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Abstract

We believe that for any formalism which
has its roots in linguistics, it is a natu-
ral question to ask “how expressive is it?”
Therefore, in this paper, we begin to ad-
dress the question of the expressivity of
CG. Aside from the obvious theoretical in-
terest, we envision also practical benefits.
For instance, we hope that the FSA!CG
conversion tool, described in later sections
of this paper, could eventually be devel-
oped to generate human-readable CG code
from regular expressions or a context-free
grammar.

1 Introduction

For any formalism with its root in linguistics, it is
natural to ask questions such as “How expressive
is it?” or “Where does it sit in the Chomsky hier-
archy?” (Chomsky, 1956) In this paper, we begin
addressing some of these questions for constraint
grammar (Karlsson et al., 1995, CG).

Before we can even consider such a question,
there is a problem we must solve. CG was never
meant to be a grammar in the generative sense. In-
stead, it is a tool for analysing and disambiguating
strings. This, we believe, explains why the ques-
tion of the expressivity of CG went unasked and
unanswered for a long time. It also gives us our
first problem: How do we view CGs generatively?
We address this in section 2.

2 Generative Constraint Grammar

We view a constraint grammar CG as generating
a formal language L over an alphabet S as fol-
lows. We encode words w 2 S? as a sequence of
cohorts, each of which has one of the symbols of
w as a reading. A constraint grammar CG rejects
a word if, when we pass its encoding through the

CG, we get back the cohort "<REJECT>". A con-
straint grammar CG accepts a word if it does not
reject it. We generate the language L by passing
every w 2 S? through the CG, and keeping those
which are accepted.

As an example, consider the language a? over
S = {a,b}. This language is encoded by the fol-
lowing constraint grammar:

LIST A = "a";

LIST B = "b";

SET LETTER = A OR B;

SELECT A;

ADDCOHORT ("<REJECT>")

BEFORE LETTER

IF (-1 (>>>) LINK 1* B);

REMCOHORT LETTER

IF (-1* ("<REJECT>"));

We then encode the input words as a series
of letter cohorts with readings (e.g. "<l>" "a",
"<l>" "b"), and run the grammar. For instance,
if we wished to know whether either word in
{aaa,aab} is part of the language a?, we would
run the following queries:

Input Output
"<l>" "a" "<l>" "a"

"<l>" "a" "<l>" "a"

"<l>" "a" "<l>" "a"

"<l>" "a" "<REJECT>"

"<l>" "a"

"<l>" "b"

As CG is a tool meant for disambiguation, we can
leverage its power to run both queries at once:

Input Output
"<l>" "a" "<l>" "a"

"<l>" "a" "<l>" "a"

"<l>" "a" "b" "<l>" "a"

This is a powerful feature, because it allows us dis-
ambiguate based on some formal language L if
we can find the CG which generates it. However,



the limitations of this style become apparent when
we look at a run of a CG for the language {ab,ba}:

Input Output
"<l>" "a" "b" "<l>" "a" "b"

"<l>" "a" "b" "<l>" "a" "b"

While the output contains the interpretations ab
and ba, it also includes aa and bb. Therefore,
while this style is useful for disambiguating using
CGs based on formal languages, it is too limited
to be used in defining the language which a CG
generates.

In light of the idea of using CGs based on
formal languages for disambiguating, it seems at
odds with the philosophy of CG to reject by re-
placing the entire input with a single "<REJECT>"
cohort. CG generally refuses to remove the last
possible reading of a cohort, under the philoso-
phy that some information is certainly better than
none. However, for the definition of CG as a for-
mal language, we need some sort of distinctive
output for rejections. Hence, we arrive at two dis-
tinct ways to run generative CGs: the method in
which we input unambiguous strings, and output
"<REJECT>", which is used in the definition of
CG as a formal language; and the method in which
we input ambiguous strings, and simply disam-
biguate as far as possible.

3 A lower bound for CG

It should be noted that VISL CG-3 (Bick and
Didriksen, 2015; Didriksen, 2014) supports com-
mands such as EXTERNAL, which runs an external
executable. It should therefore be obvious that the
complete set of CG-3 commands, at least theo-
retically, can generate any recursively enumerable
language. For this reason, we restrict ourselves to
a subset of the commands permitted by CG.

In this section, we will only use the REMOVE

command with sections, in addition to a single
use of the ADDCOHORT command to add the spe-
cial cohort "<REJECT>", and a single use of the
REMCOHORT command to clean up afterwards. We
show that, using only these commands, CG is ca-
pable of generating some context-free and context-
sensitive languages, which establishes a lower
bound on the expressivity of CG (see Figure 1).

3.1 Example grammar: anbn

Below, we briefly describe the CG which gener-
ates the language anbn. This CG is defined over

Figure 1: Lower bound on the expressivity of CG.

the alphabet S, in addition to a hidden alphabet S0.
These hidden symbols are meant to serve as a sim-
ple form of memory. When we encode our input
words, we tag each cohort with every symbol in
the hidden alphabet1, e.g. for some symbol ` 2 S
and S0 = {h1, . . . ,hn} we would create the cohort
"<`>" "h1" . . . "hn".

The CG for anbn uses the hidden alphabet {odd,
even, opt a, opt b}. These symbols mean that
the cohort they are attached to is in an even or odd
position, and that a or b is a legal option for this
cohort, respectively. The CG operates as follows:

1. Is the number of characters even? We know
the first cohort is odd, and the rest is han-
dled with rules of the form REMOVE even IF

(NOT -1 odd). If the last cohort is odd, then
discard the sentence. Otherwise continue. . .

2. The first cohort is certainly a and last is
certainly b, so we can disambiguate the
edges: REMOVE opt b IF (NOT -1 (*)),
and REMOVE opt a IF (NOT 1 (*)).

3. Disambiguate the second cohort as a and
second-to-last as b, the third as a and third-
to-last as b, etc, until the two ends meet in
the middle. If every "<a>" is marked with
opt a, and every "<b>" with opt b, we ac-
cept. Otherwise, we reject.

The language anbn is context-free, and therefore
CG must at least partly overlap with the context-
free languages.

3.2 Example grammar: anbncn

We can extend the approach used in the previ-
ous grammar to write a grammar which accepts

1We can automatically add these hidden symbols to our
cohorts using a single application of the ADD command.



Figure 2: A finite-state automaton describing the
regular language det (adj)* n.

anbncn. Essentially, we can adapt the above gram-
mar to find the middle of any input string. Once
we have the middle, we can “grow” as from the
top and bs up from the middle, and bs down from
the middle and cs up from the bottom, until we di-
vide the input into three even chunks. If this ends
with all "<a>"s marked with opt a, all "<b>"s
marked with opt b, and all "<c>"s marked with
opt c, we accept. Otherwise, we reject.

The language anbncn is context-sensitive, and
therefore CG must at least partly overlap with the
context-sensitive languages.

4 Are all regular languages in CG?

In the present section, we propose a method to
transform arbitrary finite-state automata into CG.
Figure 2 presents an example automaton with S =
{det, adj, n}, which checks whether some assign-
ment of part-of-speech tags is “valid”. We im-
plement a corresponding CG in the following sec-
tions.

4.1 Cohorts and sentences

As previously, we define a hidden alphabet S0 =
{opt det, opt adj, opt n}, and insert the full
set S0 into each cohort as readings. In addition,
we introduce state cohorts, which contain the full
set S = {s1,s2}. For example, the sequence det n
would be modelled with the following sentence:
The rules of the grammar disambiguate both word

"<s>" "<the>" "<s>" "<book>" "<s>"

s1 det s1 n s1

s2 opt det s2 opt det s2

opt adj opt adj

opt n opt n

cohorts and state cohorts. Thus the desired result
shows both the accepted string and the path in the
automaton, as follows:

"<s>" "<the>" "<s>" "<book>" "<s>"

s1 det s2 n s1

opt det opt n

4.2 Rules

Given that every transition happens between two
states, and every state has an incoming and outgo-
ing transition, every rule needs only positions -1
and 1 in its contextual tests. The semantics of the
rules are “remove an opt POS tag, if it is not sur-
rounded by allowed states”, and “remove a state,
if it is not surrounded by allowed transitions”. For
the example automaton, the opt POS-rules are as
follows:

REMOVE...

opt_det IF (NEGATE -1 S1 LINK 2 S2) ;

opt_adj IF (NEGATE -1 S2 LINK 2 S2) ;

opt_n IF (NEGATE -1 S2 LINK 2 S1) ;

The start and end states naturally correspond to the
first and last state cohort, and can be trivially dis-
ambiguated, in this case both into s1. Once we re-
move a reading from either side of a cohort, some
more rules can take action—the context “s2 on the
left side and s1 on the right side” may be broken
by removing either s2 or s1.

If there is only one allowed string of length n in
the language, then the result should have only one
opt POS reading per cohort. The original cohort
may be ambiguous or not before adding the hid-
den readings: in both cases, a mismatch between
the remaining opt-reading and the (possibly sin-
gleton) list of original readings will be a cause to
reject. For instance, {det, opt det} accepts the
original reading det; {det, adj, opt det} ac-
cepts and disambiguates the cohort into det; fi-
nally, {adj, opt det} rejects the whole string as
not part of the regular language.

If there are multiple strings of the same length
in the language, we have to relax our criteria: if ev-
ery cohort with a reading POS has a corresponding
opt POS in the set of remaining readings, such as
{det, opt det, opt adj}, we accept the string.

4.3 Limitations

As Lager and Nivre (2001) point out, CG has no
way of expressing disjunction. Unlike its close
cousin FSIG (Koskenniemi, 1990), which would
represent a language such as {ab,ba} faithfully,
CG substitutes uncertainty on the sentence level
(“either ab or ba”) with uncertainty in the cohorts:
“the first character may be either a or b, and the



second character may be either a or b”. Given that
this is a fundamental design of CG, we do not en-
vision a way out of this limitation, except for the
generating multiple CGs per automaton.

However, it is an unclear how much this prop-
erty would limit us in creating useful CG rules out
of more expressive grammar formalisms. Apply-
ing the rules to real-life ambiguous cohorts is ex-
pected to be easier: those cohorts are not hSin, but
some much smaller subset of S. Hence, despite
the theoretical limitation, we are still hopeful for
more applied use cases.

5 Discussion

At the time of writing, the grammars generated by
the FSA!CG conversion tool look awkward, and
involve a number of extra cohorts and symbols.
However, it does give us the ability to quickly gen-
erate fragments of CG code which disambiguate
or rewrite input based on a regular expression.
We are hoping to develop this further, to also in-
clude context-free or even mildly context-sensitive
grammars. Such CGs could be used as, e.g. as part
of a larger constraint grammar. In addition, we
would like to focus on making the grammars more
human-readable, so that they could be used to
quickly generate a basis for a constraint grammar
from existing context-free grammars (or equiva-
lent formalisms). This could serve as an alterna-
tive to learning grammars from a corpus.

6 Related Work

Tapanainen (1999) gives an account of the ex-
pressivity of the contextual tests for 4 different
constraint formalisms, including CG. In addition,
parsing complexity can be easily defined for a
given variant and implementation of CG; see for
instance Nemeskey et al. (2014). Yli-Jyrä (2017)
presents questions regarding the expressive power
of Constraint Grammar, concentrating on the im-
plementation side. To our knowledge, CG as a
generative model has not been been approached
before.
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