System Informatics (Cucremnas mndopmaruka), No. 5 (2015) 1

VIIK 004.8

Conceptual transition systems*
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A new formalism for description of ontologies of systems and their changes — concep-
tual transition systems — is presented. The basic definitions of the theory of conceptual
transition systems are given. These systems were demonstrated to allow to specify both
typical and new kinds of ontological elements constituting ontologies. The classification of
ontological elements based on such systems is described.
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1. Introduction

Development of formalisms, languages and tools for describing the conceptual structure of

various systems is an important problem of the modern knowledge industry. Description of

changes of the conceptual structure of the system when it functions is an another important

problem.

Conceptual transition systems (CTSs) are a formalism of description (specification) of sys-

tems that solves these problems. This formalism is based on the following requirements:

1.
2.

It describes the conceptual structure of the specified system.
It describes the content of the conceptual structure of the specified system, i. e. it

describes the specified system in the context of the conceptual structure.

. It describes the change of the conceptual structure of the specified system.

. It describes the change of the content of the conceptual structure of the specified system,

i. e. it describes the change of the specified system in the context of the conceptual

structure.

. It is quite universal to specify typical ontological elements (concepts, attributes, concept

instances, relations, relation instances, individuals, types, domains, and so on.).

. It provides a quite complete classification of ontological elements, including the determi-

nation of their new kinds and subkinds.

. It is based on the conception ’state — transition’ of the usual transition systems, keeping

their simplicity and universality and adding a conceptual filling’. This requirement is
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important since the simplicity of determination of transition systems makes them an
universal formalism to describe the behavior of various systems (algorithms, programs,
software models, computer systems, and so on.).

8. It supports reflection of any order, i. e. allows to specify: the system (reflection of the
order 0), the specification of the system (reflection of the order 1), the specification of
the specification of the system (reflection of the order 2) and so on. Specifications of the
higher order (with reflection of the higher order) impose restrictions on the specifications
of the lower order (with reflection of the lower order).

To our knowledge, there is no formalism that meets all the above requirements. Comparison

of CTSs with the formalisms which partially meet these requirements is given in section 9.
The paper has the following structure. The preliminary concepts and notation are given in
section 2. The basic definitions of the theory of CTSs are given in section 3. The classification
of elements of conceptual states of CTSs such that concepts, attributes and individuals is
considered in section 4. The classification of conceptuals (which can be considered as ’atoms’
of conceptual states) and their associated ontological elements is presented in section 5. The
ontological elements that are not directly represented in terms of elements and conceptuals
of states are modelled in these terms in section 6. A generic conceptual describing sets of
conceptuals matching a pattern is defined in section 7. We establish that CTSs meet the above

requirements in section 8. CTSs are compared with the related formalisms in section 9.
2. Preliminaries

Let bool = {true, false}; int, nat and nat0 denote the sets of integers, natural numbers and
natural numbers with zero, respectively; obj, fun, set, lab, arg, and val denote sets of objects,
functions, sets, labels, function arguments and function values, respectively.

The names of the variables which take the values from the set with the name aw, where a
is a symbol, and w is a word, are denoted by dw, dw;, du/ and so forth. For example, set, sety,
Set" are the names of the variables which take the values from the set set. Depending on the
context, the name of a variable is interpreted as either the variable, or the value of the variable.

Let sup( fun ) and w denote the support of fun and the indeterminate value of fun, respec-
tively.

Let fun(drg, « valy, ..., Argyqt < vals;,) denote the function fun such that fur/ (drg) =

fun(a'rg), if drg is distinct from drg,, ..., drg,; .4, and fun! (Arg,; ) = Valy; .y, if 1 < nat’ < nat.
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Let  {drg.:valy, ...,  drg,;.eval;,e}  denote  the  function fun  such  that
sup(fun) = {drgy, ..., drg, .}, and fun(drglj = valy, ..., fun(drgnat) = Paly;,s- The arguments
argy, ..., 41,4+ are pairwise distinct.

The terms used in the paper are context-dependent. Contexts have the form

[6bji, ..., 6bjy; 44, where the embedded contexts 6bjy, ..., 6bj,;,+ have the form: lab:6bj, lab:
or obj.

The context in which some embedded contexts are omitted is called a partial context. All
omitted embedded contexts are considered bound by the existential quantifier, unless otherwise
specified.

Let 6bj[0bji, ..., 6bjy;,e] denote the object 6bj in the context [6bji, ..., 0bjy; -

3. Basic definitions of the theory of conceptual transition systems

Let cts and sys be sets of CTSs and systems specified by these CTSs, respectively. Let ¢ts

specifies sys.
3.1. The example of the specified system

Let geoSys € sys be a system which is specified by ¢ts and is a through illustrative example
of this paper.
The conceptual structure of geoSys includes the following entities:
e the kinds of geometric spaces (Euclidean, Riemannian, Lobachevskian and so on) specified
by the labels Fuclidean, Riemannian, Lobachevskian and so on;
e the kinds of geometric figures (triangles, rectangles, cubes and so on) specified by the
concepts triangle, rectangle, cube and so on;
e geometric elements (certain geometric figures in a certain space) specified by individuals.
Let geoFEle be a set of geometric elements;
e the numerical characteristics of geometric figures (length, area, volume and so on) speci-
fied by the attributes length, area, volume and so on;
e the units (of measurement) of the numerical characteristics (inches, centimeters, metres
and so on) specified by the labels inch, centimeter, metre and so on;
e the numeral systems for representing the values of the numerical characteristics (binary,
octal, decimal and so on) specified by the natural numbers 2, 8, 10 and so on;

e the dimensions of geometric spaces specified by the natural numbers 1, 2, 3 and so on.
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The change of the system geoSys can, for example, include various geometric transformations

such that parallel a shift, rotation, homothety and so on.
3.2. Conceptual transition systems

A transition system ¢ts = (sta, TraRel) is called a conceptual transition system in [ato],
if ato is a set of atoms in [éts], sta is a set of conceptual states in [¢ts], and traRel € tra —
bool is a transition relation in [éts], where tra = sta x sta is a set of transitions in [éts]. The
system ¢ts executes a transition fra, if traRel(tra). The notion of conceptual state is based on
notions of state, element and conceptual which are defined below.

A set ato is called a set of atoms in [éts], if w ¢ ato, int C ato, and true, false € ato. Atoms
in [[¢éts] are elementary ’bricks’ of ¢ts. They are used to define elements, conceptuals and states
in [éts].

Elements in [¢ts] are basic structures of ¢éts. In particular, they specify elements of sys. Let
ele be a set of elements in [éts]. An object 6bj is called an element in [¢éts], if the following
properties hold:

1. 6bj is an atom in [éts], or

2. 6bj has the form {[abl éley, ..., ldbﬁat.'élenat}, where the labels laby, ..., ldbﬁat are pairwise

distinct, or

3. 0bj has the form (€éley, ..., éley 4 ), OF

4. 6bj has the form {éley, ..., éley; 40 /-

Elements of the forms 2, 3, and 4 are called labelled, ordered and unordered (element) struc-
tures, respectively. Let [abStr, ordStr, unoStr and eleStr = labStr U ordStr U unoStr be sets
of labelled structures, ordered structures, unordered structures and element structures, respec-
tively. The elements () and {} are called empty structures (the empty ordered structure and
the empty unordered structure, respectively).

it éleStr has the

Let 1 < nat’ < nat. Let éleStr(riat’) and éleStr(%lab,; ») denote éle

nat nat’>
form (éley, ..., éley;,y) and {lab :€ley, ..., laby;,p:€le,; 4}, Tespectively.

The function len € ele — nat0 is called a length in [ele]), if len(dto) = 0, and len(éleStr) is
the number of elements in éleStr.

The equality operation = on elements is defined as follows: éle = él¢ if and only if len(éle)
= len(éld ) = nat, and

e cle and él¢ are equal atoms, or
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o cle = (eler, ..., elegqy), €le = (Eley, ..., éley ), éler = €éley, ..., éleqy = €l 4, or

o cle = {éley, ..., €ley,pf €le = {cle, ..., éle’ﬂato}, éley = éley, ..., ey, = éle/nato’ or

ocle — {labicéler, ..., labygyéle ), e = flabi:ele,, .. ldb’ﬁat_-éle;mt},
laby = laby, .., labjqp = labl, . cley = ¢le), ..., élegqy = €le; .

Conceptuals in [éts] are the special kind of elements which specify ontological elements of
$ys. An element labStr is called a conceptual in [éts], if all its labels are integers. Let con be
a set of conceptuals.

Example. Let con = (—3:10, —2:inch, —1:area, 0:geoEle, 1:triangle, 2:Euclidean, 3:2).
Then the following properties hold:

e con is a conceptual in cts;

e con specifies the area (the label —1) of the triangle (the label 1) geoEle (the label 0) in
three-dimensional (the label 3) Euclidean (the label 2) space, measured in inches (the
label —2) in the decimal system (the label —3%).

.

A function fun € con — ele is called a conceptual state in [éts]. A state in [¢ts] is called con-
ceptual because it specifies the conceptual structure of the system sys, associating conceptuals
with their values.

A function sem € con x sta — ele is called a semantics in [con:], if sem(con, sta) = sta(con).
The element sem(con, sta) is called the value in [con, sta].

Example. Let con = (—38:10, —2:inch, —1:area, 0:geoEle, 1:triangle, 2:Fuclidean, 3:2),
and sta(éon) = 3. Then the following properties hold:

e sem(con, sta) = 3;

e 3 is the value in [con, sta];

e the area of the triangle geoFle in two-dimensional Fuclidean space is equal to & inches

in the decimal system in [sta].

3.3. Structure of conceptuals

An element éle is called an element in [céon, inf], if éle= con(int). A number int is called
an element order in [con, éle], if éle= con(int). Let eleOrd be a set of element orders.

Example. Let con = (—3:10, —2:inch, —1:area, 0:geoEle, 1:triangle, 2:Fuclidean, 3:2).
Then the following properties hold:
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e 10, inch, area, geoEle, triangle, Euclidean, 2 are elements in [¢on] in [—3], [—2], [ 1],
101, 117, 121, 3], respectively;

e —3 —2 —1,0, 1, 2, 8 are element orders in [éon] in [10], [inch], [ared], [jeoEle],
[triangle], [ Euclidean], [ 3], respectively.

Proposition 1. The value w is not an element in [¢on].
Proof. This follows from the fact that w is not an element in [éts]. O
Proposition 2. The number of elements in [¢on] is finite.

Proof. This follows from the fact that sup(éon) is finite, and w is not an element in [éon].

Proposition 3. If éle is an element in [éon], then the number of element orders in [con,
éle] is finite.
Proof. This follows from the fact that sup(éon) is finite, and w is not an element in [éon].
a
Example. Let con = (—38:10, —2:inch, —1:area, 0:geoEle, 1:triangle, 2:Fuclidean, 3:10).
Then the following properties hold:
e —3 and 3 are element orders in [éon, 10];
e if éle is an element in [¢on] which is distinct from 10, then there is the unique element

order in [céon, éle].

Proposition 4. The number of element orders in [¢on] is finite.

Proof. This follows from the fact that sup(con) is finite. O

An order éleOrd[con, éle] is called a minimal element order in [éon, éle], if int is not an
element order in [con, éle] for each int such that int< éleOrd. An order éleOrd[con] is called
a minimal element order in [¢on], if int is not an element order in [¢on] for each int such that
int < éleOrd. An element éle is called a minimal element in [¢on], if there exists éleOrd[con,
éle] such that éleOrd is a minimal element order in [éon].

Example. Let con = (—3:10, —2:inch, —1:area, 0:geoEle, 1:triangle, 2:FEuclidean, 3:10).
Then the following properties hold:

e —3 —2 —1,0, 1, 2, 8 are element orders in [éon] in [10], [inch], [ared], [jeoEle],
[triangle], [Euclidean], [10], respectively;

e —3 is a minimal element order in [con];
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e 10 is a minimal element in [éon].
o
An order éleOrd[éon, éle] is called a maximal element order in [¢on, €éle], if int is not an
element order in [éon, éle] for each int such that éleOrd < int. An order éleOrd[céon] is called
a maximal element order in [¢on], if int is not an element order in [éon] for each int such that
¢leOrd < int. An element éle is called a maximal element in [¢on], if there exists éleOrd[con,
éle] such that éleOrd is a maximal element order in [éon].
Example. Let con = (—3:10, —2:inch, —1:area, 0:geoEle, 1:triangle, 2:Fuclidean, 3:10).
Then the following properties hold:
o —3 —2 —1,0, 1, 2, 3 are element orders in [éon] in [10], [inch], [ared], [jeoEle],
[triangle], [ Euclidean], 10, respectively;
e 3 is a maximal element order in [¢on];
e 10 is a maximal element in [¢on];

e 10 is both minimal and maximal element in [¢on].

An element éle is called a null element in [¢on], if éle is an element in [con, 0].
Example. Let con = (—3:10, —2:inch, —1:area, 0:geoEle, 1:triangle, 2:Euclidean, 3:2).

Then geoEle is a null element in [con]. o
3.4. Conceptuals and elements of states

A conceptual éon is called a conceptual in [sta], if sem(con, sta) # w.
Example. Let con = (—3:10, —2:inch, —1:area, 0:geoEle, 1:triangle, 2:Fuclidean, 3:2),
and sta(éon) = 3. Then con is a conceptual in [sta]. o
An element éle is called an element in [sta, int, con[std]], if éle is an element in [con,
int]. The number int is called an order in [éle, sta, con]. The conceptual con is called a
concretization conceptual in [¢éle, sta, int].
Example. Let con = (—38:10, —2:inch, —1:area, 0:geoEle, 1:triangle, 2:Fuclidean, 3:2),
and sta(éon) = 3. Then the following properties hold:
e 10, inch, area, geoEle, trianle, Fuclidean, 3 are elements in [sta] in [—35], [-2], [-1],
101, 111, 121, [3] in [¢on], respectively;
e —3 —2 —1,0, 1, 2, 3 are orders in [10], [inch], [area], [geoEle], [triangle], [ Euclidean],
[2] in [sta] in [con], respectively;
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e con is a concretization conceptual in [10], [inch], [area], [geoEle], [triangle], [ Fuclidean],
[2] in [sta] in [-3], [—2], [—10, [O], [1]. 12, [5], respectively.
o
Proposition 5. For all éle and int there exist sta and c¢on[sta] such that éle is an element
in [sta, int, con].
Proof. We define sta and con as follows: con(int) = éle, and sta(¢on) # w. Then éle is an

element in [sta, int, con]. O
4. Classification of elements of states

Elements in [$ta] are subclassified into individuals, concepts and attributes.

Individuals in [[sta] specify elements of sys. An element éle[sta] is called an individual in
[sta, con[sta]], if éle is an element in [sta, 0, con].

Example. Let con = (—3:10, —2:inch, —1:area, 0:geokEle, 1:triangle, 2:Fuclidean, 3:2),
and sta = (¢on:3). Then geoEle is an individual in [$ta] in [éon]. o

Concepts in [sta] generalizes the usual concepts of the ontology of sys which are interpreted
as sets of elements of sys. An element éle[sta] is called a concept in [sta, nat, con[sta]], if éle
is an element in [$ta, nat, con]. Let conc be a set of concepts.

Example. Let con = (—3:10, —2:inch, —1:area, 0:geoEle, 1:triangle, 2:Fuclidean, 3:2),
and sta = (¢on:3). Then triangle, Euclidean, 3 are concepts in [sta] in [1], [2], [3] in [con],
respectively. °

Attributes in [sta] generalizes the usual attributes of the ontology of sys which are inter-
preted as characteristics of elements of sys. An element éle[sta] is called an attribute in [sta,
nat, con[sta]], if éle is an element in [$ta, —nat, éon]. A number rat is called an order in
[atr:éle, sta, éon]. The label atr is used to distinguish orders of concepts from orders of at-
tributes, since the element éle can be both a concept and an attribute in [$ta, rat, ¢on]. The
conceptual con is called a concretization conceptual in [atr:éle, sta, nat]. Let atr be a set of
attributes.

Example. Let con = (—3:10, —2:inch, —1:area, 0:geokEle, 1:triangle, 2:Fuclidean, 3:2),
and sta = (¢on:3). Then the following properties hold:

e area, inch, 10 are attributes in [sta] in [1], [2], [3] in [¢on], respectively;
e 1, 2, 8 are orders in [atr:area]], [atr:inch], [atr:10] in [sta] in [éon], respectively;

e con is a concretization conceptual in [atr:area], [atr:inch], [atr:10] in [sta] in [1], [2].
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[3], respectively.

Concepts and attributes are considered in detail below.
4.1. Concepts

The usual concepts of the ontology of sys which are interpreted as sets of elements of sys are
specified by the special kind of concepts in [sta] — direct concepts in [sta]. An element éle[std]
is called a direct concept in [sta, con[sta]], if éle is a concept in [sta, 1, ¢on]. Let dirConc be
a set of direct concepts.

Example. Let con = (—3:10, —2:inch, —1:area, 0:geokEle, 1:triangle, 2:Fuclidean, 3:2),
and sta = (¢éon:3). Then triangle is a direct concept in [sta] in [¢on]. It specifies the element
geoEle as a triangle in [std]. o

An element éle is called an element in [conc:c¢one, sta, concOrd:niaty, eleOrd:naty, con[sta]],
if ¢onc is a concept in [$ta, naty, con], éle is an element in [éon, raty], and rat, < rat;. Thus,
elements of the concept conc can be concepts of orders which are less than the order of conc,
individuals and attributes of any orders.

Example. Let con = (—3:10, —2:inch, —1:area, 0:geoEle, 1:triangle, 2:Fuclidean, 3:2),
and sta = (¢on:3). Then the following properties hold:

1. 10, inch, area, geoEle are elements in [conc:triangle] in [sta] in [concOrd:1] in
[eleOrd:-3], [eleOrd:-2], [eleOrd:—1], [eleOrd:0] in [éon], respectively. In particular,
this means that the triangle geoFEle has the area which is measured in inches represented
in the decimal system in [sta];

2. 10, inch, area, geoEle, triangle are elements in [conc:Fucludian] in [sta] in [concOrd:2]
in [eleOrd:-3], [eleOrd:-2], [eleOrd:—1], [eleOrd:0], [eleOrd:1] in [éon], respectively. In
particular, this means that the triangle geoFle belongs to Euclidean space in [sta];

3. 10, inch, area, geoEle, triangle, Fucludian are elements in [conc:2], in [sta] in [concOrd:3]
in [eleOrd:—3], [eleOrd:—2], [eleOrd:—1], [eleOrd:0], [eleOrd:1], [eleOrd:2] in [éon],
respectively. In particular, this means that the triangle geoFEle belongs to two-dimensional
space in [sta].

o

Proposition 6. If conc is a concept in [sta], and éle is an element in [conc:éone, sta,

concOrd:1]], then éle is either an individual in [sta], or éle is an attribute in [std].
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Proof. This follows from the definition of direct concepts. O

A set set is called the content in [conc:éone, sta, concOrd:riaty, eleOrd:riaty, con[std]], if
et is a set of elements in [conc:éonc, sta, concOrd:naty, eleOrd:niaty, ¢on]. The content of a
concept describes its semantics.

Example. Let con = (—3:10, —2:inch, —1:area, 0:geokEle, 1:triangle, 2:Fuclidean, 3:2),
and sta = (¢on:3). Then the following properties hold:

e {2, inch, area, geoEle} is the content in [conc:triangle] in [sta];

e {2, inch, area, jeoEle, triangle} is the content in [conc:Eucludian] in [sta];

e {2 inch, area, geoFEle, triangle, Eucludian} is the content in [conc:2] in [stad].

[

Example. Let con; = (—3:10, —2:inch, —1:area, 0:geoEley, 1:triangle, 2:Euclidean, 3:3),

cong = (—3:10, —2:inch, —1:area, 0:geoEley, 1:triangle, 2:Riemannian, 3:3), cong = (—3:10,

—2:inch, —1:area, 0:geoEle;, 3:2), and sta = (cony:3, cony:4, c¢ong:2). Then the following
properties hold:

e {jeoEley, geoEley } is the content in [conc:triangle, sta, concOrd:1, eleOrd:0]. This means
that the individuals geoFle; and geoEley are triangles in [sta];

e {triangle} is the content in [conc:Eucludian], [conc:Riemannian] in [sta, concOrd:2,
eleOrd:1]), respectively. This means that Euclidean and Riemannian spaces can include
triangles in [sta];

e {Fucludian, Riemannian} is the content in [conc:3, sta, concOrd:3, eleOrd:2]. This
means that three-dimensional space can be either Euclidean or Riemannian in [sta];

e {jeoEle; } is the content in [conc:2, sta, concOrd:3, eleOrd:0]. This means that two-
dimensional space includes the individual geoEle; in [sta].

An element éle is called an element in [conc:cone, sta, concOrd:naty, eleOrd:naty, ¢on[sta],
med:niat0], if éle is an element in [éonc, sta, concOrd:riat,, eleOrd:riaty, con], and rat0 is the
number of element orders rat in [¢on] such that raty < nat < riat;. The integer 7iat0 is called
a mediatorial decree in [éle, conc, Sta, concOrd:naty, eleOrd:niaty, éon]. It specifies how many
mediators separate éle from conc in ¢on. The element éle’ is called a mediator in [éle, conc,
ta, concOrd:niaty, eleOrd:naty, con[sta]], if él¢’ is an element in [éon, 7iat], and nat, < nat <
naty.

Example. Let con = (—3:10, —2:inch, —1:area, 0:geoEle, 1:triangle, 2:Fuclidean, 3:2),
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and sta = (¢on:3). Then geoEle is an element in the following contexts:
e [conc:triangle, sta, concOrd:1, eleOrd:0, ¢on] with the mediatorial decree 0 and without
mediators;
e [conc:Euclidean, Sta, concOrd:2, eleOrd:0, ¢on] with the mediatorial decree I and the
mediator triangle;
o [conc:2, sta, concOrd:3, eleOrd:0, ¢on] with the mediatorial decree 2 and the mediators
triangle and Fuclidean.
[ J
An element éle is called a direct element in [conc:éonc, sta, concOrd:naty, eleOrd:naty,
con[sta]], if éle is an element in [conc:éonc, sta, concOrd:naty, eleOrd:riaty, ¢on, med:0].
Example. Let con = (—3:10, —2:inch, —1:area, 0:geoEle, 1:triangle, 2:Fuclidean, 3:2),
and sta = (¢on:83). Then the following properties hold:
e jeoEle is a direct element in [conc:triangle, sta, concOrd:1, eleOrd:0];
e triangle is a direct element in [conc:Eucludian, sta, concOrd:2, eleOrd:1];
e Fucludian is a direct element in [conc:2, sta, concOrd:3, eleOrd:2].
[ J
Example. Let con; = (—3:10, —2:inch, —1:area, 0:geoEley, 1:triangle, 2:Euclidean, 3:3),
cong = (—3:10, —2:inch, —1:area, 0:geoEley, 1:triangle, 2:Riemannian, 3:3), congy = (—3:10,
—2:inch, —1:area, 0:geoEle;, 3:2), and sta = (cony:3, cony:4, cong:2). Then the following
properties hold:
1. geoEle; and geoFEley are direct elements in [conc:triangle, sta];
2. triangle is a direct element in [conc:Eucludian] and [conc:Riemannian] in [sta];
3. Bucludian and Riemannian are direct elements in [conc:3, sta];
4. geoEle, is a direct element in [conc:2, std].
[ J
A set Set is called the direct content in [conc:c¢one, sta, concOrd:naty, eleOrd:naty, con[sta]],
if set is a set of direct elements in [conc:cone, sta, concOrd:naty, eleOrd:naty, c¢on].
Example. Let cony = (—3:10, —2:inch, —1:area, 0:geoEley, 1:triangle, 2:Euclidean, 3:3),
cong = (—3:10, —2:inch, —1:area, 0:geoEley, 1:triangle, 2:Riemannian, 3:3), cong = (—3:10,
—2:inch, —1:area, 0:geoEle;, 3:2), and sta = (éony:3, cony:4, c¢ong:2). Then the following
properties hold:

e {geoEle;, geoEley} is the direct content in [conc:triangle, sta];
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e {triangle} is the direct content in [conc:Eucludian], [conc:Riemannian] in [sta]), respec-
tively;
e {Fucludian, Riemannian} is the direct content in [conc:3, sta];
e {jeoEle, } is the direct content in [conc:2, sta].
°

A set Set is called the content in [conc:céone, sta, concOrd:niaty, eleOrd:naty, con[sta],
med:niats], if set is a set of elements in [conc:conc, sta, concOrd:nat,, eleOrd:riaty, éon,
med:riats].

Example. Let cony = (—3:10, —2:inch, —1:area, 0:geoEley, 1:triangle, 2:Euclidean, 3:2),
cong = (—3:10, —2:inch, —1:area, 0:geoEley, 1:triangle, 2:Riemannian, 3:2), éong = (—3:10,
—2:inch, — 1:perimeter, 0:geoEles, 2:FEuclidean, 3:2), and sta = (¢ony:3, éony:4, ¢onz:2). Then
the following properties hold:

e {geoFEle;, geoEley} is the content in [conc:2, sta, concOrd:3, eleOrd:0, med:2];
e {geoFEles} is the content in [conc:2, sta, concOrd:3, eleOrd:0, med:1];
e {area} is the content in [conc:2, sta, concOrd:3, eleOrd:—1, med:3];

e {perimeter} is the content in [conc:2, sta, concOrd:3, eleOrd:—1, med:2].

4.2. Classification and interpretation of concepts

Concepts are classified according to their orders.

A concept éonc in [sta, concOrd:1] specifies a usual concept of the ontology of sys. Elements
in [conc:éone, sta, concOrd:1)] are attributes and individuals in [sta].

Example. Let cony = (—3:10, —2:inch, —1:area, 0:geoEley, 1:triangle, 2:Euclidean, 3:2),
cong = (—3:2, —2:cm, — 1:perimeter, 0:geoEley, 1:triangle, 2:Euclidean, 3:2), and sta = (¢on, :3,
cony:4). Then the following properties hold:

1. The direct concept triangle specifies triangles in [sta].

2. The individuals geoFEle; and geoEle; are elements of the order 0 of the direct concept

triangle in [sta]. This means that geoEle; and geoEle, are triangles in [sta].

3. The attributes area and perimeter are elements of the order —1 of the direct concept

triangle in [sta]. This means that triangles can have area and perimeter in [sta].

4. The attributes inch and c¢m are elements of the order —2 of the direct concept triangle

in [$ta]. This means that numerical characteristics of triangles can be measured in inches
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d.

and centimetres in [sta].

The attributes 10 and 2 are elements of the order —3 of the direct concept triangle
in [sta]. This means that the values of numerical characteristics of triangles can be
represented in decimal and binary systems in [sta].

A concept céonc in [sta, concOrd:2]| specifies a concept space of the ontology of sys. Elements

in [conc:éone, sta, concOrd:2] are attributes, individuals and direct concepts in [sta].

Example. Let cony = (—3:10, —2:inch, —1:area, 0:geoEley, 1:triangle, 2:Euclidean, 3:2),

cong = (—8:2, —2:cm, — 1:perimeter, 0:geoEley, 1:square, 2:Fuclidean, 3:2), and sta = (¢ony:3,

cony:4). Then the following properties hold:

1.

2

The concept space Fuclidean specifies Euclidean space in [sta].

. The direct concepts triangle and square are elements of the order 1 of the concept space

Fuclidean in [sta]. This means that triangles and squares can belong to Euclidean space

in [sta].

. The individuals geoEle; and geoEley; are elements of the order 0 of the concept space

Fuclidean in [sta]. This means that the geometric elements geoEle; and geoFEle, belong

to Euclidean space in [sta].

. The attributes area and perimeter are elements of the order —1 of the concept space

Fuclidean in [sta]. This means that geometric elements from Euclidean space can have

area and perimeter in [sta].

. The attributes inch and c¢m are elements of the order —2 of the concept space Fuclidean

in [$ta]. This means that numerical characteristics of geometric elements from Euclidean

space can be measured in inches and centimetres in [sta].

. The attributes 10 and 2 are elements of the order —& of the concept space Fuclidean

in [sta]. This means that values of numerical characteristics of geometric elements from
Euclidean space can be represented in decimal and binary systems in [sta].

A concept conc in [sta, concOrd:3] specifies a space of concept spaces of the ontology of sys.

Elements in conc:cone, sta, concOrd:3 are attributes, individuals, direct concepts and concept

spaces in [sta].

Example. Let con; = (—3:10, —2:inch, —1:area, 0:geoEley, 1:triangle, 2:Euclidean, 3:2),

cong

= (=38:2, —2:cm, —1:perimeter, 0:geoEley, 1:square, 2:Riemannian, 3:2), and sta =
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(¢ony :3, éony:4). Then the following properties hold:

1. The concept space space 2 specifies two-dimensional space in [sta].

2. The concept spaces Fuclidean and Riemannian are elements of the order 2 of the concept
space space 2 in [sta]. This means that Euclidean and Riemannian spaces can be two-
dimensional in [sta].

3. The direct concepts triangle and square are elements of the order 1 of the concept space
space 2 in [sta]. This means that triangles and squares can belong to two-dimensional
space in [sta].

4. The individuals geoFEle; and geoFEley are elements of the order 0 of the concept space
space 2 in [$ta]. This means that geometric elements geoEle; and geoEle; belong to
two-dimensional space in [std].

5. The attributes area and perimeter are elements of the order —1 of the concept space
space 2 in [sta]. This means that geometric elements from two-dimensional space can
have area and perimeter in [$ta].

6. The attributes inch and c¢m are elements of the order —2 of the concept space space
2 in [$ta]. This means that numerical characteristics of geometric elements from two-
dimensional space can be measured in inches and centimetres in [std].

7. The attributes 10 and 2 are elements of the order —& of the concept space space 2 in
[sta]. This means that values of numerical characteristics of geometric elements from
two-dimensional space can be represented in decimal and binary systems in [sta].

A concept conc in [sta, concOrd:z'ht]], where int > 3, is classified and interpreted in the

similar way (by the introduction of the space of concept space spaces and so on.).
4.3. The attributes

Attributes use the same terminology as concepts.

The usual attributes of the ontology of sys which are interpreted as characteristics of elements
of sys are specified by the special kind of attributes in [$ta] — direct attributes in [sta].

An element éle[sta] is called a direct attribute in [sta, con[sta]], if éle is an attribute in
[sta, concOrd:1, con].

Example. Let con = (—3:10, —2:inch, —1:area, 0:geoEle, 1:triangle, 2:Fuclidean, 3:2),
and sta = (¢on:3). Then the following properties hold:
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e area is a direct attribute in [sta, ¢on]. It specifies the individual geoFEle as the element
which has an area in [sta];

e area is a direct attribute in [sta]. It specifies the set of elements which have an area in
[sta].

[ J

An element éle is called an element in [att:dtt, sta, attOrd:riat,, eleOrd:riaty, con|sta]]], if dtt

is an attribute in [sta, nat;, con], éle is an element in [éon, raty], and —nat; < naly. Thus,
elements of the attribute dtt can be attributes of orders which is less than the order of att,
individuals and concepts of all orders.

Example. Let con = (—38:10, —2:inch, —1:area, 0:geokEle, 1:triangle, 2:Fuclidean, 3:2),

and sta = (¢on:3). Then the following properties hold:

1. geoEle, triangle, Euclidean and 2 are elements in [att:area, sta, attOrd:1] in [eleOrd:0],
[eleOrd:1], [eleOrd:2], [eleOrd:5] in [¢on], respectively. In particular, this is means that
the triangle geoEle from two-dimensional Euclidean space has an area in [$ta].

2. area, geoEle, triangle, Euclidean and 2 are elements in [att:inch, Sta, attOrd:2] in
[eleOrd:— 1], [eleOrd:0], [eleOrd:1], [eleOrd:2], [eleOrd:5] in [c¢on], respectively. In par-
ticular, this means that the area of the triangle geoFEle from two-dimensional Fuclidean
space is measured in inches in [std].

3. inch, area, geoEle, triangle, Euclidean and 2 are elements in [att:10, Sta, attOrd:3] in
[eleOrd:—2], [eleOrd:— 1], [eleOrd:0], [eleOrd:1], [eleOrd:2], [eleOrd:5] in [¢on], respec-
tively. This means that the area of the triangle geoFEle from two-dimensional Euclidean
space measured in inches is represented in the decimal system in [std].

[ J

Proposition 7. If dtt is an attribute in [$ta], and éle is an element in [att:dtt, sta, attOrd:1],

then éle is either an individual or a concept in [std].

Proof. This follows from the definition of direct attributes. O

A set Set is called the content in [att:dtt, sta, attOrd:niaty, eleOrd:niaty, con[sta]], if set is

a set of elements in [att:dtt, Sta, attOrd:naty, eleOrd:niaty, éon]]. The content of an attribute
describes its semantics.

Example. Let con = (—3:10, —2:inch, —1:area, 0:geoEle, 1:triangle, 2:Fuclidean, 3:2),

and sta = (¢on:3). Then the following properties hold:

e {geoFEle, triangle, Euclidean, 2} is the content in [att:area, sta];
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e {area, geoEle, triangle, Euclidean, 2} is the content in [att:inch, sta];

e {inch, area, geoFEle, triangle, Fuclidean, 2} is the content in [att:10, sta].

°

An element éle is called an element in [att:dtt, sta, attOrd:miaty, eleOrd:naty, con[sta],

med:natl], if éle is an element in [dtt, sta, attOrd:maty, eleOrd:riaty, c¢on], and nat0 is the
number of element orders 7iat in [¢on] such that riat, < rat < rat;. A number 7nat0 is called
a mediatorial degree in [éle, att:dtt, sta, attOrd:naty, eleOrd:riaty, con]. It specifies how many
mediators separate éle from dtt in ¢on. An element éle is called a mediator in [éle, att:dtt, sta,
attOrd:naty, eleOrd:riaty, con[sta]], if él€' is an element in [éon, 7iat], and naty < nat < nat;.

Example. Let con = (—38:10, —2:inch, —1:area, 0:geokEle, 1:triangle, 2:Fuclidean, 3:2),

and sta = (¢on:3). Then geoFEle is an element in the following contexts:

o [att:area, Sta, attOrd:1, eleOrd:0, éon] with the mediatorial degree 0 and without medi-
ators;

e [att:inch, sta, attOrd:2, eleOrd:0, ¢on] with the mediatorial degree 1 and the mediator
area;

o [att:10, Sta, attOrd:3, eleOrd:0, c¢on] with the mediatorial degree 2 and the mediators
area and inch.

°

An element éle is called a direct element in [att:dtt, sta, attOrd:naty, eleOrd:naty, con[sta]],

if éle is an element in [att:datt, sta, attOrd:nat,, eleOrd:1iaty, é¢on, med:0].

Example. Let con = (—3:10, —2:inch, —1:area, 0:geokEle, 1:triangle, 2:Fuclidean, 3:2),

and sta = (¢on:3). Then the following properties hold:

1. geoEle is a direct element in [att:area, sta, attOrd:1, eleOrd:0]. This means that the
individual geoFEle has an area in [sta].

2. area is a direct element in [att:inch, sta, attOrd:2, eleOrd:1]. This means that an area
can be measured in inches in [$ta].

3. inch is a direct element in [att:10, sta, attOrd:3, eleOrd:2]. This means that values of
numerical characteristics of geometric elements measured in inches can be represented in
the decimal system in [sta].

[ J

A set $et is called the direct content in [att:dtt, sta, attOrd:riaty, eleOrd:niaty, con[sta]], if

et is a set of direct elements in [att:dtt, sta, attOrd:niaty, eleOrd:naty, con].
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Example. Let cony = (—3:10, —2:inch, —1:area, 0:geoEley, 1:triangle, 2:Euclidean, 3:2),
cong = (—8:10, —2:cm, —1:area, 0:geoEley, 1:triangle, 2:Fuclidean, 3:2), cong = (—3:2,
0:geoEley, 3:2), and Sta = (¢ony:3, éong:4, cong:2). Then the following properties hold:

e {jeoEle;, geoEley} is the direct content in [att:area, stal;
e {area} is the direct content in [att:inch] and [att:em] in [sta];
e {inch, cm} is the direct content in [att:10, sta];
e {jeoEle; } is the direct content in [att:2, std].
°

A set Set is called the content in [att:dtt, sta, concOrd:niaty, eleOrd:niaty, con[sta], med:nat0],
if set is a set of elements in [att:dtt, sta, attOrd:riat,, eleOrd:naty, ¢on, med:nat0].

Example. Let con; = (—3:10, —2:inch, —1:area, 0:geoEley, 1:triangle, 2:Euclidean, 3:2),
cong = (—3:10, —2:inch, —1:area, 0:geoEley, 1:triangle, 2:Riemannian, 3:2), congy = (—3:10,
—2:inch, 0:geoEles, 1:square, 2:Euclidean, 3:2), and sta = (¢ony:3, ¢ony:4, cong:2). Then the
following properties hold:

e {geoEle;, geoEley} is the content in [att:10, Sta, attOrd:3, eleOrd:0, med:2];
e {geoFEles} is the content in [att:10, sta, attOrd:3, eleOrd:0, med:1];

e {triangle} is the content in [att:10, sta, concOrd:3, eleOrd:1, med:3];

e {square} is the content in [att:10, Sta, attOrd:3, eleOrd:1, med:2].

4.4. Classification and interpretation of attributes

Attributes are classified according to their orders.

An attribute dtt in [sta, attOrd:1] specifies a usual attribute of the ontology of sys. Elements
in [att:dtt, sta, attOrd:1] are individuals and concepts in [std].

Example. Let cony = (—3:10, —2:inch, —1:area, 0:geoFEley, 1:triangle, 2:Euclidean, 3:2),
cong = (—38:10, —2:inch, —1:area, 0:geoEley, 1:square, 2:Riemannian, 3:3), and sta = (¢ony:3,
cony:4). Then the following properties hold:

1. The direct attribute area specifies an area of geometric elements in [std].

2. The individuals geoFEle; and geoEle; are elements of the order 0 of the direct attribute

area in [sta]. This means that geoEle; and geoEle, has an area in [sta].

3. The concepts triangle and square are elements of the order 1 of the direct attribute area

in [sta]. This means that triangles and squares can have an area in [stad].
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4. The concept spaces Fuclidean and Riemannian are elements of the order 2 of the direct

attribute area in [sta]. This means that numerical characteristics of geometric elements

from Euclidean and Riemannian spaces can have an area in [std].

5. The concept space spaces 2 and & are elements of the order & of the direct attribute area

in [[$ta]. This means that values of numerical characteristics of geometric elements from
two-dimensional and three-dimensional spaces can have an area in [sta].

An attribute dtt in [$ta, attOrd:2] specifies an attribute space of the ontology of sys. Ele-

ments in [att:dtt, sta, attOrd:2] are direct attributes, individuals and concepts in [sta].

Example. Let cony = (—3:10, —2:inch, —1:area, 0:geoEley, 1:triangle, 2:Euclidean, 3:2),

cony

= (—=8:10, —2:inch, — 1:perimeter, 0:geoEley, 1:square, 2:Riemannian, 3:8), and sta =

(¢ony :3, éong:4). Then the following properties hold:

1.

The attribute space inch specifies numerical characteristics of geometric elements mea-

sured in inches in [std].

. The direct attributes area and perimeter are elements of the order —11 of the attribute

space inch in [sta]. This means that areas and perimeters of geometric elements can be

measured in inches in [$ta].

. The individuals geoFEle; and geoEle; are elements of the order 0 of the attribute space inch

in [sta]. This means that geometric elements geoEle; and geoEle; can have numerical

characteristics measured in inches in [sta].

. The concepts triangle and square are elements of the order 1 of the attribute space inch in

[$ta]. This means that numerical characteristics of triangles and squares can be measured

in inches in [stad].

. The concept spaces Fuclidean and Riemannian are elements of the order 2 of the attribute

space inch in [sta]. This means that numerical characteristics of geometric elements from

Euclidean and Riemannian spaces can be measured in inches in [sta].

. The concept space spaces 2 and & are elements of the order & of the attribute space

inch in [sta]. This means that numerical characteristics of geometric elements from
two-dimensional and three-dimensional spaces can be measured in inches in [$ta].

An attribute d@tt in [sta, attOrd:3] specifies a space of attribute spaces of the ontology of

Sys. Elements in [att:datt, sta, attOrd:1] are attribute spaces, direct attributes, individuals and
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concepts in [std].

Example. Let con; = (—3:10, —2:inch, —1:area, 0:geoEley, 1:triangle, 2:Euclidean, 3:2),
cong = (—3:10, —2:cm, —1:perimeter, 0:geoEley, 1:square, 2:Riemannian, 3:3), and Sta =
(¢ony:8, ¢ony:4). Then the following properties hold:

1. The attribute space space 10 specifies geometric elements, values of numerical character-

istics of which are represented in the decimal system.

2. The attribute spaces inch and c¢m are elements of the order —2 of the attribute space
space 10 in [sta]. This means that values of numerical characteristics of geometric figures
measured in inches can be represented in the decimal system in [sta].

3. The direct attributes area and perimeter are elements of the order —11 of the attribute
space space 10 in [$ta]. This means that values of areas and perimeters of geometric
elements can be represented in the decimal system in [std].

4. The individuals geoFle; and geoEley are elements of the order 0 of the attribute space
space 10 in [sta]. This means that values of numerical characteristics of geometric ele-
ments geoEle; and geoEley can be represented in the decimal system in [$ta].

5. The concepts triangle and square are elements of the order 1 of the attribute space space
10 in [sta]. This means that values of numerical characteristics of triangles and squares
can be represented in the decimal system in [sta].

6. The concept spaces Fuclidean and Riemannian are elements of the order 2 of the attribute
space space 10 in [sta]. This means that numerical characteristics of geometric elements
from Euclidean and Riemannian spaces can be represented in the decimal system in [[sta].

7. The concept space spaces 10 and 2 are elements of the order & of the attribute space
space 10 in [sta]. This means that the values of numerical characteristics of geometric
elements from two-dimensional and three-dimensional spaces can be represented in the
decimal system in [sta].

[ ]

An attribute dtt in [sta, attOrd:nat], where nat> 3, is classified and interpreted in the similar

way (by the introduction of spaces of attribute space space and so on.).
4.5. Notes about elements of states

Concepts and attributes are opposite (symmetric in some respects) entities. Concepts gen-

eralize (combine into groups) elements of ¢éts. In contrast, attributes concretize (divide into
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sub-elements) elements of éts.
In addition to specification of elements of sys, an individual éle[sta] can be interpreted in
two ways:
e in the attribute context, éle is interpreted as an attribute in [sta, attOrd:0]. In this case,
it specifies a global attribute of sys;
e in the concept context, éle is interpreted as a concept in [sta, concOrd:0]. In this case,

it specifies a concept which has the single instance éle.

5. Classification of conceptuals

5.1. General principles and definitions

The two-level scheme of classification of conceptuals is used. The upper (first) level is defined
by the maximal order of attributes of a conceptual. This level is described by the notion of
concretization order of a conceptual. The lower (second) level is defined by the set of all element

orders of a conceptual. This level is described by the notion of integral order of a conceptual.

5.1.1. Concretization orders of conceptuals

The number 0 is called an order in [éon|, if the minimal order in con is greater than or
equal to 0. A number 7at is called an order in [¢on], if —riat is a minimal order in con.

Example. Let cony = (—3:10, —2:inch, —1:area, 0:geoEley, 1:triangle, 2:Euclidean, 3:2),
cong = (—2:inch, —1:area, 0:geoEley, 1:triangle, 2:Euclidean, 3:2), cong = (—1:area, 0:geoEle;,
I:triangle, 2:Fuclidean, 3:2), cony = (0:geoEley, 1:triangle, 2:Fuclidean, 3:2), cons =
(1:triangle, 2:Euclidean, 3:2), ¢ong = (2:Fuclidean, 3:2), and éon; = (3:2). Then the following
properties hold:

1. The conceptuals cony, cony, cong have the orders 3, 2, 1, respectively.

2. The conceptuals cony, cons, cong, con; have the order 0.

°

Conceptuals of the order nat concretizes conceptuals of the orders which are less than rat.
They define the special kinds of such conceptuals and are used to classify them. Concretization
is performed by attributes of the order nat and their values. Therefore, the order of a conceptual

is also called the concretization order of the conceptual.

5.1.2. Integral orders of conceptuals
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A set set is called an integral order in [éon|, if set is a set of all element orders in [éon].
Let intOrd be a set of integral orders.

Proposition 8. A conceptual con has the single integral order.

Proof. This follows from the definition of the integral order of a conceptual. O

Example. Let con; = (—3:10, —2:inch, —1:area, 0:geoEley, 1:triangle, 2:Euclidean, 3:2),
cony = (—383:10, —1:area, 1:triangle, 3:2), cony = (—2:inch, —1:area, 2:FEuclidean, 3:2). Then
intOrd[éony]| = {—8, =2, —1, 0, 1, 2, 8}, intOrd[éony] = {—3, —1, 1, 3}, and intOrd[céons]
={=2 -1, 2, 3}. .

A set Set is called a refined integral order in [con], if Set is a result of replacement of zero
or more element orders éleOrd[con] in the set intOrd[c¢on] by objects éleOrd:con(éleOrd). A
refined integral order in con refines an integral order in con, providing information on some
elements of ¢on with their orders. Let c¢on:intOrd denote a conceptual ¢on which has the
refined integral order intOrd.

Example. Let con = (—3:10, —2:inch, —1:area, 0:geoEley, 1:triangle, 2:FEuclidean, 3:2).
Then {—3, =2, —1, 0, 1, 2, 3}, {—8, —2:inch, —1, 0, 1:triangle, 2, 3} and {—3:10, —2:inch,
—1:area, 0:geoEley, 1:triangle, 2:Euclidean, 3:2} are refined integral orders in [éon]. °

Proposition 9. A conceptual con has a finite set of refined integral orders.

Proof. This follows from the definition of the refined integral order and the finite number
of element orders of conceptuals. O

Proposition 10. The integral order in [¢on] is a refined integral order in [¢on].

Proof. This follows from the definition of the refined integral order of a conceptual. O

Conceptuals of the same concretization order are classified according to their integral orders.
Each integral order defines a separate kind of conceptuals.

Conceptuals allow to classify ontological elements in detail. Each kind of conceptuals spec-

ifies a separate kind of ontological elements.
5.2. Correlation between ontological elements
and conceptuals of the order 0
In this section conceptuals of the order 0 is classified according to their integral orders
and kinds of conceptuals of this classification are correlated with the corresponding kinds of

ontological elements.

A conceptual con:{0} specifies the individual éon(0).
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Example. The conceptual (0:geoEle) specifies the geometric element geoFEle. °
A conceptual con:{0, 1} specifies the individual ¢on(0) from the concept con(1).
Example. The conceptual (0:geoEle, 1:triangle) specifies the triangle geoFle. )
A conceptual éon:{1} specifies the concept con(1).

Example. A conceptual (1:triangle) specifies triangles. °
A conceptual con:{1, 2} specifies the concept con(1) from the concept space con(2).

Example. The conceptual (1:triangle, 2:Fuclidean) specifies triangles from Euclidean space.

°
A conceptual con:{2} specifies the concept space con(2).
Example. The conceptual (2:Euclidean) specifies Euclidean space. °
A conceptual céon:{0, 2} specifies the individual éon(0) from the concept space con(2).
Example. The conceptual (0:geoEle, 2:Fuclidean) specifies the geometric element geoFEle
from Euclidean space. ]

A conceptual con:{0, 1, 2} specifies the individual ¢on(0) from the concept c¢on(1) from the
concept space con(2).

Example. The conceptual (0:geoEle, 1:triangle, 2:Euclidean) specifies the triangle geoFEle
from Euclidean space. ]

Correlation between other kinds of conceptuals of the order 0 and the corresponding kinds
of ontological elements is performed in a similar way. For example, a conceptual con:{0, 1, 2,
3} specifies the individual ¢on(0) from the concept c¢on(1) from the concept space c¢on(2) from
the concept space space con(3).

Example. The conceptual (0:geoEle, 1:triangle, 2:Euclidean, 3:2) specifies the triangle

geoFEle from two-dimensional Euclidean space. °

5.3. Correlation between ontological elements

and conceptuals of the order 1

In this section conceptuals of the order I is classified according to their integral orders
and kinds of conceptuals of this classification are correlated with the corresponding kinds of
ontological elements.

A conceptual céon:{-1} specifies the attribute con(-1).

Example. The conceptual (—1:area) specifies an area of geometric elements. °

A conceptual con:{-1, 0} specifies the attribute c¢on(-1) of the individual éon(0).
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Example. The conceptual (—1:area, 0:geoEle) specifies the area of the geometric element
geoFle. °

A conceptual con:{-1, 0, 1} specifies attribute con(-1) of the individual éon(0) from the
concept con(1).

Example. The conceptual (—1:area, 0:geoEle, 1:triangle) specifies an area of the triangle
geoFle. °

A conceptual éon:{-1, 1} specifies attribute con(-1) of the concept con(1).

Example. The conceptual (—1:area, 1:triangle) specifies areas of triangles. °

A conceptual éon:{-1, 0, 1, 2} specifies attribute con(-1) of the individual ¢on(0) from the
concept con(1) from the concept space con(2).

Example. The conceptual (—1:area, 0:geoEle, 1:triangle, 2:Euclidean) specifies the area of
the triangle geoFEle from Euclidean space. °

A conceptual céon:{-1, 1, 2} specifies attribute con(-1) of the concept con(1) from the
concept space con(2).

Example. The conceptual (—1:area, 1:triangle, 2:Fuclidean) specifies areas of triangles
from Euclidean space. ]

A conceptual con:{-1, 0, 2} specifies attribute con(-1) of the individual éon(0) from the
concept space con(2).

Example. The conceptual (—I:area, 0:geoEle, 2:Euclidean) specifies the area of the geo-
metric element geoEle from Euclidean space. °

A conceptual con:{-1, 2} specifies attribute c¢on(-1) of the concept space con(2).

Example. The conceptual (—I:area, 2:Fuclidean) specifies areas of geometric elements
from Euclidean space. °

Correlation between other kinds of conceptuals of the order 7 and the corresponding kinds

of ontological elements is performed in a similar way.
5.4. Correlation between ontological elements
and conceptuals of the order 2
In this section conceptuals of the order 2 is classified according to their integral orders
and kinds of conceptuals of this classification are correlated with the corresponding kinds of

ontological elements.

A conceptual con:{-2, -1} specifies the attribute con(-1) in the attribute space con(-2).
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Example. The conceptual (—2:inch, —1:area) specifies areas in inches. °

A conceptual con:{-2, -1, 0} specifies the attribute con(-1) of the individual c¢on(0) in the
attribute space con(-2).

Example. The conceptual (—2:inch, —1:area, 0:geoEle) specifies the area of the geometric
element geoFle in inches. °

A conceptual con:{-2, -1, 0, 1} specifies the attribute éon(-1) of the individual ¢on(0) from
the concept con(1) in the attribute space con(-2).

Example. The conceptual (—2:inch, —1:area, 0:geoFEle, 1:triangle) specifies the area of the
triangle geoFEle in inches. °

A conceptual con:{-2, -1, 1} specifies the attribute con(-1) of the concept c¢on(1) in the
attribute space con(-2).

Example. The conceptual (—2:inch, —1:area, 1:triangle) specifies areas of triangles in
inches. °

A conceptual éon:{-2, -1, 0, 1, 2} specifies the attribute con(-1) of the individual éon(0)
from the concept con(1) from the concept space con(2) in the attribute space con(-2).

Example. The conceptual (—2:inch, —1:area, 0:geoEle, 1:triangle, 2:Fuclidean) specifies
the area of the triangle geoFle from Euclidean space in inches. °

A conceptual éon:{-2, -1, 1, 2} specifies the attribute con(-1) of the concept con(1) from
the concept space con(2) in the attribute space con(-2).

Example. The conceptual (—2:inch, —1:area, 1:triangle, 2:Fuclidean) specifies areas of
triangles from Euclidean space in inches. °

A conceptual con:{-2, -1, 0, 2} specifies the attribute éon(-1) of the individual ¢on(0) from
the concept space ¢on(2) in the attribute space con(-2).

Example. The conceptual (—2:inch, —1:area, 0:geoEle, 2:Fuclidean) specifies the area of
the geometric element geoFEle from Fuclidean space in inches. °

A conceptual con:{—2, —1, 2} specifies the attribute c¢on(-1) of the concept space con(2)
in the attribute space con(-2).

Example. The conceptual (—2:inch, —1:area, 2:Fuclidean) specifies areas of geometric
elements from Euclidean space in inches. °
A conceptual céon:{-2, 0} specifies the individual éon(0) in the attribute space con(-2).

Example. The conceptual (—2:inch, 0:geoEle) specifies the attributes of the geometric

element geoFle measured in inches. °
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A conceptual con:{-2, 0, 1} specifies the individual ¢on(0) from the concept con(1) in the
attribute space céon(-2).

Example. The conceptual (—2:inch, 0:geoEle, 1:triangle) specifies the attributes of the
triangle geoFEle measured in inches. °

A conceptual céon:{-2, 1} specifies the concept ¢on(1) in the attribute space con(-2).

Example. The conceptual (—2:inch, 1:triangle) specifies attributes and individuals of tri-
angles measured in inches. °

A conceptual éon:{—2, 1, 2} specifies the concept c¢on(1) from the concept space con(2) in
the attribute space con(-2).

Example. The conceptual (—2:inch, 1:triangle, 2:Euclidean) specifies attributes and indi-
viduals of triangles from Euclidean space measured in inches. °

A conceptual con:{-2, 2} specifies the concept space c¢on(2) in the attribute space con(-2).

Example. The conceptual (—2:inch, 2:FEuclidean) specifies attributes, individuals and kinds
of geometric figures from Euclidean space measured in inches. °

A conceptual con:{-2, 0, 2} specifies the individual ¢on(0) from the concept space con(2)
in the attribute space con(-2).

Example. The conceptual (—2:inch, 0:geoEle, 2:Fuclidean) specifies the geometric element
geoFle and its attributes from Euclidean space measured in inches. °

A conceptual c¢on:{-2, 0, 1, 2} specifies the individual ¢on(0) from the concept con(1) from
the concept space ¢on(2) in the attribute space con(-2).

Example. The conceptual (—2:inch, 0:geoEle, 1:triangle, 2: Euclidean) specifies the triangle
geoFle and its attributes from Euclidean space measured in inches. °

Correlation between other kinds of conceptuals of the order 2 and the corresponding kinds

of ontological elements is performed in a similar way.

5.5. Correlation between ontological elements

and conceptuals of the order 3 or higher

Correlation between other kinds of conceptuals of the order $ or higher and the corresponding
kinds of ontological elements is performed in a similar way (by the introduction of the attribute
space space and so on.).

Example. The conceptual (—3:10, —2:inch, —1:area, 0:geoEle, 1:triangle, 2:Fuclidean,

3:2) specifies the area of the triangle geoEle from two-dimensional Euclidean space measured
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in inches in the decimal system. °

6. Modelling of ontological elements

The ontological elements which are directly represented in terms of elements and conceptuals
of states were considered in previous sections. The ontological elements which are not directly

represented in these terms are modelled in this section.

6.1. Relations and their instances

Binary relations are modelled by direct concepts, and their instances are modelled by ele-
ments of the order 0 of these concepts, represented by pairs of elements.

Relations of the arity rat are modelled by direct concepts, and their instances are modelled
by elements of the order 0 of these concepts, represented by tuples of the length riat.

Relations of the variable arity are modelled by direct concepts, and their instances are
modelled by elements of the order 0 of these concepts, represented by tuples of the variable

length.

6.2. Types and domains

Types are modelled by direct concepts, and their values are modelled by elements of the
order 0 of these concepts.

Domains as the special kind of types are also modelled by direct concepts, and their values
are modelled by elements of the order 0 of these concepts.

Types of attributes of the order 7at are modelled by the special attribute type of the order
nat + 1. Values of this attribute are types modelled by direct concepts.

6.3. Inheritance

The usual inheritance relation on concepts is generalized to the inheritance relation on
elements of the same order in [sta]. It is modelled by the special direct concept inherits, and
their instances are modelled by elements of the order 0 of the concept inherits, represented by
triples of elements. Elements of the triple specify the inheriting element, the inherited element
and their order, respectively.

An element éle[[sta] inherits from éle'[sta] in [sta, ind], if sta(0:(éle, ¢l¢, int), 1:inherits) #

Inheritance on elements redefines semantics of conceptuals sem as follows:
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o if Sta(éon) # w, then sem(con, sta) = sta(con);
o if
— Sta(éon) = w,
— int is a maximal order in [éon],
— Set is a set of ¢éle[sta] such that con(int) inherits from éle in [sta, int],
— set # ),
— sem(con(int « éle), sta) = sem(con(int < €él¢'), sta) for all éle, éle € Set,
then sem(con, sta) = sem(con(int < éle), sta), where éle € set;
e otherwise, sem(con, sta) = w.

The special case of inheritance on direct concepts is defined. A concept dirC’onc[[s’ta]] inherits
from a concept dirConc'[std] in [sta], if dirConc inherits from dirConc' in [sta, 1].

The inheritance relation on elements of the same order in [$ta] is generalized to the inheri-
tance relation on ordered structures of elements of the same length in [sta]. The corresponding
elements of these structures have the same order. This relation is modelled by the special direct
concept inheritsStr, and their instances are modelled by elements of the order 0 of this concept,
represented by triples of sorted structures of the same length. The elements of the triple specify
the ordered structures of inheriting elements, inherited elements and their orders, respectively.

An element drdStr; inherits from 6rdStry in [$ta, ordStr], if the following properties hold:

o ordStr = (inty, ..., inty;,1);

o inty < ... < inty.p;

e len(ordStry) = len(ordStry) = nat;

o sem((0:(ordStry, ordStry, ordStr), 1:inheritsStr), sta) # w.

Inheritance on ordered structures redefines semantics of conceptuals sem:

o if sta(éon) # w, then sem(con, sta) = sta(éon);
o if
— sta(con) = w,
—int; < ... < Mtnat are element orders in con,

—for all snt if int > int;, and int is an element order in con, then int coincides with

one of the numbers inty, ..., ity ot
— §et is a set of éle[[sta] such that (con(int,), ..., con(int,,;)) inherits from éle in [sta,
(inti, ..., ity )],

— Set # 0,
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— for all éle, €le € set

sem(con(inty < éle(inty), ..., inty;,p < €le(int,qy)), Sta) =
sem(con(inty < €le (inty), ..., inty; 4 < €le (inty; 1)), Sta),
then sem(con, sta) = sem(con(int; < éle(int), ..., ity < €le(inty;,t)), $ta), where

éle € set;

e otherwise, sem(con, sta) = w.
7. Generic conceptuals

A generic conceptual defines a set of conceptuals satisfying a certain template and sets the
default value for these conceptuals. Conceptuals from this set are called instances of the generic

conceptual. The template of the generic conceptual is defined by its form.
7.1. The main definitions

Let * € ato. A conceptual con[sta] is called a generic conceptual in [sta], if there exists
éleOrd such that con(éleOrd) € {*, (¥, éles), (*, éley, éles), (*, *, éles)}. The element ele of
the form con(éleOrd) from this definition is called a substitution place in [éon, Sta, éleOrd].
Let genCon and pla be sets of generic conceptuals and substitution places, respectively. The
number éleOrd is called an order in [pla, éon, sta]. The elements éle; and éles are called a
type and parameter in [pla, éon, sta, éleOrd]], respectively. Let type and par be sets of types
and parameters in [pla, con, Sta, éleOrd], respectively.

A conceptual genCon is called partially typed in [std], if there exist pla, type and éleOrd
such that pla is a substitution place in [genCon, sta, éleOrd], and type is a type in [pla, genCon,
sta, éleOrd].

A conceptual genCon is called typed in [sta], if for all pla and éleOrd, if pla is a substitution
place in [genCon, sta, éleOrd], then there exists type such that type is a type in [pla, genCon,
sta, eleOrd].

A conceptual genCon is called parametric in [sta], if there exist pla, par and éleOrd such
that pla is a substitution place in [genCon, sta, éleOrd], and par is a parameter in [pla, genCon,
sta, éleOrd].

A conceptual con is called an instance in [genCon, sta], if the following properties hold:

e if genCon(int) is not a substitution place in [genCon, sta, int], then con(int) =
genCon(int);

e if genCon(int) is a substitution place in [genCon, sta, int], then con(int) is an element
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in [sta, int];
o if genCon(int) € {(* type), (* type, par)}, then con(int) is an element in [conc:type,
sta, concOrd:1, eleOrd:0];
e if par is a parameter in [pla;, genCon, Sta, éleOrd;] and [play, genCon, sta, éleOrdy],
then con(éleOrd,) = éon(éleOrdy ).
A CTS cts is called a CTS in [genCon:], if the following properties hold:
e (the consistency property) if genCon; # genCony, then there is no éon such that con
is an instance of genCony and genCony in [sta];
e semantics of conceptuals sem is redefined as follows:
—if sta(¢on) # w, then sem(éon, sta) = sta(con);
—if sta(éon) = w, and con is an instance in [genCon, sta], then sem(con, sta) =
sta(genCon),

— otherwise, sem(¢éon, sta) = w.
7.2. Examples of generic conceptuals

A conceptual genCon:{-1, 0:* 1} specifies the property that the value of the attribute
genCon(-1) of individuals from the concept genCon(1) is equal to sta(genCon) in [sta], if it is
not defined explicitly.

Example. The conceptual genCon:{—1:area, 0:*, 1:triangle} specifies the property that
the area of triangles is equal to sta(genCon) in [sta], if it is not defined explicitly. o

A conceptual genCon:{-1, 0:*} specifies the property that the value of the attribute genCon(-
1) of individuals is equal to sta(genCon) in [$ta], if it is not defined explicitly.

Example. The conceptual genCon:{—1:area, 0:*} specifies the property that the area of
geometric elements is equal to sta(genCon) in [sta], if it is not defined explicitly. °

A conceptual genCon:{0:*, 1} specifies the property that the value of individuals from the
concept genCon(1) is equal to sta(genCon) in [sta], if it is not defined explicitly.

Example. The conceptual genCon:{0:*, 1:triangle} specifies the property that the value of
triangles is equal to sta(genCon) in [sta], if it is not defined explicitly. What is the value of a

triangle depends on interpretation. °

7.3. Classification of ontological elements and their properties

based on generic conceptuals
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Generic conceptuals together with attributes allow to classify ontological elements and their
properties in more detail.

A conceptual genCon:{-2:type, -1, 0%, 1} specifies the property that the type of the attribute
genCon(-1) of individuals from the concept genCon(1) is equal to sta(genCon) in [sta], if it is
not defined for individuals explicitly.

Example. The conceptual genCon:{-2:type, —1:area, 0:%, 1:triangle} specifies the property
that the type of the attribute area of triangles is equal to sta(genCon) in [sta], if it is not
defined for triangles explicitly. °

A conceptual genCon:{-2:type, -1, 0:*} specifies the property that the type of the attribute
genCon(-1) of individuals is equal to sta(genCon) in [sta], if it is not defined for individuals
explicitly.

Example. The conceptual genCon:{-2:type, —1:area, 0:*} specifies the property that the
type of the attribute area of geometric elements is equal to sta(genCon) in [sta], if it is not
defined for geometric elements explicitly. °

A conceptual genCon:{-2:type, 0:*} specifies the property that the type of individuals is
equal to sta(genCon) in [sta], if it is not defined for individuals explicitly.

Example. The conceptual genCon:{-2:type, 0:*} specifies the property that the type of
geometric elements is equal to sta(genCon) in [sta], if it is not defined for geometric elements
explicitly. °

A conceptual genCon:{-2:type, 0:* 1} specifies the property that the type of individuals
from the concept genCon(1) is equal to sta(genCon) in [sta], if it is not defined for such
individuals explicitly.

Example. The conceptual genCon:{-2:type, 0:*, 1:triangle} specifies the property that the
type of triangles is equal to sta(genCon) in [sta], if it is not defined for triangles explicitly. e

8. Justification of requirements for conceptual transition systems

In this section, we establish that CTSs meet the requirements stated in section 1:

1. The formalism describes the conceptual structure of the specified system. The conceptual
structure of sys is described by elements (attributes, concepts, individuals) and, in more
detail, usual and generic conceptuals of states of ¢ts.

2. The formalism describes the content of the conceptual structure of the specified system, i.

e. it describes the specified system in the context of the conceptual structure. The content
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of the conceptual structure of sys is described by conceptual states of ¢ts.

3. The formalism describes the change of the conceptual structure of the specified system.
The change of the conceptual structure of sys is described by the transition relation traRel
on conceptual states of ¢ts which specify conceptual structures of sys with different sets
of ontological elements.

4. The formalism describes the change of the content of the conceptual structure of the
specified system, i. e. it describes the change of the specified system in the context of
the conceptual structure. The change of the content of the conceptual structure of sys is
described by the transition relation traRel on conceptual states of ¢ts which specify the
same conceptual structure of sys. In fact, the distinction between requirements 3 and
4 is relative, for conceptuals allow to define classifications of ontological elements with
different granularity.

5. The formalism is quite universal to specify typical ontological elements (concepts, at-
tributes, concept instances, relations, relation instances, individuals, types, domains, and
so on.). Specification of typical ontological elements is presented in sections 4 and 6.

6. The formalism provides a quite complete classification of ontological elements, including
the determination of their new kinds and subkinds. Classification of ontological elements
based on the two-level scheme is presented in section 5.

7. The formalism s based on the conception ’‘state — transition’ of the usual transition sys-
tems, keeping their simplicity and universality and adding a conceptual filling’. CTSs are
the special kind of transition systems in which transitions are defined in the ordinary way,
and states are quite simple functions specifying the conceptual structure of the specified
systems. Therefore, they keep simplicity and universality of the usual transition systems.

8. The formalism supports reflection of any order, i. e. allows to specify: the system (re-
flection of the order 0), the specification of the system (reflection of the order 1), the
specification of the specification of the system (reflection of the order 2) and so on. Spec-
ifications of the higher order (with reflection of the higher order) impose restrictions on
the specifications of the lower order (with reflection of the lower order). The order of
reflection in the specification of sys is defined by the maximal (concretization) order of
conceptuals in states of ¢ts, i. e. the maximal order of attributes in states of ¢ts. The

formal description of this property requires additional definitions which are given below.
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We extend the (concretization) order of conceptuals on states, the transition relation and
CTSs.
A number 7nat is called an order in [sta], if the following properties hold:
e there is no céon[sta] such that the order in [¢on] is greater than rat;
e there exists c¢on[sta] such that riat is an order in [¢on].
A state sta is called admissible in [éts], if there exists sta’ such that traRel(sta, std’), or
traRel(std, sta).
A number 7at is called an order in [traRel], if the following properties hold:
e there is no $ta such that sta is admissible in [¢ts], and the order in [sta] is greater than
nat;
e there exists sta such that $ta is admissible in [éts], and riat is an order in [[sta].
A number 7nat is called an order in [éts], if riat is an order in [traRel[cts]].
A system ¢ts is called a specification in [sys, rat0], if 7iat0 is an order in [¢ts]. A number
nat0 is called an order (of specification or reflection) in [sys, éts].
States, the transition relation and CTSs of greater orders concretize states, the transition
relation and CTSs of lower orders, define the special their kinds and are used to classify them.

Thus, the requirements stated in section 1 are met for CTSs.
9. Related formalisms

We compare CTSs with three related formalisms: abstract state machines [1, 2], ontological
transition systems [5] and domain-specific transition systems [7]. The comparison is based on

the requirements stated in section 1.
9.1. Abstract state machines

Abstract state machines |1, 2] are the special kind of transition systems in which transitions
are defined in the ordinary way, and states are algebraic systems. The application of abstract
state machine to specifying various systems can be found in [8]. In contrast to CTSs which
have no implementation language, abstract state machines have two implementation languages:
ASML [9] and XASM [10].

We consider the fulfillment of the requirements for this formalism:

1. The formalism describes the conceptual structure of the specified system. The conceptual

structure of the specified system is modelled by the appropriate choice of symbols of
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the signature of an algebraic system. Thus, both abstract state machines and CTSs
describe the conceptual structure of specified systems, but CTSs make it by more natural
ontological way.

2. The formalism describes the content of the conceptual structure of the specified system.
The content of the conceptual structure of the specified system is modelled by the inter-
pretation of signature symbols in a particular state.

3. The formalism describes the change of the conceptual structure of the specified system.
The change of the conceptual structure of the specified system is described by the tran-
sition relation on algebraic structures of different signatures.

4. The formalism describes the change of the content of the conceptual structure of the
specified system. The change of the content of the conceptual structure of the specified
system is described by the transition relation on algebraic structures of the same signature.

5. The formalism s quite universal to specify typical ontological elements. In contrast to
CTSs, typical ontological elements are not naturally specified by abstract state machines.

6. The formalism provides a quite complete classification of ontological elements, including
the determination of their new kinds and subkinds. In contrast to CTSs, abstract state
machines do not allow to classify naturally ontological elements and define their new
kinds and subkinds.

7. The formalism s based on the conception ’‘state — transition’ of the usual transition sys-
tems, keeping their simplicity and universality and adding a conceptual *filling’. Abstract
state machines are the special kind of transition systems in which transitions are defined
in the usual way, and states are functions of algebraic systems. Therefore, they keep
simplicity and universality of the usual transition systems sufficiently. The difference
between abstract state machines and CTSs consists in that they are based on different
(ontological and algebraic, respectively) approaches to the definition of states.

8. The formalism supports reflection of any order. In contrast to CTSs, abstract state

machines do not support reflection of any order in natural way.

9.2. Ontological transition systems

Ontological transition systems [5] are the special kind of labelled transition systems in which
transitions are defined in the usual way, transition labels are actions which change states, and

states are ontology content retrieval functions. The ontology in ontological transition systems
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are defined as a set of concepts and relations on the universe of objects. The content of a
concept is defined as a set of sequences of objects from the universe, and the content of a
relation is defined as a set of pairs of sequences of objects form the universe. In contrast to
CTSs, ontological transition systems have their associated notation language OTSL [5, 6] which

specifies states and transition actions.
We consider the fulfillment of the requirements for this formalism:

1. The formalism describes the conceptual structure of the specified system. Ontological
transition systems describe the conceptual structure of the specified system by concepts
and relations.

2. The formalism describes the content of the conceptual structure of the specified system.
Ontological transition systems describe the content of the conceptual structure of the
specified system by ontology content retrieval functions.

3. The formalism describes the change of the conceptual structure of the specified system. In
contrast to CTSs, ontological transition sytems do not change the conceptual structure
of the specified system.

4. The formalism describes the change of the content of the conceptual structure of the
specified system. The change of the content of the conceptual structure of the specified
system is described by actions of the corresponding ontological transition system.

5. The formalism is quite universal to specify typical ontological elements. In contrast to
CTSs, only some typical ontological elements are naturally specified by ontological tran-
sition systems.

6. The formalism provides a quite complete classification of ontological elements, including
the determination of their new kinds and subkinds. In contrast to CTSs, a set of kinds
of ontological elements which are naturally defined by ontological transition systems is
restricted.

7. The formalism s based on the conception ’‘state — transition’ of the usual transition sys-
tems, keeping their simplicity and universality and adding a conceptual “filling’. Ontolog-
ical transition systems are the special kind of transition systems in which transitions are
defined in the usual way, and states are quite simple ontology content retrieval functions.
Therefore, they keep simplicity and universality of the usual transition systems suffi-
ciently. The language of specification of ontological transition systems OTSL includes a

specific set of actions that restrict the transition relation. Therefore, it is not as much
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universal as CT'Ss.

8. The formalism supports reflection of any order. In contrast to CTSs, ontological transition

systems do not support reflection.

9.3. Domain-specific transition systems

Domain-specific transition systems |7] are the special kind of transition systems in which

states are defined by parametric forms and their values, and transitions are defined by the

special kind of these forms — transition rules. A parametric form is characterized by a sample,

evaluated and quoted parameters, a parameter constraint, a return value constraint and rules

of propagation of indeterminate values of parameters. Instances of the form are defined by

the pattern matching algorithm. Applying transition rules are described by the algorithms of

pattern matching and rule execution.

We consider the fulfillment of the requirements for this formalism:

1.

The formalism describes the conceptual structure of the specified system. The conceptual
structure of the specified system is described by the special kind of domain-specific tran-
sition systems — ontological domain-specific transition systems. Concepts in such systems
are modelled by forms which represent characteristic functions of these concepts and de-
fine their content. The sample of a rule of such system is represented by a parameter,
and the parameter constraint defines the concept for which values of the parameter are

istances.

. The formalism describes the content of the conceptual structure of the specified system.

Ontological domain-specific transition systems describe the content of the conceptual

structure of the specified system by concepts.

. The formalism describes the change of the conceptual structure of the specified system.

In contrast to CTSs, domain-specific transition systems do not change the conceptual

structure of the specified system.

. The formalism describes the change of the content of the conceptual structure of the

specified system. The change of the content of the conceptual structure of the specified

system is described by rules of the corresponding domain-specific transition system.

. The formalism s quite universal to specify typical ontological elements. In contrast to

CTSs, only concepts and their instances are naturally specified by ontological domain-

specific transition systems.
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6. The formalism provides a quite complete classification of ontological elements, including
the determination of their new kinds and subkinds. In contrast to CTSs, domain-specific
transition systems do not allow to classify ontological elements and define their new kinds.

7. The formalism is based on the conception ’‘state — transition’ of the usual transition sys-
tems, keeping their simplicity and universality and adding a conceptual filling’. Domain-
specific transition systems are the special kind of transition systems in which transitions
are defined by sets of transition rules, the quite general pattern matching algorithm which
specifies applicability of these rules, and the specific rule execution algorithm, and states
are functions on forms with specific attributes. Therefore, domain-specific transition sys-
tems do not keep simplicity and universality of the usual transition systems sufficiently.

8. The formalism supports reflection of any order. In contrast to CTSs, domain-specific

transition systems do not support reflection.
10. Conclusion

In the paper, the main definitions of the theory of CTSs were given, classifications for
elements of states of CTSs and for conceptuals and their associated ontological elements were
developed, generalization of conceptuals which allows to make more comprehensive classification
of ontological elements — generic conceptuals — was proposed.

We plan to develop the special kinds of CTSs concretizing the transition relation, and the
language of specification of CTSs that would describe the transition relation concretizations
which are important for practical purposes.

Development of formal methods based on this language to solve problems of designing and
prototyping software systems as well as specification of operational and axiomatic semantics
of programming languages is an important application of CTSs. In the case of specification
of operational semantics of a programming language, a CTS specifies the abstract machine of
the language. In the case of specification of axiomatic semantics of a programming language, a
CTS specifies a generator of verification conditions for programs in the language, based on its
axiomatic semantics.

We hope that the use of the ontological approach will reduce the gap between the great
potential of formal methods and, with rare exceptions, toy examples of their application for
solving the above problems [11].

Because of their simplicity and universality, CTSs can be also used for classification and
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formalization of concepts, properties and algorithms in the field of ontology evolution [12-15],

as well as designing and prototyping tools to support ontology evolution [16].
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VJIK 618.518.5

TpeboBaHus k cucreme ynpapjeHUsI KBaJAPOKONTEPOM

Tymypos I.1". (Mncmumym cucmem ungpopmamuxu CO PAH),

lllenexos B.U. (Mncmumym cucmem ungpopmamuxu CO PAH,

Hoeocubupcxuii cocyoapcmeennwiil yrueepcument)

OrmpenernsieTcss THIIOBask apXUTEKTypa CHCTEMbI ympamieHus Buma human-in-the-loop.
Habop ¢yHKIMOHANIBHEIX TPeOOBAHUN K CHCTEME YIPaBIEHUS OECIMIOTHBIM 4-X BUHTOBBIM
BEPTOJIETOM - KBAaJPOKOIITEPOM — OTPENEISCTCS KaK KOHKPETH3ALMS THIIOBOH apXUTEKTYPEI.
PaccmarpuBaeTcss aBe 3amadd: ympaBleHHE IMOJETOM KBAJIPOKONTEpa IO 3adaHHOM

TPAaEKTOPHUH U CIEKECHHE 32 JBIDKYLIIMCS 00bEKTOM.

Knrouesvie cnosa: Becnunomuviii iemamensHulil annapam, kéaopokonmep, human-in-the-

loop, cucmema ynpasnenus, onpedenenue mpebosanuii, a8MoMamHoe POSPAMMUPOSAHUE.
1. BBenenue

KBagpokonrep — OecniuiioTHBIN 4-X BUHTOBOUM BepTosieT. [ KBaJpokonTepa MpeayCMOTPEHO
7IBa BHJIA YIPABICHHS: PyYHOE, OCYIIECTBISIEMOE YEIOBEKOM (OIepaTopoM) AMCTAHIIMOHHO Yepe3
WHTepHeT, U aBTOMAaTMYeCKOe MporpaMMHOe Ha 0aze HHTepdelica, ONpeneNsiomero CUCTeMy
KOMaH/{ YIpaBJIeHUs KBaJJPOKOIITEPOM.

B nacrosimeit pabote onpezenseTcs oOmasi MOCTaHOBKA 3a/1a4M YIIPABJICHUST KBAIPOKOIITEPOM,
UHTETPUPYIOIIasi pa3InYHbIe aCleKThl aBTOMATUYECKOTO YIpaBieHus kBaapokonrepom [1-2, 9-10,
12, 14-15, 17-18, 20-21, 24-29, 31]. Bmecte ¢ TpaaulMOHHOW 3a7a4yell ABHXKEHHUS 10 3aJaHHOMY
MapuIpyTy paccMaTpUBaeTCsl HOBas 3ajjaya CJIEKEHHs 3a ABWKYLIIMMCS 00beKToM. OmnuchiBaeTcs
TUMOBAsl apXUTEKTypa CHUCTeMbI ympaBieHus Buga human-in-the-loop [19] c¢ wuHTerpanueii
aBTOMATHYECKOTO M pydHOTOo ynpaieHus. Crienuukamus 3aqadu yIpaBIeHUs] KBaIpPOKOITEPOM
orpeJieNigeTcs B BUJe Habopa TpeOOBaHUH.

KonTtpomep cucremsl yrnpaBieHus sBISETCS PeakKTUBHOM cucteMoi. Onpedenenue mpebosanuil
— TEpBBIA JTanm KOHCTPYMPOBAaHHUS PEAKTHBHOW CHCTEMBI. [pebo6aHusi — COBOKYITHOCTB
YTBEP’KACHUN OTHOCUTEIHHO CBOMCTB pa3palaThiBaeéMoil peakTUBHOM cucTteMbl. OHUM U3 BUJOB
TpeOOBaHUMN SABISAIOTCS DYHKYUOHANbHBIE MpebOosanus, ONPEAEISIONINE MMOBEIEHHE MPOTrPaMMBI.
Wx Haubosee nomyssipHoit GopmMoii sBIsitOTCS cyenapuu ucnoavzosanus (Use case) [6]. B narem

MOJIXO/I€ CIICHAPUH WCITOJIb30BaHMs IPEACTABICHBl B BHJC NMPaBWI Ha sA3bIKe Mpomykiwmii [8],
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OOBIYHO MPHUMEHSIEMOM JUIsl CUCTEM HCKYCCTBEHHOTO HMHTEIUIEKTa. DTO MPOCTOM S3BIK C BHICOKOI
CTETeHbIO AeKiapatuBHOCTH. Crenudukanus aBTOMaTHOM IpOTrpaMMbl B BUIe Habopa TpeOoBaHMA
KOMIIAKTHA U JIETKO TPAHCIUPYETCS B aBTOMAaTHYIO IPOIpPaMMy, YTO IO3BOJISIET MUCIIOIb30BaTh SI3bIK
crieruduKauy TpeOOBaHUH KaK SI3bIK aBTOMATHOTO MporpaMMupoBanus [4].

TumnoBas apxuTeKTypa CUCTEMbI yrpaBieHus Buaa human-in-the-loop npezacrasiena B pasaene 2
aBTOMATHBIMM [IpOrpaMMaMM aBTOMAaTHYECKOI'O KOHTpoJUiepa W MOHMTOpUHra. IIporpammsl
cienu(pUIIpoBaHbl HAOOPOM TpeOoBaHUil. S3bIK TpeOOBaHMI KPATKO ONMUCHIBAETCS B pasi. 2.1; ero
MOJIHOE omucaHue MocTynmHo B [4]. Bamada ymnpamieHHs OCCIHIOTHBIM JICTAIOIIAM aIllapaToM
(BIJTA) onpenenena B obiieM Buae B nmoapasnaeie 3.1 kak KOHKpeTU3alusi TUIIOBOM apXUTEKTYPBHI.
B cBoro ouepens cucrema ympamieHHsl KBaapokomnrtepom (mompazmen 3.1.1) xapakrepusyercs
KOHKpeTH3aluell BXOAHBIX U YIPaBSIIOIIMX IapaMeTpoB cucteMbl ympasieHus BITJIA.
[locraHoBKa 3agauu ympaBiCHHUs JBUKCHHEM KBaJpOKOITEpa IO 3aJaHHOW TPAeKTOpUU
(mogpasnen 3.2) ompenenseT 3aJaHue MapuIpyTa JBUKEHUS, HA0OP BO3MOXKHBIX OTPaHUYEHHUH U
npensaTcTBuil. B moapasgene 3.3 ommcaHa IMOCTaHOBKA 3a/aud CIICKEHHS 32 JBIDKYIIHMMCS
00BEKTOM C ONpeCICHHEM apaMeTPOB U Pa3HOOOPa3HBIX aclekToB. B 00630pe pabot (pasaen 4)
OTHCHIBAIOTCS PA3IMYHBIC TIOJIXO/IBI B TIOCTAHOBKE 3a/1a4M YIPABIICHUS KBaIPOKOIITEPOM.

Pa6ota BemonHena npu noajepxkke POOU, rpant Ne 12-01-00686.
2. TunoBasi apXMTEKTypa CUCTEMbI YIIPABJICHUS

Kontpomnep cuctembl ympaBieHHsS! SIBISI€TCS pPEAKTHUBHON cuctemoil. g crneuudukanuu u
peann3aly peakTUBHBIX CHCTEM pa3paboTaHa TEXHOJIOTHS aBTOMAaTHOTO MpOrpaMMHUpoBaHus [4].
Aemomamuas npocpamma ONPENEISIETCS B BUJI€ KOHEYHOTO aBTOMAara M COCTOMT U3 HECKOJBKHX
ceamenmos koda. BepiimHa aBTomata — ynpasisaioujee cocmosiiue nporpaMmbl. OpHUeHTHPOBaHHAS
THUIIEpPAYra aBTOMATa COOTBETCTBYET HEKOTOPOMY CEIrMEHTY KOJa M CBS3BIBAECT OJHY BEPILIMHY C
OJIHOM WJIM HECKOJBKMMH IPYTrUMHU BepIIMHAMU. VICIIOTHEHNE CETMEHTA 3aBEPIIAETCS ONEPATOPOM
rnepexoja Ha Hayajao JAPYyroro cerMeHra. B3amMojelcTBMEe aBTOMATHOW MPOrpaMMbl C BHEITHUM
OKpY>KEHHEM peallu3yeTcs uepe3 INpueM U TMOCBUIKY coobwenui. Cocmosnue aBTOMAaTHOU
IIpOrpaMMBbl ONpeessieTcs 3HaYeHUIMU Habopa MepeMeHHbIX, MOJU(PHUIMPYEMBIX B IIPOTrPaMME.

Peaxmusnas cucmema peannsyer B3aMOJECHCTBHE C BHEIIHUM OKPY)KEHHEM MPOrpaMMBbI U
pearupyeT Ha ONpeNeleHHbI Ha0Op COOBITUH (COOOLIEHUI) B OKPYKEHMHM MPOrPaMMBI.
[TonkmaccoM peakTUBHBIX CHCTEM SIBISIFOTCS 2UOpUOHble CucmeMbl, COSIUHSIONINE TUCKPETHOE U
HenpepbIBHOE TOBeAeHHE. YacTh NMEpEeMEHHBIX COCTOSIHHUS THOPUIHON CHCTEMBI COOTBETCTBYET
HENpPEepBIBHBIM IapameTpaM (BpeMs, KOOpAWHAThl B MPOCTPAHCTBE U JApP.), U3MEHEHHE KOTOPBIX

peain3yeTcsi HE3aBHCHUMO OT MIpOrpaMMbl THOPHUIHOM CHCTEMbI IO OIpENEJICHHBIM 3aKOHAM,
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00bIYHO (opMynHpyeMbIM B BuJe TudPepeHIHAIbHBIX ypaBHEHUH. BakHeWmmM mojakiaccoM
THOPUTHBIX CUCTEM SIBJISIOTCS KOHTPOJUIEPHI CUCTEM YIIPABJICHUSI.

Cucmema ynpasnenus peaan3yeT B3aUMOJCHCTBUE C 00beKMoM ynpasienus Ui NOJAepPKaHUs
ero (YHKIMOHHPOBAaHHS B COOTBETCTBHM C NOCTAaBICHHOW menblo. CHCTEMBI YIpaBICHUS
UCTIOJNIB3YIOTCSI B @9POKOCMHYECKOM OTpPACIi, SHEPreTUKE, MEIUIIMHE, MACCOBOM TPAHCIIOPTE M JIp.
orpaciusx. Ha kaxaom 1mare BBIYUCIUTENBHOTO LUKIA KOHMPOLLEP CUCMeEMbl YNPAGIeHUs
MOJTy4yaeT BXOAHYIO MH(OpMAIMIo M3 OKPY)KEHUs U oOpabaThiBaeT ee. Pe3ynabTaThl BBIUMCICHUS
UCTIOJIB3YIOTCS [UISl TIEpeIauyl YIPABIISIOIIEro CUTHANIA, BO3ACHCTBYIOIIETO HA OOBEKT yIPaBICHUS.

BonmpIIMHCTBO ~ cHCTEM  YHpaBIGHHS — SBISIIOTCS  CUCMEMAMU — PeanbHo20  BpeMeHU,
ONPEACISIFONMMUA HA0Op MSATKUX M JKECTKHX BpPEMEHHBIX OTPaHUYCHHN Ha B3aMMOJICHCTBHE C
OKpy)KeHHeM. B cucremax ¢ IKECTKMM OTpaHWYCHHEM HENPEJOCTAaBICHHE pPe3yJIbTaTOB
BBIYHCIICHUH K ONPEIEICHHOMY CPOKY SIBIISETCS (haTaIbHOM OMIHMOKOM.

Hapsiny ¢ ympaBieHueM B aBTOMAaTH4ECKOM PEXHME BO3ZMOXKHO HAIMYUE PYUHO2O YNPAGLeHUs,
OCYIIECTBIISIEMOTO YEIIOBEKOM — ONEpamopoM, WHOTNA OCYIIECTBIIIEMOTO JWCTAHIIMOHHO dYepe3
Wureprer [29]. UrtoObl pyuHoe ynpamieHHe ObUIO 3()(EKTHBHBIM, HEOOXOIMMA peau3alius
aJICKBaTHOM BU3YyaJIM3allMH TPOLECCa YIIPABICHUS. ABTOMATHYECKOE U PYYHOE YIIPABICHHE MOTYT
CYILIECTBOBATh PAa3JeNbHO 0€3 MHTErpaluud Mexay coboi. OnpenenuMm THIOBYIO apXUTEKTYPY
cucTeMbl yrpamieHus Buzma human-in-the-loop [19], B koropoii aBTOMaTtuveckoe yrpaBlicHHE
00BEKTOM MHTEIPUPOBAHO C PYYHBIM yIpaBiieHHeM. KOHTpoJIep CUCTEMBI YIIPaBICHHUS COCTOUT U3

JBYX TIapajlICIbHBIX IIPOLECCCOB, OMNPEHACIISICMBIX ABTOMATHBIMM IIPpOrpaMMaMM AutoControl u

Advisor. ApxurekTypa CHCTEMBI YIpaBJe€HHs MNpeACTaBieHa HabopoM TpeOoBanuii (pasm. 2.2 u

2.3).
2.1. S13bIk TpeboBaHMIT

Tpebosanue omnpenenseT OJUH U3 BapHUAaHTOB (DYHKIIMOHHPOBAHMS aBTOMATHOW MPOTPaMMBbI H

HMMEET CIEAYIOLYIO CTPYKTYPY:
<ycIlIOBHE1>, <yCIIOBHUE2™,..., <yCIIOBUER> —> <AEUCTBUE1™>, ..., <AECUCTBUECH>

Vcnosusamu SBASIOTCS: YIPaBISIFOIIME COCTOSHUS, TOJIy4aeMble COOOIEHUS, JIOTUYECKUE
BBIpaXEHHUS. Jleliicmeusmu SIBISIOTCA: TPOCTHIE OMEPATOPbI, BBI30OBBI MPOrpaMM, MOCHLIAEMbIE
COOOIICHUSI ¥ UTOTOBBIE YIpaBIsifonue cocTosiHusA. CeMaHTHKa TpeOOBaHUS CIEAYIOIIas: €Cld B
JAaHHBIA MOMEHT BPEMEHU MCTUHHBI BCE YCIOBUS B JIEBOH 4acTh TpeOOBaHUs, TO TOCIEIOBATEIILHO
UCTONHsIeTCSl HabOp NeHCTBHIA B MPaBOM YaCTH.

Bri3oB nporpaMmel 3anuckiBactes B Buae A(X:Y), rme A — uMs mporpammbl, X — CIHCOK

apryMEHTOB BBI30Ba, Y — CIIHUCOK pe3yibTaToB. HeOMOKMpOBaHHBIN MTpHEeM COOOLICHUS peaTn3yeTcs
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KoHCTpyKuueit m(y), rae m — uMsi CooOIIeHNUs, Y — CITUCOK MEPEeMEHHBIX. 3HAUYCHHE KOHCTPYKIIUU —
true, eciu U3 OKpYXEHHS TIOJYYEHO COOOIIECHHE C WMEHEM M, TpPH 3TOM IEPEMEHHBIM Y
NPUCBAMBAIOTCS 3HAYCHUS MapaMeTpoB coodieHus m. Oneparop nepexona goto M 3amuceiBaeTcs
B Buae #M.

[TonHoe ommcanue s3bika TpeOoBaHWil gocTymHO B pabore [4]. Onucanue TpeOOBaHUI

kouTposuepos AutoControl u Advisor conposoxkaaercs coepKaTeNbHBIMK HOSCHEHUSMU.
2.2. ABTOMaTH4ecKHii KOHTPOJLIEp

Kontposep AutoControl peanmsyer HMKIMYECKHI TOMIATOBBIA IPOIECC aBTOMATHYECKOTO
yrpaBieHusi 00bekToM. Ha KakaoMm 1mare KOHTPOJUIEp ONpeneisieT KOMaHIY, KOTOPOW HYXKHO
BO3/ICHICTBOBATh HA OOBEKT JIJISl IOCTUYKCHUS 1IEIH YIIPABJICHUSI.

Cocrosinue. Habop nepemennvix cocmosiHusi CUCTEMBI ynpapieHus oOo3HauaeTcs depes3 S. B
TUIIMYHOM CJTy4ae COCTOSIHUE OINPEIEIIACTCS: KOOPMHATAMH 00bEKTa YIPABICHHS B IPOCTPAHCTBE,
TEKYIIUM BPEMEHEM U JIPYTUMU [1apaMeTPaMU YIIPaBICHMUS.

OxpyskeHue. 3amycKk KOHTPOJUIEpA, HAXOAALIETOCS B CIIIEM pEXHME, pPean3yercs
coobmenuem Start. CpabareiBanue ouepeqHOro mara padoThl KOHTPOJUIEpA MPOUCXOAHUT Yepe3
cooomenne next(in), rme in — wabop exodmbix napamempos, TNOCTYMAKOMIUX OT OOBLEKTA
yIpaBJieHUs. YTPAaBISIONIee BO3ACUCTBHE HAa OOBEKT YIPABICHUS PEATM3yeTCs TMOCBUIKOU
coobenust control(com), rue COM — KoMaHIa yrpaBieHHss 00bEKTOM C HETBK KOPPEKTUPOBKH
ero moBenaeHus. Komanma COM omnpenensier 6uod komarndvl u Habop mapamerpoB. Coobmenue Stop
UCTIOJIB3YETCsl IS IEPEBO/Ia KOHTPOJUIEPA B CIISIIIUI PEXKUM.

Yupasjasgomnuye COCTOAHNSA .

e idle — pexxuM oxxugaHUS Havana paboThl (CISAIMIUNA PEKUM);
®  run— OCHOBHOM pa®ouuil pexxum.

TpeGoBanmus.

idle, start — run
run, next(in) — Step(in, s: s’, com), control(com)
run, stop — idle

B ympasisromem cocrosauu idle konrpomnep oxumaer coobmenuns start or npouecca Advisor.
[Tpu nonydenuun coobOmenus Start koHTpomep mepexoauT B OCHOBHOW PEXHAM — YIPABISIONICE
cocTostHre rUN. B atom pexunme oxumaercs coodinenne hext(in), samyckatoriee nporpammy Step.
Ona aHanu3upyer WH(GOPMAIUIO IN 0 TEKYIIEM COCTOSHHU OOBEKTa YIPaBICHHS W BBIUHCIISET

YOPaBJISAIONIYI0 KOMaHay COM 1yt MOau(UKAIIMN TTOBEICHUS] 00BEKTa B COOTBETCTBUU C IEIISAMH
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ympasieHusi. B ciydae mepexoja Ha peXHM PYYHOTO YIpaBleHHs MOChUIaeTcss coobuienue Stop,
IIEPEBOAIIEE KOHTPOJLIEP B CIIAIIUN PEXKUM.
[TpuBenennbie TpeOOBAHUS TPAHCIUPYIOTCS B CIIEAYIOUIYI0 aBTOMATHYIO IIPOTPaMMY:

IIporpamma. process AutoControl(...) {
idle: if (start) #run
else #idle
run: if (next(in)) { Step(in, s: s, com);
send control(com);
} else if (stop) #idle
#run

}

Coobutenne Nnext(in) oObYHO TreHepuUpyeTrcss duepe3  ONpEeAENCHHBIM  (PUKCHPOBAHHBIM
MPOMEXKYTOK BPEMEHH C MOCJICAHUMH 3HAYCHUSMH TAPaMETPOB IN, PEryJIspHO MOCTABISCMBIMU OT
00BEKTa yIpaBlIeHHUs.

3ajauelt mporpaMmbl Step siBisieTcst JOCTHIKEHUE EIEBBIX 3HAYCHUI nmapaMeTpoB par o0beKTa
ynpaBienusi. [lo 3HaueHussM iN u par TpeOyercs BBHIYMCIUTH COOTBETCTBYIOLIME 3HAUCHUS
napaMeTpoB KoMaHabl COM. OObIUHO 3TO peanu3yercs penieHueM auddepeHnnanbHbIX ypaBHEHUH
E(in, par, com), onpenenstomux 3akoH (YHKIHOHUPOBAHUS — yIpaBiseMoro oObekTa. B
JIOTIOJTHEHUHU K 3TOMY, BO3MOXKHBI CIy4aiiHble BO3/IEHCTBUS HA OOBEKT YNPABICHUS — 803MYUeHUS,;
Hanpumep, Berep. MHdopmanus 0 BO3HHMKAIOMIMX BO3MYLICHUSX MOXET HaKalUIMBaThCs B
COCTOSIHMM S B LIEJSIX aJIeKBaTHOM peaKIuu.

Cuctema ynpaBieHHUs 10JKHA OBITh ycmouuugou: Ipyu OTCYTCTBUM BO3MYILEHHUH ee mapaMeTphl
iN MOMKHBI MPHONMKAThCS K TPeOyeMbIM 3HAYCHHsIM Par, a IpU OrPAaHUYCHHBIX BO3MYIICHHSIX
napameTpsl iN JOJKHBI OCTABAJICS B OTPaHMUYCHHOW 30HE BONM3M 3TuX 3HavyeHuil [28]. CBOHCTBO

yCTOfI‘IHBOCTI/I SABJIAACTCA IOABHUJIOM CBOIicTBa O€30IIaCHOCTH peaKTHBHOﬁ CHUCTCMBI.
2.3. MOHMTOPHMHT npouecca ynpaBJjieHust

ABTOMAaTHYECKOE U PYYHOE YIPABIEHHE MOXET MPOBOJUTHCSA OJHOBPEMEHHO IIMIIL B OYEHD
penkux ciaydasx. [Tepexo/ ¢ aBTOMaTHYECKOTO YIIPABIEHUS HA PYYHOE MPEIIIONAracT OTKIIOUEHUE
aBTOMAaTUYECKOTO  YIpaBleHHs. PyuHOe ympaBieHue OJOKMPYETCS NpPH MEPEXOAE Ha
aBTOMAaTUYECKOE YIPaBJIE€HHE, OJHAKO BHM3yalM3allds IIpoIecca YIpPaBIeHHs Ui OIeparopa
coxpansercs. [lepekIrouenne ¢ OHOrO peXxnuMa Ha Apyrol moanepxusaercs npoueccom Advisor,
KOTOPBIA peanusyeT OOLIMIA MOHUTOPHHI IIPOLIECCA YIPABIEHHUs, paboTas MapaieiabHo C
aBroMarnueckum korrpouiepom AutoControl.

Penrenue 0 mepexojge Ha Py4HOE YyIpPaBIEHHE IPHHMMAET OINEPATOP HA OCHOBE JaHHBIX

BU3yallM3alluK Ipolecca ynpasieHus. Oynkmueit kourpoiiepa AdVISOr sBiseTcs oleHKa CTeneHn
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PacXOKIEHUST MEXKIY TUIAHOBBIM U (paKTHIECKUM (DYHKIIMOHHUPOBAHHUEM OOBEKTA C OINpEeIeHUEM
JKEJIATEILHOCTH TIE€PEX0Ja Ha py4Hoe ympasienue. OTMETHM, 4TO (HMKCAIMs aBapUMHOIO WU
KaTacTPO(PHYECKOr0 COCTOSIHUSA J0/DKHA OBITH YIIPEXKIAIOIEH ¢ TeM, YTOOBI OIEPATOP UMEI BPEMSI
[POAHAIM3UPOBATh YIPOKAIOIIYIO CHTYalUIO JUIs IPOBEIEHUS aleKBaTHONM MOIU(PHKALUK
yIrpasieHus. [[pOrHOCTUYECKUM XapakTep OLEHKH IPOIECcca YIPABICHHs IPEIIOaracT aHaju3
UCcTOpHU (PYHKIIMOHUPOBAHHS 00BEKTA HA ONPEIECIEHHOM IIPOMEKYTKE BPEMEHHU.

Onnoit u3 Gynkmii nporecca Advisor ssisiercst obecrieuenre 0e30MacHOCTH OT OCTOPOHHETO
BMENIATEILCTBA B [IPOLIECC YIIPABJICHHS IPUMEHEHHUEM COBPEMEHHBIX METOIOB KPUIITOrpaduH, T.€.
ayTeHTU(UKAIMK, MU(POBaHKs MOCkUIaeMol depe3 MHTepHET MHpOpManuu W obOecleyeHue ee
[[EJIOCTHOCTH (3aIUTY OT MOJU(PHUKAIIHN).

Okpyskenme. 3alycK KOHTPOJUIEPA CHCTEMBI YIOPABIEHHS PEATM3YETCs  COOOLIEHHEM
init(passw, task), roe passw — mapones i goctyna B cucteMy ynpasienus, task — mcxomHoe
3ajlaHKe Ha Mpolecce GYHKIMOHUpOBaHUs oObekTa yrpasienus. Coobmenne Show(viz) nepenaer
JIOTIONTHUTEbHBIE JaHHbIe VIiZ U BU3yalW3alldd OIEpaTropy pe3yJabTaTOB aHajiM3a Ipolecca
yIpasiieHus1 KoHTposuiepoM Advisor.

Cocrosinne. Ha0op nepeMeHHBIX COCTOSHHUS S TOT JKE caMblii, uto u i npouecca AutoControl.

Yupasasirioume cocrosinmsi: a0, al, a2.

TpedoBanus.

a0, init(passw, task) — Launch(passw, task: s #al: “wrong password” #a0)
al — start, a2
a2 — Monitoring(s: s', viz), show(viz)

B ympasnsroniem cocrosiaun a0 konTpostep oxkuaaer coobmenus init(passw, task), koropoe
TEHEPUPYETCS P HA4YaJIbHOM 3allyCKE€ CHCTEMBI yOpaBiieHHs omneparopoM. IIpu nomydeHuun
COOOIIIEHUsI KOHTPOJUIEp 3alyCKaeT MporpamMmy-TunepdyHKIUO Launch, KOTOpas MIpPOBEPSCT
MPaBUILHOCTE MapoJisi PASSW, HaOpaHHOTO orepaTopoMm. Eciam maponbs PASSW HE COBIAIAET C
XpaHAIUMCS B KOHTPOJUIEpE, TO BBIJAETCS COOOIIEHHE ONepaTropy O HEMpaBHWIIBHOM Mapoiie ¢
NpEUIOKEHUEM BBECTH €0 CHOBA, M yIipaBiieHue Bo3Bpammaercst B cocrosaue a0. [pu npaBuibHOM
mapojie KOHTPOJUIep TepeHocHT uHpopManuio o 3amanuu task B mepeMeHHbIE COCTOSHHS S U

MEpCXOaUT B YIIPABJIAIOIICEC COCTOAHUC al.

B ynpaBmsiromem cocrosHud @l  koHTpoiuiep mockuiaetr coobmenue Start mporeccy
AutoControl, tem cambiM mepeBOAs €ro W3 CISIIEr0 COCTOSHHE B pabouee, W TEPEXOJUT B
YOPABISIONIEE COCTOSHHE a2, B KOTOPOM pEAIU3yeTCss MOHHTOPHHT CHUCTEMBI YIIPABICHHS.

[porpamma Monitoring(s: s', viz) cpaBuuBaer mwiaHoBoe u (hakTHUecKOe (GYHKIMOHUPOBAHUE
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0o0BbEKTa yNpaBJieHMs], OLIEHUBAET YJOBIETBOPEHHE CYIIECTBYIOUIMX OTPAaHUYECHUN U ONpeesieT
BO3MOXKHOCTh ~aBApHIMHBIX CIICHApUeB. Pe3ynbrar paboThl VIiZ MOCTaBJISET JaHHBIC JUIS
BU3YyaJIM3alMH OIIEPATOPY B IONOJHEHUH K CYIIECTBYIOLIEH BU3yalIM3alluy IIpoLecca yIpaBICHHUSL.

IIporpamma. process Advisor(...) {

a0: if (init(passw, task)) Launch(passw, task: s #al: “wrong password”#a0)
else #a0

al: start;

a2: Monitoring(s: s, viz);
show(viz);
#a2

by

OrnpezenieHHast BbIIIE TUIIOBAsl apXUTEKTypa CUCTEMbI YIIpaBJeHUs sBIseTcs npocreimeil. Poct
CJIO)KHOCTH BO3MOJKEH 10 HECKOJIbKMM HAMpaBICHUSM: YHUCIY YIPaBISIIOIIMX COCTOSHUM, HAbOpy
KOMIIOHEHT CHCTEMBbI, CTEICHH HUX NapajjIeJIbHOTO B3aUMOJACUCTBUS. B cucremax peaibHOTro
BPEMEHH 3alyCK mporpamMmbl Step o0bIYHO peanm3yeTcsi He3aBUCHMOW mom3amadeii. JleranbHoe
OIMCaHWEe TOJIHOTO Habopa TPeOOBaHWUU JUISI PEATBHBIX OOJBIIUX CIOXHBIX CHCTEM 3aHHMACT

HCCKOJIBKO COT CTpaHHUII.

3. [locTaHoBKa 3a1a4u yNIPpaBJIeHUs KBAJAPOKONTEPOM

3.1. BecnwjoTHBIE JIeTaTeIbHbIE aNlNAPaThI

becnmnotnelii neratensHbiit anmapat (BITJIA) - neratenbHblil anmapar 6e3 skunaxa Ha OOpTYy.
VYnpasisercs 1ub60 aBTOHOMHOM OOpTOBOH cucTeMoil, 1100 YenOoBEeKOM AMCTAHIMOHHO. THIbI
anmapaToB: CaMOJIET, BEPTOJIET WU PAKETA.

O6mactu npumenenust BIUIA: aspodotocheMka, pas3Beaka, 0oeBoe NpPUMEHEHHE, OXpaHa
CeNbX03yrouil, Kaprorpaus, AUCTAHIMOHHBIM XMMHUKO-(QU3MYECKUIl aHalu3, KOHTPOJIb
BCXOXKECTH U CIIEJIOCTH YypoO’Kas, XMMHUecKkass o0paOoTka, HMCCIEIOBaHMA NTHULl M KUBOTHBIX,
uccienoBanue crparocdepsl, padboTa B paJlallMOHHBIX U TOKCHUYHBIX 30HAX, MOMCK BBDKUBIIUX,
JIOCTaBKa JIEKapCTB B TpYyAHOJIOCTynHble MecTta U ap. [IpousBonurenn BIIJIA B Poccum: Bera,
Texknoun, Zala, Upkyr, Tpau3zac, Aspokon, Hosuk-XXI Bek u 1p.

BxojHble mapamMerpsbl (mapaMeTpsl iN B 0003HAYCHHUSX pa3a. 2.2) ONMPEACIAIOT MOJIOKEHHE U

OPHEHTALIMIO aIapara: KOOPAMHATEI X, Y, Z LIEHTpa Macc ammapara B HENOIBHMXKHON JEKapTOBOM
CUCTEME KOOPJHWHAT, BEKTOP CKOPOCTH Vy, Vy, Vz; BEKTOP YCKOPEHMS dx, dy, dz; YIJIbI Bﬁﬂepa

(Toiita-Bpaiiana, kopabenbubie yrisl) Y, @, 0; yriossie ckopoctu ', @', 6"
»X | yriosbie yckopenus W', @", 0". C ammapaTom »eCTKO CBsi3aHa JIOKaIbHAs

cucrema koopamuHat (X, Y, Z). Ee Hauajgo coBmamaeT ¢ IEHTPOM Macc

Pucynoxk 1 — yrus
Oiinepa (Toiita-bpaiiana)
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armmapara. Oce X HampaBjieHa BJOJb NPOAOIBHON ocu, Y — BIOJb MOINEPEYHOM, Z — BIOJb
BEpTHKaIBHON. UTOOBI TEpPEedTH W3 HEMOIBMIKHOW CHCTEMBI KOOPIMHAT B JIOKAJIBHYIO, HYXHO
CHayaja C/eNaTh MOBOPOT BOKPYT OCH Z Ha y2oa puickanvs Y (-00;+00), motom BOKpyr ocu Y Ha
yeon manzadica © (-n/2; m/2), u, nakonen, Bokpyr ocu X Ha yeon kpena ¢ (-n/2; n/2).

Jlist  omnpenesieHuss TOJIOKEHUST M OPHMEHTAILlMH arapara HCIONb3yeTCsl MalorabapuTHas
UHEpIMaIbHAs WHTETPUPOBAHHAS CHCTEMA, MMEIOIIAS B CBOEM COCTaBE WHEPIHAIbHbIC TaTUYUKH
(MUKpOMEXaHUYECKMH THPOCKOI M aKCEIEPOMETpP), a Takke OapOMETPUYECKHH BBICOTOMED H
TPEXOCHBIM MarHuToMerp. WHTErpupys IaHHbIE OTHX JaTYdKOB C JaHHBIMH IPHEMHHKA
GPS / TJIOHACC, cuctema BbIpa0aThiBacT MOJHOE HABUTAMOHHOE PEIICHUE 110 KOOPIMHATAM U
yrilaM OpHEHTAIIUH.

Yunpasasiwmue napaMerpbl (COM B 0003HaYCHHUSAX pa3i. 2.2) ONPEACISIOT KOMaHIy U ee

napaMeTpsl JJIsl YCTAHOBKH TPEeOYEMbIX MOKa3aTelei opueHTanuu u ckopoctu BITJTA.
3.1.1. KBagpokonTepsbl

Mynvmuxonmep — BEpTOJIET ¢ KOJMYECTBOM HECYIIMX BUHTOB Oojiee ABYX. MyJNbTHKONTEPHI C
KOJIMYECTBOM BUHTOB 0OJIbIIIE 4 HCIIONB3YIOTCS, KaK IIPABUJIIO, JUISl TOBBIILIEHUS! MOILITHOCTH, @ TAK)Ke
JUIE OTKAa30yCTOMYMBOCTH — TaKUE ammapaTbl MOTYT MHPOJOJDKHUTH JBM)KEHHE JHMOO COBEpPUIMTH
MSTKYIO IOCAJIKY B CIIydae 0TKa3a HECKOJIBKHX BUHTOB.

Keaopokonmepbi — MynbTUKONTEPHI C YETBIPbMSI HECYLIUMHU BUHTAaMHU — MOJYYWIH LIUPOKOE
pacnpocTpaHEeHHE B KadyecTBE T'PaKJIAHCKUX JIETKMX HEJOpOTuMX ammapatoB. B HHMX 0OBIYHO
HCIOJIb3YIOTCS POCThIE BUHTHI C HOCMOSHHbIM Uia20M — YTIIOM HakJIOHA jomnacteil. Kaxapiii BUHT
yIipaBiisieTcsi COOCTBEHHBIM JBUraTeneM. J[Ba BUHTa BpallaloTCs IO YaCOBOM CTpelnke, ABa APYrHX
— TpoTHB 4YacoBOW. IIOBOpOTHI peanu3yroTcsi MU3MEHEHHMEM CKOPOCTH BpAlllEHUS BHUHTOB, YTO
OTpaHMYMBAaET MAaHEBPEHHOCTh M3-3a HMHepuuu. KBagpokonTepbl, Kak M Jpyrue BEpPTOJIETHI,
CIOCOOHBI IBUTaThCS B JIIOOYIO CTOPOHY, 3aBUCAaTh HA MECTE, OCYLECTBIISITh BEPTUKAIBHBINA B3JIET U
MIOCAJIKY.

Benymme naGoparopun MO H3Y4EHHUIO JAMHAMHKHA M CHUCTEM YIPAaBJICHUS KBaJPOKONTEPOB
Aerospace Controls Lab of MIT, Flying machine arena of ETH Zurich, GRASP Lab of University
of Pennsylvania npoBojsT Mccie0BaHKs ONTUMAJIBHOTO YIIPABICHUS YKCTPEMAIbHBIX MAHEBPOB,
KpyThIX  BHpaxed  [27],  ympaBineHueM  Tpymnmoi  KBagpokonrTepoB.  Mccnenyrores
HKCHEPUMEHTAIbHbIE MOJIEIM C W3MEHsAeMbIM ImaromM BHHTOB [20], ob6namarommx sydmien
MaHEBPEHHOCTBIO.

Bxoanbie napamerpnl kaapokonrepa AR.DRONE: X, VY, z, Y, @, 6, Vy, Vyb. BmecTo Vy, Vy

HCIIONB3YIOTCS Vyb, Vyb — MPOEKIUH BekTopa ckopoctd (Vy, Vy, Vz) Ha nokamsHbie ocd X, Y.



System Informatics (Cucremuas unpopmaruka), No. 5 (2015) 47

OcranbHbie mapameTpsl T€ ke, uTo u i BIIJIA. Anmapar 200 pa3 B cekyHIy nepeaaeT napaMeTpbl
Ha YCTPOWCTBO HCTAaHLIMOHHOTO YIPaBICHUS. 3HAUCHHS KOOpAMHAT X, Y, Z MOCTYNAlT OT
BHEIIHUX KaMmep, MO0 BBIUMCIIAIOTCS OOPTOBOM MHEPIUATBLHONW CHCTEMOH [26] Wi ¢ MOMOIIBIO
KOMITBIOTEpHOTO 3peHus [28].

Yupasasiomue napamerpbl kBaapokonrepa AR.DRONE: ¢, 6, @', v,. 3Hauenus stux

napaMeTpoB  3aJaloTCi B OrPAaHUYCHHBIX  JUANa3oHaXx.  YIPaBISIIOIIME  MapaMeTpbl
TPaHCPOPMUPYIOTCS B KOMAaHJy YIPaBICHHUS KBaAPOKONTEpOM. AmmapaT MOXET MNPUHUMATh

KOMaH/bl yIipaBjieHUs Kaxple 30Mc.
3.2. 3agaya ynpapJyieHHsl I0J1€TOM KBAJAPOKONTEPA MO 3aJaHHOMY MAPIIPYTY

Mapwpym 1nionera KBaApOKOITEPa ONpeaeisieTcss HabopoM xormpoavhuix mouek P1, Py, ... Pn B
MPOCTPAaHCTBE KOOPAMHAT X, Y, Z; e P1 — HavanbHast Touka mapiipyta, a P, — koHeunas Touka. Ha
MIEPBOM 3Talle IMepej HadajaoM I0JeTa CTPOUTCS MpaeKmopusi nojema — HENpephbIBHAS KpUBas
T(u)=(x(u), y(u), z(u)), ueg[0,1], npoxonsias Mo KOHTPOIbLHEIM ToukaMm, mpudeM 1(0)=P; u
T(1)=P,. B cinyuae, xorma st Kaxa0i KOHTPOJILHOM TOUKHU JOTOJHUTEIBHO (PUKCHPYETCS BPEMSI
ee mpoxoxaeHus, Tpackropus npuaumMaer Bua: T (Y)=(X(t), y(t), z(t)), te[0,tmax]. Ipocreiimas
TpPaeKTOpUs — JIOMaHas JIMHKUS HE ONTHMaJIbHA 10 BPEMEHH, IMOCKOJIBKY B KOHTPOJBHBIX TOYKAX
amnmapat OyeT BBIHYXK/CH ITOJTHOCTHIO OCTaHABIUBATHCSA. ONTHMATBHBIC TI0O BpEMEHU TPASKTOPHUU —
TJIaJIKKE KPUBBIC, IOCTPOCHHBIE C YYETOM MaHEBPEHHOCTH KBaJPOKOIITEPA.

[TocTpoeHre TpaeKTOpUH TojeTa OOBIYHO COBMEIIACTCS C TUIAHUPOBAHHEM IOJIETA; HAIPUMED,
OTIPEICNIIETCS CKOPOCTh JBM)KEHHUS HAa Pa3HBIX ydacTKaX Mapiipyra. B KpUTHYECKHX CHTYaI[HsIX
MOCTPOCHHASI TPACKTOPHS MOYKET KOPPEKTUPOBATHCS B Iporiecce mosera [21].

3anmava ynpaenexus noiemom no mpaekmopuu 9acTto CTaBUTCS TPU HAJTUYUU OTPaHHYCHHN
pPa3IMYHOTrO Poaa. ITO MOTYT OBITh Kak OOIIME OTPaHHYCHHS 10 BPEMEHH, CKOPOCTH, YIJIOBOU
CKOPOCTH, BBICOTE H T.JI; TAK U OTPaHUYEHHUS B KOHTPOJIBHBIX TOYKAX IO BpeMeHH, ckopocTH [12] u
OpHEHTAIMM armapara. boliee Cephbe3HBIMHU SBISIFOTCS TPOCTPAHCTBEHHBIC OTrpaHWdYeHHs. Mx
HapyIIeHHsI OKa3bIBalOTCS (aTalbHBIMU. Tpedyercs akKypaTHOE IUIAHUPOBAHHE, TAPAHTUPYIOIICEe
MOJIET Ha JOCTaTOYHOM YJaJICHUH OT MPEMSATCTBUH C 3amacoM Ha BO3MOXKHBIE BO3MYIICHHS.
HenoaBrkHble TPEnsSTCTBUS MOTYT 3a/laBaThCsl B BHIEC TPEXMepHBIX oOwbekToB [12, 15, 24, 31].
Wnorna ¢pukcupyercs JOMYCTUMBIA KOPUAOP OTKJIOHEHUS TPAEKTOPHH OT JIOMAHOM, COeAUHSIONIEeH
KOHTpoJbHBIE TOukK [9]. TToaBMKHBIE TPENATCTBHS MOTYT OBITh MPEACTABICHBI TPEXMEPHBIMU
00BEKTaMHU C 3aJlaHHBIM 3aKOHOM JBWXeHUs [9]. B oOmem ciiydae MOJOXKEHHE TOJABHIKHOTO
00bEKTa HEOOXOJUMO HEMPEPHIBHO OTCIIC)KMBATH B TPOIECCE IMOJIETa B IENIAX KOPPEKTUPOBKU

TPAaEeKTOPHUH TIOJIETA.
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JlomomHUTENbHBIE TPYAHOCTH BO3HUKAIOT TMPHU JUTUTEIBHOM TOTEpPE CUTHAla CO CIyTHHKOB,
oocnyxuBatommx npuemHukn GPS /TJIOHACC, korma mpu HaBUrauuy JIMIOb — 4epe3
WHEpIMalbHbIe TaTYhKU [26] MOCTerneHHO HAKAIlUIMBAIOTCS OLIMOKM B ONMPEICICHHH KOOpPIUHAT
MECTOIOJIOKEHUS. AKTyaJIbHOM CTAaHOBUTCS 3ajada aBTOMAaTHYECKOTO OPHCHTHUPOBAHHS B
IIPOCTPAHCTBE C MCIIOJIB30BAHUEM CPEJICTB KOMITBIOTEPHOTO 3peHus [28].

Ha ouepenHoil mare ympasjieHHs IOJETOM IporpamMma St€p mo BXOJHBIM Iapamerpam in
(koopauHaTaM, OpPUEHTALlUM, CKOPOCTM M YIJIOBOM CKOPOCTH KBaJpOKONTEpPa) BBIYUCISAET
YOpaBJIAIONIME IMapaMeTpbl COM B IENSIX HM3MEHEHUS CKOPOCTH M YIJIOBOM CKOPOCTH IS
JTOCTHDKCHHMS TIEJIEBBIX MapaMeTpoB Par (KOOpIHMHAT KBAJIPOKOITEpa Yepe3 OMpe/IeICHHOES Bpems).
B kadectBe par MOXeT BBICTYNAaTh OJHA M3 TOYEK HAa TPaeKTOpUM MoseTa. Bo3MOKHBI pa3HbIe
CTpaTeruy BHIOOpA TaKOW TOYKHM KaK BOJU3M KBAJpPOKOITEpPa, TaK U Ha JIOCTATOYHO OOJIBIIOM
yIaJIeHUU OT Hero. BXojHbIe mapaMeTphl iN MOCHUIAIOTCS KBAJIPOKOITEPOM B HEKOTOPBI MOMEHT
BpemeHu tp, a ympapmnsionme KoMaHabpl COM cpabaThIBAIOT HA KBAJPOKONTEPE B APYrOod MOMEHT
BpemenHu {j, korma ero mapamerpsl yxke aApyrue. B mpuHIuNe, 3HaueHUE mapaMeTpoB BO Bpems [j
MO>KHO OBLIIO OBl BBIYMCIIUTD, UCIIONB3YS YpAaBHEHUs IBHKEHHS KBajapokonTepa [9, 15, 24], ognako
Ha TPAKTUKE TaKO€ PEIKO peaqu3yercs, YTO MOpOoXkAaeT T.H. omuOKy uHepruu. CornocTaBiss
(dakTUYeCKue KOOPAMWHATHI C pACCUMTAHHBIMU [N MOMEHTa BpeMeHu t; W 3amomuHas HTy
nH(pOpMaIlMI0O B TMapaMmeTrpax COCTOSHHS S MOXHO 3()QPEeKTUBHO NPOTHO3UPOBATH XapaKTep

BOSMYHIGHI/Iﬁ B ICJIAX BHCCCHUA COOTBCTCTBYIOIIMX KOMIICHCUPYIOIIUX ITOIIPABOK.
3.3. 3agaya ciaexeHus 32 IBHKYIIMMCHA 00bEKTOM

3agaya CIEKCHUS 3a JBIKYIIMMCS OOBEKTOM 3aKIIIOYaeTCs B COMPOBOXKICHUU OOBEKTa
KBaJPOKONTEPOM Ha (UKCHPOBAHHOM pacctosiHuu oT Hero [7, 16, 23, 30]. Ilpeamomnaraercs, 4to
00BeKT mepemeriaercs 1o 3emie. K kBagpokonTepy nmpukpersieHa BHIe0 KaMepa Ha BpallaroneMcs
nojBece. 3ajaya — peaqu30BaTh yIPaBIeHUE KBAJAPOKONTEPOM U MOABECOM, YTOOBI OOBEKT BCETAa
OBbLT B KaJ[pe BUICOKaMepbl. BapuaHThI CliexKeHUs:
1. «Bug oT TpeThero JmMIi@»: cieIoBaHHE 3a OOBEKTOM CBepXy-c3aiu. IlapameTpsr:
paccrostHue 10 o0bekTa R, otHocuTenbHas Beicota H.
2. «Bug cOoky»: ciemoBaHue 3a OOBEKTOM CO CTOpOHBI. [lapamerpbl: HampaBieHHE MO
kommacy A, paccrostare R, oTHOcHTebHAs BhIcOTa H.
3. «BpamieHue»: KBaJpoKONTep BpamiaeTcs BOKpYyr oObekrta. [lapamerpsl: mepuon
BpamieHus [, paccrosiuue R, oTHocuTenbHas BeicoTa H.

CriexxeHue 3aBepIiaeTcs:



System Informatics (Cucremuas unpopmaruka), No. 5 (2015) 49

® [IpU JOCTHKCHUU 33JJAHHOT'O MECTOIOJIOKCHHS,
® [I0CJIC UCTCUCHUS 33JaHHOT'O BPEMEHH I0JIETa;
® [I0CJIC TIOJyYEHUSI KOMAH/IbI C MYJIbTA YIIPABICHHUSL.

[To 3aBepiieHUN CIEKESHHS KBAAPOKONITEP JOJDKEH MATKO CECTh Ha 3EMITIO.

PasBepHyTast crenudukanys 3aaadd CICKEHHs JIOJDKHA YYUTHIBATH MHOXKECTBO aCICKTOB.
HexoTopbie U3 HUX TIEPEUNCIICHBI HUXKE.

Moaenb kamepbl U NOIBECA:

e Vbl 0630pa Kaapa: ropu3oHTaIbHEIN FY 1 BepTukanbubrii FO.
e Vb opuenrtaruu noaseca: Gy, G, GO.

Moacucrema Jokanum o0bekTa. [lonokeHne OO0BEKTa OTHOCHTEIBHO —KBaJPOKOITEPA
OTIpe/IeIIIeTCS TapaMeTpaMu: HampaBlIeHHEM U pacctosiHueM. [loxcucrema joKamuu MOXKET OBITh
peann3oBaHa OJJHUM U3 CIOCOOOB:

® B BHJIC CUCTEMBI KOMITBIOTEPHOTO 3PCHHSI,
e OmmKkHUH pagap u paguomask (Hanpumep, RFID);
e 00BEKT UMeeT BBICOKOTOUHBIH GPS npremMHUK.

IIpencka3anue TpaekTopum 00bekTa. HeoOXomumMo mpencKa3biBaTh TPACKTOPHIO OOBEKTA.
[ToABMKHOCTH TPAIUIIMOHHBIX OOBEKTOB BHJICOCHEMKH — aBTOMOOWIICH, MOTOITUKJIOB, TAHKOB H
Jpyroil Ha3eMHOUW TEXHUKHU, JBDKHUKOB, CHOYOOPIMCTOB, BEIOCUIIEIUCTOB, a TAKXKE YCKOPCHHS H
YTJIOBBIE YCKOPEHHSI 00bEKTa — OTPAHUYEHBI.

Hecmotpst Ha TO, 9TO OOBEKT IMEpPEeNBHTACTCS 1O 3eMJIe, OH MOXKET COBEpIIaTh MPBDKKH B
HECKOJIBKO METPOB (JBDKHHUK, MOTOIMKIHMCT). Takke CleayeT YYHTHIBATh MEPerajabl BBICOTHI
nanamadgTa.

ABapuiinble ciaydan. CucteMa ynpaBlieHUs TOJDKHA YMETh ONPEAETUTh aBapUITHYIO0 CHTYAIUIO
U TPEANPUHATH MEPHI T 0€30MacHOr0 MpeKpamieHus padoThl. [IpuMepsl aBapuiiHBIX CUTYaI[Hii:
TOTepsl CBA3M, CWIIBHBIN BeTep, HU3KUU 3aps1 Oarapew, TEXHUYECKass HEUCIPABHOCTh. be3omacHoe
npekpaiieHue paboThl OOBIYHO BKIIOYAeT B ce0s MATKYIO IOCaJKy B OINpEAENeHHOW 30HE,
yBEIOMJICHHE OTIepaTopa O HEUCIPABHOCTH U MECTOIIOIOKESHHH arlfapara.

Cucrema yrpaBJiICHHS KBaIPOKONTEPOM COCTUHSET B ceOe 3JIEMEHTBI KECTKOTO M MSTKOTO
pealbHOTO BpeMeHH. Tak Kak TpaeKTOpHs JBIDKCHHUS OOBCKTa 3apaHee HE W3BECTHA, CHCTEMa
yIpaBICHHS JTOJDKHA TUIAHUPOBATh U KOPPEKTUPOBATH TPACKTOPUIO JIBIKEHHS KBaJpOKONTEpa U
MoJIBeca KaMephbl Ha HECKOIBKO CeKyH Brepes. [Ipu 3ToM HEOOXOAMMO YUUTHIBATh MPEMATCTBUS —
TOPBI, JICPEBbS, 3aHUS.

KauecTtBo paboThl cUCTEMBI yIIpaBIeHHsI ONpeesieTcs apaMeTpamMu:



50 Tymypog D.I"., Illlenexos B.1. TpeGosauus K CUCTEME YIIPABJIEHHUS KBAAPOKOIITEPOM

® MUHHMAJbHBIM OTKJIOHEHHEM OT LIEJIEBBIX IMapaMeTpoB (PaccTOsSHUE 10 00BEKTa, BHICOTA
U TH);

® HaxOXJCHHE 00BEKTa KaK MOXKHO OJIMXKE K IICHTPY KaJpa;

e [aBHOCTbH TpaekTopuu BIIJIA;

® IUIABHOCTH NEpeMeNIeHUs 00BEKTa B MOTYYCHHOM BHJIEO;

o HpaBI/IJ'IBHHﬁ «TOPU30HT» B Kaape.
4. O630p padoT

Wuterpanusi aBTOMaTHYECKOr0O M PY4YHOro ympamieHuss B crwie human-in-the-loop [19]
peain3oBaHa B aBTOMOOMIJIbHOM, aBUAllMOHHOW M KOCMHUYecKoi oTpacisix. OmnpeneneHsl MsTh
YPOBHEI aBTOMAaTH3aIlMM BOXKJEHHUS aBTOMOOWIISL OT PYYHOTO IO MOJHOCTHIO aBTOMATUYECKOTO
[22]. Tlepexom Ha TOTaJbHOE aBTOMATHYECKOE VIIPABICHUE BCEro IOTOKA aBTOMOOWMIICH
wianupyercs ¢ 2020r. B pamkax rpanHauo3Hbix nporpamm CIIA u EBponbl 1o pa3BuUTHIO
aBToMoOmiIbHOM otpacau [11, 22]. OrmeruMm, 4YTO pydyHOE M AaBTOMATHYECKOE YIIpPaBIICHHE
KBaJIpaKONTEPOB pealn30BaHO He3aBHCUMO. VX WHTerpamus M3HadalbHO HE IUIaHUpOBajach. B
paboTrax mO cHCTeMaM YIpPaBICHHS KBAJPOKONTEpAaMH IPOCMATPUBAIOTCS JIMIIb OT/IEIbHBIC
AJIEMEHTHI TAaKOH MHTETPAIIHH.

JIBIOKeHHME KBaJIpOKONTEpa OMKCHIBAET IUIOCKAs cucTeMa MuddepeHnaabHbpIX ypaBHeHHH [9,
15, 24], no3Bossonias 3aMeHUTh HEJIMHEHHYIO CUCTEMY YpaBHEHUH JTMHEApU30BaHHON CUCTEMOM B
OKPECTHOCTH TIONOKEeHUs paBHOBecus [12, 17, 26]. [nga nAWHEHHONH CHCTEMBI CTPOUTCS
ACHMIITOTUYECKH YCTOHYMBOE pEIIeHHE C OTpaHWYeHHEM Ha yroi kpeHa. [lpm Oompmmx yriax
KpEeHa JIMHEeapU30BaHHAs MOJIENb JaeT 3HAYUTEIbHYIO OIINOKY.

Henuueiinple cucteMbl pelnaroTcs Merogamu obOpatHoro miara (back-stepping) aenmueiiHOro
nporpammupoBanus [9, 10, 18, 25].

JInist TIOCTPOEHUST TPACKTOPUHU JUIS MCXOJHOTO MapuipyTa TOJeTa CTPOUTCS TJaakas KpHBas,
3aJjaHHasl TOJIMHOMHUAIBHBIMU CIUTaiiHamMu. Jlamee TpaeKTopusi mapaMeTpu3yeTcs BPEMEHEeM Tak,
4TOOBI TPACKTOPUs ObLIA OCYIIECTBUMA, a 00IIIee BpeMs T0JIeTa CTajlo MUHUMabHbIM [12, 15, 31].

[TnanupoBaHHe ONTUMAIBHBIX TPAEKTOPHUI C YUETOM MPENATCTBUI peann3yeTcs MeToJoM rpada
BuauMOCTH [12], OBICTPBIM MapiieBbiM MeTotoM [12] unu anroputmom RRT* [24].

UccnenoBanuss mo ympasneHuto kBagpokontepom AR.DRONE mnposoaummuce B MHCTHTYTE
aBTomatuku u anekrpomerpun CO PAH (r. HoBocubupck) [1, 2]. [ToctpoeHa monens GOpTOBO
CHCTEMBbl YIpaBJICHHUS, CUCTEMa YNPABICHUS M M3MEPEHUs MOJOXKEHHS B MPOCTPAHCTBE, METOJ

dbunpTparuu nryMmoB ¢ momomisio ¢uiasTpa Kanmana.
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Crnexenne 3a TMOJBMKHBIMHA Ha3€MHBIMH IIEJISIMU C TIOMOIIBIO OOpTOBBIX BHaecokamep BITJIA
akTMBHO wm3ydaercs [7, 16, 23, 30]. B 2015 r. mnmaHupyercss BBIIYCK KOMMEPYECKUX
KBaJIPOKOIITEPOB VISl IMYHOTO TMOJIb30BaHUS ¢ (QYHKIIUEH BUIACOCHEMKHU M CICKECHHS 32 00BEKTOM
«AirDog» u «Hexo+».

B MupoBo#i IpakTHKE TEXHOJOTHS OINpeAesieHus] TpeOOBaHMI pa3padaThIBAeTCs U MPUMEHSIETCS
B OCHOBHOM JUIi OOJBIIMX HWHTEPHETOBCKUX WH(POPMAIMOHHBIX CHCTEM U  CHCTEM
TEIEKOMMYHHUKAIIMU, a TakKe B CHUCTEMHOW WHXXEeHepuHu (cucteMoTrexHuke). TexHomorus
cnenudukanuu TpeOoBaHM OTpakeHa B cranmapre [13]. B Hamem moaxone omnpescieHue

Tpe60BaHI/Iﬁ paCCManI/IBaeTCH JJI BCETO Kiiacca peaKTI/IBHLIX CUCTCM.
5. 3akia0uyenue

Pa3pabotka mporpamMMHOro oOecCHedYeHHs, PeaTu3yIoIIero cUcTembl ympasieHus bBITJIA B
pa3IMYHBIX MPUIOKEHHUIX, CTAHOBUTCS BCE OoJiee MOMYJIIPHOM OTpaciibio; CM., Hampumep, [5].
AKTyanbHOW CTaHOBUTCS HE TOJBKO pa3paboTKa OTIENbHBIX MeToA0B yrpanienus BIIJIA, Ho u
HCCIe0BaHUE MOCTAaHOBKM 3ajauu ympasiieHus BIIJIA B menom ¢ aHanm3oM BCEro MHOXKECTBA
Pa3HOOOPA3HBIX ACMEKTOB, TAKUX KaK MHTETPALUS aBTOMATHYECKOTO M PYYHOTO YIIPABICHUS WIIH
obecrieueHre 6€30MaCHOCTH OT MOCTOPOHHETO BMEIIATEILCTBA.

Hacrosmass pabGoTa BO3HMKIA B paMKax HMCCIEAOBAaHUNA IO TEXHOJIOTHMH aBTOMATHOTO
nporpammupoBanus [4]. Lleap pabotel — chopMynupoBaTh 3amady MOCTPOCHHUS MPOU3BOJILHOM
CHUCTEMBI yINpaBJieHUs Ha NpPUMEpPe 3aJaud YIpaBIEHUs KBaapakonTepoM. JlaHHBIN mOAXOMd
MPEAOTIPEISITHII METOJT TTOCTPOCHUST TUTIOBOM apXUTEKTYPhl CUCTEMBI YIPABICHUSI C MOCIEAYIOMIEH
ee crneuunanuzanued ans 3agad ynpasieHus BIIJIA. AHanu3 MeToAOB MOCTpOEHHUs IS APYrHX
MOJIKJIACCOB CHUCTEM YIIPaBIIEHUS, OCOOEHHO U aBTOMOOMIIBHON OTpaciy, MO3BOJIUI 0OHAPYKUTh
apXUTEKTypy CHUCTeM ympasicHus Buaa human-in-the-loop [19] xak 0Ga3ucHyO a1 MHOTHX
MTOJKJIACCOB CUCTEM YIPABIICHHUSI, B T.4U. ¥ JUISI CHCTEM YIPABJICHHS KBaJIpaKONTepaMu, HECMOTPSI Ha
TO, YTO B HACTOsIIee BpeMs He HaOMI0JaeTcs WHTErpallMi aBTOMAaTHYECKOTO W PYYHOTO
yhnpaBieHUs KBagpokonrepamu. OHAKO €CTh CBUAETENIHCTBA TOTO, YTO TaKas MHTErPALMsl CKOPO
cocroutcs. s ATOro B YacTHOCTH HEOOXoAuMO OyaeT pa3padoTaTh METONbI MpeacKa3zaHus
noBenenus BIIJIA wa 6a3e ananmmsa mpenwinyiieii uctopuu. CXOOHBIE METOABI OYIyT Takke

MPUMEHUMBI U JJIS1 KOMIIEHCAMU BO3MYILICHUH.



52

10.

11.

12.

13.
14.

Tymypog D.I"., Illlenexos B.1. TpeGosauus K CUCTEME YIIPABJIEHHUS KBAAPOKOIITEPOM

Cnucok gurepaTtypbl

benokons C.A., 3omotyxun FO.H., Manbiie A.C., HecrepoB A.A., ®uwmmnnos M.H., fn
A.Il. Yupasienue napamerpamMu IOJE€Ta KBAJAPOKOINTEpa NPHU JBHKEHHUHM IO 3aJaHHOU
tpaekTopuu // ABrometpus, 2012. C. 32-42.

benokons C.A., 3onoryxun HO.H., KotoB K.}O., Mansues A.C., Hecrepos A.A., ®ununmnon
M.H., An A.Il. YnopaBnenue kBajgpokontepoM AR.DRONE npu aBukeHUH 1O 3aJaHHOU
tpaekTopuu // [IpoGieMsl ynpaBieHUs U MOJICIHPOBAHUS B CIOXKHBIX cucteMax: Tpyasl XV
MeXIyHapoaHOH KoHpepenuuu, 25-28 urons 2013 r., Camapa, C. 506-514.

HoBukoB [.A. Teopus ympasineHusi opraHuzanuoHHbiMu cuctemamu / MIICH, Mockaa.
2005. 584 c.

[lenexoB B.M. Pa3paboTka aBTOMaTHBIX MporpamMm Ha 0Oasze ompeaerneHus tpeboBanuit //
Cucremuas wuHpopmatuka, Ned, 2014. MCU CO PAH, Hoocubupck. C. 1-29.
URL.: http://persons.iis.nsk.su/files/persons/pages/req_tech.pdf (nara o6parmenus: 24.11.2015)

“Xo3sMH, HaNMIIM s Hac npuiioxkenue”. TpeOyercs pa3paboTuuk codTa U xene3a s
JPOHOB DJI. //  Bbmor  “Xakcmeiic Neuron”  wa  caWite  habrahabr.ru.
URL.: http://habrahabr.ru/company/neuronspace/blog/259527/ (nara o6pawmenus: 20.08.2015).
A. Cockburn. Writing effective use cases / Addison-Wesley. 2001. 270 P.

C. Teuliere, L. Eck, and E. Marchand. Chasing a moving target from a flying uav. //

IEEE/RSJ International Conference on Intelligent Robots and Systems, 2011.

D. Klahr, P. Langley, R. Neches. Production system models of learning and development.
Cambridge, Mass.: The MIT Press. 1987. 467 P.

D. Mellinger, V. Kumar. Minimum snap trajectory generation and control for quadrotors //
Robotics and Automation (ICRA), 2011 IEEE International Conf.

D. Xu, L. Wang, G. Li, L. Guo. Modeling and trajectory control of a quad-rotor UAV //
ICCASM-12, Advances in Intelligent Systems Research, July 2012.

European Roadmap Smart Systems for Automated Driving. Version 1.2. Berlin, April 1st,
2015, 39 P.

G.M. Hoffman, S.L. Waslander, C.J. Tomlin. Quadrotor helicopter trajectory tracking control
/I In proc. AIAA Guidance, Navigation and Control Conf, 2008.

IEEE recommended practice for software requirements specifications. Revision: 29/Dec/11.
I.D. Cowling, J.F. Whidborne, A.K. Cooke. Optimal trajectory planning and LQR control for

a quadrotor UAV. // in International Control Conference, 2006.


http://persons.iis.nsk.su/files/persons/pages/req_tech.pdf
http://habrahabr.ru/company/neuronspace/blog/259527/

System Informatics (Cucremuas unpopmaruka), No. 5 (2015) 53

15.

16.

17.
18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

I.D. Cowling, O.A. Yakimenko, J.F. Whidborne. A prototype of an autonomous controller for
a quadrotor UAV // In European Control Conference, 2007.

J. Xiao, C. Yang, F. Han, H. Cheng, and Sarnoff Corporation. Vehicle and person tracking in
aerial videos. // Multimodal Technologies for Perception of Humans, 2008. P. 203-214.

K. Miller. Path tracking control for quadrotor helicopters, 2008.

L. Lai, C. Yang, C. Wu. Time-optimal control of a hovering quad-rotor helicopter // Journal
of Intelligent and Robotic Systems, 45(2), June 2006. P. 115-135.

Li W., Sadigh D., Sastry S., Seshia S. Synthesis for human-in-the-loop control systems //
Tools and Algorithms for the Construction and Analysis of Systems. LNCS 8413, 2014, P.
470-484.

M. Cutler, J.P. How. Actuator constrained trajectory generation and control for variable-pitch
quadrotors, 2012.

M. Hehn, R. D'Andrea. Quadrocopter trajectory generation and control // IFAC World
Congress, 2011, P. 1485-1491.

National Highway Traffic Safety Administration. Preliminary statement of policy concerning
automated vehicles. May 2013, 14 P.

P. Theodorakopoulos and S. Lacroix. Uav target tracking using an adversarial iterative
prediction. // IEEE International Conference on Robotics and Automation, 2009.

R. Charles, A. Bry, N. Roy. Polynomial trajectory planning for quadrotor flight // Proceedings
of the IEEE International Conference on Robotics and Automation, ICRA, 2013.

R. Cunha, D. Cabecinhas, C. Silvestre. Nonlinear trajectory tracking control of a quadrotor
vehicle. // In Proc. European Control Conference, 20009.

R.W. Beard. Quadrotor dynamics and control // Brigham Young University, Feb 2008

S. Lupashin, A. Schollig, M. Sherback, and R. D’ Andrea. A simple learning strategy for high-
speed quadro-copter multi-flips. // 1EEE International Conference on Robotics and
Automation (ICRA), IEEE, 2010. P. 1642-1648.

S. Shen, Y. Mulgaonkar, N. Michael, V. Kumar. Vision-based state estimation and trajectory
control towards high-speed flight with a quadrotor // Proceedings of Robotics: Science and
Systems 1X, June 2013.

S.H. Yang, L.S. Tan, and X. Chen. Requirements specification and architecture design for
Internet-based control systems // Computer Software and Applications Conference, 2002.
Proceedings. 26th Annual International, 26-29 Aug. 2002. P. 75-80.

S. Zhang. Object tracking in unmanned aerial vehicle (uav) videos using a combined approach
/I l[EEE International Conference on Acoustics, Speech, and Signal Processing, 2005.



54 Tymypog D.I"., Illlenexos B.1. TpeGosauus K CUCTEME YIIPABJIEHHUS KBAAPOKOIITEPOM

31. Y. Bouktir, M. Haddad, T. Chettibi. Trajectory planning for a quadrotor helicopter // In
Mediterranean Conference on Control and Automation. IEEE, June 2008.



System Informatics (Cucremuas nudopmaruka), No. 5 (2015) 59

YK 004.8

*

Kinds and language of conceptual transition systems

Anureev I.S. (Institute of Informatics Systems)

The language CTSL of specification of conceptual transition systems which are a formal-
ism for description of dynamic discrete systems on the basis of their conceptual structure
is proposed. The basic kinds of conceptual transition systems are considered. The basic
predefined elements and operations of the CTSL language are defined.

Keywords: transition systems, conceptual structures, ontologies, ontological elements,

conceptual transition systems, conceptuals, CTSL

1. Introduction

Development of formalisms, languages and tools for describing the conceptual structure of

various systems is an important problem of the modern knowledge industry. Description of

changes of the conceptual structure of the system when it functions is an another important

problem.

The formalism of description (specification) of systems — conceptual transition systems

(CTSs) — that solves these problems was proposed in [1]. To our knowledge, CTSs are the

only formalism which meets the following requirements (as is shown in [1]):

1.
2.

7.

It describes the conceptual structure of the specified system.
It describes the content of the conceptual structure of the specified system, i. e. it

describes the specified system in the context of the conceptual structure.

. It describes the change of the conceptual structure of the specified system.

. It describes the change of the content of the conceptual structure of the specified system,

i. e. it describes the change of the specified system in the context of the conceptual

structure.

. It is quite universal to specify typical ontological elements (concepts, attributes, concept

instances, relations, relation instances, individuals, types, domains, and so on.).

. It provides a quite complete classification of ontological elements, including the determi-

nation of their new kinds and subkinds.

It is based on the conception ’state — transition’ of the usual transition systems, keeping

Partially supported by RFBR under grants 15-01-05974 and 15-07-04144.
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their simplicity and universality and adding a conceptual ’filling’. This requirement is
important since the simplicity of determination of transition systems makes them an
universal formalism to describe the behavior of various systems (algorithms, programs,
software models, computer systems, and so on.).

8. It supports reflection of any order, i. e. allows to specify: the system (reflection of the
order 0), the specification of the system (reflection of the order 1), the specification of
the specification of the system (reflection of the order 2) and so on. Specifications of the
higher order (with reflection of the higher order) impose restrictions on the specifications
of the lower order (with reflection of the lower order).

Comparison of CTSs with the formalisms such that abstract state machines |2, 3|, ontological
transition systems [5, 6] and domain-specific transition systems 7] which partially meet these
requirements was made in [1].

In contrast to abstract state machines [11, 12| and ontological transition systems [6], there is
no specification language which describes CTSs. The language CTSL (Conceptual Transition
System Language) of specification of CTSs is defined in this paper.

Contrary to state which has the detailed conceptual structure in CTSs, the transition relation
in CTSs is quite general. Kinds of CTSs which concretize the transition relation are considered
in this paper. They are defined in CTSL that thus describes concretizations of the transition
relation which are important in practice.

The paper has the following structure. The preliminary concepts and notation are given in
section 2. The main constructs of the CTSL language are described in section 3. The basic
kinds of CTSs, predefined elements and operations in CTSL are defined in sections 4, 5 and 6,

respectively.
2. Preliminaries

Let bool = {true, false}; int, nat and nat0 denote the sets of integers, natural numbers and
natural numbers with zero, respectively; obj, fun, set, lab, arg, and val denote sets of objects,
functions, sets, labels, function arguments and function values, respectively.

The names of the variables which take the values from the set with the name aw, where a
is a symbol, and w is a word, are denoted by dw, dw,, du/ and so forth. For example, set, set;,
set’ are the names of the variables which take the values from the set set. Depending on the

context, the name of a variable is interpreted as either the variable, or the value of the variable.
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Let sup( fun ) and w denote the support of fun and the indeterminate value of fun, respec-

tively.

Let fun(drg, < valy, ... A1y qt < vals;,e) denote the function fun! such that fun'(dirg) =
fun( drg), if drg is distinct from drgy, ..., drg,;,4, and fun! (arg;,¢) = vals v, if 1 < riat’ < riat.

Let  {drg :valy, ...,  drg,;.4val;,}  denote  the  function fun  such  that
sup(fun) = {drg,, ..., argy; 4/, and fun(drg,) = valy, ..., f'un(drgnat) = val; 4 The arguments
argy, ..., 41, q¢ are pairwise distinct.

The terms used in the paper are context-dependent. Contexts have the form
[6bji, ..., 0bjy; 44, where the embedded contexts objy, ..., 6bj,;,¢ have the form: lab:6bj, lab:
or obj.

The context in which some embedded contexts are omitted is called a partial context. All
omitted embedded contexts are considered bound by the existential quantifier, unless otherwise
specified.

Let 6bj[0bji, ..., 6bjy;,e] denote the object 6bj in the context [6bji, ..., objy; -

Let cts denote a set of conceptual transition states [8]. Let ato, ele, eleStr, ordStr and sta
denote sets of atoms, elements, element structures, ordered structures and conceptual states in
[éts].

Let samp, body, cond and wvar be sets of elements called samples, bodies, conditions and
variables, respectively. Let varSet be a set of unsorted structures. Elements of varSet are

called variables.
3. The CTSL language

The CTSL language is a language of specification of CTSs. Atoms, elements and the tran-

sition relation are key notions of CTSL.
3.1. Atoms and elements

Atoms in CTSL represent atoms of CTSs which are specified by CTSL. An object 6bj is
called an atom in CTSL, if

e either obj is a sequence of Unicode symbols except for the whitespace symbols and the

symbols ", > L L (0 ), [ ], 5 s and

!

e or ¢6bj has the form "obj; ", where 6bj; is a sequence of Unicode symbols in which each

occurrence of the character ” is preceded by the symbol .
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Elements in CTSL represent elements of CT'Ss which are specified by CTSL. They are defined
as in CTSs [1] except that the whitespace symbols and the semicolon are element delimiters
along with comma. For example, (éle;, éles), (éle; éles) and (éle; éley) represent the same

element.

The definition of the transition relation in CTSL uses the notion of substitution.

3.2. Substitutions

A function fun € ele — ele is called a substitution. Let sub be a set of substitutions.

A function subF € ele — ele is called a substitution function in [sub], if the following

properties hold:

o if éle € sup(sub), then subF[sub] (éle) = sub(éle);
o if éle € sup(sub), and sub(éle') = (€ley, ..., éleyqy ), then
subFsub]| (éle .:: éle') = (subF[sub] (éle), élei, ..., €ley,4));
o if él¢ € sup(sub), and sub(éle') ¢ ordStr U {()}, then subF[sub] (éle .:: él¢') = [[w]|;
o if éle’ € sup(sub), and sub(éle') = (éley, ..., éley ), then
subF[sub]| (éle ::. éle) = (éley, ..., éleyq4,), subF[sub](éle));
o if éle € sup(sub), and sub(éle) ¢ ordStr U {()}, then subF[sub](¢ele ::. éle) = [Jw];
oif cle € sup(sub), sub(éle) = {éley, ..., €les 4}, and subF[sub](éle), €ley, ..., éley; 4
are pairwise distinct, then subF[sub] (éle .::u éle) = {subF[sub] (éle), €lei, ..., éley 0t
o if él¢ € sup(sub), and sub(éle) ¢ unoStr U {{}}, then subF[sub] (éle .::u éle') = [[w];
oif él¢ € sup(sub), sub(éle) = {éler, ..., €les 4}, and subF[sub](éle), €leq, ..., éley 4
are not pairwise distinct, then subF[sub] (éle .::u éle') = [Jw]|;
o if dto ¢ sup(sub), then subF[sub] (dto) = dto;
o if () & sup(sub), then subF[sub](()) = ();
oif {1 ¢ sup(sub), then subF[sub]({}) = {};
o if ordStr € sup(sub), and ordStr has the form (éley, ..., éley,s), then
subF[sub] (ordStr) = (subF[sub] (éle;), ..., subF[sub] (€les,4));
o if WinoStr € sup(sub), and unoStr has the form {éle, ..., éley s}, then
subFsub]] (inoStr) = {subF[sub](éle,), ..., subF[sub] (€éle, )}
o if labStr € sup(sub), and labStr has the form {[abl celey, .., ldbnat.'éleﬁat}, then
subF[sub] (labStr) =
{subFsub] (lab, ):subF[sub] (¢ley ), . .., subF[sub] (laby; 1 ):subF[sub] (éley 1) }-
An element éle is called an instance in [él¢, sub], if subF[sub](éle¢') = éle. An element él¢

is called a sample in [éle, sub], if subF[sub] (éle¢') = éle. Let samp be a set of samples.
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3.3. The transition relation

The transition relation in CTSL is defined on programs. Programs in CTSL include macros
and the executable element. Macros are used to simplify the representation of the executable
element. The notion of the executable element is defined in section 4.2.

An element éle of the form (macro var body) is called a macro. The elements dar and body
are called a variable and a body in [éle]. Let macro be a set of macros.

An element éle of the form (prog macroy ... macro, .4, €l€') is called a program in CTSL.
The element él¢ is called an executable element in [éle]. Let prog be a set of programs in
CTSL.

A function traRel € prog X tra — bool is called the transition relation in prog:, if
traRel(prog, tra) if and only if either prog has the form (prog éle), and
traRel(tra(1)($exeEle < ¢le)), or prog has the form

(prog (macro var body) macro; . .. Macroy; g, €le),
and
traRel((prog subF[{var:body}] (macro,) ... subF]{var:body}] (macroy ,4,)

subF[[{var:body}] (éle)), tra).

The conceptual $ezeFEle is defined in section 4.2

4. Basic kinds of CTSs
Basic kinds of CTSs are defined in this section.
4.1. CTSs with transition values

A CTS with transition values is characterized by the fact that its transitions can return
values.

The conceptual (0:val) is called a transition value specifier. Let $val denote (0:val). An
element ¢le is called a value in [tra], if traRel(tra), and éle = tra(2)($val). Thus, the individual
val specifies a transition value. A transition fra returns a value éle, if éle is a value in [trd].

A conceptual con is called an exception, if ¢on(1) = exception. Thus, the concept ezception
specifies exceptions. Let exc be a set of exceptions. A transition tra returns (or generates) an
exception ézc, if ézc is a value in [fra]. The element ézc(0) specifies usually information about
the generated exception, and the elements éxc(: z'ht), where int < 0, concretizes usually a kind

of this information. A transition tra is normally executed, if tra returns no exception.
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A system ¢ts is called a CTS with transition values, if sta($val) # w for all sta such that sta

is admissible in [¢ts].
4.2. CTSs with executable elements

A CTS with executable elements is a CTS with transition values which is characterized by
the fact that its transitions are associated with executable elements, and executable elements
can return values.

A function traRel € ele x tra — bool is called the transition relation in [ele:]. It specifies
transitions initiated by executable elements. An element éle is executed in [tra, traRel[ele:]], if
traRel[ele:] (éle, tra). An element éle is executed in [sta, traRel[ele:]], if there exists sta’ such
that éle is executed in [(sta, std’), traRel[ele:]]. An element éle executes (initiates) a transition
tra, if éle is executed in [fra, traRel[ele:]].

The conceptual (0:ezeEle) is called an executable element specifier. Let $ezeFEle denote
(0:exeEle). Thus, the individual ezeFle specifies an executable element.

A CTS with transition values ¢ts is called a CTS in [traRel[ele]]), if traRel(tra) if and only
if tra(1)($exeEle) # w, and

e cither tra(1)($exeEle) is executed in [tra, traRel]ele]],

e or tra(1)($exeEle) is not executed in [tra, traRel[ele]], and
tra(2) = tra(1)($val « (-1:unknownElement, 0:éle, 1:exception)).
An element val is called a value in [éle, tra], if éle is executed in [tra], and val is a value in

[£ra].

Executable elements in such CTSs can be partitioned into defined and predefined ones. In
this case, the transition relation traRel[eze:] is defined as the union of the transition relations
traRel[predef:] and traRel[def:] such that traRel[predef:], traRel[def:] € ele x tra — bool. An
element éle is called predefined in [traRel], if there exists tra such that traRel[predef] (éle, tra).
An element éle is called defined in [traRel], if there exists fra such that traRel[def:] (éle, tra).

In the case of partitioning executable elements into predefined and defined ones, a CTS in
[traRel[ele:]] is redefined as follows: traRel(tra) if and only if tra(1)($exeEle) # w, and

e tra(1)($exeEle) is executed in [tra, traRel[predef]], or

e tra(1)($exeEle) is not executed in [tra, traRel[predef:]], and tra(1)($exeEle) is executed
in [tra, traRel[predef:]], or

e tra(1)($exeEle) is not executed in [tra, traRel[predef]] and [tra, traRel[def]], and
tra(2) = tra(1)($val « (-1:unknownElement, 0:éle, 1:exception)).
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CTSs with executable elements can be used, for example, to specify abstract machines
of programming languages. In this case, executable elements are executable constructs of

programming languages.
4.3. CTSs with execution contexts

CTSs with execution contexts generalize CTSs with executable elements and transition
values. They are characterized by the fact that elements are executed in execution contexts,
and their values are stored in these contexts.

An element éle is called an execution context in [sta], if
sta((0:éle, 1:executionContext)) # w.
Thus, the concept executionContext describes execution contexts. Let erxeCont be a set of

execution contexts in [sta]

Specifiers of transition values and executable elements are redefined in CTSs with execution
contexts.

A conceptual (-1:val, 0:éxeCont, 1:executionContext) is called a transition value specifier in
[éxeCont]. Let $val denote (-1:val, 0:éxeCont, 1:executionContext). An element éle is called a
value in [fra, ézeCont], if traRel(tra), and éle = tra(2)($val). Thus, the attribute val specifies
a transition value in execution contexts. A transition fra returns a value éle in [ézeCont], if
éle is a value in [[tra, ézeConf]. An element val is called a value in [éle, tra, ézeCont], if éle is
executed in [tra, ézeCont], and val = tra(2)($val).

A transition fra returns (or generates) an exception ézc in [ereConf], if ézc is a value in
[tra, ézeCont]. A transition fra is normally executed in [ezeCont], if tra returns no exception
in [ezeCont].

A conceptual (-1:exeEle, 0:éxzeCont, 1:executionContext) is called an executable element
specifier in [ezeCont]. Let $exeEle denote (-1:exeEle, 0:éxeCont, 1:executionContext). Thus,
the attribute ezeFle specifies an executable element in execution contexts. The same element
can be executed in different execution contexts.

A function traRel € ele x ele x tra — bool is called the transition relation in [ezeCont.].
It specifies transitions initiated by elements which are executed in execution contexts. An
element éle is executed in [tra, ézeCont], if traRel[exeCont.] (¢le, éxeCont, tra). An element
éle is executed in [sta, éxeCont], if there exists sta such that éle is executed in [[(Sta, std’),
ézeCont]. An element éle executes (initiates) a transition fra in [ézeCont], if éle is executed

in [tra, ézeCont].
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A CTS éts is called a CTS in [traRel[exeCont:]], if sta($val) # w for all sta and éxeConl[[std]
such that sta is admissible in [¢ts], and traRel(tra) if and only if there exists éreCont[sta]
such that tra(1)($exeEle) # w, and either tra(1)($exeEle) is executed in [tra, éxeCont], or
tra(1)($eveEle) is not executed in [tra, ézeCont], and

tra(2) = tra(1)($val + (-1:unknownElement, 0:éle, 1:exception)).

4.4. CTSs with counters

CTSs with counters are CTS with executable elements and transition values which are
characterized by the fact that they can define named counters and generate new elements
based on them.

A conceptual (0:€le, 1:counter) is called a counter specifier with name éle. Let cou and nam
be sets of counter specifiers and their names, respectively. An element cou is called a counter
in Sta, if sta(¢ou) # w. Thus, the concept counter defines counters. The element Sta(cou) is
called a value in [cou:cou, sta].

An element con is called generated in [éou], if ¢on has the form (0:1iat, 1:7iam), and ram is
a name of ¢ou. Thus, the name of a counter is a concept for elements generated by this counter.

An element éle of the form (newCount riam) is called an element generator in [conc:riam]
and defined as follows: traRel(éle, tra) if and only if either fra(1)(¢ou) # w, and tra(2) =
tra(1)(éou < tra(1)(cou) + 1, $val < (0:tra(1)(éou) + 1, 1:1iam)), or tra(1)(¢ou) = w, and
tra(2) = tra(1)(cou + 1, $val < (0:1, 1:1iam)).

An element 7iam is called a name in [éle]. An element generator generates a new element
by the counter with the name which coincides with the name of the generator, and adds this
counter, if it was not.

A CTS with executable elements and transition values ¢ts is called a CTS with counters, if

the element (newCount riam) is predefined in [éts].

4.5. CTSs with history varibles

CTSs with history varibles are C'TSs with counters which are characterized by the fact that
they can define variables storing the history of values of $val.

A conceptual (0:niat, 1:hvar) is called a history variable specifier. Let hvar be a set of history
variable specifiers. An element hvar is called a history variable in sta, if sta(, livar) # w. Thus,
the concept hvar defines history variables. An element sta(; iivar) is called a value in [[hvar:ﬁvar,

§ta].
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An element éle of the form (hvar (éley, ..., éley,s) €l€) is called a history variable generator
in [(€ley, ..., éle; ), €l€] and defined as follows: traRel(éle, tra) if and only if there exist sta,
§tay, ..., Stay s such that stay = tra(1), traRel((newCount hvar), ($tas,y . sta,.y)) for all
1 < riat’ < riat, and traRel(stay; ;1 (SexeEle < éle’, $val < tra(1)($val)), tra(2)), where éle’ is
the result of replacement éley, ..., €le,; ¢ in éle by sta; ($val), ..., stay,4(Sval), respectively.

The elements éley, ..., éle,; 4 are called variables in [éle], and éle’ are called a body in [éle].
A history variable generator generates new history variables corresponding to the variables of
the generator and replace all occurences of the generator variables in its body by these history
variables.

A CTS with counters ¢éts is called a CTS with history variables, if the element (hvar (éle,

.., €ley.t) €le’) is predefined in [¢éts].
4.6. CTSs with defined conceptuals

CTSs with defined conceptuals specify definitions of conceptuals.

A conceptual con/ is called a definition in [éon, sta], if nat is an order in [con],
con' = con U {(nat + 1):conDef}, and sta(con’) # w. An element sta(céon’) is called a body
in [def:¢on’, sta]. Thus, the definition of a conceptual of the order riat is characterized by the
attribute conDef of the order nat + 1.

A CTS cts is called a CTS with defined conceptuals, if semantics of conceptuals sem is
redefined by the following way:

o if sta(éon) # w, then sem(con, sta) = sta(éon);
o if Sta(con) = w, con’ is a definition in [éon, sta], and éle is a body in [def:con/, sta], then
sem(con, sta) = sem(éle, Sta);

e otherwise, sem(con, sta) = w.
4.7. CTS with transition rules

An element éle of the form (rule éle; var varSet then éley) is called a transition rule, if the
elements of varSet are pairwise distinct. The elements éle;, varSet and éle, are called a sample,
variable specifier and body in [éle], respectively. The elements of varSet are called variables
in [éle]. Let rul, samp, and body be sets of transition rules and their samples and bodies,
respectively.

A function traRel € ele x rul X tra — bool is called the transition relation in [rul:, éts],
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if traRel[rule:](¢le, rul, tra) if and only if there exists sub such that sup(sub) = varSet, éle
is an instance in [samp, sub], traRel[cts](tra(1)($exeEle « subF[sub](body)), tra(2)), and
tra(2)($val) # (-1:ruleNotEzecutable, 0:7ul, 1:exception).
A transition rule rul is a transition rule in [sta], if sta(0:7ul, 1:rule) # w. Thus, the concept
rule defines a set of transition rules in [$ta].
A CTS with executable elements ¢ts is a CTS in [traRel[rul:, ¢ts]], if traRel[def?] (¢le, tra) if
and only if there exists 7ul such that rul is a tramsition rule in fra(1), and
traRel[rule:, ¢ts] (éle, rul, tra).
There are shortcuts for the frequently used kinds of transition rules.
An element éle of the form (rule samp var varSet where élé then body) is called a conditional
transition rule, and él¢ is called a condition in [éle]. It is a shortcut for the rule (rule samp
var varSet then (if élé then body else ($val ::= (-1:ruleNotExecutable, 0:éle, 1:exception)))).
The elements (... ::= ...) and (if ... then ... else ...) are defined in sections 5.3 and 5.5,
respectively.
An element éle of the form (rule samp var varSet hvar 6rdStr then body) is called a transition
rule with history variables, the element ¢rdStr is called a history variable specifier in [éle], and
the elements of ordStr are called history variables in [éle]. It is a shortcut for the rule (rule
samp var varSet then (hvar ordStr body)). The element (hvar ...) is defined in section 4.5.
An element éle of the form (rule sSamp var varSet catch éle then 60dy) is called a transition
rule with the return handler, and the element él¢’ is called a return variable specifier. It is a
shortcut for the rule (rule samp var varSet then (seq (catch €éle') body)). The elements (seq ...)
and (catch ...) are defined in sections 5.6 and 5.9, respectively.
Combinations of these kinds of rules can include not more than one occurence of the part
catch éle defined last, and any number of the parts where éle and hvar ordStr defined from
right to left. For example, the rule (rule samp var varSet hvar ordStr’ where éle hvar ordStr”
catch éle’ then body ) is defined by the following sequence of transformations:
1. (rule samp var varSet hvar ordStr' where éle hvar ordStr” catch éle’ then body) —
2. éle¢’ = (rule samp var varSet hvar 6rdStr' where éle catch élé then (hvar ordStr” body))
—

3. (rule samp var varSet hvar ordStr’ catch éle then (if éle then (hvar 6rdStr” body)) else
($val ::= (-1:ruleNotEzecutable, 0:éle”, 1:exception))) —

4. (rule samp var varSet catch éle then (hvar ordStr’ (if éle then (hvar ordStr" body)) else
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($val ::= (-1:ruleNotEzecutable, 0:éle", 1:exception)))) —
5. (rule samp var varSet then (seq (catch élé) (hvar 6rdStr’ (if éle then (hvar 6rdStr” body))
else ($val ::= (-1:ruleNotExecutable, 0:éle”, 1:exception))))).
The element 7ul adds the rtule rul to sta:  traRel(éle, tra) if and only if
tra(2) = tra(1)((0:7ul, 1:7ule) < true).
The element éle of the form (delete 7ul) removes the rule sta from éts: traRel(éle, tra) if
and only if tra(2) = tra(1)((0:7ul, 1:rule) < w).
The element éle of the form (deleteRules) removes all rules from sta: traRel(éle, tra) if and
only if tra(2) = tra(1)((0:4uly, I1:vule) < w, ..., (0:7ul

natr 1lorule) <~ w), where

{ruly, ..., Tuly;,;} is a set of all transition rules in ¢ra(1).
4.8. CTSs with types

CTSs with types specify types of elements and literals of these types.

Let type C ele. An element type is called a type. A function lit € type — 27¢ is called a
literal function in [type]. An element éle is called a literal in [type], if éle € lit(type).

An element (¢le is type) is called a characteristic element in [fype] and defined as follows:
traRel(éle, tra) if and only if either éle € lit(type), and tra(2)($val) = true, or éle ¢ lit(type),
and tra(2)($val) = false.

A CTS éts is called a CTS with types in [type, lit], if type is a set of types, lit is a literal
function in [type], and (éle is type) is a predefined element in ¢éts for each type.

The set type of the CTSL language includes the following basic types:

e clement such that lit(element) = ele;

e atom such that lit(atom) = ato;

e emptyStr such that lit(emptyElement) = {(), {}};
e emptyOrdStr such that lit(emptyOrdStr) = {()};
e emptyUnoStr such that lit(emptyUnoStr) = {{}};
e cleStr such that lit(eleStr) = eleStr;

e ordStr such that lit(ordStr) = ordStr;

e unoStr such that lit(unoStr) = unoStr;

e [abStr such that lit(labStr) = labStr;

e int such that lit(int) = int;

e nat such that lit(nat) = nat;
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e nat0 such that lit(nat0) = nat0);

e bool such that lit(bool) = bool;

e rule such that lit(rule) = rule;

e macro such that lit(macro) = macro;

e program such that lit(program) = prog.
5. Basic predefined elements in CTSL

Basic predefined elements in CTSL are defined in this section.

5.1. The element omega

The element (omega) is called an indeterminate return and defined as follows:

traRel(éle, tra) if and only if tra(2) = tra(1)($val < w). It returns an indeterminate value.

5.2. The elements ordStrToUnoStr and unoStrToOrdStr

The element ele of the form (ordStrToUnoStr ordStr) is called a converter in
[ordStr:, unoStr]] and defined as follows:  traRel(éle, tra) if and only if either
éle = (Cley, ..., €leyqy), and tra(2) = tra(1)($val < {éler, ..., éle;,}), or éle ¢ ordStr,
and tra(2) = tra(1)($val < (0:éle, 1:exception)). It converts elements of ordStr into elements
of unoStr.

The element ele of the form (unoStrToOrdStr noStr) is called a converter in
[unoStr:, ordStr]] and defined as follows: traRel(éle, tra) if and only if either
éle= {éler, ..., é€ley,y}, and tra(2) = tra(1)($val <+ (éle, ..., éle; ), where
(éley, ..., ¢€le; ) is a permutation of (éley, ..., élesqy), or éle ¢ wunoStr, and
tra(2) = tra(1)($val + (0:éle, 1:exception)). It converts elements of unoStr into elements

of ordStr.
5.3. The assignment

The element éle of the form (éon ::= él¢’) is called an assignment and defined as follows:
traRel(éle, tra) if and only if there exists sta such that traRel(tra(1)($exeEle < ¢l¢'), sta), and
tra(2) = sta(con < sta($val)). Tt assign the value of él¢’ to con. The elements con and él¢

are called the left-hand and right-hand sides in [éle], respectively.

5.4. The element skip
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The element éle of the form (skip) is defined as follows: traRel(éle, tra) if and only if
tra(1) = tra(2). It executes an action which does not change a state. In particular, it does not

change the value of $val.
5.5. The conditional element

The element éle of the form (if cond then éle; else éley ) is called a conditional element and de-
fined as follows: traRel(¢le, tra) if and only if there exists §ta such that
traRel(tra(1)($exeEle < cond), sta), and

o sta($val) = true, and traRel(sta($exeEle « éle; ), tra(2)), or

e sta($val) = false, and traRel(sta($exeEle + éley), tra(2)), or

e sta($val) & {true, false}, and tra(2) = sta($val < (0:éle,1:exception)).
The elements cond, éle; and éley are called a condition, then-branch and else-branch in [éle].
The element éle executes then-branch or else-branch depending on the value of the condition.

The element (if cond then éle) is a shortcut for the element (if cond then éle else (skip)).
5.6. The sequential composition

The element éle of the form (seq éley ... éley,y ) is called a sequential composition. The
elements éley, ..., éley s are called elements in [éle], and their sequence is called a body in
[éle]. The element éle executes its elements sequentially from left to right.

Semantics of the element (seq) coincides with semantics of the element (skip).

The element éle of the form (seq éley, ..., éle,;,;) is defined as follows: traRel(éle, tra) if and

only if there exists sta such that traRel(tra(1)($exeEle < éle;), sta), and traRel(sta($exeEle +

(seq €les, ..., €lesqar)), tra(2)).
5.7. Evaluators

The element ele of the form (* body *) is called an evaluator and defined as follows:
traRel(éle, tra) if and only if there exists sta such that traRel(tra(1)($exeEle « body), sta),
and either sta($val) ¢ exc, and traRel(sta($exeEle < sta($val)), tra(2)), or sta($val) € exc,
and tra(2) = sta.

The element body is called a body in [éle]. The element éle first executes body, and then

executes the value of body.

5.8. Quoters
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The element éle of the form (quote body) is called a quoter and defined as follows:
traRel(éle, tra) if and only if tra(2) = tra(1)($val < body). The element body is called a
body in [éle]. The element éle changes a state only in $val, and assign body to $val.

The object ’body is a shortcut for the element (quote body). For example, “true is a shortcut

for (quote true).

5.9. Return handlers

The element éle of the form (catch var body) is called a return handler and defined as
follows: traRel(éle, tra) if and only if there exists sta such that traRel[ele] ((newCount retVar),

(tra(1)($val < true), sta)), and
traRel(sta(exeEle < subF[{var < sta($val) }] (body)), tra(2)).

The elements var and body are called a return variable and body in [éle], respectively. An
element of the form (7iat, retVar) is called a return variable. The element éle stores the current
value of $val into a new return variable var’, resets the value of $val to true and executes the
body of éle in which all occurences of the return variable in [éle] are replaced by var’. It models

exception handling in CTSL.

5.10. Selectors

The element éle of the form (select éle’ from samp var varSet for ¢ond) is called a selector
and defined as follows: traRel(éle, tra) if and only if tra(2) = tra(1)($val < Set), where set
€ unoStr is a set of subF[sub](¢le') such that subF[sub](samp) is a conceptual in [tra(1)],
sup(sub) = varSet, and there exists sta such that traRel(tra(1)($exeEle < subF[sub](¢ond)),
Sta), and sta($val) # (-1:notSelected, 1:exception).

The elements éle/, samp, varSet and cond are called a selection specifier, sample, set of
variables and condition in [éle].

Thus, the element éle returns the set of instances of the selection specifier éle’ for all substi-
tutions sub defined on variables from varSet such that there exists a conceptual in sta which is
an instance of the sample samp in [sub]], and the instance of the condition ¢ond in [$ub] does
not return the exception (-1:notSelected, 1:exception).

The element éle of the form (select €le from samp var varSet where ¢ond) is a shortcut for the
element (select éle’ from samp var varSet for (if éond then (skip) else ($val ::= (-1:notSelected,

1:exception)))). The element cond is called a condition in [éle].
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5.11. The conditional pattern matching

The element éle of the form (if éle matches samp var varSet for cond then éle; else éley) is
called a conditional pattern matching and defined as follows: traRel(¢le, tra) if and only if

1. either there exist sub and sta such that sup(sub) = varSet, él¢' is an instance in

[samp, sub], traRel(tra($exeEle < subF[sub](¢ond)), sta), sta($val) # (-1:notMatch,
1:exception), and traRel(sta($exeEle < subF[sub] (éle)), tra(2)).

2. or the condition 1 does not assert, and traRel(tra(1)($exeEle + éley), tra(2)).

The elements él¢', samp, varSet, cond, éley, and éle; are called a matched element, pattern,
set of variables, condition, then-branch and else-branch in [éle].

Thus, the element éle executes the instance of the then-branch éle; in [sub], if él¢' is the
instance of the sample samp in [sub], and the instance of cond in [sub] does not return the
exception (-1:notMatch, 1:exception). Otherwise, the element éle executes the else-branch éles.

The element éle of the form (if éle¢ matches samp var varSet for cond then éle, ) is a shortcut
for the element (if éle’ matches samp var varSet for cond then éley else (skip)).

The element éle of the form (if éle’ matches samp var varSet where ¢ond then éle; else éley)
is a shortcut for the element (if éle¢ matches samp var varSet for (if cond then (skip) else
($val ::= (-1:notSelected, 1:exception))) then éle; else éley). The element cond is called a

condition in [éle].
5.12. Iterators

The element éle of the form (foreach var in éle do body) is called an iterator and defined as
follows: traRel(¢le, tra) if and only if there exists sta such that traRel(tra(1)($exeEle < €l¢ ),
sta), and

e sta($val) is an empty structure, and tra(2) = sta, or
e sta($val) € exc, and tra(2) = sta, or
e sta($val) € ato U labStr \ exc, and tra(2) = sta($val < (0:€éle, 1:exception)), or

o sta($val) € ordStr U unoStr, and
traRel(sta($exeEle < (hvar var (foreachl var in sta($val) do body))), tra(2)).

The elements var, él¢ and body are called an iteration variable, iteration structure specifier
and body in [éle], respectively.
The element (foreachl var in él¢ do body) is defined by the rules:

(if (foreachl x in () do y) var (x, y) then (skip))
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(if (foreachl x in {} do y) var (x, y,) then (skip))

(if (foreachl x in (v .:: w) do z) var (x, y, v, w)
then (seq (x ::= ’v) z (foreachl x in w do z)))
(if (foreachl x in (v .::u w) do z) var (x, y, Vv, W)
then (seq (x ::= ’v) z (foreachl x in w do z)))

Thus, the element éle executes sequentially Body in [var:var, val:éle"] for elements of the
structure str, where str is the value of él¢’. Executing body in [var:var, val:éle’"] is executing

body when the value of the variable var is equal to éle¢”.

5.13. The element throw

The element éle of the form (throw body ) is defined by the rule:
(¢f (throw =) var (z) where (z is exception) then ($val ::= ’z))

The element body is called a body in [éle].
5.14. Branching

The branching elements specify the order of execution of elements called branches and what
branches are executed.

The element éle of the form (orBranching éle; ... éley,y,) is called an or-branching and
defined as follows: traRel(¢le, tra) if and only if either rat0 = 0, and tra(1) = tra(2), or rat0
> (), and there exists sta such that traRel(tra(1)($exeEle + éle;), sta), and

o sta($val) = (-1:failBranch, 1:execution), and traRel(sta($exeEle <— (orBranching or éley
. €lesqr)), tra(2)), or
e sta($val) # (-1:failBranch, 1:execution), and tra(2) = sta.
The elements éley, ..., éley 4+ are called branches in [éle].

Thus, the element éle executes branches sequentially until the next branch is normally
executed, i. e. is executed without returning the exception (-1:failBranch, 1:execution,).

The element éle of the form (andBranching éle; ... €ley,y,) is called an and-branching and
defined as follows: traRel(¢le, tra) if and only if either rat0 = 0, and tra(1) = tra(2), or rat0
> 0, and there exists sta such that traRel(tra(1)($exeEle < éle;), sta), and
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o sta($val) ¢ exc \ {(-1:stopBranch, 1:execution)}, and traRel(sta($exeEle < (orBranching
or éley ... €lesqr)), tra(2)), or
e sta($val) € exc \ {(-1:stopBranch, 1:execution)}, and tra(2) = sta.
The elements éley, ..., €le,; 4 are called branches in [éle].
Thus, the element éle executes branches sequentially until the next branch return an excep-

tion which is distinct from the exception (-1:stopBranch, 1:execution).
6. Basic operations in CTSL
Basic operations in CTSL are defined in this section. Let ope be a set of operations.
6.1. Boolean operations

The set ato includes atoms true and false which specify the corresponding boolean values.
The element éle of the form (éle; and éley) specifies the boolean operation of conjunction.

Semantics of éle coincides with semantics of the element
(if eley then (if (eley) then ’true else ’false) else ’false).
The elements (€éle; dpe éley ), where dpe € {or, =>, <=>} specifying the boolean operations

of disjunction, implication and equivalence are defined in the similar way.
The element éle of the form (not éle’) specifies the boolean operation of negation. Semantics

of éle coincides with semantics of the element (if eld’ then ’false else ‘true).
6.2. Equality and inequality of elements

The element éle of the form (éle; = éley ) specifies the operation of equality = on elements.
Semantics of éle coincides with semantics of the pseudoelement
(hvar ($x, $y)

(seq ($x ::= éeley) (By ::= éley)
(if [[$sta($z) = $sta($y)] then ($val ::= ’true) else ($val ::= ’false)))

Pseudoelements are extension of elements by constructs [[ b]|, where 6bj is either a property
or an expression. The object $sta denotes the current state.

The element éle of the form (éle; /= éley ) specifies the operation of inequality /= on elements.

It is defined in the similar way.

6.3. Integer operations and relations
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The element éle of the form (éle; + éley) specifies the integer addition +. Semantics of éle
coincides with semantics of the pseudoelement

(hvar ($x, $y)

(seq
($x ::= éley) (if [[$sta($z) ¢ int] then ($val ::= ’(0:éle, l:exception)))
($y ::= éley) (if [[$sta($y) ¢ int] then ($val ::= ’(0:éle, 1l:exception)))

($val ::= [[$sta($z) + $sta($y)])))
The element éle of the form (éle; div éley) specifies the quotient of éle; divided by éle,.

Semantics of éle coincides with semantics of the pseudoelement

(hvar ($x, 3y)

(seq

($x ::= éley) (if [[sta($z) ¢ int] then ($val ::= ’(0:éle, 1l:exception)))
($y ::= éley)

(if [[sta($y) ¢ int \ {0}] then ($val ::= ’(0:éle, l:exception)))

($val ::= [[$sta($z) div $sta($y)])))
The elements (éle; ope éley ), where ope € {-, *, mod} specifying the integer operations -, *
and mod are defined in the similar way.

The element éle of the form (éle; < éles) specifies the integer relation <. Semantics éle

coincides with semantics of the pseudoelement

(hvar ($x, 3y)

(seq
($x ::= éley) (if [[$sta($z) ¢ int] then ($val ::= ’(0:éle, 1l:exception)))
($y ::= éley) (if [[$sta($y) ¢ int] then ($val ::= >(0:éle, 1l:exception)))

(if [[$sta($z) < $sta($y)] then ’true else ’false)))
The elements (éle; ope éley ), where ope € {<=, >, >=] specifying the integer relations <=,

> and >= are defined in the similar way.
7. Conclusion

In this paper the language CTSL of CTSs is proposed and the following kinds of CTSs are
defined: CTSs with transition values specifying values of transitions, CTSs with executable
elements specifying elements which can be executed, CTSs with execution contexts specify-

ing contexts in which elements are executed, CTSs with counters specifying generation of new
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elements which are instances of the given concepts, CTSs with history variables specifying vari-
ables which store a history of changing the conceptual $val, CTSs with defined conceptuals
specifying definitions of conceptuals, CTSs with transition rules specifying executed elements
based on the pattern matching and reduction of their execution semantics to execution seman-
tics of other elements, CTSs with types specifying types of elements and literals of these types.
Basic predefined elements and operations used in applications of CTSs are also presented.

We plan to use the CTSL language to solve problems of designing and prototyping soft-
ware systems as well as specification of operational and axiomatic semantics of programming
languages.

In the case of specification of operational semantics of a programming language, a CTS
specifies the abstract machine of the language.

In the case of specification of axiomatic semantics of a programming language, a CTS spec-
ifies a generator of verification conditions for programs in the language, based on its axiomatic

semantics.
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VJIK 519.72

HoBocudupckas JIeTHAS IIKO0JIA OHBIX POrPAMMUCTOB M M.
A.Il. EpmioBa (21 urJus — 3 aBsrycra 2014 r., HoBocubupckuu

AxaneMropoaok — «beablii KaMeHb»)

Tuxonosa T.U. (Mucmumym cucmem ungpopmamuxu CO PAH)

B craTthe npencrasnensl Matepuainsl o JleTHel mikose roHbIX nporpammuctoB 2014 rona. C
1976 roma mo unnumatuBe Anapes [letposuua EprnoBa Obuta opranuzoBana JleTHss mkona
IOHBIX mporpaMMucToB. C momenTa opranuzaiuu JILIFOIT MeHstmuch GopMBI 1 METOMYECKHE
O0COOCHHOCTH TIPOBENEHUS 3aHATUH. UMCIEHHOCTh YYaCTHMKOB BapbHpOBaJlaCh, MEHSIAChH
TexHWKa. V3HadanbHO OBUTH MOTOKOBBIC 3aHATHS ¢ HAYMHAIOUIMMHU U YK€ «IPOJBUHYTHIMHUY
IIKOJIBHUKaMH, KOHCYJIBTaHThI U3 AkaneMropoaka. CIeayronuM 3TaloM CTaldl MacTEPCKHe. ..
OT HECKOJNBKMX MHUHYT HpakTuku Ha BOCM-6 10 MHOro4acoBOro mnporpaMMHUpOBAaHHS Ha
MepCOHANBHBIX KoMmbloTepax mnpomwio 40 ner. OmHako caMmoe TiIaBHOe — aTtMmocdepa
COTPYIHHYECTBA, HampaBleHHas Ha (OPMHPOBAHHE YCTOMYMBOIO  CTPEMIICHHA K
camMo00pa30BaHUIO, IIOMOIIb B TPO(PECCHOHAIBHON OPHEHTALNH, OCHOBAaHHAS HA MPaKTHYECKON
NEeSTeNFHOCTH, MAAOIIeH TMPEe/CTaBIeHHe O BBIOpaHHOW mpodeccur, OCO3HAHHBIA BBIOOP
XKHU3HEHHOTO ITyTH, Pa3BUTHE TBOPUYECKUX CIHOCOOHOCTEH, COLMaNn3ais — OEpeKHO XPaHATCSL.
Konnextns ygacTHHUKOB JIeTHEN IIKOMIBI IOHBIX TPOrPaMMUCTOB — 3TO HE TOJIBKO COPATHUKH IO

HpO(l)eCCI/II/I, HO U COO6H_ICCTBO CAWHOMBIIIJICHHUKOB.

Kmoueeble CJ1064a. JIemHss UKoJld 1OHbIX npozpaMMucmoe, WKOJIbHAA quyopMamuKa.
1. BBenenue

[lepBbie 3aHATHA (PaKyIBTATUBHOIO Kypca MPOTrPaMMHUPOBAHMS C NMPAKTUYECKUMH pabdoTaMu
KOIBLHUKOB HA OBM oTHOCcsTCs K Hadanmy 60-X rofoB yxe mpouuioro crojetus. Ux mpoBoaummn
coTpyaHukn HMHcTuTyra  MareMaTHKH, KOTOpPBbIE  BIIOCIEACTBHHM  CTalM  COTPYAHHKaMU
Beruucnurensnoro neutpa CO AH CCCP. IlpoBoawiucek 3T 3aHATHS Ha 6a3e mkonsl Ne 10 .
HoBocubupcka.

[To Mepe oObeAMHEHNS YCUIINI MTeAaroroB, MaTeEMaTHUKOB, TPOrPaMMHUCTOB B 00J1aCTH CO3/1aHUs
IIKOJIBHOTO Kypca, B KOTOPOM pPacCMaTpUBAINCh CPEICTBA IMPOrPaMMHUPOBAHUSA U MPOMCXOAUIIO
3HAKOMCTBO C  DJIEKTPOHHO-BBIUMCIIMTEIBHOW MAalIMHOW, Hayajach JAEATEIbHOCTh  JIBYX

MHUIUATUBHBIX Tpynin. OMHOM M3 HUX ObLIa Tpymma Mo NPUMEHEHUIO BBIYMCINUTEIbHON TEXHUKH
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Hayunoro coBera mo mpoGnemam oOpazoBanus npu [lpesunumyme Cubupckoro otaenenust AH
CCCP. Bropoii 6pu1a rpymnma mKoJbHOW WHPOpMAaTUKKA BeraucnutensHoro mentpa CHOMpCKOro
otnenenus AH CCCP. B cocraBe otnena skciepumenTanbHoi nHpopmatuku CO AH CCCP 6bu10
CO3JIaHO TE€pPBOE HAy4YHO-HCCIIEI0BATEIbCKOE IMOApa3AeieHue Uil (pOpMHUPOBAHUS KOHLENUUN U
pa3paboOTKM HPOrpaMMHOr0 00ecHeueHUs] IIKOJIbHOW HWHGPOPMATUKU - Tpynna [IKOJIbHOW
uHpopmaruku. Hayuno-merognueckuii cemunap «9BM u y4ueOHbIN mporeccy Havan B creHax BL]
CO AH CCCP cBoto paboTy 1o 00beIMHEHHIO TOTEHIINANIa HAYKH 1 00pa30BaHusl.

Pannee o0ydeHnue mHpOpMaTuKe, IPKO MpOsBUBILIEECS B MHTEHCUBHBIN nepuoa 70-80-x ronos
[1] (mpoBemenue IIIKOJBI FOHBIX MPOrPAMMHUCTOB B AKaJEMIOPOAKE W JABYXHeICIbHOM JleTHei
mKOJbl 10HBIX mnporpammuctoB (JILIIOIT), Ha KOTOpYIO ChE3Kaluch OTOOpaHHBIE IIKOJBHUKH,
Me/Iarory, BEAYIIHE CIEIUATUCTBI B 00JaCTH KHOCPHETUKH M BBIYMCIMTEIBHON TEXHUKH M3 BCEX
TOPOJIOB U CTPaH), OTPa’kaeT MHOTOYUCIIEHHBIE JOCTOMHCTBA 3TOr0 MOJIX0AaA.

C 2001 roma JILIIOII mpoBoauTcs BO BTOPOW INOJIOBUHE HIOJIA B T€UEHUE JABYX HEAENb. JTO
BpeMs YyIOOHO JUIsi TpPUBJICUEHHS B KaueCTBE MPENOJABATENLCKOTO COCTaBa CTYICHTOB U
npenogasareneit HI'Y, Hayunbix corpynHukoB umHctuTyToB CO PAH. Meponpustue spisercs
Bble3HbIM. Kak mnpaBuio, 370 Onu3nexamue K AKaJeMIopoJaKy TYPUCTUYECKHE U JETCKUE
03/10pOBHTENbHBIE LIEHTPHI. [IprMepHO pa3 B Ba-TpHU rofa y4acTHUKHU Bble3karoT Ha Antail. Ha
CETrO/IHSIIHUMN JeHb METOAMKA IIPOBEACHMSI 3aHATHI MOKa3bIBAE€T OTJIMYHBIE pe3yabTaThl. HecmoTps
Ha MHOT'OYMCJIEHHBIE BO3MOKHOCTH, JIeTHs 1IKOoJa BOCTpeOOBaHa, aKkTyajbHa, pe3yJbTaTUBHA U B
1aHe o0pa30BaTENIbHOW COCTaBJAIOIIEH, M B KadecTBe He(hOopMalbHOro oOmeHus, GopMHUpys
KYJIbTYpPY, B3IJIS] Ha HAyKy W KPYr €JUHOMBIIIJICHHUKOB, 3aHUMAIOLIUXCA TAKUM MHTEPECHBIM U
TBOPYECKHM JIEJIOM — IporpaMmupoBanuem [2, 3].

Cy1iecTBeHHO, UTO COTpYAHUKH, acnupanThl U ctyaeHTsl HI'Y, UCH u npyrux uncrutyros CO
PAH, npenopaBarenu By30B CTpaHbl U COTPYIHUKH KOMIBIOTEPHBIX (PUPM MPUHUMAIOT ydacTHe B
pabote Jletnel mikosbl. Pa3BuBaercs skcrnepuMeHT Mo oOy4deHHIO B (oOpMe MacTepCKUX, Hjaes
KOTOpbIX copMynupoBaHa U BHeapeHa coTpynHukamu VICU. BoisiBieHa 3anHTepecOBaHHOCTh

MOJIO/IE’KU B HOBBIX (pOpMax IKCIEPUMEHTAIbHONU pabOThl B 001aCTH CUCTEM MH(POPMATHKHU.

2. MecTO U CPOKM NPOBEIeHUSA

Hosocubupckas Jlernss Hlkona FOubix I[Iporpammucros (39-a JILIFOIT um. A.I1. Epmiosa)
obuta oTkpeiTa B HoBocuOupckom Akanemropojke B Masiom 3aie Jloma YueHBIX M NMPOBEJICHA B
TedeHue 2 Heenb Ha 6asze «bemnblii kameHb» Ha Oepery pexu Karynb, ¢ 21 urons o 3 aBrycra 2014

roza.
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BaxxHoe coOpITHE Hadaloch, Kak OOBIYHO, perucrpamueii B xowie Mamoro 3ama Jloma
VYyeHsix B AKaJI€eMIOpOJIKE.

ITocne ycnenHo NpoRAeHHON pErucTpalvy Y4aCTHUKOB IIPUBETCTBOBAIM OT MUHUCTEPCTBA
HayKH, OOpa3oBaHMs M WHHOBALIMOHHOW mnonuTtuku HoBocuOupckoil obmactu — 3aMecTUTENb
mupekropa Llentpa «/Ino-I'en» 3axapoBa TaTesna HukonaeBHa npencraBurenu CHOMPCKON HayKH
B suiie Jupexropa UCU CO PAH Anekcannpa I'ypeeBuua Mapuyka, 3amectutens [Ipeacenarens
[Ipesunuyma CO PAH Bacunus Muxaiinosuya @omuna. Ot HoBocuOUpCKOro rocynapcTBEHHOTO
YHUBEpPCUTETA YYaCTHUKOB NpHUBETCTBOBaN pekrop Muxawmn IlerpoBuu ®denopyk. Beictynuim c
noszipaBicHueM mnoctostHHbie ydacTHukH Hammx JIIIIOIT — Mpuna TpaBuna («Codrmad-Hcky),
Burammit Casrua (HOBOoCcMOMpCckuid ¢wmmman kommnanuu «MHTten»). Iloxkenanu mMmiuogoTBOpHON
paboThI, Xopoiei moroasl, HoBbIX uaei. Ot pupmel Excelsior ckazan modpsie ciosa o JIIIIOIT ee
COTPYAHMK, KOTOPbIM B 3TOM rofay 3akoHuw acnupantypy MCU, mactep na JILIIOIL, Beipocinit
13 OBIBIIMX YY€HUKOB JIeTHEl IIKOJIbI FOHBIX MPOrpaMMHUCTOB, Biaaumup BanepreBud ConoBbeB.

[Tocne OTKpBITHS BCEX KM aBTOOYCHI M MAPIIPYTHOE TaKCH, YTOOBI BE3TH B «beIblii KaMeHb.

3. Hean IIkobl

OcHoBubiMu  3amayamu  JIHIFOIT  sgBnsercss o0TOOp  TaJaHTIMBBIX — CTapUIEKJIACCHUKOB,
3aMHTEPECOBAHHBIX B OBJIAJICHUU NPOPECCHOHATIBHBIM MIPOrpaMMHUpPOBAaHUEM, O0yUeHHE YUYEHUKOB
CpPEIHEr0o 3BEHAa  HAaBbIKAM  KOJUIGKTUBHOW  pabOThl €  TNPUMEHEHHEM  COBPEMEHHBIX
MH(OPMALIMOHHBIX TEXHOJOTHMH M COAEUCTBHE PAa3BUTHIO CHOCOOHOCTEM K MNPAKTUYECKOMY
IIPOrPaMMUPOBAHUIO YYAIUXCSl MIIAJUIMX KJIACCOB, a TAK)KE IOAJEp)KKa IIENaroros, YCIEIIHO
MPENoAI0IIMX UHHOPMATHKY M TPOrpaMMHUPOBAaHKE B 00111€00pa30BaTeNbHON CHCTEME.

Ha npotsxenun muorux set (¢ 1989 rona) Hoocubupckue JIIIKOII npoBoasTest Kak HIKOJIBI €
yrayOJI€HHBIM MU3yYE€HUEM OTAENbHBIX IMPEIMETOB MO BHIOOPY: B OTIMYME OT Psijia JIETHUX IIKOJ B
JIPYTUX TOpOJax, OHU HMMEIOT ILeNbl0 HE HadajdbHOE OOYy4YeHHE OCHOBaM KOMIIBIOTEPHOMN
IPaMOTHOCTH WJIM MTPOrpaMMUPOBAHUS, a Pa3BUTHE MPO(HECCHOHATLHON OpPUEHTALMH IKOJIbHUKOB,
MPEUMYILIECTBEHHO cTapiiero Bospacta. Crnenu@ukoi 3Toro roja opraHu3aTopbl CUMTAIOT OTOOP
yyalmxcs — y4acTHUKOB JIeTHel MIKOJIbI — IPEUMYILECTBEHHO CPEIHErO 3B€Ha. DTO 00YCIOBIEHO
HEOOXOIMMOCTBIO TIPHOOIIEHUs JeTel K KOJUICKTUBHOW paboTe, MporeneBThdeckas padoTta 1o
M3YYEHHUIO OCHOB MPO(ECCHOHANBHOMN JEesATeIbHOCTH, a TaKKe BO3MOXHOCTH MPOJIOHTHPOBAHHOMN
paboOTBl €O UIKOJBHUKAMHU. OTa JESITEIbHOCTh OCYIIECTBIISETCS 4epe3 3HAKOMCTBO C
MPOrpaMMUpPOBAHUEM, KaK C TPOMU3BOJCTBEHHON [€ATENbHOCTBIO, C €ro MmnpoOJeMaTHKOMH,

METOJIOJIOTHEH, TBOPYECKUMH W TEXHOJOTHYECKHUMHU acriektamu [4]. HoBbiMH TOHSATHAMEH |
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OOBEKTaMHU JUIsl W3YYEHHS] CTAHOBATCA NPOrpaMMHBIA MPOAYKT, TEXHOJOTHYECKUH Mpoliecc
pa3paboTKH, TpaMOTHAas IOCTAHOBKA 3a/1aud U ee (hopManu3anusi, palMoHAIbHOE paclpeaeieHue U
IUTAaHUPOBaHKUE paboT, OTiIaaKa, opopmileHre, TOKyMEHTUPOBAHHE, OTYET.

st oTpaOOTKU ATHX TOHATHA y4eOHBIM Tporiecc B JleTHel MmIKojie paccpeoTOYMBAETCS I10
HeckonbkuM (10-15) yueGHO-ITpOU3BOICTBEHHBIM MAaCTEPCKUM PA3IMYHBIX MPOQIIEH - TOKATbHBIM
HOCHTEJISIM TEXHOJIOTUYECKUX LHUKIOB Pa3pa0dO0TKH, B KOTOPBIX IIKOJHHUKU TOTY4YarOT 3HAHUS U
HaBBIKH B IIPOLIECCE KOJUICKTUBHON PabOThI Ha/l €IUHBIM IIPOEKTOM.

['maBHOM 11€NTBI0 MACTEPCKON CTABUTCS MOJTHOE MPOXO0KICHHE BCETO TEXHOJIOTHYECKOTO LIUKIIA B
pamMKax MOCTaBJICHHOMU 3a/lauM, ¢ 0053aTeIbHBIM OTUYETOM O MPOJIeIaHHol padoTe B KoHIle [1IKobI.
HeoOxomuMmas 11t 3TOro HHTEHCUBHOCTH PabOT 3aCTaBISET YICNIATh OOJbIIee BHUMAHUE CTAIUSIM
MIPOCKTUPOBAHMS, KaK CO CTOPOHBI MOCTAHOBIIMKA 3a/ladyd, TaK U CO CTOPOHBI PYKOBOJMTEIIS
npoekta u opranuzaropoB Llkombl. [ MHOTMX MacTepoB, mpuBieKaBiIuxcs k padore B Ilkoine,
OKa3bIBaeTCs IMpHBJIEKATeIbHA KMMEHHO BO3MOXHOCTH ampoOWPOBAaHUS HOBBIX  METOJIUK
opraHu3anuu padboT u 00ydeHus B yclIoBusxX mpucymiero [lkomam neduiura BpeMEeHN U TEXHUKH.

Heasimu BoipadaTbiBaeMoii NpogeccuoHAJIbHONH OPHUEHTAIUM SBJISIIOTCH:

- pacuupeHue 3HaHUN ydammuxcs o cdepax M Ccrnocodax MNPUMEHEHHUS KOMITbIOTEPHBIX
TEXHOJIOTU, TUMIOBBIX 33]a4aX U METOJIaX UX PEUICHHUS,;

- ONpeJelieHUe U YTOUYHEHHUE ydaluMcs 00JacTy MPUIIOKEHUS CBOMX CITIOCOOHOCTEH,

- TpHOOpeTeHHUe CICIHATLHBIX 3HAHUI M HABBIKOB, MP00a CHII B KOJUIEKTUBHOM TIPOCKTE.

CoBokynHOocTh TeM mnpoekToB B Illkonme moxbupaercs Tak, uToObI myuiie oOecrevynBaTh
MHOTOMPOGUIBHOCT, M PA3HOYPOBHEBOCTh y4eOHOTO Ipoliecca C IeNblo Ooyiee aeKBaTHOW €ro

HaCTpOI\/'IKI/I Ha HHANBUAYAJIbHBIC HAKIIOHHOCTH, HHTCPECHI U CIOCOOHOCTH ydamuxcs.
4. CocTaB Y4aCTHUKOB

B opranuzauuu u padote Jletneit IlIkonsl npunsinm ydactue 103 uenoBeka, 6 4enoBeK 3ae3:Kaau
KaK JIGKTOpbl Ha KpaTKUW CPOK, a Takke ISl TMOATOTOBKM W MOHTHPOBAHUS KOMITBIOTEPHBIX
KJIACCOB M TEXHUYECKOM cocTasistoiel npouecca nposeaeHus JILIIOIL, u3 Hux 77 — MIKOJbHUKY,
10 — crymentsl, 10 — cOTpYyIHUKHM HAYYHBIX HMHCTUTYTOB M KOMITBIOTEPHBIX (PUPM, MPENoiaBaTeIu
BY30B, Bpad.

Ilo BO3PACTHBIM KaTCropusaM YU4aCTHHUKHU OBLIN 3aKOHYHUBIINUE
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4 knacc — 3 4eIoBeKa,

20
5 Kkmmacc — 7 4elnoBeK,

6 xiacc — 10 yenosek, 15
7 xnacc — 11 genosex, 10
8 kimacc — 14 yenoBek, 5
9 ximacc — 18 4eloBek,

10 ximacc — 6 4eloBeK,

11 xnacc — 7 4yeoBeK.

O no knaccam
KONMYECTBO

4 5 6 7 8 9 10 11

Y4acTHUKH MTpUEXai U3 TOPOJIOB:
AbakaHa— 2 4eJ0BEKa;
bepacka— 5 denogek;
KonbioBo (HoBocuOupckast 0651actTh) — 2 4eI0BeKa;
Kpacnoo6cka (HoBocubupckas o01acts) 4 4enoBeka;
Muacca—>5 4eloBeK,
Munana (Mtanus) - 1 yenoBek;
MockBbI—2 4eaoBeKa,
HoBocubupcka— 73 uenoBeka,
Cankr-IlerepOypra — 3 yenoseka,

Camaps! — | yenoBek.

5. lIpyHIUNIBI 0TOOPA yYaIIMXCH

79

Jnsa  oTpaboTku BBeAeHMST B OCHOBHI mnporpammupoBanuss B JIIIIOII TpanuuumonHo

CKJIQJIbIBACTCA HAIIPABJICHHUEC PAHHETIO BOBJICUCHHA HIKOJIBHUKOB B IMPOLECC 06y‘-IeHI/I$I KakK s3bIKaM

nporpaMMupoOBaHusd, TaKk U TCXHUYCCKUM OCHOBaAM I/IH(I)OpMaLII/IOHHBIX TexHoJioruii. Tem He MCHCC,

JUIL COXpaHeHMs Hay4dHOM ocHOBbI BbimodHseMbix B JIIHIOIT paGor, a Takxke NpHUBICUEHUS

TEXHOJIOTHHU CO3aaHHs CCPBE3HBIX IMPOU3BOACTBECHHEBIX ITPOCKTOB, OCHOBHAA BO3paCTHAA KaTCropus

— 3TO CTApUICKJIIACCHUKU M MPOABUHYTHIE IIKOJIBHUKU W3 CPEJHEro 3BeHa o0lieo0pa3oBaTeabHOM

IKOJBL. YacTh aeTei ObLI1a IpurjamnicHa no pe3yjabTaraM pa6OTBI B IMPCABIAYIIIHUX JIeTHuX mIKoJax.

OcTtanbHbBIC MMponuIn 4€pe3 OT60p noCcpeACTBOM yHaCTUs B KOMaHIHOM OJIMMITNAZIC, MCPOIIPUATUAX
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nporpamMMm meHTpa «/luo-I'en», HoBocubupckoit OOnacTHOW OJMMMMHMAABI  IIKOJBHHUKOB,
KanukynsipHoil IIKOIBI BO BpeMs OCEHHHX KaHuKyl, OOJacTHOW HaydyHO-IIPaKTHYECKOU
KoH(epeHIIMH MKOIbHUKOB B cekuusax «Mudopmaruka» u «lIporpamMmmupoBanme» U IAPYyrux
MEpONPHUSITHUIX, PEKOMEH0BaHbI wieHamMu OprkomMureTa U npenojaasatesbckoro cocrasa JIIIHOII
[5, 6, 7]. Kaxplii ©3 y4acTHHKOB MPOIIIEN TPEABAPUTEIbHOS COOSCEIOBAHNE U 3aMOIHII aHKETY,
paspaborannyto mns ydacTHukoB Jletneil mkonst B8 UICHU CO PAH B mae-urone 2014 rona.
CobecenoBanne ¢ HOBOCHOMPCKMMHU IIKOJBHUKAMH MPOBOJWIOCH B OYHOM pPEXHME, C
MHOTOPOJHMMM y4yacTHHKamu 1o Ckaillly M 3JIEKTPOHHOM Imodre, B Muacce NpoOBOAWIN
cobecenoBanue noBepeHHbie auia oT JIIIIOII, yyacTByromme HEOTHOKPATHO B HEH, B TOM YHCIIC
Kak npenogaBaTenyd. OueHb IEHHO, YTO K TaKOTO POJa MEPOIPHUATHIM, TPEOYIOIUM KaK BPEMEHH,
TaK ¥ BUJEHUS JEHCTBUTEILHOTO COCTOSIHUS MTOATOTOBKY K ycrnenHomy ydactuto B JILIIOIL, ouenn
aKTUBHO nojikitoyatoTcs: BoimyckHuKU JIITHOIT pa3HbIX neT, 4To CyliecTBEHHO 00JierdyaeT mpoiecc
0T0Opa MIKOJIHLHUKOB.

Ot0op 007aCTHBIX YYaCTHUKOB NPOBOIHJICS IO pe3yiabTaTaM y4yacTHUs IIKOJBHUKOB B
MEPONPUSITHSIX OJUMIMAAHBIX, B KOH(EPEHIMAX, a Takxke IO pe3yJbraraM paboThl B
Kanukynsproit mkosne no uHdopmaruke, koropeie opranuzoBan MCU CO PAH coBmecTHO ¢
IlenTpoM paboOTHI C OJapeHHBIMH IeThbMHU aaMuHHUCTpanuu HoBocuOupckoil obmactu. Mnamgmue
IIKOJILHUKH OBUTH OTOOpaHbl Ha KOMAaHJHOW oiuMmmuaae, npoBoawmoi Ha s3bike JIOI'O. B
OCHOBHOM 3TO pedsATa, KOTOPHIE y4aTcs B IIKOJIAX, TPAJUIIMOHHO MPENOJAOINX HHPOPMATHKY C
HavyanbpHBIX KiaccoB (TuMHazuu Ne 1, rumuazuu Ne 3, JIUT u HexkoTopsix Apyrux). Hamo otMeTuTh
aKTUBHYIO paboTy mkoussl . O0p Ha BACXHMWJIe. Ee yuenuku B Havane 2000 rooB npuHUMAIN
enuHuyHoe ywactue B pabote JIHIFOIL. Celiuac odeHb akTUBHO BeneTcs paboTa C paHHETo
IIKOJIFHOTO BO3pacTa Mo MPUBIECYSHHUIO K MPOrpaMMaM padOoThI C OJIAPEHHBIMU JIETHhMHU.

Nudopmaniusi 0 BBHIMICYNOMSHYTBHIX MEpPONPHUATUSAX ObUTa pacmpocTpaHEHA Yepe3 CUCTEMY
MOBBIIICHUS KBAIM(UKAIIMKA MIKOJIBHBIX TEIaroroB M CEMHUHAPHI MO MPOBEACHUIO OJUMIIHAJ TI0
nH(pOpMAaTHKE IS IIKOJIHHIUKOB COBMECTHO C PAalOHHBIMH METOAMCTAMH, pa3Mellanach B ra3zerax
«HaBuratop»», pa3zpemmBaiich WH(OPMALMOHHbIE JUCTKM M IUIaKaThl B IIKOJAX, pa3/laBajiCh
OYKJIETBI HAa MEPOTIPUSATUSX C yUaCTHEM MHOTOPOJIHMX TPErno/iaBaresiell u MKoIbHUKOB. [TocTosTHHO
B Te€UYeHHE roja mHpopMaius BeIKIabBanack Ha caiite JletHeit mkonsl um. A.Il. Epmosa (MCU
CO PAH).

Bcero B ot6ope npunsuiu yuactue 6onee 140 yenosek.

6. CocTaB npenoaaBarteei



System Informatics (Cucremnas unpopmaruka), No. 5 (2015) 81

Tpamuumonno Ha Illkome dopmupyercs 14-15 macTepckux, HCXOAS U3 ONTUMAJIBHOTO
cootHomenus "1 macrepckas Ha 3-6 yenoBek". B aTom rogy macrepckux Obuio 3asBieno 15. Ho
IIPU 3TOM MPOIUIOTOJHUMN IKCIEPUMEHT — B OJHOU MACTEpCKOM 2 MacTepa, pacpocTpaHUiCs Ha 2
MacTEepCKHX, YTO IMO3BOJIMJIO CAeNaTh 00Jieeé MHOTOYHUCIIEHHBIM COCTaB, BBIMOIHIBIIMKA OOJBIIYIO
MpOrpaMMUCTCKYI0 3anady. K coxkanenuto, B cBa3u ¢ TeM, urto HakanyHe JIIIFOIT macrtep
mactepckoir Ne 14 3abomen, TeMy He yAaloch ONEPAaTUBHO 3aMEHHUTh. Jla M, Kak MpaBuio,
MacTepcKasi — 3TO pe3yJbTaT NMpUMEpHO 2-3-HeaenbHON nmoarotoBku macrepa k JILIIOIT 3apanee,
MHOTJa 3Ta MOATOTOBKA U 0oJiee ANMUTENIbHA, B 3aBUCUMOCTH OT TE€MbI U ombITa yyactus. [loTomy
MacTep ObIBAaCT HE 3aMEHHMM, BO3MOXKHO, KakK MpPaBUJIO, CMEHUTh TeMy. UTo He Bcerna ObIBaeT
aKTyaJIbHO U IIPaBUJIBHO.

Crmcok MacTtepckux ¢ onucanueM mnpuBeneH B [Ipunoxkenmn. OObHO Tpu  mopbope
MacCTepCKHX OCHOBHBIE TPYIHOCTU OBUIM CBSI3aHBI C IOUCKOM MAacTepoB. THUIHUYHBIMH HX
npuunHamu Obutn: mpoBeaeHue JIHIFOIT na ymaneHHOW OT AkageMmMropojka IUIOIIAIKE, YTO
HEKOTOpBIM He 1o3Bossuio coBmeniatsh JIIIIOII ¢ mpon3BoACTBEHHOHN NEATEIbHOCTIO, UIOJIbCKUN
UK OTIIyCKOB, 3aHSTOCTh Ha paboueM Mmecte, U ap. B Tekymem roay Habop macTepoB ObLI
OCylIecTBIeH 0e3 BUAMMBIX TPYAHOCTEH, OOJBIIYIO0 MOAAEPKKY 3TOMY OKazal (pakT TOro, 4ro
obiBiIMe mkoabHUKU JILIIOIL, ctaB cTynenTamu, mpekpacHO 3HAKOMBI C METOMKOM Mpeno/iaBaHus
MaTepuaga M OKas3blBaIOTCS XOPOLIO MOJArOTOBJIEHHBIMM HE TOJBKO B IUIAHE BJaJECHUS
HEOOXOMMBIM MaTEPUAJIOM JJISi BEJICHUS MACTEPCKUX, HO U MCUXOJIOTUYECKH TOTOBBI paboTaTh CO

IOKOJIbBHUKAMU, JaKE€ MJIAAIICTO BO3pacCTa.

/. I'paduk padorsl HIkosab

Paciucanmem paboter Ilkonbr ObTM TIpeAycMOTpeHBI 1 JeHb — [JIs 3ae3/a 3apaHee
TEXHUYCCKUX pa6OTHI/IKOB C ICJIBIO OTKPBITUA KOMIIBIOTECPHBIX KJIACCOB Ixoe1 1 pacnpeaciICHUA
pabot, dopmupoBaHus ceTtd. | JeHb IS 3ae3da, OTKPBITHUS, MPE3EHTAllUU MACTEPCKUX H
OKOHYATENbHOTO (POPMHUPOBAHUS CIHMCKA cOCTaBa MacTepckux, 1 aeHp ans 3akpeitus JIIIFOIT u
oThe3/la y4acTHHKOB, 11 yueOHBIX nHed, 1 JeHb 3aKIIOYUTENIhHBIX OTYETOB MACTEPCKHUX Ha
KOH(i)CpCHIII/II/I U JEMOHCTpAalH BBIITOJTHCHHBIX ITPOCKTOB, 1 BLIXO]:[HOfI JACHBb.

Haunnate mpakTudeckyro paboTy Haa MPOEKTaMHU YIAIOCh MPAKTHYECKH C MEPBOr0 y4eOHOTO
THs, 6marofaps 2-HeIeIbHOM MOJArOTOBKE TEXHUKH, YCTAaHOBKH 00pa3oB, cepBepa U T.1. OTKpbITHE
MpoOBeJIeHO 10 Bhie3aa B J[Y B TOp:kecTBEHHOUN 00CTaHOBKE — ATOT (haKT OCTAETCS BaKHBIM, B TOM
yucie u namsitHas ¢oTtorpadus Ha cryneHbkax Jloma Yuenwix. [IpeaBaputenbHoe pacnipeneneHmne

Mo MactepckuMm mnpoBoawiock a0 Hadana JIHIFOIL. KoppekTupoBaHue CHHUCOYHOIO COCTaBa
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MacTepCKUX M BBOJIHBIC 3aHATHS MPOBOAMINCH B OJUH JI€Hb. B 3TOM rojy yaaioch onepaTtuBHO
CIPaBUTHCA C YCTAHOBKON KOMIIBIOTEPHBIX KJIACCOB, UYTO MPHUBEJIO K AKTUBU3ALMM Ha Hayaye
paboThl B MacTEpPCKUX, Ie ObUIO OOJIbIee KOJMUYECTBO YYAILIUXCs MIIAAIIero cocrasa. Mcxons us
OMbITa NPOHUIBIX JieT, Ha Mmecto mpoBeneHus JIIIFOII TexHuKy BBIBO3WIM, YCTaHAaBIUBAIH U

MOHTHPOBAJIA CETh 3apaHee, 3a JIeHb 10 Hauaja yuyeOHoro nporecca Ha JIIITHOIL.

8. Texunueckast ooecnedyeHHOCTh IIIKo0JIBI

B pacnopsoxenue Ilkomnsl 6bu10 mopsizka 46 HOYTOYKOB U CepBep, MPEAOCTABICHHBIX EHTPOM
«Ino-I'en», UCHU CO PAH (B Tom uncie MOOMIIbHBIA KOMITBIOTEPHBIN KJIAcC, MIEPEIaHHbINA B Aap
ot kommanuu HP B 2004 roamy), HI'Y, xommanuu MHTen u yd4acTHUKaMH, — BCE COXpaHWIU
paboTOCIIOCOOHOCTD TIPH Iepee3e Ha 0a3y — U JIBa IPUHTEPA.

Komnbrotrepsl ObLIM pacnpesiesieHbl 110 MAcTePCKUM M 3KCIUIyaTHUPOBAJIUCH IO YCMOTPEHHUIO
MacTepoB ¢ 9 10 22 yacoB aHA (3-5 Ha MacTepckyro). | HOYTOYK ¢ MPUHTEPOM B PACIIOPSKEHUU
3aBydYa U MPernoJaBaTelIbCKOro CocTaBa, 1| HOYTOYK HCIOIb30BAJICA I pabOTHl AUPEKTOPA.

KoHeuHo, XapakTepUCTHKH KOMITBIOTEPHOM TEXHHMKH OBICTpO ycrapeBawoT. K coxkanenuro,
texuuyeckas cocrabisomias JIHIKOII we ycmeBaeT MOACTPOUTHCA TMOJ  CTPEMUTEIBHO
pa3BHBarolIeecs MporpaMmMHoe odecrieueHue. X04eTcsl MoKa3aTh MIKOJbHUKAM KaK MOXHO Oosee
HOBBIE COBpEMEHHBIE TeXHONOruu. Ho 3T0 TpedyeT U coBpeMeHHOro 000pYyAOBaHUS, KOTOPOE, K
COYKAJICHHIO, HE SIBJSIETCSl HAa CErOAHSIIHUNA J€Hb HAaCTOJBKO JOCTYIHBIM B (DMHAHCOBOM ILIaHE,
YTOOBl CBOOOJHO TOJYYUTh JOCTATOYHOE KOJMYECTBO ISl peaM3allud CMEJBbIX 3aMbICIOB
MacTepoB. B ciaywyae ¢ 3agayaMu CIOKHBIMH W OONBIIMMHU BBIpYy4Yald HOYTOYKH, KOTOpBIE
MpeIoCTaBUIM B OOLIMI JOCTYym HEKOTOphle MacTepa W moamactepbsi. C  MacTepCKUMHU,
BBITIOJIHSIIOIIUMU  PETYJISIpHbIE y4eOHBIE TPOEKThl B MPHUBBIYHBIX IS 00111€00pa30BaTEIHLHOTO
mpolecca cpeiax Takux rnpo0ieM He ObLIO.

bnarogaps xopoiiell TEXHMYECKON OCHAIIEHHOCTH BCE MAacCTEpCKHE YCIIEHIHO CIPaBUIINUCH C
paboToii B MACTEPCKUX U MOTYUYHIA XOPOIIUE TEMOHCTPUPYEMBIE PE3YTbTATHI.

KommbroTepsl Kaxaoii MacTepckoil ObUTH OOBETUHEHBI B JIOKAIBHYIO OECHPOBOJHYIO CETh.
MarmHbl MacTepCKUX, KOTOPBIM OBLT HEOOXOAMM JIOCTYT K CEPBEPY, €TI0 MOTYUHIIN.

OTmeudeHo, 4TO, HECMOTpS Ha HAJIWYUE MPHUHTEpa B OOIIEH JOCTYMHOCTH JUISl ONEpPaTUBHOM
pacreuaTkd B HauaJdbHBIA MepHoJ pabOThl MACTEPCKHUX H3-3a MOTPEOHOCTH B JOKYMEHTAIIUU TP
OTCYTCTBHH MOJO0PaHHON MacTEPOM JIUTEPATYPBI, UM MPAKTUYECKH MOJIh30BaIach | MacTepckasl.

Bo3MoXHOCTR pacriedaTkd HMTOTOBBIX OTYETOB Oblia obOecrieueHa BceM MacTepckum. B

pacnopsbkenun [lkomnsl Obutd, Ha ceil pa3, KCEpPOKC M CKaHep. DTH yCTpoWcTBa ObUIM BechbMa
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MOJIE3HBI TIPH paboTe CO CTOJIOBOM M Jaupeknuen Oasbl. [[mst oOecrieueHmsi ocBelieHUs PaOOTHI
Jletne#t Ilkombl wuCmONB30BAIKCH LUGPpPOBBIE (DOTOKaMEpbl M BHACOKAMEpPhl, B TOM YHUCIE
IIPUHA/UJIE)KABIINE YYACTHUKAM.

Kpome cBsizu ¢ poJCTBEHHUKAMU JUIsl YYaCTHUKOB IPUBJIEKATENIbHA IEPCIEKTHUBA Pa3BUTHUS
[Ikombl B HANIPABIEHUU AUCTAHIIMOHHOTO B3aUMOICUCTBUA Yepe3 VIHTepHeT co crenuaaucTaMmu, He
MMEIOIIMMH BO3MOXHOCTH BblexaTh Ha 0a3zy Ilkombl. XoTs, ecnu cMOTpeTh I00aIbHO Ha
BBIE3/IHYI0O pabOTy CO IIKOJBHUKAMH, OYEHb XOYETCS, YTOObl B HAIMYMHM OBLT TOCTOSHHBIN
CKOpoCTHOM VIHTepHET Mg BBIKJIAAbIBaHUS Ha calT Qortorpaduii, BUACOPOIUKOB, Aa U

SJIEMECHTAPHO KAKHUX-TO OIICPATUBHBIX COO6HI€HI/II71 JJIA O6H.I€CTBCHHOCTI/I u pOI[PITGJ'ICfI.

9. IIporpamMmMHBbIe cpeaCcTBA, HCMOJb30BaAHHBbIE HA JleTHell mIKoJIe

B sToM romy OGojble MOJOBHHBI MacTepCKUX B IpoIecce paboThl M3Y4aad ONEepallOHHYIO
cucremy Linux. B pabote ucnonb3oBamuch KoMnuisitop si3bikoB C/C++ (gcc), HHTEpIpeTaTophl
s3pikoB Perl, Java u np., BeO-cepBep Apache ¢ mogmepxkxoit PHP. Ha kommbroTepax mnoa
yrnpasinenueM Windows 2000/XP ucnomnp3oBanuck kommuiastopsl Microsoft Visual Studio 6.0 u

Borland C++, Builder, a Takxe cpena nporpammupoBanus @mam u Ckperd, Jloro.

10. YueoOHbIii mpouece

10.1. CTpykTypa yueOHOro nmpoiecca

OcHoBHo#t (hopmoit padoter B JIHIIOII siBnsieTcss BBIMOTHEHUE TIOCTABJICHHOW 3a/laud B
pamkax pabOThl MacTEpPCKOH, T/ie BBIMOJHAETCS Y4eOHO-TIPOU3BOJACTBEHHBINH mporecc. CHekTp
MacCTEePCKHUX ITOTO ToJia MONY4HIICS pa3HOOOpa3HbIM, Ha JIF000I BKYC W HadajdbHbIC 3HAHUS, BCETO
ux Ob10 15.

B 00meo0pazoBaTenbHbIA MK BXOIWUIU JIEKIIMU M CHEIKYPCHI MO SI3bIKAM M CHUCTEMaM
MPOrpaMMHUPOBAaHUS, OO30pHBIE JIEKIMU IO TMEPCHeKTUBaM U MpoljeMaM NpOrpaMMHUPOBAHUS,
UCTOPUU MH(DOPMATUKH U JUCIHUILTHHAM, KOTOPBIE MO3BOJSIOT PACIIUPUTH KPYro30p yJamuxcs BO
MHOTHX OOJaCTAX HayKH, a TakKe eXeIHeBHas «3ajada AHS» - OJUMIIMANA TI0 DPEIICHUIO
AITOPUTMHUYECKUX 3a7a4. YueOHOEe BpeMsl SKOHOMUIIOCH 32 CUET COBMEIIECHUS TI0O BPEMEHH 3aHSITHIA
IO SI3BIKaM MPOTPAMMHPOBAHUS, CIIEIKYPCOB U yUeOHON PabOTHI IO MACTEPCKHUM.

Jlexiuu — 3TO MHCTPYMEHT, KOTOPBIH MO3BOJIsIET (POPMUPOBATH HE TOJIBKO KPYro3op, HO U

dbopMHUpyeT KyJIbTYpy BOCHPHATHS HAydyHOH WH(POPMAIMK, TPOBOIWINCH B JIHEBHOE BpEMS.
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HexoTopbie 3aHATHS CONMPOBOXKIAIUCH JAEMOHCTpAMEd MPOrPAMMHBIX M3JIETUA U MPAKTUKOU IO
paboTe ¢ HUMU JJIsI KEJAIOIIUX.

Pabora mo macTepcKkMM TPOBOAWMIIACH B BUJE NMPAKTHUYECKUX 3aHATUN HA HOYTOyKax u
CEMHUHAPCKHUX 3aHSATHH, B XOJE KOTOPBIX BEJACh TMOJrOTOBKA K MPaKTHKE, pa3OupaInch
TEOPETHYECKHE BOIPOCHI, CBS3aHHBIE C TEMAaTUKOW MAacTEPCKHUX, MPOBOIMINCH KOHCYJIbTAIIHH,
aHaIIM3 paOdOThI M U3YyYCHHE HEOOXOIUMBIX SI3BIKOBBIX KOHCTPYKIIUNA. DTH 3aHATHUS IPOBOMIUCH T10
WHIVBUIYAIBHBIM IJIJAHAM MAacTepOB, KOTOPHIE OPUEHTHPOBAIUCH KaK Ha MOCTABICHHYIO 3a/1ady,
TaK U Ha BO3PACTHhIE OCOOCHHOCTH YYalIMXCS M MX TOJTOTOBJICHHOCTh K PaboTe IO TEeMaTHKE
MAaCTEpPCKOM.

YuuThIBas YBEIMYMBAIOIIYIOCS JOJIO HOBHYKOB cpelu y4JacTHHKOB IIIKOnbl M CHIDKEHUE
BO3pacTHOTO Oapbepa JeTeld, ydeOHble IUIaHbl YacTH MAaCTePCKUX OBUIM IIeJICHANPAaBICHHO
pPEOpPraHru30BaHbl TaKUM 00pa3oM, uToObl Haubonee >PQPEeKTUBHO pabdOTaTh MO MPAKTHUECKOMY

HU3YUCHUIO OTACIIBbHBIX HHCTPYMCHTOB HAa IPUMEPC PCHICHUS IPUKIIAJHBIX 3a/1a4.

10.2. PacnipeesieHue 0 MacTePCKUM

[IpenBapuTensHOe pacHpelelieHne M0 MacTepCKUM ObLJIO OpraHM30BaHO Ha OCHOBE
AQHKETHBIX JAHHBIX M IPOBOJUMBIX COOECENOBAHUM C YYAIIUMHCS. YUYUTHIBAIOCH JKEJAHUE
IIKOJILHUKOB pab0TaTh MO TOM uin MHOU Teme. O HampaBleHUSX pabOT MOXKHO ObUIO Y3HATh Ha
caifte JleTHell MIKOJNBI U MO AJIGKTPOHHOM Moure. HacTosTenbHO pEeKOMEHIOBaIOCh B Cilydae
HEJOCTAaTOYHOU MOJATOTOBKM OOpaTUTh BHUMaHWE Ha MOJIXOSIIYIO 1O YPOBHIO TE€PBOHAYAIBHBIX
TpeOOBaHUN MACTEPCKYIO U OPTraHU30BBIBAIMCH BCTPEUM C OOJBITMHCTBOM MAacTepOB (HEKOTOPHIC
OBLTM JIOCTYIHBI TOJIBKO B PEXHUME DJIEKTPOHHOUW mepenucku). Bo Bpemsi opraHMU3alMOHHOTO
coOpanust (o Havana mpoBeAeHUs JleTHEN MIKONBI) mepes y4YalluMHCS U POIUTENSIMH ObLIO
C/IeTIaHO TMPEICTaBIeHUE MAaCTEPCKUX MacTepaMu, KOTOpbIE MOAPOOHEe paccKa3aiu O MPeACTOIIEeH
pabote. B mepBriit qeHp padoThl 1Kol COCTOSITUCH MPEACTaBIEHNUE TPOSKTOB M OKOHYATEIHLHOE
pacrpeiesieHre 1Mo MacTEPCKUM. TeMaThuKa ¥ COCTaB MacTEPCKHUX MPUBEIEHBI B IPUIIOKEHHUH.

B 3TOM roay OOJNBIIMHCTBO COCTOSIBIIMXCS MacTEPCKUX MOATOTOBUIN U BHIBECHIIU 3apaHee
Ha caiiTe pekIaMbl-MHQOpPMAIMK O MAacTePCKOM M HEKOTOpbIe 3aHMHTEPECOBAHHBIE B YpPOBHE
YYaCTHUKOB CBOCH MACTEPCKOW CTEIUATBHO BBIICIISIA BpeMs IJIsl PUCYTCTBUS Ha cOOeCeJOBaHUHU
CO IIKOJBbHUKAMHU. Y HEKOTOPHIX COOECEeIOBaHME MACTEPOB C KaH/IUJATaMU B YUYCHUKH CBEJIOCH, B
3amuch Beex skenaromux. B pesynbrate B nepsbiid aeHb JIITHOIT HeckoabkUX ydamuxcs NpUIioch
3aHOBO paCIpEAeATh B APYrHMe MAacTEPCKUE B CBA3U C TEM, YTO B CIOKHUBLIEMCS OY€Hb CHUIBHOM

KOJUIEKTUBE OHU HE MOIVIM OBl HanJTy4lIum 06pa30M pc€ain30oBaTb CBOHM BO3MOXXHOCTH.
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JuddepennmrpoBanre ypoBHEH CII0KHOCTH TMPOCKTOB HA PaHHEH CTaJWH IMO3BOJIMJIA IPOBECTH
aJickBaTHYI0 Au(PQGEpeHINANNI0 yPOBHEW TMOATOTOBKH YUYEHUKOB, H3-32 YETrO IPOJIBUHYTHIC
MacTEpCKHE MOIJIM XOPOIIO peaan3oBaThcs B BbIOpaHHOM Temaruke Ha lllkone. bonee ciaObie o
COCTaBY MacTE€PCKHE PEaI30BAIM B ITOJHONH Mepe TBOPUYECKHH MOTEHIMA Y4aCTHUKOB.

OTMeueH BBICOKMM MHTEpEC LIKOJbHUKOB K padoTe B MACTEPCKUX IO pa3HbIM HAIPaBIICHUSM.

MacTepa B 11eJI0M BBIPa3UIN YAOBIECTBOPEHUE BRICOKUM TEMIIOM OOYYECHHUS ITKOJIBHUKOB.

10.3. PaGoTa macTepckux

KadecTBO BBIIIOJHEHHBIX pa60T B MACTCpCKUX J3TOIro roaa GBIHO O4YC€Hb BBICOKHUM WU
MPEe3eHTATHBHBIM. HEKOTOphle MacTepcKue BBHITIOIHIIM PabOTHl Ha YpPOBHE OakamaBpckuX. B
MaCTEPCKHX IO MporpaMmmupoBanuto Ha O 1 Ha JIoro, HECMOTpS Ha BO3PACTHOM COCTaB, TAKKE
OYCHb 3HAYMTEIIHHO BBITIISAICI PE3yJIbTaT, 0COOCHHO BIIEYATIIsIIA MPOCKTHAS paboTa MIKOJILHUKOB, a
Takxe, 0e3yCIIOBHO, HHTEPECHBIE MPOTPAMMHUCTCKHE 33134, 0()OpMIICHHBIC B IPOSKTHYIO padoTy.

PaboTa MacTepckux Mmpoxoausa JOBOJIBHO POBHO, CYIIECTBEHHBIX cOOEB HH Yy KOTO HE OBLIO.
[Toutn He OBUIO HEOOXOAMMOCTH aBPAIbHON paboOThl B KOHIE [IIK0JBI, U BCe MacTepcKue yCIelu
BBIMIOJIHUTh BCE 3alUIAHUPOBAHHOE.  BOJBIIMHCTBO MAacTEpPOB BBINNOJHWIA KAYECTBCHHYIO
IMoATOTOBKY K OTYCTaM, Ha 4YTO BPCEMCHU OOBIYHO HE XBaracT, a YydJalucecCsa IOATOTOBUIIN
MPE3C€HTAIU BBIITOJHCHHBIX ITPOCKTOB B MACTCPCKUX.

B psae cnyuyaeB conepikarenbHas 4yacTh pabOThl OKa3anach CACIaHHON yke K koHiy IIIkoisr,
MPUYMHON Yero OBLI0O HA3BaHO 3aBBIIICHUE W3HAUAIBHO 3allJIaHUPOBAHHOTO oOBeMa paboT u
YpOBEHb MPOJBIKEHUS YyJalllUXcs 1Mo u3ydaemou Temaruke. [Ipu 3Tom Bpemst ObLIO ¢ MeHbILEH
3¢ (PEeKTUBHOCTHIO  HAMpaBlIeHO Ha  JOpa0OTKYy BHEIMIHEr0o HHTep(eiica, peannszaiuio
JIOTIONIHUTEBHBIX PEKUMOB pabOThl, CO3JaHUE JEMOHCTPAIIMOHHBIX BEPCHUH U HaUCaHHE

AOKYMCHTAIIUU.

10.4. OT4eThl MaCTEPCKUX

[TpomexxyTouHble pe3yiabTaThl pabOTBl B MAaCTepCKUX JI0 HTOroBOM KOH(pepeHIuu
MO3BOJIMJTM TIPUMEPHO OLIEHUTH OKUJAeMble PE3YyJbTaThl, 1aTh MpeIBapUTENbHbIE OLEHKHU PaOOThI
BCEM YYalUMCs, BBISIBUTH Cclladble MecTa B paboTe MacTepoB M BOBpPEMsI UX MOJKOPPEKTUPOBaTh. B
9TOM IOy NPAaKTHUYECKH BCE MACTEPCKUE YCIEIW IOATOTOBUTH JIEMOHCTPALMOHHBIE BEPCHH,

HCKOTOPELIC - TOBOJIbHO KAaUYCCTBCHHYIO JOKYMCHTAILIUIO.
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Xropu u 3aMHTEpECOBaHHbIE CIyLIATEIN OCMOTPEIH BBIIOJHEHHbBIE B MACTEPCKUX pabOThI
1 OLIEHUJIM BBICOKUI YPOBEHb PEAIN30BAHHBIX IIPOEKTOB.

WtoroBast koH(epeHLus, MpoIIemas B BUJAEC JIEMOHCTpPAIlMM PEKOMEHJIOBaHHBIX JKiopu
npe3eHTanuii BceM ydactHukaMm [Ikosbl, Be3Bana 60bLION HHTEPEC U AKTUBHOE 00CYKACHUE.

Macrepckue NpeaCcTaBUIM OTYEThl, OTpaXKaroIlMe IOCTAHOBKY 3a/laud, paclpelesieHue
paboT M moylyueHHBIE PE3yNbTaThl. BONBIIYIO POJb 37€Ch ChIrpaja BO3MOXHOCTH 3JIEKTPOHHBIX
OTYETOB B BHJIE CANTOB M Mpe3eHTaluil, MOATOTOBIECHHBIX 3a0JIaTOBPEMEHHO Ui BCEOOIIETO
0003peHHs: KaueCcTBO M COAEP)KATEJBHOCTh OTYETOB, cranu Jjydme. CBoJgHas JEMOHCTparus
IIporpaMM Ha UTOrOBOM KOH(EpPEHLMU TakKe HMMesla Ba)KHOE 3HAu€HHe AJISl BCEX YYacCTHHUKOB,
IIPOJEMOHCTPUPOBAB, YTO MOXKHO CJENaTh JaXe 3a KOPOTKOE BpEeMs, a TAKK€ YPOBEHb JYUIIMX
pabor. Ha gemoHcTpanuio ObUIM  BBIABHHYTHI BCE€ pabOThl, WMEBIIME  HArJISIHBINA
JI€MOHCTPALlMOHHbIN BapHAHT.

Cocrosaoch INOABCACHHUEC NTOI'OB pa60T IO MaCTCPCKUM C UX ITOJIHBIM COCTABOM.

10.5. Ouenka padoTbl MaCTEPCKHUX

Jlis ouleHKH paboThl MAaCTEPCKUX U MOABeAeHUs UToros JletHel mkosbl padorano XXopu B
cocraBe: A.I'. Mapuyk (mpencenarens Oprrkomurera), T.M. TuxonoBa (3aByu), b.JI. ®aiidens
(npencenatens XKropu), B.A. CakepuH.

JKropu B mepByro ouepenb OLICHMBAETCS POCT YPOBHSI 3HAHMM ydalIuxcs U UX KadecTBO,
NIEpBOOYEPEHOE 3HAYEHUE HUMeeT (OPMYJIUPOBAHUE LETU HKCHEPUMEHTa U OOOCHOBAaHHOCTh
MIOJIyYEHHOT0 pe3ynbTarta. Kpome Toro, oneHuBaroTCs MOTPeOUTENbCKIE KauecTBa MPOrPaMMHOIO
MPOAYKTa: YA0OCTBO MOJIB30BaTEIbCKOIO MHTepdeiica, 0Taanka, MpeJocTaBlIeHUe JOKyMEHTAlNH,
pe3eHTabeIbHOCTb.

Hpyrumuy, oO0mMMHM TNapaMeTpaMHM OLIGHKM OBLIM: KadyecTBO OTYETOB, IOHUMAaHHE
YYaIIMMMCS 337a4 M COCTOSIHUSA JEJI B CBOEM MacTepCKOW, CBOeH posin B Hel. JKropH BBICOKO
OLIEHWIO paboTy, BBIIOJHEHHYIO BCEMHU MACTEPCKUMHM M, B OTJIMYME OT HPONUIBIX JET, ObUIO
BBIIAHO PEKOPAHOE KOJMYECTBO IIOOLIPEHMM. BpIcmield Harpagel — JQuIuIoMa 3a YCIIEXH B
MIPOrpaMMHUPOBAHUU — B 3TOM TOAY ObUIH YOCTOEHBI IIKOJIBHUKU HE BceX MacTepckux. [Ipu sTom B
JIPYTUX MacTepPCKUX MOIYYHIIM BhICIINE HArpaibl 0oJiee MOJOBUHBI IIKOJIBHOTO COCTABA.

Xropu ObLIO BBICKA3aHO TMOXKETaHHWE O MPUBICUYEHUS BCEX MAacTEpPOB K OOCYXKIEHHUIO OLIEHKU

MacTepOM pPe3yJIbTaTOB PAOOTHI €ro MacTEPCKOiA.
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10.6. HayuHo-negarornyeckuii onbIT padoThl MACTEPCKUX

B HeOonpmumx Tpymnmnax moj pyKOBOJICTBOM ONBITHBIX HPOrpaMMHUCTOB—IIPAKTUKOB JETH
paboTaloT HaJ OPUTMHAIBHBIMH TMPOEKTaMH, IapajljieIbHO OCBauWBas HOBbIE KOMIIbIOTEPHBIE
WHCTPYMEHTBI, TEXHOJIOTUH U MPHOOpeTass OSCIICHHBIN OMBIT padOTHl B KOMaHAe. 3a/ada Macrepa
HE TOJHKO HAy4YUTh, HO U CO3JaTh OOCTAHOBKY, YTOOBI Ka)/IbI yYaCTHHK MPOEKTa Pa3BUBAJICS
CcOo00pa3HO CBOUM MHTEpecaM, BOZMOXKHOCTSM M CTaPTOBOMY YPOBHIO. DTOT YPOBEHb MOXKET OBITh
pasiuyueH, HO HEeU3MEeHHbIM TpeOoBaHueM sl yyacTHHKOB JIIIIIOII sBnsercss 3HaHUE S3BIKOB
MPOrpaMMHUPOBAHUS U HATMYUE HABBIKOB ITPOrPAMMHUPOBAHHUS.

Koopaunaruio y4eOHOI pabOTBI M MAacTepCKUX BeAeT 3aByd. B aToM romay pabotano 15
MacTepCKHX, MX TEMaTHKa, KaK OOBIYHO, IO Pa3IUYHBIM HAMPaBICHUSIM HH(DOPMAIIMOHHBIX
TEXHOJIOTU, OXBATHIBAIOT BO3MOXKHOCTH KaK JJIsi MIIAIINX, TaK U JIJIs1 IPOJABUHYTHIX JETEH.

['ox oT roja cocTaB MacTEPCKUX MEHSIETCS B COOTBETCTBHE C MOAOOPOM KakK MacTepoB, TaK
W 110 BEJICHUIO BPEMEHH, COTJIACHO YPOBHIO Pa3BUTHS WH(GOPMAIMOHHBIX TexHOoyoruid. Co3manue
Mactepckux ais nerer 9-11 ner mpogoimkaercs. JlanHoe HanpaBiieHHE CTAJI0 XOPOIIEH TpaauIeit
JILIFOTII. Hexotopble CTyOeHTHI, Mpolleamue oOydeHHe B TaKUX MAaCTEPCKHUX, Ha HBIHEHITHUX
JleTHHX mIKONAX € YCIEXOM MPENoJalT, B TOM YHCIE U BEAYT MacTepcKue g MIIaALIuX
IIKOJBHUKOB. B 3TOM romy juisi muammux AeTeil padotano 2 MacTepcKux: MpoekThl Ha Jloro u
@DIdII-TeXHOIOTHH. J[eTH MITaaIero IKOJIBRHOTO BO3pacTa YCIENIHO CIPABUIIMCHh C 3ajadaMi,
YBEPEHHO OpHUEHTUpPYIOTCA B jaenax JletHel mikombl. X mpOEKTHI BBI3BIBAIOT BOCXUIICHHUE HaXKe
B3POCJIBIX MIpernojaBaTenieil By30B CBOEH TEXHUYHOCTHIO U OCHOBATEIbHOCTHIO.

JI)1s BBITIOJTHEHWS OCHOBHOM 3aj1aui OCYIIECTBIIICTCS IIOTPYKEHHE» B TIPOOJIEMy, HO TIpH
3TOM JUISl KaXKJIOTO YYaCTHHKA MAaCTEPCKOW MacTep YAENsSeT JOCTAaTOYHOEC BHUMAaHWE M HAXOJUT
WHUBUAYaJIbHBIE METO/BI U CPENICTBA paboThI sl Haubomnee 3pPexTuBHOrO MpodeccnoHaTbHOTO
pocTa MIKOJNbHUKA. 3aMeTHBIN 3(PPEKT MpH ITOM CTUMYITUPYETCS TOIIACPKKON CaMOCTOSTENbHOCTH
B paboTe W YyIOPOM Ha KOJUICKTHBHOE B3aMMOJICHCTBUE Yy4YaIlIMXCSd HE TOJNBKO B paMKax
MaCTEpPCKOM.

B nenom pabota MacTepckux, Mo OTAETBHOCTH U B COBOKYITHOCTH, ObLTa paclieHeHa KakK BIIOJHE

ycnenrHas.

10.7. Y4eOHO-JIeKIHOHHBIN IHKJI

YuuteiBas IMOXKEIaHUSI nponuIbIX JICT, y‘~IC6HaSI nporpamMma 3TOro roga mnpeaycmarpuBajia

0oJsee cucTeMaTHUECKUN U TOJHBIA 0030p Mpo0eM, METOI0B, CTUJIS U (POPM MPOrpaMMHPOBAHUSL.
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[IpoBenenne  JleTHel KOOI HA  yNAJIEHHOM  IUIOMIAJKE,  MAaJOYUCICHHOCTh
MPEToJaBaTeIbCKOTO COCTaBa M CXKAThle CPOKHU €€ MPOBEICHUSI HE MPUCIOCOOJICHBI /ISl TIOJTHOTO
y4e0HOro IMKJIa MO s3bIKAM TMPOTPAMMHPOBAHUS, OIEPAIMOHHBIM CHCTEMaM W THUIIOBBIM
TEXHOJIOTHSIM.

Peanbublit yuebnslit an lIkonsl He mpegycMaTpuBaeT noAPOOHOrO N3YUEHUS KaKUX-IH00
CPEICTB, a TOJIBKO KpaTKHWe KypChl, OOCCIICUMBAIONINE BKIIOYCHHWE BCEX YYallUXCs B padoTy
MacTtepckux. B ux duuciie BBOAHBIE KypChl IO Pa3IUYHBIM S3bIKAM IPOrpaMMHUpPOBaHUS (110
MacTepCKUM) U crcTeMaM. bbulo 3HaKOMCTBO ¢ OnepalroHHON cucteMoi Linux [uis TeX, KoMy 3TO
HeoOxonumo B pabote. [IpoBeneHbl OTKPBIThIE CEMUHAPHI (B KOTOPBIX MOTJIM MPUHUMATh Y4acTue
HE TOJIbKO YYaCTHHKM KOHKPETHON MAacTEpCKOM, HO U T€, KOMY MPOCTO MHTEPECHO HJIU TOJIE3HO C
TOYKHU 3PEHUSI UX MacTepa MOoCHyliaTh TeMY). 3HAaUYNTEIbHOE BHUMAHUE OBLIO yJEJICHO 0030pHBIM
JEKUUAM TO HCTOpUU HMHGPOPMATUKU, €€ COBPEMEHHBIM IEPCHEKTUBAM M HUCTOPUYECKH
onpaBiaBIIMMc KoHUenusM. OCHOBHas 3ajgavya TaKuWX JIEKUUHA - MpoOyAuTh WHTEpEeC U JAaTh
UMITYJIBC JIJISE CAMOCTOSITEIIEHOTO O0yUSHUS TI0CIe OKOHYAHUS JICTHEH IITKOJTBI.

K coxanennto, mposenenue JIIIOII nHa oTmanenHo# miomanke 3aTpyaHSET MpUE3]
JIEKTOPCKOTO COCTaBa Ha MPOTSKEHUE paboThl Beel IMIKOJbL. TeM He MeHee, JISKIIMH MIPOBOIIIINCH
MPAKTUYECKH €KETHEBHO.

B stomM roay ymamock opraHu30BaTh 3aMedaTeNbHBIA UK JIeKIud. OdYeHb LEHHOU
okazanach mombopka wmartepuanoB b.JI. daiidens, odopmiieHHas B BHAC Tpe3cHTaNwid (3TH
MaTepuaibl UCTIONIb3YeT JUIsl YTeHHsl JeKiui B CapaTOBCKOM MouTeXe cTyaeHTam). Jlekmus Obina
MOCBSIIEHAa KOAMpPOBaHUIO U cxkatuto uHpopmanuu Jlekius A.I'. Mapuyka no teme «Teopus
pemnieHus: M300peTaTeNibcKuX 3a7ady» HE TOJBKO 3aWHTEepecoBaja TMOAXO0JO0M, HO M Jana
BO3MOKHOCTh PACIIUPUTH KPYro30p OTHOCUTEIHHO TOTO, YTO Yy4Y€HBIE BCEro MHpa TPYHSATCS B
onHoM HampasiaeHuu. TpaauruonasiMu uist  JIIHIOIT cranmm  mpesentanmu  IT-kommanmii
[IpencraButenu u3BecHbix (upm Muten, Excelsior m SlHaexc pacckas3aid COOTBETCTBEHHO O
texHonorusix/ Mx tembl «KakoBo OBITH HPOrPaMMHUCTOM: XOPOIIMH MPOTPAMMUCT, KPYTOM
nesenonep», «Cpoboga unu OezonacHocTh: YeMm SBa myume Cu», u «Mojenb pacnpeesieHHbIX
Berunciennit MapReduce». Ilpencrasurens pupmd MaiikpocodT pacckazan 0 «OyHKIIMOHATEHOM
MPOrPaMMHUPOBAHUH JIJISI CAMBIX MaJeHBbKUX». KpoMme crieninann3upoBaHHbBIX JISKIHA, ObllIa JEKIUs
«2X0 MepBOI MUPOBOI» B LIEISAX HAMOMHUTH 00 rcTopun OTedecTBa, MUPOBON UCTOPHH, 8 TAKXKE B
CBSI3M CO CTOJIETUEM €€ Hayaua.

VYyactaukam JIIIFOIT Obut0 HeGE3pIHTEPECHO MO3HAKOMUTHCS ¢ (PUpMaMu, e UM, BOZMOXKHO,

npeaACTOUT pa60TaTB B HCIAaJICKOM 6yI[y1_LICM. Camo 1o ceOe BHHMMAaHHE CTOJb COJIMIHBIX
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opranuzanuii k padore JIIIIOII sBmsiercs mokaszaTeneM NTpPHU3HAHUS €€ POJM B IMOATOTOBKE

IIPOrPaMMHUCTCKUX KaJpOB.

10.8. KoHTpO.1b YPOBHSI 3HAHUI M HABHIKOB

XKropu mpoBen0 MpPUEMKY MPOMEXKYTOUHBIX  pPE3yJIbTaToB  pabOTBl  MaCTEPCKUX
HEIMOCPEJACTBEHHO Ha pabouyux MecTax. 3aTeM Obula mpoBeleHa KOH(GEpeHIUs 110 UToraM paboThbl
BCEX MACTEPCKUX U JEMOHCTpalus padborT.

OrnpenesieHHbI KOHTPOJIb TaeT €XKEAHEBHAS OJIMMIINA/A, aKTUBHOCTh B KOTOPOH, B OTJINYUE
OT TPEebpIIyluX JET, MEIJIEHHO Bo3pacTana B mnepBble JHU LlIkonpl, HO moOBBICWIACH B
MOCJIEAYIOLIEM TI0CTIE HapacTaHUsI MHTEHCUBHOCTH pa0OThl B MACTEPCKUX, HECMOTPS Ha BbIACICHUS
MOTEHIUATbHBIX YEMIIMOHOB.

Kaxxnas wmactepckas mnpeacTtaBuiia OT4eT O MpoJAeTaHHOW paboTe B BUIE MPE3CHTALIUM.
MacrepaMm OBUIO TPEATIOKEHO CAETaTh aHAIU3 PadOTHl KKAOTO IIKOJIbHUKA Ha JIeTHeW mKojie u
JaTh PEKOMEHIANNH U HUX, TAKKE MPEIOCTaBUTh OTYETHI MacTEPOB 00 3Tamax W UTorax paboThl

B MacTEPCKOM.

10.9. Kondepenuus no pe3yjbraraM padoThl

HtoroBas koH(pepeHuus JletHel MmKoabl Mpolula B JIYYIIMX HAYYHBIX TPaTULMIX.
JIOKJIaUMKN TPEICTABIsUIM BBINOJIHEHHBIE B MAacTEPCKUX IPOEKTHl, YYaCTHUKU KOH(PEpEHLUU
3aJlaBaJii BOIIPOCHI, COJIEP)KaHNE KOTOPBIX TOBOPUT O UCKPEHHEM NMPO(PECCHOHAIBHOM HHTEpECE K
IIPEJCTAaBICHHBIM pa3paboTKaM M O KBaJM(UKAIMU CITyIaTesnei.

PaGoTa mo MNOBBIMIEHUIO KyJIbTyphl NyOnuuHbIX BbIcTyruieHud Ha JIIHIOIT Benercs
MIOCTOSIHHO, TOTOBSITCSI MHCTPYKLUUHU JJIS MAacTE€pPOB, KOTOpbIE C JOHKHBIM BHUMAaHHEM JOJKHBI
MIOMOYb MOJTOTOBUTH BBICTYIUIEHHE IIKOJIBHUKOB, HO HE MPE3EHTOBaTh pabOTy MacTepCKOM CamH.
OO11en3BecTHO, YTO JIIOOUTENEH BBICTYNAaThb CpeAM MPOTrPaMMHCTOB Mayo, OOJBIIWHCTBO
NPEANOYUTAIOT OE3MOJIBHO JEMOHCTPUPOBATh Ha KOMIIBIOTEPE PEe3yJIbTaThl, Kaue€CTBO KOTOPBIX
3pUTENSIM TpyIHO olleHuTh. Ho ycmex B mr000if npodeccuu CyliecTBEHHO 3aBUCUT OT MCKYCCTBa
MIPEACTABICHUS pe3yabTaToB. [103TOMYy ydacTue B UTOTOBOM KOH(MEPEHIIMN 00s3aTENBHO ISl BCEX
MaCTEpPCKHX.

Ha xoH(epeHnu paccMaTpuBalOTCsl MOTYUYEHHBIE Pe3yJIbTaThl U BEIOPAHHBIE TEXHUYECKUE

peliCHus. [Ix0IpHUKN OOMEHHMBAIOTCS PEKOMEHAAIHAMU I10 YITYHYIICHHUIO UX pa3pa60T01<. Ba)KHYIO
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POJIb UTPAET JTMYHOCTD MpeAceaaTeNs KOHPEPEHIINH, 33 Ial0IeT0 YBAKUTEIbHbBIN CTHIIb OOIICHUS U
o0CyKIeHUsI.
OrieHHUBaEeTCsI KAYeCTBO JIOKJIa1a, YPOBEHb BOIPOCOB M OTBETOB, aKTUBHOCTH 00CYXaeHMs. Bee

OTO YUUTBIBACTCA B UTOT'OBBIX (bOpMYJ'II/IPOBKaX HarpaaHbIX I'paMoOT.

11. Meroauueckas padora

Hemnocpeacreenno mepen mpoBeneHueM JleTHeH MIKOIBI OBUIO TPOBEACHO CIECIHATLHO
3araHupoBanHoe coOpanue mactepos JIIIFOIL. Beiio pacckazaHo 00 0COOEHHOCTSIX JIETCKOTO
KOJUIEKTHBA B Pa3HBIX BO3PACTHBIX rpynnax. Hajo oTMETHTh CBOEBPEMEHHOCTh U HEOOXOAUMOCTD
TaKoro pojia MEpONpUATUN C YYETOM TOro, YTO OONBUIMHCTBO MpemnofaBareneil JleTHel IMIKOIbI
ABJIAIOTCS CTyA€HTaMu U BbllyckHUKaMu HI'Y, He 3HaKoMbIMU € NeJarormyeckKMMu acreKkTaMu
o0y4eHHs IIKOJIBHUKOB. beceaa mo JeTCKO# MCUXOJIOTHH U COIMOJIOTMH HEOOXOoauMa sl BCEX,
O0COOCHHO JJISl CTY[ICHTOB, HE UMEIOUINX HE TOJBKO YKU3HEHHOTO OMbITA, HO M IEJaroruyeckoro
oOpa3oBaHHs.

s B3pocnbix ydyacTHUKOB LlIKoibl ObUTa MpoBeneHa cepHsli CIEeNUANbHBIX CEMHHAPOB I10
npobiemMaM OArOTOBKH U npoBeeHus LIkobl, Ha KOTOPBIX 00CYXIaIuCh BOTPOCH! MTPOBEACHUS
stoi JIIIIOIT u mkon BooOIe, uenu, Gopmbl U CrOCOObl O0yUeHUs], MEPCIEKTUBBI MPOBEICHUS
[IIx0sbl B COBPEMEHHBIX YCIOBUSIX.

B 1nenom, mnpuBiieyeHHE MacTepoB W IpenojaBaTesied K MeTOJWYecKoll pabore 1o
opranusanuu ydeoHoro mnpouecca I1Ikonbl mpoucxoanao MHTEHCUBHO, OONbIlas 4acTh peIIeHUN
IIPUHUMAJIACh B KOJIJIETUAIBHOM MOPSAJKE C YIETOM IPOILIOrO OIBITA.

B Teuenme Bceir pabotel JIHIFOII mpoBoamiach ekeiHEBHAs OJIMMIIMAZA IO PELICHUIO

HEOOJIBIIUX AITOPUTMHUYCCKUX 3aaa4.

12. Iloompenne y4aCTHUKOB

[To oxonwanum Illkonpl yyacTHMKaM BbIaBauCh cepTUduUKaThl. Bpicimiell Harpaabl —
JMIJIOMA 32 YCIIeXH B IPOrpaMMUPOBAHUM — B 3TOM Toly ObUIH yaocToeHbl 6ojee 20 MIKOIbHUKOB.
[Toutn KaxaqOMy YYacTHHUKY, BKIIOYas B3pOCIHbIM cocTaB, ObUla BpydeHa rpamorta. boubiioe
BHUMaHUeE OBbLIO yJIEIeHO HarpaJHbIM (GOPMYIUPOBKAM B JIUIIJIOMax U MOOLIPUTEIbHBIX TPaMOTaX.
@OpMyIMPOBKH HMHIMBUAYAIBHO OTPAKAIOT XapaKTep IOCTHKEHUH Ka)JI0r0 yYaCTHHKA, TOHKO

HOAMCYCHBI IMYHBIC CBOﬁCTBa, ITOJIOXKHUTCIBHBIC 1 l'IpO6J'ICMHBIC.
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[ToMuMO 3TOTO, KaXkABIH MIKOJBHUK MONYYMI B mojaapok ¢gyroonku ¢ morotunamu JIIIHOIT u
«pmukn» ¢ 3anucanHbiMu Matepuanamu JILHIIOII, kpome Toro, OBLIM MOJAPKH M MPU3BI OT
CIIOHCOPOB, KOTOPbIE BBIJIaBAJIMCh HE TOJBKO Ha 3aKpbITUH, HO U BO Bpems Beell JILIIOIT no utoram

Pa3IMYHBIX MEPONPUITUH.

13. KyJabTypHasi U CIOPTUBHAS PorpamMMbl. Opranu3amnus 1ocyra

Kenaromue nMeny BO3MOXHOCTU I 3aHATUN CIIOPTOM Ha OTKPBITOM BO31yXe (YTPEHHSS
3apsizika, pyTOoI, HACTONBHBIA TEHHUC U AP. CIIOPTUBHBIE UTPHI).
bbu1 opraHu3oBaH KOCTep M HOCIEIHHUM JeHb npeObiBaHus Ha 6aze. Bo Bpems yueOHBIX AHEH
npoBeneHbl urpel «4ro? I'me? Korma?». Ha Tperuil neHb opraHum3oBajid NpeACTaBICHUE
MacTepckux. HecMoTpst Ha BpeMeHHbIE TPYIHOCTH, IIPEICTaBICHUE ObLIO JIETKUM, UHTEPECHBIM U
INPUATHBIM BO BCEX OTHOLIEHHUSX. OTO Jal0 BO3MOXHOCTh II0Ka3aTh ce0s Yy4YaCTHHKaM C
apTUCTUYECKMMHU TaJlaHTaMu (TuUTapa, necHu, clueHKu). CTaBIIMHA TPaJULMOHHBIM JUISl BBIXOJAHOTO
nust Jlerneit mkonsr KBH, mpomen Beceno, MHTEpecHO, ¢ OOJIBLIIMM KOJUYECTBOM ILIYTOK M
IIPEKPACHO MCIOJHEHHBIMU MY3bIKalIbHbIMU HOMepaMu. Ha JleTHel 1ikosie BO BpeMsl BBIXOJHOI'O
nHs ObUl opraHu3oBaHa SKCKypcus B PecmyOnukaHckuil my3ell ¢ Bble3ioM B ['opHO-AunTaiick.

[Iporpamma JIIIIFOII 6bl1a qomoIHEHA TECHSAMU O TUTAPY.

14. KuanugHo-0bITOBBIE YCJIOBHSl, MUTAHNE, TPAHCIIOPT

bonbmoe BHuManue opranuszaropsl JIIHIOII ynenstor OBITOBBIM BONpocaM: MSATHUPA30BOE
NUTaHUE, MPOKHWBAHME, JMYHAs TUTMEHA W MEIUIMHCKOE OOCIYy)KMBAHHE HAaXOIUTCS TOJ
HEYCBHITHBIM  HAOMIOJIEHUEM COOTBETCTBYIOIIMX CIHELUANIUCTOB. Takue O0370pOBUTENIbHBIE
MEpONpPUATHs, KaK YTPEHHssI 3apsaka, MpOryJKH Ha CBEXEM BO3Jyxe — oOs3arenbHas
cocrasisitontast JIIMIOIL. B komuatax »xwumno ot 2 g0 4 yenosek. [Ipueskapuive Ha KpaTKHil CpOK
roCTU Mocensiauch B roctuHuue. Ilutanme yuyactHukoB Jlerneit Ilkonsl ObIJIO OpraHu3oBaHO B
cTojoBoM TypbOa3pl. ClieyeT OTMETUTh XOpOIllee KAayecTBO MHTAHUS U XOpOIIUN YpOBEHBb
obcnykuBaHus. KauecTBO NMuTaHMA M COCTOSIHME 37I0POBbS YYaCTHUKOB OBLIO MOJ KOHTPOJIEM
poeCCHOHATBHOTO MeINKa, HEOJTHOKPAaTHO paboTaBIero Ha JIETHUX IIKOIax.

Xyxe Bcero Obuta obOecriedeHHOCTh JleTHeH WIKOMBI TpaHCHOPTOM. TpaHCIOPT oOKa3zajics
JOPOTMM JUISl JIOCTaBKM YYaCTHUKOB M TeXHHKH. OpraHum3atopsl PEMIMIN 4acThb TPAHCIOPTHBIX

3aTpaTr BO3MECTUTH 3a CUYCT CIIOHCOPCKUX CPCACTB. HO-XOpOIJ_ICMy, Haao ClieUaJIbHO INIAHUPOBATH
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HaJu4re aBTOMOOWIICH B pacIoOpsHDKEHUH IIKOJIBI, HE0OX0aMMO, 10 KpallHeld Mepe, ABa peiica aJis
3ae3/1a-Bble3/]a MPUTJIAIICHHBIX YYaCTHUKOB, MPUBJIEKAEMbIX Ha JABA-TPH JIHS.

Pexomenaanuu no noAroToBKe JUYHBIX BELIEH U CBOEBPEMEHHBIN MPOTHO3 MOT0/Ibl YYaCTHUKAM
ObLI MPEIOCTABIICH 3apaHee.

Mecro 6a3pr JIHIIOII Haxoamsioch B IPEKpPaCHOM B JKOJOTHMYECKH YHCTOM MECTE, BOJIHM3HU
BojoemMa peka Karynb. CBexuil COCHOBBIM BO3JyX CIIOCOOCTBOBaN 0340poBiieHHIO. [locTosiHHOE

Hpe6BIBaHI/Ie Ha CBCIKCM BO3YyXC ITO3BOJJINIIO MUHUMU3HUPOBATH IIPOCTYIHBIC 3a00JieBaHus.

15. @opMbI ynipaBjeHusl, CAMOYIIPABJICHHUE

Jletnue IlIkoabl IOHBIX NPOTrPAMMHUCTOB TPAJULUMOHHO BEAYT IOUCK YIOOHBIX (hopM
camoynpapieHusi. Paboty mo obecrieueHuto paboThl KommbioTepHOH cetn Ben A. Cammun, K.
Jluxtep oCylIeCTBIsUI TEXHUUYECKYIO MOIJEPKKY CHUCTeMbl peructauuu ydactHukos JIIIIOIL, 3a
TEeXHUYeCcKHe paboTsl 10 noAroToBke TexHuku orBevan [l. Tymaiikus,, ¢ momouisto 1. I'opOdyHoBa
u W. Jlyneuesa. IloctaHoBky yuebHOM paboThl ocymectBisul 3aByd T.M. TuxonoBa. PaGoranu
KyJIbTOpPT A. AHKYAMHOBA, 32 COCTOsIHUEM 3710poBbs cnenmina T.H. Cmonsik, 3a ObiT oTBeuana M.B.
3anuna. B Teuenue roga Ben cailt A. JIbICIIOB, MOATOTOBKY BCTYIUTENBHBIX 33JJaHUN OCYIIECTBHUIIA
E. Imutpuena.

Jlis oueHkH paboThl MAaCTEPCKUX M MOABEIEHHUS UTOroB JIeTHel MIKOJIbI paboTaslo KIOpU B
cocrase: b.JI. @aitpens (npencenarens XKriopu), A.I'. Mapuyk (npeacenarens Oprkomurera), T.1.
Tuxonosa (3aBy4), B.A. Cakepun. Koopaunainuio paOoTbl MacTepCKUX BeNl 3aBydY, JIEHCTBYs IO
OTBITY aHAJIOTUYHOMN pabOTHI MPOLLIBIX JIET.

Bonpockl moaroroBku u BeaeHus Llkonbl, a Takke ee HUTOIM OOCYXIaluCh Ha
OpPraHM3alMOHHBIX COOpaHMsIX M IUIaHepKaxX cooTBeTcTBeHHO. [locTosiHHO Benmach pabora Mo
nepenucke 1 0OMEHy MHEHHUSIMU Kak 110 AJIEKTPOHHOM nouTe, Tak 1 Ha caiite JILITTOIT.

3HaunTENbHBIA 00bEM KaK OpPraHM3allMOHHO-TEXHUYECKOM, TaK M MPEeno/iaBaTelbCKoi paboTh
BEAYyT CTYIEHTBl M MarucCTpaHThl, MOKa3aBiIue ceds 3(p(PEeKTUBHBIM U TPYJOCIOCOOHBIM 3BEHOM
Jletne#t mxonbl. LlenecooOpa3Ho NMpH MOATOTOBKE CIEAYIOLUIUX IIKOJ YIEIUTh 0CO00€ BHUMaHHE
MIPUBJIEYEHUIO K paboTe OoiblIero yuciaa CTyAeHTOB. OTIOENbHO ClelyeT OTMETUThb, UYTO CPEeau

CTYACHTOB U LIIKOJIBHUKOB yaaBaJIOCh HaWUTH CIIenuaJIMCTOB C BEChbMa FJ'IY6OKI/IMI/I IIO3HAHUSIMH.

16. CpaBHenue ¢ npeabiayimmumu llkonamu



System Informatics (Cucremnas unpopmaruka), No. 5 (2015) 93

B 5TOM rony Hajo OTMETUTH CHUKEHUE KOJTMYECTBEHHOTO COCTAaBa CTapIIEKIACCHUKOB. Tem
HE MEHee, BeAyIlIasicsi MHOTOJICTHSS padoTa MO0 CHMKCHHIO BO3PACTHOTO Oapbepa MIKOJILHUKOB,
3aHUMAIOIIUXCS MPOTPAMMHUPOBAHUE, MOXKET OBITh TpU3HAHA YycremHoi. Pebsrta, HauyaBmme
yuactBoBaTh B mnporeccax JIHIIOII ¢ 4-5 kiacca, HaUMHAIOT MOHUMATh U OCBaMBaTh MPEMYAPOCTH
npodeccun B Oojiee paHHEM BO3pacTe — B 3TOM T'OAY OCHOBHON KOrOpPTOM OBLIM IIKOJBHUKU 7-9
KJIACCOB.

Brie3aHol BapuaHT [aeT OrpaHUYEHUE YUCICHHOCTH, HO 3aTO BCE YYAaCTHUKH BMECTE, HET
MPOOGJIEMBI, YTO KTO-TO HEOXKUAAHHO yexall JOMOM Ui, HA000POT, MPUBE3 APY3EH.

OtpunarenbHo ckaspiBaeTcsi Ha llIkosie CHMXXEHME [OJIM MHOTOPOJHUX YYAaCTHHUKOB,
0COOCHHO B3pOCHBIX. DTOT (haKT CKa3biBaeTCs Ha pasHooOpasuu IIIKOMbI, MONE3HBIX BHEIIHUX
cBsa3six Oprrommrera, crocoOcTByeT 3aMbikanuio [llkombr B cebe. Hamo oTMETHTH, 94TO B 3TOM
HaIlpaBJIECHUU HAMEYEHbl HEKOTOPBIE MOJABUKKH — Y4aCTHE WHOTOPOJHMX >KEJIAIOIINX CHIXKAETCS B
T0JIb3y HOBOCHUOMPCKUX YUYaCTHUKOB. B 3TOM rojy ObUT MPOIONIKEH OIBIT paCIpPOCTPaHEHUs OMbITa
JILIIOIT na mnomanke pecnyonuku Xaxacusi (B.A. Cakepun). M3 CapaToBckoro moiutexa
npuexan jus ydactus B nposeaenuun JILIIOIT B.JI. ®aiidens, u3 Muacca — Beimyckauk JIHTHOIT
1992 roma M.B. bparyce. Kcratu, aBoe w3 HHUX eme U SBISIOTCA HehOpMaIbHBIMU
pyKOBOIUTENsAMU JAenerauuii Xakacuu u YensiOMHCKON 00acTH, UCKpEHHE 3aMHTEPECOBAHHBIC B
TOM, 4TOObI pedsAra mnoBblanu cBowo kBanupukanuio B JIIIIOIIL. MHOroponHue cTyaeHTHI,
MPOJIOJDKUBIINE OOY4YeHHE B TMPECTWIKHBIX By3axX CTOJIMI, C OJHTY3Ma3MOM MPUEIKAIOT B
HoBocubupck mis mnpoeaenus JIIIIOII, Taxke moMoramoT ¢ NpoBeJeHHEM Ha MeECTax C
co0eceloBaHUEM yYaCTHHKOB.

K nocromHcTBaM ciienyeT OTHECTH BO3MOXKHOCTh OOIIEHUSI YYaCTHUKOB B JIF000€ BpeMsi, HE
TOJBKO HA 3aHATHUSIX. DTO TOBBIIIAET HATPY3KY HA MpEMOJaBaresieii, HO CYIIECTBEHHO IMOBBIIIAET
s dextuBrOCTD L1IKOMBL

Hano ormeruts, 4TO BCE WIKOJBHHMKHM, NMpUHUMaBliue ydactue B JletHell mkone um. A.IL
EpioBa, sSBASIFOTCS OTOOpaHHBIMH MO KPUTEPHIO MOATOTOBICHHOCTH M TOTOBHOCTH 3aHHUMATHCS

CEPHhE3HBIMU BOMTPOCAMHU B 00JIACTH MPEIBAPUTEIHHON MOATOTOBKH yJaIuxcs K mpodeccum.

17. IlmanupoBanme ciaenymwomieii JleTHel MKOJIbI

B cnenytomem roay Jlernsas mkona 6yaer roouneitnoit — 40-ii. Xorenock Obl, 6€3yCIIOBHO, 3TO
Ba)XHOE COOBITHE MOATOTOBUTH COOTBETCTBYIOLIMM oOpa3oM. Hampumep, mpoBecTH B paMmkax
JILIIOIT cumno3uym nroAei, B pa3Hble TOAbl NMPUHUMABIIUX y4acTHE B HEH Kak B KauecTBe

PYKOBOJIUTEIIEH.
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®opmupoBanue padbodeil rpynnbl OPrkOMUTETa U3 YKCIA CTYACHTOB MPUBOAUT K €CTECTBEHHOM
cMeHe cocraBa. [lowck MacTepoB, NPHUBICYEHUE AKTUBHBIX IPOU3BOJICTBEHHUKOB, BIIAJCHOIINX
COBPEMEHHBIMHU TEXHOJIOTHUSMHU, COIJIACOBAHME BPEMEHM INpoBeAcHMs JIeTHel IIKOIbI, IOMCK
yIOOHOW TUIOMIAKK JUIsl €e MPOBEACHHs, y4eT cneruduku padotsl JleTHell MIKOibl Ha JanbHEH
IUIOHIaIKE — BCE ATH BONPOCHl pelaiuch 3abiaroBpeMeHHO. Tem He MeHee, HEKOTOpoe
HaIpspKEHUE 110 MTOBOJY BOIIPOCA yYacTHs TOI'O WIIM MHOTO MAacTepa B HEKOTOPBIX CIIy4asX OCTAETCS
HENOJTBEPKICHHBIM BILIOTH 10 Havana JILITFOIT.

Ouens >¢ddextnBHa padora mactepos, npomemmmx JIIIFOII B kadecTBe MIKOILHUKOB U
MO/IMAaCTEPhEB.

be3yciioBHO, HampspDKEHHBIM —OCTaeTCs MOMEHT TI0 TIOBOAY YTBEpXKACHUS (UHAHCOBOU
noxnaepxkku JIHIFOIL, ocobeHHO 3TO cKa3plBaeTCs B YCIOBHUSX IIPOBEJACHUS KOHKYPCOB H

KOTHPOBOK.

18. Opranmu3zanum, nojajep:kaBpuiue nposeaenue JlerHeii mkoJibl

IOHBIX IPOTrPaMMHUCTOB

Opranuzanus Ilkonbl ctana peanbHOM Onaronapsi 1en€BOMY (PMHAHCUPOBAHUIO CO CTOPOHBI
[Ipesuauyma CO PAH, TAOY O HCO «llentp pa3BuTHs TBOpUECTBA J€TEll U IOHOIIECTBA»
OOnactHoro 1eHTpa pabOTBl C OJapeHHbIMU JeTbMM «Jluo-I'eH» MuHuCTEpcTBa HayKw,
o0pa3oBaHMs 1 UHHOBAIIMOHHOM nonuTuku HoBocubupckoit obnactu, yeunusam Mucturyra Cuctem
Nupopmaruku CO PAH B opranuzanuu 1lIkonsl u coope as Hee TONOTHUTENbHBIX cpencTB. Coop
(uHaHCOB OBLI OpPraHM30BaH CBOEBPEMEHHO. B 3TOM roay ObLIO JOMOJHUTEIBHOE MOCTYIIEHUE
CPEeZCTB OT CIIOHCOPOB KOMIaHUU DKcenbcuop, Cod11ad, TMUHBIX MOKEPTBOBAHUN YaCTHBIX JIMII.

JlomonHUTENbHBIE CpelicTBA U Mpu3bl ObUTH BhIIeNeHbl Codiad, Ledas, Angexc, BMK MI'Y,
WNudopmannonHas moaJepxKa ocyiiecTBisiiach razeramu «Hasuratop», «Hayka B Cubupmy,
npyrum CMU.

Bcem opranmszaTtopam, a Takke CIHOHCOpPaM, COACHCTBOBABIIMM OPTraHU3ALMIM U (PU3NUYECKUM

JIMIaM OpFKOMI/ITCT BBIpAXacT FJIY6OKYIO MPU3HATCIIbHOCTb U 6HaFO,Z[apHOCTI>.

19. 3akauyenue

HoBocubupck — orpomHas HWHIyCTpHalibHas Jiep)kaBa, KOTOpash O4YEHb HYXAaeTcd B
BBICOKOKBIM(PHUIIMPOBAHHBIX KaJpax B 00J1acTH MHPOPMAITMOHHBIX TeXHONOTHi. O0IIenpru3HaHHoO,

4YTO Y4YaCTHUKU JIETHUX IIKOJ FOHBIX mporpaMMHuUCTOB 3HAYUTCIIBHO 0oJiee BBIUT PBIITHO BBITJIAOAT
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Ha (OHE IPYruX CTYAEHTOB B 00JlacTU MHGPOPMAIMOHHBIX TEXHOJOTUH M KaK MPOrpaMMHUCTBI
MPEJICTABJISIOT KOTOPTY BBICOKOKBaMH(PUIMPOoBaHHBIX crenuanuctoB. Jns CO PAH nmposenenue
[konbl ABASETCA BAYKHBIM MEXaHU3MOM IPUBJICUCHHS TAIAHTIMBOM MOJIOJESKHU B chepy BIUSHUSL
HayK{d M Pa3BUTHS OTEYECTBEHHON MH(popManroHHod wHaycTpuu. s poaurenerd JIIIIOIT naer
yaauyHyio GopMy COYETaHMSI JIETHETO OTJbIXa IMIKOJBHUKOB C MOJYYEHHEM HMHTEPECHBIX 3HAHUU U
BOCTpeOOBaHHBIX HaBBIKOB. [[ns nnpopmanmonnoit nuayctpun mexanusm JILIFOIT paet monuron
IUIE paHHEHd NpPOQGOPHEHTAIMM IIKOJBPHUKOB, a TaKXe JUIsi COYETAaHUS CMEHBI JeATeNbHOCTH
CHEIHAMCTOB C BOJIbHBIM 3KCIEPUMEHTUPOBAHUEM U MIOMCKOM OYAYIIMX TOMOIIHUKOB.

Jst HI'Y u, B wactHocTH, s kKadenp "[IporpammupoBanue” u "BoerunciauTeabHble CUCTEMBI"
HI'Y, a taxke BKM u CYHIl HI'Y nposenenue Illkonel — 3T0 0oOKaTka METOIMK DPAHHErO
o0y4yeHHs coBpeMeHHOH wuH(popmaTuke; npusiedeHne B HI'Y aOuTypueHTOB, MHTEpECYIOIIMXCS
MPOrpaMMHPOBAHUEM, CIIOCOOHBIX B OyIyIlleM y4acTBOBAaTh B KOHKYpPCAaX M HAYYHBIX IMPOEKTaX;
poct mnpodeccuoHanbHoro ypoBHs cryneHToB BKU u CYHI] HI'Y; npusneuenune k
MPEIOIaBaTeIbCKOM JeSITEIbHOCTH CTYJICHTOB, MPUOOPETEHHE CTYICHTAaMH HAaBBIKOB pabOTHI B
KaueCcTBE PYKOBOJUTEJIEH TPOEKTOB U MOCTAHOBIIMKOB 33/1a4;

Jna apmunuctparun HoBocuOupckoil ob6macTu MmpeacTaBisieT UHTEpeC, YTO pa3padaThiBaeTCs
MEXaHHM3M BBIE3IHOM pabOThl CO MIKOJbHUKAMH, M3YUYAIOIUMU HHPOPMATHKY. ITOT MEXaHU3M
MOXET OBITh pACIpPOCTPAHEH HA CEIbCKUE palOHBI, CIIOCOOCTBYET MOBBIIICHUIO YPOBHS
MIOJATOTOBKU CEJIbCKUX YYaCTHUKOB B BY3bl. Taxxke B HoBocMOMpCK NMpuUBIIEKalOTCS UHOTOPOJHUE
IIKOJIBHUKH, KOTOpBIE IIOJy4YalOT BO3MOXHOCTb IIPUEXaTh B TMOCIEIYIOIIEM B KauyeCTBE
aOUTYpPHEHTOB B HOBOCUOUPCKHUE BY3bI

Jia UICHU CO PAH cymiecTBeHHO, 4TO COTPYAHHMKH, acnupaHTsl U cTyaeHTsl UCU npussiu
yuactue B pabote IlIkonbl, BBIMOIHEHO HECKOJIBKO IPOEKTOB IO TeMmaM, pa3pabaThiBaeMbIM
corpyaaukamMu MCH, pa3BUT 3KCHEPUMEHT MO OOy4eHHIO B (pOpME MAaCTEPCKUX, UJes KOTOPBIX
copmynupoBaHa U BHeapeHa coTpyaHukamu MCH, BbIsSiBI€HA 3aMHTEPECOBAHHOCTh MOJIOJIEKH B
HOBBIX (hOpMax IKCHEPUMEHTANBbHOM paboThl B 006JacTH cUcTeM yueOHON MH(POPMATUKH, a UMEHHO,
npengaraeTcsi AKCIepuMeHT 1o opranuzanuu Illkosnbr mporpammupoBaHusi (BOCKPECHOH U
BEUYEepHEH, NMCTAaHIMOHHOI) JUid HamOoJjee IMOATOTOBIEHHBIX MAacCTEpPCKHMX B TeueHUE Y4eOHOro
roja, NMpoJOJKAET pa3BUBAThCS TPAJAULMOHHBI MEXAHU3M, MOTEPS KOTOPOTO MOXKET MOBPEINUTH
untepecaM MCHU B oTHomeHuu miaHoBoit Temsl "MccnenoBanne ocHOB HH(GOPMATUKH U METO/I0B
npenojaBaHusl UHOOPMATUKH W MPOTrpaMMHPOBaHUS'", MPUBJICYEHO BHUMAaHHUE K METOJUYECKUM
HapaOoTKaM.

WHoropogHue yYaCTHMKM HMMEIH BO3MOXKHOCTb OOILIEHHMsSI 10 HHTEpecaM U MOBBIIIEHUS

KBaJTU(DUKAITHH.
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[Tokazatenem crabmibHOCTH B 3P HEeKTUBHOCTH PadOThI I1IKOIBI SIBASIETCS TO, YTO MIKOJBHUKH U
Mactepa o0maroTcs nocie JleTHel MIKOJIBI IMYHO U HA €€ caidTe, He OJMH roJ] y4acTBYIOT B paboTe
JIIIOII. He TOonbko pagu y4eObl M KOJUIGKTHBHOM paOOTHI IIKOJIBHUKH XOTAT BEPHYTHCS B
JILIIOII. TIlpuBnekaer IeMOKpPAaTUYHBIA JTOOPOXKENATeIbHBIH MUKPOKIMMAT, KOTOPBIA JeJacT
HEYMECTHBIMH Ja)kK€ MPOCThbIE JeTCKHe IanocTtd. Kaxknplil, oT AupekTopa 10 CaMOro IOHOIO
YYaCTHHMKA, OCO3HAET CBOIO MPUYACTHOCTh K CO3JaHHUIO aTMOC(EpHI, I'/ie IPUBETCTBYETCS aKTUBHO-
CO3HATEJIbHOE OTHOLICHUE K Jieny U Jocyry. lllkona octaBiser spkuil ciiel B KU3HU Y4alUXCsl, U
IIOTOM OHHU BO3BpalllalOTCs B HEe B KaueCTBE MAacTEpOB, UX IMOMOIIHUKOB, opranu3aropos. [llkona
MIOMOIJIa C OIpe/ieJieHueM Oy IyIiel CealbHOCTH MHOTUM CTapLIEKIaCCHUKAaM; OHU, TETEPh ykKe
BBITYCKHUKH BY30B, COCTAaBIAIOT LBET MPOTPAMMHUCTCKOTO COOOIIECTBA B HAIIEH CTpaHe U 3a ee
npeeIamH.

[ToznakomuThCcsi ¢ MarepuasiamMu JIETHHX IIKOJN IOHBIX MPOTPAMMHUCTOB MOXKHO Ha caiite

http://school.iis.nsk.su.
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Ipuaoxenue A. Aunoranuu macrepckux 2014 roga

1. Macrepckas "IIporpammupyem ¢ Yepenamkoii"

Macrep: JImutpuii 'opOyHOB

[Tonmactepne: Cepreit Ky3pkokoB

B mactepckoii manupyercs o0ydeHue MIaInX MKOJIFHIKOB HadajlaM MMPOrpaMMUPOBAHMS Ha
npuMmepe s3bika Jloro. Hekorma nomyinsipHeli s3bIK IIporpammupoBaHus Jloro ¢ npocTeiM
CHHTAaKCUCOM M MHTYUTHUBHO SICHOM IpaMuecKoil COCTaBISIONICH (TaK Ha3bIBAEMOH depernaimibei
rpaduKoii) XOpOIIO 3apEeKOMEHI0BAN ce0sl KaK MEPBbIM SI3bIK JJI U3YUYEHHUSI OCHOB MPOLEAYPHOTO
[IPOrpaMMHUPOBAHUSL.

B xome paboTbl MacTepckoil OyayT OCBOCHBI OCHOBHBIC KOHCTPYKIIMM W IIPHHIIHITHI
nporpaMMupoBaHusi (YCJIOBHS, LHMKJBI, BJIOKEHHBIC IUKIbI). Takxke IUJIAHUPYETCS OCBOCHHE WU
ucrnoinb3oBanue pexypcuu. [1o Bo3moxkHOoCTH OyAeT pa3oOpaHa KOHLEMIUS CTPYKTYp JaHHBIX. 3a
Bpems Jlerneit Ikonbl OyayT moapoOHO pazoOpaHbl M U3y4YeHbI 3a1aun onumnuaj mno Jloro as 5-7
KJIaCCOB.

Nuctpymentapuii: FMSLogo, Bo3moxHo LaTeX.

2. Macrepckas "Cucrema online-copeBHoBaHmii"

Macrep: Bnagucnas PetuBbix

ITonmacrepbe: AHacracus I'onoBaHoBa

MHoruM HaBepHsIKa CJIy4yajoCh Y4acTBOBaTh B PAa3IMYHBIX online-cOpeBHOBaHUAX (MHCATh
OJIUMIINA/IbI/CAABaTh TECTHI/IPOXOAUTH KBECTH/...). Y CTPONCTBO HEKOTOPHIX TaKMX COPEBHOBAHUI
ObUIO TEpHUMBIM, HEKOTOPBIX - HeT. Mbl HamuieM CHCTeMy, B KOTOpoil Oyner ynoOHO Kak
IIPOXOJUTh COPEBHOBAHMS, TaK U CO3/1aBATh UX.

Hamum  nmpoekrom  craner  WSGI-npuioxeHue, HamucaHHoe Ha  si3plke  python,
npenocrapisoomee web-uHTeppeinc s COo3laHusl IMPOU3BOJBHBIX COPEBHOBAaHUI C JHOOBIM
KOJMYECTBOM 3aJ]ad HY)KHOI'O BHJIA, CJauld OTBETOB K 3THM COPEBHOBAHUSM, a TAaKK€ IMPOCMOTpa
pE3YJIBTaTOB Ka)XKJI0T0 Y4acTHHKA.

PesynpTaTom paboTsl MacTepcKoit OyneT cuctema, KoTopas:

- MIO3BOJIUT JIFOOOMY JKETaroIIeMy CO3/1aTh U MPOBECTH CBOE COPEBHOBAHUE/TECT;

- OyzieT pa3nuyaTh BapUaHThI OTBETOB (TEKCTOBBIE/BHIOOP OHOTO/BBHIOOP HECKOIBKHX );

- IPEIOCTaBUT y1OOHBIH HHTEpdEic I TPOXOKICHNS COPEBHOBAHMUIA;

- 6y,Z[CT HMCTH aBTOPpHU3alULO.
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B pamkax macTepckoi Mbl:

- U3y4uM s3bIK python;

- HayduMcs paboTath ¢ 6a3aMu TaHHBIX;

- mo3Hakomumcst ¢ HTML u JavaScript .

TpeboBanust Kk  yuyacTHUKaM: >8 KJacc, 3HaHHWE JIHOOOr0  MPOLETYPHOrO  sI3bIKA
nporpammupoBanus (xenarenbHo C mwim Pascal)

WNuctpymenTapuii: ubuntu, python, vim/sublime text, git.

3. Macrepckas "Yuu MmeHs Be3e'

Macrepa: llymakos Anekceit, Cmupenko Kupusn

CeromHsi Bce MIKOJIBHUKK 03a004YeHBI MOATOTOBKOW K sk3ameHam (OI'D u EI'D). Ilpu stom,
IIOMHUMO YCIIYT PENeTUTOPOB, MHOTUE MOJb3YIOTCS CHUCTEMaMu OHJIAlH-00ydeHus. B Hamei
MaCTepPCKOW MBI CaMH CO3HaJUM CHCTEMY YAAJIEHHOTO OOYYCHHS, IO3BOJSIONIYIO YUUTEISIM
CO3/IaBaTh U MOJEPUPOBATh KYPChl, a YYCHHKAaM - TUCTAHIMOHHO 00ydaThCs (3TO OymeT 4To-TO
noxoxee Ha 100ege.ru). B pamkax MacTepckoii Mbl:

*  n3y4uM A3bIk CH#;

* no3HakoMuMcs ¢ ocHoBaMHu OOII (00BEKTHO-OPUEHTHPOBAHHOTO IPOTPAMMHUPOBAHUS);

*  II03HAaKOMHUMCS C OCHOBaMHM npoektupoBanus 110;

*  Hay4uMcs paboTaTh C CEThIO;

*  BO3MOXHO, HAyYUMCsI HCIIOJIb30BaTh MyJIbTUMEANA B IpOrpaMMax (ayauo, BUJIEO).

TpeboBanust k ydacTHUKaMm: 7-9 Kkjacc, 3HaHHWE JIIOOOTO  MPOILENYPHOTO  sI3bIKa
nporpamMmupoBanus (pascal, C u T.1.)

WuctpymenTapuii: Visual Studio 10 u Beie, Git.

4. Macrepckasa « WOW Ucnosanutean Ha JavaScript»

Macrep: bparycs Muxani

[Tonmacrepne: Bacunuii Kono6os.

Mactepckas pa3paboTaeT HECKOJIbKO HCHOJHUTENEH, KOTOpble OyayT OCTYINHBI Ha JHOOBIX
ycrpoiictBax ¢ mogaepxkkoit HTMLS (IIK, mnanmer, cmaprdon). WOW wucnomnutenu OyayT
pa3uTENbHO OTIMYATHCS OT IPUBBIYHBIX IIKOJIBHBIX CHCTEMaMU KOMaH/ U CBOMMHM CPEIaMHU.

*  U3y4yuM 3JeraHTHbIN JavaScript «strict mode»

* ocouM (PppeitmBopk Cocos2D HTMLS u ap.6onee mpocteie
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* ocHoBel HTML, CSS, DOM

*  CO3JaJIMM HECKOJIBKO UCITOJIHUTENCH, KOTOPBIX MOXHO OYJET HCIIOJIb30BATh HA OJIMMITHAIAX

* eciaM TocTapaeMcs, TO CO3IaguM pabouee MECTO MpemnojaBaTelis JIsi MOHUTOPUHTA
yuennyeckux [IK ¢ ucronnurensimu (Bbliaya 3alaHuid U IPOBEPKa PEICHHUS)

TpeboBanus k yyacTHUKaM: 7-9 kiacc (BaxkHee 3HAHUS, a HE KJIAcC), OMbBIT MPOrpaMMHUPOBAHUS
Ha MPOLIEYPHOM sI3bIKE TIporpammupoBanus, 3HakomctBo ¢ HTML, CSS (Bbl MOkeTe HauaTh 3TO
3HAKOMCTBO IPSIMO ceiuac)

HNuctpymentapuii: bioknor, FireFox, Firebug, Chrome, Paint.Net, Git.

(Bo3moxHO 1151 IDE, uto-TO Bpone Sublime Text 1 WebStorm).

5. Macrepckas «Summer School of Tanks»

Macrepa: ConosseB Biianumup BanepseBuu, Tymaiikun [lanun MuxaiinoBuu

ITogmacrepsbe: Puna Kauap

Cymb makoea: Bbl TIOOUTE TaHYHMKH, MBI J1I00UM ¢usuky. JlaBaiite cnemaem 3to BMecte! Mbr
oobenquHuM Bce nyuiiee oT TeeWorlds u WorldOfTanks! Mel nHanumem cereByto 2D urpy, B
KOTOpOl MOXKHO OyAeT e3QuTh Ha TaHKax, CTPeisITh (Muy-niuy) U rpabuTh "kKopoBaHbl"'. MbI
MPUKPYTUM K Urpe Hactosume ¢pusndeckue Gopmyinsl (E = mc2), Tak 4To cHapsasl OyIyT JIETeTh
KyJZla HaJl0, a TAHKM Na/IaTh B POIIACTH U B3JI€TaTh B HeOeca. Y Hac Jaxke OyneT peaakTop Kapt (Hy,
ecnu ero Hanumete BbI)! Kak Warcraft 2, Toinpko Ha TaHKax.

ITnrowku: Oynet pesuHoBas 6om0Oa, mopraisl U capail ¢ rycsmu (rycu ¢ Al)!

[lenu MacTepckoil: OCBOUTH TEXHOJIOTUN PEH/IEPHUTA U CETEBOTO B3aUMOJIEUCTBUS, PEAIU30BaTh
¢bu3nyecKyro MoJeNb, yKpenuTh 3Hanue C 1, BO3MOXKHO, o3HaTh C++.

Tpebyemblil ypoBeHb HIKOJBHUKOB: § KJlacc U Bhlle, 3HaHue C.

bvino 6v1 nennoxo: 3nanue OOII-A3bIKOB MPOrpaMMHUpPOBAHUS, YMEHUE U JKEJIaHHWE PHCOBATb
TaHYMKHU ¥ BCIIOMUHATh YPOKU (PU3HUKH.

WuctpymenTapuii: Visual Studio, FAR, ouH 13 nonmynspHbIX ABUKKOB peHIEpUHTa (HalpuMep,

SDL), git.

6. Macrepckasi ""UckyccTBeHHbI HHTeJIEKT"

Macrep: bopuc Jleonnnosuy Daiidens
B nanexue tenepp 60-€ roasl MPOLUUIOrO BEKAa MCCIEN0BATENSAM Ka3alocCh, YTO MCKYCCTBEHHBIN

(KOMIIBIOTEPHBIM) MHTEJUIEKT BOT-BOT OyAeT co3aaH. M st 3Toro ObuIM BeCKHE OCHOBAHMS:
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MpUAYMaH 3aMeyaTeNbHbIi S3bIK JIuch (Ha KOTOPOM MOYKHO MHCaTh camMooOydaeMble TPOrpaMMBl),
u Oblla HamMcaHa MporpaMma, oOmasch ¢ KOTOPOM, 4eI0BEK MOT OBl JIONTO HE JOTaJbIBaThCs O
TOM, YTO €ro coOecelHWK He onaymieBlieH. ABTOp mporpammbl J[x. BeiilenOaym Ha3Bam 3Ty
nporpamMmy “Onuza’”. Y4acTHHKaM MacTEPCKOM MpeaiaraeTcsi Co3/1aTh TaKyl MporpaMMy OOIIUMH
YCUIIMSAMU; HAyYUTh €€ PYCCKOMY SI3bIKY, CIeNlaTh MPUINYHBIN nHTepdeiic momp3oBatens. Bee ato
MBI BBHITIOJTHUM Ha si3bike Jlucm. Ber He 3Haere Jlucna? Hudero crpamrHoro — paboTy Mbl HAUHEM C
U3Y4YEHUs s3blKa. BO3MOXXHBIE YYaCTHHKM MAaCTEpCKOW: IIKOJBHUKH OT 6-7 Kjacca M BBILIE.

[IpenBaputenbHbIx 3HaHM JIucna He TpeOyercs. XKenarenbHa m000Bb K MATEMATHKE W XOPOIIHMA

Kpyro3op.

7. Macrtepckas "Urpsl pazyma'

Macrep: AHHa AHKYIMHOBa

[Tonmacrtepbe: Enena TutueBckas

[lenpro MacTepckol siBiIsIeTCs u3ydeHue ocHOB si3blka C/C++ M OCHOBHBIX QJITOPUTMOB, TAKHX
KaK COPTHPOBKHU, aITOPUTMBI Ha Tpadbl U HAa CUCKU. JIJig IPUMEHEHHsI TTOTYYCHHBIX 3HAHUMA MBI
HaIUIIEM “UCKYCCTBEHHBIM UHTEIJUIEKT  AJIA JIOTUYECKOU UIPhI Kajlax.

MacTtepckas pacuMTaHa Ha y4EHUKOB 5-7 Kjacca (IPUMEPHO), 3HAHHME KAaKOro-HUOYIb s3bIKA
MIPOrpaMMHUPOBAHUS TPUBETCTBYETCSI.

Hcnonb3yemsle s3biku: C/CH++.

Wuctpymentapuii: Windows, Visual Studio, moxet 6616 SVN.

8. Macrepckas "IlonckoBasi Mamuna"

Macrep: Knumo Huxomait

ITonmacrepbe: Apcenuit Lipimymkun

CeroHs CI0XHO MPEJCTaBUTh Kak Obl MbI KWJIM B C€TH 0€3 TaKUX CaTOB Kak google u sHJEKC.
OHM HAcTOJBKO IMPOYHO BOLUIM B HAIly JKW3Hb, YTO HAa3BaHME OJHOTO MX HHUX JlaXe CTallo
riarosioM. Y mpu 3ToM TOJIBKO 4 CTpaHbl B MUpE (IO CIIOBaM sIHJIEKCa) UMEIOT CBOM Kaue€CTBEHHBIC
MOUCKOBBIE CHUCTEMBbl. MBI mMoOmnbITaeMcs pa3o0parbcs MOYEMYy TaK IPOUCXOAUT, B UYEM TYT
CJIO’KHOCTB M KaK HaIllucaTh CBOIO MOMCKOBYIO MaluHy. J{a Tak, 4ToObI OHa enié u padboTana.

B xoze pa®oTbl MacTepckol Mbl M3y4UM MPOCTEUIINE AITOPUTMbI U CTPYKTYpPbl JaHHBIX,
UCIOJIb3yeMbIe B 3ajJayaX HH(OPMAIIMOHHOTO MOMCKa (Ha OJHOM KOMIIBIOTEPE, B ONEpaTHUBHOU

naMsITH): HalUIIeM oOpaTHBIE MHIEKCHI, peanu3yeM OyneB nouck (boolean retrieval), y3Haem, kak



102 Tuxonosa T./. HoBocuOmMpcKas JETHSSI ITKOJIA IOHBIX TporpaMMuctoB uM. A.T1. Epmrosa

UCTIPABIIATH ONEYATKH B 3ampocax. JoBOIBHO OOJNBIIYIO YacTh BPEMEHH MBI MOCBATHM H3yYECHUIO
s3bika C, cucrteme Linux 1 ManepaM XOpOIero nporpaMMHpPOBaHHUS.
Tpebyemslii ypoBens: 3Hanue Pascal, C wim apyroro si3pika 3TOro Kjiacca, >= § Kiacc.

HNuctpymenTapwii: gee, vim, make, svn.

9. Macrepckas "Ilpukiaodenus: B jadupunre"

Macrep: Unbst HacuOynos

[Moxmacrepne: ['e6 Psackun

bynem uzydars C, nunykc, ocHOoBbl OpenGL. Kak MHOro y3Haem - 3aBUCUT OT y4aCTHUKOB
MacTepckoi. B urore nanumem nabupuHT, ucnonb3dys OpenGL, B KOTopoM u OyIeT rynarh Hall
TJIABHBIN Tepoil. ByeT oH Mckath 4To-ITM00 B HEM, yOerarb OT MOHCTPOB HIIM JJaXKe OOPOTHCS ¢
HUMH - 3aBHCUT OT Hameil (anTazum u BosMoxkHocTel. JKmeM Bcex, HO Oe3 xenaHust padoTaTh HE
oepem :)

WuctpymenTapuii: vim, gec.

10. Mactepckas "KoHncTpykrop nntepbepa'

Macrep: Buktop AnexceeBnu CakepuH

[IporpamMa moO3BOJISIET CO3[aBaTh IUIAH KOMHAThl (BUJ CBEpXy), pa3MeliaTb B Hel MeOelb.
IIpenmersl MeOenu BBIMOJHEHBI BEKTOPHO, 4TOOBI MX OBUIO BO3MOXHO MacIiTabUpoBaTh W
MOBOPAYMBATh (KaK M BCE MOMeEIICHUE B 1eJoM). Korjma MUHUMaNIbHBIA YPOBEHb OYIET JOCTHTHYT,
HAa4YHYT J00aBIATHCS HAACTpOilku: 1) oTxaenbHas mporpaMMa s co3gaHus Mebenu; 2)
BO3MOYKHOCTh PEIAaKTUPOBAHMsI HE OJHOM KOMHAThl, a BCEM KBapTHUpBI; 3) pacuér IUIOIAAH,
3aHUMaeMoil MeOelbio U CBOOOIHOTO MPOCTpaHCTBA. MOXKET U elmé npuayMaeM, XBaTUiIo Obl CHIT U
BpPEMEHHU.

VYyacTHuKH HEe MoJIoXke 6 Kiacca, He 0osiTcsa MateMaTtuku. byner ucnonb3oBatees Pascal. Ecnu
00JIbIlIas YacTh YYaCTHUKOB €ro HE 3HAET, TO yueOHas 11eJib MacTepckoi OyaeT ero uzyuenue. Eciau

BCe y4acTHHUKH 3HatoT Pascal, 6ynem nzydars Delphi u peanin3oBeiBaTh NpOEKT Ha HEM.

11. Macrepckas ""BepositnocTHble I'padpnueckue Moaean"

Macrep: Kapacrok ITaBen
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[Toamactepne: Kono6os dEnop

CnyyallHOCTh M HEONPEAEIECHHOCTh - HEOTHEMIIEMbIE YaCTH JKM3HU JH000ro uenaoBeka. CKOJIbKO
BpeMeHH 3aiimet noe3aka? Kakoe neuenue nmyyiie nojeiicTByer Ha nanuenrta? Kakum Obu1 yposkait
B 3umOabBe B mpouuioM roay? s omucaHus CHUCTEM CIy4dalHBIX B3aMMOCBSI3aHHBIX BEJIWYMH
CYIIECTBYET alapar: BEpOSTHOCTHbIE Ipaduueckue Mozaenu. B Hameill Mactepckoil Mbl M3y4UM
€r0 U pealu3yeM CBS3aHHbIE C HUM airopuT™Mbel. Ha 3Toil OCHOBE Mbl HaNUIIEM P
JIEMOCTPALIMOHHBIX 3ajau.

TpebGoBanus: 8-9 knacc

HNucrpymentapuii: Octave
12. Macrtepckas «M3yuaem C#»

Macrep: Anekcanap I'ypbeBudy Mapuyk

C# sBnsieTcss OHUM U3 JIYYIIUX SI3bIKOB O0O0BEKTHO-OPHEHTUPOBAHHOTO MPOrpaMMUpOBaHus. B
MIPUHIIKAIIE, HaYaTh padotaTh Ha C# MPOCTO M IOCTYITHO IS BCEX, MMEIOIIUX XOTs Obl HauaIbHbBIC
MO3HAHUS B MPOTPaAMMHPOBAaHUU. bojiee MOATOTOBICHHBIC YUYEHUKH CMOTYT YBUJETH U OIIYyTHUTH
U3SIIECTBO U 3()PEKTUBHOCTD Pa3HBIX KOHCTPYKLUN U CIOEB KakK si3bIKa, Tak U 6ubmuoreku . NET
Framework . IlapamnenbHo ¢ y4yeOHBIM ILHMKJIOM, Y4YallMecs CMOTYT COCPEIOTOYUTHCS Ha
TBOPUYECKOM TIPOEKTE, MPEIINONOKUTEIbHO Web-nipunoxkenun uHTEpdeiica Kk 0a3ze TaHHBIX H
noxymenTos JILIIFOII.

Pa6ora 6yzner Bectucy B OC Windows, mnatdopma .NET , unctpymenransHas cucrema Visual
Studio . bynyt takke manbl snementsl 3HaHuil mo HTML , XML , CSS , JavaScript , kniueHT-
CEPBEPHBIM TEXHOJIOTHSIM.

TpeboBanust k yueHukam: onbIT padoTsl Ha [lackane nian Cu unu xoTs Obl Jloro.

13. Macrepckas "OuniaiiH-xpaHuiunie'

Macrep: Urops dynbles

Mpbl HanumieMm OHJIAMH-XPAaHWIMILE KAPTUHOK C KaTaJlOrM3alliel Ha OCHOBE METOK.
[Tonb30BaTens cMOXKET A00ABIATh KapTUHKH, 0003HA4YaTh MX TEraMu MO Pa3JIMYHBIM KPUTEPUSM
(paspeuieHue, TeMaTWKa, T[EPCOHATUM), OOBEAMHATH KAPTUHKHM B  CEPUU,0LIEHUBATH U
KOMMEHTHPOBATh HX.

[To BO3MOXHOCTH OpraHU3yeM psiJi TPOUYMX MOJIE3HBIX JOMOJIHEHUH), HAPUMED, A€TYILTUKALIUIO.

B pamMkax paboTsl B MacTepCKOH ydariuecs: HO3HaKOMSTCS ¢ OCHOBaMU BeO-pa3pabOTKH.

Ms1 Oynem ucnonbs3oBaTh node.js, jQuery, bootstrap, git, bash, imagemagick.
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Jl1st pa3paboTKu MBI OYZIeM MCIIOJIb30BaTh Pa3HbIC PEAAKTOPHI, B TOM YHCIIE Vim.

14. Macrepckas «CUMYJISITOP IBOJIIOLAN

Macrep: Hukura [Ipémos

Bb1 Ob1 XOTENM IpOCIeuTh, Kak pa3BUBaeTCs XKU3Hb? BinusaTh Ha X0/ ee TeueHusi? IMeHHO 3TUM
MBI U OyJleM 3aHUMaThCs: co3AaBaTh MUKpoMup. Hamu OynyT mpornucanbl caMu CYyIIECTBa, cpea
oOuTaHUs, yYUTHIBAs pa3HOOOpA3HbIC YCIOBHS (KOTOPBIE MO BO3MOKHOCTH OYAyT JOOABIATHCS). A
TaK)Ke MbI TIPOIUIIIEM MOJIETh UX U3MEHYMBOCTH M IMOCMOTPUM HA WX MOBEACHHS MPU PA3TUIHBIX
cuTyanusix. Mbl CMOXEeM MOMOYb UM Pa3BUThCA WIHM K€ HAO00OpPOT MOCTAaBUTh UM CJIOKHbBIE
yCIIOBUS BBDKUBAHUSI.

Cumynsarop 6ynet Hanucan Ha CH#.

PebGsita OoT 7 KI1acca MM OYCHB JKaXKTYIIIHC.

Wuctpymentapuii: Visual Studio 2012

15. Macrepckas "Flash-cryaus"

Macrep: Csetiiana Hukonaesna KoBaib

Coznath MyIbTQWIBM, aHUMAIIMOHHYIO UTPY, JACIOBYIO MPE3CHTAIUIO WM MPHUBJIEKATENbHBIHI
cait? Her Huuero mpoie, ecnu Bel Bianeete TexHosiorued Flash. Bce 3T BO3MOXXHOCTH MBI
MONBITAEMCSI OCBOUTH B XOJIe paboThl MacTepckoi. [IpurmamaroTcs Bce, KTO UHTEpecyeTcs web-
IU3afHOM M aHMMalMel, MpoOoBall PUCOBATh C MOMOIIBIO KapaHjaiia Ha Oymare WM JII000ro
rpadUyecKoro peakTopa Ha KOMIBIOTEPE U TO 3aHSATHE HE BBI3BbIBAET OTBpalleHue. O0s3aTeIbHO
OyzaeM porpaMMHpOBaTh!

[To3Hakomumcst ¢ ocHoBamu ActionScript



