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roland hauseri 

 

 

 

gamoTvliTi 

enaTmecnierebis safuZvlebi 
 

momavalze orientirebuli gamoTvliTi enaTmecnierebis ZiriTadi amocanaa iseTi 

kognituri manqanebis konstruireba, romlebTanac adamianebs SeeZlebaT Tavisuflad 

isaubron TavianTive bunebrivi enis farglebSi. ukve didi xania am amocaniT isazRvreba 

enis funqcionaluri Teoriis, verifikaciis Tanamedrove meTodebisa da sxva 

gamoyenebiTi xasiaTis sakiTxebis farTo speqtri. bunebrivi komunikacia iTxovs 

aramxolod sityviTi, agreTve arasityviTi mocemulobebis aRqmasa da damuSavebas. 

Sesabamisad, saxelmZRvanelo kursSi ganixileba enis is Teoria, romelic aucilebelia 

mosaubre robotebis konstruirebisTvis. amasTan, winamdebare kursis ZiriTadi Temaa 

molaparakesa da msmenels Soris arsebuli bunebrivenobrivi komunikacia. 

 

roland hauseri, 1999 weli, ivnisi. 

 

nawili II 

gramatikuli Teoriebi 
 

mTargmnel-redaqtori _ 

_ konstantine fxakaZe 

mTargmnelebi _  

_ laSa abzianiZe  

_ niko vaxania  

_ sandro masxaraSvili 

_ niko fxakaZe 

_ beso CiqviniZe 

 
saxelmZRvanelo kursi oTx nawilad iyofa: I. enobrivi Teoriebi, II. gramatikuli 

Teoriebi, III. morfologia da sintaqsi, IV. semantika da pragmatika. saxelmZRvanelo 

kursis I nawilSi, romlis qarTuli variantis momzadeba jgufis uaxloes gegmebSia, 

axsnilia bunebrivi komunikaciis meqanizmi, romelic dafuZnebulia enis SLIM Teoriis 

[2+1] donis struqturaze da gansxvavebuli tipis enobriv niSnebze. kursis II nawilSi 

yuradReba gamaxvilebulia sintaqsis gramatikuli komponentis farglebSi Sedgenili 

niSnebis ierarqiuli agebis meTodebze. es formaluri enebis Teoriis farglebSi 

SemuSavebuli is farTod gamoyenebadi meTodebia, romlebic mniSvnelovan rols 

TamaSoben logikisa da maTematikis dafuZnebis problematikaSic. amasTan, II nawilis 

mizania lingvisturi Rirebulebis mqone formaluri cnebebisa da meTodebis rac 

SeiZleba martivi gadmocema da maTi susti da Zlieri mxareebis mimoxilva. 

 

qarTuli teqstis koreqtor-redaqtorebi _ 

  _ fil. mecn. doqtori kaxa gabunia 

  _ fil. mecn. doqtori badri cxadaZe 
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7 Tavi 

warmomqmneli gramatika 

 

 

 

 

7.1 qveTavSi ena formaluri midgomebiT isazRvreba rogorc sasruli leqsikoniT 

mocemuli Tavisufali monoidis qvesimravle. 7.2 qveTavSi mimoxilulia maTematikuri, 

praqtikuli da gamoTvliTi xasiaTis argumentebi imisa, Tu ratom unda visargebloT 

bunebrivi enis aRsawerad warmomqmneli gramatikiT. 7.3 qveTavi gvarwmunebs, rom bunebrivi 

enebis saanalizod warmomqmneli gramatikis meTodebis gamoyeneba aucilebelia, magram 

arasakmarisia imaSi dasarwmuneblad, rom am midgomebiT miRebuli gramatika struqturuli 

TvalsazrisebiT imdenad kargad moergeba enobriv sistemas, rom farTo klasis praqtikuli 

amocanebis warmatebulad gadawyvetisaTvis saWiroeba misi ufro Rrma da vrceli analizis 

gakeTebisa aRar iqneba. 7.4. qveTavSi aRwerilia is istoriulad pirveli warmomqmneli 

gramatika, romelic bunebrivi enebis saanalizod SemuSavda, saxeldobr kategoriaTa 

gramatika, anu C-gramatika. 7.5 qveTavi warmogvidgens C-gramatikis formalur gamoyenebas 

inglisuri enis mcire `fragmentisaTvis~. 

 

 

7.1 ena rogorc Tavisufali monoidis qvesimravle 

 

formaluri enebis TeoriaSi muSavdeba maTematikuri meTodebi, romlebic iZlevian 

gramatikuli analizis praqtikul xerxebsa da SetyobinebaTa damuSavebis ramdenadac 

SesaZlebelia damoukidebel saSualebebs. es yvelaferi TvalnaTliv isaxeba maTi meSveobiT 

gaazrebul enis abstraqtul cnebaSi. 

 

7.1.1 enis gansazRvreba 

 

    ena aris sityviTi mimdevrobebis simravle. 

 

Tavad es simravle (simravleTa Teoriis gagebiT) daulagebelia. miuxedavad amisa, am 

simravlis TiToeuli wevri aris sityvebis dalagebuli mimdevroba (ordered sequence of 

words). 

 

formaluri enis gansazRvrisas umniSvnelovanes sakiTxad dgeba gramatikulad marTebulad 

agebuli (grammatically well-formed) mimdevrobebis gamoyofis, anu aseTi mimdevrobebis 

maxasiaTeblebis dadgenis sakiTxi. amis gamoa, rom gramatikulad marTebulad agebuli 

mimdevrobebis amgeb sityvebs ganixilaven iseT martiv gamosaxulebebad (simple surfaces), 

romelTac ar gaaCniaT arc aranairi maxasiaTebeli kategoriebi, arc aranairi 

gansxvavebuli da Zireuli formebi da arc aranairi mniSvneloba1 (meaning1). 
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magaliTad, a da b sityvebiT warmoqmnili LX={a,b} sityvaTa simravle aris qvemoT 

gansazRvruli formaluri (e.i. abstraqtuli) enis leqsikoni, anu alfabeti1. LX sityvaTa 

simravlis wevrebis sxvadasxvagvari kombinireba iZleva am sityvebiT Sedgenili 

mimdevrobebis usasrulo odenobas. (amas uzrunvelyofs is, rom am mimdvvrobebis sigrZe 

ar aris SemosazRvruli). aseTi sityvebis am yvela SesaZlo mimdevrobaTa usasrulo 

simravles sasrul leqsikonze gansazRvrul Tavisufal monoids (free monoid over a 

finite lexicon) uwodeben. 

 

7.1.2 LX={a,b} simravleze gansazRvruli Tavisufali monoidi 

 

 
a,b, 
aa, ab, ba,bb 
aaa, aab, aba, abb, baa, bab, bba, bbb 
aaaa, aaab, aaba, aabb, abaa, abba, abbb... 
. . . 
 
LX simravleze gansazRvruli Tavisufali monoidi LX simravlis klinis Caketvadac 

(Kleene closure)  iwodeba da mas LX* gamosaxulebiT aRniSnaven. LX* Tavisufali monoidi 

 neitraluri wevris (neutral element) gareSe  LX+ gamosaxulebiT aRiniSneba da igi LX 

simravlis dadebiT Caketvad (positive closure) iwodeba.2 Tavisufali monoidis  

neitralur wevrs zogjer cariel (empty), zogjer ki nulovan (zero)  mimdevrobasac 

(sequence) uwodeben. 

 

Tavisufali monoidis cneba erTnairad moxerxebulia rogorc bunebrivi, ise xelovnuri 

enebisaTvis. Tumca, bunebriv enebs SedarebiT didi leqsikonebi aqvT: cxadia, rom Tuki enis 

yvela gansxvavebuli sityva forma iqneba gaTvaliswinebuli, maSin es leqsikonebi SeiZleba 

Seicavdnen ramodenime milion monacemsac ki. miuxedavad amisa, bunebrivi enebis leqsikonebi 

gvanan xelovnuri enebis leqsikonebs imiT, rom oriveni sasrulia. arada maTTan 

mikavSirebuli Tavisufali monoidi usasruloa. es imitom, rom Tavisufali monoidi 

Seicavs sityvaTa yvela SesaZlo mimdevrobas, maSin rodesac am mimdevrobaTa umetesoba 

gramatikulad araRirebulia am monoidTan mikavSirebuli bunebrivi Tu xelovnuri 

enisaTvis. imisTvis, rom gaifiltros gramatikulad aramarTebulad agebuli sityviTi 

mimdevrobebi, saWiroa formaluri kriteriumebi, romliTac Cven erTmaneTisagan ganvarCevT 

gramatikulad marTebulad da aramarTebulad agebul mimdevrobebs. 

 

                                                 
1 formalur enaTa TeoriaSi xelovnuri enis leqsikons zogjer alfabets uwodeben, sityvas _ asos, 

winadadebas _ sityvas. lingvisturi TvalsazrisiT es praqtika SecdomaSi Semyvania da igi arc aranairi 

aucileblobiT ar aris ganpirobebuli. amgvarad, Cveni midgomebiT, rogorc bunebrivi, ise xelovnuri enis 

ZiriTadi gamosaxuleba sityvad iwodeba (maSinac ki, roca es sityva Sedgeba mxolod erTi asosgan, 

magaliTad a asosgan). aseve, orive saxis enebis marTebulad agebuli gamosaxulebebi CvenTan winadadebebad 

iwodebian (im SemTxvevaSic, roca es gamosaxuleba aris mxolod erT asoiani sityvebis mimdevroba, 

magaliTad aaabbb) 
2 sxva sityvebiT: LX simravleze gansazRvruli Tavisufali monoidi igivea rac LX

+
  { ε } (ix. m. harisoni, 

1978, gv. 3) 
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xelovnur enebSi gramatikulad marTebulad agebulobis (grammatical well-formednees) 

cnebis mkacri formaluri gansazRvreba sirTules ar warmoadgens. aseT enebSi marTebulad 

agebulobis cnebas Tavad am enis amgebi adamianebi sazRvraven. ase magaliTad: vTqvaT 

vsazRvravT akbk (k≥1) gamosaxulebiT aRniSnul xelovnur enas rogorc simravles yvela 

im sityvebisa, romelTagan nebismieri Sesdgeba a simbolos garkveuli odenobiTa da mis 

gverdze miwerili b simbolos igive odenobiT. es ena aris sakuTrivi qvesimravle 7.1.2. 

magaliTiT mocemuli {a,b}  simravleze gansazRvruli sityviTi mimdevrobebis simravlisa. 

 

akbk xelovnuri enis am araformaluri aRweris Tanaxmad gamosaxulebebi ab, aabb, 

aaabbb, aaaabbbb da a.S... marTebulad agebuli gamosaxulebebia, rac Tavis mxriv imasac 

niSnavs, rom 7.1.2 magaliTiT mocemuli Tavisufali monoidis yvela sxva saxis 

gamosaxuleba ar aris SesabamisobaSi akbk enis zemoaRweril struqturasTan. magaliTad, 

iseTi gamosaxulebebi, rogorebicaa vTqvaT a, b, ba, bbaa,   abab, da a.S.. ar arian akbk  

enis marTebulad agebuli gamosaxulebebi. analogiurad akbk xelovnuri enis am aRwerisa 

SegviZlia aRvweroT iseTi xelovnuri enebic rogorebicaa akbkck, akbm ckbm, da a.S.. 

 

aramxolod sasrul leqsikonze gansazRvruli Tavisufali monoidi Seicavs usasrulod 

bevr gamosaxulebas: aseve SesaZlebelia arsebobdes enebi _ rogorc Tavisufali monoidis 

qvesimravleebi _ romlebic agreTve Seicaven usasrulod3 bevr marTebulad agebul 

gamosaxulebasa da winadadebas. amiT aris ganpirobebuli is, rom Tavisufali 

monoidebisagan enis filtraciis kriteriumebs ufro rTuli aRnagoba aqvT, vidre ubralo 

siebs.4 

 

is, rac am SemTxvevaSi martiv sias enacvleba, aris marTebulad agebuli gamosaxulebebis 

iseTi struqturuli aRwera, rom igi gamoyenebadi iyos usasrulo odenobis (anu 

yovelwuTier ganaxlebadi) gamosaxulebebis sruliad gansxvavebuli tipebisaTvis. 

formalur enaTa TeoriaSi aseTi struqturuli aRwerebi warmomqmnel gramatikebad  

iwodeba da isini gaazrebulia rogorc rekursuli wesebis sistemebi (recursive rule 

systems), rac ukve logikidanaa nasesxebi. 

 

akbk xelovnuri enis warmomqmneli gramatikis Semdegi magaliTi iyenebs formalizms, 

romelic dRes PS-gramatikis5 saxeliTaa cnobilia 

 

7.1.3  PS-gramatika akbk enisaTvis 

 

 S → a S b 
 S → a b 

 

                                                 
3
 is, rom usasrulo simravleebis qvesimravle Tavadve SeiZleba iyos usasrulo mtkicdeba luwi ricxvebis 

magaliTiT. marTlac 2,4,6.... aris 1,2,3,4..., naturaluri ricxvebis usasrulo qvesimravle. Tavad naturaluri 

ricxvebis simravle ki aris 0,1,2,3,4,5,6,7,8,9 cifrebis sasrul leqsikonze miweris (concatenation) (mag. 1 

da 2 cifrebis miweriT miiReba 12 da 21) operaciiT agebuli usasrulo simravle. 
4
 mizezi imisa, rom SeuZlebelia naturaluri ricxvebis sruli siis gakeTeba aris is, rom cifrebisagan 

miweris operaciisa da struqturuli principis meSveobiT naturaluri ricxvebis usasrulod bevri 

gamosaxuleba warmoiqmneba. 
5
 PS_gramatikis detaluri aRwera mocemulia me-8 TavSi. 
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PS-gramatikis warmoqmniTi unari emyareba warmomqmneli wesis isris marcxena mxares 

ganTavsebuli gamosaxulebis amave isris marjvena mxares ganTavsebuli gamosaxulebiT 

Canacvlebis umartives formalur princips. samagaliTod ganvixiloT zemoT akbk enisaTvis 

gansazRvrul PS-gramatikaSi aaabbb striqonis warmoqmna. pirvelad gamoiyeneba S → aSb 

wesi. isris marcxena mxares mdebare S gamosaxulebis isris marjvena mxares arsebuli 

gamosaxulebiT Canacvleba iZleva 

aSb striqons. 

Semdeg isev pirveli wesi gamoviyenoT: ukve nawarmoeb aSb gamosaxulebaSi S simbolo 

CavanacvloT aSb gamosaxulebiT. amiT iwarmoeba axali 

aaSbb striqoni. 

da bolos, meore wesis Tanaxmad aaSbb striqonSi S simbolo CavanacvloT ab 

gamosaxulebiT. Sedegad vRebulobT 

aaabbb striqons.    

amgvarad, rogorc vnaxeT, striqoni, romlis warmoqmnis sakiTxsac ganvixilavdiT, 

warmoiqmneba 7.1.3 gramatikis wesebis martivi formaluri gamoyenebiT. es amtkicebs imas, 

rom igi akbk enis marTebulad agebuli gamosaxulebaa. 

 

miuxedavad imisa, rom 7.1.3 gramatika eyrdnoba sasrul {a,b} leqsikonsa da iyenebs sasrul 

raodenoba wesebs is warmoqmnis akbk enis usasrulod bevr gamosaxulebas. es formalurad 

ganpirobebulia pirveli wesis rekursulobiT (recursion): S cvlads, romelic pirveli 

wesis isris marcxena mxares mdebare gamosaxulebas warmoadgens, Semosvla aqvs amave wesis 

isris marjvena mxares mdebare gamosaxulebaSic, rac ganapirobebs imas, rom am wesiT 

SeiZleba vimoqmedoT amave wesis gamosavalze (output) (anu, amave wesiT gamoyvanil (e.i. 

ukve warmoqmnil) gamosaxulebaze). meore mxriv, 7.1.3 gramatikis meore wesi nimuSia PS-

gramatikis ararekursuli (non-recursion) wesisa. 

 

xelovnuri da bunebrivi enebis analizis zemoT nawilobriv aRwerili warmomqmneli 

meTodologia ar aris SezRuduli erTi romelime konkretuli gramatikuli formalizmiT. 

ufro metic, es meTodologia saSualebas iZleva avirCioT erTi ramodenimesagan.6 

formalur enaTa TeoriaSi aseTi Zireuli (e.i. elementaruli) formalizmebi ukve didi 

xania gansazRvrulia. 

 

7.1.4 warmomqmneli gramatikis elementaruli formalizmebi 

 

1. kategoriaTa, anu C-gramatika 

2. frazaTa struqturuli, anu PS-gramatika   

3. marcxniv-asocirebadi, anu LA-gramatika 

 

es elementaruli formalizmebi erTmaneTisagan gansxvavdebian TavTavianTi sabaziso 

cnebebiTa da gamoyvanis wesebiT (ix. 10.1.3, 10.1.4 da 10.1.5) da agreTve gamoyvanis wesebis 

rigiTobiT (ix. 10.1.6). elementaruli formalizmebis formalur safuZvlebs iZleva maTi 

algebruli gansazRvrebebi (algebraic definition). 
 

                                                 
6
 samagaliTod, SeadareT erTmaneTs a

k
b

k
 enis PS- da C- gramatikuli analizebi, romlebic 7.1.3 da 7.4.4 

ganawerebSia gakeTebuli. 
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7.1.5 algebruli gansazRvreba 

 

warmomqmneli gramatikis algebruli gansazRvreba cxadad warmogvidgens sistemis 

ZiriTad Semadgenlebs imiT, rom iZleva am Semadgenlebisa da maTi struqturuli 

urTierTmimarTebebis gansazRvrebebs mxolod simravleTa Teoriis cnebebis 

meSveobiT. 

 
C-gramatikis algebruli gansazRvreba mocemulia 7.4.2, PS-gramatikisa 8.1.1, xolo     

LA-gramatikis 10.2.1 ganawerSi. _ elementaruli formalizmi garda zemoaRniSnulisa 

iTxovs misi yvelaze ufro metad  Rirebuli maTematikuri Tvisebebis gansazRvras. kerZod, 

es gulisxmobs am elementaruli formalizmebis qvetipebiT warmoqmnad enaTa klasis 

ierarqiul dalagebas maTi urTierT qvetipobisa da sirTulis mixedviT. agreTve unda 

dadgindes am elementarul formalizmebs Soris arsebuli formaluri damokidebulebebi. 

 

am Zireul elementarul formalizmebze dayrdnobiT ukve gansazRvrulia mravali maTgan 

warmoebuli formalizmi (derived formalisms). es procesebi wlebia grZeldeba. mizani am 

axal-axali warmoebuli formalizmebis gansazRvrisa aris elementaruli formalizmebis 

siRrmiseulad damaxasiaTebeli sisusteebis daZleva. zogierTi magaliTi aseTi warmoebuli 

formalizmebisa, romlebic ama Tu im dros popularobiT sargeblobdnen, CamoTvlilia 

7.1.6 da 7.1.7 ganawerebSi. 

 

7.1.6  PS-gramatikis warmoebuli formalizmebi 

 

sintaqsuri struqturebi, warmomqmneli semantikebi, standartuli Teoria (ST), 

gafarToebuli standartuli Teoria (EST), Semowmebuli gafarToebuli 

standartuli  Teoria (REST), marTva da kavSiri (GB), barierebi, ganzogadebul 

frazaTa struqturuli gramatika (GPSG), leqsikurad funqcionaluri gramatika 

(LFG), TaviT marTuli frazaTa struqturuli gramatika (HPSG). 

 

7.1.7  C-gramatikis warmoebuli formalizmi 

 

montegius gramatika (MG), funqcionalurad unificirebadi  gramatika (FUG),  

kategoriaTa unificirebadi gramatika (CUG), kombinatoruli kategoriaTa gramatika 

(CCG), unificirebaze dafuZnebuli kategoriaTa gramatika (UCG) 

 

xazgasasmelia isic, rom ukve iyo gamoTqmuli mosazrebebi PS- da C- gramatikebis erT 

warmoebul formalizmSi kombinirebaze, rogorc es aris kuperis gramatikaSi, raTa moxdes 

TiToeuli maTganis susti mxareebis kompensacia da damatebiTi sargeblis miReba maTive 

Zlieri mxareebidan. 

 

warmoebuli formalizmebis maTematikuri Tvisebebi unda daxasiaTdes iseve cxadad da 

zustad rogorc es aris moTxovnili Zireuli elementaruli formalizmebisaTvis. erTi 

SexvediT, ivaraudeba, rom warmoebuli formalizmebi imyofebian upirates mdgomareobaSi 

da rom maTi Sesabamisi elementaruli formalizmebis ukve Seswavlilma Tvisebebma unda 

gagviadvilos maTi analizi. miuxedavad amisa, aRmoCnda, rom warmoebuli formalizmebis 

maTematikuri analizi maTi Sesabamisi elementaruli formalizmebis maTematikur analizze 
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aranakleb rTulia. am saxis kvleviTi procesebi xSirad aTwleulebi grZeldeboda da, 

Sesabamisad, arc Tu iSviaTad iyo Secdomebic.7 

 

Zireuli da warmoebuli formalizmebis garda arseboben agreTve warmomqmneli gramatikis 

naxevrad formaluri sistemebi (semi-formal systems). romelTa aRwerac ar aris 

dafuZnebuli algebrul gansazRvrebebze. magaliTad, aseTebia: damokidebulebaTa gramatika 

(dependency grammar) (tenieri, 1959) da sistemuri gramatika (systemic grammar) 

(halidei, 1985). aseTi sistemebis mkvlevarebi eyrdnobian im hipotetur mosazrebas, rom 
Sesaswavli sistemis Tvisebebi garkveuli xarisxiT similarulia romelime ukve cnobili 

formaluri sistemis Tvisebebis. magaliTad, damokidebulebaTa gramatikasa da C-gramatikas 

Soris udavod aris garkveuli struqturuli msgavseba. 

 

gasageb mizezTa gamo maTematikuri Tvisebebis analizisa da praqtikuli vargisianobis 

sakiTxi gansakuTrebuli yuradRebiT ganxiluli iqneba mxolod Zireuli, anu 

elementaruli formalizmebisTvis. sakiTxi daismis imis Taobaze, Tu am Zireuli 

formalizmebidan romelia ufro vargisi bunebrivi enis (i) lingvisturi analizisa da (ii) 

avtomaturi parseris konstruirebis mizanTa WrilSi. amave miznebiT ixsneba 

konceptualuri da formaluri mizezebi imisa, Tu ratom igeba ase mravlad Zireuli 

formalizmebis axal-axali warmoebuli formalizmebi.     

 

 

7.2 warmomqmneli gramatikis upiratesobaTa 

ganmsazRvreli meTodologiuri mizezebi 

 

iseTi xelovnuri enebisgan gansxvavebiT, rogorebicaa magaliTad akbk da akbkck, romlebic 

winaswar gansazRvruli miznebiTaa Seqmnili (maT Soris, garkveuli sirTulis mqone 

Teoriuli sakiTxebis ganxilvis miznebiTac), bunebrivi enebi moicema maTi Sesabamisi 

enobrivi sazogadoebiT. es imas niSnavs, rom bunebrivi enis gamosaxulebis gageba an 

gramatikulad marTebulad, an gramatikulad aramarTebulad agebul gamosaxulebad 

damokidebulia mTqmelis enobriv intuiciaze. magaliTad: is, rom 7.2.1 ganaweriT mocemuli 

gamosaxuleba inglisuri enis gramatikulad marTebulad agebuli gamosaxulebaa, ara sadao 

inglisuri enis mcodneTaTvis. 

 

7.2.1 gramatikulad marTebulad agebuli gamosaxuleba 

 

the little dogs have slept earlier  
   

meore mxriv ki, Semdeg gamosaxulebas, romelic miiReba pirveli gamosaxulebis sityvebis 

rigis SecvliT, inglisuri enis nebismieri mcodne uaryofs da mas gramatikulad 

aramarTebulad agebul gamosaxulebad miiCnevs.  

 

                                                 
7 magaliTad: n. Comski Tavidan fiqrobda rom waSlebis aRdgenis piroba (recoverability condition of 

deletions) SeinarCunebda transformaciuli gramatikis amoxsnadobis (decidable) Tvisebas (ix. qveTavi 8.5), 

rac uaryofil iqna 1972 wels s. petersisa da r. riCis mier. g. gazdari Tavidan Tvlida, rom metawesebis 

Semotanas GPSG sistemaSi ar unda gaezarda am sistemis Tavdapirveli konteqstisagan Tavisufali 

sirTule, rac uaryofili iqna 1986 wels h. uSkoreitisa da s. petersis kvlevebiT. 
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7.2.2 gramatikulad aramarTebulad agebuli gamosaxuleba 

 

*earlier slept have dogs little the 8 
 

enobrivad marTebulad da aramarTebulad agebul gamosaxulebebs Soris arsebuli 

intuiciuri gansxvavebebis safuZvelze warmomqmneli gramatikebi bunebrivi enebisTvisac 

SeiZleba daiweros. iseve rogorc fizikuri kanonebi iZlevian saSualebas winaswar 

gamovTvaloT drois garkveul momentSi ciuri sxeulebis sivrculi mdebareoba, aseve 

bunebrivi enis Sesatyvisi, anu srulad aRmweri warmomqmneli gramatikis wesebi unda 

iZleodes formalur gadawyvetebs imisa, aris Tu ara esa Tu is enobrivi gamosaxuleba am 

enis gramatikulad marTebulad agebuli gamosaxuleba. 

 

erTi SexedviT, Teoriuli lingvistikis es mizani SeiZleba zedmetad akademiuradac ki 

Sefasdes. Tumca, sinamdvileSi, gasagebi xdeba, rom warmomqmneli gramatikebis gamoyeneba 

Tanamedrove lingvistur meTodologiebSi sruliad aucilebelia. 

 

7.2.3 warmomqmneli gramatikis meTodologiuri midgomebi 

 

empirikuli: iZleva cxadi hipoTezebis Camoyalibebis saSualebas: 

nebismieri warmomqmneli gramatikuli analizi jamdeba iseTi formaluri wesebis 

sistemiT, romelic Seicavs cxad hipoTezebs, imis Sesaxeb Tu romeli Sesavali 

(input) gamosaxulebaa marTebulad agebuli da romeli ara. es cxadi saxis 

hipoTezebi naTels xdis Tu romeli formaluri gramatika aris empirikulad 

adekvaturi da romeli ara. _ es ki, Tavis mxriv, mniSvnelovani winapirobaa 

empirikuli aRweris Semdegi safexurebrivi gaumjobesebisa.  

maTematikuri: formaluri Tvisebebis gansazRvra: 

mxolod mkacrad formalizebuli aRwera gvaZlevs am aRwerebis iseTi maTematikuri 

Tvisebebis9 analizis saSualebas, rogoricaa amoxsnadoba, sirTule da warmoqmniTi 

unari (e. i. SesaZlebloba). gramatikuli formalizmis maTematikuri Tvisebebi ki, 

Tavis mxriv, saSualebas iZlevian ganvsazRvroT ramdenad gamoyenebadia igi 

konkretuli praqtikuli aRwerebisa da gamoTvliTi realizaciebisaTvis. 

gamoTvliTiTi: parseris aRwerilobiTi gansazRvreba:  

mxolod formalur wesTa sistema SeiZleba iqnes gamoyenebuli parseris (parser), 

anu sintaqsuri analizatoris deklaraciuli daxasiaTebisaTvisa (declarative 

specification)10 da misi im aucileblad saWiro Tvisebebis gansasazRvravad, 

romlebic gansxvavdeba programistis mier sistemaSi SemTxveviT Cadebuli 

                                                 
8
 lingvistikaSi aragramitikuli struqturis mqone magaliTebi moniSnulia varskvlaviT *. es SeTanxmeba 

daamkvidra l .blumfildma 1933 wels. 
9 cxadia, rom araformaluri aRweris maTematikuri Tvisebebi SeuZlebelia gamokvleuli iqnas maTi 

struqturebis arasakmarisi sicxadis gamo 
10

 jer kidev arseboben programebi, romlebic ar arian dafuZnebulni aRwerilobiT gansazRvrebaze 

(deklaraciul specifikaciaze). Tumca, miuxedavad imisa, rom es programebi ukve didi xania  muSaoben jer 

kidev ar aris cxadi maTi romeli Tvisebaa Teoriulad aucilebeli da romeli aris SemTxveviTi Sedegi 

programistis TviTSemoqmedebisa. aseT programebs uroebs eZaxian, da isini Teoriuli TvalsazrisebiT 

mxolod mcired arian sainteresoni, praqtikuli TvalsazrisebiT ki Znelad eqvemdebarebian TandaTanobiTi 

gaumjobesebis procesebs, rac maT swraf miviwyebas ganapirobebs. kavSiri gramatikul sistemebsa da maT 

realizaciebs Soris mogvianebiT ganixileba 15.1 qveTavSi. 
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Tvisebebisagan. amasTan, parseris konstruireba ganpirobebulia da, Sesabamisad,  

iZleva im avtomaturi enobrivi analizis gakeTebis SesaZleblobas, romelic 

aucilebelia warmomqmneli formalizmis farglebSi dawerili am Tu im konkretuli 

gramatikis SemowmebisaTvis. 

 

ramdenadac kargi meTodologia aucilebeli winapirobaa imisa, rom miviRoT soliduri 

aRwerilobiTi Sedegi, bunebrivi enebis analizisas warmomqmneli gramatikebis sistemuri 

gamoyeneba rogorc wesi iZleva dadebiT Sedegebs, rac ufro efeqturs xdis  lingvisturi 

analizis praqtikul gamoyenebebsac. 

 

 

ar aris gamoricxuli arsebobdes warmomqmneli gramatikis ramodenime erTmaneTisagan 

gansxvavebuli formalizmi, romelTagan TiToeuli erTnairad sworadaa gansazRvruli. 

Tumca, amavdroulad, isini SeiZleba araTanabrad vargisianebi aRmoCdnen erTi romelime  

bunebrivi enis aRsawerad. marTlac, gramatikis formalizebis erTaderTi winapiroba isaa, 

rom is unda iyos sakvlevi enis adekvaturad konstruirebuli. amgvarad, miuxedavad imisa, 

rom warmomqmneli gramatikis gamoyeneba meTodologiurad aucilebelia lingvisturi 

analizis maTematikuri, empirikuli, da gamoTvliTi Tvisebebis gamosakvlevad, es imaSi, 

rom es gramatikuli formalizmi struqturulad gamosadegi iqneba ganxilvis qveS myofi 

miznebisaTvis, ar gvarwmunebs. 

 

esa Tu is formalizmi am Tu im konkretul enasTan mimarTebaSi fasdeba empirikulad 

vargisad, Tu mas aqvs sakmarisi gamomxatvelobiTi Zala imisaTvis, rom aRweros am enis 

yvela SesaZlo struqtura. maTematikuri TvalsazrisiT formalizmi rac SeiZleba nakleb 

rTuli unda iyos. gamoTvliTi TvalsazrisiT gamomyvani algoriTmis bijebis Tanmimdevroba 

SeTanxmebadi unda iyos efeqtur da gamWvirvale programul struqturasTan. amis garda, 

formalizmi unda iyos funqcionalurad vargisi iseTi xelovnuri SemecnebiTi momqmedis 

(agent) sarealizaciod, romelTanac SesaZlebeli iqneba realur droSi Tavisufali da 

efeqturi urTierTobis damyareba  mxolod bunebrivi enobrivi saSualebebiT. 

 

is, rom romelime gramatikuli Teoria dadasturda rogorc araoptimaluri ama Tu im 

enis maTematikuri analizisaTvis, ar niSnavs imas, rom amis mizezi warmomqmneli 

meTodologia. piriqiT, rom ara es meTodologia, Cven verc veranair daskvnas ver 

gavakeTebdiT ama Tu im formalizaciis aravargisianobis Taobaze. amgvarad, aseTi 

SemTxvevebi formaluri gramatikuli Teoriebis RirebulebaTa uaryofiTad Semfasebel 

faqtorad ver gamodgeba. ufro metic, cxadia, rom konkretuli formaluri gramatikis 

arseboba aris aucilebeli winapiroba imisa, rom konkretul enasTan mimarTebaSi dadgindes 

am formaluri gramatikis adekvaturobis, an araadekvaturobis sakiTxi. 

 

 

7.3 warmomqmneli gramatikis adekvaturoba 

 

warmomqmnel gramatikas uwodeben mocemuli enis srulad aRmwers, anu deskrifciulad 

adekvaturs (descriptively adequate), Tu is warmoqmnis am enis gramatikulad marTebulad 

agebul yvela gamosaxulebas da mxolod maT. araadekvaturi gramatika aris an araswori  

(incorreqt), an arasruli (incomplete), an orive erTad. warmomqmneli gramatika aris 
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araswori, anu arakoreqtuli, Tu is warmoqmnis iseT gamosaxulebebs, romlebic ar arian 

gramatikulad marTebulad agebulni (zemwarmoebloba (overgeneration)). warmomqmneli 

gramatika arasrulia, Tu arsebobs erTi mainc iseTi gramatikulad marTebulad agebuli 

gamosaxuleba, romelsac igi ver warmoqmnis (naklulmwarmoebloba (undergeneration)). 

 

davuSvaT ukve gvaqvs iseTi bunebrivi enis formaluri gramatika, romelzec Cven ar 

vlaparakobT (mag. keCuas enis11) da gvinda gavarkvioT am enis romelime mocemul 

gamosaxulebaze aris Tu ara igi marTebulad agebuli. amisTvis gasaanalizebeli 

gamosaxulebis sityva formebs vusabamebT maT Sesabamis kategoriebs keCuas enis am 

formaluri gramatikis leqsikonis mixedviT. Semdeg vcdilobT gamoviyvanoT (e.i. 

warmovqmnaT) gasaanalizebeli gamosaxuleba amave formaluri gramatikis wesebis 

gamoyenebiT. gamosaxuleba, romelsac vaanalizebT, mxolod im SemTxvevaSi iqneba 

marTebulad agebuli, Tu aseTi midgomebiT misi gamoyvanis arseboba dadasturdeba. 

 

amgvarad, bunebrivi enis gamosaxulebis formaluri gamoyvanis arseboba gamosaxulebis 

gramatikulad marTebulad agebulobis damadasturebelia, Tu cnobilia, rom es 

warmomqmneli gramatika aris am enis srulad aRmweri, anu deskrifciulad adekvaturi. 

amdenad, roca arsebobs raimenairi eWvi im gramatikis deskrifciul adekvaturobaze, 

romelzedacaa saubari, maSin gramatikiT warmoqmnili gamosaxulebebi unda warvudginoT 

enis bunebrivad matarebels da misi meSveobiT unda gavarkvioT arian Tu ar isini 

marTebulad agebulni (gramatikis koreqtuloba). agreTve, enis bunebrivad mcodne 

pirovnebis meSveobiT unda gadamowmdes enis axal-axali marTebulad agebuli 

gamosaxulebebi da unda gairkvevs warmoiqmneba Tu ara isini gansaxilveli gramatikiT 

(gramatikis sisrule). 

 

zogjer imis garkveva, mocemuli gamosaxuleba warmoiqmneba Tu ara mocemuli formaluri 

gramatikiT, did dros iTxovs, rig SemTxvevebSi usasrulod did drosac ki, Tundac 

gamoyvanas superkompiuteri awarmoebdes. yvela aseT SemTxvevaSi miiCneva, rom gamoyenebadi 

formaluri gramatika maRali maTematikuri sirTulisaa. warmomqmneli gramatikis 

maTematikuri sirTule izomeba warmoqmnis (anu, gamoyvanis) yvelaze cud SemTxvevaSi 

gamoyenebuli wesebis maqsimaluri ricxvisa da Sesavali sityvis sigrZis TanafardobiT 

(ix. 8.2 qveTavi). 

 

bunebrivi enebis warmomqmneli gramatikebis Tanamedrove sistemebis umetesoba maRali 

maTematikuri sirTulisaa da, cxadia, es ase iqneba sanam gramatikulad marTebulad 

agebulobis sakiTxi komunikaciis funqcionaluri Teoriis gareSe ganixileba. amdenad, 

dRes ganxilvadi umetesi sistemebisa araefeqturad aanalizebs bunebriv enebs, radgan 

isini praqtikul miznebze jer kidev arasrulyofilad arian morgebulni. amgvarad, Tavi 

rom davizRvioT amgvari Teoriuli naklebisagan, bunebrivi enis sintaqsuri analizi unda 

iyos: 

 

 gansazRvruli maTematikurad, rogorc dabali sirTulis formaluri Teoria, 

 agebuli funqcionalurad, rogorc bunebrivi komunikaciis komponenti, da 

                                                 
11

 samxreT amerikeli indielebis ena 
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 realizebuli meTodologiurad, rogorc efeqturad ganxorcielebuli kompiuteruli 

programa, romelSic formaluri enis Teoriisa da bunebrivi enis analizis Tvisebebi 

warmodgenilia modularuli da gamWvirvale xerxebiT. 

 

cxadia, rom es moTxovnebi unda Sesruldes erTdroulad: ra sargebloba aqvs kargad 

Camoyalibebul sintaqss, Tu misi sirTule an amouxsnadi, an eqsponencialuria? ra mizani 

aqvs maTematikurad sworad formirebulsa da efeqtur formalizms, Tu is aRmoCndeba 

struqturulad araTavsebadi bunebrivi komunikaciis meqanizmebisaTvis?  ramdenad saimedoa 

maTematikurad da funqcionalurad sworad morgebuli (anu, vargisiani) gramatika, Tu is  

gamoTvladobis TvalsazrisiT ararealuria, anu Tu is moiTxovs monacemebis Zalian did 

moculobas?  

 

 

7.4 C-gramatikis formalizmi 

 

istoriulad pirveli warmomqmneli gramatikis formalizmi aris C-gramatika, anu 

kategoriaTa gramatika (categorial grammar). is SeimuSaves polonelma logikosebma 

leSniskim (1929) da ejdukeviCma (1935) im mizniT, rom formaluri enebis analizisas Tavi 

daeRwiaT raselis paradoqsisagan. pirvelad C-gramatika bunebrivi enis damuSavebis mizniT 

i. bar-hilelma12 gamoiyena 1953 wels. 

 

raselis paradoqsis konteqstSi C-gramatikis warmoSoba emyareboda logikuri semantikuri 

mimarTulebis ukve minamdeli arsebobas (ix. 19.3). Sesabamisad, C-gramatikis kombinatorika 

dafuZnebulia funqtor-argumentis logikur struqturaze. funqtori aris funqcia, 

romelic dasaSveb argumentebs gadasaxavs maT mniSvnelobebSi. logikuri TvalsazrisebiT 

funqcia moicema saxelis (name), gamosvlis aris (domain), Casvlis arisa (range) da im 

gadasaxvis (assignment) wesis miniSnebiT, romelic yovel arguments usabamebs ara umetes 

erTi mniSvnelobisa. 

 

7.4.1 logikuri funqciis struqtura 

 

1. funqciis saxeli:    2. gamosvlis are         3. Casvlis are  

                                                    ↑                         
                   4. gadasaxvis wesi 

 

funqciis martivi magaliTia naturaluri ricxvis kvadratSi ayvana. am funqciis saxelia 

ricxvis_kvadrati, misi gamosvlis are, iseve rogorc Casvlis are naturalur ricxvTa 

simravlea. amasTan, gadasaxvis wesi uzrunvelyofs imas, rom nebismieri SesaZlo argumenti, 

magaliTad: 1, 2, 3, 4, 5, ... Sesabamisad aisaxeba zustad erT da kerZod 1, 4, 9, 16, 25, ... 

mniSvnelobebze13. 

 

                                                 
12 am sakiTxebis kargi araformaluri Sejameba aris p. giCis (P. Geach, 1972), aseve j. lambekis (J. 

Lambek, 1958) wignebSi  da i. bar-hilelTan (Y. Bar-hillel, 1964) Tavi 14, paragrafebi 185-189. 
13 kvadratuli fesvi araa funqcia. radgan igi gansazRvris aris zogierT arguments mniSvnelobaTa areSi or 

gansxvavebul mniSvnelobas uTanadebs. magaliTisTvis 4-dan kvadratul fesvs aqvs ori mniSvneloba, esenia: 2 

da -2. amis gmoa, rom kvadratul fesvs uwodeben ara funqcias, aramed mimarTebas (relation) uwodeben. 
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C-gramatikis kategoriebisa da wesebis formaluri gansazRvrebebi funqtorisa da 

argumentis zemomoyvanil cnebebs efuZneba. samagaliTod ganvixiloT Semdegi algebruli 

gansazRvreba.14 

 

7.4.2 C-gramatikis algebruli gansazRvreba 

 

C-gramatika aris xuTeuli <W, C, LX, R, CE>. sadac 

 

1. W aris sityviTi gamosaxulebebis sasruli simravle. 

2. C aris iseTi kategoriebis simravle, rogorebicaa 

a)  bazisi: u da v  C 15; 

b) induqcia: Tu X da Y  C, maSin (X/Y) da (X\Y)  C;  

  g) Caketva: araferi sxva garda (a) da (b) wesebiT gansazRvrulebisa ar aris C  

simravlis wevri. 

3. LX sasruli simravlea. amasTan, LX (WC). 

4. R aris simravle, romelic Seicavs Semdeg or sqematur wess:  

      (X/Y)    (Y)   (X) 

(Y)     (Y\X)   (X) 
5. CE  aris simravle, romelic Seicavs mxolod dasrulebuli gamosaxulebebis (complete 

expressions) kategoriebs; CE  C. 

 

algebruli gansazRvrebis zogadi cnebis Sesabamisad C-gramatikis ZiriTadi komponentebi 

cxadad aris warmodgenili <W, C, LX, R, C E> xuTeuliT da, amasTan, 1-5 winadadebebiT 

mocemulia am komponentebis simravluri gansazRvrebebi. 

 

ufro konkretulad: W aris aRsaweri enis ZiriTadi sityviTi gamosaxulebebis sasruli 

simravle. magaliTad akbk xelovnuri enis SemTxvevaSi W simravle Sesdgeba mxolod a da 

b sityvebisagan. 

 

C simravle gansazRvrulia rekursulad. Sesabamisad, sabaziso u da v wevrebTan erTad 

induqciuri pirobis ZaliT C simravleSi arian agreTve (u\v),  (v\u), (u/v) da (v/u) 

kategoriebic. Tavis mxriv, isev da isev induqciuri pirobis ZaliT ((u/v)/v), ((u/v)\v)), 

((v/u)/u),  ((v/u)\u), (u/(u/v)), (v/(u/v)) da a.S. kategoriebi agreTve C simravlis wevrebi 

arian. amgvarad, C kategoriaTa usasrulo simravlea, radgan misi axali wevrebi miiReba 

misi Zveli wevrebisagan araganmeorebadi rekursiis gziT. 

 

LX simravle aris dalagebuli wyvilebis sasruli simravle. amasTan, TiToeuli es 

dalagebuli wyvili agebulia (i) W simravlis erTi wevrisa da (ii) C simravlis erTi 

wevrisagan. Canawerobrivad am dalagebuli wyvilis meore komponenti, romelic Tavis mxriv 

raime kategoriaa, indeqsad miewereba wyvilis pirvel komponents, rogorc es aris 

magaliTad a((u/v)\v) gamosaxulebaSi. am gamosaxulebis ZiriTadi nawili (e.i. W simravlis 

                                                 
14

 msgavsi gansazRvrebebis naxva SeiZleba i. bar-hilelis wignSi (1964), paragrafi 188. 
15

 elementaruli, anu Zireuli kategoriebis saxelebi da raodenoba (aq u da v) aucileblobiT da 

calsaxobiT ar isazRvreba. magaliTisaTvis ejdukeviCi iyenebda mxolod erT elementarul kategorias, giCi 

da montegiu ors, sxvebi sams. 
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wevri) indeqsad iRebs C simravlis romeliRac wevrs, anu kategorias, rac imas niSnavs, 

rom gamosaxulebis ZiriTadi wevri am kategoriis gamosaxulebaa, rac mTlianobaSi, cxadad 

moicema LX simravlis Semadgeneli wyvilebisa da aq gakeTebuli SeTanxmebebis safuZvelze. 

 

R simravle Seicavs or sqematur wess. am wesebSi  da  cvladebi Sesabamisad gamoiyeneba 

funqtorisa da argumentis Canawerobrivi saxiT warmosadgenad. Sesabamisad X da Y 

cvladebi warmogvidgenen maT kategorialur maxasiaTeblebs. pirveli sqema akombinirebs 

funqtorsa da arguments  rigiT. amasTan, Y, rogorc  argumentis kategoriis 

maniSnebeli, auqmebs  funqtoris kategorialur maCvenebelSi Y kategorias. meore sqema 

akombinirebs funqtorsa da arguments piriqiTi, anu  rigiT. am dalagebis formaluri 

gasaRebia  funqtoris kategorialur maCvenebelSi ukuxazad (backslash) wodebuli ’\‘ 

simbolo (nacvlad wina wesSi gamoyenebadi xazad (slash) wodebuli ‘/’ simbolosi). am 

tipis C-gramatikebs bar-hilelma ormimarTulebiani (bidirectional) C-gramatikebi uwoda, 

radgan es sqematuri wesebi saSualebas gvaZleven funqtori davsvaT rogorc argumentis 

win, ise mis Semdeg. 

 

da bolos, CE warmogvidgens mxolod im gamosaxulebebis kategoriebis simravles, 

romlebic dasrulebul gamosaxulebebad miiCneva. C-gramatikisa da enis specifikebis 

mixedviT es simravle SeiZleba iyos sasruli da ganisazRvros siis pirdapiri CamoTvliT, 

an SeiZleba iyos usasrulo da daxasiaTdes cvladebis Semcveli zogadi modelebiT. 

 

ori kategorizebuli enobrivi gamosaxulebis kanonieri kombinireba damokidebulia imaze, 

SesaZlebelia Tu ara maTi kategoriebis dawyvileba sistemaSi arsebuli romelime 

sqematuri wesiT. kategoriaTa dawyvilebis es wesi C-gramatikaSi cxadad aRwerilad 

iTvleba, radgan am gramatikis aseTi sqematuri wesebis raodenoba oriT izRudeba. _ 

mkacradac Tu ganvsjiT, unda CaiTvalos, rom es sqematuri wesebi cxadad iZlevian 

kategoriaTa dawyvilebis nimuSebs (ix. Tavi 17 da 18). 

 

7.4.3 dawyvilebis cxadi nimuSebi C-gramatikis kombinaciebSi 

 

funqtor sityva    argument sityva       kompoziciis Sedegi 

                                                                              

                                                                          

           (u / v)                          (u)                           (v)  

                 

              Sedegis kategoria 

argumentis kategoria 

 

argument sityva       funqtor sityva     kompoziciis Sedegi 

                                             

                                                                                 

               (u)                                   (u \  v)                            (v) 

        

     Sedegis kategoria 

                       argumentis kategoria 
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cxadia, rom es sqematuri wesebi da am wesebiT gansazRvruli es kombinaciebi nagulisxmevi 

unda iyos C-gramatikis kategorialur struqturebSi. aqedan gamomdinare, ena iTvleba 

sakmarisad gansazRvrulad, Tu mocemulia am enis (i) LX leqsikoni da (ii) dasrulebuli 

gamosaxulebebis CE simravle. samagaliTod ganvixiloT CvenTvis ukve nacnobi akbk  

xelovnuri  enis (ix. 7.1.3) qvemoT mocemuli gansazRvreba. 

 

7.4.4 C-gramatika akbk
 enisaTvis 

 

LX =def {a(u/v),b(u),a(v/(u/v))} 
CE =def {(v)} 

 
a sityva leqsikurad ori (u/v) da (v/(u/v)) kategoriiT isazRvreba. Sesabamisad ixsneba 

qvemoT warmodgenili gamoyvanis xis ganmsazRvreli mizezebi. 

 

7.4.5 akbk
 gamosaxulebis  warmoqmna k=3 SemTxvevisTvis 

 
                                                  aaabbb 
                                                            (v) 

 
                                            aaabb 
                                                  (u/v)       

                                                            aabb 
                                                                   (v) 

                                                      aab 
                                                         (u/v) 

                                                                    ab 
                                                                      (v) 
 
          a                        a                     a                  b             b          b 
           (v/(u/v))             (v/(u/v))          (u/v)             (u)          (u)        (u) 
               1                   2                     3                  4             5          6 

 

warmoqmna iwyeba 3 da 4 sityvebis kombinirebiT. mxolod es sawyisi kompozicia iyenebs 

(u/v) kategoriis a sityvas. Sedegi aris (v) kategoriis ab gamosaxuleba. es gamosaxuleba 

CE simravlis gansazRvrebis Tanaxmad dasrulebuli gamosaxulebaa. Semdeg, sityva 2 

kombinirdeba wina kombinaciis SedegTan da warmoqmnis (u/v) kategoriis aab gamosaxulebas. 

am SedegTan rigis mixedviT kombinirdeba sityva 5, ris Sedegadac warmoiqmneba (v) 

kategoriis aabb gamosaxuleba, da a.S.. aseTi gamoyvanebiT warmoiqmnebian (v) kategoriis 

dasrulebuli gamosaxulebebi, romelTagan nebismieri Sesdgeba a sityvis garkveuli 

odenobisagan da marcxnidan maTze uSualod miwerili b sityvis zustad imave 

odenobisagan. amgvarad, gamodis, rom sasruli 7.4.4 gansazRvreba warmoqmnis akbk enis 

usasrulod bevr gamosaxulebas. 
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struqturuli TvalsazrisebiT C-gramatikas mravali nakli aqvs. pirveli: koreqtuli 

Sualeduri gamosaxulebebis gamorCeva SeiZleba mxolod cdisa da Secdomis meTodiT. 

magaliTad, yovelTvis rodia cxadi ra rigiT unda moxdes Semavali striqonebiT 

gansazRvruli monacemebis kombinireba. meore: C-gramatika, imisTvis rom moxdes 

gansxvavebuli sityvaTa wyobebis sruli kategorizacia, iTxovs leqsikuri orazrovnebis 

maRal xarisxis. amis Sedegia is, rom xSirad eqspertebsac ki uWirT C-gramatikis 

mocemuli striqonisTvis 7.4.5 gamoyvanis msgavsi gamoyvanis ageba, anda imis damtkiceba, 

rom aseTi gamoyvana ar arsebobs. _ gansakuTrebiT es Wirs iseT aramartiv enebSi, 

rogoric akbk enaa. Sesabamisad, C-gramatikaze dafuZnebuli avtomaturi analizi 

gamoTvliTi TvalsazrisiT araefeqturia, radgan gadasamowmebelia yvela SesaZlo 

kombinaciebis sakmaod didi odenoba. amasTan, C-gramatika ar iZleva droSi wrfivi 

gamoyvanebis (time-linear derivation) keTebis saSualebas. magaliTad, 7.4.5 punqtSi, 

iZulebulni varT gamoyvana daviwyoT 3 da 4 sityvebiT. kategoriebis maxasiaTebeli 

stuqturebisa da C-gramatikis sqematuri wesebis Tvisebebis gamo SeuZlebelia akbk 

enisaTvis iseTi C-gramatikis Seqmna, romelsac SeeZleba nebismieri winadadebis warmoqmna 

droSi wrfivi meTodiT. 

 

 

7.5 C-gramatika bunebrivi enisaTvis 

 

C-gramatika aris prototipi leqsikuri midgomisa: enis yvela kombinaciuri Tviseba 

kodirebulia misi ZiriTadi gamosaxulebebis kategoriebSi. es dasturdeba rogorc 7.4.4 

punqtSi gakeTebuli  akbk xelovnuri enis C-gramatikuli gansazRvrebiT,  aseve inglisuri 

enis mcire fragmentis16 qvemoT moyvanili gansazRvrebiTac. 

 

7.5.1 C-gramatika inglisuri enis mcire fragmentisaTvis 

 

LX =def {W(e)  W(e\t)}, 
sadac 

W(e)  = {Julia, Peter, Mary, Fritz, Suzy ... } 

W(e\t)= {sleeps, laughs, sings, ... } 
CE =def {(t)} 

 

7.4.4 gramatikasTan am gramatikis Sedareba gviCvenebs or notaciur gansxvavebas: pirveli, 

leqsikuri monacemebi Tavmoyrilia sityvaTa kategorizebul (anu, Wcat)klasebSi. es 

midgoma, romelic montegiudan modis, aadvilebs leqsikonis agebas, radgan kategoriebi 

miewereba mTlian klasebs nacvlad calkeuli sityva formebisa. meore, 7.4.2 punqtSi u, v 

simboloebiT moniSnuli Zireuli kategoriebi e, t simboloebad gadasaxeldnen. montegius 

Tanaxmad e anzogadebs sagnobriv, t ki _ WeSmaritul mniSvnelobebs.  

 

(e\t) kategoriis sityvebi: sleeps (sZinavs), laughs (icinis), sings (mReris) ... 7.4.1 

punqtis mixedviT motivirebulni arian ara marto sintaqsurad, aramed semantikuradac: 

(e\t) interpretirebulia rogorc maxasiaTebeli funqcia saganTa simravlidan WeSmaritul 

                                                 
16 r. montegiu iyenebda fragmentis cnebas im mizniT, rom gamoeyo bunebrivi enis is qvesimravle, romelic 

ukve SemuSavebuli formaluri gramatikiT unda gaanalizebuliyo. 
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mniSvnelobaTa simravleSi. amasTan, sleeps (sZinavs) sityvis maxasiaTebeli funqcia 

amowmebs yvela e saxis obieqts da imis mixedviT sZinavs mas, Tu ara, am e obieqts 

uTanadebs an 1 (WeSmarit), an 0 (mcdar) WeSmaritul mniSvnelobas. amgvarad, simravle, 

romelic aRniSnulia sityviT sZinavs, Seicavs mxolod im obieqtebs, romlebsac am 

simravlis Sesabamisi maxasiaTebeli funqcia WeSmaritSi (anu, 1 simboloSi) gadasaxavs. 

 

radganac iseT sityvebs rogorebicaa sZinavs da seirnobs aqvT erTnairi kategoria maT 

aqvT erTnairi gansazRvrisa da mniSvnelobebis arec. amasTan, maT Sinaarsebs ganasxvavebs 

maTi sxvadasxvagvari gadasaxvis wesi (ix. 7.4.1 ganaweri). is, Tu rogor ganvsazRvroT es 

sxvadasxva gadasaxvis wesi aratrivialuri gziT (e.i. aradalagebuli wyvilebis siis 

CamoweriT) aris erT-erTi ZiriTadi problema modelur-Teoriuli semantikebisa.17 

 

Julia sleeps (julias sZinavs) winadadebis C-gramatikuli analizis Sinaarsuli 

interpretacia nebismierad aRebul  modelSi Semdegnairad isazRvreba: winadadeba 

WeSmaritia Tu  modelSi sityva julias mniSvnelobas imave  modelSi sZinavs sityvis 

mniSvneloba gadasaxavs 1-Si, anu WeSmaritSi, mcdaria winaaRmdeg SemTxvevaSi. 

 

7.5.2 erTdrouli sintaqsuri da semantikuri analizi 

 

                               Julia sleeps (t) 
  

       Julia (e)       sleeps (e\t) 

                             
mniSvnelobebi (M modelSi): arsi (sagani)   {saganTa simravle} 

 

zemoT xazgasmulis ekvivalenturi simravlur-Teoriuli Tvalsazrisebis Sesabamisad, es 

winadadeba WeSmaritia, roca M modelSi julia sityvis aRsaniSni (denotation) aris im 

simravlis wevri, romelic imave M modelSi sZinavs sityviT aRiniSneba. 
 

C-gramatikaSi, bunebrivi enis gamosaxulebaTa kategoriebi orgvar motivirebulni arian: 

kerZod, (i) denotaciuri (semantika) da (ii) kombinatoruli (sintaqsi) TvalsazrisebiT. 

magaliTad, arsebiTi saxelebi, romlebic simravleebs aRniSnaven, montegium18 gadaiazra 

saganTa simravlis WeSmaritul mniSvnelobaTa simravleSi amsaxvel maxasiaTebel funqciad, 

anu (e/t) kategoriad. aq man gadaxrili xazi gamoiyena arsebiTi saxelebisa da 

intranzituli zmnebis sintaqsuri gansxvavebulobis xazgasasmelad.   

 

determineri (determiner) kombinirdeba zogad saxelTan (noun) da amgvari kombinirebiT 

miRebuli saxeluri fraza (noun phrase), msgavsad sakuTari saxelebisa (proper name), 

SeiZleba ganvixiloT sagnis aRmniSvnelad. es sakmaris safuZvels iZleva imisa, rom igi 

((e/t)/e) kategoriad, anu iseT funqtorad gaviazroT, romelic moqmedebs (e/t) kategoriis 

zogad saxelze da mas  (e) kategoriis sakuTriv saxelad gardaqmnis. zedsarTavi saxeli 

(adjective) ki, romelic moqmedebs zogad saxelze da Sedegad isev zogad saxels iZleva, 

                                                 
17 ixileT 19.4 qveTavi da Col., gv 292-295. 
18 simartivisa da SeTanxmebulobisaTvis: montegius aRniSvnebisgan gansxvavbiT, Cven semantikur tipebsa da 

sintaqsur kategoriebs ganvasxvavebT argumentisaTvis xazamde gamoyofili adgilis meSveobiT. 
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((e/t)/(e/t)) kategoriad unda gadaazrdes. zedsarTavi saxelisa da zogadi saxelis 

kombinirebis aseTi gageba ganapirobebs maTi urTierTmimarTebis rekursiul 

gagrZelebadobas, anu imas, rom zogad saxels SeuZlia zedsarTavi saxelebis mierTeba 

ganusazRvreli odenobiT. 

 

zemoT ganxilul kategorizaciaze dafuZnebuli midgomebiT The small black dogs sleep 

(am patara Sav ZaRlebs sZinavT) winadadebis analizi Semdeg gamoyvanis xes iZleva: 
 

 

7.5.3 bunebrivi enis winadadebebis C-analizi  

                                              The small black dogs sleep 
                                                                                        (t) 

                                    the small black dogs 
                                                                  (e) 

                                                                small black dogs 
                                                                                         (e/t) 

                                                                                               black dogs 
                                                                                                             (e/t) 

      the                                    small                                black                     dogs    sleep 

         ((e/t)/e)                                ((e/t)/(e/t))                         ((e/t)/(e/t))           (e/t)      (e/t) 
 

 

rogorc wina magaliTebSi (ix.7.4.4 da 7.5.1), aseve aqac, C-gramatikuli analizi, anu 

warmoqmna emyareba mxolod LX leqsikonsa da CE simravles. 

 

7.5.4 C-gramatika 7.5.3 magaliTisaTvis 

 

LX=def{W(e)W(e\t) W(e/t)W((e/t)/(e/t))W((e/t)/t)}, 
sadac 

W(e) = {Julia, Peter, Mary, Fritz, Suzy ... } 
W(e\t) = {sleeps, laughs, sings, ... } 
W(e/t) = {dog, dogs, cat, cats, table, tables....} 
W((e/t)/(e/t)) = {smal, black...} 
W((e/t)/t) = { a, the, evry ....} 

CE =def {(t)} 
 

am C-gramatikis lingvisturi motivaciaa funqtor-argumentis struqturebis semantikuri 

mimarTebebisa da sintaqsuri makombinirebeli unarebis maxasiaTeblebis warmoCena. Teoriis 

motivaciis maRali done da misgan momdinare SezRudvebi lingvisturi kvlevebisas dadebiT 
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faqtorad miiCneva. Tumca, miuxedavad imisa, rom C-gramatika erTdroulad izRudeba 

sintaqsuri da semantikuri aspeqtebiT, misi  motivacia mxolod nawilobrivia. es imitom, 

rom araa naTeli C-gramatika da misi modelur-Teoriuli semantika rogor 

ifunqcionirebs bunebriv enobriv komunikaciaSi.19 

 

praqtikuli gadawyvetebisas C-gramatikis struqturebi miiReba sakmaod rTuli 

gamoyvanebiT, romlebsac igive maxasiaTeblebi aqvT, rac TeoremaTa mamtkicebel sistemebs. 

am nakls aZlierebs is faqti, rom bunebrivi enis didi fragmentisTvis saWiro C-gramatika 

iTxovs Zalian maRali xarisxis leqsikur aracalsaxobas, raTa SesaZlebeli gaxdes 

kategoriebis aucilebeli kombinaciuri SezRudvebis kodireba. 

 

es dasturdeba 7.5.4 punqtSi aRwerili C-gramatikiT, romelic ar aris adekvaturi 

inglisuri enis iq ganxiluli mcire fragmentis, da romelic, amavdroulad, xasiaTdeba 

WarbwarmomqnelobiT: mag. sityvebis kombinacia dog(e/t) Peter(e) ,,winadadebaSi” *dog Peter  

(ZaRli piteri) ar aris dablokili. ufro metic, aq araa ganxiluli is kerZo xerxi, 

romelic determinerebsa da zogad saxelebs SeaTanxmebda, ris gamoc 7.5.3 daSvebulia 

iseTi aragramatikuli kombinaciebis warmoqmnac, rogorebica *every dogs (TiToeuli 

ZaRlebi) da *all dog (yvela ZaRli). 

 

TeoriaSi yoveli aseTi sirTule daZleul unda iqnas formalizmis Sesabamisi 

gafarToebiT. Tumca, praqtikaSi, nebismieri gafarToeba iTxovs sakmarisi moculobis 

aRweriTi samuSaoebis20 Catarebas. gafarToebuli sistemis gadaqceva transfarentul da 

maTematikurad advilad aRwerad C-gramatikul formalizmad maRali sirTulis amocanaa 

da did Zalisxmevebs moiTxovs, radgan amgvari gafarToebebis keTebis ganuwyveteli 

saWiroeba iTxovs iseT axal gadawyvetebs, romelTa Tanmxlebi movlenebi arsebiTad 

aqveiTebs sistemis transparentulobis xarisxs. amiT aris ganpirobebuli is, rom 

Teoriuli lingvistikis siRrmiseuli miznis miRwevis, anu bunebrivi enis sruli 

warmoqmniTi aRweris SemuSavebis TvalsazrisiT C-gramatika arasasurvel kandidatad 

ganixileba.  

 

 

 

 

 

savarjiSoebi 

 

 

7.1 qveTavi  

 

1. rogor ganisazRvreba ena formalur gramatikaSi? 

2. axseniT Tavisufali monoidis cneba da misi kavSirebi warmomqnel gramatikasTan. 

3. ra gansxvavebaa dadebiT da klinis Caketvebs Soris? 

4. ra gagebiT SeiZleba iqnes ganxiluli warmomqmneli gramatika, rogorc filtri? 

                                                 
19 ix. diskusia metaenaze dafuZnebuli semantikis Taobaze 19-e da 20-e TavebSi. 
20

 sacdelad ixileT SCG. 
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5. axseniT rekursiis roli 7.13 midgomebiT aaaabbbb gamosaxulebis gamoyvanaSi. 

6. ra aris algebruli gansazRvreba da ra aris misi mizani? 

7. ra gansxvavebaa Zireul (e.i. elementarul), warmoebul, da naxevrad-formalur 

formalizmebs Soris? 

8. ra aris warmoebuli formalizmebis ganviTarebis mizani? 

 

7.2 qveTavi  

 

1. marTebulad agebulobis TvalsazrisebiT riT gansxvavdebian xelovnuri da bunebrivi 

enebi? 

2. axseniT ratom gaigeba gramatikulad marTebulad agebulobis maxasiaTeblebis aRwera 

Teoriuli aRweriTi lingvistikis saboloo miznad? 

3. CamoTvaleT Tanamedrove lingvistikaSi warmomqmneli gramatikis gamoyenebis sami 

mizezi. 

4. ratomaa warmomqmneli gramatikis gamoyeneba aucilebeli, magram arasakamarisi piroba 

enis sruli da warmatebuli analizisaTvis? 

 

7.3 qveTavi 

 

1. ra SemTxvevaSia warmomqmneli gramatika deskrifciulad adekvaturi? 

2. ra igulisxmeba formaluri gramatikis maTematikur sirTuleSi da ra aris 

mniSvnelovani praqtikuli miznebisaTvis? 

3. ra gansxvavebaa funqcionalur da arafunqcionalur gramatikul Teoriebs Soris? 

4. ra sami aspeqti unda iqnes gaTvaliswinebuli warmomqmneli gramatikis Sesaqmnelad da 

ratom? 

 

7.4 qveTavi 

 

1. vis mier, rodis da ra mizniT iqna C-gramatika SemuSavebuli? 

2. rodis da pirvelad vis mier iqna C-gramatika bunebriv enaze miyenebuli? 

3. rogoria logikuri funqciis struqtura? 

4. CamoayalibeT C-gramatikis algebruli gansazRvreba. 

5. axseniT C-gramatikis rTuli kategoriebis funqtorebad interpretirebis sakiTxi? 

6. ratomaa C-gramatikis kategoriaTa simravle usasrulo, leqsikoni ki - sasruli? 

7. romeli formaluri principiT ganpirobda is, rom 7.4.4 punqtSi aRwerili C-gramatika 

miuxedavad misi wesebisa da leqsikonis sasrulobisa warmoqmnis usasrulod bevr 

gamosaxulebas? 

8. ratom iwodeba 7.4.4 punqtSi gansazRvruli gramatikuli formalizmi ormimarTulebian 

C-gramatikad? 

9. SesaZlebelia Tu ara C-gramatikis ganxilva enis SLIM Teoriis sintaqsur 

komponentad? 

 

7.5 qveTavi 

 

1. ratom miiCneva C-gramatika leqsikuri midgomebis prototipulad? 

2. rogor gaigeba warmomqmnel gramatikaSi bunebrivi enis fragmenti? 
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3. axseniT ra damokidebulebaa C-gramatikis rTuli kategoriebis funqcionalur 

interpretaciebsa da bunebrivi enis modelur-Teoriul interpretaciebs Soris? 

4. axseniT rekursuli struqtura 7.5.4 punqtSi aRwerili C-gramatikisa 

5. axseniT C-gramatikis semantikuri interpretaciis principebi. 

6. gaafarToveT 7.5.4 punqtSi aRwerili C-gramatika ise, rom man warmoqmnas winadadebebi 

The man send the girl a letter (kacma gaugzavna gogos werili), The girl received  a 

letter  from The man (gogom miiRo werili kacisgan), The girl was send a letter by 

the man (gogos gaegzavna werili kacisgan). axseniT damatebuli kategoriebis 

semantikuri motivacia? 

7. ratom ar aris bunebrivi enebis did masStabiani C-gramatikuli aRwerebi? 

8. ratom ar aris efeqturi C-gramatikebi praqtikuli TvalsazrisebiT? 

9. ratom ar arsebobs C-gramatikis mniSvnelovani meTodologiuri problemebis efeqturi 

gadawyvetebi?  

10 SeuZlia Tu ara C-gramatikas uzrunvelyos bunebrivi komunikaciis meqanizmi, an, xom ar 

gamodgeboda igi aseTi meqanizmis erT-erT komponentad. 
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8 Tavi 

enis sirTule da enobrivi ierarqiebi  
 

 

 

 

warmomqmneli gramatikis meore elementaruli formalizmi 1936 wels amerikelma 

logikosma e. postma gamoaqveyna. es formalizmi cnobili iyo saxelwodebiT postis 

mawarmoebeli sistema, mokled gadawera. igi Caisaxa rekursiis Teoriis maTematikur 

nawilSi. amasTan, mWidrod iyo dakavSirebuli avtomatebisa  da gamoTvlebis sirTulis   

TeoriebTan. 

 

bunebrivi enisaTvis pirveli gadamweri sistema, saxelwodebiT frazis struqturuli 

gramatika1, mokled PS-gramatika, 1957 wels n. Comskis mier iqna aRwerili. PS-

gramatikaze dayrdnobiT Comskim da sxvebma aages mTeli rigi warmoebuli formalizmebisa, 

romlebsac Tavdapirvelad transformaciul gramatikebs  uwodebdnen. 

 

8.1 TavSi moyvanilia PS-gramatikis algebruli gansazRvreba da aRwerilia is SezRudvebi, 

romelTa PS-wesebze damatebiT miiReba wesieri, konteqstisgan Tavisufali, konteqstze 

damokidebuli da SeuzRudavi PS-gramatikebi. 8.2 TavSi axsnilia sirTulis xarisxis oTxi 

ZiriTadi done da maTi kavSirebi sxvadasxva tipis PS-gramatikebTan. 8.3 TavSi ganxilulia 

warmoqmnis unaris cneba da gaSuqebulia PS-gramatikisa da xelovnuri enebis 

urTierTmimarTebaTa gamoyenebiTi mxareebi. 8.4 TavSi ganixileba konteqstisgan Tavisufali 

PS-gramatikis gamoyenebiTi mxare bunebriv enebTan mimarTebaSi da gansazRvrulia 

SemadgenlobiTi struqturis lingvisturi cneba. 8.5 TavSi axsnilia SemadgenlobiTi 

struqturis paradoqsi da is, Tu ratom ayalibebs garkveuli transformaciebi PS-

gramatikul formalizmebs araamoxsnadi sistemis saxiT.  

 
 
8.1  PS-gramatikis formalizmi 
 

PS-gramatikis algebruli gansazRvreba gvagonebs C-gramatikis (ix. 7.4.2) algebrul 

gansazRvrebas da kerZod imiT, rom sistemis ZiriTadi komponentebi gadanomrilia da 

TiToeuli maTgani simravleTa Teoriis terminebiTaa daxasiaTebuli. 

 

                                                 
1 Comski ar ixseniebs postis wvlils. amas 1960 wels xazs usvams bar-hileli: 

 

es midgoma (e.i. gadamweri sistemebi) standartulia kombinatoruli sistemebisaTvis gacilebiT adre 

iqna SemuSavebuli postis mier (1936). es iyo formaluri aRricxvebis zogad struqturebSi misi 

kargamxsneli gamokvlevebis Sedegi. Tumca, Comskim, Tavisi moRvaweobis bolo wlebSi, gaacnobiera 

postis ideebTan misi ideebis gansakuTrebuli siaxlove.         

                                                                      bar- hileli, 1964, gv.103 

 

aq gasaTvaliswinebelia isic, rom Comskis sadoqtoro disertaciis xelmZRvanels z. haressa da i. bar-

hilels 1947 wlidan axlo mecnieruli kontaqtebi hqondaT. garda amisa, gasaTvaliswinebelia 1951 wlis 

dasawyisSi bar-hilelisa da Comskis diskusiac `dausrulebeli saubrebi lingvistikaze, logikasa da 

meTodologiaze~. (bar-hileli, 1964, gv.16).  
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8.1.1 PS-gramatikis algebruli gansazRvreba 

 

PS-gramatika (PS-grammar) aris  V, VT, S, P   oTxeuli, sadac: 

 

1. V aris niSnebis (signs) sasruli simravle,. 

2. VT aris V simravlis sakuTrivi qvesimravle. amasTan, misi wevrebi terminalur 

simboloebad (terminal symbols) iwodeba,                                           

3. S aris niSani, romelic V da VT simravleebis sxvaobis wevria da mas damwyeb simbolos 

(start symbol) uwodeben, da 

4.  P aris    saxis gadaweris wesebis (rewrite rules) simravle, sadac  aris V+ 

simravlis,  ki _ V* simravlis2 wevri. 

 

amgvarad, PS-gramatikis ZiriTadi komponentebia V, VT da P simravleebi da S damwyebi 

simbolo. VT simravlis Semadgeneli terminaluri simboloebi arian enis sityvebis 

garezedapirebi (word surfaces), anu sityvebi, rogorc mxolod gamosaxulebebi, xolo V 

da VT simravleebis sxvaobis Semadgenel araterminalur simboloebs (nonterminal 

symbols) cvladebs uwodeben. Cven gamoviyenebT berZnul asoebs V+ simravlis 

mimdevrobebis aRsaniSnavad, didi laTinuri asoebiT individualur cvladebs (individual 

variables) aRvniSnavT, patara laTinuri asoebiT ki _ individualur terminalur 

simboloebs (individual terminal symbols). 

 

PS-gramatika gadamweri wesebis meSveobiT enis gamosaxulebebs Semdegnairad warmoqmnis: 

wesis marcxena mxares arsebuli simboloTa mimdevroba icvleba wesis marjvena mxares 

arsebuli simboloTa mimdevrobiT. magaliTad, Tu     aris P simravleSi arsebuli 

gadamweri wesi, xolo  da  arian V+ simravlis mimdevrobebi, maSin 

   
aris  mimdevrobis pirdapiri Canacvleba  mimdevrobiT. sxva sityvebiT:  

mimdevroba miiReba  mimdevrobaze     wesis pirdapiri mimarTviT, anu gamoyenebiT.                    
 

PS-gramatikis gadamweri wesebis zogadi saxe gvibiZgebs Semdegi saxis sistemuri 

SezRudvebis Semotanisken: (rigiTi Tanamimdevroba ganpirobebulia tradiciiT):                        

                           

8.1.2 SezRudvebi PS-sqematur wesebze  

 

0. SeuzRudavi PS-wesebi (unrestricted PS-rules): 0 tipis wesis marjvena da 

marcxena mxare SeiZleba iyos terminaluri da araterminaluri simboloebis 

nebismieri mimdevroba. 

1. konteqstze damokidebuli PS-wesebi (context sensitive PS-rules): 1 tipis wesis 

marjvena da marcxena mxare SeiZleba iyos terminaluri da araterminaluri 

simboloebis nebismieri mimdevroba. Tumca, aucilebelia, rom marcxena mxares 

ganTavsebuli gamosaxulebis sigrZe ar aWarbebdes marjvena mxares ganTavsebuli 

gamosaxulebis sigrZes. magaliTi: ABCADEC 

                                                 
2 V+ aris V  simravlis dadebiTi Caketva, V* ki _ klinis Caketva. 
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2. konteqstisgan Tavisufali PS-wesebi (context-free PS-rules): 2 tipis wesis 

marcxena mxare mxolod erTi cvladisgan unda Sedgebodes, xolo marjvena mxare 

SeiZleba iyos V+ simravlis nebismieri mimdevroba. magaliTi: ABC,   AbBCc  

d.a.S.3   

3. wesieri PS-wesebi (regular PS-rules): 3 tipis wesis marcxena mxare mxolod erTi 

cvladisgan unda Sesdgebodes, marjvena mxare ki unda Seicavdes erT, da mxolod 

erT terminalur simbolos da ar unda Seicavdes erTze met cvlads. magaliTi4: 

Ab,   AbC 
 

radgan wesis tipis rigiTi nomris zrdasTan erTad (dawyebuli 0 tipidan da 

damTavrebuli 3 tipiT) SemzRudvel pirobaTa moculoba sul ufro farTovdeba, gasagebi 

xdeba, rom nebismieri tipis wesi akmayofilebs yvela masze dabali tipis wesis 

moTxovnebsac, rac, bunebrivia, imasac niSnavs, rom nebismieri tipis wesi amavdroulad 

aris nebismieri masze dabali tipis wesic. magaliTad, 3 tipis wesi 

A  bC 
akmayofilebs 0, 1, da 2 tipis wesebis pirobebs. amasTan, konteqstisgan Tavisufali tipis 

(e.i. 2 tipis) wesi 

A  BC 
ar akmayofilebs 3 tipis wesis SemzRudav pirobebs (Tumca igi akmayofilebs 0 da 1 tipis 

wesebis pirobebs). gasagebia, rom sxva tipis wesebTan dakavSirebiTac viTareba 

analogiuria. 

 

8.1.2 ganawerSi PS-gramatikis wesebis gansxvavebuli SezRudvebiT PS-gramatikis oTxi 

gansxvavebuli tipi isazRvreba: PS-gramatika, romelic mxolod 3 tipis, Sesabamisad 2 

tipis, Sesabamisad 1 tipis wesebs Seicavs, wesier (regular), Sesabamisad konteqstisgan 

Tavisufal (context-free), Sesabamisad konteqstze damokidebul (context sensitive) PS-

gramatikad (PS-grammar) iwodeba; PS-gramatika, romlis wesebic aranairad ar izRudeba, 

SeuzRudav PS-gramatikad (unrestricted PS-grammar) iwodeba. 

 

am oTxi gansxvavebuli tipis PS-gramatikiT warmoiqmneba oTxi gansxvavebuli klasis enebi, 

kerZod: wesieri PS-gramatikiT warmoiqmneba wesieri enebi (regular languages); 

konteqstisgan Tavisufali PS-gramatikiT warmoiqmneba konteqstisgan Tavisufali enebi 

(context-free languages); konteqstze damokidebuli PS-gramatikiT warmoiqmneba 

konteqstze damokidebuli enebi (context sensitive languages); SeuzRudavi PS-

gramatikiT warmoiqmneba rekursulad gadaTvladi enebi (recursively enumerable 

languages). 
 

                                                 
3 konteqstisgan Tavisufali gramatika xandaxan iyenebs A formis e.w. `efsilon wesebsac~. Tumca, irkveva, 

rom nebismier SemTxvevaSi SesaZlebelia efsilon wesebis eliminireba (ix. .J.E.Hopcroft & J.D.Ullman, 1979, 

p.90, Teorema 4.3). Cveni midgomebiT 2 tipis wesebisTvis viTxovT marjvena mxares  ganTavsebuli mimdevrobis 

aracarielobas, raTa formalurad SesaZlebeli iyos konteqstisgan Tavisufali wesebis ganxilva konteqstze 

damokidebuli wesebis kerZo SemTxvevad. 
4 es aris marjvniv wrfivi PS-gramatikis (right linear PS-grammar) magaliTi. Ab, ACb wesebiT 

gansazRvruli PS-gramatika aris zemoaRwerili marjvniv wrfivi gramatikis inversuli marcxniv wrfivi PS-

gramatika (left linear PS-grammar). marcxniv da marjvniv wrfivi gramatikebi urTierTekvivalenturebia (ix. 

J. E.Hopcroft & J. D. Ullman, 1979, gv. 219, Teorema 9.2).  
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amasTan, gansxvavebuli tipis enebis es klasebi erTmaneTSia Calagebuli, kerZod: wesieri 

enebis klasi sakuTrivi qvesimravlea konteqstisgan Tavisufali enebis klasis, romelic, 

Tavis mxriv, sakuTrivi qvesimravlea konteqstze damokidebuli enebis klasis, es 

ukanaskneli ki, aseve sakuTrivi qvesimravlea rekursulad gadaTvladi enebis klasis. 

        

enaTa am klasebs Soris arsebuli gansxvavebebi ganpirobebulia Sesabamisi PS-gramatikebis 

gansxvavebuli warmoqmniTi unariT (SesaZleblobiT). gramatikuli tipis warmoqmnis unari 

maRalia, Tu am tipis gramatikas SeuZlia ara marto rekursuli warmoqmna enis mravali 

gansxvavebuli formaluri struqturisa, aramed, amavdroulad, Tu mas SeuZlia 

gamoricxos (exclude) is struqturebic, romlebic ar arian enis nawili. meores mxriv, 

gramatikuli tipis warmoqmnis unari dabalia, Tu am tipis Sesabamisi gramatikebi iZlevian 

mxolod SezRuduli kontrolis damyarebis saSualebas warmosaqmnel struqturebze5.  

 

 

8.2 enobrivi klasebi da gamoTvliTi sirTule 

 

gramatikuli tipiT warmoqmnili enebis klasze da am gramatikuli tipis warmoqmnis 

unarzea damokidebuli gamoTvliTi sirTulis xarisxi, anu enobrivi klasis 

gamosaxulebebis saanalizod saWiro gamoTvlis dro da/an mexsierebis moculoba. 

gamoTvliTi sirTule ganuwyvetliv izrdeba warmoqmnis unaris zrdasTan erTad. mokled: 

sqematuri warmomqmneli wesebis gansxvavebuli SezRudvebi Sedegad iZleva  

 

 

_ gansxvavebul gramatikul tipebs (types of grammar), romlebsac gaaCniaT 

 

_ gansxvavebuli xarisxis warmoqmniTi unarebi (degrees of generative capacity) da 

romlebic warmoqmnian 

 

_ gansxvavebul enobriv klasebs (language classes), romlebic, Tavis mxriv, 

nimuSebia 

 

_ gansxvavebuli xarisxis gamoTvliTi sirTuleebisa (degrees of computational 

complexity). 
 

 

zemoT gaSuqebuli struqturuli urTierTdamokidebuleba ar izRudeba PS-gramatikiT, 

aramed igi samarTliania warmomqmneli gramatikis nebismieri mkacrad gansazRvruli (well-

defined)  formalizmisaTvis (ix. 8.2.3 da 11.5.10). 

 

                                                 
5 magaliTad, 7.1.3 punqtSi a

k
b

k 
xelovnuri enisaTvis aRwerili PS-gramatikis warmoqmnis unari ufro 

maRalia, vidre 8.3.2 punqtSi {a, b} simravleze gansazRvruli Tavisufali monoidisaTvis aRwerili wesieri 

PS-gramatikis warmoqmnis unari (ix. 7.1.2). Tavisufali monoidi Seicavs a
k
b

k  
saxis yvela gamosaxulebas, 

magram mis Sesabamis wesier PS-gramatikas ar SeuZlia gamoricxos is gamosaxulebebi, romlebic ar 

ekuTvnian  a
k
b

k 
enas.   
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warmoqmniTi gramatikuli formalizmis sirTule izomeba im algoriTmis sirTuliT, 

romlis safuZvelzec es gramatika, rogorc operaciuli procedura, realizdeba 

abstraqtul avtomatze (magaliTad iseTze, rogorebicaa tiuringis manqana, wrfivad bmuli 

avtomati, Zirs mbiZgi avtomati, sasrul mdgomareobiani avtomati d.a.S.). am algoriTmis 

sirTule ki im primitiuli operaciebis6 (primitive operations) ricxviT isazRvreba, 

romelsac iTxovs dasamuSaveblad Semosuli gamosaxulebis analizi yvelaze uares 

SemTxvevaSi (zeda zRvari7 (upper bound)). amasTan, am primitiuli operaciebis es ricxvi 

isazRvreba dasamuSavebeli gamosaxulebis sigrZesTan urTierTkavSirSi.   

 

warmomqmneli gramatikebis elementarul formalizmebSi, vTqvaT iseTebSi, rogorebicaa 

PS-gramatika an LA-gramatika, sirTule isazRvreba (e.i. iTvleba) mxolod maTi iseTi 

mkacrad gansazRvruli qvetipebisaTvis rogorebicaa, vTqvaT, PS-gramatikis wesieri, 

konteqstisgan Tavisufali, konteqstze damokidebuli da SeuzRudavi qvetipebi, anda  LA-

gramatikis C1-, C2-, C3-, B- da A-LAG qvetipebi. amis garda, enobrivi klasis sirTule 

gaigivebulia masTan mikavSirebuli gramatikis tipis sirTulesTan. magaliTad, amboben, rom 

konteqstisgan Tavisufali enebis sirTule aris n3 (the context-free languages have a 

complexity of n3), es imitom, rom cnobilia algoriTmi, romelsac SeuZlia konteqstisgan 

Tavisufali nebismieri PS-gramatikis nebismieri gamosaxuleba gaanalizos n3 primitiuli 

operaciis gamoyenebiT, sadac n aris dasamuSavebeli (Sesavali) gamosaxulebis sigrZe.     

 

gamoTvliTi sirTulis gansxvavebuli xarisxebi Sedegad Semdeg oTx ZiriTad klass iZleva.       

 

8.2.1 sirTulis ZiriTadi xarisxebi 

 

 

1.  wrfivi sirTule (Linear complexity):     

n, 2n, 3n, d.a.S. 

 

2.  polinomialuri sirTule (Polynomial complexity):  

n2, n3, n4, d.a.S. 

 

3.  eqsponencialuri sirTule (Exponential complexity): 

2n, 3n, 4n, d.a.S. 

 

4.  araamoxsnadi (amouxsnadi) (Undecidable): 

n   
 

 

                                                 
6 j erleim (J. Earley) 1970 wels daaxasiaTa primitiuli operacia, rogorc `raRac azriT urTulesi 

operacia, romelsac algoriTmi awarmoebs da romlis sirTulec damoukidebelia gramatikisa da Seyvanili 

mimdevrobis zomisagan~. primitiuli operaciis gageba icvleba erTi gramatikuli formalizmidan meoreSi 

gadasvlisas, magaliTad, erleim Tavisi cnobili konteqstisgan Tavisufal gramatikebSi algoriTmis 

primitiul operaciad airCia operacia: erTi struqturis damateba struqturaTa simravleze (ix. 9.3). sxva 

mxriv, LA–gramatikis C-LAG klasis qveklasi primitiul operaciad iyenebs wesis gamoyenebas  (ix. 11.4). 
7 aq saubaria droiT sirTuleze. 
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imis gasaazreblad Tu ra gavlenas axdens sirTulis xarisxi praqtikul gadawyvetebze, 

ganvixiloT germanuli enis limas korpusi (Limas corpus).8 limas korpusSi 

winadadebebis saSualo sigrZe aris 17.54 sityva forma (punqtuaciis niSnebis CaTvliT). es 

imas niSnavs, rom 3n sirTulis wrfivi algoriTmi saSualo  sigrZis  winadadebis (n=17) 

analizisTvis mogvTxovs araumetes 51 operaciisa, n3 sirTulis polonomialuri 

algoriTmi mogvTxovs araumetes 4913 operaciisa, 3n sirTulis eqsponencialuri 

algoriTmi mogvTxovs araumetes 127 362 132 operaciisa, amouxsnadi sirTulis 

algoriTmi ki _ araumetes 17   (= ) operaciisa.  

 

 

m. r. gareim da d. s. jonsonma (M.R. Garey & D.S. Johnson) 1979 wels Seadares, Tu ra 

dros moandomebdnen n3 (polinomialuri) da 2n (eqsponencialuri) sirTulis mqone 

algoriTmebi sxvadasxva zomis erTi da igive problemebis gadaWras. Sedegebi asaxulia 

qvemoT moyvanil cxrilSi. 

 

8.2.2 polinomialuri da esqponencialuri algoriTmebis Sedareba  

 

 

 

                                          problemis   zoma n 

                                            

       droiTi sirTule           10           50              100 

 

             n3               .001 wami      .125 wami         1.0 wami   

              

                         2n               .001 wami      35.7 weli      1015 saukune 

                          

          

 

am magaliTSi garei da jonsoni Semdegi sityvis damatebas TavianTi algoriTmis primitiul 

operaciad ganixilavdnen. 

 

 

mTlianad limas korpusSi 71148 winadadebaa, aqedan zustad 50 winadadeba Seicavs 

aranakleb 100 sityva formas. amasTan, korpusis yvelaze grZeli winadadeba 165 

sityvisagan Sesdgeba.9 amgvarad, garei da jonsonis gazomvebiT gamodis, rom 2n xarisxis 

eqsponenciauluri sirTulis gramatikuli algoriTmiT korpusis avtomaturi analizi 

yvelaze cud SemTxvevaSi 10 15 saukuneze met xans unda gagrZeldes. es dro bevrad metia 

                                                 
8 rogorc 15.3 qveTavSia axsnili, limas korpusi aigo Brown da LOB-is korpusis analogiurad da Seicavs 

500 teqsts, romelTagan TiToeuli 2000 sityva formisgan Sesdgeba. amasTan, es teqstebi airCa sruliad 

nebismierad teqstebis im 15 gansxvavebuli tipidan, romlebic aseve sasafuZvlo iyo Brown da LOB-is 

korpusisaTvis. gasagebia, rom 1973 wels ganxorcielebuli am mcdelobis mizani iyo rac SeiZleba 

metiMmiaxloveba im sasurvel da balansirebul korpusTan, romelic, Tavis mxriv, mTeli germanuli enis 

warmomadgeneli iqneboda. 
9 es monacemebi gamoaqveyna markus Sulcma CLUE-Si. 
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samyaros asakze da swrafi manqanebiTac ki misi praqtikulad Rirebul dromde  Semcireba 

ararealuria. 

 

PS-gramatikisaTvis SemzRudavi wesebis, gramatikuli tipebis, enobrivi klasebisa da 

sirTulis xarisxebis urTierTkavSirebi asaxulia qvemoT moyvanil cxrilSi. 

           

8.2.3 formaluri enebis PS-gramatikuli ierarqia 

 

 

 

 SezRudvebi      PS-gramatikis tipebi             enaTa klasebi         sirTulis xarisxebi  

                                                                          

            
   tipi 3             wesieri PSG               wesieri enebi                wrfivi 

           

   tipi 2         kont. Tavisufali PSG      kont. Tavisufali enebi       polinomuri 

 

   tipi 1        kont. damokidebuli PSG     kont. damokidebuli enebi     eqsponencialuri 

   

   tipi 0           SeuzRudavi PSG         rekur. gadaTvladi enebi       araamoxsnadi 

    

 

  

am PS-gramatikul ierarqias Comskis ierarqiasac uwodeben. am ierarqiis alternatiul 

ierarqiad ganixileba formaluri enebis klasebis LA-gramatikuli ierarqia (ix. 11-e Tavis  

11.5.10 da 11.5.11 qveTavebi). es alternatiuli LA- da PS- gramatikuli ierarqiebi 

Sedarebulia me-12 TavSi. 

 

 

8.3 warmoqmniTi unari da formalur enaTa klasebi 

 

lingvisturi TvalsazrisebiT ismis kiTxva: arsebobs Tu ara iseTi tipis PS-gramatika, 

romelic warmoqmnis im da mxolod im struqturebs, romlebic bunebrivi enebisTvisaa 

damaxasiaTebeli. am kiTxvis interesebidan gamomdinare ufro axlos mivideT im 

struqturebTan, romlebsac gansxvavebuli tipis PS-gramatikebi warmoqmnian. 

 

PS-gramatikis tipebs Soris yvelaze metad SezRuduli wesebi, warmoqmnis umdablesi 

unari da gamoTvliTi sirTulis umdablesi xarisxi aqvT wesieri tipis gramatikebs.10 

wesieri gramatikis warmoqmniTi unari erTi warmoqmniTi operaciis farglebSi emyareba 

yovelgvari Tanamdevi rekursuli movlenebis gareSe mxolod erTi, calke aRebuli sityvis 

rekursuli gameorebis SesaZleblobas. 

                                                 
10 wesieri enebis klasi ar Sedis LA-gramatikul ierarqiaSi, Tumca irkveva, rom am enobriv ierarqiaSic 

SeiZleba misi awyoba ( CoL, Teorema 3, gv. 138). LA-gramatikul ierarqiaSi arsebobs wesieri enebis 

alternatiuli C1-enebis wrfivi klasi. rogorc naCvenebia 11.5 qveTavSi, C1-enebis klasi Seicavs rogorc 

wesier enebs, ise iseT deterministul konteqstisagan Tavisufal enebs, romlebic gamocnobadia efsilon-

Tavisufali DPDA-s mier, da, aseve, bevr konteqstze damokidebul enebs. 
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magaliTad, abk wesieri enis nebismieri gamosaxuleba Sedgeba mxolod erTi a simbolosa 

da masze midevnebuli an erTi, an ori, anda ufro meti b simbolosagan. abk enis wesieri 

PS-gramatika ganisazRvreba Semdegnairad:   

 

8.3.1 abk
 enis wesieri PS-gramatika (k  1) 

 
V =def {S, B, a, b} 
VT=def {a, b} 
P =def {S → aB,  B → bB,  B → b} 

 

wesieri enis kidev erTi magaliTia {a, b} simravleze gansazRvruli Tavisufali 

monoidisagan nulovani wevris gamoklebiT miRebuli simravle, romelic warmoiqmneba 

Semdegi PS-gramatikiT: 

 

8.3.2 {a,b}+ enis wesieri PS-gramatika 

  

V  =def {S, a, b} 
VT =def {a, b} 
P  =def {S → aS, S → bS, S → a, S → b}  

 

imaSi, rom wesier gramatikas ar SeuZlia warmoqmnas sistemuri Sesabamisoba nebismierad 

aRebul ricxvebs Soris, gvarwmunebs CvenTvis ukve nacnobi konteqstisagan Tavisufali 

akbk enisa da wesieri ambk enis dapirispireba. 

 

8.3.3 ambk
 enis wesieri PS-gramatika (k, m  1) 

 

V  =def {S, S1, S2, a, b} 
VT =def {a, b} 
P  =def {S aS1, S1 aS1,  S1 bS2, S2b}  

 

ambk ena wesieria, radganac a da b simboloebis ricxvi ambk gamosaxulebaSi 

erTmaneTisagan damoukidebelia. _ amas erTmaneTisagan gansxvavebuli zeda m da k indeqsebi 

uzrunvelyofen. meore mxriv, akbk ena wesieri PS-gramatikis warmoqmniTi unaris, anu 

SesaZleblobis miRma rCeba, radganac is moiTxovs a da b simboloebis ricxvis ara 

erTmaneTisagan damoukideblobas, aramed, piriqiT, maT erTmaneTTan Sesatyvisobas. _ es maTi 

erTi da igive zeda k indeqsiT aris ganpirobebuli. 

  

intuiciuri mosazrebebiT, wesieri PS-gramatikis warmoqmnis unaris SezRudulobis mizezi 

unda momdinareobdes im SezRudvebidan riTac misi wesebi xasiaTdeba: imis gamo, rom 3 

tipis wesis marjvena mxare Sesdgeba zustad erTi terminaluri simbolosa da maqsimum 

erTi cvladisagan, mas, misi am SezRuduli rekursuli saSualebebiT, ubralo dawyvilebis 

warmoqmnac ki ar SeuZlia. – rasac bunebrivia iTxovs akbk ena. 

 

formaluri damtkiceba imisa, rom wesieri PS-gramatikis warmoqmnis unari ufro dabalia, 

vidre konteqstisagan Tavisufali PS-gramatikisa, ar aris trivialuri da emyareba 
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wesieri enebisTvis arsebul mtumbav lemas (pumping lemma)11, romelic formalurad 

amtkicebs, rom arsebobs enebi, romelTa warmoqmna wesieri PS-gramatikebiT SeuZlebelia. 

 

mtumbavi lema garkveuli enobrivi klasisaTvis gviCvenebs, Tu rogori struqturebi 

SeiZleba hqondes mas. es keTdeba am enobrivi klasis im ZiriTadi struqturuli nimuSebis 

(patterns) iseTi cxadi amoweriT, rom SesaZlebeli xdeba maTgan yvela SesaZlo 

damatebiTi gamosaxulebebis usasrulo simravlis amotumbva, riTac sabuTdeba is, rom 

isini SeiZleba Sedgebodnen mxolod am ZiriTadi struqturuli nimuSebis garkveuli saxis 

gameorebebiT. 

 

PS-gramatikul ierarqiaSi gramatikis Semdegi ierarqiuli tipi aris konteqstisgan 

Tavisufali PS-gramatika. konteqstisgan Tavisufali enis magaliTebia: akbk ena, romlis 

warmomqmneli PS-gramatika 7.1.3 qveTavSi, xolo C-gramatika 7.4.3 qveTavSia gansazRvruli, 

da akb3k ena, romlis gansazRvrebac aqve keTdeba. 

 

8.3.4 akb3k 
enis konteqstisgan Tavisufali PS-gramatika 

 

V  =def {S, a, b} 
VT =def {a, b} 
P  =def {S → aSbbb, S → abbb} 

 
2 tipis gramatikebs konteqstisgan Tavisufals uwodeben, radganac, gansazRvrebis Tanaxmad 

(ix. 8.1.2), am tipis wesebis marcxena mxare Sesdgeba mxolod erTi gamxoloebuli 

cvladisagan. _ e.i. sxva `konteqsturad~ mosazRvre niSnebisa da simboloebis gareSe12. 

 

konteqstisgan Tavisufali wesis formas (ix. 7.1.3 da 8.3.4) gavyavarT warmoqmnis unaris 

sxva SezRudvaze: konteqstisgan Tavisufal gramatikebs SeuZliaT rekursulad warmoqmnan 

urTierTSesabamisobebi, magram mxolod iseTebi, rogorebicaa vTqvaT abc...cba mimdevrobis 

msgavs inversul wyvilebSi (inverse pair).13 

 

inversuli wyvilis   struqtura, riTac konteqstisgan Tavisufali enebi xasiaTdebian, 

kargad Cans konteqstisgan Tavisufali gamosaxulebebis gamoyvanebSi. samagaliTod 

ganvixiloT konteqstisgan Tavisufali ena WWR, sadac W aRniSnavs sityvaTa nebismier 

mimdevrobas (mag. abcd), xolo WR Sesabamis inversul mimdevrobas (e.i. dcba).14 

 

8.3.5 WWR
 enis konteqstisgan Tavisufali PS-gramatika 

 

V  = def {S,  a, b, c, d} 
VT = def {a, b, c, d} 
P  = def {S→aSa, S→bSb, S→cSc, S→dSd, S→aa, S→bb, S→cc, S→dd} 

                                                 
11

 ix. Hopcroft and Ullman, 1979, gv.55. 
12 `konteqstis~ gageba specifikuria PS-gramatikis terminologiisaTvis da araferi kavSiri ar aqvs 

mosaubre-msmenelis internalur konteqstur gagebasTan (ix. Tavi 3_6 Tavebi). 
13 yoveli konteqstisgan Tavisufali ena aris wesieri simravlis da naxevrad dik simravlis gadakveTis 

homomorfuli (Comski-Sutcenbergeris Teorema). ix. M. Harrison 1978, gv. 317. 
14 zeda 

R
 indeqsi  WW

R
 gamosaxulebaSi simbolurad gvaniSnebs inversiaze. 
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wesieri enebis klasTan SedarebiT konteqstisgan Tavisufali enebis klasis gazrdili 

warmoqmniTi unari iwvevs gamoTvliTi sirTulis zrdasac. marTlac, maSin roca wesieri 

enebi analizdeba wrfiv droSi, konteqstisgan Tavisufali enebis gaanalizebas polinomuri 

dro sWirdeba (ix. 8.2.3). 

 

konteqstisgan Tavisufali PS-gramatikebis warmoqmniTi unari sakmaod SezRudulia15. 

klasikur magaliTad imisa, rom ena scdeba konteqstisgan Tavisufali PS-gramatikis 

warmoqmniTi unariT gansazRvrul SesaZleblobebs, ganvixiloT akbkck xelovnuri ena, 

romlis gamosaxulebebi a, b da c simboloebiT agebuli toli sigrZis mimdevrobebisgan 

Sesdgeba. magaliTad:  a b c,  a a b b c c,  a a a b b b c c c,  da a.S.. 

 

konteqstisgan Tavisufal PS-gramatikas ar SeuZlia akbkck enis warmoqmna, radganac is 

moiTxovs sami gansxvavebuli nawilis urTierTkavSirs _ es ar jdeba konteqstisgan  

Tavisufali enebis dawyvilebuli inversulobis struqturul bunebaSi, rac CvenTvis 

cnobilia akbk da WWR enebis ukve ganxiluli magaliTebiT. 

 

kidev erTi ena, romelic scdeba konteqstisgan Tavisufali PS-gramatikebis warmoqmniTi 

unariT gansazRvrul SesaZleblobebs aris WW ena. aq W sityvebis nebismieri mimdevrobaa. 

Tu 8.3.5 punqtiT gansazRvruli konteqstisgan Tavisufali WWR ena Seicavda Semdegi 

saxis gamosaxulebebs 
 

a a 
a b b a 

a b c c b a 
a b c d d c b a  

. . .   
 
romlebic dawyvilebuli inversulobis aSkarad gamokveTili struqturiT xasiaTdebodnen, 

WW ena Seicavs Semdegi saxis gamosaxulebebs  
 

a a 
a b a b 

a b c a b c 
a b c d a b c d 

. . .   
 
romlebsac ar gaaCniaT inversulobis struqtura. amgvarad, miuxedavad WWR da WW 

enebis aSkara msgavsebisa, WW enisTvis 8.3.5 saxis PS-gramatika ar arsebobs. 

 

akbkck da WW enebis meSveobiT intuiciurad dasabuTda, rom arsebobs enebi, romelTa 

warmoqmnac SeuZlebelia konteqstisagan Tavisufali PS-gramatikiT. _ amis formaluri 

                                                 
15 konteqstisgan Tavisufali enebis klasi ar Sedis LA-gramatikul ierarqiaSi, Tumca SeiZleba iq misi 

awyoba (CoL, Teorema 4, gv. 138). ix. agreTve 11.2, SeniSvna 12. samagierod LA-gramatikuli ierarqia 

warmoSobs alternatiul C2-enebis polinomur klass. rogorc naCvenebia 12.4 qveTavSi C2-enebis klasi 

Seicavs umetes, magram ara yvela konteqstisgan Tavisufal enas, aseve bevr konteqstze-damokidebul enas. 
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damtkiceba aranairad ar aris trivialuri. rogorc wesieri enebis SemTxvevaSi gvqonda, 

damtkiceba am SemTxvevaSic mtumbav lemas emyareba. Tumca, amjerad, es lema yalibdeba 

konteqstisgan Tavisufali enebisaTvis.16 

          

Semdegi ufro farTo enobrivi klasi PS-gramatikul ierarqiaSi aris konteqstze 

damokidebuli enebi, romlebsac PS-gramatika warmoqmnis 1 tipis wesebis gamoyenebiT. 

 
TiTqmis nebismieri ena, romelzec SegviZlia vifiqroT, konteqstze damokidebulia; 

erTaderTi cnobili damtkiceba, rom garkveuli saxis enebi ar arian CSL tipis, saboloo 

jamSi dafuZnebulia diagonalizaciaze.  

                                         J.E. Hopcroft and J.D. Ullman, 1979, gv. 224   

 

radganac praqtikulad SeuZlebelia konteqstze damokidebuli enebis sabaziso 

struqturebis nimuSebis amomwuravi Camowera `vinmem SeiZleba ivaraudos~, rom konteqstze 

damokidebuli enebisaTvis mtumbavi lema ar muSaobs. 1 tipis, anu konteqstze 

damokidebuli wesebis struqtura aRwerilia 8.3.6 ganawerSi: 

 

8.3.6 konteqstze damokidebuli wesebis standartuli sqema 

 

1A2  12, sadac  ar aris carieli mimdevroba. 

 

PS-gramatikaSi konteqstze damokidebuli da konteqstisgan Tavisufali terminebis 

cnebiTi Sinaarsebi gaigeba maT urTierTdapirispirebulobaSi. maSin rodesac konteqstisgan 

Tavisufali 2 tipis wesis marcxena mxares daiSveba mxolod erTi gamxoloebuli cvladis 

ganTavseba, konteqstze damokidebuli 1 tipis wesis marcxena mxareSi nebadarTulia 

cvladis ganTavseba garemezobel (e.i. mis orive mxares mdebare) terminalur simboloebTan 

erTad. es, rogorc amas 8.3.6 punqtSi aRwerili sqemac gviCvenebs, 1 tipis wess 

konteqstze damokidebuls xdis, radgan am sqemis mixedviT, A cvladi SeiZleba Canacvldes 

(e.i. gadaiweros)  simboloTi mxolod 1 __ 2  ‘konteqstSi’. 

 

1 tipis wesis marcxena mxares ganTavsebuli cvladis garemomcveli konteqstis 

sxvadasxvagvari gansazRvris SesaZleblobebi didad zrdis gadawerebis gakontrolebis 

saSualebebs, rac, Tavis mxriv, aseve didad zrdis konteqstze damokidebuli PS-

gramatikebis warmoqmniT unars. amaSi gvarwmunebs  akbkck enis qvemoT aRwerili 

konteqstze damokidebuli PS-gramatika: 

 

8.3.7 konteqstze damokidebuli akbkck
 enis PS-gramatika 

  

V  =def {S, B, C, D1, D2, a, b, c} 
VT =def {a, b, c} 
P  =def      { S →  a S B C,                            wesi  1 

                           S →  a b C,                               wesi  2 

                             C B →  D1 B,                             wesi  3a 

                             D1B →  D1 D2,                           wesi  3b 

                                                 
16

 ix. Hopcroft and Ullman , gv.125. 
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                             D1 D2 →  B D2,                         wesi  3c 

                             B D2 →  B C,                            wesi  3d 

                             b B →  b b,                               wesi  4 

                             b C →  b c,                               wesi  5 

                             c C → c c }                 wesi 6 
 

3a _ 3d wesebis Tanmimdevruli gamoyeneba iZleva igive Sedegs rasac 

 

wesi 3          CB→BC 

 

8.3.7 punqtSi aRwerili PS-gramatika iyenebs 3a _ 3d wesebs, radganac maTi ekvivalenturi 

wesi 3 ar akmayofilebs konteqstze damokidebuli wesis im moTxovnas, romlis Tanaxmadac  

wesis marcxena mxares ganTavsebul gamosaxulebaSi mxolod erTi cvladis Canacvlebaa 

daSvebuli. 

 

akbkck enis gamosaxulebebSi arsebuli samjeradi urTierTSesabamisobis gakontrolebasa da 

realizaciaSi konteqstis gadamwyvet rols TvalnaTliv warmoaCens aaabbbccc 

gamosaxulebis qvemoT warmodgenili gamoyvana. procesis gamartivebis mizniT am gamoyvanaSi 

8.3.7 gramatikis 3a _ 3d wesebis kombinacia maTi ekvivalenturi 3 wesiT nacvldeba.  

            

8.3.8    a a a b b b c c c gamosaxulebis gamoyvana 

                        

            Sualeduri jaWvi             wesebi 

 

 

            1.            S                                                   
           2.        a  S B  C                                           (1) 
           3.    a  a  S B  C  B  C                                  (1) 
           4.    a  a  a  b  C  B  C  B  C                        (2) 
           5.    a  a  a  b  B  C  C  B  C                        (3) 
           6.    a  a  a  b  B  C  B  C  C                        (3) 
           7.    a  a  a  b  B  B  C  C  C                        (3) 
           8.    a  a  a  b  b   B  C  C  C                        (4) 
           9.    a  a  a  b  b   b   C  C  C                       (4) 
         10.    a  a  a  b  b   b   c  C  C                        (5) 
         11.    a  a  a  b  b   b   c   c  C                       (6) 
         12.    a  a  a  b  b   b   c   c  c                        (6) 
 
 
konteqstze damokidebuli PS-gramatikis maRali warmoqmniTi unari ganpirobebulia  mis 

mierve ukve warmoebuli mimdevrobebis gadalagebis (changing the order of sequences) 
unariT. warmoebuli mimdevrobebis aseT gadalagebas adgili hqonda 4-dan 7-mde 

ganTavsebul Sualedur mimdevrobebSi. 

 

konteqstze damokidebuli wesebiT mimdevrobis gadalagebis SesaZlebloba uzrunvelyofs 

regulirebis xarisxs, romelic gacilebiT maRalia vidre es konteqstisgan Tavisufal 



 35 

PS-gramatikebs gaaCniaT. Tumca, igive mizezebi amavdroulad ganapirobebs gamoTvliTi 

sirTulis maRal xarisxs. imisaTvis, rom avtomaturi saSualebebiT zustad ganvsazRvroT 

konteqstze damokidebuli wesebis is mimdevroba, romelic mocemul gamosaxulebas iZleva, 

cxadia unda gadamowmdes SesaZlo gadalagebebis potenciurad eqsponencialuri raodenobis 

SemTxvevebi.   

 

am saxis ZiebaTa sfero iseTi farToa, rom ar SeiZleba arsebobdes aranairi praqtikuli 

Rirebulebis mqone parseri konteqstze damokidebuli PS-gramatikebisaTvis. sxva 

sityvebiT rom vTqvaT, konteqstze damokidebuli enebis klasi primitiul avtomatur 

gamoTvlas Znelad eqvemdebareba. 

 

konteqstze damokidebuli enebis klasi aris rekursuli enebis klasis sakuTrivi 

qvesimravle.17 rekursuli enebi ar aris asaxuli PS-gramatikul ierarqiaSi, rac 

ganpirobebulia imiT, rom ar arsebobs PS-wesebze (ix. 8.1.2) morgebadi SezRudvaTa iseTi 

sistema, rom Sesabamisma PS-gramatikulma klasma warmoqmnas mxolod rekursuli enebi18. 

 

ena maSin da mxolod maSinaa rekursuli, Tu is amoxsnadia, e. i. Tu arsebobs algoriTmi, 

romliTac nebismieri Sesavali mocemulobisaTvis sasruli bijebis meSveobiT isazRvreba, 

ekuTvnis Tu ara igi am enas. iseTi rekursuli enis magaliTs, romelic, amavdroulad, ar 

aris konteqstze damokidebuli, warmoadgens akermanis funqcia.19 

 

PS-gramatikul ierarqiaSi yvelaze farTo enaTa klass rekursulad gadaTvladi enaTa 

klasi warmoadgens. enaTa am klass SeuzRudavi anu 0 tipis PS-gramatikebi warmoqmnis. 

SeuzRudav PS-gramatikebSi wesis marjvena mxare SeiZleba mokle iyos marcxena mxaresTan 

SedarebiT. 0 tipis wesebis es maxasiaTebeli Tviseba iZleva ukve warmoqmnili 

mimdevrobebis nawilebis waSlis SesaZleblobas. _ amis gamoa, rom rekursulad 

gadaTvladi enebis klasi araamoxsnadia. imis garkvevam, aris Tu ara rekursulad 

gadaTvladi enis gamosaxuleba sworad agebuli, SeiZleba waiRos ara Zalian didi dro, 

aramed samudamo.20 

 

 

8.4 PS-gramatika bunebrivi enisaTvis 

 

bunebriv enaSi PS-gramatikis martivi gamoyenebis demonstrirebas qvemoT moyvanili  

gansazRvrebis meSveobiT gavakeTebT. amasTan, SedarebiTi interesebis gaTvaliswinebiT     

aq ganxiluli gramatika warmoqnis imave winadadebas, romelsac warmoqmnida 7.5.3 ganawerSi 

aRwerili C-gramatika. 

 

                                                 
17

 Hopcroft and Ullman ,1979, gv.228, Teorema 9.8. 
18 LA-gramatikul ierarqiaSi rekursuli enebis klasi formalurad gansazRvrulia rogorc A-enebi, 

warmoqmnili SeuzRudavi LA-gramatikebisagan (ix. 11.2.2). ufro metic, konteqstze damokidebuli enebis 

klasi formalurad gansazRvrulia rogorc B-enebis klasi, warmoqmnili bmuli LA-gramatikebisagan 

(bounded LA-grammar).  
19

 Hopcroft and Ullman , gv.175, 7.4. 
20 marTalia rekursulad gadaTvladi enebis klasi ar Sedis LA-gramatikis ierarqiaSi, Tumca SeiZleba misi 

awyoba (ix. 15-e SeniSvna 11.2 ganaweris bolos).   
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8.4.1 PS-gramatika 7.5.3 magaliTisaTvis 

 
V  = def { S, NP, VP, V, N, DET, ADJ, black, dogs, little, sleep, the } 
VT = def { black, dogs, little, sleep, the } 
P  = def {S  NP VP,        VP  V,       NP  DET  N,        N  ADJ N,    

    Ndogs,  ADJlittle,  ADJ black,  DET  the,  V   sleep} 
 

am PS-gramatikis forma konteqstisgan Tavisufalia: is jer kidev ar aris konteqstze 

damokidebuli. es imitom, rom wesebis marcxena mxareebi Seicaven mxolod erT cvlads, da 

ukve aRaraa wesieri, imitom, rom zogierTi wesis marjvena mxare Seicavs erT cvladze 

mets. 

 

msgavsad 7.5.4 punqtSi aRwerili C-gramatikuli gamoyvanisa, 8.4.1 gansazRvrebaze 

dafuZnebuli PS-gramatikuli gamoyvana SeiZleba warmodgenili iqnes Semdegi xis saxiT. 

 

8.4.2  7.5.3 winadadebis PS-gramatikuli analizis magaliTi  

 

 

                                                                      S 
 
                                                              NP 
                                     
                                                                       N 
 
                                                                               N 
 
                                                                                                      VP 
 
                            DET          ADJ          ADJ                          N            V 
 

                             the         small         black                      dogs      sleep 
 

 

aseT xeebs PS-gramatikaSi frazaTa struqturebs uwodeben. frazis struqturis xeSi 

kategoriaTa aRmniSvneli simboloebi kvanZebad iwodeba. kvanZebs Soris ori saxis 

formaluri kavSiri arsebobs: dominantobis (dominance) da presidensobis (precedence). 

magaliTad, 8.4.1 gramatikis S → NP VP wesis Tanaxmad S kvanZi dominirebs NP  da VP 

kvanZebze. amavdroulad es wesi gansazRvravs presidensobas: am xeze NP kvanZi ufro 

marcxniv zis (e.i. ufro win zis) vidre VP kvanZi. 

   

C-gramatikisgan gansxvavebiT, romelic enobriv kombinaciebs iazrebs misi sityva formebis 

rTuli kategoriebis meSveobiT da romelic kompoziciisTvis iyenebs mxolod or sqematur 

wess, PC-gramatika iyenebs mxolod elementarul kategoriebs. amasTan, am elementaruli 

kategoriebis makombinirebeli SesaZleblobebi sxvadasxva gadamweri wesebiT moicema. ufro 

metic, leqsikonic ki, romelic C-gramatikaSi kategorizebuli sityva formebis simravled 

ganixileba (ix. 7.5.5), PC-gramatikaSi garkveuli saxis gadamweri wesebis Semadgeneli 
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nawilebis saxiTaa warmodgenili. am wesebs terminalur wesebs uwodeben, radganac maTi 

marjvena mxare terminalur simbolos, anu sityvas warmoadgens. danarCeni wesebi, 

romelTac araterminalur wesebs uwodeben, warmoqmnian PS-gramatikis winadadebebis 

yalibebs (frame), romlebSic terminaluri wesebiT sxvadasxva sityvebi da sityvaTa 

formebi ismeba. 

 

garda amisa, rodesac saubaria C- da PS- gramatikebs Soris formalur gansxvavebebze, 

arsebiTi xdeba bunebrivi enis maTeuli analizis gansxvavebuli miznebi: C-gramatikuli 

analizis mizania bunebrivi enis funqtor-argumentuli struqturis (functor-argument 

structure) Seswavla, maSin rodesac PS-gramatikuli analizi imiznebs bunebrivi enis 

Semadgeneli struqturebis (constituent structure)  amomwurav gamokvlevas. 

 

Semadgeneli struqturebi asaxaven lingvistur intuiciebs, imis Sesaxeb, Tu winadadebis 

romel nawilebs Soris aris yvelaze ufro mWidro Sinaarsobrivi kavSirebi. Semadgeneli 

struqturebis es intuiciuri principi formalurad gadaazrebulia frazis struqturuli 

xeebis Tvisebebad. 

 

8.4.3 Semadgeneli struqturis gansazRvreba 

 

1. sityvebi da/an Semadgenlebi, romlebic Sinaarsobrivad erTmaneTs miekuTvnebian, unda 

iyvnen uSualod da srulad dominirebulni romelime kvanZis mier. 

2. Semadgeneli struqturis xazebi ar unda ikveTebodnen (araCaxlarTulobis piroba 

(nontangling condition)).    

 

 

am gansazRvrebis Tanaxmad, the man read a book  winadadebis Semdegi analizi 

lingvisturad koreqtulia. 

 

8.4.4 Semadgeneli struqturis koreqtuli analizi 

 

 

                                                                  S 
 
 
                                                                              VP 
 
                                            NP                                    NP 
 

                                DET              N       V           DET               N 
 

                                 the            man   read         a               book 
 

dasapirispireblad ganvixiloT imave winadadebis alternatiuli analizi (ix. 8.4.5), 

romelic, Tumca ki formalurad dasaSvebia, arRvevs Semadgeneli struqturis 

ganmsazRvrel princips. 
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8.4.5  Semadgeneli struqturis arakoreqtuli analizi 

 

                                                                S 
   
 
                                                    SP   
 
                                            NP                                NP 
 

                                  DET            N            V   DET           N 
    

                                    the         man        read   a          book   
 

es arakoreqtuli analizi arRvevs winadadebis Semadgenel struqturas: PS-gramatikosebis 

azriT, intuiciurad, read da a book Sinaarsobrivad erTmaneTs miekuTvnebian (e.i. maTi 

azriT read a book ufro mWidro Sinaarsobriv kavSirSia, vidre the man read) da, 

amitom, isini uSualod da srulad erTi kvanZiT unda iyvnen dominirebulni (rogorc es 

aris 8.4.4 koreqtul analizSi). 

 

istoriulad, Semadgeneli struqturis cneba arc ise Zvelia. is warmoiSva amerikeli 

struqturalistis l. blumfildis (L. BLOOMFIELD (1887-1949)) uSualo SemadgenelTa  

analizisa da misi studentis _ z harisis (Z. Harris) distribuciuli testirebis 

safuZvelze SemuSavebuli midgomebis SejerebiT. blumfildis mTavar naSromSi ena, 
romelic 1933 wels gamoqveynda, uSualo Semadgenlebis sakiTxs ar ukavia centraluri 

adgili: 549  gverdidan es sakiTxi mxolod 4 gverdzea  moxseniebuli. igi mokled 

mimoixileba 161-e da 167-e gverdebze, da mogvianebiT is gamoyenebulia morfologiaSi (gv. 

209/10, 221/2). 

 
uSualo Semadgenlebis princips mivyavarT, magaliTad, gentlemanly sityvis msgavs formaTa 

klasTan, sadac gentlemanly gaigeba ara rogorc Sedgenili sityva, aramed rogorc 

meoradi derivaciuli sityva, sadac uSualo Semadgenlebi arian dabmuli forma -ly da 

Sinagani forma gentleman. 

                                                     L. Bloomfield, ena,  gv. 210.  
 

es mosazreba Semdegi xisebri struqturiT gamoixateba: 

 

8.4.6 uSualo Semadgenlebi PS-gramatikaSi: 

          

           swori:                           araswori:                              
                   ADJ                                                             ADJ 
 

                             N                                                                                 ADJ 
 

                 gentle        man             ly                          gentle           man          ly 
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gentlemanly sityvis es magaliTi aris agreTve harisis wignSi 1951 (gv. 278-280), sadac 

distribuciuli testirebis (distribution tests) inovaciuri meTodologiaa ganxiluli. 

distribuciuli testireba iSleba da realizdeba an rogorc Canacvlebis testireba 

(substitution tests), anda rogorc gadanacvlebis testireba (movement tests). maTi 

mizania erTmaneTisagan ganasxvaos gramatikulad koreqtuli da gramatikulad 

arakoreqtuli Canacvlebebi da gadanacvlebebi. 

 

8.4.7 Canacvlebis testireba 

 

koreqtuli Canacvleba:             arakoreqtuli Canacvleba: 
 
         Suzan has [eaten] an apple                Suzan has [eaten] an apple  
             

                                                                                              

 
         Suzan has [cooked] an apple           * Suzan has [desk] an apple 
 
marcxena mxares arsebuli Canacvleba koreqtulad aris miCneuli, radganac is Sedegad 

gvaZlevs winadadebas, romelic, iseve rogorc Tavdapirveli winadadeba, gramatikulad 

sworadaa formirebuli. marjvena Canacvleba arakoreqtulia, radganac igi dasamuSaveblad 

Semosul gramatikulad sworad formirebul winadadebas aragramatikulad gardaqmnis. 

 

analogiur viTarebasTan gvaqvs saqme gadanacvlebis testirebisas. 

 

8.4.8 gadanacvlebis testireba 

 

koreqtuli gadanacvleba:                                    
            Suzan [has] eaten an apple          [has] Suzan eaten an apple (?)  

           

   

arakoreqtuli gadanacvleba:  
            Suzan has eaten [an] apple        * [an] Suzan has eaten apple 

 
 
amerikuli struqturalistebisTvis distribuciuli testireba meTodologiurad 

mniSvnelovani iyo. amiT maT miecaT saSualeba obieqturad daefuZnebinaT TavianTi  

intuicia winadadebis koreqtuli segmentaciis (correct segmentation) Taobaze. 

winadadebebis segmentacia da misi Tanamdevi hipoTezebi winadadebebis erTmaneTTan ufro 

metad, Tu ufro naklebad dakavSirebul nawilebze saWiro gaxda raTa erTmaneTisagan 

ganesxvavebinaT lingvisturad koreqtuli da arakoreqtuli frazis struqturis xeebi. 

 

aseTi gansxvaveba aucilebelia, radganac nebismieri sasruli striqoniT gansazRvruli 

SesaZlo frazis struqturebis raodenoba usasruloa21. es qmnis xelisSemSleli siWarbis 

                                                 
21 Tu A-B-C…A saxis frazis struqturebs gamovricxavT, gansxvavebuli frazis struqturuli xeebis 

raodenoba Seyvanili mimdevrobis sigrZis zrdasTan erTad mainc eqsponencialurad gaizrdeba. formaluri 

TvalsazrisiT, konteqstisgan Tavisufal PS-gramatikebSi aseTi saxis struqturebi legitimurad miiCneva.   
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efeqts: yvela am SesaZlo frazis struqturebidan SeuZlebelia yvela Tanabrad  

lingvisturad koreqtuli iyos. 

 

SesaZlo xeebis sakmaod didi raodenoba exeba formaluri gramatikis gareT darCenil 

izolirebul winadadebebs. radgan enis struqturuli agebulebis principebi cnobilia da 

igi PS-gramatikis struqturalur principebs emTxveva, winadadebebis Sesatyvisi frazuli 

struqturebi am gramatikis meSveobiTve igeba. amasTan, rogorc wesi, izolirebuli 

winadadebebis Sesatyvisi yvela SesaZlo stuqturuli xeebis raodenoba bevrad ufro 

metia vidre im xeebis raodenoba, romelic maT am enis gramatikiT Seesabameba. arada,  

mocemuli arawinaaRmdegobrivi PS-gramatikisTvis SeiZleba arsebobdes mxolod erTi 

sworad gansazRvruli struqtura nebismieri sworad formirebuli winadadebisTvis. 

 

konteqstisgan Tavisufali xelovnuri enebis struqturuli principebis sakmarisi 

simartivis gamo, rogorc wesi, sakmarisad martivad isazRvreba maTi adekvaturi 

formaluri PS-gramatikebi (mag. 8.3.1, 8.3.2, 8.3.3, 8.3.4, 8.3.5). rodesac erTi da igive 

konteqstisgan Tavisufali enisaTvis ramodenime arsebiTad gansxvavebuli PS-gramatika 

igeba, maSin ar arsebobs aranairi racionaluri safuZveli imis garkvevisa, Tu romeli 

maTgani iZleva frazis struqturis ‘swor’, anu ‘marTebul’ xeebs. 

 

meores mxriv, bunebrivi enebis adekvaturi PS-gramatikis amgebi struqturaluri 

principebi jer kidev ucnobia. amgvarad,  Riaa SekiTxva Tu raime winadadebisTvis, an 

winadadebaTa raime mcire simravlesTvis, romeli PS-gramatika aRmoCndeba ufro Sesaferi 

misi Semdgomi iseTi gafarToebisTvis, rom TandaTanobiT daifaros mTliani ena. _ imisTvis, 

rom bunebrivi enis srulfasovnad Sesaswavlad sasafuZvlod avirCioT PS-gramatika misi 

Semdgomi xangrZlivi ganviTarebisa da gafarToebis winaswargansazRvruli miznebiT, 

empiriuli kriteriumebia saWiro. 

 

Semadgeneli struqturis intuiciuri principi, Canacvlebisa da gadanacvlebis testirebebi 

am mizniT iqna SemuSavebuli. magram es ar aris sakmarisi. amitomac aris mudmivi diskusia 

bunebrivi enis matarebelTa Soris aris Tu ara frazis struqtura lingvisturad swori, 

da Tu aris ratom. 

 

formalur enaTa Teoriis TvalsazrisiT, am saboloo jamSi uSedego debatebis mizezi  

bunebrivi enebis sruli PS-gramatikebis ar arsebobaa _ rogorc elementarulis, ise  

warmoebuli formalizmebis. ormocdaaTi wlis mniSvnelovnad finansirebadma kvlevebma ver 

mogvca vercerTi bunebrivi enis sruli analizi, rac SeiZleba miviRoT miniSnebad, rom es 

midgoma arasakmarisad optimaluria. 

 

 

8.5. Semadgeneli struqturis paradoqsi 

 

enaTa SLIM Teoriis TvalsazrisiT, arsebobs Semadgeneli struqturis intuiciuri 

principis sapirispiro argumentebi (ix. 8.2.1). pirveli: Semadgeneli struqtura da 

distribuciuli testireba ewinaaRmdegeba bunebrivi enis droSi wrfiv (time linear) 

struqturas. meore: frazebis struqturul xeebs ar gaaCniaT sakomunikacio miznebi. 

mesame: Semadgeneli struqturis principebi arayovelTvis marTldeba. 
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es imitom, rom Semadgeneli struqturis 8.2.1 punqtSi aRwerili pirobebi moiTxovs, rom 

is nawilebi, romlebic Sinaarsobrivad erTmaneTs miekuTvnebian, bunebrivi enis 

garezedapirul gamosaxulebaSi erTmaneTis gverdi-gverd iyvnen ganlagebulni. Tumca, 

bunebriv enaSi aris gamosaxulebebi e. w. diskontinialuri elementebi (discontinuous 

elements), romelTaTvisac es piroba ar sruldeba. 

 

magaliTad, saerTo SeTanxmebiT winadadebaSi 

 

Peter looked the word up. 
 

diskontinialuri elementebi looked da up Sinaarsobrivad ufro axlos arian, vidre 

uSualo mezoblebiT Sedgenili gamosaxulebebi looked _ the word  da  the word _ up. 

  

amgvari diskontinialuri elementebis arseboba aris struqturuli mizezi imisa, Tu 

ratom ar SeiZleba konteqstisgan Tavisufal PS-gramatikaSi Semadgeneli struqturis 

principis sruli da warmatebuli ganxorcieleba (es naCvenebia 8.5.1 da 8.5.2 

alternatiuli struqturuli xeebiT). am struqturul problemas Semdgeneli 

struqturis paradoqsi (constituent structure paradox) ewoda22.  

 

8.5.1  8.4.3 ganaweris meore pirobis uarmyofeli magaliTi 

  

                                                S 
 

                                                             VP 
                                                              

                                                         VP 
 
 
 

                                                                          NP 
 

                            NP             V                    DET    N                DE 

 
                          Peter       looked                the  word             up 
 
 
aq Sinaarsobrivad erTmaneTTan mikavSirebuli qvegamosaxulebebi looked da up uSualod 

da srulad erTi kvanZis dominirebis qveS arian. ase rom, am analizisas 8.2.1 punqtis 

pirveli piroba kmayofildeba. Tumca, analizi arRvevs 8.2.1 ganaweris meore pirobas, 

radganac aq xis totebi erTmaneTs kveTen.  

 

                                                 
22

 CoL, gv. 24. 



 42 

 

8.5.2 8.4.3 ganaweris pirveli pirobis uarmyofeli magaliTi 

 

                                                           S 
  
 

                                                                              VP 
 
 
                                                             V               NP 
             NP 

                                                                     DET            N               DE 
 

           Peter                                    looked   the        word              up 
  

                                 

am xis totebi ar ikveTebian da amiT igi akmayofilebs 8.2.1 ganaweris meore pirobas. 

Tumca, am analizisas irRveva punqtis pirveli piroba, radganac semantikurad 

mikavSirebuli looked da up gamosaxulebebi, anu V da DET kvanZebi srulad da 

uSualod ar dominirdebian xis sxva kvanZiT. marTlac, kvanZi, romelic uSualod 

dominirebs  V da DET kvanZebze aseve dominirebs NP kvanZze, anu the word frazaze.  

 

formaluri enebis Teoriis TvalsazrisiT, Semadgeneli struqturebis paradoqsi 

ganpirobebulia im faqtiT, rom konteqstisgan Tavisufali PS-gramatikebis warmoqmnis 

unari ar aris sakmarisi diskontinialuri elementebis dasamuSaveblad. es empiriuli 

problema gasuli saukunis 50-iani wlebidanaa cnobili23. 

 

yvela bunebriv enas gaaCnia ama Tu im saxis diskontinialuri elementi. amgvarad, 1957 

wels, n. Comskim, imisaTvis, rom ramdenadac es SesaZlebeli iyo daecva Semadgeneli 

struqturis principi, z. harisis meTodologiiT motivirebuli Canacvlebisa da 

gadanacvlebis testebi gadaamuSava warmomqmnel wesebad. am wesebs transformaciebi ewoda 

da isini aucilebel, anu sistemaSi Cadgmul wesebad gamocxadda (n. Comski 1965, gv. 47). 

 

 

transformaciuli wesi moqmedebs Sesasvlelze dasamuSaveblad Semosuli frazis 

struqturul xeze da gamosavalze iZleva modificirebuli frazis struqturul xes. 

transformaciul gramatikebSi rigi transformaciebi garkveuli rigiT erTiandebian erT 

transformaciul komponentSi da erTi meores miyolebiT gamoiyenebian dasamuSavebeli 

frazis struqturaze. transformaciul wesebSi Setanisa (input-) da gamotanis (output-) 

pirobebi formalurad moicema cvladebis Semcveli gamosaxulebebis saxiT, romlebsac 

indeqsirebul frCxilebian formebs (indexed bracketings) uwodeben. 

 

                                                 
23 i. bar-hileli 1960 [1964, gv.102] wels werda, rom man miatova C-gramatikis 1953 wlis namuSevrebi 

diskontinialur Semadgenlebis analogiuri siZnelis gamo He gave it up winadadebaSi. 
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8.5.3 formaluri transformaciis magaliTi 
 

   [[V DE]V‟  [DET N]NP]VP    [V [DET N]NP DE]VP 
 

am transformaciis gamoyeneba naCvenebia 8.5.4 punqtSi. 

 

8.5.4  8.5.3 transformaciis gamoyeneba 
 

    siRrmiseuli struqtura:                    zedapiruli struqtura: 
      (deep structure)                            (surface structure): 
 
                            S                                                                               S 
 
                                 VP                   transformacia                                  VP 

                                                                                                                      
                             V‟       NP                                                                V    NP   DE 
 

            NP       V        DE                                               NP                                      
 

         Peter   looked  up  it                                             Peter      looked  it    up 
 

 

standartul Teoriis (ST, Comski, 1965) transformaciul komponentSi Sesatani 

informacia warmoiqmneba konteqstisgan Tavisufali PS-gramatikiT. es siRrmiseuli 

struqturebi (deep structures) unda akmayofilebdnen Semadgeneli struqturis 8.4.3 

punqtSi aRweril pirobebs, Tumca aucilebeli araa isini Seesabamebodnen gramatikul 

mimdevrobebs (rogorc es aris 8.5.4 punqtSi aRwerili marcxena frazis struqturul 

xeSi). 

 

Tu transformaciul wesSi Semavali gamosaxuleba (indeqsirebuli frCxilebiani forma) 

warmatebulad dawyvilda romelime frazul struqturasTan, is am transformaciis wesis 

gamosavali gamosaxulebis Sesabamisad axal frazul struqturad transformirdeba. erTi 

an ramdenime transformaciis wesis gamoyenebis Sedegad miiReba zedapiruli struqtura. 

frazis struqturis es zedapiruli forma unda iyos SesabamisobaSi gramatikul 

mimdevrobasTan, Tumca aucilebeli araa igi akmayofilebdes Semadgeneli struqturis 8.4.3 

punqtSi mocemul pirobebs (rogorc es aris 8.5.4 punqtSi aRwerili marjvena frazis 

struqturul xeSi). 

 

8.5.4 punqtSi aRwerili transformacia ganixileba rogorc mniSvnelobis Semnaxveli 

(meaning preserving) zustad iseve rogorc 4.5.2 punqtSi ganxiluli magaliTebi. 

ivaraudeba, rom aRiwereba mosaubre-msmenelis Tandayolili codna komunikaciuri 

funqcionirebis gareSe.  

 

maTematikuri TvalsazrisiT, meqanizmi, romlis mizania rekursulad gardaqmnas masSi 

Semavali struqturebis Ria simravle yovelTvis xasiaTdeba maRali xarisxis sirTuliT. 

es naCvenebi iyo 8.3.7 punqtSi konteqstze damokidebuli akbkck xelovnuri enisaTvis 

aRwerili PS-gramatikiT. manam sanam, konteqstze damokidebuli enebi aris mxolod 
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eqsponencialuri, transformaciuli gramatika tiuringis manqanis ekvivalenturia, 

warmoqmnis rekursulad gadaTvlad enebs da, Sesabamisad, araamoxsnadia. 

 

n. Comski imedovnebda, rom gverds auvlida am arasasurvel viTarebas aRdgenis unarian 

waSlebad (recoverability of delation) wodebuli formaluri SezRudvebis damatebiT. am 

SezRudvebis Tanaxmad, transformacias ufleba aqvs waSalos kvanZi mxolod im 

SemTxvevaSi, Tu SesaZlebelia misi aRdgena iseTi mkacrad gansazRvruli gziT (well-

defined access), romelic am kvanZTan erTad mis mier dominirebuli qve-xis aRdgenis 

saSualebasac iZleva. 

 

bax-petersis winadadebebi gvarwmuneben, rom aRdgenis unariani waSlebi yovelTvis ar 

iZleva sasurvel efeqts.   

          

8.5.5 bax-petersis winadadebis erTi magaliTi 

 

         The man who deserves it will get the prize he wants. 

            

winadadeba Seicavs or saxelur frazas maTTan mikavSirebuli klauzebiTurT (noun 

phrase with relative clauses). TiToeuli es klauza Seicavs TiTo nacvalsaxels, 

romlebic maT Sesabamis saxelur frazasTan bunebriv antecedentur _ postcedentur 

(postcedent - antecedent) mimarTebaSi arian (ix. qveTavi 6.3). daSveba imisa, rom 

nacvalsaxeli transformaciulad gamoiyvaneba masTan axlos mdebare im saxeluri 

frazebisagan, romelic, Tavis mxriv, koreferentulia missave an antecedentur, an 

postcedentur nacvalsaxelTan, 8.5.5 magaliTTan mimarTebaSi gvaZlevs Semdegi saxis 

siRrmiseul struqturas. 

 

8.5.6 bax-petersis winadadebis siRrmiseuli struqtura 

   

 

                 [The man]                                  will get                                     [the prize]                  
 
                 

    [the man deserves [the prize]]                 [[the man] wants the prize] 
 
                  
                   [[the man] wants the prize]                    [the man deserves [the prize]] 
 
                  
                 [the man deserves [the prize]]                    [[the man] wants the prize] 
 
                 
                     [[the man] wants the prize]                    [the man deserves [the prize]] 
                      
                              . . .                                                                      . . . 
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transformaciuli algoriTmi gamiznulia moiZios 8.5.5 punqtiT mocemuli zedapiruli 

winadadebis is siRrmiseuli struqtura, romlisganac es zedapiruli forma gamoiyvaneba 

koreqtuli transformaciuli saSualebebiT. magaliTis struqturidan gamomdinare 

algoriTmi SemogvTavazebs sul ufro da ufro siRrmiseul struqturebs aRdgenis 

unariani waSlebis bijis molodinSi. 

 

ase magaliTad, davuSvaT algoriTmma sruli saxeluri fraza [the man who deserves it] 

siRrmiseul struqturad da he nacvalsaxelis antecedentad gaapostulata. es 

siRrmiseuli struqtura Tavad Seicavs it nacvalsaxels, romlisTvisac algoriTmi srul 

saxelur frazas [price which he deserves] apostulatebs postcedentad. axla ukve es 

siRrmiseuli struqtura Seicavs he nacvalsaxels, d.a.S. 

 

amgvarad, es procedura orive mikavSirebuli klauzasTvis usasrulod grZeldeba 

yovelgvari gaCerebebis gareSe (gaCerebis problema (halting problem)). formalurad is, 

rom transformaciuli gramatika araamoxsnadia da warmoqmnis rekursulad gadaTvladi 

enebis klass, damtkicda 1969 wels petersis da ritCis24 mier (gamoqveynda 1973 wels). 

 

neitivizmis (nativism) gviani variantebi, rogorebicaa LFG, GPSG da HPSG, 

transformaciuli midgomebis gareSe cdiloben gadawyviton Semadgeneli struqturis 

paradoqsi. PS-gramatikis am warmoebul formalizmebSi pirobebi Semadgeneli 

struqturebisgan iTxoven mxolod imas, rac daSvebulia enobrivad Sesatan mocemulobaze. 

sxvagvarad rom vTqvaT (rogorc diskontinialuri Semadgenlebis SemTxvevaSi), aqac 

intuicia imisa, Tu romeli nawilebia Sinaarsobrivad ufro mWidrod mikavSirebulni, 

gamoisaxeba ara frazis struqturis xeebiT, aramed maTi alternatiuli saSualebebiT, 

kerZod ki _ maxasiaTebeli struqturebiT (feature structure).   

 

amgvarad, Semadgenel struqturaTa meTodma ver SeZlo gaemarTlebina misi navaraudevi 

statusi: igi ver dasabuTda verc rogorc adamianTaTvis Tandayolili enobriobis 

universalurad ganmsazRvreli da mawarmoebeli sistema da, Sesabamisad, verc rogorc 

mravalmniSvnelovani da unaklo meTodologi. vinmem SeiZleba sruliad samarTlianad 

ikiTxos kidec, Tu ratom dganan iseTi sistemebi, rogorebicaa GPSG, LFG da HPSG, 

Semadgeneli struqturebis gramatikebTan erTad. amis garda, es gviani sistemebi sirTulis 

TvalsazrisiT transformaciul gramatikebze nakleb srulyofilebia: isini warmoqmnian 

rekursulad gadaTvlad enaTa klass da arian araamoxsnadebi25.     

 

 

                        

 

 

 

 

                                                 
24 am periodSi bob ritCis hqonda piradi kavSirebi da aqtiuri konsultaciebi n. ComskisTan.  
25

 ix. B. Barton, R.C. Berwick da E.S. Ristad 1987, Tu konteqstisgan Tavisufali wesis amdagvari A B  . 

. .  A gakvanZva ikrZaleba, maSin LFGs sirTule eqsponencialuria, radganac aseTi kvanZebi formalurad 

legaluria konteqstisgan Tavisufal PS-gramatikaSi. sirTulis Teoriis TvalsazrisiT es SezRudva ar 

aris dakanonebuli. ufro metic, maCvenebliani sirTule gacilebiT metia gamoTvliTi gamoyenebebisaTvis. 
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savarjiSoebi 

 

 

8.1 qveTavi 

 

1. CamoayalibeT PS-gramatikis algebruli gansazRvreba. 

2. ra gansxvavebaa PS-gramatikis terminalur da araterminalur simboloebs Soris?  

3. pirvelad vin da rodis aRwera PS-gramatika, ra saxeliT, da ra miznebiT? 

4. pirvelad rodis da vis mier iqna gamoyenebuli PS-gramatika bunebrivi enis aRsawerad?                                                                                                                                                                 

5. aRwereT PS-gramatikis wesebis standartuli SezRudvebi. 

6. axseniT termini warmoqmnis unari. 

 

8.2 qveTavi 

 

1. axseniT PS-gramatikis tipebs, formalur enaTa klasebs da gansxvavebuli donis 

sirTuleebs Soris arsebuli urTierTkavSirebi. 

2. daasaxeleT sirTulis mTavari klasebi. ratom ar arian isini damokidebulni 

warmomqmneli gramatikis ganmsazRvrel formalizmze? 

3. ra aris enaTa klasebis sirTule PS-ierarqiaSi? 

4. ras udris saSualo winadadebis sigrZe limas korpusSi? 

5. risi tolia maqsimaluri winadadebis sigrZe limas korpusSi? 

6. yvelaze cud SemTxvevaSi ra dro sWirdeba eqsponencialur algoriTms limas korpusis 

analizisaTvis? 

7. axseniT formaluri enebis PS-gramatikuli ierarqia. 

8. gamoTvliTi lingvistikis TvalsazrisiT PS-gramatikul ierarqiaSi romeli enaTa 

klasebi xasiaTdeba praqtikuli Rirebulebis mqone sirTuliT? 

 

8.3 qveTavi 

 

1. gansazRvreT PS-gramatika, romelic {a,b,c} simravleze gansazRvrul Tavisufal 

monoids warmoqmnis. daaxasiaTeT. {a,b,c}+ ena PS-gramatikul ierarqiaSi. SeadareT 

{a,b,c}+ da akbkck enebis gramatikebis warmoqmnis unarebi. romeli maTgania maRali da 

ratom? 

2. ra mizezebiT ixsneba PS-gramatikaSi arseboba terminisa konteqstisgan Tavisufali?     

3. ra saxis struqturebi warmoiqmneba konteqstisagan Tavisufali PS-gramatikebisgan? 

4. daasaxeleT ori xelovnuri ena, romlebic ar arian konteqstisgan Tavisufali. ratom 

aWarbeben es enebi konteqstisgan Tavisufali gramatikebis warmoqmniT SesaZleblobebs? 

5. gansazRvreT PS-gramatika akb2k enisaTvis. axseniT Tu ratom emorCileba es ena 

wyvilebis inversirebis konteqstisgan Tavisufal sqemas. 

6. gansazRvreT PS-gramatika camdybn enisTvis. moiyvaneT am xelovnuri enis dasrulebuli 

gamosaxulebebis magaliTebi. axseniT Tu ratom aris es ena wesieri ena. 

7. ratom arRvevs 8.3.5 konteqstze-damokidebuli PS-gramatikis wesis gansazRvrebas, maSin 

roca  nolia? 

8. ra aris mtumbavi lema? 

9. ratom ar arsebobs konteqstze damokidebuli enebisaTvis mtumbavi lema? 

10. arian Tu ara rekursulad gadaTvladi enebi rekursuli? 
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11. daasaxele rekursuli ena, romelic ar aris konteqstze damokidebuli. 

 

8.4 qveTavi 

 

1. CamoayalibeT Semadgeneli struqturis gansazRvreba. 

2. axseniT konteqstisgan Tavisufali PS-gramatikebsa da frazis struqturul xeebs 

Soris kavSiri. 

3. aRwereT Semadgeneli struqturis cnebis istoriuli ganviTarebis gza. 

4. daasaxeleT distribuciuli testirebis ori tipi da axseniT maTi roli marTebuli, 

anu koreqtuli Semadgeneli struqturis moZiebaSi. 

5. ratom iyo amerikeli struqturalistebisaTvis mniSvnelovani winadadebis marTebuli 

segmentacia?   

 

8.5 qveTavi 

     

1. aRwereT diskontinialuri elementis cneba bunebriv enaSi da axseniT, Tu ratom iwvevs 

diskontinialuri elementi Semadgeneli struqturis paradoqss. 

2. ra xerxebiT cdilobs transformaciuli gramatika diskontinialuri elementebis mier 

warmoqmnili problemis gadaWras? 

3. SeadareT transformaciuli gramatikis da gamoTvliTi lingvistikis miznebi. 

4. ra aris transformaciuli gramatikis warmoqmnis unari? 

5. axseniT bax-petersis winadadebis struqtura aRdgenisunariani waSlis pirobasTan 

mimarTebaSi. transformaciuli gramatikis romeli maTematikuri Tviseba iqna naCvenebi am 

tipis winadadebiT?  
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9 Tavi 

analizis ZiriTadi cnebebi 
 
 
 
 
am TavSi gamokvleulia, Tu romeli formaluri Tvisebebi xdis warmomqmnel gramatikas 

avtomaturi enobrivi analizisTvis vargiss, da romeli ara. amasTan, ZiriTad magaliTebad 

gamoyenebulia konteqstisgan Tavisufali PS-gramatika da misi parserebi. 

 

9.1. qveTavSi aRwerilia parseris Semadgeneli struqturebi da axsnilia, Tu ra gavlenebs 

axdens deklaraciul-proceduruli gansxvavebebi warmomqmneli gramatikebisa da parseris 

urTierTkavSirebze. 9.2 qveTavSi ganxilulia konteqstisgan Tavisufali PS-gramatikebisa 

da standartuli C-gramatikebis urTierTkavSirebi. Sejamebulia enis sxvadasxva 

gansazRvrebebis, warmomqmneli gramatikebis, gramatikebis qvetipebis, enis qveklasebis, 

parserebisa da sirTulis xarisxebis urTierTmimarTebebi. 9.3 qveTavSi axsnilia 

gramatikuli tipis transfarentulobis principi. ganxilulia akbk enis erleis 

algoriTmi, risi meSveobiTac naCvenebia, rom konteqstisgan Tavisufali PS-gramatika ar 

aris transparentuli. 9.4 qveTavSi naCvenebia, rom SesaZlo Canacvlebebis principi, 

romelsac arsebiTad emyareba gamoyvanebi PS–gramatikebSi, xels uSlis PS-gramatikis 

Semaval-gamomaval ekvivalentobas mis parsersa da msmenel-mosaubre sistemebTan. 9.5 TavSi 

warmodgenilia is maTematikuri, gamoTvliTi da fsiqologikuri Tvisebebi, romlebic ar 

SeiZleba ar hqondes bunebrivi enis empirikulad adekvatur warmomqmnel gramatikas. 

 
 

9.1 analizis deklaraciuli da proceduruli aspeqtebi 

 
xelovnuri enebis analizatorebi, anu parserebi1 (parsers for artificial languages) 

kompiuterul mecnierebebSi gamoiyeneba erTi programuli donis meore programul doneSi 

transformirebisTvis, magaliTad, rogorc es xdeba kompilatorebSi (compilation). 

bunebrivi enebis analizatorebi, anu parserebi (parsers for natural languages) gamoiyeneba 

                                                 
1 rogorc ganmartebulia 1.3 qveTavSi, parseri aris kompiuteruli programa, romelic amuSavebs enobriv 

gamosaxulebebs, rogorc Semaval (input) mocemulobebs, da gamosavalSi (output) iZleva axal, 

gadamuSavebul gamosaxulebebs, rac dasamuSaveblad Sesuli gamosaxulebis garkveuli saxis stuqturuli 

analizis Sedegia.  
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rogorc sityvebis avtomaturi gamocnobisTvis, aseve avtomaturi sintaqsuri da 

semantikuri analizisTvis. Sesabamisad, erTmaneTisagan unda ganirCen morfologiuri 

parserebi (morphogical parsers), sintaqsuri parserebi (syntax parsers), da semantikuri 

parserebi (semantic parsers). 

  

morfologiuri parseri (ix. 13-15 Tavebi) moqmedebs sityva-formebze (word form), rogorc 

Semaval mocemulobebze, da aanalizebs maT. es gulisxmobs: (i) maTi gareenobrivi 

gamosaxulebis (word surface) alomorful segmentirebas (segmentation), (ii) maTi 

sintaqsuri kombinatorikis daxasiaTebas (categorization) da (iii) maTi Zireuli formis 

gamoyvanas (lemmatization). sintaqsuri parseri (ix. 16-18 Tavebi) moqmedebs winadadebebze, 

rogorc Semaval mocemulobebze, da gamosavalSi iZleva maT ukve gaanalizebul 

gramatikul struqturas mag.: Semadgenel struqturas PS-gramatikaSi, an droSi wrfiv 

gamoyvanas LA-gramatikaSi. semantikuri parseri (ix. 22-24 Tavebi) afarToebs sintaqsur 

analizs am analizTan mikavSirebuli semantikuri warmodgenis gamoyvaniT. 

 
bunebrivi eniT kompiuterTan urTierTobis meqanizmis modelirebisTvis saWiro xdeba am 

sxvadasxva tipis parserebis Sejereba erT mTlian sistemaSi. _ sintaqsuri parseri iTxovs 

sityvebis avtomatur amomcnobs da, Sesabamisad, saWiroebs garkveuli tipis morfologiur 

parsers. semantikuri parseri ki iTxovs sintaqsur analizs da, Sesabamisad, saWiroebs 

sintaqsur parsers. 

 

sxvadasxva tipis parserebi gansxvavdebian erTmaneTisagan (i) gasaanalizebeli 

gamosaxulebebis struqturuli aRweriT (structural description) da (ii) avtomaturi 

analizis marealizebeli gamoTvliTi algoriTmiT (computational algorithm). Tanamedrove 

parserebSi es ori aspeqti sistemurad aris ganyofili: struqturuli aRwerebi keTdeba 

warmomqmneli gramatikis meTodebiT. amasTan, es struqturebi interpretirdeba da 

muSavdeba specialurad maTTvis SemuSavebuli  gamoTvliTi algoriTmiT. 

 

sxvanairad rom vTqvaT, Tanamedrove parsers SeuZlia gamomTvlelSi (computer) 

CatvirTos sxvadasxva formalizmis mqone Gi, Gj, Gk warmomqmneli gramatikebidan nebismieri 

(mag. 7.1.3, 8.3.1, 8.3.5 punqtebSi aRwerili konteqstisgan Tavisufali PS-gramatikebi, an 

10.2.2, 10.2.3, 11.5.2, 11.5.3, 11.5.5, 11.5.7, 11.5.8 punqtebSi aRwerili C-LAG gramatikebi) da 

gaaanalizos Lj ena masTan mikavSirebul Gj gramatikul interpretaciaSi. Lj enis 

gamosaxulebebis avtomaturi analizisas cxadad ganirCeva erTmaneTisagan datvirTvebis 
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gadanawileba (i) Gj gramatikaze da (ii) parserze Gi, Gj, Gk formaluri gramatikebis mTliani 

klasisaTvis. 
2 

 

gramatikisa da maanalizebeli algoriTmis gancalkaveba SesabamisobaSia kompiuterul 

mecnierebebSi sazogadod gamoyenebadi miznobrivi distinqciis principTan, romelic 

gamoTvliTi problemis gadawyvetisas gulisxmobs deklaraciuli aRwerebisa (decalarative 

specification) da proceduruli realizaciebis (procedurai implementation) sistemur 

dayofas. 

 
9.1.1 deklaraciuli & proceduruli aspeqtebi enaTmecnierebaSi 

 

_ enis gamoTvliTi analizatoris, anu parseris deklaraciuli aspeqti (decalarative 

aspect) moicema im enisaTvis dawerili warmomqmneli gramatikiT, romelic unda 

gaanalizdes zogad, maTematikurad mkacrad gansazRvrul  formalizmSi. 

 

_ enis gamoTvliTi analizis, anu parseris proceduruli aspeqti (procedurai aspect) 

moicema realizebuli kompiuteruli programis im SemadgenlebiT, romlebic iyeneben ra 

enis am zogad, maTematikurad mkacrad gansazRvrul gramatikul formalizms 

Taviseburad ainterpretireben mas  dasamuSavebeli enis avtomaturi analizisas. 

 

gansxvaveba parseris deklaraciul da procedurul aspeqtebs Soris gansakuTrebiT cxadi 

xdeba maSin, roca formaluri gramatika Riad tovebs rig iseT sakiTxebs, romlebic 

avtomaturma analizatorma am Tu im formiT aucileblad unda gadawyvitos.  

 

samagaliTod ganvixiloT Semdegi konteqstisgan Tavisufali PS-gramatika: 

                                                 
2 ar aris rekomendebuli gramatikuli wesebis sruli da pirdapiri formulireba programul enaSi. 

warmomqmneli gramatikis aseT gamoyenebas uaryofiTi mxareebi axlavs: aseT realizaciebSi kompiuteruli 

programa ver aCvenebs, Tu misi romeli Tviseba aris Teoriulad SemTxveviTi (e.i. programistis 

individualuri ganmasxvavebeli Taviseburebis an programuli garemos Sedegi) da romelia Teoriulad 

aucilebeli (e.i. aRwerili enis formaluri analizis Sedegi). amgvari midgomis kidev erTi uaryofiTi mxare 

imaSi mdgomareobs, rom aseTi programa SeiZleba ukeTesadac muSaobdes erTi konkretuli enisTvis, magram 

mTliani warmomqmneli gramatikisa da misi sxvadasxva qvetipebisaTvis ufro cud Sedegebs iZleva. 
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wesi 1: A  B C 

wesi 2: B  c d 

wesi 3: C  e f 

 
cvladebis es ganawileba Tavis Tavad gvarwmunebs, rom am qvemoTgaSlad gamoyvanaSi (top-

down derivation)  wesi 1 gamoiyeneba uwinaresad 2 da 3 wesebisa. Tumca, is, jer wesi 1 

gamoiyeneba da mere wesi 2, Tu piriqiT, an orive erTdroulad, Ria sakiTxia. 

 

konteqstisgan Tavisufali PS-gramatikis deklaraciuli Semadgenlebis dasaxasiaTeblad 

sruliad sakmarisia wesebis gamoyenebis Tanamimdevrobis aseTi nawilobrivi gansazRvra. 

meore mxriv, kompiuteruli programisTvis aucilebelia wesebis gamoyenebis Tanamimdevroba 

cxadad da srulad iyos gansazRvruli – es aucilebelia Tundac aman Teoriuli 

TvalsazrisiT araRirebuli Sedegebi mogvces! _ aseTi momawesrigebeli gadawyvetebi, 

romlebic gadis formaluri gramatikis deklaraciuli Semadgenlebis miRma, an romlebic 

– maanalizebeli algoriTmis mizeziT – ewinaaRmdegebian gramatikuli gamoyvanis 

konceptualur dalagebas  (ix. 9.3.4), iwodebian procedurulad. 

 

erTi romelime mocemuli formalizmiT (mag.: konteqstisgan Tavisufali PS-gramatikiT) 

programirebis sxvadasxva enaSi SeiZleba SemuSavdes sxvadasxva maanalizebeli algoriTmebi. 

es niSnavs, rom  erTi da igive deklaraciuli  gramatika, rogorc dasamuSavebeli 

mocemuloba, sxvadasxva programul enebSi sxvadasxvagvarad SeiZleba iqnes procedurulad 

realizebuli. magaliTad, ori parseralgoriTmi (mxedvelobaSia Earley da CYK 

algoriTmebi), romlebic realizebulni arian programirebis gansxvavebul enebSi 

(Sesabamisad Lisp da C enebSi) amuSaveben (i) erTi da igive gramatikas (mag.: 7.1.3 akbk 

enisTvis aRweril gramatikas) da (ii) erTi da igive enis erTi igive Sesayvan (input) 

mocemulobas (mag.: aaabbb), rac am SemTxvevaSi am ori procedurulad gansxvavebulad 

realizebuli parseris deklaraciul indenturobas adasturebs. 

 

garkveuli gramatikuli tipis zogadi parseri arsebobs mxolod maSin, roca misi 

sirTule ar aris Zalian maRali. amgvarad, aseTi zogadi parseri arsebobs wesieri da 

konteqstisgan Tavisufali PS-gramatikuli klasebisTvis, maSin rodesac aranairi 

praqtikuli Rirebulebis mqone zogadi parseri ar SeiZleba Seiqmnas konteqstze 

damokidebuli da SeuzRudavi PS-gramatikuli klasebisaTvis. 
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9.2 gramatikis morgeba enaze  

 
is, Tu PS-ierarqiaSi (ix. 8.2.3) ra adgili SeiZleba miekuTvnos bunebriv enebs, aris ara 

marto akademiuri interesis sagani, aramed gadamwyveti imisac, SesaZlebelia Tu ara 

bunebrivi enis efeqturi parseris ageba PS-gramatikis farglebSi. Sedegianobis 

TvalsazrisiT optimaluri iqneboda imis Cveneba, rom bunebrivi enebi wesieri enebis klass 

miekuTvnebian. – aseT SemTxvevaSi bunebrivi enebis PS-gramatikuli analizi saSualebas 

mogvcemda agvego maTi droSi wrfivi parseri. 
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Tumca, bunebriv enebSi arsebobs iseTi struqturebi, romelTa enobrivi formebi  ufro 

konteqstisgan Tavisufali saxisani arian, vidre wesieri. samagaliTod ganvixiloT 

germanuli enis centrze-wyobili relaciuri klauza (center-embedded relative clause). 

 
9.2.1 konteqstisgan Tavisufali struqtura germanulSi 

 
 

Der Mann,                                                                                                    schläft                                                     
                   der die Frau,                                                                  liebt,                                          
                                     die das Kind,                                      sieht,                     
                                                        das die Katze,     füttert, 
 
                                                           

am winadadebis struqtura Seesabameba Semdeg abstraqtul sqemas 

 

~saxeluri_fraza1 saxeluri_fraza2 ... zmnuri_fraza2 zmnuri_fraza1~, 

 

romelic, Tavis mxriv, Seesabameba abc ... cba struqturas (ix. 9.2.1). es ki konteqstisgan 

Tavisufali struqturaa, radgan aq ar aris raime gramatikuli SezRudva Calagebuli 

wevrebis raodenobis Taobaze. es yvelaferi ki amtkicebs imas, rom bunebrivi enis PS-

gramatikuli analizi sul cota n3 sirTulisaa. 
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axla ukve kiTxva ismis Taobaze, Tu ramdenada SesaZlebeli bunebrivi enebis mikuTvneba 

konteqstisgan Tavisufali enebis PS-gramatikuli klasisadmi? _ am kiTxvis pasuxi nakleb 

cxadia, vidre es iyo wesieri enebis SemTxvevaSi. 

 

1957 da 1965 wlebSi n. Comskim gaafarTova konteqstisgan Tavisufali PS-gramatika 

transformaciuli gramatikis warmoebul formalizmamde im mizeziT, rom PS-gramatika ar 

iyo sakmarisi imis formulirebisTvis, rasac is enaTmecnierul ganzogadebad (linguistics 

generalization) ganixilavda (ix. 4.5.2, 8.5.4). amasTan, 1985 wels s. Seberma warmoadgina 

Sveicariuli germanuli enis winadadeba, romelsac konteqstze damokidebuli WW 

struqtura hqonda (ix. 8.3). amiT _ zemoT ukve moyvanili mtkicebis analogiiT _ is 

cdilobda daesabuTebina, rom bunebrivi enebi, sul cota, konteqstze damokidebulni arian. 

 
 

9.2.2 konteqstze damokidebuli struqtura Sveicariul germanulSi 

 

mer em Hans  es huus   hälfed aastriiche 
 we  the Hans  the house   help    paint 

 
am magaliTis formaluri struqtura gaanalizebulia rogorc a b a' b' (sadac a = the 

Hans, b = the house, a' = help, b' = paint). es struqtura ar aris konteqstisgan 

Tavisufali, radgan mas, iseve rogorc konteqstze damokidebuli WW enas, ar aqvs 

inversirebuli struqtura. Tu es asea, maSin bunebrivi ena PS-gramatikuli 

TvalsazrisebiT sul cota konteqstze damokidebuli mainc aris. es imas niSnavs, rom igi 

eqsponencialuri sirTulisaa da rom grZeli winadadebis analizi uares SemTxvevaSi 

miliardobiT saukunes mogvTxovda (ix. 8.2.2). 
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am warmoudgeneli Sedegis Tavidan asacileblad hermanma da gazdarma, Sesabamisad 1963 da 

1982 wlebSi warmoadgines sakmarisi zomis PS-gramatikuli sistemebi, romlebic 

gamiznuli iyo imis saCveneblad, rom bunebriv enaSi ar arsebobs iseTi struqtura, 

romelic ar SeiZleba ar iqnas dayvanili konteqstisgan Tavisufal formaze. hermanis 

ganacxadi gakeTda im dros, rodesac sirTuleTa Teoria ar iyo farTod gamokvleuli da 

transformaciul gramatikebSi moRvaweobda mxolod enTuziastTa mcire jgufi. 

amavdroulad, hermanis sistemas aklda gamokveTili da detaluri lingvistikuri 

motivacia. 

 
meore mxriv, gazdaris ganacxadis dros sirTuleTa Teoria ukve farTod iyo Seswavlili. 

amasTan, gazdari uSualod ki ara daeyrdno konteqstisgan Tavisufal PS-gramatikas, 

aramed isargebla ra metawesebis (metarules) damatebis meqanizmiT jer gansazRvra   

warmoebuli PS-gramatikuli formalizmi, romelic ganzogadebuli frazebis struqturul 

gramatikad (GPSG) iwodeba. miseuli metawesebis mizani iyo uzarmazari raodenobis 

konteqstisgan Tavisufali PS-wesebis3 kombinireba, imisaTvis, rom SesaZlebeli yofiliyo 

im lingvistur ganzogadebaTa formalizeba, romelTac im dros gazdaric da sxvebic 

mniSvnelovnad miiCnevdnen. 

 

garda amisa, imedovnebdnen, rom GPSG bunebriv enebs gaaanalizebda sirTulis im xarisxiT, 

romelic gamoTvliTi TvalsazrisebiT praqtikulad Rirebulad miiCneva, e.i. an 

konteqstisgan Tavisufali, an n3 sirTuliT. Tumca, gazdaris sawyisi daSvebis 

sawinaaRmdegod, anu imis, rom metawesebis gamoyeneba ar gamoiwvevda sirTulis gazrdas, am 

mimarTulebiT Catarebulma Camketma formalurma gamokvlevam4 daamtkica, rom sinamdvileSi 

GPSG aris rekursulad gadaTvladi da, aqedan gamomdinare, araamoxsnadi. 

 

Tu bunebrivi ena araa konteqstisgan Tavisufali _ rogorc miiCnevs Teoretikos 

enaTmecnierTa umravlesoba _ maSin formalur enaTa romel klass miekuTvneba igi? _ am 

SekiTxvis pasuxis Ziebisas unda gvaxsovdes, rom konteqstisgan Tavisufali enebis klasi 

aris garkveuli saxis formalizmis (mxedvelobaSia PS-gramatika) garkveuli saxis wesebis 

(mxedvelobaSia tipi 2) gamoyenebis Sedegi. 

 

amasTan, erTi mxriv, ar gvaqvs aranairi mizezi im daskvnis gasakeTeblad. rom es 

konkretuli formalizmi da wesTa es konkretuli tipi – konteqstisgan Tavisufali 

enebis inversirebadi dawyvilebis struqturis momcemi _ bunebriv enas srulad axasiaTebs. 

meore mxriv, konteqstisgan Tavisufali enebi qmnian PS-gramatikis im udides enobriv 

klass, romlis maTematikuri sirTulis sakmarisad dabali xarisxi mas praqtikuli 

TvalsazrisebiT Rirebulad aqcevs. 

  

daSveba, rom bunebrivi ena araa konteqstisgan Tavisufali, iwvevs erT-erTs Semdegi 

oridan: 

 

                                                 
3 "daaxloebiT trilionobiT wesi", s. Seberi, s. staki, h. uSkoreiti & j. robinsoni 1983 
4 h. uSkoreiti & s. petersi, 1986. 
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1. PS-gramatika warmomqmneli gramatikis erTaderTi elementaruli formalizmia, da, 

Sesabamisad, unda vivaraudoT, rom bunebrivi enebi maRali sirTulisaa da rom  

gamoTvlas ar emorCilebian. 

 

2. PS-gramatika araa warmomqmneli gramatikis erTaderTi elementaruli formalizmi. 

Sesabamisad, arseboben sxva elementaruli formalizmebi, romlebic iZlevian sxva 

enobriv ierarqiebs, romelTa Sesabamisi enobrivi klasebi aRniSnuli PS-gramatikebis 

orTogonulia. 

 

im faqtis gaTvaliswinebiT, rom adamianebi bunebriv enas Tavisuflad, maRalefeqturad da 

Sedegianad iyeneben, pirveli daskvna miuRebelia. meore daskvnas ki, Tavis mxriv, sakiTxi am 

daskvniT xazgasmuli konkretuli alternativebis moZiebaze dahyavs. 

  

istoriuli TvalsazrisiT pirveli bunebrivi nabiji axali formaluri enobrivi klasebis 

arsebobis dadgenisa unda iyos C-gramatikis warmoqmniTi unarisa da sirTulis 

gaanalizeba (7.4 Tavi) da dasadgen enobriv klasebTan am analiziT gamokveTili enobrivi 

klasebis Sedareba. amgvarad, am miznebiT C- da PS- gramatikebis formaluri Tvisebebis 

Sedareba aq arsebul pirdapir da umartives strategiad isazRvreba. amasTan, cxadia, rom 

aseTi Sedarebisas Semdegi samidan mxolod erTi SesaZlo mimarTeba gamoikveTeba. 

 

9.2.3 SesaZlo mimarTebebi or gramatikul formalizms Soris  

 

 

- aranairi ekvivalencia (no equivalence)  

ori gramatikuli formalizmi ar aris ekvivalenciis mimarTebaSi, Tu isini 

warmoqmnian/gamoicnoben gansxvavebul enobriv klasebs. es niSnavs, rom am 

formalizmebs gansxvavebuli warmoqmniTi unari aqvT. 

 

- susti ekvivalencia (weak equivalence) 

ori gramatikuli formalizmi aris susti ekvivalenciis mimarTebaSi, Tu isini 

warmoqmnian/gamoicnoben erTi da igive enobriv klasebs. es niSnavs, rom am 

formalizms erTi da igive warmoqmniTi unari aqvT. 

 

- Zlieri ekvivalencia (strong equivalence) 

ori gramatikuli formalizmi aris Zlieri ekvivalenciis mimarTebaSi, Tu isini 

arian (i) susti ekvivalenciis mimarTebaSi, da amave dros (ii) warmoqmnian erTi da 

igive struqturul aRwerebs. es niSnavs, rom es formalizmebi meti araferi ar 

aris, Tu ara erTmaneTis formaluri, anu notaciuri variantebi (notational 

variants). 

 

 

Tanamedrove enaTmecnierebis istoriuli ganviTarebisaTvis sasurveli iqneboda, rom C da 

PS gramatikis elementaruli formalizmebi ekvivalenturebi ar yofiliyvnen, radgan, aseT 

SemTxvevaSi, Cven gveqneboda konteqstisgan Tavisufali enebis klasis WeSmariti 

alternativa. Tumca, adreve gairkva, rom C gramatika da PS gramatika erTmaneTTan susti 

ekvivalenciis mimarTebaSi arian. 
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sakiTxi warmoiqmna am tipis [PS-] gramatikebsa da kategoriul gramatikebs Soris zusti 

urTierTkavSirebis dadgenisas. 1958-Si me mivxvdi, rom BCGebi [bidireqciuli 

kategoriuli gramatikebi (ix. 7.4.1)] arian daaxloebiT igive siZlieris rogorc CFPSGebi 

[konteqstisgan Tavisufali frazebis struqturuli gramatikebi]. maTi ekvivalencia 

daamtkica kaufmanma 1959 wlis ivnisSi. . . . gramatikis am gansxvavebuli tipebis 

ekvivalencia arc Tu mTlad moulodneli iyo. _ TiToeuli maTgani gamiznuli iyo uSualo 

SemadgenelTa gramatikis im ideebis zusti aRwerisTvis, romlebic mravali wlis 

ganmavlobaSi iTvleboda amerikuli aRweriTi enaTmecnierebis rCeul ideebad. 

sademonstraciod. magaliTad, ixileT harisis [1951] da hoketis [1958] cnobil wignebi 

 

i. bar-hileli 1960 [1964. p. 103] 

 

is faqti, rom C da PS gramatikebi ekvivalenturebi arian mxolod garkveul qvetipebSi, 

kerZod is, rom bidireqciuli C gramatika da konteqstisgan Tavisufali PS gramatika 

ekvivalenturebi arian, gaaferkmTala im faqtma, rom konteqstisgan Tavisufali 

gramatikebi warmoqmnian im yvelaze ufro farTo enobriv klass, romelic jer kidev 

eqvemdebareba gamoTvlas. amis gaTvaliswinebiT, bidireqciuli C gramatikisa da 

konteqstisgan Tavisufali PS gramatikis susti ekvivalencia, ar iwvevs aseTsave Rrma 

interess. arada, aman, Tavis droze, safuZveli Cauyara araswor Sexedulebas, rom PS 

gramatika da formaluri enebis PS gramatikuli ierarqia aris raRac bunebis mier 

mocemuli saerTo safuZveli yvela SesaZlo bunebrivi da xelovnuri enobrivi sistemebisa. 

Tumca, rogorc ukve davrwmundiT, unda arsebobdes warmomqmneli gramatikis iseTi erTi 

mainc alternatiuli formalizmi, romelic xelovnuri enebis erTobliobas yofs sruliad 

gansxvavebul enaTa klasebad, vidre amas PS gramatika akeTebs.5 

 

ZiriTadi damokidebulebebi enis gansazRvrebebs, warmomqmnel gramatikebs, gramatikis 

qvetipebs, enebis klasebs, parserebsa da sirTuleebs Soris SemdegiT SeiZleba Sejamdes: 

 

- enebi (Langueges) 

enebi arseboben warmomqmneli gramatikebisgan damoukideblad. amas adasturebs ara 

marto bunebrivi enebi, aramed aseve xelovnuri enebi: akbm, akbkck, akbkckdk, 

{akbkck}*, WWR, WW, WWW da a.S. maTi tradiciuli saxelebi am enebs ise kargad 

axasiaTeben, rom SesaZlebeli xdeba maTi sworad formirebuli gamosaxulebebis 

rogorc Camowera, ise gamocnoba. raime gramatikuli formalizmis farglebSi raime 

gramatikis cxadi gansazRvra romelime bunebrivi Tu xelovnuri enisaTvis iTxovs 

nabijs, romelic, rogorc wesi, aratrivialuria: is, rom mocemuli ena SeiZleba 

aRiweros sxvadasxva gramatikuli formalizmebiTa da sxvadasxva formaluri 

                                                 
5 marTlac, konteqstisgan Tavisufali a

k
b

k
 (ix. 7.1.3, 10.2.2) da konteqstze damokidebuli a

k
b

k
c

k
 (ix. 8.3.6, 

10.2.3) enebi LA-gramatikaSi klasificirebuli arian rogorc C1-LAG-ebis erTi da igive wrfivi klasebis 

wevrebi. Sesabamisad, konteqstisgan Tavisufali WW
R
 (ix. 8.3.4, 11.1.5) da konteqstze damokidebuli WW 

enebi LA-gramatikaSi klasificirebuli arian rogorc C2-LAG-ebis erTi da igive polonomuri (n
2
) klasis 

wevrebi. 
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gramatikebiT, naCvenebia 7.4.3 da 7.1.3 punqtebSi akbk enis C da PS gramatikuli 

analizebis SedarebiT. 

 

- warmomqmneli gramatikebi (Generative grammars) 

erTi mxriv, warmomqmneli gramatika aris saerTo, sazogado formaluri yalibi; 

meore mxriv, es aris am saerTo yalibis farglebSi specifikuri enis aRsawerad 

gansazRvruli wesTa specifikuri sistema. magaliTad, PS gramatika, rogorc zogadi 

formaluri yalibi, gansazRvrulia <V, VT, S, P> oTxeuliT da mis komponentebze 

mocemuli garkveuli damatebiTi pirobebiT. am zogadi yalibis farglebSi akbk enis 

msgavsi specifikuri enebis warmosaqmnelad SesaZlebeli xdeba sxvadasxva 

specifikuri PS gramatikebis gansazRvra. 

 

- warmomqmneli gramatikebis qvetipebi (Subtypes of generative grammars) 

warmomqmneli gramatikis zogadi formaluri yalibis sxvadasxva SezRudvebi iZleva 

sxvadasxva gramatikul tipebs. am gziT aris gansazRvruli regularuli, 

konteqstisgan Tavisufali, konteqstze damokidebuli da SeuzRudavi PS 

gramatikebi, rogorc PS gramatikis qvetipebi, da C1-, C2-, C3-, B- da A-LAG 

gramatikebi rogorc LA-gramatikis qvetipebi. sxvadasxva SezRudvebi arseboben ara 

TavisTavad da damoukideblad, aramed arian damokidebulni gamoyenebuli gramatikis 

formalur Tvisebebze (ZiriTadad wesebis struqturaze).  

 

- enis klasebi (Languege classes) 

warmomqmneli gramatikis es sxvadasxva qvetipebi SeiZleba gamoyenebul iqnen 

SesaZlo enaTa erTobliobis dasayofad enaTa sxvadasxva klasebad. imis gamo, rom 

warmomqmneli gramatikis qvetipebi damokidebulia gamoyenebul formalizmze, 

asocirebuli enis klasebi ar arseboben TavisTavad, isini gamosaxaven gamoyenebuli 

gramatikuli tipis formalur Tvisebebs. magaliTad, konteqstisgan Tavisufali 

enebis wyvil-inversirebadi specifikacia pirdapir gamomdinareobs konteqstisgan 

Tavisufali PS gramatikebis wesTa struqturis specifikuri SezRudvebisgan. 

 

Nota bene: enebi arseboben im formaluri gramatikebisgan damoukideblad, 

romlebmac SesaZloa warmoqmnan isini. enis klasebi, meore mxriv, ar arseboben 

damoukideblad, isini gansazRvruli gramatikuli formalizmebis gansazRvruli 

SezRudvebis Sedegia. 

 

- parserebi (Parsers) 

analizatorebi enis avtomaturad maaanalizebeli programebia, romlebic 

gansazRvrulia warmomqmneli gramatikis mTlian qvetipebze (mag.: konteqstisgan 

Tavisufali PS gramatika an C-LAG-ebi). amgvarad, akbkck enis msgavsi konteqstze 

damokidebuli enebis problema ar aris im sirTulis, rom ver daiweros maTi 

efeqturad maanalizebeli programa, magram, miuxedavad amisa, ver Seiqmneba veranairi 

praqtikulad Rirebuli analizatori konteqstze damokidebuli PS gramatikisTvis. 

 

- sirTule (Complexity) 
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warmomqmneli gramatikis qvetipis sirTule gansazRvrulia im primitiuli 

operaciebis raodenobiT, rac yvelaze uares SemTxvevaSi esaWiroeba ekvivalentur 

abstraqtul avtomats, an parsers dasamuSavebeli gamosaxulebebis gasaanalizeblad. 

individualuri enebis sirTule Cveulebriv ganisazRvreba maTi (enebis) Sesabamisi 

enobrivi klasebis sirTuliT. amasTan, radgan enobrivi klasebi da maTi Tvisebebi 

damokidebulia am klasebis momcem formalizmze, gasagebi xdeba, Tu ratom aris rom 

akbkck enis tipis enebi PS gramatikaSi ekuTvnian konteqstze damokidebul enaTa 

klass, romelic eqsponencialuri sirTulisaa, xolo LA-gramatikaSi aseTi enebi 

arian C1-LAG klasSi, romelic wrfivi sirTulisaa. 

 

 

garda enis Sesabamisi enobrivi klasiT gansazRvruli enis sirTulis cnebisa SeiZleba 

agreTve individualuri enis inherentuli sirTulis (inherrent complexity) gamokvleva. 

aseT SemTxvevaSi eyrdnobian enis specifikur struqturul Tvisebebs (raime gansazRvruli 

gramatikuli formalizmisgan damoukideblad) imis gansasazRvravad Tu uares SemTxvevaSi 

ramden operacias iTxovs misi analizi abstraqtul manqanaze (mag.: tiuringis an registr 

manqanaze (register machine)). magaliTad, 3SAT da Subset Sum (Sed.: 11.4 da 11.5 

qveTavebi) msgavsi enebi inherentulad rTuli enebia. Sesabamisad, es enebi nebismier 

SesaZlo gramatikul formalizmSi aucileblad maRali sirTulis klasSi iqnebian (aq es 

aris eqsponencialuri klasi). 

 

individualuri enis inherentuli sirTule mniSvnelovani saSualebaa enis klasis 

minimaluri sirTulis gamosaTvlelad. analizis es forma Semodis Zalian dabal doneze 

da, rogorc wesi, Seesabameba manqanur da asemblerul kodebs. amis gamoa, rom, rogorc 

wesi, xelovnuri Tu bunebrivi enebis sirTule analizdeba gramatikuli formalizmis 

abstraqtul doneze, ris gamoc sirTule iTvleba gramatikuli tipis da am tipis 

Sesabamisi mTliani enobrivi klasisTvis. 

 



 60 

 
9.3 tipobrivi transfarentulobis damokidebuleba 

gramatikebsa da parserebs Soris 

 

iTvleba, rom parseri gramatikas yvelaze martivi da transfarentuli saxiT iyenebs maSin, 

rodesac igi mxolod am gramatikuli meqanizmebiT cdilobs Semavali gamosaxulebis 

analizebas. _ aseTi xedva parserze, rogorc gramatikis amamuSavebelsa (motor) da 

gamZRolze (driver), Tavidanve iyo gaTvaliswinebuli PS gramatikaSi. 

 
mileris da Comskis ZiriTadi SemoTavazeba (1963) iyo is, rom gramatikebi unda 

yofiliyvnen realizebulni rogorc maaanalizebeli algoriTmebi. Cven SegviZlia aviRoT es 

rogorc meTodologiuri principi. am SemTxvevaSi, gasagebi xdeba, rom gramatikaSi arsebuli 

wesebisa da struqturebis mkacri logikuri organizebis pirdapiri da zusti sarkuli 

asaxviT unda moxdes Sesabamisi parseris meqanizmis organizeba. amas Cven tipobrivi 

transfarentuloba (type transparency) vuwodeT. 

 

       r. k. berviki & a. s. vainbergi, 1984, gv 39. 

 

qvemoT moyvanil gansazRvrebas Semoyavs sruli tipobrivi transfarentulobis (absolute 

type transparency) cneba (ix. R. C. Berwick & A. S. Weinberg 1984, gv. 41.) zusti da 

intuiciurad cxadi zogadi gziT. 

 
9.3.1 sruli tipobrivi transparentulobis gansazRvreba 
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_ nebismieri enisaTvis parseri da warmomqmneli iyenebs erTsa da imave formalur 

gramatikas, 

_ Sesabamisad, parseric da warmomqmnelic mimarTavs gramatikis wesebs pirdapir. 

_ es niSnavs, rom parseric da warmomqmnelic wesebs imave TanamimdevrobiT amuSavebs, ra    
TanmimdevrobiTac isini muSavdeba gramatikuli derivaciisas. 

_ amgvarad, TiToeuli am wesis gamoyenebisas parseric da warmomqmnelic amuSavebs imave 

Semaval gamosaxulebas, rasac gramatika da 

_ amasTan, TiToeuli wesis gamoyenebisas parseric da warmomqmnelic iZleva imave 

gamomaval gamosaxulebas rasac gramatika. 

 

PS gramatikaSi advilad dgindeba, rom parseris mier gramatikis wesebis pirdapiri 

gamoyeneba SeuZlebelia. amis istoriuli mizezi aris is, rom 1936 wels postma misi 

mawarmoebeli, anu gadamweri sistema aago rekursiis TeoriaSi efeqturi gamoTvladobis 

(effective computability) maTematikuri cnebis gansasazRvravad.6 postis sistemaSi 

derivaciuli rigi emyareboda erTi saxis niSnebis sxva saxis niSnebiT Canacvlebas, rac 

misi miznebisTvis sruliad bunebrivi iyo. 

 

roca Comskim 1957 wels bunebrivi enis gasaanalizeblad PS gramatikis saxeliT gamoiyena 

postis mawarmoebeli sistema, igi iZulebuli gaxda gamoeyenebina agreTve  postis  

sistemis Canacvlebaze damyarebuli gamoyvanis rigi. imis gamo, rom parseri dasamuSaveblad 

iRebs terminaluri simboloebis striqons, PS gramatikebi da maTi parserebi ar arian 

Semaval-gamomaval ekvivalenciaSi (input-output equivalent). _ es imas niSnavs, rom ver 

iarsebebs iseTi parseri, romelsac SeeZleba PS-gramatikis wesebis pirdapiri gamoyeneba. 

 

parserSi konteqstisgan Tavisufali PS-gramatikis gamoyenebis struqturuli problemebis 

sademonstraciod qvemoT warmodgenilia aaabbb gamosaxulebis nabij-nabijiTi derivacia 

(derivation) 7.1.3 ganawerSi akbk enisaTvis gansazRvrul PS gramatikaSi. 

 

 

9.3.2  aaabbb gamosaxulebis qvemoT mimarTuli gamoyvana 

 
                                                 
6 magaliTisTvis ixileT A. Church, gv. 52, sqolio # 119 
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S 
S  a S b I safexuri 
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a S b 
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S 

a S b 

S 

a b 

 S  a S b II safexuri 
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    S  a b III safexuri 

S 

S 

S 

a a a b b b 
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am Canacvlebaze dafuZnebuli gamoyvanis (substitution-based derivation) wesebis  marcxena 

mxaris S cvladi mravaljeraa Canacvlebuli wesebis marjvena mxares ganTavsebuli 

niSnebis striqoniT. gamoyvana iwyeba S cvladiT da mTavrdeba yvela cvladis terminaluri 

niSnebiT Canacvlebis Semdeg. cvladebis aseTi damuSaveba qvemoT mimarTul gamoyvanad (top-

down derivation) iwodeba. 

  

gamoTvliTi procedura aaabbb Semavali gamosaxulebis analizisas pirdapir ver iyenebs 

PS gramatikis derivaciul meqanizms, radganac PS-gramatika gamomaval striqonSi 

terminalur simboloebs yovelTvis or sxvadasxva adgilas svams. PS gramatikisgan 

gansxvavebiT kompiuterul programas dasamuSavebeli aqvs gauanalizebeli terminaluri 

striqoni da, Sesabamisad, struqturuli kavSiri nebismieri manZiliT daSorebul or 

adgils Soris sruliad aracxadia. 

 

Semavali gamosaxulebis avtomaturi analizisas qvemoT mimarTuli gramatikuli gamoyvanis 

pirdapiri gamoyenebis erTaderTi SesaZlebloba iqneboda yvela gamomavali gamosaxulebis 

TandaTanobiTi gamoyvana, im imediT, rom gasaanalizebeli striqoni raRac momentSi 

gamoCndeba damuSavebul gamosaxulebebs Soris. akbk enis SemTxvevaSi Tavisuflad 

SesaZlebelia, rom es ase moxdes. aseTi midgoma ar mogvcems amoxsnas WWR enisaTvis, 

radgan am SemTxvevaSi SesaZlo gamosaval gamosaxulebaTa raodenoba SeiZleba gaizardos 

maTi sigrZis eqsponencialurad. _ es aris mizezi imisa, rom yvela SesaZlo striqonis 

warmoqmnis meTodi maleve Sefasda aravargis da araefeqtur meTodad. 

 

rogorc alternativa, SesaZloa icados PS-gramatikis gamoyeneba zemoT mimarTuli 

(bottom up) gamoyvanis asagebad. 
 

9.3.3 aaabbb  gamosaxulebis zemoT mimarTuli gamoyvana 

 

 

 

 
S  a S b            III biji 

S 

S 
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zemoT mimarTuli gamoyvana (bottom-up derivation) iwyeba erTi an ramodenime wesis 

marjvena mxares ganTavsebuli gamosaxulebiT da cvlis maT wesis marcxena mxares 

ganTavsebuli cvladiT. es cvladi da ase warmoqmnili gamosaxuleba, an misi nawili 

wyvildeba sxva wesis marjvena mxaresTan da Sesabamisad am wesisa es dawyvileba icvleba 

wesis marcxena mxares ganTavsebuli cvladiT. am tipis zemoT mimarTuli gamoyvana 

asrulebs muSaobas, roca mxolod erTi wesia aqtiuri da roca misi marjvena mxare 

icvleba sawyisi S simboloTi. 

 

konteqstisgan Tavisufal PS-gramatikaSi zemoT mimarTuli gamoyvanis sisuste aris is, 

rom is programisgan iTxovs dawyvilebuli inversirebadobis struqturis Teoriuli 

centris moZebnas. es problemaa, radganac programas SeiZleba SemTxveviT Sesasvlelidan 

gasaanalizeblad Seuvides iseTi striqoni, romelSic aRniSnuli centri saerTod arc 

arsebobs. 

 

akbk
 enis SemTxvevaSi programas centris gansasazRvrad SeuZlia gamoiyenos sazRvari a da 

b sityvebs Soris, magram aseTi midgoma ar iZleva zogad gadawyvetas konteqstisgan 

Tavisufali PS-gramatikisTvis. magaliTisTvis WWR ena Seicavs aaaaaa da aaaaaaaa  

saxis striqonebs, romelTa centris gamoTvla SeiZleba mxolod maTi sigrZis gamoTvliT. 

Tumca, arc sigrZe iZleva zogad kriteriums, radgan akb3k (ix. 8.3.4) saxis konteqstisgan 

S  a S b              II biji S 

S 

a a a b b b 

S  a b            I  biji 
S 

a a a b b b 
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Tavisufali enebSi gamoyvanis centri ar aris ganTavsebuli Sesavali gamosaxulebis 

sigrZiT centrSi. 

 

imis gamo, rom vaCvenoT, Tu rogor SeiZleba gadalaxos parserma konteqstisgan 

Tavisufali PS-gramatikis logikuri warmoebis wesrigTan Seqmnili sirTuleebi zogadad 

moqmedi meTodiT, sjobs ganvixiloT analizi erleis algoriTmis farglebSi, romelic 

Hopcroft & Ullman, 1979, gv. 145-is mixedviT `aris yvelaze praqtikuli da zogadi 

konteqstisgan Tavisufali gamocnobisa da parsirebis algoriTmi.~ Semdegi, 9.3.4 ganaweris 

ZiriTadi mizania konteqstisagan Tavisufali enebis zogadi parsirebisaTvis saWiro PS-

gramatikis wesebis  restruqturizaciis mimoxilva. 

 

9.3.4 akbk
 enis erleis maanalizebeli algoriTmi 

 

.aaabbb 

.S 
                  a.aabbb 

.ab     -> a.b 

.aSb  ->  a.Sb 
                                   aa.abbb 
                   a.abb     ->  aa.bb 
                   a.aSbb  ->  aa.Sbb 
                                                           aaa.bbb         aaab.bb 
                                   aa.abb      ->  aaa.bbb  ->    aaab.bb  -> . . . 
                                   aa.aSbbb ->  aaa.Sbbb 
 

erleis7 algoriTmi iyenebs sam operacias, romlebic ar arian PS-gramatikis algebruli 

gansazRvrebis Semdgenlebi (ix. 8.1.1). esenia predikator- (predicator-), skaner- (scan-) da 

kompletor- (completor-) operaciebi (operation) (ix. erlei 1970). maTi meSveobiT, 9.3.4 

algoriTmis Semavali gamosaxuleba analizdeba marjvnidan marcxniv (left to rigt). amasTan, 

wertili gviCvenebs, Tu sadamde unda gagrZeldes analizi. 

 

analizis dasawyisSi wertili dasmulia Semavali 

.a a a b b b 

striqonis win, romelic interpretirebulia rogorc 

.S  
mdgomareoba (state), anu rogorc S cvladi. cvladis asli ver iqneba Sesatan striqonSi, 

ris gamoc ver gamoviyenebT skan-operacias. Tumca, akbk
 enisTvis gansazRvruli PS-

gramatikis Semdegi ori wesis S  a b da S  a S b gamoyenebiT predikator-operacia 

warmoqmnis or axal, saxeldobr 

.a b da .a S b 

mdgomareobas, romlebic ematebian algoriTmis mdgomareobaTa simravles (state set). 

 

algoriTmis Semdeg ciklSi rogorc dasamuSavebel, e.i. 

                                                 
7 jei erleim aago Tavisi maanalizebeli algoriTmi PS-gramatikebisTvis Tavis disertaciaSi karneg-melonis 

univrsitetis (pitsburgi, aSS) kompiuterul mecnierebaTa departamentSi. am miRwevis Semdeg is gauCinarda 

samecniero scenidan da amJamad dakargulad iTvleba. 
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a. a a b b b 
striqonSi, ise orive axal, e.i.  

a. b da a. S b 

mdgomareobebSi wertili waZrulia erTi poziciiT marjvniv (kompletor-operacia). skan-

operacia amowmebs Seesabameba Tu ara mdgomareobaSi wertilamde arsebuli niSani 

dasamuSavebeli striqonis wertilamde ganTavsebul niSans. es asea orive SemTxvevaSi. 

 

Semdeg ciklSi wertili kvlavindeburad waiZra kidev erTi poziciiT marjvniv. Sedegad 

dasamuSavebel striqonad dajda 

a a. a b b b 

da mdgomareobebad: 

a b. da a S. b 

pirvel mdgomareobaSi wertilis win aris b terminaluri simbolo, xolo dasamuSavebel 

striqonSi wertilamde aris a terminaluri simbolo, rac skan-operaciis Sesrulebis 

mcdelobas warumateblobiT asrulebs. meore mdgomareobaSi, meore mxriv, wertilamde 

gvaqvs S, romelzec, gramatikuli wesebis mixedviT, daSvebulia predikator-operaciis 
gamoyeneba. es Sedegad iZleva mdgomareobebs 

a a. b b da a a. S b b 

romelTaganac orives skan-operacia usabamebs dasamuSavebel striqons. Semdeg kompletor-

operacia wertils kvlav waZravs erTi poziciiT marjvniv. Sedegad vRebulobT    
a a a. b b b 

striqonsa da 

a a b. b da a a S. b b 

mdgomareobebs. 

 

pirveli mdgomareobisaTvis skan-operaciis gamoyeneba warumateblad sruldeba. miuxedavad 

amisa, predikator-operaciis gamoyeneba meore mdgomareobaze Sedegad iZleva or axal 

mdgomareobas, kerZod: 

a a a. b b b da a a a. S b b b 

romelTaganac orives skan-operacia  warmatebiT awyvilebs dasamuSavebel striqonTan. 

  

wertili kidev erTxel waiZra marjvniv erTi poziciiT da warmoqmna dasamuSavebeli 

striqoni 

a a a b. b b 

da axali 

a a a b. b b da a a a S. b b b 

mdgomareobebi. amjerad skan-operacia warmatebulia pirvel mdgomareobaze.8 wertili kidev 

erTxel waiZra marjvniv da Sedegad mogvca 

a a a b b. b 

                                                 
8 am stadiaSi meore gamosaxulebac aseve jer kidev aqtiuria, radgan is nebas rTavs momdevno predikator-

operacias, romelic Sedegad gvaZlevs axal mdgomareobebs 

a a a a. b b b b      
a a a a. S b b b b 
Tumca es mdgomareobebi mimyoli skan-operaciT warumateblad sruldebian dasamuSavebel 

a a a b. b b 

striqonze. 
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dasamuSavebel striqoni da 

a a a b b. b 
mdgomareoba.  

 
is, rom axali mdgomareoba Seicavs mxolod terminalur simboloebs, ganapirobebs imas, 

rom mxolod skan-operacia SeiZleba iqnes gamoyenebuli. amasTan, es operacia am 

SemTxvevaSi rezultaturia da Sedegad iZleva    

a a a b b b. 
dasamuSavebel striqonsa da  

a a a b b b. 
mdgomareobas. dasamuSavebeli striqonis bolos ganTavsebuli wertili gvaniSnebs analizis  

warmatebul dasasrulze. 

 

 

Cven vnaxeT, rom erleis algoriTmi iyenebs gramatikis wesebs, magram ara pirdapir. Tumca, 

algoriTmi waramatebiT Slis gramatikis wesebs maT Semadgenel ZiriTad elementebad, 

riTac rigiToba dgindeba dasamuSavebel striqonSi terminaluri simboloebis 

TanamimdevrobiT - da ara gramatikuli wesebis sistemis logikuri derivaciuli rigiT. 

amgvarad, erleis algoriTmsa da mis mier gamoyenebul konteqstisgan Tavisufal PS-

gramatikas Soris kavSiri ar aris transfarentuli tipis. 

  

konteqstisgan Tavisufali PS-gramatikisTvis, erleis algoriTmis garda, arsebobs 

parserebis sakmaod didi odenoba, mag.:  CYK algoriTmi (ix. hofkrofti & ulmani, 1979, 

gv. 139-141) da chart parseri (ix. kei, 1980). yvela es parseri ainterpretirebs nebismier 

konteqstisgan Tavisufal PS-gramatikas da aanalizebs maTTan mikavSirebul nebismier enas. 

Tumca, arcerTi es parseri ar aris transparentuli tipis. 

  

parserebi msgavsad erleis da CYK algoriTmebisa, anda Cart parserisa konteqstisgan 

Tavisufali PS-gramatikis wesebs uSualod ver amuSaveben da iTxoven masiur Sualedur  

struqturebs (mag. rogorebicaa:  mdgomareobaTa simravle, cxrilebi, diagramebi da. a. S.) 
im mizniT, rom SesabamisobaSi moiyvanos gansxvavebebi gramatikuli sistemisa da parseris 

algoriTmis mier warmoebul derivaciebs Soris: rac, Tavis mxriv, sirTuleebs uqmnis 

momxmarebels, magaliTad gramatikis damwers, romelsac warmodgenac ki ara aqvs parseris 

procedurul rutinaze. miuxedavad amisa, Tu am midgomebiT xerxdeba arsebuli 

gansxvavebebis sruli korelacia, anu Tu PS-gramatika adekvaturad aris aRwerili, aseTi 

gadawyvetebi gamarTlebulad miiCneva. 

 

amis sapirispirod, Tu parseri gamoyenebulia aRweriTad adekvatur ganviTarebad 

gramatikaSi, tipobrivi transparentulobis nakli Zlier aferxebs gramatikis Semdgomi 

daxvewisa da maRal safexurze ayvanis saqmes. magaliTad, Tu moxda Secdoma imis gamo, rom 

analizatorma ver ipova kanonieri (swori) gramatikuli struqtura sworad formirebuli 

dasamuSavebeli gamosaxulebisaTvis, maSin es Secdoma moZiebuli unda iqnas PS-gramatikis 

wesTa sistemaSi. 

 

xdeba, rom praqtikuli mizniT gamoyenebadi konteqstisgan Tavisufali PS-gramatikis 

wesebis raodenoba xSirad ramdenime aTass aWarbebs. am SemTxvevaSi udidesi daxmareba 
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iqneboda, Tu moxerxdeboda Secdomis lokalizeba parseris kvalis daxmarebiT. Tumca, 

roca parseri pirdapir ver iyenebs PS-gramatikis wesebs, misi kvali (mdgomareobaTa 

ganaweri) iseve arawakiTxvadia, rogorc asembleris kodis (ix. 9.3.4) da, Sesabamisad, misi 

(e.i. parseris trasirebis) evristikuli mniSvneloba metad mcirdeba. 

 

ra Tqma unda, Secdomebis lokalizebis mizniT, SesaZloa daiweros meoradi parseri 

ZiriTadi parseris arawakiTxvadi struqturis wakiTxvad formaSi saTargmnad: 

transparentuli tipis LA-gramatikis msgavsi gramatikebisTvis rogorc Sualeduri 

struqturebis, ise maTi adamianTaTvis wakiTxvad formaSi reinterpretatorebis 

konstruireba dakavSirebulia did ZalisxmevebTan da danaxarjebTan. amasTan, irkveva, rom 

sasurveli Sedegis misaRwevad arasakmarisia programistuli damuSaveba da rom rig 

SemTxvevebSi saWiro xdeba mexsierebis gazrda. 

 

 

9.4 Semaval-gamomavali ekvivalencia  

msmenel-molaparake sistemasTan 

  

neitivistebis mxardamWerebs hqondaT mcdeloba mieCqmalaT PS-gramatikis struqturuli 

sisusteebi, rogorc programirebis problema, romelTa gadawyveta kompiuterul 

mecnierebaTa amocanaa. isini ambobdnen, rom maTi namdvili mizani molaparake-msmenelis 

bunebrivi enobrivi codnis zogadi gaanalizebaa da rom am mizniT gansazRvrul kvlevebze 

im viwro programistuli xasiaTis problemebs, romlebzedac saubaria, ar aqvT aranairi 

uaryofiTi gavlena. 

  

Tumca, zemomoyvanili msjeloba aramarTebulia. radganac, cxadia, rom Tandayolili 

struqturebis formebi ganapirobeben maT funqciebs (ix. 4.5.3). amasTan, cxadia isic, rom 

Tandayolili enobrivi SesaZleblobebis aRwera aucileblad iTxovs aRweraSi 

gamoyenebuli formalizmis Semaval-gamomaval ekvivalencias aRsaweri enis msmenel-

molaparake sistemasTan. arada, molaparake-msmeneli sistemis Semaval-gamomaval pirobebs 

verc PS-gramatika akmayofilebs da verc PS-gramatikis is parserebi, romlebic qvemoTaa 

moyvanili. 

 

9.4.1 konteqstisgan Tavisufali PS-gramatika 

inglisuri enis martivi winadadebisaTvis 

 

1. S  →  NP  VP      
2. NP  →  DET  N       
3. VP  →  V  NP      

4. NP  →  Julia 
5. V  →  read 
6. DET  →  a 
7. N  →  book 
 

9.4.2 ganaweriT aRweril analizis xes mikavSirebul gamoyvanaSi 9.4.1 jer wesi 1 

anacvlebs (Substitutes) sawyis S simbolos NP (noun) da VP (verb) frazebiT 

(phrase). Semdeg wesi 4 NP kvanZs anacvlebs sityviT Julia, da wesi 3 VP kvanZs cvlis V 

(verb) da NP kvanZebiT. Semdeg wesi 5 V kvanZs cvlis sityviT read, da wesi 2 NP kvanZs 
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cvlis DET (determiner) da N (noun) kvanZebiT. sabolood, wesi 6 cvlis DET kvanZs 

sityviT a, da wesi 7 cvlis N kvanZs sityviT book. 

 

9.4.2 PS-gramatikuli analizi (qvemoT mimarTuli gamoyvana) 

 

                    S 
 
 
          NP             VP 
 
 
          Julia      V          NP 
 

                     read   DET   N 
 
                       
                                 a    book 

 

logikuri TvalsazrisebiT es gamoyvana bunebrivad imzireba. miuxedavad amisa, is aris 

cxad winaaRmdegobaSi bunebrivi enis droSi-wrfiv struqturasTan. Semaval-gamomavali 

pirobebis TvalsazrisiT PS-gramatikebsa da molapareke-msmenelis enobriv funqcionirebas 

Soris arsebuli gansxvavebebi demonstrirebulia qvemoT moyvanili mcire monaxaziT, 

romelic 9.4.1 PS-gramatikaze damyarebuli droSi-wrfivi analizis gakeTebis mcdelobaa. 

 

9.4.3 droSi-wrfivi analizis Catarebis mcdeloba PS-gramatikaSi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

read Julia 

1 2 

NP V 

2 3 

read a 

? 
V DET 

? 

3 4 

a book 

DET N 

NP 

VP 

V 

S 

NP 
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winadadebis - Julia read a book wakiTxvis bunebrivi Tanamimdevroba droSi-wrfivia, e.i. 

sityvebi ikiTxeba marcxnidan marjvniv erTi meores miyolebiT.9 mas Semdeg, rac pirveli 

ori sityva Julia da read Canacvlda NP da V kvanZebiT (9.4.1 sistemis 4 da 5 wesebis 

Sesabamisad), mkiTxvelis gramatikuli algoriTmi kvanZebis NP da V mimdevrobis ufro 

maRali safexuris kvanZiT Casanacvleblad eZebs PS-wess. Tumca, radgan aseTi saxis wesis 

arsebobas ver uzrunvelofs 9.4.1 gramatika, qvexe, romelic Sedgeba pirveli sityvisa da 

misi kategoriisgan, droebiT gverdze unda gadaidos mogvianebiTi gamoyenebisTvis.  

 

Semdeg, mkiTxvelis gramatikuli algoriTmi 6-e wesis gamoyenebiT anacvlebs a mesame 

sityvas misi DET kategoriiT, da cdilobs meore sityvis V kategoris kombinirebas am 

mesame sityvis DET kategoriasTan ufro maRali kvanZSi. kvlavac, 9.4.1 gramatikaSi 

Sesabamisi wesis ar arsebobis gamo,  meore sityvis Sesabamisi qvexe droebiT gverdze unda 

gadaiods Semdgomi mogvianebiTi gamoyenebisTvis. 

 

bolos, mkiTxvelis gramatikuli algoriTmi cdilobs mesame sityvis kategoriis 

kombinirebas Sesatani winadadebis bolo, anu meoTxe sityvis kategoriasTan. am SemTxvevaSi 

9.4.1 gramatika uzrunvelyofs Sesabamisi wesis arsebobas, saxeldobr, es aris wesi 2, 

romelic DET N-kvanZebis mimdevrobas ufro maRal NP kvanZSi aerTianebs. 

 

amis Semdeg mkiTxvelis gramatikuli algoriTmi kidev erTxel cdilobs im meore read 

sityvis V kategoriis kombinirebas, romelic mogvianebiTi gamoyenebisTvis droebiT 

gverdze iyo gadadebuli: amjerad 9.4.1 gramatikis 3 wesiT igi kombinirdeba axlad 

gamoyvanil NP kvanZTan da Sedegad ufro maRal VP kvanZs iZleva. sabolood, mkiTxvelis 

gramatikuli algoriTmi kidev erTxel ecdeba NP kategoriis pirveli sityva Julia, 

romelic im droidan moyolebuli, rac am oTxsityviani winadadebis analizi daiwyo, 

gverdze iyo gadadebuli, daakombiniros am droisaTvis axlad gamoyvanil VP kvanZTan. am 

SemTxvevaSi wesi 1-is ZaliT mcdeloba warmatebulia da analizic sruldeba. 

 

9.4.3 analizis monaxazi gviCvenebs, rom Semadgenel-struqturebze dafuZnebul 

konteqstisgan Tavisufal PS-gramatikebSi droSi-wrfivi interpretacia SeuZlebelia: 

winadadebis pirvelma sityvam sruli analizis agebisas ukanasknelad gasaanalizebeli 

mocemulobis adgili daikava. PS-gramatikebis tipobrivi aratransfarentuloba 

Semaferxebelia ara mxolod bunebrivi da xelovnuri enebis avtomaturad maanalizebeli 

sistemebis agebis TvalsazrisebiT. es amave dros SeuTavseblobaSia eWvgareSe Zireul 

bunebriv principTan: formebi ganapirobeben funqciebs _ es gansakuTrebiT Zalismieria 

bunebrivi formebisaTvis. 

 

axla rac Seexeba im standartul pasuxs, rom neitivisturi gramatika miznad ar 

isaxavda10 molaparake-msmenelis sakomunikacio urTierTobebis aRweras da rom is 

                                                 
9 tradiciuli berZnul-romauli weris SeTanxmebis mixedviT. 
10 n. Comski dauRalavad akeTebda aqcentirebas, rom misi neitivisturi programis mizani ar iyo molaparake-

msmenels Soris komunikaciis proceduris modelireba. magaliTisTvis ixileT Comski 1965, gv.9.  
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gamiznuli iyo molaparake-msmenelis Tandayolili codnis abstraqtul, anu mxolod im 

doneze aRsawerad, romelic ar aris damokidebeli enis konkretul komunikaciaSi 

gamoyenebisgan _ es aradamajerebelia, radganac neitivisturi Teoriuli mosazrebebis 

damajereblobisTvis aucilebelia, rom misi ZiriTadi struqturebi Tavsebadni 

(compatible) iyvnen bunebrivi enis komunikaciis meqanizmTan. da es ki, Tu neitivisturi 
Teoria PS-gramatikul formalizms daeyrdnoba, SeuZlebelia. 

 

 

9.5 gramatikis ukmarisoba konvergenciis misaRwevad 

 

mecnieruli Tvalsazrisebis istoriul WrilSi PS-gramatikaze damyarebuli neitivizmi 

SeiZleba Sefasdes sxvadasxvagvarad. _ dadebiTi mxare: ganuwyveteli revizirebis gziT 

neitivizmma SeZlo is, rom ukve ormoc welze metia rac inarCunebs interess, ar kargavs 

gavlenas, ierTebs axal mimdevrebs da Sida davas iyenebs ara dacemisTvis, aramed 

ganviTarebisTvis. uaryofiTi mxare: es saxelmZRvanelo wigni dasturia am sakiTxis 

irgvliv arasakmarisi konvergenciisa.11 

 

es arakonvergenciuli damokidebulebebi Tavs iCens sul cota oTxi mimarTulebiT mainc. 

pirveli: nacvlad Sedegebis gaerTianebisa da gaZlierebisa ganuwyvetliv igeba axal-axali 

warmoebuli sistemebi. (ix. j. d. makolis (J.D. McCawley) mier gakeTebuli aRwera, 

romelic 1982 wels gamoqveynda wignSi saTauriT `ocdaaTi milioni gramatikuli Teoriis 

dasaxeleba~12. meore: yovel jerze, roca damatebiTi meqanizmebi (mag.: transformaciebi, 

metawesebi da a.S., ganxiluli rogorc aRweriTad aucilebeli) SemohqondaT, maTematikuri 

da gamoTvliTi maxasiaTeblebi sagrZnob degradacias ganicdidnen konteqstisgan 

Tavisufali PS-gramatikis elementaruli qveformalizmis Sesabamis maxasiaTeblebTan 

SedarebiT. mesame: PS-gramatikis farglebSi bunebrivi enis aRweris yoveli mcdeloba 

saboloo jamSi problemebis saxiT iZleoda aRweriTi tipebis siuxviTa da 

mravalferovnebiT ganpirobebul sirTuleebs.13 meoTxe: bunebrivi enis damamuSavebeli 

                                                 
11 mecnierebis istoriaSi kvlevaTa veli ganxilulia rogorc dadebiTiad ganviTarebadi Tu misi sxva da sxva 

areebi ikribeba. e.i. Tu gaumjobeseba erT areSi iwvevs gaumjobesebas sxva areebSi. amis sapirispirod, 

kvlevaTa veli ganxilulia rogorc uaryofiTad ganviTarebadi Tu gaumjobeseba erT areSi iwvevs 

gauaresebas sxva areebSi. 
12 es raodenoba gamoTvlilia enis neitivisturi Teoriis farglebSi Ria alternativebis safuZvelze. 

makolis gamoTvliT dReSi saSualod 2055 gansxvavebuli gramatikuli Teoria iqmneboda, anu TiTo axali 

Teoria yovel 42 wamSi, rac mTlianobaSi 40 weli grZeldeboda (1957 wlidan - anu, sintaqtikuri 

srtuqturebis gamoCenidan - 1997 wlamde). 
13 PS-gramatika Semadgeneli struqturis analizTan kombinaciaSi aCvenebs aRweriT eiforias, mag., amas 

gviCvenebs germanulis enis iseTi ZiriTadi klauza, rogoricaa Peter hat die Tür geschlossen, romelic 

misi diskontinialuri elementebis gamo kanonieri struqturuli analiziT ver jdeba konteqstisgan 

Tavisufali PS-gramatikis farglebSi (ix.: 8.5.1 da 8.5.2). am da sxva problemebis gadasawyvetad 

konteqstisgan Tavisufal PS-gramatikas daemata transformaciebi (ix. 8.5.3). aman Sedegad mogvca simdidris 

garTulebis tipis bevri problema. magaliTisTvis, warmoiSva kiTxva, germanulis ZiriTadi klauzebi unda 

iwarmoos transformaciulad damokidebuli winadadebis (mag.: weil Peter hat die Tür geschlossen hat) Rrma 

struqturisgan Tu piriqiT. ZiriTadi klauzebis transformaciuli warmoeba damokidebuli klauzisagan 

motivirebulia damokidebuli klauzis Semadgeneli srtuqturis SesabamisobiT, roca damokidebuli klauzis 

transformaciuli warmoeba ZiriTadi klauzisgan motivirebulia im grZnobiT, rom ZiriTadi klauza ufro 

mniSvnelovania (ix. e. baxi (E. Bach), 1962 da m. berviSi (M. Bierwisch), 1963). germanuli enis ZiriTadi da 

damokidebuli winadadebis ganxilva transformaciis gareSe ixileT 18-e TavSi, kerZod 18.5 qveTavSi. 
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praqtikulad gamoyenebadi sistemebi an mxolod zedapirulad iyeneben neitivizmis 

Teoriul konstruqciebs, an saerTod uaryofen maT. 

 

amasTan, am konvergenciuli damokidebulebebis naklulobas ori ZiriTadi mizezi aqvs: 

pirveli: neitivizmi ar aris empiriulad srulad gansazRvruli, radgan is ar Seicavs 

komunikaciis funqcionalur Teorias. meore: neitivizmis mier arCeuli PS-gramatikuli 

formalizmi araa Tavsebadi molaparake-msmeneli sistemis Semaval-gamomaval pirobebTan. 

 

qvemoT damwyebi lingvistebisaTvis mocemulia sxvadasxva formalizmebze xangrZlivi 

muSaobis Sedegad miRebuli gamocdilebis safuZvelze gakeTebuli  rCevebi14: (i) Tqven 

unda gaxsovdeT, rom Tqveni mizania bunebrivi komunikaciis meqanizmis modelireba, amasTan, 

saWiroa (ii) Tqvens mier SemuSavebuli modelebis gamoTvliTi verificireba, da (iii) maTi 

utilizeba iseT  praqtikul gamoyenebebSi, rogoricaa adamiani-manqanis komunikaciebi. _ 

Tqveni modelebis sasafuZvlo gramatikuli formalizmi ar unda airCioT naCqarevad da 

gauazreblad, aramed Tqveni arCevani unda iyos codnasa da ganaTlebaze damyarebuli Rrmad 

gacnobierebuli arCevanis Sedegi. _ PS-gramatikis Tvisebebi Sejamebulia qvemoT. 

 

9.5.1. PS-gramatikis Tvisebebi 

 

- maTematikuri: 

praqtikuli Rirebulebis mqone parser algoriTmebi arsebobs mxolod konteqstisgan 

Tavisufali PS-gramatikisTvis. maT aqvT sakmaod dabali sirTulis done (n3), magram 

maTi warmoqmniTi unari bunebrivi enebis dasamuSaveblad arasakmarisia. amasTan, 

rogorc wesi, bunebrivi enis aRweris mizniT formalizmis warmoqmniTi unaris 

gafarToeba iZleva sirTulis iseT maRal xarisxs (araamoxsnads, an eqsponencialurs), 

rom ar SeiZleba misTvis arsebobdes raime praqtikuli Rirebulebis mqone parseri. 

- gamoTvliTi: 

PS-gramatika ar aris transfarentuli tipis. es xels uSlis gramatikaSi 

Secdomebis gamosworebisa da sistemis ufro maRal doneze ayvanis mizniT parserebis 

avtomaturi kvalis gamoyenebas. garda amisa, gramatikasa da parser algoriTms Soris 

arapirdapiri kavSiri moiTxovs ZviradRirebul rutinul Sromasa da moculobiTi 

Sualeduri struqturebis gamoyenebas. 

- empirikuli: 

PS-gramatikis Canacvlebaze-dafuZnebuli gamoyvanis rigi SeuTavsebelia bunebrivi enis 

droSi-wrfiv struqturasTan. 

 

                                                 
14 darwmunebiT gamowveuli erTi formalizmis cvla meoriT SesaZloa ZviradRirebuli aRmoCndes. es niSnavs, 

rom gansazRvrul areSi eqspertis frTxilad gazrdili statusi zogjer iwvevs wina samuSaoebis 

gamosworebas, da SesaZloa iqonios didi socialuri gamoZaxili rogorc mis jgufSi, ise mis qveyanaSic da 

sazRvargareTac. Tumca, mecnierebaTa velebi, rogorc cnobilia, zogjer moulodnelad icvleba sxvadasxva 

mimarTulebiT. _ Seqmnili kvleviTi jgufebi moulodnelad awydebian maTsave radikalurad Semcirebul 

fondebs, qmedebebsa da wevrebs. roca es xdeba, erTi formalizmebis cvla SesaZloa gadaiqces gadarCenis 

aucilebel saSualebad. am SesaZleblobebis gaSuqebisas yvelaze xangrZlivi strategia samecniero arCevanTa 

Sefaseba da gramatikuli formalizmis racionaluri arCevaa:. rogorc yvela karg mecnierebaSi, lingvisturi 

kvlevac, unda imarTebodes kvlevis velis farTo da Rrma codnaze damyarebuli rwmeniT. 
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radgan bidireqciuli C-gramatika sust ekvivalenciaSia konteqstisagan Tavisufal PS-

gramatikasTan (ix. 9.2), C-gramatika ver gamodgeba PS-gramatikis alternativad. amgvarad, 

jer kidev mimdinareobs intensiuri samecniero kvlevebi Semdegi Tvisebebis mqone Zireuli 

formalizmebis moZiebis mizniT. 

 

9.5.2 moTxovnebi warmomqmnel gramatikul formalizmebze 

 

1. gramatikuli formalizmi unda iyos maTematikurad mkacrad gansazRvruli, ise rom 

2. iZleodes xelovnuri da bunebrivi enebis cxadi, deklaraciuli aRweris 

saSualebas. 

3. es formalizmi unda iyos rekursiuli (da amdenad amoxsnadi), aseve 

4. is unda iyos tipobrivad transparentuli mis parsersa da warmomqmnelTan 

mimarTebaSi. 

5. am formalizmiT unda isazRvrebodes Tvisobrivad gansxvavebuli enaTa klasebi da 

es unda xdebodes mis wesTa sistemaze gansazRvruli struqturulad cxadi 

akrZalvebiT (analogiurad - magram orTogonalurad PS-gramatikuli ierarqiisa), 

6. ris Sedegadac ierarqia unda Seicavdes dabali - savaraudod wrfivi sirTulis 

warmoqmniTi SesaZleblobis iseT enaTa klass, romelic sakmarisi iqneba bunebrivi 

enis sruli aRwerisTvis. 

7. formalizmi unda iyos Semaval-gamomaval ekvivalenciaSi molaparake-msmenelis 

sistemasTan (anu unda iyenebdes droSi wrfiv gamoyvanebs). 

8. formalizms unda hqondes warmoebisa (SinaarsTa enobriv gamosaxulebebze 

gadasaxvis azriT) da interpretirebis (enobriv gamosaxulebaTa formebis 

mniSvnelobebSi gadasaxvis azriT) unarebi. 

 

 

Semdegi Tavebi gviCveneben, rom LA-gramatika Tavs arTmevs am moTxonebs. sapirispiroa 

viTarebaa C- da PS- gramatikul formalizmebSi, romlebSic gamoyvanebi dafuZnebulia 

SesaZlo Casmebis (possible substitutions) principze. LA-gramatikaSi gamoyvanebi 

dafuZnebulia SesaZlo gagrZelebaTa (possible continuations)  principze. 

 

 

 

 

 

 

savarjiSoebi 

 

 

9.1 qveTavi 

 

1. ris safuZvelze ganviTarda termTa parserebi da, sazogadod, ra aris parseris 

funqciebi? 

2. rogor arian morfologiuri, sintaqsuri da semantikuri parserebi erTmaneTTan 

dakavSirebulni da ra ganasxvavebs maT?  
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3. aRwereT warmomqmneli gramatikis parserSi gamoyenebis ori sxvadasxva gza da SeafaseT 

es alternativebi. 

4. gansazRvreT cnebebi: deklaraciuli, proceduruli. rogor aisaxebian isini parserebSi? 

5. SesaZlebelia Tu ara sxvadasxva parseris dawera erTi da igive gramatikuli 

formalizmisaTvis? 

 

9.2 qveTavi 

 

1. aRwereT konteqstisgan Tavisufali struqtura bunebriv enebSi. 

2. aris Tu ara konteqstisagan Tavisufali struqturebi bunebriv enaSi? 

3. ras viRebT imis daSvebiT, rom bunebrivi ena ar aris konteqstisgan Tavisufali? aris 

Tu ara pasuxi damokidebuli imaze, Tu romel gramatikul formalizms viyenebT? iqneboda 

Tu ara bunebrivi enis wrfiv droSi gaanalizeba SesaZlebeli, is rom konteqstze 

damokidebuli yofiliyo? 

4. axseniT SesaZlo ekvivalenturi damokidebulebebi gramatikis or formalizms Soris. 

5. ra kavSirSia bidireqciuli C-gramatika PS-gramatikul tipebTan? 

6. arian Tu ara xelovnuri enebi maT formalur gramatikaze damokidebulni? 

7. arian Tu ara enobrivi klasebi gramatikis formalizmze damokidebulni? 

8. ra gavlenas axdens enobrivi klasis sirTulis done misTvis praqtikuli analizatoris 

Seqmnis SesaZleblobaze? 

9. ra aris enis individualuri sirTulis xarisxi da rogor aris is gansazRvruli? 

 

9.3 qveTavi 

 

1. axseniT tipobrivi transfarentulobis cneba. 

2. ra mizniT aago postma 1936 wels Tavisi mawarmoebeli sistema? 

3. rodis arian gramatikuli formalizmi da parseri Semaval-gamomaval ekvivalenciaSi? 

4. ra gansxvavebaa konteqstisgan Tavisufali PS-gramatikis qvemoT mimarTul da zemoT 

mimarTul gamoyvanebs Soris? 

5. ratom ar aris konteqstisgan Tavisufali PS-gramatika Semaval-gamomaval 

ekvivalenciaSi missave parserebTan? Tqveni axsnebi daafuZneT qvemoT mimarTul da zemoT 

mimarTul gamoyvanebs. 

6. axseniT erleis algoriTmis funqcionireba akbk enis gamosaxulebebis gamoyenebiT. 

rogor akompesirebs erleis algoriTmi PS-gramatikis Canacvlebaze damyarebuli 

gamoyvaniTi rigis sirTuleebs? 

7. mimoixileT erleis algoriTmisaTvis konteqstisgan Tavisufali PS-gramatikis wyvil-

inversirebadi struqturis gadamwyveti mniSvnelobebi. 

8. aris Tu ara SesaZlebeli akbkck enis gaanalizeba erleis algoriTmiT? 

9. arsebobs Tu ara konteqstisgan Tavisufali PS-gramatikis transparentuli parserebi? 

10. daasaxeleT ori praqtikuli mouxerxebloba im avtomaturi analizisa, romelic araa 

transfarentuli tipis. 

 

9.4 qveTavi 
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1. Semaval-gamomavali ekvivalenturobis cnebis gamoyenebiT axseniT, ratomaa PS-

gramatikaze damyarebuli enis neitivisturi Teoria SeuTavsebeli principTan – formebi 

ganapirobeben funqciebs (form follows function). 

2. warmoaCineT magaliTiT, rom PS-gramatikis warmoebis rigi SeuTavsebelia bunebrivi 

enis droiT-xazovan struqturasTan. 

3. axdens Tu ara damatebiTi transformaciuli komponenti (ix. 2.4 da 8.5) PS-gramatikis 

warmoebis rigsa da bunebrivi enis droSi-wrfiv rigs Soris SeuTavseblobis Semcirebas? 

 

9.5 qveTavi 

 

1. axseniT konvergenciis cneba da am cnebis mniSvneloba mecnierebis istoriaSi. 

2. rogor iCens Tavs neitivizmis istoriul ganviTarebaSi konvergenciis nakli da ra aris 

amis mizezebi? 

3. rogor gamoTvala makolim Tavisi wignis saTaurSi `gramatikis ocdaaTi milioni 

Teoria~ asaxuli ricxvi? aris Tu ara es raodenoba lingvistikaSi arsebuli dadebiTi 

Zvrebis maniSnebeli?  

4. ratom SeiZleba aRmoCndes gramatikuli formalizmis Secvla ZviradRirebuli? 

5. ra kavSirs xedavT, erTi mxriv, ‘deskrifciuli eiforiebsa’ da ‘raodenobriv 

Seferxebebs’ da, meore mxriv, axal-axali warmoebuli formalizmebis ganuwyveteli 

warmoebis maRal materialur sirTuleebs Soris? 

6. aRwereT PS-gramatikis maTematikuri, gamoTvliTi da empirikuli Tvisebebi. 

7. ra naklebi unda aRmoifxvras warmomqmnel gramatikebSi rom igi bunebrivi enis 

gamoTvliTi analizisTvis Tavsebadi gaxdes? 
 
 
 

10 Tavi 

marcxniv asocirebadi gramatika 

 

 

 

 

wina 7-e _ 9-e TavebSi C-gramatikisa (1929) da PS-gramatikis (1935) istoriuli 

formalizmebis farglebSi aRiwera xelovnuri da bunebrivi enebis ZiriTadi saanalizo 

cnebebi. momdevno 10-e _ 12-e TavebSi es cnebebi gamoyenebuli iqneba LA-gramatikad 

wodebul (1985)1 mesame elementalur formalizmSi. bunebrivi enis analizis es SedarebiT 

axali formalizmi ar aris nasesxebi samecniero kvlevis sxva dargebidan, aramed Tavidanve 

iyo Cafiqrebuli rogorc iseTi droSi wrfivi transfarentuli tipis algoriTmi, 

romelic Semaval-gamomaval ekvivalenciaSi iqneboda molaparake-msmenelis sistemasTan.   

 

10.1 qveTavSi axsnilia, Tu rogor modelirdeba bunebrivi enis droSi wrfivi struqtura 

marcxniv jgufdebadi derivaciuli rigiT, gansazRvrulia SesaZlo gagrZelebebis principi 

da C-, PS- da LA- gramatikebisTvis gaSuqebulia zogadi kavSiri wesis formatsa da 

                                                 
1
 oficialuri publikacia aris Hausser, JurnalSi Teoriuli kompiuteruli mecniereba  (TCS).  
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konceptualur gamoyvaniT dalagebas Soris. 10.2 qveTavSi mocemulia LA-gramatikis 

algebruli gansazRvreba. 10.3 qveTavSi warmodgenilia droSi wrfivi derivaciis 

formatebi. 10.4 qveTavSi konteqstze damokidebuli akbkck enis gamoyenebiT gaSuqebulia 

avtomaturi anilizisa da avtomaturi generaciis urTirTkavSirebi LA-gramatikaSi da 

naCvenebia LA-gramatikis tipobrivi transfarentuloba. 10.5 qveTavSi warmodgenilia 

bunebrivi enis LA-gramatikuli analizis enaTmecnieruli motivaciebi. 

 

 

10.1 wesTa tipebi da derivaciuli rigi 

 

LA-gramatikis saxelwodeba motivirebulia im marcxniv jgufdebadi gamoyvaniTi, anu 

derivaciuli rigiT (left-associative derivation order), rasac es elementaluri 

formalizmi efuZneba. marcxniv jgufdebadobis cneba logikidanaa cnobili. 

 
rodesac Cven operatorebis kombinirebiT vayalibebT gamosaxulebebs, rigi, romlis 

mixedviTac operatorebi gamoiyenebian, SeiZleba ar iyos cxadi. magaliTad: a+b+c SeiZleba 

interpretirdes, rogorc ((a+b)+c), an rogorc (a+(b+c)). Cven vambobT, rom + aris 

marcxniv jgufdebadi (left-associative),  Tu is operandebs ajgufebs marcxnidan marjvniv, 

ise rogorc ((a+b)+c). Cven vambobT, rom + aris marjvniv jgufdebadi (rigt-associative), 
Tu is operandebs sapirispiro mimarTulebiT ajgufebs, rogorc (a+(b+c)). 

 

a. v. axo & j. d. ulmani (A. V. Aho & J. D. Uiiman)  1977. gv. 47 

 

marcxniv da marjvniv jgufdebad frCxilebian struqturebs aqvT erTi gansakuTrebuli 

Tviseba, rac am struqturebis regularuli mzardobis unariT aris ganpirobebuli.   

 

 

10.1.1 marcxniv da marjvniv mzardad jgufdebadi gamoyvana 

 

      marcxniv jgufdebadi:                 marjvniv jgufdebadi: 
  

        a                                      a                      
         ( a + b )                                ( b + a )                       
        ( ( a + b ) + c )                         ( c + ( b + a ) )                               
       ( ( ( a + b ) + c ) + d )                             ( d + ( c + ( b + a ) ) ) 
           . . .                                 . . .     

              

am ori regularulad mzardi struqturidan marcxniv jgufdebadi Seesabameba dasavleTis, 

anu berZnul-romauli damwerlobis tradiciul mimarTulebas. 

 

rodesac enis analizisTvis marcxniv asocirebad derivaciul rigs viyenebT, bunebrivia, a, 

b, c ... simboloebiT sityvebis, xolo + simboloTi miweris, anu konkatenaciis 

(concatenation) operaciis aRniSvna. winadadebis pirveli a sityva amavdroulad iwodeba 

winadadebis sawyisad. amasTan, es a, anu, winadadebis es sawyisi kombinirdeba winadadebis 

momdevno b sityvasTan da Sedegad iZleva (a + b) gamosaxulebas, rac aseve winadadebis 

sawyisad gaigeba. Semdeg es axali winadadebis sawyisi kombinirdeba momdevno c sityvasTan 

da ((a + b) + c) gamosaxulebis saxiT Sedegad kvlav axal winadadebis sawyiss iZleva. 
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mokled, am algoriTmis mixedviT winadadebis sawyisi yovel bijze mTliandeba momdevno 

sityvasTan da Sedegad winadadebis axal sawyiss iZleva. amasTan, es grZeldeba manam, sanam 

algoriTmSi Semavali mocemulobis saxiT arsebobs winadadebis ukve gansazRvruli sawyisi 

nawilis momdevno sityva. 

 

marcxniv asocirebadi derivaciuli rigi wrfivia im azriT, rom regularulad umatebs 

momdevno sityvas wina sityvas, da aris droSi wrfivi, radgan zrdis mimarTuleba 

Seesabameba drois mimarTulebas (ix. 5.4.3). amgvarad, marcxniv asocirebadi derivaciuli 

rigi Seesabameba bunebrivi enis de sosiuris (de Saussure) meore kanoniseul droSi 

wrfiv struqturas.      

 

regularuli marcxniv da marjvniv jgufdebadi frCxilebiani struqturebis garda, 

arsebobs amave tipis uamravi araregularuli struqtura. magaliTad: 

 

(((a + b) + (c + d)) + e) 
((a + b) + ((c + d)) + e) 
(a + ((b + c)) + (d + e)) 
((a + (b + c)) + (d + e)) 
(((a + b) + c) + (d + e)) 

                           . . . 
am araregularuli frCxilebiani struqturebis ricxvi gamosaxulebis sigrZis zrdasTan 

erTad eqsponencialurad izrdeba da Tu (a), ((a)), (((a))),..., da a.S. saxis gamosaxulebebsac 

CavTvliT, usasruloa. 

 

es regularuli da araregularuli frCxilebiani struqturebi (da maTi Sesabamisi xeebi), 

is struqturebia, romelTac C- da PS- gramatikebi warmoSoben SesaZlo Casmebis 

(possible substitution) principis safuZvelze. terminaluri jaWvebis Sesabamisi SesaZlo 

xeebis am sakmarisad didi ricxvidan ‘koreqtuli’ frCxilebiani struqturebisa da 

‘koreqtuli’'frazuli struqturebis xeebis gamorCeva Semadgenel struqturebze 

damyarebuli analiziT C- da PS- gramatikuli lingvisturi kvlevebis centraluri 

amocanaa. 

 

amasTan, LA-gramatika dafuZnebulia SesaZlo gagrZelebaTa (possible continuations)  
principze, romelic formalurad iZleva regularul marcxniv jgufdebad frCxilebian 

struqturebsa (ix. 10.1.1) da maT Sesabamis xeebs (ix. 10.1.6).  

 

10.1.2 SesaZlo gagrZelebaTa principi 

 

dawyebuli pirveli sityviT, gramatika aRwers SesaZlo gagrZelebebs dasamuSavebeli 

winadadebis TiToeuli sawyisisaTvis im wesebis cxadi miniSnebiT, romelTa mixedviTac 

SeiZleba ganxorcieldes Semdegi gramatikuli kompozicia (e.i. winadadebis sawyisze misi 

momdevno sityvis damateba). 

 

droSi wrfivi derivaciuli rigi da SesaZlo gagrZelebebis struqturuli maxasiaTebeli 

formalizebulia LA-gramatikis specifiuri sqematuri wesiT. 
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10.1.3 LA-gramatikis marcxniv jgufdebadi sqematuri wesi 

   

r1:cat1 cat2 cat2 rpi 

 

wesi Sedgeba wesis ri saxelisagan, cat1, cat2 da cat2 kategoriaTa nimuSebisagan (category 

patterns), da rpi wesis damapaketebelisagan (rule package). kategoriebis nimuSebi 

gansazRvraven im kategorialur operacias, romelic winadadebis ss sawyiss 

(dawyvilebulia cat1-Tan) da nw momdevno sityvas (dawyvilebulia cat2-Tan) asaxavs 

winadadebis axal ss‟ sawyisSi  (aRniSnulia cat3-iT). r1 wesis warmatebuli gamomavali aris 

mdgomareoba (state), romelic (ss‟ rpi) dalagebuli wyviliT moicema. 

  

Semdeg kombinaciaSi, rpi wesebis damapaketeblis wesebi amuSaveben winadadebis ss‟ axal 

sawyissa da axal momdevno sityvas. amgvarad, LA-gramatikuli analizi iwyeba Semavali 

winadadebis sawyisi sityviT, xolo misi konceptualuri derivaciuli rigi aris zemoT 
mimarTuli marcxniv jgufdebadi (bottom-up left-assiciative). 
 

Sedarebis gasaadvileblad, qvemoT kidev erTxel warmovadgenT C- da PS- gramatikebis 

sqematur wesebs. 

 

10.1.4 C-gramatikis gabaTilebis wesis sqema  

 

       (XY)  (Y)  (X) 

    

sqematuri wesi  da  gamosaxulebebs akombinirebs  gamosaxulebaSi. amasTan,  

gamosaxulebis Y kategoriuli maxasiaTebeli baTildeba  gamosaxulebis Sesabamisi 

kategoriuli maxasiaTebliT. Sedegi aris xeobrivi struqtura, romelSic (X) kategoriis 

 gamosaxuleba dominirebs  da  kategoriebze. kategorialuri gabaTilebis wesis 

konceptualuri derivaciuli rigi aris zemoT mimarTuli Seviwroebadi (bottom-up 

amalgamating). 

 

10.1.5 PS-gramatikis gadaweris wesis sqema  

 

A    BC 
 

A simbolos Canacvleba B da C simboloTi Seisabamebs xeobriv struqturas, romelSic B 

da C simboloebi uSualod miiRebian A simbolosagan. konceptualuri derivaciuli rigi 

aris qvemoT mimarTuli gafarToebadi (top-down expanding).. 
 

am gansxvavebuli sqematuri wesebis Sesabamis derivaciul rigebs qvemoT aRwerili 

sqematuri warmodgenebi Seesabameba 

 

10.1.6 sami abstraqtuli warmoebuli dalageba 

 

      LA-gramatika       C-gramatika           PS-gramatika 
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  zemoT mimarTuli       zemoT mimarTuli        qvemoT mimarTuli   

marcxniv jgufdebadi        Seviwroebadi            gafarToebadi 

                                       

 
C- da PS- gramatikebi, romlebic SesaZlo CanacvlebaTa princips efuZnebian, gansxvavdebian 

erTmaneTisagan maTi konceptualuri2 derivaciuli rigis mimarTulebebiT. C-gramatikaSi 

ori kategorizebuli gamosaxuleba Secvlilia erTi kategorizebuli gamosaxulebiT 

(zemoT mimarTuloba). PS-gramatikaSi erTi niSani Secvlilia erTi, ori an meti niSniT 

(qvemoT mimarTuloba). 

 

SesaZlo CanacvlebaTa principi warmoSobs araregularul derivaciul struqturebs, 

romlebic iZlevian araregularul frazaTa struqturul xeebs. enis SLIM Teoriis 

TvalsazrisiT SesaZlo CanacvlebaTa principze dafuZnebuli derivaciuli dalageba 

winaaRmdegobaSi modis enis saurTierTobo funqciasTan (irRveva Semaval-gamomavali 

ekvivalencia gramatikul da molaparake-msmenel sistemebs Soris) da Seferxebebs iZleva 

enis avtomatur analizSi (ar iZleva aranair tipobriv transfarentulobas gramatikasa da 

Sesabamis parsers Soris).    

 

SesaZlo gagrZelebaTa principi warmoSobs regularul derivaciul dalagebebs. maTi 

Sesabamisi LA-gramatikis xeobrivi struqturebi SeiZleba Semadgenel struqturebze 

dafuZnebuli C- da PS-gramatikebis lingvisturi TvalsazrisebiT arc ki iyos 

saintereso. enis SLIM Teoriis TvalsazrisiT is (i) amodelirebs bunebrivi enis 

fundamentur droSi wrfiv struqturas, (ii) iZleva Semaval-gamomaval ekvivalencias 

gramatikul da molaparake-msmenel sistemebs Soris da (iii) uzrunvelyofs tipobriv 

transfarentulobas gramatikasa da parsers Soris. 

 

amgvarad, gamodis, rom Semadgeneli struqturis formaluri cneba, gansazRvruli frazaTa 

struqturuli xeebis terminebiT (ix. 8.4.3), ar gamoiyeneba LA-gramatikaSi. Tumca, 

bunebrivi enis magaliTebis intuiciuri analizisas es cneba araformalurad SeiZleba 

gamoviyenoT Sedgenili gramatikuli erTeulis (complex grammatical unit) cnebis ufro 

zogadi gaazrebisaTvis. am azriT, igi aris klasikuri gramatikis ufro Zveli cnebis, 

kerZod sintagmis cnebis ganzogadebuli gaazreba. magaliTad, rodesac vambobT, rom 

inglisur deklaraciul winadadebaSi 

                                                 
2 C- da PS- gramatikebSi abstraqtuli warmoebuli dalageba gansazRvrulia rogorc proceduruli 

warmoebuli dalageba. magaliTad, Sinaarsisgan Tavisufali PS-gramatikis gansxvavebuli sintaqsuri 

parserebi iyeneben bevr gansxvavebul warmoebul dalagebas: zogierTi moqmedebs marcxnidan marjvniv; 

zogierTi _ marjvnidan marcxniv; zogierTi iwyeba Sua nawilidan (kunZulovani sintaqsuri parserebi (island  

parsers)); zogierTi iyenebs marcxena kuTxis, sxvebi _ marjvena kuTxis dalagebas da a.S. es alternatiuli 

dalagebebi, rogorc wesi, sistemis proceduruli nawilis Semadgenlebia da emsaxurebian enis 

gansakuTrebuli Tvisebebis gamoyenebiT parseris efeqturobis gaumjobesebis miznebs. 
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The little dog found a bone  
  

zmna found (ipovna) aris ‘meore adgilze’, Cven ar vgulisxmobT winadadebis meore sityvis 

adgils, aramed vgulisxmobT winadadebis pirveli gramatikuli erTeulis Semdeg 

ganTavsebul meore sintagmur, anu Semadgenlur adgils. saqme isaa, rom LA-gramatikaSi es 

poziciuroba, anu winadadebaSi sityvis konkretuli adgili, ar aris damokidebuli  raime 

saxis Canacvlebaze da/an gadanacvlebebze, aramed damokidebulia SesaZlo gagrZelebaTa 

gaangariSebaze droiT wrfiv derivaciaSi.  

 

 

10.2 LA-gramatikis formalizmi 

 

LA-gramatikis qvemoT moyvanil algebrul gansazRvrebaSi, Cven, moxerxebulobisaTvis, 

dadebiT mTel ricxvebs gavaigivebT simravleebTan, anu. n = { i 0  i < n } 

 

10.2.1 LA-gramatikis algebruli gansazRvreba 

    

marcxniv jgufdebadi gramatika (anu LA-gramatika) aris < W, C, LX, CO, RP, STS, STF> 

Svideuli, sadac 

  

1. W aris sityviTi enobrivi gamosaxulebebis (word surface) sasruli simravle. 

2. C aris kategoriaTa segmentebis (category segments) sasruli simravle. 

3. LX WC+ aris leqsikonis (lexicon) momcveli sasruli simravle.  

4. CO = (co0
 . . . con-1) aris (C*

C+) simravlidan  C*
 {},3 simravleSi gansazRvruli 

srulad rekursuli funqciebis (total recursive function) sasruli mimdevroba. am 

funqciebs kategoriul operaciebs (categorial oparations) uwodeben. 
5. RP = (rp0 

. . .  rpn-1) aris n simravlis qvesimravleebis mimdevroba da mas wesebis pakets 

(Rule packages) uwodeben. 

6. STS = {(cats rps),  ... } aris sawyisi mdgomareobebis (initial state) sasruli simravle, 

sadac TiToeuli rps aris sawyis wesebis paketad (start rule package) wodebuli n 

simravlis qvesimravle, da TiToeuli cats  C+ 

7. STf = {(catf rpf),  ... } aris damasrulebeli mdgomareobebis (final state) sasruli 

simravle, sadac TiToeuli catf  C* da TiToeuli rpf  RP. 

 

konkretuli LA-gramatika isazRvreba Semdegi monacemebiT: 

 
(i)  leqsikoni LX (ix. 3), 

(ii) pirveladi mdgomareobebis simravle STS  (ix. 6), 

                                                 
3 Teoriuli miznebi ganapirobeben imas, rom es kategorialuri operaciebi arian srulad gansazRvruli 

(totaluri) funqciebi. praqtikulad ki,  isini gaigebian rogorc (C*C+) simravlis martivad gamocnobadi 

qvesimravleebi, romelTa gareT darCenili gansazRvris aris nebismieri wevri ”don‟t  care" principis 

safuZvelze aisaxeba () simboloTi aRniSnul mniSvnelobaze, riTac es kategorialuri operaciebi 

gardaiqmnebian srulad gansazRvrul funqciebad. 
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(iii) ri wesebis mimdevroba, romelTagan TiToeuli gansazRvrulia rogorc 

dalagebuli wyvili  (coi, rpi) (ix. 4 da 5), da  

(iv) damasrulebeli mdgomareobebis simravle STF (ix. 7). 

 

 

marcxniv asocirebadi ri wesi dasamuSaveblad iRebs winadadebis ss sawyiss da nw 

momdevno sityvas da cdilobs coi kategorialuri operaciis gamoyenebas. Tu miRebuli 

dasamuSavebeli gamosaxulebebis kategoriebi Sesabamisad uwyvildeba (uTanxmdeba) cat1 da 

cat2 nimuSebs, maSin ri wesis gamoyeneba warmatebiT sruldeba gamosavali mocemulobis 

warmoqmniT. gamosavali Sedgeba wyvilisgan (ss‟ rpi), sadac ss‟ aris dasamuSavebeli 

winadadebis axlad warmoqmnili sawyisi da rpi aris ri wesis mapaketebeli. Tu 

dasamuSavebeli gamosaxulebebis kategoriebi ar wyvildeba cat1 da cat2 nimuSebTan, maSin ri 

wesis gamoyeneba ar sruldeba warmatebiT da, Sesabamisad, arc gamosavali ar warmoiqmneba. 

 

wesis mapaketebeli rpi Seicavs yvela im wess, romlebic SeiZleba warmatebiT iqnen 

gamoyenebulni ri wesis Semdeg. wesis mapaketebeli aris wesebis saxelebis simravle, sadac 

wesis saxeli aris CO mimdevrobaSi misi cog kategorialuri operaciis adgilis 

gamomsaxveli g ricxvi. praqtikaSi wesebis umravlesobas mnemonikuri saxelebi aqvT, mag.: 

rule-g an Fverb+main. 

 
wesis warmatebuli gamoyenebis Semdeg algoriTmi SesasvlelSi Semosuli dasamuSavebeli 

winadadebidan iRebs axal momdevno sityvas (Tuki is arsebobs) da iyenebs wesis 

mapaketeblis wesebs winadadebis axlad warmoqmnil sawyisze da am axlad aRebul momdevno 

sityvaze. amgvari midgomiT LA-gramatika Sesasvlelis gavliT Semosul dasamuSavebel 

winadadebas amuSavebs marcxnidan marjvniv da paralelurad amowmebs SesaZlo 

alternatiul gagrZelebebs. derivacia, anu gamoyvana Cerdeba im SemTxvevaSi Tu ar aris 

arcerTi SesaZlo gramatikuli gagrZeleba (aragramatikuli Sesasvleli, mag. 10.5.5), an Tu 

aRar aris Semdegi momdevno sityva (sruli analizi, mag. 10.5.3). 

 

LA-gramatikebis zogadi formati C-gramatikisa (ix. 7.4.3) da PS-gramatikis (ix.. 7.1.3) 

farglebSi aRwerili konteqstisgan  Tavisufal akbk enisaTvis warmodgenilia 10.2.2 

punqtSi.    

 

10.2.2 LA-gramatika akbk
 enisaTvis 

 

 LX =def { [ a (a) , b (b) ]} 
STS =def { [  (a) {r1, r2}]} 

r1: (X) (a)   (aX) {r1, r2} 

r2: (aX) (b)   (X) {r2} 

STF =def { [  rp2]} 
 

LX leqsikoni Seicavs or a da b sityvas. amasTan, sityva aris dalagebuli wyvili, 

romelic Sedgenilia misi enobrivi gamosaxulebisa da misive kategoriisagan. kategoriebi, 
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rogorc kategoriuli segmentebis siebi, aq Seicaven mxolod gancalkavebul segmentebs4. 

es ganpirobda sityvebisa da maTi enobrivi gamosaxulebebis gaigivebiT.  

 

STS sawyisi mdgomareoba  gvaniSnebs imas, rom pirveli sityva unda iyos (a) kategoriis, 

anu imas, rom igi unda iyos a da rom Tavdapirvelad r1, an r2 wesi unda iqnes gamoyenebuli. 

amgvarad, algoriTmis pirvel bijSi SeiZleba iqnes gamoyenebuli nebismieri wesi5, magram 

ara nebismieri sityva. 

 

wesebis kategorialuri nimuSebi, anu modelebi iyeneben X cvlads (is warmogvidgens nul, 

an met kategoriul segments), da a da b segmentur konstantebs. r1 wesi dasamuSaveblad 

iRebs winadadebis nebismieri kategoriis sawyiss (warmodgenils (X) nimuSiT) da (a) 

kategoriis momdevno sityvas, e.i. a sityvas. kategorialuri operaciis Sedegi gamosaxulia 

(a X) nimuSiT: a-segmenti winidan miewereba winadadebis sawyisis kategorias.  

 

r2 wesi dasamuSaveblad iRebs winadadebis sawyiss (romlis kategoria iwyeba a-segmentiT 

da warmodgenili (aX) nimuSiT) da (b) kategoriis momdevno sityvas, e.i. b sityvas. 

amasTan, am kategorialuri operaciis Sedegi gamosaxulia (X) sqemiT: a-segmenti winidan 

akldeba winadadebis sawyisis gamomxatvel kategorias. 

 

r1 wesis mapaketebeli, saxelad rp1, Seicavs r1 da r2 wesebs. amasTan, sanam momdevno sityva 

aris a, r1 aris warmatebuli, xolo r2 warumatebeli, radgan is momdevno sityvad moiTxovs 

b sityvas. rogorc ki SesasvlelSi pirveli b gamoCndeba, r2 warmatebuli xdeba, xolo r1 

warumatebeli. mapaketebeli wesi rp2 Seicavs mxolod erT wess, saxelad r2. maSasadame, 

yoveli Semdegi (e.i. arapirveli) b mosalodnelia axal momdevno sityvad mxolod im 

SemTxvevaSi, roca b ukve iyo wina momdevno sityvad. 

 

analizi sruldeba, rodesac winadadebis sawyisis kategoriis yvela a-segmenti baTildeba 

b-segmentiT. anu, analizi mTavrdeba winadadebis cariel sawyisze r2 wesis gamoyenebis 

Semdeg. amas ganapirobebs 10.2.2 punqtSi mocemuli STF damasrulebeli mdgomareoba, 

romelic moiTxovs  simbolos (e.i. cariel mimdevrobas), rogorc damasrulebel 

rezultatur kategorias.  

 

Semdegi LA-gramatika warmoSobs konteqstze damokidebul akbkck enas.  

 

10.2.3   LA-gramatika akbkck enisaTvis 
 

 LX =def { [ a (a)] , [b (b) ], [ () ] } 
STS =def { [ (a) {r1, r2}]} 

r1: (X) (a)   (aX) {r1, r2} 

r2: (aX) (b)   (Xb) {r2, r3} 

r3: (bX) (c)   (X) { r3} 

STF =def { [  rp2]} 

                                                 
4 ufro rTuli enebis LA-gramatikebSi leqsikuri kategoriebi Sedgeba ramdenime segmentisagan. 
5 ufro rTul enebSi sawyisi mdgomareoba dawvrilebiT aRwers gramatikuli wesebis sakuTriv qvesimravles. 
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8.3.7 ganawerSi aRwerili PS-gramatikasTan SedarebiT aq aRwerili LA-gramatika bevrad 

ufro martivia. amasTanave, 10.2.2 ganawerSi konteqstisgan Tavisufali akbk enisTvis 

aRwerili LA-gramatika Zalian hgavs 10.2.3 ganawerSi konteqstze damokidebuli akbkck 

enisTvis aRweril LA-gramatikas.  

 

LA-gramatikaSi wesebsa da maT paketebs Soris damokidebuleba gansazRvravs sasrul 

mdgomareobian gardamqmnel qsels (finite state transition network (FSN)). magaliTad, 10.2.3 

punqtSi akbkck enisaTvis aRwerili LA-gramatikis FSN Semdegi forma aqvs.6 

 

10.2.4 LA-gramatikis sasrul mdgomareobiani 

qselis CarCo akbkck
 enisaTvis 

 

 

                                   

  i ii iii iv

r1

r1

r2

r2

r2

r3

r3

                      
 

 

es FSN Sedgeba i-iv wreebiT warmodgenili oTxi mdgomareobisgan. TiToeuli mdgomareoba 

gansazRvrulia, rogorc dalagebuli wyvili, romelic Sedgeba kategoriis nimuSisa da 

wesis paketisgan. i mdgomareoba Seesabameba STs sqemis sawyis mdgomareobas, maSin rodesac  

ii,  iii da iv mdgomareobebi Sesabamisad Seesabamebian r1, r2 da r3 wesebis gamosavals. iv 

mdgomareobas aqvs meore wrec, romelic aRniSnavs imas, rom iv mdgomareoba SeiZleba iyos 

damasrulebeli (ix. STF sqemis gansazRvreba 10.2.3 ganawerSi). 

 

marcxniv asocirebadi wesis gamoyeneba Semaval wyvilze, romelic Sedgenilia winadadebis 

sawyisisa da momdevno sityvisgan, Sedegad iZleva gardaqmnas (transition). 10.2.4 sqemaze 

aseTi gardaqmnebi grafikulad gamosaxulia isrebiT, romlebic moniSnulia mikavSirebuli  

wesebis saxelebiT. mdgomareobaSi Semavali gardaqmnebi moicema mdgomareobasTan 

mikavSirebuli wesebis kategorialuri operaciebiT. mdgomareobidan gamomavali gardaqmnebi 

moicema am mdgomareobaSi Semavali gardamqmneli wesebis paketebSi gaerTianebuli wesebis  

kategorialuri operaciebis gaerTianebiT. 

 

magaliTad, i mdgomareobidan gamomavali gardaqmnebi gansxvavdebian erTmaneTisagan (kerZod 

esenia, r1 da r2) da Seesabameba STs sqemis sawyisi mdgomareobebis wesis pakets. ii 

mdgomareobaSi Semavali gardaqmnebi arian erTi da igive da gamoxataven r1 wesis 

gamoyenebebs gansxvavebul wina mdgomareobebze. Sesabamisad, ii mdgomareobidan gamomavali 

gardaqmnebi gansxvavdebian erTmaneTisagan da Seesabamebian r1 wesis pakets. gardaqmnebi, 

romlebsac mivyavarT iii mdgomareobamde, erTi da igiveni arian da ganisazRvrebian r2 wesis 

gamoyenebiT sam gansxvavebul wina mdgomareobaze, da ase Semdeg. 

 

                                                 
6 ufro detaluri aRwera naxeT CoL, qveTavi 8.2. 
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Semavalis maanalizebeli da gamosavlis warmomqmneli LA-gramatika gardaqmnis isrebis 

Sesabamisad moZraobs Tavis FSN-is gaswvriv erTi mdgomareobidan momdevno mdgomareobaSi. 

amasTan, LA-gramatika, romlis warmoqmniTi unari realizdeba misi wesebis kategoriuli 

operaciebiT, warmoqmnis zustad rekursiuli enebis klass, maSin rodesac FSN algoriTmi 

mxolod wesier enebs warmoqmnis (ix. qveTavi 11.1). 

 

es uzarmazari warmoqmniTi unari SeiZleba Zunwad iqnes gamoyenebuli. magaliTad, akbk  

(ix. 10.2.2) da akbkck (ix. 10.2.3) enebis LA-gramatikebi arian umdablesi sirTulis: isini 

orive aparsereben wrfiv droSi.7        

 

 

amgvarad, LA-gramatikaSi konteqstisgan Tavisufali da konteqstze damokidebul enebs 

Soris ar aris gamyofi xazi. es aris pirveli niSani imisa, rom formaluri enebisaTvis 

LA-gramatikuli formalizmi PS-gramatikuli formalizmisgan gansxvavebul ierarqias 

warmoqmnis. 

 

 

10.3 droSi wrfivi analizi 

 

LA-gramatikis xisebri struqtura SesaZlebelia warmovadginoT ekvivalenturi 

struqturuli cxrilis saxiT. 

 

10.3.1 LA-xeebi rogorc struqturirebuli cxrilebi 

 

    (i)                                ABCD                 (ii)    ABCD         (iii)    (A 

                                     

                                      (D                         B) 
                ABC             D         
                                      ABC)                   (AB 

                                    

                                      (C                           C) 
                                     

                                      AB)           (ABC    
         AB              C                
                                      (B                          D) 
                                    

                                       A)                       ABCD 

   A                      B 

 
 
(i)-Si marcxniv jgufdebadi derivacia naCvenebia xisebri saxiT (ix. 10.1.6). (ii)-Si igive 

derivacia naCvenebia ekvivalenturi stuqturirebuli cxrilis saxiT, sadac winadadebis 

                                                 
7 imis gamo, rom maT wesebs aqvT SeuTavsebeli Sesavlis mdgomareoba (maTgan TiToeuli iRebs gansxvavebul 

momdevno sityvas), es orive LA-gramatika aris araorazrovani. aseTi saxis araorazrovani LA-gramatikebi 

iwodebian rogorc C1-LAG-ebi da isini wrfiv droSi aparsereben (ix. Tavi 11). 
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sawyiss, momdevno sityvas da Sedegad miRebul winadadebis sawyiss aqvs sakuTari 

striqoni. (ii) da (iii) gansxvavdebian mxolod kiTxvis droSi wrfivi mimarTulebiT: (ii)-Si 

kiTxva iwyeba qvemodan, xolo (i) da (iii)-Si kiTxva iwyeba zemodan.  

 

derivaciis ekranze saCveneblad ufro metad mosaxerxebelia (iii) struqtura. es forma 

warmodgenilia 10.3.2 amonabeWdSi, sadac 10.2.2 punqtSi aRwerili LA-gramatikiT 

analizdeba aaabbb gamosaxuleba. 

 

10.3.2 LA-gramatikuli derivacia akbk  enisaTvis (k=3) 
 
   NEWCAT >    a  a  a  b  b  b 
 
         *START – 0 

1  
            (A)    A 
                  (A)    A 
           *RULE - 1 
           2 
                   (A  A)   A  A 
                   (A)   A 
            *RULE - 1 
            3 
                   (A  A  A)   A  A  A 
                   (B)   B 
         *RULE – 2 

4 
                   (A  A)   A  A  A  B 
                   (B)   B 
      *RULE - 2 
      5 
                   (A)   A  A  A  B  B 
                   (B)   B 
      *RULE - 2 
       6 
                   (N I L)   A  A  A  B  B  B 
 
es LA-gramatikuli analizi aris NEWCAT LA-parseris formatirebuli protokoli 

(trasirebuli kvali, amonabeWdi). LA-gramatikis sruli tipobrivi transfarentuloba 

ganapirobebs imas, rom es lingvisturi deklaraciuli analizi da kompiuteruli 

derivaciuli procedura meti araferi ar arian Tu ara sxvadasxva realizaciebi erTi da 

igive marcxniv jgufdebadi algoriTmis. 

 

10.3.2 protokolSi gasaanalizebeli Semavali (input) dabeWdilia NEWCAT> niSnis 

Semdeg.  Semavali kategoriebis ukeTesad Sedarebis mizniT, gamosaxuleba da kategoria 

dabeWdilni arian Sebrunebuli rigiT, magaliTad [A (A)] gamosaxulebis nacvlad 

dabeWdilia (A)  A  gamosaxuleba. 
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10.3.2 protokolis pirveli nawili iwyeba moqmedi wesis paketis saxeliT *START-0. 

Semdeg mas mohyveba makompleqtebeli ricxvi 1, winadadebis sawyisi (Sedgenili pirveli 

sityvisgan), momdevno (anu meore) sityva, da bolos im wesis saxeli (RULE-1), romelic 

akombinirebs winadadebis am sawyissa da am momdevno sityvas. momdevno makompleqtebel 

ricxvs mohyveba jer kidev damuSavebis procesSi myofi Sedegi: 

  

 moqmedi wesis paketi:        *START-0                                                     

 makompleqtebeli ricxvi:       1                               

 winadadebis sawyisi:                (A)  A                                 

 momdevno sityva:           (A)  A                             

 warmatebuli wesi:          *RULE-1                               

 momdevno makompleqtebeli ricxvi:  2                                 

 Sedegi:                         (A  A)   A  A  

 

rogorc wesis saxels (ix. ‘warmatebuli wesi’), ise Sedegad miRebul winadadebis sawyiss 

(ix. ‘Sedegi’) ormagi funqciebi aqvT. wesis saxeli erTdroulad gvaniSnebs (i) im wesze, 

romelic warmatebuli iyo n kompoziciisas, da (ii) im wesis paketze, romlis Semadgeneli 

wesebic gamoiyeneba momdevno n+1 kompoziciaSi, Sesabamisad, Sedegi erTdroulad 

warmogvidgens (i)  n kompoziciis gamosavals da (ii)  n+1 kompoziciis winadadebis sawyiss. 

  

marcxniv jgufdebad derivaciaSi es daSvebuli ormagi funqcionireba cxadad Cans 10.3 2 

protokolis meore kompleqtaciaSi: 

 

 moqmedi wesis paketi:          *RULE-1                                                     

 kompleqtaciis ricxvi:          2                               

 winadadebis sawyisi:               (A  A)  A  A                                 

 momdevno sityva:                    (A)  A                             

 warmatebuli wesi:         *RULE-1                               

 momdevno kompleqtaciis ricxvi:    3                                 

 Sedegi:                              (A  A  A)   A  A  A 

 

10.3.2 protokolSi aRwerili derivaciis forma Sedgenilia wesebis kategorialuri 

operaciebis dasaxasiaTeblad. miiCneva, rom es derivacia sazRvravs LA-gramatikis pirveli 

siRrmis formats (depth first format), radgan igi iZleva mxolod warmatebuli 

gagrZelebebis nimuSebs. garda amisa, aq isazRvreba agreTve pirveli siganis formati 

(breadth first format)., romelic gamoiyeneba sityvaTa formebis morfologiur analizSi 

(ix. 14.4.2 da 14.4.3). am gamosaval formatebs saerTo aqvT is, rom isini erTdroulad 

arian parseris protokolic da gramatikuli analizic.  

 

 

10.4 LA-gramatikis sruli tipobrivi transfarentuloba 

 
LA-gramatikuli algoriTmi Tanabrad vargisia parsirebisa da generirebisTvis. amis 

struqturuli mizezi aris SesaZlo gagrZelebaTa principi. parsirebisas momdevno sityva 

irCeva Semavali mocemulobidan, generaciisas ki momdevno sityvas leqsikonidan virCevT.  
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parsirebasa da generacias Soris mWidro urTierTkavSirebi ilustrirebulia 10.4.1 da 

10.4.2 punqtebSi. es analizica da generaciac efuZneba konteqstze damokidebuli akbkck 

enisTvis 10.2.3 punqtSi aRweril LA-gramatikas.  

 

LA-parseri tvirTavs C-LAG-ebidan nebismier LA-gramatikas. amis Semdeg gasaanalizeblad 

SesaZlebelia nebismieri gamosaxulebis Setana. NEWCAT parseri Seicavs wesebis 

avtomatur mTvlels, romelic yoveli derivaciuli bijis dawyebisas gviCvenebs am 

marcxniv jgufdebad kompleqtaciaSi gamoyenebad wesebs (qvemoT gamoyenebadi wesebis ricxvi 

ufro naklebia vidre 2n). 

 

10.4.1 aaabbbccc gamosaxulebis 1 parsireba wesTa aqtiuri mTvleliT  

                                      
 NEWCAT>      a  a  a  b  b  b  c  c  c                   
 ;         1:   gamoyenebuli wesebi (RULE-1  RULE-2) 

 ;         2:   gamoyenebuli wesebi (RULE-1  RULE-2) 

 ;         3:   gamoyenebuli wesebi (RULE-1  RULE-2) 

 ;         4:   gamoyenebuli wesebi (RULE-2  RULE-3) 

 ;         5:   gamoyenebuli wesebi (RULE-2  RULE-3) 

 ;         6:   gamoyenebuli wesebi (RULE-2  RULE-3) 

 ;         7:   gamoyenebuli wesebi (RULE-3) 

 ;         8:   gamoyenebuli wesebi (RULE-3) 

 ;         wesis gamoyenebebis ricxvi: 14. 

 
                       *START-0 
                       1 
                              (A)   A 
                              (A)   A 
             *RULE-1 
                        2 
                              (A  A)   A  A 
                              (A)   A 
                         *RULE-1 
                        3 
                              (A  A  A)   A  A  A 
                              (B)   B 
                         *RULE-2 
                        4 
                              (A  A  B)   A  A  A  B 
                              (B)   B 
                          *RULE-2 
                        5 
                              (A  B  B)   A  A  A  B  B 
                              (B)   B 
                          *RULE-2 
                        6 
                              (B  B  B)   A  A  A  B  B  B 
                              (C)   C 
                          *RULE-3 
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                        7 
                              (C  C)   A  A  A  B  B  B  C 
                              (C)   C 
                          *RULE-3 
                        8 
                              (C)   A  A  A  B  B  B  C  C 
                              (C)   C 
                           *RULE-3 
                        9 
                              (NIL)   A  A  A  B  B  B  C  C   
 

 

LA-generatori, msgavsad LA-parserisa, tvirTavs C-LAG-ebidan nebismier LA-gramatikas. 

amis Semdeg funqcia gram-gen, operirebs ra gramatikis rekursul faqtorad (recursion 

factor)8 da/an generaciaSi gamoyenebul sityvaTa siad (list of words to be used 

generation) wodebul argumentebze, uzrunvelyofs generaciuli proceduris limitirebas 

sityvaTa garkveuli simravliTa da sityvebis garkveuli sigrZiT. amjeradac, generaciis 

gramatikuli analizi amavdroulad aris LA-generatoris pirdapiri kvali, anu 

protokoli.  

 

10.4.2 generaciuli warmomadgeneli nimuSi akbkck
 –Si 

 

      NEWCAT>     (gram-gen  3  ' (a b c)) 
      Parses  of  length  2: 
         A  B 
              2      (B) 
         A  A          
              1      (A  A)   
      Parses  of  length  3: 
         A   B   C 
               2   3      (NIL) 
         A   A   B 
               1   2       (A  B) 
         A   A   A 
               1    1      (A  A  A) 
       Parses  of  length  4: 
         A   A  B  B  
               1   2   2     (B  B) 
         A    A  A  B 
                1   1  2      (A  A  B) 
         A    A  A  A   
               1   1   1      (A  A  A  A) 
       Parses  of  length  5: 
         A  A  B  B  C 
              1  2  2  3    (B) 

                                                 
8 CoL, p. 193 ff. sxva versiiT „gram-gen‟ moxseniebulia maqsimalur zedapiris sigrZesTn rekursuli 

faqtoris nacvlad. 
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         A  A  A  B  B 
              1  1  2   2    (A  B  B) 
         A  A  A  A  B 
              1  1  1   2   (A  A  A  B) 
      Parses  of  length  6: 
         A  A  B  B  C  C 
             1  2   2  3   3   (NIL) 
         A  A  A  B  B  B 
             1  1   2  2   2   (B  B  B) 
         A  A  A  A  B  B 
                1  1  1   2   2   (A  A  B  B) 
         Parses  of  length  7: 
           A  A  A  B  B  B  C 
                1  1   2   2   2   3     (B  B) 
           A  A  A  A  B  B  B 
                1  1  1  2   2   2     (A  B  B  B) 
          Parses  of  length  8: 
           A  A  A  B  B  B  C  C 
                1  1  2   2   2   3  3    (C) 
           A  A  A  A  B  B  B  B 
                1  1  1   2   2   2  2     (B  B  B  B) 
         Parses  of  length  9: 
           A  A  A  B  B  B  C  C  C 
                1  1  2   2   2   3  3   3     (NIL) 
           A  A  A  A  B  B  B  B  C 
                1  1  1   2   2   2  2   3     (B  B  B) 
         Parses  of  length  10: 
           A  A  A  A  B  B  B  B  C  C 
                1  1  1   2  2   2  2  3   3       (B  B) 
         Parses  of  length  11: 
           A  A  A  A  B  B  B  B  C  C  C 
                1   1   1  2   2  2   2   3   3  3     (B) 
          Parses  of  length  12: 
           A  A  A  A  B  B  B  B  C  C  C  C 
                1   1  1   2  2   2  2  3   3   3   3      (NIL) 
 

es sistemuri generacia iwyeba 2 sigrZis marTebulad agebuli, magram dausrulebeli 

gamosaxulebiT da warmogvidgens yvela im marTebulad agebul Sualedur gamosaxulebas, 

romelTa sigrZe ar aRemateba 12-s. enis dasrulebuli gamosaxulebebi gamoicnoba maTi 

rezultirebuli (NIL) kategoriiT.  

 

TiToeuli derivaciuli biji moicema enobrivi gamosaxulebis, ricxvebiT warmodgenili 

wesebis saxelebis mimdevrobisa da rezultirebuli kategoriis miniSnebiT. 10.4.3 ganawerSi 

warmodgenilia erTi calke aRebuli gamoyvaniTi, anu derivaciuli biji. 

 

10.4.3 akbkck enis dasrulebuli sworad-formirebuli gamosaxuleba  

  
A  A  A  B  B  B  C  C  C 
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    1   1   2  2  2    3   3  3     (NIL) 
    

enobrivi gamosaxulebisa da wesis saxelebis mimdevroba isea rangirebuli, rom cxadi 

xdeba Tu romel sityvas, romeli wesi miemarTeba. 10.4.3 biji axasiaTebs marTebulad 

agebul gamosaxulebas, radgan is Seisabamebs finalur mdgomareobas ( rp3), romelic aq 

mocemulia '3  (NIL)' CanaweriT, rac imas niSnavs, rom igi akbkck enisTvis  10.2.3 ganawerSi 

aRwerili .LA-gramatikis STF simravlis wevria. 

 

 

10.2.3-Si gansazRvrul LA-gramatikas, 10.4.1-Si ilustrirebul LA-parsersa da 10.4.2-Si 

ilustrirebul LA-generators Soris urTierTkavSirebi cxad demonstrirebas ukeTebs 

gramatikul formalizms, parsersa da generators Soris arsebuli sruli tipobrivi 

transfarentulobis mimarTebas. amgvarad,  LA-gramatika aris erTaderTi elementaruli 

gramatikuli formalizmi, romelic amomwuravad akmayofilebs sruli tipobrivi 

transfarentulobis Taobaze bervikisa da veinbergis (Berwick $ Weinberg (1984. p. 41)) 

mier dayenebul moTxovnebs. 

 

 

10.5   LA-gramatika bunebrivi enisaTvis 

 
sanam momdevno TavSi mivubrundebiT LA-gramatikis formalur Tvisebebs (rogoricaa enis 

klasebi, warmoqmnis unari, da sirTule), vnaxoT rogor muSaobs LA-gramatika bunebriv 

enaSi. am qveTavis mizania LA-gramatikuli analizis enaTmecnieruli motivacia iseTi 

tradiciuli cnebebis safuZvelze, rogorebicaa, erTis mxriv, valentoba (valency), 

SeTanxmeba (agreement), da  sityvebis wyoba (word order) da, meores mxriv, droSi wrfivi 

gamoyvana (time-linear derivation). 

 

LA-gramatikis formalizmi warmoiSva im mcdelobaTa safuZvelze, romlis mizanic iyo is, 

rom SCG-is farglebSi gansazRvruli C-gramatika danergiliyo rogorc parseri (ix.. 

NEWCAT, gv. 7). intuiciuri damokidebulebebi C- da LA- gramatikebs Soris ixsneba 

10.5.1 da 10.5.2 magaliTebis SedarebiT. 

 

10.5.1 Semadgenel struqturebiani analizi C-gramatikaSi 

 

                                         Mary  gives  Fido  a  bone 
                                                   (V)  
 

                          

                         gives  Fido  a  bone 
                                                         (S3  V)  
                             

 

 

                                     gives  Fido                   a  bone 
                                     (S3  A  V)                       (SNP) 
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   Mary               gives                 Fido         a                     bone  
  (SNP)        (S3  D  A  V)           (SNP)   (SN  SNP)            (SN) 
 

es xe akmayofilebs Semadgeneli struqturebis 8.4.3 pirobebs da SeiZleba iqnas 

gamoyenebuli rogorc PS-gramatikaSi, aseve, C-gramatikaSi. Tumca, misi Sedgenili 

kategoriebisa da zemoT mimarTuli derivaciis Tanmxlebi garemoebebiT igi ufro axlosaa  

C-gramatikul analizTan. 

 

C-gramatikis algebrul gansazRvrebasTan SedarebiT (ix. 7.4.1) aq (ix. 10.5.1) gamoyenebuli 

kategoriebi gansakuTrebulad martivi saxisani arian: isini warmogvidgebian kategoriuli 

segmentebis siebis saxiT _  da ar Seicaven xazze (e.i. / simboloze) damyarebul 

kategorialur funqtor-argumentul struqturebs da mravalricxovan frCxilebs, rac 

tradiciulad damaxasiaTebelia C-gramatikebisaTvis.   

 

es gamartivebuli kategoriebi sruliad sakmarisia valentobis enaTmecnierulad metad 

Rirebuli principis mniSvnelobis warmosaCenad. ase magaliTad, gives sityvis kategoria 

(S3 D A V) aRniSnavs zmnas (V), romelic iRebs mesame piris mxolobiTi ricxvis 

nominativis (nominative) (S3), dativis (dative) (D) da akuzativis (accusative) (A) 

brunvebs argumentebad. Sesabamisad, a determineris kategoria (SN SNP) aRniSnavs 

funqtors, romelic moqmedebs mxolobiT naunze (singular noun) (SN) da moqmedebis 

Sedegad iZleva mxolobiT naunur frazas (singular noun phrase) (SNP).  

 

10.5.1 punqtSi warmodgenili C-gramatikuli derivaciis Sedgena SeiZleba daviwyoT gives 

da Fido sityvebis gaerTianebiT, sadac Fido sityvis kategoriis SNP segmenti abaTilebs 

gives sityvis kategoriaSi D segments, saidanac warmoiSveba (S3 A V) kategoriis 

Sualeduri gamosaxuleba (intermediate expression) gives  Fido. Semdeg a determinatori 

(determiner) da bone nauni (noun) unda gaerTiandnen, saidanac warmoiSveba (SNP) 

kategoriis Sualeduri gamosaxuleba a bone, romelic gives Fido Sualeduri 

gamosaxulebis kategoriaSi abaTilebs A segments, saidanac warmoiSveba (S3  V) kategoriis 

Sualeduri gamosaxuleba gives Fido a bone. sabolood, Mary sityvis kategoriis SNP 

segmenti abaTilebs gives  Fido a bone gamosaxulebis kategoriis S3 segments, saidanac 

warmoiSveba dasrulebuli winadadeba (complete sentence).            

 

10.5.1 ganawerSi gakeTebuli C-gramatikuli analizis leqsikuri kategoriebi xelaxla 

gamoviyenoT qvemoT 10.5.2 ganawerSi ganxilul Sesabamis marcxniv jgufdebad analizSi. am 

kategoriebis aseTi gamoyenebis uflebas gvaZlevs is, rom maTi siis struqtura 

SeTanxmebulia 10.2.1 ganawerSi gakeTebul LA-gramatikis algebrul gansazRvrebasTan.  

 

10.5.2 droSi xazovani analizi LA-gramatikaSi 

 
                                         Mary  gives  Fido  a  bone 
                                                                (V)  
 
                                   Mary gives  Fido  a   
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                                             (SN V)  
                             
                       Mary gives  Fido 
                                 (A V)   
           
                  Mary gives   
                    (D A V) 
       

 
 
 
Mary                               gives                Fido                       a                          bone  
(SNP)                          (S3  D  A  V)        (SNP)              (SN  SNP)                    (SN) 
 

es analizi efuZneba 17.4.1 ganawerSi gansazRvrul LA-gramatikas, romlis abreviaturuli 

dasaxelebaa LA-E2. 

  

10.5.2 gamoyvanaSi, anu derivaciaSi, msgavsad 10.5.1 gamoyvanisa, igive valenturi poziciebi 

baTildeba igive SemavseblebiT. amgvarad, marcxniv jgufdebadi derivacia iwyeba winadadebis 

pirveli sityviT. amasTan, es derivacia yovel derivaciul bijze winadadebis ukve 

warmoqmnili sawyisisa misi momdevno sityvis gaerTianebiT winadadebis axal sawyiss 

warmoqmnis. 

 

Mary da gives sityvebis sawyisi kombinacia efuZneba Semdeg kategorialur operacias: 

 
(SNP) (N D A V)   (D A V). 

 
SNP kategorialuri segmenti (Seesabameba mxolobiTi ricxvis saxelur frazas), 

romliTac xasiaTdeba sityva Mary abaTilebs gives sityvis kategoriis pirvel N 

segments. enaTmecnieruli eniT es imas niSnavs,  rom zmnis nominatiuri valentoba 

Sevsebulia pirveli sityvis kategoriiT. SNP da N segmentebis Soris arsebuli 

SeTanxmeba gansazRvrulia 17.4.1 punqtSi mocemuli cvladebiani gansazRvrebiT. 

 

am pirveli kombinaciis Sedegi aris (D A V) kategoriis winadadebis sawyisi. Sesabamisad, 

winadadebis es sawyisi warmodgenilia im Sualeduri gamosaxulebiT, romelsac jer kidev 

sWirdeba D (dativuri) da A (akuzatiuri) brunva raTa iqces dasrulebul winadadebad. 

es axali winadadebis sawyisi erTiandeba (SNP) kategoriis Fido momdevno sityvasTan, 

romlis kategoriuli segmenti SNP abaTilebs (D A V) kategoriis winadadebis sawyisis 

pirvel segments.  

 

am meore gaerTianebis Sedegi aris (A V) kategoriis winadadebis sawyisi. Sesabamisad, 

winadadebis es sawyisi warmodgenilia Sualeduri gamosaxulebiT, romelsac jer kidev 

sWirdeba A (akuzatiuri) brunva raTa iqces dasrulebul winadadebad. es axali 

winadadebis sawyisi erTiandeba momdevno sityvasTan, anu (SN SNP) kategoriis a 

determinerTan. wesis kategorialur operacias, romelic gamoyenebulia am gaerTianebisas, 

aqvs Semdegi saxe: 
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(A V) (SN SNP)   (SN V). 

 

amgvarad, determineris Sedegis SNP segmenti avsebs akuzativis savalento pozicias 

winadadebis sawyisis kategoriaSi, maSin rodesac determineris SN argumentuli pozicia 

emateba winadadebis sawyisis kategorias da xsnis axal valentur adgils mxolobiTi 

ricxvis naunisTvis.  

 

Mary gives Fido a winadadebis sawyisisa da bone momdevno sityvis kompozirebisas es 

axali valenturi adgili baTildeba Semdegi sityvis (SN) kategoriiT. Sedegi aris (V) 

kategoriis mqone winadadebis sawyisi. zmnasTan Seuvsebeli adgilis ararseboba gvaniSnebs, 

rom gamosaxuleba dasrulebulia. es dasruleba mxolod potenciuri dasrulebulobaa, 

radgan bunebrivi enis gamosaxulebebi dausruleblad SeiZleba gagrZeldes _ samagaliTod 

ganvixiloT Semdegi inglisuri teqsti: regularly  or because she  is  so  fond  of  this  

cute  little  dog  which  she  picked  up  in  Denver  visiting her  mother  who  told  her  
while  driving  to the cleaners  that  the  Millers  had recently  moved  to  detroit  
because... da ase Semdeg. 

 

10.5.2-Si aRwerili droSi wrfivi analizi srulad iWers cnobil enaTmecnierul 

intuiciebs valentobaze, SeTanxmebaze da sityvaTa wyobaze, iseve rogorc 10.5.1-Si 

aRwerili analizi iWers Semadgenel struqturebze damyarebul intuiciebs _ es naCvenebia 

10.5.1 da 10.5.2 ganawerebiT, romlebic erTi da igive leqsikur kategoriebs iyeneben. maT 

ganasxvavebT mxolod is, rom 10.5.1 algoriTmi agebulia SesaZlo Canacvlebebis principis, 

xolo 10.5.2 algoriTmi ki SesaZlo gagrZelebaTa principis safuZvelze.  

 

10.5.1-is msgavsi Semadgenel struqturaTa analiziT iseTi Sualeduri gamosaxulebebi, 

rogorebica Mary gives da Mary gives Fido a, unda ganvixiloT rogorc arakanonierebi, 

radganac isini ar dasturdebian im Canacvlebebisa da gadanacvlebebis testiT, razec 

struqturuli analizia dafuZnebuli. 10.5.2-Si aRwerili marcxniv jgufdebadi gamoyvaniT 

ki isini kanonieri Sualeduri gamosaxulebebia, radgan isini SeiZleba gagrZeldnen 

marTebulad agebul winadadebamde.   

 

amavdroulad, iseTi gamosaxulebebi, magaliTad rogorebicaa gives Fido da gives  Fido  a 

bone, ar arian LA-gramatikis Sualeduri gamosaxulebebi, radgan maTi gagrZeleba 

dasrulebul, marTebulad agebul winadadebamde SeuZlebelia. arada, C- da PS- 

gramatikebSi aseTi gamosaxulebebi kanonier Sualedur gamosaxulebebad gaigebian, radganac 

isini dasturdebian im Canacvlebebisa da gadanacvlebebis testebiT, riTac es C- da PS-

gramatikebia motivirebuli. 

 

xazgasasmelia, rom 10.5.2 aRwerili LA-gramatikuli derivacia pirdapir SeiZleba iqnas 

gamoyenebuli parserSi: parseri kiTxulobs winadadebas sityvaze sityvis miyolebiT; 

amasTan, TiToeuli aseTi axali sityvis wakiTxvisas iyenebs LA-gramatikis wesebs da, 

yovelTvis, winadadebis sawyiss am wesebis mixedviT aerTianebs momdevno sityvasTan 

winadadebis axal sawyisSi. amgvarad, gasagebi xdeba, rom parsirebis procesSi parseris 

protokoli, anu ganviTarebis kvali (evolving trace) SeiZleba ganxilul iqnes rogorc 

gramatikuli analizis ganaweric.         
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Semdegi avtomaturi analizi warmogvidgens NEW.CAT da Col. sistemebSi gamoyenebuli 

stuqturirebuli siis formats 10.3.2 da 10.4.1 ganawerebSi aRwerili xelovnuri enebis 

ukve cnobili gramatikuli analizisTvis. 

 

10.5.3 marcxniv jgufdebadi parseri 10.5.2 magaliTisaTvis 

 

                NEWCAT>    Mary  gives  Fido  a  bone \. 
                              *START 
                               1 
                                         (SNP)   MARY 
                                         (S3  D  A  V)   GIVES 
                               *NOM + FVERB  
                               2 
                                         (D  A  V)   MARY  GIVES 
                                         (SNP)   FIDO 
                                *FVERB + MAIN 
                                3 
                                         (A V)   MARY  GIVES  FIDO 
                                         (SN  SNP)   A 
                       *FVERB + MAIN 
                                4 
                                          (SN  V)   MARY  GIVES  FIDO  A 
                                          (SN)   BONE 
                         *DET + NOUN 
                                5 
                                          (V)   MARY  GIVES  FIDO  A  BONE 
                                          (V  DECL)    
                         *CMPLT 
                                6 
                                          (DECL)  MARY  GIVES  FIDO  A  BONE   . 
 

saboloo kombinacias emateba sruli sdeqi (full stop), romelic axasiaTebs gamosaxulebas 

rogorc deklaraciul (declarative) winadadebas (ix. LA-E3 (ix. 17.5.5 )). 

 

10.5.3 parseranalizi (parsing analysis) Seicavs aramarto srul informacias 10.5.2 

derivaciis droSi wrfiv xisebr formatze, aramed derivaciisas gamoyenebadi TiToeuli 

marcxniv jgufdebadi kombinaciisaTvis damatebiTi Setyobinebis saxiT gvawvdis am 

kombinirebisas gamoyenebuli wesis saxelsac, romelic amavdroulad gvmaniSneblobs 

agreTve moqmedebis procesSi myofi wesis paketis saxelzec (ix. 10.3 qveTavi). 

struqturuli gansxvaveba 10.5.2 wrfiv xesa da 10.5.3 formatirebul cxrils Soris 

Seesabameba 10.3.1 ganawerSi (i)  da (iii) ekvivalenturi formatebisaTvis ukve moniSnul 

gansxvavebebs. 

 

momdevno magaliTi warmogvidgens diskontinialuri elementis LA-gramatikul damuSavebas. 

 

10. 5. 4 diskontinialuri elementis analizi 
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      NEWCAT>   Fido  dug  the  bone  up   \ . 
                               *START 
                               1 
                                        (SNP)   FIDO 
                                        (N  A  UP  V)   DUG 
                                *NOM + FVERB  
                                2 
                                         (A  UP  V)   FIDO  DUG 
                                         (SN  SNP)   THE 
                                *FVERB + MAIN 
                                3 
                                         (SN  UP V)   FIDO  DUG  THE 
                                         (SN)   BONE 
                        *DET-NOUN 
                                4 
                                         (UP V)   FIDO  DUG  THE  BONE 
                                         (UP)   UP 
                         *FVERB + MAIN 
                                5 
                                          (V)   FIDO  DUG  THE  BONE  UP 
                                          (V  DECL)   . 
                         *CMPLT 
                                6 
                                          (DECL)  FIDO  DUG  THE  BONE  UP   . 
 

dug da up diskontinialur elementebs Soris kavSiri warmodgenilia dug sityvis (N A 

UP V) kategoriis UP segmentiT. up sityvis bolo adgili specifirebulia dug 

funqtoris kategoriaSi Sesavsebi adgilebis rigiT (aq N, A da UP).  

 

diskontinialuri elementebis damuSaveba problemaa mxolod Semadgenel struqturebze 

damyarebuli analizisaTvis. marTlac, bunebrivi enis droSi wrfiv struqturebze 

damyarebuli gramatikuli Teoria da valentobis, SeTanxmebisa da sityvaTa rigis am 

Teoriiseuli gagebebiT diskontinialuri elementebi muSavdeba standartuli midgomebiT: 

relevantur funqtor kategoriaSi xdeba Sesavsebeli adgilis kodireba da amis 

safuZvelze misi Semdgomi gabaTileba.  

 

dasasruls ganvixiloT aragramatikuli winadadebis damuSaveba.    

 

10.5.5 aragramatikuli Sesatanis LA-analizi 

 

               NEWCAT>    the  young  girl  give  Fido  the  bone  \ . 
               ERROR 
               Ungrammatical  continuation  at:    ''GIVE'' 
               *START 
               1 
                         (SN  SNP)   THE  
                         (ADJ)   YOUNG 
                *DET + ADJ 
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                 2 
                         (SN  SNP)   THE  YOUNG  
                         (SN)   GIRL 
                  *DET + NOUN 
                  3              
                         (SNP)   THE  YOUNG  GIRL 
 

derivacia iwyeba Cveulebriv, magram mesame sityvis Semdeg wydeba imitom, rom gramatika ar 

iTvaliswinebs SesaZlo gagrZelebas winadadebis sawyisisaTvis the young girl da momdevno 

sityvisaTvis give. mizezi is aris, rom SNP kategoriuli segmenti ver Tanxmdeba give 

sityvis NOM saxelobiT segmentTan. es dawvrilebiT aRwerilia 17.4.1 punqtSi LA-E3 

enis cvladebian gansazRvrebaSi.  

 

aragramatikuli Semavalis gramatikulad gamarTuli sawyisis LA-parser analizi, 

ramdenadac es SesaZlebelia, gvawvdis winadadebis am sawyisis zust gramatikul aRweras. 

amas aqvs praqtikuli Rirebuleba LA-gramatikis rogorc gasworebis, ise gaumjobesebis 

TvalsazrisebiT. analizis wyvetis mizezisa da winadadebis sawyisis gramatikuli 

struqtura gvkarnaxobs gramatikis romeli wesia darRveuli, rogori unda yofiliyo 

Semavali kategoriebi da a. S.. piriqiT, Tu sistema amuSavebs aragramatikul Semavals 

(negatiuri testirebisas gamokveTili Secdoma), maSin LA-analizi gvawvdis im adgilis 

zust gramatikul aRweras, sadac aragamarTuli gramatikuli aRnagobis gamo wyveta unda 

yofiliyo. aseT SemTxvevaSi axali koreqtuli konstruqcia SeiZleba aigos nabij-nabij 

winadadebis koreqtuli sawyisidan da Semdeg isev im winadadebis koreqtul sawyisTan 

dabrunebiT. LA-gramatikis es damaxasiaTebeli Tvisebebi ganpirobebulia misi droSi 

wrfivi derivaciuli struqturiT da farTod iqneba gamoyenebuli III nawilSi, inglisuri 

(LA-E1 _ LA-E3  17-e TavSi, LA-E3 23.4 qveTavSi) da germanuli (LA-D1 _ LA-D4 18-e 

TavSi) enebis sul ufro da ufro farTo fragmentebis dasamuSaveblad. 

 

 

savarjiSoebi 

 

 

10.1 qveTavi 

 

1. ra igulisxmeba operaciebis marcxniv jgufdebadobaSi? operaciebis kidev sxva ra 

dajgufebebia SesaZlebeli? 

2. bunebrivi enis romeli Tviseba aris formalurad modelirebuli marcxniv jgufdebadi 

derivaciuli gamoyvaniT? 

3. SeadareT erTmaneTs SesaZlo gagrZelebaTa da SesaZlo CanacvlebaTa principebi. rogor 

ukavSirdebian es gansxvavebuli principebi droSi wrfivobisa da Semadgeneli 

struqturebis intuiciur cnebebs? romeli elementaruli formalizmi romel principzea 

dafuZnebuli?  

4. axseniT damokidebuleba gansxvavebuli wesis formatebsa da C-, PS- da LA-gramatikebis 

konceptualur derivaciul dalagebebs Soris.  

5. ra aris sintagma? 
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10.2 qveTavi 

 

1. axseniT LA-gramatikis algebruli gansazRvreba. 

2. marcxniv jgufdebadi wesis romeli nawilia gamoyenebuli nimuSebis dawyvilebaSi? 

3. marcxniv jgufdebadi wesis romeli nawili iRebs monawileobas sasrul mdgomareobiani 

gardamqmneli sqemis gansazRvrebaSi? 

4. ratom Sedis gardaqmna mdgomareobaSi erTi da imave wesebiT da ratom gamodis igi 

iqidan gansxvavebuli wesebiT? 

5. CamoayalibeT akbk enis LA-gramatika, axseniT Tu rogor muSaobs igi da SeadareT 

Sesabamis C- (ix. 7.4.2) da PS- gramatikebs (ix. 7.1.3).  

6. gansazRvreT a2kbk enis LA-gramatika. 

7. gansazRvreT akb2k enis LA-gramatika. 

8. ra aris marcxniv-asociaciuri derivaciis damTavrebis pirobebi? 

 

10.3 qveTavi 

 

1. ra damokidebulebaa marcxniv-asociaciur xisebr struqturebsa da struqturul siebs 

(cxrilebs) Soris? romeli formatia saukeTesod morgebuli gamoTvliTi analizisaTvis 

da ratom? 

2. aRwereT NEWCAT parseris gamosavalis danomrili kompleqtebi da axseniT maTi 

ormagi funqcia. 

3. ratom aris xazgasasmeli is, rom akbkck enis LA-gramatika ase emsgavseba akbk enis LA-

gramatikas. Tqveni pasuxi daafuZneT Semdeg cnebebze: PS-ierarqia, enobrivi klasi, 

sirTule da parseris algoriTmi. 

4. gansazRvreT LA-gramatika {akbkck}+, akbkckdk da akbkckdkekfk enebisaTvis. ra aris am 

enebis PS-gramatikuli enobrivi klasi? ra aris maTi LA-gramatikuli sirTule? 

 

10.4 qveTavi 

 

1. ra damokidebulebaa LA-parsers, LA-gramatikasa da LA-generators Soris? 

2. ra mniSvneloba aqvs, rom maqsimaluri sigrZisa da gansakuTrebuli sityvebis zust 

gansazRvrebas LA-generatorisaTvis? am SezRudvebidan romelia gansakuTrebiT sasargeblo 

xelovnuri enebisaTvis da romeli bunebrivi enebisaTvis?  

3. axseniT Tu riT gansxvavdeba PS-gramatikuli derivaciis dasawyisi LA-gramatikuli 

derivaciis dasawyisisagan. aris Tu ara PS-gramatikuli derivaciis dasawyisis simbolos 

analogi LA-gramatikul derivaciaSi?  

4. aris Tu ara kavSiri formalur LA-analizsa (ix. 10.4.1) da enis gagebis sqemas Soris 

(ix. 5.4.1)? 

5. xedavT Tu ara kavSirs formalur LA-generaciasa (ix. 10.4.2) da enis warmoebis sqemas 

Soris (ix. 5.4.2)? 

6. axseniT tipobrivi transparentulobis zusti Tvisebebi  LA-gramatikaSi. 

 

10.5 qveTavi 

 

1. ra msgavseba da gansxvavebaa bunebrivi enis C-gramatikul da LA-gramatikul analizebs 

Soris? 
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2. riT gansxvavdebian bunebrivi enis Semadgenel struqturaluri analizisa da marcxniv 

jgufdebadi analizis Sualeduri gamosaxulebebi? 

3. ra aris mizezi imisa, rom diskontinialuri elementebis damuSaveba aris problemuri 

bunebrivi enis Semadgenel struqturaze dafuZnebuli analizisaTvis, magram ara bunebrivi 

enis droSi wrfiv struqturebze dafuZnebuli analizisaTvis? 

4. romel wertilSi wyvets LA-parseri aragramatikuli gamosaxulebis analizebas? 

5. daasaxeleT sami gansxvavebuli mizezi imisa, Tu ratom SeuZlia LA-parsers analizis 

Sewyveta manam, sanam miaRwevs Sesavlis warmatebul dasasruls. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11 Tavi 

LA gramatikis ierarqia 

 
 
 

 

am TavSi LA-gramatikis wesebis bunebrivi SezRudvebis gziT gansazRvrulia sxvadasxva 

tipis  LA-gramatikebi da TiToeuli maTgani daxasiaTebulia maTi warmoqmnis unarisa da 

gamoTvliTi sirTulis mixedviT. 
 

11.1 qveTavi gviCvenebs, rom Zireuli LA-gramatika, anu LA-gramatika, misi algebruli 

gansazRvrebis SeuzRudavi formiT, warmoqmnis rekursuli enebis klass. 11.2 qveTavSi 

aRwerilia LA-gramatikis sxvadasxva SesaZlo SezRudvebi da gansazRvrulia A-, B- da C-

tipis LAG-ebi. 11.3 qveTavSi axsnilia rekursuli da ararekursuli orazrovnebis mizezebi 

da gaSuqebulia maTi gavlena derivaciebSi gamoyenebul wesTa odenobaze. 11.4 qveTavi 

sazRvravs da adarebs im elementarul operaciebs, romlebic gamoiyeneba sirTulis 

gamosaTvlelad konteqstisgan Tavisufal PS-gramatikebsa da C-LAG-ebSi da aSuqebs C-

LAG-ebisa da avtomatTa Teoriidan cnobili deterministuli da aradeterministuli 

avtomatebis urTierTdamokidebulebebs. 11.5 qveTavSi isazRvreba C-LAG klasis wrfivi, 
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anu C1-, polinomuri, anu C2-, da eqponencialuri, anu C3- qveierarqiebi, romlebic 

erTmaneTisgan gansxvavdebian mxolod maTi orazrovnebis xarisxiT. 
 
 
11.1 SeuzRudavi LAG-ebis waroqmniTi unari  

 
gramatikuli formalizmis warmoqmniTi unari pirdapir kavSirSia mis algebrul 

gansazRvrebasTan da dgindeba im specifikuri formis wesebiT, romlebic, Tavis mxriv, 

gansazRvraven imas, Tu ra saxis struqturebi wamoiqmneba am formalizmiT, da ra saxis 

ara. 
 

LA gramatikis algebruli gansazRvrebis Tanaxmad (ix. 10.2.1), wesi ri Sedgeba ori 

nawilisgan, esenia: coi kategoriuli operacia da masTan mikavSirebuli rpi wesTa paketi. 

amasTan, coi kategoriuli operacia gansazRvrulia, rogorc srulad rekursuli funqcia. 

 

funqcia rekursulia Tu misi Sesabamisobis wesi SeiZleba aRiweros meqanikuri logikuri 

algoriTmis saxiT. amasTan, funqcia aris srulad rekursuli Tu am algoriTmiT 

gansazRvris aris nebismier wevrs eTanadeba mniSvnelobaTa aris erTi romeliRac wevri. 

nawilobriv rekursuli funqciebisTvis, meore mxriv, algoriTmuli Sesabamisoba ar aris 

gansazRvruli gansazRvris aris raRac nawilze. 

 

intuiciuri TvalsazrisebiT, srulad rekursuli funqciebiT igeba is struqturebi, 

romelTa gamoTvla SesaZlebelia cxadi da amomwuravi gziT. formaluri TvalsazrisebiT 

ki, srulad rekursuli funqciebiT moicema rekursulad wodebuli enebis klasi. 

 

ena rekursulia maSin, da mxolod maSin, rodesac arsebobs algoriTmi (e.i. srulad 

rekursuli funqcia), romelic nebismieri Semavali mocemulobisTvis sasruli raodenoba 

bijebis meSveobiT sazRvravs ekuTvnis Tu ara igi mocemul enas. rekursul enaTa klasi 

aerTianebs yvela amoxsnad (decidable) enas. amgvarad, rekursul enaTa klasi warmoadgens 

enaTa im yvelaze farTo klass, romlis wevrebsac aqvT srulad specifirebadi struqtura 

(completely specifiable structure).1 

 

LA-gramatikis Zireuli, anu SeuzRudavi formalizmis (ix. 10.2.1) warmoqmniTi unari 

Semdegnairad xasiaTdeba. 

 

11.1.1 SeuzRudavi  LA-gramatikis warmoqmiTi unari  

 

SeuzRudavi LA-gramatika warmoqmnisa da amuSavebs rekursul enebs da mxolod maT. 

 

                                                 
1 avtomatTa TeoriaSi rekursuli enebi gansazRvrulia rogorc iseTi enebi, romelTa nebismieri 

gamosaxuleba SeiZleba gamocnobil iqnas erTi romelime tiuringis manqanis mier sasruli raodenoba bijebis 

meSveobiT (`yvela Semavalze gaCerebadi~ j. e. hopkrofti & j. d ulmani  (“Halt on all inputs”, J.E. 

Hopcroft & J.D. Ullman), 1970. gv. 150). PS-gramatikuli ierarqia ver uzrunvelyofs rekursuli enebis 

formalur daxasiaTebas. _ gansxvavebiT regularuli, konteqstisgan Tavisufali, konteqstze damokidebuli 

da rekursulad gadaTvladi enebisagan, romlebic gansazRvrulni arian rogorc avtomatur-Teoriuli, ise 

PS gramatikuli TvalsazrisebiT. 
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am mosazrebis Semadgeneli nawilebidan orive Camoyalibebulia da damtkicebulia 

Teoremebis saxiT.2 
 
11.1.2 Teorema 1 

 

SeuzRudavi LA-gramatika warmoqmnis da amuSavebs mxolod rekursul enebs. 
 
damtkiceba: davuSvaT, rom Semaval striqons aqvs raRac sasruli n sigrZe da rom 

Semavali striqonis yovel sityvas aqvs sasruli raodenoba wakiTxvebi (>0). 

  

kombinaciuri biji 1: STs sawyisi mdgomareobebis sasruli simravle da pirveli w1 

sityvis sxvadasxva SesaZlo wakiTxvebi Sedegad iZleva marTebulad agebuli 

gamosaxulebebis WE1={(ss‟ rps) | ss‟ (W+×C+)} sasrul simravles. 

 

kombinaciuri biji n: kombinaciuri biji k-1 (k>1), warmoqmnis marTebulad agebuli 

gamosaxulebebis WEk={(ss‟ rpi) | in, ss‟(W+×C*) da TiToeuli ss‟ gamosaxulebis 

sigrZe aris k} sasrul simravles. amasTan, momdevno wk+1 sityva xasiaTdeba wakiTxvebis 

sasruli odenobiT. aqedan gamomdinare, WEk sasruli simravlis da wk+1 momdevno sityvis 

sxvadasxva SesaZlo wakiTxvebis aseve sasruli simravlis dekartuli namravli iZleva 

wyvilTa sasrul simravles. es wyvilebi mikavSirebulni arian wesTa paketTan, romelic 

sasruli odenoba wesebisgan Sesdgeba. amgvarad, k kombinaciuri biji warmoqmnis 

winadadebis axali sawyisebis mxolod sasrul odenobas. amasTan, am sasruli odenobis 

axali sawyisebis warmoqmna, anu derivacia amoxsnadia, radgan maTi warmomqmneli 

kategoriuli operaciebi srulad gansazRvruli rekursuli funqciebia. 

r.d.g. 
 
radgan nebismieri sasruli sigrZis Semavali gamosaxulebis nebismieri SesaZlo marcxniv 

jgufdebadi analizi keTdeba sasruli raodenoba bijebis gamoyenebiT, romelTagan 

TiToeuli amoxsnadia, ufleba gvaqvs davaskvnaT, rom arc LA-gramatikasa da arc mis 

parsers aranairi Semaferxebeli viTareba ar eqneba. es imas niSnavs, rom LA-gramatika 

akmayofilebs 3-e pirobas warmoqmniTi gramatikis 9.5.2 pirobebidan.  

 

11.1.3 Teorema 2 

 

SeuzRudavi  LA gramatika warmoqmnis da amuSavebs yvela rekursul enas. 
 

damtkiceba:3 vTqvaT W aris nebismierad aRebuli L rekursuli enis alfabeti. radgan L 

rekursulia, arsebobs L enis maxasiaTebeli srulad gansazRvruli ρ:W*→{0,1} rekursuli 

funqcia. vTqvaT LAGL aris Semdegnairad gansazRvruli LA-gramatika:  

 
 
LAGL sityviTi gamosaxulebebis simravle aris W. 

kategoriuli segmentebis simravle aris C =def  W U {0,1}. 

                                                 
2 Col, Teoremebi 1 da 2 gv. 134. 

 
3 es damtkiceba ekuTvnis diana skots. 
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nebismieri e, f, є W+ gamosaxulebebisaTvis,  [e (f)] є LX  mxolod maSin, roca e = f. 
LX =def  {[a (a)], [b (b)], [c (c)], [d (d)], ... }  

STS =def  {[(segc) {r1, r2}]}, sadac segc  {a, b, c, d, . . . }    

r1:(X) (segc)    (X segc)   {r1, r2} 

r2:(X) (segc)    ρ (X segc) { } 
STF =def  {[(1) rp2]} 

   
 

nebismieri kombinaciuri bijis Semdeg wesTa rp1 paketi gvTavazobs or arCevans: gamoviyenoT 

r1 wesi Semavali striqonis kiTxvis gasagrZeleblad, an gamoviyenoT r2 wesi imis 

Sesamowmeblad, ukve wakiTxuli aris Tu ara L enis marTebulad agebuli gamosaxuleba. am 

ukanasknel SemTxvevaSi ρ funqcia gamoiyeneba im Semavali kategoriebis konketenaciaze, 

romlebic Semavali gamosaxulebebis identurebi arian. amasTan, Tu r2 wesis am gamoyenebis 

Sedegi aris [(1) rp2]4, maSin Semavali gamosaxuleba daSvebulia (accepted), xolo Tu es 

Sedegi aris [(0) rp2], maSin Sedegi uaryofilia (rejected). 

 

radganac LAGL gramatikis kategoriuli operacia SeiZleba iyos nebismieri srulad 

rekursuli funqcia, LAGL SesaZlebelia dafuZndes L enis  ρ maxasiaTebel funqciazec. es 

imas niSnavs, rom amgvarad gansazRvruli LAGL amuSavebs da warmoqmnis Tavdapirvelad 

sruliad nebismierad aRebul L  rekursul enas. 

r.d.g. 

 

LAGL-is aradamasrulebeli kombinaciuri bijebi emsaxureba Semavali gamosaxulebebis 

Semadgenlebis kategorizebul wakiTxvas. damasrulebel kombinaciur bijSi ukve srulad 

kategorizebuli gamosaxuleba analizdeba erTi Zalian rTuli kategorialuri operaciiT, 

romelic dasamuSavebeli enis ρ maxasiaTebel funqcias emTxveva.  

 

SeuzRudavi LA-gramatikebi aRiniSneba, rogorc  A-LAG-ebi, da isini warmoqmnian yvela 

rekursul enas. 

 

11.1.4 SeuzRudavi LA-gramatikebis (A-LAG-ebis) klasis gansazRvreba. 

 
A-LAG-ebis, anu SeuzRudavi LA-gramatikebis klasi Sesdgeba SeuzRudavi LA-

gramatikebisagan da warmoqmnis yvela rekursul enas. 

 

amis sapirispirod, SeuzRudavi PS gramatikebi (ix. 8.1.1) wamoqmnian rekursulad 

gadaTvlad enebs. amgvarad, LA gramatikisa da PS gramatikis Zireuli, anu SeuzRudavi 

formalizmebi da maTi Sesabamisi algebruli gansazRvrebebi ar arian ekvivalenturni. 

 

 

11.2 A-, B- da C-LAG-ebis LA-ierarqia 

 

gramatikuli formalizmis sirTule _ gagebuli rogorc nebismieri Semavali mocemulobis 

analizisTvis saWiro operaciebis zeda sazRvari _ damokidebulia Semdeg or parametrze: 

                                                 
4 e. i. Tu ρ Semavali gamosaxulebis (X segc) kategorias asaxavs (1) kategoriaSi. 
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11.2.1 sirTulis parametrebi 

 

_ yvelaze cud SemTxvevaSi gamoyenebuli algoriTmuli bijebis odenoba (amount). 

_ yvelaze cud SemTxvevaSi mocemuli sigrZis Semavali mocemulobis damuSavebisTis 

gamoyenebuli wesebis ricxvi (number). 

 

es parametrebi erTmaneTisgan damoukidebelni arian da, rogorc wesi, miyenebadni arian 

wesebze dafuZnebul nebismier gramatikul formalizmze. 

 

LA-gramatikaSi algoriTmuli odenobiTi parametri damokidebulia kategorialur coi 

operaciebze, maSin roca wesTa ricxviTi parametri srulad isazRvreba orazrovnebis 

xarisxiT. amgvarad, bunebrivad ixazeba LA gramatikis SezRudvis ori ZiriTadi 

mimarTuleba. 
 

11.2.2 LA gramatikis SezRudvis mTavari mimarTulebebi 

 

R1: SezRudvebi kategorialur operaciebze im mizniT, rom SemovsazRvroT am 

wesebis gamoyenebisas gamoyenebadi algoriTmuli bijebis maqsimaluri odenoba. 

 
R2: SezRudvebi orazrovnebis xarisxze im mizniT, rom SemovsazRvroT wesTa 

SesaZlo gamoyenebis maqsimaluri ricxvi. 
 

R1 mimarTuleba, Tavis mxriv, gvTavazobs ori gansxvavebuli saxis SezRudvebs. 

 

11.2.3 kategorialuri operaciebis SesaZlo SezRudvebi  

 

R1.1: kategoriebis sigrZeebis zeda sazRvrebis specifireba; 

R1.2: kategorialuri operaciebis gansazRvrebebSi gamoyenebuli modelebis specifireba. 

 

kategorialuri operaciebis SezRudvis es ori gza Sedegad gvaZlevs A-LAG-ebis klasis 

or qveklass, romlebic Sesabamisad B-LAG da C-LAG qveklasebad iwodebian.   
 
11.2.4 B-LAG-ebis klasis gansazRvreba 
 
SemosazRvruli LA-gramatikebis klasi (class of bounded LA-grammar), anu B-LAG-ebi 

Sedgeba im LA-gramatikebisgan, romlebSic nebismieri dasrulebuli marTebulad agebuli E 

gamosaxulebis nebismieri Sualeduri winadadebis sawyisis kategoriis sigrZe 

SemosazRvrulia kn –namravliT (n aris E gamosaxulebis sigrZe, k aris konstanta). 

  

B-LAG-ebis mier warmoqmnili enebis klasi emTxveva PS-gramatikul ierarqiaSi 

konteqstze damokidebuli enebis klass. damtkiceba5 analogiuria 11.1.3 punqtSi arsebuli 

damtkicebisa da emyareba Sesabamis SezRudvebs im wrfivad SemosazRvrul avtomatze 

(linearly bound automata), romelic ukanaskneli kombinaciuri bijis LA-kategoriebs 

iyenebs, rogorc lentas. B-LAG-ebi aris A-LAG-ebis sakuTrivi qvesimravle. rac 

                                                 
5 CoL, Teorema 5, gv. 142. 
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ganpirobebulia imiT, rom CS  REC.6 

 
C-LAG-iT aRniSnulia B-LAG-ebis is qveklasi, romelic moiecema R1.2 saxis SemzRudavi 

pirobiT. kerZod, C-LAG-ebSi coi kategorialuri operaciebis algoriTmuli bijebis 

maqsimaluri odenoba garkveuli mudmivi, anu konstanturi ricxviT unda isazRvrebodes. 

 

Tu kategorialur operaciebs gaviazrebT sruliad nebismier srulad gansazRvrul 

rekursul funqciebad, maSin ar gveqneba im maqsimaluri odenobis dadgenis saSualeba, 

romliTac SemoizRudeboda maTi meSveobiTve organizebuli gamoTvlebi. meore mxriv, Tu 

kategorialur operaciebs ganvsazRvravT formaluri nimuSebis, anu formaluri modelebis 

terminebSi, maSin SesaZlebeli xdeba im wesebis erTmaneTisagan ganrCeva, romlebic 

gamoTvlebis konstantur da arakonstantur odenobebs iTxoven. 

 

Semdeg sqematur wesebSi kategorialuri operaciebisTvis saWiro gamoTvlebis odenoba 

mudmivia da damokidebulia Seyvanili kategoriis sigrZeze. 

 

11.2.5 sqematuri wesebi konstanturi kategorialuri operaciebiT 

 

ri:(seg1...segk X) cat2 cat3 rpi 

ri:(X seg1...segk) cat2 cat3 rpi 

ri:( seg1...segm X segm-1...segk) cat2  cat3 rpi 
 
am sqemebs aqvT saerTo is, rom maTi meSveobiT mocemul kategorialur operaciebs ss 

kategoriaSi aqvT Sesamowmebeli zustad k segmenti. kategorialuri operaciebis es 

modelebi arian konstanturi, radgan isini seg1...segk segmentebis mixedviT kategoriebs 

yovelTvis gare mxridan amowmeben, da es miuxedavad imisa, Tu ra sigrZis mimdevrobaa 

kategoriis SuaSi. 
 

is kategorialuri operaciebi, romlebsac es Tviseba ara aqvT, ver uzrunvelyofen mudmiv 

zeda sazRvars gamoTvliTi saWiroebis odenobaze. sqematuri wesi arakonstanturi 

kategoriuli operaciebiT ganxilulia qvemoT. 
 
11.2.6 sqematuri wesi kategoriul operaciaTa arakonstanturi 

odenobiT 

 

ri:(X seg1...segk Y) cat2   cat3 rpi 
 

am saxis wesebSi saWiro xdeba ucnobi odenobis kategoriuli segmentebis gadamowmeba 

(warmodgenili an X-iT, an Y-iT, rac damokidebulia imaze, Tu romel mxridan iwyeba 

Zebna). radgan X-s da Y-s SesaZlebelia hqondeT nebismieri sigrZe, am wesebis gamoyenebisas 

kategoriuli operaciis Sesasruleblad saWiro gamoTvlebis odenoba damokidebuli xdeba 

ss-kategoriis mTlian sigrZeze. 
 

                                                 
6 Teorema j. e. hopkrofti da j. d. ulimani 1979, Teorema 9.8 gv. 228. CS aRniSnavs konteqstze 

damokidebuli enebis klass, xolo REC aRniSnavs rekursul enaTa klass. 
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LA gramatikebi, romelTa wesebic iyeneben mxolod konstantur kategoriul operaciebs, 

adgenen C-LAG-ebis  klass. 
 
11.2.7 C-LAG-ebis klasis gansazRvreba 

 
konstanturi (constant)  LA gramatikebis klasi, anu C-LAG-ebis klasi Sedgeba im 

gramatikebisagan romlebSic arcerTi coi kategoriuli operacia ar uyurebs raime 

sasrul k ricxvze met segments winadadebis sawyisis kategoriaSi.7 
 

LA gramatikuli klasebi dRemde miiCneva, rom Sesdgeba Semdegi ierarqiuli klasebisagan: 
 
11.2.8 A-LAG-ebis, B-LAG-ebisa da C-LAG-ebis ierarqiebi 

 

A-LAG-ebis klasi iRebs da warmoqmnis yvela rekursul enas, B-LAG-ebis klasi 

iRebs da warmoqmnis yvela konteqstze damokidebul enas, xolo C-LAG-ebis klasi 

iRebs da warmoqmnis mraval konteqstze damokidebul enas da yvela konteqstisgan 

Tavisufalsa da regularul enas.  
 

is, rom yvela konteqstisgan Tavisufali ena gamocnobadia da warmoqmnadia C-LAG-ebis 

mier, damtkicebulia8 imis safuZvelze, rom C-LAG-ebis kategorialuri operaciebi 

modificirebas ukeTeben mxolod cat1 kategoriis nimuSis sawyiss, rac bunebriv 

SesabamisobaSia ZirsmbiZgi (pushdown) avtomatebis SezRudvebTan. konteqstisgan 

Tavisufali enebis klasi aris sakuTrivi qvesimravle C-enebis, radgan C-enebi moicaven 

agreTve konteqstze damokidebul enebsac (mag. 10.3.3). regularuli enebis klasi 

damuSavebadia da warmoqmnadia im C-LAG-ebis mier, romelTa kategoriebis sigrZe 

SemosazRvrulia absolituri k mudmiviT.9 

 

amgvarad, sabuTdeba, rom LA-gramatikaSi igeba PS gramatikuli ierarqiis regularuli, 

konteqstisgan Tavisufali da konteqstze damokidebuli enaTa klasebi.10 

                                                 
7 am gramatikebs mxolod es sasruli mudmivi ganasxvavebs erTmaneTisagan. 
8 8 CoL, Teorema 4, gv. 138. konteqstisgan Tavisufali C-LAG-ebi, mokleT CF-LAG-ebi Sedgeba mxolod 

Semdegi formis wesebisgan: ri:(aX) (b)  (αX)  rpi (aq,   a,b  C da α  C
+
 ). amgvarad, SezRudvebi ss da ss` 

kategoriebze Seesabameba PDA-s muSaobis princips, romelsac SeuZlia erTdroulad amobeWdos ara marto 

erTi simbolo, aramed simboloTa mTeli mimdevroba. (ix. j. e. hopkrofti da j. d. ulmani, 1979, Tavi 5.2). 

Semdegi mosazrebebi iTxoven damtkicebas: 

     1. yoveli PDA M-isTvis, CF-LAGσ SeiZleba aigos ise, rom L(M)=L(σ). 

        aqedan gamomdinareobs, rom CF  Ccf. 

     2. yoveli CF-LAG σ-sTvis, PDA M SeiZleba aigos ise, rom L(σ)=L(M). 

     aqedan gamomdinareobs, rom Ccf  CF. 

1-is da 2-is damtkicebisas yuradReba unda mieqces imas, rom  CF-LAG iyenebs wesebs, xolo PDA iyenebs 

gamonaTqvamebs, rac mTlad erTi da igive araa. amgvarad, aucilebelia gvqondes konstruqcia im proceduris 

romelic gardaqmnis gamonaTqvamebs wesebad da wesebs gamonaTqvamebad. es didi, magram arc Zalian rTuli 

amocana. _ SevniSnoT, rom -gadaadgilebebi ar aris daSvebuli CF-LAG-ebSi, magram igi daSvebulia PDA-ebSi 

(j. e. hopkrofti da j. d. ulimani 1979, gv. 24). meores mxriv, yoveli konteqstisgan Tavisufali enisaTvis 

arsebobs -gadaadgilebebis gareSe momuSave PDA (harisoni 1978, Teorema 5.5.1) da yoveli -Tavisufali   

PDA -sTvis SesaZlebelia aigos CF-LAG.  
9 CoL, Teorema 3, gv. 138. 
10 gansxvavebuli gza LA-gramatikis warmoqmniTi unaris gansazRvris Sedgeba _ ukidures SemTxvevaSi 
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11.3 orazrovneba LA-gramatikaSi 

 

LA-gramatikis SezRudvis meore mTavari mimarTuleba (ix. R2 11.2.2) exeba wesTa 

gamoyenebebis ricxvs. es ricxvi ganisazRvreba Semdegi faqtorebiT. 

  

11.3.1 wesTa gamoyenebebis ricxvis ganmsazRvreli faqtorebi 

 

wesTa gamoyenebebis ricxvi LA-gamoyvanaSi damokidebulia: 

 

1. Semavali mocemulobis sigrZeze; 

2 wesTa paketis im wesebis odenobaze, romlebic gamoiyeneba am wesis kombinaciur bijSi 

Semavali wyvilis saanalizod (wasakiTxad); 

 

3. TiToeul kombinaciur bijSi arsebul wakiTxvaTa11 odenobaze. 

 

faqtori 1 gramatikisgan damoukidebelia da sirTulis gansasazRvrav formulebSi aisaxeba 

sigrZeze maniSnebeli n simboloTi. 

 

faqtori 2 gramatikaze damokidebuli konstantaa. magaliTad: Tu LAG-ebis yvelaze didi 

wesTa paketi Seicavs 5 wess, maSin maqsiamluri ricxvi wesTa gamoyenebebis calsaxa 

warmoebaSi iqneba araumetes 5n namravlisa, sadac n Semavali gamosaxulebis sigrZea. 

 

mxolod 3-e faqtors SeuZlia gamoiyvanos wesTa gamoyenebis mTliani ricxvi wrfivi 

yofaqcevisgan. mocemul marcxniv jgufdebad kompoziciaSi damatebiTi kiTxva iwyeba 

mxolod maSin, rodesac mimdinare wesTa paketSi aris erTze meti iseTi wesi, romelsac 

SeuZlia warmatebulad imuSavos Semaval mocemulobaze. is, Semaval mocemulobaze erTze 

mets wess SeuZlia Tu ara iyos warmatebuli, damokidebulia am wesis Semaval pirobebze. 

                                                                                                                                                                       
Teoriulad _ 10.2.1  algebruli gansazRvrebis me-4 punqtis SecvliT. magaliTad, Tu kategorialur 

operaciebad daSvebuli iqneboda nawilobriv rekursuli funqciebi, maSin LA-gramatika warmoqmnida 

rekursulad gadaTvlad enebs, rac LA-gramatikas gaxdida PS gramatikis sustad ekvivalenturs. meores 

mxriv, Tu kategorialur operaciebad daSvebuli iqneboda primitiuli rekursuli funqciebi, maSin Teorema 

2-is analogiurad SegveZlo gveCvenebia, rom ase gagebuli LA-gramatika warmoqmnida zustad primitiul 

rekursul enebs, rac standartul gansazRvrebasTan SedarebiT ufro dabali xarisxis warmoqmniTi unaris 

Taobaze ganiSnebs. _ Tumca me-4 punqtis alternatiuli gansazRvrebebis gamoyeneba LA-gramatikis 

qveklasebis misaRebad nakleb gamarTlebulia: kategorialuri operaciebis gadaazreba xan nawilobriv 

rekursul, xan srulad rekursul, xanac primitiulad rekursul funqciebad Zalian uxeSi meTodia. meore 

mizezi isaa, rom praqtikuli Tvalsazrisebidan gamomdinare ase miRebuli enobrivi klasebi Zalian didia: 

primitiuli rekursuli funqciebi sakuTrivi qvesimravlea srulad rekursuli funqciebis. amasTan, 

primitiuli rekursuli funqciebi sakuTrivi qvesimravlis saxiT Seicaven konteqstze damokidebuli enebis 

mTel klass. mesame mizezi: 10.2.1 ganawerSi kategorialuri operaciebi gansazRvrula rogorc srulad 

rekursuli funqciebi da es marTldeba im mniSvnelovani safuZvlis gaTvaliswinebiT, rom LA gramatikas aqvs 

maqsimaluri warqmniTi unari, iqamde sanam amoxsnadia. 
11 simartivisTvis aq orazrovnebis mxolod sintaqsuri mizezebia ganxiluli. leqsikuri orazrovneba, 

romelic Cndeba sityvis mravalnairi gagebis gamo, formalur enebSi didi nawiliT aRmofxvril iqna, magram 

amas ver avicilebT bunebrivi enis LA-gramatikul analizSi. gamoTvliT sirTuleebze leqsikuri 

orazrovnebis SesaZlo zegavlenebi ganxilulia CoL-Si gv. 157. da gv.248. 
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ori gansxvavebuli wesis Semaval pirobebs Soris Semdegi ori damokidebulebidan erT-

erTi yovelTvis Zalismieria: 

 

11.3.2 SesaZlo damokidebulebani Semaval pirobebs Soris 

 

1. araTavsebadi Semavali pirobebi (incompatible input conditions): or wess aqvs 

araTavsebadi Semavali pirobebi, Tu ar arsebobs iseTi Semavali wyvili, romelic 

miRebadia, anu damuSavebadia orive wesis mier. 

 

2. Tavsebadi Semavali pirobebi (compatible input conditions): or wess aqvs Tavsebadi 

Semavali pirobebi Tu arsebobs erTi mainc iseTi Semavali wyvili, romelic miRebadia 

orive wesis mier da erTi mainc iseTi, romelic miRebadia erTi wesis mier, magram ara 

meoris mier. 

 

3. identuri Semavali pirobebi (identical input conditions): or wess aqvT identuri 

Semavali pirobebi Tu yvela Semavali wyvili an orive wesis mier miRebadia, an orive wesi 

uaryofs mas. 

 

 

araTavsebadi Semavali pirobebis magaliTebia (a X) (b) da (c X) (b), aseve (a X) (b) da (a X) 

(c). Tu wesTa paketis yvela wess aqvs araTavsebadi Semavali pirobebi, maSin am wesTa 

sistemis gamoyeneba ver gaxdeba sintaqsuri orazrovnebis mizezi. 

 

11.3.3 araorazrovani LA gramatikebis gansazRvreba 

 

gramatika araorazrovania mxolod maSin, roca (i) wesTa TiToeuli paketisTvis 

ZalaSia is, rom maT wesebs aqvT araTavsebadi Semavali pirobebi da (ii) ar arsebobs 

aranairi leqsikuri orazrovneba.12 

 

araorazrovani C-LAG-ebis magaliTebia 10.2.2-Si akbk da 10.3.3-Si akbkck enebisTvis 

aRwerili gramatikebi. 

 

Tavsebadi Semavali pirobis magaliTia (a X) (b) da (X a) (b). Tavsebadi Semavali pirobebi 

LA-gramatikis sintaqsuri orazrovnebis formaluri winapirobaa. 

 

11.3.4 sintaqsurad orazrovani LA-gramatikebis gansazRvreba 

                                                 
12 LA-gramatika leqsikurad orazrovania Tu misi leqsikoni Seicavs minimum or iseT analizebad sityvas, 

romelTa zedapirebi, anu enobrivi gamosaxulebebi erTi da igivea. aralingvisturi magaliTi leqsikuri 

orazrovnebis aris propoziciul winadadebaTa algebra. magaliTad (xVyVz)&(...)..., saxis gamosaxulebebSi 

cvladebi x, y, z da a.S. SeiZleba leqsikurad gaanalizebul iqnan rogorc [x (1)] da [x (0)], [y (1)] da [y (0)], 

da a.S., sadac [x (1)] analiziT x gaigeba rogorc WeSmariti, xolo [x (0)] analiziT rogorc mcdari. _ Tu 

wesebze-dafuZnebul gamoyvanaSi sintaqsuri orazrovneba Cndeba erTze meti winadadebis axali sawyisis 

warmoqmniT, leqsikur orazrovnebas iwvevs momdevno sityvis erTze meti wakiTxvebi. _ LA-gramatika 

SeiZleba erTdroulad xasiaTdebodes sintaqsuri da leqsikuri orazrovnebebiT. amasTan, sintaqsuri 

orazrovneba SesaZlebelia gaazrdes rogorc leqsikuri orazrovneba, da piriqiT. (ix. hauzeri 1992, gv. 

303/4.) 
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LA gramatika sintaqsurad orazrovania mxolod maSin, roca: (i) masSi aris erTi 

mainc wesTa iseTi paketi, romelic Seicavs erT mainc iseT wesTa weevils, 

romelTac Tavsebadi Semavali pirobebi aqvT, da (ii) ar arsebobs aranairi leqsikuri 

orazrovneba. 
 

sintaqsurad orazrovani LA-gramatikiT warmoqmnili SesaZlo wakiTxvebis ricxvi 

damokidebulia mis orazrovan struqturaze (ambiguity structure), romelic SesaZlebelia 

daxasiaTdes Sedegi ori niSniT: globaluri (global) dañrekursuli (recursive). 

daviwyoT globaluri niSniT. 

 

enaTmecnierebaSi winadadebas ewodeba sintaqsurad orazrovani (syntacticaly ambiguous), 

Tu mas aqvs erTze meti wakiTxva, anu struqturuli analizi, rogorc Semdeg magaliTs. 
 

11.3.5 +globaluri sintaqsuri orazrovneba 

 

           flying airplane can be dangerous 
 

am winadadebis erTi wakiTxva exeba sahaero TviTmfrinavebs, meore ki maT pilotirebas. es 

orazrovneba aris +globaluri radgan es mTeli winadadebis Tvisebaa. 

 

+globaluri orazrovnebis garda enis droSi wrfivi analizisas wamoiqmneba agreTve 

_globaluri (an lokaluri) orazrovneba. magaliTad 11.3.6 winadadebis marcnidan marjvniv 

kiTxvisas gansxavebul gagebebs iZleva wakiTxva barn  sityvamde da sruli wakiTxva, rac 

xsnis manamde arsebuli ori gansxvavebuli kiTxvis problemas. 

 

 

11.3.6. _globaluri sintaqsuri orazrovneba 

  
The horse raced by the barn fell 

 
pirveli kiTxviT raced by the barn interpretirebulia rogorc mTavari klauzas 

predikati. es pirveljerobi kiTxva aris _globaluri, radgan is eliminirdeba fell 

gagrZelebiT. kerZod, es meore, anu sruli kiTxva raced by the barn gamosaxulebas 

ainterpretirebs reducirebul relaciuri klauzad da iZleva mTliani winadadebis 

sruliad erTsaxa kiTxvas. aseTi magaliTebi iwodeba baRis gzis winadadebebad (garden 

path sentence), radgan isini pirvelsawyisad gvTavazoben kiTxvis erT gzas, romelic 

Semdeg uqmdeba. 

 

LA-gramatikaSi gansxvaveba +globalur da _globalur orazrovnebebs Soris isazRvreba 

imisda mixedviT bolos erTze meti kiTxva rCeba (ix. 11.3.5), Tu ara (ix. 11.3.6). amgvarad, 

orive, +globaluri da _globaluri wakiTxvebi muSavdeba rogorc paraleluri droSi 

wrfivi derivaciuli Stoebi. es sruliad gansxvavdeba C- da PS- gramatikebSi Casmebze 

damyarebuli midgomebisagan, romlebic ganarCeven mxolod im orazrovnebebs, romlebic 

arian +globaluri saxis. 
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globaluri orazrovnebebis ganrCeva ar axdens arsebiT gavlenas LA-gramatikis 

sirTulze da es ZiriTadad keTdeba lingvisturi interesebis gaTvaliswinebiT.    

rekursuli orazrovnebebis ganrCeva, meore mxriv, gadamwyvet gavlenas axdens analizis 

sirTuleze, radgan mtkicdeba, rom ararekursul orazrovnebian LA-gramatikaSi yovel 

kombinaciur bijze erTi romelime wesis gamoyenebis maqsimaluri ricxvi limitirdeba 

gramatikaze damokidebuli konstantiT. (ix.11.3.7, Teorema 3). 

 

orazrovneba aris rekursuli, Tu is warmoiqmneba wesTa gamoyenebis rekursul kvanZSi. 

sxva sityvebiT: garkveul (cat, rpi) mdgomareobas garkveulad gansazRvruli Semdegi 

sityvisTvis aqvs ramodenime gagrZeleba, Tanac iseTi, rom erTi, an ramodenime maTgani am 

gagrZelebaTa Sedegad kvlav brundeba Tavdapirvel mdgomarebaSi, riTac warmoiqmneba 

orazrovani gaxleCis kvlavgameorebis iZuleba. +rekursuli orazrovnebis magaliTebia 

SubsetSum (ix. 11.5.2) da WWR da WW enebisTvis 11.5.4 da 11.5.6 ganawerebSi aRwerili 

C-LAG-ebi, romelTagan pirveli amavdroulad +globaluria, xolo bolo _ _globaluri. 

 

orazrovneba _rekursulia, Tu arcerTi orazrovnuli gagrZleba ar brundeba im 

mdgomareobaSi, romelmac warmoSva igi. _rekursuli orazrovnebis magaliTebia aKbKcmdm 

aKbmcmdk enisTvis 11.5.2 ganawerSi aRwerili C-LAG, romelic orazrovania agreTve 

+globaluri TvalsazrisiT, da bunebrivi enis C-LAG-ebi (ix. Tavi 17, 18), romlebic 

arian orazrovnebi rogorc +globaluri, ise _globaluri TvalsazrisebiT. 
 
11.3.7 Teorema 3 

 

mxolod _rekursul orazrovnebian LA gramatikaSi wesTa gamoyenebebis maqsimaluri 

odenoba tolia 

(n_(R_2)) 2(R-2). 
 

es im SemTxvevaSi, Tu n > (R _ 2), sadac n aris Semavali gamosaxulebis sigrZe da 

R aris wesTa raodenoba gramatikaSi. 

 

Teorema 3 iTvaliswinebs, rom im LA gramatikebSi, romlebic ar arian rekursulad 

orazrovnebi, wesTa gamoyenebaTa ricxvi mxolod wrfivad izrdeba Semavali gamosaxulebis 

sigrZesTan erTad.  

 

 

11.4 gramatikebisa da avtomatebis sirTule 

 
gramatikuli tipisa da misi enobrivi klasis sirTule dgindeba im primitiuli 

operaciebis odenobiT, romelic yvelaze cud SemTxvevaSi saWiroa Semavali gamosaxulebis 

dasamuSaveblad. romeli operacia unda iqnes ganxiluli primitiul operaciad da rogor 

unda iqnes gansazRvruli saWiro primitiuli operaciebis odenoba yovelTvis araa 

advilad gadasawyveti sakiTxi. 
 
es asea gansakuTrebiT im gramatikul formalizmebSi, romlebic ar arian transfarentuli 

tipis. istoriulad, PS-gramatikuli tipebisa da maTi enobrivi klasebis sirTuleebi 

isazRvreboda ara uSualod gramatikuli TvisebebiT, aramed ekvivalenturi abstraqtuli 
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avtomatebis meSveobiT.13  

 

am avtomatebidan TiToeuls Tavisi primitiuli operacia hqonda. magaliTad, imisaTvis, 

rom ganesazRvraT erleis algoriTmis sirTule (ix. 9.3.4), primitiuli operacia 

Tavdapirvelad arCeuli da motivirebuli iqna Semdegnairad: 

 

 
grifitis da patrikis monacemebi ar aris aRwerili faqtobrivi drois terminebSi, aramed 

isini aRiwerebian "primitiuli operaciebis" terminebSi. maT gamosaxes TavianTi algoriTmebi 

tiuringis manqanis msgavsi manqanisaTvis gawerili aradeterminirebuli gadamweri wesebis 

simravleebis saxiT. TiToeuli am manqanis TiToeuli gamoyeneba primitiul operaciad aris 

gagebuli. Cven Cvens primitiul operaciad amorCeuli gvaqvs moqmedeba, romelic 

mdgomareobaTa simravles umatebs axal mdgomareobas (an mcdeloba aseTi mimatebis, maSin 

roca misamatebeli mdgomareoba ukve simravleSia). Cven vxvdebiT, rom es raRaciT emsgavseba 

maT primitiul operacias, radganac yvela eseni arian raRac azriT im algoriTmiT 

Catarebuli yvelaze rTuli operaciebi, romlis sirTule damoukidebelia gramatikis da 

Semavali striqonis zomaze.                            
j. erlei 1970, gv. 100 

      
   

amgvarad, mtkicebuleba "konteqstisgan Tavisufali PS-gramatikebi aparserebs n3-Si" 

pirdapir ar axasiaTebs konteqstisgan Tavisufal PS-gramatikebs, aramed garkveul parser 

algoriTms, romelic amuSavebs PS-gramatikul klasebs,  rogorc Semaval mocemulobebs. 

Sesabamisad, roca valiantma (Valiant) 1975 wels SeZlo konteqstisgan Tavisufali enebis 

sirTule n3-dan n2.8-mde Seemcirebina, es ar iyo PS-gramatikis gaumjobesebis Sedegi, 

aramed es iyo Sedegi valiantis im sakmaod gaumjobesebuli maanalizebeli algoriTmis, 

romelsac igi abstraqtul avtomatad ganixilavda.  
 

am midgomebisgan gansxvavebiT, C-LAG-ebi gvaZleven saSualebas (i) ganvsazRvroT 

primitiuli operacia uSualod gramatikuli formalizmisTvis, da (ii) ucvlelad 

gadavitanoT igi mis parserze.   
 
11.4.1 C-LAG-ebis klasis  primitiuli operacia 

 
C-LAG-ebis klasis primitiuli operacia aris wesis gamoyeneba (agreTve 

warumatebeli mcdelobebis gadaTvla). 

 

C-LAG-ebis klasis primitiul operaciebad wesis gamoyenebis ganxilva mosaxerxebelia, 

radgan maTi kategorialuri operaciebis gamoTvliTi moTxovnebi konstantiT aris 

SemosazRvruli. amasTan, is, rom C-LAG-ebis klasis primitiuli operacia amavdroulad 

                                                 
13 abstraqtuli avtomatebi Sedgebian iseTi komponentebisagan rogorebicaa wamkiTxav/damweri-Tavi, 

Cawerisgan-daculi Semavali lenti, momuSave lentebi, lentis gaswvriv ujrdan ujraze gadaadgilebadi 

wamkiTxav/damweri-Tavis, wakiTxva an waSla ujraSi myofi mocemulobis da a.S.. abstraqtuli avtomatebis 

klasikuri magaliTebia tiuringis manqanebi (TM), wrfivad SemosazRvruli avtomatebi (LBA), da Zirs mbiZgi 

avtomatebi (PDA), da sasrul mdgomareobiani avtomatebi (FSA). arsebobs kidev mravali sxva abstraqtuli 

avtomatebi, TiToeuli gansazRvrulia im mizniT, rom gadaiWras sxvadasxva gansakuTrebuli xasiaTis 

sirTulebTan dakavSirebuli problemebi, ekvivalentobis sakiTxebi, da gamoTvladobis Tvisebebi.  
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gamoiyeneba misi parseris primitiul operaciad, ganpirobebulia LA-gramatikis tipobrivi 

transfarentulobiT. 

 

es, Tavis mxriv, ganapirobebs imas, rom C-LAG-ebis sirTule damokidebulia mxolod maTi 

orazrovnebis xarisxze. orazrovnebis lingvisturi cneba mWidro kavSirSia avtomatebis 

Teoriidan kargad cnobil aradeterminirebulobis cnebasTan. amitom, C-LAG-ebis 

sirTulis Tvisebebis gamokvlevamde ganvixiloT determinirebul da aradeterminirebul 

avtomatebs (deterministic and nondeterministic automata) Soris arsebuli gansxvavebebi 

LA-gramatikasTan mimarTebaSi. 

 

avtomati iwodeba determinirebulad (deterministic), Tu misi algoriTmis TiToeuli 

derivaciuli biji grZeldeba maqsimum erTi momdevno bijiT. am ganmartebis Tanaxmad yvela 

araorazrovani LA-gramatika determinirebulia. 

 

avtomati iwodeba aradeterminirebulad (nondeterministic), Tu mis algoriTms ar aqvs 

calsaxad arCeuli erTi romelime ramodenime SesaZlo momdevno bijidan (am ramodenime 

SesaZlo momdevno bijebis raodenoba sasrulia), anu, rac igivea, Tu es algoriTmi am 

ramodenime momdevno bijs erTdroulad asrulebs. am gansazRvrebis Tanaxmad yvela 

orazrovani LA-gramatika (ix. 11.3.4) aradeterminirebulia.14 

 

iTvleba, rom aradeterminirebuli avtomati (nondeterministic automaton) amuSavebs 

Semaval mocemulobas, Tu erTi mainc SesaZlo gza mTavrdeba damuSavebuli mdgomareobiT. 

amasTan, dResac aradeterminirebuli avtomatebisTvis problematuria rogorc 

aradeterminirebuli droiTi sirTulis (nondeterministic time complexity) NTIME(f(n)) 

(aq n-iT aRniSnulia Semavali mocemulobis sigrZe, xolo f(n)-aT im operaciebis 

raodenoba, rasac yvelaze grZeli dasaSvebi gza saWiroebs), ise aradeterminirebuli 

moculobiTi sirTulis (nondeterministic space complexity)  NSPACE(f(n)) (aq n-iT 

aRniSnulia Semavali mocemulobis sigrZe, xolo f(n)-aT mexsierebis ujrebis is raodenoba, 

rasac yvelaze grZeli dasaSvebi gza saWiroebs) sakiTxi. 

 

NTIME da NSPACE sirTuleebi damyarebulia im daSvebaze, rom aradeterminirebul 

avtomatebs SeuZliaT gamoicnon (guess) yvelaze grZeli algoriTmuliLgzebic ki. 

amgvarad, NTIME da NSPACE cxadad unda arCevdnen amoxsnebis momcem iseT sxvadasxva 

alternatiul gzebsac, romlebic verc ki etevian sirTulis mocemul farglebSi. 

 

determinirebuli avtomatebisTvis, meore mxriv, aseve problematuria DTIME(f(n)) droiTi 

sirTulisa da DSPACE(f(n)) moculobiTi sirTulis daxasiaTeba. amasTan, radgan 

gansazRvrebis Tanaxmad determinirebul avtomatebSi SeiZleba arsebobdes mxolod erTi 

gza, DTIME da DSPACE sirTuleebi unda isazRvrebodes am gzisTvis saWiro droisa da 

mexsierebis moculobis faqtobrivi odenobebiT. 

 

avtomatebis determinirebuli da aradeterminirebuli variantebis urTierTganrCeviT 

wamoiWra sakiTxi aris Tu ara maTi warmoqmniTi unarebi ekvivalenturi. sasrul 

mdgomareobiani avtomatebis (finite state automata (FSA)) SemTxvevaSi es asea nebismieri L 

                                                 
14 PS-gramatikebSi, determinirebulobasa da aradeterminirebulobas Sesabamisebi ar gaaCnia. 
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enisTvis: Tu L ena muSavdeba romelime aradeterminirebuli FSA avtomatiT, maSin arsebobs 

misi ekvivalenturi determinirebuli FSA avtomatic, romelic aseve amuSavebs L enas.15 

analogiuri Sedegia ZalaSi tiuringis manqanebisTvisac (Turing machine (TM)).16 

 

ZirsmbiZgi avtomatebis (pushdown automata (PDA)), meore mxriv, determinirebul da 

aradeterminirebul versiebs ar aqvT ekvivalenturi warmoqmniTi unari.17 magaliTad, WWR 

ena, sadac {n=R} muSavdeba aradeterminirebuli PDA avtomatiT, magram ar muSavdeba 

determinirebuliT. da bolos, wrfivad SemosazRvruli avtomatebis SemTxvevaSi (linear 

bounded automata (LBA))  jer kidev ucnobia aris Tu ara im enebis simravle, romlebic 

muSavdeba determinirebul LBA avtomatis mier sakuTrivi qvesimravle im enebis 

simravlis, romlebic muSavdeba aradeterminirebul LBA avtomatis mier (LBA problema).  

 

amgvarad, ZalaSia Semdegi damokidebulebebi FSA, PDA, LBA, da TM avtomatebis 

determinirebul da aradeterminirebul variantebs Soris: 

 

DFSA = NFSA 

DPDA  NPDA 
DLBA ? NLBA 
DTM   = NTM 

 

avtomatebi, romelTa determinirebul da aradeterminirebul versiebs aqvT toli 

warmoqmniTi unari, warmoSoben damatebiT SekiTxvas: ra xarisxiT izrdeba mexsierebiTi 

moTxovnebi aradeterminirebuli versiidan determinirebul versiaze gadasvlisas. 
 

determinirebul (araorazrovan) da aradeterminirebul (orazrovan) LA-gramatikebs Soris 

gansazRvruli gansxvavebebi, sirTulis avtomatur-Teoriuli gansazRvrebebi, gansakuTrebiT 

ki NTIME da  DTIME sirTuleebi, SeiZleba gamoyenebul iqnas LA-gramatikaze. kerZod, 

ZalaSia Semdegi (C mudmivia da n Semavali gamosaxulebis sigrZea): 
 

araorazrovani C-LAG-ebis DTIME sirTule = C·(n-1) 

orazrovani  C-LAG-ebis  NTIME  sirTule  = C·(n-1) 
 

es ZalaSia radgan _ veyrdnobiT ra marcxniv jgufdebad derivaciul struqturebs _ 

nebismieri n sigrZis Semavali analizdeba n-1 kombinaciur bijSi. amasTan, wesTa gamoyeneba 

yovel kombinaciuri bijSi saWiroebs dros, romelic gamoTvlisTvis gamoyofili C 

konstantis tolia. sxva sityvebiT: araorazrovani C-LAG-ebs aqvT determinirebuli wrfivi 

droiTi sirTule (deterministic linear time  complexity),18 maSin rodesac orazrovani C-

LAG-ebs aqvT aradeterminirebuli wrfivi droiTi sirTule (nondeterministic linear time  

complexity). 

 

                                                 
15 m. o. rabini da d. skoti (M. O. Rabin & D. Scott) 1959 
16 j. e. hopkrofti da j. d. ulimani  1979, gv. 164, Teorema 7.3 
17 j. e. hopkrofti da j. d. ulimani 1979, gv. 113. 
18 mkacrad Tu vityviT, araorazrovani C-LAG-ebi (unambiguous C-LAGs) ufro kargi sirTuliT 

xasiaTdebian, vidre es aris determinirebuli wrfivi dro (deterministic linear time), kerZod realuri dro 

(real time). 



 122 

Teoriuli kuTxiT, NTIME da DTIME sirTuleebis LA-gramatikaSi gamoyenebadoba farTo 

interesebiT itvirTeba, radgan igi aadvilebs Sedegebisa da gadauWreli problemebis 

gadatanas avtomatTa Teoriidan LA-gramatikaSi, da piriqiT. magaliTad, SesaZlebelia 

naCveneb iqnas, rom SekiTxva aris Tu ara  C-LAG-ebis klasi sakuTrivi qvesimravle B-

LAG-ebis klasis, ekvivalenturia LBA-problemis, anu imis aris Tu ara DLBA klasi 

sakuTrivi nawili (properly contained) NLBA klasis (ix. 12.2). 

 

Tu SevxedavT praqtikuli kuTxiT, erTi mxriv, avtomatur-Teoriuli sirTulis gazomvisas 

xels gviSlis is, rom DTIME  miyenebadia mxolod araorazrovan LA-gramatikebze, xolo 

NTIME mxolod orazrovan LA-gramatikebze. amasTan, NTIME ar iZleva nebismierad 

Semosuli Semavali gamosaxulebis gasaanalizeblad saWiro operaciebis faqtobriv 

odenobas, aramed im odenobas romelic saWiroa gamoTvlili rezultatis Sesamowmeblad. 
 

imisaTvis, rom sirTulis gasazomad gamoviyenoT iseTi realuri meTodi, romelic 

SesaZlebeli iqneba msgavsad da erTdroulad gamoyenebul iqnas rogorc orazrovan, ise 

araorazrovan gramatikebSi, saWiroa C-LAG-ebis  sirTulis analizi daxasiaTebul iqnes 

im gamoyenebul wesTa mTliani odenobiT, romelic saWiroa nebismierad aRebuli Semavali 

mocemulobis analizisTvis yvelaze cud SemTxvevaSi (Semavali mocemulobis sigrZesTan 

kavSirSi). _ LA-gramatikis sirTulis gazomvis es gramatikulad wodebuli meTodi 

martivicaa da bunebrivic. 
 
 
11.5 C1-,C2-, da C3-LAG-ebis qveierarqia 
 

A- da B- LAG-ebTan SedarebiT C-LAG-ebi warmoadgenen LAG-ebis yvelaze metad SezRudul 

klass, romlebic warmoqmnian enebis yvelaze patara LA-klass. konteqstisgan Tavisufal 

enebTan SedarebiT (romlebic sakuTriv Sedian C-enebSi) C-enebis klasi sakmaod farToa. 

aqedan gamomdinare, Teoriuli da praqtikuli TvalsazrisebiT mniSvnelovania C-LAG-ebis 

qveierarqiis gansazRvra da am gziT misi sxvadasxva qveklasebis gamoyofa..  

 

C-LAG-ebis sirTule izomeba gamoyenebuli wesebis ricxviT. amasTan, gamoyenebuli wesebis 

ricxvi damokidebulia mxolod struqturaTa orazrovnebaze. amdenad, bunebrivia rom C-

LAG-ebis qveklasebi ganvsazRvroT orazrovnebis gansxvavebuli xarisxebis terminebSi. es 

qveklasebi iwodebian, rogorc C1-, C2-, da C3- LAG-ebi, rac imiT ixsneba, rom 

orazrovnebis xarisxis zrda pirdapir aisaxeba sirTulis xarisxis zrdaze.  

 

C1-LAG-ebi yvelaze dabali sirTulisa da yvelaze dabali warmoqmniTi unaris qveklasia. 

C-LAG aris C1-LAG, Tu ki is ar aris rekursulad orazrovani. C1 enebis klasi 

parsirdeba wrfiv droSi da Seicavs yvela im determinirebul konteqstisgan Tavisufal 

enebs, romlebic gamocnobadia ε-gadanacvlebis operaciis armqone DPDA avtomatis mier, 

agreTve _rekursuli orazrovnebiT daxasiaTebul konteqstisgan Tavisufal enebs, mag: 

akbkcmdm
akbmcmdk enas, da agreTve konteqstze damokidebul enebs, mag: akbkck, 

akbkckdkek, {akbkck}*, Lk
square, L

k
hast, ( )a2i, akbmckm  da ai! enebs. amasTan, xazgasasmelia, rom 

am ukanasknelTagan bolo indeqsirebuli enac ki ara aris.19 

                                                 
19  a

k
b

k
c

m
d

m
a

k
b

m
c

m
d

k
 enis C1-LAG gansazRvrulia 11.5.2-Si; L

k
square da L

k
hast enebis  _ 1993 wlis b. 
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konteqstze damokidebuli araorazrovani C1-LAG-ebis magaliTia 10.3.3 punqtSi 

gansazRvruli akbkck ena da =def { /i aris 2-is romelime dadebiTi xarisxi},  romelic 

Semdegnairad isazRvreba 

 

11.5.1 a 2 i
enis konteqstze damokidebuli  C1-LAG 

 

LX=def {[a(a)]} 
STS=def {[(a){r1}]} 

r1:(a)       (a)  (aa)     {r2} 

r2:(a X)   (a)  (Xbb)  {r2,r3} 

r3:(b X)   (a)  (Xaa)  {r2,r3} 
STF=def{[(aa) rp1], [(bXb) rp2], [(aXa) rp3]}. 

 
es C1-LAG araorazrovania, radgan r2 da  r3  wesebs aqvT araTavsebadi Semavali pirobebi. 

a 2 i
 enis PS gramatikisa da amave enis aq aRwerili LA gramatikis Sedareba aSkarad 

gviCvenebs LA gramatikis formalur da konceptualur simartives.20 

 

11.5.2 ganawerSi aRwerilia konteqstisagan Tavisufali akbkcmdm
akbmcmdk enis 

+globaluri da _rekursuli orazrovani C1-LAG. PS-gramatikaSi am enas qvia Sinaganad 

orazrovani (inherently ambiguous), radgan ar arsebobs misi araorazrovani PS-

gramatika.21 

 

11.5.2 orazrovani akbkcmdm
akbmcmdk enis C1-LAG 

 
LX=def{[a(a)], [b(b)], [c(c)], [d(d)]} 
STS=def{[(a) {r1,r2,r5}]} 

r1:(X)         (a)  (a X) {r1,r2,r5} 

r2:(a X)        (b)  (X)  {r2,r3} 

r3:(X)           (c)  (c X)  {r3,r4} 

r4:(c X)        (d)  (X)  {r4} 

r5:(X)            (b)  (b X)  {r5,r6} 

r6:(b X)        (c)  (X)  {r6,r7} 

r7:(a X)        (d)  (X)  {r7} 

STF=def{[ rp4], [ rp7]} 
 

11.3.4 gansazRvrebis Tanaxmad es C1-LAG sintaqsuri orazrovnebis matarebelia: rp1 wesis 

paketi Seicavs Tavsebad Semaval pirobebian r2 da r5 wesebs. miuxedavad amisa, gramatikuli 

parsireba xdeba wrfiv droSi, radgan orazrovani gagrZelebebi ar xdebian rekursuli 

ciklis nawilebi: rp2 da rp5 ar Seicaven r1 wess. cud SemTxvevaSi, magaliTad aabbccdd 

                                                                                                                                                                       
Stubertis (B. Stubert) wignSi gv.16 da gv.12; a

k
b

k
c

k
d

k
e

k
 enis _  Col  gv. 223; a

k
b

m
c

km
 eni _ hauseris 1992 

wels gamoSvebul wignSi gv. 296;  enis _ 11.5.1-Si; a
i!
 enis _ hauseris 1992 wels gamoSvebul wignSi (ix. 

miniSneba gv. 296, SeniSvna 13). 

20 j. e. hopkroftma da j. d. ulmanma 1979-Si warmoadgines kanonikuri konteqstze damokidebuli a
2 i

enis 

PS-gramatika (ix. gv. 224) da misi SeuzRudavi PS-gramatikuli versia (ix. gv. 220). 
21  ix. j. e. hopkrofti da j. d. ulimani 1979 gv. 99-103.  
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sityvis SemTxvevaSi, gramatika generirebas ukeTebs (warmoqmnis) or paralelur droSi 

wrfiv gamoyvanaze dafuZnebul analizs, romelTagan TiToeuli iwyeba sawyisi a-

mimdevrobis Semdeg.22 

 

C2-LAG-ebi arian C-LAG-ebis meore yvelaze dabali sirTulis da meore yvelaze dabali 

warmoqmniTi unaris klasi. C-LAG aris C2-LAG Tu (i) is warmoqmnis +rekursul 

orazrovnebas da Tu (ii) misi orazrovnebebi SezRudulia erTis dabrunebis principiT. 

 
11.5.3 erTis dabrunebis principi (THE SINGLE RETURN PRINCIPLE (SRP)) 
 

+rekursiuli orazrovneba aris erTxel dabrunebadi, Tu paraleluri gzebidan 

mxolod erTi brundeba am orazrovnebis momcem mdgomareobaSi. 

 

C2 enebis klasi aparserebs polinomialur droSi da moicavs iseTi saxis 

aradeterminirebul konteqstisgan Tavisufal enebs, rogorebicaa WWR da Lk
hast, da, amis 

garda, iseT konteqstze damokidebul enebs, rogorebicaa: WW, Wk3, {WWW}*, da 

W1W2W1
RW2

R.23 

 

SR-rekursuli orazrovneba Suqdeba qvemoT WWR enisTvis ganxilul C2-LAG magaliTze. 

rogorc 8.3 qveTavSia axsnili, es ena Seicavs sruliad nebismieri sityvebis sruliad 

nebismieri sigrZis W mimdevrobas midevnebuls misi WR  inversirebuli mimdevrobiT. 

 

11.5.4 konteqstisgan Tavisufali WWR
 enis C2-LAG 

 

LX=def{[a(a)], [b(b)], [c(c)], [d(d)]...} 

STS=def{[(segc){r1,r2}]}, sadac segc { a, b, c, d, ….} 

r1:(X) (segc)    (segc X){r1, r2} 

r2:(segc X) (segc)  (X) {r2} 

STF=def{[ rp2]} 
 
yovelTvis, roca r1 wesis gamoyeneba warmatebulia, Semdeg kompoziciaze gamoiyeneba r1 da 

r2 wesebi. amasTan, r2 wesis warmatebuli gamoyenebis Semdeg gamoyvana aRar ubrundeba r1 

wess, radgan r1 araa miTiTebuli r2 wesis paketSi. aqedan gamomdinare, orazrovnebis 

mxolod erTi toti (e.i. is, romelic r1 wesis ganmeorebiTi gamoyenebebiT miiReba) 

SeiZleba dabrundes rekursiaSi. 

 

WWR parsirebis yvelaze cud SemTxvevas iZleva is Semavali mocemuloba, romelic 

Sedgeba erTi da igive sityvebis luwi odenobiT. es naCvenebia 11.5.5-Si aaaaaa Semavali 

mocemulobis magaliTze. 

 

11.5.5 gamoyvanis struqtura yvelaze cudi SemTxvevisTvis WWR -Si. 
 

                                                 
22 cxadi gamoyvana mocemulia CoL-Si gv. 154 ff. 
23 C2-LAG gansazRvrulia WW

R
 enisaTvis 11.5.4-Si, L

hast enisaTvis _ Stuberti 1993, gv. 16,  WW 

enisTvis _ 11.5.6-Si, WWW enisaTvis _ CoL-Si, gv. 216-, da W1W2W1
R
W2

R
 enisaTvis _ ganmartebulia 11.5.7-

Si. 
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    wesebi:                    analizebi:  

                                

2     a $ a 
1 2 2     a a $ a a 
1 1 2 2 2    a a a $ a a a 
1 11  2 2     a a a a $ a a 
1 11 1  2      a a a a a $ a 
1 11 1  1      a a a a a a $ 

 

11.5.5 gamoyvanis msvlelobisas warmoqmnili Sualeduri striqonis aramarkirebuli nawili  

aRniSnulia $ simboloTi. am marcxniv jgufdebadi analizis msvlelobisas miRebuli eqvsi 

hipoTezidan pirveli ori dawunebulia (uaryofilia), im faqtis gamo, rom Semavali 

striqonebi gasagrZelebelia, mesame hipoTeza zustad eTanadeba a a a a a a Semavals, maSin 

rodesac darCenili sami hipoTeza uaryofilia imis gamo, rom Semavali ar Seicavs met 

sityvebs. 

 

qvemoT gansazRvrulia C2-LAG konteqstze damokidebuli WW enisaTvis. 

 

11.5.6 konteqstze damokidebuli WW-enis C2-LAG 

 
LX=def{[a(a)], [b(b)], [c(c)], [d(d)]...} 

STS=def{[(segc){r1,r2}]}, sadac segc{a, b, c, d, …} 

r1:(X)           (segc)  (X segc) {r1,r2} 

r2:(segc X)   (segc)  (X)   {r2} 

STF=def{[ rp2]} 
 
es gramatika 11.5.4 gramatikisagan gansxvavdeba mxolod r1 wesis Sedegis kategoriiT: 

konteqstze damokidebul WW enaSi r1 wesi Sedeg kategoriaSi iZleva (X segc) kategoriis 

nimuSs, maSin rodesac konteqstisgan Tavisufali WWR enaSi r1 wesi Sedeg kategoriaSi 

iZleva (segc X) nimuSs. konteqstze damokidebul WW da konteqstisgan Tavisufali 

WWR enebSi yvelaze cud SemTxvevebs erTi da igive Semavali gamosaxulebebi iZleva: 

orives Sesabamisi C2-LAG aris SR-orazrovani, da orive aris n2 sirTulis. WW da WWR 

enebSi  analizis yvelaze cud SemTxvevebSi wakiTxvebis n2-uli zrda TvalsaCinod aris 

warmodgenili 11.5.5 punqtSi. 

 

aradeterminirebuli konteqstze damokidebuli W1W2W
R

1W
R

2 ena n³ sirTulis C2-LAG 

tipisaa (Sedegi ekuTvnis b. Stuberts). 

 

11.5.7 konteqstze damokidebuli W1W2W
R

1W
R

2 enis C2-LAG 

 
LX=def{[a(a)], [b(b)]} 

STS=def{[(segc){r1a}],[(segc){r1b}]} sadac segc, segd{a, b) 

r1a:( segc)       (segd)  (#segc segd)  {r2,r3} 

r1b: (segc)   (segd)  (segd # segc)  {r3,r4} 

r2:(X)          (segc)  (X segc)   {r2,r3} 

r3:(X)         (segc)  (segc X)   {r3,r4} 
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r4:(X segc)     (segc)  (X)            {r4,r5} 

r5: (segc X #) (segc)  (X)           {r6} 

r6: (segc X)    (segc)  (X)           {r6} 

STF=def{[ rp5], [ rp6]} 
 

am enis zusti sirTule aris 

3 21 1 1

8 4 2
n n n 

. polinomialuri sirTulis xarisxi 

damokidebulia gamoyvanaSi SR-rekursiuli orazrovnebis maqsimalur odenobaze. amgvarad, 

C2-LAG erTi SR-rekursuli orazrovnebiT SemZlea n² droSi parsirebis, xolo  C2-LAG 

ori SR rekursiuli orazrovnebiT SemZlea n3³ droSi parsirebis da a.S.. 

 

C-LAG-ebis umaRlesi sirTulisa da warmoqmniTi unaris qveklasia C3-LAG-ebi. C-LAG 

aris C3-LAG, Tu is warmoqmnis SemousazRvrel +rekursul orazrovnebas. C3 enebis 

klasi parsirdeba eqsponencialur droSi da Seicavs determinirebul konteqstisgan 

Tavisufal Lno enas, urTules konteqstisgan Tavisufal HCFL enas, da, agreTve, 

SubsetSum  da SAT enebis msgavs konteqstze damokidebul enebs, romlebic NP-srulia.24   

 

SubsetSum ena miiCneva Tvisobrivad rTul enad, anu iseT enad, romelic dasamuSaveblad 

gamoyenebuli algoriTmis miuxedavad dasamuSaveblad moiTxovs eqsponencialur dros. misi 

gamosaxulebebi y#a1#a2#a3 ... #an# gansazRvrulni rogorc y,a1,a2,a3,... arian cifrebis 

erTi da igive raodenobis Semcveli orobiTi striqonebi. ufro metic, rodesac isini 

ganixileba rogorc orobiTi ricxvebi, yvelaze nakleb mniSvnelovania pirveli cifri, da, 

amasTan, y tolia ai simravleebis qvesimravleebis gaerTianebis. 

11.5.8 SubsetSum enis C3-LAG 

 

LX=def{[0(0)], [1(1)], [#(#)]} 

STS=def{[segc){r1,r2}]}, sadac segc  {0. 1} 

segc  {0. 1} 

r1:(X)               (segc)   ( segc X){r1,r2} 

r2:(X)               (#)        (# X) {r3, r4, r6, r7, r12, r14} 

r3:(X segc)      (segc)  0 X) {r3, r4, r6, r7} 

r4:(X #)            (#)        (# X) {r3, r4, r6, r7, r12, r14} 

r5:(X segc)      (segc)   (0 X) {r5, r6, r7, r11} 

r6:(X 1)            (0)       (1 X) {r5, r6, r7, r11} 

r7:(X 0)            (1)       (1 X) {r8, r9, r10} 

r8:(X segc)      (segc)    (1 X) {r8, r9, r10} 

r9:(X 1)            (0)       (0 X) { r5, r6, r7, r11} 

r10:(X 0)          (1)       (0 X) {r8, r9, r10} 

r11:(X #)          (#)       (# X) {r3, r4, r6, r7, r12, r14} 

r12:(X 0)          (segc)   (0 X) {r4, r12, r14} 

r13:(X 0)          (segc)   (0 X) {r11, r13, r14} 

r14:(X 1)          (segc)   (1 X) {r11, r13, r14} 
STF=def{[(X) rp4]} 

                                                 
24 Lno  enis C3-LAG  gansazRvrulia 12.3.3-Si; HCFL enis gansazRvrulia b. StubertTan 1993, gv. 16; 

SubsetSum  enisaTvis gansazRvrulia 11.5.8-Si, da SAT enis gansazRvrulia hauserTan 1992, miniSneba 19.   
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es C3-LAG (agebulia d. epligeitis (D. Applegate) mier) gadawers y-s kategoriaSi. amis 

Semdeg +rekursiuli orazrovneba warmoiqmneba y-isgan TiToeuli ai-is 

aradeterminirebulad gansazRvruli an gamoklebiT, an ar gamoklebiT. gramatika mxolod 

im SemTxvevaSi Sedis dasaSveb mdgomareobaSi, Tu sxvaobis Sedegi nulia. 

 

da bolos, SevajamoT LA-gramatikis sxvadasxva SezRudvebi, am SezRudvebis Sesabamisi LA-

gramatikuli klasebi, am gramatikuli klasebis Sesabamisi enobrivi klasebi, da maTi 

sirTuleebi. LA-ierarqia msgavsia PS-ierarqiis (ix 8.1.2), imiT, rom LAG-ebis qveklasebi 

da maTi enebi ganisazRvreba wesTa sistemis mzardi SezRudulobis terminebSi. 

 

C1-LAG enaTa klasi C2-enebis klasis qvesimravlea, radgan C1-LAG-ebis _rekursuli  

orazrovnuli struqtura ufro SezRudulia vidre C2-LAG-ebis SR-rekursuli 

orazrovnuli struqtura (11.5.4). C2-LAG-is enaTa klasi aris C3-enaTa klasis 

qvesimravle, radgan C2-LAG-is SR-rekursuli orazrovnuli struqtura ufro 

SezRudulia vidre  C3-LAG-is +rekursuli orazrovnuli struqtura. C3-LAG-is enaTa 

klasi B-enebis qvesimravlea, radgan C3-LAG-is kategoriuli nimuSebi ufro SezRudulia 

vidre B-LAG-is. B-LAG-Si gamoyenebadi kategoriebis sigrZe izRudeba, maSin rodesac   

A-LAGSi gamoyenebadi kategoriebi sigrZis TvalsazrisebiT ar izRudebian. 

 

LA-gramatikaze gamoyenebadi SezRudvebi ganekuTvnebian sirTulis Semdeg or parametrs: 

wesTa gamoyenebebis moculobas (amount) da odenobas (number). (ix. 11.2.1) 

 

11.5.9 SezRudvebis tipebi LA-gramatikaSi 

 

0. A LA-tipi: araviTari SezRudvebi  

 

1. B LA-tipi: Sualeduri gamosaxulebebis kategoriebis sigrZe SemosazRvrulia kn-iT, 

sadac k aris konstanta da n aris Semavali gamosaxulebis sigrZe (R1.1, moculoba 

(amount)).  

 

2. C3 LA-tipi: kategoriis nimuSebis forma Sedegad iTxovs kategoriuli operaciebiT 

moTxovnili operaciebis konstantur limitirebas (R1.2. moculoba (amount)).  

 

3. C2 LA-tipi: C3 LA-tipi da yvelaze meti SR-rekursulad orazrovani gramatika (R2, 

odenoba (number)). 

 

4. C1 LA-tipi: C3 LA-tipi da yvelaze  meti _rekursulad orazrovani gramatika (R2, 

odenoba (number)). 
 
 
parametrebis sidide da ricxvi kontroldeba (1) Sualeduri gamosaxulebebis kategoriebis 

sigrZiT, (2) wesebSi kategoriis nimuSebis (modelebis) formiT, (3) wesebis SesaZlo 

kvlav gamoyenebiT ise rogorc es gansazRvrulia wesTa paketiT, da (4) erTi da igive 

wesTa sistemis wesebis Semavali TavsebadobiT. 
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LA-gramatikuli ierarqia Sejamebulia 11.5.10 cxrilSi. 8.1.2 ganawerSi aRwerili PS-

gramatikuli ierarqiis msgavsad, es ierarqiac emyareba struqturuli wesTa sistemis 

SezRudvebis, gramatikis tipebis, enaTa klasebis, da sirTulis xarisxebis 

urTierTkavSirebs. 
 
11.5.10  LA-gramatikuli ierarqia formaluri enebis 
 
     tipi        LAG-tipi     enebi       sirTule 
                                                                           

     tipi    C1-LAG     C1-enebi    wrfivi 

     tipi   C2-LAG     C2-enebi       polinomialuri 

     tipi   C3-LAG     C3-enebi          eqsponencialuri 

     tipi    B-LAG      B-enebi       eqsponencialuri 

     tipi     A-LAG      A-enebi    eqsponencialuri 
   

 
LA-gramatikis xuTi sxvadasxva klasidan mxolod B-enebis klasi gvxvdeba PS-gramatikis 

ierarqiaSi, kerZod, rogorc konteqstisgan Tavisufali enebis klasi. A-enebis klasi, 

meore mxriv, sakuTriv Sedis SeuzRudavi PS-gramatikis mier warmoqmnil rekursulad 

gadaTvlad enebis klasSi. C1-, C2-, da C3- enebis klasebs PS-gramatikul ierarqiaSi 

analogi ara aqvT. amasTan, regularuli enebis PS-gramatikuli klasi sakuTriv Sedis C1-

enebis klasSi, xolo konteqstisgan Tavisufali enebis klasi sakuTriv Sedis C3-enebis 

klasSi. 
 
amis garda, Tu SevadarebT PS-gramatikis SezRudvebs, romlebic exeba mxolod wesebis 

formas, LA-gramatikis SezRudvebi exeba wesTa sistemas mTlianad. amis mizezia is, rom 

LA-gramatikaSi wesebis gamoyeneba eqsplicituradaa aRwerili kategoriis nimuSebisa da 

wesebis paketis terminebSi, maSin rodesac PS-gramatikaSi isini mxolod impliciturad 

aRiwereba cvladebis Semcveli gadamweri wesebis terminebSi. 
 
 
 
 
 
savarjiSoebi 

 

 

qveTavi 11.1  

 

1. axseniT srulad rekursuli da nawilobriv rekursuli funqciebis cnebebi. 
2. rogor xasiaTdeba formalurad PS-gramatikul ierarqiaSi rekursuli enebis klasi? 

3. ra aris LA-gramatikis Zireuli SeuzRudavi formis warmoqmniTi unari? 

4. axseniT 11.1.2 da 11.1.3 ganawerSi mocemuli damtkicebebi.  

5. aRwereT SeuzRudavi LA-gramatikisa da SeuzRudavi PS-gramatikis warmoqmniT unarebs 

Soris arsebuli gansxvavebebi. 
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qveTavi 11.2 

 

1. ra aris LA-gramatikis SesaZlo struqturuli SezRudvebi? 

2. axseniT A-LAG, B-LAG, da C-LAG gramatikuli klasebi.  

3. ra gansxvavebaa konstantur da arakonstantur kategoriul operaciebs Soris? 

4. aRwereT PS-gramatikuli ierarqiis rekonstruqcia LA-gramatikaSi. 

5. arsebobs Tu ara LA-gramatikis klasi, romelic warmoqmnis rekursulad gadaTvlad 

enebs? 

6. arsebobs Tu ara PS-gramatikis klasi, romelic warmoqmnis rekursul enebs? 

7. arsebobs Tu ara PS-gramatikis klasi, romelic warmoqmnis C-enebs? 

 

qveTavi 11.3 

 

1. axseniT ±globaluri orazrovnebis cnebebi. ra kavSirSia isini avtomatTa Teoriis 

determinirebuli derivaciis cnebebTan da orazrovnebis cnebebTan  PS-gramatikaSi. 

2. ras gansazRvravs wesTa gamoyenebebis ricxvi LA-derivaciaSi? 

3. aRwereT Semavali mocemulobis sami gansxvavebuli piroba. 

4. gansazRvreT orazrovani da araorazrovani LA-gramatikebi. 

5. gansazRvreT rekursuli orazrovnebis cnebebi LA-gramatikaSi. 

6. gansazRvreT wesTa paketi _rekursuli orazrovani LA-gramatikis 7 wesiT, romelic 

maqsimalurad orazrovania. ramdeni wakiTxva warmoiqmneba am gramatikis mier 4, 5, 6, 7, 8, 

da 9 kombinaciuri bijis Semdeg? 

 

 

qveTavi 11.4 

 
1. axseniT LA-gramatikis sirTulis parametrebi. 

2. rogor aris gansazRvruli C-LAG-ebis elementaruli operacia? 

3. SeadareT erleis primitiuli operacia, romelic gamoiyeneba konteqstisgan Tavisufali 

PS-gramatikis miseuli algoriTmis sirTulis gamosaTvlelad, C-LAG-ebis primitiul 

operacias. 

4. rogor iTvlis erlei konteqstisgan Tavisufali PS-gramatikis moculobiT da ricxviT 

parametrebs? 

5. daasaxeleT sirTulis oTxi cneba avtomatTa TeoriaSi da axseniT isini. 

6. axseniT damokidebuleba FSA, PDA, LBA, da TM determinirebul da aradeterminirebul 

versiebs Soris. 

7. axseniT NTIME da DTIME cnebebis gamoyeneba C-LAG-ebSi. ra alternativebia?  

 

qveTavi 11.5  

 
1. aRwereT C1-, C2-, da C3- LAG-ebis qveirarqiebi. ra kavSirebia sirTulesa da 

orazrovnebas Soris? 

2. gansazRvreT akbkcmdm
akbmcmdk enis C1-LAG da axseniT rogor muSaobs es 

gramatika. aris Tu ara igi orazrovani? ra aris misi sirTule? 

3. axseniT erTxel dabrunebis principi.  
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4. SeadareT  WW da WWR enebis PS-gramatikuli da LA-gramatikuli damuSavebebi. 

5. aRwereT SubsetSum enis sworad formirebuli gamosaxulebebi da axseniT ratom aris 

es ena Tvisobrivad rTuli. 

6. axseniT LA-gramatikuli ierarqia. 

7. aRwereT damokidebuleba PS-gramatikasa da enis neitivistur Teorias Soris, erTi 

mxriv, da LA-gramatikasa da SLIM Teorias Soris, meore mxiv. SesaZlebelia Tu ara, rom 

PS-gramatika gamoyenebul iqnas rogorc SLIM Teoriis sintaqsuri komponenti? 

SesaZlebelia Tu ara, rom LA-gramatika gamoyenebul iqnas rogorc neitivisturi Teoriis 

sintaqsuri komponenti? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

12 Tavi 

LA- da PS- ierarqiebis urTierTmimarTeba 

 

 

 

 

generaciuli gramatikis1 ori araekvivalenturi formalizmis aRweris Semdeg, romelTagan 

TiToeuli enobrivi klasebisa da sirTuleebis Tavisi srulad ganviTarebuli ierarqiiT 

xasiaTdeba, am TavSi Cven vubrundebiT bunebrivi enebis formalur Tvisebebs. 12.1 qveTavSi 

Sedarebulia LA- da PS- gramatikuli enobrivi klasebis sirTuleebi. 12.2. qveTavSi  

Suqdeba PS- da LA- ierarqiebis enobriv klasebs Soris arsebuli qvesimravleobis 

mimarTeba. 12.3 qveTavSi isazRvreba konteqstisgan Tavisufali ena, romelic erT-erTi 

kerZo saxis C3-enaa. 12.4 qveTavSi Suqdeba orTogonaluri mimarTeba konteqstisgan 

Tavisufal enebsa da C3-enobriv klasebs Soris. 12.5 qveTavSi gamokvleulia orazrovneba 

bunebriv enebSi da dasabuTebulia, rom bunebrivi ena aris C1-LAG-enebis klasSi da rom 

igi wrfiv droSi parsirdeba. 

 

 

12.1 LA- da PS- gramatikebis enobrivi klasebi 

                                                 
1 saxeldobr, 8-e da 9-e TavSi PS-gramatika, da 10-e da 11-e TavSi LA-gramatika.  
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bunebrivi enisTvis arCeuli gramatikuli formalizmi vargisad miiCneva, Tu is Zlier 

mcirea _ magaliTad rogoric aris wesieri (3 tipis) PS-gramatika _ es fenomeni 

SeuZlebelia aixsnas mxolod misive saSualebebiT. Tumca, Tu arCeuli formalizmi Zlier 

didia _ magaliTad rogoricaa konteqstze damokidebuli (1 tipis) PS-gramatika _, maSin 

bunebrivi enis maxasiaTebeli struqturebi uCinardebian masSi, romelic, Tavis mxriv, misi 

Zlier didobis gamo, iseve martivad da daumaxinjeblad aRwers yvelaze ufro rTul 

xelovnur enebs, rogorc bunebriv enebs. 

 

amasTan, rac ufro ‘didia’ formalizmi, miT ufro ‘Zviri’ jdeba igi maTematikuri 

sirTulis TvalsazrisebiT. kompiuteruli TvalsazrisebiT ki, es siZvire isaxeba enobrivi 

gamosaxulebis parsirebisTvis saWiro droze da mexsierebaze. 

 

bunebrivi enis aRsawerad esa Tu is formalizmi SeiZleba iyos ara ubralod Zlier didi, 

an Zlier patara, aramed erTdroulad Zlier didic da Zlier patarac _ msgavsad im 

Sarvalisa, romelic aris Zlier mokle da amavdroulad Zlier ganieri. magaliTad, 

konteqstisgan Tavisufali PS-gramatikuli formalizmi aris Zlier patara bunebrivi enis 

aRsawerad, rac transformaciebisa da similaruli gamosaxulebebis Semotanis 

aucileblobiTac dasturdeba. Tumca, amave dros, is aris Zlier didi, rasac aSkarad 

gvidasturebs konteqstisgan Tavisufali HCFL2 enebis msgavsi enebi, romelTa sakmaod 

rTul struqturebs ar gaaCniaT TavianTi Sesatyvisebi bunebriv enebSi. 

 

principSi, ar arsebobs aranairi Teoriuli da praqtikuli mizezi imisa, rom SeuZleblad 

miviCnioT iseTi dabali warmoqmniTi unarisa da sirTulis (qve-)formalizmis (sub-

formalism) moZieba, romelic srulad moergeboda bunebriv enas. Tumca, ukve SeiZleba 

iTqvas, rom miuxedavad didi Zalisxmevisa PS-gramatikis farglebSi veranairi amgvari 

qveformalizmi ver iqna moZiebuli. 

 

PS- Zireuli gramatikuli formalizmis alternatiuli Zireuli formalizmebia C-  da 

LA-  gramatikebi. amasTan, C-gramatikas jer kidev ara aqvs sxvadasxva enobrivi klasebisa 

da sirTulis xarisxebis srulad ganviTarebuli ierarqiuli sistema. miuxedavad amisa, is, 

rom bidireqciuli C-gramatika sustad ekvivalenturia konteqstisgan Tavisufali PS-

gramatikis (ix. 9.2 qveTavi), ukve didi xania cnobilia. 

 

amgvarad, PS-gramatikuli enobrivi ierarqiis jerjerobiT erTaderT orTogonalur 

enobriv ierarqias LA-gramatika warmoSobs. 12.1.1 cxrilSi LA- da PS- gramatikebis 

enobrivi klasebi daxasiaTebulia sirTulis oTxi ZiriTadi xarisxis mixedviT. 

 

12.1.1 LA- da PS- gramatikebis sirTulis xarisxebi 

 

 

    LA-gramatika       PS- gramatika 

 

 araamoxsnadi    ______   rekursulad gadaTvladi enebi 

                                                 
2 urTulesi konteqstisgan Tavisufali ena (S. Greibach 1973). 
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      A-enebi 

 eqsponencialuri   B-enebi   konteqstze damokidebuli enebi 

      C3-enebi 

 

 polinomialuri   C2-enebi   konteqstisgan Tavisufali enebi 

 

 wrfivi    C1-enebi   regularuli enebi 

 

 

LA- da PS- gramatikebis elementaruli formalizmebis araekvivalenturobas adasturebs 

iseTi enebis arseboba, romlebic erTsa da imave PS- gramatikul klasSi arian da, 

romlebic, amavdroulad, arian gansxvavebul LA- gramatikul klasebSi, da piriqiT. 

magaliTad, akbK da WWR enebi PS- gramatikis erTi da igive klasSi arian (konteqstisagan 

Tavisufal enaTa klasSi), magram isini arian LA-gramatikis sxvadasxva enobriv klasebSi: 

akbK aris wrfiv droSi parsirebadi C1-LAG klasis ena, xolo WWR aris n2 droSi 

parsirebadi  C2-LAG klasis ena. piriqiT, akbK da akbKck enebi arian LA-gramatikis 

erTsa da imave klasSi (oriveni arian C1-LAG klasis enebi), magram isini arian PS- 

gramatikis sxvadasxva enobriv klasebSi: akbK konteqstisgan Tavisufal enaTa klasSia, 

xolo akbKcK ki _ konteqstze damokidebul enaTa klasSi.  

 

is, rom akbKck enis msgavsi enebi ori gansxvavebuli enaTa klasiTa (kerZod, konteqstze 

damokidebuli da C1) da ori gansxvavebuli sirTulis xarisxiT (kerZod, eqsponencialuri 

da wrfivi) klasificirdeba, adasturebs individualurad aRebuli enis Sinagani sirTulis 

da am enis enobrivi klasis sirTulis cnebebs Soris arsebul Tvisobriv gansxvavebulobas. 

 

akbKck enis daklasificireba, PS-gramatikis konteqstze damokidebul enad, ar aris 

ganpirobebuli imiT, rom es ena Tvisobrivadaa rTuli, aramed imiT, rom PS-gramatikis 

jer-jerobiT cnobili arcerTi sxva ufro dabali safexuris qveklasi ar aris 

struqturulad misi Sesatyvisi. aqedan gamomdinare, arc is unda gamovricxoT, rom 

daiZebnos iseTi axali Zireuli formalizmi, romelic akbKck enas wrfivi sirTulis  

enad daaklasificirebs.        

 

amasTan, ufro dabali enobrivi klasebi gansazRvrulia rogorc ufro maRali enobrivi 

klasebis qveklasebi. magaliTad, akbK enebis msgavsi enebi PS-gramatikaSi konteqstisgan 

damoukideblad iwodeba, radgan es is umciresi enobrivi klasia, romelic am tipis enebs 

Seicavs. Tumca, sinamdvileSi, akbK amavdroulad aris konteqstze damokidebulic, radgan 

konteqstze damoukidebeli enaTa klasi Sedis konteqstze damokidebul enaTa klasSi. 

Sesabamisad, ganacxadi imis Taobaze, rom `akbKck aris konteqstze damokidebuli ena, 

romelic LA-gramatikaSi wrfiv droSi C1-LAG parsirebadia” ar aris winaaRmdegobrivi: 

marTlac, C1-enebis klasi qvesimravlea B-enebis klasis da, Sesabamisad,  C1-LAG tipis 

ena amavdroulad aris B-LAG  tipis, anu konteqstze damokidebuli tipis enac.  

 

 

12.2 qvesimravleobis mimarTebebi am or ierarqiaSi 
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X enaTa klasi aris Y enaTa klasis qvesimravle, anu qveklasi (formalurad, X  Y), Tu 

X klasis nebismieri ena amavdroulad aris Y klasis ena. X enaTa klasi aris Y enaTa 

klasis sakuTrivi qvesimravle, anu qveklasi (formalurad, X  Y), Tu X qvesimravlea Y-

is da, amasTan, Tu Y klasSi arsebobs erTi mainc iseTi ena, romelic ar aris X klasis 

ena. 

 

PS-ierarqiis enobriv klasebs Soris ZalaSia Semdegi saxis qvesimravleobis mimarTeba. 

 

12.2.1 qvesimravleobis mimarTeba PS-ierarqiaSi 

 

wesieri enebi  konteqstisagan Tavis. enebi  konteqstze damok. enebi  rek. gadaTvladi enebi 

 

aseTi qvesimravleobis mimarTeba ganpirobebulia PS-gramatikis gadamweri wesebis mzardi 

SezRudvebiT (ix. 8.2), da igi sakuTrivi qvesimravleobis mimarTebad iwodeba.3 

 

12.2.2 qvesimravleobis mimarTeba LA-ierarqiaSi 

 

C1 enebi  C2 enebi  C3 enebi  B enebi  A enebi 

 

es qvesimravleobis mimarTebac mzardi SezRudvebiTaa ganpirobebuli. Tumca, Tu B-enebis 

klasi A-enebis4 klasis sakuTrivi qvesimravlea, sxva klasebs Soris sakuTrivi 

qvesimravleobis mimarTebis arseboba SeiZleba mxolod vivaraudoT. sakiTxi imis Taobaze 

aris Tu ara C2 enebis klasi C3 enebis klasis sakuTrivi qvesimravle, daiyvaneba 

klasikuri avtomatebis Teoriis jer kidev gadauWrel problemaze, kerZod ki imaze, Tu 

romelia Zalismieri: is, rom   , Tu is, rom  =   
 

 enobrivi klasi Seicavs yvela im enas, romlebic SeiZleba gamocnobil iqnas 

aradeterminirebul polinomur droSi, maSin rodesac  Seicavs yvela im enas, romlebic 

gamocnobadni arian detereminirebul polinomur droSi. 

 

 
determinirebul polinomur droSi amocnobadi enebi ayalibeben enebis bunebriv da 

mniSvnelovan klass. es klasia i1DTIME(ni), romelic CvenTan -Ti aRiniSneba. 

intuiciurad metad mimzidvelia is, rom  aris im problemaTa klasi, romlebic SeiZleba 

iqnen efeqturad gadaWrilni. Tumca vinme SeiZleba ar dagveTanxmos imaSi, rom n57 bijiani 

algoriTmi efeqturia. praqtika gvarwmunebs, rom  sirTulis problemebs, rogorc wesi, 

aqvT polinomur droiT sirTuleze ufro dabali droiTi sirTulis xarisxi.      

 
 J. E. Hopcroft & J. D. Ullman 1979, gv., 320 

 
 

                                                 
3 ierarqiuli lema (Hopcroft & Ullman 1979, gv.. 228). 
4 (ix. Hopcroft & Ullman 1979, gv.. 228, Teorema 9.8.) A-LAG warmoqnis rekursul enebs, maSin rodesac, 

rogorc es naCvenebia 11.1 da 11.2-Si,  A-LAG warmoqmnis konteqstze damokidebul enebs.  
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L ena iwodeba -srulad (-complete), Tu (i)  klasis nebismieri ena determinirebul 

polinomur droSi SeiZleba dayvanil iqnes L enaze da Tu (ii) L ena  klasis wevria. 

-sruli enebi igeba aradeterminirebuli polinomuri sirTulis yvelaze cudi 

SemTxvevebis warmosadgenad. 

 

istoriulad, pirveli -sruli enis klasikuri magaliTia SAT-ena, anu buliseuli 

Sesrulebadobis5 (Boolean SATisfiability) problema. ganvixiloT Semdegi buliseuli 

gamosaxuleba. 

 

12.2.3 3SAT enis sworad formirebuli gamosaxulebebi  

 

(x  y  z)&(y  z  u)&(x  z  u)& (x  y  u) 
 

 niSniT aRniSnulia logikuri an (anu, dizunqcia (disjunction)),  niSniT aRniSnulia 

logikuri da (anu, konunqcia (conjunction)), asoebi gagebulia propoziciul, anu 

winadadebriv cvladebad, da  niSniT aRniSnulia logikuri ar (anu, uaryofa (negation)). 

3SAT ena aris SAT enis odnavi gamartivebis Sedegi: kerZod, 3SAT aris SezRuduli 

konunqtirebaSi imiT, rom nebismieri konunqti unda warmoadgendes zustad sami 

cvladisgan agebul dizunqcias. 

 

12.2.3 saxis gamosaxulebis Sesrulebadobis problema gaigeba rogorc misi cvladebis 

mniSvnelobaTa iseTi damniSvnelebis moZiebaze, romelic gamosaxulebas WeSmaritad aqcevs 

_ Tu ki aseTi damniSvneleba saerTod arsebobs. es problema Tvisobrivad rTulia, radgan 

analizi iTxovs 2n odenobis sxvadasxva daniSvnebis gadamowmebas. magaliTad, x cvlads 

SeiZleba mniSvnelobad daeniSnos 1 (WeSmariti (true)), an 0 (mcdari (false)). roca 

gamoTvlebSi meore cvladic erTveba Cven iZulebulni vxdebiT ganvixiloT Semdegi oTxi 

gansxvavebuli daniSvna: (x=1, y=1), (x=1, y=0), (x=0, y=1) da (x=0, y=0). anu, sxva sityvebiT: 

yovelTvis, roca Tvlisas Semodis axali cvladi, SesaZlo daniSvnebis ricxvi ormagdeba. 

 

-sruli enis kidev erTi magaliTia CvenTvis ukve nacnobi SubsetSum ena. 3SAT enis 

msgavsad SubsetSum enac C3-enebis klasSia (ix. C3-LAG-is 11.5.9 gansazRvreba). amgvarad, 

C3-enebis klasi moicavs -srul enebs. ufro metic, C3-enebis klasi cxadia Sedis  

klasSi, radgan gansazRvrebis ZaliT C-LAG mowmdeba aradeterminirebul wrfiv droSi _ 

da, amgvarad, igi miT ufro Semowmdeba aradeterminirebul polinomur droSi. 

 

C2-enebi, meore mxriv, agebulni arian determinirebul polinomur droSi parsirebisTvis. 

es ganapirobebs imas, rom isini  klass miekuTvnebian. imis daSveba, rom C2-enaTa klasi 

ar aris C3-enaTa klasis sakuTrivi qvesimravle, gamoiwvevda imas, rom 

 
C2-enaTa klasi = C3-enaTa klasi. 

 

                                                 
5 ix. Hopcroft & Ullman 1979, gv.. 324. 
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es ki daadasturebda imas, rom arsebobs SubsetSum enis C2-LAG gramatika. amasTan, 

radgan  yvela  ena determinirebul polinomur droSi SeiZleba dayvanil iqnas 

SubsetSum enaze, amiT isic dadasturdeboda, rom 

 = . 
 

magram, radgan  da  enebis ekvivalentoba daujereblad miiCneva, rwmena imis Taobaze, 

rom  C2 enaTa klasi aris C3 enaTa klasis sakuTrivi qvesimravle, myardeba.6 

 

is, aris Tu ara C3 enaTa klasi B enaTa klasis sakuTrivi qvesimravle, aseve Ria sakiTxia. 

aqac vinmem SeiZleba savaraudo sayrdenad aiRos C3-LAG enebis  sisrule. cnobilia, 

rom konteqstze damokidebuli enebis gamocnoba (CS-gamocnoba) aris PSPACE-sruli (ix. 

Hopcroft & Ullman 1979, gv. 346,7). radgan daujerebelia7 is, rom  klasSi iyos  

PSPACE-sisrulis problema, aseve daujerebelia, isic rom C-enaTa klasi ar iyos 

sakuTrivi qvesimravle B-enaTa klasis. 

 

 

12.3 LA- da PS- ierarqiebis araekvivalentoba 

 

d. epligeitis (D. Applegate) mixedviT Lno ena, romelic PS-gramatikaSi konteqstisgan 

Tavisufalia, LA-gramatikaSi ki _ C3-tipis,  xmaurian-enad (noise-language) iwodeba. Lno 

ena warmoqmnis gamosaxulebebs, romlebic Seicaven 0 da 1 simboloebs, da romlebsac aqvT 

W‟#WR struqtura. # simbolo erTmaneTisgan gamoyofs W‟ da WR gamosaxulebebs, sadac 

WR aris sarkisebuli saxe W-si,  xolo W‟ gansxvadeba W-sgan imiT, rom damatebiT Seicavs 

0 da 1 simboloebis garkveul odenobas. W‟-is es damatebiTi sityvebi ar gansxvavdeba 

maTgan, romelTac aqvT mewyvileebi WR-Si da isini funqcionireben rogorc xmauri. am enis 

konteqstisgan Tavisufali PS-gramatika gansazRvrulia 12.3.1-Si. 

 

12.3.1 Lno enis PS-gramatika 

 

 S  1S1   S  1S  S  # 

 S  0S0  S  0S 
 
marcxena svetSi ganTavsebuli wesebi awarmoeben # simbolos marcxniv da marjvniv 

ganTavsebul sarkulad Sesabamis sityvebs, Sua svetSi ganTavsebuli wesebi awarmoeben 

mxolod W‟-is sityvebs. 

 

konteqstisgan Tavisufali enis erleisa da CYK algoriTmebis msgavs tradiciul 

parserebs ar uWirT gaakeTon Lno enis n3 analizi. es asea radgan parseri iyenebs 

                                                 
6 is, rom C2  C3 ar aris gamoricxuli dasabuTdes pirdapir (mag. C2 enis mtumbavi lemis gamoyenebiT), 

rac im SemTxvevaSi, Tu naCvenebi iqneba, rom C2= (rac, Tavis mxriv, metad arasarwmunoa), daadasturebda 

imasac, rom    . 
7  PSPACE-sisrulis problema mosalodnelia, rom ar iyos ara mxolod  klasSi, aramed is arc  

klasSi ar unda iyos. ufro metic, Tviseba, romlis arsebobac ganapirobebs PSPACE-sisrules 

savaraudoa ar iyos verificirebadi arc pilonomur droSi da arc polinomur sigrZeSi 

 

M.R. Garey da D.S. Johnson, 1979, gv. 171.  
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konteqstisgan Tavisufali enis Zireul inversirebulad dawyvilebul struqturas. qvemoT 

aRwerili 12.3.2 magaliTi warmogvidgens Lno enis 10010#101 gamosaxulebis PS-

gramatikul derivacias. Sesabamisi mdgomareobebi nawarmoebia erleis algoriTmiT. 

 

12.3.2 Lno enis 10010#101 gamosaxulebis PS-gramatikuli derivacia 

 

derivaciuli xe:  generaciuli jaWvi:   mdgomareobebi: 
  

      S                     
     1          1                                                                                     1. S1   1S1. 
 S           1S1                                           1.S 
     0          0                                                                                     0.S0     0S0.    
 S         10S01                                         0.S 
     0                                                                                                 0.S0 
           S                                     100S01                                         0.S       OS.   
     1          1                                                                                     1.S1     1S1. 
           S                                    1001S101                                      1.S  
     0                                                                                                 0.S0 
           S                                  10010S101                                      0.S        0S.   
        
            #                                  10010#101                                       # 

 

 

aq gamoyenebuli erleis algoriTmi warmoqmnis mxolod or mdgomareobas # simbolos win 

mjdomi TiToeuli terminaluri simbolosTvis. magaliTad, „1.S1‟ da „1.S‟. amgvarad, Tu 

Semaval jaWvSi # simbolos win zis k terminaluri simbolo, maSin algoriTmi # 

simbolos miRwevamde 2k mdgomareobas awarmoebs.8 

 

amis sapirispirod, C-LAG-enebSi kategoriuli operaciebi Seexeba dawyvilebuli kudiT 

damTavrebul struqturebs. es struqturebi kargad ergeba ganmeorebaTa nebismier ricxvs, 

ris gamoc SeiZleba am ganmeorebebis modificireba, mag.: inversireba, dawyvileba, 

ganaxevreba da a.S.. 

 

sazogadod parseri da, maT Soris, C-LAG parseric araefeqturia, Tu Semavali 

mocemuloba Seicavs ucnob raodenobas iseTi sityvebisa, romlebic SeiZleba ganisazRvron 

mxolod analizis bolos, imis mixedviT, ukanaskneli sityva Seesabameba wina sityvebs, Tu 

ara. es aris maxasiaTebeli Tviseba rTuli  enebisa, anu iseTi enebisa, romlebic 

moiTxoven  aradeterminirebul polinomialur dros verifikaciisTvis da eqsponencialur 

dros analizisTvis. 

 

LA-gramatikisTvis, erTi mxriv, HCFL9 da Lno enebisnairi konteqstisgan Tavisufali enebi 

da, meore mxriv, 3SAT da SubsetSum enebisnairi -sruli konteqstze damokidebuli 

                                                 
8 radgan Lno  aris determinirebuli konteqstisgan Tavisufali ena, is PS-gramatikaSi SeiZleba daparserdes 

wrfiv droSi. (ix. B. Stubert, 1993, gv. 71, lema 5.1). 
9 is, rom PS-gramatikaSi HCFL parsirdeba polinomur droSi ganpirobebulia ramodenime mizeziT: 

1. konteqstisgan Tavisufali PS-gramatika iyenebs sirTulis dadgenis C-LAG-sgan gansxvavebul 

meTodebs. ufro konkretulad, n
3
 droiTi sirTule konteqstisagan Tavisufali enebisTvis 
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enebi struqturuli TvalsazrisebiT erTi da igiveni arian. am oTx enas saerTo aqvT is, 

rom Semavali mocemuloba pirvel naxevarSi SeiZleba Seicavdes iseTi sityvebis nebismier 

odenobas, romlebisTvisac ucnobia saWironi arian Tu ara isini, rogorc mewyvileebi 

meore naxevarSi ganTavsebuli sityvebisTvis.10 

 

Lno enis C-LAG gaanalizebi erTaderTi gza aris # simbolos win mjdomi sityvis orgvari 

interpretireba, erTi, rogorc ‘namdvili’ sityva, da meore, rogorc ‘xmauriani’ sityva. es 

Sedegad iZleva # simbolos win mjdomi Semavali jaWvis wakiTxvis eqsponencialur 

odenobas, TiToeul wakiTxvas misi sakuTari kategoriiT. magaliTad, Tu Semavali jaWvi 

aris 10010#. . .  maSin erT-erT kiTxvas aqvs kategoria (10010), rac im hipotezas 

warmoadgens, rom # simbolos win mjdom yvela sityva ‘namdvilia’. am Semavali jaWvis sxva 

wakiTxva iZleva kategorias (1001), rac im hipotezas warmoadgens, rom # simbolos win 

mjdomi ukanaskneli sityva ‘xmauria’, da a.S.. 

 

12.3.3 Lno enis C3-LAG 

 
 LX =def {[0 (0)], [1 (1)], [# (#)]} 

 STS =def { [(segc), {r1, r2 , r3 , r4, r5 }] } sadac segc, segd  {0,1}. 

 r1: (segc)(segd)      {r1, r2 , r3 , r4, r5 } 

 r2: (segc)(segd)    (segd) {r1, r2 , r3 , r4, r5 } 

 r3: (X)(segc)     (X)  {r1, r2 , r3 , r4, r5 } 

 r4: (X)(segc)     (segc X) {r1, r2 , r3 , r4, r5 } 

   r5: (X)(#)     (X)  { r6 } 

 r6: (segc X)( segc)    (X)  { r6 } 

 STF =def { [  rp6] } 
 

am C3-LAG-Si arsebuli da r3-isa da r4-is mizeziT warmoqmnili +rekursuli orazrovneba, 

magaliTad, xasaiTdeba (i) Semaval pirobasTan TavsebadobiT (faqtiuri identurobiT), (ii) 

TanaSemosvlebiT wesTa paketSi, da (iii) erTsa da imave saanalizo gzaze kvlav 

gamoyenebadobiT. r3 wesi ignorirebas ukeTebs Semdeg sityvas da amuSavebs mas rogorc 

xmaurs. r4 wesi marcxnidan, anu dasawyisidan abams axali Semdegi sityvis kategorias 

sityvis sawyisis kategorias, raTa uzrunvelyos is, rom mas hyavdes mewyvile Semavlis 

meore naxevarSi. 

 

Lno enisTvis 12.3.3-Si aRwerili es C3-LAG emTxveva im C3-LAG-s, romelic 11.5.8-Si 

aRiwera -sruli SubsetSum enisTvis, sadac TiToeuli ai  SeiZleba interepretirebul 

iqnes, an rogorc xmauri, an rogorc ‘namdvili’ qvesimravle. SubsetSum enis es C3-LAG 

analizi konteqstze damokidebulia, radgan zogierTi wesi (mag. r5) amowmebs winadadebis 

                                                                                                                                                                       
sazogadod metwil damokidebulia imaze, rom gamoiyeneba mravallentiani tiuringis manqana. sirTule 

C-LAG-Si ki isazRvreba uSualod gramatikis safuZvelze. 

2. abstraqtuli avtomatisagan gansxvavebiT aranairi -moZraoba ar daiSveba C-LAG-Si.  
10 konteqstisgan Tavisufali Lno enis C-LAG-sirTule igivea, rac konteqstisgan Tavisufali L

3
no enis 

sirTule, romelic, Tavis mxriv, warmoqmnis W‟#W#W‟‟ saxis gamosaxulebebs, sadac W‟ da W‟ arian 

xmauriani versiebi W sityvis. Lno enis LA-gramatika aris ufro maRali sirTulis klasSi, vidre Sesabamisi 

PS-gramatika, radgan C-LAG gramatikebi ar arian agebulni konteqstisgan Tavisufali enebis fiqsirebuli 

inversirebadad dawyvilebuli struqturebis dasamuSaveblad da -moZraoba ar aris daSvebuli. 
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sawyisis kategoriis dasawyiss, sxva wesebi (mag. r4) ki bolo nawils. amasTan, Lno enis es 

C3-LAG konteqstisgan Tavisufalia, radgan misi kategorialuri operaciebi amowmeben 

mxolod winadadebis sawyisis kategoriis dasawyiss. 

 

 

12.4 umciresi LA- da PS- klasebis Sedareba 

 

konteqstisgan Tavisufali PS-gramatika farTod gamoiyeneba, radgan igi PS-gramatikuli 

ierarqiis SigniT uzrunvelyofs gamoTvladobas daqvemdebarebuli sxvadasxva warmoqmniTi 

unaris mqone enebis did ricxvs. arsebobs zogadi enaTmecnieruli SeTanxmeba, rom 

konteqstisagan Tavisufali PS-gramatika ar esadageba bunebrivi enis struqturul 

maxasiaTeblebs. igive situacia kompiuterul mecnierebebSi, sadac, bunebrivi enebis 

msgavsad, konteqstisgan Tavisufali PS-gramatika arasakmarisad miiCneva programuli 

enebis struqturuli aRwerisaTvis. 

 
saidumlo ar aris, rom konteqstisagan Tavisufali PS-gramatikebi iZlevian mxolod 

pirveli rigis aproqsimacias im mravali meqanizmisa, rac programuli enebis sintaqsSi 

gamoiyeneba.11  

s. ginzburgi, 1980, gv 7. 

 

amgvarad, didi xania moTxovnaSia alternativa bunebrivi da programuli enebis ukeT 

aRsawerad. aseTi axali enobrivi klasis moZiebis mcdelobebis umetesoba mimdinareobda 

iseTi konservatoruli gafarToebebis agebis gziT, romlebic metad mWidrod mihyvebodnen 

konteqstisgan Tavisufal PS-gramatikebs. isini igebodnen garkveuli meqanizmebis 

damatebiT, rac Sedegad iZleoda axal-axal damatebiT enobriv klasebs. amasTan, rogorc 

wesi, es axali enobrivi klasebi qvesimravleobis mimarTebaSi iyvnen PS-gramatikuli 

ierarqiis enobriv klasebTan. mag. konteqstisgan Tavisufali enebi ayalibeben xeebTan 

mikavSirebuli enebad (TAL)12 wodebul sakuTriv qvesimravles, romelic, Tavis mxriv, qmnis 

indeqsirebul enebad13 wodebul enebs, rac ukve konteqstze damokidebuli enebis 

sakuTrivi qvesimravlea. 

 

ormocdaaT welze meti xnis PS-gramatikuli tradicia da mravalxniani ararseboba 

safuZvliani alternativisa arasakmarisi mizezia imisaTvis, rom formaluri enebis PS-

gramatikuli ierarqia da maTi gafarToebebi ganvixiloT rogorc gansakuTrebiT 

‘bunebrivi’: yvelafers rom Tavi davaneboT es sxvadasxva enobrivi klasebi meti araferia, 

Tu ara erTi garkveuli formalizmis sxvadasxvagvari SezRudvebi. 

 

magaliTad, konteqstisgan Tavisufali enebi gansazRvrulia im SezRudvebiT, romlebic 

exeba mxolod gadaweris wesebs (ix. 8.1.2). analogiurad C1, C2 da C3 enebi gansazRvrulia 

mxolod im SezRudvebiT, romlebic exeba mxolod LA-gramatikul formalizms (ix. 11.5.9) 

es ori gansxvavebuli tipis SezRudvebi Sedegad iZleva PS- da LA- gramatikul 

ierarqiebs, romlebic erTmaneTis orTogonalurebia: 

                                                 
11 ix. agreTve m. harisoni ( M. Harrison) 1978, gv. 219, sadac igivenairi ganwyobaa asaxuli. 
12 a.k. joSi, 1975. 
13 ix. Hopcroft & Ullman, 1979, gv.. 389. mtumbavi lema indeqsirebuli enebisTvis (damtkiceba ekuTvnis t. 

haiSas (T. Hayashi) 1973. 
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12.4.1 orTogonaluri mimarTeba C- da CF- enebs Soris  

 

 

              konteqstisgan Tavisufali enebi 

 

 

 

                               HCFL        3SAT        SUBSET-SUM 
                                 Lno 

 

                               WWR        WW       WWW 
 
                                akbk 
                                akbkck 
                                akbkckdkek 
                                a 2n  

                                an!              C1 
 
                                                                  C2 
 
                                                                                    C3 
 

 

winaTeoriuli xedvebiT vinme SeiZleba ganewyos akbk
  enis a

kbkck,  akbkckdk, da a.S. enebTan 

erTad daklasificireblad, iseve rogorc WWR da WW  enebisa. _ is, rom PS-ierarqia 

debs akbk da WWR enebs erT (konteqstisgan Tavisufal enaTa) klasSi, xolo akbkck,  

akbkckdk, da a.S. enebs WW  enasTan erTad meore (konteqstze damokidebul enaTa) klasSi, 

gauTviTcnobierebeli mkiTxvelisTvis gasakvirvic kia. am TvalsazrisebiT LA-ierarqia 

intuiciurad ufro bunebrivad aris mowesrigebuli, radgan aq ak, akbk
, a

kbkck,  akbkckdk da 

a.S.. klasificirebulnia wrfiv C1-enaTa klasSi. xolo, WWR da WW,  WWRW da WWW da 

a.S. enebi daklasificirebuli arian, rogorc C2-enebi. 

 

Tu Ldcf determinirebul konteqstisgan Tavisufal enebsa da Lcf aradeterminirebul 

konteqstisgan Tavisufal enebs Soris gansxvavebas ganvixilavT PS-gramatikis SigniT, 

orTogonaluri mimarTeba PS- da LA- ierarqiebs Soris ufro cxadad gamoikveTeba 

 

12.4.2 orTogonaluri  Ldcf, Lcf, C1, C2, da C3 klasifikacia 

 

                                          C3 
                                                          C2 
                                      C1 

                               
1

M hast                  WW            SUBSET-SUM 

                               
k 2

M hast


                M hast



              3SAT 

                  Lcf 
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k 2

Lhast


                 Lhast


          HCFL 

                         0k 1k U 0k12k       WWR 
 
                     Lcf 

                          
1

Lhast
                     L rose

            Lno 

                                L rabin
 

 
 
 
 

 

Ldcf klasi, iseve rogorc Lcf klasi, gaswvriv kveTs C1, C2 da C3 klasebs. 

 

LA- gramatikis es alternatiuli klasifikacia uzrunvelyofs axal perspeqtivebs 

formalur enaTa TeoriaSi. ufro metic, radgan PS-gramatikuli ierarqia 

rekonstruqtirebadia LA- gramatikul ierarqiaSi (ix. 11.2) klasikuri avtomatebis 

Teoriis Ria problemebi SeiZleba pirdapir iqnen gadatanilni LA- gramatikaSi. (ix. 12.2). 

 

 

12.5 bunebrivi enebis wrfivi sirTule 

 

iseTi konteqstze damokidebuli enis arseboba, romelic ar aris C- ena, daadasturebda C-

enebis sakuTriv qvesimravleobas B-enebTan mimarTebaSi (ix. 12.2.2). aseT enaSi kategoriis 

sigrZe unda izrdebodes konteqstze damokidebuli enebis LBA-gansazRvrebis mixedviT, 

magram es zrda unda iyos ufro swrafi vidre C-LAG-ebis wesebze dafuZnebuli 

kategoriuli operaciebi amas uSveben. Tumca, is, rom bunebrivi enis struqturebi am saxis 

eniT aRiwerebodes, Zlier aradamajerebelia. 

 

Tu bunebrivi enebi aRiwerebian C-LAG-ebiT, maSin Semdegi ori ekvivalenturi SekiTxvebia: 

 (i) ramdenad rTulia bunebrivi ena? 

(ii) ramdenad orazrovania bunebrivi ena? 

es asea, radgan C-LAG-ebis sxvadasxva qveklasebi erTmaneTisgan gansxvavdebian mxolod 

orazrovnebis xarisxiT. 

 

bunebrivi enis gamonaTqvami iwodeba orazrovanad, Tu mis msmenels misgan SeuZlia 

gamoiyvanos erTze meti mniSvneloba2. es SeiZleba ganpirobdes sintaqsuri, semantikuri, 

anda pragmatuli orazrovnebiT. Tumca, gamosaxulebis kombinaciur struqturaze 

dafuZnebuli analizis sirTuleze gavlenas mxolod sintaqsuri orazrovneba axdens. 

 

enis SLIM Teoriis mixedviT: gamosaxuleba sintaqsurad orazrovania, Tu igi iRebs erTze 

met struqturul analizs. gamosaxuleba semantikurad orazrovania, roca sintaqsurad 

araorazrovania da roca aqvs sul cota ori mniSvneloba2. pragmatul orazrovnebas 

ganapirobebs iseTi mniSvneloba1, romelsac mocemul konteqstSi erTze meti gamoyeneba 

(use) aqvs. 
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12.5.1 orazrovnebis SLIM Teoriuli analizi 

 

  sitaqsuri   semantikuri   pragmatikuli 
   zedapiri    zedapiri     zedapiri 

 

 

 cata   catb      cata            cata 

 

 semx   semy        semx          semy               semx 

 

                                                                                                                                                                                 ? 

      
    konteqsturi araorazrovneba    konteqsturi araorazrovneba   konteqsturi orazrovneba 
 

 

sintaqsuri da semantikuri orazrovnebebi ganpirobebulia da, Sesabamisad, xasiaTdeba Tavad 

gamosaxulebis tipiT, pragmatuli orazrovneba ki _ im mTliani gamonaTqvamiT (utterance), 

romelSic es orazrovneba vlindeba. 

 

enobrivi gamosaxuleba sintaqsurad orazrovania, Tu is xasiaTdeba iseTi alternatiuli 

kategoriebiT (aq catx da caty), romelTagan ToToeulis kategoriuli wakiTxva iZleva 

Tavis sakuTar mniSvneloba1-s (aq semx da semy). magaliTad, won warmoqnis sintaqsur 

orazrovnebas koreuli valutis aRmniSvnel arsebiT saxelsa da to win zmnis warsul 

dros Soris. amasTan, Tu konteqsti ar xsnis semx da semy  kategoriebis orazrovnul 

gagebas, maSin es sintaqsuri orazrovneba warmoqmnis iseT gamonaTqvams, romelsac aqvs 

erTze meti mniSvneloba2. 

 

enobrivi gamosaxuleba semantikurad orazrovania, Tu is xasiaTdeba mxolod erTi 

sintaqsuri analiziT, magram erTze meti mniSvneloba1-iT. magaliTad, enobrivi 

gamosaxuleba perch semantikurad orazrovania: misi erTi mniSvneloba gadis Tevzis 

saxeobaze, meore ki _ Camosajdom adgilze. es ganapirobebs imas, rom sintaqsurad perch 

ar aris orazrovani, radgan orive wakiTxvis SemTxvevaSi igi naunis, anu arsebiTi saxelis 

kategoriiT xasiaTdeba.14 Sinagani dawyvilebisTvis, semantikuri orazrovneba emsgavseba 

sintaqsurs, radgan orive SemTxvevaSi gamosaxulebas aqvs erTze meti mniSvneloba1. 

 

pragmatuli orazrovneba ganpirobebulia mocemul konteqstSi erTi mniSvneloba1-is 

alternatiuli gamoyenebiT. magaliTad, konteqstSi, sadac ori magida dgas erTmaneTis 

gverdi gverd, ateransi, anu enobrivi gamonaTqvami Put the coffee on the table iqneboda 

pragmatulad orazrovani, radgan ar aris cxadi am ori magididan romels gulisxmobs 

metyveli (ix. 5.2 qveTavi). sintaqsuri da semantikuri orazrovnebisgan gansxvavebiT 

pragmatuli orazrovnebis buneba ar ixsneba konteqstiT. 

 

sintaqsuri orazrovneba ganapirobebs imas, rom gamosaxulebas erTze meti mniSvneloba1 

aqvs. amasTan, gamosaxuleba semantikurad orazrovania mxolod maSin, Tu is ar aris 

                                                 
14 sintaqsuri kategorizaciisas ignorireba ukeTdeba to perch-is Sinaarsul datvirTvebs.   
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sintaqsurad orazrovani (sxvadasxva sintaqsuri wakiTxvebis arsebobis TvalsazrisiT). 

analogiurad, gamonaTqvami pragmatulad orazrovania mxolod maSin, Tu igi agebulia 

sintaqsurad da semantikurad araorazrovani gamosaxulebebiT. calke aRebuli sityvis 

sintaqsur, da semantikur orazrovnebas leqsikur orazrovnebasac uwodeben. 

 

bunebrivi enis gamosaxulebis sirTulis gansasazRvravad pragmatuli orazrovneba 

araZalismieria. es asea, radgan pragmatuli orazrovneba ar aris damokidebuli 

gamosaxulebis tipze, aramed igi warmoiqmneba gamosaxulebis semantikuri interpretaciisa 

da konteqstis urTierTmimarTebisas (ix. 4.4). 

 

msgavsad amisa, arc semantikuri orazrovnebaa Zalismieri bunebrivi enis sirTulis 

gansazRvrisas, radgan semantikuri orazrovnebebi gansazRvrebis ZaliT ukavSirdeba 

mxolod sintaqsurad araorazrovan gamosaxulebebs. magaliTad, im faqtis gaTvaliswinebiT, 

rom perch sityvis orive wakiTxvas aqvs erTi da igive kategoria, gasagebi xdeba, rom 

The osprey is looking for a perch winadadebas ar SeiZleba qondes ori gansxvavebuli 

sintaqsuri analizi: 

 

12.5.2 semantikuri orazrovnebis arakoreqtuli analizi       

 

analizi 1:     analizi 2: 

     The osprey is looking for a perch   The osprey is looking for a perch 

                     
        [kind of fish]       [place to roost] 
                ? 
                                                                    __ 
                                                             (contextual referent) 

                  
lingvisturad koreqtuli analizi ganixilavs saanalizo winadadebas rogorc sintaqsurad 

araorazrovans da orazrovnebas amuSavebs semantikurad perch sityvisTvis ori 

gansxvavebuli mniSvnelobis miniWebiT. 

 

12.5.3 semantikuri orazrovnebis koreqtuli analizi       

 

The osprey is looking for a perch    
            
       
     [kind of fish]      [place to roost] 
               ? 
                                                                   __ 
                                       contextual referent 

 
maSinac ki, roca sintaqsuri derivacia araorazrovania, semantikuri interpretacia 

uzrunvelyofs or gansxvavebul mniSvneloba1-s, romelTagan TiToeuli, Tavis mxriv, 

konteqsturad iZleva SesaZleblobas uzrunvelyos ori gansxvavebuli mniSvneloba2. 12.5.3 

analizSi gamoyenebuli meTodi iwodeba semantikur gaormagebad15 (semantic doubling).   

                                                 
15 pirvelad SemoTavazebul iqna Col.-Si, gv. 219-232 da 239-247. 
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semantikuri gaormagebis meTodi efuZneba bunebrivi komunikaciis [2+1] donis struqturas. 

gaanalizebuli gamosaxulebisTvis erTze meti mniSvneloba1-is miniWeba gvarwmunebs, rom 

aucilebeli ar aris semantikuri gansxvavebebis sintaqsur doneze ganrCeva. 

 

orazrovani gamosaxuleba SeiZleba gaanalizdes semantikuri gaormagebis terminebSi, maSin 

roca gansxvaveba semantikur doneze sintaqsur safexurTan kavSirSia ara (no) mimarTebiT 

(ix 12.5.3), an sistematikuri gansxvavebis mimarTebiT (ix. 12.5.4). amgvarad, sintaqsuri 

orazrovneba SeiZleba SeizRudos im SemTxvevebiT, romlebSic gansxvavebuli semantikuri 

wakiTxvebi dakavSirebulia arasistemur _ da, amgvarad, winaswarganuzRvrel _ sintaqsur 

alternativebTan. 

 

sistemuri sintaqsuri alternativebis arsebobis SemTxvevaSi semantikuri gaormagebis 

magaliTebad ganvixiloT prepoziciuli frazebi (prepositional phrases). isini, rogorc 

es naCvenebia Semdegi magaliTiT, sazogadod uSveben postnominalur da adverbialur 

interpretaciebs. 

 

12.5.4 prepoziciuli frazebis mravaljeradi interpretaciebi 

 

The man saw the girl with the telescop. 
Julia ate the apple on the table behind the tree in the garden. 

 
pirveli magaliTis interpretacia or gansxvavebul mniSvneloba1-s iZleva. adverbialuri 

kiTxvisas prepoziciuli fraza with the telescop modificirebas ukeTebs saw zmnas. 

postnominaluri kiTxvisas igive prepoziciuli fraza modificirebas ukeTebs the girl 

konstruqcias. 

 

12.5.4.-is meore magaliTi erTis nacvlad Seicavs sam prepoziciul frazas da 

ilustrirebas ukeTebs Teoriul SesaZleblobas imisa, rom aseTi frazebis damateba 

SeiZleba SeuzRudavi odenobiT. es wamoWris sakiTxs imis Taobaze, ormagdeba Tu ara 

sintaqsuri wakiTxvebis raodenoba yoveli aseTi damatebisas. qvemoT moyvanili analizi 

warmogvidgens alternatiuli prepoziciuri frazebis SecdomiT sintaqsur damuSavebas. 

 

12.5.5 rekursuli fsevdo-orazrovneba 

 

wakiTxvebis odenoba:  21    22     23 

             in the garden 
            postnominal  

behind the tree 
       postnominal   in the garden 
   on the table         adverbial 

postnominal       in the garden 
      behind the tree    postnominal  
       adverbial      

in the garden  
Julia ate the apple           adverbial 
           in the garden 
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             postnominal 
      behind the tree 
       postnominal    in the garden 
              adverbial 
   on the table 
    adverbial 

           in the garden 
             postnominal 
      behind the tree 
        adverbial 
           in the garden 
              adverbial 

 

amgvari analizebis safuZvelze iyo is, rom bunebrivi enebi ganixileboda sul cota 

eqsponencialuri sirTulis mqoned. 

 

bunebrivi komunikaciis meqanizmebisTvis, sxvaTaSoris, semantikuri wakiTxvebis gareT myofi 

sintaqsuri wakiTxvebis aseTi gamravleba aramiznobrivia. 12.5.5 analizis msgavsi analizi 

dasaSvebia, Tumca mxolod imis saCveneblad, rom zogjer araefeqturi gramatikuli 

analizic SeiZleba daiweros.16 _ kargi sintaqsuri analizi unda imiznebdes literaluri 

mniSvnelobebis iseTi absolituri minimumis moZiebas, romelic sakmarisi iqneboda yvela 

SesaZlo gamoyenebebis dasamuSaveblad. 

 

komunikaciuri miznebisTvis prepoziciuli frazebis adekvaturi damuSaveba iTxovs mxolod 

semantikur doneze gakeTebul adverbialur da postnominalur wakiTxvebs. zemoaRniSnulis 

Sesabamisad, 12.5.6 warmogvidgens semantikuri gaormagebis principze damyarebul 

alternatiul analizs. 

 

12.5.6 semantikur gameorebebze damyarebuli koreqtuli analizi 

 

 Julia  ate  the  apple  on the table  behind  the  tree  in   the  garden 
          /     \          /      \       /      \ 

       [adv]   [pnm]    [adv]   [pnm] [adv]    [pnm] 

        ?               ?             ? 

      --------------------------------------:_:-----------------------:_:------------------:_:--------- 
 
winadadebis enobrivi gamosaxuleba gaanalizebulia rogorc sintaqsurad araorazrovani.17 

amasTan, semantikuri interpretacia semantikur doneze sistemurad uniSnavs TiToeul 

prepoziciul frazas or gansxvavebul literalur mniSvnelobas. 

 

                                                 
16 ufro metic, mag., araorazrovani a

k
b

k
 enisTvis Tavisuflad SeiZleba daiweros mravali iseTi orazrovani 

gramatika, romlebic sirTulis xarisxs wrfividan eqsponencialuramde, rig SemTxvevebSi amouxsnadobamdec  

ki zrdian.     
17 sitaqsurad, prepozicionaluri frazebi kategirizdebian mravalkategorizebadi aRniSvnebiT (multicat 

notation), mag., rogorc (adv&pnm) (ix. 15.2).  



 145 

12.5.3 analizis msgavsad 12.5.6 efuZneba bunebrivi kominikaciebis [2+1] donis stuqturebs. 

12.5.6 analizi sakmarisia gansxvavebuli mniSvneloba2-ebis modelirebisaTvis, romlebic 

SeiZleba warmoiqmnan gansxvavebul konteqstebze mikavSirebul interpretaciebSi. 

 

12.5.6-is semantikur gaormagebaze damyarebuli analizi ufro efeqturicaa da ufro 

koreqtulic, vidre 12.5.5-is semantikuri wakiTxvebis gareT myofi sintaqsuri wakiTxvebis 

gamravlebaze damyarebuli analizi. maSin rodesac 12.5.5 aris eqsponencialuri sirTulis, 

12.5.6-is alternatiuli analizi aris umdablesi SesaZlo, kerZod ki wrfivi sirTulis. es 

ZalaSia orive – rogorc sintaqsuri, ise semantikuri doneebisaTvis. 12.5.6 analiziT 

gansazRvruli da am analizis sainterpretacio konteqstebTan damawyvilebeli 

mniSvneloba1-ebis alternatiuli odenobaTa ricxvi mxolod 2n-is tolia. 

 

Tu SesaZlebeli iqneba rogorc Cans bunebriv enebSi marTlac arsebuli +rekursuli 

sintaqsuri orazrovnebebis (mag. 12.5.5) damuSaveba, iseve rogorc muSavdeba semantikuri 

orazrovnebebi (mag. 12.5.6), maSin mxolod 11.3.5-isa da 11.3.6-is msgavsi _rekursuli 

orazrovnebebi rCeba rogorc kandidatebi sitaqsuri damuSavebisa. amasTan, +rekursuli 

orazrovnebis gareSe darCenili bunebrivi enaTa klasi C1-enaTa klasis qvesimravled 

azrdeba. Cven vayalibebT am daskvnas rogorc bunebrivi enebis sintaqsis empiriuli 

sirTulis hipotezis saxiT, mokled mas CoNSyx hipotezas vuwodebT. 

 

12.5.7 CoNSyx hipoteza 

(bunebrivi enebis sintaqsis sirTule) 

 

 bunebrivi enebi qvesimravled Sedian C1-enebis klasSi da parsirdebian wrfiv droSi. 

 

wrfivi sirTule, romelic bunebriv enebs CoNSyx hipoteziT esazRvreba TanxmobaSia im 

faqtTan, rom metyvelsa da msmenel adamianebs Cveulebriv ara aqvT aranairi sirTule 

imisa, rom mSobliuri eniT awarmoon da gaigon18 rTuli teqstebic ki. es CoNSyx 

hipoteza 21 TavSi gasruldeba semantikis sirTulis Taobaze Camoyalibebuli hipoteziT, 

romelic CoNSem hipotezad iwodeba (ix. 21.5.2).19 

 

 

 

 

 

savarjiSoebi 

 

qveTavi 12.1 

 

                                                 
18 sul cota sintaqsur doneze mainc.  
19 CoNSyx hipoteziT bunebrivi enis sintaqsisTvis gansazRvruli stuqturuli Tvisebebi SeiZleba da unda 

iqnes empiriulad testirebuli mravali sxvadasxva enis gafarToebadi analiziT. 12.5.7-is SesaZlo 

kontrmagaliTi Tu aris unda iyos +rekursuli sintaqsuri orazrovnebis mqone bunebriv enaSi, rac, 

bunebrivia, semantikuri gaormagebis principze damyarebuli alternatiuli analizis gakeTebis saSualebas ar 

mogvcemda. bunebrivi enebis SLIM Teoriis farglebSi mocemuli bunebrivenobrivi komunikaciis meqanizmebi 

gvafiqrebinebs amgvari bunebrivi enebis ar arsebobas.  
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1. ratom arian enobrivi ierarqiis qveda klasebi (e.i. SedarebiT dabali warmoqmniTi 

unaris mqoneni) gansakuTrebiT sainteresoni empiriuli enaTmecnieruli kvlevebisTvis? 

2. aRwereT LA- da PS- gramatikuli ierarqiis qveklasebis sirTulis xarisxebi. 

3. rogor mtkicdeba formalurad ori enobrivi klasis araekvivalenturoba? 

4. SeadareT akbKck da SubsetSum  enebis Sinagani sirTule. 

5. romeli TvisebiT isazRvreba enis enobriv klasTan kuTvnileba? 

6. axseniT ra azriT arian LA- da PS- gramatikuli ierarqiebi orTogonaluri. 

 

qveTavi 12.2 

 

1. SeadareT qvesimravleobis mimarTebebi LA- da PS- ierarqiebSi. 

2. ra formaluri meTodiT mtkicdeba is, rom 3 tipis, Sesabamisad 2 tipis enaTa klasi 

qvesimravlea 2 tipis, Sesabamisad 1 tipis enaTa klasis? 

3. gansazRvreT  da  enobrivi klasebi? 

4. ratom aris 3SAT ena Sinaganad rTuli? 

5. avtomatTa Teoriis romeli gadauWreli problema aris dakavSirebuli LA- gramatikis  

Ria sakiTxebTan imis Taobaze, aris Tu ara C2C3 da C3B?  

 

qveTavi 12.3 

 

1. C-enebis romel qveklasSia Lno-ena da ratom? 

2. dawereT PS- da LA- gramatikebi L3
no-enisaTvis, romelic gansazRvrulia rogorc 

W‟#W#W‟‟, sadac W‟ da W‟‟ arian W-s xmauriani versiebi. 

3. romel PS-gramatikul klasSi arian L3
no da  L

3
no  enebi? 

4. romel LA-gramatikul klasSi arian L3
no da  L

3
no  enebi? 

5. PS gramatikuli klasifikaciis gaTvaliswinebiT SeadareT L3
no da  L

3
no  enebis Sinagani 

sirTule?  

 

qveTavi 12.4 

 

1. ra aris konteqstisgan Tavisufali PS-gramatikis konservatoruli gafarToeba? 

moiyvaneT ori magaliTi da SeadareT maTi enobrivi klasebi. 

2. akbKckdkeKfk aris Tu ara  TAL tipis ena?  ra aris am enis LA-klasi? 

3. ra aris struqturuli mizezi imisa, rom an! ar aris indeqsirebuli ena?  hopkroftisa 

& ulmanis (1979) mixedviT ra aris am enis LA-klasi? 

4. aRwereT konteqstisagan Tavisufali enaTa klasisa da C-enaTa klasis urTierTkavSiri. 

5. ratom moicavs C-LAG-enaTa klasis qveklasebs LA-gramatika ufro bunebrivad vidre 

PS-gramatika. 

6. axseniT PS- da LA- ierarqiebis orTogonaluri mimarTeba ratom iCens Tavs 

determinirebul da aradeterminirebul konteqstisagan Tavisufal enebs Soris?   

 

qveTavi 12.5 

 

1. ratom ar esadageba bunebriv enebs konteqstisgan Tavisufal enaTa klasi? 

2. ratom vvaraudobT, rom bunebrivi enebi arian C-enebis qvesimravle? 
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3. Tu bunebrivi enebi arian C-enaTa klasSi, maSin ra aris bunebrivi enis SesaZlo maRali 

(e.i. arawrifivi) sirTulis xarisxi? 

4. ra tipis orazrovnebebia bunebriv enebSi? 

5. ra tipis orazrovneba aris araZalismieri bunebrivi enis sirTulisTvis da ratom? 

6. axseniT semantikuri gaormagebis meTodi da misi Sedegebi bunebrivi enebis sirTulis 

xarisxis gansazRvraSi? 

7.arsebobs Tu ara +rekursuli orazrovneba bunebriv enebSi? 

8. axseniT ratom aris bunebrivi enis analizis sirTule damokidebuli gamoyenebul 

gramatikul Teoriaze. isargebleT 9.2.1 da 9.2.2 magaliTebi. 

9. axseniT ratom aris bunebrivi enis analizis sirTule damokidebuli saanalizod 

gamoyenebul enobriv Teoriaze. isargebleT 12.5.4-is meore magaliTiT. 

10. axseniT CoNSyx hipoteza. rogor SeiZleba misi uaryofa empiriulad. 

11. ra praqtikuli Rirebuleba aqvs CoNSyx hipotezas?  

 


