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Abstract. This paper presents an algorithmic solution for management
of related text objects, in which are integrated algorithms for their extrac-
tion from paper or electronic format, for their storage and processing in a
relational database. The developed algorithms for data extraction and data
analysis enable one to find specific features and relations between the text
objects from the database. The algorithmic solution is applied to data from
the field of phytopharmacy in Bulgaria. It can be used as a tool and method-
ology for other subject areas where there are complex relationships between
text objects.
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Introduction. Automatic text analysis may involve different levels of
information embedded in the text. This motivates many subtasks and modules.
Since the topics covered in a document are usually related to the context of the
document, analysing topical themes within this context can potentially reveal
many interesting theme patterns [1]. It should be noted that documents used in
practice are often not submitted in electronic form and their processing is largely
hampered, requiring the use of OCR systems [2, 3]. Optical Character Recogni-
tion works by scanning source documents and performing character analysis on
the resulting images, producing a conversion to encoded text, which can then
be stored and manipulated electronically like any standard electronic document.
The importance of retrieving OCR text efficiently has grown significantly in re-
cent years [4].

The text-level structure of each document is described by the occurrence
of typical functional components in the text [5]. The problem of text mining, i.e.,
discovering useful knowledge from unstructured text, is becoming an increasingly
important aspect of KDD (Knowledge Discovery from Databases) [6]. KDD con-
siders the application of statistical and machine-learning methods for discovering
novel relationships in large relational databases [7]. Unfortunately, for many ap-
plications, available electronic information is in the form of unstructured natural-
language documents rather than structured databases [6]. Many text documents
used by specialists and experts contain text objects (words, phrases, sentences,
etc.) between which there are complex relations. In the process of search and
extraction of all relations between the text objects of the documents several dif-
ficulties arise. In text mining [8, 9] or information retrieval systems visualization
methods can improve and simplify the discovery or extraction of relevant patterns
or information. Many of the approaches developed for text mining purposes are
motivated by methods that had been proposed in the areas of explorative data
analysis, information visualization and visual data mining [10, 11]. Data mining
refers to the nontrivial extraction of implicit, previously unknown and potentially
useful information from data in relational databases. Of particular importance
is the development of powerful tools [12] for analysis and interpretation of these
data and to extract knowledge which helps users in solving complex problems. IE
systems can be used to directly extract abstract knowledge from a text corpus, or
concrete data from a set of documents which can then be further analysed with
traditional data-mining techniques to discover more general patterns [7].

This work studies problems of such nature and provides an integrated
solution for management of text objects (words, phrases) and relations between
them.
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The aims of the paper are:
– To present an algorithmic solution for management of related text ob-

jects which is a powerful tool for their extraction from documents in electronic or
paper form, for their storing, structuring and processing in a relational database.

– To present an application of the developed algorithmic solution and
applied software for the data in the field of phytopharmacy in Bulgaria.

Algorithmic solution. The algorithmic solution for management of
related text objects includes (Figure 1):

A) Optical text recognition. Despite the good quality of the FineReader
software, errors occur during its use. Therefore an algorithm for automated
error correction after optical recognition by FineReader [13] was developed. The
purpose of this algorithm is to reduce the number of errors from optical character
recognition and control of input data.

B) A relational model for presenting related text objects (words, phrases).
C) – A system for coding related text objects [14] that is used for coding

words and phrases in electronic documents, as well as for designation of relation-
ships between them.

– An algorithm for automated creation of a relational database [14]. Text
objects from the electronic documents are extracted, coded and entered into a
relational database through this algorithm. The algorithm developed has the
properties of an IR (information retrieval) approach used in text mining.

D) Algorithms and applied software for data extraction and data analysis
from the relational database. Applied software is built for the purpose of finding,
comparing, analysing and summarizing the special features and relations between
the related text objects. In these cases some typical approaches of data mining
are applied.

Algorithms, a relational model and database design. Algorithms,

building the developed solution: This work studies documents that contain text
objects between which complex relations exist are studied. M1 and M2 are sets
that contain these text objects. Each text object is a word or phrase (sequence
of words). It is possible that one of the sets consists of subsets which do not
intersect. Let M2 = PM21 ∪ PM22 ∪ PM23 and PM21 ∩ PM22 ∩ PM23 = ∅. Each
object of a set may be related with one or more objects of the other set. The
text objects of the sets M1 and M2 should be extracted from the documents and
stored in a relational database.
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Fig. 1. Scheme of the developed algorithmic solution for management of related text
objects
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The developed algorithmic solution includes OCR software and an algo-
rithm for automated error correction after optical recognition by FineReader [13].
The FineReader system is used for documents that contain related text objects,
but are presented in paper form (Figure 1–a). In the process of their transforming
into electronic form errors occur after the optical recognition. The typical errors
in optical character recognition can be classified into two groups.

– Incorrect recognition of various characters - numbers written in Roman
and Arabic numerals, hyphenated words, units of measurement (cm, m, da, etc.),
punctuation marks;

– Discrepancy of data arranged in tabular form.
Particular attention should be paid to errors (for example hyphenated

words) in key words. If they are not corrected and are objects belonging to the
M1 or M2, then they will not be found in the electronic document and input in
the relational database. The output file obtained as a result of the corrections
can be in Word or Excel format (Fig. 1–a). All errors of the optical character
recognition may not be corrected, but the developed algorithm for automated
error correction significantly reduces their number.

When building the relational database a coding system of the text objects
[14] is used for the following reasons:

– Working with text objects (words, phrases) particularly within a large vol-
ume of documents is extremely cumbersome and difficult. This entails
replacing them with natural numbers (codes). For each object a relevant
code is introduced. Moreover, natural numbers are indexed more easily
than text. As a result a faster and more efficient search of text objects is
performed.

– Some codes are used as keys in a relational database.

– Codes are used to designate the relations between objects.

Let D1 be an electronic document (Figure 1–b), which contains the text
objects of the sets M1 and M2 described above. An algorithm was developed
for the extraction of these objects and their storing in the relational database
[14]. Exactly one natural number (code) corresponds to each text object. The
codes of the objects are introduced into the lists in advance with the objects
themselves. A text object in a row of D1 can be recognized as an element of the
list containing text objects from M1 or M2. Then its code is stored in the row
of the document. Relationships between objects in the row of the document are
identified by the formation of ordered pairs of the type (k1, k2), where k1 is a
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code of the object from M1 and k2 is a code of the object from M2. This is why
all codes of objects from both sets are combined. The position of the elements in
the ordered pair does not indicate the direction of the relationship between the
corresponding text objects. The direction of the relationship of related objects is
determined depending on the particular subject area database. Data that have
been found in the electronic document were entered in the corresponding tables of
the relational database (Figure 1–c). The algorithm for the automated creation
of the database can also be used for updating if new objects from an electronic
document have to be added to the database.

The algorithmic solution contains algorithms and software for processing
the relational database. An algorithm was developed for extracting the related
text objects from the sets 1 and 2, which are presented in various tables of the
database. In this case for a selected object from one set all combinations of
its code and codes of objects of the other set are searched. Depending on the
codes of objects of the other set that are found, their corresponding objects are
determined. As a result, all related text objects from both sets can be extracted.
In practice, this leads to finding all records: h ⊂ M1 × M2 = {(a1,b2)/a1 ∈ M1,
b2 ∈ M2)} or g ⊂ M2 × M1 = {(c2, v1)/c2 ∈ M2, v1 ∈ M1)}. The algorithms for
data extraction and data analysis contain subalgorithms, which implement some
of the most frequently used relational algebra operations—join, projection and
selection.

As a result of the implementation of these operations subsets of columns
or rows of a table can be extracted, data from multiple tables can be brought
together in one table, and specific dependencies and relations for the text objects
(words, phrases) can be found as well.

The effectiveness of the developed software can be shown in the applica-
tion to the related text objects in the field of phytopharmacy that are discussed
in the next section.

A relational model of the related text objects: a database design.

The extracted text objects from the electronic document D1 are stored in tables
of the relational database. When designing the relational database the number
of tables will depend on:

– The set M1.

– The number of the subsets of the set M2 (in the case – PM21, PM22, PM23).

Then the number of tables will be 1 + q (with q denoting the number of
subsets of M2). The table TM stores the text objects of the set M1. The defined
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primary key in TM coincides with the codes of the objects of M1. The text
objects of M2 are stored in separate tables (TP1, TP2, TP3). They are related
to the objects of the table TM through the codes of the objects of M1. The
set of codes of the objects of M1 is a primary key in the referenced table TM

and a foreign key in the referencing table TP1, TP2 or TP3. All relationships
between the tables in the relational database are of “one to many” type. The
requirement that each value existing for the foreign key be a corresponding value
in the referenced key must be fulfilled for the designed relational database. The
three related tables consisting of text objects of the subsets PM21, PM22 and PM23

also contain all combinations of the codes respectively of an object from M1 and
the object from the subset. This means that the code of the text object from the
set M1 exists. It has been previously entered into the referenced table. Its value
in the related table is the value of the foreign key. Thus the referential integrity
is guaranteed. The rule which refers to the entity integrity is also fulfilled. The
attributes that are primary keys cannot take null values. In the tables of the
relational database this key belongs to the set of natural numbers. The degree
of the tables TM, TP1, TP2, TP3 cannot be determined in advance. They may
contain other attributes for text objects depending on the specific subject area
database created.

There are cases in which the values of the number q may be much larger
than the one discussed above (q = 3) and the text objects of the set M2 can be
related with text objects of another set. It is therefore expedient for the objects
of each set to be presented in only one table. Otherwise the number of tables
in the relational database can become quite large. Therefore the scheme of the
relational database can be much more complicated and its efficiency would be
reduced. This makes it difficult to use the relational database.

It is possible for the same relationships, which are defined between the
text objects of M1 and M2, to also be defined on the text objects from M2 and
the other set M3, etc. Then the text objects from M3 should be introduced in
the database. For this purpose the coding system is used. The difference here is
that in addition to relations between M1 and M2 there are also relations between
M2 and M3. These relationships between the text objects must be found in the
input document. For this purpose two ordered pairs (k1, k2) and (k2, k3) are
defined, where k1, k2 and k3 are respectively the codes of text objects from the
sets M1, M2 and M3. The cases in which the sets are more than two, additional
restrictions have to be introduced. The formation of an ordered pair of codes of
objects of different sets between which there are no defined relationships should
not be allowed.
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Application of the algorithmic solution and applied software

for the data in the field of phytopharmacy in Bulgaria. Phytophar-
maceutical products (pesticides) are made publicly known in the reference book
List of authorized and employed plant protection products on the market [15] in
Bulgaria. The pesticides are divided into three groups—fungicides, insecticides
and herbicides. They are arranged alphabetically in the reference book. Their
active substances, which are listed separately, are arranged in the same way. The
columns contain data for the characteristics of the pesticide. For each pesti-
cide are given: the name of the pesticide and the company name maker; active
substance; concentration for use; pest/culture where it is applied; average lethal
dose; quarantine period in days and category of use (Figure 2)1. The use of the
reference book raises problems concerning:

– The search for all relationships between text objects (culture, pests or/and
pesticides). These relations are presented in the publication, but are found
on different pages, requiring much time and effort.

– The possibility of missing a certain object or other objects related to this
object.

– Difficulties in decision making and giving a quick and correct answer to a
question.

Pesticide,
company

Active
sub-
stance

Con-
cen-
tra-
tion

Culture/pest against
which the pesticide is
used.

LD Qua-
ran-
tine
period
in
days

Ca-
tego-
ry of
use

18 BENIMOST
50 VP
Hokley

50%
beno-
mil

0,1 % gray mold on grapes;
powdery mildew on
peach

5000 28 1

19 BENOMIL
50 V
Sinon

500g/kg
beno-
mil

0,1 % powdery mildew on
peach; gray mold
on grapes; powdery
mildew on tomatoes

5000 28 1

Fig. 2. Presentation of the data in the reference book

1In the reference book the original text in Figure 2 is in Bulgarian.
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The shortcomings mentioned in the use of the reference book of permitted
phytopharmaceutical products could be avoided by applying the developed algo-
rithmic solution for the management of text objects and a software system. A
compact presentation of the pesticides, cultures and pests in a relational database
and the application of software for their extraction and analysis that are included
in this system would facilitate the user’s experience significantly. This would lead
to the faster solving of problems encountered by specialists and experts in the
field of the agriculture (plant protection, agronomy and others). The software
we need for applying the developed algorithmic solution is implemented in the
environment of Visual Basic.

Practical realization of the model: The reference book is used in building
the “Phytopharmacy” database. Data for the permitted pesticides are interpreted
as follows (Figure 3):

– The set M1 contains all cultures. It is denoted as the set “Plants”;

– The set M2 (M2 = PM21 ∪ PM22 ∪ PM23) consists of all pests (fungal
diseases—fungi, weeds and insects). It is denoted as the set “Pests”:

• PM21 ≡ “Fungi”. The subset “Fungi” contains all fungal diseases.

• PM22 ≡ “Weed”. The subset “Weed” contains all weeds.

• PM23 ≡ “Insect”. The subset “Insect” contains all insects.

– The set M3 that was presented in the description of the relational model of
related text objects consists of all permitted phytopharmaceutical products.
It is denoted as the set ”Pesticides”.

Fig. 3. Sets containing the text objects
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The reference book of permitted pesticides is transformed into electronic
form, in Excel files, by using ABBYY FineReader. The structure of the xls file
is similar to the one presented in Figure 2. The correction of the typical errors
discussed above which occurred after the optical character recognition is done by
the algorithm and software for automated error correction. Pests and cultures
in the described sets and their codes are introduced beforehand in lists. Exactly
one code (natural number) corresponds to each culture or pest.

The software for automated extraction of objects from the Excel files and
automated creation of the database performs the following operations:

– For each culture or pest in a row of the Excel table, their codes from
the pre-selected list are introduced.

– All possible combinations of the codes of objects belonging respectively
to the sets “Plants” and “Pests” are formed. Each row of the Excel file contains
a pesticide and the related pests of a culture or a pest of several cultures. In
this case the combinations in the row of the Excel file are also applied to the
designation of the relationships between the pesticide and the two objects (culture
and pest) found.

– All the objects found from the sets “Plants”, “Pests” and “Pesticides”
are extracted and entered into the relational database “Phytopharmacy”.

Design of the Relational Database “Phytopharmacy”: Data for the phy-
topharmaceutical products are systematized in separate tables. The “Phytophar-
macy” database [16] contains the following relational objects (Figure 4):

– The table “Agr Cultures”(id C ob, Culture ob) stores all cultures of ”Plants”
and a primary key (the set of the codes of the cultures).

– The tables “Fungus P” (Cod F id, Pest F, Cod Pest F, id C ob),

“Insect P” (Cod I id, Pest I, Cod Pest I, id C ob),

“Weed P” (Cod W id, Pest W, Cod Pest W, id C ob)

contain the three types of pests, their codes and the codes of cultures to
which they are related.

– The table “Pesticide”(id, Pesticide firm, Active substance, Concentration,
LD, Quarantine period, category, Features, Import, Note, Cod F id,
Cod I id, Cod P id) stores all phytopharmaceutical products of the set
“Pesticides” and their attributes.

The main difficulties in using the reference book for permitted pesticides
were associated with a comparatively large number of complex relationships be-
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Fig. 4. The entity-relationship diagram of the ”Phytopharmacy” database
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tween the participating text objects (culture, pest, pesticide). The developed
relational model of the text objects and the “Phytopharmacy” database solve
the problems concerning storing, access, data processing and ensuring entity in-
tegrity. The reference book for permitted pesticides is reissued every year. The
main reason for this is the constantly changing requirements for the phytopharma-
ceutical products. These changes must be reflected in the objects of the database.
Therefore an annual update should be performed. The DBMS “Access” is used
as a platform for the development of the “Phytopharmacy” database.

Data extraction from the relational database “Phytopharmacy”: The ap-
plied software is developed for the purpose of quick and easy processing of the
text objects stored in the relational database “Phytopharmacy”. It is primar-
ily intended for use by agronomists, specialists in plant protection, but also by
farmers and others. This software allows users to extract the necessary data and
relations between objects from the database in the following order [17].

– Lists consisting of the names of cultures, pests (insects, weeds or fungi) or
phytopharmaceutical products with their characteristics (active substance,
lethal dose, category of use, etc.)

– Presentation of data for two related text object. Data referring to the
permitted phytopharmaceutical products contain the following combina-
tions: “cultures–pests”, “pests–pesticides”, “pesticides–pests” and “pest–
cultures” (Figure 5–a);

– Data on three related text objects. In this case the relations are “cultures–
pests–pesticides” and “pesticides–pests–cultures” (Figure 5-b)2.

In addition, for each object (culture, pest, pesticide) the number of objects
from the relational database related to it can be found by the developed software.
This information is intended mainly for use by a significantly narrower range of
specialists in the field of agriculture who are principally engaged in the study of
diseases in cultures.

Data analysis of pesticide, culture, pest and possible alternatives: Ded-
icated software tools were developed, especially for data analysis of the rela-
tional database “Phytopharmacy”. Thes software tools are designed to search
for specific features of phytopharmaceutical products, mostly relationships with
cultures and pests, in order to study possible alternatives in decision-making.

2The data about the phytopharmaceutical products shown in figure 5 are in Bulgarian in the
original text.
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a) Data referring to the following combination: “pest–cultures”

b) Data for “pesticide-pests–cultures”

Fig. 5. Presentation of the data for the phytopharmaceutical products
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Fig. 6. Data analysis for the chosen pesticide
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When choosing a pesticide related to cultures and pests from the database the
following alternatives are suggested:

– There is no other phytopharmaceutical product for the treatment of the
culture against the pest except the presented one. As a result, there is no
chance of replacing it by other pesticides (Figure 6–a). Regardless of its
effectiveness when it is used against the pest, the users practically have no
other choice.

– There are other pesticides presented which could replace the pesticide cho-
sen to be applied against the pests of the culture (Figure 6–b)3. Then it is
possible to perform the following types of research:

• Concerning the existence of values of the dose (concentration) different
from the found value (respectively lower or higher), in which the chosen
pesticide is successfully used for this pest in the culture. In these cases
the pesticide can be combined with another. It should be noted that
this condition is mentioned in the reference book in the relational
database “Phytopharmacy”.

• For other phytopharmaceutical products used for the same culture
and pest, the values for concentration, lethal dose, quarantine period
in days and active substances can be compared. As a result, it is
possible to carry out a replacement of the selected pesticide and pre-
sented opportunities. This choice could depend on the efficacy of the
pesticides and numerous other factors.

The presented investigations of data of the phytopharmaceutical products
are important for specialists in the agricultural field. The results obtained from
the data analysis enable decisions concerning the use of pesticides with lower
toxicity. In this way the negative impact of the products used is reduced, both
for the environment and for humans and animals. It should be noted that in data
analysis for pesticides the complex relations between them are studied primarily.
The alternatives presented can be used for finding rational and adequate solutions
in various problems of plant protection.

Conclusion. The developed algorithmic solution is a powerful tool for
the management of the related text objects. The basis of the solution are in-
tegrated algorithms for automated extraction of the related objects from text

3The data about the pesticides, shown in figure 6 is in Bulgarian in the original text.
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documents and their presenting in a relational database, as well as algorithms
for data analysis and data extraction from the database. Elements of set theory
are used in building the relational model of the text objects. The algorithms for
data analysis and data extraction have important practical significance as well
methods of relational algebra and coding system are applied in themselves. The
algorithmic solution for the management of text objects has been researched and
used for data (cultures, pests, pesticides) from the field of phytopharmacy in Bul-
garia. Data from the reference book for permitted pesticides and cultures and
pests related to them are presented in the relational database “Phytopharmacy”.
As a result the problems of searching, access and data processing referring to
these related objects are solved. The developed software system includes the
automated creation of the relational database “Phytopharmacy” as well as ap-
plication software for data extraction and analysis of the database. This allows
for the research of the pesticides and finding useful information for specialists
in the field of agriculture, farmers and others. The algorithmic solution and the
developed software can be applied to text documents containing related objects
in areas such as pharmacy, medicine, etc.
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