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A STATE OF A DYNAMIC COMPUTATIONAL STRUCTURE
DISTRIBUTED IN AN ENVIRONMENT: A MODEL AND ITS
COROLLARIES

In this work a collective of interacting stateless automata in a discrete geometric environment is
considered as an integral automata-like computational dynamic object. For such distributed on the
environment object different approaches to definition of the measure of state transition are possible. We
propose an approach for defining what a state is.
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1. Introduction. Currently there is great interest in computational models consisting
of underlying regular computational environments, and built on them distributed
computational structures. Examples of such models are cellular automata, spatial
computation and space-time crystallography [1]. For any computational model it
is natural to define a functional equivalence of different but related computational
structures. In the finite automata theory an example of such equivalence is automata
homomorphism and, in particular, automata isomorphism. If we continue to stick to
the finite automata theory, a fundamental question arise, what a state of a distributed
computational structure is. This work is devoted to particular solution of the issue.

The work consists of the informal presentation in this introduction of an idea that
came from the Poincaré’s relativity theory, and an illustration of this idea by a simple
computational model with a regular and discrete dynamics that is especially suited for
the illustration purpose. The model with the problem statement is like the model of [1],
but in essence differs from it. One of the distinguishing features of the model is spatial
movement of computational structure in the environment. As consequence we present the
number of results on the relationship between computational and dynamic properties of
these structures.

So, in this work the collectives of stateless (i.e. with one state) automata interacting
with an environment defined as a graph are considered. We study a collective of automata
as an integral automata-like dynamic computational object. The fundamental question
what is the state of such dispersed and moving on the environment object and how to
measure the amount of state transitions is quite non-trivial. As opposed to the finite
state automata where the measure of state transition is one state per unit of time,
for a computational dynamic object distributed on the environment certainly different
approaches to definition of the measure of state transition are possible.

The idea of our approach came from the special relativity theory. It is based on the
concept of relativity in Poincaré’s interpretation [2]. In explanation how to generally
understand the relativity Poincaré begins with an example of resizing of all dimensions
in the Universe in the same number of times and proceeds with consideration of arbitrary
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deformations concluding that they should be unnoticed by an observer because observer’s
standards are subjected to the same deformations. This reasoning coupled with the
principle that without any changes in the object the process of computation in it is
not possible is used in this study to define a state of collective automata. A “change” in
an object is a change in the relative position of its “elementary” parts per se. Thus, the
movement in the environment underlies the process of computation in our model.

Let us explain it by an example of a chessboard with pawns. The chessboard is
provided with a natural reference frame. Suppose that we can move any pawn one chess
square per unit time in one of four directions: «,T,—,], i.e. pawn’s velocity is one chess
square in a certain directions per unit time. Let us compose from the pawns a figure, for
example, an “O™-like figure, and look at all these pawns as an integral object. Define the
velocity of the object on the chessboard as the average velocity of his pawns. Suppose
that the object is moved at maximal velocity “one chess square per unit time” in a
constant direction. Can the object be transformed simultaneously with the motion from
“O” to, for example, “T”7 It is obviously that no. That is, at maximum constant velocity
in the example the object cannot be changed and, from our point of view, its state is
invariable and it performs no computation. This point of view we have formally illustrated
in this work by the simplest example model of stateless automata interacting with one-
dimensional environment.

The introduced illustrative model is computational universal, and collectives of
automata in the environment can be seen as automata-like computational objects. By
analogy with Turing machines, which can answer certain questions about properties of
words on the tapes, for these objects natural questions arise what properties of the
environment and other objects in it they can identify. One of the interesting questions is
what can an object say about the velocity of its elementary parts (i.e. stateless automata).
Can it “perceive” any changes in velocity of elementary parts which it consists of?
This question is similar to the issue in the Poincaré’s story about relativity: can the
observer see the deformation of the space, which includes the deformation measurement
standards? Having as a goal the answer “no”, we define our computational model. This
goal determines the language (motion velocity, proper time velocity as a measure of state
transition, reference frame) of interaction between collectives of automata.

The concluding comparison of the obtained results with some formulas of special
relativity theory shows that the formulated principles are invariant in relation to physical
and informational linguistic means of expression. In other words, the semantic affinity
of the original principle of motion in our discrete model to the principles of the special
relativity theory resulted in the syntactic affinity of their languages (e.g., time dilation
formula, velocity-addition formula, “length contraction/extension” formula). But because
of discreteness of our model there are differences. For example, the linear sizes of objects
can either decrease or increase in different reference frames. Comparing the formulas
with the formulas of the special relativity theory allows also revealing different physical
meaning of Lorentz factor in the formulas of length contraction and time dilation.

To emphasize a physical analogy in the proposed model and the problem statement
we use the short word “body” as alias for “collective of automata”.
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Figure 1. A chessboard with pawns
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Figure 2. The environment G

The proposed research is inspired by several research directions which are: 1) collective
of automata in finite automata theory and complexity of the interactions between
them; 2) discrete models of physical processes and projecting of the physical world into
informational space of symbols and languages for computer simulation of the physical
world; 3) studying the notion of time; 4) spatial computation.

2. Definitions. In what follows we use denotations Z and R for the sets of integers
and real numbers, respectively. Initially in the model defintion we assume that the
domains for the time T and space coordinates X coincide with Z but then we will
extend them to R.

The computational model, that we use for this study, consists of two main
components: an underlying environment G that is represented by a graph and a set
of stateless automata, which are interacting with the environment.

The environment G (see Fig.2) is defined as the infinite directed graph with the set
of nodes V' = {z + 2|m € Z} and the set of edges E = {(z— %,z + %)|z € Z,i € {—1,1}}.
An edge (z — §,2 + 5) for some ¢ € {—1,1} has the absolute coordinate x € Z and the
direction 7. Absolute coordinate of an edge e will be denoted by z(e) and its direction by
r(e). Also the edge e will be denoted by m(e)T(e). By the neighborhood of an edge x* we
understand the pair of edges ' and (z +i)~*. The edges 2’ and (z + i)~¢ will be called
opposite edges and ¢ and ¢ will be called contrary edges.

Let A = (Sa,14,04,04,24) be a Mealy automaton, where Sy, I4 and O4 are the
sets of states, input symbols, and output symbols, respectively, and d4 : Sa X [4 — Sy
and Mg : S4 X Ig4 — Oy are transition function and function of outputs respectively.
We consider only stateless Mealy automata. The set of states of a stateless automaton
A consists of single state, so there is no sense to mention the transition function and
the set of states of a stateless automaton. Thus we write A = (14,04, A4) instead of
A= (S4,14,04,04,A4). Within the framework of this article for reasons of consistency
of latter definitions we name a stateless Mealy automaton as an elementary body, and
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we name its unique state as the internal state. The elementary bodies will be denoted by
lowercase letters, for example, b = (I, Op, Ap). We assume also that elementary bodies are
coloured in a way that isomorphic automata will have the same colour and non-isomorphic
automata will have different colours. We assume that r different numbered from 1 to r
colours are used. Every moment of time ¢ any elementary body b is located on an edge
b(t) of the environment G. The input for an elementary body, located on an environment
edge 2!, is the sequence (p1,p2,...,Pr,q1,G2,---,¢-) € I called the neighbourhood
state of the edge x?, where p; and g are the numbers of elementary bodies of the colour
k, located on the edges ' and (z +4)~* at the same moment of time, respectively. The
output of an elementary body is one of the two motions either the straight-line motion
—€ Oy or the turn «—¢€ Oy. If the output of an elementary body b at a time moment
t € Z on an edge b(t) = z° is the straight-line motion, then at the next time moment
b(t+1) = (x+1)" and we say that it does not change its external state. If the output is
the turn then b(t + 1) = =% and we say that the elementary body changes its external
state. Accordint to definition all elementary bodies have the same sets of input and

Figure 3. t = s+ 7 vs. t? = s> + 72

output symbols, so we can write b = (1,0, \) instead of b = (I, Op, Ap).

Denoting by 73(¢) the number of external state changes of b until the moment of time ¢
we have that 1 = 7,(¢t+1) —7(t) + |2z(b(t + 1)) — 2(b(¢))| and also t = 73,(t) — 7(0) + sp (%),
where sp(t) = Z;Zl |z(b(4)) — x(b(j — 1)) is the path covered by b during the period
of time from 0 to t. In other words any elementary body uses the absolute time unit ¢
either for one spatial coordinate change s in the environment or for one external state
transition 7. Schematically, this has the form ¢ = s + 7, illustrated in the left side of
Figure 3. On the right in Figure 3, for comparison, a similar formula t? = s? + 72 is
shown that one would expect in a space with Euclidean metric. This formula is using in
the special relativity theory for the expression of so-called spacetime interval 72 = s% —¢2,
which is invariant under Lorentz transformations.

We call 7 = 7(t) the proper time of b and wy(t) = 7(t + 1) — 7(¢) the proper
time velocity of b. We call wy(t) uniform proper time velocity if wy(t) is a constant.
Let us denote by x(t) = x(b(t)). We call xp(t) the absolute coordinate of b at the
moment of time ¢. We denote by vy(t) = x(t+ 1) — 23(t) the absolute spatial velocity
of b at the moment of time ¢. We call it uniform spatial velocity if v(¢) is a constant.
For example, it follows from above definitions that any elementary body can have only
one of the following uniform spatial velocities: v =1, v= -1, v =0.

An elementary body is unambiguously definable by the set of input symbols that
change its external state. So in the context of our model we can understand under an

153



Oleksiy Kurganskyy

Figure 4. Dynamics of elementary bodies from the Example 1

elementary body b the set of signals from I that change its external state rather than the
triple b = (1,0, \p). In additional we assume also that elementary body can not change
its external state anyway if opposite environment edge is empty, that is, the interaction
between elementary bodies occurs only by collisions in the vertices of the environment
(compare with the notion of vacuum state in [1]). The elementary bodies can be seen as
analogues of signals propagating in the causal network [1]. Propagation of signals in [1]
depends on the functions in the nodes of a causal network, in our model it depends on
the output functions A of elementary bodies, i.e., on the properties of “signal”.

It should be noted that a set I can be infinite. We have done nothing to circumvent
this problem but we can simply assume that the interaction of elementary bodies proceeds
so that the set of all possible input symbols can only be finite.

We call the pair of a space coordinate xz and a time coordinate ¢ as coordinate in the
absolute reference frame O = X x T and denote by the column vector. We call O also
the event space.

DEFINITION 1. A body is an arbitrary finite set of elementary bodies.

According to the defintion different bodies may have common parts and one body can
contain another body as a subset. If an elementary body belongs to a body then we will
look at it as an elementary part of this body. An elementary body can be an elementary
part of different bodies simultaneously.

The following two examples illustrate some of introduced definitions. Any elementary
body in both examples changes its external state if and only if opposite environment edge
is not empty. From it follows that all elemantary bodies are automata isomorphic. We
assume that all elementary bodies in each example are enumerated by integer numbers.

ExAMPLE 1. At time ¢ = 0 for each x € Z the elementary body with the number x is
located on the edge ! if x is even number and z~! otherwise. We define the body A;
as the set A; = {0, 1,2} of elementary bodies 0, 1 and 2.

ExaAMPLE 2. At time ¢t = 0 for each z € Z the elementary body with the number z
has the coordinate 4 |£| + (z mod 3) and located on the edge with the direction —1 if
z =1 mod 3 and on the edge with the direction +1 otherwise. In this example we define
the body Ay = {0, 1, 2}.

Let a body B consist of n elementary bodies enumerated by numbers {1,2,... ,n}.
Then the absolute (average) coordinate of the body B at time ¢ is the value zp(t) =

M and absolute spatial velocity of the body B at time ¢ is the value vp(t) =
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xp(t+1) —xzp(t). The bodies A; and As from the above examples have uniform spatial
velocities 0 and %, respectively. From the definitions it follows that the maximal possible
positive or negative spatial velocities of any body can be 1 or —1.

Since the coordinate values of a body can be non-integers let us extend the absolute
reference frame O from Z X Z to R x R. Let t € Z and —% <AL % then we say that an
elementary body b at time ¢ + A has the coordinate z(t + A) = x(t) + r(b(t)) - A and
is located on the edge b(t + A) = b(t). The definition implies that the all neighborhood
states of the environment edge b(t') at time ¢’ = t+ A coincide for all A, —1/2 < A < 1/2,
t € Z. In particular, the neighborhood state of the environment edge b(t') at times ¢’ = ¢
and ¢ = t + 1/2 are the same, t € Z, and thus, the behavior of elementary bodies is
completely determined in the nodes of the environment in which, figuratively speaking,
the elementary bodies collide.

We define the world line b(t' : t”) of an elementary body b in time interval from ¢’ € R
to t” € Ras b(t' : t") = {( xbt(t) ) it <t<t'te R}.

If the motion of an elementary body in a time interval from ¢’ to t” corresponds to a
straight world line segment, that is, during this time the elementary body did not change
the external state, such a motion is called elementary motion.

3. A state of a body. A body interacting with other bodies exert influence on them
and is also under their influence. It is quite natural to describe such influences on the
basis of the notion of a state of a body. Our definition of a state of a body takes into
consideration the relative positioning of its elementary parts in the environment. The
changes of relative positioning of elementary parts in a body can affect the body entirely
or a particular part of it. This motivates the question how to measure the amount of state
transition. Before the definition of the notion of a state we introduce the denotation for
the measure 7 = 75(t) of state transition of a body B with the flow of time ¢. A casual
meaning of 7 = 7(t) is the “age” of the body B at the moment ¢. We call 7 = 75(t) the
proper time of B.

Independently from the definition of 7 = 75(t), we introduce the velocity wpg(t) of
external state transition of the body B as wp(t) = 75(t+1) — 75(t). We call this value
as the proper time velocity of B at the moment of the absolute time t.

DEFINITION 2. For any body B wg(t) =1 < Vyepwp(t) =1

DEFINITION 3. For any body B wg(t) = 0 < Vyepwy(t) =0

From it follows that a body B does not change its external state if all its elementary
bodies do not change their external states. It means that two bodies are at the same
external state in the environment if one of them can be transformed into another by
straight-line shifts on the equal number of steps applied to all its elementary parts in
direction corresponding their external states.

We have defined what does it mean that two bodies are in the same external state,
rather than what the external state of a body in fact is. If needed the notion of external
state can be in generally defined as follows. Since the relation “to be in the same external
state” is an equivalence relation, the external states are equivalence classes of this relation.
The same holds for the latter definition of internal state.
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Theorem 1. For any body B, if |vp(t)| =1 then wp(t) = 0.

Proof. The statement follows from the fact that any change of the external state of a
body is not possible in case of maximal spatial velocity of all its elementary parts. [

The notion of external state of a body allows to start to consider the bodies as an
automata-like model of algorithms. It is natural to ask a functional equivalence of different
bodies for example something like automata isomorphism in the finite automata theory.

But since two bodies with different absolute spatial velocities are definitely in different
external states we can not compare them functionally. For example there is no sense to
“ask” a body to determine its absolute spatial velocity. However we would like to identify
two bodies as the same algorithm even if they move with different spatial velocities.
It will be achieved by introduction of affine isomorphism of bodies through definition
of inertial reference frame associated with a body so that the external state of a body
will be presented as pair of components: spatial velocity of the body and its spatial
velocity invariant internal state. The point of introducing the notion of inertial reference
frame associated with a body lies in the ability to consider other bodies in relation to
the given one. With reference frames we attempt to develop a language of interaction
between bodies just as the input and output alphabets of finite Mealy automata are for
the interaction between them. The language that we develop is one of the possible and
thus our approach reflects a Poincaré’s conventional point of view on the physical laws.

An example of inertial reference frame is the absolute reference frame O associated
with an immovable body B such that for all t € Z xp(t) = 0, vp(t) = 0, wp(t) = 1,
78(0) = 0, and, hence, 75(t) = t. Thus, the introduced notions of absolute time, absolute
coordinate and absolute spatial velocity implicitly mean an absolutely motionless body
in relation to which objects were considered. The reference frames associated with the
bodies allow us to make these notions relative.

Let us denote (for a pair of bodies A and B) by z4p(78), vap(7B), wap(Ts) and
TaB(TB) the coordinate, the spatial velocity, the proper time velocity and the proper
time of the body A at the moment of time 75 in the reference frame Op associated with
the body B, respectively. By definition we assume that xpp(7) = 0, vpp(ts) = 0,
wBB(TB) =1 and TBB(TB) =TB.

DEFINITION 4. A body B is called an inertial body if vp(t) and wg(t) are both
constants.

The property to be inertial implies uniform changes of not only spatial coordinates
but also time coordinates. For the sake of simplicity consider the case only the inertial
bodies.

The only restriction imposed on the inertial reference frames is the property that
space-time coordinates of same events in different inertial reference frames are connected
by affine transformation. It follows that a body that is inertial in the absolute inertial
reference frame is inertial in any other inertial reference frame.

REMARK 1. It follows that 74p(78) = 74B(0) + 75 - wap and zap(7B) = x4p(0) +
TB - v4R for inertial bodies A and B.
For any bodies A and B let us denote by Lpa : Op — O4 the affine mapping that
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connects Op and O 4 such that an event (x, 75) in Op coincides with the event LpA(z, 75)
in Oy.

These assumptions are sufficient to find out Lp 4. Without loss of generality we assume
that the origins of both reference frames O4 and Op are the same: zp4(0) = 0 and
7BA(0) = 0. Then the mapping Lp4 is linear. Let us work out the form of transformation
ail a2
a1 Q22
The direction of a vector a is the set of vectors {\ - a|A > 0}.

matrix Lgg =

1

Proof. The directions of reference frame axes are imaginary directions in the

1
Lemma 1. The vectors < 1 ) and < ) are eigenvectors of the mapping Lpa.

L 1 -1\ .
event space. But the directions of the vectors ( 1 ) and ( 1 > in the absolute

reference frame correspond to the two only possible directions of elementary motions
of elementary bodies going from the reference frame origin and therefore they do not
depend on reference frames. It follows that these directions are invariant by any affine
transformation. [

Corollary 2. For the matriz Lga holds a11 = ae and a1s = ao1.

Proof. Based on the lemma 3 the corollary statement follows as a result of
straightforward calculations. [J

Note that the set of directions of the vectors ( i ) and _11 is also invariant

under the transformation Lg4. It will remain invariant, if we let the transformation Lpga
permute the directions. In this case we have a;1 = —asge and a3 = —a91. In physics for
these two situations the different words are used, namely the standard and symmetric
configuration. We consider only the standard configuration, that is a1 = ag2 and a19 =
as1, because only the standard configuration satisfies by lemma 3 our requirements to
the inertial reference systems.

Theorem 3. It holds

Los— ( 1/wpa  vpa/wpa >
BA = )
vpa/wpa  1/wpa

Proof.

Since LBA-< xB]i;B(iSA)) ) = ( xBiiTA) ), £3A(TA) = vBA(TA) TA, TBA(TA) =

wpA(Ta) - T4, zpB(TB) = 0, then Lpa - 0 = vBA/WBA . From it follows that
1 1/wpa
a12 = vpa/wpa and age = 1/wpy. O
The following corollaries hold for any intertial bodies A, B, C.

Corollary 4. It holds vap = —vpa and wap -wpa =1 — vng =1- U%A.

Proof. The equalities can be derived from Lag - Lpa = ( (1) (1) > O
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VBA+YCB
1+vpaveB”

Proof. This velocity-addition formula is derived from the equation Loa = La- LeB.

Corollary 5. (velocity-addition formula) vea =

0

Corollary 6. (“length contraction/extension” formula) Given inertial bodies A, B
and C such that vac = vpc. Let Ax = |xpa(1a) —xpa(Ta)| be the distance between
A and B in the reference frame O4. Let Ax' = |xac(7¢) — vpo(tc)| be the distance
between A and B in the reference frame O¢, then Ax' = weoa - Ax.

Figure 5. Distances between two bodies A and B in Corollary 3

Proof. Notice that the values of Az and Az’ are constants. Without loss of generality
we assume 740 (0) = 75¢(0) = 0, z4c(0) = 0, vac > 0, zpa > 0. Then zpa(T4) = Az
and xpc(0) = Ax’. Let 74 be such a moment of time that the events (xpc(0),0) =
(A2’,0) and (xpa(74),74) = (Ax,74) are the same. Then the formula Az’ = wea - Az

/
of “length contraction” follows from L4 - < on > = < éj ) and Theorem 3. [

As it will be seen, from the example at the end of this section, wc4 may take on a
value which is less than 1 as well as more than 1. So it means that in our discrete model
we have contracting length as well as extending length in respect to different inertial
frame system.

Now we give a definition of internal state of a body. Let for bodies A and B there
be a bijection ¢ : A — B such that for all b € A elementary bodies b and ¢(b) are
isomorphic. We say that A at the moment of proper time 74 and B at the moment of
proper time 75 are affine isomorphic iff {(¢(b), zpa(74)|b € A}={(b, zp5(7B)|b € B}.

DEFINITION 5. Two inertial bodies are in the same internal state at some moments of
their proper time iff they are affine isomorphic at their respective proper time.

Internal state of an inertial body does not depend on its spatial velocity in the absolute
reference frame. Thus, the external state of an inertial body can be seen as a combination
of two components: the spatial velocity of the body and its internal state.

If we now consider the body as an automata-like computational structure, whose
states are defined as the internal states, the seemingly natural question whether a body
can determine his own absolute velocity is by definition an algorithmically unsolvable
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Figure 6. The time-space diagrams for the collectives of automata from Examples 1 and 2.

problem or a meaningless question. If body states are by definiton the external states, then
the same question is substanceless, since the external state always contains information
about the absolute velocity.

In order to illustrate the concept of affine isomorphism let us consider bodies A1 and
Ao from the Examples 1 and 2. This bodies are affine isomorphic. The corresponding
transformation of the reference frame Oy of Ay to O1 of Ay is:

()= ) ()-(1)

The dynamics of the bodies and illustration of the transformation are shown on
the Figure 6. From the value of transformation matrix and Corollary 3 it follows that
v21 = —vi2 = 1/3 wo1 = 2/3, w12 = 4/3.

4. Final Remarks. Let us compare the obtained results with formulas of special
relativity theory. It is interesting to have a look, from our model viewpoint, at two
equations At' = At/+/1 — (v/c)? of time dilation and Az’ = Az - /1 — (v/c)? of length
contraction of the special relativity theory. Drawing a proper analogy between them and
Tac(Tc) = Tac(0) = wac - 7o (Remark 3) and Az’ = wey - Az (Corollary 3) respectively
we can see, due to generally asymmetry wac # we 4 in our discrete virtual “world”, that
the coefficient 1/y = /1 — (v/c)? reciprocal to Lorentz factor v has different “physical”
meanings in these formulas. The factor 1/v has in the first equations a meaning of the
coefficient w4c and in the second equations has a meaning of the coefficient we 4 if we
consider a “moving” A with respect to a “rest” C.

5. Final Conclusion. Not difficult to generalize the approach developed in this
work to the case of finite one-dimensional environments, as well as non-inertial-body
case. However, we can show that for the case of two-dimensional discrete environment
(Cartesian product of two one-dimensional environments) the transformation connecting
two inertial reference frames can not be affine in general. This follows from the fact that
the reference frames are three-dimensional in this case, and affine transformation matrix

INEE NIV
D] LD =
D[ =0 | =
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must have exactly four eigenvectors (there are so many different directions of elementary
motions in the two-dimensional discrete enironment by Lemma 3). This fact is one of the
most interesting consequences of this work.

We would like to position this paper from the finite automata theory point of view
as an introductory research work on vague fundamental notion of a state for distributed
computational dynamic structure.
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Kypranckuii A.H.
CocTosiHNe AMHAMUYIECKOI BBIYUC/INTEIbHONU CTPYKTYPbI, PacIIPeJeJIEHHOI B cpeJie: MOJeIb

u eé cJjieACTBUSI.

B pabore KosutekTUB B3aNMOIEHCTBYIOIINX B JUCKPETHON CpeJie aBTOMATOB PACCMATPUBAETCS KaK I€JTh-
HBIIl aBTOMATOIOIOOHBIN BEIYUCIUTENbHBIN AuHaAMUIecKuit 00beKT. 151 TakiX pacupeIes€HHbIX B Cpefie
0OBEKTOB MIPEIATaeTCsT METOT OIpeieIeHns UX (PYHKIIMOHATLHON SKBUBAJIEHTHOCTH, MHBAPUAHTHON OT-

HOCHUTEJIbHO JUHAMUKH.

Karuessle caoga: xkKoarexmus asmomamos, KAEMOUYHOLE ABMOMAMDbL, KOHEYHDIE ABTMOMAMbBL, CNEUU-

anvHaA Meopus OMHOCUMENDHOCTNU

Kyprancekmuit O.M.

CraH auHaMivYHOT 00YMCIIOBAIBHOI CTPYKTYPHU, PO3IIO/iJI€HO] B CEPEIOBHUII: MOJeJb i 1T Ha-
ciaiaKu.

YV po6oTi KOJEKTUB B3a€MOIFOUNX aBTOMATIB 3 OJJHUM CTAHOM y JTUCKPETHOMY CEPEIOBUII PO3TIISIIAETHCST
AK IIJIBHAM aBTOMATONOIIOHUI O0YNCTIOBAIBHUN TuHaMivHUi 00’eKT. JIJ1s1 TaKMX PO3IOIiIEHUX 110 cepe-
JOBUIILY 00’€KTiB MMPOMOHYETHCST METOJ], BUSHAUEHHSI TXHBOI (DYHKITIOHAJIBHOI €KBIBAJIEHTHOCTI, IHBApiaHT-
HOI IIO/I0 AWHAMIKH.

Kat0408t €108a: KOAEKMUG ABMOMAMIE, KATMUHHKE AGMOMAMU, MEOPLA CKIHYEHHUT A8MOMAMIG, Cne-

UIAALHA MEOPIA 610HOCHOCTNT

Un-r npukia. marematuku u Mmexauuku HAH Ykpaunbr, /Jonenx Received 29.11.2010
topologia@matl.ru
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