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Abstract— A deformed fuzzy automaton can be used to calculate similarity value between strings having a non-
limited number of edition errors. In this paper an algorithm is presented that makes use of prefix tree to
implement the deformed fuzzy automata. Threshold values for the fuzzy transition functions are also used to
calculate the membership values which improve the efficiency of the proposed agorithm.
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l. INTRODUCTION

In text error correction problems the edition errors are to be dealt with, these include insertion, deletion
and substitution errors. In pattern recognition, syntactic and structural methods [4] consist in the representation
of patterns as strings of primitive objects (symbols), and each pattern classes a set of such strings. Once such a
representation is defined, recognizers for these strings are developed, normally based on the theory of formal
languages and automata. Each pattern class constitutes a language generated by a grammar whose members are
recognized by an automaton. In practice, a problem to be solved occurs when the string to be classified does not
coincide exactly with any one of the given patterns. This fact can be due to errors in the data source (imperfect
pattern), errors in the processing previous to the classification (i.e., segmentation errors), or even errors in the
previous classification of symbolsin the string. Irrespectively of their origin, all these errors are abstracted in the
so-called edition errors: substitution, deletion, and insertion of symbols.

A fuzzy automaton allows to compute the similarity between two strings i.e. the observed string and
the pattern string [1].
e  Observed string: Input string obtained from user.
e Pattern string: String found in dictionary.

At first stage a finite deterministic automaton is defined that accepts the pattern string. Then, such an
automaton is modified in order to include all the possible edit operations which allow matching every observed
string into the pattern string.

The modified automaton is a fuzzy automaton where the states are fuzzy sets defined over a universe of
states, and transitions are defined by appropriate fuzzy operations among the fuzzy states.

Let X be the finite set of symbols (alphabets) and =" be the set of all stringsoverX. Let a € " andw € X7,
be two arbitrary strings.
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In [1] an algorithm is introduced that computes the fuzzy automata as deformed system. If there are Q states
in the fuzzy automata then the membership values of edition errors are computed as follows:

AP, ¥) = {0, |1 Byeq (Prex(1(q, v, %) ® py(x))Qup(q)),p € Q}, Pin F(Q),¥ in F() D
EP) = {(p. | 1 = pp(P)D(Dgeq (rz,@)®15(q))),p € Q} with Pin F(Q) (2)

Where fi is the transition function, p is the new fuzzy state reached from the initial state P on consuming the
symbol x with the fuzzy symbol set j. F(Q) represents the possible fuzzy sets over Q. E (Q) represents fuzzy set
in F(Q) representing the set of reachable states from g by repeatedly using transitions by empty string. The
operators @ and ® denote at-conorm and t-norm respectively.

In the context of spell checking which makes use of dictionaries, such an algorithm can't be used due to
efficiency criteria. In section 2 the adaptation of this algorithm is given that is suitable for classification of
wordsin adictionary.

A tree can be used to represent a collection of words in away that makes it quite efficient to check whether a
given sequence of charactersis avalid word. In this type of tree, called atrig[2], each node except the root has
an associated letter. The string of characters represented by a node n is the sequence of letters along the path
from the root to n. Given a set of words, the tree consists of nodes for exactly those strings of charactersthat are
prefixes of some word in the set. The label of a node consists of the letter represented by the node and aso a
boolean indicating whether or not the string from the root to that node forms a complete word.

II.  METHOD

We use a prefix tree to represent the dictionary D € =*. The set of prefixes is defined as Pre(D) = {9 €
T*|3¢ € X":9¢ € D}. The I-length prefix set of strings set D € =* is defined as Prg (D) = {9 € T*||9| =
[,3¢ € £":9¢ € D}. Given adictionary D a prefix tree is a graph T, = (Np, Vp), where Np is the set of nodes
and Vp isthe set of arcs. It can be built in the following way.

e N, =Pre(D) where (¢) € N, & & € Pre(D).

o ((9),a,(&)) €V, & V9a = ¢, being 9, & being [, € Pre(D)and a € X. Node(é)is called a child of
node(9)while node (I9) is called the parent of node(¢).

e (&)istheroot node.

o For every string € € D there is anode(é) € Np that will be called node associated with string ¢ (and
vice versa: string associated).

If we define a total order in X, it is possible to univocally represent a prefix tree as a binary tree in
Leftmost-Child Right-Sibling representation of a tree [2] by sorting the children of a node as indicated by its
total order. We will denote byB), the binary tree representing the prefix tree Tpbuilt from the set of strings D.
Thresholds used:

Thresholds for the symbols and state membership are used to modify the algorithm presented in [1] to improve
its efficiency.

e Threshold for states: It is possible to define a parameter 4 € [0,1] such that:

1) if Q(g;) < Athen C;:=0 (the computation of (B ez (1qa:, ®uy, (x))) is avoided);
2) if Q(gi—1) < Athen C:=0 (the computation of (s (qui_lqim®u3~,k (x))) isavoided);

e Threshold for fuzzy symbols: If fuzzy symbols are provided as lists of symbols sorted by their
membership values, it is possible to define a parameter, h € N, that limits the number of symbols to be
taken into account. Only the first h symbols of each fuzzy symbol (a sorted list) will be used in the
computation. We use the notation @,.c5-p, to indicate that only the first h symbols of the sorted fuzzy
symbol are used.
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\

Input: BD,theIiStsudB,,uCB , and ,ul,;;,Va, x €X, VB € Pre(D)

a observed string, length m (x,,, k-th symbol of «).
Output: C and w, C hasthe value u; (v p(w)) (@)

Where MD(w) = (Q, Z, i, g, 1) isthe deformed fuzzy automata.

Algorithm tree_computation( )
{
tree initialstate();
Vk:1...m
{
rtransition( Bp, 0, k );
rclosure( nl( Bp ), root( By ).va);

tree_decision();
}
Procedure tree initialstate( )
{
root( By ).val = 1;
rinitiation ( nl( By )):
rclosure( nl( By ),root( A ).va);

Procedurerinitiation( A )

If not null( A)
{
root( A ).val=0;
rinitiation( nl(A)) ;
rinitiation( nr( A));
}
}

Procedure tree_decision()

(C, w)=(0, &);
rdecision( B, );

}

Procedure rclosure( A, val )
if not null(A)

root(A).val = max( root(A).val, va®u.s));

where x=root(A).trn,
and S=root(A). w
rclosure(nl(A), root(A).val);
rclosure(nr(A), val);
}

}
Procedure rtransition( A, val, k)

if not null(A)
{
rtransition( nl(A), root(A).val, k );
rtransition( nr(A), val, k );
if root(A).val>1
{

¢ =root(A).vel ®(Daex<n (8@ hx, (a)));
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4 } I
Else C;=0;
If va>A

C, =vaA®(Pues<n (l"ch@nuxk (0));
}
Else C,=0;
where x=root(A).trn, and f = root(4).w
root(A).val :=C;, @ C;;
}

Procedure rdecision( A )

if not null(A)

{
rdecision(nl(A));
rdecision(nr(A));
if root(A).end

If root(A).val> C

{
C =root(A).val;
w =root(A). w;

}

}
}
}

letT be the subtree of Bj,the function root(T)is defined as follows:
e Root(T). w: prefix associated with the root node of T;
e Root(T).trn: last symbol of the associated prefix or € for theroot of B ;
e Root(T).val: membership value of the root node of T into the computed fuzzy state;
e Root(T).end: trueif the prefix associated with the root node of T is apattern of D.
nl(T) isthe left subtree of T.
nr(T) istheright subtree of T
\_ null(Ttrue if thetree T isnull. )

Figure 1 Algorithm that computes deformed fuzzy automata using binary tree.

Fig. 1 shows the algorithm that computes deformed fuzzy automaton for all patterns of D. The main
program is given by the agorithm tree_computation( ). Procedure tree initialstate( ) invokes the recursive
procedure rinitiation( ). This procedure traverses the tree, setting to zero the membership value of every node
except the root node whose membership value is set to 1. Finally, tree initialstate( ) computes the e-closure of
the fuzzy state by calling the procedure rclosure( ). Procedure tree decision( ) traverses the tree using the
recursive procedure rdecision( ). This procedure looks for the highest membership value (given by C) and its
associate string (given by w) among the nodes associated to strings of D. Procedures rtransition( ) and rclosure(
) implement (1) and (2) extended to the prefix tree. Procedure rtransition( ) traverses the tree in postorder, so the
computation of a new node does not affect to the computation of its children nodes Finally, rclosure( ) traverses
the treein preorder so the new value is used to compute the new value for children.

Given adictionary D with different strings, the number of fuzzy transitions needed by the algorithm of the
Fig. 1 for processing an observed fuzzy string of msymbolsis

L

Z 2xmx |Pre;(D)|xh

j=1
Where L being the length of the largest string of D and h the threshold for fuzzy symbols. Additionally, the
utilization of the threshold for states may lead to a reduction of the average time needed to compute each
transition.

1. CONCLUSION

The agorithm presented in this paper is capable of finding, from a dictionary of patterns, the more similar
pattern to an input fuzzy string. This algorithm has been defined taking into account some efficiency criteria.
The dictionary is represented by means of a binary tree reducing the memory complexity. The computation time
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maybe reduced considering thresholds when computing the fuzzy states. Also the use of just one automaton for
representing al the pattern strings is achieved by using a prefix tree making possible to process all strings at
once.
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