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Abstrakt/Abstract

J. M. E. McTaggart famously divided time into ttime series, which he entitled A-series
and B-series. Although he was proponent of neitbfethem, his division initiated a
discussion as to which of the series is prior at.r€his paper follows Clifford Williams'’s
claim that these series are not as distant as phefironents argue they are. It demonstrates
their translatability in the case of examples frtemporal logic and natural language. It
argues that, if there are any deep-rooted differemetween these two series, they are only
metaphysical. These metaphysical differences cbaldvercome by focusing on logic or
natural language. These two series of time are @dsd in computer science and in the
development of Artificial Intelligence. However, rastempt at unifying them has been
suggested in these fields of study.

J. M. E. McTaggart rozdil ¢as na d¥ ¢asové série, A-série a B-sérietelbaze nebyl
zastancem zadné z nich, jeho réledi podnitilo diskuzi, kterd Zthto ¢asovych sérii je
predrgjSi nebo jedina skuteé realna. Tentélanek navazuje na nazor Clifforda Williamse,
Ze tyto tasové série nejsou tak rozdilné, jak tvrdi jejichstanci. V ¢lanku je
demonstrovana jejichiplozitelnost na fikladech z temporalini logiky &ipozeného jazyka.
Clanek dale tvrdi, Ze jestlize je zd&jaky hluboce zaki@nsny rozdil mezi gmito dwma
sériemi, pak je pouze metafyzicky. Tyto metafyziclazdily mohou byt fekonany,
zanetime-li se na logiku aifrozeny jazyk. Tyto d¥ ¢asové série jsou také pouzity v
informatice a rozvoji uilé inteligence, iebaze v dchto oborech dosud nebyly navrzeny
Zadné pokusy o jejich propojeni.

! The research leading to these results has recéiwveting from the Norwegian Financial
Mechanism 2009-2014 and the Ministry of Educatdouth and Sports of the Czech Republic
under Project Contract no. MSMT-28477/2014, Prapect7F14236.
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0. Introduction

There is a notion of time flying, especially whemeds having a good time. Time tends
to be pictured like a river, which carries awaytak past events. Yet, this concept of
time is in contrast with the special theory of teity. Nikoli¢ stresses that certain

features of the special theory of relativity vieldhe traditional concept of time. On the
one hand, space and time were considered to haatlisntities. However, the special

theory of relativity unites them into one entitytidad ‘spacetime’. The picture of time

as flowing turns to a picture of time as a blotle tynamic picture of time is replaced
by the static one. One the other hand, the indeperedof past, present and future is
questioned. According to the special theory oftnélg, there is no such thing as an
absolute present, and the notion of present israbgpe on an observer's frame of
referencé.

Apart from the special theory of relativity, theseanother line of argumentation, which
focuses on the existence or non-existence of ceetatities. It divides the philosophers
of time into three groups with respect to theirobogical views. Presentists argue that
only present and present entities exist. Posdtbitimim that both the past and present
somehow exist and involve similar entities. Finakyernalists hold the view that the
past, present and future, as well as all of théientn them, all exist in a certain way.
In particular, presentists tend to accuse etemsales positing an overpopulated
universe. However, Callender criticised these apgies in philosophy. He claimed
that this focus on existence was overcome in direnches of philosophy, while this is
not the case in the philosophy of tithe.

Following one part of Callender’s critique, thisppa does not aim to draw any
metaphysical conclusions. This paper does not addrbat timeeally is. Philosophers
are not the right people to make conclusive claomghis subject. In accordance with
good analytic traditions, physicists are the appade experts in this field. Although
Nikoli¢ and Burgan point out a lack of agreement even gnpiiysicists, this is not the
occasion for defending criticisms of the speciabtty of relativity?

At the end of his paper, Callender suggests treasédemingly divergent theories
of time could be unified, and that the metaphysiteflate among eternalists, presentists
and possibilists might not last until the end ofi¢® Although the aim of this paper is
not to finish this debate, but to present a padicunification of different concepts of
time. The focus will not be on the metaphysicalijp@s, which were introduced in

% Nikoli¢ (2008, pp. 3-4).

® Callender (2008, p. 1).

* Nikoli¢ (2008); Burgan (2011).
® Callender (2008, p. 32).

http://filosofiednes.ff.uhk.cz
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previous paragraphs and criticised by Callendestebd, the paper will deal with two

concepts of time, which were introduced by J. MMETaggart, the A-series and the B-
P

series.

The main argument of this paper is that, in fabgse are not two mutually
incompatible concepts of time. On the contraryséheoncepts could be transldtétto
each other. This claim will be illustrated in twordains. Firstly, in the domain of
temporal logic, where two types of system of logitich simulate McTaggart's time
series, are developed. Secondly, translatability v presented for the case of natural
language. Although the translatability in tempoladjic, which was introduced by
Prior? is not controversial, the latter translatability often denied, primarily by
presentistS. However, their denial is, arguably, primarily bdsen their metaphysical
views, and does not affect language.

@hrstrgam and Hasle point out that temporal logis waplemented into computer
science and Atrtificial Intelligenc®.Since systems of logic based on both the B-series
and the A-series are used h&r¢here is also a certain possibility of transldtgbin
this field. This use of temporal logic in compugssience and Artificial Intelligence is
widely discussed among logicians and philosoptferslthough the possibility of
translatability of time series was not discussedthis field of study, it will be
introduced in the last part of this paper, sincalso affects significant issues, such as
Artificial Intelligence and its naturalness.

1. McTaggart and Two Series of Time

The two time series, which will be crucial for foer arguments, were postulated by
John Ellis McTaggart in his paper ‘The Unreality Tifne’.** McTaggart argued that

time could be considered as the flow from paspresent and future. He entitled this
concept of time as the A-series. In contrast to ftrener concept, time can also be

® McTaggart (1908).

! Apart from the verb ‘translate’ and the forms ded from it, | will use the verb ‘transcribe’
for a similar movement, which | intend to suggéste verb ‘translate’ is better suited to the
case of natural language, while the verb ‘trangCipplies better to logics.

® Prior (1967, pp. 38-41).

° See e.g. Smith (2002, pp. 3-4).

1% Zhrstrgm & Hasle (1995, pp. 344-365).
! Rodriguez and Anger (1996, pp. 89-90).

12 See e.g. Bhrstrgm & Hasle (1995, pp. 344-365)p@og (2007); Miiller & Strobach (2012,
p. 470).

¥ McTaggart (1908).

http://filosofiednes.ff.uhk.cz
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understood as the relation between earlier and iabenents. He called this concept the
B-series-*

As follows from the title, McTaggart intended toope the unreality of time. In
order to establish his claim, McTaggart proposedasgument that the A-series is
paradoxical. The argument explains a contradiattbith is included in A-series:

1) The A-series is a series of charige.

2) The characteristics of past, present and fuaoeemutually incompatible.
Every event has to possess one and only one o ttiesracteristics. No
more, no less.

3) In order to facilitate change, every event lilsave all characteristic§.

This appears to be contradictory, but McTaggart iidchthat the events could have
these characteristics simultaneously. However, dkplanation of this simultaneity
contained a vicious circle. He argued that, in pridedefine simultaneity of change
from past to present and from present to futureethad to be presumed. Since the A-
series is considered to be a representation of tinem the A-series has to be assumed
in order to support postulation of the A-series. ésesult, a vicious circle appears.
Therefore, the A-series is either contradictonjtarontains a vicious circl¥. From a
logical point of view, none of the solutions is eptable.

Moreover, McTaggart claimed that the B-series ipetelent on the A-series,
since change is possible only in the A-series drathge is, according to McTaggart, an
essential feature of time. McTaggart concluded tiegther the A-series nor the B-series
is an appropriate representation of time. In addjtihe postulated an atemporal C-
series, which was not a series of change but &ssefi events’ order, and which,
according to him, represented the human notiomw# °

Criticisms of McTaggart's paradox appear in severapers® One of them,
which will be important for further discussion, psesented here. C. D. Broad agreed

% |bidem, p. 458.

>The position of events B-series is permanent, according to McTaggart,thackfore if there
is change in time, it must be in A-series. (McTagd808, pp. 459-460).

'® McTaggart claimed: “But every event has theml&M is past, it has been present and
future. If it is future, it will be present and palf it is present, it has been future and will be
past. Thus all the three incompatible terms ardipadle of each event, which is obviously
inconsistent with their being incompatible, andoinsistent with their producing change.”
(McTaggart 1908, p. 468).

" Ibidem, pp. 467—-468.
'8 |bidem, pp. 459-462, 473.
19 See e.g. Havlik (1994) or Goldberg (2004).
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with McTaggart that pastness, presentness or futare mutually exclusive predicates.
However, he argued that, while terms cannot haesettpredicates simultaneously or
timelessly, they can have them successively. Hieneld that there is no contradiction,
and if there is no contradiction then the viciousle, which was introduced to avoid
the contradiction in McTaggart's argument, alsodheet arise. Broad maintained that
McTaggart tacitly presumed that the meaning ofessre with a temporal copula had to
be translatable into sentence with temporal préescaut without a temporal copula.
This translation could be for instance the tramsfabf ‘S is nowP’, where ‘now’ is a
temporal copula, into ‘There is a momentsuch thatS hasP att andt is present.’
Broad claimed that the copula ‘is’ is timeless Ire tsecond statement. It makes the
copula to include simultaneously past, present &mdre, which lead into the
contradiction pointed out by McTaggart. Therefaecording to Broad, McTaggart’s
paradox proves, rather, that there is no suchlatéms, but not the unreality of tinf8.

Markosian argues that, in general, there are twactiens to McTaggart’s
argument, which would have not been approved by adgart. Firstly, philosophers
questioned its adequacy. This approach is widedpieaong philosophers who
favoured the A-series of time. Besides their dgtit of McTaggart's paradox,
proponents of the A-series would agree with McTagtat the A-series is an essential
description of time from which the B-series is dged.

Secondly, Markosian stresses that, even though Ngdra denied the reality of
both time series, certain philosophers adopted gugtart of his argument. They
approved of McTaggart's argument for A-series caxtition, but they claimed that the
B-series is an appropriate representation of tifley argue that time lacks genuine A-
series properties but that it can be analysed whth properties of the B-series.
Consequently, they deny that there is an absoligsept from which past and future
can be extracted, and assert that time does ot Apart from McTaggart's argument,
the proponent of B-series could also deny the Aesain the basis of the special theory
of relativity 2!

Both approaches built up the distinction between Alaseries and the B-series.
The rest of the paper will focus on arguing thad thstinction is not as sharp as seems
to be. I will follow Williams’ criticism of this dstinction. He argues:

“The fact is that McTaggart's original charactetimas of A- and B-time
may not have delineated two clearly contrastingties, each of which is
believable. The fact is, too, that advocates ohdaheory believe that their
own theory is self-evidently true and that the otteeory is self-evidently

%0 Broad (1998, pp. 77-79).
I Markosian (2014).

http://filosofiednes.ff.uhk.cz
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false. This second fact should alert us to theipiig that we have before
us a false dichotomy*

Williams claim was criticised by Oakland&rBurley** and Den&’, however, their
objections primarily apply to the metaphysical pexgives and the semantical analyses
of sentences. They do not prove that there isfardiice between the A-series and the
B-series which could be perceived, as Deng admits:

“The contemporary analytic debates about time argd Ehaped by a

disagreement about such matters as whether alé tareeontologically on a
par, whether monadic temporal properties exist, \@hdther there are any
tensed facts, where these matters are strippdteafrtport they prima facie
appear to have for the issue of dynamicity versasis°

2. Temporal Logic

Both time series introduced by McTaggart can benfdised in the systems of logic.
Their formalisation in modern temporal logic wasgosed by Arthur N. Prior. Prior
independently introduced two ways of formalisingnperality?” which he later
identified as A-series logic and B-series lo@idn addition, Prior also proposed a
transcription of one such system of logic into ¢tieer and, thus, the unification of these
systems of logic into one systémBlackburn considers this unified system to be a
precursor of modern hybrid logfe.

Prior dealt with temporality and future contingeneeen before the introduction
of his temporal operators, in the paper ‘Three-¥dllLogic and Future Contingents’,
where he discussed tukasiewicz's many-valued [¥gitlis temporal logic was
introduced in the paper ‘Diodoran Modalities’, wiehne postulated four temporal
operators:

22 Williams (1996, p. 381).

23 Oaklander (2001).

24 Burley (2007).

%> Deng (2010).

%% Ibidem, p. 752.

%" Prior (1955, pp. 205-206, 211; 1962, p. 36).
%8 Prior (1967, pp. 38-45).

?9 |bid. (1967, pp. 38—41 and 88-92).

%0 Blackburn (2006, p. 368).

% Prior (1953).
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‘Fp’ = ‘it will be the case thap’

‘Gp’ — ‘it will always be the case that

‘Pp’ - ‘it has been the case tipt

‘Hp’ — ‘it has always been the case tpat
while:

Gp=-F-p

Hp = - P-p*

There are several systems of logic which conta@se¢hoperators and, hence, these are
A-series systems. However, the basic system,i®oKwhich the axioms are:

1, p, where p is a tautology of the propositioratalus
2, G(p— q)— (Gp— Ga)
3, H(p— ) — (Hp— Haq)
4, p— HFp
5, p— GPp
And the rules are:
RMP: If}- p and p- g, then} g.
RG: If | p, then Gp
RH: If | p, then HP®

The U-calculus can be seen as a representatidre @-series system of logic in Prior’'s
work. The fundamental operator of the system is, Where ‘U(ab)’ means “a’ is
earlier than ‘b” or ‘jump from possible world ‘@b possible world ‘b” with regard to
interpretation. The system was invented by Priat @arew A. Meredith in 1958’ but
the paper remained unpublished until 189Brior discussed this system of logic in his
paper ‘Possible Worlds’, where he interpreted ia@ystem of modal logi€. However,
Prior claimed that possible worlds and time indaarte similar entities and used the
system as both a modal and a temporal system af.ibgater, Prior also added the

%2 Prior (1955, 205-206, p. 211).

% See @hrstrgm and Hasle (1995, pp. 373-374).
% Prior & Meredith (1996, pp. 133-134).

% See Copeland (2006, pp. 378-379).

% Prior (1962).

3" Prior (1967, pp. 188-189).

http://filosofiednes.ff.uhk.cz



Filosofie dneg'. 2, ra®. 8, 2016 27

operator ‘Y’ to the U-calculus, where ‘Y(ab) mearia’ is later than ‘b”, and
consequently:

U(ab)= Y(ba)*®

Variables of the system stand for possible worldstime instant$? In addition,
Jakobsen points out that B-logic did not need temipoperators and that it used
quantifiers instead’

Although, Prior was aware of the fact that the Aesediffers from the B-series,
he pointed out that A-series logics and B-seriggck are mutually translatable. He
argued:

“It is important, as we have seen, not to treatAhseries as if it were B
series; just that constitutes McTaggart's Fallétowas, however, practically
his only fallacy in this area, and it should naideus to imagine that the A
series and th® series are so distinct that they cannot be brougbta
common context. As McTaggart said, the A seriadésl along’ theéB series
and vice versa; ‘later and later terms pass intopilesent’ and ‘presentness
passes to later and later term%’.”

Prior pointed out that the B-series is not a tesssekeries as it is often interpreted, but
that it is tensed similarly to the A-series. Heiroled that disjunction of certain dated
propositions could be true in all times but thigslmot mean that the dated propositions
themselves are atemporal. For example, Prior drdistanction between two meanings
of truths—true in all times and true atempor&fiyThe latter interpretation could cause
McTaggart’s paradox but Prior claimed that it applneither to the A-series nor to the
B-series. Therefore, Prior concluded that B-sepespositions did not contain the
tenseless ‘is’, which, according to Broad, causedldggart paradox. Consequently,
McTaggart’s paradox is avoided and the translabetween A-series logics and B-
series logics is possibfé.

The translation between two calculi was defined as:

T(pg)=o (p-Q)

% |bidem, p. 183.

%9 order to allow the translation from A-seriesiotp B-series logic, Prior (1967, p. 89)
argued that world’s variable and instant’s variadfleuld be treated as propositional variables.

40 Jakobsen (2013, p. 94).
“1 Prior (1967, p. 101).

“2 A similar distinction could be found also in Resch (1966, pp. 75-76) paper, which
influenced Prior, as will be mentioned further.

“3 Prior (1967, pp. 101-102).

http://filosofiednes.ff.uhk.cz
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U(pa)=o(q-Pp)  ET(GPP)S*
where ‘T(pg)’ means ‘In the state of affairs in whip’, it is the case that ‘q™*°

This step by Prior was inspired by Nicholas Reschéno had previously
proposed a certain unification of these two typdsgic:

“The interactions between the A series andBheeries which emerge from
Rescher's paper may be summed up as follows: Ifiseethe formlrap to
mean ‘It is the case at the dat¢hatp’ its laws are very similar to those of
the Fnp of our simplest interval-calculus, the one in whitnpis defined as
F(—n)p"*

Prior proved, further, that formulas from variousséries logics could be translated into
U-calculus, and vice versa. He used this outconmm@anfs of further theorems of these
systems of logié¢’ However, he neither proved nor intended to prixa¢ évery formula
of any A-series logic is translatable into any egstof B-series logi¢® He, rather,
demonstrated that the translation between thesesystems is possible and that it did
not cause McTaggart's paradox.

In spite of the possibility of translation expressdove, Prior stressed that the A-
series is prior and that the B-series is definableerms of it, but not vice versa. He
argued:

“This gives us all we need for moving freely in amgt of U-calculi from
the tense-logics to which they correspond. We d¢sm see more clearly the
sense in which thB series is definable in terms of the A series lmitwce
versa. The tensgualcan only enter the B-series logic as part of trenfTap
(which, however, is itself tense-logically defin@plthe B-series logic has
no counterpart of the simple tengetf*®

** Ibidem, p. 89.

> See Prior (2003, p. 252).

“ Prior (1967, p. 103).

" Ibidem, pp. 90-111, 179-180.

8 In fact, Prior claimed that not every formula ofdgjic is translatable into A-logic (1967, p.
198): “...L is not only not defined in a particulalculus but is undefinable in tense-logical
terms, is a move that would have profound effeotk philosophically and formally. It would
mean that we cannot reduce the U-calculus (the loigiheB series) wholly to tense-logic (the
logic of the A series) after all; and this couldrbgarded as advantageous or disadvantageous,
according to our point of view.”

9 Prior (1967, p. 197).

http://filosofiednes.ff.uhk.cz
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This prioritising of A-series logics might have beeaused by the fact that Prior had
certain ontological objections to B-series logitsBesides these ontological

disadvantages, U-calculus has a greater expregewer. Hence, Prior had to advocate
his preference of A-series logic. As Blackburn desimtes, in order to prove priority

of A-series logic, Prior ‘hybridised’ his systemlofjic.>*

Hybrid logic could serve as another example of tia@slatability of the two
concepts of time, since it unifies A-series andeBes logics. Namely, as Blackburn
shows, two types of quantifiers are used here, teahpuantifiers ‘P’ and ‘F’ and
classical quantifiers[" and ‘(1. In addition, it uses a special quantifier, ‘Qihich
creates a nominal from the propositional variabgp’ means that ‘p’ is true at
precisely one point. Prior’'s hybrid logic contaihe notion of past, present and future
due to the temporal quantifiers, and identifiesc8mepoints (or time instants) at the
same time due to the quantifier ‘Q’. The formertdea is a part of the A-series concept
of time, while the latter belongs to the B-serieaaept of time?

Blackburn stressed that Prior's hybridisation mighte been overly applicable.
Prior's approach could not only be applied to terapfogic but also to his egocentric
logic and to any system which is described fromititernal point of view. Since it is
not a unique procedure, the hybridisation doespnotide a proof that A-series logics
are prior to B-series logics. Consequently, Prior's reason for hybridising tenapo
logic failed. Despite this, it does not affect tfaet that hybrid logic unifies certain
features of A-series and B-series logics.

3. Natural Language

The translation of the two logics is not trivialdabased on common sense. On the
contrary, according to a common sense view of lagguthere should be no difficulties
in translating talk which belongs to the A-seriestdlk of the B-serie¥’ Moreover, a
similar replacement to that which was suggestedPhgr in the case of logic was
suggested by S. S. C. Smafor the case of natural language. He claimed ‘tbatast’

*0 |bid (1967, pp. 189-190).

> Blackburn (2006, pp. 353-360).
>2 |bidem, pp. 353-354.

>3 |bidem, pp. 362, 364, 367.

> For instance, Joseph (2009, pp. 366—372) idestifeesignificant linguistic difference
between A-series and B-series. However, he doetketinto account the lasting discussion
which will be presented in this chapter.

*> He was actually, Prior's friend and they discusbéslissue a great deal. (see e.g. Jakobsen
2013, pp. 35-38)

http://filosofiednes.ff.uhk.cz



Rybaikova: Two Series of Time 30

could be translated as ‘it was earlier than thiterahce’, ‘is present’ as ‘it is
simultaneously with this utterance’ and ‘is futuees ‘is later than this utterance’. His
main aim was, in contrast with Prior, to demonstrtte priority of the B-serie§.
However, he did not exclude the translation frorsdBies to A-series statements. Thus,
his objections to the A-series arose from his megtajgal point of view.

It appears, however, that metaphysical and senaniggues in these cases are so
robust that the protagonists of both sides argae ttianslation is not possible without
loss of meaning. Claims of this kind are suppotgdproponents of A-serigsand,
similarly, by proponents of B-serfswho argue for a new tenseless theory of time.
There are, however, philosoph&rarho claim that postulating this difference between
sentences just leads to the misinterpretation @ftseries and B-series of time. In this
chapter | will present the argument of Quentin &mivho argues that the difference
between A-series and B-series claims is significant

In natural language, both time series can be expdeBesides, McTaggart also
formulated his paradox in natural language. Norefise Smith points out that
proponents of the A-series understand the semaoticertain sentences differently.
There is, according to them, a difference betwemsdd and tenseless statements. In
particular, there is a difference in the meaningofv’ in the following sentence:

It is snowing now.

This, according to certain proponents of the Aeserimplies that the ‘snowing’ has the
property of presentness, while the proponents eBiseries maintain that ‘now’ in the
sentence refers to the date of reference, e.gl'td\bvember 2016. Consequently, the
former theory differs from standard philosophy afidguagé® Oaklander argues that the
proponents of the B-series understand the senterac€regean way, i.e. every sentence
‘It is snowing’ is a unique statement about theestef the world with its unique truth-
value®® In contrast, certain proponents of A-series, sashPrior, understand the
sentence in the medieval way, i.e. that it couldutiered several times and its truth-
value could chang¥.

*® Smart (1949, pp. 492-493).

>’ See e.g. Smith (2002, pp. 3-4).

*% See e.g. Oaklander (1998, p. 188).
> See e.g. Williams (1996, p. 379).
% Smith (2002, v).

®1 Oaklander (1998, p. 188).

%2 prior (2003, p. 213).
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It is not possible to present all of Smith’s exaesphere, however, the following
example provides an adequate demonstration of Smsiblution. Smith shows the
untranslatability of the A-statement and B-statetméar the following example of the
A-statement:

(1) It was true that the era devoid of linguistiterances is presefit.
He claims that none of proposed B-statements doaitglate it correctly. He suggests:

(1A) 1t (is) true, earlier than this utterance,tttize era devoid of utterances
(is) simultaneous with this utteran®e.

Smith argues that the first statement could be drulse in respect to a situation, but
that the second is contradictory. Consequently, stegement (1) is not a correct
translation of the statement (1%).

Smith’s example is not completely fair. Statemdrntriiixes language with meta-
language, and there is also trouble with self-esfee. It contains features of meta-
language since it ascribes a truth-value. The isduself-reference is caused by the
passage ‘the era devoid of utterances’. Specific&limith postulated three conditions,
which are according to him contained in the fitatement:

a. There (is) an era devoid of utterances eahem the utterance of (1).

b. There (is) some utterance-independent truthcleehi that is expressed
by the clause prefixed by "It was true that."

c. V (is) true during the era devoid of utterantes.

In condition ‘b’, where Smith postulated ‘some wditgce-independent truth vehicle’, he
expresses that it is not a case that depends gndge anymore. This phrase belongs,
more likely, to meta-language. The idea that ‘Vaipart of the meta-language is also
implicitly contained in condition ‘c’. In additiorgondition ‘a’ includes the problem of
self-reference. Consequently, the translation efAkseries part of the statement is not
the most challenging part of the work. The inisgdtement is already filled with more
serious obstacles.

They could be overcome, however, but not by Smitt@eslation. At first, Prior,
in accordance with Ramsé&{ypoints out that the claim ‘is true’ could be eliraied as

% Smith (2002, p. 73).

® Ibidem, p. 74.

® Ibidem, pp. 73-78.

% |bidem, p. 73.

" Ramsey (1965, pp. 143-155).
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superfluous, since it is just an expression of vibidihe casé® Thus, statement (1) will
look like:

(1*) The era devoid of all utterances was present.
and its translation to the B-statement as:

(1A*) Earlier than this utterance, the era devofdalh utterances (is) the
case.

This escape might have been too easy. There isg\@wanother possible analysis. If
the statement of truth and the indication of presee considered as important parts of
the statement, the logical analysis of it couldobeeficial. Statement (1) could also be
translated as:

(1A) Earlier than this utterance, it (is) true thiae era devoid of linguistic
utterances is the case at that moment.

Although statement (1A’) also contains meta-languamd self-reference, it is not
contradictory. Additionally, it fulfils the conddn ‘a’, which is not fulfilled by
statement (1A). The reason why Smith uses the adictory (1A), instead of (1A’), is
the fact that he uses the precise replacement sdrigs’ variables that were suggested
by proponents of B-seri€3The solution here is inspired by Prior, who was@ponent

of A-series.

As a result, statement (1) can be transcribed logac, with a little help from
condition ‘a’, which allows introducing the proptien as:

o (P(NVONp) - q)

where the variable ‘N’ stands for ‘is present’. §hiormula could be transcribed
according to rules mentioned in the previous clraate

Y((aVv Oap) q)
and transformed into:
U(gq (aVOap))

which corresponds with statement (1A’) (where thaiable ‘a’ stands for a time
instant).

Statement (1A) is definitely more complicated dads clear than statement (1).
In ordinary communication, statement (1) would befgrable. However, the argument

% Prior (1971, pp. 11-13).
%9 Smith (2002, pp. 73-74).
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was directed at the obstacles to translatabilityictv just stresses the gap between A-
series and B-series. This gap seems to be metdlgiak.

4. Computer Science and Atrtificial Intelligence

@hrstrgm and Hasle claim that the usefulness gboeah logic in computer science was
already recognised in the 70s by Amir Pnueli. Alihlo Pnueli did not use Prior's
temporal logic, instead utilising Rescher’s systefmlogic, he later also discovered
Prior.”® @hrstrem and Hasle stress that computer scieitists to choose between A-
series and B-series systems of logic, and thatpmputer science, B-series logics tend
to be preferred' They argue, however, that A-series logic or hyboigic could be also
relevant, for example, for the case of ‘The TowérHanoi' query’® Additionally,
Rodriguez and Anger conclude that the situatiorcamputer science is even more
complicated than the easy division between A-sesied B-series systems of logic.
They argue:

“If there is one word which sums up the currenta@n with time in
computer science, it is diversity>”

Rodriguez and Anger point out that there are séyawds of computer science where
temporal logic has been usefully applied. Firstiynporal logic was used in programs
that provide reasoning about concurrent prograrnesé& programs allow for expressing
different possible outputs of operation and, conset]y, different executions of them.

Secondly, real time systems also benefit from the of temporal logic. Most of these

systems deal with asynchronous events in non-detestn order, which must be

solved promptly. However, the most distinctive featof real-time systems is fairness
in the ordering of different activities. Thirdlynather occasion for the use temporal
logic in computer science is in planning. In costréo real-time systems, planning
systems are more complex and slow. Fourthly, tealpogic is relevant for databases.
Apart from the processes which run simultaneoudbtabases have to differentiate
current from possible values. In addition, timesmmfation is also stored in databases,
hence, it is also important to distinguish betwperiod- and date- related information.
Fifthly, temporal logic could be valuable in thet@mated checking of system

" ghrstrgm & Hasle (1995, p. 344).

" Ibidem, p. 347.

2 |bidem, pp. 348-355.

"3 Rodriguez & Anger (1996, pp. 90-91).
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specifications. It primarily applies to specificats linked with time, for instance the
dynamic consistency of the systéf.

Finally, Rodriguez and Anger stress that another afstemporal logic has been
suggested by those developing the knowledge baaeittial Intelligence. In order to
behave intelligently, a system has to make decsslmased on the information that it
includes. Additionally, the system’s outputs hawebe in the correct order, and the
ordering of information, rules or outputs is thertpahere temporal logic could be
useful. However, there is no consensus as to whé#series or B-series logic should
be preferred® Allan favoured an instant-based system of logicicv resembles the A-
series or, rather, Prior’s hybrid logic, since ahtes from U-calculus are also uséd.
On the contrary, other researchers prefer poinédagstems of logi€’

In the discussions about the naturalness of Auifimtelligence, the concept of
time in which each system is embedded is of consiide potential relevance. While A-
series systems resemble the human understandingegfwidely used B-series systems
are closer to the scientific model of it, as wasest previously. However, if there is a
possibility of translatability, as in temporal logand natural language, then even B-
series systems of logic could be considered tonia¢ufal’. There are some hints of
translatability in the hybridised systems, suctben’s,”® but translation from B-series
systems to A-series systems is needed. Unfortynates approach has not yet been
extensively discussed.

5. Conclusion

Taking everything into account, there is a tensietween two concepts of time, the A-
series, which describes time as a flow from pagtrésent and future, and the B-series,
which considers time as a static relation betweehee and later moments. Besides this
tension, the division which was built between thige theories is, arguably, artificial.
There could be a translation between the two cdscem the differences between them
may just be metaphysical.

From the philosophical point of view, both conceptsve their usefulness in
logic, natural languages and computer science. fidigs of the real nature of time, this
suggests that both of them are worth having ant] dmmsequently, neither should be

™ Ibidem, pp. 91-97; 99-104.

’® Ibidem, pp. 97-99.

® Allan (1984).

" See Rodriguez & Anger (1996, pp. 98-99).
8 Allan (1984).
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rejected. This claim could be further strengthert®gd suggestions of possible
translatability in computer science and in the esyst on which Artificial Intelligence
are based. This could also provide an answer raggarsome issues linked with
Artificial Intelligence.
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