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Approximate String Matching

• Suppose we are looking for a family name, say Lipschitz in

Google, but we don’t know the exact spelling.

• On the other hand there may be lots of misspelling for this

word over the pages in Web.

• So we need the search engine to look for similar words also.

• First we need a precise definition of similarity. Similarity

is defined by the counterpart concept of distance between

strings.



Edit Distance

• The most popular distance function is edit (or Levenshtein)

distance, which is shown to be useful in Information Retrieval,

Computational Biology, Signal Processing, ... .

• Definition. The edit distance between two strings A and

B of characters, i.e. ed(A, B) is the minimum number inser-

tion, deletion and substitution that will change A to B. For

example ed(”Lipschitz”,”Lipchits”) = 2.

• Approximate String Matching. Given a large text S =

s1s2 . . . sn and a small pattern P = p1p2 . . . pm, we want to

find each approximate occurrence of P in S, i.e. substrings

Sij = sisi+1 . . . sj where ed(P, Sij) ≤ d where d is a given

constant.



Edit Distance Computation

• The edit distance between two strings A and B can be

computed in time O(|A||B|) by a Dynamic Programming ap-

proach.

• Let Ci,j be the edit distance between A1,i and B1,j. We know

Ci,0 = i, C0,j = j, and for 1 ≤ i ≤ |a| and 1 ≤ j ≤ |b| we have:

Ci,j = Ci−1,j−1 if ai = bj

Ci,j = 1 + min{Ci−1,j, Ci,j−1, Ci−1,j−1} o.w.



Indexed vs Online Searching

• For some applications, grep like, online search tools are enough

or even necessary, e.g. text size |S| is not huge or the text

is dynamic.

• When we have a very huge text (e.g. the Web) in advance,

since online tools can not respond in a reasonable time, we

should build some kind of index structures over the text to

speed up search.

• There is a reasonable large amount of work for online approx-

imate matching ([Nav01] is a good survey), but the indexed

approximate searching is premature.
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Word vs Substring Searching

• For text indexing, it is important that we are looking for

each substring or there is a concept of word as the smallest

element.

• Suppose that we are searching Web by Google:

Searching Google for Tarkhoon

Searching Google for Tarkhoo

• One reason for using words is that vocabulary size grows

slowly as text grows [BN97]. It is a well-known phenomenon

in information retrieval called Heaps’ law which says for large

natural language text collections, vocabulary size is less that

1% of text size.

http://www.google.ca/search?q=tarkhoon
http://www.google.ca/search?q=tarkhoo


Word vs Substring Searching (cont.)

• One of the fastest and simplest way to indexing natural texts

are inverted files, in which for each entry in vocabulary list

there is a list of its occurrences in text.

• Since the number of occurrences may be large, block ad-

dressing is introduced [MW94].

• This idea has been changed a little to support approximate

searching as well (e.g. GLIMPSE) [MW94, WM91].

• Why general substring searching? Applications like compu-

tational biology: searching in huge DNA or protein sequences

allowing error.



GLIMPSE: GLobal IMPlicit SEarch
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Indexing Ideas

• Backtracking. Some sort of Branch and Bound techniques

on suffix tree of the text or suffix array, ...

• Partitioning. Split pattern to some smaller patterns to re-

duce search to a exact search (i.e. at least some of the

smaller patterns should occur exactly).

• Hybrid. A combination of the previous methods.



Myers Indexing Structure

• In [CN02], it has been claimed that the best bound for general

indexed searching (before this paper) is only sublinear in text

size (n), i.e. it is nλ in which λ < 1.

• One of these sublinear algorithms is proposed in [Mye94].

• The basic idea of Myers’ technique is pretty simple: the pat-

tern is partitioned to some smaller strings each with lengths

logarithmic in n.

• For each pattern P of such size, all patterns P ′ for which

ed(P, P ′) ≤ d, are generated in advance and all occurrences

of them in text are recorded in the index (similar to inverted

files).
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What Is Searching in Metric Spaces?

There is a universe X of objects and a distance function d :

X× X −→ R, defined on pairs of objects, satisfying:

• d(a, b) ≥ 0 and d(a, b) = 0 ⇔ a = b (strict positiveness)

• d(a, b) = d(b, a) for all a, b ∈ X (symmetry)

• d(a, b) ≤ d(a, c) + d(c, b) for all a, b, c ∈ X (triangle inequality)

Our database is a subset U of X. For a query point q ∈ X we

may perform range query or k-nearest neighbor query.

Example. Edit distance and the universe of all strings.



The Goal of Similarity Search in Metric
Spaces

• The main goal is to index database by distance information

between objects to reduce the number of distance computa-

tions in query time.

• It is supposed that the distance computations is a very ex-

pensive task (there are also some methods that consider I/O

as well).

• There are lots of structures proposed for metric space index-

ing. One major category of these structures are pivot-based

methods.



Pivot Based Indexing

1. Choose a set of pivots {p1, p2, . . . , pk} from the universe.

2. In preprocessing compute and store distance between each

pi and each object in our dataset.

3. Suppose the we are looking for objects o such that d(q, o) ≤ r.

We compute d(q, pi) and we discard an object o if:

|d(q, pi)− d(pi, o)| > r

Reason. By triangle inequality we have: d(q, o) ≥ |d(q, pi) −
d(pi, o)|.
Notice. We discard o without direct distance computation.



How to Model Approximate Substring
Searching

Problem. There are O(n2) sub-strings in a string of size n.
So in the naive reduction there are O(n2) objects in the metric
space. The following method is proposed in [CN02].



Project Plan

• In [CN02] it has been claimed that the running time of their
pivot-based technique is O(mlog2n + m2 + R) in which R is
the size of result.

• There are some issues about number of pivots and proba-
bility distribution assumptions of their method which need
verification!

• The most effective method prior to this was sublinear in n,
an exhaustive comparison between these types of approaches
is needed. The claimed complexity of the new method is
breakthrough over previous ones.

• Apply other distance based indexing methods to indexed sub-
string searching problem.
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