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MMOBYJIOBA T'IC-THTETPOBAHOI CUCTEMHU JAHUX TA MOJEJIEA HA
OCHOBI XML-®OPMAJI3ALII JIJI1 MOJEJIOBAHHSA ITPOLIECIB ¥
PIYKAX

Ilposedeno awnaniz eidomux Gopmamis ¢hopmanizayii mamemamuyHux mooenetl ma NpoCmMopPOBUX
Gopmamie, sKi € akmyanvHuMu 01 00pobIeHHS OaHux i ModentosanHs npoyecis y piukax: PMML, MathML,
SBML, GML, WaterML, 3a cucmemor Kpumepiis: KiibKiCmb K1aCi6 MaAMeMamuyHux mooeneti Ha NPukiaoi
3a0ay MOOENBAHH NPOYecie y piuKkax;, HAAGHICMb pPeno3umopiie exce i0enmugikosanux mooenetl,
iHmezpy68anHs 3 MOBAMU NPOSPAMYBAHHS, HAAGHICMb cneyuiunux mezig 0 pobomu 3 NPOCMOPOSUMU
OaHUMU; HAABHICMb Cepedosuly Ol aA8MoMamu308anoi gopmanizayii ma imnopmy/excnopmy XML-
MoOeneti. 3anpononosano inmezpanvhull Kpumepii. Hasedeno npuxnaou 3acmocysanus yici cucmemu
Kpumepiie 01 6ubopy onmumanviozo XML-chopmamy Ons 30epescenus oanux i moodeneil 3a pi3HUX 8ae
NeGHUX Kpumepiis ma ymos: AKuj0 OCHOBHUM KPUEPIEM € HASGHICMb 2e0NpUB’a3KU, Mmool ONMUMATLHOIO
XML-moso10 € WaterML, sikujo — mooicaugicmos gpopmanizayii Oy0b-saKux aHarimuyrux mooeinel, ocooiuo
eiopobionociunux, modi — SBML, a saxwo HeobXiOHOW € asmomamu3zayis aicopummis umy4Ho2o
inmenexmy, mooi — PMML.

Oxapaxmepuzo8ano 8i0oMmi mexHonozii 36epesicennsi ampudymusHux ma npocmopogux oavux 1'1C ons ix
asmomamu3zogaroeo oopoonenns: KML, Shapefile, GPX, GeoJSON, SXF, 6aza eeodanux ArcGlIS, Spatialite
(SQLite), Maplnfo TAB format. Biosnaueno, wo 3a Kpumepiem KilbKocmi 32a0y8anb 6 OOKYMEeHmAax 3i
COBOM «map», AKI 3Haxooums nowyxosa cucmema Google, Haubinbw nonyaiapuumu y ceimi € gopmamu
KML (22 man.), GPX (20 man.) ma Shapefile (11,5 man. ).

Bnepwe sanpononosano cmpyxkmypy ['IC-inmeeposarnoi cucmemu oanux i mooeneti Ha ocHogi XML-
Gopmanizayii. ma npointocmpogano i npaye30amuicmeb HA RPUKIAO0i NPOSHO3Y8AHHS CepeOHbOPIUHUX
sumpam 600u ons 50% 3abesneyenocmi 3a bazamopiunuil nepiod y bacetini piuku /[nicmep y cepedosuyi
KNIME Analytics Platform.

Ompumani  pesyromamu  003601510Mb  3a0e3nedumu  WEUOKICmb  No6Y008U, VHIBEPCANbHICIb  Md
wupokuii pyuxyionan I'lC-inmeeposanux cucmem 6a3 0anux i mooenel.

Knrouosi cnoea: zeoingpopmayiiina cucmema, mamemamuuyna mooenv, d6aza oanux, XML, PMML,
MathML, SBML, GML, WaterML, KNIME, modentosanns npoyecis, piuxa.

Beryn

Amnani3 nyOmikamii y xypHanax 31 3HauHUM iMIakT-pakTopoM i3 cucremu SCOPUS cBiguuTs,
10 TPOOJIEMOI0 MOJICTIOBAaHHS Ta ONTHUMI3allii MPOLECIB y CKIAJAHUX KiOEpHETHUYHUX CHUCTEMax 3
BukopuctanHaM [IC 3aiimaeTbcsi BelMKa KIJIBKICTh BYEHHX 13 TPOBIIHUX YHIBEPCHUTETIB Ta
HAYKOBHX yCTaHOB Oaratbox KkpaiH cBity: CILA, Kanana, Himewuuna, ®panuis, Higepmanau,
Oinnsanis, Icnanis, Hopseris, TaiBans [1 — 9] Tomo. bBinbImicTh HAyKOBUX KOJICKTHBIB
po3polbIIsIOTh By3bKocmenianmizoBani ['IC-iHTerpoBani 0a3u maHux 1 Mojened (HampukiIam, is
MOJIeNIOBaHHs cTaHy BoJ [1] abo 3a0pyanHeHHs moBiTps Hax €Bpororo [2]), onHaK, TaKUHM MiaxXin
oOMexxye iX po3BUTOK. baratbma BueHuMHM VYkpainu, y T. 4. 3 iHctuTyTiB HAH Vkpainn
(Crpmxkak O. €., Kenezusik M. M., €guin €. O. Ta iH.), Ta OaraTbMa 3aKOPJJOHHHUMH BUYCHUMU
BeIEThCS poOOTa, MEPEeBaXHO, HaJl CTBOPeHHAM oHTOsoT yHNX ['IC-iHTerpoBanux 6a3 manux [3, 4],
abo cucreM Ha 0a3i Bimomux mporpamHux Iardpopm (Hampukiang, OpenMI, OMS, TIME,
KEPLER, FRAMES, MODCOM [5], po3noainernx 00’ €kTiB-00ropTok [6]). OnHak, Takuil miaxin
YCKJIATHIOE SIK MPOCKTYBAHHS MOMIOHUX CHCTEM, TaK 1 PO3BUTOK 1X aHAJTITUYHUX MOMKIHBOCTEH, a
TaKOX X BUKOPHUCTaHHS ISl ONITUMI3AIlil mapaMeTpiB MaTeMaTHYHUX Mojenei. HaTomicTh, BUeHi 3
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00poOku MeauuHoi Ta OionoriuHoi iH(opMmarii BUKOPUCTOBYIOTh MOBH XML-po3MiTku (mpuyomMy
sk cenudivni g ix ramysi — CellML, SED-ML, SBML, Tak i yHiBepcansHi — MathML, PMML
[7, 8]) mis dopmamizamii ycix mapameTpiB Mojened, y T. 4. HUIIXOM IMIOPTY IHUX MoJenel 3
BIZIOMUX OOYMCIIIOBAJIbHUX IAKETIB, IO J03BOJISLE€ iM (popMyBaTu MIKHAPOJHI pemno3uTapii IMXx
mopeneil. OfHaK, B TaKUX CHCTEMax HEJOCTaTHS yBara NMpHAUIeTbes (popmanizarii, 30epiranHio
pOCTOPOBOi 1H(OpMaLii Ta IHTErpyBaHHIO 3 HEl0. [HIUM miaxoxoMm € GopMyBaHHS MPEIMETHO-
opieHTOBaHHMX MOB nporpamyBanHs (DSL), ane HasBHI aHAJIOTH 4YM 1X TPOTOTHUIIH HE 3a0€3MeUyI0Th
JIOCTaTHIO B33a€EMOJII0 Ta iHTEpOINEpadenbHICTh 3 pPi3HUMH (¢opmaramMu 30epiraHHs HaHUX 1
MOJIETIEH.

Jnis BUpILNICHHS 3a3HAYEHUX MPOoOJIeM JOIUIBHO PO3POOUTH YHIBEpPCAIbHI MIAXOAU IS
dopmanizanii meraganux mnpoctopoBux naHux [IC Ta 3aco0u iHTErpyBaHHS LUX TaHHUX 3
MaTeMaTHYHUMH MOJEISIMH, (OpMalli30BaHUMHU y CTaHJapTHUX MoBax po3mitku MathML, CellML,
SBML To0, 3 MeTonamu 06po0ku ganux (DataMining Ta iH.), popMani3oBaHUMHU Y MOBi pO3MITKH
PMML. Take iHTerpyBaHHs pi3HUX (opMmariB Ta HiAXoniB a0 (opmamizauii JaHUX 1 Mojenen
3a0€3MeUnTh MBUIKICTh MOOYIOBH, YHIBEpPCATIbHICTh Ta WUPOKUi QyHKIioHan ['IC-inTerpoBaHux
cucteM 0a3 JaHUX 1 MOJIENIEH.

MeTto10 i€l cTaTTi € aHaii3 BIIOMHUX TEXHOJIOTIH Ta ¢opmari hopMaiizauii JaHUX 1 Mojeen
Ta moOyaoBa Ha ix ocHOBI equHOi ['IC-iHTerpoBaHOi CUCTEMH JaHUX Ta Mojeneil Ha ocHoBi XML-
dopmanizarii.

OCKUTbKH B 3arajlbHOMY BUTJISII aHAJi3 yChOTO PO3MAITTS JaHUX Ta Mojeed Ha ocHoBI XML-
dopmamizaliii € HaATO BETUKOIO 3a/1a4€0, BApTO 3BY3UTH 3a/ady JIHIIE JI0 33Ja4 MOJETIOBAHHS
IPOIIECIB Y piuKax, OCKUIbKH BOHA € JIy’Ke aKTyalbHOIO Uil YKpaiHu, 10 3aiMae OCTAaHHE MiCLIE B
€BpoIIi 10 CTOKY ITOBEPXHEBUX BOJ Ha | JIIOMHY Ha PiK.

Amnaui3 Binomux moB XML-po3MiTku MaTeMaTHYHUX MoJieJieil Ta cepeaoBUII IJIA iX
aBTOMATH30BAHOT0 00pPO0JIeHHS

st MOCSITHEHHS TTOCTaBJIEHOT METH HEOOXiTHO, TIEpII 3a BCE, MpOoaHaIi3yBaTH HasBHI THIIOBI
MOoBH XML-po3miTku miisi 30€peXeHHs MOJeNe JaHWX, HasBHI THUIIOBI (opMaTu 30eperKEeHHS
aTpuOYTUBHHUX Ta TpocTopoBuX naHmx reoiHdopmariianx cuctem (I'IC) Ta BuU3HAUUTH SKUM
YUHOM YCi Il BUAM JAHUX 1 MOJEJIeH MOKHAa aBTOMAaTU30BAaHO T4 MAKCUMAJIbHO IIBUAKO 1 HAIIHHO
IHTErpyBaTH MK CO00I0.

[IpoBeneHO MOPIBHAHHS HASBHUX TUIIOBUX MOB XML-pO3MITKH 32 TAKUMU KPUTEPISIMH:

— X| — KUTBbKICTh KJIaCIB MaTEeMAaTHYHHUX MOJEJICH Ha MPUKIAAl 3a7a9 MOJEIIOBAHHS MPOIIECIB Y
piukax: 3a 1,0 o6pano MathML, B sxomy MoxkHa (opmatizyBaTu Oyab-sSIKMH aHATITHIHHN BUpPa3,
IIOJI0 IHINUX OIIIHEHO $KYy KIJBKICTh THUIIOBHX MaTeMaTHYHUX MOJENed Ha MPUKIaal 3a1ad
MOJICITFOBAHHS MPOIIECIB y plUKax MOXKHA Y HUX (popMastizyBaTu;

— X, — 4M HasABHI peNo3uTOpii Bke iMeHTU(]IKOBAHMX MOENeH (HE TITBKHM IIa0JIOHIB): SKIIO
HasiBHUI TMOBHOIIIHHUM PEMO3UTOPiH, To X, = 1, iHaKIIe B 3aJI€KHOCTI Bl YaCTKH KJIaciB MOJACIICH y
PEMO3UTOPISAX BiJ 3araibHOI KiIJIBKOCTI KJIaciB MOJEJICH B 3a/1a4ul MOJICTIOBaHHS IPOIIECIB Y pIuKax
X>Big 0 o 1;

— X3 — iHTerpyBaHHS 3 MOBaMH IPOTpaMyBaHHS: SIKIIO ICHYIOTh JIOCHUTh YHIBEpCajdbHI MOBH
MporpamMyBaHHS 31 CIEMIAIBHUMHU 010J1I0TeKaMH I IPSIMOTO OTIEPYBaHHS 1H(GOPMAIIIEID Y TIbOMY
dbopmari, MO BIAKPUBAE MPAKTUYHO HEOOMEKEHI MOXKJIMBOCTI 1O KEpyBaHHS ITaHUMU Ta iX
aBTOMAaTH30BaHOi 00poOKH, ToAl X3 = 1, iHakme — X3 = 0;

— X4 — HasIBHICTh cHeNM(IYHUX TETIB IJIsI POOOTH 3 MPOCTOPOBUMH JaHUMU (HIETHCA HE TIPOCTO
PO MOKJIMBICTh 3aMKUCY MTPOCTOPOBUX KOOPJWHAT B OKPEMi aTpuOyTH, a caMe Mpo crienuiaai 1is
MIPOCTOPOBOTO aHAJII3Y TErH): SIKIIO TeTH ICHYIOTh, Toal X4 = 1, iHakme — X4 = 0;

— X5 — HasBHICTh CEPENOBHII JUIsl aBTOMATH30BaHOi (popmaizamii Ta immopry/ekcopty XML-
Mojiesiel (0axaHo, OE3KOITOBHUX («Open SOurce») CepeIoOBHIN): SKIIO Xoua O OJIHE CEpeIOBHIIE
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icuye, Toai Xs = 1, inakme — X5 = 0.
Sk iHTerpanbHU, MPOTIOHYEMO BHOpATH TaKUi KIIAaCHUHUIN KpuTepiit Jx:

N
Jo = X. 1
X .Z Wle ’ (1)
i=1
nie w,— Bara i-ro kputepito (i = 1, ..., N), 1110 BU3HAYAETHCSI €KCIIEPTHUM IIIJISIXOM 1 3a/10BOJIbHSIE
YMOBI:
N
> ow.=1. (2)
. i
i=1

[IpoananizoBano MoBu XML-po3MiTKH, sIKi MOXKYTh OyTH KOPHUCHUMH JUIsl (hopmaiisalii B HUX
MoJieNiell IpoIleciB y piukax 3 HaBHUMH PENO3UTOPIIMU HUX MOAeNel (SK yHiBepcalbHi (hopmaTH,
Tak 1 cnenudiuHi I TiApoOIONOTIYHUX Ta TiAPOJOTIYHUX MOJENeH, a TakoX JUId MOAENeH 3
reoiH(popMaliifHOIO PUB’ SI3KOI0):

— PMML (3 anrn. «Predictive Model Markup Language») — ocHOBHa yHiBepcajbHa MOBa
PO3MITKH Mozienelt mry4yHoro inrenexty (http://dmg.org) [9 — 11];

— MathML (3 anrn. «Mathematical Markup Language») — yHiBepcaibHa MOBa PO3MITKH
MaTeMaTHYHUX CUMBOJIB Ta ¢popmyn (https://www.w3.org/Math/);

— SBML (3 anra. «Systems Biology Markup Language») — MOBa pO3MITKH Ui MaTeMaTHYHUX
Mojeneit Oionoriunux mpouecis (http://sbml.org) [7, 8, 12];

— GML (3 anrn. «Geography Markup Language») — MoBa pO3MITKH Ui MOJAETIOBAHHS
reorpadiunux (reoindopmaniinux) cucrem (http://www.opengeospatial.org/standards/gml) [13];

— WaterML (3 anrn. «Water Markup Language») — MoBa pO3MITKH JUIsl IpEICTaBICHHS
rizposoriunux cTpykryp (https://en.wikipedia.org/wiki/WaterML) [14, 15].

Jlesaki 3 HHMX TOB’s3aHI MK cobOoto, Hamnpukiang, WaterML BukopuctoBye GML s
reonpus’si3ku JaHux, a SBML — MathML s ¢popmanizanii Mmojerneit.

3aranoM icHyloTh # iHmi XML-cranmaptu, Hampukiag — s Ol0JOTIYHUX Mojened 3
aHanoriyHuMu xapakrepuctukamu € Taki: CellML ta SED-ML (3 anri. «Simulation Experiment
Description Markup Language»). 3 XML TakoX MNpamioOTh BiZIoMi OOYHCIIOBANIbHI IaKETH
nporpam: Matlab, Mathcad, MS Excel To1o, ane po3risan ix MOXIJIUBOCTEH — MPEAMET OKPEMOIO
JIOCJIJOKEHHS.

Pe3ynbTar MOpiBHSAHHA IIMX MOB PO3MITKU 32 HABEJCHUMHU BHUIIEC KPUTEPISIMU MPEJICTABICHO Y
Tabum. 1.

Tabmums 1

Pe3yabTaTt 6araTokpurtepianbHoro anamiizy Binomux moB XML-po3miTku MaTeMaTHYHHUX Mojeeii

Kplx;epu X X, X3 X4 Xs Iy
Barm w; 0,2 0,1 0,2 0,3 0,2
WaterML 0,8 — mpakTUIHO 1 — Bank 1 —Java, 1 (3a 1- 0,96
Oynmp-sKi «WaterOneFlow» 3 Python pPaxyHOK HydroDesktop,
AHANITUYIHI MOJIENTI | BEJIMKOIO KUTBKIiCTIO BHKOPHC- HEC-
TIPOIIECIB y pivKax Moaeneit [14] TaHHS DSSVue, GEOSS
GML) Water Services
GML 0,1 — TinBKH 0,2-y[13]e6 1 —Java, 1 1 - FME, 0,74
MOZENI ISt MoJIeNeH SIK TIPUKIIaI, C++ Document Object
MIEPETBOPEHHS € ¥ iHmi Model, OpenGIS
MIPOCTOPOBOT
iHdopmarrii
SBML 1 — Oyap-sKki 1 — Baak moxemnei 1-C, C++, 0—mHe 1 — BioSPICE 0,70
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aHAIITUYHI MOJEII, «BioModels», sixkuit | Java, Python | mependadeno Dashboard,
3a paxXyHOK CTaHOM Ha iBioSim, JSim,
BUKOPHUCTAHHS 26.06.2017 p. micTus SynBioSS
MathML nnst 143 070 moneneit
¢dopmasizawii. [12]
MathML 1 — moxHa 0,5 - icHytoTb, aie, 1- 0 —mHe 1 -MS Word, 0,65
3anucaTy Oyab-sKi HEPEBAXKHO, I JavaScript | nependaueHo Apache
aHAITHYHI MOJe MPOCTHUX OpenOffice,
MaTeMaTU4YHUX MathMagic,
orneparin MathType, Maple
PMML 0,25 — TiapKK 1 — icHye ynmalo, 1-Java, R, 0 —mHe 1 — icHye Benuka 0,55
MoJeNi Ty4Horo | Hampukian, auB. [11] | Python, Perl, | nependaueno KIJIbKICTh
IHTENICKTY Ta SQL CepeoBUIL:
IHTEJIEKTYalIbHOTO KNIME Analytics
anamizy (17-20 Platform, WEKA,
KJIaCiB MOJIeJIeH, B KXEN [11]
3aJI€XKHOCTI Bif
Bepcii)

Amnaini3 iHpopmanii, HaBeeHol y Tabn. 1, mokasye, 110, SKII0O OCHOBHUMH KPHUTEPIsIMH €, B
MepIy 4Yepry, HasBHICTh reonpuB’sizku (Bara — 0,3), MOTIM — KIUIBKICTh KJIACiB MaTeMaTHYHHX
MoJienel, IHTerpyBaHHs 3 MOBaMHU MPOTpaMyBaHHs Ta HasIBHICTh CEPEIOBUII JJIsi aBTOMAaTU30BaHO1
00poOku nmanux (Bara — 0,2), Toxi onTuManpHOIO MOBOIO € WaterML. Skmo x HalOimbIn
BAOXIUBUM € MOXIHUBICTH Qopmamizamii OyAb-iKMX aHATITHYHUX MOJENeH, 0COOIMBO
rigpobionoriunux (Bara X; — 0,4), a HasSBHICTh T'€ONPUB’I3KU € 30BCIM HECYTTEBOIO (Bara Xj —
0,05), Toxi ontumansHOO € MoBa SBML. ¥V Toif ke 9ac, skio Oyne HeoOXiHOI aBTOMAaTH3aIlis
QITOPUTMIB HITYYHOTO 1HTENEKTY, OCOOIMBO THX, SIKI HE MAIOTh €IMHOIO aHAJIITHYHOTO BUpPa3y, a
MICTATh CKJaJHUI aJrOpuTM Ui iX 3aCTOCYBaHHS (HEHpPOHHI Mepexi Ta pi3HUH MaTeMaTUYHUN
amapat Data Mining), Toai mo3a KOHKypeHIli€to onuHsieTsest PMML.

AHaJti3 TexHoI0rii 30epe:keHHsT aTPUOYTUBHUX Ta npocTopoBux Aanux I'IC pas ix
aBTOMATH30BAHOT0 00pPO0JIeHHS

HocBig poboTu 3 dopmMaraMu Ta TEXHOJIOTISIMU 30€peKEHHS aTpUOyTHMBHUX Ta MPOCTOPOBHX
nanux ['IC mokasye, mo it 3aga4 ix aBTOMATH30BAHOTO OOpPOOJICHHS ONTHMAJIbHUMHU Ta
HaWTIOMIMPEHIIMMH Ha ChOTOJHI € Taki (opmaTu (YHOPSIKOBAHO 3a 3MEHIICHHSIM KIUJTBKOCTI
nokyMeHTIB B Google B KOHTEKCTI 31 CIIOBOM «map») [16]:

— KML (22 mnH.) — MoBa po3MmiTku Ha ocHOBI XML nis mpeacTtaBieHHS TPUBHUMIPHUX
TEOMPOCTOPOBUX JAHUX Y MOMYJsIpHOMY cepBici «Google Maps» (www.google.com.ua);

— GPX (20 miH.) — 11e TekctoBui Gopmar 36epiranHs Ta oominy nanumu GPS, ocHoBaHmil Ha
XML (www.topografix.com);

— Shapefile (11,5 mmH.) — nomynsapHuii BekTopHHi ¢dopmar manux GIS, po3pobnermit
kommaniero «ESRI», skmit HaOyB craTycy yHIBepcaJdbHOTO CTaHAapTy s dopmamisaiii
MPOCTOPOBUX BEKTOPHUX JIAHUX SIK JJIT KOMEPIIMHKX, TaK 1 1711 OE3KOIMITOBHUX MAKETIB IPOrpam;

— GeoJSON (2,4 mnH.) — popmat Ha ocHOBI JSON 3 BiIKpUTHM KOAOM JIJIsl KOAYBaHHS Pi3HUX
CTPYKTYp F€0IaHuX (WWW.ZEe0json.org);

— SXF (0,7 mnn.) — Biakputuii popmat mmudpoBoi iHdopmarlii mpo MicieBiCTh — NMpU3HAYCHUI
JUIS 3aCTOCYBaHHS B reoiHdoOpMaIliiHuX cucreMax sl 30epiranas 1mudposoi iHdopmarliii mpo
MICIIEBICTh, OOMIHY JaHUMH M1 PI3HUMH CHCTEMaMH, CTBOPEHHS ITU(GPOBUX Ta CICKTPOHHHUX KapT
1 BUpiIIeHHS MPUKIJIaTHuX 3aBaandb (https://ru.wikipedia.org/wiki/Sxf);

— 0a3a reomanux ArcGIS (3ramyBanb y Google — 0,65 miH.) — 11e Halip reorpadiuyHrX HaOOPiB
JMaHUX Pi3HUX TUMIB makery nporpaM «ArcGIS» (po3poonuk: «<ESRI» — «Environmental Systems
Research Institute», CIIIA), mo 30epiraroThcs B 3arajiIbHOJIOCTYITHOMY MicCIli (haiisIoBOT CUCTEMHU —
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0a3i JaHux (Www.esri.com);

— Spatialite (SQLite) (0,3 miH.) — € pocTopoBUM po3mupeHHsM s SQLite, mo 3ade3nedye
BEKTOPHY (DYHKIIOHAIBHICTh TeomaHux (www.sqlite.org). IlomiOHiI pO3IMMpPEHHS MAIOTh TaKOX
cucteMu ympasiiHHsa 0azamu naHux PostGIS, Oracle Spatial Ta SQL Server 3 mpoctopoBUMHU
PO3IINPEHHSMU;

— Maplnfo TAB format (0,28 miH.) — BekTopHHMH (opmaT makery mporpam «Maplnfo» 3
BukopuctanuaMm ¢aitnis TAB, DAT, MAP (www.pbinsight.com).

AHani3 CTpyKTypH IHMX (opmMaTiB MoOKa3ye, IO KOXEH 3 HUX MICTUTh €JIEMEHTH, SKi
3a0e3MmeuyioTh 30epeKeHHSI MPOCTOPOBUX TaHUX y BHUIJIIAI KOOPAMHAT OO0 €KTIB, a TaKOX IX
aTpuOYTUBHUX JaHUX. 3 TOYKH 30py BukopucTaHHs ['IC-popmaTiB ans iHTErpyBaHHS 3 JaHUMH 1
MOJICTISIMM, a TaKOoX Ha eTami Bisyami3aimii pe3ylbTaTiB MOJETIOBAHHS, BaXJIMBHMH € TaKi
dyHKITIOHaTBHI MOXKIHBOCTI [16, 17]:

1) 30epexeHHs pe3y/nbTaTiB MOACIIOBAHHS Y BUIIIAAI aTpHOyTiB MPOTPAMHUM IIIJISIXOM;

2) acouiroBaHHSA (BCTAHOBJIEHHS 3B’SI3Ky) MIDK pe3yJbTaTaMd MOJENIOBaHHS Ta IEBHUMHU

MIPOCTOPOBUMH 00’ EKTaMH;

3) mporpamHe 3YMTYBaHHSA SIK aTpUOYTHBHMX JIaHUX, TaK 1 IPOCTOPOBUX;

4) miaTpUMKa OKpPEeMHUMH 3 HHX cHenu(iyHuX reoiHpopMaumiiHuX Mojenel (reoMeTpudHi
Mepexi 3 iHpopMaIliero Mpo iX TOMOJIOTII0 (Ui MOJETIOBAaHHS piuykoBUX cuctem), TIN-
mojeni (g Mozenedl Bomo30ipHUX OacelHIB pivyoOK), IHTEPHOJIIOBAHHS IOBEPXOHb
130J1IHIAME (JUI1 MOJIeNel KapT CTOKY OaceiHiB pidoK) TOIIO).

Koxen 3 nepepaxoBanux suiie ['IC-popmaTiB y mocraThiit Mipi 3a0e3mnedye 11i QpyHKIIIOHATIbHI
MOYJIMBOCTI, @ OT)Ke, MOXKe OyTH BHKOpHCTaHUM miJ yac peanizamii ['IC-iHTerpoBanoi cucremu
JaHUX Ta MOJeJNIeH, 0 JaCTh MOMJIMBICTh 3HAYHO ITiIBUIIUTH PiBEHb YHIBEPCAIBHOCTI CUCTEMH Ta
aBTomaru3arii ii imeHTuikaIii Ta BUKOPUCTAHHS IS PO3B’s3aHHs 0araThoX MPUKIAJAHUX 3a]ad.
[epeiinemMo 10 MUTaHHS MaKCUMAJbHO aBTOMATH30BAaHOI'O IHTETPYBAaHHS YCIX LUX CKIAJ0BUX B
€INHE IJIE.

ITo6ynoBa crpykrypu I'lC-iHTerpoBanoi cucteMu JaHUX Ta MojeJieii

[Ipoionyemo ctpyktypy ['IC-iHTerpoBaHoi cucreMu naHuUX Ta Mojmened Ha ocHoBl XML-
dbopmarizarii y BUTIIS/I1, HAaBEIEHOMY Ha pucC. 1.
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Puc. 1. Crpykrypa I'lC-inTerpoBanoi cucteMu AaHuX Ta Mojeincit Ha ocHoBI XML-dopmaizamii

Ax Buano 3 puc. 1, crpykrypa ['IC-iHTerpoBaHOi CHCTEMH HaHMX Ta MOJENIEH MICTUTh Taki
CKJIaaoBi: 0a3W JAaHUX — MICTATh BXiIHY iH(OpMalilo, HAa OCHOBI fKOI Mae 3JiiiCHIOBAaTHCS
MOJIETIIOBAHHS;, MOJyJb (hopMyBaHHS BUOIpOK — 3a0e3medye CTBOPEHHS BUXITHUX MACHUBIB JaHHUX
Ha OCHOBI iX BHOOpY i3 06a3 maHuX BXinHOI iH(opMaIii 32 IEBHUMU KPUTEPISIMH; MOAYJIb aHATI3y
BHUOIpoK — 3abe3meuye MOCTOOPOOJICHHS BHUOpPAaHUX MAHUX 13 MOMJIHMBICTIO 3aJIy4eHHS JaHUX 13
PI3HOMAaHITHUX JOBIJHHKIB, 3 YpaXxyBaHHAM HPOCTOPOBUX 3aKOHOMIPHOCTEW IMX MJAHUX 1 iX
cnenudiyHNX reoiHPopMAIlifHUX Mojenel; OaHK JaHUX MaTeMaTHYHHX MOJENeH — MiCTUTh
KJIAaCHYHI Ta cIeriaiizoBaHi Moneni, ¢popmaiizoBaHi y pisHUX (opmaTax (auB. Tabiu. 1); MOmynb
acoritoBanHs gaHux 3 o0’exktamu ['IC — 3abe3neuye mpuB’si3ky naHux A0 o0’ekriB mapiB ['IC;
kinacu(ikaTop METOAIB Bi3yamizalmii AaHUX — MicTUTh nepenik MmertoniB ['1C-Bizyamizarii, ski
MOXYTh OyTH 3aCTOCOBaHI JUIi HAOYHOTO TIPEJACTABICHHS pE3yJAbTaTiB MOJEIIOBaHHSA, 3
ypaxyBaHHsM crerudiku mMojeneii; kommieke ['IC — MICTHTh MPOCTOPOBY Ta TMOB’s3aHY 3 HEIO
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aTpuOyTHUBHY iH(opMaIlito Ipo 00’ €KTH, 110 MOJIENIOI0ThCS, Y pi3HUX ['IC; pe3ynprar Bizyamizarmii —
MoyKe OyTH MpeICTaBICHUH y BUTIISAI TEMAaTHYHUX KapT, KapTOTrpam, IIOBEPXOHb, TpadikiB TOLIO.
[IpoimtocTpyeMo mpaie3aaTHICTh Ii€T CTPYKTYPH Ha TIPUKIIATI.

IIpuxnang MomeNI0BaHHS NMPoLECiB y piuykax 3 BUKOPHUCTAHHAM
I'IC-inTerpoBaHoi cHCTeMH TaHUX Ta MoJejei

3amadyy TMPOTHO3YBaHHS CEPEAHBOPIYHWUX BHUTpaT Boau it S50% 3abe3neueHoOCTi 3a
Oararopiuauii mepiog mo 17-TH TimpomocTax Ha BOAOTOCIONAPCHKHUX JIISHKaX OaceiHy pIuKd
JlHicTep MOKHa BUKOPUCTATH JJIsl MOOYI0OBH BOJHOTO OanaHCy mporo OaceitHy. st po3B’si3aHHS
Takoi 3amadi, K BimoMo 3 pobotu [18], Ta 3 BeO-CUCTEMH, pO3TAlIOBAHOI 3a aJIPECOI0
http://vb.dniester-basin.org/, ctBopenoi B Mexax mpoekty OBCE, 3a y4gacTti ciiBaBTOpIB Ii€l CTaTTI,
€ HeoOX1THOIO Taka 1H(pOpMAaIIis:

— CEepEeIHBOMICSYHI BUTPATH BOJIM 3a OaraTopiuHuii epiox mo 17-tu rigponoctax p. JHicTep;

— KOOpAUHATH 17-TH T1IPOIOCTIB Ha BOJOTOCIIOAAPCHKUX NUISTHKAX Oaceiny piuku JHicTep;

— MOJIEJII PErPEeCIMHOTrO0 aHaJli3y KpUBHX 3a0€31eYEHOCTI.
Jns hopmanizanii perpeciitHoro anamizy y cepenopuini KNIME Analytics Platform Bukopucrano
dbopmar PMML (auB. Ta6:a. 1), OCKUIbKH, K OYyJ10 3a3HAYEHO BUIIIE, BiH € ONTUMAJIBLHUM JIJIs 33724
CTATUCTUYHOTO aHaJi3y Ta MITYYHOTO IHTEJEKTY. BilOBIIHO 0 CTPYKTYypH Ha puc. 1, moOyaoBaHO
I'IC-iHTeTpOBaHy CHCTEMY IaHUX Ta MOJEJIEH y BUTJISIL, SIK HA pUC. 2.

CyKynHicTb basa pe3ynbTaTis Bisyanizauin
PMML-monenen  moaentoBaHHA OaHUX

Puc. 2. Crpykrypa I'lC-iHTerpoBaHoi cMCTEMH JaHUX Ta MOJIEIICH sl IPOTHO3YBaHHS 3a0€311e4€HOCTI BOJHOTO CTOKY Y
Gaceiini piuku Ha ocHOBI hopmaty PMML y cepenosumi KNIME Analytics Platform

AHani3 gaHux y cepegosun KNIME

Po3B’s13aHHS MOCTaBICHOI 3a1a4i 3/11CHIOBAIOCH 33 TAKUMU eTarnmaMu (puc. 3):

1. TligkmrounTty 6a3y HaHUX MPO CEPeAHbOMICSYHI BUTPATH BOAM 3a OaraTOpiuHUM mepiof
0 T1IPONOCTax Ha BOJOTOCIIONAPCHKUX NUIsHKaX OaceifHy piuku JlHicTep 3 makety MS
Excel (came B 11ei#i (hopmar 30epirae pe3ynbraT po3paxyHKy BHUIIE3rajiaHa BeO-crcTeMa
OBCE no [uictpy).

2. CdopmyBatu BUOIpKY AaHUX CEPEIHBOPIUHUX BUTPAT MO ycix 17-TH rimpomocrax ams
pi3HUX piBHIB 3a0€3MEUCHOCTI Ta MPOAaHATi3yBaTH ii.

3. CdopmyBatu okpemi BHOIPDKM CEpeIHBOPIYHHMX BHTpaT Uil pI3HUX PIBHIB
3a0e3MmeueHo T U1k KOXKHOTO Tifgponocra p. JHicTep.
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Puc. 3. Peanizamis cucremn y cepenosumii KNIME Analytics Platform

4. 3acTocyBaTH MOJEIb PErPECIMHOrO aHaji3y KPUBHX 3a0€3MEYCHOCTI JUIsI KOXKHOTO
rigporocra OKpemMo (pe3yibTaTH MOJACIIOBAHHS Ha TpHUKIaAi Tiapomocta «Po3mom»
Oaceitny p. /[nictep HaBeneHO Ha puc. 4).

F ™
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Puc. 4. PesynbraT perpeciiHoro aHamisy — KpuBa 3a0e3MeUeHOCTI rigponocty Po3mon

5. OrpumaHi Mofeni perpecifHoro asamizy KpHBHX 3a0e3Me4YeHOCTi, (opmali3oBaHi 3
BukopuctanuaM PMML, 3anucaru y 17-16 okpemux PMML-daiinis, cpopmyBapmu 6azy
naanx PMML-Mmonemneit.

6. Ha ocnoBi 3Haiinenoi cykynHocti PMML-Moneneii cnporHo3yBaTu CcepeaHbOPiuHi
BuTparu Boau st S0% 3abe3neueHocTi 3a OaratopiuyHuil mepion mo 17-Tu rigpomnocrax
Ha BOJIOTOCHOJApChKUX TUISTHKaxX Oaceifny piuku [{Hictep.

7. PesynbpraT MoaemtoBaHHs BuBecTH Ha OpenStreetMap (puc. 5).
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Puc. 5. Pe3ynbraT mporHo3yBaHHs cepeJHbOPIYHUX BUTpat Boau i1 S0% 3abe3nedeHocti Oaceliny piuku [Anictep

Ha OpenStreetMap

Hagenenuit npukiazg imoctpye pe3yabtatr podotu ctpykTypu I'IC-iHTerpoBaHoi cucTeMH JaHUX
ta monenei y makeri KNIME Analytics Platform, 3ampononoBanoi Ha puc. 1. Omnak, aHami3
1I0Ka3aB, 110 MOTYKHUH, K Ha MepIuil morisa, 1 wiel 3axayi maket nporpam «KKNIME Analytics
Platform» mae Taki Hemomiku: 1) HEMOXIIMBO 3aCTOCYBAHHS MOJEI perpeciiiHoro aHaizy Uit ycix
TiIPOTIOCTIB OJTHOYACHO; 2) HEMOKJIMBO 3aIHCATH PE3yJbTaTH PErpeciiiHOro aHamizy A ycix
rigpomnocTiB B oauH (aiim uM TaONMUINI0 Ta 3acCTOCYBAaTH iX OJHOYACHO IS PO3PaXyHKy; 3)
HEMOXXJIUBO TOOYIyBaTH KapTy sl JEKUIBKOX IOKa3HUKIB OJHOYACHO; 4) iCHYIOTh CYTT€BI
OoOMEKeHHSI BJAacTUBOCTEH crmocoOiB Bi3yamizamii. Xoda wi mnpoOsieMH MOXHA YCYHYTH,
BUKOPHCTOBYIOUM MOBHU TIporpamyBaHHs Java, Python, Perl, R, SQL. OcobauBo cyTrTeBO 3amaua
YCKIIQJIHUTBCS, SKIIO 3aMICTh JaHUX IO TigpomocTax OyJe BHKOPHCTOBYBAaTHCH KapTa CTOKY
Oaceiiny, ane Toai OamaHc Ta KapTy, HOAIOHY 10 pUC. 5, MOXIUBO Oyzne OymayBaTu i OyAb-sKO1
piuku Gaceiny.

BucHoBku

[IpoBeneno anaimi3 BizoMux ¢opmatiB hopmarizailii MaTeMaTHYHUX MOJENeH Ta MPOCTOPOBUX
dbopmaris, SKi € aKTyaTbHUMHU ISl OOpPOOJICHHS JaHUX 1 MOJIEJICH MPOIIECiB y piuKax, BIAMOBIIHO.
3anporoHOBAaHO CHUCTEMY KpUTEpIiB Ta HABEACHO TMPUKIAA 11 3aCTOCYBaHHA A BUOOpY
ontumManbHOoro XML-dopmary s 30epexkeHHs AaHUX 1 Mojenei. Bmeprine 3amponoHoBaHO
ctpykrypy ['IC-iHTerpoBaHoi cucremu maHux 1 mojenedi Ha ocHoBi XML-dopmanizamii Ta
MIPOUTIOCTPOBAHO ii Ipare3JaTHICTh Ha MPHUKJIAAl MPOTHO3YBAHHS CEPEIHBbOPIYHMX BUTPAT BOJH
st 50% 3abe3nedeHocTi 3a 6araTopiuHmii iepion y 6aceitni piuku [nictep y cepenosuiti KNIME
Analytics Platform. Otpumani pe3ynbTaTé AO03BOJISIIOTH 3a0€3MEUNUTH IBHUIKICTH IMOOYIOBH,
YHIBEpCAIBHICTH Ta mmMpokuit GpyHkiioHan ['IC-iaTerpoBanux cucreM 06a3 JaHUX 1 MOJIETIeH.
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