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Abstract 

This article discusses ways to use visualization tools to build object classifiers during au-
tomation of a large enterprise. The proposed approaches allow stakeholders to get a visual 
representation and participate in the decisions required when building a classifier for large 
arrays of records.  

The use of visualization tools is considered when selecting classification objects, deter-
mining the attributes and values of classification attributes, ensuring the convenience of the 
classifier and implementing conflicting requirements from stakeholders. Among the pro-
posed solutions, the methods of using system classes, building logical and physical models of 
the classifier, multidimensional classification, attribute-value data model, logical data model 
for describing the required analytics are described.  

The subject area is a classifier of works and services, examples of using the proposed so-
lutions and the results of building a classifier at a large enterprise are given.  
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1. Introduction 
The construction of "correct classifiers has always played and continues to play an im-

portant role in the automation of enterprises, which was demonstrated at the 2023 confer-
ence “The Role of Standardization in the Digitalization of Industry” [1]. For a large enterprise, 
the most important classification objects are Resources, Works/services and Assets. 

When constructing an ontological model of an enterprise, classification plays an important 
role for constructing first a taxonomy and then an ontology of the enterprise as a whole, 
which was demonstrated at international ontology conferences [2]. 

However, correct classification plays no less a role in solving practical problems of automa-
tion of specific organizations, especially large ones. When implementing an enterprise master 
data, it is important to build a convenient and effective tool for working with a large set of 
items. At the same time, an important part of the work is to coordinate decisions made with 
stakeholders - business users, who are sometimes far from information technology. 

According to TOGAF recommendations [3] one of the tasks of an information system ar-
chitect is to offer the most convenient views for perception by stakeholders with a wide range 
of interests. In order not to solve such a problem, it is necessary to offer a method for prepar-
ing such a viewpoint for each typical case. 

2. Existing methods of data visualization 
A review of software tools for displaying geometric objects is given in an article by MEPhI 

scientists [4]. An overview of information visualization tools is given in the article  [5] and 
other works by Bauman Moscow State Technical University employees. A representative col-
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lection of data visualization templates is presented by the Ferdio agency as a result of the data 
visualization project [6]. The article [7] provides a general set of template applications, in-
cluding for displaying hierarchical classification. 

This paper describes the possibilities and results of practical application of visualization 
tools for constructing a qualitative classification for a large enterprise. 

3. Existing approaches to constructing a hierarchical  
classification 

The basic rules of hierarchical classification are given in the monograph [8]. Modern clas-
sification experts use approximately the same set of principles on projects. An option taking 
into account the capabilities of modern systems is given in [9] and also includes requirements 
of completeness, consistency, and the presence of a classification feature at each level. 

4. Existing classification problems 
However, in practice, when constructing real classifiers, problems arise that require non-

obvious solutions. Here are some of them: 

 selection of classification objects; 

 selection of classification features; 

 ensuring the convenience of the classifier while observing formal rules; 

 implementation of conflicting requirements for the composition of classes. 
Let's consider options for solving these problems using visualization tools using the exam-

ple of constructing a classifier of works and services. 

5. Methods for solving classification problems using  
visualization tools 

5.1.  Selection of classification objects 
To correctly select classification objects, it is necessary to proceed from the goals of con-

structing and further using the classifier and configuration of integrated information systems. 
For example, detailing of services is usually required when concluding contracts with suppli-
ers or consumers of services, when preparing specifications for equipment repair, less often 
for capital construction, when accounting for costs. If there are a small number of areas, this 
can be visualized using a Venn diagram (Figure 1). 

 

 
Figure 1. Initial record sets for the corporate directory “Works and services” 

 
If the task is to integrate three systems of the corresponding purpose, then the complete-

ness of the directory can be determined by the areas of intersection. If several systems oper-



ate in each area, then a classifier covering the combination of areas will be required. This so-
lution will allow not only to perform a consolidated analysis of works and services, but also to 
provide uniform corporate accounting features for the entire enterprise. 

5.2. Selection of classification features 

To select mandatory classification features, the requirements of the areas of use may be 
considered. However, there is a risk of including specific attributes inherent only to a given 
area. For example, in accounting, the activities of contractors can be written off immediately 
in the reporting period as services, or accumulated on cost objects as work performed. In 
general, such activities can be both work and services, and such a sign cannot be used. 

At the same time, if it is required to generate reports according the content of services and 
such a sign can be used for classification. 

Another difficulty is that feature must be made at each classification level. Here it is useful 
to look at other directories of the organization for which the general task of classifying all ac-
tivities has already been solved. Typically, the following classification criteria are used at the 
top level: divisions, business processes, functional areas, main services and products. 

Further, the features will depend on the composition of the classified records. The Section 
Layer Diagram (Figure 2) or by classification [6] «Icicle» allows you to depict not only the 
classification branches, but also the values of the features used diagram. The difference is that 
for our purposes it is expanded by 90 degrees and supplemented with important class - at-
tributes and values of attributes of higher classes. 

 

 
Figure 2. Using a section layer diagram to show features and their meanings 



5.3. Ensuring the convenience of the classifier while observing 
formal rules 

 
One of the common mistakes when building classifiers is the desire to “even out” the num-

ber of levels and the length of classification branches at all costs. In this case, the criterion of 
“convenience” is approximately the same complexity of each level. 

At first glance, such a classifier is more convenient to use, since it looks more streamlined 
visually. However, this is a deceptive impression. With this approach, the principle of identi-
fying a clear classification feature at each level is violated. Complex subject areas are usually 
not symmetrical. In terms of functional modeling, such an observation was described in the 
methodology for functional modeling [10], but this rule is also applicable to data classifica-
tion. Moreover, if you see a “beautiful” symmetrical classification, then it is already visually 
clear that it is most likely incorrect.  

On the other hand, if we strictly follow the rule of one class - one attribute, then in practice 
we can get a logically correctly constructed, but absolutely inconvenient to use classifier. 

The solution here is to divide the construction of a classification tree into two stages: the 
construction of a logical model and the option of physical model for the final implementation 
in the system, similar to the approach to data modeling [11]. At the logical level, it is useful to 
clearly record all possible features and strict division at each level. At the physical level, you 
can carefully combine the most branched sections, taking into account the knowledge of the 
previous level, transferring the abbreviated features into the class name. 

In Figure 3, when using a standard tree, we see that we can shorten the third classification 
branch by combining the attributes “Object of transportation” and “Mode of transport”. 

5.4. Implementation of conflicting requirements for class  
composition 

In a large enterprise, there may be different requirements for the required classes. For ex-
ample, in a purchasing department (or holding organization), it is important to take into ac-
count the transportation of goods by mode of transport in order to choose the most effective 
methods. And for a sales department/organization it may be important to divide cargo trans-
portation services by product type for easier cost calculation. 

In principle, such a problem is solved by the Cartesian product of the required classes. This 
approach is acceptable within one organization or for small volumes. However, within the 
holding, each organization may require its own classification feature at the same generaliza-
tion. 

This limitation also has a solution method within a single hierarchical classifier. It consists 
of system classification features, where the feature is the sign of the class of the next level. In 
our example, the feature will be “Classification Feature", and the values will be “Object of 
transportation” and “Mode of transport” (Figure 4). 

 



 
Figure 3. Reducing the length of classification branches in the Tree diagram 

 



 
Figure 4. Using the system class feature 

 
It should be noted that this method is only applicable if 

1) classes below this level are used only locally; all corporate attributes can be linked 
at levels. 

2) the use of parallel classifications is significantly less effective: it requires additional 
development in related systems, complicates data models, etc. 

A more promising approach is to go beyond the use of a single hierarchy. More complex 
data models can help to reflect the necessary entities and relationships can help to find the 
most effective solution options. Three solution methods will be shown below, for the presen-
tation of, which data modeling techniques are used. Among the many possible notations [12], 
[13] the most convenient notation has proven to be the visualization of relationships using 



Martin's notation (another name is “Crow's Foot”), which more clearly reflects the cardinality 
of the related entities and compactly represents a set of attributes. 

3.1) Multidimensional classification 
If the same objects must be classified using different classification criteria, then perhaps 

the option of moving to facet classification is suitable. A conceptual data model showing this 
solution method is shown in Figure 5. 

 

 
Figure 5. Conceptual data model of multidimensional classification of services 

 
Multidimensional classification opens up additional possibilities for visual data analysis. 

Figures 5 and 6 show examples of diagrams using multidimensional classification of services. 
 

 
 

Figure 6. Volume histogram 
 



 
Figure 7. Surface diagram 

 
3.2) If the set of additional features for each subclass is unique and contains a large num-

ber of linear values, we can use another approach that involves storing our own sets of fea-
tures for each class (Figure 6). It should be noted that this approach is most effective for clas-
sifying materials. For more information on solving problems of automating the directory of 
materials, see [14].[15] 

 

 
Figure 6. Conceptual data model for using selected sets of feature values for a class 

 
3.3) Using individual analytics 
To illustrate this method, a logical data model is more suitable (Figure 7). In this case, it 

shows that to obtain additional analytics (type of cargo), the analyst may use a classifier of 
goods already used when preparing transactional transportation documents. 



 

 
Figure 7. Logical data model for linking services and cargo classes 

Conclusion 
This paper proposes options for solving problems of classifying works and services, which 

were successfully tested on projects for developing normative and reference information in a 
large Russian company with the participation of former MEPhI students [16],  [17]IBM Prod-
uct Master 12.0 platform was used as a tool for classifying and managing reference data in 
general, which has flexible means of managing the structure of reference data. 

Among the classification management tools, the following can be noted: 
– Convenient visualization tools, including for multidimensional classifications 
– Possibility to import standard or define custom classifications 
– View and edit records using different classifications 
– Managing mapping of classes from different hierarchies 
Additional visualization tools include the following: 
– Display of configured workflows for reconciling records by different categories of users 

in the form of sequence diagrams; 
– Display of reference data processing flows when setting up additional data quality 

check procedures; 
– Connecting external visualization tools, such as maps to show the location of a directo-

ry object with specified coordinates. 
The constructed classifier of works and services has about 400 classes with specified classi-

fication features, is used to classify more than 6000 initial records of information systems. 6 
subject areas were used as data sources (Purchases, Payments, Costs, Repairs, Investments, 
Accounting). The directory of works and services is centrally maintained for more than 10 in-
formation systems of the holding. 
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