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WCCJIEJJOBAHUE JJETEPMAHUPOBAHHBIX PET'YJISIPHBIX BBIPAXKEHUI
C UCIIOJIB3OBAHUEM CTPYKTYPBI JAHHBIX XML-THUITA

AxmyanvHocmy mempl uccnedoeanus. B oannoii cmamve nposedén enyboxuil anaius 6016020 Habopa OAHHBIX € No-
MOUBIO NOUCKOBIX CUCHIEM U XOCIMUH208bIX naam@popm. Hcnonvzoeansl uemvipe cmpamezuy co60pa OaAHHbIX: AHATU3 NOUCKO-
6oti cucmemvl Google, ckanuposanue aopecHo2o nymu, aHAIU3 6e6-cailmos, NOUCK NOMEHYUATbHBIX OAHHBIX O/ NOTYYeHUs
bonvuezo Konuuecmsa gaiinos-cxem uz cemu Unmeprem. I[lonyuun danvHeliuiee npakmuieckoe uccied08anue Habop OAHHbIX
07151 U3yueHusi 0eMePMUHUPOBAHHBIX PESYNAPHIX BbIPAICEHU.

Iocmanoeka npoéonemolr. Cospementvle a3vlKku ORUCAHUs cMpykmyp Oannvix XML-muna mpe6Gytom npumenerue oemep-
MUHUPOBAHHYIX Pe2YTIAPHBIX GbIPAICEHUL, NO3BOTAIOUUX CHUMBIBAMb CIPOKU NOCUMBONbHO. TIodmomy uccredosanue 0annvix
BbIPANCEHUTL NO360IUM YCKOPUMb NPOYECC 00pabomKu OAHHbIX U NOYUUMb O0lee MOYHbBIL Pe3YLbman.

Ananu3z nocnednux uccnedosanuii u nyonuxayui. I1poeedénnblii ananus co8PEMEeHHbIX IUMEPAntypHbIX UCIOYHUKOS U
nyonuKayuil Ha OaHHYI0 MeMAMmuKy noKa3a, Ymo 60IbUWUHCINGO U3 HUX UCNOIb3VIOM Hebonbuiue 00bEMbl OAHHBIX, YMO AB/A-
emcsi He0OCmamouHbiM 0Ji NPO8edeHUst dPPEKMUBHO20 AHATU3A.

Buloenenue neuccnedosannvix uacmeii oowiei npoonemol. /s s¢hpexmusnozo ananus OanHvix u3 cemu Humepnem
ObLIL UCTIONBL306AH GONLULOU HAOOP OAHHBIX U Yemblpe cmpamezuu e20 coopa u aHaIu3d.

Lenvio nanucanus 0anHol cmamou AGIAEMC UCCICO08ANUE OCMEPMUHUPOSAHHBIX PESYIAPHBIX GbIPAICEHULL, KOMOPblLe
6C€ uauye npUMeHAImMCcsA 6 cmpykmypax oannvix XML- muna.

H3noocenue ocnosnozo mamepuana. Paspabomxa uemvlpéx cmpameauti coopa oanHvix 6 cemu Unmepuem dana 603-
ModicHocmy noayuums oonvue XML-cxem, umo ¢ 35 pas 6oaviue, uem 6 panee nposedénnvix ucciedoganusx. IIpumenenue
O0emepMUHUPOBAHHBIX PEeSYIAPHBIX BLIPANCEHULL 8 YEIOM U UX NOOKIACCO8 018 AHANU3A OONLULUX HADOPOB OAHHBIX.

Bu1600b1 6 coomeemcmeuu co cmamveii. Bnepsvie npumenervl demepMuHUpOBAHHbIE PEYIAPHbIE GLIPANCEHUS C UCNOb-
306anuem cmpykmypul oanuvix XML- muna. [lonyuen 6onvuioil 06wém oannvix — 276371 ¢hatinos ¢ nomowwpro uemvlpéx cmpa-
meeutl ux céopa.

Kniouegnie cnosa: nabop oannvix; pecyisphble 8bipadicenust; demepMUHUPOSanible pe2yisiphvie vipadicenus; XML-mun.

Puc.: 4. Tabn.: 3. buba.: 10.

Axmyanvhocmes memol ucciedoganusn. AHanu3 00JIbIIMX HAOOPOB JTaHHBIX B COBPEMEH-
HOM MHUDPE Tpe6yeT IMPUMCHCHUS HOBBIX CTpaTel"I/Iﬁ nux c6opa. Hcnonp3oBanue PCTYIAPHBIX BbI-
paxenuii (PB), kotopsle sBst0TCSA QyHIaMEHTAIBHBIMU B I3bIKaX MPOTPaMMHPOBAHUS, TOUC-
KOBBIX CHCTEMaX, YTHJINTaX 00pabOTKH TEKCTa, 3aIpocax B 0a3ax JaHHBIX U T. 1. [ 1], okazanock
HEAOCTAaTOYHBIM I 00JBIINX 00BEEMOB AAaHHBIX, ITO3TOMY HPOBCACHO UCCIICAOBAHNUC ICTCP-
MUHHPOBAHHBIX PEryJsipHbIX BblpaxkeHuit ([IPB).

Ilocmanoeka npobnemsi. B Hacrosiiee Bpems s3bIK pazMeTkn XML mupoko ucnosnszyer
JAPB j1st oOMeHa naHHbIMH B ceTH. CTpyKTYpbl 1aHHBIX XML omnpenenstorcs cxemamu, KOTo-
pbIC 00€eCIIEunBaOT MHOYKECTBO y,[[O6CTB U NMPpEUMYyIICCTB JId PA3JIMYHBIX MPOHECCOB, TAKUX
Kak 00paboTKa M aBTOMaTHUeCKas MHTETpalysl JaHHbIX, CTATUYECKUIN aHaIu3 TpaHCchopMaluil
u ap. Cpeau nonyispHbIX S3bIKOB onucaHus cTpyKTypsl XML-gokymenTa Boiaenstor DTD u
XSD, xoropsie pekoMmenoBanbl Koncoprmymom World Wide Web (W3C) [1]. Onaum 13 oc-
HOBHBIX Tpe6OBaHI/H71 K MOJC/IAAM KOHTCHTA C UCIIOJb30BAHUEM JAaHHBIX A3bIKOB PAa3MCETKU SAB-
nsercs npumenenne J[PB, KoTopsle MOTyT CUMTBIBaTh BXOJAHYIO CTPOKY MOCUMBOJIBHO CJIEBA
HalpaBo, HC BO3BpalladChb Ha3al. O,Z[HI/IM N3 HCIIOCPCACTBCHHBIX MPCUMYIICCTB HUCITIOJIB30BaA-
HHUS TaKUX BLIpa)KeHI/Iﬁ ABIACTCA B(I)(I)CKTI/IBHLII\/'I CUHTAKCUYECKUU aHaIU3.

Ananusz nocneonux uccnedosanuii u nyoaukayuit. [IpoBoguMbie paHee UCCIICIOBAHUS HC-
nonb3oBanu nopsinka 100 XSD/DTD cxem [2], 4To sIBIIsIeTCSI HEAOCTATOYHBIM JIJISl IPOBEICHUS
aHan3a OOJIBIINX Ha60pOB JaHHBIX. B namem HCCIICAOBAHNUU BCC NAHHBIC ITOJYYCHBI U3 PCIIO-
sutopust PB RegExLib, s3pika Relax NG, XSD u DTD [3] — 3T0 ocHOBHO# pemno3utopuii PB,
JIOCTYIHBbIA B UHTEpHETE, KOTOPBIN COAEPKUT HECKOJIBKO BUIOB BHIPAKEHUH JJI1 COOTBETCTBHUSA
URI, kony pa3merku, pparmentam kona Java, SQL-3anpocam, cnamy u T. 1. Jlpyroe Hanpasiie-
HHUE WCCIIEZIOBaHUI B JaHHOH cdepe MpUMEHSeT MOMyISIpHYI0 cxeMy s3blka XML — 3To0 s3bIK
Regular Language st XML cnenyromero nokosienus. Cnemudukarus W3C tpedyer, 4To0b!
coaepskumoe mozaenu DTD u XSD 6si1o JIPB, B To Bpemst kak B si3bike Relax NG u RegExLib
HeT orpanuueHuii nerepmuHmsma. Ilockonbky u XSD, u RegExLib noanepxuBaioT Takoil BUI
orepaTopa, Kak «CY€T4HK», OHU ¥ OyAyT HCIIOIh30BaHbI B KAUECTBE TIPUMEPOB ISl U3yUCHUS

npakThuyeckoro npuMeneHus JIPB B nanbHEHIINX UCCIIEIOBAHMSIX.
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Boioenenue neuccneoosannwix uacmeit ooujeii npoonempl. J1ns coopa NaHHBIX OBLIH HC-
I10JIb30BAHBI YETHIPE CTPATETUU:

- aHaJIM3 TOUCKOBOM cucteMbl Google. J{ns moncka URL-anpecoB ¢ mOMOIIBIO MOUCKOBOH
cucTeMbl He0OX0 MBI TekcToBbie (hainbel XML-cxem. McnonszoBanuce API monckoBoii cu-
creMbl Google s morydeHus: pecypcos, (aitsioBex nHCTpYKIui U caiitoB ¢ URL-agpecamu
DTD, XSD u Relax NG. Bo Bpems skcnepumenta coxpansuinch URL-aapeca XSD, DTD,
Relax NG B COOTBETCTBYIOIIMX TOKYMEHTAaX U OAHOBPEMEHHO YAAJSINCH MOBTOPSIOLIUECS
URL-anpeca. [Ipu 3arpy3ke ¢aiinaa cxeMbl ObliIa cO3/jaHa HEpAPXHS MMAlOK B COOTBETCTBUU C
URL-kaTanorom, v KaxxJast U3 arok COXpaHeHa JIOKaJIbHO. [IpenMyiiiecTBo 1aHHOM cTpaTeruu
3aKJTFOYAETCS B TOM, 4TO, Korja (aiin cxemMbl XML ommboueH uir HEOJHO3HAUEH, TO MOXKHO
orcieauth ero URL B cetn MIHTEpHET B COOTBETCTBUM C COXPAaHEHHBIM KaTajOrOM M IIPOBe-
PUTH €ro. DTOT NPUHIMI TAK)KE UCIIOIB3YETCS B CIEAYIOLUIUX TPEX CTPATErUsIX;

- CKaHupoBaHMe aapecHoro nyrtu. Hampumep, 3aman HawansHbeli URL-angpec:
http://52north.org/schema/users/1.0/users.xsd, Oyaer BbmoaHeH 00xox  S52north.org,
52north.org/schema, 52north.org/schema/users u 52north.org/schema/users/1.0. lannas crpa-
TErHsi ONPEEICHUs TyTH OYeHb YPPEKTUBHA B TIOMCKE U30JIMPOBAHHBIX PECYPCOB UITH UCTOY-
HUKOB, JIJIs KOTOPBIX HEBO3MOXKHO HAWTH CCHUIKY IIPU PETYIIPHOM 00X0/1€;

- aHanu3 BeO-caiiToB. B kauecTBe mpumepa paccMOTpUM UCTOUHUK http://repol.maven.org
(Maven2), B kotropom HekoTopblie URL-anpeca ckpoitol B JAR/ZIP-daiinax u mostomy He MO-
T'yT OBITh HaliJICHBI Y€PE3 TOUCKOBBIE CUCTEMBI. JlaHHBIE (haliibl 3arpyKaroTcs Kak apxuBbl JAR
u ZIP, a 3aTem U3BIEKarOTCs JIOKaIbHO. Janee mpousBoauTcs GuiibTpaus HaiioB Ipyrux TH-
OB, TIpU 3TOM coxpansitorcst Tobko XSD, DTD u Relax NG;

- MIOUCK MOTEHIMAIBHBIX JAaHHBIX JJIS IOJy4eHHUs OOJbIIEro KoJndecTBa QailjioB-cxeM u3
cern MHTepHeT. Y KaXXJI0ro caifta MoryT ObITh pa3zHbie (ailibl cxem, Hanpumep, Relax NG
umeet 1 XSD, u DTD cxemsl, mo3ToMy ObLT TPOBEAEH NEPEKPECTHBIN MOUCK. DTOT METOJ J10-
Ka3ajJ CBOIO 3(PPEKTHUBHOCTh B HAIllEM HCCIIEI0BAaHHM, NTOCKOJIBbKY MPEIOCTAaBISAET AOCTYH K
6onbomy konnuectBy URL-aapecoB u daiinam cxem.

Ilenvro HaIMCaHUs JAHHOM CTAThU sBIsIeTCS uccaenoBanue J[PB, koTopele BCE vate npu-
MEHSIOTCS B O0BIINX Ha0opaX JaHHBIX U CTPYKTYpax JaHHbIX XML-Tuna.

H3znoscenue ochoenozo mamepuana. B nocneauue rogasl KoHCcOpiuyM BCEMUpPHOHM may-
tuHbl W3C TpebyeT, uToObl cofepkuMoe s3bIkoB cxeM Obu1o B Buae JIPB. [IpoBens sxkcnepu-
MEHT C MCIIOJIb30BaHUE YETHIPEX CTpaTeruid, Obuio mosyyeHo 276371 ¢aiiaoB JaHHBIX, U3 KOTO-
peix 124326 — DTD, 134816 —XSD, 13946 — Relax NG u 3950 — Beipaxxenust RegExLib, uto B
35 pa3 Ooblile, YeM B paHee MPOBEICHHBIX UCCIIEN0BaHUAX. Takoi 00bEM JaHHBIX U1 U3Y4YEHUS
JIPB nmeer 6o0sibliioe MpakTHYECKOE 3HAUEHHE, TOCKOJIBKY OTOOpaXkaeT peallbHyI0 KapTHUHY HC-
NOJIb30BaHMs KPYMHOMACHITAOHBIX ClIydaliHbIX cxeM. B pesynbrare uccienoBaHus, oOHapy-
xeHo, uro 6onee 98 % PB B Relax NG u Oonee 56 % B RegExLib siBisttoTcst 1eTepMUHUPOBAH-
HBIMH. OTH IU(PBI YKa3bIBAIOT HA TO, 4YTO UMeHHO J[PB nmerot npaktuyeckoe npuMeHeHue.

[TockonbKy Ha MpaKTUKE OOJBITMHCTBO MOIENIeH KOHTEHTa, ucnois3yembix B DTD u XSD,
COCTOSIT U3 OTPAaHMYEHHBIX MoJIKiIaccoB JIPB, mosTomy nccienoBanus cocpeoTOUCHBI HA U3Y-
YEHUH UMEHHO 3THUX MOJKIACCOB M UX MPUMEHEHHH [3].

UroOb!I onpenenuTh, ABJsieTcs i cTanaapTHoe PB nerepmuHnpoBaHHbIM, ObLUT IPUMEHEH Bpe-

MEHHOI aJropuT™ 0(‘2 E HE

), e ‘Z E ‘ — MHOYKECTBO Pa3IM4YHbIX cuMBOJIOB B E [1,3]. lns

PB co cuérunkoM BpeMEHHON aJlTOPUTM — ATO BbIpa)KEHHE O(‘Z E ‘ |E |) . Chen u Lu [2] uccneno-

BaJIM AJITOPUTMBI, TPOBEPSIIN JAETEPMUHU3M BXOJIHOIO craHaapra PB m BBINONHSIM NPOBEPKY,
€CJIM BBIPAKEHUE HE SIBJIUIOCH JETEPMUHUPOBAHHBIM, TO MCIIOJIIB30BAIM BPEMEHHOU allTOPUTM

0(‘2 E HE |) co cuétuukoM [3]. Yuénbii Peng u ap. [4] npeayioKuiar BPEMEHHON alrOpPUTM

0(‘2 E HE |) s ipoBepku [IPB ¢ uepenoBanneM. Groz m Maneth [4] BriepBble TTPEITOXKUIN

0(|E |) BPEMEHHOW aJIrOPUTM 11 poBepku cTranaapTHbIX /IPB u /IPB co cuérunkom.
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Ilycts ) anaBuT CHMBOJIOB (3/IEMEHTOB). MHOXECTBO BCEX KOHEUHBIX CIOB B ) 000-
3Haunm depes » * . Iycroe coBo 06o3Hadaercs yepe3 & . Cranmapr PBB )| ompenensercs
KaK: ¢, & W a € » | — PB, obbenunenue E, |E, xoukarenauus EE, wm E| ssisercs PB

mia PB E, u E,. N o603naunm muOxecTBO {0,1,2,...}. Uepes PB co cuérunkom u yepenona-
HUEM OTJIMYAeTCs OT CTaHAapTHHIX PB mcnonb30BaHMEM YHCIEHHOTO OMEpaTropa UTEeparuu
E"" i oneparopa uepenoBanus E & E,. OueHouHble m ¥ 7 yIOBIETBOPSIOT CJIEIYIOIHM

yenosuam: me N, ne N\{0} U{co}u m<n.Jlnd 0603HaYeHNs MHOKECTBA CTPOK, HOJTY4EH-

HBIX U3 S, M §, BCEMH BO3MOXHBIMH CIOCOGamu, ucrmonmbsyem S, &S,. Jlnsi s,,5,€ > * u
a,be Z .5, &e=¢c&s ={s}and as, &bs, = {a(sl &bsz)} u{b(asl &sz)} .
B PB kaxzplil cCHMBOJI UHIEKCUPYETCs, I TOrO, YTOObI OH BCTPEUAJICs TOJIBKO OJHUH Pa3.

Hanpuwmep, (a,+b,)*a, ABIseTCA MApKUPOBKOIi BbIpaxenus (a+b)*a. Mapkuposka E 060-

3HavdaeTrcsa E . OTH ke 0003HaYEHUS 6y,Z[y'T HCIIOJIB30BAThCs ISl YAAJICHUS WHJACKCOB YKa3aH-

HBIX CUMBOJIOB: E = E . VI3 KOHTEKCTa OyJIeT SICHO, 100aBIIAIOTCS UM YMEHBIIAIOTCS] MHIEKChI
[5]. Beipaxkenue E sBAsieTCS AETEPMUHHPOBAHHBIM, TOTA U TOJIBKO TOTJA, KOTJA JJII BCEX

CIIOB UXV, uyweL(E), rae |x|=|y|=1], ecmu x#y,T0 x#* y.
JlerepMuHU3M TpeOyeT, YTOOBI MO3UIIHS COTTOCTABIICHHUS ObllIa YHUKAJILHOU TIPH COTIOCTAB-
nenun npemioxenud ¢ PB. Hanpumep, a(a)* sABisgeTcs AeTEpMHUHMPOBAHHBIM, TOTJa KAk

(a)*a — HET, XOTd YKa3aHHbIE CHUMBOJIBI OKBUBaJE€HTHHL. i a, e L((a) *a) u
aa, € L((a) *a) NPENONOKIM U=E, X=a, Yy=d, V=&, W=d, CIe0BaTeIbHO, TIONy-
yaeM x=y=a, Ho x(a,)# y(a,), nosromy (a)*a He ssnsercs JIPB.

Janee ciienyroT HeKoTopble noaxnaccs! JJPB, KoTopble 4acTo MCIONIB3YIOTCS HA MPAKTHKE:
- SORE (ognoxparnoe PB). ITycts Z — andasut. SORE sBnsiercs ctangaptaeiM PB Hag

Z , B KOTOPOM KaXK]IbIif KOHEUHBI CHMBOJI BCTpedaeTcs He Oonee oHOro paza. Hampumep,

s 021\ s pl02] #\"
a b ABIISACTCA OI[HOKpaTHLIM PB, a BLIpa>KeHI/Ie a b a — HCT, XOTA yKa3aHHBIe

CHUMBOJIbI SKBHUBAJICHTHBI.
- Simplified CHARE sBnsiercst oqHokpatabiM PB Haz Z dopmsl f...f,, tne n>1. ®@ak-

TOp f; SIBISETCS BRIpAKCHHEM Bnﬂa(al +...+am), (a1 +...+am)?, (al +...—|—am)*, (al +...—|—am)+,

1

rne m=1n aiez .

- eSimplified CHARE sBisiercst SORE max )| Buma fi...f,, rae n>1. ®axrop f; — 310

? * +
Beipaenue (b, +...+bm), (b1 +...+bm) (b +.4b,) (b +..+D,) ,tne m>1u b, sensercs
a, wm @, rae a, €y .
Monens konTeHTa XSD nojazepkuBaeT orpaHu4eHHYI0 (OpMy YepeloBaHus, B TO BpeMs
kak Relax NG — nHeorpannuennyto. [y ananusza nerepmunusma Relax NG HyXHBI HHCTpY-
MEHTBI, KOTOPbIE MOTYT OIPEAENIATh AETEPMUHU3M HEOIPAaHWUYEHHOI'O YepeaoBaHus. B KoH-

KPETHOM ciiydae u3yuyeH aerepmuHusMm PB, renepupyemsiii cxemamu REs u3 RegExLib, pe-
3yJIBTAThI IPEACTABIEHBI HA PUC. 1.
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1= —
0.8 — —= P
0.6 — — — —
% [IPB & PB
0.4 — — —
0.7 = b = S I:ID Whole
DI] CHARE
Il eCHARE
0

I
DTD XSD RNG  RegExLib

HazsaHuA cxem

Puc. 1. Ilpoyenm demepMuHupoB8anHvIX pe2yisipHbIX bIPANCEHUL

Takum oOpa3om, UCXOS U3 MOTYyYEHHBIX Pe3yIbTaTOB, MOXKHO CKa3aTh, uTo /IPB oueHb
4acTO UCHOJIb3YIOTCS Ha IPAKTUKE.

Ha npaktuke muorue DTD u XSD coaepxat noaknaccel JPB, mosatomy nmpoBeneHo ux
uccienoanue. CyiectByronue nojakiaccel J[PB onpenenens! Ha ctanpaptasix PB, To ecth
SORE [4], Simplified CHARE [3], eSimplified CHARE [4]. Ilocnegnue nBa sIBISIOTCS MOJ-
kiaccamu SORE. Taxoke Bkimtouens! Tpu HOBBIX Tojkinacca: SOREwCorl, SOREwC, SOREwI.

HccnenoBanus moka3bIBalOT, UTO UCIIONIb3yeMble MojIKiIacchl [IPB umerot cnenyromue cna-
Oble CTOPOHBI:

- OTCYTCTBYIOT 3KCHEPUMEHTHI 110 KPYIMTHOMACIITAOHBIM pealbHbIM JaHHBIM;

- Het noaknacca JIPB, koropsiit npunaanexutr HeSORE, xots B axcnepumentax ¢ SORE
JTAaHHBIE TMOJIKJIACCHl 3aHUMAIOT BBICOKUH MTPOLICHT;

- cymecTtBytomue nojakiaccel JIPB, onpenenennsl Ha cranaaptHeix PB, 6e3 yuéra u/unu
4epeOBaHHUS.

U3 storo crnenyer, 4To TeKyume ucciaeaoBanus no noakiaaccam [IPB Bcé emé naxonarcs
Ha HauaJIbHOU CTaJIUU U HEOOXOAMMO AalbHEHIIINE UX U3yUCHHE.

JUJ1s 3TOr0 MCTOJIb3yeM ani(haBUT Z 1 BBICOTY 3Be31bl PB Han Hum [4] — A (E ) , OHa IIpe-

CTaBJIsIET COOOI HEOTPHUIATETHFHOE 1IEJI0€ YHCIIO, OTMPEeIEHHOE PEKYPCHUBHO CIIEAYIOIIUM 00-
pazom:

1. h(E)=0,ifE;t®0raf0ran .

2. h(E)=max{h(E,).h(E,)},if E=(E,+E,)or E=(E, +E,)or E =(E,E,) where E,,E, sBs-
ercsiPBB ) .

3. h(E)=h(E,)+1,if E=(E,)*and E, sBnsercs PBB ) .

Pesynbrathl mpencraBiensl B Tadsmie 1.

Tabmuna 1
Buvicoma 36e30v61 6 DTD, XSD u RING
Bricora 3Be3151 DTDs (%) XSDs (%) RNGs (%)
0 26,56 65,27 66,42
1 71,72 34,11 32,86
2 1,69 0,57 0,72
3 0,03 0,05 0
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I'my6ouna Brnoxxenus: PB B andasur Z , 00o3HaueHa ND(E) u mpeacraBiseT co0oil He-

OTPHUIATENILHOE 1IETI0€ YHCIIO, PEKYPCUBHO OIpEIesieMoe CICTYIOIUM 00pa3oMm:
- ND(E)=0if E;t@oraforaez;

ND(E) =max{ND(E,),ND(E,)},if E=(E,+E,),E=(E,&E,)or E=(EE,),
where E,,E, are PB are Z

- ND(E)=ND(E)+1,if E=(E),E=(E)" or E=(E)"" for E, is a PB over .
Pe3ynbrathl mpeacTaBieHsl B Taduuiie 2.

Tabmumna 2
I nyouna eénooscenus 6 DTD, XSD u RNG
I'myOuHa BIOXEHUS DTDs (%) XSDs (%) RNGs (%)
0 94,58 99,24 91,31
1 4,60 0,73 8,45
2 0,58 0,02 0,09
3 0,24 0,01 0,15

OHpelleJII/IM IIJIOTHOCTh CXCMbI, KaK YHCJIO 3JICMCHTOB, BCTPCUAIOIIUXCA B npaBoﬁ qacTHu
€TI0 IMpaBuJ, pa3saCJICHHBIX HA KOJUYCCTBO 3JICMCHTOB.

9

1 N
-—N'A
d=5 24

rae N — ofliee KOJIMYECTBO OMpPEIC/ICHHI 2JIEMEHTOB, BCTPEUYAIOIIUXCS B cxeme, A; — CTpoka

B [IPaBOii 4acTH NPaBuIa, a |A,| 06o3Hauaer pasmep A,. Daiinbl XML-cXeMbl ¢ 60IbIINM 3Ha-

YEHHEM TUTIOTHOCTH UMEIOT 00JIee BBICOKYIO CIIOKHOCTh. DKCIEPUMEHT MOKA3aJl, 9TO CPEIHSIS
miotHocTh Relax NG, XSD u DTD cocrasiser 1,8689, 1,3476 u 10002 coorBercTBeHHo. Ha

puc. 2, mokazaHa II0THOCTh

Puc. 2.

Tpex Bua0B XML-cxewm.
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DKcrepuMeHT mokasai, 4to XSD sBisieTcss Hanbosiee 4acTo UCHOIb3yeMOM CXeMOM st
onpexaenenuss XML (puc. 3).

RNG '21

Schema Category

[
0 20000 40000 60200 §0000

Number of distinct files

Puc. 3. Yacmoma ucnonvzosanus cxem npu uzenedenuu gatinos uz cemu Humepnem

[Tociie mocTpoeHust CXeMbl ceTH ObLIO BEIOpaHo 42 (aiina, KOTOphIE HMEIOT SIBHO 0OJIee BBICO-
kue 3Hadenus SchemaRank, uem apyrue cxemsl, u cocpenorouninck Ha 39 880 PB, mpoana-
JU3UPOBAHHBIX U3 3TUX (hailioB cxembl. Bee st Beipaxkenus spistores J[PB, uro moarsep-
KJaeT MX 4acToTy mnpuMeHeHus. IIpoaHanu3upoBaHo, K KakuM IOJKJIaccaM MpUHAJIekKaT
JAPB, uzyueno tpu ocHoBHbIX — SORE, Simplified CHARE u eSimplified CHARE, npencras-

JICHHBIX Ha pHucC. 4.
SOREs Ratio Pie Chart

S SCIES @ nonS0RSs

Simplified CHAREs Ratio Pie Chart _ o) o s
eSimplified CHAREs Ratio Pie Chart

ae——= ”.95%'

@ Sirpified CHAREs © norSmetfied CHAREs ot a SCRE
@ ron@melfied CHAREs-not a teoming symbel

@ ronSmplfied (HAREs-nocwr unary cpaalors

@ ran@melfied CHARES-not a standard exprassion

© sSopifiad CHARSS @ roreSnpihcd C-ARES not 3 SORE
© roneairelfed CHARE <Rt 3 sl syt

© ronasird fad CHARES tha unary cpsrator * o 2

@ ronpsirelfad QRIS Act 3 standyd avprasscn

Puc. 4. Ilpoyenm nooknaccos /[PB na noomuoxcecmsee XSD
Pe3ynbTarhl MOKa3pIBatOT, YTO AJII MIPUMEHEHHS HA IIPAKTUKE HEOOXOIUMO ONIPEIEITUTh HO-
BBIM OJIKJIAcC.
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WNuorna Bctpedarotes cirydan, korga XML-cxema Obuta HenpaBmwibHO chopmupobana. Co-
riacHo [6], Tonbko 24,8 % XML B UnTepuete conepxat cebuiky Ha DTD win XSD, u3 koto-
PBIX TOJIBKO OZHA TPETh SABJIAETCS AeHCTBUTENbHOM. SchemaRank B Takux ciryyasx momoraer,
€CITM UCIIONIb3YETCS AIEMEHT WITH aTpuOyT, KOTOPBIM He onpeneneH B cxeme. [l 3Toro Heoo-
X0UMO HopMaiu3upoBaTh JIPB B HaObope maHHbIX [7,8], 3aMEHUB CUMBOJIBI B TTOPSIZIKE CJIEBa

HarpaBo CUMBOJIaMHu d,,d,,d;...d, . B PE3YIbTATC BBIPAKCHHUA C OAMHAKOBBIMHU HUJIN ITOXO0KUMU

CTPYKTypaMu MOT'YT OBbITb OOBbEIMHEHBI JJIS OIy4eHUs O0jiee KOMIIAKTHOTO Habopa TaHHBIX
[9, 10], kak moka3zaHo B Tabmwmile 3. DTOT HOpMaIM30BaHHBIN HaObop maHHBIX J[PB Oynet nmose-
3€H B IPWJIOKEHUSAX U CaM T10 ce0e UMEET LICHHOCTb.

Tabnuma 3
Konuuecmeso /[PB
Tun Hcxoanbrii HaOop [IPB Hopmanusnposanubliii HaOop /IPB
DTD 87,176 3,767
XSD 266,100 14,771
RNG 353,926 2,791
RegExLib 2,234 724
Bceero 709,436 20,339

BbIBOABI B COOTBETCTBHU €O CTaThel. B cTaThe BriepBbIeC MPEI0KEHO YETHIPE CTPATErUn
cOopa naHHbIX B ceTd MHTEpHET, 4TO AaJI0 BO3MOKHOCTh MOIYYHTh Oosibiie XML-cxem nmst
0oJjie€ TOUHBIX PE3YJIbTATOB.

[IpoBeneno mccnenoBanue npumeHeHus: J|PB, ocHOBEIBasich Ha O0JIBIIOM HAOOpe peab-
HBIX JAHHBIX. Pe3ylbTaThl SKCIEPUMEHTOB IOKa3aiu, 4to JAPB HamMHOrO yaimie npuMeHsoTCcs
Ha npakTuke, ueM PB, u nanpHeiiiiee uccieoBanne ux MoAKIACCOB 00ecieunT 00Jiee TOUHBIM
pe3ynbTaT NPUMEHEHUS CXEM JIaHHBIX B ceTH MIHTepHeT.

Cnucok MCnoJib30BaHHBIX HCTOYHUKOB

1. Yeting Li, Xiaolan Zhang, Feifei Peng, Haiming Chen. Practical Study of Subclasses of Regular
Expressions in DTD and XML Schema. Springer International Publishing, Cham, 2016.

2. Regex Advice. RegExLib. URL: http://www.regexlib.com.

3. ®punn . PerynsipHsie Beipaxenus : yueOHoe nocodue. 3-e uzf. Cankr-Iletepoypr : CumBoI-
Imroc, 2008. 608 c.

4. The regular expressions in practice. URL: https://www.regular.com.

5. Kocenxo IO. L., Pocnsikosa C. B., Hocos I1. C. Cuctema inentudikauii ¢pyHKIioHaIbHOT €HTporii
cy0’exrta kpuTH4YHO1 iHpacTpykTypu. CospemerHvle HANPasieHus Mmeopemudeckux U NPUKIAOHbIX UC-
cnedosanuil : COOPHUK HAYYHBIX TPYIOB IO MaTepraiaM MexXIyHapoaHOW HayYHO-TIPAKTHYECKON KOH-
¢depennuun. Onecca, 2013. Bum. 2. C. 50-54.

6. Pogorilyy S., Shkulipa I. A. Conception for Creating a System of Parametric Design of Parallel
Algorithms and their Software Implementations. Cybernetics and System Analysis. 2009. Ne 6. P. 952-958.

7. Grijzenhout S., Marx M. The quality of the XML web. Web Semantics: Science, Services and
Agents on the World Wide Web. 2013. Ne 19. P. 59-68.

8. CucremHi gocnimpkeHns ta indopmauniiini Texnomnorii. URL: http://journal.iasa.kpi.ua.

9. Jsoup: Java HTML Parser. URL: https://jsoup.org/apidocs/overview-summary.html.

10. Morton M. The process of using regular expressions. Cybernetics and System Analysis. 2017.
Ne 2. P. 42-49.

References

1. Yeting, Li, Xiaolan, Zhang, Feifei, Peng, & Haiming, Chen. (2016). Practical Study of Subclasses
of Regular Expressions in DTD and XML Schema. Springer International Publishing, Cham.

2. Regex Advice. (2001). RegExLib. Retrieved from http://www.regexlib.com.

3. Friedl, J. (2008). Reguliarnie vyrageniia [Regular Expressions]. (3rd ed.). St. Petersburg:
SymbolPlus [in Russian].

4. Regex Advice. (2001). The regular expressions in practice. Retrieved from http://www.regular.com.

5. Kosenko, Yu. I. (2013). Systema identifikatsii funktsionalnoi entropii subekta kriticheskoi infra-
struktury [System of identification of functional entropy of the subject of critical infrastructure]. Sov-
remennye napravleniia teoreticheskikh i prikladnykh issledovanii: sbornik nauchnykh trudov po mate-
rialam Mezhdunarodnoi nauchno-prakticheskoi konferentsii — Modern areas of theoretical and applied

173



Ne 2 (20), 2020 TEXHIYHI HAVKU TA TEXHOJIOT I
TECHNICAL SCIENCES AND TECHNOLOGIES

research: Collection of scientific papers on the materials of the international scientific-practical con-
ference. Odessa [in Ukrainian].

6. Pogorilyi, S., Shkulipa, I. (2009). A Conception for Creating a System of Parametric Design of
Parallel Algorithms and their Software Implementations. Cybernetics and System Analysis, 54, 952-958.

7. Grijzenhout Steven, Marx Maarten. (2013). The quality of the XML web. Web Semantics:
Science, Services and Agents on the World Wide Web, 19, 59-68.

8. System research and information technology. Retrieved from http://journal.iasa.kpi.ua.

9. Jsoup: Java HTML Parser. Retrieved from https://jsoup.org/apidocs/overview-summary.html.

10. Morton, M. (2018). The process of using regular expressions. New York: NYED Isis 18, 61-68.

UDC 004.67
Yuliia Babych, Mykola Babych, Olena Pavlyshko, Victoriia Nakonechna

RESEARCHING OF DETERMINED REGULAR EXPRESSIONS
USING THE XML TYPE DATA STRUCTURE

Urgency of the research. This article provides an in-depth analysis of a large data set using search engines and hosting
platforms. Four data collection strategies analysis of the Google search engine, scanning of the address path, analysis of
websites, searching for potential data were used to obtain more diagram files from the Internet. A data set for studying deter-
ministic regular expressions received further practical research.

Target setting. Modern XML-type data structure description languages require deterministic regular expressions to read lines
character by character. Therefore, the study of these expressions will speed up the data processing and get a more accurate result.

Actual scientific researches and issues analysis. The analysis of modern literary sources and publications on this topic
showed that most of them use small amounts of data, which is insufficient to conduct an effective analysis.

Uninvestigated parts of general matters defining. For effective analysis of data from the Internet, a large data set and
four strategies for its collection and analysis were used.

The research objective of this article is to study deterministic regular expressions, which are increasingly used in XML-
type data structures.

The statement of basic materials. The development of four strategies for collecting data on the Internet made it possible
to get more XML-schemes, which is 35 times more than in previous studies. The use of deterministic regular expressions in
general and their subclasses for the analysis of large data sets.

Conclusions. For the first time, deterministic regular expressions are applied using an XML-type data structure. A large
amount of data was obtained - 276371 files using four strategies for their collection.

Keywords: data set, regular expressions, deterministic regular expressions, XML type.
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