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ABSTRACT The nano technology requires new methodology to handle difficult proble ms that involve the
information processing , material technology and life phenomena in the nano world. Concentrating on the syn-

thesis of techniques in scientific frontier fields such as KDD( Knowledge Discovery in Database) , evolutionary

computation, rough set and logic, a new artificial life model for pattern mining and discovery has been pro-

posed and the corresponding e mergent algorithm has been built and imple mented. The original contribution of

the research work can be sum marized in the following two principal respects: (a) pattern mining and discovery

for genomic dynamics within the theoretic framework of artificial life; ( b) information fusion of multi

paradigm for modeling and building of evolutionary KDD system with rough pattern inference . Through com-

puter experiments the artificial sequence generated by computational processes has matched the evidence con-

vinced by the latest scientific reality . The work is helpful to analyze and build the next generation of bio- non-

ferrous metal materials in the level of genomics and nano technology .
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1 INTRODUCTION

Pattern mining and discovery is one of the
emerging branches of KDD ( Knowledge Discov-
ery in Database) which is a promising field of the
frontiers in the international acade mic com muni-
ty. KDD has been applied in many information
processing cases!! "% As one of the recent de-
velopment , the genomics has been paid more and
more attentions by the respects of both research
and business!® 2] Recent progresses about the
integration of life science and material synthesis
can be observed and a significant example is re-
ported and de monstrated in Ref .[13 ]. The com-
ment in Ref.[ 14 ] indicates that modern DNA
techniques have successfully been applied to non-
ferrous metal making such as gold nano- particle
processing . A novel artificial life model and cor
responding e mergent algorithm are proposed in

this paper. The key factors such as for mal repre-
sentation through abstract algebraic system , un-
certainty mechanism with high dimensional cou-
pled chaotic sy mbolic dyna mics , rough controller
sche ma and object-oriented soft ware architecture
paradigm make the modeling be functional and
efficient . The multi disciplinary integration of
new subjects such as rough set, evolutionary
computation and KDD has laid a strong founda-

tion for the work presented herel'*.

2 FORMAL REPRESENTATION AND UN
CERTAINTY MODELING

Let the probabilistic measurable space be
(S, M, P) and the emergent pattern mining
model for uncertainty symbolic processing be
(G, E, U, V); where S is the whole set of
the underlying states, Mis the &field under the
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meaning of Borel measure, P is the measure for
probability , G is the genome set with the mean-
ing of artificial life, E is the e mergent computa-
tional mechanism for structural dynamics in the
level of genomics, U is the nonlinear selection
procedure , V is the verification process for pat-
tern discovery .

The genome here takes the form of artificial
genome sequence which can be evolved and influ-
enced by the chaotic mechanism embedded in e-
mergence processes . The e mergent computation-
al mechanism E consists of two parts ( E¢, Ey),
where , E;is the formal description for the func-
tional structure of genome with abstract algebraic
language, E4 is the evolutionary dynamics by
means of multi-dimensional nonlinear coupled
chaotic networks which can be evolved and con-
trolled with the coevolution mode .

The selection U is imple mented by the way
of chaos systems to reflect the integration of de-
termined and uncertain information processing .
The verification V works as the termination for
the circle of machine discovery .

E¢can be defined as a set of abstract alge-
braic systems which are assigned with the se-
mantic units of field and we get that

Er = (Fo, Fr ) ) Fp) (1)
where  F; represents the ele ments of the set and
n is the total number of the ele ments. As the
case in this paper we can obtain the following
concrete instances .

Fy is the classical concept of field for the
whole domain concerned in the discussion .

F, is the subfield that the operations such as
addition, multiplication and inverse computation
are close for F,. And F; is the extension field of
F, .

F, is the algebraic extension field that is
satisfied with the following condition :

Let I be a unit in F,. F, is the subfield of
F, and the extension field of F, . The ele ment I
becomes an upper algebraic ele ment when a nomr
zero polynominal L(I) = 0 and F, becomes the
algebraic extension field of F; when every ele-
ment in F, is upper algebraic element in F, .

F; is a Galois extension field for field F,
which is the subfield of F, and F, exists such

that it can be a set of fixed points of self-con-
structed group .

Fs is an algebraic number field and Fgis an
Abelian extension field such that it can become
the separable regular extension field of a field F;
such that it acts as an Abelian group for the Ga-
lois group of F;. Notice some specific instances
for Fg4are assumed .

Fg is a local field such that a discrete assign-

ment Win Fgcan be defined and Fyg also is com-
plete for Wand its re mained class field is a li mit-
ed field .

Fy is the completion of a field such that its
assignment W makes it become a measurable
space and the complete space obtained after the
completion procedure for Fy still be a field in
which the comple ment W’ is an extension of W .

The E;is given as the set of (Fy, F,, F,,
Fy, F4, Fs, Fs, F;, Fg, Fy) and it is a kind
of superabstract algebraic system . The internal
structure of the super-abstract algebraic syste m is
illustrated in Fig .1 . The syste m can constitute an
abstract algebraic system which is denoted as
(Q, H), where Q = E; mentioned above and
H means the relation among these abstract ele-
ment .

0L ANDS

Fig.l Brief structure of the supersyste m

E4focuses on the variation of genome with-
in the evolutionary dynamical genomics and it is
expressed as the spatial and te mporal chaotic
mapping with coupled interaction where e mer
gence may happen among the global hierarchical
building based on the integration of competition
and cooperation proceeded by the great amount
of parallel distributing local cells. The spatial
connection of the network is shown in Fig.2.
Each chaotic generation unit K( .) is defined as
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v, 0) (2)

¥is the parameter set which

K(n+1) = ¢ (K(n),
where n € I,
contains strange attractors, ¢ is the set of the
controllable variables . The initialization for each
chaotic generation unit L( .) is imple mented by
Logistic equation and the te mporal evolution pro-
cesses of the whole network T( .) are selected by
the judg ment procedure with dynamical thresh-
olding setting produced by nonlinear mapping
and chaotic equation

S(m+1) = e(S(m+1), ) (3)
where  S(.) represents the state, ¢,(.) takes
the combinatorial forms and nonlinear mapping
and chaotic equation, /" is the parameter set.
Here the functions g (.) and ¢, (.) assume as
the general form guided by the meta-evolution
mechanis m specified for the detailed object prob-
lem.

L{)

e

K() K(.)

K(.)

S(C.)

T(.)

Fig .2 Brief structure of the network

3 SOFTWARE PARADIGM AND CON
TROLLER SCHEME OF COMPUTA
TIONAL PROCEDURE

The structural analysis can provide an effi-
cient and feasible way to pattern mining and dis-
covery system building . As we known, the con-
ceptual description is consistent with the cogni-
tive processes such as the associate me mory and
se mantic inference in thinking and thought espe-
cially with respect to the creative activities of
wisdom and knowledge . Considering the merits
of object description and agent-based program-

ming , a software design paradigm for object- ori-
ented description of pattern mining and discovery
system is presented and the flexible arrange ment
can fit the general frame work such as Java virtu-
al machine and net work computing environment .
The corresponding diagram is given in Fig .3 .

Start

I

Constraints and conditions for uncertainty

l

Pattern mining operators and operations

I

Simulated data warehouse of
candidate pattern samples

1

Warehouse accessing and retrieval

l

Pattern discovery driven searching
and verification

End

Fig.3 Diagram of pattern mining
and discovery

The concerned class set involves the kernel
elements and shell components. The kernel set
includes the parameterization of abstract algebra-
ic system, symbolic configuration of the evolu-
tionary chaotic dyna mics syste ms and chaotic se-
lection for candidate pattern pool. The shell set
consists of operations for warchouse data struc-
ture such as creation, maintenance , monitoring,
updating and com munication ( between the dif-
ferent classes for modular architecture) , the
functional support of the data structure and com-
piler under certain operating system which is on-
ly a selective option for normal developers of the
pattern mining algorithm and pattern discovery
system . The key classes are listed as follows .

(1) Genome population(type : string) ;

(2) Structural algebraic description( type :
string) ;
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(3) Source data generation( type : real) ;

(4) Evolution pattern generation( type :
string) ;

(5) Selection action( type : boolean) ;

(6) Semorphoe labeling( type : integer) ;

(7) Pattern discovery representation( type :
boolean) .

For convenience of the transplanting be-
tween different working platforms, the numeri-
cal calculation parts about chaotic dynamics and
symbolic description have been arranged as the
compatible forms for SUN Spark II workstation
and Pentium PC by standard C source code .

The meta-evolution is performed by the
techniques of controlling chaotic mechanism in
the underlying evolution procedure. The conr
trolled object is limited to the domain of the
chaotic behavioral performance and degree of
evolution. The controller structure is displayed
in the following sche matic diagram ( Fig .4) .

Input _.l Real valued chaotic process |

t
i

Lﬂdl Symbolic chaotic process |

T

|
p= = —— Qutput
i

| Rough set based reasoning |

|

|Semantic analysis by symbolic mapping table

|

Conversion from symbol information
to real valued signal

Control unit

Fig.4 Controller structure

Let the nonlinear mapping from the sym-
bolic space to real space be Z: B - X, where B
and X denote the symbolic and real space, re-
spectively . The rough sets can be defined as the
sub-sets of the domain B and the corresponding
sub-set for concerned images in X. The upper
approximation set and lower approximation set
are defined as B, and B, for B and X,and X, for

X . Based on the sets such as B,, B,, X,, X,,
the evolutionary control operators act as the
stochastic inference . The principle form of the
inference is expressed as the rules :

If ((B, € Fy)and (B, € F,)) Then{ f; =
fa(i)} (the ith rule)

If((X, € G)and (X, € G)and (f; <
K4(i)) Then { x; = Fi(x;)} (the jth rule)
F., F,, G,, G,, K4(i) are the deci-
sion making area which reflects the domain
knowledge . The variable f; and x; are the deci-

where

sion outputs and Fj(x,-) is the decision making
function .

The rough control strategy is different from
the existing uncertainty and impression tech-
niques such as fuzzy set and logic . The difference
laid in the place where the me mbership is avoid-
ed and the ambiguity derived from the over sub-
jective hypothesis have been eliminated. The
e mpirical modeling style is beneficial to the unsu-
pervised and nom parametric pattern classification
and recognition which the fundamental of pat-
tern mining and discovery is obeyed .

The algorithm has been used to produce the
candidate artificial genome for bioinformatics
analysis by the computer-aided system in the lev-
el of genomics. An experimental result given by
the computational procedure with two sy mbols
(U and M) demonstrates the sequence with or-
der of 10 000(cf. Fig.5) . And the meaningful
result is that a real pattern has been matched
with a real sequence reported in Ref.[13]. The
pattern is shown as follows ,

T-C-G-T-A-C-C-A-G-C-T
-A-T-C-C

T- T-T-G-C-T- G- A- G- A-T
-C-G-C-@G
where this sequence is reported in Fig.2( B) of
Ref.[13 ] at page 1079 . Notice that the match
between the artificial sequence generated by the
computer system and the real sequence has the
different meaning from the term
tioned in Ref.[13].

«

match” men-

4 CONCLUSION

Up to now, most of the fundamental
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Fig.5 The result generated with twosymbol mode
genomics analysis and genome sequencing belong 2
to the domain of the pattern matching methodol-
ogy. Compared with the increasing speed of the
bioche mical technical tools, the computeraided

of the ACM, 1996, 39(11) : 27 - 34.
3  Glymour C, Madigan D, Preigibon D et al. Commu-
nications of the ACM, 1996, 39(11) : 35 - 41 .

Fayyad U and Piatetsky- Shapiro G. Com munications

system is imperative and necessary to the up-
graded and discovery ability need to be developed

Brachman R J, Khabaza T, Kloesgen W ef al. Com-
munications of the ACM, 1996, 39(11) : 42 - 48 .
Inmon W H. Com munications of the ACM, 1996, 39

with the simulation of creative thinking and (11) : 49 - 50.
modeling for complex syste ms . The new inverse 6 Fayyad U, Haussier D and Stolorz P. Com munication
of the ACM, 1996, 39(11) : 51 - 57.

modeling and approaches presented in this paper
have opened an area for the large scale informa-
tion processing system for tentative, potential
and possible “seed” pattern sequences aimed at
the discovery of the unknown objects. The arti-
ficial result by computer inference fits the “ real”
sequence . It lays the foundation for automatical
mining potential sequences with meaningful bio-
logical background and scientific support by ma-
chine system .
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