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INTRODUCTION

Specialized databases of structural chemical infor-
mation are an integral part of the information-support
system for chemical specialists. Understanding the
mechanism of chemical processes and the develop-
ment of the synthesis of new materials are impossible
without the use of such information. According to
some data [1], information about the structure and
properties of chemical compounds makes up approxi-
mately 85% of the total flow of chemical information.

Since 1975, the All-Russian Institute for Scientific
and Technical Information of the Russian Academy of
Sciences (VINITI RAS) has been work on creating a
specialized database of structural chemical informa-
tion (SDB), the largest in Russia and the third largest
repository of structural chemical data in the world. At
present, the SDB contains information on more than
7 million chemical structures, approximately 4 million
chemical reactions, and 15 million properties of
chemical compounds. The array of information accu-
mulated since 1975 includes multi-format data on the
structure of chemical compounds, their physicochem-
ical properties, chemical reactions, methods of syn-
thesis, analysis, biological activity, toxicity, and fields
of application in chemistry, agriculture, pharmacol-
ogy, medicine, metallurgy, electrical engineering,
physics, ecology, and other parameters. The SDB
consists of two components: the base of the structures
of chemical compounds and the base of reactions in
which these compounds participate. The database is
now filled using the CBASE32 software complex,

which is a development of the CBASE shell [2]. This
software complex provides input and processing of
structural, factual and bibliographic data. Graphic
information about chemical compounds and reactions
is accompanied by various textual information pre-
sented in the SDB in the form of subject characteristics
(terms), whose system was developed in the VINITI
and is currently constantly updated [3]. The subject
characteristics are various hierarchically listed infor-
mation about the compound coded in capital letters of
the Latin alphabet: physicochemical properties of the
compound, characteristics of its production, its activ-
ity, fields of application, etc. Thus, the SDB contains
relevant carefully selected information critically eval-
uvated and processed by highly qualified chemical
specialists, which is one of the major advantages of
the SDB among the diverse flow of chemical infor-
mation provided to users in the contemporary infor-
mation space.

The indisputable advantage of any database is the
availability of various ways to search for the informa-
tion the user needs. Each database has its own search
tool. The software-technological complex of the SDB
includes software systems that use two methods of
providing information to users: online searching and
autonomous searching. The online search system was
described in detail in [4]. This article discusses an
autonomous system for structural data searches that
makes it possible to search for information in an off-
line mode in a local database of a system formed from
a database of structural chemical information.
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TECHNICAL REQUIREMENTS
TO THE AUTONOMOUS SEARCH SYSTEM

A modern search system should have a comfortable
intuitive interface and the ability to quickly relevant
search through all elements of the database informa-
tion array. During the development of the search sys-
tem of the SDB, the following requirements were
identified:

+ a user-friendly graphical interface;

* a quick search with visual results;

* searching using such characteristics of chemical
compounds as:

—the molecular formula;

—a name or a fragment of a name;

—an exact structure and structural fragment;
—subject characteristics;

» searching for additional information on the
Internet;

+ display of bibliographic data from the VINITI
RAS catalog;

+ display of the following information in search
results:

—the name of the chemical compound and its
structural formula;

—Dbibliographic references;
—the characteristics of the subject with comments;

—data on chemical reactions in which the chemical
compound participates.

THE DATA CONVERTER. THE BASIC
PRINCIPLES OF SEARCH ORGANIZATION

The SDB is a set of files of the same structure in a
binary format (CBASE32 format), each of which con-
tains flat tables and in addition to the data described
above comprises complementary information, includ-
ing service information. Files are grouped in directo-
ries that correspond to the years and numbers of the
abstract database (DB) and the abstract journal (RZh)
Khimiya (Chemistry). This organization does not
allow effective searching for necessary information.
The requirement for a quick information search is met
by a database that is built hierarchically. To create it, a
program called Data Converter has been developed.
The main task of the converter is to create a data hierar-
chy focused on fast execution of queries in accordance
with the technical requirements listed above. Since the
hierarchical database created by Data Converter is
designed to provide chemical information to users, it
will be referred to as the user database in the future.

The Data Converter works as follows. Data from
the SDB are normalized and acquire a four-level hier-
archy. The highest level is the molecular formula, fol-
lowed by the chemical structure (stereoisomers are
considered different chemical structures) and its
name. At the third level of the hierarchy is a list of
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abstracts from the Khimiya (Chemistry) database, in
which this chemical structure is mentioned, along
with a list of subject characteristics, and a bibliogra-
phy. Finally, at the fourth level, each number of the
abstract is assigned with a list of reactions from the
article corresponding to this abstract. Molecular for-
mulas (the first level of the hierarchy) are formed
according to Hill’s rule [5] and sorted alphabetically.
At the second level of the hierarchy, names along with
chemical structures are sorted alphabetically. Sorting
is used for a list of abstracts as well. This way of pre-
senting data allows the user to quickly find the infor-
mation of interest in manual mode without creating
search queries.

When creating the hierarchy, lists of unique molec-
ular formulas are created and lists of chemical struc-
tures are formed inside each list, for which the
InChlkey string [6] is used, which uniquely character-
izes the chemical structure with regard to stereochem-
ical information. Abstract numbers are used to create
lists of abstracts.

The program, together with information about
chemical compounds, is installed on a local computer.
Data for the program are stored in a local file. This
storage method allows avoiding the installation and
administration of SQL server applications. An import-
ant advantage of SQL server applications, that is,
multi-user capability, does not matter in this case,
since the data are not edited by clients; this allows cli-
ents to access these data from several local copies of
applications without causing conflicts.

The hierarchy levels listed above contain strings as
a unique identifier: abstract numbers for a list of
abstracts, a molecular formula for a list of formulas,
and InChIKey for a list of chemical structures. When
converting flat tables, it is necessary to check for the
presence of this string in already formed lists. If the
string is present, the data are added to the existing list,
while if there is no string, a new list is created. The
search time for a string in the list is proportional to
log, N for a sorted list and N for an unsorted list, where
N is the number of items in the list. Obviously, search-
ing in sorted lists is more efficient. However, when
creating a new list, the string must be included in the
search; this requires re-sorting and time costs in pro-
portion to Nlog,N. If re-sorting is carried out after
adding each new element, then there is no advantage
of searching in a sorted list. Therefore, for the forma-
tion of lists, two arrays, sorted and unsorted, are used.
The search is carried out through bisections in a sorted
array (the convergence rate is log, V) and serial search-
ing (the rate is proportional to V) in an unsorted array.
When creating a new list, an identifier string is added
to an unsorted array. When the number of elements in
an unsorted array reaches 64, they are transferred to a
sorted array, which is re-sorted, and the unsorted array
is reset. This procedure significantly reduces the time
for generating hierarchical lists.
Vol. 52
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Fig. 1. The main window of the Module interface of the autonomous system of structural search. The name and structure of a

chemical compound are displayed.

We studied the dependence of the creation time of
a final sorted list on the number of elements in an
unsorted array after reaching which a single array is
generated. The curve that reflects this relationship has
a minimum; however, the optimal number of elements
for which it is necessary to create a single array and
perform re-sorting depends on the list length and the
frequency of new list elements and is the subject of a
separate study.

Due to a specific feature of data storage in the
VINITI RAS, which consists in the fact that the bib-
liographic information and the abstract numbers
assigned in the RZh and the Khimiya (Chemistry)
database are stored separately from the array of struc-
tural chemical information, the converter program
reads these data from external sources and inputs them
in CBASE32 format tables.

As an input, the converter program receives lists
of tables and generates a binary local database file for
an autonomous structural search system. The Data
Converter is implemented in 64-bit architecture,
which makes it possible to convert a very large
amount of data. In practice, the entire database of
structural and chemical information, containing
more than 8 MB of records, was successfully con-
verted into a user database.

In addition, the Data Converter can be successfully
used to create thematic databases. A thematic database
is a user database that contains information about
compounds with specified subject characteristics.
They can be specified in the converter program before
forming the base. The result is a filtered base that con-
tains chemical structures with given terms and corre-
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sponding bibliographic data. Chemical reactions are
not included in the thematic databases, as for their dis-
play, in general, all the chemical structures of this pub-
lication are necessary and some of them are filtered.

THE FEATURES OF THE SEARCH
FUNCTIONS OF THE SYSTEM

The autonomous structural search system consists
of two executable modules: the Data Converter and
the Search Module. The latter implements the func-
tions of searching for chemical structures in a local
database formed from the SDB files using a converter
program.

The main window of the Search Module interface
of the system includes the display area of the molecu-
lar formula tree and the toolbar. The molecular for-
mula tree reflects the four-level database hierarchy
formed by the converter program, as described above.

One can browse the tree using the scroll bars or
the wheel of a computer mouse. Tree nodes are
expanded or collapsed with a mouse click. The tree
has up to four levels. The transition to the levels
below the first one is accompanied by the display of
information in the right part of the window. At the
first level of the tree are molecular formulas ordered
according to Hill’s rule. At the second level are the
names of chemical compounds and their structure
(Fig. 1). At the third level are bibliographic and sub-
ject information. Nodes of the third level are
assigned with the abstract number in the Khimiya
(Chemistry) database and brackets indicate the year
of publication (see Fig. 11). At the fourth level (if
Vol. 52

No.6 2018



300

EY CcTeMa NMovcKa CTRYKTYPHBIX AaHHBIX

Eggﬁll Ee3 !I@I_@I_?J I~ Momck B HARQEHHON

MonekynAapHaa Goprayna
B CTTHTTF 20, =

TREPALIN et al.

==l
£ e

C1IH11F3
E- C11H11F3N2
B (S)-2-(1H-1Haon-3-un)-3,
2 D9H0094(2012) =1
rC1’EH1‘iF3N2=C1
C12H10F3NO2 = C
t- C11H11F3N20
- C11H11F3N20552 o
#- C11H11F3N20BS2
i C11H11F20
- C11H11F302
- C11H11F303
b C11H11F3038 =i
- C11H11F3045
- C11H11F30482
i C11H11F 2068
- C11H11F503
- C11H11FBRO
F C11H11FENOBS
- C11H11FENS
I C11H11FBPRU
- C11H11F704

P

firal

T

{10 o I

=

=

=
=TI
4
o }
[
e
i
I\i 1
=
—_
// \\
/
)
EAV

Fig. 2. An example of displaying information about reactions.

there is one) are the equations of chemical reactions
in which a given compound participates (Fig. 2).

The toolbar consists of control elements for the
implementation of various types of search and execu-
tion of auxiliary actions (Fig. 3).

The search for the molecular formula and the name
of the chemical compound is carried out by specifying
a query in text form in the field of special windows
called by the m and = buttons, respectively. As an
example, if one clicks the button first on the left and
specifies the string C6H4 (Fig. 4) in the text box of the
query window, one obtains the result shown in Fig. 5.

It can be seen that not only was the cyclohexa-1,3-
dienine compound with the molecular formula C6H4
found, but also 289 chemical compounds whose
molecular formula contains C6H4 as a fragment.

Similarly, the search is carried out by the systematic
or trivial name of the chemical compound. In the
query, one can specify the full name or its fragment in
Russian.

Searching for the exact structure is carried out
using the toolbar button /g It calls the window of the
graphic editor [7], in which one can form a structural
query in the form of a chemical structure drawing. An
example of such a query is presented in Fig. 6.

When the drawing is complete, the searcher clicks
OK. The program will perform a search, whose results
will appear in the main interface window. The search
algorithm is based on the use of the InCHIKey, which

EHOlO| == @

Fig. 3. The toolbar view.

] a| 2
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identifies a chemical compound with a high degree of
uniqueness.

The InChl string is recommended by IUPAC as a
linear representation of the chemical structure [8]. It
contains data on the bonds between atoms, as well as
stereochemical information and is unique for identical
structures regardless of the order in which the atoms
are numbered (the canonical representation). For
simple tautomers arising from 1,3-migrations of the
hydrogen atom, as well as chains of such migrations,
identical strings are generated. Thus, by comparing
InChl strings, it is possible to determine whether the
chemical structures are the same or different.

The disadvantage of the InChl string is that it has a
variable length and can reach several thousand charac-
ters for large compounds. This flaw has been over-
come by the InChlkey technology. InChlkey is an
InChl hash with a length of 27 characters. The first
14 characters contain information about the bonds;
after the separator stereochemical information (ten
characters) and a checksum/version of InChl (one
character) occur. By comparing the first 14 characters,
one can find chemical structures with the same topol-
ogy. By comparing ten stereochemical characters one
can find identical stereoisomers.

There is a non-zero probability that two different
chemical structures generate the same hash code.
However, it is extremely low; at present it was not pos-
sible to reliably detect such an event for any pair of
chemical structures. The matches discussed in the lit-
erature are explained by different implementations of
the InChl string generation due to errors in the pro-
grams [9].

When the search program starts, the InChlkey
strings are sorted and loaded into RAM. As well, for a
structural user request, InChlkey is generated and the
Vol. 52
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Query: O Result: O

Fig. 7. An example of a query for a fragment and a struc-
ture that was found.

search is carried out in the array using a bisection algo-
rithm. Searching through very large amount of data
takes negligible time and the results are immediately
presented to the user. A detailed description of the
search system in the SDB on the basis of InChlkey was
given in [10].

Searching for a structural fragment is carried out by
the g button. This type of search is of great importance
in determining the relationship of the structure and
activity of chemical compounds. The search algorithm
is based on backtracking in combination with the
relaxation method and was described in detail in [11].
It should be noted that in terms of graph theory, here
we solve the problem of determining an isomorphism
to a partial subgraph [12]. As an example, using the
query shown in Fig. 7 the structure of the cyclohexane
molecule can be found.

The search request for a structural fragment is
specified using all available graphic tools of the draw-
ing of the exact structure. In addition, there are special
tools for specifying a search by fragment: search atoms
and search bonds. These are represented by a group of
Query commands of the graphical editor. The query
must contain at least two non-hydrogen atoms (this is
a natural and generally accepted requirement) and
must not contain more than 1000 atoms and 1000
bonds in a connected fragment (this is a limitation of
the autonomous structural search system). Search
atoms are substituent atoms used to draw a query to
search by substructure. The following atoms are
defined as search atoms:

1. Any: any atom except for a hydrogen atom.
2. Hetero: N, O, Si, P, S, Ge, As, Se, Sb, Te, and Po.
3. Exactly coordinated is used in combination with

any atom and means that the coordination of the atom
cannot be different from that indicated.

4. Halogens: F, Cl, Br, I, and At.

5. Metal: Li, Be, Na, Mg, Al, K, Ca, Sc, Ti, V, Cr,
Mn, Fe, Co, Ni, Cu, Zn, Ga, Rb, Sr, Y, Zr, Nb, Mo, Tc,
Ru, Rh, Pd, Ag, Cd, In, Sn, Cs, Ba, La, Ce, Pr, Nd, Pm,
Sm, Fu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, Ta, W,
Re, Os, Ir, Pt, Au, Hg, T, Pb, Bi, Fr, Ra, Ac, Th, Pa, U,
Np, Pu, Am, Cm, Bk, Cf, Es, Fm, Md, No, and Lr.

Search atoms of types 1, 2, 4, and 5 are used as ordi-
nary physical atoms. Search atoms of type 3 should be
drawn in combination with others (physical and
search ones). Search bonds are substituent bonds used
to represent the task of searching by a structural frag-
ment. The editor defines the following search bonds:

AUTOMATIC DOCUMENTATION AND MATHEMATICAL LINGUISTICS
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1. Any means that two atoms are connected by an
arbitrary bond.

2. Aromatic means that a pair of atoms is part of an
aromatic ring.

3. §/D, Single or Double. This means that atoms
are connected by a single or double bond.

4. Ch, Chain. This is used in combination with
other bonds (physical and search ones) and means that
the bond is not included in the ring.

5. Rn, Ring. This is used in combination with other
bonds (physical and search ones) and means that the
bond is part of a ring.

6. Cis/trans. This is used in combination with other
bonds and indicates the type (Cis/trans) of the tagged
bond.

Let us illustrate the use of search atoms and bonds
based on the example of a search query, in which Rn
denotes a cyclic bond and Xis a halogen atom (Fig. 8).
One of the results of this search is shown in Fig. 9.

Searching by subject characteristics is carried out
using the & button. Terms are denoted by a single
character or their sequence, up to four characters long,
represented in the right part of the window (Fig. 10).

The lower part of the window contains tools for
searching terms by a given fragment of a term string or
comment text. After the term is selected and checked,
pressing the OK button will start the search procedure.
An example of possible results is shown in Fig. 11.

The search for the selected structure on the Inter-
net is carried out via the @ button. Clicking it forms
the InChiKey character string of this chemical com-
pound, which is automatically placed in the Google
search box of the Internet browser.

To view data from the electronic catalog of the
VINITI RAS, it is necessary to select a tree node with
the abstract number in the Khimiya (Chemistry) data-
base (Fig. 12).

The m button then becomes active; upon clicking
it, a connection with the Electronic Catalog of the
VINITI RAS is established. The Internet browser
displays the bibliographic information of the original
source and provides access to the Electronic Catalog
[13], where one can obtain additional information:

* translation of the name of the source into Rus-
sian;

+ date of registration in the VINITI;

» storage place in the VINITI;

* annotation;

» keywords;

» references to all publications of each of the
authors of a given article.

The Electronic Catalog Service on the Search tab

allows one to find bibliographic information by key-
words and other parameters.
No. 6
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Fig. 9. One of the results of searching via the fragment in Fig. 8.

CONCLUSIONS

Currently, the problem of providing users with
information from the structural chemical information
database is solved by passing them to a user database
and the Search Module program described above. The
user database is created using a special data converter
program, where the data are systematized by the peri-
ods during which the information was collected. As an
example, the freely distributed demo version of the
autonomous search system [14] contains an array of
data from the SDB (approximately 200000 chemical
structures) accumulated over 2012.

Further development of the system can follow in
two directions.

The first direction is an increase in the amount of
information provided to the user due to retro data. It
should be noted that the task of converting data for the
1996—2009 period (27% of the total number of chem-
ical compounds) has been solved; however, the con-

AUTOMATIC DOCUMENTATION AND MATHEMATICAL LINGUISTICS

version of data from 1975—1995 (62% of the total
number of chemical compounds) is a rather time-con-
suming task. The problem is that compounds in this
period were input without using a graphical editor;
thus, the database files do not store information about
the structural formula drawing. The task of automati-
cally constructing a drawing of the structure according
to the table of bonds (visualization of the molecule) is
currently successfully solved for most of the chemical
compounds of the SDB [3].

The second direction involves the provision of the-
matic samples from the SDB (for example, biologi-
cally active compounds, complex compounds, com-
pounds used in a particular technology, etc.) at the
request of users. Currently, the task of creating spe-
cialized local databases in the autonomous search sys-
tem has been partially solved on the basis of the SDB:
a converter has been developed to form thematic data-

Vol.52  No.6 2018
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Fig. 11. An example of a result of searching via a subject characteristic.
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Fig. 12. A selected node with an abstract number.

bases that contain information about compounds with
specified subject characteristics.

The considered system of autonomous information
search in user databases can be applied in the follow-
ing areas:

» fundamental and applied research in chemistry,
biochemistry, pharmaceuticals, pharmacology, toxi-
cology, ecology, and medicine;

* the chemical industry;

* education (assistance to teachers, students, grad-
uate students, and professionals who are raising their
qualifications);

 information support (databases, scientific librar-
ies, and publishing houses).
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