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Infroduction

In this work we present

* a novel data mining process
that combines hybrid techniques of genomics:
«of association analysis
» and classical sequentiation algorithms
to generate grammatical structures of a specific language.

. these structures are converted i
to Context-Free Grammars (CFG). . ;
Initially the method applies to context-free languagesif

- we used a tool that allows measuring A —
the complexity of the obtained grammar automatical
from textual data.
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To study
the relation between
grammar and DNA

The information
represented in
sequences involves
Gl for
pattern recognition

The concepts of
the language
analysis are
applied to the

analysis of DNA

seguences

E:I
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Data Mining Procedure for the Grammatical Inference

The idea considers
existing theories in order
to process data that are
noft structured in relations

or tables with
differentiated aftributes
as a finite succession of
sentences.
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Data Mining Procedure for the Grammatical Inference ¥

The procedure for the Gl can be summarized in the
following steps

Language generation by means of a CFG .

Codification of the strings of the language into
syntactic categories.

Discovery of Sequential Patterns in the codified i
language.

Replace the discovered sequences by ’rheﬁI —— I

identifiers. =

Repeat the two previous steps
until all the sentences of the language
are replaced by identfifiers.
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Language generation ;

We consider the CFG, G, proposed by Louden

on the generation of arithmetic expressions,
the majority of the programming languages
are generated by grammars of this type.

A DNA molecule can then be represented as

) afinite string of symbols from this alphabet;

@ alanguage, formally, is any set of such string .

© o

7)) Table 1. Modification of the G_Crammar

:. Gu Grammar e Crammar{modi fied)
(q0] Ge=(NT,P5) Ge = (N, T,P,5)
R N = {Exp Num, Dig, Op} N ={E. dboar}
S T ={0,1,4 ] T ={0,1,+.41(,)]
o P:Erp— ErpOpEzxp|(Exp)|Num P:E — EoFE|akc|n
) Num — Dig™ d— b

~ Dig— 01 b— 0l

iy Op — +|# 0— +|#

Q a—|

o e —)

E 8 =Erp 5=E

We can modify the CFG (tablel) to add new syntactic constructs to
specify and search for DNA patterns in data.
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Language generation

With the previous criteria, a sample of the language generated by G, can
be seen in the figure 1, point (i).
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It is noted that each line corresponds to a sentence
accepted by the grammar.

e e pusp o e e
141 10b

i1+ 1bobh
(41110410140 |  sobbabbobbbab
(140 ahnhr,h‘igi‘éu
[1+10)°01 ababbcobh
(D0+001*1+D) | |\bhabbboabobe

Fig. 1. Language of arithmetic expressions on which its grammar is inferred
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Language Codification

Considering the language that is generated with G,
all the symbols of 7T'can be codified with the symbols of V.

For this particular case the symbols to be used are

{b, o, a, ¢
as syntactic categories.

See figure 1, point (ii).
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Incremental Discovery of Sequential Patterns and Associaticg/i“r%?é

The idea consists of finding subsequences,
identifying them with a symbol and
using this symbol to replace the appearances of the
subsequences in the sentences of the population, and
repeating the procedure until each sentence is identified
by a single symbol (see figure 2).

P— ot | 1
bt fid "

bhabb ded A
bobbobbebbbob |  |dedadodnd Appd
;III:II:: [}Pllld.udn: aAn: z
'i'i'uhhr.uhh Iildlhdtlld ﬁlll.:ud
bbbboaiote| [fedoidede | [houke

(EF ] (ke Bk

 F—— Y r—

Fig. 2. Hvbrid discovery of sequential patterns for the context-free lanpuapes
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Experiments

Rules Similarity

Using the language La of arithmetic expressions and applying the
hybrid algorithm of DSP the production rules of figure 3 were

obtained.
The right hand rules form

the sequential patterns

Rubes puoersted Raradon 1 Rerason 2

22 C0o S 0O ey of the language
R—+ FoFoA R—+ FoFaA R—+ BoBoA

Q-»CF Q+CF o+ CE

P-sa3aNtce Per salce Pt saNce

O- CD o+ CD o+ CO /
N— aaFee N-> asFce K-+ 3aBcc

M= CA M= CA I 1 YMes CA

L FoO L=+ FoD  ws jJL—+ BoD

K- Cl K-+ (1 e L ™|

J— doF x:pz-oce P8 CE

| +CE . L.JH-s FoE H—s BoE

H-s FOE i wm 36— CB "’5>o- ce

G- CB 20 IF- ade E-+ Cd

F— 8ade : padE= Cd D~ 808

E«+Cd ™p—i0- Bo8 L A0

D. BoB Ces A0 8~ aAc|adc

C— A0 B sAc A= dod|deB
B=aAc A-+ $od|doF

A—> dod

Fig. 3. Production rules generated and some iterations in its simplification
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Experiments

Rules Simplification and Compaction

With the right hand part of the productions rules we search for similar
sequences to compact them. (a substitution matrix is computed).

This way, the generated rules are simplified and compacted iteratively
(figures 3 and 4) until a grammar G’ is built.

rN
Peaanoe 3 and 4 Seragon S ferason 6
§—=Cg S—= Co R=+ Da A
e A= DoA R~ DoA P+ aaNce
P salNce P saMce . Jo=co
o= CO [O=s €D = \ N—+ aaBee
N—= a2aBao N-—+= aaBee ime :|xk=cCcG
- CA K= ) et la—+ ceice
Keo C1 > h - ce > |e— ceica
|- CE ik |6~ CB D— BeBiBsE|BaD
G- CB ! wpe : JE—= CdiCA C— Ao
Ew Co — D+ 808|82E]BeD B~+ aAciado
O—» BaB|BaE|SaD T Ao A-s d0didaB
Cs A2 fe zAc|ads
B— 3Acz|atc A-» dod|to8
A= dodidoB
Iecwion T and 8 | eation 8
R DeA 5---,-;1.--;;- A= Ooh
P—+ saNce P ummu 8 N aslcclasMNce
N aaBsc Tt e lE — C4|CA|CB|CEICD
- K=CS|CD => D— BaB|BaE|SaD
G—+CBICE Com Az
- E> C¢|CA B—=aAszjate
- O— DoRibz=E|RaD A->-dodidaB
Ces Ao
8 aAcjado
A dodidsB

Fig. 4. Simplification and compaction of the production rules generated
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Experiments For Lae it

Rules Simplification and Compaction | generated
19 symbols

The grammar G’_is described in table 2.
B A, B,...,S with
Table 2. The generated Grammar G, d,o,c

_ 8
= (S, R.E.I)B Adboa,c} form

TI' = {0,1,4, ()}
P :8— RE|\DIBlAld 23 non terminal
R — DoA
E — CACB|CE|CACD | symbols
D — BoB|BoE|BoD

O — Ao

B — aAC|ade

A — dod|doB

b — 0]1

o — +|x

a— |

e —)

5=5

=y
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Experiments
Practical Results using GAS 1.0

The GAS 1.0 tool provides the basis to create new
components in data mining
for the discovery of biological data.

Following this aim, the languages like Lz created __é
with the grammar G’_ were considered

for automatic design methods to generate‘];m-
analyzers and/or language translators. :

In this respect, we used the compiler
generator GAS 1.0, to automatically generaté
a scanner and a parser for the languag
specification. e
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Experiments
Practical Results using GAS 1.0

Taking as input the grammar specification G’°,, the
syntactic analysis tables are created, giving as result:

» a Decorated Abstract Syntax Tree

———> (DAST), .
the kind of output that is desired in describingg

certain biological sequence data

* or the syntactic error.

http://dptoia.usal.es
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Experiments
Practical Results using GAS 1.0

We used a measurement of complexity that can be used
in the objective evaluation of the quality of the
grammars:

* Number of non terminals: It allows us to
measurement of the size of the CFG.

 Ciclomatic complexity: the complexity of
McCabeis defined V of a flow graph G.

This complexity is defined as
V(G =A-N+2
where

A is the number of edges
of the flow graph
N is the number of nodes.

Data Mining for Gl with Bioinformatics Criteria 16/18



VNiVERSiDAD
P SALAMANCA

http://dptoia.usal.es

Our approach
confirms the
idea that the

grammar
complexity
has been
applied
successfully.

Experiments

Practical Results using GAS 1.0

For example
for the
grammars G,

the
complexity is
of the order

of 9,

Its high values
confirm that
the obtained
grammars are
good, and
they can offer

Data Mining for Gl with Bioinformatics Criteria
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the best results

to the analysis
of
biosequences, =~
providing
sufficient
discrimination
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In the experiments, a language L=
generated by predetermined CFG G°, is
used. But later none of the properties of
that grammar were utilized to generate the

set of production rules that then formed the
grammar G’ .

We have proposed a new method of

automatic  generation  of  syntactigss _
categories in a codified language. i .

The approach extends to the processing ofﬁ
data that are believed to have a e

grammatical structure that could beay
automatically generated. =
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Conclusions

5. The tool allows measuring the complexity of the
obtained grammar automatically from textual data

6. The tool can be applied to the analysis of DNA
seguences
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I’'m afraid | don’t speak English well enough to
answer your questions now, but I’ Il be happy
to answer any questions by email
(vivian@usal.es).

Thank you for your attention
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