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Abstract:

This paper describes a top-down recognition method for languages generated by

Minimalist Grammars. Minimalist Grammars are formal grammars that incor-

porate certain aspects of current transformational linguistic theories: phrases

are derived by applying structure building functions to lexical items and inter-

mediate structures, and the applicability of these functions is determined by the

syntactic features of the structures involved. The recognition method presented

in this paper reduces phrase structures to simple expressions that encode the

behavior of these structures with regard to the structure building functions of

the grammar.
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Top-Down Recognition of Minimalist Languages

1 Introduction

In this paper, we will describe a method for top-down recognition of languages

generated by Minimalist Grammars (Stabler, 1997). Minimalist Grammars are

a rigorous formalization of the kind of grammars proposed in the linguistic

framework of Chomsky's Minimalist Program (Chomsky, 1995). The grammar

formalism will be introduced in section 2.

Harkema (2000) presents a chart-based, bottom-up recognizer for Minimalist

Grammars. A bottom-up parser has no predictive power. Hence, the chart will

contain numerous items that are not involved in the derivation of the sentence

to be parsed. In particular, in order to be complete, a bottom-up parser has

to assume that any phonetically empty category can intervene between any

two adjacent words in a sentence. A top-down parser, however, has the ability

to predict the presence of phonetically empty categories in a sentence based

on the structure built so far. Phonetically empty functional projections are

ubiquitous in present-day transformational theories of language, so this issue

is an important motivation for the formulation of a top-down recognizer for

Minimalist Grammars. The design of the top-down recognizer will be discussed

in sections 3 and 4. The accuracy of the predictions of the recognizer can be

improved by adding a mechanism for look-ahead. This will be discussed in

section 5.

The paper will close with some �nal remarks.

2 Minimalist Grammars

In this section, we will present the Minimalist Grammar formalism, following

Stabler (1997). A Minimalist Grammar de�nes a set of trees. These trees are

derived by closing the lexicon, which is a set of trees itself, under two structure

building functions, merge andmove. Consider for example Minimalist Grammar

G1 with a lexicon containing the following 6 elements:

(1) d -k Lavinia

(2) d -k Titus

(3) =d vt -v praise
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(4) =pred +v +k i s

(5) =i c �

(6) =vt +k =d pred �

Each lexical item is a 1-node tree labeled with syntactic features of various

kinds and a phonetic form. (note 1) The last two lexical items are phonetically

empty. The features determine how the structure building functions will apply

to the lexical items and the trees derived from these. Two trees, one of which has

a feature =x and the other of which has a feature x, will trigger an application

of the structure building function merge. For example, the lexical items =d vt

-v praise and d -k Lavinia will merge to form the tree below:

(7) <

vt -v

praise

-k

Lavinia

The resulting tree includes the original expressions =d vt -v praise and d -k

Lavinia, minus the pair of features =d and d that triggered the function merge.

These features have been checked and deleted. The `<' points to the head of the

tree. For merge, the head of the tree that has the feature =x (before this feature

is deleted by merge) will be the head of the resulting tree. The features of the

head of the tree determine what other structure building functions will apply.

The order of the features matters: the application of the structure building

functions is triggered by the left-most features of the sequences of features of

the expressions involved. Thus, merge does not apply to the lexical items =vt

+k =d pred � and =d vt -v praise, because the feature vt is not left-most in the

lexical item =d vt -v praise.

A tree that consists of more than one node, such as the tree in 7, is called a

complex tree. Lexical items are simple trees, as they consist of just one node.

We will use the following notation for complex trees: [<� , �] denotes a complex

tree with immediate subtrees � and �, � preceding �, whose head is the head of

� ; similarly, [>� , �] denotes a complex tree with immediate subtrees � and �,

� preceding �, whose head is the head of �. For example, in this notation the

tree in 7 is written as [<vt -v praise, -k Lavinia]. The head of a simple tree is

the single node making up the simple tree.

The structure building function merge is de�ned in the following way. A

pair of trees � , � is in the domain of merge if the left-most feature of the head

of � is =x and the left-most feature of the head of � is x. Then merge(� , �) =

[<�
0, �0] if � is simple, and merge(� , �) = [>�

0, � 0] if � is complex, where �
0

is like � except that feature =x is deleted, and �
0 is like � except that feature

x is deleted. So simple trees take sisters to their right, and complex trees take

sisters to their left.

The derivation will continue with merging the lexical item =vt +k =d pred �

and the tree in 7. The result is given in 8.
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(8) <

+k =d pred

�

<

-v

praise

-k

Lavinia

The left-most feature of the head of the tree in 8 is +k. The tree also contains

a node whose left-most feature is -k. In this situation, the structure building

function move will apply. It will move the maximal subtree whose head has the

feature -k to the speci�er position of the original tree, as in 9 below. A subtree

� is maximal if any subtree � properly containing � has a head other than �.

In this case, the subtree that moves is the tree consisting of the single node -k

Lavinia. As in the case of merge, the features triggering the application of move

are checked and deleted.

(9) >

Lavinia <

=d pred

�

<

-v

praise

;

Formally, the structure building function move is de�ned as follows. A tree �

is in the domain of move if the left-most feature of the head of � is +f and � has

exactly one maximal subtree �0 the left-most feature of the head of which is -f.

Then move(�) = [>�
0

0, �
0], where � 00 is like �0 except that feature -f is deleted,

and �
0 is like � except that feature +f is deleted and subtree �0 is replaced by a

single node without features. A node without features will be labeled ;. (note
2)

All derivations in a Minimalist Grammar are subject to the Shortest Move-

ment Constraint, which is built in into the de�nition of the domain of the

structure building functions move: this function does not apply to a tree if the

left-most feature of the head of the tree is +f and the tree contains more than

one subtree whose head begins with the feature -f. In this case, all subtrees

want to move to the same position, but moving any one subtree will deprive the

other subtrees of their \shortest move", as they will now have to move to the

speci�er of some higher head which has the feature +f. (note 3)

The left-most feature of its head being =d, the tree in 9 can merge with the

lexical item d -k Titus. Because the tree in 9 is a complex tree, the second

clause of the de�nition of merge will apply. The result is the tree in 10.
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(10) >

-k

Titus

>

Lavinia <

pred

�

<

-v

praise

;

The head of the tree in 10 is labeled pred. The tree will be merged with the

lexical item =pred +v +k i s. This will produce the tree in 11.

(11) <

+v +k i

s

>

-k

Titus

>

Lavinia <

� <

-v

praise

;

The next step of the derivation is another move, triggered by the feature +v

on the head of the tree in 11 and the feature -v on the head of one of its subtrees.

This is an instance of remnant movement: the object of the verb phrase that

moves is no longer inside the verb phrase. The tree in 12 is the result.

(12) >

<

praise ;

<

+k i

s

>

-k

Titus

>

Lavinia <

� ;

The pair of features +k and -k in the tree in 12 will trigger another applica-

tion of move, which will yield the tree in 13.
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(13) >

Titus >

<

praise ;

<

i

s

>

; >

Lavinia <

� ;

Finally, the tree in 13, whose head has the feature i, will be selected by the

lexical item =i c �. The result of this �nal merge is the tree in 14. This tree

contains only one unchecked syntactic feature, namely c, and this feature labels

the head of the tree. We have thus established that the yield of the tree in 14,

� Titus praise s Lavinia �, i.e., Titus praises Lavinia, is a string of category c,

using an analysis along the lines of Mahajan (2000) for deriving simple SVO

sentences without head movement. (note 4)

(14) <

c

�

>

Titus >

<

praise ;

<

s >

; >

Lavinia <

� ;

The total number of features occurring in the lexical items involved in the

derivation of the sentence Titus praises Lavinia is 17. Therefore, the derivation

of the tree in 14 takes exactly 8 steps, for each application of merge and move

removes 2 features and the tree in 14 has one single feature left.

Formally, the language derivable by a Minimalist Grammar G consists of

the yields of the complete trees in the closure of the lexicon under the structure

building functions merge and move, where a complete tree is a tree without

syntactic features, except for the distinguished feature c, which must label the

head of the tree. The yield of a tree is the concatenation of the phonetic forms

appearing at the leaves of the tree, ordered as in the tree.
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Michaelis (1998) has demonstrated that the set of languages generated by

Minimalist Grammars falls within the set of languages generated by Multiple

Context-Free Grammars (Seki et al. 1991). Harkema (2001a) and Michaelis

(2001) present proofs showing the reverse. Hence, Minimalist Grammars are

equivalent to Multiple Context-Free Grammars, which, in turn, are known to

be equivalent to Linear Context-Free Rewriting Systems (Vijay-Shanker et al.,

1987), Multi-Component Tree-Adjoining Grammars (Weir, 1988), and Simple

Positive Range Concatenation Grammars (Boullier, 1998).

(15) (14)

(5) (13)

(12)

(11)

(4) (10)

(9)

(8)

(6) (7)

(3) (1)

(2)

The derivation of the sentence Titus praises Lavinia is summarized in the

derivation tree given in 15. In this tree, the numbered nodes stand for the trees

given above, including the lexical items. A derivation tree indicates how a sen-

tence is derived from a set of lexical items via the structure building functions

merge and move. The leaves of a derivation tree are lexical items, which are

simple trees. Each internal node is a complex tree that is derived from its im-

mediate daughters by one application of the structure building functions merge

or move. The root of a derivation tree is a complete tree for the sentence being

derived. A derivation tree is thus a tree whose nodes are trees themselves.

3 Context-Free Derivations

Michaelis (1998) has shown that the class of languages de�ned by Minimalist

Grammars is included in the class of languages de�ned by Multiple Context-Free

Grammars (Seki et al., 1991) by demonstrating how to construct a Multiple

Context-Free Grammar G0 which de�nes the same language as a given Mini-

malist Grammar G. For every tree � generated by grammar G, there will be a

non-terminal symbol A in grammar G0 which encodes the purely syntactic prop-

erties of � , that is, its behavior with regard to the structure building functions

merge and move. These properties are completely determined by the syntactic
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features appearing in the tree and whether the tree is simple or complex. The

phonetic forms appearing in a tree are not relevant for the applicability of merge

and move, nor does the geometry of the tree matter, except for the fact that

the syntactic features of the head of the tree should be distinguished from any

syntactic features appearing at other nodes in the tree. Hence, for syntactic pur-

poses, a tree may be collapsed into a sequence of sequences of syntactic features.

These are the non-terminal symbols of the Multiple Context-Free Grammar G0,

which will be referred to as categories.

Formally, a category is a sequence of the form [
0�Æ0, . . . , 
n�Æn]t, with 
j ,

Æj 2 Cat�, 0 � j � n, t 2 fc, s, lg, and Cat the set of syntactic features of

Minimalist Grammar G. A category A represents a set of trees Tc(A). A tree

� is in Tc([
0�Æ0, . . . , 
n�Æn]t) if, and only if, the following four conditions are

met:

1. If t = s, � is a simple tree; if t = c, � is a complex tree; and if t = l, � is

a lexical tree. (note 5)

2. For every i, 0 � i � n, there is a leaf li in � such that:

(a) The syntactic features of li are Æi.

(b) The maximal subtree headed by li is a projection of a lexical item

with features 
iÆi. (note 6)

3. Leaf l0 is the head of � .

4. Besides the leaves l0, . . . , ln, there are no other leaves with syntactic

features in � .

For example, the tree in 4 is an element of Tc([�=pred +v +k i]s), the tree

in 10 is an element of Tc([=vt +k =d�pred, d�-k, =d vt�-v]c), and the tree in 11

is an element of Tc([=pred�+v +k i, d�-k, =d vt�-v]c).
One can think of a category as an abbreviation of a possibly in�nite set of

trees. We will only be interested in relevant categories, that is, categories A

for which Tc(A) includes a tree generated by grammar G which does not vio-

late the Shortest Movement Constraint. Any tree � that violates the Shortest

Movement Constraint is useless in that it is not a complete tree by itself and

cannot participate in the derivation of a complete tree. The structure building

function move does not apply to such a tree � , wherefore its outstanding -f fea-

tures cannot be deleted. The crucial observation in Michaelis (1998) is that the

set of relevant categories for Minimalist Grammar G is �nite. This is essential

for grammar G0 to be de�nable at all, since a Multiple Context-Free Grammar

cannot have an in�nite number of non-terminal symbols or categories.

With regard to the phonetic forms of the trees generated by G, any category

A in G0 will be associated with a tuple of strings, rather than with just one

string, as in plain Context-Free Grammars. For a category A corresponding to

a tree � generated by G, this tuple of strings includes all and only the phonetic

forms appearing in � . Phonetic forms that will move independently from one
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another will be kept separate. In order to formalize this notion, let the narrow

yield Yn of a tree be de�ned as follows. The narrow yield of a simple tree �

is its yield as de�ned in the previous section. If � is a complex tree, then, in

case � = [>� , �], Yn(�) = Yn(�)
_Yn(�) if the left-most feature of the head of

� is not of the kind -f, and Yn(�) = Yn(�) otherwise. (note 7) If � = [<� , �],

then Yn(�) = Yn(�)
_Yn(�) if the left-most feature of the head of � is not of

the kind -f, and Yn(�) = Yn(�) otherwise. Then, a category A = [
0�Æ0, . . . ,

n�Æn]t as de�ned above will be associated with a tuple of strings (s0, . . . , sn) if,

and only if, there is a tree � 2 Tc(A) for which the narrow yield of the maximal

projection of leaf li in � labeled with syntactic features Æi is si, 0 � i � n.

For example, for the tree given in 10, the narrow yield of the maximal

projection of the leaf labeled pred, i.e. the narrow yield of the tree itself, is

Lavina � = Lavina; for the leaf labeled -k it is Titus; and for the leaf labeled -v it

is praise. Hence, the category [=vt +k =d�pred, d�-k, =d vt�-v]c to which tree 10

belongs will be associated with the triple (Lavinia, Titus, praise). Similarly, the

category [�=pred +v +k i]s of tree 4 will be associated with the 1-tuple (s), and

the category [=pred�+v +k i, d�-k, =d vt�-v]c of tree 11 will be associated with

the triple (s Lavinia, Titus, praise). We can conveniently combine a category

and its associated tuple of phonetic forms and write [Lavinia:=vt +k =d�pred,
Titus:d�-k, praise:=d vt�-v]c for the tree in 10, for example.

In order to derive the categories and their associated tuples of strings, gram-

mar G0 contains a set of context-free rewrite rules which mirror the e�ects of

the structure building operations merge and move in grammar G. Since the set

of relevant categories is �nite, a �nite set of rewrite rules suÆces to describe

all derivations. Thus the Multiple Context-Free Grammar G0 for Minimalist

Grammar G1 contains the context-free rewrite rule [p
_
q:=pred�+v +k i, r:d�-k,

t:=d vt�-v] ! [p:�=pred +v +k i] [q:=vt +k =d�pred, r:d�-k, t:=d vt�-v]. This

rule mirrors the step in the derivation in which the tree in 11 is derived from

the tree in 4 and the tree in 10. The rule will derive the category with phonetic

forms [s Lavinia:=pred�+v +k i, Titus:d�-k, praise:=d vt�-v]c from [s:�=pred +v

+k i]s and [Lavinia:=vt +k =d�pred, Titus:d�-k, praise:=d vt�-v]c.
Using categories to abbreviate trees, the derivation tree in 15, whose nodes

are trees generated by grammar G1, can be represented as the tree in 16.
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(16) [Titus praise s Lavinia:=i�c]c

[�:�=i c]s [Titus praise s Lavinia:=pred +v +k�i]c

[praise s Lavinia:=pred +v�+k i, Titus:d�-k]c

[s Lavinia:=pred�+v +k i, Titus:d�-k, praise:=d vt�-v]c

[s:�=pred +v +k i]s [Lavinia:=vt +k =d�pred, Titus:d�-k, praise:=d vt�-v]c

[Lavinia:=vt +k�=d pred, praise:=d vt�-v]c

[�:=vt�+k =d pred, praise:=d vt�-v, Lavinia:d�-k]c

[�:�=vt +k =d pred]s [praise:=d�vt -v, Lavinia:d�-k]c

[praise:�=d vt -v]s [Lavinia:�d -k]s

[Titus:�d -k]s

The translation of a Minimalist Grammar G into an equivalent Multiple

Context-Free Grammar G0 reveals that the derivation trees of Minimalist Gram-

mars are context-free, even though the languages de�ned by Minimalist Gram-

mars are beyond the power of Context-Free Grammars. (note 8) The next

section will show how this insight can be used to obtain a transparent top-down

recognizer for languages generated by Minimalist Grammars.

Note that the derivation tree in 16 illustrates a crucial di�erence between

Minimalist Grammars and Context-Free Grammars: a depth-�rst, left-to-right

traversal of a derivation tree for some sentence w generated by a Minimalist

Grammar will in general not visit the lexical expressions at the leaves of the tree

in the order in which their phonetic forms appear w, whereas for a Context-Free

Grammar, the words at the leaves of a (derivation) tree, ordered according to

the precedence relation of the tree, always constitute a grammatical sentence.

4 Top-Down Recognition

Like its bottom-up counterpart in Harkema (2000), the top-down recognizer for

Minimalist Grammars that is presented in this section is based on the principle

of parsing as deduction as described in Shieber et al. (1995). The recognizer uses

a chart to store items, which embody predictions about the syntactic structure

of the sentence to be recognized. Initially, the chart is �lled with a set of axioms.
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These axioms are then closed under a set of rules of inference. If the closure

contains a distinguished goal item, the sentence is in the language de�ned by

the grammar, otherwise it is not.

4.1 Items and Invariant

An item is a sequence �1 + . . . + �m, where each subitem �i, 1 � i � m, is a

prediction regarding the syntactic features and narrow yields of a tree involved

in the derivation of the input sentence. A subitem is a category with position

vectors and is of the general form [(x0, y0):
0�Æ0, . . . , (xn, yn):
n�Æn]t, with 
j ,

Æj , and t as in the previous section, and xj , yj 2 N, 0 � j � n. A subitem

� abbreviates a set of trees Ts(�). For an input string w = w1. . .wk and a

subitem � = [(x0, y0):
0�Æ0, . . . , (xn, yn):
n�Æn]t, tree a � is in Ts(�) if, and

only if, the following holds:

1. � 2 Tc([
0�Æ0, . . . , 
n�Æn]t).

2. The narrow yield of the maximal projection of leaf li in � labeled Æi is

wxi+1. . .wyi , 0 � i � n.

On the assumption that sentences are strings of the distinguished category

c, the items generated by the recognizer will be interpreted under the following

invariant: given an item �1 + . . . + �m, the sequence of trees �1, . . . , �m, for

arbitrary �i 2 Ts(�i), 0 � i � m, is a cut of a (partial) derivation tree whose

root is a complete tree � of category c with yield w. (note 9) (note 10) Recall

that the nodes of a derivation tree are trees generated by a Minimalist Grammar

(cf. the derivation tree in 15).

4.2 Axioms

If c is the distinguished feature of grammar G and k is the length of the input

string w, then for any lexical item with the single syntactic feature c there will

be an axiom [(0, k):�c]s, and for any lexical item with syntactic features 
c,

there will be an axiom [(0, k):
�c]c, 
 2 Cat+.

As is easily checked, any � 2 Ts([(0, k):�c]s) or � 2 Ts([(0, k):
�c]c) consti-
tutes a cut through the root of a partial derivation tree whose root is a complete

tree of category c with yield w; the root is � .

4.3 Rules of Inference

The rules of inference encode the context-free rewrite rules of the Multiple

Context-Free Grammar G0 that is equivalent to Minimalist Grammar G. Gram-

mar G0 contains a rewrite rule for every single application of the structure

building functions merge and move, but the de�nitions of these functions allow

us to condense these rewrite rules into �ve rules of inference: three Unmerge

rules and two Unmove rules. Given a particular subitem �i appearing in some

item �1 + . . . + �m, the rules of inference will predict how the trees in Ts(�i)
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can be `unmerged' and `unmoved' into smaller trees by specifying the particular

subitems that these smaller trees belong to. In addition to the Unmerge and

Unmove rules, there is also a Scan rule for reading the input string.

Unmerge-1: given an item �1 + . . . + �m such that �i = [(p, q):=x�
, S]c,
1 � i � m, then, for any lexical item with syntactic features �x, add the items

�1 + . . . + �i�1 + [(p, v):�=x
]s + [(v, q):��x, S]t + �i+1 + . . . + �m to the

chart, for all possible values of v such that p � v � q; for all possible values of

t such that t = s if � = ;, t = c if � 6= ;, and if t = s then S = ;.

Unmerge-2: given an item �1 + . . . + �m such that �i = [(p, q):�=x�
,
S]c, 1 � i � m, � 6= ;, then, for any lexical item with syntactic features �x,

add the items �1 + . . . + �i�1 + [(v, q):��=x
, U]c + [(p, v):��x, V]t + �i+1

+ . . . + �m to the chart, for all possible values of v such that p � v � q; for

all possible values of U, V such that U [ V = S; for all possible values of t such

that t = s if � = ;, t = c if � 6= ;, and if t = s then V = ;.

Unmerge-3: given an item �1 + . . . + �m, such that �i = [(p, q):�=x�
,
S, (v, w):�x�Æ, T]c, 1 � i � m, then add the items �1 + . . . + �i�1 + [(p,

q):��=x
, U]t1 + [(v, w):��xÆ, V]t2 + �i+1 + . . . + �m to the chart, for all

possible values of U, V such that U [ V = S [ T; for all possible values of t1
such that t1 = s if � = ;, t1 = c if � 6= ;, and if t1 = s then U = ;; for all possi-
ble values of t2 such that t2 = s if � = ;, t2 = c if � 6= ;, and if t2 = s then V = ;.

Unmove-1: given an item �1 + . . . + �m, such that �i = [(p, q):�+y�
,
S]c, 1 � i � n, � 6= ;, then, for any lexical item with syntactic features �-y, �

6= ;, add the items �1 + . . . + �i�1 + [(v, q):��+y
, (p, v):��-y, S]c + �i+1 +

. . .+ �m to the chart, for all possible values of v such that p � v � q.

Unmove-2: given an item �1 + . . . + �m, such that �i = [(p, q):�+y�
, S,
(v, w):�-y�Æ, T]c, 1 � i � m, � 6= ;, � 6= ;, add the items �1 + . . . + �i�1 +

[(p, q):��+y
, S, (v, w):��-yÆ, T]c + �i+1 + . . . + �m to the chart.

Scan: given an item �1 + . . . + �m, such that �i = [(p, q):�
]s, 1 � i � m,

then, if there is a lexical item ` with syntactic features 
 and phonetic features

covering wp+1. . .wq of the input string, i.e. ` 2 Ts(�i), add the following item

to the chart: �1 + . . . + �i�1 + [(p, q):�
]l + �i+1 + . . . + �m.

The rules of inference Unmove-1 and Unmove-2 come with the restriction

that no items violating the Shortest Movement Constraint should be added to

the chart. An item violates the Shortest Movement Constraint if it contains a

subitem [(x0, y0):
0�Æ0, . . . , (xn, yn):
n�Æn]t such that there are Æi, Æj whose

left-most features are the same feature -f, 1 � i < j � n.
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4.4 Goal Items

Any item of the form [(x0, y0):�
0]l + . . . + [(xm, ym):�
m]l is a goal item. It

follows from the de�nition of the Scan rule that there are lexical items `i 2
Ts([(xi, yi):�
i]l), 0 � i � m. According to the invariant, the sequence `1,. . . ,

`m is a cut of a partial derivation tree whose root is a complete tree � of category

c with yield w. Since all `i, 0 � i � m, are lexical items, the derivation tree

is in fact a `complete' derivation tree, which means that w is in the language

de�ned by G.

4.5 Example

The recognition of the example sentence w = 0Titus1praise2s3Lavinia4 accord-

ing to grammar G1 given in section 2. will start with the assertion of the single

axiom [(0, 4):=i�c]c. This item represents a cut through the root of the deriva-

tion tree in 15. Of course, for each cut of the tree in 15, there is a corresponding

cut of the derivation tree in 16.

Rule Unmerge-1 will apply to the axiom, as there is a lexical item with

features =pred +v +k i. One of the items produced is [(0, 0):�=i c]s + [(0,

4):=pred +v +k�i]c. This item corresponds to a cut through the nodes labeled 5

and 13 in derivation tree in 15. Rule Unmerge-1 also produces four other items:

[(0, p):�=i c]s + [(p, 4):=pred +v +k�i]c, 1 � p � 4. These four additional items

also obey the invariant de�ned in section 4.1, but they do not correspond to a

cut of the particular derivation tree in 15.

The item [(0, 0):�=i c]s + [(0, 4):=pred +v +k�i]c can be rewritten in two

ways. Either the Scan rule will apply to produce the item [(0, 0):�=i c]l + [(0,

4):=pred +v +k�i]c, or rule Unmove-1 will apply to produce the item [(0, 0):�=i
c]s + [(1, 4):=pred +v�+k i, (0, 1):d�-k]c (plus another four items [(0, 0):�=i c]s
+ [(p0, 4):=pred +v�+k i, (0, p0):d�-k]c, p0 = 0 or 2 � p

0 � 4). Item [(0, 0):�=i
c]s + [(0, 4):=pred +v�+k i (0, 0):d�-k]c corresponds to a cut through the nodes
labeled 5 and 12 of the tree in 15. Rule Unmove-1 will also apply to the other

four items produced in the previous step (1 � p � 4), but Scan will not.

Eventually, the item [(0, 0):�=i c]l + [(2, 3):�=pred +v +k i]l + [(4, 4):�=vt +k
=d pred]l + [(1, 2):�=d vt -v]l + [(3, 4):�d -k]l + [(0, 1):�d -k]l will be deduced.

This is a goal item, corresponding to a cut through the leaves of the derivation

tree in 15.

4.6 Correctness and Complexity

The recognizer presented above is sound and complete: every deducible item

respects the invariant given in section 4.1, and for every string that is in the

language de�ned by the grammar, there is a deduction of a goal item from the

axioms. The correctness proofs are provided in Harkema (2001b). There it

is also shown that the time complexity of the recognizer is polynomial in the

length of the input sentence (considering the shortest deduction of a goal item

for a sentence).
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Unfortunately, since items produced by the recognizer correspond to cuts of

derivation trees, the recognizer will fail to halt if the grammar is recursive. A

Minimalist Grammar is recursive if there is a complete tree � which is derived

from a tree �1 via merge and move, and tree �1, in turn, is derived from a tree

�2 such that �1 and �1 belong to the same category, i.e., there is a category A

such that �1 2 Tc(A) and �2 2 Tc(A). (note 11)

5 Look-Ahead

The example in the previous section illustrates that the recognizer will produce

items which do not represent cuts of a derivation tree for the sentence to be

recognized. These super
uous items occur because the rules of inference will

split the position vectors of subitems in every possible way. Another situation in

which spurious items are deduced is when a category can be derived in more than

one way. Consider for example grammar G2, which is grammar G1 of section 2

with two additional lexical items: =i +wh c � and d -k -wh who. The language

de�ned by G2 will not only contain the declarative sentences de�ned by G1, but

also interrogative sentences such as who Titus praise s. (note 12) For grammar

G2 and any given sentence, the recognizer presented in the previous section will

deduce items for either type of sentence, even though one can tell from looking

at the �rst word of the sentence whether it is declarative or interrogative. In the

remainder of this section we will develop a method of look-ahead for Minimalist

Grammars, which will restrict the number of items produced by the inference

rules without compromising the completeness of the recognizer.

5.1 Firstk

Given a Minimalist Grammar G and a relevant category A = [
0�Æ0, . . . , 
n�Æn]t,
the set Firstk(A) is de�ned as follows: (s0, . . . , sn) 2 Firstk(A) if, and only

if, there is a tree � 2 Tc(A) and for each leaf li in � labeled with syntactic

features Æi, the �rst k symbols of the narrow yield of the maximal projection of

li constitute the string si, 0 � i � n.

We can compute the sets Firstk using a slightly adapted version of the

bottom-up recognizer from Harkema (2000). The items of the bottom-up rec-

ognizer are very similar to the subitems in the top-down method de�ned above:

they are sequences of the form [(x0, y0):
0�Æ0, . . . , (xn, yn):
n�Æn]t. To compute

Firstk, the position vectors (xi, yi) will be replaced by strings si. A revised

bottom-up item [
0�Æ0/s0, . . . , 
n�Æn/sn]t is understood to assert the existence

of a tree � generated by G such that:

1. � 2 Tc([
0�Æ0, . . . , 
n�Æn]t).

2. For each leaf li in � labeled with syntactic features Æi, the �rst k symbols

of the narrow yield of the maximal projection of li constitute the string

si, 0 � i � n.
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Thus, an item [
0�Æ0/s0, . . . , 
n�Æn/sn]t claims that (s0, . . . , sn) 2 Firstk([
0�Æ0,
. . . , 
n�Æn]t).

The revised bottom-up recognizer will start with the following set of axioms:

for each lexical item ` of G labeled with syntactic features 
 2 Cat+ and pho-

netic form p, there will be an axiom [�
/k:p]s, where k:s denotes a pre�x of

length k of string s; if jsj < k, k:s = s. The axioms will be closed under the

following �ve rules of inference:

Merge-1: given two items [�=x
/p]s and [��x/q, S]t, add the item [=x�
/k:(p_q),

S]c to the chart.

Merge-2: given two items [��=x
/p, S]c and [��x/q, T]t, add the item

[�=x�
/k:(q_p), S, T]c to the chart.

Merge-3: given two items [��=x
/p, S]t and [��xÆ/q, T]t (Æ 6= ;), add the

item [�=x�
/p, S, �x�Æ/q, T]c to the chart.

Move-1: given an item [��+y
/p, S, ��-y/q, T]c, add the item [�+y�
/k:(q_p),

S, T]c to the chart.

Move-2: given an item [��+y
/p, S, ��-yÆ/q, T]c (Æ 6= ;), add the item

[�+y�
/p, S, �-y�Æ/q, T]c to the chart.

The rules Move-1 and Move-2 are constrained so as not to apply to an item

that violates the Shortest Movement Constraint.

The proof of soundness provided in Harkema (2000) is easily converted into a

proof of soundness for the method for computing Firstk proposed above. Thus,

every deducible item [
0�Æ0/s0, . . . , 
n�Æn/sn]t truthfully claims that (s0, . . . ,

sn) 2 Firstk([
0�Æ0, . . . , 
n�Æn]t). Furthermore, one can prove that the method

is complete up to permutation of the last n elements of an item, that is, for

every true claim (s0, . . . , sn) 2 Firstk([
0�Æ0, . . . , 
n�Æn]t), an item [
0�Æ0/s0,

j1 �Æj1/sj1 , . . . , 
jn �Æjn/sjn ]t will be deduced, where the sequence of indices

j1, . . . , jn is a permutation of the sequence 1, . . . , n. Consequently, for any

category A = [
0�Æ0, . . . , 
n�Æn]t such that Tc(A) contains some tree � generated

by G, the contents of set Firstk can be established in the following way:

Firstk([
0�Æ0, . . . , 
n�Æn]t) = f (s0, . . . , sn) j item [
0�Æ0/s0, 
j1 �Æj1/sj1 ,
. . . , 
jn �Æjn/sjn ]t has been generated, and j1, . . . , jn is a permutation of

1, . . . , ng.

Suppose tree � participates in the derivation of a complete tree. Then it

can be shown that the sequences of syntactic features labeling nodes in � other

than the head must be sequences of features of the kind -f. This implies that

we can restrict our attention to relevant categories of the general form [
0�Æ0,

1�-f1Æ01, . . . , 
m�-fnÆ

0

n]. The Shortest Movement Constraint implies that -fi
6= -fj , for 1 � i, j � n and i 6= j. Then, for a category A = [
0�Æ0, 
1�-f1Æ01, . . . ,

15




m�-fnÆ0n], de�ne First0
k
(A) = fz0j (z0, . . . , zn) 2 Firstk(A)g and First�fi

k
(A)

= fzij (z0, . . . , zi, . . . , zn) 2 Firstk(A)g. Thus, First0k(A) picks out the set

containing the �rst k symbols of the narrow yield of the maximal projection of

the head of any tree � 2 Tc(A), (note 13) and First�fi
k

(A) picks out the set

containing the �rst k symbols of the narrow yield of the maximal projection of

the node whose left-most syntactic feature is -fi for any tree � 2 Tc(A).

For the categories in grammarG2, we thus �nd, for example, First1([=pred�+v
+k i, d�-k, =d vt�-v]c) = f(s, Titus, praise), (s, Lavinia, praise)g and First�k

1
([=pred�+v

+k i, d�-k, =d vt�-v]c) = fTitus, Laviniag. Also, First01([=i�c]c) = fTitus,
Laviniag and First01([=i +wh�c]c) = fwhog.

5.2 Recognition with Look-Ahead

The recognizer with look-ahead will check, for every new item that is about to

be added to the chart according to the rules of inference given in section 4.3,

whether it is harmonious with the input sentence by consulting the various sets

First0
k
and First

�y

k
.

For a Minimalist Grammar G with distinguished category c, input string

w = w1. . .wn, and look-ahead k, the item [(0, n):�c]s will only be an axiom if

k:w 2 First0
k
([�c]s), and the item [(0, n):
�c]c will only be an axiom if k:w 2

First0k([
�c]c). The goal items are de�ned as before. The rules of inference are

updated in the following way.

Unmerge-1 will add an item �1 + . . . + �i�1 + [(p, v):�=x
]s + [(v,

q):��x, S]t + �i+1 + . . . + �m to the chart provided that k:(wp+1. . .wv) 2
First0k([�=x
]s) and k:(wv+1. . .wq) 2 First0k([��x, S]t).

Unmerge-2 will add an item �1 + . . .+ �i�1 + [(v, q):��=x
, U]c + [(p,

v):��x, V]t + �i+1 + . . . + �m to the chart provided that k:(wv+1. . .wq) 2
First0

k
([��=x
, U]c) and k:(wp+1. . .wv) 2 First0

k
([��x, V]t).

Unmerge-3 will add an item �1 + . . . + �i�1 + [(p, q):��=x
, U]t1 + [(v,

w):��xÆ, V]t2 + �i+1 + . . . + �m to the chart provided that k:(wp+1. . .wq) 2
First0k([��=x
, U]t1) and k:(wv+1. . .ww) 2 First0k([��xÆ, V]t2). (note 14)

Unmove-1 will add an item �1 + . . . + �i�1 + [(v, q):��+y
, (p, v):��-y, S]c
+ �i+1 + . . . + �m to the chart provided that k:(wv+1. . .wq) 2 First0k([��+y
,

��-y, S]c) and k:(wp+1. . .wv) 2 First
�y

k
([��+y
, ��-y, S]c).

Unmove-2 will add an item �1 + . . . + �i�1 + [(p, q):��+y
, S, (v,

w):��-yÆ, T]c + �i+1 + . . . + �m to the chart provided that k:(wp+1. . .wq)

2 First0k([��+y
, S, ��-yÆ, T]c) and k:(wv+1. . .ww) 2 First
�y

k
([��+y
, S, ��-yÆ,

T]c).

The Scan rule remains unchanged.

16



The reduction in the number of items brought about by the use of Firstk
depends on particularities of the grammar and the input sentence. When the

grammar describes a natural language, bene�cial e�ects are expected, because in

natural languages most words serve as the �rst word of only a limited number of

categories. For grammar G2, the savings are signi�cant. Without look-ahead,

i.e., k = 0, recognition of the sentence 0Titus1praise2s3Lavinia4 involves the

deduction of 340 items. For k = 1, it only takes 15 items. (note 15) The

recognizer with look-ahead does not consider the item [(0, 4):=i +wh�c]c an

axiom, because w1 = Titus =2 First01([=i +wh�c]c). Hence, all items deducible

from this item are suppressed. This example also illustrates the advantage of

using dots in items. Without dots, categories [=i +wh�c]c and [=i �c]c would

be collapsed into one category [c]c for which First01([c]c) = fTitus, Lavinia,

whog, whence the recognizer would not be able to immediately dismiss either the

declarative or the interrogative analysis. Furthermore, the recognizer with look-

ahead will split all position vectors correctly for G2. For example, unmerging

the axiom [(0, 4):=i�c]c, the recognizer will not posit the item [(0, 1):�=i c]s +

[(1, 4):=pred +v +k�i]c, since w1 = Titus =2 First01([�=i c]s) = ; and w2 = praise

=2 First01([=pred +v +k�i]c) = fLavinia, Titusg.

6 Conclusions

In this paper, we have motivated the usefulness of a top-down approach to rec-

ognizing languages de�ned by Minimalist Grammars. We described the design

of a pure top-down recognizer and added a mechanism for look-ahead. The rec-

ognizer can be turned into a parser by extending items with a �eld for recording

their immediate ancestors, and using this �eld to retrieve trees or forests from

the chart of items produced by the algorithm.

Because of its complexity and potential non-termination, the recognizer per

se is of limited practical value. However, the top-down perspective on Minimal-

ist Grammars that is explored in this paper provides an understanding of the

grammar formalism that is very useful for formulating an Earley-style recognizer

for Minimalist Grammars, which will terminate for all grammar and sentence

pairs (Harkema, 2001b).

Many interesting questions of a formal nature remain open, e.g. how to char-

acterize Minimalist Grammars whose languages can be parsed deterministically

in a top-down manner with at most k symbols of look-ahead, where, di�erent

from the mechanism described in section 5, the look-ahead string is a single

contiguous substring of the input sentence, starting at the immediate right of

the last (overt) word that was scanned.

The techniques outlined in this paper can also be used to design a recog-

nizer for Asymmetry Grammars (e.g. Di Sciullo, 1999). The structure building

functions of these grammars are sensitive to certain con�gurational properties

of the trees they apply to, so these properties have to be encoded in the cat-

egories that represent trees. Since the rules of inference of the recognizer are

very closely related to the structure building functions of the grammar, this
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will show in what ways the asymmetry inherent in Asymmetry Grammars is

computationally advantageous.

Notes

0. The parser of the human sentence processor also seems to have the correct pre�x
property: the ungrammaticality of a sentence is detected at the �rst word that makes
the sentence ungrammatical, and for garden path sentences the human parser will gen-
erally hesitate at the �rst word that does not �t into the structure that is hypothesized
for the sentence.

1. Lexical items also have semantic features, but we will not discuss these features in
this paper.

2. The structure building function move de�ned here implements overt phrasal move-
ment. The Minimalist Grammars speci�ed in Stabler (1997) also include mechanisms
for head movement and covert phrasal movement. We will not discuss these kinds
of movement in this paper. However, the recognizer formulated in this paper can be
extended to deal with Minimalist Grammars that allow head movement and covert
movement; see Stabler (2001), Harkema (2001b).

3. The Shortest Movement Constraint formulated in Stabler (1997) is a rather strong
condition. If the head of the tree has more than one +f features, the subtrees whose
heads begin with the feature -f could all move to become speci�ers of the same head,
which would make these moves equally short from a linguistic point of view. However,
under the current version of the Shortest Movement Constraint a tree with more than
one exposed -f feature is not in the domain of the function move, so no movements
will take place.

4. In traditional notation, the tree in 14 would be presented as in 14b.

(14b) CP

C IP

DPi
Titus

IP

VPk

V
praise

tj

I0

I
-s

PredP

ti PredP

DPj
Lavinia

Pred0

Pred tk

5. All lexical trees are assumed to be simple trees, but not all simple trees are lexical
trees. For example, the tree d -k � is a simple tree, but it is not a lexical tree in
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grammar G1 discussed in section 2.

6. Any lexical item ` is a projection of itself. If � is a projection of ` and � , � are in
the domain of merge, then � = merge(� , �) is a projection of `. If � is a projection of
` and � is in the domain of move, then � = move(�) is a projection of `.

7. For two strings p and q, p_q denotes their concatenation in the obvious order.

8. The derivation tree in 16 illustrates a crucial di�erence between Context-Free Gram-
mars and Minimalist Grammars: a depth-�rst, left-to-right traversal of a derivation
tree for some sentence w generated by a Minimalist Grammar will in general not visit
the lexical expressions at the leaves of the tree in the order in which their phonetic
forms appear in w, whereas for a Context-Free Grammar the words at the leaves of
a (derivation) tree, ordered according to the precedence relation of the tree, always
constitute a grammatical sentence.

9. A partial derivation tree is a derivation tree whose root is a complete tree, but
whose leaves are not necessarily lexical items.

10. A sequence of nodes C of a tree T is a cut of T if (1) none of the nodes in C
dominates another node in C, (2) every node in T and not in C either dominates or
is dominated by a node in C, and (3) the nodes in C are ordered according to the
precedence relation of T.

11. If the recognizer is made to scan the words of the sentence from left-to-right, the
recognizer will fail to halt if the grammar is left-recursive, analogously to top-down
recognizers for Context-Free Grammars. A Minimalist Grammar is left-recursive if it
is recursive, i.e., there are trees � , �1, and �2 with the properties mentioned in the
text, and moreover the phonetic material of �2 contains a string that in the sentence
w speci�ed by � is to the left of all the phonetic forms of �2 { see Harkema (2001b)
for more discussion.

12. Grammar G2 ignores do-support. See Stabler (2001) for a more complete Mini-
malist Grammar covering question formation in English.

13. Note that the maximal projection of the head of � is � itself.

14. Note that the application of rule Unmerge-3 must be preceded by an applica-
tion of rule Unmove-1, because in a bottom-up derivation, any application of move
must be preceded by an application of merge which will contribute the tree that will
move. Therefore, the condition k:(wv+1. . .ww) 2 First0k([��xÆ, V]c) for Unmerge-3
will be evaluated after the condition k:(wv+1. . .ww) 2 First�y

k
([��+y
, �xÆ0�-y, S]c),

Æ = Æ
0
-y, for Unmove-1 has been found true. A similar point can be made for the

condition involving First�y

k
in rule Unmove-2. Hence, if in general First0k([��xÆ, V]c) =

First�y

k
([��+y
, �xÆ0�-y, S]c), one of the conditions on either Unmerge-3 or Unmove-1

and Unmove-2 can be dropped. In that case an arrangement is possible in which all
conditions involve checking the contents of First0k rather than First�y

k
.

15. This is the least number of items possible: 1 axiom, 8 items corresponding to the
8 intermediate trees in the derivation of the sentence, plus 6 scanned items.
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