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Abstract—We consider polynomial time recognition algorithm
and parsing procedures for pregroup grammars. In particular,
we present a cubic parsing algorithm for ambiguous pregroup
grammars. It modifies the recognition algorithm of Savateev[13]
for categorial grammars based on L\. We present a Java
application that uses the algorithm for parsing natural language
sentences. We apply metarules to keep the lexicon reasonably
small.

I. I NTRODUCTION AND PRELIMINARIES

PREGROUPS were introduced by Lambek [8] as an alge-
braic tool for the syntactical analysis of sentences. The

idea is that syntactical properties of words can be described
by a finite set of pregroup types. A string of words is assigned
a string of types and transformed using the laws of pregroups.
It is considered a sentence if, and only if, for each word we
can find in the lexicon such a type that the concatenation
of those types can be transformed into a sentence type. The
application of pregroup grammars has been studied for many
languages, among others English [9], French [1], Italian [6]
and Polish [7].

Savateev [13] provides a characterisation of derivabilityin
L\ (the Lambek calculus with one residual\ and without
product), which is, essentially, a translation ofL\ in the right
pregroup calculus with some additional constraint. Then, he
presents a recognition algorithm forL\-grammars, which uses
this translation. Our algorithm modifies the latter. There are
essential differences: (1) we regard poset rules and both left
and right adjoints, while Savateev considers right adjoints only
and no poset rules, (2) we drop the extra constraint needed
for the translation ofL\. (3) Savateev’s algorithm depends on
some special properties ofL\-types, which is not the case for
our algorithm. (Actually, Savateev does not explicitly refer to
pregroups, but his translation can be interpreted in terms of
pregroups.) At the end, we show how the algorithm can be
extended to return the reduction, thus becoming a full parsing
algorithm. We also present some examples.

A pregroup is a structureM = (M, 6, ·, l, r, 1) such that
(M, 6, ·, 1) is a partially ordered monoid, andl, r are unary
operations onM , satisfying the adjoint laws:

(Al) ala 6 1 6 aal, (Ar) aar
6 1 6 ara,

for all a ∈ M . Pregroups are a generalization of partially
ordered groups.al (resp. ar) is called theleft (resp. right)
adjoint of a.

It is worth noticing that the following laws are easily
derivable from (Al), (Ar):

1l = 1 = 1r, alr = a = arl, (ab)l = blal, (ab)r = brar,

a 6 b iff bl
6 al iff br

6 ar.

In linguistic applications the symbol 1 stands for the empty
string of types and multiplication is interpreted as concatena-
tion.

One definesiterated adjoints:

a(n) = arr...r anda(−n) = all...l,

wheren is a non-negative integer,a any element ofM and
left or right adjoints are iteratedn times. One also definesAl

andAr as follows:

(a(n))l = a(n−1),
(a(n))r = a(n+1),
(a

(n1)
1 ...a

(nk)
k )r = a

(nk+1)
k ...a

(n1+1)
1

(a
(n1)
1 ...a

(nk)
k )l = a

(nk−1)
k ...a

(n1−1)
1

The following laws are provable:

a(n)a(n+1)
6 1 6 a(n+1)a(n),

for any integern.
We should notice that in linguistic one usually uses single

or double adjoints.
Lambek’s approach to syntactic analysis is based on the

notion of afree pregroup, generated by a finite poset(P, 6).
Elements of P are called atoms and denoted by letters
p, q, r, ... Expressions of the formp(n), for any q ∈ P and
any integern, are simple terms.A term is a finite sequence
(string) of simple terms. Terms are also calledtypes. We denote
types byA, B, C. If p 6 q in P , then we writep(n) 6 q(n),
if n is even, andq(n) 6 p(n), if n is odd. One defines a
binary relation⇒ on the set of terms as the least reflexive
and transitive relation, satisfying the clauses:

(CON) A, p(n), p(n+1), B ⇒ A, B,

(EXP) A, B ⇒ A, p(n+1), p(n), B,

(IND) A, p(n), B ⇒ A, q(n), B, if p(n) 6 q(n).

(CON), (EXP), (IND) are called Contraction, Expansion and
Induced Step, respectively. They can be treated as rules of a
term rewriting system.A ⇒ B is true iff A can be rewritten
into B by a finite number of applications of these rules. This
rewriting system is Lambek’s original form of the logic of
pregroups. This logic is also calledCompact Bilinear Logic
(CBL ). We can also define a Generalized Contraction that
combines Contraction with Inducesd Step:
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(GCON) Ap(n)q(n+1)
B ⇒ AB if p 6 q and n is

even, orq 6 p andn is odd.

Lambek [8] shows an important property calledthe switch-
ing lemma:

Lemma 1: If A ⇒ B then there existsC such thatA ⇒ C

without (EXP) andC ⇒ B without (CON).
One can easily see as a consequence of this theorem that if

A ⇒ t, wheret is a simple term orε, thenA can be reduced
to t by (CON) and (IND) only. Such reductions are easily
computable and can be simulated by a context-free grammar.
This yields the polynomial time decidability ofCBL [3], [4].
We should notice that ifAB ⇒ ε and the length of the string is
at least two, then the reduction can be performed with (GCON)
only.

A pregroup grammaris a quintupleG = (Σ, P, 6, s, I)
such thatΣ is a nonempty, finite alphabet,(P, 6) is a finite
poset,s ∈ P , andI is a finite relation between symbols from
Σ and nonempty types (onP ). For a ∈ Σ, I(a) denotes the
set of all typesA such that(a, A) ∈ I. Let x ∈ Σ+, x =
a1...an (ai ∈ Σ). One says that the grammarG assigns type
B to x, if there exist typesAi ∈ I(ai), i = 1, ..., n, such
that A1, ..., An ⇒ B in CBL ; we write x →G B. The set
L(G) = {x ∈ Σ+ : x →G s} is called thelanguage ofG.

It is useful to present reductions by the set of links. A link
indicates a pair of simple terms that reduce to 1. If a whole
string reduces to 1 then any simple term appearing in the
string is connected by a link with another simple term. In
one reduction each term can be a member of only one link
and links cannot cross. We can see the links in the following
example [9]:

I will meet him.
(π1) (πr s1 jl) (i ol) ( o) sr

where there are the following basic types:

π1 - first person singular subject
π - subject
i - infinitive of intransitive verb
j - infinitive of any complete verb phrase
o - direct object
s1 - declarative sentence in present tense
s - sentence

with the following partial order:

π1 6 π, i 6 j, s1 6 s

Pregroup grammars allow ambiguities. First kind of ambi-
guity is when the same word can be assigned different types
depending on the role it takes in the sentence. For exampledo
is of the typeπr

ks1i
l in a declarative sentence and of the type

q1i
lπl

k in questions (wherek = 1, 2 andπ2 stands for second
person singular and in English all persons plural andq1 for a
question in present tense). The other ambiguity is when there
are more reductions to the sentence type for the same string
of types. The following example illustrates the problem.

I promised to see her today.
(π1) (πr s2 jli j

l
) (j il) (i ol) (o) (ir i) sr

I promised to see her today.
(π1) (πr s2 jl i j

l
) (j il) (i ol) (o) (ir i) sr

where the new basic types are:

j -complete infinitive withto
s2 - declarative sentence in past tense

The possible interpretations of these reductions are that
todaymodifiesseeor promise.

It is also possible that for a given sentence there is more
than one type assignment leading to a reduction to the sentence
type. Our algorithm handles these ambiguities in such a way
that it chooses a type assignment leading to the sentence type
and gives one of the possible reductions. The result can be the
first or the last computed reduction.

II. POLYNOMIAL CONSTRUCTION OF A CONTEXT-FREE

GRAMMAR EQUIVALENT TO A PREGROUP GRAMMAR

Pregroup grammars are weakly equivalent toε-free context-
free grammars [3]. One of possible solutions to recognition
problem for pregroup grammars is constructing a context-free
grammar (CFG) in Chomsky Normal Form equivalent to the
given pregroup grammar (PG). The construction is polynomial
in the size of the pregroup grammar [5]. We briefly recall it
here.

Let G = (Σ, P, 6, s, I)) be a pregroup grammar. LetT (G)
and S(G) denote the set of all types involved inI and all
simple terms appearing in types fromT (G), respectively. We
define a setN containing an additional symbolE and all types
q(n) such thatp(n) 6 q(n), for somep(n) ∈ S(G).

First we construct a CFGG1 such that

L(G1) = {A ∈ (S(G))+ : A ⇒ s}

whereS(G) is the terminal alphabet ofG1, N is its nonter-
minal alphabet,s is the start symbol and the production rules
are all possible rules of the form:

q(n) 7→ p(n), X 7→ EX , X 7→ XE,
E 7→ p(n)p(n+1)

where all symbols are in N, andp(n) 6 q(n) in the first rule.
Then we construct a CFGG2. For anya ∈ Σ, we create

a new nonterminal symbolX(a). S(G) ∪ {X(a) : a ∈ Σ}
is the terminal alphabet ofG2, N - its nonterminal alphabet.
The start symbol iss and the production rules are all rules of
G1 and all rulesY → X(a)Y , for Y ∈ S(G). That isG2 can
insert symbolsX(a) in front of terms fromS(G) within the
strings generated byG1.

The next step is similar to the construction of a CFG which
generates the intersection of a context-free language and a
regular language. We defineQ(G) as the set of all typesB
such thatAB ∈ T (G), for someA. Now we define a new CFG
G3 with: the terminal alphabetΣ, the nonterminal alphabet
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consisting of symbols([A], X, [B]), whereA, B ∈ Q(G) and
X is a terminal or nonterminal symbol ofG2. The start symbol
is ([ε], s, [ε]). The production rules ofG3 are divided in four
groups:

(I) ([A1], X, [A3]) 7→ ([A1], Y, [A2])([A2], Z, [A3]),
for any ruleX 7→ Y Z of G2 and all
A1, A2, A3 ∈ Q(G).
(II) ([A1], X, [A2]) 7→ ([A1], Y, [A2]), for all rules
X 7→ Y of G2 andA1, A2 ∈ Q(G).
(III) ([tA], t, [A]) 7→ ε, for all A ∈ Q(G) and
t ∈ S(G).
(IV) ([ε], X(a), [A]) 7→ a, for all a ∈ Σ, A ∈ f(a).

One provesL(G3) = L(G). However G3 contains nullary
rules. We eliminate them in a standard way. We transformG3

into G4, such thatL(G3) = L(G4), by dropping rules (III)
and affixing all rules of the form:

- ([A1], X, [A3]) 7→ ([A2], Z, [A3]), for any rule (I)
such that([A1], Y, [A2]) →

∗ ε in G3,
- ([A1], X, [A3]) 7→ ([A1], Y, [A2]), for any rule (I)
such that([A2], Z, [A3]) →

∗ ε in G3

G4 contains unary rules (that is rules of the type:
([A1], X, [A2]) 7→ ([A1′ ], Y, [A2′ ])). In a usual way one can
eliminate them and obtain a grammar in Chomsky Normal
Form. So finally we construct an equivalent grammarG5.
Unary rules ofG4 are of the type (II) and those obtained
when transformingG3 into G4. We take any unary rule:

([A1], X, [A2]) 7→ ([A1′ ], Y, [A2′ ])

we drop such a rule and we add for each rule

([A1′ ], Y, [A2′ ]) → u

whereu = a or u = ([A3], Z, [A4]) or
u = ([A3], Z1, [A4])([A4], Z2, [A5])
a new rule

([A1], X, [A2]) → u (unless this was a rule previ-
ously removed).

We repeat the action until there no more unary rules. So
production rules ofG5 are of the form:

- ([A1], X, [A2]) 7→ ([A3], Y, [A4])([A4], Z, [A5]),
where
([A1], X, [A2]) 7→∗ ([A3], Y, [A4])([A4], Z, [A5]) in
G4 .
- ([A1], X, [A2]) 7→ a,
where([A1], X, [A2]) 7→

∗ ([ε], X(a), [A]) in G4 and
a ∈ Σ, A ∈ I(a).

The size ofG3, G4 and G5 is polynomial in the size of
G. Now any standard recognition algorithm for CFG’s (e.g.
CYK) yields a polynomial time recognition algorithm forG.
However a practical implementation of this procedure is rather
involved. Below we present a direct recognition algorithm for
pregroup grammars.

III. PARSING ALGORITHM

First we want to check whether a given stringx is a
member of the language generated by the given pregroup
grammarG: x ∈ L(G). If it is the case, we would like to

obtain the appropriate reduction. We should notice that the
conditionA1...An ⇒ s in CBL is equivalent to the condition
A1...Ans(1) ⇒ ε. In what follows, we write 1 forε.

We define the algorithm in a style proposed by Savateev [13]
for unidirectional Lambek calculus. It is a dynamic algorithm
working on a special form of a string containing all possible
type assignments for words of the sentence to parse.

A. Definition of the function M

We fix G = (Σ, P, 6, s, I) andx ∈ Σ+, x = a1...an. We
use special symbols∗, <, >. Let us denote:
- Z - the set of integers
- T = {p(n) : p ∈ P, n ∈ Z} - the set of simple terms
- A, B, C, D, .. - elements ofT ∗

- ka = |I(a)|
- A

a
j - the j-th possible assignment of type toa, 1 6 j 6 ka

(henceI(a) = {Aa
1, ...A

a
ka})

- Qa = 〈∗Aa
1 ∗ Aa

2 ∗ ... ∗ Aa
ka∗〉

- W x ∈ (T ∪ {∗, 〈, 〉})∗ = Qa1 ...Qan〈∗s(1)

- W x
i , 1 6 i 6 |W x| - the i-th symbol of the stringW x

- W x
[i,j], 1 6 i < j 6 |W x| - the substring ofW x:

W x
i W x

i+1...W
x
j

The string W x is a string containing all possible type
assignments for words of the parsed string. We define a
function M(i, j), 1 6 i < j 6 |W x| that helps us choose
appropriate assignment for each word and find a reduction
to the sentence type (actually the algorithm can be easily
modified to find the reduction to any other typeA; it suffices
to put Ar in place ofsr at the end of the stringW x). The
algorithm calculates values of the functionM for all i, j such
that 1 6 i < j 6 |W x|.

The definition of the functionM is as follows. Let
M(i, j), 1 6 i < j 6 |W x| be a function such that
M(i, j) = 1 iff one of the following conditions holds:

• M1. W x
[i,j] ∈ T + and it reduces to 1.

• M2a. W x
[i,j] is of the form〈...〉...〈V ∗ C, where:

- C ∈ T +

- V contains no angle brackets
- in W x

[i,j] there are g (g > 0) pairs of matched angle
brackets; for the h-th pair of them there is a substring of
the form∗Dh∗ in between them such thatDh ∈ T + and
the stringD1...DgC reduces to 1

• M2b. W x
[i,j] is of the formC ∗ U〉...〈...〉, where:

- C ∈ T +

- U contains no angle brackets
- in W x

[i,j] there are g (g > 0) pairs of matched angle
brackets; for the h-th pair of them there is a substring of
the form∗Dh∗ in between them such thatDh ∈ T + and
the stringCD1...Dg reduces to 1

• M3. W x
[i,j] is of the formC ∗ U〉...〈V ∗ D, where:

- C, D ∈ T +

- U,V contain no angle brackets
- in W x

[i,j] there are g (g > 0) pairs of matched angle
brackets; for the h-th pair of them there is a substring of
the form∗Eh∗ in between them such thatEh ∈ T + and
the stringCE1...EgD reduces to 1
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• M4. W x
[i,j] is of the form〈...〉...〈...〉, where:

- in W x
[i,j] there are g (g > 1) pairs of matched angle

brackets; for the h-th pair of them there is a substring of
the form∗Eh∗ in between them such thatEh ∈ T + and
the stringE1...Eg reduces to 1

In all other casesM(i, j) = 0.
Let us notice that the whole stringW x is of the formM2a

whereV is the empty string andC = sr.

B. The recognition algorithm

We computeM(i, j) dynamically. There are two initial
cases. The first one is whenM(i, i + 1) = 1. It is the case
only if the stringW x

i,i+1 is of the formM1 that isW x
i = p(m)

andW x
i+1 = q(m+1) and the following condition holds

(GC) p, q ∈ P, m ∈ Z andp 6 q in P if m is even
or q 6 p in P if m is odd.

That case represents a situation when a reduction to 1 is
possible within a type. The other initial case is whenW x

[i,j] is
of the form

p(m) ∗ U〉〈V ∗ q(m+1),

the condition (GC) holds and strings U, V contain no angle
brackets. This situation occurs when there is a reduction to
1 between types assigned to two adjacent words. As it is an
initial case and the links cannot cross we have to take the last
simple term of the first type and the first simple term of the
second type.

When any of those cases holds we putM(i, j) = 1.
When we already knowM(g, h), 1 6 g < h 6 |W x| and

h − g < j − i, we can computeM(i, j). We examine the
form of the stringW x

[i,j]. If there are two adjacent substrings
for which the functionM = 1 then for their concatenation
M = 1 in two cases illustrated below.

W x
[i,j] = p

(m1)
1 ...p

(m2)
2 p

(m3)
3 ...p

(m4)
4

(A1a) i k︸ ︷︷ ︸
M(i,k)=1

k + 1 j
︸ ︷︷ ︸
M(k+1,j)=1

W x
[i,j] = p

(m1)
1 . . . 〉 〈 . . .p

(m2)
2

(A1b) i k︸ ︷︷ ︸
M(i,k)=1

k + 1 j
︸ ︷︷ ︸

M(k+1,j)=1

ThenM = 1 for a string with a link surrounding the substring
for which M = 1, see:

W x
[i,j] = p(m) . . . . . q(m+1)

(A2) i i + 1 j − 1
︸ ︷︷ ︸
M(i+1,j−1)=1

j

where means any element of the string andp(m)q(m+1) 6 1.
A link can also surround a longer substring. The link can begin
with a last simple term from a type assigned to previous word
(that is a type contained in between preceding pair of angle
brackets -A4a) or a first simple term assigned to the following
word (A4b) or both (A4c).

W x
[i,j] = p(m) ∗ ...∗〉〈...〉〈...q

(m2)
2 q(m+1)

(A4a) i ︸ ︷︷ ︸
no 〈,〉

k j − 1
︸ ︷︷ ︸
M(k,j−1)=1

j

The other case is whenM = 1 for a substring whose first
element is a simple term standing at the beginning of a type.
Then we assumeM = 1 for the string beginning with the first
angle bracket before it as we chose only one type for each
word.

W x
[i,j] = 〈 ∗ . . . . ∗ ... 〉 ... 〈 ... p(m)

(A3a) i i + 1 k
︸ ︷︷ ︸

no 〈,〉

k + 1 j
︸ ︷︷ ︸

M(k+1,j)=1

Of course there is an analogous case with the last simple term
of a type (A3b). Finally we can lengthen the string in both
directions:

W x
[i,j] = 〈 ∗ . . . ∗ p

(m1)
1 ...〉...〈...p

(m2)
2 ∗ . . .∗ 〉

(A5) i i + 1 k − 1
︸ ︷︷ ︸

no 〈,〉

k k′
︸ ︷︷ ︸

M(k,k′)=1

k′
+ 1 j − 1

︸ ︷︷ ︸
no 〈,〉

j

Below we give a formal definition of the algorithm. Let us
consider the following cases:

• A1a. W x
i , W x

j ∈ T .
If there existsk such thati < k < j − 1 andW x

k ∈ T ,
W x

(k+1) ∈ T andM(i, k) = 1 andM(k +1, j) = 1, then
we putM(i, j) = 1.

• A1b. W x
i , W x

j ∈ T .
If there existsk such thati < k < j − 1 and W x

k =〉,
W x

(k+1) = 〈 andM(i, k) = 1 andM(k + 1, j) = 1, then
we putM(i, j) = 1.

• A2. W x
i = p(m), W x

j = q(m+1) and the condition (GC)
holds.
If M(i + 1, j − 1) = 1, thenM(i, j) = 1.

• A3a. W x
[i,j] is of the form〈...〉...〈...p(m), p ∈ P , m ∈ Z.

If there existsk such thati < k < j and W x
k = ∗,

W x
[i+1,k] contains no angle brackets andM(k+1, j) = 1

thenM(i, j) = 1
• A3b.W x

[i,j] is of the formp(m)...〉...〈...〉, p ∈ P, m ∈ Z.
If there existsk such thati < k < j and W x

k = ∗,
W x

[k,j−1] contains no angle brackets andM(i, k−1) = 1.
Then we putM(i, j) = 1

• A4a. W x
[i,j] is of the formp(m) ∗ ...〉...〈...q(m+1) and the

condition (GC) holds. IfM(k, j−1) = 1, wherek is the
position of the first left angle bracket in the stringW x

[i,j].
Then we putM(i, j) = 1

• A4b. W x
[i,j] is of the formp(m)...〉...〈... ∗ q(m+1) and the

condition (GC) holds. IfM(i+1, k) = 1, wherek is the
position of the last right angle bracket in the stringW x

[i,j]

thenM(i, j) = 1
• A4c. W x

[i,j] is of the formp(m) ∗ ...〉...〈... ∗ q(m+1) where
the string ”...” in between the angle brackets is not empty
and the condition (GC) holds.
If M(k, k′) = 1, wherek is the position of the first left
angle bracket in the stringW x

[i,j] and k′ is the position
of the last right angle bracket in the stringW x

[i,j]then
M(i, j) = 1

• A5. W x
[i,j] is of the form 〈...〉...〈...〉. If M(k, k′) = 1,

whereW x
k is a simple term in between the first pair of

angle brackets,W x
k′ is a simple term in between last pair

of angle brackets in the stringW x
[i,j] andW x

k−1 = ∗ and
W x

k′+1 = ∗, thenM(i, j) = 1.
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In all other casesM(i, j) = 0.
The proof of the correctness of this algorithm is given

in [10]. Here we focus on its implementation in Java. The
algorithm is polynomial. One can observe that all conditions
for W x

[i,j] can be checked inO(j − i) steps. The number of
the substrings is equal toO(|W x|2). So one can compute the
function M(1, |W x|) in time O(|W x|3).

C. Obtaining the reduction

The algorithm can be easily modified to become a parsing
algorithm. Each obtained reduction is described by the set
of links that take part in it. If we want to obtain only one
reduction the complexity of the algorithm does not increase.
The set of linksL(i, j) represents a reduction of some term
to 1. Links are denoted by pairs of integers(k, l) such that
i 6 k < l 6 j. We find the set of links by backtracking
the indices of the functionM(i, j) = 1 obviously begin-
ning with M(1, |W x|). We also define an auxiliary function
Prev(i, j) to help us follow the backtracking (as the value
of the function M(i,j) does not tell how it was obtained). The
value of the functionPrev(i, j) is a sequence of three pairs
((l1, l2), (m11, m12), (m21, m22)) wherel1, l2 are indices of
the link, m11, m12, m21, m22 are indices of function M on
which the computationM(i, j) = 1 is based. If any of the
values is not used it is set to 0. Every time when the algorithm
computes the value of the functionM(i, j) = 1 we set the
value of the functionPrev(i, j) in the following way:

- for any initial case,
Prev(i, j) = ((i, j), (0, 0), (0, 0))
- if it is a computation by one of the cases: (A2),
(A4a), (A4b), (A4c), then
Prev(i, j) = ((i, j), (k, l), (0, 0)), where (k, l) is
the pair of indices for which the value of the function
M was 1 in the current computation (that is e.g. in
(A2) a pair(k, l) = (i + 1, j − 1))
- if it is a computation by one of the cases: (A3a),
(A3b), (A5), thenPrev(i, j) = ((0, 0), (k, l), (0, 0))
where(k, l) is the pair of indices for which the value
of the functionM was 1 in the current computation
- if it is a computation by one of the cases: (A1a),
(A1b), thenPrev(i, j) = ((0, 0), (i, k), (k + 1, j)).

We should notice that in such a way we obtain the last
computed reduction. If we want to get the first one we should
not change the value of the functionPrev if it has already
been altered.

When the computation of the functionsM and Prev is
finished we easily compute the setL(1, |W x|). The definition
of the functionL(i, j) is as follows:

- if Prev(i, j) = ((i, j), (0, 0), (0, 0)), where
0 < i < j, thenL(i, j) = {(i, j)}
- if Prev(i, j) = ((i, j), (k, l), (0, 0)), where
0 < i 6 k < l 6 j, thenL(i, j) = L(k, l) ∪ {(i, j)}
- if Prev(i, j) = ((0, 0), (k, l), (0, 0)), where
0 < i 6 k < l 6 j, thenL(i, j) = L(k, l)
- if Prev(i, j) = ((0, 0), (i, k), (k + 1, j)), where
0 < i < k < j, thenL(i, j) = L(i, k)∪L(k + 1, j).

IV. I MPLEMENTATION

We implemented the algorithm in Java. Linguistic and
pregroup data are stored in a text file. We have to list all
atoms of the pregroup appearing in the lexicon, define the
partial order and the lexicon. Below we show an example of
such a file.

// list of atoms
a //predicative adjective
i // infinitive or intransitive verb
i′ // one of intermediate types between i and j
j // infinitive of complete verb phrase
j′ // one of intermediate types between i and j
n // name
n0 //mass noun
n1 //count noun
n2 //plural noun
o // direct object
o′ // indirect object
p1 // present participle
p2 // past participle
q // yes-or-no question
q1 // yes-or-no question in the present tense
q2 // yes-or-no question in the past tense
s // sentence type
s1 // present sentence
s2 // past sentence
t //indirect question
ô //pseudo-object
π̂3 // pseudo-subject
a // predicative adjectival phrase
j // complete infinitive withto
n // complete noun phrase
n0 // complete noun phrase with mass noun
n1 // complete noun phrase with count noun
n2 // complete noun phrase with plural noun
q // question
s // indirect statement
π // subject
π1 // first person singular subject
π2 // second person singular or plural subject
π3 // third person singular subject
%

// order relations:i j stands fori 6 j

a a

i i′

i′ j′

j′ j

n o

n π3

n0 n0

n2 n2

o o′

q s

q1 q

q1 s

q2 q

q2 s

s1 s

s2 s

ô o

π̂3 π3

j π3

n o
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n0 o

n0 π3

n0 n

n1 o

n1 π3

n1 n

n2 o

n2 π2

n2 n

q s

π1 π

π2 π

π3 π

%

//sample entries of the lexicon (word followed by types
assigned to it)
did πrs2i

l

he π3

give iol, inlo′l

booksn2

to iriol, jil

her o

We have defined a sample lexicon and a pregroup grammar
for English. Obviously the user can define his or her own
pregroup grammar for any language. Then we construct a
pregroup using the determined file. The pregroup consists of
the alphabet and the order array. There is also a function that
says if for given two terms the condition (GC) holds. When a
string of words is given, for each one we check in the lexicon
all possible assignments and construct the stringW x. Then
the recognision algorithm is run, that is the functionsM and
Prev are calculated. Finally, if the given string is recognized
as a sentence, a set of linksL(i, j) is obtained.

In order to keep the lexicon smaller we have used a device
called metarules [9]. Metarules are dictionary rewriting rules.
They say something of typeA can also have typeB. We write
it x ֌ y which is not the same as the postulateA → B. It
is also not true thatBl ֌ A

l. For English matarules are used
e.g. to convert a declarative sentence into an interrogative one
or in the types of verbs with two complements. The sample
metarules for English are:

Metarule 1
πr

ksix
l ֌ qkxlπl

k wherex = i, j, p1, p2, ô
l, a

Metarule 5
ixlol ֌ iôlxl wherex = s, y, j, n

In our implementation metarules are used when the stringW x

is constructed. When types for given word are found for each
type, metarules are run and resulting new types are added
to the string. Obviously metarules cannot be run on the new
types.

We show how the algorithm works on some examples from
[9].

Example 1:We take the following lexical entries:
Let us take the already discussed sentence:

I will meet him.

There are the following lexical entries:

I: π1

will: πrs1j
l

meet: iol

him: o

We construct a stringWx. By metarule 1 the word will
obtains additional typeq1j

lπl. So Wx is of the form:

〈∗π
(0)
1 ∗〉〈 ∗π(1)s

(0)
1 j(−1)∗q

(0)
1 j(−1)π(−1)∗ 〉 〈 ∗ i(0) o(−1) ∗ 〉

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
〈 ∗ o(0)∗ 〉 〈 ∗ s(1)

23 24 25 26 27 28 29 30

We can compute the function M(i,j). There are no substrings
of the length 2 such that M(i,j)=1. We start with the following
M(i,j):

1. M(3,8)=1
2. M(10,19)=1
3. M(20,25)=1

Then we compute:

4. M(10,25)=1 by the lines 2,3 and the case (A1a)
5. M(10,27)=1 by the line 4 and the case (A3b)
6. M(9,30)=1 by the line 5 and the case (A4b)
7. M(3,30)=1 by the lines 1,6 and the case (A1a)
8. M(1,30)=1 by the line 7 and the case (A3a)

Therefore there exists a type assignment for a given string
of words which reduces to s. The output of the parsing
algorithm is:

{(3,8), (9,30), (10,19) (20,25)}

Example 2:The dictionary:

did: πrs2i
l

he: π3

give: iol, inlo′l

books: n2

to: iriol, jil

her: o

with

πj 6 π, si 6 s, qk 6 q 6 s, j 6 π3, o′ 6 o, n 6

n 6 o

We consider the sentence:

Did he give books to her?

We construct a stringWx. We use againmetarule 1 and
the verbdid obtains additional typeq2i

lπl. We get therefore:

< ∗πrs2i
l ∗ q2i

lπl∗ >< ∗π3∗ >< ∗ iol ∗ inlo′l∗ >< ∗n2∗ >
1 7 8 9 14 16 19 20 29
< ∗iriol ∗ jil∗ >< ∗o∗ >< ∗sr

32 34 36 44 49

We can compute the function M(i,j). There are no substrings
of the length 2 such that M(i,j)=1. The algorithm computes
M(i,j)=1:



KATARZYNA MOROZ: PARSING PREGROUP GRAMMARS IN POLYNOMIAL TIME 263

1. M(9,14)=1 by initial case
2. M(9,16)=1 by line 1 and (A3b)
3. M(8,19)=1 by line 2 and (A4b)-useless
4. M(8,22)=1 by line 2 and (A4b) - useless
5. M(20,29)=1 by initial case
6. M(8,29)=1 by lines 3,5 and (A1a)-useless
7. M(20,31)=1 by line 5 and (A3b)
8. M(8,31)=1 by line 6 and (A3b)-useless
9. M(19,34)=1 by line 7 and (A4b)
10. M(17,34)=1 by line 9 and (A4a)
11. M(9,34)=1 by lines 2,10 and (A1b)
12. M(8,35)=1 by line 11 and (A2)
13. M(36,44)=1 by initial case
14. M(8,44)=1 by lines 12,13 and (A1a)
15. M(36,46)=1 by line 13 and (A3b)-useless
16. M(8,46)=1 by line 14 and (A3b)
17. M(7,49)=1 by line 16 and (A4b)
18. M(1,49)=1 by line 17 and (A3a)

Therefore there exists a type assignment for a given string
which reduces to s. The output of the parsing algorithm is:

{(7,49), (8,35), (9,14), (19,34), (20,29), (36,44)}

Example 3:The last example shows a sentence with two
possible reductions to the sentence type even though the same
type assignments are chosen. There are the following lexical
entries:

I π1

promised πrs2j
lij

l

to iriol, jil

seeiol

her o

today iri

with

i 6 j, π1 6 π, s2 6 s

Let us consider the sentence:

I promised to see her today.

We obtain the following stringW x:
< ∗π1∗ >< ∗πrs2j

lij
l
∗ >< ∗iriol ∗ jil∗ >< ∗iol∗ >

1 3 8 9 10 12 21 22 27 28
< ∗o∗ >< ∗iri∗ >< ∗sr

31 33 38 39 44

The algorithm computesM(i, j)=1 in the following cases:

1. M(3,8)=1 2. M(1,8)=1 by line 1 and (A3a) -
useless
3. M(10,11)=1 by initial case
4. M(12,21)=1 by initial case
5. M(10,21)=1 by lines 3,4 and (A1a)

6. M(22,27)=1 by initial case
7. M(12,27)=1 by lines 4,6 and (A1a)
8. M(10,27)=1 by line 7 and (A3a) - useless
9. M(28,33)=1 by initial case
10. M(22,33)=1 by lines 6,9 and (A1a)
11. M(12,33)=1 by lines 4,10 and (A1a) or by lines
7,9 and (A1a)
12. M(10,33)=1 by line 11 and (A3a) - useless
13. M(28,35)=1 by line 9 and (A3b)
14. M(22,35)=1 by line 10 and (A3b) - useless
15. M(12,35)=1 by line 11 and (A3b)
16. M(10,35)=1 by line 15 and (A3a) - useless
17. M(27,38)=1 by line 13 and (A4b)
18. M(25,38)=1 by line 17 and (A3a)
19. M(11,38)=1 by line 15 and (A4a)
20. M(22,39)=1 by line 18 and (A4a)
21. M(12,39)=1 by lines 4,20 and (A3a)
22. M(10,39)=1 by line 3,21 and (A1a) or by lines
5,20 and (A1a) or by line 5,20 and (A1a)
23. M(22,41)=1 by line 20 and (A3b) - useless
24. M(12,41)=1 by line 21 and (A3b) - useless
25. M(10,41)=1 by line 22 and (A3b)
26. M(9,44)=1 by line 25 and (A4b)
27. M(3,44)=1 by lines 1,26 and (A1a)
28. M(1,44)=1 by line 27 and (A3a)

The first reduction is:
{(3,8), (9,44), (10,11), (12,21), (22,39), (27,38), (28,33)}
and the last one:
{(3,8), (9,44), (10,39), (11,38), (12,21), (22,27), (28,33)}

It would be interesting to implement the algorithm in Prolog
in order to obtain phrase structure trees generated by pregroup
grammars. We defer it for future research.
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