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1 Wany Srupy | MPERATIVES?

The theory of imperatives is philosophically relevant sime building it — some
of the long standing problems need to be addressed, andpabbusome new ones
are waiting to be discovered. The relevance of the theomypératives for philosoph-
ical research is remarkable, but usually recognized ontigiwithe field of practical
philosophy.

Imperatives lie at the heart of both practical and moralopang. . . [22]

Unlike the quote above, the emphasis can be put on probleth&ofetical phi-
losophy. Proper understanding of imperatives is likelyase doubts about some
of our deeply entrenched and tacit presumptions. In philbg®f language it is the
presumption that declaratives provide the paradigm fotesee form; in philosophy
of science it is the belief that theory construction is inelegent from the language
practice, in logic it is the conviction that logical meanirmggations are constituted out
of logical terminology, in ontology it is the view that langge use is free from onto-
logical commitments. The list is not exhaustive; it incladmly those presumptions
that this paper concerns.
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1.1 Philosophy of language: “declarative fallacy”

Belnap has defined ‘declarative fallacy’ as a tendency afeed) logical phenom-
ena to those obtaining between declarative sentences. dllbwihg quote vividly
introduces the notion.

. in our culture when a logician, or nearly any trained @édpher, says ‘sentence,
what is meant is a declarative sentence a sentence capahkviof), as they say, a
truth-value, or maybe truth-conditions, a sentence thabeaused to ‘say’ something, a
sentence expressing a proposition, a sentence that caa pldg in inference as either
premiss or conclusion, a sentence that might occur in soe®¢say Quine’s) ‘canon-
ical language.’ This is what is to be rejected. This is thelBrative Fallacy. Instead,
one should recognize that from the beginning there are ngtdectlarative sentences,
but, at least, both interrogatives and imperatives. Thengrarians are right and those
teachers of elementary logic that seem to have miseducatetiohus are wrong: give
all sentences equal time, and do not take declaratives asdiga for what can happen
between full stopsL[6, p. 1]

Neglecting of non-declaratives in philosophical analysia prime example of
declarative fallacy. But even when other sentence moodskes into consideration,
the avoidance of the said fallacy is not guaranteed. Acogrtth Belnap, the pur-
ported existence of common element in all types of senterggesents a variant of
declarative fallacy. His approach will be employed herehia &nalysis of the quote
below. The quote relies on the idea of two component streaifispeech acts, which
of itself does not represent a declarative fallacy, but doei§it is assumed that there
is a common propositional or semantic content for any typspeiech act. Such an
additional assumption is presupposed by Green’s term ‘comgement’[[23].

In chemical parlance, a radical is a group of atoms normaltapable of independent
existence, whereas a functional group is the grouping afefadoms in a compound that
is responsible for certain of the compound’s propertiesalégously, a proposition is
itself communicatively inert; for instance, merely exwiaeg the proposition that snow
is white is not to make a move in a “language game”. Ratheh mumves are only made
by putting forth a proposition with an illocutionary forcach as assertion, conjecture,
command, etc. The chemical analogy gains further plaityilhibm the fact that just as
a chemist might isolate radicals held in common among varcmmpounds, the student
of language may isolate a common element held among ‘Is the stwit?’, ‘Shut the
door!’, and ‘The door is shut’. This common element is thepasition that the door is
shut, queried in the first sentence, commanded to be madia theesecond, and asserted
in the third. [23, p. 435]

If we assume that syntactically identical radical parts(shin Tablg1) of non-
declarative sentences (1)—(3) are also semanticallyicinand that the radical part
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of (1) can serve as a paradigm for the other two, then we hawvenitted Belnhap’s
“declarative fallacy.”

Where does the fierence between syntactically identical parts lie? Sesd
sible interpretations of purportedly the same radical coonmind. One possibility
is:

1. In ‘It is the case thathe door is shutthe radical describes a generic state of
affairs.

2. In ‘Let it be the case thahe door is shutthe radical can be understood as a
description of an action which is to be performed in the “exéd’ world.

3. In‘Is it the case thathe door is shutthe radical talks about an action in the
“internal world,” i.e. the act of making sure the interrogigdtnows whether the
door is shut.

One can oppose the last two interpretations by pointingr@aithere is also a possibil-
ity of state-of-dfairs interpretation. In particular the expression ‘Letdtthe case that
...  seems to fier such an option. But this expression is closer in form totatioe
(afiat, an expression of a wish) than to an imperative. The impeddiorm ‘See to

it that the ...’ clearly reveals its agentive content. Tharss is faced with alternative
interpretations of imperatives: on the one side, theredsptiopositional content in-
terpretation suggested by declarative paradigm, and,eattter, the agentive content
interpretation suggested by non-declarative paradigra.ifiterpretational preference
ought to be justified. As Donald Davidsdn [17, p. 140] has putmuch of the in-
terest in logical form comes from an interest in logical gepdny.” In other words,
it is at the level of meaning relations between sentencea$nah at the level of an
isolated sentence, where the justification of our integtiehal preferences should be
sought for. When meaning relations are not respected, thenemication breakdown
occurs, like the one depicted in Example 11.1.1 where thekepeafuses the sentence
to which héshe is committed and the hearer entitled.

Examplel.1.1 Speaker: Is the door shut? Recipient: So you want to knowlvetnet
the door is shut. Speaker: No, | don't. Recipiectirffusedt Huh?

Table 1: Common element assumption.

Modal element Sentence radical
lllocutionary force (indicator) Semantic content

(1) Itisthe case that the door is shut.
(2) Letitbe the case that the door is shut!
(3) Isitthe case that the door is shut?
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Non-propositional interpretation of sentence radicalsrég prominently in Bel-
nap's (et al.) stit-theory [8]. According to stit-theoryeticanonical formd stit: Q]
of agentives consists of three parts: agent tarin\erb phrase (see to it thattit in
acronym notation), and declarative complemeit (mperative content thesis is one
of the central claims in stit-theory:

Regardless of its force on an occasion of use, the conteneof énperative is agentive.
[, p. 10]

In 1965. Aqvist had put forward the thesis regarding the eonof interrogatives:

In general, the idea is to equate questions with the kindpi$temic imperativegor
optatives, perhaps), whose primary function, or use, stsén their serving as means
of widening the questioner’s knowledge, of increasing tm@ant of information in his
possession[[3, p. 6]

Belnap’s imperative content thesis and Aqvist’s intertogecontent thesis, taken to-
gether, imply that interrogatives have agentive contettite diference between im-
peratives and interrogatives, with respect to their cantiexs in the type of action that
is being asked for. In the case of interrogatives the ageigiof a peculiar kind: it is
an “epistemic action” of widening the questioner’s knovgeabout the issue raised.

There is an asymmetry here; according to these approachesdsitional con-
tent,” typically found in declaratives, cannot play theeralf sentence radical in im-
peratives and interrogatives. Since the agentive radiegl mecur in indicative mood
too, it appears that the imperative rather than the deélarptovides a paradigmatic
sentence form. Therefore, the imperatives ought to beesfuatit only for the negative
reason of avoiding the declarative fallacy.

1.2 Philosophy of human sciences and their methodological
autonomy

The last decades of the 19th century saw the start of dismussi the nature of
human sciences. One of the key insights of the philosophyiofdn sciences is that
besides having their own method (understanding) and ofgetibn), they also enjoy
a linguistic autonomy consisting in use of specific vocatyuéand logical syntax.

Wilhelm Dilthey (1833—-1911) delineated human sciencesratdral sciences as
epistemologically distinct categories of science. Dithmderstood the human sci-
ences as having a practical component, and therefore iteerao belong to their
language.

The human sciences, ... contain three distinct classeseftams. One class describes
reality given in perception. These assertions comprishigterical component of knowl-
edge. The second class explicates the uniform behaviortépeontents of this reality,
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which are separated out by abstraction. These assertiongtie theoretical component
of the human sciences. The last class expresses value jatigyared prescribes rules.
These assertions contain the practical component of thahwseiences. The human sci-
ences consist of these three classes of statements: fasems, value judgments and
rules. [18, p. 78]

Wilhelm Windelband (1848-1915) coined the adequate naorethé two cate-
gories of empirical sciences: idiographic sciences andatbetic sciences.

In their quest for knowledge of reality, the empirical sdes either seek the general
in the form of the law of nature or the particular in the formtloé historically defined
structure. On the one hand, they are concerned with the fdrihwnvariably remains
constant. On the other hand, they are concerned with theseniqpmmanently defined
content of the real event. The former disciplines are nogiod sciences. The latter
disciplines are sciences of process or sciences of the.eét nomological sciences
are concerned with what is invariably the case. The scieatpsocess are concerned
with what was once the case. If | may be permitted to introckm®e new technical
terms, scientific thought is nomothetic in the former casa idiographic in the latter
case.[[52, p. 175]

Donald Davidson (1917-2003) pointed out th&eatiences of the languages em-
ployed in human and natural sciences both in terms of thealalary and logic: the
language of the former creates an “intensional contextttieannot occur in the lan-
guage of the latter. The respective vocabularies alongsiithetheir transformational
syntaxes are termed ‘mental’ (or “vocabulary of thought antion”) and ‘physical
vocabulary.

The nomological irreducibility of the psychological meaifd am right, that the social
sciences cannot be expected to develop in ways exactlygamthe physical sciences,
nor can we expect ever to be able to explain and predict humlaavbor with the kind of
precision that is possible in principle for physical pheeom. This does not mean there
are any events that are in themselves undetermined or uctaigle; it is only events as
described in the vocabulary of thought and action that résierporation into a closed
deterministic system. These same events, described in@ge physical terms, are as
amenable to prediction and explanation as &ny. [17, p. 230]

Georg Henrik von Wright (1916—2003) has put forward the ithésat practical
syllogism grounds methodological autonomy of sciencesarim

Practical reasoning is of great importance to the explanadnd understanding of ac-
tion. ... the practical syllogism provides the sciences ahmwith something long miss-
ing from their methodology: an explanation model in its owght which is a definite
alternative to the subsumption-theoretic covering law ehodroadly speaking, what
the subsumption-theoretic model is to causal explanatiohexplanation in the natural
sciences, the practical syllogism is to teleological exatin and explanation in history
and the social sciences. [50, p. 27]
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Interweaving the matching threads from the quotes abovervieat the the-
sis that human sciences, if conceived as idiographic, ugediive and irreducible
language (mental-vocabulary language) in forming a pactyipe of theoretical con-
structions (providing the ‘practical inferences’ whosadasion describes the act be-
ing understood or interpreted).

1.2.1 What is practical syllogism?

Aristotle has discovered practical inference dedent in kind from the theoretical
inference (for Aristotle’s account of practical inferersae e.g.Nicomachean ethics
1112b, 1147bMetaphysicsl032b,De Motu Animalium70l1a). The conclusions of
these two categories of inference give answer ftedént questions: practical infer-
ence provides an answer for what-to-do question, whilertitexal inference answers
to what-is-the-case question. Although being alreadyirmedlin Aristotle’s works, the
structure of reasoning that leads to action or decides uparormative value or pro-
vides the understanding of the Self and the Other has rech#tie®retically unclear
in spite of its utmost importance in human life. The diageagven half a century ago
by Elizabeth Anscombe is still valid: practical inferensailogical form of invaluable
significance but its character remains unknown.

‘Practical reasoning,’ or ‘practical syllogism,” which @es the same thing, is one of
Aristotle’s best discoveries. But its true character hanhebscured! ]2, pp. 57-58]

1.2.2 An exemplar of practical inference

Practical syllogism has drawn considerable attention ilopbphy from the 1960s
onwards, and from the 1990s in artificial intelligence (skectBDI model of rational
agency). There is no consensus on the exact form of prastittagism and its logical
validity. Two philosophical accounts will be presented anigfly discussed.

In 1969 James D. Wallace gave the following account of pcatsiyllogism:

(1) S genuinely want$ to be the case for its own sake.

(2) Only if S doesX will p be the case.

(1) and (2) constitut@rima faciegrounds for

(C) S should doX.

That is, if one agrees that (1) and (2) are true, and if onetgthat it is inS’s power to
do X and to makep the case, then one cannot deny (C) without committing ohésel
the existence of a case either for the claim ®athould refrain from doin or for the
claim thatS should refrain from making the case. IS can doX and can attaip, then
if (1) and (2) are true and it is also true that

(@) There are no grounds for claiming tt&should refrain from doingK or from making
p the case,

then there are logically sficient grounds for (C). Where it is assumed tBatan do
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these things, the assertion of (1), (2), andi together with the denial of (C), would be
unintelligible. [51, pp. 443-444]

It should be noted that Wallace pointed out the peculiar neatd logical relation
between premises and conclusion in practical syllogism.th@mone hand, the con-
clusion is only partially justified in the prima-facie wayydit can be defeated by
additional premises. On the other hand, if there are no aelereasons against some
of the premises or the conclusion, then the conclusion holdie classical or Tarskian
way. The first property can be termed as ‘non-monotoniaitlijle the second does
not seem to have received so far a fuller theoretical extidinaThe kindred property
of “premise completeness” will be discussed below [seed).Although Wallace’s
formalization shows recognition of a subtle nature of lagrelations in practical in-
ference, an objection must be raised: the formalizatiors cha¢ make a clear distinc-
tion between “internal reasons” (i.e. propositional attés, intentional states, mental
states of practical reasoner) and “external reasons’rgasons ascribed by an inter-
preter). The sentence schemata (2), (C), adshould be reformulated in terms of
mental states d§ in order to display the logical form of practical inferencesanexus
of mentality.

A significant part of Georg Henrik von Wright's philosophlicpus was devoted to
the problem practical inference. His views on the issue umelet some subtle mod-
ifications over the years (compare e.9.1[48] and [50]), batftrmalizations ffered
show that practical inference is construed as an intertaioa between intentional
states.

Aintends to bring aboup.
A considers that he cannot bring abguinless he doea.
ThereforeA sets himself to da.

A schema of this kind is sometimes called a practical infeegor syllogism). | shall use
this name for it here, without pretending that it is histalig adequate, and consciously
ignoring the fact that there are manyfdrent schemas which may be grouped under the
same headingl_[50, p. 96]

If we approach the analysis of the exemplar schema in quekiion the standpoint
of modal logic, the number of modal operators needed becbigas

Examplel.2.1

modall.a _modaR.a
A mtends tobring aboutp
modalk.a modal.b
A conS|ders that h@annot bring about p unlesshe does.

dab.c
ThereforeA sets himself to doa
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In Von Wright's schema there are at least four expressioasitivoke modal logic
treatment. First, the modalities of intentionality areuegd to capture the logical
form of the schema:

1. bouletic modality [A] for (1.a) ‘Aintends to...";

2. praxeological modality [Dg] for (2.a) ‘A brings it about that. .., (2.b)A does
so that...,’ andA sets himselfto do ...";

3. doxastic modality [R] for (3) ‘A considers that ... .

Second, an additional modality is required:

4. alethic modality (e.g. ‘itis possible that...") or perhaps ability modalisge
e.g. [12]) is needed for (4) ‘can.’

(1Al p
[Bal  (op— [Doa] @)
[Doa] a

Notice that if all four modal operators are erased, then wegelus ponendo ponens

Practical inference is usually understood as an exemptar &d teleological ex-
planation: agenf’s actiona, [Doala, is teleologically explained in terms of agent’s
intention, [Ia] p, whose content is the gopl and agent’s belief, [R](¢p — [Doa] a),
that agent’s doin@ is necessary for the realization of the intended gnal

Practical inference belongs to the realm of intentional@yt the logic of inten-
tional states is not clear even for single modalities, lehaltheir combinations. In
this respect, one can repeat Anscombe’s words: the truadiearnf the logic of in-
tentionality is still obscure.

1.2.3 Imperatives and human sciences

What theory of imperatives has to do with methodology of soés of man? Is
there any connection between intentional states and sentanods? | will try to
provide the evidence for the first and argue for tfigrmative answer as to the second
guestion.

There is an important similarity between the types of iritaral states and the cat-
egories of sentence moods regarding their “direction of(Tigble[2). This similarity
does not appear to be accidental. Dynamic semantics givesvay of thinking that
might reveal the source of connection between intentidaéts and sentence modHis.

1The beginnings of dynamic approach in philosophical logie be traced back to two papers of David
Lewis from 1979: [[31] and [30]. Now there is a number of sertahttheories that can and have been
classified under the heading ‘dynamic semantics’ (e.g.odise representation theory of Hans Kamp). We
will discuss an éspring of the family of dynamic semantical systems that Heeen developed over the last
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Table 2: Directions of fit.

From ...to world Fromworld to ...
mind-to—world fit: world-to-mind fit:
belief desirgintention
word-to-world fit: world-to-word fit:
declarative imperative

Let us take a look at an early formulation of the theory thatwwshthe tendency
towards the weakening of the semaygiagmatic distinction:

...the meaning of a sentence does not lie in its truth camditi but rather in the way
it changes (the representation of) the information of therpreter. The utterance of a
sentence brings us from a certain state of information téhemmne. The meaning of a
sentence lies in the way it brings about such a transitidsi. j243]

By the equation ‘meaning change-potential’ pragmatics and semantics are blended
whilst speech acts rather than sentences become the ofifjémtgcal analysis.

Table 3: A sketch of typical changes for declaratives and imperative

MENTAL CHANGES SOCIAL CHANGES

Declaratives cognitive group knowledge
Imperatives  cognitive-motivational obligation pattern

Examplel.2.2 In an ideal speech situation the speaker by uttering ‘Shteittior’
expresses hiser will and changes the cognitive-motivational state &f tiearer so
that (i) the hearer comes to believe that the door is not ghat, it is possible to
shut it, that the door will not be shut unless she shuts it, @hdhe hearer starts
to want the door to be shut. In this way the hearer becomesrateti to shut the
door. The “obligation pattern” between the speaker and #adr changes too after
the imperative has been uttered. The hearer is now obligetiubthe door while it
becomes forbidden for the speaker to prevent the door frattisg.

It is commonly objected that this account of speech actsagptime logical ob-
jects is too complex and based on psychology. Neither ofwleecbunterclaims are
justified. Imperatives have a multi-layered semantics ansl & theoretician’s own

three decades by a number of authors associated with tlitet@$or Logic, Language, and Computation at
University of Amsterdam: Johan van Benthém|[10], Frankrial [46], Jeroen Groenendijk [24], Martin
Stokhof , Jan van Eijck, Paul Dekker, and a large number a@ratbsearchers that have worked or studied
there, or had been inspired by the approach.
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Figure 1 Semantics couched in terms of pragmatics.
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choice how precise the theoretical account will be. The alga on psychologi-
cal foundation is flawed as well. The gap between the normatnd the empirical
emerges in the logic of communication in the same way as it dog¢he logic of
thought. If in Frege’s quote below the original bolded exgiens are replaced by the
new italicized expressions in brackets, no logic specifiteot will be lost, rather the
scope of logic will be extended. Judge for yourself the atadgfity of substitutions!

It is not theholding something to be true[performance of a speech &¢hat concerns
us but the laws ofruth [cooperatiof. We can also think of these as prescriptions for
making judgements[performing speech adtsve must comply with them in ojudge-
ments [speech aclsf we are not tofail of the truth [violate the cooperativily So if
we call themlaws of thought [laws of communicatidnor, better,laws of judgement
[laws of speech atwe must not forget we are concerned here with laws whikk,the
principles of morals or the laws of the state, prescribe h@wave to act, and do not, like
the laws of nature, define the actual course of evemtinking [Communicatioh as
it actually takes place, is not always in agreement with #veslof logic any more than
people’s actual behavior is always in agreement with theairlaw. | therefore think it
better to avoid the expressiolaws of thought [ ‘laws of communicatiorj'altogether in
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logic, because it always misleads us into thinkindasfis of thought [laws of commu-
nicatior] as laws of nature. If that is what they were we should havessiga them to
psychology[sociology. [19], p. 246-247]

1.2.4 Sentences projected on a psychological screen

The basic idea of dynamic semantics is that a senteraxs upon interlocutor’s

mental (i.e. intentional) state, and changes it into stat€; ¢ is “projected” ontas’.
In the typical case is projected ont@’ = o[¢] in such a way that it is “accepted”
there ¢ is its fixed point):of¢] = (o[¢])[¢]. The dfects of sentence can also be
expressed in dynamic-logic style adJ in the sense ‘always aftgrhas been uttered
¥ holds’ (see e.gl[54]).

In the formal sense intentional states can be modeled usmgtandard struc-
tures, first order and possible worlds structures as thelingilblocks. The changes
induced by utterances are sometimes called Tarskian amddan variations. After
the sentences have been projected, the resulting modelreadraracterized using an
appropriate logic of intentionality (e.g. doxastic) or sowther logic (e.g. deontic
logic).

It seems that it is undisputable that imperatives as usedrnmgands, orders or
requests change both the hearer’s intentional state arabtiyation pattern between
the speaker and the hearer. So, at least three modal lodidsewieeded to describe
the impact of imperatives:

e doxastic logic, i.e. logic of belief;

e bouletic logic, i.e. logic of intentional states having “hdbto-mind” direction
of fit, e.g. logic of desire;

e deontic logic, i.e. logic of obligations.

The remaining numerous uses of imperatives (e.g. adviggestion, permission,
wish, threat,...), described by linguists, unsurprigiraflow that there are more uses
than there are sentence moods. In all of the “non-canonics#$ of imperatives it
seems that “pragmajigemantic field” is exploited only partia[ﬂ/.

The logic of intentionality ighe logic of idiographic human sciences if their lan-
guage uses “mental vocabulary.” Their “methodologicabaamy” consists in use
of “practical inference” whose nature still remains obscufhe working hypothesis
of this paper is that the incomplete cartography of logiegraphy of intentionality
can be improved by employing the imperative logic. The catina between logics
will be established if we show that one of them, e.g. logicedice, can be embedded
into another, e.g. into logic of imperativEsFor that purpose we have to show how

2portner[[35] makes a distinction between deontic, boylatid teleological readings of imperatives.
3Theoreni 1.3.112 establishes the connection between Clogiisof desire and.; imperative logic.



Dynamic Models in Imperative Logic 71

to translate the sentences from the language of logic ofel@#io the language of
imperative logic in such a way that sentences translatetkifainguage of target logic
somehow reflect, perhaps within a restricted semantic splaeelogic geography”
of the source logic. Formally, this can be done if it is protedt the source logic
is a “sublogic” (in the sense of Garcia-Matos and Va@mai20] definition) of the
target logic, or a “corridor” (in the sense of Mossakowskiaédnescu and Tarlecki
[34]definition) from the source logic to the target, or foethpecial case when the
source logic has classical negation, if there is a “corfigdth parsimonious projec-
tion and a “translational constant” (see Theofem 1.2.1 aguré2).

Theorem 1.2.1(Zarni¢ [56]). Let logic Ly = (®1,%1, 1) be a logic with strong nega-
tion. Then for any logic &= (D2, 22, >2) it holds that if there are: a senteneess @,
a parsimonious function* : Mod({«},Z2) — Z1, and a functionr : ®; — @, such that

7*(02) E1 et iff o2 2 (1)

for anyg1 € ®1 ando, € Mod({«}, X2), thenr is a semantic relations preserving trans-
lation, i. e.

Ik ¢1 € 7(01) E; (1)
wherel5C Mod({«}, £2) x @2 and7(['1) = {7(p1) | ¢1 € [1}.

Remark. The proof of Theorema 1.2.1 is given here in seclion1.3.2.

Figure 2 The existence of the translation-projection paijrr*) shows that the logical
geography of the logic of desitey = (Lp,Xp,Ep) can be represented in the impera-
tive logicLy = (L1, %1, ).

,ED —_— T — _£|

I=p lf!

Imperatives and practical inference To understand a language encompasses
comprehension of the meaning relations obtaining betweegeintences, getting a
grasp of its logical geography. To understand the logic eflimguage of intention-
ality means to comprehend the workings of natural langua§eonjecture worth
considering is that an adequate theory of imperatives reg@ixamination of its log-
ical connections with the logic of intentionaligt vice versa Furthermore, David-
son’s thesis that the action belongs to the realm of inteatity in combination with
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Belnap’s thesis that “the content of every imperative is gendive” reveals the cru-
cial importance of the interconnection between logic ofcacand imperative logic.
Therefore, if the methodological autonomy of human scisnedased upon “practi-
cal inference” whose logic cannot be studied in isolatibentstudying imperatives is
highly relevant for the philosophical foundation of humaiesces.

1.3 Appendix: embedding logic of desire into imperative log
1.3.1 Connecting logics through a narrow corridor

Semantically characterized logic can be defined as a triphsisting of a lan-
guage, a set of structures (interpretations), and a setiferelation.

Definition 1.3.1. Logic L is a triple{(®, X, ).

Definition 1.3.2. Satisfaction relatioi is a binary relation between structuand
formulas®:
ECEX®.

Definition 1.3.3. The setMod(T',X) of models (the intension) of a sEtof formulas
within a setz of structures with respect to satisfaction relatiois the set of structures
satisfying each formula in the set:

Mod([,X) ={o € Z|Vo(p e - o E ¢)}.

Remark.The precise notation would require explicit mention of tagsaction rela-
tion under consideration. For example, for= (®3,%3,Fa), I'a € @4 andX C X5 we
should writeMod(I's, Z, E5). From the context it will be obvious which satisfaction
relation is being used, so shorthand notafibad(I"s, Z) will be used instead.

Definition 1.3.4. SetI is satisfiable irk iff Mod(T',X) # 0.

Definition 1.3.5. Consequence relati¢ac p® x ® for a logic(®, %, ) is the relation
I' E ¢ iff Mod(T',X) € Mod({¢},X)

Notation. Following the convention the symbplwill be used as a duplicate symbol
denoting both satisfaction and consequence relation.

Remark. The consequence relation defined in this way is a Tarskiaseprence
relation. Its provable properties include: 1. reflexivity} = ¢; 2. monotony, if
['cI” andT E ¢, thenl” | ¢; 3. transitivity, if for ally € A, T E ¢ andA [ ¢, then
I'kEe.
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Sublogic In the literature the sublogic relation is defined iffeiient ways. Let
us first examine Definition 1.3.6 given in [20, p. 21]!

Definition 1.3.6(GMV). An abstract logid_; = (®1,%1, 1) is a sublogic of another
abstract logid_» = (®2,%5, E2), in symbols

L1 <Ly,

if there are (i) a sentenaes @2, and functions (iiyr: X, — X5 and (i) 7: &1 — @y
such that

1. Yoi(o1 € 21 — Fo2(02 € Z2 An(02) = o1 A o2 2 k) and

2. Vo1Voo((p1€ PrAT2 € X)) = (02 k2 k = (02 F2 (1) < n(02) E1 ¢1))).

Sublogicl 1 inherits some logical properties of its superlobic like compactness
and decidability[[20, p. 21-22]. However, we are interediece in the question
whether a superlogic can, metaphorically speaking, cortanap of its sublogic thus
representing the logical geography of the latter. More fllyn we are interested
whether there is a translatiarfrom source to target logic that will presersequitur,
E1, andnon sequiturelations j£1= p®1 x ®1— =1 of source logic so thdi; F1 ¢1 ©
7(I'1) E2 1(p1) holds for anyl’; andg1, wherer(I') is a shorthand notation fgt(y) |
¢ €T'}. Sublogic relation does not guarantee the existence ofensdgource logic
geography in a target logic, i.e. for some logigsandL, such that_; < L, it may
hold thatl"; 1 ¢1 andt (1) 2 7(e1).

Examplel.3.1 According to the definition it may well be the case that=1 ¢ and
still for someo € 23 — Mod(k, Z2) it holds thato; }£1 ¢1 althougho E2 7(y1) for all
Y1 el

In GMV definition the use of a “translational constart& @, for restricting the
domain ofr can also be understood as addition of the formula any translation.
Thus thel.>-map of logical geography df; could be represented by the equivalence
() T1 1 91 © (1) 2 ™(¢1) where superscript indicates thak is added to any
translation. The other way to think about the same is the wakgrt by Garcia-Matos
and Vaananen: restricting the consequence relétioto the setMod({«},%). De-
noting the restricted consequence relation=8y the equivalence that is sought for
becomes (i)l'1 F1 ¢1 © 7(I'1) F5 7(e1). With any of these additional conditions,
either with addition of translational constanto any translation or with restricting
consequence relation to those structures that satisitycan be easily shown that
GMV sublogic relation preservessquiturandnon sequiturelations of source logic.
In what follows we will use the reformulation (ii). The GMV fimition does guaran-
tee the coordination fog, andi5 wherel=;C Mod({«}, X2) X @2 and, therefore, the
existence of a sublogic relation proves the existence af@téogic map of the logical
geography of source logic.
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Proposition 1.3.1. Let Ly < L. I't 1 @1 = 7(['1) E 7(¢1)

Proor Assumed; 1 ¢1. Leto be any structure such thab € Mod(r(I'1) U {«}, X>).
By Definition[1.3.86, it holds that, € Mod(r(I'1) U {k},Z2) © n(02) € Mod(['1,Z1).
Thereforer(o2) € Mod(I'1,X1). Sincel': E1 @1, n(o2) € Mod({¢1},21). By GMV
definition, it holds that, € Mod(t(¢1),22) © n(02) € Mod(¢1,%1). Thereforep €
Mod(7(¢1), Z2)- m

In order to prove the existence of an imagenoh sequiturrelation we will need
the fact thatr is a surjective function, i.e. that the rangemcdqualsZs.

Proposition 1.3.2. Let Ly < L. T'1 1 1 = 7(I'1) #5 7(1)-

Proor For contraposition, assum¢l'1) 5 7(1). Let o1 be any structure such that
o1 € Mod(I'1,%1). Sincer is surjective and defined favlod({x},Xy), there exists
o2 such thato, € Mod({x},X2) andn(o2) = o1. Let o2 be such a structure. By
GMV definition, it holds thatr, € Mod((I'1),X2) © n(o2) € Mod(I',%1). Given that
o1 € Mod(I'1,X1) andn(o) = o1, we geto, € Mod(r(I'1),X2). Sincer(I'7) 5 (1),
o2 € Mod(7(¢1),22). By GMV definition, it holds that; € Mod((¢1),Z2) © n(02) €
Mod(p1,X1). Sincen(oz) = o1, o1 € Mod(p1,%1) as required. O

Proposition 1.3.3. Let Ly < L.

I'1E1¢1 © 7(01) B 7(e1)
Proor Proposition§ 1.3]1 arid 1.3.2. O

Corridor  Mossakowski, Diaconescu and Tarleckil[34, p. 87] introdileeno-
tion of ‘corridor’ (Definition[1.3.7) which resembles thetimn of sublogic.

Definition 1.3.7(MDT). Corridor(r, ) is a pair of functions: (i) sentence translation
functiont : ®1 — @2, (ii) “model reduction function”x : X, — Z; such that

o2 2 1(p1) © n(02) F11
for logicsLy = (@1,X1, 1) andly = (D2, X2, k=2).

Proposition 1.3.4.If there is an MDT corridokr, 7) between logics, thenis a trans-
lation that preserves sequitur relation.

Remark.Since MDT corridor does not requireto be surjective, non sequitur image
may fail to obtain in the target logic.

Table[4 shows which of the two relations from definitions @ &nd il 1.3.7 guar-
antees provability of the existence of the target logic miaihe source logic geogra-
phy, and for each side of geographsgeuiturandnon sequituy explicitly states the
property that enables the proof.



Dynamic Models in Imperative Logic 75

1.3.2 Parsimonious projection

For the purpose of proving the existence of the target logip of the source logic
geography, the surjection condition can be weakened if thuece logic has strong
(classical) negation.

Definition 1.3.8. A logic L = (®,X, =) has a strong (classical) negatidhfor any
¢ € ® there is a) € @ such that

(i) Mod({¢},Z) N Mod({y}.X) = 0, and
(i) Mod({e},Z) U Mod({y},%) = £.
Notation. The notation-¢ will be used for the classical negationf
The weakened condition requires that for any set of modela fatisfiable set of
sentences from the source logic there is a projection ticast least one of them.

Definition 1.3.9. For logicsL; = (®1,%1,F1) and Ly = (02,2, E2) a parsimonious
projectionz™ is a projectionr™ : ¥, — X1 such that for any’; € @1 it holds that

Mod(I'1,Z1) # 0 — Joz[o2 € Lo An(o2) € Mod(['1,%1)]

If there is a corridokr,7*) between logicd ; andLy, andx* is a parsimonious
projection restricted to the models of translational canst, and if source logid.1
has strong negation, thetis a semantic relations preserving translation.

Theorem 1.3.5. Let logic Ly = (®1,%1, 1) be a logic with strong negation. Then for
any logic L = (®7,%5, ) it holds that, if there are

(i) a parsimonious function* : Mod({«},X2) — X1, and
(i) afunctiont:®1 — @5 suchthatr*(o2) E1 1 © 02 2 T(p1) for anyp; € @4
and for anyo € Mod({«}, X2),

thenr is a semantic relations preserving translation, ilg.F1 ¢1 © 7(I'1) E5 (¢1)

Table 4: A comparison between sublogic relation and corridor eristewith respect to
possibility of preservation of logical geography.

Provability of ... sequiturrelation? non sequiturrelation?

with GMV sublogic  Yes (using translation constant Yes (sincer is surjective)
« and the fact that is total on
Mod(x,X1))

with MDT corridor  Yes (sincer is total) No
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Proor Left to right. Assumel; 1 ¢1. Let o2 be any structure such that, €
Mod(r(I'1), Mod({«},%2)). By condition[{ii) of the theorem, it holds that' (o) €
Mod(I'1,X1) © o2 € Mod(r(['1), Mod({«}, £2)). Thereforer*(o2) € Mod(I'1,X1). Since
I'1 E1 ¢1, thenn*(o2) € Mod({e1},21). By((ii)]again,

n*(02) € Mod({1},21) & 02 € Mod((p1), Mod({«}, X2)).

Thereforeg, € Mod(t(¢1), Mod({«}, X)) as required.

Right to left. Assumer(I'y) 5 7(¢1). Forreductio ad absurdurassumeds 1 1.
L1 has strong negation, so there is a senterges ®1. FromTI1 1 o1 we get
Mod(I'1 U {—¢},%1) # 0. Sincen™ is a parsimonious projection, then there is-ac
Mod({«},X2) such that for somer; € X1 it holds thatr*(o2) = 01 ando1 € Mod(I'1 U
{=¢},Z1). From the second conjunct it follows that € Mod({—¢},Z1). Using con-
dition[(ii)jwe geto, € Mod(r(I'1), Mod({«}, £2)) andoz € Mod((—¢1), Mod({x}, £2)).
By the assumption, i.er(I'1) 2 t(¢1), we also geb> € Mod(t(¢1), Mod({«}, Z2)).
Using[(ii] again we getr; € Mod({¢},%1), and for strong negation it is not possible
thatMod({e}, 1) N Mod({—¢},X21) # 0. Therefore we have arrived at the contradiction
as we wanted to. O

1.3.3 Logic of desire as a sublogic of imperative logic

Cross’s logic of desire First, Cross’s[[16]p logic of desire will be introduced
in which four modalities are distinguished:

1. Ag for ‘the agent desires (in the sense of goal belief discrepathaty.” In
other words, the agent desires tiqand believes thate.

2. Ve for ‘the agent has a reason to (needs to) make surethht other words,
the agent desires thatand does not know whetheris the case.

3. @y for ‘the agent is satisfied that’ In other words, the agent desires that
and believes thag.

4. op for ‘the agent inditerently accepts thag. In other words, the agent is
undecided about the desirability fwhilst believes thap.

Definition 1.3.10. Let P be a formula of the languagg€p of classical propositional
logic and letO € {A,V,®,0}. The languagelp is the set of formulag recursively
defined in Backus-Naur form as follows

¢ = OP|—¢|(p1A¢2)

Remark.The language’p is a language of intentionality (a language describing psy-
chological states of an agent) and therefore no non-modalfias occur in it. E.g.
the formulady A —¢ which says that the agent is falsely satisfied can be formdlat
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only from an objectivistic perspective in which an infalébobserver compares the
other’s inner statey and the real state offfairs —¢. Nevertheless, the formulas of
Lp will be considered in the definition of semantics£ for a technical purpose.

Definition 1.3.11. V(P) € W for each propositional letted? € Lp. For compound®
andQ:

V(=P)=W-V(P)
V(PAQ)=V(P)NnV(P)

Definition 1.3.12. LetMip = (MW Rp,Rg), V), P Lp, p € Lp andy € Lp.

e Np,WwEPiffwe V(P).

e Nip,w E AP iff (i) for all v, if Rp(w,V), thenMip,v E P, and (ii) for all u, if
Re(w, u), thenMip, u k= P.

o Mpw E VP iff (i) for all v, if Rp(w,Vv), thenMip,v = P, and (ii) there is au
such thatRg(w,u) andMip,u = P, and (iii) there is a such thatRg(w,2) and
Mp, z~E P.

e Nip,wE P iff (i) for all v, if Rp(w,V), thenMip,v E P, and (ii) for all u, if
Rg(w, u), thenMip,u = P.

e Nip,wE OPff (i) there is av such thaRp(w, V) andMip, Vv = P, (i) there is au
such thatRp(w, u) anddip, u k= P, and (iii) for all z, if Rg(w, 2), thenMip,zE P.

e NMp,WE o Ay iff Mp,WE ¢ andNip,wE .

o Np,WE = iff Mp,WH ¢.

Imperative logic L, Imperative logid.; follows the commanded-action approach.
The concept of action used is a “modalized” and simplifiedsioer of G.H. von
Wright's theory developed in hidorm and Actiorf47]. Von Wright semantics of ac-
tion exploits three structural elements: initial-stataahithe agent changes or which
would have changed if the agent had not been active, enelvgtath results from the
action, counter-state which would have resulted from dgeuatssivity. In order to
treat Von Wright's semantics in the way of modal logic thddwaling relations will
be used: the relatioR,ex; for “historical possibility” representing the ways in whic
the world can be changed either by the course of nature oreoggbnt’s intervention,
the relationR, representing the preference for an imperative future, haddlation
R representing the information available to the agent onainftoint, i.e. the infor-
mation on the state offiairs in which the agent’s productive or preventive act is to
commence. IrL, it is assumed that ‘See to it thatgives the general form of imper-
atives (notation¥iy) while the distinction between productive and preventives &
introduced by adding an appropriate conjunct ‘It is the ¢haé-¢’ and ‘It is the case
thaty, respectively. E.g. the imperative schema ‘Produteill be expressed in the
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language£, of imperative logicL, by the formula $i% A -—¢. The languagel; also
accommodates two types of suggestions: the indicativeesiiggn — ‘It might be the
case thap’ (notation-mighyp), and the imperative suggestion — ‘It might be good that
@' (notation knighyp).

Definition 1.3.13. Let P be a formula of the languagép of classical propositional
logic and letO e {!St", ., ‘might 'might}. The languagep is the set of formulag recur-
sively defined in Backus-Naur form as follows

¢ :=OP|=¢|(p1A¢2).
Definition 1.3.14. A structuredt, = ((W.R,R, Rext), V) is @ model of£; iff W # 0,
R CRiextSWXW, R CWxW, andV : Lp — pW.
Remark. Ms defined in the same way as in Definition 1.3.11.

Definition 1.3.15. Refinement of a relatioR~ with respect to its second members by
a propositiorP € Lp is the relationgop:

RYP = {(w,v) € Ry | mem(Ro) € V(P)}
whereQ € {!,-,next.

Definition 1.3.16. Eliminative shifts of a modedi, = (W.R,R, Rhexp, V) with re-
spect to a formulaP and a formulaP are the models:

M= (WRP, R, Ruexd, V)
MP = (WR,RP,Ruexd V)

Definition 1.3.17. Let M = (W.R,R,Rnexp, V), P€ Lp, p € Ly andy € L.

o My, w EISUP ff (i) for all v, if Ri(w,v), thenM,v E P, (i) there is au such
that Rnex{w,u) and M, u E P, and (iii) there is a such that:R,ex{w,2) and
M,z P.

My, w E -Piff for all v, if R(w,V), thendt,vE P.

My, W E! mightP iff VP, W =P

My, W E ‘mightP iff VP wi= -P.

My, W = i My, W .

o M, WE oAy Iff My, Wk e andt,wE .

Definition 1.3.18. LetP e Lp, ¢ € Lp andy € Lp. The translation function: £p —
L, is defined as follows:

o 7(AP) = -=PalSttp
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(VP) = 'mightP_/\ ‘mightﬂP/\!StitP
7(®P) = -Palstitp

T(@P) = 'P/\!mightp/\!mightﬂp
7(~¢) = ~7(e)

(e Ay) = ((9) AT(¥)

Remark. It should be noted thafp and.£, share the same subformula propositional
base given by’p.

1.3.4 Coordinating the two logics

In the semantics of modal logics satisfiability is definedeimts of truth at a world
w in a modelMt. Coordination of satisfiability in two modal logics via a ddor
prompts us to look at the point within a relational structis®, in order to keep the
metaphor of a corridor, the term ‘evaluation corner’ williberoduced.

Definition 1.3.19. Evaluation corner is a pa{t)t, w).

The projection function does not have to be total and it wélidefined by restrict-
ing its domain to those models wiR # 0 andRnexi— R # 0, i.e. models allowing
for at least one imperative future. This condition parali@h the semantical side the
translational constant requirement of GMV definition. Thenslation constant that
guarantees th&® # 0 andRnext— R # 0 can be obtained by the infinitary conjunction
of formulas hightAV!might~A for each propositional lettek in the subformula propo-
sitional base of’p. Since infinitary conjunctions are not allowed in the lamgi&p,
we will relay on the option of a projection functiari within a restricted domain.

Definition 1.3.20. Model projection functiom™* for Ly andLp is a function from a
proper subset of evaluation cornerd.oto a set of evaluation corners bfy such that:

o if My, W E!mightA or M, W = migheA for each propositional lettek, then

7 ((CWR, R, Rex, V), W) = ((W Rp, Rg), V), w)
———

mn Mp

whereRp =R andRg =R,
e undefined otherwise.

Lemma 1.3.6. M, W ! mightA or M, w = migh—A for each propositional letter A Lp
iff M, W E! mightP or Dy, W ! might—P for any formula Pe Lp.

Proor Induction. O

Now it remains to prove that the pdir,7*) is a corridor.
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Proposition 1.3.7. The pair(r,n*) is a corridor from Lp to L.

Proor We use induction. In the inductive basis we will examine oahe case,
the case of the operatdr, the other cases are similar. Le}’ = (9,w) be an ar-
bitrary evaluation corner. Assumdo) Ep AP. According to Definitior 1.3.12,
{v| Ro(w,v)} € V(P) and {v | Rg(w,V)} C V(=P). According to Definitior 1.3.20,
Rp = R andRg = R, and therefore the conditions (i) and (ii) from Definitio8I4
(first item) are satisfied for(AP) =!StP. The negative condition (iii) of Definition
[L.3.17 (first item) is satisfied too since an evaluation costfesuchr(c") = 0§ must
satisfy hnightP or Imight=P (Lemme 1.3.5), which means that there is a model shift that
will satisfy at least one of the disjuncts. Only the disjuhggnP can be satisfied, but
that requires existence afe {v| Ryex{W, V)} such thati € V(=P). In that way the neg-
ative condition (iii) will be satisfied. Therefore, any such thatr(o") = o) satisfies
7(AP). In the opposite direction, assum#& E, 7(AP). It follows dlrectly that the
evaluation corner* (o), whereRhex is dropped from the original model and other
relations retained, will satisfP.

In the inductive step we will examine only the negation cadssume inductive
hypothesist(o") Ep ¢ iff oV 1 7(p). Supposer(a)Y) Ep —¢. It means thai (o)) b
¢. By the inductive hypothesis? £ 7(¢). Using semantic definition we get that
oV k1 ~7(¢). Using definition for translatiom we finally arrive aio =, 7(—¢). The
other direction is similar. ' O

Proposition 1.3.8. If there is a corridor(r, ) between logics L and Ly, then trans-
lation T preserves satisfiability.

Proor Easy conditional proof. O

Definition 1.3.21. For sentence®P € £, (whereP € Lp andO € {!,-,next), ¢ € L),
andy € £ their impact on a relatioR is defined as follows:
(i) forrelationR;:
1Sttp/R = {(w,v) € R | ve V(P)}
'P/R! = 'mightP/R! =!mightP/R! =R
—p/R =R -¢/R
(pAY)/R =9/RNY/R
(i) forrelationR:
e -P/R={(w,v)eR |veV(P)}
o ISMP/R = ighiP/R =!mightP/R = R
e ¢/R=R-¢/R
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* (pAY)/R=¢/RNY/R
(iii) for relation Rpext

® ¢/Rnext= Rnext
Definition 1.3.22. The Henkin-style evaluation corner

o = (W RERE R 0. V) W)

for a setl’ = {¢1,....¢} of sentences of; is the structure-point pair built in the
following way:

o W = p(at(Lp)), whereat(Lp) is the set of propositional letters in the proposi-
tional base off},
e V#(A) = (w| Ae wj for propositional letter#\ € at(Lp),

e Rf= N R,whereR? = W*xW* andR} = ¢;/R° for eachy; €T,

o<igr) -

e Rf= N R,whereR’ =W xW* andR = ¢;/R for eachy; €T,

o<i<|r]

b R:q:ext: Rgextz W x WH,
o W e mem(RY),

(where[l'| denotes the cardinality af).

Proposition 1.3.9. ¢ € £ is satisfiable in Lif and only |fo- JEre

Proor Proof by induction. In induction basis only the case§fP will be examined.
Construction ofR? guarantees thanem(R?) € V#(P). SinceRq,, = Rie,q it will
contain counter-point for an?. In the opposite direction, trivially it holds that if a
sentence is satisfied by the # interpretation, it is satigfiedome interpretation and,
therefore, it is satisfiable.

In the inductive step only the negation case will be examinéte inductive hy-

pothesis is: ¢ is satisfiable fi a- |= ¢. In left-to-right direction let us indirectly
prove the contraposmve Suppose that is not satisfiable. Theny is not true in
its Henkin-style modedr{ ,i.e. o-""# | ¥ ~¢. Then by Deﬂmﬂor@?a o F ¢

Thereforey is satisfiable. From |nduct|ve hypothesis it follows th%ﬁ E o, but, as

can be proved, it cannot be the case thia true at the same poimt’ in two Henkin-
style evaluation corners, one of which is built t@(o- ) and the other forg (o- )
The opposite direction is obvious. D

Lemma 1.3.10. For any satisfiabley € £, the Henkin-style evaluation cornelj’f}
for ¢ is in the domain of*.
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Proor Induction. In the basis case on§%P will be examined. An arbitrary propo-
sitional letterA is ether logically dependent or independentfonif dependent, the
fulfilment of positive condition ier‘ is secured by the fact that it is fulfilled fd®,
while the fulfillment of the positive and the negative coiditfor R, follows from
the fact thaR¥,,,= W# x W¥. Therefore elthe.ﬁ-{,P} ! mightA Of o-‘{’}’ff7 ElmightA. If A
is independent, it will not beffected byP and then there will be aA-worId and an
-A-world in mem(Rf) as well as imem(R% ) due to maximality of a Henkin-style
evaluation corner.

In the inductive step the case of negation will be examineg.irBluctive hy-
pothesis the Henkin-style model feris in the domain ofr*, i.e. a-‘[“z € domairn(™).
For reductio assume that the Henkin-style modeldgris not in the domain ofr*,
i.e. a-W# x: domair(7*). If so, then for some letteA it holds that(r bé'm.ghtA

ando- pé'm,ght—'A Then it must be the case that either-(p)/R¥ ., C V#(A) or (ii)
w/Rﬁextg V#(=A). Thus by Definition 1.3.2k /R, S V#(-A) or /Ry, < VH(A).
Neither of these can obtain according to the inductive Hypsis. O
Proposition 1.3.11.7* is a parsimonious projection.

Proor Henkin-style evaluation corners are in the domainraf For any satisfiable
¢ € Lp, 1(p) is satisfiable according fo 1.3.8. If so, then for sape £, there is a

Henkin-style cornetry, such thab-‘”# E 7(¢). By propositior_1.317, it follows that
4 (a- )|= ¢ and thereforer* (a- )e ModLD( 1. O
Theorem 1.3.12.There is a semantic relations preserving translation oteeoes of

the Cross’s b = (Lp,Xp, Fp) logic of desire to sentences of £ (L,%, 1) impera-
tive logic.

Proor In order to show that translation of£p to £ is conservative, i.e.

I'Ep g e 1(0) Fi 1(p)
first we have to prove that:

(i) translation has consequence preserving (sequitur piageproperty, and
(i) Ttranslation has non-consequence preserving (non sequitserving) prop-
erty.

The first follows the fact that there exist a corridor fraug to L, (Propositiorl 1.317)
and Theorerh 1.315. The second follows from Thedrem 1.3 figubie facts that the
corridor's model projection function is parsimonious (position1.3.1]1) and thatp
has strong negation. O
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1.4 Philosophy of logic: logical pluralism and the foundatons
of logical relations

There are implicit (empirical, pre-theoretical, pre-gysatic, intuitive) notions on
relations of logical consequence as is exhibited in thesobrse of the adverb ‘there-
fore’ by a competent natural language speaker. The predlieal notions might
spring from diferent sources like: (h.1) understanding of logical terres (be quote
below), (h.2) recognition of the properties of a conseqeeaetation, (h.3) combina-
tion of the two: understanding of logical terminology on theckground of recog-
nition of a type of consequence relation or on the backgraefnicicognition of a
logical property (e.g. consistency). Hypothesis (h.1l)cdbss the historically influ-
ential explication of the implicit procedural logical knegge. This type of semantic
explication Shapird [43] describes as the one that comlireesotion of logical form
based on the recognition of logical terms with the notionrofht-preservation, thus
founding the latter on the former.

Let us say that a senten®g(in natural language) is a consequence of d'sstsentences
in ablendedsense if it is not possible for every memberdaf be true andb false, and
this impossibility holds in virtue of the meaning of the logi terms.[[4B, p. 663]

The consequence relation explication given by hypothésis) can be viewed as a
special case of general hypothesis that the semantiocmesaimong sentences are de-
pendent on meaning of words occurring in them. It is the hiypsis on complex char-
acter of pre-theoretical notions, described in case (h8ye, that will be examined
here. Given the fact that the imperative logic and the lodgimtentionality remain
an obscure part of our pre-theoretical proceduai¢a uten$ as well as of our the-
oretical propositional knowledgéogica doceny the hypothesis (h.3) seems worth
considering. Another reason for entertaining the hypashas complex character of
pre-theoretical logical knowledge is that it can explaia titon-uniform behavior of
the same logical terms infiierent contexts, e.g. within diverse sentence moods. The
fact that the connective ‘or’ behavedidrently in declaratives and imperatives (Ross’s
paradox([38]) is the puzzle that has become the trademarkéiative logic.

1.4.1 Classical consequence relation

A language user implicit logical notions possess their ‘iary conditions”. Let
us use the term ‘constituiyregulative theory’ for the approach to the phenomenology
of the logic notions of an empirical subject in which the hirpsis (h.1) is used in the
following way: the recognition of logical properties is atituted by understanding
of logical terminology and regulated by general relatidogical laws. It is the as-
sumption that semantic relations have immutable propsttiet makes this theoretical
position monistic.
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An example of general relational logical laws is given inskds (1928) [45] ax-
iomatization of general properties of consequence relatio

Axiom 1. |S| < Ng.
Axiom 2. If XC S, thenX < Cn(X) C S.
Axiom 3. If X C S, thenCn(Cn(X)) = Cn(X).
Axiom 4. If XC S, thenCn(X) = U Ccn(Y).
YcX and|Y|<No
Axiom 5. There exists a senteng& S such thaCn({x}) = S.
[45, p. 31]

Tarski’'s general axioms of consequence relation, condtasethe relation between
sets of sentenc&n C S x pS, could be expressed in the natural language as follows:
For countable languag&s(Axiom 1) it holds that:

(i) consequences of sentences remain within the same Igegral premises
are their own consequences (reflexivity; Axiom 2),

(i) consequences of consequences of a set are alreadyqemmees of that set
(transitivity; Axiom 3),

(iii) consequences of a s&¥tdo not exceed the consequences of their finite sub-
setsY, which are retained in their supersetconsequences (compactness
and monotonicity, Axiom 4),

(iv) there is at least one sentence in the language suchtthabmsequences
include all the sentences of that language (existenéalsim “absurdity,”
“explosive sentence,” “informational breakdown,” etcxiém S)E

The pluralistic “constituiviconstituive” approach to the phenomenology of em-
pirical logical notions is governed by the hypothesis (th8we) that logical notions
of an empirical subject result from combining the intuisoon logic operations with
the intuitions on logical relations, and that these intui§ are interdependent. From
the pluralistic perspective, intuitions on logical operatand intuitions on logical re-
lations grasp the ¢tierent facets of phenomena belonging to the laggaus The
contextual diferences in the use of homonymic logical term, such as the futfe o
connective ‘or’ in declaratives and in imperatives, ungavdistinctive character that
a combination of logical operators and logical relations kave. In this perspective
the meaning of a logical operator is viewed as being mediayespecific relational
laws. Monistic approach is not of necessity ruled out byatistic hypothesis, but it
can rather be regarded as its restriction to particularecast(e.g. language use in a
“deductive discipline”).

4The monotonicity condition expressed by “right to left” dirzg of the equation is slightly fierent
from the one widely used in the literature for Tarski comtitiis restricted to finite sets: ¥ C X and
Y] < Ro, thenCn(Y) c Cn(X).
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1.4.2 Two cases for logic pluralism

A case of explosive connective Cook’s elaboration [15] of Prior's thought ex-
periment[[36] of introducing an arbitrary connective inte fanguage, gives support
to the thesis that the object of logical theoretical analysigiven by a combination
of a notion of meaning of logical terminology with a notionrmdture of logical re-
lations. The prescriptions for the use of “Prior's connegti(tonk) can deceivably
suggest that its existence would introduce the destroyiptpsive element into a lan-
guage and that, therefore, there are some indispensaiialltayvs. Itis a well known

Table 5: Explosiveness oftonk’ in the presence of a transitive consequence relation.

(1) Trp=>Trptonkq tonkintro
(2) T'+rptonkq=Trq tonkElim
B) T'rp=>Ttq Ftransitivity:1,2

fact that explosiveness of the connectiwnk disappears in absence of transitive re-
lation. Cook[[15] has even shown that the rulestfonk are sound under the suitable
conditions, such as these:

e valuationv: £ — pft,f},

e consequencd: E qiff (i) t € v(q) whenever € v(p) forall peT, or (ii) f ¢ v(q)
whenever f¢ v(p) forall peT,

o definition fortonk (where T stands foft}, B for {t,f}, N for @, F for {f}):

tonk | T B N F
T [T B T B
B |T B T B
N [N F N F
F IN F N F

The consequence relation holds fga} = p tonk q in virtue of truth membership
preservation, and it holds fdip tonk g} | q in virtue of falsity non-membership
preservation.

Logicians who abandon transitivity, however, will need tadfisome other criteria by
which to rejectTonk-Logicas illegitimate, at least if they wish to vindicate the ititur
that the ‘badness’ of tonk traces to some violation of gdneguirements on legitimate
logical operators, and is not specific to particular logmatems.[[15, p. 223]

Cook’s result gives support to the claim that operators oabe dealt with in
isolation from the background notion of a consequenceiogiatMore generally, the
result supports the pluralistic hypothesis that pre-tagcal notions (on logical re-
lations and properties) are complexes of interdependdutions dealing both with
logical relations and logical terms.
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A paradoxical imperative inference Letus analyze the chain of reasoning given
in Exampld_1.4.1!

Examplel.4.1 From an imperative obligation to an universal permission.

(1) Slip the letter into the letter-box!

(2) Slip the letter into the letter-box or burn it!

(3) You must: slip the letter into the letter-box or burn it.

(4) You may: slip the letter into the letter-box or burn it.

(5) You may burn the letter.

(6) Therefore, if you ought to slip the letter into the letherx, you may burn it.

The intuitions on the acceptability of some parts in thisichaf reasoning are
not sharp as the analysis given in Table 6 shows. Unexpeetealvior of ‘or’ in[(Z]
(vIntro seems too strong) and[in[4) (granting much more telim would permit).
Contrary to first order rules, the introduction of disjuncii(Z) does not seem to be
adequately grounded in its apparent disjlindt (1). Theibligion of permission over
disjunction i (4), although almost beyond doubt, radicdiparts from behavior of
the connective ‘or’ in first order logic. One can easily inrega language community
in which each transition, except the last one is considerée tvalid.

Table 6: Clear and unclear logical intuitions in Example 114.1.

TRANSITION L OGICAL ELEMENTS INTUITIVE ACCEPTABILITY

1);(2) connective ‘or’ ambivalent

(2):(3) imperative mood; deontic operatormainly dfirmative
‘must’

3);(4) deontic operators: ‘must’, ‘may’ flzrmative

(4);(5) deontic operator: ‘may’; connective: mainly afirmative
‘or'

(1)—(5);(6) connective: ‘if ... then ... negative

A similar situation can be found in deontic logic. Table 7agiva chain of sequents
that correspond to deontic reading of sentences from Exelgll and their transi-
tionsd The token of consequence relation (1), which is intuitives plausible than
(3), holds in normal deontic logics while (3) does not hold aAy rate, one can easily
imagine a logically competent subject who endorses all dygients from (1) to (3)
and simultaneously refuses to accept their transitivauctom (4).

5Modal operator O stands for ‘it is obligatory that ... andt&nsls for ‘it is permitted that ...".

6Scott’s principle{(py A ... A pn-1) = g} F (@P1 A ... AOpPn-1) — Oq (n > 1, a theorem of classical
propositional logic on the left side) characterizes norprapositional modal logic (e.g. it may replace K
axiom and necessitation rule). It may be read as statind'tedining relations” of propositional logic, i.e.
meaning relations holding in virtue of meaning of truth-¢tianal connectives, are preserved in the modal
context.
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Table 7: A chain of sequents in deontic logic resembling Exarbpl€elll.4.

SEQUENT JUSTIFICATION
pE pvq meaning ofv
(1) Op E O(pvQ) Scott's principl
2 O(pva) E P(pva) D axiom
3) Ppva) E Pq by “free choice permission”
(4) Op E Pg by k transitivity; from 1-3

1.4.3 A pluralistic conjecture

The tonk-example shows that syntactically defined logieains have dferent
properties given the diverse types of consequence. (Al§sRoparadox and free
choice permission show that logical terms may change tlediatior in the presence
of other logical elements, sentence moods included. Theesldt that if anything is
obligatory, then everything is permitted (i.ep&> Pqg) shows that one may have intu-
itions that confirm isolated consequence steps and stlttaeintuition that confirms
transitive closure of these steps. The pre-theoreticattstanding of logical relations
may well be holistic in character: perhaps there is no uniqaerstanding of logical
terms that iconstitutivefor the understanding of consequence relations, and pgrhap
there is no unique understanding of admissible consequelat®ns that isegulative
for the understanding of logical terms.

Practical logic is abundant with unclear intuitions. Boththe formal and on the
informal side the results and intuitions collide on the eswf existence of conse-
guence relation for particular schemata and on the natucertfequence relation. It
seems that the way out of thigliculty requires reconsideration of foundational issues
in logic such as the relationship between the nature of cpresece relation and the
meaning of logical terms in the context created by the usewtesices in declarative
and imperative moods. Let us consider one of the possible tagonceive this re-
lationship but within the context of the single declaratimeod! Restall[[3l7] shows
by a way of example how pluralism can result from invariamférence schemes”
and changeable structural rules. The sequent example aitétion below consists of
two steps, first of which employs relevantistically unadebge “structural rule” (right
weakening) while the second is justified by a logical rulé fiegation ruleﬂ

In relevant logic, we do not allow weakening: that is, we doaltow the inference from
XrYtoX,ArYortoXtY,A, on grounds of relevance. Consider the following proof of

"The sequenX - Y may be “symmetrically” read as “asserting allXfnd denying all of is a mistake
iff X+ Yis valid.
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the relevantly invalid explosion
ArA

ArAB

A-A+rB
The relevant logician complains about the first step, noséwend. A relevantistis happy
to infer A,=A+ B from A+ A, B, but is not happy to infeA,-A+ B from A+ AE The
different logics considered herdf@r in structural rules, not in our theory of negation. So
plurality is allowed in applications of inference schemiast the schemes determining
the meaning of connectives are unitafy.|[37, p. 442]

The weak pluralism discussed by Restattelis from strong pluralism that is en-
dorsed in this paper (see Table 8).

Table 8: The typology of theoretical positions with respect to thiatienship between
structural and logical rules.

INVARIANT RULES FOR VARIANT RULES FOR LOGI-

LOGICAL TERMINOLOGY CAL TERMINOLOGY
INVARIANT STRUCTURAL Strong monism Weak monism
RULES
VARIANT STRUCTURAL Weak pluralism Strong pluralism

RULES

1.4.4 Varieties of consequence relation

The unclear character of some meaning relations betweéndexd sentences in
natural language presumably shows that there is an irrelduciultitude of these rela-
tions. Within the context of practical discourse, the espren ‘prima facie’ has been
used for a long time now (at least from the 15th century ongjdiat a special kind of
consequence or justification relation. Prima facie refaltielongs to a broader class of
non-monotonic consequence relatirimyt differs from other members of the class —
defeasibility of conclusion is not a matter of special cleéerof premises (e.g. default
rules). In practical logic there is a need for a more genestibn of consequence rela-
tion that is both sensitive to filerent kinds of meaning relations, and not restricted to
a particular type of semantic value (e.g. truth value) otipalar relational properties
(e.g. monotonicity).

In dynamic semantics the notion of consequence can be deeerin such a
manner that classical consequence reveals itself to bengothore than a special

8The original contains a typo in the sentence: “A relevarisistappy to inferA, =A+ B from Ar A, B,
but is not happy to infeA,-=A+ B from B. " (instead ofB hereA+ A should stand). The typo is corrected
here.

TEp=T,.AkLp
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case of “meaning inclusion.” It amounts to this: the use béreforey’ is justified

in contexto iff ¢ produces no change in, i.e. iff o[¢] = o~. Unlike static semantics
in which semantic notions, like consequence or consistareydefined by the sen-
tencéinterpretation relation, in dynamic semantics the sergset-of-interpretations
relation is used. In the exemplar case of so called ‘updtte, semantics of an up-
dating sentence is conceptualized as an operation on aggter interpretations, i.e.
on a context. The operation eliminates the falsifying iptetations and leaves only
the verifying ones behind, creating thus a new context. mesdynamic semantical
system two extreme positions can be distinguished: theyeoggitext 0 in which all
the interpretations are present, and the absurd contextiighao interpretations left.
Dynamic semantics incorporates the static one, but is mltaible to it. The advan-
tage of dynamic perspective is that semantics of more congpleech acts and more
refined textsentence relations becomes theoretically accessibleigpges of con-
sequence relation between text and sentence can be defimendileg on whether the
text order is irrelevant (test-to-test consequence) ofuypdate-to-test consequence),
on whether the relation holds in general or is “localizedh@rant-update-to-test con-
sequence), and on whether some other condition is met #ndhe three of the
above mentioned types of consequence deserve our partaitaation: test-to-test
consequence because it is just the classical consequeyuaptio-test consequence
because it does not abstract away from the order of sentémaesext; ignorant-
update-to-test consequence because, as it will be arghisdype of consequence
provides the explication of consequence relation in imlpmrdogic

Definitions 1.4.1. Varieties of dynamic consequence:

Test-to-test consequence;...; pn Eu q iff for all contextso, o[p1] =... = o[pn] =
oc=>o0[d =0

Update-to-test consequence;...; pn Fut q iff for all contextso, o[pi]...[pn] =
ofpd]...[pnlldl

Ignorant-update-to-test consequencepo;. . . ; pn Fo-ut g iff for the empty context 0
(the context carrying no information), 8] ...[pn] = O[p1] ... [pPnlld]

1.4.5 Prima facie consequence

The older notion of meaning inclusion anticipates not ohly ¢eneral notion of
dynamic consequence, but the notion of ignorant-updategiotconsequence as well,
although in an implicit way. Let us briefly analyze two quot@$e first one comes

10van Benthem has given a theoretically advanced expositimhamalysis of dynamic consequence
relation in his[[9] book.
\eltman has introduced “0-update-to-test” consequené6h
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from Carnap and Bar-Hillel's seminal paper [13] where anliemtion for the notion
of meaning inclusion was introduced.

Whenever L-implies j, i asserts all that is asserted hyand possibly more. In other
words, the information carried hyincludes the information carried byas a (perhaps
improper) part. Usinglh(...)" as an abbreviation for the pre-systematic concept ‘the in
formation carried by. ..’, we can now state the requiremerihé following way:
R3-1.In(i) includesIn(j) iff i L-implies j.

By this requirement we have committed ourselves to treatinétion as a set or class of
something. This stands in good agreement with common waggpession,as for ex-
ample, “The information supplied by this statement is maodusive than (or is identical
with, or overlaps) that supplied by the other statemeh8; [l 7]

The second quote is from a more recent work where Sagutitstédre notion of mean-
ing inclusion as ‘information containment conception.’

The information containment conceptioR:implies c if and only if the information of

c is contained in the information d®. In this sense, i implies ¢, then it would be
redundant to assectin a context where the propositionsRhave already been asserted;
i.e., no information would be added by assertng39, p. 218]

The two ideas stand out in the quotes above: ‘adding infdomaand ‘information
as a set or class of something.” The first one shows that seegeran do something:
they can add information. The second idea indicates thatserelations occur
at the level of sets, since “information [is] a set or classafething.” Putting the
two ideas together, we get the thesis that sentences act®ifo$énterpretations).
Although it appears that there is only a single notion of infation containment, that
is not the case, as will be argued here. The relevant notiens a

1. Conclusion adds no informationamy context that includes all the information
contained in premises.

2. Conclusion adds no information to the context that inekahly the informa-
tion contained in premises.

The second notion corresponds to “ignorant-update-tbt¢esisequence and a variant
of it will be introduced later aprima facieconsequence.

Adding, removing, and checking information The repertoire of speech acts is
very rich. Some acts add information to the context, andetibas be called ‘updates.’
Some remove information from the context like the acts ohdiawing or unsaying,
and these can be called ‘downdates.” There is also the thyirel of speech acts by
which no information is neither added or taken away from tbetext. These acts
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can be termed ‘tests.” But there are many properties thabeaested, like consis-
tency or validity. Consistency testing is an examinatioretiler an information can
be added to a context without causing informational breakd@.e. without erasing
all the information and thus resulting in the empty set withimterpretation Ieflﬂ
Consistency testing can be identified with acceptabilisying:

~onsistency | _ ) 7 if o] #0,
U[' %/0] { 0 otherwise.

Local validity testing examines whether a context will baeped by adding informa-
tion. Local validity testing can be identified with acceptarnesting:
validity | _ | oif ole] =0,
U[' ‘p] { 0 otherwise.
If one thinks about semantics as something to do with theastperformed on “sets

of something”, then one is not obliged to treat natural laggexpressions ‘therefore’
and ‘might’ as metalinguistic predicates.

Examplel.4.2 Denote byL, the language in which some logical constants occur.
Then we need a meta languagig to state that a sentenpe= £, is a consequence of

a set of sentencdsC L, since T Thereforep’ does not belong to the languad®. It

can seem odd that by saying Thereforeq’ either (i) the speaker mentions sentences
p andg but does not use them or (ii) the speaker simultaneously arsg¢snentions

p andq since she is assertingandq (by using them) as well as (mentioning them
while) asserting the existence of consequence relationdset p’ and ‘q'.

Table 9: Possible syntactic characterizations of expressiongsepting logical relations.

Metalogical predicates Logical operators

Thereforel, p) € Lm, i.e.TE p thereforepe Lo
Might(I', p) € Lm, i.e.TU{p} £ L mightpe Lo

12Relative to a contextr an update sentengemay has one among four semantic values. A sentence
is either @) accepted and acceptable, @) ot accepted and acceptable, gj (ot accepted and not
acceptable, org) accepted and not acceptable in a contextf available interpretations:

aif olg]=crop]#1
Bif olel#oAno|e]#1
vifoleltonole]=1
dif olp]=cAofe]=1

V(p,0) =

The valuex can be read as of ‘true in all available interpretatiofg’s ‘indeterminate’ or ‘true in some and
false in other available interpretations,as ‘false in all available interpretations,” whifeas ‘absurdity.’
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There are two possible approaches to the determinationeaythtactic type of
expressions ‘might’ and ‘therefore’: either to classifietth as logical operators or
as metalogical predicates (Talple 9). The logical-operaption is taken when we
interpret some natural language sentences as “test fusttimth for stating relative
consistency and for stating local validity (context vatiyli

context if the condition is met,

sentencefunction(context):{ failure  otherwise

The advantages of dragging of the adverb ‘therefore’ batikk time object language
are that it can be treated unambiguously (instead of sigmyfdifferent relations in

different logics) and that there is a gain in sensitivity to Iqianomena of “infor-

mation containment.” The drawback is that the correct usherefore-operator need
not imply existence of consequence relation. The advardhgeght-operator is that

consistency assertion becomes a part of the object languge position taken in

the literature on dynamic semantics is compromised: ‘mightreated as a logical

operator, while ‘therefore’ remains a metalogical pretiica

1.4.6 Geach’s problem

The literature on non-monotonic consequence relatiomafiterlooks that as early
as 1966, P. T. Geach had described a similar variety of coeseg relation while
discussing an informal pattern of practical reasoning:

Some years ago | read a letter in a political weekly to somé sffiect as this. ‘I do not
dispute Col. Bogey’s premises, nor the logic of his infeeeriBut even if a conclusion is
validly drawn from acceptable premises, we are not obligeattept it if those premises
are incomplete; and unfortunately there is a vital premigsimg from the Colonel’s ar-
gument[...] I do not know what Col. Bogey’s original argumiéad been; whether this
criticism of it could be apt depends on whether it was a pidéedicative or of practical
reasoning. Indicative reasoning from a set of premiseslitlycould of course not be
invalidated because there is a premise “missing” from ttie Bat a piece of practical
reasoning from a set of premises can be invalidated thus: gponent produces a fiat
you have to accept, and the addition of this to the fiats yoe laéneady accepted yields
a combination with which your conclusion is inconsistetl,[p. 286]

The consequence relation described by Geach has two notaiperties:

¢ (“locality”) conclusion holds in virtue of premises but iaie be defeated by
additional premises;

e (existence of the limit) if the premises are complete thectgion cannot be
defeated,
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where ‘conclusion is defeated’ means ‘premises are adoledbat conclusion is not.
By 'Geach’s problem’ | mean a problem of devising modeltiegiornotion of conse-
guence relation that captures the pretheoretical notibosreclusion defeasibility and
of “completeness of premises.”

The so-called “Tarskian consequence relation” neithergranide a model the-
oretical counterpart for the relation described by Geaahfmothe relation referred
to by the expressiorptima facie’ (or by closely related expressioprb tanto’in the
literature on rationality and metaethics, elg.|[27]). Hiere, searching for a model-
theoretic definition adequate for this variety of a consegeeelation requires relying
on a weaker type of semantic relation. Dynamic semantiocgges a way of thinking
about semantic relations in the natural language that tgeaathe level of generality
that enables recognition of diverse types of semanticiogist Instead of using dy-
namic “update and upgrade” terminology, a “static” exgosibf a weaker semantic
relation that serves as an explication for the ‘prima faciesequence relation’ will be
given. The sketch of the solution for the “Geach’s problemapplied to imperative
logic will be given in terms of a static semantical systeme®©fthe importantinsights
of dynamic semantics is that some semantic phenomena castlvgdished only if
take into account the relations between sets of interpoatat This insight will be
incorporated by introducing of an partial order between atatituctures (Definition
[I.4.4). The “locality” of consequence relation will ex@ted through notions of the
“minimal structure” (Definitio 1.417) and “prima facie cegquence relation” (Defi-
nition[L.4.10). The notion of “premise completeness” wélformalized in Definition

L1411

1.4.7 A simple static system

We will try to delineate the contours of Geach’s descriptibpractical argument
on the background of an imperative logic, using for that psga modified variant of
Lemmon’s[29] syntax for change expressions and Von Wriggnttion semantics [47]
[49]. Imperatives are commanded actions and can be anaggtuo-part sentences
combining two kinds of direction of fit:

.. before _after .
(initial _situation/resultingsituation
———e —_

word-to-world fit  world—to-word fit

Von Wright distinguishes four types of act: there are twoetypf productive act and
two types of preventive act. If one takes imperatives as cantdad actions and uses
the “change expression syntax,” the four types of impeeativill be: (i) Produce!

or !(=p/p); (ii) Destroy p! or !(p/=p); (iii) Maintain p! or !(p/p); (iv) Suppressp!

or !(=p/=p). The Belnap-style imperative (v) See to it thghtor !(T/p), turns out to
be a generalization of (i)—(iv) imperatives in which infation on the initial situation
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is abstracted away. Disregarding th&eliences between the imperative variants men-
tioned, the truth condition for its general formpl(Q) is the following: !(p/q) is true

iff (i) in the initial situationp is the case, (iijj is the case in the imperative future, (iii)

g is possible in the future, (iW is avoidable in the futuréd

Definitions 1.4.2. Let At be a finite set of propositional letters.

e Languagelp is the set of formulag :=a| T | =@ | ¢ Ay, Wherea € At.

e Language/, is the set of formulag == -(p/T) |'(p/q) | @(T/q), wherep,q €
Lp.

o LanguageLimignt is the set of formulag := p| might p| ¢1;¢2, wherepe L.

Definitions 1.4.3. The setW? of worlds possible with respect tt is the setW =
PAL

The setE of informative structures is the sBt= {(W.R,Re) IWC WO R CRg C
W x W

Ignorant structure 0 is the structure=qW °,W ®x W oW %x W %) = (W O, R?, R?).

Definition 1.4.1. Valuation for formulag,q e Lp:

e wE piff pe wfor propositional letterp € At.
e WE-piffwlt p.
e WEpAQiIffwE pandwEq.

Definition 1.4.2. Truthatwe Win o = (W R,R):

e o,WE -(p/T)iff wiE pandRi(w,V) or Rg(w,V) for somev.

e o,WE!(p/q) iff (i) wk p, (i) vE qfor all vsuch thatR (w,Vv), (iii) ufE q for
someu such thaRg(w, u), and (iv)z £ q for somez such thaRg(w, 2).

e o, WEE(T/p) iff vE p for all vsuch thaR(w,Vv) or Re(w, V).

e o,WE mighty iff o,vE ¢ for somev.

o oWk ¢y iff o,WE ¢ ando,w E .

Definition 1.4.3(Validity in ). ¢ isvalidinoc = (WR,Rg), i.e.ocEpiff o, wE p
forallwe W.

Definition 1.4.4(Substructure)o = (W R/, Rg) is a substructure af’ = (W', R, R.),
i.e.o <o’ iff WCW andR c R andRg C R¢.

Proposition 1.4.1. < is a partial order onx.

13| the formal systenR, denotes the relation between doxastically possible sitistes and imperative
future states whered®: denotes the relation between doxastically possible irstates and historically
possible (from the agent’s perspective) future states.
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Definition 1.4.5. Intension of a propositional compongmé Lp is the sef[p] = {we

WO |w  p).
Definition 1.4.6. (W, REL REY A (W2, R, R2) = (W N W2, R'NRZ RE N RZ)

Definition 1.4.7(Minimal structure) The minimal structure (D) € X for ¢ € Limight
is inductively defined as follows:

e OI-(p/™)=WOn[p],RN[p]x[T].REN[p] x[T])
e (01'(p/a)) =W N [p].R2N [p] x [a],RE N [p] x [T])
o (01B(T/p) = WO RN[T]x[p].R N [T]x[p])

e (0] mightyp) = (W%, R, R2)

e Olg;y)=(0lp)n(0]y)

Definition 1.4.8. o represents solely the information containegiaLimigntiff o = ¢
and for allo” it holds that ifo” ¢, theno”’ < o

Proposition 1.4.2. (0] ¢) represents solely the information containedin

Definition 1.4.9. (0|T) = N (0] ¢)
pel’

Definition 1.4.10(Prima facie consequencd) = prima faciew iff (0|T) E ¢

Definition 1.4.11. Let (0|T) = (WR,Rg) and (0| ) € Z. T is a complete setffi
Imem(Ry)| = 1 andimem(R))| = 1.

Remark. Prima facie consequence relation as formulated in Defml{igl. 10 is not
reflexive, non-monotonic, and not transitive. An exampl@oh-transitivity will be
discussed below.

Applying the simple system Let us go back to the expanded Ross’s paradox.
First, the translation t&imignt Will be given (in the last column of Table110), and the
presupposed premises (i) and (ii) will be included.

Table 10: Expanded Ross’s paradox adaptedigight language and the tacit premises
included.

The letter is not burned. @@ -(=B/T)

It is not possible that the letter is in the letter box (i) @(T/=LVv=B)
and that it is burned.

Put the letter into the letter box! (i) HL/L)

Put the letter into the letter box or burn it! (iv) HLA-B/LVB)
It might be good to burn the letter! (v)  mightdB/B)
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Now the procedure for creating the largest structure (inftively minimal model)
for a given set will be introduced. The structures can beghoaf as being composed
of two sets:R, is the set of ordered pairs (the ordered pairs hereafterisnstittion
will be referred to as ‘arrows’) whose first member is an eletad the set of dox-
astically possible initial situations while second is agneént of the set imperatively
possible future situation®r is the set of arrows, whose first member is an element
of the set of initial situations and second is an element abdtically possible future
situationdl

The procedure is composed of the following rules succelysagplied for remov-
ing available arrows by writing to the right of their first and second members:

e For-(p/T) remove all the arrows starting ap-worlds.

e For I(p/q) test whether there is a@Rr arrow pointing to ag world and anRr
arrow pointing to a-q world; if so, remove alR, arrows starting in ap world
or ending in a~q world; otherwise, remove all arrows.

e For=(T/p) remove all arrows ending inp-worlds.

e For might¢ test whetheky would erase all arrows. If so, remove them all;
otherwise, do not remove any.

e Fory;y apply the rule forp and then the rule fap.

The conclusion follows from the premises in the prima facaywf it removes no
arrows.

Examplel.4.3 Imperative disjunction introduction is partially vindieal (Tablé_TIL):

{’(ﬂB./T), IZ](T/ﬂ_!— N _‘B), '(_‘L/L)} |=prima facie!(ﬂB/\ f‘L/BV L) (1)
0] (it) (iii) (v)

Table 11: The eliminative table for (1).

Initial situation Imperative future Possible future

wi {B,L} x by (i) wi  {B,L} x by (i) [ w {B,L} x by (i)
wy {B} xby () | w2 {B} x by (i) | w2 {B}

ws L} x by (iii) | wg (L} ws {L}

ws 0 wg 0 x by (i) [ wg 0

Examplel.4.4 Free choice permission is also partially vindicated if nfiedi, as is
done here, to the licensing of suggestion (v) by the choifering imperative (iv)

14The setW from the modekW,R/,Rr) can be ignored here since the motive for its introduction is
purely technical — its function was to enable definition dfdity in a model.
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(Table[12):
(v) v
Table 12: The eliminative table for (2).
Initial situation Imperative future Possible future
wy {B,L} xby(v) | wg {B,L} wy; {B,L}
wy {B} xby(iv) | wp {B} wy (B}
wsz {L} xby(v) | wg (L} ws  {L}
ws 0 ws 0 xby(@v) | wg 0

Examplel.4.5 In spite of partial vindication of imperative disjunctiontfoduction
and of permission distribution over disjuncts, the upsti®®ass paradox = Pq (if
anything is obligatory, the everything is permitted) isigeal (Tablé_IB). The relation
Eprima facie IS Not transitive and in this case the unwanted conclusigrd¢es not
follow.

{-(=B/T),E(T/=LV=B),/(=L/L)} Fprima faciemight !(-B/B) 3)
@) (i) (iii) V)

Thesel =-(=B/T),a(T/-LVv=B),!(-L/L)}is satisfiable but the st =T'U{might!(-=B/B)}
is not, i.e. (QT”) = 0 as Tablé_IB shows.

Table 13: The eliminative table for (3).

Initial situation Imperative future Possible future

w1 {B,L} x by (i) w1 {B,L} x by (i) [ w {B,L} x by (i)
w,  {B} xby (@) | w2 {B} x by (iii) | w2 {B} x by (v)
ws {L} x by (iii) | wg {L} xby(v) | wg {L} x by (v)
ws 0 xby(v) [ws 0 x by (i) | wg 0 x by (V)

To conclude In Ross’s paradox the source of our confusion does not seem to
lie in imperative disjunction introduction or in free cheipermission but rather in
the sequencing of logical steps in the transitive way nopeued by the nature of
consequence relation in imperative context.

The language practices do not support the hypothesis tldatrstanding of mean-
ings of logical terms is constitutive for understanding ohsequence relation. The
language practices do not support the hypothesis that stagheling of consequence
relation is regulative for understanding of meaning of tadterms. My conjecture is
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that understanding of logical terms and logical relatiom®es to us bundled together
as a collection of open notions.
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2 THE MAINSTREAM IN PHILOSOPHICAL SEMANTICS OF
| MPERATIVES

There are two prominent features of the philosophical agghtdo imperatives:

1. use of modal logic (from static beginnings, to be discdsadZ.1 below, to
recent dynamic trends), and
2. investigation of connections between imperatives atidrz (to be discussed

in2.1.2 below).

Possible worlds semantics has been established as oneméthé¢ools in philosoph-
ical analysis in the last third of the 20th century. Usingplossible worlds semantics
paved the way for explication of meaning of many of words witliave permeated the
philosophical discussion over the centuries (necessigsipility, obligation, permis-
sion, action, knowledge, etc.). Due to modal logic, the ltafjterminology” ceased
to be limited to a small collection of just a few words (trutimctional connectives,
simple quantifiers, and identity predicate), but starteid¢tude an open collection of
words, and even the sentence moods in imperative and erlagit. In this way, after
a short post-Fregean period of limitation to the languageathematics and natural
sciences, logic has turned back to its full scope of invasitg. Given the fact that
modal logic deals with the logic of language being used ingsloiphy as well as in
human sciences, modal logic is sometimes colloquiallyeddphilosophical logic.’
The idea of possible worlds was envisaged by Gottfried Wifithleeibniz (1646—
1716), but remained theoretically inert until Rudolf Carigave explication for pos-
sible worlds in terms of formally consistent and complete afesentences (“state
descriptions”), and Stig Kanger and Saul Kripke introduttexdhotion of accessibility
relation that points to possible worlds which are to be abersd. Since logical truth
is the general truth, there are number of ways to define lbtyitth in possible worlds
semantics: (V1) validity in the model: being true at eachldiofV2) validity on the
frame: being V1-valid in any model built over the frame; (M@&)idity in the class of
frames: being V2-valid on each frame from the class; (V4idig in all models. In
modal logic (V3) notion is used. This notion suggests, sptak, that the semantics
of modal operators (e.g. words like ‘necessary, ‘obliggtéknown’ etc.) is captured
by diverse structures (their “meaning space” is given byi@aar structure) by means
of the axioms that characterize frames, or by explicit c@iiss on class or frames.

2.1 Imperatives and modal logic: the beginnings

Philosophical analysis typically requires multiple maties. In his seminal paper
on modal imperative logic Brian Chellas used two binary asitglity relations,S;
for world lines that overlap up to the time poiytandR; for relation of “imperative
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alternative.” Modalities ! and are standardly defined as universal (holding inRall
alternatives) and existential (holding in soRealternatives).

Now the three conditions on the relation of imperative alativeness may be stated
precisely: for eachv, w, w’ e W, andte T,

() there is aw’ € W such thaRy(w,w’);

Iy if Re(w,w’), thenS;(w,w');

(myif Sg(w,w’), thenR(w,w”’) iff R(w',w”). [14, p. 122]

Provided that Chellas directly (i.e. within semantics) relaterizes the relations, he
does not need to give an axiomatic presentation of imperddigic. Chellas reads
Ip as an optative ‘Let it be the case tha@tand interprets it as imperative obligation,
while i is understood as imperative permission. The synmpstands for “historical
necessity”(true in allS; relata Chellas system is purely semantical, and there-
fore, the theorems of it are not proved within a deductiveéesys Basin, Matthews
and Vigano have developed a system of deduction for unitnuatanal logics lying
within Geach'’s hierarchy (i.e. those normal modal logicoadrelational theory is
representable in first order languagde) [5]. The deductilesrare common to any uni-
versal and existential modality (e.g.rules are applicable to Chellas’s ! amj. The
differences between logics are defined by a relational theorgtwdescribes frame
properties. Their approach can be easily adjusted to palgiiogics [55].

The labeled deduction system for Chellas’s imperative logi Let us build a
labeled deduction system for Chellas’s logic. In a labeleduttion system each for-
mula is prefixed by a world index. At eachw we use classical rules, all of which are
standard and localized to a single world, with the exceptidiglobal negation” intro-
duction rule (where a contradiction in an accessible wenldles out the assumption
made at the worlav). Rules for— and- will be given for an illustrative purpo@.
The rules are presented in Tablg 14. The relational theoeassly obtained from
Chellas’ conditions (I)—(Ill) below, using a Skolem furantif in (I):

(1) + Re(w, f(w))
(I R(w,V) F St(w,V)
() Si(w,v), R(w,u) F Ri(v,u) andSi(w, V), Ri(v,u) + Ry(w, u).

The labeled deduction rules for imperative (! @phdnd historical 0 and®) modalities

are easily obtained since they are nothing but two pairs ofeusal and existential
modalities defined over the relatioRsandS;, respectively (see Tallel5).

Example2.1.1 Firstly, let us proveap —!p, a proposition having the Stoic flavor of
desiring the unavoidable.

15Chellas’s system also has tense operators, but they wilisbegarded here.
18The other non-mentioned first-order rules are similar toothes given in[T4].
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Proposition2.1.1 +chellasEp —!p

Proor
1
2 i w: Ep assumption
3 _v Ri(w, V) assumption
4 St(w, V) 3/
5 v:p 2, 4 Elm
6 w:lp 2-5 lIntro
7 |w:mp-lp 2—g§ —lIntro

The question arises as to whether the proposition ‘Let ihlescise whatever is nec-
essary the case’ is a theorem of logic or a thesis of a normatigtem, e.g. Stoic
ethics?

Example2.1.2 Ross’s paradox is easily provable.

Proposition2.1.2 rcheliad P —!(pV Q)

Table 14: The labeled deduction system: some rules for logical cotsta

—Intro T,w:prw:q=Trw:p—-q
—Elm Trw:pandl+w:p—->qg=>Trw:q
-Intro Fw:prv:L=Trw:=-p

—-Elim rLw:——p=Trw:p

glntro IRwvrv:p=>Trw:Op vdoes not occur i’
oElim F'rw:opandT'- Rwv=>TrVv:p

olntro F'rRwvandT'+v: p=>TrwW: Op

OElim F'rw:opandl,RWy V:pro=>Ttop v does not occur il U {¢}
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Proor

Connectivev is problematic on both introduction and elimination sidémperative
context. Permissions distribute over disjunctions (‘Yoayntake an apple or a pear
is a “free-choice permission” entailing ‘You may take an lgbps well as ‘You may
take a pear’). Usually one wants Ross’s paradox not to beaptevand permission
distribution to be provable. In Chellas’s system howevst the opposite holdsp!+

w:lp
_v Ri(w, V)
v:ip
V: pv(q
w:l(pva)
w:lp—!(pva)

N~ o o B~ W N P

I(pv Q) buti(pva)¥ip.

Example2.1.3 No obligation with respect tp implies the permission regardirg.

Proposition2.1.3 Fchellas—!p — i-p

Table 15: The labeled deduction rules for imperative and historicatlatities.

assumption
assumption
2, 3 IElim
4/ vintro
3-5 lintro

2—§ —lIntro

lintro IRwviv:p=Trw:lp vdoes not occur i’
IElim Frw:lpandT'F Rwv=TFrvVv:p

ilntro I'rRwvandl'+v:p=>Trw:ip

iElim I'ripandl,Rwv, v:pro=Tte v does not occur i U {¢}
Cintro  I[L,Sqwvrv:p=Trw:Ep vdoes not occur il
HEIm Trw:@pandl+- Ssww=TrV:p

olntro  TrSwvandlrv: p=>TrwW:op

SElim F'rw:opandl,Swy,v:pre=Ttep v does not occur il U {¢}




Dynamic Models in Imperative Logic 103

Proor

1

2 i w: =lp assumption
3 i W: =i=p assumption
4 _v Ri(w,V) assumption
5 i V:=p assumption
6 W:i-p 4,5 ilntro
7 WL 3,6 Lintro
8 V. p 5-7/ =Intro
9 w:lp 4-§g lintro
10 w: L 2,9 Lintro
11 W:==i=p 3-1Q =lIntro
12 W i-p 11/ =Elim
13 |w:=alp—i-p 2-12 —Intro

2.1.1 Multi-layered semantics

It has been argued in Sectibn 112.4 that imperatives as hsied in commands
produce changes in the recipient’s cognitive-motivatiat@te and in the obligation
pattern between the sender and the recipient. Therefoperative theory can isolate
one or more semantic dimensions. If the theory focuses onggsain the recipient’s
motivational state, the bouletic dimension will be expdit But if the theory con-
cerns social relations, the deontic dimension will cométofore. The multi-layered
semantics explains the abundance dfedient systems, each convincing in its own
right, but modeling diferent aspects: wishes of the speaker and imperative obliga-
tions (Chellas), will of the Imperator (Segerbergl[41]}tiaes commanded (Belnap et
al.), preferences of the hearer (Van Benthem and[Lili [LHligations of the hearer
(Yamadal[54]), etc. Mimicking the style of the thesis on agenimperative content
by Belnap et al.[[B], one could rightfully forward the thesis multi-layered impera-
tive semantics.
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Thesis 2.1.1.The semantics of imperatives is multi-layered.

Deconstructive interpretation of Chellas’s semanticsghiiat the optative read-
ing ‘Let it be the case that ...’ does not mix well with the dgornterpretation.
In addition, it is the theorem that!p & i-p, but can it really be so that a negated
optative equals permission?

Table 16: Semantic dimensions captured by the Chellas’s system.

Semantic dimensions  Speaker Hearer

bouletic Yes No
doxastic No No
deontic No Yes
agentive content No

2.1.2 Imperatives and semantics of action

According to this paper, when faced with the problem of modgin theory of
imperatives, one should follow ‘imperative content thegieeserve multi-layered se-
mantics (to a certain extent), and get “logical geograplgfitt Which logic of action
to consider in order to incorporate it into logic of impevas? There is number of
logics of action to choose from. In particular, Krister Sdupeg’s (e.g. [[3R]), and
Nuel Belnap’s theories stand out, but we will turn to Georgtitevon Wright. Why?
Von Wright is said to have fathered the logic of action by pirvent authors in the
field (Segerberg [42], Hilpinen [26]) and rightly so. Von \Whit's semantics of action
is simple, reduced to basic elements, and yet strong enaugkplicate important
distinction. Von Wright's semantics can be easily adaptedynamic semantics. We
will discuss his logic of action in its final form [49].

Von Wright's action semantics

To act is intentionally (“at will")to bring about or preveatchange in the world (in na-
ture). On this definition, to forbear (omit) action is eithedeave something unchanged
or to let something happern. [49, p. 121]

There are two types of action, according to Von Wright: thedoictive action and the
preventive action; and two types of forbearance (omissietting something happen
and leaving something unchanged. ‘To act’ refers both todpctive or preventive
interference with the world” and to forbearance. G. H. vonghfr gives a sequence
of definitions (paraphrased here in Definitions 2.1.1), egdiith ‘state of #&airs’ as
a primitive term.
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Definitions 2.1.1. Action means bringing about or preventing a change in thddvor
(in nature). Change is transformation of states (t&ies). Changes occur when a state
of affairs cease to be or come to be or continues to be.

Remark.“Non-changes” are immediate progressions in time with #mesinitial and
end-state, and they are classified as changes. Von Wrightlintes the term ‘state
of affairs’ by way of examples: “the sun is shining” is an exampla @feneric state
of affairs, which can be “instantiated on a certain occasion ites@ad time,” and
“instantiated state offfairs” is an individual state offairs. Still, one may go back to
Wittgenstein'sTracatusfor the definition of ‘state of #airs’:

2.01 A state of fiairs (a state of things) is a combination of objects (thin{]

Von Wright theoretically identifies the notion of a ‘totabst of the world on a
given occasion’ with a description that indicates “for gvene of a finite number of
n statespy, ..., pp Whether it obtains or does not obtain on that occasion” [4222].
Formally, we will reduce a full state description to a set ohimegated propositional
letters.

Definition 2.1.1. Let A={pa,..., pn} be a finite set of propositional letters. A subset
w C Ais a Wittgenstein world, a total state, a state description.

The reduced description can be easily expanded to the &t description either
in semantic or syntactic terms. In semantic terms, a trusfgament can be defined
as binary function determined lw: h(p,w) =t iff p € w. In syntactic terms, set
can be expanded to a set of literalste wuU {-=p | p € (A—w)}. The conjunction
A It(w) of all the literals for a total state will be called ‘statesgeption’ (assuming
that the literals are listed in the conjunction accordinghigr alphabetic order). It is
well-known fact that a valuation of propositional letterestefmines the valuation of
all sentences in the propositional language as well as ttaHat any set of literals
containing exactly one literal from the contradictory pigirsyntactically complete.
Therefore, a total state setof propositional letters provides a minimal represengativ
of a formally complete and consistent set.

The time of imperatives A model of time must be incorporated into semantics
since actions are conceived of as “bringing about or préwvgichanges,” and changes
are identified with “state transformations.” Thereforepatiering between total states
is needed for semantics of action. The formpli(wi)T A lt(w;) is a “change expres-
sion” showing that a change or a continuation of a total stat® occurred. The T
expressions, T is to be read ‘and next, can be concatenated(@T(...T_)...); if the
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empty places are filled with state descriptions, then a6hyst(i.e. sequence of total
states) will be depicte@

If imperatives are commanded actions, then the action tintied time of impera-
tives. The concept of time presupposed in the understamdiagtion is the concept
of a time with an open future and closed past sometimes calledmon-sense time.’
The openness of the future figures prominently in Von Wrighttion semantics. It
comes as no surprise that in some theories the imperativedeled against the onto-
logical background of an indeterministic time, usually raledl as a tree-like structure
like in Belnap’s quote beloffA.

(T3) Incomparable moments in Tree never have a common ugpeh(No downward
branching).

By a past or a past history (the phrases are interchangdafen a nonempty upper
bounded set of moments that contains every moment below anyemt it contains; and

I let p range over pasts. BecauseNaf downward branchingany past is a chain and thus
can be extended to a history. The set of (either improperapgr) predecessors of each
moment is a past. Thus, the phrase “the past” or “the pagiriisff which the present
moment is the last moment” is endowed by each context ofartiter with a perfectly
determinate meaning.l[7, p. 142]

In Von Wright's T-syntax, the connective T must be indexedrider to enable the
comparison of parallel histories. The time enters Von Wigghction semantics in
two ways:

1. there is an ordering of time points,
2. there are orderings of total states (i.e. histories).

Hence, the action time is both empty and full. It is empty lusesit provides a frame
of reference for histories occurring within it and makinéuil. Figuratively speaking,
one could say that in Von Wright's and common sense concefinef there is one
empty time plane for spreading of a number of concurrenthies’ threads.

Example2.1.4 The formula Tp) A (-=pT-p) is inconsistent if it is understood as a
description of the same history. On the other handpTg) A (-pT-p) is taken to be
N—— N——

hy hy
a description of two historiesy andh,, their conjunction is consistent. Moreover, if

ty/tz ty/tz
T is understood as the border between same time points,.§. @) A(=p T —p),
—_—

hy hy
then the conjunction describes two concurrent histories.

17In this paper a similar syntax is used, but it is reduced toatbenic case and hag ‘instead of ‘T.
The similarity is only partial since in the schema/) the partp/qis an act expression.

18|n the literature the tree structure is usually defined aslafaiended partial order. E.g. “Definition
9.10. A tree is a partially ordered sét, k) with the property that for eacke T , the setly: y < x} of all
predecessors ofis well-ordered by” [28] p. 114]
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2.2 From states to actions
In Davidson’s famous definition of ‘action,’ actions are defi as subset of events.

...aneventis an action if and only if it can be described irag that makes it intentional.
[17, p. 229]

In short, according to Davidson, an action is an intentievaht:
Action(e) iff Even{e) A Intentionale)

At first glance it seems that in Davidson’s approach no bramgctime is needed,
no indeterminism presuppos@j.But it is through the notion of intentionality that
indeterminism might enter again. By adopting Davidson'riion one becomes
committed to the ontology of events and to developing a thebrintention. The
former is avoidable while the latter is not costless. In gaper the ontology of events
is not followed, and consequently the theory of imperatihes rests upon ontology
of actions will not be consideréd.

Example2.2.1 In Von Wright's semantics the events are identified with ¢jem Let

C stand for ‘the window is closed’. The event of opening thedwiw is described by
change expressio@T-C. In order to describe the action of opening the window, a
notion of ‘intentionality’ will be needed, and, presumabtywill turn out to be a very
complex, involving not only an appropriate mental statéhefagent, but also a notion
of causation. In the framework of Von Wright's semanticslétter is analyzed using
the distinction between agent’s and nature’s concurrestofies (see Table 119).

Table 17: The empty time and a history within it.

The empty ... -1 0 1 n
time linear

ordering

A history ... Alt(w) T Alt(wj)) T Alt(w) T ... Alt(w)
within it

Table 18: Divergent histories are required by the concept of action: —y.

before T after

Agent's historyhag ~ Alt(w) T ¢
Nature’s historyhye  Alt(w) T

19ndeed, Davidson himself adopts a deterministic ontolegg, the quote here in subsubsedfion 1.2.

20In Mastop’s theory of imperatives which rests upon the @yyplof actions the impact of imperatives
is modeled in terms of an act's addition to (or deletion fra¥o do list,” where “A to do list ...is an
assignment of do’ and refrain’ to atomic instructions”|[83.22].
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“An act is not a change in the world” according to Von Wrightadh act has its
corresponding change in the world, but, unlike Davidsoppraach, the act is not
identical to it.

It would not be right, | think, to call acts a kind or speciesesents. An act is not a
change in the world. But many acts may quite appropriatelgdseribed as the bringing
about or &ecting (‘at will') of a change. To act is, in a sense, to inteefwith ‘the course

of nature’. [49, p. 36]

A formal representation of an act requires taking into aot@oncurrent histories
(i.e. sequences of total states). The pretheoretical ileausation (bringing it about,
seeing to it that a generic state dfars obtains) is captured by parallel-histories
model. If poccursin all agency histories at the instaffiter and in no nature histories
at the instantfter, then agency is necessary andfisient condition ofp. At least

Table 19: The notion of agency causation of a stpi@s explicated by the relation between
agent’s and nature’s histories.

Agency Nature his- Condition Theoretician
histories tories
pobtainsin all none diicient necessary G. H. von
Wright
pobtainsin some none necessary unknown
pobtainsin all some but suficient Belnap et
not all al.

two histories must be taken into account to represent action

1. agency history, which is the change for which the agergspansible,

2. nature history, which is the contrafactual element incivecept of action, the
change that would have occurred if the agent had not inetfeith the world,
the history in which the agent has been removed as an agenhés no inten-
tions), but is still present as a physical object.

Thus, in its simplest form the action semantics consisthred diferent points lying
on the branching lines of agent’s and nature’s histories:

1. initial-point is the same for agent’s and nature’s higtiares, and that is the
state where the act takes place,

2. end-point lies on a agent’s history line, and it is theestéat results from
agent’s action,

3. counter-point lies on a nature’s history line, and thahées state which would
have occurred had the agent remained passive.
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There are two modes of action: acts and forbearances. Wigeee characterized by
the fact that end-point and counter-point aratent, in forbearances they coincide.

Von Wright's theory of forbearance seems to be left in an ustfied form. Just like
acts, forbearances stand in a need of a counterfactual etewtgch could have been
introduced into the theory as another agent’s history, tieelging within his ability.
Von Wright in Norm and Actiorf47]] usesd(__T__) and f (__T__) notation for acts and
forbearances; while in ‘The Logic of Action: A Sketch” [49¢tuses connective I,
to be read ‘instead.” Let us use full state descriptions effdrm A It(w) and let us
assume that tlierent indexes denoteftérent descriptions:

act ARW)T(A IH(widl A Tt(wi)) wherej # k
forbearance A It(w) T(A It(wj)l A lt(w;))

Example2.2.2 There are two useful distinctions that can be made on thes lodisi
three point semantics, i.e. two concurrent shortest héstor

¢ the aforementioned distinction that gives us eight eleargnhodes of act and
forbearance,
e the distinction regarding the range of possible resules,Tsdbld 20.

Table 20: The powers of nature and agent.

Determinism in nature AI(W)T(TIS) if only one total descriptions
satisfies the formula

Indeterminism in nature AI(W)T(TIS) if more then one total descrip-
tion s satisfies the formula

Agent’s impotence A I(W)T(sIT) if only one total descriptions
satisfies the formula
Agent’s omnipotence AI(W)T(sIT) if any total descriptions satis-

fies the formula

The ontology of imperative mood There is a strong ontological presupposition
in the notion of action, and consequently in the use of imiparaentences. Acts
include counterfactual element: if it were not for the ageinterference with nature,
the proper change would not have occurred (in the case ofuptiveé act), or the
proper change would have occurred (in the case of preveatiye So, the notion of
time that lies at the bottom of the concept of action, thearotif time that makes our
“imperative language practice” possible, is the notionm&twith an “open future.”
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3 LocicaL DyNaAMICS OF | MPERATIVES

Assume that there is a “picture relation” between the lagguand the mind and
that speech acts project the semantic content of the sentétered to the human
mind. When an imperative is used for commanding or requgstsagentive content
is projected to the cognitive-motivational state of the reddee and to the pattern
of obligations between interlocutors. It is only structithat can stand in pictorial
relation, i.e. be structurally similar. If the hypothesis psychological projection
holds, then one should be able to find the structural sinylémetween the semantic
content of sentence and its projection to mental state dowpto the mode in which
the content has been used (Tdblé 21). From this perspeb@vesntence moods are
distinguished according to their impact on psychologitates. The imperatives used
in issuing commands have an impact on the motivational sthile the declaratives
used in asserting typically act upon belief state of the dredirthe agentive content of

Table 21: Imperative mood and its psychological projection.

Language Mind

Mobe Imperative acts on motivational state.

ProjecTion  Agentive content  is projected to the hearer’s desires.
« structural similarity—

imperative is projected on the hearer’s will, then one stitwel able to prove that logic
of desire is a sublogic of imperative logic. This paper happsed a technical solution
to the problem of the structural similarity between the diyercontent of imperative
and its volitive psychological projection and a prelimipaftirmative answer has been
obtained in Theorein 1.3.112.

3.1 Pictorial relation between language and mind

Dynamic semantics provides the formal tools for the undedihg of how the
agentive content of imperative can be projected to the hedeliefs and desires.
The speaker’s command performed by uttering the imper&tiwgith agentive con-
tenty changes the hearer’s cognitive-motivational state states|! ¢] in which the
hearer becomes motivated to perform actiorin the weaker variant of Von Wright's
semantics the successful performance of actfigcéent (possibly not necessary) for
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the resuld. Itis the weaker variant that has been used for modelingisinihpe@

A simple update semantics The update semantics has been developed in Velt-
man’s seminal paper [46]. A paraphrased summary of the lidesis follows. Infor-
mation is a set of valuations, valuations are sets of prdiposil letters, interpretations
are functions taking a sentence and a set of valuations sisithements and deliver-
ing a set of valuations as their values. The\kis the set of all valuationg/ = pA
possible with respect to a sét of propositional letters. An informational state is
identified with set of valuations- € W. Here, “less is more”: lesser the number of
valuationsw in o, greater the amount of informationdn Limit cases are:

Minimal info-state If o =W (i.e. |o| = |W)|), theno contains no information.
Maximal info-state If |o| = 1, theno gives full information.

Absurd info-state If o =0 (i.e. o] = 0), theno shows that learning (information
acquisition process) has failed.

Definition 3.1.1(Truth in a valuation) Letwe W, pe A, ¢, € L.

e WE piff pew.
o WE = iff WI ¢.
e WE (pAY)iffwiE ¢ andw E .

Definition 3.1.2(Updates) Interpretation..[...] is a function:[-] : pWx La — pW.
An update-sentengg” acts upon an info-state delivering the info-state in which it
is accepted:

o ol ={weo |WE ¢},
o ol¢’] =ole’ll¢"]:

A structure for the three-point action semantics Following the simple update
semantics kindred models for agentives can be built as paits wherep C W xW
is the set of ordered pairs representing the shortest agdésimyries all starting at the
same fixed instant called ‘before,’ whiteC W is the set of all total states which take
place at the instant calleafter which succeeds the instamgfore The setr—mena (o)
is the set of ending points of the shortest nature-histsteasing at the instaritefore
It is required of the sahem(p) of second members pfto be the subset of sincer

21The weak variant is also used $tit semantics. A comparison of notions of the agent’s causasion
given here in Table19

22In this paper three variant<(, Limight Li&:ﬁ‘ of the language of imperative logic are discussed. The
semantics for each of them relies on Von Wright's three-goattion semantics alongside with the notion

of weak agentive causation.
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includes both agent’s and nature’s histories frio@fioreto after and thus includes all
historically possible states at the instafter. That is the reason why in our model a
relation and a superset of its second members is used instéad relations, one for
agent’s and another for nature’s histories. So, a basicsreaoughly corresponding
to Von Wright's three-point semantics should contain (fprmation on initial-point,
(ii) information on end-point, (i) information on count@oint. One way of building
a semantics of the kind is the following:

o [¢] =twe W|wE ¢},

e (p,m) E Producey iff (i) mem(p) C [~¢], (i) mem(p) C [¢] €, and (iii)
aN[-¢] # 0.

e (p,m) E Preventy iff (i) mem(p) C [~¢], (i) mem(p) C [~¢] < x, and (iii)
aN[g] # 0.

Note that condition (iii) as stated corresponds to the motib causation in which
agent’s activity is sfiicient condition for end-state (cf. Tablé19).

Language, world and mind How can an imperative, a sentence that talks about
an act create a motivation to perform that act? In my opirgéoplausible answer has
been given in th@ractatus

4.014 The gramophone record, the musical thought, the sttewevaves of sound, all
stand to one another in that pictorial internal relationicltholds between language and
the world.

To all of them the logical structure is common. [53]

But the scope of the pictorial relation must be extended:aisecof imperative it is
a relation between language and mind. The commanded acpsajeeted to “psy-
chological models” as follows: the information on commaahdet’s end situation be-
comes the content of the hearer’s will, the information ot'sawitial situation — the
content of the hearer’s belief, while information on endrsiion and counter-situation
becomes the content of the hearer’s belief about the fussibilities. Given the fact
that the hearer could already have some beliefs and motiyalésires, the update
with an imperative can produce a clash: e.g. if the hearéevss that the result of
the commanded action will occur without ffier agency, or that the result is impos-
sible to achieve. Therefore, imperative update will be cosag of diferent internal
“semantic actions:” first the hearer performs a consiste®ck (i.e. acceptability
testing), and, second, if new information is consistenhwiite one he already has,
the hearer updates beliefs about the acting situation aseptenew goals. Definition
[3.1.3 gives a formal reconstruction of the i¢da.

23An elaboration of a complete system for imperative updatesindates and tests for the formal lan-
guage.[ian‘jtp has been given in my [57].
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Definition 3.1.3(Imperative update)

<(mer_rf1(p)ﬁ[[(szj}))><[[(rr]1]en1(p)r:JI M)JZ)) oy
- if mem(p) N [¥] < 7 andmem(p) N [¥] # 0,
. e/¥)'] = and[-y] N #0,

failure otherwise.

3.1.1 Withdrawal: a case for dynamic approach

Is dynamic approach avoidable in a theory of imperatives8elreral sections of
this paper the dynamic approach has been used as a heuristiple, so it appears
that we may answer in thetamativeZd But it is the speech acts of unsaying that sug-
gest the negative answer. Thiéeets of a withdrawal cannot be described in any other
way but dynamic. One can reduce positive speech acts to‘thetiorial content,” but
the negative acts of unsaying are comprehensible only mg@&f removing certain
effects of the previous ones. One type of negative speech akcsfpeoial importance
for theory of imperatives: permitting as withdrawing of amtecedent imperative or
its entailments.

Probleml. There are three main types of opposition for imperatives. Fo
Productive imperative Producep!

the following sentences stand in opposition:

Type of act opposition Preserve-y!

Forbearance opposition Let —¢ remain!

Permissive opposition You don’t have to produce.

The similar opposition, mutatis mutandis, holds for preerimperatives. As of now,

no semantical system has managed to incorporate all of tee thpes.

A number of authors has over the last decades drawn a distiniocetween two
types of negation. E.g. the usual understanding of negafi@ssertion is that it is
assertion too, but with a negative content; on the other hamihe authors discuss
“denial in a non-derivative sense™ [44], denial as a speetbkuai generis (indicating a
failure to obtain a reason for a certain assertion). The ggoae for imperatives.

Example3.1.1 In Searle’s speech act theory (where illocutionary forckdator has
the role similar to the role of modal element and proposélandicator corresponds
to sentence radical) the term ‘illocutionary negation’sed for external negation and

241N particular, Definitio 1.3.16 and Definitidn 1.4110 altigh formulated in a “static way” heavily
depend on dynamic way of thinking.
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permissions are classified as directives alongside oteecépacts typically performed
by uttering an imperative.

“Permit” also has the syntax of directives, though givingmpission is not strictly speak-
ing trying to get someone to do something, rather it congistemoving antecedently
existing restrictions on his doing it, and is therefore tfaeutionary negation of a direc-
tive with a negative propositional content, its logicalrfois~!(~ p).[40, p. 22]

If permissions are conceived as “removal of antecedentistiag restrictions,”
then the idea of downdate comes as a natural sol@fiostill, the solution is not
simple. To remove the motivational and obligation imposifigcts of an imperative,
which had been either explicitly uttered or implied, it ist mough to “move back-
wards” to a state where removed imperative is not acceptdek dbwndated state
must be such as to enable update with an imperative with obofposite to the one
being withdraw?d So, in this case to model the semantics of withdrawn imparati
i.e. of permission-giving sentence, the opposition betweet’ and ‘let it happen’
imperatives must be correctly established. We hereby enteoa phenomenon of
logical dynamics similar to the one elaborated in the loditheory change, which
has been elaborated by Alchourrén, Gardenfors, and Makilil] . The withdrawal
of imperative corresponds with a specific “logical act” ohtmction. The research
in [57] has shown that AGM theory of contraction togethetwdbwndate semantics
entails the fact that external denial, instead od reducisgs the degree of uncertainty
thus bringing in an increase in communicative entropy.

3.2 Coda

Why study imperatives? The language of science of man (idiographic science)
is characterized by the “language of intentionality” (ebgliefs, intentions, actions,
...). The fundamental methodological procedure in thensgief man is rationaliza-
tion formulated within the language of intentionality. Actisn becomes comprehen-
sible if the agent’s reasons make it rational. Rationabzet (“rational explanations,”
practical inferences) have complex logical structure. Astliere is no generally ac-
cepted logic for the language of intentionality. Imperaswpen a rich semantic space,
which can be grasped in terms of beliefs and desires of thekepéthe sender) and
the hearer (the receiver) as well in terms of their commitimerOn the syntactic
side, imperatives embed “agentives” (“action radical3fe rich semantic impact of
imperatives results from projecting the structure of aiyestto the structure of re-
ceiver's mental state (also to the intersubjective stmectf obligations, which has
not been discussed here). Dynamic semantics defines meafrarggntence in terms

25A similar idea has been developed by Lewis in his [31].
26 fuller discussion of the problem can be found in my pabej.[57
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of its effects on mental state or on social relations. This way of thimkan be ex-
tended to imperatives in the following way: the content cérvimperative is agen-
tive, and agentive has its semantic structure, the utterahimperative changes the
mental state of the receiver in such a way that the semanmtictste of agentive is
projected on the mental state of the receiver so thahleebecomes motivated to per-
form the action described by the agentive. This approaclgapupon us a “holistic”
methodology of checking the interconnections betweerckdf the agentive content
of imperative is adequately represented, then its psygitdb(or social) projection
must conform to the corresponding logic (e.g. one must shatlbgic of desire is
a sublogic of imperative logic). It is possible, under certastrictions, to use Von
Wright's semantics of action in the role of agentive conterd to project its structure
on the belief-desire model, so that doxastic and bouletitedsions of meaning of
imperatives are captured and that the pre-theoreticalratadeling of “logical geog-
raphy” is accounted for and refined. Further research stamddess the projection of
imperatives on normative social relations.

The mainstream in philosophical semantics of imperatives The investigations
of logic of the language of intentionality (action, belidgsire) all are met in imper-
ative logic. Therefore, an investigation in imperativeitog at the same time an
investigation into foundations of human sciences. Spegkittechnical terms, modal
logic and dynamic semantics provide the tools needed:

1. agentive semantics can be modeled in modal logic,

2. psychological and social structures can be modeled iraiogic,

3. changes in psychological and social structures can beleods variations on
modal logic models (“Kripkean variations”).

Logical dynamics of imperatives In dynamic semantics an imperative appears
as an action in a twofold sense: imperative is a “logicalactsince the receiver in
order to accept it must rearrange his mental state in a $aigalvay, an imperative is
about action since agentive is its content. A lot of phildgoal questions arise in the
investigation of imperative logic. The language shapeswind and our social real-
ity, but without certain pre-understanding of man and rggtour language practices
would become futile and pointless. Let the world be deteistimand all imperatives
will become meaningless! In our communication we frequewtthdraw, cancel, un-
say what we said before. The sentences we use for unsayindnaugstheir meaning,
don’t they? This retractive move in the language game can dietad within dy-
namic semantics. In communicative update, the receivegngues a transition where
his’her mental state becomes more precise or at least as predisdcae. (We may
think of precision as a number of answers to questions ‘wh#ié case’ and ‘what



116 Berislav Zarnié¢

am | to do.") Update is uncertainty reduction. In downdatiggered by the sender’s
withdrawal of that which hishe said or implied before, the transition goes backwards
towards uncertainty escalation.

“One is a lonely number” as Van Benthem reminded us, and logéd not be a
study of loneliness, or, even worse, of an universe of megwimere there is no-one
for whom the words mean something. Now, one can observe teegs of “shifting
the logical perspective from valid argumentation to coafiee communication’([24,
p. 62], and in that respect logic should restitute its corgtm in the trivium part of
humanistic education, and reestablish itself not only #si¢e of reasoning,” but also
as “ethics of communication” thus helping us to preserveradruworld for tomorrow.
Logic of imperatives plays an important theoretical rol¢hat process.
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