticky obsah
(vyjadrena propozicia) je to isté, alebo vtedy, ked budeme tvrdit, ze pravdi-
vostné podmienky vety, resp. jej pouzitia, su jednozna¢ne a vyluéne urcené
len jej sémantickym obsahom (ktory vyjadruje vzhladom na kontext jej po-
uzitia). Ani jednu z tychto téz o vztahu medzi pravdivostnymi podmienka-
mi a sémantickym obsahom vsak prijat’ nemusime, a predsa dokdZeme vy-
svetlit’ fakty, o ktoré sa opiera kontextualizmus. Mdzeme povedat, ze epis-
temickd veta vyjadruje ten isty sémanticky obsah vzhladom na akykolvek
kontext jej pouzitia, ale zdrovenn mdzeme uznat,, Ze sa menia pravdivostné
hodnoty toho istého sémantického obsahu v zavislosti od toho, ako sa me-
nia epistemické Standardy relevantné pre dané kontexty pouzitia. To by
znamenalo, Ze vzhladom na rozne kontexty pouzitia sa menia pravdivostné
podmienky danej vety (kedZze epistemické Standardy su sucastou pravdi-
vostnych podmienok). Ak teda oddelime pravdivostné podmienky od sé-
mantického obsahu, umoinime variabilitu jednej veci bez toho, aby sa
ohrozila stabilita druhej veci. Dostaneme tak verziu invariantizmu, ktord ma
zaroven dostatocne citlivy pristup k empirickym faktom, ktoré motivovali
kontextualizmus.

15 A . . AP s x
Zisadnd otizka pre kontextualizmus znie, ako sa maju epistemické Standardy stat’

sucast’'ou vyjadreného obsahu. Odpoved na tato otdzku robi z kontextualizmu sémantickii
tedriu. O to zardzajucejsie je to, ze DeRose na tito otizku odpovedat’ odmieta. Ba do-
konca kritizuje S. Schiffera za to, Ze v stati Schiffer (1996) analyzuje (a odmieta) niektoré
moZnosti, ktoré kontextualista mé k dispozicii. V tejto stati sa nebudem venovat podrob-
nostiam, len spomeniem, ze so Schifferovou argumentaciou sa v zdsade stotozfiujem.
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4. Alternativny pristup

Najleps$im tahom v argumentdcii proti kontextualizmu bude azda nacrt-
nutie alternativneho vysvetlenia tych istych jazykovych javov, ktoré boli
motivaciou vzniku kontextualizmu. To by znamenalo, Ze medzera v argu-
mentacii, na ktoru som poukazal v predchadzajucej casti, by bola fatdlnou
chybou v celej kontextualistickej stavbe, kedZe sa ukaze, ze je mozné prijat
premisy kontextualistického argumentu ako pravdivé, no odmietnut jeho
zaver.

Tedrie, ktoré vyhovujt tejto poziadavke, sa v literature z Casu na cas ob-
javuju. Tto poziadavku splna napriklad sztuovany minimalizmus E. Corazzu
aJ. Dokica (pozri Corazza — Dokic 2007) minimdlny indexikalizmus, ktory
som predlozil v knihe Zouhar (2011) nemdexzcky kontextualizmus od J.
MacFarlana (pozr1 MacFarlane 2009),'® ale aj rozne verzie relativizmu. Uy
len rozmanitost’ oznaceni tychto teorii vyvolva dOJCm ze premisy kontex-
tualistického argumentu umozniuju fakticky znacne rozvetvent rodinu kon-

19
CCpCll

Situovany minimalizmus nebol primarne navrhnuty na to, aby sa zaoberal sémantic-
kym obsahom epistemickych slovies a epistemickych viet, ale neexistuju Ziadne princi-
pidlne prekazky proti tomu, aby sme tto koncepciu aplikovali aj na takéto pripady.

7" Minimélny indexikalizmus sa takisto primérne nezaoberal epistemickymi slovesami
a epistemickymi vetami. Jeho sucast’ou je vsak aj aparit, ktory zdiela s inymi spomina-
nymi tedriami, a tento apardt sa d Gspesne aplikovat aj na epistemické vyrazy.

18 Nazov yneindexicky kontextualizmus“ treba brat’ s velkou rezervou, kedZe nejde
o kontextualizmus v takom zmysle, v akom sa toto oznalenie bezne v literatire pouziva.
To, ¢o sa v literatire bezne oznacuje terminom ,kontextualizmus®, je podfa MacFarlana
indexickj kontextualizmus, ked’ze epistemické slovesd fakticky povazuje za indexické vy-
razy, ktorych sémanticky obsah sa meni od jedného kontextu k inému kontextu pouzi-
tia. MacFarlane vSak chce zachovat stabilnost’ sémantického obsahu epistemickych slo-
vies, a teda odmieta proklamovanu indexickost tychto vyrazov. Neindexicky kontextua-
lizmus je neindexicky v tom zmysle, ze sémanticky obsah epistemickych slovies zostiva
stabilny, ale zdroven ide podla MacFarlana o kontextualizmus, kedze tito koncepcia
umoziiuje zmenu pravdivostnych hodnét epistemickych viet (v zdvislosti od kontextu
pouzitia). Osobne by som povedal, Ze ide preto o verziu relativizmu (nie kontextualiz-
mu), ale radsej sa takéhoto vyjadrenia zdriim, kedZe pod relativizmom MacFarlane zase
rozumie nieco iné.

19 Jednoducho povedané, v nazvoch filozofickych teérii panuje vSeobecny chaos
a Citatel urobi najlepsie, ked nebude predpokladat), Ze za tymi istymi vyrazmi sa skryvaji
aj tie isté pojmy.
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Pristup, ktoré tieto koncepcie umozniuju, si mézeme ilustrovat’ na zd-
klade jednej analégie. V intenziondlnej sémantike sa povazuje za samozrej-
most, ze pravdivostnd hodnota kontingentnych vyrokov je zdvisld od mozné-
ho sveta, pripadne moiného sveta a Casu (v rimci temporalnych intenzio-
nélnych sémantik). To, ktory mozny svet mdme vziat' do avahy pri vyhod-
nocovani pravdivostnej hodnoty kontingentnej vety, nie je urcené séman-
tickym obsahom tejto vety, ale ide o akysi externy parameter. Vyhodnotenie
pravdivostnej hodnoty propozicie vyjadrenej vetou

(5)  Mesiac je jedinou obeznicou Zeme,

pricom toto vyhodnotenie budeme relativizovat' vzhladom na mozny svet
W, nie je to isté ako vyhodnotenie pravdivostnej hodnoty propozicie vyjad-
renej vetou

(6)  Mesiac je jedinou obeznicou Zeme vo W,

kde je zodpovedajuci moddlny parameter sucastou vyjadrenej propozicie.
Kym prvi veta je kontingentna, druhd veta kontingentna v skuto¢nosti nie
je, kedze vzhladom na akykolvek moiny svet sa jej pravdivostnd hodnota
nemeni (je totiz zdvisld len od toho, ¢i vo W je Mesiac jedinou obeznicou
Zeme). Kym v pripade prvej vety bude vyjadrena propozicia pravdiva len
vzhladom na tie mozné svety, v ktorych Mesiac je jedinou obeznicou Zeme,
v pripade druhej vety bude vyjadrena propozicia pravdivd v akomkolvek moz-
nom svete, pokial vo svete W je Mesiac jedinou obeznicou Zeme. Tento pri-
stup, ktory sa v ramci intenzionalnych sémantik povazuje za neproblematicky,
mozno lahko rozsirit’ aj na pripad epistemickych viet, ak sa umozni, aby
sme k modalnemu parametru mohli pridat’ aj d'aléie parametre.”®

To je pristup, ktory sa uplatiiuje v réznych verziich relativizmu. Relativizmus ne-
davno zazil ststredeny utok od H. Cappelena a J. Hawthorna, ktori obhajuju monadicky
pojem pravdivosti ako zakladny (nedefinovany) pojem, kym relativizmus monadicky po-
jem pravdivosti nahrddza relativizovanymi pojmami; pozri Cappelen — Hawthorne
(2009). Tento Gtok vsak mézeme ignorovat, pretoze Cappelen a Hawthorne odmietaju
aj kontingentnost’ propozicii explikovat’ ako zdvislost pravdivostnej hodnoty od moz-
nych svetov — propozicia je kontingentnd, ak svoju monadickd pravdivost’ (resp. neprav-
divost’) mdze stratit’; pozri Cappelen — Hawthorne (2009, 3-4). Lenze v tejto stati mi
ide o to, zZe ak intenziondlne chépanie kontingentnosti je prijatelné, tak prijatelné moze
byt aj vysvetlenie kontextualistickych faktov, ktoré pontkaji niektoré nekontextualis-
tické tedrie.
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V dalsom vyklade nim pomoze, ak odlisime kontext pouzitia od okolnosti
ohodnotenia, ako to robi D. Kaplan (pozri Kaplan 1989). Zjednodusene po-
vedané, kontext poutzitia dodava propozicné zlozky, t. j. zdsobuje propoziciu
vyjadrent vetou vzhladom na dany kontext, kym okolnosti ohodnotenia
obsahuji parametre ovplyviujuce pravdivostn hodnotu propozicie. Ak veta
obsahuje indexicky vyraz, hodnota indexického vyrazu — kaplanovsky pove-
dané, obsab indexického vyrazu — je urceny na ziklade kontextu pouzitia;
pravdivostnd hodnota takejto vety (spolu s danym obsahom indexického vy-
razu) sa vSak relativizuje vzhladom na okolnosti ohodnotenia. Mozné svety
su jednym parametrom, ktory patri medzi okolnosti ohodnotenia, no nikde
nie je povedané, ze ma ist o jediny parameter. VSetky tedrie, ktoré som
spomenul na zadiatku tejto Casti, v podstate robia to, Ze medzi okolnosti
ohodnotenia zaradia aj epistemické Standardy.

Porovnajme to s epistemickym kontextualizmom: Podl'a kontextualizmu
sa epistemické Standardy stdvaju sticastou sémantického obsahu, ktory veta
vyjadruje vzhladom na kontext pouzitia, kedze su stcast'ou kontextu pouzi-
tia epistemickej vety a z neho sa dodavaju do propozicie jej zlozky; podla al-
ternativneho pristupu nie st epistemické standardy sucast'ou kontextu pou-
zitia epistemickej vety, ale patria medzi okolnosti jej ohodnotenia, a teda
zostdvaji mimo vyjadrenej propozicie.

Domnievam sa, Ze tento vysledok je Ziaduci uz len z toho dévodu, ze
umozni zachovat’ zdvislost’ epistemickych viet od epistemickych Standardov
podobnym sposobom, ako situovanie moddlneho parametra medzi okolnosti
ohodnotenia umoznuje zachovat’ kontingentny charakter kontingentnych
viet. Keby sme moddlny parameter zaradili do kontextu pouzitia, moiny
svet, v ktorom by sa dand veta pouzila, by sa stal sacastou vyjadrenej propo-
zicie. Tak by sa stalo, Ze pouzitim vety (5) v moznom svete W by sa vyjadri-
la propozicia, Ze Mesiac je jedinou obeznicou Zeme vo W. Lenze tito propozi-
cia kontingentnd nie je, ked'ze bez ohladu na to, ako sa veci maji v l'ubo-
volnom moznom svete W*, bude (vo W*) pravdivd, ak vo W je Mesiac je-
dinou obeznicou Zeme. Keby teda veta (5) vyjadrila tato propoziciu, ne-
mohlo by ist’ o kontingentnu vetu. Ak vSak moiny svet je len parametrom
okolnosti ohodnotenia, pouzitim vety (5) propoziciu, Ze Mesiac je jedinou
obeznicou Zeme vo W, nevyjadrime (hoci ju vyjadrime pouzitim vety (6), no
to je v tomto pripade irelevantné), a teda veta (5) zostdva kontingentnou.

Analogicky, keby epistemické Standardy mali byt sucastou kontextu
pouzitia, stalo by sa, Ze pouzitim vety
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(7) S vie, ze Mesiac je jedinou obeznicou Zeme

by sme vyjadrili propoziciu, Ze S vie podl'a E, Ze Mesiac je jedinou obeznicou
Zeme, kde E st prislusné epistemické standardy. Lenze tito propozicia nie
je citliva vzhfadom na epistemické Standardy, pretoze bez ohladu na to, aké
epistemické standardy E* budu relevantné v danej situdcii, bude pravdiva, ak
S vie, Ze Mesiac je jedinou obeznicou Zeme, podla standardov E. Keby sa
teda pouzitim vety (7) mala vyjadrit' tito propozicia, nemohlo by viac ist
o vetu, ktora by bola citliva na epistemické standardy. Ak vsak epistemické
standardy su len parametrom okolnosti ohodnotenia, pouzitim vety (7)
propoziciu, Ze S vie podla E, Ze Mesiac je jedinou obeznicou Zeme, nevyjadri-
me, a teda (7) zostdva vetou, ktora bude citlivd na epistemické Standardy.

5. Zaver

Alternativny pristup k epistemickému kontextualizmu som len nacrtol
v pomerne hrubych rysoch. Detaily mozno dopracovat’ podla toho, ¢i sa vy-
berieme cestou situovaného minimalizmu alebo cestou minimélneho inde-
xikalizmu, ¢i cestou neindexického kontextualizmu a podobne. To vsak nie
je vtejto stati podstatné. Mojim ciefom totiz nebolo argumentovat
v prospech niektorej z tychto moznosti, ale len ukdzat, Ze existuje alternati-
va k epistemickému kontextualizmu. Netvrdil som dokonca ani to, zZe epis-
temicky kontextualizmus je nevyhovujuci a ze ho treba nahradit nejakym
inym pristupom. Ukdzal som len to, ze udaje, ktoré kontextualisti povazuja
za najlepsiu motiviciu v prospech ich pristupu, mozno vysvetlit' aj alterna-
tivaymi sposobmi, a teda tieto javy nemozno povazovat za najlepsi argu-
ment v prospech epistemického kontextualizmu. Ak mame rozhodnut me-
dzi epistemickym kontextualizmom a alternativnymi koncepciami, musime
udajny kontextualisticky argument doplnit’ d'alSimi argumentmi. Ak vsak
treba dalsie argumenty, je zrejmé, ze v ziadnom pripade to, co DeRose po-
vazuje za najlepsi argument, najlepSim argumentom byt nemoze, kedZze
rozhodovanie medzi tedriami sa bude robit’ na zéklade inych kritérii.

Aké z toho mozno ziskat' poucenie? Opit sa v plnej nahote ukdzalo, ze
empirické udaje, ktoré ziskame z beznych komunika¢nych situicii, nie si vo
vSeobecnosti postacujuce na to, aby sa vyuzili pri rozhodovani medzi konku-
renénymi teériami.
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1. Introduction

The aim of this work is to present Logic Programming (LP) and spe-
cifically Answer Set Programming (ASP) as a formalism for practical appli-
cations that can react to user input and provide appropriate output.

Logic programming presents a robust problem solving and knowledge
modelling tool. Rooted in classical logic, it provides an expressive and con-
cise language. Answer set programming, as a truly declarative extension of
LP, provides a strong formalism for general purpose problem solving.

The declarative nature of ASP allows users to solve problems by defin-
ing what the solutions are instead of how to find them. Efficient solver imple-
mentations make it possible to use such approach for an expanding range of
applications.

Complete lack of an imperative component in ASP means that creation
of non-trivial end user applications or integration with other systems re-
quires external tools that can process and interpret the output of ASP
solvers. Creating and maintaining such support systems can easily be more
demanding than creating the logic programs themselves.

To address this issue in the case of simple applications with no external
interaction except for a contained input — output interaction loop we in-
troduce a framework for iterative logic applications. Such applications con-
sist of a core logic program that is used to evaluate user actions w.r.t. their
current state and to derive a new state of the application. We take care to
define the framework in a way that allows it to be used also with other
formalism, especially SAT solvers.

We also present an implementation of such framework for ASP. A web
based system is used to present the application state to the user and allow
him to select actions to be executed. A range of ASP solvers can then be
utilized to compute answer sets of the corresponding logic program, which
are then used to create a new application state. XSL'T stylesheets are used
as a declarative way to define how the application state is presented to the
user.

This article is organized as follows: in Section 2 we give a brief overview
of logic programming and define logic programs and answer sets; in Section
3 we present Answer Set Programming as a fully declarative approach to
problem solving and also describe selected ASP solver implementations; in
Section 4 we introduce the framework for interactive logic applications and
describe its implementation in Section 5.
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2. Logic Programming

In 1965 Robinson introduced resolution (Robinson 1965) as a method
of automated theorem proving that started an era of logic related software.
Later, Kowalski and Colmeraurer realized, that logic can be used as a pro-
gramming language (Lloyd 1987). Implication a,b = ¢ can be understood in
two ways: (i) declaratively — if @ and b have been computed, also ¢ is com-
puted, and (ii) imperatively — in order to compute ¢ we need to first com-
pute a and b. Collection of implications without negation (more precisely
definite clauses), called rules, is understood as a logic program, and resolu-
tion is used to answer queries to the program. Programming language
PROLOG was born.

The original goal of PROLOG was to be a declarative programming
language. However, in effort to provide an effective implementation it di-
verged from that goal (Sterling — Shapiro 1986). PROLOG is sensitive to
an order: (i) of the rules in a program, (ii) of the literals in a rule. Later,
PROLOG was extended in order to allow the use of negative information.
Special type of negation, called negation as failure, was allowed in the condi-
tional part of the rule. Semantics of the negation was given procedurally:
answer to not a is true, if the resolution procedure’s answer to a is false.

Over time several attempts to give logic programs a declarative seman-
tics appeared. A model-theoretic characterization of semantics of a logic
program can be found in (Lloyd 1987). Different approaches to declarative
semantics of negation of failure appeared: stratified programs (Apt — Blair —
Walker 1988), compilation of logic programs with negation into classical
logic (Clark 1977), well-founded models (Gelder — Ross — Schlipf 1988).
Finally, stable model semantics (Gelfond — Lifschitz 1988), using reduction
to logic programs without negation, was defined. In 1991 it was extended
to allow for disjunction and classical negation. Answer set semantics (Gelfond
— Lifschitz 1991) was born.

In what follows we provide modified version of the definitions of answer
set semantics from (Baral 2003).

2.1. Syntax
In this subsection we present the syntax of logic programming.

Definition 1 (Alphabet). An alphabet of a logic program consists of symbols di-
vided into six classes:
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o variables,

o object constants,

o function symbols,
o predicate symbols,

» &« » o« » o« »

o connectives “=”, “", “not”, “or” and comma symbol, and

e punctuation symbols “(”, “).

Each function and predicate symbol is associated with a natural number,
called arity.

We will follow the convention that object constants, function symbols
and predicate symbols start with lowercase, and variables start with upper-
case letters.

Definition 2 (Term). 4 term is inductively defined as follows:
o Avariable is a term.
o An object constant is a term.

o If ty,...,t, are terms and f is an n-ary function symbol, then
f(ts,... 1) is a term.

Definition 3 (Atom). An atom is an expression of the form p(ty,...,t,) where
tly. ..ty are terms and p is an n-ary predicate symbol.

Definition 4 (Literal). A literal is an expression of the form a or —a, where a is
an atom.

Definition 5 (Rule). A4 rule is an expression of the form
loor...orly & lyvryeoiyby notly,y,..., notl, (1)

where 0 <k < m < n € N and each | is a literal.
A rule with n = 0 is called fact.

Notation 1. Let r be a rule of the form 1. Then
o lpor ... orlyis called the head of the rule r, and we use bead(r) to de-
note the set {lg,... ¢},
® ltyeeosyly, not by, g,... not l, is called the body of r and we denote it
by body(r),
® liityennyly is called the positive body of r, and we use body™(r) to de-
note the set {lp. 1,..., 1.},
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® 10t by 1y...,not l, is called the negative body of r, and we use body (r)
to denote the set {l.1,. .., L}

Logic programming uses two kinds of negation:

o explicit negation —a meaning that an agent believes 4 is false,
o default negation not a meaning that an agent does not believe a is
true, but it does not necessary mean the agent believes a is false.

Moreover, logic programming uses the connective “or” which differs
from the connective “V” from the classical logic. Informally, a or b means
an agent believes 4 is true or believes b is true, as opposed to a is true or b is
true. In the classical logic, a V —a is entailed by each theory. On the other
hand, a or —a is not entailed by each logic program (Gelfond — Kahl 2012).

Definition 6 (Language). 4 language given by an alphabet consists of all the
rules constructed from the symbols of the alphabet.

Definition 7 (Logic program). 4 logic program over a language is a finite set
of rules.

Definition 8 (Ground term, atom, literal, rule). 4 term (atom, literal, rule) is
called ground iff it does not contain variables.

In logic programming, a rule with variables is viewed as a shorthand for
all its ground instances, i.e. all rules obtained by replacing the variables by
ground terms.

Definition 9 (Grounding). Let L be a language, and r be a rule.

The grounding of v in L, denoted as ground(r,L) is the set of all the rules
obtained from r by all possible substitutions of ground terms from L for the
variables in r.

Let P be a logic program. Then grounding of P in L is ground(P,L) =
U,ep ground(r,L) .

When a logic program P is given without any explicit language, we as-
sume the implicit language containing exactly the symbols from the pro-
gram P. We denote this language by Lp. Then ground(P) denotes
ground(P,Lp).

Semantics of a logic program P is given by a semantics of ground(P).
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2.2. Semantics

Answer set semantics assigns to each logic program a set of answer sets
— alternative belief sets a rational agent might accept. Rationality is given
by the principles (Gelfond — Kahl 2012):

e if an agent believes in the body of a rule, it must believe in the head
of the rule,
an agent does not believe in contradictions,
an agent believes nothing it is not forced to believe

In definition of answer set semantics we will work with grounded pro-
grams. Definition is divided into two parts. First, a semantics is defined for
positive programs — programs without default negation. Then the defini-
tion is extended to the general case.

Definition 10 (Consistency). 4 set S of ground literals is consistent iff it does
not contains literals a and —a, where a is an atom.

Definition 11 (Satisfaction). Lez S be a set of ground literals. Let r be a rule. S
satisfies

o body(r) iff body"(r) S S and body () N S= 0,

o head(r) iff bead(r) N S # O,

o 1 iff S satisfies bead(r) if it satisfies body(r).

S satisfies a logic program P iff S satisfies each r € P.

Definition 12 (Positive program). A logic program P is called positive iff’
body (r) = @ for each r € P.

Definition 13 (Answer sets of a positive program). A consistent set of ground
literals S is an answer set of a positive logic program P iff S is a subset-minimal
set of literals that satisfies P, i.e. there is no subset S’ C S that satisfies P.

The definition of answer sets for the general case is non-constructive.
First, a candidate for an answer set is guessed. Then it is tested, whether it is
stable. First, the rules with unsatisfied negative bodies are removed. Since the
rules left have satisfied negative bodies, the negative bodies are also removed.
The resulting program is positive, and it’s semantics is already defined. The
answer set guess is stable iff it is an answer set of the reduced program.
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Definition 14 (Gelfond-Lifschitz reduction). Let P be a logic program and S
be a set of literals.

Then, reduction of P w.r.t. S, denoted P° is the set {head(r) < body' (r)
r € Pand body () N S= @}.

Definition 15 (Answer sets). Let P be a logic program, and S be a set of literals.
S is an answer set of P iff' S is an answer set of P.

Answer set semantics enjoys the following nice property.

Proposition 1 (Exclusive support). Let P be a logic program, S an answer set
of P, and | be a literal.
If1 €S, then there is a rule r € P such that:

o S satisfies body(r), and
o head)\{I} £ S.

Definition 16 (Entailment). Let P be a logic program, and | be a literal.
L is entailed by a program P, denoted P | L iff | € S for each answer set S of
P.

Cn(P) = {l: P [ I} will denote the set of all the consequences of P.

Proposition 2. Cn operator is non-monotonic, i.e. it does not hold that for each
programs Py, P; such that P; S P, we have that Cn(P;) S Cn(P,).

Example 1. Consider the programs P;:
a < noth
and PZ-'

a « notb
b «

We have that Cn(Py) = {a} and Cn(P,) = {b}. Hence Py S P,, but Cn(Py)
-¢— C;’l(Pz).

A logic program is not guaranteed to have an answer set.

Example 2. Consider the program P
ro:a «

r 1inc < noting a
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S ‘ P ‘ answer sets of P

[0) ae,incea {a, inc}

{a} ae,incea {a, inc}
{inc} a« {a}
{a, inc} a« {a}

For each answer set candidate S we have that S is not an answer set of P°.
Therefore P bas no answer set.

The rule ry works bere as an integrity constraint. It causes each answer set
candidate S such that a € S to be eliminated.

Definition 17 (Integrity constraint). An expression of the form
.oyl not Ly,t,... ,not l, 2)
is called an integrity constraint.

Notation 2. Let ¢ be an integrity constraint of the form 2. By body'(c) we de-
note the set {11,...,1,}, and by body (c) we denote the set {11, .., 1}

Definition 18 (Violation). We say that a set of literals S violates a ground in-
tegrity constraint c iff body'(c) S S, and body (c) N S = @.

An integrity constraint is used to eliminate an answer set candidate that
violates the integrity constraint.

Given a logic program P, an integrity constraint ¢ is understood as a
shorthand for the rule inc < not inc, body(c), where inc is a new literal pre-
sent in neither P nor c.

3. Declarative problem solving

Answer set programming (Marek 1999, Niemeld 1999) has emerged as
a declarative problem solving paradigm using logic programming under an-
swer set semantics. A logic program is written in a way, that its answer sets
correspond to the solutions of a given problem (Figure 1). A logic program
is usually written in a generate-and-test way — it is divided into three parts:

e instance, encoding the problem’s instance,
o generator, whose answer sets correspond to solution candidates, and

e tester, that eliminates candidates that are not solutions.
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Example 3. Consider the classical problem of putting N chess queens on the N x
N board in a way that no two queens attack each other.
A generator could be written as follows:

g on(X,Y) < d(X),d(Y), not —on(X, Y)
@ 1 —on(X,Y) « d(X),d(Y), not on(X, Y)

Problem Class | <— Instance Solution

encode encode decode

Logic Program + Logic Program | — > | Answer Sets

Figure 1: Answer Set Programming

d(X) means that X is a valid row/column number. on(X, Y) means that a
queen is on the position (X, Y).
Together with the encoding of problem instance N = 2
ir : d(1) «—
iy : d(2) «—
it bas 16 answer sets. The following sets
S ={d(1), d(2),—on(1, 1), —on(l1, 2), —on(2, 1), —on(2, 2)}
SZ = {d(1)7 d(Z), On(la 1)7 _'0n(17 2)) 07[(2, 1)’ _'0n(2a 2)}
53 = {d(1)7 d(Z), 0}’1(1, 1)) 07’[(1, 2)) 071(2, 1)) 07’[(2, 2)}

are three of them.
A tester could be written as follows:

t: « on(X, Y1), on(X, Y2), Y #+ Y2
t: « on(X1,Y),on(X2,Y), X + X2
t: « on(X1, Y1),on(X2, Y2), X + X2, Y + Y2,

X —X2| = Y- Y2
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t4 : hasq( « on(X, Y)
ts « d(X), not hasq(X)

Expressions of the form X =Y and X # Y are not part of the syntax of ru-
les. They are understood as conditions for grounding.

The integrity constraint t| eliminates the answer set candidates, in which two
queens are at the same column. The integrity constraint t eliminates the answer
set candidates, in which two queens are at the same row. The integrity constraint
t3 eliminates the answer set candidates, in which two queens are at the same dia-
gonal. The integrity constraints ts, t5 check whether N queens are used.

The tester eliminates all the answer set candidates for the presented instance
as the 2 — queen problem has no solution.

Answer set programming is well suited for constraint satisfaction prob-
lems. A constraint satisfaction problem is given by a set of variables, each
associated with the domain, and a set of constraints. The task is to find a
variable assignment such that all constraints are satisfied — constraints put
conditions on variable assignment. A constraint satisfaction problem can be
directly solved using generate-and-test approach of answer set program-
ming. Generator generates answer set candidates, where each candidate
represents one variable assignment. Constraints of the constraint satisfac-
tion problem are then transformed into the rules and integrity constraints
of a tester, which tests whether an assignment is a valid one.

Many real world problems can be understood as a constraint satisfaction
problem, e.g. design of a computer configuration given a set of require-
ments (which can be seen as the constraints), construction of a plan of a
given length etc.

Moreover answer set programming is not only restricted to constraint
satisfaction problem. It can be easily used to solve problems from NP com-
plexity class, given a problem is defined in a guess-and-test manner: (i)
first, a candidate is guessed, and (ii) then it is tested whether it is a solution
to the problem. Again, generator is used to generate answer set candidates,
each representing a problem solution candidate, and tester performs the
test.

Answer set programming in not the only option for such tasks. Alter-
native approach is for example to encode a problem using propositional
logic in a way that the models of the theory represent the problem solu-
tions. Afterwards a SAT solver is employed to compute the solutions.
However, answer set programming has a big advantage over SAT. In a
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logic program, we can divide a program into two parts: (i) the first one rep-
resenting an instance of the problem class, and (ii) the second, describing
solutions of the problem class in general, without knowing an instance. On
the other hand, when using propositional logic, we cannot separate a the-
ory in this way. Hence, in order to use both SAT solvers and modular rep-
resentation of a problem, we must use some other language and use a
transformation to propositional logic.

3.1. ASP solvers

An ASP solver is a computer program that accepts a logic program on
its input, and provides its answer sets on its output.

Inspired and built upon the success of SAT solvers, many ASP solvers
were implemented, and many optimization techniques were developed. We
mention the most prominent ones, namely smodels (http://www.tcs.hut.fi/
Software/smodels/), clasp (Gebser et al. 2007), claspD (Drescher et al. 2008),
and DLV (http://www.dlvsystem.com/dlvsystem/). Clasp and smodels do
not allow disjunction in the heads of rules, while claspD and DLV do. The
reason is a higher computational complexity of disjunctive logic programs
(Baral 2003).

The smodels solver uses a two step computation process. First, an input
program is processed by a parser. It parses the input program and produces
a machine readable format usable by the smodels solver. It also performs
grounding of the input program, whereby the variables in rules are replaced
by ground literals. A simplification of the ground program is also perfor-
med and the result is passed to the solver.

Historically, Iparse was the first parser that was used together with the
smodels solver. Later, the gringo parser and clasp solver were developed. To
provide compatibility, gringo and clasp support the input language of lparse
and smodels.

On the other hand, the DLV solver works directly on programs with
variables, and does not require an external parser. However, it does not
support function symbols.

In addition to the syntax presented in Section 2.1, these solvers support
many extensions, such as:

o aggregates — allow for example to determine the number of literals
satisfying certain condition,
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o optimization statements — allow to compute only minimal answer sets
w.r.t. a given criterion,

e choice rules — enable to express generators in a compact and readable
form.

4. Interactive logic applications

In this section we present a framework for interactive applications based
on logic (model based) formalisms. We start with a simple generalization of
such formalisms and then use it to define an application, its states and (it-
erative) execution.

Although we are concerned mainly with logic programs, any formalism
with a model-theoretic semantics and an appropriate implementation can
be used to create the kind of applications we present in this work. Our only
requirement is that the formalism defines a semantics that assigns models
(answer sets, solutions) to programs (theories).

Definition 19 (LP Formalism). 4 Logic Programming Formalism is a triple
(P, M, Sem), where P is a (non-empty) set of possible programs, M is a (non-
empty) set of possible models and Sem : P — 2M is a function that assigns sets of
models to programs.

Throughout this work we consider Answer Set Programming as our in-
tended formalism, P thus being the set of all logic programs and M the
set of all possible answer sets. ASP solvers provide direct means of imple-
mentation and the expressivity of logic programs allows the creation of ap-
plications with very little need of external processing.

Propositional logic also provides applicable formalisms with implemen-
tations in the form of SAT solvers. However, the restrictions on proposi-
tional formulae and the restrictive input formats used in SAT solvers require
additional layers of pre- and post-processing for any meaningful applications.
To show that it is possible to cover even such cases with our framework we
also include a few remarks about propositional logic where relevant.

The goal of an interactive application is the repetitive execution and
evaluation of user actions against the current state of the application. The
application framework is responsible for the visualisation of the applica-
tion’s state along with the allowed actions and for the calculation of a new
state. Because the user can choose from multiple actions, which can have
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non-deterministic consequences, there can be various possible outcomes in
each states. The application can thus be either linearly executed or the rela-
tionships of application states and actions can be studied in the form of an
execution graph.

We start by defining the application itself. In its simplest form, the ap-
plication consists of a main program (theory), input, output and presenta-
tion function. The presentation function interprets a current state of the
application, presents it to the user and returns his chosen action(s). The
input function combines the main program with all this information into a
program in the used LP Formalism. Semantics of the formalism is then
used to find the models of this program and (if possible) one of them is se-
lected. The output function is used to convert such resultant model into a
new application state.

Definition 20 (Interactlve application). Let (P, M, Sem) be an LP For-
malism, let P4 be a set of application programs. An interactive application

over (P, M, Sem) is a tuple
A= (P,S,A, In, Out, User, sg)
where
1. P e P* represents the main application program,
S is a non-empty set of possible application states,
A is a set of possible user actions,
In:P'xSx2" > Pisan input transformation,

Out : M — S is an output transformation,

SR wN

User : S x N = 2% is a function that represents user input at a specific
time.

Definition 21 (Application Instance). An application instance is a tuple (4, 5)
where A = (P, S, A, In, Out, User, s) is an application and s € S is a state. We
say that (4, s) is an instance of A with an actual state s.

To abstract from the structure of the programs as much as possible, we
delegate all responsibility for state and action transformations and their in-
corporation into the main program to the input transformation function.
In the case of logic programming, as well as many other formalisms, this can
be easily reduced to the transformation of the application state into a logic
program (In %) where the input transformation itself can then be given as
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In=P U In°(s) U User(s, i).

However even in the case of logic programming the more general definition
of In allows some interesting possibilities that we talk about in section 6.

Also, because we do not require P to actually be a program from P,
this allows us to easily do various kinds of preprocessing on P. T'o imple-
ment propositional logic based applications through the use of SAT
solvers, P can be a set of formulae schemes that are appropriately translated
into a set of propositional formulae by /n based on the actual state of the
application.

To obtain the next state when executing an application we simply apply
the semantics to the results of the input transformation In. Because we al-
low the semantics to assign multiple models to a program (representing
possible outcomes of user’s actions), we arbitrarily select a single one of
them. This model is then transformed into the application’s new state us-
ing the Out transformation.

Definition 22 (Application Iteration). Let (4, s;) be an application instance at
time i € N. The next state of the instance is

sivt = Out (Sel (Sem (In (P, 5;, User (s;, 1)))))

where Sel : 2M — M is a selection function that selects an arbitrary model from a
set of models or returns a special (i.e. empty) model if the set is empty.

Example 4. Let us consider a simple two player game: each player has a switch.
At every step each player can either flip his switch or leave it as it is. The first
player wins when exactly one of the switches is turned off.

We can formulate this game as an interactive application (over logic pro-
grams) in which the user plays against the computer:

S = plonlw,0n)

A = {flip(u), pass(u)}
L [ {Alipw)}
User(s, i) = { {pass )
In(P,s,a) = PUsU {a}

Out(M) = {on(X)|next(X) € M}
s = 0
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Possible application states are subsets of {on(u), on(c)}, where on(u) (on(c))
represents that the switch belonging to the user (computer player) is turned on.
There are two possible actions for the users: flip it (flip(u)) or leave it be
(pass(u)). The User function presents the current application state to the users
and returns one of these actions based on his choice.

The input transformation adds the current state and user’s action to the pro-
gram as facts. The output transformation creates a new state based on the pres-
ence of the predicate next in the selected answer set.

The main (logic) program P of the application is formulated as follows:

fliplc) & not pass(c)

pass(c) < not flip(c)
next( < on(X), not flip(X)
next(X) <« not on(X), flip(X)

The first two rules generate two answer sets that correspond to the respective
moves of the computer player. The last two rules evaluate the results of the ac-
tions.

4.1. Application analysis

In addition to simple execution of applications our framework allows
another option: a formal way to define and study the interaction of appli-
cation states and user actions. Transitional properties of a specific appli-
cation can be visualized through a graph representing the relations between
application states and actions. Various properties of such graph or its sub-
part can then be studied.

Definition 23 (Execution graph). Let A = (P, S, A, In, Out, User, so) be an
application. A (complete) execution graph for A is a graph G, = (V, E) with
V=5V P and a set of labeled edges E such that

6, Qa ek iff In(Ps,a)=Q
(Qs,M)e E iff Me Sem(Q) A Out(M) = s

Example 5. Let us consider the application (game) from example 4. Figure 2
depicts the complete execution graph for this application. Circled vertices repre-
sent states while the rest represent actual programs (without the main program
P) with u and c instead of on(u) and on(c) respectively. flip(u) and pass(u) are

also abbreviated as f{u) and p(u). Each vertex representing a state bas two outgo-
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ing edges: each for one of the user’s actions. Each vertex representing a program
has also two outgoing edges representing the two possible answer sets generated by
the first two rules of P that encode the computer moves.

- )

— u, f{u) u, p(u)
fu) , ¢, pu)
<<>\ A
6, p() oft) -/

- :

Figure 2: The execution graph for application from example 5

A complete execution graph is a tool that allows theoretical study of an
application. When working with actual applications it often makes more
sense to consider only a finite subset of the execution graph accessible from
the initial state. This can represent the so far explored options of the appli-
cation execution.

Definition 24 (Partial execution graph). 4 partial execution graph (V, E”)
for an application A is a connected sub-graph of the (complete) execution graph
for A such that

o (V' E’) contains s,

o for each vertex v € V' there is a (oriented) path from sy to v,

o for each vertex v € P it contains all its outgoing edges from the execution
graph.

A trace for an instance (4, S) is a path by, by,...,b, in a partial execution

graph for A such that by = sy and b, = s.
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5. Implementation

The interactive application framework described in the previous section
was implemented as a Python web application (ILPA. A system for interac-
tive logic applications. http://dai.fmph. uniba.sk/-siska/ilpa/). It allows us-
ers to create applications composed from logic programs, to define input
and output transformations and to create user interfaces (presentation
functions) using XSLT stylesheets.

The implementation is based on a configurable backend that allows the
usage of various LP implementations such as SMODELS (http://www.tc-
s.hut.fi/Software/smodels/), DLV (http://www.dlvsystem.com/dlvsystem/)
or clasp (Gebser et al. 2007). The system also implements basic preprocess-
ing options as well as a simple modularization framework (Siska 2011).

Application states are represented as sets of atoms and usually serialized
as a XML document. A configurable framework of atom filters and transla-
tions can be used to define input and output transformations, however the
input transformation only translates the state into a set of facts and then
simply joins them with the main program and user actions (passed as is
from the presentation function). A XSLT transformation can be used as
general-purpose filter that allows greater flexibility when translating states.

The presentation function is implemented as a XSTL template that
transforms the state (represented as a XML document) into HTML code
that is presented to the user. Special hyperlinks can be generated, that are
then interpreted as user’s actions.

Users can edit logic programs and XSLT stylesheets stored on the
server, as well as define applications and create and execute their instances.
In addition to simple linear execution of an application, the user can also
explore the (expanding) partial execution graph of an instance.

6. Conclusion

We presented Answer Set Programming as a very potent formalism for
general purpose problem solving. Its declarative nature allows users to
search for solutions be defining what they are instead of how to find them.
Various efficient solver implementations provide the means to use ASP in
an expanding range of applications.
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To reduce the amount of additional software and tools required when
integrating ASP solutions into other applications we introduced a frame-
work for iterative, logic based applications that can use LP as their main
(and only) language. We defined an interactive application, its instance and
execution step (iteration). We presented our implementation of this
framework that allows users to create their own application and to run
them using a web based interface.

In order not to restrict this framework only to logic programs and the
answer set semantics, we assumed a generalized formalism with a model-
theoretic semantics as the fundamental building block of the framework.
Together with flexible definitions of input and output transformations this
allows the use of various other formalism such as SAT solvers for proposi-
tion logic.

The flexibility of the input transformation allows also the creation of
applications that actually modify the executed program on the fly. The in-
put transformation can introduce new rules into the final program based on
current application state or even remove rules from the main program.
This can lead to the creation of evolving applications that change their be-
haviour based on the history of actions. It would be interesting to further
study such approach and to compare it with similar work such as Evolving
Logic Programming (Alferes et al. 2002).
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Abstract: By action model, we understand any logic-based representation of effects and
executability preconditions of individual actions within a certain domain. In the context
of artificial intelligence, such models are necessary for planning and goal-oriented auto-
mated behaviour. Currently, action models are commonly hand-written by domain ex-
perts in advance. However, since this process is often difficult, time-consuming, and
error-prone, it makes sense to let agents learn the effects and conditions of actions from
their own observations. Even though the research in the area of action learning, as a
certain kind of inductive reasoning, is relatively young, there already exist several dis-
tinctive action learning methods. We will try to identify the collection of the most im-
portant properties of these methods, or challenges that they are trying to overcome, and
briefly outline their impact on practical applications.

Keywords: Action model — artificial intelligence — learning — planning.

1. Introduction

Reasoning about actions is an important aspect of commonsense rea-
soning, which served as a motivation behind some of the recent non-
monotonic logic formalisms and planning languages (Eiter et al. 2000; Gi-
unchiglia — Lifschitz 1998; McDermott et al. 1998; Pednault 1989; Gins-
berg — Smith 1988). Intelligent and flexible goal-oriented automated be-
haviour and planning tasks require knowledge about domain dynamics, de-
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scribing how certain actions affect the world. Such knowledge is in artificial
systems referred to as action model.

In general, the action model can be seen as a double (D, P), where D is
a representation of domain dynamics (effects and executability preconditions of
every possible action) in any logic-based language, and P is a probability
function defined over the elements of D. This probability expresses either
the likelihood of certain action’s effect, or our confidence in this piece of
knowledge.

Typically, these action models are hand-written by domain experts. In
many situations however, we would like to be able to induce such models
automatically, since hand-writing them is often a difficult, time-consuming
and error-prone task (especially in complex environments). In addition to
that, every time we are confronted with new information, we need to do
(often problematic) knowledge revisions and modifications.

An agent (artificial or living) capable of learning action models auto-
matically possesses some degree of environmental independence (he can be
deployed into various environments, where he would learn local causal de-
pendencies and consequences of his actions).

The inductive process of automatic construction and subsequent im-
provement of action models, based on sensory observations, is called action
learning. In recent years, several action learning methods have been intro-
duced. They take various approaches and employ a wide variety of tools
from many areas of artificial intelligence and computer science (Amir —
Chang 2008; Yang et al. 2007; Balduccini 2007; Certicky 2012; Mourao et
al. 2010; Zettlemover et al. 2005). In this paper, we will describe a collec-
tion of interesting properties, or fundamental challenges that any action learn-
ing method might, or might not be able to overcome.

2. Usability in Partially Observable Domains

Every domain is either fully, or partially observable. As an example of a
fully observable domain let us consider a game of chess. Both players (agents)
have a full visibility of all the features of their domain — in this case the
configuration of the pieces on the board. Such configuration is typically
called a world state. On the other hand, by partially observable domain we
understand any environment, in which agents have only limited observa-
tional capabilities — in other words, they can see only a small part of the
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state of their environment (world states are partially observable). Real world
is an excellent example of a partially observable domain. Agents of the real
world (for example humans) can only observe a small part of their sur-
roundings: they can only hear sounds from their closest vicinity (basically
several meters, depending on how loud the sounds are), see only objects
that are in their direct line of sight (given the light conditions are good
enough), etc.

An action learning method is usable in partially observable domains only
if it is capable of producing useful action models, even if the world states
are not fully observable.

Learning the action models in partially observable domains is in princi-
ple more difficult task, since we do not observe some of the changes hap-
pening in the world after the execution of actions. To induce a causal link
between the action and its effect, we need to observe this effect. However,
in partially observable domains, this observation may be available later or
not at all, making the learning slower and resulting models less precise.

3. Learning Probabilistic Action Models

There are two ways of modelling a domain dynamics (creating action
models), depending on whether we want the randomness to be present or
not. An action model is deterministic, if actions it describes have all a
unique set of always successful effects. In other words, the probabilistic
function P assigns the uniform probability of 1 to all the elements of D.

Conversely, in case of a probabilistic (or stochastic) action models, effects
have a set of possible outcomes with non-uniform probabilistic distrubution.
Let us clarify this concept using a simple toy domain called Blocks World,
discussed extensively (among others) in (Nilsson 1982; Russell — Norvig
2003; Gupta — Nau 1992; Slaney — Thibaux 2001).

The Blocks World domain consists of a finite number of blocks stacked
into towers on a table large enough to hold them all. The positioning of
towers on the table is irrelevant. Agents can manipulate this domain by
moving blocks from one position to another. Action model of the simplest
Blocks World versions is composed of only one action move(B, Py, P).
This action merely moves a block B from position P; to position P, (P
and P, being either another block, or the table).



ACTION MODELS AND THEIR INDUCTION 209

A A F
B D F E D
c E G B c G
| || |
(a) (b)

Figure 1: T'wo different world states in Blocks World domain.

Deterministic representation of such action would look something like
this:

Name & parameters :
move(B, Py, P,)

Preconditions :

{on(B, P1), free(P), free(P2)}
Effects:

{—on(B, P,), on(B, P»)}

Our action is defined by its name, preconditions, and a unique set of effects
{—on(B, P1), on(B, P»)}, all of which are applied each time the action is exe-
cuted. This basically means, that every time we perform an action
move(B, Py, P,), the block B will cease to be at position P; and will appear
at P, instead. In a simple domain like Blocks World, this seems to be suffi-
cient.

In the real world however, the situation is not so simple, and our at-
tempt to move the block can have different outcomes:

Name & parameters :
move(B, Py, P,)

Preconditions :

{on(B, Py), free(Py), free(P,)}
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Effects:
0.8: —on(B, P;), on(B, P,)
0.1: —on(B, Py), on(B, table)
0.1 : nochange

This representation of our action defines the following probabilistic distri-
bution over three possible outcomes:

1. 80% chance that block B indeed appears at P, instead of P;,
2. 10% chance that block B falls down on the table,
3. 10% chance that we fail to pick it up and nothing happens.

We can easily see that probabilistic action models are better suited for de-
scribing real-world domains, or complex simulations of non-deterministic
nature, where agent’s sensors and effectors may be imprecise and actions
can sometimes lead to unpredicted outcomes.

The main difficulty in learning probabilistic action models lies in their
size. Space complexity of such models tends to be considerably higher, and
learning algorithms need to be able to distinguish relevant outcomes and
ignore the others.

4. Dealing with Action Failures and Sensoric Noise

In some cases we prefer learning deterministic action models in stochas-
tic domains. (Recall, that action models are used for planning. Planning
with probabilistic models is computationally harder, which makes it unus-
able in some situations.) Therefore we need an alternative way of dealing
with nondeterministic nature of our domain. There are two sources of
problems that can arise in this setting:

4.1. Action Failures

As we noted in section 3, actions in non-deterministic domains can
have more than one outcome. In a typical situation though, each action has
one outcome with significantly higher probability than the others. In case
of action move(B, Pi, P,) from Blocks World, this expected outcome was ac-
tually moving a block B from position P; to P,. Then if after the execution
the block was truly at position P, we considered the action successful. If
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the action had any other outcome, it was considered unsuccessful — we say
that the action failed.

From the agent’s point of view, action failures pose a serious problem,
since it is difficult for him to decide whether given action really failed (due
to some external influence), or the action was successfull, but his expecta-
tions about the effects were wrong (if his expectations were wrong, he
needs to modify his action model accordingly).

4.2. Sensoric Noise

Another source of complications is so-called sensoric noise. In real-world
domains, we are typically dealing with sensors that have limited precision.
This means, that the observations we get do not necessarily correspond to
the actual state of the world.

Even when agent’s action is successful, and the expected changes occur,
he may observe the opposite. From the agent’s point of view, this problem
is similar to the problem with action failures. In this case he needs to solve
the dilemma, whether his expectations were incorrect, or the observation
was imprecise.

In addition to that, sensoric noise can cause one more complication of a
technical nature: If the precision of the observations is not guaranteed,
even a single observation can be internally inconsistent. Action learning
methods based on the computational logic sometimes fail to deal with this
fact.

5. Learning both Preconditions and Effects

Since the introduction of the first planning language STRIPS (Fikes —
Nilsson 1971) in early 70’s, a common assumption is, that actions have
some sort of preconditions and effects.

Preconditions' define what must be established in a given world state be-
fore an action can even be executed. Looking back at Blocks World, the
preconditions of action move(B, Pi, P;) require both positions P; and P, to
be free (meaning that no other block is currently on top of them). Other-
wise, this action is considered inexecutable.

Preconditions are sometimes called executability conditions or applicability conditions —
especially when we formalise actions as operators over the set of world states.
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Effects” simply specify what is established after a given action is exe-
cuted, or in other words, how the action modifies the world state.

Some action learning approaches either produce effects and ignore pre-
conditions, or the other way around. They are therefore incapable of pro-
ducing complete action model from the scratch, and thus are usable only in
situations where some partial hand-written action model is provided. In
general, it is good to avoid the necessity to have any prior action model.

6. Learning Conditional Effects

Research in the field of planning languages has shown that expressive
power of early (STRIPS-like) representations is susceptible to be improved
by addition of so-called conditional eftects. This results from the fact, that
actions, as we usually talk about them in natural language, have different
effects in different world states.

Consider a simple action of person P drinking a glass of beverage B —
drink(P, B). Effects of such action would be (in natural language) expressed
by following sentences:

o Pwill cease to be thirsty.

e If B was poisonous, P will be sick.

We can see, that second effect (P becoming sick) only applies under certain
conditions (only if B was poisonous). We call effects like these conditional ef-
Sfects.

Early planning languages did not support conditional effects. Of course,
there was a way to express aforementioned example, but we needed split it
into two separate actions with different sets of preconditions:

drink_if__poisonous(P, B) and drink_if not_poisonous(P, B).

Having a support for conditional effects thus allows us to express do-
main dynamics by lower number of actions, making our representation less
space consuming and more elegant. Several state-of-the art planning lan-
guages provide the apparatus for defining conditional effects — see the fol-
lowing example:

Effects are sometimes called postconditions — primarily in the early publications in
STRIPS-related context.
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STRIPS extensions like Action Description Language (ADL) (Pednault
1989) or Planning Domain Definition Language (PDDL) (McDermott et al.
1998) express the effects of drink(P,B) action in the following manner:

teffect (not (thirsty ?p))
teffect (when (poisonous ?b) (sick ?p))

Definition of same two effects in fluent-based languages like K (Eiter et al.
2000) on the other hand, employs the notion of so-called dynamic laws:

caused — thirsty(P) after drink(P,B).
caused sick(P) after poisonous (B), drink(P,B).

Aside from creating more elegant and brief action models, the ability to
learn conditional effects provides one important advantage: It allows for
more convenient input form from our sensors. If we were unable to work
with conditional effects, our sensors would have to be able to observe and
interpret a large number of actions like drink_if poisonous(P, B) or
drink_if_not_poisonous(P, B). However, if our action model supports condi-
tional effects, the sensors only need to work with a smaller number of more
general actions like drink(P, B).

7. Online Algorithms and Tractability

As mentioned in the introduction, the action learning methods employ
various tools from several areas of computer science and artificial intelli-
gence. Since our focus lies on the artificial agents, and their ability to learn
action models, either these tools themselves, or their actual objectification
is algorithmic in nature. It is therefore needed to take the computational
complexity and the actual running speed of used algorithms into account.
We say that algorithms that run fast enough for their output to be useful
are called tractable (Hopcroft 2007).

Additionally, the algorithms whose input is served one piece at a time,
and upon receiving it, they have to take an irreversible action without the
knowledge of future inputs, are called online (Borodin — El-Yaniv 1998).

For the purposes of action learning we prefer using online algorithms,
which run once after every observation. Agent’s newest observation is
served as the input for the algorithm, while there is no way of knowing
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anything about future or past observations. Algorithm simply uses this ob-
servation to modify agent’s knowledge (action model). Since the input of
such algorithm is relatively small, tractability is usually not an issue here.

If we, on the other hand, decided to use offline algorithms for action
learning, we would have to provide the whole history of observations on
the input. Algorithms operating over such large data sets are prone to be
intractable.

Since online algorithms are designed to run repeatedly during the “life”
of an agent, he has some (increasingly accurate) knowledge at his disposal
at all times. Offline action learning algorithms are, on the other hand, de-
signed to run only once, after the agent’s life, which makes them unusable
in many applications.

There is however a downside to using online algorithms for action
learning. Recall, that with online algorithms, the complete history of ob-
servations is not at our disposal, and we make an irreversible change to our
action model after each observation. This change can cause our model to
become inconsistent with some of the previous (or future) observations.
This also means that the precision of induced action models depends on
the ordering of the observations. Online algorithms are therefore poten-
tially less precise than their offline counterparts. Lower precision is how-
ever often traded for tractability.

8. Conclusion

Based on relevant literature (Amir — Chang 2008; Yang et al. 2007;
Balduccini 2007; Certicky 2012; Mourao et al. 2010; Zettlemoyer et al.
2005), we have identified a common collection of challenges, that the cur-
rent action learning methods try to overcome. Each of these methods is
able to deal with a different subset of these subproblems, which makes it
applicable in different situations and domains. The relation between these
challenges and the real-world applications of action learning methods has
been clarified.
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Abstract: In this paper, we discuss why deduction is not sufficient for knowledge repre-
sentation of programs with commonsense. Requirements of representation of incom-
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1. Introduction

The goals of this paper are twofold. First, we are aiming at a description
of logical aspects of knowledge representation. Knowledge representation is
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a field of artificial intelligence, its task is to study and construct languages,
formalisms and tools for expressing knowledge of “intelligent” (knowledge-
based) programs (agents) and for reasoning with the represented knowl-
edge. Foundational aspects of this task involve

e semantic specification of features of a representational language, ap-
propriate with respect to a represented domain and required reason-
ing tasks,

e investigation and proposal of syntactic systems and algorithms with
good computational properties, obeying semantic specifications.

It is obvious that this task has a relevant logical content. According to our
opinion, the core of the knowledge representation research field is logical.

Second, we intend to provide a brief presentation of a topic of our own
research — of updates of some nonmonotonic knowledge bases.

We will start from a more general perspective, emphasizing the role of
logic in computer science. Mathematical logic became rather one of many
mathematical disciplines after the end of a dream about firm logical foun-
dations of mathematics in thirties of the previous century. On the other
hand, may be surprisingly, influence of logic on computer science is strik-
ing. It is possible to speak about unusual eftectiveness of logic for computer
science (Halpern et al. 2001). More in Section 2.

Particularly, logic played an important role in the history of artificial in-
telligence since its beginning until current days. John McCarthy (1959)
presented a vision of logic-based intelligent programs already in fifties.
More in Section 3. Pioneers of artificial intelligence were aware of close re-
lationships between artificial intelligence and philosophical logic (McCarthy
— Hayes 1969).

A primary field of artificial intelligence from the viewpoint of applica-
tions of logic is the field of knowledge representation and reasoning
(KRR). More importantly, KRR is a field, which motivates an emergence
of new logical systems and ways how to do logic (Makinson 2002). Deduc-
tion is not a sufficient reasoning mode for tasks inherent in knowledge rep-
resentation. Representation of incomplete, evolving and conflicting knowl-
edge and reasoning with such knowledge provide new, challenging stimuli
for logical research.

The rest of this paper after Section 3 is structured as follows. An over-
view of default logic is discussed, emphasizing some general features of that
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logic — use of nonmonotonic assumptions, fixpoint constructions for speci-
fying semantics of nonmonotonic theories and computational aspects of
nonmonotonic reasoning. After that, an original approach to updates of
some nonmonotonic knowledge bases is presented.

2. Logic and computer science

During the last forty years logic has gained much more influence in
computer science than it ever has in mathematics. In fact, concepts and
methods of logic seize unmistakable place in computer science, therefore
the logic has been called “the calculus of computer science” (Manna —
Waldinger 1985).

Halpern et al. (2001) described the status of logic in computer science
as follows: “...logic has turned out to be significantly more effective in computer
science than it has been in mathematics. This is quite remarkable, especially since
much of the impetus for the development of logic during the past one bundred
years came from mathematics.”

Logic is used as a conceptual apparatus in many fields of computer sci-
ence, e.g. in complexity theory, relational databases and query languages,
programming language research, program specification, program and proto-
col verification, automated verification of hardware designs, reasoning about
knowledge, distributed processes, multi-agent systems, knowledge repre-
sentation, semantic web.

In the next few paragraphs we will briefly present an example of an ef-
fective use of logic in computer science, its use in databases. Relational data
model, based on logic, led to a technological turn in database field, even if
there was a big distrust against the used logical apparatus.' Clear, precise,
but intuitive and easy to use relational query languages belong among im-
portant contributions of logic for computer science, but also for informa-
tion technology.

! Codd, the author of the relational data model, said in his Turing award lecture

Codd (1970): “Instead of welcoming a theoretical foundation as providing soundness,
the attitude seems to be: if it’s theoretical, it cannot be practical.” Notice that the title
of his article is symptomatic — the logical approach to databases has been not yet gen-
erally accepted in the year 1982.
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Logic as a database query language. First-order logic (FO) forms the
base of several modern database systems, and the standard query languages
such as Structured Query Language (SQL) and Query-By-Example (QBE)
are syntactic variants of FO. Immermann in Halpern et al. (2001) proposed
several reasons why FO has turned out to be so successful as a query lan-
guage, from which three main reasons are:

e FO has syntactic variants that are used to build practical languages
(SQL, QDB),

e FO-based query languages can be efficiently implemented using rela-
tional algebra (Codd 1982). The algebra turns out to yield a crucial
advantage when large amounts of data are concerned,

e in principle, FO queries can be evaluated in constant time, inde-
pendent of the database size, when parallelism is available.

We close this section by a non-exhaustive enumeration of logics applied
in different fields of computer science. Some of them are new formalisms
for computer science goals, but many are “borrowed” from mathematical or
philosophical logic, however fragments of those formalisms with better
computational properties are sometimes constructed. Our list of logics is as
follows: automated deduction, program logics, type theory, domain theory
logic, equational logic, term rewriting, formal semantics of programming
languages, linear logic, logic programming, constraint logic programming,
inductive logic programming, adductive logic programming, epistemic and
temporal logics, logics for spatial reasoning, nonmonotonic logics, descrip-
tion logics, logics of hybrid systems.

3. McCarthy’s programs with commonsense

In 1950s researchers believed that programs will be able to solve prob-
lems using human-like intelligence (Reiter 1980).

In 1959 J. McCarthy proposed the advice taker — a program for solving
problems by drawing conclusions by reasoning (McCarthy 1959). For this
purpose, the advice taker should use formal language when manipulating
the statements.

With such a design, McCarthy expected the program to be improvable
by describing its symbolic environment to it and what is wanted from it.
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These statements will not require any knowledge of the program or any a
priori knowledge of the advice taker. The user of such a program can as-
sume that he will be given an answer based on logical consequences of any-
thing it was told before.

McCarthy likens this property with human’s commonsense, as “it auto-
matically deduces for itself a sufficiently wide class of immediate consequences of
anything it is told and what it already knows”.

The advice taker has a method for representing expressions (terms) in
computer. Certain of these expressions may be regarded as declarative sen-
tences in a certain logical system, others are the names of entities of various
kinds (obiects, individuals, functions and programs). Also, immediate deduc-
tion routine is part of the system. The program is intended to operate cycli-
cally, drawing conclusion by the immediate deduction routine and obeying
conclusions of the imperative form (routine deduce and obey may be obeyed
too). Although McCarthy did not choose the particular formal system, he
suggested that it will have a single rule of inference which will combine
substitution for variables with modus ponens. The purpose of this was to
avoid choking the machine with special cases of general propositions al-

ready deduced.

An airport scenario. To describe advice taker’s abilities, McCarthy used
simple real world problem. In this example, a man is sitting behind the
desk in his home and there is a car in his garage. The man lives in a county
with an airport. If the man decides to go to the airport the advice taker will,
collecting right premises and using deduction to draw conclusions, advice
the man to walk from the desk to the car and drive the car to the airport.

Bar-Hillel’s criticism. The article McCarthy (1959) is published to-
gether with a discussion after the presentation of the advice taker. A cri-
tique expressed by Bar-Hillel is interesting and significant. His main objec-
tion is that deduction is not a proper reasoning mode for formalizing com-
monsense. The development of the attempts to formalize commonsense
reasoning in next decades confirmed Bar-Hillel's objections. His critique
considers incredible the machine to conclude proposed goal, i.e., “Walk
from your desk to your car!”, by sound deduction. Bar-Hillel argues that
such conclusion could not be drawn from the premise in any serious sense, as

there are varieties of other options, e.g., to call a taxi, to cancel a flight, etc.
(McCarthy 1959).
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To sum up, McCarthy’s vision about implementing commonsense rea-
soning using deduction failed. An appropriate semantic description of
commonsense reasoning in terms of deduction is not possible. Moreover,
also computational point of view was against deduction. Undecidable and
computationally demanding logical deduction has been considered as an in-
appropriate tool for computational modelling of commonsense reasoning.

4. Nonmonotonic logics

In seventies came McCarthy with a new vision, the vision about under-
standing commonsense reasoning as jumping to conclusions. A goal was to
construct some new logics, logics which, unlike careful and stepwise pro-
ceeding deduction, jump to conclusions.

The new slogan about jumping to conclusions aimed to characterize
quick and hypothetical reasoning with incomplete knowledge. This type of
logics has been dubbed non-monotonic,” mainly within artificial intelli-
gence community, or defeasible, mainly within philosophical logic commu-
nity.

The year 1980 can be considered as a milestone in the development of
nonmonotonic logics. A series of seminal papers has been published in
a special volume of the Artificial Intelligence Journal (we emphasize
McCarthy 1980, McDermott — Doyle 1980, Reiter 1977).

Researchers interested in formalizations of commonsense reasoning
gained in two decades between McCarthy (1959) and McCarthy (1980)
a rich experience. It became clear that attempts to implement common-
sense reasoning using deduction from a knowledge base are not feasible. On
the other hand, and more importantly, some positive insights have been
reached.

Investigations of methods and patterns useful for a formalization of rea-
soning about actions and for representing relevant knowledge ran into
some crucial problems. A cost-saving representation of a domain should
not contain axioms about properties, which do not change as a result of
a given action. The content of the frame problem is how to propose such

2 .
If A € B are sets of formulae then all consequences of 4 are not necessarily conse-

quences of B. Commonsense reasoning is nonmonotonic in a sense that consequences
drawn from (incomplete) knowledge may be rejected after an addition of new informa-
tion.
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rational representation. A solution is based on an idea of inertia — proper-
ties of objects are usually fixed, except some, which are affected by an action.
We assume by default that actions do not change properties of object. If
they are changed, it must be expressed explicitly. This is an intuitive basic
idea, but formal solutions need to overcome some subtle problems. Repre-
sentation of an action usually contains a representation of prerequisites and
effects of the action.” An attempt to represent both aspects leads to prob-
lems closely connected to the frame problem. The content of the qualifica-
tion problem is how to qualify normal circumstances (prerequisites) of an
action. Usually we assume that no exceptional conditions occur, when an
action is intended. Similarly, a representation of actions should be focused
only on direct effects of an action under normal conditions. A need to ab-
stract from possible indirect effects of actions is the content of the ramifi-
cation problem.

A necessity to introduce and study ways how to reason about usual,
normal, default properties or situations with possible exceptions was recog-
nized also in other areas of reasoning research.

The development and experience briefly described above led to a con-
viction that another type of logic is needed. The earliest nonmonotonic
formalisms, considered as classical, are circumscription (McCarthy 1980),
default logic (Reiter 1980) and autoepistemic logic Moore (1985).

Some stimuli for studying nonmonotonic reasoning came also from the
database and logic programming fields. Closed world reasoning (Reiter
1977) is appropriate for databases: if a sentence, say 4, is not recorded in
a database D, it is natural to assume that —4 holds in D. The same idea is
applied in logic programming — according to the principle of negation as
failure (Apt — Bol 1994) — not A" is assumed, if a proof of 4 fails in a finite
time.

A noteworthy amount of research was devoted in eighties by logic pro-
gramming community to deep semantic investigations of the negation as
failure principle (Apt — Bol 1994). A new paradigm of logic programming,
answer set programming (ASP) (Marek — Truszczynski 1998, Niemeld
1999), based on stable model and answer set semantics (Gelfond — Lifschitz
1988, 1990) resulted from this research period. Moreover, characterizations

Logical representation of actions is in this volume presented in Certicky (2013).

Notice that another symbol is used for the negation as failure.
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of classical nonmonotonic formalisms in terms of semantics of logic pro-
grams has been provided.’

A characterization of some crucial features of nonmonotonic reasoning
is given below on the example of default logic.

5. Default logic

We are aiming to show three important features of (some) formaliza-
tions of nonmonotonic reasoning on the example of default logic:

e the role of nonmonotonic assumptions in reasoning,
e use of fixpoint constructions,

e computational intractability, its causes and its relation to representa-
tional compactness.

5.1. Default rules and nonmonotonic assumptions

A default rule is of the form®
a:f
Y

where o (called premise), @ (justification) and o (conclusion) are formulae”
of a logical language L, we will say that the default rule is over L. Usually, a
first order language is considered as a general option. Ordinary rules of de-
ductive logic contain premises and conclusions. However, there are funda-
mental differences. Default rules are not inference rules, they are not struc-
tural (they do not specify operations on expressions of some form) and they
are domain-dependent.

Let consider an example of a default rule (over a propositional lan-
guage), a formal treatment of the presumption of innocence.

More about logic programing as a computational and conceptual tool for imple-
menting and studying nonmonotonic reasoning can be found in this volume in Siska —

Simko (2013).

¢ We will use also notation e : B/y.

7 Other, more general definitions of a default rule are possible.
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accused : —proven_guilty

innocent

The intuitive idea behind a default rule is that its conclusion (somebody
is innocent, in our example) is acceptable, if the prerequisite (she/he is ac-
cused) is true and there is no argument against the justification (it is not
known that he/she is proven guilty). A default rule represents actually a
proposition with a reference to a global context.®

As a consequence, a default rule is not applicable locally as usual infer-
ence rules. Default rules are context-dependent expressions, their truth/
acceptability depends on a given global context. In some contexts justifica-
tions are supported, in other they are falsified. Hence, justifications may
serve as nonmonotonic assumptions — if a new information is given, previ-
ously acceptable assumption may be rejected. Marek and Truszczynski
characterize nonmonotonic reasoning as context-dependent reasoning
(Marek — Trruszczynski 1993).

An important point of view on nonmonotonic reasoning, emphasizing a
role of nonmonotonic assumptions, was presented in Bondarenko et al.
(1997), where nonmonotonic reasoning is interpreted as a deduction from
nonmonotonic assumptions.

5.2. Extension, fixpoint constructions

First we define a default theory as a pair 7" = (£, D), where E is a set of
ordinary formulae of a logical language L and D is a set of default rules over
L. Suppose (without loss of generality) that L is a first order language. We
denote by Cnror, the consequence operator of the first-order logic.

The meaning of a default theory is characterized by its extension.

Let X be a set of formulae of L and I'(X) be a minimal (w.r.t. inclusion)
set of formulae s.t.

e ECT(),

e Cnror(I'(X) =T'(X),
e if(a:p/y) €D, ael(X),—0¢X,theny € I'(X).

Nothing in the relevant context, within the accessible knowledge, supports that
she/he is proven guilty.

’  If this condition is satisfied, it is said that a : 3/ is applicable w.r.t. X
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An extension is a set of formulae € s.t. £ = I'(€), i.e. an extension is a
fixpoint of the operator I'.

Different default theories may have no extension, exactly one extension
or more extensions. The case of more extensions leads to two kinds of (de-
fault) reasoning — skeptical and credulous. If a formula holds in each exten-
sion of a default theory T, then it is a skeptical consequence of 7. If it
holds in an extension, then it is its credulous consequence.

A fixpoint as defined above enables to specify a set of formulae &, which is

e supported, i.e., each formula of € is either a member of E or a con-
sequence of an applicable default rule or a deductive consequence of
them,

e saturated, i.e., all members of E, all consequences of applicable de-
fault rules and deductive consequences of both classes of formulae
are contained in &,

e coherent, i.e., no default rule with a justification denied by £ is ap-

plicable.

The fixpoint construction used in the definition of extension is a typical
conceptual tool used in formalizations of nonmonotonic reasoning and it
enables to specify coherent, supported and saturated sets of formulae.

5.3. Default logic — computational aspects

Some negative results concerning computational aspects of default logic
are presented in this subsection. Generally, nonmonotonic formalisms did
not satisfy original expectations about efficient computations, about “jump-
ing to conclusions”.

First order language. Let denote the premise of a default rule d as
pre(d) and its justification as just(d). Then d € D is applicable w.r.t. an ex-
tension & iff € k= pre(d) and € B —just(d).

The relation = is not recursive, it is recursively enumerable, hence B
is not recursively enumerable and the decision problem whether € is an ex-
tension of a default theory is not semi decidable.

Propositional language. The following basic types of problems are usu-
ally considered in investigations of computational complexity of proposi-
tional default theories.
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Given is a propositional formula ¢ and a default theory 7" = (E, D).
Q1: does ¢ belong to each extension of 77

Q2: does ¢ belong to some extension of 77

Q3: is € an extension of T?

The problems are more hard than NP-complete, they are complete on
the second level of polynomial hierarchy (Gottlob 1995).

At first glance it seems that the computational complexity of default
reasoning is caused by a need to test entailment or satisfiability.

More about causes of intractability. Kautz and Selman (1991) posed a
question whether the computational complexity of problems connected to
default logic is really caused (only) by satisfiability (entailment) testing.

They studied only simple disjunction-free propositional languages with
default rules of the form ey A...Aay:biA...Ab,,AciA...Nc,/biA...Ab,
and a hierarchy of even more simple disjunction-free default theories up to
default theories with default rules of the form p : ¢/q and p : —q/—g.
Membership in a set is tested in those theories instead of testing satisfiabil-
ity / consequence.

Results reached by Kautz and Selman were pessimistic also for those
simple default theories. Kautz and Selman analyze causes of those results as
follows:

e there are conflicts between default rules and incoherent cycles,

o there is an exponential number of extensions in the worst case.

The causes mentioned above may be illustrated by this example: Let £
be empty and D = {: —b;/ay, : —ai /by, ..., : —b,/a,, : —a,/b,}.

Contflicts and incoherent cycles can be detected for each pair of rules
: —b;/a; and : —a;/b;. Each extension contains exactly n atoms — one from
each pair a; b;, it means there are 2" extensions of this default theory.

Is intractability of nonmonotonic reasoning a real drawback? The title
of this paragraph is identical with the title of a paper by Cadoli, Donini and
Schaerf (1996). They studied some nonmonotonic formalisms, in which
inference is not computable in polynomial time. They investigated compi-
lations of a given nonmonotonic formalism into another formalism. The
idea of this investigation is as follows. A formalism and a reasoning prob-
lem, which is not solvable in polynomial time, is given. The goal is to
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study, whether it is possible to translate (compile) the problem into other
formalism, where the problem is solvable in polynomial time. The time,
required for the compilation, may be arbitrary. The result of their investi-
gations was that for many formalisms and problems the compilation re-
quires exponentially bigger space.

Their interpretation of this class of results is that nonmonotonic for-
malisms enable extremely compact representation of propositional knowl-
edge. Thus, computational intractability is a price for having a compact
representation.

6. Updates

Nonmonotonic reasoning is closely related to belief change. If a new
formula is believed (inserted into a knowledge base) then the nonmonotony
of the corresponding consequence relation may lead to a rejection of some
beliefs (formulae from the set of consequences of the original knowledge
base). A process started by insertion, acceptance of some new propositions
and by subsequent solving some conflicts, by a rejection of some proposi-
tions is called an update.

Updates of nonmonotonic knowledge bases (sets of formulae with a
nonmonotonic consequence operator) are analyzed in this section. A role of
nonmonotonic assumptions determine some special features of updates of
nonmonotonic knowledge bases, as we will see below.

An original result is presented in this section. Our goal is to continue
with focusing on default theories and to investigate updates of default
theories. According to our best knowledge there is no paper devoted to this
topic. On the other hand, updates of logic programs were studied inten-
sively in the last fifteen years. We will generalize our semantics of logic
program updates (Sefranek 2011) to updates of assumption based frame-
works (ABF) (Bondarenko et al. 1997). Updates of a specialization of ABF
for logic programs were studied in (Sefrinek 2012), but here updates of ab-
stract, general ABF are studied directly (according to our best knowledge,
no research was devoted to updates of ABF). Updates of ABF may be
transferred to updates of default theories — an ABF view on default theories
was presented in (Bondarenko et al. 1997).

We begin with a description of a problem with logic program updates
and a proposal of its solution using a principle of inertia of the current
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state. The problem occurs within all semantics, based on a causal rejection
principle. We omit here technicalities connected to approaches based on
the causal rejection principle (see, e.g., Leite 2003, Homola 2004). Only a
discussion of an example will serve as a starting point for a sketchy presen-
tation of the main idea of our approach.

Consider the following example, where P is an original program and U
is an updating program.

Example 1 P={a<;bea}
U={—a < not b}

We get two distinguished models (dynamic stable models) of this update ac-
cording to an arbitrary semantics, based on the causal rejection principle:
51 = {a, b}, 52 = {—wz}.

The first one complies with natural intuitions — Sy is a natural description of
the world, given by P. U is vacuously true in S, because not b is false in Sy,
hence nothing is supported by U w.r.t. Sy, i.e. w.r.t. the current state of affairs.

On the other hand, S, is counterintuitive. The rule —ma < not b does not
change the description of the world given by P. The consequence —a could be ac-
cepted only if there is no evidence that b holds (if there is no such evidence, the as-
sumption not b is justified). However, b holds according to P.

The acceptance of S is the result of a too free selection of interpretations
checked by a fixpoint condition used in definitions of dynamic semantics of logic
program updates. Without going into details: let an operator ® defined on inter-
pretations is given. If O is applied to S, the fact a < of P is rejected because of
preference of new information of U and because not b is satisfied in Sy. Hence,
the residue of P U U is {b < a, —a < not b} and for an appropriately defined
operator @ holds P(S,) = S,.

According to our view, a selection of a candidate for a semantic characteri-
zation of updates should be somehow restricted. The main idea is that we do not
accept unjustified assumptions. In the example above S\ was supported by an
empry set of assumptions and S, by the set {not b}, which is a superset of the
empry set. A kind of Occam’s razor is used: a minimization of non-monotonic
assumptions. We prefer the empty set of assumptions over the set {not b} in the pre-
sented example. The empty set of assumptions is sufficient for a semantic charac-
terization of the current state, bence we respect an inertia of the current state. A
principle of inertia of the current state was introduced in (Sefrdnek 2011; 2012).
The principle serves as a solution of a problem of irrelevant updates (Sefrdnek
2006). The example presented above represents an irrelevant update.
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We will start with a slightly modified version of ABF in the next sub-
section. Then dynamic assumption based framework, a specification of up-
dates of ABF, is introduced. Finally, the construction is applied to updates
of default theories.

6.1. Assumption based framework

Assumption based framework is constructed over a deductive system. A
deductive system is a pair (L, R), where

e L isalanguage, i.e., a countable set of sentences (formulae),
e Risa set of rules of the form

Qly.e.oylly

Y

where a;, € L, n > 0. We suppose that for each formula f€ L is defined
its negation —f, however no special properties of a negation operator are
supposed on this abstract level.

An assumption based framework is a quadruple (L, R, 4, c), where A € L
is a set of assumptions and ¢ is a mapping defined for each assumption s.t.
c(a) € L is called contrary of a. Negation — and ¢ may be different.

We illustrate the notion of ABF on the example of default logic. Sup-
pose a default theory (£, D) and a deductive system (Lo, Ry) of first order
logic. A default rule

a:f

Y

can be rewritten as

a, M3

Y

hence, default rules have the same form as rules of a deductive system. Thus,
we define L = Ly U {MpB | Be Ly}, R = Ry U D, the set of assumptions A4
contains all M@ s.t. M3 occurs in a default rule. Finally, c (M B) = —@.

It was shown in Bondarenko et al. (1997) that default theories, logic
programs and also other nonmonotonic formalisms may be understood and
presented as assumption based frameworks and nonmonotonic reasoning
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within those formalisms as a deduction from nonmonotonic assumptions.
Similarly, nonmonotonic assumptions play a key role in our approach to
updates of nonmonotonic theories (nonmonotonic knowledge bases).

We are returning back to a general ABF. A proof of a formula fof L is a
sequence (fi,...,f,), where fi is a set S of assumptions, each f; where j > 1,
is a consequence of a rule 7 € R, premises of r are previous members of the
sequence and f; = £;'° notation S I f.

It is clear that in an ABF corresponding to a default theory holds S
MPE iff M@ € S. In general, if for each set of assumptions S in an ABF
holds that S ={a € A | S+ a}, Sis called closed. We consider only closed
ABF in this paper.

A set of assumptions S; € A undercuts in an ABF a set of assumptions
S) € A, if for some a € S, holds that S; + c(a).

Si rebuts in an ABF Sy, if S + fand S, = —f. If =—f'= fiin L then re-
butting relation is symmetric.

Sy attacks S, in an ABF iff it undercuts or rebuts it in the ABF.!! We
can introduce attacks of an assumption against a set of assumptions, of a set
of assumptions against an assumption and between assumptions by identi-
fying a singleton set of assumptions with an assumption.

Argumentation semantics, originally defined in Dung (1995) were ap-
plied to ABF in Bondarenko et al. (1997).

We define some argumentation semantics in the following paragraphs.

A set of assumptions is conflict-free in an ABF iff it does not attack it-
self in the ABF.

A conflict-free set of assumptions S is admissible in an ABF iff for each
a € A holds that if a attacks S in the ABF then S attacks 4 in the ABF.

A conflict-free set of assumptions S is stable in an ABF iff it attacks
each a € A\ Sin the ABF.

6.2. Dynamic assumption based framework

A dvnamic ABF is a pair of ABFs A = (L,R,41,¢0) and A; =
(L, Ry, 43,¢). Ay is an original ABF and A; is an updating ABF. The pair
represents an update operation. The updating ABF is more preferred than

10 . . .
Notice that a rule may have 0 premises. As a consequence, we consider proofs from

a set S of assumptions instead of a proof from S U T, where T'C L is a theory.

" Our attack relation differs from the attack relation of Bondarenko et al. (1997). Use

of undercutting in this paper is forced by distinguishing — and c.
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the original ABF. Proof and the relation + are defined as before, the only
difference is that rules from R; U R, are taken into account. We will some-
times use notation kg ug, or a similar one, with an index denoting the set
of used rules.

Conflicts solving and the inertia of the current state. We recognize two
kinds of conflicts, corresponding to undercutting and rebutting.

Definition 1. Let A be a set of assumptions. It is said that A contains a conflict
w.r.t. a set of rules R iff

o Argrf, Atg—fforsomefeL,
e a€land g cla).

Definition 2. 4 solution of a conflict C contained in a set of assumptions A
w.rt. Ry U Ry is a minimal set of rules R s.t. A does not contain C w.r.t.
(RiUR)\R

A solution of all conflicts contained in A w.r.t. Ry U Ry is a minimal set of
rules R s.t. A contain no conflict w.r.t. (Ri U Ry) \ R.

Notice that also @ may be a solution of all conflicts.

Consequence 1. Assume that an ABF (L,RiU Ry, A1 U Ay, ) is given. Let R
be a solution of all conflicts in A w.r.t. Ry U R,.
Then A is conflict free in he ABF (L, R, A1 U 4, ¢).

Thus, conflict-free sets of assumptions are results of conflicts solving.
However, simple solving of conflicts is not sufficient for a specification of
updating. First, a preference of more recent updating ABF over the original
ABF should be respected. We will define preferential conflict solving. Sec-
ond, irrelevant updates, i.e., updates, which are not applicable to the cur-
rent state of affairs should be ignored.

Let proceed to the preferential conflict solving. The preference of R,
means that, if it is possible to solve a conflict by rejecting a rule from R; or
by rejecting a rule from R,, we prefer the first option. More formally:

Consider two rules 71, , € Rj U R,. We say that r, is more preferred
than 7 iff r, € R, and | € Ry (notation: r; < ry).

Definition 3. Suppose that Qi, Q; € R; U R,.
IfarneQ\Q 3neQ\Qi n <riand —(Ar;€ L\ Q) A€ Q\ Qs 14
< r3) then Qy is more preferred than Q.
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Definition 4. Let Q be a solution of all conflicts in A w.r.t. R; U R,.
Q is called a preferred solution if there is no set of rules R € Ry U Ry s.t. R is
more preferred than Q and R is also a solution of all conflicts in A w.r.t. Ry U R,.

Conflict solving, based on a preference relation, is not sufficient for an
intuitively satisfactory specification of update, remind Example 1. Our
analysis of that example aimed to show that it is not reasonable to solve
conflicts for an arbitrary set of assumptions. More specifically, it is not rea-
sonable to accept more assumptions than is necessary w.r.t a given descrip-
tion of the current state.

Definition 5. Let (A1 = (L,Ry,41,c), Ay = (L,R;,A45,¢)) be a DABF
and A € Q. € Ay U 4, be sets of assumptions.

It is said that A defeats Q, if A attacks Q in (L, R{U Ry, A1 U 4y, ¢).

Suppose that Qi, Q, are preferred solutions of all conflicts in A and Q, re-
spectively, w.r.t. Ri U R,.

Suppose that Q. is defeated by A and both are stable sets of assumptions w.r.t.
subsets Q1, Q2 of Ry U Ry, respectively.

Then the set { f| Q v, [} is an irrelevant update of Ay by A,.

Let Q, be a preferred solution of all conflicts in A w.r.t. R U Ry. Then the
set S=A{f1| A Fq, f} is a stable update of Ay by A, iff it is not an irrelevant
update of Ay by A;.

Suppose that A is a stable set of assumptions w.r.t. ABF (L,R,41,c)
and also w.r.t. (L, RjU Ry, A1UA,c). If the set {f| Q ¢ f} is for each O
s.t. A © Q) and for each Q € Ry U R; an irrelevant update of A; by A; then
we can speak about an inertia of the current state (specified by A).

Finally, we notice that the presented approach to updates of ABF can
be applied to updates of default theories. It was shown in Bondarenko et al.
(1997) that default theories are a special case of ABF.

7. Conclusions

A view on some important features of logical aspects of knowledge rep-
resentation is presented in the first part of this paper. Formalizations of
reasoning with incomplete, dynamic and conflicting knowledge represent a
challenge for logicians. We mention here the role of nonmonotonic as-
sumptions in that kind of reasoning.
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Our original result is presented in the second part of the paper. This
part is connected to the first part by emphasizing nonmonotonic assump-
tions while specifying update of nonmonotonic knowledge bases. Key idea
of our approach is a minimization of nonmonotonic assumptions and, con-
sequently, a principle of inertia of the current state.

As regards open problems and future research, we will devote our atten-
tion to more detailed investigations of properties of the presented approach
and for extension of that approach to admissible and complete extensions.
We suppose that the principle of inertia of the current state is applicable to
complete extensions, but not to admissible extensions.
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