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SOFTWARE AND ALGORITHMIC PROVIDED FOR WORK WITH CELLULAR AUTOMATES

In this paper, the system of initial theoretical positions is considered, which is the basis of the research search for variants of cel-
lular automata for the study of thermal and mechanical processes in 3D objects of SolidWorks, through their representation in 2D
von Neumann neighborhood of the first order. The execution of this work also involves the creation of initial rules for changing the
investigated system, which are necessary for the direct use of cellular automata. As a result of the verification of these rules, it was
found that their number may not be enough to address specific tasks in the field of 3D research. Because of this, it was left possible
to create new rules for changing the system, or changes already existing. In addition, in the process of performing this work, all the
processes of scientific research, as well as the proposed initial provisions have been repeatedly tested, developed and adjusted if ne-
cessary. For successful experiments, the 3D model under study was divided into 3D cubes of the same size. The number of these 3D
cubes depends on the density of the section that the user specifies manually using the appropriate item of the developed software. In
addition, in this paper describes the establishment of the relationship between the faces of created 3D cubes. These dependencies we-
re presented in the form of an appropriate relationship scheme, which is then used in the design and configuration of the correspon-
ding system classes, which are closely related to each word, both logically and functionally. Based on the developed system classes,
appropriate software was created, which is the basis of the use of cellular automata in the study of tasks in the field of 3D modeling.
In addition, in this paper a graphical representation of the interrelationships between the developed classes was presented. For a bet-
ter understanding of the mechanism of the class system operation, a sequence diagram was developed. With this diagram, you can
see not only how the classes interact with each other but also in what sequence this interaction takes place. In the future, this work in-
volves expanding the capabilities of the software developed, as well as filling it with mathematical functions that would allow it to be
used in the study of the mechanical and mechanical processes of various 3D objects.
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Introduction. The cellular automata is a discrete model,
which is described by a set of a number of cells that forms a
periodic lattice. This lattice allows you to determine the sta-
te of each of its cells at a specific time, and allows you to
determine the state of its neighboring cells, the distance to
which does not exceed the permissible limits (Wolfram,
2002; Sokolovskyy & Sinkevych, 2016).

Currently, cellular automata are often used in problems
of modeling hydro and gas dynamic, evolutionary, behavi-
oral, or different vibrational probabilistic processes, which
in turn caused the comparative ease of implementation,
which in turn gives better prospects for their future use. The
main direction of the research of cellular automata is the al-
gorithmic solving of individual problems, which in one way
or another use a two-dimensional coordinate system (Toffo-
li & Margolus, 1991; Sokolovskyy & Sinkevych, 2017).

The result of this work will be the development of the
concept of the use of cellular automata for the study of
three-dimensional objects, as well as the creation of approp-
riate software, which will allow the use of this concept in
conducting various types of experiments (Sokolovskyy et
al., 2017).

IHpopmauis npo aBTopis:

Formulation of the problem. At the beginning of this
work, we have a 3D model of fixed-sized piles of stakes
that were assembled in the SolidWorks.

® This 3D model has the following initial parameters:

® Height, length and width of the stack;

® Number of lumber in the stack;

® The distance between lumber and wood species;

® Dimensions of the pallet and gaskets;

® Temperature and moisture values (not necessarily the same).

In addition to the initial parameters of the loaded 3D
model, it is necessary to specify the size of the drying spa-
ce, which is filled with air mass. These sizes can be specifi-
ed through the volume or through the values of its height,
length and width. It is also necessary to indicate the initial
temperature and humidity of the drying space. You also need
to specify a mathematical model that will allow you to chan-
ge these values when changing time. In carrying out this
work is necessary to solve a number of problems, including:

® Calculate and determine the number of 3D cubes of the same si-
ze that can be diving through the model under investigation

using the developed application software and the SolidWorks
API,
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® Convert each 3D cube to 2D neighborhood von Neumann 1st
order and establish certain relationships between the faces of
these 3D cubes using the above-mentioned dividing process;

® Visually present the established interconnections between the
facets in the form of a corresponding scheme;

® Develop a set of rules that could use cellular automata to change
the numerical values of temperature and humidity on the edges
of developed 3D cubes;

® To develop classes with which we can implement the proposed
layout of lumber of fixed size;

® It is necessary to develop a sequence diagram that will better un-
derstand the essence of the developed system classes.

Execution of all the above-mentioned tasks will allow
all users to obtain the tools by which it will be possible to use
the theory of cellular automata in determining the thermal
and mechanical processes in the developed integrated CAD.

Distribution of the researched object. The primary
objective of this work is the allocation of a fixed size timber
on 3D cubes, which then will be used for distribution in 2D
neighborhood von Neumann. For the distribution of lumber,
it is necessary to take into account a number of rules,
among which:

® |t is necessary to divide the stack on a certain number of lumber,
which will be divided into 3D cubes of the same size.

® The number of 3D cubes is limited and is determined by the cu-
toff density that is given in advance.

® The cut density should be sufficiently small to ensure that there
are enough 3D cubes in the depth of the lumber.

In order to comply with these rules it was decided to
make lumber section in accordance with the scheme, which
is shown in Figure 1. The selected lumber has the following
dimensions: height and width of 100 mm, and length 1 m.

Figure 1. View of the lumber separation scheme

Further, according to the developed software applicati-
on, the form of which is shown in Figure 2, the calculation
of the number and size of 3D cubes was performed. Con-
sequently, with such dimensions of the lumber can be built
3D cubes, which can have 15 different sizes of external fa-
cet. If we take the largest dimension of the facet, which is
100 mm, then we will have only 10 cubes.

Figure 2. Software that is used to calculate the number of required
3D cubes

When selecting the size of facet at 0.25 mm, we get
640 million 3D cubes, the calculation of which, even on po-
werful computers take long. That is why it was decided to
select 3D cubes, the outer edges of which have a size of
20 mm. With such dimensions of external facet, the total
number of 3D cubes will be 1250 pieces (Sokolovskyy &
Sinkevych, 2017; Hrytsiuk, & Zhabych, 2018).

After calculation of the required 3D cubes were made
the timber section of a given size. This process is fully au-
tomated. This automation was achieved by using developed

software application that uses capabilities of the Solid-
Works APIL.

It is clear that in the process of cutting the timber there
is a minimal indentation between the facet of the created
3D cubes, which is usually 0.001 mm. This indentation is
very small in size, which avoids significant errors when cal-
culating the temperature and humidity values in the lumber
during experiments.

An enlarged view of some created 3D cubes is shown in
Figure 3. It is worth noting that in fact, the distance between
the 3D cubes is much smaller, but it has been significantly
enhanced to better visualization the partitioning process.

Figure 3. Visualization of the partition process

When we get 3D cubes, we need to assign them the val-
ue of the initial parameters of the stack. Assuming that the
distance between the lumbers in the stack should be filled
with airspace. Next, we divide the initial parameters into
two categories, one of which will be assigned to the airspa-
ce, and other formed 3D cubes (Wolfram, 2002; Soko-
lovskyy & Sinkevych, 2016; Sinkevych, 2017).

The following parameters that will be assigned to 3D
cubes include:

® Height, length and width are given according to the size of cre-
ated 3D cubes, for example, 20 mm;

® Wood species;

® Initial temperature and humidity. If they are different, then it is ne-
cessary to uniform distribution along the length of a given timber.

The rest of the initial parameters are transmitted to the
airspace surrounding the stack. Air space similarly will be
presented as an array of 3D cubes of the same size. This
representation will allow us to calculate a mathematical
model that serves to change the parameters of the drying
agent in space and time.

Conversion of 3D cubes and install dependencies bet-
ween its facets. Consequently, when we having 3D cubes,
it is necessary to make their transformation in order to rep-
resent them in the form of 2D squares. This step is very im-
portant and necessary, because with this transformation we
will be able to use cellular automata to determine the ther-
mal and mechanical processes in the object under study. In
general, one 3D cube has six facet, the numbering of which
is shown in Figure 4.

Figure 4. Numbering of 3D cube facet
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To represent cellular automata, we can use one of the
two most popular 2D nodes, namely 2D Moore's area and
2D Von Neumann Fields. If we talk about the Moore co-
untryside then it represents a set of eight cells on a square
parquet, having a common vertex with this cell.

In turn, the von Neumann occipital represents a set of
four cells on a square parquet, having a common side with
this cell. Their appearance is shown in Figure 5.

Figure 5. View (a) 2D Von Neumann Fields in 1st and 2nd order,
(b) 2D Moore's area in 1st and 2nd order

It is clear that in order to accomplish this task, the 2D fi-
eld of von Neumann is best suited to the 1st order. Accor-
ding numbering of 3D cube facet and 2D neighborhood von
Neumann in Ist order, we can get a graphical relationship
facet of 3D cubes, which are shown in Figure 6.

Figure 6. 3D cube relationship facet by using 2D Von Neumann Fi-
elds in 1st order

Figure 7. General scheme for the internal and external facet of the
created 3D cubes

In Figure 6, we can see how one 3D cube facet can af-
fect to another. Based on these relations was developed a
general scheme for the internal and external facet of the
created 3D cubes. The form of this schema is shown in Fi-

gure 7. It should be noted that the values of X (Wolfram,
2002; Von Neumann, 1966; Sokolovskyy & Sinkevych,
2017) are the own facet of the selected 3D cube, and the
value Y is the facet of the outer 3D cube that is adjacent to
the selected one.

Consequently, each facet of the selected 3D cube can
have a relation with only one facet of the outer 3D cube.
Visual representation of the principle of the scheme relati-
onship between the external facets of 3D cubes, are shown
in Figure 8.

Figure 8. Visual representation of the relationship scheme between
the faces of different 3D cubes

Developing the rules of conduct based on cellular au-
tomates. Therefore, to accomplish the task by using cellu-
lar automata, it is necessary to develop some rules of beha-
vior that should not violate the three basic components ne-
cessary for using of cellular automata, namely:

® The parallelism by which cell renewal occurs simultaneously
and independently of one another;

® The locality in which the new cell value depends only on its pre-
vious value and the values of'its cells around;

® Homogeneity, in which the cells must always be changed accor-
ding to the same rules.

To construct own rules for changing the values of the
formed cells, we used: the relationship scheme, which is
shown in Figure 6, the software application, the form of
which is shown in Figure 2 and the three main components
of the use of cellular automata. In general, developed seve-
ral rules, including:

® All 3D cubes must have faces of the same size, which in future
will be prevent the presence of 2D cells of different sizes;

® All cells have their own initial values, which don't necessarily
have the same numeric values (e.g. temperature or humidity);

® The faces of one 3D cube can only affect those faces of their
own 3D cube, which are shown in Figure 3;

® Each facet of one 3D cube can directly affect only one facet of
another 3D cube;

® Each 3D cube of the air environment can affect other faces of
the same environment, or on the outer edges of those 3D cubes
of lumber that are in direct contact with this environment;

® The value of the temperature and humidity of each face may
vary according to the laws of thermodynamics, energy conser-
vation laws, and the mathematical models developed and indica-
ted in advance;
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® The result of cellular automata can be mentioned desired tempe-
rature or humidity, or the passage of a specified time simulation.
Development class and sequence diagram. To solve
this problem, it is necessary to develop several basic clas-
ses. With these classes, you can implement a scheme of in-
terconnections between the faces of 3D cubes. The graphi-
cal relationship between the above-described classes is
shown in Figure 9.

Figure 9. Graphic interrelation between developed classes

Figure 10. View of the developed sequence diagram

The last class "Calculation" serves for calculating nume-
rical values on the edges of created 3D cubes However, be-
fore describing these classes, it is worth considering the

The first class is called "Cube". This class contains in-
formation for each of the six faces of one cube (Soko-
lovskyy et al., 2017; Hrytsiuk, & Zhabych, 2018). This in-
formation includes the numerical value of temperature, hu-
midity and the general condition of each face. By itself, the
state of the face allows us to know whether it is necessary
to change its numerical value in the next iteration. In gene-
ral, we can say that this class represents one of the smallest
parts of the object being studied (Sokolovskyy & Sin-
kevych, 2017; Sinkevych, 2017). The second class is called
"Level". This class is a two-dimensional array, which con-
sists the elements of class "Cube". In essence, this class is
an array of 3D cubes of the same level. If we recall the ini-
tial section of the object under study then it turns out this
class has a dimension of 5x50 equal 250 cubes.

The third class is called "Lumber". This class is one so-
lid timber. It is clear that this class is a one-dimensional ar-
ray, which consists the elements of class "Level". Again, if
we recall the initial section of the investigated object, then
this class will have a dimension of 5, and this is 5x250,
which is equal to 1250 cubes.

The next class is called "Stack". It is clear that this class
is a stack of lumber. This class is a two-dimensional array,
which consists the elements of class "Lumber". Class
"3D Model" serves to download the original 3D model and
its further use in the partition process. The "Find" class is
needed to find the lumber in the downloaded 3D model.
This class gives us the ability to identify all possible section
variants of the 3D model. The next class is called "Cut" is
required for the 3D model partition according to a given
schema by using SolidWorks API.

sequence diagram, which is shown in Figure 10. This diag-
ram serves to better understand the sequence of use the de-
veloped classes.
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Conclusion. As a result of this work, was developed a
concept for using the cellular automata for the study of
three-dimensional objects. In addition, was created a
software with which you can download a 3D model of lum-
ber piles and instantly calculate the number of possible va-
riants of cutting each of the lumber into 3D cubes of the sa-
me size. The cutting process itself takes place using the So-
lidWorks API. The resulting 3D cubes were presented in
the form of 2D neighborhood of von Neumann 1st order.
With this view, a relationship scheme was created for the
inner and outer sides of the created 3D cubes. On the basis
of established relationships was created, a certain set of ru-
les for changing the numeric values that apply to the edges
of 3D cubes. Another important task that was accomplished
in this work is the development of system classes, their
further description, and a description of their interactions.
As a visual representation of this was given a sequence di-
agram of the developed classes. In general, in this work, we
examined the possibilities of using the theory of cellular au-
tomata in studying models presented in a three-dimensional
coordinate system. To study this concept, by conducting va-
rious types of experiments, was created an appropriate
software.
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INPOI'PAMHE TA AJITOPUTMIYHE 3ABE3NNEYEHHA A1 POBOTH 3 KNIITUHHUMHU ABTOMATAMHU

PO3I‘JI$IHyT0 CHUCTEMY IMOYATKOBUX TCOPETHUYHHUX IIOJIOKCHDb, IKa € OCHOBOIO I[OCJ'Ii,I[HI/IIH)KOI‘O NouryKy BapiaHTiB BUKOPHUCTAaHHS

KIIITUHHUX aBTOMATiB JUISl JOCII/DKEHHS TEIUIOMEXaHIYHHUX MpoIeciB y TpuBUMIipHUX 00'ekTax SolidWorks, mimsixom ixaporo npen-
craBieHHs y 2D oxomax ¢on Heiimana 1-ro mopsinky. Bukonanns miei pobotu Takox nepenbadae CTBOPEHHS OYATKOBUX IPABHIT
3MIHH JOCHIIKYBaHOI CHCTEMH, SIKi ITOTPiOHI JuIsl Oe3MmocepeIHbOro0 BUKOPUCTaHHS KIITHHHUX aBTOMATIB. 3a pe3ylbTaTaMH IepeBip-
KU IUX IPaBUII 3'ICOBAHO, IO IXHBOI KUIBKOCTI MOXe OyTH HEJOCTaTHBO JUIS BUPIMIEHHS crieln(idHUX 3aBaHb B obnacti 3D moci-
JokeHHs. Yepes ne Oyio 3auIIeHo MEeXaHi3MU CTBOPEHHS HOBHX IIPABHJI 3MiHH CHCTEMH, a00 3 3MiHM Bxke HasBHUX. OKpiM IbOTO,
ITi1 9ac BUKOHAHHS Li€l poOOTH, YCi MPOIECH HAyKOBOTO NOMIYKY, 8 TAKOXK 3aIIPOIIOHOBAHI TOYATKOBI MOJI0XKEHHS HEOJHOPA30BO Iie-
PEBipsUIH, PO3BHUBAIIH, Ta 3a IOTPEOU KOPHUTYyBaIX. TakoX ONMHCAHO BCTAHOBJICHI 3aJIEKHOCTI Mixk rpaHsmu crBopenux 3D ky6is. Lli
3aJIe)KHOCTI TPEJCTABICHO Y BUMIISAL BiAIOBIIHOI CXEMH CITiBBiHOLICHHS, KA HAJalli BUKOPUCTOBYETHCS IMiJ 4ac po3poOJIeHHS Ta
HAJIAIITYBaHHS BIAMOBIIHUX KJIACiB CHCTEMHU, SIKi JIO TOTO K TICHO B3a€MOIIOB'I3aHI MiXk COOO0, SIK JIOTIYHO, TaK 1 ()yHKIIOHAIBHO.
Ha ocHOBI po3po0ieHNX KI1aciB CHCTEMH CTBOPEHO BiANOBiIHE IpOrpaMHe 3a0e3nedeHHs, ske € (QyHAaMEeHTOM BHKOPHCTAaHHS KIIi-
THHHUX aBTOMATIB y JOCHIIPKeHH] 3a1a4 B obiacti 3D MozemoBaHHs.
Knrwuoei cnosa: CAIIP; okin ¢pon Helimana; SolidWorks APL
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INPO'PAMMHOE U AJ/ITOPUTMHUYECKOE OBECIIEYEHHUE VI PABOTbI C KIETOYHBIMHA ABTOMATAMU

Paccmorpena cucteMa UCXOIHBIX TEOPETHUECKUX IIOJIOKEHUM, KOTOPBIE SBJISIOTCS OCHOBOM HCCIIEN0BATEIbCKOrO IIOMCKA BapH-
AQHTOB HCIIOJNIE30BAHMS KJIETOUHBIX aBTOMATOB JUISl HCCIEJOBAHMS TCINIOMEXaHHUECKHUX IPOIECCOB B TPEXMEPHBIX o0BekTax Solid-
Works, myrem ux npexcrasinenus B 2D okpectHocTsX por Heiimana 1-ro mopsiaka. Brimonnenne qanHo#M paboTh Takxke IpexycMar-
pHBaeT Co3/laHME HAYaIbHBIX NPABUI U3MEHEHHS HCCIEeyeMOH CHCTEMBI, KOTOPbIe HEOOXOANMBI Ul HEMOCPEACTBEHHOTO MCIIONb-
30BaHUA KJICTOYHBIX aBTOMATOB. B pe3ynbTare NpoBepKH JaHHBIX MPABHJI BBIICHEHO, YTO X KOJIMYECTBA MOXKET OBITH HEAOCTATOYHO
JUTSL peneHus crenududeckux 3anad B obnactu 3D uccnenoBanns. [losToMy GBI OCTaBIICHBI MEXaHU3MBI CO31AaHHSI HOBBIX IIPABII
N3MEHEHUS CHCTEMBI, WITH JKe N3MEHEHHS yXKe CylecTByomux. Kpome 3T0oro, Ipy BEITOIHEHUH JAHHOW PabOTEI, BCE MIPOLECCHl Ha-
YYHOTO ITONCKA, A TaKKe MPEIOKEHHBIC HCXOAHBIE MOJ0XKEHHS HEOMHOKPATHO NPOBEPSUINCH, PA3BUBAIIICH, M IPH HEOOXOIUMOCTH
KOPPEKTHPOBaNNCh. Takke OMUCaHBI YCTAHOBJIEHHBIE 3aBHUCHMOCTU MEXIY I'paHsAMH co3iaHHBIX 3D kyOoB. JlaHHBIE 3aBHCHMOCTH
MIPE/ICTABICHEl B BHUJE COOTBETCTBYIONIEH CXEMBI COOTHOIICHHUS, KOTOpas B JANbHEHIIEM HCIIONb3yeTcsl NMpU pa3paboTke W Hac-
TPOHKE COOTBETCTBYIOIINX KJIACCOB CHCTEMBI, KOTOPBIE K TOMY € TECHO B3aHMOCBSI3aHBI MEXIY COOOH, KaK JIOTUYHO, TaK U (QyH-
KIpoHabHO. Ha ocHOBe pa3paboTaHHBIX KJIACCOB CHCTEMBI CO3/1aHO COOTBETCTBYIOISE IPOrpaMMHOE 00ecIedeHe, KOTOPOe SIBJISI-
eTcst pyHIaMEeHTOM HCIOJIb30BaHMS KIICTOYHBIX aBTOMATOB IIPH MCCIIEAOBAHUM 3aad B obnactu 3D MoxenupoBanus.

Knrueswvie cnosa: CAIIP; okpectHocTh (o Heiimana; SolidWorks APIL.
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