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Preface

Head-driven Phrase Structure Grammar (HPSG) is a declarative (or, as is often
said, constraint-based) monostratal approach to grammar which dates back to
early 1985, when Carl Pollard presented his Lectures on HPSG. It was developed
initially in joint work by Pollard and Ivan Sag, but many other people have made
important contributions to its development over the decades. It provides a frame-
work for the formulation and implementation of natural language grammars
which are (i) linguistically motivated, (ii) formally explicit, and (iii) computa-
tionally tractable. From the very beginning it has involved both theoretical and
computational work seeking both to address the theoretical concerns of linguists
and the practical issues involved in building a useful natural language processing
system.

HPSG is an eclectic framework which has drawn ideas from the earlier Gen-
eralized Phrase Structure Grammar (GPSG, Gazdar et al. 1985), Categorial Gram-
mar (Ajdukiewicz 1935), and Lexical-Functional Grammar (LFG, Bresnan 1982),
among others. It has naturally evolved over the decades. Thus, the construction-
based version of HPSG, which emerged in the mid-1990s (Sag 1997; Ginzburg
& Sag 2000), differs from earlier work (Pollard & Sag 1987; 1994) in employing
complex hierarchies of phrase types or constructions. Similarly, the more re-
cent Sign-Based Construction Grammar approach differs from earlier versions
of HPSG in making a distinction between signs and constructions and using it to
make a number of simplifications (Sag 2012).

Over the years, there have been groups of HPSG researchers in many loca-
tions engaged in both descriptive and theoretical work and often in building
HPSG-based computational systems. There have also been various research and
teaching networks, and an annual conference since 1993. The result of this work
is a rich and varied body of research focusing on a variety of languages and of-
fering a variety of insights. The present volume seeks to provide a picture of
where HPSG is today. It begins with a number of introductory chapters deal-
ing with various general issues. These are followed by chapters outlining HPSG
ideas about some of the most important syntactic phenomena. Next are a series
of chapters on other levels of description, and then chapters on other areas of
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linguistics. A final group of chapters considers the relation between HPSG and
other theoretical frameworks.

It should be noted that for various reasons not all areas of HPSG research are
covered in the handbook (e.g., phonology). So, the fact that a particular topic
is not addressed in the handbook should not be interpreted as an absence of
research on the topic. Readers interested in such topics can refer to the HPSG
online bibliography maintained at the Humboldt Universitit zu Berlin.!

All chapters were reviewed by one author and at least one of the editors. All
chapters were reviewed by Stefan Miiller. Jean-Pierre Koenig and Stefan Miiller
did a final round of reading all papers and checked for consistency and cross-
linking between the chapters.

Open access

Many authors of this handbook have previously been involved in several other
handbook projects (some that cover various aspects of HPSG), and by now there
are at least five handbook articles on HPSG available. But the editors felt that
writing one authoritative resource describing the framework and being available
free of charge to everybody was an important service to the linguistic community.
We hence decided to publish the book open access with Language Science Press.

Open source

Since the book is freely available and no commercial interests stand in the way of
openness, the KIEX source code of the book can be made available as well. We put
all relevant files on GitHub,? and we hope that they may serve as a role model for
future publications of HPSG papers. Additionally, every single item in the bibli-
ographies was checked by hand either by Stefan Miiller or by one of his student
assistants. We checked authors and editors; made sure first name information
was complete; corrected page numbers; removed duplicate entries; added DOIs
and URLs where appropriate; and added series and number information as appli-
cable for books, book chapters, and journal issues. The result is a resource con-
taining 2623 bibliography entries. These can be downloaded as a single readable
PDF file or as BiBTgX file from https://github.com/langsci/hpsg-handbook-bib.

Thttps://hpsg.hu-berlin.de/HPSG-Bib/, 2021-04-29.
2https://www.github.com/langsci/259, 2021-04-29.
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AUX
BACKGROUND
(BACKGR)

BD

BG

BODY

CASE
CATEGORY

C-INDICES (C-INDS)

CL
CLITIC (CLTS)
CONDS
CLUSTER
COLL

COMPS
CONCORD

CONTENT (CONT)
CONTEXT (CTXT)

COORD
CORREL

DET

DSL

DEPS

DOM

DR

DTE

DTRS

ECONT
EMBED
ENDING

EXP

EXCONT (EXC)
EXTRA

FC

FCOMPL

FIG

FIRST

FOCUS

viii

auxiliary verb (or not)
background assumptions

boundary tone

background (in information structure)
body (nuclear scope) of quantifier
case

syntactic category information
contextual indices

inflectional class

clitics

predicative conditions

cluster of phrases

collocation type

complements

concord information

lexical semantic content
contextual information
coordinator

correlative marker

semantic determiner (a.k.a. quantifier force)

double slash

dependents

order Domain

discourse referent
designated terminal element
daughters

external content

embedded (or not)
inflectional ending
experiencer

external content (in LRS)
extraposed syntactic argument
focus-marked lexical item
functional complement
figure in a locative relation
first member of a list

focus



FORM

FPP

GEND
GIVEN
GRND
GROUND
GTOP
HARG
HCONS
HEAD (HD)
HD-DTR
HOOK

IC

ICONS
ICONT
I-FORM
INDEX (IND)
INCONT (INC)
INFL
INFO-STRUC
INHER
INST

INV

1P

KEY

LAGR
LARG

LBL
LEX-DTR
LEXEME

LF

LID

LIGHT
LINK
LISTEME
LISZT
LOCAL

form of a lexeme

focus projection potential

gender

given information

ground in a locative relation

ground (in information structure)

global top

hole argument of handle constraints
handle constraints (to establish relative scope in MRS)
head features

head-daughter

hook (relevant for scope relations in MRS)
inverted clause (or not)

individual constraints

internal content

inflected form

semantic index

internal content (in LRS)

inflectional features

information structure

inherited non-local features

instance (argument of an object category)
inverted verb (or not)

intonational phrase

key semantic relation

left conjunct agreement

label argument of handle constraints
label of elementary predications

lexical daughter

lexeme identifier

logical form

lexical identifier

light expressions (or not)

link (in information structure)

lexical identifier

list of semantic relations

syntactic and semantic information relevant in local con-
texts

ix
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L-PERIPH left periphery

LTOP local top

MAJOR major part of speech features

MAJOR major or minor part of speech

MAIN main semantic contribution of a lexeme

MARKING (MRKG) marking

MAX-QUD maximal question under discussion

MC main clause (or not)

L-FEAT morphological features

MINOR minor part of speech features

MKG information structure properties (marking) of lexical
items

MOD modified expression

MODAL-BASE modal modification of situation core

MOOD mood

MORPH morphology

MORPH-B morphological base

MP morphophonology

MPH morphs

MS morphosyntactic (or morphosemantic) property set

MUD morph under discussion

N nominal part of speech

NEG negative expression

NON-HEAD-DTRS non-head daughters

(NH-DTRS)

NONLOCAL syntactic and semantic information relevant for non-local
dependencies

NUCL nucleus of a state of affairs

NUMB number

PARAMS parameters (restricted variables)

PA pitch accent

PARTS list of meaningful expressions

PERS person

PC position class

PFORM preposition form

PHON (PH) phonology

PHON-STRING phonological string

PHP phonological phrase



POL
POOL

PRD

PRED

PREF
PRE-MODIFIER
PROP

QUANTS
QSTORE

QUD

QUES

RAGR
REALIZED

REL

RLN (REL)
RELS

REST

RESTR
RESTRICTIONS
(RESTR)
RETRIEVED
R-MARK
ROOT

RR

SAL-UTT
SELECT (SEL)
SIT

SIT-CORE
SLASH

SOA (SOA-ARG)
SPEAKER
SPEC

SPR

STATUS

STEM

STM-PC
STORE
STRUC-MEANING

polarity

pool of quantifiers to be retrieved
predicative (or not)

predicate

prefixes

modifiers before the modified (or not)
proposition

list of quantifiers

quantifier store

question under discussion
question

right conjunct agreement
realized syntactic argument
indices for relatives

semantic relation

list or set of semantic relations
non-first members of a list
restriction of quantifier (in MRS)
restrictions on index

retrieved quantifiers
reference marker

root clause or not
realizational Rules

salient Utterance

selected expression
situation

situation core

set of locally unrealized arguments
state Of Affairs

index for the Speaker
specified

specifier

information structure status
stem phonology

stem position class

same as Q-STORE

structured meaning

xi



SUBJ-AGR subject agreement

SUBCAT subcategorization

SYNSEM syntax/ Semantics features
SUBJ subject

TAIL tail (in information structure)
TAM tense, aspect, mood

TNS tense

TOPIC topic

TP topic-marked lexical item
UND undergoer argument

uT phonological utterance

v verbal part of speech

VAL valence

VAR variable (bound by a quantifier)
VFORM verb form

WEIGHT expression weight

WH wh-expression (for questions)
XARG extra-argument
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Chapter 1

Basic properties and elements

Anne Abeillé

Université de Paris

Robert D. Borsley

University of Essex and Bangor University

Head-Driven Phrase Structure Grammar (HPSG) is a declarative and monostratal
version of Generative Grammar, in which linguistic expressions have a single rel-
atively simple constituent structure. It seeks to develop detailed formal analyses
using a system of types, features, and constraints. Constraints on types of lexical-
sign are central to the lexicon of a language and constraints on types of phrase
are at the heart of the syntax, and both lexical and phrasal types include seman-
tic and phonological information. Different versions of the framework have been
developed, including versions in which constituent order is a reflection not of con-
stituent structure but of a separate system of order domains, and the Sign-Based
Construction Grammar version, which makes a fundamental distinction between
signs of various kinds and the constructions which license them.

1 Introduction

Head-Driven Phrase Structure Grammar (HPSG) dates back to early 1985 when
Carl Pollard presented his Lectures on HPSG. It was often seen in the early days
as a revised version of the earlier Generalised Phrase Structure Grammar (GPSG)
framework (Gazdar, Klein, Pullum & Sag 1985), but it was also influenced by Cat-
egorial Grammar (Ajdukiewicz 1935; Steedman 2000), and, as Pollard & Sag (1987:
1) emphasised, by other frameworks like Lexical-Functional Grammar (LFG; Bres-
nan 1982), as well. Naturally it has changed in various ways over the decades.
This is discussed in much more detail in the next chapter (Flickinger, Pollard

Anne Abeillé & Robert D. Borsley. 2021. Basic properties and elements. In
Stefan Miiller, Anne Abeillé, Robert D. Borsley & Jean-Pierre Koenig (eds.),

I Head-Driven Phrase Structure Grammar: The handbook 3-45. Berlin: Lan-
guage Science Press.
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& Wasow 2021), but it makes sense here to distinguish three versions of HPSG.
Firstly, there is what might be called early HPSG, the framework presented in
Pollard & Sag (1987) and Pollard & Sag (1994).! This has most of the properties
of more recent versions but only exploits the analytic potential of type hierar-
chies to a limited degree (Flickinger 1987; Flickinger, Pollard & Wasow 1985).
Next there is what is sometimes called Constructional HPSG, the framework
adopted in Sag (1997), Ginzburg & Sag (2000), and much other work. Unlike
earlier work this uses a rich hierarchy of phrase-types. This is why it is called
constructional.? Finally, in the 2000s, Sag developed a version of HPSG called
Sign-Based Construction Grammar (SBCG; Sag 2012). The fact that this approach
has a new name suggests that it is very different from earlier work, but probably
most researchers in HPSG would see it as a version of HPSG, and it was identified
as such in Sag (2010: 486). Its central feature is the special status it assigns to con-
structions. In earlier work, they are just types of sign, but for SBCG, signs and
constructions are quite different objects. In spite of this difference, most analyses
in Constructional HPSG could probably be translated into SBCG and vice versa.
In this chapter we will concentrate on the ideas of Constructional HPSG, which
is probably the version of the framework that has been most widely assumed.
We will comment briefly on SBCG in the penultimate section.

The chapter is organised as follows. In Section 2, we set out the properties
that characterise the approach and the assumptions it makes about the nature of
linguistic analyses and the conduct of linguistic research. Then, in Section 3, we
consider the main elements of HPSG analyses: types, features, and constraints.
In Section 4, we look more closely at the HPSG approach to the lexicon, and in
Section 5, we outline the basics of the HPSG approach to syntax. In Section 6,
we look at some further syntactic structures, and in Section 7, we consider some
further topics, including SBCG. Finally, in Section 8, we summarise the chapter.

2 Properties

Perhaps the first thing to say about HPSG is that it is a form of Generative Gram-
mar in the sense of Chomsky (1965: 4). This means that it seeks to develop pre-
cise and explicit analyses of grammatical phenomena. But unlike many versions
of Generative Grammar, it is a declarative or constraint-based approach to gram-

!As discussed in Richter (2021), Chapter 3 of this volume, the approaches that are developed
in these two books have rather different formal foundations. However, they propose broadly
similar syntactic analyses, and for this reason it seems reasonable to group them together as
early HPSG.

2 As discussed below, HPSG has always assumed a rich hierarchy of lexical types. One might
argue, therefore, that it has always been constructional.
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mar, belonging to what Pullum & Scholz (2001) call “Model Theoretic Syntax”. As
such, it assumes that a linguistic analysis involves a set of constraints to which
linguistic objects must conform, and that a linguistic object is well-formed if and
only if it conforms to all relevant constraints.®> This includes linguistic objects
of all kinds: words, phrases, phonological segments, and so on. There are no
procedures constructing representations such as the phrase structure and trans-
formational rules of classical Transformational Grammar or the Merge and Agree
operations of Minimalism. Of course, speakers and hearers do construct represen-
tations and must have procedures that enable them to do so, but this is a matter
of performance, and there is no need to think that the knowledge that is used in
performance has a procedural character. Rather, the fact that it is used in both
production and comprehension (and other activities, e.g. translation) suggests
that it should be neutral between the two and hence declarative. For further dis-
cussion of the issues, see e.g. Pullum & Scholz (2001), Postal (2003), Sag & Wasow
(2011; 2015), and Wasow (2021), Chapter 24 of this volume.

HPSG is also a monostratal approach, which assumes that linguistic expres-
sions have a single constituent structure. This makes it quite different from
Transformational Grammar, in which an expression can have a number of con-
stituent structures. It means, among other things, that there is no possibility of
saying that an expression occupies one position at one level of structure and an-
other position at another level. Hence, HPSG has nothing like the movement pro-
cesses of Transformational Grammar. The relations that are attributed to move-
ment in transformational work are captured by constraints that require certain
features to have the same value. For example, as discussed in Section 4, a raising
sentence is one with a verb which has the same value for the feature suBj(ecT)
as its complement and hence combines with whatever kind of subject its comple-
ment requires.

HPSG is sometimes described as a concrete approach to syntax. This descrip-
tion refers not only to the fact that it assumes a single constituent structure, but
also to the fact that this structure is relatively simple, especially compared with
the structures that are postulated within Minimalism. Unlike Minimalism, HPSG
does not assume that all branching is binary. This inevitably leads to simpler, flat-
ter structures. Also unlike Minimalism, it makes limited use of phonologically
empty elements. For example, it is not assumed, as in Minimalism, that because
some clauses contain a complementiser they all do, an empty one if not an overt
one. Similarly, it is not assumed that because some languages like English have

3In most HPSG work, all constraints are equal. Hence, there is no possibility — as there is in
Optimality Theory (Prince & Smolensky 2004) — of violating one if it is the only way to satisfy
another more important one (Malouf 2003). However, see Miiller & Kasper (2000) and Oepen
et al. (2004) for an HPSG parser with probabilities or weighted constraints.
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determiners, they all do, overt or covert. It is also not generally assumed that
null subject sentences, such as (1b) from Polish, have a phonologically empty
subject in their constituent structure. Thus, the constituent structure of the two
following sentences is quite different, even if their semantics are similar:

(1) a. Ireadabook.

b. Czytalem ksigzke.
read.psT.1sG book.Acc

‘T read a book’

It is also assumed in much HPSG work that there are no phonologically empty
elements in the constituent structure of an unbounded dependency construction
such as the following:

(2) What did you say?

On this view, the verb say in (2) does not have an empty complement. There is,
however, some debate here (Sag & Fodor 1995; Miiller 2004; Borsley & Crysmann
2021: Section 3, Chapter 13 of this volume).

A further important feature of HPSG is a rejection of the Chomskyan idea
that grammatical phenomena can be divided into a core, which merits serious
investigation, and a periphery, which can be safely ignored.* This means that
HPSG is not only concerned with such “core” phenomena as wh-interrogatives,
relative clauses, and passives, but also with more “peripheral” phenomena such
as the following:

(3) a. It’s amazing the people you see here.
b. The more I read, the more I understand.

c. Chris lied his way into the meeting.

These exemplify the nominal extraposition construction (Michaelis & Lambrecht
1996), the comparative correlative construction (Abeillé 2006; Abeillé & Borsley
2008; Borsley 2011), and the X’s Way construction (Sag 2012: Section 7.4). As
we will see, HPSG is an approach which is able to accommodate broad linguistic
generalisations, highly idiosyncratic facts, and everything in between.>
Another notable feature of the framework since the earliest work is a concern
with semantics as well as syntax. More generally, HPSG does not try to reduce

4This is not to deny that some constructions are more canonical and more frequent in use than
others and that this may be important in various ways.

>Idioms have also been an important focus of research in HPSG. See e.g. Sag (2007: Section 5.4),
Richter & Sailer (2009), Kay & Michaelis (2017), and Sailer (2021), Chapter 17 of this volume.
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either semantics or morphology to syntax (see Crysmann 2021, Chapter 21 of
this volume on morphology in HPSG and Koenig & Richter 2021, Chapter 22 of
this volume on semantics). We will comment further on this in the following
sections.

We turn now to some assumptions which are more about the conduct of lin-
guistic research than the nature of linguistic analyses. Firstly, HPSG empha-
sises the importance of firm empirical foundations and detailed formal analy-
ses of the kind advocated by Chomsky in Syntactic Structures (Chomsky 1957:
5). Whereas transformational work typically offers sketches of analyses which
might be fleshed out one day, HPSG commonly provides detailed analyses which
can be set out in an appendix. A notable example is Ginzburg & Sag (2000), which
sets out its analysis of English interrogatives in a fifty-page appendix. Arguably,
one can only be fully confident that a complex analysis works if it is incorpo-
rated into a computer implementation. Hence, computer implementations of
HPSG analyses are also quite common (see e.g. Miller 1996; 2015; Copestake
2002; Bender et al. 2010; Bender 2016, and Bender & Emerson 2021, Chapter 25
of this volume).

Another property of the framework is a rejection of abstract analyses with
tenuous links to the observable data. As we noted above, phonologically empty
elements are only assumed if there is compelling evidence for them.® Similarly,
overt elements are only assumed to have properties for which there is clear evi-
dence. For example, words are only assumed to have case or agreement features if
there is some concrete morphological evidence for them, as in Polish, illustrated
in (1b). This feature of HPSG stems largely from considerations about acquisi-
tion (Miller 2016: Chapter 19; Borsley & Miiller 2021: Section 5.2, Chapter 28 of
this volume). Every postulated element or property for which there is no clear
evidence in the data increases the complexity of the acquisition task and hence
necessitates more complex innate machinery. This suggests that such elements
and properties should be avoided as much as possible. It has important impli-
cations both for the analysis of individual languages and for how differences
between languages are viewed.

A related property of the framework is a rejection of the idea that it is rea-
sonable to assume that a language has some element or property if some other
languages do. Many languages have case and many languages have agreement,
but for HPSG, it does not follow that they all do. As Miiller (2015: 25) puts it,
“Grammars should be motivated on a language-specific basis.” Does this mean
that other languages are irrelevant when one investigates a specific language?

There may be compelling evidence for some empty elements in some languages. For example,
Borsley (2009: Section 8) argues that Welsh has phonologically empty pronouns. For general
discussion of empty elements, see Miiller (2016: Chapter 19.2).
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Clearly not. As Miiller also states, “In situations where more than one analysis
would be compatible with a given dataset for language X, the evidence from lan-
guage Y with similar constructs is most welcome and can be used as evidence in
favour of one of the two analyses for language X” (Miiller 2015: 43).

3 Elements

For HPSG, a linguistic analysis is a system of types (or sorts), features, and con-
straints. Types provide a complex classification of linguistic objects, features
identify their basic properties, and constraints impose further restrictions. In
this section, we will explain these three elements. We note at the outset that
HPSG distinguishes between the linguistic objects (lexemes, words phrases, etc.)
and descriptions of such objects. Linguistic objects must have all the properties
of their description and cannot be underspecified in any way.” Descriptions, in
contrast, can be underspecified and, in fact, always are.

There are many different kinds of types, but particularly important is the type
sign and its various subtypes. For Ginzburg & Sag (2000: 19), this type has the
subtypes lexical-sign and phrase, and lexical-sign has the subtypes lexeme and
word. (Types are written in lower case italics.) Thus, we have the type hierarchy
in Figure 1.

sign

T

lexical-sign  phrase

TN

lexeme  word

Figure 1: A hierarchy of types of signs

lexeme, word, and phrase have a complex system of subtypes. The type lexical-
sign, its subtypes, and the constraints on them are central to the lexicon of a
language, while the type phrase, its subtypes, and the constraints on them are
at the heart of the syntax. In both cases, complex hierarchies mean that the
framework is able to deal with broad, general facts, very idiosyncratic facts, and
facts somewhere in between. We will say more about this below.

Signs are obviously complex objects with (at least) phonological, syntactic, and
semantic properties. Hence, the type sign must have features that encode these

7 As pointed out by Pollard & Sag (1987: Chapter 2), HPSG grammars provide descriptions for
models of linguistic objects rather than for linguistic objects per se. See also Richter (2021),
Chapter 3 of this volume for a detailed discussion of the formal background of HPSG.
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properties. For much work in HPSG, phonological properties are encoded as the
value of a feature PHON(OLOGY), whose value is a list of objects of type phon,
while syntactic and semantic properties are grouped together as the value of a
feature syNSEM, whose value is an object of type synsem. (Features or attributes
are written in small caps.) A type has certain features associated with it, and each
feature has a value of some kind. A bundle of features can be represented by an
attribute-value matrix (AVM) with the type name at the top on the left hand side
and the features below followed by their values. Thus, signs can be described as
follows:

sign

(4) |pHON list(phon)
SYNSEM synsem

The descriptions of specific signs will obviously have specific values for the two
features. For example, we might have the following simplified AVM for the
phrase the cat:

phrase
(5) |pHON (the, cat)

SYNSEM NP

Here, following a widespread practice, we use standard orthography instead of
real phon objects,® and we use the traditional label NP as an abbreviation for the
relevant synsem object. We will say more about synsem objects shortly. First,
however, we must say something about phrases.

A central feature of phrases is that they have internal constituents. More pre-
cisely, they have daughters, i.e. immediate constituents, one of which may be the
head. This information is encoded by further features, for Ginzburg & Sag (2000:
29) the features DAUGHTERS (DTRS) and HEAD-DAUGHTER (HD-DTR). The value of
the latter is a sign, and the value of the former is a list of signs, which includes
the value of the latter.” Thus, phrases take the form in (6a), and headed phrases
the form in (6b):

8See Bird & Klein (1994), Hohle (1999), and Walther (1999) for detailed approaches to phonology

and structured pHON values, and De Kuthy (2021), Chapter 23 of this volume and Abeillé &

Chaves (2021: 762-763), Chapter 16 of this volume for reference to structured pHON values.
9Some HPSG work, e.g. Sag (1997), has a HEAD-DAUGHTER feature and a NON-HEAD-DAUGHTERS
feature, and the value of the former is not part of the value of the latter.

The sign that is the value of HEAD-DTR can be a word or a phrase. Within Minimalism, the
term head is only applied to words. On this usage, the value of HEAD-DTR is either the head
or a phrase containing the head. But there are good reasons for not adopting this usage, for
example the fact that the head can be an unheaded phrase: for example, a coordination (see

Abeillé & Chaves 2021: Section 2, Chapter 16 of this volume). So we will say that the value of
HD-DTR is the head. See Jackendoff (1977: 30) for an early discussion of the term.
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phrase headed-phrase
© a PHON list(phon) PHON list(phon)

SYNSEM synsemn b. |SYNSEM synsem

DTRS  list(sign) DTRS  list(sign)

HD-DTR Sign

To take a concrete example, the phrase the cat might have the fuller AVM given
in (7).

[ phrase
PHON  (the, cat)
SYNSEM NP
() pHON  (the) pHON  (cat)
DTRS ,
SYNSEM Det SYNSEM N
HD-DTR

Here, the two instances of the tag [1] indicate that the sign which is the second
member of the DTRs list is also the value of HD-DTR. Thus, the word cat is the
head of the phrase the cat. An object occupying more than one position in a
representation, either as a feature value or as part of a feature value (a member
of a list or set), for example [1]in (7), is known as re-entrancy or structure sharing.
As we will see below, it is a pervasive feature of HPSG.

Most HPSG work on morphology has assumed a realizational approach, in
which there are no morphemes (see Crysmann 2021, Chapter 21 of this volume).
Hence, words do not have internal structures in the way that phrases do. How-
ever, it is widely assumed that lexemes and words that are derived through a lex-
ical rule have the lexeme from which they are derived as a daughter (see Briscoe
& Copestake 1999; Meurers 2001 and Section 4.2 below). Hence, the DTRs feature
is relevant to words as well as phrases.

AVMs like (7) can be quite hard to look at. Hence, it is common to use tradi-
tional tree diagrams instead. Thus, we might have the tree-like representation
in Figure 2 instead of (7). But one should bear in mind that AVMs correspond to
(rooted) graphs and provide more detailed descriptions than traditional phrase
structure trees, with richer node and edge labels, and with shared feature values
between nodes. Thus, at each node, all kinds of information are available: not
just syntax but also phonology, semantics, and information structure.!’

10This differs from Lexical Functional Grammar, for instance, which distributes the information
between different kinds of structures (see Wechsler & Asudeh 2021, Chapter 30 of this volume).

10
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NP

/\HD—DTR

Det N

the cat

Figure 2: A simple tree for the cat

If the head is either obvious or unimportant, the HD-DTR annotation might be
omitted. This is a convenient informal notation, but it is important to remember
that it is just that and has no status within the theory.

We return now to synsem objects. Standardly, these have two features: LocaAL,
whose value is a local object, and NONLOCAL, which we will deal with in Section 5.
A local object has the features cAT(EGORY) and CONT(ENT), whose values are ob-
jects of type category and content, respectively, and the feature coNTEXT.! In
much work, a category object has the features, HEAD, SUBJ, and COMP(LEMENT)S.
HEAD takes as its value a part-of-speech object, while suBj and comps have a list
of synsem objects as their value. The former indicates what sort of subject a sign
requires, and the latter indicates what complements it takes. In both cases, the
value is the empty list if nothing is required. It is generally assumed that the susj
list never has more than one member. suBj and comps are often called valence
features. Thus, the following AVM provides a fuller representation of signs:

—sign
PHON list(phon)
synsem
local
category
HEAD part-of-speech
(8) CATEGORY 1;) f-sp
SYNSEM |LOCAL SUBJ l_st(synsem)
comps list(synsem)
CONTENT ...
CONTEXT ...
NONLOCAL ...

UWords also have a MORPH (or INFL) attribute that we ignore here (see Crysmann 2021, Chap-
ter 21 of this volume).

1
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The type part-of-speech has subtypes such as noun, verb, and adjective. In other
words, we have a type hierarchy of the form given in Figure 3.

part-of-speech

T N

noun verb  adjective
Figure 3: A hierarchy for part of speech

The type hierarchy in Figure 1 can be viewed as an ontology of possible ob-
jects in the language. A particular word or phrase must instantiate one of the
maximal (most specific) types and have the properties specified for it and all its
supertypes.’? We might have a synsem object of the following form for the phrase
the cat:

synsem
local
category
HEAD noun
CATEGORY
(9) |rocaL suBJ ()
comps ()
CONTENT ...
CONTEXT ...
NONLOCAL ...

This ignores a number of matters including the value of CONTENT, CONTEXT, and
NONLOCAL. It also ignores the fact that the type noun will have certain features,
for example cask, but it highlights some important aspects of HPSG analyses.
Notice that (9) is compatible with the synseEm feature in (8): it contains more
specific information, such as [HEAD noun], but no conflicting information: () is
the empty list and is compatible with list(synsem).

Rather different from most of the features mentioned above are fairly tradi-
tional features like PERSON, NUMBER, GENDER, and CASE. In most HPSG work,
these have as their value an atomic type: a type with no features. A simple treat-
ment of person might have the types first, second, and third, and a simple treat-
ment of number the types sg (singular) and pl (plural).’® There are also Boolean

12 AVMs associated with types used to be combined by unification (Pollard & Sag 1987: Chapter 2).
See Richter (2021: 90-91), Chapter 3 of this volume for discussion of the term “unification”.

BIn practice, a more complex system of values may well be appropriate (Flickinger 2000: Sec-
tion 3).

12
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features with + and — as their values. An example is AUX, used to distinguish
auxiliary verbs ([aux +]) from non-auxiliary verbs ([aux —]).1*

As the preceding discussion makes clear, features in HPSG can have a number
of kinds of value. They may have an atomic type (PERSON, NUMBER, GENDER,
CASE, AUX), a feature structure (SYNSEM, LOCAL, CATEGORY, etc.), or a list of some
kind (susj, comps).®> As we will see in Section 5, HPSG also assumes features
with a set as their value.

The coNTENT feature, whose value is a content object, highlights the impor-
tance of semantics within HPSG. But what exactly is a content object? Different
views of semantics have been taken within the HPSG literature. Much HPSG
work has assumed some version of Situation Semantics (Barwise & Perry 1983).
But some work has employed so-called Minimal Recursion Semantics (Copestake,
Flickinger, Pollard & Sag 2005), while others use Lexical Resource Semantics
(Richter & Sailer 2004). Sag (2010: 501) adopts a conventional, Montague-style
possible-worlds semantics (Montague 1974) in his analysis of English filler-gap
constructions, and SBCG (Section 7.2) has generally employed a version of Frame
Semantics. See Koenig & Richter (2021), Chapter 22 of this volume for a discus-
sion of the issues.

Finally, the coNTEXT feature is used for information structure, deixis, and,
more generally, pragmatics (see De Kuthy 2021, Chapter 23 of this volume).

We will say more about types and features in the following sections. We turn
now to constraints. These are the machinery which imposes conditions on lin-
guistic objects by saying that if an object has some property or properties, it must

have some other property or properties. Constraints take the following form:!

(10) X=Y

Commonly, X is a type and Y a feature description, and this is the case in all the
constraints that we discuss below. However, X may also be a feature descrip-
tion with or without an associated type. This is necessary, for example, in the
constraints that constitute Binding Theory (see Miiller 2021a, Chapter 20 of this
volume). Here is a very simple constraint:

41n some recent work, e.g. Sag (2012: 157-162) and Sag et al. (2020), the feature is used to dis-
tinguish positions that only allow an auxiliary from positions that allow any verb. Within this
approach, auxiliaries (except support do) are unspecified for Aux, since they may appear in
both [aux +] and [AUx -] constructions. Non-auxiliary verbs are [aux —]; see Abeillé (2021:
Section 4), Chapter 12 of this volume.

15A list can be represented as a feature description with the features FIRsT and REST, where the
value of FIRST is the first element of the list. See Richter (2021: 102), Chapter 3 of this volume
for more on the encoding of lists.

16The double-shafted arrow = is used in implicational constraints, and a single shafted arrow
— in lexical rules.

13
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(11) phrase = [comps ()]

This says that a phrase has the empty list ({)) as the value of the comps feature,
which means that it does not require any complements.!” As we will see below,
most constraints are more complex than (11) and impose a number of restrictions
on certain objects. For this reason, one might speak of a set of constraints. How-
ever, we will continue to use the term “constraint” for objects of the form in (10),
no matter how many restrictions are imposed. Particularly important are con-
straints dealing with the internal structure of various types of phrases. We will
consider some constraints of this kind in Section 5.

In most HPSG work, some shortcuts are used to abbreviate a feature path; for
example, in (11), comps stands for syNSEM|LOcC|cAT|comPs. We use this practice in
the rest of the chapter, and it is used throughout the Handbook.

4 The lexicon

As noted above, the type lexical-sign, its subtypes, and the constraints on them
are central to the lexicon of a language and the words it licenses.!® Lexical rules
are also important. Some of the earliest work in HPSG focused on the organisa-
tion of the lexicon and the question of how lexical generalisations can be cap-
tured, and detailed proposals have been developed.”

4.1 Lexemes and words

In some frameworks, the lexicon contains not lexemes but morphemes, i.e. roots
and affixes of various kinds. But most work in HPSG has assumed a realizational
approach to morphology. Within this approach, there are no morphemes, just
lexemes and the words that realise them, and affixes are just bits of phonology
realising certain morphosyntactic features (Stump 2001; Anderson 1992). One
consequence of this is that HPSG has no syntactic elements like the T(ense) and
Num(ber) functional heads of Minimalism, which are mainly realised by affixes.

The constraint in (11) is plausible for English, but it is too strong for some languages, especially
for languages with complex predicates or partial VPs (see Godard & Samvelian 2021, Chapter 11
of this volume), and also for SOV languages if they are analysed in terms of binary branching
(see Miller 2021b, Chapter 10 of this volume).

180Other types of constraint are relevant to the form of lexemes and words, e.g. constraints on
synsem objects and on PHON values. These are also relevant to the form of phrases.

9The lexicon is more important in HPSG than in some other constructional approaches, e.g.
that of Goldberg (1995; 2006). See Miiller & Wechsler (2014) and Miiller (2021c: Section 2),
Chapter 32 of this volume for discussion.

14
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See Crysmann (2021: Section 3), Chapter 21 of this volume, Davis & Koenig (2021:
Section 2), Chapter 4 of this volume, and Borsley & Miller (2021: Section 4.1.3),
Chapter 28 of this volume for discussion.

Probably the most important properties of any lexeme are its part of speech
and its combinatorial properties. As we saw in the last section, the HEAD feature
encodes part of speech information, while the suBy and comps features encode
combinatorial information. As we also noted in the last section, HEAD takes as
its value a part-of-speech object, and the type part-of-speech has subtypes such
as noun, verb, and adjective. At least some of the subtypes have certain features.
For example, in many languages, the type noun has the feature case with values
like nom(inative), acc(usative), and gen(itive). Thus, nominative pronouns like I
might have a part-of-speech of the form in (12) as its HEAD value.

(12) [noun ]

CASE nom

Similarly, in many languages, the type verb has the feature vForm with values
like fin(ite) and inf (initive). Thus, the HEAD value of the word form be might be
(13).

(13) [verb ]

VFORM inf

In much the same way, the type adjective might have a feature distinguishing
between positive, comparative, and superlative forms, in English and many other
languages.

We must now say more about combinatorial properties. In much HPSG work,
it is assumed that suBj and comps encode what might be regarded as superficial
combinatorial information and that more basic combinatorial information is en-
coded by a feature ARG(UMENT)-ST(RUCTURE).?® Normally the value of ARG-ST
of a word is the concatenation of the values of suBj and comps, using @ for list
concatenation. In other words, we normally have the following situation (notice
the use of re-entrancy or structure sharing):

SUBJ
(14) |comps
ARG-ST [1] ®

20 ArG-sT is also crucial for Binding Theory, which takes the form of a number of constraints on

ARG-ST lists. See Milller (2021a), Chapter 20 of this volume.

15
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As noted earlier, it is generally assumed that the susj list never has more than
one member. The appropriate features for the word read in (1a), for example,
would include the following, where the tags identify not lists but list members:

(15) Lexical item for read:
SUBJ <>
comps ([2])
ARG-sT ([INP, 2]NP)

Under some circumstances, however, we have something different. For example,
it has been proposed, e.g. in Manning & Sag (1999: 65), that null subject sentences
have an element representing the understood subject in the ARG-sT list of the
main verb but nothing in the susy list. Thus, the verb czytalem ‘read’ in (1b),
repeated here as (16), has the features in (17).

(16) Czytalem ksigzke.
read.psT.1sG book.acc
‘Tread a book’

(17) Lexical item for czytalem ‘read’ with the subject dropped:
suB] ()
COMPS ()
ARG-ST (NP, NP)

A similar analysis is widely assumed for unbounded dependency gaps. On this
analysis, the verb say in (2), repeated here as (18), has the features in (19).

(18) What did you say?

(19) Lexical item for say with the object extracted:
suj  (NP)
comps ()
ARG-sT (NP, NP)

It is also assumed that the arguments that are realised as pronominal affixes (tra-
ditionally known as clitics in Romance languages) are absent from comps lists
(Miller & Sag 1997: Section 3; Monachesi 2005), and other differences between
SUBJ, comPs, and ARG-ST have been proposed for other languages (see Manning
& Sag 1999, Davis, Koenig & Wechsler 2021: Section 3, Chapter 9 of this volume
for discussion). In much work, the relation between ARG-sT, sUBJ, and COMPS is

16
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regulated by a constraint called the Argument Realisation Principle (ARP). The
following is a simplified version of the constraint proposed in Ginzburg & Sag
(2000: 171; see also Bouma et al. 2001: 12):

SUBJ
(20) word = |comps [2]© list(non-canonical)

ARG-ST [1] ®

This ensures that non-canonical arguments, including gaps and arguments re-
alised as affixes, do not appear in comps lists.?! Notice, however, that it says
nothing special about subjects.?? There are complex issues here, and the princi-
ple will probably take a different form in different languages. So we will not try
decide exactly what form it should take.

A variety of HPSG work assumes the suBy and comps features, but some work
assumes a SPR (SPECIFIER) feature instead of, or in addition to, the suBj feature.
Where it replaces suBj, the idea is that subjects are one of a number of types
of specifiers, others being determiners within NPs and degree words like so and
too within APs (Pollard & Sag 1994: 358). Where it is an additional feature, the
idea is that there are a number of types of specifier, but subjects are not specifiers.
Predicative nominals (e.g. my cousin in Paul is my cousin) may need both (Pollard
& Sag 1994: Section 9.4.1; Ginzburg & Sag 2000: 409; Abeillé & Godard 2003).
There are other positions in the HPSG community. Much early work has a single
feature called suBcaT instead of suBy and comps (Pollard & Sag 1987). Essentially
the same position has been adopted within Sign-Based Construction Grammar,
which has a single feature called VALENCE instead of suBj, spr, and comps.?
Obviously, there are some important issues here.

It is a central feature of lexical items that part of speech and combinatorial
properties are separate matters. Members of the same part of speech can have

2 As we saw above, the sign @ means concatenation of lists. Ginzburg & Sag (2000: 170) state
the following about ©: “Here ‘©’ designates a relation of contained list difference. If A5 is an
ordering of a set o and A, is a subordering of Az, then A2 © 4; designates the list that results
from removing all members of A; from Ay; if A; is not a sublist of Ay, then the contained list
difference is not defined. For present purposes, © is interdefinable with the sequence union
operator (O) of Reape (1994) and Kathol (1995): (A B = C) & (C O B = A)” The operator
QO is called shuffle and is also explained in Miiller (2021b: 391), Chapter 10 of this volume.

22Ginzburg & Sag (2000: 177-183) explicitly allow gaps in susj lists, but this is controversial, as
discussed in Borsley & Crysmann (2021: 547-548), Chapter 13 of this volume.

Z3SBCG also has a feature x-aRG, which picks out subjects and other external arguments. But
unlike the other features mentioned here, this always has the same value in a head and its
mother. Its role is to make information about external arguments available outside the phrases
in which they appear. See Sag (2007; 2012: 84, 149-151).
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different combinatorial properties, and members of different parts of speech can
have the same combinatorial properties. Much HPSG work captures this fact
by proposing that the type lexeme be cross-classified along two dimensions, one
dealing with part of speech information and one dealing with argument selec-
tion information (Flickinger 1987: 20). Figure 4 is a simple illustration based on
Ginzburg & Sag (2000: 20).

lexeme

| PART-OF-SPEECH | | ARG-SELECTION |

v-Ix ... ... ... intr-lx

s-rsg-lx

srv-Ix

Figure 4: Cross-classification of lexemes

Upper case letters are used for the two dimensions of classification, and v-Ix,
intr-Ix, s-rsg-lx, and srv-Ix abbreviate verb-lexeme, intransitive-lexeme, subject-
raising-lexeme, and subject-raising-verb-lexeme, respectively. All these types will
be subject to specific constraints. For example, v-Ix will be subject to something
like the following constraint, based on that in Ginzburg & Sag (2000: 22):

@1) vlx = [HEAD verb ]

ARG-ST (XP, ...)

This says that a verb lexeme has a verb part of speech and requires a phrase of
some kind as its first (syntactic) argument (corresponding to its subject). Simi-
larly, we will have something like the following constraint for s-rsg-Ix:

(22) s-rsg-lx = [ARG—ST ( [SUBJ ()] >]

This says that a subject-raising-lexeme has (at least) two (syntactic) arguments,
a subject and a complement, and that the subject is whatever the complement
requires as a subject, indicated by [i. Most of the properties of any lexeme will
be inherited from its supertypes. Thus, very little information needs to be listed
for each specific lexeme, and the richness of the lexical description comes from
the classification in a system like this.

18
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For example, for a subject-raising verb like seem, its cAT and CONTENT features
are the following, using a simplified version of Minimal Recursion Semantics
(MRS; Copestake et al. 2005): REL(ATION)s is the attribute for the list of elemen-
tary predications associated with a word, a lexeme, or a phrase, and soa is for
state-of-affairs (see Koenig & Richter 2021, Chapter 22 of this volume). Seem takes
an infinitival VP complement.?* Notice that the first syntactic argument (the sub-
ject) is not mentioned in the CONTENT, i.e. it is not assigned a semantic role by
seem (see Abeillé 2021: Section 1, Chapter 12 of this volume).

(23) Constraints on type seem-Ix in addition to those inherited from srv-Ix:

seem-Ix = .
seem-rel
SOA

Once these more specific features are combined with features from the type srv-
Ix, we get a more complete AVM like the following for the word seem:

HEAD |VFORM in
CAT |ARG-ST <[],VP [ f]

INDEX

[INDEX s

CONT
RELS

(24) Constraints for the lexeme seem:

seem-Ix
sus; (@)
COMPS <>
CAT HEAD |VFORM inf |
ARG-ST <,VP susj ([D) >
INDEX [3]
[INDEX s
CONT | ¢ <seem—rel]>
SOA [3]

Notice that the susj value is underspecified. Thus, seem combines with an in-
finitival complement and with any subject (nominal or verbal, expletive or ref-
erential), provided this subject is appropriate for the infinitival complement (see
Abeillé 2021: Section 2.1, Chapter 12 of this volume):

(25) a. Kim is/seems to be sleeping.

b. *Kim is/seems to be snowing.

24The entry can be modified to allow predicative complements, as well as a second to complement
(Fohn seems tired/in a good mood to me).
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That he is clever is/seems to be obvious.

c
d. * That he is clever is/seems to be obese.
e. There is/seems to be a problem.

f.

* There is/seems to be in Paris.

4.2 Lexical rules

The hierarchy of lexical types provides one way of capturing lexical generali-
sations. Lexical rules provide another.”> They are used in morphology to relate
lexemes to words (inflection) and lexemes to lexemes (derivation) (see Crysmann
2021: Section 2, 3, Chapter 21 of this volume). For syntax, they are relevant espe-
cially to valence alternations such as that illustrated in the following (see Davis,
Koenig & Wechsler 2021: Section 5.3, Chapter 9 of this volume):

(26)

e

That Kim was late annoyed Lee.
b. That Sandy was there is unimportant.

c. That Lee won impressed everyone.

(27) a. It annoyed Lee that Kim was late.
b. It is unimportant that Sandy was there.

c. It impressed everyone that Lee won.

These show that verbs and adjectives which allow a clausal subject generally
also allow an expletive it subject and a clause as an extra complement (Pollard
& Sag 1994: 150). The lexemes required for the latter use can be derived from the
lexemes required for the former use by a lexical rule of the following form:*

(28) [ARG-sT (S) @ [2]] — [ARG-sT (NP[it]) ®[2]® (S)]

25 exical rules can be seen as a generative device, or alternatively, as a set of well-formedness
conditions on the lexicon: if the lexicon contains items with description x, it must also contain
items with description y (Meurers 2001). See also Davis & Koenig (2021: Section 5), Chapter 4
of this volume.

26 Another representation of lexical rules is an AVM with features INPUT and oUTPUT, or with the
left hand side as a daughter. As for (27), assuming that both clauses and VPs have a verbal head,
it easily extends to infinitival subjects, to accommodate pairs of examples like the following:

(i) a. Toannoy Lee is easy.

b. Itis easy to annoy Lee.

Clauses introduced by that are sometimes considered as CPs in HPSG (see Section 7), with
verbs and complementisers as two subtypes of verbal.
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The active-passive relation can be captured by a similar lexical rule (Flickinger
1987: Section 5.1.1). Since these rules do not change the coNTENT feature, these
alternations will preserve the meaning of the verb or adjective lexeme (see Davis
& Koenig 2021, Chapter 4 of this volume). Thus, the sentences in (27) will have a
different syntactic structure from their counterparts in (26), but may have the
same semantic representation (they will probably have different information
structures, thus different coNTEXT features; see De Kuthy (2021), Chapter 23
of this volume on information structure).

5 Syntax

As noted above, the type phrase, its subtypes, and the constraints on them are at
the heart of the syntax of a language.?’” A simple hierarchy of phrase types was
assumed in early HPSG, but what we have called Constructional HPSG employs
complex hierarchies of phrase types comparable to the complex hierarchies of
lexical types employed in the lexicon.

5.1 A hierarchy of phrase types

Like much other work in syntax, HPSG takes from X-bar theory (Jackendoff 1977)
the idea that the local trees that make up syntactic structures fall into a limited
number of types. Like Jackendoff (1977), and unlike Minimalism, HPSG assumes
that not all phrases are headed, even if many are, and does not limit the term head
to lexical elements. Thus, among phrases there is a basic distinction between non-
headed phrases and headed phrases. There are various kinds of headed phrase.
We will consider three here. First there are head-complement phrases: combi-
nations of a head and its complements. These can be headed by various parts
of speech — verbs, prepositions, adjectives, nouns, and others — and may have
one complement or more than one. Next, there are head-subject phrases. Typi-
cally, the head of such a phrase is a VP. However, the bracketed material in the
following may well be head-subject phrases with a non-verbal head.

(29) With [Kim ill/in London/a candidate], anything is possible.

Finally, there are head-filler phrases: clauses in which an initial constituent is
associated with a gap in the following constituent. Wh-interrogatives and wh-
relatives, such as the bracketed material in the following, are typical examples.

27 As noted in Footnote 18, constraints on synsem objects and PHON values are relevant to phrases
as they are to lexemes and words.
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(30) a. I'm wondering [who I talked to].
b. This is the official [who I talked to].

All this suggests the simple type hierarchy in Figure 5. Each of these types is
associated with a constraint capturing its distinctive properties.

phrase

/\

non-headed-ph  headed-ph

e

hd-comp-ph  hd-subj-ph  hd-filler-ph
Figure 5: A hierarchy of types of phrases

Consider first the type headed-ph. Here we need a constraint capturing what
all headed phrases have in common. This is essentially that they have a head,
with which they share certain features. But what features? One view is that
the main features that are shared are those that are the value of HEAD. This
is embodied in the following constraint, which is known as the Head Feature
Principle:?

HEAD

(31)  headed-ph = [HEAD-DTR [rEAD D]

Each of the three subtypes of headed-ph is subject to a constraint embodying its
distinctive properties. Here is a constraint on the type hd-comp-ph (with sYNSEM
abbreviated as ss):

HD-DTR

word
comps (2], ..., [@)
DTRS <, [SS ], - [SS ]>

(32) hd-comp-ph =

This ensures that a head-complement phrase has a word as a head daughter and
non-head daughters with the synsem properties that appear in the head’s comps
list.2? Notice that nothing is said about the syNsEM value of the phrase. It will be

28HEAD here is an abbreviation for sSYNSEM|LOC|CAT|HEAD. In later implicational constraints, we

abbreviate SYNSEM|LOC|CAT|cOMPS as COMPS and SYNSEM|LOC|CAT|SUBJ as SUBJ.
29The head could be identified as a [LEX +], [LIGHT +], or [WEIGHT light] phrase, to accommodate
coordination of heads as in John [knows and likes] this record (Abeillé 2006: Section 5.1).
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[comps ()], as required by the constraint in (11), and it will have the same value
for HEAD as the head daughter as a consequence of the Head Feature Principle. It
must also have the same value for susj as the head daughter. One might add this
to the constraint in (32), but that would miss a generalisation. Head-complement
phrases are not the only phrases which have the same value for suBj as their head.
This is also a feature of head-filler phrases, as we will see below. It seems, in fact,
that it is normal for a phrase to have the same value for any valence feature as
its head. This is often attributed to the Valence Principle, which can be stated
informally as follows (cf. Sag & Wasow 1999: 86):

(33) Unless some constraint says otherwise, the mother’s values for the valence
features are identical to those of the head daughter.

There is no assumption in HPSG that all branching is binary.>’ Hence, where
a head takes two complements, both may be its sisters. An example of the sort
of structures that the analysis licenses is illustrated in Figure 6.

hd-comp-ph
HEAD [1] verb
SUBJ (NP)

comps ()
word NP PP
HEAD
SUBJ

coms ([3], [])

give some money to charity

Figure 6: A tree for a head-complement phrase

Instead of the Head Feature Principle and the Valence Principle, Ginzburg &
Sag (2000: 33) propose the Generalised Head Feature Principle, which takes the
following form:

30However, binary branching has been assumed in HPSG grammars for a number of languages.
See Miller (2021b: Section 3), Chapter 10 of this volume.
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SYNSEM /

(34)  headed-ph= |~ = [synsEm /[T

The slashes (/) here indicate that this is a default constraint (Lascarides & Cope-
stake 1999). Thus, it says that a headed phrase and its head daughter have the
same SYNSEM value unless some other constraint requires something different.
In versions of HPSG which assume this constraint, it is responsible for the fact
that a head-complement phrase has the same value for susj as the head daughter,
among many other things.

We turn now to the type hd-subj-ph. Here we need a constraint which men-
tions the synseEwm value of the phrase — more precisely, its suBy value — and not
just the daughters, as follows:

suBj ()
SUBJ ()

comps ()

prrs  ([synsem [2]], @)

(35) hd-subj-ph = |HD-DTR (1]

This ensures that a head-subject phrase is [suBy ()] and has a head daughter
which is [comps ()] and a non-head daughter with the synsem properties that
appear in the head’s suy list.®! It licenses structures like that in Figure 7.

Finally, we consider the type hd-filler-ph. This involves the feature sLAsH, one
of the features contained in the value of the feature NOoNLOCAL introduced ear-
lier in (9). Its value is a set of local objects, and it encodes information about
unbounded dependency gaps (see Borsley & Crysmann 2021, Chapter 13 of this
volume). Here is the relevant constraint:?

SLASH
comps ()

sLasH {B]} U
prrs  ([rocar ][, 2])

(36)  hd-filler-ph = |HD-DTR 2]

Snstead of requiring the head to be [comps ()], one might require it to be a phrase (which would
be required by (11) to be [comps ()]). However, this would require e.g. laughed in Kim laughed
to be analysed as a phrase consisting of a single word. With (35), it can be analysed as just a
word.

32We use U for set union. Notice that the mother category does not have to have an empty
sLAsH list, thus allowing for multiple extractions (Paul, who could we talk to about? where Paul
is understood as object of about and who as object of to).

24



1 Basic properties and elements

hd-subj-ph
HEAD [1] verb
suBj ()
comps ()

N_DTR

21 NP hd-comp-ph
HEAD
SUBJ <>
coMmPs ()

They give some money to charity

Figure 7: A tree for a head-subject phrase

This says that a head-filler phrase has a head daughter with a sLasH set which is
the sLAsH set of the head-filler phrase plus one other local object, and a non-head
daughter, whose LocaL value is the additional local object of the head daughter.
is normally the empty set.*® Figure 8 illustrates a typical head-filler phrase.

Notice that the head daughter in a head-filler phrase is not required to have
an empty suBj list (it is not marked as [suBjy ()]) and hence does not have to be
a head-subject phrase. It can also be a head-complement phrase (a VP), as in the
following:

(37) T'm wondering [who [to talk to]].

Either the Valence Principle or the Generalised Head Feature Principle will en-
sure that a head-filler phrase has the same value for susj as its head daughter.
The constraints that we have just discussed are rather like phrase structure
rules. This led Ginzburg & Sag (2000: 33) to use an informal notation which re-
flects this. This involves the phrase type on the first line followed by a colon,
and information about the phrase itself and its daughters on the second line sep-

33 As with (35), one might substitute phrase here for [comps ()]. But this would mean that to in
I would do it but I don’t know how to must be analysed as a phrase containing a single word.
With (36), it can be just a word.
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[ hd-filler-ph
HEAD [1] verb
suBy ()
comps ()

sLAsH {}

N-DTR

NP[rocaL2l]  [hd-subj-ph ]
HEAD
suBj ()
comps )

stasH {21}

/N

who I talked to

Figure 8: A tree for a head-filler phrase

arated by an arrow and with the head daughter identified by “H”. Thus, instead
of (38a), one has (38b).

SYNSEM X
(38) a. phrase = |DTRS < Y, Z>
HD-DTR

b. phrase:
X — H[Y], Z

Notice that while the double arrow in (38a) has the normal “if-then” interpreta-
tion, the single arrow in (38b) means “consists of”. In some circumstances, this
informal notation may be more convenient than the more formal notation used
in (38a).

In the preceding discussion, we have ignored the semantics of the phrase. Leav-
ing aside quantification and other complex matters, and assuming INDEX and
REL(ATION)s as in MRS (as shown in (23) above), the CONTENT of a headed phrase
can be handled via two semantic principles: a coindexing principle (the INDEx of
a headed phrase is the INDEX of its HEAD-DTR) and a “compositionality” principle
(the RELS of a phrase is the concatenation of the RELs of its DTRs; Copestake et al.
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2005: Section 4.3.2, Section 5; Koenig & Richter 2021: Section 6.1, Chapter 22 of
this volume).

The type hierarchy in Figure 5 is simplified in a number of respects. It includes
no non-headed phrases.® It also ignores various other subtypes of headed-phrase,
some of which are discussed in the next section. Most importantly, it is widely
assumed that the type phrase, like the type lexeme, can be cross-classified along
two dimensions, one dealing with head-dependent relations and the other deal-
ing with the properties of various types of clauses. A simplified illustration is
given in Figure 9.

phrase

HEADEDNESS CLAUSALITY

headed-phrase clause  non-clause

o AN

head-filler-phrase  interr-cl

wh-interr-cl

Figure 9: Cross-classification of phrases

Here wh-interr-cl is identified as a subtype of head-filler-phrase and a subtype
of interr(ogative)-cl. As such, it has both the properties required by the constraint
in (36) and certain properties characteristic of interrogative clauses, most obvi-
ously interrogative semantics.

5.2 Constituency and constituent order

We must now say something about constituent order. In much HPSG work, this
is a matter of phonology: more precisely, a matter of the relation between the
PHON value of a phrase and the pHON values of its daughters.>> Consider, for
example, a phrase with two daughters, each with its own pHON value. The pHON
value of the phrase will be the concatenation of the PHON values of the daughters.

34The most important type of non-headed phrase is coordinate structure. See Abeillé & Chaves
(2021), Chapter 16 of this volume for discussion.

3 As discussed in Section 7.1, in some HPSG work, linear order is a property of so-called order
domains, which essentially mediate constituent structure and phonology (see Miiller 2021b:
Section 6, Chapter 10 of this volume).
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Clearly, they can be concatenated in two ways as in (39), or their order may be
left unspecified for “free” word order:®

3 PHON [1] ®
(B9 a | ks ([peon [, [pHON [2]] )

PHON 2| ®
pTRs ([PHON [, [PHON [2]])

Within this approach, the following English and Welsh examples might have
exactly the same analysis (a head-adjunct phrase) except for their pHON values:

(40) a. black sheep

b. defaid du
sheep.pL black

‘black sheep’

Similarly, a prepositional phrase in English and a postpositional phrase in Japa-
nese might have the same analysis (a head-complement phrase) apart from their
PHON values. Ordering rules are constraints on phrasal types. They are com-
monly written with < (“precedes”). Thus, languages with head-complement or-
der might have the rule in (41a), and languages with complement-head order the
rule in (41b).

(41) a [COMPS (, [, ...>]<[SYNSEM ]
b. [synsem(d]<[coms (... [T ...)]

But it should be remembered that ordering rules are well-formedness constraints
on structures built with certain concatenations of pPHON values as in (39).%’

Not all pairs of expressions which might be seen as differing just in word order
have the same analysis apart from their pHON values. Consider, for example, the
following:

(42) a. Kimis late.
b. Is Kim late?

36Unspeciﬁed means any combination of [1] and [2] using the shuffle operation: [1] O [2]. (see
footnote 21)

37 An alternative notation, provided different daughters are distinguished with different names,
could be:

(i) a. HD-DTR < COMPS-DTRS

b. COMPS-DTRS < HD-DTR
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Here, we have a declarative and a related interrogative. They differ semantically
and in word order, but for most work in HPSG, they also differ in their syntactic
structures. (42a) is a head-subject phrase much like that in Figure 7. Clauses like
(42b), on the other hand, are standardly seen as ternary branching phrases in
which both the subject and the complement are a sister of the auxiliary (Pollard
& Sag 1994: 40). This requires an additional phrase type, which might be called
head-subject-complement-phrase.®

6 Further syntactic structures

Head-complement phrases, head-subject phrases, and head-filler phrases are per-
haps the most important types of syntactic structures, but there are others that
are of considerable importance. Here we will say something about three of them:
head-adjunct phrases, head-specifier phrases, and head-marker phrases.

6.1 Adjuncts

Adverbs, adverbial PPs within VPs, attributive adjectives, and relative clauses
within NPs are commonly viewed as adjuncts. Thus, the following illustrate
head-adjunct phrases (with the head following the adjunct in (43a) and (43c) and
preceding in (43b) and (43d)):

(43) Kim [slowly [read the book]]
Kim [[met Lee] in the pub]

a [new [book about syntax]]

o TP

d. a [[book about syntax] which impresses everyone]

In much HPSG work, adjuncts select the heads they combine with through a fea-
ture MoD(1F1ES) whose value is a synsem object, while other signs are [MoD none].
Thus, (43a) involves the schematic structure in Figure 10.

In the case of adverbs, adverbial PPs, and attributive adjectives, it is a simple
matter to assign an appropriate value to MoD, and this value can be underspec-
ified to account for the polymorphism of certain adverbs which can modify all
(major) categories (Abeillé & Godard 2003: 28-29). In the case of relative clauses,
it is more complex because the value of MoD must be coindexed with the wh-
element, if there is one, or the gap, if there isn’t. In (43d), this is reflected in the

33In Ginzburg & Sag (2000: 36), it is called sai-phrase. In some HPSG work, e.g. Sag et al. (2003:
409-414), examples like (42b) are analysed as involving an auxiliary verb with two comple-
ments and no subject. This approach has no need for an additional phrase type, but it requires
an alternative valence description for auxiliary verbs.
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hd-adj-ph
HEAD [1] verb
SUBJ (NP)
comps ()

M_DTR

Adv [MOD ] hd-comp-ph
HEAD
SUBJ
comps ()

T~

slowly read the book

Figure 10: A tree for a head-adjunct phrase

fact that the verb in the relative clause is the singular impresses and not the plural
impress. See Borsley & Crysmann (2021), Chapter 13 of this volume and Arnold
& Godard (2021), Chapter 14 of this volume for some discussion.

Notice also that in head-adjunct phrases, the adjunct is not a syntactic head,
but may well be the semantic head. This is an example of the difference between
syntactic head and semantic head, and between syntactic argument and semantic
argument in HPSG.

Although an adjunct analysis of adverbial PPs seems quite natural, it has been
argued in some HPSG work that they are in fact optional complements of verbs
(see e.g. Abeillé & Godard 1997; Bouma et al. 2001: 4; Ginzburg & Sag 2000: 168,
Footnote 2). On this view, in the pub in (43b) is much like the same phrase in (44),
where it is clearly a (predicative) complement:

(44) Kim is in the pub.

Various arguments have been advanced for this position, but it is controversial
and it is rejected by Levine (2003), Levine & Hukari (2006: Chapter 3), and Chaves
(2009). There is an unresolved issue here.>’

391t has been argued that some adverbs and PPs are adjuncts and others are complements, de-
pending on word order, case, and so on. (see, for example, Przepiérkowski 1999, Hassamal &
Abeillé 2014, and Kim 2021: Section 2.3, Chapter 18 of this volume).
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6.2 Specifiers and markers

As noted earlier, some HPSG work assumes a feature sPR (SPECIFIER) which is
realised by various categories. In some work, subjects are analysed as specifiers
(Sag, Wasow & Bender 2003: 100-103), but in other approaches, they are reali-
sations of a suBJ(EcT) feature, as discussed in the last section. For some HPSG
work, e.g. Pollard & Sag (1994: Section 9.4) and Sag et al. (2003: Section 4.3), de-
terminers within NPs are an important example of specifiers. On this view, the
pub has the schematic structure in Figure 11.

hd-spr-ph
HEAD [1] noun
sPR ()

CcoMPS ()

/\D-DTR

[2] Det word
HEAD
SPR <>

COMPS ()

the pub
Figure 11: A tree for a head-specifier phrase

Some recent work, e.g. Sag (2012: 84), has adopted a rather different view of
at least some determiners, namely that they are what are known as markers,
a notion first introduced in Pollard & Sag (1994: Section 1.6). These are non-
heads which select the head that they combine with through a seLecT feature
(Van Eynde 1998; Van Eynde 2021: Section 2.3, Chapter 8 of this volume) but
determine the MARKING value of their mother. Within this approach, the pub has
the schematic structure in Figure 12.4°
A marker analysis was originally proposed for complementisers. However,

they have also been analysed as heads within HPSG, e.g. in Sag (1997: 456-458)

40Work which assumes the SELECT feature also uses it instead of MoD for adjuncts and considers
both markers and adjuncts to be “functors” (Van Eynde 1998; Van Eynde 2021: Section 2.3.2,
Chapter 8 of this volume).
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hd-mark-ph
HEAD noun
comps ()

MARKING

/\mDTR

[SELECT } word

MARKING [2] the HEAD
comps ()

MARKING none

the pub

Figure 12: A tree for a head-functor phrase
and Ginzburg & Sag (2000: Section 2.8). There is no consensus here.

7 Further topics

There are many other aspects of HPSG that could be discussed in this chapter,
but we will focus on just two: what are known as order domains, and the distin-
guishing properties of the SBCG version of HPSG.

7.1 Order domains

We noted above that much HPSG work views word order as a matter of phonol-
ogy, specifically a matter of the relation between the pHON value of a phrase and
the pHON values of its daughters (see Milller 2021b, Chapter 10 of this volume).
Some work in HPSG argues that this is too simple in that it ties the observed
order too closely to constituent structure. Consider the following examples:

(45) a. A man who looked like Churchill came into the room.

b. A man came into the room who looked like Churchill.

One might assume that these show different observed orders because they have
different structures (Kiss 2005), but one might also want to claim that they have
the same constituent structure (Kathol & Pollard 1995). This is possible if the
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observed order is not a simple reflection of constituent structure. Much work in
HPSG has proposed that the observed order is a reflection not of the constituent
structure of an expression but of a separate system of order domains (see Reape
1994; Miiller 1996; Kathol 2000). Within this approach, ordering rules may or-
der non-sister elements, as long as they belong to the same order domain: the
constituent structure of an expression can be encoded as the value of a DTRS
(DAUGHTERS) feature and the order domain as the value of a pom(aIN) feature.
Adopting this position, one might propose that (45b) has the schematic analysis
in (46).

SYNSEM S
(46) |DTRS ([a man who looked like Churchill],[came into the room])

DOM ([a man],[came into the room],[who looked like Churchill]>

Here the clause has two daughters but three domain elements. The simpler ex-
ample in (45a) will have two daughters and two domain elements.

It is worth noting that this approach allows a different analysis for interroga-
tives like (42b). It would be possible to propose an analysis in which they have
two daughters and three domain elements as follows:

SYNSEM S
(47) |prRs ([Kim],|is late])
DOM ([is],[Kim],[late])

As far as we are aware, no one has proposed such an analysis for English inter-
rogatives, but essentially this analysis is proposed for German interrogatives in
Kathol (2000: 81).4!

Order domains seem most plausible as an approach to the sorts of disconti-
nuity that are found in so-called nonconfigurational languages such as Warlpiri
(Donohue & Sag 1999). However, they may well have a role to play in more fa-
miliar languages (Bonami et al. 1999; Chaves 2014). But exactly how much of a
role they should play in syntax is an unresolved matter.

One might wonder whether a version of HPSG that includes order domains
is still a monostratal framework. It remains a framework in which linguistic ex-
pressions have a single constituent structure. However, it does have a second
important level of representation, which makes available a variety of analyses

4IKathol (2000) assumes that order domains are divided into topological fields and shows how
this idea allows an interesting approach to various aspects of clausal word order. See Borsley
(2006) for an application of this idea to negation.
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which would otherwise not be possible. Whether the framework is still monos-
tratal depends on how exactly the term is used. We will not take a stand on
this.

7.2 Sign-Based Construction Grammar

The SBCG version of HPSG will be discussed in some detail in the next chapter
(Flickinger, Pollard & Wasow 2021: 68-70), in the chapter on unbounded depen-
dencies (Borsley & Crysmann 2021: Section 10), and in the chapter on HPSG and
Construction Grammar (Miiller 2021c: Section 1.3.2). Here we will just highlight
the central difference between this approach and earlier work. The term “con-
struction” is widely used in connection with the earlier Constructional HPSG,
but within that work, constructions are just types of sign. In contrast, for SBCG,
signs and constructions are quite different objects.

For SBCG, constructions are objects which associate a MTR (MOTHER) sign with
a list of DAUGHTER signs, one of which is a HEAD-DAUGHTER in a headed con-
struction. Thus, constructions take the form in (48a) and headed-constructions
the form in (48b):

[ex

(48) a. |MTR sign
DTRS list(sign)
headed-cx

MTR sign
DTRs list(sign)
HD-DTR Sign

Constructions are utilised by the Sign Principle, which can be formulated as fol-
42

lows:
(49) Signs are well formed if either (a) they match some lexical entry, or (b)
they match the mother of some construction.

Constructions and the Sign Principle are properties of SBCG which are lacking
in earlier work. Essentially, then, they are complications. But they allow simpli-
fications. In particular, they mean that signs do not need to have the features
DTRS and HD-DTR. This in turn allows the framework to dispense with the fea-
ture sYNSEM and the type synsem. These elements are necessary in earlier HPSG

42Lexical rules are analysed in SBCG as lexical constructions. Thus, (b) covers derived words as
well as phrases.
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because taking the value of comps to be a list of signs would incorrectly predict
that heads may select complements not just with specific syntactic and seman-
tic properties, but also with specific kinds of internal structure. For example, it
would allow a verb to select as its complement a phrase whose head has a specific
type of complement. To exclude this possibility, earlier versions of HPSG seem to
need syNseEM and synsem (Pollard & Sag 1994: 23). In SBCG, it is excluded by the
assumption that signs do not have the features DTRs and HD-DTR, and so SYNSEM
and synsem are unnecessary. Thus, SBCG is both more complex and simpler than
earlier versions of the framework. This means that considerations of simplicity
do not obviously favour or disfavour the approach.

8 Concluding remarks

In the preceding pages, we have spelled out the basic properties of HPSG and the
assumptions it makes about the nature of linguistic analyses and the conduct of
linguistic research. We have looked at the types, features, and constraints that are
the building blocks of HPSG analyses. We have also outlined the HPSG approach
to the lexicon and the basics of its approach to syntax, and we have considered
some of the main types of syntactic structure. Finally, we have discussed order
domains and SBCG. More can be learned about all of these matters in the chapters
that follow.
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Chapter 2
The evolution of HPSG

Dan Flickinger
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HPSG was developed to express insights from theoretical linguistics in a precise
formalism that was computationally tractable. It drew ideas from a wide variety
of traditions in linguistics, logic, and computer science. Its chief architects were
Carl Pollard and Ivan Sag, and its most direct precursors were Generalized Phrase
Structure Grammar and Head Grammar. The theory has been applied in the con-
struction of computational systems for the analysis of a variety of languages; a few
of these systems have been used in practical applications. This chapter sketches
the history of the development and application of the theory.

1 Introduction

From its inception in 1983, HPSG was intended to serve as a framework for the
formulation and implementation of natural language grammars which are (i) lin-
guistically motivated, (ii) formally explicit, and (iii) computationally tractable.
These desiderata are reflective of HPSG’s dual origins as an academic linguis-
tic theory and as part of an industrial grammar implementation project with an
eye toward potential practical applications. Here (i) means that the grammars
are intended as scientific theories about the languages in question, and that the
analyses the grammars give rise to are transparently relatable to the predictions
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(empirical consequences) of those theories. Thus HPSG shares the general con-
cerns of the theoretical linguistics literature, including distinguishing between
well-formed and ill-formed expressions and capturing linguistically significant
generalizations. (ii) means that the notation for the grammars and its interpre-
tation have a precise grounding in logic, mathematics, and theoretical computer
science, so that there is never any ambiguity about the intended meaning of a
rule or principle of grammar, and so that grammars have determinate empiri-
cal consequences. (iii) means that the grammars can be translated into computer
programs that can handle linguistic expressions embodying the full range of com-
plex interacting phenomena that naturally occur in the target languages, and can
do so with a tolerable cost in space and time resources.

The two principal architects of HPSG were Carl Pollard and Ivan Sag, but
a great many other people made important contributions to its development.
Many, but by no means all, are cited in the chronology presented in the follow-
ing sections. There are today a number of groups of HPSG researchers around
the world, in many cases involved in building HPSG-based computational sys-
tems. While the number of practitioners is relatively small, it is a very active
community that holds annual meetings and publishes quite extensively.! Hence,
although Pollard no longer works on HPSG and Sag died in 2013, the theory is
very much alive, and still evolving.

2 Precursors

HPSG arose between 1983 and 1985 from the complex interaction between two
lines of research in theoretical linguistics: (i) work on context-free Generative
Grammar (CFQG) initiated in the late 1970s by Gerald Gazdar and Geoffrey Pullum,
soon joined by Ivan Sag, Ewan Klein, Tom Wasow, and others, resulting in the
framework referred to as Generalized Phrase Structure Grammar (GPSG: Gazdar,
Klein, Pullum & Sag 1985); and (ii) Carl Pollard’s Stanford dissertation research,
under Sag and Wasow’s supervision, on Generalized Context-Free Grammar, and
more specifically Head Grammar (HG: Pollard 1984).

2.1 Generalized Phrase Structure Grammar

In the earliest versions of Generative Grammar (Chomsky 1957), the focus was
on motivating transformations to express generalizations about classes of sen-
tences. In the 1960s, as generative linguists began to attend more explicitly to

ISee https://hpsg.hu-berlin.de/HPSG-Bib/ for a list of HPSG publications.
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meaning, a division arose between those advocating using the machinery of
transformations to capture semantic generalizations and those advocating the
use of other types of formal devices. This division became quite heated, and was
subsequently dubbed “the linguistic wars” (see Newmeyer 1980: Chapter 5; Har-
ris 1993). Much of the work in theoretical syntax and semantics during the 1970s
explored ways to constrain the power of transformations (see especially Chom-
sky 1973 and Chomsky & Lasnik 1977), and non-transformational approaches to
the analysis of meaning (see especially Montague 1974 and Dowty 1979).

These developments led a few linguists to begin questioning the central role
transformations had played in syntactic research of the preceding two decades
(notably, Bresnan 1978). This questioning of Transformational Grammar (TG)
culminated in a series of papers by Gerald Gazdar, which (in those pre-internet
days) were widely distributed as paper manuscripts. The project that they laid
out was succinctly summarized in one of Gazdar’s later publications as follows:

Consider eliminating the transformational component of a generative gram-
mar. (Gazdar 1981: 155)

The framework that emerged became known as Generalized Phrase Structure
Grammar; a good account of its development is Ted Briscoe’s interview of Gazdar
in November 2000.?

GPSG developed in response to several criticisms leveled against transforma-
tional grammar. First, TG was highly underformalized, to the extent that it
was unclear what its claims—and the empirical consequences of those claims—
amounted to; CFG, by comparison, was a simple and explicit mathematical for-
malism. Second, given the TG architecture of a context-free base together with a
set of transformations, the claimed necessity of transformations was standardly
justified on the basis of arguments that CFGs were insufficiently expressive to
serve as a general foundation for natural language (NL) grammar; but Pullum &
Gazdar (1982) showed all such arguments presented up to that time to be logi-
cally flawed or else based on false empirical claims. And third, closely related
to the previous point, they showed that transformational grammarians had been
insufficiently resourceful in exploiting what expressive power CFGs did possess,
especially through the use of complex categories bearing features whose values
might themselves bear features of their own. For example, coordinate construc-
tions and unbounded dependency constructions had long served as prime exem-
plars of the need for transformations, but Gazdar (1981) was able to show that

Zhttps://nlp.fi.muni.cz/~xjakub/briscoe-gazdar/, 2021-01-15.
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both kinds of constructions, as well as interactions between them, did in fact
yield straightforward analyses within the framework of a CFG.

Gazdar and Pullum’s early work in this vein was quickly embraced by Sag
and Wasow at Stanford University, both formally inclined former students of
Chomsky’s, who saw it as the logical conclusion of a trend in Chomskyan syn-
tax toward constraining the transformational component. That trend, in turn,
was a response, at least in part, to (i) the demonstration by Peters & Ritchie
(1973) that Chomsky’s (1965) Standard Theory, when precisely formalized, was
totally unconstrained, in the sense of generating all recursively enumerable lan-
guages; and (ii) the insight of Emonds (1976) that most of the transformations
proposed up to that time were “structure-preserving” in the sense that the trees
they produced were isomorphic to ones that were base-generated. Besides di-
rectly addressing these issues of excess power and structure preservation, the
hypothesis that NLs were context-free also had the advantage that CFGs were
well-known by computer scientists to have decidable recognition problems and
efficient parsing algorithms, facts which seemed to have some promise of bear-
ing on questions of the psychological plausibility and computational tractability
of the grammars in question.

Aside from serving as a framework for theoretical linguistic research, GPSG
also provided the theoretical underpinnings for a natural language processing
(NLP) project established in 1981 by Egon Loebner at Hewlett-Packard Labora-
tories in Palo Alto. This project, which led in due course to the first computer
implementation of HPSG, is described below.

2.2 Head Grammar

Pollard, with a background in pure mathematics, Chinese historical phonology,
and 1930s-1950s-style American structural linguistics, arrived at Stanford in 1979
with the intention of getting a PhD in Chinese linguistics, but was soon won over
to theoretical syntax by Wasow and Sag. He had no exposure to Chomskyan
linguistics, but was immediately attracted to the emerging nontransformational
approaches, especially the early GPSG papers and the contemporaneous forms
of CG in Bach (1979; 1980) and Dowty (1982a; 1982b), in part because of their
formal simplicity and rigor, but also because the formalism of CFG was (and is)
easy to read as a more technically precise rendering of structuralist ideas about
syntax (as presented, e.g., in Bloomfield 1933 and Hockett 1958).

Although Pullum & Gazdar (1982) successfully refuted all published arguments
to date that CFGs were inadequate for analyzing NLs, by the following year, Stu-
art Shieber had developed an argument (published in Shieber 1985), which was
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(and remains) generally accepted as correct, that there could not be a CFG that
accounted for the cross-serial dependencies in Swiss German; and Chris Culy
showed, in his Stanford M.A. thesis (cf. Culy 1985), that the presence of redu-
plicative compounding in Bambara precluded a CF analysis of that language. At
the same time, Bach and Dowty (independently) had been experimenting with
generalizations of traditional A-B (Ajdukiewicz-Bar Hillel) CG which allowed for
modes of combining strings (such as reduplication, wrapping, insertion, cliticiza-
tion, and the like) in addition to the usual concatenation. This latter development
was closely related to a wider interest among nontransformational linguists of
the time in the notion of discontinuous constituency, and also had an obvious
affinity to Hockett’s (1954) item-and-process conception of linguistic structure,
albeit at the level of words and phrases rather than morphemes. One of the prin-
cipal aims of Pollard’s dissertation work was to provide a general framework for
syntactic (and semantic) analysis that went beyond—but not too far beyond—the
limits of CFG in a way that took such developments into account.

Among the generalizations of CFG that Pollard studied, special attention was
given to HGs, which differ from CFGs in two respects: (i) the role of strings was
taken over by headed strings, essentially strings with a designation of one of its
words as its head; and (ii) besides concatenation, headed strings can also be com-
bined by inserting one string directly to the left or right of another string’s head.
An appendix of his dissertation (Pollard 1984: Appendix 1) provided an analysis of
discontinuous constituency in Dutch, and that analysis also works for Swiss Ger-
man. In another appendix, Pollard used a generalization of the CKY algorithm
to prove that the head languages (HLs, the languages analyzed by HGs) shared
with CFLs the property of deterministic polynomial time recognition complex-
ity, but of order n’, subsequently reduced by Kasami, Seki & Fujii (1989) to n®, as
compared with order n® for CFLs. For additional formal properties of HGs, see
Roach (1987). Vijay-Shanker & Weir (1994) proved that HGs had the same weak
generative capacities as three other grammar formalisms — Combinatory Cat-
egorial Grammar (Steedman 1987; Steedman 1990), Lexicalized Tree-Adjoining
Grammar (Shabes 1990), and Linear Indexed Grammar (Gazdar 1988) — and the
corresponding class of languages became known as mildly context sensitive.

Although the handling of linearization in HG seems not to have been pur-
sued further within the HPSG framework, the ideas that (i) linearization had
to involve data structures richer than strings of phoneme strings, and (ii) the
way these structures were linearized had to involve operations other than mere
concatenation, were implicit in subsequent HPSG work, starting with Pollard &
Sag’s (1987: 169) Constituent Order Principle (which was really more of a promis-
sory note than an actual principle). These and related ideas would become more
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fully fleshed out a decade later within the linearization grammar avatar of HPSG
developed by Reape (1996), Reape (1992), Kathol (1995; 2000), and Miiller (1995;
1996; 1999; 2004). (See also Miller (2021b: Section 6), Chapter 10 of this volume
on linearization approaches in HPSG.) On the other hand, two other innovations
of HG, both related to the system of syntactic features, were incorporated into
HPSG, and indeed should probably be considered the defining characteristics of
that framework, namely the list-valued suBcat and siLasH features, discussed
below.

3 The HP NL project

Work on GPSG culminated in the 1985 book Generalized Phrase Structure Gram-
mar by Gazdar, Klein, Pullum, and Sag. During the writing of that book, Sag
taught a course on the theory, with participation of his co-authors. The course
was attended not only by Stanford students and faculty, but also by linguists
from throughout the area around Stanford, including the Berkeley and Santa
Cruz campuses of the University of California, as well as people from nearby
industrial labs. One of the attendees at this course was Anne Paulson, a pro-
grammer from Hewlett-Packard (HP) Laboratories in nearby Palo Alto, who had
some background in linguistics from her undergraduate education at Brown Uni-
versity. Paulson told her supervisor at HP Labs, Egon Loebner, that she thought
the theory could be implemented and might be turned into something useful.
Loebner, a multi-lingual polymathic engineer, had no background in linguistics,
but he was intrigued, and invited Sag to meet and discuss setting up a natural lan-
guage processing project at HP. Sag brought along Gazdar, Pullum, and Wasow.
This led to the creation of the project that eventually gave rise to HPSG. Gazdar,
who would be returning to England relatively soon, declined the invitation to be
part of the new project, but Pullum, who had taken a position at the University
of California at Santa Cruz (about an hour’s drive from Palo Alto), accepted. So
the project began with Sag, Pullum, and Wasow hired on a part-time basis to
work with Paulson and two other HP programmers, John Lamping and Jonathan
King, to implement a GPSG of English at HP Labs. J. Mark Gawron, a linguistics
graduate student from Berkeley who had attended Sag’s course, was very soon
added to the team.

The initial stages consisted of the linguists and programmers coming up with a
notation that would serve the purposes of both. Once this was accomplished, the
linguists set to work writing a grammar of English in Lisp to run on the DEC-20
mainframe computer that they all worked on. The first publication coming out
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of this project was a 1982 Association for Computational Linguistics paper. The
paper’s conclusion begins:

What we have outlined is a natural language system that is a direct im-
plementation of a linguistic theory. We have argued that in this case the
linguistic theory has the special appeal of computational tractability (pro-
moted by its context-freeness), and that the system as a whole offers the
hope of a happy marriage of linguistic theory, mathematical logic, and ad-
vanced computer applications. (Gawron et al. 1982: 80)

This goal was carried over into HPSG.

It should be mentioned that the HP group was by no means alone in these con-
cerns. The early 1980s was a period of rapid growth in computational linguistics
(due at least in part to the rapid growth in the power and accessibility of comput-
ers). In the immediate vicinity of Stanford and HP Labs, there were at least two
other groups working on developing natural language systems that were both
computationally tractable and linguistically motivated. One such group was at
the Xerox Palo Alto Research Center, where Ron Kaplan and Joan Bresnan (in
collaboration with a number of other researchers, notably Martin Kay) were de-
veloping Lexical Functional Grammar;’ the other was at SRI International, where
a large subset of SRI’s artificial intelligence researchers (including Barbara Grosz,
Jerry Hobbs, Bob Moore, Hans Uszkoreit, Fernando Pereira, and Stuart Shieber)
worked on natural language. Thanks to the founding of the Center for the Study
of Language and Information (CSLI) at Stanford in the early 1980s, there was a
great deal of interaction among these three research groups. Although some as-
pects of the work being done at the three non-Stanford sites were proprietary,
most of the research was basic enough that there was a fairly free flow of ideas
among the three groups about building linguistically motivated natural language
systems.

Other projects seeking to develop theories combining computational tractabil-
ity with linguistic motivation were also underway outside of the immediate vicin-
ity of Stanford, notably at the Universities of Pennsylvania and Edinburgh. Ar-
avind Joshi and his students were working on Tree Adjoining Grammars (Joshi,
Levy & Takahashi 1975; Joshi 1987), while Mark Steedman and others were de-
veloping Combinatory Categorial Grammar (Steedman 1987; Steedman 1990).

During the first few years of the HP NL project, several Stanford students
were hired as part-time help. One was Pollard, who was writing his doctoral

3For a comparison of HPSG and LFG see (Wechsler & Asudeh 2021, Chapter 30 of this volume).
A handbook of LFG parallel to this handbook is in preparation (Dalrymple 2021).
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dissertation under Sag’s supervision. Ideas from his thesis work played a major
role in the transition from GPSG to HPSG. Two other students who became very
important to the project were Dan Flickinger, a doctoral student in linguistics,
and Derek Proudian, who was working on an individually-designed undergrad-
uate major when he first began at HP and later became a master’s student in
computer science. Both Flickinger and Proudian became full-time HP employees
after finishing their degrees. Over the years, a number of other HP employees
also worked on the project and made substantial contributions. They included
Susan Brennan, Lewis Creary, Marilyn Friedman (now Walker), Dave Goddeau,
Brett Kessler, Joachim Laubsch, and John Nerbonne. Brennan, Walker, Kessler,
and Nerbonne all later went on to academic careers at major universities, doing
research dealing with natural language processing.

The HP NL project lasted until the early 1990s. By then, a fairly large and
robust grammar of English had been implemented. The period around 1990 com-
bined an economic recession with what has sometimes been termed an “Al win-
ter” — that is, a period in which enthusiasm and hence funding for artificial intelli-
gence research was at a particularly low ebb. Since NLP was considered a branch
of Al support for it waned. Hence, it was not surprising that the leadership of
HP Labs decided to terminate the project. Flickinger and Proudian came to an
agreement with HP that allowed them to use the NLP technology developed by
the project to launch a new start-up company, which they named Eloquent Soft-
ware. They were, however, unable to secure the capital necessary to turn the
existing system into a product, so the company never got off the ground.

4 The emergence of HPSG

A few important features of GPSG that were later carried over into HPSG are
worth mentioning here. First, GPSG borrowed from Montague the idea that each
phrase structure rule was to be paired with a semantic rule providing a recipe
for computing the meaning of the mother from the meanings of its daughters
(Gazdar 1981: 156); this design feature was shared with contemporaneous forms
of Categorial Grammar (CG) being studied by such linguists as Emmon Bach
(Bach 1979; 1980) and David Dowty (Dowty 1982a; Dowty 1982b). Second, the
specific inventory of features employed in GPSG for making fine-grained cate-
gorial distinctions (such as case, agreement, verb inflectional form, and the like),
was largely preserved, though the technical implementation of morphosyntactic
features in HPSG was somewhat different. And third, the sLasu feature, which
originated in Gazdar’s (1981) derived categories (e.g. S/NP), and which was used
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to keep track of unbounded dependencies, was generalized in HPSG to allow for
multiple unbounded dependencies (as in the notorious violins-and-sonatas exam-
ple in (1) below). As will be discussed, this sLAsH feature bears a superficial—and
misleading—resemblance to the Categorial Grammar connectives written as ‘/’
and ‘\. On the other hand, a centrally important architectural feature of GPSG
absent from HPSG (and from HG) was the device of metarules, higher-order rules
used to generate the full set of context-free phrase structure rules (PSRs) from an
initial inventory of basic PSRs. Among the metarules were ones used to introduce
non-null sLasH values and propagate them upward through trees to a position
where they were discharged by combination with a matching constituent called
a filler (analogous to a wh-moved expression in TG).

A note is in order about the sometimes confusing use of the names Head Gram-
mar (HG) and HPSG. Strictly speaking, HG was a specific subtype of generalized
CFG developed in Pollard’s dissertation work, but the term HG did not appear in
academic linguistic publications with the exception of the Pollard & Sag (1983)
WCCEFL paper, which introduced the distinction between head features and bind-
ing features (the latter were incorporated into GPSG under the name foot fea-
tures). In the summer of 1982, Pollard had started working part time on the HP
NL project; and the term HPSG was first employed (by Pullum) in reference to
an extensive reworking by Pollard and Paulson of the then-current HP GPSG im-
plementation, incorporating some of the main features of Pollard’s dissertation
work in progress, carried out over the summer of 1983, while much of the HP
NLP team (including Pullum and Sag) was away at the LSA Institute in Los An-
geles. The implication of the name change was that whatever this new system
was, it was no longer GPSG.

Once this first HPSG implementation was in place, the NLP work at HP was
considered to be within the framework of HPSG, rather than GPSG. After Pollard
completed his dissertation, he continued to refer to HG in invited talks as late as
autumn 1984; but his talk at the (December 1984) LSA Binding Theory Sympo-
sium used HPSG instead, and after that, the term HG was supplanted by HPSG
(except in publications by non-linguists about formal language theory). One ad-
ditional complication is that until the Gazdar, Klein, Pullum & Sag (1985) volume
appeared, GPSG and HPSG were developing side by side, with considerable in-
teraction. Pollard, together with Flickinger, Wasow, Nerbonne, and others, did
HPSG; Gazdar and Klein did GPSG; and Sag and Pullum worked both sides of the
street.

HPSG papers, about both theory and implementation, began to appear in 1985,
starting with Pollard’s WCCFL paper Phrase structure grammar without metarules
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(Pollard 1985), and his paper at the Categorial Grammar conference in Tucson
(Pollard 1988), comparing and contrasting HPSG with then-current versions of
Categorial Grammar due to Bach, Dowty, and Steedman. These were followed
by a trio of ACL papers documenting the current state of the HPSG implemen-
tation at HP Labs: Creary & Pollard (1985), Flickinger, Pollard & Wasow (1985),
and Proudian & Pollard (1985). Of those three, the most significant in terms of its
influence on the subsequent development of the HPSG framework was the sec-
ond, which showed how the lexicon could be (and in fact was) organized using
multiple-inheritance knowledge representation; Flickinger’s Stanford disserta-
tion (Flickinger 1987) was an in-depth exploration of that idea.

5 Early HPSG

Setting aside implementation details, early HPSG can be characterized by the
following architectural features:

Elimination of metarules Although metarules were a central feature of GPSG,
they were also problematic: Uszkoreit & Peters (1982) had shown that if metarules
were allowed to apply to their own outputs, then the resulting grammars were
no longer guaranteed to generate CFLs; indeed, such grammars could generate
all recursively enumerable languages. And so, in GPSG, the closure of a set of
base phrase structure rules (PSRs) under a set of metarules was defined in such
a way that no metarule could apply to a PSR whose own derivation involved
an application of that metarule. This definition was intended to ensure that the
closure of a finite set of PSRs remained finite, and therefore still constituted a
CFG.

So, for example, the metarule STM1 was used in GPSG to convert a PSR into
another PSR, one of whose daughters is [+NULL] (informally speaking, a “trace”),
and feature cooccurrence restrictions (FCRs) guaranteed that such daughters
would bear a sLAsH value, and that this sLasu value would also appear on the
mother. Unfortunately, the finite closure definition described above does not
preclude the possibility of derived PSRs whose mother carries multiple, in fact
unboundedly many sLAsH values (e.g. NP/NP, (NP/NP)/NP, etc.). And this in turn
leads to an infinite set of PSRs, outside the realm of CF-ness (see Ristad 1986). Of
course, one could rein in this excess power by imposing another FCR that disal-
lows categories of the form (X/Y)/Z; but then there is no way to analyze sentences
containing a constituent with two undischarged unbounded dependencies, such
as the VP complement of easy in the following example:
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(1) Violins this finely crafted, even the most challenging sonatas are easy to
[play _on _]. (adapted from Pollard & Sag 1994: 169)

GPSG avoided this problem by not analyzing such examples. In HPSG (Pollard
1985), by contrast, such examples were analyzed straightforwardly by replacing
GPSG’s category-valued sLAsH feature with one whose values were lists (or sets)
of categories. This approach still gave rise to an infinite set of rules, but since
maintaining context-freeness was no longer at stake, this was not seen as prob-
lematic. The infinitude of rules in HPSG arose not through a violation of finite
closure (since there were no longer any metarules at all), but because each of
the handful of schematic PSRs (see below) could be directly instantiated in an
infinite number of ways, given that the presence of list-valued features gave rise
to an infinite set of categories.

Lexical rules GPSG, generalizing a suggestion of Flickinger (1983), constrained
metarules to apply only to PSRs that introduced a lexical head. Pollard (1985) took
this idea a step further, noting that many proposed metarules could be reformu-
lated as lexical rules that (among other effects) operated on the subcategoriza-
tion frames (encoded by the suBcart feature discussed below) of lexical entries.
The idea of capturing some linguistic generalizations by means of rules internal
to the lexicon had been explored by generative grammarians since Jackendoff
(1975); and lexical rules of essentially the kind Pollard proposed were employed
by Bach (1983), Dowty (1978), and others working in Categorial Grammar. Exam-
ples of constructions handled by metarules in GPSG but in HPSG by lexical rules
included sentential extraposition, subject extraction, and the passive. Flickinger,
Pollard & Wasow (1985) argued for an architecture for the lexicon that combined
lexical rules with multiple inheritance using a frame-based knowledge represen-
tation system (Minsky 1975), on the basis of both overall grammar simplicity and
efficient, easily modifiable implementation.

CG-like treatment of subcategorization GPSG treated subcategorization us-
ing an integer-valued feature called suBcar that in effect indexed each lexical
item with the rule that introduced and provided its subcategorization frame; e.g.
weep was listed in the lexicon with suBcAT value 1 while devour was listed with
SUBCAT value 2, and then PSRs of roughly the form in (2) guaranteed that lexical
heads would have the right kinds of complements.

(2) VP — V[suBcarT 1]
VP — V[suBcaT 2] NP
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In HPSG, by contrast, the suBcaT feature directly characterized the grammatical
arguments selected by a head (not just the complements, but the subject too) as
a list of categories, so that e.g. weep was listed as V[SUBCAT (NP)] but devour as
V[SUBcAT <NP, NP>] (where the first occurrence of NP refers to the object and
the second to the subject). This treatment of argument selection was inspired
by Categorial Grammar, where the same verbs would have been categorized as
NP\S and (NP\S)/NP respectively;* the main differences are that (i) the CG treat-
ment also encodes the directionality of the argument relative to the head, and
(ii) in HPSG, all the arguments appear on one list, while in CG they are “picked
up” one at a time, with as many connectives (/ or \) as there are arguments. In
particular, as in the CG of Dowty (1982b), the subject was defined as the last ar-
gument, except that in HPSG, “last” now referred to the rightmost position on
the suBcaT list, not to the most deeply embedded connective. In HPSG, this or-
dering of the categories on the suBcAr list was related not just to CG, but also
to the traditional grammatical notion of obliqueness, and also to the accessibility
hierarchy of Keenan & Comrie (1977). See Miiller & Wechsler (2014: Section 4)
for a more detailed discussion of these developments from GPSG to HPSG.

Schematicrules Unlike CFG but like CG, HPSG had only a handful of schematic
rules. For example, in Pollard (1985), a substantial chunk of English “local” gram-
mar (i.e. leaving aside unbounded dependencies) was handled by three rules: (i) a
rule (used for subject-auxiliary inversion) that forms a sentence from an inverted
(+1nv) lexical head and all its arguments; (ii) a rule that forms a phrase from a
head with suBcar list of length > 1 together with all its non-subject arguments;
and (iii) a rule that forms a sentence from a head with a suBcat value of length
one together with its single (subject) argument.

List- (or set-) valued sLasH feature The list-valued sLasH was introduced in
Pollard (1985) to handle multiple unbounded dependencies, instead of the GPSG
category-valued sLasH (which in turn originated as the derived categories of Gaz-
dar (1981), e.g. S/NP). In spite of the notational similarity, though, the PSG sLasu
is not an analog of the CG slashes / and \ (though HPSG’s SUBCAT is, as explained
above). In fact, HPSG’s sLAsH has no analog in the kinds of CGs being developed
by Montague semanticists such as Bach (1979; 1980) and Dowty (1982a) in the
late 1970s and early 1980s, which followed the CGs of Bar-Hillel (1954) in having
only rules for eliminating (or canceling) slashes as in (3):

“We adhere to the Lambek convention for functor categories, so that expressions seeking to
combine with an A on the left to form a B are written “A\B” (not “B\A”).
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(3) AAB  B/AA
B B

To find an analog to HPSG’s sLasH in CG, we have to turn to the kinds of CGs
invented by Lambek (1958), which unfortunately were not yet well-known to lin-
guists (though that would soon change, starting with Lambek’s appearance at
the 1985 Categorial Grammar conference in Tucson). What sets apart grammars
of this kind (and their elaborations by Moortgat (1989), Oehrle et al. (1988), Mor-
rill (1994), and many others), is the existence of rules for hypothetical proof (not
given here), which allow a hypothesized category occurrence introduced into a
tree (thought of as a proof) to be discharged.

In the Gentzen style of natural deduction (see Pollard 2013), hypothesized cat-
egories are written to the left of the symbol F (turnstile), so that the two slash
elimination rules above take the following form, where I' and A are lists of cate-
gories, and comma represents list concatenation as in (4):

4 TrA ArAB F'rB/A A+A
IArB ILA+B

These rules serve to propagate hypotheses (analogous to linguists’ traces) down-
ward through the proof tree (dlownward because logicians’ trees are upside down
with the conclusion, or “root”, at the bottom). In HPSG notation, these same rules
can be written as one rule (since SUBCAT is nondirectional) in (5):

(5) B[suscart ( A), SLASH I'] A[sLAsH A]
B[suBcar (...)][sLasa T,A]

This in turn is a special case of an HPSG principle first known as the Binding
Inheritance Principle (BIP) and later as the Nonlocal Feature Principle (binding
features included srasH as well as the features QUE and REL used for tracking
undischarged interrogative and relative pronouns). The original statement of
the BIP (Pollard 1986) treated SsLASH as set- rather than list-valued:

The value of a binding feature on the mother is the union of the values of
that feature on the daughters. (Pollard 1986)

For example, the doubly-gapped VP in the violins-and-sonatas example in (1) is

analyzed in HPSG roughly as is shown in Figure 1 and essentially the same way
in Lambek-style CG:

59



Dan Flickinger, Carl Pollard & Thomas Wasow

V[suBcaT ( NP ), stasH ( NP, NP )]

N

V[suBcaT ( PP, NP, NP )] NP[sLasH ( NP )] PP[srasH ( NP )]

/\

P[suBcaT ( NP )] NP[sLasH ( NP )]

play t on t

Figure 1: play on as part of Violins this finely crafted, even the most challenging
sonatas are easy to play on.

(6) play t on t
+ (NP\S)/PP)/NP NP+NP  +PP/NP NP NP
NP + (NP\S)/PP NP + PP

NP,NP r (NP\S)

Aside from the binary branching of the Lambek analysis, the main difference is
that HPSG traces of the form A[sLAsH <A>] correspond to Lambek axioms of
the form A + A, which is the standard mechanism for introducing hypotheses in
Gentzen-style natural deduction.

An overview and elaboration of early HPSG is provided by the two books Pol-
lard & Sag (1987) and Pollard & Sag (1994). Confusingly, the former is called
Information-Based Syntax and Semantics, Volume 1: Fundamentals, and the sec-
ond simply Head-Driven Phrase Structure Grammar (not Information-Based Syn-
tax and Semantics, Volume 2). The reason for the title change had to do with a
change in the underlying mathematical theory of feature structures. In the first
book, following work in theoretical computer science by Rounds & Kasper (1986)
and Moshier & Rounds (1987), feature structures were treated as data structures
that supplied partial information about the linguistic objects being theorized
about; this perspective in turn was based on Scott’s (1982) mathematical theory
of computation in terms of what he called information systems. Subsequently,
Paul King persuaded Pollard and Sag that it was more straightforward to distin-
guish between feature structures, thought of as formal models of the linguistic
objects, and feature descriptions or formulas of feature logic, which provided par-
tial information about them, as described in his Manchester dissertation (King
1989). Although the formal issues involved in distinguishing between the two
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approaches are of interest in their own right, they seem not to have had a last-
ing effect on how theoretical linguists used HPSG, nor on how computational
linguists implemented it. As for subject matter, Pollard & Sag (1987) was limited
to the most basic notions, including syntactic features and categories (including
the distinction between head features and binding features); subcategorization
and the distinction between arguments and adjuncts (the latter of which neces-
sitated one more rule schema beyond the three proposed by Pollard 1985); basic
principles of grammar (especially the Head Feature Principle and the Subcate-
gorization Principle); the obliqueness order and constituent ordering; and the
organization of the lexicon by means of a multiple inheritance hierarchy and lex-
ical rules. Pollard & Sag (1994) used HPSG to analyze a wide range of phenomena,
primarily in English, that had figured prominently in the syntactic literature of
the 1960s-1980s, including agreement, expletive pronoun constructions, raising,
control, filler-gap constructions (including island constraints and parasitic gaps);
so-called Binding Theory (the distribution of reflexive pronouns, non-reflexive
pronouns, and non-pronominal NPs), and scope!of quantificational NPs. These
topics are also handled in respective chapters of this handbook (Wechsler 2021;
Abeillé 2021; Borsley & Crysmann 2021; Chaves 2021; Miller 2021a; Koenig &
Richter 2021: Section 3).

6 Theoretical developments

Three decades of vigorous work since Pollard & Sag 1987 developing the theo-
retical framework of HPSG receive detailed discussion throughout the present
volume, but we highlight here two significant stages in that development. The
first is in Chapter 9 of Pollard & Sag (1994), where a pair of major revisions to
the framework presented in the first eight chapters are adopted, changing the
analysis of valence and of unbounded dependencies. Following Borsley (1987;
1988; 1989; 1990), Pollard and Sag moved to distinguish subjects from comple-
ments, and further to distinguish subjects from specifiers, thus replacing the sin-
gle suBcAT attribute with suBj, sPR, and comps. This formal distinction between
subjects and complements enabled an improved analysis of unbounded depen-
dencies, eliminating traces altogether by introducing three lexical rules for the
extraction of subjects, complements, and adjuncts respectively. It is this revised
analysis of valence constraints that came to be viewed as part of the standard
HPSG framework, though issues of valence representation cross-linguistically
remain a matter of robust debate.

The second notable stage of development was the introduction of a type hierar-
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chy of constructions as descriptions of phrasal feature structures, employed first
by Sag (1997) in a richly detailed analysis of a wide variety of relative clause phe-
nomena in English. This extension from the lexicon of the use of descriptions of
typed feature structures organized in hierarchies to syntactic rules preserved the
ability to express general principles holding for rule schemata while also enabling
expression of idiosyncratic properties of phrases. In Abeillé & Borsley (2021),
Chapter 1 of this volume, the version of the framework with this extended use of
types is termed Constructional HPSG, including further elaboration by Ginzburg
& Sag (2000) to a comprehensive analysis of interrogatives in English.

7 The LinGO project

In the early 1990s, a consortium of research centers in Germany secured funding
from the German government for a large project in spoken language machine
translation, called Verbmobil (Wahlster 2000), which aimed to combine a variety
of methods and frameworks in a single implemented state-of-the-art demonstra-
tor system. Grammars of German and English were to be implemented in HPSG,
to be used both for parsing and for generation in the translation of human-human
dialogues, with a German grammar initially implemented by Pollard and Tibor
Kiss at IBM in Heidelberg, later replaced by one developed by Stefan Miiller and
Walter Kasper at the German Al Research Center (DFKI), coordinator for the
Verbmobil project. The DFKI contracted in 1993 with Sag at CSLI to design and
implement the English grammar, with Flickinger brought over from HP Labs to
help lead the effort, forming a new research group at CSLI initially called ERGO
(for English Resource Grammar Online), later generalized to the name LinGO
(Linguistic Grammars Online). Early LinGO members included Wasow and lin-
guistics graduate student Rob Malouf, who authored the initial implementation
of the English Resource Grammar (ERG), along with four other linguistics gradu-
ate students, Emily Bender, Kathryn Campbell-Kibler, Tony Davis, and Susanne
Riehemann.

During the first of the two four-year phases of the Verbmobil project, the focus
was on designing and implementing core syntactic and semantic analyses, ini-
tially using the DISCO/PAGE platform (Uszkoreit et al. 1994) developed at the
DFKI, and largely informed by the framework presented in Pollard & Sag (1994).
However, a more computationally useful semantic formalism emerged, called
Minimal Recursion Semantics (MRS: Copestake, Flickinger, Pollard & Sag 2005),
which Ann Copestake, formerly of the European ACQUILEX project, helped to
design. Copestake also expanded the LKB system (Copestake 2002) which had
been used in ACQUILEX, to serve as the grammar development environment
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for the LinGO project, including both a parser and a generator for typed feature
structure grammars.

The second four years of the Verbmobil project emphasized development of
the generation capabilities of the ERG, along with steady expansion of linguis-
tic coverage, and elaboration of the MRS framework. LinGO contributors in this
phase included Sag, Wasow, Flickinger, Malouf, Copestake, Riehemann, and Ben-
der, along with a regular visitor and steady contributor from the DFKI, Stephan
Oepen. Verbmobil had meanwhile added Japanese alongside German (Miiller &
Kasper 2000) and English (Flickinger, Copestake & Sag 2000) for more translation
pairs, giving rise to another relatively broad-coverage HPSG grammar, Jacy, au-
thored by Melanie Siegel at the DFKI (Siegel 2000). Work continued at the DFKI,
of course, on the German HPSG grammar, written by Stefan Miiller, adapted
from his earlier Babel grammars (Miiller 1999), and with semantics contributed
by Walter Kasper.

Before the end of Verbmobil funding in 2000, the LinGO project had already
begun to diversify into other application and research areas using the ERG, in-
cluding over the next several years work on augmented/adaptive communication,
multiword expressions, and hybrid processing with statistical methods, variously
funded by the National Science Foundation, the Scottish government, and indus-
trial partners including IBM and NTT. At the turn of the millennium, Flickinger
joined the software start-up boom, co-founding YY Software funded through
substantial venture capital to use the ERG for automated response to customer
emails for e-commerce companies. YY produced the first commercially viable
software system using an HPSG implementation, processing email content in
English with the ERG and the PET parser (Callmeier 2000) which had been de-
veloped by Ulrich Callmeier at the DFKI, as well as in Japanese with Jacy, further
developed by Siegel and by Bender. While technically capable, the product was
not commercially successful enough to enable YY to survive the bursting of the
dot-com bubble, and it closed down in 2003. Flickinger returned to the LinGO
project with a considerably more robust ERG, and soon picked up the translation
application thread again, this time using the ERG for generation in the LOGON
Norwegian-English machine translation project (Lenning et al. 2004) based in
Oslo.

8 Research and teaching networks

The first international conference on HPSG was held in 1993 in Columbus, Ohio,
in conjunction with the Linguistic Society of America’s Summer Institute. The
conference has been convened every year since then, with locations in Europe,
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Asia, and North America. Two of these annual meetings have been held jointly
with the annual Lexical Functional Grammar conference, in 2000 in Berkeley
and in 2016 in Warsaw. Proceedings of these conferences since 2000 are avail-
able on-line from CSLI Publications.> Since 2003, HPSG researchers in Europe
have frequently held a regional workshop in Bremen, Berlin, Frankfurt, or Paris,
annually since 2012, to foster informal discussion of current work in HPSG. These
follow in the footsteps of European HPSG workshops starting with one on Ger-
man grammar, held in Saarbriicken in 1991, and including others in Edinburgh
and Copenhagen in 1994, and in Tiibingen in 1995.

In 1994, the HPSG mailing list was initiated,® and from 1996 to 1998, the elec-
tronic newsletter, the HPSG Gazette,” was distributed through the list, with its
function then taken over by the HPSG mailing list.

Courses introducing HPSG to students became part of the curriculum during
the late 1980s and early 1990s at universities in Osaka, Paris, Saarbriicken, Seoul,
and Tibingen, along with Stanford and OSU. Additional courses came to be of-
fered in Bochum, Bremen, Pittsburgh, Gottingen, Heidelberg, Jena, Leuven, Pots-
dam, Seattle, Berlin, Essex, Buffalo, and Austin. Summer courses and workshops
on HPSG have also been offered since the early 1990s at the LSA Summer Insti-
tute in the U.S., including a course by Sag and Pollard on binding and control
in 1991 in Santa Cruz, and at the European Summer School in Logic, Language
and Information (ESSLLI), including a course by Pollard in Saarbriicken in 1991
on HPSG, a workshop in Colchester in 1992 on HPSG, a workshop in Prague in
1996 on Romance (along with two HPSG-related student papers at the first-ever
ESSLLI student session), and courses in 1998 in Saarbriicken on Germanic syn-
tax, grammar engineering, and unification-based formalisms, in 2001 on HPSG
syntax, in 2003 on linearization grammars, and more since. Also in 2001, a Scan-
dinavian summer school on constraint-based grammar was held in Trondheim.

Several HPSG textbooks have been published, including at least Borsley (1991;
1996), Sag & Wasow (1999), Sag, Wasow & Bender (2003), Miller (2007a; 2013a;
2020), Kim (2016), and Levine (2017).

9 Implementations and applications of HPSG

The first implementation of a grammar in the HPSG framework emerged in the
Hewlett-Packard Labs natural language project, for English, with a lexical type

Shttp://csli-publications.stanford.edu/HPSG/, 2021-01-15.
OTts archives can be found at https://hpsg.hu-berlin.de/HPSG/MailingList.
Thttp://www.sfs.uni-tuebingen.de/~gazette, 2021-01-15.
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hierarchy (Flickinger, Pollard & Wasow 1985), a set of grammar rules that pro-
vided coverage of core syntactic phenomena including unbounded dependen-
cies and coordination, and a semantic component called Natural Language Logic
(Laubsch & Nerbonne 1991). The corresponding parser for this grammar was
implemented in Lisp (Proudian & Pollard 1985), as part of a system called HP-
NL (Nerbonne & Proudian 1987) which provided a natural language interface for
querying relational databases. The grammar and parser were shelved when HP
Labs terminated their natural language project in 1991, leading Sag and Flickinger
to begin the LinGO project and development of the English Resource Grammar
at Stanford.

By this time, grammars in HPSG were being implemented in university re-
search groups for several other languages, using a variety of parsers and engi-
neering platforms for processing typed feature structure grammars. Early plat-
forms included the DFKI’s DISCO system (Uszkoreit et al. 1994) with a parser and
graphical development tools, which evolved to the PAGE system; the ALE sys-
tem (Franz 1990; Carpenter & Penn 1996), which evolved in Tiibingen to TRALE
(Meurers, Penn & Richter 2002; Penn 2004); and Ann Copestake’s LKB (Cope-
stake 2002) which grew out of the ACQUILEX project. Other early systems in-
cluded ALEP within the Eurotra project (Simpkins & Groenendijk 1994), Con-
Troll at Titbingen (G6tz & Meurers 1997), CUF at IMS in Stuttgart (Dorre & Dorna
1993), CL-ONE at Edinburgh (Manandhar 1994), TFS also at IMS (Emele 1994),
ProFIT at the University of Saarland (Erbach 1995), Babel at Humboldt Univer-
sity in Berlin (Miller 1996), and HDrug at Groningen (van Noord & Bouma 1997).

Relatively early broad-coverage grammar implementations in HPSG, in addi-
tion to the English Resource Grammar at Stanford (Flickinger 2000), included
one for German at the DFKI (Miller & Kasper 2000) and one for Japanese (Jacy:
Siegel 2000), all used in the Verbmobil machine translation project; a separate
German grammar (Miiller 1996; 1999); a Dutch grammar in Groningen (Bouma,
van Noord & Malouf 2001); and a separate Japanese grammar in Tokyo (Miyao
et al. 2005). Moderately large HPSG grammars were also developed during this
period for Korean (Kim & Yang 2003) and for Polish (Mykowiecka, Marciniak,
Przepidrkowski & Kupsé 2003).

In 1999, research groups at the DFKI, Stanford, and Tokyo set up a consortium
called DELPH-IN (Initiative for Deep Linguistic Processing in HPSG), to foster
broader development of both grammars and platform components, described in
Oepen, Flickinger, Tsujii & Uszkoreit (2002). Over the next two decades, substan-
tial DELPH-IN grammars were developed for Norwegian (Hellan & Haugereid
2003), Portuguese (Branco & Costa 2010), and Spanish (Marimon 2010), along
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with moderate-coverage grammars for Bulgarian (Osenova 2011), Greek (Kordoni
& Neu 2005), Hausa (Crysmann 2012), Hebrew (Arad Greshler, Herzig Sheinfux,
Melnik & Wintner 2015), Indonesian (Moeljadi et al. 2015), Mandarin Chinese
(Fan et al. 2015), Thai, and Wambaya (Bender 2008), all described at http://delph-
in.net. Several of these grammars are based on the Grammar Matrix (Bender,
Flickinger & Oepen 2002), a starter kit generalized from the ERG and Jacy for
rapid prototyping of HPSG grammars, along with a much larger set of course-
work grammars.® Out of this work has grown the linguistically rich Grammar
Matrix customization system (Bender, Drellishak, Fokkens, Poulson & Saleem
2010), a set of libraries of phenomena enabling a grammar developer to complete
a questionnaire about characteristics of a language to obtain a more effectively
customized starting grammar.

Broad-coverage grammars developed in the TRALE system (Meurers et al.
2002; Penn 2004) include German (Miller 2007a), Danish (Miller & @rsnes 2015),
and Persian (Miiller 2010). Other TRALE grammars include Mandarin Chinese
(Muller & Lipenkova 2013), Georgian (Abzianidze 2011), Maltese (Miiller 2009),
English (Miiller 2018), and Yiddish (Miiller & @rsnes 2011). Development of gram-
mars in TRALE is supported by the Grammix system (Miiller 2007b); Miiller
(2015) provides a summary of this family of grammar implementations.

These grammars and systems have been used in a wide variety of applications,
primarily as vehicles for research in computational linguistics, but also for some
commercial software products. Research applications already mentioned include
database query (HP Labs) and machine translation (Veromobil and LOGON), with
additional applications developed for use in anthology search (Schéfer, Kiefer,
Spurk, Steffen & Wang 2011), grammar tutoring in Norwegian (Hellan, Bruland,
Aamot & Sandey 2013), ontology acquisition (Herbelot & Copestake 2006), vir-
tual robot control (Packard 2014), visual question answering (Kuhnle & Cope-
stake 2017), and logic instruction (Flickinger 2017), among many others. Com-
mercial applications include e-commerce customer email response (for YY Soft-
ware), and grammar correction in education (for Redbird Advanced Learning,
now part of McGraw-Hill Education: Suppes, Liang, Macken & Flickinger 2014).
See Bender & Emerson (2021), Chapter 25 of this volume for further discussion.

For most practical applications, some approximate solution to the challenge of
parse selection (disambiguation) must be provided, so developers of several of the
DELPH-IN grammars, including the ERG, follow the approach of Oepen, Flick-
inger, Toutanova & Manning (2004), which uses a manually-annotated treebank
of sentences parsed by a grammar to train a statistical model which is applied at

8http://moin.delph-in.net/MatrixTop, 2021-01-15.
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run-time to identify the most likely analysis for each parsed sentence. These tree-
banks can also serve as repositories of the analyses intended by the grammarian
for the sentences of a corpus, and some resources, notably the Alpino Treebank
(Bouma, van Noord & Malouf 2001), include analyses which the grammar may
not yet be able to produce automatically.

10 Prospects

As we noted early in this chapter, HPSG’s origins are rooted in the desire si-
multaneously to address the theoretical concerns of linguists and the practical
issues involved in building a useful natural language processing system. In the
decades since the birth of HPSG, the mainstream of work in both theoretical
linguistics and NLP developed in ways that could not have been anticipated at
the time. NLP is now dominated by statistical methods, with almost all practical
applications making use of machine learning technologies. It is hard to see any
influence of research by linguists in most NLP systems, though periodic work-
shops have helped to keep the conversation going.” Mainstream grammatical
theory, on the other hand, is now dominated by the Minimalist Program (MP),
which is too vaguely formulated for a rigorous comparison with HPSG.? Con-
cern with computational implementation plays virtually no role in MP research;
see Miiller (2016) for a discussion.

It might seem, therefore, that HPSG is further from the mainstream of both
fields than it was at its inception, raising questions about how realistic the objec-
tives of HPSG are. We believe, however, that there are grounds for optimism.

With regard to implementations, there is no incompatibility between the use
of HPSG and the machine learning methods of mainstream NLP. Indeed, as noted
above, HPSG-based systems that have been put to practical use have necessar-
ily included components induced via statistical methods from annotated corpora.
Without such components, the systems cannot deal with the full variety of forms

9For example, one on “Building Linguistically Generalizable NLP Systems” at the 2017 EMNLP
conference in Copenhagen, and one on “Relevance of Linguistic Structure in Neural NLP” at
the 2018 ACL conference in Melbourne.

10Most work in MP is presented without precise definitions of the technical apparatus, but Ed-
ward Stabler and his collaborators have written a number of papers aimed at formalizing MP.
See in particular Collins & Stabler (2016). Torr (2019) describes a large-scale implemented frag-
ment in the framework of Minimalist Grammar. See Miiller (2020: 177-180) for a comparison
of this fragment with HPSG. As Miiller points out, many of the implementation techniques em-
ployed can be found in HPSG grammars, e.g., discontinuous constituents and the sLasu-based
approach to nonlocal dependencies.
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encountered in usage data. On the other hand, existing NLP systems that rely
solely on machine learning from corpora do not exhibit anything that can rea-
sonably be called understanding of natural language. Current technologies for
machine translation, automatic summarization, and various other linguistic tasks
fall far short of what humans do on these tasks, and are useful primarily as tools
to speed up the tasks for the humans carrying them out. Many NLP researchers
are beginning to recognize that developing software that can plausibly be said
to understand language will require representations of linguistic structure and
meaning like those that are the stock in trade of linguists. See Bender, Flickinger,
Oepen, Packard & Copestake (2015) for more discussion on sentence meaning.

Evidence for a renewed interest in linguistics among NLP researchers is the
fact that major technology companies with natural language groups have re-
cently begun (or in some cases, resumed) hiring linguists, and increasing num-
bers of new linguistics PhDs have taken jobs in the software industry.

In the domain of theoretical linguistics, it is arguable that the distance between
HPSG and the mainstream of grammatical research (that is, MP) has narrowed,
given that both crucially incorporate ideas from Categorial Grammar (see Retoré
& Stabler 2004, Berwick & Epstein 1995, and Miiller 2013b for comparisons be-
tween MP and CG, for a general comparison of MP and HPSG see also Borsley
& Miiller 2021, Chapter 28 of this volume). Rather than trying to make that ar-
gument, however, we will point to connections that HPSG has made with other
work in theoretical linguistics. Perhaps the most obvious of these is the work of
Peter Culicover and Ray Jackendoff on what they call Simpler Syntax. Their influ-
ential 2005 book with that title (Culicover & Jackendoff 2005) argues for a theory
of grammar that differs little in its architecture and motivations from HPSG.

More interesting are the connections that have been forged between research
in HPSG and work in Construction Grammar (CxG). Fillmore (1988: 36) char-
acterizes the notion of construction as “any syntactic pattern which is assigned
one or more conventional functions in a language, together with whatever is
linguistically conventionalized about its contribution to the meaning or use of
structures containing it” Among the examples that construction grammarians
have described at length are the Xer, the Yer (as in the older I get, the longer I
sleep), X let alone Y (as in I barely got up in time to eat lunch, let alone cook break-
fast), and What’s X doing Y? (as in What’s this scratch doing in the table?). As
noted above and in Miller (2021c: 1497, 1506), Chapter 32 of this volume, HPSG
has incorporated the notion of construction since at least the late 1990s.

Nevertheless, work that labels itself CxG tends to look very different from
HPSG. This is in part because of the difference in their origins: many proponents
of CxG come from the tradition of Cognitive Grammar or typological studies,
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whereas HPSG’s roots are in computational concerns. Hence, most of the CxG lit-
erature is not precise enough to allow a straightforward comparison with HPSG,
though the variants called Embodied Construction Grammar and Fluid Construc-
tion Grammar have more in common with HPSG; see Miller 2017; 2020: Sec-
tions 10.6.3-10.6.4 for a comparison. In the last years of his life, Ivan Sag sought
to unify CxG and HPSG through collaboration with construction grammarians
from the University of California, Berkeley, particularly Charles Fillmore, Paul
Kay, and Laura Michaelis. They developed a theory called Sign-Based Construc-
tion Grammar (SBCG), which would combine the insights of CxG with the explic-
itness of HPSG. Sag (2012: 70) wrote, “To readers steeped in HPSG theory, SBCG
will no doubt seem like a minor variant of constructional HPSG.” Indeed, despite
the name change, the main feature of SBCG that differs from HPSG is that it
posits an inheritance hierarchy of constructs, which includes feature structure
descriptions for such partially lexicalized multi-word expressions as Ved X’s way
PP, instantiated in such VPs as ad-libbed his way through a largely secret meeting.
While this is a non-trivial extension to HPSG, there is no fundamental change to
the technical machinery. In fact, it has been a part of the LinGO implementation
for many years.

That said, there is one important theoretical issue that divides HPSG and SBCG
from much other work in CxG. That issue is locality. To constrain the formal
power of the theory, and to facilitate computational tractability, SBCG adopts
what Sag (2012: 150) calls “Constructional Localism” and describes it as follows:
“Constructions license mother-daughter configurations without reference to em-
bedding or embedded contexts” That is, like phrase structure rules, construc-
tions must be characterized in terms of a mother node and its immediate daugh-
ters. At first glance, this seems to rule out analyses of many of the examples of
constructions provided in the CxG literature. But Sag (2012: 150) goes on to say,
“Constructional Localism does not preclude an account of nonlocal dependencies
in grammar, it simply requires that all such dependencies be locally encoded in
signs in such a way that information about a distal element can be accessed lo-
cally at a higher level of structure”

Fillmore (1988: 35) wrote:

Construction grammars differ from phrase-structure grammars which use
complex symbols and allow the transmission of information between lower
and higher structural units, in that we allow the direct representation of
the required properties of subordinate constituents. (Should it turn out that
there are completely general principles for predicting the kinds of informa-
tion that get transmitted upwards or downwards, this may not be a real
difference.) (Fillmore 1988: 35)
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SBCG is committed to the position alluded to in the parenthetical sentence in this
quote, namely, that general principles of information transmission within sen-
tences make it possible to insist on Constructional Localism. See Miiller (2021c),
Chapter 32 of this volume for a much more detailed discussion, and Van Eynde
(2015) for a review of the 2012 SBCG book.

Finally, another point of convergence between work in HPSG and other work
in both theoretical linguistics and NLP is the increasing importance of corpus and
experimental data. In the early years of the HP NL project, the methodology was
the same as that employed in almost all work in theoretical syntax and semantics:
the grammar was based entirely on examples invented by the researchers. At one
point during the decade of the HP NL project, Flickinger, Pullum, and Wasow
compiled a list of sentences intended to exemplify many of the sentence types
that they hoped the system would eventually be able to analyze. That list, 1328
sentences long, continues to be useful as a test suite for the ERG, and is also used
by various other NLP groups. But it does not come close to covering the variety
of sentence forms that are found in corpora of speech and various written genres.
As the goals of the HPSG implementations have broadened from database query
to dealing with “language in the wild”, the use of corpora to test such systems
and motivate extensions to them has increased. This parallels a development in
other areas of linguistics, which have also increasingly made use of large on-line
corpora as sources of data and tests of their theories. This is a trend that we
expect will continue.

Experimental data has been particularly important in the exploration of whether
well-known constraints on phenomena like extraction or ellipsis are really due
to the grammar of natural languages or the convergence of frequency, discourse
factors, and aspects of human sentence processing. Hofmeister & Sag (2010),
Chaves & Dery (2019), and Chaves & Putnam (2020), for example, have argued
that many so-called island constraints are not grammatical in nature. Similarly,
Shiraishi et al. (2019) claim that some parallelism effects in Right Node Raising
are not grammatical in nature. Both lines of research lead to a reduction of what
grammars are responsible for and question the traditional division of labor be-
tween the grammatical system, properties of the discourse within which utter-
ances are embedded, and processing considerations. We expect work along these
lines to continue in the future (see also Wasow (2021), Chapter 24 of this volume
for the relation between HPSG and work in sentence processing).

In short, there are signs of convergence between work on HPSG and work in
other areas, and it seems plausible to think that the market for HPSG research
will grow in the future.
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Chapter 3

Formal background

Frank Richter

Goethe Universitat Frankfurt

This chapter provides a very condensed introduction to a formalism for Pollard &
Sag (1994) and explains its fundamental concepts. It pays special attention to the
model-theoretic meaning of HPSG grammars. In addition, it points out some links
to other, related formalisms, such as feature logics of partial information, and to
related terminology in the context of grammar implementation platforms.

1 Introduction

The two HPSG books by Pollard & Sag (1987; 1994) do not present grammar for-
malisms with the intention to provide precise definitions. Instead they refer to
various inspirations in the logics of typed feature structures or in predicate logic,
informally characterize the intended formalisms, and explain them as they are
used in concrete grammars of English. Pollard & Sag (1994) further clarify their
intentions in an appendix which lists most (but not all) of the components of their
grammar of English explicitly, and summarizes most of their core assumptions.
With this strategy, both books leave room for interpretation.

There are a number of challenges with reviewing the formal background of
HPSG. Some of them have to do with the long publication history of relevant
papers and books, some with the considerable influence of grammar implemen-
tation platforms, which have their own formalisms and shape the way in which
linguists think and talk about grammars with their platform-specific terminol-
ogy and notational conventions. Salient examples include convenient notations
for phrase structure rules, the treatment of lexical representations or the lexi-
con, mechanisms for lexical rules, and notations for default values, among many

Frank Richter. 2021. Formal background. In Stefan Miiller, Anne Abeillé,
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other devices. Many of these notations are well-known in the HPSG commu-
nity; they are convenient, compact and arguably even necessary to write read-
able grammars. At the same time, they are a meta-notation in the sense that they
do not (directly) belong to the syntax of the assumed feature logics. However,
even if they are outside a declarative, logical formalism for HPSG, there is usu-
ally a way to interpret them in HPSG-compatible formalisms, but the necessary
re-interpretation can deviate to a larger or lesser degree from what their users
have in mind when they write their grammars. For example, a phrase structure
rule in the sense of a context-free or context-sensitive rewrite system is not the
same as an ID Schema written in a feature logic, which might matter in some
cases but not in others. To name one difference, an ID Schema may easily leave
the number of a phrase’s daughters unspecified (and thus potentially infinite).
The differences may be sometimes subtle and sometimes significant, but they
entail that the meaning of the notations seen through the lens of logic is not
what their users might assume either based on their meaning in other contexts
or on what is gleaned from the behavior of a given implementation platform
for parsing or generation which employs that kind of syntax. Similarly, termi-
nology that belongs to the computational environment of implementations is
often transferred to grammar theory, and again, when checking the technical
specifics, a re-interpretation in terms of a feature-logical HPSG formalism can
sometimes be trivial and sometimes nearly impossible, and different available
re-interpretation choices lead to significantly different results.

Reviewing HPSG’s formal background, it is not only the multi-purpose charac-
ter and flexibility of the ubiquitous informal attribute-value matrix (AVM) nota-
tion and its practical notational enhancements (for lexical rules, decorated sort hi-
erarchies, phrase structure trees, etc.) that one needs to be aware of, but also early
changes in foundational assumptions and terminology. When first presented in
a book in 1987, HPSG was conceived of as a unification-based grammar theory,
a name, the authors explain, which “arises from the algebra that governs partial
information structures” (Pollard & Sag 1987: 7). This algebra was populated by
partial feature structures with unification as a fundamental algebraic operation.
In the framework envisioned seven years later in Pollard & Sag (1994), that al-
gebra did not exist anymore, feature structures were no longer partial but total
objects in models of a logical theory, and unification was no longer defined in the
new setting (as the relevant algebra was gone). However, most of the notation
and considerable portions of the terminology of 1987 remain with us to this day,
such as the types of feature structures (replaced by sorts in 1994, when the term
type was used for a different concept, to be discussed below), the pieces of in-
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formation (for 1987-style feature structures) or even the word unification, which
took on a casual life of its own without the original algebra in which it had been
defined. Occasionally these words still have a precise technical interpretation
in the language of grammar implementation environments or in their run-time
system, which may reinforce their use in the community despite their lack of
meaning in the standard formalism of HPSG. Implementation platforms also of-
ten add their own technical and notational devices, thereby inviting linguists to
import them as useful tools into their theoretical grammar writing.

This handbook article cannot disentangle the history of and relationships be-
tween the various formalisms leading to an explication of the 1994 version of
HPSG, nor of those that existed and still exist in parallel. It sets out to clarify the
terminology and structure of a formalism for Pollard & Sag (1994) and presents
a canonical formalism of the final version of HPSG in Pollard & Sag (1994). Only
occasionally will it point out some of the differences to its 1987 precursor where
the older terminology is still present in current HPSG papers and may be confus-
ing to an audience unaware of the different usages of terms. Similarly, it does
not cover the HPSG variant Sign-Based Construction Grammar (SBCG; Sag 2012;
Miiller 2021: Section 1.3.2, Chapter 32 of this volume).

The main sources of the present summary are the model theories for HPSG by
King (1999) and Pollard (1999), and their synoptic reconstruction on the basis of
a comprehensive logical language for HPSG, Relational Speciate Re-entrant Lan-
guage (RSRL) by Richter (2004), including the critique and extensions sketched
in Richter (2007). Section 2 gives a largely non-technical introductory overview
which should provide sufficient background to follow all linguistic chapters of
the present handbook. The subsequent sections (3—6) introduce RSRL and are for
readers keen on obtaining a deeper understanding or looking for clarification of
what might remain vague and imprecise in an initial broad overview. Those
sections might be more challenging for the casual reader, but in return offer a
fairly self-contained and comprehensive summary, omitting only the mathemat-
ical groundwork and definitions needed to spell out alternative model-theories,
as this goes beyond what can reasonably be compressed to handbook format.

2 Essentials: An informal overview

This section presents an informal summary of the essentials of an HPSG formal-
ism in the sense of Pollard & Sag (1994) as it emerged from their original outline
and its subsequent elaboration. From here on, the term “HPSG formalism” al-
ways refers to this tradition, unless explicitly stated otherwise. All later sections
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in this chapter will flesh out the basic ideas introduced here with a precise tech-
nical treatment of the relevant notions. Readers who are already familiar with
feature logics and are specifically interested in technical details may want to skip
ahead to Section 3.

At the heart of HPSG is a fundamental distinction between descriptions and
described objects: a grammar avails itself of descriptions with the purpose of
describing linguistic objects. Pollard & Sag (1994: 17-18, 396) commit to the onto-
logical assumption that linguistic objects only exist as complete objects. Partial
linguistic objects do not exist. Descriptions of linguistic objects, however, are
typically partial, i.e. they do not mention many, or even most, properties of the
objects in their denotation. They are underspecified. A word can be described as
being nominal and plural, leaving all its other properties (gender, case, number
and category of its arguments, etc.) unspecified. But any concrete word being so
described will have all other properties that a plural noun can have, with none of
them missing. A single underspecified description can therefore describe many
distinct linguistic objects. Grammatical descriptions often describe an infinity of
objects. Again considering plural nouns, English can be thought of as having a
very large number or an infinity of them due to morphological processes such as
compounding, depending on the choice of morphological analysis.

Descriptions are couched in a (language of a) feature logic rather than in En-
glish for precision. Linguistic objects as the subject of linguistic study are sharply
distinguished from their logical descriptions and are entities in the denotation of
the grammatical descriptions. The feature logic of HPSG can be seen as a partic-
ularly expressive variant of description logics. With this architecture, HPSG is a
model-theoretic grammar framework as opposed to generative-enumerative gram-
mar frameworks, which have rewrite systems that generate expressions from
some start symbol(s) (Pullum & Scholz 2001).

A small digression might be in order to prevent confusion arising from the co-
existence of different versions of feature logics. Varieties of HPSG more closely
related to the tradition of Pollard & Sag (1987) do not make the same distinc-
tion between descriptions and described objects. Instead they employ a notion
of feature structures as entities carrying partial information. These partial feature
structures are, or correspond to, logical expressions in a certain normal form and
are ordered in an algebra of partial information according to the amount of in-
formation they carry. In informal notation, they are written as AVMs just like
the descriptions of the formalism we are presently concerned with, and this nota-
tional similarity contributes to obscuring substantial differences. When two par-
tial feature structures carry compatible information, they are said to be unifiable.
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Their unification returns a unique third feature structure in the given algebra
that carries the more specific information that is obtained when combining the
previous two pieces of information (supposing they were not the same to begin
with). These ideas and the properties of algebras employed by feature logics of
partial information are still essential for all current HPSG implementation plat-
forms (see Bender & Emerson 2021, Chapter 25 of this volume), which is presum-
ably one of the reasons why the terminology of unification and unification-based
grammars is still popular in the HPSG community. Returning to Pollard & Sag
(1994), in a certain informal and casual sense, combining two non-contradictory
descriptions into one single bigger description by logical conjunction could be
called — and often is called — their unification. However, since the logical descrip-
tions of HPSG in the tradition of Pollard & Sag (1994) can no longer be arranged
in an appropriate algebra, there is no technical interpretation of the term in this
context.!

HPSG employs partial descriptions in all areas of grammar, comprising at least
phonology (Hohle 1999, but also Bird & Klein 1994 and Walther 1999), morphol-
ogy (Crysmann 2021, Chapter 21 of this volume), syntax, semantics (Koenig &
Richter 2021, Chapter 22 of this volume) and pragmatics (De Kuthy 2021, Chap-
ter 23 of this volume; Liicking, Ginzburg & Cooper 2021, Chapter 26 of this vol-
ume). The descriptions are normally notated as AVMs and contain sort symbols
(by convention in italics with lower case letters) and attribute symbols (in small
caps). These are augmented by the standard logical connectives (conjunction, dis-
junction, negation and implication) and relation symbols. So-called tags, boxed
numbers, function as variables. (1) shows a typical example in which word, noun
and plural are sorts and SYNSEM, LOCAL, CATEGORY, etc. are attributes.? The AVM
is a description of plural nouns.

word

@

CATEGORY|HEAD noun

SYNSEM|LOCAL
CONTENT|INDEX|NUMBER plural

A description such as (1) presupposes a declaration of the admissible nonlog-
ical symbols: as in any formal logical theory, the vocabulary of the formal lan-
guage in which the logical theory is written must be explicitly introduced as the
alphabet of the language, together with a set of logical symbols. This means

U'This state of affairs is also responsible for the fact that implementation platforms often provide
only a restricted syntax of descriptions and may also supply additional syntactic constructs
which extend their logic of partial information toward the expressiveness of a feature logic
with classical interpretation of negation and relational expressions.

2Tags, relations and logical connectives in descriptions will be illustrated later, in (3).
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that the sorts, attributes and relation symbols must be listed. HPSG goes beyond
merely stating the nonlogical vocabulary as sets of symbols by imposing addi-
tional structure on the set of sorts and on the relationship between sorts and
attributes. This additional structure is known as the sort hierarchy and the fea-
ture (appropriateness) declarations.

The sort hierarchy and the feature declarations essentially provide the space of
possible structures of the linguistic universe that an HPSG grammar talks about
with its grammar principles. Metaphorically speaking, they generate a space of
possible structures which is then constrained to the actual, well-formed struc-
tures which a linguist deems the grammatical structures of a language. The
interaction between sort hierarchy and feature declarations is regulated by as-
sumptions about feature inheritance and feature value inheritance. This can best
be explained with a small example, using the tiny (and slightly modified) frag-
ment from the sort hierarchy and feature appropriateness of Pollard & Sag (1994)
shown in Figure 1.

object

T

substantive} case  vform  boolean

PRD boolean A
T plus  minus

verb noun
VFORM vform CASE case
PRD  plus

Figure 1: Example of sort hierarchy with feature declarations

According to Figure 1, a top sort object is the highest sort with immediate sub-
sorts substantive, case, vform and boolean. The two sorts substantive and boolean
have their own immediate subsorts: verb and noun, and plus and minus, respec-
tively. All are subsorts of object. The six sorts verb, noun, case, vform, plus and
minus are maximally specific in this hierarchy, because they do not have proper
subsorts. Such sorts are called species. The four sorts case, vform, plus and minus
are also called atomic, because they are species and they do not have attributes
appropriate to them.

Figure 1 contains nontrivial feature declarations for the sorts substantive, verb
and noun, and it also illustrates the idea behind feature inheritance. First of all,
verb and noun have attributes which are only appropriate to them but to no other
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sort: VFORM is only appropriate to verb, and cASE is only appropriate to noun.
But there is one more attribute appropriate to both due to feature inheritance:
the attribute prD is declared appropriate to substantive, and appropriateness dec-
larations are inherited by subsorts, so PRD is also appropriate to verb and noun.
The sort noun inherits the declaration unchanged from substantive.

Finally, we have to consider attribute values and their inheritance mechanism.
Whereas attributes are called appropriate to a sort, I call a sort appropriate for
an attribute at a given sort when talking about attribute values. For example,
the non-maximal sort boolean is declared appropriate for the attribute PRD at
substantive. This value declaration is also inherited by the subsorts, with a slight
twist to it: at any subsort, the value for an attribute can become more specific
(but not less specific) than at its supersort(s), and this is what happens here at
the subsort verb of substantive. At verb the value of PRD must be one particular
subsort of boolean, namely plus.3

A further crucial aspect of the sort hierarchy and the feature declarations is
their significance for the meaning of grammars. Structures in the denotation of a
grammar must fulfill all their combined restrictions plus the constraints imposed
by all grammar principles. Every denoted object must be of a maximally specific
sort, i.e. Figure 1allows only objects of the six species in the hierarchy. In addition,
all attributes declared appropriate for a species (possibly by inheritance) must
be present on objects of that species, with the values of course also obeying
the feature declarations and being maximally specific. For example, an object of
sort noun has case and pPrRD properties. The object that is the cAse value must
be of sort case (because case is a species in the present example, unlike in real
grammars where case has subsorts), and the sort of the PrRD value must be either
plus or minus, one of the two species which are maximally specific subsorts of
boolean. With these restrictions, specifications like in Figure 1 determine the
ontology of possible structures in the denotation of a grammar. The possible
structures are further narrowed down by the grammar principles, leaving the
well-formed structures as the predictions of a grammar.

This is a good opportunity to reconsider underspecified descriptions. With the
sort hierarchy and feature declarations of Figure 1, there are a number of ways
to underspecify the description of structures of sort noun. All following AVMs
describe the same structures but differ in their degree of explicitness:

3The plus value for PRD at verbs is introduced here to create a useful example; it is not usually
found in grammars.
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noun
(2) a. |CASE case
PRD plusV minus

b. [noun]
noun
c. )
CASE ob]ect]
object
d. )
CASE object
noun noun
e. |CASE case| V |CASE case
PRD plus PRD minus

All AVMs in (2) denote the same two configurations as the fully specific AVM
description in (2a): two noun structures with the cASE property case and the PRD
property plus or the prD value minus. But a description of these structures can
be underspecified in many different ways. For noun structures in general (2b),
the two just described are the only two structural choices, as can be verified by
inspecting Figure 1. The description could mention in addition to what (2b) says
that the structures have a casE property, leaving its value underspecified (2c),
but that does not make a difference with respect to the shape of the structures
satisfying the description. Moreover, the only objects with cAsE (2d) are nouns,
but since that leaves exactly the two possible PrD values plus and minus, (2d)
is yet another way to underspecify the two structures which (2a) describes ex-
haustively. Omitting the sort symbol object in the upper left-hand corner of (2d)
would in fact be one more way to describe all nouns to the exclusion of every-
thing else, because saying that something is an object does not restrict the range
of choices. Finally, the disjunction embedded in the AVM in (2a) can be lifted to
the top level of the description, yielding (2e).

Grammar principles are descriptions which every structure is supposed to
obey, together with all its substructures. The Head Feature Principle, shown
in (3a), is a frequent example. Every phrase whose syntax is a headed phrase
(headed-phrase) is such that its HEAD value equals the HEAD value of its head
daughter, indicated by the repeated occurrence of tag [i] as the value of the two
HEAD features. Every structure which is described by the AVM to the left of the
implication symbol (in this case simply a sort, but see (3d)) must also fulfill the
requirements in the AVM to its right. If something is not a headed-phrase, it is
not restricted by the Head Feature Principle because it is not described by the an-
tecedent of the principle. At the same time, a structure which is not described by
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headed-phrase still satisfies the Head Feature Principle as an implicational state-
ment. For example, the sYNSEM value of each phrase is usually assumed to be an
object of sort synsem, i.e. it is not a phrase of sort headed-phrase. As a synsem
object, it is not described by the antecedent of (3a), thereby still fulfilling the
principle. In classical logic, A — B is equivalent to =A V B, so something that
is not an A satisfies =A V B. This is highly relevant for the ultimate idea that
a structure is only licensed by an HPSG grammar when it is well-formed in all
its components with respect to all the grammar principles: every component of
each structure that is described by the antecedent of a grammar principle also
obeys what the consequent of the principle requires, or a given component of
the structure is licensed by not being described by the antecedent of the given
principle.

The tag [1] signals the identity of the value found at the end of the two distinct
attribute paths leading to its occurrences. This state of affairs is often referred
to as token identity. In the Head Feature Principle, the tag notation could be
an informal notation for a path equation, or it could mean that [i] plays the role
of a variable. The description language of Sections 3—4 offers both options for
rendering such occurrences of tags in the syntax of RSRL.

SYNSEM|LOCAL|CATEGORY|HEAD
HEAD-DTR|SYNSEM|LOCAL|CATEGORY|HEAD

b. word = (LE;VLE, V... VLE,)

(3) a. headed-phrase =

QSTORE
POOL

RETRIEVED
A set-of-elements (Bl[a) AGC2IAQ=[2—
d. [RETRIEVED nelist| = [SYNSEM|LOCAL|CONTENT psoa]

) SYNSEM|LOC
c. sign=

The licensing of words by the grammar can also be understood as a conse-
quence of a grammar principle with the shape of an implication. (3b) is known
as the Word Principle (Hohle 2019: 500). LE; to LE,, in (3b) are the lexical entries
of the grammar, descriptions of words. If an object is a word, it must be described
by (at least) one of the disjuncts in the consequent of the Word Principle.

The semantic principle in (3c), taken from Pollard & Yoo (1998: 420),* illus-
trates one more syntactic construct of HPSG’s description language, relations.
The consequent of the principle consists of an AVM description conjoined with

4This principle is also discussed in the semantics chapter, Koenig & Richter (2021: 1008), Chap-
ter 22 of this volume.
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three relational expressions. Relations in HPSG often occur in connection with
lists and sets, and so do the relations here: the binary relation set-of-elements
relates the RETRIEVED value (a list) to a set [4] containing the elements on list
such that the set value [2] of PooOL is a superset of [4] (using the subset relation),
and the set value [i] of QSTORE contains those elements of [2] which are not on
the RETRIEVED list (using set difference). In other words, each element of pooL
is either in QSTORE or a list element on RETRIEVED, and nothing else is in QSTORE
or on the RETRIEVED list.”

The grammar principle (3d), which is also from Pollard & Yoo (1998: 421), is a
case of a principle with a complex description in the antecedent, unlike (3a)-(3c),
in which the antecedent consists of a sort symbol. Any kind of description may
serve as antecedent of a grammar principle.

An HPSG grammar is a signature consisting of a sort hierarchy, feature ap-
propriateness declarations and relation symbols, together with a set of grammar
principles. The meaning of the grammar is given by a class of structures (lin-
guistic objects) which obey the structural restrictions of the signature and are
completely well-formed with respect to the grammar principles. The nature of
the linguistic objects and how the relevant models of an HPSG grammar should
be conceived of has been subject to intense discussion. Pollard & Sag (1994: 8-9)
think of them as types and want to construct them as a set of totally well-typed
and sort-resolved abstract feature structures. Each such type is supposed to cor-
respond to the set of token occurrences of the same utterance. For example, in
this view, the English utterance Breakfast is ready, which may occur as a concrete
utterance token at different places and at different times, always belongs to the
unique type Breakfast is ready, rendered as an abstract feature structure licensed
by an HPSG grammar of English.

All HPSG model theories after Pollard & Sag (1994) give up the idea of pos-
tulating types as objects in the intended grammar model and do not construct
models which are populated with feature structures.® King (1999) suggests ex-

50One additional interesting property of this principle concerns the set designated by tag [4].
Structures described by the consequent of the principle do not necessarily contain an attribute
with the set value [4]. However, the list [3] and the sets[1] and [2] are all attribute values which are
restricted in (3c) by reference to set[4]. Such constellations motivate the introduction of chains
in the description language. Chains model lists (or sets) of objects that are not themselves
attribute values, but whose members are (see Section 3 for the syntax and Section 4 for the
semantics of chains). [4] is best described as a chain.

Pollard (1999: 294) still uses the term feature structure, but it is applied to a special kind of
interpretation in the sense of Definition 7. See the more detailed characterization of these
structures in Section 6 below.
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haustive models, collections of possible language tokens. Whereas two types are
always distinct, linguistic tokens in exhaustive models can be isomorphic when
they are different token occurrences of the same utterance. Pollard (1999) rejects
the idea that models contain possible tokens and essentially uses a variant of
King’s exhaustive models for constructing sets of unique mathematical idealiza-
tions of linguistic utterances: any well-formed utterance finds its structurally iso-
morphic unique counterpart in this model, called the strong generative capacity
of the grammar. The relationship between the elements of the strong generative
capacity and empirical linguistic events is much tighter than it is for Pollard and
Sag’s object types: for the former, it is a relationship of structural isomorphism,
for the latter it is only a conventional notion of correspondence. Moreover, Pol-
lard’s models avoid an ontological commitment to the reality of types. Richter
(2007) points out shortcomings with the postulated one-to-one correspondence
between linguistic types (Pollard & Sag 1994) or mathematical idealizations (Pol-
lard 1999) and the groups of linguistically indistinguishable utterances they are
supposed to represent (e.g. the group of realizations of Breakfast is ready). The
failure of achieving the intended one-to-one correspondence is due to techni-
cal properties of the structure of the respective models and to imprecisions of
actual HPSG grammar specifications, and the two factors are partially indepen-
dent. Richter (2007) suggests schematic amendments to grammars (by a small set
of axioms and an extended signature), leading to normal form grammars whose
minimal exhaustive models exhibit the intended one-to-one correspondence be-
tween structural configurations in the model and (groups of linguistically indis-
tinguishable) empirically observable utterance events. Despite being a certain
kind of exhaustive model, minimal exhaustive models are not token models and
do not suffer from the problematic concept of potential token models which is
characteristic of King’s approach.

HPSG as a model-theoretic grammar framework provides linguists with an ex-
pressive class of logical description languages. Their semantics makes it possible
to investigate closely the predictions of a given set of grammar principles and
the internal and mutual consistency of different modules of grammar. At a more
foundational level, HPSG is exceptional with its alternative characterizations of
the meaning of grammars based on one and the same set of core definitions of the
syntax and semantics of its descriptive devices. This common core in the service
of philosophically different approaches to the scientific description of human lan-
guages makes their respective advantages and disadvantages comparable within
one single framework, and it renders the discussion of very abstract concepts
from the philosophy of science unusually concrete. Alternative approaches to
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grammatical meaning based on different views of the nature of scientific descrip-
tion of an empirical domain can be investigated and compared with a degree of
detail that is hardly achieved elsewhere in linguistics.

The structure of the remainder of this chapter is as follows: Section 3 turns to
the syntax of RSRL, defines signatures with sort hierarchies and feature appro-
priateness for the non-logical vocabulary, and introduces terms and formule as
expressions. A subclass of formulee is called descriptions and corresponds to the
informal AVMs augmented with logical connectives and relational expressions
which we saw above in (1)—(3). Section 4 furnishes the syntactic expressions with
a semantics similar to what is familiar from classical logic, except that formulee
and descriptions denote sets of objects rather than truth values. Section 5 turns
to the meaning of grammars, taking King’s exhaustive models as a concrete ex-
ample of the four explications outlined above, since it is technically the easiest to
define. The final section (Section 6) outlines how the other three approaches to
the meaning of HPSG grammars differ from King’s possible token models with-
out fully defining all constructs they involve.

The function of Sections 3-6 is thus to spell out in more depth what the present
section summarized in much broader strokes. Readers who do not wish to pur-
sue HPSG’s formal foundations further can stop here without missing anything
fundamentally new.

3 Signatures and descriptions

As logical theories of entities in a domain of objects, HPSG grammars consist of
two main components. First, a logical signature, which provides the symbols for
describing the domain of interest, in this case a natural language. And second, an
exact delineation of all and only the legitimate entities in the denotation of the
grammar, written as a collection of statements about their configuration. These
statements are descriptions within a logical language and are composed from
logical constants, variables, quantifiers, brackets and the symbols provided by
the signature. They are variously known to linguists as principles of grammar,
constraints, or rules. In the following, I will use the term principles to designate
these statements. Linguists often use abbreviatory conventions for conceptually
distinguished groups of principles, such as grammar rules, lexical entries, or lex-
ical rules. From a logical perspective, then, a grammar is a pair consisting of a
signature and a collection of principles. The appendix of Pollard & Sag (1994)
provides an early example in HPSG of this conception.
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Signatures in HPSG go beyond supplying non-logical symbols for descriptions,
they impose additional restrictions on the organization of the non-logical sym-
bols. These restrictions ultimately have an effect on how the domain of described
objects is structured. Let us first investigate the two most prominent sets of non-
logical symbols: sorts and attributes. The set of sort symbols is arranged in a sort
hierarchy, and that sort hierarchy is in turn connected to the set of attribute sym-
bols (also known as features). The sort hierarchy is a partial order,” and attributes
are declared appropriate to sorts in the sort hierarchy. This appropriateness dec-
laration must not be entirely random: if an attribute is declared appropriate to
some sort, it must also be declared appropriate to all its subsorts. This require-
ment is known as feature inheritance® Moreover, for each sort o and attribute
¢ such that ¢ is appropriate to o, some other sort ¢’ is appropriate for ¢ at o.
In other words, a certain attribute value (¢’) is declared appropriate for ¢ at o.
These attribute values must not be completely random either: for any subsort
of o, an appropriate feature ¢ of o is of course also appropriate to that subsort
(by feature inheritance), but in addition, the value of ¢ at that subsort must be at
least as specific as it is at 0. This means the value is either ¢’ or a subsort thereof.
It may not be less specific, or, to put it differently, it may not be a supersort of
a.

Some sorts in the sort hierarchy enjoy a special status by being maximally
specific. They are called species. Species are sorts without proper subsorts. Sorts
that are maximally specific and lack any appropriate attribute receive a special
name and are called atomic sorts or simply atoms.

In addition to sorts and attributes, a signature provides relation symbols. Well-
known examples are a ternary append relation and a binary member relation, but
grammars may also require relations such as (often ternary) shuffle and binary
o-command. Each relation symbol comes with a positive natural number for the
number of arguments, its arity.

Putting all of this together, we obtain a definition of signatures as a septuple
with sort hierarchy (S, C), species Sy, attributes A, and relation symbols R; the
function F handles the feature appropriateness and function Ar is for the number
of arguments of each relation.

7 A partial order is given by a set whose elements stand in a reflexive, antisymmetric and tran-
sitive ordering relation.

8See Figure 1 and its explanation in Section 2 for an example which also points out the subtle
distinction between the use of the term appropriate to (feature to sort) vs. the term appropriate
for (sort value for a feature at a given sort).
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Definition 1 X is a signature iff
3 is a septuple (S, C, Smax, A, F, R, Ar),
(S,C) is a partial order,
Smax = {0 €S| foreacho’ € S, if o’ C otheno = o'},
A is a set,
F is a partial function from S X A to S,
foreach oy € S, for each o, € S, for each ¢ € A,
if F(oy1, §) is defined and 0, C oy
then F(o0y, ¢) is defined and F(o03, ¢) T F(01, ¢),
R is a finite set, and
Ar is a total function from R to the positive integers.

The partial order (S, C) is the sort hierarchy, and the set of sorts S, just like
the set of attributes A, can in principle be infinite. In actual grammars it is fi-
nite, and in HPSG grammars it is also assumed that S contains a top element,
which is a sort that subsumes all other sorts in the sort hierarchy. S,y is the set
of maximally specific sorts, which will play a prominent role in the semantics
of descriptions. F is a function for fixing the appropriateness conditions on at-
tributes and attribute values, and the conditions on that function reflect HPSG’s
restrictions on feature declarations. F is called the (feature) appropriateness func-
tion. The last two lines of the definition provide the set of relation symbols, R,
with their arity, Ar. Relations are at least unary.

Relations in HPSG often express relationships between lists (append, shuffle)
or sets (union, intersection). Lists are usually encoded in HPSG with attributes
FIRST and REST, and sorts [ist, elist (for empty list) and nelist (for non-empty list),
but of course the exact naming does not matter. A fragment of the sort hierarchy
which declares the sorts and attributes for regular lists is shown in Figure 2.

list
nelist elist
FIRST object
REST list

Figure 2: Fragment of a sort hierarchy for encoding lists
An AVM description of a list with two synsem objects can then be notated as

in example (4a). Of course, grammar writers usually abbreviate list descriptions
in AVMs by a syntax with angled brackets for superior readability, as shown
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in (4b), a more transparent rendering of (4a), but that is just a convention that
presupposes the existence of a sort hierarchy fragment like in Figure 2.

nelist
FIRST Synsem
(4) a nelist
REST |FIRST synsem
REST elist

b. ( [synsem] , [synsem] >

In combination with relations, grammarians occasionally require a more gen-
eralized use of lists (and sets) than their basic encoding above supports. Starting
already with Pollard & Sag (1994), we find structures in arguments of relations
which behave like regular lists or sets, except that they do not occur as attribute
values anywhere in the structures in which the relations are supposed to hold.’
In order to account for these applications of lists and sets in arguments of re-
lations, RSRL introduces chains. Chains are handled with dedicated sorts and
attributes with a fixed interpretation that extend every signature. They can be
thought of as a more flexible treatment of lists alongside their regular explicit
encoding in HPSG.

RSRL adds chains to all signatures. Informally, the extra symbols act very
much like sorts and attributes for lists: chain for list, echain and nechain for elist
and nelist, respectively, and the reserved symbols { and » for FIRST and REST. In
order to integrate the reserved new sort symbols with any signature a linguist
might specify, a distinguished sort metatop serves as unique top element of the
extended sort hierarchy. The extensions are defined for any signature by adding
reserved pseudo-sorts and pseudo-attributes and structuring the expanded sort
hierarchy in the desired way:

Definition 2 For each signature ¥ = (S,C, Smax, A, F, R, Ar),

S = S U {chain, echain, nechain, metatop},

€ = C U {{echain, chain), {nechain, chain)} U {(0, o)loe §\S}
U {(o; metatop) |o € §},

Smax = Smax U {echain, nechain}, and
A=AU{f»}

9See (3c) above for an example in the second argument of a binary relation set-of-elements.
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The extended sort hierarchy relation, T, simply integrates the new pseudo-
sorts into the given relation by ordering echain and nechain under chain, keeping
the reflexive closure intact and ordering every sort and pseudo-sort under the
new top element of the partial order, metatop. Corresponding to elist and nelist
above, echain and nechain are treated as maximally specific by including them
in the extension of S,,4y, designated as gmax.lo An AVM describing a chain with
two synsem objects corresponding to the description of a list with two synsem

objects in (4a) now appears as follows:

nechain
T synsem
(5) nechain
> [T synsem
> echain

Apart from the non-logical constants from (expanded) signatures and some
logical symbols, a countably infinite set of variables is needed, which will be
symbolized by V. Lower-case letters from the Latin alphabet serve as variable
symbols, typically x.

For expository reasons, the syntax of descriptions, to be introduced next, does
not employ AVMs, the common lingua franca of constraint-based grammar for-
malisms. The reasons are twofold: most importantly, although AVMs provide an
extremely readable and flexible notation, they are quite cumbersome to define as
a rigorous logical language which meets all the expressive needs of HPSG. Some
of this awkwardness in explicit definitions derives from the very flexibility and
redundancy in notation that makes AVMs perfect for everyday linguistic practice.
Second, the original syntax of RSRL is, by contrast, easy to define, and, as long
as it is not used for descriptions as complex as they occur in real grammars, its
expressions are still transparent for everyone who is familiar with AVMs. Read-
ers who want to explore how our description syntax relates to a formal syntax
of AVMs are referred to Richter (2004) for details and a correspondence proof.

The definition of the syntax of descriptions proceeds in two steps, quite similar
to first-order predicate logic. I will first introduce terms and then build formulee
and descriptions from terms. Terms are essentially what is known to linguists as
paths, sequences of attributes:

OExtending the appropriateness function, F, is unnecessary since the relevant effects follow
immediately from the semantics of the new reserved symbols in Definition 8.
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Definition 3 For each signature Y = (S, C, Smax, A, F, R, Ar), TZ is the smallest set
such that

1 e T,

foreachx e V,x € T>,

for each ¢ € A and eacht € T%, t$h € T*.

Simply put, sequences of attributes (including the two pseudo-attributes 1 and
>) starting either with the colon or a single variable are ¥ terms. Equipped with
terms, we can immediately proceed to formulee, the penultimate step on the way
to descriptions. There are three kinds of simple formulee: formule that assign a
sort to the value of a path, formulee which state that two paths have the same
value (structure sharing, in linguistic terminology), and relational formulee. Com-
plex formule can be built from these by existential and universal quantification,
negation, and the classical binary logical connectives.

Definition 4 For each signature ¥ = (S, &, Spax, A, F, R, Ar), D” is the smallest set
such that

foreach o € §,for eacht € T*, 1 ~ 0 € D*,

foreacht,7; € T> 1y ~ 1y € D%,

foreach p € R, foreachxi,...,xar(p) €V, p(x1,...,Xar(p)) € D*,

foreachx € V, for each § € D%, 3x6 € D%, (analogous for V)
foreaché € D*, -8 € D*,
for each 8,9, € D*, and (8, A 8,) € D”. (analogous for V, —, <)

In this syntax, the Head Feature Principle of (3a) can be rendered as in (6a) or,
equivalently, as in (6b).!

(6) a. (:~ headed-phrase) —
(: SYNSEM LOCAL CATEGORY HEAD =
: HEAD-DTR SYNSEM LOCAL CATEGORY HEAD)

b. (: ~ headed-phrase) —
Jx (: SYNSEM LOCAL CATEGORY HEAD = X A
: HEAD-DTR SYNSEM LOCAL CATEGORY HEAD % X)

Finally, FV is a function that determines for every ¥ term and ¥ formula the
set of variables that occur free in them.

Definition 5 For each signature Y = (S, E, Smax, A, F, R, Ar),
FV() =1{},

UThe brackets in the antecedent are for readability.
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foreachx € V, FV(x) = {x},
for each T € T%, for each ¢ € A, FV(r¢) = FV (1),
for each t € T, for each o € §,FV(T ~0)=FV(r),
foreachty, 7, € T*, FV(1y = 15) = FV(1y) U FV (1),
foreach p € R, foreach xi,...,Xar(p) €V,
FV(p(x1, - - Xar(p)) = {%1, s Xar(p) }
for each § € D*, for each x € V, FV(3x5) = FV(8)\{x}, (analogous for V)
for each § € D*, FV(=68) = FV (),
for each 8,8, € D*, FV((8; A 85)) = FV(8,) UFV(8,). (analogous for V, —, <)

Informally, an occurrence of a variable is free in a ¥ term or a ¥ formula if it is
not bound by a quantifier. ¥ formulee without free occurrences of variables are
a kind of formula of special interest, and the term ¥ description is reserved for
them:

Definition 6 For each signature 3, Dy = {§ € D*|FV(8) = {}}.

D} is the set of = descriptions. When a signature is fixed by the context, or
when the exact signature is irrelevant in the discussion, we can simply speak of
descriptions instead of ¥ descriptions. Descriptions are the syntactic units that
linguists use in grammar writing. (6a) and (6b) are descriptions. Grammars, as
we will see in Section 5, are written by declaring a signature and stating a set of
descriptions. But before grammars and their meaning can be investigated, the
meaning of signatures and of descriptions must be explained.

4 Meaning of signatures and descriptions

Descriptions of RSRL are interpreted similarly to expressions of classical logics
such as first order logic, except that they are not evaluated as true or false in a
given structure; instead, they denote collections of structures.

Defining the meaning of descriptions begins with delineating the structures
which interpret signatures. In particular, species and attributes must receive a
meaning, which should be tied to the HPSG-specific intentions behind sort hier-
archies and feature declarations; and so must relation symbols, whose interpreta-
tion should heed their arity. Due to some extra restrictions which will ultimately
be imposed on the interpretation of relation symbols (to meet intuitions of gram-
marians) and whose formulation presupposes a notion of term interpretation,
I start with initial interpretations. They will be refined in a second step to full
interpretations (Definition 13).
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Some additional notation is convenient in the upcoming definition of initial
interpretations. If S is a set, S* is the set of all finite sequences (or n-tuples) of el-
ements of S. S* is the same set without the empty sequence. S is short for the set
S U §*. Initial interpretations employ a set U of entities which form the domain
of grammars. The functions S, A and R interpret sort symbols, attribute sym-
bols and relation symbols in that domain, respecting certain general restrictions
which come with HPSG’s ontological assumptions about languages. In particu-
lar, the behavior of attribute interpretation is tied to the feature appropriateness
conditions, i.e. feature inheritance in the sort hierarchy.

Definition 7 For each signature ¥ = (S, E, Spax, A, F, R, Ar), | is an initial ¥ inter-
pretation iff
I=(U,S,AR),
U is a set,
S is a total function from U to Spax,
A is a total function from A to the set of partial functions from U to U,
for each ¢ € A and eachu € U

if A(@)(u) is defined

then F(S(u), ¢) is defined, and S(A(¢)(u)) C F(S(u), ¢), and
foreach ¢ € A and eachu € U,

if F(S(u), ¢) is defined then A(¢)(u) is defined,

R is a total function from R to the power set of |J U", and
neN
TAr(p)

foreachp € R,R(p) C U
Initial ¥ interpretations are quadruples consisting of four components. The
first three of them will remain unchanged in full ¥ interpretations (Definition 13).
The elements of U are entities which populate the universe of structures. Their
ontological status has been debated fiercely in HPSG, and will be discussed in
Sections 5 and 6. For the moment, assume that they are either linguistic ob-
jects or appropriate abstractions thereof. S assigns each object in the universe a
species, which is another way of saying that each object is of exactly one maxi-
mally specific sort. This is what is known as the property of being sort-resolved.
The attribute interpretation function A interprets each attribute symbol as a (par-
tial) function that assigns an object of the universe to an object of the universe,
and as such it obeys the restrictions of the feature declarations of the signature,
embodied in the function F: attributes are defined on all and only those objects
u; which have a species to which the attributes are appropriate according to F;
and the object which u is mapped to by the attribute must in turn be of a species
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which is appropriate for the attribute (at the species of ;). This is what is known
as the property of interpreting structures as being totally well-typed. Originally
both of these properties of interpreting structures were formulated with respect
to so-called feature structures, but, as we will see below, this conception of inter-
preting structures for grammars was soon given up for philosophical reasons.!
The relation interpretation function R finally interprets n-ary relation symbols as
sets of n-tuples of objects. However, there is an additional option, which makes
the definition look more complex: an object in an n-tuple may in fact not be an
atomic object; it can alternatively be a tuple of objects itself. These tuples in ar-
gument positions of relations will be described as chains with the pseudo-sorts
and pseudo-attributes, which were added to signatures in Definition 2 above. As
pointed out there, chains are a construct which gives grammarians the flexibility
to use (finite) lists in all the ways in which they are put in relations in actual
HPSG grammars (see (3c) for an example).

Since chains are provided by an extension of the set of sort symbols and at-
tributes (Definition 2), the interpretation of the additional symbols must be de-
fined separately. This is very simple, since these symbols behave essentially anal-
ogously to the conventional sort and attribute symbols of HPSG’s list encoding.

Definition 8 For each signature ¥ = (S, T, Smax, A, F, R, Ar), for each initial ¥ in-
terpretation | = (U, S, A,R),
S is the total function from U to S such that
foreachu € U,S (u) =S (u),
echain  ifn=0,
nechain ifn >0
A is the total function from A to the set of partial functions from U to U such that
foreach ¢ € A, A(¢) = A(¢),
A (%) is the total function from U* to U such that for each (uy, ..., u,) € U,
A (o ) = i, and
A (») is the total function from U* to U* such that for each (uy, . ..,u,) € U",
A(>) ((ugs -, un)) = (i, .., Un).

S is the expanded species assignment function, and A is the expanded attribute
interpretation function. The pseudo-species symbols echain and nechain label
empty chains and non-empty chains, respectively. Given a non-empty chain, the
pseudo-attribute { picks out its first member, corresponding to the function of
the FIRST attribute on non-empty lists. Conversely, > cuts off the first element of

foreachul,...,uneU,§(<u1,...,un>)={ , and

120f course, the informal term feature structure is still alive among linguists, and in a technical
sense, feature structures are essential constructs for implementation platforms.
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a non-empty chain and returns the remainder of the chain, as does the standard
attribute ReST for lists.

In addition to attributes, terms may also contain variables (Definition 3). Term
interpretation thus requires a notion of variable assignments in (initial) interpre-
tations.

Definition 9 For each signature X, for each initial 3 interpretation | = (U, S, A, R),

=V . ) ; .
G| = U is the set of variable assignments in |.

An element of G, (the set of total functions from the set of variables to the set
of objects and chains of objects of U) will be notated as g, following a convention
frequently observed in predicate logic. With variable assignments in (initial) in-
terpretations, variables denote objects in the universe U and chains of objects of
the universe.

Terms map objects of the universe to objects (or chains of objects) of the uni-
verse as determined by a term interpretation function T/:

Definition 10 For each signature ¥ = (S,C, Smax, A, F, R, Ar), for each initial %
interpretation | = (U, S, A,R), for each g € G|, Tlg is the total function from T to the
set of partial functions from U to U such that for eachu € U,
TI(:)(u) is defined and 77 (:) (u) = u,
for each x € V, T/ (x)(u) is defined and T/ (x) (u) = g(x),
foreacht € T, foreach ¢ € E
T/ (7¢) (u) is defined iff 7/ (7)(u) is defined and K(gb)(T,g(T) (u)) is defined,

and

ileg(Tgb) (u) is defined then T,g(rgb)(u) = K(gb) (T,g(f) (u)).

T! is called the term interpretation function under | under g. > terms either start
with a variable or with the special symbol colon (*:’). The colon denotes the
identity function. Interpreted on any object, it returns that object. If a term 7
starts with the colon, its term interpretation starts, so to speak, at the object u
to which it is applied (T () (u)) and, if each subsequent attribute in 7 is defined
on the object to which the interpretation of the earlier attribute(s) took us, the
term interpretation will yield the object reached by the last attribute. When a
¥ term starts with a variable x, the given variable assignment g will determine
the starting point of interpreting the sequence of attributes (g(x)). Of course,
variables may be assigned chains of objects, in which case the symbols of the
expanded attribute set can be used to navigate the elements of the chain.

The set of objects which are reachable from a single given object in an in-
terpretation by following sequences of attribute interpretations is important for

109



Frank Richter

the way in which quantification is conceived of by grammarians. It also plays
a role in thinking about which objects can in principle stand in a relation, and
it is crucial for explicating different notions of the meaning of grammars. Defi-
nition 11 captures this notion, the set of components of an object in an (initial)
interpretation. Note that all terms in Definition 11 start with the colon.

Definition 11 For each signature 3 = (S,C, Smax, A, F, R, Ar), for each initial ¥
interpretation | = (U, S, A R), for eachu € U,
for some g € Gy,
for some w € A*,
T/ (: 1) (u) is defined, and
u' =T (:m)(u)

Cl=qu €U

C/ is the set of components of u in I. The purpose of C is to capture the set
of all objects that are reachable from some object u in the universe by follow-
ing a path of interpreted attributes. Thinking of these configurations as directed
graphs, the set of components of u in | is the set of nodes that can be reached by
following any sequence of vertices (in the direction of attribute interpretation)
starting from u. This corresponds to how linguists normally conceive of the sub-
structures of some structured object.”® The set of components of objects is used
in two ways in the definitions of full interpretations and description denotations:
it restricts the set of objects that are permitted in relations, and it provides the
domain of quantification in quantificational expressions of the logical language.

According to Definition 7 of initial interpretations, relation symbols are simply
interpreted as tuples of objects (and chains of objects) in the universe of interpre-
tation. However, HPSGians have a slightly more restricted notion of relations:
for them, relations hold between objects that occur within a sign (or a similar
kind of larger linguistic structure); they are not relations between objects that
occur in separate (unconnected) signs. The following notion of possible relation
tuples in an interpretation captures this intuition.

Definition 12 For each signature ¥ = (S,C, Smax, A, F, R, Ar), for each initial ¥
interpretation | = (U, S, A, R),
for someu € U,
RTy= U {(up...,u,) €U" |foreachi e N,1<i<n
neN u; € C_Iu

BPhrasing this more carefully, the object itself is not structured, but there is a structure gen-
erated by the object by following the vertices, or more technically, by the composition of
functions which interpret attribute symbols.
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RT, is the set of possible relation tuples in I. Possible relation tuples in an
initial interpretation are characterized by the existence of some object in the
interpretation from which each object in a relation tuple can be reached by a
sequence of attribute interpretations. In case an argument in a tuple is a chain,
then the objects on the chain are thus restricted.

The notion of full interpretations integrates the restriction on possible rela-
tions, keeping everything else unchanged from initial interpretations:

Definition 13 For each signature 3 = (S,C, Smax, A, F, R, Ar), for each initial %
interpretation I’ = (U’,S’,A’,R’), for the set of possible relation tuples in I, RTy,
I =(U,S, A R) is a full ¥ interpretation iff

U=U’,S=5', A=A/, andR is a total function from R to the power set of RTy, and
foreach p € R,R(p) C (RTV N UAr(p)).

It can be checked that variable assignments in initial interpretations and sets of
components of objects in initial interpretations are the same as in corresponding
full interpretations with the same universe, species interpretation and attribute
interpretation functions, since variable assignments and sets of components of
objects do not depend on the interpretation of relations. From now on, all of the
above will be used with respect to full interpretations, and full interpretations
will simply be called interpretations.

Everything is now ready to define the meaning of formulz in interpretations as
sets of objects in an interpretation. A sort assignment formula constructed from a
term, a reserved assignment symbol and a sort symbol such as :cAse~nominative
denotes the set of objects in the interpretation on which the cask attribute is de-
fined and, when interpreted on them, leads to an object of sort nominative; and
the path equation :SYNSEM LOCAL CATEGORY HEAD % :HEAD-DTR SYNSEM LOCAL
CATEGORY HEAD denotes those objects on which the two given paths are defined
and lead to the same object. Relational formulz, the third kind of atomic formula,
also denote sets of objects and will be discussed in more detail below. Existen-
tial quantification and universal quantification are restricted to components of
objects; and the logical connectives are treated with the familiar operations of
set union (disjunction), set intersection (conjunction) and set complement (nega-
tion), or with combinations thereof (implication, bi-implication). The definition
of ¥ formula denotation for quantificational expressions needs a notation for
modifying variable assignments with respect to the value of designated variables.
For any variable assignment g € G, for ¢’ = g[x + u], ¢’ is just like g except
that g’ maps variable x to object u (possibly a tuple).
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Definition 14 For each signature ¥ = (S, G, Spmax, A, F, R, Ar), for each (full) ¥ in-
terpretation | = (U,S,A R), for each g € G|, D,g is the total function from D” to the
power set of U such that

foreacht € T*, for each o € S,
T/ (7)(u) is defined, and}

Dlg(r~0'):{u€U §(T?(r)(u))§o

foreacht, 1 € T>,
T (1) (u) is defined,
D(n~m)=queu T,g(rz)(u) is defined, and ¢,

T/ (1) () = T (12) (w)
foreach p € R, foreach x,...,Xar(p) €V,

Dlg (p(X1,. . ~axAr(p))) = {u eu |<g(x1)a . "g(xAr(p))> € R(P) },
for some u’ € C
ue /sy [

foreachu’ € C} }

for each x € V, for each § € D*, D/ (3x6) = {u eu

for each x € V, for each § € D*, DY (Vx6) = {u €U e Dlg[)ﬂ—)u'](é)

for each § € D*, D] (=) = U\D! (6),
for each 6,8, € D, DY ((8; A 8)) = DY (81) NDY(8,)
for each 81,8, € D*, DY ((8; V &) = DY (81) UDY(8,)
for each 61,8, € D*, D ((8; — 6,)) = (U\D{(61)) U D!(82), and
for each 6,6, € D”,
D} (81 & &2)) = (U\D/(61) N (U\D/(8,))) U (D} (61) N DY (8,)).

D is the 3 formula interpretation function with respect to | under a variable
assignment, g, in . Sort assignment formule, 7 ~ o, denote sets of objects on
which the attribute path 7 is defined and leads to an object u’ of sort . If o is not a
species, the object u’ must be of a maximally specific subsort of . Path equations
of the form 7y ~ 7, hold of an object u when path 7; and path 7, lead to the same
object u’. And an n-ary relational formula p(xy, ..., x,) denotes a set of objects
such that the n-tuples of objects (or chains of objects) assigned to the variables
x; to x, are in the denotation of the relation p. This means that a relational
formula either denotes the entire universe U or the empty set, depending on the
variable assignment g in I. For example, according to Definition 14, the formula
append(xy, X2, x3) denotes the universe of objects if the triple (g(x1), g(x2), g(x3))
is in R(append), or else the empty set. We will return to the meaning of relational
formulee after defining the meaning of grammars to confirm that this is a useful
way to determine their denotation.

Negation is interpreted as set complement of the denotation of a formula, con-
junction and disjunction of formulee as set intersection and set union of the
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denotations of two formulee, respectively. The meaning of implication and bi-
implication follows the pattern of classical logic and could alternatively be de-
fined on the basis of negation and disjunction (or conjunction) alone. Quantifica-
tional expressions are special in that they implement the idea of restricted quan-
tification by referring to the set of components of objects in I. An existentially
quantified formula, 3x4, denotes the set of objects u such that there is at least one
component (or chain of components) u’ of u, and interpreting x as u’ leads to J de-
scribing u. With universal quantification, the corresponding condition must hold
for all components (or chains of components) of the objects u in the denotation
of the quantified formula. Again turning to the application of these definitions
of formula denotations in grammar writing, the intuition is that linguists quan-
tify over the components of grammatical structures (sentences, phrases), and not
over a universe of objects that may include unrelated sentences and grammatical
structures, or components thereof: a certain kind of object exists within a given
structure, or all objects in a certain structure fulfill certain conditions.

A standard proof shows that the denotation of X formulse without free occur-
rences of variables, i.e. the denotation of ¥ descriptions, is independent of the
initial choice of variable assignment. For ¥ descriptions, I can thus define a sim-
pler X description denotation function with respect to an interpretation |, D;:

Definition 15 For each signature 3 = (S,C, Spmax, A, F, R, Ar), for each (full) ¥ in-
terpretation | = (U, S, A,R), Dy is the total function from Dg to the power set of U
such that D;(5) = {u eu |foreachg € G, u € D)(5) }

For each description &, D, returns the set of objects in the universe of | that
are described by §. With ¥ descriptions and their denotation as sets of objects,
everything is in place to symbolize all grammar principles of a grammar such as
the one presented by Pollard & Sag (1994) in logical notation, and the grammar
principles receive an interpretation along the lines informally characterized by
Pollard and Sag. A comprehensive logical rendering of their grammar of English
can be found in Appendix C of Richter (2004). It includes the treatments of (fi-
nite) sets and of parametric sorts (such as list(synsem)), which are not specifically
addressed — but implicitly covered - in the preceding presentation. Moreover, as
shown there, all syntactic constructs of the logical languages above are necessary
to achieve that goal without reformulating the grammar.

5 Meaning of grammars

Grammars comprise sets of descriptions, the principles of grammar. These sets of
principles are often called theories in the context of logical languages for HPSG,
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although this terminology can occasionally be confusing.!* Theories, i.e. sets of
descriptions, are symbolized with 6. A grammar is simply a theory together with
a signature:

Definition 16 T is a grammar iff
T is a pair (%, 0), where S is a signature, and 6 C D

Essentially, the denotation of a theory can be thought of as the denotation of
the conjunction of the descriptions in the theory. The difference is that theories
can, in principle (and contrary to deliberate linguistic convention), be infinite in
the sense of containing infinitely many descriptions. Conjunctions of descrip-
tions are finite, since conjunctive formulee are finite.

Definition 17 For each signature 3, for each Y. interpretation | = (U, S, A,R), ©, is
the total function from the power set of Dy to the power set of U such that for each
0 c Dy,

0,(0) = {u eu |foreach5 € 0,u € D) }

O, is the theory denotation function with respect to |. A theory consisting of
a set of descriptions holds of every object u in the universe exactly if every de-
scription in the theory holds of u. In short, a theory denotes the set of objects
that are described by everything in the theory. These objects do not violate any
restriction that the theory expresses in one of its descriptions.

A first approximation to the meaning of grammars is provided by the notion
of a ' model, a model of a grammar I":

Definition 18 For each grammar T = (Z,0), for each X interpretation | =
(U,S,A,R), I is a ' model iff ©,(0) = U.

AT modelis an interpretation | = (U, S, A, R) in which every description in the
theory of grammar I' describes every object in the interpretation’s universe U.
In other words, each object in the interpretation fulfills all conditions which are
imposed by the grammar principles. There is no object in a I' model that violates
any principle.

Models of grammars are an appropriate starting point for revisiting the de-
notation of relational formulee. Assume we want to define a unary relation
synsem-rel which contains all objects of sort synsem of a typical HPSG gram-
mar. To achieve this, we declare the relation symbol synsem- rel in the signature
and we add the description in (7) to the theory of the grammar T':

14The problem with this term is that it can be argued that theories, defined this way, do not
constitute what would traditionally be called a theory of a language, since many central aspects
of a theory in the latter sense are not embodied in that kind of formalized theory.
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(7)  Vx (synsem-rel(x) <> x ~ synsem)

Consider a non-empty I' model | containing words and phrases. Since by as-
sumption (7) is in the theory of ', and we consider a model, (7) describes every
object in the universe of I. By the bi-implication, every component object of
every object u in | which is of sort synsem is in R(synsem-rel) (right to left),
and every element of R(synsem-rel) is a synsem object (left to right). But if the
bi-implication in (7) holds in both directions in 1, it follows that the expression
Jx synsem-rel(x) describes every object u in | which has a component that is
in the synsem-rel relation. The expression Yx synsem-rel(x) describes every
object in I all of whose components are in the synsem-rel relation.”®

Now assume we have a description much like (7) in our grammar theory, but
instead of defining the meaning of synsem- rel, it defines the meaning of append:
the new description says that for every object in a grammar model which con-
tains three (not necessarily pairwise distinct) lists as components, the lists are in
the ternary append relation as triple (I, l5, Is) iff I5 is the concatenation of [; and
I, (in that order). Then we can use this append relation in yet another grammar
principle as follows:!

(8) head-filler-phrase = 3] 32] 93]
PHON
NON-HD-DTRS|FIRST|PHON A append ([T, [2], 3])
HEAD-DTR|PHON

The filler daughter is the only non-head daughter in a head-filler phrase. In
English, the phonology of the filler daughter precedes the phonology of the head
daughter. According to (8), a head-filler phrase has three components, [i], 2], and
such that they are the list values of the pHON attributes of the non-head daughter,
the head daughter and the phrase as a whole, and they are in the append relation
(in the given order). But being in the append relation means that list [3] is the
concatenation of list [ and list [2]. Obviously, the denotation of relational formulee
works as intended in grammar models.

Linguists use grammars to make predictions about the grammatical structures
of languages. In classical generative terminology, a grammar undergenerates if
there are grammatical structures it does not capture. It overgenerates if it permits

150Of which there are none, given the usual structure of signs where synsem objects always have
components of other sorts.
161 RSRL syntax, (8) can be written as
: ~head-filler-phrase —
Fxq dxp Jxs
(: PHON ~ x3 A : HEAD-DTR PHON % X A : NON-HD-DTRS FIRST PHON ~ x; A append(xy, x2, X3))
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structures that are deemed ungrammatical. It is uncontroversial that an appro-
priate notion of the meaning of a grammar should support linguists in making
such predictions with their grammars. However, the notion of I' models in Def-
inition 18 is not strong enough for this purpose. To see this, suppose there is a
signature ¥ which is fit to describe the entire English language, and there is a the-
ory 6 which expresses correctly all and only what there is to say about English.
Interestingly, a (£, 0) model | of this perfect grammar of English can be arbitrar-
ily small, as long as every object in the ¥ interpretation | is described by every
grammar principle in 6, as this is a condition on models of a grammar. Therefore
a (Z, 0) model of our perfect grammar may consist of nothing but a structure of
the single sentence Elon is going to Mars. This follows from the definition of T’
models, because any appropriate grammar of English must describe all objects
that together make up this well-formed sentence. But this one-sentence model
of the grammar of English is obviously too small to count as a good candidate
for the English language, because English contains much more than this single
sentence. It follows that in arbitrarily chosen models, it cannot be detected if a
grammar undergenerates or overgenerates.

King’s (1999) exhaustive models are a possibility to define the meaning of gram-
mars in such a way that the models reflect the basic expectations of generative
linguists. The underlying intuition is to choose a maximal model which con-
tains a congruent copy of any configuration of objects which can be found in
some model of the grammar. This way, the model chosen for the meaning of
a grammar is in a relevant sense big enough so that all the consequences of the
grammar can be observed in it. If the grammar overgenerates, the model will con-
tain ill-formed structures. If the grammar undergenerates, expected well-formed
structures will be absent.

The simplest way to spell this out is by considering each and every alternative
model I’ of a grammar and observing that whenever you can describe something
in an alternative model I’ with an arbitrary set of descriptions, that set of descrip-
tions also picks out something in the targeted, sufficiently large model I:

Definition 19 For each grammarT = (2, 0), for each X interpretation |,
| is an exhaustive I' model iff
I is a ' model, and
for each 0’ C D2, for each 3. interpretation I,
if " is aT model and ©y(0") # () then ©,(0") # 0.

Any grammar with a non-empty model also has a non-empty exhaustive mod-
el. In addition to being a model of a given grammar I' = (3, 0), an exhaustive I
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model | has the property that each arbitrarily chosen set of descriptions 8” which
denotes anything at all in any I' model also denotes something in I. An alternative
algebraic way to characterize this requirement is to say that any configuration
of objects in any I model has a congruent counterpart in an exhaustive I' model.
At the same time, since an exhaustive model is from a special class of models, if
a description in 6 does not describe some object in a I interpretation I, then this
object in I’ cannot have a counterpart in an exhaustive I' model.

This is sufficient to capture relevant grammar-theoretic notions of linguistics:
a grammar I of a language £ overgenerates iff an exhaustive I' model contains
configurations that are not (congruent to) grammatical expressions in £; it un-
dergenerates iff an exhaustive I' model does not contain configurations which
are (congruent to) grammatical expressions in L.

6 Alternative conceptions of the meaning of grammars

Section 2 gave an informal overview of four different ways to conceive of mod-
els which explain the meaning of HPSG grammars: Theory T1 of Pollard & Sag
(1994) views the adequate model as a collection of the object types of the expres-
sions of the language £ that a given grammar describes. T2 by King (1999) takes
the intended model to be one from a class of models which contains all possible
linguistic tokens of L. T3 (Pollard 1999) constructs the model I' of language £
as a collection of mathematical idealizations such that each grammatical struc-
ture of £ should find a structurally isomorphic counterpart in the model. This
model is called the strong generative capacity of grammar I'. And T4 by Richter
(2007) defines a schematic extension to grammars called their normal form which
guarantees the existence of a model (a minimal exhaustive model) in which all
and only the grammatical utterances of £ find exactly one structurally matching
configuration each, without commiting to the ontological status of the configu-
rations in the model.

All four share the common core of aiming at capturing the predictions of a
grammar in the sense of directly reflecting possible overgeneration or undergen-
eration (Section 5): all and only the grammatical structures of £ are supposed to
be in the intended model or to find a corresponding counterpart in it. The signifi-
cant differences between T1, T2, T3 and T4 reside in their assumptions about the
nature of the model. The decision of what kind of entities populate the model
determines the ontological and structural properties of the entities in the model,
which in turn leads to substantial technical differences in the construction of the
models. The four theories T1-T4 are numbered chronologically in the order in
which they were developed.
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Deviating from chronological order, we begin with T2, the theory of exhaus-
tive models (Definition 19). T2 has the distinguished property of insisting on
a token model of the language £ of a given grammar, (%, 8). According to T2,
actual well-formed linguistic tokens are the immediate object of grammatical de-
scription. They are the objects u in the intended exhaustive model | = (U, S, A, R).
For any occurrence of an utterance of £ in the real world, the intended exhaus-
tive model contains the actual utterance itself. Since linguists cannot know how
often an utterance of a concrete token in .£ did occur and will occur in the world,
exhaustive models are a class of models. For T2 it does not matter how often the
token utterance Elon is going to Mars is encountered at a concrete place and time
in the world, because among the class of exhaustive models of English there is
one with the correct number of occurrences for this utterance and all other ac-
tual utterances, and that exhaustive model is the intended one. However, there is
a crucial complication: it is clear that most conceivable well-formed expressions
of any given human language were never produced and never will be. Since, by
construction, an exhaustive model must contain all potential well-formed expres-
sions of a language which obey the principles of grammar, in addition to actual
utterance tokens, the theory of exhaustive models must admit potential tokens in
the intended exhaustive model for those utterances which never occur in the real
world. If token models are already suspicious (or unacceptable) to many linguists,
models comprising non-actual tokens are even more contentious.

T2 is designed in deliberate opposition to the chronologically preceding theory
T1 of Pollard & Sag (1994), the only one which employs feature structures. T1 pro-
poses that a grammar I' = (2, 0) denotes a set of mathematical representations
of types of linguistic events. The main idea is that the object types abstract away
from individual circumstances of token occurrences, because for T1 a grammar
of a language is assumed not to be concerned with individual linguistic events or
tokens. The object types capture individual linguistic token events in the sense
that an object type conventionally corresponds to “those imaginable linguistic
objects that are actually predicted to be possible ones” (Pollard & Sag 1994: 7) in
the language L that (3, ) describes. The postulated intuitive correspondence
is not explicated further, but it is expected that a trained linguist will recognize
which object type a linguistic token encountered in the real world corresponds
to. When observing a token expression of English in the world, for example in
a situation in which someone exclaims Elon is going to Mars!, the linguist recog-
nizes the corresponding object type. The informality of the relationship between
the denotation of a grammar (mathematical objects serving as object types) and
the domain of empirically measurable events (utterances of grammatical expres-
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sions of a language) is one of the reasons to reject T1. In addition to the weak
connection between the object types and the domain of empirically accessible
data, object types have been criticized for being ontologically dubious and in any
case superfluous and thus falling victim to Occam’s razor. A theory of meaning
without such an additional ontological postulate is deemed to be stronger.

T1 is implemented by constructing linguistic object types as abstract feature
structures. In first approximation - to be refined presently — these can be thought
of as rooted directed graphs, or, in terms of our previous grammar models, as con-
figurations of objects under a root node. Definition 11 introduced C{* as the set of
components of an object u in an interpretation I. The root node of the directed
graph corresponds to the distinguished object u in a set C*. The abstract feature
structures used as mathematical representations of object types, however, are
not graph-like objects, as two distinct graphs could be isomorphic, in violation
of the core idea of proposing unique object types for classes of linguistic events.
Abstract feature structures are therefore defined as (tuples of) sets, representing
each node v in the graph as an equivalence class of paths that lead to v from
the root node. A labeling function assigns sorts to these abstract nodes in accor-
dance with the feature appropriateness function of the signature, and relations
are basically tuples of abstract nodes. A satisfaction function determines what it
means for a feature structure to satisfy a description, which is then elaborated in
the notion of grammars admitting sets of abstract feature structures. In terms of
the exhaustive models of T2, the abstract feature structures admitted by a gram-
mar I' can be imagined as a normal form representation with the abstract feature
structures (the linguistic types) serving as the objects u in a canonical exhaus-
tive model | of .17 The earlier ontological criticism of T1 amounts to rejecting
the insinuation that linguists consider (abstract) feature structures the subject
of their grammars and affirming that their real interest lies in the description of
languages. Assuming the existence of abstract feature structures is then a super-
fluous detour in the linguistic enterprise.

Meaning theory T3 is positioned against the theory T1 of object types for
classes of theoretically indistinguishable linguistic tokens, and against the the-
ory T2 of perceiving the meaning of a grammar in an intended exhaustive model
populated with actual and non-actual linguistic tokens. With T3, Pollard (1999)
is firmly opposed to token models and sees mathematical idealizations as fun-
damental to grammatical meaning. The concept of non-actual tokens is deemed

7This characterization is slightly simplistic; see Richter (2004: Appendix A, Definition 80) for
details. Abstract feature structures are in fact extended to canonical entities to obtain canonical
interpretations/models/exhaustive models.
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unacceptable and self-contradictory. However, Pollard (1999) also rejects T1’s on-
tological commitment to object types and wants to strengthen the relationship
between the structures in the denotation of a grammar and empirically observ-
able token expressions. According to T3, no two structures in the strong gen-
erative capacity, the collection denoted by a grammar (Z, ) of language £, are
structurally isomorphic, and each utterance token of language £ which is judged
grammatical finds a structurally isomorphic counterpart in the grammar’s strong
generative capacity. An occurrence of the question Is Elon really going to Mars?,
just like the occurrence of any other grammatical token of English, must find
a unique structurally isomorphic mathematical idealization in the strong gener-
ative capacity of an adequate grammar of English. With this requirement, T3
tightens the connection between observables and the mathematical model, cut-
ting out the types and establishing a much stricter link between the predictions
of a grammar and the domain of empirical phenomena than the abstract feature
structure models of Pollard & Sag (1994) offer with their appeal to conventional
correspondence.

T3 is spelled out on the basis of models (Definition 18),!® offering three al-
ternative ways of characterizing the strong generative capacity of a grammar.
The structures in Pollard’s models can be understood as pairs of interpretations
| = (U,S,AR) and a root node u whose set of components (C) constitute I’s
universe U. The objects in C}* are all defined as canonical representations by a
construction employing equivalence classes of attribute paths originating at the
root node: given a grammar T, its strong generative capacity is the set of all such
canonical representations whose interpretations are I' models. By construction,
they are all pairwise non-isomorphic, and with their internal (set-theoretic) struc-
ture, they can be assumed to be structurally isomorphic to grammatical utterance
tokens of a language, in contrast to the abstract feature structures of Pollard &
Sag (1994). The canonical representations in the strong generative capacity can
be abstracted from each exhaustive model.

A central tenet of theories T1 and T3 of the meaning of grammars as sets of
abstract feature structures and as mathematical idealizations in the strong gen-
erative capacity is the one-to-one correspondence either of object types or of
mathematical idealizations to (linguistically indistinguishable groups of) gram-
matical utterances in a language. Richter (2007) investigates the models of exist-
ing HPSG grammars, such as the fragment of English developed in Pollard & Sag
(1994), and notes that T1 and T3 necessarily trigger an unintended one-to-many
relationship between grammatical utterances and structures in the denotation of

Bpollard (1999) is in fact based on Speciate Re-entrant Logic (SRL), King’s precursor of RSRL,
but a straightforward extension to full RSRL is provided in Richter (2004).
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typical HPSG grammars: one token utterance leads to more than one structure
in the grammar denotation. The main reason is that, in both theories, each struc-
ture which corresponds to a grammatical utterance entails the presence of a large
number of further structures. For the strong generative capacity, the additional
structures come from the substructural nodes in the mathematical idealization of
an utterance which, by design, must in turn function as root nodes of admissible
structures. But these additional structures are not mathematical idealizations of
empirically observable grammatical utterances. In fact, many of the structures
present in the strong generative capacity do not correspond to structures which
can occur in grammatical utterances at all.'” While the abstract feature structures
of T1 do not have substructures, the abstract feature structure admission relation
relies on a mechanism with exactly the same effect: admitting the unique type
of Elon must be on his way to Mars entails the existence of many other types,
so-called reducts of the intended type, and these reducts do not have empirical
counterparts in linguistic utterance tokens.

In response to these problems, T4 proposes normal form grammars, schematic
signature and theory extensions applicable to any HPSG grammar. The core
idea behind the canonical grammar extension is to partition the denotation of
grammars into utterances and to guarantee by construction that every connected
configuration of objects in a grammar’s denotation is isomorphic to an utterance
token in a language. For T1 and T3, this extension is insufficient to establish the
intended one-to-one correspondence between observable utterances and object
types or mathematical idealizations, because the structures predicted by T1 and
T3 still generate additional linguistic types or mathematical idealizations corre-
sponding to each feature structure reduct or substructure, respectively. How-
ever, normal form grammars allow the definition of minimal exhaustive mod-
els, because normal form grammars can be shown to have exhaustive models
which contain non-isomorphic connected configurations of objects with the spe-
cial property that each of these configurations corresponds to a grammatical ut-
terance. According to T4, Elon must be on his way to Mars corresponds to exactly
one connected configuration in the minimal exhaustive model of a perfect gram-
mar of English, and so does any other well-formed English utterance. Proposal
T4 is not forced to make any assumptions about the ontological status of the in-
habitants of minimal exhaustive models of normal form grammars, since they do
not have to be defined as a particular kind of mathematical structure (nor is this
option excluded if it is desired).?’ T4 shares with T3 the commitment to provid-

19See Richter (2007: Section 4) for extensive discussion and examples.
20The techniques enlisted in the construction of mathematical idealizations in T3 can easily be
adapted to this end.

121



Frank Richter

ing an isomorphic structure to each grammatical utterance of a given language
rather than just a corresponding linguistic type. With King’s theory T2, it shares
the avoidance of mathematical entities representing linguistic facts.

HPSG is among a small group of grammar formalisms with a very precise out-
line of their formal foundations. This high degree of precision extends up to
different but closely related ways of characterizing the meaning of grammars.
The differences are in part of a very technical nature, but under the technical
surface, they are due to different opinions of what grammars ought to describe.
It is an advantage of HPSG as a grammar framework that all these approaches
are built on the same explicit logical foundations. As a consequence, their re-
lationships can be studied with the rigorous tools of mathematical logic. The
philosophical debate regarding the adequacy of each interpretation of the nature
and purpose of grammars is thus grounded in concrete mathematical structures.
Finally, independent of philosophical arguments and preferences, proposal T1,
enlisting typed feature structures as canonical structures in models, provides a
bridge to the literature on feature logics, connecting linguistic theory to an in-
teresting set of efficient computational methods, pursued in other chapters of
the present handbook (Bender & Emerson 2021, Chapter 25 of this volume). This
connection to computation and the rich literature on feature structures is unaf-
fected by whether feature structure models are deemed adequate for linguistic
theory.
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Chapter 4

The nature and role of the lexicon in
HPSG

Anthony R. Davis

Southern Oregon University

Jean-Pierre Koenig
University at Buffalo

This chapter discusses the critical role the lexicon plays in HPSG and the approach
to lexical knowledge that is specific to HPSG. We describe the tenets of lexicalism
in general, and discuss the nature and content of lexical entries in HPSG. As a
lexicalist theory, HPSG treats lexical entries as informationally rich, representing
the combinatorial properties of words as well as their part of speech, phonology,
and semantics. Thus many phenomena receive a lexically-based account, includ-
ing some that go beyond what is typically regarded as lexical. We turn next to
the global structure of the HPSG lexicon, the hierarchical lexicon and inheritance.
We show how the extensive type hierarchy employed in HPSG accounts for lexi-
cal generalizations at various levels and discuss some of the advantages of default
(nonmonotonic) inheritance over simple monotonic inheritance. We then describe
lexical rules and their various proposed uses in HPSG, comparing them to alterna-
tive approaches to relate lexemes and words based on the same root or stem.

1 Introduction

The nature, structure, and role of the lexicon in the grammar of natural languages
has been a subject of debate for at least the last 50 years. For some, the lexicon is
a prison that “contains only the lawless”, to borrow a memorable phrase from Di
Sciullo & Williams (1987: 3), and not much of interest resides there. In some re-
cent views, the lexicon records merely phonological information and some world
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knowledge about each lexical entry (see Marantz 1997). All of the action is in the
syntax, save the expression of complex syntactic objects as inflected words. In
contrast, lexicalist theories of grammar, and HPSG in particular, posit a rich and
complex lexicon embodying much of grammatical knowledge.

This chapter has two principal goals. One is to review the arguments for and
against a lexicalist view of grammar within the generative tradition. The other
is to survey the HPSG implementation of lexicalism. In regard to the first goal,
we begin with the reaction to Generative Semantics, and note developments
that led to lexicalist theories of grammar such as Lexical Functional Grammar
(LFG) and then HPSG. Central to these developments was the argument that
lexical processes, rather than transformational ones, provided more perspicuous
accounts of derivational morphological processes. The same kinds of arguments
then naturally extended to phenomena like passivization, which had previously
been treated as syntactic. Once on this path, lexical treatments of other proto-
typically syntactic phenomena — long distance extraction, wh-movement, word
order, and anaphoric binding — were advanced as well, with HPSG playing a
leading role.

But this does not mean that opposition to lexicalism melted away. Both Mini-
malism, and in particular Distributed Morphology (Bruening 2018; Marantz 1997)
and Construction Grammar (Goldberg 1995; Tomasello 2003; van Trijp 2011) claim
that lexicalist accounts fail in various ways. We discuss some of these current is-
sues, including the apparent occurrence of syntactically complex structures in
the lexicon, word-internal ellipsis, and endoclitics, each of which poses chal-
lenges for those who advocate a strict separation between lexical and syntactic
processes. While we maintain that the anti-lexicalist arguments are not espe-
cially strong, and the phenomena they are based on somewhat marginal, we ac-
knowledge that these questions are not yet settled. We then turn to the specifics
of the lexicon as modeled within HPSG. Lexicalism demands, of course, that lexi-
cal entries be informationally rich, encoding not merely idiosyncratic properties
of a single lexical item like its phonology and semantics, but also more general
characteristics like its combinatorial possibilities. We outline what HPSG lexical
entries must contain, and how that information is represented. This leads natu-
rally to the next topic: with so much information in a lexical entry, and so much
of that repeated in similar ones, how is massive redundancy avoided? The hier-
archical lexicon, in which individual lexical entries are the leaves of a multiple
inheritance hierarchy, is a core component of HPSG. Types throughout the hier-
archy capture information common to classes of lexical entries, thereby allowing
researchers to express generalizations at various levels. Just as all verbs share cer-
tain properties, all transitive verbs, all verbs of caused motion, and all transitive
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verbs of caused motion share additional properties, represented as constraints
on types within the hierarchy. We draw on examples from linking, gerunds, and
passive constructions as illustrations, but many others could be added.

Constraints specified on types in the hierarchy are deemed to be inherited by
their subtypes, but monotonic inheritance of this kind runs into vexing issues.
Most obviously, there are irregular morphological forms; any attempt to repre-
sent, say, the phonology of English plurals as a constraint on a plural noun class
in the hierarchical lexicon must then explain why the plural of child is children
and not *childs. Beyond this simple example, there are ubiquitous cases of lexi-
cal generalizations that are true by default, but not always. Various mechanisms
for modeling default inheritance have therefore been one focus within HPSG,
and we furnish an example of their use in modeling the properties of gerunds in
English and other languages.

Finally, we discuss lexical rules and their alternatives. Along with the “vertical”
relationships between classes of lexical entries modeled by types and their sub-
types in the hierarchical lexicon, there is a need for “horizontal” relationships
between lexical entries that are based on a single root or stem, such as forms
of inflectional paradigms. Yet formalizing lexical rules adequately within HPSG
has proven surprisingly difficult; specifying just what information is preserved
and what is changed by a lexical rule is one prominent issue. We conclude this
chapter by describing alternatives to lexical rules. One is to appropriately under-
specify properties of lexical entries so that they cover all relevant variants of a
single lexeme or word.! The second augments the type hierarchy via online type
construction, extending the predefined lexical types specified in the hierarchy to
include “virtual types” that combine the information from multiple predefined

types.
2 Lexicalism

2.1 Lexicalism and the origins of HPSG

Lexicalism began as a reaction to Generative Semantics, which treated any regu-
larity in the structure of words (derivational patterns, broadly speaking) as only

11t is common since the the late 1990s to distinguish between lexemes and words in HPSG, with,

for example, some lexical rules mapping lexemes to lexemes (typically, derivational morphol-
ogy) and some lexical rules mapping lexemes to words (typically, inflection); see Bonami &
Crysmann (2018: 176-178) for general discussion and Runner & Aranovich (2003) for argu-
ments that argument structure and valence features are specific to words, not lexemes. We
do not further discuss the distinction between lexemes and words in this chapter for space
reasons.
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epiphenomenally a matter of word structure and underlyingly as a matter of
syntactic structure (see Lakoff 1970, among others). In the Generative Seman-
tics view, all grammatical regularities are a matter of syntax (much of it, in fact,
logical syntax). Chomsky (1970) presented many arguments that lexical knowl-
edge differs qualitatively from syntactic knowledge and should be modeled dif-
ferently. Jackendoff (1975) provides an explicit model of lexical knowledge that
follows Chomsky’s insights, although it focuses exclusively on derivational mor-
phological processes. The main insight that Jackendoff formalizes is that rela-
tions between stems or words (say, between destruct and destruction) are to be
modeled not via a generative device but through a redundancy mechanism that
measures the relative complexity of a lexicon where these relations are present
or not present (the idea is that a lexicon where destruct and destruction are related
is simpler than one where they are not). Bochner (1993) is the most formalized
and detailed version of this approach to lexical relations. Lexicalist approaches,
including LFG and HPSG, took their lead from Jackendoff