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Abstract

Grammars used in parsers for natural language are usu-
ally based on feature values that are propagated by the
rules. In this paper, we present a flow analysis that has
been developed for these grammars and we show that it is
useful to identify defects in a grammar.

1 Introduction

The construction of a large-scale grammar for natural
language parsing is a task that requires many men-years of
work. Not only must we build the rules to cover all the
possible syntactic forms, but we must also achieve a fine
tuning of these rules to take into account all the subtleties
of the language and the idiosyncratic forms. The task be-
comes even worse if our objective is a grammar tolerant to
mistakes. Generally, this results in a big grammar and a
large lexicon, both with many intricated features.

When one is faced with a situation that requires a mod-
ification of the grammar or the lexicon, it is very difficult
to identify the impact of this modification in the parsing
process. With the tools available at this moment, typically,
we would resort to a pre-analysed corpus of sentences and
check that the analysis of these sentences remains the same
after the modification. The problem with this approach is
that it is time-consuming and does not point specifically at
the problem in the grammar design. For example, it would
be useful to know what are the other grammar rules or lexi-
cal entries that could potentially be affected by some change
in a grammar rule.

To assist this kind of impact measures, we propose to
adapt a flow analysis that is well known in software engi-

neering. We will argue that using this simple method, we
can easily identify problems in the design of a grammar.

In the next section, we present briefly the grammatical
formalism that has been used to test our method. The flow
analysis itself is formally described in section 3. Finally, a
small experiment on a grammar for Portuguese is presented
and used to show the advantages of our method.

2 Unification grammar

Unification grammar is a constraint-based formalism,
where every symbol in the grammar rules is paired with
a feature structure. Based on an unification process origi-
nally prosed by Kay [5] which is an extension of the Prolog
unification, it is now used in the majority of mainstream
grammar formalims, such as Head-Driven Phrase Structure
Grammar [9] and Tree-adjoining Grammar [10]. It is also
at the base of the general purpose tools that are available for
designing grammars, such as ALE [3, 2].

A feature structure is essentially a list of feature-value
pairs. The structure is recursive in the sense that a fea-
ture value may be another feature structure, but here we
will simplify by assuming that the value of a feature may
be either an atom or a variable. This simplification turns
easier the undestanding of the propagation mechanism de-
scribed in the next section, without affecting its theoretical
foundations.

For example, the following structure says that feature a
has the value 1, and that the values for features b and c are
unknown but must be the same, since they share the same
variable: �����
	 � a 1

b X
c X �



The mechanism used to obtain the derivation tree is the
unification. The algorithm is well known (see for example
[4] for a description of the algorithm) and an efficient im-
plementation is proposed in [6]. Intuitively, the unification
algorithm tries to find a value for all the variables in such
a way that the feature structures become identical. In the
derivation process, a rule may be activated when its head
feature structure may be unified with some feature struc-
ture in the body of another rule. The terminal nodes in the
derivation are feature structures associated to lexical items.
For example, the grammar illustrated in Figure 1 may be
used to produce the derivation of Figure 2. Note that vari-
ables and atoms are expressed by capital symbols and un-
capitalized tokens, respectively. Note also that the value of
a feature may be propagated into another feature structure,
in the body or the head of the grammar, by simply reusing
the same variable.

S 
 NP � NUM X � , VP � NUM X �
NP � NUM X � 
 DET � NUM X � , N � NUM X �
VP � NUM X � 
 V � NUM X

VAL intr �
DET � NUM sing � 
 the

N � NUM sing � 
 baby

V � NUM sing
VAL intr � 
 slept

Figure 1. Example of grammar

S� � � � � �������
NP � NUM sing �� � � �����

DET � NUM sing �
the

N � NUM sing �
baby

VP � NUM sing �
V � NUM sing

VAL intr �
slept

Figure 2. Example of derivation

3 Flow analysis

The feature value propagation can be fully described by
giving the lattice of the problem, the partial order the lattice
is defined on, the direction of analysis - forward or back-
ward - and the flow equations. A general description of flow

analysis can be found in [1], while an approach for constant
propagation analysis has been presented in [7].

A grammar � is defined as follows:��� ������� �"!$#&%('*)+�")+�,�-'/.0�&	132546187:9 )<;>=@? 4BADC !&#&%�'*) 
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where g is the set of non-terminals, h is the set of tokens
or lexical items, i\jlk*mon is the set of production rules used
in the derivation process, n is the start symbol, and pKmoqOh
is the set of features propagated by the grammar rules.

Some functions are defined on rules. r(s3tBr(uVv<n-wyx�z5t3{ re-
turns the non-terminal on the left hand side of a production
rule, r(sYtBr�uVv<n-|~} returns the set of features and their values
propagated by a rule, �(������w+n-|~}
� returns the n-tuple of sets
of features and their values or variables used by the right
hand side of a production rule for unification purposes, and� uys8� returns the name space of variables in a rule.

The feature propagation flow analysis problem can be
defined as follows: at any rule s in the grammar and for any
feature u , determine the set � of values u may have.

A solution lattice for the flow analysis problem can be
build by considering the partial order existing between sets
of feature values. � represents the lattice node for which
all features do not have any propagated value. � represents
the lattice node in which all the features in the grammar
can have all the possible values in their domains. A generic
node n[� in the lattice represents a particular configuration
of information about the values of all the features in the
grammar.

Suppose there are n distinct features named u�� to uD� in
a grammar � . Formally, a node n[� is denoted by the flow
information associated to it as follows:n � ��� � �X� �8�:�>�:�f� � ��� �<�>�:�:�:� � �X� ���

where �(��� ����� � q�h@�K��n � is the set of values associ-
ated with feature u<� .

The top and bottom of the lattice are respectively:� ��� �(� �:�>�:�:� �(� �:�:�>�:� �(� �� ��� �(� �:�>�:�:� �(� �:�:�>�:� �(� � (2)

where � � is a special symbol indicating that feature u+�
has an associated set of values which is equal to the total set
of atoms and � � is a special symbol indicating that featureu<� has an empty set of associated values.

For any node n[� in the lattice the partial order is defined
as follows:



��� n �n � �¡� (3)

For any two nodes n � and n�¢ in the lattice which are nei-
ther � nor � the partial order between nodes is defined on
the set inclusion between the sets of values corresponding
to all the features in the grammar:n��$�£n ¢�¤¦¥ �(�X� �§�£� ¢ � � �>¨ª©¡«¬© � (4)

Let’s define ­®� �¯� �(°/± � m�°/± � to be the grammar
derivation graph such that:� � °/±²� g´³µh �� � � � �8¶K· �(°/± �5�>� � � � �8¶ � · mO°/± ¤¦¥�"¸ sY� � s ¶K· i\jlk*monº¹� � � · kb»¼n � s3� �G�[½¾� �8¶ � il»¼n � s ¶ �G�
� (5)

Flow analysis can be computed on the derivation graph.
The direction of analysis is forward since we compute the
current set of values based on previous values in the gram-
mar derivation graph.

Feature propagation equations for any given grammar
rule s are described in terms of the flow information coming
in and out rule s . Sets ¿Vg � s � and �\jªh � s � denote such in-
formation and correspond also to nodes in the flow problem
lattice.

Initially the flow analysis starts with with empty sets for
all features, that is À�s · i\jlkbmon � ¿yg � s �¦� �\jªh � s �Á�� � � �:�>�:�:� � � �:�:�>�:� � � �b���,Â+�:�>�:�:�BÂ<�>�:�:�:�ÃÂÄ� .

Let the flow information coming into rule s be ¿yg � s �*�� �(�X� � �:�>�:�f� ����� � �>�:�:�:� �(�X� � � and the flow information coming
out from s be �\jªh � s �*��� � ¢ � � �:�:�>�f� � ¢ � � �:�:�>�:� � ¢ � � � .

Elements of �\jªh � s � can be computed as follows:
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When several arcs of the grammar derivation graph
merge in a rule, it is necessary to merge the flow in-
formation coming out from s � and sf¢ , for example,
to obtain the flow information coming into s3Ú . Let
us assume that �\jªh � s~� �/��� �(�X� � �:�>�:�>� �(�X� � �>�:�>�:� �(��� � � and�\jªh � s ¢ �/��� � ¢ � � �>�:�>�f� � ¢ � � �>�:�>�:� � ¢ � � � .

The merged information is:¿Vg � s Úl�*� �\jlh � s �"�/Û �\jªh � s5¢ �¼���� � Ú@� �3�:�:�>�:� � Ú@� �D�>�:�:�:� � Ú�� �(� (7)

where Û is the merge operator andÀ «Ü�~��¨l© «¬© � �5� � Ú@� �K� � �X� � ³I�<¢ � � (8)

Since the presented flow equations preserve the partial
order defined by equations 3 and 4, fix-point solution is
guaranteed to converge.

4 Experimentation and results

The grammar used in our experimentation is adapted
from a Portuguese grammar that has been built for another
project [8], where the objective was to test the sensibility of
some parsers for phrase structure grammar. The grammar,
which contains about 84 rules and uses a lexicon of about
7250 words, recognizes basic sentences. An important char-
acteristic of this grammar is that it has been designed with
the objective of making it insensible to common mistakes
that could appear in texts written by Brazilians.

The flow analysis has been implemented in Perl on an
AMD Athlon XP1700+ processor with 1477 MHz speed.
The grammar derivation graph is obtained in 0.9 sec. and
contains 100 nodes (84 for the rules and 16 for the terminal
symbols). The grammar uses 24 features, 308 variables and
81 possible values for the features.

Table 1 gives a summary of the results. It gives the num-
ber of features in the grammar whose set of values has one
of the following cardinality: maximal (all values are possi-
ble), any cardinality greater than one and less than maximal,
singleton, and empty set.

Theses results show that in almost all cases, the method
is not very informative about the possible values of the fea-
tures. In 76% of the cases the domain value is uncon-
strained. This is not a surprise, considering the very con-
servative choice of union for the merging operator, which
does not take into account the strong constraining effect of
unification on the possible values. Even so, four singletons
have been identified, and each one points to an actual prob-
lem in the grammar or a peculiar characteristic that is worth
mentioning. In two cases, it happens that the value propa-
gated to some feature in a rule is always the same, making
this propagation useless. In this case, we can either remove
the feature in every rule that propagates it, and replace the
variable by the propagated value in the rule where the sin-
gleton has been detected. It may be also the case that some
rule is missing that would propagated another value. In both
cases, some decision must be made to fix the grammar, or
at least document the idiosyncrasy.

In the other two cases of singleton, the feature has a
unique possible value because all the entries in the lexicon
instantiate this feature with the same value. The lexicon
could contain other entries that would give another value
to this feature, but at this moment it does not have such an
entry.



Cardinality Feature %
Maximal 235 76
1 Ý card Ý Maximal 69 23
Singleton 4 1
Empty set none 0

Table 1. Summary of results

5 Conclusion and future work

In this paper, we proposed a simple flow analysis that
can be used to identify potential problems in the design of
a grammar for natural language processing. As far as we
know, this kind of technique, widely known in software en-
gineering, has not been used in computational linguistic re-
searches. We showed that even with a very conservative ap-
proach regarding the propagation, we can identify real prob-
lems in a grammar. Every instance of singleton or empty set
points to a potential error in the grammar design.

We conclude that this approach is very promising, and
should give more convincing results when applied to a very
large grammar. Also, a refinement of the formalism, to
make it reflect more precisely the effect of unification in the
derivation process, should turn the analysis more expressive
in terms of problems identified in the grammar design.
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