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Abstract:  Every teacher at any level of education builds and manages a knowledge base relevant to his subject in electronic form. This 

paper presents methodological principles and an example of the development of an information system for knowledge management and the 
preparation of materials for knowledge examination. In the developed system, collections of true statements in the form of free - unstructured 

text were used. A simplified notation scheme was used for hierarchies and classifications, and generically formulated problems with 

solutions in symbolic form (in mathematics and physics) were obtained using the SymbolicC ++ library. The developed information system 
enables automatic generation of knowledge tests (in PDF or HTML format), which contain the formulation of questions or problems, the 

exact solution as well as the offered false answers, obtained from the knowledge base. 
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1. Introduction 
Significant public data sources exist on the Internet in all scientific 
and technological domains. There is a wide collection of e-books, 

and there are powerful search solutions that allow you to quickly 
search for terms and redirect to sources that provide more details 

about terms. Although in some cases the accuracy of the data is 

questionable, Wikipedia, for example, certainly stands out as a 
powerful source of information of global importance. Wikipedia is 

constantly evolving as a detailed knowledge base, becoming more 
accurate over time, and existing weaknesses are mostly related to 

mass editing of articles, where sometimes less competent authors 
describe some terms. Regardless of the source, the question is only 

an expert assessment of the article, and everything else that is true 
from the expert point of view is valid for further use. 
Data from available sources of professional literature, mostly exist 

as unstructured freely written texts. For an efficient knowledge base 
system, it is necessary to structure the data and create a database of 

terms. In this knowledge base system, all descriptions of terms 
would be referred to expert articles. The application of algorithms 

for processing regular expressions enables the separation of 
characteristic terms and sentences as the basic units of articles in 

which they appear. Each term is paired with a sentence and is 
indirectly paired with a complete article describing it. It is necessary 

to overcome the problem of a false number of possible matches 

because auxiliary words of general meaning can be found in many 
sentences. Creating a glossary of terms that do not contain general 

auxiliary words is of the utmost importance in this case. 
Computer Algebra System (CAS) solutions are applications and 

libraries for numerical and symbolic solving of mathematical 
problems, from simple substitutions of values, solving equations 

and inequalities, through simplification of expressions, all the way 

to higher levels of calculus. The hierarchy of organizing topics in 
the application of such systems in the knowledge base must be 

designed without any automatic procedure, and after formulating 
topics and generating tasks, the use of such systems is automated, 

because the database provides completely accurate results. All 
mediation solutions are also integrated into a database with correct 

answers. 
There are several ways to generate materials for knowledge 

examination. Examples: 1. The term T is taken from the database 

and several definitions are offered, including the definition of a 
given term T, and the answers offered are definitions of related 

terms F without the explicit appearance of the term name in the 
offered answers; 2. The question related to the term A is formulated 

in the entire sentence taken from the database, and the offered 
answers contain sentences from the database data in which the local 

expression B is replaced by the required term A. 3. Expression A is 

taken from the database and its final symbolic simplification or 
numerical solution is needed, and with such solution T, we offer 

final incorrect answers F obtained by accurate calculation using 
CAS tools via expression B, in which some constants are in the 

initial expression A. 

2. Solutions from the standard libraries necessary for 

system implementation 
The RegEx library from the Boost library [1] package provides very 

good support for developing an efficient parser [2]. The use of 
XML libraries (in this case TinyXML) is suitable for the 

development of applications for manipulating large sets of XML 
data. Also, developing custom code is another option. Quality 

solutions, such as Tulip, are suitable for graph analysis and support 
the development of user scripts. However, the Igraph library 

provides the most functional approach to graph analysis. Among the 

most well-known CAS libraries are GiNaC and SimbolicC ++ (used 
in the development described in this paper) [3], enabling the 

application of a complete symbolic calculation in the development 
code. Manipulations with strings of symbolic calculations, 

supported by the SymbolicC++ library, are suitable for further 
conversion to the desired formats. LibHaru library is suitable for 

output in PDF format, but, using automated LaTeX [4] procedures 
(Texify +Dvi2Pdf via Fork execution of MikTeX applications) is a 

better solution in this case. The application of automated LaTeX 

procedures efficiently solves the problem of converting more 
complex mathematical expressions to PDF format. To support the 

generation of HTML documents, MathJax MathML was used, 
whose format is fully compatible with the TeX format for writing 

mathematical expressions. It is convenient to use the ASIO or Beast 
library from the Boost package to develop portable WEB solutions. 

However, the developments of fully dynamic WEB applications 

require additional code for data processing at the HTTP protocol 
level. All of the mentioned libraries and solutions have been 

developed under an open-source license. They provide good 
opportunities for further work and improvement of the developed 

code. 
 

3. Results and discussion 
3.1. Mapping of terms from the massive datasets of 

unstructured text 
Creating a glossary with the calculated frequency of occurrence of 

words is the first task in the analysis of data sets of unstructured 
text. It is important to know how much of the above data set 

contains the text, how many different articles are in it, how many 
sentences are there, and what is the representation of words in them. 

Words fulfill the condition that the terms must be of the noun type, 

and at the same time, they are not the words of a general character. 
Terms, definitions, and descriptions of terms that should be 

organized in the knowledge base must be unambiguously 
connected. Realistically, terms can be represented by one or more 

words, and the mentioned term can appear in several articles. 
Some terms are words of a general type in some areas of science, 

while in other areas they are considered very important 
determinants. On massive data sets, such as a public collection of 

more than 30 million abstracts from the PubMed database, a register 

of words was created and the frequency of their occurrence was 
determined. To balance the promotion of general words, where 

biomedical expressions, which are more common in a given 
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database than in other sciences, would not appear in a pronounced 
volume, an auxiliary data set from the WebOfScience collection of 

several hundred thousand abstracts was used. 
All nouns that are not of general meaning represent a collection of 

individual terms that consist of one word. Here it is necessary to 
apply methods for processing lexemes and removing grammatical 

variations of the same term [5]. In parallel, the global frequency of 

words was monitored, as well as the presence of words in numerous 
individual articles (abstracts), which established a stable corpus of 

words of general meaning. A particular advantage of using an index 
database of references is that they are redirected to the papers they 

have cited and cited them, which completes the auxiliary collection 
of links of thematic similarities. In addition, the spectra of the 

frequency of occurrence of words in larger texts are characteristic of 
the domains to which professional texts belong. This type of 

classification is also used to present thematic frameworks for large 

collections of articles. 

 

3.2. Mapping in datasets of mathematical expressions 
It was mentioned earlier that the only problem is the organization of 

data of individual mathematical expressions, which is achieved by 
storing expressions in the form of binary trees in the data containers 

of the collection of given expressions - concepts in this case. For 
such a defined container of terms, a container consisting of a 

solution of each expression is filled in parallel by an automatic 
procedure. In this way, an organized paired set of data of initial 

expressions and results of symbolic calculation enables the change 

of the textual content of each result, to generate offered false 
answers. The basic principles of data organization of mathematical 

expressions exist well described in the literature [6]. For example, 
for expression 1, the expanded solution is the expression 2:

                                            (1) 

 (2) 

Figure 1 shows a diagram of the expression in the form of a binary 
tree. The mentioned tree is realized according to the standard 

formalism for storing mathematical expressions. Hierarchical 
relations are clearly defined, the sequence of operations is 

performed reproducibly, on nodes, there are always computational 
operations (binary operators), and parameters and constants in 

expressions are in distant nodes without further branching. For a 

system set up in this way, the computational operations that 
calculate the value of a mathematical expression on the way through 

such an organized binary tree can be completely automatic.

 
Figure 1. Representation of expression 1 in the form of a binary 

tree. One of the possible tabulated views of the organized tree from 

Figure 1 is given in the form of two tables (table of nodes and 
connection table). Both tables together store information about 

expression 1. Table 1 shows the representation of nodes reunited in 
the tree as well as the hierarchies and table 2 shows the connections 

of the nodes in the part of the table that describes connections. Each 
connection is hierarchically represented and uniquely marked. Table 

1 and 2. Tabulated presentation of nodes and connections of 
mathematical expression 1 organized in the form of a tree. 
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1 * 9 *  1 1 2 8 4 9 

2 / 10 x  2 1 3 9 6 10 

3 ^ 11 y  3 2 4 10 6 11 

4 + 12 x  4 2 5 11 8 12 

5 x 13 2  5 3 6 12 8 13 

6 - 14 2  6 3 7 13 9 14 

7 3 15 y  7 4 8 14 8 15 
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3.3. Additional implementations 
To manage tables in large data sets, it is necessary to develop code 
for the efficient handling of hash tables. Developed code is 

important for simultaneous handling of few hash tables and must be 
fully optimized. To describe links, you need to generate records as 

structured text records. After that, it is easy to generate the .dot or 
similar file formats important for organizing data as graphs. As far 

as textual knowledge bases are concerned, the glossary must have 
direct links to the articles from which it was created, with the 

possibility of regulating the corpus of articles for which the 

dictionary was created in real-time, based on the user's choice. By 
using the generated tables of paired identification numbers, it is 

possible to permanently connect with the relation term-sentence and 
sentence-term, and indirectly term-article and article-term. Their 

further pairing creates tables of terms for connection (enables the 
generation of names of terms consisting of several words), 

sentence-sentence (enables the formulation of statements important 

for testing knowledge), and article-article (enables basic thematic 
links). The created database contains a table of paired items: termID 

- phraseID. Furthermore, it is necessary to formulate, identify and 
classify topics, which, based on the analysis of the density of 

interconnectedness of terms and articles, builds a complete 
hierarchy of topics and terms and creates a knowledge base for 

further work. For additional classifications, it is necessary to 
generate graphs and further statistical and structural analyzes of 

graphs. At this point, it is not necessary to fully implement your 

code, but standard solutions are quite sufficient. In this case, it is 
especially important to conduct a cluster analysis of graphs, and the 

obtained results will be the basis of thematic classification in a 
developed information system. 

In the knowledge base of mathematical expressions, all pairings 
must be performed on the expression-solution relation in the form 

of injective transcriptions. It has been shown earlier how basic 
expressions are defined as organized trees and the storage of 

expression data is realized using containers of any type. It should be 

noted here that, unlike textual content, in this case, there are no 
semantic or grammatical restrictions, so existing expressions in the 

data collection can be fully combined and much more complex 
forms can be generated. In parallel, with the additional generation 

of more complex expressions, responses are generated using the 
benefits provided by the SymbolicC++ library. All of the above for 

collections of expressions that represent questions (equivalent to 

terms in textual form) also applies to collections of answers 
(equivalent to the definitions in textual form). 

 

3.4. Designing a system for generating knowledge testing 

materials 
Depending on the thematic framework for which the solution is 

being developed, it is also necessary to determine the level of 
education at which the final solutions for generating the tests must 

be applied. Solutions such as quizzes are the easiest to implement, 
regardless of the content, it offers among the answers. Defining the 

format of question and answer tests, whether it is textual content or 
mathematical expressions, comes down to determining the 

dynamics by which, in addition to the offered answer, false 

solutions are also offered. 
In the textual forms of knowledge testing, in addition to solutions, 

false answers are offered that meet the requirements for 
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classification (they are written in a similar form and belong to 
similar topics). In tests that contain mathematical expressions, the 

offered false answers are best obtained by slightly changing the 
parameters of the output record, which is achieved by changing the 

value of only one randomly selected parameter in each false 
expression. More complex solutions involve some kind of 

intervention of finding and replacing, replacing terms with 

definitions in more complex textual forms. It was mentioned earlier 
that the most suitable forms of output formats are materials for 

checking knowledge of HTML, due to the possibility of developing 
WEB-oriented solutions and PDF, due to the preparation of tests on 

paper. There are compatible solutions for both formats (MathML 
and TeX) that are used in pre-final output generation. This created 

an opportunity for the user to edit the final solutions in their own 
opinion and further adapt them to the desired thematic framework at 

any level. 

 

4. Conclusion 
Large collections of professional literature in electronic form enable 
the construction of usable knowledge bases from various 

professional fields. This paper demonstrates a methodological 
approach in the possible design and development of two such 

systems. The knowledge base of terms and definitions has several 
possible sources, and the classification of terms is a prerequisite for 

the development of such a system. For symbolic expressions, it is 
only necessary to precisely define the method of marking and the 

principle of data storage. The use of developed CAS libraries 

enabled the automatic generation of records in the solution 
database. Also, their use enables the generation of expressions of 

much more complex forms. The user of such a developed 
information system controls only the level, and the thematic 

framework controls the format of the generated test with the number 
of questions, the number of offered answers with the possibility of 

balancing the weight relationship between the questions. The 
outputs of the mentioned system can be modified after user control 

because the user can additionally edit the output forms of complete 

tests. 
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