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Abstract

Java is an emerging tool to help traditional educational methods.
Two web sites, including Java applets are presented. These sites are
dedicated to pattern matching. The first one is intending for the-
oretical and practical computer scientists and presents exact string
matching algorithms. The second one can help both biologists and
computer scientists to understand the basic techniques for aligning
sequences.
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1 Introduction

The emergence of the Internet and the multiplication of Web servers come
with publications of document classes on the network.

In computer science the vast majority of the ressources on the network
are pre-existing documents which are available either in PostScript form or
in HTML (Hyper Text Markup Language) form.

For documents in HTML form even if they try to take advantage of the
hypertext functionalities, they are often very simple. The algorithms do not
get any presentation using the dynamic possibilities of the language.

However the conception of educating software is an important concern
among computer scientists. Unfortunately, most studies have been launched
before the Internet boom and the arrival of Java. Thus, in many cases,
one would have to face too many difficulties to adapt available tools on the
network. Furthermore those tools often use too aggressive technologies to be
shared, except by Intranet servers.

The generalization of HT'ML which is now the universal language for
the hypertext since the arrival of CSS (Cascading Style Sheets) and the
integration of Java to Web clients, gives today the best technical solution to
conceive dynamic open documents:

e Java is secured as well as at the static as at the dynamic level. This
enables Java applets to be accepted on nearly all sites;

e Java inherits both from modular programming tradition and from ob-
ject oriented conception;

e Java has a growing number of ready-to-use shared units;

e Up to now the different versions of Java have a good ascending com-
patibility;

e Nowadays most constructors support Java.

The integration of Java units in Web documents can be done at different
levels (see figure 1).

Level 3 avoids the constraints that a Java applet has to communicate
only with the machine where the HT'TP (Hyper Text Transport Protocol)
which emits the code resides. Levels 2 and 3 seem more appealing than level
1 since they enable to incorporate existing applications but they imposed
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Figure 1: Different levels of integration of Java units in Web documents

two conditions. The (obvious) first one is to have the necessary ressources
to stand all the connections. The second one, often hidden, is to acquire
all the licences to get the right to use the applications on the Web. Some
constructors have already announced that the usage of their software on the
Web is not acceptable with simple site licences.

The first solution, even if it implies to write the Java codes, is the one
which has less constraints. And moreover it is the one which takes more
advantage of the links between active code and hypertext.

Coding in Java requires a good preparation of the general architecture
of the system in order that the integration of new programs can be done by
the derivation of a minimum number of classes. Also the class arborescence
between the applet and the effective program must not be too heavy in order
that the client should be able to effectively load the active code.

The architecture choosen for the two systems presented by the authors,
was initially proposed to illustrate classical sort algorithms and classical
graph algorithms. The applet has only one button which enables to load
and run the programs. The programs are organized on two arborescences,
one for the GUI (Graphical User Interface) and one for the algorithms, which
communicate virtually level by level (see figure 2). The dynamic interactions,
when the objects are created, are done by sending messages.
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Figure 2: General architecture of the different systems

From one application to another, the algorithms arborescence does not
need to be modified.

For “Exact String Matching Algorithms” a class ProgramSPM is derived
form ProgramCode and the classical algorithms are derived from SPM. Only
very specific algorithms need specific methods.

The GUI level requires more changes depending on the choosen illustra-
tion.

2 Description

We developped two web sites dedicated to pattern matching. The first one
called “Exact String Matching Algorithms” [2] is intended to computer sci-
entists who want to understand the basic notions of string matching. The
second one is called “Sequence Comparison” [3] and is intended to biologists,
computer scientists, linguists or mathematicians who want to understand the
basic notions for aligning two sequences. Both sites are organized as follows:
the different notions are explained and Java applets can be used to illustrate
the notions with specific values given by the user. Every user will then be
able to choose the set of values that he feels the more valuable to grasp the
difficult notions used by the algorithms. We will now describe the two sites.

2.1 Exact String Matching Algorithms

Exact string matching consists in finding all the occurrences of a word z in
a text y. A large number of solutions have already been proposed to solve
this problem (see [4] or [6]). This various solutions can differ totally and



understanding one does not necessarily help to understand another one. They
can use combinatoric or heuristic techniques. Understanding these techniques
can help to understand algorithm solving more elaborate problems. It seems
interesting to offer a convivial tool to understand them.

In our system the user can choose among the thirty exact string matching
algorithms already implemented. He can then enter a text and a word (de-
fault text is gcatcgcagagagtatacagtacg and default word is gcagagag see
Figure 3(a)). The text and the word alphabet is restricted to the lower case
letters. A button enables the user to start the search and another button to
stop it at any time. The search phase is then shown attempt by attempt:
for one attempt the text is displayed and the word, which all characters are
materialized by a dot, is aligned with the relevant position in the text. In
each attempt the different character comparisons are shown in the following
way:

e matches are shown by displaying the word letter in upper case;
e mismatches are shown by displaying the word letter in lower case.

An occurrence of the word in the text is shown by displaying the correspond-
ing text characters in upper case. At the end of the search phase, the system
gives the number of attempts and the number of character comparisons per-
formed during the search phase (see Figure 3(b)). The user can visualize the
complete history of the search.

The system is written in Java. It is dedicated mainly to exact string
matching algorithms but is easily extensible to a large family of algorithms.
Moreover it is completely straightforward to implement any string matching
algorithms providing that it is written in a specific way.

2.2 Sequence comparison

Pairwise sequence comparison consists in finding the minimal number of edit
operations to transform a sequence x of length m into a sequence y of length
n. The usual technique to solve this problem is based on dynamic program-
ming and uses a two-dimensional matrix of size m xn. The solution is usually
given by an alignment of the two sequences. This technique is essential in
computational biology: when a new sequence is found it is necessary to check
if similar sequences are already known and stored in a data bank. Most of



|-l BruteForceagortm |- | |-[  BruteForcealgorithm | .| |

Pattern: |igcagagag Pattern:
Siring: !ﬁqcatcgcagaqagtatacagtacg Siring: !ﬁqcatcgcagaqagtatacagtacg
Startl Stop _stand Startl Stop _stand
Y Ay
attempt 13:

goatcGCAGAGAGtatacagtacy
Ge

attempt 14:
geatcGCAGAGAGtatacagtacy

attempt 15:
geatcGCAGAGAGtatacaytacy

attempt 16:
geateGCAGAGAGtatacagtacy

attempt 17:
geatcGCAGAGAGtatacagtacy

goatcGCAGAGAGtatacagtacy

string length: 24
Pattern length: 8
Attempts: 17

characters comparisons: 30

J ] J ]
T8 Unsigned Java Applet Uindow 15 Unstared Java fpplet Hindou

(a) (b)

Figure 3: The window for the Brute Force string matching algorithm: (a)
before a run; (b) after a run.

the tools daily used by the biologits such as Blast [1] or FastA [5] use some
dynamic programming techniques.

Biologists often align two sequences together or even a sequence alone
against a complete bank of sequences without understanding the basic no-
tions of the process.

The user can choose among the different kinds of alignment methods. He
then can give his values to both sequences = and y. The computation can
then be run and it gives the values in the two-dimensional matrix and writes
down all the corresponding alignements (see figure 4).

3 Conclusion

The two tools presented above have been successively used during a school
dedicated to data processing of genomic information intended for researchers
in biology. The public was not familiar with the environment but was able
easily to use both systems.

But the main interest of this new technology is that the knowledges are
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Figure 4: The window for the computation of the Levenshtein distance.

freely available world-wide. We know that people from all around the world
use our applets.
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