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Abstract: This paper presents a string metric for measuring the similarity between words. The distance function satisfies the axioms of
non-negativity, reflexivity, symmetry, and triangle inequality. A comparative study of the string metric is carried out with Hamming and

Levenshtein distances for word matching task.
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1. Introduction

Distance measure has unique importance for recognizing
the strength of the clustering patterns which helps to study
the bond between the associated structures. There are quite
a few concepts of distance measures. Jaccard distance,
which is the complement of the Jaccard coefficient,
measures the dissimilarity between two data sets by
subtracting the Jaccard coefficient from 1[1, 2]. Introduced
by Hermann Minkowski, Manhattan distance is computed
between two points as the sum of the absolute differences
of the Cartesian coordinates[3, 4]. Instead of considering
two points, Mahalanobis distance measures the distance
between a point and a distribution [5].

String matching algorithms help to locate a pattern with
some features within a given arrangement of symbols. A
string metric helps to measure the distance between two
text strings. For example, Hamming distance measures the
number of positions with mismatched characters between
two strings of equal length[6]. Levenshtein distance
between two strings is the minimal number of edit
operations like deletion, insertion, and alteration of a single
character required to change one string to another [7]. To
measure the edit distance between two sequences, two
string metrics namely Jaro-Winkler distance, [8] and
Damerau— Levenshtein distance are used [7, 9, 10]. Jaro-
Winkler distance works for strings of equal or varying
lengths; but by considering the fact that it does not obey
the triangle inequality, this distance is not considered as
metric in the mathematical sense [11, 12].

String metric, which is a distance measure that computes
the distance between two strings, can be expressed in terms
of matches and mismatches of the string elements. To
qualify as distance measure, a metric must satisfy the
axioms of non- negativity, reflexivity, symmetry, and
triangle inequality [12]. Review on Logical matching
strategy explores two real world applications, locating and
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comparing the sequential pattern of finite length [13].
Through this paper, we present a string-to-string distance
measure based on logical match.

2. Related work

String metric plays a vital role in text-linked research and
applications in areas such as identifying the word
similarity [14] comparing molecular sequences, and text
mining. In general, there is a wide literature on quantifying
the similarity between molecular sequences, such as
Needleman-Wunsch [15] and Smith-Waterman [16], but
there are very few publications concerning the
measurement of likeness between short strings, for
example, Levenshtein and Hamming distances. Studies on
interrelated work admissible to explore the characteristics
of earlier approaches and to recognize the specific
problems for computing string similarity. Related works
can be categorized into two types: one significant type of
distance measure is edit distance, in which distance is the
cost of the finest arrangement of edit operations.
Conventional edit operations are character insertion,
deletion, and substitution, and each operation must be
allocated a cost. The Levenshtein distance assigns a unit
cost to all edit operations [7]. On the other hand, Hamming
distance measures the distance between two equal-length
sequences of symbols as the number of positions at which
the corresponding symbols are not same [6].

3. Method

The strings are arranged so that each symbol coincides
with its corresponding index and then proceeds to match
for computing the number of identical symbols. Here, the
comparison of two text strings returns the number of
matches by generating indices corresponding to the
symbols.

3.1 Preliminary

3.1.1 Distance measure: Distance measure is a function
D(P, Q) that takes two points as arguments and produces a
real number[12]. The distance measure satisfies the
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following axioms, i) D(P,Q)>0 ii) D(P,Q)=0,ifand

only if P=Q iii) D(P,Q)=D(Q,P) iv) D(P, Q)<
D(P,R) + D(R, Q)

3.1.2 Computation of the number of matching symbols:

Let P = pipzps... pn and Q = q102 gs...qn, be two strings
of equal length, n (where |P| = |Q| = n). Then the number of
matching symbols of strings P and Q can be computed by
generating the indices [13].

Example: Let P and Q be two strings BELLA and BELLE
respectively, where the length of the strings, |P| = |Q| = 5.
Here, the word BELLA is constructed using the alphabet
set Zp = {B, E, L, A} and the word BELLE is created by
using the alphabet set g = {B, E, L}. The string BELLA
is arranged so that each symbol coincides with its
corresponding index as in Table 1.

Table 1. Arrangement of string P with alphabet set Zp

Indices B |E | L | A
5 #
4 #

3 #
2 #
1 #

Here, the symbol # is used to indicate the index where the
alphabet is placed. Indices of the string P can be
represented as: <B(1); E(2); L(3, 4); A(5) >. The string
BELLE is arranged so that each symbol coincides with its
corresponding index as in Table 2.

Table 2. Arrangement of string Q with alphabet set Zq

Indices | B | E | L
5 #
4 #
3 #
2 #
1 #

Here, the indices of the string Q can be represented as:
<B(1); E(2,5); L(3, 4)>. On comparison, only the 5" index
of the strings P and Q does not have a match as mentioned
in Table 3 and the remaining four indices have matched, so
the total number of matches, (say k) equals 4.

Table 3. Comparison of strings P and Q to find matches

Indices | Symbol | Locations | Match/ | Number
Mismatch of
match

1 B 1 1% Match 1

2 E 2 5 | 2" Match 1

3 L 3 3 Match 1

4 L 4 4™ Match 1

5 A 1
Mismatch

3.2 String distance measure

The distance function is defined as the difference
between the length of the string and total number of
matches, where the number of matches is determined by
matching the indices. Let P = pipops... pn and Q =
010203...qn be two strings of equal length n, (where |P| =
|Q| = n). The distance function, D(P, Q) = n - k, where k is
the number of matching symbols of string P while
comparing with the string Q.

Axiom-1: D(P, Q) > 0 (Non-negativity). The distance
measure using matches satisfies D(P, Q) > 0.

Proof sketch: As the number of matches between the
strings are always less than or equal to the length of the
strings, the distance between the strings becomes non-
negative. Therefore, D(P, Q) = n- k > 0. This implies
distance is non- negative.

Example: Let P and Q be the strings BELLA and BELLE
respectively, where |P| = |Q| = 5. By using the number of
matching symbols, k can be computed as 4 (as per 3.1.2).

P |B|E|L|L|A

Q [BI|E|L]|LE

Distance is, n — (number of matching symbols) =5-4 = 1.
The result shows that distance is non- negative. This
satisfies D(P, Q) > 0.

Axiom-2: D(P, Q) =0, if and only if P = Q (Reflexivity).

The distance measure using matches satisfies D(P, Q) = 0,
if and only if P= Q.

Proof sketch: Distance between the strings equals to zero
only if the number of matches between the strings and
length of the string are equal, that is, only if both strings
are identical. Therefore, the number of mismatching
symbols in between the strings P and Q becomes zero. That
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is, D(P, Q) = n- k = k- k = 0, since the number of matching
symbols, k = n.

Example: If the two strings are identical, then P = Q.

P |BJE|L|L|A

Q |[BI/E|L|L]|A

The string P is arranged so that each symbol coincides
with its corresponding index as in Table 4.

Table 4. Arrangement of string P with alphabet set Zp

Indices | B |E|L|A
5 #
4 #
3 #
2 #
1 #

Indices of the string P are represented as: <B(1); E(2); L(3,
4); A(5)>. The string Q is arranged so that each symbol
coincides with its corresponding index as in Table 5.

Table 5. Arrangement of string Q with alphabet set £q

Indices | B | E| L | A
5 #
4 #
3 #
2 #
1 #

Indices of the string Q are represented as: <B(1); E(2); L(3,
4); A(5) >. Here, number of matching symbols while
comparing the strings P and Q can be computed as in Table
6.

Table 6. Comparison of strings P and Q to find matches

Indices | Symbol | Locations Match/ Number
Mismatch of
match

1 B 1 1%t Match 1
2 E 2 2" Match 1
3 L 3 34 Match 1
4 L 4 4" Match 1
5 A 5 5t Match 1

From Table 6, total number of matches = 5. This implies
that the number of matches, k equals to the length of the

strings P and Q (where, |P|=|QJ) and n- k = 0. That is, 5-
5= 0, where n=5 and k= 5. This satisfies D(P, Q) = 0, if
and only if P=Q.

Axiom-3: D(P, Q) = D(Q, P) (Symmetry). The distance
measure satisfies D(P, Q) = D(Q, P).

Proof sketch: In both the cases (the string P compares with
the string Q or the string Q compares with the string P), the
number of matching symbols, k remains the same. This
implies the distance is symmetric.

Example: Let P and Q be the strings BELLA and BELLE
respectively, where |P|= |Q|= 5.

This can be represented as: D(BELLA, BELLE)

P |[B|E|L|L|A

Q |[BlE|L]|LI[E

Here, the number of matching symbols, k = 4. Similarly,
D(BELLE, BELLA)

Q [BIE|L]|L]JE

P |BJE|L|L|A

Here also, the number of matching symbols, k = 4. In both
cases, the number of matching symbols, k remains the
same. This implies that the distance is symmetric, D(P, Q)

=D(Q, P).

Axiom-4: D(P, Q) < D(P, R) + D(R, Q) (Triangle
inequality). The distance measure satisfies D(P, Q) < D(P,
R) + D(R, Q).

Proof sketch: Let P be pipzps...pn, Q be 910203...qnand R
be rir; rs...ry be three strings of equal lengths n (where, |P|
= |Q| = |R| = n). Let k be the number matching symbols
between the strings P and Q, ki be the number of matches
between the strings P and R, and k. be the number of
matching symbols between the strings R and Q. Here, the
value of k will always be less than or equal to the sum of
ki and kz for any three strings with equal length. Here, n -
k<n-ki+n-kyimplies n-k<@m+n)- (ki + kp);
that is, n - k < 2n - (ks + k). That is the number of
mismatching symbols (n - k) between strings P and Q is
less than or equals to the sum of the number of
mismatching symbols (n — ki) between the strings P and R;
and the number of mismatching symbols (n — k2) between
the strings R and Q. This proves that the distance measure
satisfies triangle inequality.

Example: Let P, Q, and R be the strings BELLA, BELLE,
and BELAA respectively. The distance between the strings
Pand Q, D(P,Q) < D(P,R) + D(R, Q). This implies the
number of mismatching symbols between the strings P and
Q < Number of mismatching symbols between the strings
P and R + Number of mismatching symbols between the
strings R and Q. This implies, D(BELLA, BELLE) <
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D(BELLA, BELAA) + D(BELAA, BELLE); this implies
the number of mismatching symbols, 1 < 1 + 2.

That is,

|

(o8]
m
- —[IA
—
>

+

This satisfies triangle inequality, D(P, Q) < D(P, R) + D(R,
Q).

4. Discussion And Conclusion

The results show the realization of the method for
comparing text strings of various sizes with real data. To
evaluate the proposed string metric, the method was tested
with English words[17], and we validated the difference
with the Hamming and Levenshtein distances. In section 3,
axioms 1 through 4 satisfy the norms of distance measure;
thus, we computed the distance by taking pairs of strings.
Table 7 exemplifies the proposed string metric for word
matching task. Here, the number of matches is calculated
between the strings P and Q. From the set of strings in
Table 7, it is evident that all pairs of strings obey the
axioms of non-negativity, reflexivity, symmetry, and
triangle inequality. The comparison results of the proposed
distance measure with Hamming distance and Levenshtein
distance is illustrated in Table 8. Alphabets represented red
in color indicates the mismatch, while those in black color
symbolize the match between the strings. Hamming
distance and proposed distance determines distance
between two strings of equal length, whereas Levenshtein
distance can measure the distance even if the strings have
different lengths. Hamming distance measures the
minimum number of positions by which the strings differ
whereas the proposed metric computes the distance by
using the number of matches. For any two strings, the
minimum number of positions determined in Hamming
distance is same as the total number of mismatches
calculated by the proposed distance measure. From Table
8, we can observe that the distance calculated by Hamming
distance and the proposed distance for same pair of strings
are the same. On the other hand, Levenshtein distance
incorporates operations other than substitution; thus,
Levenshtein distance for any two strings is not always
equal to Hamming or the proposed distance measure for
the same pair of strings. In the string metric based on

Logical matching strategy, matches between the symbols
are computed and the distance is calculated subsequently.

Table 7. Distance between words using the proposed

metric
String | String | String | k | D(PQ | D(Q, | D(P.Q
P Q R ) P) )
<
D(P,
R)
+
D(R,
Q)
TEA | TEE | TOE | 2 1 1 1<
2+1
TEA | TEA | TEA | 3 0 0 0<
0+0
DEA | DEE | REA | 3 1 1 1<
R R D 2+3
HEEL | HEA | HEL | 3 1 1 1<
L L 1+1
TIRE | TIER | TREE | 2 2 2 2<
2+2
STAN | TAN | SKAT | 0 4 4 4<
K 2+4
STEE | STEA | STAL | 4 1 1 1<
L L E 3+3
THER | THEI | THR | 3 2 2 2
E R EE <2+3
CENT | CEN | REN | 4 2 2 2
ER TRE | TER <1+3
WAT | DRE | LEA | O 5 5 5<
CH AM RN 545

Table 8. Comparison of Hamming, Levenshtein, and the

proposed distance measure

String P | String | Hammin | Levenshte | Proposed
Q g in Distance
Distance | Distance
TEA TEE 1 1 1
TEA TEA 0 0 0
DEAR | DEER 1 1 1
HEEL HEAL 1 1 1
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TIRE TIER 2 2 2
STAN | TANK 4
STEEL | STEAL 1
THERE | THEIR 2 2 2
CENTE | CENTR 2 2 2
R E
WATC | DREA 5 5 5
H M
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