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g 1E Validity in Simple Partial Logic*

Abstract
Firstly I characterize Simple Partial Logic {SPL) as the generalization and extension of a certain two-valued
logic. Based on the characterization I present two definitions of validity in SPL. Finally I show that given my
characterization these two definitions are more appropriate than other definitions that have been prevalent, since

both have some desirable semantic properties that the others lack.

1.1 Introduction

Partial logic is, broadly speaking, logic that allows the truth-value gap, which means that propositions
may possibly be neither true nor false. Because of the gap, there occur, as it were, two conceptions of
truth: being true and being not false. I call the former the strong concept of truth and the latter the
weak concept of truth.

Accordingly the conceptions of validity also have similar complexity. There are strong and weak
concepts of validity of a formula: being true and being not false respectively under all truth-valuations.
As for the validity of an argument there can be at least four concepts:!

(a) The consequence is true whenever all the premises are true.

(b) The consequence is not false whenever all the premises are true.
(c) The consequence is true whenever no premises are false.

(d) The consequence is not false whenever no premises are false.

Logicians have adopted different concepts of validity of arguments in partial logic. Wang, for example,
chose (a), which appeared most standard.2 This concept, however, has defects despite its apparent
naturalness; neither (semantic) Deduction Theorem nor Contraposition Theorem holds:

< Deduction Theorem >

P,,P2,—P, '= C iff |= (P1/\P2—/\Pn) — C.

< Contraposition Theorem >

P,P2—P, EC if —CE — (P1AP>—AP,).

Improving Wang’s concept, Blamey defined validity as follows:

The consequence is true whenever all the premises are true, and at least one of the premises is false

whenever the consequence is false. 3

* Reprinted from The Annals of the Japan Association for Philosophy of Science 10-4, 139-153, The Japan Association
for Philosophy of Science, 2002.

! Besides these we can define other concepts of validity by making a conjunction or a disjunction out of them. Blamey’s
definition shown below is an example of the conjunct definitions. Langholm combined and generalized these definitions
into a single figure and showed the way to choose one of them. [Langhholm,T. 1996][Fenstad, J. E. 1997)

2 [Wang, H. 1961]

3 [Blamey, S. 1986] p.5f. Here I described his definition in a more generalized way.



Though this modification makes Contraposition Theorem hold, Deduction Theorem still does not hold.

Below I attempt to find better conceptions of validity in partial logic. Which definitions of validity are
better depends on what the logic concerned is for. So I will characterize partial logic and then present
two definitions of validity both of which have their place in my characterization. At the end I prove
some semantic theorems and compare my definitions with other definitions.

1.2 Characterization of Simple Partial Logic

In this paper I restrict my arguments to the syntax and semantics of propositional logic. Moreover I
confine myself to the simplest type of partial logic which I call ‘Simple Partial Logic (SPL)’.
The syntax of SPL is as follows:

(1) Atomic formulae p, g, T, -, P1, P2 ;- Dn,— are well formed formulae (wifs).
(2) If A is a wif, — A and TA are wifs.
(3) If A and B are wifs, (AAB) is a wif (the outermost parentheses can be omitted).

In addition I introduce the following operators by definitions (I will also add a few more operators by
definitions later in this section):

AVB =df —(—AA—B)
A—-B =df —(AA—B)
AoB =df (A—-B)A(B—A)

As for semantics there are two conditions that SPL should satisfy:

1. It is truth-functional.®
2. It has another value (in a broader sense described below) than truth and falsity.

However, these conditions are not proper to SPL, because the systems of three-valued logic in general
satisfy these conditions. So we have to find the characteristics that make SPL special among the systems
of three-valued logic. The crucial point is the character of ‘another value’ in the third condition above.
Strictly speaking, the third value of partial logic is not an independent value but the lack of the truth-
values. I call the third value of partial logic the ‘gap-value’, distinguishing it from the ‘truth-values’
which refer to truth and falsity. Now I attempt at formulating what conditions make the third value not
an independent value but the lack of the truth-values.

T. Langhholm enumerates the following properties among those which may be characteristic of partial
logic:®

< Determinablity >

If all the atomic formulae in a wif have truth-values, the wil itself also has a truth-value.

< Monotonicity >

If a wif that includes gap-valued (gapped) atomic formulae has a truth-value, that truth-value will not
be changed by giving a truth-value to a gapped atomic formula.

In the following I modify these two properties to fit in with my characterization of SPL.
First I adopt the following usage of terms:

4 Langholm calls this property ‘Compositionality’. [Langhholm,T. 1988] p.17f. Below I take after most of his terminology
for partial logic, except for ‘Monotonicity’, which he calls ‘Persistence’.
5 [Langhholm,T. 1988]pp.3-6.



Total valuation: the valuation which assigns a gap-value to no atomic formulae.
Total logic: the logic which contains no gapped wifs.

Partial valuation and partial logic are their negations.

(1’) Reliable Determinability (Reliability)

First of all I characterize SPL as a generalization of a certain total (two-valued) logic. In other words,
SPL presupposes a particular total logic. I call the presupposed total logic the ‘basic logic’ of the SPL
concerned and the operators included in the basic logic the ‘basic operators’.

By ‘generalization’ 1 mean, in the first place, the partialization of valuation, namely the allowance
of the truth-value gap in valuation. In total logic every formula must have a truth-value. In contrast
a formula in partial logic does not necessarily have a truth-value. The truth-tables of partial logic do
not only determine the conditions as to when a formula is true (or false), but also the conditions as
to when the formula has a truth-value. Secondly the truth-tables that define the meanings of the basic
operators in SPL have to coincide with those of its basic logic under total valuation. In other words, the
truth-value of the formula that includes only the basic operators have the same truth-value with that of
basic logic, if all the atomic formulae included have truth-values. This is a restriction of determinability
defined above. I call such property ‘Reliable Determinability’ or ‘Reliability’ in short.

(2’) Weak Monotonicity

Blamey restricted the operators of partial logic to monotonic operators.®

1 agree with him on the
basic operators. The basic operators should have the property of monotonicity as well as reliability.
However, I do not think that SPL should exclude all the non-monotonic operators, because there are
useful and significant ones for partial logic among them. For example, the following Truth-operator
that Woodruff adopted for his System @, which can be taken as a kind of SPL, is useful for expressing
significant concepts which are related to partiality:”

t t
R
£ [t

Using this Truth-operator we can also define the following operators:®

FA =df T— A (A is false.)
LA =df TAVFA (A has a truth-value.)
A—B =df LA—TB (A presupposes B.)

These operators are common in that they always bring about a truth-value under partial valuation.
In my view, they express a kind of (extensional) modality which results from partial valuation. I call
the operators which always bring about a truth-value under partial valuation the ‘modal operators’ (In
the following I call the formulae that do not include modal operators ‘basic formulae’). Adding these

6 [Blamey, S. 1986]p.9.

7 [Woodruff, P. 1970]

8 [Woodruff, P. 1970] For ‘—’, 'V’ and ‘—’ Woodruff adopted the definitions of Kleene’s strong three-valued logic shown
in §4 below.



operators to the basic operators means that SPL is an extension of some total two-valued logic as well
as its generalization.

Though the modal operators destroy the monotonicity of partial logic, I do not think that they make
the ‘spirit’ of partial logic totally lost, for the monotonicity still remains at the basic level and it is
no wonder that the propositions which describe the modal facts in terms of partiality itself are non-
monotonic. Partiality implies that there are cases where a gapped proposition gets a truth-value by
adding some information. Therefore, for example, the proposition ‘— LA’ (A has no truth-value, A is
gapped), which includes a modal operator, may well have opportunities to change its truth-value from
truth to falsity.

Moreover the modal operators keep a weakened monotonicity in the following sense:

If a formula that includes gapped atomic formulae has a truth-value, it does not make its truth-value
lost (namely, be changed to gap-value) by altering the gap-value to a truth-value.

I call such a monotonicity ‘weak monotonicity’.

To summarize, SPL is defined as a three-valued logic (in a broader sense) that includes the basic
operators and the modal operators; the former are monotonic and coincidental with a certain total
two-valued logic under total valuation, while the latter are weakly monotonic and always bring about a
truth-value under partial valuation. By this definition, SPL is characterized both as the generalization
and extension of a total two-valued logic; SPL is its generalization in the sense that SPL introduces the
partiality of truth-valuation and is its extension in the sense that SPL includes modal operators that
describe the modality related with partial valuation.

1.3 Definitions of Validity in SPL

To define validity in SPL, I first define two concepts of satisfiability in SPL:

(1) Strong Satisfiability

The set of formulae ¥ is strongly satisfiable. =df There is a partial valuation which makes all the
formulae in ¥ true.

(2) Weak Satisfiability

The set of formulae 3 is weakly satisfiable. =df There is a partial valuation which makes no formulae
in ¥ false.

Based on these definitions, we can define the following definitions of unsatisfiability (Notice that the
order of strength reverses):

(1la) Weak Unsatisfiability

The set of formulae ¥ is weakly unsatisfiable. =df There are no partial valuations which make all
the formulae in X true.

(2a) Strong Unsatisfiability

The set of formulae ¥ is strongly satisfiable. =df There are no partial valuations which make no
formulae in ¥ false.

Finally we can define the following definitions of validity:®

9 Fenstad also used the symbol ‘=w’ and ‘k=s’. However, he meant Wang’s validity by the latter. [Fenéta.d, J. E.
1997]p.670.



(1b) Weak Validity

The argument that has the set of premises T and the consequence C is w-valid (¥ Ew C). =df The
set of formulae ¥ U{ — C} is weakly unsatisfiable.

(When ¥ is empty, we say that the formula C is w-valid and call C ‘Weak tautology’.)

(2b) Strong Validity

The argument that has the set of premises ¥ and the consequence C is s-valid(X |=s C). =df The set
of formulae ¥ U{ — C} is strongly unsatisfiable.

(When ¥ is empty, we say that the formula C is s-valid and call C ‘Strong tautology’.)

Here we are required to define the truth-condition of the negation operator. If we choose classical logic

as the basic logic, there can be only one monotonic negation operator:

Al —A
t o f
f it

Adopting this truth-table, we can paraphrase the above definitions of validity in the following way:

(1c) £ Ew C iff whenever all the formulae in ¥ are true, C is true or gapped (i.e. C is not false).
(2¢) T k=s C iff whenever all the formulae in X are true or gapped (i.e. whenever no formulae in X
are false), C is true.

Compared with the naturalness of (1a), (2a) and (1b), (2b), they may seem somewhat arbitrary
because of the asymmetry between the premises and the consequence in terms of being gapped. Indeed
I believe that it is the reason why these definitions have not attracted much attention from logicians.
However, if we take the essential features of partial logic into consideration, I think that these definitions
should be accepted.

In the semantics of total (two-valued) logic there is only one axis of valuation: which truth-value a
formula has, namely truth or falsity. In the semantics of partial logic, on the other hand, there is another
axis of valuation presupposed: whether a formula has a truth-value or not. I give other definitions here:

Weak formula: the formula which does not always have a truth-value under partial valuation
Strong formula: the formula which always has a truth-value under partial valuation

We have to take both of these axes into consideration when we define the concept of validity. For
example, we should distinguish between the following concepts of validity of a formula (these are respec-
tively the explanatory meanings of ‘C is true or gapped’ and ‘C is true’ in the above definitions (1c) and
(2¢)):

Weak tautology: the formula which is always true if it has a truth-value

Strong tautology : the formula which always has a truth-value and is always true

Considering these points, the explanatory meaning of weak and strong validity of arguments are as
follows ((b) is logically equivalent to (a)):

< Weak validity >



Whenever all the premises have a truth-value and are true, the consequence is, if it has a truth-value,
true.

If all the formulae in the argument have a truth-value, whenever all the premises are true, the conse-
quence is true.

< Strong validity >

Whenever all the premises which have a truth-value are true, the consequence has a truth-value and
is true.

At least one formula in the argument always has a truth-value. Among the formulae which have a
truth- value, whenever all the premises are true, the consequence is true.

Weak validity means that if we assume that all the formulae in ¥ and the negation of C have truth-
values, they cannot be true at the same time. To say that the negation of C is true, assuming that it
has a truth-value, is the same as saying that the negation of C has the value of truth (strong concept
of truth). Accordingly ‘the negation of C cannot be true’ here means that ‘the negation of C cannot
have the value of truth’, namely, ‘the negation of C must be gapped or has the value of falsity’. This is
equivalent to ‘C must be gapped or have the value of truth’, namely, ‘if it has a truth-value, C must be
true (weak concept of truth)’.

To the contrary, strong validity means that even if we do not assume that all the formulae in ¥ and
the negation of C have truth-values, they cannot be true at the same time. To say that the negation
of C is true, without assuming that it has a truth-value, is the same as saying that the negation of C
is gapped or has the value of truth (weak concept of truth). Accordingly ‘the negation of C cannot be
true’ here means that ‘the negation of C can neither be gapped or have the value of truth’, namely, ‘the
negation of C must have the value of falsity’. This is equivalent to ‘C must have the value of truth’,
namely, ‘C has a truth-value and is true (strong concept of truth).

Some readers may still be irritated by the remaining asymmetry in our two definitions. If so, I want to
point out that at least these definitions result from two natural notions of unsatisfiability shown above.
In my view, the relation of logical consequence or validity in a truth-functional logic cannot but be
unsatisfiability.

I am not sure as to whether these two definitions can capture the features of our ordinary inferences
better than others. My principal concern is the generalization of total logic. I want to show that total
logic is, as it were, a specialized partial logic. The more these two logics share properties, the better for
me. Therefore if the apparent naturalness of other definitions is the only reason to adopt them, I would
prefer the definitions described in this paper, as they retain some advantageous semantic properties
which the others lack. In the next section I will explore those properties. To say in advance, the holding
of semantic deduction theorem is one of them. Thanks to deduction theorem we can also grasp w-valid
and s-valid arguments as the arguments which make the corresponding conditional formula a weak and
strong tautology respectively.

Before moving to the next section, it should be noticed that the above justification of the two definitions
of validity crucially depends on my characterization of partial logic. For my justification presupposes that
in SPL there is only one negation operator, which is reliable and monotonic. If we admit another negation
operator such as external negation, which is non-monotonic, we can equally justify other definitions of
validity.10

10 External negation is the one defined by the table 1.1 in the Appendix of this paper:[Busch, D. 1996]p.58.

10



1.4 Semantic Theorems

We can easily prove the following semantic theorems:

<Thi>(E2EsC=XEwC
[proof] It results from the definitions of validity. W

< Df >
Y | C =df The argument which derives C from X is valid in the basic logic.
(This implies that the argument includes only the basic formulae.)

< Th.2 > If an argument includes only the basic formulae,

TEwC=>XZEC

[proof] It results from reliable determinability. B

Now I prove Deduction Theorem and Contraposition Theorem. For that we have to choose the basic
logic and define the truth-conditions for other basic operators in addition to the negation operator above.
Here I adopt classical logic as the basic logic and the truth-tables which Kleene defined for his strong

three-valued logic. 1!
ANB ||t ]|-|f AVB ||t |- f A-B | t
t t|-|f t tit]t t t
] -l ; t]-]- - t
f flf|f f t-|f f t

These operators have another desirable property for partial logic that is called ‘strength’; an operator
is stronger than another under partial valuation iff the former gives a truth-value to the formula which
it bounds whenever the latter gives one to the same formula. Kleene’s operators above are the strongest
definitions that are both reliable and monotonic relative to classical logic.!?

< Th.3w > Weak Deduction Theorem (WDT)
P1,P2~P, w C iff (P; AP,—AP,) = C
< Th.3s > Strong Deduction Theorem(SDT)
P,,P>-P, Es C iff s (P1AP2>—AP,) > C

< Th.4w > Weak Contrapostition Theorem(WCT)

P,P2,-P, t=W C iff = C E=W - (Pl/\Pg—/\Pn)

< Th.4s > Strong Contrapostition Theorem(SCT)

PP~ P, s C iff —C Es — (Pl/\P2—/\Pn)

[proof]

(1) When n=1, the theorems above are expressed in the following way:

TIP =w C iff FwP->C
T2P |=s C iff j=s P—C
T3PEwC if =Clw—P
T4P ks C iff —=Cls—P

We can confirm them by the truth-table below:

11 [Kleene, S. C. 1952] The truth tables of ’AVB’ and "A—B’ result from their definitions.
12 [Langhholm, T. 1996]p.11f. Blamey and Wang also adopted Kleene’s operators.
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t 1t t f f
t |- - - f
t | £ f t f
- |t t f -
- f - t -
f it t t
f - t - t
f if t t t

(2) We can prove that when n22, both WDT and SDT hold in the following way:

(1) In the case that (PyAP>—AP,,_1) is true,

All the premises P;,P3,—,P, are true iff P, is true. So

Pl,Pz,—,Pn FW C iff Pn |=W C.

Moreover the value of ‘(P1AP;—AP,) —C’ coincides with that of ‘P, —C'. So

Ew (P1AP;—AP,) -»C iff EwP,—C

ByT1, P, =wC iff FwP,—C.

Therefore, P1,P3—~P, =w C iff =w (P;AP;—AP,) — C.

This is WDT. Similarly for SDT.

(ii) In the case that (PyAP2—AP,_1) is false, (P;APo—AP,,) is also false. So both ‘P1,P,- P, Ew
C’ and ¢ Ew (P1AP2—AP,) —C’ trivially hold. So WDT holds. Similarly for SDT.

(iii) In the case that (P;AP;—AP,1)is gapped, the value of (P;AP,—AP,,) coincides with that of
Pn. If Pn is true or false, it is the same as (i) and (ii) respectively. If it is gapped, both of ‘P;,P2,—,P,
Ew C' and ¢ Ew (P1AP;—AP,) —C’ trivially hold. So WDT holds. As for ‘P;,Py,~,P,, s C’ and ¢
ks (P1AP2—AP,,) = C’, both of them hold iff C is true. So SDT holds.

By(i),(ii) and (iif), WDT and SDT hold in any case when n=2.
By (1) and (2), WDT and SDT hold for any natural number n. B

We can also prove Contraposition Theorems in the similar way. However I omit the part (2) of their
proof for brevity.
Using Deduction Theorems we can prove the following theorems:

< Th.5 > If an argument includes only the basic formulae,

TEC=>XZEwC

[proof] (by Reductio ad Absurdum)

Assume that ¥={P,,P2,~,P,}. By WDT, X =w C iff =w (P;AP;—AP,) —C. If < Th.5 > does not
hold, it means that there are cases where ‘T }= C’ holds but ‘Y =w C' does not. Because of reliable
determinability it is possible only if there is a valuation which makes ‘(P;AP2—AP,) —C’ faise. But
this contradicts the monotonicity of the basic operators, since under total valuation the formula is true.
So < Th.5 > holds. B

12



By < Th.2 > and < Th.5 > we can conclude that the validity of classical logic coincides with the
weak validity of SPL restricted to basic operators. We can say that it is another way to hold classical
validity allowing the truth-value gap as well as supervaluational logic.!?

< Th.6 > There are no s-valid arguments which include only the basic formulae.!4

[proof] (by Reductio ad Absurdum)

Assume that ‘P;,P,~,P, s C is such an argument. By SDT, P,,P2,—,P, ks C iff ks (P;AP2—
APp) —C. It implies that there is a partial valuation which makes ‘(P;AP2—AP,) —C’ true, while
all the atomic formulae in it are gapped. But no monotonic operators make such a valuation possible.
Therefore Th.6 holds. B

If we adopt the modal operators given in §2 together with Kleene’s, the following are among s-valid
arguments:

TA s A (cf. Afs A, As TA)
LAEs AV— A (cf s AV—A)
s TAV —TA

(A—B) A LA |=s TB

We can take these s-valid arguments as showing the validity which is proper to SPL, in contrast with
w-valid arguments.

1.5 Comparison with other Definitions of Validity

Weak, Strong and Wang’s validity are three of the four conceptions of validity I enumerated in the
introduction. The final one is the following:

(d) The consequence is not false whenever no premises are false.

Blamey’s validity is the conjunction of Wang’s and (d). Wang’s validity and (d) cannot be ordered in
terms of strength. Accordingly we can make two order sequences of strength:

Weak validity < Wang’s validity < Blamey’s validity < Strong validity
Weak validity < (d) < Blamey’s validity < Strong validity

Based on these orders, I rename here the intermediate concepts of validity in the following way:

Blamey’s validity : Medium validity, being m-valid, =m
Wang's validity: Lowl validity, being 1;-valid, =1,
(d) : Low?2 validity, being lp-valid, =1,

Among them Contraposition Theorem holds only in Weak, Medium and Strong validity. Deduction
Theorem holds only in Weak and Strong validity.

As for Medium validity, if we adopt Lukasiewicz’s conditional instead of Kleene’s, Deduction Theorem
holds. However, as Lukasiewicz’s conditional is non-monotonic, Blamey cannot adopt it, because he

13 1t has merits in that it keeps extensionality and does not include the quantification over valuations in the valuation of
a formula.[Woodruff, P. 1984] [Langhholm,T. 1988]p.8.

14 Strictly speaking, this theorem presupposes that the basic operators do not include the truth-constant operator, which
always brings about truth under any partial valuation, though it is also monotonic.
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insists that the operators of partial logic should be monotonic.!3
Blamey gives two theorems which make his definition preferable:

< Df > A==B =df A and B always have the same value under partial valuation.
< Thml > A==B iff AEmBandB }mA
< Th.m2 > A==(AAB) iff B==(AVB) if AFm B

Neither of them holds in Weak nor Strong validity. However, the following theorems which correspond
to < Th.m1 > hold in both:

<Thmlw>FEwA B iff AEwBandBEwA
<Thmls > s A+ B iff AEsBand Blks A

In my view, this formulation is more appropriate for partial logic than Blamey’s. ‘A==B’ is the so
called three-valued equivalence, which requires the coincidence of gap-values besides truth-values. This
implies that the gap-value is treated as an equally qualified value as the truth-values. In fact if we
express it by an operator in the object language it has to be non-monotonic, which is against Blamey’s
characterization of partial logic. That is why he defined the equivalence in the meta-language. On
the contrary, our formulation requires only the coincidence of truth-values and the equivalence can be
expressed by a basic operator in the object language.

As for < Th.m2 >, the following < Th.m2w >, which is modified in the same way with < Th.m1 >,
holds, while < Th.m2s > does not:

< Thm2w > |Ew A & (AAB) if EwB « (AVB) iff AEwB

< Thm2s > s A & (AAB) iff =sB « (AVB) iff AEsB

However, if we scrutinize the way in which < Th.m2s > fails, we can confirm that it is not against
the point of the theorem, which requires the coincidence of the truth-values of A and AAB and the

truth-values of B and AVB, iff A =s B:
The value assignment which makes the theorem fail is the following:

(1)When A is gapped and B is true, A <+ (AAB) is gapped.
(2)When A is false and B is gapped, A « (AVB) is gapped.

However, in these cases the following hold:

{(1a) When A is gapped, AAB is also gapped.
(2a) When B is gapped, AVB is also gapped

So these cases do not contradict the point of the theorem at all, even if it required the coincidence of
the gap-value, too.

1.6 Conclusion

SPL can be characterized as the generalization and extension of a total two-valued logic to deal with
partiality of truth-valuation. It consists of basic operators, which are monotonic and reliable in relation

15 Lukasiewicz’s implication is the one defined by the table 1.2 in the Appendix. It differs from Kleene’s strong implication
only at the underlined value, which make this implication non-monotonic.

If we adopt Schmitt’s implication, Deduction Theorem holds for Lowl-validity (Wang’s validity). Schmitt’s implication
is the one defined using external negation and Kleene’s strong disjunction as follows:

ADB =df ~AVB

However, this implication is also non-monotonic.[Busch, D. 1996]p.58f.
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with its basic logic, and modal operators, which are weakly monotonic and always bring about truth-
values under partial valuation.

Given such a characterization, Weak and Strong validity as defined above are more appropriate than
other definitions of validity in partial logic. If we adopt Kleene’s definitions of basic operators, which
have an additional desirable property of strength, (semantic) Deduction Theorem and Contraposition
Theorem hold. In this case Weak validity coincides with classical validity if its operators are restricted to
the basic operators. So SPL can be viewed as an alternative to supervaluational logic to retain classical
validity allowing the truth-value gap. By contrast no valid arguments in classical logic are strongly valid.
Strong validity shows the validity of arguments which are proper to SPL.
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t

[table 1.1] External Negation

f

|t |

|A—=B |t [-|f]

¢ tl- |t [table 1.2] Lukasiewicz’s Implication
- t¢]-
f tittit
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F28 EHHT4A4 FOXEREREREPS4.3

ZOETE, B (HE) BHORESPL 744 Fo RSN () RES43ICI > THEELLE
BT 4 A4 Fo ARFREERERE PS4.3 2K 7T 5.

2.1 H#iERs = SPL
2.1.1 HA

HMERSE (SPL) Lk, KENCEAE., EEEX v 72 HE T 3N ENRBZEOZ L THD (T8
M BAEMIZ, T8 BRBEX vy FICxcT5,) 22 TRENS SPL 0&%RIL, tTHMmEREY
BEEEX vy 7OFFIL Lo TR T2 LRRKRC, FHHMN2EERENREBRET 2V 223
3 (REMIZIRUVEDIIBRETED) ZEXI-THELEZLDTH S, :

BBV TEORIGR - WG - ¥ Ve —IC L 2HARA2IET T8, £hb05h, H-Epd
TT TR T THHIERRVEERIC OV IS 2 EK L,

2.1.2 GR
SPLDOY VU F# 7 RAZKROLEBY THB

(1) BFX p, q, T, - P1, P2 > Pn— IZFRER (BT, wi LBR) Ths,

2 bLbABwHERLIE, —A & TA b wf ThH3.

(3) bLbH A & B2 wiE 251F, (AAB) b wi TH5 (BRHIMUIDEIMIEKRLTINBD LT 3),
(4) U EDHD wiE Th B,

LN, D RRBRET LS, ZhLIIMAT, UTORBEREFYERICL>THEATS .

AVB =df —(—AA—B)
A—>B =df —(AA—B)
AoB =df (A-B)A(B—A)
FA =df T—A

LA =df TAVFA

MA =df —LA

A, VY S s BEEK (basic) HETF . THUAORBEER T 2T (determinate) HET L R
TEITT D, . BEREFEEATORVREEARK, EATVWAREZBERLELEZ LIZT S,

2.1.3 EKR
[#B45rfHE (Partial Valuations) )
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FEEORIBEEV: S | »>{tf} ZHMFELES, 7L, t L fIFNTHE, BOBEOHRBERZE
L. SETRTORFIXOESERT, VIIESBEEROT, SHEVTHLOBELRBENLZVEENH D
B, ZOLOIREE, V(S)=-:RTILIZTSE, VS)=-ThoL5RSBUVESLLRNEE, VEL
fAHE (total valuation) & FES,

BEORAIKLT, bLY V(A)=t 2bIEVObLETARETHY. bLb VA)=fRHIEVOLE
TARBTHY, WTNRTHRITIIE AIZZE (gappy) Th B, £/, bLb VA)ARBIEVOLLETA
IIEETERIZ (potentially) ETH Y. b L V(A)A RO VOL & TAIBENIIHBTHS, LREZLE
275, EbiT, BERMREREOXBZERT 570, BEOEHE TN ENRHEENIC (determinately)
H-f& CFRALY HEZBRBORE AL LTRITAZE005,

<ER1>HREBERTFEZEAKE wH KHTIHMAMHEEZROLIIZED S :

1. V(—A) =t iff V(A)=f;

2. V(—A) =f iff V(A)=t;

3. V(AAB)=t iff V(A)=t and V(B)=t;
4. V(AAB)= f iff V(A)=fand V(B)=*f;
5. V(TA) =t iff V(A)=t;

6. V(TA) = f iff V(A)#t;

<

Z1>FEDEEDL LTI, MOBEEFEZEAL wHiZoWTKRD L S BT ERERETS ;

. V(AVB)= t iff V(A)=t or V(B)=t;

. V(AVB)= f iff V(A)=fand V(B)=f;

. V(A-B)=t iff V(A)=for V(B)=t;

V(A—-B)=f iff V(A)=t and V(B)=f;

V(AeB)=t iff (V(A)=t and V(B)=t) or (V(A)=f and V(B)=f) ;
V(A+B)=f iff (V(A)=t and V(B)=f) or (V(A)=t and V(B)=f) ;
. V(FA) = t iff V(A)=f;

. V(FA) = f iff V(A)#E

. V(LA) =t iff V(A)=t or V(A)=f;

10. V(LA) = £ iff V(A)#t and V(A)#E;

11. V(MA) = t iff V(A)#t and V(A)£f;

12. V(MA) = f iff V(A)=t or V(A)=f

UEDEBLRERBRTRTLUTOLEY THD (B ORBEBERIBE—ITITRIATNS) ¢
[(EARF T

© o NO U R W R e

NEN AnB I t]-|f lavB ] ¢]-]¢ [A-BJt]-]f] [AoB[t
t it t t |- f t tltit t t{-1|f t t
- - - - f - t|-|- - ti-]- - -
K £ BHE f t]-]f f t]t ]t f f

EAFEFOEWRITY ) —=0RVEERBOERR L —HL, ROLS REKRIMEEEL - TN 5!

<EHE 1 >EEMOFETTEME B8 L TEHEM) (Reliable Determinability, Reliability)

SPL DEXAFEETOEKEZERTIEERIL, 2FMMEOL L TIaHHRRE L & TS, SV#izh
I, BEAKROERERR., bLLbZOTRTORFRIVRREL L O26E, TRBBROBSOEBEEL —
BT 3,
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[FEERE T

A TA|FA|LA | MA|

<TEH 2 > Bt (Monotonicity)

bLLlb, ETHIRFREBATHIEARPEREL - TVERLIE. TORiL, YEKOFREFHO
TEEAEBENLEBRTIILICE ST, 20RBEEOEELHED Z Lidhew,

<E&H3>

BETLIEET 2 LY 3V =df HoMHEOHE T BEF L3, BEF2XT0EARL 25X
X LCTHBEEZ 525 L &EIT, TORUEARIC L THEER2E5 X3,

<ZE® 4 >FMM (Strength)

EFCHESNASEARAREFIL, HHAREICH LS EENPERNEREFOO B, bo L bRBVK
BErTha,

—H. BEREFIX. ROLIRHEEE LTS ¢

<EH 5 >ROBEE F M (Strong Determinability)
BERETFII. $oME0CL L THICHEEREL 5T,

FHEADRL LTRBEDND !

<% 1 >§ \BiFRtE (Weak Monotonicity)
HLlb, BETHIARFREBATVAIRBEREEZ - THERLHIE, 20T, BROFFROZEE
FREE~LEBRTIZLICE T, BBERRS (Thbb, TOEREEIIED D) Z &iER0,

BUVWREERRRMIL. REREFOREMEOESMELZD LD OV TERT S A FH) - HOCERMRE
BELoTWRIEDRBEELEZLND, EORER, SPL OBEREIIRDN DA, LI LER%RTO
BOEREIIRTE IR,

EIRRAI % S 4E (Semantic Validity)]
B OOBRKRRHIZLUMEEZROL S TERTS !

<EHIw >HERUME (TR HH) (Weak Validity, being w-valid)

LEwC =df £8 SU{—C} DERTHITRTORDEE t L 75 L) RESMHEXFEELRY,

<TEFE 3s >WMBUM (FEFYRY) (Strong Validity, being s-valid)

L EsC =df £8 2U{—~C} DERTHHTRNTORDMEE t £i2id - &35 & ) R HEIFE
Lizw,

MUTRBWT, BRUMLBZUHOVTHICLY TIESERCOVTHE, T = C LRET S,
i, BAGEVRTOFRTOBROEY t LT5HE, V(E)=t. TOEE t ik - LT 558,
V(Z)=t LRET 5,

BRUMIT, HIEACETEITRTORDEER t LT5 L5 RBSHEBEET D LWV I ENFTRA
BHEORRYLER L, HiZ, BRUMEIT, HIEACBRTHITRTOXRDELE t ER1T-£ 75 X 5 o#lsy
fHEREETBAEV OISRV ERTEREDOARRIER LTS, TORKE. RUKICBIT 2RBOIRLMITE
EFTEEICB T 2RBOIR OFIZR B,
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SEMEDO S & T, [ER20RIOULTERDIBRELESRIE & R228RHORLTHRLRDR
REELZLORVRIE] B—ET 20, BHHEOSH & TR, MERLTLLE—B LRV, SPLIX, 5
FBOFXRAREMICEL ESERNOBREOERELHRAL., BOERARBRNLE L THRVWMEL I RELEL
TEORVIRIE] L TORELEEE, [HVERIFELORLTHCVELRIBELZEL ZLORVE
FE) L UTORBEEMLERBILTNDLELXOND, £OBEKRT, SPLIX, HEOAIZEHELREGE
HEFHIZI - TRUMZEETHOTIRAZL., BIIBITS [BH) LREICB TS ) 2Bl
WRPLRUMEFERTIREIL L WVWALD, 2L, TREOCTE LR (DES) L OWMMARTREESL L
TORYEME] W), AMTIRICEAZYUMOBRIEVERETLH V. AMBICBIT 2 EELFFCBIT
DEEEEXMFIH I RYUEOERTEL B2,

L, BEREN LW BADLZAVTINLBBOZUMIZ OV TEREITI 2L bAETH 3,
FOBEA. BERYUMEIZ., [ LLRIETOTRTORBEEERZE-TEY. 20, TRTOERIETH
513, RELLTETH D) EWVIBKREARY, BEEEE, T LLAMRTOERELFOXNT
RTETHZROE, RELVLTETHS.1 LWHIEKRERS, Tﬁb%x:o%ém\iﬂ%wbwm
BBORFIEITS 0TI, THRES] TEBOREITI>Z&ich3, ZOFRICANLTYH, £&ME
Db ETRBAERX—BTHZEIIALLTHA S,

LOEZEZERTH L. ROX O RERRUEEIRKILTS ¢

<%k2>

YEwCifXEsC

< EH 5w > F/EETEHE (Weak Deduction Theorem, WDT)

P, Po,—Pn =w C iff =w (P1AP2A—APn)— C

<EH 5s >HAEETHE (Strong Deduction Theorem, SDT)

Py, Py,—Pn s C iff ks (PiAP2A—APD)— C

<EHE 6w >HBIHBEEE (Weak Contraposition Theorem, WCT)

Py, Py,—PnEw C iff Ew —C — — (P;AP,A—APD)

< EH 6s >AXMBEHE (Strong Contraposition Theorem, SCT)

Py, Po—Pn s C iff s —=C — — (P1AP2A—APD)

<E}E4L>

TLcC =df £25 C2E MR, HTHRREIC BWTRETHS,
(Zhix, BZORIEVPEARXDHEEATNDIZILEETELTNS,)

<EHT>

SEwC iff ¢ C

<EHE8>

EAERETOX 2 BB YMRRIEIIFEE LR,

EEFTICALTEZ S L, BRUMICBOTEIEBESRET, BEUEICB O TR FHERRIZ
Lz, LA L, BRUMICBWTHEBESRITSZ EMNERATES

<EHI>PHRUMICIBOTHROEBMEREITS !

¥ FW Cl, 01'=W Cz fi%‘i\ ¥ }=W Cg

(REHA]

(a)C; BHEERTHDHE.

C, BN TEEEEZHE-THWA30T, ZEwC] K&V, TOTRTORBETHERLIE,. C HE
ThrLVZB, FLTEDHA, CiEw Cal 12XV, CoiZt E2iZ- THBOT, 1T =w Col MK
AT 5,
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(b)Cy BEARTHBHE.
(FHEK)

E={P,Py—Pn}#EL¥%, £LT. TEWC,, CiFw Co BRI LTWSH LTS, THLEER2IC
X,

Ew (PiAP,A—APD)—Cy... D

|=W Ci—Cy...®

WE, THwC, ZLRET S (FEEDORE), $5&. FHE2IZLD

w (PiAPaA—APD)— Cs...Q

PR N -

Vi(P1APoA—APD)=t, V1(Co)=f THD L I 0 HE VL BFEET D LWV Z &2 b, £OHRE,
OO LY., Vi(Cy) IFZTEEESMTH VB2V, ET, WEV, 2IRT DL, 2% D, V, TRBITHZEER
REEICEBRTIZLICE-THRLNS, C OEZENRENL, & TD LD REEME V. Vi BFE
THLRELLD, Vo BRFEETIHEE. QLY Vo(Co)=t £t -, LidioT, @BFRILTHZL&iEH
VB2V, Ko TV BEELRY, Va3 BFETSHEE. OLV. V3(PiAPAA—APn)=f E/2id -, L7
BoTZOBEL, QPRI THZ LIIHVB/RY, Lo T Vs bFEELRY, LAL, TE1 (BRE
EHE) ITEV, Vo Vs BFELRITER bRV, ThIEFETHS, Lo T, HFEEDRE
T fw Co REEENRTNIER LR, ThbE, T kw Cp TRFHIER LA,

(a)(b)IcL VD, #BE T =w Cy, C1Ew G %2 061E, T w Co) T3, N

<EE10 >
(a) TA }=s TA (cf. A [£s A)
(b) TA k=s A (cf. A s TA)

BMRUMICBOTE, BEREZHLERVESRHHRCE L TIIRESBL L2V, LAELERER
TER, BARBOBEIELELD, BoRBLIX. EEE2B L2 REINABICOAZRHAESY
ABTHL I RZLEEOBELEATVIREROTH S, ZEDL LY, HAFERVIIHTIE, £
ETAZLEREFINEHMRICOLECR—MEE2EFETI0OLERMIELEILNE (bHAHA, MED
WAITHERBRBIZII S ZECRITIONICONTIX, ELLRIBRFEZETS),

ek, BMRUMLHEPRLEOBERTIE. 2EOEBRSERLTS ¢

<EE1 >

(a) LA |=s AV— A (cf. s AV—A)

(b) ks TA v —TA

(c) s —TA VA (cf. s TAV —A)

<E#K 5 > =HHEAFEMEYE (Three-valued Logical Equivalence)

—=B =df TRTOBSHEDS & T V(A)=V(B) (V(A)=V(B)= - b&L)

S. TVAI—itd%, BARBICBIT2RUEOHNOER T=p! ([Blamey, 1986)) ZBWVTITKA
FRILT D45, BI/NVTNOREEICENTH, FIUERII LR :

A==B iff ApBandB k5 A

LiL, ZEAREEZRTRERETIIEEROEET CH Y, MoRBECRT sRERE LTiksED

LR, 2hid, ZE2REE L RASH T EREBECBVTORAERZHOFRESEROTHS, £L
T SPL BT, ERMNERFOLERVEROEERSBRD D TRBMILTS -

<EH1I2w>pEwA<B if AEwBandB|=w A
<EHE12s> s AoB iff AFsBandBEs A
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Fm, T I—DEBIIBVTIIRLRIALT I, REIVEBHTHOZUMEICBNTH, FHITRK
ML

==(AAB) iff B==(AVB) iff A B
ZORDY, BRYUMICBVDTIZRBEILT B,
<EE 13w > Ew A « (AAB) iff EwB o (AVB) iff A EwB
TEBBBE I B TITRITRIZ L2 ¢
=s A & (AAB) iff s B« (AVB) iff A =sB

L2 L, ZOEBREI LRVEBZELLRTAD L, TOFRRKILII, A s B iff V(A) =V(AAB)
iff V(B)=V(AVB) THDILETREILTHIOERDEBEIIRKLRNVI LBZND,

NS5 0YL, TOEBERBEMIZZIBAMMEZKRDO ZSOBFETH DN,

(1) V(A)=-, V(B)=t D& &, V(A & (AAB))=-,

(2) VAA)=1, V(B)=- D&%, V(A & (AVB))=-,

ThEnBRE, FRFRRPEILL TS :

(1a) V(A)=- d & &, V(AAB)=-,

(2a) V(B)=- ® & %, V(AVB)=-,

LEeRoT, TRODERY, SO EZRLTBRCEEDO R LERT DL IREREE 7L L
Th, BEUETEDOEREWMIETZ LB D,

2.1.4 HHH—SPL 5 J0—

<EZELI> A FR, A B, A KX ERXEREFERD., = XoLd

<EHE2>

A*k B* (ERR) IIAMARTE =df (a) A*=C 5> B*=—C ki (b)) A*=C2»2B*=—-C
743 (c)A* = C 2> B*=—0C,

<EE3I>

27u—REFELTWSE, =df ZFOFX7o—IH L TERATESTATORHABEHEINE,

<E&4L>

BRBELTVS, =df ZOHEOZOORBEIRTETHS (FRUNOHEIT TEBENTN 3]
EEI).

27a—REALTWVWS, =df 20Z7Ta—0FTTOEBBELTVSE (FRUNDOBREE (70—
BEWVWTHE] &ED),

<EHS5>

¥ = {P1,Po,—Pn} £ ¥ 3,

Y Fw C =df {P1,Po,~Pn,—C} BBALTN3,

S ks C =df {Py,P2,—Pn,—C} BEHALTN3,

MUFTIZBWT, TtwC T COWVTRIZLY TEEREMRIOVTIE, T+ C ¢XREBT 5,

<FGWHRAI>
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(Aw)
J AAB
I
A
B

(—Aw)
v T (AAB)

b
—A —B

<BRWEAL>
(ns)
v AAB

o I —

ex.lw EwPv —P

Yy —(PV—P)
I
—P
’ﬂ—!P

l
x

ex2w TP E=wP

J TP
— P

|
P
|
x

(—w) (Tw)
A
—A v TA
I |
X A
(——w) (—Tw)
Yy —A v —TA
I |
A —4A
(7s1) (—s2) (Ts)
A A
—4 —4 J TA
I I |
X X A
(—™s) (—Ts)
v m—A VT4
| |
A —A
erls KEsPv—P
v —®v—P
I
b i
J -1 P
|
P
ex2s TP EsP ez.3w P Ew TP
v TP P
—P J —TP
| |
P - P
l |
X X
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ezdw FEwTPVT—P exds EsTPVT—P

v —(TPVT—P) v, —(TPVT—P)

l |

v —TP v TP

v —T—P v —T—P
I l

P oP

v P v P
I |
P P

2.1.5 SPLA7O0-—-0DRsH - £ - RETHREME

<EH1>VEZEEORIEL TS, £/, b2 ¥ To—DEREOKLT S,
VIEEbLICRBWTHBRRTETHD (w-satisflable) =df b FOFTRTOX A IZHWVT V(A)=t £/
X V(A)=-,

VIidfEb ICBWTHELEFETH D (s-satisfiable) =df Kb EDFTRTHORK A T2V T V(A)=t,
<FERFREEH>

HLL VARDIZBWTIBRRAETHY ., 7o —HBIR b XH-CEBREIN2BIE, VidzhiZ
Lo TERINBEDDRL LB —DIZBVWTHERTETH D,

HLB VERZDIEBWTRERFNETHY., F7 o —HAUBR b IHFLERINZ2LIE, VIEEThIZ
Lo TERINBIEDIRI LB —DICBVWTHEETETH S,

<EE2>

V(A)=t =df V(A)=t ¥72lE V(A)=-.

V(A)=f =df V(A)=f £72iX V(A)=-,

<HBhEHE1 >

V(A)=f iff V(D A)=t

<E®3>

VE2EBROMAMEL TS, bEF T o—DOREEORKLT S,

Vi b ICBOTHRAETH B (satisfiable) =df B b DT RTHOR AXZDONT V(A*)=t,
<fRLtEfBhEE >

HLL VARDIKBWTRERRETHY., F7u—HAR b ICFICERESNE=26E. VIiZThiT
FoTERINDEDDIR LB —DITBVOTHREFAETH D,

[FERA]

<BRUWRI>

A) T BT 2HADOEEE, SEARETHRRELERL, WE VAR D IZBWTHEEFETH Y.
ITA] b Lichy, BRIZZD [TA) ITERT2ELES, 758, TA] Z2MLTHELNE—KOK
PIRRETS, VIZbICBVTHEEAEROT, V(TA)=t Th3, LEMoT, V(A)=t, ThX,
Vidb EDITRTORDEE t L T5, KIZ, VEVEEDICBWTHERAETH Y, [MTA] bk
Zhv, HREZD I-TA ITERATDELEI, 7580 T-A 2RMLTELNAD —AROERTH
FRETS, VIRbRBWTEREFRERD T, V(TA)=t Thd, Leh>T, V(TA)=fThH5, T4b
B, V(A)=f ¥R V(A)=-, £>T, V(T A)=t, Zhpx, ViZb EDTRTORDEL t L5, A
<BBWRAI>
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WEVHREDICBWTHERFARTHL LT3,

(Aw BB, — Aw HEAI)

WE TAAB) b LIk Y, TR L TRRAIZERT 2L LE S, §5&. TA & [B) 2fMLT
BOND—EOKEITRIRET S, VI bICBWTHRRTERDT, V(AAB)=t, LER->T, (V(A),
VBN (t,-) . () (1) (& t) OVFRdThsd, T, VA=t 1o V(B)=t, Thwi, V
iTb EOTRTORDEEt LT, RIT. T—(AAB)) 23b EiZdhH 0, Thica L THRAIZERTS L L
5, 75L&, I-Al ML THELNDIE (EOR) & [—B] 2#fMLTHELNADEE (FOK) O
AOEBIRET B, VIIED IKBWTHERFTEEALRDT, V(— (AAB))=t, T742bbH V(AAB)=f, Lizdi>
T (VA), VBN . ()« (=) () B (t) . (&) DT THSB, E-T, V(0 A)=t
ERIV(—B)=t, £hwz, MEOHE. VIIEOKRLEDTRTORXDELRt &L, BEOHRE, Vi
EOBEEOTRTORDEERt LT 5,

(— w A

WE - A b EZHD. 2SR LTHRZERT2LELE), T5L. TAl 2MLTELL
5 —ADOEIETHRIRET S, VIZDIZBWTHERAEROT, V(- A)=t, Thx V(A)=L, +2b
B, V(A)=t, LT, Vizb LOFTRTORDOEE t £T5,

(TwiRBl, — Tw HAD

WE TA] 28b Eizdh v, Fhicet LTHAEBERT DL LE S, 72L. TA] 2fMLTELNRD
—AOKIETBRET D, VIEbZBOTERTERD T, V(TA)=t, Thwpzx V(A)=t, L7d>T,
Vizbh EOTNTORDEE t L ¥5. KiZ, [-TA b EiZHY, Thich LTHRIZER TS L
LES, 758, A 2MLTHELNZ—ROKEETRIRET 2, VIEbIZBWTHRRETRELROT,
V(- TA)=t, Thwx V(TA)=f, T2bb, V(A)=f /2L V(A)=-, LoTV(DA)=t, LiH>T,
Vidb LOFTRTORXDELZt L T5, B

<@@etEHE>

(a) (BEEM) ROABREES TIZOVT, BLH X Fw A THDRLIE, T wA

(b) Gagets) ROABRES ZIZ2ONT, bLH T Fs A THERLIE, £ ks A

(RERA]

XBE R 5,

(F5te2it)

EWATHDIERELLD, T2 TOTRTOEREZtEL, ARfLT5H, 2FED, mA%t
ETHEORMMEV, T2bE, V(CA)=t THOIIIBRMEV BEETHZ LIZRD, 2T, TbA
FEIRECHTEIRBE LY T —IZ o0 TEXL), Vi, BIDOY R MZBWTHRAETH S,
HLRUNEZZEOV A M LTEALL L E, BREMMBERIZLY. VAKRFARETHDI LD REDE
BREEDRS Lb—FROTI OIS, SLITHIRUNLER L L &, Rk, Z0EERKED2L
EH—ERROIFBIENTES.... ZOXOCRAMEEHEERELVELEAL TV ZLIZE»T. V
BEDTRTOBRDFICBOTRRTRERTHD L5, FRLEKDERSTFH LB TES, T, b
LbEDOKb BAL TSR LT, FRITEMAFAERRNB*L C*2FATWRITNIER LRV, DED,
ROVFTHDHBERL L TWRITIIER SRV : () B¥=D »> C*=—D, (b)B*=D»>C*=—D
. (©B*=D 5> C*=—D, LHELVIZEZOKIZBWTERRAETH Y., V(B¥)=V (C*=1t & R525,
@)(b)(c) WTHIZBWTHEZD LI RZ LIIHVHRV., Zhwwi, Z20FT7u—ZBN TS, Tab
b, T wATHB, N

(p L)

L HsATHBEEELLY, T, DOITRTCOERRtE-IT-LL, ARIERET- LT3, 2
V. AR LERR- ETHEORMEV, T2bL, V(CA=tTHELIRMTEVIEFETDHZ
Lizhed, IT, THH AR THIRELEFY To—Il 20 TEX LD, Vid, BFDOY X b
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(T*U—DA) CBWTERHETH D, HORANEEOY A ML TERA L &, B2EHBERIC
D, VERRTRETHD LI REFOERKEEZVRL Eb—FKASTONE, SLZHIHAUATLERALE
Lx, WL, FOFFEREEEDRLS L —ARDIFRAILARTCE L., 0L RGN TERY
BYEBELERALTWW ZEREST. VBEOTRTOBTNACRBWTERTETHIL LI R, BRLE
BEbERDITAZENTES, ET, bLLEOEDBHLTWERLIE, FRIXAIARTELRR B*E
C*E2EATHWRITRIERL RV, 2FD, RKOWTNIBHEIZLTWiRITnER LAV (a) B¥x=D »
2 C*=—D, (b)B*=D»>C*=—-D. (¢)B*=D 22 C*=—D, LH#L ViZEORKIZB\T
FREFTETHY, V(BY=V(CH=t L23, (a)b)c) "ThIEBNTHLEDL IR LizbVER,
Wz, F0FTu—GRNTHS, T2bb, ¥ sAThH3, A

<EFE4>
bEHBFT7o—OBNEEELELL Y, bICL->TEIMBMEL X, ROL D REEOHHHETH S :

TRTOFEFKpIIHLT, bLbpBRbFOH2EHEZHZ26IE, V(p) =t THY, pBbF0d
BEECHRABIE, V() =t ERE V() =- Ths, ¥, bLbpAbFTOH3H LIcHB425
. V(p) =fThY. “pBbHFOHEHMECHERLIT. V(p) =L E7iT V(p) =- Th3.,

<SEEMHEEEE >
baHBEFTu—0RWEEEE LIS, VEDIZL2TEMAMERLELELL S, Z20OHBE., WMBRKRIL
ER-

(a) LB A* 3 b Lich 5% 6IF, V(AH)=t,

(b) HLb (—A)* b EZH BRI, V(A*H=L,

[REH]

EERIL, A*OBHEXICH T AEMELAVTITI, bLL AMMEFRTHIR20IE, ThiTHT54
EORBRIEBRIZLI-TETHD, bLb ABREFRATRVARLIE, Zhi— B, BAC, TB Wi
DFELTNWDS, F—0FAE, T2bL (—B)* 8b LHBBAKSVTERXL ), TOHE. BHC
SWTIREENRILTWAEDT, V(BY=f Thsb., LENR>T, V(—B¥)=t Ths, bLb (—
B*#b iz 346, bREELTVHOT, " HAPERAINTHRIETTHD, Lizdi~>T, B¥
bbEichs, E0BE, Thbh BAC*RDb EIZHBBEICSOVTEX LY, ZORE. AHEIC
LT, B*b C*b b Eizh B, BREBEOEREIZLY. V(BY)=V(CH=t Th3, Thx, SirsBD
V((BAC)¥)=t Th 5B, KiZ. (— (BAC)*Rb LizhadLLEd, T3&, ~AHASERAIATHAIR
FHROT, (—B* £ (—O)*H b kith s, BMEOHREIZL Y, V(B¥)=f %713 V(C*)=f ThH 5,
WFROBE L, LB V(BACH=fThH3, EZ0OHAE. ThbhL (TA*Ab LzbHBHAIT>
WTEZ LS, 2054, THBOERIZE>TABDb LIth 5, BREDOREIZLY V(A)=t TH 3,
iz, (CTAFBDb EcHBELEY, FOHBAE, —ARDb EZhH B, BMBEOREICLY. V(D A)=t,
Fnwx, VA= THD, LEd>T V(TAN=Th5, B

<FERMEE>

(2) B XOFRES TIZONT, bLHL I EwA THARbHIE, T FwA,

(b) (Gaseett) ROFBRER TIKONVT, bLL T EsA THHRLIE, T Fs A

(FEH)

*HBEFEAT B,

(352 2thk)

% = {P1,P2,-Pn} &5, WE. T Yw A, T4bb, {P,Py-Pn, — A} 2 bELNEF T u—3H
WTWAERELE Y, FLTEDF T u—0b, H5RV-ELES, ZS2ERPERICLY, FO
WCEoTEPNAMEVIEZ, Z* DT RTOERZt L L, A*2 1 ET5, ZOBAO T*OERITTART
FRBOTV(E)=t THY., £/, V(—A)=st ROTV(A)=THB, LEB>T, T EwATHS, B

(BasELtE)
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T = {P,Py-Pn} £¥5, WE. T A, T742bE, { PPy -Pn— A} 2bELNES T o —0H
WTWAERELL D, FLTEDH Tu—inh, HHEVWEREE2ES, B2EMBIERIZLY., 205
KR TEMNBHMEVIE, T OTRTOEFERt E L, A¥3 L35, ZOHEO TOERITTAT
WRZ2OTV(E)=t THY, Eh, V(DA =t ZOTV(A)=f LT THD, LENBoT, T EsAT
H5, B

<REFEEHTEE>

FEREEICHT A SPL ¥ 7 u—DHRAIOBERABEREDFERE OB IS TRT T LIIHALNTH 2,
Figbh, PSLE T u— IR EFETH S,

2.2 T 474 FOXBEREEGRE S4.3
2.2.1 HA

7 4 & ¥ o A5 E (Diodorean modal logics) & V9 & CREIN S EHEREBEOEROVEDTH S S4.3
i3, HEHRFEFEFR (linear dense time) EOFRAIZHIT D BREL REDORERICE SOV TRELEET 58
FIRHERE L LTRATERZ LML NTWS, 0k RFEEHEHEIZ. BELEDETXTORAIC
ESOTERHEEERT ST VA M U AMRIEME LML SN T, 74 4 Fo RERFE LRI,

WL OHOBRFHERECKRD S b, ELMTRRIFERNEHIZL Y., FHRICEIT 2WMARE
OREMLDTDDOREL LTIE, ZNSA3EAND T L ET 3, AEIRBWVWTIL, BEOTHRRELZER
RELTE 843120 T, TOWIGR., B%R., ¥/ —IC L 3HR,. BLXUAZRENBELITD,
DS ZT, RET, B—HTHR L ZEMBIRBICE S 20BMEERAD,

2.2.2 B
S43 DB I RAFIROEBYTHS :

(1) BFX p, q, 1, -, P1, P2 »—s Dn— (XERER (LT, wif LBEEE) TH S,

@ bLb AR wERBIE, AL DAL wETHB.

(3) bLb A & B w20, (AAB) b wif THD (BRHIMIOEMIEE L TINHDETD),
(4) B EDHH wif Th 3,

VUG AREBERETF LS, IALICMAT, UTOREEETAERBCI>TEATS :

AVB =df —(—AA—B)
A—>B =df —(AA—B)

A & B =df (A-B)A(B—A)
OA =df -O—A

AT Y ) e K (basic) HE T TRUAOREFEF 2 (modal) BETLFEREZ &
23, ¥, BREEEFEEATOROLRZESAR, SATHWARXZHKERNEREEZ LIZTT5,

2.2.3 EER

W %, B5& (moment) ¥ BERLTIHIECRVWERLL, £, REZFOLTO2IEEH{RLLIL &, F=
<W,R>%7U7% - TL—hERE, . VEREFRANOBAOEE DTy BV I LEE X,
M=< W,R,V>%27 U 7% - EFLLEE,
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‘M,mpE A =df EFAMIZBIFEERA mIZBWT V(A)=t,
*M,mEp iff meV(p)

‘M,mkE —A iff not me V(A)

‘M,mE(AAB) if mEAandm =B

*M,mpEDOA iff forallm € W, mRn impliesn E A

-RAEF FEFAVMEZBNTRETH B,

ME A =df EFL MICBIT 3T TOBEAICENT V(A)=t,

cRNAF, JV—AFIZBWTEZETH S,

<F>EA =df 7L—AFILh ESFRTOEFMCENT V(A)=t TH 3,

2.2.4 HIBAMR—S4.342 70—
BEOETRRBEBOZ To—|z, kOBRZBEMTS :

(N)
OA

|
A

(S4.3)
OXx
v —O{A1, —, Ax} % OX={OP | PeX}
| — | Y = {A1, — Ae}, [Y3]'=Y/A;
-0y —O[Y)
—A; — Ay

2B, (N), (84.3) DWTHhOHRAEBEBRALTh, £AFhO A, OXIFHEESLRNZEIRERSH
=,

2.2.5 S4.3470—0@ELHE -2 RETRENS

<TSRI—DEE>
9 RBEBHNTHE7 V7% - 7L—A< W, R>OWIZBITAEERBMGE '~ 2%kDL5ICESE
T35

m~n iff m=n or ( mRn and nRm )

FRIZLESKFAEZ A Cn={n:m~n } . mDRIFAFZ—LIEE, 7FRF¥—CLIIFER
NEZ3, COFDOTATOH RRS BHAmE n > T mRn & nRm BT & 5 REAkO W D5y
£E5ThHS,

<7 FRE—OIEFBGR>

- CmsCn iff mRn ([€) iX. transitive, anti-symmetric)
+Cm < Cn if Cm<Cn and Cm#Cn iff m Rn and not nRm ([ < i, strict ordering, 7255
transitive, irrefrexive, L7235, asymmetric,)

<IFGRE—DHE>
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« 7T AE— CIIFRED (degenerate) Thd, =df 7 7R ¥— ClE— 2D KHIBRADOHLEER
&35,

I SAZ—CIIHBEENTHS, =df 7 72F— CITEENTLE,

- EFEEH) Y 7 A F— CIXEHH (proper) TH 5, =df FBEENS 7 AF— CiIZoU LDEEA%
ERLT5,

- FERRBER Y T R Z— CIIBM (simple) ThHDH, =df FHEEMI FRF— ClE. —>ORFHIRER
DHEBERETS,

BB 7 T A —IZBWTL, RIZRFH - #BH - RO TH B,

c AREFEREN S 7 X7 —0, FRE - AR - EBHR2F|% S43 7L — A LS LT 5, S4.3
TL—ADESGETL—AY TR 843 LIES,

X 54.3 7 L— Ak, BROKSH, HEBEH, AP (antisymmetric). FFERERIRF1EL 25,

(Zv—2IIBEFEHTH D, =df Vm¥nVo((mRnAmRo)—(nRovn=0VoRn))

cEFALKW, R, V>IEMIETATHSE, =df <W,R>1ZS43 7V —LThHB,

cHKAFTMIFZYTHD, =df RAFTRTO 43 ETFTADTRTOBRRAIIBNWTETHS,

* 843 FFT A< W,R, V>IXOHRES XIIHT D S43ETT AL THD, =df VAeX, wo FA TH
3L D% w eWBEET S,

-ROES XTI ARTETHD, =df X iZXT 3 S4.3 EFAVREET S,

T UL—AhYTAS43ICHELTS43 2T n—3RETH B, =df §_XTDSL3 7 L—AF LTRXT
DOHAIZDNT, bepg A 2B, <F>fFsus A

cTL—AVTRAS4ITELT 43 F T u—FELThHD, =df §_XTDS43 7L —AF &3T
DHAIZDNT, <F>l=sus ARDIE Fsus A

+ 843470 -7 V=AY TR ILLoTHEBISITON TS =df S43F7u—3T7Lv—»57
2843 ICHLTRENDOELTH S, '

S$4.3 # 7 u—ZOoWVWTIX, LOX > RBRTORENE - 52M, BIUWRETEESESRIITS Z LB
[Gore, 1994] ICBWTIHH IR T3S, 2B, SA3LBIZNERT L—h7 FRIZL o THESIT BN
Z & DFERRIL, [Bull, 1966][Fine, 1971 IZBWTHRE N, . 7 7R F—FAV=T7 L—ALDERHIL.
[Goldblatt,1992] ITBWTRINT,

QEFEEOES. RYEROES. <R BEEOEFERELTE L. RPKITS :

<Q $>FEA iff Fgug A <R,s>FEA iff Fous A

LMo T, S43EFNIT. EEDO —SORARICEZOBENEET S, HEREREE 7 L—L L
TAREFLELTHERTX 5,

2.3 BHRTF« A4 FOXEMHEHEREPS4.3
2.3.1 #EA

ZOEITBWWT, FE—FH TR L-BEMEIRESPL L EHTRR LT 4 4 F o ARfHKERE
S4.3 L EMATH I &ITX Y, MIT 4 A Mo REFRRERE PS4.3 2K T 5.

2.3.2 EXH
PS43 DY F I RFRDEBY TH S -
(1) B¥X p, q, T, - D1, P2 s Pr,— ITERERX (LIF. wif L) TH D,

28



(2) bLb A B wiE2biE, ~A, TA, DA b wif TH3.
(3) bLB A & B A wi251E, (AAB) b wif TH5 (B bAMUOEIIIEBK L TIVLDLETS),
(4) Bl LD & wi Th B,

AT, D R REBEET LIRS, ThBICME T, UTORERETFEESICE > THATS
AVB =df —(—AA—B)

A—B =df —(AA—B)
A & B = df (ASB)A(B—A)

FA =df T—A
LA =df TAVFA
MA =df —LA

OCA =df -0O—A

LAY, W, ey, S BEEK (basic) BEF. T, F, ‘L, ‘M, R (determinate) MEF. ‘0, ‘O
BEM (modal) METF LS LT 5, . REREFORMEETYSATORVREEAR, B
EEET2EATVARYEER, BERET2EATVIREEHER, 2 OBFEILL->TEEEND
REEEAR, FRER, FRARE LRI LTt 5,

2.3.3 ELkiR

BAORHEICS L DK REFRAPOEROES DY B T2 Hav vy B 7 ERE, BAMIZBWT
Vip)=t THDZ L%, meVi(p). V(p)=f THDZ &% mecVi(p) LET,
%, B (moment) ¥ ER L THETRVESE L, ¥, REFOLTO2HBKRE L E, F=
<W,R>%27V7% - 7V—20LBE, ¥, VERFALLRADES~OFR~v oV TE L
&, M=<W,R,V>%H27 V7% - ET NV LS,

CARBFAMICBWTEENICETHD, (FVEHE)

M,mpEwA =df SFAMIEZBWT, R miZBWT V(A)=t £72iE -,
cARBFAMICBWTEENIZATH D, GFVER)

Mmw=| A =df EFAMIZBNT, R mIZBWT V(A)=f E=iE -,
cARBA M BN TRTHS, (GRVWEH)

M mpEs A =df EFAMEZBNT, BRmIZBWVT V(A)=t,
CARBEMmIZBOTHETHE, GRVER)

M, ms=| A =df EFNVMIZBVT, BAmIZBNT V(A)=f,

2B, L, BBOEE - - EBHNTRIZLDTIREZRAIE. m=F Al. ABOERHThIZHH
TIXESHEAICE. 'mEAl, BROBBHNTRIZLLTITEZHEITIE. Tm=|A] LETZ LT3,

*m Ewp iff not m € Vf(p)

*m w=| p iff not m € Vt(p)

*m s p iff m € Vi(p)

*ms=|p iff m € Vi(p)

‘mpPw—A iff notmpsA
‘mw=| A iff notmfEs A

‘mps —A if ms=A

‘ms=[—A if msA

*m=F (AAB) if m=FAandm ==B
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‘mETA f mEsA
-m =| TA iff not m s=|A
‘m=F A iff foralln € W, mRn implies n = A

cHRAR, EFAMEIBNWTR-Z2ETH S,
MEs A =df A DERITXTORRUTBNTL TH S,

cRAIR EFAMICEBOTHE-2Y4THS,
MEwA =df ADHEIITRTORRIIBWTLERIZ- THD,

*HRAR. JL—AFIZBVWTR-ZYTHD,

<F>ksA =df ADEIZ, 7V—2F b LI TRTDETMITEBNTt THD,
KA, JL—-AFIZBVWTH-RYTHS,

<F>EwA =df ADEIR, 7V—AFRZHEFLTRTOEFMIBOVTL ERIE-TH S,

2.3.4 GIEAH PS4.347A—

SPL #7u—0iRAlL S4.3 # 7 u—DRAEEDLE LY 7o —ZROFRAZEMLTTEDLF T —
%, PS43 57 u—LT5,

(Ns)

O

A

Ih>_|

(S4.3s)
0 Xx*
Vv —O{A1, —, A} ¥ OX*={OP* | P*¢ X}
= Y = {A1, —, Ax}, [Y5]'=Y/A;
=0y —OY)
ity T Ak

. (Ns), (54.35) DVTROBRREZEA LT, TAFR DA, OX*IEESARNI LICER
ERTew, 7o, S4.3 1T B (N),(S4.3) #ENZH PSA3 2B TIE (Nw),(S4.3w) LEESEZ 2T L,
(S4.3w) ITHB11 5 X & XK~ LEET 5,

30



er.lw TOA =wOTA

J TOA
v —OTA
l
OA
|
J —TA
I
A
|
—A
|
X

ex2w OTA EwTOA

OTA
J —TOA

|
J —OA

|
A
|
x

€ 2 3°4.19)
[Blamey, S. 1986] Partial Logic, in [Gabbay, D. and Guenthner, F. (Eds.)]pp.1-70.

[Bull, R. A. 1966]That All Normal Extensions of S4.3 Have the Finite Model Property, Zeitschrift fur
mathematische Logik und Grundlagen der Mathematik 12, pp.341-344.

[Doherty, P. (Ed.) 1996] Partiality, Modality, and Nonmonotonicty, CSLI.

exls TOA EsOTA

er.2s OTA EsTOA

2.3.5 PS4.3470—NR2H - T2 - REMTHREN

PS4.3 # 7 o—itB\\Tid, S4.3 # 7 u—{Z T 5 EMHRI D <FFWFHEAI>. PS4.3 12317 28088
B<RWERRI>EEZ LD, S4.3 F 7 u—DRetk - Teth - REFEEOERICBIT 5 RERSY
ITNETAHVERE, BOREL LTHERTNI, PS43 F 70— BT 5RB W TLORACELTHE
£t - ERM - REFWRESIER SN Z L2225 (BRI (54.3) BT 5EEIX, RAUAOERIZLSER
EHEOBROESICETIEETHY, LAMEEFRIERERLERRSNLTVSDOT, THDERAICER
BEHEZDT EIIRWV),

31



[Fine, K. 1971]The Logics Containing S4.3, Zeitschrift fur mathematische Logik und Grundlegen der
Mathematik 17, pp.371-376.

[Gabbay, D. and Guenthner, F. (Eds.) 1986] Handbook of Philosophical Logic I, D Reidel.

[Goldblatt, R.]Logics of Time and Computation 2nd ed., CSLI.

[Gore, R. 1994]Cut-free Sequent and Tableau System for Propositional Diodorean Modal Logics, Studia
Logica 53, pp.433-457.

[Kleene, S. C. 1952] Introduction to Mathematical Logic, Van Nostrand.

[Langhholm,T. 1988] Partiality, Truth and Persistence, CSLL

[Langhholm,T. 1996] How Different is Partial Logic?, in [Doherty, P. (Ed.) 1996]pp.3-43.

[Lambert, K.(Ed) 1970] Philosophical Problems in Logic, D.Reidel.

[Priest, G. 2001] An Introduction to Non-Classical Logic, Cambridge University Press.

[van Benthem, J. and ter Mulen, A. (Eds.) 1997] Handbook of Logic and Language, Elsevier Science B.
V..

[Woodruff, P. 1970] Logic and Truth-Value Gaps, in [Lambert,K.(Ed) 1970]pp.121-142.

32



EIIL

FHRNEE



8 3% Tensed Ontology based on Simple
Partial Logic*

abstract
Simple partial logic (SPL) is, broadly speaking, an extensional logic which allows for the truth-value gap. First I
give a system of propositional SPL by partializing classical logic, as well as extending it with several non-classical
truth-functional operators. Second I show a way based on SPL to construct a system of tensed ontology, by
representing tensed statements as two kinds of necessary statements in a linear model that consists of the present
and future worlds. Finally I compare that way with other two ways based on Lukasiewicz’s three-valued logic

and branching temporal logic.

3.1 Simple Partial Logic

SPL is a system of truth-functional logic that generalizes (propositional) classical logic (CL) by allowing
for the truth-value gap. At the same time the SPL given in this paper is an extension of CL by adding
several non-classical truth-functional operators which are reducible to one. Here I restrict my arguments
to its syntax and semantics, omitting its proof theory.

There are two kinds of logical operators in SPL: the basic operators, which are also included in the
syntax of CL, and the modal operators, which are not included. I show the operators and their semantics
in the following tables:

% 3.1: Basic operators

Afl~a]  la&Bfe][-]f] |avB]t]-1f] |a-B]t][-]f] |aeBft]-]¢]
t f t t-|f t tt}t t t]-1]f t t f
- - - - - - t|-1- - t -1 - - - -
BE f HHE f IBE f t [t ]t f £l-1¢

% 3.2: Modal operators

[ATafrafra[MA| [A-B|t]- 1]
t t f t f t tfif
N EREEE - 2K
e T¢ [¢ [f £ BEE

They are reducible, for example, to ‘&, ‘~’, ‘T’ in the following way:

AVB =4 ~(~A&~B)

* Reprinted from Proceedings of Ninth International Symposium on Temporal Representation and Reasoning: TIME-02,
pp-141-145, IEEE Computer Society, 2002.
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A—B =4 ~(A&~B)
AoB =4 (A-B)&(B—A)

FA =4 T~A
LA =4 TAVFA (‘A’ has a truth-value.)
MA =4 ~LA

A—B =4 LA—>TB (‘A’ presupposes ‘B’.)

I call the intermediate value ‘gap-value’, distinguishing it from ‘truth-values’, which refer only to truth
and falsity. The formula that does not include modal operators are called ‘basic formula’.

The definitions of the basic operators coincide with those of Kleene’s strong three-valued logic and
have the following semantic properties:!

(1)Reliable Determinability (Reliability)

The truth-tables that define the meaning of the base-operators in SPL coincide with those of CL under
total valuation.? In other words, a basic formula has the same truth-value with that of CL, if all the
atomic formulae included have truth-values.

(2)Monotonicity

If the basic formula that includes gap-valued (gapped) atomic formulae has a truth-value, it does not
make its truth-value change by altering the gap-value to a truth-value.

[Definition]

One operator is stronger than another under partial valuation. =45 The former gives a truth-value to
the formula which it bounds, whenever the latter gives one to the same formula.

(3)Strength

The above basic operators are the strongest ones that are reliable and monotonic among those based
on CL.

Modal operators have the following properties:?

(1) Strong Determinability

Modal operators always bring about a truth-value under partial valuation.

(2)Weak Monotonicty

If a basic formula has a truth-value, it does not make its truth-value lost (namely, be changed to the
gap-value) by altering the gap-value to a truth-value (this is a corollary of strong determinability).

We can understand the strong determinability as resulting from a kind of self-referring function of
the modal operators, which describe the partiality of truth-valuation itself. Accordingly it destroys the
monotonicty of SPL but it keeps the weakened monotonicity given above.

Now I define two conceptions of validity in SPL:*

(1)Weak Validity (being w-valid)
T f=w C iff there are no partial valuations which make all the formulae in the set ZU{~C} true.
(2) Strong Validity (being s-valid)

1 In this paper I adopted most of Langholm’s terminology for partial logic, except for ‘monotonicity’, which he calls
‘persistence’. {Langhholm,T. 1988][Langhtolm, T. 1996]

2 1 call the truth-valuation where every atomic formula is assigned a truth-value ‘total valuation’. The valuation which
is not total is ‘partial valuation’.

3 Most of the modal operators coincide with the operators which Woodruff adopted for his three-valued logic ‘System
Q. [Woodruff, P. 1970)

4 1 have given the justification of these definitions and the proofs of the following semantic theorems in my paper: [Kachi,
D. 2002]
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¥ k=, C iff there are no partial valuations which make all the formulae in the set ZU{~C} non-false
(true or gapped).

Adopting these definitions of validity, the following semantic theorems hold:

[Thi]

YEwCifZ | C

[Th2w] Weak Deduction Theorem (WDT)

Py, Po,—, P, Ew Ciff =y (P1&P2&—&P,)—C

[Th2s] Strong Deduction Theorem (SDT)

Pi, Py,—, P, s Ciff =5 (P1&P2&—&P,)—C

[Th3w] Weak Contraposition Theorem (WCT)

Py, Po,—, P, Eu Ciff = ~C—o~(P1&P2&—&P,,)

[Th3s] Strong Contraposition Theorem (SCT)

Py, Py —, P, )—‘—s Ciff #s NC—)“’(Pl&PQ&—&Pn)

[Definition]

¥ k. C =4 The argument which derives C from X is valid in CL.
(This implies that the argument includes only the basic formulae.)
[Th4]

Tk, Ciff = C

[Ths]

There are no s-valid arguments that include only the basic formulae.

The holding of both the deduction theorem and the contraposition theorem is one of the reasons why
I adopt these definitions of validity. Other possible definitions lack this property.® [Th4] establishes
that SPL is an alternative way to the supervaluational logic to keep classical validity allowing for the
truth-value gap. It is preferable at least in keeping truth-functionality. In contrast [Th5] shows that
strong validity is proper to SPL. The following are among the s-valid arguments:

TA k=, A (cf. A o A, A &, TA)
LA =, AV~A (cf 2, AV~A)
l=s TAV~TA (cf. poy TAVT~A)
(A—B) & LA =, TB

3.2 Application of SPL to the Ontology of Time

One of the fields of the application of SPL is the theory of presupposition (indeed one of the meta-
operators ‘A—B’ is to be read as ‘A presupposes B’). We can interpret ‘TA’ as a statement with the
presupposition of having a truth-value; it insists that (it is presupposed that) ‘A’ has a truth-value and
it is the case that A. In fact the following theorem holds:

k=, TA>(LA&A)

In contrast, we should take ‘A’ as a statement which lacks such a presupposition, and so it is valued
as ‘truth-valueless’ or ‘gapped’ when the presupposition fails. Or we can also understand ‘A’ as a
conditional statement, ‘If ‘A’ has a truth-value it is the case that A.’ However, it should be noted here

5 As for the examples of other definitions, see the following: [Blamey, S. 1986] (Busch, D. 1996] [Fenstad, J. E. 1997]
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that we must not take this conditional as a two-valued material conditional. If we did, ‘A’ would become
true whenever it lacks a truth-value, which appears contradictory. Rather it means that the statement
‘A’ has effects only if it has a truth-value and that it will be cancelled when it does not.

Let’s call “TA’ and ‘A’ respectively ‘a strong statement’ and ‘a weak statement’. For example, we can
interpret a historical statement ‘Caesar crossed the Rubicon’ as a strong statement, while a fictional
statement ‘Alice went into Wonderland’ as a weak statement. Usually we use the former statement
presupposing that it actually has a truth-value, while it depends upon the context or the convention
whether the latter has a truth-value and so we take it to be sometimes truth-valueless.

Moreover we can use the above two kinds of statements to distinguish strong necessity and weak
necessity in the theory of modality. A strong necessary statement ‘JTA’ insists on the holding of a
fact in every possible world unrestrictedly. On the other hand a weak necessarily statement ‘[JA’ does
it restrictedly to the possible worlds where the statement has a truth-value. Usually the distinction
depends on whether the referents in the statement exist in every possible world. For example, ‘It is
necessary that 24+-2=4" and ‘It is necessary that God is almighty’ usually insist on strong necessity, while
‘It is necessary that water is HoO’ and ‘It is necessary that Socrates is mortal’ assert weak necessity.

Finally there is a way to apply SPL to the ontology of time, which we can take as a special case of the
above modal application. Firstly let’s assume that the possible worlds concerned here are the present
and future worlds. However, the worlds considered here are not the presentistic ones as in the semantics
of tense logic, but rather four-dimensionalistic ones. Put concretely, this means that the atomic formulae
supposed here are not the present-tensed ones such as ‘It is cloudy in Saitama now’, but tenseless ones
with dates, such as ‘It [is] cloudy in Saitama at noon on the 14th February 2002(‘[is]’ signifies that it is
tenseless).” At the same time tenseless statements with earlier or later dates are also included among
the atomic formulae which describe the same world.

Next let’s adopt the model (W, R, V) which I call ‘the future model’, where W is a set whose elements
are the present and future worlds, and R is a binary relation between the worlds, and V is a partial
valuation in the worlds. The future model is prescribed according to the following rules:

(1) All the worlds are lineally ordered according to their dates that are uniquely indexed to each world.

(2)There is a world that has the earliest date among the worlds, namely the present world.

(3)If an atomic formula has a truth-value in a world , it has the same truth-value in all-the worlds
that are later than the world.

(4)Every atomic formula has a truth-value at least in one world.

Assuming this model, let’s introduce the distinction between strong necessity and weak necessity. If we
adopt the operator ‘G’ as meaning ‘in every present and future world’, we can define the truth-condition
of ‘GTA’ and ‘GA’ in the following way:

[Definition)
‘GA’ is true in the future model. =4 ‘A’ is true in every world where ‘A’ has a truth-value in the
future model.

Then we can say that ‘GTA’ is true in the future model iff ‘A’ is true in every world in the future model,
since TA always has a truth-value.

The monotonicity of the atomic formulae given by (3) and the monotonicity of the basic operators,
together with (4), make the following theorems hold for the future model:

[M1]
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If ‘A’ is a basic formula, a strong necessary statement ‘GTA’ is true in the future model iff ‘A’ is true
in the present world.

[(M2]

If ‘A’ is a basic formula, a weak necessary statement ‘GA’ is true in the future model iff there is a
world that satisfies two conditions:

(a) ‘A’ is true in that world.
(b) ‘A’ is gapped in all the worlds (if there are) that are earlier than that world.

By {M2], if ‘A’ is a basic formula, we can take a weak necessary statement ‘GA’ in this model as a future-
tensed statement within the framework of dynamic ontology according to which it lacks a truth-value
until the moment when the stated event is determined to occur or not. In contrast, a strong necessary
statement ‘GTA’ whose ‘A’ is a basic formula corresponds to a past- or present-tensed statement. If
we can characterize our ordinary tensed statements in such a way, it turns out that all of our ordinary
tensed statements are (weak or strong) necessary statements in the sense defined for the future model.

So if we confine ourselves within our ordinary tensed statements, namely ‘GTA’ and ‘GA’ whose ‘A’s
are only basic formulae, we can dispense with the intensional operator ‘G’, since we can take it as always
accompanying the tensed statements implicitly. Moreover, by the combination of [M1] and [M2], we can
reduce the difference between the statements ‘GTA’ and ‘GA’ to the difference as to whether they insist
that the present world is the earliest world in which ‘A’ is true or it is not necessarily so, although both
insist that ‘A’ is eternally true from some world on. That is to say, we can reduce the difference between
the statements about many worlds into the difference between their description about one world, namely
the present world.

3.3 Comparison with Lukasiewicz’s Three-valued Logic and Branch-
ing Temporal Logic

As is well known, Lukasiewicz’s three-valued logic, which I call the system L3, was intended to deal
with the future contingency. He tried to construct a truth-functional modal logic which does not result
in determinism when its necessity is construed as the determination of events. However, he abandoned
it in his later years for the reason that it does not make contradiction (‘A&~A’) necessarily false, while
it makes identity (‘A—A’) necessarily true, though he positively accepted the failure of excluded middle
(fAV~A’) as the denial of determinism.

The truth-table for the operator ‘T’ in SPL is the same as that for the necessity operator ‘L’ in the
system L. In fact under the interpretation given above, they play the same role, though I would rather
interpret the lack of truth-value of a statement not as the result of causal indetermination of the stated
events, but as the result of the lack of its truth-maker.

The truth-tables of the basic operators of SPL only differ from those of the system L3 in terms of the
value of the conditional (and biconditional) when both of its subformulae are gapped. The former makes
it gapped, while the latter makes it true. Accordingly SPL does not make identity necessarily true either.
In fact it is the corollary of [Th5] in the first section that no classical tautology is a strong tautology,
which means that it is always true under partial valuation. Lukasiewicz’s conditional is non-monotonic
and we can define it as ‘{(MA&MB)V(A—~+B)’ using Kleene’s monotonic conditional. And so we should
rather understand it as a derivative operator.
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On the other hand, the laws of excluded middle, identity and contradiction are all preserved in SPL
as weak tautologies, which is the corollary of [Th4]. We can understand a weak tautology as a formula
which is always true whenever it has a truth-value (as I have stated above, we must not take this
conditional as a two-valued material conditional). In other words, SPL takes the failure of the classical
tautologies not as the destruction of the laws of CL but only as the result of the lack of a truth-maker,
which is not a logical but an ontological matter. In that sense SPL is not an alternative of CL but just
its generalization by allowing for the truth-value gap.

Another way of dealing with the future contingency is to adopt a branching model in which the future
worlds are partially ordered by dates. There are two views on the way to represent a future-tensed
statement in the branching model. One is ‘Peirce’s view’, which takes a future statement as a kind of
necessary statement which insists on the occurrence of a future event in every branch. The other is
‘Ockham’s view’, which takes a future-tensed statement as a contingent statement which insists on the
occurrence of a future event in one of the branches that is called a ‘prima facie future branch’.

However, both have defects. Firstly they do not reflect correctly our ordinary usage of the future-tensed
statements. Peirce’s future-tensed statement seems too strong, because usually we do not insist on the
present determination of the occurrence of a future event, when we make a future-tensed statement. If
we did, it would be nothing but a present-tensed statement. On the other hand, Ockham’s future-tensed
statement appears too weak, because there is no formal distinction between the prima facie branch and
the other branches, and so the statement is not different from the statement which only insists on the
possibility of the occurrence of the future event.

Secondly, I think that the branching model is ontologically improper as a model that represents the
dynamic change of the world itself-the so called ‘temporal flux’. In my view the future contingency
should be interpreted not as the result of the present causal indeterminacy of future events but as the
result of the present lack of its truth-maker. Therefore SPL, which deals with the truth-value gap, seems
more relevant with the dynamic ontology which takes account of the passage of time.

And finally, from a formal point of view, a linear model of the future worlds is simpler than a branching
model. So it is at least worth investigating how far we can represent the complexity of our tensed
statements within the framework of a linear model. Indeed we saw at the end of the last section that
we can dispense with intensional operators and can truth-functionally represent our ordinary tensed
statements in a linear model of the future worlds. In that sense I believe that Lukasiewicz was right in
his motive for constructing his system L3 to deal with the problem of future contingency extensionally.

As for the first problem of the branching model, I believe that my interpretation of the future-tensed
statements as a weak necessary statement is free from both the defects of Peirce’s view and Ockham’s
view. My view goes midway between Peirce’s and Ockham’s. On the one hand it is closer to the former,
because it takes a future-tensed statement as a kind of necessary statement. But it is different in that
it takes a future-tensed statement not as the description of the determination in the present world but
as the description of all the present and future worlds. On the other hand, my interpretation is similar
to Ockham’s view, in that my view also seems to imply that insisting on the occurrence of a future
event is compatible with admitting its contingency. However, my view does not appear to threaten a
future-tensed statement to degenerate into just a possibility statement.
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A LEBICZOEE L BHRUFR—EZ R B OOEBNICEE L T B EEKIZ, Bli—o Udi, 4 £,
FNBBRENTH AL, BITH-L2BRALZEELTVS, En#znid, BZEKE2MI TV (B4
MIHBEATED XS RIEEINTERBHERT) L5, [HEARR (pure becoming)] TN I E{LEHE S
TW3, T4 Fo AEEMFERE S43 12X > TRINDFEEEDREIT. ¥3 L0 L5 72kkER
REREIZRILI= b DR EEZ NS,

Bz, BRI, EREOEATHD LRI, HELOEERTHS L IATEDRERFE-TWS (It
7L, ZOHEAD THEE LT LLVWbY 3 [HBOKF#E (bare particular)] 2EK L2V, #iE
PEFARTORE L BEELZ SICBEETIENERETHY, BEFICBETIONRMRETHD, BH
BHICEH L TREAOHM L FATMEENEESNSO L FBIC, BESBIIEL TEERDELDAEE
HWRHEEINDE, TLTERIZE > THRERELER, TNRBETIRALD bEROBERAIZRBIT A TE
TEDHIZEDLB LD THD, TORT, S431ZBIB L HIT. REOHREOHIIESHTHAELELZES

3 = DA DY (endurance) X, TE Z & ORERMNIERY (perdurance) & i3FIOBEETHD
tnbwa [TEUROM REOMER., 2 TRERTS,
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THZ L, EFRERALRIAROS &L TORMRHELZEZ S 5 2 TRIZE> TV 3,

4.4 HBHECEEBEEF

WE, BEFREp: EFaBHEBTS). ¢ MEEbBEES IRV TEERc2HLETE) LD,
BEDEFRIBTHI/BEDTEZ LI OVWTEIGEEZRIRELLE), TDH AT, ABERXTH
S, ABEBORBFHTCHEL., TAIFBERRXICHETEEELL S, Thbh, 1FEKa
DHB L7z), TEME b BERR t3 1BV TEE e 280 EiFz) BFnFN Tp, Tq & LTHERLEIND &
EXDOTHD, ZOXOICELD L, REBRFNXIZ. FOXRERELFLRVEELHHZ LITRY,
FOEWRT, —BOFWRMNIREZTIXTHE I Eichd, Thizxtl, BEEESUL., FOXHIERE
ERFERNILEHVBRVENIBERTREOLRNEREZITIXTHE I LiThd, T bDFHEIE,
HEREAEMNTHS L VI SERE, EREOCHEIZOLEDEDTHE - AOWTRTHBH &5 AL
BlZebznnnwoWEESIZ. TZOEEEL-> T3,

BB, TOXICEHHERETDE, —REBIIRT L ICEDLNDIV O1ORBEBET D, e
ZIE, EOTEZLIZOWT THERMARS ) LBERER VW TEELEY, #ICBHAOTE I LI
ST THARBE-T) LBEERBEACTEELEVTZZ L LERNICIIAETH R Z LIRS, 2
F 0. FREIBVATHRBICR & BRI L ITFEEMICITEB LAV E WS T L RRDRTNER L 2B, ThiX
WNICHRBICEZX AN, AT ARIICHIT L2 A4 2 b SRT—ThniE, BEANC TMEARIE
5] LEEL, 1EENCBIELEZLZIC THARBKE 1 EXETIEVHIZEFTEIOND, HEZ
DFEL, FA LI TFTRG— LW REOBRIZEILTEXIE, MER) SHSE &) THy, TBHAE) #
BE (90 THAHAZELIWIZEDDIERY, LEeERsT, BHIRBICL - T b a3 RMAEICHEI U/ Ait4 R
Re, TRUSNDOROBEEZ L - THREINIRMELERE OBMBRETIRERHDIDOME, LEZ DX
THAHI,

F7e. [<PS43> =TA A BRMTHOT IREREK -7z BRI 22061E THEERSES)
bR TAZEICRD, 2D, BEMENRLT S & EIIREGELRFICRITHZ LITRoTLE
D (FOBIFZR), LALZHE, b L THEAFBBEL] BELVWOHIEEER*LTR-TWVS (DX
. TMEEFSKE-7) BETHS) 2ol THEFRSIES] X, ERERZHOBERETH D) L)
ZEBUARAERD, LI LERLTHBIZTERY, LT, [EAFRBES] LI Lo, K
RBEHTERTREZL2HATREHTERT A LT, PR LLVEELFFIBMILTELSRY T
X, HABRORFYXITZZICAHENEI D LARWND, LT LEENREZHEVNTSH D LIIE ARV
55,

B3 L RFOPMME S ERAITIT, EROBEBOL L TOMEBECERTELEEXDRETHS I,
EEOBRICALTEANE, BEEEZFZRVEASRSH D LV ) TREHRRURO TE ZLoLRERE
BV BETHoTHDTETEHLOROT, TWBED) LXETHI Lk BETHEEOEERIZEIL
THIEEDEDERIVEORATORROEELRY, TMK-o) LERTHZ LixFhMUEIOE
‘LD, ZOBRRTHEELRRKOHHIMERRAETIOTH->T, HAHEOLDOITITEFNITRNVEER
ZORRYETHSH, EE, oMk, BEOTROAR LT, ERESSED 5 KV ERICERTER
EREEFS>TVWBZ LE2ELINT, FhbELEEVL IS,

4.5 BEMBEFEY - B CRERETF

BEOCEKICERTIHEDTEILIZEL TV RARILEZ LT, ZRUBET - LEFESRD L
EZzohbd, TRbb, KBPBIAITHEVIZLTHD (Thi FRENEAEARE) EHREZLICTS):



< PS4.3 > | (A OA)A(TA— OTA) (A HEAR) ... (tm)

TOX ) REEMAEREARNIE TS L. ABEARNTHEESIZ. A, TA LV O RiFFNFNROA. O
TA LREBHICEMEL 122, WHT 42 o ABEMHFHERE PS4.3 IRV TIHMRERE FBBE L RED
HRAICHLCOLERENDIDT, Z0OL ) REREL IAREREFICL - TEKBRTBZ LN TEEZOT
HB, FLTINLZS>ONKMEIT, BRI TSTOTERRICEVNTABETHEZLETHRTHH
WLRMEE | ADPEEERZFHOSOERICBVWTOARETHS Z &2 TRTHABPVLAEICHIET S, b,
HEMEICE 2T, BVSBAEERIZ., DA Eb—o0BATERELZ LTI HIKFAE TR
To bEHEZHERVBEZORALUBEIFIZETHILWVWHIZL2ERTILICRS,

ZOBRREE, BIZERLE, BEREFRIABHEREOER L EbE D L, BEEHIT. EFXRiC
Lo TERENZHERBEEUROTRTOBSIZBWTETHAIZ LE2EETH, BUOULKEEHETHS
DIZF L, REEHIL, TABNEBREXHFLEDIBEUEOTRTORRIZOVWTDORETHEI LY
ERTIFHOMBARESHL L TR TEAZ LTS, 20, T 44 Fu AP REEEEEEob LT
. EEIZOVWTOEHIE. BEEHLRKEHL BOMLBEERLERDZOTHS,

28, AR (tm) ZAHRLEEE. TN X->TRETIROFAUZAZFAUL LTEATIZ LTS :

(tml) (tm2)
* %
Vv ;& v TI‘A (WPRIZEB VTS, A IREARR)
OA* OTA*

Eiz, EESEBRTARAICBO T, Z0EEPBEE T TCE I LICOVTEI TR TOXRERE
EFOILIIRBEELZOND, I, ERIZOVWTEIEEOX A OWTERBRILT R NI L
ThHd:

< PS4.3 > = OLA, T#2bbH, <PS4.3> O (TAVT —A) ... (mf)

S4.3 2B IT A AMEEMEETFIX. AEFEIIBIT 3 IOTFRiT (eventually) ) IXGETBE NS &%, =
DEOS>RFBTRRHTEZLITTHD. 28, ZOLE (mf) X, B THIEDITEFS R LH—DDF
EHRCEEMEELF-RTUIRORVEV S FEREDOEELZR T THLH S, S4.31F. ZOHEOFH
BEHARZDOL S RERTOMERRTHINERLTNDEEZILND, €2 TAHE (mf) 2, [HEK
AR LREREZ XICT5, BHANEBANAR L Z0AEREAR Y SbE L&, EROBRIZBNT,
ZOBBERBIZRD LTV SV BEEZBR TEEIIC2EMESRIIT D &V 5 B TOREESFEE
FTBHZ LIRS, TOZEE, ERCRBITS RENESHE) LREZEIZT 3,

T, BHRBOBAALOL & T, EEXAROBZNPOR Y MMOFEGBIILT LB LRV, T4
bbb, KBRIMTIEERHD :

M, m EwAA—A  (AREARR) ...

L2 L., PS4.3 D% & Tit. I EOBFHMEREAR L EBHREABEZIIME 5 Z L2 X » THH
HREEMLZAHE TS L. TOLIRBERH VBV LBEHATE S, DED, RBKIULTS

< PS4.3 > (tm) , (mf) s —(AA—A) (A REEN)
PS4.3 Z 7 u—iz k5% 0 (HXHRHN) EHITROLEBY THS @
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v AA—A
v —O—(TAVT —A)
l
O (AN — A)
I
v —— (TAVT —A)
1
v AAN—A
l
A
—4

|

v TAVT—A

l l
vIA yT—A

|

A

|

X

|
—A
l

X

Thbb, ZhitkoT, BEREFEEDRVREEAICBL TS, REEX vy 7EFE LRV
EMSRBROICEERSIND Z LIRS,
HBNE, ROKBEMZTHELD ¢

<PS43> E A-OTA  (AREAR) ... (ac)

i, BHEEMDT (Lo THIZ, BVEKRTY) BEDOTEILIZOVWTOERANRETHDI
DI, BEELERROD IR TEOEHASRVERTE THE I LELERFLTH, O L
ERLTVWD, Th [EFREFHAE] LAMTIZLICLE ), ZOR2BEMITMABZZ LITLoTK
DBERSLT S

<PS4.3 > (tm), (ac), OTA ks A (A XEERR)
ZEDFTu—Z X BHARRD LB THD :
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J Ao —=0O—TA
J —O—TA
vV A
|
0—4
I |
J—A —O—TA

l I
0—-4 —-—TA

| l
v—TA  IA

v TA A
I |
A — A
| |
— A X
|
X

Thbb, ZhiZkoT, BEREFEHEITRELTOBEEH, ThrtblnEEREL LTORE
EH. BELVEROHIBACBITZBEEOTEL LTOTEMEESEHA, WTILbEENIIRZO
EEETHIZLIERBEDTH D,

PEok iz, PS43 2ERLTHLITL o T, EFREENLEADOL E TED X 5 FRNLES
T, ARZEBES vy 7EEIRKEFARKER L LTEEREX vy 2LV T EELZHEEL
70, BHEAOSHASEEENERACHEELRZYVTIZILRRBZD,E, RTILEBNTES,

46 FHELERE

FHFEIZBOTiE, GEREOHE THMML L RFRME Biak) 21To7%. ZThICBERBREZMAEZ
Lo THRBEREANLIRTD LN, RRDHZBELRD, Zhid, OV E>OEEERMETH DB
BEORBORREL 2D THS I, £ic, FFETIZL - X0 RKHRASIIRO F THIRES L U5
HRBOREET o728, ZOFERENUSADOIIRKIT HISHTREZR DD, METHD LTHXEDL S
REBEZLBLTDION, LWVoTcZE2BRLTHEY, SAEROGERL LTIk, EER. Bkt
B, 7077 I SERER. FRAV b aY— BRR. AMRERRERBEILNLITHA,

[BZ3c#]

[Borkowski, L.(ed.} 1970]Jan Lukasiewicz Selected Works, North-Holland.

[Lukasiewicz, J. 1930]Philosophical Remarks on Many-Valued Systems of Propositional Logic, in [Borkowski,
L. (ed.) 1970], pp.153-178.

[Woodruff, P. W. 1974]A Modal Interpretaion of Three-Valued Logic, Journal of Philosophical Logic 3,
pp.433-439.

[Van Benthem, J. 1986]Partiality and Nonmonotonicity in Classical Logic, Logique et Analyse 114,
PP.225-247.

[Barba, J. 1993]A Modal Reduction for Partial Logic, Journal of Philosophical Logic 22, pp.429-435.
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ESE TREMENLCAE~ADEILEELTD
R ] 4 Rl

EEVEERIZERELE [RER-HIIEBE~TIRVDOL—IZAL SOEFEAM] (BEXEE) of
T, EEERFEORHBBARMLAEIZMN?] EWVIBWICHTEIRD LI RFEDEZEEBMN LK

AE TERERETCVRVIELELIBISTLESR LWV HIEY, BERILIBELILAROTEET
B, REZEFEETCWARVOTEEATITEE LRV, |

BE [T RTOLOEIFICBECFELTNS, BE~ANI) ZEEBRETHELSI L THY, KFE~
25 ZERBAERESZETH S,

ZOZAORZER, KRBT 2R LORFRERZ. EFNITRLTLLHAREEZARVWETRER
L7cbDTLM R, ERROEZD L ZATR, F 2B O—FaE - RAEk L v 5 B
TOAEHARAEREEN TR Y., TOREIT. BENREEORBICHEE L TV 5 EEOREMER %
X TWE, ZO/NEATIZ. FOZLEFNLODDAENLRLE,

5.1 TEBEB2&) ELTORBRBAR

bt BT TByrROBBEVWI TEIENEEE L0H X RKRETE, LELIOXKE
. BT EIFEREV I ADBRS ] LRBEOEHRE LTIRLZ D Z L1k, WL ShOEFRERE 4
. EVIDH, BEOBEIT. TRIIFER] &0 OFEMNLZEESEEL, TOHEGEMNEERICRVT IR
D] EVWIBERHDEERI uﬁéékb‘j_}:% Eo T3, INEEHKIZEZTLES L. AR, T8y
FOEE] LWOFRNREENTFEL, TORENEKI BE2) LWHIELEbIRAICEES L
WO ZEEFESTWND, WD Z&iZRD, 2FD, BERLWVWHZLERRED) EWVHIWRT MR
LTWBZ EiZRoTLED, L, ZeThiE, ERER, RBEDLEWVWHIZENREBEDLWVWIZ L
BEEXZ| LWIHIEMERDRITNE SR, BT, MKEL;W\'CL&')D

BEOO LD, BIFEEL N AP ETHEEL, HIBAIIBOTEOAINRED L0 5 EeRi
FRFETHOLESTLLARRIC, RES) e:m_ae:m:m_ BBrRoaEL WS TEITL %
EoTHEL, HARAIBVWTEDTEILBRBERLWVWI BN EELEETEINOLIITELTL
FoltZlildhd, £ITERL, BETIE ITEZE] LWXBDTHoT. HETEHE) LLTO
THIRE] Lk, T3 REZZE) ZOLOTHD, ZLTEE, 20LOR BE&DZE) LLTO
(CEZ&) L. HIABOGEROEFEEREOIRBLELEEIONRTWVS, ZTIITIEEIC, £OTEIED
XZEDWIREMEPOFFEHBEEREESE L TRY., ZTOEKICMOENPOEABETSZLEL TR
Tebid, ITETLREED) LEINDLTHD, TEIZL LI, @Ix LTEZ 5 (happen to) N7 =
YIThHY, RERERIBT I T b (accident) RO TH D, BrEOEHRL NI TEILIZLTY,
FIEEORBTIIATHICENL TR E XL, By F - £28 - AN E0RHT, BEORTL, #
LRFICEL > TWERE, HONER L TWEESR, BoB3FH LM, ZOMLTHENELRE, B

* A T AERAT THERE No.493: 2004 £ 7 A &) (FIRIH) XY &#.
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DOFREERZ ZIZREENLTVS, (25 LHRiEErE2 oA ¢k [E4 (substance) | &I
STEBZNDOT, UTTREIRBETDHILITT D) BVETH, BEERORI, TBEZ] LWO £
& ITEZL) TnbE—ROTH->T, RLUT ITEITEL)] i MborichEi: TEE3) &
WHOBEREFTZDOTRIRNENI Z L THD,

DS -SbIE, BED) LI L% BB REOEROBHTHELNLIELLASHLTLES
Il ThD, [B&D) L5 83, RS REOEKITEE DR ERTRATIIR, LA £
DEIBREORIRE 2D LI RBRTOEERLTVD, TRITHEZOHRTIE (4R (becoming)]
&h [ReRI4RR (temporal becoming)] &FHEINTEETH Y, EXITHBIEZRMEL LD ZELLL
BbWIREBLDTH D, THIZONT, FIAHDOL ¥V RDOEFEE CD. 7u—FiZ, KOLIICRE
WKEHLTWS (EEHIE. THEXTRI4ER (absolute becoming)! &\ 5 AEZAVTV3) ¢

TEHE M BB, BERNERIEFNRHRETLEL L, 206 R0WT b RERERERTRE
R

[HRAIEIC/2 D (become present)! &V D Z &if, FEiL, BAMBEKRIZBWV T, B 7225 (become) &
WHZ ETHB, Thbb, BEROBTERENTWIIL 3725 (come to pass)] £WH5ZETHY, bo
L LEHITIE TE& 5 (happen)] LWH Z&2DTHD, [ZOKIIEL ool ) L2 TZOHEEFRKRE
{Role) DX RTIENEETRL TN, [Z0OTE I LIFBEII R o7, 1 DK D RIUTHEXH
EREVIEEFTERLTVD, £LT, HHELSEINEREEATHLILRIALNLTHY., i,
BHEEEDLROER IR BENNERBE TN TVAZ &b, FITIRFERICHALZL B3,
Lo T, EHHERB SNV ENELD—DDEH THEINDLIICRMOVBRZDEEZLDZ LI,
Fo LM ThiEDTHB. 1 (Wi C. D. Broad, An Ezamination of McTaggart’s Philosophy Vol
I (1938),Part I 1.22 X 9 31/),

ET3IC, TCEILREED) &b ITEILBFEETD) &
MAEREVS, RENELOFEEZERTIILRDOTHS,

il

ST, TBEDZ &) ELTOR

5.2 TIREMMNSLAEADEELTO IBESH L

AT, BETREALEZAZOREIL, ¥3LL TRB& ) L) ZLIzEBE LTEE L REOMELE
2TV, BRI EBBEEZ 0D, HOEZOEENEREHHLTH L I,

AEBITEELREOEREL NS &, THELDLUEIMNEEIOEE] LWOIBT, 5 LTHLRHAN
FIERICAILTEZRLTHS, LBRLABE. FREELENLWVWH ETETLDRET., RETRY
ERTTAI MCEREBWTEXLL)THD. £575¢., HIBALtIIBITH<BEDTETL
S>Eik. BAtIZBWT [TTREER] (58bolz) LEXBTEILETHY, <KREoOTEITL>
Eid. TEERETCOWARY TEEHBEE-THNRWY] LEXRTEITLRELELLND, RROTETLIX
TEFEETWRN BE, Dok Lizs@&bdb Lk, %9, 2R LRt TORERYE
LLT EBERN] EWVIHIZEEEATVS, ZRIZRHLT, BRtT ITCIEER] 20Wx3TaT
LT bk &y AEEMERV, b, TBER] LV25bitidil Lb &I rDRR
BWT TRETWS] EEXRTERGRVLETHS, BETHLOLARNWTEIEBKDE LW Z
LBV BRNVESS,

FLT. BELICBITAEEOTEI LD, BAtIZBWT TBE T35 M ithFE oKD
TRV LEZXBRTEIERELTARLIE, PR EBBEDTEIT LR, £ BETH53) 2
POBEANREETSH., LEALEBVWTEZRRLWIAT, BRIZBIIHEEDTE I LB LTY
B, FLTHEDOTEZLEORFIE. FNET TR (FTICRBER] (b ikbot) LEXDIRRLE
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ETHHB, BEOTEILIZOWVWTIR, FNABEETINEIDLEEDhERY, U kod LIEZbKE
WZRDLLAZVLL LBV HHBETH B,

INHDEVERDEIZHBEVREDESS, REOTEZI LI, EEHE-THLT, BERWT
LETHEEL LTEATHAUE ZRRHETHEBREATIIELERBAEREIZE EEoTVS T
BRI TE L) 0z d, ZRICHLTBEDOTEZ L, BboTLEL-TWAELE, FhBEE
BNZLIEBRATHLITCHIE/RVEWVWIEKRT, BERATIE TWRHRTETL] FLEZSRES
5% ZFLTHENDTEZ LR, AIRMRTEILDOURAURTE DAL ELLTIRFICHBETETL
ELTEXRRBIE, ZNIREI LERLL W —RBOBE, B 2o TEIEELVWHIRT TS
T =27 (actual) RTE T &) HEEZBEAS, [Tr7a7n) it L, EATS) L0WHEK
D ‘act’ PHRELTZEELENOTHS (BFRBTIIRBE [HENAR] LRxN1D),

HBVIE, WERREIBERE, TR TEZEN (BT S (realize, come true) | H BN THND
(appear)] BRZE L HBEVWREDEAS, Lo T, EBRLETEIDL, 2FVBEOTET L E
TS (bereal) | (TN EDH, EFLEBRLTORVWERKDOTE T LI, THENICEET T THoTEE
FTHREREVZROEWVWIZERIRBESS,

Tefd, ZZTHETRER BEIEbBRRELBY, TTE&ZL ) LWHEFENL2EEREFEELT. £
WZBWTHESEN L URE~OBBEEZ LEXTIIWVWTRNEWVWIZETHDE (bHAAL, BEDT
TTLIIRMMIBER OLVIRT FRET 51 Lbnx3n, T& JLOBRNIERME L EARORRE
LIRBOBETH D, TWHETIE. §iFE % IR (perdurance)) & FEA THE D [#5#%E (endurance)] & X
AMTHZERBHDB), FRLTVWIDR, HLETHEROTE I L ORI LERS>TNBMONDEETH
B, TOEFIH L THIRAICBWTERTIRMAERE LT [T&ZL) BXETHY., ThiEL
DFFEME L DBMEOP T, TOERLURNCEDEEDFo TWTREME L. TOERBITEDORENFEF
TLITRDURE, LWOEBEBETIOTHD, REDOTE LM (AR THHIEHL, F0t
X2 53MbPOEREORFICBITDFESLT ULEREEI N TRV EW S ATAEMELLTHY, £
DEZEB, FOFERLROIFEIEINTHWIEED (WROTETL) LOEEROTH S, BHEIZ
S50, REAITHISIOBIIRIDITI20RIIRIZLBEZOUREFAETHHB,. 4 0RITR
BILRUTLHMETRNEWVWSIZ ETHAB,

Lo T, ICE T RFARMENOBARE~LENTE) LWH0IR, TOTETLORL LD~
DEEE—D—DFNELZY, ZOI OV OB EFELEVTEIZLOEESCED LI #E#T S
7D, —BOEBBELEZ W&,

5.3 BEEIRET D, EMDITHEL,

ABRIBBITLEOI > RERT BEREREETAINRKIEAELR VDT 2B TWVWELE
AbNAB, BELREOHBIZOWTINDEHIRELXTLLE, DR ELRATFIRAEBEEBITLD
RBE~NDEA L FTFRVIIARFERETHDZ ERIMETED, ZOBREORT FI7REX, BE~FAAL
FSRAVLTHSOHEELEXBDHRERETHZI LI - TH b ENS THRLONT IR &
BT, BENFA LT NV LTHR-TBEZOBEE OMICFERTIDZLICE>TETS T—A
BFORTEIR) p&8THSD,

FOMFEDTHIT BERXEETIRREIEELRY] LWIHIRBBRZROLIKERLLTHRL I,

FEEOEAEH x. FEOTEIL efITONT, x P e #BRBLIEBIIEZBRL-26HE, xBe®
BRUEBAZBODTIEIREELRZOVD, xR I2BBRLEBACBOTile 3EET S, ... FlIRA

ZOBRED TEEEH) X AL THABRRE-XEXRE-BMEXE) 2E0X5ic, BFBRICX-
TER->TOWBEEORFIERT (BEMICH, WRLABRTO R X TBFHEGk 2#ERATE?
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EEZ2D), bbAA, TOBEOREEHITIT, ERICHEHERIRVEROEZEROBES b EEN S,
T, TOBHRIIBITS BIZ) EWHEETREINIIEFBRIZ, 20EEES FOIEFBEER, Wb
DT OEFES#HO [ERRHE] LOEFBEETHS,

HLLRMHRADRIEITDR25IE, H3ADH, BEEEBOASELIZFOHEREET S BEDRERA~E
FALPTFNL, EOFEEAOEDERIIAR L MEDOEMEITH Z LIXTAETHDI I LITRE,
7o & ZIE, 1960 FEITRAE L, 272K &b 2000 FEE TIXEFEL TV AM a 35, 2000 EDBEAETH A bk
TRMZEH>TIBOFILT>T20ROBREHE) ZLRIFTETH B, RERLITZORS. AHRA
KEoT, REDESLDOEBL V) TEITENEE L 1980 EDOBEA T, 2000 FEiZBITBBE~D a D
RIBENWS TCETLNEETILRAIBICEELRZY, EWHIFEBRELTLEI NS THD, REEE
THENEEXE, AP aid20004EN0 1980 AL F A L FT_LLTNWHDT, 1980 EDBAT, 2000
FIZBITDaDRIBLENI TETERRETIENI L IERIDLTHD, FIZREEELRVME
EXIE. ABaliF AL FTULT B 2000 £ D LIHID 1980 12, 0 ROE R E DML S TE T &
EERBRLTVWD0OT, TORFETIE 2000 FICBITHBE~OKILL V) TETLRJFEELRZNENS Z
LiZBdhbThB B5H. M1),

DX YT, AMBAESABEONI, #EFEEILED L RBEE, Thbb, BEO0BRSERIIAE
LEMLBDILIRBENDEAALIINWIDRELTRARETHB LB, BMTH - XY LEERAT
ETLESIDIIED, BEL £ LTHRAZEDONINE S5, EHEDLES. FhIZX-TE
BHEANBB/E~DF A L FFXVORFEEM L ITVNAR D BEORAEMERZON, LD T itk b,

FIZEBRART-EBY, RIBANR, TBEREIETETIPREREELRN] EWVWS L LEEZORBOEARL
LT3, AMBAICEVTIE, ETAMOIDOEEEHZARLZ S 2T, TOEFKRBLOHBHER LY
LUROBA TOTE I LBBENOTEILTHY., ZORAIVUBORMITOTE D LBREDOTE
TEETHREEZTEDITITHD, LER-oTETHRDONEZRX X, BEIIEETIVRETIEELR
W EWHIRBZOLORHYTHID, ELTEORA, EEEICETIBELRKOZD X 5 23EXR
ke, B ES) CBILTIRADZ ZLEBRYTHDI, N3 LITRDBESS,

FLELTIR, ETINETTERTELEHEBRE DT MBERXEETIBRFIEELRY] EWVWH T L
DEYE LEVWEEZLD, TRIE—ETELL, Bl WS  bor, BLRIEHMNMEZEROREL L
T2 . BEMNRERTOFMREECKLARMEL 2R T —EO [#48 (modality)] & LTIRABET,
EVHERTHD, TLT, TOLS UK - EEEL LTOBE, Tt - EEEE L LToxkk:
WHREDOREICH DD, —o0EEL LTERNICHFETIESEEDOERL VI bDEEL THTE
L&, R, BARLFELRLOIEREAEZRTIE. BER»ORECEIREN TEENRBY L%
N OTRREE CHEENRES LD Z OB L o THICER I TS, EWOHERTHAS LT
E25%, F0B, ABAOIIREKICHMLEE CEELRELZHELLEBATHS,
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