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intensify, and more completely specify verbal relations. Open-class words are sometimes

called content words, for their referential properties.

Table 2.12 Open POS categories.

Tag Description Function Example
N Noun Names entity cat

\ Verb Names event or condition forget
Adj Adjective Descriptive yellow
Adv Adverb Manner of action quickly
Interj Interjection Reaction oh!
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The set of POS cgtegories can be extended indefinitely. Examples can be drawn from
the Penn Treebank project (http://www cis.upenn.edu/ldc) as shown in Table 2.14, where
you can find the proliferation of sub-categories, such as Verb, base form and Verb, past

tense. These categories incorporate morphological attributes of words into the POS label
system discussed in Section 2.3.2.2,

Table 2.14 Treebank POS categories - an expanded inventory.

String | Description Example
CC Coordinating conjunction and
CD Cardinal number two
DT Determiner the
EX Existential there there (There was an old lady)
FW Foreign word omerta
IN Preposition, subord. conjunction over, but
JJ Adjective yellow
JIR Adjective, comparative better
JIS Adjective, superlative best
LS List item marker
MD Modal might
NN Noun, singular or mass rock, water
NNS Noun, plural rocks
NNP Proper noun, singular Joe
NNPS | Proper noun, plural Red Guards
PDT Predeterminer all (all the girls)
POS Possessive ending ’s
PRP Personal pronoun I
PRP$ Possessive pronoun mine
RB Adverb quickly
| RBR Adverb, comparative higher (shares closed higher.)
RBS Adverb, superlative highest (he jumped highest of all.)
RP Particle up ( take up the cause)
TO 1o to
UH Interjection hey!
VB Verb, base form choose
VBD Verb, past tense chose
| VBG Verb, gerund, or present participle choosing
VBN Verb, past participle chosen
VBP Verb, non-third person sing. present | jump
VBZ Verb, third person singular present jumps
WDT | Wh-determiner which
WP Wh-pronoun who
| WP$ Possessive wh-pronoun whose
WRB Wh-adverb when (When he canie, it was late.)
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POS category (noun) and the basic meaning (felis domesticus) are not subs.tantxa]]y affected.
Words related to a common lemma via inflectional morphology are said to belong to a
common paradigm, with a single POS category assignment. In English, common paradigm
types include the verbal set of affixes (pieces of words): -s, -ed, -ing; the noun set: -s; and
the adjectival -er, -est. Note that sometimes the base form may change spelling under affixa-
tion, complicating the job of automatic textual analysis methods. For historical reasons, cer-
tain paradigms may consist of highly idiosyncratic irregular variation as well, e.g., go,
going, went, gone or child, children. Furthermore, some words may belong to defective
paradigms, where only the singular (noun: equipment) or the plural (noun: scissors) is pro-
vided for.

In derivational morphology, a given root word may serve as the source for wholly new
words, c_)ften with POS changes as illustrated in Table 2.15. For example, the terms racial
a“d eLH; 'tho'ugh presumably based on a single root word race, have different POS possi-
::ll:gasﬁ(gzjecc;;f \C/s. ::unt;adjectix_re) and meanings: Derivational processes may induce pro-
derivationsi afﬁxges (pie:esezsf ;hlf; (e.g. electric vs. elecfricify). In English, typical
fixes: re-, pre-, -ial, -ism, -ish _;yr -st)iot::at are highly pr.oductlye m.c]ude prefixes and suf-
cases, these can be added'succ;ssiv,ely to 'c;::tss 'a.::)zt, i

plex layered form.

the patterns of word formation including
ounds. English mainly uses prefixes and

Table 2.15 Examples of stems and their related forms across POS categories.

Noun
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industrialize

e, industrial,industrious |industriously
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Generally, word formation operates in layers, according to a kind of word syntax: (de-
riv-prefix)* root (root)* (deriv-suffix)* (infl-suffix). This means that one or more roots can
be compounded in the inner layer, with one or more optional derivational prefixes, followed
by any number of optional derivational suffixes, capped off with no more than one inflec-
tional syjffix. There are, of course, limits on word formation, deriving both from semantics of
the component words and simple lack of imagination. An example of a nearly maximal word
in English might be autocyberconceptualizations, meaning (perhaps!) multiple instances of
automatically creating computer-related concepts. This word lacks only compounding to be
truly maximal. This word has a derivational prefix auto-, two root forms compounded (cyber
and concept, though some may prefer to analyze cyber- as a prefix), three derivational suf-
fixes (-ual, -ize, -ation), and is capped off with the plural inflectional suffix for nouns, -s.

2.3.2.3. Word Classes

POS classes are based on traditional grammatical and lexical analysis. With improved com-
putational resources, it has become possible to examine words in context and assign words
to groups according to their actual behavior in real text and speech from a statistical point of
view. These kinds of classifications can be used in language modeling experiments for
speech recognition, text analysis for text-to-speech synthesis, and other purposes.

One of the main advantages of word classification is its potential to derive more re-
fined classes than traditional POS, while only rarely actually crossing traditional POS group
boundaries. Such a system may group words automatically according to the similarity of
usage with respect to their word neighbors. Consider classes automaticaily found by the
classification algorithms of Brown ef al. [7]:

{Friday Monday Thursday Wednesday Tuesday Saturday Sunday weekends}
{great big vast sudden mere sheer gigantic lifelong scant colossal}

{down backwards ashore sideways southward northward overboard aloft adrift}
{mother wife father son husband brother daughter sister boss uncle}

{John George James Bob Robert Paul William Jim David Mike}

{feet miles pounds degrees inches barrels tons acres meters bytes}

You can see that words are grouped together based on the semantic meaning, which is
different from word classes created purely from syntactic point of view. Other types of clas-
sification are also possible, some of which can identify semantic relatedness across tradi-
tional POS categories. Some of the groups derived from this approach may include follows:

{problems problem solution solve analyzed solved solving)
{ write writes writing written wrote pen}

{question questions asking answer answers answering}
{published publication author publish writer titled}
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2.4. SYNTAX AND SEMANTICS

Syntax is the study of the patterns of formation of sentences and phrases from words and the
rules for the formation of grammatical sentences. Semantics is another branch of linguisticg
dealing with the study of meaning, including the ways meaning is structured in language ang
changes in meaning and form over time.

24.1. Syntactic Constituents

Constituents represent the way a sentence can be divided into its grammatical subparts as
constrained by common grammatical pattems (which implicitly incorporate normative
judgments on acceptability). Syntactic constituents at least respect, and at best explain, the
linear order of words in utterances and text. In this discussion, we will not strictly follow
any of the many theories of syntax but will instead bring out a few basic ideas common to
many approaches. We will not attempt anything like a complete presentation of the grammar
of English but instead focus on a few simple phenomena.

Most work in syntactic theory has adopted machinery from traditional grammatical
work on written language. Rather than analyze toy sentences, let’s consider what kinds of
superficial syntactic patterns are lurking in a random chunk of serious English text, ex-
cerpted from David Thoreau’s essay Civil Disobedience [43]:

The authority of government, even such as I am willing to submit to — for I will cheer-
Sully obey those who know and can do better than I, and in many things even those who nei-
ther know nor can do so well — is still an impure one: to be strictly just, it must have the
sanction and consent of the governed. It can have no pure right over my person and prop-
erty but what 1 concede to it. The progress from an absolute to a limited monarchy, from a
limited monarchy to a democracy, is a progress toward a true respect for the individual.

24.1.1. Phrase Schemata

Words may be combined to form phrases that have internal structure and unity. We use gen-
eralized schemata to describe the phrase structure. The goal is to create a simple, uniform
template that is independent of POS category. .

Let’s first consider nouns, a fundamental category referring to persons, places, and
things in the world. The noun and its immediate modifiers form a constituent called the noun
phrase (VP). To generalize this, we consider a word of arbitrary category, say category X
(which could be a noun N or a verb V). The generalized rule for a phrase XP is XP =
(modifiers) X-head (post-modifiers), where X is the head, since it dominates the configura-
tion and names the phrase. Elements preceding the head in its phrase are premodifiers and
elements following the head are postmodifiers. XP, the culminating phrase node, i called a
maximal projection of category X. We call the whole siructure an x-femplate. Maximal pro-
jections, XP, are the primary currency of basic syntactic processes. The post-modifiers are
usually maximal projections (another head, with its own post-modifiers forming an XP on it
own) and are sometimes termed complements, because they are often required by the lexical
properties of the head for a complete meaning to be expressed (e.g., when X is a preposition
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or verb). Complements are typically noun phrases (NP), prepositional phrases (PP), verb
phrases (VP), or sentence/clause (S), which make an essential contribution to the head’s ref-
erence or meaning, and which the head requires for semantic completeness. Premodifiers are
likely to be adverbs, adjectives, quantifiers, and determiners, i.e., words that help to specify
the meaning of the head but may not be essential for completing the meaning. With minor
variations, the XP template serves for most phrasal types, based on the POS of the head (N,
V, ADJ, etc.).

For NP, we thus have NP = (det) (modifier) head-noun (post-modifier). This rule
describes an NP (noun phrase — left side of arrow) in terms of its optional and required in-
ternal contents (right side of the arrow). Det is a word like the or a that helps to resolve the
reference to a specific or an unknown instance of the noun. The modifier gives further in-
formation about the noun. The /ead of the phrase, and the only mandatory element, is the
noun itself. Post-modifiers also give further information, usually in a more elaborate syntac-
tic form than the simpler pre-modifiers, such as a relative clause or a prepositional phrase
(covered below). The noun phrases of the passage above can be parsed as shown in Table
2.16. The head nouns may be personal pronouns (/, it), demonstrative and relative pronouns
(those), coordinated nouns (sanction and consent), or common nouns (individual). The
modifiers are mostly adjectives (impure, pure) or verbal forms functioning as adjectives
(limited). The post-modifiers are interesting, in that, unlike the (pre-)modifiers, they are
typically full phrases themselves, rather than isolated words. They include relative clauses
(which are a kind of dependent sentence, e.g., [those] who know and can do better than I),
as well as prepositional phrases (of the governed).

Table 2.16 NPs of the sample passage.

NP | Det | Mod Head Noun Post-Mod

1 the authority of government

2 even such as I am willing to submit to

3 I

4 those who know and can do better than [

5 many things

6 even those who neither know nor can do so well
7 an impure | one

8 it

9 the sanction and consent | of the governed

10 | no | pure right over my person ... concede to it.

11 | the progress from an absolute to a limited monarchy
12 | an absolute | [monarchyl

13 |a limited | monarchy

14 |a democracy

IS |a progress

16 |a true respect for the individual

17 | the individual
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Table 2.17 PPs of the sample passage.

Head Prep Complement (Postmodifier)
of Government

as I am willing to submit to
than 1

in many things

of the governed

over my person and property

to it

from an absolute [monarchy]

to a limited monarchy

to a democracy

toward a true respect [for the individual]
for the individual

Prepositions express spatial and temporal relations, among others. These are also said
to project according to the X-template, but usually lack a pre-modifier. Some examples from
the sample passage are listed in Table 2.17. The complements of PP are generally NPs,
which may be simple head nouns like government. However, other complement types, such
as the verb phrase in after discussing it with Jo, are also possible.

For verb phrases, the postmodifier (or complement) of a head verb would typically be
one or more NP (noun phrase) maximal projections, which might, for example, function as a
direct object in a VP like pet the cat. The complement may or may not be optional, depend-
ing on characteristics of the head. We can now make some language-specific generalizations
about English. Some verbs, such as give, may take more than one kind of complement. So
an appropriate template for a VP maximal projection in English would appear abstractly as
VP = (modifier) verb (modifier) (Complementl, Complement2 ComplementN). Comple-
ments are usually regarded as maximal projections, such as NP, ADJP, etc., and are enumer-
ated in the template above, to cover possible multi-object verbs, such as give, which take
both direct and indirect objects. Certain types of adverbs (really, quickly, smoothly, etc.)
could be considered fillers for the VP modifier slots (before and after the head). In the sam-
ple passage, we find the following verb phrases as shown in Table 2.18.

VP presents some interesting issues. First, notice the multi-word verb submit to. Multi-
word verbs such as look after and put up with are common. We also observe a number of
auxiliary elements clustering before the verb in sentences of the sample passage: am willing
Io su.bmit to, will cheerfully obey, and can do berter. Rather than considering these as simple
1‘110d1.ﬂers of the verba‘ll head, they can be taken to have scope over the VP as a whole, which
‘}::S;l:is“‘g?gira;; :Jlurf;sgl;litc (t)l;c ]Yri Sinc;:a_ they are outside the X_/P, we can assume them to be
mainly express tense (t;mep dSBS which require a V.P as their complement. These elements
ability of verba] e orfnllllrauon of verbal action) and modality (likellhood.or prob-
jected from its verbal hf;a; an ! sentence, the VP has explicit or implicit inflection (pro-

! indicates the person, number, and other context-dependent
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features of the verb in relation to its arguments. In English, the person (first, second, third)
and number (singular, plural) attributes, collectively called agreement features, of subject
and verb must match. For simplicity, we will lump all these considerations together as in-
flectional elements, and posit yet another phrase type, the Inflectional Phrase (IP): IP =
premodifier head VP-complement.

Table 2.18 VPs of the sample passage.

Pre-mod Verb Head | Post-mod | Complement

submit to [the authority of government]
cheerfully obey those who know and can do better than I

is still an impure one

be strictly just

have the sanction

have no pure right

concede to it

is a progress

The premodifier slot (sometimes called the specifier position in linguistic theory) of an
IP is often filled by the subject of the sentence (typically a noun or NP). Since the /P unites
the subject of a sentence with a VP, IP can also be considered simply as the sentence cate-
gory, often written as § in speech grammars.

24.1.2. Clauses and Sentences

The subject of a sentence is what the sentence is mainly about. A clause is any phrase with
both a subject and a VP (predicate in traditional grammars) that has potentially independent
interpretation — thus, for us, a clause is an /P, a kind of sentence. A phrase is a constituent
lacking either subject, predicate, or both. We have reviewed a number of phrase types
above. There are also various types of clauses and sentences.

Even though clauses are sentences from an internal point of view (having subject and
predicate), they often function as simpler phrases or words would, e.g., as modifiers (adjec-
tive and adverbs) or nouns and noun phrases. Clauses may appear as post-modifiers for
nouns (so-called relative clauses), basically a kind of adjective clause, sharing their subjects
with the containing sentence. Some clauses function as NPs in their own right. One common
clause type substitutes a wh-word like who or what for a direct object of a verb in the em-
bedded clause, to create a questioned noun phrase or indirect question: (I don't know who Jo
saw.). In these clauses, it appears to syntacticians that the questioned object of the verb [VP
saw who] has been extracted or moved to a new surface position (following the main clause
verb know). This is sometimes shown in the phrase-structure diagram by co-indexing an
empty ghost or trace constituent at the original position of the question pronoun with the
question-NP appearing at the surface site:

1don’t know [y [1p [y whol Jo saw [y _ 111

[ ypusy [ Whoever wins the game ]] is our hero.
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There are various characteristic types of sentences. Some typical types include:

e Declarative: I gave her a book.

e Yes-no question: Did you give her a book?

e Wh-question: What did you give her?

e Alternatives question: Did you give her a book, a scarf, or a knife?
e Tag question: You gave it to her, didn’t you?

e Passive: She was given a book.

e Cleft: It must have been a book that she got.

e Exclamative: Hasn't this been a great birthday!

e Imperative: Give me the book.

2.4.1.3. Parse Tree Representations

Sentences can be diagrammed in parse trees to indicate phrase-internal structure and linear
precedence and immediate dominance among phrases. A typical phrase-structure tree for
part of an embedded sentence is illustrated in Figure 2.26.

IP(S)
NP Inflection vpP
N v NP
Det Pre-mod N Post-Mod (PP)
| | |
X can have no pure right over my person
Figure 2.26 A simplified phrase-structure diagram.
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For brevity, the same information illustrated in the tree can be represented as a brack-
eted string as follows:

L Lo L 18 Ldpe [ can |, [ [ have I [y» no pure right [,, over my person |,.]..]\.1,

With such a bracketed representation, almost every type of syntactic constituent can be
coordinated or joined with another of its type, and usually a new phrase node of the common
type is added to subsume the constituents such as NP: We have [ we [wp tasty berries] and [,
tart juices]], IP/S: [,, [, Many have come] and [ » most have remained]], PP: We went [ il
over the river] and [y, into the trees]], and VP: We want 10 [,, [ vp climb the mountains] and
[ e sail the seas]].

2.4.2. Semantic Roles

In traditional syntax, grammatical roles are used to describe the direction or control of action
relative to the verb in a sentence. Examples include the ideas of subject, object, indirect ob-
Ject, etc. Semantic roles, sometimes called case relations, seem similar but dig deeper. They
are used to make sense of the participants in an event, and they provide a vocabulary for us
to answer the basic question who did what to whom. As developed by [13] and others, the
theory of semantic roles posits a limited number of universal roles. Each basic meaning of
each verb in our mental dictionary is tagged for the obligatory and optional semantic roles
used to convey the particular meaning. A typical inventory of case roles is given below:

Agent cause or initiator of action, often intentional
Patient/Theme undergoer of the action

Instrument how action is accomplished

Goal to whom action is directed

Result result of action

Location location of action

These can be realized under various syntactic identities, and can be assigned to both
required complement and optional adjuncts. A noun phrase in the Agentive role might be the
surface subject of a sentence, or the object of the preposition by in a passive. For example,
the verb put can be considered a process that has, in one of its senses, the case role specifica-
tions shown in Table 2.19.

Table 2.19 Analysis of a sentence with put.

Analysis Example
Kim put the book on the table.
Grammatical Subject (NP) Predicate (VP) | Object (NP) | Adverbial
unctions - (ADVP)
Semantic roles | Agent Instrument Theme Location
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