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ABSTRACT 
 
This article is devoted to the problem of the ability to 
represent business processes of complex systems of project 
and production management as a set of interacting 
semantically defined objects. To solve this problem, 
multidimensional modeling based on OLAP technology is 
proposed. The model covering the information system is 
presented in the form of a Metabase, which contains 
information about each type of instance of an independent 
business process. A mathematical description of the model of 
the subject area from the standpoint of OLAP-tools is given. It 
is proposed to use a multidimensional data model as a 
hypercube, the edges of which are sequences of values of the 
analyzed parameters for multidimensional analysis of the 
subject area. A multidimensional database is considered as an 
object archive designed to store the attributes of passive and 
active objects. Each OLTP system is an implementation of the 
subject area model and is mapped to a multidimensional 
matrix as OLAP-cube. The application of this concept in a 
Web-based environment is covered. 
 
Key words: OLAP, multidimensional model, data space, 
production and project management systems, Metabase.  
 
1. INTRODUCTION 
 
The world around us is multidimensional and each object is 
characterized by a set of specific parameters. When modeling 
a real object or process to solve a certain problem, as a rule, it 
is necessary to reduce the dimension of the world and select 
the range of significant parameters that are of interest for 
research. It is often necessary to build dependencies between 
various parameters, the number of which can vary within wide 
limits in the process of analyzing data and searching for 
solutions to a given problem. Currently, the process approach 
for organizing project management, based on formal models 
of the life cycle (LC) of systems, is widely used. Many types 
of products are complex systems, based on the interaction of a 
set of managerial and technical actions, including technical 

 
 

means, software and the human factor. Their production is 
carried out using processes, having a variety of technical and 
control "inputs" and "outputs". 
At the same time, the role of standards used in at all stages of 
management, primarily because the standards provide for the 
interaction of various components with each other.  
It is necessary to define independent business processes as 
schemas of information objects of the considered model. The 
rules for interaction between instances of business processes 
can be evaluated by two types of properties. The first type 
includes properties that can be quantified. The second type 
includes qualitative properties, which require pair wise 
comparison of objects with the property being evaluated in 
order to determine their place in relation to the concept under 
consideration.  
Authors' works [1-3] analyze basic elements of the 
innovation-analytical platform and management tools of 
business processes in construction. 
In the works [4-5], the authors provide the reengineering of 
the business processes in construction based on 
BIM-technology. 
The articles [6-8] give a detailed review of innovative tools 
for management the lifecycle of strategic objectives of the 
enterprise-stakeholder in construction. 
In the work [9], the authors propose modeling of construction 
site based on multidimensional information objects. 
The articles [10] and [11] are devoted to the structural 
information management of production systems in 
construction and construction of models for conversion of 
mortgage applications by the method of multiple regression 
and neural networks. 
The authors of the works [12-14] formalize a concept of 
parametric modeling of construction objects.  
The authors of [15-17] examine construction of membership 
functions in fuzzy modeling tasks using the analytic hierarchy 
process. 
Authors' works [18-19] are devoted to the method for 
evaluation of educational environment subjects' performance 
based on the calculation of volumes of M-simplexes and 
fractal time series analysis in non-stationary environment. 
This research discusses the problem of the ability to represent 
business processes of complex systems of project and 
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production management as a set of interacting semantically 
defined objects. To solve this problem, multidimensional 
modeling based on OLAP technology is proposed. 
 
 
2. THE MAIN RESEARCH 
 
A model covering an information system can be represented 
in the form of a Metabase, which contains information on 
each type of accounting object, in our case, about each 
instance of an independent business process. Let’s designate 
such a model of an information system as the set G. 
On the other hand, the information system can be represented 
in the form of a functional system. That is in the form of a set 
of functions. Let’s designate such a model of an information 
system as the set F. 
Let's introduce the notation: 
푸푮 is a set of properties determined by the relations between 
elements of the set G. 
푸푭  is a set of properties determined by the relationships 
between elements of the set F. 
푸푭푮 is a set of properties determined by connections between 
elements of the sets F and G. 
Then the relations within the sets F and G can be respectively 
determined by relations on the Cartesian product: 
 

푄 × 퐹 = 푧 = (푞 , 푓 ): 푞 	 ∈ 푄 ,
푓 ∈ 퐹, 푖 = 1, … ,푛								

    (1) 

and 

			푄 × 퐺 = 푧 = 푞 ,푔 :푔 ∈ 푄 ,
푔 ∈ 퐺, 푖 = 1, … ,푛								

    (2) 

 
The relation between them can be determined by the relation 
on the Cartesian product 
 

푄 × 퐺 × 퐹 = 푧 = (푞 ,푔 ,푓 ): 푞 ∈ 푄 ,
푔 ∈ 퐺, 푓 ∈ 퐹, 푖 = 1, … ,푛								   (3) 

 
The belonging of the element 푧  to this relation can be 
interpreted as follows: "the element 푔  of the information 
system contains information on the property 푞 of the 
functional part of the information system 푓 ". 
Searching for information corresponding to a particular 
element 푓  in 푔  is reduced to determining the ratio R ⊆ G × 
F. Thus, for any pair (푔 , 푓 ) ∈ R: 푔  ∈ G, 푓  ∈ F, i = 1, ..., n, 
we can say that fi is relevant to 푔 , and the solution to the 
problem of determining the relevance of elements of the sets 
G and F is reduced to the definition of the relation R ⊆ G × F. 
Moreover, ∀푔  ∈ G, 푓  ∈ F, 푔  ∈ G, 푓  ∈ F, i, j = 1, ..., n, it is 
true that if 푓  ⊆ 푓  and 푔  ⊆ 푔 , that is, all elements 푔  are 
contained in 푔  and all elements 푓  are contained in 푓  and (푔 , 
푓 ) ∈ R, then (푔 , 푓 ) ∈ R. Except in the extreme case, when the 
relation R is the Cartesian product G × F itself, the relation 
does not include all possible tuples from the Cartesian 
product. This means that for each relation there is a criterion 
for determining which tuples are included in the relation and 

which are not. Thus, each relation R can be associated with a 
logical expression (predicate) 푄 , which depends on a 
certain number of parameters (n-ary predicate) and 
determines whether the tuple (푔 , 푓 ) belongs to the relation R. 
Thus, the membership of a tuple in the relation is equivalent to 
the truth of the predicate: 
 

푔 ,푓 ∈ 푅 ⇔ {푄 } = {퐺 ,퐹,푅}     (4) 
 

However, in any case, with the information approach to 
formalize the subject area, the categories of objects and the 
relations between them are primary, i.e., formally, the system 
of relations can be represented by a set of objects in the 
subject area and a variety of relations between them. The 
characteristic of the process can be represented as a set of 
pairs {<퐴 , 퐷 >, i = 1, …, n}, where 퐴  is a non-empty set of 
property names (attributes), 퐷  is a set of values of the 
corresponding attributes. Values are broken down into object 
classes that interact with each other based on rules. Let π be 
the set of these rules. Relationships G = {퐺̅ ,퐺 } can be 
established on a set of attributes, which are divided into 
quantitative 퐺̅  and qualitative 퐺 , for which many types of 
assessment are defined, for example T = {"projects are 
moving towards achieving their goals", "projects are being 
conducted in accordance with the relevant directives", 
"projects are being implemented as planned", "projects 
remain viable"}. Then any estimation rule can be represented 
by a tuple π = <G, T>. 
Thus, the set of information characteristics of the process 
{<퐴 , 퐷 >, i = 1, ..., n}, the established relations G = {퐺̅,퐺}, 
and the rules for establishing relations π = <G, T> can be used 
to formally define the process in the form the following tuple 
of components: 
 

푍 = 〈퐴 ,퐷 〉, 퐺,퐺 , 〈 퐺,퐺 ,푇〉 , 푖	 ∈ 푁    (5) 
 
Attribute values may not be numeric. In particular, the 
linguistic form of data presentation is widely used in 
macroeconomic, sociological, marketing, medical, legal data 
warehouses. To assess the characteristics that are of a 
qualitative nature, ordinal scales can be used, the point 
elements of which correspond to the gradations of the verbal 
scales. We can assign the values of linguistic variables to the 
levels of ordinal scales and perform all further operations with 
their membership functions. At the same time, their adequacy 
cannot be verified by the means of theory, and each existing 
method for constructing a membership function formulates its 
own requirements and justifications for the choice of just such 
a construction. 
Consider N objects for which the intensity of manifestation of 
characteristics of attributes with the names 퐴 , j = 1,…, k is 
estimated, the values of which 푋 , j = 1,…, k are used to assess 
the qualitative characteristic Y. From the standpoint of the 
apparatus of the theory of fuzzy sets, the models of expert 
evaluation of features are full orthogonal semantic spaces [9], 
where normal triangular numbers and T-numbers are used as 
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membership functions. This method allows you to go from 
diverse qualitative information to a single abstract value − the 
value of the membership function. We use the method of 
working with fuzzy information, considered in [9]. 
Let 푋 , i = 1,…, 푚  are levels of verbal scales used to assess 
attributes with the names 퐴 , j = 1,…, k and arranged in 
ascending order of intensity of their manifestation. 
Let’s denote by 푎 , i = 1,..., 푚 , j = 1,..., k − the relative 
numbers of objects referred during the assessment of 
attributes with the names 퐴 , j = 1,..., k to the level 푋 , i = 
1,..., 푚 , j = 1,…, k, ∑ 푎  = 1, j = 1,…, k. 
We can construct k sets of fuzzy numbers corresponding to 
attributes named 퐴 , j = 1,…, k. Let μ (x) denote the 
membership function of the fuzzy number 푋  corresponding 
to the i-th level of the j-th attribute i = 1,…, 푚 , j = 1,…, k. 
Fuzzy numbers can be taken as an estimate of the object, 푋 , 
i= 1,…, 푚 , j = 1,…, k with the corresponding membership 
functions μ (x), i = 1,…, 푚 , j = 1,…, k. Then the estimate of 
the n-th object by the attribute 	푋 , j = 1, …, k can be 
represented by the membership function μ . Using the 
so-called L-R membership function, the assessment of each 
object can be written in the form 

휇 (푥) = 푎 ,푎 , 푎 ,푎 , 
	푛 = 1, … ,푁, 푗 = 1, … , 푘 

The specific form of member functions is determined taking 
into account the specifics of the existing uncertainty, the real 
situation at the object and the number of degrees of freedom in 
functional dependence. One of the most convenient for 
describing the membership function is monotonically 
increasing or decreasing sigmoid, they are convenient for 
specifying linguistic terms in a natural language, the equations 
of which have the form: μ(x) = ( ) for an increasing 
function and μ(x) = ( )  for a decreasing one, where 

a is the slope of the sigmoid, b − allows you to shift the center 
point along the axis. At a = 0, the sigmoid degenerates into a 
straight line at the 0.5 mark. 
It is advisable to designate the weighting coefficients of the 
estimated attributes by 	휔 , j = 1,…, k, ∑ 휔  = 1. The 
overall fuzzy estimate of the n-th object (n = 1, ..., N) can be 
determined by the sum of the estimates for all attributes taking 
into account the weight coefficients 퐴  = 휔  ⊗ 푋  ⊕…⊕ 휔  
⊗ 푋  and the membership function 

휇 (푥) =
∑ ,∑ ,

∑ ,∑
,푛 = 1, …푁.  (6) 

 
The fuzzy number 퐵 , corresponding to the lowest intensity is 
determined by 퐵  = 휔  ⊗ 푋  ⊕…⊕	휔  ⊗ 푋 , and 퐵  
corresponding to the highest intensity: 

퐵  = 휔  ⊗ 푋  ⊕…⊕	휔  ⊗ 푋 . 
The obtained fuzzy numbers can be defasified, for 
example, by the method of the center of gravity, the 
resulting clear numbers will be denoted as 푍 , n = 1, ..., N, 
퐵 , 퐵 , respectively. These numbers can be used as a 

normalized rating assessment of the n-th object, n = 1, ..., 
N, according to the formula: 

퐸 = , 푛 = 1, … ,푁. 
In the general case, the characteristic of each object 푋  
can be described by the corresponding linguistic variable: 

푋  = <퐴 , 푇 , 퐷 >, 
where 푇  = 푇 ,푇 , … ,푇  is the term set of the linguistic 
variable 퐴  (a set of linguistic values of the attribute) , 푚  
is number of attribute values; 퐷  is (subject scale) base 
set of the attribute 퐴 . To describe the terms 푇 , k = 1,…, 
푚  corresponding to the values of the attribute 퐴 , fuzzy 
variables 〈푇 ,퐷 ,퐶 〉  can be used, i.e. the value 푇  is 
described by the fuzzy set 퐶  in the base set 퐷 : 

푐̃ = 〈휇 (푑)|푑〉 ,푑 ∈ 퐷 ,푘 = 1, … ,푚   (7) 

Then the fuzzy set of the second level can be taken as a fuzzy 
characteristic of the object 푥  

푥 = 〈휇 푎 푎 〉 , 
(8) 

휇 푎 = 〈휇 푇 푇 〉 ,푇 ∈ 푇 , 푎 ∈ 퐴  

All this makes it possible to move from diverse qualitative 
information to one abstract quantity − the value of the 
membership function. To assess the qualitative characteristics 
of objects, we use the following representation of their 
elements [7, 9]: 
 the membership function for the extreme term-set 
corresponding to the minimum intensity of the feature 
manifestation can be represented as 

휇 (푥) =

⎩
⎪
⎪
⎪
⎨

⎪
⎪
⎪
⎧1, 0 ≤ 푥 ≤ 푎 −

1
2 	min(푎 ,푎 )																											

1−
푥 − 푎 − min(푎 , 푎 )

min 푎 ,푎
,																												

푎 −
1
2 min(푎 ,푎 ) < 푥 ≤ 푎 +

1
2 min(푎 ,푎 )

0,푎 +
1
2 min(푎 ,푎 ) < 푥 ≤ 1																												

 

 
 the membership function for the extreme term-set 
corresponding to the maximum intensity of the manifestation 
of the feature can be represented as 
 

휇 (푥) =

=

⎩
⎪
⎪
⎪
⎨

⎪
⎪
⎪
⎧0, 0 ≤ 푥 ≤ 1− 푎 −

1
2 min(푎 ,푎 )																																													

1 +
푥 − 1− 푎 − min 푎 ,푎

min(푎 ,푎 ) 																																															

1 − 푎 −
1
2 min(푎 , 푎 ) < 푥 ≤ 1− 푎 +

1
2 min(푎 ,푎 )

1, 1− 푎 +
1
2 min(푎 ,푎 ) < 푥 ≤ 1																																													
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 the membership function for average term sets of a 
qualitative feature can be represented as 
 

휇 (푥) =

=

⎩
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎨

⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎧0, 0 ≤ 푥 ≤ 푎 −

1
2 min(푎 ,푎 ,푎 )																																																	

1 +
푥 − 	∑ 푎 − min(푎 ,푎 ,푎 )

min(푎 ,푎 ,푎 ) ,																																													

푎 −
1
2 min(푎 ,푎 ,푎 ) <푥

≤ 푎 +
1
2 min(푎 ,푎 ,푎 )

1, 푎 −
1
2 min(푎 ,푎 ,푎 ) < 푥 ≤																																																					

≤ 푎 +
1
2 min(푎 ,푎 , 푎 )

1 +
푥 − ∑ 푎 − min(푎 ,푎 ,푎 )

min(푎 ,푎 ,푎 ) 	,																																										

		 푎 −
1
2 min(푎 ,푎 , 푎 ) < 푥 ≤																																																							

	≤ 푎 +
1
2 min(푎 , 푎 ,푎 )

0, 푎 +
1
2 min(푎 ,푎 ,푎 ) < 푥 ≤ 1																																																	

 

 
Based on the above, the subject area can be represented in the 
form of a multi-level environment consisting of many 
elements of the subject area, a variety of functions and 
methods working on these elements and a variety of 
properties of elements and relationships between elements, 
i.e., in the form of an ontology that includes description of the 
properties of the domain and the interaction of objects in some 
formal language that has logical semantics. If the system is 
complex and the number of factors is large, then taking into 
account all its characteristics (components) leads to extreme 
complexity. Therefore, only a limited number has to be 
entered into the model, and the remaining components must 
be taken into account without explicitly entering into the 
model, but taking into account their influence as a fuzzy 
reaction of the model to one or another choice of an 
alternative. Obviously, algebraic comparison of components 
is impossible and can be performed using fuzzy logic 
methods. 
Based on the proposed method of forming the structure of the 
information system in the form of a set of interacting 
semantically defined and formalized objects connected with 
each other by hierarchical relations of the classes of attributes 

of the business processes that define them, it is most expedient 
to use as measurements when building a cube of sets obtained 
according to the rules of overlapping interacting accounting 
objects. The fact table in this case will contain integer 
columns giving the numerical characteristics of each 
dimension defined in this way, and several integer columns − 
keys for accessing the dimension tables that decrypt them. 
For each dimension, we compile a list of unique values from 
the elements stored in the columns and perform preliminary 
aggregation of facts for records that have the same dimension 
values. Using intermediate tables (the so-called cross tables), 
you can link elements of different tables to each other, for 
which each record in the dimension tables is assigned a list, 
the elements of which will be the numbers of facts, during the 
formation of which these dimensions were used. For facts, 
respectively, for each record, we will assign the values of the 
coordinates along which it is located in the hypercube. 
Dimensions have a hierarchical structure, consisting of one or 
more levels, on the basis of which the operations of the 
convolution or drill down are carried out.  
For each free business process, a separate OLAP table can be 
created, the logical connection of which and the construction 
of OLAP tables of the next level is possible only at the level of 
aggregated analytical indicators reduced to a comparable 
form. In this case, we are talking about the transition to the 
management of data that are distributed across many 
repositories while providing a basic set of functions over all 
data sources − that is, to the management of data spaces. In 
some cases, the boundaries between data spaces can be 
floating, so all kinds of connections between participants must 
be formalized, and semantic integration develops in time only 
where required. This ensures a high level of component 
autonomy. 
As a result, we can talk about operations on finite-dimensional 
vector spaces, represented by multidimensional cubes, where 
measurement vectors are used as bases. The composition of 
such cubes can be represented as a linear combination of basis 
vectors − a tensor product, the result of which is the most 
general space into which the original spaces can be displayed 
bilinear. 
Consider the option of constructing the dimensions of a 
hypercube, for which we will make the necessary 
transformations of the data stored in the database tables. So, in 
order to improve performance when building a hypercube, we 
will find unique elements stored in columns that will be 
dimensions of the hypercube. For records with the same 
dimension values, let's perform preliminary aggregation. As 
mentioned above, the unique values in the measurement fields 
are important for us. To build slices of a hypercube, we need 
the following capabilities − defining coordinates (actually, 
measurement values) for table records, as well as defining 
records that have specific values. Actions are divided into two 
stages − according to the above classification of attributes. For 
formalized attributes, you can immediately create a table of 
unique values, on the basis of which the dimension will be 
built. Depending on the type of business processes to be 
integrated, we define the integration rule. We define 
keywords (phrases), compile a table of a set of options for 
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their combinations that satisfy the semantic rule (by the 
membership function), and, as in the case of formalized 
attributes, build a table of unique values (Fig. 8). That is, 
instead of one table, we got an analogue of a normalized 
database. We are only interested in the coordinates in our 
hypercube, so we define the coordinates for the measurement 
values. The simplest thing is to renumber the values of the 
elements. In order for the numbering to be unambiguous 
within one dimension, let us first sort the lists of measurement 
values (dictionaries, in terms of a database) in alphabetical 
order.  
 
3. RESULTS AND DISCUSSION 
 
In practice, this concept finds its application in a Web-based 
environment, which requires high performance when 
processing large amounts of data, for example, a Web portal 
(department), which, in turn, is a set of database information 
transmission channels connected into a single system data, 
information storages, knowledge bases, as well as information 
technologies that support the processing, analysis and transfer 
of information at various levels of integration. Fig. 1 shows 
OLAP cube formation model. 
At the same time, when solving problems of one system, 
knowledge of other systems is used. Similarly, the same 

objects in different systems can be described by different 
properties and, accordingly, have a different structure. One of 
the challenges is determining how to integrate the knowledge 
of different topics within a single Web portal. The main 
operation for a larger number of users is the operation of 
searching and obtaining information. Moreover, the data 
itself, once formed, is no longer subject to modification. 
Dynamic databases in such a situation are ineffective, and in 
the world practice today, to solve such problems, a transition 
to information storages is carried out. Let 퐷  be a collection of 
documents, 푀  a set of queries,: 푑 :푀 → 2  be a mapping 
that associates a set of documents with each query. Each 
information subsystem of the portal can be represented by a 
tuple 푆  = (퐷 ,푀 , 푑 ), where j = 1, ..., m − information 
subsystems used in the portal. Then the information system of 
the portal can be represented in the form of a distributed 
information system based on the global thesaurus T and 
defined by the tuple S = (T, D, M, d) through the local 
components 퐷 = ⋃ 퐷  and	푑 = ⋃ 푑 . Any database can be 
viewed as an object archive designed to store attributes: 
passive objects that do not have state models, active objects 
subject to the life cycle. Fig. 2 shows the process of creating 
new OLAP cube based on the subject areas relations.  
 

 
 

Figure 1: OLAP cube formation model 
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Figure 2: The process of creating a new OLAP cube based on the subject areas relations  
 
There is a multi-tempo change in attributes. For example, the 
identity of a student does not change, and a number of specific 
attributes, such as faculty, group, current performance, are 
dynamic and modified. At the end of training, the data 
becomes permanent and can never be changed. 
Thus, it is advisable to divide all the considered information 
into different levels, both in terms of lifetime and access, and 
the development of the database consists in adding and 
removing tuples corresponding to object instances. In this 
case, the database automatically goes into the category of 
information storages completely when the following 
conditions are met: the frequency of deleting tuples from the 
storage is commensurate with the time of its existence, and the 
OLAP cube is supplemented with a new dimension − 
fragmented time. This is the moment of transferring 
information from the database to the storage, in accordance 
with the changed value of the attributes. 
If the information in dynamic databases after modification is 
not of interest from any of the points of view, then the 
organization of an information storage based on such 
databases does not make sense. The OLAP cubes themselves, 
corresponding to OLTP systems, can be represented as 
multidimensional information objects with corresponding 
properties. 
Since each OLTP system, being an implementation of a 
domain model, is mapped to a multidimensional matrix 
(OLAP cube), there are functions for this mapping. 
Considering the subject areas as part of the extended subject 
area, we can conclude that it is possible to establish a relation 

function between display functions, and, as a consequence, 
build a new system or OLAP cube based on this relation. It 
should be noted that the efficiency of the Web portal can be 
significantly improved if the features of the measurement 
scales are more accurately taken into account in modeling. 

5. CONCLUSION 
This article is devoted to the problem of the ability to 
represent business processes of complex systems of project 
and production management as a set of interacting 
semantically defined objects. To solve this problem, 
multidimensional modeling based on OLAP technology is 
proposed. The model covering the information system is 
presented in the form of a metabase, which contains 
information about each type of instance of an independent 
business process. A mathematical description of the model of 
the subject area from the standpoint of OLAP-tools is given. It 
is proposed to use a multidimensional data model or a 
hypercube, the edges of which are sequences of values of the 
analyzed parameters for multidimensional analysis of the 
subject area. Each OLTP system is an implementation of the 
subject area model and is mapped to a multidimensional 
matrix as OLAP-cube. The application of this concept in a 
Web-based environment is covered. 
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