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KOHCTPYKTUBHO-TPOAYKINOHHASA MOJAEJIb
I'PA®OBOI'O ITPEACTABJIEHUA TEKCTA

B.U. lllunkapenxo, E.C. Kyponamnuk

V crarti po3risiHyTa rpadoBa MOJeNb TEKCTY, IO T03BOJISIE MPUCKOPUTH 00poOKy iHdopMmarii. JlaHa Mozesb A03BOIISE BUSBIISATH OTHAKO-
Bi (pparMeHTH B JOKYMEHTAX 3i 3MiHOIO MOPSIKY CIiIyBaHHS PEYEHb Ta IHIINX YACTHH. BUKOPHCTAHHS KOHCTPYKTHBHO-TIPOXYKIIHHAX
CTPYKTYp AJ1s hopMmarizaiii JaHoi MOfeNi € NepCIeKTUBHUM MiIXO00M Ul MOAJBIIO] aBTOMATH3aLIl poLecy pPoOOTH 3 MOIEILIIO i Bij-
[OBIJTHO 3 TEKCTOM.

KurouoBi ciioBa: rpadoBa MOJIENb TEKCTY, CTHCKAaHHs rpada, KOHCTPYKTUBHO-TIPOAYKIIIHHA CTPYKTYpa, CIIiBCTABJICHHS TEKCTIB.

B cratbe paccMotpeHa rpadoBast MOAEIb TEKCTa, MTO3BOJIIONIAs YCKOPUTH 00paboTKy nHpopManyu. JlaHHas MOJIENb HO3BOJISAET BBISBIIATH
OIMHAKOBBIC ()PArMEHTHI B JOKYMEHTaX C M3MEHCHHEM IOPs/IKa CICAOBAHUS MPEATOKCHUIT U Apyrux yacTedl. Vcronap3oBaHue KOHCTPYK-
THUBHO-TIPOIYKIIMOHHBIX CTPYKTYp VI (JOpMaIN3aiy JaHHOH MOJENN SIBIIISTCS EPCIEKTHBHEIM ITOJXO0I0M UL JanbHelIeil aBToMaTu-
3aIMU Iporecca paboThl ¢ MOZEIbIO H COOTBETCTBEHHO C TEKCTOM.

Kurouessle cioBa: rpadoBas MOzielb, cxkaTue rpada, KOHCTPYKTHBHO-IPOIYKIMOHHAS CTPYKTYpPa, COOCTABICHHE TCKCTOB.

The article describes the graph model of the text, allowing speeds up processing. This model allows us to identify the same fragments in
the documents with the change in the order of sentences and other parts. Using constructive-synthesizing structure to formalize this model
is a promising approach to further automate the process of working with the model and the text accordingly.
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BBenenune

HccnenoBanus u MOAEIMPOBAHUE B PA3IMYHBIX OTPACISIX HAYKU U OOILECTBEHHOTO MMPOM3BOACTBA, a TAKKE 00-
pa3oBaTeNbHbIe MPOLECCHl HEOTPHIBHO CBSI3aHBI ¢ 00pabOTKOI y)Ke MMEIOIUXCS HayYHBIX M3JIaHWH, pa3paboTKoil U
JIOKYMEHTHPOBAaHHUEM HOBBIX METOJAMK, Pa3pabOTKON TEKCTOB KOMITBIOTEPHBIX MPOrpaMM M ToMy HopoOHoe. CKopocTh
U WHTCHCHUBHOCTBH Pa3BUTHA C(ep HayKH, 0Opa30BaHMSA M MPOHM3BOJICTBA, CPEICTB WX MH(POPMAIMOHHOHN ITOIICPIKKH
MOPOXKAALT MPOOIIeMy 00pabOTKH TEKCTOB, KOTOPasi MOXKET OBITh pa3zeiicHa Ha HECKOJIBKO COCTaBIIOmuUX. Ha ceromus
HamOoJlee aKTyaJbHBIMH SIBJSIFOTCS TIOMCK, CpaBHEHHE, IPOBEpKa MPABOMUCAHUS, BBIICICHUE 3HaHWI. Pa3zpaborka u
MOJICPHU3AIHS CPEACTB aBTOMATH3AINH IJIsl PEIICHHS JaHHBIX BOIIPOCOB MO3BOJISIET YIIYYIINTH BPEMEHHBIC TIOKa3aTe-
JIU peIICHHS JaHHBIX 3a/1a4.

CymecTByeT MHOKECTBO METOJAWK IS MPEIBapUTEIHHON 00pabOTKHA TEKCTOB C IENBIO YIPOIICHHUS WX AJb-
Heifmeit o6paboTku. Cpean HUX NpPHUBEJCHHE CHMBOJIOB K HIDKHEMY PETUCTPY M €AMHOW KOAMPOBKH, yJaleHHUE
CTOIICIIOB W 3aM€Ha CJIOB MX IpaMMaTHYeCKuMH ocHOBamH [1, 2], ymaneHne WM UTHOPHPOBAHHE MYyHKTYAIHOHHBIX
3HaKoB [3], HTHOpHUPOBaHKE MPOOETIOB, MMYCTHIX CTPOK, KOMMEHTAPHEB B TEKCTax mporpamm [4].

Ocoboe BHUMaHUE yaenseTcss 00paboTKe TEKCTOB C IEIbI0 BBIABICHHUS Miaruara. Jljis 3Toro pa3paboTaHo MHO-
’KECTBO AJITOPUTMOB, MOJIeNIeH U mporpaMM Ha ux ocHoBe [4]. Cpenn HUX TpadOBOE MPEACTABICHHE CEMAHTHKH TEKCTA
[3, 5], Tokenuszamuuu [6], MOPGhOIOrHUECK Il aHATU3 U CHHTAKCHYECKUH pa3bop [4], TaTEHTHBINA CEMaHTHUECKHUN aHaIH3
[6, 7] mp.

[IpencraBnenne TekcTa B BUIE IpadoBoii Moenu [8] MO3BOIsIET YCKOPUTH 00pabOTKy TEKCTOBOH MH(OpPMAITUHL.
HUcnonp3oBanue KIIC miast popmanu3anuy TaHHOH MOJIEIH SBISETCS MEPCIIEKTUBHBIM MTOXO00M JUIS JATbHEHIIeH aB-
TOMAaTHU3AINH IpoIiecca paboThl C MOJIEIBI0 U COOTBETCTBEHHO TEKCTOM.

dopmanmsanus cpeiAcTBAMH KOHCTPYKTUBHO-TIPOAYKIHOHHBIX CTPYKTYp (KIIC) mo3BomsieT omucath HE TOJIBKO
CTPYKTYPY OOBEKTOB, HO WX CBOMCTBA, ONPEICIHUTH JOIMYCTUMBIC OIEPALUU HAll HUMH, alTOPUTMHICCKHIE 3JIEMEHTHI
MOCTPOEHHsT KOHCTPYKIMi Ha uX ocHoBe [9]. Panee Gbla paccmoTpena 06o61nennas KIIC [10]. [aHublii mOAX0 SBIS-
€TCsI YHUBEPCAIBHBIM JUIS PEIIeHUS MHOTHX 3aJad U MMPUMEHAETCS B Pa3HOIUIAHOBHIX paboTax, MOCBSIICHHBIX a/lanTa-
[MH anropuT™MoB cxkatust [11], hopMupoBaHHIO CTPYKTYp JAHHBIX Ha JOTHYECKOM ypoBHE [12], 0606MmIeHHBIX TpaMMa-
Tuk [13].

Oco6ennoctrio KIIC sBisieTcss BO3MOXKHOCTD (DOPMHUPOBAHUS KOHCTPYKIMH Pa3IMIHON MPHUPOIBI Ha OCHOBE
onepauuil MOACTAHOBKH, CBS3BbIBaHUS, BBIBOJA U JAPYTUX BCIIOMOTraTENIbHBIX ONEpaluil, a TakKe UCIOJIb30BaHUS aTpHU-
6yros [10].

O0001meHHAas KOHCTPYKTHBHO-TIPOAYKIMOHHAS CTPYKTYpa

O606ménnas KIIC onpenensiercs HocuteneM M, curHatypoil X u akcuomarukoir A C = <M ,E,A) .

Hocurens BkiTto9aeT B ce0s KOHCTPYKTUBHBIE AJIEMEHTHI ¢ HAOopoM aTpuOyToB. CHTHATYpa COCTOUT M3 MHOXE-
CTBa UMEH OTepalliii ¥ OTHOIICHWH. AKCHOMATHKAa BKJIIOUAET MHOXECTBA OTPECIICHNU, aKCHOM, MPaBUJ, CBOMCTB,
npasu 1 1p. Hocurens U curHatypa onpeessiroTesi akCHOMAaTHKOM.

[Ipeobpazoanms KIIC mo3BOJIAIOT NMPUMEHSATh MX IS PA3IMYHBIX MPEIMETHBIX obOnacteit. Crieruanu3amus
KIIC nmoapa3ymeBaeT onpenenacHUe aTpuOyTOB HOCHTEIS, CEMAaHTHUECKYIO COCTABISIONIYIO, & TAK)KE OMPEACICHHS KO-
HEYHOTO KOHKPETHOTO Habopa omepanuii, ux arpuOyToB. B xozme mHTEepnperannu KakJoi ONeparii CUTHATYPhI CTa-
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BUTCS B COOTBETCTBUE AJTOPUTM €€ BBINOJHECHUS, SIBIISIOIIMNACS 3JEMEHTOM HOCHTENS HEKOTOPOH aarOpUTMHUYECKOH
ctpykTyphl [14]. Peaymmzannu KIIC 3akmouaetcss B MOCTPOCHUH KOHCTPYKIMI U3 3ieMenToB Hocutens KIIC mytem
BBINTOJTHEHHS aJITOPUTMOB, CBA3aHHBIX C ONEPAIUIMH CUTHATYPHI.

Honxxox Ha ocHoBe KIIC MokeT OBITH MCIIONIB30BaH I (YOPMATM3AINH MOHATHH TEKCTA, €T0 COCTaBIISIONIHX.
OcoOCeHHOCTH OTpeIeNCHHs OHATHH TEKCTa, IPEeIOKEeHUs, ciloBa onpenernsaror Hocutenb KIIC u cyTs onepanmii mo
ee mpeoOpazoBaHUIO. Tak, HAIPUMEp, €CIH CIOBO PACCMAaTPHUBATh C TOYKH 3PEHUSI €CTECTBEHHOTO S3bIKA, TO OHO HE
MOXET BKJIIOYAaTh CHMBOJIBI-LU(PHI, & €CIIM C TOYKH 3PEHHs S3bIKOB IPOrPaMMHUPOBaHUS, CIIOBO — JIEKCEMa, KOTOpast
MOXET CO/IePXkKaTh HU(PHI U MHBIE CUMBOJIBI (MIMEHa NepeMeHHbIX, pyHKIuii, Ki1accoB u T.11.). Takum oOpazom, onpene-
JICHWE TIOMOOHBIX MOHATHH MOXET KaK pacIlupsiTh, TaK U CYKaTh 00JACTh ONPENEJICHHS DJIEMEHTOB HOCHUTEINS, KOH-
CTPYKLUU, ONIepalvii Hal HUMH.

®opmasinzoBaHHas cnenupukanus tekcra cpeacrsamu KIIC

dopmanu3oBaHHas ceU(UKAIUST TEKCTa M €r0 COCTABJISIFOIIUX JaeT BO3MOKHOCTh aBTOMATU3UPOBATh pa3pa-
0OTKY U OOHOBJICHUE MPOTPAMM IS PELICHUS OCTABICHHBIX 3a7ay.

BBeneM HEKOTOpbIC OTPaHUYUCHHS W TOTIOJNHCHHS aKCHOMATHUKU U 00o3HadyeHuil [10] B cooTBeTCTBHE C paccMaT-
pHuBaeMoil mpeIMeTHOH 001aCThIO.

C nannoit nensto onpenenum KIIC u BBINONHUM €€ CelHaanu3aluio;

C=(M,Z,A) s sCr =(My, 57, A1), 1)

rac MT — HOCHUTCIIb, BKJIIOYAIOIIHI BCE CUMBOJIBI QJICKTPOHHOI'O MPEACTABJICHUA TCKCTa U KOHCTPYKIIUU, ITIOCTPOCHHBIC

Ha HUX, X7 — OIlEpallud U OTHOLICHUSA Ha 31eMeHTaX My, A — akcuomaTHka, onpeneinstomas Mt u X .

YacruyHasg aKCMOMATHKA HocuTedst. HocHTenb BKIOYAET MHOKECTBA TEPMHUHAIOB W HETEPMUHAIOB.
M T UN:, Ty =T UT UTp UTy UTwpe, Tk s T — MHOXECTBO KHPHIUIHYECKHX M JIATHHCKHX CHMBOJIOB COOTBET-

CTBEHHO, KOTOPbIE BXOJAT B TEKCT; | — MHOXKECTBa CUMBOJIOB-Pa3/iesIUTeNeH M1 OTOOpakeHUS 3HAKOB ITyHKTYalluH
u npobena; Ty — MHOXeCTBO LUP; Typ — MHOXKECTBO HENEYaTHBIX CUMBOJIOB, He BKmodas npoGen; Ny — MHOxe-
CTBO HETEPMMHAJIOB (BCIIOMOTATEIbHBIX CHUMBOJIOB).

DneMeHTBI HOCUTENS i; M; UMeroT Habop aTpudyToB W; = <type, Code> . [IpuHaANIEKHOCTH KOHKPETHOTO aTpudy-
Ta JJEMEHTy HocutTens OymeM o6Oo3Hauats W;.m. Tum (type.m) mpuHMMaeT 3Hau€HHE TEpMHHAJ/HETEPMHHAN
(ter /nter ). AtpubyT code ykaspiBaeT Ha MAIIMHHOE MPEICTABIEHHE CMMBOJA-TepMHHAIa. B kauecTBe maeHTU(HIIN-
pyrolero arpuOyTa BEICTYMAET KOJI.

YacTuyHasg aKCHOMATHKA OTHOLIeHMil M omepammii. Curatypa X; COCTOMT M3 MHOXECTBAa OIEparuil
X1 = <E,®,CI),{—>}> Uvy, E= {} , TIle = — MHOXECTBO OTepanuil CBA3bIBaHUsA, ® — MHOXKECTBO ONEpPAIlUil BBIBOA,
® ={=,'=} — muox)ecTBO ONEparHii Hax aTpuGyTamu; ¥ — MHOXKECTBO TIPABHII MPOJAYKIMH BUNA /i < S;,0; >, |
HOMep MpaBuiia, S — IOCIEJ0BATEIbHOCTh ONepaluii MOJICTAHOBKH, ( — MOCJIEI0BATENIbHOCTh ONEepaluii Hajl aTpuly-
TaMH, « — » — OTHOIIIeHHE TocTaHoBKH. ® ={=,|=, ||=>} — onepanmu moACcTaHOBKH, YaCTHYHOTO U MOJIHOTO BBIBOJIA.

Onepauym KOHKaTCHallu1 '(mi , mj) CBA3BIBACT JIBA 3JICMCHTA HOCHUTEIIA. PGSyJ’IBTaTOM BBITIOJIHEHMS Ooll€paliun

sByIsteTCst hopma | . ®opma MOXKET OBITH MOCTPOCHA TAKUM 00pPa3OM:
— WIIZWO.(ijj’ kak) I lemleMT,
- |=Wj m;, ecmn |=,, ~(8,Wj m;j)=w, ‘(w,- Mj, €), rae & — mycToii H1eMeHT;

= wl=w Gl w,12) s Vo b=y My G My MO How, M)y Vo M €M

MHoxecTBO 3HaYCHUH aTprOyTOB (POPMBI OMPEAEISICTCA COBOKYITHOCTHIO 3HAUCHHUH aTPUOYTOB €€ COCTABJISIO-
IIHX.

CenrennnanbHas popma — Gopma, oaydeHHAsI B pe3yabTaTe BBIBOJA M3 aKCHOMBI (HAYaJIbHOTO HETEPMHUHAI b-
HOTO CHMBOJIa, MPUHAIJIEKAIETO HOCUTEIIO) COTIIACHO TIPpaBHiIaM BIBOJIa KOHKpeTr3upoBanHoii KIIC.

@®opMEBI, B KOTOPBIX OTCYTCTBYIOT HETCPMHUHAIBHBIC 3JEMEHTHl — KOHCTPYKIUH. KOHCTPYKIIUM MMEIOT TaKue
aTpubyThI: THII SI3bIKOBOM KOHCTPYKIMHU, HA00p Koa0B. ATpulyT Tum (typel) mMoxxeT mpuHUMATh Takue 3HAYCHHS:

K-CJIOBO, K-ITPCAJIOKCHUC, K'3633H, K-TCKCT.
OrtHolIeHue MNOJACTaHOBKHU — OTHOILICHUE C anI/I6yTaMI/I

w i w2, I, rme lj,1j — cenrenumansubie Gopmsr [11].
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M sanannoit gopmer 1=, (w hy w12, wlh - w lk) ¥ mOCTymHOrO OTHOWIECHMS NOACTAHOBKH
Wp—)(wh Iy, quq) TaKoro, 4To I, — mnoadopma WII pe3y/bTaTOM TPEXMECTHOH OIepali TMOJCTaHOBKU
* *
w.’l =w, =(w, Ihw, 1q: w 1) Oyzer popma WTI =w, (w1 w120 o lgo oo w )

JByXMeCTHast Onepalys YaCTHIHOTO BBIBOAA | - I*:Wp = (¥, w!) (>€®) sakmouacrcs b:
|

—  BBIOOpE OIHOT'O U3 JOCTYIHBIX IPABUII IOJCTAHOBKU Y/, ! <S,, gr> C OTHOIIEHUAMM IOJICTAHOBKH S, ;
—  BBINOJHEHUU Ha €r0 OCHOBE OIepaluii O0JCTaHOBKH;
—  BBINOJHEHUH OlNlepanuii Haj aTpuOyTaMu (J, B COOTBETCTBYIOILIEH M10C/IEN0BATENbHOCTH.

Ormepanust MOIHOTO BBIBOAA WM HPOCTO BBIBOJA (|[=€ @ ) 3aKimouaeTcst B MOIIArOBOM IpeoOpa3oBanun Gpopm,

Ha4YvHag ¢ HaA4YaJbHOI'O HETCPMHUHAJIA U 3aKaH4YMBas KOHCprKHHeﬁ, y[[OBJ'IeTBOpH}OHIeﬁ YCJIOBUIO OKOHYaHUA BbIBOJA,
4YTO NOApPa3yMEBACT IUKIMNYCCKOC BBLIINIOJHCHUC onepaunﬁ YaCTUYHOI'O  BBIBOJA. Onepauml JABYyXMECTHas1

*
WTI == (¥, ).
Onepanust pucBauBanust = (a,b) komupyer 3HaueHue omepanaa b B a.
Omnepauust = (W;,W;) BBINOJIHAET CPABHEHHS aTPUOYTOB. Pe3ynbTaToM onepaiyy cpaBHEHUs SBIAETCS 3Haue-

HIE WICTHHAY, Cd W; =W , HHAYe — IOKb».
Onement npuHamiexur Gopme mel, ecin 3,1y, 150 T=-(I;,1,) &((; = (5, m)|l; =-(M, 1)1, =-(I3,m)), e

I,,1,,15 — opmbl, 06pa3oBaHHEIE C TOMOIILIO ONEpalii KOHKATEHALIHH.
111213

Paciuupenne akcuomMatuku HocutTensi. KoHcrpykuust — siBmsiercss  kK-cioBom  typedl =cw, ecnm

vm, el:m, eT UT UTy.

KoHcTrpykuus siBiasercst k-mpemioxkenuem typedl =cs, ecim | =-(I;,m), meTgy, Tgp ={"I","?","","..."},
TepcTp.
Konctpykums sBisiercst  k-a63auem  typedl =cp, ecom | =-(I,1,) &I, =-(m;,m,), codedm; =13,

code.dm, =10 (mepexox Ha HOBYIO CTPOKY, BO3BPAT KaPETKH).
K-a63a11 MOXKeT BKIFOYATh B c€0sl HECKOJIBKO MPEIOMKEHUH, K-IPETOKEHIE — HECKOIBKO a03alleB.
Konctpykuus siBisiercst k-tekctoMm typedl =ct, ecmu | =-(I3,1,) & typedl; =cp & (typedl, =cp| |, =€) u

l;,], UMEIOT CMBICTIOBYIO CBSI3b.
NnTepnperanus KIIC Tekcra. Yactimano unTeprnperupyeM ctpyktypy Cr (1) ¢ moMombio anropuTMHIecKon
cTpyKTYpHl C 4 :

<CT Car = <MA,T Vat ZaT:AaT >>| '_><ACTI ACr = <M1,21,A1>>, (2

0y, .
rne Ay o Ar, Var ={A"| *.} — MHOXeCTBO 6a30BbIx anroputmos [10, 13], X;,Y; — MHOXeCTBa Onpe/eseHuii 1 3Ha-

YeHUii alropuTMa Aio |;((' Apr ={Mar = U (X(ADOUY(AY))UQ(C;)} — reomropomrsii Hocutens, Q(Cr) —
I Y ' A Vpr

MHOMECTBO A3BIKOBBIX KOHCTPYKIWM, KOTOophle ymoBunetsopsior Cr; Ay ={(A |L'|2 AN (A ||fh"|q'fi A'=");
f; a ny. 5 n my. a .. TR
(AS |fijv\y - |:> )1 (AG Ic,‘{’ = ”:> )1 (A7 |a,b J= )1 (AB |(E:i,b = )}
Crpykrypa ,C; BKIIOYAeT aJTOPUTMbI BHIIOJIHEHHS OIEePaLHii:

A
Al0 |2 A — KOMIIO3MLMS aIrOPUTMOB, A - Aj — OCIIEA0BATENBHOE BBINOJHEHUE anroputvMa A; rnocie ai-
'

ropurma A, ;
- A ?— YCIIOBHOE BBIIIONHCHHE: aITOPUTM A, BBIIOIHSICTCS, CCIU YCIOBUE Z HCTUHHO;,

Aq |Ly|2 —konkarenanus, |,1;,1, — popmsr;
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fA .
- A, |Ihll|qlfi —noacranoska, Iy, Iy, fi — dopmsr;

- f = i i i f 9
Ag |fiv\P’ Ag |5,y — 1acTuunbIi 1 nonnsii BeiBox, rae fi, f; — gopmbl, o — akcuoma, — MHOXECTBO

c(hOpMUPOBAHHBIX KOHCTPYKIIHH;

— A/ |3, —TpHCBOEHHE ONepaHy @ 3Ha4CHUE omepaHza b ;
- A |g’b — cpaBHeHue atpudyToB a u b, eciun a=b, To C =true, B nporuBHOM ciydae C = false.

Konkpernsanusa KIIC Texkcra. BoInoiHUM KOHKPETU3AIUIO CTPYKTYPBI CT :
Crk Gy =<M2:221A2> '

rie Ay, DA, A, o{M, =T UN; N ={, i} ={o,v,8,x,m,p,0,1}}. ArpuGyrom Herepmunana (w;) sBisteTcst THI

koHcTpykuuu ( Kindw; ), 11t mocTpoeHus: KOTOPOil OH HCIOIB3YeTCs.

I[anee paccMOTpuM IIpaBujia AJId MOCTPOCHHUA K-TCKCTA, a4 TAKIKEC APYTHUX KOHCprKHHﬁ, KOTOPbIC MOT'YT B HCTO
BXOOUTH.
HpaBI/IJ'IO 51 MO3BOJIACT HAYATH BBIIIOJIHCHUC NOCTPOCHUS TCKCTA, OIMPCACIINB 3HAYCHUEC COOTBCTCTBYIOLICIO aT-

puOyTa Kak TeKCT:
s, =(c—>7), g, =(kindJr =ct).

IpaBuno S, —S, MO3BONSIOT OMPEACIHTH COCTABILIONINE TeKCTa — ab3ambl (OZHOTO WM MHOTO), OIpeIcInB
3HAYCHHE COOTBETCTBYIOMIETO aTpHOyTa Kak ab3arl

s, =(r >an), g, =(kindda=cp), s;=(r >an), s, =(r—>mm,),

rae m;, M, — CUMBOJIBI BO3BpATa KapeTKU U IEPEX0fa Ha HOBYIO CTPOKY.
IpaBuna S, —S, IO3BOJSIOT ONPEACIHTH COCTABISIONINE a03ama — MpeiokeHne (MHOTO HIIM OJHO), OTpene-
JIMB 3HaU€HHE COOTBETCTBYIOLIETO aTpHOyTa KaK IpeJJIoKeHNe

ss=(a— pyra), ss=(a—>pr), g =(kindlp=cs), s; =(y >Myy),

rac mend ETSD — CUMBOJI MPU3HAK OKOHYAHUA TPEAJIOKCHUA.

IpaBuna Sg—Sg TO3BOJSIOT ONPEACITUTH COCTABILIONINE MTPEUIOKEHUS: OHO MM Goee cIoB
Sg = <p - K‘> y Og = <kind._lr<:: CW> y Sq = <p - K5p> .
IpaBuiia S;y — Sqq HO3BOJISIOT OHPEACINTh PA3JENIUTENh MEXKLY CIIOBAMU
Sip = <5 - msep>, S11 = <5 - msep5> )

rae msep ETWD’TWD :TD \TSD .

ITpaBuna S;, —S;3 MO3BOJIIOT OCTPOUTH CJIOBO M3 OJHOM U OoJee OyKB:
Sl2 :<K—)mCK> y 513 :<K—)mc> y

roe m, T UT UTy .
Tyt mox 3amuceio Tnna kK — m,, M, € T UT, UTy crenyer noHUMaTh MHOKECTBO ajbTEPHATHBHBIX HPABHII,
YTO MOKHO TaKXKe 3amicaTh B Bume K —> a |6 |6....

Onepaunn Ha anI/I6yTaMI/I BBITMIOJHAIOTCA OCJIC ONI€paliui 4aCTUYHOT'O BbIBOA.

Peammmzamms KIIC Tekcra. Peanusauus ctpykTypsl (2) 3akioyaetcs B (OPMHPOBAHHH SI3BIKOBBIX KOHCTPYK-
IIUH 13 JIEMEHTOB €€ HOCHUTEISI ITyTEeM BBINOIHEHHS JITOPUTMOB, CBA3aHHBIX C ONEPANUsIMH CUTHATYPHI, 110 IIPaBHIaM
AKCHOMATHKH:
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ACr R'—>5(ACT )

rae Q(aCr) = Q(ACy).
PaccMotpu npuMep moctpoenus KOHCTpYKIuH «Konmak nmox koimakoMm.». Jlanee IoKa3aH BEIBOJ TEKCTA, COCTO-
AIIETro U3 OJHOT0 ab3ala U OJHOTO NPEAT0KEHNU, 3aKaHUMBAIOILETOCS TOYKOM:

1 2 4 6 7
o= 1= an=a13"10'=py'13"10'=p"."13"10'

OmnpenenyM KOJTHIECTBO CIOB M CTPYKTYPY NMPEITIOKCHUS:
9 9 8 10
p"."13'10=115p"."13"10= kdKdp'."13'10'= kdKkdKk'."13"10'= k' 'k’ '«."13"10".

Hanee ucrons3ys npasuna 12, 13 momygaem ¢pazy «Kommak’32’mon’32 kommakom.”13°°10°». 3nech B KaBBIUKA
B3STBI CHMBOJIBI ITPpo0eEIIa U Iepexo/ia K HoBoMy ab3airy.

Jlist 06paboOTKHM KOHCTPYKITHIM PaCCMOTPHM 3a/1a4d CHHTE3a M aHanu3a rpadoBoii Moaenu Tekcta [8].
Cunre3 rpaga KOHCTPYKTHBHO-TIPOAYKIIMOHHBIMYU CTPYKTYpaMu

IIycTh eCTh MHOXKECTBO S3bIKOBBIX KOHCTpYKImit Q(,Cr) , HOPOKIEHHOE CTPYKTYPOil ACr (2). 3amaua cocro-
UT B OMPEJIETIEHHbIE CTPYKTYPHI Cg , TIOPOJIAtOIIEH MHOKECTBO KOHCTpyKimii-rpados Q(C) Takoe, 4TO CyIIECTBY-
eT 6uekTuBHOE oTobpaxenue f 1 Q(,Cr) — ﬁg (Cy)-

Jlnist peneHyst MOCTaBICHHOW 3a/1a4M ONPEACIHM CTPYKTYPY M CIICHHAIH3UPYEM €€ COOTBETC TBYIOIIUM 00pa-
30M:

C=(M,ZA) s Cy =(My.24,A4),

rae My — pacimpsieMblii HOCUTEIb, BKIIOYAONH MHOXKECTBA KOHCTPYKIHIi-rpaoB, s3bIKOBBIX KOHCTPYKIHIT U X

3JIEMEHTOB, Zg — MHOECTBO OTIEpaIliil ¥ OTHONICHU Ha 3ieMeHTax M g Ag — aKCHOMAaTHKa.

YacTuyHas akcHoMaTHKa HocuTess. Hocutens BKIFOYAET MHOXKECTBA TEPMUHAJBHBIX M HETEPMHHAIBHBIX
anementoB My =T U Ng . Tepmunanamu sBISIIOTCS s3bIKOBBIC KOHCTPYKUMH, noctpoennsie KIIC (2) u ux cocras-
nsromme (Tt ), a Takxke KoHCTpyKumu rpados u ux cocraussiommx Ty =QUQ, UT UVUE, Qg — mHOxecTBO

KoHcTpyKumii-rpados, V , E — MHOXecTBa BepiiuH 1 qyr ¢ X arpuOyTamu.

Bepiunna umeer atpubyTh W, = <id, content, tokens) , 1d — unenTHUKaTOp, IPUHUMAET LEIOYHCIICHHBIC 3HA-
4yeHus, CONntent — wacTe TEKCTOBOW KOHCTPYKIWH, TOKENS — crucoK, coiep  alinii MpU3HAKKM HAyala S3BIKOBBIX KOH-
CTpyKIHi. ATpulyTsl ayru W,= <id, routes, start, end), id — maeHTHHUKATOP, MPUHUMAET LEIOYUCIICHHbBIC 3HAYE-

HUS, FOUtES — MHOKECTBO HOMEPOB IyTeil, B KOTOPBIC BXOAMT Iyra (ykasblBaeT Ha Mopsaok obxoxa rpaga), start, end
— BEpIIHH, KOTOPHIE SBIIIOTCS HAYaJIOM M KOHIIOM JYTH.

Harpysxeunbiii rpad Oynem o6osnauate g G = <V, E> V=g, VihE={g e;} — mHoxecTBa BepmmH u ayT,
J
Harpy>keHbix arpubyramu. Kaxa0e MHOKECTBO COIEPIKUT IYCTOMN DIIEMEHT.

I'pac umeer Takue atpuOyTsr W o= <Start _V, last _v, current _v, amount _ |> , TIe start_v— craproBast BepuirHa

rpada, last v — mociemmsisi nobGaBneHHasw BepmimHa, CUFTeNt_V — Tekymias BepmmHa mpu (opMupoBanuu rpada,
amount_| — konn4uecTBO MUKIIOB, B KOTOPBIE BXOJIHUT CTAPTOBAS BEPIIHHA.

YacTuynasi akcHOMATHKA onepanuii. Paccmorpum curharypy X :

g =(24,04, 0 {5HUY,,

rie 24 ={,:=:%U,U} — MuoxectBo onepanmii mpeo6pasoBanus u  cessbiBanms, Oy ={=,|=,[=} — MHOKeCTBO
onepauii BhiBoga, Dy ={+,:=#,+} — MHOXKeCTBO onepauuii Hax arpubyramu, Wy — MHOKECTBO IPABHII IPOYKLIHIA
BUMA Y, <Sj,0; >, | — HOMep TpaBWia, S — MOCIENOBATENBHOCTh ONEPAIMil TIOJCTAHOBKH, § — TOC/IENOBATENb-

HOCTP OTIepaluii HaJl aTpHOyTaMH, « — » — OTHOIIIEHUE TIOJICTAHOBKH.

67



Teopemuuni ma memooono2iuHi 0CHO8U NPOZPAMYBAHHA

Omnepannst e = (vy,V,,G) 3akmodaeTcs B ONPEfeNCHUN TyTH €, COSAUHSIOMEH BEpIIUHBI V; U V, Tpada G.
Ecnu nyra co 3HaYeHUSIMH COOTBETCTBYIOLIMX aTPUOYTOB OTCYTCTBYET, TO BO3BpalIaeTCs MyCTON DJIEMEHT MHOXECTBA
nyr rpada G, ero uneHTU(GHUKATOP PaBeH HYJIIO.

Omepanus V= (X,V) 3akio4aeTcs B HAXOXKICHUH BEPUIMHBI V C aTpuOYTOM Beca, PaBHBIM X , U3 MHOXKECTBA

BepuiH V . Ecim BepuinHa co 3Ha4€HHSAMH COOTBETCTBYIOIIMX aTPUOYTOB OTCYTCTBYET, TO BO3BpAILAETCS IYCTOM
9JIEMEHT MHOKECTBa BEPIIUH V , €ro HACHTU(HUKATOP PaBEH HYIIIO.
Omnepanus +(c,n, L) 3akiaroyaercs B BBINOJIHEHUH N omnepanuii u3 cnimcka L, eciu € =true.

Omnepartysi BEIYUCICHHUS MOITHOCTH MHOXKeCTBa #Q ompeessieT Ynuciio, paBHOS KOJIMYESCTBY 3JIEMEHTOB B Q .
Omnepanust cinoxeHUs IBYX 4ducen +(a,b) npenmonaraer Haxo)KAEHHE TPETHEro YHCIA, SBIAIOMIETOCS HX
CYMMOH.
Omnepanuss o0beIUHEHUS TpadoB , G= U(Wl Gy, WZGz) npejnonaraetT (OPMHPOBAHHUE HOBOrO Tpada
7, G, BKIIOYAONEro OOBETMHEHHBIE MHOXKECTBA BEPIIMH M OyT HCXOAHBIX TpadoB  G= <V, E> ,
[¢)
V=ViUV,, E=EUE;, G =<Vy,E >, G, =<V,,E, >, npu srom U — Tpanuimonnas onepauus oGbente-

HHUA MHOXCCTB.
OrtHolIeHue MNOJACTAaHOBKH MMCCT BU/]

vi =(5,9i), s =(5.5), g =<§i 0 >,

e 5i, S; — OTHOIIEHHE MOACTAHOBKH ISl PACTIO3HABAHHS S3bIKOBOI KOHCTPYKIMH U TIOCTPOEHHs KOHCTPYKIHMH rpada
COOTBETCTBEHHO, Jj, §; — ONEpalMH Haj aTpUOYTaMHU S3bIKOBOM KOHCTPYKIMH M Tpada, €ro BEPIIMH U IyT COOTBET-

CTBEHHO. B ciyuae ecim omepamuu Hajg aTpuOyTaMH HE BBITONHSIOTCS, OTHOIIECHHWE MOJCTAHOBKH HMEET BHII
y=(s¢).
Onepauus nosroro Beioga ||= (¥, 1) cocronr B:

—  ompejesieHUU BXOJHON KOHCTPYKIIUH, HAOOpa OTHOIIIEHUH MOJICTAHOBKH U JOCTYIHBIX U3 HUX;

- BBITIOJTHEHUH ONI€paliui YaCTUYHOT'O BbIBO/IA, IMMOKA A3bIKOBAasd KOHCTPYKIHUA M € Q) TIOJIHOCTBIO HE pacmoo-
3HaHa, TO €CTb AJIA Ka)XXA0To €€ 3JICMCHTA (; B rpaq)e HCT COOTBETCTBYIOLICTO 3JICMCHTA-BEPIINHBI WA (i)opMa rpaq)a
COJACPKUT HCTCPMUHAJIBI.

PesynbraToM oneparuy BHIBOJA SBIISIETCS KOHCTPYKIHA-Tpad.

Konkperusauus KIIC rpada. BoinomHnm KOHKpETH3aLHIO CTPyKTypsl Cg

Cg s KCg :<M3,23,A3>’

e Az>Ag, A;o{MzoM,, ceTr, Ny={a,8, T,2{G,G .G}, G=(V,E), V={}, E=0,
G =<V',G" >,V ={y,v,}, E"={e;}, G~ =<V 7,G" >,V  ={v; v, }, ET ={e;' }}.
I[J'IH pacno3HaBaHUA A3BIKOBBIX KOHCprKIII/Iﬁ OIIpeAC/INM TAKHUEC HpaBI/IJIaZ

5 = <o-d1 N CO'>, g, = (+(code.ic = EOF,1,d; =true)), §, = <0'd2 N c> , O, =(+(codec = EOF,1,d, =true)),

e ¢ — cUMBOJ Tekcra, kpome EOF — npu3Hak KoHIA TeKCTa B €ro 3JIEKTPOHHOM IIPEJICTABICHHH.
Crenyromnye npaBuia ONMCHIBAIOT 100aBJICHUE MIEPBOH BEPIUUHBI B ITyCTOH rpad:

5 =(c>Ga), §,={id.v:=#V,content.\v:=c,tokens:=< cw,Cs,cp,ct > ,
start_v.G: =v,current_v.G: =v,last_v.G: =v,amount _I1G = O> .

[IpaBuno S, mo3BoJseT 106aBUTH K rpady HOBYIO BEPIIMHY H IyTY, CBA3BIBAIOILYI0 HOBYIO BEPIIMHY C TEKY-
mei B rpade

S, = <Ga 0w UG, G, U(G,G")a —>Ga>, g, = (v, = (c,V),e = (current _v.\G,v,G),
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+(id-v; =0&id.le; =0,14,d; =true, id.v; :=id.current _v.IG, content.lv; := content.lcurrent _v.IG,
id.v, ==#V +1, content.\v, :=c,id.Je; =#E +1, start.Je; :=V;, end.le; :=v,, routes.le; :={amount _I.JG},
+ (content.current _v.IG = X & X € Tyyp, tokens. v, =< cw >),
+(content.current _v.JG = X & x € Tgp, tokens. v, :=<cs >) ,
+(contentcurrent _v.JG :‘10‘,tokens.Jv; =< cp >), last _vdG =v,, current _v.JG = v2)>.
IIpaBuio §3 MO3BOJISICT J0OABUTH K Tpady HOBYIO OYTY, CBS3BIBAIONIYIO TEKYIIYIO BEPIIMHY CO CTAPTOBOIA.

S, :<a o UG,G™)a, D(G,Gﬂ)a—>Ga> , §3=(v; =(c,V),e, = (current _v.JG,v,,G),

+ (v, = start _v./G&id.Je; =0,14,d, = true, id.lv,” = id.Jcurret _v.IG,content.lv, =
= content.curret _ V.G, id.\v, =idstart _v.IG, content.lv, =c, id.Je; =#E +1 start.le, =
=v; ,endJe;” :=v, , routeste; :={amount _I.IG}, amount _I.JG :=amount _1IG +1,
+ (contentJcurrent _v.JG =X & X € Typ,1, tokens.Jv;* =-(tokensstart _ v.IG, < cw >)),
+(content.Jcurrent _v.1G = x & x e Tgp, 1 tokens.lv,, :=-(tokens.start _v.IG, < ¢s >)),
+ (contentcurrent _v.G =10',1, tokens.Jv;* :=-(tokensdstart _v.1G,< cp >)), current _v.G = start _vAG)) .
[IpaBuio §4 M03BOJISIET U3BMEHUTD HArpy3Ky UMEIOIIEHCs qyTH:

Sy = <Ga @™ Ga>, g4 = <v1 =(c,VJG),e, =(current _v.IG,v;,G), +(idv; = 0&id.le; # 0,3, d; =true,
+(start _v.IG = v;,5, routes.le; := routes.le; U{amount _1.1G}, =+ (contentdcurrent _ v G = X & X € Typ,1,
tokens v, = -(tokens.v;, < cw >)),+(content.Jcurrent _v.IG = X & X € Tgp, 1, tokensv; =-(tokens.lv;, < Cs >)),
+(content.current _v.G =10',1, tokensv; = -(tokensv;,< cp >)), current v :=v;),+(start _v.IG =V, 6,

routes.le; := routes. e, U{amount _1.1G},+ (contentcurrent _v.G = X & X € Typ,1 tokens.lv; :=-(tokens v, , < cw >)),

+(contentcurrent _v.JG = x & X € Tgp, 1 tokensv; = O(token&Jvl, < Cs >)), +(contentJcurrent _v.JG =10',
tokens.lv; = -(tokens.v;, < cp >)), current.lv ;= start _v.JG, amount _1.JG = amount _1JG +1))>.
Crnenyromee mpaBuiio MO3BOJISIOT 3aBEPIIUTH MPOIIECC MOCTPOSHHS KOHCTPYKIMU-Tpada:
Ss=(a>e).
Hurepnperanusa KIIC rpada. Marepnperupyem rpadoByro CTpyKTypy:
(Cq.Chc =<MA,VA,2A,AA>>,»—><ACQ, aCq =<Mg,zg,/\4>>,

0 Y, .
e A, DAz, Va={A |X'i} — MHOXecTBO Ga3zoBeix amroputmoB [10, 13], X;,Y; — MHOXecTBa ompezeneHuil Ta 3Ha-

yenmii anmropurva A’ |I('I CAn={M,= U XAH)UY(A)UQC) UQ(Cy)} — mHeomHOpomHbiii HOCHTEID,
A eVy
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QC), Q(Cg) — MHOKECTBO SI3BIKOBBIX 1 TPadOBBIX KOHCTPYKUMH, KoTOpble ynoBinetsopsitoT C; u Cy cooTBeTCTBEH-
HO; A4 D {(%J””;"); (A‘)‘JII:EII); (%O‘J":iu); (A‘l‘JII+II); (AZ‘J"#"); (%S‘JII+II) , (A14<J"U") , (AlS‘J“U“)}_

Crpykrypa pgCy BKIHOYACT ANrOpUTMBL, PEAU3YIOLNE TAKHE ONCPALUN

- Al0 , Ag , Ay — A5, A; — Ag— aHaNOTHYHBI aNropuT™MaM CTPYKTYpsl C,;

- A |?wg — HOIHBIH BHIBOI, IIE G — aKCHOMa, () — MHOKECTBO C(hOPMHPOBAHHBIX KOHCTPYKIIHIA;

- A |31,v2,G — OIIpeZeNIeHUe AYTH €, COSUHAIONIEH ABe 3a1aHHble BEPIIUHEI Vy,V, BTIpade G;

— Ay |}y — HaxoxIeHHe BEPUIMHBI V C 3aJaHHBIM 3HAYCHHEM aTpuOyTa Beca X B MHOXKECTBE BepiIHH V |
- Ay ||E,n,L — BBIMIOJTHEHUE N omepanuii 3 cmcka L, ecmu € =true, L — crimcok u3 N omeparuii;

- A |(X) —BBIYHMCJICHUE MOIHOCTH X MHOXecTBa Q ;

- Agj |ng — CJIOXKEHHs IBYX uucen a,b, ¢ — pesynbrart;

- Ay |g‘62 — o0bemuuenue rpadgos G;,G, B G;

- A |81 Q" obbenuHenue MHoxecTB Q,Q, B Q.

Peanuzauusa KIIC rpada. Peanuzauus cTpyKTypbl ACg 3aKIovaeTcs B GOpMUPOBAHUU TPaOBBIX KOHCTPYK-

LIPII7[, KOTOPBIC UMCIOT OJJTHO3HAYHOC COOTBCTCTBHUEC KOHCTPYKIHUAM Q(ACT) ITYTEM BBIIIOJIHCHUA AJITOPUTMOB, CBsA3aH-

HbIX C Ooll€paliusAMU CUTHATYPHI, 10 IIpaBUJIaM aKCUOMATHUKU:

ACy RHﬁ(ACg) )
rue ﬁ(ACg)CQ(ACg).

C:katue rpaga

Hannas rpadoBasi MOJEb MOKET OBITh HCIIOJB30BaHA IS CPABHEHHUS TEKCTOB, MIOMCKA MOJCTPOKH B CTPOKE.
Jli1st yckopeHus mpoliecca cpaBHEHUSI MOXKHO IPUMEHUTH CxKaTust rpada. [[jst 5Toro paccMOTpUM TaKkylo CTPYKTYPY:

C :<M,Z,A>S|—>CC :<MC’2C’AC> y
rie Ac ={M¢c =V UE UQg v X¢ ={{.={> == Yo ={vc = <Si 1 i >}}-
YacTuyHas akCHOMATHKA ONlepalMii.

OTHoIlIEeHHE TOJACTAHOBKU U ONEpPaIMH MTOJICTAHOBKU, YACTUYHOIO U MOJIHOTO BBIBOJA, KOHKATE€HALIUHU, IPUCBAH-
BaHMS aHAJIOTUYHBI ofHONMeHHBIM oneparusiM KIIC rpada.

HNutepnperanusa KIIC cxaTtusa rpada. AIropuT™Mbl onepanuii, HCIIOIB30BAHEl B PACCMaTPUBAEMOI CTPYKTY-
pe, aHAJIOTUYHBI AITOPUTMaM OJHOMMEHHBIX OTepannii CTPYKTYpHI AJIs TIOCTPOEHHUS Tpada.

Konkperuzanus KIIC cxxkaTtus rpada. BoImonHIM KOHKPETH3AIUIO CTPYKTYPHI TSI CoKaTus Tpada:

Cc k> Ccxk :<MCK!ZCK1ACK>1

rae Mcg =Mc UNeg, Nek ={c}-
PaccMoTpHM npaBiiIa, TO3BOJISIONIHNE CKATh Tpad.

S = <0' —)GG> y Sp = <G0'd—> GO'> )
0,=0, = <e1 =(v;,vj,G).e, =(v;,Vy,G),+ (routes.Je; = routes.le,,4,d := true, content.lv; = -(content.lv;, content.v;),

tokens.lv; :=-(tokens.lv; ,tokens.v;),end.te; =V, )), s; =(c —>¢).
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Peasmzanus KIIC c:xxatus rpada. Peanusanusa untepnperupyeMoit ctpykrypsl ,Co 3aKiouaercsa B popmu-

poBaHUH rPadOBBIX KOHCTPYKIMH, KOTOPBIE HMEIOT O/IHO3HAYHOE cooTBeTCTBUE KOHCTPYKIMAM Q(5Cr) u Q(ACy)

ITYTEM BBIINIOJHCHHSA aJITOPUTMOB, CBA3aHHBIX C ONI€pallUsIMU CUTHATYPBI, 110 IIpaBrUjiaM aKCUOMAaTUKU:

ACc RHﬁ(ACC) ;

rae Q(4Cc) c Q(Ce).
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LEJTBIO TeNIECO00Pa3HOM SIBIIACTCS pa3padoTKa CPeCTB (popMaTH3auu s MPEICTABICHHUS TEKCTOB.

(DOpMaJ'ILHLIe rpaMMaTUYCCKUEC U AJITOPUTMUYCCKUC CTPYKTYPBI HUCIIOJb30BAHbBI KaK CPEACTBO q)OpMaJ'II/I?)aIII/II/I

TEKCTa B BUJIC KOHCTPYKIHH ¢ aTpuOyTamu. KOHCTPYKTHBHO-IPOYKIIMOHHBIN MOXO0/T IO3BOJISIET OMPEICIUTh MOPSIO0K
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