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1 1. Motwatmn Nowadays there exmts 'Y numbet of dtﬂ'etent datt mﬁek

(DM) Each DM has distinct evolutionary apphcatlms However, only few of them, :
for example, the relational DM, are used qmte often in practwe and mearch The



Jmn‘t pxocesmlg oftext, numbers,’ Tap ’cal 1mages and combinations of them, ie.
“the so called unformatted data result in new problems which. usually lead to the

necessity of extending and sophlstlcatmg the existing DM, on one hand, and to
,J“elaboratmg some new ones letting us to process complex informational objects on
| thc other hand. Such DM have to meet the following basic reqmrements

A The data stmctures maintained by the DM have to correspond to
-concrete user’s needs. The user should be able to define new data
~'types which should share the same syntax and semantics together
~ with the existing ones. He should be able to define a rich set of
- _operations, permitting the specification of the objects behamur ‘
S with respect to the modeled subject area as well [6]. :
. B. To maintain the processing of both traditional formatted data (inte-
" . gers, fixed-length strings, etc) and unforma.tted data such as text
- or graphics [5,8]. A E
, These features cannot be dxscovered in the tradxtlonal DM and in partmular in
the relational DM [3]. The object-oriented DM presented in this paper attempts»
to meet the above mentioned requirements. |
" 1.2. Object-oriented concepts. Recently the ob;ect-onented programming
f has become very popular ‘and it -has been used to design and elaborate complex -
; applmatxon systems in the field of office autornation, artificial mtellxgence, etc. The -
most important advantage of the object-oriented approach in this case is its letting
to model the entities, typlcal of the a.pphcauon domain under cons:deratlon by a
the object as a main'concept [9] .
" 'The term object-oriented can be interpreted i in a different way, For example |
g the Iha objects represent entities and concepts from the application domain being
" modeled {3,4] ’I‘hey are umqne entxtiea in the databaae thh thexr own ldentxty and
femstence
U An OZ+ ob,)ect isa thacréte entxty eneapsulatmg both data a,nd an allowable
aet of opérations on these data'[10]. _.
.. In the GemStorie DM the object is considered as a chunk of pnvate memory
;mth a, public. interface. - GemStone merges object-oriented language, concepts
- with those of database systems, and provides an object-oriented database language -
‘.-,called OPAL  which 19 used for data deﬁmtxdn, data. mampulatmn and general N
: cornputatxon [6,7). |
. . In general objects rep:resent entltles belongmg to the modeled subject area Il] ,
> Evefy object is considered as an instance of an object class, and every object class
is a spcclﬁcatmn of an abstract data.type. Objects having ‘the ‘same properties
.are grouphd-in one and the-same object class.. An object class consists of some
T;’~pnivate memory for & collection of instance yariables. The values of these variables
. determine the at&te of a particular object. The valtie of each instance variable is
~an'gbject, too, i.e. this value will have its own private memory for the states it
might:have mth the exception of the. simplest objects (i,e. the 8o called primitive
.-ones, such as a string or an integer). The objects have a well determined beha.vmur, :
*;:whlch is expressed through the set of operations applied to them,
. . The operations or the so called methods are elements of the class deﬁrxtton
. E&ch operation is' compoaed of two parts: - the interface and the implementation.
The first one describes their external characteristics, such as: name, arguments
: together* with their types and result. type The operation lmplementatmn indicates
- how to perform it. Methods as well' ‘a8 instance variables are invisible out of the ob- -
",;:«%Ject For tha& reason  the objects are treated as mqapaulated ones. The operatmns' '
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are performe thwngh t,he so.called commsmcemua, pcrmxttmg the: eomnam
tion among objects. Every object zan be either an operation argument ora result of
such operations. The instances differ from each other by their content and unique
- identification. The object name identifies the object uniquely at each moment of
its existence. Hence, each class is named collection of objects. For example, ob-
ject classes are: Peeple, Books, Cars, étc. Some of their properties xmght be as
4follms Name, Bivth.date, Editor, Car-make, Weight, etc. .

- Among the classes defined in an ob;ect—onented system $s.a. relatxonshnps can V
be established. This is achieved by using a concept subclass. For example, if the
Pcrson class is deﬁned then. 1t is naturaﬂy the- Employn class to be xt-s aubclaas

.l i.s..q‘a S

SR | 'f\ywpyee , :
That means, every object of the Bmployee class is a.n ob,]ect of the Per.s on clasa, |
- and an object of the Employee class can be used wherever an objec:t of the Person
«class can be used too. Thus a class hierarchy might be creot? It is-a hierarchy of
- the classes, where a child node is a specialization of the parent node and the parent .
node is a generalization of the child node {16]. Each subclass might inherit various
characteristics of the superclasa Thus some of the mherited charactenstlcs may be
ovemdden . , g , o

.«

3 OVERVIEW OF TKE MODEL

: The basic conoept of our ‘model named mtelhgent ob]ect onented DM is t.he :
object The object is treated as.an instance of an abgect clm, whxch is the atmctm:al 3
iapeqﬁcatlon of a class of objects. e
-2.1. Objects. Every ohject is an mstance of a class of ohjecta When Y user: ,
“‘ wa.nts to specify and use the system, he pays attention to the nature of the objects
- under consideration. For that purpose he defines his own classés and. methods and -
then creates instances of these classes. For each of the clakses the common structure
of a.ll the instances of the claas are éleﬁned ‘We mll conaider/the followmg example

Glau Pef'un,
" lttribntu :
rm,strix;gtzﬂ. o
- Address:string(60];
Mnc.stxinsfiﬂ.
Hethodl f
Firs&.nqm :Name —— ctring[izl H
- Last_name:Name —s atnng[iz], :
. City: Aldra:s . string[iﬁ], :
xm71d80. B
| R2. Ident: Unzqao(lm Address),
Ri.Tel Val:Multivalue(Phone);
. R1. Tel.a‘ciat Uptionu(mau).»
Init:.aliza‘&ian S RIS
Phoae 8“(0073)898370"
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’I‘he i’dnm c!m is charscteﬁn& by thtee puta. Attribntu. llathods and
xnovladgo Properties;, characterizing the objects of the given class are defined
‘ m the first part. Such attributes are: Name, 4ddress and Phone. Each of them -

is specified: by its type. It can be either of a primitive type (string, integer, real,.
boolean) or of a type which has already been defined for another existing object.
The objects behaviour typxcal of all the classes is described in the other parts. The
first one includes the operations char ing the respective objects. For example,
.in this case they are as follows: First.name, Last_name and City. Thus by using
the Cityoperation we may. cobtain the name of the city from the 4ddress address.
The Knovledge part comprises the knowledge needed to describe the objects of that
‘class. They are invariant in respect to the particular instances. The presentation,
the utilization and the knowledge types used for the processing of the objeqts in -
the classes under consideration are described in Part 3.
" The class definition may include the Initialization sectlon. as well wh;ch
mdlcatas the initial values of some of the attnbutea if necessary. '

2 2 Inhentance and lnerarchy Classes are orgamzed in a hierarchical -
structure that supports generalization ‘and specialization. A class may be declared
-as a subclass of another class. The objects of each subclass pm\nde the behaviour
-of the objects of the superclass plus something extra. In other words, the properties
of the superciass objects are one and the same for the objects of its subclasses as
well. That is why we say that the properties are inherited by the subclass. I"or '
example, let us consxder the definition of the Euployec claas

o )/ . Class Enplayu is.mbclu:.ot Pcrua. '
.t 7 Attributes: -
: fﬂcpartmt*string[%],

Lo SGlary'intoger

‘ In thxs case the Ewplayu class is a subclm of the Person clms ‘It mhents
ail the instance variables and methods from its Person superclass and declares
-additional ones such as Department and Satary. Al algorithms workmg on the
~’~ P«rau objecta automat:cally work alao on the &ployu objects ﬁoo

a. KNOWL!‘.DGE INCORPOMTION IN OBJEC‘I‘S

The knowledge patt of the object clasa &eﬁmtion eompnsec a aet o} fules It
can contain one or more than one rules, ontca.nbetheemptyaet Two types of
“rules are considered: passive and active, The first one is-used in order to present
kmowledge, needed to gencsrate some rules typical of different classes. Rules of the
‘second type, called friggers, are used for the knowbdge repmntatwn plicable
to aotwatmg automatically actions when some given conditions take place 5 9 11]
“Eachi rule is named and characterised by two parts; rule type and its ¢ name
_which identifies that rule in the set comprmng all the rules Next we: mll descnbe
hneﬁy each of the, rules dxscmd

Ea::stentwl Rulea (E) o
“E.<name>; !andatoxy(uttr.lu,b).

' E.<name>:Optional(<Attr.list>);
‘B, <n¢ae> llultinluo{qttr.tisb)..

les



~ Constraints on attribute values mdepenéent of the valuu of otker attnbntu
are specified by usmg the existential rules. | |

Uniqueness Rules’ (U)
- U.<name>: Uniquo(attn.lsst)).

“This rule specxﬁea that the value of oné or more than one 6ttnbutea Identxﬁes
a ngen object among the other objects of the same class umquely ’ |

Content Derivation Rules (C)
C.<name>:Attr.name:=BEspression;

Tlns rule is used to specxfy how a certain attribute is gﬁn a va;lue The

a.ttnbute value is calcnlated whenever a query to it ;ppem
‘ " Access -Control Rules (A)
A.<name>: Accou((UserJist}) ;o :
| The user’s access nghts to the objecta ‘of a given class are determmed by usmg
the access control rules. Thus the access to all superclmes of thm claas is deﬁned
 Triggering Rules (T) -
T.<name>:if Cond then dctim Ccrrnr <Nuug¢>]

’Ihggermg rules are used to activate automa;xcally‘ the performance of the
Action action. when a given event apecnﬁed by the Cond expression occurs. 'I‘he
error part (wlnch is not obhgstory) is used to hmdle the exceptmns

. swsuu cussm BT ,j

. Snmilarly as in other objel:t«onented systems we. also deﬁn‘e a clam called the
abgcct class which is assumed to be the root of the class hierarchy.' The ﬁgnre
: gwen below mchcates all the cystém-deﬁned subclam of the O'bjcct clasa T

o abjéct |

)y &0&3 _‘ T o C’oucctn;
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The, Object class is a. snperclm of all the clam and zt is naed to pmvi&e &

‘mnswtenz basi¢ functionality and default behaviour. Many methods in this class

" gre oversidden in subclasses. The comparison of two objects and the determmaﬁon

'of the class when given an object can illustrate methods of this class being of great
-ugmﬂcanoe The Ovject class has two mbclm P.O%j and C‘aluctiu. E

S




The £.0b5 Class" _
Thk is the clm of the pmmtl?e objects. The standard defined classes Into-'

;or. Real, String, Boolean and Point are subclasses of it. Here they are used
m a trivial way. and that is why for that reason we are not gomg to conaxder them

The C'oncctim Clm f

i © The Collection class mnsxsts of objects bemg collectxons of other ob;ect.s The
class properties can be described by using two attributes: the maximum number
?f li::bgects and the mmnum ob)ect size.. "The methods typxcal of this c}ass are as
ollows:

U - detemnnmg ‘the number of elements inclnded m a collectlon,
-~ sorting the collection elements,
- — existence control of a given element belongmg to a collectxon, etc
The elements ofagnfen collection can be rela.ted to different classes. *

RN l‘ormatted claum. The RO 4 class consxsts of objects which are
relatxonn, i.e. sets of elements being of the same type. Each element is an n-tuple. '
Thcntmtypuofrelatxommllbepermxtted o - -

- ~-normalized relations (the ¥ Rel class); - .
© -+ = unnqrmalized relations (the N¥_Rel class). |

“The properties of the objects of the R.Ovj J class are descnbed by using the ,
number of attributes in this relation and the maximum number of elements included
in a relation. The basic methods typical of this class are as follows: addmg rows,
dewtmg rows, updating the existing attribute values in a row, etc.

The N Rel class includes normalized relatlona Next we can mention some

mutwns of the relational algebra such as: union, difference, projéct, restriction

“and decart prodict which are smong the methods being of great significance. Each.
 user’s subclass of the X Rel cldss defines a partxculsf relational scheme and it may
"determine some methods typical of the user’s applications. Thus we may apply the
methods of the clagsical relational approach to the case under discussion. o

+. The Rel.Ship class consists of binary relations having a speclal fnnctlon Links
a.mons the objects of the different classes are established by using these relations.
' But we have to point out that in this case these links are maintained automatically.
Itis necessary only to ddine aome cntena for the respectxve clasaea Thns problem
s mhademd in section 5. ,

- 'The ¥N-Rel class eonmta of hnerarchwul relatxons whxch aomehmes might ap- :
pegr‘to be of nomc hae | |

4.2. Unfomatted chsses Many users problexm lead to studymg some . of
the ‘informiational objects which cannot be structured and processed by applymg“
‘the well known and standard methods. Mostly these are the text and graphical
_informational objects. For instance, a document may consists of: P.obgects (date
sendgr), T.édJects (letter contents); Icon odjects (Company Logo). . 1
- ....The T-0b3 class is the class of the text objects. Forexample,qnabsttactﬁofa“
- paper or book short biographical remarks, etc. They are répresented as variable
length . ter !tnnga.’j The operations typu:al of such a class ate as follows:
meompm. | anddelemnofambetnngmugmn text; searche of
- &.substring; gxehmge of mbctrmss, conicatenation of two texts, conmersion of a
éigltalftext in & number; conversion of L3 m ina graphxca} :mage, etc. The text
lengtl uuaeduaclmaﬂﬁbute SR | o




The m,f ckm mclndes the. grapMeal ob;ects such'as & graph a pie. _chart,
a hmtogrm, an icon ot an arbitrary picture which can include a text too. All of
- them are visualized in a rectangular field, whose maximum sizes are presented as -
attributes in a certain class. “The methoda typical of this class : are, as follows: edf-
tion of a graphical i image; compamon of graphical i images; conversion of graphlca.l |
images in a text string; graphical image visualization, etc. These operatmna can
be considered as a special subclass of the G.0%j class, and the icon processmg is
vtyptcal of them. As an example we can consider the stmua clm D

" Class Studenat isunbclm.o! Pcrson’ o
Attributes:
- Photo:Icon[60, 80]1;
 Language:integer; |
 Mathematics: rinteger; S
lutobioymphy T.abj, ;*. U
Methods: - . SN \ -
Avq:ngo (Lcnguagc,}!athmttca) rul -

\ o,

‘8. OBJECT ENVIBON MBM

, 5.1. Object creatlon an& mampulatmn Havm deﬁned the clasaa we
‘¢an begin with generating the instances (objetts) from them [2]. The command
“used in thm case is the new command. For example, we wﬂl cons:lder the mstame :
generation in the Student class. \

new Studeut (lm,l.mgucgu,)!stbaatica), DR
. Objcctt J.S(?John Smith’,8.6); =
P.x(i?‘t.ax Koch’,s 8);

- Usm this command two objects J.Sand P_K are created exphcltly Only sqme
-of the objeets attributes may obtain values. Therefore the names of these attrxbutea
have to be mdlcated Next the other attnbubes can be glven values by usmg the

,npdato command: ST Coe | |

npdato J.S Fhou a'?Slin’P

. In thxs example the Phone attribute of the J.S ab;ect mther acqmres a new
wvalué or it is updated. ,

~ The destroy command removes an quect from s gwen class, all the objects
from the class or the wllole clm‘ These fanemons are illustrated by the following
| examples - :

C dastroy J.,S. , S

dostroy cnu Stuuat, .

5 2 A world of hnked ob;ecfs. The cla.ss mstances may be u,\d endeni of
1each ‘other within a certain class and they may be m&ependent of the mstanm of
other classes as well. However. there exist some casts, where the objects incladed
in different classes and the objects within a certain class should correspond to each
~‘other. For example let us conmder the Lettarclaae and its. subclm Iuettcr
. (mput m&l) |




3 = Iu..httcr S Out..Lettcr '
and aut.t.cttar (output mail). Each of the letters received can result in zero, ohe
-or more than one letters to be sent. Then, we may say that between the objects
of the classes In.Letter and Out_Letter there exists an explicit link. Thus the -
‘object searche will be facilitated to a great extent by creating and mantaining such-
links. In our model this link is realized through defining a particular instance w!uch
'belongs to the Rel_Ship class. This link itself is a bxnury reiatxon Thus we havg

Class Link is.a_subclumf RcI.SMp.f
Attributes:
InL:string[12];
. owtk: itringhz]
- Bnd, ‘
Class Lcttcf"
Attributn'
- Answer; mingiiﬂ ;o
Sender: Person;
 Receiver:Person; -
 DateSend:Date; . o
S Body oy, N
S Kuowlodgo : «.
- E.Ans: Nultinlu(lnsnr)

7 _Class Out.bctur is..a..subclus.of Ltttcr; ’
- xn°'1.ds.oV .
‘!’LO*itlmurO"_.~’ ' g
V thlin update Link, InL.OAuur.
npdatc Lisk.OutL:=y

ot

‘ ‘Cl\u Ia..Lettcr is-unbclln.of uttcr, ‘
tttributu,_ » L B
| Date.Receive: mtc S T
Knoulodso. o U SR |
‘f LI.it Amm“ o ’ S P
T ' then update Linb InL.=? P
R _— o update -Link, Outl: =Jssm : '

Let us. nge some explanatm The, Answer attnbnte compm the
f(nnmbera) of the letters: received (if any) as its values. - '
- 'If an_output letter is created in reply to some existing letters, then thé LO
trigger will registrates- mhnkamth them, The role of the LI trigger is similar
1o’ that of the LO trigger.’ Thus we accomphsh an antomatxe lmk between thej,
'ﬁI&Lcttcrclass and the mucttw clm . ) , - |
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