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1. Introduction

In the spirit of the theme of this conference, Linguistics in the Twenty-First
Century, I will consider what I consider to be two problems with current
linguistic theories, specifically with Government =Binding/Principles .and
Parameters theory and its extension in the Minimalist Program (Chomsky :1996,
Hornstein 1995). We may reasonably expect solutions to specific instances. of
these problems in the next decade; perhaps even the :general ccases will be
handled. Certainly much progress-has been made in thelast decade, since we
may now at least formulate the problems with some clarity. In this paper we
propose answers-to one instance of each of these problems. We draw- directly on
Bare Grammar (Keenan & Stabler, 1997-and to appeat), henceforth BG.

1.1. The integration problem refers to the absence of an integrated
syntactic and semantic analysis of expressions. The theories cited above lack an
explicit mode of semantic interpretation; they cannot even define fundamental
semantic notions like entailment. Yet the theories make a variety of assumptions
about semantic interpretation which motivate certain properties of syntactic
analysis. Some instances drawn from the current literature are:

(1) a. Wh- elements must move to be interpreted
b. If A antecedes an anaphor B then A C-commands B
c. Case is uninterpretable. '
d. The LFs of different languages are formally similar

The claims in (1) relate the syntactic analysis of expressions to their
semantic interpretations. One might expect them to follow from an integrated
theory. But in the absence of a mode of semantic interpretation we might at best
take them as axioms imposing boundary conditions on semantic interpretation.

[21]
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structure tied to particular notational conventions. It is unsurprising then that
“stions in current theories are primarily claims about the notation
we may v o describe language structure rather than ones about language
structure itself. I would include here

(5) a. Expressions are right branching
b. Expressions are at most binary branching
c. Specifiers precede heads, complements follow
d. Trace theory
e. /» pronoun cannot be linked to a variable that doesn't C-command it,

The particular case of this problem we are concerned with here is.the
inability of current theories to represent the structural role of morphology
independent of constituent structure. Even when nominative and accusative DPs
in a language are regularly distinguished by morphology, current theories ‘still
distinguish them by their positions in. trees. But BG provides a rigorous notion
of structure in which identity of morphemes is structural in exactly the same
sense in which notions like is a constituent of and C-commands are structural.
Moreover, identity of morphemes and constituent structure may -vary
independently. ) ' ' o

In our model the local Anaphor-Antecedent relation in Korean is structurally
defined, based in part on morpheme identity, even though anaphors sometimes
(but not always) asymmetrically C-command their antecedents. What counts is
whether the case endings on the anaphor and its putative antecedent satisfy

certain conditions, not whether the two DPs stand in a C-command relation or
not.

L3. Interlude: structure independent of notation This idea is not so
familiar, so we shall give a variety of quickly sketched examples from different
areas, not all of which will be familiar to all readers. e

example There are a variety of notations and mildly different algorithms
for representing division of numbers. Here are instances of a few I found:

HUNGARY 203:7=29 BRAZIL 203 [7_
63 63 29
29
ITALY 203 7 USA 7[ 203
14 29 CHINA 14
63 KOREA 63

63 63
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These examples have in common that they record our search fof a number x
with the property that if we multiply 7' by X we obtain203. Fhe genérdlization
they all express is that 203 divided by 7 is 29. Wé'could doubtless défire some
syntactic operatxons which would derive the Hungarian computation from the
USA oni¢ or vice versa. But this notation juggling would: irf ifo wise! décount for
what the two- processes have in common. Rather, the explanatory account is that
both- notatxons express the division of ‘ene number by another And‘ th1§ same
explanatory ‘account covers the case below as’ wel} despxte the factthat we ﬁave’
change’d’fr i dec aho ﬁ'acnonal notamm' R R e R e

USA» 3f4.2/3 3/43/2‘—(33)/(49) L

The' aIgOn' i -nsed iy this last case is' mgmﬁcantly different ﬁom thét tsed in
the’ first USA case, ‘But the generalization i§ the same: from | glven numbers m

and n, both algonthms compute a number X such that mX = .

akample We commonly measure temperature m Celsius or in Fah:enhext
But th judgment,that X is cooler, than Y' remairis invariant under changes of

. 'Water has only ‘one ﬁ'eeimg pomt it doesn't matter wﬁether
you' dail‘ 1t 0’ degrees Celsius or 32* dégrées Falitenheit.

example “We use sententlal Ioglc (SL) to study boolean: operatxons'

(expressed for exampte by and: o, and not in Enghsh) Usmo a commion’ infix
notation we prove in SL that the formula ((A or B) & —A) entails B. In preﬁx
(Polish) notation we write that & or AB —A entails B. The Judgment of
entailment we express is the same in both cases, but the notation used to express
the application of the boolean operations is (slightly) different. And we could,

again without changing the logical reality we express, trade in the prefix
notation for the correspending suffix one (reverse Polish).

Examples of this sort can be multiplied many times over. And they support
that distinct notations can express the same reality. In consequence we should be
cautions about tying our generalizations too closely to a particular notation.

If you can't say it two ways you can't say it.

We turn now to the characterization of the notion structure of an expression as
presented in BG and the particular structural and semantic role of nominal case
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marking it affords.

2. Bare Grammar

K
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We present a formal conception of linguistic structure which provides a
unified notion of structure in which morphological relations and classical
constituency (hierarchical) ones are independently structural, with neither
: characterizable in terms of the other. We exhibit a model of a language, Little
Korean (LK), in which Argument Structure (matching expressions to semantic
arguments of predicates) and the Anaphor-Antecedent relation are determined
by relations between case endings, not hierarchical structure or linear order. Our
presentation will be informal; we refer the reader to BG for a fuller presentation.

Ficber]

2.1, Here first are some observable properties of Korean which motivate our
grammar. In (6)- we see that ‘the rélative preverbal order of "argumerits of a
transitive verb is fairly free..These-arguments carry postpositions glossed -NOM
and ~ACC. -NOM has the shape -ka on vowel final NPs and —i otherwise.
Similarly -ACC = -u/ consonant: ﬁnally and “lul vowel fmally Thie Topic marker
-nun/-un is similarly conditioned.

(6) a. John-i Mary-lul pinanhayssta ‘b. Mary-lul John-i pinanhayssta
John-NOM Mary-ACC driticized - Mary-ACC John-NOM aiticized
John criticized Mary John criticized Mary

The correlation of this word order freedom with overt case marking is built into
LK in a way that is not consistent with standard assumptions in the GB/P&P
tradition. Specifically in LK (6a, b) have the same degree of syntactic
complexity: Their tree structures are isomorphic-and they do not differ with
regard to the movement history of their constituents.

Our major claim about this word order variation is that (6a, b) are ﬁ‘ee
variants of each other, rather than one being syntactically and semantically
understood in terms of the other. By contrast there are a variety of syntactic and
semantic/pragmatic differences between active SVO sentences like (7a) in
English and various grammatical ways of presenting the object before the
subject, as Passive in (7b) and Topicalization in (7c).

(7) a. John criticized Mary
b. Mary was criticized by John
c¢. Mary(,) John criticized

The word order vanatmg, in Korean is not like that active-passive variation in
(7a, b). For example, in (8a, b) the -(/)ul marked NP, the Patient, can be a
(complex) reflexive, but in English (9a), the Patient NP cannot be reflexively

T
"
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bound to the Agent.

(8) a. John-i caki-casin-ul pinanhayssta
John-NOM self-emph-ACC criticized
John criticized nimself-
b. Caki-casin-ul John-i pinanhayssta
self-emph-ACC John-NOM criticized
Johr criticized himself -

(9) a. *Himself; was criticized by John,.
b. Himself, John, likes (no one else)

But (9) allows that the Korean variation might be like English Topicalization.
The data in (10) - (17) however argue against this:

First, the antecedent of the reflexive may be quantified, (10, 11), or
interrogative, (12), and the order of anapher an antecedent is-still free: '
(10) a. Nwukwunka(-ka) caki-casin-ul pinanhayssta;

someone-NOM self-emph-ACC criticized
Someone criticized himself

b. Caki-casin-ul nwukwunka(-ka)- pinanhayssta
self-emph-ACC.someone-NOM criticized
Someone criticized himself

(11) a. (Motun) haksayng-tul-i caki-casin-ul pinanhayssta
(all) student-pl-NOM self-emph-ACC criticized
(A1) the students criticized themselves
b. Caki-casin-ul (motun) haksayng-tul-i pinanhayssta
self-emph-ACC (all) student-pl-NOM criticized
(All) the students criticized themselves

(12) a. Nwuka caki-casin-ul pinanhayss-ni
who self-emph-ACC criticized-2
Who criticized himself?
b. Caki-casin-ul nwuka pinanhayss-ni
self-emph-ACC who criticized-2
Who criticized himself?

But Topicalization of reflexives in these contexts in_English varies from
marginal to bad:

(13) a. *?Himself, someong; criticized  b. *Himself; who, criticized?
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Secondly, the reflexive-first order is natural in subordinate clauses in Korean,
whereas Topicalization in English is largely a root clause phenomenon:

(14) a. Himself; John, criticized at the meeting
b. *the meeting at which himself John criticized

(15) a. Caki-casin-ul John-i hoyuy-eyse pinanhayssta
self-emph-ACC John-NOM meeting-LOC criticized
John criticized himself at the meeting

b. Caki-casin-ul John-i pinanha-n hoyuy-ka ecey iss-ess-ta
self-emph-ACC John-NOM criticized-adnom meeting-NOM
yesterday exist-past-decl
there was a meeting yesterday at which John criticized himself

Thirdly, the Topicalized (7c) differs strikingly from (7a). It logically entails
it, but in distinction to (7a) it contrasts the Patient with -other candidates in
context. In Korean, merely placing an NP in clause initial position does not
force contrast or emphasis. Rather in such cases we mark the focussed NP with

- the "topic” marker -(n)un and place it easily.in the immediate preverbal position.

(16) John-i Mary-nun pinanhayssta
John-NOM Mary-TOP criticized
John criticized MARY (not someone else)

Lastly, in contrast to word order, relative case marking of anaphor and
antecedent does not naturally vary (O'Grady 1985; Park 1986; Keenan 1988). A
-NOM (-i/~ka) or a topic marked (-un/-nun) NP can antecede an -ACC (-ul/-lul) or
-DAT (-eke) one, but we do not in general find -ACC/-DAT marked -NPs
interpreted as antecedents of -NOM marked reflexives (even if they precede them).
Thus the expressions in (17) are generally bad, but reversing -NOM/-TOP
and -ACC/-DAT marking produces fully grammatical ones.

(17) a. *Haksayng-tul-ul caki-casin-i pinanhayssta

student-pl-ACC self-emph-NOM criticized
The students criticized themselves

b. *Nwukwu-lul caki-casin-i pinanhayss-ni
who-ACC self-emph-NOM criticized-?
Who criticized himself?

¢. *Caki-casin-i pinanha-n haksayng-ul manna-ss-ta
self-emph-N@M criticize-Adnom student-ACC meet-Past-Decl
I met the student who criticized himself
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s d.22John-ul eaki-casin-ipinanhayssta
Jobn-ACE self-emph-NOM criticized
John criticized himself ‘
e. *Caki-casin-un John-ekessilmanghayssta::.- = .~ ' e .o
seIf-emph-’E@PIohn—EAT .disappointed: - .
Jahn was. dzsappozmed in hzmseff

(18) 'I‘he LocaernaphoraAntecedent Rel’atmn i Koreaw R S
In a transitive S, a.constituent X isi-a: possxblez antecedent of a
consnment y-iff x and y are: co-arguments andyis sufﬁxect (l)ul
P t a:| (l ‘., _‘-:‘:. :7.: '/ ‘
(18) of cemsc does not. pretend fo he a complete charactenzanon of the AA
relation. in, Korean We have not.considered: reflexives indityansitive Ss, or in
i ‘ots,, not o piention; ther long distanée anaphonc

restrictect d data set (Hmsmver Ss) lt éovars

2%. Little: K.omni- IR ' ‘ :

e Tnvgemerily we: thiifik of ” gmmmdr G a8 a way of deﬁmng and mterpretmo a
set of exprcssmns——-tbat is;-a syntax - and a-semantics. -Our notion of syntax is
generative (as per.récent, work in the: Misiimalises ngram but'in- distinetion to
the constraint: satxsfaetxem» Systems, presenited/by GB/theory and HPSG) That is,
aseto expressions. is-

ﬁmctxons; calleé struemre buzldmg or generatmg

‘phonologxcal (ov ges’tm’af) sequence plus a: category label So we write <John
NP>; or [Johnl;; toirepresent the expression of category NP whose strinig part is
John (often omitting-the category label entirely when no confusion results).

To define the syntax of a grammar G it is necessary, and sufficient, to define
four things: the set V; of vocabulary items of G, the set Cat; of categories of G,
a subset Lexg of V*xCat (we omit subscripts when no confusion results) and the
set Rule; of rules of G. In - prmcxple these four components can vary
independently.

BG mmposes no structure on what we observe and imposes no limits on what
we can describe. Any general constraints on the form or interpretation of natural
languages must be stated explicitly, none follow from the form of the notation used:

THE EFFABILITY THEOREM

1. For all sets V,CAT and all subsets L of V*xCAT there is a G such that
Ls=L

defined by 'giving ar initial (ﬁmte} setoflexical-items and ’

R L 51
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j 2. For any set V, any subset K of V* and any object C, there is a2 G such
; that the set of strings of category C is K.

A We now present the grammar LK. We use English morphemes, such as
¢ himself for caki-casin, to emphasize that we are modeling a type.of system of
‘ which Korean is merely a plausible instantiation. If further work on Korean
«} motivates a different analysis we will still have shown one way in which
& syntactic relations can be formally handled morphologically without reducing
’ morphology to syntax. We exhibit some crucial -expressions generated by our
e grammar, and then we comment on their novel features including the semantic
interpretation of the case markers. LK generates (8a) as represented in (19):

(19) PO(=S)
KPn : , Pin
NP K NG
E NP K
\' john -nom - himself -z!cc -cx,ji.tic'ized.

Syntactically, criticized (we ignore tense) is a lexical string of category P2, two
place predicate. A generating function Case-Mark combines lexical NPs with the
Kase Marker <-acc,K> to form KPa's such as <john-acc,KPa> and <himself-
acc,KPa>. Case-Mark also derives KPn's such as <john-nom,KPn> from certain
NPs and <-nom,K>. Of note is that the pair <himself, NP> and <-nom,K> is not in
the domain of Case-Mark, so LK does not-generate <himself-nomKPn> and the
result of interchanging -nom and -acc in (19) is not an expression of LK. A rule
called PA (Predicate-Argument) combines KPa's, accusative Kase Phrases, with
P2's to form strings like himself-acc criticized of category Pln, the category of
nominative one place predicates. It also combines KPn's with P2's to form Pla's
<accusative P1s>. So there is a kind of "case disagreement” built into the rules
here. Also, for @ €{n,a}, PA combines Pla's with KPa's to form Ss,
enforcing a kind of "case agreement" here.

Semantically we interpret P2's as binary relations over the domain of objects
under discussion. criticize is a lexical P2 (that is, <criticize,P2> is in the Lexicon
of LK). For each domain E, <criticize,P2> denotes a set of pairs <b,c> of
elements of E, those for which b stands in the CRITICIZE relation to ¢. We
write bCRITICIZEc for <b,c>eCRITICIZE. We interpret Pln's, such as himself-
acc criticized, as subsgls of the domain E (the set of those objects which have
the property expressed by the P1). In (19) this is {beE|bCRITICIZEb}, the set
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(20) himself -acc criticized
SELF ACC CRITICIZED
ACC(SELF). -- -
ACC(SELF)(CRITICIZED)
= SELF&CRITICIZBD) ACC is the identity map
= {beE bCRITICIZEDb} def SELF

LK also provides us with some lexical Pin's, such as laughed and cried. And,
using the third and last generating function BOOL, it forms boolean compounds

g2

among other things, P1n denotations (sets) as arguments and yielding as values
S denotations, here truth values T ("true") and F ("false”). The functions we
want are those called individuals:

(22) Def Given a domain E,

a. for each beE, I, is the following function which maps unary relations
(subsets of E) to zero-ary relations (truth values) and binary relations
to unary relations (and more generally, but not our concern here, n+1-
ary relations to n-ary relations):

1. for each subset P of E.I,(P)=Tiffbep
1i . for each binary relation R on E,LR)= {acEjaRb}

~ o
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b. a function f is an individual (over E) iff for some beE, f= I

So in a situation in which john denotes I; say, the sentence john laughed denotes
T iff the object j is in the LAUGH set. Similarly criticized john denotes the set
of objects which stand in the CRITICIZE relation to J-

Returning now to the interpretation of (19) we interpret the NP john as an
individual and we interpret -nom as a function NOM mapping possible NP
denotations (which we have not yet fully defined; we have only given some
instances of them) G to functions which take séts among their arguments and
map them to truth values, as per (23):

@3)NOMGYX) = G(X)

(24) gives a complete compositional interpretation of (19), where we assume
that j is an element of the domgin and that the NP john is interpreted as L:

24) NOM(ij)(Agié(sgLrj(émfici;E))

-5

= NOM(L)({beE | bCRITICIZEb}) def ACC, def SELF
= L({beE|bCRITICIZEb}) def NOM |

= True iff je {beE | bCRITICIZEb} def individual

= True iff jCRITICIZEj - ‘Set Theory; jeE

Thus (8a) is true iff the JOHN object stands in the CRITICIZE relation to
himself.

In (23) the interpretation of -nom is trivial, the identity function. But in the
compositional interpretation of (25) below, which represents (8b) in which the

anaphor asymmetrically C-commands its antecedent, -nom is not interpretéd as
the identity map. o

(25) S

/\

KPa Pla

/\ KPn/\pz
NP K PFaN

NP K
himself -acc Jjohn nom criticized
Here the KPn john-r#m combines with the P2 criticized to form a Pla, the

sort of P1 which seeks an accusative Kase Phrase (of which himself-acc is one),
to form an S. We shall interpret Pla's as functions taking possible KPa
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denotations as arguments and yielding S denotations (T.F) as values. In (25) the
Pla john-nom criticized is syntactically complex (There are no lexical Pla's in
LK),-so we expect its denotation to be a function of those of its. parts: john-
nom of category KPn, and criticized of category P2. P2's are alrgady. given as
denoting binary relations. And KPn's have been interpreted. as functions ‘whose
domain includes.sets, which they map to tuth values, But we shall.now: enlarge
their domain to-include binary relations, .and in distinction to KPa's they, do.not
map binary relations to sets, rather they map them to possible, Pla denotations,
as discussed.abave. And it is the interpretation of -nom which tells us-just which
Pla denotation we obtain: ' :

(26) Def For G any map from P(E), the set of subsets of E, into {EF}), and

Hany Pla denotation (any map from binary relations to sets), and
- R any binary relation, - :

NOM(G)(R) \méps H to.tﬁe truth .va:lue G.(H(i{.))
The explicit compositional interpretati:oln.of (25:)‘ is éiveﬂ below:
27) himself-acc “ john-pom critic.ized;
SE@C ’_ i\;lm CRIJkiE:iZE

ACCELF) NoMa) [/

e NOM(L)(CRITICIZE)
NOM(I)(CRITICIZEXREC(SELF)

= NOM(L)(CRITICIZE)(SELF) Def ACC

= I{(SELF(CRITICIZE)) Def NOM (26)
=I({beE bCRITICIZEi)}) Def SELF

= Tiff je {bE | bCRITICIZEb} Def I

= T iff JCRITICIZE; Set Theory; jeE

So (25) and (19) are logically equivalent. But they do not differ in syntactic
complexity and neither is derived from the other, nor is the Interpretation of
either stipulated as identical to that of the other. Rather in each case the
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expression is interpreted as a function of the interpretation of its constituents and
it is simply a theorem that the truth conditions are the same, just as the logical
equivalence of "not both A and B" and "either not A or not B follows from the
meanings of their parts and how they are composed.

Exercise Following the format above, show that the two Ss below are
logically equivalent:

1 . (john-nom bill-acc praised, S) ii. (bill-acc john-nom praised, S)

To conclude our introduction to Little Korean we note informally the
interpretation of boolean compounds. Ss and Pln's have basically been covered.
Equally since P2s are interpreted as sets their conjunction, disjunction, and
negation are interpreted by ‘the intersection, union, and complement of the
denotations of the expressions conjoined, disjoined, -and - negated respectively.
Boolean compounds of KPr's (and KPa's) are interpreted pointwise: ‘eg.if-X
and Y dré KPn's (KPa's)-interpreted by F -and G respectively then “their
conjunction is interpreted as that function FAG Which maps each argumeiit A'to
F(A)A\G(A), etc. The decper generalizafion is that conjunctions of eXpressions

in a given category are interpréted as the greatest lower bound of ‘the
interpretatiorss of the conjuncts, disjunctions as the Jeast upper bounds-of the
disjunctions, and negations by complements, but these considerations go beyond
what we need for Little Korean. Boolean compounds ‘were primarily introduced
here to provide for infinitely many expressions in many categories. -

Observe that (25) and (19), our representations for (8b) and (8a) respectively,
have the same degree of hierarchical, that is, constituency, structure. The
branching structures for these two expressions are identical, but ‘the two
expressions themselves are not isomorphic in LK. That is because not all
information relevant to ascertaining the structure of an expression is representéd
in a derivation tree. ' '

For example, (25) tells us that some generating function has combined the
NP john and the K -nom to yield the KPn john-nom. john here can be
grammatically replaced by certain other NPs, like bill, but not by all, in
particular not by himself preserving grammaticality. This derives from the
definition o the domain of Case-Mark which does not include the pair
<himself NP> and <-nom,K>, information not represented in (25) which
ultimately accounts for the fact that the Pla john-nom criticized in (25) and the
PIn himself-acc criticized in (19) are not isomorphic expressions in LK. Suppqﬁ
for this claim must await the formal, and grammar independent, definition of the
relation is syntactically isomorphic to. v

3. Syntact_ic Invariaﬁs of Little Korean

Here we provide a syntax independent definition of what is to count as a
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structural property of expressions, and more generally a structural relation
between expressions. We express this in the more neutral terminology of
grammatical invariant, and we will see that properties (like is a ), relations
(like C-commands) and even specific expressions (like <-acc,K> in LK) are
grammatical invariants in exactly the same sense.

Given an arbitrary grammar G, we get at the notion of the structure of an
expression s by considering ways s can be changed without changing structure.
We represent such structure preserving changes by functions mapping
expressions to expressions. These functions are defined below and are called
syntactic automorphisms. The idea is that if such a function h maps an
expression s to an expression t, then t and s have the same Structure, that is, they
are syntactically isomorphic.

Then a property P of expressions.will then be said to be a structural property,
an invariant, iff whenever an. expression s has P then every expression s is
isomorphic to also has P. That is, s has P iff h(s) has P, all syntactic
automorphisms h. Clearly if P were a property which held of some expression s
but failed of some t isomorphic to s then whether an expression had P would not
be predictable just from its structure, so P would fail to be a structural property
in this case. Thus we think of structural properties as ones that cannot
distinguish among’ expressions with the same structure. This comes down to
saying that a property P is invariant (structural) iff for all syntactic
automorphisms h, h(P) = P, where by h(P) is meant {h(x)|x<P}.

For example, the property of being a masculine singular proper noun is
likely to have a structural property of English. Plausibly (this is not an argument,
just a thought experiment to help build our intuitive understanding of the notion
"structural property”) a function that mapped John to Bill, Bill to Frank and
Frank to Jokin and made no other changes except those induced by these (i.e. the
function must map the complex expression Jokn laughed to Bill laughed, etc.) is
a syntactic automorphism of English. This would mean for example that no
syntactic automorphism of English could map JoAn to Mary, or to sings, or to
All cats are black—which is reasonable. Rather h(John), the image of the proper
noun John under an automorphism h, must always be a masculine singular
proper noun.

Similarly a relation R between expressions is invariant (structural) iff
whenever an expression s stands in the relation R to an expression t then for all
syntactic isomorphisms h, h(s) stands in the relation R to h(t). And as with
properties, this is equivalent to saying that R is invariant (structural) iff h(R) =
R, all automorphisms h, where h(R) =4 {<h(s),h(t)>|<s,t>=R}. And one proves
that for any grammar G the relation is g constituent of (see below) is a structural
relation on the expressions of L(G).

To make these intuitions concrete, we must define what is meant by a
syntactic autemorphism. The most crucial component of such a function is that,
in an appropriate sense, it does not change the generating functions. They are
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what determines structure. That is, if a generating function F derives y from x
then, for h any automorphism, F must derive h(y) from h(x), and conversely. A
little more generally, if F is a two place function, like Case-Mark or PA in LK,
and F derives y from <x,x">, that is, F(x,x') = y, then F derives h(y) from
<h(x),h(x")> and conversely. That is, F(x,x) = y iff F(hx,hx") = h(y).

Stated generally these conditions say that h(F) = F. That is, thinking of F as a
set of pairs <x,y>, where x itself might be a sequence <x;,X,,..>, by h(F) is
meant the set of pairs <h(x),h(y)>, where h(x) is <h(x;),h(x,),.. > if X is the
sequence <xX,,X,,...>. To say that h(F) = F is to say that & fixes F, it does not
change it; equivalently F is invariant under h. (Provably h(F) = F iff Dom(F) =
Dom(h(F)) and h commutes with F: that is, for all x in Dom(F), F(h(x)) =
h(F(x))).

There is a final condition we require of automorphisms: they must be
bijections. So they: cannot map- distinct expressions to the same one (= they are
one to one, injective) and they cannot leave out any expressxons that is, they are
onto (subjective): given an automorphism h any expression t has something
mapped ‘te:it-by ‘h. (In fact onto-ness follows from. fixing the generating
functions in a wide variety of natural cases,-namely ones in which there are no
isolated points, that is, no expressions which fails to occur as a coordinate in the
domain of some gznerating function). '

The: onto-ness condition is natural. Our intent is that given L(G) and an
automorphism h, the set of images of expressions in L(G), namely
{h(s)|seL(G)}, has all the structural properties of L(G). If we didn't require
onto-ness of automorphisms of English it might happen that the set of images
didn't include any reflexive pronouns, or infinitival to, or gerundive -ing, and
thus, pretheoretically, would fail to have the same structure as the original
language. Similarly requiring one-to-one-ness is reasonable. If we could map
different expressions to the same one we would change structure in certain cases.
For example if we map both laughed and cried to laughed then we would map
John both laughed and cried to John both laughed and laughed, the former is
grammatical, the latter not. Thus:

(28) Def. Given a grammar G,

a. a function h from L(G) to L(G) is a syntactic automorphism iff h is a
bijection which fixes the generating functions (= h(F) = F, all
generating functions F).

b. expressions s and t in L(G) are isomorphic iff there is an
automorphism h such that h(s) = t (in which case there is provably an
isomorphism mapping t to s).

c. a linguistigepbject of any degree of set theoretic complexity is
invariant (structural) if it is fixed, that is mapped to itself, by all the
syntactic automorphisms.
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The: generating: funictions:are by. definition invariant. What is of interest is to see
what other:objects must be: fixed:if we: fix: the generating functions (= we do not
change structure).:For example in EX one proves: that the' property of being a
KPn is’invariant. ‘Fhat is; the set of expressions oficategory KPn.is: mapped. to
itself by all antomerphismis o BK:: Similarly. i’ LK the:temary: relation. s is: ¢
possible antécedent: af ¢ inu{defined below)isinvariant:o i 1 - 5

As a-Special: case: of (28c)-we canasks ofiagiven: -expression-s:whether all
synt&cﬁc%ﬁxﬁom@rphisms:map;&sgm) itselfs I so then s:itself is a syntactic: variant.
One proves, for example for LK that;<-ace; K> is a syntactic. invariantyso is
<-nomyK>.:: That: is; ‘just;as for. properties-and relations, -a lexicali item - is
structural iff! it is ‘mapped: to: itself by:all the ‘automorphisms. Using th&:term
morpheme for an element of Lex, we have: RN
(29) For al grammars: G, @ morpheme: s: of k(G) is invariant (structural).iff
- h{sksws, alksyntactic antomorphisms h of E(G)s:.s < - Bt i

(29) -precisely. présents;:the. . sense. in -which‘identity ;of morphemes. can; be
structurak: Itialso: gives;toj> my: knowledge; the’only: language. independent
characterization: grammatical mdrpheime: (function -word' in: more traditional
terminology). And we:see: that. a. statementlike:(18) describing the Anaphor-
Antecedent relation in kK is-at least a.candidate for. being a structural statement
as it stan\d_"s’;;qyen_;thqughgi?mentibnsg particular. morpherdes. They are after. all
Stmcmmlﬁ.m@fphemes;,._;ﬁmégin fact :(18),:stated a- little- more formally; is: a
properly: structural characterization of the:local Anaphor-Antecedent relation: in

0 Seeythi First; give 'some; universal. -invariants -and: -definifignal

LK. To-seethi
pragedures Wvariants to.nvaragls; 1

)

thag;t ay
telgy

3.1 Universal (=uniform

‘definable) Invariants
(30) Let G be anarbxtrary grammar Then,

1. & and L(G) are invariant subsets of L(G). The latter just says that the
property of being grammatical in G is an invariant property of expressions. (If
this were not so we would just have the wrong definition of "structural
invariant”). More generally, for each finite n, L(G)" is an invariant set of n-ary
sequences:of expressions of L(G). -

2. Each generating function F is invariant. (trivially); the domain and
range of each generating such F is invariant, and more generally, the set of i®
coordinates of F is an invariant subset of L(G).

3. The collection of invariant subsets of L(G)" is closed under arbitrary
intersections, unions, products and complements (relative to L(G)"). This is
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practical in that it guarantees if two properties P and Q are invariant so are those
expressed by their conjunction, disjunction, negation, universal and existential
quantification.

4. For each s€L(G), the set [s] of expressions isomorphic to s -is an
invariant subset of L(G). If js always non-empty (since s is in'it) and 110 'non-

5. The value of an invariant function at an invariant argument is itself
invariant. (See Keenan (1996) for much more systematic discuss_iqn of
invariants. y S SO R

ISR ol

6. The relation is q constituent of, CON, is invariant, where CON =4 the
reflexive transitive *clostire  iof *ICON; ‘the” itmediate onstitiens: of lrelation,
defined by: :

R T T ST RO g AT

SICONt iff there is a rule F and expressions d,...d, such that t =
- F(d,...;d,)and for'oné of thé i's between 1 afid'n; § =g, Hhein it e
S g S B e O L DI RRL

vy d

| ned by:' SR iff
either s = t or for some k>1 there is a sequence <uiiju> of expressiotis stch
that s =u,, t =y, and for each i, 1 <i<k, n;ICONd{;‘;:)";‘ TS

. g
1. C-commands defined as follows is invariant: s C-'com:rizariziis"f i wiff
for some rule F and some tuple <v,,....v > of expressions in Dom{(F); F@iiv)
Is a constituent of u and for some i, s =v; and for some J#i, tis a’c':or’i"sﬁ'ti;'éﬂt‘bfi}j.

Séem to play comparable syntactic roles. But we cannot. One problem arises for
€xample with Ss built from intransitive verbs, like John-nom laughed. If we
raded in -nom for -acc and so Jjohn-nom for some KPa the result could -not
combine with a Pln like laughed. The only option would be to also trade in




38 . Edward L. Keenan

laughed for some Pla, but alt of them are syntactically complex and it is easy to
show: that a simplex expression cannet be isomorphically mapped to a complex
one in LK.

Equally in LK no automorphism maps one of (8a,b) to the other. The
immediate reason is that we provably cannot isomorphically interchange Pln's
with Pla's, and. ultimately that derives from the. fact that (himself NP) has a
restricted distribution. Returning now to the LK Anaphor-Antecedent relation in
(18) we observe: :

Fact The coargument relation in LK is invariant, where we define: -

(31) s is a coargument of t in u iff for some v of category P2, either PA(s,
PA(t,v)) or PA(t, PA(s,v)) are constituents of u.

F@.ct , 'Ihepropertyof Being_.-(l)uf marked is structural, where we define:
(32) An expression s in LK is ~(Dul marked iff Cat(s) = KPa.

Note: -(Hul marked expressions include ones like <both himself-acc and john-
aceKPa> whose string part is not a constituent suffixed with -(Dul. From these
two. facts plus. the closure. of invariants under conjunction the invariance of the
relation defined in.(18) follows.

Thus we may give properly structural relations directly in terms of identity
of morphemes (morphology) without coding these relation in terms of
hierarchical- structure, And we infer as a corollary that the (local)- Anaphor-
Ante;edqnt-;gtgtign‘liin,.a; language may be structurally characterizable even
though there. is no consistent. €-command relation between an anaphor. and its
antecedent. T
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