
ena  logika  kompiuterizacia

IV

enis, logikisa da metyvelebis centri, Tsu
kurt giodelis sazogadoeba, vena

Language  Logic  Computation
IV

CLLS, Tbilisi State University
Kurt Gödel Society,Vienna

2015



saredaqcio kolegia: 	 maTias baazi, venis universiteti

	 guram beJaniSvili, niu-meqsikos saxelmwifo universiteti

	 Tamaz gamyreliZe, Tbilisis saxelmwifo universiteti

	 pol dekeri, amsterdamis universiteti

	 dik de iongi, amsterdamis universiteti

	 manfred krifka, berlinis universiteti

	 barbara parti, masaCusetis universiteti

	 nani WaniSvili, Tbilisis saxelmwifo universiteti

gamocemis redaqtorebi: 	 rusudan asaTiani

	 marine ivaniSvili

	 lado lekiaSvili

	 eTer soselia

	 marika jiqia

dakabadoneba: 	 giorgi bagrationi

Editorial Board: 	 Matheas Baaz,  University of  Vienna

	 Guram Bezhanishvili,  New Mexico State University

	 Nani ChaniSvili,  Tbilisi State University

	 Paul Dekker,  University of  Amsterdam

	 Thomas Gamkrelidze,  Tbilisi State University

	 Dick de Jong,  University of  Amsterdam

	 Manfred Krifka,  University of  Berlin

	 Barbara Partee,  University of  Massachusets

Managing Editors: 	 Rusudan Asatiani

	 Marine Ivanishvili

	 Lado Lekiashvili

	 Ether Soselia

	 Marika Jikia

Layout: 	 George Bagrationi



Sinaarsi
Contents

winasityvaoba Preface ..........................................................................................5

ena   Language ..................................................................................................7

rei jekendofi, azrovneba da mniSvneloba ...............................7

Irine Melikischwili, Das Wortfeld “Freiheit” in verschiedenen 
Sprachkreisen:Die Entwicklung vom sozialen zum  
individuellen Begriff .............................................................................50

logika   Logic ..................................................................................................56

r. fagini, j. i. halperni, i. mosesi, m. i. vardi, 
codnis logika ..........................................................................................56

Giorgi Japaridze, On resources and tasks .......................................... 117

kompiuterizacia   Computation ........................................................ 138

roland hauseri, bunebrivi enis gamoTvliTi modeli ...... 138

Natia Dundua, Armin Hoenen, Lela Samushia, 
A Parallel Corpus of the Old Georgian Gospel 
Manuscripts and their Stemmatology ....................................... 176



ena  logika  kompiuterizacia

Language  Logic  Computation

ISSN 1512-3170

©

gamomcemloba `nekeri~, 2015



winasityvaoba 

orenovani Jurnali ‘ena, logika, kompiuterizacia’agrZelebs, erTi mxriv, 
enis, logikisa da kompiuterizaciis kvlevasTan dakavSirebuli klasi-
kuri da uaxlesi ucxoenovani literaturis qarTul enaze Targmanebis 
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 kurt giodelis sazogadoebis, uSualod venis universitetis 
profesor maTias baazis daxmarebiT, risTvisac mas 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 Kurt Gödel Society 
in Vienna. The aims of the journal are twofold: It should increase the availability of the most 
fundamental publications of logic and linguistics to the general Georgian audience by trans-
lating 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.

Matheas Baaz
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ena

azrovneba da mniSvneloba 
rei jekendofi1

rei jekendofi aris filosofiis profesori da kog

nitiur mecnierebaTa centris direqtori taftsis 

universitetSi. Tavisi wignis SesavalSi (romlis 

saxelwodeba originalSi aris A User’s Guide to Thought 
and Meaning, rac sityva-sityviT iTargmneba rogorc 

`saxelmZRvanelo azrovnebasa da mniSvnelobaSi~), 

avtori aRniSnavs: `am wignSi im problemaTa rigs ga-

vuyvebi, romelTa Sesaxeb ager ukve 30 welia vfiqrob 

da vwer. tradiciuli mecnieruli gamokvleva rom 

damewera, aTas gverds gascdeboda naSromis mocu-

loba da albaT weras verc davasrulebdi, da romc 

damesrulebina, albaT Tqven arc ki waikiTxavdiT. 

samagierod, visargeble SemTxveviT da ise davwere, 

rom waekiTxa yvelas, visac ainteresebs azrovneba 

da mniSvneloba. vimedovneb, rom specialistebi ma-

patieben Cems araformalur stils da maTTvis Se-

saZloa sainteresoc ki aRmoCndes, Tu rogor vakav-

Sireb erTmaneTTan Temebs lingvistikidan, filoso-

fiidan, kognitiuri mecnierebidan da xelovnebidan. 

zogierTi monakveTi wignisa (magram ara yvela) ufro 

sruli saxiT warmodgenilia Cems sxva naSromebSi, 

rogorebicaa: Semantics and Cognition (`semantika da Se-

mecneba~), Consciousness and Computational Mind (`cnobie-

1	   Ray Jackendoff, 2012. A User’s Guide to Thought and Meaning, Oxford: Oxford University Press.
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reba da gamoTvliTi goneba~), Foundations of Language 
(`enis safuZvlebi~) da  Language, Consciousness, Culture 
(`ena, cnobiereba da kultura~). ~

stiven pinkeri, harvardis kolejis fsiqologiis 

profesori, maRal Sefasebas aZlevs r.jekendofis 

naSromsa da Tavad avtors: `rei jekendofi aris 

mniSvnelovani figura enaTmecnierebaSi, romelmac 

nebismier sxva Tanamedrove mecnierze ukeT SeZlo 

eCvenebina, rom adamianis bunebaSi sarkmlis SeReba 
enis meSveobiT aris SesaZlebeli. Teoriuli siRrmi-

sa da detalebisadmi siyvarulis SerwymiT jekend-

ofma naTeli mohfina adamianur logikasa da Semec-

nebas, rac saocari sicxadiT warmoaCina.~

gTavazobT r. jekendofis aRniSnuli naSromis I 

nawilis V-X Tavebis Targmans.  
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nawili I. ena, sityvebi da mniSvneloba

5

ra aris sityva?

upirvelesad, sanam mniSvnelobis problemas SeveWidebiT, unda CavuR-

rmavdeT enis raobis sakiTxs. cxadia, enis mniSvnelovan nawils Seadgenen 

sityvebi. swored amitom, amjerad, Cemi SekiTxva iqneba: `ra aris sityva?~

albaT mosalodnelia, rom sityvas igive Taviseburebani axasiaTebdes, 

rac _ enas. sityva puddle (`gube~) SeiZleba gvegonos is raRac, rasac 

molaparake iyenebs da rac aris gare samyaroSi. magram sad aris is raRac? 

is, ra Tqma unda, gubeSi ar aris!2 

rogor moviazrebT sityvas? sityva puddle arsebobs mudmivad Tu 

mxolod maSin, roca mas gamoiyeneben? me mgonia, rom mudmivad arsebobs. 

Zalian kargi, maSin am kiTxvas vupasuxoT: rogoria is raRac, rac aris 

sityva puddle? zogjer, rodesac sityvis Sesaxeb vlaparakobT, is CaquCis 

msgavsi raRac gvgonia _ amoviRebT ujridan maSin, roca gvWirdeba. 

(`maS ase, Semdeg winadadebaSi damWirdeba gamoviyeno sityva puddle~.) 

zogjer sityvis Sesaxeb ise vlaparakobT, TiTqos sityva aris usasrulo 

raodenobis erTnairi lursmnebi da yovel jerze maTgan erT romelimes 

viyenebT. (`me gamoviyene oTxi puddle da maT Sorisaa is erTi, romlis 

gamoyenebac am abzacSi momixda.~) es Sedareba SeiZleba suleluri 

mogveCvenos, Tumca is garkveul azrs gviqmnis imis Sesaxeb, Tu ra aris es 

ucnauri raRac _ sityva. 

zogjer amboben, rom sityva ar aris namdvili sityva, Tu is ar aris 

leqsikonSi (romelime tipis leqsikonSi). gegoneba, leqsikoni aris 

jadosnuri gadamwyveti ram gare samyaroSi enis ̀ namdvilobis~ dasadgenad. 

2	 ase rom iyos, albaT gvegoneboda, rom sityva bunebrivi Tvisebaa im sagnisa, romelsac 
is asaxelebs. magaliTad, erT-erTma Cemma qaliSvilma, maSin 7-8 wlisa iqneboda, mkiTxa: 
`roca dinozavrebi cxovrobdnen, maSin rom ar yofiliyvnen adamianebi, dRes Cven rogor 
gvecodineboda am cxovelis saxeli?~ _ TiTqos stegozavris saxeli iseTive bunebrivi 
Tviseba iyos am cxovelisTvis, rogorc aris misi zoma an is, Tu riT ikvebeba. verafriT 
gaigo da verc daijera, roca vuTxari, rom yvelafers saxelebs adamianebi arqmeven.    
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magram leqsikoni cidan ar vardeba, adamianebi qmnian leqsikonebs. 

leqsikonis Semdgenlebi akvirdebian, rogor gamoiyeneben metyvelebisa 

Tu weris dros sityvebs. momdevno TavSi gaecnobiT, rogor rTul 

amocanas arTmeven Tavs leqsikonis Semdgenlebi, roca unda daadginon, 

ramdeni mniSvneloba aqvs ama Tu im sityvas da mere unda Camoayalibon, 

gansazRvron es mniSvnelobani. aiReT da SeadareT rogor aris sxadasxva 

leqsikonSi gansazRvruli erTi da igive sityva (vTqvaT: `eWvi~, `ormagi~ 

an `qvemoT~).

`enaSi Semodis~ axali sityva maSin, roca viRac erTi qmnis sityvas 

da viRac meore mas iyenebs. mere romelime redaqtori SeniSnavs, rom am 

sityvas adamianebi gamoiyeneben, miT umetes, Tu nabeWd teqstSi gamoCnda 

es sityva ramdenjerme. mere es sityva miiRebs Tavis `oficialur 

mniSvnelobas~3 _ saleqsikono mniSvnelobas _ romeliRac leqsikografi 

Camoayalibebs am mniSvnelobas im wesebis mixedviT, romlebic redaqtoris 

mier aris dadgenili. amgvarad, leqsikonebis avtoriteti ̀ obieqturobas~ 

erTgvarad moklebulia da damokidebulia imaze, Tu ramdenad vendobiT 

redaqtorebis gadawyvetilebebs. 

leqsikoni ar aris is adgili, sadac arsebobs sityva. aris uamravi ena, 

romelTac ara aqvT damwerloba. damwerlobis armqone enebs ZiriTadad 

arc leqsikonebi aqvT, Tumca maTi sityvebi iseve arseboben, rogorc 

inglisuri enis sityvebi.

aseTi uCveulo Tvisebebi mxolod sityvebs rodi axasiaTebT. sxvaganac 

vipoviT msgavs simptomebs, sityvebis analogiurs, romlebic droSi 

arseboben. magaliTad, simRera `Row, Row, Row Your Boat~ (`mousvi, mousvi 

niCabi Sens navs~) arsebobs da manamdec arsebobda, vidre mas Seqmnidnen. 

magram arsad Cans misi arsebobis adgili. sad aris es simRera maSin, roca 

3	  2009 wlis ivnisSi presaSi didi areuloba mohyva `inglisurisTvis memilione sityvis 
damatebas~, rac gamoacxada organizaciam Global Language Monitor-ma. sityva saTvalavSi 
CaiTvleboda, Tu igi internetSi 25000-jer dadasturdeboda. sxvadasxva blogeri 
gaaRiziana memilione sityvisadmi aseTma prozaulma damokidebulebam. da saerTod, 
rogor unda daviTvaloT sityvebi inglisurSi? erTi sirTule, rasac momdevno TavSi 
vnaxavT, aris is, rom zogjer ver gagvirkvevia, gvaqvs ori (an, Tundac, eqvsi) sxvadasxva 
sityva Tu ori (an eqvsi) mniSvneloba erTi da imave sityvisa.    
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aravin mReris mas? `musikis sivrceSi~ xom ar aris da roca vinmes simRera 

moundeba, iqidan xom ar gamoaqvs? anda, xom ar aris sadme usasrulo 

raodenoba am simReris egzemplarebisa da yoveli simReris jerze xom ar 

iReben erT egzemplars iqidan? arc erTi es varaudi gonivruli ar Cans.

raRaciT aseTivea dReebi da Tveebi, rogorebicaa samSabaTi, 

valentinoba an seqtemberi. zogjer vambobT: `isev movida samSabaTi~, 

TiTqos es igive dRea, romelic iyo adre, wavida da axla isev dabrunda. 

an zogjer SeiZleba vTqvaT: `oh, kidev erTi samSabaTi~, TiTqos sadRac 

(momavalSi?) arsebobs usasrulo raodenoba `samSabaTebisa~ da 

swored axla romeliRac erTi, Zvelisgan gansxvavebuli, aris CvenTan 

dRis damTavrebamde. amjeradac, arc erTi mosazreba, samSabaTTan 

dakavSirebuli, marTebuli ar Cans.4 

mivubrundeT isev sityvebs da vnaxoT, kognitiuri TvalsazrisiT 

ra SeiZleba iTqvas maT Sesaxeb. am kuTxiT, sityvebi adamianis TavSi 

arsebuli sistemis is nawilia, romelsac iyeneben Setyobinebis asagebad. 

maSinac ki, rodesac Tqven ar warmoTqvamT sityvas puddle, an arc yuri 

mogikravT, rom es sityva vinmem warmoTqva, sityva puddle mainc arsebobs 

Tqvens mexsierebaSi. adamianebma rom erTmaneTs gaugon, maT TavebSi 

unda hqondeT saerTo sityvebis mniSvnelovani maragi. yoveli adamianis 

sakuTari sityvebis marags vuwodoT am pirovnebis ̀ mentaluri leqsikoni~. 

Tu Tqven SetyobinebaSi gamoiyenebT CemTvis ucnob romelime sityvas, me 

4	 jorj lakofi da sxva kognitivisti lingvistebi varaudoben, rom Cveni 
konceptualizacia droisa aris metaforuli da modelirebulia sivrcis gaazrebis 
mixedviT. am Tvalsazriss ZiriTadad asabuTebs is, rom bevr enaSi drois windebulebi 
igive windebulebia, romlebic gamoiyeneba adgilmdebareobis aRsaniSnavad sivrceSi, 
magaliTad, inglisurSi: at 10:00 (`10 saaTze~), on Tuesday (`samSabaTs~), before breakfast 
(`sauzmemde~), after the concert (`koncertis Semdeg~), in five minutes (`xuT wuTSi~) da a.S. 
(meore mxriv, inglisurSi aris aseve: during, until da since, romlebic mxolod drois 
aRniSvnisas gamoiyeneba da ara sivrceSi adgilmdebareobis aRniSvnis dros; aris aseve: 
to the left of, behind da beneath, romlebic mxolod sivrceSi adgilmdebareobis aRniSvnis 
dros gamoiyeneba da ara drois aRniSvnisas.) rogorc vxedavT, is erTeulebi, romlebic 
droSia ganfenili (rogorebicaa, magaliTad, sityva, simRera an samSabaTi), ver 
moeqceva sivrceSi ganTavsebuli erTeulebis, (rogorebicaa, magaliTad, saxraxnisi da 
lursmani) yalibSi. miuxedavad imisa, rom garkveuli paralelebi arsebobs, erTeulebi, 
romlebic garkveul dros ikaveben, ar SeiZleba mTlianad modelirebulni iyvnen imis 
mixdviT, Tu rogor moviazrebT sivrceSi ganfenil erTeulebs, an metaforulad 
gamoiyvanebodnen sivrculi modelebisagan.  
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davibnevi da vecdebi gamovicno, ras gulisxmobda Tqveni Setyobineba. 

gasagebia, bavSvis mier enis aTvisebis procesi amgvari situaciebiT aris 

savse (Cvenc amave situaciaSi varT, rodesac bavSvebi gvelaparakebian).

kognitiuri TvalsazrisiT, magaliTad, cneba `sityva tomato~ Zalian 

hgavs cnebas `inglisuri ena~. es aris abstraqcia, an idealizacia, im raRa-

cisa, rac Senaxulia mocemul enaze molaparakeTa TavebSi, rac maTi men-

taluri leqsikonebis nawils warmoadgens da rasac isini komunikaciis 

procesSi iyeneben. is, rac Senaxulia erT molaparakesTan, SeiZleba zus-

tad ar emTxveodes imas, rac Senaxulia meoresTan _ SeiZleba Tqven war-

moTqvamT tomayto, magram me vambob tomahto _ Tumca mTavaria, rom es sityva 

(`pomidori~) mocemuli mniSvnelobiT aris Senaxuli. sityva `rCeba enaSi~ 

droTa ganmavlobaSi manam, sanam mocemul enas axal-axali molaparakeebi 

swavloben da iyeneben kidec. SeiZleba romelime sityva ̀ moZveldes~, roca 

mas ukve aRar gamoiyeneben da is adamianebi, romlebic mas iyenebdnen, aRar 

iqnebian (Tumca SeiZleba mocemuli sityva leqsikonebSi darCes). 

aq warmodgenili Tvalsazrisi minda Sevadaro Tvalsazriss, romelic 

ukavSirdeba fizikas. am ukanasknelis mixedviT, sityva aris mxolod 

bgeradoba. es Tvalsazrisi ver gvixasiaTebs sityvas Tundac imitom, 

rom arafers gveubneba, imis Sesaxeb, Tu rogor gamoiyeneba sityva 

azris gadmosacemad. magram problema Tavs iCens bgerebis donezec ki. 

rodesac Tqvenc ambobT tomato-s da mec vambob tomato-s (Tundac orive 

warmovTqvamdeT tomayto-s da ara _ tomahto-s), Cveni xmebi akustikurad 

gansxvavebulia, Cven gansxvavebul bgeriT talRebs warmovqmniT. 

gansxvavebuli bgeriTi talRebi warmoiqmneba maSinac, roca me CurCuliT 

warmovTqvam tomato-s da roca gavyviri tomato-s. maSinac ki, roca vambob: you 
say tomato (`Tqven ambobT tomato~), metyvelebaSi ar aris gamocalkevebuli you 
da say, an say da tomato, Tumca Cven maT aRviqvamT rogorc calkeul sityvebs.

alvin libermani, Tanamedrove akustikuri fonetikis erT-erTi fuZem-

debeli, bolodroindel SromebSi xSirad ixsenebda, Tu 1940-iani wlebis 

bolos rogor muSaobda problemaze, rom kompiuters gaego metyveleba. 

libermani da misi kolegebi fiqrobdnen, rom sakmarisia akustikuri signa-
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li dayo sametyvelo bgerebad, vTqvaT, ̀ p~, ̀ ah~ da ̀ t~ bgerebad, Semdeg Seaer-

To es bgerebi da miiReb sityvas pot (`qoTani~), rogorc mas warmoTqvamen 

amerikul inglisurSi. aRmoCnda, rom ase sulac ar iyo da libermanma mTe-

li Tavisi kariera miuZRvna imas, rom gaerkvia, Tu ratom ar iyo ase. liber-

manma da misma kolegebma daadgines, rom sametyvelo bgeris akustikuri 

korelati damokidebulia ara mxolod molaparakis xmaze, aramed mezobel 

sametyvelo bgerebzec. magaliTad, bgera `ah~ akustikurad gansxvavebulia 

pot, top, mob da a.S. mimdevrobebSi, miuxedavad imisa, rom gvesmis erTnairad. 

garda amisa, molaparake xSirad ̀ ylapavs~ xolme bevr akustikur detals da 

aracnobierad imedovnebs, rom msmeneli mainc amoicnobs misi Setyobinebis 

mniSvnelobas. rogorc ukiduresi magaliTi, SeiZleba davasaxeloT Semde-

gi: rodesac vinme laparakobs amovsebuli piriT, miuxedavad damaxinjebu-

li akustikisa, Tqven mainc SeZlebT gaigoT misi naTqvami. meore mxriv, Tu 

mxolod akustikidan amoxvalT, magaliTad, Tu ecdebiT daweroT karnaxi 

TqvenTvis ucnob enaze, TiTqmis SuZlebelia gansazRvroT, ra bgerebi ges-

miT; aranakleb Znelia, daadginoT sazRvrebi sityvebs Soris. 

rogorc Cans, rodesac vismenT metyvelebas, sityvebis identifici-

rebas nawilobriv maSin vaxerxebT, rodesac vpoulobT saukeTeso Sesaba

misobas bgerebsa da im sityvebs Soris, romlebic ukve viciT, da nawilobriv 

_ maSin, roca vxvdebiT, Tu razea laparaki; es yvelaferi ki aracnobierad 

xdeba. sxva sityvebiT rom vTqvaT, metyvelebis gageba umetesad efuZneba 

identificirebas mniSvnelobis mixedviT da ara mxolod _ akustikur iden-

tificirebas. marTalia, kompiuteriT akustikis problemas advilad var-

TmevT Tavs, Tumca mniSvnelobis problema mainc Znelad mosagvarebelia. 

amitomac aris, rom amocana, kompiuterma gaigos sametyvelo ena, jer kidev 

gadauwyvetelia, miuxedavad aqamde warmoebuli 60-wliani kvlevisa.

akustikuri problema rTuldeba, roca metyvelebaSi Sereulia 

aqcenti. Tu Tqven laparakobT `standartul~ amerikul inglisurs, maSin 

sityvaSi park Tqven warmoTqvamT r bgeras. Tu bostonidan brZandebiT, 

SeiZleba warmoTqvaT `pahk~; magram Tu Tqven niuiorkeli brZandebiT, 

SeiZleba TqvaT `pawk~. yvela es warmoTqma, miuxedavad gansxvavebebisa, 

erT sityvad iTvleba imis gamo, rom gansxvaveba sistemebSi, romlebsac 
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TiToeuli es warmoTqma ganekuTvneba, mudmivia, yovelTvis erTi da igivea 

(`heart~ vs. `haht~ vs. `hawt~; `guard~ vs. `gahd~ vs. `gawd~ da a.S.). da es yvelaferi 

ar aris. erTi da igive bgeradoba sxvadasxva sistemaSi SeiZleba sxvadasxva 

sityvebad CaiTvalos. midvesternelis (SuadasavleTelis) metyvelebaSi 

`gahd~ aris sityva god; bostonelis warmoTqmaSi es aris sityva guard; 

texaselTan es aris sityva guide. ramdenadac warmoTqmas yovelTvis axlavs 

aqcenti, interpretirebas vaxdenT Cveni sakuTari aqcentis mixedviT. 

amgvarad, odenobebis erT da imave sityvad miCneva  damokidebulia imaze, 

Tu ra sistemas (an sistemis romel variants) ganekuTvneba TiToeuli 

_ am SemTxvevaSi, Tu rogori aqcenti axasiaTebs warmoTqmas. sityvis 

identificireba nawilobriv SesaZlebeli xdeba misi adgiliT sistemaSi 

_ sxva romel sityvebs upirispirebda, romel sityvebs hgavs bgeriTi 

SemadgenlobiT da a.S. amave dros, sistema aris sistema mxolod misi 

Semadgeneli nawilebis wyalobiT da erT-erTi aseTi Semadgenelia sityva. 

wreze xom ar mivdivarT?

magram es ar aris sabediswero wre. Tu davukvirdebiT, msgavsi 

viTareba gvaqvs samSabaTTan dakavSirebiT. ratom aris erTi romeliRac 

dRe samSabaTi? imitom, rom is mosdevs orSabaTs, win uswrebs oTxSabaTs 

da isev dgeba gasuli samSabaTidan Svidi dRis Semdeg. adamianebs rom ar 

daerqvaT saxelebi dReebisaTvis, arc samSabaTi iqneboda (asea, ara?). 

magram ramdenadac Cven voperirebT erTi da imave sistemis SigniT, 

erTmaneTisa mSvenivrad gvesmis. 

SeiZleba iTqvas, rom samSabaTi aris erTgvari `SeTanxmeba~. am 

SeTanxmebis erTi nawili aris is, Tu rodis iwyeba samSabaTi. CvenTvis 

normaluria, rom samSabaTi iwyeba SuaRamidan (rac, Tavis mxriv, 

damokidebulia Cvens SeTanxmebaze, rac ukavSirdeba saaTs (drois 

erTeuls) da drois sartylebs). magram drois tradiciuli ebrauli 

gagebiT axali dRe iwyeba mzis Casvlidan (rogorc es `dabadebis~ wignSia 

naTqvami: `da iqmna mwuxri da iqmna ganTiad dRe erTi~). religiuri 

midgomiT, ra Tqma unda, esec misaRebia. 

zemoT aRniSnuli msjeloba miznad isaxavs, gviCvenos, rom sityvis 
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ganxilva, fizikis TvalsazrisiT, bevrs arafers gveubneba Tavad sityvis 

Sesaxeb. ra ganapirobebs ori bgeradobis identificirebas erT sityvad 

upirvelesad, saWiroa abstrahireba molaparakis xmis individualuri 

maxasiaTeblebisgan, xmis tonalobisa da zogjer _ aqcentisaganac; 

aqcentisagan abstrahirebisaTvis ki saWiroa cneba im bgeriTi 

sistemisa, romlisTvisac mocemuli aqcentia damaxasiaTebeli. arc 

erTi am sakiTxTagani akustikis terminebSi ver Tavsdeba. maTi ganxilva 

SesaZlebelia mxolod im sistemebis terminebSi, romlebic mocemul enaze 

molaparakeTa `TavebSi~ moiazreba kognitiuri TvalsazrisiT. 
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6

ra iTvleba erT da imave sityvad?

rodesac vswavlobT sityvis mniSvnelobas, Cndeba mTeli rigi SekiT

xvebisa. amgvari SekiTxvebi xSirad uCndebaT Cemnair lingvistebs da 

vecdebi giCvenoT, Tu ramdenad rTulia maTze pasuxis gacema. 

daviwyoT martivi SekiTxviT: aris Tu ara erTi da igive am ori 

winadadebis boloSi mocemuli sityvebi?

She went down to the river and stood on the bank.

`is Cauyva mdinares da napirze dadga.~

She went to town to take some money out of the bank.

`is wavida qalaqSi bankidan fulis gamosatanad.~

Tu `sityvobanas~ vTamaSobT, maSin daweriloba aris mTavari da 

SekiTxvasac azri ara aqvs, magram Tu gaviTvaliswinebT mniSvnelobas, 

maSin arsebobs ori gza mocemuli situaciis aRwerisa. erTi gza aris 

Semdegi: CavTvaloT, rom sityva bank-s aqvs ori mniSvneloba; meore gza 

ki SeiZleba iyos aseTi: CavTvaloT, rom saqme gvaqvs ori gansxvavebuli 

mniSvnelobis mqone or sityvasTan, romelTa warmoTqmac da dawerilobac 

identuria. Tu gaviTvaliswinebT im SemTxvevebsac, romlebic SemdgomSi 

unda ganvixiloT, ufro mizanSewonili Cans meore Tvalsazrisi. amdenad, 

me vityvi, rom es aris ori sxvadasxva sityva, romlebic warmoiTqmis 

rogorc bank. aris specialuri termini am SemTxvevisaTvis: es ori bank 

erTmaneTis mimarT ganixileba rogorc `omonimebi~.

axla ganvixiloT sxva oTxi winadadeba. am winadadebebis bolos erTi 

da igive sityvebia? 

The ice will melt.

`yinuli dadneba.~
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Every spring the ice melts.

`yovel gazafxulze yinuli dneba.~

The ice is melting.

`yinuli dneba (mocemul momentSi).~

The ice has melted.

`yinuli gadna.~

`sityvobanas~ TamaSis dros, es sityvebi CaiTvleboda gansxvavebu

lebad (dawerilobis gamo), Tumca tradiciuli gramatika da fsiqo

lingvisturi eqsperimentebi gveubneba, rom, garkveuli azriT, es oTxive 

erTi da igive sityvaa sxvadasxva gramatikuli formiT (infinitivi, mesame 

piris mx. ricxvis forma awmyo droSi, awmyo drois mimReoba, namyo drois 

mimReoba).

axla vnaxoT, ras vityviT sityva smoke-Tan dakavSirebiT momdevno eqvs 

winadadebaSi:

(1) The fire gave off a lot of smoke.

`cecxls didi boli auvida~.

(2) The fire smoked a lot.

`cecxli Zalian bolavda~.

(3) Bill smoked the cigar.

`bilma sigara gaabola~.

(4) Bill smoked the fish.

`bilma Tevzi Sebola~.

(5) Do you have a smoke?

`mosawevi gaqvT?~

(6) Let’s smoke him out.

`modi, is gamovaaSkaravoT~.



18

LANGUAGE

erTi SexedviT, TiTqos igive viTareba gvaqvs, rac or bank sityvasTan 

dakavSirebiT aRiniSna. magram amjerad es eqvsi SemTxveva erTmaneTs 

mniSvnelobis mixedviT ukavSirdeba. rodesac cecxli bolavs (#2), mas 

asdis boli/kvamli (#1).  rodesac sigaras abolebT (#3), gasabolebeli 

sagnis erTi bolo gidevT pirSi, SigniT SeiwovT bols/kvamls da mere 

uSvebT gareT. Tevzis an loris Sebolvis dros boli unda auvides ara 

maT (#1), aramed boli unda miuSvaT maTze, rom SigniT SeaRwios da amas 

axerxebT maTi cecxlTan axlos ganTavsebiT. 

mimdevrobiT rom gavyveT, smoke (#5) aris is, rac SeiZleba gaabolon, 

raRac sigaris msgavsi. es namdvilad ar aris is, rasac bolaven (#4) _ raRac 

oragulis msgavsi. dabolos, rodesac vinmes gamoaaSkaraveb, is viRac 

gamogyavs gareT daxuruli sivrcidan, rogoricaa saxli an mRvime, am 

ukanasknelis boliT/kvamliT gavsebiT _ anu metaforulad, mas aiZulebT 

gamoaCinos sakuTari Tavi. mTel am msjelobas rom gavadevnoT Tvali, ori 

gziT SeiZleba wavideT: SeiZleba vTqvaT, rom gvaqvs eqvsi gansxvavebuli, 

Tumca erTmaneTTan dakavSirebuli sityva, an gvaqvs erTi da imave 

sityvis gansxvavebuli mniSvnelobebi. mocemuli situaciisaTvisac aris 

specialuri termini: sityva smoke aris `polisemiuri~, anu es aris erTi 

sityva erTmaneTTan dakavSirebuli eqvsi gansxvavebuli mniSvnelobiT. 

(zogierTma SeiZleba CaTvalos, rom aq aris ori sityva _ erTi zmna da 

erTi arsebiTi saxeli _ da TiToeuli maTgani polisemiuria.)

cota metad win rom wavideT, vnaxoT sityva smoker, romelic miRebulia 

smoke-isgan -er sufiqsis damatebiT. am sityviT SeiZleba aRiniSnos viRac, 

vinc Cveulebriv eweva (#3); an aRiniSnos mowyobiloba, romliTac 

SeiZleba raime Sebolon (#4). es ori mniSvneloba Soreul biZaSvilebad 

SeiZleba CaiTvalos, romlebic erTmaneTs mxolod imiT ukavSirdebian, 

rom raRac saerTo aqvT smoke-Tan (#1). smoker adre sxva mniSvnelobiTac 

gamoiyeneboda, romelic dRes sakmaod moZvelebulia _ igi aRniSnavda 

matareblis vagons, romelSic mgzavrebs SeeZloT moweva (#3). ra SeiZleba 

mTlianobaSi davinaxoT smoke da smoker-Tan dakavSirebiT? _ TiTqos gvaqvs 

erTgvari qseli (bade) cxra urTierTdakavSirebuli sityvisa, romelTagan 

zogi zustad erTnairad warmoiTqmis, zogis warmoTqma ki hgavs erTmaneTs. 
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ra Tqma unda, es qseli SegviZlia gavafarTovoT garkveuli sityvebis 

damatebiT, magaliTad, rogorebicaa smoky (`gabolili, boliT savse~) da 

smoked (namyo drois mimReoba, mag., mniSvnelobiT `Sebolili~, `gabolili~ 

da sxv.).

arc erTi ganxilul sakiTxTagani ar exmianeba imas, Tu, Cveulebriv, 

adamianebi ras miiCneven sityvad. gasagebia, ver vityviT, rom adamianebma 

ar ician, ra aris sityva. albaT ufro vityodi, rom arsebobs sxvadasxva 

midgoma sityvis problemis mimarT da es sxvadasxvaoba damokidebulia 

mizanze. magaliTad, Tu gvinda werilobiT dokumentSi sityvebis daTvla, 

maSin muSaobs Cveulebrivi warmodgena sityvis Sesaxeb, magram Tu Cveni 

mizania ganvixiloT mimarTeba enas, azrovnebasa da mniSvnelobas Soris, 

maSin unda vicodeT da gaviTvaliswinoT sityvebTan dakavSirebuli is 

Taviseburebani, romelTa Sesaxebac zemoT vimsjeleT: 

•	 omonimebi _ ori sityva, romlebic erTnairi bgeriTi Sedgenilo

bisaa da mniSvnelobis mixedviT arafriT ukavSirdebian erTmaneTs 

(bank, bank);

•	 erTi da imave sityvis gansxvavebuli formebi (melt, melting); 

•	 polisemiuri sityvebi, romlebsac aqvT ori an meti 

urTierTdakavSirebuli mniSvneloba (smoke #1, smoke #2 da a.S.);

•	 sityvebi, romlebic erTmaneTTan dakavSirebulia rogorc 

bgeriTi SedgenilobiT, ise mniSvnelobiT.

aRniSnul Taviseburebebs ukavSideba gansxvavebebi leqsikonebs Soris. 

omonimebi umetesad Setanilia gansxvavebul leqsikur erTeulebad. erTi 

sityvis gansxvavebuli formebi xSirad arc aris miTiTebuli, garda im 

SemTvevebisa, roca e.w. arawesier formebTan (rogoric aris think _ ̀ fiqri~ 

da thought _ namyo drois forma) gvaqvs saqme. polisemiuri sityvebi 

xSirad qvepunqtebad aris Setanili erT saleqsikono statiaSi; bgeriTi 

SedgenilobiTa da mniSvnelobiT msgavsi sityvebi aseve SeiZleba Setanili 

iyos qvepunqtebad, an erTi SeiZleba ganisazRvros meoreTi, magaliTad: 

`Smoker: a person who smokes~ (`mweveli: pirovneba, romelic eweva~).
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kognitiur Tvalsazriss mivubrundebi da ganvixiloT mentaluri 

leqsikoni. Cemi azriT, leqsikonis Semdgenlebi, savaraudod, sityvebis 

klasificirebas axdenen imis mixedviT, Tu TviTon rogor grZnoben 

im kavSirebs sityvebsa da mniSvnelobebs Soris, romlebic Senaxulia 

adamianTa `TavebSi~. lingvistebi da fsiqolingvistebi mcdelobas ar 

akleben, rom gaarkvion, Tu ra tipis mimarTebebi arsebobs sityvebs 

Soris. Cven mxolod zedapirulad SevexeT am sakiTxs. magaliTad, sakmaod 

vrceli literatura arsebobs sityva over-is mniSvnelobebis Sesaxeb. 

frazebSi: somewhere over the rainbow (`sadRac cisartyelas miRma~) da he 
turned the pancake over (`man gadaabruna blini~), erTi da igive sityva (over) 

aris gamoyenebuli? iqneb omonimebia? ra SeiZleba iTqvas over-is Sesaxeb 

overeat-Si (`uzomod Wama~) da frazaSi overthrow the government (`mTavrobis 

gadayeneba~)? 

zogjer adamianebs aqvT amgvari winaswari midgoma: Tu ori sityva 

erTnairad iwereba, orive unda iyos erTi da igive sityva. bank-isa da 

smoke-is SemTxvevaSi advilad vaCveneT, rom es ase ar aris. sityvebs Soris 

arsebul mimarTebebTan dakavSirebuli sirTuleebis Sesaxeb aRvniSnav 

imis gamo, rom  minda es erTgvari sayrdeni gaxdes im SemTvevebSi, roca 

igive simptomebi iCens Tavs ufro filosofiuri wonis sityvebSi, 

rogorebicaa, magaliTad, meaning `mniSvneloba~, consciousness `cnobiereba~ 

an true `WeSmariti~. Tu ase rTulia smoke, ratom unda movelodeT, rom 

meaning iqneba martivi?
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7

mean-isa (`niSnavs~) da meaning-is (`mniSvneloba~) 
gamoyenebis SemTxvevebi

droa davfiqrdeT imaze, Tu ra aris mniSvneloba. magram, moicaT! Cven 

vfiqrobT namdvil mniSvnelobaze (raRac ufro Rrma azriT) 

Tu mxolod sityvis mniSvnelobaze? modiT, oriveze davfiqrdeT. 

Tu gvinda gavigoT, ra aris mniSvneloba, ras unda davukvirdeT, 

ra unda moviZioT? me-20 saukunis I naxevris cnobili filosofosi 

ludvig vitgenStaini Tavis filosofiur gamokvlevebSi aRniSnavda: `nu 

uyurebT mniSvnelobas, uyureT gamoyenebas~. bevri am naTqvams ise igebs, 

rom mxolod enis gamoyenebas unda davakvirdeT da amaze gavCerdeT, 

radganac ar arsebobs iseTi ram, rac warmoadgens enobrivi gamonaTqvamis 

mniSvnelobas mocemuli gamonaTqvamis konkretul konteqstSi 

gamoyenebis gareSe. CemTvis filosofosis gamonaTqvami sxva rames ambobs. 

Cemi azriT, is gveubneba, rom ar unda dagvigos maxe Cvenma cru warmodgenam 

imis Sesaxeb, Tu ra unda iyos sityvis mniSvneloba (tradiciul, sakmaod 

gavrcelebul magaliTebze dayrdnobiT). Cven unda movagrovoT masala, 

movZebnoT konkretuli sityvis yvela gamoyeneba imisaTvis, rom sruli 

modeli SevqmnaT. `ver gamoicnobT, Tu rogor funqcionirebs sityva. 

unda daukvirdeT mocemuli sityvis gamoyenebas da amis mixedviT SeiZleba 

mixvdeT~. sxva sityvebiT rom vTqvaT, unda iyoT lingvisti.  

(garkveulwilad marTebulia vitgenStainis standartuli 

interpretacia. mas sjeroda, misi Tanamedrove bevri filosofosis 

msgavsad, rom mecnieruli Seswavla enisa ar SeiZleba eyrdnobodes 

gonebas, romelic mouxelTebelia dasakvirveblad. amdenad, misTvis 

warmoudgeneli iyo kognitiuri midgoma enis mimarT.)

vitgenStainis gamokvlevebi savsea kreatiuli da saxaliso 

magaliTebiT. Tumca avtori arafers ambobs im analitikuri meTodebis 

Sesaxeb, romlebic saSualebas mogvcems gavscdeT enobriv monacemebs. 
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`axsnebi saWiro ar aris. mxolod aRweriT unda SemovifargloT ~.  piradad 

CemTvis gaugebaria, rogor SeiZleba gaigo rame, Tu ar ecdebi mis axsnas. 

gasuli naxevari saukunis ganmavlobaSi enaTmecnierebasa da kognitiur 

mecnierebaSi miagnes garkveul saSualebebs, romlebic Cveni problemis 

gadawyvetaSi dagvexmareba. amgvarad, jer lingvistikas gavyveT da 

ganvixiloT, Tu rogor gamoiyeneba mean da meaning. maS, moemzadeT, kargad 

moewyveT!

daviwyoT ZiriTadi gramatikuli CarCoTi: X means Y (`X niSnavs 

Y-s~). mocemul CarCoSi means raRaciT hgavs smoke-s _ aqvs ramdenime 

(erTmaneTTan dakavSirebuli) mniSvneloba. mniSvnelobaTa erT jgufSi 

winadadebis damateba (Y) gamoiyeneba amave winadadebis qvemdebaris (X) 

axsnisa Tu interpretaciis mizniT (situaciurad: molaparake varaudobs, 

rom msmenelisTvis X naklebad nacnobia). 

X means Y gamoiyeneba interpretaciis mizniT

Rauch (germanuli sityva) means smoke.	 (Targmani)

`Rauch niSnavs mowevas.~

Slithy means lithe and slim.				   (ganmarteba)

`Slithy niSnavs mxnesa da gamxdars.~

Osculating means doing this.			   (demonstrireba)

`oskulireba niSnavs amis keTebas.~

A red light means you should stop,			   (simbolos ganmarteba)

`wiTeli Suqi niSnavs, rom unda SeCerde.~

ramdenadac ivaraudeba, rom winadadebis qvemdebare, amave wina-

dadebis damatebasTan SedarebiT, naklebad nacnobia, ar SegviZlia rigi 

SevabrunoT, anu naklebad nacnobiT daviwyoT winadadeba (enaTmecniere-

baSi `*~-iT aRiniSneba winadadeba, romelic arasworia; qvemoT me aseve 

viyeneb aRniSvnebs: `?~ da `??~ imis aRsaniSnavad, rom winadadeba mTlad 

dauSvebeli araa, Tumca arc gamarTulia enobrivad.).
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*Smoke means Rauch5.

`moweva niSnavs Rauch-s.~

*Lith and slimy means slithy.

`mxne da gamxdari niSnavs slithy-s.~

*Doing this means osculating.

`amas rom akeTeb, es niSnavs oskulirebas.~

*That you should stop means a red light.

`Sen rom unda SeCerde, es niSnavs wiTel Suqs.~

rodesac vlaparakobT sityvis, frazis an winadadebis mniSvnelobaze, 

Cveulebriv vgulisxmobT ganmartebasa da Targmans. inglisuri leqsikoni 

inglisuri sityvis mniSvnelobas iZleva ganmartebis saxiT. germanul-

inglisuri leqsikoni germanuli sityvis mniSvnelobas iZleva Targmanis 

saxiT.

X means Y  CarCos sxva gamoyeneba gamoxatavs garkveuli tipis kavSirs 

means zmnis qvemdebaresa da damatebas Soris. 

X means Y gamoiyeneba kavSiris gamosaxatavad

Smoke means fire.

`kvamli niSnavs cecxls.~ 

A sharp pain in your left side may mean appendicitis.

`mwvave tkivili marcxena mxares SeiZleba niSnavdes apendicits.~

This means war!

`es niSnavs oms!~  

kvamli aris Sedegi cecxlisa da amitomac, sadac aris kvamli, iq 

SeiZleba iyos cecxli. aseve, tkivili aris Sedegi apendiqsis Setevisa, 

5	 es winadadeba SeiZleba warmovTqvaT maSin, roca inglisurad velaparakebiT ger
manulenovan pirovnebas, romelmac ar icis konkretuli inglisuri sityva. am 
SemTxvevaSi, iseve rogorc sxva SemTxvevebSic, winadadebis qvemdebare ar aris nacnobi 
da nacnobia amave winadadebis damateba. 
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amdenad, rodesac gtkivaT, SeiZleba gawuxebdeT apendiciti. magram bolo 

magaliTSi kavSiri Sebrunebulia. es, rac ginda iyos, ar aris omis Sedegi, 

igi sulac SeiZleba gaxdes mizezi an motivacia omisa.6 

yvela am SemTxvevaSi gamoyenebuli mean erTi da igive sityvaa?  iqneb, 

rogorc smoke-is SemTxvevaSi iyo, aqac gvaqvs urTierTdakavSirebuli 

mniSvnelobebi, an iqneb, sulac omonimebia, rogorc bank-is SemTxvevaSi 

iyo? gasagebi rom gaxdes, saiT mivdivarT, ganvixiloT sami SemTxveva, 

roca mean aSkarad omonimuri mniSvnelobiT gamoiyeneba: 

What does he mean to do next?				    [= `ganzraxva~]

`ris gakeTebas fiqrobs (apirebs) is Semdgom?~

That’s one mean and ugly dog.				    [= `saZageli~]

`es erTi saZageli da saSineli ZaRlia.~

The mean temperature in Lower Slobbovia is minus 6.	 [= `saSualo~]

`saSualo temperatura qvemo sloboviaSi aris minus 6.~

6	 mizezisa da Sedegis Sebrunebuli gamoxatva ar aris gansakuTrebuli Tviseba sityvisa 
mean. aseve gvaqvs sityvebTan reason (`mizezi~) da why (`ratom~). magaliTad, qvemoT 
moxmobil or winadadebaSi, situacia pirvel nawilSi aris Sedegi situaciisa meore 
nawilSi:

The reason that leaves are green is that (or because) they have chlorophyll.
`foTlebi rom mwvanea, amis mizezi aris is (es aris imitom), rom maT aqvT qlorofili.~

Why are leaves green? Because they have chlorophyll.
`ratom aris foTlebi mwvane? imitom, rom maT aqvT qlorofili.~

magram momdevno or winadadebaSi, situacia meore nawilSi aris Sedegi situaciisa 
pirveli nawilidan:

Why do leaves have chlorophyll? So they can metabolize carbon dioxide.
	 `rad aqvT foTlebs qlorofili? raTa maT SeZlon naxSirorJangis gardaqmna.~ 

zogjer gansxvaveba gamoixateba gramatikuli formiT: winadadebis erTi nawili 
zmnis piriani formiT gamoxatavs mizezs, xolo infinitivis (to be able) an modaluri 
zmnis (can) Semcveli meore nawili gamoxatavs Sedegs. Tu pirvel da mesame winadadebebSi 
zmnis pirian formas CavanacvlebT infinitiviT, da piriqiT, miviRebT cota ucnaur 
winadadebebs:

?? The reason that leaves are green is to have chlorophyll.
	 (am SemTxvevaSi Targmani daaxloebiT Semdegi iqneba: `foTlebi rom mwvanea, amis 

mizezi aris is, rom  maT hqondeT qlorofili.~) 

??The reason that leaves have chlorophyll is that they are able to metabolize carbon dioxide.
	 (am SemTxvevaSi Targmani daaxloebiT Semdegi iqneba: `foTlebs imisTvis aqvT 

qlorofili, rom maT SeuZliaT naxSirorJangis gardaqmna.~)
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mocemul sam winadadebasTan SedarebiT, yvela SemTxveva interpreta-

ciis mizniT gamoyenebisa da, aseve, yvela SemTxveva dakavSirebis mizniT 

gamoyenebisa erTmaneTTan Zalian axlosaa, Tumca erTi da igive ar aris.

es rom davinaxoT, ganvixiloT kidev ori sxva gramatikuli CarCo: 

zogjer axali gramatikuli CarCoebi imaves gamxataven, rac adre 

ganxiluli CarCoebiT gamoixateboda, magram zogjer axali CarCoebi 

cota ucnauri Cans:

CarCo A: The meaning of X is Y

The maning of Rauch is smoke.

[= Rauch means smoke]					     (Targmani)

`Rauch-is mniSvneloba aris moweva  

[=Rauch niSnavs mowevas]~

The meaning of slithy is lithe and slimy

[= Slithy means lithe and slimy]				    (gansazRvra)

`Slithy-is mniSvneloba aris mxne da gamxdari 

[=Slithy niSnavs mxnesa da gamxdars ]~

?The meaning of osculate is doing this.			   (demonstrireba)7

`oskulirebis mniSvneloba aris amis gakeTeba~

?The meaning of a red light is that you  should stop.		 (simbolos axsna)

`wiTeli Suqis mniSvneloba aris is, 

rom unda gaCerde.~

*The meaning of smoke is fire.				    (dakavSireba)

`kvamlis mniSvneloba aris cecxli.~

7	 zogi am winadadebasa da mis uSualod momdevnos sasacilod miiCnevs, magram ara _ maT 
momdevnos.
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CarCo B: X has the same meaning as Y

(germanuli sityva) Rauch has the same

 meaning as (inglisuri sityva) smoke.			  (Targmani)

`Rauch-s (germanuli sityva) igive mniSvneloba 

aqvs, rac smoke-s (inglisuri sityva).~ 

Slithy has the same meaning as lithe and slimy.		  (gansazRvra)

`Slithy-is igive mniSvneloba aqvs, 

rac lithe-sa da slimy-s~

*Osculate has the same meaning as doing this.		  (demonstrireba)

`Osculate-s igive mniSvneloba aqvs, 

rac amis gakeTebas.~

*A red light has the same meaning as that you should stop.	 (simbolos axsna)

`wiTel Suqs igive mniSvneloba aqvs, 

rom unda gaCerde.~

*Smoke has the same meaning as fire.			   (dakavSireba)

`Smoke-s igive mniSvneloba aqvs, rac cecxls.~

ganxiluli CarCoebi mocemul xuT SemTxvevas sam jgufad yofs: 

Targmanisa da gansazRvris SemTxvevebSi winadadebebi gamarTulia 

rogorc A, ise B CarCos mixedviT; demonstrirebisa da simbolos axsnis 

SemTxvevebSi winadadebebs TiTqos ara uSavs A CarCos mixedviT, Tumca 

uvargisia B CarCos mixedviT; dabolos, dakavSirebis SemTxvevaSi 

winadadeba uvargisia, orive CarCos mixedviT.

magram jer ganxilva ar damTavrebula. sainteresoa kidev erTi 

SemTxveva mean-is gamoyenebisa CarCoSi: X means Y for Z. aq Y aRwers, Tu 

garkveuli situacia X rogor zemoqmedebs Z-ze.
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zegavlenis gamxatva: X means Y for Z

What the stock market decline means for us is that we can’t retire soon.

`rasac niSnavs CvenTvis fasebis dacema birJaze, aris is, rom ver 

SevZlebT male pensiaze gasvlas.~ 

What do the latest insights of brain imaging mean for music theory? 

`ras niSnavs musikis TeoriisTvis encefalografiiT miRebuli 

bolodroindeli Sedegebi?~ 

kidev erT SemTxvevas SeiZleba vuwodoT `emociuri zegavlena~. aq 

laparakia imaze, Tu raRac ramdenad mniSvnelovania (niSnavs bevrs, cotas 

Tu sulac arafers; am SemTxvevaSi SeiZleba gamoviyenoT zedsarTavi 

meaningful (`mniSvnelovani~). 

emociuri zegavlenis gamoxatva: X means a lot/a little to Z;

X is meaningful to Z

Your thank-you note meant a great deal to my wife. 

`Tqveni madlobis werili Zalian did rames niSnavda Cemi colisaTvis.~

The situation in Rwanda means very little to most Americans. 

`situacia ruandaSi Zalian cotas niSnavs amerikelTa umetesobisaT-

vis.~

Graduating from Tufts was very meaningful to Karen.

`taftsis damTavreba Zalian mniSvnelovani iyo karenisaTvis.~ 

Tu vecdebiT, rom interpretaciisa da dakavSirebis gamomxatvel Sem-

Txvevebs movargoT emociuri zegavlenis gamomxatveli CarCo, miviRebT 

uazro winadadebebs (ix. qvemoT). amiT davinaxavT, Tu ramdenad gansxvave-

bulia emociuri zegavlenis gamomxatveli SemTxvevebi danarCenebisagan:

*Rauch means smoke very much to Sam.
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*A red light means that you should stop a great deal to Igor.

*Smoke is very meaningful to fire.8

maqsimalurad amomwuravi rom viyo, ganvixiloT, Tu ras gamoxatavs 

mean gaminaTqvamebSi: what it means to be human da what it means to be an Ameri-
can Jew9. Cemi azriT, aq gamoixateba kombinacia dakavSirebisa (molaparakes 

ainteresebs, ra SeiZleba mohyves adamianad yofnas) da emociuri zegav-

lenisa (adamianad yofna ra zegavlenas moaxdens molaparakis arseboba-

ze). იgive kombinacia gamoixateba kidev erTi gramatikuli CarCoTi: To be 
human means to suffer (`adamianad yofna niSnavs gancdebSi yofnas~).

magram sad movargoT gamosaxuleba the meaning of life (sityva-sityviTi 

Targmania: `cxovrebis mniSvneloba~)? saukeTeso parafrazad mimaCnia 

‘the purpose of life’ (`cxovrebis mizani~), SeiZleba, aseve: ‘the deep value of life’ 

(sityva-sityviTi Targmania: `siRrmiseuli Rirebuleba cxovrebisa~). es 

ukanaskneli TiTqos hgavs emociuri zegavlenis gamoxatvas, rogorc es 

aris gamosaxulebaSi Your thank-you note meant a great deal to my wife. 

vxvdebiT kidev erT gamoyenebas meaning-isa boTlebSi Camosxmuli 

wylis etiketze: Poland Spring: What it means to be from Maine? (miaxloebiTi 

Targmani Semdegia: `polonuri wyaro: ras niSnavs, rom is aris Maine-
dan~). me aqedan azri ver gamomaqvs. SeiZleba Tqven is azri gamoitanoT, 

rom polonuri wyaro atarebs yvela im arsebiT karg Tvisebas, romlebic 

Maine-Tan asocirdeba, magram darwmunebuli ara var, Tu SeiZleba am azris 

amgvarad gamoxatva. 

SesaZloa amgvarma analizma Tqveni aRSfoTebac gamoiwvios, 

metismetad CaxlarTuli mogeCvenoT. `namdvilad unda iyos ufro 

martivi axsna, es xom mxolod erTi sityvaa~. swored am azrs aviTarebda 

8	 mocemuli uazro winadadebebis Targmani, Sesabamisad, daaxloebiT Semdegia: `Rauch 
Zalian niSnavs smoke-s (`moweva~) semisTvis~; `wiTeli Suqi Zalian did rames niSnavs 
igorisTvis, rom unda SeCerde~; `kvamli Zalian mniSvnelovania cecxlisTvis~.

9	  mocemuli gamonaTqvamebis Targmani, Sesabamisad, Semdegia: `ras niSnavs, iyo adamiani~; 
`ras niSnavs, iyo amerikeli ebraeli~.
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vitgenStaini10. Tuki dasamSvideblad rame SeiZleba iTqvas, minda 

dagarwmunoT, rom mean arafriT aris gamorCeuli. praqtikulad, 

nebismier sityvasTan dakavSirebiTac imave siZneleebs wavawydebiT. zogi 

ram ukve iTqva smoke-Tan dakavSirebiT (wina TavebSi aRiniSna language-Tan 

da word-Tan dakavSirebiT). Cveni Semdgomi msjeloba kidev bevr amgvar 

siZneles warmoaCens. 

10	 logikosebma jon barvaizma da jon perim daafuZnes mTeli Teoria (situaciuri 
semantika) im hipoTezaze, rom mean-is amxsnelobiTi gamoyeneba (`Slithy niSnavs mxnesa da 
gamxdars~) SeiZleba aixsnas kavSiris gamoxatvis terminebSi (`kvamli niSnavs cecxls~). 
aq warmodgenili analizidan cxadi unda iyos, rom es hgavs imas, rom vcadoT avxsnaT, 
rogor movwioT sigara im wesebze dayrdnobiT, romelTa mixedviTac vbolavT qaSays.  
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8

`obieqturi~ da `subieqturi~ mniSvneloba

mean-is ganxilva jer ar damTavrebula. yvela im SemTxvevis garda, rac 

wina TavSi iyo warmodgenili, mean gamoiyeneba aseve situaciis mimarT 

pirovnebis subieqturi damokidebulebis gamosaxatavad. am pirovnebas 

Cven vuwodebT `interpretators~.

sityvis, frazis an winadadebis subieqturi interpretacia

In Bill’s opinion, “All trespassers will be shot” means anyone but him [. . . will be shot].

`bilis azriT, `yvela samarTaldamrRvevi daixvriteba~ niSnavs, rom 

yvela, mis garda, [. . . daixvriteba].~

In the investigations, language game means any use of language in a context.

`gamokvlevebSi enobrivi TamaSi niSnavs enis nebismier gamoyenebas 

konteqstSi.~ 

Language means something different to linguists than it does to computer scientists or 
philosophers. 

`ena niSnavs raRac ufro gansxvavebuls lingvistebisaTvis, vidre kom-

piuteruli mecnierebis specialistebisaTvis an filosofosebisaT-

vis.~

“No” may mean “yes” to you, but it means “no” to me! 

`ara~ SeiZleba niSnavs `diaxs~ TqvenTvis, magram is niSnavs `aras~ CemTvis!~ 

When I say “no” I MEAN “no”!

`roca me vambob `aras~, me vgulisxmob `aras~!~

By reference, David Lewis means reference in all possible worlds.

`referencia devid luisisTvis niSnavs referencias yvela SesaZlo 

samyaroSi.”
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By “look to the use,” Wittgenstein means that we shouldn’t be trapped by our preconceptions.

`SevxedoT gamoyenebas~, amaSi vitgenStaini gulisxmobda, rom ar unda 

Segvacdinos Cvenma mikerZoebulma azrma.~

wina TavSi ganxiluli im SemTxvevis msgavsad, roca mean gamoiyeneboda 

interpretaciis mizniT (rogorc es aris winadadebaSi “Rauch means smoke”), 
am SemTxvevaSic mean gamoyenebulia sityvis an frazis interpretaciis 

mizniT. magram, wina Tavisagan gansxvavebiT, es interpretacia gviCvenebs, 

Tu rogor esmis interpretators mocemuli fraza. adamiani, romelic 

warmoTqvams konkretul winadadebas, SeiZleba arc eTanxmebodes imas, rom 

warmodgenili interpretacia sworia da SeiZleba fiqrobdes, rom yvelas 

erTnairad ar esmis mocemuli fraza. am SemTxvevaSi SeiZleba vilaparakoT 

mean-is `subieqtur~ gamoyenebaze _ gamoixateba interpretatoris 

Tvalsazrisi. 

aRniSnulis sapirispirod, wina TavSi mean-is gamoyeneba (interpre-

taciis mizniT) mocemuli frazis interpretacis warmogvidgens rogorc 

faqts. faqtia, rom Rauch niSnavs ̀ mowevas~ da vinc ase ar fiqrobs, is, ra Tqma 

unda, cdeba. aq ukve SeiZleba vilaparakoT `obieqtur~ interpretaciaze.

meore axali gamoyeneba mean-isa isev garkveul Tvalsazriss gamo

xatavs; amjerad gamoixateba, Tu rogor esmiT kavSiri or situacias Soris.

subieqturi kavSiri or situacias Soris

In some people’s mind, the president’s behavior means that he’s losing his grip.

`zogierTi adamianis azriT, prezidentis qceva niSnavs imas, rom is Tavis 

gavlenis sferoebs kargavs.~

To me the look on Bill’s face means that we’d better get out of here fast.

`CemTvis, bilis saxis gamometyveleba niSnavs, rom jobia Cven aqaurobas 

male gavecaloT.~

da kvlav, es SemTxveva gansxvavdeba kavSiris gamoxatvis im SemTx-



32

LANGUAGE

vevisagan, romelic wina TavSi ganvixileT. damatebiT aq is igulisxmeba, 

rom kavSiri am SemTxvevaSi aris viRacis interpretacia or situacias So-

ris mimarTebis Taobaze. aqac, pirvel SemTxvevaSi, gamoxatuli kavSiri 

ubralod aris faqti, msgavsi imisa, rom kvamli marTlac niSnavs cecxls. 

ase rom, wina SemTxvevaSi gamoixateboda `obieqturi~ kavSiri.

`obieqturs~ brWyalebSi vsvamT imitom, rom molaparake mxolod 

sakuTar damokidebulebas gamoxatavs situaciis mimarT. SeiZleba 

Cven, msmenelebi, ar daveTanxmoT mas. winadadeba am interpretacias 

warmogvidgens rogorc faqts, magram imis Tqma, rom es faqtia, ar 

adasturebs, rom marTla faqtTan gvaqvs saqme. 

aRniSnuli dualoba, ganxiluli SemTxvevebis dayofa gamoxatvis 

`obieqturobisa~ da `subieqturobis~ mixedviT, faqtobrivad, savsebiT 

Cveulebrivia inglisuri sityvebis mimarTac. (axla, albaT, ukve xvdebiT, 

rom swored amis Tqmas vapirebdi.) vifiqroT qvemoT warmodgenili 

magaliTebis Sesaxeb; im magaliTebis Sesaxeb, romlebic mTel rig 

gansxvavebul gramatikul CarCoebs moicaven:

Tom adores Olive.

`toms (Zalian) uyvars olivi.~

Tom enjoys playing checkers.

`toms uyvars SaSis TamaSi.~

		  (also detests, hates, loathes, and many others)

		  (`agreTve ejavreba, sZuls, ezizReba da bevri sxva~)

Syntax is fascinating to Noam.

`sintaqsi (Zalian) ainteresebs noams.~

Noam is fascinated with syntax.

`noami (Zalian) dainteresebulia sintaqsiT.~

(also terrifying/terrifies/terrified of, surprising/surprises/surprised at,

disgusting/disgusts/disgusted with, exciting/excites/excited about, and many others)
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(`agreTve Sindeba/aSinebs/SeaSina, gaocebulia/aocebs/gaocda,

ezizReba (mocemul momentSi)/ezizReba (sazogadod)/SezizRda, 

aRafrTovanebs/aRfrTovanebulia/aRfrTovanda da bevri sxva~)

mocemul magaliTebSi gadmocemulia pirovnebis (am SemTxvevaSi _ 

tomisa da noamis) damokidebuleba konkretuli sagnisa Tu aqtivobis 

mimarT. aucilebeli araa, rom im pirovnebas, romelic mocemul 

winadadebebs warmoTqvams, igive damokidebuleba hqondes da SeiZleba 

isic ivaraudebodes, rom sxvebs sxvagvari damokidebuleba eqnebaT.

Tumca igive (an mniSvnelobiT msgavsi) sityvebi SeiZleba gamoviyenoT 

martivi Sefasebis gadmosacemad:

Olive is adorable.

`olivi (Zalian) sayvarelia.~ 

Playing checkers is enjoyable.

`SaSis TamaSi sasiamovnoa.~

Syntax is fascinating.

`sintaqsi sainteresoa (mimzidvelia).~

(also detestable, hateful, loathsome, terryfing, surprising, disgusting, exciting, and 
many more)

(`aseve saZageli, saZulveli, sazizRari, saSiSi, saocari, saSineli, 

aRmafrTovanebeli da bevri sxva)

mocemul magaliTebSi molaparake gadmoscems `faqts~ olivTan, 

SaSis TamaSTan Tu sintaqsTan dakavSirebiT. `faqtTan~ brWyalebi isev 

gamoviyene imis gamo, rom am winadadebis msmeneli SeiZleba molaparakes 

ar eTanxmebodes da fiqrobdes, rom es uknaskneli cdeba olivis, SaSis 

TamaSisa da sintaqsis Taobaze. amgvarad, es winadadebi hgavs mean-

is `obieqtur~ gamoyenebas. gansxvaveba `subieqtur~ da `obieqtur~ 

mniSvnelobebs Soris TavisTavad sainteresoa. 
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9

ra SeiZleba axasiaTebdes mniSvnelobas?  

aqamde ganvixilavdiT sityvebs mean da meaning. axla droa davsvaT 

SekiTxva: ra aris namdvili mniSvneloba (Tuki aseTi ram saerTod 

arsebobs)? momdevno ramdenime TavSi vecdebi vaCveno, rom es is ar aris, 

rac ukavSirdeba gaumjobesebuli leqsikonebis Seqmnas gaumjobesebuli 

gansazRvrebebiT. 

daviwyoT vitgenStainis Tavsatexi SekiTxviT: ras niSnavs sityva this? 

_ ara im situaciaSi, roca raRacaze mivuTiTebT, aramed TviTon sityva, 

TavisTavad. mean-is gamoyenebis verc erTi SemTxveva (ganxilulia VII 
TavSi) amjerad ver daggvexmareba. This-s ver ganvsazRvravT SedarebiT 

ufro nacnobi sityvebis meSveobiT, rogorc es Semdeg magaliTSi gvqonda: 

Slithy means lithe and slim (`Slithy niSnavs mxnesa da gamxdars~). arc misi 

demonstrireba SegviZlia, rogorc amas gamoxatavda Semdegi winadadeba: 

Osculating means doing this (`oskulireba niSnavs amis keTebas~). ase rom, 

dasmul SekiTxvas ver vpasuxobT. namdvilad ar SegviZlia imis Tqma, rom 

sityva this mniSvnelobas moklebulia, rom es iseTive uazro marcvalia, 

rogoric aris, magaliTad, bliff an thit. es ar aris uazro marcvali, ra Tqma 

unda, mas aqvs mniSvneloba!

magram ra azriT aris this mniSvnelobis mqone? Cven vambobT, rom 

samuSaos Tu sasiyvarulo kavSirs SeiZleba hqondes an ar hqondes 

mniSvneloba _ amiT Cven garkveul emociur zegavlenas gamovxatavT. 

magram this-s rom mniSvneloba aqvs, es ar ukavSirdeba emociuri zegavlenis 

gamoxatvas. maS, ras gamoxatavs this?  

analogiur Tavsatexs gviCens qvemoT mocemuli ramdenime magaliTi:

“The bear was chased by the lion” means the same thing as “The lion chased the bear.”

`daTvi dadevnebuli iqna lomis mier~ niSnavs imaves, rasac `lomi 

daedevna daTvs.~

“It appears that the war is lost” means the same thing as “The war appears to be lost.”
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`rogorc Cans, omi wagebulia~ imaves niSnavs, rasac `omi wagebuli 

Cans.~ 11

es magaliTic aucileblad unda davamato:

“X and Y mean the same thing “ means the same thing as “X means the same thing as Y.”

`X da Y erTsa da imaves niSnavs~ niSnavs imaves, rasac `X niSnavs imaves, 

rasac Y.~ 

aq laparakia ara sityvebis, aramed winadadebebis mniSvnelobebis 

Sesaxeb. ra aris is, rasac winadadebaTa es wyvili niSnavs, erTi da igive ra 

aris maTSi?

ra Tqma unda, erTi da igive sityvebi aq araa mTavari. magaliTad, 

momdevno ori winadadeba erTsa da imave sityvebs Secavs, magram erTsa da 

imaves ar niSnavs:

The lion chased the bear.

`lomi daedevna daTvs.~

The bear chased the lion.

`daTvi daedevna loms.~

momdevno or winadadebaSic erTi da igive sityvebia, Tumca meore 

arafers niSnavs (yovel SemTxvevaSi, inglisurSi):

It appears that the war is lost.

`rogorc Cans, omi wagebulia.~

*The it appears war lost is that.

`is Cans omi wagebuli aris rom.~

rogorc vxedavT, imas, Tu ras niSnavs winadadeba, erTgvrad 

gansazRvravs sityvaTa ganlageba winadadebaSi.

Cemi azriT, Cven vgrZnobT, rom sityvebisa Tu sityvaTa rigis miRma 

imaleba raRac ufro Rrma. es, ra Tqma unda, ar aris gansazRvreba sxva 

11	 orive winadadebis Targmani ramdenadme xelovnuria imis gamo, rom gvsurda SegvenarCu-
nebina inglisuri winadadebebis struqturuli Taviseburebani (mTargmnelis SeniSvna).
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sityvebis meSveobiT. roca vambobT, rom sityva this mniSvnelobis mqonea, 

amiT vambobT, rom mas aqvs mniSvneloba, sul erTia, ra saxisa. da ai, swored 

aq iwyeba sirTule. ra unda iyos es damaluli Rrma raRac?

platonis azriT, mniSvneloba sityvisa, rogoricaa, magaliTad, sit

yva dog, aris `ZaRlobis~ arsi, drois sazRvrebis gareSe. raRac, rasac 

uSualod arasdros SevxebivarT. magram mas araferi uTqvams winadadebis 

mniSvnelobis Sesaxeb da arc sityva this-is (an misi berZnuli ekvivalentis) 

mniSvnelobis Sesaxeb. ra unda iyos `esobis~ (“thisness”) arsi? sxva filoso-

fiuri TvalsazrisebiTac vcadeT sityvisa da winadadebis mniSvnelobis 

gansazRvra, saxeobis (dog-is mniSvneloba aris ‘ZaRlis’ bunebrivi saxeo-

ba), simravlis (dog-is mniSvneloba aris yvela ZaRlis simravle), SesaZlo 

samyaroTa simravlis (dog-is mniSvneloba aris yvela ZaRlis simravle yve-

la SesaZlo samyarodan) meSveobiT. sityvisa da winadadebis mniSvnelo-

bis gansazRvra aseve vcadeT lingvisturi Teoriebis saSualebiTac, abs

traqtuli siRrmiseuli struqturisa da logikuri formis mixedviT. 

miuxedavad imisa, rom mniSvnelobasTan dakavSirebuli es Tvalsazrisebi 

erTmaneTisagan gansxvavdebian, isini erT rameze Tanxmdebian: mniSvnelo-

bis uSualo aRqma ar xdeba _ mniSvneloba damalulia Cvengan.

vecdebi nabij-nabij mivaRwio mniSvnelobis gansazRvras Semdegi 

SekiTxvebis dasmiT: ra SeiZleba axasiaTebdes sityvisa Tu winadadebis 

mniSvnelobas, miuxedavad imisa, Tu ra aris es mniSvneloba? ra spe

cifikuri gamoxatuleba aqvs mniSvnelobas? qvemoT warmovadgenT eqvs 

maxasiaTebels, romlebic unda gvaxsovdes.

1. mniSvneloba ukavSirdeba warmoTqmas

upirvelesi, rac mniSvnelobas moeTxoveba, aris is, rom igi unda 

ukavSirdebodes enis sametyvelo (an werilobiT) formas. This formas 

ukavSirdeba mniSvneloba, xolo forma thit-s _ ara. sityva imitomac aris 

sityva, rom is, erTi mxriv, ukavSirdeba iseT bgeriT monakveTs, romlis 

warmoTqma SesaZlebelia (e.i. ukavSirdeba `fonetikur~ an `fonologiur~ 

struqturas) da, meore mxriv, _ mniSvnelobas. 
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garkveul enobriv odenobas vuwodoT `fonologiuri~ sityva, Tu mas 

aqvs warmoTqma, miuxedavad imisa, ukavSirdeba Tu ara mas mniSvneloba. Tu 

fonologiuri sityva ukavSirdeba mniSvnelobas, vuwodoT mas `mniSvnelo-

bis mqone sityva~. me-19 saukunis meore naxevarsa da me-20 saukunis adreul 

wlebSi moRvawe enaTmecnieri ferdinand de sosiuri amgvar odenobas uwo-

debs ̀ niSans~. magaliTad, thit da bliff ubralod fonologiuri sityvebia _ maTi 

warmoTqma SesaZlebelia, Tumca mniSvneloba maT ar ukavSirdeba. This aris 

mniSvnelobis mqone sityva (anu niSani); Tumca thqs aris mxolod asoebis mim-

devroba, romelic arc erTi fonologiuri sityvis Canawers ar warmoadgens.  

`kratilosSi~, platonis erT-erT ucnaur dialogSi, sokrate 

aRmoaCens, rom TiTqmis yvela sityvas, romelzec is dafiqrebula, aqvs 

warmoTqma, romelic zusti Sesatyvisia mniSvnelobisa. roca Sexvdeba 

sityva, romlis warmoTqma ar Seesabameba mniSvnelobas (kriteriumi 

amis Sesafaseblad SeiZleba Zalian ucnauric iyos), is mainc amoicnobs, 

rom es Sesatyvisoba erT dros arsebobda da droTa ganmavlobaSi, 

bgeraTcvlilebebis Sedegad, warmoTqma daSorda Tavis `srulyofil~ 

formas. es de sosiurma Zalian kargad icoda. cnobilia misi debuleba 

`niSnis nebismierobis~ Sesaxeb: ‘dog’ sityvis bgeriTi mxare arafriT aris 

dakavSirebuli imasTan, rasac warmoadgens ZaRli. swored amitomac 

aris, rom sityvebi, romlebic TiTqmis erTsa da imave sagans (farTo 

mniSvnelobiT) miemarTebian, magaliTad, smoke da Rauch, sxvadasxva enaSi 

SeiZleba absoluturad gansxvadebodnen erTmaneTisagan.

(Cveulebriv, sityvis bgeriTi Sedgeniloba ar ganisazRvreba imiT, 

rasac mocemuli sityva aRniSnavs. arsebobs mcire raodenoba sityvebisa, 

garkveuli xmianobis aRmniSvneli sityvebi, e.w. onomatopoeturi sityvebi, 

romlebic TiTqos baZaven im bgerebs, romlebsac aRniSnaven. magram aq 

msgavseba aris mxolod garkveuli xarisxiT. magaliTad, frangulSi 

ZaRlis yefas aRniSnaven gnaf-gnaf-iT, xolo inglisurSi bow-wow-Ti. 

sityvebi, rogorebicaa mama, papa da dada gavrcelebulia msoflios 

enebSi, magram ara imitom, rom es sityvebi hgvanan an ‘mamas’ an ‘dedas’, 

aramed imitom, rom Cvili pirvelad swored am bgerebs warmoTqvams. mama 

an deda ki am dros Tavs iwonebs, Tvlis, rom patara mis saxels ambobs.) 
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Jestebis enis zogierTi niSani marTlac hgavs Tavis aRsaniSns, magram 

es msgavseba ar aris sruli, mxolod msgavsebis garkveul xarisxze SiZleba 

vilaparakoT. Tu vinme getyviT, ras niSnavs mocemuli niSani Jestebis 

enisa, SeiZleba miagnoT msgavsebas; magram Tu calke aRebul niSans xedavT, 

Znelia imis Tqma, Tu ras unda niSnavdes igi. 

sad xdeba warmoTqmisa da mniSvnelobis dawyvileba? im Tvalsazrisis 

mixedviT, romelic varaudobs, rom ena sadRac `gare samyaroSia~, 

mniSvnelobebic iq unda iyos. me-19 saukunis bolo wlebSi moRvawe logi

kosi gotlob frege swored am Tvalsazriss iziarebda. amave Tvalsazriss 

iziareben  Tanamedrove anglo-amerikeli enis filosofosebi. me maT 

ar veTanxmebi. kognitiuri TvalsazrisiT, Tu molaparakes SeuZlia 

sityvebisa da winadadebebis gamoyeneba, mas es yvelaferi gonebaSi unda 

hqondes. amdenad, mniSvnelobebi, iseve rogorc kavSiri warmoTqmasa da 

mniSvnelobas Soris, unda iyos molaparakis gonebaSic (TavSi).

me-6 TavSi warmodgenili analizi sityvisa smoke SeiZleba ufro naTeli 

gavxadoT, Tu gaviazrebT warmoTqmisa da mniSvnelobis dawyvilebis ideas. 

sityva smoke-s  frazaSi smoke a cigar (`sigaris moweva~) da sityva smoke-s  
frazaSi smoke a ham (`SaSxis Sebolva~) erTnairi warmoTqma aqvT, Tumca 

am erT warmoTqmaze mibmulia ori gansxvavebuli mniSvneloba. TiToeul 

am mniSvnelobaSi erT-erTi Semadgeneli komponenti aris mniSvneloba 

sityvisa smoke  frazaSi cigar smoke (`sigaris moweva~). amitomac aris, rom 

es sami sityva ukavSirdeba erTmaneTs.   

2.	 winadadebis mniSvneloba aigeba misi nawilebis 
mniSvnelobebisagan

cxadia, rom winadadebis mniSvneloba dakavSirebuli unda iyos masSi 

Semavali sityvebis mniSvnelobebTan. winadadeba The lion chased the 
bear (`lomi daedevna daTvs~) dakavSirebulia lomTan, daTvTan da 

dadevnebasTan.. magram winadadebis mniSvneloba metia masSi Semavali 

sityvebis mniSvnelobaTa jamze. winadadebaSi The bear chased the lion 

(`daTvi daedevna loms~) igive sityvebia, Tumca es winadadeba imaves ar 
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niSnavs da ai, ratom: dadevneba aris moqmedeba, romelSic ori monawilea 

CarTuli gansxvavebuli rolebiT _ erTia is, vinc misdevs, xolo 

meorea is, visac misdeven. es ori winadadeba gansxvavebulia lomisa da 

daTvis gansxvavebuli rolebiT. gramatikuli struqtura winadadebisa 

gveubneba, romeli romelia. kerZod, winadadebis qvemdebare asaxelebs 

mdevars, xolo pirdapiri damateba _ dadevnebuls. 

axla cota gavarTuloT magaliTi: The fat lion chased the sleepy bear (`msuqani 

lomi daedevna mZinare daTvs~). vin aris msuqani da vin aris mZinare? 

es damokidebulia Sesabamisi sityvebis poziciaze winadadebaSi. The fat 
sleepy lion chased the bear, The sleepy lion chased the fat bear da a.S. am winadadebebs 

Soris gansxvaveba kvlav gramatikuli struqturiT ganisazRvreba: roca 

zedsarTavi saxeli win uswrebs arsebiT saxels (inglisurSi), Tviseba, 

romelsac asaxelebs zedsarTavi, miewereba sagans an pirs, romelsac 

asaxelebs arsebiTi. 

winadadeba pasiuri konstruqciiT, rogoricaa: The bear was chased by 
the lion, Seicavs erT patara gramatikul markers (was), romelsac mosdevs 

zmna namyos mimReobis formiT. aRniSnuli gramatikuli konstruqcia 

migvaxvedrebs romeli monawile ra rols asrulebs. aqac daTvs isev 

misdeven da lomi aris mdevari. amgvarad, winadadeba inarCunebs (an 

TiTqmis inarCunebs) im mniSvnelobas, romelic hqonda winadadebas The lion 
chased the bear. 

ganxilul winadadebaTagan gansxvavebiT, sityvebis uazro 

mimdevrobas, magaliTad: The it appears war lost is that (`es is Cans omi wagebuli 

aris rom~), gramatikuli struqtura ara aqvs, Tumca misi warmoTqma 

SesaZlebelia. miuxedavad imisa, rom yvela calkeul sityvas mniSvneloba 

aqvs, mniSvnelobebi erTmaneTs ver ukavSirdeba da, Sedegad, winadadeba 

(ufro zustad, sityvaTa mimdevroba) mniSvnelobis gareSe rCeba.

msgavs magaliTebs mivyavarT `kompoziciurobis~ cnebamde, romelic 

miewereba freges. 

`fregeseuli kompoziciuroba~: mniSvneloba Sedgenili gamosaxu
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lebisa (frazisa an winadadebisa) aris funqcia misi Semadgeneli nawilebis 

mniSvnelobebisa da maTi kombinirebis gramatikuli wesebisa. 

tradiciulad, fregeseuli kompoziciuroba gaigeboda Semdegnairad: 

winadadebis an frazis mniSvneloba mTlianad ganisazRvreba masSi 

Semavali sityvebis mniSvnelobebiT, romlebic erTmaneTs ukavSirdebian 

im wesebis mixedviT, romlebsac mocemuli gramatikuli struqtura 

gvkarnaxobs. Fat-isa (`msuqani~) da lion-is (`lomi~) mniSvnelobebi erTmaneTs 

ukavSirdeba da iqmneba fat lion-is (`msuqani lomi~) mniSvneloba: es aris is, 

rac erTdroulad aris msuqanica da lomic. Chase-isa (`dadevneba~) da 

bear-is (`daTvi~) mniSvnelobebic ukavSirdebian erTmaneTs da iqmneba chase 
the bear-is (`daTvs dadevneba~) mniSvneloba _ rom adgili aqvs dadevnebis 

qmedebas da daTvi aris is, rasac misdeven, da a.S. magram sinamdvileSi ase 

martivadac ar aris saqme.12

12	  jer erTi, sityvebi ar warmoadgenen im ‘nawilebs’, romelTagan Sedgeba fraza an 
winadadeba. ganvixiloT sxva SemTxvevebic, magaliTad:

•	 idiomebi, rogorebicaa kick the bucket (sityva-sityviTi Targmania: `vedrosTvis fexis 
kvra~, magram misi Sesatyvisi ufro aris qarTuli idioma `fexebi gaWima~ _ `gardacva-
lebis~ mniSvnelobiT) da cut and dried (sityva-sityviTi Targmania: `daWrili da gamom-
Srali~, magram igi ixmareba `winaswar gansazRvrulis, daStampulis~ mniSvnelobiT) 
Sedgeba Cveulebrivi sityvebisagan, Tumca idiomebis mniSvneloba ar Sedgeba maTi 
nawilebis mniSvnelobebisagan. idioma unda daviswavloT rogorc mTliani erTeuli. 

•	 Sedgenili sityvebi, rogorebicaa snowman (`Tovlis kaci~) da hot dog (aRniSnavs 
swrafi kvebis erT-erT produqts, kerZod, es aris `cxeli sosisi purSi~), mniSvnelobis 
mqone erTeulebia. zogjer kompozitSi Semavali sityvebi garkveulwilad monawileo-
ben mniSvnelobaSi, rogorc es aris snowman-Si, zogjer ki ara _ hot dog ar aris ZaRlis 
jiSi da arc honeymoon-s (sityva-sityviTi Targmania: `Tafli-mTvare~, magram niSnavs 
`Taflobis Tves~) aqvs pirdapiri kavSiri TaflTan an mTvaresTan. zogierT Sedgenil 
sityvaSi, magaliTad, cranberry-Si (`StoSi~), erT-erTi nawili (cran) mxolod fonologi-
uri sityvaa, ar aris mniSvnelobis mqone. Tumca maSinac ki, roca Semadgeneli sityvebi 
mniSvnelobis mqonea, Sedgenili sityvis mniSvnelobas maTi meSveobiT calsaxad ver 
ganvsazRvravT. magaliTad, a garbage man (`menagve~) ar aris nagvisgan (garbage niSnavs 
`nagavs~) gakeTebuli kaci (man niSnavs `kacs~) da arc a snowman aris kaci, romelic Tov-
ls (snow niSnavs `Tovls~) yris (igulisxmeba msgavsi modelis farglebSi mniSvneloba-
Ta sxvaoba: nagavs yris, magram Tovlisgan gakeTebuli. _ mTarg. Sen.).

•	 idioma an Sedgenili sityva, rogorc erTeuli, romlis mniSvneloba kombinirebs 
winadadebis danarCen nawilTan, ufro metia, vidre calke aRebuli sityva. magram 
arsebobs mniSvnelobis mqone erTeulebi, sityvaze ufro mcire, magaliTad, xazgasmuli 
nawilebi Semdeg frazebSi::

		  a ketchupless hot dog			   [= ‘a hot dog without ketchup’]
		  `cxeli sosisi ketCupis gareSe~ 
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3. Targmani inarCunebs mniSvnelobas

mesame, rac mniSvnelobas SeiZleba axasiaTebdes, aris is, rom TargmanSi 

SenarCunebuli unda iyos sityvebisa da winadadebebis mniSvnelobebi 

_ swored es aris Targmani. inglisuri smoke da germanuli Rauch ori 

gansxvavebuli enis fonologiuri sityvebia, romlebic erTsa da imave 

mniSvnelobas ukavSirdebian. winadadebis idiSidan iaponurze Targmnisas 

iqmneba iaponuri fonologiuri sityvebis mimdevroba, romelic 

ukavSirdeba imave mniSvnelobas, rasac ukavSirdeba mimdevroba idiSSi. (es 

imas rodi niSnavs, rom yovel sityvas idiSidan aqvs pirdapiri Targmani 

iaponurSi. SesaZlebelia, idiSis erTi sityvis Targmani aRmoCndes mTeli 

fraza iaponurSi.) 

yovelTvis aRmoCndeba viRac, vinc ityvis, rom SeuZlebelia erTi 

enidan meoreze Targmani srulyofili iyos. ra Tqma unda, xSirad Znelia 

TargmanSi yvela mcire niuansis gadmocema, gansakuTrebiT maSin, roca 

prozas an poezias vTargmniT. Tumca umetesi praqtikuli miznebisTvis, 

Tundac iseT mniSvnelovan sferoSi, rogoric aris diplomatia, iTvleba, 

rom mniSvnelobis gadmocema TargmanSi mSvenivrad xerxdeba.

4. mniSvnelobebi enas gare samyarosTan akavSirebs: 
referenciuli funqcia

meoTxe maxasiaTebeli mniSvnelobebisa SeiZleba iyos is, rom maTi meSvebiT 

myardeba kavSiri enasa da gare samyaros Soris. vTqvaT, me raRacaze 

mivuTiTeb da gekiTxebiT: “Is this a dagger which I see before me?” (`es, rasac 

		  an ex-copilot				    [= ‘a former copilot’]
		  `yofili meore piloti~

		  an unzippable jacket			   [= ‘a jacket that cannot be zipped’]
		  `qurTuki, romelic elviT ar ikvreba~

sufiqsebisa da prefiqsebis parafrazi mocemulia sityvebis meSveobiT da, amdenad, 
es imas niSnavs, rom sufiqsebsa da prefiqsebs ukavSirdeba sakuTari damoukidebeli 
mniSvnelobebi. sufiqsebisa da prefiqsebis mniSvnelobebi kombinirebs im sityvebis 
mniSvnelobebTan, romlebsac daerTvian, TiTqmis zustad iseve, rogorc sityvaTa 
mniSvnelobebi kombinireben frazebSi.   
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me Cem win vxedav, xanjalia?~) imisaTvis, rom SekiTxvaze mipasuxoT, Tqven 

unda mixvdeT, me ra sagani maqvs gonebaSi da naxoT, akmayofilebs is Tu ara 

dagger-is (`xanjali~) mniSvnelobas. Tu kidev ufro davazustebT, sityva 

this (`es~) gkarnaxobT, rom miagnoT imas, razec migiTiTebT (ai, uxeSad 

rom vTqvaT, amas niSnavs this, yovel SemTxvevaSi, am konteqstSi). es aris 

mniSvnelobis referenciuli funqcia.

Tu mniSvnelobebi Cvens gonebaSia (`TavSia~), rogor SeiZleba maTi 

dakavSireba gare samyarosTan? am SekiTxvas ufro qvemoT, wignis meore da 

mesame nawilebSi mivubrundebi.

5.	mniSvnelobebi erTmaneTs ukavSirdebian: 
inferenciuli funqcia

mexuTe, rac mniSvnelobas SeiZleba axasiaTebdes, aris is, rom 

mniSvnelobebi unda qmnidnen meqanizms daskvnis gamosatanad. Tu vityvi, 

rom Amy is hungry and Tom is cooking (`emi mSieria da tomi saWmels amzadebs~), 
Tqven SegiZliaT daaskvnaT, rom emi mSieria. es daskvna gamomdinareobs 

standartuli logikuri aqsiomidan: P & Q → P. axla minda mogawodoT 

nakleb trivialuri magaliTi, roca daskvna ar gamomdinareobs avto

maturad standartuli logikuri aqsiomidan. davuSvaT, giTxariT:

Amy convinced Tom to go to New York for the weekend.

`emim daarwmuna tomi, rom SabaT-kviras wasuliyo niu-iorkSi.~ 

Tqven SegiZliaT daaskvnaT Semdegi:

Originally Tom didn’t plan to go to New York for the weekend. Now he does.

`Tavidan tomi ar gegmavda niu-iorkSi wasvlas SabaT-kviras. axla ukve 

gegmavs.~

swored es aris mniSvnelobaTa inferenciuli funqcia: erTi wina

dadebidan gamomdinareobs meore. 

daskvnis gamotanis procesis meqanikuramde dayvanas da mis 

eqsplicitur warmodgenas cdilobs xangrZlivi filosofiuri tradicia, 
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dawyebuli aristoteles silogizmebidan, Semdgom laibnicis, fregesa 

da raselis CaTvliT, Tanamedrove formalur logikamde, romlis 

ganStoebebia xelovnuri inteleqtis modeli da, aseve, evristikuli 

modeli (amocanis gadawyveta saukeTeso gzis mignebis terminebSi). 

amave tradiciam migviyvana algoriTmebis Teoriamde, ramac biZgi mis

ca cifruli kompiuterebisa Tu xelovnuri inteleqtis modelis Seq

mnas da (noam Comskis wyalobiT) formaluri lingvisturi Teoriebis 

Camoyalibebas.

kognitiuri perspeqtiva moiTxovs, rom ufro dawvrilebiT gan

vixiloT, Tu rogor miiRweva danaskvi. Cveni midgoma ramdenadme 

gansxvavebulia logikuri Tvalsazrisisagan, ramdenadac Cven gvain

teresebs aRniSnuli sakiTxis ara mxolod formalur mxare, aramed is, 

Tu Cven, adamianebs, rogor gamogvaqvs daskvna _ rogor mimdinareobs es 

procesi Cvens TavebSi.

mniSvneloba ara aqvs, ra Tvalsazriss avirCevT, _ danaskvi arafriT 

gamomdinareobs fonologiuri sityvebidan. zemoT moxmobil magaliTSi 

didn’t plan-is (`ar gegmavda~) bgeriT Sedgenilobas araferi aqvs saerTo 

convince-is (`darwmuneba~) bgeriT SedgenilobasTan. maT rogorRac 

erTmaneTTan akavSirebT mniSvnelobebi.  

sityvaTa mniSvnelobebs Soris kavSiri xSirad formulirebulia 

danaskvis saxiT. magaliTad, rom mivubrundeT smoke-s winadadebidan Bill 
smoked (#3) the cigar (`bilma gaabola sigara~), SeiZleba davskvnaT, rom 

smoke (#1 _ `boli, kvamli~) gamodis sigaridan. winadadebidan The room was 
smoky (`oTaxi gabolili iyo~) SeiZleba davaskvnaT, rom oTaxSi iyo smoke 

(#1 _ `boli, kvamli~). am msjelobebidan vxedavT, Tu smoke (#1) rogor 

monawileobs smoke (#3)-isa da smoky-is mniSvnelobebSi. 

6. mniSvnelobebi dafarulia

davubrundeT im problemas, romliTac es Tavi daviwyeT: umTavresi 

Tviseba mniSvnelobisa aris is, rom mniSvnelobebi dafarulia. (ra azriT 
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vxmarob aq `dafaruls~, gamoCndeba Semdgom; ra Tqma unda, mistikurs 

arafers vgulisxmob.) rodesac xdeba dawyvileba mniSvnelobisa da 

warmoTqmisa, vTqvaT, this sityvis SemTxvevaSi, Cven gvesmis warmoTqma (an 

vxedavT, roca dawerilia) da maSinve viciT, rom igi mniSvnelobis mqonea. 

Tumca xSirad gviWirs mniSvnelobis axsna, mniSvnelobas verc davinaxavT 

da verc gavigonebT, miuxedavad imisa, rom mniSvneloba Cvens gonebaSia 

(`TavSia~).

sxva sityvebiT rom vTqvaT, bgera-mniSvneloba wyvilis mniSvnelobiTi 

mxare aracnobieria (Tu ar CavTvliT im SegrZnebas, rom wyvilis bgeriTi 

mxare mniSvnelobis mqonea). mniSvnelobis problemas am kuTxiT wignis 

meore nawilSi ganvixilavT da daskvnebsac mogawvdiT, friad gasaocars, 

cnobierebis Teoriis TvalsazrisiT.   

SeiZleba ar dameTanxmoT, radgan fiqrobT, rom mniSvneloba ar 

SeiZleba iyos dafaruli da aracnobieri. yovel SemTxvevaSi, roca mesmis 

sityva dog, me SeiZleba mqondes cnobieri vizualuri gamosaxuleba 

ZaRlisa. gana is suraTi, romelic gonebaSi maqvs, ar aris igive, rac 

mniSvneloba? mokle pasuxi aris ara. ufro vrceli pasuxi ixileT 

momdevno TavSi. 

axla SevajamoT: kognitiuri TvalsazrisiT, sityvis an winadadebis 

mniSvneloba aris is raRac, rac enis momxmareblis (molaparakis an 

msmenelis) TavSia da romelic:

•	 ukavSirdeba warmoTqmul Tu daweril formas, an asocirdeba 

masTan;

•	 kombinirebs winadadebis sxva nawilebis mniSvnelobebTan;

•	 ukavSirdeba gamosaxulebis Targmans sxva enaze;

•	 SeiZleba daukavSirdes gare samyaros;

•	 iZleva daskvnis gamotanis SesaZleblobas; 

•	 cnobierebisTvis dafarulia.
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mniSvneloba ar SeiZleba iyos vizualuri gamosaxuleba

wina TavSi iyo miniSneba: xom ar SeiZleba, rom sityvisa Tu winadadebis 

mniSvneloba iyos vizualuri gamosaxuleba da ara sityvebiT gadmocemuli 

gansazRvreba. amjerad davasabuTebT, Tu ratom ar SeiZleba, rom ase iyos.

cnobilia me-18 saukunis filosofosis jorj berklis samkuTxedis 

magaliTi. samkuTxedis gamosaxulebas garkveuli forma aqvs. davuSvaT, 

rom Tqveni gamosaxuleba samkuTxedisa amgvaria:

	

  

 

 saqme is gaxlavT, rom yvela samkuTxeds erTnairi forma ara aqvs. 

qvemoT kidev ori samkuTxedia mocemuli. Tqven albaT ityviT: `ho, es 

samkuTxedebi formiT Zalian uaxlovdebian Cems samkuTxeds da SeiZleba 

samkuTxedebad CaiTvalon.~

  

  

 

axla kidev erTi gamosaxuleba vnaxoT. vfiqrob, es ufro hgavs Tqvens 

samkuTxeds:
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magram es ar aris samkuTxedi. Tqven SeiZleba TqvaT: `ho, am 

bolo figuras sami gverdi ara aqvs.~ aq unda SevCerdeT: vizualur 

gamosaxulebebSi araferi gveubneba imis Sesaxeb, rom sami gverdis qona  

aris mniSvnelovani samkuTxedisaTvis. rogorc ki amas CamovayalibebT 

rogorc ZiriTad maxasiaTebels, ukve gavdivarT im SesaZleblobidan, 

rasac vizualuri gamosaxuleba iZleva. Tuki mniSvnelobebi suraTebis 

saxiT gvaqvs, saidan viciT, rogor SevadaroT suraTebi `idealurs~?

aseve, arc yvela ZaRli hgavs erTmaneTs. magaliTad, germanuli nagazi 

ufro naklebad hgavs patara pudels, vidre mgels.

		    ZaRli                    ZaRli   		     mgeli

amgvarad, rogor SeiZleba, rom ZaRlis erTi vizualuri gamosaxuleba 

iyos sityvis mniSvneloba? daskvna Semdegia: erTi gamosaxuleba, 

warmodgenaSi iqneba is Tu realurad daxatuli, specifikuri da 

gansakuTrebulia da ver asaxavs im gansxvavebebs, rac, magaliTad, 

samkuTxedebs an ZaRlebs Soris aris. 

axla am suraTs SevxedoT:

ai, ras ityoda vitgenStaini:
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warmoidgineT suraTi, romelzec gamosaxulia mokrive misTvis 

specifikur pozaSi. es suraTi SeiZleba gamoviyenoT imisaTvis, rom vinmes 

vaCvenoT, rogori unda iyos misi dgoma, ra pozaSi unda iyos misi sxeuli, 

an ra pozaSi ar unda iyos misi sxeuli, an romelime konkretuli adamiani 

rogor idga romeliRac konkretul adgilas da a.S.

amjeradac vizualuri gamosaxuleba arafers gveubneba imis Sesaxeb, 

Tu ra aris mniSvnelovani, mTavari, ras unda mivaqcioT yuradReba. ra 

vifiqroT, ra mniSvneloba gadmoicema am suraTiT?

cnobilia me-18 saukunis kidev erTi filosofosis devid hiumis 

magaliTi mizez-Sedegobriobisa. ra aris qvemoT mocemuli winadadebis 

mniSvneloba?

The white ball hit the green ball, and that caused the green ball to move.

`TeTri burTi daejaxa mwvane burTs da aman gamoiwvia mwvane burTis    

moZraobaSi moyvana.~ 

ra SeiZleba vizualurad gamoisaxos? _ rom TeTri burTi ejaxeba mwvane 

burTs, rasac mohyva mwvane burTis amoZraveba. magram igive vizualizacia 

Seesabameba qvemoT moxmobil winadadebas, romelSic araferia naTqvami 

mizez-Sedegobriobaze:

The white ball hit the green ball and then immediately the green ball moved.

`TeTri burTi daejaxa mwvane burTs da Semdeg maSinve mwvane burTi    

amoZravda.~ 

mizez-Sedegobrioba is ZiriTadi aspeqtia, romelic gansazRvravs 

samyaros Cveneul xedvas, magram is ar Cans vizualur gamosaxulebaSi, 

is aris am gamosaxulebis interpretaciaSi, anu es aris mniSvneloba, 

romelsac gamosaxulebas mivawerT.

aba, ra geqnebodaT vizualur gamosaxulebaSi, romelsac unda 

gadmoeca qvemoT mocemuli winadadebebis mniSvnelobebi? patara isrebi 

da sxva amgvari niSnebi Cvens gamosaxulebebSi ar gamoiyeneba. 



48

LANGUAGE

There is a bird in that tree.

`im xeze aris Citi.~

A bird was in that tree yesterday.

`im xeze guSin iyo Citi.

Is there a bird in that tree?

`im xeze aris Citi?~	

A bird might be in that tree.

`im xeze SeiZleba iyos Citi.~

vizualurad verafriT gamovsaxavT gansxvavebas awmyosa da warsul 

dros Soris (Sdr. pirveli da meore winadadebebi), an TxrobiTsa da kiTxviT 

winadadebebs Soris an faqtis konstantaciasa da faqtis SesaZleblad 

warmoCenas Soris (Sdr. pirveli da meoTxe winadadebebi).

cota gavuswroT msjelobas da ganvixiloT winadadebebi:

Birds like the tree.

`Citebs moswonT es xe.~

That tree looks like a bird. 

`es xe Cits hgavs.

All birds sit in trees.

`yvela Citi xeebze jdeba.~	

I owe you $10.

`Seni $10 mmarTebs.~

Millard Fillmore was the thirteenth President of the US.

`milard filmori iyo aSS-is mecamete prezidenti.~	

vizualur gamosaxulebaSi araferi gamoxatavs Citis damokidebulebas 

xis mimarT, rasac pirveli winadadeba gadmogvcems. momdevno winadadebis 

vizualizaciisaTvis SeiZleba davxatoT xe, romelic formiT Cits hgavs, 

magram xis am Taviseburebaze, gansakuTrebulobaze araferi miuTiTebs.  



49

ena

aseve, vizualurad ver gamovsaxavT all-is (`yvela~) mniSvnelobas 

(mesame winadadeba), verc socialuri konceptebisa da Rirebulebebis 

mniSvnelobebs (rogoric aris fuli), verc `mmarTebs~ zmnis mniSvnelobas 

(meoTxe winadadeba)  da aseve SeuZlebelia vizualizacia bolo winadadebis 

im cnebebisa, romelTa mniSvneloba sulac ar aris damokidebuli imis 

codnaze, Tu rogor gamoiyureboda prezidenti filmori. dabolos, 

davubrundeT Cvens pirvel Tavsatexs: this-is mniSvnelobac verafriT 

gadmoicema vizualur gamosaxulebaSi.

mokled rom vTqvaT, miuxedavad imisa, rom sityvebisa da winadadebebis 

mniSvnelobebi xSirad vizualur warmodgenebs ukavSirdeba, yvela 

mniSvneloba ver iqneba vizualuri gamosaxuleba. amgvarad, me kvlav 

vadastureb, rom mniSvneloba sazogadod (an umetesad) dafarulia. 

rodesac vambobT, rom mniSvnelobebi dafarulia, es rodi niSnavs, rom 

maT zemoqmedebiTi Zala ar gaaCniaT. mniSvnelobebis zemoqmedebiTi Zala 

Cans Cvens mTel rig aqtivobebSi, romlebic mniSvnelobebs ukavSirdeba. 

Cven SegviZlia identificireba da klasifikacia sagnebisa gare samyaroSi; 

Cven SegviZlia mivyveT instruqcias, SegviZlia gamovitanoT daskvna, 

davxatoT naxati da warmovTqvaT winadadeba, romelsac, savaraudod, 

sxvebi gaigeben. Cveni yvela es aqtivoba SesaZlebelia maSin, roca `xels 

CavavlebT, movixelTebT~ mniSvnelobas. paradoqsi is gaxlavT, rom Cven 

mniSvnelobis moxelTebas vaxerxebT ise, rom mniSvnelobis formis Sesaxeb 

bevri araferi viciT.

Targmna eTer soseliam
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Das Wortfeld “Freiheit” in 
verschiedenen Sprachkreisen:

Die Entwicklung vom sozialen zum 
individuellen Begriff

Irine Melikischwili 

Worte, die den Begriff der „Freiheit“ bezeichnen, besitzen verschiedene Etymologien 
in verschiedenen Sprachen. Durch die Betrachtung dieser Bezeichnungen ergibt sich 
ein Bild der inhaltlicher Entwicklung, der im anthroposophischen Licht interessante 
Deutung zulässt. Es ist zu verfolgen, wie der Begriff, der früher einen sozialen Charakter 
trug, allmählich eine persönliche, individuelle Qualität annimmt. In dem Aufsatz werden 
verschiedene semantische Wege der Bildung der Worte für die Bezeichnung des Begriffes 
der „Freiheit“ betrachtet, die mit verschiedenen Stufen der Entwicklung dieses Begriffes 
zusammengebracht werden können. 

1.		 Nehmen wir zunächst die Worte, die im griechisch-lateinischen Sprachkreis diesen 
Begriff bezeichnen:

lat.  liber  und  gr. eleuther-os   “frei” stammen von der indogermanischen Wurzel 
*leudh-  „emporwachsen, hochkommen“; aind. ródhati, av. raodati „wächst“ und got. 
liudan „wachsen“; got. laudi „Gestalt“. Schon im Indogermanischen sind die abgeleitete 
Formen: *leudho-, leudhi- „Nachwuchs, Volk“; *leudhero- „zum Volk gehörig, frei“ 
gebildet. altsl. ljudje „Leute“, ahd. liute, ags. lēad „Volk“, mhd. liute, asächs. liudi, aengl. 
lōede „Leute, Menschen“,  lett. laudis, lit. liadis „Volk, Leute“, burgund. leudis “der 
Gemeinfreie” u. a. 1



51

ena

Die semantische Entwicklungen kann so vorgestellt werden: Wachstum > 
Emporgewachsenes,  Gestalt  > die Leute, das Volk (Emporgewachsene aus einer Wurzel, 
vgl. deutsch. Stamm, engl. Stock mit pflanzlichen und ethnischen Bedeutungen) > der „freie 
Mensch“, der zu dem Volke gehört, da er aus derselben Wurzel emporgewachsen ist. 

Der Begriff der „Freiheit“ gründet sich auf der Sozialisierung des Begriffes des 
Emporwachsens der Menschen aus einer Wurzel. Die Zusammengehörigkeit beruht auf 
gemeinsamer Herkunft, auf der Blutsverwandtschaft. „Frei“ ist der, der von der gleichen 
Wurzel entsprossen ist.

Vgl. das Wort „frei“ im Altpersischen: āzāta (neupers. āzād) „frei <geboren im 
Erbstrom“, āznā-ya „geboren im großen Haus“. Das Präfix ā- bezeichnet das Niedersteigen 
im Erbstrom bis zu einem gewissen Punkt. Der ist frei, der in einen bestimmten Erbstrom 
hineingeboren ist.

2.		 Eine andere etymologische Reihe bilden die Bezeichnungen des Begriffes der 
Freiheit im germanischen Sprachkreis:

Deutsche und englische Bezeichnungen  frei, free stammen vom indogermanischen 
Wurzel *prāi- „gernhaben, schonen; friedlich-frohe Gesinnung“, mit Ableitungen: *pri-
to, „geliebt“, *prijo, prija „Gattin“, *prijotā „Liebe“. 

Die Nachkommen dieser Wurzel sind belegt im griechischen, in indoiranischen, 
slawischen, germanischen und keltischen Sprachen:

aind. priya-, avesta friya- “angenehm, geliebte”; asl. prijati- “günstig sein, beistehen” 
russ. prijatel’ “Freund”, prijatnij “angenehm”, ahd. friudal aisl. fridill “Geliebter, Freund”, 
schwed. frände “Verwandte”;

got. frijōn “lieben”, freidjan “schonen”, ahd. fridu “Schutz, Friede” , ags. frēo,  frī, aisl. frijāls 
„frei“, urspr. „zu den Lieben gehörig“2. 

Die Bedeutung „frei“ hat sich im germanischen Sprachraum entwickelt: Personen, 
die man liebt, und daher schützt, sind die eigenen Sippen- und Stammesgenossen, die 
„Freunde“, sie allein stehen frei, d.h. vollberechtigt in der Gemeinschaft im Gegensatz zu 
den fremdbürtigen Unfreien (Unterworfenen, Kriegsgefangenen).
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In diesem Sprachkreis hat die Bezeichnung der Freiheit wieder den sozialen Sinn, aber 
mehr vom seelischen  (gefühlsmäßigen, affektiven) Charakter. 

3.	Eine andere interessante Entwicklung zeigen die slawischen Sprachen: 

urslav. *sveboda, „Freiheit, Zustand des Sippenangehörigen“, *svob-, svoj- aksl. 
svobstvo “persona”, russ. ukr. bulg. serb. tschech. svoboda, poln. swieboda „Freiheit“. 
Diese Worte stammen von der idg. *seųe/sųe „eigen, selbst“ abgeleiteten Form - *sųe-
bho “von eigener Art”.

ai. sabhā “Versammlung” u.a. In einigen germanischen Sprachen sind von dieser 
Form die Worte für Sippenangehörigkeit entwickelt: z.B. got. sibja , ahd. sipp(e) „Sippe, 
Gesamtheit der eigenen Leute“; germ Suēbu, ahd. Swāba „Schwaben“3. 

Das slawische Wort für „frei“ hat den sozialen Sinn der Sippenangehörigkeit; dieses 
Mal gründet sich die Bildung auf dem Possessivpronomen und die persönliche Beziehung 
rückt etwas mehr in den Vordergrund. Da hat sich die semantische Entwicklung - Poss.-refl. 
Pronomen > eigene > zum eigenen Volk gehörige > freie – stattgefunden.

4.	 In georgischer Sprache (Südkaukasischer Sprachkreis) wird der Begriff “frei” durch 
das Wort tavisupali bezeichnet.

Das Wort ist zusammengesetzt aus den Wörtern tavi - Reflexivpronomen „selbst“ und 
upali „Herr“: tavisupali ist „der Herr von sich selbst, der Selbst Beherrscher“. Das Wort 
enthält keinen Hinweis auf die soziale Zugehörigkeit. tavisupali ist der Herr von sich selbst 
und folglich kein Untertan. Er ist unabhängig, hat keinen anderen Herren (upali) als sich 
selbst (tavi).

 Das Wort ist belegt in den ältesten georgischen Übersetzungen des neuen Testaments, 
die aus den ersten christlichen Jahrhunderten (IV-V Jh, vielleicht auch früher) stammen. 
In den Texten des Evangeliums entsprechen dem eleutheros, eleutheria des griechischen 
Originals immer die Worte tavisupali „frei“ und tavisupleba „Freiheit“ in georgischer 
Übersetzung. Diese Worte sind belegt auch in den altgeorgischen Übersetzungen des Alten 
Testaments, z.B. im Deuteronomium 15, 12 u.a.

Das Wort bezeichnet den Begriff der individuellen, persönlichen Freiheit. Der Freie ist 
der, der sich selbst beherrscht; der Begriff ist selbstorientiert – der Freie gehört sich selbst 
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und kein Anderer hat Gewalt über ihn. Die Wortbildung entspricht in wunderbarer Weise 
den Worten von Goethe:

„Wer sich nicht selbst befiehlt,

bleibt immer ein Knecht.“ (Zahme Xenien)

So ergeben sich folgende Stufen der Entwicklung des Begriffes der „Freiheit“:

I.	 Frei sind die Menschen, die aus einer Wurzel emporgewachsen, in einem 
Erbstrom geboren sind (lieber, eleutheros, āzāt). Der Begriff beruht sich auf den 
Ideen des „Wachstums, des im Erbstromgeborenseins“, d.h. auf den ätherischen 
Lebensprinzipien.

II.	 Frei sind die Menschen, die in einer Sippe in seelischer Zuneigung vereint sind 
(frei, free). Der Begriff hat einen seelischen Charakter.

III.	 Frei sind die Menschen, die zu unserer Sippe, Gemeinschaft gehören, die Unsrigen 
(svoboda).

IV.	 Frei ist ein Mensch, der sich selbst beherrscht, der Herr von seinem Selbst ist.

Erste drei Bildungen sind sozial-, die vierte aber individuell orientiert.

Diese Wortbildungen stammen aus verschiedenen Zeiten: Die griechisch-lateinische 
Bildung ist in der Zeit am meisten entfernt und die Georgische ist die jüngste. Gegenwärtig ist 
die Grundbedeutung von allen diesen Wörtern der modernen Sprachen die Bezeichnung der 
persönlichen Freiheit. Aber sie sind auf verschiedenen Stufen der Bewusstseinsentwicklung 
entstanden und offenbaren verschiedene Auffassungen der Idee der Freiheit. Diese Stufen 
der Wortbildung stellen die Entwicklung des Begriffes von sozialer Zusammengehörigkeit 
(Lebens-, Seelen-, Possessiven) zur individuellen dar. Diese Entwicklungsreihe ist im 
Einklang mit dem Evolutionsbild von Rudolf Steiner. Er spricht davon, daß der Begriff der 
individuellen Freiheit impfte sich dem Menschen um die Mitte des Mittelalters, als die 
fünfte Kulturepoche begann, und das Ich des Menschen in die Bewusstseinsseele eintrat. 
„...vom 10., 11., 12. Jahrhundert angefangen, sind wir in der Epoche des Eintretens des Ich 
in die Bewußtseinsseele. So spät ist das erst gekommen. In die Bewusstseinsseele trat das 
Ich erst ungefähr um die Mitte des Mittelalters... Damals impfte sich dem Menschen ein 
ganz bestimmter Begriff ein von individueller Freiheit, von individueller Ich-Tüchtigkeit. 
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Wenn sie noch die erste Zeit des Mittelalters betrachten, würden sie durchaus noch überall 
finden, daß der Mensch in einer gewissen Weise gilt durch das, wie er in die Gesellschaft 
hineingestellt ist”.4. Rudolf Steiner hat oft darauf hingewiesen, daß Freiheit sich nicht auf 
die Volkheit anwenden läßt, denn Freiheit ist nur anwendbar auf den einzelnen Menschen 
als Individuum. „Mit den Begriffen, wie sie die heutige Menschheit hat über den einzelnen 
Menschen und seine Beziehungen zum Volk, kann man sich vor den Wesen der geistigen 
Welten nicht sehen lassen... denn Freiheit, das erkennt man aus der Geisteswissenschaft 
heraus, ist ein Begriff, nur anwendbar auf den einzelnen Menschen als Individuum, nicht 
aber auf die Volkheit mit ihrer Gruppenseele. Da gelten andere Begriffe als Freiheit“5.

Das Eigentümliche ist aber: das georgische Wort tavisupali ist viel früher als das 10. 
Jahrhundert gebildet. Es kann nicht später als vom 4. Jahrhundert sein (die obere Grenze 
ist die altgeorgische Übersetzung der Evangelien); wie tief die untere Grenze ist, kann man 
- mangels früherer Überlieferungen - durch die äußeren Tatsachen nicht bestimmen. 

Man kann vermuten, daß diese Schöpfung des georgischen Sprachgeistes im Kaukasus, 
wo nach der Sage der Titan Prometheus an den Felsen geschmiedet wurde, mit dem 
verfrühten Einimpfen des Ich-Bewußtseins und Freiheitssinnes der Menschheit zu tun hat. 

Diese Einimpfung der bestimmten Seelenqualität in einer Region, einem Volk und 
zu einer bestimmten Zeit kann in Vergleich gestellt werden mit dem, was Rudolf Steiner 
über die Einimpfung der Menschheit der Intellektualität durch das Hebräische Volk spricht. 
Prometheus ist derjenige, der den Menschen verfrüht den Impuls des Ich und der Freiheit 
gebracht hat. Rudolf Steiner sagt, daß dieser Funken war von dem Geiste, der den Menschen 
zum freien Wesenheit gemacht hat. Der Geist, der zu den Aposteln niedergestiegen ist 
während des Pfingstens, ist verwandt mit dem Geist, der heruntergefallen ist und sich 
einverleibt hat dem Prometheus. Darum ist das Pfingstfest auch das Fest von Prometheus, 
der Fest der Freiheit6. Der Pfingstfest stellt auch in wunderbarer Weise die Individualisierung 
des Geistes dar: „Allerwichtigste an dem Pfingstereignis ist, das ein gemeinsames Leben 
derjenigen, die an dem großen Osterereignis der Menschheit teilgenommen haben, 
sich individualisierte. Die feurigen Zungen gingen auf das Haupt eines jeden hernieder, 
und ein Jeder lehrte in derjenigen Sprache, die keiner anderen gleich und deshalb allen 
verständlich ist“7. Prometheus, der heruntergestiegen ist, um sich aus der Freiheit heraus 
emporzuentwickeln, muß für sein Bestreben büßen dadurch, daß fortwährend ein Adler 
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– als Symbol des Astralleibes – an seiner Leber nagt und ihm dadurch die furchtbarsten 
Schmerzen verursacht. Dieses Bild wurde in Ägypten dem Schüler gegeben, und ist dann 
nach Griechenland hinübergewandert als Prometheussage8. 

So kann man sagen, daß die Prometheussage von der verfrühten Ich- und 
Freiheitsimpfung der Menschheit und von der Fesselung von Prometheus an den Felsen im 
Kaukasus im Einklang ist mit der verfrühten Bildung des individuellen Freiheitsbegriffes in 
georgischer Sprache. Das kann ein Hinweis sein, daß diese Impfung tatsächlich im Kaukasus 
und im georgischen Volk stattgefunden gehabt soll. 

Nach der Mitteilung von Pf. Adamec (Prag) soll Rudolf Steiner in einem Gespräch gesagt 
haben: „Die Kaukasusmenschen kann man nie beherrschen, sie sind freie“. In diesem Sinn 
kann man von der Mission des georgischen Volkes denken und vermuten, daß die Menschen 
mit ausgeprägtem Freiheitssinn Inkarnationen in dieser Region erlebt haben sollen.

1 	 Julius Pokorny, Indogermanisches etymologisches Wörterbuch, Franke Verlag Bern und 
München, 1959, S. 684-685.

2 Julius Pokorny, Indogermanisches etymologisches Wörterbuch, S. 845. Das 
Herkunftswörterbuch, Etymologie der deutschen Sprache, Duden, 7, Dudenverlag, 
Mannheim, 1989, S. 203.

3 	 Julius Pokorny, Indogermanisches etymologisches Wörterbuch, S. 882-883.
4 	 Rudolf Steiner, Das Johannes-Evangelium, GA 103, 10, S. 17.
5	 Rudolf Steiner, Menschliche und menschheitliche Entwicklungswahrheiten; Das Karma 

des  Materialismus, 176, 9, S. 356.
6 	 Rudolf Steiner, Die Tempellegende und die goldene Legende als symbolischer Ausdruck 

vergangener und zukünftiger Entwicklungsgeheimnissen des Menschen, GA 93, 14.
7 	 Rudolf Steiner, Anthroposophische Lebensgaben, GA 181, 2, 56.
8 	 Rudolf Steiner, Ägyptische Mythen und Mysterien im Verhältnis zu den wirkenden 

Geisteskräften der Gegenwart, GA 106, 10.
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codnis logika 
r. fagini, j. i. halperni, i. mosesi, m. i. vardi, 

gTavazobT wignis `codnis logika~ (Ronald Fagin, 
Joseph Y. Halpern, Yoram Moses, Moshe Y. Vardi, Reasoning 
About Knowledge, MIT Press. 1995.) pirveli ori Tavis 

(1. Introduction and Overview, 2.A Model for Knowledge) 
Targmans. meore Tavi sruladaa warmodgenili, 

pirveli Tavidan gamotovebulia mxolod mcire 

fragmenti, romelic wignSi masalis organizebis 

teqnikur sakiTxebs exeboda da mkiTxvelisTvis 

albaT arc iqneboda saintereso.

Tavi 1
Sesavali da mimoxilva

codnaSi investicia yvelaze did mogebas iZleva.

benjamen franklini, Poor Richard’s Almanac, daax. 1750

epistemologias, mecnierebas codnis Sesaxeb, grZeli da RirsSesaniSnavi 

istoria aqvs filosofiaSi da saTaves iRebs Zveli berZeni 

folosofosebisgan. filosofiur literaturaSi farTod ganixileboda 

iseTi sakiTxebi, rogorebicaa `ra viciT?~, `risi codnaa SesaZlebeli?~ 

da `ras niSnavs, rom mavanma icis raRac?~. codnis Sesaxeb msjelobis 

formaluri logikuri analizi SedarebiT axali ideaa, Tumca mis 

dasawyisad, ukidures SemTxvevaSi, fon vrigTis Sroma SeiZleba 

CaiTvalos – 1950-iani wlebis pirvel naxevarSi. epistemuri logikis – 

codnis logikis – pirveli monografiuli kvleva aris hintikas cnobili 
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naSromi codna da rwmena (Knowledge and Belief), romelic 1962 wels gamovida. 

1960-ian wlebSi filosofiur wreebSi gansakuTrebiT gaRvivda interesi 

am sferos mimarT. mTavari sakiTxi iyo codnis imanenturi Tvisebebis 

gamovlena. SemoTavazebul iqna aqsiomebi codnis Sesaxeb, romlebsac 

zogi akritikebda, zogic icavda.

ukanasknel xanebSi codnis analiziT dainteresdnen iseT gansxvavebul 

sferoebSi momuSave mkvlevrebi, rogorebicaa: ekonomika, lingvistika, 

xelovnuri inteleqti da Teoriuli kompiuteruli mecniereba. is 

sakiTxebi, rac filosofosebs awuxebdaT, ra Tqma unda, am mkvlevrebis 

interessac iwvevda, magram mTavari aqcenti mainc Seicvala. jer erTi, 

gaCnda pragmatuli interesi codnisa da qmedebis urTierTmimarTebis 

Sesaxeb. ra unda icodes robotma imisTvis, rom gaaRos seifi da rogor 

unda gaigos, sakmarisi codna aqvs Tu ara mis gasaRebad? ra etapze eqneba 

ekonomikur agents sakmarisi codna imisTvis, rom Sewyvitos informaciis 

mogroveba da gadawyvetilebis miRebas Seudges? dasmul SekiTxvaze rodis 

unda gasces monacemTa bazam pasuxi `ar vici~? problemad rCeba codnis 

gamoTvliTi sirTulec _ cneba, romelic axla, Teoriul kompiuteruli 

mecnierebaSi miRweuli warmatebebis wyalobiT, ufro naTlad SegviZlia 

CamovayaliboT. dasasrul, rac am SemTxvevaSi CvenTvis albaT yvelaze 

ufro sainteresoa, mniSvnelovani aqcenti keTdeba iseTi situaciebis 

ganxilvaze, romlebSic unda gaanalizdes agentebis jgufebis da ara 

mxolod calkeuli agentis codna.

roca cdilobdnen gaegoT da gaeanalizebinaT codnis Tvisebebi, 

filosofosebi, rogorc wesi, ganixilavdnen mxolod erTi agentis 

SemTxvevas. magram dialogis, molaparakebis, an danawilebul sistemaSi 

mimdinare procesiT marTuli protokolis analizis mTavari obieqti 

agentebis urTierTqmedebaa. am wignis ZiriTadi Tema jgufis farglebSi 

codnis Sesaxeb msjelobis procesSi garkvevaa, rac Semdgom gaaadvilebs 

rTuli sistemebis analizs. marTalia, mkiTxveli didad ar Secdeba, Tu 

`jgufSi~ adamianebis jgufs igulisxmebs, magram ufro mizanSewonili 

iqneba, Tu `jgufs~ ufro farTo mniSnvelobiT gamoviyenebT – raSic 

advilad davrwmundebiT, roca ganvixilavT am Teoriis gamoyenebis 
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sferoebs. Cveni agentebi SeiZleba iyvnen molaparakebis procesSi 

CarTuli adamianebi, urTierTmoqmedi robotebi an iseTi komponentebic 

ki, rogorebicaa sadenebi an SetyobinebaTa buferebi rTul kompiuterul 

sistemebSi. SeiZleba ucnaurad mogeCvenoT sadenebis ganxilva iseT 

agentebad, romlebmac ician faqtebis Sesaxeb; magram, rogorc vnaxavT, 

mizanSewonili SeiZleba aRmoCndes codnis miwera sadenebisTvisac ki.

jgufSi myofma agentma mxedvelobaSi unda miiRos aramarto WeSmariti 

faqtebi samyaros Sesaxeb, aramed jgufis sxva agentebis codnac. 

magaliTad, savaWro garigebis dadebisas manqanis gamyidvelma unda 

gaiTvaliswinos, Tu ra icis manqanis Rirebulebis Sesaxeb potenciurma 

myidvelma. myidvelmac unda gaiTvaliswinos, Tu ra icis gamyidvelma 

myidvelis condis Sesaxeb manqanis Rirebulebaze da a.S. aseTma gansjam 

SeiZleba sakmaod CaxlarTuli forma miiRos. adamianebis umravlesoba 

maleve kargavs msjelobis Zafs iseT mravalgzis CarTul winadadebebSi, 

rogoricaa `dinma ar icis, icis Tu ara niqsonma, rom dinma icis, rom 

niqsonma icis, rom makkordma ukanonod SeaRwia o’braienis ofisSi 

uoTergeiTSi.~ magram es zustad im tipis gansjaa, romelic saWiroa 

agentTa jgufis codnis analizisTvis.

multiagentur situaciaSi bunebrivad Cndeba codnis mravali 

mdgomareoba, romelsac ver SevxvdebiT erTagentian SemTxvevaSi. xSirad 

gvainteresebs iseTi situacia, sadac jgufSi yvelam icis raRac faqtis 

Sesaxeb. magaliTad, nebismieri sazogadoeba dainteresebulia, rom yvela 

mZRolma icodes, rom wiTeli Suqi niSnavs `gaCerdi~ da mwvane – `wadi~. 

vTqvaT, vTanxmdebiT imaze, rom sazogadoebaSi yovelma mZRolma icis 

amis Sesaxeb da wesebsac icavs. igrZnoben Tu ara aseT dros mZRolebi Tavs 

usafrTxod? pasuxi dadebiTi iqneba mxolod im SemTxvevaSi, Tu mZRols 

ecodineba, rom yvela sxva mZRolmac icis amis Sesaxeb da icavs wesebs. sxva 

SemTxvevaSi mZRolma SeiZleba dauSvas, rom, imis miuxedavad, rom man icis 

wesebi, sxva romelime mZRolma is SeiZleba ar icodes da wiTel Suqze gaiaros.

mTel rig sferoebSi codnis iseTi mdgomareobac ki ar aris sakmarisi, 

roca yvelam icis, rom yvelam icis. zogjer Cven aseve gvWirdeba iseTi 
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mdgomareobis ganxilva, roca yvelam erTdroulad icis raRac φ faqtis 

Sesaxeb, yvelam icis, rom yvelam icis φ-is Sesaxeb, yvelam icis, rom yvelam 

icis, rom yvelam icis φ-is Sesaxeb da a.S. am SemTxvevaSi vityviT, rom jgufs 

aqvs φ-is Sesaxeb erToblivi codna. es umniSvnelovanesi cneba pirvelad 

filosofosma devid luisma Seiswavla konvenciebTan dakavSirebiT. 

rogorc luisi aRniSnavda, raRac rom iqces konvenciad, amisTvis jgufis 

wevrebs Soris is unda iyos erToblivi codna. (magaliTad, konvencia 

imis Taobaze, rom wiTeli Suqi niSnavs `SeCerdi~ da mwvane – `wadi~, 

savaraudod, Cven sazogadoebaSi aris erToblivi codna mZRolebs Soris.) 

jon makarTi, roca ganixilavda `saR msjelobas~, erTobliv codnas 

axasiaTebda, rogorc imas, rac `nebismierma sulelma~ icis; `nebismierma 

sulelma~ icis is, rac zogadad cnobilia sazogadoebis yvela wevrisTvis.

erToblivi codnis sakiTxi aseve wamoiWreba diskursis gagebis dros. 

davuSvaT, eni ekiTxeba bobs `ras fiqrob am filmze?~ da mxedvelobaSi 

aqvs maimunis oinebi, romelic es-esaa naxes. enma da bobma aramarto is 

unda icodnen, rom `am filmSi~ igulisxmeba maimunis oinebi, aramed enma 

unda icodes, rom bobma es icis (eni rom darwmunebuli iyos, rom bobi 

adekvatur pasuxs gascems mis kiTxvas), bobma unda icodes, rom enma icis, 

rom bobma icis (bobma rom icodes, rom eni Sesabamisad gamoexmaureba mis 

pasuxs) da a.S. faqtiurad, am situaciis ufro detaluri analizis Sedegad 

SeiZleba vaCvenoT, rom imisTvis, rom bobma adekvaturad upasuxos 

SekiTxvas, unda arsebobdes erToblivi codna imis Sesaxeb, Tu romeli 

filmi igulisxmeboda.

dasasrul, aseve irkveva, rom erToblivi codna aris winapiroba 

SeTanxmebis misaRwevad. swored amitom aris is ase mniSvnelovani agentebis 

jgufebis urTierTmoqmedebis analizisTvis.

erToblivi codnis sapirispirod, speqtris meore bolos aris 

ganawilebuli codna. jgufs aqvs φ faqtis Sesaxeb ganawilebuli codna, 

Tu φ-is codna ganawilebulia mis wevrebs Soris ise, rom maTi codnis 

TavmoyriT jgufis wevrebs SeuZliaT daaskvnan φ, Tumca SesaZloa jgufis 

arcerTma calke aRebulma wevrma ar icodes φ. magaliTad, Tu elisma icis, 
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rom bobs uyvars keroli an siuzani da Carlim icis, rom bobs ar uyvars 

keroli, maSin eliss da Carlis erToblivad aqvT ganawilebuli codna 

imis Sesaxeb, rom bobs uyvars siuzani, Tumca arc elisma da arc Carlim 

cal-calke ar ician amis Sesaxeb. maSin, roca erTobliv codnad SeiZleba 

miviCnioT is, rac `nebismierma sulelma~ icis, ganawilebul codnad 

SeiZleba CaiTvalos is, rac `brZens~ – mas, visac aqvs sruli codna imisa, 

rac icis jgufis TiToeulma wevrma – ecodineboda.

erToblivi codnisa da ganawilebuli codnis cnebebi didad gvexmareba 

iseT rTul situaciaTa gagebasa da analizSi, romelSic agentTa jgufebi 

arian CarTulni. amis magaliTia Semdgom qveTavSi aRwerili Tavsatexi.

1.1 dasvrili bavSvebis Tavsatexi

jgufis codnis Sesaxeb gansja SeiZleba ukavSirdebodes codnis 

mdgomareobaTa Soris faqiz, ZneladSesamCnev gansxvavebebs. am Znelad 

mosaxelTebeli niSnebis karg magaliTs iZleva `dasvrili bavSvebis~ 

Tavsatexi, romelic aris `brZenkacebis~ an `moRalate colebis~ cnobili 

Tavsatexis kidev erTi varianti.

warmovidginoT n raodenobis erTad moTamaSe bavSvi. es bavSvebi 

dedam gaafrTxila, rom, Tu daisvrebodnen, mkacrad dasjida. 

amgvarad, TiToeul bavSvs unda TviTon sufTa iyos, magram didad 

ar idardebda, sxva Tu daisvreboda. ise moxda, rom TamaSisas zog 

maTgans, vTqvaT, k raodenobis bavSvs daesvara Subli. TiToeuli 

xedavs talaxs sxvis Sublze, magram ver xedavs, misi Subli 

dasvrilia Tu ara. ase rom, aravin arafers ar ambobs. am dros modis 

mama da ambobs, `sul cota erT Tqvengans mainc Subli talaxiT aqvs 

dasvrili~ da amiT aRniSnavs im faqts, romelic isedac cnobili iyo 

maTTvis iqamdec, vidre mama rames ityoda (Tu k> 1). amis Semdeg mama 

kvlav da kvlav imeorebs Semdeg SekiTxvas: `icis Tu ara romelime 

Tqvenganma dasvrili aqvs Tu ara sakuTari Subli?~ Tu vigulisxmebT, 

rom yvela bavSvi aris adekvaturi, sazriani, gulwrfeli da kiTxvas 

yvela erTdroulad pasuxobs, ra moxdeba aseT SemTxvevaSi?
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arsebobs imis `damtkiceba~, rom pirvel k – 1 kiTxvas yvela 

pasuxobs `aras~, magram rogorc ki kiTxva k-jer gameordeba, yvela 

bavSvi, visac dasvrili aqvs Subli, upasuxebs `diax~.

`damtkiceba~ xorcieldeba k-ze induqciiT. k = 1-sTvis Sedegi 

naTelia: erTi dasvrili bavSvi xedavs, rom sxvas aravis ar aqvs 

Subli dasvrili. radgan man icis, rom sul cota, erT bavSvs mainc 

dasvrili aqvs Subli, is askvnis, rom swored TviTonaa is erTi bavSvi. 

axla davuSvaT, k = 2. amdenad, sul or bavSvia dasvrili, a da b. yoveli 

maTgani pirvel jerze `aras~ pasuxobs, radgan xedavs talaxs meoris 

Sublze. magram roca b ambobs `aras~, a xvdeba, rom mas unda hqondes 

Subli dasvrili, radgan sxva SemTxvevaSi b gaigebda, rom talaxi 

swored mis Sublze iyo da upasuxebda `diax~ pirvelsave SekiTxvaze. 

amrigad, a pasuxobs `diax~ meore jerze. magram b-c aseve msjelobs 

da moqmedebs. axla davuSvaT, k = 3; ase rom Subli sam bavSvs aqvs 

dasvrili, a-s, b-s da c-s. bavSvi a ase msjelobs: davuSvaT, me ar maqvs 

Subli dasvrili. maSin, Tu k = 2, orive, a-c da b-c upasuxebdnen ̀ diax~ 

meorejer dasmul kiTxvas (ukve ganxiluli SemTxvevis Tanaxmad). 

radgan isini ase ar moiqcnen, is xvdeba, rom daSveba araswori iyo da 

Subli masac dasvrili aqvs da mesamed dasmul kiTxvaze upasuxebs 

`diax~. analogiurad iqcevian b-c da c-c.

msjeloba zogadi SemTxvevisTvisac am formiT grZeldeba.

faqti `sul cota erT bavSvs mainc dasvrili aqvs Subli~ aRvniSnoT 

p-Ti. SevniSnavT, rom Tu k > 1, e.i. erT bavSvze mets aqvs Subli dasvrili, 

maSin yoveli bavSvi xedavs sul cota erT dasvril Subls da amdenad, 

bavSvebma Tavidanve ician p. amgvarad, SeiZleba vifiqroT, rom mama aranair 

axal informacias ar awvdis bavSvebs da, Sesabamisad, roca k > 1, sulac ar 

iyo saWiro maTTvis p-s Tqma. magram es arasworia! faqtiurad, rogorc 

axla vnaxavT, mamas rom ar ganecxadebina p, dasvrili bavSvebi verasdros 

SeZlebdnen imis gagebas, rom Subli dasvrili hqondaT.

gTavazobT damtkicebis monaxazs: q-ze induqciiT vamtkicebT, rom 

imis miuxedavad, Tu rogoria situacia, e.i. imis miuxedavad, Tu ramden 
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bavSvs aqvs dasvrili Subli, yvela bavSvi pasuxobs `aras~ mamis pirvel q 

SekiTxvaze. gasagebia, rom imis miuxedavad, Tu romel bavSvebs aqvT Subli 

dasvrili, yvela bavSvi upasuxebs `aras~ mamis pirvel SekiTxvas, radgan 

bavSvi ver ganarCevs erTmaneTisgan situacias, sadac mas dasvrili eqneba 

Subli da situacias, romelic pirveli situaciis srulad identuri iqneba 

imis garda, rom mas Subli ar eqneba dasvrili. analogiuria induqciuri 

nabijic: induqciis hipoTezis Tanaxmad, bavSvebi pasuxoben `aras~ mamis 

pirvel q SekiTxvaze. amdenad, roca mama (q + 1)-ed dasvams kiTxvas, bavSvi 

i kvlavac ver ganarCevs erTmaneTisgan situacias, sadac mas dasvrili 

eqneba Subli da situacias, romelic pirveli situaciis srulad identuri 

iqneba imis garda, rom mas Subli ar eqneba dasvrili, radgan induqciis 

hipoTezis Tanaxmad, bavSvebi pasuxoben `aras~ mamis pirvel q SekiTxvas 

imis miuxedavad, dasvrili aqvs Tu ara i-bavSvs Subli. amitomac mas isev ar 

ecodineba, misi sakuTari Subli dasvrilia, Tu – ara.

amdenad, roca mama acxadebs raRac iseTs, rac ukve cnobilia 

yvela bavSvisTvis, is rogorRac axerxebs misces bavSvebs sasargeblo 

informacia! rogor SeiZleba es moxdes? ra aris mamis gancxadebis 

zusti funqcia? ra Tqma unda, mamis gancxadeba saSualebas gvaZlevs 

CamovayaliboT induqciis baza, magram es ver CaiTvleba maincdamainc 

damakmayofilebel pasuxad. amiT ver ixsneba, Tu ra informacias iReben 

bavSvebi mamis gancxadebis Sedegad.

am kiTxvebs SegviZlia vupasuxoT wina qveTavSi aRwerili erToblivi cod-

nis cnebis gamoyenebiT. ganvixiloT ufro detalurad ori dasvrili bavSvis 

SemTxveva. eWvs ar iwvevs, rom vidre mama laparaks daiwyebdes, yvelam icis p. 

Tu Subli marto eliss da bobs aqvT dasvrili, maSin, vidre mama rames ityodes, 

elisi SesaZleblad miiCnevs, rom mas ar aqvs dasvrili Subli, ra SemTxvevaSic 

bobi veravis ver dainaxavda talaxiani SubliT da amdenad mas ar ecodineboda 

p. mas Semdeg, rac mama gaakeTebs Tavis gancxadebas, elisma ukve icis, rom bobma 

icis p. roca bobi pasuxobs `aras~ mamis pirvel SekiTxvas, elisi iyenebs Tavis 

codnas imis Sesaxeb, rom bobma icis p imisTvis, rom daaskvnas, rom misi sakuTa-

ri Subli dasvrilia. (SevniSnavT, rom bobma rom ar icodes p, is pirvel jerze 

`aras~ ityoda im SemTxvevaSic, elisis Subli sufTa rom yofiliyo.)
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Cven axlaxan davinaxeT, rom Tu marto or bavSvs eqneboda Subli dasvri-

li, maSin yvelas ar ecodineboda, rom yvelam icis p iqamde, vidre mama rames 

ityoda. magram sam bavSvs rom hqonoda Subli dasvrili, maSin yvelas eco-

dineboda, rom yvelam icis p iqamde, vidre mama rames ityoda. Tu eliss, bobsa 

da Carlis dasvrili eqnebodaT Subli, maSin eliss ecodineboda, rom bobi 

dainaxavda Carlis dasvril Subls, bobs ecodineboda, rom Carli dainaxavda 

elisis dasvril Subls da a.S. magram am SemTxvevaSi, vidre mama rames ityo-

da, yvelas ar ecodineboda, rom yvelam icis, rom yvelam icis p. zogadad, Tu 

aRvniSnavT Ek p-Ti im faqts, rom yvelam icis, rom yvelam icis . . . (k-jer) p da 

Cp-Ti aRvniSnavT erTobliv codnas, maSin mkiTxvels Tavad SeuZlia Seamow-

mos, rom Tu zustad k raodenobis bavSvs aqvs Subli dasvrili, maSin, vidre 

mama rames ityodes, marTebulia Ek-1p, magram ara Ek p. rogorc aRmoCnda, Tu k 

raodenobis bavSvs aqvs Subli dasvrili, maSin Ek p sakmarisi iqneba imisTvis, 

rom bavSvebma, visac dasvrili aqvs Subli, SeZlon amis gageba, magram Ek – 1p 

amisTvis ar iqneba sakmarisi. mamis gancxadeba, faqtiurad, bavSvebis codnis 

mdgomareobas Ek – 1p-dan gardaqmnis Cp-ad. am damatebiTi codnis daxmarebiT 

maT ukve SeuZliaT gamoTvalon, dasvrili aqvT Tu ara Subli.

dakvirvebuli mkiTxveli SeniSnavda, rom zemomoyvanil msjelobaSi 

Tavsatexis aRwerisas mocemuli daSvebis garda – rom `bavSvebi 

arian adekvaturi, sazriani da gulwrfeli~ – Cven araerTi faruli, 

implikaciuri daSvebac gavakeTeT. kidev erTxel davuSvaT, rom Subli 

mxolod eliss da bobs aqvT dasvrili. gadamwyveti mniSvneloba aqvs imas, 

rom orivem, elismac da bobmac, icodnen, rom bavSvebi arian adekvaturi, 

sazriani da gulwrfeli. magaliTad, elisma rom ar icodes, rom bobi 

simarTles ambobs, roca is meore kiTxvaze ̀ aras~ pasuxobs, maSin elisi ver 

upasuxebda `diax~ meore SekiTxvas (Tundac bobi sinamdvileSi marTals 

ambobdes). analogiurad, bobma unda icodes, rom elisi simarTles ambobs. 

imis garda, rom viciT, rom yoveli bavSvi aris sazriani, adekvaturi da 

gulwrfeli, Cven aseve unda vigulisxmoT, rom yovelma bavSvma icis, rom 

danarCenebi xedaven, rom yovel maTgans esmis mamis dasmuli kiTxva, rom 

mama ar tyuis da rom bavSvebs aqvT yvela im daskvnis gakeTebis unari, 

romelic ki saWiroa mamis kiTxvaze pasuxis gasacemad.



64

LOGIC

faqtiurad, ufro Zlieri daSvebebic unda gakeTdes. Tu Subli 

dasvrili aqvs k raodenobis bavSvs, yvelam unda icodes, rom yvelam 

icis . . . ((k – 1)-jer), rom yvela bavSvs aqvs saTanado atributebi (arian 

adekvaturi, sazriani, yvelas SeuZlia gaigonos mamis naTqvami da a.S.). 

magaliTad, Tu sam bavSvs aqvs Subli dasvrili da Tu elisi SesaZleblad 

miiCnevs, rom bobs SesaZleblad miaCnia, rom Carlis SeiZleba ver gaegona 

mamis gancxadeba, maSin elisi ver SeZlebda mamis mesame kiTxvaze gaeca 

pasuxi `diax~ (Tundac Carlis sinamdvileSi gaegona mamis gancxadeba da 

bobsac es scodnoda). albaT gonivruli iqneba, Tu davuSvebT, rom yvela es 

atributi aris erToblivi codna da marTlac, yvelas, visac ki mousmenia 

es Tavsatexi, rogorc Cans, gaukeTebia kidec aseTi daSveba.

maSasadame, rom SevajamoT _ rogorc Cans, mamis gancxadebis funqcia 

is iyo, rom mieca bavSvebisTvis p-is Sesaxeb erToblivi codna (anu im 

faqtis Sesaxeb, rom sul cota erT bavSvs dasvrili hqonda Subli), 

magram bavSvebis mier gamotanili daskvnebi gulisxmobs, rom jgufSi 

ukve arsebobda sakmao raodenobis erToblivi codna. rogor Cndeba es 

erToblivi codna? im SemTxvevaSic ki, Tu ugulebelvyofT sakiTxs, Tu 

rogor gadaiqceva erTobliv codnad iseTi faqtebi, rogorebicaa `yvela 

bavSvi xedavs~ da `yvela bavSvi gulwrfelia~, mainc gasarkvevi iqneba, Tu 

rogor aqcevs p-s erTobliv codnad mamis gancxadeba.

SevniSnavT, rom mTlad swori ar iqneba, Tu vityviT, rom p gadaiqca 

erTobliv codnad imitom, rom bavSvebma gaigones mamis naTqvami. 

davuSvaT, mamam saTiTaod gaiyvana gverdze yoveli bavSvi (ise, rom 

sxvebs ver SeeniSnaT) da uTxra: `sul cota erT Tqvengans dasvrili aqvs 

Subli~. bavSvebi albaT gaifiqrebdnen, rom cota ucnauri iyo misgan imis 

mosmena, rac maT ukve icodnen. advili dasanaxia, rom aseT SemTxvevaSi p 

ar gadaiqceoda erTobliv codnad.

am magaliTis gacnobis Semdeg mavanma SeiZleba ifiqros, rom erToblivi 

codna imitom gaCnda, rom yvela bavSvma icoda, rom mamis naTqvami yvelam 

gaigona. magram esec ki ar aris sakmarisi. davuSvaT, bavSvebi erTmaneTs ar 

endobodnen, da yovelma maTganma Cumad miamagra miniaturuli mikrofoni 
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yvela danarCen bavSvs. (warmovidginoT, rom bavSvebma wina zafxuli CIA-is 

sawrTvnel banakSi gaatares) mamas isev gahyavs gverdze TiToeuli bavSvi 

cal-calke da eubneba: `sul cota erT Tqvengans dasvrili aqvs Subli~. am 

SemTxvevaSi, damaluli mikrofonebis wyalobiT, yvela bavSvs ecodineba, 

rom yovelma maTganma gaigona mamis naTqvami, magram maT jer kidev ar 

eqnebaT erToblivi codna.

cotaodeni fiqris Semdeg mkiTxveli albaT darwmundeba, rom 

erToblivi codna am SemTxvevaSi gaCnda mamis gancxadebis sajaroobis 

gamo. uxeSad rom vTqvaT, mamis mier p-s sajarod gancxadebam bavSvebi 

gansakuTrebul situaciaSi Caayena, kerZod, iseTSi, rom yvela bavSvma 

icis isic, rom p aris WeSmariti, da isic, rom isini am situaciaSi arian. Cven 

vuCvenebT, rom aseT pirobebSi p aris erToblivi codna. SevniSnavT, rom 

erToblivi codna ar Cndeba imis gamo, rom bavSvebi rogorRac axerxeben 

Tanmimdevrulad gamoTvalon Ek p faqtebi. (es rom ase yofiliyo, maSin 

erToblivi codnis miRwevas, savaraudod, usasrulo dro dasWirdeboda.) 

erToblivi codna erTbaSad Cndeba, rogorc imis Sedegi, rom bavSvebi 

aseT gansakuTrebul situaciaSi aRmoCdnen. am sakiTxs momdevno TavebSi 

davubrundebiT.

1.2 wignis mimoxilva

zemomoyvanil ganxilvas unda daerwmunebina mkiTxveli, rom codnis 

Sesaxeb msjelobis Znelad mosaxelTebeli aspeqtebi frTxil formalur 

analizs moiTxovs. me-2 TavSi gagacnobT codnis martiv, magram sakmaod 

Zlier formalur semantikur models, da enas, romlis saSualebiTac 

vimsjelebT codnis Sesaxeb. am models safuZvlad udevs SesaZlo 

samyaroebi. intuiciurad rom avxsnaT, Tu agents ar aqvs srulyofili 

codna samyaros Sesaxeb, is SesaZleblad miiCnevs sxva samyaroTa mTel rigs. 

es samyaroebi gamoxataven imas, Tu rogori SeiZleba iyos misi varaudiT 

realuri samyaro. vityviT, rom agentma icis φ faqti, Tu φ-s adgili 

aqvs yvela im samyaroSi, romelsac ki agenti SesaZleblad miiCnevs. am 

semantikuri modelis gamoyeneba saSualebas gvaZlevs maxvilgonivrulad 
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ganvmartoT dasvrili bavSvebis Tavsatexis araerTi Znelad asaxsneli 

mxare. aseTi analizi gviCvenebs, Tu rogor icvleba bavSvebis codnis 

mdgomareoba mamis yovel dasmul SekiTxvaze pasuxis gacemis Semdeg 

da ratom xdeba, rom Tu dasvrili bavSvebis saerTo raodenoba aris k, 

mxolod k-jer dasmuli SekiTxvis Semdeg SeZleben bavSvebi, romlebsac 

dasvrili aqvT Subli, am faqtis gamoTvlas.

aq sagangebod unda aRvniSnoT, rom sruliadac ara gvgonia, rom  

Semdeg TavSi warmodgenili semantikuri modeli erTaderTi `swori~ 

modelia codnisTvis. Cven garkveuli dro davuTmeT am modelSi codnis 

Tvisebebis ganxilvas. araerTma filosofosma warmoadgina damajerebeli 

argumentebi imis saCveneblad, rom zogierTi am TvisebaTagan ̀ arasworia~. 

magram filosofosebisgan gansxvavebiT, am wignSi Cven ufro pragmatul 

miznebs visaxavT. Cven ara gvgonia, rom arsebobs codnis `swori~ modeli. 

gamoyenebis sxvadasxva sferos codnis gansxavavebuli cneba miesadageba. 

modeli, romelsac Semdeg TavSi warmovadgenT, gamosadegia dasvrili 

bavSvebis Tavsatexis analizisTvis da kidev mravali sxva sferosTvis, 

Tumca SeiZleba yvela sferos arc miesadagebodes. am wignis erT-erTi 

mizania uCvenos mkiTxvels, Tu rogor icvleba `codnis~ Tvisebebi 

gamoyenebis sferos cvlilebasTan erTad.

me-3 TavSi gTavazobT codnis Tvisebebis srul aRweras SesaZlo samy-

aroTa modelSi. warmovadgenT aseTi aRweris or midgomas. pirveli aris 

mtkicebiT-Teoriuli: vuCvenebT, rom codnis yvela Tviseba SeiZleba 

formalurad damtkicdes me-2 TavSi ganxiluli Tvisebebis safuZvelze. 

meore midgoma algoriTmulia: Cven SeviswavliT algoriTmebs, romlebsac 

SeuZliaT gaarkvion, mocemuli Tviseba marTebulia Tu ara Cven mier gan-

sazRvruli codnisTvis da ganvixilavT am procesis gamoTvliT sirTules.

codnis analizis gamoyenebis erT-erT umniSvnelovanes sferod 

migvaCnia multiagenturi sistemebi, imisda ganurCevlad, iqneba es 

urTierTmoqmedi agentebis sistema Tu qselSi kompiuterebis sistema. me-4 

TavSi vuCvenebT, Tu rogor SegviZlia gamoviyenoT codnis semantikuri 

modeli imisTvis, rom mivaweroT codna agentebs multiagentur 
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sistemebSi. am SemTxvevaSi viyenebT sityva miweras, radgan codnis is 

cneba, romelsac multiagenturi sistemebis konteqstSi vxvdebiT, 

SeiZleba ganvixiloT codnis garegan cnebad. aq ar gvaqvs Tavisi codnis 

gamomTvleli agentis cneba da arc is moTxovna, rom agents SeeZlos Tavisi 

codnis safuZvelze SekiTxvebs upasuxos. SesaZloa es codnis ucnaur 

gansazRvrad mogveCvenos, magram vecdebiT vuCvenoT, rom es Seesabameba 

sityva `codnis~ erT-erT gavrcelebul mniSvnelobas. metic, moviyvanT 

magaliTebs, romlebic mowmoben misi gamoyenebis mizanSewonilobas 

multiagenturi sistemebis analizisas.

me-5 TavSi ganvavrcobT me-4 TavSi wamodgenil models da ganvixilavT 

qmedebebs, protokolebs da programebs. es saSualebas mogvcems ufro 

detalurad gavaanalizoT mdgomareobebis cvlileba multiagentur sis

temebSi. Cven aseve ganvsazRvravT specifikaciis cnebas da ganvmartavT, Tu 

ras niSnavs protokolis an programis mier specifikaciis dakmayofileba.

me-6 TavSi vuCvenebT, Tu raoden mizanSewonili SeiZleba iyos 

sistemebis gaanalizeba codnis safuZvelze. am TavSi mTavari aqcenti 

keTdeba erTobliv codnaze da sxvadasxva konteqstebSi mis gansakuTrebul 

mniSvnelobaze. kerZod, vuCvenebT, rom is aris SeTanxmebisa da erTdrouli 

koordinirebuli qmedebis winapiroba.

me-7 TavSi ganvavrcobT programebis cnebas da ganvixilavT codnaze 

dafuZnebul programebs, romelic gvaZlevs codnis eqsplicituri 

testirebis saSualebas. SeiZleba iTqvas, rom codnaze dafuZnebuli 

programebi gvaZleven maRali donis enas, romelzec xorcieldeba 

programireba an sistemis specifikacia. gTavazobT araerT magaliTs, 

romelic mowmobs codnis doneze azrovnebisa da programirebis 

mizanSewonilobas.

me-8 TavSi ganvixilavT codnisa da drois Tvisebebs da mTavari 

aqcenti keTdeba drois ganmavlobaSi codnis ganviTarebis sakiTxze 

multiagentur sistemebSi. vuCvenebT, rom mcire cvlilebebi im daSvebebSi, 

romlebic ukavSirdeba sistemaSi codnisa da drois urTierTqmedebas, 

Znelad mosaxelTebel, magram Zlier gavlenas axdens codnis Tvisebebze.
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rogorc me-2 TavSi vuCveneT, agentebis logikuri yovlismcod-

neoba aris erT-erTi is Tviseba, romelic, rogorc Cans, codnis SesaZ-

lo samyaroTa modelis ganuyofeli nawilia. dasvrili bavSvebis Tav-

satexis SemTxvevaSi Cven eqspliciturad davuSviT, rom yovel bavS-

vs SeeZlo yvela im daskvnis gakeTeba, romelic saWiro iyo Tavsatexis 

amosaxsnelad. SesaZloa, es Tviseba gamarTlebuli iyos gamoyenebis 

zogierTi sferosTvis, magram zogadi SemTxvevisTvis is aSkarad ara-

gonivrulia. bolos da bolos, Cven ar unda gvqondes imis imedi, rom 

SevZlebT logikurad yovlismcodne robotebis Seqmnas. me-9 Tav-

Si aRwerilia ramdenime meTodi iseTi abstraqtuli modelebis asa-

gebad, romlebsac ar gaaCiaT logikuri yovlismcodneobis Tviseba. 

rogorc ukve iTqva, codnis cneba multiagenturi sistemebisTvis yvela-

ze ukeT aRiwereba rogorc garegani codna, romelic agentebs miewereba, 

vTqvaT, sistemis dizaineris mier. Cven araviTar SemTxvevaSi ar vgulis

xmobT, rom agentebma unda gamoTvalon Tavisi codna an Tavisi codnis 

safuZvelze aucileblad unda pasuxobdnen SekiTxvebs. gamoyenebis mTel 

rig sferoebSi Tavisi codnis safuZvelze agentebma unda imoqmedon. 

aseT sferoebSi garegani codna ar aris sakmarisi; agents, romelmac unda 

imoqmedos Tavisi codnis safuZvelze, aseve unda SeeZlos am codnis ga-

moTvla. codnisa da gamoTvlis sakiTxi ganixileba me-10 TavSi.

me-11 TavSi vubrundebiT erToblivi codnis problemas. wina qveTavSi 

vivaraudeT, rom dasvrili bavSvebis TavsatexSi erToblivi codna 

Cndeba imis gamo, rom mamis gancxadeba iyo sajaro. araerT realur 

situaciaSi SeuZlebelia sajaro gancxadebis gakeTeba ise, rom misi 

Sinaarsi erTdroulad gaacnobieros mravalma agentma. Cven vuCvenebT, 

rom aseT SemTxvevebSi ver gaCndeba erToblivi codna mkacri gagebiT. 

es ramdenadme paradoqsul mdgomareobaSi gvayenebs, radgan vacxadebT, 

rom erToblivi codna aris SeTanxmebis da koordinirebuli moqmedebis 

winapiroba da, amave dros, is ver miiRweva. am paradoqss ganvixilavT me-

11 TavSi da mkiTxvels SevTavazebT am cnebis Sesustebul variantebs, 

romelTa miRwevac praqtikulad SesaZlebelia da romelic xSirad 

sakmarisicaa realur samyaroSi samoqmedod.
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savarjiSoebi

1.1 tuzebi da rvianebi martivi TamaSia, magram moiTxovs maxvilgonivruli 

daskvnebis gakeTebas codnis Sesaxeb. mas TamaSoben banqos dastiT, 

romelic Sedgeba mxolod oTxi tuzisgan da oTxi rvianisgan. moTamaSe 

samia. rigdeba eqvsi banqo, or-ori yoveli moTamaSisTvis. darCenili ori 

banqo rCeba magidaze piriT qvemoT (ise, rom ar Candes misi ragvaroba). 

ise, rom ar Sexedaven Tavis banqos, moTamaSeebi mas asweven Sublisken da 

uCveneben danarCen moTamaSeebs. amis Semdeg moTamaSeebi rig-rigobiT 

cdiloben gaarkvion, romeli banqo uWiravT xelSi (banqos figuris 

gansazRvra ar moeTxovebaT). Tu moTamaSem ar icis, romeli banqo uWiravs, 

man asec unda Tqvas. davuSvaT, am TamaSs TamaSobT elisi, bobi da Tqven. 

gasagebia, rom erToblivi codnaa is, rom arc erTi Tqvengani ar ityvis 

tyuils da yvela moTamaSes aqvs srulyofili daskvnebis gakeTebis unari.

(a) pirvel TamaSSi eliss, romelic pirveli TamaSobs, uWiravs ori 

tuzi da bobs, romelic meore TamaSobs, uWiravs ori rviani. orive, 

elisic da bobic, ambobs, rom maT ar SeuZliaT gansazRvron, romeli 

banqo uWiravT. ra banqoebi gaqvT Tqven? (miniSneba: ganixileT, ra 

moxdeboda, Tqven rom xelSi gWerodaT ori tuzi an ori rviani.)

(b) meore TamaSSi TamaSs Tqven iwyebT. eliss, romelic Tqven Semdeg 

TamaSobs, aqvs ori rviani. bobs, romelic mesamea, xelSi uWiravs 

tuzi da rviani. Tavis pirvel svlaze verc erTi ver ambobs, romeli 

banqo uWiravs xelSi. ra banqo gaqvT Tqven? (miniSneba: (a) nawilis 

gamoyenebiT ganixileT, ra moxdeboda, Tqven rom xelSi ori tuzi 

gWerodaT.)

(c) mesame TamaSSi Tqven meore nomrad TamaSobT. eliss, romelic 

TamaSobs pirveli, uWiravs tuzi da rviani. bobs, romelic mesame 

TamaSobs, aqvs aseve tuzi da rviani. veravin ver igebs Tavisi 

pirveli svlis dros, Tu Tavad romeli banqo uWiravs. elisi verc 

Tavisi meore svlis dros igebs, Tu ra banqo uWiravs Tavad. ra 

banqo gaqvT Tqven?
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*1.2 uCveneT, rom 1.1 savarjiSos tuzebisa da rvianebis TamaSSi viRac 

yovelTvis SeZlebs imis gansazRvras, Tu ra banqo uWiravs. uCveneT aseve, 

rom arsebobs iseTi situacia, roca mxolod erTi moTamaSe SeZlebs 

imis garkvevas, ra banqo uWiravs, xolo ori danarCeni moTamaSe, imisda 

miuxedavad, Tu ramdeni raundi gagrZeldeba TamaSi, verasdros ver 

gaigebs, romeli banqo uWiravs xelSi.

1.3 brZenkacebis Tavsatexi aris dasvrili bavSvebis Tavsatexis kargad 

cnobili varianti. gamocanis standartuli versia aseTia: mefes eaxla 

sami brZeni. erToblivi codnaa, rom sul aris sami wiTeli da ori TeTri 

qudi. mefe TiToeul brZens daaxuravs quds da ekiTxeba (rig-rigobiT), 

ician Tu ara ra feris qudi axuravT. pirveli brZeni pasuxobs, rom man ar 

icis; meorec pasuxobs, rom arc man icis; amis Semdeg mesame brZeni ambobs, 

rom man icis.

(a) 	 ra feris qudi axuravs mesame brZens?

(b) 	 am TavsatexSi Cven gvqonda faruli daSveba imis Sesaxeb, rom 

samive brZeni xedavs. vTqvaT, davuSviT, rom mesame brZeni brmaa da 

erToblivi codnaa, rom pirveli ori brZeni xedavs. SeuZlia mesame 

brZens mainc gamoTvalos, ra ferisaa Tavad misi qudi?

SeniSvnebi

pirvelad codnis Sesaxeb azrovnebis formaluri logikuri analizis 

idea, rogorc Cans, warmoaCina fon vrigTma [von Wright 1951]. rogorc 

ukve aRvniSneT teqstSi, hintikam [Hintikka 1962] pirvelma gamoikvlia 

epistemuri logika monografiulad. lenceni [Lenzen 1978] mimoixilavs 

1960-ian da 1970-ian wlebSi epistemur logikaSi Catarebul kvlevebs. 

mas mohyavs argumentebi codnis rigi aqsiomebis sasargeblod da rigi 

aqsiomebis winaaRmdeg. am argumentebidan yvelaze cnobili ekuTvnis 

geties [Gettier 1963], romelic ewinaaRmdegeboda codnis, rogorc 

WeSmariti, dasabuTebuli rwmenis, klasikur interpretacias; misi naSromi 

STamagonebeli aRmoCnda sxvaTaTvis. geties argumentebi da zogierTi 
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Semdgomi Sroma detalurad aris ganxiluli lencenis mier [Lenzen 1978]. 
am sagnis uaxlesi ganxilva ixileT Semdeg naSromebSi: [Halpern 1986, 1987, 
1995], [Meyer, van der Hoek, and Vreeswijk 1991a, 1991b], [Moses 1992] da [Parikh 1990].

rogorc ukve vaxseneT, pirvelad erTobliv codnaze kvleva 

ganxorcielebul iqna luisis [Lewis 1969] mier konvenciebis Seswavlis 

konteqstSi. Tumca makkartis aRqma imisa rac `yvela sulelma icis~, jer 

kidev 1970-ian wlebSi gvxvdeba. pirvelad es termini gamoCnda statiaSi 

[McCarthy, Sato, Hayashi, and Igarishi 1979]. aumanis [Aumann 1976] saetapo naSromis 

Semdeg codnisa da erToblivi codnis cnebebi aseve did interess iwvevda 

ekonomistebsa da TamaSis Teoriis specialistebs Soris. pirvelad 

multiagentur sistemebSi codnisa da erToblivi codnis cnebebi 

gamoyenebul iqna halpernisa da mosesis [Halpern and Moses 1990] da aseve 

lemanis [Lehmann 1984] mier. klarkisa da marSalis [Clark and Marshall 1981] 
mier ganxilulia erToblivi codnis gamoyenebis saWiroeba, raTa gavigoT 

iseTi winadadeba, rogoricaa `ras fiqrob konkretul filmze?~; perosa 

da koenis [Perrault and Cohen 1981] mier SemoTavazebulia gansxvavebuli 

xedva am cnebebze. klarki da marSali aseve aRweren iterirebuli codnis 

uoTergeiTis skandalze dafuZnebul magaliTs, sadac axseneben dins da 

niqsons. distribuciuli codnis cneba SemoRebul iqna halpernisa da 

mosesis mier [Halpern and Moses 1990]. Tavdapirvelad maT es cneba SemoiRes 

rogorc implicituri codna, xolo Semdgom ian palis [Jan Pachl] mier 

SemoTavazebul iqna termini `distribuciuli codna~.

dasvrili bavSvebis Tavsatexi ̀ moRalate colebis~ Tavsatexis erT-er-

Ti variantia, romelic ganxilul iyo gamovisa da Sternis mier [Gamov and 
Stern 1958]. gardneri [Gardner 1984] aseve gvTavazobs am Tavsatexis sxva vari-

ants; amave Tavsatexis sxvadasxva varianti ganxilulia mosesis, dolevisa 

da halpernis mier [Moses, Dolev and Halpern 1986]. am wignSi moyvanili versia 

TiTqmis ucvlelad gadmotanilia barvaizis naSromidan [Barwise 1981]. tu-

zebisa da rvianebis gamocana 1.1 savarjiSodan aRebulia karveris naS-

romidan [Carver 1989]. meore msgavsi gamocana aris e.w. `konveis paradoqsi~, 

romelic pirvelad ganxiluli iyo konveis, petersonisa da moskous mier 

[Conway, Paterson and Moscow 1977], SemdgomSi ki gardneris mier [Gardner 1977].
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epistemur WrilSi es Tavsatexi gaaanalizes emde boasma, gronendaikma 

da stoqofma [Emde Boas, Groenendijk and Stokhof 1980]. am gamocanis 

gafarToebuli versia ganxilulia parikis mier [Parikh 1992].

ama Tu im sakiTxze damatebiTi literaturisaTvis ixileT Semdgomi 

Tavebis bibliografiuli SeniSvnebi.

Tavi 2

codnis modeli

juan-Zi da huan-Zi miseirnobdnen haoze gamaval 

xidze, roca juan-Zim uTxra Tanamgzavrs: `Sexede, 

rogor dasrialeben wyalSi patara Tevzebi! ai, es 

aris Tevzebis bedniereba.~ `Sen Tavad xom ar xar 

Tevzi,~ upasuxa huan-Zim, `saidan unda icode, ra aris 

TevzisTvis bedniereba?~ ̀ arc Sen xar juan-Zi~, miugo 

juan-Zim, `maS, saidan unda icode, rom ar vici?~ 

juan-Zi, daax. 300 w. Zv. w.

2.1 SesaZlo samyaroTa modeli

rogorc ukve aRvniSneT pirvel TavSi, codnis modelirebis Cveni sqema 

emyareba SesaZlo samyaroebs. SesaZlo samyaroTa models safuZvlad 

udevs intuiciuri idea imis Taobaze, rom realuri viTarebis garda 

arsebobs bevri sxva SesaZlo viTareba, anu `samyaro~. agentma mis xelT 

arsebuli informaciis mixedviT SeiZleba verc gansazRvros, mraval 

SesaZlo samyaroTagan romlis safuZvelze unda aRweros arsebuli 
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viTareba. amgvarad, vityviT, rom agentma icis φ faqtis Sesaxeb, Tu φ 
WeSmaritia yvela im samyaroSi, romelsac is SesaZleblad miiCnevs (mis 

xelT arsebuli informaciis safuZvelze). magaliTad, agenti 1 SeiZleba 

mzian dRes miuyvebodes san-franciskos quCas da aranairi informacia ar 

hqondes londonSi arsebuli amindis Sesaxeb. amdenad, yvela im samyaroSi, 

romelsac es agenti SesaZleblad miiCnevs, san-franciskoSi mziani dRea. 

(aq igulisxmeba, rom agenti ar uSvebs imis SesaZleblobas, rom mas es 

yvelaferi eCveneba da sinamdvileSi san-franciskoSi Tavsxma wvimaa.) 

meore mxriv, radgan agents ar aqvs aranairi informacia londonis amindis 

Sesaxeb, arsebobs iseTi samyaroebi, romlebsac agenti SesaZleblad 

miiCnevs da romlebSic londonSi mziani amindia da sxva samyaroebi, 

romlebSic londonSi wvims. amdenad, agentma icis, rom san-franciskoSi 

mziani amindia, magram ar icis, mziani amindia Tu ara londonSi. 

intuiciurad, rac ufro mcire raodenobis samyaroebs miiCnevs agenti 

SesaZleblad, miT ufro mcirea misTvis gaurkvevloba da miT ufro meti 

icis. Tu agenti miiRebs damatebiT informacias – magaliTad, sando 

wyarosgan Seityobs, rom amJamad londonSi mziani amindia – maSin is aRar 

ganixilavs SesaZleblad arc erT im samyaros, sadac londonSi wvims.

pokeris SemTxvevaSi es SesaZlo samyaroebi konkretul interpretacias 

iZens: is ubralod aris moTamaSeTa Soris banqos ganawilebis yvela 

SesaZlo sqema. Tavdapirvelad moTamaSe SesaZleblad miiCnevs banqos 

yvela im ganawilebas, romelic ar ewinaaRmdegeba mis xelT arsebul 

banqos. TamaSis msvlelobisas moTamaSeebs SeuZliaT miiRon damatebiTi 

informacia, rac maT saSualebas miscems gamoricxon zogierTi is samyaro, 

romelsac iqamde SesaZleblad miiCnevdnen. elisma Tavidan rom arc 

icodes, rom bobs xelT aqvs yvavis tuzi, raRac momentSi elisma SeiZleba 

es gaigos, Tu miRebuli damatebiTi informacia saSualebas miscems mas 

gamoricxos yvela is samyaro (banqos ganawilebebi moTamaSeTa Soris), 

sadac bobs ar aqvs yvavis tuzi.

kidev erTi magaliTia dasvrili bavSvebis Tavsatexi, romelic wina 

TavSi ganvixileT. davuSvaT, elisi xedavs, rom bobs da Carlis dasvrili 

aqvT Subli, sxva bavSvebs ki – ara. es mas saSualebas aZlevs gamoricxos 
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yvela samyaro oris garda: darCeba erTi, romelSic mas, bobsa da Carlis 

aqvT dasvrili Subli (da sxvas aravis); da meore, romelSic bavSvebidan 

mxolod bobsa da Carlis aqvT Subli dasvrili. yvela (e.i. orive) samyaroSi, 

romelsac ki elisi SesaZleblad miiCnevs, bobsa da Carlis dasvrili aqvT 

Subli da yvela bavSvs bobis, Carlisa da mis garda Subli sufTa aqvT. 

elisis gaurkvevloba mxolod missave Subls exeba; am gaurkvevlobas 

im samyaroTa simravle asaxavs, romelsac elisi SesaZleblad miiCnevs. 

rogorc vnaxavT 2.4 qveTavSi, mas Semdeg, rac elisi moismens am bavSvebis 

pasuxebs mamis pirvel or SekiTxvaze, is SeZlebs am ori samyarodan erT-

erTi gamoricxos da gaarkvios, aqvs Tu ara Tavad mas Subli dasvrili.

am msjelobas rom ufro zusti forma mivceT, Cven dagvWirdeba 

ena, romelic saSualebas mogvcems uSualod gamovxatoT codnasTan 

dakavSirebuli cnebebi. rogorc ukve vnaxeT, bunebrivi ena ar iZleva 

codnis Sesaxeb rTuli msjelobis zusti gamoxatvis saSualebas. amis 

nacvlad modaluri logikis enas gamoviyenebT.

vTqvaT, gvyavs jgufi, romelic Sedgeba n raodenobis agentisgan, 

romlebsac pirobiTad aRvniSnavT 1,...,n. simartivisTvis davuSvaT, rom 

am agentebis msjeloba samyaros Sesaxeb SeiZleba aRiweros martivi 

debulebebis aracarieli Φ simravlis saSualebiT, romlebsac Cveulebriv 

ase aRvniSnavT: p, p’, q, q’, . . . es martivi debulebebi Seesabamebian bazisur 

faqtebs samyaros Sesaxeb, magaliTad, `san-franciskoSi mziani amindia~ an 

`eliss dasvrili aqvs Subli~. imisTvis, rom gamovxatoT iseTi winadadeba, 

rogoricaa `bobma icis, rom san-franciskoSi mziani amindia~, am enas 

davamatebT modalur operatorebs K1, . . . , Kn (TiTos yoveli agentisTvis). 

maSin formula K1φ niSnavs `agent 1-ma icis φ.~

teqnikuri TvalsazrisiT ena mxolod formulebis simravlea. axla 

SegviZlia aRvweroT CvenTvis saintereso formulebi. daviwyebT Φ-Si 

Semavali martivi debulebebiT da avagebT ufro rTul formulebs 

uaryofiT, koniunqciiTa da K1, . . . , Kn modaluri operatorebis mimarT 

simravlis Caketvis gziT. amrigad, Tu φ da ψ formulebia, maSin aseve 

formulebia ¬φ, (φ∧ψ) da Kiφ sadac i = 1, . . . , n. wakiTxvis gasaadvileblad 
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gamovtovebT frCxilebs iseT formulebSi, rogoricaa (φ∧ψ), sadac ki es 

orazrovnebas ar gamoiwvevs. aseve gamoviyenebT winadadebaTa logikis 

standartul Semoklebebs, magaliTad, davwerT φ∨ψ-s  ¬(¬φ∧¬ψ)-is 

nacvlad, φ⇒ψ-s ¬φ∨ψ-is magivrad da φ⇔ψ-s (φ⇒ψ)∧(φ⇒ψ)-is nacvlad. 

WeSmarits ganvixilavT rogorc Semoklebas raRac fiqsirebuli 

tavtologiisTvis, magaliTad, p∨¬p-sTvis, xolo mcdars – rogorc 

Semoklebas ¬WeSmariti-sTvis.

am enis gamoyenebiT SegviZlia uSualod gamovxatoT sakmaod rTuli 

gamonaTqvamebi. magaliTad, formula

K1K2p ∧¬K2K1K2p

gamoxatavs winadadebas `agent 1-ma icis, rom agent 2-ma icis p, magram 

agent 2-ma ar icis, rom agent 1-ma icis, rom agent 2-ma icis p~.

SesaZleblobas Cven codnis oradulad ganvixilavT. amrigad, agenti 1 

Tvlis, rom SesaZlebelia φ maSin da mxolod maSin, roca man ar icis ¬φ. es 

situacia SeiZleba aRiweros formuliT ¬K1¬φ. winadadeba `dinma ar icis, 

xdeba Tu ara φ~ gveubneba, rom dini orives – φ-sac da ¬φ-sac SesaZleblad 

ganixilavs. aviRoT wina TavSi naxsenebi winadadeba: ̀ dinma ar icis, icis Tu 

ara niqsonma, rom dinma icis, rom niqsonma icis, rom makkordma ukanonod 

SeaRwia obraienis ofisSi uoTergeiTSi~. Tu dins CavTvliT agent 1-ad, 

niqsons – agent 2-ad da p-s winadadebad `makkordma ukanonod SeaRwia 

obraienis ofisSi uoTergeiTSi~, maSin es fraza aseT formas miiRebs:

¬K1¬(K2K1K2p)∧ ¬K1¬(¬K2K1K2p).

mas Semdeg, rac aRvwereT Cveni enis sintaqsi (e.i. dasaSvebi formulebis 

simravle), Cven gvWirdeba semantika, anu formaluri modeli, romlis 

gamoyenebiTac gavarkvevT, mocemuli formula WeSmaritia Tu mcdari. se-

mantikis gansazRvris erT-erTi midgoma, rogorc aRvniSneT, aris SesaZlo 

samyaroebi, romlis formalizebasac vaxdenT (kripkes) struqturebis 

saSualebiT. (momdevno TavebSi ganvixilavT formulebisTvis semantikis 

miniWebis sxva meTodebsac.) Φ-ze gansazRvruli M kripkes struqtura 

n raodenobis agentisTvis aris kompleqsi (S, π, K1, . . . , Kn), sadac S aris 
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mdgomareobebis an SesaZlo samyaroebis simravle, π aris interpretacia, 

romelic S-is yoveli mdgomareobisTvis gansazRvravs Φ-is yoveli mar-

tivi debulebis WeSmaritul mniSvelobas (e.i. π(s) : Φ {WeSmariti, mcdari} 

yoveli s∈S mdgomareobisTvis) da Ki aris S-ze gansazRvruli binaruli 

mimarTeba, anu S-is elementebis wyvilebi. mocemul wignSi monacvleobiT 

viyenebT terminebs `mdgomareobas~ da `samyaros~.

WeSmarituli mniSvnelobis miweris funqcia π(s) gansazRvravs mdgo-

mareoba s-Si p WeSmaritia Tu mcdari. amgvarad, Tu p aRniSnavs faqts `san-

franciskoSi wvims~, maSin π(s)(p) = WeSmariti aRwers situacias, roca M 

struqturis s mdgomareobaSi san-franciskoSi wvims. binaruli mimarTeba Ki 

asaxavs SesaZleblobas agent i-is TvalsazrisiT: (s, t) ∈ Ki Tu agenti i samyaro 

s-Si, mis xelT arsebuli informaciis gaTvaliswinebiT, SesaZleblad miiCnevs 

samyaro t-s. Ki-s Cven ganvixilavT SesaZleblobis mimarTebad, ramdenadac 

is gansazRvravs, Tu nebismier mocemul samyaroSi romel samyaros miiCnevs 

SesaZleblad agenti i. amasTan, am wignis umetes nawilSi (kerZod, am TavSic) 

vigulisxmebT, rom Ki aris S-ze gansazRvruli ekvivalentobis mimarTeba. 

S-ze gansazRvruli ekvivalentobis mimarTeba K binaruli mimarTebaa, ro-

melic aris (a)refleqsuri, rac imas niSnavs, rom yvela s∈S-sTvis (s, s) ∈K, 

(b) simetriuli, rac niSnavs, rom yvela (s, t) ∈ S-sTvis (s, t) ∈K maSin da mxo

lod maSin, roca (t, s) ∈K da (c) tranzituli, e.i. yvela s, t, u∈S–sTvis Tu (s,t) 
∈K da (t, u) ∈K, maSin (s, u) ∈K. Ki-is ganvsazRvravT rogorc ekvivalentobis 

mimarTebas, radgan gvinda avsaxoT is intuiciuri realoba, rom agenti i sa-

myaro s-Si miiCnevs t-s SesaZleblad, Tu agent i-s orive am samyaroSi (s-sa da 

t-Si) erTi da igive informacia aqvs samyaros Sesaxeb, e.i. agenti ar ganarCevs 

am or samyaros. savsebiT bunebrivia Ki-is gansazRvra rogorc ekvivalento-

bis mimarTebisa da es srulad Seesabameba gamoyenebis araerT sferos. mag-

aliTad, rogorc amas Semdeg qveTavSi vnaxavT, is gamodgeba dasvrili bavS-

vebis Tavsatexis analizisTvis, xolo me-4 da me-6 TavebSi vuCvenebT, rom is 

aseve adekvaturia araerTi multiagenturi sistemisTvisac. magram aseTive 

warmatebiT SegveZlo SesaZleblobis mimarTebebisTvis migveniWebina sxva 

Tvisebebic (magaliTad, refleqsuroba da tranzituloba, magram ara – si-

metriuloba), rogorc amas gavakeTebT me-3 TavSi.
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axla ganvsazRvravT, Tu ras niSnavs, roca formula aris WeSmariti 

mocemul samyaroSi da mocemul struqturaSi. sruliad SesaZlebelia, 

formula iyos WeSmariti erT samyaroSi da mcdari meoreSi. magaliTad, 

erT romelime samyaroSi agent 1-ma SeiZleba icodes, rom san-franciskoSi 

mziani amindia, sxva samyaroSi ki – ara. am garemoebis asaxvisTvis Cven 

ganvsazRvravT cnebas (M, s) ⊨φ, romelic SeiZleba ase wavikiTxoT: `φ 
WeSmaritia (M, s)-Si~, `φ sruldeba (M, s)-Si~ an `(M, s) akmayofilebs φ-s~. 

⊨ mimarTebas ganvsazRvravT induqciiT φ-is struqturaze, anu viwyebT 

umartivesi formulebiT – martivi debulebebiT – da Tanmimdevrulad 

gadavdivarT ufro rTul φ formulebze imis gaTvaliswinebiT, rom ⊨ 

ukve gansazRvrulia φ-is yvela qveformulisTvis.

struqturis π komponenti gvaZlevs im informacias, romelic saWiroa 

sabaziso SemTxvevisTvis, sadac φ aris martivi debuleba:

(M, s) ⊨p (sadac p∈Φ martivi debulebaa) maSin da mxolod maSin, roca 

π(s)(p) = WeSmarits.

koniunqciebisa da uaryofebis SemTxvevaSi Cven vicavT winadadebaTa 

logikis standartul midgomas; koniunqcia ψ∧ψ’ WeSmaritia maSin da 

mxolod maSin, roca WeSmaritia orive koniunqti ψ da ψ’, xolo uaryofis 

Semcveli formula ¬ψ WeSmaritia maSin da mxolod maSin, roca ψ ar aris 

WeSmariti:

(M, s) ⊨ψ∧ψ’ maSin da mxolod maSin, roca (M, s) ⊨ψ da (M, s) ⊨ψ’

(M, s) ⊨ ¬ψ maSin da mxolod maSin, roca (M, s) ⊭ψ.

miaqcieT yuradReba im garemoebas, rom uaryofis ganmsazRvreli 

punqtis Tanaxmad es logika orfasaa. yoveli ψ formulisaTvis gvaqvs (M, 
s) ⊨ψ an (M, s) ⊨ ¬ψ, magram ara orive erTad.

dabolos, unda ganvixiloT Kiψ tipis formulebi. am SemTxvevaSi Cven 

vcdilobT im intuiciis asaxvas, rom M struqturis s samyaroSi agent 

i-m icis ψ maSin da mxolod maSin, roca ψ WeSmaritia yvela im samyaroSi, 

romelsac i miiCnevs SesaZleblad s samyaroSi. formalurad es ase 

gamoixateba:



78

LOGIC

(M, s) ⊨Kiψ maSin da mxolod maSin, roca (M, t) ⊨ψ yvela iseTi t-sTvis, 

romlisTvisac (s, t) ∈Ki.

am gansazRvrebebis sailustraciod martiv magaliTs moviyvanT. 

kripkes stuqturis erT-erTi upiratesoba isaa, rom is SeiZleba 

warmodgenil iqnes markirebuli grafis formiT, anu rogorc markirebul 

wveroTa simravle, romlebic erTmaneTs markirebuli, mimarTuli 

wiboebiT ukavSirdebian. wveroebi asaxaven S-is mdgomareobebs; s∈S 

mdgomareobis markireba gvamcnobs, Tu s-Si romeli martivi debulebebi 

arian WeSmaritni da romeli – mcdarni. wiboebis markirebas vaxdenT 

agentebis simravleebiT; s-idan t-sken mimarTuli wibos markireba Seicavs 

i-is, Tu (s, t) ∈Ki. magaliTad, davuSvaT, Φ={p} da n = 2, Sesabamisad, Cveni 

ena Seicavs erT primitiul gamonaTqvam p-s da agentTa raodenoba aris 2.  

davuSvaT aseve, rom M = (S, π, K1, K2), sadac S = {s, t, u}; p WeSmaritia s da u 

mdgomareobebSi da mcdaria t-Si (ase rom π(s)(p) = π(u)(p) = WeSmarits da π(t)(p) 
= mcdars), agenti 1 ver arCevs s-s t-sgan (ase rom K1 = {(s, s), (s, t), (t, s), (t, t), (u, u)}), 
xolo agenti 2 ver arCevs s-s u-sgan (ase rom K2 = {(s, s), (s, u), (t, t), (u, s), (u, u)}). 
es situacia SeiZleba aRiweros 2.1 naxazze mocemuli grafiT. yuradReba 

miaqcieT, rogor asaxavs es grafi Cvens daSvebebs Ki mimarTebebis Sesaxeb. 

kerZod, yoveli wibo, romelic markirebulia 1-iT da 2-iT, bolovdeba 

maryuJiT, radgan K1 da K2 mimarTebebi refleqsuria; amasTanave, xazebs 

isrebi aqvT orive boloSi, radgan K1 da K2 simetriulia.

 

1,2 1,2 

1,2 

¬p p 

t u 

p 
s 2 1 

 
nax. 2.1 kripkes martivi struqtura

Tu davuSvebT, rom p aRniSnavs gamonaTqvams `san-franciskoSi mziani 

amindia~, maSin s mdgomareobaSi san-franciskoSi mziani amindia, magram 



79

logika

agentma 1 es ar icis, radgan s mdgomareobaSi is orives – s-sac da t-sac 

SesaZleblad miiCnevs. (SevniSnavT, rom Cven viyenebdiT frazas `agenti 

1 ver ganarCevs erTmaneTisgan s-sa da t-s.~ ra Tqma unda, agenti 1 kargad 

acnobierebs, rom s da t sxvadasxva samyaros aRniSnavs. bolos da bolos, 

san-franciskoSi wvims s-Si, magram ara t-Si. is, risi Tqmac gvindoda am 

SemTxvevaSi, SesaZloa ufro zustad gamoixatebodes winadadebiT `agent 

1-is informacia arasakmarisia imisTvis, rom gaarkvios, romelia realuri 

samyaro – s Tu t.~ am wignSi sityva `ganurCevels~ ramdenadme aramkacri 

mniSvnelobiT viyenebT.) meore mxriv, agent 2-ma s mdgomareobaSi icis, rom 

amindi mziania, radgan im orive samyaroSi, romelsac agenti 2 SesaZleblad 

miiCnevs s-Si (kerZod, s da u), formula p WeSmaritia. t mdgomareobaSi agent 

2-ma aseve icis saqmis WeSmariti viTareba, kerZod is, rom amindi ar aris 

mziani. aqedan gamomdinareobs, rom s mdgomareobaSi agent 1-ma icis, rom 

agent 2-ma icis, mziani amindia Tu ara san-franciskoSi: orive samyaroSi, 

romelsac agenti 1 SesaZleblad miiCnevs s mdgomareobaSi, kerZod, 

s-sa da t-Si, agent 2-ma icis, rogori amindia san-franciskoSi. amgvarad, 

marTalia, agent 1-ma s mdgomareobaSi ar icis WeSmariti viTareba, magram 

man icis, rom agent 2-ma icis WeSmariti viTareba. amis sapirispirod, 

marTalia, s mdgomareobaSi agent 2-ma icis, rom san-franciskoSi mziani 

amindia, magram man ar icis, rom agent 1-ma ar icis am faqtis Sesaxeb. (erT 

samyaroSi, romelsac agenti 2 SesaZleblad miiCnevs, kerZod, u-Si, agent 

1-ma icis, rom amindi mziania, magram meore samyaroSi, romelsac agenti 2 

SesaZleblad miiCnevs, kerZod, s-Si, agent 1-ma ar icis am faqtis Sesaxeb.) 

mTeli es ramdenadme CaxlarTuli bunebrivenovani msjeloba SeiZleba 

mokled gamoixatos erTi maTematikuri gamosaxulebis saSualebiT:

(M, s) ⊨p∧ ¬K1p∧ K2p∧ K1(K2p∨K2¬p)∧ ¬K2¬K1p.

yuradReba miaqcieT, rom orive mdgomareobaSi – s-sa da t-Si – 

martivi debuleba p (Cveni enis erTaderTi martivi debuleba) erTsa da 

imave WeSmaritul mniSvnelobas iRebs. amitom SeiZleba vifiqroT, rom s 

da t erTi da igivea da SesaZlebelia erT-erTi maTganis amoSla. magram es 

ase ar aris! mdgomareoba amomwuravad ar ganisazRvreba im WeSmarituli 

mniSvnelobebiT, romlebsac masSi iReben martivi debulebebi. 
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SesaZleblobis mimarTebebic uaRresad mniSvnelovania. magaliTad, 

samyaro s-Si agent 1-s t SesaZleblad miaCnia, xolo samyaro u-Si – 

SeuZleblad. Sedegad, agent 1-ma ar icis p samyaro s-Si, xolo u-Si – icis.

axla ganvixiloT odnav ufro rTuli magaliTi, romelmac SeiZleba 

ufro naTeli gaxados, Tu ratom iqneboda sasurveli Ki-ebis daSveba 

ekvivalentobis mimarTebebad. vTqvaT, gvaqvs banqos dasta, romelic 

Sedgeba sami – A, B da C – banqos qaRaldisgan. agentebi 1 da 2 iReben 

TiTo banqos am dastidan; mesame banqo gadabrunebulia piriT magidisken. 

SesaZlo samyaro ganisazRvreba imis mixedviT, Tu romeli banqo uWiravs 

TiToeul agents. magaliTad, samyaro (A, B)-Si agent 1-s uWiravs banqo A da 

agent 2-s uWiravs banqo B (xolo banqo C magidaze devs gadabrunebuli). 

aSkaraa, rom gvaqvs eqvsi SesaZlo samyaro: (A, B), (A, C), (B, A), (B, C), (C, A) da 

(C, B). amis garda, isic naTelia, rom samyaro (A, B)-Si agenti 1 SesaZleblad 

miiCnevs or samyaros: Tavad (A, B)-s da (A, C)-s. agent 1-ma icis, rom mas aqvs 

banqo A, magram is SesaZleblad miiCnevs, rom agent 2-s eWiros banqo B an 

banqo C. analogiurad, samyaro (A, B)-Si agenti 2 ganixilavs or samyaros: 

(A, B)-s da (C, B)-s. zogadad, samyaro (x, y)-Si agenti 1 SesaZleblad miiCnevs 

(x, y)-s da (x, z)-s, xolo agenti 2 – (x, y)-s da (z, y)-s, sadac z gansxvavebulia 

rogorc x-isgan, ise y-isgan.

am aRweris safuZvelze advilad SevZlebT K1 da K2 mimarTebebis agebas. 

advili Sesamowmebelia, rom es marTlac ekvivalentobis mimarTebebia, 

rogorc gansazRvrebebidan gamomdinareobs. es imitomaa ase, rom 

TiToeuli agentisTvis SesaZleblobis mimarTeba ganpirobebulia mis 

xelT arsebuli informaciiT, kerZod im banqoTi, romelic mas uWiravs. es 

mniSvnelovani zogadi fenomenia: nebismier situaciaSi, sadac agentisTvis 

SesaZleblobis mimarTeba ganisazRvreba mis xelT arsebuli informaciiT 

(da rogorc vnaxavT, aseTi situaciebi mravladaa), SesaZleblobis 

mimarTeba aris ekvivalentobis mimarTeba.

am sami banqos magaliTis struqtura aRwerilia naxazze 2.2, sadac, 

gamomdinare iqidan, rom mimarTebebi ekvivalentobis mimarTebebia, 

simartivisTvis gamotovebulia maryuJebi da isrebi. (rogorc SevniSneT, 

LOGIC
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Tu arsebobs mdgomareoba s-is mdgomareoba t-sTan damakavSirebeli wibo, 

unda arsebobdes mdgomareoba t-is mdgomareoba s-sTan damakavSirebeli 

wiboc simetriulobis gamo.)  

 2 
(A, B) (C, B) 

(A, C) (C, A) 

(B, A) (B, C) 

1 1 

2 

1 

2 

nax. 2.2 kripkes struqtura, romelic aRwers banqos martiv TamaSs

es magaliTi cxadyofs, rom struqturaSi unda Sediodes is 

samyaroebic, romlebsac agenti ar Tvlis SesaZleblad. magaliTad, 

samyaro (A, B)-Si agent 1-ma icis, rom samyaro (B, C) SeuZlebelia arsebobdes. 

(bolos da bolos, agent 1-ma namdvilad icis, rom mas banqo A uWiravs). 

amis miuxedavad, radgan agenti 1 SesaZleblad miiCnevs, rom agent 2-s 

SesaZleblad miaCndes (B, C)-s arseboba, Cven struqturaSi unda SevitanoT 

(B, C). struqturaSi es asaxulia imiT, rom ar gvaqvs (A, B)-dan (B, C)-sken 

mimarTuli wibo, romelic markirebuli iqneboda 1-iT, magram aris (A, C)-
sken mimarTuli wibo, markirebuli 1-iT, saidanac, Tavis mxriv, (B, C)-sken 

miemarTeba 2-iT markirebuli wibo.

Cven jer kidev ar gangvixilavs am magaliTisTvis gamosayenebeli 

ena. radgan unda vimsjeloT agent 1-is da 2-is xelT arsebul banqoebze, 

gasagebia, rom unda gvqondes martivi debulebebi 1A, 2A, 2B da a.S., romelTa 

interpretacia aseTia: `agent 1-s uWiravs banqo A,~ `agent 2-s uWiravs 

banqo A,~ `agent 2-s uWiravs banqo B,~ da a.S. mocemuli interpretaciis 

safuZvelze bunebrivad ganvsazRvravT π-s, xolo Mc-Ti aRvniSnavT banqos 

am TamaSis aRmwer kripkes struqturas. Sedegad miviRebT, magaliTad, aseT 

gamosaxulebas: (Mc, (A, B)) ⊨ 1A∧ 2B. mkiTxvels SeuZlia Tavad Seamowmos, 

rom aseve gveqneba formula (Mc, (A, B)) ⊨ K1(2B∨ 2C), romelic gamoxatavs im 
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faqts, rom Tu agent 1-s uWiravs A, maSin man icis, rom agent 2-s eWireba 

an B, an C. analogiurad, gveqneba formula (Mc, (A, B)) ⊨ K1¬K2(1A): agent 1-ma 

icis, rom agent 2-ma ar icis, rom agent 1-s uWiravs A.

rogorc am magaliTdan Cans, Cveni semantika asaxavs im intuicias, 

romelsac bunebrivad vukavSirebT sityva `codnas~. amis miuxedavad, es 

mainc ar SeiZleba CaiTvalos Cveni gansazRvrebebis srul dasabuTebad, 

kerZod, formula Kiφ-is Cveni interpretacia `agent i-m icis φ~ damatebiT 

ganmartebas moiTxovs. Cndeba kiTxva, Tu ra unda miviCnioT gonivrul 

dasabuTebad. sabolood, warmovadgenT or dasabuTebas da imedi gvaqvs, 

mkiTxveli maT damakmayofileblad CaTvlis. pirveli mdgomareobs 

damatebiTi magaliTebis CvenebaSi, romlebmac unda daadasturon, rom 

Cveni gansazRvrebebi Seesabameba sityva `codnis~ gonivrul gamoyenebas. 

erTi aseTi magaliTi mocemulia qvemoT, qveTavSi 2.3, sadac Cven 

vaanalizebT dasvrili bavSvebis Tavsatexs da vuCvenebT, rom formula 

Kiφ asaxavs Cvens intuicias bavSvi i-is codnis Sesaxeb. meore dasabuTeba 

mocemulia qveTavSi 2.4, sadac ganvixilavT codnis am cnebis zogierT 

Tvisebas da vuCvenebT, rom is Tavsebadia im TvisebebTan, romelic SeiZleba 

hqondes srulyofili introspeqciisa da srulyofili msjelobis unaris 

mqone subieqtis codnas. ra Tqma unda, es ar niSnavs, rom ar arsebobs 

codnis sxva gonivruli cnebebi. zog maTgans bolo TavebSi ganvixilavT.

Cven aq aseve SemovifargleT winadadebaTa modaluri logikiT. Cven 

ar gvaqvs pirveli rigis kvantifikacia da, amdenad, advilad ver vityviT, 

rom, magaliTad, elisma icis yvela Statis gubernatori. aseTi gancxadeba 

moiTxovs universalur da egzistencialur kvantifikacias. magaliTad, 

Cven is SegviZlia gamovxatoT formuliT ∀x(Statia (x) ⇒∃y(K
elisi

 

gubernatoria (x, y)): yvela x StatisTvis arsebobs iseTi y, rom elisma 

icis, rom x-is gubernatori aris y. am wignis umetes nawilSi Cven viyenebT 

mxolod winadadebaTa logikas, radgan is sakmarisad Zlieria yvela 

CvenTvis saintereso situaciis aRsawerad da, amave dros, saSualebas 

gvaZlevs Tavi avaridoT im zogierT sirTules, rasac pirveli rigis 

logika gamoiwvevda. qveTavSi 3.7 Cven mokled ganvixilavT pirveli rigis 

logikis gamoyenebas.

LOGIC
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2.2 erToblivi codnis da ganawilebuli codnis damateba

wina qveTavSi warmodgenili ena ar iZleva erToblivi codnis 

da ganawilebuli codnis cnebebis (romlebic 1 TavSi ganvixileT) 

gamoxatvis saSualebas. am cnebebis gamosaxatad enas vamatebT modalur 

operatorebs EG (`jguf G-Si yvelam icis~), CG (`G-Si myofi agentebisTvis 

es aris erToblivi codna~) da DG (`G-Si myofi agentebisTvis es aris 

ganawilebuli codna~) G-is yoveli {1,…, n} aracarieli qvesimravlisTvis 

ise, rom Tu φ aris formula, maSin EGφ, CGφ da DGφ aseve formulebia. Cven 

xSirad gamovtovebT indeqs G-s, roca G aris yvela agentis simravle. am 

gamdidrebuli eniT SegviZlia iseTi frazebis gamoxatva, rogorebicaa 

K3¬C{1,2}p (`agent 3-ma icis, rom p ar aris erToblivi codna agent 1-sa da 2-s 

Soris~) da Dq∧ ¬Cq (`q aris ganawilebuli codna, magram ar aris erToblivi 

codna~).

Cven advilad SegviZlia ganvavrcoT WeSmaritebis gansazRvreba ise, 

rom SevZloT erToblivi codniTa da ganawilebuli codniT operireba M 

struqturaSi. ramdenadac EGφ WeSmaritia zustad maSin, roca jguf G-Si 

yvelam icis φ, miviRebT

(M, s) ⊨ EGφ maSin da mxolod maSin, roca (M, s) ⊨Kiφ yvela i∈G –sTvis.

formula CGφ WeSmaritia, Tu G-Si yvelam icis φ da G-Si yvelam icis, rom 

G-Si yvelam icis φ da a.S. davuSvaT, rom EG
0φ aris φ-is abreviatura, xolo 

EG
k+1φ aris EGEG

kφ-is abreviatura. kerZod, EG
1φ aris EGφ-is abreviatura. 

maSin miviRebT

(M, s) ⊨ CGφ maSin da mxolod maSin, roca (M, s) ⊨EG
kφ sadac k= 1,2,…

erToblivi codnis Cvens gansazRvrebas aqvs saintereso graf-

Teoriuli interpretacia, romelic sasargeblo aRmoCnda gamoyenebis 

araerT sferoSi. ganvsazRvroT mdgomareoba t rogorc G-miRwevadi 

s mdgomareobidan k raodenobis nabijebis Sedegad (k ≥1), Tu arsebobs 

iseTi mdgomareobebi s0, s1, . . . , sk, rom s0 = s, sk = t da yvela j-sTvis (0 ≤ j ≤ k 
– 1) arsebobs iseTi i ∈G, rom (sj, sj+1) ∈Ki. vityviT, rom t aris G-miRwevadi 

s-idan k raodenobis nabijebis Sedegad romelime k ≥1-sTvis. amgvarad, 
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t aris G-miRwevadi s-idan, Tu grafSi arsebobs gza s-idan t-mde, romlis 

monakveTebic G-is wevrebiT iqnebian indeqsirebulni. kerZo SemTxvevaSi, 

roca G aris yvela agentis simravle, Cven ubralod vityviT, rom t aris 

miRwevadi s-idan. amdenad, t aris miRwevadi s-idan zustad maSin, Tu s da t 
arian grafis erTsa da imave bmul komponentSi. 

lema 2.2.1

(a) (M, s) ⊨ E
G

k φ maSin da mxolod maSin, roca (M, t) ⊨ φ yvela t-sTvis, 

romelic G-miRwevadia s-idan k raodenobis nabijebis Sedegad.

(b) (M, s) ⊨ EGφ maSin da mxolod maSin, roca (M, t) ⊨ φ yvela t-sTvis, 

romelic G-miRwevadia s-idan.

damtkiceba: punqti (a) miiReba k-ze martivi induqciiT, xolo punqti 

(b) uSualod gamomdinareobs punqt (a)-dan. miaqcieT yuradReba, rom es 

Sedegi marTebulia maSinac ki, roca Ki aris nebismieri binaruli mimarTeba; 

Cven ar gvWirdeba imis daSveba, rom isini aucileblad ekvivalentobis 

mimarTebebi unda iyvnen. ▌

jguf G-s aqvs φ-is ganawilebuli codna, Tu  G-is wevrTa ̀ kombinirebu

li~ codnidan gamomdinareobs φ. rogor unda avsaxoT Cvens sqemaSi 

codnis kombinirebis idea? 2.1 naxazze mocemul kripkes struqturaSi 

agenti 1 mdgomareoba s-Si s-sac da t-sac SesaZleblad miiCnevs, magram ar 

Tvlis SesaZleblad u-s, xolo agenti 2 s-s da u-s miiCnevs SesaZleblad, 

magram ara – t-s. vinmes rom SesZleboda agentebis 1-is da 2-is codnis 

kombinireba, ecodineboda, rom mxolod s iyo SesaZlebeli: agent 1-s aqvs 

sakmarisi codna imisTvis, rom gamoricxos u da agent 2-s aqvs sakmarisi 

codna t-is gamosaricxad. zogadad, jguf G-Si Semavali agentebis codnis 

kombinirebas vaxdenT yvela im samyaros gamoricxviT, romelsac erTi 

agenti mainc SeuZleblad miiCnevs. teqnikurad es xorcieldeba samyaroTa 

im simravleebis TanakveTiT, romlebsac jgufSi Semavali yoveli agenti 

SesaZleblad miiCnevs. amgvarad, Cven ganvsazRvravT:

(M, s) ⊨ EGφ maSin da mxolod maSin, roca (M, t) ⊨φ yvela t-sTvis, 

romlisTvisac (s, t) ∈ ∩i∈ GKi.
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davubrundeT Cvens banqos TamaSs da davuSvaT, G = {1, 2}; amdenad, 

G aris jgufi, romelic ori moTamaSisgan Sedgeba. amis Semdeg advili 

Sesamowmebelia (lema 2.2.1-is gamoyenebiT), rom (Mc, (A, B)) ⊨ CG(1A∨1B ∨ 1C): 

is, rom agent 1-s uWiravs A, B da C banqoebidan erT-erTi, aris erToblivi 

codna. albaT ufro sainteresoa (Mc, (A, B)) ⊨ CG(1B ⇒(2A ∨ 2C)): erToblivi 

codnaa is, rom Tu agent 1-s uWiravs banqo B, maSin agent 2-s uWiravs an A, 

an C. ufro zogadad, SeiZleba imis Cveneba, rom TamaSis nebismieri faqti, 

romelic ki SesaZlebelia gamoixatos Cveni enis gamonaTqvamebiT, aris 

erToblivi codna.

ra SeiZleba iTqvas ganawilebul codnaze? mkiTxvels SeuZlia Tavad 

Seamowmos, rom am SemTxvevaSi, magaliTad, gvaqvs (Mc, (A, B)) ⊨ DG(1A∧ 
2B). agentebs rom SeZlebodaT TavianTi codnis erTad Tavmoyra, maT 

ecodinebodaT, rom (A, B) samyaroSi agent 1-s uWiravs banqo A da agent 2-s 

– banqo B.

isev unda vTqvaT, rom es magaliTi amomwuravad ver amarTlebs 

Cvens gansazRvrebebs. magram ukidures SemTxvevaSi imaSi mainc unda 

daarwmunos mkiTxveli, rom es gansazRvrebebi usafuZvlo mainc ar aris. 

erToblivi codnisa da ganawilebuli codnis Tvisebebs ufro detalurad 

gamovikvlevT qveTavSi 2.4.

2.3 isev `dasvrili bavSvebis~ Tavsatexis Sesaxeb

Cvens analizSi davuSvebT, rom is faqti, rom mama gulwrfelia, aris 

erToblivi codna; rom yvela bavSvs SeuZlia mamis naTqvamis gagoneba da 

esmis kidec misi naTqvami; rom yvela bavSvs SeuZlia dainaxos da xedavs 

kidec, Tu maT garda romel bavSvs aqvs Subli dasvrili; rom vercerTi 

bavSvi ver xedavs sakuTar Subls; da rom yvela bavSvi aris gulwrfeli da 

(Zalian) sazriani.

Tavdapirvelad ganvixiloT situacia iqamde, vidre mama rames 

ityodes. vTqvaT, sul aris bavSvebis n raodenoba. rogorc adre, maT 

davnomravT – 1, . . . , n. zog bavSvs Subli dasvrili aqvs, danarCenebs – 
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ara. SesaZlo situacia SegviZlia aRvweroT 0-ebisa da 1-ebis n-eulebis 

saSualebiT, romlebsac aseTi forma eqnebaT: (x1, . . . ,xn), sadac xi = 1, Tu i 
bavSvs dasvrili aqvs Subli da xi = 0, Tu bavSvis Subli sufTaa. amgvarad, 

Tu n = 3, maSin (1, 0, 1) formis kompleqsi gamoxatavs faqts, rom zustad 1 da 

3 bavSvebs aqvT dasvrili Subli. davuSvaT, rom es kompleqsi gamoxatavs 

realur situacias. romel situaciebs CaTvlida bavSvi 1 SesaZleblad 

im momentamde, vidre mama rames ityoda? radgan bavSvi 1 xedavs Tavis 

garda yvela danarCeni bavSvis Subls, misTvis mxolod isaa gaurkveveli, 

Tavad mas aqvs Tu ara dasvrili Subli. amdenad, bavSvi 1 SesaZleblad 

miiCnevs or situacias, kerZod, (1, 0, 1)-s (realur situacias) da (0, 0, 1)-s.  

analogiurad, bavSvi 2 SesaZleblad Tvlis or situacias: (1, 0, 1)-s da 

(1, 1, 1)-s. SevniSnavT, rom zogadad, bavSv i-s or SesaZlo samyaroSi aqvs 

erTi da igive informacia zustad im SemTxvevaSi, Tu es situaciebi 

yvela komponentSi emTxveva erTmaneTs i komponentis garda (i komponenti 

SeiZleba daemTxves, SeiZleba – ara).

zogadi situacia SegviZlia aRvweroT kripkes M struqturis saSu

alebiT, romelic Sedgeba 2n raodenobis mdgomareobisgan, romelTagan 

TiToeuli Seesabameba SesaZlo n-wevra kompleqss. Tavdapirvelad unda 

gadavwyvitoT, romeli gamonaTqvamebi SevitanoT Cvens enaSi. radgan unda 

vimsjeloT imaze, aris Tu ara konkretuli bavSvis Subli dasvrili, Cven 

viRebT Φ = {p1, . . . , pn, p}, sadac, intuiciurad, pi aRniSnavs frazas `bavSv i-s 

Subli aqvs dasvrili~ da p aRniSnavs `sul mcire erT bavSvs Subli aqvs 

dasvrili~. amgvarad, ganvsazRvravT π-s ise, rom (M, (x1, . . . , xn)) ⊨ pi maSin da 

mxolod maSin, roca xi = 1; da (M, (x1, . . . , xn)) ⊨ p maSin da mxolod maSin, roca 

xj = 1 romelime j-isTvis. ra Tqma unda, p aris (p1∨ . . . ∨pn)-is ekvivalenturi, 

ase rom, misi WeSmarituli mniSvneloba SeiZleba ganisazRvros sxva 

martivi debulebebis WeSmarituli mniSvnelobebiT. araferi ar gviSlis 

xels, rom avirCioT ena, romelSic martivi debulebebi ar iqnebian 

damoukidebeli. radgan mosaxerxebeli iqneboda im martivi debulebis 

damateba (kerZod, p-s), romelic gamoxatavda mamis gancxadebas. Cvenc 

ase viqceviT. dasasrul, unda ganvsazRvroT Ki mimarTebebi. ramdenadac 

bavSvi i SesaZleblad miiCnevs romelime samyaros, Tu is emTxveva realur 
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samyaros yvela komponentSi garda (SesaZloa) i-uri komponentisa, Cven 

ganvsazRvravT (s, t) ∈Ki zustad im SemTxvevaSi, Tu s da t emTxveva erTmaneTs 

yvela komponentSi garda (SesaZloa) i-uri komponentisa. miaqcieT 

yuradReba, rom es gansazRvreba Ki-s ekvivalentobis mimarTebad aqcevs. 

amiT vasrulebT M-is aRweras.

marTalia, kripkes es struqtura SeiZleba sakmaod garTulebulad 

mogveCvenos, magram mas aqvs eleganturi grafikuli gamosaxuleba. 

davuSvaT, ugulebelvyaviT TviTmimarTebadi maryuJebi da wiboebis in

deqsebi. maSin gveqneba struqtura 2n raodenobis wveroebiT, romelTagan 

TiToeuli aRiwereba 0-ebisa da 1-ebis n-wevra kompleqsebiT ise, rom 

ori wvero erTmaneTs daukavSirdeba wiboTi, Tu isini mxolod erTi 

komponentiT iqnebian gansxvavebuli. kargi warmosaxvis mqone mkiTxveli 

mixvdeba, rom es iqneba n-ganzomilebiani kubi. kerZo SemTxveva, roca n = 3,  

gamosaxulia naxazze 2.3 (sadac Cven isev gamovtoveT TviTmimarTebadi 

maryuJebi da isrebi). 

 (1,1,1)  

(0,1,1)  (1,0,1)  
(1,1,0)  

(0,1,0)  

(0,0,0)  

(0,0,1)  
(1,0,0)  

1  3  2  

3  3  

2  1  

2  

1  

1  

3  

2  

nax. 2.3 kripkes struqtura `dasvrili bavSvebis~ TavsatexisTvis, sadac n = 3

intuiciurad, TiToeulma bavSvma icis, Tu sxva romel bavSvs aqvs 

Subli dasvrili. es intuicia warmoiSva codnis zemoT moyvanili 
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formaluri gansazRvrebidan. magaliTad, advili dasanaxia, rom roca 

realuri situacia aris (1, 0, 1), viRebT (M, (1, 0, 1)) ⊨K1¬p2, radgan roca 

realuri situacia aris (1, 0, 1), bavSvi 2-is Subli ar aris dasvrili im 

orive samyaroSi, romelsac bavSvi 1 SesaZleblad miiCnevs. analogiurad, 

gvaqvs (M, (1, 0, 1)) ⊨K1p3: bavSvma 1-ma icis, rom bavSvi 3-is Subli dasvrilia. 

magram (M, (1, 0, 1)) ⊨ ¬K1p1. bavSvma 1-ma ar icis, rom Tavad misi Subli 

dasvrilia, radgan sxva samyaroebSi, romelsac is SesaZleblad miiCnevs 

– (0, 0, 1) – misi Subli ar aris dasvrili. faqtiurad, erToblivi codnaa 

is, rom yovelma bavSvma icis, yvela sxva bavSvis Subli dasvrilia Tu ara. 

amgvarad, magaliTad, formula p2⇒K1p2, romlis Tanaxmad, Tu bavSvi 2-is 

Subli dasvrilia, maSin bavSvma 1-ma es icis _ aris erToblivi codna. 

mkiTxvels SeuZlia Tavad Seamowmos, rom C(p2⇒K1p2) WeSmaritia yvela 

mdgomareobaSi iseve, rogorc C(¬p2⇒K1¬p2).

samyaro (1, 0, 1)-Si, romelSic aris ori bavSvi dasvrili SubliT, 

yovelma bavSvma icis, rom sul cota erT bavSvs mainc aqvs dasvrili Subli 

iqamdec ki, vidre mama rames ityodes. bunebrivia, Cven gveqneba (M, (1, 0, 1)) 
⊨Ep. magram lema 2.2.1-dan gamomdinareobs, rom (M, (1, 0, 1)) ⊨ ¬E2p, radgan 

p ar aris WeSmariti samyaro (0, 0, 0)-Si, romelsac SeiZleba ori nabijiT 

mivaRwioT samyaro (1, 0, 1)-idan. mkiTxvels advilad SeuZlia Seamowmos, 

rom zogad SemTxvevaSi, Tu n raodenobis bavSvidan k raodenobas dasvrili 

aqvs Subli (ise, rom situacia aRiwereba n-wevra kompleqsis saSualebiT, 

romlis zustad k raodenobis komponenti aris 1-ebi), maSin Ek-1p aris 

WeSmariti, magram Ekp – ara, radgan yovel samyaros (0-ebisa da 1-ebis 

kompleqss), romelic miRwevadia k-1 nabijiT, aqvs sul cota erTi 1-iani 

mainc (da, amdenad, iq erTi bavSvi mainc aris dasvrili SubliT), xolo 

kompleqsi (0, . . . , 0) miRwevadia k raodenobis nabijiT.

vidre ganvagrZobdeT, mkiTxvelma unda gaacnobieros, rom Cven mier 

warmodgenili sqema araerT farul, nagulisxmeb daSvebas Seicavs. samyaros 

warmodgena n-wevra kompleqsis formiT legitimuria im SemTxvevaSi, Tu 

davuSvebT, rom es kompleqsebi Seicaven Cveni msjelobisTvis aucilebel 

informacias. Tu darwmunebuli ar varT imaSi, xedavs Tu ara bavSvi 1, ma-

Sin mdgomareobis aRweraSi am informaciis Setanac mogviwevs. aseve SevniS-
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navT, rom wiboebis SerCevas ganapirobebda winaswari daSveba imis Sesaxeb, 

rom erToblivi codnaa is faqti, rom yvela bavSvi xedavs. magaliTad, Tu 

n = 3 da Tu erToblivi codnaa is, rom bavSvi 1 brmaa, maSin situaciaSi (1, 1, 

1) bavSvi 1 aseve SesaZleblad miiCnevda (1, 0, 0)-s. mas ar ecodineboda, rom 

bavSv 2-s Subli dasvrili aqvs (ix. savarjiSoebi 2.1 da 2.2).

zogadad, roca vaxdenT mocemuli situaciis modelirebas, modelSi 

yvelaferi, rac ki relevanturia, unda SevitanoT. erTi mizezi, Tu ratom 

SeiZleba raime faqti yofiliyo `ararelevanturi~, isaa, rom mas kavSiri 

ar hqonoda gasaanalizebel situaciasTan. magaliTad, informacia imis 

Taobaze, bavSvi 1 biWia Tu gogo, ar Sedis SesaZlo samyaros aRweraSi. 

ararelevanturobis meore mizezi aris is, rom raRac faqti SesaZloa 

iyos erToblivi codna. Tu erToblivi codnaa is, rom yvela bavSvi xedavs, 

azri ar aqvs am informaciis Setanas SesaZlo samyaroebis aRweraSi. 

is WeSmaritia saerTo suraTis yvela SesaZlo samyaroSi, ase rom misi 

xsenebiT verafers ver SevmatebT aRweras. amdenad, erToblivi codna 

SeiZleba dagvexmaros situaciis aRweris gamartivebaSi.

SevniSnavT, rom zemoT moyvanil msjelobaSi Cven termin `erT

obliv codnas~ viyenebdiT ori odnav gansxvavebuli, Tumca urTi

erTdakavSirebuli mniSvnelobiT. amaTgan pirveli aris teqnikuri 

mniSvneloba, anu, Cvens enaSi formula φ aris erToblivi codna 

mdgomareoba s-Si, Tu is WeSmaritia yvela im mdgomareobaSi, romelic 

ki miRwevadia s-idan. meore mniSvneloba ramdenadme araformaluria, 

roca Cven vambobT, rom faqti (ar aris aucilebeli, is gamoixatebodes 

Cvens enaze) aris erToblivi codna, Tu is WeSmaritia struqturis yvela 

situaciaSi (mdgomareobaSi). roca vambobT, rom erToblivi codnaa is, rom 

erT bavSvs mainc dasvrili aqvs Subli, Cven erTobliv codnas viyenebT 

pirveli mniSvnelobiT, radgan es Seesabameba formula Cp-s. magram roca 

vambobT, rom erToblivi codnaa is, rom arc erTi bavSvi ar aris brma, 

Cven am termins meore mniSvnelobiT viyenebT, radgan Cvens enaSi ar gvaqvs 

formula q, romelic ityoda, rom arc erTi bavSvi ar aris brma. am terminis 

es ori mniSvneloba aSkarad urTierTdakavSirebulia. magaliTad, Tu Cven 

enas gavamdidrebT da SevitanT formula q-s, romelic ityoda, rom `arc 
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erTi bavSvi ar aris brma~, maSin Cq faqtiurad WeSmariti iqneboda kripkes 

am struqturis yvela mdgomareobaSi. wignSi Cven am termins kvlavac 

orive mniSvnelobiT gamoviyenebT da imedi gvaqvs, rom mkiTxveli Tavad 

SeZlebs, sadac aucilebeli iqneba, gaarkvios es orazrovneba.

davubrundeT Cveni Tavsatexis analizs da ganvixiloT, Tu ra xdeba 

mas Semdeg, rac mama iwyebs laparaks. mama ambobs p-s, rac, rogorc axlaxans 

aRvniSneT, ukve cnobilia yvela bavSvisTvis Tu or an orze met bavSvs 

dasvrili aqvs Subli. magram imis miuxedavad, rom bavSvebma ukve ician p, 

codnis mdgomareoba mainc icvleba. Tu n = 3, samyaro (1, 0, 1)-Si bavSvi 1 

miiCnevs SesaZleblad situacia (0, 0, 1)-s. am ukanasknel samyaroSi bavSvi 3 

SesaZleblad miiCnevs (0, 0, 0)-s. amdenad, samyaro (1, 0, 1)-Si, iqamde, vidre 

mama ityodes rames, imis miuxedavad, rom yvelam icis, rom sul mcire erT 

bavSvs mainc dasvrili aqvs Subli, bavSvi 1 fiqrobs, rom SesaZlebelia, 

rom bavSvi 3 fiqrobdes, rom arc erT bavSvs ar aqvs dasvrili Subli. 

mas Semdeg, rac mama iwyebs laparaks, is faqti, rom sul mcire erT 

bavSvs mainc dasvrili aqvs Subli, xdeba erToblivi codna. (es, ra Tqma 

unda, damokidebulia Cvens daSvebaze, rom yvela bavSvs SeuZlia gaigos 

da esmis kidec mamis naTqvami.) jgufSi codnis mdgomareobis Secvla 

SegviZlia grafikulad gamovsaxoT (zogad SemTxvevaSi) kubidan (0, 0, . . . 

, 0) wertilis amoSliT, ris Sedegadac miviRebT `wakveTil~ kubs. (ufro 

zustad, wvero (0, 0, . . . , 0) rCeba, magram qreba yvela is wibo, romelic 

akavSirebs (0, 0, . . . , 0)-s sxva wveroebTan, romlebic mxolod erT 1-ians 

Seicaven, radgan erToblivi codnaa is faqti, rom Tundac mxolod erT 

bavSvs hqondes Subli dasvrili, mamis naTqvamis Semdeg is bavSvic aRar 

CaTvlis SesaZleblad, rom arc erT bavSvs ar aqvs dasvrili Subli.) es 

situacia gamosaxulia naxazze 2.4.
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naxazi 2.4 kripkes struqtura mas Semdeg, rac mama iwyebs laparaks

amis Semdeg vuCvenebT, rom yovel jerze, roca bavSvebi mamis SekiTxvas 

pasuxoben `ara~-Ti, jgufis codnis mdgomareoba icvleba da xdeba kubis 

Semdgomi Sekveca. ganvixiloT, ra xdeba mas Semdeg, rac bavSvebi pasuxoben 

`aras~ mamis pirvel SekiTxvas. Cven vityviT, rom axla SeiZleba yvela im 

wveros amoSla, romlebic mxolod erT 1-ians Seicaven. (ufro zustad, 

grafidan gaqreba yvela is wibo, romelic am wveroebTan akavSirebda 

zustad ori 1-ianis Semcvel wveroebs.) wveroebi, romlebic mxolod erT 

an erTze nakleb 1-ianebs Seicaven, aRar iqnebian miRwevadi wveroebidan, 

romlebic Seicaven or an orze met 1-ianebs. es msjeloba analogiuria 

im msjelobisa, romelsac Seicavda TavsatexSi mocemuli `damtkiceba~. 

realuri situacia rom yofiliyo, vTqvaT, (1, 0, . . . , 0), maSin bavSvi 1 

Tavdapirvelad SesaZleblad miiCnevda or situacias: (1, 0, . . . , 0)-sa da (0, 

0, . . . , 0)-s. mas Semdeg, rac mama ityoda imas, rac Tqva, erTobliv codnad 

iqceoda is faqti, rom (0, 0, . . . , 0) ar aris SesaZlebeli, ase rom, is mixvdeboda, 

rom arsebuli situacia Seesabameboda (1, 0, . . . , 0)-s da amdenad, swored 

mas rom hqonda dasvrili Subli. mas Semdeg, rac mamis pirvel SekiTxvaze 

yvela pasuxobs `ara~-s, erToblivi codna xdeba is, rom situacia (1, 0, . . 

. , 0) ar aris SesaZlebeli. (SevniSnavT, rom am SemTxvevaSi unda davuSvaT, 

rom erToblivi codnaa is faqti, rom yvela aris gulwrfeli da sazriani 

imisTvis, rom SeeZlos iseTi msjeloba, romelic saWiro iqneboda (1, 0, . 

. . , 0)-is SeuZleblobis saCveneblad.) analogiuri msjeloba saSualebas 
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gvaZlevs gamovricxoT yvela situacia, romelic zustad erT 1-ians 

Seicavs. amdenad, mas Semdeg, rac mamis pirvel SekiTxvas yvela bavSvma ̀ ara~ 

upasuxa, erToblivi codna gaxda is, rom sul cota or bavSvs dasvrili 

aqvs Subli.

amave stilis Semdgomi gansjiT aSkara xdeba, rom mas Semdeg, rac 

bavSvebi upasuxeben `ara~-s k-jer, SegveZleba amovSaloT grafis yvela is 

wvero, romelic Seicavs maqsimum k raodenobis 1-ianebs (an, ufro zustad, 

wavSaloT grafis danarCen nawilTan am wveroebis SemaerTebeli wiboebi). 

amdenad, Cven viRebT kripkes struqturebis Tanmimdevrobas, romelic 

aRwers bavSvebis codnas am procesis yovel nabijze. arsebiTad, xdeba is, 

rom Tu romelime wvero s-Si erToblivi codna xdeba is, rom wvero t ar 

aris SesaZlebeli, maSin yvela u wverosTvis, romelic miRwevadia s-dan, 

amoiSleba wibo u-dan t-mde (Tu aseTi arsebobs); (es situacia ufro martivi 

aRsaweric kia, Tuki saerTo suraTs drosac davumatebT. am sakiTxs me-7 

TavSi davubrundebiT; kerZod, ix. qveTavi 7.2).

kiTxvebis k raodenobis raundis Semdeg erToblivi codna xdeba is, 

rom sul cota k+1 raodenobis bavSvs aqvs dasvrili Subli. Tu realuri 

situacia Seesabameba kompleqss, romelic zustad k+1 raodenobis 1-ianebs 

Seicavs, maSin iqamde, vidre mama dasvamdes (k+1)-e kiTxvas, bavSvebi, 

romlebsac dasvrili aqvT Subli, gaacnobiereben realur situacias, 

kerZod, rom maT dasvrili aqvT Subli da, Sesabamisad, upasuxeben ̀ diax~-s. 

SevniSnavT, rom isini ver SeZlebdnen gaecaT pasuxi `diax~ amaze adre, 

radgan am momentamde yoveli bavSvi, romelsac dasvrili hqonda Subli, 

SesaZleblad CaTvlida, rom misi Subli dasvrili ar iyo.

aris kidev erTi delikaturi momenti, romelic aucileblad unda 

aRiniSnos. uxeSad rom vTqvaT, am konteqstSi `codnis~ modelirebis Cveni 

meTodis Tanaxmad, bavSvma `icis~ raRac faqti, Tu is gamomdinareobs mis 

xelT arsebuli informaciidan. magram SegveZlo warmogvedgina iseTi 

situacia, rom Tu erT-erTi im bavSvTagani maincadamainc sazriani ar 

aRmoCndeboda, maSin SesaZlebelia mas verc gaecnobierebina, rom man 

`icoda~, rom misi Subli dasvrili iyo, imis miuxedavad, rom sakmarisi 
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informacia hqonda amis gasakeTeblad. mamis SekiTxvaze pasuxi `diax~ 

rom gaeca, amisTvis sakmarisi ar iqneboda, rom is, misi Subli dasvrili 

iyo Tu ara, gamomdinareobdes mis xelT arsebuli informaciidan. 

bavSvi faqtiurad unda acnobierebdes im Sedegebs, rac SeiZleba 

gamomdinareobdes misTvis cnobili informaciidan – anu, garkveuli 

azriT, bavSvs unda SeeZlos gamoTvalos, rom mas aqvs es codna – imisTvis, 

rom mis Sesabamisad imoqmedos. Cveni gansazRvreba impliciturad uSvebs, 

rom msjelobis yvela subieqti aris logikurad yovlismcodne, e.i. 

sakmarisad sazriani imisTvis, rom gamoTvalos Tavis xelT arsebuli 

informaciis yvela SesaZlo Sedegi.

axla ganvixiloT situacia, romelSic mama Tavdapirvelad ar 

ambobs p-s. aseT SemTxvevaSi bavSvebis codnis mdgomareoba arasdros 

ar Seicvleba imisda miuxedavad, Tu ramdenjer dasvams mama kiTxvas. is 

yovel etapze SeiZleba aRiweros n-ganzomilebiani kubis saSualebiT. 

Cven ukve vTqviT, rom iqamde, vidre mama laparaks daiwyebda, situacia 

aRiwereboda n-ganzomilebiani kubis saSualebiT. roca mama pirvelad 

ikiTxavs, `romelime Tqvenganma Tu icis, dasvrili aqvs Tu ara Subli?~, 

bunebrivia, bavSvebi pasuxoben `ara~-s imisda miuxedavad, Tu rogoria 

realuri situacia, radgan nebismier situaciaSi bavSvi SesaZleblad 

miiCnevs situacias, romelSic mas Subli ar eqneba dasvrili. ramdenadac 

iqamde, vidre mama kiTxvas dasvamdes, erToblivi codnaa is, rom pasuxi 

iqneba `ara~, am pasuxidan aranairi informaciis miReba ar xdeba da 

amitomac situacia SeiZleba warmodgenil iqnes n-ganzomilebiani kubis 

saxiT. m-ze Catarebuli pirdapiri induqcia gviCvenebs, rom erToblivi 

codnaa is, rom mamis me-m kiTxvas aseve `aras~ upasuxeben (ramdenadac 

im momentSi, roca mama svams kiTxvas, imisda miuxedavad, Tu rogoria 

realuri situacia, yoveli bavSvi SesaZleblad Tvlis sxva situaciasac, 

romelSic mas ar eqneboda Subli dasvrili) da codnis mdgomareoba mas 

Semdeg, rac mama dasvams me-m kiTxvas, kvlavac im kubiT gamoixateba.

amiT vasrulebT dasvrili bavSvebis Tavsatexis analizs.
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2.4 codnis Tvisebebi

am Tavis pirvel nawilSi aRvwereT ena, romelsac eqneboda Ki-is msgavsi 

modaluri operatorebi da ganvsazRvreT WeSmaritebis cneba, romelic, 

kerZod, adgens, aris Tu ara Kiφ-is msgavsi formula WeSmariti konkretul 

samyaroSi. Cven vivaraudeT, rom Kiφ unda wakiTxul iqnes rogorc ̀ agentma 

i-m icis φ.~ magram aris ki es am formulis wakiTxvis gonivruli varianti? 

adekvaturad asaxavs Tu ara Cveni semantika – anu, kripkes struqtura 

WeSmaritebis gansazRvris SemoTavazebul meTodTan erTad – codnis 

Tvisebebs? rogor SeiZleba gaeces pasuxi am kiTxvas?

Cven SegviZlia vcadoT am kiTxvaze pasuxis gacema imis gamokvleviT, Tu 

ra Tvisebebi aqvs codnas (Cveni interpretaciiT). Cveni interpretaciiT 

mocemuli codnis Tvisebebis daxasiaTebis erT-erTi meTodi aris 

im formulebis daxasiaTeba, romelic yovelTvis WeSmaritia. ufro 

formalurad rom CamovayaliboT, Tu gvaqvs struqtura M = (S, π, K1, . 
. . , Kn), Cven vityviT, rom φ marTebulia M-Si da davwerT M ⊨ φ, Tu (M, 
s)⊨φ sruldeba S-Si Semavali yoveli s mdgomareobisTvis da vityviT, 

rom φ Sesrulebadia M-Si, Tu (M, s)⊨φ sruldeba S-Si Semavali romelime 

s mdgomareobisTvis. vityviT, rom φ marTebulia da davwerT ⊨φ, Tu φ 

marTebulia yvela struqturaSi da vityviT, rom φ Sesrulebadia, Tu is 

sruldeba romelime struqturaSi. advili Sesamowmebelia, rom formula 

φ marTebulia (resp. marTebulia M-Si), maSin da mxolod maSin, Tu ¬φ ar 

sruldeba (resp. ar sruldeba M-Si).

axla CamovTvliT codnis Cveneuli gansazRvrebis ramdenime marTebul 

Tvisebas da warmovadgenT maTi marTebulobis formalur damtkicebas. 

Semdeg vimsjelebT, Tu ramdenad dasabuTebulia es Tvisebebi. rogorc 

adre, am qveTavSi davuSvebT, rom SesaZleblobis mimarTebebi Ki aris 

ekvivalentobis mimarTebebi.

codnis Cven mier SemoTavazebuli gansazRvrebis erT-erTi 

mniSvnelovani maxasiaTebeli aris is, rom yovelma agentma icis Tavisi 

codnis yvela logikuri Sedegi. Tu agentma icis φ da icis, rom φ 

gulisxmobs ψ-s, maSin rogorc φ, ise φ⇒ ψ WeSmaritia yvela im samyaroSi, 
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romelsac is SesaZleblad miiCnevs. amdenad, ψ WeSmariti unda iyos yvela 

im samyaroSi, romelsac es agenti SesaZleblad miiCnevs da, Sesabamisad, 

man aseve unda icodes ψ. aqedan vaskvniT

⊨ (Ki φ∧Ki (φ⇒ψ)) ⇒ Ki ψ.

am aqsiomas distribuciis aqsioma ewodeba, radgan misi saSualebiT 

xdeba Ki operatoris distribucia implikaciaze. es, rogorc Cans, 

gulisxmobs, rom Cveni agentebi sakmaod Zlieri moazrovneebi arian.

is faqti, rom codnis Cveni gansazRvreba ̀ Zlier~ agentebzea gaTvlili 

imiTac dasturdeba, rom agentebma ician yvela formula, romelic 

marTebulia mocemul struqturaSi. Tu φ WeSmaritia M struqturis 

yvela samyaroSi, maSin φ WeSmariti unda iyos yvela im samyaroSi, romelsac 

M-is nebismier samyaroSi myofi agenti miiCnevs SesaZleblad, amdenad 

Kiφ WeSmaritia M-is yvela SesaZlo samyaroSi. formalurad, Cven viRebT 

codnis ganzogadebis wess:

nebismieri M struqturisTvis, Tu M ⊨φ, maSin M ⊨Ki φ.

SevniSnavT, rom am wesis saSualebiT Cven SegviZlia davasknaT, rom Tu 

φ marTebulia, maSin aseve marTebulia Ki φ-c. es wesi sruliad gansxvavdeba 

formulisgan φ⇒ Ki φ, romlis Tanaxmad, Tu φ WeSmaritia, maSin agentma i-m 

is icis. ar aris aucilebeli, agentma icodes yvelaferi is, rac WeSmaritia. 

(magaliTad, dasvrili bavSvebis SemTxvevaSi SesaZloa WeSmariti iyos, rom 

bavSv 1-s dasvrili aqvs Subli, magram araa aucilebeli man es icodes.) 

magram agentebma ician yvela marTebuli formula. intuiciurad, es is 

formulebia, romlebic arian aucileblad WeSmaritni im formulebis 

sapirispirod, romlebic SeiZleba mxolod mocemul samyaroSi aRmoCdnen 

WeSmaritni. 

marTalia, agentma SeiZleba ar icodes yvela WeSmariti faqti, magram 

Tu agentma icis raime faqti, maSin es faqti WeSmaritia. formalurad

⊨Ki φ⇒ φ.
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es Tviseba, romelsac zogjer codnis aqsiomas an WeSmaritebis aqsio-

mas (codnisTvis) uwodeben, filosofosTa mier miCneulia umTavres niS-

nad, romelic ganasxvavebs codnas rwmenisgan. Tqven SeiZleba gqondeT 

mcdari rwmena, magram Tqven ver gecodinebaT raRac, rac aris mcdari. es 

Tviseba ganpirobebulia im garemoebiT, rom realuri samyaro yovelTvis 

aris im samyaroTa Soris, romelsac agenti SesaZleblad miiCnevs. Tu Ki φ 

marTebulia konkretul (M, s) samyaroSi, maSin φ WeSmaritia yvela im samy-

aroSi, romelsac i SesaZleblad miiCnevs da kerZod, is WeSmaritia (M, s)-Si.

bolos ganvixilavT or Tvisebas, romelTa Tanaxmadac agentebs aqvT 

introspeqciis unari sakuTari codnis mimarT. maT ician, Tu ra ician da 

ra ar ician:

⊨Ki φ⇒ Ki Ki φ,

⊨¬Ki φ⇒ Ki ¬Ki φ.

am TvisebaTagan pirvels Cveulebriv pozitiuri introspeqciis 

aqsiomas uwodeben, meores ki negatiuri introspeqciis aqsiomas.

Semdegi Teorema formalurad dagvarwmunebs imaSi, rom yvela 

zemoganxiluli Tviseba marTebulia codnis Cveni gansazRvrebisTvis.

Teorema 2.4.1 yvela φ da ψ formulisTvis, yvela M struqturisTvis, 

sadac Ki aris ekvivalentobis mimarTeba da yvela i = 1, . . . , n agentisTvis,

(a) M ⊨ (Ki φ∧Ki (φ⇒ψ)) ⇒Ki ψ,

(b) Tu M ⊨φ, maSin M ⊨Ki φ,

(c) M ⊨Ki φ⇒φ,

(d) M ⊨Ki φ⇒KiKiφ,

(e) M ⊨ ¬Ki φ⇒Ki ¬Kiφ.

damtkiceba
(a) Tu (M, s)⊨Ki φ∧ Ki (φ⇒ψ), maSin yvela iseTi t mdgomareobisTvis, 

rom (s, t) ∈Ki, gamomdinareobs orive: (M, t)⊨φ da (M, t)⊨φ⇒ψ. ⊨ -is 

gansazRvris Tanaxmad, (M, t)⊨ψ yvela aseTi t-sTvis da amdenad (M, 
s)⊨Ki ψ.
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(b) 	 Tu M ⊨φ, maSin (M, t)⊨φ yvela t mdgomareobisTvis M-Si. kerZod, 

nebismieri fiqsirebuli s mdgomareobisTvis M-Si (M, t)⊨φ 

yvela iseTi t-Tvis, rom (s, t) ∈Ki. amdenad, (M, s)⊨Ki φ yvela s 

mdgomareobisTvis M-Si da, aqedan gamomdinare, M ⊨Ki φ.

(c) 	 Tu (M, s)⊨Ki φ, maSin yvela iseTi t-Tvis, rom (s, t) ∈Ki, (M, t)⊨φ. radgan 

Ki refleqsuria, (s, s) ∈Ki da, kerZod, (M, s)⊨φ.

(d) 	 vTqvaT, (M, s)⊨Ki φ. ganvixiloT nebismieri t iseTi, rom (s, t) ∈Ki da 

nebismieri u iseTi, rom (t, u) ∈Ki. radgan Ki tranzitulia, (s, u) ∈Ki. 

radgan (M, s)⊨Ki φ, (M, u)⊨φ. amdenad, yvela iseTi t-Tvis, rom (s, t) ∈Ki, 

(M, t)⊨Ki φ. aqedan gamomdinareobs, rom (M, s)⊨Ki Ki φ.

(e) 	 vTqvaT, (M, s)⊨ ¬Ki φ. maSin romelime u-sTvis, romlisTvisac (s, u) ∈Ki, 

(M, u)⊨ ¬φ. davuSvaT, t iseTia, rom (s, t) ∈Ki. radgan Ki simetriulia, 

(t, s) ∈Ki da radgan Ki tranzitulia, (t, u) ∈Ki. amdenad, (M, t)⊨ ¬Ki φ. 

radgan es WeSmaritia yvela iseTi t-sTvis, romlisTvisac (s, t) ∈Ki, 

miviRebT (M, s)⊨Ki ¬Ki φ. 

im TvisebaTa erToblioba, romelic aqamde ganvixileT – distribuciis 

aqsioma, codnis aqsioma, pozitiuri da negatiuri introspeqciis 

aqsiomebi da codnis ganzogadebis wesi – Sesabamis literaturaSi 

safuZvlianad aris Seswavlili. istoriuli mosazrebebiT, am Tvisebebs 

zogjer S5 Tvisebebs uwodeben. (faqtiurad, S5 aris aqsiomaTa sistema. mis 

ufro formalur gansazRvrebas Semdeg TavSi SemogTavazebT.) ramdenad 

dasabuTebulia es Tvisebebi? 2.4.1 Teoremis damtkicebam gviCvena, 

rom, mkacri gagebiT, codnis aqsiomis marTebuloba gamomdinareobs im 

faqtidan, rom Ki aris refleqsuri; pozitiuri introspeqciis aqsioma 

gamomdinareobs im faqtidan, rom Ki tranzitulia; da negatiuri 

introspeqciis aqsioma gamomdinareobs im faqtidan, rom Ki aris 

simetriuli da tranzituli. marTalia, Ki-is ekvivalentobis mimarTebad 

gansazRvra TiTqos gonivrulia gamoyenebis mravali sferosTvis, magram 

aseve SegviZlia warmovidginoT sxva SesaZleblobebic. rogorc me-3 TavSi 

vnaxavT, Ki-is mimarTebebis Tvisebebis modifikaciiT SegviZlia miviRoT 

codnis iseTi cnebebi, romlebsac gansxvavebuli Tvisebebi eqnebaT.
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ori Tviseba, romelic, rogorc Cans, SesaZlo samyaroebis meTodma 

mogvaxvia Tavs, aris distribuciis aqsioma da codnis ganzogadebis wesi. 

imisda miuxedavad, Tu rogor gardavqmniT Ki mimarTebebs, es Tvisebebi 

gardauvalia. (formalurad amas momdevno TavSi davamtkicebT.) es 

Tvisebebi SesaZloa gonivrulad miviCnioT, Tu gamonaTqvams `agentma 

i-m icis φ~ gavaigivebT gamonaTqvamTan `φ gamomdinareobs agenti i-s 

informaciidan~, rogorc amas impliciturad vakeTebdiT dasvrili 

bavSvebis Tavsatexis modelirebisas. imdenad, ramdenadac codnas 

ganvixilavT agentebis mier gansjis procesis Sedegad SeZenil odenobad, 

es Tvisebebi gulisxmobs, rom Cvens analizSi agentebi gansjis uzado 

unars unda flobdnen. garkveul garemoebebSi es SesaZloa gonivruli 

idealizaciac iyos (da es eqsplicituri daSveba iyo `dasvrili 

bavSvebis~ Tavsatexis aRwerisas), magram mraval konteqstSi is aSkarad 

aragonivrulia. me-9 da me-10 TavebSi Cven ganvixilavT SesaZlo samyaroTa 

modelis modifikacias ise, rom is miesadagebodes arasrulyofili, 

`araidealuri~ msjelobis subieqtebs.

mkiTxvels SeiZleba gauCndes kiTxva, aqvs Tu ara Cven mier 

gansazRvrul codnis cnebas sxva mniSvnelovani Tvisebebic, romlebic 

jer ar gvixsenebia. marTalia, mTeli rigi damatebiTi Tvisebebisa 

gamomdinareobs S5-is sabaziso Tvisebebidan, magram, mkacrad Tu 

vimsjelebT, S5-is Tvisebebi srulad aRwers codnis Cvens gansazRvrebas, 

yovel SemTxvevaSi imdenad, ramdenadac saqme Ki operatorebs exeba. es 

sakiTxi detaluradaa ganxiluli me-3 TavSi.

axla Cvens yuradRebas mivapyrobT EG, CG da DG operatorebs. radgan  EGφ 

WeSmaritia zustad maSin, roca G-Si yvela agentma icis φ, miviRebT

⊨ EG φ⇔ ∧i∈GKi φ.

rogorc adrec aRvniSneT, SeiZleba iTqvas, rom erToblivi codna 

aris is, rac `yvela sulelma~ icis. maSin arcaa gasakviri, rom erTobliv 

codnas aRmoaCndeba codnis yvela Tviseba; codnis aqsiomis, distribuciis 

aqsiomis, pozitiuri introspeqciis aqsiomis da negatiuri introspeqciis 

aqsiomis analogiuri aqsiomebi marTebulia erToblivi codnisTvis 
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(ix. savarjiSo 2.8). amis garda, advili SesamCnevia, rom agentTa jgufis 

erToblivi codna gulisxmobs misi nebismieri qvejgufis erTobliv 

codnas, e.i. CG φ⇒CG’ φ Tu G⊇G’ (ix. isev savarjiSo 2.8). rogorc aRmoCnda, 

yvela es Tviseba gamomdinareobs ori sxva Tvisebisgan, romlebic zustad 

gadmoscemen erToblivi codnis arss. axla am Tvisebebs ganvixilavT.

gavixsenoT, rom pirvel TavSi ganxilul `dasvrili bavSvebis~ 

TavsatexSi bavSvebi p-s Sesaxeb erTobliv codnas (rom sul mcire erT 

bavSvs mainc dasvrili aqvs Subli) iReben imdenad, ramdenadac mamis 

gancxadebis Semdeg aRmoCndnen situaciaSi, sadac yvela bavSvma icis 

p-s Sesaxeb da yvela bavSvma icis isic, rom is aris aseT situaciaSi. am 

garemoebas ganazogadebs uZravi wertilis aqsioma, romlis Tanaxmadac 

φ aris G jgufis erToblivi codna maSin da mxolod maSin, Tu G-is yvela 

wevrma icis φ da icis isic, rom φ aris erToblivi codna:

⊨ CG φ⇔EG (φ∧CG φ).

amdenad, uZravi wertilis aqsiomis Tanaxmad CG φ SeiZleba ganvixiloT 

funqciis f (x) = EG (φ∧x) uZrav wertilad, romelic formula x-s gardasaxavs 

formulaze EG (φ∧x). (am intuiciis formalizeba mocemulia qveTavSi 11.5.)

meore Tviseba gvaZlevs meTods imis dasadgenad, rom mocemul 

struqturaSi erToblivi codna aris marTebuli.

yvela M struqturisTvis, Tu M ⊨ φ ⇒ EG (ψ∧φ), maSin M ⊨ φ ⇒ CG ψ.

am wess xSirad induqciis wess uwodeben. am wesis qmediTobis 

damtkicebis Sedegad aSkara xdeba, Tu ratom iZleva antecedenti 

umTavres ingredients imis dasamtkiceblad k-ze induqciiT, rom φ ⇒ Ek 

(ψ∧φ) marTebulia yvela k-sTvis.

axla formalurad davamtkicebT, rom es Tvisebebi marTlac qmediTia 

EG da CG operatorebisTvis.

Teorema 2.4.2 yvela φ da ψ formulisTvis, yvela M struqturisTvis 

da yvela aracarieli G⊆{1, . . . , n}_sTvis,
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(a) M ⊨ EG φ⇔∧i∈GKi φ,

(b) M ⊨ CG φ⇔EG (φ∧CG φ),

(c) Tu M ⊨ φ⇒EG (ψ∧φ), maSin M ⊨ φ⇒CG ψ.

damtkiceba 

punqti (a) uSualod gamomdinareobs EG-is semantikidan. danarCeni 

punqtebis dasamtkiceblad gamoviyenebT erToblivi codnis 

gansazRvrebas, romelic mocemuli iyo lema 2.2.1-Si, kerZod, (M, s) ⊨ EG φ 

maSin da mxolod maSin, roca (M, t) ⊨ φ yvela iseTi t mdgomareobisTvis, 

romelic G-miRwevadia s-idan. samomavlod aRvniSnavT, rom damtkicebaSi, 

romelsac axla SemogTavazebT, ar gamoiyeneba is faqti, rom Ki 

ekvivalentobis mimarTebebia; damtkicebaSi araferi Seicvleboda, Ki 

nebismieri sxva binaruli mimarTebac rom yofiliyo.

(b) punqtisTvis davuSvaT, rom (M, s) ⊨ CG φ. amdenad, (M, t) ⊨ φ yvela 

iseTi t mdgomareobisTvis, romelic G-miRwevadia s-idan. kerZod, Tu 

u G-miRwevadia s-idan erTi nabijis Sedegad, maSin (M, u) ⊨ φ da (M, t) ⊨ φ 

yvela iseTi t mdgomareobisTvis, romelic G-miRwevadia u-idan. amgvarad, 

(M, u) ⊨ φ∧CGφ yvela iseTi u-sTvis, romelic G-miRwevadia s-idan erTi 

nabijis Sedegad, ase rom, (M, s) ⊨ EG (φ∧CG φ). sapirispiro implikaciisTvis 

davuSvaT, rom (M, s) ⊨ EG (φ∧CG φ). davuSvaT, rom t aris G-miRwevadi s-idan 

da s’ aris s-is Semdeg pirveli wvero s-idan t-sken mimaval gzaze, romlis 

wiboebic markirebulia G-s wevrebiT. radgan (M, s) ⊨ EG (φ∧CG φ), aqedan 

gamomdinareobs, rom (M, s’) ⊨ φ∧CG φ. an s’ = t, an t miRwevadia s’-idan. pirvel 

SemTxvevaSi, (M, t) ⊨ φ, radgan (M, s’) ⊨ φ, xolo ukanasknel SemTxvevaSi, (M, 
t) ⊨ φ lema 2.2.1-isa da im faqtidan gamomdinare, rom (M, s’) ⊨ CG φ. radgan 

(M, t) ⊨ φ yvela iseTi t-sTvis, romelic G-miRwevadia s-idan, vaskvniT, rom 

(M, s) ⊨ CG φ.

dabolos, punqt (c)-sTvis davuSvaT, rom M⊨φ⇒EG (ψ∧φ) da (M, s) ⊨ φ. 

k-ze induqciiT vuCvenebT, rom yvela k-sTvis gvaqvs (M, t) ⊨ ψ∧φ yvela 

im t-sTvis, romelic G-miRwevadia s-idan k raodenobis nabijis Sedegad. 
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vTqvaT, t aris G-miRwevadi s-idan erTi nabijis Sedegad; lema 2.2.1-is ZaliT 

miviRebT (M, t) ⊨ ψ∧φ. Tu k = k’ + 1, maSin arsebobs iseTi t’, rom G-miRwevadi 

iyos s-idan k’ raodenobis nabijis Sedegad, xolo t G-miRwevadi iyos t’-
idan erTi nabijis Sedegad. induqciis daSvebis Tanaxmad, (M, t’) ⊨ ψ∧φ. 

bazisuri SemTxvevis analogiuri msjelobiT vaskvniT, rom (M, t) ⊨ ψ∧φ. 

amiT sruldeba induqciuri damtkiceba. ramdenadac (M, t) ⊨ ψ yvela im t 
mdgomareobisTvis, romelic G-miRwevadia s-idan, vaskvniT, rom (M, s) ⊨ CG 

φ. ▌

dabolos, ganvixilavT ganawilebul codnas. 1-el TavSi aRvniSneT, 

rom ganawilebuli codna SeiZleba ganvixiloT ̀ brZenis~ codnad. amdenad, 

gasakviri ar unda iyos, rom ganawilebuli codna aseve akmayofilebs 

codnis yvela Tvisebas. ganawilebul codnas aqvs kidev ori Tvisebac, 

romelzec mokled SevCerdebiT. gasagebia, rom erTwevra jgufis 

ganawilebuli codna igivea, rac ubralod codna. amdenad, 

⊨ D{i}φ⇔ Ki φ.

rac ufro didia qvejgufi, miT ufro didia am qvejgufis ganawilebuli 

codna:

⊨ DGφ⇒ DG’ φ Tu G ⊆G’.

imis damtkiceba, rom marTebulia ganawilebuli codnis yvela es 

Tviseba, arsobrivad 2.4.1 Teoremis damtkicebis analogiuria da, amdenad, 

amis gakeTebas mkiTxvels vTavazobT (savarjiSo 2.10). me-3 TavSi aseve 

vuCvenebT, rom erToblivi codnisa da ganawilebuli codnis es Tvisebebi 

srulad warmoadgens am cnebebis yvela relevantur Tvisebas.

2.5 movlenebze dafuZnebuli midgoma

codnis modelirebis meTodi, romelic 2.1 qveTavSi iyo warmodgenili, 

ori komponentisgan Sedgeba. is iyenebs kripkes struqturebs, 

rogorc maTematikur models mravalagentiani situaciebisTvis, 

da iyenebs logikur enas aseTi situaciebis Sesaxeb gamonaTqvamebis 
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Camosayalibeblad. es ena efuZneba martivi debulebebis simravles da 

Caketilia logikuri operatorebis mimarT. amdenad, codna sintaqsurad 

gamoixateba, formulebze logikuri operatorebis moqmedebiT. Cven 

amas logikaze dafuZnebul midgomas vuwodebT. tradiciulad swored es 

midgoma gamoiyeneboda filosofiaSi, maTematikur logikasa da xelovnur 

inteleqtSi.

am qveTavSi aRvwerT codnis modelirebis alternatiul meTods, 

romelic Cveulebriv gamoiyeneba TamaSis Teoriasa da maTematikur 

ekonomikaSi. am meTods movlenebze dafuZnebul midgomas vuwodebT. 

logikaze dafuZnebuli midgomisgan is ori ramiT gansxvavdeba. jer 

erTi, movlenebze dafuZnebuli midgoma kripkes struqturebis 

nacvlad maTematikur modelad iyenebs masTan mWidrod dakavSirebul 

struqturas, romelsac Cven aumanis struqturebs vuwodebT. meorec, da 

rac ufro mniSvnelovania, movlenebze dafuZnebuli midgoma, albaTobis 

Teoriis msgavsad, koncentrirebulia xdomilebebze, romlebic SesaZlo 

samyaroTa simravleebs warmoadgenen, da srulebiT ar iyenebs logikur 

formulebs. aq codna gamoixateba movlenebze moqmedi operatorebis 

saSualebiT. axla mimovixilavT movlenebze dafuZnebul midgomas da 

vimsjelebT mis mWidro kavSirze logikaze dafuZnebul midgomasTan.

iseve, rogorc 2.1 qveTavSi, roca ganvixilavdiT logikaze dafuZnebul 

midgomas, am SemTxvevaSic daviwyebT mdgomareobaTa samyaro S-iT. movlena 

aris mdgomareobaTa simravle e⊆S. SegviZlia, magaliTad, vilaparakoT 

movlenaze londonSi wvims, romelic Seesabameba im mdgomareobaTa 

simravles, romel mdgomareobebSic londonSi wvims. vityviT, rom 

movlena e-s adgili aqvs mdgomareoba s-Si, Tu s ∈ e. amgvarad, Tu eL aris 

movlena londonSi wvims, maSin eL-s adgili aqvs mdgomareoba s-Si zustad 

maSin, roca s aris erT-erTi im mdgomareobebidan, romelSic londonSi 

wvims. ori movlenis koniunqcia miiReba maTi TanakveTiT. magaliTad, 

movlena londonSi wvims da san-franciskoSi mziani amindia aris eL-is 

TanakveTa movlenasTan san-franciskoSi mziani amindia. analogiurad, 

movlenis uaryofa aris misi damateba (S-is mimarT).
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rogorc ukve aRvniSneT, movlenebze dafuZnebul midgomaSi 

formaluri modelis Sesaqmnelad gamoiyeneba aumanis struqturebi. 

aumanis struqturebi aris kripkes struqturebis msgavsi, mxolod ori 

gansxvavebiT: pirveli isaa, rom aq ar aris π funqciis analogi, radgan 

movlenebze dafuZnebul midgomaSi ar gvaqvs martivi debulebebi. meore 

gansxvaveba ki isaa, rom binaruli mimarTeba Ki-is nacvlad, romelic 

gansazRvravda, Tu romel samyaroebs miiCnevda agenti i SesaZleblad, 

aumanis struqturebSi yoveli agentisTvis arsebobs S-is dayofa Pi. 

(simravle S-is dayofa aris S-is qvesimravleebis iseTi simravle {S1, . . . , 
Sr}, rom Sj-ebi arian TanaukveTi da maTi gaerTianeba iZleva S simravles.) 

Tu Pi = {S1, . . . , Sr}, maSin Sj simravleebs ewodebaT Pi dayofis ujredebi, an 

agent i-is informaciuli simravleebi. amas safuZvlad udevs is intuicia, 

rom Tu Sj aris agent i-is informaciuli simravle da Tu s ∈ Sj, maSin im 

mdgomareobebis simravle, romelsac agenti i SesaZleblad miiCnevs 

(romelic Seesabameba agent i-is informacias), aris zustad Sj.

formalurad, aumanis struqtura A aris kompleqsi (S, P1, . . . , Pn), 
sadac S aris samyaros mdgomareobebis simravle da Pi aris S-is dayofa 

yoveli i agentisTvis. Pi(s) aRniSnavs Pi dayofis im ujreds, romelSic 

gvxvdeba s. ramdenadac Pi aris dayofa, aqedan gamomdinareobs, rom yoveli 

i agentisa da mdgomareobaTa yoveli wyvilisTvis s, t ∈ S, gvaqvs an Pi (s) 
= Pi (t), an Pi (s) ∩ Pi (t) = Ø. intuiciurad, roca s, t Sedian agent i-is erTsa 

da imave informaciul simravleSi, maSin s mdgomareobaSi myofi agenti i 
SesaZleblad miiCnevs mdgomareoba t-s. rogorc ukve aRvniSneT, kripkes 

struqturebisgan gansxvavebiT aumanis struqturebSi ar gvxvdeba 

funqcia π, romelic S-Si Semavali yoveli mdgomareobisTvis gansazRvravs 

martivi debulebebis WeSmaritul mniSvnelobebs. (Tu gamoviyenebT 

momdevno Tavis terminologias, es niSnavs, rom aumanis struqtura 

arsebiTad aris CarCo.)

rogor ganvsazRvravT codnas movlenebze dafuZnebul midgomaSi? 

radgan am meTodSi interesis obieqtebi movlenebia, arc is unda 

iyos gasakviri, rom codna ganisazRvreba movlenebis saSualebiT. 

formalurad, mocemuli aumanis struqturis (S, P1, . . . , Pn)-is farglebSi 
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codnis operators Ki : 2
S → 2S, sadac i = 1, . . . , n, Semdegnairad ganvsazRvravT:

Ki(e) = {s∈S | Pi (s) ⊆e}.

Ki(e) aRniSnavs movlenas i-m icis e. aq 2S aris S-is yvela qvesimravlis 

simravle. (SevniSnavT, rom Cven viyenebT Srifts sans serif codnis 

operator Ki-sTvis gansxvavebiT kursivisgan, romelsac viyenebT 

modalur operator Ki-sTvis da xelnawer Srifts binaruli mimarTeba 

Ki-sTvis.) advili dasanaxia, rom Ki(e) aris agent i-is im informaciuli 

simravleebis gaerTianeba, romlebsac Seicavs e. intuiciurad, agentma 

i-m s mdgomareobaSi icis e, Tu e-s adgili aqvs yvela im mdgomareobaSi, 

romelsac agenti i SesaZleblad miiCnevs s mdgomareobaSi (kerZod, Pi (s)-is 

yvela mdgomareobaSi)). amgvarad, agentma i-m icis, rom imisda miuxedavad, 

realuria Tu ara romelime mdgomareoba, iq adgili aqvs movlena e-s.

movlena jguf G-Si yvelam icis e gamoixateba EG: 2S → 2S operatoriT, 

romelic ase ganisazRvreba:

EG (e) = ∩i∈G
Ki(e).

Cven SegviZlia gavimeoroT operatori EG, raTa ganvsazRvroT EG
1(e) 

=EG (e) da EG
k+1(e) = EG(EG

k (e)), sadac k≥1. jguf G-Si Semavali agentebis 

erToblivi codna e movlenis Sesaxeb, romelic gamoixateba formuliT CG 

(e), aris movlena yvela moTamaSem icis e, yvelam icis, rom is yvelam icis 

da a.S. ad infinitum. misi formaluri gansazRvraa:

CG (e) = ∩
∞

k=1
E

G

k(e).

dabolos, jguf G-Si Semavali agentebis ganawilebuli codna e movle

nis Sesaxeb, romelic gamoixateba formuliT DG (e), ase ganisazRvreba:

				    DG (e) = {s∈S| (∩i∈G
Pi(s))⊆e}.

intuiciurad, movlena e aris ganawilebuli codna, Tu e-s adgili aqvs 

yvela im mdgomareobaSi, romlebic rCeba SesaZleblad mas Semdeg, rac 

Tavs vuyriT yvela agentis xelT arsebul informacias.

Tu gvaqvs simravle S-is ori dayofa – P da P’, dayofa P-s vuwodebT 
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P’-ze ufro wvrils (da P’-s P-ze ufro msxvils), Tu P(s) ⊆P’(s) marTebulia 

yvela s∈S –Tvis. intuiciurad, Tu dayofa P ufro wvrilia, vidre 

dayofa P’, maSin P-is saSualebiT miRebuli informaciuli simravleebi, 

sul mcire, iseTive odenobis informacias iZleva, ramdensac P’-is 

saSualebiT miRebuli informaciuli simravleebi (ramdenadac ufro 

mcire raodenobis SesaZlo mdgomareobebis ganxilva Seesabameba ufro 

meti informaciis qonas). P da P’dayofebis TanakveTa, romelic ase 

aRiniSneba – P⊓P’, aris yvelaze wvrili dayofa, romelic ufro msxvilia, 

vidre P da P’; P da P’ dayofebis gaerTianeba, romelic aRiniSneba ase – 

P⊔P’, aris yvelaze msxvili dayofa, romelic ufro wvrilia, vidre P da 

P’; Semdeg TeoremaSi Cven viyenebT TanakveTisa da gaerTianebis cnebebs, 

raTa zustad davaxasiaToT erToblivi codna da ganawilebuli codna.

Teorema 2.5.1 davuSvaT, A = (S, P1, . . . ,Pn) aris aumanis struqtura, 

davuSvaT, G ⊆ {1, . . . , n} aris agentebis jgufi da davuSvaT, e⊆S. maSin

(a) s∈CG (e) maSin da mxolod maSin, roca (⊓i∈GPi)(s) ⊆e.

(b) s∈DG (e) maSin da mxolod maSin, roca (⊔i∈GPi)(s) ⊆e.

damtkiceba ix. savarjiSo 2.15. ▌

aqedan gamomdinareobs, rom agentebis dayofebis TanakveTa 

gansazRvravs maT erTobliv codnas, xolo agentebis dayofebis 

gaerTianeba gansazRvravs maT ganawilebul codnas. SevniSnavT, rom 

Teorema 2.5.1 (a) gulisxmobs, rom imis dasadgenad, mocemul s mdgomareobaSi 

aris Tu ara movlena e erToblivi codna, sakmarisia martivad Semowmdes, 

aris Tu ara CarTva or mkafiod gansazRvrul simravles Soris; aRar 

aris aucilebeli erToblivi codnis gansazRvrebis gamoyeneba, romelic 

usasrulo TanakveTas moicavs.

logikaze dafuZnebul midgomasa da movlenebze dafuZnebul midgomas 

Soris aris mWidro kavSiri, romlis formalizebasac axla SemogTavazebT. 

arsebobs bunebrivi urTierTcalsaxa Sesabamisoba S-is dayofebsa da 

S-ze gansazRvrul ekvivalentobis mimarTebebs Soris. S-ze mocemuli P 
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dayofis Sesabamisi ekvivalentobis mimarTeba R ase ganisazRvreba: (s, s’) ∈R 

maSin da mxolod maSin, roca P(s)=P(s’). analogiurad, Tu S-ze mocemulia 

ekvivalentobis mimarTeba, S-is Sesabamisi dayofa {S1, . . . , Sr} miiReba R-is 

yoveli ekvivalentobis klasis gardaqmniT dayofis ujred Sj-ad; anu ori 

mdgomareoba – s, t – aRmoCndeba erT ujredSi zustad maSin, roca (s, 
t)∈R. amdenad, sakmaod advilia dayofis Tvalsazrisidan ekvivalentobis 

mimarTebaTa Tvalsazrisze gadasvla da piriqiT (ix. savarjiSo 2.16).

axla davuSvaT, rom mocemulia kripkes struqtura M = (S, π, K1, . . . 
,), sadac yoveli Ki aris ekvivalentobis mimarTeba. Cven ganvsazRvravT 

Sesabamis aumanis struqturas AM = (S, P1, . . . ,Pn) (mdgomareobaTa imave S 

simravliT) imgvarad, rom Pi dayofas SevusabamebT Ki ekvivalentobis 

mimarTebas. axla gvinda vaCvenoT, rom M-sa da AM erTi da igive ̀ semantika~ 

aqvT. M-Si semantika ganisazRvreba formulebis saSualebiT. struqtura 

M-Si formula φ-is moculoba, romelic ase gamoixateba – φM, aris 

M-is im mdgomareobaTa simravle, romelSic marTebulia φ, e.i. φM = {s | 
(M, s) ⊨ φ}. AM-Si semantika ganisazRvreba movlenaTa saSualebiT. yovel 

primitiul gamonaTqvam p-sTvis ganvsazRvroT ep
M rogorc movlena `p 

aris WeSmariti~; e.i. ep
M = {s | (M, s) ⊨ φ}. axla SegviZlia yoveli formula 

φ-isTvis ganvsazRvroT movlena evM (φ) induqciiT φ-is struqturaze:

∙evM (p) = ep
M

∙evM (ψ1 ∧ψ2) = evM (ψ1) ∩ evM (ψ2)

∙evM (¬ψ) = S – evM (ψ)

∙evM(Ki ψ) = Ki(evM (ψ))

∙evM(CG ψ) = CG (evM (ψ))

∙evM(DG ψ) = DG (evM (ψ))

intuiciurad, evM (φ) aris `movlena, rom adgili aqvs φ-s.~ Semdegi 

Teorema gviCvenebs, rom es intuicia sworia, e.i. rom formula φ 

marTebulia kripkes M struqturis s mdgomareobaSi maSin da mxolod 

maSin, roca evM (φ) marTebulia aumanis AM struqturis s mdgomareobaSi.
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Teorema 2.5.2 davuSvaT, M aris kripkes struqtura, sadac yoveli 

SesaZleblobis mimarTeba Ki aris ekvivalentobis mimarTeba da davuSvaT, 

AM aris Sesabamisi aumanis struqtura. maSin yoveli φ formulisTvis 

miviRebT evM (φ) = φM.

damtkiceba ix. savarjiSo 2.17. ▌

Cven axla vaCveneT, Tu rogor unda gadavideT kripkes struqturidan 

aumanis struqturaze. ra SeiZleba iTqvas sapirispiro mimarTulebaze? 

vTqvaT, A = (S, P1, . . . , Pn) aris aumanis struqtura. Cven gvinda Sesabamisi 

kripkes (S, π, K1, . . . ,Kn) struqturis gansazRvra (mdgomareobebis imave S 

simravliT). aranair sirTules ar warmoadgens Ki-ebis gansazRvra: Ki-s 

ubralod gavaigivebT Pi dayofis Sesabamis ekvivalentobis mimarTebasTan. 

magram rCeba martivi debulebebis Φ simravle da π funqcia, romelic S-Si 

yovel mdgomareobas usadagebs martivi debulebebisTvis WeSmarituli 

mniSvnelobis miweras. marTalia, aumanis struqtura ar gulisxmobs 

martivi debulebebis simravlis arsebobas, magram konkretul 

magaliTebSi sabaziso movlenebs Cveulebriv aqvT saxelebi, mag.: `elisi 

igebs TamaSs~ an `SeTanxmeba dadebulia~. es saxelebi SeiZleba primitiul 

gamonaTqvamebadac ganvixiloT. Cveulebriv, isic naTelia, Tu romel 

mdgomareobebSi xdeba es saxeldebuli movlenebi; es ki gvaZlevs π 

funqcias. am yvelafris formalizebisTvis davuSvaT, rom Cvens xelT 

aris aramarto aumanis struqtura A, aramed aseve martivi debulebebis 

nebismieri Φ simravle da π funqcia, romelic S-Si yovel mdgomareobas 

usadagebs Φ-Si Semavali martivi debulebebisTvis WeSmarituli 

mniSvnelobis miweras. axla SegviZlia advilad avagoT kripkes struqtura 

M A,π, romelic Seesabameba A-sa da π-s. Tu A = (S, P1, . . . ,Pn), maSin M A,π = (S, π, 
K1, . . . , Kn), sadac Ki aris Pi-is Sesabamisi dayofa da sadac i = 1, . . . , n. axla 

uSualod SeiZleba imis Cveneba, rom M A,π-is Sesabamisi aumanis struqtura 

aris A (ix. savarjiSo 2.18). amgvarad, 2.5.2 Teoremis ZaliT, M A,π-Si arsebuli 

formulebis moculobebi da A-Si arsebuli am formulebis Sesabamisi 

movlenebi erTmaneTs emTxveva.

Teorema 2.5.2-is da im msjelobiT, romelic mas win uZRoda, dgindeba 
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mWidro kavSiri logikaze dafuZnebul midgomasa da movlenebze 

dafuZnebul midgomas Soris, razec adre mivuTiTebdiT. 

savarjiSoebi

2.1 davuSvaT, erToblivi codnaa is, rom `dasvrili bavSvebis~ 

TavsatexSi yvela bavSvi aris brma. rogori iqneba im kripkes struqturis 

grafikuli gamosaxuleba, romelic aRwerda am situacias iqamde, vidre 

mama daiwyebda laparaks? da rogori iqneba is mas Semdeg, rac mama daiwyebs 

kiTxvebis dasmas?

*2.2 ganvixiloT dasvrili bavSvebis Tavsatexis Semdegi varianti. 

davuSvaT, rom erToblivi codnaa, rom yvela bavSvi, garda (SesaZloa) 

bavSvi 1-isa, ismens mamis naTqvams. amasTan, vTqvaT, bavSvebs adrec 

uTamaSiaT mamasTan es TamaSi da erToblivi codnaa is, rom, roca mama 

laparakobs, is ambobs an `sul mcire erT Tqvengans mainc dasvrili aqvs 

Subli~, an arafrismTqmel frazas, magaliTad, ̀ ra talaxiania es mindori~. 

(amgvarad, erToblivi codnaa is, rom Tundac bavSv 1-s ar gaegonos mamis 

naTqvami, man is mainc icis, rom mamam warmoTqva erT-erTi am frazaTagan.)

(a)	 aRwereT situacia (e.i. kripkes struqtura) mamis gancxadebis 

Semdeg. (miniSneba: yoveli SesaZlo samyaro SeiZleba aRiweros 

(n+2)-euliT, sadac n aris bavSvebis saerTo raodenoba.) daxazeT 

kripkes struqtura, Tu n = 2.

(b)	 SeuZliaT bavSvebs gaarkvion, arian Tu ara dasvrilni? (miniSneba: 

Tavdapirvelad ganixileT SemTxveva, roca bavSvi 1 ar aris talaxiT 

dasvrili, Semdeg ganixileT SemTxveva, roca is dasvrilia da esmis 

mamis naTqvami, da bolos, ganixileT SemTxveva, roca is dasvrilia 

da mamis naTqvami ar gaugia.)

(c) SeuZliaT bavSvebs gaarkvion, arian Tu ara dasvrili, Tu mama 

Tavdapirvelad ambobs: `Tqvengan ors an mets dasvrili aqvs 

Subli~?
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2.3 gTavazobT dasvrili bavSvebis Tavsatexis kidev erT variants. 

davuSvaT, mama, imis magivrad, rom Tqvas `sul cota erT Tqvengans mainc 

dasvrili aqvs Subli~, ambobs `nomer 1 bavSvs dasvrili aqvs Subli~. 

Zneli ar unda iyos imaSi darwmuneba, rom axla bavSvebs (bavSvi 1-is garda) 

aRar SeeZlebaT gaarkvion, aqvT Tu ara dasvrili Subli. ganmarteT, 

ratomaa ase (kerZod, ratom ar SeuZliaT bavSvebs am Tavsatexis amoxsna 

iseT situaciaSi, roca maT, erTi SexedviT, meti informacia eZlevaT). 

es magaliTi gviCvenebs, rom am Tavsatexis kidev erTi daSveba isaa, rom 

TavsatexSi mocemulia yvela relevanturi informacia, kerZod, is, rom 

mama mxolod imas ambobs, rom `sul cota erT Tqvengans mainc dasvrili 

aqvs Subli.~

*2.4 am savarjiSoSi Cven vaxdenT tuzebis da rvianebis TamaSis 

formalizebas, romelic mocemuli iyo savarjiSoSi 1.1.

(a) 		 rogori iqneba am Tavsatexis SesaZlo samyaroebi, Tu mniSvneloba 

eqneba banqos figurebs? ramdeni SesaZlo samyaro iqneba am 

SemTxvevaSi?

(b) 		 axla davuSvaT, rom ugulebelvyofT figurebs (magaliTad, ar 

ganvasxvavebT Cvens xelT arsebul wyvils – jvris tuzsa da 

gulis tuzs yvavis tuzisa da guli tuzis wyvilisgan). ramdeni 

SesaZlo samyaro iqneba am SemTxvevaSi? ramdenadac am TavsatexSi 

figurebs mniSvneloba ar aqvT, maTi ignorirebis SemTxvevaSic 

SevZlebT Tavsatexis adekvatur reprezentacias. am SemTxvevaSi 

gansaxilveli rCeba imdenad naklebi SesaZlo samyaroebi, rom 

namdvilad Rirs amis gakeTeba.

(c) 		 daxazeT am Tavsatexis aRmweri kripkes struqtura.

(d) ganvixiloT savarjiSo 1.1-is (a) nawilSi aRwerili situacia. 

struqturidan romeli wiboebi gaqreba mas Semdeg, rac gaigebT, 

rom eliss da bobs ar SeuZliaT Tavisi banqos gamocnoba? axseniT, 

ratom aris axla mniSvnelovani vifiqroT gamqral wiboebze da ara 

wveroebze.

(e) 		 axla ganixileT situacia, romelic aRwerilia savarjiSo 1.1-is (b) 
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nawilSi da uCveneT, romeli wiboebi gaqreba struqturidan.

*2.5 am savarjiSoSi movaxdenT brZenkacebis Tavsatexis formalizebas, 

romelic mocemuli iyo savarjiSoSi 1.3.

(a) ganixileT Tavsatexis pirveli versia (rogorc es aRwerilia 

savarjiSo 1.3-is (a) nawilSi). daxazeT sawyisi situaciis Sesabamisi 

kripkes struqtura. rogor icvleba es struqtura mas Semdeg, rac 

pirveli brZeni ityvis, rom man ar icis, ra feris qudi axuravs? 

rogor icvleba is, roca meore brZenic ityvis, rom manac ar icis?

(b) rogor Seicvleba kripkes Tavdapirveli struqtura, Tu mesame 

brZeni brmaa?

2.6 uCveneT, rom G-miRwevadoba aris ekvivalentobis mimarTeba, Tu Ki 

mimarTebebi refleqsuri da simetriulia.

2.7 uCveneT, rom Tu t aris G-miRwevadi s-idan, maSin (M, s) ⊨CG φ maSin 

da mxolod maSin, roca (M, t) ⊨CG φ, im pirobiT, rom Ki mimarTeba aris 

refleqsuri da simetriuli.

2.8 TeoremebSi 2.4.1 da 2.4.2 moyvanili semantikuri msjelobis 

analogiuri argumentaciiT uCveneT, rom marTebulia erToblivi codnis 

Semdegi Tvisebebi:

(a) ⊨ (CG φ∧CG (φ ⇒ ψ)) ⇒ CG ψ,

(b) CG φ ⇒ φ (Tu davuSvebT, rom Ki mimarTebebi refleqsuria),

(c) CG φ ⇒ CGCGφ,

(d) ¬CG φ ⇒ CG¬CGφ (Tu davuSvebT, rom Ki mimarTebebi simetriulia),

(e) CG φ ⇒ CG’φ Tu G ⊇ G’.

rogorc savarjiSo 3.11-idan Cans, es Tvisebebi faqtiurad 

damtkicebadia codnis da erToblivi codnis im Tvisebebis safuZvelze, 

romlebic am TavSi aRvwereT.

2.9 uCveneT, rom Tu M ⊨φ⇒ ψ, maSin
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(a) M ⊨ Kiφ ⇒ Kiψ,

(b) M ⊨ CGφ ⇒ CGψ.

2.10 uCveneT, rom marTebulia ganawilebuli codnis Semdegi Tvisebebi:

(a) (DGφ ∧ DG(φ ⇒ ψ)) ⇒ DGψ,

(b) DGφ ⇒ φ (Tu davuSvebT, rom Ki mimarTebebi refleqsuria),

(c) DGφ ⇒ DGDGφ (Tu davuSvebT, rom Ki mimarTebebi tranzitulia),

(d) ¬DGφ ⇒ DG¬DGφ (Tu davuSvebT, rom Ki mimarTebebi simetriuli da 

tranzitulia),

(e) D{i}φ ⇔ Ki φ,

(f) DGφ ⇒ DG’ φ Tu G ⊆ G’.

2.11 semantikuri argumentebis gamoyenebiT daamtkiceT, rom codna da 

erToblivi codna distribuciulia koniunqciis mimarT; e.i. daamtkiceT, 

rom marTebulia Semdegi Tvisebebi:

(a) Ki (φ ∧ ψ) ⇔ (Kiφ ∧ Kiψ),

(b) CG (φ ∧ ψ) ⇔ (CGφ ∧ CGψ).

aseve SeiZleba vuCvenoT, rom es Tvisebebi gamomdinareoben codnisa 

da erToblivi codnis teqstSi aRwerili Tvisebebidan (savarjiSo 3.31).

2.12 daamtkiceT, rom Semdegi formulebi marTebulia im pirobiT, rom 

Ki mimarTebebi ekvivalentobis mimarTebebia:

(a) ⊨ ¬φ⇒Ki¬Kiφ,

(b) ⊨ ¬φ⇒Ki1
 . . . Kik

¬K ik
 . . . Ki1

φ agentebis nebismieri i1, . . . , ik mimdevrobisaTvis,

(c) ⊨ ¬Ki¬Kiφ⇔ Ki φ.

es formulebi aseve mtkicdeba S5 Tvisebebis safuZvelze, romlebic 

zemoT ganvixileT; ix. savarjiSo 3.14.

2.13 davuSvaT, A = (S, P1, . . . , Pn) aris aumanis struqtura, davuSvaT,G ⊆ 
{1, . . . , n}. Tu s, t aris mdgomareobebi, vityviT, rom A-Si t aris G-miRwevadi 
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s-idan, Tu t aris miRwevadi s-idan A-s Sesabamis MA, π kripkes struqturaSi. 

daamtkiceT, rom t∈ (⊓i∈GPi)(s) maSin da mxolod maSin, Tu t aris miRwevadi 

s-idan.

2.14 davuSvaT, A = (S, P1, . . . ,Pn) aris aumanis struqtura, davuSvaT, G ⊆ 
{1, . . . , n}. daamtkiceT, rom t∈ (⊔i∈GPi)(s) maSin da mxolod maSin, Tu yoveli i 
agentisTvis t∈Pi (s).

2.15 daamtkiceT Teorema 2.5.1. (miniSneba: SegiZliaT pirdapir 

daamtkicoT an gamoiyenoT savarjiSoebi 2.13 da 2.14).

2.16 uCveneT, rom Sesabamisoba, romelic mocemuli iyo dayofebsa 

da ekvivalentobis mimarTebebs Soris da Sesabamisoba, gansazRvruli 

sapirispiro mimarTulebiT aris erTmaneTis Sebrunebuli. e.i. uCveneT, 

rom R aris ekvivalentobis mimarTeba, romelic miiReba dayofa P-sgan 

maSin da mxolod maSin, Tu P aris dayofa, romelic miiReba ekvivalentobis 

mimarTeba R-isgan.

2.17 davuSvaT, M aris kripkes struqtura, sadac yoveli SesaZleblobis 

mimarTeba Ki aris ekvivalentobis mimarTeba da davuSvaT, A aris Sesabamisi 

aumanis struqtura.

(a) daamtkiceT, rom

(i) s∈Ki (ev(φ)) marTebulia A-Si maSin da mxolod maSin, Tu (M, s)⊨Ki φ,

(ii) s∈DG(ev(φ)) marTebulia A-Si maSin da mxolod maSin, Tu (M, s)⊨DG φ,

(iii) s∈CG (ev(φ)) marTebulia A-Si maSin da mxolod maSin, Tu (M, s)⊨CG φ.

(b) gamoiyeneT (a) Teorema 2.5.2-is dasamtkiceblad.

2.18 uCveneT, rom aumanis struqtura, romelic Seesabameba kripkes MA, π  

struqturas, aris A.
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SeniSvnebi

modaluri logika Zvel droSi ganixileboda rigi avtorebis mier. 

aRsaniSnavia rogorc aristoteles De Interpretatione da Prior Analitics, aseve 

Sua saukuneebis logikosTa Sromebi. Tumca, rogorc Tanamedrove 

periodamde Seqmnili Sromebis umetesoba, es naSromebic arasimboluri 

iyo da akldaT sistemuri midgoma. pirvelad simboluri da sistemuri 

midgoma gvxvdeba luisis 1912 wlis naSromSi, rac kulminacias aRwevs 

langfordTan erTad daweril wignSi Symbolic Logic [Lewis and Langford 1959]. 
karnapma [Carnap 1946, 1947] modalobebisTvis semantikis misaniWeblad 

SemogvTavaza SesaZlo samyaroTa gamoyeneba. SesaZlo samyaroTa 

semantika SemdgomSi damoukideblad iqna ganviTarebuli rigi avtorebis 

mier; maT Soris: [Bayart 1958], [Hintikka 1957, 1961], [Kanger 1957b], [Kripke 1959], 
[Meredith 1956], [Montague 1960] da [Prior 1962] (romelic am ideas giCs (P.T. Geach) 
miakuTvnebda), axlandeli forma ki miiRo kripkes naSromSi [Kripke 1963a] 
(ra saxiTac warmodgenilia aq). CamoTvlili avtorebidan bevrma aseve 

SeniSna, rom Ki mimarTebebis Tvisebebis cvlis Sedegad Cven vRebulobT 

codnis sxvadasxva Tvisebas.

modaluri logikis pirvel naSromSi ganxiluli iyo mxolod 

aucileblobisa da SesaZleblobis modalobebi. rogorc ukve aRvniSneT 

pirvel TavSi, codnis semantikis miRebis idea ekuTvnis hintikas, vinc 

pirvelma aRmoaCina seqcia 2.4-Si ganxiluli codnis Tvisebebi.

kripkes struqturebis terminebSi dasvrili bavSvebis gamocanis 

analizi ekuTvnis halpernsa da vardis [Halpern and Vardi 1991a]. aumanis 

struqturebi gansazRvrulia aumanis mier [Aumann 1976]. aumani 

gansazRvravs erTobliv codnas TanakveTis saSualebiT; ufro 

konkretulad, aumans ekuTvnis 2.5.1 (a)-Si mocemuli dakvirveba. msgavsi 

midgoma, romelSic codna ganisazRvreba rogorc operatori movlenebze, 

Seswavlilia orlovskas mier [Orlowska 1989].
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Abstract

Essentially being an extended abstract of the author’s 1998 PhD thesis, this paper
introduces an extension of the language of linear logic with a semantics which treats
sentences as tasks rather than true/false statements. A resource is understood as an
agent capable of accomplishing the task expressed by such a sentence. It is argued
that the corresponding logic can be used as a planning logic, whose advantage over the
traditional comprehensive planning logics is that it avoids the representational frame
problem and significantly alleviates the inferential frame problem.

Dedicated to the dear memory of Leri Mchedlishvili (1936-2013) and Michael Bezhan-
ishvili (1934-2014): my first teachers of logic, colleagues, and prominent figures in Georgian
science and education.

1 Introduction

This paper is being revived after having been frozen, in an unfinished form, for more than
a decade. It is essentially an extended abstract of the author’s 1998 dissertation [10]. For
“historical” considerations, its original style and language are almost fully preserved.

Since the birth of Girard’s [5] linear logic, the topic of substructural logics, often called
“resource logics”, has drawn the attention of many researchers, with various motivations
and different traditions.1 The common feature of these logics is that they are sensitive with
respect to the number of occurrences of subformulas in a formula or a sequent, the most
demonstrative example of which is the failure of the classical principles

A → A&A

and
A → B A → C

A → B&C

as a result of removing the rule of contraction from classical sequent calculus.
The philosophy behind this approach is that if formulas are viewed as resources, the

conjunction is viewed as an operator which “adds up” resources and the implication is viewed
as an operator which converts one resource (the antecedent) into another (the consequent),
then A&A is generally stronger than A, and A → (B&C) is stronger than (A → B)&(A →
C). For example, $1&$1 should be understood as being equivalent to $2 rather than $1, so

1An extensive survey of substructural logics can be found in [4].
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that $1 → ($1&$1) is not valid; one cannot get both a can of Coke and a sandwich for $1
even if each of them costs a dollar, so

$1 → coke $1 → sandwich

$1 → (coke & sandwich)

fails, too.
Although this kind of resource philosophy seems intuitively very clear, natural and ap-

pealing, it has never been fully formalized, and substructural logics owe their name “resource
logics” mostly to certain syntactic features rather than some strict and, at the same time,
intuitively convincing resource semantics behind them. The present work is an attempt to
develop such a semantics.

1.1 Resources, informally

The simplest type of resources, which we call unconditional resources, consist of 2 compo-
nents: effect and potential. Effect is the process associated with and supported by the
resource, and potential is the set of resources into which the resource can be converted at
the owner’s wish. The effect of the resource “My car in my driveway” is the process “my
car is in my driveway”, and its potential, at a high level of abstraction, is {“My car on
the Ross bridge”, “My car on the Franklin Bridge”, “My car at the airport”,...}. For some
resources, such as 2×2 = 4, the potential can be empty. And some resources can be “effect-
less” — their value is associated only with the resources into which they can be converted.
Money can be viewed as an example of such a resource: its value is associated only with its
convertibility into “real” things.

The elements of the potential can be viewed as the commands that the resource accepts
from its owner. My computer, when it is shut down, maintains the process “the screen is
dark” as its effect. In this state it accepts only one command: “start”. After this command
is given, it turns into another resource, — let us say “another resource” rather than “another
state”, — whose effect is “the initial menu is on the screen” and whose potential consists
of the commands “Word Processor”, “Games”, “Netscape”, “Telnet”,... When I give one of
these commands, it turns yet into a new resource, etc.

It might be helpful to think of resources as agents carrying out certain tasks for us.
Mathematically, task is a synonym of resource, and which of these two words we use, depends
on the context. Between agents a master-slave (ownership) relationship can hold. What is
a task for the slave, is a resource for the master.

Thus, intuitively, an unconditional resource is an agent which maintains a certain pro-
cess (its effect) and also accepts commands (elements of its potential) from its master and
executes them, where executing a command means turning into a certain new resource.

1.2 Resource conjunction

Let us consider some more precise examples. Let Φ be an agent which writes in memory
location L1 any number we tell it to write, and then keeps this number there until we give
it a new command of the same type again, and so on. Initially, this resource maintains the
value 0 in L1.

This is an example of an inexhaustible resource — it can execute our commands as many
times as we like.

Consider another agent Ψ which writes in location L2, when we give it such a command,
the factorial of the current value of L1, and keeps that number there (even if the value of
L1 changes meanwhile) until we give it a new command of the same type. Unlike Φ, this
resource accepts only one command, even though, again, infinitely many times. Initially it
keeps the value 0 in L2.

We denote the conjunction operator for resources by
..
∧. What would Ψ

..
∧Φ mean? In-

tuitively, having the conjunction of two agents means having them both as independent

2
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resources, so that we can use each of them as we wish, without affecting our ability to use
the other. Initially this resource maintains the value 0 in locations L1 and L2. In every
state, it accepts two types of commands: 1) Write in L2 and maintain there the factorial of
the current value of L1 (only one command), and 2) Write in L1 and maintain there number
n (one command per number).

1.3 Conditional resources

Both Ψ and Φ, as well as their conjunction Ψ
..
∧Φ, are examples of unconditional resources:

they maintain their effects and execute commands unconditionally, without asking anything
in return. However, in real life, most resources are conditional. My car can travel, but now
and then it will require from me to fill up its tank; my computer will copy any file to a
floppy disk, but only if I execute its countercommand “Insert a floppy disk into drive A”.

We use the symbol ..→ to build expressions for conditional resources. Having the resource
Θ1

..→Θ2 means that I can make it work as Θ2 if I can give to it the resource Θ1. It is not
necessary to actually assign some agent accomplishing Θ1 to it. I can assign to it a “virtual
Θ1”, which means that all I need in order to make this conditional resource work as Θ2 is
to execute every command it issues for Θ1. So, Θ1

..→Θ2 can be seen as a resource which
consumes the resource Θ1 and produces the resource Θ2, or converts the resource Θ1 into
Θ2.

Consider one more unconditional resource, Γ, which writes in memory location L2 the
factorial of any number we give to it, and maintains it there until it gets a new command
of the same type. Just like Ψ, initially it maintains 0 in L2.

Can I accomplish Γ as a task? Generally — not. Even if I can compute factorials in my
head, I may not have writing access to location L2 after all, or I may have this access but
some other agent can have that kind of access, too, and can overwrite the number I needed
to maintain in L2.

However, if the resources Φ and Ψ are at my disposal, then I can carry out Γ. Whatever
number my master gives me, I first make Φ write it in L1, and then make Ψ write and
maintain its factorial in L2. So, I cannot accomplish the task Γ, but I can accomplish the
task

Φ
..
∧Ψ ..→ Γ,

which is an example of a conditional resource.
If we go to lower levels of abstraction, it may turn out that, say, Ψ, itself, is (the

consequent of) a conditional resource. It may require some memory space, ability to write
and read and perform some arithmetic operations there, etc. Let us denote this resource,
— the resource required by Ψ to function successfully, — by ∆. In that case, the resource
I possess is

Φ
..
∧ (∆ ..→Ψ)

rather than Φ
..
∧ Ψ. I have no reason to assume that I can carry out Γ now. However, I can

carry out (
∆

..
∧ Φ

..
∧ (∆ ..→Ψ)

)
..→ Γ.

Because I can use the conjunct ∆ to do whatever (∆ ..→Ψ) wants from its ∆, and thus make
that conditional resource work as Ψ.

What if Φ, too, requires ∆ as a resource? That is, can I successfully handle the task
(
∆

..
∧ (∆ ..→Φ)

..
∧(∆ ..→Ψ)

)
..→ Γ?

No, even though, by classical logic, the above formula follows from
(
∆

..
∧ Φ

..
∧ (∆ ..→Ψ)

)
..→ Γ.

3
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I cannot, because I have only one ∆ while I need two. What if the two conditional agents
∆ ..→Φ and ∆ ..→Ψ issue conflicting commands for ∆? For example, the first one may require
to write in a certain location L3 the number 13 and maintain it there, while the other needs
14 to be maintained in that location? One location cannot keep two different values. In other
words, ∆ could serve one master, but it may not be able to please two bosses simultaneously.
And not only because conflicting commands may occur. Certain resources can execute
certain commands only once or a limited number of times. A kamikaze can attack any
target, and the commands “attack A” and “attack B” are not logically conflicting; however,
I cannot carry out the task of 2 kamikazes if I only have 1 kamikaze at my command: after
making him attack A, he will be gone.

This is where linear-logic-like effects start to kick in. As we have just observed, the
principle Θ ..→ Θ

..
∧Θ is not valid. On the other hand, all the principles of linear logic +

weakening are valid.

1.4 More on our language

In addition to ..→ and
..
∧, we need many other connectives to make our language sufficiently

expressive. When we described Φ and Ψ, we just used English. But our formal language
should be able to express all that in formulas. In fact the language is going to be much
more expressive than the language of linear logic.

The formulas of our language are divided into 3 categories/levels: facts, processes, and
resources. Each level has its own operators and may use lower-level expressions as subex-
pressions.

Facts are nothing but classical first order formulas, with their usual semantics. We use
the standard Boolean connectives and quantifiers (without dots over them) to build complex
facts from simpler ones.

We assume that time is a linear order of moments, with a beginning but no end. An
interval is given by a pair (i, j), where i is a time moment and j is either a greater time
moment or ∞.

While facts are true or false at time moments, processes are true or false on intervals.
The Boolean connectives and quantifiers are applicable to processes, too. To indicate

that they are process operators, we place one dot over them. α
.
∧β, where α and β are

processes, is the process which is true on an interval if and only if both α and β are true on
that interval. The meaning of the other “dotted” connectives ( .→,

.¬,
.

∀, ...) should also be
clear. They behave just like classical connectives, — all the classical tautologies, with dots
over the operators, hold for processes, too. But, as we have already noted, this is not the
case for resources.

Here are some other process operators:
⇑ A, where A is a fact, is a process which holds on an interval iff A is true at every

moment of the interval except, perhaps, its first moment.
� A, where A is a fact, is true on an interval iff A is true at the first moment of the

interval.
α � β, where α and β are resources, is true on an interval iff α holds on some initial

segment of the interval and β holds on the rest of the interval; in other words, if the process
α switches to the process β at some internal moment of the interval.

As for the resource level expressions, they, too, use classical operators, with a double
dot over them. We have already seen the intuitive meaning of two of them,

..
∧ and ..→. The

other basic resource-building operator is �. The expression

α � (∆1, ...,∆n),

where α is a process and the ∆i are resources, stands for the resource whose effect is α and
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whose potential is {∆1, ...,∆n}. The expression

α � x∆(x)

is used to express resources with possibly infinite potentials: the potential of this resource
is {∆(a) : a ∈ D}, where D is the domain over which the variable x ranges.

To be able to express infinite resources such as Φ and Ψ (Figures 1 and 2), we also need
to allow recursively defined expressions. Let

Φ′ := � x
((

⇑ L1(x)
)
Φ′

)

and
Ψ′ := �

(( .

∃x(� (L1(x)
.
∧ ⇑ L2(!x)

)
Ψ′

)
.

Then, resource Φ can be expressed by
(
⇑ L1(0)

)
Φ′ and resource Ψ can be expressed by(

⇑ L2(0)
)
Ψ′.

For readers familiar with linear logic, we will note that � is in fact a generalization
of the additive conjunction or quantifier (while

..
∧ and ..→ correspond to the multiplicative

conjunction and implication). The generalization consists in adding one more parameter, α,
to this sort of conjunction. The standard linear-logic additive conjunction should be viewed
as a special case of �-formulas where the left argument of � is a trivial process, such as
⇑ �.

The semantics of � is that it is a “manageable �”. If in α � β the transfer from α to
β happens “by itself” at an arbitrary moment, in the case of α � (Ψ1, ...,Ψn) the transfer
from α to the effect of Ψi happens according to our command. But at what moment should
this transfer occur? If we assume that exactly at the moment of giving the command,
then even the principle ∆ ..→∆ can fail, because execution of a command, or passing the
command which I receive in the right ∆ to the left ∆ always takes time. Hence, we assume
the following protocol for α � (Ψ1, ...,Ψn): at some time moment t and some 1 ≤ i ≤ n,
master decides to issue the command

DO(Ψi).

Then, at some later moment t′, slave is expected to explicitly report an execution of this
command:

DONE(Ψi).

The transfer from α to the effect of Φi is assumed to take place at some moment between t
and t′.

For potential real-time applications, we may want to introduce a deadline parameter for
�:

α �t (Φ1, ...,Φn).

This means that at most time t should elapse between “DO” and “DONE”. Another
operator for which we might want to introduce a real-time parameter is �: α �t β is a
process which is true on an interval (i, j) iff there is e with i < e ≤ i + t < j such that α
is true on (i, e) and β is true on (e, j). We leave exploring this possibility for the future,
and the formal definitions of our language and semantics the reader will find in the later
sections deal only with the non-real-time version.2

2The reader will also find that the language which we described here is a slightly simplified version of
our real formalism.
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1.5 Our logic as a planning logic

Later sections contain examples showing how our logic can be used as a planning logic. A
planning problem is represented as ∆ ..→Γ, where Γ is a specification of the goal as a task,
and ∆ is the conjunction of the resources we possess. An action is understood as giving a
command to one of these resources or, — at a higher level of abstraction, — assigning one
resource to another, conditional, resource. Hence, actions change only those (sub)resources
to which they are applied. The effect of an action for the rest of the resources is “no change”,
and it is this property that makes the logic frame-problem-free. Some examples also show
how our logic can naturally handle certain planning problems which, under the traditional
approach, would require special means for representing knowledge.

2 Facts

The components of our language, shared by all three types of expressions (facts, processes
and resources), are variables and constants. The set of variables is infinite. The set of
constants may be finite or infinite. For now, we will make a simplifying assumption that
the set of constants is {0, 1, 2, ...}. The set of terms is the union of the set of variables and
the set of constants.

We also have a set of fact letters (called predicate letters in classical logic), with each of
which is associated a natural number called arity.

Facts are the elements of the smallest set F of expressions, such that, saying “A is a
fact” for “A ∈ F”, we have:

• ⊥ is a fact;

• if P is an n-ary fact letter and t1, ..., tn are terms, then P (t1, ..., tn) is a fact;

• if A and B are facts, then (A)→(B) is a fact;

• if A is a fact and x is a variable, then ∀x(A) is a fact.

As we see, facts are nothing but formulas of classical first order logic. In the sequel, we
will often omit some parentheses when we believe that this does not lead to ambiguity.

The other classical operators are introduced as standard abbreviations:

• ¬A = A→⊥;

• A∨B = (¬A)→B;

• A∧B = ¬(¬A∨¬B);

• A↔B = (A→B)∧(B→A);

• � = ¬⊥;

• ∃xA = ¬∀x¬A.

A free variable of a fact is a variable x which has an occurrence in the fact which is not
in the scope of ∀x (not bound by ∀). A fact is closed, if it has no free variables.

A situation is a set s of closed facts such that, using the expression s |= A for A ∈ s, we
have:

• s �|= ⊥;

• s |= A→B iff s �|= A or s |= B;

• s |= ∀xA(x) iff s |= A(a) for every constant a.
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If s |= A, we say that A is true, or holds in situation s.

We fix an infinite set T of time moments together with a strict linear ordering relation
< on it. i ≤ j, as one can expect, means i < j or i = j. We assume that 0 ∈ T and, for all
i ∈ T , 0 ≤ i.

T + denotes the set T ∪ {∞}. The ordering relation < is extended to T + by assuming
that for all t ∈ T , t < ∞.

An interval is a pair (i, j), where i ∈ T , j ∈ T + and i < j.
A world is a function W which assigns to every time moment i ∈ T a situation W (i).

3 Processes

This section contains formal definitions for the syntax and the semantics of the process level
of our language. The reader can be advised to go back to page 4 to refresh their memory
regarding the intuition and the motivation behind the key process operators introduced
below. Some later sections — first of all, Section 7, — contain examples that could also
help the reader to better understand our formalism in action.

The same applies to the next section, where we give formal definitions for the resource
level, the motivation and intuition being explained in the introductory section.

Definition 3.1 The set of finitary processes is the smallest set FP of expressions such that,
saying “α is a finitary process” for “α ∈ FP”, we have:

1. if A is a fact, then � A is a finitary process;

2. if A is a fact, then � A is a finitary process;

3. if A is a fact, then ⇑ A is a finitary process;

4. if A is a fact, then �A is a finitary process;

5. if α and β are finitary processes, then so is α
.→β;

6. if α is a finitary process and x is a variable, then
.

∀xα is a finitary process;

7. if α and β are finitary processes, then so is α � β;

8. if α is a finitary process, then so is [�]α;

9. if α is a finitary process, then so is [�]α.

Some other process operators are introduced as abbreviations:

•
.

⊥ = �⊥;

•
.

� = � �;

• .¬α = α
.→

.

⊥;

• α
.
∨β = (

.¬α) .→β;

• α
.
∧β =

.¬(
.¬α

.
∨ .¬β);

• α
.↔β = (α .→β)

.
∧(β .→α);

•
.

∃xα =
.¬

.

∀x
.¬α;

• � α = � α
.
∧ ⇑ α;
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• ⇓ α = � α
.
∧ � α;

• α � β = α
.
∨(α � β).

A closed process is a process in which every variable is bound by ∀ or
.

∀.

Definition 3.2 Truth of a closed finitary process γ on an interval (i, j) in a world W ,
symbolically W |=i,j γ, is defined as follows:

• W |=i,j � A iff W (i) |= A;

• W |=i,j� A iff for all r ∈ T with i < r < j, W (r) |= A;

• W |=i,j⇑ A iff for all r ∈ T with i < r ≤ j, W (r) |= A;

• W |=i,j �A iff for all r ∈ T , W (r) |= A;

• W |=i,j α
.→β iff W �|=i,j α or W |=i,j β;

• W |=i,j

.

∀xα(x) iff for every constant a, W |=i,j A(a);

• W |=i,j α � β iff there is e with i < e < j such that W |=i,e α and W |=e,j β;

• W |=i,j [�]α iff there are e0, e1, e2, ... ∈ T with e0 = i, e0 < e1 < e2 < ... < j such
that for every k, W |=ek,ek+1 α;

• W |=i,j [�]α iff W |=i,j [�]α or there are e0, ..., en ∈ T + such that e0 = i, en = j and,
for every k : 0 ≤ k < n, W |=ek,ek+1 α.

When we later define a semantics for resources, we will also have to deal with infinite
process expressions.

Definition 3.3 An infinitary process is defined by replacing in the definition of finitary
process the word “finitary” by “infinitary” and adding the following 3 clauses:

• if α0, α1, α2, ... are infinitary processes, then so is α0

.
∧α1

.
∧α2

.
∧...;

• if α0, α1, α2, ... are infinitary processes and k1, k
′
1, k2, k

′
2, ...,∈ T , k1 < k′

1 < k2 <

k′
2 < ..., then α0 �

k′
1

k1
α1 �

k′
2

k2
α2... is an infinitary process;

• if α0, ..., αn (n ≥ 1) are infinitary processes and k1, k
′
1, ..., kn, k′

n ∈ T , k1 < k′
1 <

... < kn < k′
n, then α0 �

k′
1

k1
... �

k′
n

kn
αn is an infinitary process.

Thus, every finitary process is, at the same time, an infinitary process, but not vice
versa. We will use the common name “process” for both types of processes.

Definition 3.4 To get the definition of truth for closed infinitary processes, we replace the
word “finitary” by “infinitary” in Definition 3.2 and add the following 3 clauses:

• W |=i,j α0

.
∧α1

.
∧α2

.
∧... iff for every k, W |=i,j αk;

• W |=i,j α0 �
k′

1
k1

α1 �
k′

2
k2

α2... iff there are e0, e1, e2, ... ∈ T such that e0 = i and, for
each m ≥ 1 we have km < em < k′

m and W |=em−1,em αm−1.

• W |=i,j α0 �
k′

1
k1

... �
k′

n

kn
αn iff there are e0, , ...en+1 ∈ T such that e0 = i, en+1 = j,

for each m : 1 ≤ m ≤ n we have km < em < k′
m and, for each m : 1 ≤ m ≤ n + 1

we have W |=em−1,em αm−1.

Definition 3.5 A closed process is said to be valid iff it is true on every interval of every
world.
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Here are some simple observations (all processes are assumed to be closed):
All processes of the form of a classical tautology, such as, say, α

.
∨ .¬α or α

.→α
.
∧α, are

valid.
(⇑ A

.
∧ ⇑ B) .↔ ⇑ (A∧B) is valid.

(� A
.
∨� B) .↔ � (A∨B) is valid.

(⇑ A
.
∨ ⇑ B) .→ ⇑ (A∨B) is valid, but ⇑ (A∨B) .→ (⇑ A

.
∨ ⇑ B) is not.

� is associative:
(
α � (β � γ)

) .↔
(
(α � β) � γ

)
is valid.

4 Resources

At this level of the language we have 3 sorts of expressions: resources, DO-resources and
DONE-resources. We define them simultaneously:

Definition 4.1

1. A DO-resource is an expression � x1, ..., xm(Φ1, ...,Φn) (m ≥ 0, n ≥ 0), where the xi

are variables and the Φi are DONE-resources. If n = 1, we can omit the parentheses
and write just � x1, ..., xmΦ; if n = 0, we write just �.

2. A DONE-resource is an expression � x1, ..., xm(Φ1, ...,Φn) (m ≥ 0, n ≥ 1), where the
xi are variables and the Φi are resources. If n = 1, we can omit the parentheses and
write just � x1, ..., xmΦ;

3. A resource is one of the following:

• αΦ, where α is a finitary process and Φ is a DO-resource;

• Φ ..→Ψ, where Φ,Ψ are resources;

• Φ
..
∧Ψ, where Φ,Ψ are resources;3

•
..

∀xΦ, where x is a variable and Φ is a resource.

We also introduce the following abbreviations:

•
..

⊥ =
.

⊥ �;

•
..

� =
.

� �;

• ..¬Φ = Φ ..→
..

⊥;

• Φ
..
∨Ψ = (

..¬Φ) ..→Ψ;

•
..

∃xΦ =
..¬

..

∀x
..¬Φ;

• Φ∧Ψ =
.

� � (� Φ,� Ψ);

• ∀xΦ =
.

� � x � Φ;

• Φ∨Ψ =
..¬(

..¬Φ∧ ..¬Ψ);

• ∃xΦ =
..¬(∀x

..¬Φ).

3In fact, Φ
..
∧Ψ can be defined as

..¬(
..¬Φ

.
∨

..¬Ψ) (see the
..
∧-independent definition of

..¬ and
..
∨ below), but we

still prefer to treat
..
∧ as a basic symbol.
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Thus, every resource is a ( ..→,
..
∧,

..

∀)-combination of expressions of the type

α � �x
(
� �y1

(
Φ1

1(�x, �y1), . . . ,Φ1
k1

(�x, �y1)
)
, . . . ,� �yn

(
Φn

1 (�x, �yn), . . . ,Φn
kn

(�x, �yn)
))

,

where α is a finitary process and the Φj
i are resources. This expression represents an agent

which maintains the process α as its effect; a command to it should be given by specifying
�x as a sequence �a of constants, and specifying one of the i, 1 ≤ i ≤ n. The expression
to the right of � represents the potential of this resource. We see that this potential is
more complex than the type of potentials discussed in Section 1. The intuitive meaning
of � �yi

(
Φi

1(�a, �yi), . . . ,Φi
ki

(�a, �yi)
)

as a command is that slave has to produce the resource
Φi

j(�a,�b) for a j (1 ≤ j ≤ ki) and �b of his own choice, and report about this choice (along
with the fact of executing the command) to master.

The operators � and �, when followed by a nonempty list of variables, act as quantifiers:
they bind the occurrences of these variables within their scope. An occurrence of a variable
in a resource is said to be free, if it is not in the scope of �, �, ∀,

.

∀ or
..

∀. If a resource does
not contain free occurrences of variables, then it is said to be closed.

Note that our definition of resource allows infinite expressions: there is no requirement
“... is the smallest set of expressions such that...”. Naturally, we only want to deal with
resources which can be expressed finitarily. One way to express a certain class of infinite
resources finitarily is to allow recursive definitions for their subexpressions. For safety, we
will only allow definitions that have the following form:

Φ := � �x
(
� �y1(α1

1Φ
1
1, . . . , α

1
k1

Φ1
k1

), . . . ,� �yn(αn
1Φn

1 , . . . , αn
kn

Φn
kn

)
)
, (1)

where the αj
i are finitary processes and the Φj

i are DO-resources introduced by the same
type (1) of recursive definitions, so that, Φ, itself, can be among the Φj

i .
A recursive definition is not a part of a formula but should be given separately, and if a

resource contains a recursively defined subexpression Φ, we assume that Φ just abbreviates
the right-hand side of its definition.

Another type of finitarily represented infinite expressions we will allow in resources is

!Φ,

which is understood as an abbreviation for the infinite conjunction

Φ
..
∧Φ

..
∧Φ

..
∧...

We will call the resources that are finite expressions, possibly containing !-expressions
and recursively defined subexpressions of the form (1), finitary resources. Since we are going
to deal only with this type of resources, from now on, the word “resource” will always refer
to finitary resources.

We are now going to give a formal definition of the semantics for resources. This defini-
tion is in a game-semantical style as we understand a resource as a potential game between
master and slave, where moves consist in giving commands and/or reporting execution of
commands.

A position is one of the following:

• a resource;

• a DONE-resource;

• Φ ..→Ψ, where Φ and Ψ are positions;
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• Φ
..
∧Ψ, where Φ and Ψ are positions;

•
..

∀xΦ, where x is a variable and Φ is a position.

When speaking about a subexpression of an expression, we are often interested in a
concrete occurrence of this subexpression rather than the subexpression as an expression
(which may have several occurrences). In order to stress that we mean a concrete occurrence,
we shall use the words “osubexpression”, “osubposition”, etc. (“o” for “occurrence”).

A surface osubexpression of a resource or a position is an osubexpression which is not in
the scope of � or �.

Such an osubexpression is positive, or has a positive occurrence, if it is in the scope of an
even number of ..→; otherwise it is negative.

Definition 4.2 A master’s move for a position Φ is a position which results from Φ by

• replacing some finite (possibly zero) number of positive surface osubpositions of the
form α � �x

(
Ψ1(�x), ...,Ψn(�x)

)
by Ψi(�a) for some sequence �a (of the same length as �x)

of constants and some i (1 ≤ i ≤ n), and/or

• replacing some finite (possibly zero) number of negative surface osubpositions of the
form � �x

(
Ψ1(�x), ...,Ψn(�x)

)
by Ψi(�a) for some �a and i (1 ≤ i ≤ n).

Slave’s move is defined in the same way, only with the words “positive” and “negative”
interchanged.

Thus, master’s moves consist in giving commands in positive osubresources and report-
ing execution of commands in negative osubresources, while slave’s moves consist in giving
commands in negative osubresources and reporting execution of commands in positive os-
ubresources.

Suppose Ψ′ and Ψ′′ are master’s and slave’s moves for a position Φ. Then the composition
of these two moves with respect to Φ is the position Ψ which results from Φ by combining
all the changes made by master and slave in Φ in their Φ-to-Ψ′ and Φ-to-Ψ′′ moves. Ψ is
said to be a move for Φ. Note that every position is a move for itself.

For a position Φ, a Φ-play, or a play over Φ, is a finite or infinite sequence of the type

〈Φ0, t1,Φ1, t2,Φ2, ...〉,

where Φ0 = Φ, the ti are increasing time moments (t1 < t2 < ...) and, for each i, Φi+1 is a
move for Φi.

A play is said to be compact, if no two neighboring positions (Φi and Φi+1) in it are
identical. If a play P is not compact, its compactization, denoted by P+, is the play which
results from P by deleting every position which is identical to the previous position, together
with the time moment separating these two positions.

Intuitively, the Φi are the consecutive positions of the play, and ti is the time moment
at which the position Φi−1 is replaced by Φi.

Note that the ( ..→,
..
∧,

..

∀)-structure of a position in a play is inherited by the subsequent
positions.

Every (compact) play P produces a unique process P ∗ defined below. In this definition,
“...” does not necessarily mean an infinite continuation of the list (play): such a list can
be 1-element, n-element or infinite; in clause 6, �Q stands for an arbitrary (possibly empty)
sequence t1,Γ1, t2,Γ2, ....

Definition 4.3 (of the operation ∗)
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1. 〈α � Φ〉∗ = α.

2. 〈Φ0
..→Ψ0, t1, Φ1

..→Ψ1, t2, ...〉∗ =
〈Φ0, t1, Φ1, t2, ...〉+∗ .→〈Ψ0, t1, Ψ1, t2, ...〉+∗.

3. 〈Φ0

..
∧Ψ0, t1, Φ1

..
∧Ψ1, t2, ...〉∗ =

〈Φ0, t1, Φ1, t2, ...〉+∗ .
∧〈Ψ0, t1, Ψ1, t2, ...〉+∗.

4. 〈
..

∀xΦ0, t1,
..

∀xΦ1, t2, ...〉∗ =
.

∀x(〈Φ0, t1, Φ1, t2, ..〉∗).

5. 〈α � �x(Ψ1(�x), ...,Ψn(�x)), t,Ψi(�a)〉∗ =
.

⊥.

6. If P = 〈
α � �x

(
� �y1

(
Ψ1

1(�x, �y1), ...,Ψ1
k1

(�x, �y1)
)
, ...,� �yn

(
Ψn

1 (�x, �yn), ...,Ψn
kn

(�x, �yn)
))

,

k,
� �yi

(
Ψi

1(�a, �yi), ...,Ψi
ki

(�a, �yi)
)
,

m,

Ψi
j(�a,�b),
�Q〉,

then
P ∗ = α �m

k 〈Ψi
j(�a,�b), �Q〉∗.

Explanation: According to clause 3, a play over a
..
∧-conjunction of resources produces

the
.
∧-conjunction of the processes produced by the (sub)plays over the conjuncts of the

resource. Similarly for the other double-dotted connectives ..→ (clause 2) and
..

∀ (clause 4).
A play over

α � �x
(
� �y1

(
Ψ1

1(�x, �y1), ...,Ψ1
k1

(�x, �y1)
)
, ...,� �yn

(
Ψn

1 (�x, �yn), ...,Ψn
kn

(�x, �yn)
))

produces α, if no moves have been made (clause 1). If a command

� �yi

(
Ψi

1(�a, �yi), ...,Ψi
ki

(�a, �yi)
)

was given but a report never followed (clause 5), we consider this a failure of the non-
reporting resource to carry out its task, and associate the always-false process

.

⊥ with this
play so that it is never successful. Finally, if a report Ψi

j(�a,�b) followed the command, the
play produces α �m

k β, where k is the moment of giving the command, m is the moment of
reporting its execution, and β is the process produced by the subplay over Ψi

j(�a,�b); truth of
this �-process means that the process α switches to the process β at some time after the
command and before the report.

One can show that as long as Φ is a closed finitary process, the process P ∗ produced by
a Φ-play P is always a closed infinitary process in the sense of Definition 3.3.

A slave’s strategy is a function f which assigns to every position Φ a slave’s move for Φ.
We assume that this function is implemented as a program on a machine, and we denote
by f ′(Φ) the time this program takes to give an output for input Φ; if the program doesn’t
give any output, or gives an output which is not a slave’s move for Φ, then we assume that
f ′(Φ) = ∞.

Let Φ0 be a resource and f be a slave’s strategy. Here is an informal definition of a
Φ0-play with slave’s strategy f . The play starts at moment 0, and at this stage it is the
one-position (sub)play 〈Φ0〉. Slave, i.e. the function f , takes Φ0 as an input, and starts
computing an output for it, — thinking what move to make for Φ0. While slave is thinking,
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master can make some moves Φ1, ...,Φn at time moments t1, ..., tn, where n ≥ 0, t1 < ... < tn
and each Φi (1 ≤ i ≤ n) is a master’s move for Φi−1. Note that Φn is a master’s move for
Φ0 by the transitivity of this relation. The play has thus evolved to

〈Φ0, t1,Φ1, ..., tn,Φn〉.

Finally, at moment tn+1 = f ′(Φ0), f computes a slave’s move Ψ for Φ0, and the next
two items of the play become tn+1 and Φn+1, where Φn+1 is the composition of Ψ and Φn

with respect to Φ0. Note that Φn+1 is, at the same time, a slave’s move for Φn.
So far slave has been busy processing the input Φ0 and did not see master’s moves. Only

now he looks at the current (last) position and sees that it is Φn+1. So, he takes this position
as a new input, and starts computing a move for it. While slave is thinking on his second
move, master can continue making moves and the play can evolve to

〈Φ0, t1,Φ1, ..., tn,Φn, tn+1,Φn+1, ..., tm,Φm〉

until, at some moment tm+1, slave comes up with a move Γ for Φn+1. The next two items of
the play become tm+1 and Φm+1, where Φm+1 is the composition of Γ and Φm with respect
to Φn+1. And so on...

If, at some stage, f fails to compute a move, that is, thinks for an infinitely long time,
then all the further moves will be made only by master. In this case, master may make not
only a finite, but also an infinite number of consecutive moves.

We say that a play P is successful with respect to a world W , iff W |=0,∞ P ∗.
A slave’s strategy is said to be universally successful for a closed resource Φ, iff every

Φ-play with this strategy is successful with respect to every world.

Definition 4.4 We say that a resource is universally valid iff there is a universally successful
slave’s strategy for it.

5 Resource schemata

In this section we extend our language by adding to it resource letters. Formulas of this
extended language can be viewed as schemata for resources, where resource letters stand for
resources.

Every resource letter has a fixed arity. The definition of resource scheme is the same
as the definition of resource (where the word “resource” is replaced by “resource scheme”),
with the following additional clause:

• if Φ is an n-ary resource letter and t1, ..., tn are terms, then Φ(t1, ..., tn) is a resource
scheme.

For safety, we assume that the set of variables occurring in resource schemata is a proper
subset of the set of variables of the language introduced in the previous sections, and that
there are infinitely many variables in the latter that don’t occur in resource schemata.

A resource is said to be safe if it is
.

�Φ for some DO-resource Φ, or a ( ..→,
..
∧,

..

∀)-
combination of resources of this type.

Safe resources are what we could call “effectless” resources: they are not responsible for
maintaining any nontrivial process and their value is associated only with their convertibility
into other resources.

A substitution (resp. safe substitution) is a function τ which assigns to every n-ary
resource letter Φ a resource (resp. safe resource) τΦ = Ψ(x1, ..., xn) with exactly n free
variables which does not contain any variables that might occur in resource schemata.
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Given a resource scheme Φ and a substitution τ , Φτ is defined as a result of substituting
in Φ every resource letter P by τP . More precisely,

• for an atomic resource scheme Φ of the form P (t1, ..., tn), where the ti are terms and
τP = Ψ(x1, ..., xn), we have Φτ = Ψ(t1, ..., tn);

•
(
α � �x

(
� �y1(Φ1

1, . . . ,Φ
1
k1

), . . . ,� �yn(Φn
1 , . . . ,Φn

kn
)
))τ

=

α � �x
(
� �y1((Φ1

1)
τ , . . . , (Φ1

k1
)τ ), . . . ,� �yn((Φn

1 )τ , . . . , (Φn
kn

)τ )
)
;

• (Φ ..→Ψ)τ = Φτ ..→Ψτ ;

• (Φ
..
∧Ψ)τ = Φτ

..
∧Ψτ ;

• (
..

∀xΦ)τ =
..

∀x(Φτ ).

We say that a resource Φ is an instance of a resource scheme Ψ, iff Φ = Ψτ for some
substitution τ . If τ is a safe substitution, then Φ is said to be a safe instance of Ψ.

Definition 5.1 We say that a resource scheme Ψ is universally valid (resp. universally
s-valid) iff there is slave’s strategy such that for every instance (resp. safe instance) Φ of Ψ,
the Φ-play with this strategy is successful with respect to every world.

6 The MALL and MLL fragments

Our logic, — the set of universally valid resources or resource schemata, — is certainly
undecidable in the full language as it contains first order classical logic. However, some
reasonably efficient heuristic algorithms can apparently be found for it. Also, some natural
fragments of the logic are decidable. This paper doesn’t address these issues in detail as its
main goal is to introduce the language and the semantics and show possible applications
in case efficient algorithms are elaborated. This is a beginning of the work rather than a
completed work.

Here we only state the decidability of two fragments of the logic. The first one we call the
MALL fragment. Its language is the same as that of Multiplicative-Additive Linear Logic,
where ..→,

..
∧, ∧ and ∀ correspond to the multiplicative implication, multiplicative conjunc-

tion, additive conjunction and (additive) universal quantifier of linear logic, respectively.
Here is the definition:

MALL-formulas are the elements of the smallest class M of expressions such that, saying
“Φ is a MALL-formula” for Ψ ∈ M , we have:

•
..

⊥ is a MALL-formula;

• if Ψ is an n-ary resource letter and t1, ..., tn are terms, then Ψ(t1, ..., tn) is a MALL-
formula;

• if Ψ and Φ are MALL-formulas, then so is Φ ..→Ψ;

• if Ψ and Φ are MALL-formulas, then so is Φ
..
∧Ψ;

• if Ψ and Φ are MALL-formulas, then so is Φ∧Ψ;

• if Ψ is a MALL-formula and x is a variable, then ∀xΨ is a MALL-formula.

Here is our main technical claim:

Claim 6.1 The set of universally s-valid closed MALL formulas is decidable. In particular,
it is the logic ET introduced in [8]. The decision algorithm is constructive: it not only states
the existence of a successful strategy (when it exists), but actually finds such a strategy.
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We let this claim go without a proof. An interested reader who carefully studies the
relevant parts of [8] should be able to re-write the soundness and completeness proof for
ET given there as a proof of the above claim. In fact, the proof given there establishes the
completeness of ET in a much stronger sense than claimed above.

A MLL-formula (“Multiplicative Linear Logic”) is a MALL-formula which does not
contain ∧ or ∀. Since we have no quantifiers, we assume that all resource letters in MLL-
formulas are 0-ary. We have a stronger soundness/decidability result for the MLL-fragment
of our logic. Stronger in the sense that it is about validity rather than s-validity.

A MLL-formula is said to be a binary tautology, if it is an instance of a classical tautology
(with the double-dots placed over ⊥, ∧ and →) in which every predicate letter (non-⊥
propositional atom) occurs at most twice. For example, Φ

..
∧Ψ ..→Φ is a binary tautology, and

so is Φ
..
∧Φ ..→Φ as the latter is an instance of the former; however, Φ ..→Φ

..
∧Φ is not a binary

tautology. Note that in fact a binary tautology is always an instance of a classical tautology
where every predicate letter has either one occurrence, or two occurrences, one of which is
positive and the other — negative. Blass [2] was the first to study binary tautologies and
find a natural semantics for them.

Claim 6.2 A MLL-formula is universally valid iff it is a binary tautology. Hence, validity
for MLL-formulas is decidable; again, the decision algorithm is constructive.

The “only if” part of this claim follows from Claim 6.1 together with an observation
that a MLL-formula is a binary tautology iff it is in ET . The “if” part, as always, is easier
to verify, and instead of giving an actual proof, we will just explain the idea behind it on
particular examples.

The simplest binary tautology is Φ ..→Φ. Why is it universally valid? Observe that since
one of the two occurrences of Φ is negative and the other occurrence is positive, what is
a master’s move in one occurrence of Φ, is a slave’s move in the other occurrence of Φ,
and vice versa. The slave’s strategy which ensures that every play is successful, consists in
pairing these two occurrences: copying master’s moves, made in either occurrence, into the
other occurrence. For example, let Φ be

α �
(
� (β �, γ �), � (δ �)

)
.

Then, the initial position is

α �
(
� (β �, γ �), � (δ �)

)
..→ α �

(
� (β �, γ �), � (δ �)

)
.

Slave waits (keeps returning the above position without changes) until master makes a move.
If master never makes a move, then (after compactization) we deal with a one-position (0-
move) play and, according to the clauses 2 and 1 of Definition 4.3, the process produced by
this play is α

.→α. Clearly, this process is valid and hence the play is successful. Otherwise,
if master makes a move at some moment t1, this should be replacing the positive occurrence
of α �

(
� (β �, γ �), � (δ �)

)
by either � (β �, γ �) or � (δ �). Suppose the

former. Thus, the next position of the play is

α �
(
� (β �, γ �), � (δ �)

) ..→ � (β �, γ �).

Then slave does the same in the antecedent of this position, thus making

� (β �, γ �) ..→ � (β �, γ �)

the next position of the play. This move will happen at time moment t2 which is greater
than t1 by the time slave needs to copy the master’s move.
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After this, slave waits again until master reports an execution of this command. If this
never happens, then the play is successful because, by the clauses 2 and 5 of Definition 4.3,
the process it produces is

.

⊥ .→
.

⊥, which is always true. Otherwise, at some moment t3 > t2,
master reports an execution by replacing � (β �, γ �) by, say, γ �. So that the next
position now becomes

γ � ..→ � (β �, γ �).

Then, as soon as he can, — at some moment t4, — slave reports the same in the consequent
of this position, and we get

γ � ..→ γ � .

Since there are no moves for this position, the play ends here. An analysis of the clause 6
of Definition 4.3 convinces us that the process produced by this play is

(
α �

t3
t2 γ

)
.→

(
α �

t4
t1 γ

)
.

Since t1 < t2 < t3 < t4, it is easily seen that this process is valid, and thus the play is
successful.

A similar strategy can be used for other binary tautologies. E.g., the strategy for
Φ

..
∧(Φ ..→Ψ) ..→ Ψ consists in pairing the two occurrences of Φ and pairing the two occurrences

of Ψ. This trick, however, fails for resources that are not binary tautologies. For example,
in Φ ..→Φ

..
∧Φ, slave can pair the negative occurrence of Φ only with one of the two positive

occurrences of Φ. The (sub)play over the unpaired occurrence then may produce a false
process while the (sub)play over the negative occurrence — a true process. In that case the
process produced by the whole play over Φ ..→Φ

..
∧Φ will be false.

7 The assembly world in terms processes

What is going on in a computer at the assembly language (as well as higher) level can
be formalized in our language as a process. Here we consider an example of a simplified
assembly world.

Our “computer” has only 3 memory locations or registers: L1, initially containing 2,
L2, initially containing 0, and L3, initially containing 0. The assembly language for this
“architecture” has only 3 commands: command #1, command #2, command #3. Command
#i results in adding the contents of the other two locations and writing it in Li.

There are several ways to formalize this situation in our language, and here is one of
them.

Since giving a command is an instantaneous event, we assume that command #i creates
a “puls” which makes the contents of Li change. Creating a puls means making a certain
fact — denote it by Pi for command #i — become true for one moment. Between commands
another fact, Np (“no puls”), holds. It can be defined by

Np =df ¬
(
P1∨P2∨P3

)
. (2)

The further abbreviations we will use for convenience are:

α1 =df � P1

.
∧ � Np

α2 =df � P2

.
∧ � Np

α3 =df � P3

.
∧ � Np

Thus, issuing command #i can be seen as starting (switching to) process αi.
The formulas λ1, λ2 and λ3, defined below, are meant to describe the behavior of the

processes going on in the 3 locations:4

4Although our language does not allow terms such as x + y, we can pretend that it does, because every
expression containing this kind of terms can be rewritten as an equivalent legal expression the language
defined in the previous sections. So that, for convenience, here and later we assume that our language is
based on predicate logic with function symbols and identity rather than pure predicate logic.
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λ1 =df [�]
(
� P1

.
∧ � ¬P1

.
∧

.

∃x, y
(
� L2(x)

.
∧� L3(y)

.
∧ ⇑ L1(x + y)

))

λ2 =df [�]
(
� P2

.
∧ � ¬P2

.
∧

.

∃x, y
(
� L1(x)

.
∧� L3(y)

.
∧ ⇑ L2(x + y)

))

λ3 =df [�]
(
� P3

.
∧ � ¬P3

.
∧

.

∃x, y
(
� L1(x)

.
∧� L2(y)

.
∧ ⇑ L3(x + y)

))

Before we analyze the λi, let us agree on some jargon. Every (true) process [�]γ or
γ1 � ...� γn can be divided into �-stages, which are the consecutive time intervals on which
γ is true. A transition from one stage to another will be referred to as a �-transition.
Similarly, we will use the terms “�-stage” and “�-transition” for processes of the type [�]γ
or γ1 � ... � γn.

In these terms, λi starts its �-stage when puls Pi is given (the conjunct � Pi), and will
stay in this stage exactly until the same puls is given again. A �-transition to the new
stage before this is impossible because, due to the conjunct � Pi, that stage requires that
Pi be true at the moment of the transition. And a late transition to a new stage is also
impossible because, as soon as Pi becomes true, the conjunct ⇑ ¬Pi is violated. Throughout
each �-stage, except its first moment, the location Li then stores the sum of the values that
the other two locations had at the initial moment of the stage.

Now we need to axiomatize the situation where the initial value of L1 is 2, the ini-
tial values of the other two locations are 0, and these values will be maintained until the
corresponding command (puls) is given. This will be captured by the following 3 axioms:

((
� L1(2)

) .
∧

(
⇓ ¬P1

))
� λ1 (3)

((
� L2(0)

) .
∧

(
⇓ ¬P2

))
� λ2 (4)

((
� L3(0)

) .
∧

(
⇓ ¬P3

))
� λ3 (5)

Next, for safety, we need to state that two different pulses cannot happen simultaneously:

�

(
¬(P1∧P2)∧¬(P1∧P3)∧¬(P2∧P3)

)
(6)

We also need to axiomatize some sufficient amount of the arithmetic needed. We may
assume that Arithm is the conjunction of the axioms of Robinson’s arithmetic (see [11]),
although, for our purposes, just

2 + 0 = 2 ∧ 2 + 2 = 4 ∧ 2 + 4 = 6 ∧ 6 + 4 = 10

would do as Arithm. In any case,
�Arithm (7)

should be one of our axioms.
The final axiom below represents a program which, after being idle (⇓ Np), issues com-

mand #2, then command #3, then command #1 and then, again, command #2.

(⇓ Np) � α2 � α3 � α1 � α2. (8)

Our claim is that given the truth of these axioms, we can conclude that the process
� L2(10) will be reached at some point. In other words, the process
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(
(3)

.
∧(4)

.
∧(5)

.
∧(6)

.
∧(7)

.
∧(8)

)
.→
( .

�� � L2(10)
)

is valid. Indeed, in the initial situation,5 we have

L1(2), L2(0), L3(0), Np.

While we have Np, the values of L1, L2, L3 cannot change, because a �-transition to λi

would require the truth (at the moment of transition) of Pi, which is ruled out by (2). So,
the situation will change only if a puls Pi occurs.

The first stage ⇓ Np of axiom 8 prevents occurring such pulses. So, the situation
will change exactly when the process (8) makes a �-transition from ⇓ Np to α2, i.e. to
� P2

.
∧ � Np. This transition forces (4) to switch to λ2, which results in starting the process

⇑ L2(2): L2 will have its old value 0 at the first moment of the stage, and the value 2 after
that. On the other hand, in view of (6), no �-transition can happen in (3) or (5). Thus,
the situation at the moment of transition becomes

L1(2), L2(0), L3(0), P2,

which will become
L1(2), L2(2), L3(0), Np

right after the moment of transition because of ⇑ L2(2) and � Np.
Continuing arguing in this manner, we get that the further development of situations is:

L1(2), L2(2), L3(0), P3,

L1(2), L2(2), L3(4), Np,

L1(2), L2(2), L3(4), P1,

L1(6), L2(2), L3(4), Np,

L1(6), L2(2), L3(4), P2,

L1(6), L2(10), L3(4), Np.

Since the last stage of the program (8) contains the conjunct � Np, no further changes
will occur, and the value of L2 will remain 10.

8 The assembly world in terms of resources

In the previous example we dealt with processes that ran “by themselves”. We could not
interfere and manage them, so that there was no space for planning.

Presenting the world as a set of resources rather than processes allows us to capture our
ability to influence the course of events in the world. Our way to interact with the world is
giving and receiving commands.

Here is an attempt to present the assembly world as a resource. We assume that we
have, as an empty-potential resource, the

.
∧-conjunction Γ of the axioms (3)-(7), suffixed by

�:
Γ =df

(
(3)

.
∧(4)

.
∧(5)

.
∧(6)

.
∧(7)

)
� .

As for axiom (8), which is a “ready program”, instead of it we have a resource which accepts
from us any of those 3 commands, as many times as we like.

5We use the word “situation” with a relaxed meaning: here it denotes some “core” subset of facts rather
than a complete set of facts.
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This resource will be expressed by
(
⇓ Np

)
Θ, (9)

where Θ is introduced by the recursive definition

Θ := �
(
� (α1Θ),� (α2Θ),� (α3Θ)

)
.

Now we can ask the question if we can accomplish the task
( .

� �
(
� L2(10)

))
�. In

other words, whether
Γ

..
∧(9) ..→

(( .

� �
(
� L2(10)

))
�

)

is universally valid. Yes, it is. The strategy is:

Convert (⇓ Np)Θ into � (α2Θ); after getting the report α2Θ, convert it into � (α3Θ);
after getting the report α3Θ, convert it into � (α1Θ); after getting the report α1Θ, convert
it into � (α2Θ), and stop.

Thus, unless (9) fails to carry out its task, the only play corresponding to this strategy
is the following sequence of positions:

0. Γ
..
∧

(
(⇓ Np)Θ

) ..→
(( .

� �
(
� L2(10)

))
�

)

1. Γ
..
∧

(
� α2Θ

) ..→
(( .

� �
(
� L2(10)

))
�

)

1′. Γ
..
∧

(
α2Θ

) ..→
(( .

� �
(
� L2(10)

))
�

)

2. Γ
..
∧

(
� α3Θ

) ..→
(( .

� �
(
� L2(10)

))
�

)

2′. Γ
..
∧

(
α3Θ

) ..→
(( .

� �
(
� L2(10)

))
�

)

3. Γ
..
∧

(
� α1Θ

) ..→
(( .

� �
(
� L2(10)

))
�

)

3′. Γ
..
∧

(
α1Θ

) ..→
(( .

� �
(
� L2(10)

))
�

)

4. Γ
..
∧

(
� α2Θ

) ..→
(( .

� �
(
� L2(10)

))
�

)

4′. Γ
..
∧

(
α2Θ

) ..→
(( .

� �
(
� L2(10)

))
�

)
.

One can easily see that this play produces the same process as the process described in
the previous section, and hence it achieves the goal provided that the resources Γ and (9)
successfully accomplish their tasks.

However, this is not the best way to represent the assembly world. Although it avoids the
representational frame problem, — no need in anything like frame axioms, — the inferential
frame problem6 still remains: in an analysis of the play, after every move, we need to
verify that only one

.
∧-conjunct of Γ (which is the major part of the world) changes its

�-stage; these changes are not reflected in the current position — Γ remains Γ and we need
to separately keep track of in what stages the �-processes of its effect are. It is just the
presence of the operators �, �, [�], [�] in resources that makes a trouble of this kind.

A better way to represent the assembly world, which avoids the inferential (along with
the representational) frame problem is to view each memory location as an independent
resource which can directly accept our commands. Then we can be sure that a command
changes only the resource (the contents of the location) to which it is given, and we don’t
need to check or re-write the other agents of the system as long as their effects don’t contain
the operators �, �, [�], [�].

6For a discussion of these 2 sorts of frame problem, see [12].
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Below is a description of this sort of axiomatization for the assembly world. Observe
that it is totally (�,�, [�], [�])-free.

Let

Λ1 := ��
(( .

∃x, y
(
� L2(x)

.
∧� L3(y)

.
∧ ⇑ L1(x + y)

))
Λ1

)

Λ2 := ��
(( .

∃x, y
(
� L1(x)

.
∧� L3(y)

.
∧ ⇑ L2(x + y)

))
Λ2

)

Λ3 := ��
(( .

∃x, y
(
� L1(x)

.
∧� L2(y)

.
∧ ⇑ L3(x + y)

))
Λ3

)

We assume the following axioms: (
� L1(2)

)
Λ1 (10)

(
� L2(0)

)
Λ2 (11)

(
� L3(0)

)
Λ3 (12)

together with
(
(6)

..
∧(7)

)
�.

Thus, each of the agents (10), (11), (12) accepts one single command, the execution of
which results in writing in the corresponding location the sum of the contents of the other
two locations. A strategy for achieving the goal

( .

�� � L2(10)
)
� is: Give a command to

(11), then to (12), then to (10) and then, again, to (11). A reasonable algorithm which finds
this kind of strategy and verifies its successfulness, would only keep track of the changes that
occur in the effect of the resource to which a command is given. As we noted, however, this
relaxed behavior of the algorithm is possible only if those effects don’t contain the “trouble
maker” operators �, �, [�] and [�].
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computation

bunebrivi enis  
gamoTvliTi modeli1

roland hauseri

I.  cnobierebis komunikaciuri meqanizmi

1. meTodologiis sakiTxebi

mecnierebaSi verifikaciis meTodi Secdomebisgan Tavis dazRvevis 

pirveli zRudea. is SeiZleba arc ki iyos bolomde damuSavebuli, Tuki 

saerTod SesaZlebelia misi obieqturobis uzrunvelyofa. verifikaciis 

meTodi, romelic sagangebodaa Seqmnili romelime konkretuli Teo

riisTvis (an TeoriaTa klasisTvis), ise unda urTierTqmedebdes Teo

riasTan, rom Tavadve wamoWrides axal-axal sakiTxebs, romelTa (I) 

met-naklebad amomwuravi gadaWrac SesaZlebeli iqneba verifikaciis 

mocemuli meTodiT da (II) Sesabamisi pasuxebi mniSvnelovani iqneba Teoriis 

Semdgomi ganviTarebisTvis.

sabunebismetyvelo mecnierebaSi verifikacia mdgomareobs eqspe

rimentebSi, romlebic (i) zustadaa gansazRvruli raodenobrivi 

terminebiT da (ii) SeiZleba gameorebul iqnes sxvaganac da sxvis mierac. es 

moiTxovs Teoriis cnebebisa da struqturebis iseT sizustes, romelic 

sakmarisi iqneboda samecniero eqsperimentis Casatareblad.amisTvis 

1	 warmogidgenT roland hauseris wignis `bunebrivi enis gamoTvliTi modeli~ (Roland 
Hausser, A Computational Model of Natural Language Communication. Interpretation, Inference, and 
Production in Database Semantics, Springer-Verlag Berlin Heidelberg, 2006) pirveli ori Tavis 
– `meTodologiis sakiTxebi~ (Matters of Method) da `interfeisebi da komponentebi~ 
(Interfaces and Components) Targmans.
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aucilebelia, rom Teoriis terminebi da struqturebi imdenad mkafio 

iyos, rom eqsperimentebis mecnieruli Catarebis saSualebas iZleodes. 

magram enis gramatikuli analizisTvis raodenobrivi verifikaciis 

meTodi, rogorc Cans, gamousadegaria.

meTodi, romelsac amis nacvlad gTavazobT, gulisxmobs bunebrivi eniT 

warmoebuli komunikaciis funqcionaluri modelis agebas. es moiTxovs 

(i) deklaraciul specifikacias racionalur implementaciasTan erTad 

(molaparake robotis prototipi), (ii) dakvirvebis obieqturi arxebis 

gansazRvras da (iii) robotis qcevis adekvaturobis gaigivebas Teoriis 

sisworesTan _ rac imas niSnavs, rom robots unda hqondes (iv) adamianis 

msgavsi garegani interfeisi da enis analizis iseTi meTodi, romelic (v) 

procesis sawyisi/saboloo monacemebis TvalsazrisiT adamianis mier enis 

analizis ekvivalenturi iqneba.

1.1 enis analizi _ orientirebuli niSanze Tu agentze?

bunebrivi ena vlindeba niSanTa formiT, romelTa struqturebis 

SemuSaveba xdeba Sesabamisi enobrivi koleqtivis farglebSi. es niSnebi, 

romlebsac qmnis cnobieri agenti molaparakis statusiT, sxva agenti 

ki msmenelis statusiT da mis interpretacias axdens, gamoiyeneba 

molaparakis mier msmenelisaTvis Sinaarsis gadasacemad. imisda mixedviT, 

Tu mecnieruli analizi raze amaxvilebs yuradRebas _ izolirebul 

niSnebsa Tu komunikaciis procesis monawile agentebze, SesaZlebelia 

gamovyoT niSanze orientirebuli da agentze orientirebuli midgoma.2

niSanze orientirebuli midgoma, rac damaxasiaTebelia genera

tiuli gramatikis, WeSmaritul-pirobiTi semantikisa da teqstis 

lingvistikisTvis, bunebrivi enis gamonaTqvamebs aanalizebs rogorc 

qaRaldze, magnitur firze an eleqtronuli saSualebebiT dafiqsirebul 

obieqtebs. isini ugulebelyofen komunikaciis aspeqts, radgan 

molaparake-msmenelis reJimSi realizebuli enis modelireba ar yofila 

maTi mizani da arc gamodgeba amisTvis. amis nacvlad, komunikaciis 

procesSi monawile agentebisgan izolirebuli enobrivi nimuSebi 

2	 klarki ganasxvavebs or tradicias: ena-rogorc-produqti da ena-rogorc-qmedeba, 
Clark, H. H. Using Language. Cambridge, UK: Cambridge Univ. Press, 1996.
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analizdeba rogorc ierarqiuli struqturebi da formalurad efuZneba 

SesaZlo CanacvlebaTa princips.

agentze orientirebuli monacemTa bazis semantika (Database Semantics), 
amisgan gansxvavebiT, niSnebs aanalizebs rogorc, erTi mxriv, molaparakis 

enobrivi aqtivobis Sedegs da, meore mxriv, rogorc amosaval wertils 

msmenelis mier gansaxorcielebeli enobrivi interpretaciisTvis. 

agentebis enobrivi aqtivobis/interpretaciis procedurebi moiTxovs 

droiT-wrfiv analizs, rac formalurad SesaZlo gangrZobadobis 

princips efuZneba.

monacemTa bazis semantikis mizani bunebriv enaze warmoebuli 

komunikaciis Teoriis Seqmnaa, romelic iqneba srulad funqciuri da 

srulad dafaravs arsebul monacemebs, maTematikuri TvalsazrisiT, 

ar iqneba rTuli da SesaZlebeli iqneba misi realizeba kompiuterze. 

monacemTa bazis semantikis mTavari sakiTxia:

rogor xdeba komunikacia bunebrivi enis gamoyenebiT?

am kiTxvas pasuxi martivad ase SeiZleba gaeces.

bunebriv enaze komunikacia xdeba cnobier agentebs Soris. am 

samyaroSi maT aqvT realuri sxeulebi da garegani interfeisi, erTi 

mxriv, araverbaluri amocnobisa da qmedebisTvis konteqstur doneze da, 

meore mxriv, verbaluri amocnobisa da qmedebisTvis _ enobriv doneze. 

yoveli agenti `Seicavs~ monacemTa bazas, romelSic inaxeba `Sinaarsebi~. 

es ̀ Sinaarsebi~ aris agentis codna, misi mexsiereba, warmodgenebi, miznebi, 

gegmebi da a.S.

cnobier agentebs SeuZliaT gadaerTon molapakis reJimidan 

msmenelis reJimze da piriqiT (turn-taking).3komunikaciis procesSi agenti 

molaparakis reJimSi axdens Tavis monacemTa bazidan Sinaarsis kodirebas 

enobriv niSnebad, rac zedapirulad xorcieldeba enis gamomavali 

interfeisis saSualebiT. es niSnebi meore agentis mier amoicnoba enis 

Semavali interfeisis saSualebiT, xdeba maTi Sinaarsis dekodireba 

3	 turn-taking ganxilulia TorisonTan (Thorisson, K. (2002) “Natural turn-taking needs no manual: 
computational theory and model, from perception to action,” in B. Granström, D. House, and I. Karlsson 
(eds.) Multimodality in Language and Speech System, 173–207, Dordrecht: Kluwer.
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da amis Semdeg Seinaxeba meore agentis monacemTa bazaSi. es procedura 

warmatebulad CaiTvleba, Tu molaparakis mier kodirebuli Sinaarsi 

Sesabamisad dekodirdeba da Seinaxeba msmenelis mier.

monacemTa bazis semantikaSi monacvleobis modelireba efuZneba 

monacemTa specialur struqturas da marcxniv-asosiaciuri gramatikis 

(LA-grammar)4 droiT-wrfiv algoriTms. es algoriTmi sam variantad 

gamoiyeneba _ e.w. LA-mosmena, LA-azri, LA-metyveleba. komunikaciis 

procesSi es sami LA-gramatika Semdegnairad urTierqmedebs:

1.1.1 monacvleobis bazisuri modeli

 
LA-mosmena LA-metyveleba 

 

   LA-azri 

s 

marjvniv naCveneb agentSi (molaparakis reJimi) LA-fiqri SerCeviT 

aaqtiurebs agentis monacemTa bazaSi Senaxul masalas. gaaqtiurebuli 

masala LA-laparakis saSualebiT gardaisaxeba bunebrivi enis zedapirul 

struqturad, risi realizaciac xdeba garegani niSnebis formiT (sqemaze 

mocemulia mcire zomis s-iT aRniSnuli kvadratiT). marcxniv naCveneb 

agentSi (mosmenis reJimi), LA-mosmena axdens im niSanTa interpretacias, 

romlebic agentis monacemTa bazaSi inaxeba.

1.1.1 sqemaze mocemuli monacvleoba SeiZleba orgvarad iqnes 

interpretirebuli:

1.1.2 ori Tvalsazrisi monacvleobaze

1. garedan danaxuli:

komunikaciis procesSi monawile ori agenti rig-rigobiT akeTebs 

Tavis svlebs. sqemaze 1.1.1 es gamosaxulia ori kvadratiT, romlebic 

warmoadgenen agentebs, erTs – msmenelis, meores ki molaparakis reJimSi.

4	 LA-gramatikis formaluri gansazRvra, misi sirTulis analizi da detaluri Sedareba 
uSualo SemadgenelTa gramatikasTan da kategoriaTa gramatikasTan ix. Hausser, R. 
(1999/2001) Foundations of Computational Linguistics,Human–Computer Communication in Natural 
Language, 2nd ed., pp. 78, Berlin Heidelberg New York: Springer.
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2. Signidan danaxuli:

komunikaciis procesSi monawile erT agentSi erTmaneTs cvlis 

molaparakisa da msmenelis reJimebi. sqemaze 1.1.1 es gamoixateba imiT, 

rom ori kvadrati SeiZleba ganxilul iqnes erTsa da imave agentad, 

romelic rig-rigobiT gadaerTveba molaparakis da msmenelis reJimebze 

(gadarTvas gamoxatavs marjvniv mimarTuli wyvetili isari).

monacemTa bazis semantikaSi (DBS) monacvleoba miiCneva srulad 

gansazRvrul, kargad motivirebul gamoTvliT problemad, romelic 

bunebrivi enis lingvisturi analizis centraluri sakiTxia: sintaqsuri 

da semantikuri analizi unda gaxdes monacvleobis, rogorc komunikaciis 

yvelaze bazisuri meqanizmis, Semadgeneli nawili. mis gareSe darCeba 

mxolod calmxrivi monologi rogorc kerZo SemTxveva.

1.2 verifikaciis principi

bunebrivenobrivi komunikaciis mocemul Teorias aqvs funqciona

luri modelis forma, romelic warmodgenilia rogorc deklaraciuli 

specifikacia Sesabamis aparaturaze momuSave efeqtiani kompiuteruli 

programisTvis. deklaraciuli specifikacia aRwers programuli 

uzrunvelyofis aucilebel maxasiaTeblebs, rogorebicaa: garegani 

interfeisi, monacemTa struqtura da algoriTmi. am SemTxvevaSi 

araarsebiTia iseTi `SemTxveviTi~5 maxasiaTeblebi, rogorebicaa progra

mirebis konkretuli ena da/an programistis stilisturi Taviseburebebi.

logikaSi algebruli gansazRvrebisgan6 gansxvavebiT, deklaraciuli 

specifikacia ar efuZneba mxolod simravleTa Teorias. misi midgoma 

procedurulia da zogad arqiteqturas gansazRvravs misi komponentebis 

Setanis/gamotanis pirobebis, aseve, sistemis funqcionaluri nakadis 

mixedviT. deklaraciuli specifikacia unda iyos sakmarisad zogadi, 

raTa uzrunvelyos myari maTematikuri dasabuTeba da struqturis 

5	 sityva `SemTxveviTi~ aq gamoyenebulia aristoteles filosofiuri tradiciis 
mixedviT, romelic ganarCevda aucilebels da SemTxveviTs.

6	 LA-gramatikis algebruli gansazRvrisas(Hausser, R. (1989) Computation of Language, An Essay 
on Syntax, Semantics, and Pragmatics in Natural Man-Machine Communication, Symbolic Computation: 
Artificial Intelligence, pp. 425, Berlin Heidelberg New York: Springer) mniSvnelovanwilad 
visargebleT dana skotis daxmarebiT.
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aRwera, da sakmarisad detaluri, raTa advilad iZleodes programirebis 

saSualebas gansxvavebul garemoSic.

deklaraciuli specifikacia imitom aris saWiro, rom adamiani 

advilad ver waikiTxavs manqanur kods. is programebic ki, romelic 

dawerilia maRali donis programul enaze, magaliTad, Lisp-ze, mxolod 

eqspertebisTvisaa gasagebi. programas ki mxolod im amocanis abstraq

tuli funqcionaluri gadawyveta unda moeTxovebodes, romlisTvisac 

aris Seqmnili.

konkretuli deklaraciuli specifikacia ori donisgan Sedgeba: (i) 
zogadi Teoriuli CarCo (mag., bunebriv enaze warmoebuli komunikaciis 

funqcionaluri sistema) da (ii) zogadi CarCos specifikacia konkretuli 

gamoyenebisTvis (mag., inglisuri, germanuli, koreuli an nebismieri 

sxva bunebrivi enisTvis). Teoriuli CarCo specializebul versiasTan 

erTad, Tavis mxriv, SeiZleba realizebul iqnes (iii) sxvadasxva formiT, 

magaliTad, Lisp-ze,  C-ze an Java-ze dawerili programiT. 

1.2.1 deklaciuli specifikaciis da implementaciis urTierTmimarTeba

Teoriuli CarCo

specializacia 1

implementacia 1.1

implementacia 1.2

implementacia 1.3

specializacia 2

implementacia 2.1

implementacia 2.2

implementacia 2.3

specializacia 3

implementacia 3.1

implementacia 3.2

(i)

(ii)

(iii)
} deklara-

ciuli 
specifi-
kacia

sxvadasxva 
implemen-
tacia}

deklaraciul specifikacias SeiZleba hqondes arsebiTi maxasia

Teblebis TvalsazrisiT erTmaneTis ekvivalenturi mravali sxvadasxva 

implementacia. monacemTa bazis semantikaSi Sesabamis deklaraciul 

specifikacias yovelTvis unda erTvodes sul mcire erTi ganaxlebuli 

implementacia, raTa SesaZlebeli iyos Teoriis (damuSavebis arsebul 

etapze) funqcionirebis demonstrireba da misi gamocda sxvadasxva 

amocanebis gadaWrisTvis. am gziT SeiZleba ganisazRvros mocemul 
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etapze arsebuli Secdomebi, arasruloba da susti mxareebi (hipoTezis 

eqsplicituri Camoyalibeba), rac aucilebeli winapirobaa deklaraciuli 

specifikaciis momdevno, gaumjobesebuli variantis SemuSavebisTvis.

monacemTa bazis semantikis verifikaciis meTodi aris Teoriis 

Camoyalibebisa da misi avtomaturi gamocdis procedura. is gansxvavdeba 

rogorc sabunebismetyvelo mecnierebebSi gamoyenebul raodenobrivi 

meTodebisgan (eqsperimentebis ganmeorebadoba), ise maTematikaSi 

miRebuli logikur-aqsiomaturi meTodebisgan (arawinaaRmdegobriobis 

damtkiceba), Tumca Tavsebadia maTTan.

monacemTa bazis semantikis verifikaciis meTodi7 mniSvnelovania Semdeg 

mizezTa gamo. jer erTi, bunebrivi enis niSnebi efuZneba pirobiTobis princips, 

rac ar eqvemdebareba sabunebismetyvelo mecnierebebSi miRebul raodenobriv 

meTodebs. meorec, bunebriv enaTa analizi lingvistikasa da momijnave 

disciplinebSi, kerZod, enis filosofiaSi uamrav skolasa da qveskolas 

Sorisaa gadanawilebuli da dgeba maTi SedarebiTi Sefasebis sakiTxi.

1.3 gaigivebis principi

monacemTa bazis semantika miznad isaxavs xelovnur agentebs Soris 

enobrivi komunikaciis maqsimalurad bunebriv modelirebas ori mizezis 

gamo. jer erTi, praqtikuli programebi rac SeiZleba ioli mosaxmari 

unda iyos. adamiani-manqanis urTierTobaSi ioli gamoyeneba niSnavs, rom 

adamians da robots erTmaneTis unda esmodeT (i) sworad da (ii) adamians ar 

unda uwevdes manqanasTan adaptireba.8

7	 ix. aseve Hausser, R. (1999/2001) Foundations of Computational Linguistics, Human–Computer 
Communication in Natural Language, 2nd ed., pp. 78, Berlin Heidelberg New York: Springer, Sesavali VIII-X.

8	 amisTvis robots unda hqondes adamianuri cnebebis proceduruli korelatebi. 
magaliTad, sityva red-is gasagebad robots unda SeeZlos simravlidan fizikurad 
gamoarCios wiTeli obieqtebi; imisTvis, rom gaigos cneba happily surprised, mas unda 
SeeZlos am emociis gancda.

Tumca, imis gaTvaliswinebiT, rom aseTi tipis adaptirebas kidev dasWirdeba raRac 
dro, lu gvTavazobs Tanamedrove robotis SesaZleblobebis gamoyenebas adamianis 
mier marTuli praqtikuli amocanebis gadawyvetisas (Liu,Haitao, “Some ideas on natural 
language processing,” in TerminologyStandardization and Information Technology 2001, 1:23–27). es aris 
gonivruli gadawyvetilebis kargi magaliTi; iseTive, rogoric manqanur TargmnaSi 
SezRuduli enis gamoyenebaa (Sdr. Hausser, R. Foundations of Computational Linguistics, Human–
Computer Communication in Natural Language, 2nd ed.,1999/2001, pp. 78, Berlin Heidelberg New York: 
Springer gv. 47). 
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meorec, grZelvadian perspeqtivaSi uzrunvelyofil unda iqnes 

Teoriis srulyofis SesaZlebloba. molaparake robotis konstruqciis 

srulyofa niSnavs imas, rom daubrkoleblad SeiZlebodes mocemuli 

prototipidan funqcionalurad ufro srulyofil da/an monacemTa 

gafarToebul bazaze momuSave prototipze gadasvla.9 mecnierebis 

istoria cxadyofs, rom aseTi srulyofis siZnele praqtikulad 

yovelTvis miuTiTebda fundamentur problemaze Sesabamis TeoriaSi.10

imisTvis, rom grZelvadian perspeqtivaSi uzrunvelyos advili 

gamoyeneba da srulyofis SesaZlebloba, monacemTa bazis semantika unda 

cdilobdes abstraqciis sxvadasxva doneze maqsimalurad dauaxlovdes 

e.w. `fsiqologiur realobas~. am mizniT gTavazobT Semdeg princips, 

romelic Teoriuli aRweris siswores aigivebs eleqtronuli modelis 

(molaparake robotis prototipis) qceviT adekvaturobasTan.

1.3.1 monacemTa bazis semantikis `gaigivebis~ principi

1. rac ufro realisturia cnobierebis rekonstruqcia, miT ukeT 

funqcionirebs modeli.

2. rac ukeT funqcionirebs modeli, miT ufro realisturia 

cnobierebis rekonstruqcia.

`gaigivebis principis~ pirveli nawili gulisxmobs daxmarebas 

momijnave disciplinebisgan da maTTan daaxloebas prototipis mu

Saobis gasaumjobeseblad. es, magaliTad, niSnavs imas, rom Cven Tavidan 

avicilebT winaaRmdegobas filogenetikur da ontogenetikur ganviTa

rebasTan dakavSirebul ukve dadgenil faqtebTan an dasabuTebul 

hipoTezebTan, romelsac eTnologia da evoluciuri fsiqologia 

9	 magaliTad, funqciuri sisrule gulisxmobs zogadad, sityva-formis amocnobis 
unars. monacemTa bazis gafarToeba imas niSnavs, rom enis sul ufro meti da meti 
sityva-formis amocnoba iqneba SesaZlebeli; funqciuri sisrule, aseve, moiTxovs 
konteqsturi qmedebis ganxorcielebis principul unars. monacemTa bazis gafarToeba 
ki am SemTxvevaSi niSnavs, rom gaCndeba sul ufro meti tipis konteqsturi qmedebis 
(rogorebicaa sxvadasxva tipis gadaadgileba, manipulacia da sxv.) SesaZlebloba.

10	 WeSmaritul-pirobiT semantikaSi aseT srulyofasTan dakavSirebuli problemebi 
gaCnda maSin, roca cdilobdnen gadaeWraT epimenides paradoqsiT, agensi-propoziciis 
mimarTebiTa da orazrovnebiT gamowveuli sirTuleebi; generatiul gramatikaSi ki – 
SemadgenelTa struqturis paradoqsTan da elifsur konstruqciebTan dakavSirebuli 
sakiTxebis gadaWrisas.
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gvTavazobs da gaviTvaliswinebT maTematikuri sirTulis Teoriis 

Sedegebs (araamoxsnadi da eqsponenciuri algoriTmebis gamosaricxad).

`gaigivebis principis~ meore nawili uzrunvelyofs evristikul 

strategias imis gaTvaliswinebiT, rom cnobierebis (abstraqciis 

sxvadasxva doneze) `realuri~ struqtura ar eqvemdebareba uSualo 

dakvirvebas.11 Cveni strategiis gamoyenebiT vcdilobT mivaRwioT 

realistur rekonstruqcias arapirdapir da funqcionalur srulyofasa 

da monacemTa srul dafarvas uzrunvelvyofT xelovnuri cnobieri 

agentis TandaTanobiTi gaumjobesebiT.

1.4 obieqturobis principi

cnobierebis funqcionaluri rekonstruqciisTvis zogadad, da kerZod, 

bunebriv enaze warmoebuli komunikaciis SemTxvevaSi gamoiyeneba sxvadasxva 

tipis monacemebi. gansxvaveba ganpirobebulia nawilobriv im konstelaciebis 

mravalferovnebiT, saidanac momdinareobs monacemebi, nawilobriv ki im 

sxvadasxvagvari arxebiT, romlebic gamoiyeneba Sesabamis konstelaciebSi.

konstelaciebs gansazRvravs urTierTqmedebebi (i) momxmarebels, (ii) 
mecniers da (iii) eleqtronul models (robots) Soris. isini ase ganirCeva:

1.4.1 konstelaciebi, romlebic uzrunvelyofen sxvadasxva tipis mona

cemebs

1. urTierTqmedeba (i) momxmarebelsa da (iii) robots Soris

2. urTierTqmedeba (i) momxmarebelsa da (ii) mecniers Soris

3. urTierTqmedeba (ii) mecniersa da (iii) robots Soris

konstelaciis tipis mixedviT monacemebi SeiZleba gadaices Semdegi 

arxebiT:

11	 gamonaklisia centraluri cnobierebis pirdapiri Seswavla nevrologiaSi, kerZod, 
funqcionaluri magnitur-rezonansuri tomografiis saSualebiT (Sdr. Matthews, P.M., 
J. Adcock, Y. Chen, S. Fu, J. T. Devlin, M. F. S. Rushworth, S. Smith,C. Beckmann, and S. Iversen (2003) 
“Towards understanding language organisationin the brain using fMRI” in Human Brain Mapping 18.3: 239–
247; Jezzard, P., P.M. Matthews, and S. Smith (2001) Functional Magnetic ResonanceImaging: An Introduction 
to Methods. Oxford: Oxford Univ. Press). magram dResdReobiT es monacemebi gansxvavebuli 
interpretaciis SesaZleblobas iZleva da gamoiyeneba urTierTsawinaaRmdego 
Teoriebis dasasabuTeblad.(Sdr. Matthews, P.M., J. Adcock, Y. Chen, S. Fu, J. T. Devlin, M. F. S. 
Rushworth, S. Smith,C. Beckmann, and S. Iversen (2003) “Towards understanding language organisationin 
the brain using fMRI” in Human Brain Mapping 18.3: 239–247; Jezzard, P., P.M. Matthews, and S. Smith 
(2001) Functional Magnetic ResonanceImaging: An Introduction to Methods. Oxford: Oxford Univ. Press).
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1.4.2 komunikaciuri urTierTqmedebis monacemTa arxebi

1. avto-arxi Semaval informacias amuSavebs avtomaturad da gamomaval 

informacias iZleva  avtonomiurad rogorc konteqstur, ise enobriv 

doneze. bunebriv cnobier agentebSi, anu momxmarebelsa da mecnierSi, 

avto-arxi Tavidanve sruli datvirTviT muSaobs. amis sapirispirod, 

xelovnur agentebSi xdeba avto-arxis rekonstruqcia _ da monacemTa 

bazis semantikis mizania, misi rekonstruqcia rac SeiZleba realisturad 

ganaxorcielos.

2. introspeqciis eqstrapolacia aris avto-arxis specializacia da 

momdinareobs mecnieris mcdelobidan gaaumjobesos adamiani-manqanis 

komunikacia adamiani-momxmareblis poziciidan. es SesaZlebelia imitom, 

rom mecnieric da momxmarebelic bunebrivi agentebi arian.

3. momsaxurebis arxi SemuSavebulia mecnieris mier, raTa man SeZlos 

xelovnur agentze dakvirveba da misi kontroli. misi saSualebiT 

xorcieldeba robotis cnobierebis pirdapiri wvdoma, radganac misi 

kognitiuri arqiteqtura da funqcionireba absoluturad gasagebi unda 

iyos mecnierisTvis.

es sami konstelacia da roli, romelsac monacemTa arxebi TamaSoben 

momxmarebels, mecniersa da robots Soris urTierTqmedebaSi, 

grafikulad ase SeiZleba warmovadginoT:

1.4.3 urTierTqmedeba momxmarebels, robotsa da mecniers Soris

	

 

momxmarebeli(i)      

 

 

mecnieri 

(ii) 

 

roboti 

  (iii) 
avto-arxi

introspeqciis 
eqstrapolacia

momsaxurebis 
arxi
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mecnieri akvirdeba momxmareblisa da robotis garegan qcevas 

avtoarxis saSualebiT, e.i. mecnieri xedavs, Tu ras akeTeben isini, da 

maTi gamokiTxvac SeuZlia amis Taobaze. amis garda, mecnieri akvirdeba 

(a) momxmareblis kognitiur mdgomareobas arapirdapir, mecnierulad 

dasabuTebuli introspeqciis eqstrapolaciis saSualebiT da (b) robotis 

kognitiur mdgomareobas _ uSualod, momsaxurebis arxis saSualebiT. 

mecnierisTvis momxmarebelic da robotic samyaros erTnairad realuri 

agentebi arian da maT kognitiur mdgomareobebsac erTi da igive 

ontologiuri statusi aqvT.

am sami arxidan avtoarxi xelmisawvdomia momxmareblisTvis, 

robotisTvis da mecnierisTvis. es arxi yvelaze xSirad gamoiyeneba, 

magram amave dros Secdomis yvelaze met risksac Seicavs: magaliTad, 

konteqstis doneze Cndeba vizualuri iluziebi, enobriv doneze ki 

araswori interpretaciebi. amas garda, gasaTvaliswinebelia imis 

SesaZleblobac, rom diskursSi monawile partniorma daamaxinjos 

simarTle _ gacnobierebulad an gaucnobiereblad.

Tuki diskursis partniorTan wvdoma SezRuduli iqneba avtoarxiT, 

Cven bolomde darwmunebuli ver viqnebiT imaSi, rom is, rac iTqva, ise 

iqna gagebuli Cven mier, rogorc amas mTqmeli varaudobda, an CvenTvis 

namdvilad gasagebia molaparakis ganzraxva, an is, Tu rac iTqva, namdvilad 

simarTle iyo. filosofiaSi es erT-erTi yvelaze gansjadi problemaa da 

cnobilia solifsizmis saxeliT (vitgenStaini 1921).

magram bunebrivenovani komunikaciis mecnieruli analizisTvis 

arsebobs sxva prioritetuli arxebi: (i) introspeqciis eqstrapolacia 

da (ii) momsaxurebis arxi. introspeqciis eqstrapolaciaSi mecniersa 

da momxmarebels Soris diskursi SezRudulia momxmarebeli-roboti 

urTierTqmedebis sivrciT. amdenad, gaugebrobis albaToba mecniersa da 

momxmarebels Soris gacilebiT naklebia, vidre Tavisufali komunikaciis 

SemTxvevaSi, Tumca mainc arsebobs. amis garda, robotTan uSualo 

wvdoma momsaxurebis arxis saSualebiT SesaZleblobas aZlevs mecniers 

obieqturad gansazRvros, Tu ramdenad adekvaturad funqcionirebs 

xelovnuri agentis cnobiereba. Sesabamisad, xelovnuri cnobieri agentebi 

imiTac gamoirCevian, rom maTze ar vrceldeba solifsizmis problema.
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1.5 interfeisisa da Semavali/gamomavali monacemebis 

ekvivalentobis principi

monacemTa bazis semantikis aqamde warmodgenili meTodologiuri 

principebi, kerZod:

1. verifikaciis principi

anu Teoriis SemuSaveba deklaciuli specifikaciis formiT, romelic 

ganuwyvetliv mowmdeba gamoyenebuli prototipis saSualebiT (ix. qveTavi 

1.2),

2. gaigivebis principi

anu Teoriuli sisworis gaigiveba prototipis qceviT adekvaturo-

basTan grZelvadiani srulyofis procesSi (Sdr. qveTavi 1.3) da

3. obieqturobis principi

anu bunebriv da xelovnur agentebs Soris enobrivi komunikaciaze 

dakvirvebis obieqturi arxebis Seqmna (Sdr. qveTavi 1.4),

SezRudulia

4. interfeisis ekvivalentobis principiT da

5. Semavali/gamomavali monacemebis ekvivalentobis principiT.

interfeisis ekvivalentobis principis (4) Tanaxmad, xelovnuri 

surogati aRWurvili unda iyos imave interfeisiT garesamyaros mimarT, 

rogoriTac misi bunebrivi originali. abstraqciis umaRles doneze 

es gulisxmobs amocnobisa da qmedebis garegan interfeisebs: pirvels 

_ konteqstis, da meores _ enis SemTxvevaSi (Sdr. 2.1.3). abstraqciis 

yvelaze dabal doneze xdeba am interfeisebis diferenciacia xedvis, 

audio, Sexebis da a.S. modalobebad (Sdr. qveTavi 2.2) amocnobis 

SemTxvevaSi da gadaadgilebis, manipulaciis da a.S. modalobebad 

qmedebis SemTxvevaSi.

interfeisis ekvivalentoba modelsa da bunebriv originals 

Soris uaRresad mniSvelovania referenciis, anu enasa da samyaros 

Soris urTierTobis avtomaturi rekonstruqciisTvis. magaliTad, 

Tu robots ar SeuZlia aRqma, is ver gaigebs adamianis referencias 

axali obieqtis mimarT maTTvis saerTo samuSao garemoSi. interfeisis 
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ekvivalentobis principi fundamentur gavlenas axdens bunebrivi enis 

semantikis Teoriaze, gansakuTrebiT mis ontologiur safuZvlebze 

(Sdr. 2.3.1).

Semavali/gamomavali monacemebis ekvivalentobis principi (5) 

gulisxmobs interfeisis ekvivalentobas (4). Semavali/gamomavali 

monacemebis ekvivalentoba imas niSnavs, rom xelovnuri agenti (i)  
iRebs imave Semaval monacemebs da gascems imave gamomaval monacemebs, 

rogorsac _ bunebrivi originali, (ii) Semaval/gamomaval monacemebs iseve 

(rogorc bunebrivi originali) daSlis nawilebad da (iii) am nawilebs iseve 

awesrigebs miReba/gacemis dros. Semavali da gamomavali monacemebi, 

garegani interfeisis msgavsad, mocemulia konkretuli formiT da 

amdenad eqvemdebareba obieqtur struqturul analizs.

Semavali/gamomavali monacemebis ekvivalentoba modelsa da bu

nebriv originals Soris gansakuTrebiT mniSvnelovania bunebriv enaze 

warmoebuli komunikaciis dros gamoyenebuli niSnebis avtomaturi 

interpretaciisa da warmoebisTvis. amdenad, es principi fundamentur 

zegavlenas axdens bunebrivi enis gramatikis Teoriaze.

ekvivalentobis es ori principi aris minimaluri moTxovna zogadad 

cnobierebis nebismieri mecnieruli rekonstruqciisaTvis da, konkre-

tulad, bunebrivenovani komunikaciis meqanizmis rekonstucqiisaTvis. 

amas Semdegi mizezebi ganapirobebs: Cven rom gvqonoda uSualo wv-

doma cnobierebis arqiteqturasa da funqcionirebasTan, rogorc 

esaa sabunebismetyvelo mecnierebebSi sxeulis organoebis fizikuri 

struqturebisa da funqciebis kvlevisas (anatomia, fiziologia, qimia, 

fizika), saboloo models unda daekmayofilebina interfeisis ekviva-

lentobisa da Setanili/gamosuli monacemebis ekvivalentobis princi-

pebi.

Tuki, uSualo wvdomis ararsebobis gamo, kognitiuri sistemis buneba 

arapirdapiri gziT unda dadgindes, kerZod, xelovnuri surogatis 

funqcionaluri efeqturobisa da monacemTa bazis TandaTanobiTi 

srulyofis procesSi, es sruliadac ar akninebs Setanili/gamosuli 

monacemebis garegani interfeisis mniSvnelobas. piriqiT, rogorc 

konkretuli formiT mocemuli, uSualo dakvirvebas daqvemdebarebuli 
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struqturebi, isini warmoadgenen amosaval wertilebs Sinagani 

kognitiuri procesebis mecnierulad dasabuTebuli nebismieri 

rekonstruqciisTvis.

1.6 zedapiruli kompoziciuroba da droiTi wrfivoba

interfeisis ekvivalentobisa da Setanili/gamosuli monacemebis 

ekvivalentobis zogadi principebi moiTxovs (i) bunebrivi agentis 

amomcnobi da qmedebis komponentebis da (ii) am komponentebSi gamavali 

monacemebis frTxil analizsa da rekonstruqcias. monacemTa erT-erTi 

mniSvnelovani tipi aris bunebrivi enis frazebi, romelTa warmoqmna 

xdeba molaparakis reJimSi da interpretacia _ msmenelis reJimSi.

garegnulad es monacemebi aris garkveuli mediumis obieqtebi, 

romlebic warmodgenilni arian bgerebiT, xelnaweri an beWduri asoebiT 

an Jestebis enis JestebiT, romlebic SeiZleba Caweril iqnes firze an 

diskze da gaizomos da aRiweros sabunebismetyvelo mecnierebebis 

meTodebiT. ramdenadac es obieqtebi konkretuli formiT gveZleva, 

isini warmoadgenen lingvisturi analizis empiriul baziss, romelsac 

araferi ar SeiZleba daematos an moakldes. es elementaruli 

meTodologiuri principi zedapiruli kompoziciurobis saxeliT aris 

cnobili (SCG’84):

1.6.1 zedapiruli kompoziciurobagramatikuli analizi aris 

zedapirulad kompoziciuri, Tuki is kompoziciis blokebad iyenebs 

mxolod sityvis konkretul formebs ise, rom Sedgenili frazis 

yvela sintaqsuri da semantikuri Tviseba SesaZlebelia sistematurad 

gamoiyvanebodes leqsikuri erTeulebis sintaqsuri kategoriebidan da 

pirdapiri mniSvnelobebidan.

zedapiruli kompoziciurobis saukeTeso ilustracia is magaliTebia, 

romlebic arRveven am princips. amis saCveneblad moviyvanT Semdeg 

gramatikul analizs:

1.6.2 analizi, romelic arRvevs zedapiruli kompoziciurobis 

princips
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 (v) 

(sn) 

every girl 

(sn’ np) 

drank Ø

(np’ np’ v) 

(np) 

water 

(sn’ np) 

(np’ v) 

(sn) 

(np) 

imisTvis, rom saxeladi frazebi every girl da water erTnairad iyos 

interpretirebuli, am analizs Semoaqvs nulovani elementi Ø. magram 

mocemuli `lingvisturi ganzogadeba~ aralegitimuria, radgan water-is 

determinanti zedapirul doneze ar aris konkretulad gamoxatuli.

amis miuxedavad, 1.6.2-is kategoriebi sworad motivirebulia da 

Semdegnairad ganisazRvreba:

1.6.3	  1.6.2-is kategoriebi

(sn’ np)	  = determinanti, argumentad iRebs saxels mxolobiTi ricxvSi 

(sn’) da iZleva saxelad frazas (np).
(sn)	 = saxeli mxolobiT ricxvSi, avsebs determinantSi (sn’)-is 

valentobis adgils.

(np’ np’ v)	= gardamavali zmna, argumentad iRebs saxelur frazas (np) da 

iZleva gardauval zmnas (np’ v).
(np)	 = saxelurii fraza, avsebs zmnaSi (np’)-is valentobis adgils.

(np’ v)	 = gardauvali zmna, argumentad iRebs saxelur frazas (np)-s da 

iZleva (v)-s.

(v)	 =zmna, romelSic ar aris valentobis Tavisufali adgilebi 

(winadadeba).

wesebi, romelTa gamoyenebiTac aris miRebuli magaliTi 1.6.2, emyareba 

dasaSveb CanacvlebaTa princips da ase ganisazRvreba:
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1.6.4 wesebi, romelTa meSveobiTac gamoiTvleba dasaSvebi Canacvlebebi 

1.6.2-is misaRebad

(v)	 → (np) (np’ v)
(np)	 → (sn’ np) (sn)
(np’ v)	 → (np’ np’ v) (np)
(sn’ np’)	 → every, Φ
(sn)	 → girl, water
(np’ np’ v)	→ drank

yoveli wesi anacvlebs isris marcxniv daweril kategorias marjvniv 

mocemuli kategoriiT (zevidan qveviT mimarTuli derivacia). aseve 

dasaSvebia marjvniv mocemuli kategoriebis Canacvleba marcxniv 

mocemuli kategoriebiT (qvevidan zeviT mimarTuli derivacia).

1.6.2-Si rom ar yofiliyo Semotanili nulovani determinanti, sul 

mcire erTi wesis damateba mainc gaxdeboda saWiro.magram zedapiruli 

kompoziciurobis principis Tanaxmad, meTodologiurad gaumarTlebelia 

iseTi ramis ubralod postulireba, rac ar arsebobs, Tumca miiCneva 

aucileblad an sasurvelad.12zedapiruli kompoziciurobis darRveva 

maTematikuri TvalsazrisiT Zalze arTulebs models da praqtikulad 

SeuZlebels xdis Sesabamis gamoTvlebs.

lingvisturi analizis bazisuri elementebis, kerZod, konkretuli 

niSnis zedapiruli donisa da maTi standartuli leqsikuri analizis 

gansazRvris Semdeg mivubrundeT am bazisur elementebs Soris sakuTriv 

gramatikul mimarTebebs. winadadebaSi sityvebs Soris yvelaze martivi, 

elementaruli mimarTeba aris maTi droiT-wrfivi Tanmimdevroba. droiT-

wrfivi niSnavs drois msgavsad wrfivs da imave mimarTulebis mqones (Sdr. 

qveTavi 3.4).

12	 zedapiruli kompoziciurobis darRvevis sapirispiro magaliTia zedapirul doneze 
konkretulad mocemuli sityvebis ignorireba mxolod imitom, rom isini miiCneva 
araaucileblad an arasasurvelad romelime `lingvisturi ganzogadebisTvis~. am 
sakiTxis ufro detaluri ganxilva ix. Hausser, R. (1984) Surface Compositional Grammar, pp. 
274, Munchen: Wilhelm Fink Verlag da Hausser, R. (1999/2001) Foundations of Computational Linguistics, 
Human–Computer Communication in Natural Language, 2nd ed., pp. 578, Berlin Heidelberg New York: 
Springer.
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bunebrivi enebis droiT-wrfivi struqtura imdenad fundamenturia, 

rom molaparakes teqstis warmoTqma SeuZlia mxolod winadadebebis 

Tanmimdevruli warmoTqmiT, winadadebisa ki sityvebis Tanmimdevruli 

warmoTqmiT. amgvarad, droiT-wrfivi principi imdenad moicavs gamoTqmis 

process, rom molaparakes Sua winadadebaSi SeuZlia gagrZelebis arCeva.

Sesabamisad, msmenels ar sWirdeba daelodos teqstis an winadadebis 

dasrulebas da ise daiwyos misi interpretacia. amis nacvlad, msmeneli 

ise iwyebs winadadebis dasawyisis interpretacias, rom arc ki icis misi 

dasasruli.

magaliTi 1.6.2 ara marto zedapirul kompoziciurobas arRvevs, aramed 

droiT-wrfivobis principsac. gramatikuli analizi ar aris droiT-

wrfivi, radgan mas ar SeuZlia every girl-isa da drank-is uSualo kombinireba. 

is efuZneba dasaSveb CanacvlebaTa princips da Tavdapirvelad rTuli 

gamonaTqvamis _ drank water _ derivacia unda moxdes.

droiT-wrfivi analizi, amis sapirispirod, SesaZlo gagrZelebis 

princips efuZneba. magaliTisTvis ganvixiloT Semdegi droiT-wrfivi 

derivacia, romelSic gamoyenebulia igive kategoriebi (Sdr. 1.6.3), 

romlebic _ ara droiT-wrfiv derivaciaSi (1.6.2):

1.6.5 derivacia zedapiruli kompoziciurobisa da droiT-wrfivobis 

principebis dacviT:
 (v) 

(sn) 

every girl 

(sn’ np) 

drank 

(np’ np’ v) 

water 

(np’ v) 

(sn) 

(np) 

am qvevidan zeviT mimarTul derivaciaSi xdeba winadadebis dasawyisis 

kombinireba Semdeg sityvasTan da iqmneba winadadebis axali dasawyisi. 

am process warmarTavs marcxniv-asociaciuri gramatikis Semdegi 
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(gamartivebuli) wesebi:

1.6.6 1.6.5-is derivaciisTvis SesaZlo gagrZelebis gamoTvlis wesebi

(VAR’ X) (VAR) ⇒(X)
(VAR) (VAR’ X) ⇒(X)

TiToeuli wesi Sedgeba sami komponentisgan. es komponentebi Seicaven 

cvladebs VAR,VAR’, da X.13

wesis pirveli komponenti, mag., (VAR’ X), gamoxatavs winadadebis 

dasawyiss _ ss, meore komponenti, mag., (VAR), aRniSnavs Semdeg sityvas 

nw, mesame komponenti, mag., (X) _ Sedegad miRebul winadadebis dasawyiss 

ss’. cvladebiVAR da VAR’ aRniSnaven segmentebs, romlebic mxolod 

erT kategorias Seicaven, xolo cvladi X-i aRniSnavs kategoriaTa 

Tanmimdevrobas, romelic Sedgeba nuli an meti elementisgan.

SesaZlo gagrZelebis gamoTvlis wesebi efuZneba maTi modelebis 

dakavSirebas Semaval gamonaTqvamebTan da, amdenad, maTi cvladebis 

mibmas Sesabamis kategoriebTan:

1.6.7 SesaZlo gagrZelebis gamomTvleli wesis gamoyeneba

                                               ss                 nw                ss’
wesis modelebi                                                     ⇒	

                                                                                                      dakavSireba da mibma

kategoriebi

zedapiruli done       every               girl           every girl

dakavSirebisas cvladi VAR’ `vertikalurad~ mibmulia sn’-ze, 

cvladi X-i _ np-ze da cvladi VAR mibmulia sn-ze. Sedegad, xdeba (sn’ 
np) determinantis kategoriaSi sn’-is valentobis adgilis Sevseba (an 

gauqmeba) da miiReba (np)-is kategoriis ss’, xolo monacemTa Seyvanis 

doneze xdeba every-isa da girl-is konkatenacia every girl-ad.

zmnisa da determinantiani an udeterminanto obieqti-saxelis 

kombinirebisTvis, mag., ...drank + a cokevs. ...drank + water, ise, rogorc amas 

13	 monacemTa bazis semantikis farglebSi miRebuli praqtikis Tanaxmad konstantebi 
aRiniSneba aramTavruli laTinuri asoebiT, xolo cvladebi mTavruli laTinuri 
asoebiT an aramTavruli berZnuli asoebiT.

(X)(VAR)(VAR’        X)

(np)(sn)(sn’          np) (np)(sn)(sn’          np) (np)(sn)(sn’          np) (np)(sn)(sn’          np)

kompiuterizacia



156

zedapiruli kompoziciuroba moiTxovs, cvladebis VAR da VAR’-is 

mniSvnelobebi izRudeba da maTi korelacia amgvar formas iRebs:

1.6.8 cvladebis gansazRvra droiT-wrfiv wesebSi 1.6.5-is misaRebad

Tu VAR’ aris sn’, maSin VAR aris sn.  (igiveobaze damyarebuli  SeTanxmeba)

Tu VAR’ aris np’, maSin VAR aris np, snan pn. (gansazRvrebaze damyarebuli 

SeTanxmeba)

1.6.5_1.6.8-Si mocemuli droiT-wrfivi derivaciis formalizmi 

winaswari da arasabolooa. is (LISP sawyisi kodiT) gamoyenebul iqna 

NEWCAT’86-Si 221 germanuli da 114 inglisuri sintaqsuri konstruqciis 

droiT-wrfivi analizisTvis. is, aseve, gamoiyenes CoL’89-Si 421 inglisuri 

sintaqsur-semantikuri konstruqciisTvis niSanze orientirebul, 

ierarqiul semantikur analizTan erTad.

2. interfeisebi da komponentebi

is faqti, rom kognitiur agentebs aqvT sxeuli14 da interfeisi 

garesamyarodan kognitiuri Sinaarsis misaRebad (amocnoba) da analogiuri 

Sinaaris gare samyarosTvis gadasacemad (qmedeba), sakamaTo ar unda 

iyos. interfeisis maxasiaTeblebi SeiZleba dadgindes garedan _ sxva 

agentebis garemosTan da erTmaneTTan urTierTqmedebaze dakvirvebiT, 

da Signidan _ agentis mier sakuTari interfeisis funqcionirebaze 

dakvirvebiT introspeqciis saSualebiT (Sdr. 1.4.3). amis garda, arsebobs 

garegani interfeisis organoebis analizic, rasac uzrunvelyofs 

sabunebismetyvelo mecnierebebi _ fsiqologia, anatomia da am organoebis 

modelireba robotikaSi. 

amave dros, cnobierebis rekonstruqciis dawyeba agentebis garegani 

interfeisebis SeswavliT ganapirobebs monacemTa bazis semantikis 

ontologiuri safuZvlebis iseT  gansazRvras, romelic mas SeuTavsebels 

xdis niSanze orientirebul tradiciul TeoriebTan. amis mizezi isaa, 

rom niSanze orientirebuli Teoriebi kognitiur agents ar ikvleven da 

semantikas gansazRvraven rogorc pirdapir mimarTebas ̀ enasa da samyaros~ 

14	 sxeulis rolze kidev erTxel gamaxvilda yuradReba emergentizmis farglebSi, Sdr. 
MacWhinney, B. (ed.) (1999) The Emergence of Language from Embodiment. Hillsdale, NJ: Lawrence 
Erlbaum.
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Soris. aseT midgomas SeiZleba garkveuli upiratesoba hqondes, magram 

agentis gareSe ver iarsebebs garegani interfeisi, xolo kognitiuri 

Teoria garegani interfeisis gareSe ver Seasrulebs molaparake robotis 

marTvis blokis funqcias.

arsebobs imis SesaZleblobac, rom garegani interfeisis armqone, 

niSanze orientirebuli Teoriebi gafarTovdes ise, rom SeiZinos 

es maxasiaTebelic. magram es arc ise imedis momcemi perspeqtivaa, 

rogorc es aCvena programuli uzrunvelyofis ganviTarebam: moqmedi 

programis nawils praqtikulad verasdros gavafarTovebT ise, rom 

moicvas is interfeisi, romelic gamogvrCa programis Tavdapirveli 

SemuSavebis dros _ garda im SemTxvevebisa, roca xerxdeba konkretul 

situaciaze morgebuli sagangebo zomebis miReba programis romelime 

arafundamenturi maxasiaTeblis efeqturad Sesacvlelad. msgavsi 

problemebis gadasaWrelad programa Tavidan unda daiweros.

2.1 kognitiuri agentebi, romlebic floben enas da agentebi, 

romlebic enas ar floben

arseboben iseTi kognitiuri agentebi, romlebic ar floben enas 

da, amis miuxedavad, aqvT enis mflobeli kognitiuri agentebis msgavsi 

garegani interfeisi. magaliTad, amocnobisTvis ciyvs aqvs ori Tvali, 

ori yuri, cxviri da a.S., xolo qmedebisTvis – xelebi, ukana fexebi, piri 

da a.S. mas SeuZlia Txilis Camarxva da roca dasWirdeba, Tundac didi xnis 

gasvlis Semdeg, misi amoReba da Wama.

Cveni terminologiiT, ciyvs aqvs Zalian kargi konteqsturi kompo

nenti, magram ar aqvs enobrivi komponenti.15 rom SegveZlos xelovnuri 

ciyvis cnobierebis gamoyeneba Cven konteqstad, mis yurebs mivaniWebdiT 

enis mosmenis unars, davamatebdiT sinTezatorebs laparakisTvis, 

aRvWurvavdiT didi gamomTvleli simZlavriT da SevqmnidiT Teorias 

bunebrivenovani komunikaciisTvis mis gamosayeneblad. aseTi Teoria 

aris am wignis mTavari Tema.

Tumca, ramdenadac dResdReobiT xelovnuri ciyvebi ar mogvepoveba, 

15	 Tumca es SeiZleba sakamaToc iyos. ix. Hauser, M. D. (1996) The Evolution of Communication. 
Cambridge, MA: MIT Press
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mokled CamovayalibebT saWiro konteqsturi komponentis sabaziso 

struqturas.

2.1.1 ratom aris mizanSewonili pirvel rigSi konteqsturi komponentis 

ageba

1. konteqstur doneze Seqmnili konstruqciebi SeiZleba gamoyenebul 

iqnes enobriv donezec. es exeba (i) cnebebs _ rogorc klass, da, aseve, 

konkretul elements, (ii) garegan interfeiss Semavali da gamomavali 

monacemebisTvis (iii) monacemTa struqturas, (iv) algoriTms da (v) 
interfeisebs.

2. konteqsti universaluria _ im gagebiT, rom is ar aris damokidebuli 

konkretul enaze maSin, roca SesaZlebelia yvela gansxvavebuli enis 

interpretacia erTi da imave tipis konteqsturi komponentis mimarT.

3. filogenezSi (evoluciaSi) da ontogenezSi (bavSvis ganviTarebaSi) 

konteqsturi komponenti rigiT pirvelia.

konteqsturi komponentis garegani interfeisi Seesabameba araenovani 

kognitiuri agentis interfeiss da SeiZleba warmodgenil iqnes Semdegi 

sqemiT:

2.1.2 araenovani kognitiuri agentis garegani interfeisi

centraluri cnobiereba

periferiuli cnobiereba

(ii)konteqsturi qmedeba

(i)konteqsturi amocnoba

gare realoba

kognitiuri agenti

arsebuli miznebis Sesabamisad, interfeiss warmovadgenT abstraqciis 

Zalze maRali doniT imgvarad, rom am SemTxvevaSi amocnobis da qmedebis 

erTmaneTisgan garCevac sruliad sakmarisia.

garegani interfeisis diferenciacia sxvadasxvagvar modalobebad, 

rogorebicaa xedva, smena, gadaadgilebis tipebi, manipulacia da a.S., 

ganxiluli iqneba qveTavSi 2.2. aq es relevanturia imdenad, ramdenadac 

periferiuli cnobiereba amocnobis procesSi sxvadasxva interfeisis 

heterogenul, modalobaze damokidebul monacemebs gardaqmnis 
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centraluri cnobierebis homogenur kodad. qmedebis (`amocnobis~ 

sapirispiro termini _ mTarg. Sen.) procesSi periferiuli cnobiereba 

centraluri cnobierebis homogenurad kodirebul brZanebebs gar

daqmnis modalobaze damokidebul garegani qmedebis procedurebis 

heterogenul saxeobebad.16

gardamavali safexuri araenovani agentidan enovan agentamde SeiZleba 

vizualizebul iqnes konteqstis dublirebis formiT, sadac xdeba axlad 

Semotanili komponentis Tavidan gamoyeneba enobrivi miznebisTvis.17 

magaliTad, arsebuli interfeisi (i) konteqstis amocnobisTvis da (ii) 
konteqsturi qmedebisTvis SeiZleba Tavidan iqnes gamoyenebuli axali 

enobrivi komponentis mier, Sesabamisad, (iii) niSnis amosacnobad da (iv) 

niSnis sinTezirebisTvis.

2.1.3 enovani cnobieri agentis garegani interfeisi

centraluri cnobiereba

periferiuli cnobiereba

(iv)niSnis sinTezi

(iii)niSnis amocnoba

gare realoba

kognitiuri agenti

(ii)konteqsturi qmedeba                         

(i)konteqsturi amocnoba

erTi mxriv, enis (zeda done) da, meore mxriv, konteqstis (qveda done) 

garegani interfeisebis erTmaneTisgan garCeva SeiZleba motivirebul 

iqnes sxvaobiT maT interpretaciebs Soris. magaliTad, roca vxedavT 

raRac gaurkvevel gamosaxulebas xis qerqze, SesaZloa eWvi gagviCndes, es 

16	 Cven vicnobT ori tipis homogenur kodirebas: nevrologiurs _ bunebriv agentebSi, da 
eleqtronuls _ kompiuterebSi. funqciuri TvalsazrisiT, centraluri cnobierebis 
amocana aris modalobisgan damoukidebeli (homogenuri) Sinaarsis analizi da Senaxva, 
arsebuli Sinaarsidan daskvnebis gamotana da am daskvnebis gardaqmna aqsiomaTa 
sqemebad.

17	 es eTanxmeba evoluciaze emergentistul Tvalsazriss, romlis mixedviTac xdeba 
Zveli formebis xelaxali gamoyeneba axali funqciebisTvis. 
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SemTxveviTi bunebrivi movlenaa Tu viRac sxva adamianis mier gamiznulad 

amokawruli asoebis rigi; magaliTad, frTxilad, vefxvi! roca uecrad 

vxvdebiT, rom es gamosaxuleba komunikaciisTvis gamiznuli niSania, 

vizualuri monacemebi igive rCeba, magram misi interpretaciis wesi 

sruliad sxvaa: Cven konteqsturi donidan gadaverTvebiT enobriv 

doneze.18

2.2 modalobebi da saSualebebi

bunebriv enaze warmoebuli komunikaciisTvis SeiZleba gamoyenebul 

iqnes gansxvavebuli meqanizmebi Semavali da gamomavali monacemebisTvis. 

niSnis amocnoba SesaZloa emyarebodes yuris (xmovani ena), Tvalis 

(werilobiTi, niSnebis ena) da kanis (braili) interfeiss Semavali 

monacemebisTvis. niSnis warmoeba SeiZleba efuZnebodes vokaluri 

traqtis da piris (xmovani ena), xelis (werilobiTi ena, brailis CaTvliT), 

xeli_mklavi_saxis Jestebis (Jestebis ena) interfeiss gamomavali 

monacemebisTvis.

2. interfeisebi da komponentebi

sxvadasxva interfeiss Semavali da gamomavali monacemebisTvis 

modalobebi ewodeba rogorc enobriv, ise konteqstur doneze. 

periferiuli cnobierebis amocanaa sxvadasxva interfeisis modalobaze 

damokidebuli monacemebi gardaqmnas centraluri cnobierebis 

homogenur kodad. Semdegi magaliTi gviCvenebs modalobisgan 

damoukidebeli da modalobaze damokidebuli kodirebis monacvleobas 

molaparakisgan msmenelisTvis enobrivi niSnis gadacemis dros:

2.2.1 modalobisgan damoukidebeli da modalobaze damokidebuli 

kodireba

18	 werilobiTi enis funqcionirebis Sesaxeb ix. Hausser, R. (1999/2001) Foundations of 
Computational Linguistics, Human–Computer Communication in Natural Language, 2nd ed., pp. 578, 
Berlin Heidelberg New York: Springer.	
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periferiuli cnobiereba 

 

 

 

 

 

 

periferiuli cnobiereba 

 msmeneli molaparake 

 

niSnis modalobisgan 

damoukidebeli kodireba 

 

 

centaluri cnobiereba 

niSnis modalobaze 

damokidebuli 

realizacia 

modalobaze 

damokidebuli 

interfeisi 

 

niSnis modalobisgan 

damoukidebeli kodireba 

 

 

centaluri cnobiereba 

modalobaze 

damokidebuli 

interfeisi 

molaparakis periferiuli cnobiereba niSans modalobisgan damo

ukidebeli (homogenuri) kodirebidan gardaqmnis modalobaze da

mokidebul kodirebad. msmenelis periferiuli cnobiereba, piriqiT, 

niSnis modalobaze damokidebul kodirebas gardaqmnis modalobisgan 

damoukidebel kodirebad.19

qmedebis modalobebi gansxvavdeba amocnobis modalobebisgan. maga-

liTad, xmovani ena iwarmoeba piris saSualebiT, magram amoicnoba yuriT. 

analogiurad, werilobiTi da Jestebis ena iwarmoeba xelebiT da amoicno-

ba TvalebiT. amis garda, arsebobs monomodaluri da multimodaluri 

amocnoba da qmedeba. multimodaluri konteqsturi amocnobis magaliTia 

sxva agentis erTdroulad yureba, Sexeba, ynosva da mosmena. multimo-

daluri konteqsturi qmedebis magaliTia xilis xelSi daWera da CakbeCa. 

amocnoba da qmedeba iseve SeiZleba SeuTavsdnen erTmaneTs, rogorc esaa 

obieqtis danaxvis (amocnoba) da aRebis (qmedeba) SemTxvevaSi.

19	 magaliTad, davuSvaT, rom centralur cnobierebaSi ena kodirebulia ASCII-is 
saSualebiT. enis niSnebi SeiZleba warmodgenil iqnes akustikurad metyvelebis 
saxiT, an vizualurad xelnaweri, nabeWdi an Jestebis enis saxiT. niSnebis warmoebisas 
(molaparakis reJimi) agentma unda SearCios sityvis realizaciis modaloba; amgvarad, 
sityvis erTi ASCII kodireba periferiuli cnobierebis mier gardaiqmneba, faqtiurad, 
usasrulo raodenobis sxvadasxva modalobaze damokidebuli realizaciebidan erT-
erTze, romelic daefuZneba vizualur, akustikur an SegrZnebiT reprezentaciebs. 
niSnis amocnobisas (msmenelis reJimi) sityvis mraval SesaZlo modalobaze 
damokidebuli reprezentacia, rogorebicaa bitmefis sqema, bgeraTa talRebi an 
amoburculi wertilebi (braili), periferiuli cnobierebis mier gardaiqmneba isev im 
erT ASCII kodad.
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sxvadasxva modalobaze ufro mravalferovania arsebobis formebi 

gare samyaroSi, magaliTad, sxvadasxva masala, fizikuri mdgomareobebi, 

moZraobebi, bunebis kanonebi, socialuri normebi da a.S., romlebic 

SeiZleba amoicnon, daamuSaon da maTze imoqmedon. magram periferiuli 

cnobierebis mier maTi gardaqmnis Sedegad arsebobis es sxvadasxva forma 

cnobier agentSi warmodgenilia homogenuri kodirebis formiT _ Tuki is 

saerTod iqna aRqmuli.

nebismier modalobaSi unda gavarCioT uSualo amocnoba da qmedeba da 

gaSualebuli amocnoba da qmedeba. es ukanaskneli ukavSirdeba mediumis 

an mediis farTod gavrcelebul cnebebs, magaliTad, beWdur produqcias 

an televizias. zogadad, gansxvavebuli saSualebebi warmoadgenen 

gansxvavebul substanciebs Sinaarsis Senaxvisa da reaqtivaciisTvis. 

magaliTad, Cven SegviZlia davinaxoT an gavigonoT Cvenken moZravi 

matarebeli uSualod realobaSi an davinaxoT da gavigonoT gaSualebuli 

gamosaxuleba kinoSi, sadac es movlena Senaxuli da reaqtivirebuli iyo 

firis saSualebiT. orive SemTxvevaSi es amocnoba multimodaluria.

maSin, roca modalobis cneba ukavSirdeba cnobieri agentisTvis 

damaxasiaTebel monacemTa miReba/gacemis meqanizms, mediumis arCeva 

ukavSirdeba agentis gare-Senaxvis saSualebebs (Sdr. Meyer-Wegener, 
K.,Multimediale Datenbanken: Einsatz von Datenbanktechnik in Multimedia-Systemen. 
2nd ed., Wiesbaden: Teubner2003). magram mediumis da modalobis cnebebi 

urTierTdakavSirebulia, radgan yoveli mediumi, mag., beWduri 

produqcia, gamiznulia garkveuli modalobisTvis (mag., xedvisTvis) an 

modalobebisTvis.

2.3 enis saSualebiT referenciis alternatiuli ontologiebi

enobrivi gamonaTqvamebis dakavSirebas samyaros garkveul 

obieqtebTan an movlenebTan referencia ewodeba. monacemTa bazis 

semantikis agentze orientirebuli midgoma referencias warmoadgens 

rogorc agentis TavSi mimdinare kognitiur proceduras. enobriv 

da konteqstur doneze garegani interfeisis garda, es moiTxovs (i) 
monacemTa struqturas agentSi arsebuli Sinaarsis gadmosacemad da (ii) 
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algoriTms agentis monacemTa bazaSi Sinaarsis wasakiTxad da bazidan mis 

gamosatanad.

WeSmaritul-pirobiTi semantikis niSanze orientirebuli midgoma ki, 

amis sapirispirod, referencias ganixilavs rogorc garegan mimarTebas 

`enasa da samyaros~ Soris, sadac es ukanaskneli gansazRvrulia rogorc 

simravlur-Teoriuli modeli. referenciuli mimarTebebi dgindeba 

metaeniT mocemuli gansazRvrebebis saSualebiT. metaena, gansazRvrebebi, 

romlebic uzrunvelyofen enis modelTan mimarTebas, da Tavad modeli 

muSavdeba logikosebis mier.

sxvadasxvagvari ontologiebi, romlebic safuZvlad udevs niSanze 

orientirebul WeSmaritul-pirobiT semantikas da monacemTa bazis 

semantikis agentze orientirebul midgomas, sqematurad ase SeiZleba 

gamoisaxos:

WeSmaritul-pirobiTi semantika                  monacemTa bazis semantika

 

	
cnobieri

agenti

Julia sleeps

sleep (Julia)

simravlur-Teoriuli modeli  gare realoba

simravlur-Teoriul semantikaSi winadadeba enobriv doneze 

formalizebulia rogorc sleep(Julia), sadac sleep aris simravlis 

aRmniSvneli funqtori, xolo Julia _ elementis aRmniSvneli argumenti. 

metaenaSi gansazRvruli urTierTkavSiri enobriv gamonaTqvamebsa da maT 

simravlur-Teoriul aRniSvnebs Soris gamosaxulia wyvetili xazebiT. es 

aris niSanze orientirebuli midgoma, ramdenadac aq ar aris agenti da, 

Sesabamisad, arc garegani interfeisi. aqedan gamomdinare, aq imis arc 

adgili da arc saWiroeba ar aris, rom warmodgenil iqnes agentis Sinagani 

monacemTa baza an agentis monacemTa bazis wamkiTxveli algoriTmi. garda 

amisa, molaparakis da msmenelis reJimebic ar ganirCeva erTmaneTisgan.

monacemTa bazis semantikaSi magaliTi gviCvenebs agents msmenelis 
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reJimSi.20 winadadebas Julia sleeps agenti akavSirebs referentTan, 

romelic ganisazRvreba konteqstualuri amocnobis Sedegad. agenti, 

enobrivi gamonaTqvami da referenti (misi TvisebiTurT ‘iyos mZinare’), 

yvela aris realuri samyaros nawili. realur samyaros aq ganixilaven 

rogorc mocemulobas da arc cdiloben mis modelirebas simravlur-

Teoriulad an raime sxva gziT. amis nacvlad, monacemTa bazis semantikis 

mizani agentis modelirebaa. es moicavs agentis mier realuri samyaros 

amocnobas enobrivsa da konteqstur doneebze da, aseve, agentis qmedebebs 

_ garegans, realuri samyaros mimarT, da Sinagans, iseTi procedurebis 

gaTvaliswinebiT, rogorebicaa Tavisufali asociacia, gansja, gegmebis, 

survilebis Camoyalibeba da sxva.

2.4 enis Teoria da gramatikis Teoria

monacemTa bazis semantika gansazRvravs mimarTebebs enobriv 

gamonaTqvamebsa da referentebs Soris ufro procedurulad, vidre 

metaenobrivad.21 rogorc pirveli nabiji referenciis proceduruli 

rekonstruqciis gzaze, vcadoT cnobieri agentis TavSi `SevitanoT~ 

gansxvavebebi enobrivsa da samyaros doneebs Soris, rac ukve cnobilia 

WeSmaritul-pirobiTi semantikidan. amgvarad, `samyaro~ gardaiqmneba 

agentis epizoduri da absoluturi codnis Sinagan reprezentaciad, 

rasac konteqsti ewodeba.

20	 enobriv da konteqstur doneebze amocnobisa da qmedebis sxvadasxvagvari 
konstelaciebi kategorizebulia cnobierebis 10 SLIM mdgomareobad (Sdr. Hausser, 
R. (1999/2001) Foundations of Computational Linguistics, Human–Computer Communication in Natural 
Language, 2nd ed., pp. 578, Berlin Heidelberg New York: Springer, qveTavi 23.5.

21	 imisTvis, rom SesaZlebeli iyos metaenobrivi gansazRvrebebis kompiuteruli 
gamoyeneba, unda moxdes maTi proceduruli rekonstruqcia. metaenaze dafuZnebuli 
arsebuli sistemebis umravlesoba, magaliTad, modaluri logika, gamousadegaria 
proceduruli rekonstruqciisaTvis. ix. Hausser, R. (1999/2001) Foundations of Computational 
Linguistics,Human–Computer Communication in Natural Language, 2nd ed., pp. 578, Berlin Heidelberg 
New York: Springer, qveTavi 19.4.
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2.4.1 centraluri cnobierebis struqturireba molaparake agentSi

 

 

 

 

 

 

 

periferiuli cnobiereba 

 

     centraluri cnobiereba 

 

 

 

 

      pragmatika 

  enobrivi komponenti 

 konteqsturi komponenti 

niSnis amocnoba 

niSnis sinTezi 

konteqsturi amocnoba 

konteqsturi qmedeba 

 

gare realoba 

enis Teoria 

gramatikis Teoria 

cnobieri agenti 

sqema 2.1.3-Tan SedarebiT centraluri cnobierebis struqtura aq 

ufro diferencirebulia: arsebobs gansxvaveba enobriv da konteqstur 

komponentebs Soris da maT urTierTkavSirs enobrivi pragmatika 

uzrunvelyofs.22

zogadad, pragmatika ganisazRvreba rogorc gamoyenebis Teoria. 

pragmatikis amocanaTa magaliTia saxraxnisis gamoyeneba xraxnis 

Casaxraxnad, fexebis gamoyeneba a punqtidan b punqtSi misasvlelad, 

macivris gvian RamiT moCxreka iq sendviCis aRmosaCenad da SimSilis 

dasakmayofileblad an vinme sxvisTvis Txovna, moiZios da mogvitanos 

sendviCi.

imisda mixedviT, qmedeba enobrivi niSnebis gamoyenebiT xorcieldeba 

Tu ara, laparaki SeiZleba iyos enobriv an konteqstur pragmatikaze. 

enobrivi pragmatika unda gaanalizdes rogorc konteqsturi pragmatikis 

filogenezuri da ontogenezuri specifikacia; msgavsadve, enis amocnoba 

da sinTezi analizdeba rogorc konteqsturi amocnobisa da qmedebis 

filogenezuri da ontonegezuri specifikacia.

lingvistikaSi didi xnis manZilze ugulebelyofili iyo konteqsturi 

22	 amgvarad, monacemTa bazis semantikaSi pragmatikis erT-erTi funqcia aris metaenis 
rolis Sesruleba WeSmaritul-pirobiT semantikaSi, kerZod, kavSiris damyareba 
`enasa da samyaros~ Soris, am SemTxvevaSi ki agentis Sinagan doneebze arsebul enasa da 
konteqsts Soris. 

kompiuterizacia



166

komponenti _ misi gansakuTrebuli rolis miuxedavad bunebrivenovani 

komunikaciis procesSi. konteqsturi komponentis gareSe xelovnuli 

cnobieri agenti ver Segvatyobinebs, Tu ras aRiqvams (konteqsturi 

amocnoba) da ver gaakeTebs imas, rasac vubrZanebT (konteqsturi qmedeba).

enobrivi komponenti tradiciulad gramatikuli Teoriis mier 

aRiwereba da moicavs morfologias, leqsikons, sintaqssa da semantikas. 

monacemTa bazis semantikis miznebidan gamomdinare, enobrivi komponenti 

unda ara mxolod aanalizebdes niSnebs, rogorc izolirebul obieqtebs, 

aramed gvawvdides im gamoTvliTi procedurebis deklaraciul 

specifikacias, romlebic mniSvnelobas gardasaxaven zedapirul doned 

(molaparakis reJimi) da zedapirul dones _ mniSvnelobebad (msmenelis 

reJimi).

enobrivi komponenti, konteqsturi komponenti da enobrivi pragmatika 

erToblivad qmnian enis Teorias. monacemTa bazis semantikis miznebis 

gaTvaliswinebiT, enis Teoriam unda uzrunvelyos gare samyarosTan enis 

mimarTebis modelireba rogorc molaparakis, ise msmenelis reJimSi. ufro 

metic, man unda SemogvTavazos konceptualizaciis bunebrivi meTodi _ 

anu, molaparakis arCevani Tu ra Tqvas da rogor Tqvas _ iseve, rogorc 

molaparakisa da msmenelis reJimSi enis arapirdapiri mniSvnelobiT 

gamoyenebis analizis meTodic.

2.5 uSualo mimarTeba da gaSualebuli mimarTeba

ontogeneturi da fologeneturi TvalsazrisiT mimarTebis yvelaze 

bazisuri forma aris uSualo mimarTeba. es gulisxmobs enis meSveobiT 

im obieqtebis moxseniebas, romlebic komunikaciaSi monawile agentebis 

uSualo garemoSi arian, magaliTad, wignis, romelic maT win devs. 

amdenad, agentebis garegani interfeisi CarTulia rogorc enobriv, ise 

konteqstur doneze (rogorc 2.4.1-Si).

amis garda, enis meSveobiT xdeba im referentebTan mimarTebac, 

romlebic ara uSualo garemocvaSi, aramed mxolod komunikaciaSi 

monawile agentebis monacemTa bazaSi arian, magaliTad, aristoteles 

istoriuli figura. am gaSualebul mimarTebaSi erTveba mxolod 
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enobrivi, magram ara konteqstis donis garegani interfeisi:23

2.5.1 garegani interfeisis gamoyeneba gaSualebul referenciaSi

 

 

 

 

 

 

 

 

 

 

       pragmatika 

   enobrivi komponenti 

 konteqsturi komponenti 

niSnis amocnoba 

niSnis sinTezi 

marTalia, uSualo mimarTeba filogeneturi da ontogeneturi 

TvalsazrisiT pirveladia, magram Teoriuli TvalsazrisiT is 

gaSualebuli mimarTebis kerZo SemTxvevaa. es ase imitomaa, rom uSualo 

mimarTebisas aseve gamoiyeneba gaSualebuli mimarTebis kognitiuri 

procedurebi. sxva sityvebiT rom vTqvaT, uSualo da gaSualebul 

mimarTebebs Soris gansxvaveba imaSi mdgomareobs, rom uSualo mimarTeba 

damatebiT moiTxovs konteqsturi donis garegan interfeiss.

cnobieri agentebi, romlebsac ar gaaCniaT konteqsturi interfeisi, 

magram aqvT ena (da, amdenad, Semoifarglebian mxolod gaSualebuli 

mimarTebiT), interess Semdegi mosazrebebis gamo iwveven. jer erTi, 

Tanamedrove robotebis konteqsturi amocnobis da qmedebis unari 

jer kidev bevrad Camouvardeba, magaliTad, ciyvisas. enobriv doneze 

amocnoba da qmedeba ki, amisgan gansxvavebiT, principuli funqciuri 

danakargebis gareSec yovelTvis SesaZlebelia ganxorcieldes 

Tanamedrove kompiuterebis klaviaturisa da ekranis saSualebiT. 

amgvarad, Tu gvinda dRevandeli teqnologiebis gamoyenebiT, e.i. 

Sesaferisi robotebis gareSe, bunebriv enaze warmoebuli komunikaciis 

23	 uSualo da gaSualebuli referenciis Semdgomi ganxilva ix. Hausser, R. (1999/2001) 
Foundations of Computational Linguistics, Human–Computer Communication in Natural Language, 2nd 
ed., pp. 578, Berlin Heidelberg New York: Springer, qveTavi 4.3.
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modelireba, unda davkmayofildeT cnobieri agentebiT, romlebsac ar 

gaaCniaT konteqsturi interfeisi da, amdenad, moklebulni arian uSualo 

referenciis unars.

meorec, arsebobs mravali iseTi amocana, romelTa gadasaWrelad 

sakmarisia agentebi, romlebsac ar gaaCniaT konteqsturi interfeisi, 

magram aqvT enobrivi unari. Teoriuli kvlevis sferoSi es exeba im 

kognitiuri operaciebis modelirebas, romlebic mxolod Senaxul 

monacemebs efuZneba; praqtikul sferoSi ki es moicavs iseT amocanebs, 

rogoricaa monacemTa bazebTan da internetTan urTierTqmedeba 

bunebriv enaze _ axali Sinaarsis wakiTxvisa da moTxovnebze pasuxis 

gacemis CaTvliT.

magram grZelvadian perspeqtivaSi konteqsturi donis garegani 

interfisis (da Sesabamisi amocnobisa da qmedebis unaris) ararseboba 

Semdeg SezRudvebTan aris dakavSirebuli:

2.5.2 konteqsturi interfeisis arqoniT gamowveuli SezRudvebi

1. ganusazRvreli rCeba enobriv mniSvnelobaTa konceptualuri 

birTvi.

agentSi yvelaze bazisuri konceptebi Cndeba misi konteqsturi 

interfeisis amocnobisa da qmedebis procedurebis formiT. Semdgom enis 

mflobel agentSi xdeba maTi, rogorc enobrivi mniSvnelobebis birTvis, 

xelaxali gamoyeneba.24 amdenad, agentebi, romlebic floben enas, magram 

ar aqvT konteqsturi interfeisi, iyeneben mniSvnelobebs konceptualuri 

birTvis gareSe _ Tumca urTierTmimarTebebi konceptebs Soris, romlebic 

adgilianobis (valentobis) mqone sityvebiT aris warmodgenili, mainc 

SeiZleba iyos gansazRvruli rogorc absoluturad (magaliTad, is-a an is-
part-of ierarqiebSi), ise sporadulad.

2. Sinaarsis koherentulobis an arakoherentulobis sakiTxi ver 

gadawydeba avtonomiurad.

bazaSi Senaxuli Sinaarsis koherentulobis wyaro aris garesamyaros 

koherentuloba.25amdenad, mxolod konteqsturi interfeisis mqone 

24 	Sdr.Hausser, R. (1999/2001) Foundations of Computational Linguistics,Human–Computer Communica-
tion in Natural Language, 2nd ed., pp. 578, BerlinHeidelberg New York: Springer, qveTavi 22.1	

25 	Ibid, qveTavi 24.1.	
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agentebs SeuZliaT enis saSualebiT `Semotanili~ Sinaarsi daukavSiron 

Tavisi gamocdilebis monacemebs. agents, romelsac ar aqvs konteqsturi 

interfeisi, araferi ar gaaCnia Semosuli monacemebis garda _ amitomac maT 

koherentulobaze pasuxismgebeli mxolod da mxolod is momxmarebelia, 

romelsac Seaqvs es monacemebi agentSi.

Sesaferisi robotebis ararsebobis gamo monacemTa bazis semantikis 

programuli uzrunvelyofa ganpirobebulia standartuli kompiuterebis 

SesaZleblobebiT.magram rogorc ki xelmisawvdomi gaxdeba konteqsturi 

interfeisisTvis saWiro teqnologiebi, gafarTovdeba monacemTa bazis 

semantikis Teoriuli CarCoc. amis safuZveli isaa, rom, uxeSad rom vTqvaT, 

uSualo referencia aris gaSualebuli referenciis kerZo SemTxveva. 

amgvarad, konteqsturi interfeisis gareSe momzadebuli versiis 

yvela komponenti gamodgeba gafarToebuli sistemisTvisac. es exeba, 

magaliTad, leqsikonis komponentebs, sityva-formebis avtomatur 

amocnobasa da warmoebas, sintaqsur-semantikur da semantikur-sintaqsur 

analizatorebs da molaparakisa da msmenelis reJimebSi pragmatikis 

implikaciebs.

2.6 enis Teoria SLIM

enis Teorias, romelsac monacemTa bazis semantika efuZneba, 

ewodeba SLIM. enis sxva iseTi Teoriebisgan gansxvavebiT, rogorebicaa 

struqturalizmi, biheiviorizmi, nativizmi, modelTa Teoria an 

metyvelebis aqtebis Teoria, SLIM-i imTaviTve imisTvis  Seiqmna, rom 

absoluturad eqsplicituri, meqanikuri (e.i. eleqtronul-logikuri) 

procedurebis saSualebiT sruliad aexsna niSanTa gagebisa da 

mizanmimarTuli warmoebis procesi. 

akronimi SLIM ase ixsneba:

S = Surface Compositionality ‘zedapiruli kompoziciuroba’ (meTodo

logiuri principi, Sdr. 1.6.1):

sintaqsur-semantikuri kompozicia akavSirebs mxolod konkretul 

sityva-formebs da gamoricxavs nulovani elementebis, igiveobrivi 

gardasaxvis an transformaciebis gamoyenebas.
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L = time-Linearity ‘droiTi wrfivoba’ (empiriuli principi, Sdr. 1.6.5):

gamonaTqvamTa interpretacia da warmoeba efuZneba mkacrad droiT-

wrfiv derivaciul Tanmimdevrobas.

I = Internal ‘Sinagani’ (ontologiuri principi, Sdr. 2.3.1):

gamonaTqvamTa interpretacia da warmoeba analizdeba rogorc 

molaparake-msmenelSi, maT `SigniT~, arsebuli kognitiuri procedurebi.

M = Matching ‘erTmaneTTan dakavSireba’ (funqcionaluri principi, 

Sdr. 3.2.3):

enis saSualebiT warsulis, awmyos an momavlis obieqtebze da 

movlenebze referencia modelirebulia enobrivi mniSvnelobebisa da 

konteqstis sqemebis erTmaneTTan dakavSirebis gziT.

SLIM-i komunikaciis modelirebas axdens pragmatikis Svidi principis 

safuZvelze.

2.6.1 pragmatikis pirveli principi (POP-1)
mTqmelis mier nagulisxmevi gamonaTqvamis mniSvneloba (mniSvneloba

2
) 

aris niSnis pirdapiri mniSvnelobis (mniSvneloba
1
) gamoyeneba Sinagani 

konteqstis mimarT.

mniSvneloba
1
 aris niSnis pirdapiri mniSvneloba; mniSvneloba

2
 aris 

mTqmelis mier nagulisxmevi gamonaTqvamis mniSvneloba, romelSic gamo-

yenebulia niSnis mniSvneloba
1
. msmenelis reJimSic ki, mniSvneloba

2
-s vu-

wodebT ̀ mTqmelis mniSvnelobas~, radgan komunikacia warmatebulad SeiZ

leba CaiTvalos mxolod maSin, roca msmeneli iyenebs niSnis mniSvneloba
1
-s 

imave obieqtis an movlenis aRsaniSnad, rasac mTqmeli gulisxmobda.

niSani warmatebiT mxolod maSin gamoiyeneba, roca interpretaciis 

konteqsti sworad aris gansazRvruli (da Semofargluli). konteqstis 

dadgena efuZneba niSnis STAR-s:

S = space ‘sivrce’ (adgili, sadac niSani warmoiTqva)

T = time ‘dro’ (dro, roca niSani warmoiTqva)

A = author ‘avtori’ (agenti, romelmac warmoTqva niSani)

R = recipient ‘recipienti’ (agenti, visTvisac warmoiTqva niSani)

STAR-is roli aRiwereba pragmatikis meore principiT:

2.6.2 pragmatikis meore principi (POP-2)
niSnis STAR-i gansazRvravs misi warmoebisa da interpretaciis 
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Semaval konteqsts mTqmelisa da msmenelis konteqstur monacemTa bazaSi.

rogorc ki STAR-ze dayrdnobiT dadgindeba interpretaciis sawyisi 

konteqsti, sxva konteqstebi SeiZleba ganisazRvros pragmatikis mesame 

principis mixedviT:

2.6.3 pragmatikis mesame principi (POP-3)
niSnebis dakavSireba Sesabamis qvekonteqstebTan inkrementulia _ 

elementaruli niSnebi iwarmoeba safuZvlad arsebuli azrobrivi nakadis 

droiT-wrfivi TanmimdevrobiT, xolo interpretaciisas azrobrivi 

nakadi mihyveba Semomavali elementaruli niSnebis droiT-wrfiv 

Tanmimdevrobas.

bunebriv enaze warmoebuli komunikaciis SemTxvevaSi POP-3 gulisxmobs 

POP-2-s. bunebrivi enis niSnis warmoebisa Tu interpretaciis pirveli 

nabiji aris Sesasvleli konteqstis rac SeiZleba zusti gansazRvra (POP). 
Semdeg Sedgenili niSani sityva-sityviT ukavSirdeba konteqstis donis 

referentTa Tanmimdevrobas (POP-3).26

Semdeg ganisazRvreba mniSvneloba
1
 da sami bazisuri tipis niSnis, 

kerZod, simbolos, indeqsis da saxelis Sesabamisi referenciis 

meqanizmebi. simbolos pirdapiri mniSvneloba
1
 aris koncepturi tipis.

2.6.4 pragmatikis meoTxe principi (POP-4)
simbolos referenciis meqanizmi efuZneba mniSvneloba

1
-s, romelic 

ganisazRvreba rogorc koncepturi tipi. simbolo, romelic mocemuli 

winadadebaSi gansazRvrul adgils ikavebs, referencias axorcielebs 

26	 derivaciis droiT-wrfivi Tanmimdevroba msmenelisa da molaparakis reJimebSi 
calsaxad dasturdeba kognitiuri fsiqologiis eqsperimentuli SedegebiT, gansa-
kuTrebiT xmovani enis interpretaciis SemTxvevaSi. magaliTad, ix. sedivi, tanenhausi 
da sxv. (Sedivy, J.C., M.K. Tanenhaus, C.G. Chambers, and G.N. Carlson (1999) “Achieving incremen-
tal semantic interpretation through contextual representation,” Cognition 71:109–147) gvTavazoben 
`analizis models, sadac enobrivi gamonaTqvamebis semantikuri interpretacia xdeba 
uwyvetad da Tanmimdevrulad, referenciul modelze uSualo gardasaxviT.~ aseve, eb-
enhardi da sxvebi (Eberhard, K.M., M.J. Spivey-Knowlton, J.C. Sedivy, and M.K. Tanenhaus (1995) 
“Eye movements as a window into real-time spoken language comprehension in natural contexts,” Journal 
of Psycholinguistic Research 24.6:409–437) aRniSnaven, rom subieqtebi ̀ mosmenili monacemebis 
yoveli sityvis interpretacias vizualuri diskursis modelis mimarT axdenen inkre-
mentulad da referencias adgenen diferencialuri informaciis miRebisTanave.~ 
analogiur mosazrebebs vxvdebiT aseve Spivey, M.J., M.K. Tanenhaus, K.M. Eberhard, and J.C. 
Sedivy (2002) “Eye movements and spoken language comprehension: effects of visual context on syntactic 
ambiguity resolution,” Cognitive Psychology 45: 447–48.
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konteqstur doneze Tavisi mniSvneloba
1
-is dakavSirebiT Sesabamis 

konceptTan.

simboloebis referenciis meqanizms ewodeba piqtogramuli, radgan sim-

bolos da piqtogramis funqcionireba msgavsia: orive SeiZleba spontanurad 

iqnes gamoyenebuli cnobili tipis axali obieqtebis aRsaniSnad. gansxvaveba 

aris mniSvneloba
1
-is da `zedapiris~ urTierTmimarTebaSi, romelic nebis-

mieria simbolos SemTxvevaSi da motivirebuli piqtogramis SemTxvevaSi. 

indeqsis pirdapiri mniSvneloba
1
 ganisazRvreba rogorc maniSnebeli. 

indeqsebis magaliTebia here, now, I, you, this.

2.6.5 pragmatikis mexuTe principi (POP-5)
indeqsis referenciis meqanizmi emyareba mniSvneloba1-s, romelic 

ganisazRvreba rogorc ori maxasiaTebeli maniSneblidan erT-erTi. 

pirveli maTgani mianiSnebs agentis konteqstze da ewodeba konteqsturi 

maniSnebeli, anu C (Context, mTargmnelis Sen.), meore mianiSnebs agentze 

da ewodeba agentis maniSnebeli, anu A.

ars. saxeli A ars. saxeli C zedsarTavi A zedsarTavi C

I, we you
he, she, it
this, they

here
now

there
then

indeqsebi, romlebsac aqvT erTi da igive maniSnebeli, SeiZleba gan-

sxvavdebodnen sxva simbolur-gramatikuli maxasiaTeblebiT. magaliTad, 

sityva this-is konteqsturi maniSnebeli SezRudulia erTeuli, usulo 

referentebiT, xolo sityva they SezRudulia mravlobiTi rogorc suli-

eri, ise usulo referentebiT. analogiurad, you SezRudulia nebismieri 

raodenobis da sqesis referentebiT, romlebic monawileoben komunika-

ciaSi, xolo he SezRudulia mamrobiTi sqesis erTeuli referentiT, ro-

melic mocemul momentSi ar ganixileba komunikaciaSi monawiled.

iseT sakuTar saxelebSi, rogoricaa John an R2D2, pirdapiri 

mniSnvneloba
1
-is rols asruleben kerZo igiveobis markerebi. isini 

konteqstur doneze Cndebian, raTa miuTiTon imaze, rom referentis 

gansxvavebuli xatebi amoicnoba rogorc erTi da igive individi.

enobrivi unaris mqone cnobier agentebSi saxeldebis aqtis dros xdeba 
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kerZo markerebis (maTi aslebis) xelaxali gamoyeneba maTi dakavSirebiT 

sazogadoebriv donesTan. amis Semdeg saxeliT referencia iyenebs 

sazogadoebriv dones, raTa yoveli agentis kerZo markeri Seusabamos 

yovel agentSi referenciis obieqtis kognitiur reprezentacias.

2.6.7 pragmatikis meeqvse principi (POP-6)
sakuTari saxelis referenciuli meqanizmi emyareba kerZo markers, 

romelic ukavSirdeba referenciis obieqtis kognitiur reprezentaciaSi 

Semaval Sesabamis markers.

saxeldebis aqti SeiZleba iyos eqsplicituri, rogorc naTlobis 

ceremoniisas, an implicituri, rogorc Semdeg magaliTSi: agenti A xedavs 

misTvis ucnob ZaRls, romelic buCqebSi darbis da xan Cndeba, xan efareba 

buCqebs. aRqmis uwyvetobisTvis kognitiur struqturebSi, romelic axdens 

A-s konteqstSi ZaRlis sxvadasxva gamoCenis reprezentacias, inergeba 

kerZo igiveobis markeri $#%&, romelic imaze miuTiTebs, rom isini erTsa 

da imave individs warmoadgenen. amis Semdeg patroni eZaxis ZaRls saxeliT 

Fido. agenti A acnobierebs am saxels _ akavSirebs ra $#%&-s sazogadoebrivi 

donis Fido-sTan. amieridan agent A-sTvis saxeli Fido ukavSirdeba mocemul 

ZaRls, ramdenadac saxelTan mibmuli kerZo markeri ukavSirdeba 

referentSi (mis kognitiur reprezentaciaSi) Canergil Sesabamis markers.

niSanTa sxvadasxvagvar tipebs (simbolo, indeqsi, sakuTari saxeli) 

Soris sxvaoba mTavar metyvelebis nawilebs (zmna, zedsarTavi saxeli, 

arsebiTi saxeli) Soris sxvaobis  orTogonaluria. magaliTad, zedsarTavi 

(metyvelebis nawili) SeiZleba Segvxvdes rogorc simbolo an indeqsi 

(niSnis tipi) _ magram ara rogorc sakuTari saxeli.

aseTi damoukidebloba funqcionalurad aris motivirebuli: 

metyvelebis nawilebi marTaven winadadebaSi sityvis kombinatorikas 

(horizontalur mimarTebebs), xolo niSanTa tipebi gansazRvravs 

referenciul meqanizms, romelic sityvis mniSvnelobas konteqstTan 

akavSirebs. niSanTa tipebis da metyvelebis nawilebis korelacia 

aRwerilia pragmatikis meSvide principSi:

2.6.8 pragmatikis meSvide principi (POP-7)
simboloebi gvxvdeba rogorc zmnebi, zedsarTavebi da arsebiTi 
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saxelebi. indeqsebi gvxvdeba rogorc zedsarTavebi da arsebiTi saxelebi. 

sakuTari saxelebi gvxvdeba mxolod rogorc arsebiTi saxelebi.

da piriqiT: arsebiTi saxelebi gvxvdeba rogorc simboloebi, indeqsebi 

da sakuTari saxelebi; zedsarTavebi gvxvdeba rogorc simboloebi da 

indeqsebi; zmnebi gvxvdeba mxolod rogorc simboloebi.27

sailustraciod ganvixiloT Semdegi magaliTi:

2.6.9 urTierTmimarTeba niSnis tipebsa da metyvelebis nawilebs Soris

sak. saxeli Fido

indeqsi this here

simbolo dog black see
ars.
sax.

zed.
sax.

zmna

niSanTa tipebidan metyvelebis nawilebis mimarT yvelaze zogadi 

aris simbolo, xolo sakuTari saxeli yvelaze SezRudulia. da piriqiT, 

metyvelebis nawilebs Soris sxvadasxva tipis niSnebis mimarT yvelaze 

zogadi aris arsebiTi saxeli (obieqti, argumenti), xolo zmna (mimarTeba, 

funqtori) aris yvelaze SezRuduli.

winadadebebSi xdeba sxvadasxva metyvelebis nawilebis kombinireba 

imis miuxedavad, Tu niSnis romeli tipi aris gamoyenebuli. magaliTad, 

Semdeg or winadadebaSi kombinirebulia erTi da igive metyvelebis 

nawilebi, magram gamoyenebulia niSanTa sxvadasxva tipebi:

2.6.10 winadadebebSi metyvelebis nawilTa da niSanTa tipebis korelacia

ars.
sax.

zmna zeds.
sax.

sak. saxeli
simbolo
simbolo

John
slept

in the kitchen
indeqsi
simbolo
indeqsi

he
slept

there

27	 es exeba semantikur birTvs da ar ewinaaRmdegeba im faqts, rom inglisur, germanul 
da sxva evropul enebSi zmnebi Seicaven mkafiod indeqsur komponents, kerZod, droiT 
sistemas, rac ar axasiaTebs, magaliTad, Cinurs.
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pragmatikis es Svidi principi ara marto Teoriuli TvalsazrisiT 

aris saintereso, aramed seriozul gavlenas axdens komunikaciaSi 

sistemis praqtikul danergvasa da bazisur funqcionirebaze. POP-1 
saSualebas iZleva erTmaneTisgan ganvasxvaoT niSanTa tipis pirdapiri 

mniSvneloba
1
 da gamonaTqvamSi konkretuli niSnis gamoyenebis mniSv

neloba
2
-is aspeqtebi _ rac aris zedapiruli kompoziciurobis principis 

Tanaxmad sistemuri sintaqsur-semantikuri analizis winapiroba. 

POP-2 uzrunvelyofs aTvlis wertils indeqsebis droiT-sivrculi 

interpretaciisTvis da, amdenad, gamoyenebis swori konteqstis povnis 

winapirobaa. POP-3 gansazRvravs interpretaciis unificirebul 

meqanizms, romelic muSaobs molaparakisa da msmenelis reJimSi. POP-
4, POP-5 da POP-6 niSanTa yoveli tipisTvis ganmartaven, Tu rogor 

ukavSirdeba is nagulisxmev referents interpretaciis konteqstSi. POP-
7 gansazRvravs, Tu TiToeuli metyvelebis nawilisTvis referenciis sami 

xsenebuli meqanizmidan romeli unda iqnes gamoyenebuli.

pragmatikis Svid principze dayrdnobiT enis SLIM Teoria axdens 

bunebrivi komunikaciis meqanizmis modelirebas abstraqciis im doneze, 

sadac enis gaazrebuli gamoyeneba (i) adamiansa da adamians Soris Tu 

(ii) adamiansa da saTanadod konstruirebul kognitiur manqanas Soris 

saerTo principebs emyareba _ zustad ise, rogorc isari da avialaineri 

dafrinaven aerodinamikis saerTo principebis safuZvelze.

monacemTa bazis semantika SemuSavda rogorc SLIM-is teqnikuri 

realizacia moqmedi kompiuteruli programis formiT. SLIM-is 

intuiciuri Teoriis SemuSaveba xdeboda monacemTa bazis semantikis 

teqnikuri saSualebebis SemuSavebis paralelurad, kerZod, LA-

gramatikis algoriTmisa _ CoL’89-Si da sityvaTa bankis monacemTa 

struqturisa _ FoCL’99-Si (ix. aseve TCS’92da AIJ’01).

Targmna lado  lekiaSvilma

kompiuterizacia



176

computation

A Parallel Corpus of the Old 
Georgian Gospel Manuscripts and 

their Stemmatology
Natia Dundua, Armin Hoenen, Lela Samushia

Abstract. In the frame of LOEWE research unit “Digital Humanities”, a parallel corpus of the 
oldest Georgian Gospel manuscripts is being prepared at the University of Frankfurt/Main. 
The aim of the project is to establish an electronic synthesis of all of the most important 
Georgian Gospel manuscripts on the basis of parallel-diplomatic editions allowing scholars 
to compare the different versions of the text verse-by-verse. The software program used for 
the storage of the texts is Toolbox, which has proven to be a convenient working tool for 
entering a large and structured set of parallel text versions. In the present project instead of 
collecting and editing the evidence from a minor set of witnesses, information from all of the 
most important sources available has been reproduced faithfully and completely reported 
in a parallel format for the first time. After the preparation of a comprehensive electronic 
database of all texts available, it is planned to automatically group the manuscripts according 
to the different redactions with a view to generation of their stemmatic interdependences 
and to compare each redaction with Greek and Armenian sources. 

Keywords: Old Georgian Gospel Manuscripts, Parallel-diplomatic corpus, Stemmatology
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1  Introduction

In the frame of LOEWE research unit “Digital Humanities”, a parallel corpus of the oldest 
Georgian Gospel manuscripts is being prepared at the University of Frankfurt/Main. The 
aim of the project is to establish an electronic synthesis of all of the most important 
Georgian Gospel manuscripts on the basis of parallel-diplomatic editions allowing scholars 
to compare the different versions of the text verse-by-verse. This kind of edition enables 
the reader to grasp the variations between the witnesses at a glance. This is an extremely 
useful prerequisite for identifying textual variants in a given context, and for determining 
which version might be usable as the base text for a critical edition. 

2  The History of the Old Georgian Gospel Manuscripts

The history of the Old Georgian Gospel manuscripts begins with the palimpsest 
manuscripts from the 5th - 7th centuries and ends with the manuscripts from the 18th century.

Today, about 300 manuscripts of the Four Gospels are known in Georgian. Of these, 
about 40 codices include the oldest text versions of the Gospels.

Scholars assume that there were three redactions of the New Testament in Georgian, 
each representing different stages in the translation process:

•	 the Adishi redaction (IX c.)

•	 the Praeathonic redaction (5th-10th cc.)

•	 the Athonic redaction (from the end of the 10th c. on). 

Within the Athonic redaction we can further differentiate two sub redactions, known 
as  Ekvtime and Giorgi’s redactions.

3  The History of Editing of the Georgian Gospels

Traditionally, there are several types of  manuscript editions: 1) critical editions, 
which use the evidence from all manuscript witnesses to create a single (“critical”) text; 2) 
diplomatic editions, which aim at providing an exact rendering of the contents of one or 
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several given manuscripts, sometimes ‒ in parallel arrangement;  3) facsimile editions (from 
Latin fac simile “make - alike”), which provide photographic reproduction of a manuscript. 

For the time being, there is no critically accepted text of the Gospels in Georgian. A 
principle feature of all previous editions has been the eclectic nature of the text, which means 
that the edited texts mix together words or phrases from several different manuscripts. 
Only recently scholars have started to publish also diplomatic editions of some Georgian 
Gospel manuscripts.

In the present project, however, instead of collecting and editing evidence from a 
minor set of witnesses, information from all of the most important sources available has 
been reproduced faithfully and completely reported in a parallel format for the first time. 

4 Sources

Our scientific group is working with the following kinds of sources (all dating from the 
9th to 12th centuries):

I. 	 Photos of the manuscripts [Kurashi 11th c.), Tviberi (11th c.), Vienna (11th c.)];

II. 	Facsimile editions [Adishi (897 A.D.), Anbandidi (9 th c.)];

III.	Edited texts: diplomatic, parallel and critical editions [Opiza (913 A.D.), Jrutchi (936 A.D.), 
Parkhali (973 A. D.)], Sinai (978 - 979 A.D.) Tbeti (995 A.D.), Urbnisi (beginning of the 11th 
c.), Palestina (1048 A.D.), Gelati (12th c.), Vani (12th-13th cc.), Echmiadzini (12th-13th cc.)].

In the editions which are built upon the evidence from several manuscript witnesses 
to create a “critical” text, variants are usually given in an apparatus criticus. In these cases 
we reconstruct the original wording of the manuscripts from the apparatus and edit each 
manuscript separately.

The resulting parallel corpus of the Georgian Gospel manuscripts will present the texts 
in their original form side by side, which means that a) nothing is corrected, not even the 
mistakes presumably made by copyists; and b) abbreviations remain discernible as they are, 
with the abbreviated letters being indicated in brackets. In the manuscripts of which we have 
photographs or facsimile prints, the punctuation marks used in the texts are rendered as well.
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5 Differences between the Manuscripts

The manuscripts that are treated are written in two types of script: majuscule and 
minuscule. The major difference between these scripts consists in the spelling of the sound 
u, which in majuscule manuscripts was written with a digraph (ow). The electronic corpus 
maintains this difference by storing the digraph where applicable. 

6 Toolbox

The software program used for the storage of the texts is Toolbox that has proven to be 
a convenient working tool for entering a large and structured set of parallel text versions.
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7 Manuscript variation and the Vorlage problem

According to E. Tov (1997:4), “the study of the biblical text involves an investigation of its 
development, its copying and transmission, and of the processes which created readings and texts 
over centuries. Some of these differences were created in the course of the textual transmission, 
while others derived from an earlier stage. Scholars try to isolate and evaluate the readings which 
were created during the textual transmission by comparing them with other textual data”.  

It is known that medieval copyists used to work on one or more Vorlagen. As a rule, 
copying the text caused changes in several ways, and the reason of the changes could have 
been of two natures: 

1) 	Clerical mistakes: Although it is known that the copyists tried to be as accurate as possible 
while copying, that is why they are known as ‘mirror-copyists’1, they were nevertheless 
not secure from errors (such as misspellings, homoioteleutons, homoioarctons etc.);

2) 	Purposeful change of text: Adequacy and accuracy were always aimed at in the production 
of Old Testament and New Testament translations: As the Holy Book was regarded as the 
word of God proper, people believed that “it should say the one and the same” in every 
language. The translators of the Bible were keen not to add or take away anything, but 
to protect the original shape and wording. The old translators did not attempt to adapt 
the texts to their readers by adjusting readings etc., but to transmit the wording of the 
original as exactly as possible ‒ both in its semantics and in its style of expression. For 
them, the primary concern during the process of translation was to provide the sense of 
the internal faith in their translations, thus preserving what “the Holy Spirit would have 
given” them (Kharanauli 2003: 17-21). In spite of this, however, the editors or copyists 
of the manuscripts used to change the text purposefully under the peculiar conditions.

Such changes between the texts were of two natures:

1. Intra-lingual:

•	 Different spellings: changes may be due to misspellings or cases of adaptation resulting 
from language change. If, e.g., the language of the copyist has undergone a vowel change, 
the copyist may decide to replace the “incorrect” form of a given word by a “correct” one;

•	 Different kinds of abbreviations: abbreviations were usually copied as they were, but it 
1 	 The term is from Benskin & Laing (1981).
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happens that a given word is abbreviated differently in different manuscripts;

•	 When the translator or the copyist did not know the exact equivalent of a given word in 
Georgian, he tried to select a maximally exact equivalent, but this was not necessarily 
the best choice for the next copyist. This person then exchanged it with other words, 
thus establishing new notions, or transliterated foreign words; 

•	 Grammatical changes such as, e.g., the exchange of passive and active diathesis, relative 
constructions, or other examples of modernization of the grammar;

•	 Addition/omission, mostly in an attempt to make clear the meaning to the reader.

2. Different sources:

Variations among the Georgian Gospel manuscripts sometimes are caused by different 
sources: 

•	 When the different Georgian manuscripts have different Greek, Armenian or other 
Vorlagen; for Greek, the project can rely upon Swanson’s (1995) parallel edition of all 
Greek Gospel manuscripts and for the Armenian so-called Zohrab’s Bible;

•	 When differences between the manuscripts are caused by the internal interplay of 
different Georgian redactions. 

After preparation of a comprehensive electronic database of all texts available, it is 
planned to automatically group the manuscripts according to the different redactions with 
a view to generation of their stemmatic interdependences and to compare each redaction 
with Greek and Armenian sources.

8  Stemmatology

Stemmatology studies the genealogical relationships of textual witnesses. Furthermore 
it comprises the representation of these relationships as graphs, most often as trees. It 
addresses questions, such as which manuscript has been the vorlage for the other or which 
manuscript is the closest to an archetype or whether there are several archetypes, can 
redactions be located, which manuscripts are the most peculiar and so forth. A special 
focus of attention can be the multilingual stemma generation involving both Armenian and 
Greek sources.
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9  eHumanities Desktop

In the] eHumanities Desktop, a web-based computing platform for humanists, one 
module, the Collation Browser, shall enable textual scholars

a) to compare Manuscripts via a File DIFF algorithm and

b) to generate parameterized stemmata for individual (sub)corpora.  

10  Parameters for Stemma Induction

For the stemma induction, different parameters can be used to generate a stemma 
with the focus on different characteristics of the witnesses. By choosing a distance-based 
method whilst ignoring differences of easily confusable, thus likely corrected and hence 
stemmatologically less significant deviations, a stemma can be obtained that might be 
different from a character-based stemma. A comparison of the results can lead to new 
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insights on which methods are preferable for which textual data as is known in biology. We 
focus on the following parameters: 

−	 Layout: the graphical layout of the relationship-graph

−	 Linguistic Unit: the linguistic, metric or textual unit (performance related) 

−	 Method: Distance-based (letter similarity, performant) and Character-based (sequence 
sensitive)

−	 Algorithm: various bioinformatical algorithms, plus new variants and implementations 
of exclusively textual analyses stemma generation

11  Innovations of the system

To the best of our knowledge, it is one of the first platform for web based automatic 
stemma generation, with a choice of individual subcorpora, algorithms and linguistic unit. 
The TTLab Alphabet XML in which the letter similarities are stored is another development 
generally applicable for the representation of alphabets and other writing systems. 

12  TTLab Alphabet XML

The header contains the general information about the applied writing system, such as 
letters, letter names, the canonical sequence of the letters and so on. For each letter pair 
of a writing system, the three modal distances of the visual, acoustic and motoric faculties 
are stored in a range of 0-9.
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13  Character-based Stemma Generation

For the Georgian data we applied a character-based stemma generation where each 
verse line was converted into a genetic letter for a manuscript. 

This letter was appended to a manuscript DNA and served as the basis for a given 
stemma: Georgian Manuscript Stemma
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