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The Two Cultures of Logic

Kees van Deemter

7.1 C. P. Snow’s Two Cultures

In his famous Rede Lecture of 1959, the physicist, novellist and polymath C.P.Snow

put forward his thesis of the Two Cultures [13]. Snow observed that a gulf had ap-

peared between two academic cultures, with engineers and scientists on one side,

and scholars in the humanities on the other. Snow lamented that little communica-

tion went on across the gulf, so that most representatives of each of the two academic

cultures lacks the most basic understanding, and appreciation, of the other. My the-

sis, in this written homage to Lotfi Zadeh, is that something akin to Snow’s gulf runs

through mathematical logic. For even though logic is a science, there are two types of

logicians: on one side of the gulf are those who insist on using True and False (and,

possibly, Indeterminate or Undefined) as the only possible truth values; on the other

side are those logicians who embrace a wealth of different truth values, with True

and False as the extremes of a continuum; to denote the latter area of work, which

covers a large variety of approaches including (but not limited to) Fuzzy Logic, we

shall loosely use the term multi-valued logic.

This article is a plea for diplomacy across the gulf. My vantage point is the study

of language and communication, first as a theoretical enterprise, then as an area of

language engineering. The gist of my remarks will be that multi-valued logics have

much to offer in both areas, but that cultural and intellectual obstacles are standing

in the way.

7.2 Vagueness in language and communication

Vagueness looms large in two research areas in which I have been active: the the-

oretical study of natural language and the practical endeavour of Natural Language

Generation.

7.2.1 Formal semantics of natural language

A strong tradition at the intersection of linguistics and mathematics focusses on the

construction of formal models of meaning, addressing questions like “Does S1 follow

from S2", where S1 and S2 are (for example) English sentences [2]. Despite the rise
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of non-classical logics, and despite recent statistical work on textual entailment 1, the

bulk of this work still relies on “Boolean" logics, based on just two truth values (plus

occasionally a third value for “unknown" or “undefined"). Fuzzy expressions, such

as degree adjectives, pose difficult challenges to this approach. A classic illustration

is the ancient sorites paradox. Here is a modern, scientifically enhanced version 2

based on the experimental finding that differences in amplitude of 0.5 decibel are too

small to be perceived by the human ear:

Premisses: (1) −30dB is inaudible; (2) 100db is audible; (3) any statement of the

form “if xdB is inaudible then (x+0.5dB) is inaudible”.

−30dB is inaudible (1). Therefore, by 3,

−29.5dB is inaudible. Therefore, by 3,

−29dB is audible. Therefore, by 3, . . . (etc) . . .

100dB is inaudible. But,

100dB is audible (2). Contradiction

Boolean approaches struggle to explain the flaw in this argument because, faced with

the choice between rating (3) as True or False, True seems to be the choice consistent

with experimental findings, which makes the contradictory conclusion difficult to

avoid. There is no shortage of proposed solutions3 but a generally accepted solution

remains elusive. Fuzzy logic attempts to square this circle by allowing truth values

that reflect degrees of truth in between completely True (the value 1) and completely

False (the value 0). These allow us to say that the statements (3) are very nearly true.

Different analyses are possible, depending on how the conditional is analysed. One

of the more attractive analyses uses the following definitions:

‖ϕ‖= 1−‖ϕ‖
‖ϕ ∨ψ‖= max(‖ϕ‖,‖ψ‖)
‖ϕ ∧ψ‖= min(‖ϕ‖,‖ψ‖)
If ‖ϕ‖ ≤ ‖ψ‖ then ‖ϕ → ψ‖= 1 else ‖ϕ → ψ‖= 1− (‖ϕ‖−‖ψ‖)

Suppose we assess the truth value of “−10dB is inaudible” as 1 (completely true) but

the truth value of “−9.5dB is inaudible” as 0.9, the value of “−9dB is inaudible” as

0.85, and so on until we arrive at “−0.5dB is inaudible” with a value of 0. This would

make all the relevant conditionals nearly true, at 0.9. This would allow the Fuzzy

Logician to analyse the argument as based on premisses that are nearly true, but

leading to a conclusion that is completely false. This is an attractive analysis, because

it explains why the sorites argument is wrong yet (at least somewhat) convincing.

Yet, as we shall see below, it does leave something to be desired.

7.2.2 Natural Language Generation

Natural Language Generation (NLG) systems generate (for example) English utter-

ances from nonlinguistic input.4 Examples include medical decision support NLG

1 See [1] for a survey. 2 This version of the paradox, like much else in this chapter, stems

from [15]. 3 See [10] for a dated but still outstanding collection of famous papers. 4 [12], for

a general introduction.
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systems that take clinical time-series data (heart rhythm, temperature, etc.) of a pa-

tient as input, and weather forecasting NLG systems convert computer-generated

numbers into human-digestible text [8] [7]:

Input: Average Windspeed(6:00-12:00) = 37 knots

Output: “Gale force winds are expected in the morning"

In human-authored reports (in both these areas), vague expressions abound. For

example, in the BT-Nurse corpus developed under the Babytalk medical informatics

project [8], one nurse wrote, with vague expressions italicised by me:

Today he managed 1.5 hours off CPAP in about 0.3 litres nasal prong oxy-

gen, and was put back onto CPAP after a desaturation with bradycardia.

However, over the day his oxygen requirements generally have come down

from 30% to 25%. Oxygen saturation is very variable. Usually the desatu-

rations are down to the 60s or 70s (...)

Their frequent use by professionals suggests that vague expressions are thought to

be effective. A substantial amount of research addresses the question when and how

vague expressions should be produced by an NLG system to make these systems

optimally useful.

7.3 Open Questions

I believe that multi-valued approaches to logic have much to offer, both to the the-

oretical understanding of language and to language technology. This conviction,

however, is not widely shared in these research communities. Moreover, even those

who share it differ over the choice of logical system, and over the question how these

systems may be grounded in data.

7.3.1 Can we bridge the gulf between our own Two Cultures?

Fuzzy and other multi-valued logics5 have reached considerable scientific respectabil-

ity and offer attractive solutions to puzzles like sorites. Yet, their influence on the

study of language and communication has so far been modest. I believe that this may

be best explained on sociological grounds: students of language and communication

are educated in a tradition that buys lock, stock and barrel into the Boolean model.

Change glimmers on the horizon though, since recent computational work on lan-

guage has emphasised engineering methods based on statistics (hence real numbers,

as in Fuzzy Logic). Although this has temporarily pushed logic to the background, it

seems plausible that once logic reappears on the scene, this will be in an undogmatic

“engineering" spirit, which is likely to be more open towards multi-valued logics.

5 See [3] for a thorough textbook on fuzzy and multi-valued logic.
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Fig. 7.1. Expressing weather data in a bygone age: Edwardian banjo barometer.

7.3.2 Which multi-valued logic models vague language best?

Fuzzy Logic, as it stands, has certain properties that limit its value as a model of

language. Let me explain, re-using an example by Dorothy Edgington. Imagine two

balls, x and y, of equal size, with ‖small(x)‖= 0.5 and ‖small(y)‖= 0.5. Suppose x
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is a much darker shade of black than y, with ‖black(x)‖= 0.9 and ‖black(y)‖= 0.5.

If I ask you to pick up the small black ball, you will surely pick up x, because it is

a better candidate for the description than y. The truth conditions cited in section

7.2.1 fail to predict this, however, since they dictate that ‖small(x)∧ black(x)‖ =
min(0.5,0.9) = 0.5, and ‖small(y)∧ black(y)‖ = min(0.5,0.5) = 0.5. To fix the

problem, one might suggest a different set of truth conditions, for example by mul-

tiplying the values of the conjuncts, instead of taking their minimum. But if this is

done, disjunction should be examined as well. Consider a ball z that is halfway be-

tween red and pink, with ‖pink(z)‖= 0.5 and ‖red(z)‖= 0.5. Do we really want to

say that “red or pink" is only a so-so description of y (with ‖red(z)∨ pink(z)‖= 0.5)?

Surely, “Give me the ball that’s red or pink please" is a perfectly apt way to talk about

z. Once again, the truth conditions don’t seem to give us what the analysis of lan-

guage requires.

The latter example brings us to truth conditionality. A logic is truth functional

if the truth value of a complex expression depends functionally on the truth val-

ues of its parts. The truth conditions offered above make Fuzzy Logic truth func-

tional, and this has unwanted consequences. Consider the conditions that make up

the sorites paradox, for example: the definition cited above gives inaudible(x)→
inaudible(x) a truth value of 1, which is reasonable. Assume ‖audible(x)‖ = 0.5,

hence ‖inaudible(x)‖ = 0.5 likewise. Now substitute audible for inaudible in the

conditional (salva veritate), yielding inaudible(x)→ audible(x). This sentence has
a truth value of 1 again, which seems absurd. The cause, this time, is not some detail

of the truth conditions, but the very mechanism of Fuzzy Logic, which wasn’t built

to model penumbral connections [6] between expressions (such as the connection

between red and pink). One is beginning to fear that the truth conditions above were

designed specifically for cases where ϕ and ψ are closely related (as in the sorites

paradox), and that they are lacking generality.

As I have argued elsewhere ( [15], p.213-218.), the solution to these shortcom-

ings is not to abandon multi-valued logic, but to re-construct it along probabilistic

lines.6 Doing so is not to de-value Fuzzy Logic but to acknowledge that some prob-

lems to which it has been applied require a different, though closely related approach.

7.3.3 Empirical issues

When Fuzzy Logic is applied to a problem in real life, truth values need to be as-

signed to atomic statements. To do this in a well-founded way, careful experimenta-

tion is required.7 Unfortunately, psychologists fail to get much unanimity when they

ask subjects to what degree a vague word applies truthfully to a situation, and they

find that truth degrees depend strongly on expectations [11], with different expres-

sions being sensitive to expectations of different kinds (e.g., hearers’ or speakers’

expectations). If and when the logic implications of these findings are explored,

Fuzzy Logicians could do worse than to be inspired by work in philosophical logic

(in the “other" culture).

6 This position has been defended consistently by people like Dorothy Edgington, e.g., [4], [5].
7 See for example [16], chapter 14, where there are hints of such an empirical approach.
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Perhaps the most important empirical question is why people express themselves

vaguely. In the economist Lipman’s words, why have we tolerated what appears to be

“a world-wide several-thousand-year efficiency loss" by failing to express ourselves

precisely [9]? Answers have been suggested8, but much is still unclear. It appears to

me that Fuzzy Logic could play a useful role here too. For once we understand fully

why fuzzy approahces can be useful in engineering, this could help us understand

why fuzziness can be useful in human communication too.
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