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Abstract

In this paper, we address the problem of computing
by flow analysis the propagation of feature values in
a constraint-based natural language grammar. The
method may effectively be used to evaluate and docu-
ment grammars, following a formal engineering perspec-
tive. By identifying all the possible values for features
in a grammar rule, together with all the possible ori-
gins and destinations of these values, we can document
the structure of feature propagation and unification, and
also detect structural errors and idiosyncrasies.

1 Introduction

The construction of a large-scale grammar for
natural language parsing is a task that requires
many person-years of work. Not only must we
build the rules to cover all the possible syntac-
tic forms, but we must also achieve a fine tun-
ing of these rules to take into account all the
subtleties of the language and the idiosyncratic
forms. The task becomes even worse if our ob-
jective is a grammar tolerant to mistakes. Gen-
erally, this results in a big grammar and a large
lexicon, both with many intricate features.

Usually, it is very difficult to identify the im-
pact of a modification in the grammar or the
lexicon. With the tools available at this mo-
ment, typically, we would use a corpus of texts
and check that the analysis of the sentences re-
mains the same after the modification. By using
some similarity metrics, the derivation tree re-
turned by the parser is compared with the man-
ually labeled sentence in the corpus, and the re-
sults are used to calculate precision and recall
values. See (Lin, 1995; Carroll et al., 1998) for
influential results using this approach.

This kind of evaluation is essential in the
grammar design process, but unfortunately it
does not solve all the problems related to this
task. Its major shortcoming is that it does not
point specifically at the defects in the grammar
design. It is not sufficient to evaluate the cor-
rectness of the parses, we must also get a clear
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idea of the behavior of the parser as a software
product. It would be useful to know what other
grammar rules or lexical entries could poten-
tially be affected by some change in a gram-
mar rule. It would also be important to know
whether a rule is always used as expected. For
example, we want to avoid underconstrained
rules that could be activated with some unex-
pected feature values.

Another important drawback in traditional
evaluation methods is that they are highly de-
pendent on linguistic theories. This makes dif-
ficult the portability to other grammars. By
concentrating the effort on the implementation
level, that is, the propagation of feature val-
ues in a constraint-based formalism with uni-
fication, we get not only a complementary eval-
uation method, but also a technique easily ap-
plicable to another grammar theory based on
the same formalism. It results in a quantitative
method less prone to subjectivity and relying
on principles that are easily explained.

As a first step to the elaboration of a tool
for calculating impact measures, we propose to
adapt a flow analysis that is well known in soft-
ware engineering. 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 for-
mally described in sections 3 and 4. Finally, a
small experiment on a grammar for Portuguese
is presented and used to show the advantages of
our method.

2 Constraint-based Grammars and
Unification Sensitive Derivation
Graphs

Flow analysis presented in section 3 has been
defined on constraint-based grammars with uni-
fication, which are now used in the majority of
mainstream grammar formalisms, such as Head-



Driven Phrase Structure Grammar (Pollard and
Sag, 1994) and Tree-adjoining Grammar (Vijay-
Shanker and Joshi, 1988). In our approach, the
grammar rules are composed of syntactic sym-
bols with feature structures. To simplify the
description, we assume that the value of a fea-
ture may be either an atom or a variable. This
simplification makes the understanding of the
propagation mechanism described in the next
section easier, without limiting its theoretical
foundations. We define a grammar G as follows:

G = (N, FEAT,V ARS, ATOMS, RULES, S)

propagSet : RULES —
— FEAT x {VARS UATOMS}

unifySets: RULES —
— (FEAT x {VARS UATOMS}H™, (ne NT)

(1)

where N is the set of syntactic symbols, FEAT

is the set of features, VARS is the set of vari-

ables used for unification purposes, ATOMS

is the set of atoms that represent possible val-

ues for features, RULES is the set of grammar

rules, and S is the start symbol.

Some functions are defined on rules.
propagSet returns the feature structure of
the left-hand side of the rule, and unifySets
returns the n-tuple of feature structures that
are contained in the right-hand side.

Starting from this grammatical formalism, we
construct a derivation graph, which essentially
represents how feature values may be propa-
gated during the parsing process. A node in
this graph corresponds to a feature structure in
a grammar rule. An edge associates the left-
hand side of rule with every feature structure
found on its right-hand side. There are also
edges connecting the left-hand side of a rule
and every right-hand side of some other rules
(or even the same rule) that is unifiable with it.
Figure 2 shows the derivation graph of the small
portuguese grammar given in Figure 1. The de-
tails of this figure are explained further, after
the formal definitions of this graph.

To make the feature flow information propa-
gation sensitive to unification, nodes have been
defined of two different types, depending on the
role they play. A node is of type LHS if it
represents a feature structure associated to the
left-hand side of a rule. Conversely, a node is of
type RHS if it corresponds to a feature struc-

Grammar rules:

(1) S_>NP|:NUM X], P[NUM X]

PERS P PERS P

(2) [Eg}l\é ?]—)DET[ NUM X],N[ NUM X]
NUM X NUM X
(3) NP[ PERS P ] - PRON[ PERS P ]
NUM X NUM X
(4) VP pERs P | V| PErs P
VAL intr

NUM X NUM X
(5) VP[ pERS P ] — V| PERs P
VAL trans

],NP[ ]

Lexicon:
(6) DET[ Num sing | — o (the)

(7) DET[ NUM  plur ] — os (the)
(8) N[ NUM sing :| — menino (boy)
9) N[ NUM  plur ] — meninos (boys)

NUM  sing

(10) PRON[PERS i

] — eu (I)

NUM  sing
(11) V| vaL  intr | — dormiu (slept)
PERS 3

Figure 1: Example of grammar for Portuguese

Figure 2: Example of derivation graph



ture from the right-hand side of a rule. Feature
flow information from a LH .S node can be prop-
agated to all RHS nodes that are unifiable to
it. Flow information from a RH S node can only
be propagated to the LHS node corresponding
to the same rule.

Let us define the function type, which re-
turns the type of a node in the derivation
graph, the function rule, which associates nodes
with their corresponding rule, and the function
order, which associates RHS nodes with their
positions in the right-hand side of a rule, as fol-
lows:

type : Vpg — {LHS,RHS}
rule : Vpg = RULES (2)
order : Vpg = N

Functions type and rule are total functions
since they are defined for every node in the
derivation graph. Function order is a partial
function since it is not defined for nodes of type
LHS.

Let us define DG = (Vpg, Epg) to be the
grammar derivation graph as follows.

e Every rule in the grammar has a corre-
sponding node LH S in the graph.

e For every feature structure on the right-
hand side of a rule, there is a unique RH S
node whose order corresponds to its posi-
tion in the right-hand side of the rule.

e If and only if the left-hand side of a rule
is unifiable with a feature structure in the
right-hand side of another rule, there is an
edge joining their respective nodes in the
graph.

e For every two nodes in the graph that cor-
respond to the left-hand side and right-
hand side of the same rule, there is an edge
joining them.

In the derivation graph showed in Figure 2,
bold lines are used to distinguish LH S nodes
from RHS nodes. In each node, the rule num-
ber is indicated together with the syntactic sym-
bol associated to this node. For RH S nodes, the
order is also indicated. Node that the rules cor-
responding to a lexical entry are represented by
a single node in the graph. Beside each node,
to simplify the description of flow analysis, a
capital letter is used to uniquely identify it.

An additional function fSet can be defined on
the set of nodes, for ease of later flow analysis
description. Function fSet returns the feature
structure associated to a node in the graph, and
is defined as follows:

fSet: Vpg — FEAT x {VARS U ATOMS}

fSet(v) =
propagSet(rule(v)) if tyﬁ}? B
[uni fySets(rule(v))]order(v) ! tyg%? B
3)

where [t]; returns the i** element of the n-tuple
t.

3 Flow Equations

Flow analysis statically approximates the dy-
namic behavior of the unification and derivation
processes by computing the fix-point iterative
solution of some flow equations.

A general description of flow analysis can
be found in (Aho et al., 1986). An approach
for constant propagation analysis has been pre-
sented in  (Merlo et al., 1995). The approach
presented in this paper is an improvement of the
simple feature value propagation analysis that
has been proposed in (Merlo et al., 2004). More
precisely, we are now proposing an analysis that
takes into account the effect of unification in
the propagation of values. Other approaches
for flow analysis of logic program can be found
in (Debray, 1988; Cousot and Cousot, 1992).

The flow analysis problem can be defined as
follows. Let a def-origin be a pair (b, w), where
b€ FEAT, w € Vpg,type(w) = LHS, such
that the value of feature b is an atom in the rule
rule(w). In simple terms, a def-origin specifies a
rule in which a feature is defined (that is, where
its value is an atom) in the left-hand side. At
any node v in the graph and for any feature
a € FEAT, we may determine the set of def-
origins, that is, for any feature in the rule, we
may determine the origin of any value that is
propagated to this feature.

The flow analysis problem can be modeled by
a lattice where each node S; represents a par-
ticular configuration of information about the
def-origins for each feature. Suppose there are
n distinct features named a; to a,, in a grammar
G. Formally, a node S; is denoted by the flow
information associated to it as follows:



Si:(‘/;,la"'avji,ka"'aw,n) (4)

where V; ), C P(FEAT x Vpg) is the set of
def-origins associated with feature ay.

The partial order between nodes is defined as
follows:

S X8 «—=Viy CVjp,1<k<n (5)

Equations to compute def-origins for any
given grammar rule r are described in terms
of the flow information coming out from node
w € Vpg. The set OUT(w) denotes such in-
formation and it also corresponds to one node
S; in the flow problem lattice. We will write
FV(ap,, S;) to denote the set associated to fea-
ture a,, in a particular configuration S;.

Initially, for each node in the derivation
graph, flow analysis starts with empty sets for
all features, that is, YVw € Vpg, OUT(w) =
@,---,0,---,0). Let the flow informa-
tion coming out from w be OUT(w) =
Vi, Vig,---, V). Elements of OUT(w)
when type(w) = LHS can be computed as fol-
lows:

( ] if A (ag, v) € fSet(w)
if (ag, v) € fSet A

I B (R0 B o
\ uSet(z, w) if (ak(’xme) ‘Efﬁzz)(w) A

(6)

V}, represents the set of def-origins of the fea-
ture ay propagated by the current node w. If ag
does not belong to the left-hand side of rule(w),
i.e., aj does not belong to the features set of
w, it cannot propagate any value, so Vj is the
empty set. If the propagation set for rule(w)
assigns an atomic value v to ag, the def-origin
of ay is w itself. Otherwise, V}, is the set of def-
origins returned by function uSet(z, w), defined
as follows. This set contains every def-origin
(b, u) that respects the following conditions:

1. For some node z and feature a,, such that
(z,w) € Epg and (am,z) € fSet(z),
(b,u) € FV(ay, OUT(z)). In other words,
there must be in the right-hand side an oc-
currence of the variable z having (b, u) in
its set of def-origins.

2. Let v = fSet(u), the value propagated
from node u upto the occurrence of vari-
able z associated to a,, in feature structure
fSet(z). In every other occurrence of vari-
able z in the right-hand side of the rule,
there is a way to obtain the same value.
Put simply, a def-origin will appear on the
left-hand side of a rule only if it is found
in every occurrence of the same variable on

the right-hand side.

Since several feature structures from the LHS
of rules may unify with a feature structure on
the right-hand side of a rule, we take into con-
sideration the many possible values incoming in
a RHS node by simply computing the union
of def-origins from the LH S nodes to which it
is connected. Let the flow information com-
ing out from RHS node w be OUT(w) =
(Vi,--+,Vg,---,V,) and that coming out from
one LHS node z connected to it be OUT(z) =
V{,---,V{,---, V). Formally, Vj can be com-

puted as:
if (ag, v) € fSet(w) A
{(ar, w)} (v € ATOMS)
Vi = U ka
V] € OUT(2) | otherwise
(z, w) € Epg

(7)

It can be shown that flow equations 6 and 7
preserve the lattice partial order, because, if
OUT(z), z predecessor of w, becomes bigger in
the partial order sense, then OUT (w) also be-
comes bigger. The convergence of the fix-point
iterative solution of flow equations is therefore
guaranteed to converge.

Let us now return to our grammar example.
A lattice node in the flow analysis will contain
three elements, one for each feature in the gram-
mar. We will consider that the first, second and
third elements correspond to the three features
NUM, PERS and VAL, respectively. After the
first iteration, the only information we have is
the set of features that are defined explicitely in
a feature structure. For example, node I, which
corresponds to the left-hand side of Rule 2, will
have only one origin specified for the value of
feature PERS, which is the same feature struc-
ture (because the second item of the pair is the
node itself). After a few iterations, we get at
some final state where no more change occurs



between two iterations (see Table 1).
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{(~um,8)},{(PERS,S)},0)
{(vum,0)},0,0)
{(xuMm,P)},0,0)
{(vum,Q)},0,0)
{(num,R)},0,0)
{(~vum,S)}{(PERS,S)},0)

NIOPWOZZE R

Table 1: Flow analysis - final results

Note that at node B, which corresponds to the
first feature structure in the right-hand side of
Rule 2, there are five origins for the value of fea-
ture NUM. Identifying the rules corresponding
to the fives nodes, we see, as expected, that they
are the lexical entries for determinant, noun and
pronoun. For the person, two origins are spec-
ified: one corresponds to the left-hand side of
Rule 2 (node I) and another one corresponds to
the lexical entry for the pronoun eu (Rule 11).
Considering now node C, we see that there is
only one origin for the features NUM and PERS,
which is the lexical entry for the verb dormiu.
In node D, corresponding to Rule 5, no feature
value is propagated. By inspecting the gram-
mar, we see that this is due to the fact that all
feature values come from the V feature structure
on the right-hand side, which is not connected
to any other node.

4 Grammar Evaluation and
Documentation

Now that the fundamental equations for the
flow analysis have been defined, we may use
them to define other kinds of analyses that are
relevant for grammar evaluation and documen-
tation. One is a wvalue propagation analysis,
which identifies all the possible values for a fea-
ture in a rule and which is mainly concerned
with grammar evaluation.

To obtain the set of all possible values for a
feature ay in some feature structure, we sim-
ply compute the union of all the values propa-
gated through def-origins associated to it. For
example, let us consider once again the gram-
mar of Figure 1. Suppose we want to identify
the possibles values for feature NUM in the NP
constituent of Rule 1. According to the result
of flow analysis for node B, given at Table 1,
we must find the value of feature NUM in the
rules represented by nodes O, P, Q, R, S. Look-
ing at the feature structures for these nodes,
we find two possible values: sing and plur. Re-
peating the same exercise for feature PERS, we
find that the two possible origins give the same
value: 3.

An important aspect for the evaluation of the
grammar design is the cardinality of the possi-
ble values for a feature. If the set of possible
values is a singleton, we must consider at least
two situations that may explain this result. The
lexical entries may not be complete and contain,
for example, words that always give the same
value for some feature, as is the case in our ex-
ample for feature PERS in Rule 3. Words that

would give another value are simply missing.

In the other situation, there may be differ-
ent values from the lexicon, but the values are
propagated in such a way that some feature in a
rule is always instantiated with the same value.
In this case, either there is some problem in the
grammar design, or the variable used with the
feature is irrelevant and should be replaced by
the atomic value that is always propagated to
it.

Value propagation analysis also informs us
about unbound features, that is, features whose
set of possible values is empty. For RH S nodes,
there are two explanations for such a situation.
The feature may not exist in any left-hand side
of grammar rule. This would happen, for exam-
ple, if the feature is misspelled. Also, if there is
no other feature structure that could be unified
with some feature structure on the right-hand
side of a rule, then all features in this struc-
ture will be unbound, as occurs in our exam-
ple at node F, where features PERS and NUM
will never get a value, since there is no lexicon
entry unifiable with this feature structure. In
both cases, the result points to some defect in
the grammar. For LHS nodes, unbound fea-
tures may results from the unification of fea-
tures which are unbound for all the RH S nodes,
again without much of sense. Node D is an ex-



ample of this situation in our example. It could
also results from the fact that the intersection
of values for all the occurrences of the variable
on the right-hand side is empty.

Finally, value propagation analysis may help
to identify a rule that would never be used be-
cause some variable present in the right-hand
side cannot be unified. This happens if the val-
ues propagated to two occurrences of the vari-
able are inconsistent. To detect such a situa-
tion, we only need to check that the intersection
of propagated values is not the empty set.

The second kind of analysis is the definition-
reference analysis, which provides a way to cal-
culate the different origins for the values of a
unifiable feature. For example, it may be useful
to identify, for some feature in a specific rule,
all the rules and lexicon entries that may be the
origin of its value. This analysis is mostly con-
cerned with grammar documentation and im-
pact analysis.

The last kind of analysis, the reference-
definition analysis, which is also related to doc-
umentation and impact analysis, achieves the
symmetric purpose: it determines, for a propa-
gated feature value, which other rules this value
is propagated to. More specifically, we want to
determine whether it is possible that no refer-
ence is ever made to the value propagated by
feature some feature. Unpropagated definitions
in LHS nodes could possibly be removed.

5 Experiments

The grammar used in our experimentation is
adapted from a Portuguese grammar that has
been built for another project (Miola, 2002),
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, recog-
nizes basic sentences. An important character-
istic of this grammar is that it has been designed
to make it insensitive to common mistakes that
could appear in texts written by Brazilians.
Applying our analysis method to this gram-
mar, we constructed a table of results, which
is partially illustrated in Figure 2. Each line
contains the following information: a rule num-
ber, a feature that is contained in the left-hand
side of the rule and whose value is a variable
and, finally, two sets representing all the pos-
sible values and def-origins, respectively. The
graph node in the def-origin is identified by a
number that corresponds to the rule number in

the grammar. For example, we see that the fea-
ture compl in rule 100 has two possible values:
sim and nao. Among the origins for the value
of this feature, we find rules 230 and 240.

# Feat Values  Origins

10 tempo {fut, {(tempo,350), (tempo,360) ...
imp, (tempo,1011), (tempo,1016)}
pres,
Pap,
pas}

10 numero {plur, {(numero,100), (numero,1001)
sing} ... (numero,1016)}

10 pessoa {1, 2, {(pessoa,110), (pessoa,120)
3} ... (pessoa,1016)}

100  compl {sim, {(compl,230), (compl,240) ...

nao} (compl,270)}
100 pessoa {3} {(pess0a,230), (pessoa,240). ..

(pess0a,270)}
180 numero {} {}
180  genero {masc, {(genero,1005), (genero,1009)}
fem}

Table 2: Table of results

With the same data, it is easy to build an-
other table that gives, for every rule and ev-
ery feature defined in this rule, all other rules
to which this value is propagated. Both tables
are very useful not only for the identification of
defects and idiosyncrasies in the grammar, but
also for documentation. Note that in the gram-
mar used in our experiments, a value is always
propagated by using the same feature name, but
of course another feature name could be used,
as allowed in the formalism we presented in sec-
tion 3.

Table 3 summarizes the cardinality of sets of
values resulting from value propagation analy-
sis. It gives the cardinality for every variable oc-
curring in the left-hand side of a rule. We have
detected four rules containing a variable that
has only one possible value (SNG), and eight
rules in which there is a variable whose value is
never defined (BOT). In this last case, it means
that the right-hand side contains a feature that
does not impose any constraint, that is, a use-
less feature, since its value will never fail with
unification.

In Table 4, we consider the different cardinal-
ities for the set of target rules returned by the
reference-definition analysis. For each cardinal-
ity, we calculated the number of feature values
in the grammar whose set of targets has this



Diagnostic number of variables
BOT 8

SNG 4

MUL 297

Total 309

Table 3: Origins

cardinality. We found 115 occurrences of values
that are never propagated to other rules in the
grammar, and 23 values that are propagated to
only one rule.

Number of target rules number of features

0 115
1 23
More than 1 73
Total 211

Table 4: Targets

6 Discussion of the results

Our results show that the kinds of analysis
we propose produce relevant results that easily
identify defects or idiosyncrasies in the gram-
mar used for the experiments.

Incidentally, these results are more informa-
tive and precise than those obtained in (Merlo et
al., 2004) because of the increased precision pro-
duced by the unification sensitive flow model.
First, we identified four additional cases of un-
defined values. For example, consider the rule
180 (see Figure 3), representing noun phrases
whose head is a proper name.

The value for feature numero(number) is un-
defined, because it originates from one of the
lexical entries for proper names, and is unde-
fined in all entries. In an approach where the
union of all values is used, as in (Merlo et al.,
2004), this error would not be detected, since
both possible values may be propagated to the
first feature structure of the right-hand side.

PRO  Dao
GEN X
; GEN X
np | MM Y —>DET[ GEN X ],PN[ NUM Y ]
DET sim NUM Y
DET fac

PESS 3

Figure 3: Rule 180 of our grammar

Another interesting result is the distribution
of possible values for the feature pessoa (per-

son). Table 5 gives the cardinality distribution
for this feature. For each cardinality, it gives the
number of variable occurrences in the grammar
that have this cardinality for its set of possible
values.

Cardinality Number of occurrences

1 1
3 14
4 28

Table 5: Distribution of cardinality for feature
pessoa

The results show that the distribution of the
cardinality for feature pessoa is not concen-
trated in a unique value. There is one singleton,
which corresponds to an error in the rule illus-
trated at Figure 4. The feature pessoa in this
rule may only have the value 3 (third person).
The grammar engineer will quickly realize that
this is as expected, since the plural SN repre-
sented by this rule is a nominal whose head is a
noun, and so cannot take another person. Con-
sequently, we should remove this feature in the
right-hand side and fix its value to 3 in the left-
hand side.

Let us now turn to the other cardinalities. By

pron  nao
PRON  nao

GEN X GEN X
NP NUM plur — NOM PESS Y
DET nao .. .

PESS Y

Figure 4: Rule 100 of the grammar

closer inspection of the data, we see that in all
cases where the cardinality is 3, the set of pos-
sible values is {1,2,3}. In all cases where the
cardinality is 4, the set has the additional value
0. Since our analysis gives all the origins of the
values, we can find easily that when cardinality
is 4, the lexical node for pronoun is absent in
the set of origins. When the cardinality is 3,
the lexical node for pronouns is always present.
This leads us to realize that pronouns have three
possible values for this feature, whereas verbal
forms have four. This discrepancy is certainly
worth mentioning, since it could lead to some
potential problem in the grammar use.

Let us now turn to the results obtained with
the reference-definition analysis, as illustrated
in Table 4. Note that since our analysis is driven
by the variable occurrences in the grammar, we



cannot at this moment distinguish useless def-
initions, where a feature value is never unified
with another one, from feature values that are
unified with at least one instantiated value in
the right-hand side of a rule. It is not very diffi-
cult to refine our analysis model to distinguish
these situations.

After a closer analysis of the data, we dis-
covered 28 useless features among the 115 un-
propagated feature values. There are 19 occur-
rences of values defined in the left-hand side of
a grammar for a feature that is never unified
with another one. We also found 9 occurrences
of features defined in the lexicon that are never
propagated in the grammar. In all cases, the
information is relevant and points to an error,
an incomplete specification in the grammar, or
a feature that has been defined in the lexicon
for purposes not related to parsing.

Note that the number of singletons is differ-
ent from the one returned by the definition-
reference analysis (23 occurrences instead of 4
occurrences). This is due to the fact that some
nodes in the graph represent many lexical en-
tries, and thus may be the origin of different
values for the same feature. For example, there
is a node representing all the lexical entries for
nouns and this node may propagates both val-
ues sing and plur for the feature numero (num-
ber).

Another type of error that may be identified
by the reference-definition is the interruption of
the propagation of a value caused by the omis-
sion of a feature in some rule. This situation
can be detected by searching a feature that is
defined in a lexical entry and in a rule. We
found two such features in the grammar and in
both cases we found errors in some rules.

Finally, the reference-definition analysis is
very informative about the importance of some
features in the grammar. For example, we dis-
covered that the feature tempo (tense) is prop-
agated to 33 rules in the grammar (almost 40%
of the rules). This is certainly a valuable infor-
mation for the grammar designer.

7 Conclusions

Reported results show that the unification sen-
sitive def-origin and wvalue propagation analy-
ses, which we have presented for evaluating the
feature values in a natural language grammar,
have identified several value propagation defects
in the grammar used for the experiments.

For the same grammar, the definition-

reference and reference-definition analyses have
explicitly recovered the structure of feature
propagation and unification, which can be used
for documentation purposes and for analyzing
the impact of rule modifications and changes.
Furthermore, these analyses have also allowed
the discovery of errors in the grammar feature
propagation and unification structure.

Therefore, the original analyses that have
been defined and investigated in this paper seem
adequate and useful for grammar evaluation
and documentation.

Further research includes the investigation of
the performance of the proposed techniques on
larger grammars. Also, additional grammar
paradigms need to be reflected in the flow anal-
yses. Extensions are also needed to take into
consideration aliasing and nested features prop-
agation issues.
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