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Abstract

In this paper, we describe the lexical insertion process for
generative transformational grammars. We also give detailed descriptions
of many of the concepts in transformational theory. These include the
notions of complex symbol, syntactic feature (particularly contextual
feature), redundancy rule, tests for pairs of complex symbols, and
change operations that may be applied to complex symbols. Because of
our general interpretation of redundancy rules, we‘'define a new complex
symbol test known as compatibility, This test replaces the old notion
of nondistinctness. The form of a lexicon suitable for use with a
generative grammar is specified.

In lexical insertion, vocabulary words and associated complex
symbols are selected from a lexicon and inserted at lexical category
nodes in the tree. Complex symbols are lists of syntactic features, The

compatibility of a pair of complex symbols and the analysis procedure



used for contextual features are basic in determining suitable items for
insertion. Contextual features (subcategorization and selectional) have
much in common with the structural description for a transformation and
we use the same analysis procedure for both. A problem encountered in
the insertion of a complex symbol that contains selectional features is
side effects, We define the notion of side effects and describe how
these effects are to be treated.

The development of the structure of the lexicon and the lexical
insertion algorithm has been aided by a system of computer programs that
enable the linguist to study transformational grammar. In the course of
this development, a computer program to perform lexical insertion was
written. Results obtained using this program with fragments of trans-
formational grammar are presented. The paper concludes with suggestions
for extensions of this work and a discussion of interpretations of trans-

formational theory that do not fit immediately into our framework.
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1.  Introduction

The form and role of the lexicon in transformational grammar have

been considered by Chomsky in Aspects of the Theory of Syntax [3]. The

notions of syntactic feature and complex symbol introduced there have
substantially altered the role of the lexicon in the theory., 1p earlier
discussions, vocabulary words were selected by terminal rules in the phrase
structure. Context-sensitive phrase structure rules and subcategorization
in the phrase structure were the only devices available to constrain the
choice of vocabulary words. Chomsky now gives two alternative ways of
introducing vocabulary words into the tree, 1In the first, the rewriting
rules of the phrase structure are modified to introduce complex symbols.
Vocabulary words from a lexicon are suitable for insertion in the tree if
their complex symbol is nondistinct from the complex symbol in the tree.
In the other alternative, the phrase structure is a simple context-free
grammar. In this case, a vocabulary word may be inserted if its complex
symbol is nondistinct from a complex symbol appearing in the tree (there
are conventions to insure that the lexical category node in the tree and
the category feature of the complex symbol are the same) and if the tree
structure is analyzable in such a way as to satisfy the contextual features
appearing in the complex symbol in the lexicon. 1Ip this paper we will
describe an interpretation of this second alternative for lexical inser-
tion,

To provide perspective for the discussions to follow, we digress
to discuss the environment in which this research has been conducted.

For the past two years we have been developing computer aids for the



study of transformational grammar. We have developed a comprehensive
system that is capable of modeling all phases of the generation of a
sentence according to a grammar [6, 10]. These phases include the phrase
structure phase, the transformational phase, and what we will call here
the lexical insertion phase, A valuable byproduct of our work has been
the deveiopment of a formal description of a transformational grammar
[11]. This description serves a dual purpose,, It serves as a definitive
statement of what we mean when we refer to transformational grammar and
also as a definition of the input formats in which a grammar is given

for testing by our system of programs, In Appendix A of this paper we
reproduce the formal syntax that defines the form of a transformational
grammar as we will use it. This syntax is given in a modified Backus
Naur Form described in [11]. We will make frequent reference to this
syntax in our discussions. For the purposes of exposition we adopt an
interpretation of transformational theory that may be sketched as follows.
The generation of a sentence begins with the generation of a base tree

by the phrase structure phase. The terminal string contains symbols

for lexical categories, During the lexical insertion process, which
occurs next, suitable vocabulary words and their associated complex
symbols are-selected from the lexicon and inserted in the tree. Trans-
formations are then applied and a surface tree is obtained., This inter-
pretation is not universally accepted by all linguists. However,, other
proposals such as the alternation of lexical insertion and transformations

(Klima [16]) or the possibility of doing some lexical insertion after the

transformations have applied are consistent with the basic lexical insertion

process that we will describe,
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The primary purpose of this paper is to specify the lexical inser-
tion process. However, we also include a description and definition of
many of the concepts in transformational grammar that relate to the lexi-
con and the insertion process. The notions of complex symbol, syntactic
feature, contextual feature (which includes subcategorization and selec-
tional features), and redundancy rule are treated. We define the tests
used for complex symbols and also the change operations allowed for
complex symbols. Our interpretation of redundancy rule makes necessary
a new test between complex symbols called compatibility. This test
includes the old test for nondistinctness. Contextual features are
viewed in much the same way as the structural description for a trans-
formation and we use the same analysis procedure for both. These features
determine the tree environment that is suitable for the insertion of a
vocabulary word. Our notion of contextual feature is a generalization
of the concept introduced by Chomsky [3]. We include in this type both
subcategorization and selectional features. A lexicon will be defined
that includes the provision for the definition of labels for contextual
features as well as the definition of the other syntactic features,
redundancy rules, and the lexical entries themselves. In the lexical
insertion process, the main items of interest are the selection of a
lexical item for insertion in the tree and the treatment of the side
effects from the insertion of a lexical item. Side effects must be
eonsidered whenever a complex symbol containing a contextual feature
with an embedded complex symbol is inserted.

Our development of an algorithm to describe the lexical insertion

process has been aided by the system of programs mentioned earlier. We



have tested the algorithm by generating sentences using grammars from
the literature [3, 18, 21, 22]. The results of these experiments are
reported in [7, 8, 9]. In each case, the grammar was written according
to the syntax of Appendix A and the sentences were generated by the
computer. These tests have made apparent many otherwise subtle points
in the grammars. Results from the computer runs will be used to illustrate
the operation of the algorithm. For each grammar, a small lexicon of
approximately 100 vocabulary words was defined. We felt it more instruc-
tive to understand the process through the use of a small lexicon than
to attack the data-processing problems incurred in dealing with large
lexicons. The program that executes the lexical insertion algorithm was
written in the FORTRAN programming language [15] and is discussed by
Bredt [1].
- In the next section, we discuss the basic concepts that are
essential in the understanding of the remainder of the paper. These
concepts include complex symbol, feature, and feature specification.
We also discuss complex symbol operations, the use of redundancy rules,
and the compatibility test for complex symbols.= We conclude the section
et with a discussion of contextual features, In the following section, the
form and content of the lexicon.are given. Next we give a description
of the lexical insertion algorithm and an extended example of its use.
The paper concludes with suggestions for extensions of this work and
with a discussion of alternative formulations of transformational theory

— that might benefit from study with the methods used in this research.




2. Basic Concepts

Complex symbols, features, and feature specificationg

A complex symbol is a list of feature specifications, interpreted
as a conjunction, and enclosed in vertical bars "|". A feature specifi-
cation consists of a value and a feature. We allow the values + - and
¥ , The indefinite value *¥ 1in a feature specification in a complex
symbol indicates that the complex symbol is marked for that feature, but
that the value is unspecified. The-value * is not allowed in a complex
symbol in a tree; when a complex symbol is inserted in a tree, each value
¥ is changed to either + or -.

Four types of features are provided: category features, inherent
features, rule features, and contextual features. A category feature
denotes a lexical category such as noun (¥) or verb (V). A positively
specified category feature in a complex symbol indicates the type of
category node at which the complex symbol may be inserted. We require
that a complex symbol contain at most one positive feature specification
for a category feature; complex symbols in the entries of the lexicon
must contain precisely one. If a complex symbol is positively specified
for one category feature, it is -implicitly specified negatively for all
other category features.

Inherent features denote unanalyzable qualities such as HUMAN
or ABSTRACT . Rule features are transformation names used as features.
For the purposes of lexical insertion, they in no way differ from inherent
features. A contextual feature is used to describe a particular environ-

ment (or context) for lexical insertion. We defer the discussion of these

features until later in this section.
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Complex symbols are introduced into a tree by the lexical insertion
process and may be moved or altered by transformations. In lexical inser-
tion, complex symbols are attached only to lexical category nodes. When
a vocabulary word has been selected for insertion, the associated complex
symbol is merged with any complex symbol that may already be on the lexical
category node; and the vocabulary word, without its complex symbol, is
attached as the daughter of the lexical category node. Some grammars,

e.g. [21], have assumed that the complex symbol is associated with the
vocabulary word directly, Minor modifications are required in such
grammars to adapt them to our interpretation., The example below shows

the position of complex symbols in a tree,

—a—

[ N
+ N ceo N + eV
+ HUMAN I + TRANS ' I\
ABSTRACT , .
- Tom hit DET veo | + N
' T - HUMAN
- ANIMATE
the ball “- -

Complex symbol comparisons

In [6], basic comparisons and changes involving complex symbols
are defined. Each of these operates on pairs of feature specifications
for a feature. The result depends on the combination of the values
+ - and * and also abs (absent). A comparison is conveniently

represented as a matrix in which the entry indicates the result of the



comparison. Complex symbol changes are likewise specified by a matrix,
but in this case the entry is the final value for the feature after the
change is made.

For lexical insertion, the basic comparison will be compatibility.

To define compatibility we must first define nondistinctness.

Definition: Two complex symbols are nondistinct if all their
o feature specifications are nondistinct; that is
if no feature has the value + 1in one and the

value = 1in the other._1

Using T to represent true, F for false, and abs for absent, the

nondistinctness comparison for two feature specifications A and B

S—
is given by the following matrix.
NONDISTINCINESS
o B
- %
A + abs
- +. T R T T
F T T T
- * T T T T
I
abs |T T T T

We defer the discussion of the compatibility test until later in this

section after more concepts have been introduced.

1.
Category features are a special case. Two complex symbols are distinct

if they are positively specified for different category features. We
could have avoided this convention by using redundancy rules to indicate
that if a complex symbol is positively specified for one category, it is
negatively specified for all others, e.g., |+ N| => |- v - cop - DET| .




The comparison operation, known as inclusion, is defined by the matrix
below. The matrix represents the comparision A included in B
Notice that neither + nor - is included in * . This will be

important in the discussion of redundancy rules.

INCLUSION
(of A in B)

+ * abs

abs T T T T

Complex symbol changes

In applying redundancy rules and in combining a complex symbol
with another complex symbol already in the tree, the operation merge
is used. In merging A into B, each feature specification of A is

merged into the corresponding feature specification of B, according

to the following matrix..

MERGE
(A into B)
B
+ *

a abs
+ |+ + + +
* + - * *

abs:| + ~ * abs
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This test is useful in making structural changes in transformations and
in expanding complex symbols by redundancy rules, Notice that if the
complex symbols A and B are distinct, the values of features in B

will be altered.

Redundancy rules

The purpose of redundancy rules is to add feature specifications

‘to a complex symbol by a general rule whenever this is possible. These

rules are useful in avoiding the specification of redundant features

when defining lexical entries, A redundancy rule has the form A => B
where A and B are complex symbols, Any complex symbol that includes
the complex symbol on the left-hand side of the redundancy rule implicitly
includes the complex symbol on the right. Notice that we allow complex
symbols to appear on the left of redundancy rules, not just single feature

specifications. This means that we can have rules of the form:

+A - B|] = |+ ¢

This capability is useful in the following situation. First, a redundancy
rule may be made to apply only in the context of a specific category sym-
bol. If we wrote the rule |+ HUMANI => |+ ANIMATEI, and then moved
the feature specification + HUMAN from a noun to a related WH, we
would implicitly mark the WH also as + ANIMATE . If we wish to avoid
this and mark the WH only with + HUMAN, the redundancy rule can be

written |+ N + HUMAN| => |+ ANIMATE| .



Chomsky [3], uses rules very similar in form to redundancy rules

in his first alternative for introducing complex symbols into trees.
These rules, such as |+ ANIMATEi - |i HUMANI are not actually redun-
=~ dancy rules in the sense used here; rather, they are generative rules.
The interpretation of the rule just given would be that any complex
symbol containing the feature specification + ANIMATE must also be
specified for the feature HUMAN . Rules of this form, though super-
ficially like the redundancy rule |+ ANIMATE] => [* HUMAN!, are not
o used in our interpretation, since this would mean that for any particular
animate vocabulary word the choice between + HUMAN and - HUMAN was
arbitrary. For vocabulary words this 1is not the case. Therefore, we
do not allow redundancy rules in which the value * is used in the
complex symbol on the right.
= A redundancy rule with the indefinite value ¥ on the left is

admissible. The rule

|* HUMAN| => |+ ANIMATE

~- is equivalent to the two rules

|+ HUMAN| => [+ ANIMATE |

= |- HUMAN| => |+ ANIMATE |

and may be regarded as an abbreviation for that pair of rules.
We now observe why the result of the inclusion comparison for

; |- A] included id * h& or {% A| included in I* AI must be false.

10




If we had the redundancy rule |-A( =>|— B| then the complex symbol
|*.A| would be expanded tol* A-Blwhich is equivalent to|+ A -B,
or I—A. - BI . Actually, the result of the application of the redundancy

rule should be equivalent to either P-A] orl- A - BI.

The compatibility test

Allowing redundancy rules to have complex symbols on the left-
‘hand side introduces a complication into the testing of pairs of complex
symbols, The basic test for lexical insertion can no longer be nondis-

tinctness, but must be compatibility, defined as follows:

Definition: Two complex symbols are compatible if
(a) they are nondistinct, and (b) the application
of the redundancy rules to the result of merging

them does not change the value of any feature.

To see that this criterion must replace nondistinctness as a test,
notice that the complex symbolsl+ Al and |— B - CI are nondistinct,
but in the presence of the redundancy rule|+ A - B| => |+ C| they
are not compatible.

The actual execution of the compatibility test is complicated by
the possible presence of the value ¥ in the complex symbol obtained
when the pair of complex symbols is merged prior to expansion by the
redundancy rules. The appearance of the value ¥ denotes an abbreviation
for two complex symbols, one positively specified for the feature and one
negatively specified. In general, if the value * appears n times,

the complex symbol is an abbreviation for 2" complex symbols. To

11
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illustrate, if we are to test the complex symbols |+ A + Dl and
L+A *B ¥ C| for compatibility, we find first that they are non-
distinct. The result of merging them isI+ A¥*¥B *(C + D| which

is an abbreviation for the four complex symbols

[+ A +B +C + D

|[+A +B -C + D]

Now the redundancy rules may be such that all, some, or none of these
possibilities are good. For example, if the redundancy rule |+ D| =
l— C| exists, then the second and fourth complex symbols above are
possible choices. For this reason the result of the compatibility test
must be not only true or false to indicate compatibility or incompati-
bility, but it must also give the resultant expanded complex symbol.
When * values are present, the possible complex symbols are tested

in a random manner such that each possibility has equal likelihood of
being tested until a compatible result is found. This complex symbol
is returned as part of the test. If all complex symbols fail when
expanded by the redundancy rules, the test returns the value false to
indicate incompatibility. Notice that the complex symbol that is the
result of the compatibility test does not contain the value ¥ . The
value * is changed to either + or - before a complex symbol is

inserted in the tree.

12
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Contextual features,

Contextual features are used in the lexicon to describe tree
environments where a vocabulary word may appear. If a vocabulary word
is positively specified for a contextual feature, the word may appear
only in that context; if negatively specified, the word may not appear
in that context. A contextual feature with the wvalue * has no inter-

pretation. Strict local subcategorization [3, p.99] is an available

.option, but is not a requirement in the definition of contextual features.

A contextual feature may be given either by a contextual feature descrip-
tion or by a contextual feature label. The label is simply an abbreviated
notation for the complete feature description and is defined in the pre-
lexicon portion of the lexicon.

The form of a contextual feature description is defined by syntax

rule 4.09 of Appendix A given below.

contextual feature description ::= ( structure opt[, WHERE restriction ])

This format is very similar to the definition of a structural description
for a transformation (rule 2.01). The structure portion must begin with
a node name. The same analysis procedure is used for structural descrip-
tions and for contextual features.

Syntax rule 2.02 of Appendix A gives the full syntax for a struc-
tural analysis. A structural analysis may be embedded in the structure
portion of a contextual feature. The analysis process is discussed by
Friedman and Martner [12], and by Friedman [6]. We discuss some of the

more important aspects as they relate to contextual features. The

13



underline __  corresponds to the category node for which lexical inser-
tion is to be performed. The symbols ( and ) are used to indicate
dominance in the tree. If a slash / precedes the (... L the
dominance may be nonimmediate. A skip symbol % may be used to avoid
the specification of irrelevant structure. The negation of a structural
analysis is indicated by preceding it by the symbol =.

In the examples to follow, the trees can be considered to have

been generated according to the following phrase structure rules.

S = #Np vp #
VP = V (NP)

NP ™ (DET) N

The contextual feature label TRANS defined by

TRANS = ( VP ( __ NP ) )

appearing in a complex symbol for a verb could be used to indicate a
transitive verb (+ TRANS) or an intransitive verb (- TRANS). An
examination of the tree-below for the contextual feature TRANS shows
that the structure is present. Thus a verb with the feature specification
+ TRANS would be suitable for insertion, and one with the feature speci-
-fication - TRANS would not. If the feature specification is omitted,

the verb will be suitable for insertion.

14
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The contextual feature TRANS is an example of a strict local subcate-
gorization feature as discussed by Chomsky [3].

The contextual feature label ANIMSUB defined by

ANTMSUB = { s ( # NP ( % N|+ ANTMATE|) vp ( _ %) # ) )

may be used to specify that a verb must take an animate subject. A

verb positively specified for this contextual feature can appear in the

tree below.

,f/”f:::::ﬁ\\\\\‘f\\~
d Tg\\\\\
DEEII////; . . . [+ ANIMATE] A% NP

Contextual features that include complex symbols correspond to Chomsky's
notion of a selectional feature [3]. Contextual features appearing in
complex symbols that are embedded in contextual features are treated in

the same manner as inherent features.

15



We have extended the notion of a contextual feature by optionally
allowing it to contain a restriction We have included this capability
by analogy with our definition of structural descriptions for transfor-
mations, Integer labels may be assigned to structures or choices in a
contextual feature and referred to in the restriction to impose further
requirements on the environment., Such restrictions appear to be useful,
e.g., the verb "condescend" requires that the subject noun phrase of the
matrix sentence and that of the embedded sentence be the same. The use
of restrictions makes it possible to-give alternative formulations for
contextual feature descriptions. For example, the contextual feature

label ANIMSUB defined earlier could also be given as:

ANIMSUB = (8 (# NP (% v ) vP ( _ % )4 ), WHERE 1 COMP |+ ANIMATE| )

COMP indicates that l+ ANIMNEH is compatible with the tree node
corresponding to the node labeled 1 in the feature description.

When a vocabulary word has been found suitable for insertion in
the tree, that is, its complex symbol is compatible and the tree meets
the contextual feature specifications, the major function of the contextual
feature has been served.' In many grammars, contextual features play no
further part in sentence generation and could be removed from the complex
symbol before it becomes part of the tree, However, a contextual feature
describes the tree structure at the time of lexical insertion. Further-
more, this structure may be modified by the application of transformations.
Therefore, by carrying the contextual features into the tree, it is pos-
sible to use them as "memory" devices. After lexical insertion, trans-

formations may reference these features to determine the state of the

16




tree at the time of lexical insertion even though the tree may have been
altered by the application of earlier transformations.

In the remainder of the section, we point out some differences
between contextual features and structural descriptions for transforma-
tions. An important distinction is the underline symbol __ . This
symbol appears in a contextual feature to denote the location of the
lexical category node in the tree. It never appears in the structural
description for a transformation except possibly in a contextual feature
in an embedded complex symbol used to test early tree structure as just
discussed, With this exception, the underline must appear only once in
the structure portion of a contextual feature. A contextual feature
specifies that the tree be examined around a particular node located by
the underline symbol. A transformation structural description specifies
environment that does not have this constraint. Since a contextual
feature indicates that an "inside-out? analysis is to be performed
around the underline __, we restrict the general form of a transfor-
mation structural description by requiring that a contextual feature be
a structure (rule 2.04, Appendix A) rather than a structural analysis
(rule 2.02, Appendix A) . The result is that a contextual feature must

be dominated by a single element, which must be a node,

17



3. Lexicon

We consider only syntactic aspects of the structure of the lexicon,
and do not consider definition and representation of phonological and
semantic properties. Aspects of phonology are treated by Halle [4]. The
semantic content of the lexicon remains an open question,

The lexicon has two parts, the prelexicon and the lexical entries.
The prelexicon contains feature definitions and redundancy rules. The
lexical entries are comprised of the vocabulary words and their complex
symbols. The format for the lexicon is defined by syntax rules 7.01

through 7.13 of Appendix A.

Prelexicon

An ordered list of category features is given as part of the
feature definitions. This list must contain all categories for which
lexical insertion is to be performed. The order in the list specifies
the category order for insertion in the tree. For example, the category

list

CATEGORY V N COP DET .

would specify that verbs (V) are to be inserted first, followed by
nouns (N), then copulas (COP), and then determiners (DET)

Inherent features may optionally be defined as part of the
feature definitions. This serves as a record of the inherent features
that are used. Features not defined as category features or inherent

features or contextual features are assumed to be inherent.

18
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The definition of labels for contextual feature descriptions is

a useful option. The labels appear in complex symbols and avoid the
necessity of writing the complete contextual feature description. pqp

example, a label denoting commonness for nouns could be defined by:

CoMMON = ( NP { DET __ ) )

This label would then appear in complex symbols, as in:

boy|+ N + COMMON|

If contextual feature labels are defined for all contextual features,
updating the lexicon to reflect modifications in the phrase structure
is not difficult because only the descriptions appearing in the label
definitions need be altered. The redundancy rules that apply to the
complex symbols that appear in the grammar are also defined in the pre-

lexicon.

Lexical entries

Lexical entries comprise the major portion of the lexicon. A
lexical entry is a set of vocabulary words, and an associated set of
complex symbols. Each complex symbol represents a different sense in
which one of the vocabulary words may be used. Each vocabulary word
in the list may be paired with any one of the complex symbols in the
complex symbol list. Thus, the complex symbol set is interpreted as a

disjunction of complex symbols. Because a complex symbol is a list of

19



feature specifications that is interpreted as a conjunction, we have, in

effect, a normal form in which any logical combination of complex symbols
and feature specifications may be represented. We refer to the pair
consisting of a word and a complex symbol as a "lexical item", It is
lexical items that are selected from lexical entries in the lexicon for
insertion in the tree. Thus, the lexical entry George Bill§+ N

- COMMON =- COUNT + HUMAN[ represents two lexical items. This form

for a lexical entry makes possible a compact representation, and can 'be
used to indicate that certain vocabulary words have the same syntactic
properties., However, if desired, each lexical item may be written as a
distinct lexical entry.

The lexicon shown in Figure 1 was constructed from examples given
by Chomsky [3]. The phrase structure rules are included because the
form of the contextual feature depends on the phrase structure. The
category order for lexical insertion will be verbs (v), then nouns (N),
and finally, determiners (DET) . Four features are defined as inherent:
ABSTRACT, ANIMATE, COUNT, and HUMAN. The contextual feature labels
are TRANS (to distinguish transitive and intransitive verbs), COMMON
(for nouns), ANIMSUB (for verbs taking + ANIMATE subjects), NANIMSUB
(for verbs taking - ANIMATE subjects), NABSTOBJ (for verbs taking
- ABSTRACT objects), ANIMOBJ (for verbs taking + ANIMATE objects),
and NANIMOBJ (for verbs with - ANIMATE objects). Four redundancy
rules are given, followed by the lexical entries, This lexicon is not
intended to be complete; it is given only to illustrate the formats.

To simplify the selection of items from the lexicon, each lexical

entry is linked to an appropriate category list. That is, all the nouns

20



" OFRAGHMENT =ROM ASPECTS "
PHRASESTRUCTURE
S = # P VP # .

vP = Vv (iiP) .
NP = (DET) N .
$ENDPSG
LEXICON

CATEGORY V N DET .
INHERENT ABSTRACT ANIMATE COUNT HUMAN .
CONTEXTUAL
TRANS = <VPL_NP>>,
COMION = <HPCDET vv
ANTIASUDB = AmA*:vAsz_+>z_3>4m_v<v _42#>>,
NANITMSUB = <S<KH#NPCGZH|=ANTMATE | DVPL_%>#>>,
ANTMOBY = (VP NPLENI+ANTMATE >,
NANTMOBY SVPL_NPLGN I =ANTMATE 222,
dA3STOBJ CVPL_NPLGN | =ABSTRACT | 22> .

RULES

[+COUNT| => [+CulMON],

[ +ABSTRACT] => |+CUMMHON =-ANITMATE],

[+HUMAR] => [+AdTHMATE],

[+ANTMATE] => |=ABSTRACT]| .
ENTRIES :
SINCEKITY VIRTUE |+N =COUNT +ABSTRACT|

BOY |+ +COUNT +HUMAN ]
GEOKZGE BILL |+ -COMMON =COUNT +HUMARN |
THE  |+DETI
EAT  [+V +TRANS +ANIHMSUB +NA3STOCJ |

[+V =TRANS +aNliiaUB|
GROW [+V +TRANS +ATMHSUB +AN1MOBJ |

‘ [+V =TRANS +AXdIMSUB|

FRIGHTEN |+V +TRANS +Aill11M0BJ |
ELAPSE QCCUR |+V =-TRad= +NANTMSUZ
ADMIRE |+V +TRANS +ANINSUB|
READ |+V +TRANS +ANIIASUBS +HNANIIMOBY +NABSTOBJ |
BUTTER |+l =COUHT =ABSTRACT u>z_3>qm_
BOOK |+ -ANTHATE +COUNT|
BEE |+N +COUNT +Al MATE =HUNMAR]
UEAR | +V +HANINMOBJ |

[+V =TRANS +ANIMSUB|
OWIN |+V +TRANS +AHINSUB +NABSTOBJ |
KNOW [+V +TRANS +ANIMSUB|
EGYPT |+i =-COMMO{ -COUNT =-ANIMATE]|
DOG |+W +COUNT =HUMAN +ANIATE]
CARROT |+N +COUNT +ANIMATE =HUMAN]
RUN |+V +ARTHSUBT .

$ENDLEX

Figure 1
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are linked together, all the verbs, and all the determiners. This is
the only form of hierarchical structure provided, and has been done for
convenience rather than linguistic necessity.

There remain unanswered questions regarding the exact nature of
the lexicon. More hierarchical structure may be useful, although it is
probably not necessary. We have preferred to keep the lexicon in a

simple and flexible format so that it will be easy to understand and to

modify.
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L, Lexical Insertion

The algorithm for lexical insertion will be described in an
informal manner. This algorithm has been implemented in a working
computer program [1]. The examples used to illustrate the operation
of the algorithm were generated by this program working with other
routines in the system described in [6].

Lexical insertion, as it will be described here, occurs after
the generation of a preterminal string by the phrase structure component.
Lexical items are selected from the lexicon and inserted in the tree,
Following lexical insertion,, transformations are applied, The directed
random generation of base trees in our system (excluding lexical inser-
tion) is described by Friedman [5], and application of transformations
is discussed by Friedman and Pollack [13].

Chomsky [3] proposed two styles of lexical insertion. In the
first, complex symbols, including inherent and contextual features, were
introduced by rewriting rules. A lexical item was suitable for inser-
tion if its complex symbol was nondistinct from a complex symbol in the
tree. The alternative style did not introduce complex symbols by
rewriting rules. Rather, a lexical item was suitable if its complex
symbol was nondistinct from a tree complex symbol and if each contextual
feature specification in the complex symbol was present in the tree.
Chomsky remarks [3, p. 122] that the contextual features may be thought
of as the Boolean structure index (structural description) of a trans-
formation, and that the insertion of a lexical item can be viewed as a
substitution transformation. It is not clear from his discussion whether

he intends lexical insertion to be merely thought of as a transformation,
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or actually implemented as a transformation. 1n our interpretation,
lexical insertion is done independent of the transformation phase,
However, there is much in common between the two, The separation was
made for several reasons. First, it was desired to study the insertion
process to better understand its basic nature. Second, there are
differences in the analysis performed for a contextual feature and the
analysis performed for a transformation. These differences were dis-
cussed in section 2, and are considered further by Friedman and Martner
[12]. Third, a complex symbol may contain more than one contextual
feature, each of which is a type of structural description. Thus, to
specify a conjunction of contextual features as a structural description
for a transformation, we would have to either combine all contextual
features into a single inclusive one, or allow conjunctions of structural
descriptions to appear in transformations,, Also, there is no convenient
way to specify the selection of a vocabulary word as part of the struc-

tural change of a transformation, If the vocabulary words are included

in the transformation, the concept of a lexicon as a distinct entity is

lost.

The a-lgorithm

If a tree has embedded sentence subtrees, they are considered in
lowest to highest, right to left order, 1In the example below, subtrees
would be considered in the numbered order for the insertion of lexical

items,
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Within a sentence subtree, lexical items are inserted for each lexical

category node appearing in the subtree. [y category nodes are con-
sidered by type in the order specified in the lexicon In each category
14

the order is left to right in the tree. Thus, if the lexicon defined

the category order as V N DET, ppdes would be considered in the

numbered order shown in the tree below.

# #
A
DET N V[\NP

DET

=
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The order in which categories are considered can effect the efficiency
of the insertion algorithm. That is, more lexical entries may have to
be tested before a suitable complex symbol is located. Since vocabulary
words are selected in a random manner, the same terminal strings will

not necessarily be obtained when different category orders are used,

Selection of a lexical item

When a particular category node in the tree has been found,
the lexicon must be searched to find a vocabulary word and complex
symbol that are suitable for insertion. Since the lexical entries
are linked by category, it is possible to search the lexicon con-
sidering only entries in the proper category, e desire to select
a lexical item from the set of acceptable items that could be
inserted. It would be inefficient to form a list of all accept-
able items and then choose from this list. Therefore, a different
method of selection has been devised.

This method tests random entries in the following manner.
An entry 1is selected at randomefrom the list of entries of the
appropriate category, Each-entry may contain many complex symbols
so each one is compared with the complex symboi associated with

the category node. The comparison used is compatibility. An

2 L . ] .
The phrase "selected at random" as used in this paper has the following

interpretation. Given a collection of n objects (lexical entries,
complex symbols, vocabulary words, etc.), number them from 1 to n
Compute a random number using a uniform probability density function
over the interval (1,n) . This number identifies the object that has
been selected at random. A uniform probability density function is
such that each object in the collection has equal chance of being
selected,
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analysis of the tree is performed for each contextual feature

specification to determine if the tree has the desired structure.
In the analysis, the underline __ 1in the contextual feature
must correspond to the category node. 1If the contextual feature
has embedded complex symbols, they are compared for compatibility
with the corresponding complex symbols in the tree. gince the
analysis of a contextual feature can be complicated, it is per-
formed only once for any contextual feature. The value of the
feature is saved in case the contextual feature appears in another
complex symbol that is tested for insertion at the same category
node.

When acceptable complex symbols are found in an entry, one
is selected at random. A vocabulary word is then selected at
random from the list of vocabulary words for the entry. rThig
vocabulary word and the complex symbol that is the result of the
compatibility test form the lexical item that will be inserted
in the tree. If the lexical entry does not contain an acceptable
complex symbol, the number of entries to 'be tested is reduced by

one and the entry examined is marked so that it will not be

" retested. An increment is computed that gives another random

entry. The complex symbols for this entry are tested and the

process continues. The process terminates when an acceptable
lexical item is selected, or when no more entries remain to be
tested. In the latter case, there is no acceptable item for
insertion at the node and the insertion algorithm continues with

the next node to be considered.
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This method of selection weights lexical entries equally.

Since an entry may have more than one complex symbol, complex
symbols do not have exactly equal probabilities of being selected,
If this is an important consideration, the lexicon should be
defined so that each entry consists of a single complex symbol
with its associated vocabulary words, If the lexical items are
to receive equal probability of selection, the lexicon should be
defined so that each entry is a single vocabulary word and a

single complex symbol.

Insertion of a lexical item

The vocabulary word selected is inserted as a daughter of
the category node. The complex symbol obtained as a result of
the compatibility test is attached to the category node. Suppose
the lexical item selected was

dog|+ N + COUNT - HUMAN|
and the redundancy rule
|- HUMAN| => |+ ANIMATE]

had been defined. This complex symbol is suitable for insertion

in the partial tree below.

28



— -

-

NP
DET/IL

After insertion, we have

NP

DET N ... [+ N + COUNT -HUMAN + ANIMATE]

!
dog

Side effects

The process of inserting a lexical item is now complete,
except for the treatment of side effects. gide effects must be
considered when a complex symbol containing a contextual feature
with an embedded complex symbol is inserted (e.g., a3 selectional
feature). Such a feature is defined by the label ANIMSUB
defined in the lexicon in Figure 1. This feature appears in the
complex symbol for the verb "admire? Given the base tree shown
below, this verb would be suitable for insertion since the subject
noun is unspecified for the feature ANIMATE and thus compatible

(nondistinct), as desired.
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Once this verb is inserted, the subject noun must be positively
specified for the feature ANIMATE . This will insure that an

appropriate noun is selected. The complex symbol obtained from
the compatibility test performed during the analysis of the tree
for the contextual feature is attached to the category node for

the subject noun.

*
=

=
o

+ N + V l\\\\\\\\\\;
+ ANIMATE eee N + TRANS eee V ‘
= ABSTRACT + ANIMSUB TE\\\\\\

This discussion of side effects is not complete. The

generality of the definition of the structure (rule 2.04, Appendix A)
of a contextual feature description allows complex environments to
be described, If negations ( - ) appear in the feature description,
appropriate action is often difficult to determine. gide effects

may also be introduced by the restriction (rule 3.01, Appendix A)
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in the feature description Again, the form of a restriction
makes a thorough treatment difficult,'§ The principle issue is
clear however: the insertion of a lexical item may produce
effects on other nodes in the tree that must be accounted for if

a grammatical sentence is to be obtained,
After the lexical item is inserted, the algorithm continues with
the next appropriate category node. The process terminates when all

category nodes suitable for lexical items have been considered,

Negatively specified contextual features

Before giving examples of the operation of the insertion algorithm,
we digress to discuss negatively specified contextual features, A rnega-
tively specified contextual feature implies that the environment described
by the feature must not be present The interpretation is usually clear
when the contextual features do not contain complex symbols. But if we
attempt to describe a verb that must take an inanimate subject by the
feature specification - ANIMSUR, where AWIMSUR is a contextual feature
label as defined in Figure i, we encounter difficulties. First, the tree
just given, prior to verb insertion, satisfies this feature. Thus, the
feature specification - ANIMSUB in a complex symbol would cause the
lexical item to be rejected, This is clearly not what is desired, Note,
however, that if a new contextual feature label NANIMSUB is defined as

in Figure 1, and if the complex symbol contains the feature specification

3

“In the current implementation of the algorithm, side effects are not
treatedifthey are introduced by a restriction.
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+ NANIMSUB, then the complex symbol would be acceptable,, at least for
this feature. Further,, the subject noun would be correctly specified
as - ANIMATE by side effects.

One might propose that the lexical insertion algorithm perform a
function similar to side effects when a negatively specified contextual
feature with an embedded complex symbol is encountered, This function
would attempt to modify the tree so that the contextual feature would
fail. This could easily be done in the previous example by specifying
the subject noun as - ANIMATE . The tree would fail for the feature
ANIMSUB and a complex symbol marked - ANIMSUB would be acceptable.

Such a proposal encounters difficulties, For example, the tree shown

below would also fail for the feature ANIMSUB, since an NP dominating

an N is not present.

#-— S—#

]
VP\
v K

DET N
Therefore, a verb with the feature specification =~ ANIMSUB would be
acceptable for insertion in this tree, as well. This may not be desir-
able and is not what was intended by the definition of the feature. We
conclude that contextual features containing complex symbols should be
positively specified,

Similar difficulties may be encountered with negatively specified

subcategorization features. The possibilities for satisfying the negative

feature specifications must be carefully considered. In this case, the

problem is less complex since compatibility and side effects are not issues,
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If contextual features such as ANIMSUB are negatively specified,
they are treated in the following manner No attempt is made to cause
the feature to fail. Thus as in the example, if verbs are inserted first,
no verb with the feature specification - ANIMSUB would be acceptable
for insertion in a tree such as shown on page 30. Note, however, that
by inserting nouns before verbs in this tree, the feature specification
- ANIMSUB would be treated as intended. Therefore, category order in
which items are inserted can be important. Side effects for negatively

specified contextual features are not considered,

An example

Using the phrase structure and lexicon of Figure 1, we monitor
the operation of the insertion algorithm on the base tree below. This

base tree, while simple, will illustrate the issues.

of———15—>5¢#
P m‘rp
8N 6v TNP

9DET 10N

Each node is numbered to simplify reference. Verbs are inserted first.

There are ten verb entries in the lexicon. These entries are (complex

symbols omitted):
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Vi eat

v2 grow
V3 frighten

v4d  elapse occur

V5  admire
V6  read
Vi  wear
V8  own
V9 know
V10 run

Node 6 is the only verb node in the tree., Entry V4 in the verb list
is randomly selected to be tested for insertion, The complex symbol

|+ V - TRANS + NANIMSUB| 1is compatible with the complex symbol for
node 6,so the tree is analyzed for the contextual feature with the
label TRANS . This analysis determines that the tree does have the
structure for a transitive verb and this complex symbol is rejected.

The result of the analysis for TRANS is saved. Since there are no
more complex symbols to be tested for entry V4, this entry is marked
as unacceptable for insertion at this node. A new random entry, entry
V1, 1is selected in the manner described earlier, This entry has the
complex symbols !+ V + TRANS + A-NIMSUB + NABSTOBJi and.|+ V ~ TRANS
+ ANIMSUBI « The first complex symbol is compatible, so its contextual
features are analyzed, The contextual feature TRANS is already known
to be present, so no analysis is necessary for this feature. The tree
is analyzed for the features defined by ANIMSUB and NABSTOBJ, and
found to be acceptable, The second complex symbol is then tested and
rejected because of the feature specification . TRANS . This entry has

only a single vocabulary word, so this word and the complex symbol are

34



inserted. Next, side effects are considered, The feature specification
+ ANIMSUB requires that node 8 be specified as + ANIMATE ; and the

feature specification, + NABSTOBJ, requires that node 10 be specified

- ABSTRACT . After insertion of the verb, the tree appears as shown below.
o 1 5¢
3NP : Lyp

+ N + V

+ ANIMATE ... 8N + TRANS ces BV TNP

- ABSTRP'ZT + ANIMSUBJ I
+ NABSTCBJ l | . + N
. ]

eat  9DET  ION ... [ yoeronon

There are no more verbs in the tree, so node 8 is next. There are nine

noun entries in the lexicon, Omitting complex symbols, they are:

N1 sincerity virtue

N2 boy

N3 George Bill
N4 butter

N5 book

N6 bee

N7 Egypt

N8 dog

N9 carrot

Entry N2 1is randomly selected. The complex symbols are compatible,
but the tree does not have the contextual feature specification
+( NP ( DET ) ) and, therefore, this entry is rejected. Entry N9

is randomly selected from the eight remaining entries, and rejected for
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the same reason (the analysis 'is not performed a second time)" Entry N3
F v is selected next. This complex symbol is compatible, and has the proper
contextual feature specification, There are two vocabulary words for

this entry, so "Bill" is selected at random, and the word and complex

symbol are inserted. This complex symbol has no contextual features with
embedded complex symbols, so there are no side effects,

Node 10 is next. Entry N7 is selected and found to be compatible,
but an analysis of the tree for the feature specification - COMMON fails,,
Notice that the analysis must be performed again, gince the __in the

contextual feature corresponds to node 10 instead of node 8, as on the

r.w

previous analysis, Entry N9 is selected and found to be acceptable.
The vocabulary word, "carrot", and the complex symbol are inserted,
There are no side effects

This completes processing of the nouns. The determiner, "thg;

is selected for insertion at node 9; and lexical insertion is complete

— F—

for this tree. The base tree after lexical insertion is shown below.

3 o 1 5¢
b
b
NP \E:
E non - 3 - hvp
! - ABSTRACT + TRANS
+ ANIMATE | ... 8N | + ANIMSUB.,:l cee 6V 7NP
- COUNT + NABSTOBJ_J N +N
+ HUMAN + ANIMATE
L~ common a + COUNT
Bill eat [+ DET] ... 9DET EON ... | - HUMAN
+ COMMON
- ABSTRACT.

I
the carrot
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Lexical insertion with directed random sentence generation

Friedman [ 13] describes techniques for the random generation of
base trees according to a phrase structure grammar. These techniques
allow the generation to be "directed", so that a certain subclass of
possible trees can be obtained, These techniques are implemented in a

Y
computer program, and this program can 'be used to produce base trees for
input to the program that performs lexical insertion. Some of the methods
-for constraining the form of the base tree may have an effect on lexical
insertion and must be discussed briefly,

The form desired for the base tree is indicated by a "skeleton",
This skeleton is actually a portion of the base tree with extra "restric-
tions". The complete base tree is built around the skeleton 'by random
selection of appropriate phrase structure rules, The skeleton may con-
tain complex symbols, These complex symbols are considered in lexical
insertion There may be restrictions demanding equality of terminal
nodes. The skeleton may also contain particular vocabulary words, which
are to appear in the base tree. In the last two cases, the lexical
insertion process is modified slightly. First, the lexical insertion
algorithm is executed treating only these effects If vocabulary words
are given in the input base tree, their corresponding complex symbols
must be located and inserted in the tree. The side effects of these
complex symbols must also be treated. If there are equality restrictions
in the skeleton, lexical items are selected and inserted to fulfill
these restrictions, After these operations have been performed, the
algorithm is executed again, to complete the insertion process Without

these considerations, side effects might result in a distinct feature

|
37



specification
o the skeleton.
—
-
-
——
-
A
—
-

for the complex symbol for a vocabulary word present in
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5. Suggestions for Further Study

The nature of vocabulary words

A topic of current research is the form of words that appear in
the lexicon. Two positions are advocated. The first maintains that the
lexicon should contain word stems and affixes. Words such as “readable”
and “self-reliant” are derived by the application of transformations,
This view is known as the "transformationalist" position since the
major burden is on the transformation phrase as opposed to the phrase
structure or lexicon. This view is supported by Chapin [2] and Lakoff
[17]. The second position holds that the lexicon must contain separate
entries for distinct words and that the phrase structure component must
be enriched to introduce the appropriate categories and structure. This
position is known as the "lexicalist" view and has been advocated by
Chomsky [4%]. A compromise is no doubt necessary* Chomsky, himself,
argues [4] that derived nominals should have the form of base sentences
while gerundive nominals should be formed by transformation.

Arguments on questions such as these are based on empirical
evidence. The unfortunate difficulty is that without thorough evaluation
of the hypotheses, the results are often hard to accept. There is the
feeling (often justified) that there are unmentioned sentences or words
that provide counter-examples. The system we have defined provides an
excellent tool for this type of study,, Sentences can be quickly generated
and examined, The randomness of the generation and selection of lexical
items gives a degree of confidence in the results if they are positive,

The availability of a lexicon gives a permanent and visible record of
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the vocabulary considered, With computer aids, it should be possible
to give a more quantitative flavor to future research,
— Syntactic features
/ The study of syntactic. features has also been hampered by the
lack of a clear exposition of‘the issues. Examples of complex symbols
~ often do not give complete feature specifications, and this casts doubt
, on the validity of the assertions. The concept of a syntactic feature
is in need of thorough study., Consistent sets of inherent features
_ should be defined for limited sets of vocabulary words. The vocabulary
should then be extended until it is representative of the language, To
- illustrate the difficulties, the lexicon of Figure 1 contains the entries:
L
bee 1+ N + COUNT + ANIMATE - HUMAN]|
carrot|+ N + COUNT + ANIMATE - HUMAN]|
These vocabulary words do not represent the same type of entity, but
- there is no distinguishing them on the basis of their complex symbols,
There is a question whether the-feature ANIMATE refers to animate in
the sense of being alive or in the sense of being animal. Are the above
- entries really syntactically identical with the differences established

on semantic grounds?
The definition of complex symbols for verbs is also subtle. How

does one account for the different senses of "grow" as in




Bill grows carrots,

Bill grows tired,

One sense appears to take animate objects and the other inanimate objects.,
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