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Event structures are a well-established model in concurrency theory. Two structurally
different methods of associating transition system semantics to event-oriented models are
distinguished in the literature. One of them is based on configurations (event sets), the
other — on residuals (model fragments). In this paper, we deal with a highly expressive
model of event structures — event structures for resolvable conflict (RC-structures) — and
provide isomorphism results on these two types of transition systems constructed from
RC-structures, in step and partial order semantics.
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1. Introduction

In [24], Nielsen, Plotkin and Winskel have introduced the concept of prime event structures
which are abstract representations of the behaviour of safe Petri nets. This event-oriented model
describes a concurrent system by means of a set of events, representing action occurrences,
and for every two events it is specified whether one of them is a predecessor for the other
(causality presented in the form a partial order), whether they exclude each other (conflict), or
whether they may happen independently (concurrency). The behaviour of an event structure
is formalized by associating to it a family of configurations, these being sets of events that
occur during runs of the represented system. A configuration can also be understood as a
state of the represented system, namely the state reached after executing all events in the
configuration. Since then, many studies have been conducted on possible relations among
events, giving rise to a number of different definitions of event structures. Flow event structures
[9] drop the requirement that causality should be a partial order. Bundle event structures [21]
are able to represent OR-causality by allowing each event to be caused by a member of a
bundle of events. Asymmetric event structures [5] introduce the notion of weak causality that
can model asymmetric conflicts. Inhibitor event structures [4] are able to faithfully capture the

dependencies among events which arise in the presence of read and inhibitor arcs. In [6] event
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structures, where the causality relation may be circular, are investigated, and in [1] the notion
of dynamic causality is considered. Configuration structures |13, 15] represent the behaviours of
event-oriented models as the collections of their configurations. The culminating point in these
studies is a highly expressive concurrency model called event structures for resolvable conflict
(RC-structures) [15] corresponding to arbitrary nets without self-loops, under the collective

token interpretation.

The association of transition systems with event-oriented models has proved to contribute
to studying and solving various problems in the analysis and verification of concurrent sys-
tems. It is distinguished two methods of providing transition system semantics with event
structures: a configuration-based and a residual-based. In the first (more ‘behavioral’) method
(see [1, 2, 12-15, 18, 19, 26] among others), states of transition systems are understood as sets
of configurations, and state transitions are built by starting with the empty configuration and
enlarging configurations by already executed events. In the second (more ‘structural’) method
|3, 9, 10, 19-22, 25|, states are understood as event structures, and transitions are built by
starting with the given event structure as an initial state and removing already executed (or
conflicting) parts thereof in the course of an execution. In the literature, the two semantics
have occasionally been used alongside each other (see [19] as an example), but their general
relationship has not been studied too deeply. In a seminal paper, viz. [23|, bisimulations
between configuration-based and residual-based transition systems have been proved to exist
for prime event structures [27]. This result has been extended in [7] to more complex event
structure models — prime/bundle/dual event structures with asymmetric conflict. A crucial
technical subtlety pertains to the removal operator that lies at the heart of residual semantics.
Counterexamples illustrate that an isomorphism cannot be achieved with the various removal
operators defined in |7, 23]. The paper [8] demonstrates that, nevertheless, the removal opera-
tors can be tightened in such a way that isomorphisms, rather than just bisimulations, between
the two types of transition systems constructed from a single event structure can be obtained
within a wide range of event-oriented models (namely, extended prime event structures, bun-
dle/dual event structures, flow event structures, stable/general event structures, configuration
structures), in different true concurrent semantics. In the paper [17], the relationships between
transition system semantics for RC-structures presented in standard form have been established

in step semantics, because only this semantics has been developed in [15].

The aim of this paper is threefold: to define partial order semantics within the configurations



System Informatics (Cucremuas undopmaruka), No. 20 (2022) 3

of RC-structures, to find a maximal subclass of the models where partial orders work properly,
and also to understand how transition systems based on configurations and residuals of RC-
structures, presented not necessary in standard form, are related in the context of partial order
multiset and step semantics.

This paper is structured as follows. In the next section, we first recall the definitions of the
structure and behavior (configurations) of RC-structures, and then consider and study their
special properties. In addition, there are defined partial order multiset and step semantics
for RC-structures. In Section 3, we determine and investigate a removal operator for RC-
structures in order to obtain their residuals. Section 4 contains the definitions of configuration-
and residual-based transition systems and provides isomorphism results between them in the
semantics under study, within RC-structures, presented not necessary in standard form. Section

5 concludes.

2. Event Structures for Resolvable Conflict

2.1. Basic Definitions of RC-structures and their Properties

In this subsection, we deal with event structures for resolvable conflict that were put forward
in [14] to give semantics to general Petri nets. A resolvable conflict structure consists of a set
of events and an enabling relation - between sets of events. The enabling X F Y with sets X
and Y imposes restrictions on the occurrences of events in Y by requiring that for all events
in Y to occur, their causes — the events in X — have to occur before. This allows for modeling
the case when a and b cannot occur together until ¢ occurs, i.e., initially a and b are in conflict
until the occurrence of ¢ resolves this conflict. In resolvable conflict structures, the enabling
relation can also model conflicts: events from a set Y are in irresolvable conflict iff there is no
enabling of the form X F Y for any set X of events. Further, an event can be impossible (i.e.
non-executable in any system’s run) if it has no enabling or has infinite causes or has impossible
causes/predecessors. In [15, 17], strict interrelations of resolvable conflict structures have been
established with a variety of event-oriented models known from the literature that are unable

to model the phenomena of resolvable conflict.

Definition 1. An event structure for resolvable conflict (RC-structure) over L is a tuple
E=(FE,F, L, 1), where E is a set of events; F C P(E) x P(E) is the enabling relation; L is

a set of labels; | : E — L is a labeling function.
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Introduce auxiliary notions and notations. For an RC-structure £ over L, a subset X C F,
and events e,d € F, define:

o Con(X) < VX C X3Z C E: Z+ X (consistency);

ectd < —Con({d,e}) (conflict);

ec<d < ec X forall X C E such that X F {d} (direct causality);

o X is left-closed iff X is finite, and for all X C X there exists a set X C X such that
X F X. The set of the left-closed sets of € is denoted as LC/(£). Clearly, we have Con(X)
for all X € LC(E);

e X is a configuration of £ iff X can be represented as an ordered set {ey,...,e,} (n > 0)
such that for all ¢ < n and for all Y C {ey,...,e;}, there is Z C {ey,...,e;_1} such that
Z Y. Let Conf(E) be the set of configurations of £. Clearly, any configuration X is a
left-closed set but not conversely. An event e € FE is called impossible (non-executable)
in & if it does not occur in any X € Conf(E);

efor X’ C X € Conf(€) and e,d € X, e <xsd <= e €Y forall Y C X’ such that
Y + {d} (direct causality within X'). Let <x be the reflexive and transitive closure of
< - In case when specifying £ is important for the context, we write <%. To save space
in the graphical representation, causality between events a and b within a configuration
is indicated by the notation a; b, the absence of causality (independence) — through allb.

efor X, X' € Conf(€), X - X' it X ={ey,...,en} (m>0), X' ={e1,..,€m,-.-,en}

(n > 0), and m < n.

Lemma 1. Given an RC-structure & = (E,F, L,1) and a configuration X € Conf(E), <x

s a partial order.

Proof. Suppose that € = (E,F, L,1) is an RC-structure and X € Conf(£). As <x is the
transitive and reflexive closure of <, it is sufficient to show that <y is antisymmetric. Assume
a <x band b <x a. This means that in X there exist events e1,...,e, (k > 1) and events
di,...,d; (I > 1) such that a = e; <x ea...ex1 <x e, =band b =d; <x dy ... di_1 <x
d; = a. Since X € Conf(£), we have an ordered set X = {z1,...,x,,} such that for all i <m
and all Y C {zy,...,x;} there is Z C {xy,..., 2,1} such that ZF Y. W.lo.g. assume a = z,
and b =z, (1 < p,q <m). If p= ¢, the result is obtained. Check the case when p # ¢. Consider
the sequence a = e; <x €y ... ex_1 <x ex = b. As b = z,, we can find C* C {xy,..., 7, 1}
such that C* F {b}. By the definition of <y, we obtain e;_; € C* C {zy,..., 7, 1}. Repeating

the above reasoning, we come to the conclusion e; = a € {z1,...,2,.1}. Hence, p < ¢g. Next,
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consider the sequence b = dy <x dy ... d;_1 <x d; = a. Applying the reasoning analogous to
the above, we obtain the contradiction ¢ < p.
Thus, p = q, i.e. a =0b. O
The next definition gives structural properties of RC-structures which, in suitable combina-

tions, determine subclasses of the models.

Definition 2. An RC-structure £ = (E,, L, 1) is:
e rooted iff (0,0) € +;
epure if X FY = XNY =0;
esingular (ff X FY = X=0V|Y |=1;
e locally conjunctive iff X; =Y (i € I #0) ACon({J;e; Xi UY) = e, Xi Y
e in standard form iff - = {(4,B) | ANB =0, AUB € LC(£)}.

Some of the definitions above lead to the following

Observation. Given an RC-structure £ = (F,F, L, 1),
(i) 0 € LC(E) iff & is rooted;
(ii) Conf(€) = 0 iff £ is not rooted,;

(iii) € is pure, if £ is in standard form.

Example 1. First, consider the RC-structure & = (Ey, b1, L,ly) from [15], where Ey =
{a,b,c}; b1 consists of 0 1 X for all X # {a,b} and {c} b1 {a,b}; L = Ei; and 1y is the
identity labeling function. It is easy to see that LC(E) = Conf(&E) = {0, {a}, {b}, {c},
{a,c}, {b,c}, {a,b,c}}. In addition, we get <§§: 0, for all X € Conf (&), and, for example,
{0} — {b,c,a}. This RC-structure models the initial conflict between the events a and b that
can be resolved by the occurrence of the event c. The RC-structure is:

e rooted (because (1,0) € b1),

e pure (because X NY =10, for all (X,Y) € k),

e not singular (because ({c},{a,b}) € F1),

e locally conjunctive (because X is unique, for all (X,Y) € Fy)).

e not in standard form (see the standard form of & in Example 3).

Second, consider the RC-structure €y = (Ea,ba, L,15), where Ey = {a,b,c}; Fo= {(0,0),
(0,{a}), ({a}, {0}), ({a}, {c}), ({b},{c}), (0,{a,b}), (0, {a,c}), (0, {b,¢}), (0, {a,b,¢})}; L =

Ey; and Iy is the identity labeling function. Using the relation o, we get that LC(E) =
Conf (&) = {0, {a}, {a,b}, {a,c}, {a,b.c}}y. In addition, <2, = {(a,b)}, <2 ,= {(a,0)},
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<f§70}: {(b,0)}, -<i21,b,c}: {(a,b)}, and, for example, {a} — {a,b,c}. The RC-structure is:
e rooted (because (1,0) € F3),
e pure (because X NY =10, for all (X,Y) € k),
e singular (because X =0 V | Y |=1, for all (X,Y) € ),
e not locally conjunctive (because ({a},{c}), ({b},{c}) € F2 and (0,{c}) €+>),
e not in standard form (see the standard form of & in Example 2).

Third, examine the RC-structure & = (Es,b3,L,13), where B3 = {a,b}; F3 = {(0,0),
(0,{a}), (0,{b}), ({a},{a,b})}; L = Es; and 3 is the identity labeling function. It is easy to
see that LC(&;) = Conf(&3) = {0, {a}, {b}, {a,b}}. It is not difficull to observe that <‘§Z,b}: :
Notice that {a} — {a,b} and {b} /4 {a,b}. The RC-structure is:

e rooted (because (0,0) € F3),

e not pure (because ({a},{a,b}) € F3),

e not singular (because ({a}, {a,b}) € F3),

e locally conjunctive (because X is unique, for all (X,Y) € F3)),

e not in standard form (see the standard form of E; in Example 2).

Fourth, check the RC-structure & = (Ey, by, L,ly), where By = {a}; b4 = {(0,{a}),
({a},0)}; L = E4; and 1y is the identity labeling function. It is easy to see that LC(E4) = {{a}}
and Conf(&E;) = 0. The RC-structure is:

e not rooted (because (,0) & b4),

o pure (because X NY =10, for all (X,Y) € by),

e not singular (because ({a},0) € F4),

e Jocally conjunctive (because X is unique, for all (X,Y) € Fy)),
e in standard form.

Fifth, observe & = (Es,bs,L,15), where Es = {a,b,c}; Fs= {(0,0), (0,{a}), (0,{0}),
({a},{c}), ({b},{c}), (0,{a,c}), (0,{b,c})}; L = Es; and l5 is the identity labeling function.
It is not difficult to see that LC(E5) = Conf (&) = {0, {a}, {0}, {a, ¢}, {b,c}}. Also, <7 4=
{(a,c)}, <§Z7C}: {(b,0)}, and {a} — {a,c} and {b} — {b,c}. The RC-structure is:

e rooted (because (0,0) € Fs5),

e pure (because X NY =10, for all (X,Y) € F5),

o singular (because X =0V |Y |=1, for all (X,Y) € b5),

e locally conjunctive (because ({a},{c}), ({b},{c}), and =(Con({a,b,c}))),

e not in standard form (see the standard form of & in Example 2).
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Next, we establish essential facts concerning the standard form of RC-structures.

Proposition 1. Given an RC-structure £ = (E,, L, 1),
(i) € can be transformed into the RC-structure SF(E) = (E,F, L,1) in standard form such
that LC(E) = LC(SF(E)). Moreover, SF(E) is rooted iff € is rooted;
(ii) Conf(E) = Conf(SF(E)), and, moreover, X — X' in & <— X — X' in SF(E), if £
1s a pure RC-structure;
(i) for a configuration X € Conf(E), jizjiﬂg), if £ is a pure, singular and locally con-
gunctive RC-structure.

Proof. (i) For the transformation £ = (F,F, L,1) into standard form SF(E) = (E,ﬁ, L,1),
we can directly put F = {(4,B) | BC C € LC(E),A=C\ B}.

Clearly, LC(E) = 0 iff LC(SF(E)) = 0. Suppose X € LC(E). For any Y C X, take
Z = X\ Y. Then, Z F Y, by the construction of F. Hence, ZUY = X € LC(SF(E)).
Conversely, assume X € LC(SF(E)). Then, there is Z C X such that Z X, By the
construction of F, X = ZU X € LC(E). Thus, LC(E) = LC(SF(E)). Tt is easy to see that
SF(E) is rooted iff £ is rooted.

(ii) Assume & being a pure RC-structure. Using Observation (ii) and item (i), it is straight-
forward to show that Conf(E) = 0 iff Conf(SF(E)) = 0. Take an arbitrary X € Conf(SF(E)).
This means that X = {ej,...,e,} (n > 0) such that for all i <n and for all Y C {ey,...,¢e;},
there is Z C {ey,...,e;1} such that Z F Y. Clearly, X; = {ey,...,e;} € LC(SF(E)), for all
i < n. Thanks to item (i), X; € LC(E), for all i < n. Take arbitrary i < n and ¥ C X.
Consider two possible cases.

e; € Y. Since X; € LC(E), thereis Z C X, such that Z+ Y. Due to £ being a pure RC-structure,
ZNY =0. Hence, e; € Z. So, Z C X;_;.
e; ¢ Y. This means that Y C X; 4. Since X; ; € LC(E), there is Z C X; 4 such that ZF Y.
Thus, X € Conf(&).

Suppose X € Conf(€). By Observation (iii), SF(E) is a pure RC-structure. Following
similar lines of the proof in the opposite direction, we obtain X € Conf(SF(E)).

Check that X — X'in & <= X — X' in SF(£). Assume that X — X’ in €. This means
that X, X' € Conf(€), X = {e1,...,ex} and X' = {ey,...,e,} (0 <k < n). Due to € being
a pure RC-structure, we may conclude that X, X’ € Conf(SF(E)) with the same ordering
of events as shown above. Hence, X — X’ in SF(£). Conversely, suppose that X — X' in

SF(E). The proof of the result is analogous to that in the opposite direction. Thus, X — X’
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in £.
(iii) According to items (i) and (ii), we have that LC(E) = LC(SF(E)) and Conf(€) =
Conf(SF(E)), respectively, since £ is a pure RC-structure.
Consider arbitrary events e,d € X € Conf(€) such that e <% d. Check that e %iF(g) d.
Take an arbitrary set Z C X such that Z Fgpe) {d}. By the construction of SF(E), we
obtain Z U {d} € LC(&). This means that for all Z/ C Z U {d} there exists a set Z” C Z U {d}
such that Z” k¢ Z'. Hence, we can find a set W C Z U {d} such that W ¢ {d}. Note that
W N {d} = 0, due to £ being a pure RC-structure. So, W C Z. By the definition of <%, we
have that e € W. Hence, e <§(F(5) d.
Conversely, take arbitrary events e,d € X such that e <iF(€) d. We need to show that
e 2% d. Since X € Conf(£), we have an ordered set X = {e;,...,e,} such that for all
i<mandall Y C{ey,...,e;} thereis Z C {eq,...,e;1} such that Z ¢ Y. W.lo.g. assume
d=-¢, (1 <q<m). Clearly, X, = {e1, ..., e;} € LC(E) and Con(X,). Define the set
C?={xr € X, |z =% d}. Check that C? € LC(E). Take an arbitrary W C C?. Treat three
admissible cases.
|W| = 0. Since X € Conf(E), it holds that Conf(E) # (). By Observation (ii), we get that £ is a
rooted RC-structure. Hence, we have () k¢ ) = W.
(W|=1.Wlo.g. assume W = {z}. As W C X, € LC(E), there is at least one A; C X, such
that A; ¢ {z}. Due to £ being a locally conjunctive RC-structure and Con(X,), we can
find A = (,c; 4i € X, such that A ¢ {z}. Then, we obtain that a <% z for all a € A,
thanks to the definition of <%. Because of z € C¢, we have z < d. Hence, for all a € A
it holds a <% d, by the transitivity of <§. Thus, A C C%
W[ >2.As W C X, € LC(E), we can find W' C X, such that W' ¢ W. Since £ is a singular
RC-structure and |[W| > 2, it holds that W' = () C C%.
Thus, C% € LC(€) and d € C?. Due to the construction of SF(E), we obtain C*\ {d} Fgp(e)
{d}. Ase <§(F(€) d, it holds e € C?\ {d}. This means that e <% d, by the definition of C%. O

We illustrate the validity of Proposition 1.

Example 2. First, consider the rooted, pure, not locally conjunctive and singular RC-struc-
ture &y = (Ey, bo, L, ly) from Ezample 1. Recall that Ey = {a,b,c}; Fo= {(0,0), (0,{a}),
({a}, {0}), ({a}, {c}), ({0}, {c}), (0.{a,b}), (0. {a,c}), (0, {b,c}), (O, {a,b,c})}; L = Ep; and
ly is the identity labeling function. We know from Ezample 1 that LC(Ey) = Conf (&) = {0,
fa}, {a.b}. {a.c}, {a.b.c}}, and <2, = {(a.b)}.
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The structure & can be presented in standard form &y, with Fy = {(0,0), (0,{a}), ({a},0),
» {a

({a}.{0}), ({6}.{a}), (0.{a,;0}), ({a,0},0), ({a},{c}). ({c}, {a}), O, {a,c}), ({a,c}, 0),
({a},{b,c}), ({b, e} {a}), ({0}, {a,c}), ({a,c}, {0}), ({c}, {a,b}), ({a, b}, {c}), (0, {a,b,c}),
({a,b,c}, 0)}. It is easy to see that LC(E) = LC(&), and Conf (&) = Conf (&), as & is
pure. Using the relation ’}:’27 we get -<%1,b,c}: {(a,b), (a,c)}. Then, '<?(21,b,c}7£'<f2,b,c}7 because &

15 not locally conjunctive.

Second, examine the rooted, not pure, locally conjunctive and not singular RC'-structure &3 =
(Es, b3, L,l3) from Ezample 1. Here, E5 = {a,b}; F3= {(0,0), (0,{a}), (0,{b}), ({a},{a,b})};
L = Es; and 3 is the identity labeling function. We know from Ezample 1 that LC(E;) =
Conf (&) = {0, {a}, {b}, {a,0}}, and <3 ,,= 0. In addition, {a} — {a,b} and {b} # {a,b}
in Es.

The structure & can be presented in standard form Es, with F5 = {(0,0), (0,{a}), ({a},0),

(0,{b}), ({b},0), ({a},{b}), ({b},{a}), (0,{a,b}), ({a,b},0)}. It is not difficult to see that

Conf(&) = {0, {a}, {b}, {a,b}}, and K%b}: 0. Also it is true that {a} — {a,b} and,

however, {b} — {a,b} in &, because E; is not pure RC-structure.

Third, examine the rooted, pure, locally conjunctive and singular RC-structure & = (Ej,
bs, L, l5) from Example 1. Recall that Es = {a, b, c}; F5= {(0,0), (0,{a}), (0,{b}), {a},{c}),
({b},{c}), (0,{a,c}), (0,{b,c})}; L = Es; and Iy is the identity labeling function. We know
that LO(&;) = Conf (&) = {0, {a}, 1), {a e}, e}, and <52y = (0.9}, <5y= ((1.0))

The structure E; can be presented in standard form Es, with 5 = {(0,0), (0,{a}), ({a},0),
0,{0}), ({0}, 0), ({a}, {c}), ({c}, {a}), (0, {a, ¢}), ({a,c}, 0), ({0}, {c}), ({c}, {b}), (@, {b,c}),
({b,c}, 0)}. It is easy to see that LC(Es) = LC(Es), and Conf(Es) = Conf(Es), as & is pure.
Using the relation Fs, we get ‘<f{?3,c}: {(a,c)} and "<fl§,c}: {(b,¢)}. Then, -<?Z7C}:<%’L’C} and
—<‘§Z7c}:—<fz,c}, because & is a rooted, pure, locally conjunctive and singular RC'-structure.

2.2. Different Semantics for RC-structures

In this subsection, we introduce partial order multiset (pom) and step (step) semantics for
RC-structures.
We first define auxiliary notions and notations. For configurations X, X' € Conf(£), we
write:
o X —pom X' iff X — X7,
o X —ep X If X — X' in &, and X" € Conf(€), for all X C X" C X'.



10 Gribovskaya N.S., Virbitskaite I.B. Partial Orders in Transition Systems from RC-Event Structures

For x € {pom, step}, a configuration X € Conf(E) is a configuration in *-semantics of & iff
) —* X, where —7% is the reflexive and transitive closure of —,. Let Conf,(€) denote the set

of configurations in x-semantics of £.

Lemma 2. Given an RC-structure £ and x € {pom, step},
(1) Conf (£) = Conf(£);
(1)) X =, X' in& <= X —, X" in SF(E), if £ is a pure RC-structure.

Proof. (i) Due to the definition of x-semantics, we have Conf,(E) C Conf(E). We shall show
Conf (&) C Conf ,(€). Take an arbitrary X € Conf(€). This means that X can be represented
as an ordered set {ej,...,e,} (n > 0) such that for all i <n and for all Y C {ey,...,¢e;}, there
is Z C{ey,...,e;_1} such that Z Y. Clearly, X; = {e1,...,e;} € Conf(E) for all i < n. If £
is a rooted RC-structure, it holds () € Conf(E). Then, we obtain ) —* X, by the definitions of
a configuration and the relation —,. Hence, X € Conf,(€). If £ is not rooted, it is true that
Conf,(E) = Conf(E) = 0.

(ii) It follows from the definitions of the transition relations and Proposition 1(ii). O

For an RC-structure € and X, X’ € Conf(€), we write E[(X'\ X) = (X' \ X), 2xnx) =
=x N (X'\ X x X'\ X),Ll | xnx)), if X =pom X'. We say that E[(X'\ X) and E[(Y'\Y)
are isomorphic iff there is a bijection ¢ : (X" \ X) — (Y \Y) such that (z,2’) € <(xx) iff
(t(x),u(2")) € 2vny), for all 2" € (X'\ X), and l(z) = I(«(z)), for all z € (X" \ X). Let
[ET(X"\ X)] denote the isomorphic class of E[(X’\ X).

Given * € {pom, step}, an RC-structure £ over L, and configurations X, X’ € Conf (&)

such that X —, X', we write:

[ET(X"\ X)), if x = pom,

l*(X \X): Y (VOJGLi M(a):‘{@EX/\X’Me):aJ}D’ if*zstep.

3. Removal Operator for RC-structures

The standard form of RC-structures and their ability to specify impossible events allow us
to develop a relatively simple structural definition of the removal operator which is useful for

constructing residuals of RC-structures.

Definition 3. For an RC-structure € = (E, F, L, 1) in standard form and X € LC(E), the
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removal operator is defined as follows: £\ X = (E', V', L, l'), where

E = E\X,
= {(A',B")| 3(A,B) €F s.t. A' = ANE', B' = BNE', (A'UB'UX) € LC(€)},
U= 1.

According to the definition above, we remove all events in X and retain the events that,
when combined with X, do not form left-closed sets and, therefore, conflict with some events
in X; however, we make the conflicting retained events impossible by deleting their enabling

relations.
Consider properties of the removal operator.

Lemma 3. Given an RC-structure € in standard form and X € Conf (),
(i) E\ X is an RC-structure;

(1) (X UY) e LC(E) < Y e LC(E\ X), for any Y C E';

(iii) E\ X is a rooted RC-structure & in standard form.

Proof. (i) According to Definition 1, £ \ X is an RC-structure.

(ii) Take an arbitrary Y C E’. Then, X NY = (), due to Definition 3.

(=) Suppose (XUY) € LC(E). Then, forall Y C Y, (YUY) € LC(E), where Y = XUY'\Y.
As £ is in standard form, Y+ }7, forall Y C Y and the corresponding Y. Obviously, (?U (?’ =
Y\ X)UX) e LCE) and Y C Y. Due to the definition of H, for all Y C Y, there exists
Y’ C Y such that Y’ +' Y. Thus, Y € LC(E\ X).

(<) Assume Y € LC(E\ X). Then, for Y there is ¥ C Y such that ¥ F Y. By the
definition of H, this implies that (X UY UY) = (X UY) € LC(€).

(iii) We first show that £ \ X is in standard form.

(=) Suppose A’ ' B’. Then, we can find A F B such that A’ = ANE', B = BN E' and
(A UB'UX) e LC(E), due to the definition of . Since £ is in standard form, it holds that
ANB = (). This implies that A’/NB" = (). Thanks to item (ii), we get that (A’UB’) € LC(E\ X).

(<) Assume C" € LC(E\ X). Take B' C C" and A" = "\ B'. According to item (ii),
(C'UX) = (AUB'UX) € LC(E). Moreover, since (A'UX)NB" =, we get that A/AUX + B/,
due to £ being in standard form. Hence, A’ ' B’ by the definition of .

As X € LC(€) and € is in standard form, (0,0) € H, i.e. £\ X is rooted. O

Next we establish the relationships between configurations and partial orders in the original

RC-structure and its residuals.
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Proposition 2. Given an RC-structure £ in standard form,
(1) for any X, X' € Conf(E) such that X — X',

(a) X'\ X € Conf(E\ X);

(b) ji\,)\(X:jﬁ, N (X'\X x X'\ X), if € is the standard form of a singular RC-structure;
(i1) for any & = E\ X, with X € Conf(E), and for any E" = &'\ X', with X' € Conf(&'),

X—=>XUX"in€& and&" =€\ (X UX').

Proof. (i(a)) Take an arbitrary X, X’ € Conf(€) such that X — X'. As X — X', we
have X = {e1,...,en} (m > 0), X' = {e1,...,em, €mi1,---,en} (n > 0), and m < n. Let
X'\ X ={ems1,..-,€n}. Check that X'\ X € Conf(E\ X). Take an arbitrary i <n —m and
an arbitrary A C {e,,41,...,€nyi}. Consider possible cases.

A = (. We have ) ' 0, because £ \ X is rooted, by Lemma 3(iii).
A # (. Notice that {e1,...,eni} € Conf(E) C LC(E), for all i < n — m. Define B =
{e1, ... semrit VA, if ey € A, and B = {ey,...,emri1} \ A, otherwise. Clearly,
B C {e1,...,emti—1}. Since & is in standard form, we get B + A. According to
Lemma 3(ii), it holds B\ X U A € LC(E \ X). We know that £ \ X is in standard
form, thanks to Lemma 3(iii). Hence, B\ X H A.
Thus, X'\ X € Conf(€\ X).

(i(b)) Take arbitrary events e,d € X'\ X. Assume e <%, d. Check that e <§(\,)\(X d. Take an
arbitrary set Z C X"\ X such that Z ¢\ x {d}. By Definition 3, we obtain ZU{d}UX € LC(E).
This means that for all Z’ C ZU{d}UX there exists a set Z"” C ZU{d}UX such that Z" ¢ Z'.
Hence, we can find a set W C ZU{d} U X such that W ¢ {d}. By Observation (iii), it holds
that £ is a pure RC-structure. Thus, W N{d} = 0. So, W C ZUX C X'. By the definition of
<%, we have e € W. Since e € X'\ X and W C ZU X, we conclude e € Z. Hence, e —<§<\,)\(X d.

Conversely, suppose e %i\,)\(x d. We need to show that e <4, d. Consider an arbitrary set
Z C X'such that Z F¢ {d}. Due to € being in standard form, we obtain that ZU{d} € LC(E).
Moreover, d ¢ Z, by Observation (iii). As & = SF(F), we obtain LC(E) = LC(F), due to
Proposition 1(i). It is sufficient to check that X U Z U {d} € LC(F). Take an arbitrary
W C X UZU{d}. Three cases are admissible.

|W| = 0. Since X’ € Conf(E), we may conclude that Conf(E) # (). This means that £ is rooted,
by Observation (ii). Due to Proposition 1 (i), we get that F is a rooted RC-structure.
Hence, 0 Fx 0 = W.

(W] =1. W.lo.g. assume W = {z}. Consider two possible cases.
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z € X.Since X € LC(E) = LC(F), there is W' C X C X U Z U {d} such that W' £ {z}.
z ¢ X.Hence, z € (ZU{d})\X. As ZU{d} € LC(E) = LC(F), we can find W' C ZU{d} C

X UZU{d} such that W'tz {z}.
|[W|>2.Since W C XUZU{d} C X' € LC(E) = LC(F), there is W’ C X’ such that W'z W.
Due to F being a singular RC-structure and |W| > 2, it is true that W' = () C XUZU{d}.
Thus, X U Z U {d} € LC(E) = LC(F). Due to Definition 3, we obtain Z \ X kg x {d}. As

e —<§(\,)\(X d, it holds e € Z \ X. Thus, e <%, d.

(ii) Assume that X € Conf(€) and X' € Conf(&’), where & = £\ X. Then, we can
arrange X = {ey,...,e,} so that for all i < n and for all Y C {ey,...,e;}, there is Z C
{e1,...,ei_1} such that Z F Y, and arrange X’ = {¢/,...,¢e/,} so that for all 7 < m and for
all Y' C {ef,... € }, there is Z' C {e],...,e; ;} such that Z' ' Y'. Define e, = ¢}, ...,
en+m = €. Take an arbitrary i < n 4+ m and an arbitrary Y C {ey,...,e;}. If i < n, the
result follows from the fact that X = {e;,...,e,} € Conf(E). Consider the case when n < i.
Define Y/ =Y NE’. Due to X' € Conf (&), there is Z' C {¢},...,¢,_,} such that Z' ' Y’. By
virtue of Lemma 3(iii), & = £ \ X is in standard form. Thus, Z’UY’ € LC(E’). According to
Lemma 3(ii), we may conclude Z' UY' U X € LC(E). Due to £ being in standard form, this
implies Z F Y, where Z = (ZZUY'UX)\Y. Clearly, Z C Z7U X C {ey,...,e;_1}. Hence,
X UX' € Conf(E). Obviously, X ={ey,...,e,} > XUX ={ey,...,en,€},..., €}

Check that (£\ X)\ X' = £\ (X UX'). Define & = &\ X' and € = £\ (X U X'). We
need to show £ = €. By Definition 3, E” = E'\ X' = E\ X\ X' = E\ (X UX') = E,
and " =1 |gn=1|z= 1. Verify that LC(E") = LC(E). Thanks to Lemma 3(iii), £ and £ are
rooted RC-structures in standard form. Then, LC(E”) # 0 and LC(E) # 0. W.lo.g. take an
arbitrary Y € LC(E"). According to Lemma 3(ii), Y € LC(£") <— YU X € LC(E') <~

YUX' UX € LOE) < Y € LC(E\ (X UX') = LC(E). Hence, H'=F. O
We demonstrate the validity of Proposition 2.

Example 3. First, consider the rooted, pure, locally conjunctive and not singular RC-struc-
ture & = (E1,b1, L, ly) from Ezample 1. Recall that E1 = {a,b,c}; 1 consists of O F1 X for
all X # {a,b} and {c} 1 {a,b}; L = Ey; and 1y is the identity labeling function. We know
from Ezample 1 that LC(&;) = Conf (&) = {0, {a}, {b}, {c}, {c,a}, {b,c}, {b,c,a}}.

By building the standard form of &, we get the enabling relation of &: F, = {(0,0),
0,{a}), ({a},0), (0,{0}), ({b},0), (0.{c}), ({c},0), (D.{a,c}), ({a,c},0), ({a},{c}), ({c},
{a}), (0,{b,c}), ({b,c},0), ({b}.{c}), ({c}, {b}), ({a}, {b,c}), ({b,c} {a}), ({b}. {a,c}).
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(a,ct, {b}), ({c}, {a,0}), ({a, b}, {c}), (0, {a,b.¢}), ({a,b,¢}, D)} It is easy to see that
LC(&) = LC(&) and Conf(&) = Conf(&)). In addition, we have that {b} — {b,c} and
{b} = {b,c,a} in E. Moreover, it holds <‘{§;707a}: 0.

Construct the RC-structure & \ {b} = ({a,¢},F5, L, 15 = liliae), where F* = {(0,0),
(0,{c}). ({c}.0), (0.{a,c}), ({a,c},0), (a}.{c}), ({c}, {a})}. Then, we obtain Conf (& \
{b}) = {0, {c}, {c,a}}. So, {b,c,a} \ {b} = {c,a} € Conf(& \ {b}). On the other hand,
<il)’c’a} N ({¢,a} x {c,a}) =0 7&4‘2;{;}: {(c,a)}, although {b} — {b,c,a} in &. This is
because & is not singular.

Next, construct the RC-structure (€, \ {b}) \ {c} = ({a},F3*, L, I;* = Iil1a}), where = =
{(@,9), 0.{a}), ({a},0)}.

At last, construct the RC-structure £ \ ({b} U {c}) = ({a}, ™, L, I = lilta}), where
= {(0,0), 0,{a}), {a},0)}. So, we see that {b} — {b,c} in &, and (& \ {b}) \ {c} =
E\ ({bYU{c}), confirming the validity of Proposition 2(ii).

Second, consider the rooted, pure, locally conjunctive and singular RC-structure & = (Ej,
Fs, L, I5) from Example 1. Recall that Es = {a,b,c}; b5 = {(0,0), (0,{a}), (0,{b}), ({a}, {c}),
({b},{c}), (0,{a,c}), (0,{b,c})}; L = Es5; and l5 is the identity labeling function. Moreover,
LC(&) = Conf (&) ={0,{a},{b},{a,c}, {b,c}}, and —<f37c}: {(a,c)} and —<%’;,c}: {(b,¢)}.

From FEzample 2 we know that the enabling relation in the standard form gg] of & looks
like this: Fs = {(8,0), (0,{a}), ({a},0), (0, {b}), ({6},0), ({a} {c}), ({c}, {a}), (0, {a,c}),
(fa.ch, 0), (b}, {ch), (e}, {b}), (B, {b.c}), ({bic}, D)}, In addition, LC(E) = LC(Es),
Conf (&) = Conf (&), and <fZ,C}= {(a,0)}, <f§;c}: {(b,¢)}. Notice that {b} — {b,c} in &;.

Consider the RC-structure &\ {b} = ({a,c}, Ft, L, 1), where %5 = {(0, 0), (0, {c}), ({c},
0)}. Then, we obtain Conf(E;\ {b}) = {0, {c}}, and —<fi}\{b}= 0. Hence, it holds that —<f2,c}
N ({c} x {c}) :<fi}\{b}. So, the example with E; confirms the validity of Proposition 2(i(b)).

4. Transition Systems 7C(-) and TR(-) from RC-structures

In this section, we first give some basic definitions concerning labeled transition systems.
Then, we define the mappings 7C(€) and TR(E), which associate two distinct kinds of tran-
sition systems — one whose states are configurations and one whose states are residual RC-
structures — with the RC-structure & labeled over the set L of labels.

A transition system T = (S, —, ) labeled over a set L of labels consists of a set of states

S, a transition relation —C S x £ x 5, and an initial state ¢ € S. Two transition systems
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labeled over £ are isomorphic if their states can be mapped one-to-one to each other, preserving
transitions and initial states.

Let L be a fixed set of labels in RC-structures). Let Ly, := N} (the set of multisets over
L, or functions from L to the non-negative integers), and L,,,, := Pom, (the set of isomorphic
classes of partial orders labeled over L) be another sets of labels. (The sets will be used as the

set of labels in the transition systems.)

We are ready to define labeled transition systems with configurations as states.

Definition 4. For a rooted RC-structure £ over L and x € {pom, step},
TCL(E) is a transition system (Conf,(E), —, 0) over L,,
where X L X' iff X =, X' and p=1,(X'\ X) in &.

We exemplify a feature of the above definition.

Example 4. Consider the not rooted RC-structure £y = (Ey, b4, L, 14) from Example 1. Re-
call that Ey = {a}; 4= {(0,{a}),{a},0)}; L = E4; and ly is the identity labeling function.
We know that LC(E4) = {{a}}, and Conf(&Es) = 0, as &, is not rooted, i.e. (0,0) ¢-y4. We
cannot construct the transition system TC.(Ey) = (Conf (E1), —+, 0) over L, (x € {pom,

step}) because the initial state ) must belong to Conf(Ey).

Lemma 4. Given a rooted RC-structure &,

(i) TCsep(E) = TCuep(SE(E)), if € is a pure RC-structure;

(1t) TCpor(E) = TCpor(SF(E)), if € is a pure, singular and locally conjunctive RC-structure.
Proof. Let x € {step,pom}. Due to Lemma 2(i), we obtain that Conf,(£) = Conf(E) and
Conf (SF(E)) = Conf(SF(E)). Since & is a pure RC-structure, we have that Conf () =
Conf (SF(E)), by Proposition 1(ii). Thus, we obtain Conf,(£) = Conf,(SF(E)). Moreover,
according to Lemma 2(ii), the relation —, in & is equal to the relation —, in SF(E).

Thanks to the construction of SF(E) and the definition of ly.,(-), it easy to see that

SF(&
lSt@]S )

E —
step —

If £ is a pure, singular and locally conjunctive RC-structure, it holds that jizj}gf(g), for
all X € Conf (£) = Conf (SF(E)), due to Proposition 1(iii). Hence, I£,,, = lyon -

So, by Definition 4, we get —¢=—2"_ Thus, TC,(E) = TC,(SF(E)). O
We illustrate the validity of Lemma 4.

Example 5. From Ezample 1 we know that & is a rooted and pure RC-structure, 5 is a

rooted and not pure RC-structure, and & is a rooted, pure, singular and locally conjunctive
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{0} c {b,c}

Fig. 1. The configuration transition system 7'Csiep(E1)

{a} ————{a,¢}

{0} ————{b¢}

C

Fig. 2. The configuration transition system 7TCpom (Es)

RC-structure. The transition system TCse,(E1) is shown in Fig. 1, and the transition system
TCrom(Es5) is depicted in Fig. 2. Using Examples 8 and 2, respectively, it is easy to make sure
that TCstep(E1) = TCs1ep(SF(E1)) and TCpom(E5) = TCporn(SF(E5)). However, this does not
apply to & for both semantics. It is easy to see this by looking at Fig. 3 and 4.

{a} —L— {a,}

;S

0

N

{b}

Fig. 3. The configuration transition system 7'Ciep/pom (E3)

Next, introduce the definition of labeled transition systems with residuals as states.

Definition 5. For an RC-structure £ over L in standard form and x € {pom, step},
TR.(E) is the transition system (Reachy(E), =, &) over L,,
where F 2, F' for some p € L, iff F' = F\ X and O —, X in F, for some X € Conf (F)
with p = L(X \ 0), and Reach,(§) = {F | 3&,...,& (k > 0) st. & =&, & = F, and
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{a}

N

0 —alb g 5y
N A
{0}
Fig. 4. The configuration transition system 7'Cicp/pom (SF(E3))
g,’ A* 5i+1 (Z < ]{f)}

Example 6. Consider £ = SF(&) in Ezxample 3 and Es = SF(&) in Example 2. The
transition system TRstep(gl) is shown in Fig. 5, and the transition system TRpom(gg,) is depicted
in Iig. 6.

B = {b,c} c B = {b}
LC(E\{a}) = ———— LC(E\{a,c})=
= {0, {c}, {b,c}} = {0, {b}}
CL/ (L\\C / N
= {a,b,c}
LC(S) — {0, {a}, Lc(g—\{{“c}b)} allb E=0
{6}, {c}, {a,c}, = {0, {a}, {b}, {a, b}} LC(€\ {a,b,c}) = {0}

{b,c}, {a.b,c}}

b\ 2 AN /

E = {a,c} E = {a}
LC(E\{b}) = —— > LC(E\ {b,c}) =
= {0, {c}, {a,c}} c = {0, {a}}

Fig. 5. The residual transition system TRstep(SF(E1))

We establish the relationships between states and transitions of 7C'(-) and TR(-) in both

semantics.

Proposition 3. Given a rooted RC-structure € in standard form and = € {pom, step},
(i) for any X € Conf,(E), E\ X € Reach,(E);

(i) for any E' € Reach,(E), there exists X € Conf,(E) such that & = E\ X;

(iii) for any X', X" € Conf (E), if X' L, X" in TC,(E), then £\ X’ &,* E\ X" in TR,(E),
moreover, p = p' if either x = step or x = pom and & is the standard form of a singular
RC'-structure;

(iv) for any E,E" € Reach,(E), if & B, " in TR,(E), then there are X', X" € Conf ,(E)
such that &' =E\ X', &’ =E\ X", and X' ﬂl/* X" in TC(E), moreover, p =p' if either

* = step or x = pom and & is the standard form of a singular RC-structure.
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Proof.

(i) Take an arbitrary X € Conf,(€). Due to Lemma 2(i), we have that Conf ,(£) = Conf(E).
Hence, X € Conf(£). This implies that X = {e1,...,e,} (n > 0) such that for all i <n
and for all Y C {ey,...,e;}, there is Z C {ey,...,e; 1} such that Z F Y. Clearly,
X, ={e1,...,e;} € Conf(€) and X; — X;4q, forall i <n—1. Let Y; = {¢;} forall i <n.
Check that £\ X; =&\ Y1\ ...\ Y, for all i <n. We shall proceed by induction on n.

n = 0. Obvious.

n=1.Then, Y7 = X; € Conf(€) and€ \ X; =&\ V1.

n > 1. By the induction hypothesis, we have £\ X,,_1 = E\ Y1\ ...\ Y,_1. Since X,,_1, X, €
Conf(€) and X,_1 — X,, in &, we obtain X, \ X,,1 =Y, € Conf(€\ X,_1), due
to Proposition 2(i(a)). According to Proposition 2(ii), it holds that £\ X,,_1 \ Y, =
EN\(Xn1UY,) =&\ X,. Hence, E\Y1\...\Y,1\Y, =&\ X,.

It is easy to see that &€ —, £\ X —, ... =, €\ X,,.. Thus, £\ X € Reach,(E).

(ii) Take an arbitrary & € Reach,(€). This means that &€ = & g E e =¢&
(n > 0). By the definition of P! it holds that Eir1 = &\ Xip1, for some X; €
Conf.(&) and pip = 15(X;1). Due to Lemr?a 2(i), we have Conf, (&) = Conf(&;).

it

Hence, X;41 € Conf(&;). Verify that Y, = |J X; € Conf(€) and &1y = & \ Yiqy, for
=1

j
all © < n. We shall proceed by induction on n.

n = 0. Obvious.

n=1.Then, Y1 = X; € Conf(€) and & =& \ X1 =€\ V1.
n—1

n > 1. By the induction hypothesis, ¥,_1 = |J X; € Conf(€) and &,_; = € \ Y,,—1. Check
j=1

that Y, = U X; € Conf(€) and &, = €\ Yo As & = &1\ X,,, it holds that
En=(E\ Y::i) \ X,,. According to Proposition 2(ii), we have that ¥,, 1 UX, =Y, €
Conf(€)and &, =&\ (V.1 UX,) =&\ Y,. Thus, & =&\ Y,. Moreover, it is true
that Y,, € Conf,(€), due to Lemma 2(i).

(iii) Take arbitrary X', X" € Conf,(E) such that X’ %, X" in TC,(£). Then, we have that
X" —, X"in € and p = [£(X”\ X’). This means that X'— X". As £ is an RC-structure in
standard form, we obtain that X"\ X’ € Conf(£\ X’), by Propositions 2(i(a)). Moreover,
since X' —, X” in £, we may conclude that () —, X"\ X’ in £\ X', by the construction of
E\ X'. Next, due to Propositions 2(ii), it holds that £\ X” = (£ \ X’) \ (X" \ X’). Then,
E\X' LN \ X" in TR,(E), where p' = lf\Xl(X” \ X’). Moreover, if x = step, we get
that p = 15, (X" \ X') = (EX (X" \ X') = p/. If x = pom and € is the standard form of a

step step
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singular RC-structure, we have —<§(\,,)<IX/:—<§(,, N(X"\X’'x X"\ X"), by Proposition 2(i(b)).
Hence, p =I5, (X" \ X') = Eom (X"\ X') = p/

(iv) Take arbitrary £,£"” € Reach,(€) such that & 2, £” in TR, (£). Due to item (ii), there
is X € Conf,(£) such that & = £\ X'. According to the definition of %,, there is
X' € Conf. (') such that & = &'\ X', 0 =, X' in & and p = I€(X’). Then, X" =
X'UX' € Conf,(€), X' = X", and £” = £\ X", due to Proposition 2(ii). As ) —, X’ in
& and X’ — X", we have that X’ pﬁ/* X"in TC,(E), where p’ = I£(X”\ X'). Moreover,
if x = step, we get that p’ =I5, (X" \ X') = lft\;{ (X"\ X") = p. If x=pom and & is the

standard form of a singular RC-structure, it holds that <§(\,,)</X,:<§(,/ NX"\X'x X"\ X"),
XU\ X) = o (X" X) =150, (X) =p. O

pom

by Proposition 2(i(b)). Hence, p’ = I¢

pom (

= {b,c} = {b}
LC(5 \{a}) = —> LC(«S \{a,c}) =
= {0, {c}, {b,c}} = {0}
a/ /
= {a,b,c}
Lote) <10, 1oy,
{b}{a, c},
{b;c}}
E = {a,c} E = {a}
LC(E\ {b}) —> LC(E\{b,c}) =
={0,{c},{a,c}} = {0}

Fig. 6. The residual transition system TRpom (SF(E5))

Finally, we formulate the main results of the paper.

Theorem 1. Given a rooted RC-structure £ and x € {step, pom},

(1) TCsep(E) and TRye,(SF(E)) are isomorphic, if £ is a pure RC-structure;

(11) TCpor(E) and TRyom (SF(E)) are isomorphic, if € is a pure, singular and locally con-

Junctive RC-structure.

Proof. Let x € {step,pom}. First, define a mapping ¢ : Conf,(SF(E)) — Reach,(SF(E))
as follows: ¢(X) = SF(E)\ X for all X € Conf,(SF(E)). Since £ is a rooted RC-structure,
it holds that SF(E) is a rooted RC-structure, by Proposition 1(i). Then, g(X) is well-defined,
due to Proposition 3(i).

Since SF (&) is a rooted RC-structure, it is clear that ) € Conf(SF(E)). Thanks to
Lemma 2(i), we get that Conf,(SF(E)) = Conf(SF(E)). Hence, g(0) = SF(E)\ 0 = SF(E).

Check that g is a bijective mapping. Assume g(X) = g(X’), for some X, X’ € Conf,(SF(E)).
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This means that SF(E)\ X = SF(E)\ X'. By Definition 3 and the construction of SF(E), we
get E\ X = E\ X'. Since X, X' C E, we have X = X'. So, g is an injective mapping.

Take an arbitrary & € Reach,(SF(E)). Due to Proposition 3(ii), we get & = SF (&) \ X,

for some X € Conf,(SF(E)). Hence, g is a surjective mapping.

(i) According to Propositions 3(iii) and (iv), and the fact that g is a bijective mapping, we
have that X o, X' in TCuep(SF(E)) iff 9(X) Py 9(X') in TRyep(SF(E)). So, g
is indeed an isomorphism between T'Cge,(SF(E)) and TRy, (SF(E)). Due to Lemma 4
(i), we may conclude that T'Cse,(E) = TCstep(SF(E)), because £ is a pure RC-structure.
Thus, TCsep(E) and TRy, (SF(E)) are isomorphic.

(i) Since SF(E) is the standard form of a singular RC-structure and g is a bijective mapping,
we obtain that X ., X' in TCpom(SF(E)) iff g(X) 2pom 9(X') in TRpom(SF(E)),
by Propositions 3(iii) and (iv). So, g is indeed an isomorphism. Since £ is a pure,
singular and locally conjunctive RC-structure, we get that 7Cppm(E) = TCpom(SF(E)),
by Lemma 4 (ii). Thus, TC,m(E) and TR,e,(SF(E)) are isomorphic. O

Example 7. From example 1 we know that £ is a rooted, pure, not singular, and locally con-
Junctive RC-structure, and & is a rooted, pure, singular and locally conjunctive RC'-structure.
It is easy to see that TC gep(E1) shown in Fig. 1 and TRgep,(SF(E1)) shown in Fig. 5 are iso-
morphic, and the transition system TC o (Es) depicted in Fig. 2 and TR, (SF(E5)) shown in
Fig. 6 are isomorphic. However, this does not apply to 51 wn partial order semantics because the
structure is not singular. In Fig. 7 and 8, we see that 0l {a c} and 0 25 {b c} in TCpom (&),
and & 25 &\ {a,c} and O 2 e \ {b,¢c} in TRyom(SF(&r)).

Fig. 7. The configuration transition system 7Cpom (E1)

5. Concluding Remarks
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E = {b,c} c E = {b}
LC(EN\{a}) = ——— LC(E\{a,c})=
= {0, {c}, {b,c}} = {0, {b}}
allbflc

a

L0 <10, . _c_ =tk allb E=0
{6}, {c}, {a, e}, _ {gc{f}\{{;}”{a 0 LO(E\ {a,b,c}) = {0}
{b,c}, {a, b, c}}

b

\\ \ \ a /
= {a,c} = {a}
LOEAGY) = —— = LO@E\ (e =
= {0, {c}, {ar c}} c = {0, {a}}

Fig. 8. The residual transition system TRpom (SF(E1))

In this paper, we investigated two different ways of providing various transition system se-
mantics for RC-structures which are very expressive among the event-oriented models known
in the literature. First, we have developed the notion of partial orders within the configurations
of RC-structures and discovered their subclasses in which partial orders are preserved in the
standard form of the models and under the removal operator. Second, we have revealed closed
relationships between configurations in the original RC-structure, in its standard form and in
its residuals, under some conditions. Third, we have formulated properties of the model under
consideration, which guarantee the coincidence of configuration transition systems obtained
from the RC-structure and its standard form. As our main result, we have demonstrated how
transition systems based on configurations and residuals of RC-structures, presented not nec-
essary in standard form, are related in the context of partial order multiset and step semantics.

Work is currently underway to extend our approach to other event-oriented models (e.g., to
precursor [11], probabilistic [28]|, and local [18]| event structures, and also to event structures
with dynamic causality [1]), and it gave preliminary results. Another future direction of our
research is to extend our results in comparing of the two types of transition systems studied to

the multiset case of transition relation and to the non-pure case of RC-structures.
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VJIK 004.822:004.89

MeToauka pa3padoTKH JEKCUKO-CEMAHTHYECKHUX MATTEPHOB
JJIA U3BJIEYE€HUSA TEPMHUHOJIOTMH HAYYHOM

NpeaAMeTHOM 00J1acTH

Kononenxo U.C. (Mncmumym cucmem ungpopmamuxu CO PAH),

Cuooposa E.A. (Mncmumym cucmem ungpopmamurxu CO PAH)

B crartbe omnmchiBaeTCS MOAXOA K AaBTOMATH3AIMM W3BJICYCHUS TEPMUHOJOTHHU IS
MOMOJTHEHUSI OHTOJOTMH HAyYHOW MpPEJMETHONW OOJNIaCTH W3 TEKCTOB Ha PYCCKOM SI3BIKE.
[IpuMEeHHUMOCT, METOJIOB aBTOMATHYECKOTO TIOMOJHEHHS OHTOJOTMU W3 TEKCTOB Ha
€CTECTBCHHOM SI3BIKE 3aBUCUT OT XapaKTEPHCTHUK KOPITyca TEKCTOB M HCIOJIb3yeMOTO SI3bIKA.
Crienudka BXOJJHOTO S3bIKa, XapaKTEPHU3YIOUIETOCS CHIIBHON (hJICKTUBHOCTBIO U CBOOOHBIM
MOPSJIKOM CJIOB, W OTCYTCTBHE OOJIBIIIOIO KOpPIyca TEKCTOB TMPHUBOIAT K BBIOOPY
JIMHTBUCTUYECKOTO TOJX0/a, Oa3UPYIOIIEroCs Ha HMCIIOJIb30BaHUHU JICKCUKO-CEMaHTUYECKHIX
natTepHoB. K 0COOCHHOCTSIM MpeiaraeMoil MeTOIUKH U3BJICUCHHUS HH()OPMALIUK OTHOCSTCS a)
aBTOMAaTHYeCKOe TOMOJHEHHE MTPEIMETHOTO CIOBapsi HA OCHOBE OHTOJIOTHH U KOPITyCa TEKCTOB
M pa3METKa €ro ¢ IOMOIIbI0  CHCTEMbl CEMaHTHUYECKHUX INPU3HAKOB; 0) oOmpeseiecHue
HEOOJIBIIOTO  Ha0opa HMCXOJHBIX  CTPYKTYPHBIX  META-NATTEPHOB,  yCTaHABJIMBAIOIIUX
KOHIIENITYaJIbHbIE KOHTEKCThI M3BJICUCHUS OHTOJIOIMYECKOW MH(OPMAIIMU; B) aBTOMATUYECKOE
MOPOXKJICHHE MO HAOOPY CTPYKTYPHBIX METa-MATTEPHOB MHOXKECTBA JICKCHKO-CEMAHTHYECKUX
MaTTEPHOB, OMNPECIIAIONINX JICKCHYECKUE, CEMAHTUYCCKHE W CHHTAaKCHYECKHE CBOMCTBA

KOHTCKCTOB U3BJICUCHUA.

Kniroueswie cnosa: nocmpoernue OHmoJjiocuu, JNEeKCUKO-CeMAHMUUECKULL nammepu,

uizenevyerue mep/mmoe, 2enepauu}z nammepuoe.
1. BBenenue

B nacrosmee Bpems 11 (opManu3aluM U CHCTEMaTH3allMM 3HAHMHM M JaHHBIX B Hay4HBIX
npenMeTHbIx obnactsax (HIIO) akTMBHO MCHONB3YIOTCS OHTOJIOTMH, KOTOPBIE MO3BOJISIIOT OMUCATh
Hay4YHYIO JUCHUIIMHY UM 00JIacTh HayYHBIX 3HAHUN BO BCEX €€ aCIMEeKTax, BKII0Yas XapaKTepHbIe
O0O0BEKTHI U MPEAMETHI HCCIIeI0OBaHUs, IPUMEHAEMbIE HAYUYHBIE METO/IbI, BHIIOJIHAEMbIE TPOEKTHl U
nosrydeHHble pe3ynbraThl [3]. IIporecc pa3paboTKu TaKkOil OHTOJOTHHM COCTOUT W3 HECKOJIBKUX

OTallOB, TJIABHBIMU H3 KOTOPLIX SABJIAIOTCA ITOCTPOCHUC TGpMHHOJ’IOFH‘-IGCKOﬁ qaCTu OHTOJIOI'HH,
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MpEIoJararonee Co3/1aHue TAKCOHOMHUM TOHATHH M OTHOIIEHUHW M OINHWCAHUE HMX CBOWCTB, U
MOTIOJIHEHHE OHTOJIOTHMHU, T.e. JOOaBJIEHWE B HEE 3K3EMIUIIPOB MOHATUH W oTHOmeHWH. Ecim
IIEPBBIN ATAIl 3a/1a€T CKEJIET OHTOJIOIMH, TO BTOPOM 3TaIl HAIIOJIHSAET €€ COIEPIKAHNUEM.

UTo0bl MOMY4YUTHh OHTOJIOTHIO, KOTOpast Obl JocTarouHo moyiHo omwuchiBana HIIO, tpebyercs
o0paboTaTh OrpoOMHOE KOJIMYECTBO HAYYHBIX MYOJMKaUUid U HMHQPOPMAIIMOHHBIX PECYPCOB,
COJIep KALINX CBEACHUS U3 MOJenupyeMoii oomactu. st oGyeryeHust U yCKOPEHHUs 3TOro Ipoiecca
pa3pabaTbIBarOTCS METOABl aBTOMATHYECKOTO IIOTOJHEHUS OHTOJIOTMM Ha OCHOBE TEKCTOB Ha
ecTecTBeHHOM si3bIke [9, 13] u web-mokymenToB [6, 7]. s aBTOMaTndeckoir 00pabOTKU TEKCTOB
HCIOJIb3YIOTCS TMOAXO0/bl HA OCHOBE KJIacTepU3alliH, B KOTOPHIX MPUMEHSIOTCS IIUPOKO U3BECTHBIE
KJIACTEpPHBIE W CTATUCTHMYECKHE METOJbl, M IMOIXOABl HAa OCHOBE IIA0JIOHOB, B KOTOPBIX
HCIOJIb3YIOTCSL JIMHTBUCTHYECKHE IMa0iaoHbl. OIHAKO MEpBBIM MOAXOA JUISL XOpouled paboThl
TpeOyeT Hanmuuyusi OONBUIMX KOPIIYCOB TEKCTOB, MOATOMY OOJiee pacmpoCTpaHEHbl METOAbI Ha
OCHOBE JINHTBUCTHYECKHX I1a0JI0OHOB.

Y HCTOKOB JIMHTBUCTHYECKOIO IIOAXOJA CTOMT IpeajiokeHHas B pabore [10] wmaes o
BO3MO)XHOCTH aBTOMAaTHU3allUU MOCTPOECHUSI CEMAaHTHMYECKHX CBS3€M Ha OCHOBE JMAarHOCTUYECKUX
KOHTEKCTOB, MPEJCTABICHHBIX B BHUJE JICKCUKO-CHHTAKCHYECKUX M1abmoHOB. [laHHBIH MeTox,
M3BeCTHBIM kak mabmonbl Xepct (Hearst patterns), mnpemHasHadueH s 0O0pabOTKH
HECTPYKTYPUPOBAHHBIX AaHIVIOA3BIYHBIX TEKCTOB. OH IIMPOKO HPUMEHSJICS JUIsl HM3BJICYEHUS
POIOBUAOBBIX ~ OTHOIIEHWH M  MpeAnosiaral M3BJIEYEHHE U3  KOJUICKUUU JIOKYMEHTOB
YIOPAJOYEHHBIX Map CJOB, COOTBETCTBYIOIMX MHOXXECTBY 3apaHee COCTaBJIECHHBIX MIa0JIOHOB.
ITonxox M. Hearst ncnonp30Bajcst 1 COBEPIIEHCTBOBAJICS MHOTMMH JPYTMMH UCCIIEOBATENsIMH, A
TaK)K€ IPUMEHSJICS JIJISl IPYTUX S3BIKOB.

B psage pabor mpennaraercs (opmanbHBIN ammapaTr IS 3alUCH JIGKCUYECKUX M JIEKCHUKO-
CUHTaKCHYeCcKux MmadnoHoB. Tak, B pabote [5] dopmymupyercs XML-cxema s3bIka is
(bopmanu3aum JeKCUKO-CHHTAKCUYECKHX I1a0JIOHOB, UCIIOJIb3YEMbIX JUIs ITOTOJIHEHUS] OHTOJIOTHH.
Cuctema Alex [2] u sBusrommiics ee paszButueM HHCTpyMeHT Diglex [4] mpeaocTaBisioT
JIOBOJIBHO THOKHME CpEICTBa ONHMCAHMS CJIOB M CJIOBOCOYETAHUH B BHJE I1IAOJIOHOB, KOTOPHIE
UCIOJIb3YIOTCSL 3aTeM Uil aBTOMAaTHYECKOrOo paclo3HaBaHUs 3TUX e€AMHUI] B Tekcre. OHHU
pacIIMpsIOT BO3MOXHOCTH TPAJUIMOHHBIX JIEKCUKOTPAaQUUECKUX CHUCTEM: S3bIK OIUCAHUS
1a0JIOHOB  TIOJ/IEP’KUBACT HCIOJIb30BAHUE aJbTEPHATUB, CCHUIKM Ha MIA0JIOHBI, MOBTOPHUTENH,
YCIIOBUSI Ha KOHTEKCT, TUCTAHTHBIM KOHTEKCT W T.H. SI3BIK MO3BOJISIET 3alKChIBaTh IPaBHJIa HE
TOJIBKO JUIsl Pacrlo3HAaBaHMsI TEKCTOBBIX OOBEKTOB, HO M JUISl ONpPENENCHMs] UX JIEKCUUECKUX U
ceMaHTHUecKuX aTpubyToB. OmHako B s3bikax Alex m Diglex HeT BCTPOEHHBIX CPEICTB JUIS

YKa3aHHud rpaMMaTHYCCKUX IMPU3HAKOB PACTIO3HABACMBIX JICKCHYCCKUX CAUHUILL U TPaMMAaTHYC€CKOI'O
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COTJIACOBAHUSl HECKOJIbKMX E€IUHMII, HEOOXOTUMBIX MJIsi OJHO3HAYHOTO BBIIEICHUS SI3BIKOBBIX
KOHCTPYKIMWA (HAampuMep, HMEHHBIX TPYII). OTOro MOCIEIHEr0 HEJAOCTaTKa JIMIIEH
npennoxeHHerii B padore [1] s3pik LSPL, mo3Bomsirommii 3amaBaTh rpaMMaTUYECKUE CBOWCTBA
BXOJIAIIUX B HETO AJIEMEHTOB.

HccnenoBanus, pemaroniye 3aadyy aBTOMaTHYECKOTO HIIM MOJIyaBTOMAaTHYECKOTO MOIMOJIHEHUS
OHTOJIOTHH, OMHPAIOTCS HAa MATTEPHBI (IMIA0JIIOHBI), KOTOPHIE OTOOPAKAIOT S3BIKOBHIC CTPYKTYPHI,
BCTpEYAIOLIMECs B TEKCTAaX, B COOTBETCTBYIOIIHUE AJIEMEHThl OHTOJOTUMU (MOHSATHUS, OTHOIICHUS,
SK3EMIUIAPHl TMOHATUH U OTHOUICHMI). OTO JEKCMKO-CUHTAKCHUYECKHUE TMAaTTEePHbI, KOTOphIE
WCIIONB3YIOT JIGKCUYECKHWE TIPEJICTABICHUS W CHHTAaKCHYecKyro wuHpopmaruio [12, 14] wm
JIEKCUKO-CEMaHTHUYECKUE MATTEPHBI, KOTOPHIE B IMPOILIECCE M3BJICUCHUS OOBEIUHSIOT JEKCUUECKHE
MPEACTABJICHUS C CAHTAKCUYECKON U ceMaHTu4yeckor nudopmarnueii [11, 15].

B crarbe omnwuceiBaeTcs MOAXOX K aBTOMaru3auuMud nonoyiHeHus oHrtosnorud  HIIO,
0a3upyIOIIMiics Ha UCIOIB30BaHUU JIEKCUKO-ceMaHnTuueckux nartepHoB (JICII) xak pacmmpenus
JIEKCUKO-CUHTAaKCUUYECKHUX MaTTEPHOB OHTOJIOTUYECKOTO MPOEKTUPOBaHUsL. OCOOEHHOCTHIO JAHHOTO
noaxoaa sBisieTcss To, uro npumeHsiemble B HeMm JICII aBTOMaTtnuecku CTpOSITCS HAa OCHOBE
MaTTEPHOB OHTOJIOTUYECKOro npoekTupoBaHus (marrepHoB OII) apyrux tumoB [8], BXoasumx B
CUCTEeMY aBTOMAaTH3allud pa3pabOTKH OHTOJNOTMH Ha OCHOBE pPa3HOPOIHBIX IATTEPHOB
OHTOJIOTUYECKOro mpoekTupoBanus [16]. Eme ogHON OTIWYUTENBHOW YEPTOW OMUCHIBAEMOTO
MoAXOo/a SIBISIETCS OPUEHTAIUsl HA PYCCKUU S3BIK, KOTOPBIM, KAaK U MHOTHE APYTHE CIABSHCKUE
SI3BIKH, SIBJISIETCS] CUJIBHO (DIIEKTUBHBIM SI3BIKOM CO CBOOOJHBIM MOPSIKOM CJIOB, UTO MPEANOIaraeT
aKIIEHT Ha BApUATUBHOCTU CIOCOOOB MPEACTABICHHUS AJIEMEHTOB OHTOJOTHH B TEKCT€ M TMOHCK
METOAMK TEeHEpallMH aJbTePHATHUBHBIX CPEACTB BBIPAXKEHUS JUISI MAKCUMU3AIUU TIOJHOTHI

HU3BJICUCHUS.
2. Oco0eHHOCTH MPEeAMETHOT0 CJI0BaPS /sl IONMOJIHEHNsI OHTOJI0T Uil

s aBTOMaTHuyeckoro mnomnojHeHus oHTojoruu c mnomomuipio JICII TpeOyercs obecrneuuth
u3BJIeUeHUEe M3 TekcTa cnenuduueckux tepMuHoB naHHOM HIIO. Ilpu stom s u3BnedeHus
3apaHee U3BECTHBIX TEPMHUHOB HCIOJIB3YIOTCS CIIOBApH YHUBEPCAJIbHOW M NMPEAMETHOM JIEKCUKH, a
JUIS  W3BJICUYEHUS HOBBIX TEPMHUHOB (B YacTHOCTH, HauMeHOBaHUN oObekToB HIIO win
CHEHU(PUUHBIX TNPEJUKATHBIX CJOB) — CHENHMATU3UPOBAHHBIE TEPMHHOJIOTHMYECKHE TMaTTEPHBI
(T-JICIT) .

[IpenmeTHBIii coBaph — 3T0 00BEM JIEKCHKH, OPTaHU30BAaHHOM 110 CEMAaHTHYECKOMY MPHHIIUITY C
OTpaXeHHEM oIlpesereHHoro Habopa 0a30BbIX (opmanbHbX oTHowmeHu (cm. Puc. 1). B

CHOBapHOfI CTaTbC XPAaHHUTCSA BCA H€O6XOJII/IM35[ I/IH(i)OpMaIII/ISI KaK IJid H3BJICUCHUA TCPpMHUHA U3
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TeKCTa, TaK ® JUISI TIOJJNEPKKUA TOCICTYIOIIMX JTAloB aHaimu3a TekcTa. Kaxaplid TepMmuH,
HaWJCHHBIH B TEKCTE C TOMOIIBIO TPEIMETHOTO CJIOBaps, CHabOkaeTcss MOPQOIOTHYECKON H

CEeMaHTHYECKOW MH(popManmel, KoTopasi B JaJbHEHIIEM HCIIONB3YeTCs B IMpoIecce NPUMEHEHHUs

JICIL.

@ Cnosapb npeameTHoit nekcuku - LSP_(sem1_rel_sem2).vc ( MpusHaK \
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HCTOPHHECKIH Npun @ { ﬂemeanocrb.ucnonbsgeTAPezgana'r_r] = Ynueepcanerelit npusak HMO
MCTOHHUK Cyw MeHTansHbIA
UCHOAUTE Deen CywecTeoBaHWe
MCKOAHBI Mpun CywHocTe
< > CoznaHue

UCNONb30BATL MpunereHue
- 4 Uene
Tepmuros: 1031 (1031) CK: 2321 (2321

Puc. 1. Ilpeomemmusiii cnosapeo.

CHa0xenue TepMHHOB I[IO JeKCHKO-CEMaHTUYECKUMH XapaKTEpPUCTUKAMU OMNHUpAeTcs Ha
YHUBEPCAJIbHYIO UEPAPXHIO KJIACCOB TEPMUHOB, IOCTPOECHHYIO BPYUYHYIO JUIsl HAyYHOW 00siacTu B
LEJIOM, M HEpapXUI0 MPEIMETHBIX JIEKCMKO-CEMAaHTUYECKMX  KJIACCOB, T'€HEPUPYEMYIO
aBTOMATUYECKU Ha OCHOBE CTPYKTYPHI 3aJJaHHON OHTOJIOIMH.

Jljig aBTOMaTH4eCKOW TeHepaly clIoBapsi CO3/1aHa METOAMKA aBTOMaTHUYECKOTo (hopMHUpOBaHUS
CUCTEMBI JIEKCHKO-CEMaHTHUYECKUX XapaKTepUCTUK Ha OCHOBE MMEH OHToioruu. llpenmeTHbit
CIIOBaph CO3/1a€TCSl KaK pacIIMpeHue CcioBaps OOIIEHAYyYHOH JIEKCMKM M BKJIIOYaeT JBe

HC3aBUCUMBIC HCpapXruu JJICKCUKO-CEMAHTUYCCKUX KJIaCCOB: YHUBCPCAJIbHAA uepapxus
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(Vuusepcanvuwiti npusnax HIIO) u TpeaMETHO-OPHEHTHPOBAHHAS HepapXHs, cCOo3JaBacMas Ha

ocHoBe onrtosioruu HIIO.
2.1. YuuBepcajibHasi vepapxusi NPU3HAKOB CJIOBAaps

YHuBepcanbHas UepapXus BKIIIOYACT MPU3HAKH JIJISl PA3METKH CIICAYIONINX TPYIIT TEPMHHOB:

a) Ha3BaHUS OCHOBHBIX CYIIIHOCTEH HAYYHBIX TEKCTOB, TAKUE KAK YUeHblll, NPOEKM, Op2aHU3aAyUsl,
HAYUHbLU pe3yrbman,

b) Ha3BaHMs THIOBBIX OOBEKTOB (HATIPUMED, PA3CIOB HAYKH — UHDOPpMAMUKA, Gu3uKa);

C) IpEeNKAThI, UCTONIb3yeMble st onucanus (Cywecmseosanue) Wi cBsi3biBanus ([Ipumenenue)
CYITHOCTEH; MPEANKATHI MPEACTABICHBI, KaK MPABUJIO, TJIAr0JIaMH, BKIIIOYas JTUWYHBIC, TPHYACTHBIC
U JleenpuyacTHbie (POPMBI, TJIATOIBHBIMH TPYIIIIAMHU C 3aBUCUMBIM UHOUHUTHBOM (UCNOIb3068AMb -
peuums UCnoIb3068amy), TIAT0JIaMU C 3aBUCUMBIM TIPEIUIOTOM (npumensms K), peaan3yeMbIM Kak
N-rpamma, CyOCTaHTUBUPOBAHHBIMH OTIJIArOJIbHBIMH UMCHAMU (ucnonvzosanue),
CYILLIECTBUTEIIbHBIMU (Ha38anue), POJEBON JIEKCUKOU (paspabomuux, aemop), YCTOWUYHUBBIMU
JIEKCUYECKUMU 000pOTaMHU, peain3yeMbIMH Kak N-rpamma (100 HazeaHuem),

d) BcmomoratenbHas JeKcuka (Bcnom), BKIOYas CBSA30YHBIC (Oblmb, s618mbesi), (a3oBbIS
(rauamv), monmanbHble (pewwums, n0360/aMb) TIAATOJbI, CEMAHTUYECKH MYCTHIC TJIarojibl THIIA
nekcuueckux (GyHKuMi (nonryuams, O0asamv), a TaKXKe CIOBA M JIEKCUYECKUE KOHCTPYKIIUH,
HEOOXOIUMBIC JUISI MPEACTABICHUS YHUBEPCATBHBIX KATCTOPHUM, TaKWX Kak (aMUIMM W HMEHA

JFO/IEH, 1aT, TUIMOBBIX COKpatieHuit (km, 0.x., NLP, I10, OAQ) u T.1I.
2.2. 'eHepanus JIeKCHKO-CEMAHTHYECKO HePaPXUHU CJI0BApsI

[IpenMeTHO-OpUEHTUPOBAaHHAs  MEpapXusi  JIEKCMKO-CEMAaHTHMYECKMX  KJIACCOB  BKJIFOYAET
OHTOJIOTUYECKH OOYCJIOBJICHHbIE TPU3HAKW, HAa3BaHMS KOTOPBHIX (OPMHUPYIOTCI Ha OCHOBE
CHEAYIOUIMX HAUMEHOBAHUM.

e limeHa kjaccoB marTepHa(OB) COAEP)KAHUS M COOTBETCTBYIOIME MMEHA KJIacCOB

HaCJIETHUKOB, IIPEJCTABIEHHBIX B paccMarpuBaemoi oHtonoruu HIIO:
UMS_KJiacca
JUIs TEPMHHOB, SBISIONIMXCS HMMEHaMM KJaccoB, Hampumep: MamemamuyecKuti memoo,
Hopmuposanue, Memoo eusyanuzayuu;
ums_kJaacca.sapo
JUISL CJIOB, SIBJISIIOLIMXCS BEPIIMHAMU UMEH KJIACCOB, HAIPUMEpP, CIOBO Memood CHabXaercs
npu3sHakoM Memoo uccaedosanus. A10po

e llmena mpu3HakoB-aTpuOyTOB Ki1acca, GOPMUPYEMBIX TIO MA0JIOHAM:
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UMS_KJIacCca.uMsl_INPHU3HAKA
UL 3HaueHWUW  arpubyroB,  Hampumep:  Memoo.Haszsanue,  Ilepcona.@amunus,
Opeanuzayus./lama_ochosanus,
HMHA_KJjacca.uMs_IpHU3HaKa.type
JUIS HA3BaHHMKM caMuX aTpuOyTOB, Hampumep: Memoo.Haszeanue.type, Memoo.Onucanue.type,
Opeanuzayus./lama_ochosanus.type,
e lMeHa nmpHU3HAKOB-OTHOIIECHUN MEXKIY KilaccaMy, (POPMHUPYEMBIX I10 I1a0JIOHY:
HMS_KJIACcCa.MMsl_OTHOIIECHHUS.UMS_KJjacca
Hanpumep: Memoo.npumensemcs_k.Obvexm_ucciedo8anus,
Opeanuzayus.pacnonodicena_e.1 eoepaghuueckoe _mecmo

Bce TtepmuHBI croBaps yHMBEpPCAIbHOM HAyyHOM JIEKCUKM pPa3MEUEHbl MpPU3HAKAMHU U3
yHUBEpcaJdbHOU uepapxuu. HoBble TepMuHBI U3 KOHKpeTHOWM HaywyHod IIO pasmeuatorcs c
MIOMOUIbIO IPU3HAKOB U3 MPEAMETHO-OPUEHTUPOBAHHON UEPAPXHUU.

Tepmunbl konkpetHoil HIIO, npucyrcTByronme B clioBape YHUBEPCAIbHON HAay4yHOU JIEKCHUKH,
MOJIy4YatOT CUHKPETUYECKHI MPU3HAK C OJHOBPEMEHHO BBIPAKEHHBIM 3HAYEHUEM YHHUBEPCAIBLHOTO
U IPEeIMETHOrO JIEKCMKO-CEMaHTHYECKOro kiacca. Tak, As riaroia ‘ucnoivs306ams’ BbIIACIEHO
ITh CUHKPETUYECKUX NpU3HAKOB (cM. Puc. 1), kaxaplii U3 KOTOPHIX BKJIIOYAET YHHUBEPCAIbHbBIN
knacc /lpumenerue B COUETaHUM C OHTOJIOTHYECKH 00YCIIOBICHHBIM MPU3HAKOM

Memoo.npumensemcsa_e.Opeanuzayus,

Memoo.npumensemcs_x.Obvexm_ucciredo8anus,

Memoo.ucnonvszyem.Memoo,

Memood.ucnonvzyem. Ungopmayus,

Heamenvnocmu.ucnonvzyem.Pezynomam_npodykm

Jlexcuko-ceMaHTUYeCKUE NpPU3HAKK HCNonb3ytoTcss npu onucanuu JICII (B aprymeHTtax u

pe3yibTaTe) Kak crnocod oopamienus k TepmuHam [10 ¢ onpeeneHHON CeMaHTUKOM.
3. TepMI/IHOJIOTI/I‘IeCKI/Ie JJEKCUKO-CEMAHTUHICCKHUE MMATTCPHDbI

JUIs TONOJHEHWS OHTOJOTMM U1 KaXIOro €€ Kiacca, MPEeACTaBIAIOEr0 IOHATHE
MOJICIUPYEMON TPeAMETHOW 007acTH, CTPOUTCS HAOOp JIEKCHMKO-CEMaHTUYECKUX IaTTEPHOB,
OTMCBHIBAIOUINX PpA3IUYHbIE CHOCOOBI MPEACTaBICHUS COOTBETCTBYIOIIEH eMmy HHpopmanuu B
Hay4yHBIX TeKcTax. B maHHol pabote paccmarpuBatorcs TepMmuHonorudeckue narrepusl (T-JICI),
KOTOpBIE MCHOJIB3YIOTCS JUIsl U3BJICYEHMsS] U3 TEKCTOB HOBBIX TepMHHOB [IO, He 3amaHHBIX B

CJIOBape.
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Kaxnprit JICII peanusyer monmens Buaa: <Arguments, Constraints, Results>, rae Arguments —
MHOJKECTBO CEMAaHTHYECKUX apryMeHTOB (akTa, KOTOPBIM COMOCTAaBISAIOTCS TepMuHbl [10,
Constraints — cemMaHTHYeCKHE, CHHTAKCHYECKUE W/WJIM TO3UIMOHHBIC YCIOBHUS HA apryMEHTHI, a
Results omuceiBaer pesynprar npumenenus JICII, KoTopbIM MOXET OBITH HOBBIH TEPMHUH U €TO
cemaHnTHyeckux kinacc. Takum oOpazom, T-JICIT mpencraBisroT coOOW JIGKCHKO-CEMaHTUUYECKHE
mab0HbI, GopMHUpyeMbIe Ha OCHOBE OMOPHBIX TEPMUHOB/MAPKEPOB C YKa3aHUEM CEMAaHTUYCCKUX U
rpaMMaTHYECKUX OTPaHUYCHHI.

J11st u3BII€YEHUsI HOBBIX TEPMUHOB IPEJIOKEHBI BA THUIIA TATTEPHOB.

1) IlarrepHbl mepBOro THMa MOACIUPYIOT uUMeHHyIO Tpymny (MI'), B BepiimHe KOTOPOM

IIPEJICTABICHO CYIECTBUTENBHOE WIM UMEHHAs IPyIIa — [IPEeICTaBUTENb KJ1acca OHTOJIOIHH,
Y TI03BOJISAIOT U3BJIEKATh UMEHA MHAUBUJIOB, OTHOCAILUXCS K JaHHOMY KJjlaccy.

2) TlarTepHbl BTOPOrO THIA MMO3BOJISIIOT M3BJICKATh HOBBIC TEPMHHBI Ha OCHOBE KOHTEKCTa, B
KOTOPOM MPHUCYTCTBYIOT MHIUKATOPHI OTHOLICHHH (aTpuOyTOB), B KayeCTBE KOTOPBIX, KaK
MPaBUJIO, BBICTYMAIOT MPEANKATHBIE TEPMHUHBI, COTIOCTABJIICHHBIC Ha3BAaHUSIM OTHOIICHUHN WJIH
arpuOytoB kiacca oHrosioruu. T-JICII mepBoi moOArpyImel JaHHOTO THIIA MPEICTABISIOT
KOHTEKCTbI, CTPYKTYPHBIMU COCTaBIIIFOIIMMU KOTOPBIX SIBJISIIOTCS CMBICIIOBBIE KOMIIOHEHTHI:
Cyonekt, O0bekt u Ilpenukar. T-JICII BTOpO MOArpyNIbl JAaHHOTO THIIA MPEACTABISIOT
KOHTEKCTBI, CTPYKTYPHBIMU COCTABIISIFOIIIUMU KOTOPBIX SIBJISIIOTCS CMBICIIOBBIE KOMITOHEHTHI:
O0bexT, ATpuOyT, 3HaUEHUE.

s Toro, 4toObl O0OECNEYUTh ABTOMATUYECKYIO TE€HEpallMI0 MaTTEPHOB pa3padOTaH S3bIK U
MpeoKeHa METOUKA CO3[JaHUSI TUTIOBBIX MATTEPHOB (MU METa-TaTTEPHOB), B COCTaB KOTOPBIX
BKJTIOYAIOTCS TiepeMeHHble. Co3aaHue MCXOIHBIX CTPYKTYPHBIX METa-MAaTTEPHOB ISl U3BJICUCHHUS
nHpOpManuu AJiE KOHKPETHON OHTOJIOTHMHM OCYIIECTBISETCS MyTeM O3HAYMBAHMS TEPEMEHHBIX
MMEHAMH OHTOJIOTHYECKUX KIIACCOB, aTpUOYyTOB M OTHOIIEHUN. ITOrOBhIE METa-TaTTEPHBI, TOMUMO
CEMaHTUUYECKON MH(OpMaLMU, cCoaepKaT JTEKCUYECKUE MapKephl, CAHTAKCUYECKHE U TMO3UIIMOHHO-

CTPYKTYPHBIC OTpaHUYCHUS.
3.1. U3BJjieyeHre HAUMEHOBAHM 00HEKTOB HA OCHOBE HMEHHBIX IPYII

HaTTepHLI MEpBOro TUIlAa TO3BOJISAOT MU3BJICKATH MMCHA HWHAWBUAOB Ha OCHOBC HCHTPAJILHOI'O
CJIOBa WM TEPMHHA C MPHUBJICYCHHUEM CHUHTAKCUYCCKUX IIPaBUII C60pKI/I HUMCHHBIX TPYIIIL. Bo
MHOXCECTBE TCPMHUHOJIOTHYCCKUX HauMEHOBaHUI Han0oJjee YaCTOTHEI MaTTCPHBI CJICAYIOMICTO BUAA

(TUmoBoOI puMep):

[<IIpum>*, X, [<IIpun, pn>*, <Cym, pa>]* ] = X.Hazanue (@8]
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Hannsrii T-JICII BkarogaeT Tpu aprymenTa: 1) nenodky npriaratenbHeix <[Ipwr>* (3Ha4yok * B
pamMKax s3plka IAaTTEPHOB O3HAYaeT IENOYKY KOMIIOHEHT IIPOU3BOJBHOM JUIMHBI BKJIIOYAs
HYJIEBYI0), 2) TEpPMHUH, UMEIOIIMHI JIEKCUKO-CeMaHTH4Yeckuil kimacc X (3mech u panee mnojg X
MOHUMAeTCsd He TOJbKO HMs Kjacca, HO U IIEHTPaJbHOE CJIOBO, OTMEUYaeMOE€ JIEKCHKO-
CEMAHTUYECKUM NPU3HAKOM uUMsA_Kidacca.f0po) u 3) UMEHHYIO TPYNIy B POAUTEIHLHOM IaJexKe,
coOpaHHYIO 1O BIIOKeHHOMY monmabnony Buga [<IIpwn, pa>*, <Cym, pm>]*; orpanndeHUsIMU
3/1ECh SIBJIAIOTCS: a) YKa3aHHWE CEMaHTHYECKOro Kjacca AJisi 2-To apryMeHTa, b) ykazaHue majexa
st BiokenHoro T-JICII, ucnons3yemoro B kadectBe 3-ro apryMenTta; pesyabrar T-JICII
OTIpe/IeTIsieT JIEKCUKO-CEeMaHTHUeCKUil npusHak X.Hazeanue 1Jisi BCEX TEPMHUHOB, U3BIIEKAEMBIX C
nomouipto ganHoro T-JICII.

[Mommabnon [<IIpun, pa>*, <Cym, pm>]* maeT BO3MOXHOCTh y4eCTh coryiacoBanue [lpun u
Cyw 1o majexy Jjsl 3aBUCUMOM TPYMIbl CYHIECTBUTEILHOTO B POJIUTENIBHOM Ma/iekKe B paMKax
UMEHHBIX TpYINI. OTO TMO3BOJSET M30€KaTh M3BICUYCHUS HEKOPPEKTHBIX  WHAMBHJIOB:
*coomeemcmeyrowue 3MUM NPOEKMAM azpecuposanHvle OYeHKU, *3a0auu NpuHamus peueHuil
akcuomamuieckue meopuu PAyUoOHAIbHO20 NogedeHus, *mooenu pasauunvle eapuanmsl. K
COXKAJICHUIO, f3BIK IIAOJIOHOB B €ro TEKyIleld BEPCHHM HE MO3BOJISIET B OOIIEM cllydae y4decTh
COTJIACOBAHUE CYIIECTBUTEIHLHOTO U 3aBUCHMOI0 MIPUIIAraTeIbHOTO.

JlaHHbBIN TUIOBOM MAaTTEPH MO3BOJIsIET reHepupoBaTh KOHKpeTHble T-JICII myreM noicTaHOBKYU B
KauecTBe X MMEH Ki1accoB OHTONOrMM. Hanpumep, s n3BiiedeHNs] HA3BaHUsI METO/1a MOXKET ObITh

ABTOMATUYCCKHU CI'CHCPHUPOBAH CJ'ICIIYIOIJ_[I/Iﬁ MaTTCPH:

[<[Mpun>*, Meton, [<IIpun, pm>*, <Cym, pa>]* | = Meroa.Ha3sanue

OTOT maTTepH MO3BOJISET WU3BIEYb TAKUE TEPMHHBL: MEmoO ONOPHBIX GEKMOpPOs, Memoo
AHKemHO20 Onpoca, Memood MeOuaH pameos, Memoo HeUpOHHbIX cemel, Memoo aHaniu3a uepapxuil

Caamu, memoo uHmepavio, Memoo CAMOOYEHKU.

3.2. I3B/1eyeHre HAMMEHOBAHMI 00bEKTOB HA OCHOBE HHIUKATOPOB

OTHOIIICHUH

Bropas rpynmna narrepHoB (opMHpYyeTCS Ha OCHOBE WHIMKATOPOB OTHOIIEHWH, B KayecTBE
KOTOPBIX, BBICTYIIAIOT TEPMUHBI U3 CI0BApsl, CONIOCTABICHHBIC Ha3BAaHUAM OTHOILIECHUM OHTOJIOTUH.
Vcxonnble MeTa-1m1a0loHBl JAHHOTO THIA OMMCBHIBAIOTCS B COOTBETCTBHHM CO CIIEAYIOIIMM
NPUHIMIIOM. B CcTpykType mabiioHa BBIJENSIOTCS JBa W3BECTHBIX KOMIIOHEHTA: YHNOMHHAHUE

OTHOIICHHA U OAHOI'O U3 apryMmEeHTOB JAHHOT'O OTHOIICHUA (YKa?;I)IBa}OTCSI CEMAHTHYECCKHE KJIACChI
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TEPMHUHOB U UX TPaMMAaTUYECKUE PU3HAKH), a TAK)KE TPETUN — HEU3BECTHBII KOMIIOHEHT, KOTOPbIi

U TpedyeTcs u3BIeyb (IIOMEYaeTCs epeMeHHoM Braa $t).

[X.REF, X.Rel.Y, $t<UI">] = Y.Ha3Banue (2)

U CUMMCTPHUYHOC

[ $t<UI™>, X.Rel.Y, Y.REF] = X.Ha3Banue

Otnomrenue Rel cBsa3piBacT 00bekTHI Ki1accoB X U Y (B ontosiorun X.Rel - Object Property).

[Ipu reHepanuy y9uTHIBAIOTCS CIAEAYIONINE OCOOCHHOCTH KOHCTPYKIIUH.

a) Tperuii KOMIIOHEHT MpPEICTaBICH MUMEHHOW rpymmoi, Bce VI u3BnekaroTcs mo madiaoHaMm,
aHAJIOTMYHBIM I1a0J0HaM U3 1.1, B KOTOPBIX B KadecTBe X ykazaHo Cyu.

b) [nst u3BeCTHOr0 0ObEKTa OTHOILIEHUS 3aBOAUTCS CIYKEOHBIN 11a0JI0H, 00bEIMHSIOMUN TpU

BapvaHTa: MMJ Kj1acCa, Ha3BAaHUEC U AP0 UMCHHU KJ1acca.

[X] [ X.Hazpanue] [ X.SAnpo | => X.REF

c) B kauectBe mMeHu oOTHOIIeHHs BbIcTymaeT riaronpHas rpynma (I'T), xkoTopas moxer
BKJIIOYATh BCIIOMOTATEIbHBIN TJAroyl B copsAraeMoil ¢opmMe W 3HAYMMBIH Tpeaukar B Qopme

WHOUHATHBA!

IT = [<['nar>] [Benom<I'nar>, <Mup>]

d) B GospmmHCTBE 1MIaOJOHOB JAHHOTO THIA OyIET HMCIOJb30BaThCs pas3pbiB (000O3Ha4YaeM B

MeTa-naTTepHax gap), OrpaHU4eHus sl KOTOPOro 33Jat0TCs CIEAYIOIIUM aTTEPHOM:

gap = [s/"."] [s/"1"] [s/"?"] [s/*:"] [/ [/ (" [s/)"] [s/"/°"] [s/"n™] [s1,"]

PazpaGorana Tunonorus maOJIOHOB OIMCBIBAEMON TIpPYMIbI, KOTOpPbIE CTpOsTCS Ha 0aze
MIPUBEICHHBIX UCXOJHBIX CXEM MATTEPHOB JJIsl MPEACTABIECHUS BCEr0 pa3HOO0pa3usi KOHCTPYKIIUM.
JICII nmaHHOM Trpynmel IpEACTaBICHBI B TEKCTaX NPEUMYILECTBEHHO TIJIArOJbHBIMM U —
CYIIECTBEHHO peXke — CyOCTaHTUBHBIMH KOHCTpPYKUUAMH. [IogpoOHO paccMOTpeHbI HaTTEpHBI C
IJIarojJbHeIMU (POPMaMHU B paMKaXx IMPOCTOTO WJIM CII0KHOTO TPETI0KEHHUSL.

BapuaHThl BO3MOXKHBIX KOHTEKCTOB, OIMCBHIBAEMBIX IATTEPHAMM, OMNPEIENSIOT ClEAYIolne
¢dakTopsl: (1) CHMHTaKcMYeCKME OTpaHWYEHHUs, T.e. T'pPaMMAaTHYECKHE KIJAcChl M COIJIacCOBaHHE
rpaMMaTu4eckol UHpopManuu, (2) MO3UIMOHHO-CTPYKTYpHBIE OTpaHUYECHHs, T.€. MOPSIAOK
CIIEIOBaHMsI KOMIIOHEHT U NPUHAAJIEKHOCTh KOMIOHEHT OJHOW/HECKOJBKUM Kilay3aM B paMKax

IIPEUIOKEHUS.
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B pesymprupyromux malioHaxX YYUTBIBAIOTCS pPa3jIMYHbIC BapHaHThl TOpsAJKA CJIOB U
BO3MOXHBIE Pa3pbIBbl MEK/1y KOMIIOHEHTAMH UCXOJHON TUIIOBOM CXeMbl. B KkauecTBe OrpaHuyYeHui
Ha JJIEMEHTHI B Pa3pbIBaxX MCHOJIb3YIOTCS OTCYTCTBUE OTPULIAHUM, PA3JICIIUTENICH NMPEIIOKEHUN U

JPYTUX 3HAKOB ITYHKTYaIUH.
3.2.1. AKTHBHbIE KOHCTPYKIHH C MEPEXOAHBIM IJIaroJjioM

CTpyKTYpHBIMHU COCTaBJISIOUIMMH TPEXUWICHHON aKTUBHOW KOHCTPYKLMU SIBJISIFOTCSI CMBICIIOBBIE
komnoHeHThl CyobekT, O0bekT u [Ipeaukar. B ak THBHOM KOHCTPYKITHH:

e CyObBeKT IMYHON (OPMBI TIaroja BEIPAXKAETCs IMEHUTEILHBIM Na/1e)KOM

® 00BEKT BBIPAXKAETCS] BAHUTEIBHBIM MaJIEKOM,

e [peAuKaT MpeACTaBIIEH IIaroibHON (GOPMOii, COOTBETCTBYIOIIEH ACHCTBUTEIHLHOMY 3aJI0TY.

VYuauteiBass OWHApHOCTH OTHOUICHHWsS, W3BJIEKAaeMas CYIIHOCTh MOXET OBITh yKa3aHa a) Kak
repeMeHHas B MO3UINN CyOBEKTa, €CIM OOBEKT MPEACTABIICH IBHO (M3BECTHBIM TEPMHUHOM) WIIH 0)
KaKk TepeMeHHas B MO3UIMH O0BEKTa, €ClIM H3BECTeH TEePMHUH B MO3UIMH cyObekTa. Takue
CUMMETPUYHBIE KOHCTPYKIUU UMEIOTCS JJIs KaXKAO0ro TUMa TaaroibHbiX Gopm. [Ipu 3Tom paspeiB
JIOIYCKAeTCs TOIbKO MEXAY W3BECTHBIMU (SIBHO 3a/laHHBIMM) KOMIIOHEHTaMH KoHTekcTa. Hinke
NpPE/ICTABICHbl BapUaHThl METANaTePHOB JJIsl MPOCTOro mpeiokeHus (a-d, g-i) U CI0XKHOTO
NPEIOKEHUS C MPUIAATOYHBIM omnpeaeauTebHbiM (d-e). [IpeankaT mpocToro MpeIoKeHUs WK
MIPUIATOYHOTO ONPEAECTUTENILHOTO BBIPAXKEH MEPEXOIHBIM JIMYHBIM TJIar0JIOM WU 3aBHCHUMBIM OT

BCIIOMOT'aTCJIBHOI'O CII0OBa I/IH(l)I/IHI/ITI/IBOM B COCTaBC I'PYHIIbI CKa3yeMoOro:

I'T1 = [<['nar, ne>] [<['nar, Bcnom>, <UHup, me>]

Kpome Toro, mabmoHBl TOKPHIBAIOT MPUYACTHBIE M JI€ENPUYACTHBIE OOOpPOTHI B paMKax
MIPOCTOTO MPEIOKEHUS.

1) Jluunas ¢popma riarona 1 UHGUHUTUB

a. [X.REF<um>, gap, X.Rel. Y<I'T'1>, $t<UI’, Br>] = Y.Ha3Banue

/] Memoovbl MOOenUpOBaHUsl BbINOJHAIOM COOp HEe0OXOOUMBIX HAYYHBLIX OAHHLIX U UX

cucmemamu3ayuro

CuMMeTpuYHas KOHCTPYKLIHS:

[ $t<UT",um>, X.Rel. Y<I'T'1>, gap, X.REF<Bu> | = X.Ha3Banue

b. [ X.RelY <IT1>, $t<UI', Ba>, X. REF<um>] = Y.HasBanue

Il pewwaem 3adauy onpedenenusi 06vEKM0O8 MemMoO NPAMO20 UCKIIOUEHUs. PEeKYDCULL;

Cc. [ X.Rel.Y<IT1>, gap ,X.REF<um>, $t<UI', BE>] = Y.Ha3Banue
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// Haumyywum oopazom obecnedusaem maxou mMmemoo 00Cmyn K ungopmayuu o nompedoumere;

d. [ $t<UI, B>, X.Rel. Y<IT'1>, gap, X.REF<um>] = Y.Ha3Bauue
Il konuuecmeennyo oyenky YHUKAIbHOCMU COBNAOQIOWUX NPUSHAKOS NO360J5em NOLYYUMD

8EPOSMHOCMHBIU MEMOO,

e. [X.REF, gap, “,”, ‘kotopsiii’<um>, gap, X.Rel. Y<I'T'1>, $t<UI", B>] = Y.Ha3Banue

/ npuem yenHovlx I’lO()C‘maHOSOK, Komopbzﬁ 6blNOJIHAENT pacdent 6eJIUHURbL GIUAHUA qbaicmopoe 6

00wemM KOMNIEKce UX 8030€liCmBUsl Ha YPOBEHb COBOKYNHO20 (DUHAHCOB020 NOKA3AMENsL,
f. [$t<UI™>, «,”, ‘koTopbIit’<BH>, gap, X.Rel. Y<I'T'1>, gap, X.REF<um>] = Y.Ha3Bauue
Il npobneme cnudicenust snepeozampam, KOMoOPYIo NO3605Em Peuunb YUmpamHslil Menoo.
2) JleficTBUTENIBHOE TTPUYACTHE
g. [X.REF, “,”, gap, X.Rel.Y<IIpwuu, nie, act>, $t<UI’, Bu>] = Y.Ha3sanue

Il memoo nedoonpedenennvix sviuucienutl, dgppexmusno pewarowuil 3a0a4y Y0081emeopeHs.

o2panuyeHull 8 camotl ooujeli NOCMaHo8Ke,

h. [X.Rel.Y<IIpuu, nie, ncr>, $t<UT, B>, X.REF] = Y.Ha3Banue

Il ycmanaemusarowuii  63aumocessu  Qusuueckux — GenuyuH  OUOAKMUYECKULl  Memoo

pasmeprocmeli;
3) Heenpuuactue
i. [X.Rel.Y<Ieemnp, ne, nct>, $t<UT’, BE>, “,”, X. REF<um>] = Y.Ha3Banue
Il 6blnONHAS NOUCK 8 NOOMHOIICECmBe HADOPA OAHHBIX, aleopumm clarans.
3.2.2. [TaccuBHBIC KOHCTPYKIMHU

TpexuneHHass NacCUBHAasg KOHCTPYKLHs 3€PKaJbHO OTPaXKaeT aKTUBHYIO KOHCTpyKLuI0. B
[TAaCCUBHOW KOHCTPYKILIUH:
e CyOBEKT BbIpa)kaeTcsl TBOPUTEIILHBIM a/IeXKO0M,
e 00BEKT TMYHON (POPMBI TJIarojia BbIPaXKaeTcsi MIMEHUTEIBHBIM Ha/1eXK0M,
® TpeauKaT BhIpaxkeH (POpMOH Ii1aroyia, COOTBETCTBYIOIIEH CTpalaTeIbHOMY 3aJI0Ty.
1) Bo3BpatHblii riaroin
OnuceIBarOTCST  KOHCTPYKLIIMM €  BO3BPAaTHBIMHM  IJIArOJIAMH, HMMEKOLNIMMH  HEBO3BPATHBIE
KOPPEJATHI, TO €CTh 00pa30BaHHBIMU OT HEBO3BPATHBIX C MOMOIIIBIO MOCT(hUKCA -4 (TOMEYaIoTCs B

cimoBape npusHakoM Pegn). Tlpenukar MpoOCTOro  MPEIOKEHHS WM MPUIATOYHOTO



36  Komnonenxo U.C., Cuooposa E.A. Metonnka pa3pabOTKH JIEKCUKO-CEMAHTHICCKUX TATTEPHOB ISl M3BJICUCHUS ...

OIMPECACIIUTCIBHOIO0 BBIPAXXCH JIMYHBIM IJIaroJOM HWJIW 3aBHCHMBIM OT BCIIOMOI'aTCJIBHOI'O CJIOBa

WH(OUHUTHBOM B COCTaBE TPYIIIBI CKa3yeMOro:

I'T2 = [<['nar, Pepn>] [<I['nar, Bciom>,<Uud, Peda>]

HpI/I O9TOM OHTOJIOTHYECKOE OTHOIICHUE IIPEACTABJICHO B CJIOBApPE€ HEBO3BpPATHBIM KOPPEIIATOM
W/unu BO3BpAaTHbBIM JICPHUBATOM. Huxe MNPUBCACHBI BAPHUAHTLI MCTAIIATCPHOB IJId HPOCTOTO

npeanoxenus (a-b, d-e) 1 CI0KHOTO MPeUIoKEHUs C TPUAATOYHBIM ONPEICTUTEILHBIM (C).

a. [$St<UT", um>, X.Rel. Y<IT2,>, gap, X.REF<tB> | = Y.Ha3Banue
Il cmamuueckas 3a0aua pewaemcst u36eCMubIM MEMOOOM HEUeMKUX KOSHUMUBHBIX KAPI,
b. [X.Rel.Y<I'T2>, $t<UTI", um>, X. REF<tB> | = Y.Ha3Bauue

Il sbinoansiemess nouck n102uUMeCKUX 3aKOHOMEPHOCMEN MemoOamMu UHMEIEKMYAIbHO20 AHAAU3A
OAHHbIX,

C. [$t<UT™> ", ‘koTOopbIit’<um>,gap, X.Rel.Y<I'T2>, gap, X.REF<rB>] = Y.Ha3Bauue
Il ounamuueckas 3adaua, komopas makdice pewtaemcst MemoooM HKK,
d. [ $t <UT>, «,” , X.Rel.Y< Ilpuu, Pedu, nct>, gap, X.REF<rB> | = Y.Ha3pauue

Il p}ld npakmu4ecKu 6as)iCHblX 3a0ay4 no onpedeﬂeHuio PABHOBECHBIX U KUHENUYECKUX napamenpoe,
PEeUABUUUXCA SMUM Men’lOaOM;

e. [ X.Rel.Y <TIlpwuu, Pedu, ncr>, gap , X.REF<tB>, $t<UI™> | = Y.Ha3pauue

Il pewarowascs maxum memooom 3a0aua yO08IemMEOPEHUs. OSPAHUYEHUl 6 Ccamol obuel
nocmanogke;

2) CtpajaTenbHOE MPUYACTHE

f. [ $t<UT>, “,”, X.Rel.Y<IIpwuu, nie, ctp>, gap, X.REF<tB>] = Y.Ha3panue

Il npobrembl kKnaccugurayuu 0o6pazos, pewiaemvle npuUMeHeHUEM HeUPOHHbIX cemell,

g. [X.Rel.Y<IIpwuu, me, ctp>, gap, X.REF, $t<UI"> | = Y.Ha3Banue

Il pewennas npeonoscennvim memooom 3a0aua annpoKCUMayuu QYHKYULL,

f. [$t<UT™>, X.Rel.Y<Kpatk_IlIpwuu, nie, ctp>, gap, X.REF<tB>] = Y.Ha3panue

Il 3a0aua nepconanuzayuu pewena memooamu KoalaboOpamueHoUu Guibmpayuu.
3.2.3. I'naroJibHbIe KOHCTPYKIHH € YNPABJIsAeMbIM MPEIJIOrOM

B paac CliydacB B HAMMCHOBAHUAX OHTOJIOT'MYCCKUX OTHOIIICHUH NpeACTaBJICHO CHUJIBHOC HIIN

cnaboe MPpEAJIOKHOC YIPABJICHUC TJiaroJia. B onTonorun OKCIICPUMCHTA OOJIBIIIMHCTBO TaKUX
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HAaUMEHOBAHMM COCTABJIAIOT BO3BPATHBIE IJIAroJibl C MPEAJIOTOM peuiaemcs_Hd, peuiaemcs 8,
c600UMCs_K, UCHONb3YEeMCs_8, NpUMEHAemcs_68, npumensemcsi k. BO3MOXHO U KpaTKoe
CTpa/IaTelIbHOE TPUYACTUE C TPEAJIOTOM npedcmasieH_Ha. Hwbke mpencTaBieHbl BapHaHTHI
METanaTepHOB JJISl IPOCTOro MpeiokeHus (8, d-) U CIOXKHOTO MPEATIOKEHHUS C MPUAATOYHBIM
omnpeaenuTesibHbIM (D-C). B HUX MpeauKar BIPaXKEeH JTMYHBIM [JIAr0JIOM, IIPUYACTHEM WM KPATKHM
pUYacTueM, JHOO 3aBUCHMBIM OT BCIIOMOTATEIBHOTO CII0OBa WH(OUHUTUBOM WU KPAaTKUM

[IPUYACTUEM B COCTaBE TPYIIIBI CKA3yeMOro:

I'T3 = [<I'mar/Kpatk_ITpuu>] [<['nar, Bcnom>,<Uup>][<I'nar, Bcnom>,<Kpatk [Tpuu>]

OCHOBHOM OCOOCHHOCTBIO COOTBETCTBYIOIIMX KOHCTPYKITUH SBISETCS MOABEM MPSMOTO 00BEKTa
B MO3UIUI0 CyOBeKTa (MaccCHBH3AIMsA) MPH OTCYTCTBUU PEALHOTO CYOBEKTa-areHca W BBOJI B
paccMOTpeHHe KOCBEHHOTO 00BbeKTa. B 3TOM cilydae ceMaHTHYECKHH KJIacC KOCBEHHOTO OOBEKTa
(manmpumep, Opeanuzayus, Hngpopmayuonnviti Pecypc) onpenenseT BO3MOXHOCTb 0OpaTHOM
KOHCTPYKIIMHU, B KOTOPOW KOCBEHHBIN OOBCKT MOJHUMACTCS B TTO3UIUIO TOJIJICIKAIICTO, T.€. CBS3b C
MIPEIUKATOM PeaTn3yeTcs OSCIPEIIONKHO (a).

B naHHOW Bepcuu si3biKa MIA0JIOHOB BO3MOYKHO JIMITL OOOOIIECHHO MPEICTaBHTh TJIArojibHOE
ynpasienue. Cieyer OTMETUTh BO3MOXKHOCTh OTpPbIBA MpEAiora OT yrnpasistoiieil Jexcemsl. [Ipu
3TOM HCIIOJIB3yEeMbIi B IAa0JIOHAX Pa3phIB MO-MPEKHEMY XapaKTePU3YeTCs CTPOTUM OTCYTCTBUEM B

HEM IMYHKTYaluH, 4TO MO3BOJIACT YMCHBIIUTD IIYM IIPHU U3BJICYHCHHUU.

a. [X.REF<um>, gap, X.Rel.Y<I'T'3>, gap, <IIpemm>, $t<UI>] = Y.Ha3Baunue

Il ananumuueckue manmepuailobl I’ZpeaCI’I’ICIGJleHbl Ha catme MUHIKOHOMPA36UMUsL Poccuu, nooxoo0 K

O0auHoU npodeme onucan 6 pabome Ji. Qropuans,

OOpatHast KOHCTPYKLHUS:

[$t<UT",um>, X.Rel. Y<I'T3>, gap, X.REF<su>] = Y.Ha3Banue
Il catim munskonompazsumus npedcmasisiem aHAIUMU4ecKue Mamepuabl,
b. [X.REF, «,”, ‘koropsiii’<um>, gap, X.Rel.Y<I'T'3>, gap, <[Ipem>, $t<UI>] = Y .Ha3Banue
Il memoo, komopotil npumernsiemcst moIbKO K KPAXMAIOCOOEPACAUUM PACMEHUSIM,
C. [$t<UT>, «”, <IIpemr>, ‘kotopsrii’, gap, X.Rel.Y<I'T3>, gap, X.REF<um>] = Y.Ha3Bauue

Il sman Uusydernus o0bveKkma CUCmemmo20 MCC]ZQ()OGCZHM}I, HA KOmMoOpom 603HUKaem sadaya

Gopmanuzayuu odvekma,
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d. [[pemn, $t<UT™>, X.Rel.Y<IT3>, gap, X.REF<um>] = Y.Ha3zBanue

Il ha smane ananuza OaHHLIX NPUMEHSEMCSL He MOILKO Memoo pazmepHocmell,

e. [ X.Rel.Y <I'T3>, gap, X.REF<um>, gap, <I[Ipemr>, $t<UI>] = Y.Ha3Banue
Il npumensiemes onucanmnvliil OUAxpoHUeCKUil NOOX00 8 OHOMACUOTIOSUU,

f. [X.Rel.Y<Ilpuu>, gap , <IIpemr>, $t<UI’, B>, X.REF] = Y.Ha3Banue

Il npumenennvlii 6 danHom ucciedosanuy Memoo 3KCNEPMHbIX OYEHOK,

g. [X.REF, «,”, gap, X.Rel.Y<IIpuu>, gap , <IIpear>, $t<UI> = Y.Hazpauue

Il Jlopenyesa uonuzayus, 4acmo NpUMEHSIOWAsACs 6 uzuKke ycKopumenel;,  Memoobl

KBA3UKACCUYECKO20 NPUDTUINCEHUS, NPUMEHsIeMble 8 KBAHMOBOU (U3UKe.
3.3. I3B/1eyeHne 3HaYeHUIT aTPUOYTOB

Ha ocHoBe THIIOBBIX IIaTTCPHOB MOKHO TI'CHCPHPOBATH T-.HCH, NpCaAHa3HAaYCHHLIC JJIA
HM3BJICUCHUS] 3HAYCHUM anI/IGYTOB 00BEKTOB KJlacca X, KOTOpPBIC B OHTOJIOITHM IIPCACTABJICHBI

cBorictBoM Datatype Property.

[X, X.A.type, $St<UT>] = X.A 3

Bo BTOpOoM KOMIOHEHTe I1a0OHA YKa3aHO SBHO BBIPAKEHHOE WMMs aTpuOyTa, a B TPETheM
KOMITOHEHTE — U3BJIEKaeMOE CBOMCTBO 00bekTa $t, KOTOpOE MOKHO OBITH MPEACTABICHO HMEHHOM
rpymnmoit. B cnydae kiroueBoro atpubyra Hazeanue 3TO YKBUBAJICHTHO U3BJICYEHUIO OOBEKTA.
Pe3ynbpTaToM mpUMEHEHHs TaKHX MaTTEPHOB OyNET CO3AaHHME HOBBIX TEPMHHOB M MPUMHUCHIBAHUE
MM CEMaHTHUYECKOro npusHaka X.A.

B pazmene 3.1 mpemmoskeH MOAXOa K W3BJICUCHUIO HEM3BECTHBIX 0a3ze 3HAHWN TEPMHHOB Ha
OCHOBE HWMEH KiaccoB, mnpencraBieHHbix WI. [lone3HbIM JOMOJHEHHWEM 3TOMY SIBJISIETCSA
W3BJIeYCHHE 3HAUCHUI aTpubdyTa X. Hazeéanue ¢ y4eToM KOHTEKCTa, COJepIKAILIEro MpeanKaT Kiacca
Umenosanue (Ha3b16amb, UMEHO8aAMb, HA38AHUE, NOO HA36AHUEM) Y IBHBIM o6pa30M TOBOPSILIETO O
BBOJI€C B TEKCT HOBOI'O TepMI/IHa.

COOTBGTCTBYIOHII/IG HaTTepHI)I I/ICHOJ'II)SYIOT HpeIlBapI/ITeJ'II)HO 3aJaHHBIC HIa6JIOHBI HMGHHOfI

T'pYIIIbI 1 IJ1aroJIbHOM JICKCCMBI, BKJIIOYAIOIIEH JIUYHBIS (I)OpMBI rjarojia u mpu4acTtus:

I' = [<['nar>] [<IIpuu>] [<Kpatk_[Tpua>]

gapl o0o3HayaeT BO3MOXKHBIHN pa3phiB, HE UCKITIOYAIOIINNA HATUUUS 3aATOM:

gapl — [S/".”][S/” ! "][S/"?”][S/”:”][S/";"] [S/H("][S/H)"][S/"/”H] [S/H/nﬂ]
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Hwxe npencraBieHbl MaTTepHBI, BBIICICHHBIC PH PACCMOTPEHUH KOHCTPYKIIUH ¢ TEpMUHAMH,
MIPEJICTABJISIONIMMI HAaUMEHOBAHHUS OOBEKTOB PA3UYHBIX KIACCOB (TPUBEICHBI MPUMEPHI IS
kiaccoB X = Memoo, Hayunoe nanpasnenue, 3aoaua, Ungopmayuonnsiti_Pecypc). Konctpykuuu
KJIaCCU(DUIUPYIOTCS B COOTBETCTBUU C TPAMMATHYECKUM KJIACCOM IMPEIUKaTa HANMCHOBAHHSL.

1) I'marosibHbIE KOHCTPYKIIUH
a. [X<um/Bun>, gapl, UmenoBanue<I™> , gap, $t<UI’, T8> | = X.Ha3Banue

Il [Ipumensiemviil 6 pabome memoo Hazvleaemcs Memooom macnempona, Onucvieaemcs Memoo,
HAa3b16AeMbLIL MEMOOOM CO2NACO8ANUA OJisL 00PAUJeHUS COOMBEMCMEYIOUWUX UHMESPAIbHBIX
ypasnenuii; Mcnonv3yromes pasiuunsle mamemamuieckue Memoobvl, UMeHyemble 8 OGHHOM

KOHmMeKcnie 9KOHOMUKoO-mamemamudeCKumu

b. [‘mpemnarats’ <[>, gap, X<um/Bur>, gapl, UmenoBanue<I>, gap, $t<UI’, TB>]

= X.Ha3Banue
// Ilo amanocuu ¢ u36ecmHbIM PACYEemMHbIM CMAMUYECKUM MemoOOM Nnpeoiazaemvlii. Memoo
Hazoeem pacuemHviM OuHamuyeckum;, B oamnou pabome npednracaemcs memoo, HA3bIEAEMbLIL
CINUMHBIM OMOOPOMY UTU «IAUMHOU cmpameueily, [Ipednacaemvlii Memoo HA306eM MemoooM
08yx epynn, B pabome npeonazaemcsi memoo, nasvieaemwiii VVoxel Cone Tracing (VCT); B

Kavecmee aibmepHamueHo20 cnocoba npeonazaemcs Memoo, Ha3vbleaemblil Kpuomepanueu,
CHATHEe orpaHMYeHHs Ha MaJex (TB) pacIUpsieT Kilacc paclo3HaBaeMbIX KOHCTPYKIIUMN:

Il B pabome npeonazaemcsi memoo, Hazvieaemwvlii uepapxuveckas peoykyus (hierarchical

reduction).

HpI/IBejleHHI)IG MaTTCPHbI MO3BOJAIOT YUCCTh W JOCTATOYHO YAaCTOTHBIC B HAYYHBIX CTAaTbiAX

KOHCTPYKIIMU C MCCTOMMCHHBIM aHa(i)OpI/I‘-ICCKI/IM OJICMCHTOM:

C. [‘mpennarats’ <[>, gap, X<um/Bun>, gapl, UmenoBanue<Il nar>, gap, <Mecr, BH>,
$t<UT', 18>] = X.Hazsauue

// Ilpednazaemviii Memoo, Hazoeem e2o «memooom nepexocay», IIpeonazaemviii memoo, Hazoeem
€20 «OYEHOUHOe B36EULCHHOE NEPeCeyeHUe).

2) KOHCTpYKIMH € CYIIECTBUTEILHBIM
d. [X, gapl, <['nar, Bcnom>, UmenoBanne<Cymur> , gap, $t<UI™> | = X.Ha3Banue

Il Umeemcs pazeumoe Hanpagienue ucciedosanuil, ROAyuUsUiee HA36AHUE MAMEMAMUUECKOU
akonomuku, Knaccuueckas sadaua uccieooeanusi onepayuii ROIY4UNA HA36aHue 0000UeHHOU

mpancnopmuou 3a0aqu; OOun u3 N00X0008 K MHO2039MANHOMY ONMUMATLHOMY 8b100DPY 8 YCI0BUAX
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8EPOSIMHOCMHOLL HeONpeOeleHHOCMU, KOMOpblll HOCUM HA36aHue Oepesa peuieHull (decision tree);
B pacckasze u. o0oesyesotl, Hocauem nazeanue yumuposaHHo20o 30eCcb CIMUXOMBEOPeHUs 2. UBAHOB8A
«Inunozy, fenenue, noayuueuiee 8 COBPEMEHHLIX UCCIE008AHUAX HA3ZGAHUE 2UNEpmeKcma,
Ipoxnamus y kaoapyes nocam Hazeéanue oepza, BviuuciumenvHoe HanpasieHue uccie008anuli 8
oanvHeluem mpanc@hopmupos8anrocsL 8 HO8VI0 MemoOO02UI0 U MEXHOI02UI0 NPOBEOEHUSI HAYUHbIX

ucciedo8aHull, KOMopoe ROAYUUIO HA36AHUE BLIYUCTUMENLHO0 IKCHEPUMEHMA.
3) KoHCTpyKIHMHK ¢ TEKCUYECKUM 000POTOM 100 HA38AHUEM
e. [X, gapl, ‘nox HazBauuem’, $t<UI™>] = X.Ha3BaHue

Il kaufman u rousseeuw (1990) makoce npednodxcunu aneopumm, U3BECMHbLI ceudac Hoo
Hazeanuem clara (clustering large applications); nocie 6mopou Mupogol B0lHbl CMALO0
Pa3eusamvCsi HayuyHoe HanpasieHue NOO0 HA3zeanuem "uccieoosauue onepayuill’; «npumsmue
peutenutiy — 0OUH U3 OCHOBONONALAIOWUX MEPMUHOE 8 HAVYHOM HANPABLEHUU, U3EECHOM HOO
HA36aHUEM «UCCNe008aHUe ONepayuily, 8 OCHOBHOU Cmamve 6 3MoM cOOpHUKe N0 HA36aHuem
"ocHo6bl meopuu usmepenutl”, usnodiceHue o Ha abCmpaKkmHo-mamemamuyeckom yposte, Tanw
uican U Op. NPeoNoACUIU MemoO aA2lOMEPAYUOHHOU UEPAPXUYECKOol Kidcmepu3ayuu noo
Hazeanuem Dirch; Bemeu skonomuueckol meopuu, U36eCmHOU 6 OQUYUATbHLIX Kpyeax Hoo

Haszeanuem «cmamucmukay.

Takum o6pa:30M, M3 TCKCTAa KOHKPCTHOI'O JXaHpa € IIOMOIIBIO XapPaKTCPHBIX AJIA JaHHOI'O KaHpa

111a0JIOHOB U3BJICKAIOTCS LIeJIeBbIE MOHATHUS, 3a)MKCUPOBAHHBIE B TATTEPHE COACPIKAHUS.
5. ABTOMaTn4eckas reHepanus TCPpMUHOJIOTHYECCKUX MMATTCPHOB

Kak Obulo cka3zaHo Bbllle, TEPMHUHOJIOTMYECKHE JIEKCMKO-CEMAHTUYECKHUE MaTTEepPHBI
ABTOMAaTUYECKH CTPOSITCS HA OCHOBE OHTOJIOTHMHM IATTEPHOB OHTOJOTMYECKOIO NMPOEKTHPOBAHUS,
clioBapsi oOIlIeHay4HOH JIeKcUKH W Tekyuied Bepcun oHTosnorun HIIO. Ha Puc.2 mpencraBnena
CXeMa B3aMMOCBS3€d KOMIIOHEHTOB CUCTEMBI, HA OCHOBE KOTODPBIX OCYIIECTBISAETCS reHepauus T-

JICII n nononHeHue cioBaps.
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Puc.2. Cxema 83aumocssnzeii komnonenmos cucmemvul 3Hanutl 0 cenepayuu T-JICII.

[Tpouecc renepanuu JICII HaunHaeTcs ¢ co3maHusl U HAMOJIHEHUS MPEIMETHOrO cioBaps. M3
OHTOJIOTUM ¥ ONHUCAHUS TAaTTepHA COJEP)KAHUS U3BICKAIOTCS TEPMHUHBI (JIGKCEMBI U
TepMUHONOM00HBIE N-TpaMMbl) ©  (DOPMHUPYIOTCSL  JIEKCUKO-CEMAaHTHYECKHE  KJIACChl MO
npuBefeHHO B 1m.1.2. Meromuke. Bce TepMuHBI pa3mMedalOTCs  COOTBETCTBYIOIIMMHU
CEMaHTUYECKUMHU MPU3HAKAMH.

OTHOIICHHE CUHOHUMHHU B SIBHOM BHJI€ OTCYTCTBYEeT B CJIOBape, OJHAKO, MBI CUHTaeM
KBa3MCHHOHMMAaMH BCE€ TEPMHHBI, PAa3MEUEHHBIE OJHHUM JIEKCUKO-CEMAHTHYECKUM IPU3HAKOM.
[TosTOMY 1UIsI TEPMUHOB C COOTHECEHHBIMH MPEIMETHBIMU U YHUBEPCATIbHBIMU MPU3HAKAMH MOYKHO
BBISIBUTH KBa3MCHHOHUMBI TI0 YHUBEPCAIbHOMY MpPHU3HAKY (U3 CIOBapsi OOIICHAYYHON JEKCUKH) U
Pa3METUTh UX COOTBETCTBYIOIIUM MTPEIMETHBIM MTPU3HAKOM.

Ha srtane renepamum cioBapsi HMCHOJB3YETCSl KOPIYC HAy4YHBIX TEKCTOB, PEJIEBAHTHBIX IUIf
paccmarpuBaeMort HIIO, mockonpKy OH SBISIETCSA HCTOYHMKOM NPEIMETHOW JIEKCHUKH,
ynoTtpebisemont crienmanucramu B ganHoit HITO. 13 kopmyca MOKHO M3BJI€Yb HE TOJIBKO THUTIOBBIS
Ha3BaHUS CYITHOCTEH (KJIaCCOB CYIIHOCTEH), HO M crenuduuecKrue WHINKATOPhl OTHOIICHUH I
aTpuOyTOB.

Ha cnenyromem sTane Ha OCHOBE aHalu3a CTPYKTYpPhI MATTEpHA COAECPKAHUSI OCYIIECTBISETCS
O3HAYMBaHHE TEpEeMEeHHBIX B MeTa-narTepHax u opmupyrotcs T-JICIL. C momomisio co31aHHBIX
T-JICII aHanu3upyroTCss TEKCThl HAYYHOTO KOpITyca U CI0Bapb MOMOJHAETCS HallJICHHBIMU HOBBIMU

TEpPMUHAMH.
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[Ipn wu3BnedyeHnn OOBEKTOB HeoOXoauMa HWHGOPMAIUS O KIIIOYEBBIX aTpuOyTax KIJIaccoB
OHTOJIOTHH. B TIpUBEIEHHBIX BBINIE MPUMEPAX B KAYECTBE TAKOTO aTpuOyTa BBICTYyNaeT Haszsanue,
OJTHAKO y KJlacca MOTYT OBITh U JIPYrHe KIIIOYeBbIe aTpuOyThl (Hampumep, Pamunus u Hms y
Ilepconbr) KOTOpBIE MOTPEOYIOT CO3AAHUS IPYTUX TUIIOBBIX MATTEPHOB.

Takum oOpa3oM, Ha OCHOBE OHTOJIOTMUECKHX KOMIIOHEHTOB 3HAHHM MOYHO BbIIEIUTh
HE0OXOIUMBIC JIJIS U3BIICUCHUS HHPOPMAIMH M3 TEKCTA U MOTOJHEHHS OHTOJIOTHH 3HAHUS O SI3bIKE
MIPEIMETHOM 00JIACTH U BO3MOKHBIE CIIOCOOBI SI3BIKOBOTO OMUCAHUS OHTOJIOTUYECKUX CYITHOCTEH B
Tekcrax. dopmanuzanuga d>Tux 3HaHuid B Buae cucrtembl JICII mo3BoisieT NpPUMEHUTH
CYLIECTBYIOIIME TEXHOJOTMH aBTOMATUYECKOW OOpaOOTKM TEKCTOB JI PEIICHUs MOCTaBICHHON

3aJda4u.
5. AHAJIM3 IKCIIEPUMEHTOB

Ha ocHoBe mnpennokeHHOW METOAWKH TpoBeneH skcnepuMeHT 1o coszaanuio T-JICIT wu
W3BJICYCHHIO HOBBIX TepMUHOB 11 oHtosnoruu HIIO «llomnepxka npuUHATHS pelIeHUH B
cnaboopMalii30BaHHBIX O0JacTAX». ODKCIHEpUMEHTalbHas MpoBepKa Oblia IpoBelIeHa IS
narrepHa cojaepxanus Memoo. Ha ocHoBe Tekymiero coctositHusi onrtosioruu gaHHo HIIO wu
ONMCaHUs MaTrTepHa cojepkaHus Memoo ObUIM aBTOMaTHYECKH CO3JaHbl CIOBapb MPEIMETHON
o0rnacty, BKIOYaronuii 214 TepMHUHOB, pa3MEUEHHBIX C MOMOIIBI0 21 JIEKCHKO-CEeMaHTHYEeCKOTrO
npusHaka, u 34 T-JICII ans u3BieueHUs HOBBIX TEPMUHOB (Ha3BaHUU HIK3EMILISIPOB KJIACCOB U
MpeluKaTHbIX  cioB). [l TreHepauuu  HMepapXuu  JEKCUKO-CEMAaHTUYECKHUX  IPU3HAKOB
ucrnons3zoBanuck MeTku (rdfs:label) arpuOyroB m oTHOmEHU#N Ki1acca Memoo, a TakkKe 3HAYCHHS
aTpUOYTOB JIJIs SK3EMILISIPOB 3TOTO U CBSI3aHHBIX C HUM KJIACCOB.

Jiia ouenku kadectsa mnosydeHHbIX JICII ucnonb3oBasics Kopmyc, COCTOSIIIMK W3 HAy4YHBIX
nyOauKaui Ha PYCCKOM si3blke, oOmuM obobeMoMm 53,9 Teic. TokeHoB. C momomibto T-JICII,
MpeHa3HAYEHHBIX JUISl W3BJIEUEHUS HAUMEHOBAaHUN WHIUBUIOB Kiacca Memood, HalJIeHO
111 BxoxxaeHU W BbAENEHO 73 YHHUKAIbHBIX TEPMHHA, KOTOPHIM ObUI MPUIIMCAH JIEKCHKO-
ceMaHTHuUecKuil kmacc Memoo.Haseanue. W3 Hux 70 TEpMHHOB OKa3aJUChb HOBBIMHU
(OTCYTCTBOBABIIIMMH B CIIOBape, MIOCTPOCHHOM I10 OHTOJIOTHH): MEMOO AHKEMHO20 ONpocd, Memoo
Meouan panzo8, Memoo HeupoHHbIX cemel, Memood ananrusa uepapxui Caamu, Memoo UHMepPSbIO,
memoo camooyenxu v T.1. Ananornunsie T-JICII npuMeHsUMCh AJ1 M3BJICYEHUSI IMEH WHIMBHUJIOB
JPYTUX KJIacCOB, CBA3aHHBIX € KiaccoM Memoo. Tak, mna knacca 3adaua ObUIO HaiieHO
42 BXOXJIeHHs 11Aa0JIOHAa U BBIABICHO 33 TepMuHa, M3 KOTOPhIX 30 SBIAIMCH HOBBIMU: 3a0aud
KOCHUMUBHO20 MOOENUPO8anUsl, 3a0aya nopsaoKoeou Kiaccugurayuu, 3a0ada yeioyucieHHo20

npozpavimuposarusi W T.[O. Cpe)m OIMMOOYHBIX PE3YIbTATOB MOXHO OTMCTHTb TCEPMHUHBI C
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yKa3aHHEM HMCTOYHHKA, CTPOSIIUXCS MO TOMY K€ CHHTAKCMYECKOMY MpaBHIy, HAPUMED, 3a0ayd
OUNJIOMHOU pabombl.

JUia W3BJIE€UEHUS HOBBIX NPEJUKATHBIX TEPMUHOB ucnoib3oBaiuch T-JICII, moctpoeHHsle mo
MeTa-naTTepHaM, MOJCIUPYIOIIUM CUTYAIIUI0 OHTOJIOTUYECKOM CBsA3M ABYX 00bekToB. Tak, ans T-
JICII, camyxamero [uisi U3BJIEYEHHs] TMPEJUKATHBIX TEPMHHOB, OTHOCSAIIMXCA K KJaccy
Memoo.pewaem.3a0aua, B KOpIryce ObLIO HaiIeHO 22 BXOXIACHUS W BBISBICHBI TAKHUE TEPMHHBI
KaK: nOCmasuiu, No380Js10M NOCMPOUmMb, HO360UN 6bIOETUMb, UWYM peulenus, No360.1em
pewams u T.11. Bcero Ob110 HaliieHO 38 HOBBIX MPEAUKATHBIX TEPMUHOB.

O6mas tounHocts padotsl T-JICII Obuta omeHeHa TpeMs SKCIEpTaMHU W COCTaBWJIA B CPEIHEM
73,97%, mpu 3TOM coriiacue MeXy dKcrepTamu orieHeHo B 81,74%.

AHanu3 MaTepuaoB U Pe3yJbTaTOB KCIEPUMEHTA BbISIBUJ HEJ0YETHI B ONMCAHUSIX KOHTEKCTOB
W3BJICUCHHUS, IPUBOIALINX K JIOKHO-HETATUBHBIM WJIH JIOKHO-TTO3UTUBHBIM PE3YJIbTaTaM.

1) Mcnonp3oBaHne HAaMMEHOBAHUN KIJIACCOB B KA4€CTBE MHJIUKATOPOB MMEH COOTBETCTBYIOIIUX
MHUBUJ0B UMEET psiJ OFpaHUYEHU a) pOopMUPOBaHNE UMEHU UHIUBUA HAa OCHOBE UMEHH Kiacca
MOKPBIBAET JINIIb HEKOTOPOE MOJMHOYKECTBO YIOMHUHAEMBIX B TEKCTAaX MHIMBHIIOB; 0) MalleKoO HE
BCerjJa JJs KOHKPETHOrO KJjacca B KauyecTBE WHJMKATOpPA, T.. BEPUIMHBI UMEHHON T'PYIIIBL,
MIpPe/ICTaBJISAIONIe HAaMMEHOBAHUE MHJIMBUJA, UCHIOIB3YETCSI MOJIENb C MOJHBIM HMEHEM Kilacca —
yale HCIOJb3YyeTCsl Tojlas BEpUIMHA WM aJbTepHATHBHAsT MOJENb, B KOTOPOM HMs Kiacca
[IOIYUHSET 3aBUCUMBIE, HE YUTEHHbIE B MOJIEJIM UMEHOBAHUSI UHIUBUIOB 1 THMA:

oeamenvrocms + no + Cyui vs. *0eamenvnocms + Cym,plt

2) Mopdonoro-cuHtakcuueckass MH(GOpMAIHMs HCHOIB3YETCsl HEMOJHO B CHUIY CHeUUu(pUKd
s3plka 1IA0JIOHOB: a) HEBO3MOXKHO 3a7aTh OOIIME YCIIOBUS COIVIACOBAaHUS MOP(OIOTHYECKUX
XapaKTepUCTHK CYIIECTBUTEIBHOTO W 3aBUCHMOrO IPWJIAraTelbHOTO (MOYKHO JIUIIb 3a/1aTh
XapaKTepUCTUKU MPETNO3UTUBHOTO MPUJIAraTeIbHOr0, €CId ONPEIeNIeHbl COOTBETCTBYIOILIUE
XapaKTepUCTUKH CYLIECTBUTENIBHOr0); 0) HEBO3MOXKHO 3a7aTh OOIIME YCIOBHMS COOTBETCTBUS
MOP(OJIOTHUECKUX XapaKTEPUCTHK MOJIEKAIIETO U CKa3yeMOro; B) HEBO3MOXKHO YYE€CTh MaJIeKHOE
yIpaBlI€HUE HHAWBUIYAJIBHBIX TIJIaroJOB C MOMOUIbIO OOIIEro OrpaHuyeHus (MOCIIEIHHE J1Ba
OTPaHUYEHUS MOXXHO Y4YE€CTh JIMIIb YacCTHUYHO J/JIsi OMNPEJEJIEHHBIX KOHCTPYKLMH, TaKUX Kak
aKTUBHAs KOHCTPYKLHUS Ul NEPEXOAHBIX IJ1arojioB U COOTBETCTBYIOILIAs NACCUBHAsI KOHCTPYKIIMS
Ha 0a3e cTpasaTeNbHBIX (OPM U BO3BPATHBIX IIAr0JIOB).

3) Metoauka MOBEPXHOCTHOTO (HEMOJHOI0) CHHTAKCHYECKOrO aHalu3a, pealn3yeMoro C
MTOMOMUIBIO SI3bIKa I1a0J0OHOB, HE BCET/A MO3BOJISET PEIIUTh BaXKHYIO MPOOJIeMy IpaHHI] MOKPBITOTO
TEKCTOBOTO (pparMeHTa, MpeXae BCEro, IpaHUl] MMEHHOW IpymIbl (YTO XapaKTepHO A Bcel

o0J1acTH U3BJIeYEeHUsT HH(POpMAIUH).
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4) Pa3peiBHBIA KOHTEKCT, TOKphiBaeMbIi JICII, mpeacTaBisieT CcylmecTBEeHHYIO NpoOieMy:. Tak,
HEOOXOIMMO WCKJIIOYHTh M3 KOHTEKCTOB HE TOJBKO JIGKCHYECKOE OTPHUIAHUE, HO U JIPYTHE
JEKCUYECKUE M TPaMMATHUYECKHUE CIOCOOBI BBIPAKEHUS UPPEATBHOCTH H  MPOOIeMATHYHOM
JIOCTOBEPHOCTH (COMHEHUS): He MOdicen, He N0360Jisien, e08a Jil, COMHUMENbHO U T.I1.

5) OcobGeHHOCTH MCXOAHON OHTOJOTHU ompenenstorT (GopmynupoBku renepupyemsix JICIIL: a)
MMEIOIIUECS B OHTOJIOTHH oporpadudeckue UM cojepKareIbHbIe OMTNOKHU, TAKHE KaK HEBEPHOE
3a/laHue 3HA4YCHHS aTpuOyTa (ONMMCaHWE BMECTO HA3BaHWS) WIM OTHECEHHWE WHIMBHIA K KIACCY
(Ha3BaHME OpraHM3alMid B Kiacce OOBEKTOB HCCIEAOBaHUA), OIPENESIOT T'€Hepaluio
HekoppektHbix JICII; 6) renepamus JICII 3arpynHeHa OTCYTCTBHEM CTaHIAPTHOTO SI3bIKA
MPEJCTABICHUS OHTOJOTMYECKUX CYHIHOCTEH M OTHOLICHWH. B KayecTBe NPUMEpPOB MOKHO
MIPUBECTU UMEHHBIC TPYIIIBI CIOXKHON CTPYKTYpPHI (B TOM YHCII€ COUYMHUTEIHHBIE KOHCTPYKIIMH) B

Ha3BaHHAX KJI1aCCOB, HCIIOJIb30BaHHUC HYMepaLII/II/I B HAa3BaAHUHU O6’beKTOB.
3akJII04YeHue

B cratbe npezacraBieH OCHOBAHHBIA Ha MpaBUJIaX JIMHIBUCTUYECKUH MOAXOJ K U3BJICUEHUIO U3
TEKCTOB MH(OPMAIUH ISl TOJJICPKKH TPOLECCa aBTOMATUYECKOTO MOIOJIHEHHSI OHTOJIOTHH Ha
OCHOBE HCXOJIHOM OHTOJIOTMH, HAayalbHOIO (YHMBEpPCAIbHOIO) CJIOBAps M KOpIlyca TEKCTOBBIX
NOKyMeHTOB. [IpuHATHINA moax01 6a3upyeTcs Ha CIeAYIOIIHUX METOIMYECKUX TPUHLIUIAX:

® aBTOMAaTHYECKOE IIONOJHEHUE IPEIMETHOrO CJIOBapsi Ha OCHOBE OHTOJOTMM U KOpIyca
TEKCTOB M PAa3METKa €ro C IOMOLIbI0 CHCTEMBl CEMAHTHMYECKMX IPU3HAKOB, TaKKe
OCHOBAHHBIX Ha OHTOJIOTUH,

e ompeneneHue  HEOONBLIIOrO  HaboOpa  HMCXOJHBIX  CTPYKTYPHBIX — METa-NaTTEPHOB,
YCTaHABIMBAKOIIUX  KOHLENTYAJbHbIE  KOHTEKCTBl ~ M3BIEYEHUS  OHTOJOTMYECKOU
nH(popmanuuy,

® ABTOMATHYECKOE MOPOXKAECHUE 10 HAa0OpY CTPYKTYPHBIX MeTa-NaTTepPHOB MHOXKECTBA
JIEKCUKO-CEMAHTUYECKUX TMAaTTEPHOB, ONPEACISAIONUX JIEKCUYECKHE, CEMaHTUYECKHE U
CUHTAKCUYECKHE CBOMCTBA KOHTEKCTOB U3BJICUEHHUS.

B pabote npuBeneHbl OCHOBHBIE MNATTEPHBI I U3BJICYEHUS OOBEKTOB (SK3EMIUISIPOB KIIACCOB
OHTOJIOTHH) M UX CBOMCTB C y4eTOM BapMaTUBHOCTU M MHO>KECTBEHHOCTHU SI3BIKOBBIX BBIPa)KECHHIA,
MIPE/ICTABISIONINX AJIEMEHThl OHTOJIOTUM B TEKCTE HA PYCCKOM SI3bIKE, OTIMYAOLIEMCS CHIIbHON
(bIEKTUBHOCTHIO U CBOOOTHBIM TIOPSIKOM CJIOB.

JlaHHBIA TOJXOA ampoOupyeTrcs MpH pa3paboTKe U TONOJHEHWH OHTOJOTMHA pa3IMYHbIX
Hay4YHbIX HpeaMeTHbIXx obnacted («llogmepikka mpuHATHS pemieHuit», «llognepkka perieHus

BBIYUCIIMTENIHHO CIIOXKHBIX 33/1a4 Ha CYIIEPKOMITHIOTEPaX»).
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YK 004.827, 004.832.22, 004.832.25

CucreMa nporpaMMHupOBaHuA B orpannyeHusix Nemo

Cuoopos B.A. (Mucmumym cucmem ungpopmamuxu CO PAH)

Metox HemoompenenEHHBIX BBIYMCICHUN SBISIETCS OMHHUM W3 TIOAXOAOB ISl PEIICHHS
3a/lauu yAOBJIETBOPEHHUs orpaHudeHuii. Ha ero ocHoBe pazpaboTaH psizi MPOrpaMMHBIX CHCTEM,
B TOM YHCJIe CHCTeMa IporpaMMupoBaHus B orpanmdeHmsix Nemo. B cratee paccmarpuBaroTcs
MIPUHIINIIBL, UCTIONB3yeMbIe sl pa3paboTku cucteMbl NEMO, WX peanu3anus Ha TPAKTHKE H

BO3MOXXHOCTH, IPEAOCTABIIACMBIC ITOJIB30BATEIIIO JJIA pEIICHNA 3a1a4.

Knroueswle cnosa: 3adaua y0ognemeopeHus 02panuienuli, Memoo Hed0onpeoenéHHbIX

6blltuCJZ€Hu1/7, A3bIK ONUCAHUSL MOOEIU.

1. BBenenue

3anada ynosierBopeHust orpanndeHuil (3YQO) saBnseTcs ogHUM U3 crioco00B (POPMYIUPOBKU U
pelleHNs HECTaHJApPTHBIX M CJIOXHBIX BbIYMCIUTENbHBIX 3anad. HedopmambHo 3YO MoxkHO
OIUCAaTh CJIEAYIOIIUM 00pa3oM:
o Pemaemas 3aaua cocTouT U3 HabOpa NEPEMEHHbBIX U HAOOpa OrpaHUYCHUH.
o C xaxnoll mnepeMeHHOW cBsA3aHa COOCTBEHHas 00JacTb ONpeneneHus (MHOXECTBO
JOTYCTUMBIX 3HAYEHHI), KOTOpasi MOXKET U3MEHAThCS B Iponecce peuierus 3YO.

o OrpaHuueHus CBA3BIBAIOT IEPEMEHHBIE U OTPAHNYMBAIOT MHO)KECTBA UX 3HAYCHUM.

o Pemenuem 3YO sBnserca Takod Ha0Op 3HAYEHUH TEPEMEHHBIX, Ui KOTOPOIO
YIAOBIIETBOPSIOTCS BCE OTPaHUYEHUS.

o llensto pemenuss 3YO MoxkeT ObITh KaK MOMCK OIHOTO pelIeHus (BO3MOXKHO, C 3aJJaHHBIMU
CBOMCTBAaMH), TaK U MOUCK BCEX PEIICHUH.

BriepBble 3aaua ynoBIE€TBOPEHMsI OrpaHUYeHUil Obuta copMmynarpoBaHa B Hayane 70X romoB
[13, 15].

B naugane 80x romoB A.C. HapuubsHu OB MPEATIOKEH MemMO0 He00ONnpeOeéHHbIX BbIYUCTIeHULL
[5, 8], xoTOpBIii sABISETCS OMHMUM W3 METONOB PEIICHUS 3aJa4d YIOBICTBOPEHHS OTrPaHUYCHHM.
Merton o6naaeT ciaeyonMMU 0COOEHHOCTAMU:

o 3HauyeHHUs TEPEeMEHHBIX SABISIOTCS HedoonpeoenéHHbiMU, TPEACTaBICHHBIMU B BHJIE

MHO’KECTBA JIONYCTUMBIX 3HaUE€HUH.
o Anroput™m BbIUMCIEHMH (¢ukcupoBaHHBIA. Ha kaxmom 1miare  ygoBieTBopsieTCS

(BLI‘-II/ICJ'ISICTC}I) OOHO AaKTUBHOC OrpaHUYCHUC, BBIACIIIIOTCA TMCPEMCHHBIC, 3HAYCHUC


Пользователь
Typewriter
, June 15th, 2022
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KOTOPBIX H3MEHWJIOCh Ha JaHHOM IIare; aKTUBUPYIOTCS OTPAHUYCHHUS, CBSI3aHHBIE C
JTaHHBIMU TIEPEMEHHBIMH.

OTMeTMM  BaXHYKD  OCOOCHHOCTh  METOAAa  HEJOONPENCIEHHBIX  BBIUYUCICHHA  —
YHHUBEPCAILHOCTh. AJITOPUTM HE 3aBUCHT OT THUMNA 00padaThIBaeMbIX JAHHBIX; B YaCTHOCTH OH
MO3BOJISIET pelIarh 3a7adyd, COACP)KaIllMe KaK HENpephIBHBbIC, TaK M JUCKPETHBIC YWCIICHHBIC
3HAUYEHUS IEPEMEHHBIX.

Ha ocHOoBe Merofa HEHOONpPENeNEHHBIX BBIYMCICHUNW OBUIO CO3JJaHO HECKOJIBKHX JIMHEEK
NPOrpaMMHBIX CHCTEM, TaKUX Kak Maremarmueckue Bbrumciaurenu UniCalc [1], skcmeprtHbie
cuctembl Semp [3], mynbrrarenTHeie cucrembl TAO [2], anexTponnsie Tabmuiel FinPlan [17]. B
CTaThe PAcCMATPHBAETCS CHUCTEMa IMPOTPaMMHPOBAaHUs B orpaHudeHusix Nemo, oTHocsmascs K
cemeiictBy crctem NeMo [4, 11], xapakTepHbIMH OCOOCHHOCTSIMU KOTOPBIX SIBJSIETCS BO3BMOYKHOCTh
paboTaTh ¢ pa3IUYHBIMU THUITIAMHU JaHHBIX U CHICHU(UIIUPOBATH 3a/1a4y HA BBICOKOM YPOBHE.

Cucrema NemoO w3HayaJIbHO MPOEKTHPOBAJIACH KaK MPOMBIIIICHHAS CUCTEMa C COXPaHCHUEM
[IUPOKUX BO3MOXXHOCTEH IO pacIIMPSIEMOCTH M YHHUBEPCAJIBHOCTH, XapaKTEPHBIX IJIsi ceMeiCTBa
NeMo. PaccmoTpum e€ cBOMCTBA B CIIEIYIONIEM TTOPSIJIKE:

o Bnauane chopmynupyem oOmme nTpUHIUIBI (M BBITCKAOIUE K3 HHUX CBOWCTBA)

UCIIOJIb3YEMBIC ITPH Pa3padOTKE CUCTEMBI;
o Jlanmee onmieM peaiM3anuio yKa3aHHBIX CBOMCTB B apXUTEKTYpPE CUCTEMBI;
o B KoHIe onmmemM HEKOTOPbIE BO3MOXKHOCTH TPEAOCTABIISIEMBIE MOJIH30BATENSIM CHCTEMBI

11 GOPMYIUPOBKHU M PEILICHHs! pa3IMYHbIX THUIIOB 33/1a4.
2. llpuHuunbl co3aanus cucreMbl Nemo

[IpennasHauenue cucteMbl Nemo onpeesiseTcs ciaelyomuM 00pa3oM:
1. Cuctema mpenHa3HaueHa JUIsi  HMCIOJB30BaHHMS B POJIM  YHUBEPCAJIHHOTO
BCTPAaMBAEMOIO BBIUMCIUTENA. [JIABHBIMM XapaKTEpUCTHKAMH B 3TOM CIIydae SBISIOTCS
NPOM3BOAUTENIbHOCT U TEXHOJTOTHYHOCTD.
2. Cucrema mnpenHasHaueHa [UIsl HUCCIENOBAHMS Pa3IMYHBIX 3aJad YIOBJIETBOPEHHUS
OTpaHUYEHUN U AIITOPUTMOB UX pelieHus. KirroueBoil XxapakTepUCTUKON IPU 3TOM SIBIISIETCSA
YHHMBEPCAJBHOCTh - BO3MOXXHOCTh HACTpauBaTb CHCTEMY [UISl PELIEHUS Pa3IMYHBIX
KJIaCCOB 3a/1a4.
Ha nepBblii B3I, 3T XapaKTEpUCTUKU MPOTUBOpEYAr Apyr Ipyry, HO 310 He Tak. Hampuwmep,
JUIS JTOCTH)KEHHUS MAaKCHUMaJbHOM MPOM3BOIUTEILHOCTH TpeOyeTcs HCIONb30BaTh pa3iMyHbIe
QITOPUTMBI JUISI PA3IMYHBIX KJIACCOB 3aJad, 4YTO, B CBOK OYEPENb, OIPENEISAETCS CTENEHbIO

YHUBCPCAJIBHOCTU CUCTCMBI.
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Jlnist peanu3anuy 3TUX XapaKTepUCTUK ObLI ONpPEAETICH Psii CBOWCTB, KOTOPBIE MCIOIb30BAIHCH
Kak 0Opu pa3paboTKe apXHUTEKTypbhl CHCTEMBI, TaK W OBbUIM JOCTYHHBI Jajee Ha YpPOBHE
M10JIb30BATEIIA:

1. YHuBepcajJbLHOCTh 03HAYAET CIOCOOHOCTh (POPMYIIMPOBATH U PEllIaTh MAKCUMAIBHO
IIMPOKUN CHUCOK 3ajad. Ha crenmeHb yHHMBEpPCAIbHOCTHU BIUSIOT CIEIYIOIIME CBOMICTBa
cucreMbl Nemo:

e JlexiapaTUBHOE IIPEICTABICHUE MOJEIM: OINHUCAHUE MOJEIM COAEPKUT TOJIBKO
ONMCAHUE 3aJayd, a HE ANTOpUTM €€ pelIeHHUs. DTO HUMEEeT psAl NPEUMYILIECTB U
HEJOCTATKOB:
o Ympoutaercs GopMyTupoBKa 3a/1aud MOIb30BaTEIEM.
o Ilopsanox 3aganust orpaHMueHUN (OMMCAHMS 3aJ1auu) HE BIMSAET Ha PE3yNbTaT
BBIYMCIICHH.
o JleknapaTMBHOCTb OrpaHMYMBAET KPYI pPEIIAEMbIX 3a7ady — cuctema Nemo
MO3BOJIAET pellaTh TOJBKO CTaTHueckhe (He HW3MEHSIIIMecs B Mpolecce
penieHus) 3a1a4uu.
e Pacmmpsemocts CUCTEMbl  TIO3BOJISIET  MCIOJb30BaTh  JONOJHUTEIIbHbBIC
CIeIMAJIM3UPOBAHHbBIE TUIIBI JAHHBIX U OTPAHUYEHUH, U, COOTBETCTBEHHO, HACTPAUBATh
CUCTEMY JJISl PELLIEHUS] KOHKPETHBIX KJIacCOB 3ajau.
e [lognepxka OOBEKTHO-OPMEHTHUPOBAHHOIO CTPOEHHUS MOJETU IOBBIIIAET YPOBEHb
OINMCAHUS 3a/1auH, YTO YIPOIIAaeT (POPMYIHPOBKY CIOKHBIX 3aj1ay.
e lcnonp3oBaHMEe KOHLENIUU «HEJOONPEACIEHHOCTh» TO3BOJSET paldoTarh ¢
HETOYHBIMU U HE MOJHOCTHIO ONPENIETEHHBIMU JTAHHBIMU.
e EnuHbIl yHUBEpCAIbHBIM aNropuTM pEIIEHUs 3aJadd MO3BOJSET penarh JIr0ble
3a/1a4M YJIOBIETBOPEHHUS OIPAHUYEHUN.

2. [Ton mMpoM3BOAMTEJBHOCTBI0O Mbl TOHUMAaeM HE TOJBKO COOCTBEHHO CKOPOCTb

pelIeHns 3a/1aud, HO ¥ BO3MOXKHOCTb ONMCHIBATh U PellaTh OOJIBIINE U CIOKHBIE 3a1a4H.
e Ckopocts BbruuciaeHuil. [nsg pemenuss 3YO wucnonb3yeTcss yHHUBEpCAIbHBIN
BCTPOEHHBII B CHCTEMY QJITOPUTM JIOCTH)KEHUS COBMECTHOCTH U Pa3JIMYHbIE METOJbI
mepebopa ¢ orkaramu [12, 16]. B xymmem cimydae, CKoOpocTh Iiepebopa
9KCIOHEHLIMAJIBHO 3aBUCUT OT YMCJIA MIEPEMEHHBIX, HO B CPEIHEM €€ MOYKHO YIYYIIHUTh
3a CYET MCHOJIb30BAHMS PA3JIMUHBIX SBPUCTHUK, CIECIMAIU3UPOBAHHBIX OTPAHUYECHUUN U

6omnee 2GEeKTUBHOTO MPEACTABICHUS JaHHBIX.
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e  Bo3MoxHOCTH (hOpMYIHpPOBaTh U pemiaTh OOJBIINE 33aJa4 3aKja/lbIBaJIach Ha dTare
MIPOEKTUPOBAHUS CUCTEMBI.
e  BbICOKOYpOBHEBBII SI3bIK OINUCAaHUS MOJAETM IMO3BOJISIET OBICTPO OIKCHIBATH
peniaemyro 3aaqy.
3. TexHonoru4yHocTh. I[IpocTora MHTErpalvyu B CUCTEMBI CTOPOHHUX IPOU3BOAUTENICH
JOCTUIAeTCs 3a CUET:
e  MoayabHOrO CTPOEHUS CUCTEMBI.
e  MouHoro BHeUIHero nporpamMmmuoro uarepdeiica (API) cucremsr.
e Hcnonw3zoBanust mapagurmel «uHTepdeiic-peanmm3anus»y (COM-TexHOIOTHs) TpHU
co3nanuu APIL.
Jlasiee paccCMOTpUM peanu3aliio 3TUX TPUHLHUIIOB ¢ TOUKU 3pEHHUS BHYTPEHHEH apXUTEKTYpbI
CUCTeMbl (MHCTPYMEHTAJbHBIH YpPOBEHb) U C TOYKH 3pPEHUS CPEICTB, MPEAOCTABISIEMBIX

IIOJIB30BATCIIIO IJId pCIICHUA KOHKPETHBIX 3a1a4 (HOJ'IB3OBaTeJ'IBCKI/II71 ypOBeHb).
3. ApxurekTtypa cucreMbl Nemo. UHCTPyMeHTAJILHbIH YPOBEHb

Cucrema Nemo COCTOHT H3:
e 3arpyxaeMbIX mMoayned (OMOIMOTEK), COAep KAIINi THUIBI TaHHBIX U OTPaHUYCHHUS,
WCIIOJIb3YEMBIE TTPU CO3JIaHUU M 00pa0OTKE BEIYUCITUTEILHOW MOJICIIH.
e Smpo cucTembl, BKJIIOYAIONIETO B ce0si BBIUMCIUTENBHYIO MOJAENb, peaTu3allrio
METO/Ia HeJIOOTPEICIIEHHBIX BEIUMCIICHHA U MEHEIDKEP 3arpy’KaeMbIX MOIYIICH.
e API cucremsl.
e HabGop yTunuT ISl TECTUPOBAHUSA M OTIAAKH CHUCTEMBI, TPAHCIATOPHI C S3bIKA
omrcanus Moaer Nemo.

ApXHTEKTypa MPOCKTHPOBAIACH C YUETOM TOIMCPIKKU PA3TMIHBIX BBIYUCIATEICH U Pa3IMIHBIX

API, Xx0Ts Ha MpaKTHUKe ObLT peann30BaH BCETO OAMH BRIYUCIUTEND U oquH AP nns Hero.
3.1. BubanoTeK TUIOB JAHHBIX U OTPAHUYEHU I

Snpo cucrembl peanusyeT 0a30BbIi aIrOPUTM METOJa HEAOONpPENeNEHHBIX BBHIYMCICHUN U He
COZIEP)KUT HHMKAKOM HMHGOpPMALUMU O CYIIECTBYIOIIMX THUIAX MAHHBIX M OTPAaHUYECHUSX — BCA
uHpopMaIus O HUX XPaHUTCA BO BHEIMIHUX OubOamorexkax. COOTBETCTBEHHO, THI JAHHBIX (MU
OTpaHUYEHUE) CTAHOBUTCS JOCTYIHBIMU TOJIBKO ITOCIE 3arpy3KH COOTBETCTBYIOIIEH OUOINOTEKH ¢
MIOMOIIBI0 MEHEKEpPAa MOIYIEH. OTO SBIAETCA PE3YIbTaTOM IIOCIEAO0BATEIBHOIO CIIEA0BAHUA

MPUHIUITY PACIIUPSIEMOCTH.
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Pa3paboran m peann3oBaH OCTAaTOYHO OONBINON CIUCOK JOMOJHUTEIBHBIX MOIYICH — B
CTaHJApTHON KOH(Hrypalmuu cHcTeMa BKItodaeT 12 OubnmoTtek, copepkammux OoJbInoi Habop

(nopsinka 700) TUTIOB TaHHBIX U OTHOIIICHHH.
3.2. Slapo cucrembl

BHyTpeHHsIst peanu3anus ONMCAHUsS 3a1audl (8vluuciumenvHas mooels) CTPOUTCS Ha OCHOBE 2
MOHATUI: OOBEKT U AECKPUIITOP 00BEKTA.

o Bce nepeMennsbie 3a1aun sBisitoTcs o0bekTamu. CaM 00BEKT CONEPIKUT TOJBKO CBOE
TEKyIlee 3HAYCHUE, KOTOPOE MOXKET H3MEHSATHCS B IPOLIECCE BHIYHUCIICHUH.
. JleckpunTop 00bEKTa COACPKHUT BCIO MHGpOpMAINIO 00 00bekTe (TIOJTHOE ONMUCaHHE
TUNIA JIAHHBIX, JOCTYIHbIC HHTep(delchl M cBoiicTBa). Takke OH HCHOIB3YETCS IS
CO3JIaHUs, YIAJICHHS i KOTTMPOBAHMS 00BEKTA.
. Orpanuyenue Takxke sBiIseTcs 00beKTOM. CBSI3b MEXIy OrpaHUYCHHEM M €ro

apryMeHTaMH BbIHECEHA Ha YPOBEHb BHIIIE, B COCTABHON OOBEKT (CM. Janee).

° JleckpunTop OrpaHUYeHUs XPAHUT UMS M TUIIBI apTYMEHTOB OTPaHUYCHHUSI.
° CocTaBHOM OOBEKT MPECTaBIsAET COO0N KOHTEHHED M1 OOBEKTOB.
° JleckpunTop cOCTaBHOTO 00BEKTA XPaHUT OMKUCAHUE CTPYKTYPBI COCTABHOTO OOBEKTa

(CTIMCOK TECKPUIITOPOB COCTABISIOIIUX €ro OOBEKTOB U OTrPaHUYCHUN, WX HUMEHA) U
Ta0JINITY CBS3€H MEXKIy BHYTPEHHUMHU OTPAHHUYCHUSMHU ¥ O0BEKTaMHU.
. OtnenbHas CyIIHOCTh - OOOOIIEHHBINA (QENeriC) JeCKpUITOp, KOTOPBIH cO31aéT
JECKPUTITOPHI, @ HE OOBHEKTHI.
o BrraucnutensHas MOJENb SABISETCS OOBIYHBIM COCTAaBHBIM OOBEKTOM.

SAnpo Takke COACPKUT MEHEDKEP MOIYIIEH, CIIUCOK 3arpy>KEHHBIX JCCKPHUIITOPOB U PeaTnu3aIliuio

aJiroputMma HG,Z[OOHpe,[[eJ'IéHHHX BBIQHCHCHHﬁ, pa60TaI01uer0 C BBIYHCIUTENIBLHOMN CETHIO.

Menenxep OOmwmii cricok CrnyxeOHast BRIUUCIUTENbHAS CETh

Moyneit JECKPUTITOPOB

BrrancnurensHas ceTh
Cnucok
MoayJei ——; Jeckpuntop Mojenu 5
> ) Ouepenp orpannueHnit
LI: —»
[
L

v

Mogaenb (cocTaBHOU OOBEKT)

Crex
OTJIOKCHHBIX
COCTOSIHUH

Crucok
HaWJeHHBIX
pelieHuit
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Puc. 1. Cmpoenue siopa cucmemvr Nemo.

KoMITOHEHTBI BEIUMCIUTENS B3aUMOJICHCTBYIOT CICTYIOIIUM 00pa3oM:
. Menemkep MoOIylell TO3BOJISET 3arpykarth OWOMUMOTEKH (BHEIIHME MOJIYIH),
W3BIIEKATh M3 HUX JACCKPHUITOPHI U JOOABIATH X B OOIIHIA CIIHUCOK ACCKPHUITTOPOB.
J OOmuii CIUCOK JECKPUNTOPOB CONEPIKUT BCE JOCTYIMHBIC B KOHKPETHBI MOMEHT
BPEMEHH JIECKPUTITOPBHI.
o BryTpenHee npeacTaBIeHuEeM peraeMon 3aauu (BEIYUCIUTENbHAS CeTh) CO3MaéTCs
Ha OCHOBE JICCKPHUIITOPA MOJICIIN, KOTOPBIH SBJISIETCS OOBIYHBIM JIECKPUIITOPOM COCTABHOTO
00beKTa.
. JIeCKpHIITOp MOJEIIH MCIIONB3YETCS ISl CO3aHHsI CaMOM MoJieNu (KOTopast sIBJISETCSI
COCTaBHBIM OOBEKTOM), OYEpEeId OrPaHWUYCHWI, W Ul XPaHEHHUS CBSI3CH MEXKIy

OrpaHMYCHUSAMHU U UX apTYMCHTaMHU.

° Bo Bpems BeuuCieHMI TeKyliuii HaboOp 3HaYeHUNH OOBEKTOB MOJAETH MOXKET
COXPAaHSTHCA:

o B CIIMCKE HAUJEHHBIX PEIICHUH — €CIIU 3TO PEIICHUE;

o B CTEKE OTJIOXKEHHBIX COCTOSHUN — JUIsi 00pabOTKH 3TOro Habopa 3HaueHUs B

,Z[aJ'ILHeﬁHIeM, Ha CJICAYIOIUX Iarax ajropurma.
L4 B HCKOTOPLIX CIICHUAJIBHBIX ClIydasaX (TaKI/IX KaK PCHICHHC 3aJa4u UCPAPXHUUCCKOI'O
YAOBJICTBOPCHUSA OI‘pElHH‘-ICHHfI, BBIYHUCIICHHUC HCBA3KH H T.I[.) co3gaércs CJ'Iy>KC6HaSI

BBIYHCIIUTETBHAS CETh.
3.3. API

[IporpamMmubIil uHTEpdeEiic cuctemsl (API) mo3BoIAT Moib30BaTeN0 POPMYIUPOBATh U PEIIATH
3aJlaud C MOMOIIbI0 OoJjiee BBICOKO-ypOBHEBBIX MOHATUH. WHTepdeiic APl co3nan ¢ momoribio
a3bIKa onucanus uHTepdeiicon (idl), peanuzanus Hanucana Ha C++. API co3nan B cCOOTBETCTBUU ¢
MOJIENBIO «uHTepdeic-peann3ams» 00bEKTHO-OPUEHTUPOBAHHOTO rapagurMbl
nporpaMMupoBanus. AP| cuCTeMBbI COCTOUT U3 CIEAYIOUINX HHTEp(dENcoB:

®adpuxa. OOBEKT 3TOro Kijlacca BCerna MPUCYTCTBYET B €AUHCTBEHHOM JK3EMIUISIPE U CIYKUT
JUIs1 CO3aHUsI OOBEKTOB BCEX OCTABHBIX KJIACCOB.

Moayab. Moayns npenctaBiseT coOoil KOHTEHHEp, conepKallluii CIHUCKU THIOB JAaHHBIX U
OTHOIIEHUH. Moaylib MOKET OBITh 3anucaH B (paiis u 3arpyxeH u3 (aiina.

Tun panabix. CoyXuT U1 JOCTyINa K THIAM JaHHBIX Mozend. [lomp3oBarens MOXKeT co31arh

HOBBIN TUNBI JAHHBIX.
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OtHomenne. CayXuT Uit AOCTyHna K (QYHKIUSAM, OINEpalUsM U IpeauKaraM MOJEIH.
[Tonp30BaTeIs MOXKET CO37aTh HOBOE OTHOIICHHE (HOBYIO (DYHKIIMIO HIIM OTIEPAITHIO).

Ilepemennas. Ilepemennas moznenu. Ilpu co3naHum nepeMeHHOM ykasbIBarOTCsS €€ MMs M THII
naHHbIX. [lepeMeHHasi TakXke COAEPKUT METOIbl JUIsl YCTAaHOBKM M TONYyYeHHUs €€ 3HauyeHHs,
IIOMETKH IIEPEMEHHON KaK KOHCTAHTBI, JUIsl JOCTYIa K BHYTPEHHUM CJIOTaM IEPEMEHHOM (ecau TUI
JAHHBIX [IEPEMEHHOM - COCTaBHOM).

Tepm. Tepm sBisieTcss BHYTpPEHHEW BEpIIMHON JepeBa BhlpakeHus. [lpu co3maHum Tepma
YKa3bIBAIOTCS OTHOILEHUE M CIMCOK APIyMEHTOB (KOTOPBIMU MOTYT OBITh JINOO NepeMeHHbIe, 00
TepMbl). Taxke Kak U IepeMEHHas1, TEpM UMEET COOCTBEHHOE UM U TUII JAHHBIX.

Orpanuyenune. DIEMEHTAPHBIN JIEMEHT, ¢ TIOMOIIBIO KOTOPOTO CTPOUTCS MOJelb. Bee (axTo
(YpaBHEHMs, HEPAaBEHCTBA, IPEIUKAThl), KOTOpble JOOABISAIOTCS B MOAEIb, JOKHBI OBITh
orpaHudeHusIMH. OrpaHuyeHue co3aaéTcs Mo TepMY, SBISIOLIEMYCS] KOPHEM JIepeBa BhIPAKEHHUS.

Pemarenns. CiiyKUT U1 CO31aHMsI MOJENIU U YIIPABJIEHUS IPOLIECCOM BBIYMCICHUH.

Tadmmua. Tabnuma cayXUT A XpaHEHUs AHHBIX B COOCTBEHHOM (opMare u 00ecIednBaeT
CO3[JaHME M JIOCTYH K CTPOKaM M CTOJNOIAaM JaHHBIX. TaOnWiia MCHONb3yeTcs MpH CO3IaHUH
TaOJIMYHOTO OTHOUICHHUS.

Crpoka Tadiaunbl. OnHa cTpoka JaHHbIX TaOuuibl. Vcnonb3yercs JUisl 3all0JHEHUs TaOIULbl

JaHHBIMU.
3.4. CepBuCHBIIi YPOBEHb

CepBUCHBIN YPOBEHb COAECPKUT MPOrPAMMBbI U MOIYIU it paboThl ¢ cucteMoit Nemo. M3 Hux
MOXXHO BBIJICJIUTD:

e KomnuiasTop sfi3bika onmucanusi Mojea Nemo SIBISIETCS OCHOBHBIM HHCTPYMEHTOM
TUTst POPMYIUPOBKH 33/1a49 U TECTUPOBAHUS CUCTEMBI.
e Hnurepnperarop si3pIKa omucaHus MoAeld Nemo MO3BOJSET B WHTEPAKTUBHOM
pexuMe paboTaTh € MOJAENBIO: 3arpykarb MOIYIM, CO3[aBaTb IIE€PEMEHHBIE,
MOIU(UIMPOBATh MOJETh U BBHIMONHITH BhIUKCICHHs. VHTEprpeTarop HCMONb3yeTcs
JUTSl TECTUPOBAHMS METOAOB IMHAMUYECKOTO yIpaBlieHUus Mozelbio uepe3 AP
e OrnagumMk SBISIETCS OCHOBHBIM CPEACTBOM OTJIAQJKHU aNropuTMma BbeluuciaeHuM. OH
MO3BOJISIET BBITIONHATH BBIYUCIICHHS TIO-IIarOBO, OTOOpa)kasi TEKYIIUEe 3HAYCHHS
MEPEMEHHBIX U COCTOSTHUE OYepPEI OTpaHUICHHH.
e  VYrTumura A MPOCMOTPA COACPKUMOTO OMOIHOTEK.
e Komnuasitop TadJaMI MO3BOJSET CO37aBaTh TAOIMMYHBIE OTPAaHUYCHHS] HAa OCHOBE

TEKCTOBOI'O MPCACTABICHUA JaHHBIX.
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L4 I[CKOMHP[JIJIHTOP BOCCTAaHaBJIHNBACT OITMCAHUC MOJCIIN HaA A3BIKC Nemo.
Bce YKa3aHHbIC YTUJIMUTBI U MOOYJIHN BBaHMOﬂCﬁCTBYIOT C CHCTEMOM HCKIIIOUMTEIILHO qepes3 eé

API.
4. Apxutektypa cucrembl Nemo. [Tosib30BaTe/ibCKNil yPOBEHbD

Jlst monb30BaTelist, CUCTEMa, B TIEPBYIO OUepe/lb, SBIISICTCS HHCTPYMEHTOM JUIsl pEIICHUs 3a]1au.
C oroifi ToukM 3peHUs e€ omHucaHue TMpeAcTaBiseT co0oil Habop MeTonoB U HPUEMOB,
UCIONB3YEMBIX Ui (DOPMYIMPOBKH U pelIeHUs pa3nuyHbIX 3aaa4. Cuctema Nemo mpenocrasisier

2 cnoco0a, ¢ MOMOIIBI0 KOTOPBIX BO3MOXKHO C(OPMYIIMPOBATH PEIIACMYIO 3aJ1aqy:

. HuzkoypoBHueBslii — ¢ nomomnibio API cuctemsl, Ha s3bike porpammupoBanus (C++,
Basic).

. BBICOKOYpOBHEBBIN — C MOMOIIBIO S3bIKa OnucaHus Mozaearn Nemo, B TEeKCTOBOM
BHJIE.

Jlanee Mbl OyaeM HCHOJIB30BaTh BTOPOM crocoO (omucanue Ha s3bike NEMO), Tak Kak SI3bIK
MOJJCPKUBAET BCE BO3MOXKHOCTH, mpenoctaBisiembie APl u mpu 3TOoM omepupyer Oonee
BBICOKOYPOBHEBBIMH MOHATUAMU. OTMETUM, 4TO S3bIK Nemo SIBISEeTCS pa3BUTHEM S3bIKA OMHCAHUS
Mozenu cuctembl HeMo+ [ 7] mpu coxpaneHuu ero 0a30BbIX IPUHIIUIIOB U CBOMCTB.

HammomuanM 6a30BbIe CBOWCTBA CHCTEMBI, KOTOPBIE MOKHO HCIIOJIB30BATh MPH OMIMCAHUH 3a/1a9U:

e JlexiapaTuBHOE MPECTABICHUE MOIECIIH.

e  MoayapHOE CTPOCHUE CUCTEMBI.

e PacmmpsiemMocTh (BO3MOXXHOCTh CO3JaHMSI HOBBIX THIIOB JaHHBIX M HOBBIX
OTHOIIEHUH).

¢  OOBEKTHO-OPUEHTHPOBAHHOE CTPOECHUE MOJIEIIH.

e Tlonaep:kka KOHLUENIIMHA HETOONPEAECIEHHOCTH.

L4 Hoz[z[epxq(a Pa3JIMYHBIX KJIACCOB pCIIaCMbIX 3aJ1ad.
4.1. lexkJapaTuBHOE NpeacTABIEeHHE MOIEH

Tak kak AITOpUTM JIs1 PCHICHUA 3aaa4 BCTPOCH B CUCTEMY, TO IIOJB30BATCIIO JOCTATOYHO
CHCL[I/I(I)I/I]_[I/IPOBaTL 3agaqy (3al[aTB 06’LCKTBI, X 3HAQUCHUS MU CBA3BIBAKOIIIHNE HUX OTHOIJ_ICHI/IH) B
TepMI/IHaX A3bIKA CUCTCMBbI U BaHyCTI/ITB MECXaHU3M BI)I'-II/ICJ'IGHI/II\/'I.

uses "NemNumbers";

main

X, Y, d, z : interval real,

X+y=12.0;
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2* X =Yy,
"3 +y"5 =4,
x"2+4%*z2-6.33=0.0;
end;
Ilpumep 1. Ilpocmas cucmema ypagHeHuil.
B npumepe:

o 3arpyxkaercs OuOimoreka «NemNumbersy», kortopas COAEPKUT peanu3aldio OCHOBHBIX
YHUCJIOBBIX THUIIOB JaHHBIX W OMNepaluii HaJ HUMH (B TOM YHCIE TUNA JaHHBIX «interval
realy);

e CTPYKTYpPHBIE CKOOKH «Main ... end» orpaHnYMBaOT ONMKUCAHKUE 33/1a4H;

e JICKJIAPHPYIOTCS 4 IEpeMEHHBIX: X, Y, d, Z;

e  3aJIAIOTCsI OTPAaHMYCHHUS 3a/1a4H B BUJIC CUCTEMbI YPaBHEHHIA.

Kak yxe OBUIO OTMEYEHO, JCKIAPAaTUBHOCTh C OJHOM CTOPOHBI YIpoIIaeT (HOPMYIHPOBKY
3aja4u, ¢ JPYroil — OrpaHMYMBACT KJIACC pellaeMbIX 3aj1ad. B yacTHOCTH, cucTeMa He T03BOJISET
peliath JUHAMHYECKHE 3a/Jaudl YAOBJICTBOPEHHs OrpaHuveHuil. UTO HE MeliaeT HCIOoJb30BaTh
cucreMy Nemo Kak KOMIOHEHTY st pemeHuss 3YO B cucTeMax ¢ JUHAMUYCCKH W3MEHSICMOM

MojIenbio (HampuMmep, cucrtema Semp-TAO [6]).
4.2. MoayabHOCTh

MonynbHOE CTPOEHHE CHUCTEMBI IMO3BOJSET HApalIMBaThb CHUCTEMY HOBBIMU THUIIAMHM JaHHBIX
(kmaccaMy) M OTHOUICHUSIMU TIYTEM TIOJAKIIFOYEHUS JIOMOJIHUTEIBHBIX BHEITHUX MOAYJen
(6ubmmorek).

Boeruncnutens cucrempl Nemo peanusyer 0a30BbI alTOPUTM BBIYUCICHUNW U CONEPIKUT
CUCTEMHBIE KIIAaCChl M MeToAbl. [Ipm 3TOM OH HE WMEeT HHUKaKOi WH(GOpPMAIMU HU O KaKUX
KOHKPETHBIX THMaX JaHHBIX (KJIaccax) W OTHOIICHHSIX — BCE OHHM 3arpyXaloTcs W3 BHEUTHUX
Moxynen quHamudecku. [lepen s3pikoM, 1 yactuuHo nepea API, 3To cTaBUT HECKOIBKO Tpodiem:

o IlpencraBnenne kOHCTaHT. [[eHiCTBUTENBHO, TaKk Kak HE CYIIECTBYET NIpPeIONpenelEéHHbIX

TUIIOB JIaHHBIX, U TaK KaK YUCJIO TUIOB JaHHBIX HE OTPAHUYEHO, TO TPAHCISATOP HE JOJHKEH

UMETh BCTPOEHHBIX CpEACTB pa3dbopa KOHCTAHT. J[nsi pemieHust 3ToM MpoOieMbl OBLIN

MIPUHSATHI CICAYIOIINE COTIAIICHUS:

o CaemaHo UCKIIOUEHHUs [IJIs PacHpOCTPaHEHHBIX THIIOB JAaHHBIX: 3aJaHbl (POpMATHI
MPEJICTAaBICHUS 3HAUCHHUI 1Tl TUIIOB ¢ MeHamu bool, real, int u string.

o 3amaHbl popMaThl MPEICTABICHUS 3HAYEHUI TS BUIOB Hemoonpenenéunoctu Interval,

Enum u Multiinterval.
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o Jlnsg KakI0ro THIA JaHHBIX pean30BaH (HEMOCPEICTBEHHO B JCCKPUIITOpPE OOBEKTa)
METOJ TOJY4eHHUs 3HaYeHHe OObEeKTa M3 TEeKCTOBOM cTpoku. Ilpm stom dopmar
TEKCTOBOW CTPOKU OMPEIEINAETCS BHYTPU peann3anuu 3Toro Mmetoaa. CooTBETCTBEHHO, B
S3bIK  BBeAcHAa KOHCTpyKiusi «const( TypeName, "Value" )», Kkoropas co3maér
KOHCTAHTHBIM 00beKkT THma TypeName cO 3Hau€HHEM, 3arpyKEHHBIM M3 TEKCTOBOMU
ctpoku "Value".

o OrtHomenuss B s3bIKe 3a7at0Tcs B Buie omepanuil u QyHkuuid. Hammuwe Oosbioro
(MOTEHIIMAIBHO - HEOTPaHWYCHHOT0) KOJIMYECTBAa OTHOIICHUM TpeOyeT oT s3bika U API
MOJ/ICP’KKHA BO3MOXKHOCTH CBOOOIHOTO 33aHUSI UMEH M CUTHATYp onepauuidi U QyHKIHA. A
TaK)Ke BO3MOXXHOCTh HX IEPEOTPEACTICHHUS.

e B cBi3u c OoiblIMM KOJMYECTBOM OIEpaluii BO3HHKAeT mpoliemMa YKazaHus HX
aCCOLMAaTUBHOCTA U TMPHOPHUTETA, HCIOIb3YeMbIX Mpu pa3dope BbipakeHuid. [Jms eé
pelIeHrs BBEJICHBI J]Ba COMIAIICHUS:

- IlpuopuTeTsl onepamnuii ¢ OMHUM WMEHEM COBIAAAIOT. ACCOLMATUBHOCTH OIEpaluil ¢
OHUM UMEHEM COBIIQ/IAIOT.

o IlpuopuTeTsl U aCCOIMATUBHOCTH OMNEpalUi 3arpyXKalTcs M3 BHEIIHETO TEKCTOBOTO
(haiina.

3ametuM, uro ans APl 3Toit mpobieMbl HE CYIIECTBYET, TaK KaK BBIPAXKEHUS COOMPAIOTCS W3

TEPMOB  MO-OJHOMY, BHE  3aBHCHMOCTH  OT  TPHOPHUTETOB,  AaCCONMATHBHOCTH U

npeduKcHONH/MH(PUKCHON (GOPMBI BEI30BAa OTHOLIEHHUS.

class Point;
slots (x, y, z: real);

end;

function Norm( P : Point) : positive;
Result"2 = (P.x"2 + P.y"2 + P.z"\2);

end;

operator - ( P1, P2 : Point) : Point;
Result.x =P1.x - P2.x;
Result.y = Ply - P2.y;
Result.z =P1.z - P2.z;

end;
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operator + ( P1, P2 : Point) : Point;
Result.x = P1.x + P2.x;
Result.y = Ply + P2.y;
Result.z =P1.z + P2.z;

end;

function Distance( P1, P2: Point ): positive;
Result = Norm(P1 - P2);

end;

Ilpumep 2. Dpacmenm mooynsa ceomempuieckol OUOIUOMeEKU.
B npumepe:
e CO37a&TCsl HOBBIM THIT JaHHBIX «P0inty, coneprkariuii 3 BeIIECTBEHHBIX MOJS: X, Y, Z;
o cosnmatorcs ¢pynkuun «Normy» u «Distance», a Takxke omeparuu «-» u «+» i paboThl ¢

OTUM TUIIOM HAHHBIX.
4.3. Buabl He100TIpeaeSIEHHOCTH

Buna megoomnpenenénHocTy 3a7aéT Coco0 MpeACTaBiICHUST MHOXKECTBA JOMYCTUMBIX 3HAYCHUH
nepemernoii [10]. B s3bIk BBeneHa momnep:kka BUAOB Hemoompeaeiaénnoctu: Single, Interval,
Enum, Multilnterval. Tlpu onucaHuM mEepEeMEHHONH MOIEIH, MOXHO SIBHO YKa3bIBaTh BH/I
HEIOOMPECIEHHOCTH; IT0 YMOTUaHHIO Ucmob3yercs Interval.

uses "NemNumbers";

uses "NemEnumintegers";

uses "NemAbstractTypes";

main

/I qi is the queen in the i-th column
g1, 92, g3, g4, g5, g6, q7, g8 : enum int;
g1=1[1,8];092=11,8];03=[1,8]; 94 =[1, 8];
a5=1[1,8];96 =[1, 8]; q7 = [1, 8]; g8 = [1, 8];

alldiff( q1, g2, g3, g4, 95, 96, q7, g8 );
alldiff( q1-3, 92-2, g3-1, g4, q5+1, q6+2, q7+3, q8+4 );
alldiff( q1+3, q2+2, g3+1, g4, 95-1, 96-2, q7-3, 98-4 );

end;




System Informatics (Cucremnas unpopmaruka), No. 20 (2022) 58

%exact = On;
Ilpumep 3. 3a0aua o paccmanogke ¢hepseii.
B npumepe:

o Jlna pemenus 3YO B HOUCKPETHBIX OOJACTAX YAOOHO HCHOJIB30BAaTh IPEICTABICHHUE
3HAQYCHUH MIEPEMEHHBIX B BUJIC TIEPEUHCIICHNs. TakuM THIIOM JaHHBIX SIBIISETCS «ENUM inty,
peanu3aims KOToporo 3arpyxaercs u3z ouonuorexku «NemEnumintegersy.

o B nannoii 3agaye ynoOHO yCTaHaBIMBATh HAYaJbHbIE 3HAUYEHUS MEPEMEHHBIX C IMOMOIIBIO
uHTepBasoB: «ql = [1,8]».

o Orpannuenue «alldiffy 3amaér mnonapHoe HEpaBEeHCTBO BceX CBOMX apryMEHTOB.
OrpanuueHue UMeeT MPOU3BOJIILHOE KOJIMYECTBO apIyMEHTOB U PEaM30BaHO B OMOIHMOTEKE
«NemADbstractTypes».

o Ilapamerp anroputma «%e€Xact» ykas3blBaeT, YTO BBINOJHSETCS MOUCK TOYHBIX PEIICHUH (

cM. nanee onpasaen 4.9. Kiaccel pemaemMsix 3a1a4).
4.4, Tunsl JaHHBIX

Tunm naHHBIX [pencTaBiIseT coOOH omucaHue, coxepikamiee HHPOPMANHIO, OOIIYIO U
HEKOTOPOU TpYIIbI MEPEMEHHBIX. TUIBI JaHHBIX crucTeMbl NEeMO (¥ s3bIKa) MOXKHO pa3AemsTh IO
Pa3IUYHBIM KPUTEPHUSIM.

ITo ponu B mozgenu:

e AOCTpaKTHBIE TUIBI JAHHBIX CIYXaT JUIsl CO3aHUs HePAPXUHU TUIIOB JaHHBIX.
e KoHkpeTHbIe THIIBI JAHHBIX UCTIOIB3YIOTCS IS CO3aHMs 0ObEKTOB MOJIETH.

ITo cTpoeHnuro:

e IlIpoctrbie THNBI AaHHBIX. OOBEKTH TaKUX THUIIOB SBISIOTCS HEACTUMBIM
CYITHOCTSIMHU.

e CrpykTypHble THNBbI JaHHBIX. [lepeMeHHBIE TakuX THUINOB UMEIOT BHYTPEHHEE
CTpOEHUE, KOTOPOE MOXKHO MCIIOB30BaTh IPH OMMUCAHUU MOJICITH.

[To cnocoOy co3nanus:

e MHHcTpyMeHTaJbHBIE TUIBI JAHHBIX CO3/1al0TCA Pa3pabOTUYMKaMU cucTeMbl. Takue
TUIIBI peasn3yloTCsl Ha si3bIke nporpamMupoBanus (C++) u MoOryt ObITh aOCOJIOTHO
MPOU3BOIBHBIMU. [Ipy omrcaHny MOJIENH TaKKMe TUIIBI TAHHBIX CTAHOBATCS JOCTYTHBIMU
TOJILKO TOCJIE 3arpy3KH COOTBETCTBYIOIIETO MOTYIIS.

e CocraBHble THIBI JAaHHBIX MOTYT CO3JaBaTbCsl TOJB30BATENEM Pa3IHUHBIMH

cnocobamu:
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1. Coznarp TUIl JaHHBIX, SIBHO OIMCAB €ro CTPYKTypy (il 3amuceil — 3To

CIIUCOK CJIOTOB; JUIsl MACCHBOB — THUII 3JIEMEHTOB U pa3Mep).

2. HacnenoBarp THIT TaHHBIX OT YK€ CYIICCTBYIOIIECTO THIIA.

3. Jlo0aBUTh K THITYy JaHHBIX COOCTBEHHYIO ITOAMOICHD (JOMOJHUTEIbHBIN

Ha0Op OrpaHUYCHHI HA BHYTPEHHUE MOJISI OOBEKTOB).

e  Tumbl TaHHBIX, CO3JJAHHBIC C IIOMOIIBIO 0000IEHHBIX (POIOBBIX) KJIACCOB.
OtMeruM 4YTO, Tak Kak cucrema Nemo paboTaer ¢ HEAOONpeneAEHHBIMHU JTaHHBIMHU, TO HJIs

KOXJI0ro (He aOCTpaKTHOrO) THUMa JaHHBIX JOJDKEH YKa3bIBaThCA BHUJ HEIOONPENCIEHHOCTH.
Hepapxusi TUMOB [aHHBIX, PEaM30BAaHHBIX B CTAHIAPTHOM KOH(UTypaluH, IPEACTABICHA Ha
CIIEyIOIIEeH CXeMe:

AbstractTypes
any

scalar

A AT

number

\ int \ \ real \ \ bool \ \ string

Strings Sets Arrays

array

A

struct array m

interval set

—{ single real ‘ single bool single string

enum string

{ single int

—{ interval int —{ interval e

—{ enum int —{ multiinterval real ‘

Puc. 2. Hepapxus munos oanivix
Bce yka3zaHHble THUIIBI [JaHHBIX MOTYT HCIIOJIB30BaThCA Cpa3zy K€ IMOCIE MOAKIIOYEHUS

COOTBETCTBYIOIINX OMOIHOTEK.
4.5. OTHolIeHUA

Taxke Kak M THUMNBI JAaHHBIX (IO OTHOLICHHIO K MEPEMEHHBIM), OTHOLIEHHs O0O0O0O0IIAI0T
nHpOpMaLUIO, OOLIYIO JUIsi HEKOTOPOH Ipymnmbl orpaHruueHui. OTHOIIEHUS MOXXHO pa3ieniTh IO
Pa3IMYHBIM KPUTEPUSIM:

C TOYKM 3peHHs] CHHTAKCHCa SI3bIKA!

e @yukuun. Imsa ¢pynkuuu sensercs uaeHtudukaropoM. B orpannuenusx QyHkuus

HCIIONB3YETCs TOJIBKO B MpepUKCHOM hopme.
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o Onepaulm. Nwms onepanv COCTOUT U3 CIICHHUAJIbHBIX CHUMBOJIOB. B OIrpaHUYCHHUAX
oTiepalysi MOXKET MCIOIb30BaThCs KaK B MH(DHUKCHOM, TaK M B IPePUKCHOMN hopMax.
o MeTOIlbI TUIIOB OAaHHBbIX. MCTO,Z[ CBsiA3aH C KOHKPCTHBIM THIIOM AOaHHBIX H SaﬂaéT
OrpaHH4YCHUs, CBA3BIBAIOIINEC 00BEKT JaHHOI'O THUlla ¢ BHCHIHUMU 00bEKTaMHU.
function Norm( P : Point) : positive;
Result*2 = (P.x"2 + P.y"2 + P.z\2);
end;

operator + ( P1, P2 : Point) : Point;
Result.x = P1.x + P2.x;
Result.y = PLy + P2.y;
Result.z =P1.z + P2.z;

end;

method angle::deg() : real;
Pi*Result = 180*This;
end,
Ipumep 4. ©pacmenm Mmooy ceomempuyeckou 6ubIUOMeKuU.

B npumepe co3narorcs OTHOLIEHUS:

o (yHnkuus «Normy;

e oOmeparus CIOKEHHs Ui 00bEKTOB THIIA JaHHBIX «POoiNnty;

e MeTox «deg» AJIsi HHCTPYMEHTAILHOTO THITA JaHHBIX «angley.

3ameTuM, 4yto Ha ypoBHE API Takoro pasneneHus He CyIIECTBYET — OTPAHUUYEHUS CO3JAI0TCS C

SIBHBIM YKa3aHWEM MMEHH OTHOIICHHS U CIIHCKA apTyMEHTOB.

[To cnocoOy coznanus:
e MHHcTpyMeHTa/IbHbIE OTHOLIEHHUSI CO3JAIOTCS pPa3padOTYMKaAMHU CHUCTEMBbI. Takwue
OTHOIIEHUSI PEATM3YIOTCS HAa MHCTPYMEHTAJIBLHOM si3bike mporpammupoBanus (C++) u
MOTYT OBITH a0COJIOTHO MPOU3BOJIBHBIMU. [IpHW omMcaHUM MOAENTU TaKue OTHOIICHUS
CTaHOBATCA JOCTYIHBIMHU Cpa3y MOCIIE 3arpy3KH COOTBETCTBYIOLETO MOMYJIS.
e CocraBHble OTHOILIEHHS MOTYT CO3/IaBaThCS MOJIH30BATEIEM (TOUHEE — HHKEHEPOM
3HaHuil). [Ipu 3TOM OH NOJKEH SIBHO YKa3aTb MMsI OTHOILIECHHMS, OMUCAThb CHUTHATYpy
(TUIIBI apTYMEHTOB U pe3ynbTara) U HabOp OrpaHUYEHUH, U3 KOTOPBIX COCTOUT JaHHOE

OTHOLICHHUE.
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e  OTHOUIEHUS, CO3JaHHBIE C TTOMOIIbIO MEXaHU3Ma 0000 IIEHHBIX OTPAHUYEHUIA.
46 Oﬁ'LeKTHO-OpI/IeHTI/IPOBaHHaH mapaanrma onucCaHus Moaejiu

[Tapagurma 00BbEKTHO-OpUeHTHPOBaHHOTO NporpamMmmupoBanus (OOII) ectecTBeHHBIM 00pazoM
BBITEKAeT M3 MOJJAEPKKM TUIHU3ALMU U MOIYIbHOro crpoeHust cucremsl. [lonsarue OOII Taxke
MOJKHO Pa3JIOKUTh Ha HECKOJIBKO COCTABIISIFOIINX

1. Tunuzanusi. 3T0 CBOMCTBO O3HAYAET HAJIMYME MOHSTHS «THUI JAHHBIX» («KJIACCH),
BO3MOXKHOCTb IPSIMO yKa3blBaTh KJIACC KaXKJOTO 3JIEMEHTa MOJEIUM U BO3MOXHOCTb
CO3J1aBaTh HOBbIE KJacchl U oTHOWEHUs. APl U A3bIK OAEpKUBAET HEPAPXUIO KJIACCOB, KaK
pearn30BaHHbBIX HA HHCTPYMEHTAJILHOM YPOBHE, TaK U CO31aBa€MbIX I10JIb30BaTEIIEM.

2. MoaynbHoctb. Cuctema pabotaeT ¢ JByMs THUIIAMU MOJYJIEH: MHCTPYMEHTAJIbHBINA
MOZYNb (AMHAMHUYECKH 3arpykaeMas OMOIHMOTEeKa CO CTaHIApTU30BaHHBIM HHTEpdericoM
KJIaCCOB U MPOLEAYP) U MOJIb30BaTEIbCKUN (CO31aHHBIA CaMUM I0JIb30BaTeNIeM) Moayib. C
TOYKH 3PEHUS 110JIb30BaTElIsl, OHU MOJIHOCThIO SKBUBAJICHTHBI.

3. Nukancynsauus. WHkancymsuus oO3HAyaeT CKpbITHE HHGOpPMAlUuU: JaHHBIX U
peanu3ao METOIOB B3aUMOICHCTBHS C 0OBEKTOM, - BHYTPH caMoro o0bekTa. Peanmzarus

9TOro NOHATHSA B cucTreMe Nemo UMeET CBOM 0COOEHHOCTH:

L4 B cucreme Her npaB AOCTyIla K BHYTPCHHHUM IOJISIM 00beKTa — OHH BCE

nocTynHsl (B TepMuHax C++ - «11yOnu4HbIE)).

° Jljig TuIa JaHHBIX MOXKHO YKa3aTh COOCTBEHHYIO MOAMOAe/b (CM. MOJpa3ies
4.4. Tumel JaHHBIX), KOTOpas TIO3BOJIAET LIEHTPAJIM30BaThb U  CKPBIBATh

(GYHKIMOHATIBHYIO MH(POPMAIIHIO O CBA3SIX MEX/Y BHYTPEHHUMH JTaHHBIMHU OOBEKTA.

J JUis TUma JaHHBIX MOXHO OINHCaTh HA0Op METOMOB I JOCTyma K
BHYTPEHHUM IOJISIM 00BbEKTa 3TOro Tuma (cM. noapazaein 4.5. OTHoeHus ).
4. HacaenoBanue. Cucrema Nemo mpemocTaBisieT METOAbl MOCTPOSHUS HOBBIX
KJIAaCCOB TMpHU TIOMOINM MeXaHu3Ma HacienoBanus. [Ipu 2TOM HMMEIOTCS HEKOTOpPbIE
OTpPaHHWYCHUS: 3aMPEIICHO MHOXECTBCHHOE HAacjeloBaHUE, W 0a30BBI THUIT MOXET OBITh
TOJIEKO COCTaBHBIM (MAaCCHUBOM HITH 3aITHCHIO).
5. Mommmopdusm. IlogaepkuBacTcss BO3MOXHOCTD TEPErpyKarh CIOTBI M METOJIBI
KJIACCOB TP HACJIEIOBAHUH, a TAKXKE TIeperpyKarh onepanuy U GyHKIUU A1 HOBBIX THUIIOB
apryMeHToB. HO Tak Kak HET BHUPTYaJbHOTO HACIEAOBaHUS W BHUPTYAJIbHBIX METOJOB
KJIaCCOB, TO HEJB3S CKa3aTh, YTO MOJIMMOP(HHU3M pEan30BaH B MOJTHOM 00BEME.

class Point2D; slots(x, y : real); end,;



System Informatics (Cucremnas unpopmaruka), No. 20 (2022) 62

class Point3D: Point2D;
slots(z : real);

end;

class Sphere: Point3D;
slots(R : real);
R >=0.0;

end;

class Circle: Sphere;
z=0.0;

end;

method Point2D::Norm() : positive;
Result"2 = This.x"2 + This.y"2;

end;

method Point3D::Norm() : positive;
Result*2 = This.Norm() + This.z"2;

end;

Ilpumep 5. Hacneoosanue 6 szvike Nemo.

B mpumMepe co3maercs mepapxus THIOB HaHHBIX: «Point2D» -> «Point3D» -> «Sphere» ->
«Circle». Meton «Normy» co3maérest s Tuna AaHHbIX «Point2D» u meperpykaercs i THIa
nmaHHbIX «Point3Dy.

OtmeruM, 4to KoHCTpyKius «This.Norm()» BuHyrpu ommcanust meroma «Point3D::Norm()»
yKa3bIBaeT Ha METOJ] POJMTENbCKOTO Kiacca «Point2D::Norm()», Tak kak mis tumna «Point3Dy» 3ToT

METOJI eUI€ HE ONpPEAENIEH U, COOTBETCTBEHHO, HE MTEPETPYIKEH.
4.7. MexaHn3M 0000IIEHHBIX KJIACCOB M OTHOIICHHUI

Cy1ecTByOT IpynIbl TUIIOB AAHHBIX, OIMYAKOIIMECS APYT OT Apyra OJHUM MU HECKOJIBKUMHU
napameTpamMu. Takue TUIBI JaHHBIX MOXKHO CIPYINIIUPOBAaTh B «METAKJIACChD», KOTOPBIE MBI OyneM
Ha3bIBaTh 0000MIEHHBIMH Kjaccamu. [Ipy 3TOM, KOHKPETHBIN TUII TaHHBIX CTPOUTCS Ha OCHOBE
0000mEHHOrO Ki1acca M Habopa MapaMeTpoB. XapaKTepHbIMH HPUMEPOM TaKOH KOHCTPYKIUU
SBIIIETCS MACCHB - JJIs1 CO3aHMsI KOHKPETHOTO TUIIa MacCHBA JOCTaTOYHO:

° Hcnonb3oBarhk 0000MIEHHBIN KIacc Jeneric array.

° VYkazaTh TUI 2]IEMEHTOB OyIyIIEro MacCHBa.

U VYka3zarb pazmep Oyayllero Maccuaa.
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Tun »j1eMeHTOB U PasMEp 3a4ar0TCA B BUAC TapaMETPOB.

uses "NemNumbers";

uses "NemArrays";

uses "NemEnumintegers";

uses "NemAbstractTypes"™;

main
X,Yy: generic array <5, enum int>;
10, i1, 12, 13, i4 : enum int;
10=[0,4]; i1=[0,4]; i2=[0,4]; i3=[0,4]; i4=[0,4];
X[0] =3; x[1] = 1; x[2] = 7; X[3] =5; X[4] =0; //x=4{3,1, 7,5, 0};
X[i10] <= x[i1]; x[i1]<= x[i2]; x[i2] <= x[i3]; x[i3] <= x[i4];
alldiff(i0,i1,i2,i3,i4);

y[0] = X[i0];

y[1] = x[i1];

y[2] = x[i2];

y[3] = X[i3];

y[4] = X[i4];
end,;

%exact = On;

Ilpumep 6. 3a0aua copmuposku maccusa.
B npumepe cosnarorcs 2 maccuBa (X u Y). B pesynbrare BBIYHCICHHI HE OTCOPTHPOBAHHBIC
3HauEHUs U3 NEPBOr0 MaccuBa OyAyT 3aMucaHbl B 33JaHHOM TOPsIIKE BO BTOPOIl MAacCHB.
B crannapTHON KOH(UTYpaIlui CUCTEMbI peau30BaHbl HECKOJIbKO 0OOOIEHHBIX KIACCOB:
—  generic array CIy)XuT JJIs CO3JaHHsI TUIIOB JJaHHBIX, OMUCHIBAIOIINX OJHOMEPHBIC MAaCCHBBI
(UKCUPOBAHHOM JIMHBI.
— generic scale ucronb3yeTcs It CO3aHuUs TEPEUNCIICHH.
— generic grid co3ma€T 4yKCIOBO THIT IaHHBIX C YKa3aHHBIM IIIarOM 3HAYCHU.
— generic precision co3maér BeIIeCTBEHHBIH YHMCIOBOW THIT JAHHBIX, BCE OIEpPAIlldU Haj
KOTOPBIM BBIMIOJIHSAIOTCS C YKa3aHHOW TOYHOCTBIO.
Bce Bblllecka3aHHOE CHPAaBEUIMBO W JUIsl OTHOLIEHWI: CYIIECTBYIOT IpYNIbl OTHOIICHMH,
OTJIMYAIOIIMECS JIPYT OT APyra HEKOTOPHIMU MapaMeTpaMu; TaKue TPYIIbl MOXXHO €CTECTBEHHBIM
o0pazoMm crpynmupoBarh B 00OOMIEHHBIE KJIACChl OTHOIIEHHSA. B cTanmapTHON KoH(UTypanuu

CHCTEMBI PEaJIM30BaHbI ClIeAYIOIHE 0000IIEHHBIE KIaCChl OTHOICHHN:
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generic zero_partially co3maér orpaHuveHust A pEUICHUS 3aJa4d HEPAPXUUECKOTO

ynoBieTBopeHus orpanndyenuit (P3Y0).

generic table ucnons3yetcs s co3nanus TaOIUYHBIX OTPAHHYCHUH.

generic blackbox ucmons3yercs mas coznanus BlackBox-orpannuenuii.

Mexanu3Mm 0OOOIIEHHBIX KJIACCOB W OTHOLICHWH MOAICPKHBACTCS HA YPOBHE BBIUYMCIUTEIS

cucteMbl Nemo, 1 gaiiee B APl u B si361ke Nemo.

4.8. Ta6unsl u BlackBox-orpanuuenus

OTI[GJIBHO OTMCTUM JBa BHUJA YHUBCPCAJIbHBIX OTHOH_ICHI/II;'I, C IOMOLIBI KOTOPBIX MOXKHO

CMOICIUPOBATH 11000€ OrpaHU4YCHHUC!:

Tadamunble orpannvenusi. Kak npaBuio, OrpaHU4eHuUs] Ha 3HAYEHUS YHCIOBBIX OOBEKTOB

(uenbIX, BEIECTBEHHBIX, JOIMUECKUX) 3a/1at0TCsl UHTEHCUOHAIIBHO (ITOCPEICTBOM (OpMYI).

Ho B peanbHBIX 3a1adax 4acTO NPUXOAUTCS MMETh JIEJIO0 C OIPAaHMYCHUSMM, 3aJaHHBIMHU

HKCTEHCHOHAIBHO (ITOCPEICTBOM TIEPEUUCIICHUS] BCEX HAOOpPOB 3HAYEHUH, KOTOpBIC

YIOBJIETBOPSIIOT JJaHHOMY OrpaHMuyeHMI0). Kaxoe Takoe 3KCTEHCHMOHAJIBbHOE OTpaHUYeHHE

ynoOHee BCEro MpeACTaBIATh B BHUJAE TAOJIUIbI, YUCIO CTOJIOLOB KOTOPOM COBIAAaeT ¢

YUCJIOM apryMEHTOB OTPaHUYECHHUS, a B KAXKIOM CTPOKE 3alMcaH AOIYCTHUMBIM JTaHHBIM

OrpaHMYeHUEM HaOOp 3HAYEHHI apryMeHTOB 3TOro orpanndenus. Ha npaktuke, TabiauuHble

OTPaHUYCHUS MCIOIB3YIOTCA Ul 3aJaHMs HOPMATUBHBIX I1ApaMETPOB, IS IOANEPKKH

CIIOXKHBIX TEPEUUCIICHHII U 1715l B3aUMOJICHCTBUS ¢ Oa3amu AaHHbIX [14].

BlackBox-orpannyenus (u€pHbrii smmk). CymiecTByeT Kiacc 3ajiad, NMPH OMUCAHUU |

pElIeHNH KOTOPBIX MCHOJNb3YIOTCA BHEIIHWE, [0 OTHOIIEHHI0O K cucteme Nemo,

CIELUaIU3UPOBAHHbIC MOAYNIH. Takue MOAYIIM MOTYT MOSBIATHCS B PA3JIMYHBIX CIy4asax:

- Ecnmm g pemeHus 3agaud  HEOOXOAMMO — HCIOJIb30BaTh  BHEUIHUH — MOJIYIb,
pEAU3YIOIIMIA  HEKOTOPBIA 3aKPBITBI  AJITOPUTM, B3aUMOJECHCTBUE C KOTOPBIM
OCYIIECTBIIIETCS TOJIBKO Yepe3 3aJaHHbIN MyOIUYHBIA HHTEpDEiC.

o Ecnm y monb3oBareinss €CTb T'OTOBBIE MOAYIU Ul PELICHHs MOA3aJad U OH XOYeT UX
WCIOJIb30BaTh Ul 3a1a4yM, pemaeMoil cuctemoit Nemo. B sTtoMm ciydae mosb3oBaTesto
MOXKET OBITh M3BECTHA HEKOTOpas JOIMOJIHUTENbHAas WH(OpPMalus, Kacarolascs
noBesneHuss anroputMa. Hampumep MOHOTOHHOCTH WK JTUDdEPEHITNPYEMOCTh
(YHKIMH, BBIYUCISIEMON aJITOPUTMOM.

C Touku 3peHus cuctreMbl NEMO Takue OrpaHUYEHUs SBIAIOTCS «UEPHBIMU SIUKAMI» U IS

paboThI ¢ HUMH CO3JIaH CIeIalbHBINA BU orpanuueHuii — BlackBox-orpannuenus [9, 18].
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[Mpu wucnone3oBanun si3pika Nemo tabmuunbie u BlackBox-orpanuuenus co3marTcs C

OMOILBI0 MEXaHMU3Ma 0000IIEHHBIX KJIACCOB:

function AB( absl, abs2: int);
table<"./", // path
"Trains_from_a_to_b.nbt", // table name
"1", /I memory or file
binary table, // table descriptor
interval int, interval int, // column descriptors
interval int, interval int> // argument descriptors
(absl, abs2);
end;

function Volume(x, v, z :real) : real;
blackbox<
"x1*x2 * x3", "BlackBoxTest", "Calculator", 10000,
"input single real[3]", "output single real”, 0, 0,
"NGradient exact"”, 1.e-5, 1, 0>
(X, Y, 2) = Result;
end,
IIpumep 7. Onucanue mabdauunozo u BlackBox omnowenuii.
B npumepe co3natorcs 2 orpaHuYeHUs
o Tabnuia, 3arpykaemas wu3 aitma «Trains_from_a to b» (pacnucanue moe3moB) u
comeprkanias 2 [eIOYUCICHHBIX CTOJIONA;
« BlackBox-orpannuenue ¢ ocuoBe pynkiu «Calculator» n3 6ubamnorexu «BlackBoxTesty ¢
3 BEIIECTBEHHBIMU apIyMEHTAMH U BEIICCTBCHHBIM PE3YJILTaTOM.

B o6oux ciydasx aasi CO3MAHUS KOHKPETHOTO OTPaHHYEHHUs] C TOMOIIBIO 00OOMIEHHOTO
OTHOIICHUS, MPUXOAUTCS YKa3blBaTh MHOXKECTBO JOIOJHHUTEIBHBIX KOHCTAHTHBIX I1apaMeTpOB,
KOTOpBIC HE BIUSIIOT Ha JalbHEWIIee HCIONb30BaHUE CO3[aHHBIX OrpaHuveHuil. [lostomy, mis
YIIPOIICHHUS UX WCIIOJIb30BAHMS, OTPAHUIEHHS CO3Al0TCS BHYTPU COCTaBHBIX OTHOMICHUH «AB» n

«Volumey.
4.9. Knaccol pemaemMbix 3a1a4

ba3oBblii  anropuT™, peanu3oBaHHBIM B cucTeMe Nemo, CIYKAT IS PelIeHUs 3aJa4u

JOCTHIXCHHUA JIOKAJIbHOW coBMecTHOCTH. C TOYKH 3pC€HUA IIOJB30BATCIId, OH HAXOAUT BHCIIHIOIO
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onleHKy MHOxecTBa pemenuit 3YO. Tem He wMeHee,

OFpaHquHHﬁ, CHUCTCMaA NTIO3BOJIACT pCIIaTh CIACAYIOMUC 3aJaUn:

66

C IOMOUIIBIO CICHUAIN3UPOBAHHBIX

J [Touck Tounoro pemenus 3YO c¢ 3a1aHHOI TOYHOCTHIO.

J [Touck TOUHOTO perIeHus, OIMKaANIIEero K TeKyIIeMy 3Ha4eHHI0 apryMEHTOB.

J [Torck HECKONBKUX/BCEX TOUHBIX PEIICHUH.

J [Torck 4aCTUYHOTO PEICHHUS.

. Pemenue 3agay onTuMHu3anum.

. Pemenue 3amau uepapxuueckoro yaosineTBopeHus orpanndenuii (Partial Constraint

Satisfaction Problem).

KpOMe TOr0, IMOJIB30BATCIIIO IMPEAOCTABIACTCA NOCTYII K HCKOTOPBIM IIapaMETpaM 0a30B0ro

aJIrOpUTMa, KOTOPBIE MO3BOJISAIOT YIPABJIATH MPOILIECCOM IMOWCKA penieHud. B yacTHOCTH MOXHO

3aaBarhb CJIICAYIOIIHC MapaMCTPhI:

3a/1aBaTh Ha4YaIbHOE 3HAYCHHE IIepeMeHHoit (Yovar=...).

3a/1aBaTh TOYHOCTH HaiileHHOTO perueHus (Yoeps=...).

3aaBarh HEBS3KY OrpaHuyveHuii 1 pemenus (Yodiscrepancy=...).

3amaBarh unciio Tpedyembix pemienuit (Yosolutions=...).

Coxpanats nydinee yacTuyHoe peuienue (Yopartial=...).

Brutrouars Bee nepeMeHHbIe MOJICIH B MEXaHU3M fepebopa ¢ oTkaramu (%oexact=...).
3aiaBarh IeNeBOe 3HAYCHHE TepeMeHHoit (Yovar~...).

3ajaBarh 1Iar penreHus mo nepemeHHoi (Yoeps(var)=...).

uses "NemNumbers";

uses "NemAbstractTypes";

main

x1,x2,x3,x4,x5 : real;

3*x1*(x2 - 2*x1) + 0.25*x2"2 = 0.0;

3*x5*(20 - 2*x5 + x4) + 0.25*(20 - x4)"2 = 0.0;
3*x2*(x3 — 2*x2 + x1) + 0.25*(x3 - x1)"2 = 0.0;
3*x3*(x4 — 2*x3 + x2) + 0.25%(x4 - x2)"2 = 0.0;
3*X4*(X5 — 2*x4 + x3) + 0.25%(x5 - x3)"2 = 0.0;

end;

I

%osolutions=10
%x1~0.0
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%x2 ~ 0.0

%opartial=On

%odiscrepancy = le-8

%eps(x1) =0.1
%eps(x2) =0.1
%eps(x3) =0.1
%eps(x4) =0.1
%eps(x5) = 0.1

Ilpumep 8. YOopaBiieHME MEXaHMU3MOM IIOMCKAa PEeUIeHMH.

B npumepe 3amaHbl ciaeqyomue napaMeTpsl aIropuTMa:

BBIYKMCIICHUS OCTaHABIUBAIOTCS Mociie HaxokaeHus 10 perrenuii («%solutions=10y);
PEeLICHUS MIYTCS MOCIeI0BATEIbHO, HAYWHAsE OT OKPECTHOCTH IiejeBoi Touku {X1, X2} =
{0.0, 0.0};

COXpaHsieTCs Jiydlliee YacTuuHoe pereHue («%opartial=Ony);

BCE OTpaHUYCHHMS YIOBJIETBOPSIOTCS C HEBsI3KO# He Oonee 1e-8 («%discrepancy = le-8»);
paccTosiHUE MEXIy HalJIeHHbIMH perleHusiMu Oyner He MenHee 0.1 mo kaxaol wu3

IIEPEMEHHBIX.

4, 3akauyeHue

B crarbe onuceiBaeTcs cucteMa nporpaMMUpOBaHus B orpaHuueHusix Nemo u e€ 0co0eHHOCTH,

no3BoJsttore 3 (HEKTUBHO ONMUCHIBaTh U pemats 3YO.

Cucrema Nemo npeaoCTaBILACT MOJIB30BATCIIO IIUMPOKUEC BOSMOKHOCTHU!

JUISL NEKJIapaTUBHOTO OMMCAHUS 3a/1auu;

JUTST HACTPOMKH Ha MPEAMETHYIO OO0JacTh C TOMOIIBIO CO3/JaHHUS COOCTBEHHBIX THIIOB
JAHHBIX U OTPaHUYECHUN;

JUI TIOBBILIEHHS YPOBHS MPEJCTABICHUS JAQHHBIX C TIOMOUIbIO METONOB OOBEKTHO-
OpUEHTUPOBAHHOW U 0000IIEHHON MapagurM IpOrpaMMHUPOBaHUS;

JUIS ~ pacllMpeHHsl  KJIAcCOB  pellaeMbIX  3ajJad C  [OMOLIbI0  COOCTBEHHBIX
CIELMAIN3UPOBAHHBIX OTPAaHUYEHUI U TUIIOB JAHHBIX;

AJI UHTCTrpalli B COCTaB CTOPOHHHUX CUCTCM.

HecMoTpst Ha 10ATYIO HCTOPHUIO Pa3BUTHSA, BOZMOXKHOCTH JAJbHEUIIEH MOAEPHU3AIMNA CUCTEMBI

JAaJICKO HE MCYCPIIaHBI. Bnaronapﬂ 3aJIOKCHHBIM Ha OTAIl€ MPOCKTUPOBAHUA NPHHIHUIIAM CHCTEMaA
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Nemo MOKeT HCIOJIb30BaThCsl KaK MHCTPYMEHT JUISl PEIICHUS CIOXKHBIX 3a/1ad, Kak cpena JJis
pa3paboOTKK HOBBIX AJITOPUTMOB ISl perieHus 3aaad B oonactu 3YO (Hanpumep: HaxoxacHue 3B-
COBMECTHOCTH, OBICTPOE peIICHHWE TIOACHCTEM JIMHCWHBIX ypPaBHCHUH, HCIIOJIb30BaHUE
MIPOU3BOHBIX ITPH MTOMCKE TOYHOTO PEUICHHUs), KAK BBIYHCIUTEIBHBIN MOIYJIb B COCTaBEe CTOPOHHHX

CUCTEM.
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