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PREFAO

lil Hungary the .actual work of programming for machine
translation was started in 1961 at the Chair of Foreign
Languages at the University of Technical Sciences, Budapest.
However, there was no computer of a capacity suitable for
holding an all-embracing program at the disposal of the Uni-
versity. A larger computer, the personal and financial sup-
port given by the Computing Centre of the Hungarian Academy
of Sciences made this institute a new and suitable centre of
the pursuance of the work.

The most important aim of the research work carried out
in connection with the problems of machine translation is to
make up and try an algorithm for translating from Russian
into Hungarian, but, besides the theoretical research work
necessary for the experiments, the general problems of mathe-
matical linguistics belong to the labour plan of the group of
the research workers as well.

An account of the work performed is to be given once or
twice a year in special publications *by the Computing Centre.
The first issue deals with some questions of mathematical
linguistics and makes known the initial results achieved in
making up an all-out algorithm for translating from Russian
into Hungarian: the analysis of nominal constructions contain-
ing several members and that of the grammatically homonym no-
minal forms. The articles deal with the possibilities of how
the problems mentioned above can be solved by a computer
without reference to any practical results as yet.






OMNPEAOE/IEHVME HOMVHAJIBHBIX TPYTIM
B M1 C PYCCKOIO HA BEHIEPCKWM

. Xann

. OBWVE BOINPOCbH

I. MTTknbepHeTnKa M NUHIBUCTMKA

N3yuyeHne oTHoweHUss M1 K KubGEepHeTUKe U NUHTBUCTUKE
npeAcTaB/fAeTCA HYXHbIM B TMepBYy o4yepefb C TOUYKW 3peHUs M
MpaBpa, M1 ABnfeTcs ewe MOMOAON OTpacibit HaykKu, HO TOT
(haKT, 4TO cTaTbW O BOoMpocax M1 noABNATCA B XypHanax c
pasNMYyHbIM NpouaeM, LOBO/IbHO OAHO3HAYHO rOBOPWUT O Heomnpe-
[eNneHHOCTW TOro, Kypga oTHocutb M T

OcyuwecTBUTbL 4YenoBeyeckyt paboTy nepeBofa C OAHOro A3blKa
Ha APYrowW 3NeKTPOHHOW /BbIMUCAUTENbHOW/ MaWMWHOW - 3TO OCHOBHaA
3agadya M.M. AucumnnuHa, KOTOopada nocTaBuna UeNbl M3yyaTb Xa-
PaKTEPHY AeSATeNbHOCTb XXMUBbIX OPraHM3MoB, B TOM 4YuUCNe 4YenoBeKa
MW CTPeMUTCA nogpaxaTb 3TOW AeATeNbHOCTU 3NeKTPOHHbIMW MallnHa-
MU, - KnbepHeTnka. B ocHOBe KWOGEPHETUKM NEXMT TOT (haKT, 4TO B
pPa3fIMYHON [eATeNbHOCTU XWBOFO OpraHmMaMa CYLECTBEHHYK poOJb
nrpaeTt UMPKYynAuMs wuHpopMaymin M ux npeobpasoBaHue Mpu 3TOM.
ATOT npouecc MOXeT ObITb MaTeMaTMyeckum onucaH anroputmamm. Ca-
MbIM BOJIHYKOWMM W NPM TOM B €ro nepcnekTMBax CcaMbiM 3HAUYUTENbHbIM
BOMPOCOM KWOEPHETUKN ABNAETCHA WN3yyYeHUe nNpobiembl, Kakue BO3MOX-
HOCTW WMEKT 3/IEKTPOHHbIE BbICUYNUTENbHbIE MalIMHbI B NOAPaKaHUu
MbILL/IEHNIO YefioBeKa. 3Ta 3ajaya NOBUAMMOMY He MOXET ObiTb pelleHa
NPOCTbIM WMWUTMPOBAHWEM Ha  MalWWHe [AeATeNbHOCTM YEN0BEYEeCKOro
MbILW/IEHUS BO BCeW €ro C/AOXHOCTU. boneee HafeXHbIM  KaXeTcs
MEeTO0A, MO KOTOPOMY CnefyeT MexXaHW4yecku npubnumsnte B MNepBYIO
oyepefAb Te crneuuanbHble 061acCTWM MbIWIEHUS., KOTOpble YyXe Ha nep-
Bbli B3rnsjg nervye onucaTtb (opmynamum anroputmoB. K Takum obnactam
MbILLMEHNA  OTHOCATCA  NpeXxae BCero yMCTBEHHas [AeATeNbHOCTb
CBsi3aHHas C BblIYMC/EHWUEM, HEKOTOPOW WUrpon, NOrMYeCKUM YyMoO3aKnwue-
HWEM W MepeBOAOM C OAHOro A3blka Ha apyron £1j.



Takum 06pa3oM WMbl cYMTaeM, 4UYTO M1 ABNAeTCSH OTpacnbl Ku-
6epHeTMKKN. Ero nepBuMyHada 3afjada - onucatb B aifTOPUTMUYECKOW
(hopme XxapaKTepHble YMCTBEHHble AEATENbHOCTWU 4YenoBekKa nNpu ne-
pesofge. OT 3TOM 3ajayM KOHEYHO HENb3A OTAENATb WU3Y4UYeHUe
A3bIKOBOTO MmaTepumana. MT1 pgonxeH cTaBUTb BoOMpoc: YTo Takomn
A3blK, KaKOB fA3blK, MNpaBW/ibHee, KakKOBbl Te A3blKW, C KOTOPbIX WK
Ha KOTopble ocyuwecTtBnfaetcsa nepesod? [Mpym atom MI1. cTaBuUT 3Tn
BOMNPOCbI C Y3KO OFpaHWYEHHOW TOUYKM 3peHua: MT1 xouyeT 3HaAThH
KaK MOXHO onucaTb rpamMmMaTuUUecKuih pa3bop S3bIKOBOro TeKcTa W
npasuna nepesofa B opmax anroputma.

Wmes B BuMAY TpyAabl MO NWUHTBUCTUKE W, T[NaBHbIM 06pa3om,
no Bonpocam MepeBOoAa, MOXHO cKa3aTb, 4To MIT 6GepeTcs 3a Me-
XaHW4YeCKoe OCYLLeCTBNEHNEe TaKOW 4YenoBeYeCKON [AeATeNbHOCTMH,
KOTOPOM [JO CUX MOpP B CYWHOCTUM Mano wu3ydyeHa. 3Ha4yuUT, peyunm o
TOM, KaK MpeBpawiaTb YyXe XOpowo M3BEeCTHYH [AeATeNbHOCTb nepe-
BOJ4a B MexXaHM4YecKyk ¥ nogpaxatb paboTe 4YenoBe4YeCKOro Mosra
C MNOMOLLbD MalWWHbI-, O6blITb HE MOXET.

B cnyyae M,I1. knbepHeTuka nocTynaeT WHbIM NyTeMm: MNpu-
KfafjjHoe ecTecTBO3HaHWe CO34an0 MawuHy, KOTOpas MOXeT pabo-
TaTb "yYMHO", T.e. BbIBOAWTb pe3y/NbTaTbl He TOJNIbKO CKNagblBaHU-
eM, BblYUTaHWEM, YMHOXEHWEM W [LeNneHWeM, a TaK >Xe cnocobHa
OCYLWEeCTBUTbL TaK He3blBaeMble N0rnyeckme onepayumm, W C MNOMOLLbIO
HUX MOXeT B3BewWwMBaTb, KakK Obl YMHO 064yMbiBaTb, MNOLOOGHO 4e-
noseky. MI, MoXeT nonb3oBaTbCA  3TUMKU BO3MOXXHOCTAMMU, HO
TONbKO 3TUMMU.

ConocTaBnsas  cneumanbHble 06nacTu uccnefoBaHUs SABbIKO-
3HaHua u” M.[1. MoXem cKa3aTb, 4TO:

1/ nepBUYHbLIM NpeaMeTOM JIMHTBUCTUKU ABNIAETCA HA3bIKOBbIA Ma-
Tepuan, a M,I1- nHTepecyeTca WM TO/IbKO BTOPOCTEMNEHHO, MO-
CKONbKY YMCTBEHHble onepayuuM npu nepesBoje He MOryT OblTb OT-
[leneHbl OT A3blKa,;

2/ A3blKO3HaHWe He OrpaHMymBaeTCcd MNPU CBOUX MUCCeLOBaHUAX
TaKUMWU Y3KUMU NpuHUMNamMu Kak MII,



2. OCHOBHble BOMpoCcbl MeToAukuM M.TT,

B cBA3um ¢ metogom M.Il. C pyccKOoro Ha BEHrepckuit /B panb-
Herwem M.IMT  p-B/ KaxeTca uenecoobpa3HbiM MNPUCOEAUHUTHLCA K Bbl-
CKasblBaHMAM, Haxojauwmmca B pabotax no mertogam ML

& of

PaznunuaoT 95 %-Hbli 1 100 %-HblAi NOAXOAbI MepBbl MeTOA
NPUMeHAeTCA B CYWHOCTM NpM NOCNOBHOM MepeBOfe, KOrfga MmalluHa
NPON3BOANT TONbKO OYeHb OrpaHUYeHHbLIW W OTHOCUTENbHbLIA pasbop,
HYXHbIW [N coCTaB/fieHWA nepeBofa B uUcnonb3yemon opme. Tak Kak
MI1T ¢ Takum MeTOLOM OTO[ABWUraeT rpamMmaTuyeckuin pasbop Ha BTO-
PO NnaH, NPUMEHATb TakKOW NOAXOL MOXHO TONbKO MexXAy f3blKaMu,
CTPYKTypa KOTOpbIX WMMeeT 601bWwoe CXOACTBO, WAM €CNU B BbIXOLHOM
A3blKe NOPALOK C/IOB MMeeT He OYEeHb BaXHOe 3Ha4YeHWe C TOYUKMU
3peHns npaBW/IbHOCTM MNepeBOfa.

B M,I, mexay A3blkaMu, WMEKWMMN 60MblIOe pacXxoXXAeHue B
nopsagke CcnoB, Hanp. B PYCCKO-BEHTepCKOM MnepeBOfde, MOC/IOBHbIN
MeTO/[ He MOXeT OblTb MpPUMeHeH faXe B Haya/llbHOW cTaguu paboThl.

100 %-HbIn MeToa  OCYWecTBASieT MNepeBOAd AaXxe NPOCTOro ne-
pPEBOAMMOro TeKCTa Ha OCHOBe NOAPOOGHOro rpammaTU4eckKoro aHasnu-
3a. o atomy MeToAy rpammMaTW4YecKUin aHanmM3 ABNAAETCA LeHTpalb-
HblM BOMPOCOM nNepeBOfa, a He MPOCTO CPEACTBOM  ynydweHusa "nepe-
BeJeHHOro" TekcTa.

M. p-B npuaepxusaeTcs BTOPOro mMeToda, T.e.COCTaBAeHUA
anropuTMOB Ha OCHOBE MOAPOGHOrO U PacrnpocTPaHEHHOro rpamMMaTu-
4yeckoro pasb6opa, He WUMes B BMAY NPW 3TOM HUKAKOTO KOHKPETHOTO
MaTepuana, TONbKO XapakKTEpPHble UYepThbl PYCCKUX HAYUHbIX U TEeXHU-
YECKMUX TEKCTOB.e

e [l0 MHEHUIO MHOrMMX NO'CyWecTBY HeNb3d NPOBeECTU penKoW
rpaHuybl  mexay 95 %-Hoim n 100 %-HbiIM MeTOAamMu, BefAb C  MOMOLLbHO
O6LWENPUHATBLIX rpammaTUyYecKUX KaTeropuin u TeOopui A3blka He
yjaaeTcd HaWTuM npouefypy aHanusa, MpPaBuUibHYH W AeACTBUTENbHYIO



Ana Bcex (akKTOB  fA3blka, faXxe ecnu (akTbl MMeWT A0BONbHO 06-
LWy MHTepnpeTauuw, A ecnnm He obpawartb BHUMaHUA Ha TO, 4TO
meToa T.H. 95 %-HOro nepesofja WCNONb3yeT TrpaMMaTUYECKUIA
pa3bop Ana ynydweHus, a He Ans o60CHOBaHMA nepesBoga, TO
pasHUUbl Mexay [ABYyMS MeTodaMu AEWCTBUTENbHO MUcYe3awT, Tak
KaK MeTofbl BCTPETATCHA rAe-HubOyAb B CTEMNEHW U panpocTpPaHeH-
HOCTK pas3bopa.

CornacHo anroputmy M T1 YHuBepcuteta B BaluMHITOHe
[Anroputm  MOXeT ObITb MPUHAT  06pas3yoBbIM afirOTUTMOM  [LOC/IOB-
HOro mnepesofa/ COCTAB/IEHWIO JIEKCMKOHA W PELIEHUID JIEKCUYECKUX
BOMPOCOB yCTynaeT B BaXHOCTU rpaMmaTuW4yeckuin avanus [I3j .
Moapo6bHLIM NEeKCUKOHOM, €eCnu B ero cocTaB CXOAAT He TONbKO
OCHOBHble, HO W BCe peneBaHTHble (HOPMbl, MOXHO pewaTb W BOMNPO-
Cbl CMHTakcuca. [Mpobnembl, BO3HMKaKLME NPU 3TOM B CBA3M C
O4YeHb 60NbWMM CnoBapeM, MOTYT OblTb peLlleHbl C MNOMOLWbBK T.H.
(boTOCKOpMYECKON Memopumn. TakoW MOAXOL K peleHuto 3afjaumu
M.I. yxe 3HaunmTenbHO pa3nuyaet 95 %-Hbli meTon oT 100 %-Ho-
ro, KOTOPbIA OXWpaeT MONy4YeHWe NPaBUNbHOTO MNepeBofja OT NOA-
poGHOro rpammaTtumyeckoro aHanmsa. 95 %-Hbldi MeTO[, NpPUHUMaZ
BO BHUMaHue ero pesynbTaTbl, He 3acnyXxwuBaeT TOro Hepoo-
LLeHMBAHNA, KOTOpPOEe MMeeTCH B €ro Ha3BaHWUMN.

Mpn noarotoBke M., C PycCKOro Ha BEHrepcKuUii nekcuyec-
KMe BOMPOCbl K COXaneHUw He paspaboTanuce.

3. Bonpocbl fA3blka-nocpegHunka

Mporpamma M..I, ¢ pycCCKOro Ha BEHrepCcKWin npegycmatpuBaeT
HEeMOCPeACTBEHHbLI MNepeBoj Mexay ABYMS si3blkamMu, 6e3 npume-
HEHWS T.H. fA3blKa-nocpeAHuKa.

He Bxoada B noApo6HbIN pa3bop Bomnpoca fA3blKa-nocpegHuka,
Mbb CYMTAaeM HYXHbIM FTOBOPWUTb KOPOTKO O TeX COOOpaXeHUsx,
0
Ha OCHOBE KOTOpbIX Npu noAarotoske MIl. p-B oTKasanucb OT nNpwu-



MeHEeHNA fA3blka-nocpegHnka. /TepMuH "A3blK-NOCpefHUK" nNpumeHsdeTcH
3fjecb C TeM cojepXaHuem TepMUHa "WHTepnamHrea“, KaK 3T0 npepj-
noxun H. O.AHppees [4] ./

B nonb3y npumeHeHMs fA3blKa-NMocpeaHMKa TrOBOPUT TO 6Ge3yc-
NOBHO NPaBUNbHOE pacCyXAeHMe, YTO YUCIO0 HYXHbIX anropuTMOB
CUNbHO YyMeHblaeTca. [MPOTMB NPUMEHEHWS TOBOPMUT Ype3BblyaliHas
CNOXHOCTb aHanu3a. HeCOMHEHHO, pazpaboTka anropuTma, pgato-
ero nepesog B MNPUMEHAEMOW ¢opme, ABNSeTCs 60nee peasbHON K
nerye OCYLWECTBUMOW LENbl, YemM pelleHMe CAOXHOW npobnembl A3biKa
nocpegHumka. Kpome 3TOro ycneuwHoe pelleHWe HENnocpefCTBEHHOTO
nepeBofa C OJHOr0O si3blka Ha APYrol sBndeTcs KakK Obl MPeAnochin-
KOli BO3MOXHOCTM CcO03AaHuUA sA3blka-nocpeaHuka. OcywecTBneHne Ta-
KOro MPOMeXyTOYHOro MAlIMHHOTO f3blKa HEBO3MOXHO A0 pa3paboTKu
nogxoaswmx nporpamm M., mexay ABYyMS S3blKaMW.

Ecnn conocTaBuTh o6ulyto cxemy M,[, p-B cO CXemMoil nepesofa
C NpUMeHeHWeM Ss3blKa-nocpeaHuka, To no H.A. AHapeeBy:

A = BXOAHOW A3blK
B = BbIXOAHON f3bIK
MA = wmeTaasblik

Al = a3blK NoOCpefHUK

MeTas3blku galdT MopdeMbl, rpammMaTuMyecKuMe U CeMaHTUUYeCcKue
CBA3M 3TUX MopdheM Ana 06eunx N3bIKOB B MOAHOM 6oratcTBe. HA3bIK —
NOCPEAHNK - WHTEPNMHIBA - COAEPXWT 3TW WHGPOPMALMN TONbKO B
KakKol-To 0606uWEeHHON dopMme.

Cxema M.T. p-B
A —7~ "MA" B

B "meTassbike” B MT1 p-B He COAEPXMUTCSH  MNOJHbIA pa36op
PYCCKOTro fA3blka. AHanM3 fenaeTcd TONbKO MNpu cobnwogeHun notpeb-
HOCTEl CMHTEe3a BEHIepCKOro fA3blKa.



T1. BOMPOCbl AJITOPUTMA M1 P - B

1. CemMaHTMYyecKkuMe UM rpamMmmatmyeckue OCHOBBI

Mlp - B

K nepeBofgam, 0CO6EHHO K MepeBOogaM TEXHUYECKUX W HayUHbIX
TEKCTOB,NpeAbABNAT TpeboBaHUSA, 4TOObLI cofepXaHue nepesopa
coBnajano C COAEpXaHWeM MUCXOAHOro TekcTa. B To e Bpewms
NUHTBUCTUYeCKMEe paboTbl yTBepXpAakwT, 4YTO NPU nNepeBOfe HENb3H
JOCTUTHYTb  MOJIHOTO COOTBETCTBUA. [PUUMHBI 3TOT0 KpPOATCA B
CemMaTMYeCKNUX M rpammMaTUYECKUX PaCXOXAEHUAX  MeXAy A3blkamu,
BCNeACTBME YEro pasHbIMM fA3blKaMW TPYAHO BbipaXaTb TOXAECTBEHHbIE
BHe dA3blka (aKTbl, W COOTHOWEHMA. CyuTaTbCA C 3TUM MNPUXOAUTCH
B KaXaoMm nepeBoOfe.

PaboTbl Mo nepeBOAYy YTBepXpAawT M TO, 4YTO Hambonee TOUHbIE
nepeBofbl BO3MOXHbl B 06/1aCTU Hay4YHOW W TEXHWUYECKOW nuTepaTypbl.
CemaHTMYeCcKMe CBOMCTBA C/IOBAapHOro QoHAa CXOAATCA Yy TakKuUx
TEeKCTOB 06onblwe, 4YeM Yy TEKCTOB C 06WeynopTebuUTeNbHON NleKCU-
KO, a rpammaTtmMyeckume CpeacTBa, XOTA W CNOXHble, BCE-Taku WMEHT
bonee OAHOPOAHbLIA XapaKTep, 4YeM Yy NUTepaTypHOro U pa3roBOPHOTO
A3blKa.

B paspa6oTke nporpammbl M1 Mbl €lWe He MOFAM 3aHUMaTbCH
PACXOXAEHUAMU CEMAHTUUYECKOr0 XapakKTepa MexXAy PYCCKUM W BeHrep«-
CKUM  f3blKaMW. Haweih nepBUYHONW  LeNb0 OblN0 BbIACHUTL  COOTHOLWE-
HMA B rpamMMaTM4YecKUX CpepcTBax, CAyXawmx BbIpaXeHUS WAEHTUY-
HbIX peanbHbIX /BHESA3blYHbIX/ CHOLWEHWUNA.

CkasaHHOe MOXeT OblTb npepcrtaBneHo rpapukom  [ff] , n3006-
paXalwowyM CceMaHTUUYecKue U rpaMmatmyeckme MNOHATUSA, a Takxke 0603
HayeHHble 00bEKTbl AENCTBUTENbHOCTU T
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C C
[ \( | e
0 ] .
T A i
C C,
Tl .
Y1 y i n2
X1 un x2 CNnoBa A3blKa
- CMHTarMaTmuyeckass CBSi3b MeXAy C/i0BaMMu
n X2;
y ry CMHTarma B nepesofje, MNpPU TOM YNeHbl COOTBET-
CTBYHOT Mo 3HayeHuto X - - Xo;
EM n Eg npeameTbl peanbHOro Mupa WU 31EMEHTbI BHe3a-
M3VYHON -AE€NCTBUTENbHOCTMN,
. % peanbHOE COOTHOLUEHME.
a TakXxe n JaloT 3Ha4YeHUa CNoB
Xy Yo u Y2-
X,
parT
Y2

CnoBa W WX MNOMIHble 3HayeHWdA, T.e. Kpome rpaduyeckoin /3ByKoBOi/
(opMbl CNOB M 3Ha4YeHUN ewe 0603HAYEHUNO NpeaMeThl.
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Mpn rpammaTnyeckunx nmncecnegoBaHnax Mbl Mcxoguiam m3 TOro
yNnpoweHHOro noJioXeHnUA, 4YTOo 3HadeHUs CAOB XN U Y,p, a Takxe

X2 W yg NONHOCTbIO COBMajaloT g W TaK COOTHOWEHUA X — X 1

7 yr PE.  TOX[AeCTBeHHbLI. [locne 3TOro ycrtaHoBunu Te
Yl
rpammMaTnyeckme cpepcTtBa, KOTOPbIMM NONb3YHOTCA A3bIKW MNpPU Bbipa

XEHUM TOro Xe camMoro OTHOWeHMUS I% / rx——A EE’\——>ry /.

Pacxox/jeHns B 0603HAUYEHHbIX BHEA3bIYHbLIX OTHOLEHMAX /T.e.
korgpa x" - rx - x2 o6o3Ha4yaeT E, - Rg - Eg , a y" - - oyn

o6bo3Hayaetr E™ - Eg - Eg/ HEé paccmatpuBasncCb, €CNN OHM B
BEHFepCKOM nepeBOfe He fanu CYUWECTBEHHOro pacxoxpgeHusa. /Hanp.,
COOTHOLWEHNSA, BblpaXXeHHble onpeAeneHHbIM apTUKIeM, OObEKTUBHOM;
cnpsxeHvem u T1.4./

FpammaTnyecKkne COOTHOLWEHUS MeXAy c/ioBaMbl OblM BBefEeHbl K
CBA3AM MeXfJy KnaccaMu C/0oB, 4YTO6bl MONYYUTb CUCTeMY, YAOO6HYIO
ana M. [T'pamMmaTuyeckue CBA3U MeXay eAWHUYHbIMKW CNnoBaMu WUMeNUCh
B BUAY TONbKO MNPU WUCKAKYEHUAX.

Knaccugukaums pycckKOro M BEHrFepcKoOro cnoBapHoOro cocTaBa,
yCTaHOB/eHWEe MOAKNACCOB M TPYynn, jJaxe rpammatuMyeckKux CBOWCTB
OAHMUX CNOB OCYLWECTBASNOCb C TakoW UeNnb, 4TOo6bl Knaccugpukaymna
N rpaMMatmyeckme OCOBEHHOCTW  CAYXWINW OCHOBOW K (hopMaibHOMY
nepesopay. llocnegHee TpebyeT yCTaHOBNEHUS  pas3/INUYHbIX TUNOB nMe-
peBofa Ha OCHOBE COOTHOLIEHMS KOHCTPYKUMA X - T - X n

Yi -y - ¥Y+1wms KOTOpbIX Kaxpgas napa BblpaxaeT oaHo Eg, a Takxe
YyCTAHOBNEHMUS oONpefeneHHbIX KOHCTPYKUMA X - T - X, OTOXAE -
CTBAAEMbIX (POpPManbHbIM MYTEM U BblpaXxatoLwmx Bce Te Ep , KoTopble
JOMKHbI BblpaXkaTbCsi 1 B nepeBofe. [py ToM nbas KOHCTPyKuua

Xp - rx - Xp+l , Bblpaxatouwas OTHOWeHMe Ep , He AO/MKHA MO
(hopma coBnagaTb C KOHCTPYyKUuMeW [ANd BblpaxeHna EQ . Apyrumu
CNoBamMy 3TO 3HAUYUT HE UYTO WHOE, KaK WCKIKYEeHUE TOMOHUMHbIX
KOHCTPYKLMA MNpU YyCTAaHOBNEHUN CUHTArmMaTUUYECKMUX OTHOLLUEHWUA.

C TOUKM 3peHus nepeBofa KOHCTPYKUUM X - rx - X :
X - [, -y [Ans BblpaXeHUs sTOXAECTBEHHOW R MoOryT 6bITb pas-

AeneHa/B ABa Tuna Kﬂ
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1/ paBHble KOHCTPYKUUWN,
2/ TpaHcopmMupyemble KOHCTPYKLUUMK.

PaBHbIMW Ha3bIBAOTCA KOHCTPYKLWUU, B KOTOPbIX MOPKEMbI, Bbl-
paXatollMe He rpammMaTMyecKue OTHOLIEeHUs, BXOAAT B COOTBETCTBEH-

HO paBHblE K/acCcChbl

cnoB B 06eux fA3blKax. PacxoxpgeHue B nopsagke
CNnoB He WMEeT 3Ha4dYeHuda TMnpun onpepgeneHnnm Tuna KOHCprKHMﬁ.

PaBHble KOHCTPyKUWW, Hanp:

+
V +
S +
P+
rx

Pr*7
n T.4.

A

S

3a

Sg

Sx

V

y

pPg

/ /

S —» A + s
s -—» V + S
Sa —~ 3/al
Sy-—> sy

w _—>8 +P
ST - g

npunaratenbHoe ;
CYWeCcTBUTENbHOE ;

CylulecTB B pPOAUTENbHOM najexe /Unm
c cyddukcom, o603HavawlWmMM obnagaTens.

cywecTts, ¢ cupg!Kcom, o0603HavaroLMM
obnagaemoe;

CywecTB, B KOCBEHHOM Majexe WM c
CY((hnKcom,;

rnaron B NuM4YyHOM /popoBoi/ opme;

npeanor, c ynpaBfieHUEM X;
nocnenor ;

(bopmMa MOXeT OTCYTCTBOBAaTb
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TpaHchopMaLMOHHBLIMMU  Ha3blBAOTCA KOHCTPYKLMWUUKU, B KOTOPbIX
MOp(eMbl, Bbipaxarolle He rpamMmaTWyeCcKuMe COOTHOLIEHWUA, BXOAAT B
pasHble Knaaccbl cnoB. TakKoBbl Hanp.:

V + Vinf + S - *V + C+ R+ V + S

S+ C+PyP +S + C—t G+ K+V+S +g

y
n T.no
HoBble 0603HayYeHUSA:
= 3andaTas,
K = Ccol3,
p = npuyacTtue

MpumeHsiemble  hOpManbHble MeTOAbl FpamMMaTMUecKOro aHanm3sa
4acTO HacTynawT Ha TFOMOHMMHble KOHCTPYKUMMK. [103TOMYy CTpemneHue
YCTAaHOBUTb ANA KaXA0ro OTHOLUEHMA B S3blKe-UCTOYHUKE OT-
AENbHYK KOHCTPYKUMIO X - I - Xi+n, oKa3blBaeTCsi 0OYeHb OT-
BaXHbIM Tpeb6oBaHMeM. Jlo KakKOW CTeNeHW HaM 3TO yjAacTcs, elle He
n3BecTHo. PaboTa BefeTcs B HanpaBNeHUW YCTaHOBMNEHWUS COOT-
BETCTBYHLWMX KMAaCcCOB W MOAKNACCOB, Y4YWUTbiBaHMS nNopsgka CNoB W,
MOXeT OblTb, CEMaHTMUYECKOro 3Ha4yeHusda. HEeCOMHEHHO, YyCTpaHeHwue
FOMOHUMHOCTM MNpK (QopmManbHOM aHanu3e O04YeHb 061eruynno 6bl He
TONbKO aHannM3 TeKcTa, HO M Becb Xxoa M1

AHanM3 MCXO0AHOro TekcTa, Ha OCHOBe Bbllle CKas3aHHOro, coc-
TOUT M3 pa3bopa, NO KOTOpPOMY ycTaHaBauBaeTcss  Knacc /mMopgo-
NOrn4yecknMin knacc/ cnosa, ero KOHKpeTHas rpammaTudyeckasd /napa-
anrmatunyeckaa/ gopma. M3 3TUX [AaHHbIX MOXHO MONYUYUTb WHGpOPMa-
UMM no QyHKumMm cnos. KOHEYHO ,Man0 TakKUX C/AOBOKYOPM, KOTOpbIe
caMm no cebe [OawT AOCTAaTOYHbIe AaHHble K "paBHOMY" unMm "TpaHc-
(bopmaynoHHOMY" nepeBofy. B ocTtanbHOM 6GONbLWIKWHCTBE C/ly4yaes
TpebyeTcd BbIACHUTb TrpaMMaTUUeCKyl CBA3b C/ioBa C ApYyrvmu,
OKpy>awwymm ero crioBamu.
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B 06HapyXeHWW CUHTArmMaTU4YeCKMX COOTHOLIEHUA X - - X
C TOUKW 3pEeHUs nepeBofa Ha BEHTEePCKMUIA A3blK OCOGEHHO BAaXHO
YyCTaHOBNEHUe TOro, KakKyt CBA3b /NpAMYK WAM MNOCPEeACTBEHHYH/
MMeeT CNOBO K CNOBY, MOTylWeMy nNpeacTaBMTb MNPeANoXeHUe B Le-
NOM, T.e. CKasyemMoMy MpefNoXeHUs Mo TEPMUHONOrMKW  TpaguLMOH-
HO rpaMmaTuku. EcTb Takue cCNnoBa, Yy KOTOPbIX YXe MO Kjaccy
/peenpuyacTtus, HeKOTOpble, MOJaNbHble CMOBA W COH3bI/ WAM NO
napagurmMaTuyeckoin dopme /CyLl|eCTBUTENbHOE >KEHCKOro poja B
UMEHUTEeNbHOM Najexe/ MOXHO OnpeaennuTb 3TO OTHOLIEHMWE, HO ANS
6ONbLWINHTCBA CNOB TPeOyeTCcs BbIACHUTbL W KOHCTPYKLWOHHbIE cesizu.

2. KopoBaa cucrtema

MepBble onepayun M1 p - B

1/ Mownck cnos.a,
2/ ycTaHOB/NeHWe KJjacca CnoBa,
3/ ycTaHOBNeHWe napagurmMatnyeckor ®HopMbl C/noBa.

Mouck cnoB He npepcrtaBnsieT ocobykw onepauuio B M1 p - B.
M3 npakTuku gpyrux rpynn no M1 pana Hac Kas3anicd camMblM MpUEM-
NnemMblM MeToh OTUHTepa Ona  onpefeneHNs OKOHYaHWIA;, Mbl
pobaBunmM K 3TOMYy MeTOAY /WWb aHalvM3 CAOB C NpaBOnNUcaHuWeM 4e-
pe3 Tupe. [Ond aHanusa CNoB, Y KOTOpbIX nocnegHue 6ykBbl /ocC-
HOBbI/ MOXOXW Ha OKOH4YaHWA /Hanp. He, HO, ANA, NpeaMeT, HaTpuii
m T.a./, NpumeHsdeTcAa ABa cnocoba: NO NepBOMY HEMO/NHbIE OCHOBbI
MOryT BXOAWTb B cnosapb OcHoB (Hanp. agn/-a/, p/-o/, n/-ol,
H/-0/, H/-e/ npegm/-eT/ w.T.4.) , NO BTOPOMY CNOCOOY M3 3TUX
CN0B MOXHO o06pa3oBaTb O0COOYyK rpynny cfAoB, rpynny T.H. "MOAHbIX
CNnoB", W Kaxpoe C/0BO, WMewUWwee COOTBETCTBYWLWY ONNHY, [AOMXKHO
cornacosbiBaTbCcsa bocTaBOM 3TOro cnosap4,

i = '

CnoBa, uWMewlWMe TuUpe MO MNpaBOMNMCAHWID, aBTOMATMUYECKN pa3-
LensTCca y TUpe W Nocne ypaneHus nocnegHero, CAOBO NoAaBepra-
eTcs aHanu3y Ha OKOH4YaHue /nogobHO aHanuM3y CNOB C OKOHYa-
HVWEM Ha.-Cb WK ~cal. BeHrepCKme 9KBUBaNEHTbl 3TUX CJ/ZI0B MONy-

yalT 0CO0ObI MHAEKC.
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WMHpopmaunmm 0 cnoBax (QUKCUPYKTCA B MalwuHe B (opme KO-
[OBbIX ymcen. TakK Kak npu Bblbope cUCTEMbl KOAOBbLIX 4Yucen ue-
necoobpasHo MMeTb B BUAY TEXHUYECKMEe BO3MOXXHOCTU MalUWHBI,
npegHasHauYeHHON AnNs nepeBoﬁa, TO Kopgosas cuctema Mlp - B - #”
BCNeACTBME 3TOr0 B KakKOW-TO Mepe W rpamMMaTU4YeCcKWUW aHanus-
3aBUCUT OT CBOWCTB MawwuHbl M-3, npumMeHseMOW nNpu uUccnefoBaHUAX.

B nporpammMupoBaHuWM rpamMmaTuMyecKMUX WH(oOpMaLUil 06bIYHO Npu-
MeHseTca ABa cnocooba:

a/ Kaxgol wuHdopmauuu NPUNUCLIBAETCS OAUH OMNpPeaeneHHbIl
paspag,

6/ pasnuuHble MHGOPMALUM MNONYyYalT pa3NMuYHbie KOAOBble
ynucna.

Nc 3KOHOMMYECKUX COO0OpaxeHUAX Mbl MPUMEHANIN BTOPYK BO3-
MOXXHOCTb. TakK B BUAY TEXHUYECKUX CBOMNCTB MawuHbl M-3 Kaxpas
rpynna uWHGoOpmaunii MOXeT cofep)aTb B KpaiHem cnydvyae 63 pas-
NINYHBIX MHGDOPMaLmnu.

Knaccbl pYyCCKWX CNOB W KOAOBble .Uudpbl Ang M1 p - B

O6o3HayeHue uHpopmauun: K.I.

Knacc CcywecTBUTENbHbIX:

pammaTn-  KopoBbie MHpOoOpMaLwus

yeckoe LUmnppsol
0603Hauve-
Hue
1 2 3
S1 1 MY>XXCKOW pof Ha TB.COrn —#,—b HeoAyLIEeBN.
S2 2 % no I b0 opywesn.
S3 3 n t ha-uii HEeoAYyLWeB.
- 4 - - - -
S5 5 XXEeHCKWUN pop Ha-a, -4 Heo4yLleB/.
- 6 - - - -
S7 7 4 Ha -unsa HeoAyLleBN.
ss 8 ' ha - '
S9 9' cpegHuin pog -o, -e I
S10 10 V Ha -ue I



S11 11 MYXXCKON poA MHOX.4. WMm.n. Ha-a HeoAyLleBN a
S12 12 CPpeAHuin pe weoon " -bS E
S13 13 MYXXCKOW pofj.ef.4. npean.nm.Ha-y n
S14 14 " MHOX.4Y. UM.NA. Ha-b4
S15 15 " ‘ “ . * OfYLIEBN «
S16 16 "nyto"
S17 17 "Bpemsa"
18-27

Knacc rnaronos:

Mpamm, Koga.uundpsl MHDoOpMauuwUs«
00093H.
VI - V18 28 - 43 NOMTHO3HAYHbIe Traaronbl /OCHOBbLI HacT, W

npow.sp. OTAeNbHO/

Vau' 44 BCNOMOTraTe/ibHble rnarosbl-0CHOBblI HacCT.
Bp. W npow. BP.

V19 - V21 45 - 47 MOJTHO3HAYHbIE Taronbl

Knacc npuyacTtuii:

Mpamm, Koposble MHPpopmaywm4
0603H. ungpsl
P5 48 CTpag.npuy. nNpow.Bp. B KpaTkon qopme
P1 53 fencTB, MNpPUY. HacT.Bp.
P2 54 JeNncTB, MNpu4y. npow.Bsp.
P3 55 cTpaj, nNpu4y. HacT.Bp.
P4 56 cTpaf, npwuy. npo. cp.
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Knacc, npunaratenbHbIX, Ka4yYeCTBEHHbIX YyKas, MECTOUMEHUA W
nopAaaKoBbIX YUCNUTENbHbIX:

pamm. KopoBble

0603H. Umdpsl MHdpopmauywus

Al 49 OKOHYaHMe Ha -oin, -ad, -o0e
A2 50 " Ha -bll, -as, -0e W -WUh, -afd, -o0e
A3 51 " Ha -uUn, -9, -ee W -Nni, -asd, -ee
A4 5£ " Ha -WUhA, -bfa, -be

Knacc MecTOUMEHUN-- :

Npamm. KopoBble

0003H. LUndpsbl MuHdpopmauywmsq

Pnl 57 JINYyHbIE MECTOMMEeHNs

Pn2 58 OTHOCUTENbHOE MecTOWM. /KOTOpbIA, -ad, -oe/
Pn3 59 MpuTaXaTeNbHble XECTOUM.

Pn4 60 MecTtoumeHus "atoT", "TOT"

Knacc 4YmcnmtenbHbIX :

pamm-,  KopoBble

0003H. UMdpbl MHpopmatymasa

Nu 61 "oauMH" + 4ywmcn. onp. W Heonp

Knacc pasnuyHbiX MOAanbHbIX CJ/IOB:

Npamm*  Kopgosble

0603H. : UnGpPbI MWHpopmaums

PD 6£ MoganbHble cnoBa

CMelaHHbIi Knacc

pamMm,  KopgoBble
0603H. Unpsbl

S 63

MHpopmaywuns4

18



MapagurmMaTuyeckme OPMbl PYCCKUX CNOB

O6o3HauyeHune wuHpopmauyum: K. 11.

Mapagurmatnyeckne Qopmbl cyulecTBuTenbHbix: K I = 1-27
g Konoeu TETREENEE
msN 1 MYXCKOW PpOA €ef.4. WMEHUT. Hafg.
OISA 2 " BUHUTENbHbIW .
msG 3 ! POAUTENBbHBLIA n.
msD 4 . faTenbHbIl n.
msl 5 . TBOPUTENbHbIN 1.
msP 6 . NPeanoXHblii .
fsN 7 XXEHCKUA p. ef.u. MMEHUTeNbHbIA Nn.
f sA 8 " BUHUTENbHbIV .
f sG 9 " PPAVNTENbHbIG 1.
fsD 10 " gaTenbHbIN 1.
fsl 11 ! TBOPUTENbHbIN 1.
fsP 12 . NPeanoXHbI 1.
nsN 13 cpegHWi p. ef.u. UMEHWNTENbHbIA N.
nsA 14 . BUHWUTENbHbIW 1.
nsD 15 ! POALTENbHBLIA n.
nsD 16 " faTenbHbIA 1.
nsi 17 ! TBOPUTENbHbIW 1.
nsP 18 " NpeanoXHbli n.
pIN 19 MHOXecTB, Y. MMEHUTENbHbLIN 1.
plA 20 ] EVH. .
pIG 21 " pon. .
plD 22 i paTt. n.
PU 23 " TBOPUT, 0.
piP 24 " NPeanoXHbl 1.
SMNA 25 ef.4,m.p. M.+ BuH. nn.
emDP 26 o naTt. + npegn. nm.
SMAG 27 neo BUH. + popa. nn.
sfDP 28 XEeHeH.p. paTt. + npeagn. nn.



20

Fpamm, KopoBbie
0003H» LMdpsbI MWH o DBDHauywu+4

silGD 29 el ,4, XeHCK,p. popag. + gart. nn.

snNA 30 W cpegn.p, MM, 4 BWH. nn.

SNNAP 31 I I MM. + BWUH. + npegn. nn.

pINA 32 MHOX. Y . MM. + BWH. nnmn.

plAG 33 b BUH. + popa. nnm.

snGpINA 34 eq,4. cpepgun,p, pop. + MH.Y.uM. + BWUH. Nn.

srriPpINA 35 n MYXeK.p. npeg.+ MH.Y.MM. + BUH. Nn.

sfGpINA 36 I XEHCK,p, poa. + MH.Y.MM. + BUH. nn.

sfGDPpIM 37 I " p, popg. t+ pAat. + npean. + WMH

4. uM. + BWUH, nO

SAGpIN 38 I BUH. + poA. + MH.4.uM. nnmn.

smGpINA 39 I MyXCK. ,p, poj. + MH.4.uM. +\BWH, NN,

sfNA 40 I XXEHCK, UM. + BUH. M.

sfGpIN 41 I " P, poA. + MH.4.AM. nn.

snAP 42 I cpeawn,p, BWH. + npegn o Mo

sfPplA 43 I eHck,p, nepan. + MH. m. BUH. nn
Mapagurmatmnyeckue dgopmbl rnaronos /K | = 28-47/

A/ ®opMmbl MONHO3HAYHbIX rnaronos- ;.K | 28 - 43, 45-47

Mpwn HEeKOTOpbIX rnaronax B CnoBape KpoMe KOAOBOro 4ucna
K.l. ewe wumeetcd T.H, cnosapHoe K.IlI. pgna o603HayeHusa rna-
ronoB COBepLIEHHOro M HecoBepleHHOro BuUAaa.

CnoBapHble K.Il. pgna rnaronoB HecoBepweHHoro suga = O,

CnosapHble K.Il. gna rnaronosB coOBeplweHHOro Buga = 5.



KogoBble uudpbl MO /IMYHBIM U POAOBLIM OKOHYaHUAM

["pamm.»
00603H.

in
Si
s3
Pl

f.

PI3

pm
Pf
pn
pPp

imp

KopgoBble

1 + cn.

£

g ~ W0 th - 0~ W

+

+ + + 4+ + 4+ + 4+

cn.
cn.
cn.
CNn «
cn»
cn.
cn.
cn.
cn.

KopoBble

y.

o b~ W tH

11
1£
13
14
15

MHPpopmauwmas

6e3nnyHasa qopma
ef .u. 1.n.
" 3.0n.
MHOX.4 .1 .n.
" 3.n.
ef,.4. MYXCK.p. /npoweguwee Bp./

XEHCK.p.
CpefH.p.
MHOX. Y.

nos6/lop© 6040 2@10

ungpsl No opmam rnaronos:

X

AR RAXRARARXRAAXRXKKX

1 6es3n.oopma rnarona HecoB. BuUAa
£ HacT.Bp. ef. 4yucno 1,n.
3 " " 3.0.
4 " MH. Y. 1.n.
5 " " 3.0.
6 6e3nMyHas ¢.rn. cosBepw. BuUAaa
7 oyaywee npocTtoe, ep.y. 1.n.
8 " " " 3.n.
9 npoctoe, 6yA. MH. u. 1n.
10 " " " 3.0.
11 npow.Bp. ef.4.m.p.
1£ " "OXK.p.
13 " "c.p.
14 " " MHOX.Y.
15 nosen.Hakn. ep.y. £.n.
0
56 fleenpuy. HecoB.BUfja
57 feenpuy. coB. Bujaa
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6/

HbIX KogoB K.lIl. ocCHOB.
1 OblTb, ObIBaThb
2 ObIBato
3 OblBaeT
4 OblBaeM
5 OblBalOT
6 N
7 6yay
8 oyper
9 oyaem

10 oynert

11 Obln, ObiBan

12 -"-a, -"-a

13 "0, -0

14 R

15

16 cTaTb

17 CTaHy

18 cTaHeT

22

KogoBble u4ucna napagmMrmMaTtmyeckux
Ma KOJOBbIX 4YWUCeN N0 OKOHYaHUAM K

®opmMbl  BCromoraTtenbHblX rnaronos: K.lI. 44
/"ecTb" BXOAUT B cOCTaB cnoBaps "nonHelx cnos": K.l1.44,
K.n.=3/
CnoBapHbli ko K.IlI. y BcnmomoraTenbHbIX rNaronos:
ObiBa 0 OblBan = 0
Obl = OblIN = 0
o:yL - cTan = 10
cTa - 15 MOT Nl = 20
cTaH = 15 cneposan; npuxoagnn = 30
mor = 25 npeacTtaBndn; ABNAn = 40
MOX = 25 npepctaBun;  SBuUN - 40
npuxoa; cnepy = 35
npegcrans, ABNA = 45

(bopM farTCcA KaK CyMm-
COOTBETCTBEHHbIX CnoBap-

HEoOnp 0 ¢ 0

HaCT. BP. Bzo o 0
" " 3.0
If MH. 40 1000
" I 3.n.

HaCTo BpP. efl. we 1000
" L 3.n.
I MH . Y 1.n.
" I 3.n.

MPOLLE Bp. ef. 4. w.p
Z I % 0p 0
1] 1] CpOpc
I MHOX: . Y.

Heomp . .

HacT . BpP. ef .40 1 0
" " " 3.n.



19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

42
43
44
45
46
47
48

49
50
51

52
53
54
55
56

CTaHeM HacT, MHOX.Y. 1.n
CTaHyT n " 3.n
cTan MpOlWo Bp . €4.4. M.p.
g 7 n X .p.
n.0 v V Cp op 0
" MHOX.Y.
MOUYb Heonp. ®o
MOTY HecT.Bp. €4 .4 - 1 o/l
MOXeT . il 3.n
MOXEM MHOX. Y. 1.n
MOTYT . v Bo*
Mor MpOLlloBpo eg odo MyxXekK.p.
MOTna n " KEHCK.D .
-".0 " t cpegun.p.
- MHOXecTB.4 0
.
npuxoamnTtca, cnepayert HacT.Bp.ej.u. 3.n
v ToAo " MH.Y. 1.n
Il il [ 8 o<
npmnxoguncsa, cnepgosan [lpOLWIBBpo MoPo
n Tofo
" cnenos X.p.
I n c.p.
b 1 MHOX.Y.
o —
npegcraBnsgeTcs HacToslWw,. Bp. ef.u. 3.n
ABNAETCHA
" " HacT. BPp. MH. 4» 3.0
npeactaBnsancs npow. BP. ea. 4. M.p.
npeancrtaBuacA
ABNANCA " ! XK4yP e
aBuncqa,, W T.4. . ! cp.p.
. MHOX.\Y.
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Mapagurmatmnueckne qopmbl npuyactuh /K.1. = 48, 53, 54,

55, 56/, npwunaratenbHbix /K.1. = 49, 50, 51, 52/ OTHOCWUTENbHbIX
mectonmeHunin /K.1. = 58/ nputaxaTtenbHblx mectoumeHuninn /K.1.59/,
.yKa3zaTeNbHbIX MeCTOMMEHWUN cywecTBUTenbHbiX /K.1. = 60/.

1 MY>XCKOW poa ej.ud. n.p.

2 g " B.p.

3 E A P.n.

4 " " n.n.

5 " " Ts.n.

6 g " Mp.n.

7 XXEHCKUA pB " n.n.

8 n " B.nm.

9 . . P.n.

10 " . A.n.

11 " " TB.nN.

12 " . Mp.n.

13 cpeaHUn po " n.n.

14 " . B.n.

15 " " P.n.

16 " " n.n.

17 " 1 Ts.n.

18 ! . Mp.n.

19 MHOXecTB 04 0 n.n.

20 il B.M.

21 " P.n.

22 " A.n.

23 " Ts.n.

24 " Mp.n.

25 eflodo My>XCKon p. n + B.

26 "M + cpo B + T.

27 b n n.

28 " " Mp.

29 "OX.p. P+ 0. + Ts. + [p.

30 "ocp.p. n. + B.

31 MH. Y B. + P. + Ip

32 . n + B
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33 efl »4,
34 CpaBH,
35 el .u.
36 "

[ 37 i
38 i
39 i
45 MH. Uc
46 en .p.

MpeanKaTUBHbIE (OPMbI -

40 en .u.
41 f
42 &
43 MHOT.
44 en .u.

M + Cp. Ts. + M.u.A.
cCTeneHb npocrtasa @opma
Mm.p. W+ B, x.p. P. +4. + TB.
X.p, B+ P Jeé/
" O+ T8 + Mp /eii/]
M.p. + cp.p. TB.
'X.p, P. + TB.
B + P
X.p, P. + O
M.p.
X.pO
cp.p.
Y.
Cp.p. + Hapeudwue

MapagmrmaTnyeckne ®MOPMblI NNYHLIX MecTuumesuni /K.1. -

1 en ..
2 7
3 7
4 ft
5 MH. Y,
6 VH.4.
7 ef .u.
8 ff
9 ft
10 MH. Y.
11 g
12 el ,u.
13 b
14 n
15 VH.4 .
16 »
17 en .u.
18 »

1.n, n.n.
S M.p. n.n.
f Xop. n.n.
Cepo n.n.
1.n. n.n.
3onsg n.n.
1.1. B.n.
8o M+ cp.p. B.n.
3.n, X.p, B.n.
1.n. B.n.
3.Nn. B.n,
1.n. P.n.
30nc M + Ccp.p. P.n.
300  X.p. P.n.
ionf P.n.
3019 P.n.
1010 a.n.
Bt M+ Cp.p. 4.n.

57
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19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

35

36
37

38
39

40

41
42

MHo4Y B

el eYy.

W PP W W R W W REr WP, WW R, W eRr W

JXoP o

M. + cp.p.

M. + cp.p.

M. + Ccp.p.

M. + cp.p.

M. + cp.p.

M. + cp.p.

O.n.

O.n.
n.r.

Ts .n.

Ts.n.

Te.n.

Te.n.

Te.n.

Mp.n.

Mp.n.

Mp.n.

Mp.n.

Mp.n.

B + P.nn.

B + P.nn.

B + P.OMA.T
NMPUT.MECTCLUM.
B + P.nn.H-
NPUT.MECTOUM.
B + P.nn.

B + B.nn.+
NpUT.MMK.

B.P. + Mpnn.
Te.n./c npepgno-
rom, MmH.4. 3.n.4.n.
TB.n./6e3 npegnoral
MH.4. 3.n. O.n.
T + A nn.

T8 + 4 + MNp.nn.



Mapagnurmatyeckne ¢opmbl HeonpeaeneHHbIX W KONW-
YEeCTBEHHbIX 4YuUCcAUTenbHbIX, K.1.=61.

1 - 33 coBnagaet C KOAOBbIMW 4Yucnamu ANA onpegeneHui

34 en.u. M. + Cp.p. nN.B.n.
35 N+ B. nn.

36 B + P + lp.nn.

37 A.n.

38 TB.N.

39 M.p. W.n.

40 cp.p. W.n.

41 M.p. B.n.

42 cp.p. B.n.

43 X.p. W+ B nn

44 " n.n.

45 " B.n.

46 P.n.

47 Mp.n.

48 P+ 4 2 Ts. + MMp.nn.
49 n.n.

50 B.nm.

51 B + P.nn.

52 ef.y. TB. + MH.4u. [A.n.

"Mapagurmatnyeckne" ¢opmbl MOAaNnbHbIX C/IOB K CKasyemomy

K.l. = 62

B cnoBape T.H. "MOMHbLIX CNOB": MOXHO, Hafo, HYXHO,
Heobxoaumo K.l. = 62;
K.Il. = 1.
/cnoBa: "HYXH" K "Heob6bXxogMM" MMEKWTCA M B C/iIOBape OCHOB KakK nMpu-
narartenbHble/
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B cnoBape OCHOB: LONMXEeH, Ao0/MKH, cnoBapHbii K.Il. = 0

cnocobeH, cnocoobskl =

. rOfeH, TOAbl -2 = 8
KogoBble uymMcna OKOHYaHWn:  MYXCK. p. = 2

X,,p. =3

c.p. = 4

M.H.Y. =5

KogoBble 4yucna napagurmaTtnyeckux ¢opm mnonyyarTcd Kak cMma
KOAOBbIX 4YWUCENl OKOHYaHuWin u cnosapHoro kopga K.llI.

i (opmbl OT "po/mKeH"
5
6
; > (opMbl OT "cnocobeH"
9
10
11
12 f opMbl OT "rofeH"
13
14 "HeT"
15 "6bI"
16 "yTOoObI"

"MapagurmaTtmyeckme"” ®MOpPMbl gna CNOB CMeWaHHOro Knacca

/IK.1. = 63/:
1 npeanor € ynpas/ieHUEM P. n.-a
2 " . n-a
3 B. n-a
4 " " TB.M-a
5 g " Mp.p-a
6 " " B un Ts..
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/10
11
IE
13
14
15
16
17

18
19
EO
El
SS
S3
34
35
36
37
38
39
30
31
33
33
34
35

npefnor o ynpaBneHWeMm

Hapeuyua /He Ha-o0 u -cku/
e

TO4YKa

3anfaTas

TOYKa C 3anAaTou

" , nl/”.”/ln
llall, IIHOII

COlO3bl /KOTOPbIE HW B PYCCKOM,

B un lNp, nn.
O.»n Tp. nn.
P. n TsB. nn.

He falT 0C060M KOHCTpyKumuu/

BO3BpaTHOe MECTOMMEHMUE
! it
U
I n
N 1
N 1
f I

Hayano npeasioXeHus
MeXaomeTume
BblpaXKeHue

hopmyna

COKpalleHune
roMOHUMHaa (opma

B.n.

P.n.

A.n.

Ts .M.
Mp.n.

B + P. nn.
O + lMp.nn.

HN B BEHTEPCKOM A3blKaX
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WHdopmaumm o0 cnoBe KakK O CaMOCTOATENbHOW eAuMHMUe, pas-
[eNeHHOMW Ha OCHOBY M OKOH4YaHWe, Mony4vyaeTcs conocTaB/lieHUEM
MHopmMauuim ero YacTei. MallMHHOE peleHMe 3TOro Bonpoca 0CO06GeH-
HOM TPYAHOCTM He npepcTtaBnder. Onepaynuy MOryT O6biTb BblpaXKeHbl
cnefyowmMmm opmynamu:

1/ fna cnoB Ha - a:

-1 vSm3v S +w v [/IS-2 v S-15/ + -£3 = |/5-5
-6/ + 3 . [s-9 + -a] v [s-ii + _j v 03-12 + -a]

[/v-i-®VIS v V-19-----V-21/ + -a] Vv [Vau + —s] v [p-5
v [/A-l VA2 /[ + -4 v [p--3+-3 v [Pn-l + -4

vV  [pn-4 + -a]

= S-msG VvV S-smAG v S-fsN v S-snGpINA v S-smGpINA v
vV S-nsG v V-p|. v Vau-pf. v P-5sf. v A-1,2sf. v P-3sf v
v Pn-1s3fN v Pn-4 sf. N

2/ OAna cnos Ha -'0B, -€B:

[/S-1 v S-3 v S-14/ + /-0ob Vv -eB/] v [/IS-2 v S-15 / + [/-06 v
v -eB/] = S-plG v S-plAG

3/ Ona cnos Ha-ei:

[/S-1 v S-7 v S-9 v S-14 v S-16/ + -et] v [/S-2 v S-15/ + -el]
v [/S-5 V S-6 v S-8 / + -ei] v [/A-2 v A-3/ + -ei] v

[/P-1 v P-2/ + -eii] v [pn-3 + -ei]

= S-pl Gv S-pl AGv S-fsl v A-2,3-8 fGDIPr v P-I1,2-sfGDIPr v

v Pn-3-sfGDIPr
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3. OnpepeneHne TOYHbIX Mapagurmatuyeckmx qopm -
- corfilacoBaHHble HOMWHANIbHble KOHCTPYKLUUWU

Mocne conocTaBNeHWs OCHOB W OKOHYaHWWA [NA onpegeneHus
napagurmatMyeckux opMm eulle ocTaeTcss [LOBO/bHO MHOro rpamma-
TUYECKUX MHOFO3Ha4YHbIX (HOPM CYLLECTBUTENbHbIX O [N BbIABAEHMUA
LEeACTBUTENbHOW OJHO3HAYHOWN napaguMrmaTtuMyeckon ¢opmbl Npuberaem
K CONOCTaBMEHWIO WH(OpMauUnii rpammaTuMyecKn COrnacoBaHHbIX (opm
UMEH C npunaratenbHbIMU W npegnoramu. W3BeCTHO, 4YTO 3TO
npeacTtaBnseT MWHOrga TPYAHYH 3ajady fJaxe ANnd 4YenoBeka, MNOTOMY
4TO C/loBa, COYeTeHHble corjacoBaHWem, MOTYT pPacrnofioXXMTbCA B
pasHoo6pa3HblX, MHOrga [LOBONbHO C/OXHbIX CTPYyKTypax. [Ipucty-
MUTb K aHann3y COrflacoBaHHbIX 4Y/1€HOB KAaKOW-TO HOMWHANbLHOMN
KOHCTPYKLUMKN 6e3 npeablAyliero BbISCHEHUA CTPYKTYPHbl AaHHOWN
KOHCTPYKLUMWU, . 6bI10 Obl OYEeHb OTBaXHbIM fgenom. [103ToOMy BMecTe C
npeABapuUTeNbHbIM aHann3oM CJ/I0B HOMUHa/bHOW KOHCTPYKUWUU  Mbl
cTpeMumca cpasy onpegenaTb U CTPYKTYpYy, B KOTOPYKH BXOAAT
cnoBa, W TO/NbKO MoCne 3TOro MPOM3BOAUTCA  BbIACHEHWE Mapajur-
MaTUYyeCKOn ¢opMbl.

AN BbIpaXeHUs CcaMblX PacnpoOCTPAHEHHbIX HOMWHANbHbIX
CTPYKTYP  MOXHO MPUMeHATb Creayloulyo  dopmyny

IPr vA/+IAvO/+[PnyL/+/C VA/+/P VA/+Nu V/N/ + S (1)
HoBble 0603HauYeHUSA: v nnm
N nycToi Knacc

dTa (opmyna COAEPXWUT OYeHb MHOroobpasHbldi pacnopsafok;
4yneHbl MOTYT MNOBTOPATLCA W pacnonorarbcqd B  /106OM BO3MOXHOM
nopagke. Tak B @opmyne (1 ) copgepxxaTtca Hanp,:
A + A + s
Pr + A + S
Pr + A + CH+A
A

Nu +
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Hapeunii B cTpyKType HeT. OHM C TOYKWM 3peHMs CTPYKTYpbl
HWKAKO PpoOnM He UrparwdT M MNO3TOMY He BXOAAT B CTPYKTYpy HO-

MUHaNbHbIX KOHCTPYKL WA,

Ans 06HApYXeHWUs COrnacoBaHHbIX HOMMWHAaNbHbIX KOHCTPYKLMWA Mbl

UMEeNn B BUAY U 60nee CNOXHble CTPYKTypbl. CTpPyKTypa, pacnpocT-
paHeHHas npuyacTHbIM 060OPOTOM, WMeEeT BUA:

: VIY+/PAO v/IV+/S0 v/V+/PrpA v Prg VA/+

VA/+ISpp V' SS VII/+/Prs/ayvA/+/SBle/ VA/+
0

/+1So/PA0l VIV (2)

Pro

Ao
PAO

PrPAO

Prs

Prs/s/

AB/s/
32

npeanor, OTKPbIBAKLWMIA HOMUHANBLHYIO
KOHCTPYKLMUIO;

(A VA) + (Pu vA) + (Nu vA) +

+ (C vA) + (P VA
C WMHAeKUuamMun wunn 6e3 WHAEKCOB;

A’ 1 BXOAUT B 04HY KOHCTpykKuuiwo c sO;

npuyactuve /mnu npunaratenbHoe/ ¢
pacnpocTpaHeHUeMm;

npegnor c¢ ynpasndwowum cnosom PA(Q;

npegnor c ynpasnswwWwmm cnosom S /ne-.
pen Hero/,

A’ ¢ ynpasnawwum cnosom PAQ;

A’ ¢ ynpasndwoowmm cnosom S /nepepg’
Hero/;

cyuiecTts, C ynpasndwowum cnosam PA(Q;

cywecTts, ¢ ynpasndwowum cnosom S /ne-
pes Hero/;

npeanor c¢ ynpaenswumMm cnosom Sp. ;
Ao

A’ ynpasnsemoe SP4 ;
Ao



's [ B/ CylulecTB., ynpaBnsemoe SPAO,

Ao/PAO/ A’, cornacyetcs Bmecte ¢ PA C cylecTBu-

TeNbHbIM So/PAo/;

So/PAc/ S, o6pasytoliee BMecTe ¢ PAg "pamky".

Takas CTpyKTypa pa36buBaeTcs Ha cleaytouMe rnaBHble 4YacTu:

a/ HOMWHanbHyW rpynny, hakKynbTaTUBHO CcOAepXallyl npu-
yacTue WA npunaratenbHoe C pacnpocTpaHeHWeMm, T.e.:

/[Pro v/V + A0 yN/ + /IPA0O yO/ + SO ;
*6/ HOMWHanNbHYK rpynny, o6pa3ywollyd pacnpocTpaHeHue npu-
yactua PAqQ;

IPrpA YA/ + |Aca VA/ + SpA

B/ HOMWHaNbHYK TPynny, [Aaloly T.H. HecornacoBaHHoe

onepejeneHne K CylWwecTBUTeNbHOMY Sp« ;
Ao

ITrelel * [AT el VA + S6/E/

Ecnn KOHCTpyKUMA a, [OeNCTBUTENbHO COAEpPXWUT uneH PAQS
TO CyulecTBuTenbHoe Sq /MOXeT 6bITb M A’ o6pasywT "pamKky",
BHYTPM KOTOPOMN MOMECTATCA  KOHCTpyKuum 6, mB, /CywecTBUTE/b-
Hoe B 3TOM cnyvyae o6o3Havaetca SO/pag / /. Takas paccTaHOBKa

YIEHOB He BBOAMT HWKAKOr0 M3MEHEHWS HW B UYWCNO TPYNMN, HU B UX
XapakTep.

Uucno rpynn He W3MeHseTcsa W Torfga, ecnum w3 rpynn 6, wuam
B, UMeeTcs 60/blie, YyemM OAHA. B 3ToM cnyuyae H'cgaas rpynmna BCTY-
nmaeT Ha MECTO 3aKOHYEHHON W TOX/[AECTBEHHOW MO XapakKTepy npe-

AbloYLWEN.

ANns aHanums3a CNOXHbIX HOMWHAaNbHbIX KOHCTPYKUWI/ Ham MNpuUXo-
AUTCS  MPUHUMATbL €llle OAHY CTPYKTYpY, XapakTepHas uyepTa . KOTOPOI
npuaaeTcsa TakXe MPUYACTHbIM 060poTOM. OHa OT/AMYAETCS OT Npefbl-
Aylwei Tem, 4TO CYUleCTBMUTeNbHOe, YynpaBnstouiee NpuyacTuem, CTOMUT
nepej nNocCnefiHWM W oTAensieTcs OT Hero 3ansatoli. Cxema 3ToM
CTPYKTYpbl:
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S, + C + PADO + Sppy + C

3pecb PAo - PA c ynpasnawowmm S } M CTOAWMM NOCNe Hero.

Bonee nonHas ¢opma. 3TON CTPYKTYPbI:
-]

/PrU VA/+/AU VA/+S U+/Pri: VA/+/A'S VA/+S£ VA/+ C +

+ PAo+/PrpAo vA/+/APAo vA/+SPAo +/Prg VN/+/A's vIV +

+/Ss vVA/ + C (3)
N306pakaeM TONbKO CaMble BaXHble YJEHbI:

So + 7V + 0 + PAO + SPA0O + /ss/ + C .

PacuyfieHeHUe HOMMWHANbHbIX CTPYKTYp ¥ 060co6neHMe TnaBHbIX
rpynn WHTEPECcHO AN HAac He TONbKO C TOYKM 3peHUs TeopeTuyec-
KOro u3yyeHus Gpasbl, HO U ANs onpeAeNneHne WM BbiGopa Tex
YNIEHOB, KOTOpble HEOGXOAMMO HYXHbl AN AafbHeilero aHanmsa
BCe CTPYKTYpbl. AHanW3 BCeX HOMUHANbHLIX KOHCTPYKLUWIA MNPOU3BO-
AWTCS Ha OCHOBE TakKOW CTPYKTYPHON CXeMbl C He3ano/HEHHbLIMM
MecTamMu Ans OTAEeNbHbIX YNEeHOB.

CoepguHaa  cTpykTtypbl /2/ w /3/, ™Mbl nonyvyaem:

/[Pro vA/+/A' vA/+/S0O vA/+/Prg VA/+/A" v/VSs VA/+/C VAI+
+/PrQ vA/+/A" vI/IV+/PAO V PAo v/Y+/S0 vVA/+/PrpA v PrpAo v

VPrs \Y/ AMova; VvA a /ISPAg v 3pAo Vv S

+/PrSpAo 7 Pre/e/ V" [+/ASpA0 v A/ s/ VA/+/Sspao v SB/al v

vI/41+IAOIPA0/ vI \I=/SolPAO0/ vAI+/C vIV

MpuHumada, 4yto A" = /Pr vA + A’/, N .0CTaBnAA TONIbKO Te
YneHbl, KOTOPble HYXHbl ANA MalWHHOTO aHanus3a, MOoAyyaem:
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/sO vA/+/Ss vNn/+/C vA/+/PAo VN/+/A” V A"Ao vA/+/PAg vA/+

+/S0 v SPAO v /ApaOl v As VA/+/SPAg v Ss VA/+/Aé/S/ vA'+
+/Sels/ vAA/I/AJ/p™l vIV +/SolpAol vA
MocTtaBuM Tenepb uneHbl SQpA Yy un Af pp y , [Jawowme pamou-

HYIO CTPYKTYpPY, K uneHy PAQ, nony4dyaem OKOHYaTenbHY Gopmyny Ans

aHanm3a PYCCKMX HOMWUHaNbHbIX KOHCTPYKLUWIA:

/SO vA/+/Sc vA/+/C vA/+/PAo vA [+

+"/Ag V N|40-V VA /+/M 6'VvVA/+/S0 v SpAo v SpA v /V +
+ /apal0 v As -AA/S vV Ss VA/+
+/Aslal vIV +/SEls VA / (4)

4. Pepykuua rpammaTMyeckKoh MHOTO3HAYHOCTU UYJIEHOB

HOMWHANbHOW KOHCTPYKLUMWM A0 OAHO3HAYHOCTHU

PefyKuus rpammaTMyeckolh MHOTF03HAYHOCTU YEHOB HOMWHANIbHOI
KOHCTPYKLUMWM A0 OJHO3HA4YHOCTWM npowusBoauTcs B M1 p - B nmapannenb-
HO CO CTPYKTYPHbIM aHanM30M YMNOMSHYTbIX HOMMWHaNbHbIX rpynn. [pam-
MaTUUYEeCKM MHOTO3HauYHble MapagurmaTuyeckue GopMbl MMEH [JalOT A0CTATOY-
HOE YMCNO MHGpopMauuit ANnNs TOro, 4ToGbl NPaBUNbLHO MOMECTUThL WX
B CTPYKTYPHOW CXeMe HOMWHaNbHbIX TPynn. PacuyfieHeHWe CTPYKTYpb
/4] paeT BO3MOXHOCTb MPUCOEAMHATH  KaXAOMy CYLLeCTBUTENbHOMY
"cBou" onpeaeneHWs, a CONOCTAaBNEHWE COYETEHHbIX MHOFO3HAYHbIX
opM fgonycKaeT AeliCTBMTENbHOE CYLECTBOBAHME TO/MbKO HEKOTOPbIX
rpaMMaTUUYeCKUX 3HauyeHuih. ITo M O03HayaeT pPeayKUuWlo MHOro3Hau-
HOCTMW.
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Heckonbko Qopmyn And peaykuusa rpaMMaTuU4yecKOM MHOro3Hau-
HOCTHU .

1/ AnAa cywectBUTeNbHbIX S MSNA

ANPrAvPrA| v PrAP vA/+/Pn ms NA vVA/+/Nu ms NA v/ +

+ /A msNA vA /J + S rmsNAM ~

= |[ PrA + /Pn msA VA/ + /INu ms AVA/ + /A msA v

vAY/] + S msA v 1£ /Pn msNA VA/+/Nu msNA v A/+

+/AmsNA ? A/} +SmsNA}

2/ [Ana cywecTtBUTENbHbIX S m s DP

t/Pr Dv Pr DP v PrP v PrAP vA/+/Pn smnD v Pn smnP v

vA/+/NusmnD v NusmnP vA/+/AsmnD v AsmnP VA/J +

+ SmsDP]j

= foprD vA/+/Pnsm]”y A/+/NusmDv A/+/AsmDv/\/] + SmsD”"v
|

BHYTPWU CKOGKM £ A [AOMKEH OblTb YfeH C AeWCTBUTENb-
HbIM 3HAYeHUEM
mT.roen . —q VMA HOTKAOAeHO<[N KTOOHHAHEOHAO Of KKLUHYATOHOSA

H bLULL ) -to oc oOH
% [/PrP + /PN smp ,v/y+/NusmP v A/+/AsmP v/V J .+ Sms?} v

Moo TP
v [/Pr DP/ + SsmDP ] j 3:MHa»BHbIMOH em3axo loHqyTxyqTO a

YMEKafA3TMSTO3UYO YblOAAO3X HTI.HKA300KPM aTooHXomeoa T3'Bg \>\

3/ [And cyuwecTBUTeNnbHOro SomAG: ‘W
/ .m. LLIO *soHagBTMaTOn3 TaBAoMog  bILod
, J[TPrA V PrA v PrAP v PrG v PrQ,y/\7/Pn smnAG v Pn pl AG v

, NTOOH
v Pn pl NA v/V+/ Nu smnAG v Nu smnNA v NuNA v A +

+/AsmnAG v A pl AG v/V] + SsmAGj =

36



/PrA + /Pn smA v/4/+/NusmA v/\/[+/AsmA vA/lIl
+ Ssm A| v

v<\;/Pn MnNAG v/V+/Nu smnAG v/\/+/AsmnAG vA/% +

Vv SsmAGf

j[/Pr G + /PnsmG v/\/+/Nu smG v/\/[+/A s mGvVv/V]j

+ SemGF v
}

v /Pn pl Gv Ph pl I v/V+ Nu mE + /A pl Gv/V] +

+ SsmG

/G' 0603HayaeT poAUTEeNbHbIA HageXx B Cclyyae YUCAUTENbHOTO B
NMeHMTe/NIbHOM Hagexe/

Mogo6HO 3TUM uMmetoTcs  QOpPMynbl ANs BepX rpaMMaTUYeCKU MHO-
rosHayHbiX (OPM CYLECTBUTENbHbIX, MNpPUAaraTefibHbIX, YUCAUTENbHbIX
M MECTOMMEHWI, KOTOPble PacnofoXeHbl B dopme Tabnuubl ellecMoTps
Ha TO, 4YTo Ta6nuubl COAEepXaT faHHble (OpMyn B BuUAe KOAOBbIX
yncen, BCeTakKyW AAOT OHWM  .HArNAfAHYH KapTUHY O BO3MOXHOCTAX
pPeAYKUMM MHOTFO3HAUYHbIX Napagurmatuuyeckux ¢opm.

MpueedeHHble (OPMYAbl OYE€Hb MNOXOXW Ha KOHbLIOHKLMOHHbIE U AMW3-
BIOHKLUMOHHbIE  (DOPMY/Ibl MaTeMaTMUYeCKON NOTUKW, KOTOPble MOryT
OblTb MEpecTpOeHbl N0 npaBuny AMcTpyobyumum. To ke camoe AenaeTtcs
B Hawux ¢opmMmynax, HO He MO (QopmanbHbIM nNpaBMaaM JOTUKKU, & YUYUTbI-
Bas rpammartuMyeckme BO3MOXHOCTM pPYCCKOA HOMMWHaNbHOW KOHCTPYK-
umm  ['8J

X BONbWMWHCTBO 3TUX Tabnuy OblN0 cocTaBneHo [.PeHWUW W TNaBHbIM 06-

pasom, [ .lUuneun, KoTopbliii pa3paboTan u nporpamMmy Ans WUCMNONb30-
BaHMA Ta6nuL NPU pPeleHUM MHOT03HAYHOCTHU.
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1. MPOrPAMMA M1 P - B

I» CxemMaTWyeCKUA NnaH MalWHHbLIX oOnepawyunii

B yactn "C" MawmHbl AO/MKHO ObITb 06ecneyeHO MeCTO Ana cne-
ayouwero:

1/ XpaHeHue wuHGoOpmMaLMini O BCeX CNOBax OAHOM0 MNPeAnoXeHus;

2/ XpaHeHue "pabouumx faHHbIX" O COCTaB/AKLWMUX HOMUHANBHBIX
CTPYKTYD ;

3/ XpaHeHue [aHHbIX O pPeneBaHTHbIX CA0BaX, OMepexXarlnx
"pabouyee cnoso".
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1/ WVHMopMaLMOHHbIE AaHHble O CNOBax MNPeANoXeHUs cofepxar:

2/ [Ana xXpaHeHWs cOCTaBAWNX

oytTCa :

INF
INF
INF
INF
INF

= nepBbli
BTOpOW
= TpeTuii

1
(&2 IF > VORI
11

1/ paboume paHHble 0 A"

2/
3/
41

5/
6/

71
8/
g/
10/
11/
12/
13/
14/
15/

16/
17/
18/
19/
20/
21/
22/

it

n
n
» "
" it
"
» It

paboune faHHble O
"

=S S = X =

paboune paHHble O

= = s = = =

Pr
A
Pn
Na
A IPAO)
A"-U

PAo

A

Pr

A

Pn

Nu

A"-U

All
Pr

Pn
Nu
A"-U

= ajpec PYCCKOro cnosa,

kog /K.l1./ pycckoro cnosa,
kog /K.ll./ pycckoro cnosa,
kog /K.ll1./ pycckoro cnosa,
= afpec BEeHrepcKoOro 3KBMBa/NeHTa

HOMWHalIbHbIX CTPYKTYpP TpeE-

\
/nepBbIA 4YneH M3 coCTaB-

nawownx A"/

MHOEKC MpWU KaXAoM
yneHe Trpynnbl: =

r

WHOEKA Npu KaX4OM 4fieHe
rpynnel: PAgq wnn PAo

MHOEKC nNpun KaXaoM 4YNneHe

rpynnel: = Y

8(0)
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B "pabouyue faHHble" BXOAAT:

1/ vwam: a = ajpec MHpopmauum o cnoBe,
2/ wnm: b = nepsBbld kop /K.1./ cnosa,
3/ wam: ¢ = Btopon kop /K.lIl./ cnos.a,
4/ wam: d = Tpetun kog /K .Ill./ cnosa.

3/ PeneBaHTHble cnoBa XxpaHAaTca B Adveilkax Q, x, Y, Z,
NpUYeM UX pPacnonoXeHune OTHOCUTENbHO K paboyemy CNOBY:

Z +Y + X+ Q+ "pabouee cnoBo"

PeneBaHTHble C/ioBa BblOMpatTCcAa nporpamMMoi, M 0 HUX (UKCUpPY-

loTcA  paboune fJaHHble.

2. bnok-cxema nepesofa

Camble BaXKHble rpynnbl onepauuii W p - B MOryT 6biTb NpeacTaB-
NeHbl B Clneayollein cxeme:

Takoe pacnpegeneHve onepayumin M1 B rnaBHbIX 4YepTax coBhna-
faeT CO CXeMOW onepauyunini, MPUMEHAEMbIX B APYTrMX rpynnax MawuH-
Horo nepesofa. Oco6oli 4YepToW SBNSETCH BbINONHEHME - NMpefBapu-
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TENbHON0 CUHTAKCMYECKOr0o aHanmi3a A0 MNPOBEAEHUA CUHTarmaTu-
yeckoro. Ham 3To KaxeTcda uenecoobpa3HbiM, TaK KakK O0O6GHapyXeHue
CNoBOCOYETAHUIA B NPeANOXEHUN TakuM o6pa3oM NPOU3BOAMTCA ner-
ye. [MpeaBapuTeNbHbIi CUHTAKCUYECKWUIA aHanmM3  BbIMNOMHAETCA  Ha
OCHOBE aHanm3a WHTEePNYKUMWOHHbLIX 3HAKOB W OTPE3KOB MNPeAIoXeHUS.
Mpn 3TOM MCNONbL3YKTCA CMAOBa, CAyxawue nNpeankaTtom B npegnoxe-
HUM U CHabXXeHHble AN o6neryeHns aHanmi3a 0COObIMM KOAOBbIMM
yncnam. /9Ta YacTb anropmama M1 p - B euwe He paspaboTaHa
NONHOCTbLIO./

3. Onepauyun co cnosapem

Mpun pa3paboTKe onepayumin co cCnoBapemM Mbl OrpaHMYMBanNuUCHL
noka mnouckom cnoe. [Ana Toro, 4yTtob6bl M36exaTb yaaneHwWsa nocnej-
HMX OYKB OCHOBbI, CcOBMajalWMX C KAaKUM-TO OKOHYaHWEM, BPEMEHHO
npumMeHaeM cnosapb "MNOMHLIX CNOB", MO COCTaBy KOTOPOro npoBepArTCA
BCe CNo0Ba, WMeroLume COOTBETCTBYIOLWYIO ANUHY.

B cnoBape y OCHOBbI nomelleHbl kKopoBble yucna: K.l. wu /gna
HekKoTOopbiX cnos/ cnoBapHblin  K.Il. o OKOH4YaHMK onepauuit Cco CnoO-
BapeM W peayKUWiA rpaMMaTMy4ecKoro 3HayeHUs A0 OLHO3HAYHOCTWU
nepesoAMMOe C/I0BO MMeeTCA TONIbKO B (hopmMe  pasNMyHbIX WHGPOPMaLM-
OHHBLIX 4ucen, B pAf KOTOPbIX BXOAAT:

1/ appec cnosa A3blKa-wCTOYHUKA, *
2/ mMopgonormyeckuih Knacc cnosa,
3/ napagurmartuyeckas dgopma crosa,
4/ cuHTarmMatuyeckume wuHGopmauum o crose,*
5/ appeb BeHrepckoro 3KBWBaJieHTa.
K oTAaeneHnio OKOHYaHWn M CONOCTABMEHUIO MHMOPMaLMA OT OKOHYa

bIUS M OCHOBbl MPUCOEAUHSAETCA HECKONbKO onepauuin, KpTopble cnyXxaT
NPUroToBNeHNEM K, fdanbHelwenn obpaboTke cnosa. [puUroToB/ieHUe coOC-

TOUT B TOM. 4YTO Ha OCHOBE YXe MOMYYeHHbIX WHPOpPMALUIA M3MEHAKTCH’
napamMeTpbl HEKOTOPbIX onepaTtopos. /2/1* 3/11, 2/111 cnyxar gns
cornacoBaHusa 4YJeHOB HOMWHaNbHOW rpynnbl, ¢ noMmowpto B/IV. HanpyTtca
npuyacTtHole 060pOTHLI, cToAWwMe 3a"ynpaBasdlowmm cnosom./ Yucno nocne
"ejn 3aKa3blBaeT Ha HOMep CneAylLWEein onepaymnu.
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ALGORITHMS FOR ANALYSIS OF HOMONYM NOMINAL FORMS

By Gy6z6 Sipoczy

Symbols and abbreviations:

= masculine
= feminine

= nedlter

- singular

= plural

Noun

Adjective

Numeral

Pronoun

Preposition

= Nominative Case

= Accusative Case
Genitive Case

= Dative Case

= Instrumental Case
= Prepositional Case
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1. CodinR of the Information

In Russian-Hungarian machine translation - according to
the program in preparation - the morphological and syntactical
Nanalysis of the word forms of the source language is carried
out on the basis of a special code system” set in the address-
es ' of the machine dictionary. This code system contains three
?0de numbers consisting of 6 ’pits-’ each: the first one gives
information on the form class of the morpheme given in the
dictionary, the second contains the morphological data, the
third unit consisting of 6 bits informs on the semantic dis-
tinctives necessary to the analysis.2/ The form class and the
semantic distinctives being unchanging characteristics of the
morpheme, the first and third code numbers can be put in the
memory together with the addresses of the dictionary.

The second code number, indicating morphological data,
depends on the word form given in the text to be translated
and so it can be settled only after analysing the given form.
This work is to be done by the computer itself with the help
of morphological informations put in the grammatical storage
and algorithms necessary to make it able to perform various
operations (cutting endings, comparing, etc.).

In the following instead of describing which case - or
cases - the nominal form can denote, for the sake of shortness
code numbers are used for substantives in the figures given
below and as indices of the abbreviations. For analysing the
homonym nominal form's the following code numbers are neces-
sary:

1/ The code system has been worked out by George Hell.
2/ The semantic code system has not been worked out yet.
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Noun:

1/
2/
3/
4/
5/
6/
71/
8/
9/
10/
11/
12/
13/
14/
15/
16/
17/
18/
19/
20/
21/
22/
23/
24/

25/
26/
27/
28/
29/
30/
31/

1/

2/ They have no role
forms.

It lias no
forms.

m,s,NC
m,s,AC
m,£,GC
m,s,DC
m,s, IC
m,s,PC
f,s,NC
f,s,AC
f,s,GC
f,8,DC
f,s,IC
f,s,PC
n,s,NC
n,s,AC
n,s,GC
n,s,DC
n,s,IC
n,s,PC
P,NC;

p,AC;

p,GC;

p,DC;

P,IC;

P,PC;

m,s,NC,AC;
m,s,DC,PC;
m,s,AC,GC,;
f,s,DC,PC;
f,s,GC,DC;
n,s,NC,AC;
n,s,NC,AC,PC;

role

32/
33/
34/

35/
36/

37/
38/

39/
40/

41/
42/

43/

Adjective

P» NC, AC;
p>AC, GC;
h,s,GC;p,NC,AC,;
ms,PC;p,NC,AC;
f, s,GC;p,NC,AC;

«f, s,GC,DC,PC;p,NC ,AC;

m, s, AC, GC; p,NC;
m, s,GC:p,NC.AC,;
f, s,NC,AC;

f, s,GC; p,NC;
n, s,AC,PC;

f, s,PC;p,AC;

(Numeral,

Pronoun);

1/
2/
3/
4/
5/
6/
71
8/
9/
O/
11/
12/
13/
14/
15/
16/
17/

m, s ,NC
m, s, AC
m, s ,GC
m, s ,DC
ms,IC
m, s ,PC
f, £,NC
f,s,AC
f, s,CC
f, s,DC
f, s,IC
f, s,PC
n, s,NC
n,s,AC
n, s,GC
n, £,DC
n, £,1C

18/
19/
20/
21/
22/
23/
241

257
26/
27/
28/
29/
30/
31/
32/
33/
34/

35/

36/
37/
38/
39/

n £,PC;
P NC
P AC
p CC
p,DC
p) IC
p.,PC

m s,NC,AC;

m, n,s,AC,GC;
m,n,s,DC;
m,n,s,PC,;
f,s,GC DC,IC ,PC;
n,s,NC,AC,;
p,AC,GC,PC;
p,NC,AC,;
m,n,s,IC; p,DC;

Comparative Deg-
ree; simple
formi/

m,s,NC,AC;f ,s,
GC ,DC,IC,PC;

f,AC,GC;
f,s,DC,PC;
m,n,s,IC;
f,s,GC,IC;

40-44/ Predicati-

45/
46/

in the analysis of the homonym

ve formszj

p,AC,GC;
f ,s,GC,DC;

nominal

in the analysis of the homonym nominal



n
f

Cardinal Number:

34/

35/
36/

37/
38/
39/
40/
41/
42/

43/

44/

45/
46/

47/

48/

49/
50/

51/

the group
monym forms.

/| The preposition

too, but in technical
so the genitive and
'into account here.

oours,

m,n,s,NC AC;

NC,AC;
AG,GC,PG;

DC;
IC;
m,NC;
n,NC;
m,AC;
n,AC ;

£ Bo,do

f ,NC;
f »AC;
GC;
PC;

GC,DC,IC ,PC;

NC;
AC;

AC, GC;

1/
2/
3/
4/
5/

6/
71/
8/
9/

Preposition;

governing
governing
governing
governing
governing

governing
governing
governing
governing

Tiie code numbers below the double line in

"Cardinal Number"

this
instrumental

only GC;
only DC;
only AC;
only IC;
only PC;

AC and IC;
AC and PC;
DC and PC;
GC and IC;""

the groups (in

the ones with the frame) denote ho-
The description necessary for them
2 ip.5-8). In the following parts of the present work the

is given in point

"C" belonging here governs accusative case,
case practically never
cases only are

letter



- denoting the kind of the substantive and the code number -
index of the given abbreviation, or the symbol and the code
number in it, are used together as signs of the substantive

forms, E,g. » N2g = <8 > = noun form of the type "mawwuHe";

h? =C 33 1 = adjective form of the type "HOBbIM, XOpowwum".

2« Homonym Forms

One of the difficulties of Russian Hungarian Machine
Translation arises from the fact that the endings of the sub-
stantives are not always only for one case, and so the second
code number determined by the computer does not give a base
necessary to find out the Hungarian equivalent of the given
word form. Therefore,in the code system mentioned above the
homonym endings are indicated by separate code numbers /beginn-
ing from 25/ and if one of these gets into the computer, the
role of. the ending in the given sentence is to be found by
further analysis. This analysis necessitates special programs,
by means of which the computer finds the role given in the
sentence and changes the original code number - denoting seve-
ral cases - for another one - denoting only one case. This
changed code number gives the sufficient information to define
the real sense of the given word form and to find its equivalent
in the target language.

Code changing programs are necessary in the following
cases:

I. Houns:

the forms of dictionary of nouns of masculine gender,
denoting inanimate things, e.g.: 3aBoj, TpamBal, KaMeHb,
etc. The form is for singular nominative and accusative
Imasculine/,

I/IQG* the form with the ending ”-y" of nouns of the "nec,moct"
type, e.g.imecy, MOCTY, etc. The form is for singular
dative and prepositional /masculine/.



Nr-77  the form with the ending "-_a" of nouns of masculine
gender, denoting living beings, e.g.: paboTHuKa,
etc. The form is for singular accusative and genitive
cases (masculine).

Nggi the form with the ending "-el of nouns of the "mawwuHa"
type, e.g.: MawmHa etc. The form is for singular
dative and prepositional (feminine).

Ng”: the code number denotes feminine singular genitive
and dative. There is no actual form corresponding
to these cases, but at the end of some code changing
programs - as it will be seen below - we get such a
result. In this case further analysis 1is necessary.

N~g: the form of dictionary of nouns of -the "mecTo" type,
e.g.; MecTo, npowmussoacTteo,etc. The form is for singu-

lar nominative and accusative (neuter).

I
N~: the form of dictionary of nouns of the "none" type,

e.g.: none, mope, etc. The form is for singular no-
minative, accusative and prepositional (neuter).

Ng2: the forms with the endings -bl and -u of nouns of
masculine gender and that with the ending -a of the
nouns of the "Bpema" type, e.g.. napoBo3bl, Tpam-
Bau, BpemeHa, etc. The forms are for plural nominative
and accusative (masculine and neuter).

Ng-:  the forms with the ending -ob of the nouns of mascu-
line gender denoting living beings and that with the
ending Q of the nouns of feminine gender denoting living

beings, e.g.: WHXeHepoB, KOpPOB, etc. The forms are
for plural accusative and genitive (masculine and femi-
nine ).

the form with the ending -4 of nouns of the "none"
type, e.g.: nonda etc. The form is for singular geni-
tive; plural nominative and accusative., (neuter).

N .: the form with the ending -uu 'of nouns ending with -uni

e.g.. ..anomuHun, Kanumu,etc. The form is for singular
prepositional; plural nominative and accusative (mascu-

line ).



N-"g:

Ny~:

N g:

NA2:

. the form with the ending -bI  of nouns of the "cecTpa

the form with the ending -u of nouns of the "kHura"
type, e.g.: kHuru, etc. The form is for singular geni-
tive, plural nominative and accusative (feminine).

the form with the ending -u of nouns of the "Houb"
type, e.g.: Houu, etc. The form is for singular geni-
tive, dative and prepositional; plural nominative and
accusative (feminine).

the form with the ending -a of nouns of the "gokTtop"
type denoting living beings, e.g.: AOKTOpa, etc.
The form is for singular accusative and genitive; plu-
ral nominative (masculine).

L

the form, with the ending -a of nouns of the "ropog"
type denoting inanimate things, e.g.: ropopga, etc.

The form is for singular genitive; plural nominative
and accusative (masculine).

the form of dictionary of the nouns of the "Houb"
type; e.g.: Ho4Yb, ABepb, etc. The form is for singu-
lar nominative and accusative (feminine).

type denoting living beings and that with the ending
-n of nouns of the "pgeBywka" type denoting living
beings, e.g.: cecTpbl, [AeBYLIKHN, etc. The form s

for singular genitive and plural nominative' (feminine).

the c°de number denotes neuter singular accusative and
prepositional. Result of some code changing programs.

the code number denotes feminine singular prepositio-
nal and plural accusative. Result of some code chang-

ing programs.
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N29:

Argl

AN

A2

116

Adjectives :

the form with the endings - b4, - uin of the adjecti-
VEeS, €.g.: HOBbll, XOPOLIMNNA, etc. The forms are for
singular nominative and accusative (masculine).

the form, with the endings -oro, ero of the adjec-
tives, e.g.: HOBOro, XoOpoLlero, etc. The forms are
for singular accusative and genitive (masculine and
neuter).

ferm wii™ zhe ending -ain of adjectives of the
type "HoBbIN" and those with the endings -oW, -eW

of adjectives of the "xopowuin" and  "neTHUR"
type. The forms are for singular genitive, dative,

instrumental and prepositional (feminine).

the forms with the endings -oe, -ee of the adjecti-
ves, e.g.. HOBOe, /leTHee, etc. The forms are for
singular nominative and accusative (neuter).

the forms with the endings -bix, ux of the adjecti-
vVes, €.g.. HOBbIX, XOpPOLMKX, etc. The forms are for
plural accusative, genitive and prepositional.

the forms with the endings -ble, -ue of the adjecti-
ves, e.g.: HOBble, XO0OpoLllue, etc. The forms are for
plural nominative and accusative.

the forms with the endings -bimM, -uUM of the adjecti-
ves, e.g.: HOBbIM, Xxopowwum, etc. The forms are for
singular instrumental (masculine and neuter) and plu-
ral dative.

the form with the ending -oi of adjectives of the
"60nbLION" type, e.g.: 6onbwwon etc. The forms are
for singular nominative and accusative (masculine);
singular genitive, dative, instrumental and preposi-
tional (feminine).

the code number denotes singular dative and preposi-
tional (feminine). Result of some code changing programs.



As the morphological features of the pronouns and nu-
merals having a part in nominal word groups are the same as
those of the adjectives, the indices of the adjectives are
to be found with the abbreviation P and partly with the

abbreviation Nu as well.

I1l. Numerals:

Por the numeral "oguH" s.ee the adjectives.

ABa: singular nominative and accusative (masculine
neuter).
TpW, 4YeTblpe, NATb, CTO, COPOK and the other nume-

rals of the same type; nominative and accusative.

Nu 6: paByx, Tpéx, u4eTblpéx: accusative, genitive and pre-
positional .

Nu”®..: naBe: nominative and accusative (feminine).

Nu8: natu, copoka and the other corresponding forms of
numerals of the same type: genitive, dative, instru-
mental and prepositional.

Mur ,: AByXcOT and the other corresponding forms of nume-
rals of the same type: accusative and genitive.

: 3. Types of the Nominal Word Groups

When analysing the nominal forms listed above it is
necessary to examine the other substantives forming a word
group with the given nominal form and the preposition in
the word group, if.any. If the ending of a substantive de-
notes more than one case, the connection of the given form
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with the other members of the word group in the majority
of the cases will clearly show the e:xact role of the form
being analysed.

To the analysis of the homonym noun forms the follow-
ing. types of word groups are to be taken into account:

" Adjective + noun
2/ Numeral + noun
3/ Pronoun + noun
4/ Preposition + noun
5/ Numeral + adjective + noun"*"/
6/ Pronoun + adjective + noun®”
7/ Preposition + adjective + noun
8/ Numeral + pronoun + noun
9/ Pronoun + numeral + noun
10/ Preposition + numeral + noun
11/ Preposition + pronoun + noun
12/ Numeral + pronoun + adjective + noun"*"/
13/ Pronoun + numeral + adjective + noun”
14/ Preposition + numeral + adjective + noun"5/
15/ Preposition + pronoun + adjective + noun”
16/ Preposition + numeral + pronoun + noun
17/ Preposition + pronoun + numeral+ noun
18/ Preposition + numeral + pronoun + adjective+noun™"/
19/ Preposition + pronoun + numeral+ adjective +noun”

By listing the word groups that can be formed with
each homonym noun form and prepositions or other substanti-
ves, after a proper arrangement, the possibilities offered
by the types of word groups enumerated above in clearing
rhe role of the homonym forms in the group will be got. For
the sake of shortness we can sum up these possibilities in

1/ Trie types of word groups in which the adjective prece-

des the numeral or pronoun are not taken into account
partly because such cases are very rare, partly because
the order plays no part here in deciding the case of the
noun.
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figurés. So the following figures - on the base of the types
of word groups listed above - contain the possible connec-
tions of the various types of substantive and prepositional
forms. In the symbols of the figures the upper number indi-
cates the original code number of the given substantive or
preposition, the lower one denotes the code number showing
the result received after considering the relations of the
forms in the word group. The number on top of the columns
shows the place of the members of the word group. E.g.:

0 = noun; - 1: the member before the noun; - 2: the second
member before the noun, etc. The lines connecting the sym-
bols show with which following member the given member can
form connection. The connections in which the order of suc-
cession of the numeral and pronoun can be changed without
the change of the meaning are indicated by <--——- > . The
full stop inside the symbols is only for separating the
single code numbers (e.g.: 3.6 = either 3 or 6).

The lower (changed) code number for numerals, governing
genitive case (singular or plural) in the source language
will indicate plural nominative and accusative in accordance
with the syntactical connections of the given numeral form.
This is necessary because of the logical connections of the
source language. The same solution is to be found in the
algorithm for analysing Russian language worked out by
Meltsuk"*"/.

N.A.MEJIbUYK: [lBa onepaTtopa yCTaHOB/IeHUA COOTBETCTBUA.
Mockea, 1961. In this work it is to be seen how the
"operators" can be used for analysing homonyfc nominal
forms.
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4. Formulae for the Programs

Tiie programs of machine translation are based on the
train of thought of an average translator. As by using the
system of so called "opening”™ and "final" words it is pos-
sible for the computer to analyse not only separate words
but whole word groups as well, the programs for the homonym
nominal forms - as it has already been mentioned - can be
drawn up with the help of the connections by means of which
the translator decides the role of a given form.

The conditions of deciding in which case the homonym
noun form actually is - necessary for both the translator
and the computer - can be received by taking out the members
of the word groups that show the exact role of the homonym
form given in the group, or at least reduce the number of
the possible variants. The connections containing these
conditions - completed with the list of possibilities not
giving any result - can be made easy of access for the
computer by using formulas.

In the formulas given below the symbols of formal logic

are used. The symbols express the lack ( ) of a substan-
tive or preposition, a change of choice ( + = or ), a con-
nection ( » = and )eand an outcome { ---—-- > = then).

The conditions by means of which the role of a given
homonym noun form can be decided are the following:

N-ir:  The case of the noun can be decided only if in the
given word group there is a preposition governing ac-
cusative, accusative and instrumental or accusative
and prepositional cases. This fact can be expressed
with formulae like this:

(Pr3 + Pr~ + Pr?) —~ N2 (.1)

Pr — N25 - > Q51/ (2)

“/ Q= further analysis is necessary.
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3:>7:

14 a

As there is no noun in prepositional case without a
preposition, if there is no preposition in the word
group or the preposition governs only dative case,
the noun is in the dative case.

If there is a preposition governing only prepositio-
nal case or one governing accusative and prepositio-
nal cases, the noun is in the prepositional case.

If the preposition governs both dative and preposi-
tional case, the decision can be made only with the
help of other substantives (A, Nu, P) in the word
group. With formulas:

jipr + Pr2 «+ ~prg.(azy + nu2y + P2?) N, (3)

lpr5+ Pr7 + Pr8.U 28 + Hu2s + P28)j. -> N, |!]
d

ors. | LTHALERULTeNg LB RLT R LE]]" !

n26 q26

If the word group contains a preposition governing ac-
cusative case or one governing accusative and instru-
mental or accusative and prepositional cases, the noun
is in the accusative case.

If there is a preposition governing genitive or one
governing genitive and instrumental cases, the noun is
in the genitive case.

If there is no preposition but there is a numeral go-
verning genitive case, the changed code number denotes
nominative case of the plural. With formulae:



(Pr3+Pr6+Pr.7) — 1h, « (6)

(Pr1+Pr9) No 7)
[~ . (Nu54+Nu35)L ->. N19 (8)
|"Pi” . (XTu34"+Nu39 )j N27 “ Q7 (9)

The conditions are the same as with Npg. But as the

preposition HHU" ypractically never occurs in prepo-
sitional case with a no n of feminine gender, it makes
""" eee o decision to be prepositional case impossible just

: Pc .. With formulae;:;
(Pr+Pr-p+Pr,.) > N-u (10)
(Pr5+Pr?) N12 (11)

The conditions are the same, as with N&cr. With formu-

lae:
(Pr3+Pr6+Pr?) -VN14 (12)
Pr~ N3 I (13)
N~ If the word group contains a preposition governing

only accusative'case ore one governing accusative and
instrumental cases, the noun is in the accusative
case.

If there is a preposition governing only prepositional
case or one governing dative and prepositional cases,
the noun is in the prepositional case.
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N33:
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If there is a preposition governing only prepositional
case or one governing dative and prepositional cases,
the noun is in the prepositional case.

If there is a preposition governing accusative and
prepositional cases, the decision can be made only with
the help of other substantives (A, Nu,P) in the word
group.

If there is no preposition, the noun can be either in
the nominative or in the accusative case. With formu-

lae:

(Friebebe [ (REbshudvens] (14)

|[pr5+Pr8+ |[1r7.(A28+Nu28+P28) (15)
I b -

VT B s ML A i a8

Pr -*« HJO -> Q30 (17)

The conditions are the same as with N23. With formulae:

(Pr3+Pr6+Pry) —>N20 118)

21 —» N32 Q32 (19)

If the word group contains a preposition governing only
accusative case or one governing accusative and preposi-
tional cases, the noun is in the accusative case.

If there is a preposition governing only genitive case
or one governing genitive and instrumental cases, the
noun is in the genitive case. The noun is in the geniti-
ve case also in the word groups without any preposition
but containing a numeral of the "ndartu, copoka", etc.

type (Nu4Q).



If there is no. preposition but there is a numeral- of
the "nmartb, cTO0" etc, type (Nu”) and a pronoun in

the nominative or accusative of the plural, the changed
code number of the noun will denote nominative case of
the plural.

If before the numeral there is a pronoun form indicat-
ing accusative, genitive and prepositional cases of the
plural, the changed code number of the noun will denote
accusative case of the plural.

Finally, if the numeral takes the first place of the
word group, the noun will get a code number for both
nominative and accusative case of the plural. With for-

mulae:
(Pr.,+Pr6+Pr7) % 05 ) (20)
Epri+Pro+(Pr . puss) N21 (21)
['Pr . P32 « Nu35)J - uno (22)
W
[pr o apgp o NUZG - Paoy S N201) (23)
[pr . (nu35.lpu_1*;)]- N32 Q32 A (24)
[pT . wyc+ og N33 — 033 (25)

the word group contains a preposition governing only
genitive case or one governing both genitive and instru-
mental cases, or there is no preposition but theré is an
adjective in the genitive case of the singular, or a nu-
meral in the same case or a pronoun in the same case,
the noun is in the genitive case of the singular.

= the order of succession cannot be changed!



If there is a preposition governing only accusative
case or one governing accusative and instrumental
case, or one governing accusative and prepositional
cases, the noun is in the accusative case of the plu-
ral.

If there is no preposition but there is a numeral go-
verning genitive case of the singular, the changed
code number of the noun denotes nominative and accu-
sative cases of the plural. The same is the code num-
ber if there is neither a preposition nor a numeral
governing genitive case of the singular but there is
an adjective, numeral or pronoun (with a code number
denoting nominative and accusative cases of the plu-
ral). With formulae:

Arl+pro+ _Pr.(A26+Nu26+P26), s (26)
(Pr3+Pr6+ Pr7) ~.N 20 . (27)
|pr. (Nu34+Nu35)) + [pr. (Nu34+Nu35). (A32+

+Nu32+P32)]j -V n32 -~q32 (28)

<
If the word group contains a preposition governing
only prepositional case or one governing accusative
and prepositional casesl/ or one governing dative and
prepositional case the noun is in the prepositional
case of the singular.

i.m . .
As this group of nouns contains - for the most part -
concrete nouns the plural of which is not used (the other
members of the group are not likely to occour in techni-
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texts), in this program with a preposition governing

accusative and prepositional cases the noun can be taken

for

one being in the prepositional case of the singular.



If there is a preposition governing only accusative
case or one governing accusative and instrumental ca-
ses, the noun is in the accusative case of the plural.

If there is no preposition, the changed node number
of the noun will denote both nominative and accusative
cases of the plural. With formulae:

(Pr5+Pr7+Pr8) — Kg (29)
(pr3+pr6) ~~H 20 (30)
Pro—0 732 —1 %32 (31)

If the word group contains a preposition governing
only genitive case or one governing genitive and in-
strumental cases or there is no preposition but there
is an adjective in the genitive case of the singular
(feminine) or a numeral in the same case or a pnronoun
in the same case, the noun is in the genitive case of
the singular.

If there is a preposition governing only accusative
case or one governing either accusative and instrumen-
tal or accusative and prepositional case, the changed
code number of the noun denotes accusative case of the
plural.

If there is no preposition but there is a numeral go-
verning genitive case of the singular, or if there is
neiter a preposition nor a numeral governing genitive
case of the singular but there is an adjective with a
code number for nominative and accusative cases of the
plural or a numeral with the same code number or a pro
noun with the same code number, the noun can be either
in the nominative or accusative case of the plural.
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With formulae:

Pr. (Nu-~+Nu”)s (A2+

HNu32hP 32 N32 q32 (34)

If the word group contains a preposition governing only
genitive case or one governing genitive and instrument
tal case, the noun is in the genitive case of the sin-
gular.

If there is a preposition governing only dative case,
the noun is in the dative case of the singular.

The noun is in the prepositional case of the singular

if the word group contains a preposition governing only
prepositional case or one governing accusative and pre-
positional case and an adjective with a code number for
genitive, dative, instrumental and prepositional cases
of the singular or either a numeral or a pronoun with

the same code number at the same time.

If there is a preposition governing only accusative case
or one governing accusative and instrumental case or
there is a preposition governing accusative and preposi-
tional cases and an adjective with a code number for no-
minative and accusative cases of the plural or either
a numeral or a pronoun with the same code number, the
noun is in the accusative case of the plural.

If there is no preposition but the word group contains
either an adjective with a code number for genitive, da-
tive, instrumental and prepositional cases of the sin-



gular for a numeral with the same code number .or a
pronoun with the same code number, the noun gets a
code number denoting genitive and dative cases of the
singular.

If there is a preposition governing accusative and
prepositional case but there is neiter an adjective
with a code number for both genitive, dative, instru-
mental and prepositional cases of the singular and no-
minative and accusative of the plural nor a numeral
with the same code number nor a pronoun with the same
code number nor a numeral governing genitive case of
the singular, the noun can be either in the preposi-
tional case of the singular, or in the accusative case
of the plural.

If there is no preposition but there is a numeral go-
verning genitive case of the singular, the changed code
number of the noun will indicate nominative and accu-
sative cases of the plural. The noun is given the same,
code number if the word group does not contain any nu-
meral governing genitive case of the singular bur there
is an adjective, numeral or pronoun (with a code number
for nominative and accusative of the plural) in it. With
formulae:

(Pr-L+Pr?) (35)
Pr2  NI0 (36)
J1rie jpr7.(A29+HuU29+P29) 1 A n32 — 32 (37)
[prr+Prg+ APr~. (AMp+Nur+PA+NUuM+Nu”n) 5202:, (38)
pr.(A29+A35+Nu29+P29+P35)I — N2g 329 (39)
Pr8 -> N28 Q28 * [

len



|[~Pr7 . (A2g+A22+Nu2g+Nu32:P29+"32 +Nu35+Nu43 *

N43 Q43 (41)

I Pr. (Nu35+Nu43) + Pr.ifiu35+Nu43)

(A32+NU-32+P32 ~ Nz, @30 (42)

NJ.QU:, If the word group contains a preposition governing on-
ly accusative case or one governing either accusative
and instrumental cases or accusative and prepositional
cases, the noun is in the accusative case of the singu-

lar.

If there is a preposition governing either only geni-
tive case or genitive and instrumental cases, the noun
is in the genitive case of the singular.

If- there is no preposition hut there is a numeral go-
verning genitive case of the singular, or there is no
preposition, no numeral governing genitive case of the
singular hut there is an adjective with a code number
for nominative and accusative of the plural or either
a numeral or a pronoun with the same code number, the
noun is in the nominative case of the plural.

If there is no preposition, no numeral governing geni-
tive case of the singular hut there is an adjective
with a code number for accusative and genitive cases

of the singular, or either a numeral or a pronoun with
the same code number, the changed code number of the
noun denotes accusative and genitive cases of the singu-
lar. With formulae:
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N3";

(Pr3+Pr6+Pr7) —N 2 (43)

(Prl1+Pr9) -~N 3 (44)

(45)

(46)

If the word group contains a preposition governing only
genitive case or one governing genitive and instrumen-
tal cases, besides, if there is no preposition in the
word group but there is an adjective with a code number
for accusative and genitive cases of the singular or
either a numeral or a pronoun with the same code num-
ber, the noun is in the genitive case of the singular.

If there is a preposition governing only accusative ca-
se or one governing either accusative and instrumental
or accusative and prepositional cases, the noun is in

the accusative case of the plural.

If there is no preposition but there is a numeral govern
ing genitive case of the singular, the changed code num-
ber of the noun indicates nominative and accusative
cases of the plural. The noun is given the same code
number if there is neither a preposition nor a numeral
governing genitive case of the singular, but there is an
adjective, numeral or pronoun (with a code number for no
minative and accusative cases of the plural).
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With formulae:

tPri+Pr9+ [pr.(A26+Nu26+P26) (47)
] ~ *H3

(Pr3+Pr6+Pr7) N20 (48)

Pr. (Nu34+Nu35)J + |jpr.(Nu34+Nu35). U 32+

+Nu32+P32)] —™~m32 —~ 732 (49)

If there is no preposition in the word group but there
is an adjective in the nominative case of the singular
(feminine) or either a numeral or a pronoun in the sa-
me case, the noun is in the nomindtive case of the
singular.

If there is a preposition governing only accusative
case or one governing either accusative and instrumen-
tal or accusative and prepositional cases, besides, if
there is no preposition but there is an adjective in
the accusative case of the singular (feminine) or
either a numeral or a pronoun in the same case, the
noun is in the accusative case of the singular. With
formulae:

(50)

(51)

If the word group contains a preposition governing

only genitive case or one governing genitive and instru-
mental cases, besides, if there is no preposition but
there is an adjective with a code number for genitive,
dative, instrumental and prepositional of the singular
(feminine) or a numeral with the same code number or

a pronoun with the same code number, the noun is in the
genitive case of the singular.



If there

verning genitive case of the singular
preposition but there

IS no preposition but there

is a numeral
or there

go-
IS no
is an adjective with a code num-

ber for nominative and accusative cases of the plu-
ral or a numeral with the same code number or a pro-
noun with the same dode number, the noun is in the

nominative case of the plural.

Pri1+Pr9+

N Lélgr+ N}ng

P 3o,

The process necessary for
code changing of the homonym nominal

parts:

a) First the
group is to be cleared.

tions enabling it

conditions established in

jipr. (A2ghA99+Nu29+P29+P99) v

role of the homonym noun form

With formulae;

— (52)
Pr.(Nu-~"+Nu”). (AM+Nu”2+

(53)

The Programs

the computer to perform the
forms cosists of two

in the word

The computer is given thé instruc-

to do this work in programs based on the

the formulae of point 1. This

programs can be named Determining Programs. As the condi-

tions are different for
are as many determining

forms (D.lI. - D.XVL).

b) The case of the
numbers of the noun and
are to be changed (see:

the instructions needed

each of the homonym noun forms, there
programs as there are homonym noun

noun having been determined the code
other substantives of the word group
point 2). The programs containing

for this work can be called Changing

Programs. As the changing of the code numbers can be perfor-



med by means of identical operations in the various word
groups belonging to the same type, the use of this changing
programs makes the system of instructions much shorter as

if the instructions for changing the code numbers were given
together with the case determining programs, of the homonym
noun forms. E.g.: in the case of N the process .of analysis
would contain 137 "steps" without using changing programs,
while using this programs the same word can be done in 56
"steps" maximum.

The character of a changing program depends on the
possibilities given by the members of a word group in de-
termining the role of the noun form. According to these
possibilities there are 6 programs (C.l. - C.VT.) necessary
to perform the actual changing of the code numbers of the
substantives and prepositions.

C.lI. : for the type of word groups where the result
of the analysis depends on a preposition
only.

C.11. : for the type where the result depends on a

preposition and another subsantive (A, Nu, P).,

C.lll.s for the type where the result depends on a
substantive (A, Nu, P) only.

C.lv. : for the type where the result depends on a
preposition and numeral governing genitive
case.

C.V. - for the type where the result depends on a nu-

meral governing genitive case.

C.VI. : for the type where the result depends on nume-
ral governing genitive case and a pronoun.

The instructions of the single changing program can be

used for changing the code number of not only one homonym
noun form, but those of several homonym noun forms (and - at
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the same time - those of the other substantives and prepo-
sitions forming one word group with them). This is possible
only if the symbols given in the instructions of a changing
program are always replaced with numerical reviews (code
numbers) corresponding té the word group being actually
analysed. The numbers with which the symbols of the chang-
ing programs must be replaced are given at the end of the
description of each determining program.

When the word group does not contain any preposition
or other. substantives by means of which the role of the
homonym noun form could be cleared or the anylysis of the
word group gives only a "partial solution"” further analy-
sis is necessary. As in these cases the decision cannot be
made without having semantic informations, the programs for
this analysis (in the following "Q" programs) can be made
up only after working out the semantic code system.

a) Determining Programs

The steps contained in the determining programs can be
put down as follows:

D.lI. (Noc~fig. 1.t form. 1-2.)
1. (2, 3) Is there: Pr3
2. Turn to C. 1.

3. (2, 4) Is there; Pr6?
4. (2, 5) Is there: Prrj?

5. Turn to «25

By "partial solution” it is meant that the role of a gi-
ven homonym noun form is not quite cleared but the pos-
sible variants are reduced to two.



Values of the parameters in the changing program:

Input: Output :
Value : Sign; Sign: Value:
N = ) —
Pr3+P%.+pJ}1/ Pr.l Pri- > Pr3
P =>
A25+A35 h Al A2
+ —
NU25 Nuz Nu., = Nu?2
P25+P35 Pi h e P2
n25 Nl N = n2
D. Il. (Nog« fig. 2.} form. 3-5.)
1. (2, 4) Is there: Pr2 in the word group?
2., (3, -) Take: k, k’.2//
3. Turn to C. |I.
4. (5, 7) Is there: Prc?
5. (6, -) Take: m, m’.
6. Turn to C. 1.
V. + = or.
2/
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This &tép - an all the other steps Ofthis kind - give
the signs with which the signs of the changing programs
must be replaced. The computer turns to the changing
program, performs the replacements given in the instruc-
tions of the determining program and choosing the value
correspondent to the sign got this way among the output,
values given at the end of the determining program, gets
the changed code number.



7. 5 8

5. (9,14)
9.  (10,11)

O

Pe. (10,12)
12.  (10,13)

B

14. (17,15)
15. (17,16)
16. (17,19)
17. (s, -
8

19.

Is there: Pr7
Is there: =g
Is there: A ?
Turn to C.11.

Is there: Nu?

Is there: p ?

Turn to Q26

Is there: A ?
Is there; Nu?
Is there: P ?
Take: k,«k».

Turn to C.I111.

Turn to Q6* -

Values of the parameters

Input :

Value :

Pr2 =
prs * Pr? =
A27
Nu27 -
P27

28

Sign:

Sign:

prk,

pv
N( b
Nuk ,

P k»

Output ;

the changing programs:

Value;

pr2

Pr5

Ad
Nu4

P4
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NU

Mum m7 == NUe
Pm Pm7 => P6
Nk Nk 7 = N4
Hm \Y, => N6

1. (Hgti fig. 3.; form. 6-9)

Nu28
P28
N26
N26
D.
1. (2,
2. (3,
3.
4. (2,
5. (2,
6. (7,
7. (8,
8.
9. (7,
10. (11,
11. (12,
12. (13,
13.
e . (11,
15.

160

4)

-)

5)

6)

9)

10)

13)

15)

Is there: Pr™ in the word group?
Take: k, k7.

Turn to' C. 1I.

Is there: Prn?

Is there; Prn?

Is there: Pr-/?

Take: m, m7.

Turn to C. 1.

Is there; Prn?

Is there: Nu”"?

Change the code number into 39.
Take: n, 17.

Turn to C. Y.

Is there: N“g’é?

Turn to Q27*



Values of the parameters in the changing programs
Output ?

Value Siri sim + Value
Pr3+Pr6+Pr7 Prk prk- => Pr3
ijjnlrg =’ >r PV orl
hb = Ak V A2
NG = Am VX’ => A3
3u26 = Nuk Nuk , = Nu?2
Su26 = Num NV > Nu3
P*6 = Pk Pk> => P
P26 = Pm Pm => P
A31 o An Ai» =2 al9
P31 = Pn pi- =2 P19
P“ = Pu
N27 - Nk Nk> =» N2
bi27 = Nt Nz, => n19
D. iyr (N,gjs fig. 4.; form. 10-11.)1

(2, 4) Is there: Pr2 in the word group?
2. (3‘ - ) Take: k, k'.
Bc Turn to C. 1.
(5! 7) Is there: Prg?
., (6, ~) Take: Kk, m"'.



162

Turn,

of trie parameters

to C.

in the changing programs:

Sign;

pv =
PV

Ak, >
Nuk , =>
Pk'

Ay =>
NV

Pm’ =>

Value ;

Prg
Pr5
]°
s
10

Al?2

P12



Value

pr3

Al3

NuX4

P X4

T1

N28 \/ =2
N28 T % Nm =>
D, V. (N3qgi flg. 5«; form, 12-13.)
1. (2, 3) Is there; Pr™ in the word group?
2. Turn to C. 1|.
3 (2. 4) Is there; Prn?
4. (2, 5) le there; Prn?
5. Turn to Q30.
Values of the parameters in the changing programs:
Input; Output ;

Value: Sign; Sign:
Prr+Prg+Ply pi-i Pr, =>
& o = A A’ =>
2u30 Nux Nuz, ->

o = pi Di- =>
»30 Ni Ni> =>
D. VI. (N-~; fig, 6.; form. 14-17.)
1- (2, 4) Is there: Pr™ in the word group?
2 (3, -) Take: K, K'.

*

3. Turn to C. 1.
4 (2, 5) Is there: Prg?
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5 16, 8)
6 (7, -)
7

8. (6, 9)
9. (10,16)
10. (11,13)
e (12, -)
r=.
13. (11,14)
14. (11,15)
15.
16. (19,17)
17. (19,16)
IS, (19,21)
19. (20, -)
20.
21.

Values of
Input :

Value;
Pr3+Pr6
Pr5+pr8
Pry

the parameters in

Pr, ?

i

Is there:

Take; m, m"'.
Turn to .0. 1.
Is there: Prna?

Prn?

1

Is there:

Is there; A?

Take; k, m, k", m"'.
Turn to 0. I1I.

Is there; Nu?

Is there; 'P?

Turn to Q

Is there: A?
Is there; Nu?

Is there: P?
Take: k, »"'.
(N

Turn to C.

Turn to

Qjje

the

M&IL

Prk

prra

Pr.

changing programs:

Output ;
Sign: Value
Prk- Pr3
pv => PI\{5



A30
Nu30
?30
A28

Nu28

N 31

H31

D. VII.

«

@,

@,

@,

(Noot

3)

4)

5)

fiR.

Nuk

Nk

Is there:

Turn to

Is there:

Is there:

Turn to

7.

Ak»

Nuk ,

?k”

Am»

Pm”~

An>

<<z

N k>

Pr™ in the word group?

Al4

L 14

714

Al8

Kul8

P18

A30

Hu3o

P 30

N1S

H14

n30

K42

1£ 1,



Values of the parameters

Input;

Value :
PI3+PI"+Ply
A32
Nu32
P32
‘e
D. VIIlI. (N3o;

1. (2, 4)

2. (3, )

3.

4, (2, 5)

5. (2, 6)

6. (7, 9)

7. (6, -)

8.
9. (7,10)

10. (11,14)
11. (12, -)
12. (13, -)
13.

nec

fig.

Sign:

Pr+

%

Nuz

Ni

8.; form.

Is there: Pr3

Take: k, z, k',

Turn to C. 1|.

Is there; P62
Is there: Pry?
Is there: Prx?
Take: kK, Vv, rr/
Turn to C. |.
Is there: Pr9?
Is there; Nu4S
Change its code
Take: Kk, m".
Turn to C. V.

20-25.)

Output ;

Sign:

Prt,

Nui |,

pi-
Ni,

in the changing programs:

Valu

pr3
A20
Nu20
P20

N20



14 (15,16) Is there; Nu33?

Turn to C. VI.

16. Turn to Q33*

values Of the parameters in the changing programs;

Input; Output ;

Value; Sign: Sign: Value :
Pr3+Pr6+Pr7 Prk Prk- => Pr3
A31 Ak Ak’ => A20
P31 Pk Pk’ P20
H33 NK Y, => H20

Ant => A21
Uy => Nu21
P32 Pm V => P21
v -> N21
An» -> A32
Pn> -> P32
V -> N32
V => a19
pp- = P19
V => N19
Nur+Nurg+Nu”® = Nuz Nur , - NU42
 u36+Nu4S+Su51 = Nuv Nuj_, => Nu46
Nup., => Su49
Nus , => Nu46

| 16?



D.

15.

16.

17.

18.

19.

168

I1X.

(n34; fig.
(2, 8)
(3, 5)
(4, -)
(3, 6)
(7, -)
(2, 9)
(2,10)
(11, 13)
(12, - )
(11, 14)
(15, 1S)
(16, - )
(17, - )
(15, 19)

9.1 form. 26-28.)

Is there: Pr~ in the word
Is there: Nu”?

Change its code number for
Turn to C. IV.

Is there: Nu”-?

Take; m, n'.

Turn to C. 1I.

Is there: Pr/n?

Is there: Prn?

Is there: Pr-/?

Take: k, k'.

Turn to C. 1.

Is there: Prn?

Is there: Nu”?

Change its code number for

Take: n, m"'.

Turn to C. V.

. )
Is there: Nugs.

Turn to C. II1.

group?

42.

35.



Values of the parameters in the changing programs:

Input:

Value: Sign;
Prl+Prg = prk
Pro+Prg+Pry = Prm
A26 B
Hu26 = Muk
P26 = Pk
A32 B Am
NU32 = Num
P32 } Pm
N34 = Nm
A3l = An
Nu3l = Nun
P31 = Pn
P32 " Pu

D. X. (Nttj fig. 10,i form.

1. (2, 4) I's

2. (3, -) Take:
3. Turn to
4. (2, 5) I's

5. (2, 6) I's

there;

Output:

s.tei
prk> =>
PV =>
A,
sV =>
Pk’ =>
A’ =>
NV =>
V ->
N> =>
V =>
Nun , =>
Pn’ =>
\V4 =>

29-31.)

Prg in the word group?
i, 4
C. 1.

there: Pr7?

there; Pre7

Value

Pri
Pr3

Al5

Kulds

P15
A32

Nu32

P32

N32

A20
NuZ2o

P20

N20

169



6 (7, 9) Is there:
7, (8, -) Take: m,
8. Turn to C.
9 (7, 10) Is there:
10. Turn to C.

Values of the parameters

Input :

Value : ilBBI
Pr5+Pr?+Pr8 = ori
Pr*+Prg = Prm
A28 = Ai
Nu28 = Nuz
P28 TP
N35 B
n35 N
N35 = Nm
A32 - Ak
A32 - Am
Nu”2 = Nuk
Nu32 ~ Num
P32 = Pk
P32 - Pm

170

m-.

Pr-n?

Prn?

in the changing programs:

Output :
Sign: Value :
Pri> Pr5
PV => Pr3
Ai’ => AG
Nu., -s Nu6
Pi’ => P6
Nk> => N32
Ni, => N
v > N20
r

Ak’ => A32
Am’ == A20
Nuk , -> Nu”2
NV -> Nu20
Pk’ -> P32
Pt =2 P20



D.

10.

12.
13.
14.
1,5.
16.

17.

19.

XI.

(Nj fig.

(2, 4)

(3, -)

(2, 3)

(6,12)
(7, 9)

(s, -)m

(7,10)

(n.-)

(6.13)
(6,14)
(15,1S)
(16, -)

(17, -)

(15,19)

11.i form.

32-34.)

45.

Is there: Pr™ in the word group?
Take: k, k'.

Turn to C, 1I.

Is there; Prav

Is there: Pr~7

Is there: Nu”?

Change its code number for

Turn to C. IV.

Is there: Nu”?

Take: m n'»

Turn to C. I.

Is there: Pr-g?

Is there: Prn?

Is there: Nu-~7

Change its code number for
Take: n, m'.

Turn to C. V.

Is there: Nu-"7

Turn to C. I11.

35.

171



Values of the parameters in the changing programs :-

Input; Output :

Value: Sign: Sign: Value
Pra-bpPre a Prk pv => pri
A29 - Ak Ak’ » A9
NUgg = Nuk NV Nug
P29 . - h pk> => P9
N36 - NK NK- => n9
H36 - Nm V => N32
N36 - N v => N20
A32 - Am A’ => A32

= Num Nupg, => Nu”2
P32 = Pm P P32
P32 = Pu
A31 - An A’ = A20
Nu31 = Nun Nun , y> Hu20
p31 - Pn Pn- = P20

D. XII. (N&; fig. 12.j form. 35-42)

i a 4) Is there: Prl in the word group?
2 C3, -) Take: i, 1.
3. Turn 10 C. 1.

4 (2, 5) Is there: Pr”?



10.
ifie
12.
13.
Fi»
15.
16,
17.
18,

19.

tl .
22.

23.

25 4
Q1.

Oq#

(6, 8)

(71 _)

(9, n)

(KD, _)

(12,16)
(13,15)

(14’ _)

(13,16)

(17’ -)

(12,19)
(20,31)

(21,23)

(22, -).

(21,24%)
(25,27)

(26! _)

(25,28)

(25,29)

Is there: Pr2?
Take: K, p'.

Turn to C. I.

Is there: Pr/?

Take: k, s',

Turn to C. 1.

Is there: Pr/?

Is there: Nu-"?

Change its code number for
Turn to C. IV.

Is there: Nu4§?

Take: m, n'.

Turn to C. I.

Is there; Pr~?

Is there: Pr/?

Is there: Nu”?

Change its code number for
Turn to C, IV.

Is there; Nu”?

Is there: A?

Take: k' =s'; m =n'
Turn to C. I1I.

Is there: Nu?

Is there: p?

45

45
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29. (30, -)
30.
31. (32,34)
32. (33, -)
33,
34, (35,38)
35. (36, -)
36. (37, -)
37.
38. (35,39)
39.

Values of the parameters

Input.
Value:

Pr3+Pré
Pr-A+PIg =
Pr2

pr8

Prb

Pri

A29+A35

A29rA35

Change the code number of the noun for

Turn to
I's
Take ;

Turn to
I's
Change
Take :

Turn to
Is

Turn to

Sign:

Prm
Pr3
Pr

Prr

Pre

Prt

Al

Q43i

Prg?

Nu/”?

C. W

Nu~3?

Sign:

pv

Pri'

PV
Prr,

pro6>

Prt,

Prn,

code number for

Output :

in the changing programs:

Value :

Pr3

Pri

Pr2

PrS

Pr5

Pr?

Pr3

A46

A9



3 gs P u s u g, * > SUAS

> AUg
)‘ S’
1S ® s u s
- >
S e
119 X ?*
S e => 1)
119 * 4
S » X V 1S, => H1g

S, =2 A9
/?i Lliw H

=>
H B UEE!
17 X
YN 1Se => H1O
X
S > => HX0
S &> Xie
sa' => Hle€
=>
91 x N S, A3e
'3
MTL DA X BB u s, => mi3d
pP@e => 51
Lk s . v
21 Im
. m ; S
« S Se e K10
>
u s * BUlo
LI S t)
AUl >
= ey B ye 110
101
S 7 K10
=> N
LI S! io
N
w) "> *‘[o
T, » >
| uc> =2



D. XIIl. (H,0* fig.
1) (2, 4)
2. (3, -)
3.

4. (2, 5)
5. (2, 6)
6. (7, 9)
7. (8, -)
6.

9. (7,10)
TO.  (11,13)
11. 12 ¢ o
12,

13, (11,14)
14,

176

pr- ]
As’

Nus

Pe

13.; form. 43-46)

Is there; Pr3?
Take: n, n'.

Turn to. C. 1.

Is there: Prg?

Is there: Pr/?

Is there: Pr-?

Take: p, p'.

Turn to C. I.

Is there: Prn?

Is there: Nu34?
Change its code number
Turn to C. V.

Is there; Nun?

Turn to C, II1I.

P37

Al2
Nul?2

P12



Values of the parameters in the changing programs:

Input 3 Output :
Value: Sign: Sign- Value :
= Pr PV s Pr.3

PIM+PIA - Prp ov = Pri
A32 - Ak Al -> Al9
Nu”\2 = Nuk Huk> - NUL9
?32 = pk Pk» => P19
P32 = U
N38 - Nk Hic> => H19
n38 - Nm Nm’ -> N27
N3S - Ni Nz) =>  H1g
N3s - Nn V =>  n2
H38 - NP Np s Vs
A26 Am Am’ -2 A26
A26 - An An’ -> A2
A26 - ap V -> A3
Nu26 - N% NV -> Hu26
NU26 = Nup Nup, -> Nu3
NU26 = Nun Nun y o> Nu?2
p 26 = Pm P -> P26
226 - Pn Pn -> P2
?26 - pp V -> P3
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Alg

=> P19

D. XIV. (Nyry » fig - 14.; forai. 47-49)

10.

11.

12.

13.

15.

16.

17.

18.

["» 4)

(3! _)

(2, 95)
(6,12)
(7, 9)

(8, -)

(7,10)

(111_)

(6,13)
(6,14)
(15,17)

(16, ~)

(15,13)

»
Is there: Pr-n?

Take: K, K'.
Turn to C. 1.
Is there; Prn?
Is there: Prn?
Is there: Nu-"?

Change its code number for 41.

Turn to C. 1V.

Is there: Nu%’?

Take: m, n
Turn to C. |I.

Is there: Pr/?

Is there: Prn?

Is there: Nujm?

Change its code number for 35,
Turn to C. V.

Is there: N’ _?

23
Turn to C. 1I11.



Values of the parameters in the changing programs:

Input ; Output :
Value: Sign; Sign: Value:
+Pr9 = ork PV Prx
Pi3+Pr6+Pr? = pJ-m oV => PIr3
. Py —s Pr3
A26 - Ak A = A3
Nu26 ) Nuk Nv =>  Nu3
P26 = Pk Pk ’ u> P3
H39 = nK- -> N3
h39 = Nm Vv > N32
N39 = Ni Ni> => N32
n39 = Nn vV -> N 20
A32 - Am An’ -> A32
Nil 32 - Hum NV => w32
Nu”2 - Sun Hy S éﬁwg,
P32 - Pm P -> P32
p 32 - Pu
A3l = An A’ ->  A20
P31 ) Pn Pn- -> P20
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D. XV.(rid fig. 15,; form, 50-51.)

1. (2, 4) £ there: Pr??
2. (3, -) Take: m m'.
3. Turn to G. |.
4. (2, 5) I., there; Prv?
5. (2, 6) Is there: Pr/n?
6. Turn to C. |11,

Values of the parameters in the changing programs;

Input:

Value: Sign;
PI 4P /stPT, = Brm
A? = Ak
Nu7 = Nuk
P7 = Pk
H40 h
N40 = Nm
A6 T Aff
Nu8 - Num
P6 ' Pm

Sign;

Prm

Ak »
Nv

Pk>

Am’
NV

P n*

Output :

Value ;
- pr3
> ATj
X Nu?
=> P7
- N?
> NS
» A3
= Nu8
> ps



D. XVI. (N414 fig,.. 16.; form, 52-53.)
1. (2, 4) I£ there; Pr-~?
2, (3, -) Take: K, K'.

3, =m Turn to C. 1.
4. (2, 5) Is there: Pr9?
5. (6, 8) Is there: NU§§?
6. (7, -) Change its code n
7. Turn to C. V.
6. (6, 9) Is there: Nu4§?
9. Turn to C. I11I.

Values of the parameters in the
Input:

Value; Sign;
Pri+Pr9 Prk
A29+A35 Ak
NUgg = Nuk
P29+P35 pk
K41 Nk
N41 \
*41 Ki
A3l Ai
P31 Pi
.&2 = Am

- o'\

umber for 44.

changing programs:

Output :
Sign: Value
Prk> 5> Pri
AK- => A9
o - Nu9
pk- -> P9
Nk> => h9
Hm< => n19
»1- = N19
Al- => ALY
Pi” => P19
A’ A19

ISi



Nu”2

Num
P32 - Po
P32 . = Pu
As it is
above, there are several
(e.g.: ones for

substantives
program for
a common algorithm for

or

out
various operations for

b) Changing Programs

The changing programs

to be seen from the sketches of programs
instructions
finding out the presence or absence of some
prepositions
the computer can
these
the program on the point
each of the nominal

Hum- => Nul9

P> P19

listed
common in each of them
with the same code number). The
be made shorter by starting with
common operations and branching
where the analysis
forms

necessitates
("switch™).

contain the following instructions

= Pr.,2/

A in the word group?

Nun?

e (2, -) Pr.

2. (3, 4) Is there:
3. (4, -) Ai = At
4. (5, 6) Is there:
5. (6, -) Nui = m

the end of

responding to the signs
number of the morpheme.

i.e.: change _
value corresponding to

In the changing programs the signs

the value corresponding to the sign Pr. for
the sign Pr”,. 1

the values of parameters cor-
marked by give the changed code

of the parameters given at
the various determining programs are
Replacing the signs with the corresponding values
of the parameters can be got;

to be found.
the values

the



«

(7, 8)
(B. -)
(9.10)
(10,-)
(11,12)
(12, -)
(13, -)
(14, -)
(2, 3)
(3, -)
(4, 5)
(5, -)
(6,7)
(7, -)
(B, 9)
(9, -)
(10,11)
n, -)
(12,13)
(13, -)

Is there: Nu”®?
Nuz = Nur,.

Is there: Nuv?
Nu = Nuc,.

Is there: P?

h mh--

Ni = N

Is the changed code number of the noun
bigger than 24?

Turn to the program "Q" corresponding
this code number.

Is there; A\ in the word group?

A = AKC*

Is there: NuM?

Nuk = Nuk,f

Is there: pr.?

pk m h--
Is there: AmM?

Am = Am’*

Is there: Num?

= Nunm: e

Is there: Pm?

Pm = Pm**

16 3



13.

14.

15.

16.

17.

10.

12.

13.

14.

15.

16

(14,16)

(15, -)
(17, -)
(2, 3)
(3, -)
(4, 5)
(5, -)
(6, 7)
(7, -)
(8, 9)
9, -)
(10,11)
n, -)
(12,13)
(13, -)
(14,15)
(17, -)
(16,19)
(17, -)

Is there k' among the changed code numbers?
Ni = Nk’ e »
Pri - pv e .V
Ni = Nn* *
Pri = PV o r
i
Is there: Ak in the word group? *
Ak = Ak, . «
Is there: Nu"?
Nuk = Nu*-e B
Is there; P~™? . .
Pk = Pk**
Is there: AmW .
Am - Am’ * ’
Is there: Nu”? .
= Num’
Is. there: P ? x
*
Pm~ Pm'
Is there k' among the changed code numbers ?
Nk = Nk>
Is there m' among the changed code numbers?
Nm: Nm,



17.

16.

19.

us,

(2T,

(X
(4,
(5,
(6,
(7,

(S,

(2,
(3,
(4,
(5.
(6,
(7,

(8,

le the changed code number of the noun

bigger than 24?

Turn to the program "Q" ~corresponding
to this code number.

Turn to the program "Q" corresponding
to the original code number ot the noun

Change the code number of the preposi-
tion for 3.

Is there: V
Ah =V *
Is there: V
Pm=" pPn"

Is there: Ai ih the word group?
Al —AL

Is there: v

Pi = Pi’ »

Is there: v
pu = P#,

Hi - v
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9, - Is the changed code number of the noun
bigger than 24?2
TUrn to the program '»Q@ corresponding to
this code number.

(2, 8) Is the first member of the word group: Nu, ?
(3, 4) Is there: A2

L) A=

G 6 Is there; ? "

@ -) k- V

7 -)  N=V-

Turn to the program "Q" <corresponding to
the changed code number of the houn.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19

(9,14) Is the first nember of the word group: Pnf
(10,-) ~ Ap’
(1) NE=N&~
(12,13) Is there: AK?
(13, -) A=pn'*

Nl - V-
(15, -) Nu, =Nu_,.
(16.17) Is there: AK>
(17, -) A=A
(18,19) Is there: Fk’)
(19, <) h -h- e

Nt = NK,.



6, The efficiency of the Programs

The method of analysis and programming reviewed above
gives possibility ot clear the role of the homonym substan-
tive forms and the government of the prepositions in 87 %
of the cases. Partial solution is received in 11 and the
analysis does not give any solution in 1,5 % of the cases.
It means that programs for further analysis are needed
in 13 % of the cases. The cases where the role of the homo-
nym noun form cannot be cleared because there is no prepo-
sition or other substantive in the given word group with it,
are put among ones giving no solution. As it is to be seen
from the programs listed above, the role of the given form
cannot be cleared but with the help of "Q" programs in such
cases too.

The proportions mentioned above have been calculated on
the base of the number of the "steps"™ necessary to the solu-
tion without taking into account the frequency of occurrence
of the single forms in the word groups, and so they must be
regarded as theoretical ones. Considering the fact that the
more typical a form is the more frequently it occours in
texts and that noun forms are relatively rare without any
prepositions and other substantives, the practical results
are likely to be more favourable than the ones mentioned
above.
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ALGORITHMUS UND PROGRAMM FUR DAS AUFSUCHEN EINES
WORTES IM SPEICHER

E. Kiefer

Nach Y.Bar-Hillei (1) sei die automatische Ubersetzung
vor allem eine Frage der Speicherkapazitdat. Wenn wir heute
diese Behauptung in einer anderen Beleuchtung sehen (sie
stammt ja eigentlich aus dem Jahre 1954, d.h. aus einer Zeit,
wo die Arbeiten an maschineller Ubersetzung kaum begonnen ha-
ben) , die Speicherkapazitdt blieb doch ein Problem, haupt-
sdchlich in den kleineren L&ndern, die Uber entsprechende Ma-
schinen mit Riesenspeicher nicht verfligen.

Wollte man z.B. aus dem Englischen ins Ungarische dber-
setzen, so musste man im Speicher ungefahr 500 000 Paradigmen
und noch je 2-3 Ableitungen unterbringen, was die englische
Sprache betrifft, und ungefdhr 100 000 Paradigmen und je 10-15
Ableitungen, was die ungarische Sprache betrifft.

Wenn nur der Wortschatz einer Fachsprache herangezogen
wxrd und dadurch der Umfang des Worterbuches betradchtlich ver-
mindert wird, so bleibt das Problem der Kapazitdt doch beste-
hen. Wollte man z.B. mathematische Fachtexte aus dem Russi-
schen ins Ungarische Ulbersetzen, so bestinde das "Wodrterbuch”
in der Maschine aus ungefdahr 2500 russischen Paradigmen mit
je 10-15 Ableitungen und den entsprechenden ungarischen Para-
digmen mit ihren Ableitungen.

Es hat daher nicht nur einen theoretischen, sondern auch
einen praktischen Wert, wenn rjian die Worter im Speicher ir-
gendwie "verdichtet" darstellen kann. Der Grundgedanke unse-
res Verfahrens stammt von W.S.Cooper (2), sein Algorithmus
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wurde aber in mehreren Richtungen modifiziert und das ent-
sprechende Programm auf der Rechenanlage M-3 (3) experimen-
tell kontrolliert.

Nach der Eingabe sind die russischen Wéorter (eigentlich
nur Wortstamme und einige speziellen Worter) in folgender
Weise im Speicher untergebracht:

a) Ein Wort der Rechenanlage M-3 besteht aus 31 “ual-
etellen, die erste Stelle steht fir das Vorzeichen. Ein Buch-
stabe beansprucht 6 bits, d.h. in einem Wort kénnen 5 Buch-
staben untergebracht werden. (Nach der Telex-Umcodierung ei-
gentlich 6, das wurde aber mit Hilfe eines Unterprogramms
verdndert, )

b) Nach einer statistischen Angabe enthdlt das l&dngste
russische Wort 18 Buchstaben (4). Um ein russisches Wort im
Speicher unterzubringen, braucht man daher héchstens vier
Adressen. Gehdren mehrere Adressen zu einem russischen Wort,
so wird die Zusammengehorigkeit durch das Vorzeichen angege-
ben. Die erste Adresse bekommt n&mlich positives Vorzeichen,
die weiteren (.die zweite, dritte, vierte Adresse) negative
Vorzeichen.

c) Die Waorter sind nach ansteigender Grosse geordnet,
und zwar in Gruppen nach der Ldange (Ldnge = Zahl der Buch-
staben) der Worter, d.h. es gibt insgesamt 18 Gruppen, da
das Lé&ngste russische Wort - wie schon erwdhnt - aus 18 Buch-
staben besteht.

d) Vor der Eingabe wurde eine ausfihrliche Statistik
Uber die einzugebenden Worten verfertigt, einerseits um fest-
stellen zu kdénnen, wieviel WOorter ein, zwei, drei, ..., acht-
zehn Buchstaben enthalten und anderseits auch Uber die
‘grammatische Haufigkeit»der vorhandenen Texte Auskunft zu be-
kommen. Auf diese Weise wird die unter c¢) genannte Einteilung
nach Gruppen ermdglicht, andrerseits bekommt man auch dariber
Angaben, welche grammatische Regeln im Algorithmus in erster
Linie zu berltcksichtigen sind.



Die Unterscheidungskomponenten

In jeder der genannten Gruppen sollen vorerst die soge-
nannten Unterscheidungskomponenter festgestellt werden. Unter
Unterscheidungskomponente verstehen wir eine Zahl, die angibt,
im wievielten Einer sich das i-te Wort vom (i-l)-ten Wort vom
Wortanfang gerechnet unterscheidet, ist diese Zahl k, so gilt
fur die Unterscheidungskomponente

A=2Z- (k-1)
wo Z die Anzahl der Dualstellen in einem Wort bezeichnet. Da

bei-- der Rechenanlage M-3 ein Wort aus 30 Dualstellen besteht
(dqgs Vorzeichen lassen wir ausser acht), so gilt nun

A=36 - (k-1)
wo wir die 30 im Achtersystem angaben.

Die Unterscheidungskomponente kann folgendermassen bestimmt
werden:

Es seien
R1» RB* *** » gf

die Worter nach ansteigender Grosse geordnet. Bezeichnen wir das
Komplement dieser Wod&rter mit si (wir verstehen hier unter Kom-
plement die Zahl, welche sich aus der urspringlichen Zahl er-
gibt, indem man ihr die Eins mit Null und die Null mit Eins in
jeder Stelle ersetzt). Bezeichnen wir mit sQ das Wort, welches
"leer” ist, d.h. aus lauter Nullen besteht. Bilden wir nun die
folgenden '\Vorter

bf = si/® ®i-I 1~ i ~ n

Die logische Multiplikation fuhrt zu den Zahlen b”, in wel-
chen der Stellenwert der ersten Eins zu bestimmen ist; wird
dieser vom Wortende her bestimmt, so erhdlt man den erwinschten
Wert von A.
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Zur Bestimmung der ersten. Eins in den. Zahlen b” scheinen
zwei Methoden geeignet zu sein:

a) Man kann die Zahlen b” als Mantissen von in Form ei-
ner Gleitkommazahl geschriebenen Zahlen betrachten und diese
Zahlen normalisieren. Der auf diese Weise erhaltene Exponent
wird eben die laufende Nummer des die erste Eins enthaltenden
Stellenwertes sein.

b) Mit Hilfe eines Zyklus liesse sich die erste Eins auch
feststellen, indem man ndmlich jede Stelle (bit) des Wortes
priaft, ob in ihr eine Eins steht oder nicht.

In beiden F&llen muss natirlich noch die Unterscheidungs-
komponente A berechnet werden, da hier nur der Wert von K be-

stimmt wird.
%
Da die meisten Wodorter nicht in einer Adresse untergebracht

werden kénnen, muss man angeben, auf welche Adresse sich die
Unterscheidungskomponente A bezieht. Die Unterscheidungskompo-
nente A, deren maximaler Wert 36 betrdgt (im Achtersystem),
steht am Ende des Wortes und nimmt insgesamt hodchstens 6 bits
in Anspruch. Fir die Unterbringung weiterer Informationen ste-
hen uns noch in der zweiten Adresse des Wortes 6 bits zur Ver-
fiagung. Bezeichnen wir die Anzahl der Buchstaben mit n, so
macht folgendes Schema die Darstellung der Unterscheidungskom-
ponenten im Worte ersichtlich. Die vor der Unterscheidungskom-
ponente stehende Zahl (0, 1, 2 oder 3) gibt an, ob sich die
Unterscheidungskomponente im Falle von Worten mit mehr'Adres-
sen auf die erste, zweite, dritte oder vierte Adresse bezieht.

a) Bei Waortern, bei denen sich ;die - Unterscheidungs-
komponente auf die erste Adresse bezieht, gilt

12 Bits
10 A
1 |
3 Bits 6 Bits
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b)} Bei Wortern, bei denen sich die Unterscheidungskompo-
nente auf die zweite Adresse bezieht, gilt

c) Bei Wortern, bei denen sich die Unterscheidungskompo-
nente auf die dritte Adresse bezieht, gilt

d) Bei Wortern, bei denen sich die Unterscheidungskompo-
nente auf die vierte Adresse bezieht, gilt

In den WoOrtern im Speicher, in welche wir die Unterschei-
dungskomponenten untergebracht naben, steht in der ersten Ad-
resse die Adresse des entsprechende” ungarischen Wortes (wort-
stammes). Ist z.B. die Unterscheidungskomponente eines russi-
schen Wortes w 32, besieht sich diese auf die dritte Adresse
und ist die Adresse des entsprechenden ungarischen Wortes 2406,
so gilt

00 2406 0232

Die Feststellung der UnterScheidungskomponenten ist auch
im Falle eines Wortes mit vier Adressen im allgemeinen nicht
langwierig. In meisten Fé&llen kann man sie schon in der ersten
Adresse finden.
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Nachdem wir die Unterscheidungskomponenten festgestellt
haben, brauchen wir die russischen Waorter nicht speichern.
Der grosse Okonomische Wert dieses Verfahrens ist schon da-
raus ersichtlich, dass man zur Speicherung des ladngsten
russischen Wortes auch nur hdchstens 9 bits in Anspruch neh-
men zu braucht.

Dieses Verfahren ist aber fir die Speicherung der unga-
rischen Waorter nicht geeignet, da man an Hand der b'ntar-
scheidungskomponenten die Wodrter nicht mehr rekonstruieren
vermag.

Das Aufsuchen eines Waortes

Das Aufsuchen eines Wortes kann auf Grund der Unter-
scheidungskomponenten erfolgen. Bezeichnen wir das unbekannte
Wort mit 1 . Vorerst muss festgestellt werden, zu welcher
Gruppe das unbekannte Wort gehdrt. Bei der Eingabe wird die
Zahl der Buchstaben eines Wortes stets gezdahlt. So wissen wir
nun, ob das unbekannte Wort unter den Wa&rtern mit ein-, zwel,
drei- usw. Buchstaben zu suchen ist.

Nachdem die Gruppe festgestellt ist, muss gepruft werden,
ob in den Stellen, die durch die Unterscheidungskomponenten
bestimmt werden, im unbekannten Wort Einer stehen. Das kann
durch logische Multiplikation erfolgen.

Im Palle von Wodrtern mit mehr Adressen ergeben sich wie-
der Vereinfachungsmoéglichkeiten. Da stets angegeben ist, auf
welche Adresse sich die Unterscheidungskomponente bezieht,
braucht nur eine Adresse untersucht zu werden.

Aus dem Ablaufbild des Algorithmus ist ersichtlich (S.
Abbildung), dass wir die laufende Nummer des unbekannten Wor-
tes X erhalten. Das heisst, wenn das unbekannte Wort X aus r
Buchstaben besteht und die Adresse des ersten Wortes in der
aruppe derjenigen Worter.", die aus r Buchstaben bestehen,



OUn ist, dann ergibt unser Algorithmus die laufende Nummer
\  ded Wortes X. N bedeutet die Anzahl der Waorter in der ent-
sprechenden Gruppe, A" die entsprechenden Unterscheidungskom-
ponenten. In der Abbildung bedeutet A™ die Unterscheidungs-
komponente, die Adresse "Wr z&hlt die Worter N ist die An-
zahl der Worter in der entsprechenden Gruppe, U und V sind
"Arbeitszellen”, n ist die Zahl der Buchstaben im gesuchten
Wort.

Die Adresse des gesuchten Wortes ist im Falle von Wor-
tern mit einer Adresse (Buchatabenzahl kleiner als 6)

im allgemeinen aber

wo b_ die Anzahl der Adressen bedeutet.

Die Okonomie des Verfahrens liegt aber nicht nur darin,
dass man die russischen Wodrter nicht zu speichern braucht,
sondern auch darin, dass man nicht alle Worter beim Suchen
eines Wortes zu prifen braucht. Einerseits braucht man nur die
Worter der entsprechenden Gruppe zu untersuchen, andrerseits
auch in dieser Gruppe nicht alle. Wenn ndmlich (Vgl-, das Ab-
laufbild) im Falle eines Wortes

At £ X

ist, d.h. wenn das unbekannte Wort X keine Bins in der dem
Wert A™ entsprechenden Stelle enth&lt, so braucht man mit dem
ndchstfolgenden Wort s*+1 nur dann den Vergleich zu vollfiuhren,
wenn die Unterscheidungskomponente dieses Wortes grosser ist
als die Unterscheidungskomponente des Wortes s”.



Das Aufsuchen eines Wories



Uns stehen zwar in dieser Hinsicht noch keine genaue
statistischen Angaben zur Verfigung, aber im Palle von 20
"zufallsweise” generierten Wortern brauchte man nur 6 Falle
zu untersuchen. Die Vermutung scheint berechtigt zu sein, dass
man im allgemeinen nur ungefdhr die Halfte der Worter zum
Vergleich heranzuziehen braucht.

Beispiel:

Es seien im Speicher (nach ansteigender Grdsse geordnet)
die folgenden Worter

sl = 00101101
s2 = 00110010
s3 = 01001101
s.4=01101010
s, = 01110100
s6 = 01111000
s6 = 10101000
s6 = 11010101

Nehmen wir zu diesen noch So

so = 00000O0O0O0,

das wird im Algorithmus die Anzahl der Waorter nicht beeinflus-
sen.

Die Unterscheidungskomponente des Wortes s betrdgt 6,
denn



laufende Nummer 6 7 6 5 4 3 2 1

SO

s1 00 1 0 1 1 0 1

Im Worte e” steht die erste Ems in der 6-ten Stelle vom
Wortende gerechnet, in welchem es sich vom Wort sQ unterschei

det.

Bestimmen wir z.B. die Unterscheidungskomponente des
Wortes Sg!

s5 = 01110100
Sg = 01111000

Bilden wir das Komplement von s® und fihren wir die logi
sehe Multiplikation durch !

laufende Nummer 8 7 6 5 4 3 2 1

s6
s6 A s5 = 16 O 0 0 0O 1 0 0 O

Die Unterscheidungskomponente des Wort ®-»sist daher 4,
weil im Wort bg die erste Eins in der vierten Stelle — vom
Wortende gerechnet - steht.

Die Unterscheidungskomponenten der obigen Wodrter s™ be-
tragen der Reihe nach
6, 5, 7, 6, 5 4, S, T

Es sei
1 -=01110100



Die Adressen U und V werden wdahrend des Algorithmus mit
der Unterscheidung.skomppner.iten bzw. mit der laufenden Nummer
des entsprechenden Wortes besetzt. Die Adresse U enthdalt die
Unterscheidungskomponente, wenn im obigen Sinne

Wenn aber

dann wird die Adresse V mit der laufenden Nummer des betref-
fenden Wortes besetzt.

Der Inhalt der Adressen U und V verdndert sich wahrend
des Algorithmus mehrmals. Wir geben die nacheinanderfolgenden
Inhalte dieser Adressen an

U = X» 4> 4y 4» 4» N 8
VvV = % \, 5

Der letzte Inhalt der Adresse V ergibt die laufende Num-
mer des gesuchten Wortes X, d.h. in diesem Pall 5 (hf= 5).
Das gesuchte Wort sit daher s”

X = sK

Bemerkungen#

a) Im Palle eines geringeren Wortschatzes lohnt es sich
nicht, die Woaorter nach Gruppen wie oben aufzuteilen. Es genilgt,
wenn man 4 Gruppen bildet, je nachdem, ob die Wodrter eine, zwel,
drei oder vier Adressen besetzen.

*b) Unser Algorithmus bezieht sich nur auf Wortstimme. Die
Endsilben (Endungen) miussen in ihrer Gé&nze gespeichert werden.



c) In der Praxis haben wir die Woaorter in umgekehrter
Reihenfolge eingegeben. Das dandert am vorgefihrten Algorith-
mus nichts, hat aber seine Vorteile bei der Analyse der En-
dungen.

d) Wollen wir nioht das russische Wort im Speicher auf-
suchen, sondern gleich das entsprechende ungarische Wort, so
braucht man nur in der entsprechenden Gruppe die entsprechen-
de Unterscheidungskomponente aufzusuchen. Wie erwéhnt, er-
héalt die erste Adresse die Adresse des entsprechenden unga-
rischen Wortes.
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ALGORITHMUS PUR DIE ANALYSE VON ENDUNGEN

P. Kiefer

Der vorliegende Algorithmus beruht auf einem Verfahren,
das von B.D6mdlki ausgearbeitet wurde. Da unsere Erlduterun-
gen nur in Kenntnis von DOmolki s Artikel verstanden werden
konnen, bringen wir im Anhang eine kurze Zusammenfassung
desselben.

Auf Grund des Algorithmus von G.Hell bilden wir vor-
erst aus den verschiedenen Endungen sogenannte Tabellen und
setzen die zusammengehdrenden Endungen in Klammer. Haben wir
z.B. die Tabelle

[

so heisst das, dass die Endung mwuin" vorliegt, aber vor dem
weder B , noch t, nochw steht, Oder die Tabelle

(VT

"VIVI

bedeutet, dass entweder die Endung VOor-

liegt. Die Tabelle

"e My" oder "o MYy
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bedeutet, dass die Endung x vorliegt, aber vor x weder a,
noch u, noch b, noch a steht.

Wir ordnen diese Tabellen in Anlehnung an den Hellsehen
Algorithmus den Operationen

'\1* A2* **x*x * /\48

zZu.
Al (a)
Al2 AB
5 (Bww) (cTtB) (c 1)
Al s
Aly, 2
., M
A/S. (e ™)
Alg, (bl M)
AlT. (o m)
A6. (n m)
A3, (e W)
A/10. (o W)
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Die auf diese Weise entstehenden Gruppen haben folgende
Bedeutung: Liegt eine bestimmte Endung vor, die durch eine:
eder Tabellen angegeben wird, so sagen wir, dass die Eigen-
schaft, die die entsprechende Tabelle darstellt, in Erfil-
lung geht. Geht nun eine der genannten Eigenschaften in Er-
fullung,- so soll eine weitere Operation durchgefuhrt werden.
Betrachten wir nun z.B. die Gruppe A/21, in dieser Gruppe
stehen drei Tabellen, d.h. drei verschiedene Eigenschaften.
Geht eine von diesen in Erfillung, so ist die né&chste Opera-
tion diejenige, die im Hellschen Algorithmus mit A/21 be-
zeichnet wurde. Es kann daher Vorkommen, dass im Palle der
Erfallung von mehreren Eigenschaften ein und dieselbe Ope-
ration durchgefihrt wird.

Bilden wir nun aus diesen Gruppen (Tabellen) folgende
Tabellen, die wir mit

bezeichnen, unter Berucksichtigung folgender Gesichtspunkte;

a) Da wir keinen zyrillischen Fernschreiber besitzen,
mussten wir statt der zyrillischen Schrift die lateinische
Transkription derselben gebrauchen. In dieser Umschrift muss-
ten wir aber auch weitere Zeichen fur zyrillische Buchstaben
einfihren, da es mehr zyrillische Buchstaben als lateinische
gibt. Wir achteten allerdings darauf, dass der umgeschriebe-
ne Text lesbar bleibt-und dass einer jeden zyrillischen Buch-
staben ein Zeichen (lateinischer Buchstabe oder Zahl) ent-
spreche. So wurden z.B. folgende "Zuordnung" getroffen

Yy - > 4
b =m——m—e- > 6
a - > 9
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b) Die Negation kam ausser acht gelassen werden.

ergeben z.B. die erste und dritte Tabelle der Gruppe der
Gruppe A/2 dieselbe Tabelle

(V)

Wir erhalten nun unter Berucksichtigung von Pjunkt a)
und b) folgende Tabellen:

T1 Q) T2 (v)
T3 = (V S |) T4 = (2 t)
/e \ _
T6 T6 -
- Oy (im)
T7 - e m T8 (v m
T9 - (o m T80 - Gm
TIL = (e ) T2~ (0 4
T13 (y i) e = (r 4
! ~20 ~ (6 q)
q
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T39

T41
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(e s 6)

(6)

T42



T47 = 2 t v) he T (m)
T49 = (t) L W
T51 - (2 6) T52 (2 9)

Wir teilen nun diese Tabellen in weitere Gruppen ein,
je nachdem, welcher Buchstabe in der letzten Spalte der Ta-
belle steht (welche der letzte Buchstabe des Wortes' bzw. der
Sdung ist) und erhalten folgende Gruppen:

a. T1
5" T47 T2
e: 127 T28» T22’ T23, 124, t25, t2

T3 T29’ T30’ T46

d: T15 TI 6 Tll» T12' T13' T14

m: 16 17 T8 19, T10, 148

0: T31, t32

\Y T43° T44) T45° T49

u: T17’ Ti8
h: T33, 134, t50

Y T37

T42’ T38' T39' T40’ T51° T4l
q: T19* T20° T21

T35 T52° T36
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Es handelt sieh nun darum, dass man diese Tabellen ir-
gendwie -im Speicher unterbringen muss. Das geschieht unter
Beriicksichtigung folgender Gesichtspunkte:

a) Man gruppiert die Tabellen T" so, dass die ent-
sprechenden Reihenvektoren in einem Wort untergebracht wer-
den kdnnen. Das heisst, bezeichnet man die Zahlen der Spal-
ten der'einzelnen Tabellen mit

PA > [>2» » Pfc

so darf keinesfalls in einer Gruppe die Summe

Pl + P2 + e.« + Pc » Wo S t

grosser sein als die Zahl der Dualstellen in einem Wort, d.h.
als 30 (im Achtersystem 36!).

b) Die Tabellen werden in umgekehrter Reihenfolge ein-
ge Speichert . Das heisst, dass zuerst die letzte Spalte kommt,
dann folgt die vorletzte usw. Eine geeignete Gruppierung kann
zur Folge haben, dass man schon vom ersten Buchstaben ent-
scheiden kann, ob die gesuchte Endung in jene Gruppe gehort
oder nicht.

c) Bei der Gruppierung kann man auch noch einen statis-
tischen Gesichtspunkt berlcksichtigen; Man soll méglichst die
h&dufigeren Endungen in die ersten Gruppe reihen.

Wir unterbringen nun zuerst diejenigen Tabellen, deren
letztes Element j oder 6 ist. Die Zahl der Spalten ~ ph
betrdgt jetzt eben 30; die einzelnen Reihenvektoren bleiben
innerhalb eines Wortes.

In die zweite Gruppe gehoren diejenigen Tabellen, deren
letztes Element e oder i ist, diese Tabellen ergibt die Spal-
tenzahl 25.

Die dritte Gruppe bilden diejenigen Tabellen, deren letz
tes Element m, t oder v ist. Die Zahl der Spalten betrdgt 26

In die vierte und letzte Gruppe gehodren diejenigen Tabel
len, deren letztes Element a, u, gq, o, h, 9 oder y ist. Die
Zahl der Spalten betragt 25.



Haben wir nun ein unbekanntes Wort X , so ist zuerst die
Frage zu entscheiden, welcher Buchstabe am Ende des Wortes
steht. (Natldrlich nur dann, wenn das Wort nicht im "Worter-
huch" aufgefunden wurde.) Erst wenn diese Frage entschieden
ist, kann der Algorithmus weitergefuhrt werden.

Auf Grund der einzelnen Gruppen verfertigen wir eine

Matrix, die wir mit B bezeichnen, folgenderweise:

%
Jedem Buchstaben, der in der betreffenden Gruppe vorkommt,

ordnen wir einen Reihenvektor zu. Enthé&lt die Gruppe Uber g
verschiedene Buchstaben, so hat die Matrix genau q Reihen. Die
Zahl der Spalten wurde schon bei den einzelnen Gruppen bestimmt
Jeder Reihenvektor enthdlt dort und nur dort eine Eins,wo der
betreffende Buchstabe in einer zur Gruppe gehdrender Tabelle
vorkommt. In anderen Stellen steht Null.

Wir bezeichnen mit K und V diejenigen Vektoren, die dazu
dienen, um die einzelnen Tabellen voneinander trennen zu kon-
nen. Der Vektor K enthdalt Eins an den Anfangsspalten der ein-
zelnen Tabellen, der Vektor V aber an den Endspalten derselben.

Tafel I. enthdlt folgende Tabellen

TII® T12° T13’ T14° T15° T16’ T42» T3S’ 139, T40
*51' T4l

Tafel 11. enthdlt die>Tabellen

T22° T23’ T24° T25° T26° T27° T28’ T3’ 1p9* T30'' x46

Tafel 111. enthéalt die Tabellen

6" T7° V T9* T10’ T46’ V T43" T44* T45'
T49 V T47 T2

Tafel 1V. entha.lt ,folgende3 Tabellen

T TV 7180 7190 T20" T21» Tawx 132 133, 134-

T50° T35 T52° T36° 1o/

Die einzelnen Reihenvektoren sind auch im Achtersystem



IM AOET3RSYSTEM M DUALSYSTEWM

1234567 10 11 12 13 14 15 16 17 20 21 22 23 24 25 26 27 30 31 32 33 34 35 36

52 5104 2445 i101010120 1 0 O0 1 0 0 0O 1 0 0 O 1 0-12 O O 1 O O 1 0 1

e 11727 ﬁﬁ°f7°ﬁﬁ°ﬁ7°7°?777m 7L 777707777

Ko

{52 5100 0000 1001 000000O0G 0O O0O0O0O0O0O0O0O0 0
e 20 0010 0100 010 il

0 04 0000 4000 )

y 01 0000 0000 1

i 00 2440 0010 i I I !

\% 00 0200 0000 i

t 00 0202 1000 1 % I

c 00 0200 0000 1

n 00 0020 0000 1 ‘

q 00 0010 0000 a

6 00 0004 2445 1 1 : y i iL
2 00 0001 0002 1 a

1 L
s 00 0000 0220 1 i

Die Matrix B besteht aus 13 Reihen und 30 Spalten



bl ACEIERS7STEM M DUALSYSTEM

Die Matrix B besteht aus 11 Reihen und 28 Spalten
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IM ACHT3RSTSTET

M DUALSYSTEM

Die Matrix B besteht aus 12 Reihen und 26 Spalten
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46

40

22

10
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01

00

00
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00

00

00

00

2632

5475

0004

4000

0000

0040

0260

6400

1000

0100

0012

0004

0001

0001

0000

6540

5340

KO 00

0000

0000

0000

0000

0000

0000

0000

4000

3500

0000

0040

0200

I-M -B-U0 Ai,3 TSTEM

1234567 10 11 12 13 14 15 16 17 20 21 22 23 24 25 26 27 30 31 32 33 34 35 36

i i 4
1 ;o1 I—
] R T O N
t
1
i 1
H }

Die Matrix B besteht aus 13 Reihen und 25 Spalten



An Hand dieser Tafeln kann die Analyse einer Endung
folgendermassen erfolgen: Nehmen wir an, es soll das Wort
"etanom " analysiert werden. Nach der entsprechenden Tran-
skription und der Umkehrung erhalten wir das Wort molot2.

So wird dieses Wort unter den Wortstdimmen nicht aufgefunden,
da dort nur lot2 steht« Es muss daher die Frage entschieden
werden, welche Eigenschaft der Tafeln I-1V. in Erfullung geht.
Das wird aber durch die Formel.

V Ka
W4
bestimmt wo O den Nullvektor bedeutet, " J1- und "V " sind
Zeichen der Konjunktion und Disjunktion, V bedeutet das Kom-
plement von V, die Multiplikation mit 2 ~ bedeutet eine Rechts-
verschiebung, BO bezeichnet den entsprechenden Reihenvektor
der Matrix B.

Da der erste Buchstabe des bestiBtmenden Wortes m ist,
braucht man die obigen Operationen nur mit der dritten Gruppe
(Tafel 111.) durchzufihren.

go = 000 000 0OOO OO0 0OOO OOO OO0 0OOO OOO o000

Die Konjunktion von Qg mit V ergibt jetzt den Nullvektor,
nach Rechtsverschiebung bleibt der Nullvektor unverédndert, die
Disjunktion mit K ergibt den Vektor K. Das heisst, bei der
Bildung von Q” braucht man jetzt nur die Konjunktion des Vek-
tors K mit dem entsprechenden Vektor BN (mit Bm bezeichnen wir
den zum Buchstaben m gehdrenden Reihenvektor der Matrix B) bil-
den.

K =101 010 101 Oil 010 101 OIl 010 010 00O
Bm =101 010 101 010 000 OO0 OO0 OO0 000 000
ax = kKABT =101 010 loi 010 000 000 000 000 000 000

Eine notwendige und hinreichende Bedingung dafir, dass
eine Eigenschaft in Erfullung geht, ist, dass
& A VI G
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Nun iat aber
= 101 010 101 010 000 000 000 O0OOO 000 00O
V P010 101 010 110 101 010 110 100 110 00O

Q A V s000 000 000010 OO0 000 OO0 00O 000 000

Est ist also

Qgn vio

Man muss als ndchstes feststellen, welche Eigenschaft
in Erfallung gegangen ist.

Die Spaltenldnge der einzelnen Tabellen, die zur Gruppe
I11. gehodren, betrdgt der Reihe nach

Im Vektor Qj/\ V steht aber in der 11-ten Stelle Eins, d.h.
in der

2 + 2+ 2+ 2+ 2+1 =11
-ten Stelle. Das bedeutet aber, das die der 6-ten Tabelle
entsprechende Eigenschaft in Erfillung ging.

Es wird aber offensichtlich nach der Trennung von m zu-
rickgebliebene Wort olot2 auch nicht' unter den Wortstdmmen
aufgefunden. Das Verfahren muss daher fortgesetzt werden.

Qil: 101 010 101 010 000 000 ©©© ©oc 000 000

\%

101 010 101 001 010 101 001 011 oo 111

101 0O 101 000 ©OCO ©OO ©OOO COO ooo O0O

AA v

Nach der Rechtsver‘Schiebung um eine Stelle

Z -~ 010 101 010 100 000 000 <<= Q00 000 000

K 101 010 101 011 010 101 011 010 opo o©oo

Z /K 111 111 111 111 010 101 011 010 010 000
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Der Reihenvektor B , der' dem Buchstaben o entspricht,
ist nun

BO 000 000 010 000 000 OO0 000 100 000 o0OOO

z \YK

111 111 111111 010101 oil 010 010 000

(Z/MK) VBO = Qp 000 000 010 000 000 OO0 00O 000 000 o000

und die Konjunktion mit V ergibt

a2 AV = 000 000 010 00O 00OO 00O 0O0OO 0OOO 00O o000

das heisst

«2 A v H°®
und im Vektor Qp 4 V steht in der achten Stelle Bins: da
2 +2 +2+2 =28 ist,

so ist die Eigenschaft, die der vierten Tabelle entspricht,

in Erfdllung gegangen. Nach der Abtrennung des Buchstabens O,
bleibt nun das Wort lot2 zurlck, dass schon unter den Wortstam
men aufgefunden werden kann.

Wenn nun das Wort noch immer nicht unter den Wortstimmen
auffindbar wdre, so misste man das Verfahren wieder fortsetzen
In der Bildung von Qg musste man jetzt aber den Reihenvektor
nehmen, der dem Buchstaben | entspricht, solcher ist aber in
der Matrix der 2.Gruppe nicht zu finden. Jetzt wissen wir
schon, dass das Wort lot2 nicht im "Wd4rterbuch” vorhanden ist.
Auch wenn wir den entsprechenden Reihenvektor fanden, wirde es
sich bald heraussteilen, dass keine der Eigenschaften in Er-
fallung geht und so weiss man wieder, dass das Wort nicht auf-
findbar ist.

Das Wort molot2 erfullt also die Eigenschaft, die durch
die Tabellen T"g und Tg angegeben ist. Wir sagen auch, dass
das Wort molot2 von Typ T”g und Tg ist. Was nun die Abtrennung
der Endung anbetrifft, so kommt immer die stdrkere Eigenschaft
in Befracht. Man soll daher das Verfahren fortsetzen, bis man
das Wort (den Wortstamm) findet (oder nicht findet) und die



letzte erflillte Eigenschaft ist die Stdrkste. Man wird daher
auch nicht die mit A/42, sondern die mit A/7 bezeichnete
Operation durchfihren.

Die Abtrennung der Endungen geschieht durch logische Mu] ~
tiplikation. Nicht in allen Pallen darf aber die ganze Endung
(d.h. der Lange der Tabelle entsprechenden Buchstabenzahl) ab™
getrennt werden. e

Im Palle der Tabellen

T28’ T16’ T27’ T15
wird nur ein Buchstabe abgetrennt, im Palle der Tabelle

TZI?

nichts.

Auch bei der Programmierung der verschiedener Operationen
'kann dieses Verfahren gut gebraucht werden. Es hat sich auch
bei weiteren Teilen der morphologischen Analyse als brauchbar
erwiesen.






MORPHOLOGICAL ANALYSIS BY HELP OP THE
METHOD OP SUCCESSIVE DELIMITATION

By Dénes. Varga

INTRODUCTION

H«r«<lnafter | wo ,ld expound a process with help of
wh.l.fih tho morphologic and partly syntaatie. analysis can he
mads, 'in a substantially simpler and quicker way In the case
of strongly inflected languages /as for instance the Russian/,
than by processes to the best of our knowledge applied up to
the present, even if it does not cover all details of analysis.
This process can be programmed with relatively few commands,
so that it may be applied with success on machines with lesser
performance. /The experimental program has already been
completed for the cotpu.er M-5 of the Computing Centre of
the Hungarian Academy of Sciences and it is just about being
tested,/

I. CLASSIC METHOD OP MACHINE ANALYSIS AND THE
HUMAN ANALYSTE

The usual method of the analysis consists in breaking
down the linguistic problems to the sequence of their logic
elements of questions to be solved* The problem reduced to game
IBar -gcrahba"™ by such a way can already be simplified on the
ma hine to the comparison of the contents of cells,afterwards

analysis may be conti nued In one or the other direction,
«impending on the result of the comparison. This method attains
quick its goal in a hierarchically construed systugm', where we
hoar: to do with serially superposed categories. But in the
:a;e of linguistic analysis where as a rule we have to choose

s Cf, N,A.Menbyykr 0 MaWMHHOM MNepeBOAe C BEHIepCKOro fA3blkKa
Ha pycckui. [Mpobnembl KnbepHeTuku, BbIN,1. oTp 231«



oftf of Tapy juxtaposed catégories the adequate one, this pro-
wess degenerates to were guessworth. Besides it dote not take
4L* advantage of tht possibilities of the machin«, for the
«*e>ht«nt» ef whole tellffi are always compared «van if the exa-
mination uyotara hut a sole letter or suffix. A special aom«
plifiatlon la aldutad by tht frequency of "multi-valued"”, ho-
monymous «affixes, words, seta of words which could have as
1, aensequencft that wc may discover only after having complet-
ed a long analysis in one direction that we are on the wrong
track and we have to oontinue the analysis on an entirely
other way.

Human analysis .1* much mor# complex than thisi it moni-
tors and coordinates at the: same time several points of views,
with respect to the Russian language it is true,for instanao,
that the preposlition. o may be followed hy several oases, hy
g- -1'..ive, Instrumental and also hy accusative /if we consider
singular and plural separately, that makes already 6 possi-
bilities/ the possessive pronoun Hawein may mean 4 caoas,:
genitive, dative, instrumental or prepositive in the singular,
the substantive may mean genitive singular, nomi-
native or accusative plural, myet every Russian discovers
instantaneously that the expression ¢ Hawel (abpukun stand's
In genitive singular; within the given connection of words
these words, though having grammatically several meanings,
establish unequivocally one possible meaning of each other. M
Of course, the unambiguousness is not always secured, even
then not, if It defines unambiguously thfc,-given connection of
words. For instance Ao Hawein cTopoHe may mean "op. our side"
/ngTn no Hawew ctopoHe /, but also "according to our client”
/ no HaweWh CcTOpOHe fAeno 06CTOMT He Tak /. Unambiguousness
may be secured in such cases only by words standing around
the expressioQ in question. f'

The problem - solved quash automatically by those who
know the language consists in thé/examinat!on of the govern-



ment of the preposition, of the compatibility of the prono-
minal and sahstantive suffixes within a nominal syntagma.

The same complex examination is undertaken by the knower
of the language with respect not only to larger but also
smaller unities, often without the process becoming conscious
for him.

The ending - el may cover grammatical categories of
many kinds. The principal categories are

1/ Ganitiv** feminine singular of adjectives and pronouns

V Dative " " « " " 1

V Instrumental
4/ Prepositive 1 " " " " "
5/ Comparative of adjectives

6/ Instrumental singular of feminine substantives'

7/ Genitive plural 1 masculine "

8/ ffenitive. plural of certain neutral substantives

9/ Accusative plural of substantives meaning male liv -
ing creatures.

In connection with the words HLL8/. onty those possibi -
liti.es out of the above enumerated many ones, can bo con-
sidered, which are compatible with our knowledge concerning
the stem Haur™ , On basis of the co-ordination of our krj-ow e
ledge concerning the stem and the suffix can we decide, that
the pronoun Hawen may stand in one. of the 4 cases enumerated
previously. We have not even mentioned here that the . 1i&
might be a prefix in the given word, and - wein the imperative
of the verb WETN /to sew/: for instance "Hawein nyrosuyy]l”
"Sew the button on! L It is outside the frame Of the word to
decide what is stem in the given case /if we consider the
text written down without accent/.

Similarly it can be stated that the ending -u may mean
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singular genitive, dative, prepositive of feminine substantives
plural nominative and accusative of masculine, feminine,further
more certain neuter substantives, plural of the shortened form
of adjectives, imperative of verbs etc., yet when it is con-
nected with the stem ¢abpuk the. number of the possibilities

is substantially reduced.

In the case of single suffixes the problem can be re-
duced to the examination of the compatibility of letters with-
in the suffix, resp. of the compatibility of informations re-
ferring to the suffix and stem. In such a conception, we have
to handle a problem which is of the same type as in the pre-
vious case.
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1. THE METHOD OP SUCCESSIVE DELIMITATION

Instead of the "Bar-Kochba"-like analysis a method,
standing nearer to.the analytic faculty of man, can he de-
signed for electronic computers by applying the process of
"logical multiplication” [2]. This process corresponds in
the binary system to the multiplication by bits /digits/:
the logic multiplication of two numbers contains 1 on the
place of those bits, on the place of which 1 stood in both
numbers. This process enables us to.establish the common
part of sets, if the elements of the set is represented by
"V -s standing on the place of the. single bits. Our-task
consists in reducing the problem of the compatibility of
certain qualities to the establishment of the common part
of sets - and then we can do it on the machine very simply,
with a sole operation, at the sametime for all bits.

Let us make correspond serially to each of the bits of
the electronic computer a grammatical category, such cate’
gories we wish to examine simultaneously, for instance dif =
ferent cases when examining a noun, different forms when
examining a verb etc. Say nominative singular must correspond
to bit 1., accusative singular to bit 2., genitive singular
to bit 3., etc. Det us consider the aggregate of these qua-
lities as basic set, Now if we let correspond to single words
of a nominal syntagma "numbers" /more precisely : Boole -
vectors/ containing such 0-s and \ ~s, which contain g on the:
place of the cate/gories which could refer to the respective
word and O on the place of the other categories, then the
Boole-vectors so obtained will represent a parti.al set of the
basic set consisting of the totality of the qualities examin-
ed simultaneously.

Let us construct the following correspondence as a
simplified model between grammatical categories and bits:



Bit 1. nominative singular /abbr. N/

t 2 accusative 1 A/
M 3 genitive I IV
4 dative I /D/
£ 5 instrumental I /1]
b 6. prepositive if P/
N 7 nominative plural IN/
k 8. acc. I A/
Mg, gen. If /0 /
»10. dat. I Y
11, instr, I Ty
12, prep. 1 ey

In this system the following Boole-veotor corresponds
to the preposition c /according to its government/. For the
sake of perspicuity we indicate, too, the categories cor-
responding to the single hits:

N A GD 1 P b A GD 1 P
0'121 0o 1 0 0 1 1 0 1 O

The following Boole-vector may be assigned /on basis
of the possible cases/ to the pronoun Hawei :

N A G D i P NAGTL I P

o 01 1 1 1 0 0O O O 0 O
By logical multiplication of these two vectors we obtain
1 on the place of those categories which the words ¢ and Hawel

simultaneously satisfy, that is where 1 stands in both vectors
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on the.plane pf the corresponding hit:
N A G DI PNAGTDI P

VAN = 00 1 01 0 0 O0O0O0O0TO

Knowing the correspondence of the hits and grammatical
categories we can establish from the result of the logical
multiplication that within a nominal syntagma these two words
are compatible only in the genitive singular and instrumental
singular.

The Boole-vector pertaining to the word oa&pwra will
he the following:

NA G DI PNAGUDII P

=0 0 1 0 0 0 1 1 0 0 0 O

Carrying out a new logical multiplication between the
former logical product and AN, we obtain the following
result :

NA G DI PNAGUDII P

o 60 1. 0000 0 OUOTUOTFP®O

The result so ob%véined is already ambigous in the ex-
pression c¢ Haweh ¢abpuknm pronoun and substantive are stand-
ing in genitive singular.

As we can see from the above example, the number of
possibilities decreases thanks to logical multiplica-
tions performed in sequence, moreover, in lucky cases it may
be reduced to a sole case.

The essence of the method consists therefore of looking
after the known properties of the object under examination,.
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one after another, and find out what conceptual categories

out of those represented by these properties may he compatible
with each other. So we tighten gradually, successively the
set of categories which may he referred to the object under
examination. Our purpose is to define that smallest subset

of the set of all categories, to which the objeot under exa-
mination pertains.

The method may be applied in several scales: the. assign-
ment of the conceptual categories to the bits is conditioned,
it depends on the character of the object under examination
and on the informations at our disposal. In first approxima-
tion we may content ourselves with the distinction of the
principal categories /for the. number of bits at our disposal
is limited/, and later, after the adequate narrowing of the
set we may make correspond more categories for any single
category in a new system., and break down the categories into
further subcategories.



I11. EXPOSITION OP THE MODEL OP MACHINE ANALYSIS I.
[Preliminary informations/

After the exposition of the applied method let us
examine the progress of the analysis on a more complete mo-
del from the beginning to the analysis on syntagmatic level.

Before surveying the operation of the model let wus
consider in so many words the model itself.

We have the computer If-3 at our disposal, where the
length of a cell is of 30 bits. To the machine an input
unit with perforated tape of 5 channels is joined.The signs
on the perforated tape are perforated according to the Telex
codes.

1/ Transcription. Text .input, Arrangement of the words
In the memory

In order of the better utilization of the bits we con-
structed such a translitération of the text of Russian letters
which uses for the transliteration of the letters only the
26 ones of the T~lex alphabet, but not the signs.We attained
the reduction of the numbers of the letters of the Russian
alphabet tie following way:

1/ We have indicated certain letters, used rather in-
frequently, by a letter of two signs in the transliteration.
The indicati on of the. so-called sh-voices /wwunawne’/ by two
letter-signs seemed the most practical. For the double letters
we used the same letter /b/ as modifying sign

X — * zh y —> ch a —* th.
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2/ We have transcribed some Russian letters which have
identical or related functions, with the same Roman letter:

The number of the homonymous words increases thereby

only very slightly

/moaT, noer — poet/.

In transcribing the other letters, we conserved pos-
sibly their natural correspondents In the Roman alphabet,
according to the internationally used pronunciation:

a —_ a
6 b
B \%
r — > g
& _ 5 d
a —r z
n i
K k
n — - 1
M T m

Exception is made for x to which we have made to cor-
respond the sign x of the Roman alphabet so that the modi-
fying sign h won’t get to functions



as well as for 0o and a8 to which we have assigned to letters
g and w which are not to be found in the Russian alphabet:

For the indication of bl we have used, on the analogy
of the Czech and Slovak orthography, the letter vy.

The transliteration of the whole Russian alphabet is
therefore shown by the following table;

a —— a M —— i E —— T Ww —— Sh
6 — b X — c — s w —- th
B — % K __ K T — t — j
r_ g K — 1 1 — U Bl — Y
W — d M — > m «f — f b ——
e, ¢ — e H — 0 X — X g — - €
) G zh O —- O W — c o — W
3 — z n — p 4y —- ch a —— q

By such a transcription it is enough, also in the ma-
chine, to use 5 bits to indicate single letters, So we may
put 6 letters in a cell and even the longest Russian word
finds room in 3 cells. The use of the number switch is needed
only when punctuation marks and numbers, formulas between the
text are written, therefore these can be separated at once
from the text to be translated.

The arrangement of a single word is made, according to
the length of the word, in 1, 2 or 3 cells /nil, m2, m3/. The
first letter of the word occupies the place of the first 5
bits, the second letter that of the next 5 bits and so on,
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thereafter the word continues in the N2cell IN a fliflillar
way, from left to right. After the last letter we fill the
cell which we have begun, but not wholly filled, with 0-s,

We may ease the troublesome work of the preparation of
the dictionary part by conserving the Russian alphabetical
order in the dictionary. It is advisable therefore the trans-
coding of the Telex signs in the Russian alphabetical order
according to the following correspondence:

Russian. Roman in binary in octonary

system system

space — i 00000 0

R — a — » 00001 1

6 b -—» 00010 2

QI N V —» 00011 3

£ g — + 00100 4

& > d 00101 5

e, € _x e —n 00110 6
zh 0011111010 7+32

B z - 00111 7

" [ , 01000 10

Z i . 10111 27

K » 01001 11

1 my 01010 12

M m A 01011 13

H 7% n 01100 14

0 0 n 01101 15

N P -, OHIO 16
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Russian Roman in binary In octonary

system system
c 01111 17
c 10000 20
£ 10001 21
X 10010 22
£ 10011 23
X 10100 24
£ 10101 25
Y 1010111010 25+32
L 1000011010 20+32
a 1000111010 21+32
b 10111 27
bl 10110 26
b 10111 27
3 00110 6
to -11000 30
! 11001 31

On basis of the above described arrangement of the words
and of the transcoding according to the Russian alphabet we
may interpret the relationship of order of magnitude between
the words in such a way that it should essentially correspond
to the alphabetical order of words. Por instance

staryj < stol

for a < o and
stol <. stolom

because space < 0. /Compare to 0.34721 0.348 and
0.348 < 0.34813./
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reap, with the same numbers:

S t a r 4 j
10000 10001 00001 01111 10110 10111 <

S t 0 1 11— 1.1
< 10000 10001. 01101 01010 00000 00000 <

S t 0 1 0 m
10000 10001 01101 01010 01101 01011

Therefore, if we arrange the numbers corresponding to
the words of the dictionary in their order of magnitude, then
we virtually leave the Russian alphabetical order unchanged.
Divergences may arise only from the reduction of the number

letters.

The putting of the modifying sign h on the last place
of the alphabet took place with the purpose to avoid the
mingling in the dictionary of z and zh, s and sh, c and ch,
t and th, for the words with the letter zh follow only after

those with letter z have all been dealt with.

The reduction of the space to 0 has the advantage that
the stem obtained by cutting down the suffix is always shorter
than the inflected forms of the word.

2/ Search for a word, establishment of the word stem

By searching for a word, we use, for the time being,
the so-called method of alternatives £5] , as no satisfactory
method for concentrating[4], £5 and searching for words is
available £6'J .

Let us suppose that words, more precisely word stems
are located in the dictionary according to their order of '
magni tud e »



As a first step of searching for a word we compare the first
part /first 6 letters/ of thé word searched for with the

first part of the middle word of the dictionary. /As Dbasis

for halfing serves the number of information cells,i.e. the
number of words, and not the number of cells occupied by the
words./ Therefore, if the number of the words is N, ~then in
the first step the comparison takes place with the first part
of the Iprth word. In case of full agreement we examine whether
the word does continue in the next cell. If not the search

for the word has come to an end, if yes, we continue the
comparison with the second part of the word etc. If not even
the first part of the word did agree, for instance it is
smaller, than the middle word of the dictionary, then we
compare the examined word with the /p - p-th/ word in the
first quarter of the dictionary, if it is larger, with the
[“e+ p-th/ word in the third quarter of the dictionary. De-
pending on the result of the comparison, we continue to search
for the word upwards or downwards from the place of comparison.
We carry on this operation of halving the step space expressing
the measure of modification until we attain the machine O.

As the dictionary contains not full words, only word
stems, in case of examination of inflected words we cannot
find full, but only partial agreement« In this case we con-
tinue the search by separating a letter from the end, ot the
examined word, beginning with the preceding place, but again
enlarging the step space tp a certain extent. We must reiterate
mthis process until we attain the word stem and find full agree-
ment with the j-th word of the dictionary. /The process may be
accelerated if we consider after the first search how many
letters were covered by the partial agreement./ If the word
cannot be found in the dictionary /this may be detected for
instance if we resected more letters than might figure in the
suffix, in the cqgse of verbs in suffix and affix/, then we
let write out the word in unchangedlform by the machine.

237



With the aid of this process of searching for words we
may establish simultaneously with the search of the word its
stem, too, and get the following useful informations:

a/ the Hungarian meaning of the word;

b/ the informations assigned to the verb stem, stored
as usual in dictionaries,

c/*we may establish what letters figure in the suffix
[for the sake of brevity.we mean by suffix the full ending
which follows the word stem, nor do we use the concept of
word stem in a strictly grammatical sense/;

d/ we may find out the number of letters figuring in
the suffix.

3/ Contents of the information cell. Classification of
WOr 1S,

We reserve one cell /30 bits/ for every stem of the in-
formations assigned to the word stem. On basis of these cells
we are searching for words so they must contain reference
where we can find the Russian word and its Hungarian meaning
/12 bits/. Be. ides, the cell must contain informations con-
cerning the. "class"™ and "sub-class"™ of the word-type /5 bit*/,
the type of declension /5 bits/ and of connections, govern-
ments within the sentence /8 bits/. Informations may indicated,
too, by letters for the sake of unity.

TV the first letter of the information cell we indicate
the following classes and subclasses:

I. class /adjectives/
a 00001 adjective
b 00010 relative pronoun

v 00011 possessive pronoun



00100 demonstrative or generalizing pronoun

d 00101 personal pronoun
6 00110 preposition
z 00111 numeral

XIl. Glass /nouns/

i 01000 masculine noun denoting an inanimate thing
K 01001 " " " a living thing
1 Q1Q10 feminine noun, ending on -a / -4/ denoting

an inanimate thing

w 01011 feminine noun, ending on -a / -a/ denoting
a living thing

n 01100 feminine noun wi.th soft intonation ending,
denoting an inanimate thing

o 01101 feminine noun wnth soft intonating ending,
denoting a living thing

p OHIO neuter noun

r 01111 noun used only in plural

111, class /verb/

s 10000 verb without variation of stem, l.conjugation
t 10001 v v It » "L "

u 10010 unchanged stem of verb , l.conjugation

f 10011 changed 4 I v "

x 10100 unchanged L1 1w g »

¢ 10101 changed M1 v g

y 10110 unchanged stem of verb with rj k stem

j 10111 changed e L1 I K

2.39



IV. class

w 11000 modifying word, interjection

q 11001- conjunction
h 11010 adverb
11011 h .
11100
11101 'S others
11110

wu )

As 2. letter of the information we use only such letter

which does not figure in the suffix of the respective class;
these denote the particular types of conjugation /the types
of government with prepositions/.

240

In the |, class /adjectives/

b preposition governing only genitive

\% prepositive

d " " dative

z r " instrumental

K " " accusative

1 " accusative or instrumental

n l. " " " prepositive

=} governing accusative, dative or prepositive
r . " " or prepositive

S governing genitive or instrumental pronominal

forms which cannot he treated together with
the adjective. 1.

¢ the same 1I1I.

h the same I11.



In the Il. class /nouns/

1 "cTon", "npuartenp" or "Bpar" type
g "noesn” or "poktop" type

no "mon" type

z "rop” type

kK "nec" type

1 "conpgat", "mawuHa" or "A6n0K0" type
» TETpagb" or "nyTtb" type

p apmusa™ type

r "nponetapuii” or "KOMMEHTapuii" typ

a "3paHune" type

t "cnoso" type

f "none" or "nnaTtbe" type

a "obnako" type

h "Bpema" type

In the 111, class /verbs/

b "umtatb", "ymeTb" or "HecTmn" type

d "ctyuyaTtb", "rosoputb" or "rHatb" type

7 "cToATH" type

kK 'pucoBaTb ", "nucatb", "cTaTtb", "KpbIThb? o
"HauvaTb" type

p "BEpHYTb" type

r "nomoyb" or "nmpoTveub" type

f reserve

0 n
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Here we raust remarks that this is only a provisional
arrangement of types-, prepared for the experimental model.
In some group types of declension of very different kinds
were put together /for instance: conpgart, MmawuHa, a6n0kKo/
on hasis of some coincidence In declension /nominative plural
CoNpatbl, MalWHbl, A6/10KU genitive plural conpaty., MawwuH:,:,
A6n0k, yet this does not cause any trouble in the course of
analysis, because they can easily be separated on basis of
the first letter of the information. /Masculine noun denot-
ing a living thing, feminine noun ending with a denoting an
inam mate thing, neuter noun belong all to other subclasses./

J selection of types and sub-classes for distinction
depends on what categories we assign to the single bits. Our
purrose is to utilize optimally the bits at our disposal , to

ie as much categories as possible on basis cf available
inr.-jrmation. We strove for the separation of categories, of
course, only if it had any importance with respeot to the
translation into Hungarian, as our main purpose was not gram-
matical analysis.

We have assigned the following categories to the 30 bit
at our disposal:

Il. class /nouns/
bit 1. nominative singular masculine /N/
" 2. accusative " " inanimate /k/

" 3. genitive singular, masculine or neuter /0/

" 4. dative " " " » v
" 5. instrumental " " " " 11/
" 6. prepositive singular masculine ending with -y /

/P

" 7. nominative singular feminine ending with -a. /431



«

»

»

«

So

plural,

accusative singular feminine ending with -y / &/

9. genitive " "

10. dative " 1 " " -e
' 11. instrumental n n e

12. " " masculine,feminine oh neuter

ending with -s

13. nominative plural ending with - H / X/

14. accusative " " " " "

15. genitive plural without suffix

16. dative "
' 17. instrumental "

18. prepositive "

19. nominative singular neuter

20. accusative
' 21. nominative " feminine ending with -u*
22. accusative " " " " ”b
23. dative singular ending with rn
24. prepositive " " " -
25. nominative plural " " -a/ al

26. accusative " " " -a "

27. genitive " with suffix

28. accusative " " " living

29. without

30. 1 singular masculine; living

we had to reserve 9 bits for the accusative /singular

living-inanimate, masculine-feminine-neuter, w.i.th and
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without suffix/, while, on the other hand, instrumental has
only 3 bits. This reflects in no way the importance of the
particular cases, but may be explained by consideration”® of
the possibility and necessity of distinction. The instrumental
singular of words with -unin stem of different gender /kommepTa-
puin,apmusd, saganune/ is drawn together, on ;the other hand we had

to segregate for instance the mode of formation with and with-
out suffix of genitive plural.

With regard to the I, class /adjectives/ the same as-,
signment holds true in order to enable us to continue directly
the analysis after the morphologic analysis of each single
word by the collation of the noun with the adjective belonging
to it.

With regard to the 111, class /verbs/
bit 1. present /simple future/ tense first person singular

"3 1 " » " third If i
lonly first conjugation/

It 4. present /simple future/ tense first person plural

5 " " " I second ‘T first m
conjugati

it 6. " n 7 I ihird A "

k7 4 " " t  second I'piural,secoi
conjugation

x 8. " d " I second I pilural, r

It 9. past tense, masculine

10, " 1 feminine

n11. " " neuter

12, " " plural

ﬁ13_ imperative, second person singular ms
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bit

In denominating the categories we disregarded,
brevity’s sake,

T

1
.
]
iy

19.
20,
21.
22.
25.

24.

25.

26,

27.

29.
50.

"
infinitive
"

n

7

participle

| I\

. imperative, BQQorid person plural with endlng

» it | n -nte,-£>Te

1 1..1
with ending "™fb R
Coa R A A |
n n , -9m *, . V. »H

" vowel-fending Tb /with the exception

. of / "
with ending eyb
present tense, active .
past " m

present, /m ‘i"passive
full form with affix
W eblH-,

past 4 " "

_Hl/l_

full form with affix
- T_ ' o

shortened form,
masculine

shortened
feminine

form,

shortened form,

neuter

i I x shortened form,

plural

imperfective adverb

perfective adverb

grammatical

for
precision and denominations

indicate only differences between the categories.
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IV. EXPOSITION OP THE MODEL OP MACHINE ANALYSIS 11.
/Operation of the model/

As a result of the process of searching for words we
attained the contents of the information cell and the letters
figuring in the ending are available.

Our first task is to examine on basis of the first to
bits of the information cell to what class examined word be-
longs.

If the first two bits

00 I. class /adjective/
oL - II. 1 /nouns/

10 - 11" Iveros/

11 - v, " /[ others/.

Fords belonging to the first 3 classes are examined in
an identical way, by the method described in the 11. par+, but
with different Boole-vectors in any of the three classes.These
vectors are assigned to letters in the endings. The Boole-
vector assigned to letter m of the substantive ending contains
for instance 1 in the place of those categorie® in the ending
of which there is m:

singular singular plural singular P pp p P S
NAGDIP NAGDI P NAGDIP NANADP N AGAAA

000010 000000 OOO110 0OO0O0OO0OO0O O O0OOOO

As an example, let us examine how the word 4yucnom is
analysed. At the stem chi,si we find the informéations concerning
the word. We discover from the first two bits of the informa-
tion cell that the word is a noun. This means the point of de-
parture to find the corresponding Boole-vectoro. /This point



of departure shall be for the I. class /adjectives/ cell o~

for the 1l. class /nouns/ cell >, for the I1lIl. class /verbs/
cell . The Boole-vector belonging to letter o of the ending
om of yncnom will be found so that we use for the modifica-

tion of address (Vv the letter £ itself as a number /01101/:
the fi- +£ -th cell contains the Boole-vector belonging'to the

letter o of the noun ending:

sing. sing. plur. sing, ppppps
NAGDIP NAGDIP NAGDIP NANADP NAGAAA

/ft + o/ - 000010 000000 000000 110000 000000

Similarly we found in the & + m -th cell thé Booole-
veotor belonging to letter m of the noun ending

sing. sing. plur. sing, ppppps
NAGDIP NAGDIP NAGDIP NANADP NAGAAA

/N + m/ - 000010 000000 000110 000000 000000

Performing logic multiplication with the contents of
these two cells we find 1 on the plane of those categories
in the ending of which both letters o and. m occur»

sing. sing. plur. sing, ppppps
NAGDIP NAGDIP NAGDIP NANADP NAGAAA

/R+0/A/R+m/OO0Q0IO 000000 000000 000000 000000

In the given case there is only such a category instru-
mental singular masculine-neuter.

“ The applied method led therefore here already after the
first logic multiplication to an unambiguous result,the later
logic multiplications do no more modify this result.
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Bat the performance of farther logic is not superfluous
for instance in the case of the word uucnam:

sing. sing. plur. sing, ppppps
NAGDIP NAGDIP MGDIP NANADP MG-AAA

/[ TW - 001000 100000 00011-1 000000 110001
[f)+ m/ = 000010 000000 000110 000000 00O0OOOO
/[fb+ al/A/l(b+ m/ 000000 000000 000110 000000 0OOOOO

The result is not unambiguous, for both in the cases of
dative plural and instrumental plural the letters a and m
occur alike /umcnam, uyucnamu/.

Fixing the number of letters in the ending /now: 2/ we
define a new Boole-vector:

sing. sing. plur. sing, ppppps
NAGDIP NAGDIP NAGDIP NANADP NAGAAA

I8 - 2/ - 000010 000010 000101 000O0OO 0O1100

This vector contains 1 on the place of those categories
whose ending consists of 2 letters. Performing a new logic
multiplication with this vector:

sing. sing. plur. sing, ppppps
NAGDIP NAGDIP NAGDIP NANADP NAGAAA

»

IB+al/Alfr+m/A/p>-2/ = 000000 000000 000100 000000 000000

In the given case the second logic multiplication led
to the unambiguous result , and further logic multiplications
modify no more the same.
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Yet the analysis of, for instance, the word npegmeTta
shows that in general farther logic multiplications are re-
quired, too.

sing. sing. plur. sing, ppppps
NAGDIP 1'AGDIP TAGDIP NANADF NAGAAA
I

I(V al = 001000 100000 000100 000000 110001
[ft- 4 - 111101 111101 111000 .111111 110011
Ifb* s/A /fi- 4] = 001000 100000 000000 000000 110001

1

The result Bf logic multiplicatiori' §hiowslthat suE)stantive
ending containing letter a occurs in genitive singular masculin
neuter, in nominative singular ending with feminine a, in
nominative and accusative plural of neuter and certain masclulin
nouns, as well as in accusative singular of masculine nouns
denoting living things.

But we may continue tie analysis by using the first two
letters /sub-class and type/ of the information cell.

Let us consider first the type, that is the 2nd letter
of the information cell. We use only such letters to, indicate
the type which do not occur in the ending of the respective
c.lass. We are using these letters the same way to define the
Boole-vector belonging to the type than the letters in the
ending. The word uucnam belongs to the type b, therefore

sing. sing. plur. sing, ppppps
NAG-DIP HAGDIP NAGDIP NANADP NAGAAA

IA + b/l = 111110 000001 110111 000000 001101

Performing the corresponding logic multiplication:

249



Bing. sing. plur. sing, ppppps
NAGDIP NAGDIP NAGDIP NANADP NAGAAA

/fb+a/M-4/Alp+Bb/ = 001000 000000 000000 000000 000001
I, o
The unambiguousness is still not secured; the substantive

ending with one letter containing letter a of substantivos be-'
longing to this type may indicate genitive singular wBaulille-
neuter or accusative singular of masculine living things.

But let us consider the first letter of the information,
too. Concerning the word npeagmet it is _i, in the 1.-th cell

calculated from the ~ cell of departure common tP the thro*
classes we find the following Boole-vector:

sing. sing. plur. sing, ppppps
NAGDIP NAGDIP NAGDIP NANADP NAGAAA 1

/ + i/ - m in o00000i m in ooo00ii 111000

covering masculine substantives which denote inanimate things*

The last logic multiplication has eventually the follow-
ing result:

VA+alAlft-VVIVDb/A/K+i/ 001,000 000000 000000 0QO0000 000000

Prom the obtained vector it may be established that the
word npegmerta stands in genitive singular. *

Logic multiplication had therefore to be performed with
the following Boole-vectors:

1/ the vectors of the letters belonging to the ending

2/ the.vector assigned to the number of the letters in
the ending

250



3/ with the vector assignéd to the type, and finally
4/ " " " " 1 " aub-olas$

The result will not always he unambiguous, of pourae.
For instance referring to the word uuena /letter in the 'oh-
ing: a, number of the letters in the ending: 1, typent, B
class; 2/ ° ,
sing. sing. plur. sing. pppppe
NAGDIP NAGDIP NAGDIP NANADP DAGAAA

I(\+al = 001000 100000 000111 000000 110001
[:b- V - 111101 lindi 111000 111111 upon
/ 10+ t/ 001110 000001 001111 110000 110000
— o, < 001110 000001 111111 110011 lliopo

Their logic multiplication:

yncna —” 001000 000000 OOOOOO 000000 110000
The form upcpna can be therefore - according to the
lysis - genitive singular masculine-neuter, nominative plur ul

neuter or accusative plural neuter.

But if this word is a part of a nominal syntagma in wrich
an adjective or a pronoun also refers to the noun, in agree-
ment with the same, or is preceded by a preposition, tl?*an w
majr continue the analysis on a higher level.

Let us suppose, for instance, that the word 4yucna is
preceded by the adjective uenble. With respect to this word
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sing. sing. plur. aing,.;ppppps

LLILLIE bueps;p LU LLL™ A
I(<+ z/ 110010 000000 111111 000000 U I$io ™o
lob + 3/ K 001101 10011%1 110010 noon 110001 -
M V N/oc+el *= 000000 000000 110010 000000 110000 '~;
/p6—L|.4 T noon m in iiuoi W W miio™

In last analysis we obtain thebsfor« the following:. t«<3i6S?
concerning the word u4wucna, [ |

INylIY~A+©//\/>0~0/ = 000000 000000 110000 OOOOOO 110000 :v';

Conferring this with the vector obtained for the word

yucna - - -*m /001000 000000 000000 000000 110000/.

we obtain the following result :

sing. sing. plur. sing, ppppps
NAG-DIP NAG-DIP NAGDIP NANADP NAGAAA

A
Te.fue g’ 2 2—70* 000000 000000 000000 000000 110000

The expression in question may therefore stand in no-
minative or accusative plural. More about it wo can discover
without analysing the structure of the sentence if, in addi-
tion, a preposition belongs to this nominal syntagma, e.g.
yepes uefnble 4yucna
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To the preposition 4yepe3 belongs the following vector:

sing. sing. plur. sing, ppppps
NAGDIP NAGDIP NAGDIP NANADP NAGAAA

yepes - A 010000 010000 010000’010100 010111

Performing the corresponding logic, multiplication;

yepes3 uenble yucna --—--> 000000 000000 000000 000000 010000

The expression has grammatically hut one meaning.
In conclusion let us consider a verbal example.

Let us examine a participle, for this will he more in-
teresting. Por instance the word to he analysed should be
n3meHsdwwero., in the dictionary we find only the form wu3meHsa.
Performing the logic multiplication with the vectors of the
letters belonging to the ending resp. affix

/X + w / 100001 000000 000000 011111 0O0OO0OOOO

| x * t/ . 001011 110000 011101 110001 o0O0OOOOO

IX  + h/ = 010000 000000 000000 011000 0OOOO1

Iy - e/ = 011110 011111 011000 111110 111101
*

IX + &)/ 000000 000000 000000 011111 0O0O0O0OO

/v 2/ — 000000 000010 000001 011111 001000

are the vectors in question, their logic multiplication is

N3MEHAIOLWEro -——----- > 000000 000000 000000 010000 0O0O0OQOO
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Bit 20, indicates, under our agreement, the present,
participle active of verbs. But a3 we are dealing with a
participle, we may carry on the analysis on adjective level,
we must only segregate the letters belonging to the afflix of
the participle and need to use the vectors of the letters be
longing to the ending for further analysis:

sing. sing. plur. sing. ppppps
NAGDIP NAGDIP NAGDIP NANADP NAGAAA

>+ = o0L,.101 001111 110010 110011 110001
* 4 = 001000 000000 000000 000000 000001
[ crcr 0 = 111101 001111 000000 noon 000001

are the corresponding vectors, their logic multiplication is

sing. sing. plur. sing, ppppps
RAG-DIP' NAGDIP NAGDIP NANADP RAGAAA

N3MEHAIOLWEro  ----------- A~ 001000 000000 000000 000000 000001

The analysis therefore established that the form
stands in genitive singular masculine-neuter or
accusative singular masculine-neuter denoting living things.
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ALGORITHMUS FUR DIE IDENTIFIZIERUNG VON ‘'
SYMBOLROLGEN

(Auf Grund B.D6émolki's Aufsdtze zusammengefaast von R.'Kiefer)

Grundbegriffe
Wir bezeichnen die Menge der Symbole

A = ax, ag,

als Alphabet. Eine Rolge von Symbolen

S = aqg aR ... a wobei 1 S| EEir.n
S1 s2 aq

[ =—
und TS5 ==

sind, wird als ein Wort der L&nge q bezeichnet.

Wir bezeichnen die Menge aller Worter des Alphabets A
mit S/A/.

Es sex
N
&
II tla * %k t;|p
t
21 %2 2 e t;2p
T = ° . kurz T =)t..
< . L s
L] 0

4 i tja22

eine Tabelle aus den Symbolen des Alphabets A, die p Spalten
und in jeder Spalte- ha Elemente hat. Zum Beispiel
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~ L a6
%3 | a’
ab Br
Se

\ J

Die Zahl der Spalten - wir bezeichnen sie mit p - heisst
die Lange der Tabelle. Die einzelnen Spalten werden mit den
Symbolen

11) /\2* eee> "I@

bezeichnet. Jede Spalte ist die Vereinigung gewisser Symbole,
deren Zahl h. Dbetrégt.

fur 1

Wir sagen von einem
X ~ XpXg.-.X S/AI

Wort, dass es in der Tabelle T vorkommt, wenn

h 6. tj No 1

v

gilt. Die Menge aller solcher Worter bezeichnen wir mit T .

Es sei zum Beispiel
A= 1la, b, c, dj

a2=h, a”~=c und a,
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Fiar die hd Werte gilt nun

Ax 2, h2 =2, 'hr = 3

und fir die einzelnen Spalten

b 6 *p, t a L tp, d 12>
a d- t~, b th,

In der Tabelle T kommen nun zum Beispiel folgende WOor-
ter vor:

baa, cdb, bad

aber die Waorter
aaa, bbd, cac

kommen in ihr nicht vor, da die unterstrichenen Symbole in
den entsprechenden Spalten nicht Vorkommen, d.h.

'tp » b 12~ c t3

Bilden wir die aus n Reihen und p Spalten bestehende
Boolesche Matrix

B « b4 wobei 1 -n und

1 j"N~p ist, (kurz: B-Matrix)
folgendermass en:

1, wenn a® t]

0 wenn a1 tlc“t.q

Die Matrix B unseres Beispiels ist nun
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Betrachten wir die einzelnen Reihen

Dp» * KKk« * ®-]

der Matrix B als Boolesche Vektoren von p Elementen und er-
kldren wir unter diesen die Konjunktion, Disjunktion und
Negation in Ublicher Weise, Das heisst, wenn

> 2p >
und

A~ AL y2x txx P )

zwei Boolesche Vektoren sind, dann gelte

Xay - ( x2ay 2* eee % xXp/l yp )

far die Konjunktion,

XVY « ( x2\/~2”° » Xxp \V/yp )

fiar die Disjunktion, und

X —( > Xp )

fur die Negation.

Es seien
P ~( 1>0» e >0)

E2 =(0, 1, ... , 0)

Dp —( 0, 0, ... , 1)

die entsprechenden Einheitsvektorén und bedeute
o =60, 0, ... ,0)

den Nullvektor.
Ein
Y £ S/A/



Wort ist von Typ T, wenn

Y = EXP

ist, und

(E, P sind beliebige Woarter, kdénnen daher auch leer seij;..
Und E, P, X £ S/IA/.)

So .sind sum Beispiel in Bezug auf die obige Tabelle T
die Worter

achadae, cbcdab, bdd

von Typ T, denn die unterstrichenen Teile der Worter (X)
kommen in der Tabelle T vor.

Satz l.g4 v

Es gilt folgender Satz:

Ein Wort S ist dann und nur dann von Typ T, wenn

Zqg A Ep * 0 '

wobei die Vektoren mit folgender Rekursion gebildet werde-
Z0 = 0
°-l & yaBf
Zk “ 1 Zk-1* JABT,

Die Multiplikation mit 2 bedeutet eine Rechtsverschie-
dungy und B ist der entsprechende Boolesche Vektor.

Nehmen wir zum Beispiel das Wort

acbhad

und bilden die x(, Vektoren Z*



h - (1,0, 0 . 1, 1) % (0, 0, 0)

(1, 1, 0) A (@, 0, 1) -~ (1, 0, 0)

z3 - i
za - (i, 1,0 ;oo 1 1) = (0, 1, 0)
sen (1, 0, 1) p(o 1, 1) (0, 0, 1)
und
z5 3™ » (0, , 1)> 0
Wir betrachten nun den Fall, wenn die Erfallung mehre-

rer Eigenschaften &hnlicher Natur untersucht werden sollte.
Es seien

TTL , T2 , , ITm

die entsprechenden Tabellen, deren L&nge der Reihe nach
21 » P2 » *e* » Py

betrdagt, und die zu diesen gehdrenden B-Matrixen der Reihe

nach

Bl » B2 » *** » Bm

Bilden wir die zusammengesetzte B-Matrix durch das Ne-
beneinanderreihen der einzelnen B~-Matrixen. Auf diese Weise
erhalten wir eine Matrix, die n Reihen und

p =pL +p2+ ... +pm

Spalten hat.
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Bilden wir ausserdem die Vektoren K und V folgender-
maseen:

a) Der Vektor K enthalte in den Stellen

1>PA + 1>Pj + P2 h > eee »Pp "t Pp meee + Pffi-1 "t 1

die Eins (d.h. in den Stellen, die den ersten Spalten der ein-
zelnen Tabellen T1 entsprechen, also dort, wo die einzelnen
Tabellen T1 beginnen).

b) Der Vektor V enthalte in den Stellen

Pp» p~ + Pp» Pp ™ Pp P3» eee¢ >Pp " Pp + eee + PN

die Eins (d.h. in den Stellen, die den letzten Spalten der ein

zelnen Tabellen T1 entsprechen, also dort, wo die einzelnen Ta
bellen T1 enden).

Bei Vektoren haben p Elemente.

Es seien zum Beispiel

(Jetzt ist a* =a, a* = b, a~ =¢, a~ =d und p* = 3, Pg = 2,

pr - 1, p® = 3.) Die entsprechenden B-Matrizen sind
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f
f o o\ fo\ fl 1 o\

loi' 01 0 0 10
f 10 O B2 “ 00 B3 m 1 B4 m 011

0 1 J 011
VOV / % \ 7
die zusammengesetzte Matrix
/lo 1110011 o\
iitdioiooio’
P = 100001011
U iiloilooiliy

die Vektoren K und V sind nun

A
|

(i 0010110 o

]
<
I

(00101100 1)

Satz 2,

Bilden wir die Qk Vektoren mit folgender Rekursion

Ee gilt folgender Satz:

Das Wort

ist dann und nur dann von Typ Tr, wobei r eine feste Zahl
zwischen 1 und mist, wenn

«gA V/ 0
und das Wort S ist gerade von Typ Tr, wenn das

PlL + p2‘+ *** + pr "
te Element des Vektors Q -eben Eins ist.
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Betrachten wir sum Beispiel da® Wort

aabpda
und die Matrizen T1, T2, T~ und T4 des vorigen Beispiels. Dann
ist

Q0 - (000 000 000)

QL a (000 100 100) und Qx [ V * (000 000 QOO)
Q2 « (000 100 110) wund Q2 AV'=« (000 000 000)

Q3 »’ (100 010 010) undr Q34 V » (000 010 000)

Da nun das
P + Pg K3 +2 *=5

2
te Element Eins ist, ist das Wort aab von Typ T .
4 ~ (100 001 001) wund qg4A V * (000 001 001)
Da nun das
P + P2 +P3-3+2+1=26

meete und auch das
pi + P2+P3+P4~3+2+1+3~29

-te Element Eins ist, so ist das Wort aabc sowohl von Typ T3
4
als auch von Typ T .

Das Verfahren weiterfiihrend erhalt man

Q5 a (010 000 000) und [\ V
Q6 ~ (001 100 100) und Q64 V

(OO0 000 000)
(001 000 000)

Dies bedeutet, dass das Wort
aabcda.

von Typ T2 ist, da jetzt das p» = 3-te Element Eins wurde.
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