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Abstract: The goal of the article is to develop a universal (standard) data model 
that allows you to get rid of the need for a costly policy of doing extra work 
when developing new ones or transforming existing relational databases (RDBs) 
caused by dynamic changes in the subject domain (SD). The requirements for the 
developed data model were formulated. In accordance with the formulated 
requirements, the data model was synthesized. To simplify the process of 
creating relational database schemas an algorithm for transforming the 
description of the subject domain into the relations of the universal basis of the 
developed model was proposed. The scientific novelty of the obtained results is: 
a data model that, unlike known ones, allows us to simplify the creation of RDB 
schemas at the stage of logical design of relational databases, under the 
conditions of dynamic changes in subject domains, due to the introduced 
universal basis of relations, as a means of describing structures and the 
presentation of data for various SDs has been developed. 
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1. INTRODUCTION 

In accordance with the existing database design 
methodology [1-5], the stage of transforming the 
description of the subject domain (SD) into a 
database (DB) description, called the logical design 
stage (the development phase of a logical database 
schema), follows behind the phase of conceptual 
modeling. The development of a logical database 
schema is a rather complex technological process. 
Neglect of rigorous methods, reliance on heuristic 
experience and the use of inefficient means is often 
the main cause of failure in the development of 
databases of information systems (IS) [1]. At the 
same time, the use of the existing traditional 
technology of creating relational databases (RDB), 
which has become the most widespread on the 
market of operational database management systems 
(DBMSs) [6-8], for different areas of company 
activities in the conditions of a priori uncertainty 
regarding the demand of individual data in the future 
and the dynamic changes in the SD, due to the high 
probability of significant time and financial costs for 

DB reengineering is not always acceptable. This 
caused the need to create new universal models and 
methods that would reduce the costs of timely 
creation, modernization of RDBs having the 
required qualities. 

 
2. REQUIREMENTS FOR THE MODEL 

Assessing the disadvantages inherent in the 
existing traditional approach, due to the considerable 
laboriousness of the procedure for creating a unique 
database schema for a simulated SD when 
developing a new RDB, or converting the current 
RDB, under certain modifications caused by 
dynamic changes in the SD, it was decided to search 
for a possible universal (standard) data model. Such 
data model allows us to get rid of the need for a cost 
policy of performing unnecessary work. Based on a 
variety of different analyzed sources, including [9-
18], and the need to solve this problem, the main 
requirements for the model being developed are: 
 means for structuring data of various dynamically 

changeable subject domains in a model should be 
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some universal basis of relations, the composition 
and structure of which should be close (consistent) 
with the set of formal objects of a some data model 
used in semantic modeling at the conceptual design 
stage to simplify the process of displaying a 
conceptual model of the subject domain in the RBD 
schema and not to lose the semantics of the SD; 
 means of model should allow to represent the 

static and temporal properties of the objects of the 
simulated SDs, data structures and integrity 
constraints; 
 ease of transition to computer implementation. 

 
3. MODEL SYNTHESIS 

The development of such model in the form that 
is presented hereafter was largely made possible by 
the “object-event” data model [19]. In the structure 
of the research, the proposed model is its mapping. 

When developing the data model with the 
universal basis of relations, formal objects (the set of 
  relations and   functions) used to represent the 
basic concepts of the “object-event” model and the 
types of interaction between them were refined and 
formalized as corresponding n-ary mathematical 
relations [19]. Some of them are presented below 
(expressions (1)-(6)). 

So the mathematical relation C , as a subset of a 
Cartesian product 

1 2 1 1 1( { }))nullC C C C c M    , whose extension 

includes data about classes of objects and their 
interrelations among themselves for all simulated 
SDs, is defined by the following expression: 
 

1 2 1 1 1

1 2 3 1 1 1 2 2

3 1 1 1 1

( { }))
     {( , , , ) |
                      ( { }) },

null

null

C C C C c M
c c c m c C c C

c C c m M

    
    

  




 (1) 

 

where 1C  is the set of object class identifiers; 2C  is 

the set of object class names; 1M  is the set of the 

SD identifiers; 1
nullc  is the special identifier used 

when there is no “owner” (“without owner”) for the 

object class 1 1c C ; tuple element 

3 1 1( { })nullc C c   defines the hierarchy of object 

classes. 
The mathematical relation T , as a subset of a 

Cartesian product 1 2 1T T T C   , whose extension 

includes data about the types of objects and their 
relationships with certain classes of objects, is 
defined by the expression: 
 

1 2 1

1 2 1 1 1 2 2 1 1         {( , , ) | }
T T T C

t t c t T t T c C
   

     
 (2) 

where 1T  is the set of identifiers of object types; 2T  

is the set of object type names. 
The mathematical relation R , as a subset of the 

Cartesian product of sets 1R , 2R , 1 1( { })nullR r , 

1M , whose extension includes data about sections 

and their interrelations among themselves for all 
simulated SDs, is defined by the expression: 
 

1 2 1 1 1

1 2 3 1 1 1 2 2

3 1 1 1 1

( { })
          ={( , , , ) |
                        ( { }) },

null

null

R R R R r M
r r r m r R r R

r R r m M

    
   

  




 (3) 

 

where 1R  is the set of identifiers for sections; 2R  is 

the set of section names; 1
nullr  is the special 

identifier used when there is no “owner” (“without 

owner”) for the section 1 1r R ; tuple element 

3 1 1( { })nullr R r   defines the hierarchy of sections. 

The mathematical relation O , as a subset of a 
Cartesian product of sets 

1 2 1 1 1 1,  ,  ( { }),  ,  nullO O O o R T , whose extension 

includes data about instances of objects and their 
relationships (types of interaction) with certain 
object types, sections, relationships among 
themselves, is defined by the following expression: 
 

1 2 1 1 1 1

1 2 3 1 1 1 1 2 2

3 1 1 1 1 1 1

( { })
       {( , , , , ) |
               ( { }) },

null

null

O O O O o R T
o o o r t o O o O
o O o r R t T

     
    

    




 (4) 

 

where 1O  is the set of identifiers of object instances; 

2O  is the set of instance names of objects; 1
nullo  is 

the special identifier used when there is no “owner” 

for the object instance 1 1o O ; tuple element 

3 1 1( { })nullo O o   defines the hierarchy of object 

instances. 
The mathematical relation B , as a subset of the 

Cartesian product of sets 1 2 3,  ,  ,  B B B  

1 1 1 1( { }),  ,  nullB b E O , is defined by the expression: 

 

1 2 3 1 1 1 1

1 2 3 4 1 1 1 1 2 2

3 3 4 1 1

1 1 1 1

( { })
    {( , , , , , ) |
                 ( { })
                                           },

null

null

B B B B B b E O
b b b b e o b B b B

b B b B b
e E o O

      
    

   
  




 (5) 

where 1B  is the set of identifiers of event instances; 

2B  is the set of times of the beginning of events; 3B  

is the set of times of the ending of events; 1
nullb  is the 

special identifier used when there is no “owner" 
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(event initiator) for the event instance 1 1b B ; tuple 

element 4 1 1( { })nullb B b   defines the hierarchy of 

event instances. 
The extension of the relation (5) is the set of 

tuples, each of which relates to specific event 
instance, having relationship with the corresponding 
object instance and possible relationship with the 
type of “owner-dependent” interaction with another 
specific event instance. 

Mathematical relation Y  as a subset of the 

Cartesian product of sets 1 2 1 1,  ,  ,  Y Y B X , where 1X  

is the set of identifiers of the characteristics of 

events; 1Y  is the set of identifiers of the values of the 

characteristics of events; 2Y  is the set of values of 

the characteristics of events, is determined by the 
expression: 
 

1 2 1 1 1 2 1 1

1 1 2 2 1 1 1 1

{( , , , ) |
             }.
Y Y Y B X y y b x

y Y y Y b B x X
    

      
 (6) 

 
The extension of the relationship (6) is the set 

of tuples, each of which relates to specific value of 
the corresponding characteristic of the event 
instance. 

An analysis of all the mathematical relations 
obtained in a similar way made it possible to 
conclude that they are sufficiently simple to 
implement within the relational model. This can be 
formalized as an expression: 
 

:  Re l( )rM T     (7) 

 

where 1{ ( ),rM name R  2( ),...,name R  

19( )}name R  is the finite set of names of the 

obtained mathematical relations, where 1R C  ; 

2R T  ;…; 19R K  ; Re l( )T  is relational data 

model over the binary relation T N V  ; N  is a 

countable set of attribute names mapped to the 
names of the sets on which the mathematical 

relations (1)-(6) and like them are defined; V  is a 
countable set of values whose elements are the 
values of all these attributes ( N V  ). 

As a result of such a mapping, we will obtain a 
finite set of relations of the relational model of 
different arity (as a finite set of relations of different 
arity between a finite set of domains): 

 

1 2 19{ , ,..., }R R R    (8) 

 

where iR  is the i-th (i=1…19) relation, which is 

mapping of the corresponding mathematical relation 
(expressions (1)-(6) and similar to them). 

The type of each received i-th relation does not 
depend on the state and the modeled subject domain. 
It is given by a set of attribute names: 

1 2( ) { , ,..., }
ii i i iat R A A A , which is called a 

relation schema with the name iR , or simply the 

relation schema iR  [20]. For explicit indication of a 

specific type of relation, the following recording 

form was used: 1 2( , ,..., )
ii i i iR A A A . 

The set of relations obtained is the universal basis 
of relations of the model ( ), which can be 
represented as follows: 
 

1 2 5

1 11 12 13 14 1 2 3 1

2 21 22 23 1 2 1

19 19 19 19 1 2 1 1 1

( , , , ) ( , , , ),
( , , ) ( , , ),

               . . .
( , ,..., ) ( , , , , ).

R A A A A C c c c m
R A A A T t t c

R A A A K k k j o v






 (9) 

 
A finite set of attribute names: 

 

1
( ) ( ),

n

i
i

at at R


      (10) 

 
where n=19 and finite set of domains: 

 1 2, ,... mD D D D  are associated with the 

universal basis of relations   (9), which is an 
invariant with respect to various SDs. Where for 

each lD  there is an attribute name ( )
jiA at    

such as  
jl iD dom A , where l=1..m, and j=1..n. 

The diagram of the universal basis of relations of 
the model in IDEF1X notation is represented in 
Fig. 1. 

In accordance with the definition of the data 
model, considering the above expressions and 
notation for the basis of relations, the proposed data 
model in a formalized form can be represented as the 
tuple: 
 

ubrM ,Ρr,L      (11) 

 
where   is the universal basis of relations of the 

model (9); Ρr  is a set of integrity constraints; L  is 
data manipulation language. 

A set of integrity constraints Ρr . In the proposed 
model it specifies both integrity constraints inherent 
and supported by the relational data model, within 
which it is implemented, and the restrictions 
inherent for the “object-event” data model, the 
mapping of which it is. 
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Figure 1 – Diagram of the universal basis of relations of the model 

Some of them are given below: 

 entity integrity rule: r rPK   (in relations  , 

no attribute of the primary key can contain null 
(missing) values, denoted as null, and have the 
property of irreducibility); 
 rule of referential integrity or foreign key 

integrity: r rFK   ( [ ] [ ]i FK j PKR K R K , PKK  is 

primary key (primary key attributes); FKK  is 

foreign key (foreign key attributes); designations 

[ ]i FKR K , [ ]j PKR K  are used for the projection iR  

on FKK , jR  on PKK ); 

 domain constraints: r rdom   (including 

_r rnot null   is required data (not null data); 

special domains due to the features of the proposed 

model: 4( ) {' ', ' '}dom h F P  is domain of features 
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of belonging the characteristic to one of the types 
[19]: object type characteristic – ' 'P , factual 
characteristic of the object – ' 'F ; 

4( ) {' ',  dom j H ' ',  ' ',  ' ',  ' ',  ' '}D M Q Y A  is 

domain of features of the object parameter 
measurement interval; domain of the relation names 

 : 1( )dom w ={name( 1R ), name( 2R ), name( 3R ), 

…}; domain of data types of characteristics for 
objects, events, object parameters: 

{' ',  ' ',  ' ',  ' '}UDMD boolean char number date ; 

domains of the characteristics of objects, events, 
object parameters belonging to the enumerated (list) 

type: 2( )listii
ChOD dom h ; 2( )listjj

ChED dom x ; 

2( )listkk
ChPOD dom j ; domain of units of physical 

quantities of characteristics of objects, events, object 

parameters for the simulated SD: 2( )dom i ); 

 constraints that simplify the specification of the 
so-called corporate integrity constraints (general 
constraints): 

a) constraints on the maximum number of object 
instances for a certain object class: 
 

1 2 3 4 1 1 1 2 2

3 1 1 4 1 1

{( , , , , ) |
        ( { }) },null
C c c c c m c C c C

c C c c m M
    

     
(12) 

 

where 4c  is the element of the ordered five of the 

relation (12) defined on the set of positive natural 

numbers  . It is used to limit the number of 

instances of objects ( 1 4| |O c ) for the object class 

specified by the element of the relation tuple (12). 
b) constraints on the maximum number of values 

that can be assigned to a certain event characteristic 
for an event instance of a specified class: 
 

1 2 3 4 5 1 1 1 1

2 2 3 3 4 4 5

1 1 1 1

{( , , , , , , ) |
      
                                ( { })},

X x x x x x e i x X
x X x X x X x

e E i I


  

       
   




(13) 

 

where 5x  is the element of the ordered seven of the 

relation (13) defined on the set  . It is used to 
limit the number of values that can be assigned to an 

event characteristic specified by the element 1x  of 

the relation tuple (13) for an instance of the event 

class 1E  specified by the element 1e . 

c) constraints on events (with one object instance 
in the same time interval only one event of the same 
class can occur): 
 

1 2 3 4 1 1 1 1 2 2

3 3 4 1 1 1 1

1 1 1 2 3 4 1 1

1 1 2 2 3 3

1 2 3 4 1 1

1 2

{( , , , , , ) |
     ( { })
    ( 
                ( )( )( )
                 ( ( , , , , , )
    ( , ,

null

pr

pr

B b b b b e o b B b B
b B b B b e E
o O b b b b e o

b B b B b B
B b b b b e o

B b b

    
     
       

       


  



3 4 1 1 2 2

3 3 2 3 2 3

2 2 3 3

, , , ) ( ( (( )
               ( )) ( ) ( ))
           (( ) ( ) ( )) ) ) )},

b b e o b b
b b b b b b

b b b b

   
       
       

(14) 

 

where 1 2 3 4 1 1B ( , , , , , )pr b b b b e o , 1 2 3 4( , , , ,prB b b b b    

1 1, )e o are predicates (predicate symbols) matching 

the relation B , etc. 
A widespread and important type of integrity 

constraints are functional dependencies between two 
sets of attributes of specified relation [21]. In the 
consideration case, functional dependencies specify 
certain types of constraints imposed on relation   
associated with the features of their structure and 
purpose. 

Thus, the given above expressions (12)-(14); 

constraints of entity integrity ( rPK ) and referential 

integrity ( rFK ); constraints _rnot null ; domain 

constraints ( _rnot null ); functional dependencies 

constitute the set of integrity constraints Ρr  of 
formula (11). 

In the manipulative component of the proposed 
model (element L  in (11)) two ways of operating 
with data are defined. Namely, the basic operations 
of data model with the universal basis of relations 
(as well as the relational model on the basis of which 
it is implemented) can be expressed both using the 
language of relational algebra based on set theory, 
and using the language of relational calculus based 
on the logic of the predicate calculus of first order. 

 
4. MAPPING A CONCEPTUAL MODEL 

OF SUBJECT DOMAIN INTO THE 
RELATIONS OF UNIVERSAL BASIS 

To simplify the process of creating logical 
schemas of RDBs under the conditions of dynamic 
changes in subject domains and limited time and 
financial resources, an algorithm was developed to 
transform the description of the SD executed by 
means of the “object-event” data model to the 
relations of universal basis of the proposed data 
model. A block diagram of this algorithm is shown 
in Fig. 2. 

The elements of the sets of corresponding formal 
objects correlated with the basic concepts of the 
“object-event” model [19], which are used to 
represent the conceptual schema of the SD, find their 
mapping in the values of the corresponding 
attributes of the relations of universal basis of the 
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proposed data model, firstly, in the relations 
associated with the metadata, and then with the data 
of the modeled SD. The result of such mapping is a 
logical schema of created RDB, which has a 

universal structure for representing the static and 
temporal properties of objects of various 
dynamically changing SDs. 

 

Figure 2 – Block diagram of the algorithm for transforming the description of SD into the relations of the 
universal basis 

In this approach, the universal basis of relations 
at the logical design stage of RDB is used to 
describe both data structures (schemas in the 
traditional sense) and the presentation of the data 
itself of various dynamically changing subject 
domains, simplifying the further presentation of the 
conceptual model of the SD in a computer 
environment. 

In fact, the proposed approach to the creation 
(formation within the framework of the universal 
basis of relations) of the RDB logic schema turns the 
process of transforming various conceptual models 
of the SD into a solution of the same type task with 
different options of conditions, thereby saving 
general time and effort (staff months), both for 
developing new and modernization of existing 
databases. There is no need to re-create each time a 
unique logical, and subsequently physical schema 
when developing a new database, or substantially 
transform them during modernization. 

The conducted estimate of the effectiveness of 
the development process, the modernization of 
RDBs built based on the data model with the 
universal basis of relations in the conditions of 
dynamic changes of the SD showed the advantage of 
the proposed approach over the traditional 

technology for designing relational databases. 
Namely, through using technology of creating 
databases with the universal basis of relations, it is 
possible to achieve possible savings in effort – up to 
60% and time – up to 25% compared to traditional 
technology for designing RDBs. The reliability of 
the estimates of the achieved advantages has been 
experimentally confirmed. So, for example, when 
developing a database for the information system of 
a trucking company, thanks to the use of the 
proposed technology, which is based on the data 
model with the universal basis of relations, efforts 
were reduced by about 55%, and time – by 20% 
relative to the characteristics of a similar project 
implemented in the framework of the traditional 
technology for designing RDBs. 

 
5. CONCLUSIONS 

The scientific novelty of the obtained results is: 
1. A new data model has been developed, the 

main components of which are: 
 universal basis of relations, resulting from the 

transformation of a set of formal objects of the 
“object-event” model; 
 a set of integrity constraints. In the model both 

integrity constraints inherent and supported by the 
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relational data model are specified, on the basis of 
which it is implemented, and the constraints inherent 
for the “object-event” data model, the mapping of 
which it is (domain constraints, constraints that 
simplify the specification of corporate integrity 
constraints (constraints of the SD), etc.); 
 the manipulative component, which, as in the 

relational model, provides two mechanisms for 
operating with data: using the language of relational 
algebra; using the language of relational calculus. 

The proposed data model is the tool that at the 
stage of logical design of relational databases, under 
the conditions of dynamic changes of SDs, allows 
you to simplify the creation of database schemas due 
to the developed universal basis of relations, as a 
means of describing the structures and data 
representation of various dynamically changing 
subject domains. 

2. An algorithm for transforming the description 
of a subject domain executed by means of the 
“object-event” data model to the relations of 
universal basis proposed data model, simplifying the 
process of creating logical schemas of relational 
databases under the conditions of dynamic changes 
of the SDs and limited time and financial resources 
has been developed. 
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