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Abstract: A categorial grammar is a classical formalism,

in which each symbol of the alphabet assigns one of several
syntactic categories. The category of a string is then reduced
from the categories assigned to its symbols, using two reduction
rules. This paper investigates a special class of categorial
grammars, in which only the number of categories, assigned

to each symbol is bounded by arbitrary constant k£ and categories
have a special form. It is proved that an infinite hierarchy
exists in the class of languages defined by such grammars.
After, the case of k = 2 is studied.

Keywords: formal grammars, categorial grammars, unique
category assignment, hierarchy of rigid languages

M.E. VisuNIKIN, BCG WITH k CATEGORIES.
© 2024 BumHukud M.E..
Hocmynuaa *** | onybauxosana *** .

144



BKI' C k TIPUCBOEHUAMUI 145

1 Bsenenue

KareropnaspbHasd rpaMMaTHKa — MOHSATHE, BOCXOJdIIee K padoTam
Aiinykesnua [1] u mozanee Bap-Xwwiena [2]. I3BecTHO, 9TO JAHHBIN
dopMaTH3M MOPOKITAET B TOTHOCTHU KJIACC BCEX KOHTEKCTHO-CBOOOTHBIX
S3BIKOB 6e3 1mycroro cjosa |3).

PaccmoTpenune ycoBusi OTpaHUYEHHUsT HA KOJMIECTBO IIPUCBAMBAE-
MBIX KATeropuit OJHOMY CHMBOJIY, BCTPEYAJIOCH PaHee, B OCOOEHHOCTH,
cront orMeruth paborsl [4] m [5|, B koTOpBIX paccmorpensr “rigid
grammars’ u “k-rigid grammars”, TpaMMaTUKHd, B KOTOPBIX OJIHOMY
CUMBOJIY IIPUCBOEHA He 0oJiee WeM OjiHa, WM He OoJiee dem k kate-
ropuii cooTBeTCTBeHHO. (JCHOBHOU YIIOP PACCMOTDEHUs B JAHHBIX pa-
forax fesaeTcsd Ha JIepeBbs BBIBOJA CJIOB, U Majoe BHUMAHHE YIess-
eTCs CBOMCTBAM TOPOXKIAEMBIX S3BIKOB, B YACTHOCTH, OOJIBITHHCTBO
HETPUBHUAJIBHBIX AJTOPATMHUYECKAX CBOIICTB JAHHBIX KJIACCOB OCTAIOT-
cs Hem3BeCTHBIMU. Kak ciieicTBHE, eCTECTBEHHBIM, SBJISIETCS MOMBITKA
paccMoTpeTh DoJiee y3KUil KIace rPaMMaTHK.

OHUM W3 BapHAHTOB CYXKEHUSI SBJISIETCS PACCMOTPEHHE TOIKJIacca
KaTeropuaJbHBIX I'DAMMATHK, MOJTYIeHHBIX OIPDAHUYEeHNEeM Ha CHHTAK-
CUYeCKHe THUIbI, KOTOPble MOTYT OBITh Ha3HAYEHBI OJHOMY CHMBOJIY.
Panee, aBTOpoM OBLIO TIPeIOXKEHO MOHATHE 0a30BOM KAaTeropuaJIbHON
rpammatuku [6], cokpamenno BKT, orinuatomeiicss 0T KaTeropuasib-
HbIX I'PAMMaTHK OTCYTCTBUEM Ha3zHadeHui “cjoxubix’ Tunos. Hecmor-
p4 Ha 310, BKI' 0b1aaor Takoil ke BbIpa3uTeIbHON BO3MOZKHOCTBIO,
KaK 1 OOBIYHBIE KAaTeropua/ibHbie TPAMMATUKU, 8 WUMEHHO, OHU MOTYT
TeHEePUPOBATH BCE KOHTEKCTHO-CBOOOIHBIE A3BIKH Oe3 IycToro cioa [6].

g JJaHHBIX TPAMMATHK €CTECTBEHHBIM 00PA30M BBOJIUTCS YCJIOBHE
OJTHO3HAYHOCTY TMPUCBOEHUS KaTeropwuii. B oTimmdme oT orpaHnveHus
Ha MPHUCBAWBaeMble THITBI, 3TO OrPDAHUYEHUE 3HAYUTEHHO YMEHbBIaeT
KJIACC TIOPOXKIAEMBIX SI3BIKOB, UTO TaKzKe OBbLIO JIOKAa3aHo B [6].

B nmannoit paboTe mpencTaBIEHO €CTECTBEHHOE 000O0IIeHMe KJIACCa
BKI ¢ oano3HAYHBIM IPHCBOCHHEM KaTeropuii. Bogurcsa knace GF,
r7le KOJUYIECTBO KaTeropuii, KOTOpOe MOYKHO HPUCBOUTH OJHOMY CHM-
BOJIY, OPPaHUYeHO KOHCTaHTOM k.

JIns maHHBIX KJIaCCOB BO3BHUKAET €CTECTBEHHBIH BOIPOC COOTHOIIE-
HUs KJIACCOB HA3BIKOB, MOPOXKIAEMBIX I'DAMMATHKAMU, KOTOPBIH IMOJI-
HOCTBIO pelraeTcss BO BTOPOM pasjiesie. [0Bopsd TOUHee, TOKA3bIBAETCH,
YTO JIJTsl TEOOBIX KJIACCOB CYIIECTBYET SI3BIK, TOPOXKIAEMBIIl TPaMMATH-
KOIf U3 OJHOIO KJIACCa, HO HE MOPOXKIAEMBI HUKAKONH IpaMMATUKONU U3
JIDYTOTO KJIACCA.
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Bak/II0YuTeIbHbBI YKe pasiesl IMOCBAIIEH UCCIeA0Bannio Kiacca G2.
XOTH ,ZLaHHbeI KJIaCC HE MOZKEeT 3adaBaTb AdaxKe OYeHb IIPOCTbIC A3bI-
KH, €r0 BBIPA3UTEJHHOM CHUJIBI JOCTATOYHO JIId TOrO, 9TOObI ‘“3aKOIu-
poBaTh’ TPOU3BOJILHYIO TpamMMaTuky. ['0Bopst To4uHee, KaKuM ObI HU
OBLT I3BIK, IOPOXK/IEHHBII IIPOM3BOJIBHON IpaMMATHKON (G, CyIIecTBy-
eT A3BIK, TTOPOKICHHBIH TpaMMaTHKON 13 Kiaacca G2, MOJYYEHHBIA U3
s3pika L(G) mpu momoru romoMopdusma h, u 6oJiee TOro CymecTByeT
obpaTHbIit romoMopdusM g K h. Tem caMbiM, OOJIBITUHCTBO AJTOPUTMU-
JeCKNX CBOMCTB S3BIKOB, TOPOZKIAeMBIX TpaMMaTHKaMi U3 Kiaacca G2,
SKBUBAJICHTHBI CBOMCTBAM BCEro KJacca KOHTGKCTHO—CBO60,Z[HBIX A3bI-
KOB.

2 OcHOBHBIE OTIpeeIeHUS

HanoMuuM oCHOBHBIE onpeaeJsieHnud.

Oupepenenne 1. IIycmo Pr = {p,q,r,...} npoussoivroe mrosce-
CMBO, €20 INEMEHMDBL OYIEM HAZBIBAND “NPUMUMUBHOMU KAME20PUA-
mu”. Mrootcecmeso “bazoswr wamezoputi” BC onpedeaenno undyxmue-
HO:

o FEcau p npumumusnas kamezopus, mo p € BC
o FEcau A basosas xamezopus, a p NPUMUMUBHAA KAME20PUSL, MO
(A/p) u (p\ A) basosuie xamezopuu

Onpenenenne 2. Ba306a4 Kame2opuasvHas 2pamMmamuka — 3mo Yno-
padovwennan mpotra G = (X, 5,>), 2de ¥ — xoneunwdl aspasum, S €
Pr — npoussosvhas npumumueHnas Kamezopus u > — NPou3sosbHOE
Koneunoe bunaproe coomeemcmeue > C X X BC, conocmasasouee
Kaocdotll bykse ardasuma 00UH UL HECKOALKO CUHMAKCUYECKUL MU-
nos. Cao6o ay . . .a, noposcdaemes BKI GG, ecau cywecmsyrom maxue
basoswvie Kamezopuu By, ..., By, wmo dis 4106020 1 < N 8BNOAHAECTCA
a; > B;, u nocaedosameavnocms By, ..., B, moocem bwimb npusedena
k S yenoukol npeobpasosanud (pedyruyuil) suda:

Algq—A  u ¢ \A— A

Hswk, sadasaemuiti G, onpedesnaemcs Kax MHONCECTNBO 6CET HENYCTMHLT
CAOB Q71...0p 6 asdasume 3, noporcdaemus epammamurot G u 0603na-
waemes L(G).

[Iycts G — mpou3BO/IbHAS KATEropua/bHasl FPAMMATHKA, BMECTO TO-
TO, LITO6bI BBITIUCHIBATH BCE JIEMEHTHI MHOXKECTBA l>, 6y,ZLeM IIncaTh BCE
KaTeropuu Jjisi OJHOTO CUMBOJIA B CTPOUYKY Uepe3 CHMBOJ |, aHAIO-
TUYHO TOMY, KaK JTaHHOE J1e/1aeTcsd M1 IPABII KOHTEKCTHO-CBOOOTHOM
rpammaruku. Hampumep, obosnavenne a > S | S/p | p 3Hauut, ato
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cuMBOJIy a upucBoenbl kareropuu S, S/p u p. Vun dopmasbao, 4ro
uapst (a,S), (a,S/p) u (a,p) upuHAIIIEKAT MHOKECTBY [>.

Kaz/10if KaTeropun COMOCTABJISAETCS €€ YHCANTENb, & TAKZKe JIEBBII
U IPaBbIil 3HaAMEHATeb:

Ounpenenenne 3. /las xamezopuu A onpedeaum wucaumensv E(A) €
Pr, a maxoce aesul u npaswoiii snamenamens o(A),Y(A) € Pr* un-
QyKMueHo:
o ccau A=pe€ Pr, mo&(A)=p, p(A) =¢(A) =«
e ccau A = ¢\B, mo {(A) = {(B), p(4) = ¢(B)q u ¢(A4) =
V(B)
o corw A = Bfg, mo £(4) = £(B), p(4) = p(B) u $(4) =
q¢(B)

EctecTBennoe npeodbpasoBanue mpousposibnoit BKI' G B popmy KOHTEKCTHO-
cBoGonoit rpamvaruku C'F(G) moryr 6biTh Haiizenst B [6]. He nosro-
pss popMabHOE MH/YKTHUBHOE HOCTPOEHUE, IIPUBEIEM IIPUMEp.

ITpumep 1. [lycmv G 3adana nabopom npucsoeru:

a > g\(5/p) | 5/S

b > (g\(S/p))/p|p
c>q

Tozda sxeusarenmuasn epammamurae CF(G) umeem caedyrouue npa-
BUNA:

S — qap | aS | qbpp
p — b
q%C

Teopema 1 (Teopema 1 |6]). swiru, nopoocdaemue BKI G, u kKonwmexcmmo-
c60600n01 epammamurott CF(G), coenadarom.

OTMeTUM HECKOJIBKO JOIYIIEeHUH, MO3BOSIONINX CUIBHO YIIPOCTUTH
obo3Hauenus. Besne, riae He ykazano obparHoe, OyaeM o003HAYAThH pe-
3YJBTHPYIONLYI0 KATEIOPUIO TPAMMATHUKHI S, TeM CaMbIM, yOepém HeoO-
XOJMMOCTD $IBHO YKa3bIBATh PE3y/IbTHPYIOILYIO KaTeropuio. bojee To-
ro, ecu pe3yabrupyomas kareropus S, To BKIT' ognosnauno Boccra-
HaBJIMBAETCS MO HAOOPY TMPUCBOCHUI KaTeropuit OyKBaMm JaHHOW Irpam-
MAaTHKH, cjeJioBaTeJbHO, oToKaAecTBUM BKI' 1 MHOXKeCTBO IpUCBOEHUIA
KaTeropuil B JaHHoil rpamMaruke. Hampumep, mon rpaMMaTHKOR a >

S| (S/S) 6ynem monumars rpammatuky G = ({a}, S, {(a, S), (a, (S/S))}).
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Takke ormerum, 4ro #3blK, nopokjaembiit BKI, e mensgerca or
HOPSIJIKA CKODOK B IMPHCBOEHHBIX KATEIOPHUAX, UTO SBJISIETCS] IPSMBIM
CJIEICTBEEM T€OPEMbI BhIIe. [ 0BOps TOUHee, NI IPOU3BOJLHBIX TDaM-
maTuk Gy u Gy, KOTOpbIE OTJIHYAIOTCSI JIUITH MOPSKOM CKOOOK B IIPHU-
cBauBaeMbIx kareropusax, CF(G1) u CF(G3) — 9T0 KOHTEKCTHO-CBOOO/THDIE
rpAMMATHKH ¢ OJMHAKOBBLIM HabOpoM mpasusi. Takum oGpasom, B 3a-
IHCH KaTeropuii 6y1yT omycKaThest Bee cKoOKH. Hanpumep, KaTeropuio
q\(S/p) 6ynem mmcats kax ¢\ S/p.

Teneps jaauM onpejenenue Kiacca rpaMMaTuk G* ¢ me Gosee uem
k NpUCBOEHHBIME KATErOPHSIMH I OHOTO CHMBOJIA!

Omupenenenne 4. [lpoussosvhnasn 630605 KAME2OPUAALHAA 2PAMMA-
muxa G npunadaescum xaaccy G¥ moeda v moavko mozda, ko2da dasn
106020 cumeona a € X evnoaneno |{Ala> A} < k. O6osnanum LF -
KAGCC A3VIKOG, NOPOACOGEMIT 2PAMMATMUKAMY U3 Kaacca GF.

OTMeTuM poCTOe CJIEJICTBHE OIIPeIeIeHui:

IIpennoxenne 1. Jlasa npouseoavriozo k, ecau epammamura G € GF
mo G € GF. Ananozuuno, ecau azwr L € L* mo L € LF+!,

Kak yxke ormMedaJioch, JiloO0H KOHTEKCTHO-CBOOOIHBIN s3bIK 0Oe3 ITy-
CTOrO CJI0Ba TMOPOXKIAETCSI HEKOTOPOi 6a30BOil KaTeropuaabHON Irpam-
MaTuKOi. Tem cambiM, JiF0OO0# KOHTEKCTHO-CBOOO/IHBIH S3bIK O€3 11yCcTO-
ro CJIOBa MPHHAIEXKUT KAKOMY-TO U3 Kaaccos LF.

PaccMoTpuM TpUBHAIBHBIE TPUMEPHI SI3BIKOB U3 PA3THIHBIX KJIACCOB

LF:

Tpumep 2. fswr {aa} noposcdaemea epammamuxoti us xaacca G2,
HO He Noposcdaemca epammamuroti us xkaacca GL.

LHoxasameavecmeo. Y1obObI OBLIO BO3MOXKHO XOTsI OBI OHO COKpAIleHne
KaTeropuii B rpaMMaTuke, OYKBe a JOJI2KHA OBITH Ha3Ha4YeHA XOTs Obl
OJIHAa TPHUMHUTHBHas KarTeropus. Ecinm a Ha3HadeHa Kareropusg S, TO
rpaMMaTHKa JOIKHA TOPOXKIATH CJI0BO U3 OJTHOIO CHMBOJIA @, ITO HE
tak. Tem caMbIM, J@HHBIH g93bIK He B KJjacce L', no rpammaruka a >
p | S/p nopoxmaer JaHHBIH S3BIK. O

Takum obpazom, Mbl joKazau, 4ro kiacce L' C L2, TlogobubiM obpa-
30M, monpobyem “pazgennts’ kaaccs L? u L3, 9T0 mpogeMOoHCTpUpyeM
CJIeTYIOTIAM TIPIMEPOM:

IIpumep 3. Hswr L = {a,aa} we 3adaémes nurarod epammamukod
uz G?, no sadaémea epammamuroti a> S|p|p\S.

oxazamenavemeo. YToOBI €JIOBO @ MPUHAJIEKAIO A3bIKY, B IPaMMa-
THKe CHMBOJIY @ JOJI2KHA OBITH IIPUCBOEHa KaTeropus S. Pacemorpum
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COKpallleHue KaTeropuii jijig cjoBa aa. UTodbl ObLJIO BO3MOMXKHO CO-
KpAIleHne eCTh JBE BO3MOXKHOCTHU: MEPBOIl ¢ MPUCBOEHA MPOM3BO/Ib-
Has IPUMHTHBHAST KATETOPHsl P, & BTOPOIi a MpUCBOeHa KaTeropus p\ S
WM BTOPOH @ MPUCBOEHA MPOU3BOJILHAS MTPUMUTHBHAS KATETOPUS D, a
nepBoii a kareropug p\S. Tem caMbiM, eJIMHCTBEHHAS BO3MOXKHOCTD,
94TOOBI U CJIOBO @, U CJIOBO aG MOPOKIAIOCH IPaMMATHKOi 13 G2, Heod-
XOJUMO 9ITOOBI CHMBOJIY @ OBLIN MPUCBOCHBI Kareropuu S/S u S, win
S\S u S. Ho 06e 3T rpaMMaTHK¥ HOPOZKIAIOT OOJIBITHIA S3BIK, B 4ACT-
HOCTH CJIOBO (aa TOPOXKIAETCS 00EMMHI IPAaMMAaTHKAMA. O

Hrtoro, mbr nokazamu, uro L' C L? C L3.

3 Hepapxusa KJjaccoB

Hamra 6mkaiimnmas meib COCTOUT B TOM, ITOOBI 000OIINTH MPUMEPHI
13 KOHIA HPEebIAYINEeil CeKIMN Ha CJIydail rpaMMaTuK ¢ k KaTeropusi-
vu. Kax MbI y2ke Bugenn, pazamand B K1accax LY, L? u L? mogsasior-
¢ B JIOCTATOYHO TPOCTBIX g3bIKax. B /1elficTBUTEIHLHOCTH, KOHEYHBIX
A3BIKOB XBATUT, 9TOOH “pazmmunts’ LF w L**! npu mpowmssosnrom
k. dng nokazaTeabcTBa HaM HOTPEOYIOTCHA CJEAYIONIee TeXHUUIECKOe
yVTBep:K/IeHue:

ITpepnoxenne 2. Ilycmv G — BKI' 3adaém xoneunwti asvk. Toeda
cyuecmeyem axeusasenmuas G BKI' G', u mepmunasvruil cumeon
a, KOMoOpOMY NPUCBOEHE NPUMUTNUCHAA KAME20DUA P MAKAA, YN0 HU-
Kakas cmpoka u3 06yxr u bosee Kame20puli, BCMPENGOUUTCA 68 NPU-
ceoenusr kamezopul epammamury G', ne coxpawaemes do p. Boaee
mozo, ecau G € G¥ mo G’ € G*.

Joxasamensvcmeo. CrepBa yCTpaHUM B I'DaAMMaTHKe MPHCBOCHUS Ka-
Teropuii, KOTOpble He MOTYT y4YacTBOBATh HU B KAaKOH PEAYKIHMH, UTO
JTeJTAeTCs CTAHIAPTHBIM 00Pa30M, aHAJOTHIHO KOHTEKCTHO-CBOOOTHBIM
rpaMMaTHKaM.

O6o3HaunM mosydeHHyo rpammaruky G'. Pacemorpum cioBo w =
aj ...a, MakCHUMAJIbHOW mauHHbl B g3bike L(G'), TakuMm obpaszom, cy-
IECTBYIOT IIPUCBOEHUSI KATETOPUl CUMBOJIAM @;, IYTO CTpoKa A ... A,
pPeayIupyeTcss B KaTeropuio S.

Ecau w = ay, 7o B rpammaruke G’ CHMBOJLY a7 IIPUCBOEHA KATErOPUsl
S,  TaKk KakK 3TO CJIOBO MAKCHMAJLHOW JJIMHHBI, TO HUKAKWUE JIPYTUe
KaTeropuu U3 MPUCBOEHUH rpaMMaTuk (' HE MOTYT COKPAIAThCS 10
S, TeM caMBIM TIOJIydaeM TpebyeMoe yTBePZK IeHue.

Tenepb paccMOTpuUM CIydail, KOIJIa w COCTOUT U3 JIBYX U 00JIee CUM-
BOJIOB. YTOOBI ObI/1a BO3MOXKHA XOTsI OBl OJIHA PEJIYKIIUS, OJIHA U3 KaTe-
ropuii A; Do/>KHa OBITH HPUMUTHBHOM Kareropueit p. OTMeTHM, 9TO P
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HE MOXKET OBbITh Pe3yJIbTUDYIOINIel Kareropueil (r.e. He paBHa S), nHAYe
CTPOKA

ap...a;—1041 ...40;—1G0;Q541 ... ApAi41 - . . Ay

IpuHATIeKUT 136Ky L(G'), 910 1eMOHCTPUPYETCsl CIIe/IyIONIeil mocie-
JIOBATEJIbHOCTHIO PeTyKITUA:

Av o A Ay A AiAse o A A A, =
AL Ai_lsAi_H .. An =S5

YTO IPOTUBOPEUYUT MAKCHUMATBHOCTH JIJIMHBL CJIOBA, W.

Tenepb npeamnoIoKIM, 9YTO KaKad-TO U3 CTPOK KATErOpHi, BCTpeda-
fomuxced B G MoxkeT cokparurhbes 10 p. O6o3HaYnUM eé (v, a CTPOKY
TEPMHUHAJIOB, U3 KOTOPO IPUCBOCHUSIMH IOy 9YaeTCA (, 0003HAYUM 1U.
PaccMoTpuM CTPOKY CHMBOJIOB @ . . . G 1UGj4] - . - Gy T COOTBETCTBYIO-
mee npucBoeHne kareropuii eé cumBoam A; ... A; oA ... A, Cre-
JIVIOIHe peayKinun moka3bBaiot, ato Ay ... A; jaA; ... A, peaymm-
pyercs B S:

A1 ... Az‘_lOéAH_l R, An = Al R, Ai—lpAi+1 . An == S

a CJIeJIOBATEJIBHO CJIOBO @7 . . . Aj—1UQjt1 - - . Gy TPAHAJJICIKAT A3BIKY I'DAM-
MaTuKH G/, 4TO MPOTUBOPEUUT MAKCUMAJILHOCTH JJIMHHLI CJI0Ba w. [

Takyke nHam noTpedyIOTCH Clleyonye (PyHKIMN:

Oupenenenne 5. /lisa npoudsorvhozo azvika L onpedesum snavenue
pyrryuy N, Kok murumasvhoe k, wmo L moorcem bwmo 3adan 2pam-
mamuxot us G*.

Onpegnenenne 6. /lis npoussoavhozo konewnozo sAsbika L onpede-
AUM BHAUEHUE PYHKUUY [1, KK MUHUMAAbHOE K, YMO CYUuecmeyem
koneunwiit asvk L', ¢ yeaosuem L C L' u L' mooicem bvims 3adan
epammamuroti uz G*.

ITpenpnoxkenne 3. Qyrryuu A u b ydosaemeopaom ciedyouum c80t-
cmeam:

o [Iycmo L npoussosvrond koneunoidd asoik, mozda (L) < A(L).
o [lycmv L u L — xoneunwe asviku maxue, wmo L C L, moeada

pu(L) < p(L)
Jlokasameavemso. Orverum, aro (L) — 310 MEHIMAIbHOE HEOOXO/IH-
MO€ KOJIMYEeCTBO KATeropuii, 9ToObl 3aaTh KOHEUHBIH A3BIK COJepzKa-

muii L, ciegoBarenabHo, (L) MeHbIIe KOJIHYeCTBa KATeroprii, Heo6Xo-
JUMBIX I 38/ 1aHus L.
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Jliig 10Ka3aTebCcTBa BTOPOro yTBEp K IeHHd JOCTATOYHO 3aMeTHTD,
qro MuHEMyM f(L) Gepércs mo GosblneMy MHOMKECTBY $SI3BIKOB 9eM

wu(L). O

Tenepnb ¢ momoIpo GyHKIEE A yaI00HO ¢HOPMYINPOBATH OCHOBHY IO
TEOpeMy JAHHOU CEKIHUU:

Teopema 2. /a4 npouseosvrozo namypaibrozo wucaa k cyuwecmesyem
aswik L, wmo A\(L) = k.

oxazameavcmeo. PaccMorpum 3nadenne (DyHKIUK [ HA S3bIKAX BUJIA
L, = {a'li < n} upn pazauasbx n.

Jlemma 1. 3navenus Gynrsyuy (1 Heo2panuseno na MHONCECTNGE A3bi-
koe {L,|n € N}.

Joxazamenvcmeo. HokazarenbctBo ot mporuBaoro. Ilycrs [ — nam-
MeHbIIIast BePXHsisl TPaHb, KOTopas JocTuraercd Ha asbike {a'li < t}.

Pacemorpum szbik {alli < (t+ 1)1 + 1} n kareropuanbuyio rpam-
MaTnKy G, 33al011y10 JanHbii A36K. 3amMeTuM, 910 4 Lppqy+i4q) = 1
0 MPE/IOIOKEHNTO U BTOPOit YacTu yTBepKaenud 3. [lo onpenenennto
f4 3TO BHAYUT, YTO CYHIECTBYET KOHEUHbIH sI3bIK L, conepraiuii 36K
L(t+1)l+1+1, n )\(L) =1

B sspike L comepures kak mummmvyM (t 4+ 1) 4 1 pasmmausbix
CJIOB, TaK KaK L CONEPZKHUT A3bIK Lt +1yr+141. Bonee Toro, a3pik L kone-
JeH 1 33Ja6Tcd TpaMMaTHKol u3 G, 0603naunM 5Ty rpaMMaTuky G, a
KATErOpUH, TPUCBOCHHBIE CUMBOJIY @ B TOH rpammaTuke — Ay, ..., A;.

Pacemorpum C'F(G). Inybuna nepeBneB BHIBOA B JTaHHON IpamMma-
THKe orpanndena [+ 1, unade cyniecTBoBasia Obl IPUMUTUBHAS KATErO-
pHsi, TIOBTOPSIIOIIASICS B OJTHON BETBU JIePEBa BBIBOJA, a, CJEI0BATE /b
HO, TOBTOPEHUEM 3TOH BETBU MOYKHO OBbLIO ObI MOJYYUTDH CJOBO JIJTHHBI
OoJThITe TPON3BOJIBHOI KOHCTAHTHI.

[IpeanosokuM, 910 B KazkaoM npasuie rpamvaruku CF(G) ¢ npa-
BOIl cTOPOHBI He OoJiee YeM ¢ CUMBOJIOB. 3HAYUT, HA KaXKJIOM IIare J10-
OaBJisieTcs, He OoJiee t HOBBIX BepIINUH, &, CJEI0BATETHHO, B HTOTOBOM
ciose He 6onee (t+ 1)! cumposon. CrenoBaTebHO, CYIIECTBYeT IPaBU-
JIO p — U, YTO B IPaBoil 4acTu MUHUMYM ¢ + 1 CUMBOJI.

[IpaBuio p — u HE MOZKET OBITH HCIIOJIB30BAHO B BBIBOJIE CJIOB JJTHHBI
menbiie t+ 1. CienoBarenbho, rpamvaruka C'F(G) ¢ ynageHHBIM npa-
BHJIOM p — u 00si3aHa IMOPOXKIATH BCE CJIOBA € JJIMHON He Gojiee dem
t. Be3 orpanudenus oOIHOCTH, Oy/Ie€M CYUTATH, YTO B WU3HAYAIBLHON
rpamMatuke (G IPaBUJIO P — % COOTBETCTBOBAJIO HMPUCBOCHUIO a > Aj.
Pacemorpum, G' — rpaMMaTHKY, HOIYYEHHYIO W3 rpaMMaTuku G yia-
genneM npucsoenusi a > Aj. [lo mocrpoenuto, CF(G') ornmnvaercs or
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CF(G) 10/bKO 1PaBUJIOM P — u, a, cjaejoBaresibo, G 10poxkjaer
BCe CJ0Ba ¢ JUIMHON He Gosee wewm t, a, smaunt, {a'|li < t} € L(G).
Ojnako, B rpamvaTtuke (G Bcero | — 1 mpucBoeHue, CJI€I0BATEJBHO,
p({a’li <t}) <1 —1, 94r0 NPOTUBOPEUUT TIPEJIIOIOKEHHUIO. O

Jlemma 2. Jlaa k > 2 sepro M{a']i < k+1}) < X({a'|i < k}) + 1.

Joxasameavcmeo. 1lycts rpammarnka G nopoxaaer asvik {a’li < k}.
[To yrBepKIeHUIO 2, cyllecTBYeT rpaMMaruka G’ MOpoxKIaiomas TOT
XKe SI3blK U IPUMUTHBHAS KATEropus p, NIPUCBOeHHAs cuMBoiy a B G,
9TO HUKAKast CTPOKA U3 JAByX 1 00J1ee KaTeropuii B JaHHOI rpaMMaTHKe
HE MOXKeT COKpaIarhbes 10 p. Obo3naunm npucBoenus B G cjieyonmm
obpazom — a> Ayl ...|A,, tae n = A({da'li < k}).

Tenepn, paccmorpum HOBYIO rpammaTuky G, co cieayionmumu npu-
csoerusamu — a > S/p.../p |Ai|...|A,, tie KommdecTBO Jeqenuil Ha
KaTeropuio p B mepBoii Kareropun paBHo k. Tak Kak 3Ta rpaMMaTHKa
COJIEPKHUT BCE KATErOPUM M3 I'PaMMATHKK 3ajatommeii Ly, Jgoboe cio-
BO U3 L) Takyke NPUHAIJIEKUT A3BIKY JAHHOH IpaMMATHKH. TakzKe,
saMeTuM, uTo aFT! mpHHANIEIKNT MOPOXKIACMOMY A3BIKY, KOTJa, Iep-
Boil OyKBe a mpucBanBaercs Kareropust S/p.../p, a BceM OCTaIbHbIM,
KaTeropus p.

Ocranoch A0Ka3aTh, 9TO HUKAKAX JAPYTUX CJIOB JaHHAS TDAMMATH-
Ka MOPOJUTH He MozKet. [[js sroro gocrarodno pacemorpers C'F(G”)
u CF(G'). Jlanuble TpaMMaTHKH OTJIHYAIOTCSA TOJBKO OJHUM PABHU-
JIOM, & HMEeHHO S — ap...p, KOTOPOe TaKHUM 00Pa3oM 00sg3aHO OBITDH
HCIOIL30BAHHO IPH BBIBOJIC HOBOrO caoba a', rae t > k + 1. Bame-
HUM BCe MOAIEPEBbA B BBHIBOJE CJ0BA @', HAUMHAIOMIAECS ¢ YKA3AHHOTO
BBIIIE TIPaBU/A, Ha JePeBo BhIBoAa ciiosa a®. Mroro, momydamm mepe-
BO BBIBOJA, B KOTOPOM HCIIOJIB30BAINCH TOJbKO npasuaa uz CF(G'),
U ecju npaBuwio S — ap...p OBLIO UCHOIB30BAHO HE B KOPHE Jiepe-
Ba BBIBOJA ', TO MOJyYUM CJIOBO JJIMHBI 0OJIbITE k MPH KOTOPOM HC-
[OJIb30BAIHUCH TOIBKO mpasuia u3 C'F(G'), 970 HeBO3MOKHO, TaK KaK
L(CF(G")) = {a'li < k}. Uroro, npaBuno S — ap...p ObLIO HCHOJb-
30BAHO B KOpHE JepeBa BHBoaa a'. OCTanoch OTMETHTD, 9TO, TAK KaK
HUKAKas CTPOKA HEeCKOJbKUX Kareropuii B G He COKpamaoTes 10 p,
SHAUUT, YTO IOJIEPEBO COOTBETCTBYIOIIEE P, HOC/IE MPUMEHEHUS yKa-
3aHHOTO BBIIIE IIPABUJIA MOKET COCTOSTH TOJBKO U3 OJHOTO CUMBOJIA d,
a 910 3Ha4uT, uro t = k + 1. ]

Uroro, jpokazano, 4o \ — HeorpanwmdeHHas (PYHKIUS TaK KakK [t
HeOTDAaHWYeHa, U Ha KayKJOM Iare pacTéT He 0OoJiee 4eM Ha eJIWHU-
ny. Ha sasbike {a, aa} 3nauenne \ pasuo 2. TeMm caMbiM, \ IpHHAMAET
BCe HATYpaJIbHbIE 3HAUEHHUsI, YTO 3aBepIlaeT JOKA3aTeThCTBO. U
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4 KJiacc a3bIKOB C ABYMd IIPUCBOEHNAMMN

st Hadasia, pasbepéM paHee BCTPeUaBIIHIACs IPUMeD sA3bIKa {a, aa},
U KaTeropuaJbHYI0 TPAMMATHKY ¢ mpasuiamu a > S | p | S/p.

ITpumep 4. basosas kame20puarvHaa 2pammamuKa:

ay > S/tg/tg | tl
ao D tl\p/tg ’ to
as > tg\tl\S/p | 2]

nopoowcdaem asvik {aiazas, a1a2a3a1a9a3}.

Hedopmasibho, Kaxkaas MOJACTPOKA a1asas “KogupyeT’ B cede Bce TPU
KaTerOpHH IIPUCBOEHHBIX OYKBE ¢ B M3HAYATIBHON IpaMMaTHKe.

Badukcupyem npousBoabayio BKI' G, n 06001muM KoIupoBKY rpaM-
MaTUKH U3 IIpUMepa:

Oupegenenne 7. [locmpoum epammamury G’ no epammamure G, sa-
MEHUE NPUCBOEHUA 00HOMY cumeory a > Ay | ... | A, Ha caedyrowuid
Habop npasu.s:

ap > Ay /tnfty o/t | 8
ay > 1P\ A/t [ty /). [t | 1

ap-1 P> tgL—Q\' . '\t(ll\An—l/tgL | by 1
ap, > to \.. \t{\ A, | ts

(t% — HOBLIE NPUMUMUEHBLE KATNE2OPUL, He BCMPEYANULUEC 6 Kame-
20PUAT UBHAAAHOT 2pammamury). Obosnavwum A u A kamezopuu,
NPUCBOEHHBIE A; COOMBEMCMEEHHO. [as cumsonra a onpedesum 0bpas
2omomoppuama h(a), xax cmpoky aas . . . a,.

Obpammo, das cumeonra ay onpedesum obpas 2omomopdpusma g(ay) =
a, ONA BCET OCMAALHUT CUMB0A08 a; (2de i # 1) noaoocum g(a;) = €.

[lepeiiaéM K SKBUBAJEHTHBIM KOHTEKCTHO-CBOOOJIHBIM IPAMMATHKAM
st G u G'. Takum obpasom, rpammaruka CF(G) 3amana cienyio-
muM Ha6OPOM TMpABUI (BBIIHIIEM MPABUIA ¢ TEPMUHAJIOM G € IPABOH
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TACTH):

§(An) = d(An)arp(An)

[To onpegenenuio £(A;) = £(A}), a CTPOKHM JIeBBIX M IPABHIX 3HAMEHA-
TeJICH CJIeAyIoNune:

¢(A/1) = ¢(A1) @D(All) = tgtg x -tm)(Al)
P(Ay) = d(A)t] Y(AY) =ty ..t (Ag)

O(Ay) = O(An)tit5t5 .. 15y U(A,) = P(An)
Hos A7, §(AY) = i,
BETCTBEHHO, IIYCTbIC.

Mroro, rpammaruka GG’ SKBUBaJIeHTHA KOHTEKCTHO-CBOOOHON IpaM-
MATHKE C TTPABUJIAMU:

f(Al) — ¢(A1)a1tgt§ .. ~t271t§12/1(A1)
§(Az) — o(A)tlasty .. .ty thib(As)

a CTPOKWM JIEBBIX W IPABBIX 3HAMEHATeJel, cooT-

§(An) = O(An)titots . . 17 _1ant(An)
tlll — a1
tg — Q9

ty — ay

Temeps 3aMeTnM, 9TO KaxKJAblif HeTepMHHAJ 1 BCTpedaercd B JIeBOI
4acTH IPAMMATHKU DOBHO B OJHOM IIpaBHJE, a UMEHHO B 7-OM U3 IO-
ciaeaHux n. TeM caMbIM MOXKHO Be3jie B 'paMMaTHKe 3aMeHUTD 1 Ha a;
7 MOJIYYATH 9KBABAJCHTHYIO I'PAMMATHKY.

Takum 06pazoM, TTOJIY YU TPAMMATHKY (BBITUCHIBAEM PABUIA TOTh-
KO TIOJIYYEHHbBIE U3 @) :

f(Al) — ¢(A1)CL16L26L3 . Cln_lan'lb(Aq)
§(Az) — d(A2)arasas . . . an—1a,(Asz)

E(An) = d(An)arazas . .. an_1a,(Ay)
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KOTOpas OTJINYaeTcs OT IpaBui rpaMmMvaruku (G 3aMeHOI TepMuHaIa @
HA CTPOKY TEPMUHAJOB @1 . . . Ay.
Tem cambiM ObLIH JIOKA3AHBI CJICAYIONIHE TEOPEMbI:

Teopema 3. Ecau caoso w aescum 6 aswke L(G), mo h(w) aescum
6 aswre L(G").

Anamormuno st 06paTHOro roMmoMopdu3Ma

Teopema 4. Ecau caoso w aesrcum 6 asvire L(G'), mo g(w) aesrcum
6 asvire L(G).

CaenctBue 1. Caedyroujue arzopummuveckue 36064 HEPA3PEUUMDL
dns asvkos u3 xaacca G?:

o I1o npoussoavnoti epammamure G usz waacca G* nposepumo,
aeasemcs au asvk L(G) cyuecmeenno-o0Ho3HawHbLM

e Ilo npoussoavroti epammamure G uz xaacca G* nposepumo,
ABAAEMCA M A36K NOPosciaemull epammamurols G pezyssp-
HHLM

o [Iposepumv no deym zpammamuram us waacca G? pashv Au
NOPOAHCIGEMbBLE UMU A3VLKU

Joxazameavcmeo. B nepBbIX JABYX Caydasix CBOHCTBa A3BIKOB COXPa-
HAIOTCA [0/, JeficTBIEM TOMOMOPMU3MOB, KakK CJIeJCTBHE, YTBEPIK Iae-
MO€ SBJIETCS CJIEJICTBUEM KJIACCHYECKHX TEOPEM.

s 1oKa3aTe/bCTBa TPETHEr0 YTBEPKICHU 3aMEeTUM, 9TO B IPO-
M3BOJILHBIX JBYX KATeropHaJbHBIX IpaMMaTukax G 1 G MOXKHO CUn-
TaTh, YTO BbIODAHHOMY CHUMBOJIY G B LEPBOI M BO BTOPOH IpaMMaru-
K€ IIPpHCBOCHHO OAMHAKOBOE€ KOJHUYECTBO KaTeFOpI/Iﬁ. I/IHaLIe7 HEKOTO-
pele Kareropmu MOKHO npoaybsmposars. CoorsercrBenno, G u G
HOCTPOEHHBIE, COOTBeTCTBeHHO, 10 G m (9, Takme, 94TO Ajd JIO6OTro
cumBosia a BepHO hq(a) = ho(a), tae hy u hg, COOTBETCTBYIONINE TO-
momopbusmbl. 3uaunt, L(G)) = L(GY) Toraa u TOJbKO TOra, KOrIa
L(Gh) = L(G2). O

References

[1] K. Ajdukiewicz, “Die syntaktische Konnexitat”, in: K. Ajdukiewicz, R. Ingarden,
K. Twardowski (Eds.), Studia Philosophica, vol. 1, 1-27 (1935).

[2] Y. Bar-Hillel, “A quasi-arithmetical notation for syntactic description”,
Language, 29:1, 47-58 (1953).

[3] Y. Bar-Hillel, H. Gaifman, E. Shamir, “On categorial and phrase structure
grammars”’, Bulletin of the Research Council of Israel, 9F, 155-166 (1960).

[4] W. Buszkowski “Solvable problems for classical categorial grammars” Bulletin
of the Polish Academy of Sciences: Mathematics. 35, 507-516 (1987).


http://dx.doi.org/10.2307/410452

156

M.E. Bumaukun

[5] M. Kanazawa “Identification in the Limit of Categorial Grammars” Journal of
Logic, Language, and Information 5, no. 2, 115-155 (1996).
[6] M. E. Bumnukun, “Bazosbie kareropuaiibible IpaMMaTHUKU C OQHO3HAYHBIM

npucBoennem tunos”’, Becmnukx Mockosckozo ynusepcumema Cepusi 1, HOMED
2, 64— 67 (2022).

MAXIM EVGENIEVICH VISHNIKIN

Moscow STATE UNIVERSITY,

GSP-1, LENINSKIE GORY,

119991, Moscow, Russia

Email address: maksim.vishnikin@math.msu.ru



	Введение
	Основные определения
	Иерархия классов
	Класс языков с двумя присвоениями

