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ABSTRACT

Database applications which model aspects of the real world
should be able to express as accurately as possible the different
nuances of reality; that includes the need to evolve internally in
response to signals of updates coming from the environment.
These updates are not always supplied in an ideal and complete
manner and are not always predefined or precisely defined. In
practice, requirements for evolution generally occur during the
manipulation of objects while running the database. It is
frequently necessary to change individual objects, less frequently
the database schema. Database systems need to have mechanisms
capable, whenever and as well as possible, of assimilating this
new information correctly and diagnosing and implementing the
changes necessary.

This paper concerns the evolution of objects inside databases. OQur
two main objectives are:

- to allow objects to evolve their structures dynamically during
database maintenance and use, with all necessary impacts on
the database schema;

- to allow, similarly, the creation and display of different plans
for evolving the design, like ways of schema evolution, giving
in this way a simulation tool for database design and
maintenance.

So, we propose a Genetic Evolution Object Model developed to
have inherent capabilities for auto-adaptation between classes and
instances.
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1. INTRODUCTION

Nowadays, database systems and applications are increasing in
robustness but also in complexity, bringing them up against
crucial problems of evolution, adaptation and maintenance.
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With its concepis of inheritance, composition, abstraction,
polymorphism..., Object Orientation is often seen as a solution
allowing the extension and adaptation of database systems by
reuse of as much as possible of existing specifications. OODB
methods contribute to the development of applications that
facilitate modification by design and implementation but these
still encounter evolutionary and auto-adaptation problems - even
for existing specifications. Class based-languages force objects to
conform to predefined class specifications, but, in the context of
database specification and evolution, conformity often becomes
constraint, exhibiting shortcomings in flexibility and power. In
addition, most evolutionary strategies incorporate only the
concept of evolution, not analysis and design of the evolutionary
process.

The aim that we set ourselves is an evolutionary model able to
handle both unforeseen and inaccurately anticipated needs. This
will allow an object to evolve autonomously using internal and
external information and to permit the creation of new
abstractions. With this in mind, we propose to extend instance
evolution from simple value modifications to structural
modifications (addition and deletion of attributes). We will study
for this the evolutionary processes, which allow objects to adapt
by themselves when change takes place.

1.1 Object Evolution Vs Artificial Evolution
Operations of addition, deletion or modification of data or
functionalities in an OODB or application lead automatically to
evolution. Thus, changes in a class hierarchy or class definition
must be propagated to instances and subclasses involved. Many
strategies have been developed to manage impacts. We have
studied the most important ones in three categories[17]: class
evolution ([3], [11], [1], £13], {10}, (7], (18], [2]...); impacts of
class evolution on instances ([1], [9], [15], {4]...) and instance
evolution ([10], [14]...).

The main conclusion of this comparative study is that the
principal gap in existing evolutionary models is their incapacity to
cope with unidentified or poorly defined needs and incomplete
data. Moreover, instance evolution is always limited by class
hierarchy - a rigid and unnatural aspect of their evolution.

1.2 Artificial Evolution

We have brought together under the title of Artificial Evolution
all research work concerned with the definition and
implementation of evolutionary and adaptive artificial systems.
Artificial Life and Genetic Algorithms fall under this head [8] and
constitute a basis for this study:



1. Artificial Life: its principal objective is simulation
and synthesis of biological phenomena (5]. It
attempt to generalize the principles underlying
biological phenomena and to recreate them. It

borrowed the concepts of GTYPE (genetic
information of a systtm) and PTYPE
(representative  individuals of a  system)

respectively from the genotype and the phenotype
of biology. GTYPE and PTYPE are interacting
together unceasingly, enriching themselves through
the processes of development (of GTYPE to create
new individuals) and emergence (of new
individuals properties to be inserted into GTYPE).

2. Genetic Algorithms: are particularly adapted to
searching for better solutions to a given problem,
iteratively, evolving “blindly” by reproducing and
then perpetuating best genes through new
individuals [6]. Genetic mechanisms are used:
random selection of adapted individuals (implies a
quantitative measurement of this adaptation);
crossing-over of their genetic code in order to
recover best genes; mutation to mutate a gene
favorably.

1.3 Object Evolution and Artificial Evolution

Taking into account the role of classes and instances in the
makeup of a real or artificial system, we liken class to genotype
and instance to phenotype. We propose to present the general
evolution of an object model as a retroactive and iterative loop
(Figure 1). For our part, we consider that object evolution
presents an insufficiency in the evolutionary process - namely in
the emergence of new properties from instance evolution.

Class Level:

direct instance creation and evolution. g A
&
e 0
@8
o Class 2
Q
§% o (Gtypd ® gop
=29 0 e 283
88 © s 5837
:N: a2 O Q B weod
5= o B EEn
» Y (1]
¥z o 3 238
- I~
55 § Instance 3 488
Pypy /€ o
58
Instance Level: )
structures and behaviors emerge % 5]
w

Figure 1: Object evolution processes under Artificial Evolution
viewpoint.

2. A GENETIC EVOLUTION OBJECT
MODEL

We propose to adapt artificial evolution concepts to those of
object evolution through the GENOME model{17]. In order to

illustrate the concepts and evolutionary processes, we use the
example of Figure 2:
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Tutor POST-DOC

Figure 2: Members of a university described at the class level.

2.1 Concepts
2.1.1 Basic concepts: population, Instance-PTYPE
and Class-GTYPE

—~ Population and Genetic patrimony: a group of classes
representing various abstractions of one and the same entity
forms a population (like the population of members of a
university). All the attributes constitute its Genetic Patrimony.

— Instance-PTYPE: instances are the phenotype and represent
entities called upon to evolve.

— Class-GTYPE: classes define instances features, their genetic
code.

2.1.2 Advanced concepts: Fundamental, Inherited
and Specific Genotypes

In a class, not every gene plays the same role or has the same
prevalence. We consider that any class is entirely specified
through three types of genotypes:

— Fundamental Genotype or FG: any object presents

fundamental features, represented by particular genes
representing the minimal semantics inherent to all classes of a

same population.

~ Inherited Genotype or IG: properties inherited by a class from
its super-class constitute the Inherited Genotype.

— Specific Genotype or SG: it consists of properties locally
defined within a class, specific to it.

Inherited genotype and specific genotype are issued from the
environment and the context specificities where the “species” lives
whereas fundamental genotype corresponds to the transmission of
characteristics specific to the whole species.
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Figure 3: Classes and instances model in GENOME.

2.1.3 Concept of scheme

The concept of scheme is borrowed from genetic algorithms. It is
an entity having the same genetic structure as the represented
population. Each feature is represented by 0, 1 or #: 0 for absence
of the gene, 1 for its presence and # for its indifference. The
scheme is a simple and powerful means to model groups of
individuals. We consider two kinds of schemes:

Permanent scheme: with each specified class is associated a
permanent scheme. It also contains three parts: fundamental,
inherited and specific genotypes parts.

Temporary scheme: it is a selection unit of one or a group of
entities (instances or classes). It is especially useful during an
instance evolutionary process and is used like a filter allowing
selection of adapted entities.

2.2 Evolutionary processes

An evolutionary process is triggered when a change, envisaged or
not, appears in the model. The process must be able to detect this
change, find the entity implicated in the evolution and reflect this
change adequately. Let us recall here that we place ourselves
within the framework of the instance evolutionary process:

2.2.1 Phases

We consider that an instance’s evolutionary process is carried out
in three phases: an extraction phase, an exploration phase, and
finally an exploitation phase:

— Extraction Phase: it consists of the detection of an instance
evolation and the extraction of the object’s genetic code within
a temporary scheme.

— Exploration phase : it explores all the model’s classes to locate
adapted, even partially, classes. In order to avoid fruitless
searches, this exploration follows precise steps: first it selects
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the set of populations concerned, then it carries out the search
in that set.

— Exploitation phase: it manage the various impacts by way of
development or emergence:

e Development process: rtepresents the impact of class
evolution on instances.

e Emergence processes: concern any emergence of new
conceptual information, by way of impacts on classes.
There are two possible outcomes:

~ Local emergence: relating to the emergence of new
information within existing class(es). The genetic code of
the object has mutated and this can force mutation' in its
class or a semantically close relation.

Global emergence: related to the emergence of a new
conceptual (class) entity either by direct projection from
the object doing the evolving or by crossing-over existing
entities.

2.2.2 Genetic object operators

It is necessary to define basic operators to handle instances and
classes. The two most important are those of selection and
crossing-over:

— Selection: is defined to determine, after structural evolution of
an instance, which class holds part or all of its specification.

— Crossing-over: works on two entities via their genetic code
(scheme) to allow them to interchange their genes in order to
define a new group of genes. Crossing-over works indifferently

We consider a mutation as every appearance of a new
information inside a model, and that will provoke changes in the
genetic patrimony.



on classes and instances. It constitutes the core of the
emergence process.

— Adapiation value Av: allows calculation of the semantic
distance between the evolved object and semantically close
classes, thanks to a function having as input parameters two
schemes of the same length. The first represents the entity
having evolved and the second represents a closely related
class. Denoting the evolved object’s scheme by Schy,; and the
close class’s scheme by Schp,,, the adaptive function is
defined, using the operator A (and_logic), as:

Av (SChpu!um) = 2 (i=1yn) { SChobj[]] A SChparam[i]} /n

Where n is number of genes specified in the evolved object; i is
the variable index from 1 to n, defining, at each stage, the position
of two respective genes of the analyzed schemes. Two schemes
are initially compared in their FG. The other genes are then
compared.

In the following section, we present the architecture of GENOME as
well as the operation of its evolution processes:

2.3 Operation of the model
Extraction, exploration and exploitation phases follow one
another. Each phase is unrolled on an example.

2.3.1 Extraction Phase

1t extracts the scheme of the evolved instances. New introduced
attributes, which are reified, are created with a transitory status
(their value is preceded in by a ~). Then all the attribute
references are joined together to create the temporary scheme.

— Example: the three instances of Research-Student
(example in Figure 3):

l Genetic PatrimonyJ Instances of Research-Student

0 02 O3
Identification-Num #3 #3 #4
FG Name N1 N2 N3
Surname Pi P2 P3
Research-theme Automatic [Mathematics Computing
Year 1* Year 2" Year 3™ Year
Nbr-Publications 1 4
Tutor Dupont Durant Dupond
Reeareh-Fean
Researeh-Project
Specialty
RY RTINS
These instances will evolve to become (\uribute is a deleted
attribute):
rGenetic Patrimony “ 04 [ 0 T 03
Identification-Num #3 #8 #4
EG Name N1 N2 N3
Surname P1 P2 P3
Research-theme Automatics | Mathenutivs Objet
Year 1 Npr 2 N 3 Yo
Nbr-Publications i -4
Tutor Brapond Prgeant Bapong

Research-Team Vision Object

Research-Project
Specialty
Modules

New Attributes

Rank Professor

Segmentatio;

Position
Responsibility

Engineer

Supervisor

The new attributes Rank, Position and Responsibility take
transitory status and temporary schemes (TS) are:

1. TSO,=[111100010017100]
2. TSO,=[111000000000710]
3. TSO;=[111100010000071].
2.3.2 Exploration phase
It is carried out within the selected population. Note that the new

attributes (marked transitory) are not concerned in the selection
since they are not in the possession of any class.

- Oy’s Temporary Scheme: An Av. is calculated for each class:

Entity Scheme (IG and SG) Av.

Objet Oy 1/oj{oloi1]0]oi1
University-member 0{0/0:0{0:0:0]0/3
Researchexr 0j0,{0,0{0{0:0](1/3
Research-Student 11#1110;0;0:0]1/3
Senior~Researcher 0i0/0/11#;0.0]23
Teacher . {o]ojojo ojoj1:1]13

with: G ama: []sc
University-member (Av=0), Researcher and

Research-sStudent are ignored, because they are in the same
branch as Senior-Researcher which has the best Av. In
contrast, Senior-Researcher and Teacher are partially
adapted, and are thus selected.

~ 0’s Temporary Scheme: Calculation of each class’s Av.:

Entity Scheme (IG and SG) Av.
Objet O, 0:0;0/0:00
University-member 1010:0:10:0!0 0
Regearcher 1i00 00 0 0
Research-Student 1i#i1.0.0 0
Senior-Researcher 0i0,0!1# 0
Teacher [ojojolo 0joj1i1]o

No class is adapted. They are all ignored. Only the
University-member class remains because it has the same
FG as the abject.

- 0O5’s Temporary Scheme: Calculation of each class’s Av.:
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Entity Scheme (IG and SG) Av.
Objet O3 1{0i0{0{1;0(0]0
University-member 0:0i0{0!0{0;0]|0
Researcher 1/0/0,0/0;0}0]0}12
Research-Student 1{#11/0/0}0}0(12
Senior-Researcher 0601 {#{0]0{1
Teacher lojoiojofojof1]1]o0

The Senior-Researcher class is completely adapted: it can
contain the object in its new state, if it takes into account the new
attribute.

2.3.3 Exploitation Phase

2.3.3.1 Local Emergence processes

0y’s Temporary Scheme: an existing class,
Senior-Researcher, holds the genes of the object O; after an
evolution step, which introduces the new attribute of
Responsibifity. This will have: to be inserted into the
Senior-Researcher class by local emergence; to enrich the
genetic patrimony and to lose its transitory status.

2.3.3.2 Global Emergence processes
The emergent abstraction can be defined by crossing-over or
directly:

1. Crossing-over:

The permanent schemes of the selected classes constitute the
starting population for the crossing-over, and fixe its length. The
new schemes will replace their parents.

Two schemes are randomly selected to be crossed. The choice of
crossing-over point is significant. It is based on the uniform
crossing-over of the genetic algorithm [16]. It amounts to granting
a weight relating to each parent for the transmission of genes to
one of the children. This weight is calculated according to the Av.
of each scheme (see example). After this, a random number is
generated, then compared with the weight. If it is lower, the
scheme 1 gene is transmitted to child 1 and the scheme 2 gene is
transmitted to child 2. This operation of random bonding is
repeated until all the genes have been reviewed.

We add to that a significant constraint which enables us to ensure
coherence for the crossing-over operation: a permanent scheme
presents at most two significant blocks (without considering the
FG): IG and SG, which must be respected and transmitted. We
thus impose a constraint of blocks of genes.

— Oy’s Temporary Scheme: Senior-Researcher and
Teacher schemes are selected:

— The first iteration:

— Second iteration:

0 J1]olololir]ofoll
Random bonds  10.650.5810.23]0.4710.95]0.28[0.64/0.75] Av.
Child Schemel olofzl#[o]oloes
Child Scheme?2 olofol# 117111035
Child Scheme3 0101 #1011 1
Child Schemed ojofjol#l1]1]1m3

O [1jojololit]olo]i
Random bonds i, 0.110.5]0.6310.24,0.58/0.95{0.15|0.48} Av.
Senior-Researcher 01 0j0;1}#]0:0]065
Teacher 0,0j0{0]01}1 11035
Child Schemel 010j011 __g 010723
Child Scheme2 - 0:0}0; 0} #1111} 13

Since the Child Scheme 1 (or 2) has more chance to inherit genes
of the parent 1 (or 2), each child scheme inherits the block
constraints of its predominant parent.

Child Scheme3 could be the parent scheme of Oy: it is the
emergent scheme.

— Oy’s Temporary Scheme: the scheme belongs to the
population but cannot be deduced from any existing class. So
it represents a new abstraction.

2. Global Emergence processes:

It can provoke the emergence of a simple class or of a collection
of related classes. Necessary attributes (existing and new) are
specified within the new abstraction. The methods, which call
upon these attributes, are integrated and proposed to the user for
validation. The user will validate and complete the specifications
of the abstraction. Oy’s Temporary Scheme is thus a simple
emergent object.

Now, the question is where this new abstraction must be inserted?
There are two possibilities:

1. Within the hierarchy branch of Researcher, as a
sub-class of Senior-Researcher, with a
mutation on the Module gene defined by
Teacher.

2. Within the hierarchy branch of Teacher, as a
sub-class, by integrating together, by means of a
mutation, Research-Theme, Research-Team and
Research-Project.

The most judicious choice can be easily deduced from the Av.

— Oy’s Temporary Scheme: The object O, defines a new
abstraction, that of Engineer, which is created and attached
to the root University-member population.

2.3.3.3 Integration of the emergent entity and notion

of semantic distance

The insertion of a new abstraction must reflect the influence of its
parents but also the semantics carried by the emergent entity. It is
logical that an abstraction, which takes the greater part of its genes
from another abstraction, has to be in the same hierarchy as this
last. In order to infer such information, we have recourse to the
Avs already calculated during the exploration phase. The parent
having the strongest Av. will influence the final scheme the most.
All the more so if the emergent scheme contains the IG of the
parent scheme. Likewise, in a global emergence, the emergent
abstraction will be attached to its branch. But in the case of Avs
are around 50% (£10%), multiple inheritance is the solution.
When the IG of each of the parent schemes is found in the
emergent scheme is also another criterion.



That’s why the corresponding emergent abstraction of the object

O, in the example, will be attached to Senior-Researcher, ) Semantic
and this for two main reasons: Ch;ld;S}chsn:e 01010 L &0 1 cance
1. the emergent scheme presents the same block of IG Senior-Researcher - 0 #1010 3
as Senior-Researcher. - AT I
- reacher -y l0jololofofol11] 1
2. the emergent scheme is closer to Senior-
Researcher than to other classes. This Once the emergent abstraction is inserted, the object O, is
proximity is evaluated by comparison of the two attached to it and an evolution link is created from its initial class
schemes, using the adaptive function. The obtained to its new class: the model has learned a new behavior and a
value is the semantic distance between the two possible direction of evolution. Having concluded these evolution
schemes: processes, the model becomes:
I """""""""""""""" % Evolution link
,
ENGINEE| v:
NumTdenificaton How atiztycte
Name
Sumame o/
r/ SENIOR-RESEARCHER
14 Num-identification
i -
; GH[ FesearchThome ] ¥
Hoesearch-1oam
O8]  Research-Project
~
1 \\~
A
LA ML remn
RESEARCH-STUDENT I
[
e
-
LAt
Instances-PAYPE
Figure 4: The example model after evolution in GENOME.
2.4 Synoptic chart of the model
To describe the principal concepts of GENOME, we borrow UML associations will be used, as well as the concepts of roles and

formalism. Concepts of class, inheritance, composition and multiplicity.

519



Genetic Parimony

-

1. . Ligt of attibutes
Rule / check
3 .
1. is a projection of 1
Hiemrchy. ﬂ.sconsmuts population Scheme
super-classe i t{value: : ={0,1, #)
+i sub-class ClassGTYPE has for penmanent scheme
Name : String
isin associaton
with can evolve towards
TT 0§ \ \]
FG meth FG atribu SN
attribute
G method \ «S@G attibute
. 1.7
1.9 1.5 Attribute
Method SG method Name : String
Name : Sting} 1. Type
Signature Status = transitory/ no

Figure 5 : Structure of GENOME’s model using UML formalism.

3. CONCLUSION

The proposed and studied evolution processes are based on
models organized around the inheritance link. We aim to extend
GENOME to manage also complex objects. We have to study the
emergence processes according to other structural links:
composition and association links, implying like this, several
populations.

Another future extension of the model is the evaluation of the
quality of the emergence. In fact, many ways of evolution can be
proposed and a choice must be done among them. We want to
develop semantical metrics of emergence to make the best choice
among several emergent abstractions.

It seems to us that this new way of considering object evolution is

promising for analysis and design, and can provide new tools of
design and simulation of complex systems.
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