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CONSTRUCTION OF MORPHOSYNTACTIC DISTANCE ON SEMANTIC
STRUCTURES

Eduardo Villa, Alejandro De Santos, Pedro G. Guillén, Octavio Lopez Tolic

Abstract: When a natural language is introduced in a computer we have several problems to automate it, this is
because it is difficult to make a computer relate concepts in a rich and always changing vocabulary.

The two biggest problems come when using synonymous and polysemous words, as it is done in any natural
language, this is the problem approached in this paper with an efficient algorithm.

The association of a natural language and a space based metric on semantic is probably the best way to manage
any language with a machine, so building A as a freesemigroup with its grammatical rules as its natural
restrictions, lets us define a distance that helps to provide a metric to the Morphosyntactic space so it is possible
to organize and, therefore, study, in an automatic way, a natural language.
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Introduction

Let £ be a natural language. Building the lexical space A, with the structure of a free semigroup, and which will
be treated as a set, regardless of its algebraic properties relating its elements.

Let a word be treated as a pair (6, Q) , data, context respectively, (see [lto, 1977]) where a data is an array of
letters with one or more meanings and a context as a set of words.

Starting with the hypothesis that a data has an only one meaning in a concrete context and,inspired to the idea of
treating a word as a pair, the problem that polysemy represents is easily approached.

The synonymy problem is treated relating a word with its meaning so words with same meaning are the in the
same group and, from now on, will be treated as a unique word.

Also the set of contexts will be treated as a finite, computable, arbitrary graph with contexts as nodes and natural
relations between contexts as edges.

By the assumption of these hypothesis, and with the use of the fact that the meaning function described above,
that associates each word with its meaning, is injective, it is possible to define in A as a set, the Morphosyntactic
Distance d by comparing pairs (as in [Ito, 1981]), and to give it a metric space structure.

To start dealing with this problem some concepts may be defined.

Analysis of the Words

Definition 1. Lexeme space £ .

The lexeme space,L,, is definedas the set formed by all the lexemes taken of each word of our language.
Definition 2. Morpheme space M ,.

The morpheme space, M ., is defined as the set formed by all the morphemes taken of each word of our
language.

Definition 3. Main spaceM .

The main space, M, is defined as

M:LQUMQ

Definition 4. Decomposition of a word.
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The decomposition of a word P is defined asits only decomposition such that its morphemes and lexemes are
separated for its right classification (see [Jacquemin, 2005] and [Koskenniemi, 1984]), taking similar principles as
in [Karttunen, 1992](see below):
po = (LY,..., L™, MY, ..., M™)

with {L1,..., L™} € £, and {M*,...,M"} € M, s0p, E< M > .
Taking as principles:
(i) Different forms of similar lexemes are mapped to the same canonical form.
(ii) Morphological categories, such as plural, comparative or first person, are classified and compared between
them.
E.g. nonsmokers is decomposed as (non, smok, er, s).
Observation 1. The main space is a countable space.
Proof. The product of two countable sets is countable.
Definition 5. Main lexeme of a word L°.
The main lexeme of a word, in the case of compound words, is its most relevant lexeme in a determined context,
being different in different cases, in the case of simple words it is its only lexeme.
The main lexeme of a word can be chosen as in [Jacquemin, 2001].
Definition 6. Main decomposition of a word.
The main decomposition of a word P is a realignment of its main decomposition with its main lexeme as its first
element:

p=(°L...,. L™, MY, ..., M™)
E.g. bullfrogs is decomposed as (bull, frog, s) and has as main decomposition (frog, bull, s) using
frog as its main lexeme.
In the next section an easy computable distance is defined so its elements can be treated as points in a metric
space.

Morphosyntactic Distance

Now some useful operations between two elements generated by Mdenoted by A=< L’ >C L , with its image
inRare defined. Let P4, P, € (6,8Q) be, and considering its respective main decompositions:

py= (S, L, ..., LMl L MY

py = (L5, 13,.... L0, M}, ..., M})
Without loss of generality it can be supposed thatm + n < r + s.
Let & = {&g, €1, ..., Emsn) e with g; € Q N (O, 1/2) Vi €{0,..,m+n}and gy > [ "¢;.
Let Lp = (LY LY,...,L%) be.
Let Mp = (M°,M?, ..., M") be.
Let the next algorithm be defined:

8y: (6, )x(8,0) — [0,1]

8o( P1, P2)
if pr=p;
8o( Py, Py) =0
end
else
i=0
8o(P,P) =1
if LY =19

So( Py, Pp) = 1/2"‘50
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end
for Ly 1in Lp; + Mp,
for L, 1in Lp, + Mp,
if L, =1L,
i=i+1
end
end
end

for j 1in range (1,i)
8o( Py, Py) = (50(P1;P2) - 1/2)<9j + 1/2
end
end

Observation 2. Let p4, p, be the main decompositions of P, P, € © such that they share s morphemes
and non-main lexemes:
£0&p - Es + 1/2 if L9 =1%
8o( Py, P) = 1 0 0
& &g+ /o L # L
Example.
8o( Py, Py) with P, = (bullfrogs, animal), P, = (frogmans, sea) € (6,Q)

p1 = (frog, bull,s), Lp; = (frog, bull), Mp; = (s)

p, = (man, frog,s), Lp, = (man, frog), Mp, = (s)

8o ((bullfrogs, animal), (frogmans, sea) )
frog # man - 6,( P, P;) =1
L9 =15 > 8(P,P) =& +1/2
M{ = M; - 8,( Py, P,) = 16, + 1/2
Function &4: (6, W)x(6, ) — [0, 1] is defined as §1( P4, P2) = min {8¢( [P1], [P2]) with [P4], [P2]
equivalence classes of [P4] and [P Jrespectively.
Proposition 1. Function 6, keeps triangle inequality.
Proof.
61(x,y) <6,(x,2) +6,.(2,y)
Several cases can be distinguished:
1lfx =1y thend;(x,y) =0and 6,(x,z) + 6,(z,y) = 0.
2lfx #y andz = x then §,(x,y) = 6;(x,2) + 6,(z,y) because §;(x,z) = 0 and
61(x,y) = 61(2,y).
3.Ifx # y and z = ythen it can beproved analogously.
41f x#y, z#+xand z#y then §;(x,¥) <1 and 6;(x,2) + 6,(z,y) = 1/2 + 1/2 =1, so the
inequality is verified.
We define function &,: QxQ — [0, 1] as:
~hiifa=c

1
6,(Cy, C
(1 2){0 oo

being n the natural distance between C;and C, on a graph with all its links lengths 1.
Proposition 2. Function §, is a distance.
Proof.
(1) 62(C1,C;) =20
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6,(C4,C) =1— 1/n 4 1 With= 0, from where the inequality is proved trivially.
(i0)0,(C1,C) =0 C =G,
8,(C1,C)=0=1-1/ L o1=1/ L ontil=10n=06(=¢
(iii)8,(Cq, C3) = 8,(C3, C4)
As n is a distance, we can assert 6,(C1,C;) = 1 — 1/n +1=02(C3,Cy)
(iv)62(Cy, C3) < 6,(C4, C3) + 6,(C3,Cr)
Several cases can be distinguished:
1.1fCq = C5 then §,(C4,C3) = 0 and §,(C4,C3) + 6,(C3,C) = 0.
2. If €4 # Cyand €3 = €4 then 8,(C4,C3) = 8,(C4,C3) + 8,(C3,C,) because §,(C4,C3) = 0and
62(C1,C3) = 6,(C3,C).
3.1fCy # €, and €3 = C, then it can be proved analogously.
4.1fCq # C5,C3 # Cyand C3 # C, then §,(C4,C,) =1—-1/(n;+1) <1 and
8,(C1,C3) +8,(C3,C) =1— 1/n2 +11+1-1/(n3+1) =1, sothe inequality is verified.

Function d: AxA— R is defined as d(Aq,A;) = 81 (P4, P3) + 6,(Cq, C3).
Theorem 1. Function d is a distance on knowledgespaceA, this distance is called Morphosyntactic distance.
Proof.
(H)d(A,A,) =0
d(Aq,A;) = 61(Pq,P3) + 6,(C1,C3) with 6;(P,P3) >0 and §,(C4,C;) =0, from where the
inequality is obtained trivially.
({)d(A1,4;) =0 © A=A,
-
d(Aq,A3) = 81( P, Py) + 6,(Cq,C3), itis known that §{( Pq,P3) = 0 and §,(C4,C5) = 0, so it can
be deduce that §; ( P4, P,) = 0 and 8,(C4, C3) = 0 what implies, because of the construction of §; andd, ,
that Py = P, andC; = C, , thus itis concluded that A= ( P4,C1) = (P5,C,) = A,.
The other implication can be equally proved.
(ii)d(Aq, A7) = d(Az, Ay)
As function &4is a combination of boolean comparisons to which apply an algorithm is applied and these
comparisons do not depend on the order of its elements, it can be inferredtrivially that &,( P4, P3) =
61( P, Py) and, as &, is a distance, §,(C4,C,) = 6,(C4, Cq) , because all these facts, it can beassumed
that
d(A1,42) = 81( Py, P3) + 8,(Cq, C3) = §1( P2, Py) + 82(C3, C1) = d(Lz,41)
(iv)d(Ay,A2) < d(Aq,43) +d(A3,45)
As §1(P1,P3) < 6{(P1,P3) + 6{(P3,P3)and §,(C1,C;) < 6,(C1,C3) + 8,(C3,C,) itcan be
concluded that
d(Ay,42) = 61(Pq, Py) + 6,(Cy, C3) < 81(Py, P3) + 81(P3, P3) + 8,(Cq, C3) + 8,(C3,C).
Proposition 3. Distance d between two different elements, A4, A,€ A is bounded both, from above and
below by 1/2 and 2 respectively, 1/2 < d(Aq,Ay) < 2.
Proof.
It can besupposed, without loss of generality, that they share s morphemes and non-main lexemes and its
contexts natural distance isn € N.

1 1
1/ =1/ +1*0+1_—S1/ +1*8081...£s+1——=61(P1,P2)+82(61,C2)
27— /2 0+1- 2 n+1
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_ - -1 -1 _ 1
—d(Al,Az)—61(P1,P2)+62(Cl,(:2)— /2+1*£0€1...€s+1 n+1S1+1 n+1S2.

Conclusion

With all these bases a topological space is built in (6, Q) withthe topology induced by the Morphosyntactic
distance.

Further study of it can give possibilities of working easily and faster with it, and bringing the opportunity to come
to a more general algorithm to compare sentences and even full texts.

With this idea it is possible to relate different information and have a better approach to organize it for its quick
accessibility and make easier its sharing.
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