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IncTpymenTanbHi 3ac00H i cepeloBHINA IPOrPaMyBaHHSA

YIAK 612.51.001.57+519.6 https://doi.org/10.15407/pp2020.04.003

P.JI. I'pucopsn, O.1. IOpuax, A.I'. /[ecooa, T.B. Jllooosuk

HPOI'PAMHA TEXHOJIOI'IA IJIA IIATPUMKUA ITPOLE/YP
HAJIAIITYBAHHSA KIJIBKICHUX MOJIEJIEH
I'EMOJAUHAMIKMU JIIOIUHHA

MateMaTiaHe MOJIEITIOBaHHS Ta cneniaiizoBadi nporpamHi cumysitopu (CIIC), sixi 3acHOBaHI HA KiTBKICHUX
MOJIEIISIX, € CYJaCHHUMH IHCTPYMEHTAMHU JOCIHIIKEHHS, M0 PO3IMIHUPIOIOTh MOKIMBOCTI BHBYEHHS (izionmorii
moxuad. OpHak OinbLIICTE Mojenel 3 3ocepekeHMMH mapamerpamu (M3II) cepueBo-CyaMHHOI cUCTEMH
(CCC) He BKJIIOYAIOTH CKJIAJHUX MEXaHI3MIB, 110 3a0€3MEUYIOTh 3arajlbHUH KOHTPOJb KPOBOOOITY JIIOJIMHU.
11106 3amoBHUTH II0 MPOTAJIMHY, MU 3aIllPOIIOHYBaJIM TPU CHELiaJIbHI MOJEI Ta MOJEIIOBAILHY KOHIEIIIIIIO
Juist X ¢yHKIioHambHOT iHTerpaii. s 3abe3neyenns eekTHBHUX mpoueayp HanamtyBanHs M3I1 nponony-
€TBCS CliellialbHe MPorpaMHe 3a0e3NeueHHs, 0 MICTUTh aBTOHOMHI MOAYJIi /i1 PO3B’sI3yBaHHs PIBHSIHD KOX-
HOT MOZIelli B BiJOMHX YMOBaX BXIIHHX HaBaHTakeHb. BpaxoByroun Tpu ocHoBHi Giioku mozeneir CCC, mpo-
rpama 3abe3redye KijgbKiCHI mpoueaypu ix HamamryBaHHS. 3aBIsku CIIC po3poOHHK Mozeni MOXe BpYYHY
BCTaHOBIIOBATH 3HaueHHs 92 mapametpiB 23 BifcikiB CCC Ta KOHCTaHTH YYTIMBOCTI KOXKHOTO (Pi31010Ti9HOTO
MexaHi3My. CrierianpHi iHCTpYMEHTH HaJlaIITyBaHHS JTO3BOJIIOTH PO3POOHMKY MOJIENTI IMITyBaTH IIEBHY Killb-
KiCTh TECTIB 1 OyqyBaTH rpadiku reMOIMHAMIYHIX peakiliii Ha 0OpaHHi TecT.

Ki1ro4oBi croBa: cepueBo-CyIHMHHA CUCTEMA, MOJICITIOBAHHS, IPOrPaMHi TEXHOJIOTI], CHMYJISATOP.

Beryn

KinekicHi MaremMaTh4Hi Mozel 1 crie-
Iiaxi3oBaHi MPOrpaMHi KOMIUICKCH T KOM-
M'IOTEPHUX CUMYIALINA (i3ionoriunux ¢GyHK-
i 1 CUCTEM JIFOJIMHHU JIABHO B)KE BUKOPHCTO-
BYIOThCS B Y4OOBUX Mpollecax Ta B JOCIHi-
mkeHHsx [1, 2]. B ocranHbOMy BUMAAKY OJ1-
HUM 3 BaXJIMBHX AacCMeKTIB CHUMYJAIN €
OTPUMAaHHS JOJATKOBOi 1H(oOpMAaIi Tpo
o0'exT, 1m0 MojaemoeTbed. Taka 1H(popMalis
Jla€ HOBUH TOIITOBX yIOCKOHAJIEHHIO 1CHYIO-
yuX KOHIEMIIA OioJiorii Ta Meaunuau. Came
B I[bOMY HAmNpsSMKYy HAyTh Halll pPO3pOOKH
[3-6]. 3a octaHHi PpOKH OCHOBHHM 00'€KTOM
MOJIETIIOBaHHs Oylia CepleBO-Cy/IWHHA CHC-
tema (CCC) 3 ypaxyBaHHSIM yCiX BIJIOMHUX
¢b131070TIYHUX MeXaHi3MiB, 1[0 TaK Y iHAK-
II€ BIUIMBAIOTh HA 1I CTaH Ta MOJIYJIIOKOTH
remMoauHamiky [6-9].

Po3pobneHHss KOMIT'IOTEPHOTO CHUMY-
nsTopa (creriaibHoi aBTOHOMHOI MPOTPaMH)
CCC € KOMIUIEKCHOIO HayKOBO-TEXHIUYHOIO
MpoONIeMOI0, sIKa MICTHTh IIICTh PO3JLTIB:
1) BuGip 1 oOrpyHTYBaHHA ()i31010T1YHOI KOH-
nemnuii; 2) cTBopeHHs iH(opMaliiHoi Mojemi
o0OpaHoi KOHIIemIii; 3) CTBOPEHHSI MaTeMaTH-
HUX Mojeneil o0paHoi koHnemniii; 4) po3po0-
JICHHS QJITOPUTMIB Ta TPOTPaM JIJISl YUCEITHHO-
IO BUPILLIEHHS CUCTEM PiBHSIHb MOAeNi; 5) po-
3po0neHHs 1HTepdelicy ans edhekTuBHOI mpo-
[eAypyd HaNAITyBaHHS 3HAa4eHb KOHCTAHT

Mmojeneit; 6) po3pobiieHHs iHTepdeiicy Kopuc-
TyBaya sl 3a0€3MeUeHHs] TECTyBaHHS CHUMY-
JSITOpa Ta sl IHTEPAKTUBHUX B3a€MOMINA KO-
pHCTyBaya 3 CHMYJSTOPOM 3 METOI0 IpPOBE-
JICHHS KOMIT'IOTEPHUX IMITALIHUX eKCIepH-
MEHTIB Ta JOCHTIKEHb. TpH eranu po3poOoK
BIXKE TPOiiIeHO Ta ormy0OiikoBaHo [7-9].

[TyOmikaris Mae 3a METy O3HAMOMUTH
yuTayiB 3 mpodiaemamu, Kl Oyiau BHpIIIEHI
IIpU CTBOPEHHI CIEIiai30BaHoro iHTepdeicy
JUIl HAJAIITYBaHHS 0a30BUX MaTEMAaTUYHHUX
MOJEIIEH.

Kopucna indopmanis npo 00’exkt
MO/JEJTIOBAHHSA

Sx TtpancnoptHa cuctema CCC mro-
JMHUA — 1I€ 3arajJbHUi edekTop, 3a JI0IMoMO-
rOI0 SIKOTO OpraHi3M BHUPIIIye OCHOBHI MpO-
OnemMu JKUTTe3a0e3MeueHHs] KIITHH B YMOBax
LUIMPOKUX 3MIH TEMITIIB OOMIHY pEYOBHUH (Me-
tabonizmy). s 3abe3neueHHs (iziosoriu-
HUX 3Ha4Y€Hb TOKY KPOB1 MaloTh OyTH crerjia-
JBHI €HJOTeHHI MexaHi3MHu (iX 3BYTh peecyisi-
mopamu 2emoOuHamixu), K1 aaantTyrTh Ha-
cocHY (DYHKIIiIO cepIlsi, TUCK KPOBi B apTepisix
Ta MPOBIJIHICTh PET1IOHAIILHUX CYJUH J0 aKTy-
albHUX MOTped KiiTvH. [IeBHa KiIBbKICTH Ta-
KHX MexXaHi3MiB (Qi3iosoram Bigoma. [lutanus
y TOMY, Y4 € KOKHUH MEXaHi3M, 30epeKeHH

© P.A. I'puropsn, O.1. FOpuak, A.T". [lerona, T.B. JIronosuk, 2020
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€BOJIIOLIIEI0, 000B’SI3KOBO CAMOCTIMHUM 1 KO-
pucHUM (Hi310JIOTIYHUM peryssaTopoM. Bimo-
MO, IO OEKUIbKA 3 TaKUX MEXaHI3MIB 1HOAI
rparoTh POJIb MPOBOKATOPIB MEBHUX MATOJIOTTH
(Hanpukiaf, aprepianbHoi rinepronii [10, 11]).
[IpoGema B TOMy, IO HI ICHYIOUYl METOIH
peectpaillii 610METPUYHUX JAHUX JIFOJUHH, Hi
1HBa31iHI (i310JI0T1UHI EKCIIEPUMEHTH Ha TBa-
pHHAX HE JI03BOJISIOTH OJJHO3HAYHO BU3HAYUTHU
MIPU3HAYCHHS OKPEMOTO E€HJOT€HHOI0 MeXaHi-
3My. € miicTaBU BBaXaTH, 10 OKpeMi 0ioXiMi-
yHi ab0 (i3i0MOTiuyHI MEXaHI3MHU € CKOpile
JMIIEe TaKUMU EBOJIOUIHHUMU HArpOMaKeH-
HSIMH, KOPUCTD BiJ SIKUX yMOBHA. MaremaTuy-
HE MOJICITIOBAHHS Ta CHElialbHI KOMI IOTEpHI
CUMYJIATOPU MOXYTh BHOCHTU CBOIO JICTITY B
3’siCyBaHHs IUX npoOieM. Ase Maibke yci
BimoMi Mmojeni (Hampuknan, [1, 3—5]) omucy-
I0Th JIMIIE YAaCTUHY MEXaHi3MiB, 0 MOJYJIIO-
I0Th TeMoAuHaMiKy. Jljis 3amoBHEHHS IIi€l
NPOTATMHA HAMHU PO3POOIISETHCS KOMIUIEKC-
HUHA OiOXig o0 MOJEIIOBAHHSA IeMOIWHAMIKA
TOAWHA. Bke po3poObiieHO Tpu aBTOHOMHI
Mozeni. Monensb [7] onucye reMOJUHAMIKY B
CCC, sixa He Mae BIUIMBIB 330BHI Ta BPaXOBY€E
JIUILIE CaMOPETYIIALIII0 Cepls Ta CyIuH B YMO-
Bax crabuibHOro 0o6csary kposi B CCC. Mo-
nenb [8] BpaxoBye BIUIMB OCHOBHHMX KOPOTKO-
CTPOKOBHX MEXaHI3MIB Ha TI€MOJMHAMIKY.
Mogens [9] onucye aguTUBHI JOBIOCTPOKOBI
reMo/iMHaMiuHl e(eKTH OCHOBHHUX HEHWpOory-
MOpaJbHUX MexaHi3miB. Lli Tpu Mopemni, 1m0
MICTSITh PI3HI aclEeKTH KPOBOOOITY JIFOJUHU 3
ypaxyBaHHSIM INEBHUX €K30I€HHHMX abo eHJo-
reHHux po3oBaHux BmauBiB Ha cran CCC,
(GbopMyIOTh OCHOBY MJIsi CTBOPEHHS Cremiati-
30BaHOrO mporpamaoro cumyistopa (CIIC).
AJe Ha IbOMY LIUIAXY € 1Bl MpOOJeMU — KiH-
neBa Ta eramHa. Kinnesa npoOiema mossirae y
TOMy, 1100 3a0e3nmeunTH KOpUCTyBaya 3pyd-
HUM iHTep(deicoM, 3a JOMOMOIOI0 SKOI0 MO-
KHa o0OMpaTH Ta peali3oBYBaTH clieHapil
KOMIT'IOTepHUX cuMynsiiil pearyBanHs CCC
Ha EHJOTeHHI ab0 eK30TeHHI MOJpPa3HUKH, a
TaKOX OQOPMIISITH Pe3yIbTaTH B 3PyYHOMY
Ui aHamizy Bursiai. Etamna npoGiema mons-
rae y ToMy, IO KOXXKHa MOJENb Mae 0araro
napameTpiB, YUCIOBI 3HAUEHHS SKUX HEB1IOMI.
Jns ix 3’sicyBaHHs TpeOa MpOBOIUTH Oararo
JONOMDKHUX PO3paxyHKiB. DaKTUIHO HIEThCS
PO HaJAlITYBaHHS ONTHMAIBHOTO Habopy
KOHCTaHT Mmozenei. Came ans epeKTUBHOTrO

4

BUPILICHHS 1i€1 MPOOIeMH MOTPIOHO CTBOPUTH
TI€BHI JOTIOMDXHI POTPAMH.

Konnenuisi Mmoge1roBaHHA
Ta HEOOXIAHICTh HAJTAIITYBAHb
Mojaesen

€ 0azosa monens CCC, 3HaueHHs Ia-
paMeTpiB Ta 3MIHHHUX SKOI BIJIOBIJAIOTH Ce-
PEAHBOMY HOJIOBIKY 3pocToM 175 cM 1 Macoro
Tima 75 kr. 3aragbHuUi 00’€M KpPOBi po3paxo-
ByeThes siK 7 % Bim macu Tina. KoxkHa ninsH-
ka CCC po3rammoBaHa Ha NE€BHi aucTaHmii (y
CUISTIOMY TIOJIOKCHHI BOHHM 3MEHIITYIOTHCS Ha
JOBKUHY CTeroH) Bif crom. Lli moka3HUKH
CIIy’)KaTh I PO3PAXyHKIB TiAPOCTATHYHUX
TUCKIB KPOBI y PI3HHUX 032X JIIOJAUHU.

bazoro ms po3paxyHKIB JIOKAJIbHUX
XapaKTEPUCTHK TeMOJIUHAMIKU B KOXKHIH 3 21
TUISTHKA CYJIMH CIy)KaTh CEPelIHI 3HAYCHHS
THCKIB KpoBi B 1y3i aoptu P, (t), B mopoxxHu-
crux BeHax PR, (t), cepemmiit crammii moTik
kpoBi Q(t) Ta 3arampHMii nepudepHUHHIA

omip cyaun R(t) mpu t =0:
P,(0) ~ P, (0) + (P, (0) — P, (0)) /3.

ne P,y 1 Py, 1e miacromiunmii Ta cucromiu-
HUI TIMKM apTepialbHOrO THCKY. B Hopwmi
npuiiaato R(0)=1, P,(0)=9%wmm pr. cr.,
Q(0) =90 wmui/cek, Tomy

R (0)=P,(0)~R(0)-Q(0) = 4.

[ToyaTkoBI 3HaUEHHS TUCKIB y KOXHIN JUISH-
i apTepiif a00 BEH BCTAHOBJIEHO 3 ypaxXyBaH-
HSM BIIOMHUX JIaHUX JITepaTypH Ipo perioHa-
JbHI PO3MOAIIM MOTOKIB Ta 00’€MiB KpOBi B
cTaHl crokoro. Jlami mpaBuiia BCTaHOBJICHHS
KOHCTaHT MoJjiesiell He (hopMalli30BaHO, BOHU
€ pe3ybTaTOM JIOCBIy CTBOPEHHsI 0araThoX
BepCiil KITBbKICHUX MOJENed TreMOIWHaMIKH
37I0POBOI JIFOJUHH.

®dakTUYHO, 1IeW JOCBIJ MiJIKa3ye MeBHI
MPOTIeAYPH 1HAMBITyasi3alii 6a30Boi Mozemi
CCC. B namoMy BHUNaJKy MepCOHAJIbHI Ha-
JAIITYBAHHS CTOCYHOThCS Maibke 250 xapak-
tepuctuk MonenboBanoi CCC; B maHiit ctaTTi
LIe¥ aClEeKT HE PO3MISIAAaTUMEMO.

KonnenryanpHa cxema KOMIUIEKCHOL
MOJIeNII TEMOJMHAMIKM TOOYyJOBaHA TaKUM
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YHHOM, IO Mepe10avatoThCsl JOCHTIKEHHS K
CaMOPETYJIATOPHUX XapaKTEPUCTHK HEKepo-
BaHo1 CCC (BoHa € 00’€KTOM peryJtOBaHHS),
TaK 1 TeMOJWHAMIYHHMX €(EeKTIB BMUKAHHSI
NEBHOT0 Habopy perynstopis (puc. 1).

HekepoBaHa Ta KepoBaHa moaeni

Perynsitop1 ﬁ

{Copopetrom)

'PerynsTop2 | 06’ekT

| omopedmmics) j perynioBaHHsA
(CCC)

'Perynstopn e 4

i (FOPMOHENLHI MEXaHIZMN)

Puc. 1. Cxema KOMILIEKCHOT MOJIEINI T€MOTH-
HaMIKH 3 ypaxyBaHHSIM JTUHAMIYHUX €(EKTIB
OaraThox (hi310J0TIYHUX MEXaHI3MiB (perys-
TOpiB). 3a BiICYTHOCTI PErynaTopiB (yHKIIi0-
nye HekepoBaHa CCC (00’ €KT peryatoBaHHS)

bazoBa mozenp 00’ €kTa perymoBaHHS
[6] memomaBHO Oyma MoaudikoBaHa TaKUM
YUHOM, IO BXXE€ MOKHA CHMYJIOBATH BILIUB
103U JIIOJMHHU Ha remojauHamiky. Lls nomat-
KOBa OIS 3’sIBUJIACS 3aB/ISIKU BKIIOUYCHHIO
B (opMyny po3paxyHKiB TOKY KpoBi Gj(t)
TiIPOCTAaTUYHOTO THCKY KpoBi. OTxe, Mixk
CYyMDKHHMH AUISHKaMH CyauH G (t) pospa-

XOBY€ETBCA SIK

q;; (t) = (R (t) - P; (t) + 0, 735- Ahy; ) / R (1),

ne P — Tuck kpoBi, R — rigpaBmiunuii omip, a
Ahij — PI3HUIIA BUCOT JUISHOK. Ahij 3aJIEKUTH
BiJl TIO3M JIFOJIMHU: B JIGKAYOMY MOJIOKEHHI
Ahij =0, B cugsguomy abo CTOAYOMY — 3a7]aHO
(bikcoBaHi yucna.

bnok-cxema moneni CCC noka3aHa Ha
puc. 2.

ﬂg IHTE EﬁCHaﬂal.U BaHHA
- HEH, . m

= =

B Buxin O6pami mogens OGumcnenns mofeni  Bxigwi gani  HanawryBanua — [lepernsa pesysTatia

Cxema mogeni cepueBo-CYaUHHOT reMoguHamMiku

\ T
\\ A _/‘/ @
| ABDV (< ——— 1 ABDA |L¢

HA1

=

Puc. 2. Cxema npencraBinennss CCC B Mozeln y BUTIISAL ABOX HUTyHOUKIB cepils (RA, RV),
21 minsHKY CYAHH 13 30CepeHKCHIMU TapaMeTpaMHy Ta 3'€ THAaHHSAMU MK HUMHA



IncTpymeHTaNIBHI 32c00M i cepeoBHINA POrPAMYBAHHA

BinomocTi npo nmporpamy

[Iporpamuuii KoMILieKC 3a0€3neYeHHs
HajamryBanHs mozaeni CCC po3pobieHuit 3
BUKOPUCTAHHSM IHTETPaIbHOTO CEPEIOBHINA
po3pobok (IDE) Microsoft Visual Studio
2019 Community ©Ha 06a3i 00'ekTHO-
opieHToBaHOi MoBH mporpamyBanHs C# (Ci
Mapm) i mnardopmu .NET.

[IporpamMHuii KOMILIEKC PO3/IJICHUI
Ha TPY YaCTUHHU:

- iHTep(eiicHa YacTHUHA;

- PO3paxyHKOBUU OJIOK;

- 3acoOu 30epekeHHs Ta Bi3yai3a-
i1 OTPUMaHMX PE3yJIbTATIB.

Iumepgpeticna  uacmuna. OCHOBHUM
BIKHOM iHTep(EWCHOI YacCTHUHH, SKE TaKOXK
MICTUTh MEHIO KepyBaHHS pPoOOTOI0 mIporpa-
micta 3 Mojemno (puc. 2), € BIKHO, B SIKOMY
300paxeHo onok-cxemy Moaeni CCC .

Iurepoeiic 3a0e3neuye:

— oOpanHs TuUny Mmojeni (Hepery-
JThOBaHa abo PeryliboBaHa);

—  BBEJCHHS Ta 3MiHY BXiJHHX 3Ha-
YeHb MMapaMeTpiB ISl KOXKHOTO (i310JI0TIHHO-
ro By3ia cxemu mozeini CCC (puc. 2);

—  3aIyCK PO3paxyHKY MOJIE;

— BBEJCHHS Ta 3MiHY BXIJHHX 3Ha-
YeHb MapaMeTpiB JJIs KOXKHOTO (i310JI0TIHHO-
ro By3na cxemu mojen CCC 13 3a3HaYCHHSIM
O3 MOJIEIbOBAHOI JIOAUHU (JEKUTh, CH-
JTUTh, CTOITh);

—  JI0JaTKOBI HAJNAINTYBaHHA (€KCIIO-
3HIIisT, KPOK 1 T. 11.);

—  30epekeHHsI Ta Meperisia pe3yib-
TaTiB PO3PaXxyHKY MOJEIII.

[lepenbaueHo MOKIHMBICTH 3amam'siTo-
BYBaHHSI BBEJICHUX JaHUX y paMKax CEaHCy
pobotu. Pe3ynmpTaT MOXKHa 3amUCyBaTd B
Gaiin s BUKOPUCTAHHS B HACTYIHHUX CEaH-
cax poOoTH.

Pospaxynxoeuti 610k € yHIBEepcallb-
HUM JUTIsI 000X TUMIB MOAENi (Heperyab0oBaHOi
Ta PEryjapboBaHOI) 1 peamizye OOYHCICHHS B
3aJIeKHOCTI BiJl OOpaHOTo THIy MOJENi, IO
3amaeTbes 4yepes iHTepdeiic. PozpaxyHok Be-
JeTbCsl 3TiAHO 3 (i310JIOTIYHUMHU  BY3JIaMH,
3a3HaueHUMHU B O5ok-cxeMi CCC 3 okpeMum
HAa0OpOM BXITHUX JaHUX 1 MapameTpiB i
KO>KHOTO BY3J1a.

PozpaxyHnkoBuii 6510k peanizoBaHUi B
OKpPEMOMY HE3aJIeKHOMY KJIaci 1 BKIIOUYaE

MHOKHHY METOJIIB, IO pealli3yloTh 00YucC-
JeHHs 3a (GopMmyiaMu, SKI Jie)KaTh B OCHOBI
mopeni. Lle 3abe3neuye rHYYKICTh B MOAAIb-
mUX MOIUDIKAIIIX MOJIEIII.

PesynpTatn oOumMcleHb 3amam'aTOBY-
IOTBCS. B JIMHAMIYHUX CTPYKTypax [aHHX,
NpPU3HAYCHUX 7S 30epiraHHsl BENMKOi Killb-
KOCTI OOYMCIIEHUX TMapaMeTpiB MOJemi (MiJb-
HoHM), MO J03BOJIsE€ e(PEKTHBHO BUKOPHUCTO-
BYBATH ONEPATUBHY MaM'SITh.

3b6epeosicennss ompumanux pe3yibma-
mig. 3a0€3MeYeHO MOXIIMBICTh 30€pEIKCHHS
OTPUMAHHX PE3YNIbTATIB PO3PAXYHKY MOJEIi
B TEKCTOBOMY (pailni AJig MOJanbIIoOro aHai-
3y. Y 3B'3Ky 3 BEIUKUM 00CATOM OOUHUCIe-
HUX JaHMX nependadeHa 1iX ¢uIbTparis
s 30epekeHHs B (aiiyi. € MOXKIMBICT
3aMMCyBaTH MOTPIOHY KUIBKICTh 3HAYEHb
naHux abo 3araysiom, abo BHOIpKOBO (Jiaio-
roee BikHO '"[lapamerpu s 3amucy B
daitn").

Ilepeensao ompumanux pe3ynbmamis.
OcHoBHa @Qopma meperyialy OTPUMaHHUX
pe3ynbraTiB — 1e rpadiku. Jlomomixkna ¢op-
Ma — 3alKiC YUCIOBHX 3HAYEHb 3MIHHHX Y
Gbaiin — BUKOpUCTOBYBaJacs Ui MOUIYKY IO-
XMOOK y Jorimi abo peaizallii mporpaMHuX
MOJYJIEN.

[Tepenbaueno m’sTh BIKOH BHAYl
rpagikiB 3a gonomororo MeHwo "Ilepernsia
pesynbraTiB": "lleHTpanbHa remonuHamika',
"Tuck ta HCC", "HepBosa aistipHicTh", "Cy-
MmapHi 00’emu", "KpoBoTtoku". B koxHOomMy
BIKHI TI€BHa MHOXXHHA rpadikis, 110 Bi3yai-
3YIOTh 3HAQUEHHS OOYMCICHHX IapaMeTpiB.
I'padiku OynyroTbes mo 30 Toukam Ha 3a3Ha-
YeHIl IIKaJl yacy 3 aBTOMaTHYHHUM MaclITa-
OyBaHHSM I10 OCi 3HaY€Hb MapaMmeTpiB. Y mia-
Il BikHA rpadikiB BKa3yeTbCs TUIT MOJEII Ta
11032 MOJIEIbOBAHOI JIFOIUHH.

IIpo0JieMu HAJIAIITYBAHHSA MOJeJIeH

Crnig 3a3HauMTH, [0 TOJIOBHA MpPO-
OylemMa HajamTyBaHHS 0a30BO1 MoOJEmi TOJIS-
rac y ToMy, 110 B KOXHIW JUISIHINI CyAUH ii
MPUPO/IHA HEJIHINHA 3aJI€KHICTh THCKY KPOBI
P (t) Bim kimekocti xposi V;(t), »xopcrrocti
D,(t) rta wuenanpyxenoro ob'emy U;(t)
alPOKCUMYETHCS 3a IOTIOMOTOI0 TPhOX JTiHIH-
HUX JUISTHOK BUTJISY:
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(Vi (1) —U; (1)) -5D; (1), Vi (t) <U; (1)
(V; () -U; (1) - D; (1),
U, (t) <V, (1) £1,4U,(t)
0,4D, 1)+ (V; (1) ~1.40, (1)) 3D (1),
V; (t) >1,4U; (1).

RO =

Omxe, B TMOYATKOBOMY CTaHi KOXKHA
ninsaka CCC Mae Tpu aBTOHOMHI TTapaMeTpu
Vi(t), U;(t), D;(t) Ta nogaTkoBuii mapamerp
Ri(t) , sikuii BiamoBigae rigpaBiidvHOMY OMOPY

3'eqHAHHS CYMDKHHUX JUISTHOK. [Iporemypa
HaJalTyBaHHsS 0a30BOI MOAeNi AJis JieKadyoi
JIOAMHU Ma€ METY 3HaWTH Takui HaOlp HaBe-
JeHuX mapamerpis, npu skomy P (t) ta moro-
KM KPOBI MIX AUISTHKaMHU OyAyTh MaKkCHMallb-
HO HaOMMKEHMMU [0 JaHUX JITEepaTypH.
OxpeMo HaNAITOBYIOTHCS 3HAUCHHS Mapame-
TpiB MoJienell HacocHO1 (YHKIT MpaBoOro Ta
JBOTO IUTYHOUKIB CepIlsl. 3arajJbHHUd BHUTIIS
iHTep(deiicy HamamTyBaHHS B PEXHUMI, SKUMA
3a0e3neuye BBEICHHS MOYATKOBHUX 3HAYCHb
napametpiB mozeni HeperynboBaHoi CCC,
MMOKa3aHo Ha puc. 3.

3a 10MOMOrow eKpaHHoi ¢popMu puc.
3 BUKOHYIOTBHCS TAaKOX JOJaTKOBI MEPEBipKH

o0paHuX TMapaMeTpiB CyauH. [HAMKaTOpoM
aJIcKBaTHOCTI (200 HEaJeKBATHOCTI) 0OpaHMUX
xapaktepuctuk CCC € rpadiku, mo Bigo-
OpakaroTh peakilii reMoJuHaMIKH Ha BCTaHO-
BJeHI Halip mapameTpiB. BiamosigHo 10
JIOTIKM PO3PaxyHKOBOTO OJIOKY Mporpamu Ta
3aBJISIKM MOJICJThOBAaHMM MEXaHi3MaM camope-
TYJIALIT Micas 3amycKy IporpaMH Ha po3pa-
XYHKH ¥ JI0 KIHIISI 33JJaHOTO TMEepioay €KCIo-
3WINT Ma€e MICIe IePepo3Nnoia 00’ eMiB KpOBI
Mix ginsHkamu  110TH, oku B CCC He Oyne
CTalIMil PeXKUM TeMOJWHAMIKH. [3 3aBepiieH-
HSIM pO3PaxyHKIB iX pe3yibTaT 30epiraroTh-
cs B popMax nmudppoBuX MacuBiB Ta rpadikis.
OcranHi 3rpynoBaHi y 4YOTUPH TPYyNU Ta Bi-
J00pakaroTh OUIBIINICTh XapaKTEPHCTHK, 3a
JIOTIOMOTO10 SIKUX (hi310J10T-TOCIITHUK OyIye
CBOi BUCHOBKH BiJIITOBIJTHO /IO CTaHIB KOHKpE-
THUX PETYIATOPIB.

OCKIJIbKH TaKi BUCHOBKHM MAarOTh I[iH-
HICTh JIMIIE y TIOPIBHSIHHI 13 aHAJIOTiYHUMH
peaKIisasMd HEKepOBaHOI MOJIEIII, CIIiJ PO3IJIs-
JATH Ta aHAJI3yBaTH JIaHi MOJCIIOBAHHS JISI
pi3HHMX Bepciit moaeni. Ha puc. 4-9 nmokazano
MIPHUKJIAIA CAMYJISIIN TeMOIMHAMIKHI JTFOIHHA
Ha PI3HUX BEPCisAX MOJEIII.

o8 BBeaeHHA NOUaTKOBMX 3HEIHEHI:MH He;;rynhoaauo‘l' mogeni T ” = | O 2 %em
vBA 151 | VBV 450 VHA 141 VHV 200 VCA 107 VJV 50
UBA 60 UBV 300 UHA 50 UHV 80 UCA 30 UV 25
DBA 1 DBV 0,067 DHA 1 DHV 0,083 DCA 1,2 DJV 0,15
ROBA 673 ROBV 0,39 ROHA 10,55 ROHV 0,71 ROCA 0,154 ROJV 0,025
VCV 60 VRV 150 VAL 150 WL 400 VLV 150 VAA 144 N
ucv 30 URV 75 UAL 100 UVL 250 uLv 75 UAA 50
DCv 0,15 DRV 0,05 DAL 04 DVL 0,005 DLV 0,08 DAA 1
ROCV 0,0055 RORV 0,007 ROAL 0,11 ROVL 0,005 ROLV 0,007 ROAA 0,014
VABA 200 VKA 60 VKV 157 VABDA 440 VABDV 800 VHA1 220
UABA 110 UKA 50 UKV 80 UABDA 340 UABDV 650 UHA1 165
DABA 1,03 DKA 0.9 DKV 0,15 DABDA 0,9 DABDV 0,06 DHA1 1,64
ROABA 03 ROKA 1,33 ROKV 0,05 ROABDA 0.1 ROABDV 2,67 ROHA1 0,5
VSA 200 VSV 400 VHV1 400 VABY 300 VLVC 300 36eperm
USA 150 usv 300 UHV1 300 UABV 250 ULVC 250 y dhaiini
DSA 1.7 DSV 0,08 DHV1 0,08 DABV 0,14 DLVC 0,1
3aBaHTaknTH
ROSA 75 ROSV 0,2 ROHV1 0,1 ROABV 0,029 ROLVG 0,007 2 haiiny
° [ ]
Moza Dame © [lexums A © Cudums w Cmoims

Puc. 3. 3aranpauii BUrIIsn inTepdericy HalalmTyBaHHS B PeKUMI, KU 3a0e31euye BBEICHHS IMOYa-
TKOBHUX 3Ha4€Hb MapaMeTpiB Mojeni HeperynboBaHoi CCC
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’; Pe3ymﬂam obuncieHs: TMCK Ta yacTtota CepueBUX CKOpOYeHb E@

MopnentoBaHHA Heperynsosara Mogesns Mosa Lawe

100 4

L CepeaHiit
apTepianbHUA TUCK [mm Hgl
CepeaHiin

—— JlereHeBUi apTepianbHWi THCK
[mm Hg]

CepeaHiit
—— BEHO3HWI TUCK Y NereHsx
[mm Hg]

CepepHiii
—"— LIEHTPaNbHUIA BEHO3HWUIA TUCK
[mm Hg]
CepeaHii 3
KapoTnaHwia Tuck [mm Hg]

60+

40- Hach)Ta nynbcy
[1/min]

. ek BN SR Swe Swme SwEe S e S e e Swes Sms Swm S S S S S e s S s e Y
2011— ek r S 3

T A BB —e-hl A A e sl il 6 A A A R S

T T T T T T T T T T T T T T 1
1] 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60

Yac, cek

Puc. 4. Cumynsnis peakuiid MoJiesli HEeKepOBaHOT FTeMOAMHAMIKH Ha 3aITyCK pPO3PaxyHKiB
(JTroTMHA JISKUTB )

@ Pesymﬂam obuncnens: Tuek Ta yactota CepueBMX CKOpO4eHb E@

MopentoBaHHsA Perynvbosana mMogesns Mosa Lewe

140 -

. CepesHiii
apTepianbHuMii Tuck [mm Hgl
CepesHiii

—— nereHeBWIA apTepianbHUI TUCK
[mm Hg]
CepesHii

— BEHO3HWMA TUCK Y NereHsax
[mm Hg]

CepesHiii
—— UEeHTPaNbHWA BEHO3HWMIA TUCK
80+
[mm Hg]
CepeaHin 3
KapoTuAHWI Tck [mm Hg]

60~ YactoTa nyabcy
| [1/min]
40
b ok kA Ak
eSS
A
204 ’._,_'00040-0—0—0-000040000000
e
:n EP e
" ._._.,.7I—I*I 28—
0—I T T I T I

T T T T T T T T T T T
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60

Yac, cex

Puc. 5. Cumynsuist peaxiiii MoJiesi, KepoBaHOi 3a JOTIOMOTO KOPOTKOCTPOKOBHX
pediekciB TeMOIMHAMIKH Ha 3aITyCK PO3paxyHKiB (JIFOAMHA JICKUTB)
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o9 PeaynbTaTv 06UMCNEHE KDOBOTOKIE o M ==l é
MogenroBaHHS HeperynsosaHa mogens Mosa Dame
100+ Tl —— CepejHil cepueBui BUKUL
/ T —— CepepHili nereHesuid KpoBOTIK
b —e— CepejHii BUCXiAHWIA KPOBOTIK
—o— CepejHii HU3XIAHWIA KPOBOTIK
80~ CepeaHii HUPKOBWI KPOBOTIK
WO—O—H—Q—H—Q—O—O—.—.—O—.—H—Q—H—O—H—Q—Q == CyMapHWiA MO3KOBWIA KPOBOTIK
b —— CepeHii KOpOHapHWIA KpoBOTIK
60~
g
:§ d
g
40-
204,
G e 005 000000000000000000000000
D0~~~ 0~~~ 00— 00— 00— 00— 00— 0—0—0—0—0—0—0—C0—0—0—0—0—0
0—\ T T T T T T T T T T T T T T T T T T T 1
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60
Yac, cex

Puc. 6. Cumynsinist peakiiii Moesi HEKEpOBaHOI reMOAMHAMIKY Ha 3aIlyCK PO3paxyHKIiB (JIFOAMHA
nexuts). (Bikuno “KpoBotoku™)

. m— - — F
o8l PeaynuTaTit 0BUMCIEHE KDOBOTOKIB. i E@ﬁ

MopentoBaHHs PerynsosarHa Mogens IMoza LDame

200 —— CepejHil cepueBHiA BUKMA
) —— CepejHii nereHeBuiA KPOBOTIK
7 —— CepefHii BUCXiAHWK KPOBOTIK
] —— CepefHii HA3XIAHWIA KPOBOTIK
CepefiHii HMPKOBUIA KPOBOTIK
== CyMapHWIA MO3KOBMIA KDOBOTIK
—— CepeaHii KOpPOHapHWIA KPOBOTIK

mi/min

I
3 6 g 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60

Yac, cex

Puc. 7. Cumymsiist peaxiiiii MoJieni, KEpoBaHOi 3a IOMOMOT0I0 KOPOTKOCTPOKOBHX pedIeKCiB
reMOJUHAMIKH Ha 3alyCK PO3PAaxXyHKIB (JIFOIMHA JIKUTH)’’
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r il R s
o PesynbTath OBUNCIEHb KDOBOTOKIB @@ﬁ
L ]
MogentosaHHa HeperynsosaHa Mofens MNoza w
100~ —— CepejHil cepueBwid BUKna

—— CepejHiii nereHeBWiA KPOBOTIK
—e— CepejHiii BUCXiAHWIA KPOBOTIK
—e— CepejHii HU3XiZHWIA KPOBOTIK
Cepe/iHili HUPKOBWIA KPOBOTIK
—e— CymMapHWii MO3KOBWIi KPOBOTIK
—e— (Cepe/Hill KOPOHaPHUIA KPOBOTIK

mi/min

I I T I T T I T I T I I T I I 1
0 3 8 g 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60

Yac, cex

Puc. 8. Cumynsnis peakuiil Mojiesi HEKepoBaHOI FeMOAMHAMIKY Ha 3aIllyCK pO3paxyHKiB (JIFOJMHA

cT0iTh). (BikHo “KpoBoTOokn™)

r

o8 PeaynbTari 06UMCNEHE KDOBOTOKIB E‘M

MopentBsaHHs PerynsoBaHa Mogens IMoza ln

120+ . e A —— CepeAHin cepuesnii BUKUA

—— CepeAHii NereHeBuiA KpOBOTIK

—e— CepeHiv BUCXIAHWMIA KDOBOTIK

—e— Cepe/Hiv HU3XiAHWIA KPOBOTIK
CepeAHill HAPKOBWIA KDOBOTIK

—e— CyMapHWii MO3KOBUI KPOBOTIK

—— CepejHili KOPOHAPHWIA KPOBOTIK

mi/min

T T T T T T T T T T T
0 3 6 9§ 12 15 18 21 24 27 30 33 36 39 42 45 45 51 54 57 60

Yac, cex

Puc. 9. Cumysitist peaxiiit MoJiemi, KepoBaHOi 3a JI0MTOMOTOI0 KOPOTKOCTPOKOBUX pedIIeKCiB Te-

10

MOJMHAMIKH Ha 3aIyCK pO3paxyHKiB (JoauHa cToiTh). (BikHo “KpoBoToku™)
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HacnipaBai cumymsiTop Hagae MOKITH-
BiCTb Bi3yaumi3alii HabaraTo O1IbIIOI KIJIBKO-
CTl 3MIHHHMX UEHTPaJbHOI Ta perioHajIbHOI
reMOIMHaMIKU. AJle B MeXaxX OOHI€l CTarTl
HE MOXHA JETAILHO PO3TJISHYTH yCi BapiaH-
Tu. Jlume 3a3HauyuMo, 10 po3pobsIeHO cre-
miajgbHy ekpanny ¢opmy, (puc. 10) 3a goro-
MOTOI0 SIKOi KOpPHUCTYyBau MOXE IMITyBaTH
HaTypaJbHI HEOJHOPITHOCTI CHUMIATHYHOT
iHHepBalii y pi3HUX perioHax CyJIuH.

BucHoBok

Po3po6aeno mporpamui 3acobu Ta
TEXHOJIOTII0, $IKI JO03BOJISIOTH MPUCKOPUTH
MpOIEeC KUTbKICHOTO HAJNAIITYBaHHS KOMILIE-

KCy CIIeIiaji30BaHUX MaTEMaTHYHHX MOJIe-
Je#, 10 ONMHUCYIOTh TeMOJIUHAMIKY 310pPOBOL
JIOAVHUA 3 YpaxyBaHHSIM Maibke ycix Bimo-
MUX (i310JIOTTYHMX MEXaHi3MiB €HIOTEHHOTO
BIUIMBY Ha ceplie, CYIMHH Ta 3arajibHUi
o0’em  kpoBi.  HaBexmeno  mpukiaau
KOMIT'IOTEPHUX CHMYJISAIIN y pa3i KOHKpeT-
HUX HA0OpIB KOHCTAaHT MOJCICH Ta Ipojie-
MOHCTPOBAHO OKpemi ekpaHHi (opmu, 3a
JIOIIOMOTOI0 SIKUX MO’KHA BCTaHOBJIIOBATH Ta
3MIHIOBAaTH OYAb-sIKI MOXKJIMBI 3HA4YEHHS OC-
HOBHHMX (Di310JIOTIYHUX KOHCTAHT MOJEIeH
moauad. Ha 6a3i TexHosorii Ta eKpaHHUX
¢dbopm Oyme po3pobieHO cremiabHAA 1HTEP-
detic s ¢izionmora-aociiTHAKA.

o Perynroroui YWHHUKM

SCUHA 01 SCUHv 0.1
SCDHA 0.1 SCDHV 0.1
scusa 0.1 scusy 0.7
ScDsA 0.1 SCDSV 07
SCUABDA 0.5 SCUABDV 07
SCDABDA 0.5 SCDABDV 0,7
3bepertn 3aBaHTaXuTK

y chaiini 3 dhaitny

= E S
SCUABA 0.1 SCUABY 0.6
SCDABA 0.1 SCDABV 0.6
SCUHA1 04 SCUHV1 0.7
SCDHA1 0.4 SCDHV1 0.7
SCUKA 0.3 SCUKV 0.6
SCDKA 0.1 SCDKV 0.6
3anam'ataTtu

Puc. 10. Exkpanna popma 111 BCTaHOBJICHHS KOE(IIIEHTIB MOJIET, 32 JOTIOMOTOIO SIKUX B MOJICIISAX

BpPaxoOBY€ETbCS PeriOHaIbHA HEOJHOPITHICTH IIJIBHOCTI CUMIIATUYHOI 1HHEpBAIli CyIUH

11
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IncTpymenTanbHi 3aco6u i cepeoBuIa NporpaMmyBaHHsI

VJIK 004.4'24

A.1O. Jlopowenko, O.C. Hosak

https://doi.org/10.15407/pp2020.04.014

J1O MUTAHHS OITUMI3ALIIL XMAPHUX OBUUCJIEHD
3 YPAXYBAHHSIM IX BAPTOCTI

3anponoHOBAHO MiAXiA UIS apXiTeKTypHHX HANAIITyBaHb MapajieIbHUX OOYMCIICHh Ha XMapHil rratdopmi,
IO JTO3BOJISIE B HAIIIBABTOMATHYHOMY PEXHMi 3TIMCHUTH ONTHUMI3AIlil0 MapajelbHOi MpOoTrpaMu 3 HiTbOBOIO
(hyHKIi€0 MIHIMYMYy BapTOCTi oOumciieHb. [ po3B’SI3aHHSA ONTHUMI3AIiifHOT 3a7a4yi BUKOPHCTAHO IIiHiiHE
NporpaMyBaHHs, 10 J03BOJISIE MiIONPaTH 3HAYCHHS apXITEeKTypHUX HapaMeTpiB KoHpirypamii nporpams, 1o
ICTOTHO BIUIMBAIOTh HAa BApTICTh OOUYMCIICHBb. [IpOBEICHO aHANITHYHE BUIPOOYBAHHS PO3POOJICHOTO MiAXOIY
Ha MOJIEJII XMapHOTO MYJBTHIIPOLIECOPHOTO KJIACTEPY, L0 ITOKa3ye MOXKIMBICTh CYTTEBOIO CKOPOUYECHHS Bap-
TOCTI XMapHUX 00YKCIIEHb BHACIIIOK TPOBEJICHUX ONTHMIi3allii.

Kirouogi croBa: xMapHi aTgopMu, napaiesbHi 00YKCIeHHs, METOAN ONTHMI3alii, JIiHiHe MporpaMyBaHHs,

BapTiCTh OOYHMCIICHD.

Beryn

XmapHi 00YMCIIEHHS HA CHOTOJHI CTa-
JM OJHIEI0 3 HAWIMOMYJSAPHIMUX PO3IOMi-
JEHUX OOYMCIIOBAIbHUX HapagurM. Bonu
BUCTYNAIOTh MOJEIUII0 JJIs  3a0e3[e4YEeHHs
3pYYHOTO JIOCTYITY JI0 MEPEXi Ta HaJiiHHOTO
MyJly  HACTPOIOBAaHUX  OOYHCITIOBAIBHHUX
pecypcis [1, 2].

[TocTayalbHUKM XMapHUX OOYHCIIEHb
MPONOHYIOTh MIMPOKUHN CIIEKTP MOCIYT Ha Pi3-
HUX PIBHSX: IHPPACTPyKTypHOMY, IIaTGopM-
HOMY Ta cepBicHOMY (BiamoBiaHo, laaS, PaaS
ta SaaS). EnacTHUHICTh € BaXJIMBOIO Xapak-
TEPUCTUKOIO, SIKa BIAPI3HAE XMapHI 00-
YUCJIEHHS B1Jl IHIIMX PO3MOJLIEHUX O0YuC-
JIOBATIBHUX Mojeneil. OYHKIIiS eTacTUYHOCTI
JI03BOJIIE XMapHUM IIaTgopmam e(peKTUBHO
o0po0NATH pi3HI HaBaHTAXKEHHS, HE IOpYy-
IIYIOYM HOPMAaJIbHOTO CTaHy nporpamu. Bona
O3HAyYa€ HE TUIbKU T€, IO MPOLECH MiAr0TO-
BKH Ta PO3IOJALTY PECYpCIB MOXKYTh OyTH pe-
aJi30BaHl aBTOMATHYHO Ta JIUHAMIYHO, alie
TaKOX 1 MOXKJIMBICTh THYYKOI OI[IHKH €KOHO-
MIYHHUX MOKa3HUKIB pOOOTH XMapHHUX CHUCTEM,
TaKuX K BapTicTh o0unciens [3].

KopuctyBaui mmatate 3a XMapHUU
cepBic, BUXOJSYM 3 MOTYXKHOCTI Ta 4acy BHU-
KOPHCTaHHS MOCIYT Ha 0a3i 1HQPACTPYKTypH
nocrayaiibHuka. OCKUIBKM XMapH1 CepBicH
CTAIOTh BCE OUIBIN 1 OIBII MOMYISIPHUMH, 1€
MpUBEpPTAE BENUYE3HY yBary JijepiB mocra-
YaJlbHUKIB XMapHOi 1H(QPaCTPyKTypH, TaKuX
gk Microsoft, Google i Amazon, cnonykarouu
ix 710 poOOTH 13 Bce OUTBII IIEHTPATI30BAHUMHU
neHTpamu o0pooku manux. CydacHui xmap-
HUH [EHTp OOpOOKM [aHUX OCHAIICHHMA

3HAYHOIO KUTBKICTIO OOYHCIIOBAIIEHOTO 00J1a-
JTHAHHS, TOMY HaBiTh PO3MIIEHHS BipTyalb-
HUX KOHTEHHEPIiB 10 PealbHUM CepBEPaM BiKE
came 1o co0i SBIIsiE COO0I0 yXe CKIIAJHY OIl-
TuMizamiiiay 3amady [4]. Kpim Toro, Bce 1e
oOJIaHaHHS CIIO)KMBA€ 3HAYHY KUIBKICTh
€JIEKTPOEHEPTii, M0 CIpPUYUHSIE pi3Kke 3poc-
TaHHS CKCIUTyaTallifHUX BUTPAaT Ha XMapHi
JaTa-UEHTPH, SIKI 3BUYANHO MepeKsIaaloThCs
Ha CIOXHUBadiB XMapHHUX cepsiciB. Benunke
€HEeprocroKMBaHHsI 1aTa-IIeHTPIB BeJle TaKOX
70 30UIBIIEHHS BUKHUIB BYTJIEKHUCIOTO Ta3y
(CO,) Ta moripieHHs IKOCTI HABKOJHUIITHBOTO
cepenoBuIla. TakuM YMHOM, 3HUKEHHS €Hep-
TOCTIOKMBAHHSA XMAapHUMH JaTa-IIEHTpaMH 1,
3aJI0M, OINTHMI3Allisl XMapHUX OOYHUCIEHb €
aKTYaJIbHOIO 3a/1auero JJisi pO3pOOHUKIB XMa-
PHUX CEpBICIB.

VY nomnepeaHix podorax aBTopiB [5—6]
PO3pO0IIABCS METOJ] cCaMOHAaJaIlITyBaHHs (aB-
TOTIOHIHTY) MapajieIbHUX IporpaM Ha LiIbo-
By ImuargopMmy, HalllIeHUH Ha JOCATHEHHS
MaKCUMaJIbHOI HMIBUAKOMII KOHKPETHOI MpPHK-
JaTHOI IPOTpaMy Ha KOHKPETHY apXiTeKTypy
00YHCITIOBAJIBHOT CUCTEMHU.

Y wiii poOOTi 3ampoONOHOBAHO Y3a-
TATPHEHUN MIAXIA IS CaMOHAIAITYBAaHHS
napajenbHUX OOYHMCIIEHb Ha XMapHiil miart-
dbopwmi, O 103BOJISIE B HAMMIBABTOMATUIHOMY
peXuMi 3A1MCHUTH ONTHUMI3AII0 MOTOKY Ia-
pajeNbHUX 3aBAaHb 3 IIJILOBOIO (YHKIIIEIO
MiHIMYMY BapTocTi oO4ucieHnb. Sk Oyne mo-
Ka3aHO Jaji, AN PO3B’sI3aHHS OMTHUMi3alliii-
HOT 3a7a4yi Moke OyTH BUKOPUCTAHO JIiHilHE
IporpamMmyBaHHs, IO JTO3BOJISIE Y HaIiBaBTO-
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MaTUYHOMY DPEXUMI MigOUpaTH 3HAYEHHS
napameTpiB KoH}Irypariii mporpamu siki icTo-
THO BIUTMBAIOTh HA BapTiCTh OOYKCIICHB.

1. IIpo6aema onTuMmizauii BapTocTi
004HCIIeHD

OnrtuMmizaniss BapTocTi OOYMCICHD —
CKJIaJHa 3ajja4ya, sika BUMAarae BiJ eKcliepTa
DIMOOKHX 3HAHB SK MPO MPEIMETHY 001acTh,
TaK 1 Mpo peajbHy CUCTEMY, Ha sKiil 3a1aua
Oyne BHKOHYBaTHCh. A BPaxOBYIOUM T€, IO
CydacHa CHCTEMa MOKE CKJIAZIaTUCS 3 COTCHb
cepBepiB 1 JOCHUTH IIUPOKOTO HaboOpy mpor-
paMHHUX 3aco0iB — Jy)Xe IIBUAKO KIIbKICTh
HEOOXiZIHUX 3HAaHb MOYMHAE TIEPEBHIYBATH
peanpHuil 00CAT TaHUX, IKUM MOYKE OIlepyBa-
TH JIIO/INHA.

Hagitp sikio Taky cucremy Oyno Ko-
JUCh HAJAIITOBAHO — MaiKe 3aBKIU I[bOTO
HE JIOCTaTHhO. X0ua B CBITI iICHYIOTh CUCTEMH,
AKi Oe3nmepepBHO 1 Maiike 0e3 OHOBIIEHB Ipa-
ILIOBAJIM JIECSITKAMU POKIB — 1€ Pijille BUKIIIO-
YeHHs1, aHK npaBwio. LIBuaki TeMnu po3Bu-
TKY IPOTrpaMHUX Ta alapaTHUX 3aco0iB MpuU3-
BOJISITH JI0 TOTO, IO BXXE Yepe3 KOPOTKUHN 4ac
MOX€E 3'IBUTUCHh HEOOXIAHICTH OHOBUTHU CHC-
TeMy, II[00 BOHA MpaItoBaia 1 32 MEHIIY I[iHY.
A KpiM TOrO, BiJJOYBa€ThCS PO3IMIUPEHHS MO-
AJIMBOCTEHN 1 30UIbIIEHHS HAaBaHTAXXEHHs Ha
cucremy. | Tomi cucrema, onTHUMI30oBaHa TMij
iCHyIOUE€ KOJIMCh HaBaHTaKEHHsI, MPOCTO IIe-
pecrae CHpaBiATUCS 3 TOTOYHUM HaBaHTa-
KEHHSIM, 10 TPU3BOIUTH JI0 HEOOX1THOCTI
I0pa3y ONTHUMI3yBaTd CUCTEMY — BXKE IiJ
HOBI yMoBHU ii poOoTtu. Takum uymHOM, IS
JOCATHEHHS MaKCHMaJbHOT  e(EeKTUBHOCTI
ONTHUMI3aIlisl CUCTEMHU MMOBUHHA OyTH HE OJIH-
HUYHOIO 3a/1aU€l0, a MOCMIlHUM NpoYecom
KW Ma€ TPUBATHU BIIPOJOBXK BCHOTO ITUKITY
PO3BHUTKY Ta CYIIPOBOJY CUCTEMHU.

Jlyisa BupimieHHsl MpoOiieMu MOCTIHHO-
ro TpOLECY BJAOCKOHAJIEHHS HaJallITyBaHHS
CHCTEMH Ha BXIJHUH IMOTIK 3a1a4 Ha CHOTOIHI
NIPOCYBAEThes 111es Oe3cepBepHUX (serverless)
oOumciienb [7], ToOTO, i€ TaKoi XMapHOi
apXiTeKTypH, sKa Inepeadadyae BUKOPUCTAHHS
abcTparoBaHuX OOYMCITIOBAJIBHUX MOTYXHOC-
Teil 6e3 SBHOTO 3a3HAYEHHS KUIBKOCTI Ta Xa-
PaKTepUCTUK OOJIAJHAHHS, 10 BUKOPHUCTOBY-
€Tbesl. Takui MigXiJ MPOCYBAETHCS SIK «Cpi0-
JsHA KyJNsi», IO 3/1aTHAa BHUPIIIMTH YCI MPO-
onemu. [IpoTe BUABIAETHCS, O Y pEAIbHOMY

KHUTTI BOHA HE MPAIOE€, OKPIM BIJHOCHO HE-
BEJIMKUX TPOEKTIB, NIe IiHA 1HPPACTPYKTYypH
He Hje y MOpIiBHAHHSA 3 LIHOI POOOTH eKCIie-
pTiB. | SIK TIIBKK MOCTA€E MUTAHHS ONTHUMI3aIlil
iHM XMapHOi 1H(QpacTpyKTypu — TOCTae
NUTAHHS SIK 1€ 3p00UTH HalKpalle.

OxpiM HAHOUTBIIT OYCBUIHOTO «MEHIIIE
00YHCIICHh — MEHIIA I[iHa» ICHYE III¢ BEJINKa
KUTBKICTh TPOMDKHHMX BapiaHTIB TOTO, SIK MO-
KHa MaciTalyBaTH CUCTEMY, BiJl BUKOpHC-
TaHHS MOYJIMBOCTEH TUIBKU anapaTHUX IJjia-
ThopmM (110 YacTime i BiJOYBAETHCSA y pealib-
HIll MPaKTUIl KOPUCTYBAYiB) 0 3MEHIIECHHS
QITOPUTMIYHOI CKJIAHOCTI MporpaM, IIo pe-
ami3yroTh (pyHKIIOHAIBHI crierudikamii mpu-
KJIQJHOI 3aja4i. SIKk MpUKIaau MOXKHA MpHUBE-
CTH TOPH30HTAJIbHE MaciiTaOyBaHHS HEBEIH-
kux koHreirinepiB ECS/EKS y Amazon (ana-
JIOT1YHA TEXHOJIOTIs, ajie 3 1HII0K Ha3BOIO, € 1
B IHIIMX TIOCTaYaJbHUKIB XMapHOi iH(]pa-
CTPYKTYpH), a TaKO)X BUKOPHCTAaHHS TaK 3Ba-
HUX TOYKOBHX €K3eMIULIPIB (Spot instances)
YM TEPEHIC YaCTHHH OOYMCICHb y XMapHi
¢byuknii  (Azure functions uyum  Amazon
Lambda) [7]. I xo4a koxeH 3 mHUX KPOKIB MO-
ke MoTpedyBaTu 3HAYHOI J0/1aTKOBOT poOOTH,
Ha BEJIMKHAX MaclITadax €KOHOMIS Bl TaKUX
ontuMizamiii Moxxe Oyau JOCHTH 3HAYHOIO.
Ane y IbOMY BHUIAJIKY CKJIAIHOCTI JI0/1a€ TOU
¢dakT, mo 3a3BUYaAll BIACYTHS MOXKIIUBICTD
TOHKOTO HAaJIAIITYBaHHS KOKHOTO 3 KOHTEW-
HepiB, TOMy BHOUpATH JAOBOJAUTHCSA 3 HabOpy
TUNOBUX KoHGIirypamiii. Hampuxman, s
anroputmy 1o norpedye 4vCPU ta § RAM, €
MOXJIMBICTh BukopuctoByBatu EC2 B AWS
po3mipom al.xlarge 3 miHow 57$/micsus, ane
Bxe npu HeoOxigHOCTI B 5 VCPU noBenerbes
BUKOpHCTOBYBaTH al.2xlarge 3 HaJUIMIIKOBOIO
noTyxHicTio (60 11€ Bke 8 vVCPU Ta 16 RAM)
i BapricTio B 104$/micsun [8]. A BpaxoByrouH,
1o 3a3Buyail notyxHictb VCPU mponopiiii-
Ha po3Mipy KOHTeiiHepa, py4HUH mia0ip KOH-
¢irypariii, sika 3a MiHIMaJIbHY BapTiCTh 3MOXKeE
00poONIATH HEOOXiTHY KIIBKICTh JaHUX, —
HaJITO CKJIQJIHUN 1 TPUBAJIUH TIPOIIEC.

Buxonsun 3 BHUILEHaBEEHOTO, MOKHA
3pOOUTH BUCHOBOK, IIIO /IS ONTHMI3aIlii CucC-
TEMH HEIOCTAaTHhO TUIBKU ONTHMI3yBaTu aji-
TOPUTM BHPILIEHHS NpUKIaAHOI 3axadi. s
MaKCHMaJbHOI €()EeKTUBHOCTI MOTPiIOHO Tpa-
BWJIBHO Mi0Uparu iHPPACTPYKTypy Ta ONTH-
MI3yBaTH aJrOpUTM came Mija 1o iHdpacTpy-
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KTypy. | TyT MU oTpuMyeMO KIIacCH4YHY TipoOIie-
My — JJIsl TOrO 100 ONTHUMI3yBaTH aJTOPUTM,
HaM CIIOYaTKy MOTPIOHO 3pO3YMITH, 1€ 1 SIK BiH
Oy/ie BUKOHYBAaTHCh, a I TOTO 00 ONTUMI3Y-
Baru iHPPACTPYKTYPY, MOTPIOHO 3HATU CKIJIBKH
came pecypciB Ham Oyzie HeoOX1aHO.

Came st BHpilIeHHS 1€l mpobiaemu
MH MOXEMO e(EeKTUBHO BUKOPHCTOBYBATH
METOJl aBTOTIOHIHTY. SIK MeXaHI3MH ONTHMi-
3arlii 3 HeoOX1THUM TTapaMeTPOM TaKi TIOHEPH
MOXXYTh MOAU(DIKYBAaTH BHUXITHHIA KOJ ajro-
PUTMY BHKOPHCTOBYIOUH IpPaBUJIA TIEPEIIHCY-
BaHHs/MiICTaHOBKH [9]. A Bke marouu iH(DO-
pMartito mpo mpaBuiia 3aMiHU SIKi MOXKE poOu-
TH CHCTEMa aBTOTIOHIHTY (1 SIK BOHM BILJIHBA-
I0Th Ha e(EeKTHBHICTH CHUCTEMH BiJIHOCHO
iHImo1 koH(pirypamii) — BUHHKAE MOXKIUBICTD
nigiopaty  onTUManbHy KoHirypamiro. 3a
JOTIOMOTOI0  TTOJAJIBIIOTO  BIOCKOHAJICHHS
NpaBUJ aBTOTIOHEpAa MOXKHA TOKpAIlyBaTH
pe3ylbTaT CaMOHAJIAIITYBaHHS.

2. IlponoHoBaHMii miaXia

HanamtyBanHs MyJabTHCEpPBICHOI CHC-
TE€MU Ha ii ONTHUMaJIbHY 32 BapTiCTIO POOOTY —
HAQ/ITO CKJIaJJHA HayKOBa Ta IH)XKEHEpHA MpO-
61ema, 1100 ii BupillyBaTH y BCiH ii CKI1aaHO-
cti. TomMy TyT Haidacrie 3acTOCOBYIOTh
€BPUCTHYHI METO/H, 1110 Ha XaJlb He BUPILIY-

I0Th NIPO0JIeMy 1 BUMAraloTh BUCOKOI KBasi(i-
Karlii mepcoHaiy.

HatomicTs nipu cripoieHoMy MOAaHH1
CHUCTEMH Y BUIJISAI HE3aleKHHUX JaHOK (y
BUIAJKY, KOJHM 1€ B3araji MOXIHUBO) (IUB.
puc. 1) BupimeHHs 11i€l 3a7a4i MOXHa 3BECTH
70 pPO3B'A3aHHA MOJU(IKOBAHOI KIACUYHOT
3aJadl MpoO PIOK3aKW 3a yYMOBH, IO Tpeba
MIHIMI3yBaTH 3arajibHy BapTICTh PIOK3aKiB,
HeoOXimHUX s 300py ycix pedueit. lle kia-
cuuHa NP-moBHa 3amaga 3 g00pe BiZOMUMH
HiAX0JaMM /10 BUPIIICHHS. 3BaXKaloud Ha
BiTHOCHO HEBEJHKY KUIbKICTh HasBHUX Bapi-
AHTIB, Y IJAHOMY BHUITAJIKY ISl BUPIIICHHS IIi€1
3aJadi € MOXKJIMBICTh HaBiTh HE OyAyBaTH
cnenudiyanii conBep (MporpaMa-po3B’si3yBad
3a/a4), a BUKOPHUCTATH JIIHIMHE Mporpamy-
BaHHs 3 BUKOPUCTAHHSIM ICHYIOHYOI'O COJIBEpA.
Xoua Taki MpOTrpaMHi MPOAYKTH 3arajioMm i
IOCTYNAIOThCS  CHEUM(DIYHUM aJIrOpUTMaM,
ajie 3aBISIKM CBOIM YHIBEpPCAIBHOCTI BOHH
JIONIOMArarTh JIOCUTh LIBHJIKO SKIIO 1 He
BUPILINTH 33/1a4y MOBHICTIO, TO X04a O OTpH-
MaTH HabmuxeHuit pesynstat [10,11]. V Ha-
IIOMY BHIIAJAKy OYyJ0 BHKOPHCTAaHO came
python-mip cosBep 3 BUKOPHCTaHHIM COin-Of
[12]. Bin BUKOpHCTOBYE MiAXiJ TUIOK 1 Tpa-
HUIb 1100 OTPUMATH TapaHTOBAHO ONTHUMA-
JIbHE pIIIeHHS JUIsl 3a/1aH0T MOJIEJIL.

—» Cepeic 1

BxioHa
Yyepra

BuxigHa

——» (Cepeic 2 -

yepra

—» (Cepeic 3

Puc. 1. Jlanka apxiTeKTypH 111 00pOOKH JaHUX MYJIBTUCEPBICHOI IIaTGOPMH, 31aTHA
A0 TOPU30HTAJIBHOT'O MaCIHTa6YBaHHH
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ToOGTo, B HamoMy BHNAJAKy 3ajada
3BOJUTHLCSA 10 MiHIMI3aIlli BUpa3y

D s.xR

pu 0OMEeKEeHH1, 110

Z Sae) X Tae) <L

aeA, ceC

ne A — Habip anroputmiB, C — Hablp MOXIIH-
BUX KOH(]irypamiii iHppacTpyKTypHOI OAMHHU-
i, 7 — mBuaKomais, P — Habip BapTocTel cep-
BiciB, L — MIHIMaJIbHO HEOOXIIHA IIBUIKOIIS,
S — KiTbKICTh 1HQPACTPYKTYPHUX OJUHHIIb.

Tenep, matoun Habip MOKJIMBHX KOH-
¢irypamiii iHppacTpyKTypu Ta AEKiIbKa OI-
TUMI30BaHUX ISl 3aIyCKy aJITOPHTMIB, MO-
KEMO 3HAWTHU ONTHUMAJIbHY KOH(ITYpaIlito 1is
HABAaHTA)XCHHS CUCTCMH.

3. ExcnepumeHT

SIK eKCHepuMEeHT pO3IISIHyTa JIaHKa
THUIIOBOTO PIIICHHS, KA MPEACTaBIsie HAOIp 3
JIEKUIBKOX CEpBICIB TMOMDK JEKIJIBKOX Yepr.
Po30uBIIM BenuKy 3a/1auy Ha JIeKiIbKa TaKHUX
JAHOK MH OTPHUMYEMO IOCUTBH TPOCTY st
MOHITOPUHTY Ta MaclTaOyBaHHS CHUCTEMY,
sIKa B CBOIO YEpPr'y MOX€ BUTPUMYBATH 3HAYHE
HaBaHTaXeHHs. ToOTO, HaBITh MalO4M J1ECAT-
KHM-COTHI CEpBICIB JJIs1 OOpOOKM [aHUX, MU
MOXEMO aHaJli3yBaTu MPOIYCKHI MOXJIMBOCTI
CHCTEMH 3a HOIIOMOTOI0 JTUHAMIKHM KIIBKOCT1
JaHUX, 1110 TPOXOIATh yepe3 uepru. Lle ocoo-
JMBO KOPHUCHO KOJMM TMOTPIOHO TOPIBHATH
3arajibHy MpPONYCKHY CIPOMOXHICT 10 Ta
MICIsl SIKUXOCh 3MIH y HaJaIITyBaHHS OKpe-
MHX CEepBiCIB. A OCKUIBKH JIaHKa cepBic-uepra
3a3BHYail HE € BY3bKHUM MICIIEM CHCTEMH, TO
MH OTPUMYEMO MOXKJIHMBICTh TOPU3OHTAIBHO-
ro MacmTaOyBaHHS CHCTeMH 0e3 30UTbIIeHHS
i cKJIaHOCTI.

B Ta6n. 1 HaBegeHO CMMCOK YCIX JOC-
TYIHUX JUI1 €KCIIEPUMEHTY KOHTEeHHepiB: je
ram, cpu i network — BeJIMYHHHU IO Xapak-
TEPU3YIOTh BIOHOCHY KIUIBKICTh JOCTYIHHX
KOHTelHepy pecypciB. Sk Bxke Oylo cka3aHo,
y Hac BiJICYTHS MOKJIMBICTb TOYHO HAJAIITO-
BYBAaTH PO3MIPH YyCIX XapaKTEPUCTHK KOH-
TeiiHepa, TOMY Ui TIOPIBHSHHS MU BHKOPHC-

TOBYEMO KOE(IIIEHTH BIIHOCHO HAaMEHIIOTr0
3 JOCTYNMHUX KOHTehHepiB. ToOTo, cpu = 2
o3Hauvae, mo VCPU y niboMy KOHTeWHepi Mae
NpUOJIM3HO Yy 2 pa3u OUIBIIY MOTYXKHICTh, HIXK
y KOHTEHHepi MiHIMaIbHOTO po3mipy. Came
Mo Iid NMPUYMHI BCl MOJAIBII PO3PAXyHKHU
HaBe/IeHI B YMOBHUX OJMHUIISX.

Tabmus 1. Moxiusi KoH$iryparii

KOHTCHHEPIB.
miHa | Ha3Ba | ram cpu network
1 do 1 0.8 1.2
2 d 1 2 1.8 2.2
3 d?2 3 2.8 3.2
4 d3 4 3.8 4.2
5 d 4 5 4.8 5.2
1 r0 1.2 0.72 1.2
2 r 1 23 2.72 2.2
3 r?2 34 4.72 3.2
1 cO 0.9 0.96 1.2
2 c 1 2.9 2.06 2.2
3 c?2 4.9 3.16 3.2
1 n 0 0.9 0.72 1.68
2 n 1 1.8 1.62 3.68
3 n 2 2.7 2.52 5.68

OxpeMo ciliJi YTOUHUTH NPUYMHU BH-
KOPHCTAHOTO NTO3HAYEHHsI KOHTEHHepiB. Xo4a
I KIJIBKICTh BapiaHTIB po3Mipy KOHTeiHepa
oOMe)keHa, aje 3a3BMuYail KoMIaHil HagaloTh
JIOCUTh BEJUKY KUIBKICTh MOXJIUBUX KOH(I-
rypauiii (y ToMy yucii 1 cneuu(iuHux uis
JIOCUTHh BY3bKOTO KoJia 3aj1a4). Tomy ckiana-
Csl Taka MPaKTHKa, MO (popMaT HA3BH SIBIISIE
co0o0r0 moeaHaHHs nmpedikcy, M0 XapakTepu-
3y€ TUIl KOHTeHHepa, 1 cy(dikcy, 0 XapakTe-
pu3ye HOro po3Mip (K y BHUIIEHABEACHOMY
mpukiaai 3 AWS EC2 alxlarge Ta
al.2xlarge). Came Takuii migxix A0 TMO3Ha-
YeHb BUKOpPUCTaHUM 1 TyT. B Hamomy Buman-
ky maemo tumnu d (default), r (ram), ¢ (cpu) Ta
n (network) Ta AeKiIbKa pO3MipiB ISl KOKHO-
ro 3 Hux. To6to, r 0 o3Hayae MiHIMAJIbHUI
po3Mip KOHTeWHepa 13 30UIbLICHOI0 KIIbKIC-
TIO OTIepaIifHOT TaM’sITi.
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Toni, matoun 2 anroputmu (al Ta a2)
0 BUPINIYIOTh Hally 3aJladyy PI3HUMH CIIO-
cobamu (Ta 3 pi3HUM CIIO)KUBAHHSM PECYpPCiB)
MU MOXEMO 3allyCTUTH COJIBEp 1 3HaWTH OIm-
TUMaJIbHY KOH(Iirypamiro Juiss HaBaHTa)KEHHS
2500 ogunumie (Tabi. 2). Sk MoxHA mobadu-
TH — HaWJeNIeBIIe HEOOXITHOTO pPe3ylbTaTy
MOJKJIUBO JIOCSITTH BUKOPHCTOBYIOUM JPYTHid
anroputM Ha 833 koHTeitHepax Tuny c 0
(MiHIMAJTBHIM PO3MIp, 301JIbIIIEHA TIOTYKHICTh
cpu) ta 1 xonreiinepy d 0 (3BU4aifHUIl KOH-
TeWHEp MIHIMAJIBHOTO PO3MIpPY).

3BakarouM, 110 OKpPIM ONTUMI3aIil iH-
bpacTpykTypy MM 1€ W BHUKOPHUCTOBYEMO
aBTOTIOHIHT ISl ONTUMI3aIii (IPUCKOPEHHS)
OOUHCITIOBATIBHUX AJTOPUTMIB, MU HE MOXKe-
MO BHUKJIIOYAaTH, IO B HAC IIE€ € MOXKIIHUBICTD
OHOBUTHU TIOHEP TaKUM YUHOM, 100 MOKpa-
OMTH OJWH 3 TapaMeTpPiB IHOK JESKOTO
MOTIPIIEHHS 1HIIOTO.

ToMy € ceHC I0mAaTKOBO pPO3NISAHYTH
e ¥ MOXJIHMBICTh MOAU(IKAIINA XapaKTepHC-
TUK QJITOPUTMY, KOJIM TOTIPIICHHS 3HAYCHHSI

OZIHOTO TapaMeTpy BifOyBaeTbcs U MOKpa-
mieHHs: i"moro. Toal MoXXHa BpaxoBYBaTH
MOKJIMBICTh aBTOTIOHEpa MOAUQIKyBaTH all-
TOpUTM (BUKOPHCTOBYFOUHM IpaBHJa TMiAcCTa-
HOBKH) TIPH TIOHIYKY ONTHMAJbHOI KOHQIry-
pailii KOHTeHHepiB. Y 1bOMY BHIAJIKY, Halla
MoJIeNb Oyie MoauQikoBaHa K

a,=a,+Aa,,
a, =(cpu,, ram,, network, ), ne N ,

Aa, =(Acpu,, Aram,, Anetwork, ), ne N,

> <D,

eeAa,

Ze:O,

ecAa,

ne D — makcuMmanbHa MOJMIIMBA BEIHMYHHA
mMoaudikamii (tabdm. 3).

Tabmurst 2. loctynHi KoH}ITypariii anroputmy

uina | ajar ram cpu net d 0 d 1/d2/d3/d4 r0rl{r2c0clc2n0nlmn?2
0O [al  01/0207 0 OO0 O0O]O0O]O0O]O0O]O|]O]O0O 00 0]0

834 a2 03/03/04/, 1 /0|0, 0|0,0| 0 08300, 0070

Ta6muus 3. [Ipuknan HaiiBuriaHimoi Monudikamii

uina | aar ram | cpu net d 0|d 1/d 2 d3 d4/r0/r1r2c0Ojcl c2n0nlmn?2
0 |a 02]01j07) O, 0] OO, 0]O0O]O0O, 0|00 0, 0/]0]0O0
0 |a2/01/01/j08 0 00 0O, 0]O0O]O0O,O0]O0O]O0 0, 0/]0]0O0
0 a3 /020206 0 OO0 O, 0]O0O]O0O,O0]O0O]O0 0, ,0/]0]0O0
0O |a4/01/03/06/ 0 0|0 O, ,0]0O0]O0O,0]O0]O0 0, 0/]01]0O0
0 |[a5/02/04/04 0 00 O, ,0]O0]O0O,O0]O0O]O0,0, 0]0]0O0
0 a6 02030500 O/O]O0O]O0O OO0 0]0]O0]O0]O
0 | a7 /040204 O OO0 O, ,0]O0O]O0O,O0O]O0O]O0 0, 0]0]0O0
0 [ a8/03/02/05/0 00O, ,0]O0O]O0O,0]O0]O0 0, ,0/]01]0O0
5 a9 04/03/03/ 0000000001 1,000
699 |al0 03/04/03{ 0 OO0 O] 0 0] 0 2330/ 0] 0]0,01/0
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Sk MokHA TOOAYUTH, TSI JOCSTHEHHS
MIHIMAJILHOI I[IHM HaM HEOOX1AHO OIHOYAaCHO
BUKOPHCTOBYBATH JIEKiJIbKa BEPCii alroput-
My, sIKi OymyTh ONTHMI30BaHiI MO PI3HUX Ia-
pamerpax. ToOTO, BHKOPUCTABIIM AITOPUTM
a9 (31 3HMKEHUM Ha 25 % HaBaHTa)KEHHSM Ha
MEpEKeBUI KaHaI, Ta 301IBIICHHIM HEOOXI1/T-
Hoi mam'sti Ha 20 %) pO3ropHYTHIl Ha JBOX
KOHTEWHepax Tuly ¢ 1 Ta ¢ 2 oIHOYacHo 3
al0 (31 3HmwkeHUM Ha 25 % HaBaHTAXECHHSIM
Ha MEpeXeBHUH KaHai Ta 30inbenum Ha 20 %
HaBaHTAXKEHHSIM Ha mpouecop) Ha 233 KoH-
TeiiHepax TUNY T 2 MU 3MOXEMO JOCATTH
3MEHIIICHHS 3arajibHoi BaptocTi Ha 15.5 %.
SIx HacmiIoK, MOXKHA 3pOOUTH BUCHOBOK IIPO
HasBHICTH BY3bKOTO MICIIsI TaKoi KOH}iryparii
1 ¥oro nokamizamii. Hanpuknaa, B maHomy
BHITQJKy II¢ HEOOXiJHA IHUPUHA MEPEIKEBOTO
KaHay.

[Ile ogHUM IIKaBUM MOMEHTOM € BH-
KOPUCTAHHS MPIOPUTETIB XapaKTEPUCTHUK IS
nofanbinoi ontumizaimii. e mo3Bossie orinu-
TH OYIKYBAaHHWH pe3yJabTaT BiJ ONTHUMI3aIlii
piznoro tuny. [lo mepmie, me n03BoJsiE B
Mepiry 4Yepry ONTHMI3yBaTH Ti YaCTHHH
CUCTeMHM, J€ pe3ylbTar onTuMizauiii Oyre
HauOLIpIn moMiTHUM. [lo nmpyre — 1e m03Bo-
JISi€ OI[IHUTH JOPEUHICTh MOAATBIINX ONTHMI-
3amii B3arajl. ¥ 1[bOMy BHUIAJIKy Haill oome-
KEHHS Ha 3MiHM OyayTh Monu(iKoBaHI 10
HACTYITHUX

To6to, mpu D = 0.1, Mu oTpuMaemMo

(Tabn. 4), 1m0  BIANOBIZAE  3MEHIICHHIO
3aranpHOi Baprocti Ha 18.2 % mpu ymoBi
3MCHIICHHS HABAHTAXCHHS MEPSXKY Ha
25 %.

BucHoBku

B po6oTti 3anmpomnoHoBaHO MiAXiJ 10
apXITeKTYpHUX HaNAlITyBaHb MapaielbHUX
oOuucieHb Ha XMapHid 1iardopmi, MO J0-
3BOJISIE B HAIIIBABTOMATUYHOMY PEXKHMI 3/T1i4-
CHUTH ONTHMI3aIlil0 MapaienbHOl Mporpamu
3 LUIBOBOK (YHKIIED MIiHIMYMY BapTOCTI
obuunciens. (s po3B’s3aHHS ONTHMI3aIliii-
HOT 3a/1a4l BUKOPHUCTAHO JIiHIMHE Tporpamy-
BaHHS 1 JOCTYIHHWI IPOTpaMHUN COJBED,
SIKUW 32 JOTIOMOTOI0 METOJY T1JIOK 1 TpaHULlb
B HaMiBaBTOMaTUYHOMY pEXHMI Miadoupae
3HAYEHHS apXiTEKTypHUX MapaMeTpiB KOHPi-
rypamii mporpamu, 10 iCTOTHO BIUIMBAIOTh
Ha BapTicTh O0OYHMCIICHB.

TakuMm 4YUHOM y3arajbHEHO IMOoIepe-
Hili METOJl aBTOTIOHIHTY, IIO PO3POOJISIBCS
aBTOpaMH paHilie, Ta MOIIMPEHO HOro Ha
BUMAJ0K KOMIUIEKCY CEpBICiB, 110 BHKOHY-
I0ThCS Ha XMapHiil miatdopmi.

[IpoBeneno awnamiTuuHe BUIPOOY-
BaHHS PO3pOOJIEHOI CUCTEMHU Ha MOAENI XMa-
PHOTO MYJBTHIIPOLIECOPHOTO KiacTepy, IO
MOKa3y€ MOXKIIUBICTh CYTTEBOTO CKOPOYCHHS
BapTOCTI XMapHUX OOYMCIEHb BHACHTIIOK
MPOBEJICHUX ONMTUMI3aIliH.

Tabmuisa 4. [pukiiag HAWBUTIHIIIOTO HAIPSAMKY ONTUMI3AIi]

uina | aar ram | cpu net | d 0 d 1 d2d3d4r0rl1r2/cOiclic2n0Onln?
0 /a (01011070 (O (O |[O O O O O (0O |0 |0 |0 0 |O
0 /a2 (0.1 j02/06/0 (O |O O O O O (O (0O (0O |0 |0 0 |O
0 /a3 02 /03040 (O |[O OO O O O (O O |0 |0 0 |O
0 /a4 03021040 (O O O O O O [0 (0O (0O [0 |0 0 |O
682 a5 03 /03 040 (O |O O O O (O (341/0 |0 |0 |0 |0 |O
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0. 3axaposa

OCHOBHI ACIIEKTH
CEMAHTHYHOI'O AHOTYBAHHS BEJIMKUX JAHUX

CeMaHTHYHI aHOTAIIi1, Y CHIIy CBOET CTPYKTYpPOBAaHOCTI — HEBiA €MHE CKJIaJ0BE S(PEKTHBHOTO BHPIIICHHS 3a/1a4
BENIMKHX JaHUX. AJe, cama IpobiIeMa BU3HAYCHHS CeMAaHTHYHUX aHOTALil € JOCUTh He TPHBiaJlbHOW. Pydne
AQHOTYBaHHS € HE MPUHHATHAM IJIS BEIUKUX JAaHUX 3 OTJLIAY Ha iX po3Mip Ta pi3HOPIAHICTE, a TAKOX TPYIOMi-
CTKICTh Ta BapTICHICTh CaMoOTro IMpOIECy, 3a/la4a MOBHICTIO aBTOMAaTHYHOTO aHOTYBAaHHS JUIS BEIUKUX JAaHUX
MIOKH 1110 HE Ma€ BUpilieHHs. ToOTo BUpILIEHHs 3a/a4l CEMaHTUYHOTO aHOTYBaHHs BHMarae Cy4yacHUX 3Millia-
HUX HIJIXOJIB, sIKi O 3a0e3medyBasii BUPIIICHHS OCHOBHUX 33/1a4 aHOTYBaHHS: BUSBJICHHS Ta BUTATHEHHS CYT-
HOCTEH Ta BIIHOIIEHb 3 KOHTEHTY OyJb-SIKOTO THITYy T4 BU3HAYECHHS CEMAaHTUYHUX aHOTaLill 32 OCHOBI iICHYIO-
YHX JUKepes 3HaHb (CJIOBHMKIB, OHTOJIOTIH, Tomo). OTpuMaHi aHoTalii MOBUHHI OyTH TOYHUMH Ta 3a0e3mnevy-
BaTH NOAAIBLIY MOXKJIMBICTh BUPIIICHHS MPUKIAIHNX 33a]a4d 3 aHOTOBaHUMHU AaHuMU. CIIiji 3a3HaYMTH, IO KO-
HTCHTH BEIMKUX JaHUX € TyXKE PI3HOMAHITHUMHU, SK HACHTIIOK, Ay)K€ PI3HATHCS IX BIACTHBOCTI, MIO ITi[yIATa-
I0Th aHOTYBaHHIO. Lle BUMarae pisHUX MeTaJaHuX I ONKCY JaHUX Ta 0OYMOBIIIOE HAasBHICTh BEJTMKOI KiJbKO-
CTi PI3HHUX CTAaHIAPTIB METAAAHUX IS JAHWUX PI3HUX TUMIB 4 (HOpMAaTiB MpeACTaBICHHS. Ale, Uil eeKTHB-
HOTO BHUPIIICHHS 3aJa4i aHOTYBaHHA Tpeba MaTH y3aralbHEHY XapaKTepUCTHKY THUIIIB METalaHUX, B MEXax
SKOI po3risAaTé ix crienugiky. BusHadeHHs 3arainbHOI Kiracugikarii MeTagaHuX, CIUIBHUX acleKTiB Ta IiJl-
XOJIB IO CEMaHTUYHOI'O aHOTYBaHHs KOHTEHTY BEJIMKUX JAHUX 32 IX JOIMOMOTOIO 1 € METOIO JaHOT POOOTH.

KnrodoBi citoBa: BeJIMKI JlaHi, aHOTYBaHHS BEJIMKHMX IaHUX, KIACHU]iKaIlisl METaIaHUX, CEMAHTUYHI aHOTAIIl,
NpolLeC aHOTYBaHHs, KepOBaHE MAIIMHHE HABYAaHHs, HEKEPOBaHE MAlllMHHE HAaBUAHHS, BUTATHEHHS CYTHOCTEMH,
BUTATHEHHS BiHOIIEHb, JOMEHN aHOTYBaHHS, OHTOJIOT'1YHA MOJIENb aHOTYBAHHS, 32CO0U OHTOJIOTIYHOTO aHO-
TyBaHHSI, py4HE aHOTYBaHH:, aBTOMaTHYHE aHOTYBAHHs, HalliBaBTOMAaTUYHE CEMAaHTUYHE aHOTYBaHH:], aHOTa-

TOpP, aCIEKTHU CEMAHTUYHOTO aHOTYBaHHSA

Beryn

Y MmoTOYHOMY CTaHi KOHIIEHTpaIlii Ja-
HUX, ICHY€ JIUBOBIKHUI pecypc iHpopmarii
BCUISIKUX THUIMIB, 10 MO’K€ BUKOPUCTOBYBAaTHCh
3 PI3HUMH IUIIMU, HATIPUKIIAL, JJIsl BUBYCHHS
MY3UYHUX 1HCTPYMEHTIB ab0 MporpamMyBaHH,
Ta 3aCTOCYHKaMH B PI3HHUX MPHUKIAJTHUX Taly-
34X. Aune, icHye 1HIMHA map iHdopmarii, 1o
JIOCTYITHA Ta TIepeacThes depe3 OJIoru, TBITH,
crarTi, KypHanu. Hampuxian, BeO, mo Mic-
TUTH 1H(GOpMAILIIIO PI3HUX THUIMIB Ta (OPMATIB,
BKJIFOYAIOUM TEKCT, PUCYHKH, Bi/IeO Ta ayjio, €
KOMYHIKaLlIfHUM CEpEeIOBUILEM, SIKE 103BOJISIE
JIOJTMHI 3pO3YMITH KOHTEHT 1 KOHTEKCT, a Ta-
KO)K BCTAHOBUTH iX BIJHOIIEHHS/ 3B’SI3aTH
OIUH 3 IHIIMM 3acobu MacoBoi iH(opmarlii
(3MI). HesBaxkaroun Ha Te, 110 KOMIT FOTEPU
YyZI0BO MEPEAaroTh 110 1HPOPMALIiI0 3aIliKaB-
JICHUM KOPHCTYBayaM, CUCTEMH MOTaHO pPO3Y-
MIIOTh CaMy MOBY IpeJCTaBJIEHHs 1HPOpMaLlii.
Tomy, BupilIeHHs 33/1a4, 110 BUKOPUCTOBYIOTh
KOHTEHT BEJIMKHX JaHUX, Ta 33Ja4 CaMHUX Be-
JUKHUX JTAaHUX BHUMAara€ CTPYKTYpOBaHOTO ce-
MaHTHUYHOTO OIIMCY LIUX JaHHX.

OpHUM 3 HaWOUIBII PO3MOBCIOIKEHUX
MIOXOMIB 10 CEMaHTH3aIll € BU3HAYEHHS Ce-

MaHTUYHHUX aHOTalil. AHOTaLil — Il Ha3BH,
aTpuOyTH, OMHMCHU, KOMEHTapi, MPUEAHAHI IO
JOKYMEHTY ab0 YacTUHM JOKYMEHTY Oy/b-
sakoro ¢opmary. BoHu HamaroTh 10JaTKOBY
iHpopManio (MeTagaHi) Ipo LeH, ICHyrouui
¢parment nanux. Yitkoro, ¢opMaIbHOTO
BU3HAYEHHS TEPMIHY «CEMaHTHUYHA aHOTALlis»
HacbOTOJIHI He icHye. BiamoBigHO 10 BHU3HA-
yerHs Ontotex (2016) [1] "cemanTuyHe aHo-
TYBaHHS € MTPOIECOM TPUETHAHHS T0TATKOBOT
cemMaHTHyHOi iH(popmanii (MeTagaHUX) [0
PI3HUX KOHIIENTIB KOHTEHTY (CYTHOCTEH)».
Januii Tun Metaganux 3abesneuye iHoOpma-
L0 K MPO KJIAC CYTHOCTI, TaK 1 Ipo ii ex3e-
misipu. Coig 3a3HAYUTH, MO CEMaHTHYHI
aHoTallii MOXXyTb OYTH 3aCTOCOBaHi 10 Oy/b-
SKOTO THUITY KOHTEHTY: BeO-CTOPIHOK, 3BHU-
YailHUX JIOKyMEHTIB, MOJIB y 0a3i JaHUX TO-
110. 3100yTTS 3HAaHB MOXKE 3/IICHIOBATUCS HA
OCHOB1 BH3HAYEHHs OUIBII CKIIAJHUX 3aJIeX-
HOCTEW — aHaji3y BIJHOIIEHb M CYTHOCTS-
MU, omnucy moaii yu curyarii Tomo. CeMaH-
TAYHE AaHOTYBaHHA 3a0e3medye MATPUMKY
PO3MIUPEHOr0 TMOIIYKY (Ha OCHOBI KOHIIETN-
TiB), MIpKYBaHHsI PO BeO-pecypcu Ta iHPop-
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MalliifHy Bi3yaii3allil0 Ha OCHOBI OHTOJIOTIH.
OxpiM 1bOrO, aHOTalii BUKOPUCTOBYIOTHCS
JUIS  KOHBEpTaIllli CHHTAKCUYHUX CTPYKTYP
y CTPYKTypu 3HaHb. [HIIUMU cioBamu, ce-
MaHTUYHE aHOTYBAaHHS TIOJNATaE Yy TOMY,
mo0 reHepyBaTH crenudiyHi MeTagaHi Ta
CXEMH BUKOPUCTAHHS, IO 3a0e3rnedyye HOBi
METOAM JOCTyImy A0 iH(opMaIii Ta po3MIu-
pIO€E icHYIOUI.

CemaHTHYHI aHOTAIlli MOXYTh BHKO-
PUCTOBYBATHUCH JJIsSi BUPILMICHHS 17101 HU3KU
3a/la4 BEJIMKUX JaHHUX, BKIIOYauu iHpopMa-
[IHHUH TOIIYK HA OCHOBI CEMAaHTHK, KaTEro-
pHU3allil0 Ta KOMIIO3UIIII0 JOKYMEHTIB, Hepe-
XiJ1 BiJ HECTPYKTYPOBAHOTO KOHTEHTY IO pe-
JIEBAaHTHUX 3HaHb, Bizyaumizallito iHQopmarii
Ha OCHOBI OHTOJOTiIH. SIKIIO JOKyMEHT (4u
OyIb-siKa YaCTHHA JESIKOTO KOHTEHTY, HallpH-
KJIaJ, BiJICO) € CEMAHTUYHO aHOTOBAHHUM, BiH
CTae JpKepelioM iHQopMarllii, sIKy MpOCTilie
iHTEepIpeTyBaTH, KOMOIHYBaTH Ta IMOBTOPHO
BUKOPUCTOBYBAaTH aBTOMATH30BAHUM YHHOM.
Benukum maHuM mpuTamMaHHa Pi3HOPIAHICTH
JUKEpell Ta pi3HOMaHITHICT, (opMaTiB iX
MPEJICTaBJICHHS. 3PO3yMUIO, M0 MiPKYIOUH
mpo Habopu MeTalaHuX, 0 OMUCYIOTh BEJH-
Ki JlaHl NEBHUX THIIB, Tpeba BpaxoBYBaTH,
10 KO’KHUN 3 HUX Ma€ BIIACHI XapaKTepUCTHU-
k. Meroro faHoi poOOTH € BU3HAUUTHU CIILIb-
HI acleKTH Ta MiAXOIU [0 CEMAaHTHUYHOTO
aHOTYBaHHS KOHTCHTY BEJIMKHX JIAHUX 3a J10-
MTOMOT'OI0 METaJ[aHHX.

JlomeHun Ta Moj1eJIi CEMAHTHYHOTO
AHOTYBAHHSI

Moxna knacudikyBatu 4 Mojeni ce-
MaHTUYHOI aHoTaii [2]: Teru, arpudyTH, Bij-
HOIIIEHHS Ta OHTOJNOT1i. Teru 3aiiMaroTh HUX-
4yuil piBEHb Ta BIJMNOBIAAIOTH HAUMPOCTIMIIH
¢dbopMi aHOTYBaHHS 3 TOYKH 30pY KOPUCTYBa-
9a; BOJHOYAC, SK OHTOJIOTIi HAXOIATHCS Ha
BEPXHbOMY PiBHI Ta BIAMOBIAIOTh HANCKIAI-
HIIIH opMi 3 TOUKH 30py KOPUCTyBaya.

Teru: eJeMeHT aHOTAIlIS TETY € TPHU3-
HauYE€HUM pecypcy KIIOYOBHUM CJIOBOM abo
BHpa30M, IO OIKCY€ TEBHY BIACTUBICTh
pecypey. Ilpuknagamu TeriB MOXyThb OyTH
Ha3BU MicCIlb, € 3pooiieHe (oTo, iIMeHa 0cio
Ha GoTo abo TeMa CTaTTi.

ATpHOYTH: €JeMEHT aHOoTalis aTpu-
OyTy € Tmaporo JBOX €JIEMEHTIB: Ha3Ba aTpH-
Oyta Ta ioro 3HaueHHs. Ha3Ba atpubyty Bu-

3Ha4ya€e BIJIACTHBICTh AHOTOBAHOI'O peECypcy
(manpuknan, “Kpaina”, “neHp HapomKeHHS ),
a 3Ha4YCHHs aTpuOyTy — BiAIOBITHE 3HAYCHHS
(manpuknaz, “Tynic”, “1909”).

BigHoeHHA: eJeMEHT aHOTALS Bif-
HOILEHHSI € Mapol0 JBOX KOMIIOHEHT: Ha3Ba
BIJIHOIIICHHSI Ta IIOB’s3aHUN pecypc. AHOTO-
BaHUI pecypc 3B’s3aHUH 3 BiIHOLICHHIM HO-
ro Ha3BOKO. [HIIUMH ClIOBaMH, MOJIENIb aHOTa-
11ii BITHOIIICHHS € PO3IMIUPEHHAM MOJEII aHO-
Taii arpuOyTy 10 JIOMEHY pecypcy, 103BO-
JSII0YM KOPUCTYBayeBl 3 €IHYBATH IIi pecyp-
cu. Hanpukinaz, nocuinanHs B OIHIN HaYKOBIH
npaini Ha IHIOWA JOKYMEHT € aHOTYBaHHIM
BiJTHOILIEHHSI, 10 BU3HAYAE 3B’ A30K MK [IUMHU
JIOKyMEHTaMH.

OnroJi0rii: OHTOJIIOTTYHA MOJENIb OIH-
Cy€e MeTaJlaHi, sIKi CIIBCTAaBJIAIOTH pecypc abo
Horo yacTuHy 3 JIeSKMMH OMKHCAMU HOro Bia-
CTHBOCTEW Ta XapaKTEPUCTHUK BiIIOBITHO /IO
(dhopMaIbHOI KOHIIENITYIBHOT MOjeNi (OHTO-
aorii). OHTONOTi] € KOPUCHUMHU JUIsl BHUTST-
HEHHS 3HaHb PO JIOMEH Ta chnerudikarii
3arajibHONIPHMHSATOTO PO3YMIHHS TOMEHY (IO
MOK€ TOBTOPHO BHKOPHCTOBYBATHCS 1 OyTH
CHUJTBHUM JJISI CIITBHOT Ta 3aCTOCYHKIB). I1o-
OynoBa OHTOJIOTIT MOXe OyTH peani3oBaHa
BU3HAYEHHSAM KOHILIENTIB, E€K3EMIUISIPIB KOH-
LIENTIB, BJIACTUBOCTENH KOHIIENTIB Ta €K3EMII-
JsIpiB, OOMEXEHb Ha Il BJIACTHUBOCTI, BiJHO-
IIEHb MDK KOHIIENITAMHM Ta BIJHOIIEHbL MIXK
exzeMIuisipamu. KopucTtyBad, 110 BUKOPUCTO-
By€ OHTOJIOTIYHY MOJENIb aHOTalli, MOXe
OnMcaTu Ta 3’€IHATH ICHYIOYl pecypcu MuIs-
XOM CTPYKTYpyBaHHSI pecypciB (KOHIIETTIB
ab0 eK3eMIUIIpiB) Ta BU3HAYEHHS OOMEKEHb
M1X BiTHOIICHHSIMHU Ta BIACTUBOCTSAMHU.

BuxopucraHHsi OHTOJIOTIH AK
CJIOBHMKIB /1151 BU3HAYECHHS
MeTagaHuX

Metanani MoxHa Kiacu(iKyBaTH SK
3aJICKHI Ta HE3aleXkHI Bi KOHTekcTy [3].
Cepen MeTamaHux, IO 3aleXaTh BiJ KOH-
TEKCTY, MOXHA BHMJIUIMTH MOpsMi sBHI (IO
3TalyIOThCA y KOHTEHTI) Ta HEesBHI (III0 BUBO-
JATHCS 3 KOHTEKCTY), Ta HEe TpsiMi (30BHIIITHI
METa/IaHi — TIOCHJIAaHHS Ha KOHTEKCT uepes
URL y «xontenrti). Taka xmacudikarris
(puc. 1) € gyXe CyTTEBOIO UIS OJAIBIIOTO
BHU3HAYEHHS IIPOLECY aHOTYBaHHSI.
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Meranani

v

HesanexHi Bi KOHTEKCTY

3aexHi Bil KOHTEKCTY (CEMaTHYHI XapaKTepH-
CTHKH TOKYMEHTY YH (PparMeHTy JaHUX )

' I

3araiibHi BIaCTUBOC-
Ti JaHHUX IIEBHOTO
TUny (MeTamaHi,
3aJIC)KHI BiJ] TUITY

3aranbHi BIaCTHBOCTI
JaHUX (HEe 3aJIeXHI Bif iX
TUIY)

Meranani, He 3aIeK-
Hi Big hopmaty
MPEJICTaBICHHS Ta
JoKepesa JaHuX

IIpsmi (MeTagani
JOKYMEHTY) N

- Bimomocri mpo

A 4

A 4

MeranaHi, 110 OIH-
CYIOTh 3arajibHi mo-
HATTS TPUKIIJTHOTO

Mertanani, cnenugivHi s
KOHKPETHOTO KOHTEHTY Ta
HOr0 BUKOPUCTAHHS

JIOMeHa

aBTOpIB

- BIIOMOCTI TIpo
(aiin manux (posmip,
(dhopmar, Ha3Ba, yac

MeranaHni, cnenudi-
4Hi U1 popmaTy
JIAaHUX JaHUX

CTBOPCHHS, OHOB-
JICHHSI, HAa3Ba)
- TeKCTOBUH OITHC

> Meranani, cnermoi-
YHi UIs JKepeTa
JaHUX TAHHX

—»| Henpswmi (30BHINIHI)

MertazaHi, 010 OMUCYIOTh
3araJjibHi KaTeropii:

- oco0y,

- Oprasizariro

- MiCIIE 3HAXOKEHHS

- POEKT TOIIO

[psmi siBHI (0
3rafyloThCs B KOH-
TEKCTI)

[psimi HesBHI (1110
BMBOJIATHCS 3 KOH-
TEKCTY)

Henpswmi (30BHIIIHI -

p| TOCHIAHHS HA KOH-

Teker uepe3 URL y
KOHTCHTI)

Puc. 1. Knacudikariis MeTaanux BeTUKUX JaHUX

JInst CTBOpEHHSI CEMaHTHYHUX MeTa-
JAaHUX MOXYTh BHKOPHUCTOBYBATHCS CTaH]a-
pPTU METaJlaHuX, TE3aypPUCH Ta KOHTPOIHOBA-
Hi cnoBHukH (Hampukian, MeSH [4], TGN
[5] Tomro), a Takoxx mojermieHi abo TMOBHO-
1iHHI oHTousorii. CTaHaapTH, KOHTPOJIbOBAHI
CIIOBHUKHU Ta TE€3aypycH, Ha BIIMIHY BiJ IO-
BHOIIIHHOT OHTOJIOT11, HE € MOBHICTIO opMa-
JTHHUMU, HANPUKIAJ, BIJHOIIEHHS MIX Tep-
MiHaMHM, fKi BOHH BKJIIOYalOTh, HE MAalOTh
SBHUX CEMAHTHUK. SIK MpaBUJIO, BOHH BUKO-
PUCTOBYIOTBCSI JJIsi 3a0€3MeUeHHs TTOT0JpKe-
HOT TEPMIHOJIOT1] Yy KOHKPETHHUX JOMEHAX.

Cnix 3a3HA4WMTH, IO BiAIIOBIIHO J0
HaBelleHO1 Kiacudikallii MeTaJaHuX MOKHA
BUJUIMTHA JIBa TOJIOBHUX HANPSMKH aHOTY-
BaHHS BEJHMKUX JIaHUX: aHOTYBAaHHS 3araib-
HUX XapaKTePUCTHK JIOKYMEHTa Ta aHOTY-
BaHHS TMPUKIATHOTO KOHTEHTY. MeTaaaHi
IUIS AQHOTYBaHHS 3arajbHUX BJIACTUBOCTEH
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00’€KTIB BENUKHX JIaHUX € KOHTEKCTHO-
HE3JICKHUMH 1 JIJIs X BU3HAYCHHS PO3pPO0-
JIEHO YuUMajo CIelialbHUX CTaHaapTiB. bi-
JBIIICTh 3 HUX OPIEHTOBAHO HA AHOTYBAHHS
JaHUX TIEBHUX THIIIB: BiJie0, 300pakeHb, ay-
10 TOILIO, Ta BPAaXOBYIOTh iX creuudivxi
XapaKTEePUCTHKU. TakoX ICHYIOTH CTaHIap-
TH, IO JO03BOJISIIOTH OIKCYBAaTH 3arajibHi
XapaKTEPUCTHKH JOKYMEHTIB  OYIb-IKOTO
tunty. Hanpuknan, qobpe Bimomuii cranmgapt
Dublin Core, sikuii MHUPOKO BHUKOPUCTOBY-
€TBCS I BU3HAYCHHS XapaKTEPUCTHK €JIeK-
TPOHHHUX NOKyMeHTiB. Lleil cranmapt cmeru-
(bikye MHOXXMHY Hamepe] BU3HAUEHUX Xapa-
KTEpUCTUK JOKYMEHTIB, TaKuUX SK aBTOp,
JaTa CTBOPEHHsS, OMHC, (opMar TOIIO, SKI
MOXYTh OyTH 3aCTOCOBaHi AJisl JOKYMEHTY
Oynb-sikoro opmary.

Inma rpyma — Oinpmr  crenudivHi
OHTOJIOTIi, IO MPHU3HAYEHI IS BHUPIMICHHS
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MEeBHUX 3ajav/mia3agady omucy nanux. Ha-
npukiaa, mnonermena oHrtonoris  FOAF
(Friend of a Friend) [6], sixa mae 3a mery
CTBOPEHHS AHOTOBAHOI Mepexi JOMallHIX
CTOPIHOK JIOJICH, TPy, KOMMaHii Tomo. Bif-
MOBIJHO, OHTOJIOTi MICTUTh TaKl KOHIIENTH
sk Arenrt, Ocoba, Opranizanis, ['pymna, IIpo-
eKT, JlokymeHT, 300pa>keHHs TOWIO, Ta Jie-sKi
0a30Bi XapaKTEPUCTHKH, 110 OMHCYIOTh €K3e-
MILUTSIpU 1UX kiaciB. IlomiOHe mpu3HauYeHHS
MaroTh W ourtojorii  OntoWeb  [7],
KnowledgeWeb [8] Ta onTomoris omucy my6-
JmiKamii, sKi ONHUCYIOTh 0cCi0, oprasizarii,
npoektu, mybmikanii Tomo. Bcei mepemniveHi
TPy  OHTOJIOTIH JJO3BOJISIOTH OIKCYBATH
MEBHI 3arajabHI XapaKkTEpPUCTUKHU TOKYMEHTIB
B IIIOMY, a00 JOKYMEHTIB NeBHUX (hopmaTiB
abo mpusHaueHHS. BoHM 103BOIISAIOTH aBTO-
MaTUYHO BU3HAYUTH BEIUKY KUTBKICTh TEXHi-
YHUX XapaKTePUCTHK TOKYMEHTa Ta MACSIKY
3arajibHy HOro CEMaHTHKY, aje HE OXOILII0-
I0Th JeTajeil Horo KOHTEHTY (MOXKIIMBO, JH-
e JesKi KIFOYOBl CIIOBA Ta OMUCH TPUPOJI-
HBOIO MOBOIO B TaKMX XapaKTEPUCTHKaX, K
TeMa a0o omwc). 3BICHO, 1€ CIIPHUSE BUPIIICH-
HIO TIEBHUX 3aJlay, ajie CIPaBKHIA CEeMaHTHY-
HUM omHuc, KM BUKPHUBA€E CYTHICTb Ta 0COO-
JTUBOCTI KOHTEHTY JaHUX, BUMarae BU3HAUYCH-
HS PI3HUX THUIMIB KOHTEKCTHO-3AJIC)KHUX Me-
TaJaHuX, 0 HE MOXJIUBO 03 3aCTOCYBaHHS
MPUKJIAJHUX OHTOJIOTIH aoMeHy. Lle MOXyTh
OyTH 3arajbHi NPUKIAJHI OHTOJIOTII, 110 MPHU-
3HAauYeHl JJi1 aHOTYBaHHS JOKYMEHTIB abo
BUPIIICHHS TPOOJIEM Yy JAESIKOMY MIUPOKOMY
nomeni. Hanpukman, onrtonorii Esperonto
Cultural Tour [9] ta Fund Finder mo3BositoTs
aHOTYBAaTH JIOKYMECHTH B NPUKJIQJTHHUX JIOMeE-
HaxX KyJnbTypa Ta (iHaHCYBaHHS, BiJIOBITHO.
Taki oHTOJNOTIi, SK NPaBUIO, BHU3HAYAIOThH
3arajibHi XapaKTePUCTHKHU ISl 0OpaHOi MPHUK-
JaaHo1 06sacTi. A MOXYTh OyTH OUIBII cIie-
1upivHl TPUKIAIHI OHTOJOTI, SKi JA03BOJS-
I0Th TOYHIIIC BU3HAYHTH CEMaHTHUKY JaHHX,
ajie X 3aCTOCYBaHHs y TIOBHICTIO aBTOMAaTH-
30BaHOMY pEXHMI € MPOOJIEMATUYHUM 3
OTJISIIYy Ha T€, M0 € JOCUTh CIelU(IIHUM IS
KOHKpPETHOTOo 00’€KTa JaHWX Ta 3ajJadyi, IIo
BUPIIIYETHCS.

B mizomy BCl miaxoau aHOTYBaHHS,
[0 BUKOPUCTOBYIOTh TaKi JOJIATKOBI1 JKEpe-
JIa 3HaHb, K CJIOBHUKH Ta OHTOJIOTIi, BiTHO-
CSAThCS IO TPYIU METOJIIB, IO 3aCHOBaHI Ha

OHTOJIOTISIX. A TpPOIEC CTBOPEHHS MeTajaa-
HUX 3 BUKOPUCTAHHSIM OHTOJIOTIH $IK CJIOB-
HUKIB Ha3WBAETHCS OHTOJIOTIYHHM aHOTY-
BaHHSIM.

BukopucTaHHs OHTOJIOTIM 103BOJISIE
3B’s13aTH (parMeHTH JaHuX 3 (OopMaTbHUMU
KOHIIETITAMH, M0 3a0e3redye MiATPUMKY
1HTepornepabdeIbHOCTI Ta rapaHTye aBTOMa-
TUYHI MIpKyBaHHS Ha 0a3i CTPYKTypH, sKa
JIE)KUTH B OCHOBI IIMX OHTOJIOTIH.

AHoTarii Ha OCHOBI OHTOJOTIH, 3a-
3BUYAl, MICTATh TpU TUIH 1HMOpMaIii [2]:

1) exzemnusipu konyenma TOB’A3y-
I0Th YaCTHHY JOKYMEHTa 3 OJHUM a0o JeKi-
JbKOMa KOHIenTamu B OHTOJOrii. Tak, Ha-
npukiay, «lHpopMmaris mpo peiic» mpencra-
BJISIE €K3EMILISP CYTHOCTI Petic Ta Mae iM’s
AA7615 Feb08 2003, xoua eK3eMIULIpU
KOHIICTITY HE 3aBXJIU MAIOTh 1M sl.

2) 3uauennss ampubymie TIOB’A3y-
I0Th €K3EMILISIP KOHIIENTa 3 YacTUHOK J0-
KYMEHTa, 110 € 3HAa4Y€HHSAM OJHOIro 3 HOro
atpudyTiB. Tak, «Amepuxauceki asianiHii»

MOXe  OyTu 3HAYCHHSIM  aTpuoyTy
companyName.
3)  exszemnusipu giOHOUIEeHb

3B’SI3yI0Th JIBa €K3EMIUISIPU KOHIIENTIB KOH-
KpeTHOro  noMeHy. Hanpukman, — pelic
AA7615 Feb08 2003 Ta micie3HaxoIKeH-
HA Maopuo MoxyTb OyTH 3B’si3aHl1 BIJIHO-
meHHsM departurePlace.

Crnin 3a3HauyuTH, 10 ICHYE JBa THUIH
BIIHOIIIEHh MIXK KOHIIENITAMH: 3B A3KH MIXK
KOHIIEITAMM OJIHI€] OHTOJOTIi, ab0 pi3HUX
OHTOJIOT1M, TaKUM UYHUHOM, CTBOPIOIOYU Bi-
noOpaxkeHHST MDK JDKepenamMH 3HaHb. Taki
BiJOOpa)K€HHsI € OCHOBOIO 1HTEerparii MHO-
KUHHU OHTOJIOTiH, IIO0 CTBOPIOIOTH BCEOIUHY
0a3y 3HaHb /IS CEMAaHTHYHOTO OIUCY JaHUX.
BusHaueHHs 3B'A3KIB MIX MOHATTSAMH 3 Pi3-
HUX JDKEepeNn € HaJ3BUYaiiHO KOPUCHUM IS
B3a€MO/II1 HEOJHOPIAHUX AAHUX, aJie JTOCUTh
CKJIaJIHUM 3aBraaHHsIM. CHCTEMHU aHOTYBAaHHS
MOXYTh BUKOPHUCTOBYBATH cIieliajabHi 610i-
OTEKHM CEpBICiB, IO BIAMOBIIAIOTH 3a BiIO-
OpaXeHHs OHTOJIOTiHM, IO J03BOJISIOTH BU-
KOPUCTOBYBATH BX€ OIyOJIIKOBAaHI OHTOJIO-
riuni BimoOpaxeHHs. Tak, Hampukiaza, crie-
mianpHi BeO-cepBicu NCBO [10] nHamaroTh
JOCTYI 10 MUTHHOHIB OHTOJIOTIYHHX BiJlO-
OpaxeHn, omyOmikoBanux y BioPortal. Ile
no3Boiisie  BeO-cepBicy NCBO  Awnoratop
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ABTOMATUYHO «TEryBaTH» TEKCT 3a JOMOMO-
ror TepMiHiB 3 oHTojorii BioPortal, a Be6-
cepBicy NCBO ingexkcyBaHHs pecypciB Ha-
JaBaTH JIOCTYI JIO OHTOJIOTIYHOTO 1HIEKCY
nyOniyHuX OHNalH-pecypciB nanux. Cykyr-
HICTh TaKWUX CEPBICIB, pa30M 31 CHeIiaJbHU-
mu Bimkeramu NCBO, (puc. 2) 3abe3mneuye
MOXJIMBICTh pealti3allii mporeciB Bi3yai3a-
1ii OHTONOTrIM, aHOTyBaHHsA Ta iHTerpamii
JAHUX y Tally31 O10MEeIUITUHH.

[ToBHOIIHAI OHTOJOTIT TaKOX J03BO-
JISIIOTH TIEPEBIPSATH OOMEKECHHS Ha TOMYyCTHMI
3HAYEHHS Ta X BIJHOIICHHS Yy BiAMOBIIHUX
aHoTaligX. 3HAuyeHHA eJIEeMEHTIB aHOTallii,
3a3BUYaid, € MOCWIAHHIMH Ha CK3EMILUISIPH B
OHTOJIOT1].

cepsicu

=

)

+ CTBOpeHHsA
+ 3aBaHTaXeHHA
h‘-ﬂ“ CkauvyBaHHA u

http://rest.bioontology.org

[
U

aoctyn go E>
BaHUX

[ http://bioportal.bioontology.org J

Puc. 2. Cepsicu NCBO 11 aHOTyBaHHS Ha
ocHoBi BioPortal onTomnoriit

OCHOBHI aCNIeKTH CEMAHTHYHOI'0
AHOTYBAHHHA BCJIUKHUX JAHUX

KonmenTy, mo mpeacTaBisiOTh KOH-
TEHT Oy/b-AKOi NMpUKIaaHOI 00JacTi, MOXHA
PO3IIUTH Ha JIBI OCHOBHI KaTEropii: KOHIIEI-
TH, 1[0 TPEJCTABISAIOTH MPOLECH, Ta KOHIIET-
TH, SIKI ONMUCYIOTh (i3u4HI 00 €KTH, IO
[IPUHAMAIOTh Y4acTh B LIUX IIPOLECaX.

26

Jlo OCHOBHHX KaTeropii aHOTYBaHHS
BIIHOCATHh CYTHOCTI (€K3eMIUIIpu (Bi3uuHuX
00’€KTiB), TIOJIT (€K3eMIUIIPH KOHIICTITIB, IO
MPEJCTABISIOTh TIPOIIECH) Ta BiIHOUICHHS
MK CYTHOCTSIMHU Ta/a00 TOIisIMH.

Takum 4rHOM, NMPU aHOTYBaHHI Oyib-
SIKOTO KOHTEHTY, HEOOXIJHO, TMepml 3a BCe,
BHJIUIUTH TOJI Ta CYTHOCTI, JUIsl SIKUX JOIIi-
JHHO CTBOPUTHU METaJiaHi, BUBHAYUTH IIi KOH-
1enTu ado iX arpuOyTH, a MOTIM, 1HIEKCYBATH
ix, kiacu(ikyBaTH NUIIXOM BH3HAYCHHS
3B’SI3KiB 3 OHTOJIOTI€I0 MPHKJIAIHOTO JOMEHY
Ta BU3HAUWTH 3B’SI3KM IIMX CYTHOCTEH y 0asi
JAHUX CEMaHTUYHOTO rpady.

Sk OCHOBHI acIeKTH aHOTYBaHHS MO-
»kHa BUauTH [11]:

- loemmugbixayis mexcmy. Tekcr
BUTATYETBCS 3 OyAb-KHX i1H(POpMaiHHUX
JDKEepell, B TOMY YHCI HE TeKCTOBHX — BiJI€O,
aymio, pdf — ¢aiimu Tomro.

- Po3sdinenns mexcmy Ha npoyecu
ma ¢izuuni cymuocmi. Po3nizHaBaHHS IMEHO-
BaHUX 00’ €KTIB.

- Bumszyeanns OCHOBHUX CYMHOC-
meti ma ix ioenmugixayiss (BU3HAYECHHS TUITY
CYTHOCTI, ii 3B’SI3Ky 3 BHU3HAYEHHSM IPUKIIAJ-
Horo JloMeny, Hanpuknaa, URI Ha 06’ext npu-
KJ1a1HO1 oHTOsOT1i). Ha oMy erami HeoOX11HO
3HAMTH Ta KIacH(]iKyBaTH €IEMEHTH TEKCTY 3a
TMIOTIEPEHBO BU3HAUCHUMH KaTErOpIsIMH.

- Knacugixayis ma ioenmucgpixayis
BIOHOWIEHb MIJC BUSHAYEHUMU CYMHOCMAMU,
apeymenmie GIOHOUleHb, MAa BU3HAYEHHS iX
36’A3Ki6 13 306HIWHIMU YU GHYMPIUWHIMU
SHAHHAMU OOMEH) .

- Inoekcayia ma 30epicanus ce-
MAHMU308AHUX OAHUX 8 0A3i OAHUX CeMAaH-
muuHnoeo epaga. (Yci po3mizHaHi Ta 30ara-
YeHI  MAIIMHHO-YUTAEMHUMH  METaJaHuMHU
JaHi 30epiraroTbest y 6a3i JaHUX CEMaHTHY-
HOro rpada s MOJajbIIUX MOCHUIAHb Ta
BUKOPHUCTAHHS.)

Ha puc. 3 nokaszaHo nepesnidyeHi acre-
KTU Ha MPHUKJIAJl aHOTYBaHHS TEKCTY, a caMe:
BUTATHEHHS OCHOBHUX cyTHocted (Pum Ta
PumMmchka immepisi) 3 TEKCTOBOTO (pparMeHTy,
iX imeHTHIKaIlis, BCTAHOBJICHHS 3B’SI3KIB 3
NPUKIAIHAM JOMEHOM, Ta BHU3HAYEHHS iX
MICIISl Y CEMaHTUYHOMY Tpadi.
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Pl/[l\l e nuenrpo [EEICHROMINMGEN T2 Gibi Hix

400 000 kM PEMCBKHX JIOPIT 3B’S3yIOTh

nposinuii 3 Pumom

| Pum 2
Cronunga R =
B Iramnii =
Hacenenns 2 627 M CTOJINII KoncranTunomiis,
PaBenna
mIoma 1285 km” HaceJICHHS
3acHoBaHe 753 p no PX oA
3aCHOBaHE 23 p. no PX

Puc. 3. [Ipuxnan aHOTyBaHHS TEKCTOBOTO (hparMeHTy JaHUX

MeTtonoJiorii nmpouecy ceMaHTUYHOIO
AHOTYBaHHS

[Tpouiec aHOTyBaHHA Mae Oa3zyBaTHCS
Ha HasBHOMY 3arajlbHOMY TEOPETUYHOMY
amapaTi: MeToJax MAIIMHHOTO HaBYaHHS,
CTaTUCTHUYHOTO HABYaHHS, OOPOOKH TEKCTIB
MPUPOJHBOI0 MOBOIO TolO. Pe3ynpTatu ano-
TYBaHHS BEJIMKHUX JaHUX MArOTh OyTH MpHaa-
THUMH Ta YMOKJIUBJIIOBATH BHUPILICHHS KOHK-
PETHHX MPUKIIAJTHUX 33/1a9 3 [IAMH BEITHKUMHU
JaHUMH, SK, HAMpHUKIal, CEMaHTHYHUU IO-
IIyK 4d Joctyn jao gaHux. Cam mpoliec aHo-
TyBaHHS Ma€ BUPINIYBaTH 3a7adl BUSBICHHS
Ta BUTATYBaHHS KOHIIENTIB Ta BIJHOIICHb.
3aaya aHOTYBaHHS TOJIATAE B OMUCI BU3HA-
YEHUX CYTHOCTEH Ta BIJHOIIECHH BIIMOBITHO
710 OHTOJIOTII.

VY po6ori [12] HaBeseHa 10CHUThH Baaia
3araibHa TPUPIBHEBA apXiTEKTypa Mpolecy
CEMAaHTHYHOTO aHOTYBaHHsS, IO BH3HAYAE
fioro ocHoBHi 3a1a4i (puc. 4).

AHOTYBaHHS MOXe€E 3I1HCHIOBATUCS B
pyYHOMY, aBTOMaTHYHOMY YH HaliBaBTOMa-
TUYHOMY pexumi [1].

PyuHe aHOTYBaHHS — 11€ METOJOJIOTs,
gKa TepeTBoproe iH(OpMaIliliHI pecypcu y
B3a€EMOIIOB’sI3aHI CTPYKTYPH 3HAHb MUISIXOM
JOJITaBaHHS META/IaHUX JIO JCSIKOTO PiBHS JIO-
KyMmeHTy. IIpouec pyuyHoi aHoTamii € BapTic-
HUM Ta TPYAOMICTKHUM, 1 4aCTO HE BpPaxoBYe
ICHYBaHHS PI3HHUX TOYOK 30py Ha JDKepelna
JaHUX, SKI MOXKYTh MPEACTABISATUCS PI3SHUMHU
oHToyiorisMu. Hacboroasi, 3’SBISETHCS YM-
MaJIO CIIEAJILHUX 3aCO01B UIS MOJIETIIEHHS
MPOLIECY PYYHOTO aHOTYBaHHSI.

Tak, Protégé [13] no3Bossie BUKOpHUC-
TOBYBAaTHU JIJIsl aHOTYyBaHHS oOpaHoro dpar-
MEHTY TEKCTY €K3eMIUISIPH KJIaciB OHTOJIOTIH.
[Hmmit npuknaa, BU3HAYEHHS €KBiBAJIGHTHUX
00’€KTIB y PI3HHUX MICUAX JTOKYMEHTY Yd JO-
KYMEHTIB, MUISIXOM CIHIiBBIJHOIICHHS LHUX
00’€KTIB 3 O/IHI€IO CYTHICTIO PEaIbHOTO CBITY.
Take aHOTyBaHHS €KBiBaJIEHTHOCTEH 0coOmu-
BO BO)XXJIMBE Y MEAMYHUX 3aCTOCYHKaX. Takwuii
iHCTpYyMeHT, sk Semantator [14], mo3Boisie
BU3HAYATH 1HIIUHA BaXXJIMBUH THI aHOTAIH, a
came, IIO3BOJISIE KOpUCTyBadaM OOpaTH JBa
€K3eMIUISIPH Ta CTBOPUTH BIJHOIICHHS MIX
HUMH, 200 J0JaTH iX 0 CINHUCKY KaHIHWIATiB
Ui ToOynoBH BigHOMIEHb. [licna yoro Mox-
Ha 00patu Oy/b-sKi BIACTUBOCTI 00’ €KTa OH-
TONIOTii Ta BHU3HAUUTHU 3MICT I[OTO HOBOTO
BIHOIIIEHHS.

OuyeBuaHO, 1110, KOJM MOBa e Mpo
BEJIMKI JaHl, 3aCTOCYBaHHSI METO/IB PYYHOTO
AQHOTYBAaHHS CTa€ HEMOXJIUBUM, OCKIJIbKU
poboTa ekcrepra BUMarae 0OaraTo 4acy Ta
3ycuib. AHOTaIid, m00 3a0e3meunT 1HTEeH-
CUBHI 3HaHHS, Ta JJI PO3YMIHHS KOHTEHTY,
Mae OyTH TOYHOIO, aje BOHA BOJAHOYAC MAE
OyTH MakcUMallbHO aBTOMaTH4yHOIO. ToOTo,
ieanbHUM pilleHHsM Oyno © aBTOMaTHYHE
CEMaHTHYHE aHOTYBaHHs, ajie 3ajadJa IMOBHi-
CTI0O aBTOMATHYHOTO CTBOPEHHS CEMaHTHY-
HHUX aHOTAIlli TaKOX HE Ma€ BUPIIICHHS.
HaiiepexTuBHimi CceMaHTHYHI  METajaHi,
CTBOPEHI 3a JIOIOMOT'0K0 1HCTPYMEHTIB aBTO-
MaTUYHOTO AHOTYBaHHS YU TeTyBaHHS, OY-
IYIOTbCS Ha 0asl pI3HUX QITOPUTMIB Ma-
IIMHHOTO HaBYaHHS, SIKI TOTPEOYIOTh HaBYa-
JBHUX BHOOPOK.
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[Mpuxnagnuit CeMaHTHUYHHUH JTOCTYIl, CEMAHTHYHHUH MOIIYK, MipKYBaHHS, BUTATYBaHHS JaHUX

piBEHb

A

CeMaHTHYHE aHOTV-

AHOTYBaHHS

T T

Bursaraenss BigHOLIEHD BusBieHHs KOHLIENTIB

A

PiBens anoTyBaHHs T T
Bussnenss BiIHOIIEHD
1
Teopetnunuit
piBEeHb

MainvHHe HaBYaHHS, CTATUCTUYHE HAaBYaHHS, 00p0OOKa TEKCTIB MPHUPOIHEOI0 MOBOO

Puc. 4. 3aranbpna apXiTeKTypa Imponecy CCMaHTUYIHOI'O aHOTYBAHHS

Cepen MeToAiB, IO BUKOPHUCTOBY-
IOTBCS JIUISI aBTOMATUYHOTO aHOTYBAaHHSI, MO-
JKHA BUIIINATH.

Memoou keposano2co mawunHo20 Ha-
64aHHs, O CKJIAIal0ThCA 3 ABOX €TaIliB: aHO-
TyBaHHS Ta HaB4YaHHsA. Ha erami aHOoTyBaHHS
Tpeba BHU3HAUUTU CYTHOCTI Ta CEMaHTHYHI
BIIHOIIEHHS MIX IIMMH CYTHOCTSIMHU ISl 3a-
JAHOTO KOHTEHTYy. 3ajava eTany HaB4YaHHS
MOJISITa€ 'y BUBYCHHI MOJIETI Y MOJCIICH, K1
BUKOPUCTOBYIOTBCSI Ha €Taml aHOTYyBaHHS.
JIns BUBUEHHS MOJENIe, BXIJHI JIlaHI 9acTo
PO3TISAIAIOTECS  SK  TMOCHIJOBHICTh JIEIKHX
OJIMHUIIb, HAMPHUKIIAJl, TEKCTOBUN JOKYMEHT
MOJKHa PO3TJISAaTH SK TOCIITOBHICTH CIiB
abo psanakiB Tekcty. JaHuit meTon moTpelye
PO3MIYEHHX JaHUX.

Memoo mnekeposanoco MawuHHO20
Ha84aHHs HAMAraeThCs CTBOPUTH MeETaJlaHi
0e3 po3miveHux pgaHux. [lpuw 1pomy, mis
OTpUMaHHS JaHUX 3 [HTepHETY MOXKYTh OyTH
BUKOPHUCTAaHI y3arajbHEH1 3pa3KH.

Crin 3a3Ha4YuTH, 10 B CHIIYy pi3HOMA-
HITHOCTI Ta PI3HOPIAHOCTI BEIUKUX JAHUX HE
MOJKITUBO JIOCSTTH €()EeKTUBHOTO aHOTYBaHHS
IIpY BUKOPHCTAHHI SIKOICh MEBHOI OAHIET Ka-
teropii metoaiB. JlaHi 3 pi3HUMHU XapaKTepH-
CTUKAMH BHUMArarTh PI3HUX MIIXOMIB ISt
BUpilIeHHs 3anadi. Tak, uis BeO-CTOPIHOK,
o mo0y/I0BaHI Ha OCHOBI MIAOJIOHIB Ta Te-
HEpYyIOTh JaHi 3 0a3 JaHuX, MOXYTb OyTH
e(heKTUBHUMH METOJIM Ha OCHOBI MPABUJI, aJie
BOHU € HE MPUHHSATHUMH ISl TIOBHOTEKCTO-
BUX (¢parMeHTiB maHux. [lpumymieHHs, mo
JOKYMEHTH MarTh CXOXYy CTPYKTypy a0o
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MOMIOHUM TEKCT, SAKi JOCHTb aKTHBHO BHKO-
PHUCTOBYIOTHCSl ICHYIOUMMH MiJXOJaMH Ma-
IIMHHOTO HAaBYaHHS, 3/IAl0ThCS HE peanicTu-
YHUMH, BPaXOBYIOUM T€TEPOTEeHHY IPHPOIY
BeO, Ta HE MOXYTb 3aCTOCOBYBATUCS Y BUIIa-
JIKY BEJIMKMX JaHWX Ta CY4aCHUX THITIB KOH-
TEHTIB. AHOTYBaHHS BEIMKUX JaHUX BUMArae
BUKOPUCTaHHS KOMOIHALIid  pI3HOMAaHITTS
METOJIIB Ta MIAXO/IB ISl BUPIIICHHS KOXKHOT
3 33124 aHOTYBaHHS, Ta JUHAMIYHOTO TIPUIH-
ATTS pIlIEHb IOJAO0 BUKOPUCTAHHS THX YU
IHIIIAX METOAIB Ta 3a0e3MeYeHHST MOKIUBOCTI
ix Bukopuctanus. Tak, y [12] aBropu HaBo-
JIATH Jie-sIKi METOJU Ta MOJIENI, 10 MOXYTh
BUKOPUCTOBYBATHUCS /ISl BUSIBIICHHS Ta BUTSI-
THCHHSI CYTHOCTCH Ta BIJHONICHBH MPHU aBTO-
MaTUYHOMY CEMaHTHYHOMY AaHOTYBaHHI 3a
JIOTIOMOTOFO MIXO/1B KEPOBAHOTO MAIIMHHO-
ro HaBYaHHS, a caMe: BUTATHEHHS CYyTHOCTEH
Ha OCHOBI MpaBwWi, KiIacudikaiii, TOCIHII0B-
HOTO PO3MIYEHHS JAaHUX, AIbTEPHATUBHHUX
YMOBHHUX BHUMAQJKOBUX TIOJIB, HE JIHIWHI BU-
naaKoBi moyst Mapkosa tormo. Ciif 3a3Ha4n-
TH, 110 KOYKHA 3 MepesliuyeHuX Kareropiil mic-
TUTh JOCUTh IIMPOKHHA CIEKTP METOMAIB Ta
mojenedt (puc. 5). 3 OLIbII AETaTbHUM IX
OIKICOM MOYKHA 03HailoMuTHCh y [12].
Hacporonni, HalOUIBII peaniCTHIHU-
MU (Ta BUKOPUCTOBYBAHUMHU Y Cy4aCHUX CHC-
TeMax) € MIAXOAM HaliBaBTOMAaTHYHOIO abo
3MIIIAHOTO AaHOTYBaHHS, IO KOMOIHYIOTh
MPOLIECH PYYHOI'O Ta aBTOMAaTUYHOI'O aHOTY-
BaHHs. BOHU BHUMararoTh BTpyYaHHS JIIOIUHU
Ha TIEBHUX PIBHAX MpoIleCcy. 3a3BUYai, Mpo-
[eC, IO JIETKO AaHOTY€ThCS, AHOTYETHCS
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Krnacu@ikanisa METOIIB BUTATHEHHA CYTHOCTEN 3 KOHTEHTY
NaHHX B aBTOMaTHYHOMY CEMaHTHYHOMY aHOTYBaHHi

——»| Ha OCHOBI NIpaBHUIl HABYaHHA

‘ » MCTOIH Ha OCHOBI CIIOBHHKA

METOAH IHAYKUIAHOTO 0OropTaHHA

A 4

—»{ Ha OocHOBI KIacHu(pikamii

BH3HAUEHH:A I'PaHUIL BUOOPKH HA OCHOB1 KIacH(IKaI[iiiHUX Mojeneil

Y

~»| Ha OCHOBI MOCIIIOBHOT PO3MITKH

~”| Ha OCHOBIi r€HEPAaTUBHOI MOMIEITi

Ha OCHOBI MUCKPHMIHATHBHOI MOIEIT

v

| 3 BUKOPHCTAHHAM allbTCPHATHBHHX YMOBHHX BHITAOKOBHX MOJIEi

’—b Ha OCHOBI1 HeNIHIHHHX BHIAAKOBHX monieil Mapkoea

»| TepapxiuHi mpuxoBaHi Mozer MapkoBa

‘ »| lepapxiuHi yMOBHI BUIIAKOBI IO

> y'MOBHi BHHaﬂKOBi TIOJIS 3 JIAHITKOTOM 3aJIEKHOCTEI

‘ p| MMHAMIiUHI BUNIAJKOB1 YMOBHI IOJA

h 4

He niniitai rpadivni Momemni

‘—p iHIITi MeTomH

Krnacudikailid METOMIB BUTATHEHHA BIIHOIIEHE

— »| Ha OCHOBI Knacupikarii

Y

METO/IH sIApa

—  ”| MeTomu NOCITiTOBHOI PO3MIiTKH

,| 1HII METOOH

Puc. 5. Kareropii MeToaiB aHOTYBaHHS
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aBTOMAaTUYHO, aje ICHYIOTh JAEsSKi CKIaJHI
KOHTEHTH, JI€ BTPYUYaHHS JIIOJAUHU € HEOOXia-
HUM Ui HaJaHHsS OUIBII 3MICTOBHOI aHOTAa-
mii. [{s kaTeropisi CUCTEM aHOTYBaHHS BHUPi3-
HSETBCS APXITEKTYpPOI, METOJIaMH Ta 3aco-
OamMu BUTATHEHHs iHopwmarii, obcaramu
PYYHOI Tpari, IpOXYKTHBHICTIO, OpraHi3alli-
€0 30epirands tomo. [Ipuknamamu iHCTPY-
MEHTIB HAIBaBTOMATUYHOTO AHOTYBaHHS €
GATE [15], NCBO anotatop ta ¢cTAKES
[16]. NCBO anorarop ta cTAKES Buxopuc-
TOBYIOTh  HAIliBaBTOMAaTHMYHE aHOTYBaHHS
J0JJaTKOBO 710 Semantator.

®okycoMm maHoi poOOTH € BHKOPHC-
TaHHsSI OHTOJIOTIN JJIA PI3HMX MIIXOJIB, €Ta-
B Ta KaTeropiil mpoiecy aHOTyBaHHs, X04a
MOJIeJli CEeMaHTUYHOTO aHOTYBaHHS BKIIIOYA-
I0Th # mIpocTimi popmH.

3aco0u aHOTYBAaHHI HAa OCHOBI
OHTOJIOTiH. BijbIIiCTh IHCTPYMEHTIB aHOTY-
BaHHS (QHOTATOPIB) Ha OCHOBI OHTOJIOTIH
3’SIBUJIMCh Pa30M 3 BUHUKHEHHSM CEMaHTH4-
HOTO BeOy.

Meroro ix po3poOku Oyso 3a0e3neyueH-
HSl BCTaBKU PO3MITKM Ha OCHOBI OHTOJIOTIH JI0
BeO CTOPIHOK Ta MOAAIBIIOI ii MIATPUMKH.
AHoOTaTOpH, Crioyatky, OynaH 3ajyMaHi SK 3a-
COOM JUTs TIOJIETIICHHS TIPOIIECY PYYHOTO aHO-
TYyBaHHS, TOOTO PYYHOTO JIOJIaBaHHS aHOTAIIii
Ha BeO CTOpIHKHU. 3r0I0M OUTBIIICTh 3 HUX TI€-
PETBOPWIIMCS Ha OUIbII TMOBHOLIHHE Cepeo-
BUILIE, SIKE BUKOPHCTOBYE METOAM BHJIYYEHHS
iHpopmanii (IE) Ta MammHHOrO HaBYaHHS
(ML) nns 3a0e3nedeHHss HaliBaBTOMaTHYHO-
ro MpoLecy aHOTYBaHHS JOKYMEHTIB. Aje
3aco0u, M0 TOJIETTITYIOTH TPOIEC PYyYHOTO
BU3HAYCHHS aHOTAIlil, TAKOK HE BTPA4alOTh
CBOET aKTYaJIbHOCTI.

Tak, OntoMat-Annotizer [17, 18] Ta
SHOE Knowledge Annotator [19] € mpukna-
JaM{d JIOCUTh UIIMPOKO BHUKOPHUCTOBYBaHHMX
IHCTpYMEHTIB PY4YHOTO AQHOTYBaHHSI.
OntoMat-Annotizer — posmmuproBanuii Java
3aCTOCYHOK, SIKMH JIO3BOJISIE CTBOPIOBATH
OWL anorauii. Bin Bkitouae Opaysep OHTO-
JIoTi1 JUTSL OCHIMHKEHH KOHIENTIB Ta €K3EM-
msipiB ontosiorii Ta HTML Gpayzep ans Bi-
noOpaxeHHsI JOKYMEHTIB Ta iX aHOTOBaHUX
YaCTHH.
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Jlo3BoJIsi€ TIEpETATYBATH YaCTUHU Te-
KCTY JI0 aHOTAIIi|, 10 CTBOPIOIOTHCS. Kopuc-
TyBa4 MOXE BH3HAYATH €K3EMIUISIPU KOHIICTI-
TiB, 3 aTpubyTaMH Ta eK3eMIUIIpaMu
3B’s3kiB. OntoMat-Annotizer 3aBaHTaXye
OWL onrouorii.

AHoOTaI1ii, CTBOpEHi 3a WOro J0IOMO-
roro, 36epirarorbcst B OWL sik okpemi daiiau
abo sk BOymoBaHi B anotoBani HTML noky-
MEHTH Ta MOXYTh BHUKOPHUCTOBYBATHUCS IIHU-
POKHUM CIIEKTPOM 3aCTOCYHKIB.

SHOE Knowledge Annotator npu3sna-
YeHUH U CTBOPEHHS PYYHHX aHOTAalii B
HTML cropinkax 3a [0HOMOIOI MOBH
SHOE. CtBopeni aHoTalii MOXyTh HOCHJIA-
THCS Ha KOHIIEIITH Ta BiIHOIIIEHHS OJIHIET a00
JIEKUIBKOX OHTOJIOTIH, IO pealli3oBaHl B
SHOE. Ane mpoliec aHOTyBaHHs, 1110 3a0e3-
MEYYEThCS MEpeNiYeHUMH 3ac00aMu, € TOB-
HICTIO PYYHHUM, 1 TOMY BUKOPHUCTAHHS HaBe-
JCHUX 1HCTPYMEHTIB IS aHOTYBAHHS BEJH-
KHX JIAaHUX HE € JOIITHbHIM.

Binbmn po3BHHEHUM € IUIATiH-BKIJIAIKA
penaktopa onronoriii Protege ONTO-H, o
no3Bossie ctBoproBatu aHotauii RTF moky-
MeHTiB. JlaHuil muiarid iHTerpoBaHui 10 pe-
naktopa Protege Ta Mae MOXJIHMBICTh BUKOPH-
CTOBYBaTH 0Oarato HOro BIACTHUBOCTEH, Ha-
npukian, opaysep onrtojorid. OkpiM (yHK-
i pydHoro aHotyBaHHs (drag&drop), na-
HUN pefakTop 3abe3nedye MOKIUBICTH aHO-
TYBaHHS YaCTHH TEKCTY 3a JIOMIOMOTOI0 PO3-
Mi3HABaHHS IMEHOBAHMX CYTHOCTEH, aHOTa-
1[I, SIK1 B)K€ ICHYIOTh 3 TUMH CAaMHMH IMEHa-
MH a00 IMEHaMH-CHHOHIMAaMH 1 T. 1., TOOTO
HAaJa€ MOXKIIMBICTh «KEPOBAHOTO», a HE MOB-
HICTIO PYYHOTO aHOTYBaHHSI.

PozmuproBanuit Java-zacTocyHok
MnM [20] inTerpye BeO-Opay3ep i meperis-
Jlad OHTOJIOTII Ta MPU3HAYCHHUHA K I Pyd-
HOTO, TaK W JUIsl HAITIBABTOMATUIHOTO Ta aB-
TOMAaTHYHOTO aHOTYBaHHSA. BiH Mae MOXIH-
BICTh 3aBaHTa)XyBAaTH OHTOJIOTII, sIKi 30epi-
raiotbcs Ha cepsepi WebOnto abo y daiinax,
ado B URL-agpecax Ha Oyab-skiii MOBIi
ornronoriit: RDF (S), OWL ta OCML. Ano-
Tamii, fKi CTBOpPEHI 3a JOMOMOTOI IIHOTO
IHCTPYMEHTY, MO>KHAa BHUKOPHUCTOBYBATH JJISI
3allOBHEHHSI  ICHYFOUMX  OHTOJIOTiM  abo
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MpUETHAHHS [0 ICHYIOYOTO JIOKyMEHTa (B
XML dopmarti, ae Ter-imeHa — Ii¢ Ha3BU
KOHIICTITIB, X aTpUOYTIB Ta 3B’SI3KiB).

Jliss  aBTOMAaTHYHOTO ~ aHOTYBaHHS
MnM BUKOPUCTOBYE MEXaHI3MH BUTATHEHHS
JAHUX ISl BUSIBIIGHHS B JJOKYMEHTI €K3eMII-
nsapiB koHuenTiB. L{i MexaHi3MH HaBYaJIbHU-
MU Ha HaboOpax aHOTOBaHUX TEKCTOBUX abo
html-gokymenTiB, Ta rOTOBHii, HATPEHOBAHUI
MOJyJIb T€HEpy€e MpaBuia JJisl BUTATHEHHS
iHpopManii 3 IHIKX JOKYMEHTIB, BUSBICHHS
€K3EeMIUIAPIB KOHIIETITIB, 3HaYEeHb aTpUOYTIB,
ex3eMIuIIpiB 3B’s3kiB. lloTiM KopucTyBaui
MOXYTh, 3a HEOOXIJHOCTI, BiIpemaryBaTu
aHoTallli, 110 aBTOMaTHYHO JOJIaHi MOJYyJIEM.
MnM 306epirae ek3eMIUISIpH B pi3HUX dopma-
tax (OCML, RDF, OWL, XML), a anoTartii,
[0 HUM TEHEPYIOThCS, MOXYTh BUKOPHCTO-
BYBATHUCS B PI3HUX CEPEIOBUILAX.

3acrocynok UBOT AeroSWARM
[21], mo po3poGuennmii sik wactmaa UBOT
(UML Based Ontology Toolset) mpoekra,
aBTomMatnyHO renepye RDF anotamii 3 Tekc-
TOBUX JNOKyMeHTiB. AHoTtatop AeroSWARM
JOCTYIHHUM B ABOX Bepcisix: K BeO-popma Ta
K OKpeMHUH 3aCTOCYHOK. Y BeO-Bepcii Kopu-
CTyBau BiJcCWJIae TEKCTOBMM  aitn, a
AeroSWARM mnoseprae RDF anoramii ans
IIOTO TEKCTY, SIKI CTBOPIOIOTHCSI BIJMOBIIHO
10 OWL Bepciii OpenCyc [22], SUMO [23]
ta AeroSWARM. ®yHKIis aBTOMaTHYHOTO
aHotyBaHH AeroSWARM minrpumyerscst
cucreMoro oOMiHy Tekcty AeroText, sika aHa-
J3y€ TECT MPUPOAHBOIO MOBOIO Ta BUTATYE 3
HBOT'O €JIEMEHTH, SIKi BiAIOBIJAIOTh OHTOJIOTI,
[0 BUKOPUCTOBYEThCS. [IpaBuiia BUTATHEHHS,
SIKI BUKOPUCTOBYIOTHCS 32 3aMOBUYECHHSIM CHC-
temoto AeroText, MOXyTb OyTH 3MIHEHHMH.
AeroSWARM renepye ex3eMIUIsipu TOHSTh
(BacHi IMEHHUKH, 3arajibHi IMEHHUKHU, KUTb-
KICHI 3HaYE€HHS BAJIOT TOIIO), 3HAYEHHS aTpH-
OyTIB Ta €K3eMIUIIpH BJIACTHBOCTEH (Hampu-
KIaa, ocoba HAJIeXKHUTh OpraHizailii TOIIO).
Ockinbkn AeroSWARM 3abesmnedye aHorarrii
B RDF ¢opmari, BOHH MOXYTh BUKOPHCTOBY-
BaTUCh OYIb-SIKMM IHCTPYMEHTOM, IO MiAT-
pumye RDF. Takum umnom, AeroSWARM
MO’K€ BUKOPHCTOBYBATHCS SIK CEPBIC aBTOMa-
TAYHOTO aHOTYBaHHA il 3a0e3nedeHHs RDF
aHOTAaIlIl B OH-JIAMH PEKHUMI.

BucHoBkH

[IpoBeaeni mocmiykeHHs Oymu crops-
MOBaH1 Ha BUSIBJICHHS 3araJIbHUX XapaKTepH-
CTHK SIK CaMHX BEJIMKHUX JaHHUX, TaK 1 Mpole-
ciB ix cemanTtuzauii. lle 703BoNMIO BU3HAUU-
TH Yy3araJibHEHy KJIAacHU(iKallil0o METaJIaHuX
BEJIMKHUX JIaHWX, IO €, HAChOTOIHI, HaWIO-
[IMPEHIIIUM 1HCTPYMEHTOM BHM3HAYCHHS Ce-
MaHTUYHHUX ONHCIB BEJIMKHUX JAHUX, TA OCHO-
BHI aCIIEKTH Ta KaTeropii npoiiecy aHOTyBaH-
HS 1711 KOHTEHTY BEJIMKUX JaHUX B3araini, He
IPUB’SI3YIOUUCh JI0 Crelu(}iKH KOHKPETHUX
TuniB 4 ¢opmatiB. OHTOJIOrIT € TOTYKHUM
Ta epeKTUBHUM 3acoOoMm cemanTtm3anii. To-
My, IIpH BH3HAUY€HI OCHOBHHX aCIIEKTIB MPO-
[IECY aHOTYBaHHS 32 OCHOBY INPHIMAaIOTHCS
OHTOJIOTi4HI migxoau. EQeKTUBHICTD BHKO-
pHCTaHHS OHTOJIOTii OOYMOBIIOETHCS HE
Jume iX pPO3BUHEHWMH BJIACTUBOCTSIMH Ce-
MaHTHUYHOTO OIUCY MPHUKIATHOTO OMEHA, a
W MOKJIMBOCTSIMH, SKi HAaJalOTh OHTOJIOTIYHI
MOBH Ta BIJNOBIAHMI amapaT MipKyBaHHS
[I0JI0 BCTAHOBJICHHS MOAIOHOCTI CYTHOCTEH,
€K3eMILISIPiB, BUZHAYEHHSI CTYMEHs 1X BLAINO-
BIJIHOCTI, Kjacuikali CyTHOCTEH Ta BiJIHO-
[IEHb KOHTEHTA BIAMOBIAHO 10 TaKCOHOMII
OHTOJIOTIT TOIOo. MeTo0JIoTisl aHOTYBaHHS
000B’sI3KOBO MOBHHHA 0a3yBaTUCS Ha ICHYIO-
YoMy TEOPETHYHOMY araparti, OXOIUIIOBAaTH
BUpILLICHHS 3a7ay aHOTYBAaHHS KOHTEHTY Ta
BU3HAYEHHS CEMAaHTUYHUX aHOTAIil, 110, B
CBOIO 4epry, 3abe3nedyBaTUMe pO3B’sI3yBaH-
HSl TIPUKJIAIHUX 337ad 3 JaHUM KOHTEHTOM,
K, HANPHUKIJIAJ, CEMaHTHYHUIN TOIIYK, BUTS-
TYBaHHS JaHUX, MipKyBaHHs Touo. Jloci-
JOKEHHSI ICHYIOUMX TIAXOMIIB JO03BOJIMB BU-
3HAYUTH OCHOBHI IPYIU METOJIB (TEOpeTHY-
HOTO arapary), U0 € HalOuIbI eeKTHBHU-
MH CBOTOJIHI, Ta MpOAHAJi3yBaTH HAasBHI Ta
BUKOPHCTOBYBaHI 3aco0M Ui PY4YHOIO Ta
aBTOMAaTHUYHOT'O CTBOPEHHS aHOTAalliH.
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O.11. >Keocepyn, M.C. Penkin

KJIACU®PIKAIIMHA CUCTEMA 3 IIIIBOPY TEPCOHATY,
BA30OBAHA HA AHAJIIBATOPI YKPAITHCBKOI MOBH

VY crarTi po3rnsaaeThes KIacudikalliiina cucremax, sika 0a3yeTbcs Ha aHaJi3i MPUPOIHBOI MOBH. B Garatbox
TaKAX CHCTEMaX BUKOPHUCTOBYIOTHCS HEHPOHHI MEpexi, MPOTe BOHM MOTPeOYIOTh JaHUX 7S HABUaHHSA, SKi HE
3aBKIHM HasgBHI. ABTOPH NPOIOHYIOTh BUKOPHUCTAHHS OHTOJIOTIH B IMOAIOHMX CHCTEMaxX aHAi3y HMPUPOIHBOI
MoBH. B sxocTi npukiany npeacraBieHo kiacudikaliiiHy cucTeMy, ska Jjornomarae c()opMyBaTH CITUCOK Haii-
Kpamux KaHJuIaTiB mix 9ac migdopy nepconany. [IpeacTaBieHo oris METO/IiB MOOYIOBH OHTOJIOTIN Ta MOB-
HHUX aHaJIi3aTOPiB, JOPEUHHX JUI Kiacu(iKaliiHUX CHCTEM, 1 MoOyJOBaHO CHCTEMY Yy BHIJISAI 0a3M 3HaHb.
3nilficHeHa MiITPUMKa yKpaiHCHKOI Ta aHTJIHChKOI MOB y KilacudikaniiHiil cucremi. Onucani MOKIIMBOCTI po-
3IIMPEHHS CUCTEMH.

Kurowogi crnoBa: knacudikaniiina cucrema, 0a3a 3HaHb, OHTOJIOTIS, Protégé, aHai3 mpupoaHbOT MOBH, aHali3

YKpaiHChKO1 MOBH.

Beryn

Crorofni y cBiTi po3poOKu mporpam-
HOro 3a0e3medeHHs Ta Oi3HECYy 3pocTae
TEHJICHIIis 13 3MEHILEHHS MPHUCYTHOCTI JIO-
JIUHU y TIOBCAKICHHUX 3aBJaHHAX, 0COOJIH-
BO II€ CTOCYETHCS 3aBJIaHh MOHOTOHHUX 200
JIeTKO anroputMizoBanux. OgHa 3 MPUYUH
i€l TeHIeHIil — 3HAYHUHU 3picT 00cATy po-
01T Takoro TUIlY, SIKi JIOJIM 00pOOUTH cTae
Bce Baxkue. PazoM i3 Takoio mpoOiemMoro
MpOrpec MPUHOCUTH 1 YaCTKOBI BUPIIICHHS
y BUIJISAI 3pOCTaHHS OOYMCIIOBAIBHOI
MOTYKHOCTI CydacHUX Komm 'toTepiB. lle
Ja€e 1HXeHepaM MOXKIUBOCTI BUKOPHUCTAHHS
TaKuX aJrOpUTMIB, $KI BUKOHYBATUMYTh
MOHOTOHHI 3aBJIaHHs 32 po3yMHuil uac [1].

VYV xoni miei pobotH, sKka € MPOJOB-
xeHHsM cTatTi «Knacudikamiitna cucrema 3
nigoopy nepconany» [2], Oyno po3risHyTO
OJIHE 3 TAaKUX 3aBJaHb Ta 3aMpPONOHOBAHO
Meton #oro BupimenHs. lle 3aBgaHHA
BUOOPY KaHAUAATIB CEPENl BEIUKOTO CIIUCKY
MPETEHICHTIB Ha OJHY 3 MOcaJl Y KOMMaHii.
[MogusT pexpyTepu MeperisgalTh IECATKU
YU COTHI pe3ioMe Ta OOUparoTh HaNO1IbII
peneBaHTHI. EQEKTUBHICTh TaKOro MOUIyKY
HE € BHCOKOIO, TOMY OyJI0 BHPIIICHO aBTO-
MaTH3yBaTU caMme Ied mporec. K OCHOBY
cuctemMu Oys0 MOOYJOBAaHO OHTOJIOTIIO, SKa
OTIMCYE 1€papXil0 Ta BITHONICHHS HAaBUYOK,
HaBYAJIBHUX 3aKJaAiB Ta KOMIAHINA s
HaO1IpII €()EKTUBHOTO Ta OOTPYHTOBAHOTO
BUOOpPY KaHIUIATiB.

Ownrousorii 15 modyaoBu 0a3 3HaAHb,
3aco0u peaJizauil Ta 3aCTOCYBaHHA

[TousaTrTa oHTONOrII 3’ABHIOCH LIE 3a
JaciB aHTHUYHOCTI, OLIbIIe HIXK 1Bl THCAYI
POKIB JIO TMOsIBH iH()OpPMAIiHHUX TEXHOJIOTIMH.
Y Ti 4acW TOHATTSA OHTOJOTII 3’SBHJIOCH Yy
Mexax Qirocopcbkoi Hayku. OHTOJNOTISA Y
¢inocodii — 11e BUEHHS NMpPO OYTTSH, Yy SIKOMY
3’COBYIOThCSI  (yHIAMEHTaJIbHI MPOOJIeMHU
icHyBaHH [3].

B imxenepii “OHTONOTIYHI” METOAM
3a3BUYail 3aCTOCOBYIOTbCA Ul [OOYAOBU
Mojeneit mpoueciB. [HxeHepHa Mozenb Mpo-
necy 1 € onroisoriero. TouHimme, OHTOJOTIE
OIuCye 110 Mozenb. Taki onucu Mojenei €
dhopmanbHIMU, TOOTO 3pO0JIEH] CHeIiaTbHOI0
JUIS [bOTO MOBOIO, KOHCTPYKIIT SIKOT 3aBXKIH
IHTEPIPETYIOThCA TOYHO Ta OJHO3HauHO. Lle
JI03BOJIsIE, HANIPUKJIIAJA, MEPEBIPUTH YU HE ic-
HY€ B [[bOMY IPOIIEC JOTTYHUX TpoTupid [4].
Jlnst 3pydHOi mo0Oy10BU HEOOX1AHOT OHTOJIOTIT
Oyno obpano iHcTpymeHT Protégé. Lleit noma-
TOK HaJla€ 3pydyHU 1HTepdelc Ta MICTUTH B
co0i 6araTo JIOMOMIKHOTO IHCTPYMEHTapilo:
30epexeHHsT TOOY0BaHOI OHTOJIOTIT y BOCH-
MU pi3HUX (opmarax, BiCIM HalmomysspHi-
IIMX pI30OHEPIB Ta aBTOMAaTHYHA TeHEepallis
Java xomy Ha OCHOB1 OHTOJIOTTI.

Jnss moOymoBU OHTOJIOTII  cHcTEMa
Protégé onepye HaCTymHUMU MOHATTSAMHU:

- Class — ronoBHwuit exeMeHT Oyib-
SIKOT OHTOJIOTII. 32 1X TOTIOMOTOI0 OTMHCYEThCS
lepapxis mpeaMeTHOI 001acTi.

© O.I1. XKexepyn, M.C. Penkin, 2020
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- Individual — ex3emruisip kiacy.

- Data property — BmacTUBOCTI
KJIaciB. 3a3BUYall € MPOCTUMHU TUIIAMU JTAHHX,
HaIpuKIa[ integer/string.

- Object property — 3B’s13ku Kia-
CiB MiX c000Io0.

OpHuUM 3 HEOOXiIHUX IHCTPYMEHTIB,
skl Hagae Protégé, e pizonep. Lle mporpam-
HUH 3aCTOCYHOK, SIKHH aHAJI3ye MOOyI0BaHY
iepapxito Ta 3B’SA3KKM MK ii cermeHTamu. Bin
€ yHIBepCaJlbHUM, TOMY He 000B’A3KOBO Oy-
IyBaTH BIIACHHWH PI30HEP IIiJl CBOK OHTOJIO-
rito. I[Ipote, sxmio 3aganoro QyHKIIOHATY Ta
TOYHOCTI HE BUCTaya€, TO, 3BUYAWHO, JIOBE-
JEThCSI JIOMUCYBATH CBOi MOJYJI1 JI0 ICHYIOUO-
ro pimenns [5]. Och iX Cnucok:

- ELK

- FaCT

- HermiT

- Mastro DL-Lite Reasoner

- Ontop

- Pellet

- Pellet(Incremental)

- Jeel

AJIropuT™MH 00poOKHU
Ta aHAJI3Y TEKCTY

1. Creminr. B indopmaniitnomy mno-
IIYKY TaKUW aNTOPUTM SIK CTEMIHT BiJJOMHIA
nyke naBHO. BiH € 623010 /yIs 11i€T TUIKU TIpo-
rpamHoi iHxkeHepii. Lleit anroputm no3Bossie
3HAaXOAWTH OCHOBY CJIOBA, NMPH I[LOMY BOHA
MOKe He 30iraTucs 3 KOPEHEM CJOoBa, TOMY
el alropuT™m € eBpuctukor. [IpoTe BiH €
OCHOBHUM anroputMoMm kommanii Google.
Mopdornoris Ha OCHOBI CTEMIHTY Ma€ ACKiIb-
Ka mepeBar. Hanpukiana, 3aBIsSKd 3MEHIICH-
HI0O 00csry iHQopMarlii 3pocTae MIBUIKICTH
aHanizy. HalrosjoBHimow nepeBaror LbOTO
ITOPUTMY € TOU (akKT, 110 HABITh 3a BIACYT-
HOCTI CJIOBHHMKa OCHOB CIIiIB MH OTPHUMYEMO
MopdoJoriuny 6a3y HEOOMEKEHOT0 po3Mipy.
IIpu uboMy MopdoJoris HIKOIM HE CKaxe,
1110 TAaKOTO CJIOBA HEMAE y CIIOBHUKY [6].

Cepen HEOIIKIB — HEBUCOKA TOYHICTh
METOJIy Ta HEMOXJIHBICTh CHHTE3y Ha 0a3i
0e3 ocHOB. be3 ocHOBH MU HE 3MOXKEMO 3pO-
3YMITH 9H € CIIOBO JIi€l0, Ky HEOOXITHO BH-
KOHATH HaJ IEBHUM 00 ’€KTOM, YU I€ 00’ €KT
miel mii 1 T. [

Y pesyapTaTax poOOTH aITOPUTMY
CTeMIHTy MU 0a4MMo, M0 y BCIX BHIMaJKax

MPOCTO BIAKUAAETHCSA 3aKiHUYEGHHS CJIOBa: B
AHTIICHKIM MOB1 3aKiHUCHHS, IO XapaKTe-
pu3ye MHOXUHY 00’€KTy — “S”, I€CIOBO B
MUHYJIOMY 4aci — “ed”. JIJis KOpeKkTHOi pobo-
TH alNTOPUTMY Tpeba OHOBIIOBATH CITMCOK
TaKMX 3aKiHYEHb B 3QJICKHOCTI BiJ] MOBH, SIKY

BH aHATI3yeETe.

2. Jlemarusanis. Sk 3a3Ha4yeHo BHUIILE,
CTEMIHT — I KUT, Ha IKOMY CTOiTh 1H(pOpMa-
nidHui momryk. Jlemarmsamiss — 1e JIpyrui
kuT. Lleli anropuT™M CXOXXM Ha CTEMIHT 3a
CBOEI0 METOI0, fIKa TMOJISITae y 3MEHIICHHI
KUIBKOCT1 1H(opMarllii Ta mpuBeACHHS 10 OJI-
Hiel ocHoBU [7]. Ha BigmiHy Bif cTeMiHTry,
KM HE TapaHTye, M0 Pe3yJIbTaTOM HOTro
poboTr Oyne KOpiHBb CJIOBa, JIEMAaTHU3AIlisd
rapaHTye BHOKPEMJICHHS KOPEHsI, a0 TpaHC-
dopmartiro cimoBa 10 kopeHs. s poGotu
IBOTO METOJy HEJOCTAaTHHO 30epiraT 3aKiH-
YEeHHsI Ta MPHUCTABKHU CIiB y BHOpaHiii MOBI.
Lle#i anropuT™M BHMarae 30€peKCHHS BCHOIO
CJIOBHMKA MOBH, TOMY IO, HAIpPUKIAMI, IO
CIIIB Y MHOXHHI MOX€ HEe TUIbKH J10J1aBaTUCh
BIAIIOBiAHE 3aKIHYEHHS, a IIE MMOBHICTIO 3Mi-
HIOBATHCH CI0BO. Te€X camMe MO)KHA CKa3aTu
PO JIIECTIOBA Y PI3HMX Yacax.

3. POS-tagging (Part Of Speech
tagging) — anroput™m kiacudikaiii ciuiB 3a
YaCTUHAMH MOBH, SIKH TaKOX € OCHOBHHM
anropuT™MoM 1H(popmariitHoro nomyky. Cam
o co01 aJropUTM € HU3BKOTO PiBHA, 3a JI0-
IIOMOT'0I0 SIKOTO MOYKHa MOOYyIyBaTH CBOIO
MOITYKOBY CHUCTEMY. AJITOPHTM HE Mae€ TeB-
HOI MOCIIJIOBHOCTI i, akKe B KOXKHIH MOBI
ICHYIOTh CBOi mpaBuia Mop¢oJIorii, ajge Haii-
yacTilia IMIJIEMEHTAIS — 1€ BHOKPEMJICHHS
3aKiHUEHHS CJIOBA, MOTo aHaii3 1 kiacudika-
11ist Bchoro ciosa [8].

TakoX BUKOPHCTOBYETHCS aHAII3 IO-
PAZAKY CIIIB JUIsE MOB 13 (hJiIKCOBAaHUM HOPSIIKOM
y pedeHHi. Y poOOTi BUKOPUCTAHO 010110TEKy
nltk nns anrmiiickeoi Ta pullenti gns ykpain-
CbKOI, SKI KJIacU(IKyIOTb HACTYNHI THIIH
CIiB:

- CC — koopauHYOUi CIIOTYIHUKH

- DT — xomu, kpanxu. ..

- FW — iHo3emHe cnoBo

- JJ — npUKMEeTHUK

- JR — nopiBHsIBbHA GopMa MPHUK-
METHUKa

- JJS — Buma nopiBHsIbHA opMa

- NN - iMmeHHUK
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- VB — niecnoBo (iH}iHITHB)

- VBD - niecioBo B MUHYJIOMY
qaci

- Ta iHIII...

Orasin no0y10BaHOI OHTOJIOTIL

OmnTororis, ska Oyma moOynoBaHa y
penakrtopi Protégé mokaszana Ha puc. 1.

v
Career
Company
> Resume
A Skill
b 4 MachinelLearning
v Model
Classification
Clusterisation
Library
Math
v WebProgramming
> Framework
> Language
v Technology
v BackendTechnology
v Database
NonRelational
Relational
FrontendTechnology
University

Puc. 1. IToGynoBaHa oHTOMNOT IS

Jlani onumieMo TUTBKHM OCHOBHI KJIacH
OHTOJIOT1].

Career. Kiiac BUKOPHCTOBYETHCS IS
OMHCY BaKaHCi B KOMMaHIl Ta € MiAKIacOM
rojoBHoro kiuacy “Thing”, To6TO € Kiacom
HaWBUIIOrO piBHSA B Wi oHTosorii. Mae
object property “requireSkill”, mo ommucye
HEeOOXIIHI HaBUUKHU A mocaad. Ta Mae Taki
data properties: “career id”, “career name”.

Resume. € aGcTpakTHUM KjlacoM Ta
30epirae JaHi Ipo KOPUCTYBauiB, K1 JIMIIUIN
CBO1 pe3toMe Ha oOpaHy BakaHCil0. Mae Ha-
crynHi data properties: “resume id” — yHika-
JTpHUN HOMep pestome, “resume_file name” —
nuiax, nae 30epexkeHo Qaitnm i3 pestome,
“resume_link” — Bci moxsMkaHHs B (aiinl 3
pestome, “candidate terms” — yci MOXJIHBI
TEPMIHH, SIK1 3yCTPIIUCH B pe3IOME, ajie¢ BOHU
11e He HasBHI B 0a3i 3HaHb, 11100 agMiHICTpa-
TOp 3MIT 3aHECTH iX B OJMH 3 KJIACiB OHTOJIO-
rii. Mae object property — “resumeHasSkill”,
o 30epirae mocuaaHHsS Ha BCl HaBHYKH, 11O
OyJI10 3HaliaeHO Y dailii 3 pe3rome.
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Company. B npomy kiaci 30epira-
to1hest yei [T kommanii 3a 2020 pik . Mae Ha-
crynHi data property — “company id” — yHi-
KaJIbHW HOMEp KOMIIaHii, “‘company name”
— Ha3Ba KOMIMaHil.

University. B mieomy kiaci 3i0pani Bci
yHiBepcuteTH Ykpainu . Mae data property —
“university 1d” — yHikaJIpbHHI HOMEp YHIBEPCH-
TeTy, “university name” — Ha3Ba YHIBEpPCHUTETY.

Skill. € abcTpakTHHM KJTacoM, BiH BH-
3Ha4a€ MOXKIIMBOCTI KOPHCTYBauiB Ta HEOO-
X17THI HABUYKH JJIs 3100yTTsS BU3HAYEHOI PO-
O6otu. Mae mHactynHi data properties —
“skill 1d” BH3HAYAa€ YHIKAJILHUA HOMED
HaBuuky Ta “skill name” — iM’s1 HABUYKH, 1110
Oy/ie IOKa3yBaTUCh KOPHCTYBayvy.

OrJs11 po3po0JieHOro aHa i3aTopa
TeKCTa

[ToOynoBanuii  aHamizaTop  TEKCTa
npaitoe 3 daitnamu y popmatu “PDF”. Konu
KaHAMJAT HAJCHUJIA€ CBOE pE3IOME, CHUCTeMa
30epirae WOro Ha JUCK B JMPEKTOPIIO, sKa
BIJINIOBiTae 0OpaHiii KaHIUAATOM BaKaHCIi.
[Ticns mporo anamizatop MOYMHAE CBOKO PO-
6oty. Ham OymyTh OmMHMCaHI OCHOBHI eTanu
po6OTH aHami3aToOpa 3 NPUKJIIAJIaMHU.

Eran 1. [Ipuiiearrsa pesrome ta momne-
penHs ob6poOka (puc. 2).

Ile#i eram mependayae BUKOHAHHS Ha-
CTYIHMX KPOKIB.

1. Binkpurrs ¢aiiny.

2. BwupmaneHHs BCiX HECYTTEBHX CH-
MBOJIIB, SKI He MIcTATh 1H(opmanuii. Hampu-
Ki1ag, cepen HUX € “\n”, “\r”, “|” Ta iHmi.

3. Tlomyk Ta BHIajdeHHS B TEKCTI
BCIX aJipec eJIEKTPOHHOI MOIITH Ta TeiedoH-
HUX HOMEpIB yKpaiHcbkoro crangapty. Ilo-
IIYK 3IIHCHIOETBCS 3a JOMOMOTOIO PEryIsip-
HUX BUpa3iB. Bce, 3HaxoauTbCs HA ILOMY
eTami, 30epiraeTbCs B OHTOJIOTIi B KJaci
“Resume” B data property “resume link” ta
“resume_email”.

4. TlepeBeneHHS TEKCTY IO HUXKHBO-
T'O PEericTpy.

5. Bunmanenus “crom ciiB”, AKi He
MicTATh 1Hpopmanii. CHucok HHUX CIiB
Oyno B3sTO 3 Oi0mioTeku “get stop words”
(puc. 3).

[Ticnss BHUKOHAHHS YCIX 3a3HauEHHUX
KpOKIB TIEPIIOr0 €Tamy HaJaiClIaHe pe3toMe
Mae BUrisg (puc. 4).
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Makcum PenkiH

ryepkin.maksym98@gmail.com | https://github.com/maxflexx

HaBuuku

- Python, C++

- 3HaHHs 6a3oBux anroputMie komn'totepHoro 3ipy(Canny edge detection, contour
curvature, segmentation, boundary tracing, erosion)

- INiniiHa anre6pa

- Teopis MOBIpHOCTEN

- ANropuTMu Ta CTPYKTYpU AaHuX

- PO3yMiHHS anropuTmis MalUMHHOIO HaBYaHHSA

BnacHi npoekTu

B pamkax kypcosoi po6otu 6yno po3pobneHo cuctemy 3anucy Ha BUGIpKOBI AucuMnnitm 3a
ponomorot TexHonorii Laravel ta HTML.|

https://github.com/maxflexx/kursova_php

PeanisyBaB anroputm, sikuit lonomarae 3HaxoauTy CX0Xi KapTUHKU(OAQHAKOBI, KAPTUHKM 3
[oaaTkoBuMK edpekTaMu, oAHaKoBi 06'€KTU 3 IHLLMX KyTiB), BUKOPUCTOBYIOYM SSim/

https://github.com/maxflexx/image-similarity

Puc. 2. Tlpuknazn HagiciaHOTO pe3oMe

stop_words_uk = {set} <class 'set'>: <Too big to print. Len: 385>
o1 5085489000 = {str} 'uiei’

o1 5085493800 = {str} 'ceoro’
5085503632 = {str} '3sigycine'
5085432800 = {str} 'byna’
5085499128 = {str} 'camoro’
5085504112 = {str} 'uncneHHU#A'
5085498776 = {str} 'npocTo’
5085487016 = {str} 'cBoe’
5075320880 = {str} '8’
5085484464 = {str} 'komy'
5085491512 = {str} 'kakaa'
5078961568 = [str} 'be3’
5085420592 = {str} 'He MOXHa'
5081853104 = {str} 'Tex’
5085486840 = {str} 'cami’
5085487856 = {str} 'TROA’
5085485872 = {str} 'Humu'

E B EEEEEEEEAEEEE

Puc. 3. Ilpukman «cTom-ciiB»
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MaKCUM DENKiH

HaBWUYKKW

+ python, c++

- 3HaHHA DOa3oBux anropuTMis Komn'wTepHoro 3ipy(canny edge detection, contour
curvature, segmentation, boundary tracing, erosion)

- nivinHa anrebpa
+ Teopia WMOBipHOCTEM

+ anropuTMK Ta CTPYKTYPW AaHWX

* PO3YMiHHA anropuTMiB MawMHHOrO HaBYaHHA

BNacHi npoekTu

B pamKax Kypcosoi pobotm 6yno po3pobnedo cuctemy 3anucy Ha embipkoei pucuunninm 3a

ponomorow TexHonorii laravel ta html.

Puc. 4. Pe3rome miciist mepioro eramy

Etan 2. Ha npomy erari 37iiCHIOETB-
Csl IOLIYK TI0 TepMiHaX, sIKi BJK€ HasiBHI B OH-
tosorii. Ilix yac uporo npouecy BUAUISIOTHCS
TEPMiHU TaKHX THIIIB.

1. KowmmaHnii, B SIKHX KaHIUAAT Ipa-
moBaB panime. baza IT kommaniit 6yna B3sita
3 caiity dou.ua i HapaxoBye 7400 mo3uIiii.

2. YHIBEpCUTET, B SKOMY HAaBUaBCS
kanaunaT. basa yHiBepcuteriB Oyna B3sTa 3
caity vstup.info.

3. HaBuuku, SKMMU BOJIOIIE€ KaHIHU-
nat. [{ro 6a3y Oyno cTBOpeHO BpyUYHY, Bpaxo-
BYIOUH BCl MOIYJISPHI MOBH MPOTPaMyBaHHS,
(bpeltMBOPKH Ta 1HII TEXHOJIOTI].

MaKCUM pENKiH

HaBW4KH

’

[Ticnst BUKOHAHHS 3a3HAUYEHUX KPOKiB
pe3toMe Mae BUrsiA (puc. 5).

Eran 3. Ha npomy erari 371iiCHIOETD-
Cs MOIIYK YCIX MOXJIUBUX TepMiHiB. Jlis
BUKOHAHHS I[bOTO 3aBJAHHS 3IIHCHIOETHCS
nematu3anis ta POS-tagging. Moxnusi Tep-
MiHU MalOTh 33JJOBOJILHATH TaKi yMOBH.

1. bByru iMEHHUKOM, NPUKMETHUKOM
a00 J1€CTIOBOM.

2. Skmo e TepMiH 3 KiTbKOX CIIiB,
TO MIX CJIOBaMH HE MOBHHHO OYTH PO3iIO-
BHX 3HaKIB Ta IMPOIYCKIB PSIKIB.

Pe3ynpTaT BHMKOHAHHS LBOTO €Tamy
BUTJIAZIA€ TaK (pHC. 6).

* 3HaHHA Ga3oeux anroputMie komn'wTepHoro 3ipy(canny edge detection, contour
curvature, segmentation, boundary tracing, erosion)

+ niHinHa anrebpa
+ Teopis WMoBipHoCTeW

* anropuTMM Ta CTPYKTYPU AAHMX

. pOByMiHHR aﬂrOpHTMiB MaWWHHOI0 HaBYaHHA

BNacHi npoektu

B paMKax Kypcoeoi poBotu 6yno pospobneHo cucteMmy 3anucy Ha Bubipkosi gucuunniHu 3a

gonoMorow TexHonorii Ta .

Puc. 5. Pe3tome micns apyroro eramy
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01 00 = {str} 'Makcum'
01 01 = {str} '"HaBKykKa'

01 02 = {str} '3HaHHA BA30BUIA aNrOPUTM KOMMIOTEPHUN 3ip'

o1 03 = {str} 'niHinHMK anrebpa’
01 04 = {str} 'Teopia UMOBIpHiCT'
o1 05 = {str} 'anropuTm cTpyKTypa AaHunit'

01 06 = {str} 'pO3yMiHHA aNropuT™ MalWMHHUA HABYAHHS'

01 07 = {str} 'BnacHuiA npoeKT'

01 08 = {str} 'pamMKa KypcoBui poboTa po3pobuTtn cuctema 3anuc BMbipkoeuin gucuunnina’

01 09 = {str} 'aonomora TexHonorisa'

Puc. 6. Pe3ynbTat TpeThoro eramny

Bci MOxITMBI TepMiHU 30€piraloThCs B
ourtojorii B kiaci “CandidateTerms”, mo0
aZIMIHICTPAaTOpP MaB 3MOTY MPOJUBHUTHUCH IIi
TEPMIHU Ta TPUHHATH PIIIEHHS IIOAO TOTO,
YH JIICHO BOHU € TE€PMiHAMH, SIKi HEOOX1THO
JOJaTH.

[IIBUIKICTh aHANI3Y pE3OME CKIIaIae
npubmmzno 1MB / cekynna. Ile mocratHpo
IIBUJIKO, 3Ba)KAIOUM HA TeE, IO 3arajioM po3-
Mip pe3rome He niepeBuiye SMB.

KnacudikamiitHa cucrema 31aTHa aHa-
J3yBaTH JIBi MOBHU: YKPAiHCBKY 1 aHTJIIICBKY.
Jlnst aHTiHChKOI BCl KPOKM HE BiAPI3HAIOTH-
cs, TPOTe BUKOPHUCTOBYEThCSA 010s10TEKA
“nltk”, a me “pullenti”. Cucrema mobyaoBaHa
TaKMM YHHOM, IO JOAAaBaHHS HOBHX MOB Y
a”aiizatop Oyne BigOyBaTHuch Oe3 mepenucy-
BaHHS a00 penaryBaHHS BXKe HAsBHOTO KOJY,
1110 pOOUTH i JIETKO PO3IINPIOBAHOIO.

Mo:KJIMBOCTi PO3LIMPEHHA

€ JeKkinpKka IUIXIB  PO3MIMPEHHS
MIPECTABICHOI CUCTEMU:

1. PosmmupenHs oHTOJOrIi, 06 po-
OUTH OUIBLI MKPOKY KIAacH(iIKaLiIo.

2. YIOCKOHANEHHS CHCTEMH aHalli3y
MPUPOJHBOT MOBHU. JloJ1TaBaHHS HOBHX MOB Ta
ONTHUMI3aIlis 3AIMCHEHNUX oOmeparlii, oo mia-
BUIINTH IBUAKICTh aHAITI3Y.

3. JlomaBaHHS MOXJIHMBOCTI TOPH30-
HTQJIFHOTO PO3MIMPEHHS, IO JO03BOJHTH 3a-
MyCKaTH KJIACTEPH MallluH, K1 OyAyTh aHali-
3yBaTH Pe3OMe Ta JI0JIaBaTH iX 10 OHTOJIOTII.

4. JlomaBaHHS MOXJIUBOCTI POOHUTH
BHCHOBKHM MIOJI0 YHIBEPCHTETIB, HANPHUKJIAJ,
“Bunycknuku yHiBepcurety N Oinbliie posy-
MIIOThCS Ha TexHoJorii K”.

5. JlomaBaHHS MOXJIMBOCTI POOHTH
BUCHOBKH I110J10 KoMmaHiid. Tak MokHa ckia-
¢t HOBY OHTOJIOTi10: KoMmaHis-TexHomoris.

BucHoBkn

[Ticnst aHanmizy MOXIJIMBOCTEH OHTOJIO-
rii MOKHa 3pOOWTH BHCHOBOK, IO TaKa TEX-
HOJIOTiSl € JOPEYHOI0 y BUPIMIEHHI PO3TISHY-
TOT IPOOJIEMH, 3aBIISIKH CBOIM Kjacu(ikaIlii-
HUM MOKJIMBOCTSM Ta MOMJIMBOCTSIM JIOT14-
HOTO BHBOJY. TakoX 3 I[bOTO aHali3y MOKHA
3pOOHUTH BHCHOBOK, III0 OHTOJIOTiSI MAa€ BEITUKI
nepeBaru Hajl HEWPOHHUMHU MEpeKaMU B KOH-
TEKCT1 pO3TJISHYTOI 3a/1a4l, 00 HaM HE MOTpi-
OHO 3aHOBO TPEHYBATH MOJIENb KOXKHOTO pa-
3y, KOJU 3MIHIOIOThCA naHi. Ha Bemmkux
00’eMax JaHUX 1€ € KPUTHIHUM.

Jliteparypa

1. Glybovets A., Glybovets M., Polyakov M.
Intelligent networks. NaUKMA.
Dnipropetrovsk. 2014. 462 p.

2. XKexepyn O.I1., Penkxin M.C. Knacudikamiii-
Ha cucTteMa 3 mijgoopy mepcoHanmy. Haykosi
3anucku HaYKMA. 2019.

3. Illumukapyk B. I. ®inocoderkuit eHImkIONe-
quaauid cnoBHUK. Kui: IHcrutyr dinocodii
imeni I'puropis CxkoBopomm: Abpuc. 2002.
742 c.

4, Jlanmud B. A. Onrosnoruu B nH()OPMAIIHOH-
HBIX cuctemax. CoBpeMeHHBIN moaxoa. Moc-
kBa. 2009.

5. Owilready: Ontology-oriented programming in
Python with automatic classification and high
level constructs for biomedical ontologies
[EnexTponnuii pecypc].

39



MopeJi Ta 3aco0H cucTeM 0a3 1aHUX i 3HAHD

6.

40

Lovins Julie Beth. Development of a Stem-
ming Algorithm. Mechanical Translation and
Computational Linguistics. 1968. T. 11.
Manning Christopher D., Raghavan Prab-
hakar, Schiitze Hinrich. Introduction to In-
formation Retreival. Cambridge University
Press.

DeRose Steven J. Grammatical category
disambiguation by statistical optimization.
Computational Linguistics, 1988.

References
Glybovets A., Glybovets M., Polyakov M.
Intelligent networks. NaUKMA.

Dnipropetrovsk. 2014. 462 p.

Zhezherun 0., Repkin M. Classification
system for personnel selection. Scientific
Notes of NaUKMA. 2019.

Shynkaruk V. Philosophical encyclopedic
dictionary. Kyiv: Grigory Skovoroda Institute
of Philosophy: Abris. 2002. 742 p.

Lapshin V. Ontologies in information
systems. Modern approach. Moscow. 2009.
Owlready: Ontology-oriented programming in
Python with automatic classification and high
level constructs for biomedical ontologies
[Enextponnmii pecypc].

Lovins Julie Beth. Development of a Stem-
ming Algorithm. Mechanical Translation and
Computational Linguistics. 1968. T. 11.
Manning Christopher D., Raghavan Prab-
hakar, Schiitze Hinrich. Introduction to In-
formation Retreival. Cambridge University
Press.

DeRose Steven J. Grammatical category
disambiguation by statistical optimization.
Computational Linguistics, 1988.

Onepxano 18.10.2020
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IMPLEMENTATION OF MAPPINGS BETWEEN THE
DESCRIPTION LOGIC AND THE BINARY RELATIONAL DATA
MODEL ON THE RDF LEVEL

This paper is dedicated to the data integration problem. In article the task of practical implementation of
mappings between description logic and a binary relational data model is discussed. This method was for-
mulated earlier at a theoretical level. A practical technique to test mapping engines using RDF is provided in
the current paper. The mappings DL ALC and its main extensions to the RDF triplets are described in the
publication. The mapping of the DL axioms into an RDF triplet also is considered in the publication. The
main difficulties in describing DL-to-RDF transformations are given in the corresponding section. The paper
also provides an overview of existing methods that relate to the use of RDF when mapping RDB to ontology
and vice versa.

Key words: binary relational data model, description logic, mapping, RDF, DL, RM? ALC, OWL.

Introduction

The research series [1-7] is dedicated
to the analysis and solution of the problem of
creating a mapping mechanism between the
description logic (DL) and the relational data
model (RDM). It took place as a part of the
complex problem of data integration, the
analysis of which can be found in [7]. The
mentioned series provides an overview of the
current existing approaches to address the
problem of mapping. According to the result
of analysis a taxonomy of research on the
subject was created. This result also revealed
a number of disadvantages of the existing
approaches to establish one-to-one corre-
spondences between the description logic
and the relational data model. Based on this
a binary relational data model (RM?) was
proposed as an integrating model for the cre-
ation of mappings. Complete and detailed
description of it can be found in [1]. Infor-
mation about the interaction between RM?
and the classical relational data model can be
found in [2].

The mechanism for mapping the ALC
description logic and its main extensions to
RM? was developed and described in [6], as
well as classical RDM to RM?. In the publica-
tion [6] you can get acquainted with the ar-
gumentation of the following statement: de-
scription logic can be considered as an inde-
pendent data model. It also describes in detail
why DL ALC is used in the developed ap-
proach, justifies the choice of ALC extensions
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and outlines the way they are mapped in RM?.

Until now a significant drawback of
this approach has been the lack of any practi-
cal testing of the proposed results. The de-
scription of mappings using RM? is purely
theoretical. A real practical check can make
significant changes both in the structure of the
approach itself and in its main individual
components, e.g. to complement or restrict the
operations of a binary relational algebra
(RA?), which is a constituent part of RM?. In
the current paper a method for checking map-
pings between the description logic and the
binary relational data model using RDF
graphs is proposed.

Section 1 is dedicated to the analysis
of the number of practical works on the im-
plementation of mappings using RDF. Section
2 formulates the problem of practical appro-
bation of the approach to the description of
mappings between DL and RDM. Section 3
outlines a method for mapping the description
logic ALC and its extensions to RDF using
OWL 2. Conclusions can be found in the
section 4.

Related work

The publications [1, 6] provide an
overview of the current approaches to address
the problem of mapping. According to the re-
sult of analysis a taxonomy of research on the
subject was created. It is shown in Fig. 1.
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The results given in [1, 6] will not be
duplicated in the current paper. On the contra-
ry, this section is dedicated to works that were
not included in the above survey. The publi-
cations that will be overviewed in this part of
the article are intended to complement the
existing taxonomy. They will be classified
and will take their place in the hierarchy of
the body of research on the establishment of
correspondences between ontologies and rela-
tional databases. This overview focuses on
those methods that concern the use of RDF at
RDB-to-ontology mapping or ontology-to-
RDB mapping. There is a need to allocate a
place in the corresponding column of the tax-
onomy for the researches that will be consid-
ered in the current section. Also, it is neces-
sary to formulate a number of intermediate
conclusions that are necessary for setting the
task of a current work.

wd Using an intermediate RDB
Il Direct mapping of ontology Mapping RDB metadata to
to RDB ontology
Il Direct mapping of RDB to Mappings based on the
ontology analysis of RDB data
Creation and use of an Mapp_mgs base.d e e
— . analysis of queries to the
ontology-oriented RDB RDB

Fig. 1. The approaches to describe mappings
between DL and RDB research taxonomy
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The first step is to consider the fun-
damental work [8]. It belongs to the following
section of the classification: direct mapping of
RDB in ontology, the direction is mappings
taking into account the analysis of RDB data.
It should be noted the following features of
this study:

1. A clear distinction between the
concepts of "mapping RDB into ontology"
and "transformation of RDB into ontology". If
in the first case interaction between the exist-
ing ontology and the database is supposed,
then in the other case it is supposed to create a
completely new ontology based on the data
and the RDM structure. The authors of the
approach attribute it to the second case.
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2. Using RDF in the transformation
rules. A large amount of literature provides a
set of rules that map RDB constructs directly
into the ontology construct, without using an
intermediate model [8]. Such an ontology is
built as a result of a direct transformation
from a semantically less developed database.
It suffers from a number of serious short-
comings, which are mentioned by the authors
of study. The difference of this approach
from the others is that an independent at-
tempt to transform the RDB structure and
data into an OWL structure that is built with
the help of RDF and RDFS using XSD is
made. The database data is converted into
regular RDF triples.

In fact, this is one of the first serious
studies in the field of establishing interoper-
ability between ontologies and RDB using
RDF. The authors of the methodology do not
use the R2R ML language, which has the
official W3C specification. However, in the
section dedicated to the source analysis the
existence of various approaches that use both
RDF-OWL constructs and those using
R2R ML is mentioned. The R2R ML itself
will be discussed below.

This approach has a serious draw-
back: there is no mention of how the opera-
tions of relational algebra are mapped. In
their continued research [9], the authors of
the technique tried to eliminate it. Based on
the rules for transforming the structural part
of the database and its data, the rules for
mapping the relational algebra operators (ex-
pressed in SQL) into equivalent SPARQL
queries were made. If we consider this ap-
proach in a complex of two works [8, 9],
then it can be retrained and referred to the
taxonomy section as the direct mapping of
RDB in ontology, the direction is mappings,
taking into account the analysis of queries to
the RDB.

Generally, this approach does not
stand out from the general mass of other
methods in its category. It has the same
drawbacks: the one-sidedness of the mecha-
nism (although the authors note that the de-
scription of the mapping rules in the opposite
direction remains in the field of future re-
search), the absence of a formal approach,
the separation of the structural and manipula-
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tive parts of the RDB within a unified ap-
proach, as well as the silence that ontologies
and RDB obeys two different open and
closed world hypotheses. It remains unclear
how the interaction between these two very
different concepts will be
carried out.

It should be mentioned that in studies
dedicated to the mappings subject matter, a
number of works that present their specifica-
tion of mapping languages have appeared.
For example, in [10, 11] the RDB20OWL
Mapping Language specification is declared,
where the specification and tools for map-
ping implementation are presented. Howev-
er, despite the deep study of the topic and the
presence of serious practical testing,
RDB20OWL ML operates exclusively with
the structural part of RDM. The approach
pays attention to the aspect of integrity con-
straints but does not address the relational
algebra operations converting.

Analyzing the works dedicated to the
practical implementation of mappings, there
was revealed the following tendency: many
successful techniques increasingly prefer to
work not directly with OWL, but using RDF
and RDFS, in conjunction with XML data
types. There are the following reasons for
this. Over the years the W3C has released
two official specifications for mapping
mechanisms between OWL, RDF, and RDB.
One of them [12] describes the mapping
mechanism of the OWL ontology into an
RDF triplet. The document provides an ex-
haustive list of rules for transforming each
OWL construct into a set of RDF triplets. It
also contains a description of the mechanism
for transforming RDF triplets into the corre-
sponding OWL constructs, with the neces-
sary list of transformation rules. Another
document [13] declares the R2R ML (RDB
to RDF Mapping Language) language speci-
fication, which describes the mechanism for
mapping a relational database to the set of
RDF triplets. Thus, RDF is established by
default as the intermediate stage in mappings
between DL and RDM.

This is argued as follows.

1. Looking at the semantic web pie's
stack architecture, it is seen that OWL and
RDF are adjacent layers. That is, a very im-

portant task is to show the way of interaction
between two parts of the same concept.

2. Accessing data from the “deep
web”. This term refers to data that is very
difficult to index with standard search en-
gines. These include, for example, unstruc-
tured documents (pictures, scanned copies),
semi-structured (CSV, PDF files), structured
data sources (RDB, XML databases, NoSQL
databases, LDAP directories). However, to
ensure the sustainability of the applications
that were developed along with the data they
exploit, and to leverage the properties engi-
neered into RDBs for decades (scalability,
ACID properties, security, performance opti-
mization), the data should remain hosted and
delivered by the legacy RDBs. This situation
creates a need for RDB-to-RDF methods that
can access relational data and convert it into
RDEF triplets.

3. Linked data. Linking open data to
other related pieces of data increases its value.
Driven by recommendations proposed by Tim
Berners-Lee [14] the Linking Open Data
community project aims at extending today's
web by publishing various open data sets in
the RDF model and setting RDF links be-
tween data sources. This is done in order to
enable developers of new programs and ap-
plications to use existing data in a new ca-
pacity, i.e. create added value by repurposing
datasets, using the data in some new way,
possibly beyond what data providers may
have initially expected.

4. Integration  of  heterogeneous
sources. This point has been discussed several
times earlier. However, it is worth reminding
the main aspects. In the modern web, there is
an acute problem of using not just data, but
also their semantics. Relational schemas usu-
ally convey no or poor semantics. This means
that it is necessary to define somehow the
semantics of the data stored in RDB in an
explicit machine-readable form. Using RDF
as a format for representing relational data
appears as a powerful and promising method
to achieve such data integration, in which
RDB-to-RDF methods will pay a key role.

The last three points were taken from
a fundamental review [15] of methods and
tools for converting RDB to RDF. The paper
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describes similar studies that were conducted
earlier. It notes that no RDB-to-RDF research
has been conducted since the publication of
R2R ML in 2012. As a result, none of the
articles cited in the overview didn't review
the R2R ML compliant tools.

The authors in [15] proposed the fol-
lowing classification of RDB-to-RDF re-
search areas:

- description of mappings (mapping
type, expression);

- implementation of mappings
(when and how data is converted to RDF);

- data retrieval method (query-
based methods, related data).

According to this classification, 17
approaches are ordered in the review. There is
also a separate detailed analysis of the
R2R ML language. The conclusions to the
work indicate that it is a promising language,
which, however, may not be applicable to the
entire wide range of RDB-to-RDF mapping
needs, leaving room for future research.

In this regard, in current paper for a
practical test of the implementation of map-
pings between DL and RDM, the task was
formulated: to describe a way to check map-
pings between the description logic and a bi-
nary relational data model using RDF graphs.
A detailed description of the problem state-
ment is presented in the next section.

Problem statement

Before setting the task, it is necessary
to give a brief description of the proposed
theoretical approach for mappings creation
between description logic and the relational
data model. The results of the description of
mappings DL to RM? can be found in [1].
Here is a summary of their essence.

The mappings DL to RM? can be split
into the following components:

1. To build a conceptual information
model of DL and to transform it into RM?,
One of the main tasks of the conceptual in-
formation model of any subject area is to de-
fine the basic concepts and to describe their
properties and relationships. The ER language
is one of the most used for this purpose. It
assumes that a conceptual information struc-
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ture is described using concepts such as enti-
ty, attribute and relationship. The conceptual
information model of description logic with a
detailed description of its components can be
found in [6]. It also contains the RM? scheme,
which corresponds to the given ER-model.

2. To map DL ALC into RM?. Any de-
scription logic consists of two conceptual
parts: syntax and semantics. The latter is
specified through the interpretation concept.
Interpretation is a pair | = (4, ), where A'is a
non-empty set called the domain of interpreta-
tion and e! is an interpretation function, which
assigns to each atomic concept A aset A' c A
and to each atomic role R a binary relation R'
c A X A. In turn, RDM operates with the set-
theoretical concepts of intension and exten-
sion. The establishment of such correspond-
ences between the components of the DL syn-
tax and the RM? intension, in which the se-
mantics of the DL expression will be equal to
the extension of the corresponding RM? ex-
pression will be called the mapping. The the-
oretical representation of formulas for con-
verting the DL ALC syntax into RM? can be
found in [6].

3. To map DL ALC extensions into
RM?. There are many different DL dialects.
They represent a basis of ALC logic extended
with one or more operations. For example,
DL SHOIQ denotes the presence of all ALC
syntax operators, and also includes operations
of number restrictions, nominals, and there is
also a role hierarchy, transitive and inverse
roles. More information about how to create
an ALC extensions by adding a new operation
to it can be found here [16]. Also, a detailed
description of which extensions were covered
by the theoretical research with their mapping
in RM? can be found in [3-5].

Based on the analysis in the previous
section, the following idea arose to test the
mapping mechanism between DL and RDM.
It is known that the mathematical basis of any
ontology describing language is description
logic. Thus, all constructors of concepts and
roles that are present in the foundational DL
are reflected in the toolbox of the correspond-
ing language. OWL 2 is no exception. It also
has the official W3C specification. Based on
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this fact to set the approbation problem of the
theoretical part of the description of mappings
between DL and RDM the following idea is
proposed. Description logic statements ex-
pressed in OWL 2 are mapped to RDF triplets
using OWL-to-RDF conversion rules on the
one hand, and RDB expressions to RDF tri-
plets are mapped using R2R ML on the other
hand. The resulting graphs are compared by
equivalence criteria.

The idea of such an implementation is
schematically shown in Fig. 2.

DL Mappings p

; OWL-to-RDF R2R ML ;
_ " _

RDF | RDF

Fig. 2. The mapping method between DL and
RM? checking scheme

The idea of proof is not new. The
global meaning is to transform a statement in
a new theory into statements of some other
existing theory. The next step is to prove the
statement obtained as a result of the trans-
formation within the framework of those
methods and proofs of the established con-
cept. If in the existing theory this statement
is true, then in the area being proved the cor-
related expression is also true.

In our case, there is some statement
of description logic that is mapped into a
statement of a binary relational data model.
Such a statement is represented in an
OWL 2-expression from the DL side. Further
such an expression is transformed into RDF
triplets, forming an RDF graph, using the
official W3C rules for mapping OWL-RDF.
The statement is formulated in terms of RDB
from the RM? side. Such a statement is then
transformed into RDF triplets using the
R2R ML language [13]. The resulting triples
constitute an RDF graph. Thus, as a result of
such transformations, two RDF graphs are
obtained. They are proposed to be compared.

If they are equivalent, then the DL-to-RM?
mapping formula is true.

Here some points should be men-
tioned. As known [17], OWL 2 is based on
the SROIQ description logic. Thus, in the
documentation on OWL-to-RDF mapping
[12], all issues related to both the basic syn-
tax of DL ALC and the main extensions
(concepts and roles hierarchy, nominals,
number restrictions, inverse roles, DL axio-
matics, as well as some of the roles re-
strictions) are worked out in detail. However,
the scope of mapping OWL 2 to RDF is lim-
ited only by those operations that are present
in DL SROIQ. The issue of mapping some of
the role constructors in RDF, for which the
theoretical part of DL-to-RM? mappings has
been worked out, remains open.

The question of converting RDM
to RDF is not so simple. Obviously,
R2R ML allows you to transform the
RDB structure and integrity constraints into
RDF triplets. However, the way how to map
the manipulative part of RDM without using
the SPARQL query language have not yet
been found. A mapping method of the opera-
tions of relational algebra is currently being
investigated.

The key question of the approbation
problem is to prove the equivalence of the
resulting graphs as a result of pairwise map-
ping of statements DL and RMZ2 In the
course of research, the conclusion that an
RDF graph is a special case of an ordinary
graph was formulated. This means that the
question of equivalence is leaded to proving
their isomorphism. It was found that such a
problem has already been investigated in
[17]. It analyzes an RDF graph as a special
case. Also all isomorphism criteria for the
general case were studied. On the basis of
these criteria three necessary and sufficient
conditions for the equivalence of RDF
graphs are formulated. Let's list them:

1. Equal number of vertices. Both
graphs must contain the same number of ver-
tices. Otherwise they are not isomorphic.

2. Equivalence of vertices. In a pair-
wise comparison, each vertex of one graph
must have an equivalent in the other graph.
Otherwise, such graphs are not isomorphic.
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3. Equivalence edges. In a pairwise
comparison, each edge of one graph must
have an equivalent in the other graph. Other-
wise, such graphs are not isomorphic.

The last question that needs to be
worked out within the task is reducing the
graph to a self-isomorphic. As a result of
mappings, at the RDF level, a situation may
arise when the vertex of one graph will se-
mantically correspond to a subgraph from
the graph with which the comparison is
made. On the RDF level as a result of map-
pings may arise such a situation: the vertex
of one graph will semantically correspond to
a subgraph from the graph with which the
comparison is made. Such a subgraph can
consist of several vertices connected by edg-
es. This situation should be assumed as a
result of such a fact: when a statement is
mapped to RDF, a large number of anony-
mous (empty) nodes arise, which, neverthe-
less, have their own semantic purpose. Thus,
the question of reducing an RDF graph to a
self-isomorphic remains open.

Mapping DL to RDF

It is known [18] that all modern de-
scription logics are based on the simplest
version of DL ALC. This means that it is fully
included in the DL SROIQ. Therefore,
OWL 2 uses all the functionality of ALC.

The syntax for this logic is defined as
follows:

T|L|A|-C|Cn D|Cu D|3R.C|VR.C,

where A — atomic concept, R — atomic role,
C, D — concept.

The concept of DL semantics does not
play a significant role in the context of map-
ping to RDF, so in this article there is no fo-
cus on this point.

The OWL 2 ontology and the mapped
graph are related as follows:

G =T(0),
where G — graph, O — ontology, T — the map-
ping function.

Before proceeding to the description
of the mappings, a number of designations
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should be given. To describe OWL 2 con-
structs the OWL Abstract Syntax will be
used. To describe RDF expressions, the
standard triples and serialization to N3 nota-
tion will be used.

Table 1 shows the notation for the
main namespaces.

The notation T (SEQ V4, ..., yn) Shows
the translation of a sequence of the OWL ob-
jects from a structural specification into an
RDF collection. A few words should be said
about this way of organizing resources. An
anonymous node, which belongs to the rdf:
list class, and two types of predicates act as a
subject to create a collection. The predicates
are as follows:

- rdf: first — the first element of the
collection (head);

- rdf: rest — the link to sub-
collection (tail).

Table 1. Namespace notation

Prefix name Expansion

@prefix rdf: | PP/ ercﬁ\:;n?;i/ ! 229/02/22
@prefix rdfs; | P/ WWVfV_-:(v:i .:r;%a/ioomo 1/rd
@prefix owl: http://www.wvil.;)rg/zooz/owo
@prefix xsd: http://wwwé\::vﬁé?;i/#z()()l /XML

The head of the collection points to its
first element (an RDF triple object). The tail
contains the remaining items, which are also
organized into a collection (a sub-collection
of the main collection). It looks the same way
— a node (subject) and two predicates (head
and tail), one of which points to the object,
and the second points to the remaining ele-
ments. The tail that contains the last element
of the collection points to the built-in resource
rdf: nil.

_: x will denote an anonymous RDF
triplet node.

So, let's describe the mappings of the
description logic ALC to RDF using OWL 2.
Table 2 shows the mapping rules for all com-
ponents of the ALC syntax.
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Table 2. DL ALC to RDF mapping rules

ALC OWL 2 RDF
T owl:Thing -
il owl:Nothing -
Declaration (Class | T(C) rdfitype
C,D ©)), owl:Class,
Declaration (Class | T(D) rdf:type
(D)) owl:Class
Declaration (Ob- T®) rdf:type
. owl:ObjectPrope
R jectProperty(R)) ot
Declaration Y,
T(R) rdfitype
(DatatypeProper- K
ty(R)) owl:DatatypePro
Y perty
_:x rdfitype
ObjectComple- owl:Class
—C X
mentOf(C) -
owl:complement
Of T(C)
_x rdfitype
. . owl:Class
ObjectIntersection-
crnb Of(C, D) X
’ owl:intersection
Of T(SEQ C, D)
_:x rdfitype
cuD ObjectUnionOf(C, | owl:Class
D) _x owl:unionOf
T(SEQ C, D)
_:x rdfitype
owl:Restriction
X
IR.C ObjectSomeVal- owl:onProperty
' uesFrom(R C) T(R)
X
owl:someValues
From T(C)
_x rdfitype
owl:Restriction
Ob- gzl'onPro ert
VR.C| jectAllValuesFrom(R . perty
T(R)
C) .
X
owl:allValuesFro
m T(C)

The concepts T and _| are represented
in OWL by the special classes — owl:Thing
and owl:Nothing. When constructing RDF

triplets, these classes are used in the same
way as within OWL itself.

The images of RDF triplets and their
serialization to N3 notation are shown below.

Definition of concepts C and D

rdf:type / . rdf:type
% b

Fig. 3. RDF triplets of C and D definition
image

@prefix : <http://example.com/Ch.owl#>
:C rdf:type owl:Class.
:D rdf:type owl:Class.

Definition of the role R

owl:ObjectProperty

Fig. 4. RDF triplets of the object property R
definition image

owl:DatatypeProperty

Fig. 5. RDF triplets of the datatype property
R definition image

rdfitype

rdf:type

Since the role R can describe both an
object property and a datatype property, two
RDF triplets for this element were defined.
N3 serialization format for two triples is also
present.

@prefix : <http://example.com/Ch.owl#>
47
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‘R rdf:type owl:ObjectProperty.
@prefix : <http://example.com/Ch.owl#>
‘R rdf:type owl:DatatypeProperty.

Complement of concept C

owl:complementOf

Fig. 6. RDF triplets of the complement of
concept C image

@prefix : <http://example.com/Ch.owl#>
_:x rdf:type owl:Class;
owl:complementOf :C.

Concept intersectionC N D

L T

owl:Class |
,/4\ rdf:type

R

rdftype 1\ )
X
\ // rdfﬂrst - '\\\ _/

owl:intersectionOf
/ \\ " \ ° )
] ~

rdf:first .~

\ / rdf rest /”/
x/ N

I rdf rest

\/

Fig. 7. RDF triplets of the concept
intersection image

@prefix : <http://example.com/Ch.owl#>
_:x rdf:type owl:Class;
_:x owl:intersectionOf: (:C :D).
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rdf:tyg

ConceptunionCu D

owl:Class |
//‘\ rdf:type

R

\

rdf: ﬂrst P '\\ /

owl:unionOf

/ \ P
] N

rdf:first -

\\ / rdf rest /’//
x/ \

| rdf rest

\/

rdftype q\
X

\/

Fig. 8. RDF triplets of the concept union
image

@prefix : <http://example.com/Ch.owl#>
_:x rdf:type owl:Class;
_:x owl:unionOf: (:C :D).

Existential quantification 3R.C

{ owl:Restriction

rdf-type

Y
L

/\

owl:on Propt-:-rt\.r H R

\_ /
owl someVaIuesFrom
TN

\/

Fig. 9. RDF triplets of the existential quanti-
fication image

@prefix : <http://example.com/Ch.owl#>
_:x rdf:type owl:Restriction;
owl:onProperty :R;
owl:someValuesFrom:C.

rdf:type
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Value restriction YR.C

/ - N
( owl:Restriction )
A\ /

A~
rdf:typ/t—i / — //"_"\\ll
| //"_"\Q owl:onProf?r_t_\{ B rl R |
[ \_
I.'\\ /,/ owl:allValuesFrom /__:__K
— T /N
*[ x )
...\ B Y,

Fig. 10. RDF triplets of the value restriction
image

@prefix : http://lexample.com/Ch.owl#
_:X rdf:type owl:Restriction;
owl:onProperty :R;
owl:allValuesFrom :C.

In cases of mapping the existential
quantification and value restriction concepts,
where the role R reflects a datatype property,
T (DR) instead of the node :C is used, where
DR is the data range.

Number restrictions, nominals

The following constructors are called
number restrictions. If R is a role, C is a con-
cept, and n > 0 is a natural number, then:

- (<nR) m (>nR) — at-least and at-
last number restrictions;

- (<nR.C) u (>nR.C) — qualified
number restrictions.

In the OWL there is an
owl:cardinality constraint [19]. It describes
a class of all individuals that have exactly
N semantically distinct values (individuals
or data values) for the property concer-
ned, where N is the value of the cardina-
lity constraint. This construct is in fact re-
dundant as it can always be replaced by a
pair of matching owl:minCardinality and
owl:maxCardinality constraints with the
same value. It is included as a convenient
shorthand for the user. Table 3 shows the
mapping rules for number restrictions and
nominal.

Table 3. Number restrictions and nominal to
RDF mapping rules

Exten-
sions

OWL 2

RDF

2

3

=nR

ObjectEx-
actCardinal-
ity(n R)

_x rdfitype
owl:Restriction.

_:x owl:onProperty
T(R).

_x owl:cardinality
«n»™xsd:nonNegati
velnteger.

=nR.C

ObjectEx-
actCardinal-
ity(n R C)

_:x rdfitype
owl:Restriction.

_:x owl:onProperty
T(R).

_:x owl:cardinality
«n»xsd:nonNegati
velnteger.

_:x owl:onClass
T(C)

<nR

Object-
MinCardi-
nality(n R)

_:x rdfitype
owl:Restriction.

_:x owl:onProperty
T(R).

X
owl:minCardinality
«n»™xsd:nonNegati
velnteger.

<nR.C

Object-
MinCardi-
nality(n R

®)

_:x rdfitype
owl:Restriction.

_:x owl:onProperty
T(R).

X
owl:minQualifiedCa
rdinality
«»™Mxsd:nonNegati
velnteger.

_:x owl:onClass
T(C)

>nR

Object-
MaxCardi-
nality(n R)

_:x rdfitype
owl:Restriction.

_:x owl:onProperty
T(R).

X
owl:maxCardinality
«»Mxsd:nonNegati
velnteger.
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1 2 3

_x rdfitype
owl:Restriction.
:x owl:onProperty

Object- T(R)

. X
snr.c | MaxCardi- | ) xQualifiedCa

nahgf)(n R rdinality
«n»”™xsd:nonNegati

velnteger.

_:x owl:onClass

T(C)

:x rdfitype

a} Objec- owl:Class.
tOneOf(a) | :x owl:oneOf

T(SEQ a).

Number restriction =nR
-

. A — _-/I -
rdf.typy ll/ .R \Il
/ < owl: oanper‘t\,.r _,.\ _- 1/

\\ ,/ _ owl cardmahtv —_—

*-/
\

owl:Restriction

“n"Mysd:nonNegativelnteger

— o

Fig. 11. RDF triplet of the number restriction
=nR
@prefix : <http://example.com/Ch.owl#>
_:x rdf:type owl:Restriction;
owl:onProperty :R;
owl:cardinality
«»”xsd:nonNegativelnteger.

Number restriction =nR.C

|//ow|:Restriction\\|
AT~ ______./ o
rdf:type T ~

I |'/ R \'|
/ < ow onProper’tyr *\ _1/
\ / _owl: cardmalltv - T

S

™ — —
owl:onClass \ — _

Y\
\/

Fig. 12. RDF triplet of the number restriction
=nR.C
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*‘/ e ™
N Axsd:nonNegativelnt
. \\ Xsd:nonNegativelnteger //

@prefix : <http://example.com/Ch.owl#>
_:x rdf:type owl:Restriction;
owl:onProperty :R;
owl:cardinality
«n»™xsd:nonNegativelnteger.
owl:onClass :C.

At-least number restriction <nR

|/ow|:Restrict|‘on
f /'\\
rd :typV

< owl: onProperty -rl:/ ‘R \I
@ —\__/

\ / owl mmCardmahty —___________

N

Fig. 13. RDF triplet of the at-least number
restriction

@prefix : <http://example.com/Ch.owl#>
_:x rdf:type owl:Restriction;
owl:onProperty :R;
owl:minCardinality
«n»xsd:nonNegativelnteger.

Qualified number restriction <nR.C

( ovtrestrcton )

owl:Restriction

rdf'typ/ . ) ll/ \
/ < N /

\\ // _ owl minQualifiedCardinality

N — —

N

. """-';,/ ' AAyed: 5 ™
owl:onCIass N \ “n” xsd.nonNegatlveIntegeL/

Fig. 14. RDF triplet of the qualified number
restriction <nR.C

@prefix : <http://example.com/Ch.owl#>
_:x rdf:type owl:Restriction;
owl:onProperty :R;
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owl:minQualifiedCardinality
«»”xsd:nonNegativelnteger.
owl:onClass :C.

At-last number restriction >nR

{/ -\\\
[ owl:Restriction )

/,\x -
rdf:typE/ T !/"'__ "“‘\\
. owl:onProperty [ =R :'
f_// <_\ _,__.--—--""\'\\ /;’
[ _x \ — -

.\\\__7 / owl:maxCardinality

--""--*I/’.ﬂ 1A . : .\\\I
C n"Arxsd:nonNegativelnteger )

Fig. 15. RDF triplet of the at-last number
restriction

@prefix : <http://example.com/Ch.owl#>
_:x rdf:type owl:Restriction;
owl:onProperty :R;
owl:maxCardinality «n»
xsd:nonNegativelnteger.

Qualified number restriction 2nR.C

( owlRestriction )

o
rdfitype TN
TS owl:onProperty |: ‘R :I
X v\t
I: X | ~—
.\\\__7_7__,/ _ owl:maxQualifiedCardinality
\\\ ’_)___-—--—__ — —
. T~y ranyed: . ™
owl:onCIass\\\ \. n"Afxsd:nonNegativelnteger P,
., - — -
ST TN E——
[ < |
S~ S

Fig. 16. RDF triplet of the qualified number
restriction >nR.C

@prefix : <http://example.com/Ch.owl#>
_:X rdf:type owl:Restriction;
owl:onProperty :R;
owl:maxQualifiedCardinality — «n»
xsd:nonNegativelnteger.
owl:onClass :C.

Nominal {a}

I \'.
| owl:Class )

rdfitype T~
X .
/TN
( _X | f
\ ! |I a |
N S P
owl:one0 fl rdf:fi |rst —
/,—_ _h\\//”/ —
f V' rdfirest _// H\_
l"\. _,-'|4b{ rdf:nil )
N S ~_

Fig. 17. RDF triplet of the nominal

@prefix : <http://example.com/Ch.owl#>
_:x rdf:type owl:Class;
owl:oneOf(:a).

Role constructors

If R and S are roles, and C is a con-
cept, then the following expressions are also
roles: R™ (inverse role), =R (complement),
R NS (intersection), RUS (union), R ° S
(composition), R* (transitive closure), R*
(reflexive-transitive closure), id (C) (role
identity).

In OWL 2 through all the role con-
structors only inverse role is present. This
means that the mapping rules exist only for
this operation. It looks like this in the Table 4.

Table 4. Inverse role to RDF mapping rule

Construc- OWL 2 RDF
tors
InverseOb- T(R-)
R jectProperties (R | owl:invers
R) eOf T(R)
77N _ 7N
owl:inverseOf
l., ‘R .nl ‘—“l., ‘R ,.l
N4 N

Fig. 18. RDF triplet for inverse role

o1
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@prefix : <http://example.com/Ch.owl#>
‘R- owl:inverseOf :R
The issue of mapping the remaining
role operators to RDF remains open.

DL axiomatics
The DL axioms include the following

rules:

- concept nesting C E D;

- concept equivalence C = D;

- rolenestingRES;

- role equivalence R =S;

- concept individual equivalence
a=h.

Mapping rules are represented in
table 5.

Table 5. DL axiomatics to RDF mapping rules

Axiom OWL 2 RDF
. T(R)
C=D C]i?suslevsaizng) owl:equivalentClass
T(D)
T(R)
CC D | SubClassOf(C D) | rdfs:subClassOf
T(D)
T(R)

SubProjectProp- | rdfs:subPropertyOf
ertyOf(R S) T(S)

RES
SubDataProper- | T(R)
tyOf(R S) rdfs:subPropertyOf
T(S)
Equivalen- T(R)
tObjectProper- | owl:equivalentPrope
R=S ties(R S) rty T(S)
Equivalent- T(R)
DataProperties(R | owl:equivalentPrope
S) rty T(S)
a=b Samelndividual | T(a) owl:sameAs
(ab) T(b)
Concept equivalence
7N\ , 7N
! \  owl:equivalentClass | \
[ :«C | | :D ,.l
N4 N S

Fig. 19. RDF triplet for concept equivalence

@prefix : <http://example.com/Ch.owl#>
:C owl:equivalentClass :D.
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Concept nesting
Ve g _ﬂ\_\ /- : _&\_\
[ :C I'I rdfs:subClassOf I'I D I'I

ll'\ / ™\ /
NS NS

Fig. 20. RDF triplet for concept nesting

@prefix : <http://example.com/Ch.owl#>
:C rdfs:subClassOf :D.

Role equivalence

— —

\  owl:equivalentProperty |
[ ‘R ! | 5 |

I"-.\h_ D /.-"I I".\‘H-_ - _—J/.-"I

Fig. 21. RDF triplet for role equivalence

@prefix : <http://example.com/Ch.owl#>
:R owl:equivalentProperty :S

Role nesting
7N VR
1 ||' . 4

f rdfs:subPropertyOf
[ R S |

. | oo
N4 N
Fig. 22. RDF triplet for role nesting

@prefix : <http://example.com/Ch.owl#>
‘R rdfs:subPropertyOf :S

Concept individual equivalence

7N _ 7N
owl:sameAs
| :a | N ‘b |

.\E__//!, )

.\_\E_—//ﬁ

Fig. 23. RDF triplet for concept individual
equivalence

@prefix : <http://example.com/Ch.owl#>
:a owl:sameAs :b

Conclusion

A method for checking mappings of
description logic to the binary relational data
model using transformations to RDF is de-
scribed in the article. The description of the
approach is given. Bottlenecks and potential
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problems are identified. Mappings for the DL
axiomatics, as well as for all those construc-
tors of concepts and roles that are implement-
ed in the OWL 2, based on the W3C OWL 2-
to-RDF mapping rules are provided in the
publication. The issue of mapping several of
role constructors to RDF remains open. Map-
ping a binary relational data model to RDF is
in the field for further research.

10.

References

Andon P., Reznichenko V., Chystiakova I.
Mapping of Description Logic to the Rela-
tional Data Model. Cybernetics and Systems
Analysis. 2017. 53 (6). P. 963-978.
Reznichenko V., Chystiakova 1. Binary Rela-
tional Data Model. Problems in Program-
ming. 2017. Vol. 2 (4). P. 96-105.
Chystiakova I. Integration of the description
logics axiomatic into relational data model.
Problems in Programming. 2017. Vol. 1(3).
P. 51-58.

Chystiakova I. Integration of the description
logics with extensions into relational data
model. Problems in Programming. 2016.
N 4. P. 58-65.

Reznichenko V., Chystiakova I. Integration of
the family of extended description logics with
relational data model. Problems in Program-
ming. 2016. N 2-3. P. 38-47.

Reznichenko V., Chystiakova 1. Mapping of
the Description Logics ALC into the Binary
Relational Data Structure. Problems in Pro-
gramming. 2015. N 4. P. 13-30.

Chystiakova I. Ontology-oriented data inte-
gration on the Semantic Web. Problems in
Programming. 2014. N 2-3. P. 188-196.
Hazber M.A.G., LIR., GU X., XU G. Integra-
tion Mapping Rules: Transforming Relational
Database to Semantic Web Ontology. Applied
Mathematics & Information Sciences. 2016.
Vol. 3(10). P. 881-901.

Hazber M., LI B., XU G., Mosleh M., GU X.,
LI Y. An Approach for Generation of
SPARQL Query from SQL Algebra based
Transformation Rules of RDB to Ontology.
Journal of Software. San Bernardino. 2018.
CA. USA. 2018. Vol. 13(11). P. 573-599.
Cerans K., Bumans G. RDB2OWL: a RDB-
to-RDF/OWL Mapping specification Lan-
guage. Proceedings of the 2011 conference on
Databases and Information Systems VI: Se-
lected Papers from the Ninth International
Baltic Conference, DB&IS 2010. Riga, Lat-
via, 5-7 july 2010. P. 139-152.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Cerans K., Bumans G. RDB20OWL: A lan-
guage and tool for database to ontology map-
ping. Proceedings of the 27th International
Conference on Advanced Information Sys-
tems Engineering (CAiSE 2015). Stokholm,
Sweeden, 8-12 june 2015. Vol. 1367.
P. 81-88.

OWL 2 Web Ontology Language. Mapping to
RDF Graphs (Second Edition). [Online] De-
cember 2012. Available from:
https://www.w3.org/TR/owl2-mapping-to-
rdf/#Translation_of Axioms_without Annota
tions. [Accessed: 20 february 2020].

R2RML: RDB to RDF Mapping Language.
[Online] September 2012. Available from:
https://www.w3.org/TR/r2rml/. [Accessed: 20
february 2020].

Berners-Lee T. Linked data, in design issues
of the WWW. [Online] 2006. Available from:
https://www.w3.org/Designlssues/LinkedData
.html. [Accessed: 20 february 2020].

Michel F., Montagnat J., Zucker C.F. A survey
of RDB to RDF translation approaches and
tools. [Research Report] 13S. 2014. [Online].
2014. Available from: https://hal.archives-
ouvertes.fr/hal-
00903568/file/Rapport Rech I3S v2 -
_Michel et al 2013 -

_A survey of RDB to RDF translation ap
proaches_and tools.pdf. [Accessed 20 febru-
ary 2020].

Description logics with axiomatics. [Online]
2017-2018. Available from:
http://Ipcs.math.msu.su/~zolin/dl/pdf/DL_07
SHIQ.pdf

Kontchakov R., Zakharyschev M. An intro-
duction to description logics and query rewrit-
ing. Reasoning Web International Summer
School. Birmingham, UK. 8 september 2014.
Vol. 8714. P. 195-244.

Baader F. et al. The Description Logic Hand-
book. 2003. P. 51-55.

OWL Web Ontology Language Reference
[Online] 2004. Available from:
https://www.w3.org/TR/owl-ref/

Jliteparypa

Andon P., Reznichenko V., Chystiakova I.
Mapping of Description Logic to the Rela-
tional Data Model. Cybernetics and Systems
Analysis. 2017. 53 (6). P. 963-978.
Reznichenko V., Chystiakova . Binary Rela-
tional Data Model. Problems in Program-
ming. 2017. Vol. 2 (4). P. 96-105.

53



MopeJi Ta 3aco0H cucTeM 0a3 1aHUX i 3HAHD

3.

10.

11.

12.

13.

14.

54

Chystiakova I. Integration of the description
logics axiomatic into relational data model.
Problems in Programming. 2017. Vol. 1(3).
P. 51-58.

Chystiakova I. Integration of the description
logics with extensions into relational data
model. Problems in Programming. 2016. Ne
4. P. 58-65.

Reznichenko V., Chystiakova I. Integration of
the family of extended description logics with
relational data model. Problems in Program-
ming. 2016. Ne 2-3. P. 38-47.

Reznichenko V., Chystiakova I. Mapping of
the Description Logics ALC into the Binary
Relational Data Structure. Problems in Pro-
gramming. 2015. Ne 4. P. 13-30.

Chystiakova 1. Ontology-oriented data inte-
gration on the Semantic Web. Problems in
Programming. 2014. Ne 2-3. P. 188-196.
Hazber M.A.G., LI R., GU X., XU G. Integra-
tion Mapping Rules: Transforming Relational
Database to Semantic Web Ontology. Applied
Mathematics & Information Sciences. 2016.
Vol. 3(10). P. 881-901.

Hazber M., LI B., XU G., Mosleh M., GU X.,
LI Y. An Approach for Generation of
SPARQL Query from SQL Algebra based
Transformation Rules of RDB to Ontology.
Journal of Software. San Bernardino. 2018.
CA. USA. 2018. Vol. 13(11). P. 573-599.
Cerans K., Bumans G. RDB2OWL: a RDB-
to-RDF/OWL Mapping specification Lan-
guage. Proceedings of the 2011 conference on
Databases and Information Systems VI: Se-
lected Papers from the Ninth International
Baltic Conference, DB&IS 2010. Riga, Lat-
via, 5-7 july 2010. P. 139-152.

Cerans K., Bumans G. RDB20OWL: A lan-
guage and tool for database to ontology map-
ping. Proceedings of the 27th International
Conference on Advanced Information Sys-
tems Engineering (CAiSE 2015). Stokholm,

Sweeden, 8-12 june 2015. Vol. 1367.
P. 81-88.
OWL 2 Web Ontology Language. Mapping to

RDF Graphs (Second Edition). [Online] De-
cember 2012. Available from:
https://www.w3.org/TR/owl2-mapping-to-
rdf/#Translation_of Axioms_ without Annota
tions. [Accessed: 20 february 2020].

R2RML: RDB to RDF Mapping Language.
[Online] September 2012. Available from:
https://'www.w3.org/TR/r2rml/. [Accessed: 20
february 2020].

Berners-Lee T. Linked data, in design issues
of the WWW. [Online] 2006. Available from:

15.

16.

17.

18.

19.

https://www.w3.org/Designlssues/LinkedData
Jhtml. [Accessed: 20 february 2020].

Michel F., Montagnat J., Zucker C.F.. A sur-
vey of RDB to RDF translation approaches
and tools. [Research Report] I13S. 2014.
[Online]. 2014. Available from:
https://hal.archives-ouvertes.fr/hal-
00903568/file/Rapport Rech I3S v2 -
_Michel et al 2013 -

_A survey of RDB to RDF translation_ap
proaches_and_tools.pdf. [Accessed 20 febru-
ary 2020].

Description logics with axiomatics. [Online]
2017-2018. Available from:
http://Ipcs.math.msu.su/~zolin/dl/pdf/DL_07
SHIQ.pdf

Kontchakov R., Zakharyschev M. An intro-
duction to description logics and query rewrit-
ing. Reasoning Web International Summer
School. Birmingham, UK. 8 september 2014.
Vol. 8714. P. 195-244.

Baader F. et al. The Description Logic Hand-
book. 2003. P. 51-55.

OWL Web Ontology Language Reference
[Online] 2004. Available from:
https://www.w3.org/TR/owl-ref/

Received 18.10.2020

About the author:

Inna Chystiakova,

junior researcher at the Institute of
software systems of NASU.

The number of publications in
Ukrainian journals — 10.

The number of publications in

foreign journals — 1.

Hirsh index is 5.
https://orcid.org/0000-0001-7946-3611.

Affiliation:

Institute of software systems of NASU
03187, Kyiv,

pr. Glushkova, 40, build 5.

Tel.: +38(066)8477784.

E-mail: inna_islyamova@ukr.net.
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3ACTOCYBAHHSA OHTOJIOTTYHHOI'O AHAJII3Y
JIJI1 OGPOBKU METAJIAHUX IIPU IHTEPIIPETALIII
BIG DATA HA CEMAHTUYHOMY PIBHI

PosrnsgaeTsest 3acTOCYBaHHS MEHEKMEHTY 3HaHB Ui aHaiizy Big Data. [1o6 Bm3HauatH, sky came iHdop-
Marliro MoxxHa oTpumMaty 3 Big Data, i 3po0utn 1e 37400yTTs OiIbII e()eKTUBHUM, MPOTIOHYETHCS 3aCTOCOBYBA-
TH (OHOBI 3HAHHA 3 OHTOJIOTIH peAMETHNX o0JlacTel. 3a JONOMOI0I0 TaKMX OHTOJIOT1H KOPUCTYBadi MOXYTh
(¢opmanpHO omucyBaTH CBOi iH(OpMauiiiHi MOTpeOH, 3a1aBaTH CTPYKTYpPY NOTPIOHHMX iH(pOpMAIIHHIX
00’€KTiB Ta SBHO BUIUSITH BaXKJIMBI JUIS MMOTOYHOI 3amayi acnekt. [Ipeamerom anamizy Big Data € ix mera-
JlaHi, B SIKMX BIZIOMOCTI IPO CEMaHTHKY, SIK IPAaBWIO, NPEACTABICHI HECTPYKTYPOBAHUM MPUPOTHOMOBHHM
onmcoM. TomMy BuHUKae oTpeda y cTaHIapTH3aLI] MOJJaHHS METaJlaHuX, B SIKMX OHTOJIOT1] BU3HAYAIOTh CTPYK-

TYpY T4 CEMaHTHKY OKPEMHX €JIEMCHTIB.

Kimrouogi ciiosa: Big Data, onTONOTIS, MEeTagaHi, CeMaHTHYHA PO3MITKA.

Beryn

MertaznaHi 103BOJIAIOTH OXapaKTepU3y-
BaTH KOHTEKCT, KOHTEHT 1 CTpPYKTypy Big
Data, a Tako)X METOAM KepyBaHHS HUMHU.
Metanani HAaKOMUYYIOTHCS 3 TUIMHOM Yacy Ta
JIOKYMEHTYIOTh icTtopito Big Data. Merana-
HUMH HEOOXIJTHO KepyBaTH, SIK CaMHMH
JAQHUMH, OCKUIBKM BOHM MAarOThb OyTH 3aXH-
IICHI BiJ] BTPAaTH, HECAHKI[IOHOBAHOTO BH/Ia-
JIeHHs, 30epexxeHi a00 3HUIIEH], a TAKOX J10C-
TYIl A0 KepyBaHHSI HUMHU Ma€ OYTH OpraHi3o-
BaHO Yepe3 pO3MOJUT MpaB JOCTYMY 1 BUKO-
HaHHS NEBHUX MNpaBui Oe3neku. CeMaHTHKY
Big Data BinoOpaxkaioTh, K HpaBUJIO, He-
CTPYKTYpOBaH1 HPHUPOJHOMOBHI OIHKCH, WIO
BXOJISITh JI0 CKJIaJly METa/laHuX, ane o0poOka
Takoi 1HpopMalii norpedye 3HaYHO OuIbIIIe
3YCHJIb MTOPIBHSHO 3 00POOKOIO CTPYKTYpOBa-
Hoi 1H(opmanii. ToMmy ninep naHoi podoru —
aHaJIi3 HaNpsMKIB CTPYKTYPYBaHHs METaoNu-
ciB Big Data 3 BHUKOPHCTaHHSM 1CHYIOYMX
CTaHJIapTiB.

MeTanaHi Ta IX BJACTHBOCTI

MeranaHi y HaWOILIBII HIMPOKOMY PO3Y-
MiHHI — II¢ JIaHl Mpo JaHi. AJie Take BU3Ha-
YEeHHS HAATO MpocTe i HEKOHCTPYKTUBHE. Bi-
Kinezis BU3HAYa€e METaIaHl K jJafi 3 popMa-
JBHOI CHCTEMM BHILOTO PIBHS, IO OIHUCYE
3aJlaHy CUCTEMY JlaHuX abo K CTPYKTYpOBaH1
JaHi, [0 XapaKTepU3yITh MEBHI CYTHOCTI
Ui 1X 17eHTUdiKaIii, MOmyKy, OLIHKH Ta Ke-
pyBannst Humu [1]. Ile okpemuii Tun iHdpOp-
Mamiiftaux pecypciB (IP), sxi moTpeOyroTh

© 10.B. Porymuna, A. 5. I'manyn, 2020

cnenrdigHUX 3aco01B MOJAHHS, CTBOPEHHS Ta
00pobku (IP — me Oyab-siKka CyTHICTB, sKa
CIIPOMOXKHA TIEpe/aBaTH YW 30epiratv iHTe-
JEeKTyallbHy iH(popMaIliro abo 3HaHHS [2]).

Xoua crovatky MeTaJaHi Ipu3Hayda-
JMCS TUTBKK JUIS ONUCY JaHHX, IPOTE OCTaH-
HIM YacoM BOHHU BHUKOPUCTOBYIOTHCS IS
OINKCY HaWpPiI3HOMAHITHIMMX 1H(OPMAIITHIX
pecypciB (IP) Ta 06’€kTiB (KOHIENTyaIbHUX
CXEM, OHTOJIOTIH, cepBiciB ToImio). Bonu mo-
3BOJISIOTH XapaKTePU3YBaTH KUTTEBUN ITHKII
JaHuX, J1i Ta HOTpedu pi3HUX CyO’€KTIB 00-
poOku naHux. HuHi MeTamaHi 103BOJISIOTH
xapakrepusyBatu 3Mmict [P, Hanpuknazn, omu-
cyBaTH Mozenb npeamerHoi obrnacti (IIpO)
Ha CEMAaHTUYHOMY pIBHI.

Po3BuTOK 1HpOpMaLIHHUX TEXHOIOT1H
CTaB MPUUYMHOIO ICTOTHOTO PO3IIKUPEHHS QyH-
K11l MeTaJaHuX 1 BUKIIMKAB IXHE PI3HOMAaHIT-
Ts. 3MICT MeTaJaHuX, iXH1 QYHKIII 1 3acodu
iXHBOTO TPEJICTABICHHS BHU3HAUYAIHCS TUMH
1H(QOpMaLIHHUMU TEXHOJOTISIMH, IO BHUKO-
pucToByBanucst ansi cTBOpeHHs Takux IC,
cnernudikoro I1pO Ta Tux IP, mo obpobsiu-
cs uumu IC.

Po3noBcrokeHHsT €IeKTpOHHUX 010-
miorek [3], B skux 30epiratothest IP pizHux
THUIIB, CXOBHII[ JaHUX Ta 3HaHb, IO BIIPOBa-
JOKYIOTH TexHouorii Semantic Web [4], Bu-
KITUKAJIO TIOCHJICHHSI 1HTEpecy 0 CeMaHTh3a-
1ii Metajanux [5].

Ha croroani icHye Benmka KUTbKICTh
BU3HAUYCHb METAJaHUX, IO BiIOOPaXKAIOThH
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pi3HI TOUKHM 30py Ha IIel TepMiH Ta Ha chepy
BUKOPHUCTAaHHs MeTamaHux [6]. Meramani —
e iHgopmaris, mo poOUTh AaHi KOPUCHUMH
[7]. Take Bu3HaueHHs omucye cdepy 3acTo-
CYBaHHS METaJ[aHUX, aJie € HAATO 3arajJbHUM
JUIs TPaKTUYHOTO BUKOpHUcTaHHsA. Hampu-
knana, ans Big Data ne Bu3Havyae ponb Mmera-
NaHUX, alie He JJO3BOJIsi€ KOHKPETHU3YyBaTH BU-
MOTH JI0 CIIOCO01IB IX MPEICTaBICHHS.

MeranaHi npu3HAYCHI SK 711 KOMIT'T0-
TepHOI OOpOOKHM, Tak 1 Ay iHTeprperarii
monuHor0 1H(opMartii mpo 1udposi 1 Henud-
poBi o0'ektu [8]. B poboti [9] meramani
BHU3HAUAIOTHCA K CTPYKTYpOBaHl1 JaHi, 110
MICTSITh XapaKTEPUCTUKUA CYTHOCTEH, SKi BO-
HU OMHCYIOTh, JUIA IiJIel iXHbOI iAeHTUdiKa-
ii, MOIIyKy, OLIHKM Ta KepyBaHHsA. Crix
BpaxoByBaTH, L0 METaJaHi, SKi BUKOPUCTO-
BYIOTKCS JUIsI Oonucy pecypciB Web, €, sik mpa-
BUJIO, CJIa00 CTPYKTYPOBAHUMHU, ajie BOHH Bi-
IMOBIAI0Th TOTO/PKEHUM MOJIENSIM, IO 3a-
0e3neuyloTh iX omepaiiiiHy iHTeponepadeb-
HICTh y HEOTHOpiTHOMY cepenonwii [10].

B po6Goti [11]. MeramanumMu Ha3uBa-
€TbCsl OyIb-sKa JIECKPHUIITUBHA iH(OpMaIis
PO 1HIIN JDKEpelIa JaHuX, sIKa CIPUs€E OpraHi-
3auii, i1eHTudikamnii, npeacTaBIeHHIO, BU3HA-
YEHHIO MICIISI PO3TallyBaHHs, 3a0€3MEUCHHIO
1HTEpoIepadeTbHOCT1, KEPYBAaHHIO 1 BUKOPHUC-
TaHHIO WX AaHux. B poOoti [12] meranani
XapaKkTepu3yloTh He 1H(OpMaliiiHuil pecypc
y IJIOMy, a TEeBHHUH eJIeMeHT NaHuX, IO
BIIHOCUTBCS JIO IbOTO pecypey. Takuii miaxif
HaOLIbII BiAMOBiAae crienudiii 30eperKeHHS
Big Data y Benukux cxoBuILax, TOJl SIK 11€H-
TU(IKYBaTH NOTPIOHO MiIMHOXKUHY JaHHX, 10
MEePTUHEHTHI KOHKPETHIH 3a/1aul KOpUCTyBaya.

MeTtanani MOXYTb BUKOPHUCTOBYBATH-
csl JUIsl BU3HAUEHHS CEMaHTUKU 1H(opMallii,
OTXe, JJIs TOJIIIIIeHHS 11 MOIyKy 1 BUOIpKH,
pPO3yMiHHS 1 BUKOpHCTaHHs. Hampukman, B
[13] po3rasimaeThcsi 3aCTOCOBYBATHCS OHTO-
JIOTiM Ta Te3aypyciB Uil CEMaHTUYHOI'O aHO-
TyBaHHs [P Ta iX eleMeHTIB, 110 € OCHOBOIO
IUTsS. MAIIMHHOTO HaBYaHHS Ta 3100yTTS 3HAHb
3 JaHUX. 3aJEeKHO BiJl 1[Il aHOTyBaHHS MO-
KYThb 3aCTOCOBYBATHCSl OHTOJIOT1i pi3HOL
CKJIQJHOCT1 (BiJl KOHTPOJIbOBAHUX CIIOBHHKIB
Ta TII0CapiiB 10 OHTOJIOTIH 13 CKJIATHUMHU BiJl-
HOIIIGHHSIMU 1HBEpCii, HEMEepeTUHYy TOIIIO).
Dublin Core (http://www.dublincore.org/) €
MPUKJIAIOM JIETKOI OHTOJIOTIi, SKa IIMPOKO
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BUKOPHUCTOBYETHCS JIJISl OMHCY XaPAKTEPUCTUK
€JICKTPOHHUX JOKYMEHTIB Ta CEeMaHTH3aIlli
METa/IaHUX.

Konkpetnuii ckinaa ¢QyHKIIA MeTana-
HUX 3aJICKHUTh BiJ] OCOOJIIMBOCTEH Ti€l cuCTe-
MU, 110 X BUKOPHUCTOBYE, BiJ XapakTtepy IP ta
iX eleMeHTIB, SIKi ONMUCYIOTh Ii METa/aHi, Bij
0a30BUX 1HGOPMAIIHHUX TEXHOJIOTIH CHCTe-
MU, Bix motpel ii KOpucTyBadiB 1 Bix Oara-
THOX 1HIIHUX (HaKTOPIB.

BrnacTtuBoCTi MeTaTaHUX:

1. Bionocnicmos noniny IP Ha maHi Ta
MeTagani — Meragani s oxaniei IC MOXyTh
pO3MIISIIaTHCS K JaHl B 1HININA, Ta HaBIAKH
(HampuKaA, OHTOJOTIS, IO BUKOPHCTOBY-
€TbCs U1 aHOoTyBaHHA [IM-Tekcty, € eneme-
HTOM METaJaHHX, a Ta cama OHTOJIOTiS B pe-
o3UTOPii oHTONOTIH [14] € naHuMm);

2. Baecamopienegicmb ONUCY BIIACTH-
BOCTEH OyIb-SKOro 1HIIOIO pPecypcy MoOKe
3MIMCHIOBATHCS B TEpMiHAX OLIbII aOCTpaKT-
HOI CHCTEMH TOHSITh, SKI MOXYTh YTBOPIOBa-
TH i€papXifo piBHIB, SKa MOXE BKIIIOYATH J0-
BUIbHY KIJBKICTH piBHIB (Hampukian, Meta
Object Facility (MOF) [15] mae Tpwu piBHI, a
Dublin Core — nBa);

3. I'emepocennicms 1P Ta maHux, 1o
MOYTh ONHCYBAaTUCS METaJaHUMH: BIACTH-
BOCTI, SIKI JJO3BOJIAIOTH OXapaKTEepU3yBaTH
MeTaJlaHl, 3ajJexaTh BiA CHEIM(IKK caMux
JaHUX Ta cepu iX BUKOPUCTAHHS;

4. Biouyowcenicmo metamanux Big IP:
METa/laHl MOXKYTh 30epiratucs He3alekKHO
abo Oytu yOynoBanumu B IP, ski BoHU Xapak-
TEPHU3YIOTh,

5. Cryninb 3anexcnocmi 8i0 KOHmMeH-
ma BU3HAYAETHCA 3MICTOM CaMUX METaJaHuX
(HampukJaja, AaTa CTBOPEHHS 1 TN Qailly He
3aJIeKaTh BiJl KOHTEHTY, TOJIl SIK aHOTAITis Te-
KCTY BH3HAYA€THCS KOHTEHTOM);

6. Crynins 3anesxcrocmi 6io IIpO Bu-
3HAYAETHCS IUIAMH CTBOPEHHS METaOIHCIB,
K1 MOKYTh OyTH cIieriajli3oBaHUMH a00 yHi-
BEpCALHUMU;

7. CTymiHb cmMpyKmypo8aHocmiy,

8. PiBeHb epamnynapuocmu onucy pe-
cypcie BU3HaUae, ki came enemeHTH [P omu-
CYIOTBCSI METaIaHVMH,

9. Cryninp Ounamiunocmi BHU3HAYa-
€THCSI THM, 32 SIKUX YMOB Ta SIK 4aCTO MOXYTh
3MIHIOBATHCS METaaHi;



Mopesi Ta 3aco0H cucTeM 0a3 JaHUX i 3HAHD

10. Crynius ¢opmanizosanocmi BH-
3HAYA€ThCS THUM, SKi 3aCO0M BUKOPHCTOBY-
I0TBCS JIJISL TIPEJICTaBICHHS MeTamanux. Jlis
npeacraBinerds Meraganux (IIM, IIM 3 06-
MEXEHUM CIIOBHHKOM, (hopManbHi MOBU —
Hanpukiang, OWL [16]).

IcHye Oararo IHIIMX BJIACTUBOCTEH
METaJaHuX, sIKI MOXKYTh BPaXxOBYBAaTHCS B Pi-
3HHX JIOCHI/DKCHHSX (HANpWKIA, 3aco0m
MPEACTABJICHHS, CIIOCOOM 30epeKeHHs Ta Ha-
SIBHICTh SIBHOTO TIIOJIaHHS), ajJi¢ BOHHM HE €
MPUHIMIIOBUMH s onucy Big Data 1 Tomy
HE pO3MIISIAl0ThCS Y JaHii poOoTi.

Henomniku cucrtem meramanux [17] —
11e HU3bKa ONIEPATUBHICTh BiTHOBJICHHS 1H(O-
pMarlii; Hey3roJKeHe BBEICHHS 3MiH y MeTa-
JaHi, M0 TPHU3BOJUTH JI0 CYIEPEWINBOCTI Ta
nyOIOBaHHS; HEJOCTaTHS aBTOMAaTH3allisl CH-
CTEeMH BEJICHHS METAJaHMX Ha OCHOBI Kepy-
BaHHS KOHTEHTOM; OPI€EHTOBAHICTh Ha pOOOTY
3 omHUM THIIOM 00'ekTiB (IP Ta iX enemeHTiB,
AK1 ONMUCYIOTh METa/IaHi); BIICYTHICTh €JUHOT
MOJIEJl MeTaJaHuX JJIs BCIX THINB 00'€KTiB;
BIJICYTHICTh CIIJIBHOTO PO3YMIHHS OIMHMIIL
OIMHMCY METAAHUX — CK3EeMIUISIPa METalaHuX,
SKUN OMHCYETHhCSI CYKYIMHICTIO TapaMeTpiB,
0 HE TEPETUHAETHCS 3 IHIIUMHU CYKYITHOC-
TSMH, 10 OMHUCYIOTHCS 1HIIUMU METaJaHUMH,
HETOBHOTa HA0OpYy OO0'€KTIB METalaHMX, SIKI
3a3BUYail HE MICTITHh BIJOMOCTI MpO 3acoou
00poOKH Ta 30€pEKEHHS TaHUX.

HecTpykTypoBaHi nani

Hecmpyxmyposani oani (HCJl) — ue
iHpopMallis, sKa He Ma€ MONepeHbO BU3HA-
YeHOoi MOoJielli JaHuX a0o He OpraHi3oBaHa 3a-
smaneriap [18]. SAkmo neBHi eneMeHTH MeTa-
JaHUX HE MaloTh (OpMai30BaHOi CTPYKTYPH,
TO 715 3000YTTS 3 HUX MOTPiOHOT 1H(popmarii
HEOOX1THO 3aCTOCOBYBATH METOJH, IO OpieE-
HroBaHi Ha a”am3 HCJ[. Came HCJ] noren-
[IMHO MaIOTh HAWOUIBITY IIHHICTh K JKEpe-
Jla HOBHUX 3HaHb, 1 UMM OiNbIIE TaKUX TaHUX
JOCTYTHI JJIsl aHali3y, TUM TOYHIIIE Pe3yib-
tati. bimem nmeranbHO BiactuBocti HCJl Ta
3aco0u ix 00poOku mpoaHaiizoBaHo B [19].

[TpuponHomoBHa iH(popMmarllist — Ha-
6opu ciiB npupoanoi mosu (IIM) noBinbHOI
JIOBXHHHM, MO€JHAHI 3a cinabo ¢opmarizoBa-
HUMH JIHTBICTUYHUMU TpaBUWIAMU Ta Tpe.-
CTaBJICHI B €JIEKTPOHHIN (opMi, MOKe aHAIi-
syBarucs sk HCJI. Ile oOyMOBItO€ThCS THM,

10 X0Ya Taka TEeKCTOBa iH(pOpMaIlisi MiCTUTb
JesIKl CTPYKTYpHI €JIEMEHTH, ajie y OUTBIIOCTI
[P Taki CTpyKTypHI €JI€MEHTH He INpe/ICTaB-
JIeH1 SIBHO, 1 TOMY iX 3100yTTS moTpedye Be-
JIMKOTO Yacy Ta 3yCHIIb.

Hns ananizy HC/[ moxxHa 3acTOCOBY-
BaTH CEMaHTH4YHY po3MiTKy. HaifOinpm kopu-
CHUM 3acO00M CEMaHTUYHOI PO3MITKH €
3B’s13yBaHHs eneMeHTiB [P 3 enemeHnTamu OH-
tosorii (Hampukiazn, ¢parmeHT [IM-TekcTty
MOB’S3YETbCA 3 KJIacoM abo eK3eMIUIIPOM
KJIaCy OHTOJIOT1, a IHIIUK eJIeMEeHT — 13 3Ha-
YEHHSIM MOT0 BIACTHBOCTI). AJle 3 TOUKH 30py
JIETKOCTI BIIPOBAKEHHs Oe3rocepesHe 3a-
CTOCYBaHHS OHTOJIOTIH ayist ceManTu3aii [P e
HEJOUIIPHUM — OUIBLIICTh KOPUCTYBAYiB HE
BOJIOIIOTh OHTOJIOTTYHUM aHaIi30M, HE 3Ha-
0T MOBH TOJaHHS OHTOJOriH Tomo. Tomy
OUTBII KOPUCHO BHKOPHCTOBYBATH MPOCTIMI
3aco0M ceMaHTHu3allii, HapPHUKIal, CeMaHTHUY-
Hy Wiki-po3miTky. Taka cemanTu4Ha BiKidi-
Kallis MOXX€ BHUKOHYBATHCS SIK €KCIepTaMu
[IpO, TaK i TeXHIYHUMH CIIBPOOITHUKAMH.

3HauYHUN HEJOJNIK IBOT0 MIAXOAY —
cemantnuHa Wiki-posmitka IP, mo moGymo-
BaHa s oxniel [IpO, He MoOke BUKOPHUCTO-
ByBatucs i iHmoi IIpO. Tomy gouinsHO
3aCTOCOBYBATH OHTOJIOTI] BUILOTO PiBHSA, IS
CTBOPEHHSI SIKHX MOXYTb 3aCTOCOBYBATHCS
OHJIAMHOBI eHUUKJIoNeAll, 1110 No0ya0BaHI Ha
OCHOBI TexHoJIOri cemaHTHuHUX Wiki (Ha-
NpUKJIaa, mopTaibHa Bepcis Benukoi ykpain-
cekoi ennukonenii e-BYE [20]). CemanTuu-
Ha PpO3MiTKa J03BOJISIE TAKOX aHali3yBaTH
CEMaHTUYHY MOJIOHICTh MIXK MOHATTSAMHU 00-
paHol Ta BUKOPHCTOBYBATH 11 HaJlami JUIs aHa-
nizy HCJI [21].

Merapnani nis Big Data

BnactuBocti MeTamaHuX, IX CKiIamg i
(GyHKIT ICTOTHO 3ajekaTh BiJl TEXHOJIOTIi
peanizaiii CUCTeM, B SIKUX BOHH BHKOPUCTO-
BYIOTHCSI, OCOOJHMBOCTEH OIMUCYBAHUX HHUMHU
pecypciB, a TakoX BiJ 00JIaCTI 3aCTOCYBaHHS
1 KOHKPETHHUX MPOTpam.

[leBHMiT HaOlp JaHUX PO3TIATAETHCS
sk Big Data, gkmo BiH BoJoJi€ OJHI€I0 abo
NEKITbKOMa XapaKTePUCTHKAMHU, TaK 3BAaHHUMH
XapakTepucTukaMu «SV»: 06’em;  weuo-
Kicmb, pI3HOMAHIMMs, O00CMOGIPHICMb, YiH-
Hicmo [22]. MertanaHni, sKi XapaKkTepU3YIOTh
Big Data, MoxyTh MIiCTUTH 1H(pOpPMAIIIIO TTPO
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JDKEpENio TaHuX; PO aBTOpa i JaTy CTBOPEH-
HS JTIOKYMEHTA; KUIbKICTh 3aIluCiB y Habopi
JaHUX; OMKUC IUX JaHuX Toio. B 06pooii_Big
Data anamiz MeTajaHux Mae KJIIOYOBE 3Ha-
YCeHHsI, TOMY IO METaJaHi MICTITh iHpOpMa-
[iI0 HE TUIBKU TMPO TOXO/HKCHHS JlaHUX
[23, 24], ane ii ipo iX 3MICT.

Meramani mis Big Data [25] — e
CTpyKTypoBaHa a00 HamiBCTPYKTypOBaHa
iHopmarisa, sKa JI03BOJISIE CTBOPIOBATH,
KepyBaTH 1 BUKopHcTOBYBaTH Big Data y pi3-
HUW 4ac 1 y pi3HUX cdepax isIbHOCTI, a Ta-
KO pobutu Bindip Takux HabopiB Big Data,
10 peJIeBaHTHI 3ajadi, Ky HEOOXiTHO BHPI-
muTy [26]. s omucy MeTagaHuX BHUKOPHC-
TOBYIOTBCSI Pi3HI MPUPOAHI Ta IITY4YHI MOBH.
[Tpupoani MOBH € HaiOLIBII OaraTUMM i BU-
pPa3HUMHU B TIOPIBHSAHHI 3 1HIIUMH 3aco0aMu
MOJIAaHHS MeTagaHuX. BOHM mTpu3HAaYeHI He
JUTsl KOMIT'IOTEpHOT 00pOOKH, a i JroACH, 1
He 3a0e3Me4yI0Th 0JJHO3HAYHOCTI 1 CTPOTOCTi
iHTepIpeTanii MeTaaHux, 1 TOMY Takl OMUCH
anamizyrotbes sk HCJI.

[TyuHi MOBH, SIKI BAKOPUCTOBYIOTHCS
IUISL OIIMCY METaJaHMX, — 1€ MOBH OIUCY Jia-
Hux CYB/I, KoHIIenTyaabHOrO0 MOJEIIOBAaHHS,
OIHCY OHTOJIOTH, O13HEC-TIPOIIECiB; MOBH I1O-
nanns oHronorii OWL, RDF; MoBu po3miT-
KH TOIO.

Cranpaprusaunis MeTaJaHuX

CranpapTu3zaiiisi MeTaJJaHuX — OCHOBA
1HTEepOonepadebHOCTI Ta TOBTOPHOTO BHUKO-
pPUCTaHHA K CaMUX METaJaHuX, Tak 1 Tux IP,
10 XapaKTepu3yloTh LI MeTagaHi. Tomy Mi-
YKHAPOJIHI OpraHi3allii 31 cTaHIapTU3allii npu-
JUIAI0Th BEJHMKY YBary po3poOii ¢opmaris
METaJaHuX, SKI MpU3Ha4YeH1 I (HopMaIbHO-
ro onucy pizHux tumis IP Ta indopmamiitnux
00’extiB (I0). Taki cTangapTH BKIIOYAIOTH B
cebe Habip BIACTHUBOCTEW, IO JO3BOJSIOTH
xapakTepu3yBatu koHkpeTHu# 10. Taki cran-
JIapTH MOXYTh OYTH 3aiydeHi (3 pizHOIO ede-
KTUBHICTIO) [uisi onucy Big Data. Huni B
VYkpaiHi Tpy MIKHApOJHI CTaHJIAPTH, 11O CTO-
cytotbest  Metamanux, (ISO  15489-1:2016
[27], ISO 15836-1:2017 [28], ISO 15836-
2:2019 [29]) npuiiHATO SK HaIlIOHAIBHI CTaH-
JIapTh MeTooM miarBepkenns [30, 31].

Cranmapr 1SO 15489-1:2016 Informa-
tion and documentation — Records manage-
ment — Part 1. Concepts and principles
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(Inghopmayis i ooxkymenmayisn. Kepyeanmus
ooxymenmamu. Yacmuna 1: I[lonammsa i
npuHyuny) BU3HAYAE OCHOBHI TMOHSITTS 1
NPUHIUIIN KepyBaHHS JOKyMEHTaMu 1 iH]o-
pmartiero. Lleii crangapt Moxe OyTH 3aCTOCO-
BaHUH IS B11IOOpaKeHHS OCHOBHHX BIIACTH-
Bocteil Big Data: 1) aBTrentuunocri; 2) noc-
TOBIpHOCTI; 3) muTICHOCTI; 4) MPUAATHOCTI X
no oOpoOku). B crammapti ommcano indop-
MaIiiiHi MoJis, 1O BXOJATh B CTPYKTYPY Me-
tagaaux. J{ns Big Data 1i mons q03BOJISIOTH
BiIOOpa3UTH HACTYNMHY 1H(GOPMAIIIO: OIHUC
KoHTeHTy Big Data — me ctpykTypa naHux
(bopma, dopmar, 3B’s13ku Mixk Onokamu Big
Data); cepemoBuIe CTBOPCHHS, B3ae-
MO3B’5130K 3 1HIIMMHU O65okamu Big Data (1ma-
PAMHT, peIuTiKaIlis) 1 MeTaJaHuMHu; 11eHTU(I-
Karopu Ta iHIIy iHopMalito, 1Mo MoTpiOHA
JUTSE BUTOOYTKY 1 TTOJaHHS JaHWX; Ail 1 Moii,
1o noB’sa3axi 3 umu Big Data (nata, yac niid,
3MiHa MeTagaHux tomo). Big Data, siki He cy-
IPOBO/KYIOTHCSI TaKUMH METaJaHUMH, He
MO>KYTh BUKOPHUCTOBYBATHCS TTOBHOIIIHHO.

Crangapr 1SO 15836-1:2017 Informa-
tion and documentation — The Dublin Core
metadata element set — Part 1: Core
elements (Indopmariist Ta moxkymenTaris. Ha-
O0ip eneMeHTiB MeTanaHux «/{yOmiHChKe si-
po». YactuHa 1: OCHOBHI €JIEMEHTH) OIMHUCYE
15 enementiB Dublin Core, ski BHKOpPUCTO-
BYIOTh JUIsl OIHCY pecypciB. B ibomy crana-
pTi Mg pPecypcoM pO3yMilOTh OyIb-sKUH
00’€KT, SKMM MOXKHa I1IeHTH(IKyBaTH (Ha-
npUKIaj, y cepl KoM IOTEPHUX HAYK pecy-
pcamM¥l BUCTYIAIOTh OKpeMi JOKYMEHTH, TEK-
CTH, aynio- Ta Bigeo-(daitiu, Web-cTopinku,
0a3u ganux Tomo). Big Data Ta ix meTtanani
TEX BIAMOBIIAIOTh TAKOMY BHU3HAUEHHIO 1
MOXYTh pO3TNIAJaTUCS SIK pecypcu. 15-
SJIEMEHTHE «SIAPOY», 3a3HAYCHE B IbOMY CTaH-
JapTi, € YaCTUHOK OuIbIIOro HaboOpy CIOB-
HUKIB METaJaHUX Ta TEXHIYHUX crenudika-
il, Mo mATpUMYThes JlyOniHChKOO iHIIi-
atuBoro MetanaHux (Dublin Core Metadata
Initiative, DCMI) [32]. OcHOBHi eneMeHTH
MOXXYTh BHUKOPHUCTOBYBATHCS B TIOE€JHAHHI 3
TEpMiHAMH METaJaHUX 3 IHIIMX CYMICHHUX
CIIOBHUKIB Y KOHTEKCTI MPOQIIB 3aCTOCYH-
KiB, SIK 3a3HaueHO B aOCTpakTHiN Mojeni
DCMI [DCAM]. B Tabn. 1 mnpuBeneHa
cnenudikamis 15 eneMeHTIB MeTagaHuX
Dublin Core.
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Tabmuns 1. Crnenudikaris 15 enementiB meraganux Dublin Core

HasBa Mirtka
Buznauenus Komenrap
eJleMEeHTa | eJeMeHTa
title 3arosioBok | HasBa pecypcy
CyTHICTb, BIJIIIOBI- . . o
YT > B Jlronuna, opranizaiis abo ceppic; 3a3BU4ail 36ira-
JTaJIbHA 32 CTBOPEH- V) .
creator ABTOD €THCS 3 IM'SIM JIFOJIMHU, HA3BOIO OpraHizailii abo
HSl KOHTCHTY pecy- .
cepBicy
pCy
Sk ipaBMIIO, MOAAETHCS KIIFOUYOBUMHE CIIOBAMH,
azamu abo kojamu kinacudikaiii. Pekomenay-
. Tema KOHTEHTY pe- bp A ¢ y
subject Tema cvpe €TbCS BUOMPATH 3HAYEHHS 3 TICBHOTO CJIOBHHUKA.
ypey [TpocTopoBa abo yacoBa NPUHAIEKHICTH PECYpPCy
MMOBMHHA OMTUCYBATHUCS €JICMEHTOM COverage
Ornuc KOHTEHTY PECypCy MOKE BKIIFOUATH 3MICT,
_ Ornuc KOHTEHTY pe- . ; . 2,
description Onuc cvpe aHOTalilo, rpaiuHy Mpe3eHTalil0 a00 KOPOTKU
ypey TEKCTOBUH OIHUC pecypey
CyrtHicTs, mo po- |JIronuHa, opranizamis abo cepsic; 3a3BHuaii 30ira-
publisher | BumaBenp |OHTH pecypc I0C- |€THCS 3 iM'SIM JIFOIUHH, HA3BOKO OpraHizariii abo
TYITHAM cepBicy
CytHicTb, mo 6epe |JIlronuna, opranizaiiis abo cepsic; 3a3Bu4aii 30ira-
contributor| VYuacHuk |ydacTh y CTBOPEHHI |€ThCS 3 iIM'SIM JIFOJIMHH, HA3BOIO OpraHizaiii abo
KOHTEHTY pecypcy |cepBicy
Jara nonii B KuT- )
. Mosxe BUKOPHCTOBYBATHCS TSI TOAaHHS 1HHOP-
Date Mara TEBOMY LIUKJI pe- . .
Marlii mpo 4ac 3 Oyap-sSKUM PiBHEM TOYHOCTI
cypcy
PexkoMeHyeThCS BUOMpPATH 3HAYCHHS 3 TIEBHOTO
type Tum Bup abo xareropisi |cioBHHKa, Takoro sk DCMI Type Vocabulary. ®i-
KOHTEHTY pecypcy |3udHe a0o uppoBe MOTaHHS PECYpCy BU3ZHAYAETh-
cst enieMenToM format
®dizuune abo mud- . )
BumiproBanHs MOke OyTH, HAPUKIIAA, PO3MIpOM
format ®dopmar  |poBe IIOJAHHS pe- .
. abo TPUBAIICTIO
CypcCy, BUMIp
[nentudixa KonkpetHe nmocu- |PekomMeHAyeThCsl BU3HAYATH PECYPC 32 JOTIOMOTOI0
identifier o JIAHHS Ha pecypc B |psijika a0 YmMCIIa, 110 33 J0BOJIbHSIE (OpMaTbHii
P I[bOMY KOHTEKCTI  |cucTeMi iieHTrdiKarii
[Tocunanns Ha pe- |Lleit pecypc moxe cknamatucs 3 "J[>xepena" gact-
source Jbkepeno Cypc, Ha OCHOBI KOBO a00 MOBHICTIO. PekoMeHayeThCsl BU3HAYATH
p SIKOTO CKJIQJIEHO "Jlxeperno" 3a TOMOMOTOI0 psijika abo yuca, 1o
1iel pecypce 3aJI0BOJIbHSIE (pOpMasIbHIN cHcTeMi i1eHTHdIKaI]
[Ipoctip abo rpa- |Sk npaBuiio, reorpagidHe MoyoKeHHs (Ha3Ba Mic-
HUIIi, 3 IKUMU TI0- 1151 00 KOOPAWHATH), YaCOBUH Tiepiof (Ha3Ba mepi-
coverage | OxoruieHHA |, . . H Pt ), JIH Tiepot ( p
B'SI3aHO BMICT pe- |01y, maTa, Habip aaT) abo miagBimomMva 001acTh (Ta-
cypey Ka K aMiHICTpaTUBHA 00JaCTh)
HarmionanmsHa MoBa |PekOMEHIyeThCSI BHOMPATH 3HAYSHHS 3 TICBHOTO
language Moga :
BMICTY cioBHUKa, Takoro sik RFC 4646
. |PekoMeHyeThCsl BU3HAUYATH "3B'sI3yBaHHS" 3a J10-
. . ITocumanHs Ha 3B'S-
relation | 3B’s3yBaHHs SAHHI DECYDC MIOMOTO10 psifika abo uncia, 110 3aJ0BOJIbHSE Pop-
pecyp MaJbHIN cucTeMi imeHTudikarii
Mpasosa [TpaBoBa indopma- (3a3Buuaii "IIpaBoBa iH(opmaris" MICTUTh TPaBOBi
rights . . |mis1, moB's3aHa 3 OJTH IIIOJI0 PECYPCY, BKIIOYAI0YH 1H(POPMAIIiFO
g ingopvais | YTOJlH LIOJIO pecypey, (opmar

pecypcom

PO MpaBa Ha IHTEJIEKTYaJIbHY BJIACHICTh
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Mixnapogauii cranaapt 1SO 15836-
2:2019 Information and documentation — The
Dublin Core metadata element set — Part 2:
DCMI Properties and classes (Indopmarrist Ta
nokyMmeHTaris. HaGip emeMeHTIB MeTagaHUX
«/lyoninceke sapoy». Yactuna 2: DCMI Bina-
CTHBOCTI 1 KJIACH) € PO3IIUPEHHSIM 1 JIOMOB-
HEHHSIM TepIIoi YacTUHM I[bOI0 CTaHAApTY
ISO 15836-1. Po3mupenHs mossrae y Tomy,
0 BiH HaJa€ MporpamicTaM 3arajibHy YHi-
BEpCaJbHY MOBY JUI CTBOPEHHS Ta aHaJi3y
MeTagaHux. Taka yHiBepcajibHa MoOBa 3a0e3-
revye PO3IMIUPEHUI ONMUC €JIEeMEHTIB MeTajla-
HUX, BUKOPHUCTOBYIOUM iX OHOBIJIEHI BJIacTH-
BocTi Ta kiacu. Craggapr ISO 15836-2 36i-
JbIIye IMOYaTKOBMM Hablp 3 15 ocHOBHMX
BiactuBocteil 10 40 BmactuBocTeit 1 20 kia-
CiB I MIIBUIIEHHS TOYHOCTI 1 BHPA3HOCTI
ormuciB y crangapti Dublin Core. OcHoBHa
yBara 11bOro CTaHJIapTy 30CepePKeHa Ha OIlu-
Cy 3arajbHHUX BIIACTUBOCTSAX €JIEMEHTIB MeTa-
JaHUX, 10 HEOOX1aHi g 0a30BO1 iHTEpoIIe-
pabenbHOCTI MK pI3HUMH MOBAaMHU IpPOTpa-
MYBaHHS Ta MPEIMETHUMH OONACTAMHM iX 3a-
CTOCYBaHHSI.

Takuii HaOIp BIACTHMBOCTEH 1 KiaciB
nonaethces sk cnoBHUK RDF 1 Moke Bukopuc-
ToByBatucs ans 3B’s3aHux ganux (Linked
Data). Koxxna BnacTuBicTh 1 Kiac ieHTH]I-
KYeTbCsl INI0OANBbHUM 1JEHTHU(IKATOPOM JUIS
BukopuctanHs B JaHux RDF. Po3poOnuku
MeTaJaHux, Mo He Haiexarb 10 RDF, mo-
XKyThb BUKOPUCTOBYBAaTHM CIOBHMK y XML,
JSON, UML ra pensuiiinux B/, He 3actoco-
BYIOUM TJ100aJIbHUM 1I€HTU(IKATOp 1 CHEenu-
¢iuni 1y RDF acriekTu BU3HaUY€Hb TEPMiHIB.

3uauenHss URI moxyTh Oyt BUKOpHU-
CTaHl /Uil CTBOPEHHS MOCWUJIaHb 31 3HAYCHb
eJIeMeHTIB Ha BianoBigHl pecypcu Web. URI
— e yHidikosani nokatopu pecypciB (URL-
azpecu) abo MOCTIMHI 1AeHTU]IKATOPH, TakKi
gk yHigikoBaHi imMmeHa pecypciB (URN). Cra-
Haapt Dublin Core BU3Hauae nuiie nNocuiaH-
HS IPYTOro THUIly. Y CTaHJapTi MOAaHi iMeHa
BJIACTMBOCTEH, K1 MOXKYTb OyTH MpedikcaMu
JUIE BUKOPHUCTaHHS sIK iaeHTH(dikatopu abo
nutyBatucs sk noBHi URI, BuxopucroByroun
npoctip imen PURL 3a 3amoBuyBaHHSIM.

TakuM YHHOM, Ba)KIMBHM JIOCSTHEH-
HsM 6azoBoro Habopy enementiB Dublin Core
€ Te, 10 HOro po3IIMpEHa CEeMaHTUKA Ja€
MOJKJIMBICTB ONuUCy Oyab-akux Web-pecypcis.
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OpHak iCHYIOTH 1 HETaTUBHI HACHIIAKU i€l
MMO3UTUBHOI XapaKTEPUCTHKHU.

1. Po3mmmpeHHs CEMaHTUKU TPHITYC-
Ka€ pi3Hi iHTepnpeTamii (HaiOUIbII CKIIaIHU-
MU B iHTepmperauii € mapu 'relation —
source”, “creator — contributor”, "type -
format™.

2. JIns omucy KOHKPETHHX KaTeropiit
pecypciB TII00aNbHUN PIBEHb € HEAOCTATHIM:
BiH HE BigoOpaxkae BaXJIMBI XapaKTEPUCTHKH
pecypcy. Lle crocyerbcs ocHOBHUX [IM-
00'€KTIB OMUCY B PEMO3UTOPISAX — CTaTew,
MaTepiasiB KOH(pEpeHIii, KHUT, JUCepTaIliil.

Tomy MOXYTb BBOJIUTHUCS OUIBII Je-
TaJIbHI €JIEMEHTH OMHUCY PECYPCIB 3 BUKOPHUC-
TaHHSM: PO3IIKUPEHOro Habopy TepmiB Dublin
Core, axi Ham Hagae cranmapt ISO 15836
Part 2: "DCMI Properties and classes "(1SO
15836-2: 2019); inmmx ¢opmariB MeTalaHUX,
takux sk MODS  (Metadata  Object
Description Schema) ma 6a3i crpoieHoro
Habopy enementiB (opmary MARC, ETD-
MS s ommcy amcepramiii, Data Cite
Metadata Schema Ta iHIIKMX; BIacHHX Ha0O-
piB MeTamaHuX, SKi (OPMYyIOTBCS Ha OCHOBI
po3mupeHoro Qopmary 3 J0JaBaHHSAM CIie-
HU(}IYHUX €JIEMEHTIB.

Jist 3abe3neueHHst yHidikalii 3HaueHb
1 TOTpIOHOrO pIBHS JeTani3auii MeTalaHux,
orpumyBaHux 1no OAI-PMH y ¢opmari 6a3o-
Boro DC, pemno3iTopii-arperatopu 3acToco-
BYIOTh Ha0lp peKoMeHJalliil 1010 000B'sI3KO0-
BOT'O BUKOPHCTAHHS JESKUX MOJIB; yHI(iKaIii
BUKOPUCTAHHS MOJIB (HANPHUKIAL, U cTaTel
PEKOMEHAYETHCSI 3alTUCYBAaTH HA3BY JKYpHAITY
B nosie dc: source); yHiikarii popMyTrOBaHb
3HAa4YeHb TIONIB, BAXJIMBHUX JUIS TIOUIYKY Ta
I10/10 3alOBHEHHS IMOJIB 3 MOXKJIMBOCTSIMH
CTPYKTYpYBaHHSI.

TenaeHuii po3BUTKY CTPYKTYp MeTa-
JTaHUX WIIyTh y HANPSAMKY OUTBIIOTO pi3HOMA-
HITTS 1 qudepenuianii enemenTis. Lle nos's3a-
HO 3 MIJIBUIIIEHHSIM POJIi PEMO3UTOPIiB B CTPYK-
TYpi BIAKPUTOI HAYKH, 3 PO3MILLIEHHSIM HAyKO-
BUX MYOJIIKAIlIH, MrOTOBICHUX 3a MiATPUMKH
(oH/IB, y PENO3UTOPIi K aJbTEepHATHBI MyOIi-
Kalliil B )KypHaJIaX BIIKPUTOTO JIOCTYITY.

3 ornAay Ha 111 TeHJEHII1, MU MOXEMO
BUJUISTH y CBOIX BHYTPIIIHIX CTPYKTypax
METaJaHUX OKpEeMi €JEeMEHTH, 1100 3roaomM
nepefaBaTd ix B JACTalli30BaHUX OOMIHHHX
¢dopmarax.
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Mertanani Ta TUIIOBI iH(opManiitHi
00’exTH

Sk mokazaB aHaii3 CydyaCHUX CHUCTEM
METa/IaHUX, BOHH JIO3BOJIAIOTH OIMCYBATHU HE
Tineku [P y mimomy, ane i TUMOBI IS IEBHOT
ITpO indopmariitHi 00’ €KTH, SIKI OMUCYIOTHCS
y nux IP ta € ix enemenramu. Tumosi iHpOp-
Marniiiai 06’exktu (TIO) xapakTepuzyroThCs
HAa0OpOM CEMAaHTHUYHUX BJIACTUBOCTEH, SKi
MOXKYTh OyTH OIKCaHI B METaIaHUX KOXKHOTO
exzemuripa. TIO moxyTh onmcyBatu sik 10
(mokymentu, enemeHTH bJl, MynbTUMEnIHHY
iHpopMalio), Tak 1 00’€KT PealbHOro CBITY
(mepconamniii,  opramizamii,  reorpadivni
00’extn Tomno). JominbHicTh cTBOpeHHs TIO
BuU3HavaeThes cnenudikoro [IpO koHKpeTHOT
IC: sxmio B cucreMi 0OpoOseThCs MEBHA Ki-
JBKICTh €IIEMEHTIB 13 MOAIOHMM HaO0pOM
BJIACTHBOCTEH Ta XapaKTEPUCTHK, TOJI JOIIi-
JTBHO BHILTUTH JyUTst HUX okpemuit T1O.

Bigmosimno mo xonneniii TIO [33],
SK1 JO3BOJISIOTH Kiacu(iKyBaTH iH(HOpPMAIIiIO
npo pizHomaniTHi 1O 31 CKIaAHOIO CTPYKTY-
pPOI0 HAa CEMAaHTHYHOMY DiBHI, 3HAYCHHS -
SKUX eneMeHTiB Metamannx Dublin Core mo-
KyTh OyTH BigHeceHi no meBaux TIO (Tadu.
2), 10 Hajali BU3HAYAE TMpaBWiA IX aHATI3y
Ta 00poOKu. KpiM TOTO, IESIKI 3 HUX MOXYTh
posrmsiaarucs sk TIO — monstrs IIpO, mo
BIJIMOBI/IAlOTH KJIacaM Ta €K3eMILIsIpaM KJIaciB
ontoorii IlpO, Toxi sk ixwmi € [IM-onucamu.

Busnauntu TIO enemeHTIB [0O3BOJSE aHAII3
KOMEHTapiB, 110 HAAIOTHCS y CTaHIAPTI.

Tabmuis 2. TIO exeMeHTIB MeTaTaHUX

Dublin Core

Haszsa TIO

title [Monsrrs [IpO

creator [Tepconaiis, Opranizauisi, Cepsic

subject [oustrs [IpO

description  |IIM-onwuc, HC/I

publisher [Mepconanis, Opranizauis, Cepsic

contributor  |TITepconais, Opranizamisi, CepBic

Date CrpykrypoBaHi mgani, Jlara

type [onsarTs 3 onroorii “Pecypcu”

format TIO (mousaTtrs 3 oHroiyorii “Tunu ma-
Hux”

identifier IMocunanus

source [Tocunanus

coverage IMonsrrs 3 ouronorii “Teorpadivni
00’extn”

language IMousitTst 3 onTONOTIT “MOBH”

relation IMocunanHs

rights I[MM-tekct, HCJ]

CrpykTypa Ta BigHomeHHs Mk TIO
MOXYTh BiOOpakaTHCs PI3HUMH 3aco0amu
NOJIaHHs 3HaHb. Hampukiaza, B OHTONOTIAX
TIO BiAmOBiNalOTH KiIacH, a iX XapaKTepuc-
THUKaM — BJIACTHBOCTI €K3eMIUIpIB KiaciB. B
cemanTHuHuXx Wiki-pecypcax aiis IMOAaHHS
TIO BHMKOPHCTOBYIOTHCS LIa0JOHM, IO Mic-
TATh KaTeropii Ta Hablp CEMaHTUYHUX Biac-
tuocteit TIO (puc. 1).

<noinclude>

<pre>

e mabnou «Mopen. Bi nopireH BIGUIMKATIIC S HACTYTHIM THHOM:

{{Mope
|Cpurixanena Hazsa=

LLla6noH
(Kpeteme= Omwe mabnoHy
|Haitbinema ranbrsa=
|Cepemn rmtbimza= Mope TIO “Mope”
|[nom a=
:EB“CIP“BF Lle wabnoH «Mope». BiH NOBUHEH BUK/IMKATUCA HACTYMHUM YHHOM:
TPOBH=
|Branarote pitrn= {{Mope
[Mopri= | Opurinansha Hassa=
b . A3oBCbKe Mope
fpre> | Kpaimm=
pre . Aa6BCoRE MOPE — BHYTDILLNE MoE Baseiiy ATNHTHHHORD CKEIHY, ¥ MeXax Ypaiki
</noinclude> | HaitGinbma rimGuna= Tapb.
<includeonly>{| class="wikit] | Cepema rHGHHz=
! style="text-align: cel e _ Imier e
style="">{ {colorlwhite| | Troma=
{{PAGENAME}} }} {{if|{{ |Misocrponn= rerpatin
" § Sarraymap: { { {Opuriea] | Ocrposs 2 Feanoriuna Bynosa
#arraymap: = 3Krivir
(4] (({Tmoma [ (o _—
{413} [Mnoma::{ { {{Inoma} | Bnapators pitku= 5 XapakrepcTiea som p—
. ’ 1 _ & Pocrssi | TsapuHHUA CaiT Pt 39000
{13} {{#araymap:{ {{Kpaiyy |Ilopma= 7 Taawcnopl kawyikaull
{{'}} {{#arraymap:{ {{ITopmy 1} 81CTOpIA ROCHiAMENHR Makcamansus
[[Karer opia-Mopa]] 9 fiteparypa FuGina ()
i T BigpenaryiTe cTopiHKy, | 0feer®E [—
(Grerepi pponl] | SPCRANATE oA =k
aTeropid:l eorpaQ 191 Hay
[[Kareropia-E-BVE]] PGSYHbTaT e
[[Karerpois:BVE]] BHKOPHCTAHHS S e
</inclu y= wapem. Mnowa - 38 a6em soan Onauom
: 1mab TTOHY 1 akcdanesa — 1 (siminconomwize PO
20BCH0rD MOPR NOFOPECBAH, YPBICT: 34K )
TIO ¢ :M Ope,’ Apafiatcexa cTpinKa SigoXpeMAIOE B MODR e sl
Kon mabnony o s S e
B JaToRR, BIROKPeMnel Big, Mops Nigeos  floprw L——
13 2 pOROBesHA ek i YTBORIOIOTS ] OBNIALa, Ha NiskI4HoMY EXO) MOPR P ——
TIO Mope snainRoTE Taraspoawky satoky. OcTposie Mano (Yepenaxa, Josrwi, Miwas), e

Puc. 1. Bukopucranns mabnoniB B Semantic MediaWiki qyis monanus TIO
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Buxopucranns Data Mining nist
anaJizy merajganux Big Data

Ha croromni ctBopeHo 0Oarato MeTo-
B, 1110 3a0€3IeYyIOTh 300yTTS 3HAHb 3 Pi3-
HuX TUOiB [P — CTPyKTypOBaHHMX, YacCTKOBO
CTPYKTYPOBaHUX Ta HECTPYKTypoBaHUX [34].
AHai3 Takux METOJIIB TOKa3ye, M0 BHECEH-
HSl CTPYKTYPHUX €JEMEHTIB Yy JaHl 3HAa4HO
3MEHIIIyEe TPOCTip pillIeHb Ta 3MEHIIYE Yac
00poOKwH.

JlocuTh 4acTO OCHOBOIO JUIsI CTBOPEH-
Ha TIO € 3actocyBaHHs pI3HUX HAINPSMKIB
Data Mining s 3100yTTsI 3HaHb 3 METaja-
Hux mux TIO st Gk epekTUBHOT POOOTH
IC. OcobmuBo e akryanbHO mius Big Data,
TOMY IO CaMe aHaJli3 MeTaJlaHuX TaKoi 1H-
¢dopmarii € OCHOBOIO JJIsi CTBOPEHHSI HAOOPIB
Big Data, mo MOXyThb BHKOPHCTOBYBATHCS
SK JaHi JJIs MallMHHOTO HaBYaHHS (KaTero-
pu3alii Ta kinactepusaiii). B Takomy Buman-
Ky BiactuBocti TIO € mapamerpamu BHOipKu
JAHUX, 3HAUEHHS SKUX aHaNI3yIOThCS METO-
namu Data Mining [35] , i ToMy KOpeKTHE
crBopeHHsi TIO € Bu3HayanbHUM (aKTOPOM
00po6ku Big Data B mistomy.

Data Mining — 1e mporiec, crpsamo-
BaHWIl Ha BUSBJICHHS HOBHX 3HAYYIIUX KOpE-
TN, mabJoHIB 1 TEHAGHLIH Yy pe3yibTarti
aHaJli3y BEJIMKOIo 00Csry 30epexeHnX JTaHuX
3 BHUKOPHCTAaHHSIM METOJIUK pO3Mi3HABAHHS
3pa3KiB Ta 3aCTOCYBaHHS CTATUCTHYHUX 1 Ma-
TeMaTUYHUX MeToaiB. OcoOinBO e(eKTHuB-
HuMHU MeToau Data Mining ctanu i3 po3BUT-
KOM Ta HakonuueHHsM Big Data. Mosxha
ka3zatu, mo Data Mining — 1ie mpouec aBTo-
MaTHU30BaHOTO 3/100YyTTA 3 HasBHUX 1H(Op-
MalliifHUX pecypciB HOBHX 3HaHb, SKI HESB-
HUM YUHOM MPUCYTHIMH B 0OpoOIItOBaHiil
iHpopmarii.

Pesynpratn Data Mining y 3HauHii
Mipi 3anexarh BiJl TUX JaHUX, sIKI BOHU 00-
pOOJISAIOTE: B 1X MOBHOTH, aKTyaJbHOCTI,
PEJIeBAaHTHOCTI IMOCTABJICHIH 3a/1a4i Ta SKOCTI,
Ta B1J 3HaHb, Ha OCHOBI KX OOMPAaIOThCS Il
nani. ToMy B TOMy BHIAJIKY, SKIIO TOOYa0Ba
Habopy AaHuX 0azyeThbcsl HA aHami3l iX MeTa-
JaHUX, caMe€ CKJaJ Ta SKICTh METaJaHHuX
3HaYHUM YWHOM BHU3HAUYAIOTh SKICTh THX
3HaHb, 1110 MOXHa 37100yTH 3 IP.

Incrpymentu Data Mining no3Bosis-
IOTh 3HAXOJHUTH HOBI 3aKOHOMIPHOCTI Yy Ja-
HUX CaMOCTIHHO W TaKOX CaMOCTIHHO Oymy-
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BaTH TINOTE3H IPO B3AEMO3B'A3KM MK IX
enemeHTamMu. OCKUTBKH came (HOpMYITIOBaHHS
rinoTe3u MO0 3aJeKHOCTEH € HaickiIaaHi-
IIMM 3aBJIaHHAM, TO nepeBara Data Mining y
MOPIBHSHHI 3 IHIIUMH METOJaMH aHAJ3y €
OUYEBUJHOI0. AJe AJis iX e(eKTUBHOTO BUKO-
pUCTaHHS 1III pe3yabTaTd MalTh OyTu
OB’ s13aH1 3 BIJMOBITHUM ITOHATTEBHM arapa-
TOM, SIKHH (opMai3yeThcs 3aco0amu ToJjaH-
HSl 3HaHb, HANPHUKJIAJ, 32 TOMIOMOT0I OHTO-
gorii [36]. YV OaraThox BHIIAJKaX TaKHU
3B’SI30K BCTAHOBJIIOETHCS 4Y€pe3 CEMaHTUYHI
MeTamaHl — Ti €IeMEHTH MeTaJaHuX, II0
NOB’s3aHI 3 TEBHUM IIOJIaHHSIM 3HaHb,
HANpUKIAJ, 3 €JIeMEHTaMU OHTOJOTI Biamo-
BigHoi [IpO. 3nanHa, mo 3100yBalOThCA Ta-
KM YUHOM 3 JaHHX, JIO3BOJSIFOTH y CBOIO
yepry BIOCKOHanuTu oHrtonorito IIpO, sxa
Ha/Ialli BUKOPUCTOBYBATUMETHCSI JIJISI CTBO-
pPEeHHsI METaJaHuX. TaKuM YUHOM, CTBOPEHHS
METaIaHuX Ta iX BUKOPUCTAHHSI ISl BJIOCKO-
HAJICHHS OHTOJIOTIN € IUKJIIYHUM IPOILIECOM,
AKUH TiATpuMye Oinbin edexkTuBHE 30epe-
YKEHHS Ta BUKOPUCTAHHS JaHUX.

Haiimommpenimi chepu BUKOPUCTAH-
H Data Mining moB’si3aHi 13 BHpIIICHHSIM
3aMau kiacugikarii, kiacrepusarii Ta mpo-
rHo3yBaHHa. Cnmig Biamitutu, mo Data
Mining xapakTepu3ye He CTUTbKH KOHKPETHY
iHpopMalliifiHy TEXHOJIOT1I0, CKUJIBKU TMPOLEC
MOIIYKY 3aKOHOMIPHOCTEH (KOpessiiii, TeH-
JICHITi#, B3a€MO3B'A3KIB) 3a JOMOMOTOK Ma-
TEMaTUYHUX 1 CTATUCTUYHUX QJITOPUTMIB,
HaNpUKIajJ, perpeciiiHoro U kopemnsuiiiHOro
aHaI3y TOUIO.

Haii6inpm po3noBcrofpkeHa 3ajaua,
o0 BUpIIIyeThcs 3a Jgomomoror  Data
Mining, — tie 3amava xkracugixayii: BUpileH-
HA 3amayi kiacudikaiii JT03BOJISE BUSBUTH
O3HAKH, IO XapaKTepHU3ylTh Ipynu 00'€KTiB
JIOCITI[DKYBAHOTO HAOOpY JaHUX — KJIAcH, 3a
SIKHMU HOBUH 00'€KT MOXKHA BITHECTH JIO0 TO-
ro 4u iHmoro kiacy. L{s 3amaga 6e3mocepen-
HBbO TIOB’SI3aHA 3 OHTOJIOTIYHUM aHaTI30M 1
JIO3BOJISIE€ BIAHECTH €K3EMILISIPH 10 BiAIMOBI-
THUX KiaciB. s BUpimIeHHs 3a1adi Kiacu-
¢ikarii MOXYTh BUKOPHUCTOBYBATHUCS] METOJIH:
Hanommxkdoro cyciga (Nearest Neighbor);
k-Haiibnux4oro cycima (k-Nearest
Neighbor); baiieciBcbki Mepexi (Bayesian
Networks); iHAYKIIiSl 1epeB pillleHb; HEHPOH-
Hi Mepexi (neural networks).
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3agauy kracmepusayii MOXXHA pO3T-
JAIaTH SIK JIOT1YHE TPOJIOBXKEHHS 17ei Kia-
cudikanii i moasArae B po3MOALTI MHOXKUHH
00'ekTiB Ha Tpynu (KjacTepu), MpU IIbOMY B
KOXKHOMY Kiactepi 3i0paHi 00’ekTH, sKi
CXOX1 3a mapamerpaMu. Bapro 3ayBakutu,
10 Ha BiAMIHY Bijx Kiacuikarii, KiIIbKICTh
KJIACTEPiB 1 iXHIX XapaKTEPUCTUK BHU3HAdYa-
I0Th Yy mporeci moOyaoBH KiIacTepiB, BHUXO-
JS9d 31 CTYyMeHs OJM3BKOCTI MOETHYBAHUX
00'€eKTIB MO CYKYNMHOCTI mapameTpiB. B oH-
TOJIOTIYHOMY aHadi31 15 3aJlaya BUHHUKAE Ha
MOTIEpeIHbOMY €Talli Ta J03BOJIAE MOOyay-
BaT Hallp 0a30BUX KJaciB OHTOJIOTIT U
BCTAaHOBUTH MK HHUMH i€papxidyHi BiJIHO-
HICHHS.

3amaua acoyiayii — 3ajava TOLIYKY
acoLllaTUBHUX MpaBui (BU3HAYEHHS B3a€EMO3-
B'A3KIB), IO TOJIATA€ y BU3HAYECHHI HAOOpPIB
00'€KTIB, SIKI 4acTO 3YyCTPIHalOThCS  Cepel
MHOXHHU TOJIOHUX Ha0opiB. BiaMiHHICTH
acorriarii BiJ JBOX momepenaHix 3amgad Data
Mining: momryk 3aKOHOMIpHOCTEW 3JiHCHIO-
€ThCSI HE HA OCHOBI BJIACTHBOCTEH aHai30Ba-
HOro 00'€eKkTa, a MK ACKUIbKOMA ITOIIisSMH,
10 BiI0YBalOThCS OJTHOYACHO.

[nm  posnoBcro/pkeHi 3amgadi Data
Mining — 3amgaui mPOrHO3yBaHHsI, acoIliailii,
BH3HAUCHHS BIIXWJICHH TOIIO — TaKOX MO-
KYThb 3aCTOCOBYBATHUCS AJI BIOCKOHAJICHHS
OHTOJIOTIH MIJISTXOM OOPOOKH JaHMX BIAIMOBI-
aaux IIpO, noctynHux yepe3 Web.

Skmo naui, mo o6podstoThes B Data
Mining, € pecypcamu Web, TO 1ile BHOCHUTH
0araTo IOJAaTKOBHMX BUMOT O METOJIB aHai-
3y. Tomy y Data Mining BHOKpEMITIOIOTh Ta-
kUil HanpsMok, sk Web Mining. Cucrtemu
Web Mining m103BosIOTh 3HAXOIUTH 3aKO-
HOMIpPHOCTI B 1HoOpMAIiiHUX pecypcax
Web, 3actocoByrounm TexHomorito Data
Mining nns aHamizy HECTPYKTYpOBaHOi, He-
OJTHOPITHOT, PO3MOLIEHOT 1 3HAUHOT 32 00Cs-
rom iHpopmaiiii, ska 3HaxoauThcs Ha Web-
By3nax. ¥ Web Mining MokHa BUIIJIUTH TaKi
nanpsimku, sk Web Content Mining i Web
Usage Mining, Opinion Mining. B Web
Mining MOXHa BUAUTUTH HACTYIHI €TaIu:

- exioHuii eman (input stage) —
oTpuMaHHs "cupux" maHuXx 13 mKepen (Jioru
CepBepiB, TEKCTH €NEKTPOHHUX IOKYMEHTIB);

- eman  nonepeoHvoi  0OPOOKU
(preprocessing stage) — gaHi NPEACTaBIAIOTb-

cs1 'y ¢opmi, HeoOXiIHIH st ycmimHoi mo0y-
JIOBU Ti€1 4M 1HIIOT MOJEII;

- eman mooentosanus  (pattern
discovery stage);

- eman awuanizy mooeni (pattern
analysis stage) — iHTepmpeTarlisi OTpUMaHUX
pe3yibTarTiB.

KonkpeTHi npouenypu KOKHOTO eTa-
Iy 3aJeKaTh BiJl MOCTABJICHOTO 3aBIaHHS. Y
3B'I3KY 13 IIMM BHIUIAIOTH Pi3HI Kareropii
Web Mining [37]: aHami3 BUKOpPUCTAHHS
Web-pecypciB (Web Usage Mining); otpu-
MaHHs ~ Web-ctpykryp (Web  Structure
Mining); 3mo0yrtss Web-kontenty (Web
Content Mining.

3HauHa vacTtuHa ngaHux — ne IIM-
Tekctd. CamMe B TaKUX JIaHUX 3a3BUYAil Mic-
TUTbCSI HaWOUIbII KOpHCcHA iH(popMmarisa. To-
My aHaJli3 Takux gaHux B Data Mining Takox
BUOKPEMJIIOIOTh B CIICHIAJILHUNA TiAPO3IIT —
Text Mining [38]. Texnosoris Text Mining
MICTUTh TpOIeCH J00yBaHHS 3HaHb 1 BHUCO-
KosikicHOi iH¢opmanii 3 IIM-macusiB. Lle
3BHYAHO BiOYBa€TbcAd 3a JOMIOMOTOI BU-
SIBJICHHSI T1a0JIOHIB 1 TEHJICHINA 3a JOIOMO-
rOI0 CTaTUCTUYHUX Ta JIHTBICTUYHHUX METO-
ITB.

3HaYHO MIABUIIUTH  €(PEKTUBHICTH
Data Mining B ycix Horo HampsiMKax J103BO-
nsie 3actocyBanHs ¢oHoBux 3HaHb [IpO. Lle
JI03BOJISIE HE MIYKATH 3aHOBO BXKE BIJOMI KO-
pHUCTyBa4aM 3aKOHOMIPHOCTI Ta CEMaHTHYHO
30araTuTy 3B’SI3KM MK IapaMeTpamu (Biac-
TUBOCTSIMH OO’€KTIB, IO aHATI3yIOThCS) 3a
paxyHOK HasBHHX 3HaHb MIOJO0 BiTHOIICHBL
M1 HUMH.

OnHMM 3 aKTyaJbHUX HaIpSIMKIB 3a-
crocyBaHHs (poHOBHX 3HaHb B Data Mining €
anami3 Big Data ta ix metaganux. Ile oOymo-
BIICHO HAJ[3BUYAWHO BEIMKUMHU 0OcATaMu
CaMUX JIaHHWX Ta 1X TUHAMIYHICTIO, IO MPU3-
BOAWTH 10 AMHAMIYHOCTI TUX METaIaHuX, 110
iX omucyroTh. TOMY BaKIIMBUMH BUMOTaMH
JI0 METOJIIB 1X aHaNi3y € IBUIKOJIS Ta HAsAB-
HICTh ©BPUCTHUK, IO JIO3BOJISIOTH 3HAYHO
CKOPOTHUTH 4ac aHamizy. Hampuknana, 3HaHHS
IIOJ0 BIJHOIIECHHS ‘“‘Kiac-migknaac” MDK Ma-
pamMeTpaMu MeTaJaHHUX J03BOJISIE BIOCKOHA-
JIUTH HaBYAIbHY BHOIPKY.

Ile oOymoOBiIIOE HEOOXIAHICTH OTpPH-
MaHHSl TakuX (DOHOBMX 3HaHb, SIKE CKJala-
€THCSI 3 HACTYITHUX MiA3a1au:
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1) momyk IP, mo mepTHHEHTHI 3a-
Javl KOpUCTyBaya;

2) 3mobyrtsa 3 nux IP HeoOXimHuX
(hOHOBHX 3HAHB;

3) BHKOpHCTaHHS OTPHUMAHUX 3HAHBb
IUTsL aHATI3y JaHHX.

VY Bunanky ananizy Big Data 11 3ana-
9i KOHKPETU3YIOTHCSI HACTYITHUM YHHOM:

1.1. Bu6ip cxoBuma Big Data, B sixo-
MY 3[1HCHIOETHCS TIOMIYK;

1.2. TTomryk ab0 CTBOPEHHSI OHTOJIOTI]
[TIpO, mo micTuTh GHOHOBI 3HAHHA IOJIO 3a-
Ja4di KOPUCTYBaya;

1.3. Anami3z meraganmx Big Data 3
METOI0 BHOOPY HA0Opy JaHUX, IO NEPTHUHE-
HTHI 3ajJ]a4i KOPHCTyBaya, 3 BUKOPUCTAHHSIM
¢doHOBUX 3HAHB 00panoi oHTONOTI [IpO;

1.4. I'enepartist notpiOHOTO HabOpYy Ma-
HuX (miaMHOXkMHU Big Data 3a Bu3HaueHUMU
YMOBaMH) 3 BUKOPUCTAHHSIM 3HaHb OHTOJIOT1;

2) 3mobyrrs 3 ontojorii [IpO Tux
TEPMiHIB Ta BIJHOIICHb MIXX HHMH, SKi MOT-
piOHI 17151 OUTBIN €PEeKTUBHOTO aHAIII3Y BEJH-
Koro obcsary iHdopmarii (Hampukiam, st
3MEHIICHHS KUTbKOCTI MapaMeTpiB JaHUX a0o
JUIS 3MEHIICHHS KITbKOCTI 3aMHCIB 3a OUTBIN
TOYHUMHU YMOBAaMH BiJIIOBIHOCTI 3a/1a41);

3) BukopucTaHHS OTPUMaHUX 3HAHb
JUISL aHai3y OTPUMAHOTO Ha0Opy NaHWX Ta
JUIS IHTepIpeTallii OTPUMAaHOTO Pe3ybTary.

TakuM YUHOM, OHTOJIOTI{ 103BOJISIOTH
SK aHali3yBaTU CEMAaHTUYHO MeETaJaHi, 1o
ornucyroTh Big Data (Hampukiaa, 3aMiHITH
TEPMIHM B OMNHKCI 33/1a4l HA CHHOHIMU a0o0 Ha
CEMaHTHUYHO TMOMAIOHI MOHATTS, 3BY)KYBaTH
abo po3LIMPIOBATH 3aIUT), TaK 1 aHaNI3yBaTH
caMmi JaHl (HampUKIaJ, BHUKOPHCTOBYIOYH
O0OMEXEHHSI Ha MOXKJIMB1 3HAUYCHHS TapaMeT-
piB a00 BUBOASYY 3 OJHUX JaHUX 1HIIIL).

CemanTnuni Wiki-pecypcu
SIK KepeJ1o (POHOBHMX 3HAHB LI
a”ajizy meraganux Big Data

JlocmikeHHsT METOJIB  OTPUMAaHHs
(OHOBUX 3HaHb, SKI xapakTtepusyioTh IIpO
Big Data, € akTyaJbHUM HaIpsIMKOM HayKoO-
BHX JIOCIIIJKEHB, 10 CIIPSIMOBaH1 Ha 00pOOKY
takux jgaHux. Lle oOymoBieHO TuM, 11O, 5K
npaBwIIo, UIsi HabopiB Big Data He mponony-
IOThCSI IEPTUHEHTHI OHTOJIOTIT TUMH 0cOo0aMu
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a0o0 opranizaiisMu, 10 CTBOPIOIOTH Ta 30epi-
raroTh Taki Habopu naHuX. Y OUIBIIOCTI BHU-
Ma/IKiB BUKOPUCTAHHS OHTOJIOTIYHOTO aHAJIi3y
st Big Data oOMexyeThcsi BHOOPOM OHTOJIO-
rii U1 BU3HAYCHHS CTPYKTYPH Ta 3MICTy Me-
TaJlaHuX, sKa He € CreuuIqHo0 IS MEeBHOT
[IpO. Ane BukopucranHs 3HaHb [IpO Mmoxe
3HAYHO IMIJIBUITUTH €(PEKTUBHICTH OOPOOKH.

Bucoka udacoBa ckiagHICTh, Ha SKY
BILJIUBA€ BEJIUKUN PO3MIp MPOCTOPY O3HAK Y
Big Data, Bukinkae npoOiemMu B BUKOpPHC-
TaHHI TPaJAWLIHHUX METOJIB IITYYHOTO 1H-
TeJeKTy 10 Takoi iHdopmartii. JlouipHO as
ix omTuMi3allii 3acTOCOBYBaTH HasiBHI 3HaH-
Hs 1moa0 [1pO, no sKoi BiTHOCATHCS K cami
Big Data, tak i 3ajava, 115l BUpILIEHHS SKOi
3aiicHIoeThes aHami3 1ux Big Data. Ile no-
3BOJISIE HE 3/00yBaTH IIi 3HAHHA MOBTOPHO
Ta BUKOPUCTOBYBATH iX ISl JIOT1YHOTO BU-
BEJICHHS Ta BCTAHOBJICHHS BIJHOIIEHb MIX
eneMeHTamMu Metananux Big Data. Edexru-
BHICTh TaKOTO MiJXOJy BHU3HAYAETHCS MEp-
TUHEHTHICTIO BHOOpY 0a3u 3HaHb Ta 3aco-
O0amMu TOJAaHHS caMuX 3HaHb. Ha choroaHi
HAOUTBII MOMIMPEHUM PIICHHSIM IJIS T10-
JaHHS PO3IMOAUICHUX 3HaHb 3 TOYKH 30pYy
CYMICHOTO Ta TOBTOPHOTO BHUKOPHCTAHHS €
oHTOJIOTi. Asle moOynoBa Ta MOUIYK OHTO-
JOriil, 110 € MEepTUHEHTHUMHU KOHKpETHIH
3a/1a4i, € CKJIAagHOIO NpobieMor. 3HAaYHO
MpOCTillle T€HepyBaTU OHTOJOTIYHI CTPYK-
TypHu 3a CEMaHTU30BaHUMU Wiki-
pecypcamu. Taki OHTOJIOTIT MalOTh OOMexe-
HY BUpa3Hy 3JaTHICTh, ajlé BOHU MOXYTh
CTBOPIOBATHCS AaBTOMATHU30BaHO 3a TUM Ha-
6opoM Wiki-CTOpiHOK, 5iIKi 0OUpae KOPHUCTY-
Bad. Kpim Toro, Takuit miaxijg 103BOJISIE BiJl-
¢G1IbTpOBYBATH TIIBKM Ty 1H(pOpMAIlilO, sKa
noTpiOHa JJIs BUPIIIEHHS 3aJ]1ayi, 1110 3HAYHO
obmexye o0csaT moOymoBaHOi OHTOJIOTIT Ta
3MEHIIIY€ Yac Ha i1 BAKOPUCTAHHS.

[Tomryk MepTUHEHTHOI OHTOJIOTIi He-
MOJKJIMBO TOBHICTIO aBTOMAaTHU3yBaTH, XOua
criBCcTaBiIeHHS MeTanaHux Big Data 3 mera-
OIKMCaMH OHTOJIOTIH B Perno3uTopii 103BOJIsIE
BUKOHATH Tmonepeaniii Bimbip. IIpoGrema
YCKJIQIHIOETHCSI TUM, 1110 3HAYHA YaCTHHA Clie-
IATICTIB, IO TpaIioloTh 3 Big Data Ta ix me-
TaJaHUMH{, HE MalOTh JOCTaTHHOIO JIOCBIY Y
po0OoTi 3 OHTONMOTISIMA. TOMY JTOIIJTBHO 3aCTO-
COBYBATH SIK JUKepesno (pOHOBHX 3HaHb Taki IP,
110 3a8/I0BOJILHSIIOTh HACTYITHUM YMOBAaM:
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1) [OoCHTH MPOCTi IS PO3YMIHHS iX
3MICTY Ta 00CsITY;

2) nocsukHi yepe3 Web;

3) 30epiraroThcst y BiIKpUTHX (HOp-
MarTax;

4)  103BOJISIOTH aBTOMAaTH30BaHO
reHepyBaTH OHTOJIOTIT 3 (pikcoBaHMM Ha0O-
POM TOHSTH.

TakuMm BHMOraM BIIIOBIJarOTh CeMa-
HTHYHO po3miueHi Wiki-pecypcu. Bupasni
MoxuBocTi Semantic MediaWiki [39] — ce-
MaHTuyHOro posmupeHas MediaWiki [40] —
J03BOJISIE SIBHO (DIKCYBaTH 3MICT BiJHOIICHB
Mk Wiki-cTropinkamu, $KI BiJIIIOBiIalOTh
KJIacaM OHTOJIOTI.

st Toro, mo6 BUKOPHCTOBYBATH Ta-
kuit ~ Wiki-pecype sik mxepeno (OHOBHX
3HaHb B aHaii3i Big Data, gomineHo 3acToco-
ByBatn  Wiki-oHTonorito mporo IP, sika €
(dbopMaizoBaHOK MOJACIUTIO 3HAHB PECypCy
Ta JI03BOJIsIE€ (PIKCYBAaTH XapaKTEPUCTUKU KO-
rO CJIEMEHTIB, iX 3B’SI3KiB, BJIIACTUBOCTECH Ta
BiJIHOILIEHb Y OopMi, IPUAATHIN AT aBTOMa-
TUYHOTO OOPOOJICHHS, JIOTIYHOTO BHUBEIICHHS

xmlns:rdfs="http://www.w3.org
xmlns:owl="http://www.w3. org/ Crelansa

mediawiki.of swivt/1.0#" xml1l cemanruunuii nowyx
xmlns:cate “hitp://vue.gov.

Onyji | Mowyk

xmlns:prop, tp://vue.gov.,]
<0W1 Mepconania]]
“owit PGByJIBTaT xerHA>1900
16Tl excmmopty B RDF
<owll___ T

1orvesnd ek

CneuiansHa
excnopt y RDF
EKCNopT CTOPiHOK ¥ RDF

NapameTtpu [+]
LiA cTopiHKa A03BONAE OTPMMATH AaHi i3 CTOPIHKM ¥ GopMar|

3HAXOAWTBLCH HHUXKYeE.

http://new.vue.gov.ua/AsToMo6inLHa Aopora
http://new.vue.gov.ua/AsToMobinb
L] http:/new.vue.gov.ua/AsToMoBiNbHUA TpaHCnopT

Onwii copTyBaHHs

3a apocTaHHAm  [Bunyuutu]

[AonaTu ymoBy copTysaHHs]

# PeKypcwBHO eKCropTyBaTy yci NoB'R3aHi CTy

<1-deDF Xmlns:rdf:"http://ww Nepcosanii  MNpupoga  Umsinizauin Fanysiswaus  ABTOpM Mepiadaiinn Bi6nioTexka

O6paHuid popmMat € hopMaToM EKCNOPTY, AKWA He Mae BiayanbHol penpeseHTaull, a TOMy pesynbTaTd Haaal ThCA NMLLE AK 3aBAHTAKEHHA.

ta aHamizy. Wiki-oHToNOTis — 1€ OKpeMuit
Bunanok onroiorii I[IpO [41], Bupa3Hi MOX-
JMBOCTI SIKO1 OOMEKEH1 BiIMOBITHO 10 BUpA-
3HOocTi Wiki Ta ii ceMaHTHYHOTO PO3ITUPEHHS
Ta HE MPUITYCKAIOTh 3aCTOCYBAaHHS XapakTe-
PUCTHK JIs1 00’ €KTHUX BJIACTUBOCTEH Ta BIa-
CTMBOCTEW HaHuX. BUkopucTanus 1i€i Mome-
T I CEMAaHTUYHOI PO3MITKH (K Ha3BH
KaTeropii Ta CEMaHTUYHHUX BIACTHBOCTEH)
3abe3neuye moOynoBy yHiikoBaHOTO HA0O-
py l€papxidyHO TOB’S3aHUX KaTeropiu, maod-
JIOHIB TUTNIOBUX 1H(GOpMAIIHUX 00’ €KTIB, iX
CEMAHTHYHUX BIJIACTUBOCTEH Ta 3aIMTIB, IO
1X BUKOPUCTOBYIOTb.

Baxxn1Boro 0COOMMBICTIO CEMaHTU30-
BaHnx Wiki-pecypciB € MOXIIUBICTh T€HEpa-
uii Wiki-onronorii He 1S BCi€i CyKYyIHOCTI
CTOPIHOK, a TUIbKH IS TIEBHOI i IMHOKHHH,
00paHoi KOpUCTyBaueM SIBHO TMEPEIIIKOM CTO-
piHOK abo 3a JOMOMOTOK CEMaHTHYHOTO 3a-
nuty (puc. 2). [lapamerpamu Takoro 3amnury
€ Kareropii Ta yMOBHU I0JI0 3HaYEHb CEMaH-
TUYHHUX BJIACTUBOCTEH CTOPIHOK.

OuuctvTn BCE | @

BuGip poanpyxisks

CeMaHTUYHHMU 3aMTUT
ans excnopty B RDF

#| TaKoX eKCNIOPTYBATH YCi CTOPIHKM, Wo 3sep

2000-01-01T00:00:00+00:00

He ekcrnopTyBaTi CTOPIHKM, WO He Gynu aMiHe|

Crmcok CTOpiHOK
ans exkcnopty B RDF

Puc. 2. 3acobu Semantic MediaWiki ans excniopry ingopmartii B RDF-popmati
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BucHoBkn

Jlis MOKJIMBOCTI iHTErpamii JaHux i3
BHYTPIIIHIX Ta 30BHINIHIX JHKEPEN Ta MOKpa-
ImeHHsI kepyBaHHs Big Data, X omiHIOBaHHS
Ta iHTeprpeTauii s BUKOHAHHS MPHUKJIA-
HUX 33724 MITYYHOTO IHTEIEKTY MU BUKOPHC-
Tajdl CEMAHTHYHI TEXHOJOTii Ta OHTOJOTII.
MeranaHi € OCHOBHUMH JpKepenamu iH(op-
Marii mpo Big Data Ha mpoTs3i BChOTO iX
KUTTEBOTO LUKIY. [ Toro, mob mpaBuiib-
HO BigOupatu Habopu manux 3 Big Data,
HeOOX1JHO HABUUTUCH ABTOMAaTHUYHO BHI00Y-
BaTH 3HAHHS 3 iX METaJaHMuX 3a JIOTIOMOTOI0
CEMaHTUYHUX TeXHoJoTid. [louinpHO 3acTo-
COBYBATH JUIS IIBOTO TaKi Jokepena (poHOBHX
3HaHb SIK MIOJ0 IIMX METAJaHUX, TaK 1 MO0
[TpO, mns sikoi mMOTPiOHO aHaNi3yBaTH JaHi,
SIK OHTOJIOTII Ta Te3aypyCH.

JIJIsT ceMaHTHUYHOTO aHalli3y MeTaja-
HUX MH BUKOPHCTOBYEMO MPHPOAHOMOBHI
aHOTAIlii, 5IKi BXOJATH JI0 CKJIQJAy METalaHHX.
Cemantuuyna o0pobOka iHdopmanii merana-
HUX JI03BOJISIE OTPUMATH BiJ HUX HESIBHI
3HaHHS TPO caMi JaHi. AHa3 TEKCTIB MeTa-
TaHuX Oe3MocepeHbO TIOB’s3aHa i3 CeMaH-
TUKOIO Ta MEBHUMH JIOTIYHUMHU MpPaBHUIIAMHU,
ToMy 0€3 MeTaJaHuX Ta METOMIB iX aHali3zy
Oyno O MpPakTUYHO HEMOMIJIHUBO OOINTHCS.
3anporoHOBaHI HAaMU  METOAU  aHAJI3y
MPUPOJAHOMOBHHX aHOTallil € HaHOUIbII
aJIeKBaTHUM 3acO00M CITIBCTaBJICHHSI CEMaH-
TUKH MeTagaHux Big Data 3 Tumu 3agauamu,
JUTSL PITIICHHS SIKMX BOHU MOXYTh 3aCTOCOBY-
Batucs. Ha choromuimHiii JeHb BIACYTHI
3araJbHONPUMHATI, YHIBEpCAJIbHI CTaHAApPTH
Ipo MeTajaHi, a HaiOLIbII YacTO BUKOPHC-
TOBYETHCS YHIBEPCATbHUH CTaHIAPT OIHCY
metaganux Dublin Core.

Mu 3anponoHyBaJi BHKOPHUCTOBYBA-
i TexHonorii Wiki ta ix cemaHTuyHE PO3-
IIUPEHHS K JDKepeao (GOHOBUX 3HAHB OO0
[TpO 3amaui kopucrtyBaya. L{i 3HaHHS MOXKYTh
TakoX OYTHM BHUKOPHCTaHI NPHU OLIIHIOBaHHI
CEMAHTUYHOI OJM3BKOCTI TEPMIiHIB JOMEHY
JUIS CTPYKTYPYBaHHS €IIEMEHTIB METaJlaHuX
Big Data.

HoBuzna pocmimxeHs, sKi 3arporo-
HOBaHI y 1l poOOTi, NOJArae y HOBOMY Mij-
XO[Il 10 1HTerparlii Ta CTpYKTypyBaHH1 JJaHUX
B IHTEJIEKTYaJIbHUX CHCTEMaX, IKUi 06a3yeTh-
Cs HA CEMaHTUYHOMY aHalli3l Ta IHTepIpeTa-
11ii CTPYKTYpOBAHMX, YACTKOBO CTPYKTypOBa-
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HUX Ta HECTPYKTYpPOBAHHX METaJaHMX, SKi
onucyTh Big Data, Ta dopmyBaHHI Ha iX
OCHOBI MEPTUHEHTHOTO 3aj[adi KOpHCTyBaya
HAaO0Opy MaHMX 13 3aCTOCYBAHHSIM OHTOJIOTI{
peaIMeTHOI 00JacTi.
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ABTOMATHM3AIIS PO3B’SI3YBAHHS 3AJAY
3 IVIAHIMETPII, 3AIIUCAHUX IPUPOTHOIO
YKPATHCBKOIO MOBOIO

Y po0GoTi ZOCHIIKEHO W OMICaHO CTBOPEHHSI CHCTEMH UL pO3B’sI3yBaHHS 3a7ad 3 TUIAHIMETPii 3a JOIIOMOTOI0
Cy4JacHHX MOXJIHBOCTEH OOpOOKM TMPHPOTHOI YKpPaiHCEKOI MOBH Ta PO3POOJIEHOI CYKYITHOCTiI alrOpPHTMIB
OIpaIfoBaHHS TEKCTy 3an1adi. Po3pobka O6azyeThcs Ha aHali31 TEKCTIB IUIAHIMETPUYHUX 3a/ad Ta aHali3i Joc-
TYITHHUX 3ac00iB 00pOOKHM KHMBOT yKpalHCHKOI MOBH, 110 Hapa3i HasBHI. Pe3ynbraroM poOOTH € KiHLEBHH IPO-
rpaMHUII IPOJYKT, HanMcaHuii MoBoto Python, 110 1ae 3Mory BUpIIIyBaTH MPOCTi 3aBIaHHS 3 IJIaHIMETDIi.
Knro4oBi cioBa: 06poOka MpUpOAHEOT MOBH, TOKEHI3aIlis, JIeMaTH3allis, PO3MidyBaHHS YaCTHH MOBH, CETMCH-
Tallis TeKCTY, BUA0OyBaHHs iH(popMalii, po3MiueHnil Kopiyc.

Beryn

MoBa — 11e TOM IHCTPYMEHT, 3a JJOIIOMO-
TOI0 SIKOTO JIFOJIM CHUIKYIOTBCS Ta PO3YMIIOTH
onHe onHoro. Came 11l MOBH, SIKI BUKOPHCTOBYE
JIFOZICTBO Y TIOBCSIKIGHHOMY JKUTTI MK COO0I0 €
MIPUPOTHOIO, TOOTO TAKOIO, IO BHHUKJIA TPH-
poaHiM 1UIIXoM cepen smonei. Ilpore, komum
MOTPIOHO 3aJaTH KOMaHIIM KOMII IOTEpY, BHKO-
pHUCTOBYIOTH (popMalibHY (IUTY4HY) MOBY —
MOBY TIporpamMyBaHHs. MoBa IporpaMyBaHHs €
TUM KITIOYEM, IO JIa€ 3MOTy KOMaHAaMu (Ha-
Oopamu IHCTPYKIIiif) CTBOPUTH 3B’S30K MiX
JIFOJIbMH Ta KOMIT FOTEpaMH.

[TpuponHa MoBa Mae Baromy, J10ci He-
BUpIIIEHY Mpo0sieMy, Yepe3 M0 HE TOIUTHCS
JUTSL B3AEMOJIIT 3 KOMIT IOT€POM, 371€01IBIIIOTO
Yyepe3 CBOi CHHTAKCUYHI, CMHUCIOBI, BiIMiH-
KOBI Ta pedepeHIiiiiHi HeOJHO3HAYHOCTI.

OOpobka mpupoaHOi MOBH (aHTJI.
Natural language processing a6o NLP) —
rajgy3b B JIIHI'BICTHIII, KOMIT FOTEPHUX HayKaXx,
iH(popMaLiiHIA 1HXeHepll Ta IITy4YHOMY 1H-
TEJEKTI, sIka CIOpsIMOBaHAa Ha KOMI IOTEpHUI
aHaii3 Ta OOpOOKYy NpHUpPOIHOI (JIFOACHKOI)
MoBH. 3arajoM, metoio NLP € namatn mMox-
JUBICTh YHI(QIKYBaTH NPUPOJHY MOBY ISt
po3yMiHHsS i1 KOoMI’roTepoM. 3BiCHO, Hapasi
MalIiHA HE 3[IaTHI PO3YMITH YKPaiHCHKY MO-
BY, TaK CaMO SIK PO3YMIIOTh Il JIFOJIU, MPOTE
B)X€ HHUHI BOHH MarOTh JOCHTH BEIHKI MOX-
JTUBOCTI. AJie, BapTO 3a3HAYUTH, 10 HANOLIb-
Il MOXJIMBOCTI BCE  JOCTYIHI JIMIIE ISt
AHTIICHKOT MOBHU. Y Wi poOOTI po3risaae-
ThCs1 00pOOKa MPUPOAHOT YKPaiHCHKOT MOBH.

PosragnemMo  gesgki  JIaHKH, IO
nepeadavae NLP, ki OynyTh BUKOPUCTOBY-
BaTHUCS B Il poOOTI.

© O.IN. XKexepyn, O.P. Cmu, 2020

CermeHnTauisi — 1e MOJLT TEKCTy Ha
MEeBHI 3HAYyIll OJWHHUIN, TakKl SK CIIOBa,
pedenHs, adzauu. Ilomin Ha ciaoBa B ykpaiH-
CBbKIM MOBI, SK 1 B IHIIMX 0ararbOX MOBax
CBITY, 1[0 TIEBHOIO MipOI BHKOPHCTOBYIOTbH
KUPWIUIIO YU JIATUHHIO, HE € CKIaJHUM
3aBJIaHHSM, OCKUIbKH TakKi MOBH JUIsl TOALTY
Ha CJIOBA 3aCTOCOBYIOThH MPOOLIH, TOOTO MyCTi
IPOMYCKU MIX CJIIOBaMH, a00 3HAaKM ITyHKTYya-
mii. Jlemo ckimagHima cutyalis 3 MOI1IJIOM Ha
pedeHHs. X0Y peueHHs B YKpaiHChKIM MOBI
Tpeba MOYMHATH 3 BEJIMKOI JITEpU Ta 3aKiH-
YyBaTH KPAmKoOIO (YM IHIIUM CHMBOJIOM IyH-
KTyallii, 110 MO3Haya€ 3aKiHYeHHs pPEYEHHS,
SK-OT 3HAaK OKJIMKY), BCE )X € CJIOBa, sKi Ipa-
MaTHYHO TPAaBWJIBHO IMUCATH 3 BEJIUKOI OyK-
BU, HaIIpHUKJIA] IMeHa Jtofieil. Takox iCHYIOTb
CKOPOUYCHHSI CJiB, /i€ TOTPIOHO TMOCTABUTH
kpanky [1].

Po3miuyBaHHsSI YacTHH MOBH (aHTJL.
Part-of-speech tagging) — 1e BcTaHOBICHHS
KOXKHOMY CJIOBY 3 TEKCTY BiJIITOBITHOTO TeEry,
SIKMI BKa3ye, sKa 1€ YaCTHHA MOBH 3BaYKArOUH
Ha BU3HAUEHHS CJIOBAa Ta Ha KOHTEKCT y CJO-
BOCIIOJIyY€HHI, peueHHi yu ab3ami. Po3miuy-
BaHHS YaCTUH MOBH YCKJIQJHIOETHCS THUM, 11O
B MPUPOJHIN yKpaiHChKIH MOB1 OJlHE U Te X
CJIOBO Y PI3HHMX PEYCHHSIX MOXKE BIAMOBIAATH
PI3HMM YacTHHAM MOBH, a OTK€ M MaTH 1HIIE
3HAYEHHS.

Creminr (anri.Stemming) — mporiec
CKOPOYEHHS CJIOBAa 10 OCHOBH IIUIIXOM BiJI-
KUJAHHS JOMOMDKHHMX YacTHH, TaKUX 5K 3a-
KIHYCHHS 91 CydiKC.
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JlemaTusanis (anrn. Lemmatization)
— IIe TIPOoIleC OTPUMAaHHs 0a30BOi CIIOBHUKOBOI
dopmMu crnoBa — nemu. Ha BigmiHy BiX
CTEMIHTY JIeMaTH3alliss BUKOPUCTOBYE Y IPO-
I[eCi CJIOBHHK Ta MOP(MOJIOTIUHUN aHATi3 JUIs
I[BOTO.

BunoGyBanns indopmarii — e mpo-
I[eC BWIYYEHHS 3 HECTPYKTYpOBAaHOTO abo
MaJIOCTPYKTYPOBAHOTO TEKCTY CTPYKTYpOBa-
HO1 iHdopMmarlii, Takoi K CYTHOCTI, 3B’S3KH
MK HuMmH, atpuOytu [2]. Sk ramy3s B NLP,
BH100yBaHHs iH(oOpMarllli HaOyBae Bce OiTb-
101 3aIiKaBJICHOCTI, OCKIJIbKUA TOCTPO IMOCTAE
HEOOXIAHICTh y CTPYKTypyBaHHI iH(opmarlii.
Baprto Takoxx momartu, o I KOXHY 3a/ady,
HaI0yIOBYEThCS JOAATKOBA JIOTIKa HA TOTO-
BUH 1HCTPYMEHT pOOOTH 3 TEKCTOM, OCKUIBKH
OXOIMHTHU BCl aCTEeKTH PI3HUX 3a/la4 Hapasl He
€ MOKJIMBHM.

PizHOBHIM reOMEeTPUYHHUX 32124

['eometpist, K HayKa, TOIUIAETHCS HA
MIeBHI rajysi Takli, K [JIaHIMeTpis, cTepeome-
Tpisl, TPUTOHOMETPis Ta iHII. Y i poOoTi
PO3IIISIHYTO IUJIaHIMETPUYHI 3a7ayi, OCKUIBKU
iXHI YMOBH JIETII€ MiJIal0ThCsl OMHUCY B TEKC-
TOBiH ¢opmi (MOkIUBO 006iiiTHCH O€3 300pa-
XKEHHS Qiryp Ta 6€3 TPUTOHOMETPUYHMX PiB-
HSIHb), TaKOX BUBYEHHS TeOMeTpii po3mouu-
HaIOTh caMe 3 IJIaHIMEeTpii, PO L0 CB1IYATh
MporpaMu IIKUIBHOI OcBiTH. Ciil TpoOBeCTH
aHai3 BUOIB 3aa4 Ta MOYJIMBOCTEN IXHBOTO
MOJIaHHS.

IcHyIOTB pi3HI TUNH 3ajad, SIK1 BiAPI3-
HSIOTBCSI MK CO0OI0, SIK CKJIaIHICTIO 0oOpa-
XYHKY, TaK 1 CTPYKTyporo NoOyJ0BH yYMOBH,
MUTaHHS (HEBiIOME, M0 MOTPIOHO 3HAWTH) 1
MOYKJIMBOCTEN BIAMOBIII HA HEI.

Hapasi muianimMerpuuHni 3ajmadi  y4Hi
MOYMHAIOTh BHBYATH MOYHHAIOYM 3 7 Kiacy
HIKOJM B YKpaiHi. 3BaXarouu Ha 1€, AOLIb-
HO O3HAaHOMMTHUCA 3 MIAPYYHUKAMHU LIKOJISPIB
3a 7 Kjac Ta 3’sCyBaTH CTPYKTYpY 3ajad, sKi
TaM BUKOPHCTaHO. BUKOPHCTOBYIOUM TepMi-
nounoriro 3HO [3], y wiit poboti Oynemo po3r-
JSIaTH 3aBJIaHHS BIJIKPUTOTO THITY 3 KOPOT-
KOIO BIAMOBLA0. Jlami po3riissHeMO CTPYKTY-
py Ta moOynoBY TaKWX 3ajad, BUBIBIIU iXHi
3aKOHOMIPHOCTI ~ IUISIXOM  CTaTHCTHYHOTO
aHai3y, JUIsl IbOTO B3SIBIIU 33]a4l MOTPIOHO-
ro THIY 31 IKUIBHUX MiIpydHuKiB. s ge-
MOHCTpAIlii HaBEJCHO MPHUKJIAJ 3a7adi BiJK-
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PUTOTO THUITYy 3 KOPOTKOKO BiIMOBIAJIO, IO
LTIOCTPYIOTh OUTBIIICTH 3a7a4 13 MiApyIHUKA:
«Y tpukytauky ABC Bimomo, mo 2A = 30°,
4B = 45°, CM - Bucora, AC = 10 cMm. 3Haii-
niTh Bigpizok BM.». Hagaii, came 1110 3amaqy
BUKOPHUCTAHO SIK MPHUKJIAJ, Ha OCHOBI SIKOTO
MPOCTE)KYBATUMEThCSI X1  0OpoOKM  Ta
PO3B’SI3KY BCIX 3a/1a4.

OTxe, 3 TEKCTy 3ajaui BUAHO, 11O 3a-
BJIaHHS TOAAETHCSA 3ACOLIBIIOrO JBOMa pe-
YeHHSMHU (piAIIe OJHHUM, I piiie OUIbII K
JIBa), Jie Teplile BKa3ye, 1m0 AaHO (YMOBa), a
JIpyre TOSICHIOE, 10 TMOTPiOHO 3HAWTH. Sk
MOJKHA TMOOAYUTH, B MIAPYYHUKAX TAKOXK BH-
KOPHCTaHI CIelianbHi MaTeMaTH4HI CHMBOJIH
(3HaK KyTa, 3HAK rpajayca Ta iHIIi), IO CKO-
pPOUYIOTh HaIlMCaHHS O0CITY TEKCTY, aje, K
Oyzae BHIHO Jaii B poOOTi, yCKIIATHIOE pobo-
Ty OMNpAlLIOBaHHS TaKOTrO0 TEKCTYy aHali3aTo-
poM. Yci iMEHyBaHHS 3MiHHUX (CYTHOCTEN)
MOJIal0ThCS TATUHCHKUMHU JIITepaMu, 1110 OYe-
BUJHO Ta MIKHApPOJHO NpuitHATO. Criemniaib-
HOTO CJIOBa, SIKe 1AeHTU(]IKyBal0 OM MOYATOK
noxaHHs iHpopMaIii yMmMOBH (JIaHO) HEMae,
TOMY pEUYeHHS OYMHAIOTHCS MPSAMO 3 ToJadi
miei ymoBu. IIpore, pedeHHS, IO TOSICHIOE
IIyKaHe, 3a3BHuYail TMOYMHAETbCA 31 CJIOBa
(GHAUIITHY, pillIe «OOUUCIITh) Ta «BU3HAY-
Te», HIe PIiaIIe 3yCTPiUuaroThCsl MUTAHHS, 110
MOYMHAIOTECA  HA  «UOMY  JOPIBHIOEX.
Po3B’s3k0M Ha Taki TUOHM 3a7qad 3a3BUYaAil €
OJIHEC YHCIIO, HANPUKIAA, [IyKaHWH Tpaayc
kyra («3nHaiaite ZAMC.») 41 1OBXKHHA CTO-
poHu («3HaimiTh rinoreHy3y AB.»), piame
3YCTpIYaEThCsl CYKYNHICTh («3HaimiTe OivHi
CTOPOHU TPUKYTHHKA.)).

Jl5is IpoBeIeHH KUTBKICHOTO aHali3y,
SKe 3MOXE II0Ka3aTH 4YacTOTy IIOBTOPCHB
CIiB, IIO TaK camo JOMOMOXE Yy BHU3HAYEHHI
Ha 1[0 CaMe BapTO CKOHIIEHTPYBaTH YBary,
HacamIiepe]] MoTpiOHO 3BECTH BECh CIHMCOK
310paHux 3a7a4 J0 NMEBHOTO OJHAKOBOTO BH-
ny. ToMmy 11 IbOTO BapTO BUKOHATH JIEMATH-
3allil0, a CUMBOJIM 3aMIHMTH Ha TPOMHCHE
cioBo. IIporec merony peanizauii Jemarusa-
1ii € OJTHUM 13 KITIOUOBHUX €TariB MONEPETHBOT
00poOKH TekcTy, 00 Ja€ 3MOTy BUIYYHUTH
3aKiHYCHHS W IMOBEPTAa€ OCHOBHY YH CJIOBHU-
KoBYy (opmy croBa, sika W HA3UBAETHCS Jie-
Moto. BukoHnaBmu mpornec gemarusaiii noja-
HOTO BUINE MPUKIIATY 3a/1adi, OTPUMAaHO TaKe
pedeHHs: «y TpukyTHUK ABC Bijomo, 1110 KyT
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A nopisuioBatu 30 rpangyc, kyr B nopiBHio-
Batu 45 rpagyc, CM — Bucora, AC nopis-
uroBatu 10 cm. 3HaiiTh Bigpizok BM.». Oue-
BHJIHO, III0 METOJI 3HSB BiAMIHKOBI (hopmH 3i
ClliB, MIO JONOMAarae IMpH MOAATBIIOMY
KUIbKICHOMY —aHami3i 3amad. IIpoBeneHo
nemMaTu3allio BuOpaHux 76 3amay, B3SATHX 3
nigpy4yHuka. parMeHT pe3ynbpTrary moKa3aHo
B Ta0IuUIIi.

Tabauusa. @parMeHT pe3yabTaTy KiIbKiCHO-
r'0 aHaJIi3y YacTOTH MMOBTOPEHH CIIiB y 76 3a-
Javax 3 IIaHiMeTpii

Ne CaoBo IoBTOpIOBaAHICTH
1 TOPIBHIOE 137
2 cM 119
3  TPUKYTHHK 95
4 KYT 82
5 3HAUTH 80
6 rpanayc 54
7 i 45
8 CTOpOHa 44
9 BHCOTA 32

10 y 29

11 abc 27

12 OCHOBa 26

13 10 22

14 npsmoxkyTHUM 20

3 TabnuIll BUAHO, IO HA MEPIIOMY Mic-
11l 32 TIOBTOPIOBAHICTIO € CJIOBO «JIOPIBHIOEY,
MOTIM OJMHHUILIA BUMIPY BIApi3KiB «cm». Ha
TPETHOMY MICIIi PO3TAIlIOBAHE CJIOBO «TPHUKY-
THUK», 3 YOTO MOXHAa 3p0OUTH BHCHOBOK, IO
3 OUTBIIOCTI 3a7a4, BUOpAHUX BUIMAJKOBO 31
HIKITPHUX MiAPYYHUKIB, HANOLIbIIE 3aBlIaHb,
SK1 CTOCYIOThCSI caM€ TPUKYTHHKa (4OTHpHa-
JIISATE MiCIIe TeX CBIMYUTH MPO TPUKYTHUK, a
came Ha Moro pizHoBuz). lLle ouikyBaHoO,
OCKUTbKM TPUKYTHUK — II€ HalMEHIIuH 3a
KUTBKICTIO KYTIB 0araTOKyTHHUK, & TaKOX TPH-
KYTHHK BHBYAIOTh OUIBII MOTIHOJICHO HIX
I ¢irypu, dyepes Te, 0 caMe TPUKYTHHK
JISKUTh B OCHOBI TPUTOHOMETIi, J1¢ BHUBYA-
I0OTh B3a€EMO3B’SI3KM MK CTOPOHAMH W KyTaMu

TPUKYTHHKIB. Takox 1iKaBo, 110 HA I’ ITOMY
MiCIli CIIOBO «3HAWUTH», IO JOBOIUTH T€, IO
IIyKaHe B 3aBJaHHI MapKy€eThCS IIUM CIIOBOM.
OnuHaasTe Micre, 1o 3aifHsuio «abCy», Bka-
3ye Ha IMEHYBaHHS TPUKYTHHKA, TOOTO
«ABC» Tta pimme kyt 3 BepmmHOow «By». 3a-
3BMYAil, B 3a/Jayax BKa3aHO Ha3By Qirypw,
OCKIJIBKH 1€ JTO3BOJISE JICTIIE OMUCATH YMOBY,
SK-OT 3 SIKOTO KyTa ITPOBEJICHO BiIPi30K.

PizHOBHMIM reoMeTPUYHHUX 33724
IHINMMHA MOBAMH

Jlis mojanbloro CTBOPEHHS YHiBep-
CAJILHOTO aJTOPUTMY OIPALIOBAHHS TEKCTY,
BapTO PO3MVIAHYTHU MOJAHHSA 3aJ]1a4 3 MJIaHiMe-
Tpii iHmMMU MoBamu. Lle Takox macTe 3mMory
mporpami MpamrBaTH HaBITh 3MIHIOKOYH TIPH-
POIHY MOBY Ha iHIITY.

PosrnsHemMo ans  moyatky — CXiJHO-
CJIOB’SIHCBKI MOBH, OCKUIBKH YKpaiHChKa MO-
Ba BXOAMTH A0 IXHBOro ckiany. 1o cxigHo-
CJIOB’STHCBKHMX MOB II€ BXOZSTh OLIOpychbKa Ta
pociiickka MoBHU. [louHemMo 3 OLIOPYCBHKOI.
Bapro 3a3Ha4nTH, I10 OPUTIHAIBHOTO MiAPYyY-
HUKa, HAIMCAaHOI'o OUIOPYCHKOIO MOBOIO HE
BJQJIOCh 3HAWTHU. 3HaANIEH] JIBa MiIPYYHHKH,
110 BUKOPUCTaHI1 JUIsl aHaji3y, € MepeKsaioM
HIJPYYHHUKIB 3 POCIHCHKOI MOBH.

OrnstHeMO OJTHY CTaHAapTHY IUIaHIMe-
TPUYHY 3a7a4y OUTOPYCHKOI MOBOIO 3 TIIPY-
YHHUKA 3 reomerpii 3a 7 kiac. JlaHo 3amauy:
«Y payHaOenpaHbIM TPOXBYTOJIbHIKY aJiHa
crapaHa poyHa 5 cm, apyrasg — 10 cm. 3Haii-
I3ille  MephIMETp  TPOXBYrojbHikKa.»  [4].
MoxHa MOMITUTH, IIO 3a/a4a Ma€ TaKy X
CTPYKTYPY, SK 1 3a/1a4il YKpaiHCbKOIO MOBOIO.
OCKUIBbKH, CHIEepIry Wae OMUC TOTO, IO JaHO,
a TOTIM, Y HAaCTYITHOMY pPEYEHHI, 31 CIOBOM
«3Hang3iney», Hae mosACHEHHS TOro, M0 MOT-
piOHO 3HaiiTu. binmblicTh 3agad  MOJAIOTH
OIUC OJJHUM CKJIAJJHUM PEUYCHHSM Ta OIHUM
MPOCTUM PEUYECHHSM i7Ie TOSCHEHHSI ITYKAHOTO.

Otxe, BCl MOAIOHOCTI, IO ICHYIOTh
MK YKpaiHCBKOIO Ta OIOPYCHKOIO MOBaMH
JAI0Th 3MOTY y MaillOyTHhOMY mepedopmary-
BaTH i BUKOPUCTOBYBATH CTBOPEHY IPOrpamy
3 OLTOPYCHKOIO MPUPOTHOIO MOBOIO.

Pociiickka MOBa, BXOOSYHM CHIJIBLHO 3
YKpaiHCBKOIO Ta OULIOPYCHKOIO 10 CXIiJHO-
CJIOB'THCHKOI MIATPYNH CIOB'SIHCBKUX TPYII
MOB, Ma€ 0arato OJJHaKOBHUX O3HAK, K rpaMa-
TUYHUX, TaK 1 MyHKTyalliiHUX, Yepe3 110 MO-
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KHa TPUIYCTUTU MOMIIUBICTH UIsI BUKOPHC-
TaHHS CTBOPEHOT'0 aJrOPUTMY POOOTH 3 TEKC-
TOM. PO3TnsiHEMO THIIOBY TUIaHIMETPUUYHY
3ajavy, B3ATYy 3 MipyYHUKA 3 reoMeTpii 3a 8
kiac. 3amaya: «B paBHOOEIpEeHHOM Tpeyro-
neHuke ABC ¢ ocHoBanuem AC mnpoBeneHa
ouccekrpuca AD. HalimuTe yribel aToro Tpey-
rosibHUKa, eci ZADB = 110°.» [5]. Ouesu-
JTHO, IO CTPYKTYypa TEKCTY 3a/1adl MmoAioHa 10
TEKCTY YKpalHCbKHUX 3anad. [nenrtudno, nep-
1€ peueHHs MOSICHIOE YMOBY 3a/1ayi, Jpyre kK
peUeHHs OmHCye, M0 MOTPiOHO 3HaiTH. Mo-
’KHa 3pOOUTH BHUCHOBOK, IO JI QITOPUTMY
mporpaMu He OyJie BaXKHO TIEPEHTH Ha POCiid-
CbKY MOBY, 3MIHUBIIIH JIUIIE JIEKCUKY.

JIJist TOBHOTH JTOCITIJIKCHHSI, BAPTO Ta-
KOX OTJITHYTH ¥ 3ajjaui aHTTIHCHKOK MOBOIO.
AHTTIiiChKa € YaCTHHOIO T€PMaHCHKOI IpyIH,
10 BXOJUThH B 1HAOEBPOIEHCHKY CIM'IO MOB.
Amnrmiiiceka Ta yKpaiHChKa MmoOyIoBa TEKCTY
3a/la4 3HAYHO BIJPI3HAETHCS, IO € OUYEBHU/I-
HUM. Bce X po3risiHEMO KiTbKa 3agaq Jyist
PO3yMiHHS TOOYIOBH, IO XOY TPOXH MOI10H1
0 CTPYKTYpH TEKCTY 3adad yKpaiHCHKOIO
moBoro. «Triangle ABC has side lengths of
AB = 10, BC = 24, and AC = 26. Find the
three angles of the triangle.». Takwuit Tun 3a-
7adi He PO3MOBCIOJDKEHUH, Xo4a W JIOCHUTH
HaONMKEHU 10 YKpaiHCBKOTO BapiaHTy,
OCKIIIbKY € JBa PEUYCHHS, A€ B MEPIIOMY BKa-
3aHO YMOBY 3ajadi, a B IpyromMy Te, 1o MOoT-
piOHO 3HAWTH, SKE€ TIOYHMHAETHCS CIOBOM
«Find» (MoXHa TIepeKIacTu K «3HANTITHY).
BapTto 3a3HaunTH, 1110 BCE X OUTBIIICTD 33124
AHTJIIMCHKOI0O MOBOIO BUKOPHUCTOBYIOTH Pi3-
HUW OMHC N7 TOSICHEHHS IIyKaHOro. 3Hau-
JICHO TaKi BaplaHTH y KHWXKII IS THX, XTO
BUMThCs y Kosemki: «find the measures of 2B
and 2C», «How long is each leg?», «find the
lengths of the two legs» [6]. Bumienaeneni
MPUKJIAN OMHCY IIYKAHOTO IIIKOM MOKYTh
OyTH BUpILIEHI B PO3pOOJIEHOMY alrOpUTMI
MpOrpamMu I1i€i poOOTH.

AHaJIi3 rOTOBUX pillieHb JJIsl
PO3B’SI3KYy NOCTABJICHOI 3a1a4i

Posrmsimatoun  mpoOiieMy CTBOpEHHS
CHCTEMH JUTSI PO3B’s3yBaHHS 3a/1a4 3 TeOMeT-
pii, KPUTHYHUM AaCHEKTOM Yy BUPILICHHI 3a-
JUIIAETHCS TIEPIIOYEPrOBO BUOIP TOTOBOTO
pIIICHHSI, sIKE€ 3MOTJIO O 3aJ0BOJBHHUTH BCIM
notpedbaM B 00poOIIi TPUPOIHOT YKPATHCHKOL
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MOBH. Hapasi crucok Takux pilieHb JTOCHUTH
MaJIMii, TOPIBHSAHO, 10 MPUKJIAAY, 3 aHTJIHCh-
KOIO MOBOIO.

Ile mosicHIOETHCS 1 THM, 1110 poOOoTa 3
NLP gacTto 3aneXuTh BijJ CHEIIAIbHOTO TEKC-
TOBOro kopmycy. TekcToBuil kopmyc — Ie
CTPYKTYpOBaHa Ta peTeNIbHO MifgibpaHa Koe-
KIS TEKCTIB IEBHOIO MOBOO. HalOuIpII Ba-
TOMUMH ¥ iH(OPMATUBHUMH KOPIyCaMH
BBAXKAIOTHCS PO3MIUEHI, OCKIJIbKM BOHU He-
CyTb y €001 MOp(OoNOTiuHy MpOMHCaHy [0
ciiB iHOpMAIito, SIK Pifl, YUCIIO, BIAMIHOK Ta
iame. O4eBHUIHO, MO TAKUX KOPITYCIB JOCUTH
Maio ais OyJb-sIKO1 MOBH, TUM OLIbIIe IS
YKpaiHChKO1, BpaXOBYIOUYH T€, IO PO3MIYECHHS
3a3BUYail BiIOyBAa€TbCA B PYyYHY KOMaHOIO
JOJIC-HAYKOBIIIB.

Jlam po3ristHeMO HasiBHI IporpamHi
pIlIEHHs, 110 MPaIIoTh 3 00pOOKOI0 came
YKPAIHCBKO1 ’KMBOI MOBH.

Benukuil en1eKTpOHHHI CIIOBHUK YKpa-
incekoi moBu (BECYM) — 1e enexTpoHHU
3BEJICHUI CIIOBHHMK, III0 MICTHTb CJIOBa yKpai-
HCHKOI MOBHU 3 MapajiurMaMH BiJIMiHIOBaHHSI.
Takox, oKpiM rpamatu4Hoi iH(opMmarii, cio-
BHUK TPOINOHYE 3aMiHU CIIB-TIOKPYYiB, Ha/la€
PO3pI3HEHHS] OMOHIMIB 3 BIIMIHHUMH Mapa-
JTUTMaMHU, TO3HAYKH JJIS P1AKOBKHUBAHUX CIIIB
toro [7].

Mopdonoriunuii aHanizatop Ta reHe-
paTop IS YKpaiHChKOi Ta POCIMCHKOI MOB
Pymorphy2. AnanmizaTop MoOXXe NEPEBOIAUTH
CJIOBO JI0 HOpMasIbHOI (popMmuU, TOOTO Ha/aBa-
TH JIEMY CIIOBa, IEPEBOJIUTH CJIOBO JIO0 MOTPi-
OHO1 (hopMHU Ta HajaBaTH rpaMaTU4Hy iH(DO-
pmanito npo cioBo. IliaTpuMka ykpaiHChKOT
MOBH y LIbOMY aHali3aTopl € HE OCHOBHOIO, a
ekcriepuMeHTanbHOl0  [8]. MoskimBOCTI
Pymorphy2 nocute oOMexeHi (yHKIIOHAIb-
HO, III0 HE € JOCTaTHIM I 1iei podoTu. Lleit
CTBOpPEHUH aHami3aTop 0a3yeThCsl HA CIOBHU-
ky BECYM.

Posrnssaemo monens UDPipe, mo Ha-
BUECHA Ha 30JI0TOMY CTaHIApTi. «30J0THIA
MOP(OCHHTAKCOBUHM CTaHIAPT» — 1€ TEKCTO-
BUH KOpHyC, CIHELialbHO PO3pOOJICHUN Uis
YHIBEPCATBHUX 3aJIe)KHOCTEH, 10 PO3MIUEHO
NOBHICTIO BpY4HY Y Kinbka mapiB [9]. V3
(UD) ckopoueHHS BiJ «yHIBEpCaJbHI 3aJexk-
HocTi» (Universal Dependencies). Ile mixxna-
ponHMii TpoekT, BumymeHuit y 2014 pori
CIIeIiaJbHO IJIS TOTO, 100 ONMCaTH CHHTAaK-
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CUYHI 3B'SI3KM y TPHUPOJAHUX MOBAaX OIHIEIO
CHUIBHOI0O METaMOBOIO, CIIJIBHUM HabopoMm
noHATh. OCHOBHHUM TOHSTTSAM CHHTAKCUYHOT
Teopii, Ha SIKi 0a3yeThCs TMPOCKT, € 3aJICK-
HICTb, SIKA MPOIMUCYETHCS JIJIST KOXKHOTO CJI0Ba
(1 He TUIbKM) y pedyeHHi. 3aleXHICTh — Le
3B’SI30K MK JIBOMa CJIOBAMH Yy PEYCHHI, 1
OJIHE 3 HUX € MAPSATHUM (3aJICKHUK), a Ipyre
(ronoBa) — kepye 3anmexHukoMm. L{ro 3amex-
HICTP MOXXHa MpPOUTIOCTPYBaTH rpadivHo,
MOETHABIIY T'OJIOBY Ta 3aJICKHHUK 32 JIOTIOMO-
TOI0 CTPUIKH, sIKa He 3 TOJOBU JO 3aJICHKHH-
ka. UDPipe — 1ie 31aTHUil 10 HaBYaHHS TATI-
JaH A7 TOKEHi3allil, MapKyBaHHSI, JIeMaTH-
3anii Ta mapcunry 3anexxknocteit CoNLL-U
¢aiinis [10]. CoNLL-U dopmar — 1ie nepesi-
pena Ta HaniliHa Bepcis popmaty CoNLL-X,
aHOTAIlll B IKOMY KOJIYFOTbCS y TIPOCTUH TEK-
croBuii (aitn. Tak, B IXHI MOXKIIUBOCTI BXO-
JMTH. TTOBEPHEHHS JIEMH CJIOBA; BU3HAUYCHHS
YaCTUHU MOBH; MOP(OJIOTIYHHIA po30ip clio-
Ba; HOMEp JI0 TOJIOBU CJIOBa, 1m0 Oyae abo
HOMEPOM TOJIOBH, a00 X HYJIEM; 3B ’S30K Yy
pCUCHHI, SKUH IOB’SI3y€ CIOBO 3 TOJOBOIO
(SIKIIO CJIOBO € TOJIOBOIO, TO MOr0 IMEHOBAHO
KOPEHEM y pEUYEHHI).

3po3ymino, 10 HaibibIIe mepesar i
MoknuBocTed mpucytHi B mozeni UDPipe,
110 MpaIo€e 3 pO3MIYEHUM KOpIycoM. 3 OOKY
IIBUJIKOCTI, 3pY4YHOCTI i sIKOCTI poOOTH BiH €
HallKpalyM 1HCTPYMEHTOM. 3BICHO, Y HbOMY
€ CBOI HEJOJIKH, K HEKOPEKTHE TEryBaHHS
YM pO3MOJLT Ha ciioBa abo peyeHHs, MpoTe
Hapas3i 16 HaWONTHMAJBHIIIE PIIICHHS IS
pobotu 3 00pobkoro ykpaincekoi. Tomy BH-
pillieHO BUKOPUCTOBYBATH came 1ieit 3aciO.

IToO0ynoBa kJaciB Ta MeTOAIB 1151
onucy Iia”imerpii

OO6uparoun MOBY IpOrpaMyBaHHS, K
IHCTPYMEHT JUIsl CTBOPEHHS 3aCTOCYHKY,
BUOip 3pobisieHnit Ha kopucth Python. Ocki-
JbKA 1€ MOBa 3arajlbHOrO MpPHU3HAYEHHS,
HIIBUJKO HaOupae MOMYJSPHICTh OCTAaHHIMU
poKaMHy, OJHAa 3 HaWBHUKOPHUCTOBYBAHILINX
MOB JJIsi MAallIMHHOTO HaBYaHHs, iCHye Oara-
TO TOTOBUX MaTeMaTHMyHUX O0i0iioTeK Ta
MmakeTiB. A Takox depe3 Te, mo UDPipe mig-
tpumye Python.

BusnauuBmu y Ipyromy posaisi po-
00TH, IO TPUKYTHUK HaWYacTime 3ycTpiva-

€ThCSl B 3ajJla4ax 3 IUTAHIMETpii, BHPIMICHO
MPUIITUTH yBary came Iii girypi.

JIOLiTbHO CTBOPUTH i€papxilo Kiacis,
JIe¢ TOJIOBHMM Oyne kinac «baraTOKyTHUK)
(«Polygony), Bix SKOro yHacIiayBaTUMYThCS
Bci iHII OaratokyTHi omykui ¢irypu. Xoua
30CEPEKEHICTD I1i€] pOOOTH € Ha TPUKYTHU-
Ky, ajleé OMKC BHILOTO KJacy AacTh 3MOTY Y
MaiiOyTHbOMY 3 JIETKICTIO JO0JaBaTH HOBI
¢birypu, He 3MIHIOIOYM Ta HE MEPepOOIIIOI0YN
CTBOPEHY apXiTeKTypy. Y LbOMY Kjaci Omu-
caHo GYHKUIIO A 3HAXOHKCHHS MEepUMET-
pa, A0Jal04M B LIMKJII 3HAYEHHA CTOpPiH Oara-
TOKyTHUKA. JIJIS TOAANBIIOTO CTBOPCHHS
KJIaciB, II€ BapTO omucatd (QyHKIi, 1m0 mo-
BEPTATUMYTh KIJbKICTh BIJJOMHX 3HAYCHB:
TakK, i1 CTOPiH, QYHKIIisI TOBEpTaTUME 3Ha-
YeHHS, fKE BKa3zye Ha KUIbKICTh BIJOMHX
CTOpiH, a JUIsi KyTiB, (DYHKIlisSI TOBEpTAaTHME
3HAYCHHS, SIKe BKa3y€ Ha KUIbKICTh BiJJOMHX
KyTiB. Bigomi KyTH 4 CTOpOHH, Lie Ti, IO
B)K€ BKa3aHi B YMOBI 4M 3HaiiieH1 y mporeci
po3B’si3aHHs 3amadi. Lle 3HamoOUTHCS y BH-
najKy, KOJIM, HANpHKIaA, y TPUKYTHUKY
BiJIOMi JIBa WOTO KYyTH, TOJi 3HAIOYH L0 1H-
dbopmariiro, MoxkHa Oyze 3 JIETKICTIO 3HANTH
TpETii HEBIIOMUH KYT.

Knac «Tpuxytauk» («Triangle») Ha-
crigyBatume knac «bararokytHuky. Crm-
palYNCh Ha TAKCOHOMIIO OHTOJIOTIi TUTaHi-
MeTpii, pPiI3HOBUIU TPUKYTHHKA OMHCYBAaTH-
MYThCSI B OKPEMHX IPU3HAYCHUX Kjacax,
MpoTe JesAKl BIIACTHBOCTI, NMpPUTaMaHHI s
BCIX TPUKYTHHKIB, MOKJIMBO 3alporpamyBa-
T W y npoMmy Kkinaci. Hampukman, Bmactu-
BICTh — 3MIHHY, 1[0 30epiraTuMe cymy Tpa-
IyciB KyTiB TPUKYTHHKA, 110 JTopiBHIOE 180.
IcayroTh 3amadi, B SKUX HE BKa3aHO Ha3BU
TPUKYTHUKA,  TOMi, JUII  TOJAJBIIOTO
pPO3B’si3aHHS 3a1adi, BapTO CAMOCTIHHO Ha-
nat Qirypi Ha3By, Hanpukiag «ABCy.

Hamni, po3rnsiHeMo QyHKIIIi, 10 CTBO-
peHi s kiacy «TpuxkytHuk». @yHkKIis 00-
paxyHKy TUJIONII TPUKYTHUKA, B OCHOBI SIKOi
3akiaaeHa ¢opmyna ['epoHa, mo mae 3Mory
BH3HAYWTH IUIOIY TPUKYTHHKA 3a JOBXKHHA-
MU #oro cropid. DyHKIISI 00paxyHKYy CTO-
pOHH, SKa IIyKae JOBXKHHY CTOPOHHU: 3a
TpbOMa KyTaMH Ta OJIHIEIO BIJIOMOIO CTOPO-
HOIO; 3a MEPUMETPOM Ta JIBOMa BiJIOMHUMU
CTOpOHAMU; 32 BIJIOMOIO TUIOIICI0 Ta BHUCO-
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TOI0, IO IpPOBEJEHa 10 Ii€l CTOPOHH; 3a
BJIACTHUBICTIO MeEJIaHU, IO IpPOBEJIEHa [0
1i€ei croponu. OyHKIIsI 00paxyHKY KYTiB, 110
IIyKae 3HA4YeHHsS KyTa: 3a TpbOMa CTOpOHA-
MH, 4epe3 apKKOCHHYC; 3a JIBOMa B1JIOMUMHU
KyTaMH, 4epe3 IXHE BiAHIMAHHS BiJl CYMH
KyTiB TPUKYTHHMKA; 3a JOIOMOTOIO BiJHO-
LIEHHSI CTOPOHM [0 CHHYCa IPOTUJIEKHOTO
KyTa; 3a BJIACTHBICTIO OICEKTPHCH, IO MPO-
BeJICHA 3 IIOT'0 KYyTa; 3a BIACTHBICTIO MeJia-
HHU, 1110 IPOBEJIEHA /10 CTOPOHHU.

Koau B 3amaui € Bucora, MeaiaHa 4u
OicexTpuca, ToOTO BiIPiI3KH, IO AUISITH OC-
HOBHHMH TPHUKYTHHK, BapTO PO3YMITH, IO
mojalbllie po3B’s3aHHS 3a/1adi Mae BigOyBa-
THCS 3 OTJISIZIOM Ha yTBOpeHi (irypu, sk Ha
OKpeMi TpUKYTHHKH. OUYEBHIHO, MO IS
pO3B’A3yBaHHS TaKUX THUIB 3aja4 MOTPiOHO
BECh 4Yac TEPEeXOAMTH 3 OnHiei (irypu g0
1HIIOI, @ B IGAKMX BHIIAJKaX 1€ MOXe OyTH
noTpiOHO ¥ Kijmbka pasziB. OTke, BUHUKAE
npobiieMa, sKa HOJsArae y ToMy, 1100 CHUHX-
pOHI3yBaTH OTpUMYBaHy iH(opmamiro 3 0A-
HOTO TPUKYTHHMKA B 1HIIMN 1 HABMAaKH, MOKH
He OyJe 3HaiijeHo mykaHe. [y 1boro cTBo-
peHo ¢yHKUil0 y kiaci «TpUKyTHUK», 11O
BIATIOBIZIA€ 3a CHHXPOHI3AIIIO JTAaHUX MIXK
YTBOPEHHMMHM MEHIIMMU TPUKYTHUKaMU. 3a-
nayva i€l GyHKIil y ToMy, 1100 crepiry npu-
CBOITH yTBOpEHUM (irypaM yke BiJIoMi 3Ha-
YeHHsI Ta NepeJaBaTH HOBI 3HAUEHHS IiJ] 4ac
3HaXO)KEHHsI KYTIB YU CTOPIH Yy MaJHUX TpH-
KyTHHUKaX OCHOBHOMY TPUKYTHHKY. BUKIMK
GyHKIIT 3M1HCHIOETHCS i1 Yac TOTo, SIK MPo-
XOJUTh BCTAHOBJICHHS MeJiaHHU, OICEeKTpUCH
gy BHcOTU. CHHXpOHI3alis BiAOyBaeThCs
KiJIbKa pa3iB 3a Bce pO3B’sI3yBaHHS 3ajaui.

BcranoBienHss MeniaHu, OiCEKTpUCH
Ta BUCOTH BiZJOYBa€TbCsS TPbOMa OKPEMUMHU
GyHKLIsIMU, B SIKMX € CBOi YHIKaJbHI 0CO0-
JUBOCTI, 3Ba)KAIOYM HA BIIACTUBOCTI LHX
BI/IpI3KIB y TPUKYTHUKY. Bukinuk Takux ¢y-
HKI[IA 31HCHIOETHCS TOJI, KOJIM BCTAHOBJIC-
Ha iXHs HasIBHICTh MICJIs ONpaIfOBaHHS TEKC-
Ty.

Kmac «lIpamokyTHuii TpUKyTHHK»
Hacminye BUIIMKA kinac «TpuKyTHUK». VY
IIbOMY KJIaci CTBOpEHA 3MiHHA, 110 BKa3ye Ha
pI3HOBU]I TPUKYTHHKA, TOOTO 30epirae 3Ha-
YEeHHsI «IPSAMOKYTHHI». Takox y Kiaci mpo-
MUCAaHO HAa3BU CTOPIH TPUKYTHHKA, TOOTO
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mepiia CTOpOHAa Ma€ Ha3By «TIMOTEHY3a», a
iHI 1Bl — «kaTeT». OgHOMY 3 KYTiB TPUKY-
THUKA TPUCBOEHO 3HaueHHs «90», mpomy Xk
KyTy IPHUCBO€HO Ha3By <«IIpsAMHUI». [HIMM
JIBOM KyTaM IPHUCBOEHO HA3BY «TOCTPUI».
JlonatkoBo mo/1aHO (YHKIIIIO, IO OOYUCITIOE
wiony TpukyTHUKa. OOpaxyHOK 31ilicHIO-
€ThCA 3a (QOPMYINIOI0 TMOJOBHHH JI00YTKY
KaTeTiB TPUKYTHHKA.

Knac «PiBHOOenpenuii TpUKyTHHKY
Hacliaye BUIui kiac « TpukyTHUK». Y Kia-
Ci CTBOpPEHO 3MiHHY, IIT0 BKAa3y€ Ha PI3HOBU/I
TPUKYTHHUKA, TOOTO 30epirae 3HaAYCHHS «pPiB-
HOOenpeHuit». Takox B IbOMY KJaci MpOIu-
CaHO HAa3BU CTOPIH TPUKYTHHKA, TOOTO mep-
1a Ta TPETS CTOPOHA Ma€ Ha3By «OIUHMITY, a
JIpyra CTOpOHa Ma€ Ha3By «OCHOBaY.

Knac «PiBHOCTOpOHHIN TpuUKYyTHHK)
Hacaigye Buluil knac « TpukyTHuky». ¥ Kia-
Ci J0JaHO 3MiHHY, IIO BKa3ye€ Ha Pi3HOBH]
TPUKYTHHKA, TOOTO 30epirae 3HaYCHHS «pPiB-
HOCTOPOHHiI». VYciM KyTaM TPUKYTHHKA
MPHUCBOEHO 3HaUEHHS «60».

Knac «3naiiTu» noennye y coli Kijib-
ka ¢yHkuid. OyHKuii 118 BUBOAY 1HGOpMa-
11ii, B SIK1 BXOJSATh: BUBIJl KyTa 3a MOro iMe-
HEM; MOLIYK KyTa, Jie¢ BIJOYBA€THCS MOIIYK
IIyKaHOT'O KyTa 3a MOr0o iIMEHEM 3 yCiX HasB-
HUX KYTIB; BUBIJI BCIX KYTiB (irypu; BUBIA
CTOPOHU 3a HOro IMEHEM; BMBIJ CTOPOHU 3a
HOro Ha3BOIO; IMOIIYK CTOPOHH, JI¢ BinOyBa-
€THCSA MOIIYK IIYKAaHOI CTOPOHU 3a IMEHEM 3
yCiX HasgBHUX CTOpIH; MEepeBipKa 4ucia IIy-
KaHOTO (OJJHUHA YU MHOXHHA).

[IpoTte, ocHOBHUI anropuT™M POOOTH
B1I0YBAa€ThCS B KOHCTPYKTOP1 00’€KTa Kila-
cy. Bin noB’s3aHuil 3 CHHTAaKCOBUM aHaji3a-
TOpPOM Ta OyAe pO3TISIHYTO B HACTYITHOMY
po3imi.

Buxkopucranuss MoppocuHTaAKCOBOI0O
aHaJji3aTopa B 3aJa4ax IUIaHiMeTpii

Ilepen ompalfoBaHHAM «CHPOTO)» Te-
KCTy 3aJayi MOTPiOHO crepury MiAroTyBaTH
e Texker. OCKUIBKM aHaji3aTop, 10 BUKO-
pPUCTaHO B Iiil poOOTIi, HE 37aTeH OOPOTHCH 3
OaraTbMa MOMMJIKaMU. ToMy HepuIUM Kpo-
KOM Ma€ OyTH OUMIIECHHS TEKCTY BiJ IHX
noMuok. [loMmiku MOXyTb OyTH CHHTaK-
cu4Hi, opdorpadiuni, JEKCUYHI, TaBTOJIOTi-
YHI TOIIO.
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HactynmHuM KpokOoM € 3aMiHa Mare-
MATUYHHAX CHMBOJIIB Ha MPONHCHHUN aHAJIOT.
AHamizaTop HaBYEHO HA PO3MIYCHUX TEKC-
Tax, TEPEBAXHO XYAO0XKHBOTO cTuito. lle
CIPUYHMHIE HE 3aBXKJIU KOPEKTHE OIpaIlo-
BaHHS TEKCTIB MaTeMaTHYHHX 3agad. Tomy
BapTO aBTOMATUYHO 3aMiHIOBAaTH TaKi CHUM-
BOJIM: «°» Ha « TPagyCiB», «=» Ha «JIOpIiB-
HIOE», «4» Ha «KYT », «||» Ha «mapanenbHa
ta iHmi. Ha mnpuknaxi BuOpanoi 3anmaui
OTPUMAHO TaKU{ MPOMDUKHHNA pe3ynbTaT: «Y
TpukyTHUKY ABC BimoMo, 1o Kyt A 10piB-
uioe 30 rpanycis, Kyt B nopiBnioe 45 rpany-
ciB, CM — Bucora, AC pgopiBaroe 10 cm.
3HaiaiTh Bigpizok BM.»

OcTaHHIM KpPOKOM € 3amiHa pi3HOMa-
HITHOTO  (OPMYITIOBaHHS JUIsI IIYKaHOTO
OIHUM YHI()IKOBAaHMM aHAJIOTOM, OCKIJIbKH
BU3HAYCHHS IIIYKAHOTO CIIMPATUMETHCS Haja-
7i Ha 1e ciuoBo. BinOyBaeThcst aBTOMaTH4HA
3aMiHa TaKHX BapiaHTiB, AK: «OOUYHUCIITHY,
«Buznaute» Ta «YoMy MOpPIBHIOIOTH» Ha
«3HaiaiTey. Y BUNAAKY BHUOpaHOI JIEMOH-
CTpaIiifHo1 3a/1a4i TaKoi 3aMiHU HE MOTPiOHO.

SIKk MO’XKHA TOMITHTH, Maii)ke BcCl 3a-
MIHH HE€ € JIEMOIO IBOTO X cyioBa. Lle 3po06-
JICHO JUTSl TOTO, 100 MOJANBINNN aHai3 TeK-
CTy KOpEKTHIIIIe MPOCTaBUB 3aJE€KHOCTI MIXK
CJIOBaMH, a Ha I1e BILTMBa€ (hopma ClioBa.

HanamryBaHHs aHaJi3aTopa

Hns BukopucranHs UDPipe MmoxHa
CKOPUCTATUCh YK€ TOTOBHM TPUKJIATHUM
nmporpaMHuM 1HTepdeiicom. dopMar TekcTy
noBuHeH 0yt UTF-8, a po3mip onHoro 3amnu-
Ty HE TIOBUHEH MEPEBHIYBATH OJHOTO Mera-
Oaiita. OOpoOka TeKcTy BiAOyBa€eThCS uYepes
Gaiin.

Onna 3 mpo0iieM, sika BUHUKAE, KOJH B
3a/1a4i 3aJ]aH1 YKMCIIOB1 3HAUEHHS 3 KOMOIO (He
[Tl 9UCIIA), € TOCUTh CYTTEBOIO. AHami3aTop
CTBOPEHUH Tak, 00 4ucia Oyao MOJIIECHO.
bo, came cHHTaKCHYHO, 1€ € OKPEMUMH TOKE-
Hamu. OCKUTbKH, A0 NPUKIIAAY, paXyHOK MaT-
gy 10:0 Ta mo3nauenns yacy 15:30 (me mo-
KyTb 3anucyBaTd sk 15.30) € pi3HUMHU TOKe-
Hamu. Take po30MTTSA 3 OAHOTO YMCINA, CTBO-
PUTH TPU OKpeMi TOKEHH, A€ MEpPUIMM TOKe-
HOM € IIiJIa YacTUHA, JPYTUM € 3HaK KOMH, a
TpeTiM IpoOOBOIO YacTHHOIO yucina. Lle mpu-
3BeJIE 10 HEKOPEKTHOIO CTBOPEHHS 3aJI€XKHO-

CTeH MIX CJIOBaMH, 110 YHEMOXJIMBUTD MOJa-
pIry o0poOKy Tekcty. [lnst BumpaBieHHS
IILOTO CTBOPEHO MOTEPEIHIO EPEBIPKY I1e He
MIPOAHAII30BaHOIO TEKCTY Ha HAsIBHICTh YH-
cesl 3 KOMO. 3a JIOMOMOI'OI0 MOKIJIMBOCTEH
Python Ta po3poGrnenoro perynspHoro Bupa-
3y BiZIOYBA€THCS MOIIYK YCiX YUCET 3 KOMOIO,
NOJAIBIINKA iXHIM 3aMUC Yy MacuB, a TMOTIM
3aMmiHa B TekcTi 1ux umcen Ha «00». Ilicns
BHUKOHAHHS CBO€i pOOOTH aHAII3aToOpOM, YHUC-
Jla BIOMCYIOThCS HAa3aJ] HA CBOE MiCIIE 3 MacH-
By. OCKUIBKM aHaji3aTop pO3Mi3HAE YHUCIIO
«00» sIK OIMH YHCJIIOBHI TOKEH, TO ITOJaJIbIIIE
MOBEPHEHHS CIPABXHBOTO YHCIA 3 MAaCHBY
X HISK HE BIUIMBAE Ha pe3yJbTaT, a MpOBe-
JIEHUI aHaji3 BiJIMOBiAa€ OUIKYBaHOMY.

Bapro monatu, mo maiixe Bci 3amadi
MICTSITh y TEKCTI a00 3HAK «=», a00 K CIOBO
«IOpIBHIOE» (MOXJTHBA ¥ 1HIIA popma BOTO
cnosa). I[Ipore 3Hak mig yac oOpoOku Oyxe
3aMIHEHO Ha CJIOBO, a Hajmail IiCIs JEMarTH-
3amii OTpMMaHO BCIOAM OJHE YHi(iKOoBaHe
CJIOBO «opiBHIOBATHY». OCKiIbKH, OUIBIIICTD
3aJa4 MOJIAI0Th JIaHI B YMOBI 3a JOMOMOIOIO
IILOTO CJIOBA, JOPEYHO HA OCHOBI HHOTO CTBO-
PUTH TIOIIYK, KW 3MOKe BIIMIYKATH B TEKC-
Ti BC1 3HAYEHHSI.

[Momyk 0a3yeTbcs Ha JBOX YMOBAXx.
Crepiy, mepeBipka 4 TOKEH IMepes CIIOBOM
«TOPIBHIOBaTH» € KYyTOM, TOOTO OJ[HA BEJIHKA
a00 TpH BEJMKi JIATUHCHKI OyKBH. 31iHCHIO-
€ThCA 32 JOMOMOTOI0 PETYJISIPHOTO BHpa3y:
WA[A-ZI{1I$INA-Z]{3}$». Skmio ymoBa BH-
KOHAaHa, TO 3HAYEHHS KyTa 3 HOro Ha3BOIO
3aHOCATBCS y BIAMOBiAHI 3MiHHI. HactymHa
yMOBa TE€pPEBIpsS€ YU TEPEN CIOBOM <(JIOPiB-
HIOBAaTH» € CTOPOHA 1 3/1ICHIOETHCS 3a A0IO-
MOTOI0 PeryJIsipHOTO BUpa3y: « [A-Z]{2}$».

JlomaHo ¥ TpeTe po3ranyKeHHs, B pa-
31, SIKIIO MEpIi /1B YMOBH HE BUKOHYIOTHCS.
Yacro TparuisieTbes, 10 JaHi MOJAaHO HE [0
KOHKPETHOI 3MiHHO1, a00 X B 3aJ1a4i He Ha/Ia-
HO (irypi Ha3BU YU BKa3aHi JlaHi OMHCYIOThH
HE KYT 4¥ CTOpoHy. [IpukiagoM MOXyTh Oy-
TH Taki BapiaHTH: «OCHOBa PIBHOOEAPEHOTO
TPUKYTHHUKA JOPIBHIOE 12», «joma KBajapa-
Ta JIOPIBHIOE 8», «OLIbIlIa CTOPOHA MPSAMOKY-
THOTO TPUKYTHHKA JOPIBHIOE 5» Tomo. Tomi
MOIIYK BiIOYBA€THCS TaK: i€ MOIIYK CIIOBA
BIIBO, JOKHU HE 3HAHIETLCS CIOBO, SIKE aHal-
3aTOpPOM BH3HAYEHO SK MiAMET, 1e U Oyne
3MiHHOIO. TakoX 1mie BiAOYyBa€ThCsA TOIIYK
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O3HAYEHHS 0 LBOr0 MiAMETa, SKHi 3a3BUYal
MOJKE€ CTOSATHU 3pazy Mepes] HUM.

Lleit momyk 3a1CHIOETHCS 32 JOIIOMO-
ror0 00pOOJIEHOTO TEKCTY IICIs CHHTAKCOBO-
ro aHaji3aTtopa, KOJIM CJIOBa MOJUIEHI Ha
TOKCHH, TIPOBEJICHA JIeMaTH3allis 1 BU3HAYCHI1
3B’S3KM MDK HMMHU. [limmer y croBmmi, II0
OMHCYy€E 3B’S30K, IO3HAUYEHO SK «nsubj»,
O3HAYCHHS Yepe3 CTOBIEIb YaCTUH MOBH
sk «ADI».

Konu mix 4ac momryky 3HaWIeHO IijI-
MET, Jajil ije MOpIBHSHHS LbOrO TOKEHa 3
MEepesikoM BH3HAYEHUX CIiB. SIKIIO CIIOBO
30iraeTbcss 13 3aroTOBJICHUM  MOJKJIUBHUM
MiIMETOM, 3HAUeHHS TIPUCBOIOETHCS  BiJl-
MOBIIHIA 3MIHHIM.

[Tomyk B yMOBi 3ama4i TOro, IIO
noTpiOHO 3HANTH, BiOYBAETHCSA B KOHCTPYK-
Topi 00’ekra kiacy «Find». O6poOka 3mitic-
HIOETBCS 32 JIOTIOMOTOI0 aHamizaropa. OpieH-
TUPOM, Ha KU CIUPAETHCS TOIIYK, € CIIOBO
«3HAUTH».

Anroput™m poOOTH Takuii: BiIOyBa€eTh-
Csl IPOXOJKEHHSI BChOTO TEKCTY IICHs CJIOBa
«GHAUTH», OMUHAIOYH TOKEHH, Y SIKUX BH3Ha-
4yeHo 4YacTUHY MoBH, Ak «PUNCT» (3Haku
nyHkryanii), «CCONJ» (pi3HOBHIM CIIOJIyY-
HukiB), «VERB» (miecmoBa), «NUM» (uuc-
ma), «SCONIJ» (pi3HOBHAU CHOJYYHHKIB),
«ADPy» (mpuiimennuku), «DET» (merep-
MiHaHT), «ADV» (mpucIiBHUKOBO-YHUCITiBHU-
KOBi 3aiiMeHHukH). Lle moTpiOHO IS BiAKH-
naHHs iHpopMallii, sika He Hece B co0i 3Ha-
YyIIli, BXXJIUBI 17151 0OpOOKH, 3HAUEHHS.

[TpoxomKeHHs] TPUIUHSIETHCS, SAKIIO
Ha NUISIXY TPAIUIIOThCS TaKi TOKEHH, SIK: «.)»,
«?», «IKIIOY.

[Ticnst BimOMpaHHS TOKEHIB, MOTPIOHO
MOPIBHSTH X 13 TUMH, SK1 3a3/1aJI€Ti/Ib BU3HA-
4eHl K BakJuBi. CTBOPEHO YOTUPH MACHBH,
SK1 TIOJIIJIEH] 32 CBOIM CMHCJIOM: MacuB pi3-
HOBUAY IIYKAHOTO (MIPUKMETHHKH, SK «HaW-
OlNbIINIIY); MacWB, IO O3HAYa€ CTOPOHY
(IMCHHHKH, SIK «BIIPI30K» YU «BIIICTAHBY);
MacuB, 1o o3Hauae kyT. llle ogun macuB, ae
30epiratoTbes Ha3zBu ¢iryp. Takox, Moxe
OyTH 3HaiICHO IM’s IIYKaHOTO 3a JOMOMO-
ror peryispHoro Bupasy: «“[A-Z]{1,3}$».
lme mepeBipka, SKIO TOKEH IOPIBHIOE CIIO-
BaM «ILIOIIAY» YU «IIEPUMETP.

Hacamnepen motpibHo anst oOpoOku
3aa4i MPOUTHUCS MO JeMaX TOKEHiB, 100
3HaiTH Ha3By GQirypu. ns wiel mepeBipku
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CTBOPEHO MAacHB, 3 Ha3BaMH YCiX 0araTtokyt-
HUX TJIOCKUX (iryp, a TaKo>Xk MacuB 3 BapiaH-
TaMH HalMCaHHs iXHbOTO BUay. Ilicis 3Haxo-
JUKCHHS TOKCHa Ha3BU Girypu, mepeln HUM
3aBIK/IM CTOSITUME TOKEH 3 HOTO BUIOM.

[Ticnsa 36iry Ha3Bu Girypu 3 TOKCHOM,
CTBOPIOETBCS €K3EMIUISIP KJlacy BiAMOBiIHOT
¢birypu 4YM Kiacy BIJAMOBIIHOTO BHUIY IIi€l
¢irypu.

MexaHi3M po3B’si3yBaHHSI
IUVIAHIMETPUYHOI 32/1a4i HA NPUKJIATI

VBiBmK 3amady: «Y TPUKYTHHUKY
ABC Bigomo, mo 2A = 30°, 4B = 45°,
CM — Bucora, AC = 10 cm. 3HaiigiTe Bin-
pizok BM.» y mporpamy, choepmy Bif-
OyzneTbcs 3aMiHa CUMBOJIB Ha IXHI MPOMHCHI
cioBa-ananord. Ilicas uporo kpoky BinOyBa-
€TbCS IEpeBipKa MPOrpaMold Ha 4YHcaa 3
komor. HactynHuil Kpok € ogHuM 3 HalocC-
HOBHIIIUX, 00 caMme TYT BiAOyBaeTbcs mepe-
BipKa TeKCTy 3aja4i aHamizatopom. Came TyT
TEKCT aHaJlI3yeThCsl, HOAIIAETHCS HA TOKEHH,
BiIOyBa€ThCS JieMaTu3allis, MPOCTABISHHS
3ajiexxHOCTe Mk cinoBamu. [lami poGora
BUKOHY€ETbCSA JIMII 3 LUM HiATOTOBICHUM
TEKCTOM.

Crepiry Bu3HauaeThes irypa, il Buj
(Mo>xe OyTH BiACYTHE), ii IMEHYBaHHS (MOXe
Oytu BiJcyTHE). BusnauuBmm ¢irypy, Bia-
OyBa€eThCsl BUKJIMK BiIMOBIIHOTO KJacy, II0
i1 Ha;mexnuTh. BapTo 3a3Ha4uuTH, SAKIIO B 3a-
Jadi BKazaHo BUJA (Qirypu, 10 MpHUKIaLy
«IPSAMOKYTHUH TPUKYTHHMK», BIANOBIAHMM 1
OlIbII KOHKPETHUH Kilac OyAe BUKIMKAHO.
OTxe, B 331a4l 3 NpUKIaay, OyJe BUSHAYECHO
¢bIirypy «TpUKyTHUK» Ta IMEHYBaHHS Qirypu
«ABCy.

Jani BinOyBaeThCcs TMOUIYK B TEKCTI
CHIB, TaKMX fK «OiCeKTpHca», «MeliaHa» i
«BHUCOTa». 3HAUIIOBIIM Take CJIOBO, BUKJIU-
KA€ThCSA BIAMOBITHUNA METOJI B OCHOBHOMY
kiaci «Triangle». Y nmpukinani € BucoTa, TO-
My LbOMY BIAPI3Ky IPUCBOIOETHCA 1M 4
«CM» 3 ymoBu. ¥V MeTOIi BU3HAYAETHCA:
KYT, 3 SKOTO TPOBEICHO BHUCOTY;, CTOPOHH,
10 YTBOPIOKOTH KYT; 10 SIKOI CTOPOHM IpO-
BEJICHAa BUCOTA; BIAPI3KH, HA K1 AUTUTH BUCO-
Ta, TPUKYTHUKHU Ha SIK1 TUTATH BHCOTA.

3a J0MOMOroI0 CTBOPEHHMX METOMIB,
SIK1 OTIPaIlbOBYIOTh JIaHI HAaBKOJIO CJIOBA «JI0-
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pIBHIOBaTH», y 3aJadi BU3HAYEHO CIEPIIY
3HA4YEeHHs KYTIB: KyTy «A» IPHUCBOEHO 3Ha-
yeHHs1 «30», KyTy «B» IpHUCBOEHO 3HAYEHHS
«45»; MoTIM BU3HAYEHO 3HAYCHHS BiPi3KiB:
cropoHi «AC» nmpucBoeHo 3HaueHHs «10».

Tenep BinOyBaeTbcs BHUKIUK KJIacy
«3HaiiTu». Pe3ynpTaroM NOIIyKy HIYKaHOTO €
7IBA MacHMBH, 1€ Tmepmuil MacuB [«sidey,
«name»| BKa3zye Ha MPOCTaBJIEHI MITKH 3Haid-
JCHUM TOKEHaM, a JAPYTHi MacuB IOKa3ye
caMi ) TOKEHH [«Biapi3ok», «BM»]. [Topsaox
€JIEMEHTIB y MEPUIOMY Ta JPYroMy MacuBax
BIJIMOBIA€ OJIUH OJTHOMY.

3a J10OMOroK METONy JJsl 3Haxo-
JDKCHHST KYTiB, BH3HAYAETHCS HEBIJOMHIA
KyT «C».

BpaxoBytoun, mo B 3aaaui € BHCOTA,
sKa JIUINTh OCHOBHUHM TPUKYTHHK, YTBOpPEHI
MEHII TPUKYTHUKH JOCIIIKYIOTbCS OKPEMO
I PO3MIIANAIOTHCS SIK MOBHOIIHHI. 3Ba)Kar0uu
Ha BJIACTHUBOCTI BUCOTH, MEHII TPUKYTHUKHU
Hanexarb 10 knacy «IIpsamoxkyrauii Tpukyt-
HuKk». [Jami y tpukyrHuky «CAM» 3Haxo-
IUTbCs JOBXKHUHA Biapizka «CM» 3a nornomo-
rOI0 BiJIOMHX 3Hau€Hb CTOPOHH Ta CHHYcCa
KyTa. BinOyBaeThcsi BUKIMK METOMY, IO BiJ-
MOBIAAJILHUN 32 CUHXPOHI3AI[il0 HOBUX OTPH-
MaHMX JaHUX 3 TPUKYTHUKIB. | B pe3ynbTati y
TpUKYTHUKY «BCM)» 3a n1omomMororo 3HaueHb
CTOPOHHM Ta TaHTEHCAa KyTa OTPHMAaHO MIyKa-
HUH BiApizok «BM».

BucHoBKH

Otrxe, B poOOTI MPOBEACHO aHaTI3
HassBHUX Ha CHOTOJHI MOXJIMBOCTEH 3 00p00-
KM JKMBOI YKPaiHCbKOI MOBHU.

[IpoBeneHo aHami3 3aga4 3 TeOMETii,
AKHM TOKa3ye 3aKOHOMIpHOCTI y ¢dopmy-
JIIOBaHHI M CTPYKTYypl TEKCTOBOI'O MOJAHHS
3ajau.

CrBOpeHa apxiTeKTypa € THYUYKOIO i
1[le BKa3ye Ha MOXJHUBICTh JOJIaBaHHS SK
ONUCy HOBHUX (iryp Ta iXHIX BIacCTUBOCTEH,
TaKk 1 HA CTBOPEHHs JOJATKOBOi JIOTIKH B
3aCTOCYHKY.

BapTo BkazaTu Ha MOXJIUBICTH Iepe-
(dopmaTyBaHHsI IPOrpaMH JUIsl BUKOPUCTaHHS
il 3 1HIIOKO MPUPOJHOIO MOBOIO, 10 MPHUKIATY
AHTIIMCHKOI0, OLTOPYCHKOIO UM POCIHCHKOIO.
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AHAJII3 METOAIB MAHIMHHOI'O HABYAHHA
B 3AJIAUI KJTACU®IKALIL JIOKYMEHTIB

[TyGunikaniss qociikye MeToaM Kiacugikalii JOKYMEHTIB 3a HasBHICTIO me4atku. /i mporo, mo-mepuire,
MPOAHANI30BAHO BXKE ICHYIOUiI METOAW BHPIIICHHS ITOCTABJICHOI MPOOJIEMH; MO-ApPYyTe, 3alPOIIOHOBAHO MO-
JIeNb 3rOPTKOBOI HEMPOHHOT Mepeski s KIacudikarlii JOKyMEHTIB; O-TPETe, BiTOOpaXeHO 3aIeKHICTh KO-
PeKTHOCTI poOOTH HEHPOHHOI MepesXi Bi/l KUTBKOCTI BXiTHUX JTaHUX, Ha SKUX HABYAE€THCSA MOJETH. B pe3ymns-
TaTi OTPUMaHO HEHPOHHY MEPEXy, o KIacu(iKye JOKYMEHTH 3a HasSBHICTIO EYAaTKH 3 TOYHICTIO TPOXH 0Oi-

Jble Hixk 88 %.

Kiro4oBi ciioBa: MallMHHE HaBYaHHS, Kiacuikallis, 3ropTKOBI HEHPOHHI MEpexi, IIOCIiI0BHA MOJIEIb.

Beryn

Jlana poboTa IOCHIIKY€e aKTyalbHY
npobinemy  kinacudikamii  BiJICKAHOBAHUX
JOKYMEHTIB 3a HasBHICTIO nevyarku. L mpoo6-
JieMa BUHUKA€E y 06araThbox 00JIACTSX JiSUTBHO-
CTi, TIOB’SI3aHUX 3 IOKYMEHTOOOITOM, OCK1Ib-
KM [IOTOYHA HOpMaTHBHa 0a3a YKpaiHu opie-
HTYETHCS, B OCHOBHOMY, Ha TarepoBi JOKY-
MeHTH. OcoOIMBO Ba)JIMBUM HANPSIMKOM
3aCTOCYBaHHA € Kiacu]ikaiisi JOKYMEHTIB Y
cucteMi myOmiyHUX 3akymiBens “TIpozoppo”,
B ski y 2019 p. ycmimuo BinOynock 1,238
MJIH. IyOJIYHUX 3aKyHiBellb 3 OYiKyBaHOIO
BapricTio 581,3 mupa rpH. KinbkicTh akTuB-
HUX  OpraHi3aTopiB  3aKymiBenb  CKjaja
28 850, KUIBKICTh aKTMBHMX YYacCHUKIB —
159 980 (mani 3a 2019 pik). 3 ornsany Ha yc-
HIIIHICTh JaHOTO MPOEKTY MJIAHYEThCS IMO0J1a-
JIbIlIE PO3IIUPEHHS c(hepH 3aCTOCYBAHHS CHC-
temu [Ipo3oppo Ha 1HII HAIPSAMKH.

Po3mizHaBaHHs TaTTEepHIB Ha  Bif-
CKaHOBAaHUX JIOKYMEHTaX, 30KpeMa BH3HA4YEH-
HSl HAsIBHOCTI TI€YaTKH, MIAMUCY, PEKBI3UTIB Ta
IHIMX 11a0JIOHI30BaHUX YACTUH € KPUTUIHO
BOXJIMBUM JJII aBTOMAaTUYHOI NEPEBIPKH KO-
PEKTHOCT1 3aBaHTAXKEHHX JOKyMeHTiB. Kib-
KICTh IOJIEHHUX TEHJEpIB 3MYIIye IIyKaTH
AJITOPUTMIYHI LUIIXM PO3B’SI3aHHA MPOOJIEMH,
1 TYT IPUPOAHIM HANpPSIMKOM TOILIYKY € METO-
1M MAITMHHOTO HaBYaHHs. MallliHHE HaBYaH-
Hs — B)K€ HE HOBMM, ale IyXe IOIYJIAPHUN
HanpsM JJIs JOCHIDKEHb Ta pO3pOOKH, Opi€H-
TOBaHUN Ha poOOTY 3 PI3HUMH BUJAMHU JIaHUX,
PO3YMIHHS IX CTPYKTYpH Ta B3a€EMO3B’A3KIB.

© A.IL. XKupxkosa, O.I1. [rmatenko, 2020

OOcsar naHux, NPEJCTaBICHUN y BU-
sl 300paXkeHb, 3HAYHO BUPIC 3 PO3BUTKOM
TEXHOJIOT1 Ta momynsapu3saiieo ¢otorpadiii
K CHOco0y MOAUTUTHCS TEBHOIO iH(popMarri-
€1o0. [IpucyTHicTh kKaMepu Ha BCiX MOOITBHUX
HPUCTPOSIX, IO BUITYCKAIOThCA OCTaHHIM Ya-
COM, Ta TOJNIMIICHHS SKOCTI ¢ororpadii, €
3HaYHUM PYILUiEM JJsl TMOUIMPEHHS BUKOPHC-
TaHHS J@HUX Takoro BHIY. A  OTXKe,
3’ABIAIOTBCS 1 METOAM OOpOoOKM mMoAi0HOT
iHdopMmallii, Ae UEHTPATbHUM TMOHATTSAM €
TEpMiH “computer vision”, Skl Ha yKpaiHCh-
Ky MEepeKIaJaeTbesl SIK “‘KOMIT I0OTepHUN 3ip”
Ta O3Ha4ae mporec oOpoOku rpadidyHuX aa-
HUX, SKMA Mae Ha MeTi, HaNpHKJIaj, po3Ii-
3HaBaHHA 00’ €KTIB MEBHOTO KJIACy.

MoxuBicTh CKaHyBaTH abo ¢oro-
rpadyBaTu JOKYMEHTH J03BOJIsI€ 30epiraTu ix
y BUIJIA1 300pa’keHb, a OTXKe, 1 3aCTOCOBYBa-
TH JI0 HUX BIANOBiAHI MeToau 0O6poOku. Has-
BHICTb a00O BIJCYTHICTH I€YaTOK Ha 300pa-
KEHHI € THUIOBUM TNPEJCTaBHUKOM 3ajadi
kracudikamii. [lpum ckmamaHHl JOKYMEHTIB
BUHUKAIOTh MIOMHWJIKU PI3HOTO TUIY, K1 BaX-
KO BIJICTEXKUTU Ta HaBITh MPU JyXKE YBaKHO-
My Teperjisiai MoXKHa mpomycTtutu. Tonai
BUHUKAE TOTpeda oOpoOIATH OKYMEHTH B
ABTOMATHU30BAHOMY PEXHUMI, 100 BIACIIIKO-
BYBaTH MOMMUJIKM Ta MIHIMI3yBaTH IXHIO MpH-
CYTHICTb y JOKyMEHTax. BukopucraHs
MAaIIMHHOTO HAaBYaHHS JUIS PO3B'SI3aHHS 33134
IBOTO KJIaCcy € aKTyaJbHUM CIIOCOOOM BHPpI-
HIeHHs1 MOAIOHMX mpobneM. B nmawiit po6oTi
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MPOMOHYETHCS METOJ| BUPIIICHHS OMUCAHOL
3a/1a4dl 3a JIOMOMOTOI0 HaBYCHOI HEWPOHHOL
Mepexi. Po3poOka momeni 3ropTKoBOI HEH-
POHHOI Mepexi JUIsi KOPEKTHOI Kiacudikarii
JIOKYMEHTIB 3a HasSBHICTIO a00 BiJICYTHICTIO
MeYaTOK Ha HbOMY MOTpeOye BHpIIICHHS Ha-
CTYITHUX 3aBJlaHb, & CaMe: MPOBEICHHS aHai-
3y ICHYIOUMX METOJIIB BUPIIICHHS IOCTaBJIC-
HOT TIpoOJIeMu, MPOBEACHHS 300py Ta 00poo-
KM JIaHUX, TTOOYJTOBH HEHPOHHOI Mepexi Jyis
Kkiacudikamii JOKYMEHTIB, JOCTIHKCHHS 3a-
JICKHOCTI TOYHOCTI MOJEII Bij KUIBKOCTI Ja-
HUX JUIA 11 HaBYaHHS.

Orasp gditeparypu

OnumeMo iCHyrO4i METOAH, SIKi BH-
KOPHCTOBYIOTBCSI ISl PO3Ii3HABAHHS IeYa-
TOK Ha JOKyMeHTax. /[BoeramHuii migxin 1o
BUJIyYCHHsI Bi3yaJbHUX OO’€KTIB 3 Mamepo-
BUX JIOKYMEHTIB, NIPO KU pO3MOBIIA€THCH Y
[1], cepen iHmMX 3a7a4 BUPIIIyE 1 MOCTaB-
JeHy y JgaHiii poOoti. JIBoeTtamHWI MiaXina
[pallo€ HACTYIIHUM YHHOM: CIOYaTKy 3a-
CTOCOBYETBCSI TIEBHUI aJNTOPUTM IS PO3IIi-
3HaBaHHs 00’€KTYy Ha BX1JHOMY 300pa)<eHHI,
HICsT YOro 3aCTOCOBYETHCS IHIIMM METO[,
3aCHOBaHM Ha J00yBaHHI 3 300pa)K€HHs
HU3bKO-PIBHEBUX XapaKTEPUCTHK (3 aHII.
“features”) — TakMM YMHOM NEPEBIPAETHCS
MPaBUJIBHICTE POOOTH MOMNEPETHBOIO €Tamy.
OTxe, mepmnii eran — KackaJHe HaBYaHHS
Ta pO3Mi3HABaHHS HA OCHOBI Kjacudikaropa
AdaBoost. Ha npyromy erari npoBOIUTHCS
OLIIHKa HM3BKO-PIBHEBUX  XapaKTEPUCTHK
300paXeHHsI 33 JOMOMOTOI0 Pi3HHX alTrOpH-
TMIB MAIIMHHOTO HaBYaHHS. 300pa’keHHs
MPENCTABISETECS JTaHUMH, OTPHUMAaHUMHU 3
HBOTO 32 JIOMIOMOTOI0 Pi3HUX (YHKIIIH, OJIHI-
€10 3 SIKUX € CTaTUCTHKA MEPIIOTO MOPSAIKY,
0 O3Ha4ya€ TMPEACTABICHHS 300paKCHHS
y BUIJISIII TAKUX XapaKTEPUCTUK SK CEPEeaHS
IHTEHCUBHICTH MIKCEJIB, AUCIEPCis, aCUMeT-
pis, UEHTpaJbHUI MOMEHT Ta EHTPOMis.
HacTynHuM MeTooM NpelCTaBICHHA 30-
OpaXeHHST € WOro Omuc 3a JOMOMOTOI
CTaTUCTUKU JOBXKUHH CIpOTO, JIaHi MpO Ky
HaJalTh 1H(OpPMAIIIO TOJ0 TEKCTYpPHU 30-
OpaxkeHHA. Takox cepeJ TaKUX METOJIB

82

€ TicTorpamMa HampsMJICHHX TPaJi€HTIB,
sAKa JOTOMAara€ po3pi3HATH 00 €KTH PI3HHUX
TUNIB, Ta JIOKaJbHI OiHApHI MATEpHHU, SKi
€ YHIBEpCaJIbHUMM JAECKPUIITOPAMHU TEKCTY-
pu. Ha npyromy erani 1o ycix mux npeacra-
BJICHb 3aCTOCOBYIOTHCS aJNTOPUTMU MAaIlIUH-
HOTO HaBYyaHHA, Taki sk Meron k-
Hanonmxuux cycinis (k=1), naipamii baiiec,
METOJI ONMOPHHUX BEKTOPiB, OiHApHE IEPEBO
pimens Ta iHmIi. BukopucTaHHs ABOETamHO-
ro MiAXOAYy /A0 BWIYYEHHS Bi3yaJbHUX
00’€KTIB 3 ManepoBUX JOKYMEHTIB y BHUIIAJ-
Ky pO3Mi3HAaBaHHA IEYAaTOK Jal0 CEPEIHIO
TouHicTh 53.3 %.

Hactynuuit miaxix A0 BUSBJICHHS Iie-
4aTOK y JOKyYMEHTaX, MpeicTaBieHuil y [2],
BUKOPHUCTOBY€E MOEJHAHHS JAEIKUX IMPOCTHX
XapaKTePUCTHK 300paxXeHHS. AJTOPUTMH
MalIMHHOTO HaBYaHHA (Taki gk Merox k-
HAHOMMKYUX CYCIAIB, METOJ OMOPHHUX BEK-
TOpiB, BHIIAJKOBI JIiCH), 110 BUKOPHCTOBY-
I0ThCS JIJIs1 BUSIBJICHHS IIEYaTOK, 00pOOIIAIOTh
iH(popMarIito mpo 300pakeHHs, B IKOMY 3a-
KOJyBaJlu modaTtkoBy monenb RGB y mo-
Jiellb, 10 NPEACTaBIs€ 300paxeHHs SIK I0-
ennanus Y, Cb, Cr, ge KoKHa 3 KOMIIOHEHT €
cymor0 3HaueHb RGB, nepemHO)keHHX Ha
cTanl Koe(ilieHTH, Micis 4oro 300paKeHHs
OiHapu3yeTbcs. B pesynbrari HaB4YaHHS Ta
Bastiianii 300pakxeHb, BUSBUIIOCS, IO cepe/I-
HS TOYHICTH NependayeHb CTAHOBUTH OJM3b-
ko 70 %.

Takox icCHYe TIIX1T 10 PO3IMi3HABAH-
HSI TI€YATOK, SIKMKA B IIJIOMY (DOKYCY€EThCS Ha
pO3Mi3HaBaHHI FeOMeTpUYHUX (GOopM, MpuUTa-
MaHHUX M. [ bOTO BHKOPHCTOBYETHCS
nepeTBopeHHs Xada, OCKIIbKH HOro MeToro
€ BUABIIEHHS KpYTriB Ta KBajapariB. Takox
TYT 3aCTOCOBYETHCSI aJlTOPUTM 3TJIaKyBaH-
HA, kUil npubupae mymu. Ilicas ycix nepe-
TBOPEHb METOJ OMOPHUX BEKTOPIB Kiacui-
Ky€e JTOKYMEHTH 3a HasBHICTIO/BIJICYTHICTIO
MeJYaTok. 3a CI0BaMH aBTOPIB, BOHU JOCSTIIN
92 % TtouHocTi pobotu anroputmy [3]. Ane
TYT BapToO 3ayBaXKUTH, 110 JAaHUN miaxia ¢o-
KYCYEThCSl Ha pO3Mi3HAaBaHHI M€YaToK, Mpe-
CTaBJICHUX Yy (OpMi Kpyry 4d KBajapaty, II10
€ JUIIe MIIMHOXHHOI YCIX MOXKIUBHUX
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¢dopM meyaTok. A TOMy pe3yJabTaTH JOCIHi-
IDKEHHS € 1meaii3oBaHUMHU 1 HE BIAIIOBIma-
I0Th PEAIbHUM MPAKTUYHUM 3a/1a4aM.

HactymuuM BapiaHTOM BHpIIICHHS
3a/1a4l po3Mi3HABaHHS MEYAaTOK y JOKYMEH-
Tax MOXxe OyTH MiJXiJ, BUKIAACHUN y poOOTi
[4]. Bin momsirae y HacTyIHOMY: BiJICKaHO-
BaHl 300pakeHHs PO30MBAIOTHCS 3a KOJbO-
pamu, SKi B CBOIO UEpry pO3JAUIAIOTHCS Ha
KaHJMJIATIB Ha TeYaTKy, MICIsS 40ro 3 30-
OpaXeHHS BHAUISIIOTBHCS JIesKI HOTo Xapak-
TEPUCTUKH, SKI JOIMOMAaraloTh BH3HAYUTHUCH,
9y 00’€KT € MeYaTKor, YM Hi. JlaHui MeTo]
noOpe mpairoe, KOJIu AOKYMEHT € KOJIbOpo-
BUM 1 KOJIip TEKCTY BiApI3HIETHCA BiJ KO-
JTHOPY TEYaTKH, B IHAKIIOMY BUIIJKy BiH HE
J1a€ 3aJJ0BUTHBHUX PE3YNbTATIB.

OpHMM 3 METOAIB, 3alpPONOHOBAHUX
OCTaHHIM YacoMm, € Bukopuctanus FCN
(Fully Convolutional Neural Network). AB-
TOPH TPEJCTABISAIOTh IMAXIJ, SKHA PO3ITi-
3HA€ MEYaTKN Ha KapTUHKAX JOKYMEHTIB, Hij
HazBoro D-StaR [5]. [ns kpamoi pobotu
HEHPOHHOI MepeXi BOHU BUKOPHCTOBYIOTH
nepennaBueHy monens VGG-Net, BuxigHuit
pe3ynpTaT poOOTH SKOi € BXIAHUMHU JaHUMHU
st FCN. Takuii miaxii BAKOPUCTOBYEThCS,
OCKIJIbKM MpU HOro peanizaiii aBTOpH 31HI-
TOBXHYJHUCS 3 HECTAUCI0 JAaHUX IS HaBYaH-
Hs 1 Bamigamii (B goctymi Oymno 400 xapTtu-
HOK), JI0 TOTO K MOJILJT HA HaBYAJIbHY Ta Tpe-
HyBallbHy BHOiIpKku 3pobnenuit sk 90 % i
10 % Bin ycboro oOcsary aanux. ToOTo, Ba-
nifamiss poOOTH METOAYy MPOXOoJauiia Ha 30-
BCIM Maniii BHOIpIl, 110 BapTe 3ayBa)kKCHHS.
B pesynbrari po6otun D-StaR TouHicTh cTa-
HOBUTH 87 %, ane mpu pos3mi3HaBaHHI Nedva-
TOK, SIKi HAKJIaIal0ThCsl HAa TEKCT, BOHA Majae
10 74 %. Taxkox MoOXHa BIA3HAYUTU POOOTY
[6], me meToaM HaBYaHHS 3aCTOCOBYIOTHCS
710 pO3Mi3HaBaHHS TPaJWLIHHUX MOHTOJbCh-
KUX reyaTok. KitodoBa ifest mossirae y mo-
€IHAHHI aHaAI3y TOJOBHUX KOMIIOHEHT
(PCA) Ta pexypeHTHUX HEHPOHHUX MEPEK.
ABTOpHU JIEKIapyIOTh BUCOKY TOYHICTh, X04a
MOJKJIMBO II€ TIOSICHIOETHCS HEBEIMKUMHU PO-
3MipaMu J1aTaceTy.

[likaBUM HampsSMKOM pO3BUTKY €
JIOT1YHE TPOJIOBXKEHHS 17ei MepeBipKU TOKY-
MEHTIB, fIKE TOJISTa€ Y PO3Mi3HABAHHI MiANU-
cy. il HeTpuBianpHINA 3amayi MPUCBSIYCHA
po6ota [7], e TPOMOHYETHCS CIOYATKY
“oumiryBaTH’ CHiAM TEYaTKU (SK TPaBUIIO
MiMUC 1 TMeyaTKa MaloTh NEPEKPUBATHUCH,
3a0e3meuyroun J0JaTKOBUM 3aXUCT JOKyMe-
HTY) 3a JOTIOMOTOI0 TE€HEpPaTHBHHX HEHpOo-
Mepex (GAN), a moTiM po3mi3HaBaHHS IMij-
MUCY BUKOHYETHCS 3 BUKOPUCTAHHIM TUX e
3TOPTKOBUX MEPEXK.

IHocTanoBka 3axaui

[Ipu poboTi 3 JOKYMEHTaMHu JesiKi
KOMMaHIi CTHUKAIOTHCSA 3 MpoOieMaMu, SKi
HEOOXiIHO aBTOMATH3yBaTH, OCKIJIBKH IX
BUpIIIEHHS CHIBPOOITHUKAMH 3aiiMae O6araTo
yacy Ta He 3BUIbHSE BiJl MOMUJIOK, K1 BaXKKO
KoHTpouoBath. [lpukianamMu Takux 3agadq
€ pO3Mi3HaBaHHA IEYaTOK (YU  IXHIO
BIJICYTHICTB) y JIOKYMEHTax, PO3Mi3HAaBaHHS
MIANKCIB, BHSBJIEHHS CIIB, HaIOUCAHUX
OJIHIEI0 MOBOIO, Y JTOKYMEHTIi, HAIlMCAaHOMY
1HIIOIO.

Bci mi 3ama4i MOKIIMBO BUPIIIUTH 3a-
cobamMu MalIMHHOTO HABYaHHSI.

Hapaszi mpoBeneHo po6oTy 3 posmi-
3HABaHHS MEYATOK Y JOKyMeHTax. s mboro
00pOo0IeHO JOKYMEHTH, BHUBAaHTAKECHHI 3
caiity Prozorro [8], ki € 103BOJIEHUMU ISt
iX TOJANBIIOTO BUKOPUCTAHHS Ta PO3IO-
BCIOJDKEHHsI. TyT BapTO BpaxoBYBaTH, IO
JTOKYMEHTH TpEJCTaBieHI HE TiIbKU B (Op-
MaTi 300paxkeHb (3 pO3IIHUpPEHHSM “‘.png”,
“Jpg” abo “.jpeg”), a TAaKOXK y BUIJISIAL J1O-
kymentiB PDF. Tomy npu ¢opmyBanHi Ha-
BUaJIbHOI BUOIPKU (@ TaKOX NMpHU MOAAJIbIIIN
Kyacudikauii JOKyMEHTIB, 0 MalOTh e4aT-
Ky, a0 He MarTh ii B3araii) CiiJ MepeTBo-
PUTH yCl TOKYMEHTH, MpeACcTaBieHH] y dop-
mati PDF, Ha 300paxeHHs.

Jlns HaBuaHHs oOpaHOi Mojen Ma-
IIMHHOTO HaBYaHHS, Ha BXiJ IMOJAIOTHCS 30-
Opa’keHHs TOKYMEHTIB, 5Kl BOHA KJIacHU(iKye
sk 0, SKI0 Ha 300pa)KeHHI HEMa€ IMEeYaTKH,
Ta sk 1, sKio mae xo4a 6 oany (puc. 1).
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12.2. TIJIPSIIHUK we

10KYMEHTiN, Heobx
12,3, TILAPAJTHUK

13, JOPHIHYHI AAPECH CTOPIH.

TIPS
AYJIH

Jlupextop Jipektop TOB «AYJIUT - [TPOM

Vaii
M1 (V72 e

1, inensiit Ta nmx 2o

4. Jonrarn i wapaxysanus

4 BiAPAZKOHIS
o JIK3 (Ges 11)1B):

. xom. (
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Puc. 1. [Tpuknan 70KyMEeHTIB 3 ieyaTkamu (371iBa) Ta 03 1eJaTok (crpana)

Onuc MeToay BUpilIeHHS 3a1a4i

Po3p’s3yBatu 3amady posmizHaBaHHS
MEYaTOK Yy MOKYMEHTax OyJo BUPIIIEHO 3a
JIOTIOMOTOI0 HEHpPOHHUX Mepex. B xomi
BUKOHaHHSI po0OOTH OyJIO 3aCTOCOBAHO JEKi-
JbKa Pi3HUX MOJEINeH, B pe3ysIbTaTi 4oro Imij-
TBEPAWJIOCS TMPUIYHIEHHS, M0 3TOPTKOBI
HEHPOHHI Mepexi € HaWOUThII e()EeKTHUBHUM
METOZ0M POOOTH 3 300paKCHHIMH (3BUYAHI
MOCJIJIOBHI HEWpoHHI Mepexi ganu 59.9 %
TOYHOCTI, a pekypeHTHI — 59.8 %, BogHOUaC
SIK 3TOPTKOB1 HEMPOHHI MEpeXki Ha TUX CaMUX
nanux maioTh 88.03 % Tounocti). Tomy mami
OUIBLI JETAbHO PO3IVISIHYTO CaMme 3rOpPTKOBI
HEHpPOHHI Mepexi.

ITepen erarmom HaB4YaHHS MOJE He-
00X1J1HO cOpMyBaTH TPEHYBAJIbHY Ta TECTO-
BY BUOIPKH, ISl YOTO: yC1 JOKYMEHTH Oyio
MepeTBOpeHo y Gpopmat 300pakeHb, CTaHAap-

D

Cropiaka
DOKYMEHTY

64 128 32

3ropTKOBi mapu

TU30BaHO iX pO3Mip Ta po30MTO Ha TPEHYyBa-
JBbHY Ta TECTOBY BUOIPKH BHITaJKOBHM YHHOM
Tak, mo6 nepma mictwia 70 % ycix 300pa-
KEHb, a Ipyra — BianosigHo, 30 %.

st knmacudikamii JOKYMEHTIB BHUKO-
PHUCTOBYETHCS ITOCII0BHA MOJETb, SIKa Y CBO-
iif CTPYKTypl Ma€ TpH 3rOpPTKOBUX IIapH IJIs
00poOKM 300pa’keHb, Ta BUKOPUCTOBYE IIIE
TPH IS iXHBO1 Kiacudikartii.

UucnaoBi 3HAYeHHs, IIOKa3aHI Ha
pHUC. 2, € PO3MIPHICTIO BUXIJHOTO MPOCTOPY
BiAMoBigHOro mapy. Jlo ycix mapiB, OKpiM
BUXI1JTHOTO, 3aCTOCOBYETbCS aKTHUBaLliiHA (Y-
HKIis “relu”, ocTaHHI K€ BUKOPHUCTOBYE
“sigmoid”. Ilpu 3amiHi akTHBaLIHHOT QYHKIIIT
y BUXIJHOMY HIapi (30KpeMa, Ha aKTUBAIiiHy
¢yskuio “softmax”) ToyHicTh poOOTH MOJE-
Ji 3MEHIIYEThCS TPUOJIM3HO Y JIBA PasH.

PeayneTart:
Ounl

IlTapu HetipoHHOI MepexXi

Puc. 2. Peanizamist HeiipoHHOT Mepexxi s Kinacudikallii JOKyMEHTIB 3a HasBHICTIO
a00 BIJICYTHICTIO TI€YaTOK
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Pe3yjibTaTu eKCrIepMMeHTIB

Jjis1 IOpiBHAHHS MPaBHIBHOCTI PoOO-
TH MOJIEJIi B 3aJIEXKHOCTI BiJl KIJTbKOCTI TPEHY-
BaJIbHUX JIAHUX, TECTYBAHHS MPOBOAUIIOCS HA
OJIHOMY ¥ TOMy camomy Habopi 300pakeHb.
Ile mae MOKIIMBICTh TOOAYUTH BILIUB OLIBIIOL
KUIBKOCT1 JIaHUX Ha OLIbIN MpaBUIIbHE Hala-
IITYBaHHSA MOJIEJI i Yac HaBYaHHSI.

[Ticnst oTprMaHHs TaHUX JJIs HABYaH-
Hs, HaOIp MOAUIAETHCS HAa TPEHYBAIbHY Ta
BaJliAIiiHy BUOIPKH, 5IKI BUKOPHUCTOBYIOTHCS
Ui HaBuaHHsA Mojeni. Habip mammx yis
Baymigamii poOOTH MoJenl CKiIamae OJIM3bKO
25 % Big 3araJbHOTO 00CATY TPEHYBAJIbHUX
naHux (puc. 3, 4).

[Tin gac TectyBaHHS poOOTH MOJEN,
Ky OyJio HaBYeHO Ha 435 300paKCHHSX, BH-
SBUJIOCSI, IO NPaBUJIBHO KiIacHu(iKOBAHO
npubmmsno 81 % TecToBUX NaHWX. A MiCHs
HaBYaHHS HEHpPOHHOI Mepexi Ha 3216
00’eKTax, MOJIsS MPaBWIBHKUX BIAIMOBIICH CTa-
HOBHJIA TPOXH OinbIie 88 % (Tadm. 1).

Training and Validation loss

— Training loss
065 —— validation loss

Loss

0.50

045

040

25 5.0 75 0.0 125 150 175 200
Epochs

Puc. 3. Brparu B npotieci TpeHyBaHHS Ta
Bajiaii Moaenl

Takox BapTO 3ayBaKUTH, IO HA JPY-
riif 1 TpeTiit iTeparnii TouHicTh poOOTH MoOjei
Ha TECTOBUX JAHWX TPOXH IMOTIpPIINIACK, IicC-
JsI 4Oro JOCUTHh pI3KO BHUpOCIAa Ha JIBOX
octaHHiX. Takuii epeKT MO)KHa IPHITUCATH
SIKOCTI CaMUX JaHUX Ta IXHBOI MONEPETHBOT
knacudikarii, OCKUIBKM BOHA IPOBOIMIIACS
BpPYYHY, a TpPU [bOMY MOXIJIMBAa HEBEJHKA
noxubOka. [l{ogo camux gaHUX, TO MPHU Kila-
cudikaiii Oyn0 BHSIBICHO BEJIUKY KUIBKICTh
IIOTaHO BiJICKAHOBAHMX JOKYMCHTIB, Ha SIKUX
BiJIOOpayKaIMCs MEYaTKH 3 HACTYITHUX CTOPIi-
HOK. B pesynbraTi Oymo BupimeHo kiacudi-
KyBaTH TakKi 300paKeHHS K Ti, IO HE Mic-
TATH TEYATOK, XO04Ya iX Ha JOKYMEHTI rapHO
BUJIHO.

[Tpu 30imbIIEHH] PO3MIPY TPEHYBaIb-
HOT BHUOIpKM 4Yac Ha HaBYaHHS MOJENI 3pOcC-
Tae, a yac poOOTH Ha TECTOBHUX JIAHUX IMOYH-
HA€ 1CTOTHO 301IbIIYBAaTUCS TIIbKK HA OCTaH-
HiX iTeparisx, mo 300paxxeHo y Tadi. 2.

Training and Validation accuracy

060 — Taining accuracy
= validation accuracy

25 5.0 75 00 125 150 175 200
Epochs

Puc. 4. TouHicTb B npolieci TPEHyBaHHS Ta
Bajiamii Moaeml

Tabnuus 1. Binus po3Mipy TpeHyBaJIbHOT0 HaOOpY JaHUX HA TOYHICTh poOOTH HEHPOHHOI Mepexi

Po3mip Tpe.HyBaJILHO'l' P03MiP Ban.izlauiﬁ- PO?..I.Vlip TecTo- Toumicrs poboTa Moxe
BUOIpKH HOI BUOIpKH BOI BUOIpKHU
435 109 81.19 %
1164 291 80.76 %
1896 474 234 80.76 %
2596 650 86.32 %
3216 804 88.03 %
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Tabnuus 2. Biuus po3Mipy TpeHYBaIbHOTO Ha0OPY IaHUX Ha yac poOOTH HEHPOHHOI Mepexi

Po3mip Po3mip Po3mip Yac, HeoOXigHMi ‘Laec E;g(::
TPEeHYBaJIbLHOI BaJiganimHol TeCTOBOI HA HABYAHHSA P
BUOIipKH BUOipKH BUOipKH Mmopaei (y XB) TeCToOBHX
AaHHUX (Y CeK)
435 109 0,66 0,23
1164 291 1,78 0,22
1896 474 2,86 0,21
2596 650 3,86 0,27
3216 804 4,81 0,37
BucHoBku

MamuvHHe HaBYaHHS IMIUPOKO BUKOPH-
CTOBY€ThCSl 11 poOOTH 3 300pa)KCHHSMH,
0c0o0MBO €(hEeKTHBHUM TIAXOJOM 10 IXHBOI
00poOKM € BHUKOPUCTaHHA  3TOPTKOBHUX
HEHpOHHUX Mepex. Uepes CTpyKTypy apxire-
KTypU MEpeX JIaHOr0 TUIy BOHM rapHO Ipa-
IIOIOTh 3 300paXCHHSMH, TOMY IIHPOKO BH-
KOPUCTOBYIOTbCS /ISl POOOTH 3 IIMM THIIOM
TaHUX.

ABTOMAaTH30BaHE PO3IMi3HABAHHS Pi3-
HUX THIIB OMWJIOK Y JIOKyMEHTax € aKTya-
JTBHOIO TEMOIO, 1110 MOTPeO0y€e BUPIIICHHS.

[TpuknasmoM TakuX TOMUIIOK € BiJCYT-
HICTb MIEYaTOK Ha JJOKYMEHTax, JUIsl pO3Ili3Ha-
BaHHS YOTO B paMKax JIaHOI KypcoBOi poOOTH
Oys10 TOOYZI0BaHO HEUPOHHY MEPEXKY, 3/1aTHY
KiacuikyBaTy JaHi, M0 MOJAOTHCS HA BXIJl
y BUTJISAL 300pakeHb, 3a HasBHICTIO a00 BiJI-
CYTHICTIO NI€YaTOK.

[TouaTkoBa TO4YHICTH POOOTH JaHOL
Mozeni cknanana 81.19 %, npu ubomy s i
HaBYaHHS BUKOpUcTOBYBasocs 435 300pa-
*KeHb (a7 TpeHyBaHHA Mmepexi) 1 109 (s
HABYUTH MOJENb Ha OIIbIINA KIJBKOCTI Ja-
HUX, HDK IpU TONepeanii cupoOi, Aaau Tpo-
XM TIpIIl pe3yabTaTH, a caMe TOYHICTh po0o-
TH MOJIEN Ha TeCTOBOMY Ha0Opi TaHUX CKJia-
nana 80.76 % B o0ox Bumaakax. CroyaTtky
JUIE HaBYaHHS MeEpEeXi BHUKOPHUCTOBYBAJIOCS
1164 300paxenns (1 291 nns Baminarii), mic-
7S 4Oro Ha BXia Mojeni Oyno momaHo 1896
300pakeHb Aig HaB4aHHs (1 474 s Bamiga-
iii). OcTaHHl /Ba MpolecH HaByaHHsS Ha Oi-
JBIIH KIIBKOCTI 1aHuX (2596 115 HaB4aHHS 1
650 mst Banmiganii B mepiomMy BUNaaky, 3216
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Juist HaB4yaHHs 1 804 nns Bamiganii — B Jpyro-
My), TIOKa3aJli MOKPALICHHS MpHU Kiacudika-
mii TectoBoro Habopy, mo nae 86.32 % i
88.03 % mpaBUIBLHUX BiIMOBIACH.
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0.0. Jlemuuescoxuii, C.O. ['opoamiok, B.O. I'opbamiok

AJITEBPATYHE MOJEJIOBAHHS B CUCTEMAX
MI)KHAPOJHOI TA MICIHIEBOI OBCJIYTOBYIOUYOI
JIOTICTUKHA

MixHapoaHa Ta BHYTPIIIHSA 00CIyTOBYIOYA JIOTICTHKA PO3BUBAETHCS MAJICHAMH TEMIIAMH Y CYy9aCHOMY XKHTTI,
a TPOTHO3M Ha MaWOyTHE Ay Hi€l ramy3i onTUMIiCTHYHI. 3 IUX IPUYWH MH IIOCTaJH Mepel 3a1adeio KOHTPO-
JIr0, onTUMi3anii, 6e3rmevHoi Ta HaAIHHOT NepeBIpKM KOMIUIEKCHHX JIOTICTHYHHUX CHCTEM 3 0ararbma BHYTpIl-
HIMM areHTamy, siKi IpamioloTh y CEPeAOBHII, IO 3MiHIOEThCs. [laHa poOoTa Mae Ha MeTi MMOKa3aTH K
MaTeMaTUYHEe MOJICIIOBaHHS, 30KpeMa, anreOpa MOBEIIHOK, HaJla€ MOXIIMBICTH NepeadadyBaTH MOBEAIHKY,
CTa0UIBHICTH JIOTICTHYHUX CEPEIOBHIIL Ta MEPEBIPATH iX BIacTHBOCTI Oe3nexH, Ta HaaidHocTi. Lli npouexypu €
MO/ICTIbHO-OPIEHTOBAHUMH PO3pOOKaMH KOMILJIEKCHHX CHCTEM IPOrPaMHOTO 3a0€3MeUeHHs, TAKUX SIK JIOTICTH-

YHI CHCTEMHU.

KimrouoBi cioBa: anrebpa MOBeIiHOK, iHCEpIliiiHe MOAETIOBaHHA, (hopManbHa Bepu(ikailis, TaHIFOT TOCTa4aH-
HsI, MOJICIEHO-OPI€HTOBaHI PO3POOKH, BIACTUBOCTI OC3TIEKH.

1. 3aranbHa indopmanin

CrabinpHICTh (DYHKI[IOHYBaHHS, CTiHi-
KICThb 1O 30BHIIIHIX 3arpo3, BUSBICHHS Ta
YCYHEHHS Bpa3NIMBOCTEH € HEOOX1JHUMH BIa-
CTHBOCTSIMA KOMIUIEKCHHX CHCTEM MiXKHApO-
IHOI Ta BHYTPIIIHKOI 0OCIYroBYyIOUOi JIOTiC-
TuKH. Taki CUCTEeMH MPOrpaMHOTO 3abe3re-
YEeHHSI € KPUTUYHO BAXKIMBUMHU JI0 O€3IMEKH Ta
BHUMararoTh po3po00K 3 MOJIEIbHO-OPIEHTOBA-
HUM MiAXOOOM [ HamiliHocTi. MoaeabHui
MiIXig 10 po3poOKku mependayae CTBOPEHHS
MoJiesiel K IHCTPYMEHTIB Ha KO>KHOMY eTarli
pPO3pOOKH MPOrpaMHOrO 3abe3MedeHHs IS
3aCTOCYBaHHS MeETOJIB Bepu(ikalii, TecTy-
BaHH Ta Bajigari.

MeToau MaTeMaTUYHOTO MOJENIOBaH-
HS 3 TAKUMU IHCTPYMEHTaMH, sIK ajredpa 1mo-
BEIHOK, TAaIOTh MOXJIUBICTh K€PYBaTH JIOTiC-
THYHUMH CHCTeMaMH Ta 3abe3rmedyBaTH iX
0e3MneKy Ta 3aXHUIIeHICTh 3a JTOTIOMOTOI0 (o-
pMmasibHOI Bepudikaiii Ta Qopmanizamii 3a
JIOTIOMOTOI0 TECTYBaHHS Ha OCHOBI MOJIEJIEH.
AnreOpaiyHi MOJeN JIOTICTUYHUX CHCTEM
MOXYTh OYTH BHKOPHCTaH1 JJIsi aHaJi3y IO-
BEJIIHKU BCIX 3QJIyYCHHUX arcHTIB 1 JOBEACHHS
iX 3MaTHOCTI BUKOHYBAaTH CBOI ITUTI Ta 37aT-
HOCTI BCi€i CHCTEMH TOCTIHHO ICHYBaTH Ta
3aNUIIATUCS CTaOUTBEHOIO.

®opmanbHa Bepudikallis BUKOPHUCTO-
BYeEThCS B aHami3i Ta Bepuikauii OizHec-
JIOTICTHKH BXK€ JCKIIbKa JecaTupiub. Gopma-
apHI MoBH Taki sk: BPMN [1], UML [2],
SysML [3] BHUKOPHUCTOBYIOTHCS HJisi OIUCY

JIOTICTUYHUX Oi3HEC MPOIIECiB, a JIOCUTh Be-
JHMKa KUTbKICTh MeToxiB Taki sk: VDM [4],
SPIN [5] Ta iHm 3acTOCOBYEThCS Ui Tepe-
BIPKH BJIACTUBOCTEH O€3MEKH. Y CKIaJIHCHHS
cnenudika Ta 30UIBIICHHS 1H(OPMAIIHHOTO
HAaBAaHTAXKCHHS OOYMOBHUJIO BUKOPHCTaHHS
OUIBII HOBITHI METOAMKHU Ta BIANOBIIHI Ma-
TEMaTUYHUX TEOPii.

Y 1upoMy JOCHIIKEHHI MU JIEMOH-
CTpyeMO, SIK anreOpaiuHMi MiJIXijA, OCHOBa-
HUM Ha anreOpi MOBEIIHOK, MOXKe OyTH edek-
TUBHO BUKOPUCTAHHH Ui MIEPEBIPKH BIACTH-
BOCTE Oe3MeKkH CKIAIHUX CUCTeM. SIK mpuk-
JIAJIA MM 3aCTOCOBYEMO 1i O pEAIbHOI 3aKpH-
TO1 JIOTICTUYHOI CHUCTEMH MICIIEBOTO 00CIY-
roByBaHHsl ((pepMmepcbke TOCMOAApPCTBO) Ta
B1JIKpUTOI MI>KHAPOJHOT JIOTICTUYHOT CUCTEMHU
(EeKCHOpTHI NMOCTaBKM BUPOOHMIITBA BUILE3Ta-
naHoro (hepMepchKOro JOMOTOCIOIaPCTBRA).

2. AuireOpa noBeaiHOK

Ha nouarky 1970-x, B.M. I'mymxos,
mupektop IHcturyty kiGepHetuku Hartiona-
JbHOT akazeMii Hayk YKpaiHM, 3acHyBaB
KOMIT IOTEPHY HAayKOBY IIKOJY, sIKa CQPOKYCY-
Bajlach Ha anreOpaiyHux mertoxax. TemaTuka
JIOCITIJDKEHHST BapiroBajiach BiJI aBTOMAaTHU30-
BaHUX JIOBEJICHb TEOPEM [0 ajredpaidHoro
MOJICJTFOBaHHS Ta BiJ HAYKOBUX KOHIICTIIIiH 10
MPOMHCIIOBUX TPHUKJIAAHUX Tporpam. Ili3Hi-
me B 2000 Cucrema Anrebpaiunoro IIporpa-
myBanHs (APS) [1] sk ckiamoBa yacTuHa i€l

© 0.0. Jlernuercekuii, C.O. I'opbaTtiok, B.O. 'opbaTiok, 2020
88 ISSN 1727-4907. Ilpo6aemu nporpamyBanns. 2020. Ne 4



TeopeTn4Hi i MeTO0JIOTiYHI OCHOBM POrpaMyBaHHS

IporpamMM JIOCIIKEHb PO3IIMpHIIach 3a J10-
IIOMOT'OI0 BKJIFOYEHHsI B ce0e KOHIemnuli B3a-
EMOJIIT TEPEeXiTHUX CUCTEM Yy JESKHUX aireo-
paiunux cepepoBumax. KoroyoBa iges —
iHCepIiiiHe (yHKI[IOHYBaHHA, SKE BH3HAYa€
MOBEIHKY B3a€MOJIl TNMEpPEeXiAHUX CHCTEM B
anrebpaiuHOMy cepenoBuii. Ll koHmemnis
po3pobiiena B koHtekcti IMS [2]. AnreGpa
MOBEIIHOK Ta OCHOBHI crienuikarii mporo-
KOJY BUKOPHCTOBYETbCS HJisi (HOpMaIbHOTO
orucy mozeni. Taki anreOpaiuni iHCTpyMEH-
TH, SK TEOpPeMH Ta aOCTPaKTHI aJTOPUTMH,
CITy’)KaThb OCHOBOIO JJIsl (POPMAaJIbHUX METOJIIB
Bepu(ikarii. Anredpaiunnii miaxia Ta iHCep-
[ilfHE MOJENIOBaHHS JO03BOJISIIOTH JIOBECTH
abo cmpocTyBaTH BIIACTUBOCTI, IOJABIIN
KOHTP-TIPUKJIAIN JJIsi CUCTEMH 3 JIOBLIBHOIO
KUIBKICTIO areHTiB. BukopucroBywouu ¢Hop-
MaJIbHy MOJEJb IMPOTpaMu Ha SKOMYCh PiBHI
abcTpakiiii, MM MOXXEMO TE€HEepyBaTH pi3Hi
CIleHapii MOBEMIHKH areHTiB abo Tpyn areH-
tiB. Lli cueHapii € CHMBONIYHUMHU 1 MOXKYTb
OyTH TPOLTIOCTPOBaHI KOHKPETHUMH MPHKJIA-
JaMH 3a JOMOMOror (popMambHUX METOIIB.
['enepariiss cMMBOJIIYHHUX CIEHApiiB 3abe3re-
Yyye rapHe BHCBITJICHHS MOBEIIHKHU, a OTXKeE,
OTpUMaH1 KOHKPETHI CIIeHapii MOXYTb PO3T-
JSI1aTUCS SIK TECTOBUIA HaOIp /A1 CTBOPEHOTO
MPOTrpaMHOTO 3a0€3MEUECHHS.

Incepuiiine MonentoBaHHS (QOKYyCY-
€TbCS Ha MOJENSIX NOOYAOBUM Ta BUBYEHHI
B3a€MO/IiT areHTiB Ta CEPEJOBUI Y CKIIaJHUX
PO3MOAIIEHUX MYJIbTHAr€HTHUX CHCTEMaXx.
3aranbHi KOHIENIli 1HEPUIMHOTO MOJEII0-
BaHHS — II€ 1€papXisi CEpelOBHUII] Ta arcHTIB,
3aHYpPEHHX Y I CEePeOBHIIA, B3aEMOIIS X
areHTiB, CEpeOBUILl Ta CEPEIOBUIL BHILOTO
piBHS, TBOCTOPOHHIN BIUIMB areHTIiB Ta cepe-
JIOBUIIl OJUH Ha OJHOTO, 3MiHA MOBEIIHKH
HaboOpy areHTiB MiJ 4Yac 3aHypeHHS B HOBI
cepenoBuia. CepeoBHIle — 1€ areHT, SIKUU
Mae (QyHKIIIO 3aHYpeHHSA. ATeHTH po3risija-
IOTBCSL SIK CUCTEMM Mepexoay arpulyTiB. Y
TaKUX CHCTEMaxX CTaHM BU3HAYAIOTHCS 3HA-
YeHHSIMU aTpuOyTiB. ATEHTH MaroTh HaOip
aTpuOyTiB, K1 BU3HAYAIOTH TUIl areHTa. AT-
pubyTH cepenoBHUIlia MOB'sI3aHl 3 TJI00ATBHU-
MU aTpuOyTaMu, sIKi BiJIOM1 BCIM areHTam.

B 1997 I'inGepr Ta JleTnueBChKHii BBE-
M TOHATTS anreOpu moBeniHok [3] sk iH-
CTPYMEHT Ta HEBiJl'€MHA YaCTHHA 1HCEPIIIHO-
ro MOJeNoBaHHsA. Anredpa MOBEIIHOK — Iie

yHiBepcaibHa  anredpa  OBOX  BHIIB.
OcHOBHUIA PI3HOBU — 1€ Ha0Ip MOBEMIHOK, a
Opyruii — cykynHicte niid. Lls anrebpa mae
JIB1 orepailii, Tpu TepMiHaIbHI KOHCTAHTH Ta
BiiHOIIEHHsT HaOmwkeHHs. Omeparii mo3Ha-
YarThes mpedikcamu a.u (e «a» — mist, a «Uy»
— TMOBEIiHKA) Ta HEACTCPMIHOBAaHUN BHOIp
NMoBeiHKK U + V (acormiaTUBHI, KOMyTaTHBHI
Ta 1IEMIIOTEHTHI Omepallii Ha MHOXHHI TTOBe-
niHOK). KiHIIeBUMU KOHCTaHTaMHU € YCIHIIIHO
BHU3HauUeHe A, 3aximroueHHs 0, Ta AUBEpreHTHA
noBeminka 1. 3HaXO/KEHHS HAOIMKEHOrO
3B’A3Ky £ € YacTKOBMM HOPSJIKOM Yy Habopi
IIOBEIIHOK 3 MIHIMAJIGHUM €JIEMEHTOM L.
Anrebpa MoBeIIHOK TaKOX HAIIOBHCHA JBOMaA
oreparisiMu: mapajieabHumu (|[) Ta mociinoB-
HUMH (;) KOMIIO3HIIIMH ITOBEIIHOK.

OpHMM 3 TIPUKJIAIB BHPAXKEHHS IIO-
BEJIIHOK €:

B0 =al.a2.B1 + a3.B2,
Bl=a4,B2=...

Maetscst Ha yBasi, mo noseninka BO
MOKe OyTH TpeACTaBlieHa, K TOCTII0OBHICTh
miit al Tta a2 ta noseninku Bl, abo Ak mocii-
noBHICTH A1 a3 Ta noBexinku B2. Iloseainka
B1 3akinuyetbcs micns aii a4 [4].

3. pukaan popmadizamii cucremu
B3a€MO/Iil areHTIB 3AKPHUTOI
JIOTICTUYHOI CUCTEMHU

Posrnsnemo 3acTocyBaHHs Ha MPAaKTH-
i anreOpu MOBENIHOK HA MPHUKIAAl AIFOYOi
3aKpUTOI JIOTICTUYHOI CHUCTEMHU (epMepCchKO-
ro TOCTOJAPCTBA. 3aKPUTE CEPEIOBUILE MiC-
TUTh y coOl Hallp areHTiB, 1[0 MAalOTh IEBHI
aTpuOyTH, BIACTUBOCTI Ta CIMCOK Mid, fKi
BOHHM BHUKOHYIOTh 3a NEBHUX nepeaymoB. Ko-
HTPOJIb Ta B3a€MOJIiSl areHTIB JaHOI CUCTEMH
3MIMCHIOETRCA 3a fomoMororo LlentpanizoBa-
HO1 0a3m gaHuX (cepBepa), sika 30upae iHdop-
MaI[if0 PO CTaH KOYKHOTO areHTa Ta KOOp/u-
Hye iX B3a€MOJIiI0 3a JONOMOIOI0 KOMAaH[I.
enTpanizoBaHa 6a3a JaHUX € OJHUM 13 areH-
TIB CUCTEMH, (YHKIIIS SIKOTO € Oe3nepepBHE
OTPUMAaHHS, HaKOIMMYEHHS Ta 00poOka iH]o-
pMariii BiJ areHTiB. 3a YMOBU BHUKOHAHHS Iie-
BHOI mepeaymoBu llenTpanizoBana 0aza na-
HUX HAJCHIIA€ areHTy CIOBIIICHHI-KOMaHIY
(KOpOoTKe cepBiCHE TIOBIJOMJICHHS) TIPO
[IOYaTOK BUKOHAHHS IIEBHOI ii. AKTHMBHICTB
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KOXHOTO areHTy ONMCAaHa MaTeMaTUYHOIO MpoaHai3yBaTl LITICHY KOMIUIEKCHY JIOTiC-
MOJICJITIO TIOBEMIIHOK, fKa mepexdadae Xin TUYHY CUCTEMY B POOOTi Ta BUSBUTH ii Bpas-
yCIX MOXIJIMBHX JIi TAaKOTO areHty. Mojento- nuBocTi. CIIUCOK OCHOBHUMX areHTIB Ta X i
BaHHS IIOBEMIHOK YyCIX areHTIB Ja€ 3MOTy HaBeleHo B Tadi. 1.

Ta6muns 1. Coucok aredTiB Ta ix miid

AreHr

Cnucoxk aii

ArpoHom

Jla€ KOMaH/y PO TOTOBHICTH CO1 AJisl 300py ypoKaro

Kowmobaiin
(onuH abo
OlbIIIC)

pocTii (a00 3ynuHKa)

30ip yporKaro Ta BUBAaHTaKEHHS Ha XO/1y Y BAHTAXIBKY
TeXHIYHE 00CTyrOBYBaHHS

3ampaBka

3aMiHa BOMIS IPH MUIOA000BIH poOOTI TO3MIHHO

ben3osos

npocrTiii (a0o 3ynuHKa)

3a0ip majgpHOTO Ha 6a3i

3ampaBKa TPAHCIIOPTHUX 3aCO0IB Ta MEXaHI3MIB y pa3i OTPUMAHHS CUTHAITY
BiJI IIEHTPaIi30BaHO1 0a3u JaHUX IPO HU3bKI 00’ €MHU MalMBa, OTPUMAaHI BiJl
IATYMKIB ITAJIMBA X 3aCO0IB Ta MEXAHI3MIB

3aMiHa BOAIS IIPH MUIOA000BIH poOOTI TO3MIHHO

TEeXHIYHE 00CITYyrOBYBaHHS

3anpaBKa

BanraxiBka
(omHa abo
OinpIIe)

npocrTiii (a0o 3ynuHKa)

CYIIpOBi KOMOaiiHa miJ yac 300py ypoxaro Ta NpuiiMaHHs cOi Ha XOay
TPAHCIOPTYBAHHS Ha CKJIA]] Ta BUBAHTAXKCHHS

TEeXHIYHE 00CITYrOBYBaHHS

3ampaBKa

3aMiHa BOJisl PH 111JI0JJ000BIH pOOOTI MO3MIHHO

Ckiag ta
JHIA
nepepooKu

npocTiit (a0o 3ynuHKa)

MIPpUHAMaHHS COi Ta 3BaKyBAHHS

KOHTPOJIb MOKA3HUKIB SKOCTI

KOHTPOJIb BOJIOTOCTI Ta JIOCYIIKA, IPOBIFOBAHHS
nepepoOKa coi Ha COEBY OJIII0

3Ba)KyBaHHS TOTOBOI MPOAYKIIT

BiIBAHTaXCHHS TOTOBOT MPOIYKITIi

3aMiHa MpaliBHUKIB MPH L1JI0000B1i pOOOTI MO3MIHHO
nepegayda orpumanoi iHpopmaiiii Ha Bcix etanax 10 [[B/]

ODypa

npocTiit (a0o 3ynuHKa)

OYiKyBaHHS 3aBaHTKYBaHHS Ha CKJIA/i

3aBaHTa)KyBaHHS Ta 3Ba)KyBaHHS

JI0OCTaBKa KIHI[EBOMY CIOXHBayeBi (1o YKpaiHi abo 3a KOP/IOH)

CepgicHa ciy-
x0a

npocTiit (a0o 3ynuHKa)
BUKOHAHHS TEXHIYHOTO OOCIyrOBYBaHHS

(MexaHiK) 3amnpaBKa
3aMiHa BOJisl PH 1iJI0JJ000BIH poOOTI MO3MIHHO
[lenTpanizoBana OesrnepepBHUit 30ip Ta 00poOka iHdopmartii Big GPS Ta iHIMX naT4uKiB Bif
0asza maHux BCIX areHTIB Ha BCiX eramax
(IBT) nepenaya KOMaH/ Ta iHpopmallii BiATIOBITHUM areHTam

¢dopmyBaHHs 0a3u JaHUX

OTIpaIfOBaHHA OTpPHMaHOI 1H(OpMallii Ha BCiX eTanax Big areHTy Ckian Ta
TiHis IepepoOKH, BHECEHHS JI0 OTepalliitHoi 0a3u JaHuX

HaJaHHA 1H(QOpMaIlii 3aIliKaBJICHUM CTOPOHAM Ta areHTaM
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[Mpuknanu 3amucy MoJelnel MOBei-
HOK areHTIB 3a JOTIOMOTOI0 ajreOpu MoBei-
HOK, PO3TJITHEMO MOBEAIHKH JEKIIBKOX 0a30-
BHUX areHTIB:

1. Kom0Oaiin

0

\ Cstan o—>< Conw. o—N Cwork o—N Cretum o—N sto

Crefu> Crefu> (:refue

Puc. 1. Cxema MaTeMaTHYHOI MO
KoMOaiiHy

MaremaTtuuHa l'IOBe)IiHKOBa MOACIIb:

C = Cstart.Conway.Cwork.Creturn.Cstop

Conway =
Cmove.Conway + Cmove.Crepair.Conway +
Cmove.Crefuel.Conway

Creturn =
Cmove.Creturn + Cmove.Crepair.Creturn
+ Cmove.Crefuel.Creturn

Cmove =
(PdX.Cmove + PdY.Cmove) + Conplace

[ToBeninka mepeMimieHHs] KomOaiiHa
10 poboudoro micusg Conway Ta Ha3aza A0 6a3u
Creturn cki1aJa€Tbcsi 3 MOBEAIHKU IUKIY
Cmove, mo 3akiHuyeTtbest Conplace Ta mose-
niHok peMoHTy Crepair Ta 3anpaBku Crefuel.

Cwork =
Cgath.Cwork + Cgath.Crepair.Cwork +
+ Cgath.Crefuel.Cwork

Cgath =
SdX.Cgath + Sdy.Cchdir.Cgath) + Send.

[ToBeninka pobotn komOaitna Cwork
CKIIaZaeThesl 3 moBeminku 1nukiny Cgath, mo
3aKkiHuyeThbcst Send Ta TOBEIIHOK PEMOHTY
Crepair ta 3ampaBku Crefuel.

Crepair = Cstop.Cdamage

[ToBeninka  peMOHTY  KomOaifHa

Crepair € nii Cstop Ta Cdamage.

Crefuel = Cstop.Cfuel.

[ToBeninka  3ampaBku  KoMOaifHa

Crefuel € nii Cstop ta Cfuel.

2. Ben3oBo3

1 L
W 2

\' Fwork ,‘—N\’ Freturn —={ Frefill \,\

N N NS NN

( \ ( ( \

| Fstart = Fready —#= Fonway f

NN Ve
4Ly

( ( \
[ Fstop | [ Frefuel

NN

A

Puc. 2. Cxema MaTeMaTUYHOI MOJIEI1
OEH30BO3Y

MaremaTtuuaa MOACIb HOBGZ[iHKI/I:
F = Fstart.Fcycle.Fstop,

Fcycle = Fready.Fcycle +
Fready.Fonway.Fwork.Freturn.Frefill.F
cycle + Fready.Fonway.Freturn.Fcycle.

[ToBeninka poOouoro HUKIy OEH30BO-
3a Feycle — riukn 3Minu i

Fonway =
Fmove.Fonway + Fmove.Frepair +
Fmove.Frefuel.Fonway,

Freturn =
Fmove.Freturn + Fmove.Frepair.Freturn

+ Fmove.Frefuel.Freturn.

[ToBeninka nepeMilieHHsT OEH30BO3a
10 poboyoro micist Fonway Ta Hazan 1o 6a3u
Freturn ckiagaetbecs 3 MOBEAIHOK PEMOHTY
Frepair, 3anpaBku Frefuel Ta moBeniHku 1UK-
a1y Fmove.

Fmove = (SdX.Fmove +
SdY.Fmove) + Fonplace.

[ToBeninka nepeMilieHHs OEH30BO3a
1o pobouoro micusg Fmove € mukioMm 3MiHH
TOJIOXKEHHS, 10 3aKkiHuyeTbesi Fonplace abo
MOBEJIIHKaMU peMOHTY Frepair Ta 3ampaBku
Frefuel.

Frepair = Fstop.Fdamage,
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[ToBeninka  pemMoHTy  O€H30BO3a

Frepair € aii Fstop Ta Fdamage.

Frefuel = Fstop.Ffuel.Fwork.

[ToBeninka  3ampaBku  O€H30BO3a

Frefuel € nii Fstop, Ffuel Ta Fwork.

3. MexaHnik

Puc. 3. Cxema MaTeMaTH4YHOI MO
MEXaHIKa.

MaremaTuyHa MOJICb:

M = Mstart.Mcycle.Mstop

Mcycle = Mready.Mcycle + Mready.Monwa
y.Mwork.Mreturn.Mcycle + Mready.Monwa
y.Mreturn.Mcycle

[ToBeninka poGoyOro MUKy MeXaHiKa
Mcycle — ik 3miHg i

Monway =
Mmove .Monway + Mmove.Mrefuel+
+ Mmove.Mrepair.Monway

Mreturn =
Mmove.Mreturn + Mmove.Mrepair.Mreturn
+ Mmove.Mrefuel .Mreturn

[ToBeniHka mepeMillieHHs] MeXaHiKa 710
poboyoro wmicisg Monway ta Hazazg g0 6asu
Mreturn ckiamaeTbest 3 MOBEAIHOK PEMOHTY
Mrepair, 3anpaBku Mrefuel ta moBeminku
uukTy Mmove

Mmove = (SdX.Mmove + SdY.Mmove) +
+ Monplace

[ToBeniHka mepeMillieHHs] MeXaHiKa 710
poboyoro micist MmMoOvVe — nuKi 3MiHA TOJIO-
KeHHs, 10 3akiHuyeTbcs Monplace ab6o
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MOBEIHKaMu peMoHTy Mrepair Ta 3anpaBku
Mrefuel

Mrepair = Mstop.Mdamage.Mwork

[ToBeninka pemoHTy MexaHika Mrepali
— nist Mstop ra Mdamage

Mrefuel = Mstop.Mfuel

[ToBeninka  3ampaBKH MeXaHiKa
Mrefuel — gisii Mstop, Mfuel ta Mwork.

4, BanTaxiBKa

(Trepau>

( Tonway | Twork ——— Tretum

-

[ Tstop |

| Tstart |

Tupload

Puc. 4. Cxema MaTeMaTHYHOI MOJIEIN]
BaHTAXIBKH.

MarteMaTH4Ha MOJAEIb:

T = Tstart.Tonway.Twork.Treturn.Tstop
Tonway =

Tmove.Tonway + Tmove.Trepair.Tonway +
Tmove.Trefuel.Tonway

Treturn =
Tmove.Treturn + Tmove.Trepair.Treturn
+ Tmove.Trefuel.Treturn

Tmove = (PdX.Tmove + PdY.Tmove)

+ Tonplace

[ToBeniHKa MEpEMIIICHHS BaHTaXiBKU
10 pobodoro Micist Tonway ta Hazan a0 Oa-
3u Treturn ckiiagaeThCst 3 TMOBEMIHKU IHKITY
Tmove, mo 3akinuyetbcs Tonplace ta mose-
JIHOK peMoHTY Trepair ta 3anpasku Trefuel

Twork = Tgath.Twork +
+ Tgath.Trepair.Twork +
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+ Tgath.Trefuel.Twork +

+ Tgath.Tunload.Twork

Tgath = (SdX.Tgath +
Sdy.Tchdir.Tgath) + Send

[ToBeninka poboTtu BaHTAXXIBKUA
Twork ckmagaetecst 3 MOBEMIHKA — ITHK-
ny Tgath, mo 3akinuyerbcs Send Ta mosei-
HOK peMOHTY Trepair Ta 3anpasku Trefuel

Trepair = Tstop.Tdamage
[ToBeninKa peMOHTY BaHTa)KiBKH

Trepair e aii Tstop ta Tdamage

Trefuel = Tstop.Tfuel

IToseninka 3ampaBKU BAHTAXIB-

ku Trefuel e aii Tstop ta Tfuel

Tunload = Treturn.Treload.Tonway

IToBeninka BUTPY3KHM  BaHTaXIBKH
Tunload € aii Treturn, Treload Ta Tonway.

KpiM moBeiHOK MH MaEMO TaKOX
CIHUCOK [iH, 10 MOXYTh OyTH TpeaCTaBIIC-
HUMHU TIepel- Ta MiCITyMOBOK. MU HaBOAMMO
SIK TIPUKIIAA Jii KoMOaliHy 3 OIMUCOM BiIOBI-
JHOT CEMaHTHKH. MU He HaBOIMMO ITOBE/IH-
Ky IHIIUX areHTiB TaKuX K cKiaj, Qypa, me-
XaHlKa, BaHTAXKIBKM, IIEHTpai3oBaHa Oa3a
JAHUX y 3B’SI3KY 3 BEIMKOIO KUIBKICTIO (op-
MaJizarii (taba. 2).

Tabmuus 2. Criucok fiif Ta X mepexymMoB Ta MiCIsTyMOB

Ha3za nii | IlepexymoBa IMicisymosa I-nin Komenrap
nepe-
Xoay
Cstart 1 (6e3ymoBHa J1ist) (X==Xs) && (Y [TouaTtok poboTH
::YS)
Cdamage | 1<=i<=combineQuantity | combine(i).state= | send SIK110 Tpanuaack moJoMKa
DAMAGE help(i) | BimicnaTu cursan npo Jio-

IIOMOTY Ta MEPENUTH B CTa-

nito DAMAGE

Cstop 1<=i <= combineQuantity | combine(i).state= 3YMUHUTHUCS Ta TIEPSHTH B
STOP cramito STOP
Cfuel 1<=i<=combineQuantity) | combine(i).state = | send SIK1I0 piBEHB MATHHOTO
&& (combine(i).fuelLevel | FUEL help(i) | menie HOpMmHU BiicaaTi
<=0.2%* CUTHAJ MPO JIOTIOMOTY Ta
combine(i).fuel\VVolume) nepeiitu B craaivo FUEL
PdX X< Xp X = X + deltaX SIK110 HE Ha MiCIli TIPU3-
HAuYCHHS, TO PyXaTHCh Ha
aKkych deltaX
PdY Y<Yp Y =Y + deltaY SIK1I0 HE Ha MiCIli TIPU3-
HAuYCHHS, TO PyXaTHCh Ha
AaKych deltaY
SdX ((dir>0) && (X < XLe)) | X=X+ deltaX SKu10 He KiHellb JOBKUHU
|| ((dir <0) && * dir JIISTHKH, TO PyXaTUCh HA
(X > XL5s)) sKych deltaX
Sdy (((dir>0) && (X > XLe)) | Y =Y +deltaY SK110 KiHEelb JOBKUHU
|| ((dir <0) && JUISTHKH, aJie He KiHellb
(X< XL9))) && (Y < IIMPUHH TTOJIS, TO TOYNHA-
YWe) €MO HOBY CMYTY Ha I0JIi
Cchdir (((dir > 0) && (X > XLe)) | dir =-dir SIKIIIO KiHEIb JOBKUHH
|| ((dir <0) && JUISTHKH, aJie He KiHellb
(X< XLs9))) && (Y < IIUPUHU TIOJIS, TO 3MIHIO-
YWe) €MO HaIPSIMOK

Conplace | (X==Xp) &&(Y==Yp) |1

SIkmto komOaliH Ha MicIil
HpI/ISHa‘IGHH}I
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4. @opmasbHa BepupiKkais
Mojaesaen

Jana meroauka (opmanizamii 103BO-
JIs€  3acTOCyBaTd Jaii (GopMalibHI METOIU
Bepu(ikarii, Takux K MepeBipKa BIACTHBOC-
Teil Oe3MeKu Ta BUIIAJKU 3arpo3u ais 0e3-
MEPEepPBHOI KHUTTEAISIIBHOCTI cuctemu. Han-
3BHYAHO BaXKJIMBO MEPEBIPATH ACSIKI KIIIOUO-
Bi (hakTOpH, SIKi BIUIMBAIOTH Ha MOXKIUBICTb
BUKOHAHHS 3JIArO/DKCHHMX [II YCIX arcHTIB
CUCTEMH, IO B pe3yibTaTi 1 BioOpakaeThCs
B Oe3mepepBHii Ta MPOAYKTUBHIA MisUIBHOCTI
cucremMu. PO3risitHEMO OCHOBHI BJIACTHBOCTI
O€3I1eKH, 10 TEPEBIPAIOTHCS B JIOTICTUYHIN
cucteMi (pepMepCchKOro rocrmoaapcTna.

1. Tepminu 300py Bpoxkaro. Jlana Bia-
CTHBICTh MOXe OyTH BHpakeHa (HOPMYIIO0 Y
0a30Biii JIOT1YHIA MOBI, 1m0 BuOpaHa aisa ¢o-
pmamizanii xiit (T <= 90 guis). Ilpu posrmsmai
JOBUIBHOT KIJIBKOCTI KOMOaiHIB Ta 00cmyro-
BYIOYOT'O TPAHCIIOPTY TaKa CHUTYyallis MOXe
OyTH TpU HepalioOHANbHIM KITBKOCTI TpaHC-
MOPTHUX Ta CTaHy TexHikW. [ mepeBipku
BJIACTHBOCTI BUKOPUCTOBYIOTHCS METOJIU MO-
JICITIOBAHHS TaKi K CHMBOJIBHE, KOHKPETHE Ta
3MilllaHe MojentoBaHHs cuctemMu. Ha moyart-
Ky BpPaxOBYIOTbCS Takli YMOBH, SIK KIUJIbKICTb
JOMYCTUMHUX HECHPAaBHOCTEM TEXHIKU (SIK
apu(dmeTryHa HEPIBHICTH), KOHKpETHAa KLUIb-
KICTb OJUHMIIb TEXHIKU Ta BIACTAHI JO MICISI
pobotu. JIJisT BU3HAYECHUX MOYATKOBUX JTAHUX
MPOBOAUTHCS KOHKPETHE MOJETIOBAHHSA Ta
BH3HAYAETHCS BIIACTUBICTH IOPYIICHHS TEp-
MiHIB 300py Bpoxar. [Ipu BHKOpHCTaHHI
3BOPOTHOTO CHUMBOJILHOTO MOJIEIIOBAHHS Bij
CTaHy, L0 BIAMOBIJIa€ TOTPUMAHHS TEPMIHIB
Ta TIMOTEeTUYHUX MOXJIMBHUX KIJTBKOCTEH OU-
HUIIb, HECTIPABHOCTEHN Ta BIACTaHEH 110 MICIs
po0OTH, MOXXIMBO BU3HAYUTH IOYATKOBI
YMOBH TIPH SKHX IS BJACTUBICTh He Oy/e Io-
pyuieHa. Ciij BIAMITUTH, 10 JaHA TEXHOJOT1SA
HE BHpINIye 3ajady ONTHUMI3aLli, a JUIIe Me-
peBipsie MOXIMBICTH 11 peamizamii. Metoau
CHUMBOJILHOTO MOJIETFOBAHHS PO3TIISIHYTI B [9].

2. JlocTaTHICTh KUIBKOCTI OOCIYyTrOBY-
IOYUX areHTiB (TUIy OEH30BO3 YM MEXaHIK)
JUI OOCIIYyTOBYBaHHS KUTTEISIILHOCTI TOJIO-
BHHX areHTIB CHUCTEMH, 3JaTHICTh BYACHO
npuOyTH A0 33aHOI TOYKU MPU3HAYCHHS IS
BUKOHaHHS 3amaHux [leHTpanpHOI0 0a3010
naHuX Aii. JlaHi BIaCTUBOCTI MEepeBipsAIOTHCS
AQHAJIOTIYHO TIPW BUCYBaHHI JESIKUX TIiNOTE3

94

IIpU MPOEKTYBaHHI 3a1adi ado peaybHOi Has-
BHOCTI TexHIKHA. Taki BIACTUBOCTI TaKOX
MPEICTABISAIOTHCS 32 JOMOMOTOI0 HEpiBHOC-
Telt (abo piBHOCTEH).

3. IlepeBipka 371aroPKEHOCTI Ta y3ro-
JUKEHOCT1 aJITOPUTMIB il areHTiB (Hampu-
Knaj, mii OeH30BO3a MPU OJHOYACHOMY BH-
KJIMKY OOCITyrOBYBaHHSI JIEKUIBKOX arcHTIB).
Jlana BiacTUBICTH MOXe OyTH BHUpaKeHa 3a
JIOTIOMOT 010 anredpu noBeniHok. Hampukiar,
Y1 BCTHTHE OEH30BO3 3alpaBUTH BCi KOMOaii-
HU, SKIIO BOHH OJIHOYACHO 3YIHUHATHCS, 3a
BCTAQHOBJICHUW TepMiH.MaeMoO BIIaCTUBICTH
6e3nexu (T<=2 rox) Ta camy NOBEIIHKY:

Cdamage.Cdamage.Cdamage.Cdamage
.X; (Trepair.Trepair.Trepair.Trepair) .

PosrnsHyTHII TpUKIaa UTIOCTpYE TO-
BEJIHKY YOTUPHOX KOMOAlHIB, SIKI Maju He-
CIPaBHICTh Ta OYJIM TOJATrO/KEHI 3a JCSKUAN
yac. Yu BiANOBia€ 1ei yac BCTAHOBJICHOMY-
BU3HAYa€ KOHKPETHE ab0 3MiIIaHE MOJEIIo-
BaHHS. 3ayBaKMMO, IO TPU CHMBOJIBLHOMY
MO/JICITFOBaHHI MOXKJIMBO OIIIHATH BJIACTUBICTH
JUTSL TOBLIBHOI KIJIBKOCTI KOMOAMHIB.

4. BB HemnepenoadyBaHuX (akTo-
piB THIy moroad, penbedy Ta iHme. JlaHa
BJIACTUBICTh BUBYAETHCS 32 JIOTIOMOTOIO
BCTAHOBJIEHHS MOJJIMBMX IiH, 110 MOJAENIO-
I0Th AaHi (akTOpu Ta BIATNOBIIHUMH BUIAMU
MO/ICITFOBAHHSI.

5. JloTpuMaHHS YMOB IE€peBE3EHHS
BaHTaXy (B HAIIOMY BHUIAJAKY 310paHOro
ypO’Kal) IMpHU Iepenadi BiJ OAHOIO areHra
iHmomy. Ilpu mepeBe3eHHI pPO3IIIAIAIOTHCS
JIOIaTKOB1 (PaKTOPH CEpeOBHINA, SIKI MOJIE-
JIOIOTHCS B mporeci Bepudikamii. Lle gac ne-
peBe3eHHs, BOJIOTICTh, TEMIlepaTypa, ski Oe-
PYThCS 10 yBaru B MOJIeNi, SK JI0/IaTKOBI aT-
pudyTH cUCTEMHU.

5. Bepudikauis i popmadtizamii
CHCTEMH Mi’KHAPO/HOI JIOTiCTUKH

Binkpura cucrema Mi>KHapOJHOT JIOTi-
CTHUKU € IPOJOBKEHHSAM OIMCAHOI 3aKpHUTOi
JIOTICTUYHOT 00CITyroByrouoi cucteMu Qep-
MEpPChKOTo rocmojapcTBa. Buximnuit mpo-
IYKT (hepmepchKkoro rocrnoaapcTBa (Harpu-
KJIaJ, cOsl) € BXIJTHUM IMPOAYKTOM IJIsl BijK-
puTOi MDKHAPOJIHOI JIOTICTUYHOI CHUCTEMH
(mepepoOka coi Ha CO€BY OIIit0 Ta ii EKCIOPT).
IcTOTHOIO BIMIHHICTIO 11i€1 CHCTEMH € Teope-
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THYHO HECKIHYEHHA KIIbKICTh HE IOB’SI3aHUX
MK COOOI0 HE3aIC)KHHUX areHTIB KOXHOTO
TUIY, 1, SIK HACJIIOK, ITOCTIfHA 3MiHa cepeJio-
BHI ICHYBaHHS. AHAJIOTIYHO 3 3aKPHUTOIO
JIOTICTUYHOIO CHCTEMOIO, Jie¢ YHKIIiI0 300py
iH(dopmarrii Ta koHTpoItO BUKOHYe LleHTparti-
30BaHa 0a3a JNaHMWX, B JaHIi BIAKpUTIH cuc-
TeMi icHye moaioHui areHt — Cucrema. Opn-
HaK Ha BiAMIHY BiJl 3aKpUTOi CHUCTEMH, [
areHTH [iI0Th 3JIarOKEHO Ta B CIUIBHHUX

iHTepecax, BAMOTH HaIilfHOCTI Ta O6e3neku 110
BIIKPUTOI CUCTEMH 3HAYHO BHWII, TaK SK KO-
’K€H 3 HE3aJIe)KHHMX arcHTIB JIi€ B CBOIX OCO-
ouctux iHTepecax. Tomy sl JaHUX IiJIeH
JOLUTEHO 3aCTOCOBYBATH TEXHOJIOTIIO PO3IIO-
TJICHUX JCICHTPAI30BaHUX CHCTEM (OJIOK-
YeiiH) 3aMicTh cTamioHapHoro cepsepy. Cru-
COK THUIIOBHX OCHOBHHUX areHTiB, iX (yHKIIIT
Ta iH(OpMAIiIo, SIKy BOHH HAJal0Th PO3MOIi-
JIEHIH cucTeMi, HaBeJaeHO B Ta0. 3.

Tabmuus 3. Ciucok areHTiB, iX GyHKIN Ta iHGOpMaIllii, SIKy BOHH HaIal0Th IIEHTPaII30BaHIN
cucTeMi

Agent DyHKuii

Indopmanis, aky HaJa€ AJ51 CHCTEMH

BupoOuuk (BiH | —
Ke eKcroptep) | —
TOBapy -

BUPOOHHUIITBO TOBAPY
MOIITYK TTOKYTIIIS

aHayji3 IiH (MpOMO3UIlii)
Ta BUOIp ONTHMAJIHLHOTO
MOKYIIIIS

- BIJIBAHTQXXCHHS TOBapy
- TIOUIYK ONITUMAITEHUX
JIOTICTUYHUX arcHTIB
MOPTOBUX OIEPaTOPIiB Ta
MOPCBHKHUX NEPEBI3HUKIB

HasiBHUN 00’ €M TOBapy /10 BiJBaHTaKEHHS

0a30Bi XapaKTEPUCTUKHU Ta SKICTh TOBapy (3a-
MOBJISIETHCS EKCTIOPTEPOM)

y3TOJDKCHA ITiHA

Y3TO/DKEHHH TOKYTICIb

y3ropkeri 3 TlokynieM yMOBHM BiZBaHTa)KEH-
HSl Ta OIUIATH BCIX il (XTO OIJIauye MOCIYTH
IIOCEPEIHHKIB Ta Ha SIKMX eTarax 3/iHCHEeHHS)
JlaTta TOTOBHOCTI /IO BiJIBAHTa)KCHHS
y3TO/DKEHI JIOTICTUYHI areHTH — IOPTOBHHU
OIIepaToOp Ta MOPCHKUH MEPEBIZHUK

[TopTroBuil ome- | -
paTtop

3/11ICHEHHSI BHYTPIIIHbOI
00CIyroByrOUOi JIOTiCTH-
KM BiJl BUPOOHHKA JI0 3a-
BAaHTAKCHHS Ha MOPCHKE
CYJTHO

JaTa Mmojayl KOHTeWHepa BUPOOHHUKY 3TiHO
JlaTh TOTOBHOCTI JI0 BiJIBAHTAXXCHHS, HaJaHY
BUPOOHUKOM (Mi3HilIe ado B J€Hb HOro AaTH)
MiATBEPKSHHSI 31MICHEHHS Ta JlaTa TIPOMiXK-
HUX €TamliB: BIJBAaHTa)XEHHS Yy BUPOOHMKA,
npuOyTTS B MOPT, 3aBaHTAKEHHS HA CYJIHO Ta
1HIIT1 MO>KJIMB1 €TaIru

Mopcekuii  me- | -
PEBI3HUK

npuiiMae Ha OOpT cyaHa
KoHTeitHep BiA [lopToBo-
ro ormeparopa Ta 3iic-
HEHHS IepEBE3CHHS

¢axT Ta 1ata NpURHATTS KOHTEHHepa Ha OOpT
CyaHa

ITokynens TO- | -
Bapy -

HOLIYK IPO/aBLs
aHai3 LiH (MPOMO3HULIIN)
Ta BUOIp ONTHUMAJILHOTO
TIPO/IaBIIS

- oIuIara 3a ToBap

OaxkaHui 00’ €M TOBapy JJs BiIBAaHTAXKECHHS
MIHIMaJIbH1 XapaKTEPUCTUKH Ta SKICTh TOBapy
(MATBEPAKYETHCS MPOJIABIIEM )

y3roJKeHa IiHa

y3TO/DKEHUN TTPOJIaBEIh

y3r0JKEHI 3 TTPOJIaBIIEM YMOBH BiJBaHTaKCH-
HS Ta OTUIATH BCIX AiH (XTO OIUIayye MOCITYTH
TTOCEPETHUKIB Ta Ha SKUX eTarax 3/1HCHEeHHS)
MiATBEP/DKEHHS HAJaHUX MPOJABIEM JIOTic-
THYHUX areHTiB — TIOPTOBHM oOIepaTop Ta
MOPCBHKHI MepeBi3HUK

bauk koxHoOro | -
3 arcHTiB

3MIMCHIOE OTUIATY 3a TO-
Bap YW MOCIYTH 3TiIHO
iHpopmMarii, oTpuMaHOi
BiJ] CBOTO areHTy

iH(popMaLlis Mpo cyMmMy Ta JaTy 3A1MCHEHHS
OIJIaTH, KOMY 3 areHTiB Ta 3a Ky po0oTy
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[ToBeninka Ta Aii areHTIB OMUCYIOTHCS
aHAJIOT1YHO Mol (epMEPCHKOTO TOCIOoaap-
cTBa. Jlo Mojeni BKIIOYAIOTHCSA BIJICTaHI Ta
reorpadiyHa iHdopmallis nMpo TOYKH B SKHX
JIOTh areHTU. SIK BIACTUBOCTI SIKI MOXYTh
OyTH TIepeBipeHi TaKi:

- CBO€YAacHa JJOCTaBKa;

- JOTpUMaHHA
pexumy;

TEMIIEPATypPHOTO

- JIOTPUMAaHHS PEXHUMY BOJOTOCTI;

- 3JaTHICTh NPOTUCTOATH 30BHIII-
HiM (akTopam.

BractuBOCTI TIEpEBIPSAIOTHCS TaKUMH
METOAaMH anreOpu MOBEAIHOK, K anreOpaid-
HE 3ICTABJICHHS, CHUMBOJIBHE MOJCITIOBAHHS
CHUCTEMH 13 JIOBUILHOIO KUIBKICTIO arcHTIB Ta
cTaTU4Hl MeToau JnoBeneHHsA. Cnernudika
CUCTEMH — BHKOPHCTaHHS JCICHTPAIi30Ba-
HUX CHCTEM, SIKi € OJTHOTUITHUMH, ajie 30epi-
raloTh BCi aTpuOyTH, SIKi CTOCYIOTHCSI BCHOTO
JAHIIOTa MOCTayaHHS, JaHi Mpo IMepeBO3KY,
TpaH3akmii 3 oriaror Tomo. KoxkeH areHr
30epirae aitn 3 iHGOpPMAIE MPO JAHIIOT
nocradyanHs abo Tpanzakimii. Mu posrisiiae-
MO JBa THUIIM BHKOPHUCTAHHS (HOPMaAIbHHUX
METOIB B TaH1l MOJEI.

1. MozentoBaHHS JIaHIIOra MOCTayaH-
HS JJI1 TepeBipKH BiacTUBOcTed. B maHiii
nporenypi MU TepeBipseMO YM BiJIOBIJIa€
BUOpaHMI1 JIAHIIOT TTOCTaYaHHS BHMOTaM Iie-
peBe3eHHs. IlepeBipsroTbes TakoX BIIACTHBO-
CTl CYyNpPOTHUBY /0 30BHINIHIX HEOAKaHUX Mii
— MOT0/1Y, IIaxpaiicTBa, KibepaTaku.

2. MOHITOPHHT TIepeBE3EHHS 3TiTHO
BuOpaHoi moneni Oe3neku. Jlana mporemaypa
IpU3HAYEeHa /ISl BUSBJICHHS OPYIIEHHS Blla-
CTUBOCTEH O€3MeKH 3a3JaJIeriib IPU BUBYEH-
Hi creHapito moBemiHkH. [Ipu MoHITOpHHTY
pPa3oM 13 MOJEIUTIO OE3MeKH MOKe OYTH BHKO-
pHucTaHa MoJenb Kiacuikarii, 1o cTBOpeHa
3a JJONMOMOT OO MallTHHHOTO HAaBYaHHSI.

BucHoBkn

VY it pobOTI MH JTOCTIAMIA MOMITHBI
MiIXOAW [0 3aCTOCYBaHHS MaTeMaTUYHOTO
MOJICTTIOBAHHS Ta 3aCTOCYBaHHS alreOpH Io-
BEIIHOK ]ISl IPOTHO3YBAaHHS O€3MeKu Ta Ha-
JIWHOCTI JIOTICTUYHUX CHCTEM BIIKPUTOTO Ta
3akpuToro TumiB. Hamr excnepumeHTanbHi
pe3yabTaTH MIATBEPAUIN BEIUKY 3HAYYIIICTh
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BUKOPUCTAHHS MaTeMAaTUYHOTO MOIEITIOBaH-
HS Ta BUKOPHCTAHHS aJIreOpH MOBEIIHOK ISt
3aCTOCYBaHHS B peaJbHUX JIOTICTHYHUX
cucTeMax.

JIist CKITaIHUX KOMILUIEKCHUX CHCTEM,
TaKi sIK JIOTICTUYHI, BKpail BAKJIMBE 3HAYCHHS
Mae€ TepeBipKa BIACTUBOCTEH OE3MeKH Ta 3/a-
THOCTI (YHKIIIOHYBaTH TpUBAIUKA Yac 0Oe3
BTpaTH pe3yJbTaTUBHOCTI. J[aHa mMeToauka €
OJTHUM 3 BarOMHUX IHCTPYMEHTIB IPH BHKO-
HaHHI MHUX 3a7a4. MOJEIOBaHHS TMOBEIIHKH
KO’KHOTO areHTa CHUCTEMH Ja€ 3MOry IpoaHa-
Ji3yBaTH BIACTUBOCTI BCi€l CUCTEMH 3arajioM.

Ha nanuii yac mepcnekTuBa 11i€i po6o-
TH BOAUYAETHCS Yy MOENHAHHI OMHUCAHOI METO-
JIMKYU 3 PO3MOJIUICHUMH CUCTEMaMH (30Kpema
OmokuyeitH). Bxe po3polOiiena turardopma-
KJIIEHT, [0 BUCTYIAE HE3aJIC)KHUM arcHTOM,
10 KOHTPOJIOE Jii YCiX YyYacHHKiB, Ta Haid-
OJMVM)KYMM YacoM ILJIAHYEThCS €KCIIEPHUMEHT 3
BUKOPHUCTAHHS JAHOTO IMPOCKTY TNpPH peaib-
HUX EKCIIOPTHUX BiJlIIPaBKaXx.
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L.A4. Girchenko, A.Y. Doroshenko, Y.V. Ziubrytska

MANAGEMENT OF THE COORDINATION PROCESS
IN THE SOCIOTECHNICAL SYSTEM

The article considers the theoretical principles of management of the coordination process in the sociotechnical
system. On the example of the selected IT company, the corporate knowledge base is researched, the problems
of using the corporate knowledge base are analyzed and the directions of corporate knowledge base transfor-
mation are outlined with the help of software tools for its coordinated use and in-depth presentation of
knowledge. As a result, the types of spaces in the corporate knowledge base are identified and recommenda-
tions for methods of managing them are offered.

Key words: knowledge management, corporate knowledge base, in-depth presentation of knowledge, infor-
mation space, IT company, sociotechnical systems.

Introduction

A distinctive feature of the modern in-
formation society is that most employees are
engaged in the production, storage, processing
and sale of information, especially its highest
form — knowledge. In the informatization of
society, the main attention is paid to a set of
measures aimed at ensuring the full use of
reliable, comprehensive and timely knowle-
dge in all human activities. The direction of
knowledge management began to develop
rapidly in the 90s of last century. This was
due to a change in priorities in business and
society, as well as the ongoing scientific and
technological revolution, which is based on
the use of the latest information technology in
all areas of human activity. The most profita-
ble and attractive area for investment is the
development of high technology and service,
which determine the rapid return on invest-
ment, reduce dependence on raw materials,
provide an opportunity to capture new niches
in the use of goods or services. Thus, the di-
rection of research on the management of
corporate knowledge bases in sociotechnical
systems is relevant.

Important aspects considered from a
practical point of view are methodological
approaches and the practice of ensuring the
management of the coordination process in
the sociotechnical system. The research
methods were general scientific methods,
systematization, grouping, comparison, anal-
ogies, coefficients, structural, factorial, statis-
tical and comparative analysis, empirical
knowledge, expert assessments, design.

Development tools: Confluence, XMind,
Draw.io [1-3].

In recent years, there has been a grow-
ing interest in complex systems that involve
both humans and computers that can be coor-
dinated. Coordination can be seen as a pro-
cess of managing the relationships between
different activities. Coordination issues have
been studied by many scholars Bond and
Gasser, Huhns and Gasser, Malone and
Crowston, A.V. Anisimov, F.l. Andon, A.Y.
Doroshenko, S.D. Pogoriliy, G.E. Zeitlin,
O.A Yatsenko and others. Thus, further pro-
gress may be possible by characterizing dif-
ferent types of dependencies and identifying
coordination processes that can be used to
manage them [4].

Coordination models and languages
have attracted the attention of the scientific
community in many fields, including the de-
sign of distributed and parallel computer sys-
tems. Parallel programs developed in the style
of coordination have two components — a
computational model and a coordination
model, which are responsible for the algo-
rithmic and behavioral aspects of computing,
respectively. Coordination tools, as shown
earlier, can serve not only as a software inte-
grator, but also as a software accelerator in
terms of improving the performance of paral-
lel programs [5-7].

The purpose of this article is to outline
the areas of management of the coordination
process, to develop practical recommenda-
tions for the management and use of corporate
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knowledge bases and to implement these rec-
ommendations in improving the effectiveness
of sociotechnical systems.

1. Analysis of existing problems of
using the corporate knowledge base

Any production organization is a
complex sociotechnical system, which logi-
cally distinguishes material and human factors
of production, and which is considered in
terms of interaction of the two subsystems:

- technical and economic, which
includes not only technical and technological
factors, but also management knowledge,
organizational structures, methods of pro-
duction planning, job development, tech-
niques and skills, the level of qualification
and design of the labor process, which in
turn improves economic efficiency of the
organization.

- social, which includes values of
the organization, attitude to the functions
performed, forms of incentives for employ-
ees, management style, employee participa-
tion in decision-making, career opportuni-
ties, organizational culture, etc.

The term «sociotechnical system»
was first coined in the 1960 s by Eric Trist
and Fred Emery, consultants at the Tavistock
Institute of Human Relations (London). The
concept of sociotechnical systems, in contrast
to the unilateral action of technology on man,
is based on the idea of human-machine inter-
action. The design of technical and social
conditions should be carried out in such a way
that technological efficiency and humanitari-
an aspects do not contradict each other.

Researchers cite several characteristics
of the sociotechnical system, which ensure
success in the intensified competition and at
the same time characterize the level of devel-
opment of new managerial thinking. One of
them is the organizational philosophy, which
provides knowledge and understanding by the
employees of the organization's goals and
mission, readiness to take full responsibility
for the final results of the activity. Second, the
organizational structure of management pro-
vides employees with the right to participate
in the management of the organization. An
innovative approach to job development and

the role of the executor in the decision-
making process is also important. The charac-
teristics also include innovative forms and
methods of training and retraining, more flex-
ible personnel policy aimed at guaranteeing
employment. Training should be based on
mastering a wide range of specializations, as
well as on acquiring knowledge that enables
employees to perform various functions, be
competent in various aspects of work, master
related professions and master the so-called
professions of the future. Another important
characteristic is the new criteria in assessing
the economic efficiency of the use of modern
technologies and capital investments in the
development of production [8].

The widespread use of information
technology has changed the way people work
together. Coordination can take place in dif-
ferent types of systems. For example, special-
ized software was developed to support the
collaboration of several authors on the same
document; now it helps people display and
manipulate information more effectively in
meetings; helps people use the email process
productively.

The continued development of new
computer programs in this area is guided by a
consistent theory of how people coordinate
their activities without information technolo-
gy, and how they can do so much more pro-
ductively with computer support. It is im-
portant to understand the effects of infor-
mation technology on the activities of human
organizations and markets, the design of co-
operative working tools and the design of
distributed and parallel computer systems.

Well-established coordination is often
invisible, but its absence immediately be-
comes visible. Examples of fuzzy coordina-
tion are when we book and pay for an apart-
ment in a foreign country, but spend an hour
waiting for the keys or cleaning finishing, or
when our favorite word processor stops work-
ing on a new version of the operating system.
We can become very aware of the conse-
quences of poor coordination.

Coordination can be used in many
types of systems: human, computational, bio-
logical, and so on. As for the question of de-
pendency management in human activity, it is
central to the theory of organizations, eco-
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nomics, management science, sociology, so-
cial psychology, anthropology, linguistics,
law and political science. In computer sys-
tems, the dependencies between different
computational processes must be managed,
and, as many researchers point out, certain
types of interactions between computational
processes resemble interactions between
people [8].

One of the advantages of the defini-
tion used for coordination is that coordination
offers a direction for addressing issues. If
coordination is defined as dependency man-
agement, then further progress can be made
by characterizing the different types of de-
pendencies and identifying coordination pro-
cesses that can be used to manage them.

For interdependence between compo-
nents, coordination is important because it
explicitly or implicitly affects the perfor-
mance of certain activities (eg, design or re-
design of components) [4].

Many coordination processes require
decisions that affect the activities of the or-
ganization. For example, in sharing resources,
the group must "decide” how to allocate re-
sources; in task/subtask management, the
group must "decide" how to segment the task.
In all these cases, alternative ways of making
group decisions generate coordination pro-
cesses. For example, any group decision may
be made by management (e.g., a "manager"
who makes a decision), a vote, or a consensus
(as a result of negotiations) [4].

An obvious way to generate new
coordination processes are alternative forms
of communication (synchronous versus asyn-
chronous, paper versus electronic) for
everywhere in the process where information
needs to be transmitted. The coordination
structure also emphasizes new aspects of the
problems. For example, when we view com-
munication as a way to manage the relation-
ship between producer and consumer, we
need to take care of how to make the infor-
mation "usable." Coordination models can
include parameters for things like incentives,
productivity, and communication costs that
vary widely across human, computing, and
biological systems [4].

In order to analyze the terminology of
coordination, it is important to clearly define
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the components of coordination. It is useful
to define evaluation criteria. For example,
we may define some general "goals" of the
activity (for example, car production or re-
port printing) and other measurements to
assess how well these goals are being met
(for example, minimizing time or cost).
Some coordination processes may be faster
or more accurate than others, for example,
greater coordination is not always worth it. It
is important to realize that there is no "right"
way to determine the components of coordi-
nation in different situations. For example,
we can sometimes analyze everything that
happens in a production unit as one "activi-
ty", and at other times we can analyze each
station on the assembly line as a separate
"activity". As another example, we can give
the example of muscle coordination, when
different parts of the body of the same per-
son are implicitly considered as separate "ac-
tors" performing separate "actions". When
analyzing coordination in human orga-
nizations, it is often helpful to simply ask
people what their goals are and evaluate
their behavior in terms of these criteria.
Another important example is the coordina-
tion of market operations. The goal of mar-
ket participants may be to maximize their
individual benefits, but the market as a coor-
dination mechanism must be assessed in
terms of how well it meets such general cri-
teria as maximizing the needs of market
participants [4].

Coordination is an activity that in it-
self involves certain costs. Although there are
many other factors that can affect the way
organizations and markets coordinate (e.g.,
global competition, national culture, govern-
ment regulation, and interest rates). One im-
portant feature, of course, is its cost. And it
seems plausible that information technology
can significantly reduce the cost of certain
types of coordination.

You can make a few simple predic-
tions about the possible consequences of re-
ducing coordination costs. It is useful to illus-
trate these effects by analogy with similar
changes in transportation costs caused by the
introduction of trains and cars:

1. The effect of reducing the "first
order” of transport costs trains and cars were
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achieved simply by a certain replacement of
the old transportation technologies with new
ones: people began to ride trains more and in
carriages with horses less.

2. The effect of reducing the "second
order" of transport costs was reflected in the
increase in the number of used vehicles: peo-
ple began to travel more, and it goes without
saying that it could be done cheaper and more
convenient on trains than on foot.

3. Finally, the effect of the "third or-
der" allowed to create more structures of in-
tensive transportation: people eventually be-
gan to live in a remote suburb and use shop-
ping malls outside the city. These two exam-
ples of new structures undoubtedly depend on
the wide availability of cheap and convenient
transportation.

You can also expect several effects
from the use of new information technologies
to reduce coordination costs:

1. The "first order" effect of redu-
cing the cost of coordination with infor-
mation technology may be a replacement for
information technology of some types of
coordination of people. For example, many
banks and insurance companies have re-
placed large numbers of human officials in
their offices with automated systems. It has
also long been predicted that computers will
lead to the demise of middle management, as
communication tasks performed by middle
managers can be performed more cheaply,
namely with the help of computers. This
prediction has not been realized for decades,
but many people believed that it would final-
ly begin to happen en masse in the mid-
1980 s and 1990 s.

2. The effect of reducing the "sec-
ond order” You can increase the cost of co-
ordination of the total amount on second-
hand coordination. In some cases, this may
interfere with the first-order effect. For ex-
ample, in one case studied by the authors of
the study, a computerized conference system
was used to eliminate middle managers [4].
However, a few years later, almost as many
new positions were created for corporate
staff, many of whom were helped by new
computer systems. This example demon-
strates that the resource management task

can now be applied to more complex analy-
sis that was not possible before.

3. The "third order" effect of reduc-
ing coordination costs may encourage the
transition to more "intensive coordination” of
structures. In other words, coordination struc-
tures that were previously too "expensive"
will now become more effective. Technolo-
gies such as e-mail and computer conferenc-
ing can help reduce the cost of these types of
communications and advanced means of in-
formation exchange [4].

Reducing the cost of coordination
through information technology can lead to a
general shift to smaller firms and a propor-
tional increase in the use of markets, from
internal decision-making within firms to the
coordination of economic activity in general.
It is clear that the coordination of market op-
erations is much more expensive than internal
coordination.

IT can lead to both centralization and
decentralization, depending on how they are
used. This conclusion can be made by clearly
defining the main factors. When IT imple-
mentation reduces information costs for de-
cision making, it leads to greater centraliza-
tion. For example, Otis Elevator used IT to
centralize reporting and manage customer
service functions, instead of distributing
these functions to numerous remote field
offices. On the other hand, when IT primari-
ly reduces agency costs, it leads to greater
decentralization. In this case, agency costs
are the costs of employees who do not act in
the interests of the firm. For example, when
one insurance company developed a system
to more effectively monitor the overall per-
formance of its vendors, they were able to
decentralize many decisions to vendors,
whereas previously they were made centrally
[4]. Coordination theories are also useful in
the following areas:

- in the empirical study of human
coordination or other biological systems (eg,
field, laboratory or econometric studies);

- in the development of new tech-
nologies to support human coordination;

- when designing and experiment-
ing with new methods of coordination of dis-
tributed and parallel computer systems;
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- in formal modeling of coordina-
tion processes (for example, mathematical or
computer modeling).

Thus, we can conclude that the ideas
of coordination are useful, because they offer
new systems, by classifying systems and
analyzing how systems use them; that scien-
tists have been paying attention to coordina-
tion since the middle of the twentieth centu-
ry, and that new information technologies
have an impact on both markets and organi-
zations, in particular: the size of organiza-
tions and the degree of centralization of deci-
sion-making in them. General coordination
mechanisms can manage many dependen-
cies: both market operations, centralized and
decentralized management decisions, and
internal decision-making processes in an
individual organization. Coordination helps
address a variety of immediate practical
needs, including:

- designing computer and commu-
nication tools that allow people to work to-
gether more effectively;

- using the power of several com-
puter processors working simultaneously on
common problems;

- creating more flexible and effi-
cient ways of organizing collective human
activity.

The knowledge management system in
the set of applied tools and the mechanism of
information support on the basis of modern
information technologies is called to provide
innovative development of the company, so
necessary in the conditions of development of
a society.

IT companies, more than others,
should focus on the use of the latest technol-
ogies for more efficient organization of
the external and internal environment: elec-
tronic document management, gamification,
socialized corporate portal, BigData,
Bl-analytics, OLAP, automated controlling
and more. All this is absolutely close to the
understanding by the information technology
professionals.

Therefore, IT companies must act as
representatives of the innovation sector of the
economy, creating unique mechanisms of
management systems to stimulate their in-
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novative development, including comprehen-
sive controlling systems to assess the effec-
tiveness of implemented tools based on se-
lected indicators.

Effective solutions help create new
products, improve old ones and increase
customer satisfaction. When the support
service answers questions faster and more
accurately, solves problems of users, dissatis-
fied customers become less. This reduces the
outflow of users, which increases financial
performance.

Knowledge management is the process
of processing, managing and using the
knowledge and experience of employees (in-
ternal experts) to effectively solve problems.

Coding Sans conducted research in
European IT companies (see Fig. 1). Employ-
ees were asked one question: "What is the
main challenge in the field of software devel-
opment do you see for yourself?" A fifth of
respondents from various positions indicated
that this is an exchange of knowledge. This is
the second result after «capacity» — the ability
to solve more problems in less time.

Capacity
Sharing Knowledge

Hiring talent

Prioritizing
development

Time management

Selecting
technology

Employee retention

Labor costs

0,00% 5,00% 10,00% 15,00% 20,00%

Fig. 1. Results of respondents’ answers to the
main challenge in the field of software
development

But it is much more interesting to
compare the voices between those who write
the code and their managers (Fig. 2).

The column with information about
managers is marked in white, and the column
with information about developers is marked
in dark color. The difference between the val-
ues is almost a third in relative terms. It turns
out that the developer finds channel for
knowledge management more important.
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Capacity
Sharing Knowledge

Hiring talent 20,67%

Prioritizing
development
Time management

Selecting technology

0,00% 5,00% 10,00% 15,00% 20,00%

Fig. 2. Respondents' responses to the main
challenge in software development compared
to code writers and managers [9]

It is more important for managers to
keep up with everything. Typically, they del-
egate tasks to subordinates: they turn to HR,
hire more developers, and expect for tasks to
be closed on time.

Even if the recruiter collects all the
cream of the market, the problem will not go
anywhere. Developers don't have a way to get
information operatively in order to close tasks
quickly, so the problem will arise again, but
on a larger scale. This is an endless cycle
from which the manager himself will not
come out.

Software companies face the chal-
lenge of developing, selling, supplying and
maintaining increasingly sophisticated solu-
tions and products. This can be done most
effectively only with a knowledge manage-
ment system.

2. General characteristics of the
company

An international technology product
company with a full cycle of development in
the field of Entertainment was selected for the
study. It is part of a global holding company
with a total staff of almost 2,000 people.

The company is an ecosystem that
combines IT products, marketing and other
areas. Works on the development of product
innovations, the creation of competitive
advantages of products and the company
as a whole, accumulates expertise and speed
of implementation, unites in research teams
of professionals and implements bold and
risky ideas.

3. Corporate knowledge base
management tools

Effective management of the corpo-
rate knowledge base requires the use of
modern tools. The choice of tools depends
on the tasks, problems and opportunities in a
particular organization. For example, for one
company it is necessary to create an effective
and stable communication space for interac-
tion between departments, and for another it
IS necessary to start processes of continuous
selection and evaluation of ideas and pro-
posals of employees, for the third it is neces-
sary to focus on creating special relation-
ships with its customers. Let's consider the
features of using the tools Confluence,
XMind, drow.io for the collection, analysis,
exchange and transfer of corporate
knowledge.

Confluence — Web-based corporate
wiki, which is used mainly within the organ-
ization, forming a single whole organization
to achieve its goals, and is a space for team-
work, which accumulates information and
opportunities for collaboration. It was devel-
oped by Atlassian Software Systems and
more than 50 million companies worldwide
use the company's products (the most popu-
lar are JIRA and Confluence). Confluence
simplifies collaboration within the team and
allows you to organize effective information
management. Integration with Microsoft Of-
fice facilitates its use in a familiar environ-
ment: create content and collaborate on doc-
uments, spreadsheets and presentations on
Confluence pages, edit pages directly from
Microsoft Office.

Confluence has a sophisticated in-
formation retrieval system with the ability to
quickly search for keywords. The infor-
mation in Confluence is placed by sections
or spaces that contain pages. Spaces allow
you to share information between projects or
teams, can have a unique data structure and
appearance depending on the goals of the
project. You can create a space using ap-
pearance templates for easier data organiza-
tion. The basic editing tools available in the
panel at the top of the window are used to
edit and add information to pages. Macros
are used to add files, charts, content, various
reports, etc. [1].
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XMind is software for creating so-
called mind maps for brainstorming, which
help to organize information in a visual asso-
ciative form. XMind is a tool that helps cap-
ture thoughts and chart them. In other words,
with this program you can detail your task
and work on it more purposefully. Each ele-
ment of the map can be an idea connected to
other ideas through hierarchical connections.
The program allows the user to capture their
thoughts, build them into different charts,
use these charts with other users. XMind
supports intelligence maps (connection dia-
grams), Ishikawa diagrams (also known as
causal or fishbone diagrams), tree diagrams,
and tables. XMind is convenient to use for
corporate knowledge management, during
meetings, in task management, in time man-
agement [2].

Draw.io — a service designed for the
creating of classic diagrams, relationship
diagrams of logical objects, network dia-
grams, organizational charts of diagrams,
graphs, flowcharts, electronic circuits, UML-
models, business process models, interactive
design prototypes and layouts, inserts in im-
age diagrams, etc. [3].

The described tools are modern
means of conceptual design of information
systems that can significantly improve the
productivity and coordination of joint work.

4. Practical recommendations

Let’s define the transformation of
corporate knowledge databases. To put doc-
umentation in defined order, firstly, it’s rec-
ommended to logically separate it into prod-
uct (which relates to description of the prod-
uct) and operating (which relates to internal
processes of company). They have different
business requirements, working regulations,
accounting, etc. This logical separation is
offered to be done with the help of Conflu-
ence labels or another pages attributes. Also,
the structure of the corporate knowledge da-
tabase is developed considering the future
necessity to take out part of information into
external databases with minimal efforts, for
example, for customers.
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To such kind of information belongs
general description of product/module, man-
uals, user guidance’s, description of external
API’s, articles about malfunction elimina-
tions.

Some part of information in the cor-
porate knowledge database will be presented
just for internal use, information about sys-
tem’s architecture, information about physi-
cal infrastructure (servers, networks, etc),
technical support, administrators guidances,
different operating documentation of the
team (reports, statuses of projects and tasks,
etc).

Recommended steps for realization
during creating of new united corporate
knowledge database:

1. Poll final users and formulation
of requirements for internal Wikipedia.

2. Analysis current database to
highlight popular and not relevant blocks.

3. Creating a plan and vision of
corporate knowledge database development.

4. Creating a clear corporate
knowledge database structure on Confluence
and descriptions in schemas for every space.

5. Transformation of the database
main page.

6. Creating a glossary with all local
terminology for team synchronization.

7. Implementation of a new safety
principle, which will be defined in the next
clause.

8. Making the transition when
working with Confluence from «everything
IS secret» to «everything is open» on Read (if
there is any secret information — hide it on
the closed page).

9. Database modification in the way
that any employee of any department can
find the necessary information, without pre-
viously knowing where to look for it.

After modification of all spaces they
can be classified due to three types.

The first type includes space, where
documentation of one team of developers is
kept (see Fig. 3).
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Fig. 3. Space of the first type
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It is necessary to adhere to the princi-
ple of division documentation into product
(all, that relates directly to the product: archi-
tecture, interaction with others, environment,
API, etc) and operating which concerns di-
rectly the working process within the team).

The second type includes space, where
there is processed documentation of a few
teams or only one team, but including a few
products. For successful use of created
schemes it is recommended to use additional
navigation tools: pages will be assigned team
labels, then a list of all labeled pages will be
automatically compiled by the content by
label macro into content for one team.

Version 1: At the first level we create
separate sections for each team, within these
sections we repeat the distribution, presented
in drawing. The documents of each team are
collected together, which is convenient for the
team. For a third-party user looking for in-
formation, extra levels of page hierarchy are
added, and it may not be obvious which sec-
tion contains the document you want.

It may turn out that the documentation
for the same product is divided into different
sections (see Fig. 4).

Architecture

QA

Metrics

Ist team's space

doc

Sensitive info

Team's Space Architecture

2nd team's space

Sensitive info

Architecture
—
QA

. Metrics
3rd team's space (H———
(o]

Sensitive info

Fig. 4. Space of the second type of ver.1

Version 2: At first level we save dis-
tributions, for example, Architecture, Metrics,
QA, Operating Documentation, at the next
levels we divide into specific teams. Docu-
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ments for the product are collected, which
makes finding information more easily, posi-
tively affects its integrity and fullness. The
team may feel uncomfortable when its docu-
ments are classified for different sections. To
reduce this uncertainty it is suggested to use
an additional navigation tool: pages will have
teams labels and then a list of all labeled pag-
es should be automatically collected by macro
content by label into the content for one team
(see Fig. 5).

The third type includes a space in
which there is no documentation for specific
products, and only reporting and other docu-
mentation is maintained (see Fig. 6).

The first page of all spaces should be
as informative as possible for the user who
entered this space for the first time. It should
contain information about the team / products,
links to the most important and frequently
visited pages, it should simplify navigation in
space.

Below is a list of sections that are rec-
ommended to be presented on a first page of
each space:

1. For which team/product or for
what purpose does this space exist. Optional-
ly should be added, on what questions this
team is responsible and in which way. Ex-
ample message for one of the teams: “Hi,
this is a space of a team of technical writers.
We write documents for everyone, keep a
glossary, maintain the relevance of docu-
mentation. If you need to add your term to
the glossary, draw the architecture of the
program or write a user manual, we will
help. Write an application to the Technical
Writers project at JIRA”.

2. The composition of the team or at
least the leader and the one that is responsible
for the product.

3. How to look for information in
space. Links to the most commonly used
product and operating documentation, neces-
sarily including the link to the onboarding
page.

Recently edited pages.
Popular documents.
Search.

Useful links.

N o gk
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Fig. 6. Space of the third type

8. You can also place a tree of space
pages here, but this is optional because it is
always presented in the menu on the left. By
default, all Confluence spaces will be created
open for viewing to all logged-in users. Any-
way, each space will have a section for confi-
dential information, access to which by de-
fault will be open only to the owner of the
space and closed to all others.

Since the access permissions for Con-
fluence pages are inherited by hierarchy, i.e.
if the user is denied access to the parent page,
it is automatically closed to all children, then
access within the space will be easy to con-
trol: the page placed in the confidential in-
formation section or created in it will auto-
matically disappear from public access, and to
share the page, just move it from this section
to any other.

Conclusions

Thus, the analysis of a large array of
statistics, the study of existing software, for-
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eign experience and the current state of
knowledge management allows us to con-
clude that the ideas of coordination are use-
ful because they offer new systems, by clas-
sifying systems and analyzing how present
systems use them. Scientists have been pay-
ing attention to coordination since the middle
of the twentieth century, and new infor-
mation technologies have an impact on both
markets and organizations, in particular: the
size of organizations and the degree of cen-
tralization of decision-making in them. Gen-
eral coordination mechanisms can manage
many dependencies: both market operations,
centralized and decentralized management
decisions, and internal decision-making pro-
cesses in an individual organization. Coordi-
nation helps to address a variety of immedi-
ate practical needs. Research of the corporate
knowledge base on the example of an IT
company, analysis of the problems of its use
and features of the use of development tools
allowed to structure the spaces of the corpo-
rate knowledge base of the IT company; uni-
fy the pages of the corporate knowledge base
of the IT company; create a convenient navi-
gation of the corporate knowledge base of
the IT company; introduce templates for key
pages in space (about, processes, metrics,
etc.) and new approaches to data storage in
terms of company security. As a result of the
study, the methods of renewal, updating,
supplementing and avoiding duplication of
information in the corporate knowledge base
were improved.
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TOWARD SOFTWARE ARTIFACTS ECOSYSTEM

In the process of developing and maintaining a software product, many things are created and used that are
called software artefacts. Software artifacts are changed, reused, and change relationships in the development
and maintenance processes of a software product. The complexity and variety of software artifact relationships
require adequate means of description and management. They may be a software artifacts ecosystem. In the ar-
ticle, for the first time, a concept of a software artifact ecosystem is proposed. The concept describes a generic
model of the software artifacts ecosystem, which is the Cornerstone ecosystem type and consists of three actors
— the platform, the software, and the artifact. Based on the generic model, the SD model of the software arti-
facts ecosystem is described. The roles of actors in the ecosystem are indicated, the relationships between ac-
tors are described. The developer's activities will be more efficient, the software is understandable, and the de-
velopment and maintenance is cheaper when the styles (standards) are used. As case study, based on the gener-
ic model of the software artifacts ecosystem, a declarative model of the programming style ecosystem has been
developed. Three-level model of programming style artifact is proposed. The tools and processes for creating
and using a programming style artifact are developed and described.

Key words: software engineering, software artifact, software ecosystem, programming, programming style,

ontology.

1. Introduction

In the processes of developing and
maintaining software products, many things
are created and used, which are called arti-
facts. Artifacts can be different in form and
presentation. They can be part of a software
product or provide processes for its develop-
ment and maintenance, be intermediate results
of processes, or be part of other artifacts.
Thus, there is a huge variety of software arti-
facts, including design plans, work products
(specifications, architectural and detailed de-
signs, code, and documentation), user stories,
bug reports, tools, including for processing
artifacts, but not limited to this. Various and
often complex connections are established
between artifacts. Artifacts change, reuse, and
change links in the development and mainte-
nance of a software product. Therefore, arti-
facts play an important role in the software
life cycle whatever of its model and require
the attention of all interested parties.

The software industry is constantly
evolving and changing. Not only products and
technologies are developing. Many software
companies are experimenting with new busi-
ness models, leading to fundamental changes
in the structures of both the company and its
client. Recently, many companies have been
using the concept of “software ecosystem” to
describe development, creating them around
themselves or their products, taking into

account customer connections. Ecosystems
have shown themselves to be a promising man-
agement tool, an evolving software product.

The complexity and diversity of soft-
ware artifact relationships require adequate
description and management tools. This could
be a software artifacts ecosystem. Such an
ecosystem points to more detailed level than a
software ecosystem, but at this level most of
the approaches, methods and tools that are
used in a software ecosystem can be used.

In the article, for the first time, a mod-
el of a software artifacts ecosystem is pro-
posed. Its application is shown on the case of
a programming style ecosystem. Within the
conception framework, a generalized model
of the software artifacts ecosystem is de-
scribed. The ecosystem belongs to the
Cornstoun ecosystem type and consists of
three actors — platform, software and artifact.
The roles of actors in the ecosystem are indi-
cated, connections between actors are de-
scribed. The types, rules, and attributes of
actors, relationships, and actions can be re-
fined for specific software artifacts ecosystem
models. The same applies to analyzing eco-
system properties.

Based on the generic model of the
software artifacts ecosystem, a declarative
model of the programming style ecosystem
has been developed. The programming style

© N. Sydorov, 2020
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is an artifact that plays an important role in
the development and maintenance of soft-
ware. The description of the processes of cre-
ation and the use of the programming style is
made by using the ontology.

2. Related works

Software artifacts. In the software life
cycle to support the processes of creating and
maintaining a software product, many differ-
ent artifacts are created and used. Wide rang-
es of components are considered as artifacts,
from documentation, work products and their
parts, to auxiliary tools. Interacting, artifacts
ensure the efficient execution of software life
cycle processes.

In [1], artifacts are analyzed in the
context of reuse as equipment in the sense of
work [2]. At the same time, three goals (writ-
ing, processing and transferring artifacts) and
three aspects of equipment (the in-order-to of
equipment, readiness-to-hand, presence-and-
hand) are considered. In addition, since arti-
facts are analyzed as reusable components
that are embedded in the created software
product, their characteristics are taken into
account: holism, commonality, reusability and
maturity. Considering an artifact as hardware
— a thing built into the context of a software
product, the interaction of the specified char-
acteristics of software artifacts is investigated.
In [3], artifacts are considered in the context
of a software product line and are divided into
three types — architecture, shared components,
and components made from shared ones. For
each type of artifacts, three levels of maturity
are identified, depending on the degree of
integration of the artifact of the corresponding
type into the software product line. In [4],
artifacts are considered as information parts
that are created, modified and used in the
RUP processes. Artifacts can be of different
types and take different forms, from UML
models to executable code, and can be used in
the creation and maintenance of a software
product. Artifacts are the input and output of
actions in RUP processes. In [5], software
documentation as an artifact is considered.
Artifact as a means of representing infor-
mation about software is defined. A mainte-
nance model of documentation as a software
artifact is introduced.

Artifact modeling. In the following
works, attempts are made to build a model of
the artifact.

The paper [6] presents a metamodel
for software artifacts aiming at providing a
new and structured way to represent artifact
content, other than current sections hierarchy.
This work defines an extension to UML/MOF
and SPEM meta-models by means of layers.
The paper [7] discusses the theoretical foun-
dations for the representation and interpreta-
tion of software artifacts. Based on different
levels of perception of artifacts by a person —
the user of artifacts introduces three levels of
representation of artifacts — physical (physical
representation), structural (syntactic structure)
and semantic (semantic content). In addition,
two steps for processing artifacts - parsing the
physical representation, and analyzing the
syntactic structure — the result of the first step
(interpretation) are introduced. A meta model
of artifacts is built on the basis of presentation
levels and processing steps. The work [8]
considers the architecture of tools that provide
the creation and maintenance of metadata
about software artifacts, which form an envi-
ronment consisting of resources — develop-
ment artifacts. Tools to manage the artifact
environment are used.

Artifacts in software development.
The experience of using artifacts in life cycle
processes in several works is considered.

In [9], artifact-oriented development
of embedded systems is considered. A con-
ceptual model of artifact-oriented develop-
ment is proposed, examples of its use are giv-
en. In [10], artifact-oriented model-driven
development is considered. Details a better
understanding on how explicating artifacts
and their relations facilitates traceability of
artifacts, change impact analysis, and interop-
erability of software tools are considered. The
paper [11] concentrates on the paradigm arte-
fact-orientation in requirements engineering
and presents a meta model. This meta model
is inferred from two concrete domain specific
requirements engineering models: one for the
application domain of embedded systems and
one for the application domain of business
information systems. In [12] shown, that ccol-
laborative development of software products
across organizational boundaries in software

111



TeopeTH4yHi i MeTOI0JIOTiYHi OCHOBH NMpOrpaMyBaHHS

ecosystems adds new challenges to existing
software engineering processes. A new ap-
proach offered for handling the diverse soft-
ware artefacts in ecosystems by adapting fea-
tures from social network sites. In paper [13],
an industrial survey to create an Activity-
Based Artifact Quality Model to define what
this means from a stakeholder’s viewpoint is
proposed. Specifically was conducted. Quali-
ty factors of test artifacts that have a positive
or negative impact on the activities of Agile
testers are explored. Quality model contains
16 quality factors for six test artifacts that are
reportedly relevant to at least five stakehold-
ers in the process. In paper [14] reference
model and a metamodel for traceability are
proposed. The reference model, defined by
the conceptual basis, may be used in the crea-
tion of traceability approaches. The reference
model was used to develop a metamodel. In
paper [15], a generic artifact model based on an
empirical investigation is proposed. The results
of a mapping study in combination with a sys-
tematic literature review to analyze the usage of
artifacts in agile methods are presented.
Towards a software artifacts ecosys-
tem. We are not aware of any work directly
devoted to the consideration of problems as-
sociated with the study of software artifacts
ecosystems. However, there are works, the
results of which can be used to solve these
problems. In [16], attention is rightly drawn
to the fact that in software ecosystems, atten-
tion is now paid to the participants only at the
top level - these are organizations and teams
that create, implement and maintain software
products. However, there is a lower level —
artifacts, the role of which in the life cycle

éric Softwa

artefact
cosystem

Software

processes can hardly be overestimated. In
[17], there are requirements for describing
and analyzing software ecosystems, which in
our paper to model software artifacts ecosys-
tems are used.

3. The generic model of software ar-
tefacts ecosystem

This section discusses a generic model
of the software artifact ecosystem. Several
methods are now used to model software eco-
systems [18]. The application of a particular
method depends on the type of ecosystem and
the goals of the modeling. To represent the
software artifacts ecosystem, this work uses
the i* modeling approach [19]. In contrast to
the most commonly used SSN method, which
focuses on describing the software ecosystem
at the top level (product, developer, vendor,
user), the i* approach provides a description
of the ecosystem of a more detailed software
presentation layer that corresponds to the lev-
el software artifacts. Fig. 1 presents generic
model of the software artifacts ecosystem.
When designing an ecosystem, two groups of
requirements are used [17]: descriptive and
analytical.

The first group includes the require-
ments for the definition of actors, connections
between them and their actions. In addition,
the requirements for determining the types,
rules and attributes of actors, connections and
actions are formulated, as well as the re-
quirements for determining the specific char-
acteristics of both the ecosystem as a whole
and its elements, for example, productivity,
efficiency, security.

Artefact

Platform

Fig. 1. The generic model of the software artifacts ecosystem
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The second group includes require-
ments for defining characteristics that provide
analysis of the ecosystem from incentives and
motivation to sustainability and productivity.

Table the actors and roles in the soft-
ware artifacts ecosystem are given (Tabl 1).
The software artifacts ecosystem belongs to
the Cornerstone type, since the basis of the
ecosystem is a technological platform for the
development and maintenance of software,
the functionality of which is extended by us-
ing artifacts [20]. Thus, the actors of the eco-
system are a platform with a management
role, software with a software product role, an
artifact with a support service provider role.
Common connections between actors can be
indicated (Fig. 2). The platform, in the con-
text of which such components as the life

cycle model, organizational and technical
support for development and maintenance are
considered, defines and uses the artifact as an
auxiliary means of implementing processes
and filling the structure of a software product.
The software depends on the platform, which
is the main mean for the implementation of
development and maintenance processes. The
platform uses the artifact directly as a compo-
nent in the software structure or indirectly as
a means of improving the efficiency of the
platform’s processes.

The types, rules, and attributes of ac-
tors, relationships, and actions can be refined
for specific ecosystem models of a software
artifact. The same applies to meeting the re-
quirements for the analysis of ecosystem
properties [17].

Table 1. Actors and roles in the software artifacts ecosystem

Ecosystem type Actors The role of the actor in the ecosystem
Platform Orchestration
Cornstoun Software Product
ecosystem
Acrtefact Support service provider

Artefact be
developed
&maintained

Artefact

Fig.

Platform
Resourses

Implement
software
processes

Im pruvment
software
processes

2. The SD model of the software artefact ecosystem
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4. Case study. The programming
style ecosystem

Today, methods and tools that are
based on reuse have become widespread for
the development and maintenance of software
products. The application of these methods
and tools requires the developer to read, ana-
lyze and understand a significant number of
representations of work products from differ-
ent phases of the software life cycle. Reuse is
now widespread from requirements specifica-
tions to source code and documentation.
Therefore, one of the main requirements for
software is understandability. The developer's
activities will be more efficient, the software
is understandable, and the development and
maintenance is cheaper when the styles
(standards) are use. They will ensure that the
work products of different phases of the life
cycle are understandable [21].

Fig. 3 shows the model of a program-
ming style ecosystem, which is built based on
a generic model of a software artifact ecosys-
tem (Fig. 1).

The artifact in this model is the pro-
gramming style, and the actor, the software, is
represented by that part of it — the source code
for which the programming style is applied.
Acrtifact — the programming style is platform-
specific, as the style rules depend on a num-
ber of platform conditions, such as the pro-
gramming language, management goals, sche-
dule, risks, and project budget. The program-
ming style is used in the source code con-

P/rcugramming

style ecosystem

Software
{source code)

struction (the phase of software live cycle)
and affects the efficiency of the construction
and maintenance processes.

Based on the artefact model from
work [7], described the programming style
artefact by the three levels of perception and
the two processing steps (Fig. 4).

Level 1 — Semantic content. The con-
tent represents the meaning of an artefact. The
content is interpreted in the context of the
individual knowledge of the stakeholder (pro-
grammer) or the interpreter of the machine (in
this case — Protégé The content is based on
the rules of the programming style, which are
described by the ontology.

Level 2 — Syntactic Structure. The
structure of an artifact represents the syntactic
expression of its content. The structure of the
artifact is described in Web Ontology Lan-
guage (OWL).

Level 3 — Physical Representation.
The artefact is represented in the file of OWL
text format.

There are two the processing steps.

Processing Step 1 — Parsing. The out-
come of the parsing process is the syntax
structure of the artefact. This process is per-
formed by the OWL parser implemented us-
ing the OWL API [22].

Processing Step 2 — Interpretation. In-
terpretation is the process of extracting the
content (i.e. the meaning) from the structure.
This process is performed by Protégé system.

Programming

style

Platform

Fig. 3. The SD model of programming style ecosystem
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The characteristics of the domain in
which the style is applied are given in tab. 2.
[21]. The activities of a programmer in a do-
main are shown in Fig. 5. The use of the pro-
gramming style as an artifact involves the

Fig. 4. The levels of perception of programming style artefact

Table 2. Characteristics of the style of the program domain

implementation of three processes [23]: the
creation of an artifact, as a result of which the
programming language style is built, the use
of the style when programs are writing and
the process changed of the artifact.

Characteristic
Property Factors Means
Epoch
Principle
Period Idea of im- Historical Social Style Elements
portance
Application Composition,
PP Readability, . Programming| Modular, |classification
of : Productivity, Standar- .
2000 quality, . o team, re- mega pro- | in program-
standards maintenance dization . . .
- . safety quirements | gramming ming
in coding |
anguages
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Programmer Programming Program
language style

I I I

| | |

| | |

| ] | |

] Studies style |

> [

|

Gets style |

< |

Writes the text of ae
the program |
T Ladl
T ! Gets style

|
|
|
|
|
|
|

0
|
I

Fig. 5. Domain sequence diagram

In fig. 6. The ontology of creating a
programming style is presented. The ontology
describes in detail the participants and actions
taking place in this regard in the programming
style ecosystem. All ontology concepts are
categorized as resources in i* terminology,
with the exception of the <<event>> concept,

Has-Knowledge-in

which represents a goal. At the same time, the
concepts Coding phase, Party, Programming
language refer to the Platform actor, and the
concepts Creating work product style, Style
party create guide, Style and Programming
language style to the Programming style
actor.

1 <<kind>> Is-part-of .
Coding phase &> |
* * 1
<<kind>>
<<category>> Programming
Party language
<<event>>
Creating work .
products style
<<kind>> Is-part-of
<<kind>> <<kind>> 1 Programming
Team Person Governs language style *
1
\—|—1— <<associative>> 1 !
Style party create guide
Is- created-according-to
uses
1

1

<<category>>
Style

Fig. 6. Ontology of programming style creation
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Fig. 7. The ontology of using the pro-
gramming style is presented. An ontology
describes the relevant actors and activities in a
programming style ecosystem. The Party,
Coding phase concepts belong to the Platform
actor, the Program, Program style concepts to
the Software actor, and the Using work prod-
uct style, Style party using guide, Program
language style concepts to the Programming
style actor.

To implement the processes of creat-
ing and using a programming style, tools are
created that can be considered, on the one
hand, as resources of the Programming style

artifact, and on the other hand, as artifacts as
part of the Platform artifact. These include the
programming style knowledge base and the
Reasoner. Thus, the programmer, while cod-
ing the program, applies the ontology of the
programming style, both for learning the style
and for checking the observance of the style
in the program. Therefore, two tools are need-
ed - one to create an ontology and support the
programmer in the coding process, and the
second, to control the application of the pro-
gramming style in the source code of the pro-
gram (Fig. 8) [23].

Has-Knowledge-in Is-part-of
1 <<kind>> 1
i Ko>———
. . Coding phase .
<<kind>> |aquire <<category>> <<kind>>
Partystyle —@ Party Program
___________________________________ <<event>>
Using work product I
style ! 1 1
----------------------------------- : aguire
I
<<kind>> <<kind>> I aquire
Team Person Governs | 1
I
I
| <<kind>>
\_l——]* <<associative>> : Program style
1 Style party using guide I [
Uses yle party using g |
: Is- created-according-to
1 |
Use :
I
! |
I
<<kind>> :
I

Programming |~ _ _

language style

)

Styvle Artifacts
(Documentation)

PI'Ogl'(‘ll“ mer

Reasoner

g Checking

Task Use Coding
Requirements

Source Code

Fig. 8. Tools usage diagram
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The style analyst, using the first tool -
Protégé, setting up the ontology to the appro-
priate programming style, creating a TBox
(Fig. 6). After setting up, the programmer is
introduced to the programming style with the
help of Protégé. The second tool is functional-
ly similar to the reasoner, but adds a function
for identifying style errors. In terms of de-
scriptive logic, the reasoner verifies the con-
sistency of the ontology (Fig. 9).

Ontology —> Consistency

Reasoner | Inconsistency (Stvle Errors)

Style Knowledge Base

lBO\ As_BO\

Ter nnnolmr\ axioms Indn idual assertions
angu la"c: St\ le
Souru ( odx.
C ‘onvention entions _

Fig. 9. Knowledge base of programming style

Protégé is used to create TBox. It is
part of an ontology with terms describing a
programming style. Assertions about the
source code (ABox) written by the
programmer are created by the corresponding
part of the reasoner. It provides the
appropriate service using the knowledge base
(TBox and ABox). The service includes,
firstly, the verification of the consistency of
the ontology (a direct function of the
reasoner), and secondly, the search for
stylistic errors in the source code of the
program.

5. Results Analysis and Discussion

The results are a development of the
solutions obtained in the works of the author
[21-24]. For the first time, the concept of the
software artifact ecosystem is proposed.
Within the framework of the concept, the ge-
neric model of the software artifact ecosystem
is described. Model belongs to the Cornstoun
ecosystem type and consists of three actors —
platform, software, and artifact. The roles of
actors in the ecosystem are indicated, connec-
tions between actors are described. Based on
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the generic model of the software artifact eco-
system, a declarative model of the program-
ming style ecosystem has been developed.
The programming style is an artifact that
plays an important role in the development
and maintenance of software. Using [7], a
three-level artifact model of - programming
style is proposed. The description of the pro-
cesses of creating and using a programming
style is made by applying the ontology. In
continuation of research of the software arti-
fact ecosystem, the description of the actors
of the ecosystem will be expanded and the
types, rules and attributes of actors, links and
actions will be developed. In addition, the
metric provision of the ecosystem in relation
to determining the effectiveness, sustainabil-
ity and reliability of the ecosystem of soft-
ware artifacts will consider.

The work done in research “Research
on software artifacts ecosystems”,
Ne 0120U104329.
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YK 612.51.001.57+519.6

IIporpamMHa TexHOJIOTisI Al MiATPUM-
KU NPOUeNypP HAJAIUTYBAHHS KUIbKic-
HHUX Mojejieii reMOAMHAMIKY JIIOIuH /
P.J. I'puropsn, O.1. FOpuak, A.I'. Jlero-
na, T.B. JIrogoBuk. — C. 3 — 13.

MaremMaTHyHe MOJENIOBAHHS Ta CIIeLia-
ni3oBaHi nporpamHi cumyisitopu (CIIC),
SKI 3aCHOBaHI Ha KUIBKICHHX MOJEISX
(KM), € cygacHIMHU iHCTpYMEHTaMHU J0-
CIIIJPKEHHSI, 10 PO3IIHPIOIOTH MOXKIINBO-
cTi BUBYEHHs (izioyorii JOAMHU. 30K-
pema, 6araTo pa3iB aBTOPH MPOIIOHYBAIH
MOJIETI 3 30CepeDKEHUMH [TapaMeTpaMu
(M3II) cepreBO-CYAMHHOI  CHCTEMH
(CCC). Opnak OLIBIIICTE MOJEICH HE
BKJIIOYAIOTh CKJIAJHUX MEXaHi3MiB, IO
3a0e3neuyroTh  3arajbHUl  KOHTPOJb
KkpoBooOiry moguan. o0 3amoBHHTH
10 POTaJIMHy, MU 3alPOIIOHYBAIN TPHU
creuiaiibHi MOJENl Ta MOJENIOBAIBHY
KOHLENLI0 A X (YHKUIOHAIBHOT 1H-
terpauii. [Ipobiema nosnsrae y Tomy, mo
iHTerpajbHa MOJIEJb 3aHAJATO CKJIaJHa,
106 ii MoxHa OyJl0 HamamTyBaTH BPYy4-
Hy. Jns 3a0e3medeHHS e(EKTUBHHUX
MIPOLEAYp HAJAMITYBAHHS MPOIOHYETHCS
crieriaibHe mporpamMHe 3a0e3NedeHHs,
OI0 MICTUTh aBTOHOMHI MOIYTi IS
PO3B’sI3yBaHHA PiBHSHb KOXKHOI MOZEN Y
BIZIOMHX YMOBaX BXiJTHHUX HaBaHTa)X€Hb.
3aranom, noOy/10BaHa Ta 3alporpamMoBa-
Ha CKJIQJHA MareMaTHyHa  MOJENb
(CMM), mo BkiIt0o4ae ommc K (iziono-
rii, Tak 1 BXiZHUX JUHAMIYHHUX BIUIHMBIB.
[Mporpamue 3a0e3neyeHHs, BPaxoBYIOUH
TpU OCHOBHI OJIOKM MojeneH, 3abesme-
4gye iX KIJBKICHI NpOLEAypu HaJamTy-
BaHHs. [lepmmii 610k onmcye camopery-
JISIIII0 TeMOJAWHAMIKM JIIOAUHA B 23-
kommapt™menTtHin M3II CCC. [pyruit
670K ommcye BiciM (i3i0N0TIYHNX MeXa-
HI3MIB, sIKi HE3aJI)KHO 3a0e3MeUyIOTh
TOCTpUHl 1 JOBrOCTPOKOBHH KOHTPOIB
CCC y ropusoHTaJlIbHOMY, CUISUOMY Ta
BEPTHKAJIbHOMY HOJIOKEHHI Tina. Tperii
OJIOK OIMCY€E 30BHINIHIN Ta BHYTPIIIHIN
muaamivanii BiumB Ha CCC. 3aBmsku

e

4.

UDC 612.51.001.57+519.6

A software technology providing tun-
ing procedures of a quantitative model
of human hemodynamics / R.D.
Grygoryan, O.I. Yurchak, A.G. Degoda,
T.V. Lyudovyk. — P. 3 - 13.

Mathematical modeling and specialized
software simulators (SSS) based on
quantitative models (QM) are modern re-
search tools expanding research opportu-
nities in human physiology. In particular,
lumped-parametric models (LPM) of the
cardiovascular system (CVS) have been
proposed by many authors. However,
most models do not include complex
mechanisms providing overall control of
human circulation. To fill this gap, we
had proposed three special models and a
concept of their functional integration.
The problem is that the integral model is
too complex to be manually tuned. To
provide effective tuning procedures, spe-
cial software containing autonomic mod-
ules for the solving equations of each
model is proposed. In general, the com-
plex mathematical model (CMM), in-
cluding both the physiology and the ex-
ternal (inpdynamic ut) influences, is con-
structed and programmed. The software,
taking into account three main blocks of
models, provides their quantitative tun-
ing procedures. The first block describes
the self-regulation of human hemody-
namics in a 23-compartmental lumped-
parametric model (LPM) of the cardio-
vascular system (CVS). The second
block describes eight physiological
mechanisms independently providing
CVS’s acute and long-term control in
body horizontal, sitting, and vertical po-
sitions. The third block describes exter-
nal/internal dynamic influences on CVS.
The model creator, due to SSS, can man-
ually set values of both compartments’
92 parameters and sensitivity constants
of every physiological mechanism. Spe-
cial tuning tools allow the modeler to im-
itate a certain number of tests and to
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CIIC po3poOHHK MOAENi MOXe BpydHY
BCTaHOBJIOBATH 3HaueHHsA 92 mapamer-
piB 23 Biacikie CCC Ta KOHCTaHTH UyT-
JUBOCTI KOXHOTO (hi3ionorigHoro mexa-
Hi3My. CrieniajibpHi iIHCTpYMEHTH Hajall-
TyBaHHS JO3BOJIIIOTH PO3POOHHUKY MO-
Jeni iIMITyBaTH MEBHY KUTBKICTh TECTIB i
OynyBaTH rpadikyd reMoAnHaMIYHUX pe-
aKIifi Ha OOpaHMii TeCT.

KmrouoBi cioBa: MeTaMoOBa, CIIHCOK,
MHOXHHA, TPEIUKAT, PEKypcCis, BH3HA-
YEHHS.

VJIK 004.424

Jlo muTaHHs onTUMIi3auii XMapHuX 00-
YHCJIEHb 3 ypaxXyBaHHAM iX BaprtocTi /
A 1O. Jlopomenko, O.C. Hoak. —

C. 14 -21.

B po6oTi 3ampomoHOBaHO MminXin A0 ap-
XITEKTYpHUX HaJallTyBaHb IapajeilbHUX
00YKCICHh HAa XMAapHIil IwaThopmi, 1o
JIO3BOJIIE B HAIMBaBTOMATUYHOMY pe-
KUMI 3IIHCHUTH ONTHMI3allif0 Mapa-
JIENBHOI ~ MporpaMH 3 IJIbOBOIO
(GYHKIIEI0 MiHIMyMYy BapTocTi o0O04mC-
neHb. s po3B’si3aHHS ONTHMi3amiiHOL
3aJa4l BUKOPUCTAHO JIiHiIHE Tporpa-
MyBaHHS 1 TOCTYITHUI MIPOTPaMHAN COJI-
Bep, SKHI 32 JOMOMOTO METOAY TUJIOK i
IpaHuIlb B HAIlIBABTOMATHUYHOMY PEXKHUMI
mijoupae 3Ha4YCHHsS apXiTEeKTypHUX Ha-
pametpiB KoH(pirypamii mporpamu, o
ICTOTHO BILIMBAIOTh Ha BapTICTh 004HC-
neHb. TakuM YMHOM y3arajibHEHO IoTie-
pemHifi MeToN aBTOTIOHIHTY, IO poO-
3po0iIsIBCS aBTOpaMu paHille, Ta IOIIH-
peHo HOoro Ha BHIAIOK KOMILIEKCY
CepBICiB, MI0 BUKOHYIOTHCSI Ha XMapHid
wiatdopmi. [IpoBeneHo aHamiTHYHE BU-
mpoOyBaHHA PO3pOOJIEHOT CHCTEMH Ha
MOJIeIi XMapHOTO MYJIBTHIIPOIIECOPHOTO
KJIacTepy, 10 TMOKa3ye MOIIUBICTH CYT-
TEBOTO CKOPOYEHHS BAapTOCTI XMAapHUX
00YHCIIeHb BHACIIOK TPOBEICHUX OIl-
THUMI3aLiH.

KirouoBi croBa: xmapHi mmatdopmu,
napaseinbHi 00YMCIICHHS, METOJM OIITH-
Mizanii, JiHifiHE nporpamyBaHHS, Bap-
TICTb OOYHUCIICHB.

build graphs of hemodynamic responses
to the chosen test.

Key words: cardiovascular system, mod-
eling, software technology, simulation.

UDC 004.4'24

To the issue of optimizing cloud com-
puting based on their cost / A. Doro-
shenko, O. Novak. —P. 14 — 21.

The paper offers an approach to the ar-
chitectural settings of parallel computing
on the cloud platform, which allows in
semi-automatic mode to perform optimi-
zation of a parallel program with the goal
function of minimum cost of computa-
tions. To solve the optimization problem,
it is proposed to use linear programming
and an available software solver, which
with the help of the method of branches
and boundaries in semi-automatic mode
selects the value of the architecture pa-
rameters of the program configuration
which significantly affect the cost of cal-
culations. Therefore, the method of auto-
tuning developed by the authors earlier is
generalized and spread to the complex of
services performed on the cloud plat-
form. An analytical test was conducted
on the model of cloud multiprocessor
cluster, which presents the possibility of
significantly reducing the cost of cloud
computing due to the optimizations car-
ried out.

Key words: cloud platforms, parallel cal-
culations, optimization methods, linear
programming, cost of computations.



VK 004.94

OCHOBHI acIeKTH CEeMAHTHYHOI0 AHO-
TyBaHHsl Beqmkux aanmx / O.B. 3axa-
poma. — C. 22 — 33.

CemaHTHYHI aHOTaIii, B CHIy CBO€]
CTPYKTYPOBAHOCTI, € HEBi/I'€MHOIO CKJIa-
JOBOIO €(EeKTHBHOTO BHPIMICHHS 3a1ad
BEIMKUX JaHWX. AJje, cama mpobiema
BU3HAYCHHS CEMAaHTHYHUX aHOTalild €
JOCUTh HE TpHBiaJbHOW0. PyuHe aHo-
TyBaHHS € HE IPUHHATHUAM ]ISl BEJIUKUX
JaHUX 3 OonIIgy Ha iX po3Mip Ta
PI3HOPIHICTh, @ TaKOX TPYIOMICTKICTbH
Ta BapTOCHICTh CaMoro Mpolecy, 3aaadya
MOBHICTIO aBTOMATHYHOTO aHOTYBaHHS
JUISL BENMKHMX J@HUX IOKM IO HE Mae
BupimeHHs. ToOTo BUpimIeHHS 3amadi
CEMaHTHYHOTO aHOTYBAaHHS BHMarae cy-
YaCHHUX 3MIMIAHUX ITIIXO/IB, AKI O Ha OC-
HOBI Ta i3 3aCTOCYBaHHSIM iCHYIOYOTO
TEOPETHYHOTO amapaTy, a came METOZIB
Ta MO/eNell MallMHHOTO HaBYaHHS, CTa-
TUCTUYHOTO HaBYaHHS, POOOTH 3 KOH-
TEeHTaMH pi3HUX (QopmariB mnpencras-
JICHHS, OOpPOOKH TEKCTIB MPHUPOIHBOIO
MOBOIO, TOIIO, 3a0e3euyBaiy BUPIIICH-
HS OCHOBHMX 3aJlad aHOTYBaHHS: BUSB-
JICHHS Ta BWTATHEHHS CYTHOCTEH Ta
BIZTHOIIICHB 3 KOHTEHTY OYy/b-SIKOTO THITY
Ta BU3HAYEHHS CEMaHTHYHUX AaHOTAIIH
32 OCHOBI ICHYIOUHX JDKepel 3HaHb
(c7I0BHMKIB, OHTOJIOTIH, Tomo). OTpH-
MaHi aHOTaIlii MOBUHHI OyTH TOYHUMH Ta
3a0e3nedyBaTd MOJAJbIIY MOXIMBICTD
BUPIIICHHS MPUKJIAIHUX 33/1a4 3 aHOTO-
BaHMMHU jaaHuMu. Cuif 3a3Ha4yuTH, IO
KOHTEHTH BEJIMKUX JIAHUX € JIyXKe Pi3HO-
MaHITHAMH, SK HACHIJOK, TYXK€ Pi3HATH-
csl X BJIACTHMBOCTI, IO MiJISATa0Th aHoO-
TyBaHHIO. lle BuMarae pi3HHX MeTasla-
HUX Ul ONKCY JaHMX Ta OOyMOBIIOE
HasIBHICTh BEJIMKOi KIJIBKOCTI Pi3HUX
CTaHJapTIiB METaJaHUX I JaHUX Pi3-
HUX THITB 9¥ (OpPMATiB MPEICTaBICHHS.
Ane, nns eeKTHBHOTO BHpIIIEHHS 3a-
Jadi aHOTyBaHHS Tpeda MaTH y3araib-
HEeHY XapaKTepUCTUKY TUIIIB METaJaHHX,
B Me&Xax SKO1 po3MIAIaTH iX crenudiky.
BusHauyeHHs 3aranpHOI Kiacudikarii Me-
TaJaHUX Ta CIUIBHUX AacIeKTiB Ta -
XO/MiB JI0 CEMaHTHYHOTO aHOTYBaHHS
KOHTEHTY BEJIMKHX JaHHX 3a X JOIo-
MOTOI0 1 € METOI0 JITaHOT poOOoTH.

KirodoBi croBa: BenwKi IaHi, aHOTyBaH-
Hs BEJIMKMX NAHWX, Kiacudikarlis mera-
JMaHUX, CEMaHTHYHi aHOTallii, mpoIec

UDC 004.94

Main Aspects of Big Data Semantic
Annotation / O. Zakharova. — P. 22 — 33.

Semantic annotations, due to their struc-
ture, are an integral part of the effective
solution of big data problems. However,
the problem of defining semantic annota-
tions is not trivial. Manual annotation is
not acceptable for big data due to their
size and heterogeneity, as well as the
complexity and cost of the annotation
process, the automatic annotation task
for big data has not yet decision. So, re-
solving the problem of semantic annota-
tion requires modern mixed approaches,
which would be based on and using the
existing theoretical apparatus, namely
methods and models of machine learn-
ing, statistical learning, working with
content of different types and formats,
natural language processing, etc. It also
should provide solutions for main anno-
tation tasks: discovering and extracting
entities and relationships from content of
any type and defining semantic annota-
tions based on existing sources of know-
ledge (dictionaries, ontologies, etc.). The
obtained annotations must be accurate
and provide a further opportunity to
solve application problems with the an-
notated data. Note that the big data con-
tents are very different, as a result, their
properties that should be annotated are
very different too. This requires different
metadata to describe the data. It leads to
large number of different metadata stan-
dards for data of different types or for-
mats appears. However, to effectively
solve the annotation problem, it is neces-
sary to have a generalized description of
the metadata types, and we have to con-
sider metadata specificity within this de-
scription. The purpose of this work is to
define the general classification of
metadata and determinate common as-
pects and approaches to big data seman-
tic annotation.

Key words: big data, big data annotation,
metadata classification, annotation pro-
cess, semantic metadata, manual an-
notation, automatic annotation, semi-
automatic semantic annotation, machine
learning, semantic annotation aspects,
annotator, annotation models, ontology-
based annotation tools, ontology-based
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AHOTYBaHHS, KCPOBAaHC MaIllMHHE Ha-
BUYAaHHS, HEKCPOBAHC MAIMHHE HaBYaH-
Hsl, BUTSATHEHHSI CyTHOCTEH, BUTATHEHHS
BIJIHOILIICHb, JOMEHH aHOTYBaHHS, OHTO-
JIOTi9HA MOJENF aHOTYBaHHS, 3aCO0H OH-
TOJIOTIYHOTO aHOTYBAHHS, PyYHE AHOTY-
BaHHS, ABTOMAaTHYHC AHOTYBAaHHS, Ha-
MiBABTOMATHYHE CEMAaHTUYHE AHOTYBaH-
Hs, aHOTaTOp, AaCMEKTH CEMaHTHYHOIO
AHOTYBaHHS.

YK 004.89

Knacudikauiiina cucrema 3 migdopy
nepcoHany, 0azoBaHa Ha aHaJji3aropi
ykpaincbkoi moBu / O.II. XKexepyH,
M.C. Penkin. — C. 34 — 40.

VY cTaTTi po3risAaeThes KiacudikaniiHa
cucTeMax, sika 0a3yeThCs HAa  aHami3i
npupoIHboi MOBH. B 0aratbox Takux
CHUCTeMaX BHKOPHCTOBYIOTHCS HEHPOHHI
MEpEexi, MPOTe BOHU MOTPEOYIOTh TaHUX
U1 HaBYaHHA, SIKI HE 3aBXKIW HasBHI.
ABTOpH TIPOTIOHYIOTH BUKOPHCTAHHS OH-
TOJIOTIH B TOAIOHMX CHCTEMax aHali3y
MPUPOIHBEOT MOBH. B AKOCTI mpuKIamy
MIpeCTaBICHO KIacu(iKaiitHy cucTeMY,
sKa JomoMara€ CQOpPMYBATH CITHCOK
HaMKpanmx KaHAUIATIB Mia yac miabopy
nepconany. IIpencTaBieHO OIS METO-
JIiB 1MOOYIOBH OHTOJIOTIH Ta MOBHHX
aHai3aTopiB, AOPEUHHX Ul Kiacudika-
uidHux cucrem. I[loOymoBaHO cUcCTeMy
y BUIIIAAl 0a3u 3HaHb. 3iilfiCHEHA MiAT-
pUMKa YKpaiHCHKOI Ta aHTITIIHCEKOT MOB y
knacudikamiiHiit cucremi. Onmcani Mo-
JKITMBOCTI PO3MIMPEHHS CHCTEMH.

Kirouori cnoBa: kiacudikamiiiHa CHc-
TeMa, 0a3a 3HaHb, OHTOJNIOTISA, Protégé,
aHaJi3 MPUPOJIHBEOT MOBH, aHAII3 YKpaiH-
CbKO1 MOBH.

YJIK 004.62

Peanizaniss BinoOpaxkeHb MiX JeCKpH-
NTHBHOIO JIOTiKOI Ta OiHApHOI0 peJisi-
uiiiHoro Moae/10 1aHux Ha piBHi RDF
/ 1.C. Yuctsxkosa. — C. 41 — 54,

s myOGumikamist npucesiueHa NpoodieMi
iHTerpamii JaHuX, a caMe — CTBOPCHHIO

annotation model, entity extraction, rela-
tion extraction, supervised machine lear-
ning, unsupervised machine learning,
annotation domains.

UDC 004.89

System of classification for personnel
selection based upon Ukrainian
language analyzer / O.P. Zhezherun,
M.S. Ryepkin. — P. 34 — 40.

The article describes a classification sys-
tem with natural language processing.
Many systems use neural networks, but it
needs massive amounts of data for train-
ing, which is not always available. Au-
thors propose to use ontologies in such
systems. As example of such approach it
is shown the classification system, which
helps to form a list of the best candidates
during the recruitment process. An
overview of the methods for ontologies
constructing and language analyzers
appropriate for classification systems are
presented. The system in the form of a
knowledge base is constracted. De-
scribed system supports Ukrainian and
English languages. The possible ways of
system expansion is regarded.

Key words: classification system,
knowledge base, ontology, Protégé,
natural language processing, Ukrainian
language processing.

UDC 004.62

Implementation of mappings between
the description logic and the binary
relational data model on the RDF level
/ I.S. Chystiakova. — P. 41 — 54.

This paper is dedicated to the data inte-
gration problem. In article the task of



MEXaHi3My BiIOOpaxeHb MiX JCCKPHII-
THBHOIO JIOTiKOIO Ta OIHAPHOIO PeJIsIIiii-
HOIO MOJIEIUTIO TaHUX. MeTox CTBOpeHHS
BiToOpakeHb OyB 3alpOIOHOBAaHWNA Ta
OTMCAaHWH HA TEOPETUIHOMY PiBHI. 3 Me-
TOI0 HOro MpaKTHYHOI IepeBipKH, y IMo-
TOYHIH MyOJiKalii MPOMOHYETHCSI METON
peamizariii BioOpakeHb MiX JCCKpPHII-
THUBHOIO JIOTIKOIO Ta OIHApHOIO pesIsimii-
HOI0 MOJICJUTIO JIaHMX 32 JIOTIOMOTOIO
RDF. V po6oTi HaBeieHO OIS iCHYIO-
YUX METOIIB Ta 3aco0iB INEPEeTBOPEHHS
pemsniitanx 0a3 JaHWX B OHTOJIOTIIO Ta
HaBmaku 3a momomoroio RDF. Bymno
c(hopMyITbOBAaHO TIOCTAHOBKY 3ajadi pe-
amizamii BimoOpakeHb Ta PO3TIISIHYTO Bi-
NOOpakeHHS  JAECKPUIITUBHOI  JIOTiKH
ALC, ii OCHOBHUX pO3LINPEHB, a TAKOXK
akciomatuku y RDF-tpiiiku. Y crarti
BiZI3HAYEHO psJl CKJIAAHOLIIB IPH BilO-
OpaKeHHI JECKPHUIITHBHOI JIOTIKH Ha pi-
Benb RDF.

KitrouoBi croBa: OiHapHa pemsiiiiHa Mo-
JeNb TAHUX, AECKPHUIITHBHA JIOTiKa, Bi-
no6paxenns, RDF, DL, RM? ALC,
OWL.

VJIK 004.853, 004.55

3acTocyBaHHSI OHTOJIOTIYHOIO AHAJII3Y
Aast o0po0kM  MeTajaHMX  NPH
iHTepnperamii Big Data Ha
cemanTuyHomy piBHi / }0.B. Porymmna,
A T'magyn. — C. 55 - 70.

B po6oTi po3risnatoTeCsl OCHOBHI aclek-
TH 3aCTOCYBaHHS CY4YaCHHX TEXHOJOTiH
MEHE/DKMEHTY 3HaHb ISl 3100yTTS 1H-
¢dopmarnii 3 Big Data. fIx nokasye anaii3
CYy4acHOTO CTaHy JOCHIDKEHB Y il cde-
pi, amst Toro, o0 eeKTUBHO BH3HAYATH,
AKy caMme iH(pOopMaIio MOKHAa OTPUMATH
3 eBHUX HaOopiB Big Data, Tak i 3poou-
TN 1e 3700yTTH OinbInl KOPUCHHMM (Ha-
MIPUKIIAJ, HEAOIUIEHO 37100YBaTH BXKE Bi-
JoMi ab0 HaOYHI MpaBuia), MOTPiOHO 3a-
cTOoCOBYBaTH (POHOBI 3HAHHA, fAKI Mic-
TATHCS B OHTOJIOTIAX MPEAMETHUX 00Ja-
CTel, M0 IIIKaBIISATH KOPHUCTYyBadiB. 3a

practical implementation of mappings
between description logic and a binary
relational data model is discussed. This
method was formulated earlier at a theo-
retical level. A practical technique to test
mapping engines using RDF is provided
in the current paper. To transform the
constructs of the description logic ALC
and its main extensions into RDF triplets
the OWL 2-to-RDF mappings are used.
To convert RDB to RDF graph, the R2R
Mapping Language (R2R ML) was cho-
sen. The mappings DL ALC and its main
extensions to the RDF triplets are de-
scribed in the publication. The mapping
of the DL axioms into an RDF triplet al-
so is considered in the publication. The
main difficulties in describing DL-to-
RDF transformations are given in the
corresponding section. For each con-
structor of concepts and roles a corre-
sponding expression in OWL 2 and its
mapping into the RDF triplet. A sche-
matic representation of the resulting RDF
graph for each mapping is created. The
paper also provides an overview of exist-
ing methods that relate to the use of RDF
when mapping RDB to ontology and
vice versa.

Key words: binary relational data model,
description logic, mapping, RDF, DL,
RM?, ALC, OWL.

UDC 004.853, 004.55

Application of ontological analysis for
metadata processing in the
interpretation of Big Data at
the semantic level / J.V. Rogushina,
A.Ya. Gladun. —P. 55 - 70.

The paper considers the main aspects of
modern  technologies applied for
knowledge analysis to obtain information
from Big Data. The analysis of the
current state of research in this area
shows that background knowledge
subject areas of user interest represented
by domain ontologies can be used both
in order to effectively analysis of
information acquried from certain sets of
Big Data, and to make this acquisition
more useful. With the help of such
ontologies, users can formally describe
the scope of their information needs,
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JIOTIOMOTOI0 TAaKUX OHTOJIOTIA KOPHUCTY-
Baui MOXYTb (DOPManbHO OIMCYBaTH
ctepy cBoix iHpopMariitHuX moTpeod, 3a-
JlaBaTH CTPYKTYpy MOTPiOHMX iH(pOpMa-
LifHIX 00’€KTIB Ta SBHO BUAUIATH Ti ac-
MEKTH TPEMETHOI 00JIACTi, SIKi € BaXIIU-
BUMH JJI MOTOYHOI 3ajmaui. lle BuKIH-
Ka€e HEOOXIiTHICTh y 3aco0ax MomIyky abo
CTBOPEHHSI OHTOJIOTIH, SKi BiIMOBiNAIOTH
3amadi KopucryBada. [IpenMeToM 00po0-
KA B TIpPOLECi aHali3y ceMaHTHKH Big
Data € ix meragaHi, B SKHUX BiJOMOCTI
mpo 3mict Big Data, sx mpaBmio, mpen-
CTaBJICHI HECTPYKTYPOBAHUM IPHUPOIHO-
MOBHHM oItcoM. ToMy BHHHKa€e TIOTpeda
y CTaHJapTU3allil NOJaHHS METAOIHKCIB 3
BHKOPHCTAHHSAM BiATIOBITHUX OHTOIOTIH,
sIKI BU3HAYAIOTh CTPYKTYPY Ta CEMaHTH-
Ky OKpPEMHX CIIEMCHTIB METaIaHuX. 3a-
cTocyBaHHs MeToniB Data Mining 103Bo-
nse 3000yBaTH HEOOXiNHI 3HAHHS 3 He-
CTPYKTYPOBAHHX CIIEMCHTIB TaKUX METa-
manux. HoBu3Ha  mociipKeHb, sKi 3a-
NPOMIOHOBAHI y Wil poOOTi, mojsrae y
TOMY, IO (OHOBI 3HAHHS, SKi BHKOPHC-
TOBYIOTBCSl Ul aHanizy Big Data ta ix
METAOIMNCIB, TCHEPYIOTHCS aBTOMAaTH30-
BaHO BIAMOBIHO JO MOTOYHOI 3aj7a4i KO-
pucTyBada (Ha OCHOBI CEMAaHTHYHO PO3-
MmiueHnx Wiki-pecypciB Ta moB’si3aHHX 3
HUMH OHTOJIOTiH), 0 3a0e3medye Oimpmr
nepTHHeHTHUI miAlip Habopis Big Data,
3 SIKUX 3000YBaIOThCS TOTPiOHI KOPUCTY-
BayeBi 3HaHHS. Takuil MiAXix T03BOJSE
3MEHIIIUTH 00CIT BHOIpKH, IO 00poOIIs-
€ThCs, Ta 3MEHIIUTH Yac Ta CKIAgHICTE 11
aHami3zy.

KirouoBi crmoBa: Big Data, onromoris,
MeTaJlaHi, CCeMaHTHYHA PO3MITKA.

V]IK 004.04

ABTOMAaTH3allisl PO3B’A3YBAHHA 3a/1a4
3 IUIAHIMeTPil, 3aNMCaHUX NMPHPOTHOIO
ykpaincbkoro Mmoo / O.I1. XKexepyH,
O.P. Cmum. — C. 71 — 80.

Y po6oTi JOCHIIKEHO ¥ OMUCAaHO CTBO-
PEHHSI CHCTEMH Ui PO3B’SI3yBaHHS 3a-
Jad 3 IUTaHIMETPIl 32 JONOMOTOK CydJac-
HUX MOXJIMBOCTCH OOpOOKH MPHPOIHOT
yKpaiHChKOi MOBH Ta po3pO0JICHOT CYKY-
ITHOCTI aJITOPUTMIB OIPAIFOBAHHS TEKC-
Ty 3a1a4i. Po3poOka 0a3zyeThcs Ha aHai-

define the structure of the required
information  objects and explicitly
highlight critical for current task domain
aspects. Subject of rocessing in the
semantics analysis of Big Data is their
metadata  usually  represented by
unstructured natural language text. We
need to standardize the representation of
meta-descriptions wit use of appropriate
ontologies that determine the structure
and content of individual elements of
metadata.

Key words: Big Data, ontology,
metadata, semantic markup.

UDC 004.04

Automation of solving planimetry
problems written in Ukrainian / O.P.
Zhezherun, O.R. Smysh. — P. 71 — 80.

The article focuses on developing a soft-
ware solution for solving planimetry
problems that are written in Ukrainian.
We discuss tendencies and available abil-
ities in Ukrainian natural language pro-
cessing. Presenting a comprehensive
analysis of different types of describing a



31 TEKCTIB IUIaHIMETPUYHHUX 3aJad Ta
aHayi3l JOCTYNMHUX 3aco0iB  0OpoOKH
KMBOI YKpaiHCBKOI MOBH, IO Hapasi Ha-
siBHI. Pe3ympTaToM poOOTH € KiHIeBHA
NIPOrpaMHUN NPOAYKT, HANHCAHUH MO-
Boto Python, mio mae 3mory BupiuryBatu
MPOCTi 3aBJaHHs 3 IUIaHIMETpii.

KirouoBi croBa: ImiaHiMeTpis, 00poOka
NIPUPOJTHBOT MOBH, TOKEHI3allisl, JIeMaTH-
3amisi, pO3MidyBaHHS YaCTHH MOBH, CET-
MEHTaIlisl TeKCTy, BHAOOYBaHHS iH(pOp-
Mariii, po3MideHHH KOPIyC.

YK 004.85

AHaJIM3 METOI0B MALIUHHOIO0 00y4e-
HHA B 3a1a4ax KJaccupukaumu 10Ky-
menToB / A.I1. XKupkosa, O.I1. UrHateH-
ko.—C. 81 -87.

[ly6nukanmss paccMaTpuBaeT MeETOBI
KJaccu(UKauy JOKYMEHTOB MO HaJH-
YUI0 B HUX NedaTd. [ 3Toro mpoaHa-
JU3UPOBAHO YK€ CYILECTBYIOLIHE METO-
Jbl pelIeHHs NaHHOM 3ajauu, Mpeasno-
XKEHO MOJEeNb CBEPTOYHON HEWPOHHOMI
ceTn Ui Kiaccu(uKalny JOKYMEHTOB, a
TaKkXke OTOOpaXEHO 3aBUCHMOCTH KOp-
PEKTHOCTH pabOThl HEMPOHHOW CETH OT
KOJINYECTBA BXOIHBIX JaHHBIX, HA KOTO-
peIX oOydaercst momens. B pesymerare
MIOJy4eHO HEHWPOHHYIO CeTh, KOTOpas
KIaccU(pUIPyeT AOKYMEHTHI 110 Hallu-
YUI0 TI€YaTH C TOYHOCTBIO HEMHOIO
6oubine 88 %.

problem, which shows regularities in the
formulation and structure of the text rep-
resentation of problems. Also, we
demonstrate the similarities of writing a
problem not only in Ukrainian but also in
Belarusian, English, and Russian lan-
guages. The final result of the paper is a
system that uses the morphosyntactic an-
alyzer to process a problem’s text and
provide the answer to it. Ukrainian natu-
ral language processing is growing rapid-
ly and showing impressive results. Huge
possibilities appear as the Gold standard
annotated corpus for Ukrainian language
was recently developed. The created ar-
chitecture is flexible, which indicates the
possibility of adding both new geometry
figures and their properties, as well as the
additional logic to the program. The de-
veloped system with a little reformatting
can be used with other natural languages,
such as English, Belarusian or Russian,
as the algorithm for text processing is
universal due to the globally accepted
representations for presenting such types
of mathematical problems. Therefore, the
further development of the system is pos-
sible.

Key words: planimetry, natural language
processing, tokenization, lemmatization,
Part-of-speech tagging, text segmenta-
tion, information extraction, annotated
corpus.

UDC 004.85

Machine learning methods analysis in
the document classification problem /
A. Zhyrkova, O. Ignatenko. — P. 81 — 87.

Current situation with official documen-
tary in the world, and especially in
Ukraine, requires tools for electronical
processing. One of the main tasks at this
field is seal (or stamp) detection, which
leads to documents classification based
on mentioned criterion. Current article
analyzes some of existed methods to re-
solve the problem, describes a new ap-
proach to classify documentary and re-
flects dependence of model accuracy to
input data amount. As a result of this
work is a convolutional neural network
that classify 708 out of 804 images of of-
ficial documents correctly. A corre-
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KiroueBrie croBa: MammHHOE 0OyUYeHHE,
KIaccu(UKaus, CBEpTOYHBIE HEHpPOH-
HBIE CEeTH, IIOCIeNOBAaTeIbHAS MOJIEINb,
TevaTh.

sponded percentage of model accuracy is
88.03, despite the fact of bias presence in
input data.

Key words: machine learning, classifica-
tion, convolutional neural networks,
stamp, seal.

YK 004.05

Anre0paiuyHe MOJeJIOBAHHS B CHCTe-
Max Mi’KHApPOJHOI Ta MicueBoi 00cCiay-
roByiouoi Joricruku / O. JleTnuesch-

kuii, C. ['opbaTtiok, B. ['opbaTiok. —
C.88-97.

UDC 004.05

Algebraic modeling in international
and local service logistical systems /

O. Letychevskyi, S. Horbatiuk, V. Horba-
tiuk. — P. 88 — 97.

MixHapoaHa Ta BHYTpPIlIHSI OOCIYyTOBY-
109 JIOTICTHKA PO3BUBAIOTHCS HEHMOBI-
PHUMH TEMIIaMH B Cy4acHOMY KUTTI, a
NPOTHO3U PO3BUTKY Ui i€l ramysi
BKpail ONTHMICTHYHI. 3 IMX NPUYUH MHU
3IIITOBXHYJIUCh 3 3a/auei0 KOHTPOJIO,
onrTuMizanii Ta 0e3nedHoi 1 HamiiHoI me-
PEBIPKH KOMIUICKCHUX JIOTICTHYHHX CHC-
TEM 3 BEIMKOIO KUIBKICTIO BHYTPIIIHIX
areHTiB, SKi MIIOTh Y MIHIMBOMY Ta He-
crabinpHOMY cepemoBumi. Lls poOora
Ma€ 3a MeTy I[10Ka3aTh sSK MaTeMaTHYHe
MOJICTIFOBAaHHSI, 30Kpema, airebpa IHoBe-
JIHOK, Ja€ MOJKJIMUBICTh TNEPea0aYNTU
MOBEIHKY Ta CTaOLIBHICTh JIOTICTHYHUX
CEepeNIOBHII, TEPEBIPUTH iX BIACTHBOCTI
Oesrrek Ta HamiiHicTe. OCHOBHHUMH
BJIACTHBOCTSIMH O€3IEKH KOMIUIEKCHUX
CHCTEM JIOTICTHKH Pi3HOI CKJIAIHOCTI Ta
PIBHIB € CTa0iNBHICTE (YHKIIOHYBAHHS,
CTIMKICTh O 3O0BHIIIHIX 3arpo3, BUSB-
JIEHHS Ta YCYHEHHs BpasyuBocTell. Ilpu
PpO3po0IIi MPOrpaMHUX CUCTEM JOIIIHHO
BHKOPHUCTOBYBAaTH MOJENBHHAN MiAXIis.
Bin nepenbauae cTBOpeHHS MOJeNel K
IHCTPYMEHTIB Ha KOXXHOMY €TaIli po3po-
OKM TporpaMHOro 3a0e3MedYeHHs IS 3a-
CTOCYBaHHSI METONIB Bepudikamii, Tec-
TyBaHHS Ta Baiigamii. AnreOpaiuni mo-
JIeTTi JIOTICTUYHHAX CHCTEM MOXYTh OyTH
BUKOPHUCTAaHI JUIsl aHami3y TMOBEAIHKH
BCIX 3aJy4eHHMX arcHTIB i JOBEICHHS ix
3/1aTHOCTI BUKOHYBATH CBOI IJIi Ta 3/1aT-
HOCTI BCi€i cHcTeMH MOCTIMHO iCHyBaTh
Ta 3JIMIIATHCS CTabiIbHO0. SIK mpuKIa-
I TPaKTUYHOTO BUKOPHCTAHHS PO3TJIs-
HYTO 3aCTOCYBaHHS Ha NPaKTUIL aireo-
pY TOBENIHOK Ha MpPHKIALl Jifo4oi 3a-

International and internal service logis-
tics are advancing at a tremendous pace
in our modern life, and future forecasts
for this area are optimistic. For this rea-
son, we face a task in the control, opti-
mization and safety and security check-
ing of complex logistical systems with
many internal agents working in a chang-
ing environment. Our paper aims to show
how mathematical modeling, especially
behavior algebra, can provide an oppor-
tunity for predicting the behavior and
stability of logistics environments and
checking their safety and security proper-
ties. The main security properties of
complex logistics systems of different
capacities and levels are stability of op-
eration, resistance to external threats and
detection and elimination of vulnerabili-
ties. During the development of software
systems, it is advisable to use a model
approach. It involves the creation of
models as tools at every stage of soft-
ware development for the application of
verification, testing and validation meth-
ods. Algebraic models of logistics sys-
tems can be used to analyze the behavior
of all agents involved and to prove their
ability to fulfill their goals and the ability
of the whole system to constantly exist
and remain stable. As examples of prac-
tical use the application in practice of al-
gebra of behaviors on an example of the
operating closed logistic system of a
farm is considered.

Key words: behavior algebra; insertion
modeling; formal verification; supply
chain; model-driven development; secu-
rity properties..



KPUTOT JIOTICTUYHOI cUCTeMHU (hepMepCh-
KOT'0 TOCIIOIapCTBa.

KirouoBi croBa: anredpa NoBeAiHOK, 1H-
cepuiiiHe MoJeTIOBaHHs, (OopMalbHa Be-
pudikaris, TaHIIOKOK ITOCTaYaHHSA, MO-
JIeTbHO-OPIEHTOBaHI PO3POOKH, BIIACTH-
BOCTI Oe3meKu.

VK 004.5

YupasiiHHSA npouecoM KOOpPAUHALIL Yy
couiorexHiuniii cucremi / JLA. INipuen-
ko, A.1O. [lopomenko, }O.B. 3106puiipka.
—C.98-109.

VY crarti  po3MIAAAIOTECA TEOPETHYHI
3acaayl YNpaBIiHHSA MPOIECOM KOOPIH-
HAIlil ¥ COMIOTEXHIUHIN CHCTEeMi; HOCIi-
DKeHO 0a3y KOpPIOpAaTHBHHMX 3HaHb
IT-kommaHii; mpoaHami30BaHO TpoOIEeMHU
KOpUCTYBaHHs 0a30l0 KOPHOPaTHBHUX
3HaHb KOMIIaHii; HAKPECJIECHO HaIpsMH
MEepeTBOPeHHsT  0a3W  KOPIOPaTHBHUX
3HaHb; BU3HAYCHO THIU MPOCTOPIB y 0a3i
KOPIOPaTHBHUX 3HaHb Ta METOIU Kepy-
BaHHS HUMH. PO3IIIIHYTO OCHOBHI Xapa-
KTEPUCTUKH COLIOTEXHIYHOI CHCTEMH,
sIKi 3a0€3MeUyI0Th YCIIX y 3aroCTpeHii
KOHKYpPEeHTHIHf O0poTb0i 1 OmHOYACHO
XapaKTepU3yIOTh PIBEHb PO3BUTKY HOBO-
ro yHNpPaBJIiHCHKOTO MHCIIEHHS. 3 MpOBe-
JICHOTO JIOCII/KEHHSI CTae 3pO3YyMLUIMM
HACJIJIKM BIUTUBY iHQOpMaUiiHUX Tex-
HOJIOTIM Ha JiSJIBHICTH JIIOJCBKUX Opra-
Hi3aIlisfX Ta PUHKH, BaXIIUBICTh KOOPIH-
Harii y 0arateox BHIIaX CUCTEM. Y CTaTTi
BU3HAYEHO OCHOBHI KOMITOHEHTH KOOp-
JWHaMii, 341HCHEHO MPOTHO3U TPO MOXK-
JUBI HACHIIKM CKOPOYEHHS KOOpAWHA-
LifHUX BUTpaT. 3HAYHy yBary B CTaTTi
MPUIISETHCS OCOOIUBOCTIIM TIOOYTOBU
Ta HaJaro/DKEHHs IPOIECIB KepyBaHHs
06a3aMy KOPIIOPAaTHBHUX 3HAHb COIIO-
TEXHIYHUX CUCTEM; METOIMYHUM MiIXO0-
JlaM 1 IpakTHii 3a0e3neyeH s KepyBaHHs
MPOIIECOM KOOPJHMHAIIT y COIOTEXHIY-
Hill cucteMi. [IpociiIKOBYEThCS TCHICH-
ISl 10 MPUCKOPEHHSI TIOSIBH PI3HOMAHIT-
HUX BHIIB. TakoX BH3HAYEHO OCHOBHI
HaTpsAMHU TEPEeTBOPEHHA 0a3u KopHopa-
TUBHHMX 3HaHb, OKPECIEHO MEePCIEeKTUBH
MOJIAJIBIIOT0 PO3BUTKY KEpPYBaHHS IPO-
LecoM KOOpAuHamii y COIIOTeXHIYHIN
cucreMi. B pesynbrari BU3Hau€HO THIH
MPOCTOPIB Y 0a31 KOPHOPATUBHUX 3HAHBb

UDC 004.5

Management of the coordination
process at the sociotechnic system /
L.A. Girchenko, A.Yu. Doroshenko,
Yu.V. Zyubrytska. — P. 98 — 109.

The article considers the theoretical prin-
ciples of management of the coordination
process in the socio-technical system; the
base of corporate knowledge of the IT
company is investigated; the problems of
using the  company's  corporate
knowledge base are analyzed; the direc-
tions of transformation of the corporate
knowledge base are outlined; the types of
spaces in the base of corporate
knowledge and methods of their man-
agement are defined. The main charac-
teristics of the socio-technical system are
considered, which ensure success in the
intensified competition and at the same
time characterize the level of develop-
ment of the new managerial thinking.
The study clarifies the effects of infor-
mation technology on the activities of
human organizations and markets, the
importance of coordination in many
types of systems. The article identifies
the main components of coordination,
forecasts about the possible consequenc-
es of reducing coordination costs. Con-
siderable attention in the article is paid to
the peculiarities of construction and ad-
justment of management processes of
corporate knowledge bases of socio-
technical systems; methodological ap-
proaches and practice of ensuring the
management of the coordination process
in the socio-technical system. there is a
tendency to accelerate the emergence of
various species. The article identifies the
main directions of transformation of the
corporate knowledge base, outlines the
prospects for further development of
management of the coordination process
in the socio-technical system. As a result,
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Ta 3alpONIOHOBAHO PEKOMEHMALIl MI0/0
METOJIiB KEPYBaHHS HUMH.

KrouoBi cimoBa: MEHEIKMEHT 3HaHb, Oa-
32 KOPIIOPATUBHUX 3HAHb, MOTIHOJICHE
NOJIaHHs 3HaHb, 1H(GOPMALIHHUKA Ipoc-
Tip, IT-KOMIaHisA, COLMIOTEXHIYHI CHUCTE-
MHU.

VIIK 004.415.2. (043.3)

BinnocHo exocucremm apredaxriB
NMPOrpamMHoOro 3a0e3ne4yeHHs /
M.O. Cunopos. — C. 110 — 120.

VY mporieci po3poOKH Ta CYIPOBOIKCHHS
MIPOTPaMHOTO HPOIYKTY CTBOPIOETHCS 1
BUKOPHCTOBYETHCS OaraTo pedeil, ki Ha-
3MBAIOTHCS apTe)akTaMyu HPOTPaMHOTO
3abe3nedeHHs. ApTedakTH IporpaMHOTO
3a0e3MeUeHHsT  CTBOPIOIOTHCS, 3MIHIO-
I0ThCSI, TIOBTOPHO BHKOPUCTOBYIOTHCS Ta
3MIHIOIOTh B33a€MO3B'SI3KM y MpoIecax
pO3poOKH Ta CYHNpOBOKEHHS MPOrpam-
HOro npoxykTy. CKIagHiCTh Ta pi3HOMa-
HITHICTh ~ B3a€MO3B’SI3KiB  apTedakTiB
MIPOTPaMHOT0 3a0e3MeUYeHHs BUMararoTh
aJleKBaTHUX 3aco0iB ONHCY Ta KepyBaH-
Hi. BoHM MOXyTh OyTH €KOCHCTEMOIO
apTedakTiB MPOrpaMHOTO 3a0C3MEeUCHHS.
VY crarTi BHepiie 3alpoNOHOBAaHO KOH-
LEMII0 EeKOCHCTEMHU apTe(akTiB IMpo-
rpamHoro 3a0esmedeHHs.  Konmerniris
ONUCYE 3arajbHy MOJENb EKOCHUCTEMH
apredakTiB MPOrpaMHOro 3a0e3MeUYeHHS,
ska € oM exocucremu Cornerstone i
CKJIQJAEThCSl 3 TPHOX CYO'€KTiB — ILIAT-
¢dopmu, mporpamMHOro 3abe3nedyeHHs Ta
apredakry. Ha ocHOBI 3araipHOT Mozeni
ornmcana SD Mozenb €KOCHCTEMH apTe-
¢akTiB mporpamMHOro  3a0€3MeYCHHS.
BxasyroTecst poni cy0'eKTiB y eKocucTe-
Mi, OIUCYIOTBCSI B3a€MO3B'SI3KH MIXK aK-
Topamu. [lisuIbHICTE po3poOHUKA Oyne
e(eKTUBHINIOW, mporpaMHe 3abe3re-
YeHHsI 3pOo3yMiINM, a po3poOka Ta 00-
CIIyTOBYBaHHSI JICIIEBINE, KOJIH BUKOPHUC-
TOBYIOTBCS CTHII (cTannmapTth). Sk Tema-
THUYHE JOCIHIKeHHS, HA OCHOBI 3arajb-
HOT MOJIEJi €eKOCHCTEMHU apTe(aKTiB Mpo-
rpaMHOTO 3a0e3nedeHHs Oyna po3poo-
JIeHa JICKJIapaTHBHA MOJEIb EKOCHCTEMHU
CTHJIIO TIPOTPAaMyBaHHS. 3allPOIIOHOBAHO

the types of spaces in the corporate
knowledge base are identified and rec-
ommendations for methods of managing
them are offered.

Key words: knowledge management,
corporate knowledge base, in-depth
knowledge representation, information
space, IT company, socio-technical sys-
tems.

UDC 004.415.2. (043.3)

Toward softare artifacts ecosystem /
N. Sydorov. — P. 110 — 120.

In the process of developing and main-
taining a software product, many things
are created and used that are called soft-
ware artefacts. Software artifacts are cre-
ated, changed, reused, and change rela-
tionships in the development and
maintenance processes of a software
product. The complexity and variety of
software artifact relationships require ad-
equate means of description and man-
agement. They may be a software arti-
facts ecosystem. In the article, for the
first time, a concept of a software artifact
ecosystem is proposed. The concept de-
scribes a generic model of the software
artifacts ecosystem, which is the Corner-
stone ecosystem type and consists of
three actors — the platform, the soft-
ware, and the artifact. Based on the ge-
neric model, the SD model of the soft-
ware artifacts ecosystem is described.
The roles of actors in the ecosystem are
indicated, the relationships between ac-
tors are described. The developer's ac-
tivities will be more efficient, the soft-
ware is understandable, and the devel-
opment and maintenance is cheaper
when the styles (standards) are used. As
case study, based on the generic model
of the software artifacts ecosystem, a de-
clarative model of the programming style
ecosystem has been developed. Three-
level model of programming style arti-
fact is proposed. The tools and processes
for creating and using a programming
style artifact are developed and de-
scribed.



TpUpiBHEBA MOJENb apTeakTy CTHIIIO
nporpamyBaHHs. Po3pobieno ta omuca-
HO IHCTPYMEHTH Ta IPOLECH IJISi CTBO-
PCHHS Ta BUKOPHCTAaHHS apTedakTy cTu-
JIFO TIPOTPaMyBaHHS.

Kiro4oBi cioBa: iH)KeHepist IporpamMHO-
ro 3abe3neyeHHs, apTedakT NporpamMmHO-
ro 3a0e3MeueHHs], eKOCUCTEeMa IIPOorpaM-
HOrO 3a0e3leueHHs, INpPOorpaMmyBaHH:,
CTHJIb IPOTPaMyBaHHs, OHTOJIOTS.

Key words: software engineering, soft-
ware artifact, software ecosystem, pro-
gramming, programming style, ontology.
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Mpudrt 15 nr, HaMIBKXUPHUH, PETICTP BEPXHIM.

Anomauin (moBoro crarri): 50-100 cniB, He MicTUTH abpeBiaTyp, 3pO3YMITHX 13 3MICTY
crarti. lpudt 10 nr, 38uuaiinumii.

Knrouoei cnosa (moBow crarri): He Oibinel 0 cniB, He MICTUTH a0peBiaTyp, 3pO3YMUIHX 13
3MICTY CTaTTl, HOJAIOTHCS B HA3UBHOMY BIJIMIHKY, po3aiieHi koMmamu. lpudTt 10 nrt, 38uuaituii.

3azonosox 2 (na3Ba posainy): mwpudrt 14 nr, HamiBKUpHUNA; ab3al 13 LEHTpPaJbHUM
BHUPIBHIOBaHHM, 0€3 MepeHOCIB. 3aroj0BKH HMKYOTO PiBHSA (MYHKTH 1 T.II.) Y caMOCTiiHUI a03ar
HE BUJIUISIIOTBCA 1 MPOXOJATH NMEPIIUM PEUEHHSIM TEKCTOBOTO ad3aiy, mpudt 12 nt, HamiBXupHUH.

Ocnoenuii mexkcm cmammi Ma€ Takl HEOOX1IHI €JIEMEHTH:

[IOCTAaHOBKA MPOOJEeMH B 3arajJbHOMY BUIJISAAL 1 ii 3B'A30K 3 BOXJIMBUMH HAayKOBUMH 200
NPaKTUIHUMU 3aBJaHHIMH,

aHaJli3 OCTaHHIX JOCHIJDKEeHb 1 MyOJiKaliil, y SKMX po3MoyaTo pillleHHs AaHOI MpoOJIeMH i
Ha SIKI CIIMPAETHCS aBTOP, BUJALICHHS HEBUPILIEHUX paHILIE YaCTUH 3arajlbHOI MpoOJIeMH, SKUM
MPUCBAYYETHCA JaHa CTATTS;

dbopmyroBaHHS II1JI€H CTATTi (MMOCTAaHOBKA 3a7a4i);

BUKJIAJl OCHOBHOI'O MaTepially JIOCHI/PKEHHS 3 MOBHHUM OOIDYHTYBaHHSM OTPUMAaHUX
HAyKOBHX PE3yJIbTaTiB;

BUCHOBKHM 3 JAHOTO JOCHI/DKEHHA 1 TMEPCIeKTUBU TMOJANBIINX PO3POOOK y JaHOMY
HaTPsIMKY;

mojsKa (3a HassBHOCTI TaKo1).

Dopmynu cTBOpIOIOTHCS B pepakropi Microsoft Equation 3.0 abo MathType. ®opmyiu, Ha
SKi € MOCHJIaHHS B TEKCTi, MOBUHHI MaTH HACKpi3HY Hymepailito. Homep dopmynu apyKyeTbest B
KpPYIIIUX JTy’KKax Oiist Kpato mpaBoro moisi. Po3Mmip ocHoBHOTO mpudty pemakropa popmyn — 12
nT. Po3Mipu cumBoutiB y dpopmynax: 3BuyaiiHuil — 12 0T, BeNMKHUH iHAEKC — 9 0T, ApiOHUMA 1HIEKC —
7 nt, Benukui cumBoa — 18 T, npiOHmit cumBon — 1lnT. He momyckaerbcsi macumiTaOyBaHHS
(bopMyIbHUX 00 €KTIB.

Pucynku maroTh 6yTu cTBOpeHi BOynoBanuM penaktropom Word Picture abo excriopToBaHi 3
npukiagaux nporpam Windows y rpagiunux dopmarax (bmp, pex, gif, jpg abo tif). Pucynku
pPO3TalIOBYIOTECS MO MEHTpy. Hymepariiss pUCYHKIB 3IIHCHIOETHCSA BIATMOBIAHO O TOPSIAKY
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3rajiyBaHHs y TeKcTi. HymepoBaHi miAMucH po3MiIIyrOThCs MiJl pUCYHKOM 3 Mo3HaueHHsIM «Puc. »,
Jlaii BKa3yeThCsl HOMEp PUCYHKA 1 TEKCT MIIIUCY.

Tabnuyi maioTh OyTH MIATOTOBJIEHI cTaHAApTHUM BOynoBaHuM B Word iHCTpyMeHTapieMm
“Tabmuus”. Tabmuii HyMEepyIOThCs 32 TOPSAJIKOM 3raayBaHHs. Ha Homep Tabmuili MOBUHHO OyTH
nocuiIaHHs B TekcTi. Homep Tabmuii BKa3yeTbcs B OKPEMOMY PAIKY 3 BUPIBHIOBAaHHSM IO TpaBiit
cTopoHi (Hampukian, «Tadmuis 1»). Ha3Bu Tabnuip po3MINIyIOThCA HaJI TaOIUICHO 3
BUPIBHIOBAaHHSM 1O HEHTPY. MiHIMaNbHUHN po3Mip mpudTy B Tadbmuisx — 11 oT.

Jimepamypa: nymepoBanuii cnimicok mxepen 3rigao JICTY 8302:2015 Bix 01.07.2016 p.,
mpudT 11 nT, Biactyn: crnenianbuuii, HaBucaui, 0,63 cm.

Jimepamypa anzniiicekolo moeoro (References): crucok BUKOPHCTOBYBAaHHX JDKEPEI
srinno Harvard Style. Ixepena 3 3arojoBkamMu Ha JAaTUHMII HAaBOAAThCS Oe3 mepekmamy. s
JiTepaTypu JDKEpel Ha MOBaX, IO HE BHKOPHUCTOBYIOTH JATHHCHKHHA andasiT, HEOOXI1THO
3a0e3MeUnTH MEePEBEICHHS Ha3B JDKEPEN 1 BKa3aTH Micis HUX Yy Ay)KKax MOBY opurinaiy. [Ipi3Buia
Ta IHIIaIM aBTOPIB CJIJI TPAHCIITEPYBaTH 3a NpPAaBWIAMH, SK I 3aKOPJOHHOTO TaclopTa.
[Mpukiaau opopmieHHs 6i0miorpadivHuX Mmocwianb 3rigHo 3 BuMoramu Harvard Style naBeneHi B
0aratbox nyOsiKamisx, HaIPUKJIIA], 3a CJICKTPOHHOIO aZIpecoro
http://www.staffs.ac.uk/assets/harvard_referencing_examples_tcm44-39847.pdf

Jlani npo asmopis. maroTh nouuHatucs psaakoMm “Ilpo aBTopiB:”, HaMIBKUPHHUIA KypPCHB.
Jami BKa3yroTbes Jisi KokHOTO 3 aBTopiB I1Ib moBHIicTIO, HaykoBe 3BaHHsA, IMMOCaaa, ajapeca,
KUIBKICTh MyOJiKaliid B YKpaiHChKUX BUAAHHAX (MPUOIM3HA), KUIBKICTh MyOiKaliid B 3apyO0iKHUX
1H/IEKCOBaHMX BHJIAHHX (MpuOnM3Ha), iHAekc Xipma (3a HasgBHOCTi), 000B’s13k0B0 HOMep ORCID
(caiir ORCID http://orcid.org/).

Jlani npo micuye pobomu aemopie. TOYMHAIOTHCS paakoM “Micie poOOTH aBTOPIB:”,
HamiBXUpHUNA KypcuB. [lami Bka3yroThcs Micuie poOoTH, aapeca, TenedoH, (akc, elneKTpOoHHA
TOIITa, KOHTAKTHHUH Tene(oH.

3. Odopmienns paiiay 3 anHoTanisiMu.

@ailn 3 aHOTaLiAIMU MICTUTH 1HGOpPMAIlI0 JBOMAa MOBAMM (HANpHUKIaA, SKIIO CTATTA
HanucaHa YKpaiHCbKOIO MOBOIO, TO AHOTAIlisl Ta KIIOYOBI CJIOBa — aHIJIIHCHKOIO 1 YKpPaiHCHKOIO
MoBamH) Ta Mae Oytu odopmitenuii y aBi kononku: YK (mpudt — 8 nt); HaszBa crarti (upudt —
12 0T, HamiBXUPHUN); Npi3BUINA Ta iHiliand aBTopiB (pudt — 12 n0T); TEKCT aHOTAIil, KIFOYOBI
cioBa (wpudt — 10 nr).

Bumoru 1o anorarii anrmiiicbkoro MoBoro: oocsr Big 100 mo 250 cniB, iHPOPMATHBHICTD,
OpPUTIHAJIBHICTh (HE € KaJbKOI0 YKpaiHChKOi aHOTallli), 3MICTOBHICTb (B1A00OpaXka€ OCHOBHUN 3MICT
CTaTTi 1 pe3yNabTaTu AOCHIKEHb), CTPYKTYPOBaHICTh (JOTPUMYETHCS JIOTIKH OMKCY PE3YJbTaTiB Y
CTaTT1).

JokymeHT 30epiraethest y opmati doc abo docX. Im's momaeThest TpaHCIITEpali€ero, K
npi3Buine aBTopa (aBTopiB), Hanmpukiad, “Petrenko_Annot.doc”.

*16.07.2020 p. HaOynm 4YMHHOCTI MoOJOXEHHA 3akoHy Ykpainu «lIpo 3abe3medeHHs QYHKIIOHYBaHHS
YKpaiHCBKOT MOBH SIK JiepkaBHOI». BinmosigHo no crarti 22 «/lepxaBHa MoBa y cdepi HAyKH» y HAYyKOBUX BHAAHHSIX
HE MOBUHHO OYTH BMIILIEHO MaTepiaiiB iHIIMMU MOBaMH, OKPIM JIepKaBHOI, aHTITIHChKOi Ta MOB €C.

[Mpumitka: [linnucHuii inaekc xypraity "[Ipobaemu nporpamyBanus" — 90853.
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