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winasityvaoba 

orenovani Jurnali `ena, logika, kompiuterizacia~ agrZelebs, erTi 
mxriv, enis, logikisa da kompiuterizaciis kvlevasTan dakavSirebuli 
klasikuri da uaxlesi ucxoenovani literaturis qarTul enaze Targ-
manebis gamoqveynebas, meore mxriv ki, saerTaSoriso samecniero wreebs 
acnobs qarTvel mecnierTa Sromebs inglisur da/an germanul enebze.

Jurnali momzadda Tsu `enis, logikisa da metyvelebis~ centris inicia-
tiviTa da saerTaSoriso simpoziumis LLC dafinansebiT, risTvisac saor-
ganizacio komitets uRrmes madlobas movaxsenebT.

gamocemis redaqtorebi

PREFACE

This journal introduces a new volume of  “The Georgian Journal for Language, Logic, Com-
putation” edited by the CLLS of TSU with support of the International Sympozium LLC. 
The aims of the journal are twofold: It should increase the availability of the most funda-
mental publications of logic and linguistics to the general Georgian audience by translat-
ing them into Georgian language. In addition it should promote the international access to 
important papers of Georgian scientists hithero untranslated by editing them in English. The 
volume will therefore establish a forum for the Georgian public and international and Geor-
gian scientists to promote the awareness of the international research in logic and linguistics 
in Georgia. It should be considered as part of the efforts to reestablish Georgia within the 
European research space.

Editors
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generatiuli gramatika1

endriu karnie

Sesavali

miuxedavad imisa, rom Cven yoveldRiurad viyenebT enas da Sesabamisi 

warmodgenac gvaqvs masze, iSviaTad vfiqrobT mis gasaocar bunebaze.  

mecnierebi mravali sakiTxis Sesaxeb msjeloben; magaliTad, enis e.w. 

„eqsperti“ uiliam sefaieri (William Safire) gvesaubreba sityvis hopefully 
araswor gamoyenebaze, an leqcias gvikiTxavs sityvis boondoggle warmoSobis 

Sesaxeb, magram, Cvenda gasakvirad, isini verasodes uaxlovdebian enis 

WeSmaritad gasaocar bunebas: sinamdvileSi rogor muSaobs ena rogorc 

rTuli meqanizmi. modiT, wamiT davfiqrdeT. Tqven kiTxulobT da gesmiT 

nebismieri teqstis Sinaarsi, magram ara gaqvT gacnobierebuli codna 

imis Sesaxeb, Tu rogor axerxebT amas. am jadoqrobis Seswavla aris 

enaTmecnierebis sagani. es wigni exeba enis Seswavlis erT-erT aspeqts: 

rogor struqturirdeba winadadebebi, anu, martivad rom vTqvaT, sintaqss.

ena warmoadgens adamianis fsiqologiur an kognitiur sakuTrebas. 

es, magaliTad, niSnavs, rom Cems tvinSi neironTa garkveuli jgufis 

gaRizianebis Sedegad me aq vzivar da warmovqmni asoTa am mimdevrobas; aseve, 

Tqvens tvinSi neironTa sxva jgufis gaRizianeba saSualebas gaZlevT es 

CaxlarTuli mimdevrobebi TargmnoT Sesabamis gasageb azrebad da ideebad. 

yvelaferi es ramdenime qvesistemis muSaobis Sedegia. ganvixiloT isini 

mokled. Tu usmenT Cems laparaks, me warmovqmni bgeraTa talRebs Cemi saxmo 

simebiT da warmovTqvam garkveul sametyvelo bgerebs Cemi eniT, bageebiT 

da saxmo simebiT. procesis bolos Tqven unda gaigonoT xmovani talRebi 

da unda TargmnoT isini sametyvelo bgerebad Tqveni sasmeni aparatis 

gamoyenebiT. metyvelebis artikulaciisa da akustikis Seswavla fonetikis 

1 gTavazobT e. karnies wignis pirveli nawilis (generatiuli gramatika. Sesavali) Targmans: 
Andrew Carnie. Syntax: A Generative Introduction. Third Edition. 2013. Wiley-Blackwell, A John Wiley & 
Sons, Ltd., Publication – Part I. Preliminaries. Generative Grammar. pp 1-29.
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sagania. rogorc ki adamiani gardaqmnis xmovan talRebs sametyvelo 

bgerebis mentalur warmodgenebad, igi ukve aanalizebs maT marcvlebad 

da alagebs Sesabamisad. magaliTad, inglisur enaze molaparakeebma ician, 

rom warmoqmnili sityva bluve SesaZloa iyos inglisuri sityva, xolo bnuck 
– ara. mecnierebis am nawils ewodeba fonologia. momdevno safexurze 

adamianebi iReben bgeraTa am jgufebs da maTi sistemuri dalagebiT qmnian 

mniSvnelobis mqone erTeulebs (morfemebs) da sityvebs. magaliTad, sityva 

dancer Sedgeba mniSvnelobis mqone ori erTeulisagan: dance da sufiqsi -er. 
enis am doneze kvlevas ewodeba morfologia. Semdeg Tqven alagebT sityvebs 

frazebad da winadadebebad. enobrivi sistemis am donis SeswavlisaTvis 

zogadi terminia sintaqsi. sabolood, frazebsa da winadadebebs, romlebic 

gesmiT, gardaqmniT azrebad da ideebad. es aris bolo nabiji, romelic 

miemarTeba enobrivi sistemis Seswavlis semantikur dones.

sintaqsi Seiswavlis enis im dones, romelic moqceulia sityvebsa da 

gamonaTqvamebis – winadadebebis _ mniSvnelobebs Soris. es aris mediatoruli 

done warmoTqmul bgerebsa (romlebic sityvebad aris organizebuli) da 

imas Soris, risi Tqmac surT. 

enis Seswavlis erT-erTi marTlac gasaocari aspeqti, albaT, ar 

gulisxmobs mxolod sityva demerit-is warmomavlobis Seswavlas, punqtuaciis 

wesebs an imas, Tu rogor daangries bavSvebma inglisuri ena. sinamdvileSi, 

es aris kvleva imis Sesaxeb, Tu rogoria gza bgerebidan da sityvebidan 

mniSvnelobebamde. es aris sintaqsis Seswavlis sagani. 

1. sintaqsi rogorc kognitiuri mecniereba
kognitiuri mecniereba moicavs im disciplinaTa jgufs, romelTac 

aqvT erTi da igive mizani: aRweron da axsnan adamianis SesaZlebloba 

iazrovnos (an, ufro konkretulad, ifiqros abstraqtul cnebebze, 

rogorebicaa subatomuri nawilakebi, sxva planetebze sicocxlis arsebobis 

SesaZlebloba, an Tundac ramdeni angelozi daeteva nemsis wverze, da 

sxv.). erTi ram, rac adamianebs ganasxvavebs sxva cxovelebisagan, Tundac 

SedarebiT ufro Wkviani Simpanzeebisa da spiloebisagan, aris is, rom Cven 

SegviZlia produqtiulad gamoviyenoT ena. ena TamaSobs mniSvnelovan 
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rols abstraqtul cnebaTa gaazrebaSi; an, sul mcire, Cans, rom ena 

struqturirebulia imgvarad, rom is gvaZlevs abstraqtuli cnebebis 

gamoxatvis saSualebas.2 amgvarad, lingvistika aris kognitiuri mecnierebis 

erT-erTi mniSvnelovani qvedisciplina.3 winadadebebiT gamovxatavT 

abstraqtuli azrovnebis procesebs, ase rom, sintaqsis Seswavla aris 

mniSvnelovani sayrdeni imis gasagebad, Tu rogor vamyarebT komunikacias 

da vurTierTobT erTmaneTTan.

2. sintaqsis modelireba
noam Comskisa da mis TanamoazreTa mier Seqmnili umTavresi sintaqsuri 

Teoriis modelireba 1950-iani wlebidan iwyeba da grZeldeba dRemde. 

am Teorias, romelsac ganviTarebis procesSi sxvadasxva saxeli hqonda 

(transformaciuli gramatika (TG), transformaciul-generatiuli grama-

tika, standartuli Teoria, gavrcobili standartuli Teoria, marTvisa 

da bmulobis Teoria (GB) (Government and Binding theory), principebi da 

parametruli midgoma (P&P) (Principles and Parameters approach) da minimalizmi 

(MP)), xSirad moixsenieben, rogorc generatiul gramatikas. am kvleviTi 

programidan warmoiSva mTeli rigi sintaqsuri Teoriebis ganStoebebi. 

es moicavs leqsikur-funqcionalur gramatikas (LFG) da TaviT-marTuli 

frazis struqturul gramatikas (HPSG) (esenic generatiul gramatikad 

aris miCneuli). generatiuli gramatikis erT-erTi versia, romelsac aq 

umetesad SevexebiT, aris, uxeSad rom vTqvaT, principebsa da parametrebze 

damyarebuli Teoriuli midgoma (Principles and Parameters approach), Tumca 

aqedan SigadaSig gadavixrebiT ufro axali versiisken, romelsac ewodeba 

minimalizmi. 

generatiuli gramatikis ZiriTadi Tezisia is, rom winadadebebi 

warmoiqmneba qvecnobieri procesebis Sedegad (kompiuteruli programebis 

msgavsad). es procesebi warmoadgens Cveni azrovnebis, an sxva sityvebiT rom 

vTqvaT, kognitiuri SesaZleblobebis, nawils. sintaqsuri Teoriis mizania, 

2 zRudavs Tu ara ena im abstraqtul odenobebs, romlebzec Cven vfiqrobT (am Tvalsazriss 
ewodeba sepir-uorfis hipoTeza), uaRresad sakamaTo sakiTxia da sintaqsis farglebs 
cdeba.

3 fsiqologiasTan, neiromecnierebebTan, komunikaciasTan, filosofiasTan da kompiut-
erul mecnierebebTan erTad.
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vawarmooT am procesebis modelireba, anu, Cven vcdilobT warmovidginoT, 

ra viciT qvecnobierad Cveni enis sintaqsis Sesaxeb.

generatiul gramatikaSi am procesebis modelireba xdeba formaluri 

gramatikuli wesebis simravlis meSveobiT. aRsaniSnavia, rom am wesebs 

araferi aqvT saerTo im gramatikul wesebTan, romlebsac skolaSi 

swavlobdiT. isini ar gaswavlian, rogor unda ixmaro sworad punqtuaciis 

niSnebi winadadebaSi, an rom ar unda gaxliCo infinitivi.  amis nacvlad, 

isini gveubnebian, rogor rigs, davalagoT sityvebi winadadebaSi. 

magaliTad, inglisurSi subieqti yovelTvis win uZRvis zmnas _ es aris 

iseTi informacia, romelic kodirebulia generatiul wesebSi. am wesebma 

unda warmoqmnan, moaxdinon winadadebebis generacia enaSi. aqedan modis 

saxelwodeba generatiuli gramatika. Tqven SegiZliaT ifiqroT am wesebze, 

rogorc brZanebaze kompiuterul programaSi. is, kompiuteruli programis 

msgavsad, nabij-nabij dagalagebinebT sityvebs winadadebaSi.

3. sintaqsi rogorc mecniereba _ mecnieruli meTodi
adamianTa umravlesobisaTvis enis Seswavla miekuTvneba humanitarul 

mecnierebebs, rac niSnavs, rom enis Seswavla emsaxureba mxolod enis 

gamoyenebis „mSvenierebas“ karg (da arcTu ise karg) literaturaSi. 

Tumca, ar arsebobs sxva konkretuli mizezi, garda Cveni miswrafebisa, 

saimisod, rom enis Seswavla SevzRudoT humanitaruli midgomiT. aseve 

SesaZlebelia, enis Seswavlas mivudgeT mecnieruli perspeqtividan; es 

enaTmecnierebis sferoa. adamianebi, romlebic Seiswavlian literaturas, 

xSirad adanaSauleben enaTmecnierebs, rom isini gaurbian kargi prozis 

simdidres da CrdilSi aqceven enis mSvenierebas. es simarTlisgan Sorsaa. 

enaTmecnierTa umravlesoba, am naSromis avtoris CaTvliT, siamovnebiT 

kiTxulobs Rirebul mxatvrul literaturas da metic, momijnaved, isini 

xSirad Seiswavlian enis humanitarul aspeqtebs. es, ra Tqma unda, ar niSnavs, 

rom isini ar afaseben da ar swavloben enis formalur Tvisebebs (an wesebs) 

da amas mxolod mecnieruli perspeqtividan ganixilaven. enis Seswavlis 

es orive midgoma Rirebulia, isini avseben erTmaneTs da ar gamoricxaven 

erTs meorisagan.

mecniereba, SesaZloa, erT-erTi yvelaze Raribulad ganmartebuli 
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sityvaa inglisur enaSi. Cven mecnierebad iseT adamianebs miviCnevT, romlebic 

swavloben baqteriebs, fizikur nawilakebs, qimiuri naerTebis warmoqmnas, 

Tumca, quCaSi rom hkiTxoT nebismier jos an jils, ra aris mecniereba, 

gagiWirdebaT rigiani ganmartebis miReba. magram Tavad mecnierebisTvis, 

mecniereba miemarTeba Seswavlis garkveul meTodologias: samecniero 

meTods. samecniero meTodebis cneba safuZvels iRebs uZveles saberZneTSi 

(aristotele, evklide, arqimede). meTodi moicavs monacemebze dakvirvebas, 

monacemTa modelebis ganzogadebas, hipoTezebis ganviTarebas da miRebuli 

hipoTezebis gadamowmebas ufro met masalaze. sabolood, es hipoTezebi 

gadaixedeba, raTa SesabamisobaSi movides axal masalasTan da Semdeg kvlav 

gadamowmdes. meTodis Tanmimdevroba ase SegviZlia warmovadginoT: 

1) 

  

monacemTa Segroveba da maTze dakvirveba

ganzogadeba

hipoTezis Camoyalibeba

sintaqsSi am meTodologias winadadebis struqturis kvlevisas 

viyenebT. sintaqsis specialistebi iwyeben4 enobriv masalaze dakvirvebiT, 

Semdeg masalaSi mopovebul modelebs ganazogadeben (mag., inglisuris 

martiv TxrobiT winadadebebSi subieqti win uswrebs zmnas), Semdeg ageben 

hipoTezebs da amowmeben maT ufro met sintaqsur masalaze. bolos, Tu 

saWiro gaxda, ubrundebian da gadaafaseben hipoTezebs.

4 es odnav zedmetad gamartivebuli suraTia. aq saqme gvaqvs „qaTmisa da kvercxis“ 
problemasTan. Tqven ar SeiZleba icodeT, ra masala unda SeiswavloT, Tu ar gaqvT 
hipoTeza imis Sesaxeb, Tu ra aris mniSvnelovani; da Tqven ar geqnebaT hipoTeza, Tu 
ar gaqvT raRac ZiriTadi warmodgena masalaze. sabednierod, iseve, rogorc sintaqsSi 
momuSaveTa es filosofiuri dilema xSirad ararelevanturia, aseve SegviZlia gadaveSvaT 
oriveSi erTsa da imave dros ‒ hipoTezis formirebasa da masalis analizSi.
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hipoTezebi sasargebloa mxolod prognozis gasakeTeblad. hipoTeza, 

romelic ar iZleva prognozs (an, uares SemTxvevaSi, yvelafers uSvebs) 

uvargisia samecniero TvalsazrisiT. kerZod, hipoTeza unda iyos 

Sesworebadi. es imas niSnavs, rom unda SegveZlos moviZioT raime masala, 

romelic, Tu WeSmaritia, gviCvenebs, rom hipoTeza mcdaria. Cven xSirad 

veZebT SemTxvevebs, roca, Cveni hipoTezebis mixedviT, winadadeba unda iyos 

gramatikuli (da is ar aris), an SemTxvevebs, roca, hipoTezebis Tanaxmad, 

winadadeba aragramatikuli unda iyos (faqtis sawinaaRmdegod).  

sintaqsSi hipoTezebs ewodeba wesebi, xolo hipoTezaTa jgufs, romelic 

aRwers enis sintaqss _ gramatika. 

terminma gramatika SesaZloa zogierTi Cvengani SeaSfoTos, 

Tumca imTaviTve unda aRiniSnos, rom arsebobs gramatikuli wesebis 

Camoyalibebis ori gza: erTi ‒ romelic aswavlis adamianebs, rogor 

unda ilaparakon (es aris, ra Tqma unda, inglisuris maswavleblebisa 

da redaqtorTa saqmea); esenia preskrifciuli/normatiuli wesebi 

(vinaidan isini akanoneben, rogor unda vilaparakoT standartis 

Sesabamisad). aseTi wesebis zogierTi magaliTia: „arasodes daasrulo 

winadadeba windebuliT“, „gamoiyene whom da ara who“ da „ar gaxliCo 

infinitivebi“.  es wesebi gveubneba, rogor unda gamoviyenoT Cveni ena. 

meore midgomaa, davweroT iseTi wesebi, romlebic aRweren, Tu rogor 

saubroben adamianebi realurad, metyveleben Tu ara isini „sworad“. 
amaT ewodebaT deskrifciuli wesebi. ganvixiloT midgoma, romelsac 

am wignSi viyenebT. sainteresoa, romelia am ori tipidan (aRweriTi/
deskrifciuli Tu preskrifciuli) ufro mecnieruli? romeli wesi 

SeZlebs ukeTesad gagvagebinos, Tu rogor iyenebs goneba enas? Cven ufro 

metad fokusirebulni varT deskrifciul wesebze. es, ra Tqma unda, 

ar niSnavs, rom preskrifciuli wesebi araa mniSvnelovani, magram, Cveni 

miznebidan gamomdinare, upiratesobas deskrifciul wesebs vaniWebT.5 

5 preskrifciuli/deskrifciuli sakiTxebis saintereso ganxilvisaTvis ix. Pinker (1995): The 
Language Instinct.
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3.1. samecniero meTodis nimuSi, gamoyenebuli sintaqsSi
mivubrundeT samecniero meTodis faqtobriv gamoyenebas garkveuli 

enobrivi masalis mimarT. qvemoT warmodgenili masala exeba arsebiTi 

saxelis specialur formas, romelsac ewodeba anafora. es moicavs arsebiT 

saxelebs, romlebic bolovdeba -self bolosarTiT (mag., himself, herself, itself). 
me-5 TavSi mimoxiluli iqneba es fenomeni ufro detalurad, aq ki mxolod 

mis erT zedapirul aspeqts SevexebiT. qvemoT mocemul winadadebebSi, 

sintaqsuri literaturis standartis mixedviT, gramatikulad gaumarTavi 

winadadeba aRniSnulia varskvlaviT (*). mocemul winadadebebSi vigulisxmoT, 

rom bili mamrobiTi sqesisaa, xolo sali ‒ mdedrobiTi.

2)  a)  Bill kissed himself.
   b)  *Bill kissed herself.  
  c)   Sally kissed herself.
  d) *Sally kissed himself.
  e) *Kiss himself.
gamoucdeli TvalisTvis gramatikulad gaumarTavi winadadebebi (2b 

da d) suleluri Cans. cxadia, bils ar SeuZlia akocos herself-s, radgan 

igi mamrobiTi sqesisaa. Tumca, rac ar unda cxadi iyos, es warmoadgens 

ufro didi ganzogadebis nawils anaforebis ganawilebis Sesaxeb. kerZod, 

(2) winadadebebis ganzogadebiT, anafora unda eTanxmebodes sqesSi im 

arsebiT saxels, romelsac igi miemarTeba (Tavis antecedents). amgvarad, 

2a-sa da b-Si vxedavT, rom anafora unda eTanxmebodes sqesSi bils, Tavis 

antecedents. anaforas unda hqondes mamrobiTi forma ‒ himself. situacia 

analogiuria 2c-sa da d-Sic; anaforam unda miiRos forma herself, raTa is 

SeuTanxmdes sqesSi mdedrobiT salis. aseve, winadadeba, rogoricaa 2e, 
gviCvenebs, rom anaforas unda hqondes antecedenti: anafora antecendentis 

gareSe miuRebelia. amdenad, damajerebeli hipoTeza (an wesi) mocemuli (2)-
Si, formulirebulia (3)-Si:

3) anaforas unda (i) hqondes antecedenti da (ii) eTanxmebodes sqesSi 

(mamrobiTi, mdedrobiTi an saSualo) antecedents.

mecnieruli meTodologiis Semdgomi nabijia am hipoTezis Semowmeba 

ufro met masalaze. ganvixiloT (4)-Si warmodgenili damatebiTi monacemebi:
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4)  a) The robot kissed itself.
  b) She knocked herself on the head with a zucchini.
  c) *She knocked himself on the head with a zucchini.
  d) The snake flattened itself against the rock.
  e) ?The snake flattened himself/herself against the rock.
  f) The Joneses think themselves the best family on the block.
  g)  *The Joneses think himself the most wealthy guy on the block.
  h) Gary and Kevin ran themselves into exhaustion.

  i) *Gary and Kevin ran himself into exhaustion.

winadadebebi (4a, b da c) akmayofileben zemoT mocemuli hipoTezis 

moTxovnas, rom anafora unda SeuTanxmdes sqesSi Tavis antecedents, rac, sul 

mcire, adasturebs, rom hipoTeza swor gzazea. rac Seexeba 4d da e winadadebebs, 

Cans, rom TiTqos nebismieri sqesi uTavsdeba antecendents the snake „gveli“.  
es ki, rogorc zedapirulad Cans, ewinaaRmdegeba Cvens hipoTezas. modiT, 

CavuRrmavdeT am magaliTebs: aris Tu ara 4e winadadeba gramatikulad swori, 

damokidebulia Tqvens varaudze gvelis sqesTan dakavSirebiT: Tu migaCniaT 

(an iciT), rom gveli mamrobiTia, maSin The snake flattened himself against the rock 
sworad aris formirebuli, magram imave SemTxvevisTvis The snake flattend herself 
against the rock-ze ukve ucnauria, Tumca, igi swori iqneba, Tu vivaraudebT, rom 

gveli mdedrobiTi sqesisaa. amgvarad, Cans, rom es magaliTic akmayofilebs 

(3)-Si mocemul ganzogadebas; rogorc wesi, aq gaugebrobas iwvevs is, rom 

Cven iSviaTad varT darwmunebuli gvelis sqesSi, da ara is, Tu gramatikulad 

ramdenad sworia winadadebis realuri struqtura.

axla SevxedoT winadadebebs 4f - i; aRvniSnoT, rom g da i winadadebebis 

araswori formireba Cveni ganzogadebiT ver ganisazRvreba. sinamdvileSi, Cveni 

ganzogadeba gveubneba, rom 4i winadadeba SesaZloa iyos gramatikulad swori, 

Tu himself eTanxmeba sqesSi (mamrobiT) mis antecedentebs Gary-sa da Kevin-s. 
Tumca, cxadia, raRac arasworia am winadadebaSi. hipoTeza saWiroebs gadaxedvas. 

rogorc Cans, anafora unda uTanxmdebodes sqessa da ricxvSi antecedents. 

ricxvi miemarTeba individTa raodenobas, romelic mocemulia winadadebaSi. 

inglisurSi ganasxvaveben mxolobiT da mravlobiT ricxvs. es aisaxeba Cven mier 

Sesworebul (5) hipoTezaSi:
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5) anafora unda SeuTanxmdes sqessa da ricxvSi Tavis antecedents. 

Tu antecedentSi mocemulia erTze meti sagani an pirovneba, maSin 

anafora unda iyos mravlobiT ricxvSi (e.i., themselves).
Tu SevamowmebT amas ufro did masalaze, SegviZlia davinaxoT, rom 

nawilobriv swori varaudia 6a winadadebaSi, magram  ver ganisazRvreba, 

ramdenad misaRebia 6b-e winadadebebi:

6)  a) People from Tucson think very highly of themselves.   
  b) *I gave yourself the bucket of ice cream.

      c) I gave myself the bucket of ice cream.

      d) *She hit myself with a hammer.
      e) She hit herself with a hammer.

e.i. kidev ufro meti gadamowmebaa saWiro. is, rac 6b-e-Si aris 

gamoxatuli, ukavSirdeba gramatikul gansxvavebas piris sxvadasxva 

kategoriebs Soris. piri asaxavs molaparakis perspeqtivas sametyvelo aqtis 

danarCen monawileebTan mimarTebaSi. pirveli piri miemarTeba molaparakes; 

meore piri ‒ adresats; mesame piri ki miemarTeba pirebs, romelTa 

Sesaxeb laparakoben da romlebic ar arian metyvelebis aqtis uSualo 

monawileni. qvemoT mocemulia TiToeul pirTan dakavSirebuli inglisuri 

piris nacvalsaxelebi (nominativi aris brunvis formas, romelsac piris 

nacvalsaxeli iRebs, rodesac is subieqtia, rogoricaa I winadadebaSi I love 
peanut butter; akuzativi aris forma, romelsac iRebs, rodesac is obieqtis 

poziciaSia, rogoricaa me winadadebaSi John loves me”):
7)

Nominative Accusative Anaphoric
Singular Plural Singular Plural Singular Plural

1 I we me us myself ourselves
2 you you you you yourself yourselves
3 masc he

they
him

them
himself

themselves3 fem she her herself
3 neut it it itself

am cxrilidan vxedavT, rom anaforis forma, rogorc Cans, aseve 

uTanxmdeba pirSi Tavis antecedents. aqedan gamomdinare, SegviZlia kidev 

erTxel SevasworoT Cveni hipoTeza (wesi):
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8) anafora unda SeuTanxmdes pirSi, sqessa da ricxvSi Tavis antecedents. 

am hipoTezis Tanaxmad, ukve gvaqvs am tipis arsebiT saxelTa ganawilebis 

calsaxa wesi, romelic miviReT samecniero meTodis gamoyenebiT. qvemoT 

warmodgenil problemaTa konteqstSi, da aseve me-6 TavSi, SesaZlebloba 

mogecemaT gadaamowmoT es (8) wesi ufro vrcel masalaze.

3.2 monacemTa wyaroebi
roca sintaqsis mecnierul meTodebze vsaubrobT, mniSvnelovania 

ganvsazRvroT Cveni monacemebis wyaroebi. erT-erTi wyaro aSkarad aris 

werilobiTi da zepiri teqstebis koleqciebi. aseT monacemebs korpusebi 

ewodeba. arsebobs bevri korpusi, zogierTi maTgani internetiTac iZebneba. 

iseTi enis SemTxvevaSi, romelsac ara aqvs literaturuli tradicia, 

anda romelzec adamianTa Zalian mcire jgufi saubrobs, enaTmecnieri 

iZulebulia, wavides, adgilze Seagrovos saWiro masala da Seadginos 

korpusi. gasuli saukunis adreul wlebSi enaTmecnierebi upirvelesad 

amiT iyvnen dakavebulni da dResac ki bevri mkvlevari siamayiT asrulebs 

am samuSaos. 

enaTmecnieri haidi harli (Heidi Harley) Tavis blogSi6 aRwers, Tu rogor 

gamoiyena saZiebo saSualebebi lingvisturi analizisTvis. igi aRniSnavs, 

rom misi yurisTvis gamoTqma half full of something JRers bunebrivad, magram 

half empty of something ‒ ara. igi adarebs half empty vs. half full-s da half empty of 
vs. half full of-s da aRmoaCens, rom half full-is Sefardeba half empty-sTan, of-is 
gareSe, aris daaxloebiT 1:1; xolo half full of-is Sefardeba half empty of-Tan 

_ daaxloebiT 149:1. es gasaocari sxvaobaa. harlim SeZlo gamoeyenebina 

veb-gverdi, raTa eCvenebina, rom aseTi odnav SesamCnevi gansxvavebebi 

gamosaxulebebs Soris aisaxeba mocemul gamosaxulebaTa gamoyenebis 

sixSireebSi. 

magram korpusuli Ziebebi yovelTvis ar aris adekvaturi imisaTvis, 

rom moviZioT informacia, romelic sintaqsis specialistebs sWirdebaT. 

umeteswilad, korpusebi Seicavs mxolod gramatikulad swor winadadebebs. 

magram, zogjer yvelaze mkafio informacias iZleva Cveni codna imis 

Sesaxeb, rom calkeuli winadadeba aragramatikulia (e.i. araa Cveulebrivi 

6  http://heideas.blogspot.com/2005/10/scalar-adjectives-with-arguments.html.
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inglisuris winadadeba), an rom ori msgavsi winadadeba Sinaarsobrivad Zalian 

gansxvavebulia. dasawyisisTvis ganvixiloT winadadebaTa Semdegi wyvili (9):

9)  a) Doug blew the building up.
  b) Doug blew up the building.

inglisuri enis yvela matarebeli dagveTanxmeba, rom orive maTgani 

sworia, Tumca upiratesobas mianiWebs 9b-s. maT, aseve, ician, rom pirveli 

winadadebis mniSvneloba calsaxaa, xolo meores aqvs ori mniSvneloba 

(He destroyed the building using explosives vs. he blew really hard with his lungs up the 

stairwell). marTalia, meore nawili cota suleluria, magram winadadebis 

amgvari interpretacia savsebiT legitimuria.  

(9)-is winadadebebi SevudaroT (10)-is msgavs wyvils. am formebSi sityva 

the building Canacvlebulia nacvalsaxeliT it:

10)  a) Doug blew it up. 
  b) Doug blew up it.

aq aRmovaCenT interpretaciis gansxvavebul models. 10a aris iseTive 

calsaxa, rogoric 9a, is miemarTeba afeTqebis moqmedebas da SeuZlebelia 

hqondes mniSvneloba, rom dougi Tavad, Tavisi filtvebiT uberavda Zlier 

raRacas (Doug was blowing hard with his lungs up something). winadadeba 10b ki 
siurprizia. 9b-sgan gansxvavebiT, 10b-s ar SeiZleba raime saerTo hqondes 

afeTqebasTan. misi interpretacia SeiZleba iyos mxolod is, rom dougi 

uberavda haers mas (raRacas), rac ar unda iyos es `mas“ (“it”). gavixsenoT, 

rom (9)-Si wakiTxva, romelic haeris Sebervas gulisxmobda, suleluri 

an ucnauri iyo, Tumca piris nacvalsaxelTan es erTaderTi SesaZlo 

interpretaciaa.  

miuxedavad imisa, rom korpusebi udavod monacemTa Rirebul wyaros 

warmoadgenen, isini mainc mxolod nawilobriv gviqmnian warmodgenas 

imis Sesaxeb, Tu ra xdeba Cvens gonebaSi. ufro konkretulad, korpusebi 

xSirad Seicaven mxolod misaReb (an, ufro zustad, gramatikulad 

swor) winadadebebs (winadadebebi, romlebic kargad („ok“) JReren enis 

matareblebisTvis). magaliTad, niu-iork taimsis onlain gamocema Seicavs 

Zalian cota aragramatikul winadadebas. bunebrivi metyvelebis korpusic 
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ki, savse im SecdomebiT, romelTac yvela molaparake uSvebs, namdvilad ar 

Seicavs im masalas, romelic gvWirdeba Cveni hipoTezebis dasazusteblad. 

ase rom, korpusebi ubralod arasakmarisia: aravin icis, korpusi Seicavs 

Tu ara gramatikuli winadadebebis yvela SesaZlo formas. sinamdvileSi, 

enis produqtiuli bunebidan gamomdinare, korpusi verasodes moicavs enis 

yvela gramatikul formas, Tundac tipobriv, sanimuSo magaliTebsac ki. 

imisaTvis, rom gaverkveT, ra viciT Cveni enis Sesaxeb (gaxsovdeT, sintaqsi 

kognitiuri mecnierebaa), saWiroa vicodeT, rogori winadadebebi ar miiCneva 

gramatikulad sworad. es niSnavs, rom imisaTvis, rom vicodeT inglisuris, 

italiuris an igbos dasaSvebi winadadebebis diapazoni, Tavdapirvelad 

unda vicodeT, Tu rogori winadadebebi ar aris dasaSvebi inglisurSi, 

italiurSi an igboSi. aseTi saxis uaryofiTi informacia Zalze iSviaTad 

gvxvdeba korpusebSi, romlebic, ZiriTadad, gvawvdian gramatikulad swor 

da kargad agebul winadadebebs. 

ganvixiloT Semdegi winadadeba:

11)  *Who do you wonder what bought?
 inglisur enaze molaparakeTa umravlesobisaTvis mocemuli winadadeba 

araa gamarTuli. saidan viciT es? odesme skolaSi uswavlebiaT, rom ar 

SeiZleba Tqva (11)-is msgavsi winadadeba? odesme warmouTqvamT es winadadeba 

aqamde Tqveni TandaswrebiT? eWvi mepareba. is, rom (11)-is msgavsi winadadeba 

JRers ucnaurad, xolo (12a da b)-is msgavsi winadadebebi misaRebia, arsadaa 

asaxuli korpusSi: 

12)  a) Who do you think bought the bread machine?
       b) I wonder what Fiona bought.

aseT SemTxvevaSi Cven unda daveyrdnoT Cveni mSobliuri enis codnas (an 

im enaze molaparake konsultantis codnas, romelzec Cven ver vlaparakobT). 

aRsaniSnavia, rom es araa gacnobierebuli codna. eWvi mepareba, inglisuri 

enis bevri matarebeli aRmoCndes, romelic SeZlebs giTxraT, Tu ratom 

aris (11) winadadeba saSineli, magram umetesoba getyviT, rom is saSinelia. 

esaa qvecnobieri codna. am qvecnobieri codnis aRweraa saintereso.

fsiqologiur eqsperiments, romelic gamoiyeneba am qvecnobieri codnis 

amosatanad, ewodeba gramatikuli gansjis amocana (grammaticality judgment 
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task). igi gulisxmobs Semdegs: mSobliur enaze molaparakes akiTxeben 

winadadebebas. man unda gansajos, es winadadeba kargad formirebulia 

(gramatikulia), kargad formirebis zRvarzea Tu cudad formirebulia 

(miuRebeli an aragramatikulia).

arsebobs gansxvavebuli saxeebi gramatikuli gansjisa. magaliTad, 

qvemoT mocemuli ori winadadebidan orive cudadaa agebuli, magram 

sxvadasxva mizeziT:

13)  a) #The toothbrush is pregnant.
            b) *Toothbrush the is blue.  
(13a) winadadeba anomaliurad JRers (Sdr. the toothbrush is blue), radgan 

viciT, rom kbilis jagrisi (garda fantastikuri literaturisa an 

poeziisa) ver iqneba orsulad. winadadebis mniSvneloba ucnauria, Tumca 

forma sworia. Cven amas vuwodebT cud semantikur formirebas (semantic 

ill-formedness) da aRvniSnavT #-iT. amis sawinaaRmdegod, Cven SegviZlia (13b) 
winadadebis mniSvnelobis gageba; is semantikurad misaRebi Cans (kbilis 

jagrisi SeiZleba iyos lurji), magram struqturuli TvalsazrisiT 

cudadaa agebuli.  anu, gansazRvruli artikli the araswor adgilasaa 

winadadebaSi. swored amas hqvia sintaqsurad cudad agebuli winadadeba. 

inglisuri enis molaparake orive am winadadebas Seafasebs rogorc cudad 

agebuls, oRond sruliad gansxvavebuli mizezebis gamo. 

3.3 kompetencia vs. performansi
msgavsi sakiTxi exeba gramatikulad miuRebel formebs, magaliTad, 

rogoricaa (14). inglisur enaze molaparakem, romlisTvisac inglisuri 

mSobliuria, ramdenjerme unda waikiTxos es winadadeba, azri rom 

gamoitanos. 

14)  # Cotton shirts are made from comes from India.
aseTi tipis winadadeba (romelsac ewodeba garden path sentence) 

Zalian rTulia gasagebad da saanalizod. am magaliTSi problema isaa, 

rom mosalodnel-sasurvel wakiTxvaSi cotton aris arsebiTi saxeli, 

romelic modificirebulia reducirebuli gansazRvrebiTi damokidebuli 

winadadebiT: (that) shirts are made from.  wrfivi mimdevroba _ cotton-s rom 
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mosdevs shirt _ qmnis bundovan frazas: cotton shirt.  unda aRvniSnoT, rom 

aseTi tipis damokidebuli winadadebis struqtura sxva konteqstSi 

misaRebia; SevadaroT: That material is the cotton shirts are made from.  me-14-is 
msgavsi winadadebis gageba bevrad martivia, Tu mas wavikiTxavT mkveTrad 

gamoxatuli pauzebiT (... niSnavs pauzas): Cotton ... shirts are made from … comes 

from India, an that-is CamatebiT, rac dayofs potenciurad orazrovan cotton 

shirts mimdevrobas: The cotton that shirts are made from comes from India. aseTi tipis 

(garden path) winadadebis nakli is aris, rom, rodesac nagulisxmev Sinaarss 

gaigebs, mSobliur enaze molaparakem SeiZleba gaaigivos igi gramatikul 

winadadebebTan, an Tundac iseT winadadebebTan, romlebsac TiTqos msgavsi 

struqturebi aqvT, Tumca arian gansxvavebulni da gramatikulad swori. 

magram CvenTvis, rogorc lingvistebisTvis, problema isaa, rom mSobliur 

enaze mosaubrem SeiZleba Zalian Znelad aRiqvas mocemuli winadadebebis 

mniSvneloba wakiTxvis pirvel ramdenime jerze.

msgavsi situacia warmoiqmneba, rodesac gvaqvs marTlac grZeli 

winadadebebi rTuli sintaqsuri kavSirebiT. SevxedoT (15)-s. misi pirveli 

wakiTxva SeaSfoTebs inglisurad saSualo donis molaparakes. magram Tu 

mas ramdenjerme waikiTxavT, naTeli gaxdeba misi Sinaarsi. sinamdvileSi, 

winadadeba gramatikulad gamarTuli Cans.

15) Who did Bill say Frank claimed that Mary seems to have been likely to have 
kissed?

mizezi, ratomac es winadadeba Znelad gasagebia, aris is, rom kiTxviTi 

sityva who Zalian Sorsaa im adgilidan, sadac is misi interpretireba unda 

moxdes (rogorc obieqti kiss zmnisa), da, amasTanave, am or wertils Soris 

ganTavsebuli monakveTic sakmaod rTuli struqturisaa. magram rogorc 

ki CavuRrmavdebiT, davinaxavT, rom is, rogorc winadadeba, ukve misaRebi 

xdeba. amgvari efeqtis yvelaze cnobil magaliTs hqvia centris Casma 

(center embedding). inglisur winadadebaSi, marTalia, xSirad ar vxvdebiT 

CarTul damokidebul winadadebebs subieqtsa da zmnas Soris da, amdenad, 

(16) magaliTi, romelic cotaTi gauSalaSinebelia, mainc karg winadadebad 

iTvleba inglisurad molaparakeTa umetesobisTvis. magaliTad, Cven gvaqvs 

cota iseTi yveli, rogoric Tagvebs uyvarT, da is yars (We have some 



21

ena

cheese, the kind that mice love, and it stinks.). Tu giWirT qvemoT mocemuli 

winadadebis gageba, gaakeTeT grZeli pauzebi cheese-is Semdeg da stinks-is 
win. 

16)  Cheese mice love stinks.
Tumca, veranairi pauza ver gamoasworebs winadadebas, sadac meore 

Sekvecili damokidebuli winadadeba moTavsebulia mice-is Semdeg, im 

mniSvnelobiT, rom yveli, romelic uyvarT Tagvebs, romelTac iWeren 

katebi, yars. 

17)  #Cheese mice cats catch love stinks.  
am winadadebis interpretacia faqtobrivad SeuZlebelia inglisur 

enaze molaparakeTaTvis. Comski (1965) amtkicebda, rom am winadadebaSi 

gramatika ar qmnis problemas (ramdenadac inglisuris gramatika uSvebs 

Sekvecil damokidebul winadadebebs subieqtis Semdeg da zmnis win), 

problema aris is, rom SezRudulia Cveni xanmokle mexsiereba7 an aseve 

SezRudulia Cveni gonebrivi SesaZlebloba dayos nawilebad winadadebebi 

maSin, roca maT vismenT. inglisuri sintaqsuri analizis daSla-

danawevrebis (parsing) sistema warmoadgens sistemas, romelic winadadebas 

Slis nawilebad da igi garkveulwilad SemosazRvrulia, misi sazRvrebi 

ar emTxveva gramatikulobis ganmsazRvrel sazRvrebs. inglisuri enis 

matarebelTaTvis (14), (15) da (16) winadadebebi miuRebelia Tvisebrivad 

gansxvavebulad, vidre winadadeba (13).
gansxvaveba, romelic Cven davinaxeT zemoT warmodgenil magaliTebSi, 

cnobilia rogorc kompetencia/performansis (competence/performance) 
gan sxvaveba. rodesac vlaparakobT an vusmenT, am aqtiT enis garkveul 

fragmentis warmovqmniT. es performansi SeiZleba Sewydes sxvadasxva saxis 

garegani faqtoriT, magaliTad, Cven guneba Segvecvalos an moviwyinoT, 

davaxveloT an gaurkvevlad warmovTqvaT sityvebi, dagvaviwydes, ra 

gavigeT manamde, an, SesaZloa, Cavlili avtobusis xmauris gamo ver 

gavigonoT mniSvnelovani sityva. performansi faqtobrivad aris is 

ena, romelic aris warmoTqmuli an gagonili. kompetencia, piriqiT, 

7 xanmokle (muSa) mexsierebis hipoTeza saeWvoa, ramdenadac molaparakeebs iseT enebze, 
rogo rebicaa, magaliTad, iaponuri da germanuli, SeuZliaT uproblemod gaigon msgavsi 
winadadebebi TavianT enebze.
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miemarTeba imas, rac viciT Cveni enis Sesaxeb; masze ar zemoqmedebs 

sxvadasxva faqtori, ramac SeiZleba aamRvrios performansis wyali. 

gaixseneT marTlacda grZeli da kompleqsuri me-(15) winadadeba gageba. 

am winadadebis Tavdapirveli miuRebloba gamowveuli iyo performansis 

problemiT. magram, rodesac dafiqrdiT da daakvirdiT, dainaxeT, rom 

is iyo Cveulebrivi gramatikulad gamarTuli inglisuri winadadeba 

‒ ubralod marTlacda rTuli. rodesac es gaakeTeT, Tqven CawvdiT 

inglisuri enis gramatikaSi Tqvens kompetencias (anu codnas).

yovelive amas mivyavarT axal sakiTxTan. yuradRebiT mousmineT, 

rodesac viRac laparakobs (es ar gulisxmobs leqcias an xmamaRla kiTxvas, 

aramed marTla laparaks, rodesac viRac marTla esaubreba viRacas). 

aucileblad SeniSnavT, rom arc erTi maTgani ar saubrobs gramatikuli 

winadadebebiT. isini toveben raRacebs da fragmentulad laparakoben. 

isini iwyeben da wyveten erTsa da imave winadadebas ramdenjerme. yvela 

ase iqceva, yvelaze mWevrmetyvelic ki. amrigad, umetesi nawili imisa, 

rac gvesmis (an vxedavT salaparako enis korpusebSi) „aragramatikuli“ 
formebisgan Sedgeba. Tumca, Tu Tqven inglisuri enis matarebeli xarT, 

SegiZliaT gansajoT, es winadadeba misaRebia Tu ara. es ori ram, sasaubro 

enis gageba da winadadebis sisworeze msjeloba, sxvadasxva unaria da 

miemarTeba, uxeSad, performanssa da kompetencias.

analogia, romelmac SeiZleba aseT gansxvavebas naTeli mohfinos, SemdegSi 

mdgomareobs: warmoidgineT, rom xarT programuli uzrunvelyofis inJineri 

da werT kompiuterul kods. Tavdapirvelad amuSavebT am kods sakuTar 

kompiuterze da is kargad muSaobs. kompiuteruli kodis Seqmna ZiriTadi 

kompetenciis erTgvari performansia. Semdeg Tqven mas cdiT Tqveni patara 

dis Zvel personalur kompiuterze. aRmoCndeba, rom programa ar muSaobs 

ise, rogorc moelodiT - is Zalze nelia, iWedeba, gamudmebiT amuSavebs 

qulers da axurebs procesors. Tqven brundebiT ukan da amowmebT kods. 

kodSi Secdoma araa da kompiuteruli enis yvela moTxovnas akmayofilebs. 

amrigad, kompetenciis TvalsazrisiT, yvelaferi rigzea. realurad problema 

aris ara kodSi, aramed im manqanaSi, romelzec mas iyenebT. procesori Zalian 

Zvelia, ara aqvs sakmarisi mexsiereba da Tqven gaqvT kompiuteri, romelic 

midrekilia gadaxurebisken. es yvelaferi performansis problemaa. 
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da ras niSnavs yovelive es lingvistisTvis, romelic iyenebs 

gramatikulobis gansjas rogorc sintaqsis kvlevis saSualebas? es niSnavs, 

rodesac gansjas emyarebiT, naTlad unda CamoayaliboT, ra gansazRvravs 

imas, konkretuli winadadeba misaRebia Tu miuRebeli. winadadeba misaRebia 

mxolod imitom, rom Tqven informaciis didi nawili konteqstis mixedviT 

gaigeT (am SemTxvevaSi Cven SegviZlia es miviCnioT performansis efeqtad)? 

Tu mosmenil winadadebas TvliT miuReblad imitom, rom mosaubre 

Zalian swrafad laparakobda da tovebda zogierT sityvas, an imis gamo, 

rom winadadeba ar iyo inglisuri gramatikis mixedviT gamarTuli? es 

gansxvavebebi Zalian faqizia _ es aris is sakiTxi, razedac sintaqsis 

specialistebma didad unda gaamaxvilon yuradReba muSaobis procesSi.

4. saidan modis wesebi?
zemoT Cven vsaubrobdiT sintaqsuri wesebis qvecnobier codnaze, 

magram ar SevxebivarT imas, Tu saidan viRebT am codnas. es erTgvarad 

momijnave sakiTxia, magram man SesaZloa imoqmedos Cveni Teoriis formaze. 

Tu Cven viciT, rogor iTviseben bavSvebi TavianT wesebs, maSin ukeTes 

poziciaSi varT saimisod, rom SevZloTmaTi swori formulireba. is, Tu 

rogor iviTareben bavSvebi enis codnas, aris kognitiuri mecnierebis 

mniSvnelovani sakiTxi. generatiuli gramatikis Teoria akeTebs ramdenime 

specifikur/konkretul (da Zalze gasaocar) ganacxads amis Sesaxeb.

4.1 swavla vs. aTviseba (learning vs. acquisition)
erT-erTi yvelaze gavrcelebuli araswori Sexeduleba enis Sesaxeb 

aris is azri, rom bavSvebi da mozardebi „swavloben“ enas. gavixsenoT, 

rom ZiriTadi codna, romelzec Cven aq vsaubrobT, aris qvecnobieri 

codna. rodesac winadadebas adgenT, ar acnobierebT, ar fiqrobT, Tu sad 

dasvaT qvemdebare, sad _ zmna da sxv. Tqveni qvecnobieri ena asrulebs am 

process TqvenTvis. kognitiuri mecnierebisTvis gansxvavebuli procesebia 

gacnobierebuli codnis SeZena da gaucnobierebeli codnis wvdoma. 

gacnobierebuli codna (rogoricaa algebris wesebi, sintaqsuri Teoria, 

organuli qimiis safuZvlebi an rogor davSaloT karburatori) aris 

naswavli. xolo gaucnobierebeli codna, rogoricaa, magaliTad, laparaki an 
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calkeuli sagnis vizualuri identifikaciis SesaZlebloba, aris SeZenili-

aTvisebuli. nawilobriv, es xsnis, Tu ratoma aris xSirad Cavardna ucxo 

enis formaluri gramatikis klasebSi, rodesac gvinda adamianebs am enaze 

laparaki vaswavloT. sapirispirod, im garemoSi moxvedra, sadac SegiZlia 

qvecnobierad daeuflo enas, bevrad ufro efeqturia. aq Cven upiratesad 

gvainteresebs, Tu rogor iTviseben adamianebi TavianTi enis wesebs. Tumca, 

gramatikis yvela wesi SeZenili araa. zogierTi faqti enis Sesaxeb TiTqos 

TavisTavad mocemulia Cvens gonebaSi, anu Tandayolilia.

4.2 Tandayoliloba: ena rogorc instinqti
Tu dafiqrdebiT codnis sxva tipebze, romlebic gaucnobierebelia, 

dainaxavT, rom bevri maTgani (magaliTad, siarulis SesaZlebloba) 

pirdapir Cvens gonebaSia Cadebuli ‒ es aris instinqtebi. ar iyo saWiro 

vinmes eswavlebina TqvenTvis, Tu rogor unda iaroT (miuxedavad imisa, ras 

fiqroben amaze Tqveni mSoblebi!). bavSvebi siaruls TviTon iwyeben. siaruli 

aris instinqti. noam Comskis, albaT, yvelaze metad winaaRmdegobrivi azri 

swored isaa, rom enac instinqtia. enis didi nawili winaswar mocemulia, anu 

Tandayolilia. enis didi nawili aris unari, Cvens gonebaSi Rrmad Caqsovili 

Cveniv genebiT. agebuli mWidrod dakavSirebuli qselebiT (hard-wired). 
cxadia, calkeuli konkretuli ena araa Tandayolili. ar arsebobs 

SemTxveva, rom, magaliTad, CrdiloeT amerikaSi gazrdili bavSvi _ slovaki 

mSoblebis Svili, romelsac slovakurad arasdros dalaparakebian, 

alaparakdes slovakurad. is ilaparakebs inglisurad (an ra enazec 

laparakoben mis irgvliv). amrigad, zedapirulad, ucnauri Cans ganvacxadoT, 

rom ena aris instinqti, Tumca bevri kargi mizezi arsebobs imaSi 

dasarwmuneblad, rom adamianis enobrivi SesaZleblobebi (albaT, tvinSi 

„enis organos“ formiT) Tandayolilia. Cven am SesaZleblobebs vuwodebT 

universalur gramatikas (Universal Grammar anu UG).

4.3 enis dauflebis logikuri problema
qvemoT moxmobili masala aris TiTqmis teqnikuri mtkicebuleba, yovel 

SemTxvevaSi, damajereblad  organizebuli, rom ena aris  Tandayolili, 

Tavidanve mocemuli sistema. 
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am TavSi warmodgenili argumenti mdgomareobs imaSi, rom iseTi 

produqtiuli sistemis, rogoricaa enis wesebi, Seswavla an aTviseba, 

savaraudod, SeuZlebelia. usasrulo sistemebi, principSi, garkveuli 

varaudebis gaTvaliswinebiT, aris iseTi sistemebi, romelTac ver iswavli 

da verc aiTvisebT. ramdenadac Cven yvelas gvaqvs aseTi usasrulo sistemebi 

Cvens gonebaSiSi, maTi aTviseba arc aris saWiro. aqedan gamomdinareobs, rom 

igi Tavidanve aris mocemuli. aq warmodgenili argumenti dafuZnebulia 

alek marancis (Alec Marantz) gamouqveynebel statiaze, magram emyareba 

arguments, romelic, saboloo jamSi, Comskidan (1965) momdinareobs.

Tavdapirvelad warmogidgenT mtkicebulebis monaxazs, romelic, ga-

momdinareobis wesis safuZvelze (modus ponens), argumentirebis klasikur 

formas iRebs: 

wanamZRvari (i): sintaqsi aris produqtiuli, rekursiuli da 

usasrulo sistema.

wanamZRvari (ii): wesebiT marTuli usasrulo sistemebi araa 

Seswavladi.

--------------------------------------------------------------------------------

danaskvi: maSasadame, sintaqsi aris Seuswavladi sistema, magram 

ramdenadac Cven sintaqsi gvaqvs, e.i. sintaqsis raRac nawilebi 

mainc aris Tandayolili.

warmodgenili argumentis garkveuli fragmentebi metad winaaR mde-

gobrivia. am Tavis bolos warmodgenilia problemaTa ramdenime simravle 

da mogiwodebT kritikuli TvaliT SexedoT mtkicebulebis am formas. 

aq, teqstis ZiriTad nawilSi, warmogidgenT mocemuli wanamZRvrebis 

mxardasaWer klasikur versiebs, kritikis gareSe. 

modiT, daviwyoT (i) wanamZRvriT. ena produqtiuli sistemaa, rac 

niSnavs, rom SegiZliaT awarmooT da gaigoT winadadebebi, romlebic aqamde 

ar gagigoniaT. magaliTad, praqtikulad SemiZlia mogceT garantia, rom 

aqamde ar gagigoniaT Semdegi winadadeba: 

18)  The dancing chorus-line of elephants broke my television set.
sintaqsis magiuroba swored isaa, rom mas SeuZlia im formaTa generireba, 

romlebic adre ar yofila warmoebuli. am produqtiuli Tvisebriobis 
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kidev erT magaliTs ewodeba rekursia (recursion). SesaZloa warmoiTqvas aseTi 

winadadebac (19):

19)  Rosie loves magazine ads.
aseve, SesaZlebelia es winadadeba CavsvaT meore winadadebis SigniT, 

rogoricaa (20):  

20)  I think [Rosie loves magazine ads].
msgavsadve, SegviZlia es ufro grZeli winadadeba CavsvaT kidev sxvaSi: 

21)  Drew believes [I think [Rosie loves magazine ads]].
da, ra Tqma unda, SegviZlia es ufro didi winadadebac CavsvaT sxva 

winadadebaSi:

22)  Dana doubts that [Drew believes [I think [Rosie loves magazine ads]]].
da ase Semdeg da ase Semdeg usasrulod. vrceli winadadebis SigniT 

yovelTvis SegviZlia CavsvaT sxva winadadeba; es niSnavs, rom ena 

produqtiuli (SesaZloa, usasrulo) sistemaa. ar arsebobs SezRudvebi, 

romlebzec SegviZlia vilaparakoT. sintaqsis produqtiulobis sxva 

magaliTebad SeiZleba miviCnioT is, rom SesaZlebelia usasrulod 

gavimeoroT zmnizedebi (23), da, aseve, usasrulod SegviZlia davumatoT 

koordinirebuli arsebiTi saxelebi saxelur frazebs (24): 
23)  a) a very big peanut
     b) a very very big peanut
     c) a very very very big peanut
     d) a very very very very big peanut
  da sxv.

24)  a) Dave left
       b) Dave and Alina left
      c) Dave, Dan, and Alina left
     d) Dave, Dan, Erin, and Alina left
      e) Dave, Dan, Erin, Jaime, and Alina left
     da sxv.

es mowmobs imas, rom erTi inglisuri winadadeba SeiZleba gadavaqcioT 

ufro vrcel  winadadebad (rekursiis romelime wesze dayrdnobiT, 
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zedsarTavis gameorebiT an koordinaciiT).  es ki niSnavs, rom ena aris, sul 

mcire, Tvladad usasrulo. es wanamZRvari SedarebiT arawinaaRmdegobrivia.

mivubrundeT (ii) wanamZRvars, rom usasrulo sistemebi ar aris Seswavladi. 

ufro meti dakonkretebisTvis, modiT gamoviyenoT lingvisturi magaliTis 

algebruli damuSaveba. warmoidgineT, rom bavSvis amocanaa gansazRvros 

wesebi, romelTa mixedviTac misi enaa agebuli. Semdgom, modiT, gavamartivoT 

es amocana da vuTxraT bavSvs, rom ubralod Seusabamos realuri samyaros 

situaciebi im gamonaTqvamebs, romlebic esmis.8 amgvarad, gamonaTqvamis ‒ 
the cat spots the kissing fishes ‒ gagonebisTanave, igi aigivebs mas Sesabamis 

situaciasTan mis irgvliv arsebuli konteqstis farglebSi (rogorc es 

warmodgenilia suraTze).

25)  “the cat spots the kissing fishes” =

amdenad, mas evaleba, sworad Seusabamos winadadeba situacias.9 

gansakuTrebiT mniSvnelovania viyoT darwmunebuli imaSi, rom is ar 

Seusabamebs winadadebas situaciis yvela sxva SesaZlo alternativas, 

rogorebicaa mis irgvliv mimdinare sxva aqtivobebi (magaliTad, misi ufrosi 

Zma urtyams avejs fexs, an dedamisi amzadebs sauzmes, da sxv.). situaciebis 

amgvari dakavSireba gamonaTqvamebTan erTgvari maTematikuri mimarTebaa 

(anu funqcia), romelic gardasaxavs, winadadebebs konkretul situaciebze. 

meore gza winadadebebis situaciebTan swori Sesabamisobis misaRwevad aris 

is, rom bavSvma sworad Camoayalibos wes(eb)i, romlebic axdenen winadadebis 

8 amocana sinamdvileSi ramdenadme ufro rTulia, vidre aq aris es warmodgenili, 
radganac bavSvma unda gansazRvros, aseve, fonologia da sxv., magram argumentirebisTvis 
daveyrdnoT gamartivebul magaliTs.

9 miaqcieT yuradReba, rom es evaleba bavSvs, romelic iyenebs universalur gramatikas, da 
ara Tavad universalur gramatikas.
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mniSvnelobis dekodirebas. aRmoCndeba, rom es davaleba, yovel SemTxvevaSi, 

aris sakmaod rTuli, SeuZlebelic ki.

modiT, yovelive es gavxadoT kidev ufro abstraqtuli, rom kidev 

metad mivuaxlovdeT siituaciis maTematizacias. mivaniWoT yovel 

winadadebas raRac nomeri. aRniSnuli ricxvebi warmoadgenen garkveuli 

wesis sawyis, Semaval (input) informacias. msgavsadve, yovel situacias 

aRvniSnavT raRac ricxviT. enis aTvisebis modelirebis funqcia (anu wesi) 

gardasaxvis winadadebaTa simravles situaciebis nomerTa simravleze. 

axla, warmovidginoT, rom bavSvs misces winadadebebis simravle, rogorc 

Semavali informacia, da sworad SeTanadebuli situaciebi (savaraudod, 

specialurad misTvis miTiTebuli mSoblebis mier): x aRniSnavs winadadebas, 

romelic esmis, xolo y _ masTan sworad dakavSirebuli situaciis nomers.

26) 

winadadeba (Semavali informacia _ input)      situacia (produqcia _ output)

x y

1 1

2 2

3 3

4 4

5 5

mocemuli Semavali informaciisas (input), rogor fiqrobT, ra iqneba 

produqti, gamomavali informacia (output), rodesac x = 6?
6                                                  ?
adamianTa umetesoba pirdapir daaskvnis, rom output iqneba aseve 6. anu, 

isini varaudoben, rom funqcia (wesi) asaxvisa Semaval (input-sa) da gamomaval 

(output-s) informaciebs Soris aris x=y. magram ra iqneba, Tuki getyviT, 

rom Cems hipoTetur situaciaSi swori pasuxia situacia nomriT 126? 
wesi, romelmac moaxdina generireba (20) cxrilis farglebSi faqtobrivad 

Semdegnairia:
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27)  [(x-5)*(x-4)*(x-3)*(x-2)*(x-1)] + x = y
am wesis mixedviT, yvela input, romelic udris an naklebia 5-ze, gvaZlevs 

input-is ekvivalentur output-s, magram yvela im input-isTvis, romelic metia 

5-ze, mogvcems ufro did nomers.

rodesac Tqven ivaraudeT, rom wesi iyo x = y, Tqven ar gqondaT yvela 

mniSvnelovani informacia; Tqven mxolod monacemTa nawili gqondaT. es 

niSnavs, rom Tu Tqven gaigonebT Cveni cxrilidan monacemTa mxolod 

pirvel xuT nawils, ver miiRebT wess, xolo Tu daumatebT meeqvses, maSin 

miagnebT wess. es marTlac asea? samwuxarod, ara: maSinac ki, Tu daamatebT 

meeqvse rigs, ver iqnebiT darwmunebuli, rom gaqvT swori funqcia, sanam 

yvela SesaZlo sawyis, Semaval informacias ar moismenT. mniSvnelovani 

informacia SesaZloa iyos meeqvse, magram, aseve, SesaZloa iyos 

7,902,821,123,765-e winadadebaSi, romelsac Tqven moismenT. Tqven veranairad 

ver darwmundebiT, moismineT Tu ara yvela relevanturi mocemuloba, 

sanam yvela maTgans ar moismenT. usasrulo sistemaSi Tqven ver moismenT 

yvelas, maSinac ki, Tuki mTeli Tqveni sicocxlis manZilze yovel 10 wamSi 
moismendiT 1 winadadebas. Tu davuSvebT, rom saSualod adamiani 75 wels 

cxovrobs, da is axal winadadebas yovel 10 wamSi erTxel ismens, da Tu ar 

CavTvliT nakian wlebsa da Zilis periods, Tavisi sicocxlis manZilze is 

mxolod 39,420,000 winadadebas gaigonebda. es gacilebiT naklebi ricxvia, 

vidre usasruloba. Semavali informaciis am siRaribis miuxedavad, 5 wlis 

asakisTvis bavSvebs ukve myarad SeuZliaT gamoiyenon rTuli sintaqsuri 

konstruqciebi. produqtiuli sistemebi (SesaZloa) ar aris Seswavladi, 

radgan arasdros gaqvT sakmarisi Semavali informacia (input) imaSi 

dasarwmuneblad, rom gaqvT yvela relevanturi faqti. amas ewodeba enis 

aTvisebis logikuri problema (the logical problem of language acquisition).
generatiuli gramatika am logikur problemas Tavs arTmevs 

Semdegnairad: igi miiCnevs, rom bavSvi, iTvisebs ra inglisurs, irlandiursa 

Tu iorubas, ukve flobs raRac saxis daxmarebas; igi iyenebs moqnil proeqts 

enis Sesaxeb im codnis asagebad, romelsac ewodeba universaluri gramatika. 

universalur gramatikaSi SezRudulia im SesaZlo funqciebis raodenoba, 

romlebic urTierTgardasaxaven situaciebsa da gamonaTqvamebs. amgvarad, 

ena Seswavladi xdeba.
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4.4 sxva argumentebi universaluri gramatikis sasargeblod
universaluri gramatikis arsebobis dasabuTeba mxolod amgavr 

logikur problemas ar efuZneba. kidev bevri sxva argumenti mxars uWers 

hipoTezas, rom enis garkveuli nawili mainc Tandayolilia.

argumenti, romelic uSalo kavSirSia enis aTvisebis zemoT ganxilul 

logikur problemasTan, aris faqti, rom Cven viciT Cveni enis gramatikis 

iseTi sakiTxebi, romlebic, SesaZloa, arc gviswavlia. daviwyoT 

monacemebiT, romelic warmodgenilia (28)-Si. bavSvs SesaZloa gaegona am 

tipis winadadebebi (xazi warmoadgens adgils, saidanac kiTxviTi sityva who 
SesaZloa iwyebodes ‒ anu, esaa obieqti an subieqti zmnisa will question):

28) a) Who do you think that         Ciaran will question _________ first?

    b)   Who do you think                        Ciaran          will question _________ first?

    c)  Who do you think             ----------                 will question Seamus first?

bavSvma unda moxazos hipoTeza sityva that-is ganawilebis Sesaxeb 

inglisur winadadebebSi. erTi daskvna, mocemuli monacemebis mixedviT, 

aris is, rom sityva that inglisurSi fakultaturia: is SeiZleba gvqondes 

an ara. samwuxarod, es daskvna ar aris zusti. ganvixiloT me-4 windadeba 

paradigma (28)-Si. es igive winadadebaa, rac 28c, mxolod that-iT. 

d) *Who do you think that _______ will question Seamus first?
gamodis, TiTqos that fakultaturia, rodesac kiTxviTi sityva (am 

SemTxvevaSi who) iwyeba obieqtis poziciidan (rogorc 28 a da b- Si); is ar 

unda iyos warmodgenili, rodesac kiTxviTi sityva dgas subieqtis poziciaSi 

(rogorc 28c da d-Si) (am ganzogadebis detalebs yuradRebas nu miaqcevT). 

aRsaniSnavia, rom aravis uswavlebia TqvenTvis, rom winadadeba 28d aris 

aragramatikuli. verc Tqven mier mosmenili monacemebis safuZvelze ver 

mixvidodiT am daskvnamde. logikuri hipoTeza, dafuZnebuli 28 a-c-ze 

varaudobs, rom winadadeba 28d aris gramatikuli. Semavali informaciidan, 

romelic bavSvs esmis, veraferi miiyvanda mas im daskvnamde, rom 28d aris 

aragramatikuli, Tumca yvela inglisurad molaparake bavSvma es icis. am 

Tavsatexis erTaderTi axsna aris varaudi, rom Cven gvaqvs Tandayolili 
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codna imisa, rom 28d-s msgavsi winadadebebi aragramatikulia.10 universaluri 

gramatikis am saxis arguments xSirad ewodeba mocemulobaTa bolomde-

Seufaseblobis (underdetermination of the data) argumenti. 

mSobelTa umravlesoba daificebs, rom isini Svilebs zrdian, 

aswavlian laparaks da swori enobrivi formebis gamoyenebis wesebs. Tumca, 

gancxadeba, rom mSoblebis mier miwodebuli wesebi raime rols TamaSobs 

bavSvis enobriv ganviTarebaSi, advilad gasabaTilebelia. enis aTvisebis 

eqsperimentuli literaturis monacemebidan cxadia, rom arcerTi mSobeli, 

didi mcdelobis miuxedavad, arasodes usworebs bavSvs gramatikulad 

araswor winadadebebs. isini ufro metad usworeben Sinaarss, vidre formas 

(ix., magaliTad, vrceli msjeloba Holzman 1997-Si): 

29)  (Marcus et al. 1992-idan)

  Adult: Where is that big piece of paper I gave you yesterday?
  Child: Remember? I writed on it.
         Adult:   Oh that’ s right, don’t you have any paper down here, buddy?

rodesac mSobeli cdilobs Seasworos bavSvis mier warmoTqmuli 

winadadebis struqtura, naklebad xdeba, rom es SeniSvna ar iyos 

ignorirebuli bavSvis mier.

30)  (Pinker-is mixedviT 1995: 281)
   Child:   Want other one spoon, Daddy.
  Adult: You mean, you want the other spoon.

  Child:  Yes, I want other one spoon, please, Daddy.
  Adult:  Can you say “the other spoon”?
  Child:  Other…. one… spoon.

  Adult:  Say “other”.
  Child:  Other.
  Adult: “Spoon”.
  Child: Spoon.

10 (28)-is fenomens zogjer ewodeba that-trace effect. ar vdavobT im faqtze, rom es fonemeni 
ar aris Seswavladi. Tumca, aseve faqtia, rom igi ar aris yvela enis universaluri 
sakuTreba. magaliTad, frangulsa da irlandiurSi, rogorc Cans, aRniSnuli efeqti (anu 
that-trace effect) ar muSaobs. 
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  Adult: “Other… spoon”.
   Child:  Other… spoon. Now give me other one spoon?

es iumoristuli magaliTi tipuria da asaxavs mSoblebis mcdelobas, 

bavSvs miscen instruqciebi swori metyvelebisTvis. aseTi mcdelobebi ver 

amarTlebs. miuxedavad amisa, bavSvebi mainc swavloben enas yovelgvari 

miTiTebebis gareSe. SesaZlebelia, amis erT-erTi yvelaze damajerebeli 

axsna aris universaluri gramatikis arseboba. 

arsebobs aseve tipologiuri argumentebic imis sasargeblod, 

rom ena Tandayolili fenomenia. garkveuli maxasiaTeblebi saerToa 

msoflios yvela enisTvis (magaliTad, yvela maTgans aqvs subieqtebi 

da predikatebi). aseT maxasiaTeblebs ewodeba enis universaliebi. 

Tuki warmovidgenT universalur gramatikis arsebobas, maSin enis 

universaliebic aixsneba – isini arseboben imitom, rom yvelasTvis, 

vinc adamianis bunebriv enaze saubrobs, saerToa is Tandayolili 

masala, romliTac misi enis gramatika aigeba. mravali msgavsi saerTo 

maxasiaTeblis garda, enis aTvisebasTan dakavSirebul bolodroindel 

kvlevebSi gamoCnda, rom sxvadasxva tipis enebSi sakmaod didia 

Sesabamisoba enis aTvisebas procesebs Soris. magaliTad, enis 

Seswavlisas bavSvebi gadian erTsa da imave doneebs da uSveben msgavs 

Secdomebs, miuxedavad maTi kulturuli garemocvisa.

dereq bikertonma (Derek Bickerton 1984) dokumenturad daadastura, 

rom kreol enebs11 aqvT bevri saerTo maxasiaTebeli, Tundac es enebi 

msoflios gansxvavebuli adgilebidan iyos da erTmaneTis aramonaTesave 

enebidan momdinareobdnen. magaliTad, yvela maTgans axasiaTebs SVO wyoba; 

yvela maTganisTvis ucxoa araspecifikuri ganusazRvreli artiklebi; 

drois, kilosa da aspeqtis gamosaxatavad yvela maTgani iyenebs modalur 

zmnebs; maT aqvT SezRuduli zmnuri fleqsia da kidev mravali sxva amgvari 

xasiaTis msgavseba. ufro metic, es maxasiaTeblebi SeiniSneba kreol enaze 

molaparake bavSvebis metyvelebiSic. bikertoni varaudobs, rom amgvari 

maxasiaTeblebi aris enis Tandayolili bioprogramis funqcia. es mosazreba 

Comskis universalur gramatikas gvagonebs.

11 kreoli ena aris axali ena, romelic yalibdeba, rodesac molaparakeTa Taoba savaWro an 
pijin enis gamoyenebas iwyebs pirvelad enad da saxlSi am enaze laparakobs. 
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dabolos, arsebobs mravali biologiuri argumenti universaluri 

gramatikis sasargeblod. rogorc zemoTac aRvniSneT, ena, rogorc Cans, 

adamianis specifikuri maxasiaTebelia da mTlianad moicavs adamianTa 

modgnas. Yvela adamians, Tu mas ar aqvs raime saxis fizikuri nakli, 

rogorc Cans, aqvs ena. es miuTiTebs, rom is aris genetikurad miniWebuli 

instinqti. amasTanave, rogorc nevrolingvisturi kvlevebidan Cans, Cveni 

tvinis garkveuli nawilebi uSualod ukavSirdeba garkveul lingvistur 

funqciebs. 

mcire gamonaklisis garda, generativist enaTmecnierTa umravlesobas 

sjera, rom ena garkveulwilad aris Tandayolili. sakamaTo mxolod isaa, 

ramdenad Tandayolilia da Tandayoliloba enis specifikaa Tu ufro 

zogadi kognitiuri funqciiebidan gamomdinareobs. am kiTxvebs aq upasuxod 

vtovebT.

4.5 enaTa variaciis axsna
mtkicebuleba universaluri gramatikis sasrgeblod, Cans, rom Zalian 

myaria. Tumca, kvlavac gvaviwydeba is problema, rom enebi erTmaneTisgan 

gansxvavdeba. swored es problema aqcevs sintaqsis Seswavlas aserigad 

sainteresod. arc es problemaa gadauWreli. 

biologebisaTvis gasakviri araa faqti, rom Tandayolili sistema uSvebs 

variaciebs. dafiqrdiT Tqveni Tvalebis ferze. yvela mxedvel adamians aqvs 

Tvalebi. Tvalebis qona calsaxad Tandayolili maxasiaTebelia adamianisa 

(an ZuZumwovrisa). eWvi mepareba, vinme SemekamaTos am maxasiaTebelSi. 

miuxedavad amisa, vxedavT variaciebs Tvalebis ferSi, zomasa da 

formaSi; aseve, farTod gavrcelebulia variaciebi Tvalebis formasa da 

poziciaSi sxvadasxva ZuZumwovarTa Soris. enis yvelaze axlo analogi 

SeiZleba iyos Citebis WikWiki. 1962 wels marlerma da tamuram (Marler and 
Tamura) gamoavlines dialeqturi variaciebi TeTrgvirgvinosan beRuraTa 

galobaSi. am beRurebis SesaZlebloba da motivacia vokalizaciisa 

miCneulia, rom Tandayolilia, Tumca konkretuli galoba, maT mier 

Sesrulebuli, damokidebulia im sawyis, Semaval informaciaze (input), 
romelic maT esmiT. 

erT-erTi niSani, riTac enebi erTmaneTisgan gansxvavdebian, aris 
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enaSi gamoyenebul sityvaTa simravle. sxvadasxva enis sityvebi unda 

daviswavloT an davimaxsovroT, isini ar arian Tandayolilni. aseve unda 

aviTvisoT sxva gansxvavebebic enebs Soris. magaliTad, bavSvma, romelic 

swavlobs inglisurs, unda gansazRvros, rom winadadebis swori wyoba 

aris subieqti-zmna-obieqti (SVO), xolo irlandiuris SemswavlelisTvis 

wyoba aris zmna-subieqti-obieqti (VSO), maSin rodesac TurqulisTvis 

winadadebis wyobaa subieqti-obieqti-zmna (SOV). amjerad mxolod 

SevniSnavT, rom gramatikuli gansxvavebebi enebs Soris daiyvaneba 

garkveul Tandayolil parametrTa erTobliobaze, romelic amoirCeva 

SesaZlo variantebs Soris. amgvard, enobrivi variaciebi amcirebs 

dasaswavli sityvebis simravles da zRudavs arCevans winaswargansazRvrul 

SesaZleblobaTa simravlidan.

zedmetad gamartivebulad rom vTqvaT, enaTa umravlesoba winadadebaSi 

elementebs alagebs Semdegi TanmimdevrobiT:

31)  a) subieqti-zmna-obieqti (SVO) (magaliTad, inglisuri)

   b) subieqti-obieqti-zmna (SOV) (magaliTad, Turquli)

  c) zmna-subieqti-obieqti (VSO) (magaliTad, irlandiuri)

ramdenime ena iyenebs mimdevrobas:

  d) zmna-obieqti-subieqti (VOS) (magaliTad, malaiziuri)

arcerTi (an TiTqmis arcerTi)12 ena ar iyenebs mimdevrobebs:

  e) obieqti-subieqti-zmna (OSV)

  f) obieqti-zmna-subieqti (OVS)

modiT warmovidginoT, rom universaluri gramatikis Semadgeneli 

nawilia raRac parametri, romelic gansazRvravs winadadebaSi sityvaTa 

ZiriTad rigs. igi gvkarnaxobs, rom amosarCev wyobaTagan oTxi (SVO, 

SOV, VSO, VOS) aris misaRebi rogorc SesaZlo wyoba.  sityvaTa yvela 

SesaZlo rigidan ori ar aris universaluri gramatikis nawili. bavSvma, 

romelic eufleba inglisurs, imTaviTve icis sityvaTa gavrcelebuli 

wyobis Sesaxeb; rodesac mas esmis aseTi winadadeba „Mommy loves Kirsten“ 
da icis TiToeuli am sityvis mniSvneloba, maSin mas SeuZlia ivaraudos 

12 es garkveulwilad sakamaTo sakiTxia. derbiSairi (Derbyshire 1985) amtkicebda, rom 
hiqskariana enas aqvs obieqtiT dawyebuli rigi.
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sityvaTa ori SesaZlo wyoba inglisurisTvis: SVO da OVS. arc erTi 

danarCeni ar Seesabameba am konkretul mocemulobas. amgvarad, bavSvi 

gamoricxavs yvela sxva hipoTezas. OVS dauSvebelia, radganac is ar aris 

Tandayolili SesaZlo forma. ase rom, rCeba SVO, romelic aris swori 

wyoba inglisurisTvis. amrigad, bavSvebi, romlebic euflebian inglisurs, 

airCeven sityvaTa rigis im parametrs, romelic gansazRvravs SesaZlo 

Tandayolil SVO mimdevrobas.

mark beikeri Tavis SesaniSnav wignSi „enis atomebi“ (Mark Baker, „The Atoms 
of Language“) ikvlevs enobrivi variaciis SesaZlo parametrTa simravles 

universaluri gramatikis hipoTezis farglebSi. es aris saukeTeso da 

metad xelmisawvdomi damuSaveba parametrebisa. gulwrfelad girCevT am 

wignis wakiTxvas imisaTvis, rom dainaxoT, Tu ramdenad Tavsebadia enobrivi 

variaciebi universalur gramatikasTan. 

5. sintaqsis Teoriebis SerCeva
rogor gavarCioT kargi hipoTeza cudisgan? Comski (1965) gvTavazobs, 

rom Sesafaseblad SegviZlia vnaxoT, Tu rogor iyeneben sintaqsis kargi 

Teoriebi imas, rasac adekvaturobis doneebi (levels of adequacy) ewodeba. 

Comskis mixedviT, arsebobs sami done, romelsac gramatikam (deskrifciuli 

wesebis erTobam, romelic ayalibebs Sens Teorias) SeiZleba miaRwios 

adekvaturobis TvalsazrisiT.

Tu Tqveni Teoria iTvaliswinebs mxolod korpusis monacemebs (vTqvaT, 

nabeWd teqstTa seriebs) da mets arafers, amboben, rom es aris dakvirvebiTad 

adekvaturi gramatika (observationally adequate grammar). zedmetia imis 

Tqma, rom es didad gamosadegi araa, Tuki vcdilobT enis SemecnebiTi 

mxaris axsnas. rogorc zemoT vnaxeT, am SemTxvevaSi ar gveZleva mTliani 

suraTi. Cven aseve gvWirdeba imis codna, Tu ra saxis winadadebebi miiCneva 

miuReblad an gramatikulad arasworad. Teorias, romelic iTvaliswinebs 

orives, korpusebsa da enis matareblis gansjas gramatikulad swori 

winadadebebis Sesaxeb, ewodeba deskrifciulad adekvaturi gramatika 

(descriptively adequate grammar). erTi SexedviT, SesaZloa, mogveCvenos, 

rom esaa swored is, rac gvWirdeba. Tumca, Comski acxadebs, rom Cven 

SegviZlia kidev erTi safexuriT waviwioT win. igi miuTiTebs, rom Teoria, 
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romelic iTvaliswinebs bavSvebis mier mSobliuri enis aTvisebis process, 

aris saukeTeso. igi amas uwodebs amxsnelobiTad adekvatur gramatikas 

(explanatorily adequate grammar). SesaZlebelia, es iarliyi parametrebis martiv 

Teorias mivakuTvnoT. generatiuli gramatika miiswrafvis amxsnelobiTad 

adekvaturi gramatikebisken.

Targmnes naTia dunduam da TinaTin tenteraSvilma
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PRONUNCIATION OF GRAMMATICAL 
WORDS IN CONNECTED SPEECH:
A CASE STUDY OF ALBANIAN EFL 

LEARNERS 

Marika Butskhrikidze

AAB College

ABSTRACT

Pronunciation is considered to be the most difficult aspect of a language for adult learners 
to master. This paper analyzes the pronunciation of function words in connected speech by 
Kosovo Albanian EFL learners. Following the existing discrepancy: native speakers favor 
speed over clarity in everyday speech, while non-native speakers favor clarity over speed, 
we propose the following two hypotheses:

H1: Non-native speakers produce much longer utterances than native speakers.
H2: Native speakers use the weak forms of grammatical words much more than non-

native speakers.
The first hypothesis is verified by comparing the duration of the same utterance produced 

by non-native Kosovo Albanian EFL speakers with the ones produced by native British and 
American English speakers. 

The second hypothesis is tested by comparing the usage of weak forms of grammatical 
words by native vs. non-native speakers of English. All the data come from Steven 
Weinberger’s “Speech Accent Archive” (Weinberger, 2015). The durations of the selected 
sequence is manually measured using PRAAT  (a free computer software package for the 
scientific analysis of speech) (Boersma and Weenink, 2018)). 

The data suggest that Kosovo Albanian EFL speakers, give an overwhelming focus to 
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clarity and hence assign an equal stress to each word (including function words) in a phrase. 
Consequently, they sound unnatural and end up producing much longer utterances than 
native British English or American English speakers. Some recommendations for classroom 
activities are suggested in order to improve pronunciation of EFL learners.

Keywords: pronunciation, connected speech, function words, Albanian EFL learners

1. Introduction
Broadly speaking, there are two main approaches to teaching pronunciation: bottom-up 

and top-down. In the former, pronunciation is taught in a building-block fashion:
 (1)
sounds → syllables → words → phrases → extended discourses
The textbooks used in teaching pronunciation at large reflect the above depicted 

hierarchy, introducing initially the notions of a vowel or a consonant, and later the larger 
units such as phrases and utterances.

In the latter approach, by recognizing that segmental and prosodic features are closely 
interrelated, the naturally occurring stream of speech is studied first. Initially a big picture 
is taken into account and later on its smaller components (i.e. by examining micro features 
such as syllable or consonant/vowel) are studied. 

The results of the study advocate for the top-down approach by analyzing the behavior 
of function words in connected speech.  We are comparing non-native (Kosovo Albanian) 
and native (British and American English) pronunciation of English continuous strings. All 
the data (recordings and phonetic transcriptions) come from Steven Weinberger’s “Speech 
Accent Archive” (Weinberger, 2015). The data suggest that the pronunciation difficulties 
could be linked to the following discrepancy: native speakers favor speed over clarity in 
everyday speech, while non-native speakers favor clarity over speed. By an overwhelming 
focus on clarity, non-native speakers (in this case Kosovo Albanian EFL speakers) give 
equal stress to each word (including function words) in a phrase. Consequently, they 
sound unnatural and end up producing much longer utterances than native British English 
or American English speakers. Some recommendations are made to improve teaching 
pronunciation to Albanian learners of English with a special focus on function words in 
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connected speech. When reviewing the literature on L2 pronunciation teaching, Derwing 
and Munro (2005) point out that there is a lack of empirical research in this field as well as 
inadequate application of research findings to classroom practice. We hope the present study 
contributes to our understanding of teaching pronunciation to L2 learners and gives concrete 
recommendations for classroom activities.

The rest of the paper is organized as follows: firstly, we consider the characteristics of 
connected speech. Two hypotheses are proposed related to the discrepancy between speed and 
clarity vis-à-vis the native vs. non-native speakers. Section two describes the methodology 
of the study.  In section three, the data is presented; recordings and transcriptions of Albanian 
speakers of English as a foreign language and of native British and American speakers are 
compared in order to verify the proposed two hypotheses. In section four the findings are 
discussed and analyzed.  At the end, the conclusions are drawn and some recommendations 
are made in order to improve teaching pronunciation to Albanian learners of English with a 
special focus on function words in connected speech. 

1.1. Connected speech
When we put words together, they are no longer pronounced the same way as they are 

pronounced in isolation. To make speech flow smoothly, the way we pronounce the end and 
beginning of some words can change depending on the neighboring sounds (i.e. changes 
predominantly happen at the word junctures). The most frequently attested changes are the 
following:  sound link, sound disappearance, sounds joining together, etc. More importantly, 
in connected speech, speakers use pause and intonation to divide speech into listener-friendly 
chunks.  Important words get extra stress and a rise or fall in pitch. The resulting pattern of 
stressed and unstressed syllables creates a rhythm that listeners use to comprehend what they 
hear (Goodwin, 2014).

Many agree that there are two main types of languages in terms of their rhythmic pattern: 
a syllable-timed language and a stress-timed language (Pike, 1945; Abercrombie, 1967; for 
other opinions see Nespor, Shukla and Mehler, 2011). 

In a syllable-timed language, every syllable is perceived as taking up roughly the same 
amount of time and is given approximately equal stress. Examples include French, Hindi, 
Cantonese, Italian, and Brazilian Portuguese.

In a stress-timed language, some syllables are stressed, but there is perceived to be a 
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fairly constant amount of time (on average) between consecutive stressed syllables. Some 
stress-timed languages are Swedish, Russian, Arabic and European Portuguese.

The difference can be depicted as follows:
(2)

(Nespor et al., 2011)
English is a stress-timed language. As Catford notes: “Within short stretches of 

speech, feet in English tend to be isochronous (i.e. of equal duration) and isodynamic (each 
involving about the same output of initiator power)” Catford, 2001:172). This has an effect 
on the unstressed syllables, which have to be fitted in quickly between the stressed syllables. 
Stressed syllables (strong forms) often occur in content and meaning words, while grammar 
and function words are often weak forms.

Function words are the words that help us construct a sentence, e.g. articles, prepositions, 
conjunctions, auxiliary verbs, etc. These words usually have no stress, and so they are 
weakened. The reduced form is called a “weak form” as opposed to a “strong form”, which 
is the full form of the word pronounced with stress. The strong forms only occur when we 
pronounce them alone (in isolation), or when we emphasize them. Consider the following 
example in (3):

(3)
We can wait for the bus
[wı kǝn weıt fǝ ðǝ bǝs]
In the sentence given in (3), the grammatical words ‘can’, ‘for’ and ‘the’ are unstressed 

and have the weak forms: kǝn, fǝ and ðǝ respectively. Roach (1998) lists about forty 
English words (most of them function words) that have both the strong and weak (reduced) 
forms. Below there are just a few function words listed with the both strong and weak forms 
in order to illustrate the difference in pronunciation.
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(4)
A grammatical word The weak form The strong form
that /ðət/ /ðæt/
was /wəz/ /wɔz/
there /ðə/ /ðeə/
shall /∫əl/ /∫æl/
some /səm/ /sʌm/
am /əm/ /æm/
do /də/ /dʊ ː/

Foreign students, when they learn English as a foreign/second language, predominantly 
use the strong forms of grammatical words. Consequently their speech sounds very unnatural. 
On the other hand, native English speakers use the weak forms all the time, as it is also 
demonstrated in the example above (see (3)). Foreign students find it difficult to understand 
a natural speech because they don’t even know about the existence of weak forms and the 
contexts they occur in.

The paper by Alimemaj (2014) addresses the difficulties Albanian learners usually 
face in learning the English pronunciation. The author points out few important differences 
between these two languages: one is that the Albanian language does not have weak and 
strong forms, while English does, and another difference is that English has primary and 
secondary stresses, while Albanian has only the primary stress, which is predominately 
fixed. Concerning the stress placement the author writes: “In general the main stress in an 
Albanian stem falls on its last syllable, the main stress of an Albanian word (for compound 
words with more than one stem) falls on its last stem, and the main stress of an Albanian 
phrase falls on its last word” (Alimemaj 2014: 162). From this generalization one could 
conclude that the Albanian language has a stem-based stress, but Trommer (2013) argues 
that in determining the stress placement in Albanian, the phonological factors like: a syllable 
weigh and a vowel characteristics (e.g. high and low vowels attracting stress) are crucial as 
well as the distinction between the noun and verb. 

1.2. Hypotheses
Following the existing discrepancy: native speakers favor speed over clarity in everyday 

speech, while non-native speakers favor clarity over speed, we propose the following two 
hypotheses:
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H1: Non-native speakers produce much longer utterances than native speakers.
H2: Native speakers use the weak forms of grammatical words much more than non-

native speakers.
The first hypothesis is verified by comparing the duration of the same utterance produced 

by non-native Kosovo Albanian EFL speakers with native British and American English 
speakers. 

The second hypothesis is tested by comparing the usage of weak forms (forms with 
the reduced vowel, the schwa) of grammatical words by native vs. non-native speakers of 
English.

2. Methodology
2.1. The materials and procedure

We base our study on the recordings and transcriptions that comes from the Steven 
Weinberger’s “Speech Accent Archive” (Weinberger, 2015). The speech accent archive 
uniformly presents a large set of speech samples from a variety of language backgrounds. 
Native and non-native speakers of English read the same paragraph. Recordings are carefully 
transcribed following the 2005 version of the IPA. The font used is called Doulos SIL font. 
Details concerning the procedure of recordings and some other technical details can be found 
on the following website: http://accent.gmu.edu.

Each subjects reads the following elicitation paragraph: Please call Stella.  Ask her to 
bring these things with her from the store:  Six spoons of fresh snow peas, five thick slabs 
of blue cheese, and maybe a snack for her brother Bob.  We also need a small plastic snake 
and a big toy frog for the kids.  She can scoop these things into three red bags, and we will 
go meet her Wednesday at the train station.

From the elicitation paragraph we have chosen to analyze only one sequence: “…and 
maybe a snack for her brother Bob”. Since the focus of the paper is on the pronunciation of 
grammatical/function words, the above-mentioned sequence contains four such words: and, 
a, for and her, and thus provides a good testing ground to verify our hypotheses.

The duration of the entire sequence: “…and maybe a snack for her brother Bob” for 
all eight subjects is manually measured using PRAAT (a free computer software package 
for the scientific analysis of speech). The comparison between the duration of the sequence 
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produced by the native and non-native speakers is made. Additionally, the pronunciation 
of grammatical words is studied in detail and again the comparison of the pronunciation 
differences between the native and non-native speakers is made.

2.2. The expectations
Firstly we expect the duration of the sequence: “…and maybe a snack for her brother 

Bob” produced by native English speakers to be much shorter that the same sequence 
produced by non–native, Kosovo Albanian EFL speakers.

The sequence: “…and maybe a snack for her brother Bob” contains four grammatical 
words: and, a, for and her. We expect the weak forms of these grammatical words: /ən/,  /ə/,  
/fə/ and /ə///hə/ to occur more in the native rather than in the non-native speech.

2.3. The subjects
All the detailed information concerning the biographical background of the eight 

subjects (four native and four non-native) and the phonetic transcriptions of the recordings 
considered in this study are provided in the Appendix.

We have randomly chosen four Kosovo Albanian EFL subjects, two male and two 
female; all of them residing in the United States of America for a period of 3-13 years. From 
native English subjects, there are three female and one male: one British English speaker and 
two females and one male American English speaker.

In the rest of the paper the Kosovo Albanian subjects are referred as ALB1, ALB2, 
ALB3 and ALB 4, while the native English speakers as ENG1, ENG2, ENG3 and ENG4.

3. The results
3.1. The duration measurements

We measured durations of the sequence: “…and maybe a snack for her brother Bob” 
for eight subjects manually in PRAAT. For the details of duration measurements, pitch track 
analysis and respective spectrograms please see the Appendix.

The results of the measurements are summarized in Table 1 and the comparison between 
the native and non-native subjects in shown in Figure 1 below.
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Table 1. Duration measurements (in ms) of Kosovo Albanian EFL and native English 
speakers

Albanian English
Recording 1 1.99 ALB1 1.65 ENG1
Recording 2 1.91 ALB2 1.77 ENG2
Recording 3 2.09 ALB3 1.62 ENG3
Recording 4 1.91 ALB4 1.5 ENG4
PRONUNCIATION OF GRAMMATICAL WORDS  11 

 

 

Figure 1. The comparison between the durations of Albanian EFL speakers vs. native speakers of English 

 

The Figure 1 clearly shows that the native British and American English speakers produce much 

shorter utterances than the Albanian EFL speakers. The difference is significant regardless of the 

fact that ALB3 and ALB 4 have the duration of English residence for 12 and 13 years.  

 

3.2. The weak/strong forms of grammatical words in connected speech 

We extracted the four grammatical words: and, a, for and her, as attested in the sequence: 

“…and maybe a snack for her brother Bob”.   

The transcriptions of grammatical words for eight subjects (four native Albanian and four 

English speakers) are presented in Table 2. 
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The Figure 1 clearly shows that the native British and American English speakers 
produce much shorter utterances than the Albanian EFL speakers. The difference is significant 
regardless of the fact that ALB3 and ALB 4 have the duration of English residence for 12 
and 13 years. 

3.2. The weak/strong forms of grammatical words in connected speech
We extracted the four grammatical words: and, a, for and her, as attested in the sequence: 

“…and maybe a snack for her brother Bob”.  
The transcriptions of grammatical words for eight subjects (four native Albanian and 

four English speakers) are presented in Table 2.



45

ena

Table 2. The grammatical words attested in the speech of the four native and the four non-
native subjects.

and a for her
ALB1 [æn] [ʌ] [fɔɹ] [hɜɹ]
ALB2 [ǣn] [ə] [fɔɹ] [həɹ]
ALB3 [ǣn] [ə] [fɔɹ] [həɹ]
ALB4 [ǣn] [ɛ] [fɔɹ] [həɹ]

ENG1 [ǣn] [ə] [fə] [hə]
ENG2 [ən] [ə] [fəɹ] [həɹ]
ENG3 [ăn] [ə] [fə] [hɜ]
ENG4 [ən] [ə] [fə] [hə]

The same data translated into the weak/strong forms in presented in Table 3. The weak 
form corresponds to the form with the schwa (a reduced vowel), while the strong - with one 
with the full (not reduced) vowel.

Table 3. The weak/strong forms attested in the speech of the four native and the four non-
native subjects.

The Subjects and a for her
ALB1 strong strong strong strong
ALB2 strong weak strong weak
ALB3 strong weak strong weak
ALB4 strong strong strong weak
ENG1 strong weak weak weak
ENG2 weak weak weak weak
ENG3 strong weak weak strong
ENG4 weak weak weak weak

As shown in Table 3, concerning the native English speakers, out of the expected 16 
weak forms 13 are attested, while regarding the non-native speakers, out of the expected 16 
weak forms only 5 are attested. We think that this data illustrates the significant difference 
between the usages of weak forms of grammatical words by native vs. non-native speakers. 
It shows that the native speakers use weak forms of grammatical words more than the non-
native speakers.
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4. Discussion
The duration measurements presented above confirm our hypothesis saying that: “non-

native speakers produce much longer utterances than native speakers”.
Concerning the grammatical words, we found more reduced/weak forms with the native 

rather than with the non-native subjects, which also confirms our second hypothesis: “native 
speakers use weak forms of grammatical words much more than non-native speakers”.

We did not measure the durations of the grammatical words in the utterance, but just by 
comparing the pitch tracks of the native vs. non-native speakers, one could suggest that the 
weak forms attested in native speakers’ speech is the result of a correct assignment of phrasal 
stress on the content/lexical words as follows: …and maybe a snack for her brother Bob. 
By stressing the content words: maybe, snack, brother and Bob appropriately, the vowels in 
function words naturally get reduced so that the smooth rise-fall pattern is created. In the 
case of the Kosovo Albanian EFL speakers, equal stress is given to each syllable (including 
function words) in the phrase that makes the utterance sound longer and unnatural. The 
difference is clearly seen in the pitch-track analysis of the respective phrase for native and 
non-native subjects (for the details see the Appendix).

4.1. Limitations of the study
A larger scale study is desirable to test if factors like the age of English onset or the 

length of residence in English speaking country makes any difference with respect to the 
hypotheses proposed and tested in this study. Another important factor could be naturalistic 
vs. academic learning method affecting the second language acquisition process and learning 
outcomes. 

Swan and Smith (2001) and Major (2008) point out how L1 pronunciation influences/ 
interferes with L2 speech. In this respect, a contrastive analysis of English and Albanian would 
be necessary. Due to the lack of experimental phonetic studies on the Albanian language, 
we could not explore this issue (i.e., if the Kosovo Albanian L2 in English is affected by 
native Kosovo Albanian (Gegh) rhythmic/intonation structure). A detailed contrastive study 
between the two languages, Albanian and English, would contribute to improvement of the 
pronunciation of the Albanian EFL learners. 
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5. Conclusions and Recommendations
We started the paper by observing the discrepancy: native speakers favor speed over 

clarity in everyday speech, while non-native speakers favor clarity over speed. Related to 
this, two hypotheses have been proposed:

H1: Non-native speakers produce much longer utterances than native speakers
H2: Native speakers use weak forms of grammatical words much more than non-native 

speakers
The duration measurements and the comparison between the pronunciation of 

grammatical words by native and non-native speakers confirm both hypotheses.
We advocate for the top-down approach to teaching pronunciation to foreign leaners.
Following this study some recommendations are suggested for classroom activities in 

order to improve teaching pronunciation to Albanian learners of English with a special focus 
on function words in connected speech:

	 Making students aware of the discrepency between the speed and clearity vis-à-vis 
the native and non-native contexts.

•	 The most common sound in the English language is the schwa; thus should be 
taught in great detail. All the contexts in which it occurs should be considered. 

•	 Speech-monitoring activities are suggested, e.g., to encourage a learner to record 
himself and compare it with a native speech. Additionally, we can ask the learner to 
trascribe his own and native speech and analyze the differences between the two.

•	 Activities with a special focus on strong/weak forms of grammatical words are 
advisable for learners in order to know all the contexts (strong/weak forms) they 
can occur in.

•	 By making an extra physical affort on stressed syllables (i.e., by making them 
louder and longer), a learner will automatically reduce the constituents that are less 
important and as a result the speech will sound more natural.
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Appendix
All biographical data and phonetic transcriptions come from Steven Weinberger’s 

“Speech Accent Archive” (Weinberger, 2015).
The elicitation paragraph is as follows:
Please call Stella.  Ask her to bring these things with her from the store:  Six spoons of 

fresh snow peas, five thick slabs of blue cheese, and maybe a snack for her brother Bob.  We 
also need a small plastic snake and a big toy frog for the kids.  She can scoop these things 
into three red bags, and we will go meet her Wednesday at the train station.

The analyses of the phrase:  “…and maybe a snack for her brother Bob” for each 
recording are done in PRAAT by the author of this paper.

ALB1: Biographical Data
birth place: Prishtina, Kosovo
native language: Albanian 
other language(s): Serbian Macedonian Bosnian 
age, sex: 19, male 
age of English onset: 6
English learning method: naturalistic
English residence: USA
length of English residence: 3 years 



50

LANGUAGE

ALB1: Analysis of the phrase: “…and maybe a snack for her brother Bob”

 
ALB2: Biographical Data
birth place: Mitrovice, Kosovo
native language: Albanian
other language(s): German Serbian 
age, sex: 33, male 
age of English onset: 28
English learning method: academic
English residence: USA
length of English residence: 5 years
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ALB2: Analysis of the phrase: “…and maybe a snack for her brother Bob”

ALB3: Biographical Data
birth place: Prishtina, Kosovo
 native language: Albanian 
other language(s): Serbian 
age, sex: 45, female 
age of English onset: 11
English learning method: academic
English residence: USA
length of English residence: 12 years



52

LANGUAGE

ALB3: Analysis of the phrase: “…and maybe a snack for her brother Bob”

 

ALB4: Biographical Data
birth place: Prishtina, Kosovo
native language: Albanian
other language(s): Serbian 
age, sex: 43, female 
age of English onset: 9
English learning method: academic
English residence: USA
length of English residence: 13 years
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ALB4: Analysis of the phrase: “…and maybe a snack for her brother Bob”

ENG1: Biographical Data
birth place: Davenport, Iowa, USA 
native language: English
other language(s): none
age, sex: 35, female 
age of English onset: 0
English learning method: naturalistic
English residence: USA
length of English residence: 35 years
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ENG1: Analysis of the phrase: “…and maybe a snack for her brother Bob”

ENG2
Biographical Data
birth place: Pittsburgh, Pennsylvania, USA
native language: English
other language(s): French Spanish 
age, sex: 52, female 
age of English onset: 0
English learning method: naturalistic
English residence: USA
length of English residence: 52 years
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ENG2: Analysis of the phrase: “…and maybe a snack for her brother Bob”

ENG3: Biographical Data
birth place: Staffordshire, UK
native language: English
other language(s): French 
age, sex: 35, female 
age of English onset: 0
English learning method: naturalistic
English residence: UK
length of English residence: 35 years
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ENG3: Analysis of the phrase: “…and maybe a snack for her brother Bob”

ENG4: Biographical Data
birth place: New Britain, Connecticut, USA
native language: English
other language(s): none
age, sex: 39, male 
age of English onset: 0
English learning method: naturalistic
English residence: USA
length of English residence: 39 years
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ENG4: Analysis of the phrase: “…and maybe a snack for her brother Bob”
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ra aris elementaruli geometria1

alfred tarski

Institute for Basic Research in Science,
University of California, Berkeley, California, U.S.A.

ev kli des elementebis tradiciisamebr Serwymuli im cnebebis da Te o re-
me bis erT o bli oba, romelic Seadgens saSualo-saskolo geometriis kurss 

sasaubro enaSi, Tavisuflad moixsenieba terminiT elementaruli geome-

tria. am gva rad, termins ara mkac rad gan sazRvruli mniSvneloba aqvs da is 

SeiZleba da e qvem de ba ros sxvadasxva interpretacias. Tu gvsurs elemen-

taruli geometria gav xa doT maTematikuri Se swav lis sagani da miviRoT 

zusti Sedegebi (ara mis farglebSi, ara med sazogadod), ma Sin aucilebeli 

xdeba garkveuli interpretaciis arCeva. ker Zod, unda aRvweroT, zus tad 

romeli winadadebebi SegviZlia CamovayaliboT ele men tarul geometriaSi 

da romeli maTgani SegviZlia vcnoT zogadmarTebulad; sxva sityvebiT, 

unda da va dgi noT gamoxatvisa da damtkicebis saSualebebi, rom le bi Tac es 

disciplina aris aR Wur vili.

am statiaSi, Cven, upirveles yovlisa, yuradRebas vamaxvilebT elemen-

taruli ge omet ri is cnebaze, romelic uxeSad SeiZleba Semdegnairad aRi-

weros:  ele men ta rul geometriad  mo vi xse ni oT geometriis is nawili, ro-

melic SeiZleba Ca mo ya lib des da da mtkic des simravlur-Teoriuli saSu-

alebebis gareSe.

1 Targmani Sesrulebulia Semdegi publikaciis mixedviT: Tarsky,  Alfred.  1959. What is el-
ementary geometry? In: The axiomatic method with special reference to geometry. Leon Henkin, 
Patric Supper, Alfred Tarsky (eds). Proceedings of an International Symposium held at the University of 
California, Berkeley, December 26, 1957-January 4, 1958.  
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ufro zustad, elementaruli geometria aq gagebuli unda iyos [25]2-is 

azriT, rogorc stan dartuli formalizaciis mqone Teoria. is formali-

zebulia ele men tarul lo gi kaSi, pirveli rigis predikatTa aRricxvaSi. 

nagulisxmevia, rom yve la is cvladi,  , romelic am TeoriaSi gvx-

vdeba, gairbens Tavis mniS vne lo bad dafiqsirebuli si mravlis wertilebis 

erTobliobas. Teoriis logikuri sim bo loebia: (i) wi na da debaTa makavSire-

blebi — uaryofis simbolo , implikaciis („ga mo mdi na re o bis“) sim bo lo  

, diziunqciis („an“) simbolo  da koniunqciis („da“) sim bolo ; (ii) kvan to-
re bi — nebismierobis (universaluri) kvantori  da ar se bo bis (egzisten-

cialuri) kvan tori ; (iii) ori specialuri, oradgiliani pre di ka ti — igi-

veobis simbolo  da gansxvavebulobis simbolo . aralogikur sim bo lo-
ebad (Teoriis primitiul sim bo loebad, geometriul cnebebad) SegveZlo 

ga mogvecxadebina nebismieri pre di kati, romelic aRniSnavs mimarTebebs 

wer ti lebs Soris da romelTa terminebSic yve la cnobili geomertiuli 

cneba iqneboda gan saz Rvre ba di. sinamdvileSi, am miz nis Tvis viRebT or 

predikats: samadgilian pre dikats , romelic aRniSnavs So ri sobis (Soris 

myofobis) mimarTebas, da oTx ad gilian predikats , romelic aR niS navs 
TanabardaSorebulobis mimarTebas; for mula  ikiTxeba Semdegnai-

rad:  mde bareobs -sa da -s Soris (SemTxveva, ro desac  emTxveva -s an 

-s ar aris gamoricxuli), xolo  ikiTxeba Sem deg na i rad:  isevea 

daSorebuli -sgan, rogorc  aris daSorebuli -sgan.

amgvarad, elementaruli geometriis Cveneul formalizaciaSi in di vi-
du a le bad ganvixilavT mxolod wertilebs; Sesabamisad, isini warmodge-

nilni arian (pir ve li rigis) cvladebiT. radgan elementerul geometrias 

ar aqvs simravlur-Te o ri uli bazisi, misi formalizacia ar aris aRWur-

vili maRali rigis cvladebiTa da sim boloebiT, romlebic warmoadgenen 

an aRniSnaven geometriul figurebs (wer ti lTa simravleebs), geometriul 

figuraTa klasebs da a.S. unda iTqvas, rom, amis miuxedavad, Cven mainc 

2 am statiis erT-erTi, yvelaze mTavari mizania warmovaCinoT Tanamedrove logikisa da 
metamaTematikis cne bebis mniSvneloba geometriis dafuZnebis SeswavlaSi. am diskusiaSi 
naxseneb logikur da me ta ma Te matikur cnebebSi gasarkvevad ix. [24] da [25] (bibliografia 
ixileT statiis bolos). mTavari me ta ma Te ma tikuri Sedegi, romelsac emyareba es disku-
sia, miRebuli iyo [23]-Si. algebruli cnebebis da Sedegebis ga sacnobad ix. [27]. arsebobs 
am statiasTan Tematurad dakavSirebuli da imave periodis ramdenime statia: es pir vel 
rigSi exeba Scott-is statias [21] da Szmielew-is statias [22], aseve, Robinson-is statias [18].
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SegviZlia gamovsaxoT Cvens formalizmSi yvela is Se de gi, romelic Se-

exeba sworxazovan figurebs da SeiZleba Segvxvdes saskolo geometriis 

saxelmZRvaneloebSi; maT Soris isini, rom lebic yalibdeba geometri-

uli figurebis sxvadasxvagvar klasTa meSveobiT, ro go rebicaa: wrfeebi, 

wrewirebi, monakveTebi, samkuTxedebi, oTxkuTxedebi da, ufro zo ga dad, 

mravalkuTxedebi wveroTa raRac dafiqsirebuli sasruli raodenobiT; ase-
ve, SegviZlia gamovsaxoT garkveuli mimarTebebi am klasebis geometriul 

fi gu rebs Soris, rogorebicaa kongruentoba da msgavseba. es umeteswilad 

im faqtis Se de gia, rom yovel naxseneb klasSi yoveli geometriuli figura 

ganisazRvreba wer ti le bis dafiqsirebuli sasruli simravliT. magaliTad, 

imis Tqmis nacvlad, rom wertili  mdebareobs wrfeze, romelic gadis 

wertilebze  da , SegviZlia vTqvaT, rom sruldeba  an  an 

; xolo nacvlad imisa, rom vTqvaT: monakveTebi, romelTa boloebi 

 da  kongruentulia, ubralod vityviT, rom sruldeba .

Cvens formalizmSi Camoyalibebuli winadadeba moixsenieba rogorc 

zo gad mar Te bu li, Tu is (semantikurad) gamomdinareobs winadadebebidan, 

romlebic Ser Ce u lia aqsiomebad; sxva sityvebiT, Tu is sruldeba yvela 

maTematikur struq tu ra Si, romlebSic ki sruldeba yvela aqsioma. moce-

mul SemTxvevaSi, elementaruli (pir veli rigis) logikis sisrulis Teore-

mis ZaliT, winadadeba zo gad mar Te bu lia, Tu is gamoiyvaneba aqsiomebidan 

kargad cnobili gamoyvanis wesebis meSveobiT. sa Ta na do aqsiomebis simrav-

lis misaRebad, daviwyebT aqsiomaTa sistemiT, ro mlis Sesaxebac cnobilia, 

rom is iZleva mTeli evkliduri geometriis adekvatur logikur baziss da 

aralogikur simboloebad Seicavs mxolod -s da -s. Cveulebriv aseT sis-
te meb Si erTaderTi araelementaruli (ara pirveli rigis) winadadeba aris 

uw yve to bis aqsioma, romelic (garda pirveli rigis cvladebisa, romlebic 

ga ir be nen wer ti lebs) Seicavs meore rigis cvladebs  , romlebic Ta-

vis mniSvnelobad mi i Re ben (gairbenen) wertilTa nebismier simravleebs, da, 

aseve, Seicavs damatebiT lo gi kur simbolos,  romelic aRniSnavs mikuT-

vnebis mimarTebas wertilebsa da si mrav le ebs Soris. uwyvetobis aqsioma 

SeiZleba Semdegnairad Camoyalibdes:

LOGIC
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Cven amoviReT sistemidan es aqsioma da SevcvaleT is uwyve tobis yvela 

elementaruli aqsiomis usasrulo erTobliobiT; sxva sityvebiT, uxeSad 

rom vTqvaT, yvela im winadadebis erTobliobiT, romlebic miiReba ze-

moTmoyvanili ara e le men ta ru li (ara pirveli rigis) aqsiomidan, Tu 

-s SevcvliT nebismieri ele men ta ru li formuliT, romelSic  Sedis Ta-

visuflad, da -s SevcvliT nebismieri ele men ta ru li formuliT, 

romelSic  Sedis Tavisuflad. ideebis saCveneblad dar Cenil nawilSi 

SemovifarglebiT organzomilebiani (sibrtyis) ele men ta ru li geometriiT 

da moviyvanT martiv aqsiomaTa sistemas, romelic miiReba im gziT, ro-
melic axla aRvwereT. sistema Sedgeba Tormeti elementaruli aqsiomisgan 

A1-A12-sa da A13-sgan, romelic aris uwyvetobis elementarul aqsiomaTa 

usasrulo er To blioba.

A1 [igiveobis aqsioma SorisobisTvis].
 
A2 [Sida tranzitulobis aqsioma SorisobisTvis].
 
A3 [gare bmulobis aqsioma SorisobisTvis].
 
A4 [refleqsurobis aqsioma TanabardaSorebulobisTvis].
 
A5 [igiveobis aqsioma TanabardaSorebulobisTvis].
 
A6 [tranzitulobis aqsioma TanabardaSorebulobisTvis].
 
A7 [paSis aqsioma (gare formiT)].
 
A8 [evklides aqsioma].
 
A9 [xuTi monakveTis aqsioma].

logika
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A10 [monakveTis agebis aqsioma].
 
A11 [qveda 2-ganzomilebiani aqsioma].
 
A12 [zeda 2-ganzomilebiani aqsioma].
 
A13 [uwyvetobis elementaruli aqsiomebi]. 
Semdegi formis yvela wi na da de ba

,

sadac  aris formula, romelSic  cvladebi Sedian Tavisu-

flad, xo lo arc ,  da arc  — ara (maSasadame, Tu Sedian, Sedian dab-

mulad); msgavsadve,  aris for mula, sadac  Sedian Tavisuflad, 

xolo ,  da  — ara (maSasadame, Tu Se di an, Sedian dabmulad).

elementarul geometrias, romelic emyareba CamoTvlil aqsiomebs, 

aRvniSnavT sim boloTi . qvemoT, TeoremebSi 1-4, CamovayalibebT am Teo-

riis fundamentur ma Tematikur Tvisebebs.3 

pirvel rigSi, ganvixiloT -is warmodgenis sakiTxi, sxva sityvebiT, 

am Te o ri is modelebis daxasiaTebis sakiTxi. -is modeli ki aris iseTi 

sistema , rom (i)  aris rame aracarieli simravle,  da  ki, Se-

sabamisad, sam- da oTxad giliani mimarTebebi -s elementebs Soris; (ii) -Si 

sruldeba -is yvela aq si oma im daSvebiT, rom yvela cvladi gairbens -s 

elementebs, xolo konstantebi  da  , Sesabamisad, aRniSnaven -sa da -s.

-is modelis yvelaze nacnobi  (da aseve isini, romlebic martivad 

mo xel Te ba dia algoriTmuli meTodebiT) nimuSebia dalagebul velze de-
kar tu li sivrceebi, romelTa cnebas qvemoT ganvsazRvravT. aq ar ganvsaz-

RvravT da, Se sa bamisad, vTvliT, rom mkiTxvelisTvis cnobilia, ra piro-

3 Teoria -is mokle ganxilva da misi metamaTematikuri Tvisebebi mocemuli iyo [23]-Si, 
gv. 43-dan. de ta lu ri ganviTareba (romelic eyrdnoba [23]-s) mocemulia [19]-Si, Tumca 
iq wamodgenili elementaruli geometriis sa ba zi so sistema gansxvavdeba aq ganxiluli 
sistemisgan Tavisi logikuri struqturiT, primitivebis sim bo loebiTa da aqsiomebiT. 

Teoria -is aqsiomaTa sistema, romelic mocemulia zemoT, warmoadgens im siste-
mis gamartivebul va ri ants, romelic mocemuli iyo [23]-Si, gv. 55-dan. umTavresad ga-
martiveba mdgomareobs zedmeti aqsiomebis gamo kle baSi. imis damtkiceba, rom amoRebuli 
aqsiomebi gamoyvanadia darCenilebidan, miRebuli iyo Eva Kallin-is, Scott Taylor-isa da wi-
namdebare naSromis avtoris mier berklis universitetSi 1956-1957 wlebSi ge o metriis 
dafuZnebis Sesaxeb Catarebuli saleqcio kursis farglebSi.

LOGIC
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bebSi ewodeba sistemas  dalagebuli veli da rogor ganisaz-

Rvreba dalagebuli velisTvis sim bo lo ebi  (sadac  aris ara-

carieli simravle,  da  arian or ad gi li ani operaciebi, romelTa mimarTac 

 Caketilia, xolo  aris -is elementebs Soris dalagebis oradgiliani 

mi mar Te ba). dalagebul  vels ewodeba evkliduri, Tu yvela ara u ar yofiTi 

elementi -Si aris raime elementis kvadrati; dalagebul vels  ewo de ba 
namdvil-Caketili (real closed), Tu is evkliduria da kenti xarisxis yvela 

mra val wevrs koeficientebiT -dan gaaCnia nuli -Si. ganvixiloT -is el-

ementebis da lagebul wyvilTa simravle . mis elementebs aqvs 

Semdegi saxe: , sadac  da  arian -is elementebi. ganvsazRv-

roT aseT wyvilebs Soris  da  mi mar Tebebi Semdegnairad:

 sruldeba maSin da mxolod maSin, rodesac

,

, da ;

 sruldeba maSin da mxolod maSin, rodesac 

sistemas  ewodeba (organzomilebiani) dekartuli 

sivrce -ze. kerZod, Tu -is rolSi ganvixilavT namdvil ricxvTa dal-

agebul vels , mi viRebT Cveulebriv (organzomilebian) dekartul sivrces 

.

Teorema 1 (warmodgenis Teorema): imisTvis, rom iyos -is modeli au-
ci le beli da sakmarisia, rom  iyos izomorfuli dekartuli sivrcisa 

 raime nam dvil-Caketili dalagebuli velisTvis  .

damtkiceba (monaxazi): (sakmarisoba) — kargad cnobilia, rom -is yvela 

aqsioma srul deba -Si da amitom  aris -is modeli. [23]-Si mo-

cemuli fun da men tu ri Sedegis Tanaxmad, yoveli namdvil-Caketili veli  

elementarulad ekvi va len turia namdvil ricxvTa velisa ; sxva sityvebiT, 

yvela elementaruli (pir ve li rigis) winadadeba, romelic sruldeba erT-

erT am velSi, sruldeba meoreSic. Se de gad yoveli dekartuli sivrce  

raime namdvil-Caketil velze  ele men tarulad ekvivalenturia -isa 

da, Sesabamisad, aseve, aris -is modeli.

Teoremis meore mxaris (aucileblobis) dasamtkiceblad gamoviyenebT 

logika
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ele men ta rul-geometriuli proporciebis Teoriis meTodebsa da Sedegebs, 

rom le bic literaturaSi SemuSavebulia sxvadasxvagvar mizezTa Tu miznis 

gamo (ix. mag. [9], gv. 51-dan). ganvixiloT -is modeli ; vTqvaT  

da  aris -s ori sxva da sxva wertili, xolo  iyos wrfe, romelic gadis  

da  wertilebze, sxva sityvebiT, yve la im  wertilTa simravle, romelT-

aTvisac sruldeba  an  an . standartuli konstruqciebis 

meSveobiT am wrfeze vsazRvravT  da  operaciebs da mimarTebas , -is 

yovel or wertils, -s da -s, Soris. kerZod, vambobT, rom , Tu ,  

an  da ara , an  da ara  (sxva sityvebiT, srul-
deba formula );  

gan saz Rvru lia rogorc -is erTaderTi iseTi  wertili, rom  

da  da , an  da  (sxva sityvebiT, sruldeba formu-

la , da, Sesabamisad,  Ta-

maSobs 0-is rols). -is ganmarteba ufro Ca xlar Tu lia; misTvis saWiroa 

wertilebi -is gareT da is arsebiTad emyareba pa ra le lu ri wrfeebis 

Tvisebebs (ix. [11], Tavi 18). mxolod  A1-A12 aqsiomebis gamoyenebiT (A13-is 
gamoyenebis gareSe) SegviZlia va Cve noT, rom  aris dalagebuli 

veli; aqsiomaTa erToblioba A13-is meS ve o biT ki miviRebT, rom  sinamd-

vileSi, namdvil-Caketili velia. ganvixiloT  wrfe, romelic  wrfis 

marTobulia da gadis  wertilSi; Sedegad vRe bu lobT marTkuTxa koor-

dinatTa sistemas -Si da vamyarebT urTierTcalsaxa Ta na fardo bas -s 

wertilebs,  da maTi koordinatebis  da la ge-
bul wyvilebs Soris -Si. piTagoras Teoremis meSveobiT (mtkicdeba, 

rom is zogadmarTebulia -Si) SegviZlia vaCvenT, rom formula 

  
sruldeba nebismieri mocemuli  wertilebisTvis -dan, maSin da 

mxo lod maSin, Tu formula

  
sruldeba -is Sesabamisi elementebisTvis (koordinatTa wyvi le bis-

Tvis) ; sxva sityvebiT, Tu 

  ;

analogiur Sedegs miviRebT -isTvis. aqedan gamomdinare, siste-

mebi  da  izomorfulia, rac asrulebs damtkicebas.

LOGIC
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ganvixiloT   Teoriis sisrulis sakiTxi. raime Teorias ewodeba sru-

li, Tu yoveli  winadadeba (Camoyalibebuli am Teoriis simbolizmSi) an 

sruldeba am Te o ri is yvela modelSi an ar sruldeba am Teoriis arcerT 

modelSi. Te o ri e bis Tvis, romlebsac gaaCniaT standartuli formal-

izacia, es ganmarteba SeiZleba Ca mo ya li bdes ramdenime sxva ekvivalenturi 

formiT; mag., SegviZlia vTqvaT, rom Te o ria aris sruli, Tu yoveli  

winadadebisTvis zogadmarTebulia  an zo gad mar Te bu lia , an Tu am 

Teoriis yoveli ori modeli elementarulad ek vi va len tu ria. raime Teo-

rias ewodeba Tavsebadi, Tu mas gaaCnia sul mcire erTi mainc mo de li; am 

SemTxvevaSic cnobilia ramdenime ekvivalenturi formulireba. Tu arse-

bobs mo de li , iseTi, rom winadadeba sruldeba -Si maSin da mxolod ma-

Sin, rodesac is zogadmarTebulia mocemul TeoriaSi, maSin cxadia Teoria 

iqneba Tavsebadic da srulic; aseve sworia Sebrunebuli debuleba. Teoria 

-is sakiTxs naTels hfens momdevno Teorema.

Teorema 2 (sisrulis Teorema):

(i) -Si Camoyalibebuli winadadeba zo gad mar Te bu lia maSin da mx-

olod maSin, Tu is sruldeba -Si.

(ii) Teoria  srulia (da Tavsebadi).

am Teoremis (i)-nawili gamomdinareobs Teorema 1-dan da [23]-Si miRebuli 

fun da men tu ri Sedegidan, romelic gamoyenebuli iyo Teorema 1-is damt-

kicebisas; xolo (ii), rogorc vTqviT, war mo ad gens (i)-is uSualo Sedegs.

Semdegi sakiTxi, romelsac aq ganvixilavT, aris -is amoxsnadobis (ga-
da wyve ta dobis) sakiTxi. es aris iseTi algoriTmuli (meqanikuri) meTodis 

arsebobis sa kiT xi, romelic saSualebas gvaZlevs -Si Camoyalibebuli wi-

nadadebebisTvis, yo vel kerZo SemTxvevaSi, gavarkvioT (gadavwyvitoT) mar-

Tebulia winadadeba, Tu — ara. Se kiTxvas aseTi meTodis arsebobis Sesaxeb 

kvlav dadebiTi pasuxi aqvs.

Teorema 3 (amoxsnadobis Teorema): Teoria  aris amoxsnadi (gadawyveta-

di).

Teorema 2-is Tanaxmad, Teoria srulia da am Teoriis gansazRvrebidan 

viciT, rom is aqsiomatizebadia (sxva sityvebiT, mas aqvs iseT aqsiomaTa 

sistema, rom mo ce mu li winadadebisTvis yovelTvis SegviZlia gavarkvioT, 

aris Tu ara is aqsioma). Tum ca, cnobilia, rom yoveli sruli aqsiomati-
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zebadi Teoria, romelsac gaaCnia stan dar tu li formalizacia, aris amox-

snadi (ix., mag., [25], gv. 14); maSasadame,  amo xsna dia. sinamdvileSi [23]-Si 
mocemuli diskusiis gaanalizebis Sedegad Seg vi Zlia cxadad Camovayali-

boT -isTvis gadawyvetis meTodi (aseve, ix. [6]).
-is bolo maTematikuri sakiTxi, romelsac aq ganvixilavT, aris -is 

sa sru li aqsiomatizaciis asebobis sakiTxi. -is ganmartebaSi vxedavT, rom 

am Teorias aqvs aqsiomaTa sistema, romelic Sedgeba sasruli raodenobis in-

dividualuri aq si o mebisgan da aqsiomaTa usasrulo erTobliobisgan, rom-

lebic erTiandeba erTi aq si o ma-sqemis qveS. es aqsioma-sqema (romelic aris 

A13-Si arsebuli siboluri ga mo sa xu leba) SegviZlia msubuqad SevcvaloT 

ise, rom miviRoT erTi winadadeba pre di kat Ta aRricxvis sistemaSi cv-

ladi pirveli rigis predikatebiT da am usasrulo ko leq ci is yvela kerZo 

aqsioma miiRebodes am winadadebidan Casmis operaciis meSveobiT. Se qmni li 

situacia mokled Semdegnairad SegviZlia aRvweroT: gansazRvrebis Ta na-
xmad, Teoria  „TiTqmis sasrulad aqsiomatizirebadia“ da gvainteresebs, 

aris Tu ara is mkacri azriT sasrulad aqsiomatizebadi; sxva sityvebiT 

rom vTqvaT, xom ar SeiZleba Tavdapirveli aqsiomaTa sistema SevcvaloT 

-Si Ca mo ya li be bu li ekvivalenturi sasruli aqsiomaTa sistemiT? amaze 

pasuxi uaryofiTia.

Teorema 4 (sasruli aqsiomatizaciis ararsebobis Teorema): Teoria  ar 

aris sasrulad aqsiomatizebadi.

damtkiceba (monaxazi): Teorema 1-is damtkicebidan Cans, rom aqsiomebis 

usas ru lo erToblioba A13 ekvivalenturad SeiZleba Seicvalos winadade-

bebis usas ru lo mimdevrobiT  sadac -iT naTqvamia, rom Teore-

ma 1-Si agebuli da la ge bu li veli  aris evkliduri, xolo  sadac  

gamoxatavs faqts, rom am vel Si yovel mravalwevrs, romlis xarisxia ,  

aqvs nuli. yoveli martivi ric xvis Tvis  martivad SegviZlia avagoT dal-

agebuli veli  , romelSic yovel kenti  xarisxis mravalwevrs 

aqvs nuli maSin, rodesac  xarisxis erT mainc mra val wevrs ar gaaCnia 

nuli; aqedan gamomdinare, Tu  aris martivi, maSin yve la aqsioma 

A1-A12 da , sadac , sruldeba -Si, xolo  masSi ar srul-

deba. es ki maSinve iwvevs im faqts, rom usasrulo aqsiomaTa sistemas A1, 
 A12,  ar aqvs sasruli qvesistema, romlidanac gamomdinareobs 
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yvela danarCeni aq sioma. amgvarad, martivi msjelobiT vaskvniT, rom, ufro 

zogadad, ar ar se bobs sasruli aqsiomaTa sistema, romelic ekvivalentu-

ria -is sawyis aqsiomaTa sis temisa.

zemoT, monaxazis saxiT mocemuli damtkicebidan vxedavT, rom  Se i-
Zle ba daefuZnos aqsiomaTa sistemas A1, , A12, , romelSic (sawy-

is aq si o ma Ta sistemisgan gansxvavebiT) yoveli aqsioma SeiZleba Caiweros 

universaluri wi na da de bis an arsebobis (egzistencialuri) winadadebis an 

universalur-egzis ten ci a lu ri formiT; sxva sityvebiT, yovel aqsiomas 

aqvs erT-erTi saxe Semdegi sa midan:

an

an 

an 

sadac  aris formula kvantorebis gareSe. am struqturuli Tvisebis 

Se da re biT cxadi Sedegia: -is modelebis jaWvis (an mimarTuli ojaxis) 

ga er Ti a ne ba isev aris -is modeli. es Sedegi uSualod Teorema 1-is da-
mtki ce bi da nac SegveZlo gamogveyvana.

elementaruli geometriis koncefcia, romelsac aqamde ganvixilavdiT, 

ra Tqma unda, ar aris erTaderTi SesaZlo. qvemoT, mokled ganvixilavT 

terminis —„ele men ta ru li geometria“ — kidev or SesaZlo interpreta-

cias; isini xorc Ses xmu lni iqnebian or sxvadasxva formalur TeoriaSi: 

-sa da -Si.

Teoria  miiReba -is logikur bazisze simravleTa Teoriis mcire 

frag men tis mierTebiT. kerZod, -is simbolizmSi CavrTavT axal cvladebs 

, rom lebic gairbenen wertilebis nebismier sasrul simravleebs (an, 

rac am Se mTxve va Si igivea, wertilebis nebismier sasrul mimdevrobebs); 

aseve, CavrTavT axal lo gi kur simbolos — mikuTvnebis simbolos , werti-

lebsa da sasrul simravleebs Soris mi kuT vne bis mimarTebis aRsaniSnad. 

-is aqsiomebad viRebT isev A1-A13-s; Tumca, un da aRiniSnos, rom aqsiomaTa 

koleqcia A13 axla ufro gamomxatvelia, vidre -is Se mTxve vaSi, radgan  

da  warmoadgenen nebismieri formulebs, romlebic agebulia -is sim bo-
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liz mSi. Sesabamisad, Teoria  SesamCnevad aRemateba Teoria -s ga mo msax-
ve lo bi Ti saSualebebiTa da simZlavriT. -Si SegviZlia CamovayaliboT da 

Se vi swav loT mravali iseTi cneba, romelic tradiciulad  elementaruli 

ge o met ri is saxelmZRvaneloebSi ganixileba, magram ver gamoisaxeba -Si; 

mag., mravalkuTxedis cne ba, romlis wveroTa raodenoba nebismierad didia; 

aseve, wrewiris sigrZisa da far To bis cneba.

rac Seexeba im maTematikur sakiTxebs, romlebic ganvixileT -is SemTx-

vevaSi da romelTac pasuxi gaeca TeoremebSi 1-4, Tu maT  -Tan mimarTe-

baSi ganvixilavT, sa mi maTgani — warmodgenis, sisrulisa da sasrulad 

aqsiomatizebadobis — jerjerobiT Riaa (pasuxgaucemelia). kerZod, CvenT-

vis ucnobia -is yvela mo de lis raime saxis martivi daxasiaTeba; arc is 

viciT, aris Tu ara yvela es modeli ek vi va len turi -Si Camoyalibebu-

li yvela winadadebis azriT. (rodesac vsa ub robT -is modelebze, vgu-

lisxmobT e.w. standartul modelebs; sxva sit yve biT, rodesac vwyvetT, 

mocemul modelSi sruldeba Tu ara -Si Camoyalibebuli  winadadeba, 

vgulisxmobT, rom -Si Semavali pirveli rigis cvladebi  ga ir be nen 
simravlis elementebs, meore rigis cvladebi  gairbenen simravlis 

sa srul qvesimravleebs, xolo simbolo  yovelTvis gagebulia rogorc 

mikuTvnebis mi mar Teba). -Si SegviZlia CamovayaliboT arqimedes postu-

lati da davamtkicoT mi si zogadmarTebuloba -Si. Sedegad, Teorema 1-is 
Tanaxmad, -is yoveli mo de li izomorfulia dekartuli sivrcisa , sa-

dac  aris arqimeduli namdvil-Ca ke ti li veli (vels ewodeba arqimeduli, 

Tu masSi yoveli ori elementis kvad ra te bis jami TviTon aris raimes kva-

drati). Tumca, arseboben arqimeduli namdvil-Ca ke ti li velebi, romelT-

aTvis  ar aris -is modeli; aseTia, magaliTad, nam dvi li algebruli 

ricxvebis veli. arqimeduli postulatis Sedegia, rom -is yve la modeli, 

sul didi, kontinuum simZlavrisaa (da es maSin, rodesac mxolod Te o re ma 
1-is ZaliT -s gaaCnia nebismeri usasrulo simZlavris modelebi). si nam-
dvi le Si, -s gaaCnia modelebi, romelTa simZlavre zustad kontinuumia, 

mag., , ma gram aseve SegviZlia vaCvenoT, rom mas aqvs Tvladi modelebi. 

amgvarad, Teoria  Se i Zleba aRmoCndes sruli, magram mas uTuod aqvs 

erTi da imave simZlavris, magram araizomorfuli mo de le bi da, Se sa ba mi-
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sad, is arakategoriulia.4 

dRemde -isTvis mxolod amoxsnadobis (gadawyvetadobis) sakiTxs aqvs 

gan saz Rvru li pasuxi: 

Teorema 5: Teoria  ar aris amoxsnadi (gadawyvetadi), da aseTivea misi 

yvela Tavsebadi ga far To eba.
es gamomdinareobs im faqtidan, rom peanos ariTmetika (fardobiTad) in-

ter pre ti re ba dia -Si; ix [25], gv. 31-dan.

imisTvis, rom miviRoT Teoria   -is simbolizms vtovebT ucvlelad, 

mag ram vasustebT -is aqsiomaTa sistemas. kerZod, Cven vanacvlebT el-

ementaruli uw yvetobis aqsiomebis usasrulo koleqcias, A13-s, erTi wina-

dadebiT, A13’-iT, ro me lic am aqsiomebidan erT-erTis Sedegia. winadadeba 

gamoxatavs Semdeg faqts: Tu monakveTi aerTebs or wertils, romelTagan 

erTi mocemuli wrewiris SigniTaa, xo lo meore amave wrewiris gareT, maSin 

is gadakveTs mocemul wrewirs; simboluri for miT es ase Caiwereba:

А13’ 

aqsiomaTa sistemis Sesustebis Sedegad mravali winadadeba, romlebiic 

yalibdeba da aris zogadmarTebuli -Si, aRar aris zogadmarTebuli -Si. 

4 es bolo SeniSvnebi miiReba zogadi maTematikuri Teoremis (skolem-lovenhaimis Teore-
mis) wyalobiT, ro me lic miesadageba yvela im Teorias, romelsac aqvs igive logikuri 

struqtura, rac -s, sxva sityvebiT, yve la im Teorias, romlebic miiReba standar-
tuli formalizebis mqone Teoriisgan axali cvladebisa (ro mlebic gairbenen sasrul 

simravleebs) da axali logikuri  simbolos damatebiT da, SesaZloa, aq si o ma Ta sawyisi 

sistemis gafarToebiT. am zogadi Teoremis Tanaxmad, Tu Teoria  aris aRwerili kla-
sis Teoria, romlis simboloTa erTobliobis simZlavre ar aRemateba -s da maTemati-

kuri sistema  aris -s standartuli modeli, romelsac aqvs usasrulo  simZlavre, 

maSin -s aqvs nebismieri  simZlavris qvesistema, romelic aris -s stand-
artuli modeli. xsenebuli zogadi Teoremis da mtki ceba (romelsac miagno avtorma) am 
statiis dabeWdvis momentisTvis (1959) ar aris ga mo qve yne bu li; is gansxvavdeba, Tumca 
mcirediT, standartuli formalizaciis mqone Teoriebis Sesaxeb ana lo gi u ri Teoremis 
damtkicebisgan, romelic mocemulia [26]-Si, gv. 91-dan. standartuli formalizaciis 

mqone Te o ri e bi sgan gansxvavebiT, am komentarSi ganxilul  TeoriaTagan zogierTs 

gaaCnia usasrulo,  da yve la ufro naklebi simZlavris modeli, magram ara ufro 

maRali simZlavris modelebi; amis nimuSia Te o ria , romlisTvisac  aris kontinuumis 
simZlavre; kerZod, zog Teorias aqvs mxolod Tvladi mo de lebi da, sinamdvileSi, isini 
arian kategoriulni. aseTia Teoria, romelic miiReba peanos ariTmetikidan ima ve gziT, 

romliTac   Teoria miiReba -sgan; magram, aseve, arsebobs Teoriebi  romlebsac 

aqvT ne bis mi eri usasrulo simZlavris modelebi, aseTia, mag., Teoria  romelsac vax-
senebT am Tavis bolos.
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ker Zod, es exeba arsebobis Teoremebs, romelTa dadgena veRar xerxdeba e.w. 

ele men ta ru li geometriuli agebebiT (kerZod, farglisa da saxazavis gamoy-

enebiT), mag., Te orema nebismieri kuTxis sam tol nawilad gayofis Sesaxeb.

rac Seexema im maTematikur sakiTxebs, romlebsac am statiaSi ganvixi-

lavT, -is SemTxvevaSi situacia zustad rom sapirispirod gansxvavdeba 

-is SemTxvevisgan. im sam sakiTxs, romlebic -isTvis Riaa, aqvs Zalian 

martivi pasuxi -is SemTxvevaSi. ker Zod, pasuxi SekiTxvaze -is warmod-

genis Sesaxeb mocemulia momdevno TeoremaSi.

Teorema 6: imisTvis, rom modeli  iyos -is modeli, aucilebeli da 

sa kma ri sia, rom  iyos dekatruli sivrcis  izomorfuli, sadac  

aris ev kli du ri veli.

es Teorema kargad aris cnobili literaturaSi. pirobis sakmariso-

ba mow mde ba uSualod; aucileblobis nawili ki SeiZleba miRebuli iyos 

elementarul-ge o met ri u li proporciebis daxmarebiT (rogorc es gava-

keTeT Teorema 1-is dam tki ce bi sas).
Teorema 6-is gamoyenebiT martivad SegviZlia vaCvenoT, rom Teoria  

ara sru lia, xolo misi ganmartebidan vxedavT, rom is sasrulad aqsiomati-

zebadia.

ufro rTulia -is amoxsnadobis (gadawyvetadobis) sakiTxi. [17]-Si mi-
Re bu li Sedegebis Suqze avtori gamoTqvams hipoTezas, rom am kiTxvaze  

pasuxi uar yo fi Tia; da metic, is varaudobs, rom sruldeba ufro Zlieri 

faqti, kerZod is, rom -is arcerTi sasrulad aqsiomatizebadi qveTeo-

ria ar aris amoxsnadi. es hi po Te za mogvianebiT iqna damtkicebuli mar-

tin cigleris mier [31], [3]. cigleri amtki cebs Teoremas imis Sesaxeb, rom 

Tu velebis sasrulad aqsiomatizebad pir ve li rigis Teorias  gaaCnia 

erTi mainc modeli Semdegi samidan: (i) algebrulad Caketili, (ii) namd-

vol-Caketili, (iii) -aduri ricxvebis veli raime martivi -sTvis, maSin is 

aris memkvidreobiTad amouxsnadi (gadauwyvetadi). am Teoremis Sedegad is 

Re bu lobs, rom evkliduri velebis da piTagoruli velebis Teoria mem-

kvidreobiTad amo u xsna dia (gadauwyvetadi). es Sedegi gaTvaliswinebulia 

[20]-Si. (SegaxsenebT, rom vels  ewodeba evkliduri, Tu misi yoveli ele-
men ti sTvis , an  an  aris kvadrati; -s ewodeba piTagoruli, Tu 

nebismieri ori kvadratis jami TviTon aris kvadrati.) 
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Tu SevTanxmdebiT, rom elementaruli geometriis winadadebas (wina-

dadebas, ro me lic Camoyalibebulia -Si) vuwodoT zogadmarTebuli, Tu 

is zo gad mar Te bu lia -Si da vuwodoT elementarulad damtkicebadi, Tu 

is zogadmarTebulia -Si, maSin situacia Semdegnairad SeiZleba aRiwe-

ros: Cven vflobT zogad ma Te ma ti ku r meTodebs imis dasadgenad, aris Tu 

ara elementaruli ge o met ri is mocemuli winadadeba zogadmarTebuli, ma-

gram ar arsebobs meTodi, romlis sa Su a le bi Tac davadgenT, aris Tu ara es 

winadadeba elementarulad dam tki ce ba di.

-sa da -si Soris sxvaoba qreba, Tu SemovifarglebiT universaluri 

wi na da de be biT. kerZod, gvaqvs

Teorema 7: -Si Camoyalibebuli universaluri winadadeba zo gad mar Te-
bu lia -Si maSin da mxolod maSin, rodesac is zogadmarTebulia -Si. 

amis dasamtkiceblad gavixsenoT, rom yoveli dalagebuli veli SegviZlia 

ga va far TooT namdvil-Caketil velamde. maSin, Teorema 1-isa da Teorema 

6-is gamo, -is yoveli modeli SeiZleba gafarTovdes -is modelamde. 

Sesabamisad, yvela uni ve rsaluri winadadeba, romelic zogadmarTebulia 

-Si, zogadmarTebulia, ase ve, -Si; Sebrunebuli cxadia. (Teorema 7-is 
ufro martivi damtkiceba, si nam dvi leSi iseTic, romelic damoukidebelia 

Teorema 1-isgan, SeiZleba daeyrdnos le mas, romlis Tanaxmad, dalagebuli 

velis yoveli sasruli qvesistema izo mor fu lad SeiZleba Caidgas namdvil 

ricxvTa dalagebul velSi.)

Teorema 7 darCeba swori, Tu -is aqsiomaTa sistemidan amovagdebT A13’-s  
(es Te o re ma emyareba kidev ufro sust aqsiomebsac ki). amgvarad, vxedavT, 

rom -is zo gad mar Te bu li universaluri winadadebebi mtkicdeba uwyveto-

bis aqsiomis ga re Se. es Sedegi vrceldeba im winadadebebzec, romlebic ar 

arian universalurebi, ro de sac yalibdebian -Si, magram, uxeSad rom vTqvaT, 

xdebian universalurebi, ro de sac gamoixatebian dekartul sivrceSi .

Teorema 3 da Teorema 7-is uSualo Sedegis saxiT vRebulobT:

Teorema 8: Teoria  amoxsnadia Tavisi universaluri winadadebebis si-
mrav lis mimarT.

es niSnavs, rom arsebobs algoriTmuli meTodi imis gadasawyvetad, srul-
de ba Tu ara -Si Camoyalibebuli mocemuli universaluri winadadeba am 

Teoriis yve la modelSi.
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SegveZlo gvemsjela  da -Tan dakavSirebul sxva Teoriebze; 

mag., Te o ria -ze, romelsac igive simbolizmi aqvs, rac -s, da aqsio-

maTa igive sistema, rac -s. imis gadawyveta, elementaruli geometriis am 

ramdenime SesaZlo kon cef ci idan romeli ufro axloa istoriul tradi-

ciasTan da am cnebis yoveldRiur ga mo ye ne ba sTan, uimedod gamoiyureba da 

moklebulia farTo interess. avtors miaCnia, rom am ramdenime koncefcias 

Soris, is koncefcia, romelic xorcSesxmulia -Si, ga mo ir Ceva simarti-

viT, safuZvlad dadebuli intuiciis sicxadiT, harmoniiTa da Tavisi Se de-
ge bis simZlavriT.
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SeniSvnebi aqsiomebis Sesaxeb

A2. [Sinagani tranzitulobis aqsioma SorisobisTvis].

 
A3. [gare bmulobis aqsioma SorisobisTvis].
 

A7. [paSis aqsioma (gare formiT)].
 
paSis aqsioma sibrtyis Sesaxeb acxadebs, rom Tu wrfe kveTs samkuTxedis 

erT gverds da ar gadis samkuTxedis wveroebze, maSin man aseve unda ga-

dakveTos sam kuT xe dis ori dar Cenili gverdidan erT-erTi. aq Camoyalibe-

buli aqsioma aris pa Sis aqsiomis e.w. „gare“ forma, romelic Semdegnairad 

waikiTxeba: Tu   sam kuT xe di sTvis  wer ti li mdebareobs  monakveTis 

gagrZelebaze -dan -s mxares (es ga mo saxulia -iT) da -ze gamavali 

wrfe kveTs   gverds   wertilSi ( -s mxri dan „Sida gverds“, rac gamo-

saxulia -Ti), maSin is kveTs  gverds ( -s mxri dan, „gare gverds“) 
raRac  wertilSi (rac gamosaxulia -Ti).

A8. [evklides aqsioma].
 
evklides aqsioma acxadebs, rom  kuTxis yovel Sida  wertilze 

SeiZleba gaivlos wrfe — aq:   wrfe, romelic kveTs am kuTxis orive 
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gverds, aq:  da  wertilebSi. es evklides paralelobis mexuTe postula-

tis ekvivalenturia.

A9. [xuTi monakveTis aqsioma].
 

xuTi monakveTis aqsioma (aragadagvarebul SemTxvevaSi) acxadebs, rom 

Tu mo ce mu lia   da  samkuTxedebi da  monakveTebis Sida 

wertilebi, Se sa ba mi sad,  da , maSin Sesabamisi monakveTebis tolobi-

dan (romlebic suraTze aR niS nu lia paraleluri StrixebiT) SegviZlia 

davaskvnaT darCenil Sesabamis mo na kve Te bze (romlebic suraTze aRniSnu-

lia jvaredini StrixebiT). es aq sioma, Tavisi xa si a TiT, evklidur geome-

triaSi samkuTxedebis kongruentulobis kargad cno bi li niS nebis msgavsia. 

A10.  [monakveTis agebis aqsioma].
 
am aqsiomis intuiciuri Sinaarsi SemdegSi mdgomareobs: mocemuli  

monakveTisTvis Se sa Zle be lia avagoT misi kongruentuli monakveTi, ro-

melic iwyeba winaswar mo ce mul ra ime  wertilSi da gadadebulia raime wi-

naswar dafiqsirebuli da -is mom cveli sxi vis mimarTulebiT. sxivi gansaz-
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Rvrulia sxivis sawyisi  wertiliT da wer ti liT . saZebni monakveTis 

meore bolo aris wertili  romlis arsebobac moT xov ni lia aqsiomiT.

A11.  [qveda 2-ganzomilebiani aqsioma].
 
qveda 2-ganzomilebiani aqsioma acxadebs, rom arsebobs sami gansxvave-

buli, erT wrfeze aramdebare (arakolinealuri) wertili.

A12.  [zeda 2-ganzomilebiani aqsioma].
 
zeda 2-ganzomilebiani aqsioma acxadebs, rom nebismieri sami wertili 

(aq: ), romlebic dafiqsirebuli ori wertilidan (aq: ) Tanabrad 

arian daSorebuli,  erT wrfeze mdebareobs (ko linearulia).
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mTargmnelis SeniSvnebi

1) sakiTxis Sesaxeb istoriulad ufro adrindeli naSromebidan yvelaze 

axlos, Taviani su lis kve Te biT, dganan Pieri-sa da Veblen-is naSromebi 

[14],[28].

2) am naSromSi warmodgenili  Teoriis aqsiomaTa sistema 1965 wels ga a-
mar ti va Gupta-m Tavisi sadoqtoro disertaciis farglebSi [7]. kerZod, 

man aCvena, rom war mo dgenili sistemis A1 da A3 aqsiomebi gamoiyvaneba 

danarCenebidan; molodinis sapirispirod, es gamoyvanebi arc ise martivi 

aRmoCnda, xolo aqsioma A3-is SemTxvevaSi — sakmaod CaxlarTulic ki.

3) vTqvaT gvaqvs dalagebuli velebis enaze Cawerili pirveli rigis for-

mula . tarskis Teoremis Tanaxmad [23], sakiTxi, zogadmarTebulia Tu 

ara is nam dvil ricxvTa dalagebul velze, amoxsnadia (gadawyvetadi) 

kvantorebis mo xsnis saSualebiT. Tumca, tarskis mier warmodgenili 

amoxsnis proceduris sirTule eqsponenciurad izrdeba yoveli kvanto-

ris moxsnisTvis. es sirTule sagrZnoblad gaaumjobesa Collins-ma 1975 
wels (ix. [6]), ro mel mac moiyvana formulis zomis mimarT ormagad eqspo-

nenciuri algoriTmi. Se mdgo mi winsvla iyo da aris neli. problemis 

Tanamedrove mdgomareobis ga sa cno bad ix.  [2] da [6]. Tumca, namdvil 

ricxvTa dalagebuli velze kvantorebis moxsnis polinomialuri al-

goriTmis arseboba Zalian saeWvoa, rad gan es gamoiwvevda imas, rom -ze 

Blum-Shub-Smale-s gamoTvliT modelSi [4] gveq ne boda , [15], [16], 
rac aris aTaswleulis erT-erTi amocana (Millenium Problem) [5].

4) tarski Tavisi elementaruli geometriis amoxsnadobis damtkicebaSi iye-

nebs Te o re mas namdvil-Caketili velebis pirveli rigis Teoriis amoxs-

nadobis Se sa xeb. es Teorema, tarskisgan damokideblad, aseve, daamtkica 

A. Seidenberg-ma (ix. [1]).

5) arsebobs geometriis koordinatizaciis ori gza: Tu gvaqvs Sorisobis 

da Ta na bar da So re bu lo bis cnebebi, SegviZlia SemoviRoT monakveTebis 

ariT me ti ka. es sakiTxi dawrilebiT ganxilulia [11]-Si, Tavi 18. Tu es 

cnebebi ar gvaqvs, mag ram gvaqvs paralelobis aqsioma, maSin ariTmetiku-
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li operaciebi SegviZlia gan vmar toT papusis aqsiomis meSvebiT. es xerx-

deba papusis sibrtyisTvisac ki. pir ve lad es SeamCnia gausis studentma 

K. G. C. von Staudt-ma [29],[30], xolo Sem deg — hilbertma [8]. afinuri 

da proeqciuli geometriebis ko or di na ti za ci is pirveli Tanamedrove 

mcdeloba warmoadgina M. Hall-ma [10].

6) mTargmnelisTvis Targmnis periodSi ucnobia  Teoriis warmodge-

nis si sru lisa da sasrulad aqsiomatizebadobis sakiTxis mdgomareoba. 

aseve, ucnobia  Te o riis daxasiaTeba (am sakiTxze momuSave mkvlevar-

Ta wreebSi da li te ra tu raSi Zebnis Sedegad ver iqna mopovebuli raime 

cnoba romelime am sakiTxis ga da Wris Sesaxeb).

7) am statiaSi ganxilul sakiTxebs SedarebiT xelmisawvdomi formiT mkiTx-

veli Se iZleba gaecnos iohan makovskis saleqcio kursis masalebSi [12] 
da mis mier ga mo qvey ne bul statiaSi [13].
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FROM BELIEF to KNOWLEDGE

LEVAN URIDIA

Abstract. We investigate the modal system KS. We characterize rooted frames 
and their bounded morphisms in terms of properties on pairs of natural numbers. 
Using algebraic methods we describe the lattice of logics over KS and prove the 
main result, which states that the cardinal number of the interval [KS, S5] (of all 
logics over KS and under S5) is 2ω. As an application we show that KS does not have 
Craig interpolation property.

1. Introduction

In a notion derived from Plato’s dialogue Theaetetus, philosophy has tradition-
ally defined knowledge as justified true belief. The relationship between belief and 
knowledge is that a belief is knowledge if the belief is true, and if the believer has a 
justification for believing, it is true. Dropping out the part about justification we can 
express this connection in a standard modal language by well known translation 
Sp (splitting translation from S4-logics to K4-logics [1]). The main clause of which 
states: Sp(Kp) = Bp ∧ p.

Following this line we are interested in two main questions: How strong should a
belief be to consider it as knowledge? What is the tool of measuring the closeness
of belief to knowledge? We provide possible answers to these questions by using
propositional modal formalisms. In particular we make use of the modal system KS
for modeling belief of an agent. To model knowledge we stick to the classical epistemic
modal logic S5 [2].

In these settings we provide the answers to the stated questions in the following
way: We consider the partially ordered set LKS of all logics in the interval [KS, S5],
where the ordering is just a set theoretic inclusion. We state L1-reasoner’s beliefs to
be closer to the knowledge then L2-reasoner’s beliefs if L2 ⊆ L1. As a main result of
the paper we show that the cardinal number of LKS is continuum. Nevertheless any
road (chain of logics KS = L1 ⊆ L2 ⊆ ... ⊆ S5) going from belief to knowledge does
not exceed ω.

KS was first introduced in 1980s by Segerberg as modal logic of some other time [2].
In 1990s it was rediscovered as the modal logic of inequality [3], [4] and recently it
was adopted as a doxastic counterpart to the classical system KD45 [5]. An algebraic
semantics for the system KS was introduced by Esakia [6]. The semantics is based

TSU Razmadze Mathematical Institute, l.uridia@freeuni.edu.ge.
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on a notion of weak-monadic algebras. It must be pointed out that the class MA of
monadic algebras (which serve as algebraic models for the system S5) is a subvariety
of WMA of weak-monadic algebras. Monadic algebras were introduced by Halmos
[7] in his study of algebraic logic. The equational class of weak-monadic algebras (as
well as the class of monadic algebras) is semisimple and locally finite.

The paper is organized in the following way. Section 2 provides basic definitions and
some known facts. In Section 3 we prove the characterization theorem for bounded
morphisms of rooted finite KS-frames. In the same section we describe the partially
ordered set of finite KS-frames in terms of pairs of natural numbers. Section 4 de-
scribes the variety WMA of weak-monadic algebras which serve as algebraic models
of modal system KS. In the same section we show the duality between finite KS
frames and finite weak-monadic algebras. In section 5 we show that KS does not
have the Craig interpolation property. In the last section we prove the main result,
that the cardinal number of a set of all subvarieties of WMA is continuum.

2. The Modal Logic KS

In 1976 Krister Segerberg [2] explicitly formulated a modal logic KS in which the
diamond modality ♦ is interpreted as ”somewhere else”. In this section we define the
system KS and it’s Kripke semantics.

2.1. syntax.

Definition 1. The normal modal logic KS is defined in a standard modal language
with infinite set of propositional letters p, q, r, .. and connectives ∧,�,¬,

• The axioms are all classical tautologies plus three axioms containing modal op-
erators. Namely:

�(p → q) → (�p → �q),

�p ∧ p → ��p,

p → �♦p, where ♦p ≡ ¬�¬p.

• The rules of inference are: Modus Ponens, Uniform Substitution and Necessita-
tion.

Observe that doxastic interpretation of the last axiom states that If p is true then
agent believes that it is not the case that he believes negation of p.

It is not difficult to show that if we add axiom �p → p to KS we will get S5. 
Following Smullyan [8] this means that if the KS-reasoner is accurate (never believes 
any false proposition) then his believes coincide with his knowledge.

2.2. Kripke semantics. Kripke semantics for the modal logic KS is provided by
weak-transitive and symmetric Kripke frames. Below we give the definition of weak-
transitive relation.
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Definition 2. We will say that a relationR ⊆ W×W is weak-transitive if (∀x, y, z)(xRy∧
yRz ∧ x �= z ⇒ xRz).

Of course every transitive relation is weak-transitive. Moreover, as it is not difficult
to notice, weak-transitive relations differ from transitive ones just by the occurrence
of irreflexive points in clusters. As one can see the frame on the picture is weak-
transitive, but not transitive.

x y

pic. 1

The picture represents the diagramatic
view of kripke structure. Irreflexive
points are colored by grey and reflex-
ive points are uncolored. Arrows repre-
sent the relation between two distinct
points. So as we can see yRx and xRy,
but y �Ry, which contradicts transitivity,
but not weak transitivity as y = y.

In the study of modal logic the class of rooted frames plays a central role. Recall
that a frame (W,R) is rooted if it contains a point w ∈ W , which can see all other
points in W . That is R(w) ⊇ W − {w}, where R(w) is the set of all successors of w.
The class of all rooted, weak-transitive and symmetric frames can be characterized
by the property which we call weak-cluster.

Definition 3. We will say that a relation R ⊆ W ×W is weak-cluster if (∀x, y)(x �=
y ⇒ xRy).

It is easy to see that every weak-cluster is just a cluster where we allow irreflexive
points. We will see the detailed characterization of finite weak-clusters in the next
section. The following proposition makes the link between weak-clusters and rooted,
weak-transitive, symmetric frames.

Proposition 4. A frame (W,R) is rooted, weak-transitive and symmetric iff it is
weak-cluster.

Proof. It is immediate that every weak-cluster is rooted, weak-transitive and symmet-
ric frame. For the other direction let (W,R) be rooted, weak-transitive and symmetric
frame. Let w ∈ W be the root. Take any two distinct points x, y ∈ W . As w is the
root, we have: wRx and wRy. Because of symmetry we get xRw. Now as R is weak-
transitive, from xRw ∧ wRy and x �= y we get xRy. Hence R is a weak-cluster. �

For the sake of completeness we will just briefly state the main definitions, like:
Kripke model, satisfaction and validity of modal formulas. These definitions are
standard and can be found in any modal logic book.

Definition 5. The pair (W,R), with W an arbitrary non-empty set (set of possible
worlds) and R ⊆ W ×W is called a Kripke frame.
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If we additionally have a third component V : Prop × W → {0, 1}, then we say
that we have a Kripke model M = (W,R, V ) (Here Prop denotes the set of all
propositional letters).

The satisfaction and validity of a modal formula are defined inductively. We just
state the base and modal cases here.

Definition 6. For a given Kripke model M = (W,R, V ) the satisfaction of a formula
at a point w ∈ W is defined inductively as follows: w � p iff V (p, w) = 1, the Boolean
cases are standard, w � �φ iff (∀v)(wRv ⇒ v � φ).

We will say that a formula φ is valid in a model (W,R, V ) if for every point w ∈ W
we have w � φ. We will say that a formula φ is valid in a frame (W,R) if it is valid
in every model (W,R, V ) based on a frame (W,R). We will say that a formula φ is
valid in a class of frames C if φ is valid in every frame (W,R) ∈ C.

So far we defined the modal logic KS syntactically and we gave the definition of
weak-cluster relation. The following theorem links these two notions:

Theorem 7. [6] The modal logic KS is sound and complete w.r.t. the class of all
finite, irreflexive weak-cluster relations.

Mainly because of the theorem 7 the modal logic KS is called the modal logic
of inequality. As the reader can easily check the interpretation of box in irreflexive
weak-clusters boils down to the following: w � �φ iff (∀v)(w �= v ⇒ v � φ).

3. The class of finite weak-cluster relations and their bounded
morphisms.

In the previous section we have seen that the class of finite weak-cluster relations
fully captures information about the modal logic KS. In this section we characterize
finite weak-clusters and their bounded morphisms in terms of pairs of natural num-
bers. Let N be the set of natural numbers. The following theorem states that the
set of finite weak-clusters can be viewed as the set N 2 ≡ N× N− {(0, 0)}. Let wCL
denote the class of all finite weak-cluster relations considered up to isomorphism.

Theorem 8. There is a one-to-one correspondence between the set wCL and the set
N 2.

Proof. For every finite weak-cluster we apart two invariants: the number i of irreflex-
ive points and the number r of reflexive ones (see pic.2). The point is that the pair
(i, r) represents the frame uniquely up to isomorphism.

Wi rpic. 2
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Let us describe how we construct the function from wCL to N 2. With every frame
(W,R) ∈ wCL we associate the pair (i, r), where i is a number of irreflexive points in
W and r is a number of reflexive ones. We will call the pair (i, r) the characterizer
of the frame (W,R). It is clear that the correspondence described above defines a
function from the set wCL to the set N 2. Let us denote this function by Ch.

Ch is injective. Take any two distinct finite weak-clusters (W,R) and (W ′, R′).
That they are distinct in wCL means that they are non-isomorphic i.e. either |W | �=
|W ′| or R �� R′. In the first case it is immediate that Ch(W,R) �= Ch(W ′, R′) as far
as |W | = i+ r. In the second case we have that the number of reflexive (irreflexive)
points in |W | differs from the number of reflexive (irreflexive) points in |W ′|. This
means that i �= i′ and again Ch(W,R) �= Ch(W ′, R′).

It is straightforward that if none of these cases above occur i.e. |W | = |W ′| and
|{w ∈ W |wRw}| = |{w′ ∈ W ′|w′R′w′}| then (W,R) is isomorphic to (W ′R′) and
hence (W,R) = (W ′, R′) in wCL.

Ch is surjective. Take any pair (i, r) ∈ N 2. Let us show that the pre-image
Ch−1((i, r)) is not empty. Take the frame (W,R), where |W | = i+ r and W contains
i irreflexive and r reflexive points. Then by definition of Ch, we have that Ch(W,R) =
(i, r). �

Definition 9. The function f between two frames (W,R) and (W ′, R′) is called a
bounded morphism if the following two conditions are satisfied:
(1)wRv ⇒ f(w)R′f(v),
(2) f(w)R′v′ ⇒ (∃v ∈ W )(wRv ∧ f(v) = v′).

The bijection given in theorem 8 can be extended to bounded morphisms. In the
following theorem we characterize the bounded morphisms between two finite weak-
cluster relations in terms of conditions on the pairs of natural numbers.

Theorem 10. The finite weak-cluster (W ′, R′) with the characterizer (i′, r′) is a
bounded morphic image of the finite weak-cluster (W,R) with the characterizer (i, r)
iff the following conditions are satisfied:

r′ = 0 ⇒ (i, r) = (i′, r′),
i ≥ i′,
2× (r′ − r) ≤ i− i′.

Note that the operation minus is defined within the natural numbers i.e. n −m = 0
if m > n.

Proof. For the left to right direction assume f : (W,R) � (W ′, R′). This means that
i+ r ≥ i′ + r′, as far as f is a surjection. First let us state some general observations
which will help us in proving the theorem.

• for every irreflexive point w′ ∈ W ′, we have that f−1(w′) is one irreflex-ive 
point. Assume - not. Then either f−1(w′) contains some reflexive point w ∈ W , 
or it contains at least two irreflexive points u, v ∈ W . In the first case we have wRw



86

LOGIC

while f(w) �R′f(w), so we get a contradiction. In the second case we have uRv ∧ vRu
while f(v) �R′f(u) and again this contradicts to f being bounded morphism.

Now we are ready to begin the proof of the theorem. Let us check that all condi-
tions are satisfied.

case 1 Assume r′ = 0 but (i, r) �= (i′, r′). So either r �= 0 or i �= i′. In both cases
we get a contradiction by above observation, as reflexive points can not be mapped
to irreflexive ones and also two irreflexive points can not be mapped to one irreflexive
point.

case 2 Assume i < i′. Then there is at least one point v′ ∈ W ′ such that
f−1(v′) = ∅, because there are not enough irreflexive points in W to cover all ir-
reflexive points in W ′ and we know (by above remark) that we can not map reflexive
points to irreflexive ones. So we get a contradiction.

case 3 Assume 2 × (r′ − r) > i − i′. This means that r′ > r. So there are at
least r′ − r reflexive points in W ′ which have no reflexive points in their pre-image.
But then there is at least one reflexive point w′ ∈ W ′ such that f−1(w′) contains
less than 2 irreflexive points. This is because at least i′ irreflexive points out of i
many are required to be mapped to irreflexive points in W ′ and the remaining i− i′

irreflexive points are not enough for r′ − r pairs by our assumption. But this gives a
contradiction because either f is not surjective (in case f−1(w′) = ∅) or f is not a
bounded morphism (in case f−1(w′) = v with v irreflexive).

Now let us prove the converse direction. Let us enumerate points in W in
the following way: Let w1, ...wr be the reflexive points and v1, ...vi irreflexive points.
Let us use the same enumeration for points in W ′ with the difference that we add ′ to
every point. So for example w′

1 is the reflexive and v′2 is the irreflexive point in W ′.
In case r′ = 0 we know that (i, r) = (i′, r′) and we can take f to be bijection

mapping wi to w′
i.

In case r′ �= 0 we distinguish two subcases.
case 1 When r > r′. Let us define f : W → W ′ in the following way:

f(vj) = v′j for j ∈ {1, .., i′1},
f(wj) = w′

j for j ∈ {1, .., r′1 − 1},
f(vi′+1) = f(vi′+2) = ... = f(vi) = f(wr′+1) = .. = f(wr) = w′

r.

case 2 When r ≤ r′. Let us define f : W → W ′ in the following way:

f(vj) = v′j for j ∈ {1, .., i′},
f(wj) = w′

j for j ∈ {1, .., r},
f(vi′+2k−1) = f(vi′+2k) = w′

r+k for k ∈ {1, .., r′ − r − 1},
f(vi′+2(r′−r)−1) = f(vi′+2(r′−r)) = .. = f(vi) = w′

r.
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In words we send each reflexive point wj ∈ W to the reflexive point w′
j ∈ W ′ and

each irreflexive point vj ∈ W to the irreflexive point v′j ∈ W ′. As far as we have

that i ≥ i′ and r ≤ r′ there may be left some irreflexive points in W on which we
have not yet defined f and also some reflexive points in W ′ which have no pre-image,
so we associate to every pair of such irreflexive points one reflexive point which has
no pre-image. We go on with this process until there is left only one reflexive point
without pre-image (we know that such exists by the condition r′ �= 0) and associate
to it all the rest of irreflexive points on which f was not defined. The condition
2× (r − r′) ≤ i′ − i guarantees that there are at least two such irreflexive point left.

It is easy to check that f defined in the following way is indeed a bounded mor-
phism. �

(0, 1) ��

��

��

��

(0, 2) ��

��

��

(0, 3) ��

��

. . .

(1, 0) (1, 1) ��

��

��

(1, 2) ��

��

��

(1, 3) ��

��

. . .

(2, 0) (2, 1) ��

��

(2, 2) ��

��

. . .

(3, 0) (3, 1) ��

��

. . .

...
...

pic.3

We can impose the partial order � on wCL in the following way: We will say
that (W,R) � (W ′, R′) iff (W,R) is a bounded morphic image of (W ′, R′). Picture
3 represents the poset (wCL,�) where instead of Kripke frames stand their charac-
terizers and (i, r) → (i′, r′) stands for Ch−1(i, r) � Ch−1(i′, r′). As we will see in
the following sections, partially ordered set wCL plays a crucial role in the study of
logics over KS.

4. The variety WMA

An algebraic semantics for the system KS is based on the notion of weak-monadic
algebras. In this section we investigate the variety of weak-monadic algebras denoted
by WMA. The name weak-monadic comes from the fact that WMA contains MA -
the variety of monadic algebras introduced by Halmos [7].
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Definition 11. We will say that a pair (B, d) is a weak monadic algebra, if B is a
boolean algebra and d : B → B is an unary operator, such that for every p, q ∈ B we
have: d(0) = 0, d(p ∨ q) = d(p) ∨ d(q), dd(p) ≤ d(p) ∨ p, p ≤ τd(p), where τ(p) =
−d(−p).

4.1. semantics. Let us consider a translation ∗ from modal formulas to polynomials
of WMA: p∗ ≡ p, (α ∧ β)∗ ≡ α∗ ∧ β∗, (¬α)∗ ≡ −α∗, (♦α)∗ ≡ d(α∗). Let � stand
for provability in KS and let |= mean that equation holds in every weak-monadic
algebra. The following theorem states that algebraic models for modal logic KS are
provided precisely by weak-monadic algebras.

Theorem 12. [6] � φ iff |= φ∗ = 1.

We will use the following fact in the next section.

Theorem 13. [6] The variety WMA is congruence distributive and locally finite.

4.2. Duality. As far as the variety WMA is locally finite only finite algebras are
enough to generate it. In this subsection we describe the duality between finite weak-
monadic algebras and finite weak-transitive, symmetric relations. We assume that
reader is familiar with the Stone duality. We just prove the parts which are specific
for this variety and skip most of the standard proofs from Stone duality. Let us denote
the class of all finite weak-monadic algebras by WMAf (f stands for finite) and let us
denote the class of all finite weak-transitive, symmetric relations by WTSfin. We will
use the same names for the corresponding categories. For example WTSfin would
also denote the category of all finite weak-transitive, symmetric relations and their
bounded morphisms.

Proposition 14. There is a one-to-one correspondence between WMAf and WTSfin.

Proof. With every weak-transitive and symmetric (W,R) we associate the algebra
(B, d), where B = P (W ) and d(A) = R−1(A) for every A ⊆ W . Here P (W ) denotes
the power set of W and R−1(A) = {w|(∃w′)(w′ ∈ A ∧ wRw′)}. It is immediate that
d(∅) = ∅ and d(A ∪B) = d(A) ∨ d(B).

Let us check that dd(A) ⊆ d(A) ∨ A. Assume w ∈ dd(A) by definition of d
(d(A) = R−1(A)) this means that there are points w′ and w′′ with wRw′ ∧ w′Rw′′

and w′′ ∈ A. We distinguish two cases w = w′′ and w �= w′′. In the first case
w ∈ A. In the second case as far as R is weak-transitive we have wRw′′ and hence
w ∈ R−1(A) = d(A).

Now let us check A ⊆ −d − d(A), Assume w ∈ A. We want to show that w �∈
d− d(A). This is to show that for every w′ with wRw′ holds w′ �∈ −d(A). Hence we
want to show that for every w′ holds wRw′ ⇒ w′ ∈ d(A). The last implication could
be rewritten as wRw′ ⇒ (∃w′′)(w′′ ∈ A ∧ w′Rw′′). For such w′′ could serve w itself
as far as w ∈ A by assumption and by symmetry of R we have that wRw′ ⇒ w′Rw.

Let us denote the function defined above by Φ. It is immediate that Φ is injec-
tion. Let us show that for every finite weak-monadic algebra (B, d) the pre-image
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Φ−1((B, d)) �= ∅. For this consider the set At(B) of all atoms of B. Recall that
an element a ∈ B is an atom if a �= 0 and for every other element b ∈ B holds
b < a ⇒ b = 0. We impose the following order on the set of atoms: for every two
elements a, a′ ∈ At(B), aRda

′ iff a ≤ d(a′).
Claim (At(B), Rd) is weak-transitive and symmetric frame. Assume aRda

′∧a′Rda
′′∧

a �= a′′. This means that a ≤ d(a′) and a′ ≤ d(a′′) and a �= a′′. Now as d preserves the
order we have that d(a′) ≤ dd(a′′). Combining with a ≤ d(a′) we get a ≤ dd(a′′). By
the third axiom of weak-monadic algebras dd(a′′) ≤ d(a′′)∨ a′′ we get a ≤ d(a′′)∨ a′′.
Here we use the fact that both a and a′′ are atoms and a �= a′′ and imply a ≤ d(a′′).
Hence aRda

′′ and Rd is weak-transitive.
For symmetry assume aRdb i.e. a ≤ d(b). The subclaim is that (∗) (∀c)(b ≤ c ⇒

a ≤ d(c)). For contradiction assume for some c ∈ At(B) we have that a �≤ d(c).
Because of our assumption this implies that d(b) �≤ d(c). Which on it’s own implies
that b �≤ c as far as d preserves the order. Another subclaim is that (∗) implies
(∗∗) (∀c)(a ≤ τ(c) ⇒ b ≤ c). Indeed assume a ≤ τ(c) this means a ≤ −d(¬c). Now
as far as a is an atom we have a �≤ d(−c). Now because of (∗) we have b �≤ −c and as b
is an atom b ≤ c. Now let us take c = d(a) is (∗∗). So we get a ≤ τd(a) ⇒ b ≤ d(a)).
And because of the fourth axiom of weak-monadic algebras we imply b ≤ d(a). Hence
bRda.

That Φ(At(B), Rd) ∼= (B, d) follows from standard duality techniques. �

The correspondence Φ can be lifted to the duality of categories WTSfin and
WMAf . We do not give the proofs of the following two propositions as they go
exactly in the same way as for the standard Stone duality for finite modal algebras.

Proposition 15. If h : (B, d) → (B′, d′) is a homomorphism of weak-monadic al-
gebras, then Φ−1(h) : (At(B′), Rd′) → (At(B), Rd) (defined in the following way:
Φ(h)(a′) = h−1(a′)) is a bounded morphism.

Proposition 16. If f : (X,R) → (X ′, R′) is a bounded morphism of finite weak-
transitive and symmetric frames then Φ(f) : (P (X ′), R′−1) → (P (X), R−1) (defined
in the following way: Φ(f)(A) = f−1(A)) is a homomorphism.

The following theorem is an easy consequence of 14, 15 and 16.

Theorem 17. The categories WMAf and WTSfin are dually equivalent.

Birkhoff showed that subdirectly irreducible algebras form the building blocks for
the variety [9]. Recall that an algebra is subdirectly irreducible if the lattice of
it’s congruences contains the minimal element. Let us denote the class of all finite,
subdirectly irreducible algebras of a variety V by Sif (V ). It is known that Stone
duals of subdirectly irreducible algebras are rooted frames. Hence in our case we
have Sif (WMA) ∼= wCL. Let us consider a partial order � on Sif (V ), where A�B
iff A ∈ HS(B) (here H and S are homomorphic image and subalgebra operations).
The following theorem states that the poset of finite subdirectly irreducible weak-
monadic algebras is the same as the poset (wCL,�) described in previous section.
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Theorem 18. (Sif (WMA),�) is isomorphic to (wCL,�).

Proof. As we mentioned function Φ defined in 14 establishes one-to-one correspon-
dence between Sif (WMA) and wCL. Now assume A � B. This means that A ∈
HS(B) by definition of �. Hence there exists B0 ∈ WMA such that A � B0 ↪→ B.
Now A � B0 implies that B0 is finite hence we can apply duality. So we have
Φ−1(B) � Φ−1(B0) ↪→ Φ−1(A). Now as Φ−1(A) is a weak-cluster Φ−1(B0) ↪→
Φ−1(A) implies that Φ−1(B0) = Φ−1(A). This is because by 10 weak-clusters do
not have strict generated subframes. Hence Φ−1(B) � Φ−1(A), which implies
Φ−1(A) � Φ−1(B) by definition of �.

Conversely assume (W ′, R′) � (W,R). This by definition of � means that we have
surjective bounded morphism f : (W,R) � (W ′, R′). Because of duality we have
that Φ(f) : Φ((W ′, R′)) ↪→ Φ((W,R)). Hence Φ((W ′, R′)) ∈ HS(Φ((W,R))) as far as
id : Φ((W,R)) � Φ((W,R)) is a surjective homomorphism. �

5. From Belief to Knowledge

We consider the lattice LKS of all normal modal logics over KS. The lattice
structure is given in the following way: For logics L1, L2 ∈ LKS the meet L1 ∧ L2 =
L1 ∩ L2 and L1 ∨ L2 =

⋂
{L : L1 ⊆ L ∧ L2 ⊆ L}. The order induced by the lattice

structure is set theoretic inclusion, so for the logics L1, L2 ∈ LKS we have L1 ≤ L2

iff L1 ⊆ L2. It is well known that lattice of logics over some normal modal logic
L is anti-isomorphic to the lattice of subvarieties of the corresponding variety V (L)
of boolean algebras with operator. So instead of investigating the lattice LKS we
deal with the lattice ΛWMA of all subvarieties of the variety WMA. We reduce the
complexity of studying lattice ΛWMA by moving from ΛWMA to some special lattice,
which we describe below. First let us introduce some definitions.

Definition 19. A subset C of a poset (X,R) is called a lower cone if x ∈ C and
yRx ⇒ y ∈ C.

It is not difficult to verify that the intersection and union of two lower cones is again
a lower cone. By Con(X,R) we denote the lattice of all lower cones of (X,R). The
following theorem proved in [12] links the lattice of subvarieties of a given variety with
the lattice of lower cones of partially ordered set of subdirectly irreducible algebras.

Theorem 20. [12] Let V be a locally finite congruence-distributive variety. Then
Λ(V ) is a completely distributive lattice and is isomorphic to Con(Sif (V ),�). This
isomorphism is given by the function ϕ(V ′) = V ′ ∩ Sif (V ) for every V ′ ∈ Λ(V ).

As a corollary of theorems 13, 20 and 18 we get the following theorem.

Theorem 21. Λ(wMA) is isomorphic to Con(wCL,�).

Theorem 22. The cardinal number of Con(wCL,�) is continuum.
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Proof. Let us consider the function χ : P (N) → Con(wCL,�) defined in the fol-
lowing way: χ(N) = �−1 ({Ch−1(n, 0)|n ∈ N}), where N ⊆ N and �−1 (A) =
{(W,R)|∃(W ′, R′) ∈ As.t. (W,R) � (W ′, R′)}. Assume N �= M for some N,M ⊆ N.
Without loss of generality we can assume that ∃n ∈ N such that n ∈ N and
n �∈ M . This by definition of χ means that Ch−1(n, 0) ∈ χ(N). On the other
hand Ch−1(n, 0) �∈ χ(M) as far as by theorem 10 there does not exist weak-cluster
from which we would have surjective bounded morphism on Ch−1(n, 0) (see picture
3). Hence χ is injection, so 2ω ≤ |Con(wCL,�)|. On the other hand by theorem 8
we have that |wCL| = ω. Hence |Con(wCL,�)| ≤ |P (wCL)| = 2ω. �

Theorem 23. [10] The cardinal number of the class of all logics over S5 is equal to
ω.

Now we are ready to state the main result of the paper. It immediately follows as
a corollary from 21, 22 and 23.

Corollary 24. The cardinal number of the interval [KS, S5] (of all logics over KS
and under S5) is 2ω.

6. Interpolation in KS

Craig interpolation property CIP is one of the most important properties in the
study of logic. As a small illustration of the importance of partially ordered set
(wCL,�) defined in section 3, we show that KS does not have Craig interpolation
property.

Definition 25. We say that a logic has Craig interpolation property (CIP ) if � φ → ψ
implies that there is a formula χ such that � φ → χ and � χ → ψ and V ar(φ) ⊆
V ar(χ) ∩ V ar(ψ), where V ar(α) denotes the propositional letters contained in α.

Replacing implication sign by deducibility sign we get interpolation property for
deducibility.

Definition 26. We say that a logic has interpolation property for deducibility (IPD)
if φ � ψ implies that there is a formula χ such that φ � χ and χ � ψ and V ar(φ) ⊆
V ar(χ) ∩ V ar(ψ), where V ar(α) denotes the propositional letters contained in α.

It is immediate that CIP implies IPD while the converse is not true in general.
The algebraic analog of IPD is the amalgamation property.

Definition 27. We will say that a class B of algebras has amalgamation property
if for every tuple (B1,B2,B, h1, h2), where B1,B2,B ∈ B and hi : B ↪→ Bi are
monomorphisms, exists B′ ∈ B and monomorphisms gi : Bi ↪→ B′ such that the
diagram commutes.
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The following theorem proved by Maksimova [11] describes the connection between
amalgamation and interpolation.

Theorem 28. [11] Normal modal logic L has IPD iff the corresponding variety
V (L) has amalgamation property.

Now we give the definition of dual notion of amalgamation property which is co-
amalgamation.

Definition 29. We will say that a class C of relational structures has co-amalgamation
property if for every tuple (F1,F2,F, f1, f2) where F1,F2,F ∈ C and fi : Fi � F are
surjective bounded morphisms, exists F′ ∈ C and surjective bounded morphisms
gi : Fi � F′ such that the diagram commutes.

F′

g1

�

g2

�
F1

f1 ��

F2

f2��
F

It is immediate from theorem 17 that WMAfin has amalgamation property iff
WTSfin has the co-amalgamation property.

Theorem 30. WTSfin does not have co-amalgamation property.

Proof. Using theorem 10 (see pic.3) we know that we have surjective bounded mor-
phisms from Ch−1(2, 0) and Ch−1(1, 1) to Ch−1(0, 1). While again by theorem 10
there does not exist a weak-cluster from which we have a bounded morphisms to
Ch−1(2, 0) and Ch−1(1, 1). Moreover it is easy to see that the only weak-transitive,
symmetric frames from which there exists a bounded morphism on Ch−1(2, 0) are of
the form (W,R) =

⊎
Ch−1(2, 0) (disjoint unions of Ch−1(2, 0)). Hence we can not

have surjective bounded morphism from (W,R) to Ch−1(1, 1). �

Corollary 31. The modal logic KS does not have CIP .

LOGIC
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kompoziciuri distribuciuli 
semantika xangrZlivmoqmedi  

xanmokle mexsierebiT1

fon li da vilem zaudema

logikis, enis da gamoTvlebis instituti
amsterdamis universiteti, niderlandebi

reziume

rekursiul neironul qsels vafarToebT xangrZlivmoqmedi xanmokle 

mexsierebis arqiteqturis variantis gamoyenebiT. gafarToeba saSualebas 

iZleva garCevis xeSi dabla mdebare informacia Senaxul iqnas mexsierebis 

registrSi („mexsierebis ujredSi“) da gamoyenebul iqnas, mogvianebiT, 

garCevis xis ufro maRla mdebare kvanZebSi. es wyvets gaqrobadi 

gradientis problemas da saSualebas aZlevs qsels, asaxos distanciuri 

damokidebulebebi. eqsperimentuli Sedegebi gviCvenebs, rom stenfordis 

ganwyobis xeTa bankze Cveni kompozicia ukeTes Sedegs iZleva, vidre 

tradiciuli neironuli qselebis kompozicia.

1 Sesavali

veqtorebze dafuZnebul semantikaSi leqsikuridan kompoziciur 

semantikaze gadasvla moiTxovs pasuxs or rTul kiTxvaze: (i) ra saxisaa 

1 Targmani Sesrulebulia Semdegi publikaciis mixedviT: 
 Phong Le and Willem Zuidema, Compositional Distributional Semantics with Long Short Term Memory, 

Martha Palmer, Gemma Boleda and Paolo Rosso (editors). Proceedings of the Fourth Joint Conference on 
Lexical and Computational Semantics (*SEM 2015), June 4-5, 2015, Denver, Colorado. The *SEM 2015 
Organizing Committee, 2015, 10-19.
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kompoziciis funqciebi (imis gaTvaliswinebiT, rom cvladis dabmisTvis 

lambda aRricxva aRar gamoiyeneba); da (ii) rogor viswavloT monacemebisgan 

am funqciebis parametrebi (Tuki maT  aseTi parametrebi aqvT)? pirveli 

SekiTxvis pasuxad funqciaTa ramdenime klasi iqna SemoTavazebuli, 

maT Soris martivi wrfivi funqciebi, rogorebicaa veqtoruli Sekreba 

(Mitchell and Lapata, 2009), arawrfivi funqciebi, romlebsac mravalSriani 

neironuli qselebi gansazRvraven (Socher et al., 2010), da veqtorul 

matricaTa gamravleba da tenzoruli wrfivi asaxva (Baroni et al.). 
matricebsa da tenzorebze dafuZnebuli funqciebis upiratesoba aris is, 

rom isini formalur semantikasTan garkveuli TvalsazrisiT pirdapiri 

Sedarebis safuZvels iZlevian, Tumca mravalSriani neironuli qselebi 

ufro mimzidveli alternativaa, radgan gaaqtiurebis iseTi arawrfivi 

funqciebiT, rogoricaa sigmoidi, maT SeuZliaT nebismieri uwyveti 

funqciis aproqsimacia (Cybenko, 1989).
meore SekiTxvaze pasuxis gacemis mcdelobisas kidev ufro cxadi xdeba 

im midgomaTa upiratesoba, romlebic neironuli qselebis arqiteqturas 

efuZneba. aseTebia, magaliTad, rekursiuli neironuli qselis (RNN) 

modeli (Socher et al., 2013b) da konvoluciuri neironuli qselis modeli 

(Kalchbrenner et al., 2014). am paradigmis modelebs SeuZliaT warmatebiT 

gamoiyenon ukugavrcelebaze dafuZnebuli daswavlis zogadi procedurebi 

da, Rrma daswavlis ganviTarebasTan erTad, gavarjiSebis Semdgomi 

gaumjobesebisTvis gamosadegi sxvadasxva efeqturi algoriTmi Tu meTodi.

Semadgenel nawilTa garCevaSi warmatebuli gamoyenebis Semdeg (Socheret 
al., 2011b), RNN-is modelis gafarToebaTa ori klasi iqna SemoTavazebuli. 

erT klass warmoadgens modelis kompoziciurobis gaZliereba tenzorTa 

namravlis gamoyenebiT (Socher et al, 2013b) an RNN-ebis horizontaluri 

gadabma qselis gasaRrmaveblad (Irsoy and Cardie, 2014). meore klasi afarToebs 

qselis topologias ufro farTo speqtris amocanebis Sesasruleblad, 

rogorebicaa damokidebulebaTa garCevis amocana (Le and Zuidema, 2014a) da 

ganwyobis konteqstze damokidebuli analizi (Paulus et al. 2014).
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nax. 1. mravalSriani neironuli qseli (marcxniv) da rekursiuli 
neironuli qseli (marjvniv). Canacvlebis veqtorebi gamotovebulia 

simartivisTvis.

Cveni ideaa RNN-is modelis gafarToeba kompoziciurobis gasaum-

jo beseblad. motivacia isaa, rom rekurentuli neironuli qselebis 

gavarjiSebis msgavsad, RNN-ebis Rrma xeebze gavarjiSeba SeiZleba waawydes 

gaqrobadi gradientis problemas (Hochreiter et al., 2001), rac niSnavs, rom 

foTlovan kvanZebSi gadacemuli Secdomebi eqsponenciurad pataravdeba. 

garda amisa, foTlidan xis wveroSi gagzavnili informacia SeiZleba 

gabundovandes, Tu foTolsa da wveros Soris manZili didia da, amdenad, 

warmoiSvas distanciur damokidebulebaTa asaxvis problema. am mizezTa 

gamo, rekurentuli rekursiuli qselebis kvlevebidan vsesxulobT 

xangrZlivmoqmedi xanmokle mexsierebis (long short-term memory, LSTM) 

arqiteqturas (Hochreiter da Schmidhuber, 1997). mTavari ideaa, garCevis xeSi 

dabla mdebare informacia SevinaxoT mexsierebis ujredSi da gamoviyenoT 

gacilebiT gvian garCevis xis ufro maRla mdebare kvanZebSi, mexsierebis 

ujredebSi mTeli mexsierebis rekursiulad qvevidan zeviT (bottom-up) 
damatebiT. am gziT is Secdomebi, romlebic struqturaSi ukumimarTulebiT 

vrceldeba, ar qreba. amave dros, foTlovani kvanZebis informacia jer 

kidev daculia da SeiZleba pirdapir gamoviyenoT ierarqiaSi ufro maRla 

mdebare nebismier kvanZSi. am kompozicias ganwyobis analizisTvis viyenebT. 

eqsperimentuli Sedegebi aCvenebs, rom Cveni kompozicia ukeTes Sedegs 

iZleva, vidre tradiciuli, neironul qselebze dafuZnebuli kompozicia.

winamdebare statia Semdegnairadaa organizebuli: Tavdapirvelad, me-2 
nawilSi mokled vsaubrobT neironul qselebze, maT Soris mravalSrian 
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neironul qselebze, rekursiul neironul qselebze, rekurentul neironul 

qselebsa da xangrZlivmoqmed xanmokle mexsierebaze. Semdeg, me-3 nawilSi 

Semogvaqvs xangrZlivmoqmedi xanmokle mexsiereba rekursiuli neironuli 

qselebisTvis. mis gamoyenebas ganwyobis analizisTvis ganvixilavT me-4 
nawilSi. me-5 nawilSi naCvenebia Cveni eqsperimentebi.

2 safuZvlebi

2.1 mravalSriani neironuli qseli

mravalSrian neironul qselebSi (multi-layer neural network, MLN) neironebi 

Sreebadaa organizebuli (ix. nax. 1, marcxniv).  Sreze mdebare neironi 

signals iRebs  Sreze mdebare neironebisgan da mis Sedegs gadascems 

 Sreze mdebare neirons.2 gamoTvla moicema formuliT

sadac 

•	 namdvili veqtori  Seicavs  Sreze mdebare neironebis gaaqtiurebebs;

•	  aris  Sris  SresTan kavSirTa wonebis matrica;

•	  aris  Sris neironebis CanacvlebaTa veqtori (vector of biases);

nax. 2. gaaqtiurebis funqciebi: , , 

.

2 es gamartivebuli gansazRvraa: praqtikaSi nebismier  Sres SeuZlia daukavSirdes  Sres.
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•	  aris gaaqtiurebis funqcia, rogorebicaa, magaliTad, sigmoidi 

(sigmoid), hiperboluri tangensi (tanh) an softsign (ix. nax. 2).
klasifikaciis amocanebisTvis qsels zeda Sred emateba softmaqsis 

(softmax) Sre da albaToba imisa, rom Semaval parametr -s mieniWeba klasi 

, gamoiTvleba funqciiT

sadac

•	 ; 

•	  aris yvela SesaZlo klasis simravle; 

•	  aris wonis matrica;

•	  aris CanacvlebaTa veqtori.

MLN-s gavarjiSeba aris obieqturi funqciis, -is, minimizacia, sadac 

 aris parametrTa simravle (klasifikaciisTvis  xSirad uaryofiTi 

logariTmuli dasajerobaa). ukugavrcelebis algoriTmis (backpropagation 

algorithm, Rumelhart et al., 1988) meSveobiT SesaZlebelia  gradientis 

efeqturad gamoTvla. amgvarad, gradientuli daSvebis meTodi gamoiyeneba 

-s minimizaciisTvis.

2.2 rekursiuli neironuli qseli 

rekursiuli neironuli qseli (RNN) (Goller and Küchler, 1996) aris MLN, 

sadac mocemul xis struqturaSi TiToeul Siga kvanZze rekursiulad, 

qvevidan zeviT viyenebT wonaTa erTsa da imave matricas. imis sailustraciod, 

Tu rogor muSaobs RNN, ganvixiloT Semdegi magaliTi: davuSvaT, rom gvaqvs 

Semadgeneli (constituent), romlis garCevis xea  (nax. 1, marjvniv), 

da   Sesabamisad, aris veqtoruli warmodgenebi sityvebisa  da 

. mSoblis veqtoris gamosaTvlelad viyenebT neironul qsels, romelic 

Sedgeba wonebis matricisgan  marcxena SvilebisTvis da wonebis 

matricisgan  marjvena SvilebisTvis. gamoTvla xdeba qvevidan 

zeviT. maSasadame, jer viTvliT -s



99

kompiuterizacia

sadac  aris CanacvlebaTa veqtori da  aris gaaqtiurebis funqcia. 

-is gamoTvlis Semdeg gadavdivarT erTi doniT maRla da viTvliT -s:

es procesi grZeldeba manam, sanam wveros ar mivaRwevT.

nax. 3. martivi rekurentuli neironuli qseli (marcxniv) da 
xangrZlivmoqmedi xanmokle mexsiereba (marjvniv). Canacvlebis 

veqtorebi gamotovebulia simartivisTvis.

MLN-s gavarjiSebis msgavsad, RNN-s gavarjiSebac gradientuli daSvebis 

meTods iyenebs obieqturi funqciis -is minimizaciisTvis. gradienti 

 efeqturad gamoiTvleba struqturis gavliT ukugavrcelebis 

algoriTmis meSveobiT (Goller and Küchler, 1996).
RNN modeli da misi gafarToebebi warmatebiT iqna gamoyenebuli 

problemaTa farTo speqtrze: garCevis problemebiT dawyebuli 

(SemadgenelTa garCeva (Socher et al., 2013a), damokidebulebis garCeva (Le and 
Zuidema, 2014a)), klasifikaciis (mag., ganwyobis analizi (Socher et al., 2013b; 
Irsoy and Cardie, 2014)) da semantikur rolTa moniSvnis problemebiT (Le and 
Zuidema, 2014b) damTavrebuli.
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2.3 rekurentuli qselebi da xangrZlivmoqmedi xanmokle 
mexsiereba

neironuli qseli rekurentulia, Tu mas Tavis struqturaSi, sul 

mcire, erTi rgoli mainc aqvs. elmanis (Elman 1990) mier SemoRebuli 

martivi rekurentuli neironuli qseli (SRN, ix. nax. 3, marcxniv) da 

misi gafarToebebi gamoiyeneba bunebrivi enebis damuSavebis sferoSi 

mimdevrobasTan dakavSirebuli iseTi problemebisTvis, rogorebicaa 

manqanuri Targmani (Sutskever et al., 2014) da enis modelireba (Mikolov et al., 
2010).

SRN-Si Semavali monacemi   qsels miewodeba drois TiToeul  momentSi. 

faruli Sre , romelsac aqvs aqtivacia  zustad im momentamde, roca 

Semodis, TamaSobs mexsierebis sawyobis rols, romelic mTel istorias 

 itevs. rodesac    Semodis, faruli Sre aaxlebs Tavis 

aqtivacias Semdegnairad:

sadac , , arian wonis matricebi,  aris 

Canacvlebis veqtori, da  aris gaaqtiurebis funqcia. 

amgvarad, qselis es modeli Teoriulad SeiZleba gamoyenebul iqnas im 

albaTobebis Sesafaseblad, romlebic xangrZliv istoriebzea damokidebuli. 

gradientebis gamoTvla efeqturad xdeba droSi ukugavrcelebis 

algoriTmis saSualebiT (Werbos, 1990). Tumca, praqtikaSi, rekurentuli 

neironuli qselebis gavarjiSeba gradientuli daSvebis meTodiT sakmaod 

Znelia, radgan gradientebi  ( ,  aris obieqturi funqcia  

drois momentSi) swrafad qreba ukugavrcelebis ramdenime bijis Semdeg 

(Hochreiter et al., 2001). garda amisa, Znelia distanciuri damokidebulebebis 

asaxva, anu Sedegi drois  momentSi damokidebulia zog movlenaze, 

romlebic Zalian didi xnis win moxda. am problemidan erT-erTi gamosavali, 

romelic hoxraiterma da Smidhuberma (Hochreiter da Schmidhuber, 1997) 
SemogvTavazes da gersma (Gers, 2001) gaaumjobesa, aris xangrZlivmoqmedi 

xanmokle mexsiereba.

xangrZlivmoqmedi xanmokle mexsiereba. xangrZlivmoqmedi xanmokle 

mexsierebis (LSTM) arqiteqturis mTavari ideaa SeinarCunos yvela im 
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Semavali monacemis mexsiereba, romelic droTa ganmavlobaSi miiRo farulma 

Srem. SenarCuneba xdeba faruli Sris yvela Semavali monacemis mexsierebis 

ujredSi damatebis gziT. Sedegad, droSi ukugavrcelebuli Secdomebi ar 

qreba, Zalian didi xnis win miRebuli Semavali monacemebi met-naklebad 

mainc SeinarCunebulia da maT qselis Sedegis gamoTvlaSi garkveuli rolis 

TamaSi SeuZliaT (ix. ilustracia (Graves 2012, Tavi 4)-Si). xangrZlivmoqmedi 

xanmokle mexsierebis ujredi (ix. nax. 3, marjvniv) Sedgeba mexsierebis  

ujredisgan, Seyvanis  geiTisgan, daviwyebis  geiTisgan da gamomavali  

geiTisgan. am ujredSi mimdinare gamoTvlebi qvemoTaa mocemuli:

sadac σ aris sigmoid-funqcia;  aris Sesabamisi geiTebis Sedegebi 

(anu aqtivaciebi);  aris mexsierebis ujredis mdgomareoba;  aRniSnavs 

elementebad gamravlebis operators;  -ebi da -ebi, Sesabamisad, wonis 

matricebi da Canacvlebis veqtorebia.

imis gamo, rom sigmoid-funqciis Sedegebi (0, 1) areSia (ix. nax. 2), am geiTebis 

aqtivaciebi SesaZlebelia normalizebul wonebad CaiTvalos. amitom, 

intuiciurad, qsels SeuZlia daiswavlos Semavali geiTis gamoyeneba, raTa 

gadawyvitos, Tu rodis unda daimaxsovros informacia, da, analogiurad, 

daiswavlos gamomavali geiTis gamoyeneba, raTa gadawyvitos, Tu rodis 

unda miswvdes im mexsierebas. daviwyebis geiTi, sabolood, mexsierebis 

gadatvirTvas emsaxureba.

3 xangrZlivmoqmedi xanmokle mexsiereba RNN-Si

am nawilSi Semogvaqvs xangrZlivmoqmedi xanmokle mexsierebis (LSTM) 

gafarToeba RNN-is modelze (ix. nax. 4). RNN-is umTavresi maxasiaTebelia 

mSoblis veqtoris gamoTvlisTvis ori Svilidan miRebuli informaciis 

ierarqiulad kombinireba; Cveni ideaa imgvarad gavafarTooT LSTM, rom 
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gamoiyenebodes ara mxolod TiToeuli Svilis gamomavali mniSvneloba, 

aramed maTi mexsierebis ujredebis SigTavsic. amgvarad, qsels eqneba 

SesaZlebloba Seinaxos informacia, rodesac amuSavebs garCevis xeSi 

dabla mdebare Semadgenlebs, da is xelmisawvdomi gaxados maSin, rodesac 

daamuSavebs garCevis xeSi maRla mdebare Semadgenlebs.

nax. 4. xangrZlivmoqmedi xanmokle mexsiereba rekursiuli neironuli 
qselisTvis

simartivis vigulisxmoT rom mSobel  kvanZs hyavs ori Svili  da .3 

LTSM-s -ze aqvs Seyvanis ori geiTi  da daviwyebis ori geiTi  ori 

SvilisTvis. am LTSM-Si mimdinare gamoTvlebi Semdegia:

sadac  da  arian Sesabamisad gamomavali mniSvneloba da mexsierebis 

3  -adgiliani xeebisTvis ganzogadeba trivialuria.
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ujredis mdgomareoba  kvanZSi;  arian Sesabamisi geiTebis 

aqtivaciebi; -ebi da -ebi arian wonebis matricebi da Canacvlebis 

veqtorebi;  aris gaaqtiurebis funqcia.

intuiciurad, Semavali geiTi  saSualebas aZlevs LSTM-s mSoblis kvanZSi 

gadawyvitos, Tu ramdenad mniSvnelovania gamomavali mniSvneloba mis -ur 

Svilze. Tu igi mniSvnelovania, Semaval geiT -s eqneba aqtivacia 1-Tan 

axlos. amave dros, LSTM daviwyebis geiTis -s gamoyenebiT akontrolebs, 

Tu ra raodenobis informacia unda daematos mis mexsierebas -uri Svilis 

mexsierebidan.

TiToeuli SvilisTvis erTi Semavali geiTis da erTi daviwyebis geiTis 

gamoyeneba xangrZlivmoqmed xanmokle mexsierebas moqnilobas hmatebs 

mexsierebis Senaxvasa da kompoziciis gamoTvlaSi. magaliTad, roca 

rTuli winadadeba Seicavs mTavar da damokidebul nawilebs, SeiZleba 

sasargeblo iyos, Tu maRal doneze gadaecema informacia mxolod ZiriTadi 

nawilis Sesaxeb. es SeiZleba miRweul iqnas imiT, rom damokidebuli 

nawilis Sesabamisi Svili-kvanZis Semaval da daviwyebis geiTebze dabali 

mniSvnelobebi gvqondes, xolo mTavari nawilis Sesabamisi Svili-kvanZis 

geiTebze ki maRali. ufro sainteresoa is, rom am LSTM-s SeuZlia Sesabamisi 

Semavali geiTis gaaqtiurebiT Svils neba darTos, miiRos monawileoba 

kompoziciaSi, magram amave dros ignorireba gaukeTos Svilis mexsierebas 

Sesabamisi daviwyebis geiTis deaqtivaciiT. es xdeba maSin, rodesac Svilis 

mier mowodebuli informacia mxolod droebiTaa mniSvnelovani.

nax. 5. RNN modeli (marcxniv) da LSTM-RNN modeli (marjvniv) ganwyobis 
analizisTvis.
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4 LSTM-RNN modeli ganwyobis analizisTvis4

am nawilSi SemoviRebT models ganwyobis analizisTvis (sentiment analysis), 
romelSic gamoviyenebT ganxilul xangrZlivmoqmed xanmokle mexsierebas. 

Cveni modeli, saxelwodebiT LSTM-RNN (long short-term memory recursive 
neural network), aris tradiciuli RNN-is modelis gafarToeba (ix. nawili 

2.2), sadac tradiciuli kompoziciis  funqciebi (2)-(3) gantolebebSi 

icvleba Cven mier SemoTavazebuli xangrZlivmoqmedi xanmokle mexsierebiT 

(ix. nax. 5). frazis an sityvis Sesabamisi kvanZis Tavze, Tu misi ganwyobis 

klasi (magaliTad, dadebiTi, uaryofiTi an neitraluri) mocemulia, 

vamatebT softmaqsis Sres (ix. gantoleba 1), raTa gamoTvaloT misTvis 

klasis miniWebis albaToba.

sityvebis veqtoruli warmodgenebi SeiZleba iyos an SemTxveviT 

inicializebuli, an winaswar gavarjiSebuli. nebismieri  foTlis 

mexsiereba, anu , aris 0.
irsois da kardis (Irsoy da Cardie 2014) msgavsad, Cvenc vasustebT bmas 

foTlovan kvanZebsa da Sida kvanZebs Soris: wonis matricis erTi simravle 

gamoiyeneba foTlovani kvanZebisTvis, sxva simravle ki Sida kvanZebisTvis. 

amdenad, Tu  da , Sesabamisad, arian sityvebis CarTvebis (foTlovani 

kvanZebis) da frazebis veqtoruli warmodgenebis (Sida kvanZebis) 

ganzomilebebi, yvela wonis matricas foTlovani kvanZidan Sida kvanZamde 

aqvs rigi  da yvela wonis matricas Sida kvanZidan sxva Sida kvanZamde 

aqvs rigi .

gavarjiSeba. am modelis gavarjiSeba niSnavs Semdegi obieqturi 

funqciis minimizebas, romelic warmoadgens jvaredin entropias savarjiSo 

winadadebaTa  simravleze plus -normis regularizaciis terms:

sadac  parametrTa simravlea,  aris  frazis ganwyobis klasi,  

aris -s Sesabamisi kvanZis veqtoruli warmodgena,  gamoiTvleba 

softmaqs funqciiT, xolo  regularizaciis parametria. RNN-is 

4 xanmokle xangrZlivmoqmedi mexsierebis arqiteqtura ukve iyo gamoyenebuli ganwyobis 
analizisTvis, ix., magaliTad, http://deeplearning.net/tutorial/lstm.html-Si gansazRvruli 
modeli. Cvengan damoukideblad, (Tai et al. 2015)-Si da (Zhu et al. 2015)-Si SemoRebul iqna 
Cveni modelis msgavsi modelebi xangrZlivmoqmedi xanmokle  mexsierebis da rekursiuli 
neironuli qselis gamoyenebiT.
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gavarjiSebis msgavsad, viyenebT mini-paketebis gradientuli daSvebis 

meTods, raTa minimumamde Semcirdes  , sadac gradienti  efeqturad 

iTvleba struqturaSi ukugavrcelebis meSveobiT (Goller and Küchler, 1996). 
TiToeuli parametris daswavlis maCveneblis avtomaturad gasaaxleblad 

viyenebT AdaGrad meTods (Duchi et al., 2011).

4.1 sirTule

Cven vaanalizebT RNN da LSTM-RNN modelebis sirTuleebs winsvlis 

fazaSi, anu Sida kvanZebisTvis veqtoruli warmodgenebis  da klasifikaciis 

albaTobebis gamoTvlisas. sirTuleebi ukusvlis fazaSi, anu  

gradientebis gamoTvlisas, SeiZleba analogiurad gaanalizdes.

ori modelis sirTuleebs dominirebs matrica-veqtorTa gamravlebis 

Catarebuli operaciebi. vinaidan ganwyobis klasTa raodenoba Zalian 

mcirea  -sTan da - sTan SedarebiT (5 an 2 Cvens eqsperimentebSi), Cven 

mxolod im matrica-veqtorTa gamravlebas ganvixilavT, romlebic Sida 

kvanZebze veqtoruli warmodgenebis gamosaTvlelad gamoiyeneba.

davuSvaT, rom  sityvisagan Sedgenili winadadebis garCevis xe 

binarizebulia yovelgvari unaruli totis gareSe (rogorc es xdeba 

monacemTa im simravleSi, romelsac Cvens eqsperimentebSi viyenebT). maSin 

masSi gveqneba  Sida kvanZi,  cali bmuli foTlovani kvanZebidan Sida 

kvanZebisken da  cali bmuli Sida kvanZebidan sxva Sida kvanZebisken. 

Sedegad, RNN modelis sirTule winsvlis fazaSi daaxloebiT iqneba

xolo LSTM-RNN modelis sirTule daaxloebiT iqneba

Tu , maSin LSTM-RNN modelis sirTule daaxloebiT 8.5-jer 

maRalia, vidre RNN modelis sirTule.

Cvens eqsperimentebSi es gansxvaveba ar qmnis problemas, radgan LSTM-

RNN modelis gavarjiSeba da Sefaseba Zalian swrafad xdeba: Tanamedrove 

kompiuteris erT birTvze dagvWirda daaxloebiT 10 wuTi modelis 

gasavarjiSeblad ( ) 8544 winadadebaze da daaxloebiT 2 wami 
mis Sesafaseblad 2210 winadadebaze.
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5 eqsperimentebi

5.1 monacemTa simravle

Cven gamoviyeneT stenfordis ganwyobis xeTa banki5 (Socher et al., 2013b), 
romelic Sedgeba 11,855 winadadebis 215,154 frazaSi xuTnairad moniSnuli 

ganwyobis maCveneblisgan (Zalian uaryofiTi, negatiuri, neitraluri, 

dadebiTi, Zalian dadebiTi). standartuli daxleCvac mocemulia: 8544 
winadadeba gavarjiSebisTvis (training), 1101 SemowmebisTvis (development an 

validation) da 2210 testirebisTvis (testing). winadadebis saSualo sigrZea 19.1.

nax. 6. detaluri klasifikaciis amocanaSi satesto simravleze RNN-is 
da LSTM-RNN-is aT-aTi gamoyenebis sizusteTa blokuri diagrama (LSTM 

aRniSnavs  LSTM-RNN-s).

garda amisa, xeTa bankSi SesaZlebelia ganwyobis binaruli  (dadebiTi, 

uaryofiTi) klasifikacia, Tu neitralur Wdeebs movaSorebT. es gvaZlevs 

6920 winadadebas gavarjiSebisTvis, 872-s SemowmebisTvis da 1821-s 
testirebisTvis. 

Sefasebis metrika aris sizuste, romelic mocemulia, rogorc .

5.2 LSTM-RNN-s da RNN-s Sedareba
parametrebi. sityvaTa veqtorebis inicializacia gavakeTeT GloVe-s6  

100-ganzomilebian (100-D) sityvaTa CarTviT (Pennington et al., 2014), 

5  http://nlp.stanford.edu/sentiment/treebank.html

6  https://nlp.stanford.edu/projects/glove/
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romelic momzadda sityvaTa 6-miliardian (6B) korpusze. wonis matricis 

sawyisi mniSvnelobebi erTgvarovnad iyo SerCeuli  simetriuli 

intervalidan, sadac  n aris Semaval erTeulTa mTliani raodenoba.

TiToeuli modelisTvis (RNN da LSTM-RNN) gamovcadeT  gaaqtiurebis 

sami funqcia: ,  da , ramac eqvs qvemodelamde migviyvana.  

qvemodelebis Sesamowmebel simravleze morgebisas Siga kvanZebis veqtoruli 

warmodgenebis ganzomilebad avirCieT , daswavlis siCqared , 

regularizaciis parametrad  da mini-paketis zomad . 

TiToeuli qvemodeli 10-jer vamuSaveT TiToeul amocanaze. yovel 

jerze qvemodelebi 20 epoqis ganmavlobaSi vavarjiSeT da SevarCieT qseli, 

romelmac umaRles sizustes miaRwia satesto simravleze.

nax. 7. binaruli klasifikaciis amocanaSi satesto simravleze RNN-is da 
LSTM-RNN-is aT-aTi gamoyenebis sizusteTa blokuri diagrama (LSTM 

aRniSnavs  LSTM-RNN-s).

Sedegebi. nax. 6 da 7 aCvenebs saboloo qselebis sizustes satesto 

simravleze detaluri klasifikaciisa da binaruli klasifikaciis 

amocanebSi. SeiZleba iTqvas, rom LSTM-RNN-ma RNN-ze aSkarad ukeTesi Sedegi 

mogvca, roca gaaqtiurebis funqciebad  an  iyo gamoyenebuli. 

am funqciad -is gamoyenebis dros gansxvaveba ase cxadad ar Cans, 

magram rogorc etyoba, LSTM-RNN aqac odnav ukeTesia. Tanh-LSTM-RNN-s 

da softsign-LSTM-RNN-s aqvT umaRlesi medianuri sizusteebi (  da ) 
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Sesabamisad detaluri klasifikaciis amocanasa da binaruli klasifikaciis 

amocanaSi.

RNN-is modelSi gasakviria, rom  funqciam kargi Sedegi mogvca. 

detalur amocanaSi es Sedegi ori sxva funqciis Sedegis sadaria, binarul 

amocanaSi ki  funqciis Sedegs sjobs. aseTi maCvenebeli gasakviria 

imis gaTvaliswinebiT, rom sigmoids am bolo dros xSirad ar mimarTaven. 

 funqcias, romelic Rrma qselebze -ze ukeT muSaobda (Glorot and 
Bengio, 2010), Cvens eqsperimentSi raime gaumjobeseba ar gamouwvevia.

LSTM-RNN modelSi  funqcia, sazogadod, muSaobda yvelaze ukeT, xolo 

 funqcia yvelaze cudad. es Sedegi eTanxmeba LSTM arqiteqturisTvis 

gaaqtiurebis funqciis arCevis im zogad tendencias, rac  rekurentul 

qselTa kvlevaSi arsebobs (Gers, 2001; Sutskever et al., 2014).

5.3 Sedareba sxva modelebTan

LSTM-RNN-is ( -iT) gamoyeneba wina eqsperimentSi SevadareT arsebul 

modelebs: Naive Bayes-s bigramuli niSnebis multisimravliT (BiNB), 

rekursiul neironul tenzorul qsels (RNTN) (Socher et al., 2013b), 
konvoluciur neironul qsels (CNN) (Kim, 2014), dinamikur konvoluciur 

neironul qsels (DCNN) (Kalchbrenner et al., 2014), abzacTa veqtorebs (PV) 

(Le and Mikolov, 2014) da Rrma rekursiul neironul qsels (DRNN) (Irsoy and 
Cardie, 2014).

maT Soris BiNB erTaderTia, romelic ar aris neironuli qselis 

modeli. RNTN da DRNN aris RNN-is ori sxvadasxva gafarToeba.  RNTN 

inarCunebs RNN-s struqturas  da kompoziciisTvis iyenebs rogorc 

matrica-veqtorul gamravlebas, ise tenzorul namravls; DRNN ki qsels 

aRrmavebs erTze meti RNN-is horizontaluri gadabmiT. CNN, DCNN da PV 

ar emyareba sintaqsur xeebs. CNN iyenebs konvoluciur da maqs-pulingis 

Sreebs sxvadasxva sigrZis mqone mimdevrobebTan samuSaod. DCNN aris 

ierarqiuli im TvalsazrisiT, rom is erTmaneTze alagebs konvoluciis 

Sreebs, romelTa Soris  -maqs-pulingis Sre SeiZleba moTavsdes. PV-Si 

winadadeba (an dokumenti) warmodgenilia, rogorc Semavali veqtori masSi 

Semomavali sityvebis prognozirebisTvis.
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modeli detaluri binaruli
BiNB 41.9 83.1
RNTN 45.7 85.4
CNN 48.0 88.1
DCNN 48.5 86.8
PV 48.7 87.8
DRNN 49.8 86.6
LSTM-RNN  GloVe-100D-iT 48.0 86.2
LSTM-RNN  GloVe-300D-iT 49.9 88.0

cxrili 1.  LSTM-RNN-is sizusteebis Sedareba sxva 
modelebTan

cxrili 1 (wyvetili xazis zemoT) gviCvenebs am modelebis sizusteebs. 

LSTM-RNN- is sizusteebi aRebulia qselidan, romelmac saukeTeso Sedegi 

mogvca Semowmebis simravleze 10-jer Sesrulebis Semdeg. sxva modelebis 

sizuste gadmowerilia Sesabamisi statiebidan. LSTM-RNN aSkarad uaresi 

iyo vidre DCNN, PV, DRNN orive amocanaSi da uaresi, vidre CNN binarul 

amocanaSi.

5.4 saukeTeso Sedegebisken sityvaTa ukeTesi CarTvebiT

Cven SevCerdebiT DRNN-ze, romelic oTx models (CNN, DCNN, PV, DRNN) 

Soris yvelaze metad hgavs LSTM-RNN-s. marTlac, irsois da kardis (Irsoy 
and Cardie, 2014, cxrili 1a) mixedviT, LSTM-RNN-is mier naCvenebi Sedegi 

arafriT Camouvardeba7 maTi erTSriani DRNN-is ( ) mier dropauTiT 

(anu gavarjiSebisas SemTxveviT SerCeuli zogi neironis amogdebiT) naCveneb 

Sedegs. dropauTi neironuli qselebis gavarjiSebis mZlavri teqnikaa ara 

mxolod imitom, rom is Zlieri regularizaciis meTodis rols asrulebs 

neironebis TviTadaptaciis akrZalvaSi, aramed imitomac, rom SeuZlia 

efeqturad aagos saziaro wonebis mqone neironul qselTa didi raodenoba 

7 irsoim da kardim (Irsoy and Cardie, 2014) gamoiyenes 300-D word2vec sityvaTa CarTvebi, 
romelic 100B sityvaTa korpusze iyo gavarjiSebuli. Cven viyenebdiT GloVe-s 100-D 
sityvaTa CarTvebs, gavarjiSebuls 6B sityvaTa korpusze. im faqtidan, rom maT miaRwies 

 sizustes RNN-iT ( ) detalur amocanaSi da  sizustes binarul amocanaSi, 

xolo RNN-is ( ) Cvenma implementaciam ufro cudi Sedegi aCvena (ix. cxrili 6 da 
7), vaskvniT, rom GloVe-s 100-D sityvaTa CarTvebi araa ufro Sesaferisi, vidre word2vec-
is 300-D sityvaTa CarTvebi.
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(Srivastava et al., 2014). dropauTis meSveobiT, irsoim da kardim (Irsoy and 
Cardie, 2014) moaxerxes samSriani DRNN-is (d = 200) sizustis -dan 

-mde gazrda detalur amocanaSi.

meore eqsperimentSi SevecadeT, gagveumjobesebina LSTM-RNN modelis 

sizuste. irsois da kardis  (Irsoy and Cardie, 2014) gavleniT, SevecadeT 

gamogveyenebina dropauTi da sityvaTa ukeTesi CarTvebi. Tumca, dropauTi 

LSTM-Tan ar gamodga. mizezi SeiZleba is iyos, rom dropauTma misi 

mexsiereba daaziana, riTac gavarjiSeba garTulda. samagierod, sityvaTa 

ukeTesma CarTvebma gaamarTla. Cven gamoviyeneT GloVe-s 300-D sityvaTa 

CarTvebi, romlebic 840B sityvaTa korpusze iyo gavarjiSebuli. Semowmebis 

simravleze cdisas, hiper-parametrebisTvis igive mniSvnelobebi avirCieT, 

rac pirvel eqsperimentSi garda imisa, rom daswavlis siCqare -iT 

ganvsazRvreT. modeli aTjer vamuSaveT da SevarCieT qselebi, romlebmac 

satesto simravleze umaRlesi sizuste mogvces. cxrili 1 (wyvetili xazis 

qvemoT) aCvenebs am Sedegebs. GloVe-s 300-D sityvaTa CanarTebis gamoyeneba 

Zalian sasargeblo iyo: LSTM-RNN-is Sedegi arafriT Camouvardeboda 

DRNN-is Sedegs detalur amocanaze da CNN-is Sedegs binarul amocanaze. 

amitom, orive amocanis gaTvaliswinebiT, LSTM-RNN-ma GloVe-s 300-D  

sityvaTa CarTviT yvela sxva models ajoba.

6 diskusia da daskvna

Cven SemoviReT kompoziciis axali meTodi rekursiuli neironuli 

qselis (RNN) modelisTvis xangrZlivmoqmedi xanmokle mexsierebis 

(LSTM) arqiteqturis gafarToebiT. es ukanaskneli farTod gamoiyeneba 

rekurentuli neironuli qselis kvlevaSi.

ismis kiTxva, Tu ratom imuSava LSTM-RNN-ma tradiciul RNN-ze 

ukeT. imis gaTvaliswinebiT, rom LSTM RNN-ebisTvis unda muSaobdes imis 

msgavsad, rogorc ismuSaobs LSTM rekurentuli neironuli qselebisTvis, 

Cven vsesxulobT (Bengio et al., 2013, nawili 3.2)-Si moyvanil arguments am 

kiTxvaze pasuxis gasacemad. benJio ganmartavs, rom LSTM moqmedebs, rogorc 

dabali gadacemis filtri, „aqedan gamomdinare, igi SeiZleba gamoyenebul 

iqnas calkeuli obieqtebis fokusirebisTvis monacemebis sxvadasxva 
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sixSiris regionebze“. es gulisxmobs, rom LSTM TamaSobs danakargebiani 

SemkumSvelis rols, romelic globalur informacias inarCunebs dabali 

sixSiris regionebze fokusirebiT da Slis xmaurs maRali sixSiris 

regionebis ignorirebiT. maSasadame, am SemTxvevaSi kompozicia SeiZleba 

ganvixiloT rogorc SekumSva, rekursiuli avto-kodirebis (RAE) (Socher 
et al., 2011a) msgavsad. radgan RNN-is rogorc RAE-s winaswari gavarjiSeba 

saerTo Sedegs aumjobesebs (Socher et al, 2011a; Socher et al., 2011c), LSTM-

is SemkumSvelad danaxvam SeiZleba axsnas, Tu ratom imuSava LSTM-RNN-ma 

imaze ukeT, vidre RNN muSaobs winaswari gavarjiSebis gareSe.

LSTM-RNN-s da DRNN-s (Irsoy and Cardie, 2014) Sedareba gvaZlevs 

miniSnebas, Tu rogor SeiZleba Cveni modelis gaumjobeseba. eqsperimentuli 

Sedegebis mixedviT, LSTM-RNN-ma GloVe-s 300-D sityvaTa CarTvebis gareSe 

DRNN-ze uaresad imuSava maSin, roca DRNN mniSvnelovnad gaumjobesda 

dropauTis wyalobiT. dropauTis msgavsi meTodis moZiebam, romelic ar 

daazianebs LSTM- is mexsierebas, SeiZleba mniSvnelovnad gazardos saerTo 

efeqturoba. es iqneba Cveni samomavlo saqmianobis Tema.
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Abstract 

Anti-unification is a well-known method to compute generalizations in logic. Given two 
objects, the goal of anti-unification is to reflect commonalities between these objects in the 
computed generalizations, and highlight differences between them. 

Anti-unification appears to be useful for various tasks in natural language processing. 
Semantic classification of sentences based on their syntactic parse trees, grounded language 
learning, semantic text similarity, insight grammar learning, metaphor modeling: This is an 
incomplete list of topics where generalization computation has been used in one form or 
another. The major anti-unification technique in these applications is the original method for 
first-order terms over fixed arity alphabets, introduced by Plotkin and Reynolds in 1970s, 
and some of its adaptations. 

The goal of this paper is to give a brief overview about existing linguistic applications 
of anti-unification, discuss a couple of powerful and flexible generalization computation 
algorithms developed recently, and argue about their potential use in natural language 
processing tasks. 

 
 

1 Introduction 
 
In this paper we discuss a formal tool coming from logic (anti-unification), which has 

been used in various natural language processing tasks, see, e.g., [13-15,19-21,31,36-40]. 
Our motivation is to introduce novel anti-unification techniques to natural language 
researchers, presenting the corresponding algorithms and some illustrative examples. We 
hope that these techniques can have helpful applications in linguistics-related areas, and 
experts can find more elaborated use to them than we envisaged. 

Anti-unification aims at computing generalizations of the given objects. Generalization 
computation is a pretty common task in learning, where one would like to extract common 
features from the given concrete examples. In logic, the problem often is formulated for two 
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terms: Given s and t, the problem is to compute their generalization, a term r such that s and 
t can be obtained from r by some variable substitutions. The interesting generalization are 
those, which retain maximal similarities between s and t, and abstract over their differences 
by fresh variables in a uniform way. Such generalizations are called the least general 
generalizations (lggs). For instance, the terms f(a, g(a)) and f(b, g(b)), where a and b are 
constants, have several generalizations: x, f(x, y), f(x, g(y)), and f(x, g(x)), but the lgg is one: 
f(x, g(x)). It indicates that the original terms have in common the main binary function 
symbol f and the unary function symbol g in the second argument, and that the first argument 
of f and the argument of g are the same. 

Anti-unification has been introduced in 1970s in two papers, published in the same 
volume of Machine Intelligence, by Plotkin [32] and Reynolds [33]. The algorithms have 
been formulated for first-order terms over a fixed arity (ranked) alphabet, and they compute 
the least general generalization for input terms. The original motivation was the application 
in inductive reasoning, and later the technique (extended to richer theories) has been used in 
the areas such as inductive logic programming, machine learning, analogical reasoning, 
software code close detection, program analysis, proof generalization, learning custom 
gestures, etc. The name anti-unification indicates that the process is dual to unification [34], 
which computes most general common instance of terms. 

Semantic parsing is a natural language processing task where anti-unification has been 
used in the past. The system Wolfie [39] applies Plotkin's clause anti-unification in the step 
of computing an initial set of candidate meanings for each possible phrase. In the Cocktail 
system [38], two inductive logic programming approaches have been combined for the task 
of learning semantic parsers. Also here, Plotkin's anti-unification is used. More modern 
methods of semantic parsing are based on statistical approaches. 

There are other works related to natural language processing, which use some form of 
generalization computation. One such instance is the construction of information extraction 
systems, which are supposed to obtain information about certain items from natural language 
documents. It is a shallow text processing problem. Building a system that would solve it is 
a laborious task. Machine learning has been seen as a possible means to address this 
difficulty. The Rapier system [15] uses machine learning (inductive logic programming) 
methods to learn rules that can be used for information extraction. In the learning process, it 
needs to compute generalizations of rules and also of word senses (taken from WordNet). 
For this, it uses an algorithm of computing least general generalizations, which is a bit more 
elaborated than the one used in induction logic programming. For instance, for word sense 
generalization one needs to take into account the semantic hierarchy. In general, inductive 
logic programming methods, where anti-unification for least general generalization 
computation is a core mechanism, have been intensively used in natural language processing 
for tasks which involve learning, for instance, learning grammars, as in, e.g., [31,35,42]. A 
different kind of grammar learning method, insight grammar learning, also makes use of 
anti-unification [36,37]. The relation of these works with the focus of this paper is a bit 
remote and we do not elaborate on their details here. However, we would like to discuss a 
special form of grounded language learning, which has been introduced recently. 
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Grounded language learning is an established research topic in computational 
linguistics. It is related to semantic parsing, mentioned above. According to [12, 13], the 
problem can be formulated as follows: Input consists of example sentences and a context, 
and the goal is to learn a mapping between n-grams (sequences of n words) and meanings, 
where meaning stands for whatever is in common among all the contexts in which that n-
gram can be used. Both context and meaning are specified in first-order logic. In the process 
of learning the meaning of n-grams, their generalizations are computed with the help of 
Plotkin's anti-unification algorithm. 

The above mentioned applications can be largely classified as grammatical inference 
problems for natural language. 

Feature structures [16] (or their equivalent expressions, ψ-terms [1]) are a formalism on 
which unification grammars [18] are based. In [18], the authors say that they are not aware 
of proposals to use generalization of feature structures for linguistic applications except of 
two works on coordination phenomena and grammar learning. 

In [19-21], a method to automatically infer semantic features from syntax is proposed. 
Anti-unication over syntactic parse trees is used to compute similarities between them, 
which then can help to classify sentences as being informative and can serve as 
recommendations. We will speak more about this work later. 

Motivated by using syntactic generalization for finding similarities in texts, anti-
unification has been included in a multi-layer system for semantic textual similarity [40], as 
a tool to extract the syntactic structure information from texts. 

In [23, 24], the authors propose an approach to model and analyze natural language 
metaphoric expressions, which is a quite hard problem. They use the technique called 
heuristic-driven theory projection [22], which generalizes of classical anti-unification by 
permitting formulas as inputs with the corresponding equational/equivalence theories. It is 
guided by heuristics. 

In this paper, we first recall the original anti-unification algorithm, then consider some 
of its adaptations/generalizations and their applications. After that, we discuss more recent 
algorithms, obtained from their classical first-order counterparts by relaxing the fixed arity 
restriction and permitting second order variables, and show advantages of their use for 
natural language processing tasks. 

2 First-Order Ranked Anti-Unification 

First-order ranked alphabet consists of the disjoint sets of variables and function 
symbols, where each function symbol has a fixed arity (rank). Terms are defined in the usual 
way, by grammar 𝑡𝑡 ∶: =  𝑥𝑥  𝑓𝑓(𝑡𝑡1, … , 𝑡𝑡𝑛𝑛), where x is a variable and f is an n-ary function 
symbol. The letters x, y, z are used for variables and s, t, r for terms. 
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Substitutions are mappings from variables to terms, where all but finitely many variables 
are mapped to themselves. They are denoted by lower case Greek letters and are usually 
written in the form of finite sets, e.g., the substitution σ can be represented as {x ↦ σ (x)  x 
≠ σ (x)}. For a substitution σ and a term t, application of σ on t, written tσ, is defined as 
follows: If t is a variable x, then tσ = σ(t); If t is a compound term f(𝑡𝑡1, …, 𝑡𝑡𝑛𝑛), then tσ = 
f(𝑡𝑡1𝜎𝜎, …, 𝑡𝑡𝑛𝑛𝜎𝜎). 

A term s is more general than t if there exists a substitution σ such that sσ = t. We write 
s ≼ t to denote this fact. The term t is called an instance of s. For instance, f(x, g(x, y)) ≼ f(b, 
g(b, h(a))), because f(x, g(x, y))σ = f(b, g(b, h(a))) for σ = {x ↦ a, y ↦ h(a)}. On the other 
hand, it is not the case that f(x, x) ≼ f(a, b), because no substitution can map x at the same 
time to a and b. 

The relation ≼ is quasi-ordering. It generates an equivalence relation, denoted by ≃. 
The strict part of ≼ is denoted by ≺. A term s is a generalization of 𝑡𝑡1 and 𝑡𝑡2 if s ≼ 𝑡𝑡1  and s 
≼ 𝑡𝑡2. It is a least general generalization (lgg) if there is no generalization r of 𝑡𝑡1 and 𝑡𝑡2 such 
that s ≺ r. For first-order ranked terms, lggs are unique modulo variable renaming. The terms 
f(a, h(a)) and f(b, h(b)) have generalizations (up to variable renaming) x, f(x, y), f(x, h(y)), 
and f(x, h(x)), but only the last one is the lgg. 

To compute least general generalizations, one can use, e.g., Plotkin's algorithm from 
[32]. Reynolds' algorithm [33] is essentially the same. Later, Huet [25] formulated a simpler 
algorithm for the same problem in terms of recursive equations: Assuming that 𝜙𝜙 is a given 
bijection from a pair of terms to variables, he defined a function AU, which maps pairs of 
terms to terms: 

• AU(𝑓𝑓(𝑡𝑡1, … , 𝑡𝑡𝑛𝑛), 𝑓𝑓(𝑠𝑠1, … , 𝑠𝑠𝑛𝑛))  =  𝑓𝑓(AU(𝑡𝑡1, 𝑠𝑠1), . . . , AU(𝑡𝑡𝑛𝑛, 𝑠𝑠𝑛𝑛)), for any f. 
• AU(𝑡𝑡, 𝑠𝑠)  =  𝜙𝜙(𝑡𝑡, 𝑠𝑠) otherwise. 

Huet's algorithm was analyzed in detail in [30]. A modification of syntactic anti-
unification for a finite set of terms was considered in [4], proposing to generalize the given 
set of terms not necessarily with a single term, but with several of them, to reduce 
overgeneralization. Each computed term generalizes some subset of the input. The bound on 
the number of terms in the generalization is a part of the problem. 

Plotkin in [32] also proposed an anti-unification algorithm for clauses, which are 
disjunctions (or sets) of atomic formulas or their negations. The notion of generalization 
there differs from the same notion for terms: A clause C is more general than a clause D 
(written C ≼ D) iff there exists a substitution ϑ  such that Cϑ  ⊆ D (in words, C ϑ -subsumes 
D). For instance, {¬q(x,y),¬q(y,x), p(x)} ≼ {¬q(x,x), p(x)}, which can be seen easily, taking 
ϑ  = {y ↦ x}. Lgg for clauses is unique modulo ≼ and the equivalence generated by the 
subsumption relation. 

In the presence of equational axioms, there is no single lgg, in general. For instance, if 
f is associative with unit element, then the terms f(f(a,b), f(b,c)) and f(a, f(b,c)) have two 
minimal generalizations: f(f(a, b), f(x, c)) and f(f(a, x), f(b, c)). Even more, for some theories 
and terms there can be infinitely many incomparable generalizations. 
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Another kind of knowledge can be a certain type hierarchy or taxonomy among notions 
function symbols stand for. For instance, such a taxonomy might tell us that a square is a 
quadrilateral, which is a polygon. A triangle also is a polygon. Then one would generalize 
position(square, 𝑝𝑝1) and position(triangle, 𝑝𝑝2) into position(polygon, x). Without the extra 
knowledge about polygons, the lgg would be just position(y, x). 

In applications related to natural language processing, first-order ranked anti-unification 
and anti-unification for clauses are probably the most frequently used techniques of this kind. 
A concept taxonomy might be also available, when generalization affects semantic 
structures. 

Anti-unification in inferring semantic properties from syntactic parse trees. A 
recent work on an interesting use of anti-unification in a linguistics-related application is 
reported in [21]. The authors try to obtain semantic properties, unobservable on the level of 
keywords, from syntactic parse trees with the help of generalization. The semantic properties 
they are interested in require a deep natural language understanding. Hence, instead of 
shallow parsing, they are interested in obtaining a rich linguistic data structure, such as 
syntactic parse trees. 

They also illustrate that for their problems, these structures, as a subject of learning, 
perform better than keyword-based approaches. The primary motivation of their work is the 
automation of content management and a delivery platform, to support recommendation 
forums for a wide variety of products and services. Users as well as automated agents answer 
questions and provide recommendations based on previous postings by human users. 
Therefore, finding similarities between various types of texts is required. The use of more 
rich structures to represent texts' meanings is justified by the fact that it indeed helps to assess 
similarities and relevance more accurately in practice, as the reported results illustrate. The 
practical problems addressed in the paper include detecting expressions suitable for 
automatic ad generation, classifying user postings with respect to how well she understands 
what product she needs, and classifying search results with respect to their relevance to 
queries. 

The process of generalization computation described in [21] consists of several steps, 
including pre-processing and post-processing. The actual anti-unification is done only on the 
processed trees. The authors describe these steps for two sentences as follows: 

1. Obtain the parsing tree for each sentence. For each word (tree node), we have a 
lemma, a part of speech and the form of the word's information. This information is 
contained in the node label. We also have an arc to the other node. 

2. Split sentences into sub-trees that are phrases for each type: verb, noun, 
prepositional and other types. These sub-trees are overlapping. The sub-trees are 
coded so that the information about their occurrence in the full tree is retained. 

3. All the sub-trees are grouped by phrase types. 

4. Extend the list of phrases by adding equivalence transformations. 
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5. Generalize each pair of sub-trees for both sentences for each phrase type. 

6. For each pair of sub-trees, yield an alignment, and generalize each node for this 
alignment. Calculate the score for the obtained set of trees (generalization results). 

7. For each pair of sub-trees of phrases, select the set of generalizations with the highest 
score (the least general). 

8. Form the sets of generalizations for each phrase type whose elements are the sets of 
generalizations for that type. 

9. Filter the list of generalization results: for the list of generalizations for each phrase 
type, exclude more general elements from the lists of generalization for a given pair 
of phrases.  

Equivalence transformations are performed with the help of predefined rules. For 
instance, such a rule might convert \camera with digital zoom" into \digital zoom camera". 
Depending how the word sub-trees are paired, multiple generalizations may be obtained. 
From those, one may select the interesting ones (or the best one) based on some heuristics, 
for instance, the parts of speech may be assigned different weights and the generalization 
with the highest weight is selected. In [21], an example of such a weight assignment is 
presented, giving to nouns highest weight and to prepositional phrases the lowest, treating 
common and frequent verbs inferior than less common ones, etc. Generalization scores are 
computed based on the weights. The same process applies not only to sentences, but to 
phrases and paragraphs as well. 

We take from [21] a simplified example, which can illustrate how the method described 
in that paper works for sentences. Assume the following three sentences are given: 

S1.  I am curious how to use the digital zoom of this camera for filming insects. 
S2.  How can I get short focus zoom lens for digital camera? 
S3.  Can I get auto focus lens for digital camera? 

The parse trees of S2 and S3 are pretty similar and their generalization, written as a list, 
is {MD-can, PRP-I, VB-get, NN-focus, NN-lens, IN-for JJ-digital NN-camera}. For S1 and 
S2 they are quite different. Therefore, they are split into chunks of phrases. Examples of 
chunks for S1 are (SBAR-how to use the digital zoom of this camera for filming insects), 
(NP-the digital zoom of this camera), (NP-the digital zoom), (DT-the), etc. There are in total 
29 such chunks for S1 and 19 for S2. Afterwards, for each sentence, these phrases are 
grouped so that phrases of one type (NP, PP, VP, etc) are placed in one group. Then one 
takes a phrase from one group, say, from NP, in S1, another phrase from the same group 
from S2, and tries to generalize them, provided that certain integrity constraints are satisfied. 
This process is repeated for all phrase-pairs, aiming to establish correspondences between 
as many words as possible. The result can be several generalizations, returning meanings 
which are common to the sentences. For S1 and S2, there are six such generalizations. Two 
of them are quite interesting: [JJ-digital NN-camera] (the sentences have a common concept 
“digital camera”) and [VBP-* ADJP-* NN-zoom NN-camera] (a phrase talking about 
“some-kind-of zoom camera”). 
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In [21], further interesting themes are discussed, e.g., how to get logical forms from 
generalizations, generalization-based search, etc., but they go beyond the scope of our 
discussion. 

Anti-unification in grounded language learning. In [12], the authors propose a 
method of learning the meaning of phrases from phrase/context pairs in which the phrase's 
meaning is not explicitly represented. They aim at modeling the way how children learn 
language. Often, learning from a physical context means to find a correspondence between 
the phrase elements and observed things. The phrases are assumed to be linked to the 
context, but it is not required that all context elements are mentioned in phrases. 

Contexts and meanings are represented as first-order logic expressions, and an 
incremental learning algorithm is presented. A phrase is represented as a sequence of words, 
and a context as a set of ground facts (ground atomic formulas). For instance, a context in 
which a big red square is to the left of a small green triangle is represented as  

{object(o1), shape(o1, sq), color(o1, rd), size(o1, bg), object(o2), shape(o2, tr),
color(o2, gr), size(o2, sm), relative-position(o1, lo, o2)}. 

To define the meaning of a sentence, phrase or word, the authors propose a pragmatic 
solution: the meaning of an n-gram is “whatever is common among all contexts where the 
n-gram can be used”. This “common” knowledge is formalized with the help of lggs with 
respect to 𝜃𝜃-subsumption. For instance, for two contexts  

{obj(o1), clr(o1,re), shp(o1,sq), obj(o2), clr(o2,gr), shp(o2,tr), 
relpos(o1,lo,o2)} 

and

{obj(o3), clr(o3,gr), shp(o3,tr), obj(o4), clr(o4,re), shp(o4,tr), 
relpos(o3,lo,o4)},  

their lgg, the most specific common pattern of both contexts, is 

{obj(B), clr(B,re), shp(B,D), obj(E), clr(E,gr), shp(E,tr), obj(A), clr(A,C), 
shp(A,D),  

relpos(A,lo,F), obj(F), clr(F,G), shp(F,tr)}, 

where the capital letters are variables. It states that there are red and green objects (the 
objects B and E, respectively), E is a triangle, and there is an object A to the left of triangle 
F. It does not imply that these objects are necessarily distinct. 

The meaning of an n-gram is the most specific common pattern of all the contexts where 
it can be used. There is a simple algorithm that incrementally learns the meaning of specific 
n-grams: whenever a new example (context/phrase pair) (𝐶𝐶𝐶 𝐶𝐶𝐶 appears, update the meaning 
of each n-gram 𝐺𝐺 in 𝐶𝐶 with respect to 𝐶𝐶𝐶 i.e., use the procedure 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈(𝐺𝐺𝐶 𝐺𝐶𝐶𝐶𝐶 which can 
be defined as 
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𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈(𝐺𝐺; 𝐶𝐶) : 
if 𝑀𝑀𝑈𝑈𝑈𝑈𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀(𝐺𝐺) is undefined then 𝑀𝑀𝑈𝑈𝑈𝑈𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀(𝐺𝐺) ∶=  𝐶𝐶  
else 𝑀𝑀𝑈𝑈𝑈𝑈𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀(𝐺𝐺) ∶=  𝑙𝑙𝑀𝑀𝑀𝑀(𝐶𝐶;  𝑀𝑀𝑈𝑈𝑈𝑈𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀(𝐺𝐺)) 

In fact, the learning algorithm from the paper is more involved and takes into account 
how the meaning of an n-gram depends of the meanings of k-grams for k < n, but the main 
idea and the use of generalization is sufficiently demonstrated by the algorithm above, which 
we borrowed from [14]. It has been shown that the system, which is based on the 
implementation of the algorithm from [21], learns to understand and generate simple natural 
language utterances using only the context/utterance pairs, without taking candidate 
meanings as input. The latter are constructed by the system itself. Learning from more 
complex contexts (which may include actions) and learning more complex languages are 
mentioned among topics for further research. 

3 First- and Second-Order Unranked Anti-Unification 

In many applications, arity of function symbols is not fixed. XML documents, hedge 
automata, and the programming language of Mathematica [41] are prominent examples. 
Alphabets, where symbols do not have fixed arity, are called unranked, variadic, flexary, or 
polyadic. We use here the term “unranked”. It is interesting to notice that parse trees can be 
also seen as expressions over an unranked alphabet. For instance, in Fig. 1, one can see that 
the nodes labeled with NP have one, two, three, and four children at different places. It 
indicates that if we consider NP as a function symbol used in the construction of parse trees, 
it should be unranked. 

In unranked first-order languages function symbols do not have fixed arity.1 there are 
also hedge variables, which stand for finite, possibly empty sequences of terms. Such 
sequences are called hedges. In anti-unification for such languages (see, e.g., [29]), they help 
to deal with position mismatches for similar argument pairs in terms to be generalized. 

Sometimes the expressive power of first-order languages is not enough and one would 
like to bring in higher-order variables. In the context of generalization computation (see [7]), 
it gives a capability to detect similarities at different levels in terms. We use a special kind 
of second order variables, called context variables. Contexts that we consider here are not 
the same as contexts in grounded language learning. Our contexts are hedges with a single 
occurrence of the distinguished symbol “hole”. They are functions which can apply to 
another context or to a hedge, which are then “plugged” in the place of the hole. Unless 
otherwise stated, in the rest of the paper the word “context” is used in this sense. Hence, 
permitting the use of context variables helps to abstract vertical differences between trees, 
while hedge variables will be used to abstract horizontal differences. 

                                                           
1 Often there is also a set of ranked function symbols, see, e.g., [27, 28], but for simplicity here we assume only 

the unranked ones. 



122 Examples of a term, hedge, and a context are, resp., 𝑓𝑓(𝑓𝑓(𝑎𝑎), 𝑏𝑏),
(𝑋𝑋, �̅�𝑋(𝑎𝑎, 𝑋𝑋), 𝑓𝑓(𝑓𝑓(𝑎𝑎), 𝑏𝑏)), and (𝑋𝑋, �̅�𝑋(𝑎𝑎, 𝑋𝑋), 𝑓𝑓(𝑓𝑓(∘), 𝑏𝑏)). The latter can be applied to a hedge 
(𝑎𝑎, �̅�𝑋(𝑎𝑎)), resulting in 

(𝑋𝑋, �̅�𝑋(𝑎𝑎, 𝑋𝑋), 𝑓𝑓(𝑓𝑓(∘), 𝑏𝑏))[𝑎𝑎, �̅�𝑋(𝑎𝑎)]  =  (𝑋𝑋, �̅�𝑋(𝑎𝑎, 𝑋𝑋), 𝑓𝑓(𝑓𝑓(𝑎𝑎, �̅�𝑋(𝑎𝑎)), 𝑏𝑏)). 

A substitution is a mapping from hedge variables to hedges and from context variables 
to contexts, which is identity almost everywhere. When substituting a context variable �̅�𝑋 by 
a context, the context will apply to the argument hedge of   �̅�𝑋. 

The notions of more general term / substitution, instance, generalization, least general 
generalization are extended from terms to hedges and contexts straightforwardly. 

The second-order unranked anti-unification algorithm described in [7] first constructs a 
“skeleton” of a generalization of the input hedges, which corresponds to a hedge embedded 
into each of the input hedges. Next, it inserts context and/or hedge variables into the skeleton, 
which are supposed to uniformly generalize (vertical and horizontal) differences between 
input hedges, to obtain an lgg (with respect to the given skeleton). The skeleton computation 
function is the parameter of the algorithm and the soundness and completeness properties of 
the anti unification algorithm do not depend on the particular instantiations of this parameter. 

The skeleton computation function offers quite some flexibility in unranked anti-
unification. With its help, one can effectively control the computed set of generalizations, 

 
 

Figure 1. Parse trees of the sentences “How can I get short focus zoom lens for digital camera” 
and “Can I get auto focus lens for digital camera” (obtained from http://corenlp.run/) 
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More formally, following [7], we consider pairwise disjoint countable sets of unranked 
function symbols 𝑭𝑭, hedge variables 𝑽𝑽𝐻𝐻, unranked context variables 𝑽𝑽𝐶𝐶, and a special 
symbol ∘ (the hole), and define terms, hedges, and contexts by the following grammar: 

𝑡𝑡 ≔ 𝑋𝑋 ∣ 𝑓𝑓(�̃�𝑠) ∣  �̅�𝑋(�̃�𝑠) (terms) 
�̃�𝑠 ≔ 𝑡𝑡1, … , 𝑡𝑡𝑛𝑛 (hedges) 
�̃�𝑐 ≔  𝑠𝑠1̃,∘, 𝑠𝑠2̃ ∣  𝑠𝑠1̃, 𝑓𝑓(�̃�𝑐), 𝑠𝑠2̃ ∣  𝑠𝑠1̃, �̅�𝑋(�̃�𝑐), 𝑠𝑠2̃ (contexts) 

where 𝑥𝑥 ∈ 𝑉𝑉𝐻𝐻, 𝑓𝑓 ∈ 𝑭𝑭, 𝑋𝑋 ∈ 𝑽𝑽𝐶𝐶, and 𝑛𝑛 ≥ 0. (For simplicity, we do not consider here the 
standard variables, for single terms. If necessary, they can be brought in without any 
difficulties.) 

Hedges are finite sequences of terms, constructed over 𝑭𝑭 and 𝑽𝑽𝐻𝐻 ∪ 𝑽𝑽𝐶𝐶. A term can be 
seen as a singleton hedge. A context can be seen as a hedge over 𝑭𝑭 ∪ {∘} and 𝑽𝑽𝐻𝐻 ∪ 𝑽𝑽𝐶𝐶, where 
the hole occurs exactly once. To improve readability, we put non-singleton hedges and 
contexts between parenthesis. The letters 𝑋𝑋, 𝑌𝑌, 𝑍𝑍 denote hedge variables and �̅�𝑋, �̅�𝑌, �̅�𝑍 context 
variables. The empty hedge is denoted by 𝜖𝜖. Terms of the form 𝑎𝑎(𝜖𝜖) are written as just 𝑎𝑎. 

 

A context �̃�𝑐 can apply to a hedge �̃�𝑠, denoted by �̃�𝑐[�̃�𝑠], obtaining a hedge by replacing the 
hole in �̃�𝑐  with �̃�𝑠. Application of a context to a context is defined similarly. 
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which is very handy in linguistic applications like considered above. For instance, choosing 
common nodes based on predefined priorities (as required in [21]) can be a part of skeleton 
computation. To give priority to words over parts of speech (POS) can be implemented by 
requiring to maximize the number of skeleton nodes corresponding to the leaves of the input 
hedges. Also, in case of the existence of a taxonomy for the involved words, one can put the 
least upper bound of two distinct words in the skeleton of the corresponding parse trees, e.g, 
female for woman and lady, instrument for violin and guitar, etc. 

Fig. 2 shows an lgg of two hedges. One can see that the variables �̅�𝑋 and 𝑌𝑌 are used 
twice, to abstract the same differences in two different places. The context variable �̅�𝑋 
generalizes ℎ(∘) in the first input hedge, and ∘ in the second. It is reflected in the triple 
�̅�𝑋:  ℎ(∘) ≙∘. The hedge variable 𝑌𝑌 generalizes the two-element hedge (𝑏𝑏, 𝑏𝑏) in the first input, 
and the term (singleton hedge) 𝑑𝑑 in the second. Besides the generalization, the algorithm 
returns such difference triples for each variable, which can be used to define anti-unification 
distance between the original hedges. In general, there is no single lgg for unranked terms, 
unless the skeleton computation function returns a singleton set. However, the minimal 
complete set generalizations exists.  

We can apply the algorithm to the parse trees of S1, S2, and S3 above. The skeleton 
function should maximize the score of leaf words in the generalization, where verbs, nouns 
and adjectives weight more than other POSs. This would give 6 lggs, whose leaves are 𝑙𝑙1 ∈
{I, how}, 𝑙𝑙2 ∈ {digital, zoom} and 𝑙𝑙3 = camera. In comparison to [21], computation of 

 

Figure 2: Generalization of hedges (ℎ(𝑎𝑎), 𝑓𝑓(ℎ(𝑔𝑔(𝑎𝑎, 𝑏𝑏, 𝑏𝑏), 𝑐𝑐), 𝑏𝑏, 𝑏𝑏)) and (𝑎𝑎, 𝑓𝑓(𝑔𝑔(𝑎𝑎, 𝑑𝑑), 𝑐𝑐, 𝑑𝑑)). The 
highlighted skeleton is the longest common subforest [3] of the input hedges. 
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these generalizations saves the effort of generating and grouping all those chunks and 
applying the syntactic anti-unification on the pairs. Unranked anti-unification can do the job 
directly on the parse trees. 

Having said this, we should also mention that the current implementation of the 
unranked second-order anti-unification has only the longest common subforest as the 
skeleton computation function. More alternatives is planned to be added in future, including 
the one that gives priorities to leaves and returns the set of their longest common 
subsequence. 

The generalization tree of the parse trees of S2 and S3 (see Fig. 1) is shown in Fig. 3. 
Not only the skeleton, but also the corresponding parts of speech are displayed, showing 
similarities in the input trees. The differences are generalized by one context and two 
sequence variables.  

A useful extension of the unranked anti-unification algorithm is its commutative 
version, where the argument order of some function symbols does not matter. When 
combining it to the axiom 𝑓𝑓𝑓𝑓𝑓𝑓 𝑓𝑓𝑓 𝑓𝑓𝑓 𝑓𝑓𝑓 𝑓𝑓𝑓 𝑓 𝑓𝑓𝑓𝑓𝑓𝑓 𝑓𝑓𝑓 𝑓𝑓𝑓 𝑓𝑓𝑓 (unranked idempotence), 
properties of sets can be easily modeled. (A special case of such a combination is used in 
anti-unification for description logics [26].) It can be used to compute generalizations of 
grounded language learning contexts in the examples above. We can wrap the whole learning 

Figure 3: Least general generalization of the parse trees of S2 and S3 from Figure 1. The skeleton 
is the longest common subsequence of the leaf nodes sequences. It is highlighted.
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context under a commutative-idempotent unranked symbol. Besides, we can make contexts 
express information in a structured way, by putting all the information about each object 
under a commutative symbol, e.g., representing the contexts  

{obj(o1), clr(o1,re), shp(o1,sq), obj(o2), clr(o2,gr), shp(o2,tr), relpos(o1,lo,o2)}  

and 

{obj(o3), clr(o3,gr), shp(o3,tr), obj(o4), clr(o4,re), shp(o4,tr), relpos(o3,lo,o4)}  

as 

context(ob(obj(o1), clr(o1, re), shp(o1, sq)), ob(obj(o2), clr(o2, gr), shp(o2, tr)),  
relpos(o1, lo, o2)) 
context(ob(obj(o3), clr(o3, gr), shp(o3, tr)), ob(obj(o4), clr(o4, re), shp(o4, tr)),  
relpos(o3, lo, o4)), 

where the unranked symbol context is commutative-idempotent and ob is commutative. 
Then anti-unification gives their generalization, computing four (not necessarily distinct) 
objects: 

context(ob(obj(B), clr(B, re), shp(B,D)), ob(obj(E), clr(E, gr), shp(E, tr)), 
ob(obj(A), clr(A,C), shp(A,D)), ob(obj(F), clr(F,G), shp(F, tr)), relpos(A, lo, F)): 

Moreover, anti-unification gives information how the original contexts can be obtained 
from the generalization, saying, e.g., that the objects A and B have the same shape D, which 
generalizes sq from the first context and tr from the second, etc. This information is in the 
result computed by anti-unification. 

Our anti-unification algorithms are a part of RISC anti-unification algorithm library [6] 
and can be accessed from http://www.risc.jku.at/projects/stout/library.html. Particular 
algorithms from the library are described in [5, 7-11, 29]. Yet another open-source anti-
unification library, for order-sorted equational theories, has been described in [2] and is 
available online at http://safe-tools.dsic.upv.es/acuos/. 

4 Summary 

We discussed some applications of anti-unification in linguistics, presented recently 
developed algorithms for this problem, and showed that they can be conveniently used in 
some natural language processing tasks. 

Acknowledgments. This work has been supported by the Austrian Science Fund (FWF) 
under the project P 28789-N32. 
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