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Abstract   
 
The empiricist view of logic is the view that logic is not justified a priori, but by its 
empirical success in applications.  It is claimed that this view was first introduced by 
Quine in his famous 1951 paper:  'Two Dogmas of Empiricism'.  A new logic for 
quantum mechanics had earlier been suggested by Birkhoff and von Neumann.  Putnam 
used their quantum logic in 1968 to develop Quine’s ideas and argue for an empirical 
view of logic.  In the present paper, however, it is suggested that quantum logic does not 
give a decisive argument in favour of the empiricist view of logic, but that such an 
argument is provided by the successful application of non-classical logics in artificial 
intelligence (AI). 
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1.  Quine’s Introduction of the Empiricist View of Logic 
   
Quine introduced the empiricist view of logic in his famous paper of 1951:  Two Dogmas 
of Empiricism.  In this paper Quine formulates what has come to be known as the 
Duhem-Quine thesis as follows (1951, pp. 42-43): 
 
 “The totality of our so-called knowledge or beliefs, from the most casual matters 
of geography and history to the profoundest laws of atomic physics or even of pure 
mathematics and logic, is a man-made fabric which impinges on experience only along 
the edges.  Or, to change the figure, total science is like a field of force whose boundary 
conditions are experience.  A conflict with experience at the periphery occasions 
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readjustments in the interior of the field. … No particular experiences are linked with any 
particular statements in the interior of the field, except indirectly through considerations 
of equilibrium in the field as a whole.” [175] (Numbers in square brackets are the page 
numbers of the published version.) 
 
Quine then goes on to use this version of the Duhem-Quine thesis to criticize the 
analytic/synthetic distinction (1951, p. 43): 
 
“ … it becomes folly to seek a boundary between synthetic statements, which hold 
contingently on experience, and analytic statements, which hold come what may.  … no 
statement is immune to revision.  Revision even of the logical law of the excluded middle 
has been proposed as a means of simplifying quantum mechanics; and what difference is 
there in principle between such a shift and the shift whereby Kepler superseded Ptolemy, 
or Einstein Newton, or Darwin Aristotle?” 
 
So Quine holds that logic is neither analytic nor a priori.  On the contrary logical laws 
could be altered in the light of experience in the same way that the laws of physics have 
been altered in the light of experience.  This then is how Quine introduces the empiricist 
view of logic.  I am sympathetic to this view of logic, but there still seem to me some 
problems in Quine’s particular version of the empiricist view of logic.  These will come 
to light if we turn, in the next section, to how his view was developed by Putnam. 
 
 
2.  Quantum Logic 
  
In his 1951 article, Quine does mention the case of quantum mechanics in the following 
passage (p. 43):  “Revision even of the logical law of the excluded middle has been 
proposed as a means of simplifying quantum mechanics”.  In the famous 1936 article of 
Birkhoff and von Neumann, entitled ‘The Logic of Quantum Mechanics’, the authors 
suggest, for the first time, that quantum mechanics may have a non-classical logic.  
However, the non-classical logic which they propose retains the law of the excluded 
middle, and changes other laws of classical logic. 

Birkhoff and von Neumann consider a formulation of quantum mechanics using 
Hilbert space in which an experimental proposition is represented by a linear subspace of 
the Hilbert space.  They then argue that this representation leads to a logical calculus of 
experimental propositions.  This is what they say (p. 827): 
 
 “The set-product and closed linear sum of any two, and the orthogonal 
complement of any one closed linear subspace of Hilbert space representing 
mathematically an experimental proposition concerning a quantum-mechanical system S, 
itself represents an experimental proposition concerning S.  [176] 
 This defines the calculus of experimental propositions concerning S, as a calculus 
with three operators and a relation of implication … .  We shall now turn to the analysis 
… from an axiomatic-algebraic point of view.” 
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Putnam describes what is going on here both vividly and accurately as (1968, p. 179) 
“just read the logic off from Hilbert space”.  We start with the representation of 
experimental propositions as linear subspaces within Hilbert space.  We interpret the 
intersection of two linear subspaces as ‘and’, the linear sum of two such subspaces as 
‘or’, and the orthogonal complement of such a subspace as ‘not’.  One such subspace 
being the subset of another is interpreted as ‘implies’.  If we do this ‘reading off’, what 
logic do we get? 

In order to make the exposition clear, I will from now on give the formulas in 
both Birkhoff and von Neuman’s paper and in Putnam’s, not in the original notation, but 
in a uniform and nowadays more common notation which is the following.  Propositions 
will be written as A, B, C, A1, B1, C1, …, not A as ¬A, A or B as A ∨ B, A and B as       
A ∧ B, A implies B as A → B, and A is equivalent to B as A = B.  1 represents a 
tautology, and 0 a contradiction.  Birkhoff and von Neumann carry out their ‘reading off’ 
process both for classical mechanics and for quantum mechanics.  As we would expect, 
the reading off process for classical mechanics yields classical logic.  Even in the case of 
quantum mechanics, the reading off process yields the same classical laws in many cases.  
Birkhoff and von Neumann list a number of laws which remain unchanged in quantum 
mechanics.  Here is a selection from this list (numbered, rather curiously, L71-L73) from 
(1936, p. 830), but rewritten in our notation. 
 
L71:  ¬¬A  =  A 
L72:  A ∧ ¬A  =  0 and   A ∨ ¬A = 1 
L73:  A → B  implies  ¬B → ¬A 
 
These laws are all to do with negation.  The first half of L72 is the law of non-
contradiction, while the second half is the law of the excluded middle which in fact holds 
in quantum logic. 

So where does quantum logic differ from classical logic?  Birkhoff and von 
Neumann answer as follows (1936, p. 830): 
 
“Up to now, we have only discussed formal features of logical structure which seem to be 
common to classical dynamics and the quantum theory.  We now turn to the central 
difference between them – the distributive identity of the propositional calculus:  [177] 
 
L6:  A ∨ (B ∧ C)  =  (A ∨ B) ∧ (A ∨ C)  and 
  A ∧ (B ∨ C)  =  (A ∧ B) ∨ (A ∧ C) 
 
which is a law in classical, but not in quantum mechanics.”  
 
Birkhoff and von Neumann then go on to give an example which shows that the 
distributive law breaks down in quantum logic.  This is a case of complementarity, that is 
a situation in which two different measurements cannot in quantum mechanics be made 
simultaneously.  Birkhoff and von Neumann say (1936, p. 831) of the distributive law: 
 
“That it does break down is shown by the fact that if A denotes the experimental 
observation of a wave-packet ψ on one side of the plane in ordinary space, ¬A 
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correspondingly the observation of ψ on the other side, and B the observation of ψ in a 
state symmetric about the plane, then (as one can readily check): 
 
B ∧ (A ∨ ¬A)  =  B ∧ 1  =  B    >    0  =  (B ∧ A)  =  (B ∧ ¬A) 
              =  (B ∧ A) ∨ (B ∧ ¬A) ”   
 
The calculations here are indeed quite straightforward.  (A ∨ ¬A) is just a tautology as 
the law of excluded middle holds in quantum logic.  So it follows that B ∧ (A ∨ ¬A) is 
equivalent to B.   However both (B ∧ A) and (B ∧ ¬A) are contradictions because 
quantum mechanics forbids one making these two measurements simultaneously.  So    
(B ∧ A) ∨ (B ∧ ¬A) = 0, and the distributive law breaks down. 

The 1936 paper of Birkhoff and von Neumann is mainly mathematical in 
character.  It derives the rules of quantum logic from the formulation of quantum 
mechanics using Hilbert space, and then compares the calculus of quantum logic with 
other related calculi.  However, Birkhoff and von Neumann do make one very interesting 
philosophical remark at the end of the paper.  It is the following (1936, p. 837): 
 
“The models for propositional calculi which have been considered in the preceding 
sections are also interesting from the standpoint of pure logic.  Their nature is determined 
by quasi-physical and technical reasoning, different from the introspective and 
philosophical considerations which have had to guide logicians hitherto.  Hence it is 
interesting to compare the modifications which they introduce into Boolean algebra, with 
those which logicians on ‘intuitionist’ and related grounds have tried introducing. 
 The main difference seems to be that whereas logicians have usually assumed that 
properties L71-L73 of negation were the ones least able to [178] withstand a critical 
analysis, the study of mechanics points to the distributive identities L6 as the weakest 
link in the algebra of logic.” 
 
Birkhoff and von Neumann are quite correct here.  Brouwer challenged L71, i.e.       
¬¬A  =  A, and the second half of L72, i.e. the law of the excluded middle on 
introspective and philosophical, or intuitionist, grounds.  However, Birkhoff and von 
Neumann use ‘quasi-physical and technical reasoning’ about the mathematical 
formulation of quantum mechanics to challenge quite a different part of classical logic, 
namely the distributive identities.   

Birkhoff and von Neumann do not, however, pursue this philosophical theme 
further, and do not argue in detail for an empiricist view of logic. Following on from 
Quine, Putnam carries out this philosophical development in a sparkling paper of 1968, 
originally entitled:  ‘Is Logic Empirical?’.  In this paper, Putnam says he was influenced 
not only by Birkhoff and von Neumann, but also by the writings and lectures of David 
Finkelstein. 

In his 1968 paper, Putnam goes through the anomalies of quantum mechanics 
(complementarity, the two-slit experiment, the measurement problem), and claims that 
they can all be resolved by a switch from classical logic to quantum logic.  He formulates 
this claim as follows (1968, p. 184): 
 



 5 
 

“The only laws of classical logic that are given up in quantum logic are distributive laws, 
e.g. A ∧ (B ∨ C)  =  (A ∧ B) ∨ (A ∧ C) ; and every single anomaly vanishes once we give 
these up.”  
 

Putnam goes through the anomalies of quantum mechanics, and in each case he 
claims that a change to quantum logic resolves the difficulty.  He then goes on, following 
Quine, to draw an analogy with the change from Newton to Einstein.  In the Einsteinian 
revolution, Newtonian mechanics was replaced by special and general relativity.  
However, while Newtonian mechanics uses Euclidean geometry, general relativity uses 
non-Euclidean geometry.  So the Einsteinian revolution involved a shift from Euclidean 
to non-Euclidean geometry.  Similarly, according to Putnam, the quantum revolution 
should bring about a shift from classical logic to quantum logic. This is how Putnam puts 
it (1968, p. 184): 
 
“Logic is as empirical as geometry.  It makes as much sense to speak of ‘physical logic’ 
as of ‘physical geometry’.  We live in a world with a non-classical logic.  Certain 
statements – just the ones we encounter in daily life – do obey classical logic, but this is 
so because the corresponding subspaces of H(S) form a very special lattice under the 
inclusion relation:  a so-called ‘Boolean lattice’.  Quantum mechanics itself explains the 
approximate validity of classical logic ‘in the large’, just as non-Euclidean geometry 
[179] explains the approximate validity of Euclidean geometry ‘in the small’.” 
 
Putnam goes on to develop this analogy a bit further.  Reichenbach had discussed the 
attempt to retain Euclidean geometry through the introduction of ‘universal forces’.  
Putnam claims that other interpretations of quantum mechanics such as Bohr’s 
Copenhagen interpretation, and hidden variable theories, employ devices similar to 
universal forces just in order to retain classical logic.  As he says (1968, p. 191): 
 
 “Now then, the situation in quantum mechanics may be expressed thus:  we could 
keep classical logic, but at a very high price.  Just as we have to postulate mysterious 
‘universal forces’ if we are to keep Euclidean geometry ‘come what may’, so we have to 
postulate equally mysterious and really very similar agencies – e.g. in their 
indetectability, their violation of all natural causal rules, their ad hoc character – if we are 
to reconcile quantum mechanics with classical logic via either the ‘quantum potentials’ of 
the hidden variable theorists, or the metaphysics of Bohr.” 
 

Putnam’s 1968 paper is clear, brilliantly argued, and very persuasive.  Yet only a 
tiny minority of the physics community have ever adopted his approach.  Later, in section 
4, I will consider why this was so.  For the moment, let us accept it as a fact.  It means 
that Putnam’s analogy between the shift from Euclidean to non-Euclidean geometry in 
the Einsteinian revolution and the shift from classical to quantum logic in the quantum 
revolution fails.  The two cases are significantly different.  In the Einsteinian revolution, 
the physics community adopted the non-Euclidean geometry involved in general 
relativity as part of the new relativistic paradigm which replaced the Newtonian 
paradigm.  In the quantum revolution, the new paradigm consists just of the mathematical 
equations of quantum mechanics.  No single interpretation of these equations has become 
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universally adopted, and so part of the quantum paradigm.  On the contrary, disputes 
about the interpretation of quantum mechanics continue to this day, and the physics 
community is divided into schools which support different approaches.  The largest 
school consists of those who support the Copenhagen interpretation.  This does not 
appeal to Putnam, who refers to it as “the metaphysics of Bohr” (1968, p. 191), and 
“Copenhagen double-think” (1968, p. 197). Perhaps the next largest school is that of the 
hidden variable theorists, who again do not appeal to Putnam.  Then there are a variety of 
very minority groups which includes the one that favours quantum logic as resolving the 
anomalies of quantum [180] mechanics.  Thus Putnam’s position seems to appeal only to 
a small number of physicists.   

Let us now consider the situation of the empiricist view of logic in the 1970s.  By 
that time, there were many cogent general arguments in favour of the view.  Yet the 
clinching argument for the view was still missing.  By ‘the clinching argument’ I mean a 
clear case in which an alternative non-classical logic had been preferred to classical logic 
on empirical grounds.  Quantum logic might have been preferred to classical logic for use 
in the quantum domain.  If this had happened, then it would have constituted the missing 
‘clinching argument’, but it did not happen.   

My conclusion then is that in the 1970s, the clinching argument in favour of the 
empiricist view of logic was missing.  However, in the next section, I will argue that new 
developments in the 1970s and 1980s supplied this clinching argument.  These were the 
invention, and successful application, of new forms of alternative logic in artificial 
intelligence.        
 
 
3.  Alternative Logics in Artificial Intelligence  
  
Quite a number of non-classical logics have been developed and applied in artificial 
intelligence (AI).  However, it will suffice for our purposes to give one simple example, 
and I will consider the well-known logic programming system PROLOG.  This was 
developed in the 1970s.  The two principal figures involved were Alain Colmerauer who 
headed an AI group in Marseilles which was trying to develop a natural language 
question-answering system, and Robert Kowalski who was first in Edinburgh and then in 
Imperial College, London, and who initially worked on automated theorem proving.  
Kowalski visited Colmerauer in Marseilles in the summer of 1971, and the collaboration 
between the two men proved fruitful for, by the end of the 1970s, PROLOG has been 
developed and applied to a number of problems.1 

PROLOG is of practical use in dealing with travel problems concerned with 
timetables.  Indeed PROLOG was the basis of an actual travel-planning program used by 
the travel agents Thomas Cook for arranging routes on the Australian railway network.  
The full Thomas Cook program is somewhat complicated.  However, to illustrate the 
logical character of PROLOG, it suffices to consider a much simpler travel problem.  
[181] 

Suppose that I have an appointment at 10 a.m. on a Monday morning in 
University College London.  I therefore look in a timetable for the trains from North 

                                         
1 More details about the development of PROLOG are to be found in Gillies, 1996, §4.1, pp. 72-5; 
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Dulwich to London Bridge on a Monday morning.  I find there are trains at 7 a.m., 8 
a.m., 9 a.m., and 10 a.m.  Suppose, however, that, instead of possessing a timetable, I 
have the data on train times stored in a PROLOG logic program in my PC at home.  Let 
us first see a simple way in which the information might be coded. 
 
Let p(X).  = def  A train leaves North Dulwich for London Bridge at X a.m. 
         on Monday morning. 
 
Note that in PROLOG with the usual Edinburgh-Syntax any term starting with a capital 
letter denotes a variable, while any term starting with a lower-case letter denotes a 
constant.  Thus a specific propositional function is denoted by p(X) rather than P(x).  

Using the above notation, we can suppose that the timetable information has been 
stored in my computer as follows: 
 
 p(7). 
 p(8). 
 p(9). 
 p(10). 
 
This is a well-defined PROLOG logic program. 

Let us now see how I might consult this logic program.  Let us suppose that it 
takes me about one hour from catching a train at North Dulwich to arriving in University 
College London.  My appointment is at 10 a.m., but it would be convenient to arrive 
somewhat beforehand, say about 9.30 a.m.  I would therefore like to catch a train from 
North Dulwich at 8.30 a.m., if there is one.  I therefore interact with the computer as 
follows: 
 
 ?- p(8.30). 
 no 
 
Here I type in the first line, and the computer answers by producing ‘no’.  PROLOG has 
inferred not p(8.30) from the database.  However, this inference is not valid according to 
classical logic.  The database says that there are trains at 7 a.m., 8 a.m., 9 a.m., and 10 
a.m.  It does not follow from this by standard logic that there is not a train also at        
8.30 a.m.  There may be such a train which has not been listed in the database.  [182] 

To obtain not p(8.30), PROLOG has used, instead of classical negation, what is 
called negation-as-failure.  This works as follows.  PROLOG tries to prove p(8.30) by 
attempting to match this sentence against the sentences in the database.  When it fails to 
prove p(8.30), it concludes not p(8.30) – i.e. it uses negation-as-failure.  This use of 
negation-as-failure turns PROLOG into what is called a ‘non-monotonic’ logic.  I will 
next explain what this means. 

Suppose that in classical logic, a proposition p follows logically from a set of 
premises Γ, or in symbols Γ ⇒ p.  Let Δ be an arbitrary set of further premises, then p 
still follows logically from the union of Γ with Δ, i.e. Γ ∪ Δ ⇒ p.  To see that this is so, 
suppose that p does not follow logically from Γ ∪ Δ.  There is then an interpretation in 
which p is false, but all the propositions in Γ ∪ Δ are true.  In this interpretation p is false, 
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and all the propositions in Γ are true, and so p does not follow logically from Γ either.  In 
classical logic then, if a conclusion follows from some premises, it still follows, however, 
many additional premises we add to our original set of premises.  This is why classical 
logic is called monotonic.  The set of conclusions increases monotonically as we add 
more premises. 

PROLOG with negation-as-failure is not, however, monotonic.  If I add to the 
database an additional proposition p(8.30), the conclusion not p (8.30) no longer follows 
as it did before.  Instead PROLOG will infer p(8.30).  So the logic of PROLOG is not 
ordinary classical logic, but a particular kind of non-monotonic logic.  However, 
PROLOG rather than classical logic turns out to be the logic appropriate for dealing with 
some everyday problems such as using databases for travel planning.  What emerges then 
is that there is not a single universal logic, but that different logics may be appropriate in 
different contexts and problem-situations.  Moreover the use of a particular logic in a 
particular context is justified by the experience of its successful application in that 
context.  This is the empiricist view of logic.2 

There is an interesting contrast between quantum logic and PROLOG.  The 
proponents of quantum logic deliberately suggested changing classical logic in order to 
resolve some of the problems of quantum mechanics.  I have argued that this attempt has 
proved to be a failure, because the overwhelming majority of physicists do not regard 
quantum logic as [183] providing a solution to the paradoxes of quantum mechanics, and 
prefer other ways of dealing with these paradoxes.  By contrast, those who developed 
logic programming had no intention of changing logic.  They wanted to apply the already 
existing, and well-established, systems of logic to a new problem – that of computer 
programming.  They hoped in this way to produce a natural language question-answering 
system on a computer.  It was only when the project of logic programming was quite 
well-advanced towards the end of the 1970s that it was realised that the logic involved in 
PROLOG was not classical but involved a new type of negation – negation-as-failure.  
Only when PROLOG was up and running were the properties of this new type of 
negation studied for the first time.  So by adapting classical logic for the computer, the 
developers of PROLOG inadvertently changed it.  Thus the quantum logicians were 
conscious revolutionaries who failed to carry out their revolution.  The logic 
programmers, who had no revolutionary intentions, none the less started a revolution in 
logic. 
 
 
4.  Conclusions 
 
Let me now summarise the argument so far.  Quine (1951) introduced the empiricist view 
of logic, and it was developed by Putnam (1968).  Both these philosophers use the 
example of quantum logic.  However, I have argued that this example is unsatisfactory 
for the simple reason that quantum logic has not been adopted by the majority of 
physicists in order to resolve the problems of quantum mechanics.  The physics 
community has preferred other ways of tackling the problems of quantum mechanics.  I 
                                         
2 In this paper I give only one simple example of the application of PROLOG.  There are of course a whole 
range of such applications, involving not just PROLOG, but other alternative logics as well.  For a further 
more technical example, see Gillies, 1996, §§5.3 & 5.4, pp. 105-112. 
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therefore suggest that to support the empiricist view of logic, we should switch to another 
example, that of the successful use of non-classical logics in AI.  I have focussed 
specifically on the use of PROLOG, a logic programming system which turned out to be 
based on a particular non-classical logic, namely a non-monotonic logic using negation-
as-failure.  In this final section of the paper, I want to make a further comparison between 
these two examples, i.e. (i) quantum logic, and (ii) PROLOG.  It turns out that there are 
interesting differences between these two logics, and these differences lead to further 
developments of the empiricist view of logic. 

As we described above, both Quine and Putnam compare a change of logic for 
empirical reasons to the changes which occurred when Newton was replaced by Einstein.  
This comparison does fit the example of quantum logic very well, as the following 
passage from Putnam, which we have already quoted, shows clearly  (1968, p. 184):  
[184] 
 
“Logic is as empirical as geometry.  It makes as much sense to speak of ‘physical logic’ 
as of ‘physical geometry’.  We live in a world with a non-classical logic.  Certain 
statements – just the ones we encounter in daily life – do obey classical logic, but this is 
so because the corresponding subspaces of H(S) form a very special lattice under the 
inclusion relation:  a so-called ‘Boolean lattice’.  Quantum mechanics itself explains the 
approximate validity of classical logic ‘in the large’, just as non-Euclidean geometry 
explains the approximate validity of Euclidean geometry ‘in the small’.” 
 
But how well does the comparison work if we consider the PROLOG example? 

In the shift from Newton to Einstein, Newtonian mechanics and Euclidean 
geometry were shown not to work well in some cases, and were replaced by relativity 
theory and non-Euclidean geometry.  Similarly classical logic does not work well in some 
cases, and has to replaced in these cases with the non-monotonic logic of PROLOG.  So 
far the comparison works well, but now we come to the differences. 

In the Newton/Einstein case, Newtonian theory, including Euclidean geometry, 
was replaced by another general theory:  Einsteinian theory which included non-
Euclidean geometry.  The PROLOG example is much more piecemeal.  PROLOG works 
well for a range of specific problems, such as timetable problems, or natural language 
question-answering systems.  However, it is not, and was never intended to be, a general 
system of logic designed to replace classical logic. 

Connected with this is the fact that the Einsteinian theory predicted the cases 
where Newtonian theory would break down.  These were cases of very high velocities, 
strong gravitational fields, and very large distances.  In the more everyday cases, 
Einsteinian theory showed that the Newtonian approximation would hold to a high degree 
of accuracy.  Putnam argues that a transition to quantum logic would share these features.  
As he says (1968, p. 184):  “Certain statements – just the ones we encounter in daily life 
– do obey classical logic.”  It is in the strange micro-world of quantum mechanics that 
classical logic breaks down.  For PROLOG, however, the situation is almost the reverse.  
PROLOG does not in any way predict the cases in which it will prove more successful 
than classical logic.  Moreover, these cases turn out to be cases which “we encounter in 
daily life”.   
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This situation is a strange one, and demands explanation.  We might indeed 
expect classical logic to break down in the strange micro-world of quantum mechanics.   
We have become used to the fact that weird things happen in that area.  However, if the 
majority of physicists are to be [185] believed, classical logic continues to hold in the 
micro-world of quantum mechanics.  While if AI experts are to be believed, classical 
logic breaks down in dealing with banal everyday problems such as travel planning 
though the consultation of timetables.  Why does classical logic break down not in 
strange and unusual situations, but in common, everyday situations?  This I think can be 
answered by examining the origins and normal use of classical logic. 

Frege, who introduced classical logic, was concerned to formulate the logic 
appropriate for proofs in the theory of numbers (natural numbers, rational numbers, and 
real and complex numbers).  Frege regarded the fundamental axioms of the theories with 
which he was dealing as certain, and hence it would have seemed reasonable to formulate 
rules of inference which preserved this certainty.  Frege puts the matter quite clearly as 
follows (1884, p. 2): “The aim of proof is … to place the truth of a proposition beyond all 
doubt …”.   

Let us contrast this with a typical situation in which PROLOG is employed.  
PROLOG is not used for constructing proofs in formal arithmetic, or real number theory.  
As we showed in section 3 , it is typically used to construct a system for handling 
timetable enquiries.  I want to discover whether there is a train from North Dulwich to 
London Bridge at 8.30 a.m. on a Monday morning.  So I use PROLOG to consult a 
database of train times, and get the answer:  ‘no’.  Of course this conclusion might be 
false even if the information in the database is, per impossibile, certain beyond all 
reasonable doubt.  It could be that, while all the information about trains in the database 
is correct, information about a train from North Dulwich to London Bridge at 8.30 a.m. 
on Mondays has just been omitted by mistake.  Yet, although PROLOG’s inference here 
is not certain (it would not satisfy Frege’s rigorous criteria), it is highly reasonable, and 
would be drawn by anyone without a second thought.  The key point here is that it would 
be futile and counter-productive to insist on employing only certainty-preserving rules of 
inference.  While 5 + 7 = 12 can be regarded, to all intents and purposes, as certain, no 
one would regard the information in a timetable as certain.  Some trains listed could have 
been cancelled, or have had their departure times altered, and so on.  If the timetable 
information became too unreliable, it would have, in the limit, to be discarded as useless.  
In practice this is not normally the case.  Timetable information is usually sufficiently 
reliable to be used as the basis for planning journeys, but no one would regard it as 
certain.  For handling such information, it is obviously appropriate to use a logic which 
draws reasonable conclusions, even if these are not entirely certain given the data.  Thus 
PROLOG’s negation-as-failure is very suitable for [186] timetable (and similar) 
problems, but would be highly unsuitable for use in making deductions in formal number 
theory. 

Let us contrast this with the case of quantum logic.  As we have argued, classical 
(or Fregean) logic was essentially the logic of nineteenth century mathematical analysis, 
which was, and still is, enormously successful in physics.  Quantum mechanics, of 
course, deals with the micro world, and has curious features which are not to be found in 
classical (i.e. nineteenth century physics) physics.  None the less, from a mathematical 
point of view, quantum mechanics does not use anything which is not part of the 
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framework of classical mathematics.  Schrödinger’s equation is a partial differential 
equation of a standard type, which can be solved using nineteenth century mathematical 
methods.  Quantum mechanics can indeed be formulated in the more sophisticated 
framework of Hilbert space.  However, the theory of Hilbert space, though twentieth 
century, is still, qua mathematical theory, entirely classical, and uses classical (or 
Fregean) logic.  In short there is nothing in the mathematical apparatus which is actually 
employed in quantum mechanics to suggest the need for a new logic.  Quantum 
mechanics does indeed have very severe conceptual problems, but these appear to arise 
so to speak outside the theory’s mathematical apparatus, which operates according to 
traditional and well-understood principles.  This, I believe, is the essential reason for the 
failure of quantum logic.  A timetabling problem appears more mundane and less exciting 
than the problems posed by the strange micro world of quantum mechanics.  Yet it is the 
mundane timetabling problem which actually requires alterations to classical logic, 
because the problem is no longer that of drawing certain (or almost certain) conclusions 
from certain (or almost certain) premises, but that of drawing reasonable (but somewhat 
unreliable) conclusions from acceptable (but somewhat unreliable) premises.        

So we see that in problems where there is some degree of uncertainty, it may 
become necessary to replace classical logic by a non-classical logic.  However, there is a 
twist to this story.  Suppose the degree of uncertainty becomes even greater.  It may then 
be fruitful to introduce a model which uses the mathematical theory of probability.  This 
is particularly so in situations in which a large amount of statistical data is available.  In 
such situations, a probabilistic model such as a Bayesian network may prove successful.  
Such models have been applied with good results in areas such as automated diagnosis.  
Here comes the twist, however.  The mathematical theory of probability (and models 
based on it) use standard classical logic.  So classical logic is thereby re-introduced into 
the study of uncertain situations.  [187] 

The foregoing analysis explains why classical logic has a central importance 
without, however, being universal.  Classical logic is the logic which underlies a body of 
mathematics which has an enormous number of practical applications in physics and 
other areas.  Clearly then classical logic is of very great importance, but it is not 
universal, because there are application areas for which standard mathematics is not the 
appropriate tool. 

I will conclude by stating and then trying to answer an argument against my use 
of PROLOG to support the empiricist view of logic.3  The argument runs as follows.  
There can be no doubt that PROLOG was successful, when it was first introduced, at 
dealing with some problems such as the timetabling problem.  However, it has been 
superseded in handling these problems by more efficient techniques which use standard 
programming languages and mathematical tools such as graph theory.  These new 
techniques do not make use of either PROLOG or non-classical logics.  Thus the current 
situation as regards PROLOG is not very different from the current situation as regards 
quantum logic.  Just as quantum logic has not been adopted by the majority of the physics 
community; so PROLOG is no longer much used by the majority of the computing 
community.  It follow that the PROLOG example offers no better support for the 
empiricist view of logic than the quantum logic example. 
                                         
3 In formulating the answer to this argument, I have benefited from very helpful discussions with Mark 
Gillies and Stephen Muggleton. 
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This is a persuasive argument, but my answer to it is to stress once again that the 
case of PROLOG differs from that of quantum logic.  In the case of dealing with a 
timetabling problem using a computer, the important thing is not the algorithm being 
used by the computer, but the inferences from the database which the computer carries 
out in order to answer the questions which are posed.  These inferences constitute the 
logic being used, and, if they agree with the inferences carried out in ordinary life, as 
should be the case, they will be non-monotonic inferences involving negation-as-failure.  
The importance of PROLOG in this connection was that it made the logic of the 
inferences with which it dealt explicit, and hence showed that this logic was non-
classical.  However the logic would still have been non-classical even if the system had 
been implemented in a quite different way using techniques which were quite different 
from PROLOG. 

In a mathematical theory such as Schrödinger’s formulation of quantum 
mechanics, we can read off the logic being used from the theory. [188] However, it is not 
so straightforward to read off the logic being used from a computer program, which is, 
after all, a set of instructions.  We have to examine what these instructions do, in order to 
find out what logic is involved.  After all, a computer program is itself translated into 
machine code by the compiler, and results in the movement of electrons in the 
computer’s hardware.  These lower level processes become increasingly remote from any 
logic.  It is only if we use a high level logic programming language such as PROLOG 
that the logic can be read off from the program, but the use of such logic programs may 
indeed not be the most efficient way of implementing the required system. 

Consider a case where we use a probability model, for example a Bayesian 
network.  Here the mathematical model replaces the kind of intuitive reasoning used in 
every day life.  We do indeed have common sense ways of making inferences to handle 
situations of uncertainty, but, if the uncertainty is high, and good statistical evidence is 
available, these common sense methods are considerably inferior to a probability model.  
Here the correct strategy is to replace the common sense inferences, which doubtless 
constitute a non-classical logic, by a mathematical model based on classical logic. 

In other situations, such as a timetable problem, where there is some uncertainty, 
but it is not so serious, the better strategy is to retain our common sense inferences, and 
explicate them for use on a computer.  This results in a non-classical logic.  PROLOG 
played an important role in bringing to light the logical form of some every day 
inferences which had been largely neglected when the focus was on the logic of 
inferences in mathematics.  These every day inferences are still non-monotonic even if 
PROLOG is no longer much used by practical computer programmers, and so the support 
for the empiricist view of logic remains even if PROLOG is superseded.   
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Addendum: Quine in relation to Birkhoff and Von Neumann 
 
Quine in his (1951) mentions the possibility of changing the logical law of the excluded 
middle in order to resolve the problems of quantum mechanics.  However, as we have 
seen, Birkhoff and von Neumann state explicitly that the law of excluded middle holds in 
their quantum logic, and that they change the distributive law of classical logic.  My 
paper was originally read at a conference in Rome in June 2010, and Paolo Pecere was a 
commentator on the paper.  His comments are in the reference given at the beginning on 
pp. 191-196.  Pecere suggests that Quine in 1951 may have been influenced not by 
Birkhoff and von Neumann but by Reichenbach, who in his (1944) proposes a three 
valued logic as an interpretation of quantum mechanics alternative to the Copenhagen 
interpretation.  However, as Pecere also points out, Quine does mention Birkhoff and von 
Neumann in his (1970) Philosophy of Logic.  Here Quine says (1970, pp. 85-86): 
 
“Birkhoff and von Neumann … proposed, in 1936, a weakened substitute for truth-
function logic.  It lacks classical negation and, therewith, the law of the excluded 
middle.” 
 
Quine here seems to be definitely mistaken in his account of the quantum logic of 
Birkhoff and von Neumann. 
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