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Page 1: Next to last line should read; "On the other hand, while

the second ........anomalies, classical lozic clearly can
not be...,.."
Last line, footngte deleted; I do not mean to inply that
Godel's theorem is a mistake. 3ather, while it may be a
limitation we are forced to accept, inappropriate truth
valuations are intolerable.

Page 2: Fifth 1line from the botitonm, footnote deleted at "..vevene.
concepts of reality*"; L.e. conceptualization schenas.

Page 23: Line five; quotes should follow "that® and not precede it.

Page 25; 3econd line from the bottom, footnote deleted at "...two
differemt levels®*.,?; Bill Miller of Diablo Valley College
suggested the following example -

"He walked over to the bllliard table and swallowed the cue-
ball."®

- in which the maaning (overt) is changed by the addition
of a single word, thus -

"Je walked over to the billiard table and swallowed the cue-
ball again.*"

Page 26: Last line; ".,.at different levels can occur."

Footnote 19 deleted: see Finkelstein, 3T7C IT.
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that siiber the modiflication of the nmodel or the use of a vradicslly

differsnt model is needed in order to incorporate the chserved
anomalies {(especially thse relating *o truth valuations) within
a single framework.
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retain the useful
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pirical nature. Putnam (1926%) has argued tha® this 1ls precisely

the case with the overthrow of classical phyvsics and the resulting
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chanies and general relativity. For exampie, conglder the geomeiry
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n an Einstein-
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of general relativity as compared to that of Euclid,
ian geometry, twe lines can be parallel and still converge. ind yet
classlical loglec would never admit %o the validity of such

”kmi@pz Stilli, the Einsteinian ga@@ﬁm y iz fundamental te the no-

and gsneral reiativity ltselfl is an

gmpivical fact! iz a second example,consicer the provliem of comple-

mentarity a posed by quantum mechanles
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suppart to the hypothesis under conslderation. If

if, on the other
hand, a single loglical model were found which predicted the anoma-
lies and therefore reduced them to shtandard propositions within

the propossd f?améwgyku there would be sulficlent reason to cone

S

sider the hypothesis as o working theory asnd to investigate 1ts
implications further. égaim there 13 a difficulty of primary im=~
poriance. The fields of linguistics and the naltural sclencss use
quite Jdifferent meta-languages. When one speaks of a space-time
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point in physics for instance, to what does that object {logleal
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2R edy in correspond Ln Lingulsiics? Wnat 1§ the QOTTESDOnR-

ding and parallel concept for a “geometry” with it componential
concepts "topology”™ and "metrie”?

The flrst task then in deriving a iiﬁguisﬁi@ logic along the
idsas outlined zbove will be to establish a meta-language through
which consistent correlations betwesn two areas of knowledge may
‘oe drawn. This task will be mediated to some extent by the second
task -~ the eholee of 2 hypothetical model of the logleal subsirug-
ture, ¥e nesd not concern gurselves with the development of unnesded
the meta~language, »ut must esta-
rich te insure an adeguate treatl-
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Finally, we shall be interssited in

the explanatory power of the model. AT
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II. A First Model: Causal Quantun Logic

As a first approximation to the 1ogica1 substructure, we seek

a model which serves to describe as much of the empirical data as

is currently possible. Specificly, we want to make use cof that logic
which serves to provide the foundation for much of physics in the
hope that such a logic will be representative of the logic under-
lying the other natural sciences and,. at the same time, will be
exenmplary of the more rigorous and (most important) more detailed

of logicalkmodels based on empirical data. This logic is commonly

known as gquantum logic and was first explored in depth by von

Neumann and Birkhoff (1936) in an attempt to provide both alter-
natives to the model for the algebra of attributes proposed by
Boole?and a coherent logical framework for the seeningly ad hoc
mathematics of quantum mechanics.

In recent years, Finkelstein (1969,1972) has refined quantum
logic in an attempt to define the presumed geometry of space-time
in such a way as to eliminate the contradictions between general
relativity and quankum mechanics, satisfy‘the dilemma posed by
Riemann in the 1800'8? and thereby unify physics. Although a later
paper by Finkelstein (1974) posits a relativistic quantum logic,

it will not be necessary to invoke this model for the purposes of
the current paper? Nor will we consider guantum logics generally,
but rather we will restrict the model of interest tc that which
presupposes a causal ordering relation., The topology of a space
must be based on ordered intervals with some ordering relation.
Since we can arbitrarily restrict the discussion to those linguis-

tic utterances which admit of a causal logic (not necessarily a
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gecegsary conditlons on the structure of space~time are aiso satis

fled by a quantum manifeld. Such a geomatey generates the concep?t
of a peint in space~time 35 an assembly with an initricate internal

gtracture. Bach polnt must have a precislion memory unit, a logie

r

unit, miltiple-access laput/output units, and in general might be
-3 2 [5' > Ed "

naracterized as = sort of computer,. 1t is lmportant 1o remember

that these units of the assenmbly are of an intrinsicly absiract

nature. Peinte can have no mechanical properties atiributed to

o

nfusi with other concepts of the
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them. In order ¥

space-vime point, Finkelsieln ?@f@fa to this concept as & "digiv®
and to gquantum sets of guantum digiﬁs as ”wmrds“:%%@m@@ the gene~
ral task arises of "bresking the space-time code” and such is ths
Finkelstein’'s works discovering the rules for the genersz-

o
zion of words which in the classical limit will give the causaily

on such quantum diglits to
ve isomorphic with the zeometry of the space thevy define. In the
case under investigation, we take the logic %o be the algsbra of
gperators defined by a class caleuius of attrivutes whiceh Ls =
compiets, orihocomplemented, modular lattice. This definition will
be found to serve us well in constructing the mela-language in the
following section. Howevar, for the sake of consistency, we must
slso be concerned with concepts such as the mgtW1@?'F@md@ﬁ@ﬂtally,
a metric can be defined on a dimension function for lattlces. We

therefore Inclade the restrliction that osur lattice admit & non-
/8

trivial, countably addizive dimension funetion. Finally, we say that

a digital assembly will be regarded as "later® than some other as-
‘ /8
sembly tf and only if it is greater,

e



Last but not least there Lg the useful terminology of "systems”.

o

We mpst define all operators over some system. A sysfem is gilven by
an algedbra with adjloint c¢peration and with complex numbersg; i.&.

the guantiities of the system, Table I zives the operations of gquan-
tum logic for simple systems, compound systems (especislly dealing

with binary relations and the generation of compound systems from

simple systems}, and complex systems (the generation of complex

here are those which are _wmediately necessary. AS new ITerminciogy
is intredu~e?, we will also need teo refer ito the original sonfexi
and theter «inslisegy alresdy established will be sufficient for that

DUTPOSe as well.
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I17. Establishing The Meta-Language

The particular branch of lingulstics with which we are pre-
sently concerned is that of semantics. In fact, it mi
that 2 primary concern of fthis paper is to make a serious contri-

Bution to the sysiematic znalysle of meaning with regard to the

study of natural languages. We have chosen to attack the problem

¥

of developing such a sysfematiic anaij% 18 of natural language mean-

i
fs(’

ing through the synthesis of a model whereby the logical

33

ubstryc-
ture of natural langusages might be mors readily reveasled.

Classical applications of legic

»('g}

have interpreted the propo-
sition a8 a set and, In general, the meaning of a statement has
been defined in terms of ser theory. For example, consider the
statement "That is 2 red flower.” We might simplify this gra

gL Al

matical structure %o a form more conduclve te set theoretical

interpretations by writing it as "Red, flower x* whsre the "x~

repregants Sush a2 statemsnt refers to that set whieh

[
i

the adju ¢ set of all redobjscts with the set of all

oy

(]
Bk v

ects naving the properties of flowers. We now ssek %9 guantize

.

this process of Interpretation of meaning In the

ki
»

&
-

N
o

allow us To more closely approximate themeaning of utterances.
2%, note that the term "flower” is ambliguous in the senze
that given some zet of defining properilies of "flowers™, we may
TR

now many {or which) of these properties may

s o

be exciuded without the s21 belng delined as somethil

&=

SN A 5 P %y gn %o ETve 7. T N = ) R e § o 3 v i e b EE S e am v,
& flower. That Lg, we have no clear definltion of the closure of

the set. Sacond, we

recognize that the set is ambiguous

in the ssnse that the domain over which the set "flower™ is %o be

e

& by T ey § & A - . PN N
VP the statexent undesr sonoiolgra-
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tinn were uttered by a judge at a Tloral show, one might weil ax-

pect the domain o be different than that whiech would be intendad

\J‘

by, Say, a stuffy and ssverely academic lexicographer who was de=

*

fining the term for the pilol of 2 U?G,z‘

While we may not be able to do away with ambiguities, the
very least one can demand of z systematic analysis of natural
languages (whish just so kappen to be of zn ambiguous nature) is
that the ambigulities b2 given some sort of formaliswm. Let us son-
gider for z moment the first form of ambigulity demonstrated here,
We made use of a very abstract term - that ¢f "properties . We now
define this term. .

The term property will be used to refer to an absiract as-
sembiy of quantum units of meanin

In turning to the second form of ambiguity, we note that the
key termn here g the concept of 2 domain. Thiz concept presenis a
slightiy mors difficult problem in aftempting to state a definitio
whieh :s even temporariliy adeguate. Therefore we will attempt Yo
present a definition from other, peérhaps more familizr concepts,
Regcher (1971) nas defined the process of temporal realiza-

be

Tion R {2) %9 be that in which the proposition 4 ig sald to
realized at time ©., & similaf process of spatial realization may
be written as £ _{A}, to be read as A ls realized at the position
%." Generalizing thig notion 1o a spacetime set or subspace as im
the quantum logic of Finkelstein, we may write Raiﬁ} te ne read
ag "4 is realized in the subspace a". Rescher also demenstrates
that the prosess of realization (let us say the "realization ope-

rater”) along with the srdsyring operator U suffice to form z weak-

1



iy complete axiomatic basis. We now define the slements ef the
gubspace a to be ordered according to some ordering relation U.
Finally, let us generalize the so-called realization operator, We
say that A i1s realized in tha &am iﬁz%_wi;h ordering velation U if,
for some subspace of constlraints &' (for instance, z set of percepis
or a reality construct), A" is minimal with respect to A, A is
included in the subspace A', and 4 is defined only over the ordered

BubSpace @. At this point, observe Iha

b
£%

the progess of realization
a3 used in temporal or rense logle by Rescher iz tsken hers a3 pre-
gupposing a sort of refernce subspacs {(set) or world-view, We can
not take this concept as belng general since this subspace (s pre-
sumed te e of a universal nature. We reject such a notion catege-
ricaliyv. Different speakers of the same language have different
worlid-views or reality constructs as do those with different
languages. indeed, thers is no reason to assume that the same
speaker of a given language at téﬁ different momsnts of time can
be taken as having the same reality construct. & gimllar wview is
schoed by Birkhoff {1940} in a general sriticlism of the notlon of
a "universe” in the gsense of Boolz.

In the preceding paragraph, continual reference has been made
Lo the cunceapt of a Subspace with "elements” formed according o
some ordering relation U. We have been avoiding a formal defini-
tion of these Terms in our meta-language until new in order to main-
tain clarity while other, more tedigus concepts were being deve-
loped. The concent of a subspa e necessarily implies that of &
space., We deline the relation of a logieal substructure af natural
ianguages to its Llsonorphie gewme*%f as satisfying the following
cenditions: first, a ssmantic spsce which iz a complete, arthocom-

cilemented, modular, non~distrisativa iz

ey Fegond, porvowinzg i

{ s



term in part from Finkelstein, a gemanftic digit which is a guan-

tum unit of meaning having an intrinsiecally absitract and complex
internal structure; and third, an assembly which is any quantum

*

set of quantum digites such as a word (as in digit}], propasrty, at-
tribute, or tagmeme.
Having defined these basie elements of the meta~language,

we are now sguipped with sufficient terminclogy to build more come

P g . & - =t
a System with an zlgsbra of are said o

noept can be meaningful,
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€
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gperate on propositions. Zelfore such

it must ve more explicitly defined. We therefore define the prepo-

to an azsembly

take the srtho-
complsment, conjuncilen, and adjiunctlon o be subspaces and not,

28 classicly assumed, propositions. However, we take the inclusion
relation %o define a propeosition as a pecessary but not a suffi-
cient condition. We complete the necessary conditlons that an ex-
plicit inmclusien relation be a propositon by demanding the assc-

23 ,
ciated slgenvalue squation be non-~degenerate. That is, there must

be a unigque meaning associated with the propositional variables

and with the bimary inclusion relation associated with any two of

While a statement or Linguistic utterance may well be gram-

natically acceptable and logically complete, it still need net
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1ify as 3 proposition. In order to distinguish the
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24 V . s ,
two, we postulate the notion of propositional complefeness. Glven

L1
-

a subspace of semantic digits, which under some ordering relation

combine to form an absiract assembly recognizable at the linguis-

glﬂ h
]

tie level, this higher ordered assembly or complex need not have

an identifiable meaning {macroscopiclyl. On the other hand, the

addition {or perhaps sven the subtraciion) of a single guantum
element of meaning to (from) fhe subspace may suffice to oring

avout gsuch a meaning. 4An utterance which has the property of helng

X
[
(a4
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ntifiable meaning or which is capable of muliiple inter-

pretations 1s thus salid to be propositionally incomplete ar, on t

gt

macroscopie level, is sald to be

44

ordering relation, we claim that the closure of the subspace is
unique. That ls, the subspace of a*g&ts which define the closurs

.

for a glven meaning is unigue. We now expllelitly pol

fede
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e
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o
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the semaniic diglig need not be of a purely lingulstlc nalture. For

example, the possible closures for the statement "The [lower is

[+

red” that were glven above ars not necessarily of a linguistic na-
ture. The information referrsed to could very well have been disco-
vered in the form of visual iw peetion by a thlrd pariy obsserver.

In genersl then, we polnt out that a semantic diglt may ve percelved
through any mode of perception or memory. A statement which is
propositionally i

s 25
text sengitive,

omplete ilg therefore generally sald fo be gon-

In order to distinguish beitweeh statements which are incom-
pilete in the sense »f having no macroscoplely assignable meaning
versus those which have many {which is sometimes the intention of

the speaker as with puns, poetry, e%c.), we shall say that a state-
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subspace which is isomorphic to the reallity construct which is

defined over the same domaln (i.e. the subspace of constraints).

1f a proposition is not "true”, 1t is said to be “false”., Note

here that the reallty construct is an instantaneous semantic {mean-

ingful} ebject which is dependent upon: a) the belief system, b)

the ordering relation {syntax?), and ¢} othsr consiraining factors

given both by concurrent and prior observation {percepts).
While the forgoing is the assignment of truth values and
polnts out thelr empirical nature, there ls another sense ln which

we are concerned wiih truth valuations. Essentially, we have to

%

distinguish between that which i1z legically "true” and that which
iz "reallized” in the sense of Rescher. For example, a false ante-
cedent has nothlng to say about the realization of the consequent
noyr of the implication i

tself, 1t merely states that the enti

implication must be "true”. Logical ftruths have augo-

lutely nothing to do with elther primary bellefs or observations

IS
s
o

onge the logical subsiructure has been defined. They, insiead,

predict that the conclusion ls realized in

given domaln. That

is, they are infTerences based on the topology of & semantic space
which is presumed fto be locally homogenesus.
We say that a truth valuation of a propeosition A is gbjec~

Ltive Dbetwesen two or more individuals 1f they share a common sSub-

space of consirainits 4° defined on a relevant domain a. A pelevant

240

domain is one which contalns the domains of the proposition A4 and

is minimal with respect to this properiy.

27

THEOREM: An objective truth valuation is unigue.

o

We call a subspace of

47 of 2 single indlvidual

with respect to a bellef

(A



IV, Quantum Linguistic Logic:

Examples

We have attempted in the previdus section to provide a defi~‘
nition of the objects of logic - propositions - that will conforn
to the ready application of the rules of gquantum logic and will,
in fact, be consistent with such a loglic as applied to linguistic
utterances. In attempting to apply quantum logic to meaningful
linguistic utterances, there 1ls still a pcint that perhaps needs
clarification. Specifically I refer to Gricefs rules of cooperation
in communication. We shall adopt Grice's rules as being both neces-
sary and sufficient assumptions with which to properly interpret
propositions., That is, instead of taking Gricet!'s rules as being
constraints on the speaker, we take them as heling conditions of -
state in all meaningful utterances. Given Gricets rules, one can
reascnably interpret any proposition in such a way asg to ddentify .
the subspace of constraints and the relevant domain.

While this section will sometimes find the resolving of
anonralies as produced by the application of &lassical logic to lin-
gulstic utterances a nétural consequence of demonstrating the use
of gquantum logic, this is not the primary goal. We are well aware
of the fact that many problems iIn the system will only be solved
by further investigations, and indeed we will remain unaware of
many of them until the bulk of clasSiéal loglic laws have been rein-
vestigated without the use of distributive laws, distributive laws
beling the majbr modification which guantum logic proposes, We seek
then, only to provide the reader with some relevant examples of the

power of quantum logic in dealing with natural languages.
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5! the sentence

it} She married the child's father and became pregnant,
The sanantlie interpretations of la and 1b are ceriainly not squle
valent a8 the commutative law for conjunctions (F2} would have us
nelieve, H@W@?éf, the fact lg that ithe propositisnal wariables as
identified in the example are not commutaiive properiies or simul-

taneously observable. They do not permule and thus Pl

5 [rop T N ) 3 3 4 o B R P R . ka3
do not apply. 7v consider the following PE ognd P

and was eilther cremated or was burised zt Forest Lawn, Tha® lg %o

8AY, e@lther Wrg. Srundy passed away late yesterday afternoon and

o Grundy passed away late vesterday afternson

% P E E S ey g ‘:‘g;:\' ol 2 g e 4 o A g 3 i Y i R g 5 o B 2
and was buried st Forest Lawn,. Therefore Mrs. Grundy was cremated

s B st o s e Bl LT TR : : &
afternoen or Nrs, Srundy was burled

rRaon. (Foor

gle evaluation of la . znd 1b, or 2 would Torce

*

without taking into accouni the necessity for

tation relation

loegic not o femands the defining of

sncountered will pecur if the commutation reia-

5
jocd
e}
p e
&
=
@
&

in 3 reavalaa S pommutative and dis » applles

net oniy to adjunc-
pevd % apantifiers and mods;
LA P A 3‘ru:.\,l$n‘. I R i A S R H 2w




oparators as well, This fact becomes quite apparent when the fa-

};ﬁ
miliar universsl and existential quantifiers are wri t@n as fol-

lows:

<
#

ﬁ szxfgﬂﬁﬁmsas,eaanass;xﬁ = n

o

Ly
¥
i}
C

KEUKEUX@UQQ smaaaaoe:ﬁm = U

where n i the snumeraiion of the elements of an szxhaustivse deno-

x

Bx 5 ‘ 3 - B, % F'y -4 4 E " * o 5 . o
Tation of the geft of 211 ¥'s, With these definitiong it makes zense

3

ts speak of a distributive law invelving gquantifiers

i

£

ueh ag

VK}’JLUK) = @i U?&‘g&?fat\”uxgg xwu ijn en@&ac{fﬁ*u}ém)

ke

We repeat, such laws are valld gnly where the wvariables permute.
One can reasonably expect z failure of elassical logic whene
gver the variables in an argument do not permute. This situation

will often oc

vious., However, variablse may fall to

3

by heling complements and ths only

P

=423

are permutable ls to define both the domalrn and the subsnpace of

constraints. ¥ni

le on the subleet of the commuting of varianles,

i

we would like %o pein% out that the ineclusive adjunctiosn ig a

&

special case in which the atomiec pr@p@ itions happen to commy

Fee
fs i
B

We may, in fact, be well advised to take the exclusive adjunction
a3 a warning that the atomic propositions ars complementary - l.e.
that exelusive adjunetions presuppose a complementarity relation
between the adjunciz. Note that the definition of a var*abx@ plays
an ismporstant role in determining how 1% may be used in logical

3

argumnents and gpecifiecally, what laws are vallid in the argument.



i commutation relation defines a fundamental limit to observa-

-
a4

n the application of a gquantum logle to linguistics such a

limit will be in the nature of a Limit on interpretaftion. In speci-

fying a semantic space, one must recognize that the means for de~
ribing a semantic space must always be greatly exceeded by the

waye in which semantic spaces can differ. We are, in fact, confron-

ted with a fundamental amblgulty in natural language just as quan-

tum logic would suggest, To put it simply., one can never communicate
a semantic space with infinite precision. The pragwmstic result is,

of course, that meaningful linguistic utterances must always bse
given an inlterpreted meaning.

Such an interpretation can approximate the intendsd meaning

[e]
-
W‘
¥ ,g“"‘
P
o
b
Gi
i
f e
3
jo-2
B

as the ordering relation between quantum unlts of
meaning s well-delined. The following examples make the importance

of the ordering relation gulite clear.

3a} 1°11 leave 1f and only 17 you have someogns %o take my
niace,

b} If I ieave, you'll have someone to take my place, and if
¥ou nave someone to take my place, 1711 lsave.

¢} If vou have somesne fo tgke my place, [°1L Leave, and 1T
you don'®t have someone to take my place, I won't leave,

ba} My pulse goes above 100 if and only 1if I do heavy exercise.
n} If my pulge goes above 100, I 4o heavy exercise, and 17 I
do heavy exerclise, @y pmise g@%@ avove 100,
) If 1 do heavy exercise, my pulse goes above 100, and 1f I
"t do heavy exerﬁxwe, my pulse doesn't zo avove 100,
Zutter melts 1§ and only if it is ﬂ@«*eﬁ

}
by IFf melte, 1%t is heated, and if butier is heated,
Lt
g) 1If is heated, 1% melts, and if butter is not heated,

Theze examples are all of the loglcal forms:

ba) A 1f and only Lf B,
p} If & then B, and 1f B, then 4.
o) If B zhen 4, and iFf not B, then not &



hat while examples of the form Ha) and 5S¢} ars

o
o
¥
®
e

|

£

e
[;

tet
H

metric, 6n) is symmetric. 1t presupposss a linear non-branching

cauvsal ordering relation which 18 net necessarily the czse., The

gemantic interpreiations of the propozltions & and B serve to defins

9
o]
&

the srdering relation and the form of statements such as 5b} lg nos
aufficient in ltgelf to provide such a definition. However, those

of Sa} and &2} do provide infarmation zbout the ordering

Y?‘g
<~§’
P
(4]
o

5 o - ey £3 . pa b . T
snd the gemantice interpreitation of thesze is in fact more zlosely
related.

Ferhnaps the most loportant result of suanitum logle is That

it predicts the difficulties encountered in what is known as =ither
=fuzzy ™ or many-valued logic. McCawley {(1973) has glven many exam-
ples of the inccherent truth valuations which arize in attempting

to asmsign mul

truth values to propositions. We can assume,

1 PR P
o CAE8gL0al g CONLINUOUE

Gevaiued truth function

can be erected within the propositional calculus

s
w

a development from Boole’s dual isomerphism.

w

ohvi ously

aigebra of all subselts of any complex assembly 1
tinous. Still, this does not tell us why we may not, for instance,

P

stale the truth value of "Superman is more hersic than Spider-man”®
in terms of some Jdiscrete truth function with 1 and ¢ as upper and
lower bounds respectively and increasing in inecrements of 1/n for
n {finitel different possible values without contradicting the

otherwise acceptable and desirable faws of logle. Quantum lsgic
n

For a loglc based on non-distribdutive lattices, the corre--

gpondence

values ig not homomorphic



except in the iwo-valued case. Thus the truth values of p and q deo

b ]

not necessarily determine the truth value of pOq. This fact zalone

ot

iz sufficient to account for the difficulities encountered in "fuzzy”

logic. 3ased on this evidence we reject Lakaff s {(1572) conclusion
“that a multi-valued logic is essential for an adequate treatment
2f the semantics of a large amount of natural language vocabulary,

particularly adjectives such as fat, obnoxigus, and pleasant. Not

¥ is it not essential but it 18 not even adeguate! Such adjec-
tives, which appear %o be contlnucusly variable in such a way 35 %o
force multi-valued logics, may in fact he anualyzed in guite =z 4if-
ferentl fashion.

Following the definixiﬁn of a proposition set forth in the

previous section, we colaim that only the twe-valued ¢ase has mean-

ing. Given a domain @ and 2z subspvace of consiraints 4', the propo-
sition & sither ls or 18 not contalned in A° {remember ithat we are

dealing witn z guantum manifold}., For example, "Jonathan Livingston

¥

Seagull is a happy bird” contains the adjective happy whic urder

Lagkoeff's analysis, would force the statement to have 5 degree of

i

£

truth dependent upon the degree to which J.L. Seagull is & happy
bird as diverced from veing simply a2 bird. We claim instead that
the subsrace of constrainés defines a single meaning for the adjiea-

tive happy if the statement is in fact to be a proposition, Qthere

Or obnoXious wiil be sufficient te insure that the statement 1:

E-ﬂ

v

propositisnally inzomplete. Intultively we know that while all

words are ambiguous Lo some degree, under a given interpreistion

o
,;-i‘
i—

atement is accepted s either true or false. But this points

wise, the fundamental smbigulty of adjeetives such as happy or jolly
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demongtrated by Kartunnen {(1971), the most natural response would
he to a8k the speaker questions which would specify the pronoun

svethat the zsitatement,

erm

referents. Quanium loglc leads us to bel]
ag it stands, is not propositionally complete. It does not contain
enough information for the eigenfunction to be single-valued and,

cours in the subspace of constralinis

&

topie, membership,
atec. Jonsider, for example the following,.
7) Some men love all women.

This 1= an exanmpile »f phonemic ambigulty, The meaning can obviously

e resolved through an application of stressz; one case in which the

on atl and the other in which 1% ls placed

or women, Thus propositional completeneszs can be dependent ubon

We can not generally assume that propositional completeness

iz linear functional. For instance in the following examples the

deletion of the n't of Ba and B¢ produces a negation in one case
(Be) and a completely different meaning in the second {8d},

doesn’t love his wife,
doss love hﬁﬁ wife,

neople aren't afraﬁd
peonle arse &f?aiﬁ of «

the previously mentloned superproposition., The

W E P - Y T R T
samantic subspace of which L34 is

exzlugive component proposltlons esch of which becomes elther pro-



Fets

positionally complete or propositionzlly incomplete with the addie
tion or deletion of some meaningful uni? such as n't.

Quite often a linguistic utterance is composed of more than
one syntagma and these may overlap each other as well as be linear-
iy decomposable., With the addition of sach new quantum unit &f
meaning {constraint}, each of ssveral relevant subspaces is "ftrig-
gered® 30 to Speak. A subsSpace is deleted whern a digit is required
which can not be part of tne domain of the semantic space. A zubte-
zpace is complete {closed) when ne further sddition ms

further ar {(in some cases) cause it to ne deleted. Thus = siring

may have the following semantl¢ strue sure:

lavael 1 ¥
" 2 L] LI | 1y
S B i 3
# b = i T
A .
fig A &3 ﬁg &5 A& &? Ag ag

)

Levels reler i different component propositions, The addition of

Aiﬁ may changs The struciure as fwldw*ﬁ

e

Llevel 1 ! ’
o 2 | e P 3 r ]
i 5\51 L ) —l ]

lavel 1 '
w z r ] LR} '
w k] L LR | L
oy i | y

- where Iwg previously

»

- GO gl 3 : g L S 7 go T { oy 2 i # >
incomplete at fwo different levels. And, of course, any combination

of ioss of gompletenesz or satisfvying of completeness at different
levels eAN occur
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¥. Conclusions

We are forced to conclude that the standard rnotion of truth
valuations is primarily at Tault when difficulties arise with

2

applications of logle to linguistic data. The class:

,1-

F
oy
w
by
53
.
[o]
&

cal
»f a proposition allows truth valuations of objects which should
not be sonsidered propositions In the Tirst place. and, secondly,
does not esxplicitly show where the fallure ogeccurs. The approsch

presented here, that of using gquantum logle, nhas produced a mors

restricted definition of a prope
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all attempts to find z coherent mul
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a caloulus relating to propositions of natural languages are doomed

s

to fallure, the difficulty arising from the faet that

not determine that of the proposition pDg.

tement which guaniun

t, wWhaere truth valuszstions are goncerned, L

falls flat on its face when azapplled to 2 corpus of Linguisiic dats

The second

N

with regard te

logical arguments which will have to be resvaluated by guantum lLegic

represenis =z

considerable size. And we did net attack the
problem hers, the burpese being rather to derive a method of doing
50 al a later vime. It would . not, however, be surprising if wmany of
the prohlems encountsered In classical logle proofs (such as the

absurdity of being able to infTer anvthing from a contradiction) wers

D I gy g EVyrIp— PN A e B I Y 3 : =
Tound to be examples of lilegitimate arguments under The rules of
ind rence allowed in mritun 1 Whst ia senerally H réant is
nierente aLiowed 10 guantum L9 Nz L LB generiaLs.sy imporiant iS5




that one can not simply plug in propositions in an argument. The

s

validity of an argument in guantum logie is strictliy dependent on

¢ B
o
}m_d's
23
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the relative content of the propos: used in the argument, sincs

the distributive or commutative laws can be used gnly wherse the
propositions permuie as deflined earliier. Thus we are faced with

a second major predictlion of quantum logic: a2ll attempils to provids

a logical analysis of the semantic content of a lingulstic uttsrance
ﬁaken out of context are doomed to fallure. In short, the lingulists

practive of considering uiterances, idependent of context is faulty

from start to finish, And the meaningful data of which that contex:

18 comprised is probably not even liagulstle by standard delfinltions,

o

By no means are we saylng that we have shown that the proper

g.—«a

togiecal substructure of natural languages lsg the guantum logic

presentsd ners. However, the explanatory power of quantum logic
logie. A3 such the

does appear Lo be grealter Than that of
d

subject certalnly deserves more study. guestiong nesd Io be

gxXpliored, First, hoew doss quaﬂtmm logle change the standard prosfs

&

of completeness (axiomatiel? Second, how will arguments such as

£

those nprasented by GHdel {(undecidability) »e changed? Aind finally,

arguments which were used in the development o

»

the meta-language should be made explicit,. For example, the assumpe-

tion that meaning might be gquantized wae based on 2 combkination of
mathematical argumeni and empirical evidence with regard %o the

in the Tuture for thoss whose area of expertise iz not mathematics.
We would like to note in conclusien that many of the concepts

employed wers deri

the "dynamics” of guantur Linguistie Logle = the generatlion and
recognition of utterances. [1 L3 hopsed that no unnecessary confu-

alon resulted.



it infinite numbar of unbroveable bhut valid

theorems in any axiomatic system sufficiently rich to contain

%

2 Consider counterfactuals. For examplss see Melawley {1a7s5)
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ig certainly counter-intuliive to assume that some zuch subsitruciure

does not exist and that utrerances are “born full=Ffledged from the

%. = Boole's dual isomorphism {(of which the propositionzl caloulus

tculties and Birkhoff sumarizes
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Zriefly,. There appears 10 ce evidence Lha” the worlid isg ovoith discrst

it wskare interested here in a model for "static” syvstems of

tinguilstic logle. A relativistic medel would inherentl iy be concerned
with the “dynamics” of such a system. The implications of relasiivis-
tie quantum

and recognlti

Torthooming DApers.

12. «sssand this under the assumption thai the majority of lin-

15, see Feynman, R.P. The CTharacgter of Phvsical Laws
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15, "Words® seem to correspond %@ "strings” and the "3ITC" to zhe

khoff. G., Lattice Theory, =specially with regard to
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ﬁ{RﬁCIPEQJ mist be unigque Tor all wvalues of n and K _=R, we have
f{RQCZP}M fﬂRCI?;P; .
28, The topology of the semantiec space is defined by %the subzpace

ot consiraints as well as the “elsments” of the domain itseif

L]
25, Notice that universals of this sort may he treated alse as

peing parametric compenent propositions in a superdropeciftion. Then
el

Droposi
sonstraint,
30, It snould be noted that a so=-called satisfliable proposiiion

ig, by Lis very naturs, propositionally |
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sgsentially 2 conftradiction in terms. I{ 1% is nmelther "true” nor
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false™ in all states of affalrs, a statement 8lmply L8 noit propo=



TABLE I

Simple Systems 5,
For quantum systems, the algebra of a system is irreducible

being the algebra of all maps of an underlying innerproduct space

I(S). In this part all concepts are relative to one implicit system

S,

Class {(of a system S): = projection (quantity equal to lts

# (ad joint) and square) in SA; subspace P,Q,... Of the under-
lying linear space of SA.

P€Q, Fis included in Q@ (of classes P, Q): = the basic eigen~
value equation FQ=F; the subspace inclusion P€ Q.

I and @, universal and'null class: = quantities 1 and 0; 1(3)

and the 0 vector, as subspaces of I(3j.

FUQ, P or Q@ (adjunction): = sup(P,Q); span P Y Q@ {(the set join

of two subspaces never being requiredj;.

FAQ, F and Q@ {(conjunction): = inf(F,Q); subspace meet F\Q,

Q is a complement of P: =F U Q = I,P Q=f;Q is a complememtary

subspace to P.

-P, the negation of F: =1-P; orthogonal complement of subspace F.
P.L Q, F excludes Q: =PQ=0; T and @ aee orthogonal subspaces.

P comQ, F 1s compatible or commutes with Q: a basis exists for

I(S) adapted to both subspaces P and Q.

f(S), a coordinate f of S: =map f:5S=9»C; spectral family de(z)
of subspaces, z a complex variable. Any coordinate f may be
represented by a coordinate quantity fﬁ/& de(z), where the
projection-valued measure de(z) is defined by the algebra map

LA LA
f£,: CF w5t
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Q, P is Jjust included in Q: P XEQ if and only if P=X or

X=Q: Q=PU one additional l-space.

IP‘ , the measure of F:= the leﬁgth m of a chain OclPlQi...C Pn

1
=r,

©, a singlet;= projection o with measure = 1; a ray or l-space
of I(3).

If G is any group of maps g:S-»S and GA 1s’the group of induced
algebra maps, we can then define as follows:

$/G,.3 over G: =the algebra SA\§A, the collection of those
guantities of SA invarient under G,: the algebra of operators
on I(S) commuting with all members of the (unitary) group G.
Even if S is a quantum system, S/G generally is not.
S G, S under G: = the algebra SA/QA resulting from S& by iden-
tificatlion with respect to G,; the subspace of I(S)consisting
of all fixed peints under G.

Let P be a class of 3:
S\f. S undep P, the restriction of S to F: = the algebra ps'P
taken with the +, X, ¥ of SA but with the new unit F; the sub-
system defined by a subspace PCI(S)
The system 1: = the system whose algebra is C; system with a
one~dimensional Hilbert space. The system 1 1s both a classical

syastem (commutative) and a quantum system (irreducible).

In quantum logic the distributive law is weakened to the form

1f a€e, then allJ(bNe)=(aUb)Nc. Note that it is self-dual:
replacing & MY, U by >,U ,N merely replaces a,b,c by
¢,b,a, It also follows that (aUbv)Ne=(alUv)NN (alec).

For gquantum sassemblies, it is not generslly true that

o



Compound sSystems

S+T, the sum of S and T; = the direct-product algebra SATA.

in which the twoc algebras SA and TA ¢ommute; the direct pro-
duct Hilbert space I(S)XI(T). Similarly for IIS;. Assoclative
and distributive laws hold.

3 R T, a binary relation R between systems S,T: =a class of

ST; subspace of the direct product I(S)XI(T).

3-T7, similar systems 3,T: = two systems S5,T provided with an
equivalence map e:S «»T (map wlth inverse); two Hilbert spaces
with a unitary e:I(S) =>I(T). We designate corresponding pro-
jections in S,T by P(S)~-F(T). Replicas of a system S are
similar systems obtalned from S by attaching labels,e.z. 31-'52
s3=I: = for similar systems S-T, the class Uya(S)a(T), the union
extending over all singlets a(S)-a(T): symmetric subspace of
the direct product.

Reflexive relation: =relation S B T with (S=T)C{S R T):
subspace of I(S)XI(T) including the symmetric subspace.

BT, the transpcse of R: =eXe*1{R} where e:35—4 T is the equiva-
lence map of 5-T and B=S R T.

Symmetric relation: =relatlon S*-ST.

Transitive relation: =relation T with S, T $,,5, T SBC Sy I 55
Functional relation: =rekation S F T= Uagfa(g).where a reanges

over the singlets of S, and f:S-»T 1s a map; the graph
A
Uﬁ(g{;fﬂ(g)) of an algebra map f‘A;TA—i-S .
seqzs. the Z-gequence of S's: =the product 8182 of two replicas
51-82 of S; the ordered palr of two S's,
dla,S, the diagonal Z-sequence of 3's: = seq28\(81=82). the

restriction of 5152 to the class {Sl=82); the subspace of

symmetric tensors in ;(sl)xg_(sz}

Tt W



Let G be the symmetric group on two sinlilar systems, S, -S.,.

172
ser,S, the 2-series of S's: =8eq,3/G with G as above; the

subalgebra of SAXSA invariant under transposing; the direct
sum of the subalgebras of the symmetric and antisymnetric
subspace of I(S)XI(S).

Complex Systems

sequ. the n-sequence of 3's: = IIyS, (m=1,...,n),where

Sp=5 are similar systems; the direct product of n replicas
of I(38).

seqS, the sequence of Sfs:= nsean {(n=0,1,...);the Maxwell~

Boltzman Fock space over 1(S), with the number operator N as

superselection rule.

.
»

dianS, the diagonal n=-sequence of S's: =seq S (Slz.....=8

—~——

n
the space of symmetric tensors of degree n over I(S).

diaS, the diagonal seguence of S's: =  dia S (n=0,1,....);

the Bose-Einstein Fock space over I(S5), with the number of

systems N as superselection, -

et G be the symmeiric group on the systems in & sequence seqgsS.
Then we define as follows:

serS, the series of S's: =seqS/G; the subalbegra of seqsA

invariant under G.
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