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Abstract — In this article we developed the approach to logic
association of data resources on unstructured warehouses which
is based on document templates. The document template is a data
structure for document properties definition which is independent
of physical database. It is shown that the template can be
presented in disjunctive normal form of logical predicates of the
document attributes. We propose the algorithm to obtain the
documents set which conforms with given template. We also
obtained the analytical estimation of computational complexity
for discussed algorithm implementation using SSE2 vector
extensions and NVidia CUDA.
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l.Bctyn
3pocranHs o00'eMiB iH(poOpMmarii, ska 30epira€rbcsi y
iHpopMmamiiHMX  0a3zaX  i30JIbOBAaHHX ABTOMATH30BaHHUX

CHCTEM, IO 3aCTOCOBYIOTBCA /I MIATPHUMKH Oi3Hec-
MpOIIECiB MIANPHEMCTB Ta OpraHizamii, 3 YacoM 3HAYHO
3HIKYE CQEKTHBHICTh KOMIDIEKCHOI OOpoOKHM maHuX i,
BIJITIOBiZTHO, HETaTHBHO BIUIMBA€ HAa MPOAYKTHBHICTH IIparli
nepcoHaty. Tomy 3aaua MoeHAHHS OKPEMHUX CSIEKTPOHHUX
pecypciB, IaHi B SIKUX MAlOTh [IPUXOBAHI 3B'I3KH, Y CXOBHIIIA
Ta 3acobm OOpoOKM MJaHUX Y TMOMIOHHX CXOBHIIAX €
Ha/[3BUYAIHO aKTyaJIbHOIO.

B nawniit po6oTi IpOTOHYETHCS CIIOCiO BU3HAYECHHS Ha0OPiB
NOKYMEHTIB, sKi  OOpOOIArOTBCA 332  CHeHU(iYHUMH
ANTOPUTMAMH, JIAIIE Ha OCHOBI 3HAYeHb aTpHOYTIB, IO
JIO3BOJISIE  CTBOPIOBATH  CHUCTEMH,  [OBEMIiHKA  SKHX
BH3HAYAETHCS BXITHUMM JAHUMH.

[I. MocTaHoBKa 3apaui

Hexaif, cxoBuiie W ckiaia€thcsi 3 MHOXKHHU JIOKYMEHTIB
D;, i = 1.n, A — MHOXHHA BCiX MOXJHMBUX aTPHOYTIB

nokymeHtiB D; € W, toxi mokyment D; MoxHa momaTw sk

KOPTEX, W0 CKJIAJAaeThCs 3 MHOXKHHU aTpuOyTiB A € A
TOKyMEHTa Ta X 3Ha4ueHs Vj.

D, = <Aj : Vj>

TakyuM 4YMHOM, HECTPYKTYpPOBaHE TEKCTOBE CXOBHILE
MOXHA I0JaTH SK MHOXXHHY JOKYMEHTIB, KOXKHHH 3 SKHX
CKJIQJIAETHCS 3 MHOXKMHHU 3Ha4€Hb NEBHUX aTpuOyTiB [1].

JlocuTh THIOBOIO € CHUTyallis, KOJM IeBHa ITiJIMHOKHUHA
JIoKyMeHTiB cxoBumia W BuMmarae oOpoOKH 3a JIOTIOMOTOIO
NeBHUX crnenudidHux anropurMmiB. [lpukimagamMm  Takux
CHUTYyallill MOXKYTbh OyTH HACTYITHI 3a1adi:

— (opmyBaHHS crIMCKy aTpUOYTIB AL JOKYMEHTa, KW
Oyzie CTBOPEHO;

— BU3HAYCHHS  HOPAIKY
po3TairyBaHHS ~ Ha  €KpaHi
JIOKYMEHTIB, SIKi BX€ i1CHYIOTb;

— pO3paxyHOK 3HA4YeHb arperaTHuX QYHKIIH 3a
HAa0OpOM MJOKYMEHTIB, SKi MalOTh BKa3aHUH HaOip
aTpuOyTiB (HAsBHICTH JOKYMEHTIB 0e3 BKa3aHHX
aTpuOyTiB OyIe MPU3BOAUTH IO MOMHUJIKOBHX 3HAUYEHBb
PO3paxyHKiB, HAIPHUKIIA/, CEPEIHBOTO 3HAUCHHS);

— BU3HAYCHHS HAOOpYy MOKYMEHTIB, SKI MOXe
neperyisiaaTH Y MoAu(iKyBaTH IMEBHUH KOPHCTYyBay
(3amagya po3MexyBaHHS AOCTYILY);

arpuOyTiB  Ta  iX
npu  Bigyauizamii

— TOWIO.
BxuBaHUM  apXiTCKTYpHHM  IaTepPHOM,  SKHil
BUKOPHUCTOBYEThCSI B  TOMIOHMX  CHTyalisfX, €

CTBOPEHHSI OKPEMOro aTpHOYTy, SIKHH XapaKkTepu3ye
JOKYMEHT 3a HOro MPUHAJIEKHICTIO 0 MEBHOT Tpymnu
JOKYMCEHTIB, TOOTO 3a Horo TumoM. CKIagHICTIO
3aCTOCYBAHHSI TAKOTO MiAXOAY € 3HMKEHHS THYYKOCTI
MpOrpamMHAX 3aco0iB, IO pPO3POOIAIOTHCA, dYepe3
MOJKJIMBICTh TIOSIBH JOJATKOBUX IiITHIIIB Y ICHYFOUMX
THUIIB JOKYMEHTIB, a TaKOXX IMOsIBa HOBUX THUMIB. J[is
KOXHOTO 3 TaKuX MIATHMIB MOTPiOHO peasi3oByBaTh
cnenrQivHi aNropuTMA 00POOKH, TIPH YOMY BHECEHHS
HOBOT'O MPOTPaMHOr0 Koay Oyne BimOyBaTHCs oapasy
B 0araTbOX MiCIIX MOpOrpamu, 30KpeMa [pu
Bi3yautizallii, mMoIIyIli, KaTaJorizamii TaHuX, a TAKOX Y
BCcix cmenu(ivHUX pexuMax. B pesymprari 1e
MPU3BOJUTUME JI0 YCKJIAJHEHHS apXiTEeKTypU CHCTEMHU
Ta 30UTBIICHHS HEOOXITHIX 3yCHIIb JUI TECTyBaHHS Ta
MOJIaIBIIO0T PO3POOKH.

TakuM YMHOM, YMOBOIO PO3POOKH €KCIUTyaTal[iifHO
MPUAATHOT CUCTEMH MiITPHUMKH CXOBHINA JJOKYMEHTIB
€ HasSBHICTh MEXaHI3MiB TPYITyBaHHS JOKYMEHTIB 3a
THIIAMH.

. WabnoHn ookymeHTIB

OueBHIHO,  3HAYCHHS  CYTTEBUX  aTPHOYTIB
JOKYMEHTY 3aJle)KaTh BiJ| HOro Kiacy y HpeIMeTHii
obmacTi, i, TOMy, 3[JaTHI BH3HAYUTH HOTO THM. SKII0O
Ha0opy iCHyIOUMX aTpHOYTIB HE JOCTATHBO VISl TOTO,
mo0 BiAPI3HUTH OJWH TUI JOKYMEHTY BiJl IHIIOTO,
MOXKHa  BBECTH  JIONAaTKOBUH  aTpuOyT,  SIKUH
BioOpaxkaTuMe Te, IO B MPEeIMEeTHIH o0nacTi
PO3MIISTHYTI JIOKYMEHTH BiJPI3HSIOTECS 33 TUIAMHU.
Bynemo BBakaTH, IO THI JIOKYMEHTa BU3HAYAETHCS
3HAYCHHSAMH WiAMHOXHWHU aTpuOytiB {A';, A’ ..,

A"} € A. Hexaii VA — 1ie 3nauenns atpubyty A, V —

NEeBHA KOHCTAaHTa, a XapaKTepUCTHYHA OyieBa
dynxuis f(VA, V) noBeprae icTHHHE 3HAYEHHS, SKIIO



VA 1a V 3HAXONATHCSA y BIAMOBIZHOMY BiJTHOIICHHI.
Hampuxman, sxmo 3HadeHHS aTtpuOyTry A BITHOCITBCS 10
YHCIIOBOrO THUIY, QyHKIis f MOxe OyTH 3a71aHa sK
fvVh V) =Vvie v, 1)

e 0 € {=, # > <, < 2}. Ockinbku THO JOKyMEHTa
BHU3HAYAETHCS 3HaYCHHIMH foro aTpuOyTiB, TO
MPUHATICKHICT JIOKYMEHTa 10 3a/1aHOTO TUITY
BU3HaYaTUMEThCs OyneBoro dyukuiero F(fy, fp, ..., ), ne fy,
f, ..., fy, — BignmOBiAHI XapakTepUCTHUHI (YHKIHT IS
aTpuOyTiB A'y, A'y, ..., A', IKY MU Ha3BEMO wabIOHOM.

Bigomo, mo Oyne-sky OyieBy (QyHKLiIO MOXHA MOJATH Y
BUIISAL AW3'TOHKTUBHOT HOpManbkHOT dopmu (JAHD), TooTO Y
BUTJISII AM3'FOHKINT KOH'TOHKINH BXiJHUX TapaMeTpiB, KOXKHA
3 SKAX BU3HAYAE€ TICBHY KOHCTUTYCHTY OAWMHHII. T00TO,
II1a0JIOH THITY JOKyMeHTa F MoXHa 3a1aT K

F(fy, T2, .., 1) = VizekAj=1.0 ), (2)
Jie K — KiIBKICTh KOHCTUTYEHT OJIUHHUIIL.

Buxonsun 3 BH3HAYCHHSA CXOBHINA JOKYMCHTIB Ta
NOIIMPUBINK ISl CXOBHII BIJIOMi TEOPETHKO-MHOXHHHI
orepariii MO)KHa JIOBECTH, 110 AU3'FOHKIIIS XapaKTePUCTHIHUX
¢GyHKIIH BinnoBizae 00'€HAHHIO CXOBUII. AHAJIOTIYHO TEX
caMe MOXKHa JIOBECTH 1 /IS KOH'TOHKLII Ta MepeTuHy. 3Bijcu
MOJKHA 3allpPONOHYBAaTH QJTOPUTM OTPUMaHHSA HaOoOpy
JIOKYMCHTIB 3a MEBHUM 11a0I0HOM (pHC. 1).

o
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Puc.1 Cxema anroput™my oTpuMaHHS HaOOPY TOKYMEHTIB, IO
BiJITIOBIIAI0OTh 33JAHOMY IIa0JIOHY.

IV.lWabnoHwn y pensauinHoMy nogaHHi

Ha choromui  ¢akTu4HMM  CTaHZAPTOM  PO3POOKH
NpOTpaMHUX 3ac00iB OOpOOKHM IOKYMEHTIB Yy CXOBHINAX
CTJ0 3aCTOCYBaHHS TPHUPIBHEBOI apXiTEKTypH, B sKii B
OCHOBI mapy 30epekeHHs iH(opMalii BHKOPHUCTOBYETHCS
pensiniiiHa cuctema ynpasiiHHA 0a3aMu nanux [2]. Tomy must
yHi¢ikauii iHTepdelciB mOCTymy A0 CTPYKTYp HaHMX, SKi
BUKOPHCTOBYIOTBCSI NIPOTPaMHHMMH  3aC00aMH, JIOLUIBHO
po3pobutn e(deKTHBHE IOJaHHS IIAOJIOHIB IOKYMEHTIB Yy

BUTIISAIL TabIuUIIl peISIIiHOT 0Oasn TaHUX
(b).BusnaueHHs1 XapakTepuCTHIHOT (DYHKIII1, HaaHe
y (1) MOXHa TakoX TOIIUPUTH HA PSAKOBI MaHi Ta
JaHi THIy JaTa IUIIXOM BBEICHHS JUI1 HUX (PYHKIIH
MOpIBHAHHA HAa  OCHOBI  BIOPSAKOBAaHOCTI Y
nekcorpadgigHoMy ab0 y XPOHOJIOTIYHOMY IOPSAKY
BIJITOBITHO.

OTxe, XapakTepuCTH4HA (QYHKISI MOXe OyTH
nogana sk koprex (f, A, 6, V), ne f — izentudikarop
XapakTepucTuuHoi ¢QyHKUIid, A - igeHTHdiKaTOp
arpubyty, O - omepatop 3 MHOXHHH {=, %#, >, <, <,
>}V - KOHCTaHTa, 3 SIKOIO BiIOYBAEThCS MOPiBHSIHHS.

Ha puc. 2 HaBeneHo cTpyktypy cermeHTy b/l stxuii
BIJINIOBIJ]a€ 3aIPOIIOHOBAHOMY IOJIAHHIO IIAOJIOHIB, Y
Burisiai piarpamu kinacie UML. ®@parment BJI, sxuii
MIPU3HAYCHO Uil 30epekeHHs aTpHOYTIB JOKYMEHTIB
Ta IX 3HaueHb MMOOYAOBaHO HAa OCHOBI Mojeni Entity-
Attribute-Value, mo Hamae MoxiuBicTh 30epiratu
JOKyMEHTH JJOBLUIBHOT CTPYKTYPH.

ATpubyTH DokymeHTn

1 PK lpenTudcpikatop: Int
N Homep[lok: Int
ATpubyT: Int

3HaveHHa: Int

.y PK lgenTudikaTop: Int
Hassa: VarChar
KomenTap: VarChar

BusHayeHHsllabnoxia

1 PK lpeHTudikaTop: Int
. pyna: Int

DyHKUiA: Int

DyHKUIT

PK laenTudikaTop: Int
=1 ATpumbyT: Int
OnepaTop: Char(2)
3HaueHHs: Int

LWabnoHu

PK lneHTudikatop: Int
Hassa: VarChar
KomenTap: VarChar

Puc.2 UML-niarpama ctpyktypu cermenta B/l sikuii
Bi/INIOBi/1a€ 3a 30epe)KeHHs a0IOHIB.

V.MNapameTpu wBnakoqil mexaHiamy
LabnoHis
3acrocyBaHHS MEXaHi3My IHAOJOHIB BUMarae

JOJATKOBUX BHUTPAT MaM'siTi Ta OOYMCIIOBAJIBHUX
pecypciB, IO MOXXE€ NPHU3BECTH 0 3HIDKCHHS dYacy

BIAKJIMKY CHCTeM, IO HAJAlOTh  PE3yJbTaTH
004YHCIIeHB B pealbHOMY daci.
OcHOBy  MeXaHI3My  INAOJIOHIB  CKJIAJaroTh

XapaKTepUCTUIHI QYHKIIIT, peaizallis sKUX MOJArae y
3acTOoCyBaHHI (YHKIII (iIBTpaIii 10 BCHOTO MacUBY
JOKyMEHTIB y cxoBull. PubTpamisi IOKyMEHTIB 3a
3HAQUEHHSAM IIEBHOTO aTpHOYTy BHMarae IpOXOJIy IO
BCIM JIOKyMEHTaM, TOOTO, IPH KIBKOCT] IOKYMEHTIB Y
cxoBumli N, CKIaaHICTH OJZHOPA30BOrO 3aCTOCYBaHHS
oyukiii ckmagatume O(N). Skmo y BHU3HAYCHHI
mabnoHy — BukopuctaHo M XapakTepHCTHYHHX
GbyHKUii, cknagHicTh 3poctae 1o @(M x N).
30UTBIINTH  MIBUIKOJIIO  oreparii BHU3HAYCHHS
3HAUEHb XapaKTePUCTUYHUX (YHKIIH MOXHaA 3a
paxyHOK ix momepeanboro oOumcieHHs. OCKiIbKH
KOKHa (YHKIIS IIOBEPTAE 3HAUCHHS 3 MHOXXHHU
{True, False}, pesynbraT il 3acTOCYBaHHS 10 BCHOTO



MacuBy JOKYMEHTIB MOXHA TOJATH SK OITOBHH PSAMOK, Ie
KOXXHHH OIT BiINOBiae TEBHOMY JOKYMEHTY, TOOTO
BUKOPHCTATH TaK 3BaHi 0iToBI inmekcu [3].

OcCKinbKHM, TIpH 3acTOCyBaHHI OITOBHX iHHEKCiB, 3a
3HAYCHHS KOXKHOi OKpeMOi XapaKTepHCTHUHOi (yHKIIi
BinmoBigae 1 6iT, MBHAKOIS pO3paxyHKy Oyae 3amexard Bif
PO3PAIHOCTI MAaITMHHOTO cjoBa. [IpH KiTBKOCTI TOKYMEHTIB
y cxopumli N, SKIIO KUTBKICTh IW3'TOHKIIN y mmIabioHi
cranoBuTh Kp, a xoH''OHKIIH Ky, KIIBKICTE KpOKiB,
HEOOXiTHMX IUI1 PO3paxyHKy OITOBOTO IIOJaHHS OIHOTO
MacuBy CKIIalaTUMe:

Ie R — KiMBKiCTh pO3psIIiB MAIIUHHOTO CJIOBA. 30KpeMa, Ipu
3aCTOCYBaHHI TIpomecopiB 3 64-0iTHOIO apXiTEKTypolo,
KUTBKICTB OTiepartiif, moTpiOHUX st po3paxyHKy Oyme N/64, a
IpW BHUKOPHCTaHHI BEKTOPHHUX posmmupeHs SSE2,  sxi
JIO3BOJISIFOTE BUKOHYBaTH OiTOBi omeparii Han 128-0iTHUMH
yucnamu — N/128.

OcranHIM 4acoM, 3HayHE MOIMIMPEHHS OTPUMAIH
Iporecopy 3 0araTosAEPHOI0 apXiTeKTYpOr0, BUKOPUCTAHHS
AKAX JO3BOJSAE€ 3MCHIINTH KUIBKICTH MOTPIOHUX  UIs
pO3paxyHKy KpokiB me y P pasiB, ge P — KimbKiCTh saep y
mpoIecopi:

1 KD+KT\|
5 2
RP =

[Ipn 3HauHMX 00csArax OOYMCIIECHb 3a MIAOJIOHAMHM, TS
3MEHIICHHS HABAHTAXCHHA Ha NEHTPAIBHUH IpoIecop,
MOXYThb TaKOXX OyTH 3acTOCOBaHI T'€TEPOTEHHI CHCTEMH,
HaNpUKIA 3 BUKOpHcTaHHAM TexHoinoriiit GPGPU Ha ocHOBI
NVidia CUDA a6o OpenCL. B takomy BHIaaKy, KpiM 9acy,
SAKAH BHUTpadyaTHMEThCSl Oe3nocepeHb0 Ha PO3PAXyHOK,
MOTPIOHO TAKOXX BpaxyBaTH 4Yac Ha IEPEHECEHHS Pe3YNbTaTy
3 maM'sti TpapivHOro TMPHCTPOIO, SKUH B 3arajJbHOMY
BUTIANKY, € nporopriitauM N. Uac Ha 3aBaHTa)XKeHHS OITOBHX
IHIEKCIB B THaM'siTb IPHUCTPOI0 MOXKHA HE BpPaxXOBYBATH,
OCKIIBKM Il OIepalisi BHUKOHYETHCS OJHOPA30BO Iepen
MOYaTKOM OOYHCIEeHb. Y BHIIQJIKy 3aCTOCYBAaHHS TEXHOJIOTIH
GPGPU, KinbKiCTh omepamniii I po3paxyHKy CKIaIaTHMe:
KD+KK

% ;N+@(N)

B mpoMmy BHMIAAKy ciiJ BpaxoByBaTH, LIO 3Ha4yeHHS P
3HaYHO OuUTbIle, HDX TIPH 3aCTOCYBaHHI OaraTosIepHUX
TIPOIIECOPIB.

VI.3acTtocyBaHHS MexaHi3my WabnoHiB

MexaHi3M 11a0JIOHIB, PO3TISIHYTHI y AaHii poOoTi
Oyno  BHpoBaJpkeHO Hpu  po3podui  iHdopmaniiiHo-
AQHATITUYHOT CHCTEMH, NpHU3HAYEHOI I aHami3y Ta
cHCTeMaTH3allii CXOBHMIA TEKCTOBMILIYIOUMX pPecypciB
KuiBcbkoro yHiBepcurery im. b. I'pindenka. Cucrema
po3pobisinacss Ak~ web-OpieHTOBaHa 3 BHKOPHCTAaHHS
texHosorii AJAX Ha ocHoBi 06i0miorexn Jquery. s
CepBepHOi  ImijcucreMH  Oyll0  BHKOPHUCTAaHO  MOBY
nporpamyBaHHs Python Ta ¢peiimBopk Django. s
CTBOPEHHSI Ta pelaryBaHHs MMaOJIOHIB Oyno po3polieHo

CTIeITiali30BaHi Bi3yallbHI 3acO0H, sKi 32 OTIOMOTOIO
KOHTEKCTHHX  IIJKAa30K  JIO3BOJIOTH  3MEHIIHUTH
WMOBIPHICTD TEXHIYHHX TIOMHJIOK TIIpH BBEICHI
3HAYCHb aTPUOYTIB Ta TAPAHTYIOTh LUTICHICTh TaHUX Y
mrabaoHax.

BrpoBamkeHHs MexaHI3My IIAOJOHIB IOKa3alio
HOro MOWINBHICTB, TEpII 3a BCE 3a PaxyHOK
MOJIMBOCTI €(EeKTHBHOI peamizamii y BHIJLAI
HaaOyZOBU Hal SIAPOM CHCTEMH, TOMY B ITOJaJIbIIOMY
IUTAaHY€ThCS IHTETPYBaTH I MeXaHi3M 3 iHIINMH
(YHKIIOHATEHUMH PEKUMAMHA CHCTEMH.

BucHoBku
B poboti po3rmsaHyTO 3amady — TpyIyBaHHS
JOKYMEHTIB Yy  CXOBUIIaX i  IOJAJBLIOTO

3aCTOCYBaHHS CIIJIBHUX aQITOPUTMIB 00poOKH Ta
3aMpONOHOBAHO croci0 ii BUpIMICHHS, OCHOBaHHWN Ha
MeXaHi3Mi 1a0JIoHIB. MexaHizm ma0IoHIB
JOKYMCHTIB 0a3yeThCsi Ha BHUKOPUCTAaHHI 3HAa4YCHb
aTpuOyTiB, MmO MO3BONSIE TpW HOro peamizamii He
BBOAWTH JOJATKOBHX CICHiaNTi30BaHUX aTPUOYTIB,
TOOTO HE 3MIHIOBATH MOJENH TOAAHHS HOKYMCHTIB B
cucremi. [11abmoH BU3Ha4YaeThCA K OyneBa (DYHKIIS,
sSKa B SKOCTI apryMEHTIB OTpPHMY€E 3HA4YCHHS
XapaKTePUCTUIHHUX GbyHKIiH TSt OKpEMHUX
JOKYMEHTIB Ta TOJAEThCS Yy BHUIVIAAI IH3'FOHKTHBHOI
HOpMAIIbHOI (POpMH.

Hdus peanizamii MexaHi3My MaONOHIB Yy BHUIIIAII
MIPOTrpaMHOI  KOMITOHEHTH, 3alpONOHOBAHO CIIOCiO
MONAHHA INAONIOHIB Yy pelIiifHnX 0a3ax HaHWX Ta
CHocOOM  WINBWINEHHS  IOBUAKOLII  alTOPUTMY
pO3paxyHKY CYKYIIHOCTI JOKYMCHTIB Ha OCHOBI
0iTOBHX IHIEKCIB Ta po3mapaieneHHs 3
BUKOPHCTaHHSIM  OaraTosJepHHX IpOIECOpiB  Ta
texnonorii GPGPU. Ha mnpuxmami BIpoBamKeHHS
MeXaHi3My  malloHIB y  cucteMy  OOpoOKH
KOPHOPAaTHBHOTO CXOBWIIA JOKYMEHTIB MOKAa3aHO
Horo e(eKTHBHICTb.
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