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AHHOTAIHA
B cratebe wmccmenyercs 3(deKTUBHOCTH OOBEeIMHEHMS TMPOIEAYp TMOMCKAa M CXKATHS CHMBOJIBHON

uHpOpMAIMM W WX peaBamys B €JIMHOM YHUQUIMPOBAHHOM CICIMAJIM3UPOBAHHOM YCTPOWCTBE.
Co3gaHbl  anropuTMUYECKHe MOZENd OOOOIICHHBIX TIPOLEAYp TOMCKA U CXKaThs, J[OKa3aHa
3¢ PEeKTUBHOCTh OO0BEMMHEHNUS JAaHHBIX TPOIECCOB B OJHOM YCTpoiicTBe. Ha OCHOBE CO3MaHHBIX
aarOPUTMOB pa3padoTaHbl ABTOMATHBIC MPOAYKIMOHHBIC MOJETM OOOOMICHHBIX MPOLEAYP TOWCKA |
C)KaTUs CHUMBOJILHOW HMH(pOpPMAIWK JJIs TMOCJIEA0BATEILHOTO M TApauIeIbHOTO BapUaHTOB 00PabOTKH
uHpopmaimy. Ha oOCHOBE NPONYKIMOHHBIX MOJEJCH CO3/aHbl aBTOMATHBIC MOJCIH 00O0OIICHHBIX
npolLelyp TOMCKAa H  CXKATHsl, KOTOpbIE MOYKHO HCIONb30BaTh KaK OCHOBY Ui  CO3JaHUs
CTICIMAM3UPOBAHHBIX YHADUIIMPOBAHHBIX YCTPOWCTB Ui TMOMCKA M CYKATHS CHMBOJIbHOM HH(pOpMAIMn
TMOCJICI0BATEIIHHOTO M MapasuIeNIbHOTO CIIOCO00B 00PabOTKH BXOJHOTO TEKCTA.

Abstract

Effective means of information processing are specialized and reconfigurable devices, but the existence
of a large number of classes and variants of specialized devices creates difficulties in their use and
reduces the advantages of reconfigurable architectures.

There is an approach to eliminate these drawbacks, which consists in the aggregation of diverse
procedures and their implementation on a single multi-purpose specialized device. At the same time,
generalized automaton models make it possible to implement a different class of processes on unified
devices, reducing to a significant degree their total hardware complexity and retaining the speed
advantages of highly specialized devices. In the framework of this approach, a method of integrated
assessment of the effectiveness of combining diverse procedures for their operating, computing and
hardware complexity has been developed.

At present, as applied to the tasks of processing symbol information, the production approach is
effectively used. There is a way to compress symbolic information using a production system and an
instrumental basis for evaluating the correctness of the production system for compression.

In the main part of the work, the effectiveness of combining the procedures of searching and compressing
symbolic information and their implementation in a single unified specialized device is proved.
Developed generalized algorithmic models of the processes of search and compression and evaluated the
efficiency of combining the considered class of processes by computational complexity. On the basis of
the developed algorithms, generalized production automaton models of the processes of searching and
compressing symbolic information for two variants are constructed: sequential and parallel matching. On
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the basis of production models, generalized automaton models of search and compression processes have
been developed, which are the basis for building two variants of high-performance unified specialized
devices for searching and compressing symbol information.

KiroueBble cJj0Ba: TONCK BXOXKICHHH, TEKCTOBBIA TIOWCK, CkaTwe wuHpopMaimy, o0paboTka
CHUMBOJILHOM HMH(pOpMAaIK, CUMBOJIbHAS MH(pOpMaIys, peKOHPUIypUpyeMble YCTPOWCTBA, 00beIHHEHHE
IpoLe 1yp.

Keywords: search of entry, text search, processing of character information, data compression, symbol
information, reconfigurable devices, combining of procedures.

BBenenue

Pexondurypupyemble u CHEUANIU3UPOBAHHBIE YCTPOWCTBA SBJSIOTCA 3(PPEKTUBHBIM
anmapaTHBIM CPEACTBOM JUIS PAa3TUYHBIX WHQOPMAIMOHHBIX 3a7ad, HO HaIW4Yhe OOJBIIOTO
BapHaTHBHOTO Pa3HO00Opa3ns MOJTO0OHBIX YCTPOHCTB CO3MAeT TPYIHOCTH MPH UX MCIIOIB30BAHUN
Y CHUKAET JTOCTOMHCTBA PEKOH(PUTYPUPYEMBIX apXUTEKTYP.

CymecTByeT METOM, CO3IaHHBIN ISl aHHYJIMPOBAHUS YKa3aHHBIX HEJIOCTAaTKOB. Meron
npeamnojaraeT  OObEAMHEHHWE  pa3IMYHBIX MpOUEAyp JUId BBIMNOJHEHUS HX OJHUM
CHEeHATM3UPOBAHHBIM YHU(PUIITUPOBAHHBIM yCTpoiicTBOM. [Ipu 3TOM aBTOMaTHBIE MOJEIH
0000IIIEHHBIX MPOIECCOB paspabaTbIBaOTCSA TUTS CO3IaHus MHOTOIIJIAHOBBIX
CIIEUUaTN3UPOBAHHBIX YCTPOMCTB, MO3BOJSIONMX BBITOJIHATh PAa3IHMYHBIA KIacc MPOLEIYp.
[lpuMeHeHNe Takoro TMOAXOAAa CHOCOOHO CHHM3UTh CYMMAapHYIO allllapaTHYIO CIO0XXHOCTb
YCTPOMCTB, NPH 3TOM COXPAHUB BBICOKOCKOPOCTHBIC XapaKTEPUCTHKH CIICHUAIN3HPOBAHHBIX
ycTpoiicTB. CyllecTBYeT METOJ OLEHKH 3(PPEeKTUBHOCTH OOBEIUHEHUS PA3IMYHbIX MPOLEayp B
OJTHOM YCTpOWCcTBe. MeToauKa OLIEHMBAeT B KOMIUIGKCE amlapaTHYI0, OINEpPallMOHHYIO H
BBIYMCIIUTENBHYIO CIIOKHOCTD Y3KOCTIEUAIN3UPOBAHHBIX YCTPOICTB M CIIEIIHATN3H POBAHHOTO
yHuuuupoBanHoro ycrpoiicrBa [Edpemoa, Edpemon, 2012; Edpemona, Edpemon, 2014;
Edpemos u np., 2017].

Jns  pemeHus 3amad oOpaboTku cuMBOJIbHOW uWHpopmanuu (OCH) ycrmemHo
MPUMEHSIETCS] TPOIYKIMOHHBIN 1oaxo[. CyTh MPOIYKIIMOHHOTO MOIXO0Aa COCTOMT B TOM, UTO B
TEKCTE OCYIIECTBISETCS TIOMCK BXOXKIEHUH cioBa-oOpasna. Halinennsle (QparMeHThI
3aMEHSIIOTCS Ha COOTBETCTBYIOIEe ¢i10BO [MapkoB, Haropusrii, 1984; Mapkos, 2003].

Pazpaboran u omucaH METOA CKaTHS CHMBOJIBHOW HMH(OpPMAIMU C HCIOJIb30BAHUEM
CHCTEMBI TIPOMYKIHH M croco0d aHaidm3a CHCTEMBI MPOIYKIHI Ha BOMPOC KOPPEKTHOCTH e€e
IPUMEHEHHUS JUIA 3aauu cxatus. [IppMeHeHue MpoayKIIMOHHOTO MOJX0Ma JUIS 33/1a4 COKATHS
MMEET CBOM OTPAaHWYCHHS, TaK CUCTEMa MPOIYKIHH AOJDKHA BBHITTOJHUTH MOJHYIO TIEpEepadoTKy
MCXO/IHOTO KOJa, TIPH 3TOM KaXK/Ibli CHMBOJI CJIOBAa Ha BXOJI€ 3aMEHseTCs He 0oJIee OHOTO pasa.
VYkazanublii moaxox onucan B [Edpemor u ap., 2012; Edpemona, Edpemos, 2012; Edpemona,
Edpemos, 2013; Edpemos u np., 2014; Edpemor u ap., 2017; Edpemor u ap., 2018].

Hccnenyem 1enecooOpa3sHOCTh OOBEIMHEHHS MPOLEAYp MOUCKA U CKATHSI CUMBOJIBHOM
UH(OpMaIK B 0IHOM YHU(DUIIMIPOBAHHOM CIIELUATU3UPOBAHHOM YCTPOICTBE.

1. Ilpeanaraemblii MeTO

Cozmagum mozaenu oOOOIIEHHBIX mpouenyp noucka u cxarus [Edpemona, Edpemos,
2014; Edpemona, Edpemon, 2015] nmns mocienoBaTenbHOr0 W MapajuIeIbHOTO BapHaHTOB
00paboTku MHPOPMAITHH.

I'pad-cxembl aJrOpuTMOB, ONMCHIBAaOIME PabOTy OOOOIEHHBIX AJTOPUTMHYECKHX
MOJIeIe!, Ul TOCJIEA0BATENbHOIO CPAaBHEHUS C 00pa3lloM Ha pUCYHKE |, AJs MapajuiesbHOIo
CpaBHEHUs ¢ 00pa3llaMH Ha pUCYHKeE 2.
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[Ipu sTOoM BBeAeHBI caeayronme odo3HadeHus: yl: PEXX=MU, y2: i=1, y3: BX=0, x1: U=Z,
y4: Oi=U, y5: i=t+1, y6: 1O=i, y7: j=1, y8: C=U, x2: C=Z, x3: Oi=C, y9: j=j+1, y10: i=F1(i),
x4: =10, yl1: BX=1, x5: PEX=HII, x6: PEXX=HCvMI], x7: PEXX=AC, x8: KT=1, yl12: PE3=j,
y13: PE3=I1, yl4: P=P+1, Y15: dopmupoBanue xonoB, yl6: I1=K, y17: PEXX=HC, y18: [TP=0,
y19: AC=MU, x9: NO<IC, y20: PC=C®O, x10: PC1v...vPCn, y21: 1C=]C-1, y22: HO=F2(PC),
y23: TIP=F3(T1P,HO), y24: BX=F4(IIP), x11: BX=1, y25: PE3=F5(HOj), y26: PE3=ITHO, y27:
PHO=PHO+1, x12: KT=1, rne PEX — xox pexuma: HIT — mouck 6e3 monuukamnmu, MI1 — mouck
¢ momudukanueii, HC — cxarue (neamantuBuoe), AC — ckatue (aganTUBHOE); 1, | — TEKyIIe
no3uruu cumMBosioB; /IO — kommuecTBO cuMBOJIOB B ob6pasiie O, JIC — KOTU4ecTBO CHMBOJIOB B
cioBe C; U — cumBON Ha BXoJe; Z — pa3ienuTenbHblii cuMBoi; BX — oOHapy:xeHue BXOXKISHUS
(mpuznak); I[1 — mogudukaTop (CIOBO-IOJACTAHOBKA); P — KoJIMuecTBO pa3 BXOXKIEeHU 00pasia B
tekeT; KT — konen Tekcra (mpu3sHak); PE3 — cumBon Ha Beixoze; K — momyuennsiii ko, I1P —
npomexxyrounast nHpopmanus,; PC — pesynbrat cpaBHenus ¢ oopasuamu; HO — unentudurarop
00pasiia, BXOSIIETO B TEKCT; & — comoctapieHue (onepanysi); F1-F5— norndeckue gpynkimm.

Ha ocHoBe amroputmoB (puc. 1-4), pa3paboTaem TaONUIBI MEPEXOAOB I aBTOMAra
Mypa. Jlns BapuaHTa mocienoBaTelbHONM 00pabOTKM Mepexo/loB aBToMaTa Mypa ImpHUBEIEH B
tabnuue 1, 175 nmapajyienbHOTO BapuaHTa — MpUBeJIeH B Ta0nuIe 2.

Tab6muma 1
Table 1
Tabnmira Iepexo1oB aBTOMAaTa
Transition table of automat
St X Y St+1
S0 Vil S1
S1 v2y3 S2
S2 Ix1 ! S3
S2 x1 y6 S5
S3 Y5 S4
S4 Ix1 y4 S3
S4 x1 y6 S5
S5 y2.y7 S6
S6 V8 S7
S7 X2 A S16
S/ x2&x3 Y5,y9 S8
S7 Tx2& Ix3 Y9y10 S9
S8 Txa Y8 S7
S8 x4 Y11 S10
S9 Y8 S7
S10 x5 Y12 S11
S10 [X5&x6 Y13 S12
S10 x5& Ix6& Ix7 A S16
S10 TX5& x6&x7 Y14 513
S11 A S16
S12 N S16
S13 x8 Y15 S14
S13 Ix8 Y2y7 S6
S14 Y16,y17 S15
S15 Y2y7 S6
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Ta0mra 2
Table 2
Tabmia nepexo 0B aBTOMAaTa
Transition table of automat
Sl X Y St+1
SO yl S1
S1 V2.y3 S2
S2 X1 va S3
S2 x1 y6 S5
S3 Y5 54
S4 Ix1 y4 S3
S4 x1 y6,y18 S5
S5 y7.y19 S6
S6 Ix9 A S18
S6 X9 Y8 S7
S7 X2 A S18
S/ X2 Y20 S8
S8 Ix10 Y9,y21 S9
S8 Y22 S10
S9 X9 Y8 S7
S9 Tx9 A Si8
S10 x5 Y23 S11
S10 X5&x6 Y2611 S14
S10 x5& [x6& Ix7 A S18
S10 IX5& [X6&X7 Y27 S15
S11 Y24 S12
S12 x11 Y25 S16
S12 x11 Y9y21 S9
S13 N S18
S14 A S18
S15 x12 Y15 S16
S15 Ix12 Y9,y21 S9
S16 Y16y17 S17
S17 Y6,y18 S5

Ha ocnoBe Tabmun 1 u 2 co3naauM aBTOMATHbIE MPOAYKIIMOHHBIE MOJENH, HCIOIb3Ys
QITOPUTM TpeoOpa3oBanus, ykazaHHb B [Edpemona, Edpemos, 2014]. Co3znanable Moaemu
UMEIOT BUA | JUIsl OCIEN0BATEIbHOIO BapuaHTa U 2 — JUIsl apajulebHOIO BapHaHTA.
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SON— yl18],

S1™— y2,y3S2;

S2 Ix1— y4 S3;

S2 x1— y6 S5

S3"N— y5 54,

S4 |x1— y4 S3;

S4 x1— y6 S5

S5" — y2,y7 S6;

S6"— y8ST,

S7 x2 —»* " S16;

S7 1x2 & x3 - y5, y9 S8:;
S7 1x2&1x3 — y9, y10 S9;
S8 |x4 — y8ST7;

S8 x4 — y11 S10;

S9N — y8 ST,

S10 x5 — y12 S17;

$10 |x5 & x6 — y13 S12;
510 [X5& |x6& Ix7 — * 7 S16;
S10 |x5& Ix6 & X7 — y14 S13;
S117 — * A S16;

S12 7 —* A S16;

$13 x8 — y15 S14;

S13 [x8 - y2, y7 S6;

S14 ~ - y16, y17 S15;
S15~ - y2,y7 S6;

1)
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SON— yl1Sl,
S1M—y2,y3S2,

S2 Ix1— y4S3;

S2x1— y6 S5;

S37 > y554;

S4 Ix1—> y4S3;

S4 x1— y6,yl18 S5;

S5/ —» y7,y19 S6;

S6 [x9 »*"S18;

S6 x9 - y8S7;

S7 X2 —>*"S18;

S7 Ix2 — y20S8;

S8 Ix10 — y9, y2159;

$81 —» y22 S10;

S9x9 - y8S7;

S9 |x9 —»*~ S18;

$10 x5 —» y23 S11;

S10 |x5& x6 — y26, y11514;
S10 |x5& |x6& Ix7 — * S18;
S10 Ix5& |x6 & X7 — y27 S15;
S117 —» y24 512;

$12 x11— y25 S16;

S12 x11— y9,y2189;
S137 > * A S18;

S141 —»*" 318

S$15 x12 —» y15 S16;

S15 |x12 — y9, y2159;

S16 A —> y16, y17 S17;

S17 " —> y6, y18 S5;

@)

3. Pe3yabTaThl M MX 00CYK/1eHHE

Jokaxem 3(hheKTHBHOCTh O0BETUHEHHUS TPOIIECCOB M0 BHIYMCIUTEIBHON CI0KHOCTH, HE
YUUTBIBAs JTam 3arpy3kd HHQopMmaruu. Mcecnenmyem HauxXyAumii BapUaHT [0 METOMAUKE,
onucanHoil B [Edpemona, Edpemos, 2012; Edpemona, Edpemon, 2014; Edpemor u ap., 2017].
ITpu sToM O3 — 3heKTHBHOCTH COBMECTHON peaau3aliuu cxkatus U moucka, Ci — CII0KHOCTD
lFoii mpouenypsl (IIOMCK, HEaZaNTHBHOE CXKaThe, ajanTuBHoe cxartue), Colll — CI0XKHOCTh
oO011elt yacTu BCcex MpoLeayp.

Jy1s mocniej0BaTeIbHOTO aNropuT™Ma

Cobur3, Cl1=1, C2=1, C3=2.

05=1,857>1,75.

Jl7ist mapaniensHoro alropuTMa

Cobur=4, Cl1=1, C2=1, C3=4.
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0»5=1,8>1,75.
Cornacuo [Edpemona, Edpemon, 2012; Edpemona, Edppemon, 2014; Edpemo u np.,
2017], oOberMHEHHE MPOIECCOB MOMCKA M CKATUSI CHMBOJIbHON MH(opManuu dPPeKTHBHO.

3aKiIoue Hue

[Tokazana >(eKTUBHOCTE OOBEAMHEHUS MPOILIECCOB IMOWCKA W CXKATHUS CHMBOJBHOM
HHpOpMAIIMK C MEJIbI0 WX pealu3alid B OJAHOM MHOIOIUIAHOBOM CHEHUAIU3UPOBAHHOM
ycrpoiictBe. Co3AaHbl alTOPUTMHUYECKIE MOJIETH O00O0OIEHHBIX MPOIEAyp Moucka U cxxkatus. Ha
OCHOBE CO3JaHHBIX AJITOPUTMOB pa3pabOTaHbl aABTOMATHBIC TPOAYKIMOHHBIE MOIEIH
000OIIEHHBIX TIPOIEAYp TMOWCKAa W CXaTHsS CHUMBOJBHOM WHQOpMauu s peann3aluu
[OCJIEIOBATEIbHOIO M MapajjIielbHOTO  cIocoO00B  0o0paboTku  Tekcta. Ha  ocHoBe
IMPOAYKIIMOHHBIX MOJIENEH CO3AaHbl aBTOMATHBIE MOJENH OOOOIICHHBIX MPOIENyp MOUCKa U
cKaTus, KOTOpblEe MOTYT CIYKUTh ©0a3ucoM s  pa3pabOTKu  JABYX BapUaHTOB
BBICOKOITPOTYKTHBHBIX MHOTOIUTAHOBBIX CIEIHAIU3UPOBAHHBIX YCTPOMCTB TOHMCKA U CXKATHUS
CHUMBOJIbHOM HH(POPMAIIHH, COOTBETCTBEHHO IOCIIEIOBATEIBHOTO U MAPaLIEIBHOTO AeH CTBHUSL.

[IpuBenennbie pa3pabOTKM MOTYT HCHONb30BaThcsa B cuctemax OCH, omucaHHBIX,
Hanpumep, B [InbipkoB u ap, 2012; Edpemona, Edpemos, 2014; CepebpoBckuit u np., 2014,
CepebpoBckuit u jp., 2015; Edpemona u ap., 2016; 16-20; Poxuonos u ap., 2017].
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