IMCS ) Proceedings of the International Multiconference on ISBN 978-83-60810-22-4
= Computer Science and Information Technology pp. 257-264 ISSN 1896-7094

Parsing pregroup grammars in polynomial time

Katarzyna Moroz
Faculty of Mathematics and Computer Science,
Adam Mickiewicz University, Poznah
Email: moroz@amu.edu.pl

Abstract—We consider polynomial time recognition algorithm It is worth noticing that the following laws are easily
and parsing procedures for pregroup grammars. In particular, derivable from (Al), (Ar):
we present a cubic parsing algorithm for ambiguous pregroup
grammars. It modifies the recognition algorithm of Savatee\[13] '=1=1", d"=a=d", (ab)! =0b'd!, (ab)" =b"a",
for categorial grammars based on L. We present a Java
application that uses the algorithm for parsing natural language a<biff b <diff " <a.

sentences. We apply metarules to keep the lexicon reasongbl . o o
small. In linguistic applications the symbol 1 stands for the empty

string of types and multiplication is interpreted as comnat
tion.
One definesterated adjoints

REGROUPS were introduced by Lambek [8] as an alge- a™ = a™ " anda(™™) = al-t,

braic tool for the syntactical analysis of sentences. Thgheren is a non-negative integes, any element of\/ and
idea is that syntactical properties of words can be desgribeft or right adjoints are iterated times. One also defines!
by a finite set of pregroup types. A string of words is assigneghd A” as follows:
a string of types and transformed using the laws of pregroups (@) = gD,
It is considered a sentence if, and only if, for each word we (a(n))r — q(ntD),
can find in the lexicon such a type that the concatenation (1)  (ne)yr _  (net1)  (na+1)
of those types can be transformed into a sentence type. The (a%"l) afnk))l
application of pregroup grammars has been studied for man%/ Tk _
languages, among others English [9], French [1], Italiah [é- € following laws are provable:
and Polish [7]. a™Math) <1 < gt g™

Savateev [13] provides a characterisation of derivabitity

L\ (the Lambek calculus with one residugland without
product), which is, essentially, a translationLof in the right

pregroup calculus with some additional constraint. Then, " double fadjoints. , o
presents a recognition algorithm fbﬁ-grammars, which uses Lambek’s approach to syntactic analysis is based on the

this translation. Our algorithm modifies the latter. There ahotion of afree pregroup generated by a finite poser, <)-
essential differences: (1) we regard poset rules and béth [Eleéments of P are calledatoms and denoted by letters
and right adjoints, while Savateev considers right adgoartly 7> 97> - EXpressions of the form("), for any ¢ € P and
and no poset rules, (2) we drop the extra constraint needdly Integern, aresimple termsA term is a finite sequence
for the translation of. \. (3) Savateev's algorithm depends offSting) of simple terms. Terms are also calfgples We denote
some special properties bf -types, which is not the case forYPeS byA,B,C. If p < ¢ in P, then we writep™) < ¢,
our algorithm. (Actually, Savateev does not explicitlyenefo 'f_ n 1S even, andg™) < p™, if n is odd. One defines a
pregroups, but his translation can be interpreted in terfs Rjnary relation=- on the set of terms as the least reflexive
pregroups.) At the end, we show how the algorithm can B8 transitive relation, satisfying the clauses:

extended to return the reduction, thus becoming a full pgrsi ~ (CON) A, p(), p("™1) B = A B,

|. INTRODUCTION AND PRELIMINARIES

1

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

algorithm. We also present some examples. (EXP)A,B = Avp("ﬂ),p(")ﬂ_&
A pregroupis a structureM = (M, <,-,1,r,1) such that (IND) A, p™), B = A, ¢™),B, if p*) < ¢l
(M, <,-,1) is a partially ordered monoid, andr are unary  (CON), (EXP), (IND) are called Contraction, Expansion and
operations onV/, satisfying the adjoint laws: Induced Step, respectively. They can be treated as rules of a
term rewriting systemA = B is true iff A can be rewritten
(Al) a'a <1< ad', (Ar) ad” <1<d"a, into B by a finite number of applications of these rules. This

rewriting system is Lambek’s original form of the logic of
for all @ € M. Pregroups are a generalization of partiallpregroups. This logic is also callédompact Bilinear Logic
ordered groupsa’ (resp.a”) is called theleft (resp.right) (CBL). We can also define a Generalized Contraction that
adjoint of a combines Contraction with Inducesd Step:

257



258 PROCEEDINGS OF THE IMCSIT. VOLUME 4, 2009

(GCON) Ap™g("+tUB = AB if p < ¢ andn is I promlsed to see her today.
even, org < p andn is odd. (m) (7" 52j iy ) (Gi') (io') (o) (i"d) s"
Lambek [8] shows an important property calldgek switch- %. L .
ing lemma I promised to see her today.
Lemma 1:If A = B then there exist€ such thatA = C

r =l - - . T r

without (EXP) andC = B without (CON). (m) (7"5257i7) G7) (2‘.01) (o) ("3) s

One can easily see as a consequence of this theorem that if - . |
A = t, wheret is a simple term ok, thenA can be reduced Where the new basic types are:
to ¢ by (CON) and (IND) only. Such reductions are easily  j -complete infinitive withto
computable and can be simulated by a context-free grammar. s, - declarative sentence in past tense
This yields the polynomial time decidability &BL [3], [4].
We should notice that ihB = ¢ and the length of the string is  The possible interpretations of these reductions are that
at least two, then the reduction can be performed with (GCOM)gay modifiesseeor promise
only. It is also possible that for a given sentence there is more

A pregroup grammaris a quintupleG = (X, P,<,s,I)  than one type assignment leading to a reduction to the semten
such that® is a nonempty, finite alphabetP, <) is a finite type. Our algorithm handles these ambiguities in such a way
poset,s € P, and[ is a finite relation between symbols fromghat it chooses a type assignment leading to the sentenee typ
¥ and nonempty types (oR). Fora € X, I(a) denotes the and gives one of the possible reductions. The result caneve th

set of all typesh such that(a, &) € I. Lete € S, © = first or the last computed reduction.

ay...an (a; € ). One says that the grammaét assigns type

B to =z, if there exist typesh; € I(a;), i = 1,...,m, such Il. POLYNOMIAL CONSTRUCTION OF A CONTEXFFREE
that A;,...,A, = B in CBL; we write z —¢ B. The set GRAMMAR EQUIVALENT TO A PREGROUP GRAMMAR
L(G) = {z € ¥ 1z —¢ s} is called thelanguage ofG. Pregroup grammars are weakly equivalent-foee context-

It is useful to present reductions by the set of links. A linee grammars [3]. One of possible solutions to recognition
indicates a pair of simple terms that reduce to 1. If a WhOlﬁ'oblem for pregroup grammars is constructing a contese-fr
string reduces to 1 then any simple term appearing in tgéammar (CFG) in Chomsky Normal Form equivalent to the
string is connected by a link with another simple term. lgiven pregroup grammar (PG). The construction is polynbmia
one reduction each term can be a member of only one lifikthe size of the pregroup grammar [5]. We briefly recall it
and links cannot cross. We can see the links in the followingre.

example [9]: LetG = (%, P,<,s, 1)) be a pregroup grammar. L&{(G)
I will meet  him. and S(G) denote the set of all types involved ihand all
(m) (7" s1 35 (i o) (o) s" simple terms appearing in types fraff{G), respectively. We
e e i —— | define a sefV containing an additional symbdl and all types
where there are the following basic types: ¢™ such thap™ < ¢, for somep™ ¢ S(G).

First we construct a CF@&; such that

my - first person singular subject
L(Gy) ={A € (S(G)T : A= s}

™ - subject
i - infinitive of intransitive verb where S(G) is the terminal alphabet af/;, N is its nonter-
- infinitive of any complete verb phrase minal alphabets is the start symbol and the production rules
o - direct object are all possible rules of the form:
s, - declarative sentence in present tense ¢™ s p™, X s EX, X XE
s - sentence ; ' ’

E s pmp(n+1)

where all symbols are in N, and™ < ¢ in the first rule.

Then we construct a CFG',. For anya € X, we create
, 1S, 518 a new nonterminal symbak (a). S(G) U {X(a) : a € X}

is the terminal alphabet aff2, N - its nonterminal alphabet.

Pregroup grammars allow ambiguities. First kind of ambiFhe start symbol is and the production rules are all rules of
guity is when the same word can be assigned different typ@s and all rulesY’ — X (a)Y, for Y € S(G). That isG, can
depending on the role it takes in the sentence. For exadwpleinsert symbolsX (a) in front of terms fromS(G) within the
is of the typer}sqi' in a declarative sentence and of the typstrings generated b .
qui'm in questions (wheré = 1,2 andn, stands for second The next step is similar to the construction of a CFG which
person singular and in English all persons plural apdor a generates the intersection of a context-free language and a
question in present tense). The other ambiguity is wheretheegular language. We defin@(G) as the set of all typeB
are more reductions to the sentence type for the same striugh thatAB € T'(G), for someA. Now we define a new CFG
of types. The following example illustrates the problem.  Gj with: the terminal alphabek, the nonterminal alphabet

with the following partial order:

ST
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consisting of symbolg[A], X, [B]), whereA B € Q(G) and
X is aterminal or nonterminal symbol 6f,. The start symbol
is ([e], s, [€]). The production rules offs are divided in four
groups:

(I) ([Al]va [AB]) = ([Al]a Y, [A2]>([A2]a Z, [AB])*

for any ruleX — Y Z of G, and all

Al,AQ,A3 S Q(G)

() ([A1], X, [As]) — ([A1],Y,[Ag]), for all rules

X — Y of Gy andAq, A; € Q(G).

() ([tA],t,[A]) — €, for all A € Q(G) and

t e S(G).

(V) ([e], X (a),[A]) — a, foralla € 3, A € f(a).
One provesL(Gs) = L(G). However G contains nullary
rules. We eliminate them in a standard way. We transfofm
into G4, such thatL(G5) = L(G4), by dropping rules (lII)
and affixing all rules of the form:

- ([A1], X, [As]) + ([Aa], Z, [As]), for any rule (1)

such that([A4],Y, [As]) —=* ¢ in G3,

- ([A1]. X [As]) > ([A1], Y. [As]), for any rule (1)
such that([As], Z, [As]) —* ¢ in G3
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obtain the appropriate reduction. We should notice that the
conditionA;...A,, = s in CBL is equivalent to the condition
Aq..A, s = ¢. In what follows, we write 1 for.

We define the algorithm in a style proposed by Savateev [13]
for unidirectional Lambek calculus. It is a dynamic alglonit
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 = (X, P, <,s,I) andz € T, =
use special symbols, <, >. Let us denote:
- Z - the set of integers
-T ={p™ :pec P,n e Z} - the set of simple terms
-AB,C,D,.. - elements ofl"*
- k¢ = |I(a)|
- Aj - the j-th possible assignment of typedo1 < j < k°
(hencel(a) = {Af,...A%})
- Q% = (xAT x A x ... x Aza*>
-WE e (TU{x, () =Q™...Q% (xs()
- WE, 1< i< |W¥| - the i-th symbol of the string?V*®
- Wil < i < j < [W?| - the substring of W*:

ai...a,. We

G4 contains unary rules (that is rules of the typveWﬁl...W;”

([A1], X, [A2]) — ([A1/],Y,[A2])). In a usual way one can

The string W* is a string containing all possible type

eliminate them and obtain a grammar in Chomsky Normaksignments for words of the parsed string. We define a

Form. So finally we construct an equivalent gramnday.

function M (i,5),1 < i < j < |[W?| that helps us choose

Unary rules ofG, are of the type (Il) and those obtainecappropriate assignment for each word and find a reduction

when transforming~s into G4. We take any unary rule:
([Al]a Xa [AQ]) = ([Al']v Y7 [AQ’])

we drop such a rule and we add for each rule
([Al/]a Ya [AQ’]) —u

whereu = a or u = ([A3], Z, [A4]) or

u = ([As], Z1, [A4])([A4], Z2, [As])

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

to the sentence type (actually the algorithm can be easily
modified to find the reduction to any other type it suffices
to put A" in place ofs” at the end of the stringV’*). The
algorithm calculates values of the functidt for all 4, j such
thatl <i<j < |W?*|.

The definition of the functionM is as follows. Let
M(,j), 1 < ¢ < j < |W?® be a function such that
M (i,7) = 1 iff one of the following conditions holds:

« ML W, € T" and it reduces to 1.

o M2a. Wﬁfyj] is of the form(...)...(V % C, where:

We repeat the action until there no more unary rules. So -CeT

production rules of75 are of the form:
- ([Al]va [AQ]) = ([A?)]a Y, [A4])([A4]a Z, [A5])’
where
gAl]aXa [Az]) =" ([As], Y, [A4])([A4], Z, [A5]) in
- ([Aa], X, [As]) —
where([A1], X, [A2]) —* ([¢], X (a), [A]) in G4 and
a€ X, Aela).

The size ofGs, 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 fa¥.

However a practical implementation of this procedure ikeat
involved. Below we present a direct recognition algorithon f

pregroup grammars.

.
First we want to check whether a given stringis a

PARSING ALGORITHM

member of the language generated by the given pregroup
grammarG: x € L(G). If it is the case, we would like to

- V contains no angle brackets
-in W7 . there are g4 > 0) pairs of matched angle
brackets; for the h-th pair of them there is a substring of
the form«Dy,* in between them such tha@t, € T+ and
the stringD,...D,C reduces to 1
o M2h. WEJ] is of the formC x U)...(...),
-CerT
- U contains no angle brackets
- in W7 . there are g4 > 0) pairs of matched angle
brackets: for the h-th pair of them there is a substring of
the form«Dy,* in between them such th&@t, € T+ and
the stringCD;...D, reduces to 1
o M3. W 1 is of the formC « U)...(V « D, where:
-C,heT™t
- U,V contain no angle brackets
-in W7 . there are g4 > 0) pairs of matched angle
brackets; for the h-th pair of them there is a substring of
the form«E;* in between them such th&, € T+ and
the stringCE,...E,D reduces to 1
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o M4, W - is of the form(...)...(...), where: The other case is whel/ = 1 for a substring whose first
-in WI there are g4 > 1) pairs of matched angle element is a simple term standing at the beginning of a type.

brackets for the h-th pair of them there is a substring dthen we assumé/ = 1 for the string beginning with the first
the form«Ey,* in between them such thél, € T+ and angle bracket before it as we chose only one type for each

the stringE;...E, reduces to 1 word.
In all other cases\/ (i, j) = 0. Wi = (koooox _ ) (o p™
Let us notice that the whole strifg® is of the formM2a (A3a5 it+1  kk+1 J
whereV is the empty string an@ = s”. no () m
Of course there is an analogous case with the last simple term
B. The recognition algorithm of a type @3b). Finally we can lengthen the string in both
We computeM (i, j) dynamically. There are two initial directions:
cases. The first one is wheW (i,i + 1) = 1. It is the case Wiy =(*... % P s )
only if the stringV?; , is of the formM1 that isW;” = p(™) (A5) Pit1 k—1k KK +1 -1
andWg,, = ¢V and the following condition holds T M1 T
(GC)p,q € P,m € Z andp < ¢ in P if m is even Below we give a formal definition of the algorithm. Let us
org < pin P if mis odd. consider the following cases:
That case represents a situation when a reduction tolis Ala. Wi, Wi €T.
possible within a type. The other initial case is wHeif , I there existsk such thati < k < j —1 andWy € T,
of the form Wiy € TandM (i k) =1 andM(k+1,7) =1, then

P & UMV gm Y. we putM (i, j) = 1.
o Alb. WP, WFeT.
the condition (GC) holds and strings U, V contain no angle If there existsk such thati < £ < j —1 and W7 =),
brackets. This situation occurs when there is a reduction to W, = (andM(i,k) =1 andM(k+1,j) =1, then
1 between types assigned to two adjacent words. As it is an we putM (i, j) = 1.
initial case and the links cannot cross we have to take the lass A2. W = p(™), W# = ¢(™+1 and the condition (GC)
simple term of the first type and the first simple term of the  holds.

second type. If M(i+1,j—1)=1, thenM(i,j) = 1.
When any of those cases holds we piti, j) = 1. o A3a. W} s of the form(...)...(...p"™), pe P, m € Z.
When we already know(g,h), 1 < g < h < |W?| and If there existsk such that: < k < j and W = «,
h—g < j—1, we can computé(i,j). We examine the Wi 1, cONtains no angle brackets and(k +1, j)=1

form of the strmgWIJ If there are two adjacent substrings  then M (i, j) = 1
for which the function) = 1 then for their concatenation « A3b.W ., is of the formp m) )..(.),pEP,mc Z.

M =1 in two cases illustrated below. If there existsk such thati < k < j and W = x,
24 = Pl plm) plms) | plma) Wi, ;) contains no angle brackets ani(i, k—1) = 1.
Ala) i k k+1 j Then we puth/ (i,5) =1
— o Ada. W i is of the formp(™ x...)...(..q'™ V) and the

M@@R)=1 M(k+1,5)=1

(m1) (m2)

condition (GC) holds. 1M (k,j—1) =1, Wherek: is the

Wﬁ,j] = Pl A R -pzl position of the first left angle bracket in the stnqu hE
(Alb) i kk+1 j Then we putM (i, j) = 1
M(6,R)=1 pf(k1,5)=1 « Adb. Wy i is of the formp(™)..)...{... x ¢'™*D) and the
ThenM = 1 for a string with a link surrounding the substring condition (GC) holds. IfM (i + 1, k) = 1, wherek is the
for which M =1, see: position of the last right angle bracket in the strmgfj]
[gf ] = pm _ glm+D thenM(i,j) =1
(A27§ i i+l j—13 o Adc. W[Ij] is of the formp(™) x ...)...({...x ¢(™*1) where
— the string "..."” in between the angle brackets is not empty
M(i+1,5—1)=1
i ) (mt1) and the condltlon (GC) holds.
where_ means any element of the string apiti)q < L If M(k,k") =1, wherek is the position of the first left

A link can also surround a longer substring. The link can begi angle bracket in the Smn@/z and k' is the position
with a last simple term from a type assigned to previous word of the last right angle bracket in the strifg® then
(that is a type contained in between preceding pair of angle M(i,j) =1 [i.d]
brackets -A4a) or a first simple term assigned to the following « A5. W2 . is of the form (..)..(.). If M(k, k) =

word (A4b) or both (A4c). WhereW,f is a simple term in between the first pair of

Wﬁ,j] = p™ « ---*)<---><---Q§m2)q(m+1) angle bracketsiV’”, is a simple term in between last pair
(Ada) i koo j—1j of angle brackets in the string/ , and W, = and

no () M(k,j—1)=1 Wit 1 =% thenM(i, j) = 1.



KATARZYNA MOROZ: PARSING PREGROUP GRAMMARS IN POLYNOMIAL TME

In all other casesV/ (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 condior
for Wi ; can be checked i®(j — i) steps. The number of
the substrings is equal ©©(|W®|?). So one can compute the
function M (1, |[W?|) in time O(JW<=|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 integdls /) such that
i < k <l < j. We find the set of links by backtracking
the indices of the functiom/(i,j) = 1 obviously begin-
ning with M (1, |W?|). 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
((11,12), (m11,mls), (Mm21,m22)) wherely, o are indices of
the link, m1,,mly, m21, m2, are indices of function M on
which the computationV/ (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 functial/ (¢, j) = 1 we set the
value of the functionPreuv(, j) in the following way:

- for any initial case,

Prev(i, j) = ((i, §), (0,0), (0,0))

- if it is a computation by one of the cases: (A2),
(Ada), (Adb), (Adc), then

Prev(i,j) = ((4,7), (k,1),(0,0)), where (k1) 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+ 1,7 —1))

- if it is a computation by one of the cases: (A3a),
(A3Db), (A5), thenPreuv(i, j) = ((0,0), (k,1), (0,0))
where(k, ) 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: (Ala),
(Alb), thenPrev(i, 5) = ((0,0), (i, k), (k + 1,7)).

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 functidfrev if it has already
been altered.

When the computation of the function® and Prev is
finished we easily compute the sk(1, |17*|). The definition
of the functionL(i, j) is as follows:

- if Prev(i,j) = ((i,3),(0,0),(0,0)), where

0<i<j, thenL(i,j) ={(4)}
- if Prev(i, j) = ((4,7), (k,1), (0,0))
0<i<k<l<y, thenL(i,j)=L(
- if Prev(i,j) = ((0,0), (k,1), (0,
0<i<k<l<j thenL(i,j) =
- if Prev(i,j) = ((0,0), (¢, k), (k
0<i<k<j, thenL(i,j) = L(i,
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IV. IMPLEMENTATION

We implemented the algorithm in Java. Linguistic and
regroup 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.

/I list of atoms

a llpredicative adjective

¢ Il infinitive or intransitive verb

i’ I/ one of intermediate types between i and |
j Il 'infinitive of complete verb phrase

4" Il one of intermediate types between i and j
n [/ name

no //Imass noun

n1 /lcount noun

ng /lplural noun

o [l direct object

o' Il indirect object

p1 I present participle

p2 [/l past participle

q /I yes-or-no question

q1 Il yes-or-no question in the present tense
g2 Il yes-or-no question in the past tense

s Il sentence type

s1 Il present sentence

s2 Il past sentence

t /lindirect question

6 llpseudo-object

73 Il pseudo-subject

a I/ predicative adjectival phrase

7 /I complete infinitive withto

n Il complete noun phrase

mo /I complete noun phrase with mass noun
m1 I/ complete noun phrase with count noun
n2 Il complete noun phrase with plural noun
g /I question

s [/l indirect statement

« I/ subject

w1 [/ first person singular subject

m I/ second person singular or plural subject
s /] third person singular subject

%

/I order relations: j stands fori < j
aa

i

7;/ j/

i'J

n o

n ms

no o

n2 N

0o

qs
@
qQ1
q2
q2
S1
S2
00
T3 3
J 3
no

RV RV S VA
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Mo 0 There are the following lexical entries:

go %3 D m

ﬁ(l) o will: 775 5t

Ty T meet: io

mm him: o

222 We construct a stringV,.. By metarule 1 the word will
P obtains additional type; j'7'. So W, is of the form:

qs

T T <*7T§O)>i<>< *ﬁ(l)sgo)j(fl)*q§0)j(71)ﬂ-(71)* > * Z(O) 0(71) *
To T 123 45678 9 10 11 12 13 14 1516171819 20 21 22
- * 0(0)x x s(D

23 24 25 26 27 28 29 30

We can compute the function M(i,j). There are no substrings

/lsample entries of the lexicon (word followed by types of the length 2 such that M(i,j)=1. We start with the followin

assigned to it)

did 7" 24 M(i,j):

he s Ui 1. M(3,8)=1
give io’,in o _
booksns 2. M(10,19)_1
to i"io', ji' 3. M(20,25)=1
hero Then we compute:

4.
We have defined a sample lexicon and a pregroup grammar 5

M(10,25)=1 by the lines 2,3 and the case (Ala)
M(10,27)=1 by the line 4 and the case (A3b)

for English. Obviously the user can define his or her own 6. M(9,30)=1 by the line 5 and the case (A4b)

pregroup grammar for any language. Then we construct a 7. M(3,30)=1 by the lines 1,6 and the case (Ala)

pregroup using the determined file. The pregroup consists of 8. M(1,30)=1 by the line 7 and the case (A3a)
the alphabet and the order array. There is also a functidn tha

says if for given_ tW(_) terms the condition (GC) h(_)lds. Whe_n Pherefore there exists a type assignment for a given string
string of words is given, for each one we check in the lexicoty \,ords which reduces to s. The output of the parsing
all possible assignments and construct the stfiig. Then algorithm is:

the recognision algorithm is run, that is the functiaWsand
Prev are calculated. Finally, if the given string is recognized
as a sentence, a set of linkgi, j) is obtained.

In order to keep the lexicon smaller we have used a deViceExample 2:The dictionary:
called metarules [9]. Metarules are dictionary rewritinges.

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

They say something of typ& can also have typB. We write g': " sy

it # — y which is not the same as the postuldte— B. It c s U1

is also not true thaB' — A!. For English matarules are used glvel.( Z_O » H1P0

e.g. to convert a declarative sentence into an interrogatie too_o_f_" /2

or in the types of verbs with two complements. The sample hér‘l ;O Jt

metarules for English are: . '
Metarule 1 with _
mr szt — quatnl wherex =i, j,py, po, 0@ i <7, o8 <8, qp<qg<s, j<m3 o <o, n<
Metarule 5 nso

Lol iola! wherex =35,y, 5,7

In our implementation metarules are used when the siilitig

is constructed. When types for given word are found for each
type, metarules are run and resulting new types are adde®\Ve construct a string?,. We use agairmetarule 1 and
to the string. Obviously metarules cannot be run on the nele verbdid obtains additional type.i'7!. We get therefore:

types.
We show how the algorithm works on some examples from 7" sai’ * gai'm's >< xmax >< * io

We consider the sentence:
Did he give books to her?

T

bsimlo/'s >< sngx >

[9]. 1 789 14 16 1920 29
< %170l x Jilx >< k0% >< xs"
3234 36 44 49

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

I will meet him.

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:
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. M(9,14)=1 by initial case

. M(9,16)=1 by line 1 and (A3b)

. M(8,19)=1 by line 2 and (A4db)-useless

. M(8,22)=1 by line 2 and (A4b) - useless

. M(20,29)=1 by initial case

. M(8,29)=1 by lines 3,5 and (Ala)-useless
. M(20,31)=1 by line 5 and (A3b)

. M(8,31)=1 by line 6 and (A3b)-useless

. M(19,34)=1 by line 7 and (A4b)

. M(17,34)=1 by line 9 and (A4a)

. M(9,34)=1 by lines 2,10 and (Alb)

. M(8,35)=1 by line 11 and (A2)

. M(36,44)=1 by initial case

. M(8,44)=1 by lines 12,13 and (Ala)

. M(36,46)=1 by line 13 and (A3b)-useless
. M(8,46)=1 by line 14 and (A3b)

. M(7,49)=1 by line 16 and (A4b)

. M(1,49)=1 by line 17 and (A3a)

O©oO~NOOOTA,WNPE

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 sam
type assignments are chosen. There are the following lexidde first reduction is:
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6. M(22,27)=1 by initial case

7. M(12,27)=1 by lines 4,6 and (Ala)

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 (Ala)

11. M(12,33)=1 by lines 4,10 and (Ala) or by lines
7,9 and (Ala)

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 (Ala) or by lines
5,20 and (Ala) or by line 5,20 and (Ala)

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 (Ala)

28. M(1,44)=1 by line 27 and (A3a)

entries: {(3,8), (9,44), (10,11), (12,21), (22,39), (27,38), (28,33
| 7 and the last one:
promlsed W 827 Zj {(3,8), (9,44), (10,39), (11,38), (12,21), (22,27), (28,33
to <" w jl
seeio It would be interesting to implement the algorithm in Prolog
her o in order to obtain phrase structure trees generated byqupgr
today i"i grammars. We defer it for future research.
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