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ACOUSTIC MATERIALS DATABASE PROCESSING
IN THE CAD SYSTEM BY THE HOPCROFT-CARP
ALGORITHM FOR COMPARISON OF BIPARTITE GRAPHS

1.C. Cinvko, I1. Cuoopenxo, A.B. Ilaenuwuxo, M.C. Iwacea. O6podka 6a3u AaHHX aKycTHYHHX MarepianiB y cuctemi CAIIP 3a
aaroputmom Xonkpodra-Kapna nas 3ictaBieHHs 1Box0abHUX rpadiB. Po3BUTOK HPOMECIOBOCTI MOTpeOye HAsSBHOCTI BEIHKOTO
Pi3HOMAHITTS MPOMHUCIIOBHX NPUMIIIEHb 3 OCOONMBIMH BUMOTaMH JI0 iX aKyCTHYHHX XapaKTEPUCTHUK. SIK HACIiZOK, BHYTPILIHE 03/100JICHHS
MIPOMHUCIIOBUX TPHUMIIIEHb NOTPeOye BUKOPHCTAHHS aKyCTHYHHUX O3100JIIOBAIBHUX MarepiaiiB, siKi B KiHLEBOMY MiJCYMKY BHU3HA4alOTh
aKyCTHKY BCHOTO BHPOOHHYOro KomIniekcy. OnHak, Ha eTami HPOEKTYBAHHS HMPOMHUCIOBHX MPHMIIEHb, OCOONMBO IPH BHUKOPHCTAHHI
CIIeI[iai30BaHOr0 TIPOrPaMHOro 3a0e3lEUCHHs, BHUHUKAE pPsJ TPYAHONIIB 3 OOIPYHTOBAHMM BHOOPOM I IBOIO aKyCTHYHHX
03100II0BaJIbHUX MaTepiaiiB. BpaxoByroun Ha Te, 1O iCHYIOUI Ha Terep MpOrpaMu J03BOJISIOTH JIMIIE MPHOIU3HO PO3paxyBaTH aKyCTHUKY
MPUMIILEHB 1 )KOJIHA 3 HUX HE JIa€ BIANOBIIb HA MHUTAHHSI, YU 3aJOBOJIbHSE OTPUMaHa MOJENb MPUMILICHHS BUMOTaM 3aKOHOAABCTBA i
3aMOBHHKa iCHye 1oTpeba B po3poO1Lii HOBOTO MPOrpaMHOro 3ade3neyeH s, ke BUpilIye 1o npodiaemy. IIpu po3poOii HOBOro mporpamMHoro
3a0e3MeueHHs] TAKOTO THITY 3aBXIY BHHUKae MpobOiemMa 30epiraHHs Ta e)eKTHBHOI 00poOKH JOBiAKOBOI iH(oOpMalii, 1o opraHizoBaHa y
BUIIAl Oa3u AaHuX. B po0OoTi 3ampornoHOBaHO MOJENIOBaHHS MOTPIOHOI 0a3u AaHMX y BUIVIAAI MaTeMAaTHYHOrO amapary, sKii ysBise
coboro rpad. BupimenHi mocrasneHoi 3a/1a4i NpoBeCHO Ha MOJICNIOBAHHI 0a3y NaHMX aKyCTUYHUX MartepiaiiB JBOMONBHHMHU Tpadamu.
Buxonsun 3 uporo, oOpoOka iHdopmarii Takoi 06a3u, 3 MeTOW MOWmYKY MOTpiOHOI iH(popMamii y HailMeHIIMH Yac, NpoBEICHa 3
BHUKOPHCTaHHSIM OJIHOTO 3 aJITOPUTMIB JUIA 3ICTaBIICHHS JBOMOJBHUX rpadiB. Y sSKOCTI alropuTMy BUKOPHCTAHO adropuT™ XOomkpodra-
Kapra. Ha ocHOBi mpukiaxy ycTaHOBIIEHO, IO NPHHHATHI aNrOPUTM HE 3aBXXIM Ja€ BipHE DINICHHS, OCKUIBKH yCyBa€ y TPUHHATIH
rpadoBiii Mozeni 0a3u qaHux pedpa i3 3araJbHUMHU KiHIIEBUMH TOYKAMH i CTBOPIO€ IHICHACHTHI pedpa. Buxoasiun 3 oTpuMaHux pe3yabTaTiB
JIOCJIIKEHHS 3a1poroHoBaHo i peanizoBaHo y cucteMi AUTOCAD Ha moBi AUTOLISP 0a3y gaHuX akyCTHYHHMX Matepiali, 0 BiANOBiae
rpadoBiif Mozeli y BUIIIAI OpieHTOBaHOTrO rpa)oBOro JiepeBa, 00podOKa sikoro anroputmamu obxony rpadis DFS n BFS nae Bipne pimenns
3 HafIMEHIIMMH BUTPATaMH 4acy.

Knrouosi crosa: akycTH4HI Matepiaid, IBOJOJILHUE rpad, anroputM Xonkpodra-Kapna, opieHToBaHe rpadoBe AepeBO, aIropuTMu
ob6xony rpadis DFS u BFS

I. Sinko, I. Sydorenko, A. Pavlychko, M. Ishaeva. Acoustic materials database processing in the CAD system by the Hopcroft-
Carp algorithm for comparison of bipartite graphs. The development of industry has revealed the need for a wide variety of production
facilities with special requirements for their acoustic characteristics. As a result, the interior decoration of any production room requires the
use of acoustic finishing materials, which ultimately determine the acoustics of the entire production complex. However, at the stage of
designing industrial premises, especially when using specialized software, a number of difficulties arise with the justified choice of acoustic
finishing materials for this. Taking into account the fact that currently existing programs allow only approximately calculate the acoustics of
rooms and not one of them gives an unequivocal answer to the question, the obtained model of the room meets the requirements of the
legislation and the customer, therefore there is a need to develop new software that solves this problem. When developing new software of
this type, the problem of storing and efficiently processing reference information organized in the form of a database always arises. The
paper proposes modeling the desired database in the form of a mathematical apparatus, which is a graph. The solution of this problem was
carried out on modeling a database of acoustic materials with bipartite graphs. Based on this, information processing of such a database, in
order to find the necessary information in the least time, was carried out using one of the algorithms for comparing bipartite graphs. The
Hopcroft-Karp algorithm is used as an algorithm. Based on an example, it was found that the adopted algorithm does not always give the
right solution, since it eliminates edges with common end points in the graph model of the database model and creates random edges. Based
on the results of the study, a database of acoustic materials in the AUTOCAD system in the AUTOLISP language is proposed and
implemented, which corresponds to a graphical model in the form of a tree of oriented graphs, the processing of which allows you to use
DFS and BFS scanning algorithms and get the right solution with the least amount of time.
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Introduction
The development of industry has revealed the need for a wide variety of production facilities with
special requirements for their acoustic characteristics. As a result, the interior decoration of any pro-
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duction room requires the use of acoustic finishing materials, which ultimately determine the acoustics
of the entire production complex. In many existing production facilities, sound is absorbed by an
acoustic ceiling or vertical buffles, in the frequency range 250...4000 Hz, as well as additional acous-
tic screens, which helps to reduce reflected noise, for example, from a concrete floor. However, at the
design stage of production facilities, especially with the use of specialized software, a number of diffi-
culties arise with the justified choice of acoustic finishing materials for it. So, the existing and actively
used programs ULYSSES, Spectra Series, EASE allow only approximately calculate the acoustics of
rooms and none of them gives an answer to the question whether the obtained model of the room
meets the requirements of the legislation and the customer [1 — 3]. In this regard, a need arose to im-
prove existing or develop new computer-aided design programs for industrial buildings with some
acoustic features [2, 4].

Analysis of publications

At present, when developing a new program “Designing premises with the required acoustic charac-
teristics”, as a result of the analysis of the design stages, the necessity of designing and creating a special-
ized database of acoustic materials has become clear [5—7]. It is known that databases of this type should
be presented in the form of a totality of information on certain acoustic materials, systematized so that the
required information can be found and processed with the least loss of time [1, 3, 5].

However, given the saturation of databases with a large amount of information, the latter in some cas-
es seems quite complicated. Therefore, the creation of a database in the form of some mathematical appa-
ratus that allows optimizing the processing of information stored in the database is an important scientific
and applied task.

Unsolved problem area is the lack of CAD systems that allow designing buildings, rooms with
special acoustic properties and having all the necessary tools, including a database of acoustic materi-
als involved in the calculation of single-layer and multi-layer building structures.

Purpose of the article consists in creating a specialized database of acoustic materials, built on
the basis of some scientifically sound mathematical apparatus, the use of which can reduce the time of
designing premises with specified acoustic properties.

Tasks that must be completed to achieve the goal of the article:

— perform an analysis of the properties of acoustic materials;

— create a datalogical model of a database of acoustic materials;

—to develop a model for processing a database of acoustic materials;

— development of an original approach for designing a specialized database.

Acoustic materials database design methodology

When designing a database of acoustic materials, an important role is played by the choice of the
method of processing of it; therefore, a preliminary classification of acoustic materials was carried out
on the basis of the principle of the functional purpose of these materials, which made it possible to
systematize their information, component for the convenience of extracting information in the design
of industrial premises and multi-purpose buildings [2, 4]. The developed database is an integral part of
the program “Design of industrial premises with the required acoustic characteristics” [5].

The datalogical model of the developed database of acoustic materials differs little from similar
databases with unsorted elements for information objects with their individual properties specifically
expressed (Fig. 1).

| Name of acoustic material |<—| Rigidity |

_Fire resistance
Efficiency Property
| Structure | | Type of application |
Proery
a b

Fig. 1. Model of a database of acoustic materials: datalogical (a) in the form of a directed graph (b)
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Moreover, it can be represented both by a datalogical model (Fig. 1, @), and in the form of an ori-
ented graph (Fig. 1, b).

As a rule methodology of work of operators of search and processing of data from such bases is
built on a next algorithm: to find the indicated tree of database; transition from one tree to other; to
find the copy of segment that meets the condition of search; transition from one segment to other into
a tree; transition from one segment to other in order of round of hierarchy; to find and retain for sub-
sequent modification the only copy of segment that meets the condition of search; to find and retain
for subsequent modification the next copy of segment with the same terms of search; to find and retain
for subsequent modification a next copy for that ancestor; to insert the new copy of segment in the
marked position; to renew the current copy of segment; to delete the current copy of segment.

On this basis, a conclusion follows that in basis of treatment of database the cycle of comparison
of it is fixed every element with a set value. Such approach is not very rational, especially at plenty of
unassed elements, as an amount of comparisons, that will be required for being of the required ele-
ment, is unknown. It is related to that the sought after element can be the first in an array (that results
in only comparison), either is on the last position or an element is absent in general. If, for example, an
array consisted of 120 elements, then such is exact amount of operations was required for being of
necessary element. If the amount of array cells will increase to 1200, then the amount of operations
just will increase to 1200. Thus, in this case dependence turns out linear, at that the amount of opera-
tions increases with the increase of amount of elements. Taking into account that access to any array
cell occupies constant time, then treatment of such database can delay on long time.

Since a certain hierarchy of the model was used in the development of the database of acoustic
materials, in which the integrity of links between ancestors and descendants is automatically main-
tained, it was initially proposed to consider such a database not as a directed graph, but as a collection
of bipartite graphs (bigographs). In a bipartite graph, its set can be divided into two parts in such a way
that each edge of the graph connects some vertex from one part (for example, an information object) to
some vertex of the other part (individual properties of the information object), that is, there is no edge
connecting two vertices from the same part [8 — 10]. Then, information processing in the database of
acoustic materials can be carried out using one of the algorithms for comparing bipartite graphs. The
Hopcroft-Karp algorithm was adopted as such an algorithm [9, 11, 12].

The essence of the algorithm is as follows — the algorithm takes a bipartite graph as an input and
returns the maximum matching power, that is, the largest set of edges. At the same time, the condition
that none of the two edges should have a common vertex must be satisfied. The operation of the algo-
rithm can be represented as follows:

Entrance: Bipartite Count G (U u V, E)
Output: matching M c E
M «—
cycle @
P— {Py, P, ..., P}
M—M®® (P1UP2U e U Pk)
until P # &.

Let consider, as an example, processing the base of acoustic materials according to the adopted
algorithm (1). For simplicity of illustration, the following assumption is accepted: the database con-
tains only 4 filters (individual properties of the material) and 8 items of material. Materials are marked
with letters from A to H, and filters are selected randomly (Fig. 2, a).

Processing the base of acoustic materials according to algorithm (1) carried out according to the
founding algorithms for traversing the graphs DFS (Depth First Search) and BFS (Breadth First
Search) allowed us to obtain some result. A graphical interpretation of the result shows that the solu-

tion according to the Hopcroft-Karp algorithm is not correct (Fig. 2, b). A solution that requires edges
with common vertices leading to different vertices that define the material and which fall into the same
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subset of filters can be considered true. It is established that in the case under consideration the
Hopcroft-Karp algorithm eliminates such edges with common endpoints and creates edges incident to
the vertices of both subsets.

Roll Material A Roll Material A Roll Material A
) ~ Material B <) Material B ) > Material B
. D‘,A__ N Material C b D? AN Material C b 7 . Material C
orous : ) orous : 2 orous 2
NI \ Material D NN Material D ;\\ \ Material D
; ; ) ; ; ) X : )
s <X C Material E ‘! X Material E ’ X Material E
PN\ 2 \NM\X P d \
Flammable < AW Flammable < ) Flammable D
D =~ 3 Material F D‘~ ; \ Material F D< ~ AN Material F
Material G ) Material G Material G
Exterior Material H Exterior D Material H Material H

Fig. 2. Processing a database of acoustic materials: a set of bipartite graphs “material — properties” (a);
decision algorithm Hopcroft-Karp (b); decision by the criterion ““highest degree (valency) of the peak” (c)

In fact, for the correct solution of our example, it is necessary to obtain all coinciding edges that
have a common end point — the top of the graph is the defining material. This can be obtained, for ex-
ample, by determining the degrees (valencies) of the vertices of the graph that determine the materials
in the database of acoustic materials and comparing them with some desired value (Fig. 2, ¢). To do
this, you can use the formula of the sum of degrees that defines the “Handshake lemma”:

D" deg(v) = 2|E[, 2)
vV
for a graph with many vertices V and many edges E.

However, taking into account the obtained research results, it was proposed to create a database
of interest to the authors in the form that defines a balanced binary search tree with several primary
(external) sort keys with a set of satisfying records. Such a view is defined by an oriented graph tree,
the processing of which is also carried out according to algorithms for traversing the DFS and BFS
graphs (Fig. 3, a).

The base apparatus adopted in the further development in the form of a graph tree allows you to
simply get a presentation of the database of acoustic materials according to the hierarchy of individual
material properties (Fig. 3, b). It was in this form that the model of the acoustic materials database was
first implemented, which is implemented in the AUTOCAD system in the AUTOLISP language. The
hierarchical database model allows you to perform operations: adding a new record to the database,
retrieving a record, changing the data value of a previously extracted record, deleting a record and all
records subordinate to it. In the operation of extracting a record, it is possible to specify sampling con-
ditions, which greatly simplifies the work with materials. The developed database is planned to be
used in the design of indoor and outdoor rooms with acoustic properties and allows reduce the com-
plexity of calculations, as well as reduce the design time.

Results of the developed original approach and specialized database design methodology

When creating the required database of acoustic materials, an approach was used that consists in
the following:

—when designing any object using specialized software, first of all, the client's requests and
wishes are analyzed, based on which a possible approach to solving the problem is determined;

— based on the analysis, a specific model is implemented in a specific software environment;

— the results of each design phase are used as source material for the next stage;

— the database is focused on a specific subject area and is organized on the basis of a certain sub-
set of data.
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Fig. 3. Presentation of a database of acoustic materials: tree of oriented graphs (a); in accordance with the
hierarchy of individual material properties (b)

Conclusions

Based on the research, the following is established. The Hopcroft-Karp algorithm when solving
problems of bipartite graph matching does not always allow us to achieve the correct result, since it
eliminates the edges of the graph with common finite points and creates edges incident to the vertices
of both subsets.

DFS and BFS graph traversal algorithms are important tools for solving sampling problems, in
the case of constructing a database structure in the form of oriented graphs. It should be noted that the
DFS algorithm in some cases has a recursive implementation, which should be eliminated, since addi-
tional machine memory is required to be allocated for it. That is why a recursive implementation is
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considered irrational (additional space under the stack and numerous function calls) and even danger-
ous (stack overflow). In critical programming systems (designing nuclear facilities, spacecraft, etc.),
recursion is completely prohibited. When implementing BFS without recursing of the task, it was nec-
essary to use a queue, and the stack was used to implement DFS.
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