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The present paper makes an analysis of the corateptidels in various subject domains. As
a result it offers a categorial model of a subpamain, which can be used for its formal
specification. The corresponding discrete strustunedel concepts like meta-area, process,
language, concept, task, subject domain, etc. Thpoged approach allows automatization
of the process of designing and building-up of leamgtegrated development environments
for conceptual modelling. The functionality of tleavironment includes possibilities for
building up hierarchies of formal specificationsustures and objects, support systems and
methods for automated decision planning in vari®s(numerical calculations, solving of
problems in the field of the algebra, chemistryygits, plane geometry, etc.).

AMS Subject Classification:68N30 Mathematical aspects of software enginedgpgci-
fication, verification, metrics, requirements, gt&8N19 Other programming techniques (ob-
ject-oriented, sequential, concurrent, automatie,.);e 68T30 Knowledge representation;
68T20 Problem solving (heuristics, search strategte.)

Introduction . In terms of logic the presented conceptual mofel§] of subject domains
(SD) can fall into one of the following two typesbasic (modelling of internal knowledge
about the meta-domain and the computer systenf) iesed conceptual (external knowledge of
a specific SD). According to the proposed modelrieta-domain is presented in terms of a
many sorted algebraic system (MAS) [7], callbic MAS. Every concept (or task) in a SD
is specified by subset of a logical language dftfarder. The SD is modelled by conceptual
schemes (hierarchical systems of packages — canaepttasks, grouped thematically) in ob-
ject-oriented manner. The concept (so called “abstclass”) is modelled as heterogeneous
discrete structure with attributes — objects of tfesses built up already and with integrity
constraints — relations among the attributes inténms of a MAS, specified before. The ele-
ments of the SD — types, classes and tasks (imgugbirts, functions, relations) are treated as
objects within one common hierarchical system. Witthis approach each object can be
treated as a new class (parameterisation) anchipagticipate in the building of the hierarchy
of inheritance. The developed approach allows aé@sigand building-up of integrated envi-
ronment for conceptual modelling in various SD. Pneposed system can be defined as ob-
ject-oriented system, in which the inheritanagect to object generalises simultaneously
class to_class andclass to_instance inheritances. An important consequence is the tfaat
each class — an successor of a class, alreadypbeierves the categorial type of its predeces-
sor. As a result the built-in typology is invariabkdnd doesn’t change during the subsequent
descriptions. Most essential for the applicatiamghie fact that the successor classes of the
superclasses define new sorts, functions and @ediavithin the frame of the system. An im-
portant feature of the offered models is the extdlity — new classes are specified on the ba-
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sis of those that already exist and the latternaodified by addition, removal and change of
attributes, constraints or objects in which casentieta-type is preserved.

Formal Models. The conceptual scheme of the SD is built upoiickset of built-in types
and classes including sorts, functions, and redatio

The setT, ={CAT, NAME, FEAT, PROC, VAR, CONSTR} of built-in meta-types (base
categories) and subcategories determines the beginohthe hierarchy of the modelled types,
where CAT means a subset of conceptual categof¢S\ME — of names;FEAT — of indica-
tors (properties, characteristics and relatiof®ROC — of the processed/AR- of variables
and CONSTR - of the constructors of types.

The categoriesCAT are SBJD — subject domainCM — conceptual modelCSH — con-
ceptual schemeSSH — conceptual subschem®ACK — package,CL — abstract classPBJ —
dynamic class (object)]ASK —task, COBJ — conceptual objeciCSTR — categorial structure,
FM — functional model FCM — functional calculating model.

The categoryNAME of the names of the elements of BB has a particular place. For
every other category, the a corresponding subcatefoNAME is introduced.

FEAT represents a subset of built-in types of categatharacteristics and properties.
FEAT ={DATA, FUN, PRED, ROLE} , where DATA, FUN, PRED and ROLE are the
corresponding subcategories for the subjectivestional, predicate and role characteristics.
All of the successor 0DATA are abstract classes of the modelled SD. An imnediacces-
sor of PRED is a type Eq (a relation of equivalence iDATA). The type Eq is ultimate
predecessor of the hierarchy of the predicated®feqjuivalence, automatically specified for
each representative @ATA subcategories. On its paffUN gives rise to hierarchy with 12
successors — the functional subtypksf,,..., f,,, everyone of which modelled by an object
with specified structure and methods of managemgtite interface protocol. Each functional
category is implemented by an object with charésties priority, commutativity, associativ-
ity, etc. For every concrete SD the basic MAS ipagded if necessary and is denoted with
FEAT,, .

ROLE is a special category modelling the so-calledsr@tthe elements in the SD. For
the expression of the semantic relations amonglémments of the constructional objects and
the objects themselves in the set of namME/E , the subcategory “names of the roles‘is in-
troduced.

The fourth metacategoriPROC is presented by two categoriesPy (for models of vari-

ous, internal system processes) @, (for methods with subcategorie®d and GM —

private and general methods). The internal prosessmiel separate periods of the life cycle
of the representatives of the categories. Theyrelaed to the quantitative transformations
from one category to another. The separation optbeesses has rather a methodical meaning
— a number of processes can be included in the Big&ture, and the categories of the corre-
sponding arguments can be added to the set of Sodsad interpreted appropriately. Impor-
tant places within the hierarchy beginning witl; have some “internal* processes, participat-
ing in the environment organization and managerasmirinting, converting, etc.

The elements oR,;, are used for automatic synthesis of solutiongHerspecified prob-
lem (element of th@ASK category). The methods of the typ®1 are applied to the internal
model of the problem (from th&M category). ThePM methods are implanted into the in-
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ternal model of the problem and in this way thecfional-computational netKCM category)
is created. The semantics of the nodes is modbifediynamic recalculation of the list of cor-
responding local characteristics according to thgie. That list is used especially for design-
ing and carrying out of the global strategy witlutigtic considerations.

The categorsAR={V, : xe SUBJ = CAT U FEAT,} is presented by8UBJ — an indexed

family of categories.

The elements ofCONSTR are operations over elements of other categooiesdnstruct-
ing new ones. Basic constructors ae¢ sequenceandname. In this way new concepts, tasks,
topics and inheritance graph etc. could be spekifidie classes and tasks connected in the
a _kind_of hierarchy are grouped in packages. Packages ga@ired in hierarchies and build-
up the conceptual scheme of the SD.

Let SD be the set of all elements of the modelled SD, anie its arbitrary elementx
could be identify and revealed as individual condéephe subject domain by the roles played
by other SD elements in thex life cycle and in the processes participatedxbyLet pr(x) be

the set of allSD elements playing any role related xoas a concept. Ifor(x) =<, then x

will be called arelementary element otherwise — compound element. In the first casis a
representative of a determinate category,of

The set of all elements @D that have identical roles in relation tox will be denoted
with pr, (X) . As a result, the categorial structure

cstr(X) ={<r,z>z=pr,(x), z=J,r e N,} is connected uniquely with every compound
object x of D .
The set of all elements quoted explicitly in tkestructure will be denoted withef (X) .

Let T=D.(N, T,) be the set of the categorial structures oletthat are constructed us-
ing the set of rolesN, . Then T, =D (N, T,)\T, will be the set of compound categorial

structures (types).
Definition 1. The ordered paix =< n, str > will be calledabstract class(relating toT, ),

if ref (X) = T,. Wherene N, = NAME is the name of the clasand str e D_(N, T,) is
his categorial structure (denotationsn = name(x), str = cstr(x) ).

The set of all compound classes is an interpretatfor, . With the purpose of convenience
that interpretation will be denoted wif} again. For every abstract class the set of all posi-
tions in the x structure that are belong to a sort®fwill be denoted withS(x) . S(x) could

be interpreted as particular set 8fsort variables. Consequently the various typesubftitu-
tion from S(x) into the set of termsTerm,, ) over FEAT, could be considered [3].

Definition 2. Let x =< n, str > be an abstract class relatingTp and h be a substitution
from S(x) into Termy . The ordered tripleo=<n_, X, h> will be called adynamic class
(object) with namen, € NAME, substantial part x andgeneric substitution h. The object
0 is successor of the clags(relating toh).
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Let Obj be an arbitrary set of objects. The following dations are introduced:
ref (0) =h, ref (Obj) = erobj ref (o) , name(o) =n, , spart(o) = X,
name(Obj) = erobj name(o) and for categorial structurestr (0) = cstr(x) € D_(N, T,).

Definition 3. The set of object©bj will be calledcompatible system of objects the
following conditions are satisfied:

i) |Obj| <o (finiteness);

if) 0,, 0, € Obj, name(o,) = name(o,) — 0, =0, (uniqueness);

i) 0,0, € Obj, name(y,) = name(y,), v, eref(0,),i=12— y, =Yy, (completeness);

iv) ref (Obj) < name(Obj) U T, (connectivity);

v) 0 Obj > {0} nref(0) = (be acyclic).

Definition 4. Thetask is an ordered paifask =< n, Obj >, wheren e NAME and Obj is

a compatible system of objects.

Denotations n = name(Task), Obj = cstr(Task) .

Definition 5. Theconceptual objectis a task or an abstract class.

Definition 6. The package Pack is a set of conceptual objects that satisfiesctivedi-
tions:

i) |Pack| <o (finiteness);

ii) ¢, c, € Pack, name(c,) = name(c,) — ¢, =c, (uniqueness).

Definition 7. The sequence of packag&Ss=seq(P, P,,...) will be calledconceptual
subschemédf the following conditions are satisfied:

i) |PS <o (finiteness);

i) ¢, c, € PS, name(c,) = name(c,) — ¢, =C, (unigueness);

i) ceR, R e PS—>{cnref(c)=J (be acyclic);

iv) ce B, P e PS, xeref(c) - xe P; for certain j >i (consistency).

Definition 8. Let an partial ordering< to be settled in the set of packageg . The pair
csh=< P4, <> will be calledconceptual scheméf the following conditions are satisfied:

i) |Pey| <o (finiteness);

i) ¢ eRP,PePg (i=12),P, <P, name(c,) = name(c,) - ¢, =C, (uniqueness);

i) ce P,Pe Py —>{c nref(c)=2 (be acyclic).

iv) ce P, R e Py, xeref(c) >3 P, e Py, xe P, P <P, (consistency of relation<
with the class inheritance).

Definition 9. Every set of conceptual schemes &ibject domain

On the basis of the above theoretical study ofgmates and objects in a various SD the
corresponding model of large integrated developneenironment for conceptual modelling
of SD [3] is offered.

Software Environment. A proper architecture [3] of the computer enviremt for de-
signing, constructing and development of intelligebject-oriented systems able to support
knowledge-base and automatic synthesis of solui®psoposed as consequence. The model
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of the environment consists of 2 partskernel and superstructure. Models of meta-
knowledge (knowledge, independent from the apptioga) such as an abstract MAS, a task-
solver interpreting the decision planning systempracessor for supporting conceptual
schemes of SD and an adaptive interface has baépein thekernel. Thesuperstructure
contains models of the meta-domain and of partiauethods for problem solving, a concep-
tual model of the SD etc.

An esential characterristic of the environmentis in-built ability forspiral iterative de-
velopmentin the course of the time of every applicationigiesd and supported by the means
of the environment. The latter in particular metiret the model and the architecture of each
next application is a development (in time, resesyon another level) of some previous ap-
plication.

A methodology which is offered for building up gfications not only enables the crea-
tion of independent applications (diversified SID)apmmon base — a specific base MAS but
on the vice versa lets the specifications of a 8uged with diversified base MAS. Another
important feature is the ability for automatic $yis of solutions for tasks, specified as
classes in the SD. As a result there is an advaatagside effect of the adopted approach —
the adaptivity of input-output interface to diffatesDs.

The architecture of the software environment (Tdl)lean conventionally be treated as 3-
level entity —application, meta-expertandbaselevel, which on their part are subdivided into
7 sublevels tsers conceptual expert, interface, logical, physical andsystem

The models of thapplication level reflect the outlooks of the final user of a SDe th
meta-expertmodels specify the knowledge-base for the SD and the fuetaain considered,
and thebase modelgealize logical and physical structures providéifictive management of
the knowledge-base.

The design, construction and development of ead & sublevel is carried out according
to the object-oriented principle.

The base modelis the base of effective construction and managéwiethe knowledge in
the SD. It consists of 3 sub-levels system(closely related to the computer environment ),
phisical (supporting internal presentation of the used datactures) antbgical (realizing the
offered formal models).

SUB- OBJECT-ORIENTED SUP-
LEVELS | eveELs ENVIRONMENTS CLASSES | porTED
Usgr | CLASSES | CLASSES AClass tgslizssese?::}?
S TASKS TASKS | = | | ~Problem XS Sp
u cations of SO
p| APPLI- o Conceptual
~Class
c CATION C%gg_EF SUBJECT | SUBJECT AProblem S;Bteonrfasté‘gj
TUAL | DOMAIN | DOMAIN | "~ | | ~Package A
ASchema prp gms
solving in SD
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SOLVER X_Kind
M X_Oper Meta-
EXPERT S X_ProcNode | environment
. S METHODOLOGY |METHODS X_ProcNet X Solver
E X_CompModel
t L
r| META- A D E
u| EXPERT N | D | H X_Editor
k INTER| G | A | I | E Interface
t FACE U L 1 L X_Dialog | Specification
language
Lrj A 0 0 P X_Help
G G R
= E
Kind Oper Formal model
SKnot Structures
SKnotDesSort| Abstract MS$
LOGI- SNet ProcNod¢ Common
CAL LOGICAL MODELS ProcNet problem
}é CompModel solver
o Schema Universal
N| BASE Editor Dialog | jytarface
. Internal repre-
E PHYSI- PHYSICAL MODELS PList NetNodel g0 ytation of
L CAL Net
data structurg
Object-
SYSTEM Borland Delphi 5.0  WINDOWS'98  Class oriented
software envit
ronment

Table 1. Architecture of Software Environment for Conceptual Modelling

The choice of asystem sublevelefines to a great extent the characteristichefenvi-
ronment. A highly developed and effective objedented environment for programming and
an appropriate operation system have been choghbisicase.

The physical sublevelsupports the physical models of the abstract statectures. Due to
the high degree of abstraction of the models ngidip the next (logical) level, classical dy-
namic structures are preferred here — structur@i.s$, NetNode Net, etc.

On thelogical sublevelthe experts and the users ideas are integratedoimt schema
which is independent from the specific SD, the kienlge-base management system and the
selected internal presentation. An abstract MASnd, Oper), a task solverGompModel)
able to support an internal functional modeNet, SKnot, SKnotDesSor) and methodics for
problem solving ProcNode ProcNef) of tasks, universal interfac&ditor, Dialog) and a
processor for supporting conceptual schemes of &ihgma are modelled here, based on
object-oriented principle (by introduction of appriate classes). Important elements of this
level are the linguistic component and the glohiedtegy (as a functional characteristic of
CompModel) for solving problems in the SD. The programmiogl$ built up on the base
level make up the kernel of the systeBméll).
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Within the meta-expert level unambiguously and uncontradictorily are integratkd
views and the ideas of different users and exdrtait the meta-domain considered (a set of
SDs, admitting formalising on the base of one MA®mmon methodics for task-solving and
unified interface).

The expert sublevelmodels the meta-knowledge (common concepts, loieyaand classi-
fications), disregarding the particular conceptsthnds and facts of a specific SD. An object-
oriented environment, supporting knowledge of thesen base MASX(_Kind, X_Oper) is
build on this level by specification of logical nmeld. It also supports methodics and methods
about automatic synthesis of task-solutions in t8® (X_ProcNode X ProcNet,
X_CompModel).

On theinterface sublevelthe input/output system of the meta-environmerspiscified. It
is build up as a typical system application. Thapdd approach allows quick adaptation of
the environment to various applications. The desigand realized interface is used by all SDs
on the next application level. The specified cladsere X_Editor, X_Dialog, X_Help) add
to the object-oriented environment for conceptyectfications of the expert level with addi-
tional abilities for dialog and communication witte final user.

The software tools from the base level and thézatédn of the specific meta-environment
make up grimary application (marked in Table 1 witiX), which represents object-oriented
environment for conceptual modeling with automatimthesis of solutions in the meta-
domain, modeled here.

Applications. The model of thepplication level is built up on the basis of the concept
conceptual scheme (Def. 8), by the tools of thecifpd environmentX. The conceptual
scheme of a specified SD, together with the speniftta-environment, in which it is realized,
is calledsecondary application The secondary application maintains users’ regues task-
solutions tasks) and expert knowledgepéckage$ for grouping conceptsobjects, classes,
scheme} The automatic synthesis of solutions in the #jpe8D is carried out by the decision
planning system in the meta-domain built-up onprevious architecture level.

The application level consists of 2 sublevelgonceptualanduser’'s. On theconceptual
sublevel concepts, methods, and conceptual schemes oftdisi®D are modelled. The con-
ceptual schemes of SD can be built hierarchicatiynfsubareas called packages, containing
hierarchy of classes and tasks presenting essémiiailedge of concepts and the relations
among them. The conceptual scheme and its eleraentresented by objects from the corre-
sponding classes, built up on the logical le@iHeme Package Class Problem).

Onuser's subleve] every final user can realize his own model of\salge on some part
of SD adding to it and developing the already é@xistonceptual scheme in the system or cre-
ating new ones.

The architectural layers of the environment allbw tevelopment and support of diversi-
fied applications. Some of these are typical imaraotal computer environments for automatic
specifications and synthesis of task-solving inDg &nd others — dialog systems for manage-
ment of conceptual knowledge-bases of a specifie.ty

As a result it is possible to build up applicationspecifically various SD by an upgrade
of separate levels of the system until a primangsezondary applications are obtained. The
created primary applications are meta-environmimtsalculations with real numbers, solving
of chemical [5] and plane-geometrical tasks [4]eSfic conceptual schemes for calculation
with great precision are realized into them, togethith solving of tasks in stereometry, kine-
matics, chemistry, etc. [2].
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Conclusion The system has the following characteristic festuabilities and peculiari-
ties:

a) automated building up of a base level —a mauelpretation of the signature of the
base MAS

b) specification of the concepts (classes) andstask selected SD with the help of a spe-
cial language

c) object-oriented specification of diversified b the basic of MAS as hierarchy of
packages, classes and tasks

d) in-built context-sensitive help system

e) adaptivity of the I/O interface to diversifie®d &nd meta-domains (according to the ba-
sic MAS)

f) automatic translation of specifications of thasses/tasks to internal system presentation

g) automatic synthesis of task-solutions within tiedeled SD

h) application for calculation and automatic tragietc.

The characteristics a), d), e) and f) are invariaterms of diversified superstructure, i. e.
they are functions of the base level of architegtin), c) and g) are functions of a specific
meta-expert level, where h) is a properly of thpligation level which has been built-up.
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