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Abstract. The review describes the basics of updated theory of symbolic modeling of arbitrary objects in
a human-machine environment (S-modeling). The theory of S-modeling includes languages for a formal-
ized description of an extensible system of S-modeling notions, a description of the core of this system
and classes of basic tasks for constructing and manipulating S-models. The theory of S-modeling is con-
sidered as a methodological platform for the scientifically based development of information technologies
and the human-machine environment of S-modeling and digitalization of various types of activities (S-
environment). S-modeling uses all kinds of symbols (audio, visual, etc.) implementable in the S-
environment. S-models are studied as entities having three interrelated representations in the
S-environment: symbolic, code and signal. The construction of S-models is carried out according to the
rules corresponding to the classes of basic S-modeling tasks. The typing of s-modeled objects is defined.
Refined definitions of classes of basic S-modeling tasks are given.
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Introduction

Without effective symbolic modeling of the
studied entities, the development of science,
technology and other types of intellectual activity
is impossible [1-2]. Achieving a goal in the course
of some activity implies a clear idea of the
problems to be solved. When achieving non-trivial
goals (to design a machine, develop information
technology, etc.), the symbolic representation of
the idea in the human-machine environment for
problem solving (S-environment) is the most
productive [3-4].

This approach has a number of proven
advantages. Firstly, by analyzing the symbolic
model of the idea (device scheme, task
specification, etc.), we can check whether the
model corresponds to the idea, and if it does not,
make corrections to the model. Secondly, on a
model recognized as corresponding to the idea, it is

possible to verify the validity of the idea itself.
And if verification is successful, it is possible to
make a decision on the feasibility of implementing
the idea. Otherwise — to engage in a change of
idea. The idea of achieving a goal using symbolic
models is embodied in many technologies for
various types of activities. The most successful
technologies prohibit behavior that does not
comply the rules (attempts of unacceptable
behavior have as much chance of success as
attempts to play poker against a chess program).

A distinctive features of S-objects that exist in
the S-environment (files of books, articles, videos,
electronic maps, computer programs, etc.) are easy
copying without distortion, easy distribution and
storage of copies (in comparison with physical
models, layouts of scientific and technical
facilities, etc.) [3-4].

Markuping text fragments and writing
formulas. For markuping text fragments, the
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S-modeling language TSM (Textual Symbolic
Modeling) is used:

o<text fragment>0 means a definition;

:=: is a separator which is placed after the
defined notion (before the definition);

~ is a substitute for the phrase "the same as";

o <text fragment>0 means an example;

O<text fragment>0 means a note.

Italics are used to highlight the concepts and
sentences, to which the author wants to attract the
attention, and also for variables names [3—4].

The presented results. The results were
obtained in the performance of research work
"Modeling of social, economic and environmental
processes" (Ne 0063-2016-0005) under the state
task of FANO of Russia for the Federal research
center “Informatics and control” of the Russian
Academy of Sciences.

1. S-Modeling: Basic Notions

o S-symbol :=: a substitute for a natural or
invented object, denoting this object and being an
element of the system for constructing symbolic
messages (texts, computer programs, etc.),
designed for human or robot perception. O

© In S-modeling, the Russian alphabet together
with punctuation marks is considered as a system
of text symbols for constructing messages
according to the rules of the grammar of the
Russian language (each element of the alphabet is
a substitute for the sound used in speech
messages); Braille for the blind — as a system of
textured symbols for constructing text messages
designed to be perceived with the touch of the
fingers; musical notation, a system of musical
symbols — as a means of constructing graphically
presented musical messages; a system of chess

graphic symbols — as a means of visual
representation of chess positions. ©
In computers, smartphones, and other S-

machines [3—4], the S-symbol is represented in the
form of S-code, intended for constructing, storing,
transmitting and interpreting symbolic messages.

0 S-code :=: a substitute for an S-symbol or
symbolic message, designed to construct, store,
transmit and interpret symbolic messages using S-
machines. 0 © Morse codes, codes of The Unicode
Standard. o

o S-signal :=: a physically realized
representation of  S-symbol, designed for
perception by human senses (or robot sensors), or
an S-code representation, designed to be received
by hardware of S-machines.

In S-modeling, the definition of a system of
notions is considered as a description of its S-
model, accompanied by an indication of the
application area.

o S-model of a system sc of notions =:
< collection set * of notions >, < family rel (set ™)
of dependencies given on set *“ >.

For each notion of system sc, a set of values is
defined.

The application area of the definition is
specified by the description of the types:

— the correspondent (for whom the definition is
intended to be interpreted);

— the purpose, in the process of achieving the
one the definition is advisable to be applied
(o tasks, in the study of which the definition can
be useful 0 );

— the stage where it makes sense to use the
definition (© problem statement, development of a
solution method © ). o

o System ¢ of notions named a triangle :=:
<set” = collection of notions >, <rel (set”) =
family of dependencies defined on set " >.

In tr, the elements of set” are the sides (a, b, ¢),
angles (a, 3, y), perimeter p, etc. The family rel (set "
)includesp=a+b+c,a+pf+y=m,etc.o

o The system #™° of notions of a right triangle
can be defined as a specialization of
7= tr [:: o= 1/2] (by adding the restriction o = 7/2,
which distinguishes a subset of triangles where the
value of one of the angles is equal to 7/2). ©

The representation of dependencies between
notions in the form of solvable tasks is a necessary
condition for constructing quantitative S-models of
notions systems.

o S-task :=: { Formul, Rulsys, Alg, Prog},
where Formul is the statement of the task; Rulsys
is the set of systems of mandatory and orienting
requirements for solving the task, aligned with
Formul; Alg is the union of sets of algorithms, each
of which corresponds to one element from Rulsys;
Prog is the union of sets of programs, each of
which is assigned to one of the elements of Alg.
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The task statement Formul is a pair { Mem, Rel },
where Mem is the set of notions of the task, where the
partition Mem = Inp U Out ( Inp ~ Out = 0) and the
set Rel of dependencies between notions are
specified, where Rel defines the binary relation Rel
< Inp * Out. The set Mem is named the task
memory; Inp and QOut are its input and output, the
values of which are supposed to be set and found,
respectively. O

0 S-algorithm :=: a system of rules for solving a
task (corresponding to one element of Rulsys),
which allows, in a finite number of steps, to put the
resulting set belonging to Out to one-to-one
correspondence with a given data set belonging to

Inp. o
o S-program :=: S-algorithm implemented (in a
high-level programming language, machine-

oriented language and/or in a system of machine
instructions), presented in the form of a message
that determines the behavior of S-machine task
solver with specified properties. The S-algorithm
exists in symbolic, code and signal forms
connected by the translation relations]. o

O In general case, the sets Rulsys, Alg and Prog
can be empty: the number of their elements
depends on the degree of knowledge of the task. ¢

Descriptions of the use of set elements:

— Rulsys includes a specification of the task
solver type (autonomous S-machine, networked S-
machines cooperation, human-S-machine
cooperation, etc.); requirement for information
security, etc.;

— Alg includes data on the admissible modes of
the task solver (automatic local, automatic
distributed, interactive local, etc.), requirements for
the result obtained, etc;

— Prog includes data on programming
languages, operating systems, etc.

¢ Each program is accompanied by links to sets
of test cases. ¢

The notion of task constructive object (tco) is
introduced along with the number of other notions
derived from it [2, 4-7]. They form the complex of
notions used in s-modeling of the process of
transition from the problem to the programmed
problem. This complex should allow the software
developer to formulate his ideas in zco-terms and to
advance step by step towards the producing of the
specified program system, keeping in mind the

meaning of every transition. The tco-concept is
used to support the «stage to stage» transition from
a task formulation (what-representation of task is
being programmed) to a program (final how-
representation).

TCO is presented by the finite tree, where task
formulation corresponds to the tree root and
programs correspond to the leaves. The
intermediate (on the way from formulation to
program templates) are necessary for taking into
account the implementation specification.

o The S-model of the knowledge system sk :=:
< ca =~ S-model of the notions system sc >, < set "¢
~ S-model of the set of message languages
interpreted on ca >, <set ™" = S-model of the set
of interpreters of ca-messages composed in
languages from set™ >. o

Interpreting the message on ca:

1. constructing an output message based on a
given input message (messages are presented in
languages from the set set "¢);

2. analysis of the output message (whether
changes are required in ca);

3. if required, initiate changing the ca; if not, end.

Typing of s-modeled objects. o Type X :=: a
set X whose elements have a fixed set of attributes
and a family of acceptable operations. It can have
subtypes called #pe X specializations and
supertypes called type X generalizations 0.

O Specialization of type X :=: generating of the
subtype X [::rule] (here the double colon "::" is the
symbol of specialization) with a family of
relations, expanded by the addition of the relation
rule. Allocates a subset X [::rule] of the set X.
Specialization is also called the result X [::rule] of
this generating (X > X [::rule]). O

A type specialization defined by a sequence of
added relations X [:(rulel)::rule2] is a
specialization of type X [::;tulel] on the relation
rule2. The number of specializing relations in the
sequence is unlimited. In this case, the names of
the relations preceding the last one are enclosed in
parentheses, and before the opening bracket of
each pair of brackets is a double colon.

O Generalization of type Z :=: generating of its
supertype Z [#rule] by weakening (here # is the
weakening symbol) a relation rule from a family of
relations corresponding to type Z. The exclusion of
arelation is considered its ultimate weakening. O
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2. About OBRAZ Language for Task
Knowledge Representation

The conception and formalization of task
knowledge representation are developed to allow the
building of the task knowledge base of the system of
computer aided program construction [2, 5-7].

The central element of OBRAZ is a notion
defined by its name and specification. A notion
specification is a set of other subordinate notions
(attributes) and the relations between them. A
language statement usually contains a notion
definition including such relations as affiliation and
inheritance. Language statements can also describe
restrictions for a notion value set and equivalence
of notions as a special case of restriction.

The notion can have several definitions that
express various points of view. The language
interpreter considers different definitions as separate
notions. A user can set up his own point of view to
the problem area, selecting a single definition among
multiple possible ones.

The program construction environment has no
means of evaluating task relations stored in its
database. This determines the absence of variables in
OBRAZ, because there is no temporary data to store.

O The notion specification is close to the concept
of object class in object-oriented languages. ¢

To be brief, we’ll sometimes skip in subsequent
paragraphs words «specification» or «descriptiony,
so one should consider terms «notion» and «task» as
«notion specification» and «task specification». Text
enclosed in /* and */ (multiple lines) is a comment.
Text between // and end of line is also a comment.

A notion representation. Some notions in
OBRAZ have built-in specifications. There are the
most general notions such as «text», «number», «set»
for which OBRAZ language supports constants and
special syntax extensions that increase readability and
compactness of notation. There are also notions that
are used to build the task based models, such as «task
relationy, «task memory elementy», «input», «outputy,
«task graphy, «query». All these notions are called
predefined.

Operations on notion specifications. The
concatenation operator «+» adds to its left-side
operand all attributes, relations and constraints that
are contained in the right-side specification. A
notion specification defined by concatenation of
some base notions contains a specification of its

base. Those attributes that appear in a result
specification from specifications of other notions
are called inherited ones, unlike own attributes that
were defined inside curly braces. The exclusion
operator «—» selects only those attributes and
relations from the left-side specification that are
not defined in the right-side specification. The
latter can contain some notions that are unknown
in the left-side specification — these notions are
ignored. A specification to be excluded can be
represented by a notion name or as an explicit list
of attributes and relations enclosed in curly braces.

The group of two or more specifications separated
by intersection operator «*» defines a new
specification containing only those attributes and
relations that are defined in every member of this
group. Relations defined using operators «=» and
«<>» are more than restrictions on the value sets. The
operator «=» also means synonymy, mutual
concatenation of specifications and establishing of
links between memory elements of fco-construction.
The operator «<>» prohibits the concatenation and
equalizing of the notions it connects and similarly for
their derivatives.

A task relation. To specify some notion x as a
task relation one should derive it from trel:

x:trel + {...};

Concatenation of x attributes {...} with trel
specification gives to x inherited attributes x.mem,
x.input and x.output.

The task relation notion has special built-in
derivatives: function, equation, program.

¢ The built-in OBRAZ program notion is a
template and cannot specify any program code
generation process. ¢

There are some notions in the construction
system knowledge base that are derived from
«program» and define proper attributes to describe
construction in various special environments.

A task relation graph (tr-graph). Every notion
can be considered as a #r-graph if it contains some
task relations or other #-graphs that are #r-graph
vertices. The union set of memory elements of all
tasks in #r-graph forms tr-graph memory. Memory
element equivalence of #r-graph vertices forms
vertices memory intersections that are called #-graph
edges. Every group of equivalenced notions with at
least one task memory element in the group, forms
one tr-graph memory element. All members of such a
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group are synonyms. Every task memory element
that isn’t connected with any other notion also forms
one tr-graph memory element.

3. S-(Message, Data, Information)

0O S-message :=: a finite sequence of S-symbols
designed for recognition and interpretation by the
recipient, or its S-code that meets the requirements
for basic S-tasks solvers. O

o S-models of systems of notions and knowledge
systems, which present the results of the study of
certain entities (objects of research); programs that
determine the behavior of S-machines; web pages
and document files — all these are S-messages. ©

o S-file =1 a named unit of storage of the
S-machine message code (data or program) on a
drive (SSD, hard disk, etc.) of computer device
(desktop, laptop, smartphone, digital camera, etc.). O

O S-data :=: S-message required to solve a certain
task or a family of tasks, presented in a form
designed for recognition, transformation and
interpretation by a task solver (a program or
person). O

O S-information = the result of interpreting a
message on the S-model of a system of notions. To
extract information from a message, it is necessary to
have:

— an accepted message presented in a form
designed for recognition and interpretation by the
message recipient;

— models of systems of notions stored in
memory, among which — the necessary one for
interpretation of the received message;

— mechanisms for finding the necessary model,
interpreting the message, presenting the result of
interpretation in the form of a message and writing
it to memory. O

o The result of interpretation of the m“ message
presented in language a, received by the translator
(human or robot) — translated to the m” message in
language b, is the information extracted from the
m“ message. ©

4. The General Method and Classes
of Basic S-Modeling Tasks (S-Tasks)

O The general method of S-modeling :=: a
constructive proof of the existence of S-model
of an arbitrary object, representable in
S-environment. O

Studying the properties and regularities of
S-modeling at each stage of the S-modeling theory
development allows to determine the classes of
basic S-modeling tasks. Nowadays, the S-tasks
presented in Table 1 are the most relevant.

Tab. 1. Classes of basic S-tasks

Name of the class
of basic S-tasks

Basic S-tasks

S-representation

S-transformation

S-recognition

S-construction

S-interpretation

Creation of interconnected systems of S-(symbols, codes, signals), specification
languages, programming languages, queries languages; representation of S-
(messages, data, information), S-models of systems of notions and knowledge
systems [4-22].

Converting S-messages ( © speech < text; analog < digital; uncompressed «
compressed; *.doc <> *.pdf, etc. © ) [2-7].

A necessary but insufficient condition for recognition - is the presentation of S-
message in a format known to recipient. When this condition is met, the tasks of
matching the sample models or matching the properties of the recognized model
with the properties of sample models are solved [2—7].

Construction of new S-objects from previously created S-objects (© tasks
specifications, programs, systems of notions, knowledge systems, etc.© ),
presented as constructive S-objects [2—7].

Interpretation supposes the existence of an accepted S-message, a S-model of the system
of notions on which it should be interpreted, and an interpretation mechanism. © To
interpret a web page presented on a monitor screen, a person uses systems of notions
stored in his memory. For S-machine microprocessor, the S-messages to be interpreted
are the codes of the S-machine commands and data; for the compiler, the source code
of the program is the S-message to be translated [2-7]. ©
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Tab. 1. Classes of basic S-tasks (end of the table)

Name of the class
of basic S-tasks

Basic S-tasks

In this class, the tasks of interaction in S-environment (man — S-machine;
S-machine — S-machine) are studied. Senders and recipients of S-messages, means

S-interaction

of sending, transmitting and receiving messages are classified. Systems of

messaging rules (S-network protocols), S-network architectures, service-oriented
architectures, document management systems are being developed [3—24].

This class includes the related S-tasks of saving, accumulating, and searching for

S-(saving, accumulating

S-messages. Memory devices, their management mechanisms, forms of storage and

and searching) accumulation, methods of accumulation and search, databases and program libraries
are studied here and typed [2—7].
S-tasks of this class are designed to prevent and detect vulnerabilities, perform
S-security access control, protect against unauthorized use, malware, and message interception
[4, 25-26].
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