JAN  WOLEŃSKI                          AN ANALYSIS 
                                                 OF LOGICAL DETERMINISM

Abstract. Logical determinism is the view that some logical or metalogical theorems or principles entail ontological determinism, that is, the view that the past uniquely forces the shape of the future. The principle of bivalence and the law of excluded middle are usually considered as crucial for logical determinism. Another wording of logical determinism consists in saying that the truth-value of a future contingent sentence is decided sempiternally, that is, at every moment t’, preceding the time of happening (or non-happening) of  the event described by this sentence. Thus, according to this formulation, the absolutness of truth, that is, its sempiternality as well as eternality entails logical determinism. As it is known, Jan Łukasiewicz invented three-valued logic in order to reject logical determinism. The argument advanced in this paper intends to show that logical determinism is not derivable from classical logic.  
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1. Introduction   
The problem addressed in this paper goes back to Aristotle and his considerations about tomorrow’s sea battle tomorrow. In a famous passage in De Interpretatione (19a 25-30; after The Works of Aristotle, vol. 1: Categoriae and De Intepretatione, tr. By E. M. Edghill, Oxford University Press, Oxford 1928), the Stagirite says: 

Everything must be either be or not be, whether in the present or in the future, but it is not always possible to distinguish and state determinately which of these alternatives must necessarily come about. 

Let me illustrate. A sea-fight must take place to-morrow or not, but it is not necessary that it either should not take place to-morrow, neither it is necessary that it should not take place, yet it is necessary that it either should or should not take place to-morrow. Since propositions correspond with facts, it is evident that when in future events there is a real alternative, and a potentiality in contrary directions, the corresponding affirmation and denial have the same character.
These words initiated a considerable discussion (see [2], [3], [4], [5], [7], [8], [12], [21]). Basically, two problems were discussed. The first question was historical and concerned how Aristotle should be interpreted. Did he revise logic or not? His text literally understood defends the principle of excluded middle but also tells us something about the logical value of future contingents, that is, sentences about accidental events which will happen or not. This problem was noted by the Stoics. Their celebrated Master argument tried to prove that everything that is possible will happen in the closer or further future. The second problem is systematic and concerns the question of how radical determinism or fatalism is related to some fundamental principles of logic, in particular, to the principle of bivalence. Roughly speaking, radical determinism (fatalism) is the view that the future is uniquely determined by the past or all future events are necessitated by the past. 
   The view that classical logic implies radical determinism (RD) is called logical determinism. Łukasiewicz did not use this label. More precisely, his view was (see [13], [14]) that the law of the excluded middle or the principle of bivalence (PB), both interpreted metalogically, entail radical determinism, when we add the principle of causality.
 Łukasiewicz constructed three-valued logic as a logical justification of indeterminism and free-will.
 His reasoning was this. Take  PB + PC. We have ( the sign + replaces ‘and’ for a while)
(1) PB + PC ├  RD. 
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Now, rejecting PB or limiting PC results in canceling a sufficient condition for RD. In fact, Łukasiewicz did more. He attacked both parts of PB + PC  as the sufficient condition because he introduced objective possibilities and thereby limited PC. However, it seems that a more satisfactory picture of the situation discussed by Łukasiewicz would be achieved by accepting 
(2) PB + PC ┤├ RD, 

that is, assuming that bivalence and the principle of causality are logically equivalent to radical determinism.

   The term ‘logical determinism’ (more strictly its German counterpart, that is, logische Determinismus) was introduced by Schlick.   He spoke about the paradox of logical determinism paradox consistsing in a conflict between logic and determinism. Schlick’s formulation is this (see [18], p. 202; all page-references are to translations or reprints if they are specified in the bibliography at the end of this paper): 

[…] the principles of contradiction and excluded middle would not rank as statements about future states-of-affairs if determinism did not prevail. In fact, so Aristotle argued, if determinism is true, and if the future, therefore, is not already laid down and determined now, that it seems as if proposition “Event E will take place tomorrow’ could today be be neither true not false.
This problem was discussed by Waismann who, besides ‘logical determinism’,  also used the expressions ‘logical Predestination’ or ‘logically preordained’ (see [22], [23], p. 27–34, [24], p. 59–68; the following quotation is from [22], p. 8–9):  
I shall single out for discussion [of the nature of philosophical problems – J. W.] – the question […] whether the law of excluded middle, when it  refers to the statements in the future tense forces us into a sort of logical Predestination. A typical argument is this. If it is true now that I shall do a certain thing tomorrow, say jump into 
the Thames, then no matter how fiercely I resist, strike out with hands and feet like a madman, when the day comes I cannot help jumping into the water; whereas, if this prediction is false now, then whatever efforts I may make, however many times I may nerve and brace myself, look down at the water and say to myself, ‘One, two, three’ – it is impossible for me to spring. Yet that the prediction is either true or false is itself a necessary truth, asserted by the law of excluded middle. From this the startling consequence seems to follow its is already now decided what I shall to do tomorrow, that indeed the entire future is somehow fixed, logically preordained.

 There is a difference between Schlick and Waismann to the effect which logical principles are responsible for logical determinism. Schlick speaks about the laws of contradiction and excluded middle, but Waismann only of the second. Yet Waismann in [23], [24] discussed the problem in the sections entitled “The Timeless Nature of Truth” and “Zeitlosgkeit der Wahrheit”. This brings us to the relation between the properties of true sentences related to time and the mentioned principles of logic, that is, PB, LM and LC. Leaving the consideration of this issue to the next section lest me add here that neither Schlick nor Waismann accepted logical determinism. Roughly speaking, both rejected the view that logic applies to the empirical world, Schlick because tautologies are devoid of content, Waismann for a distinction between saying true and making true. Otherwise speaking, logic (Schlick, following one of the principal views of the Vienna Circle) or grammar (Waismann, Influenced by Wittgenstein’s second philosophy) cannot entail ontological consequences.  
2. Some basic intuitions  
Let me begin with PB and related logical principles. First of all, following Łukasiewicz, one must very sharply distinguish the logical and metalogical versions of the laws of excluded middle (LM) and (non)contradiction (LC). PB says that every sentence is either true or false. Clearly, it is a metalogical principle and, in order to investigate its relation to LM and LC, they both  must be  formulated metalogically as well. Thus, we have ‘no sentence is jointly true and false, for LC and ‘every sentence is true or false’ for LM. Thus, we obtain

(2) PB (( LC ( LM. 
However, if we tacitly assume that we are working in a consistent system, LM suffices for arguments. It explains why this last principle is used as basic. 
   The next problem concerns truth and time. Truth is absolute with respect to time if it is independent of time (see [19]; I neglect other causes of the relativity of truth pointed out by Twardowski). This means (the principle AT) 
(3) if a sentence is true at a moment t, it is also true at any  other moment t’. 

This principle can be divided into two parts: 
(3a) (eternality) if a sentence is true at t, it is also true at any t’ ( t; 

(3b) (sempiternality) if a sentence is true at t, it is also true at any  t’ ( t; 

Thus, the time-absoluteness of truth is the product of eternality and sempiternality. 

     However, the most preliminary important point concerns sentences in the future tense, that is, about future events, intuitively understood as contingent. Consider 

(4) it will happen that A (e. g. ‘I will be in  Warsaw on September 15, 2007’).

I assume that (4) (I take its concrete example) contains (or implies) as its essential factor 
(5) it is possible that I will be in Warsaw on September 15, 2007. 
Since we want to have (5) as expressing a contingent sentence, we add  

(6)  it is possible that A and it is possible that not A. 
Let the symbol (A means that A is contingent (= not necessary and not impossible). Thus, the contingency of A is defined by 
(7) (A =df  (A ( ((A (or (□(A ( (□A).  
Accordingly, sentence (5) has the form (A and is read as ‘it is contingent that I will be in Warsaw on September 15,  2007.
   (AT) for temporal future sentences has the form (t is a parameter related to the present time; since t’ ( t, the symbol A(t’) expresses that the sentence A concerns a future event):
(8) a sentence of the form  ‘it is possible that A(t’)’ is true at t  iff it is true at any t’’ ≠ t.  

Applying (AT) to (5) gives (I list all the details):
(9)(a) the sentence ‘it is possible that I will be in Warsaw on  September 15, 2007’ is true 
          today  (= March 12, 2007) iff it is true at any t’’ ( t (sempiternality);   
(b) the sentence ‘it is possible that I will be in Warsaw on September 15, 2007’ is true 
      today (= March 12, 2007) iff it is true at any t’’ (  t (eternality);   
(c) the sentence ‘it is possible that I will not be in Warsaw on  September 15, 2007’ is 
      true today  (= March 12, 2007) iff it is true at any t’’ ( t (sempiternality);   
(d) the sentence ‘it is possible that I will not be in Warsaw on  September 15, 2007’ is 
       true today  (= March 12, 2007) iff it is true at any t’’ ( t (eternality);   
Clearly, conditions listed in (9) are not at odds with the internal consistency of (9) modulo classical logic, although the conjunction ‘I will be in Warsaw on September 15, 2007 and I will not be in Warsaw on September 15, 2007’ is contradictory. 

    Having the basic intuitions specified, we can give the following explanations of logical determinism (LD):  
(10)(a) LD is derivable only by rules of logic:
       (b) EM implies LD;
       (c) PB implies LD; 
       (d) AT implies LD;
       (e) it is logically impossible that there are any worlds with natural laws and the past        

            congruent with the actual world and yet have futures that diverges from the actual 
             world; 

       (f) it is logically necessary that worlds with the same past and the same natural laws 
            have the same future; 
       (g) the class of worlds with the same past is unique, that is,  there are no different 
            possible worlds; 
       (h) the class of possible future worlds = {the future of the actual world};  
       (i) logic excludes that ‘it is possible  that A and it is possible that not-A’  is a factor of ‘it 
            will be A’, where A is neither tautological nor contradictory. 

Without entering into the question whether (10a) – (10i) are equivalent, let me assume that the are closely related.
  I will argue that all versions of LD are not plausible. However, this does not mean that I opt for logical indeterminism, that is, a negation of LD in one of its formulations. I will argue that the issue of determinism/indeterminism is independent of pure logic. Thus, the truth of future contingencies as defined in (9) is consistent with determinism as well as indeterminism. Following early Łukasiewicz, I think that logic is ontologically applicable. Otherwise speaking, logic can be understood as applied ontology. On the other hand, I will argue, pace Schlick and Waismann, that pure logic itself do not entail any ontological consequences. However, this view is independent of regarding tautologies as formulas the empty factual content. I rather agree with Łukasiewicz that RD = PB + PC, but this situation does not force us to change logic. As a by-product of my analysis I will offer a simple argument that the sempiternality of truth is equivalent to its eternality (see [9]).   
3. A MODAL ANALYSIS OF DETEMINISM
Let me start with a diagram (octagon) of oppositions ((), which generalizes a well-known logical square used for displaying formal relations between the categorical sentences or modalized sentences  ‘it is necessary that A’, ‘it is possible that A’ and their negated forms (see [26]  for the construction of this diagram and its various philosophical applications):
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The interpretation of particular points of () is as follows: ( –  A is determined (DA); β – (A is determined  (D(A); ( –  (((A is determined) ((D(A); ( – ((A is determined) ((DA);  ( – A is determined or (A is determined  (( ( (; DA ( D(A); ( – (((A  is determined) ( ((A is determined) (( ( (; (D(A ( (DA; A is contingent); ( – A (it is true that A);  (  – (A (it is true that (A). 

   We have the following logical dependencies (they constitute the minimal core of modal rules, structurally similar to some theorems of first-order logic):      
(11)(a) ( ( (; 

       (b) ( ( (; 

       (c) ( ( (; 

       (d)  ( ( (;
(e) ((( ( (); 
       (f)  ( ( (;  

       (g)  ((( ( (); 

       (h)  ((( ( (); 
       (i)   ( ( (; 
       (j)   ( ( (; 

       (k)  ((( ( (); 
       (l)   ( ( ( ( ( ;

       (m) ( ( (;  

       (n)  ( ( (;   

       (o) ( ( (;  

       (p) ( ( ( (A ( (A)
       (q) ( ( ( (if A is determined, A is true) 

       (r) ( ( ( (if (A is determined, (A is true). 

It is important that the converses of (q) and (r) do not hold. Also the formulas ( ( ( and ( ( ( do not express logical principles. We also see that the operator related to ( is not homogenous, because it can be interpreted as ( ( ( ( (, intuitively ‘A is determined’ (necessary in a sense) or true or contingent’. From (11) we obtain :
(12)(a) DA ( (A;  □A ( (A; 

       (b) DA ( TA; ;  □A ( TA; 

       (c) TA  ( (A; 
       (d) (A  ( (A.  

The converses of (12a) – (12b) do not hold on purely logical grounds, at least, if ( displays our logic.  
    Furthermore, we define (recall that A is neither tautological  nor contradictory): 
(13)(a) radical determinism (RD): (A((), (A(( ( (), (A(DA  ( D(A); 

       (b) radical indeterminism (RI): (A(( ( (), (A((DA  ( (D(A);
       (c) moderate determinism (MD): (A(( ( () ( (A(( ( (); 

                                                           (A(DA  ( D(A) ( (A((DA  ( (D(A)
       (d) moderate indeterminism (MI): (((( ( () ( (A(( ( ();

                                                              (A((DA ( (D(A) ( (A(DA ( D(A); 

       (e) minimal determinism (DM): (A((), (A (DA; 
       (f) minimal indeterminism (IM): (A((), (A((DA ( (D(A);   

       (g) determinism with respect to a fact f  (Df): Df  ( D(f; 

       (h) indeterminism with respect to a fact f  (If): (Df  ( (D(f
Intuitively, RD says that everything is determined, RI that everything is not determined, MD that something is determined and something else is not determined, MI that something is not determined and something else is determined, DM that at least something is determined, IM that at least something is not determined, Df that an individually specified fact f is determined, and If that an individually fact f is not determined. MD and MI are logically not distinguishable, but can differ in the distribution of what is determined and what is not (hence, I introduced another succession in the respective formulas, but this has no logical relevance). Df  entails DM and If entails IM, DM follows from RD and MD, IM follows from RI and MI. 
   No statement of (13a) – (13h) expresses a logical truth.
 This gives a preliminary argument for the thesis that logic and determinism are independent. It can be strengthened by an observation coming from (12). RD suggests that DA and (A are equivalent. On the other hand, RI motivates that (A and (A are equivalent (modifications for the rest of the possible positions are immediate. Clearly, these equivalences exceed logic. The concept of possibility is in a special position, because (A is entailed by □A, TA and (A. Hence, we conclude that the existence of possible events is consistent with RD, RI, MD, MI, DM, IM, Df  and If, that is, with all the possible kinds of determinism and indeterminism listed in (13).  
4. LOGIC AND DETERMINISM
RD is traditionally expressed the sentence ‘everything is necessary’. This statement can be formalized as (I will use the box □ instead the letter D; I remind that necessity and other modalities can be interpreted ontologically)
(14) (A(□A ( □(A). 

In order to prove LD by the devices of logic as the only means of inference from  a theorem of logic as the only premise, the box should be interpreted as logical necessity. The form of (14) suggests an appeal to LM as the starting point of an argument. Thus, assume this principle, that is, the formula A ( (A.  Apply necessitation to derive (*) □(A ( (A). However, (*) does not imply (14). This fact, very often invoked (see [25], p. 151-152, for instance), does not depend on logical or metalogical understanding of LM.
 

    Although the above reasoning is simple and nice it does not solve the question. The argument starts in pure logic and shows that something fails to be derived from it. However, we rather need to show that LD does not work in logic or metalogic interpreted ontologically. To do that we should interpret LM in terms of (. Let the symbol▲ refers to one of  □, (, T or (.  Schematically speaking, LM has the form 
(15) (A(▲A ( (▲A).  
with its special instances obtained by replacing the symbol ▲ by one of the members of the set {□, (, T, (}. (15) has a clear ontological import, contrary to the purely logical form, i. e. the formula A ( (A.  In order to justify LD, we should prove that RD, that is (A(□A ( □(A) follows from at least one instance of (15). We can skip the formula (A((A ( ((A), because it is consistent with all positions and thereby cannot serve as the only basis for RD. Also the formula (A((A ( ((A) does not work, because the statement that everything is necessary cannot follow from the sentence that everything is contingent or is not contingent. Eliminating ( we obtain (A ( ((A. The only route is to apply the proof by cases, but it is blocked by the first disjunct.  The same concerns the formula (A(□A ( (□A), because we need the equivalence (□A ( □(A, which begs the question, because it equates non-necessity with impossibility. 
   To be just, (15) instantiated by □, ( or ( was never used for proving LD or questioned, unless LM was rejected for other reasons. Thus, there remains 
(16)(A(TA ( (TA, 
but we must devote some attention to an interpretation of T in the present context before using this form of LM. Of course, we cannot understand truth as epistemological category. An immediate idea is to read TA as ‘it is real that A’; I will use the symbol RA for this interpretation and change (16) into 
(17) (A(RA ( R(A). 
Since (12b) and (12c) are plausible for this reading, we can accept that necessity entails reality as well as that reality entails possibility. The operator R behaves differently than  □, ( and (, because it admits the equivalence of (RA and R(A, which allows us to replace (17) by 
(18) (A(RA ( R(A)
Intuitively, the formula (() (RA ( R(A expresses that not being real is equivalent to being unreal jut as ‘not true’ means ‘false’. In fact, (() can be transformed into the formula (19)   (A(RA ( R(A) ( ((RA ( R(A). 
This last formula can be interpreted as the ontological principle of bivalence (OPB).  It says that everything is real or unreal and nothing is jointly real and unreal. Now we clearly see that neither (18) nor (19) entail RD without an additional premise 

(20) (A(RA ( □A), 

that is, without equating reality and necessity. Of course, we can derive various things from (A(□A ( □(A), in particular, (A□(A ( (A) (see below), (A((A ( (A)  and (AR(A ( (A), but not the formula (A((A ( (A). In fact, if everything is determined, necessities are necessary, possible and real, but not contingent. Yet these observations give no support for LD. 
   In order to complete the issue of LM and its relation to LD, we should investigate whether admitting contingencies introduces any troubles. Assume that something is contingent, that is 
(21) (A(A (( (A((□(A ( (□A). 
By eliminating ( from the first formula in brackets , we obtain 
(22) (□(f ( (□f. 

Define (□(f as (f. This gives 

(23)  (f ( ((f.

Since (A ( (B does not entail ((A ( B), we cannot conclude that contradictions are possible, which would threaten LM and PB. This observation closes the issue of how classical logic is related to determinism. The answer is: in no way. 

    By contrast, let us investigate now what happens when  PB is limited. According to Łukasiewicz this step opens the door for indeterminism. If exceptions to PB are admitted, for example, some sentences, in particular, future contingents, are valued by the third value n, (17) and (18) are not equivalent and become contingent.
 Let us work with (17). Consequently, its negation (() ((A(RA ( R(A) is contingent as well. Simple syntactic transformations give ((() (A((RA ( (R(A) and (((() (Rf ( (R(f, which contradict classical logic, because RA and (R(f are classically equivalent. To save the situation one must change logic. Let f be a future contingency. Thus, both f and (f are possible and not necessary as well as unreal. Since Łukasiewicz’s three-valued logic validates the formula (A ( (B ( ((A ( B), we get that ((f ( (f). This means that some contradictions are possible. Formally, there is no contradiction, because  if f and (f have the value n,  their conjunction f ( (f  has the same status. Hence, the formula ((f ( (f) can be true. However, some authors (see [17]) complain about this consequence arguing that contradictions are always false. It seems that Łukasiewicz had a special reason for his solution, namely, that he wanted express contingencies directly in the future tense, without using possibility as an auxiliary device. On the other hand,  there is a special problem with the concept of reality reality in ontology based on Łukasiewicz’ logic. For some reason, he rejected necessary objects, at least in the empirical world, but this was a minor point. Yet we can ask whether Łukasiewicz’s framework admits contingent past events. Assume that Rf  ( (f ( ((f. This entails Rf  ( ((f ( (f). However, it seems strange when applied to the past, unless we extend the third value also to sentences about past contingencies.  
5. CONTINGENCIES AND CLASSICAL LOGIC
I begin with the problem discussed at the very end of the last section. Until now, I considered ‘being real’ as a homogenous predicate. However, something more should be said in order to achieve its full interpretation in classical logic. Due to (12b), the realm of necessity falls under being real, but the former does not exhaust the latter, at least from a purely conceptual point of view. (() does not suggest anything about the relation between the real and the contingent. In fact, reality is ambiguous, because it can be determined or contingent. Let us look once more at my visit in Warsaw on September 15, 2007. According to the assumed analysis it is future and contingent at every time before my arrival to Warsaw. On the other hand, this statement must somehow be supplemented by a qualification of my visit after its realization. Is it real and still contingent?  It seems that the following description is adequate (I use the predicative form instead employing operators): 
(24)  A is real and contingent (RCA) iff A is real, (A is not real, A was possible and (A was 
        possible.  

Assume that RCA  holds for some A. Hence, A cannot be necessary and thereby □A is false. This suffices for the truth of the implication □A ( RA and shows that it is universally valid. The best interpretation of (24) consists in applying to past contingent events. Thus, the real  grows through history. 
     Now I will outline a construction which accommodates contingencies into classical logic without any problems. Let us identify possible worlds with models of maximally consistent sets. We define (see [1], 168-169) the concept of branchability by: 
(25)(a) a set X of formulas branches at a formula A iff the sets X ( {A} and X ( {(} are  

           consistent; 
      (b) a set X is branchable iff there is a formula A at which X branches; 
      (c) a set X is branchable iff X  is a consistent and incomplete set of sentences. 
The following picture illustrates the situation. Let X be a consistent set of sentences and  A be a formula (sentence) independent of X. Thus, due to the independence of A  with respect to X, this set is incomplete and the sets X’ = X ( {A} and X’’ = X ( {A} are consistent. Consequently, the conditions listed in (25) are fulfilled and X branches at A. Note that we do not need to assume that the sets X’ and X’’ are maximally consistent.  We can display this situation by the diagram ((’)
                                                                ▐▬▬▬▬▬▬▬▬▬▬► X’ = X ( {A}

 ▬▬▬▬▬▬▬▬▬ PAST▬▬▬▬▬A ▌
                                                                ▐▬▬▬▬▬▬▬▬▬▬► X’’ = X ( {(A}

Now we adopt an ontological interpretation. Let A be a sentence uttered at the moment fixed as present (denoted by t) and referring to a future event, and let X consist of all true sentences about the past. Since X contains only true sentences, it is consistent. It is plausible assume that A is independent of X. If A is independent, X’ and X’’ are consistent and have models, let us say, W’ and W’’, and let PAST be the model of X; intuitively PAST comprises everything that happened until t (including this moment). We change the diagram ((’) into ((’’)
                                                                ▐▬▬▬▬▬▬▬▬▬▬►W’
 ▬▬▬▬▬▬▬▬▬ PAST▬▬▬▬▬A ▌
                                                                ▐▬▬▬▬▬▬▬▬▬▬►W’’ 
PAST can be considered as the initial segment of W’ and W’’. Otherwise speaking, W’ and W’’ enlarge PAST. Moreover, W’ and W’’ are parts of different possible worlds, that is, models of consistent sets. Let us call them full ontological models. They are different, because one, with W’ as its segment validates A, but the second, related to W’’ verifies (A. PAST is, of course, the initial segment of the real world WR, which grows through time. This concurs with an earlier observation (see (24)) that the real contingent is growing. Depending on what will happen, PAST will enlarge, at first,  to W’ or W’’, but then to other worlds, relatively to further branchings.
                                
 Now we are ready to state the following truth-condition for future contingencies. The standard condition for sentences preceded by the operator ( says that (A is true, A is true at least in one possible world accessible from the world identified as the real one. Consequently, the sentence (A is true, if there two possible worlds W’ and W’’, accessible from the real world, such that A is true in one of those worlds, but (A in the other.  It is enough to fix PAST as our real world (or its part).  
(26) a sentence ‘it is contingent at t (  t’ that A(t’)’ is true in WR (= PAST) at t iff there are    

       two W’ and W’’ enlargements of PAST such that A is true in W’ iff (A is true in W’’. 
We can also consider possible past scenarios. In particular, (26) can be easily transformed for sentences of the form RCA in the following way: 
(27) RCA(t’) is true in  PAST in t ( t’ iff A is true in PAST, (A is false in PAST, but there is 

       a possible world W’ such that A(t’) is true at t’.   

Yet real contingencies can be reduced to future contingencies, because if a sentence is a real contingent, it means that it had to be a future contingency at some moment t in the past. 
    Must we acknowledge that PAST is branchable? Of course, we do not need to make this proviso. We can adopt the simplest model, illustrated by the diagram ((’’’) 
▬▬▬▬▬▬▬▬▬ PAST▬▬▬▬▬A▬▬▬ FUTURE ▬▬▬▬▬▬►
This last ontological model displays the main point of RD: there  only one course of events. Thus, RD is equivalent to the assertion that the PAST is not branchable, but branchability automatically introduces a restriction of radical determinism. Finally, radical indeterminism could perhaps be illustrated by a model in which  reality consists of separate and unconnected points. Now LD is the view that we can decide  on purely logical grounds that  ((’’’) offers us a correct description of the world. However, this is fairly impossible, similarly to proving indeterminism (or moderate determinism) by logic. The decision between particular ontological models depends on assumptions concerning the scope and character of causality and eventually other aspects of regularity, for instance, statistical distributions or fractals. Hence, all models, like ((’’) or ((’’’) are conditional and assert nothing about the actual (meta)physical structure of WR. Speaking otherwise, logic offers various possible (formal) models for ontology, but it cannot decide which is realized in the world.   
   Leśniewski (see [9]) argued that (3a) and (3b) are logically equivalent, that is, a sentence A is eternally true if and only if it is sempiternally true. Leśniewski’s original proof is fairly complicated, but it can be very simply reproduced in our framework; I will deal with future contingencies only. Assume that A is true at a moment t. At first, we will prove that sempiternality entails eternality. If A is true sempiternally, it is true at every t’ ( t. Since the branching moment is critical, we assume that t is just this parameter. Consequently, A is true in W’  or A  is true in W’’. Furthermore, A  is true in M’ = PAST + W’ or A is true in M’’ = PAST + W’’. This implies that (A is false in M’ = PAST + W’ or (A is false in M’’ = PAST + W’’. Clearly, A cannot change its logical value in a model belonging to {M’, M’} without producing inconsistency. Thus, if A is sempiternally true, it is eternally true as well. To prove the converse implication, suppose that A is eternally true, that is, if A is true at t, it is also true at any moment t’ ( t; of course, A is true in W’ or W’’ and a fortiori, in M’ or M’’. Consider a moment t’’ ( t. Assume that A is false at t’’. This means that A  is false in PAST. However, this implies that A is false in M’ or M’’, contrary to our earlier assumption. Thus, if A is eternally true, it is sempiternally true as well. This result is interesting. Many philosophers, Łukasiewicz is a  good example in this respect, accept the eternality of truth as uncontroversial, but complain about  sempiternality. The argument for the logical  equivalence of (3a) and (3b) shows that something is wrong in this view, because if sempiternality is felt as non-intuitive, the same should concern eternality. It seems that we have here another instance of a conflation of logic and metaphysics. In general, the equivalence of (3a) and (3b) demonstrated that contingent truth is absolute.
 Since we are working with the concept of truth in a model, we can consider the semantic notion of truth as absolute (see [16]). Leibniz  proposed  the principle  unumquodque quando  est, oportet est (what is, is necessary ). However, assuming that the concept of truth satisfies (3) does not determine that necessary or contingent. Thus, we should rather adopt a weaker principle, namely unumquodque quando est, reale est (what is, is real is). Otherwise speaking, what happened could be necessary or contingent. In particular,  (6) does not entail that every possibility sooner or later will be realized. This disproves  the Master Argument. 
Jan Woleński  
Jagiellonian University, 
Institute of Philosophy, Department of Epistemology
j.wolenski@iphils.uj.edu.pl, wolenski@theta.uoks.uj.edu.pl 
References
[1] ASSER, G., Einführung in die mathematische Logik, Teil II,  Prädikatenkalkül der ersten  

     Stufe, Teubner, Leipzig 1972.  
[2] BERNSTEIN, M. H., Fatalism, University of Nebraska Press, Lincolm 1992. 
[3]  CAHN, S. M., Fate, Logic and Time, Yale University Press, New Haven 1967. 

[4]  GASKIN, R., The Sea Battle Argument and the Master Argument. Aristotle and Diodorus 

      Cronus, de Gruyter, Berlin 1995. 

[5] HINTIKKA, J. (in collaboration with U. Remes and S. Knuuttila),  Arsitotle on Modality and  

     Determinism, North-Holland, Amsterdam 1977.
[6] Jadacki, J. J. and Paśniczek, J.  (eds.), The Lvov-Warsaw School – The New Generation,  

     Rodopi, Amsterdam 2006,
[7]  Jordan, Z., ‘Logical Determinism’, Notre Dame Journal of Formal Logic 4 (1963), 1–38.

[8] KARPENKO, A. C., Fatalism i słuczajnost’ buduscevo. Łogiceskij analiz (Fatalizm and 
    Contingency of the Future. A Logical Analysis, Nauka, Moskva 1990. 
[9] Leśniewski, S., ‘Czy prawda jest tylko wieczna, czy też wieczna i odwieczna? (Is all Truth 
     only True Eternally or It Is True without a Beginning), Nowe Tory  18 (1912), 493–512; 
     Eng. tr. (by S. J. Surma and J. Wójcik) in [10], 86–114.  
[10]  Leśniewski, S., ‘O podstawach matematyki’ (On the Foundations of Mathematics) §§10- 

        11, Przegląd Filozoficzny 34 (1931), 142–170; Eng. tr. (by D. I. Barnett)) in [12], 351-
        382.   
[11]  Leśniewski, S., Collected  Works, ed.  by S. J. Surma, J. T. Srzednicki, D. Barnett and  F.  
        Rickey, Kliwer, Dodrecht 1992. 
[12]  Lucas, J. R., The Future. An Essay on  God, Temporality  and  Truth,  Basil  Blackwell, 

        Oxford  1989. Rodopi, Amsterdam 2006,
 [13] Łukasiewicz, J. ‘On Determinism’, in [15], 110-128 (it is Eng. version of Łukasiewicz’s 
       Rector Speech in the academic year 1922/1923).  

[14] Łukasiewicz, J., ‘Philosophische Bemerkungen zu mehrwertigen Systemem der Aussa-

      gengenkalkül’, Comptes Rendus des Sèances de la Societé et de Lettres de Varsovie,
      Classe III 23(1930), 51-77; Eng. tr. (by H. Weber) in [15], 153-178. 

[15] Łukasiewicz, J., Selected Works, ed. by L. Borkowski, North-Holland, Amsterdam.
[16] Placek, T., ‘A Puzzle about Semantic Determinism: Łukasiewicz’s “On Determinism” 
       Years Later’, in [6], 171–185. 
[17] PRIOR,  A. N.,  ‘Three-Valued Logic and Future Contingents’, The Philosophical Quarterly 
       3(1953), 317-326.
[18] Schlick, M. ‘Das Kausalität in den gegenwärtigen Physik’, Naturwisseschaften 19  

        (1931),145-162; Eng. tr. (by P. Heath), in M. Schlick, Collected Papers, ed. by H. I. 

         Mulder, and B. F. B. van de Velde-Schlick,  v. II, D. Reidel, Dordrecht, 176-209. 

[19] Twardowski, K. ‘Über sogennante relative Wahrheiten’, Archiv für systematische 
       Philosophie 8(1902), 415-447; Eng. Tr. (by A. Szylewicz) in K. Twardowski, 
       On Actions, Products and Other Topics in Philosophy, ed. by J. L. Brandl and J. 
       Woleński, Rodopi,  Amsterdam 1999, 147–169.   
[20] Urchs, M., ‘On Determinism – Still Unproved in Classical Logic’, Bulletin of the Section 
       of Logic 21(1992), 168-170. 
[21] Vuellimin, J., Necessity  or  Contingency. The  Master  Argument, CSLI  Publications, 
        Stanford 1996.

[22] Waismann, F., ‘How I See Philosophy?’, in Contemporary British Philosophy, III, ed. by 
        H. D. Lewis, George Allen and Unwin, London 1956, 345–380; repr. in F. Waismann, 
        How I See  Philosophy, ed. by R. Harré, Macmillan, London 1968, 1–38. 
[23] Waismann, F.,  The Principles of Linguistic Philosophy, ed. by R. Harré, Macmillan, 
       London 1965. 

[24] Waismann, F., Logik, Sprache, Philosophie, Reclam, Stuttgart 1976 (this book was

        written in 1939).  

[25] Wessel, H., Logik und Philosophie, λογος, Berlin 1999. 
[26] Woleński, J., ‘Logical squares: generalizations and interpretations’, in Logica '95. 
       Proceedings of the 9th  International Symposium, ed. by T. Childers, P. Kolár and O. 
       Majer, Filosofia, Praha 1996, 67-75.  
[27] Woleński, J., ‘Dieterminism i łogika’ (Determinism and Logic), Voprosy Fiłosofii 
        5(2003), 71-81; Spanish version in J. Woleński and P. Domínguez, Lógica y filosofía, 
        Publicaciones de la Faculdad de Teologia “San Dámaso”, Madrid 2005,  83-102.

[28] Woleński, J.. ‘Zwei Beiträge zur logischen Philosophie’, in Was folgt. Themem zu 
        Wessel, ed. by  B. Christiansen und U. Scheffler, λογος, Berlin 2004, 299-309. 
[29] Woleński, J. ‘Three Contributions to Logical Philosophy’, in [6], 195–213. 

� This paper is based on my talk delivered at the conference Łukasiewicz in Dublin, held at University College Dublin, July 1996, partially published in [27], [28] and [29]. 


� See [20] for an analysis of this question.


� Some qualifications are here in order (see  [7]). The early Łukasiewicz maintained that formal logic and ontology are very closely related. However, he abandoned this position later and denied that logic has any metaphysical consequences. 


� In fact, I am writing this fragment on March 12, 2007. 


� It is easily seen that not all are mutually equivalent. For example, (10b) is stronger than (10c), because LM is a part of PB. On the other hand,  the role of  LC in PB consists in excluding a trivial derivation (inconsistency entails everything). Thus, LM is more important for the discussed problem than LC.   


� In general, I make no specific assumptions about determinism, necessity and related concepts. My arguments work for any mechanism invented for showing that the future is dependent on the past as well as for an absolute or relative understanding of necessity. Additional constraints will be employed on special occasions, for example, when necessity should be interpreted as logical. 


� The converse entailment holds. The steps from (13) to (*) and from the latter to LM are justified by modal logic. 


� See [8] for a comprehensive study of the problem of determinism in the context of many-valued logics. 


� Needless to say,  we consider the relation of PAST to a selected future contingent event.. This implies nothing about the question of how the future exists: in advance or not, in full detail or not, etc.  


� Note, however, that Łukasiewicz’s logic does not force abandoning the that truth is absolute. He could argue that although the third value becomes truth or falsity depending of what will happen, truth (or falsehood) never becomes the third value (or truth). Clearly, the absolutness of truth (falsehood ) is restricted to its eternality. Moreover, this position introduces instability of logical values in general. 
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