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Lexical category
(also word class, lexical class, or in traditional grammar part of
speech)
a linguisﬁc category of words (or more precisely lexical items), is
geneva“y deﬁned on the syntactic or morp/zo/og[ca/ behaviour of the

lexical item in quesﬁon.

Common linguisﬁc categories include noun and verb, among others.

Open word classes constanﬂy acquhfe new members

C[OSGO[ WOVO[ C lasses acqu'we new memloers inﬁequenﬂy
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Functional class iﬁcaﬁon

+ Open word classes:

adjectives
adverbs
interjections
nouns

verbs (except auxi[iavy verbs)

+ Closed word classes:

auxiliary verbs

conjunctions

determiners (articles, quantiﬁers, demonstrative adjecﬂves, and possessive adjecﬁves)
partic[es

adpositions (pveposiﬁons, postpositions, and circumposiﬁons)

pronouns

contractions

Misc (clitics, coverbs, measure words, ]oreverbs, cardinal numbers)
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POS tagging

Problem: Given a text where each word is associated with all its

possib le parts of speech, determine the most likely POS for the word

with respect to its context.
+ who PRON(int), PRON(rel)
+ can AUX, V(inf), N(sg)
- it EXPLETIVE, PRON(gsg)
* be V(inf)
- 2 PUNC
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Regular Expressions and Finite State Automata

A regu[ar expression s a sequence of characters that forms a search pattern, ma'm[y for use in

pattern matchmg with strings, or string rna’cching, Le., "fmd and rep lace"- like operations. The

concept arose in the 1950s, when the American mathematician Stephen Kleene formalized the

descripﬁon of a regu/ar /anguage, and came into common use with the Unix text processing

utilities ed, an editor, and grep (g[o]oa[ regudar expression pr'mt), a filter.

Each character in a regular expression is either understood to be a metacharacter with its special

meaning, or a regu[ar character with its literal meaning. Together, they can be used to idenﬁfy
textual material of a given pattern, or process a number of instances of it that can vary ﬁfom a
precise equality to a very genera[ similari’cy of the pattern. The pattern sequence itse[f s an

expression that is a statement in a [anguage deslgned speciﬁcaﬂy to represent prescribed targets in

the most concise and ﬂexib e way to direct the automation of text processing of genera[ text ﬁ[es,

speciﬁc textual forms, or of random nput strings.

(]
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Regulav Expressions and Finite State Automata

A very simp le use of a Vegular expression would be to locate the same word spe”ed two d'gﬁrerent
ways in a text editor, for example seriali[sz]e. A wildcard match can also achieve this, but wildcard
matches dﬁer from Vegular expressions in that wildcards are limited to what ’chey can pattern
(having fewer metacharacters and a simp le language-base), whereas Vegu[ar expressions are not. A

usual context of wildcard characters is in g[olo]o'mg similar names in a list of ﬁ[es, whereas Vegu[ar

expressions are usuaﬂy emp loyed n app[icaﬁons that pattem—ma’cch text strings in general. For

example, the simple regexp A[ 14 +|[ 14+$ matches excess whitespace at the beginning and end of a

A regu[ar expression processor processes a regudar expression statement expressed in terms of a

grammar in a givenforma[ [anguage, and with that examines the target text string, parsing it to

iden’cgil subs’crings that are members of its [anguage, the Vegu[av expressions.

N
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Regulav Expressions and Finite State Automata

Regular ex|pressions are so useful n computing that the various systems to specif}/ Vegular
expressions have evolved to pvovide both a basic and extended standard for the grammar and
syntax; modern Vegu[av expressions heavily augment the standard. Regular ex|pression Processors

arefovmd in several searclq eng 'mes, search and Vep[ace dia[ogs ofseveva[ WOVO[ Processors and

text editors, and in the command lines of text processing utilities, such as @ and AWK,

Many programming languages pvovide Vegular expression capa’oi[iﬁes, some built-in, for examp e

Perl, Ruby, AWK, and Tcl, and others via a standard library, for examp le NET languages,v] ava,

Python and C++ (since C++11). Most other [anguages oﬁrer Vegu[ar expressions via a [Uomry.

Regular expressions describe Vegu[ar [anguages informa[ (anguage theory. They have the same

expressive power as reoular grammars.

Instructor: Nick Cercone - 3050 LAS - nick@cse.yorku.ca

lco



EECS6%%93.0 | ntroduction to Computational Linguistics
Instructor: Nick Cercone — 3050 LAS — nick.cercone@lassonde.5orl<u.ca
Tuesciags, Thursdays 10:00-11:20 — LAS 50%%

Winter Semester, 2015

Regulav Expressions and Finite State Automata — Formal Deﬁniﬁon

Regular expressions consist of constants and operator symbo[s that denote sets of strings and
operations over these sets, Vespecﬁve[y. The foUowing deﬁniﬁon is standard, and found as such in most
textbooks on forma[ [anguage theory. Given a ﬁnite alp habet ¥, the fo“owing constants are defmed as

Vegular express ions:

emply set) D denoting the set .

(
( empty str[ng) £ denot'mg the set containing on[y the "empty" string, which has no characters at all.
(

literal character) ain 2 deno’cing the set containing on[y the character a.

Given regular expressions R and S, the foﬂowing operations over them are deﬁned to produce regular

expressions:

(concatenation) RS denotes the set of strings that can be obtained on concatenating a string in R

and a string in S. For example {"ab", "c"}{"d", "ef"} = {"abd", "abef", "cd", "cef"}.

o
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Regulav Expressions and Finite State Automata — Formal Deﬁniﬁon

(alternation) R | S denotes the set union of sets described by R and S. For example, if R describes
{"ab", "c"} and S describes {"ab", "d", ”ef’ 1, expression R | Sdescribes {"ab", "c", "d", "ef .

(Kleene star) R* denotes the smallest superset of set described on R that contains € and is closed
under string concatenation. This is the set of all strings that can be made by concatenating any
finite number (including zero) of strings from set described by R. For example, {"0","1"}* is the set
of all fmi’ce binary strings ('mcluding the empty str'mg), and {"ab", "c¢"}* = {e, "ab", "c", "abab", "abc",
"cab", "cc", "ababab", "abcab", ... }.

To avoid parentheses it is assumed that the Kleene star has the highes’t priority, then concatenation and

then alternation. ]fthere is no amb iguity then paven’cheses may be omitted. For examp le, (ab)c can be

written as abc, and a| (b(c*)) can be written as a| bc*, Many textbooks use the sym’oo[s U, + or \% fov

alternation instead of the vertical bar.

Instructor: Nick Cercone - 3050 LAS - nick@cse.yorku.ca 10
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Regulav Expressions and Finite State Automata: Examp les
a|lo* denotes {¢, "a", "b", "bb", "bbb", ...}

(a|b)* denotes the set of all strings with no symbols other than "a" and "b", including the empty

mw.momnpmn nn

string: {e, "a", "b", "aa", ab", "ba", "bb", "aaa", ...}
ab*(c|) denotes the set of strings starting with "a", then zero or more "b"s and finally optionally a
"e":{"a", "ac", "ab", "abc", "abb", "abbc", ...}

Expressive power and compactness

The forma[ deﬁniﬁon of regu[ar expressions is puvposely parsimonious and avoids deﬁning the
redundant quantifiers ? and +, which can be expressed as follows: a+ = aa*, and a? = (a|e). Sometimes

the comp lement operator (s added, to give a genera/[zed regu/ar expression; here R matches all strings

over X* that do not match R. In princip le, the comp lement operator (s redundant, as it can always be

circumscribed loy using the other operators. However, the process for computing such a representation

ls comp lex, and the result may require expressions of a size that is double exponen‘cia“y [arger.

Instructor: Nick Cercone - 3050 LAS - nick@cse.yorku.ca "
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Regulav Expressions and Finite State Automata

Regular expressions in this sense can exjpress the regular [anguages, exacﬂy the class of languages

accepted loy deterministic finite automata. There is, however, a signiﬁcant diﬂ?erence n compactness.

Some classes of Vegular languages can on[y be described on deterministic ﬁnite automata whose size

grows exponenﬁa“y in the size of the shortest equivalent Vegular expressions.

There is a simp e mapping from Vegulav expressions to the more genera[

nondeterministic finite automata (NFAs) that does not lead to such a blowup n size; for this reason

NFAs are often used as alternative representations of Vegular [anguages. NFAs are a simp le variation of

the type-3 grammars of the Chomsky hierarchy.
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Finite State Automata - Deterministic ﬁni’ce automaton

A deterministic finite automaton (DFA)—also known as deterministic finite state machine—is a
ﬁni’ce state machine that accep’cs/ rejects ﬁni’ce strings of sym’ools and on[y produces aunique

computation (or run) of the automaton for each input string. Deterministic' Vefers to the
uniqueness of the computation. In search of simp lest models to capture the ﬁnite state machines,
McCulloch and Pitts were among the ﬁrst researchers to introduce a concept similar to ﬁnite

automaton in 1943.

The ﬁgwe illustrates a deterministic ﬁnite automaton using a state diagram.
Start

\ ~—— 1 *— 0
SORCRCS
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Finite State Automata - Deterministic ﬁni’ce automaton

In the automaton, there are three states: So, S1, and S2 (denoted graphica“y by circles). The automaton
takes a ﬁnl’ce sequence of o’s and 1’s as nput. For each state, there is a transition arrow [ead'mg out to a
next state for both o and 1. Upon Veading a sym’ool, a DFA jumps deferm[mls*ﬁca//yﬁfom a state to
another on fo“owing the transition arrow. For examp le, gC the automaton is cuwenﬂy in state So and
current input symbol is 1 then it deterministically jumps to state $1. A DFA has a start state (denoted
grap hica”y on an arrow coming in ﬁfom nowhere) where computations begin, and a set of accept states

(denoted graphica“y by a double circle) which he[p deﬁne when a computation is successﬂd.
A DFA is deﬁned as an abstract mathematical concept, but due to the deterministic nature of a DFA, it

s timp lementable in hardware and soﬁware for so[ving various speciﬁc prololems. For examp le, a DFA
can model soﬁware that decides whether or not online user-input such as email addresses are valid.

DFAs recognize exac’c[y the set of Vegular [anguages which are, among other things, useﬁd for do ing

lexical analysis and pattern matching. DFAs can be built ﬁrom nondeterministic finite automata.

Instructor: Nick Cercone - 3050 LAS - nick@cse.yorku.ca 14
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Finite State Automata - Deterministic finite automaton - Formal definition
A deterministic finite automaton Mis a 5-tuple, (0, ¥, 8, go, F), consisting of
a ﬁni’ce set of states (Q)
a ﬁni‘ce set of nput symbo[s called the a[phabet (2)
a transition function (6 : Ox ¥ — 0)
a start state (g0 € Q)

a set of accept states (F & 0)

Let w= aa,..a, be a str'mg over the a[p habet 2. The automaton M accepts the str'mg w gc a sequence of

states, 7,7, ..., 7, exists in Qwith the fo“owing conditions:

r,=4qo

r., =0(r,a,), fori=o, .. n-

(+1

r. € F

Instructor: Nick Cercone - 3050 LAS - nick@cse.yorku.ca 15
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Finite State Automata - Deterministic ﬁni’ce automaton - Formal defmiﬁon

In words, the ﬁrst condition says that the machine starts in the start state q, The second condition says
that given each character of string w, the machine will transition ﬁ‘om state to state according to the

transition ﬁmc’clon 8. The last condition says that the machine accepts w gC the last mput of w causes the
machine to halt in one of the accepting states. Otherwise, it is said that the automaton rejects the string.

The set of strings M accepts is the [anguage Vecogm'zed by M and this language is denoted by L(M).

A deterministic ﬁni’ce automaton without accept states and without a starting state is known as a

transition system or semiautomaton.

For more compvehensive introduction of the fovmal deﬁni’cion see automata theory.

Instructor: Nick Cercone - 3050 LAS - nick@cse.yorku.ca 1o
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English s not a Vegular [anguage

The cat likes tuna ﬁsh

The cat the dog chased likes tuna ﬁsh

The cat the dog the rat bit chased likes tuna ﬁsh

The cat the dog the rat the e[ephan’c admired bit chased likes tuna ﬁsh
(the + N)" V" likes tuna fish

We'll veturn to this slide later

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca
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Linguistic comp lexity
Why are some sentences more diﬁicu[t to understand than others?

The cat the dog the rat bit chased likes tuna ﬁsh

Limitations on stack size?

Instructor: Nick Cercone - 3050 LAS - nick@cse.yorku.ca
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Formal Languages

Formal languages sprang to life around 1956 when Noam Chomsky gave a
mathematical model of a grammar in connection with his study of natural

language.

We defme a fovmal language abstrac’cly as a mathematical system, aﬂowing us to
make vigorous statements about formal [anguages and develop a Ioody of

lmow[edge which can be applied to them.

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca 19
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Formal Languages

We make the following definitions:
alpha]oet (or vocabu[ary) - any ﬁni‘ce set of symlools

sentences - over an a[p habet, a sentence is any string of ﬁni‘te [ength composed of symbo[s ﬁfom
the a[phabe’c. Synonyms for sentences are string and word. The empty sentence, E, in the sentence
consists of no sym’ools. ]f\/ (s an a[phabet, then V* denotes the set of all sentences composed of
symbo[s of V, inc[ud'mg E. We use V+ to denote the set V*- { E} . Thus, Lf V={ 0,1}, then V*={ E, 0,1,

00, 01,10, 11, 000, ...} and V+={ 0,1, 00, 01,10, 11, 000, ...).

[anguage - any set of sentences over an a[pha’oet

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca
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Formal Notion of a Grammar

Forma“y, we denote a grammar G on (Vn, Vt, P, S). The symbo[s Vn, Vt, P, and S are, Vespecﬁve[y,
the variables, terminals, producﬁons, and start symbo/. Vn, Vt, and P are ﬁni’ce sets. We assume
that Vn and Vt contain no elements in common; i.e.,

VnMVt=¢
where € denotes the empty set and, conventiona“y
VnlU Vt=V

The set of produc’cions P consists of expressions of the form a— b, whereaisa string in V+and b
is a string in V*. Fina“y, Sis a[ways a sym’oo[ in Vn.

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca 21
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Formal Notion of a Grammar

Customari[y, we shall use cap ital Latin a[p habet letters for variables. Lower case letters at the
beginn'mg of the Latin a[p habet are used for terminals. Strings of terminals are denoted by lower
case letters near the end of the Latin a[phaloet, and strings of variables and terminals are denoted
loy lower case Greek letters.

Given the grammar G = (Vn, Vt, P, S), we defme the [anguage it generates as foUows. ]fa — bisa
producﬁon of P and g and d are strings in V7, then gad — gbd.

In Eng[ish we say gad dz'recz‘/)/ derives gbd in grammar G. We say that the producﬁon a—bis
app[ied to the string gad to obtain gbd. Thus G relates two strings exacﬂy when the second is
obtained from the furst by the applicaﬂon of a s'mg[e pvoducﬁon.

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca 22
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Comp [exity of natural languages

Computaﬂona[ comp [exity: the expressive power of (and the resources needed to

]OVOCQSS) CL‘:ISS€S Of [anguages

L'mguisﬁc comp [exity: what makes individual constructions or sentences more

d'gfﬁcult to understand

— This is the dog, that worried the cat, that killed the rat, that ate the malt, that
lay in the house that Jack built.

— This is the malt that the rat that the cat that the dog worried killed ate.

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca 23
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The C hOWlS l’{y ’/1 lerarc ’/1}/ Of [ang uages

A hierarchy of classes of languages, viewed as sets of strings, ordered on their
“complexity”. The higher the language is in the hierarchy, the more “com}o[ex” it
LS.

In pavticulav, the class of [anguages in one class pvoperly includes the [anguages n
lower classes.

There exists a cowespondence between the class of [anguages and the format of

phvase-stmctwe rules necessary fov genevaﬁng all its languages. The more

restricted are the rules, the lower in the hierarchy are the [anguages ’chey generate.

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca 24
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The Chomsky hieravchy of [anguages

+ Recursively enumerable languages
+ Context-sensitive languages

+ Context-free languages

+ Regular languages

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca
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The C ’/1010’18 l’{y ’(1 lerarc ’fly Of lang uages

Type-o grammars (unvestricted grammars) include all forma[ grammars. They generate exac’dy all languages
that can be Vecognized by a Turing machine. These [anguages are also known as the Vecwrsive[y enumerable

[ang uages.

Type-1 grammars (context-sensitive grammars) generate the context-sensitive [anguages. These grammars
have rules of the form QAR — oy with A a nonterminal and «, B and y strings of terminals and
nonterminals. The strings a and B may be empty, but y must be nonempty. The rule =« is allowed if S does
not appear on the Vight side of any rule. The languages described by these grammars are exact[y all [anguages
that can be Vecognized by a linear bounded automaton (a nondeterministic Turing machine whose tape is

bounded on a constant times the [ength of the input.)

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca 26
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The C homs l’{y ’(1 lerarc ’fly Of [ang uages

Type-2 grammars (context-free grammars) generate the context-free languages defined by rules of the form
A=Y with A a nonterminal and y a string of terminals and nonterminals. These languages are exactly all
[anguages Vecognized on a non-deterministic pushdown automaton. Con’cext—ﬁree languages are the basis for
most programming [anguages.

Type-3 grammars (Vegu[ar grammars) generate the regu[ar languages restricting its rules to a single
nonterminal on the LHS and a RHS consisting of a single terminal, possibly followed (or preceded, but not
both in the same grammar) on a s'mg[e nonterminal. The rule $—€ is allowed gC S does not appear on the RHS
of any rule. These languages are those that can be decided by a ﬁnite state automaton. This family of
languages can be obtained by regular expressions. Regular languages are commonly used to define search

patterns and the lexical structure of programming [anguages.
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The C ’('LOWlS l’{y ’/1 lerarc ’/1}/ Of [ang uages

Every Vegu[ar [anguage (S context—ﬁree, every context—ﬁee [anguage, not containing
the empty string, is context-sensitive and every context-sensitive [anguage S
recursive and every recursive language LS recurs 'Lve[y enumerable. These are all
proper inclusions, meaning that there exist recurs ive[y enumerable [anguages
which are not context-sensitive, context-sensitive languages which are not context-

ﬁfee and context—ﬁfee [anguages which are not Vegular.
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The Chomsky hierarchy of [anguages
The foﬂow'mg table summarizes each of Chomsky’s fowf types of grammars, the class of language

it generates, the type of automaton that recognizes it, and the form its rules must have.’

Grammar Languages Automaton Production rules
(constraints )

Type -0 Recursively enumerable Turing mac hine o _ B (norestrictions)

Linear -bounded non -
Type -1 Context -sensitive deterministic Turing aAB _ oyp
mac hine

Non-deterministic
Type -2 Context -free pushdown autom aton A

A _ a and

Type -3 Regular Finite state au tom aton
A_aB
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Why is it interesting?

+ The hieravchy represents some informal notion of the comp lexity of natural
languages

« Jtcan he[p accept or reject [inguisﬁc theories

+ 1t can shed ligh’c on questions of human processing of language
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What exactly is the question?

When viewed as a set of strings, is English a regu[ar [anguage? Is it context-ﬁfee?
How about Hebrew?

Competence VS. Pevfovmance

— This is the dog, that worried the cat, that killed the rat, that ate the malt, that
lay in the house that Jack built.

— This is the malt that the rat that the cat that the dog worried killed ate

Instructor: Nick Cercone - 3050 CSEB - nick@cse.yorku.ca 31
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Where are natural languages located?

77

y Chomsky (1957): “Eng[ish is not a Vegular [anguage
+ As for con’textfree languages, “1 do not know whether or not English LS 'Ltse[f

li’cera“y outside the range of such analyses”
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How not to do it

An introduction to the princip les of transformational syntax (Akmaj ian and Heny,
1976)

“Since there seem to be no way of using such PS rules to represent an obviously
szgnﬁcanf genem/[zaﬁon about one /anguage, name/y, Eng/zls*/z, we can be sure
that p/zmse structure grammars cannot poss[b/y represent all the Slgnﬁcant
aspects cf /angaage structure. We must introduce a new kind of rule that will

. »”
permu‘ us to do so.
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How not to do it

Example: Syntax (Peter Culicover, 1976)

In genem/, for any p/zmse structure grammar containing a ﬁn[fe number of rules
it will a/wa)/s be poss[b/e to construct a sentence that the grammar will not
generate. In fact, because of recursion there will a/ways be an [rﬁnh‘e number of
such sentences. Hence, the p/zmse structure ana/ys[s will not be SLﬁc[ent to

generate Eng/zle/z.
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How not to do it

Example: Transformational grammar (Grinder & Elgin, 1973)
the girl saw the Iooy
**the girl kiss the boy

this well-known syntactic phenomenon demonstrates cleaﬂy the inadequacy of

context-ﬁ'ee phrase—stmctwe grammars...
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How not to do it

The deﬁning characteristic of a context—ﬁree rule is that the sym’ool to be rewritten is to be
rewritten without reference to the context in which it occurs. By dqﬁniﬁon, one cannot
write a con’cext—ﬁree rule that will expand the sym’oo[ Vinto kiss in the context of being
immediate[y pveceded on the sequence the g[r/s and that will expand the sym’ool Vinto
kisses in the context of be'mg immedia‘ce[y preceded on the sequence the gz'r/. Any set of
con’cext—ﬁree rules that generate (cowecﬂy) the sequences the g[r/ kisses the boy and the
g[r/s kiss the looywiﬂ also generate (incowec‘dy) the sequences the g[r/ kiss the boy and the
girls kisses the boy.
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How not to do it

The grammatical phenomenon of Sub )| ect-Predicate agreement is suﬁcient to

guarantee the accuracy of: “English s not a con’cext-ﬁfee [anguage”
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How not to do it

Example: Syntactic theory (Bach 1974)
These examp les show that to describe the facts of English number agreement is

li’ceraﬂy impossi’o e using a stmp le agreement rule of the type given in a phvase—
structure grammar, since we cannot guarantee that the noun plmrase that
determines the agreement will precede (or even be immediately adjacen’c) to the

pvesent—tense verb.
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How not to do it

Example: A realistic transformational grammar (Bresnan, 1978)

(n many cases the number cyf a verb agrees with that of a noun p/zrase at some
distance ﬁom it... this type of syntactic dependency can extend as far as memory
or patience permits... The distant type (f agreement... cannot be adequate/)/
described even by context-sensitive p/zmse—sfmcture rules, fbr the poss[b/e context

(s not correcf/)/ describable as a ﬁn[fe string (f p/zmses.
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How to do it right - onof techniques:

The pump Lﬂg [emmafov Vegular [anguages

for a particu[ar [anguage to be a member of a [anguage class, any suﬁcienﬂy [ong string in the [anguage

contains a section, or sections, that can be removed, or Vepea‘ced any number of times, with the Vesulting string
remaining in that [anguage.

Closure under intersection

A set has closure under an operation gC pelfovmance of that operation on members of the set a[ways produces
a member of the same set.

Closure under homomorphism
A homomovp hism is a ﬂmcﬂon from strings to strings. Its output on a multi-character string is just the
concatenation of its outputs on each individual character in the string. Or, equiva[enﬂy, h(xy) = h(x)h(y) fov
any strings x and y. If S is a set of strings, then h(S) is {w : w = h(x) for some x in S}.
To show that regu[av [anguages are closed under homomorp hism, choose an arb ttrary Vegular [anguage L and

a homomorp hism h. 1t can be Vepresented using a Vegu[ar expression R. But then h(R) is a Vegular expression

representing h(L). So h(L) must also be Vegular.
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English s not a Vegular language
Center embedding

The foﬂowing s a sequence of grammaﬁcal Eng[ish sentences:
A white male hired another white male.
A white male — whom a white male hired — hired another white male.

A white male — whom a white male, whom a white male hived, hired — hired another white

ma/e.
Therefore, the language L, . is a subset of English:
Ltrg = { Awhite male (whom a white male)" (hired)" hired another white male | n

> 0}
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English s not a Vegular language

Ltr . s not a Vegu[ar language. L

trg is the intersection of the natural [anguage

Eng[ish with the Vegular set
Lreg = { A white male (whom a white male) (hired) hired — another white male }

L. o 18 Vegular, as it is deﬁned on a Vegular expression.

Since the Vegulav languages are closed under intersection, and since L. o IS a
Vegu[ar [anguage, then Lf Eng[ish were Vegulav, its intersection with LVe o> name [y

L

trg ’

WOM[O[ ’06 Veg M[&V.

Since L, . S trans—regular, English (s not a Vegulav language.
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English s not a Vegular language

Similar constructions:

The cat likes tuna fish

The cat the dog chased likes tuna ﬁs/z

The cat the dog the rat bit chased likes tuna fish

The cat the a’og the rat the elephant admired bit chased likes tuna fish
(the + N)" V" likes tuna fish
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Conclusion

Is Eng[ish contex—ﬁree?
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Other Conc [uding Remarks

A PSYCHOLOGICAL TIP

Whenever you're called on to make up your mind,
and you're hampeved on not having any,

the best way to solve the dilemma, you'U ﬁnd,

s stmp ly on spinning a penny.

No -- not so that chance shall decide the %ﬁ?aiv
while you've passive[y standing there moping;

but the moment the penny is up in the air,

you sudden[y know what you're ’nop ng.
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