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PROCESSING OF HIERARCHICAL DATA IN A RELATIONAL DATABASE

Storing and using hierarchical data structures in relational databases was not the main
purpose of their creation. Therefore, SQL databases do not offer a standard way to work with
such data. There are special databases for working with graphs. For example Gremlin,
SPARAQL, Cypher. But if in the project there is no possibility to use them and it is necessary
to work with hierarchical structures through SQL, certain methods which allow to solve this
problem are applied.

The purpose of the study is to find an improved method of working with hierarchical

structures, which will be both fast and intuitive. Investigate and compare different methods
and algorithms, determine the speed of these methods and the influence of the depth of the
hierarchical structure on the speed. Develop an application for testing methods of working
with different tree structures in SQL.

Object and subject of the research is the features of methods and algorithms that
allow to solve various problems of working with hierarchical data in SQL. The subject of
research is to determine the pros and cons of each method, choose the best and test the
performance of each method.

Scientific novelty and practical significance of the obtained results are included in
working with hierarchical data in relational databases is common in many applications, so
finding the best method will solve most of the problems faced by software developers.

Keywords: hierarchical data, relational database, management system, database
requests, graphic interface.

Beryn

30epiraHHsi Ta BUKOPUCTAHHS 1€PAPXIYHUX CTPYKTYP JAHHUX B PEIISIIHUX
0a3ax JaHuX He 0yJIO TOJIOBHOIO METOIO iXHBOTO cTBOpeHHS. Tomy SQL 6a3u He
MPOTOHYIOTh CTAHAAPTHOTO CIOCOo0y poOoTH 3 TakuMU JaHuMU. Jjist poboTH 3
rpadaMu iCHYIOTh cremianbHi 0asu manux. Hampukiaam Gremlin, SPARAQL,
Cypher. Ane sKkmo B TpPOEKTI HEMae MOMJIMBOCTI IX BHKOPHCTOBYBATH 1
MOTPIOHO TMpalBaTU 3 1€papXiYHUMU CTpyKTypamu uepe3 SQL, To
3aCTOCOBYIOTh MIEBHI CIIOCOOHU, K1 JO3BOJIAIOTH BUPILIUTH L0 IPOOIEMY.

Merta gocnipkeHHST - 3HAWTH YJAOCKOHAJEHWW METOoJ po0oTH 3
1€EpapXiYHUMHU CTPYKTypaMu, SIKHM Oyae BOJHOYAC HIBUAKUM Ta I1HTYiTUBHO
3po3yminuM. JlocaiauT Ta MOPIBHATH Pi3HI METOIU Ta AITOPUTMH, BU3HAYUTH
MIBUIKOAII0 IUX METOMIB Ta BIUIMB TJIMOWHHU 1€pApXI4HOi CTPYKTypU Ha
HIBUJIKO110. PO3pOoOUTH NOJATOK Il TECTYBaHHS METOJIIB POOOTH 3 PI3HUMHU
JIE€PEBOBUIHUMU CTpyKTypamu B SQL.

ITocTaHoBKAa 3aBAaHHA
Ob6'ekm ma npeomem Oocnioxncenus. (OO'€KTOM JOCIIDKCHHS €
OCOOJIMBOCTI METOMAIB Ta aJIrOPUTMIB, $KI JIO3BOJISIIOTH BHUPILIYBATU Pi3HI
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npobiemu poOoTu 3 iepapxiyHumMu nanumu B SQL. [Ipeamerom gocimipkeHHS €
BU3HAUCHHs IUIIOCIB Ta MIHYCIB KOXHOTO MeETOAy, BHUOIp HaWKpamoro Ta
TECTYyBaHHS MIBUIKO1T KOXKHOTO METOTY.

Memoou ma 3acobu Oocnioxcenns. JlIs BU3HAYEHHS ONTHUMAIBHOTO
METOJy MOTPIOHO MOPIBHIOBATH TaKi KPUTEPIi: MBUIKICTh POOOTH, CKJIAIHICTD
BCTaBKHM HOBOT'O BY3JIa, IIEPEMIIIIEHHS By3Jia B CTPYKTYpI, MIATPUMKA IIJIICHOCTI
JaHUX, BUAAJICHHS By3a.

Haykosea nosuzna ma npaxmuumne 3HA4eHHs OMPUMAHUX De3VIbINAMIS.
Po6orta 3 iepapxiyHMMM AaHMMU B PEAIIMHMX O0a3ax MAaHUX TMOIIMpPEHA B
0aratb0X 3aCTOCYHKaxX, TOMY 3HAXO/DKEHHS HAWKpaIioro METOJy BHPIIINTH
BEJIMKY YaCTUHY IpPOOJeM, 3 SIKUMU 3yCTPIYaIOThCS PO3POOHUKH MPOrPAMHOIO
3a0€3MeUeHHS.

OcHOBHA YacTHHA

HalinonynspHimmM MeTol Ajig 30epiraHHs 1€papXidHUX CTPYKTYp € METOJ
Adjacency list [2]. Lleit meTo 103BOJIsIE 3pyYHO Ta HAOYHO 30epiraTv JaHi, HE
Mae OOMEXEHb 32 BHUCOTOIO JIEpEeBa, IO MPEACTABISIE 1€PAPXIUHY CTPYKTYPY,
JTIO3BOJISIE ONITUMI30BaHO BCTABJISTH, BUJAJISTH Ta 3MIHIOBATH MO3UIIII0 BEPIIMHU
JiepeBa, ajie MPU3BOAUTH JI0 MPOOJIEMHU, IO BUCIOBIIOETHCS Yy HEOOXITHOCTI
BUKOPUCTOBYBATH PEKYPCUBHI 3alUTH, K1 MIATPUMYIOTh faneko He Bcl CYB/I.
Jlnst poboTH 3 TakMMHM JaHMMU Kpaiie 3a Bce BukopuctoByBatu CYBJl 3
MIATPUMKOIO  PEKYpCHBHHMX  3alWTiB, Hampukian  postgreSQL.  fAxmro
BUKOPUCTOBYEThCSI 0a3za JaHuX 0€3 peKypcHBHUX 3amuTiB, sk MYSQL,
JIOBEJICTHCSI BUKOPUCTOBYBATH TUMYACOB1 TaOJIUIII Ta MPOIIETYPH.

Meton Nested setS BUKOpHUCTOBYE MOJE/Ib BKJIAJACHUX MHOXHH 1 SBJISIE COOOIO
TEXHIKY JJIS MPEJCTaBICHHS JAepeB B pelisiliiHux 0a3ax manux [3]. Imes mporo
METO/Iy TMoJjsrae B 30epiraHHi Mapuipyty oOxoay JnepeBa y mpediKCHOMY
nopsizky. [Ipu mbomy crioyatky oO6XOAsTh KOPiHb J€peBa, MOTIM, BY3JIH JIIBOTO
niggaepeBa y mOpeikCHOMY MOPSAKY, 1 TMOTIM, BY3JId TPaBOrO IMMiepena.
[Topsimox o6xomy 36epiratote B left key Tta right key. V mnone left key
3aMKMCYIOTh TOPSJIKOBUI HOMEp MNpHU BXOJl B migaepeBo, a B right key -
MOPSAKOBBIA HOMEP MPH BUXO/II 3 MijjiepeBa. 3aBIsiki IbOMY MOXHa 001MTHCH
0e3 pekypcii.

MeTon BKIIQJCHUX MHOXKHH TIPAIFO€ HA0arato MIBHIIIEC MOMEPEIHBOTO i
J03BOJIIE 0€3 peKypcii poouTH BUOIpKU. AJie BIH Ma€ CyTTEBUN HENOJIK, SIKUIM
MoJIsira€ 'y HEOOXiTHOCTI J0JIaTKOBOTO 00XOJy BChOT'O JepeBa IpHU J0JIaBaHHI
HOBOI BepIIMHU a00 TMpH MepeMillieHHl icHyro4oi. Hanpuknan, npu mogaBaHHi
HOBOI1 BEpIIMHU B HWKHIA PIBEHBb JIepeBa, HEOOXIHO OHOBIIOBATH BCl TOJIA
left_key Ta right_key y Bcix BepimHax, siki 3HaXOATHCS MPaBIIIe Ta BUILE Ti€l,
10 JJOJIA€ThHCA.
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Meton Closure table mnepenbauae BUKOPHCTAHHS JIepeBa, IO
npecTaBiisie coO000 BKIA/ICHI MIIMHOKUHHU, KOPEHEBHUI BYy30J1 BKIIIOUa€e B cede
BCl IIJIMHOXKUHHM TIEPIIOTO PIBHSA, SIKI B CBOIO 4YEpry BKJIIOUYalOTh B cebe
MIJIMHOKUHM JIpyroro piBHA 1 Tak npami. [l 30epiraHHs JaHMX TaKUMU
cmocoboM moTpiOHI ABI Tabnuii. B meprmry Tabmuiro Tpeba 3amucatu BCl
M1IMHOXXHHH, B APYTY - CIIUCOK BXOJP)KE€Hb KOXHOI IMIJIMHOKUHU Y OaTbKIBCbKY
Ta PiBHI MIIMHOXKHH.

[lepeBaru bOro METOAY - 1€ MIBUIKI Ta MPOCTI 3alUTH, SIKI BUKOHYIOTHCS
6e3 pexypcii.
Henonikn:
- 1aH1 30epiraloThbCs y BUMIISL, SIKMM HE € 1HTYITUBHO 3pPO3yMLUINM,

HOro CIpUMHATTS YCKIIQHEHE 3B'sI3KaMU MK HEIIPSIMUMH MTOTOMKAMH;

- HEOOX1THICTh BUKOPHMCTAHHS TPHUTEPIB JUIA MIATPUMKHU IIJIICHOCTI

TAHWX;

- omepallli mepeMilieHHs Ta BCTAaBKM BEPIIMH HA0arato CKIJIaJHIII,

HiK y MeTosi Adjacency list.

MeToa MaTepiaizoBaHuX IIIAXIB, IKAK Ha3MBaroTh Iie Path enumeration
abo Materialized path. monsirae B 30epiraHHi MOBHOTO IUIAXY BiJl BEPIIMHHU JI0
By3Jla y npsaMoMy BUrsiai. [le HalOuIbin 1HTYITUBHO 3pO3yMUINNM METOJ, SIKUN
03BOJIsIE Oe3 Tpo0sieM TMpoaHali3yBaTH CTPYKTYPY JaHUX, CTBOPEHY 3 HHUM.
3anuTH TP BHUKOPWUCTAHHI ITHOTO METOAY POOWTH JOCHUTH JIETKO, ayie IIe
BIUIMBAE HA MIBUJKO/III0, OCKIJIBKY MOIIYK YacTO MPOXOJUTH 3a MIIPSIKOM.
[lepeBara BHILIEOMUCAHOTO METOAY - IHTYITHBHO 3pO3yMUIMI BUTJISI CTPYKTYPH
TAHUX.

Henoniku metony:

- CKJIaJiHa BCTaBKa Ta MEPEMIIEHHS BEpUIUHY;
- HH3bKa MBHIKOMIIS;
- CKJIAJHICTh peasizaliii mITPUMKH IIJTICHOCTI TaHUX.

BucHoBku
JIOKyMEHTO OpI€EHTOBaHI CUCTEMHU KEpYBaHHsS 0a3aMu JIaHUX JT03BOJISIOThH

3a JIONOMOTOI0 CTaHJAApTHOI (YHKIIOHAJIBHOCTI 3pYYHO Ta OINTHUMI30BaHO
30epiratu i€epapxiydi CTPYKTYpH JaHHUX, ajie PO3POOHHMKAM YacTO JOBOJAUTHCS
mpampoBaTd 3 peJsIiiHUMU 0a3aMM JaHUX 1 HE 3aBXKIU € MOXJIMBICTh
BUKOPHCTOBYBAaTH JOKYMEHTO Opi€eHTOBaHi. Tomy Oynu MpoaHaii3oBaHl MEBHI
METOJM Ta QJITOPUTMHU ISl pOOOTH 3 TAaKMMHU JaHUMU B peAIIMHUX Oaszax.
Koxuuii Metros Mae CBOi mepeBard Ta HENONIKA B MEBHHUX CUTYyaIlisx. Tomy
BUOIp METOAY 3aJIeXKUTh BiJ MPOOJEMHU, Ky BHUPIIIYE MPOTPAMHHUIA MPOIYKT.
Skmo mnoTpiOHO 30epiraTd JaHi B 1HTYITHUBHO 3pO3yMIJIOMY BHUIJISIL, a
MIBUJKICTh ONeEpaliidl He Ipa€ BEIMKOI POjl, TO MPaBHJIBHUM BUOOpOM Oyze
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Materialized path. ¥V Bumanky, komau moTpiOHa po0OOTa 3 BEIHKOI KUIBKICTIO
BKJIQJICHUX JaHUX HalKpalle BIiAMNOBIAa€E Wi NOTpedl METOA MIIMHOXUH
Closure Table. Haiibinpin yHIBepcaJlbHUM METOJOM BHSBHBCSA CIIHCOK
CYMIXKHUX BEPIINH, OCKIJIBKM BIH HE Ma€ HEOOX1HOCTI B MIATPUMIN IIJTICHOCTI
JTAHUX, BCTaBKa 1 MEPEMIIIEHHs] HE 3MIHIOIOTh 1HIIN 3aliUCU B TAaOJUIIl, aje st
BUOIPKU JaHUX BIH MOTpPeOye peKypcii.
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CLOTHS SURFACE SIMULATION BY CONSTRUCTIVE GEOMETRY METHODS WITH
APPLICATION GRAPHICAL KEYS OF PROPORTIONALITY

Creation of software for the automated model building surface wear as the frame (of
two mutually orthogonal lines belonging to the surface)is the subject of consideration in this
work. Modern methods of obtaining initial data for the design of light industry and, in
particular, clothes allow you to use not only the numerical values of dimensional attributes,
but some form of curves on the surface of the human body. So the challenge presented by the
transition curve to the surface of the future product, or building surface known curves
belonging to the desired surface, while maintaining some smoothness of the surface.

To achieve the objective formulated such problems have been solved. The analysis
graphic-plastic and surf-graphical keys proportionality building surface in terms of the
existence of solution of the problem submitted to the original data. The necessary and
sufficient conditions for the existence of surfaces that can be constructed using graphic-
plastic and surf-graphical keys proportionality have been formulated. The software
construction of the frame surface with graphic-plastic key proportionality has been
developed. The software construction of the frame surface using surf-graphical key of
proportionality has been developed. Means for input source and output boundary curves
constructed frame on the monitor screen and on solid carrier of information. Using developed
methods allows to reach high level of correspondence ednd results to teste of customer.

Keywords: surface graphic proportional key, graphic plastic proportional key,
surface, frame surface, monitor screen, carrier of information.

Beryn

I'padiuni Ta rpadivyHO-aHATITUYHI METOJU PO3PAXyHKY €JIEMEHTIB
KOHCTPYKIIIA, BOJIOMIFOYM BCiMa TIepeBaraMM TE€OMETPUYHOTO METOIy B
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