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6gddogo Jodmgmo g6mdmogo FabmTymbol Jodsdo®o gm@ds-
ouA-mma049@o sefgdol dobgogom, Lodygomdm@obo oMmogmo Sy~
mgdo bobBgdydo mgsambsb@obom Boggabodbgdgh 08 Fomydsdogn® ey-
G300y, GMImgdog bmpspo Lod@sgmydo ©s @m0 7@o  Fabgdol
Laboo @96 Jombomgdgh LobEgdol bypsdodnm ©s Lom@dobyyem  ©m-
6993y

h3g6 Bogd Bododgdaero bmyswmmobygob@ado gaemgggdol Fgmgag-
b0 3350F8969896, A3 ByBmowbodbyma babol domyds@ogn®d ™m3ghsie-
20L méol, Fdobps mmpoya® IgHoEogdbmsb ghmsE, SyEom dmse
265 ogmb Asbdol gm@dsgra@o ®m3ghogos ws Loddsgmowsh [hgdol
s8m@hggols s LodGsgmy@o mobsjggmol Bomgdodogg®o m3gHaiogdo.
gl Labmpspmp, o9digs, 9439 ©ebybdgdeon Ygodmagds omdgel, Gmd glg-
6o ol spEomgdgmo FsmgdsGogato ®mIgHoEogdos, GOIgmms FMY G
Jodoygemo gbob do@@Gogo Fobowowpdgdo ga® aooagds. dogsgmomobomgols
asbgobognmm  Fobswopgds, Gmdgmag hggbo Bowamdol Lswydmblgasczo-
o dgdmagmegobs 3. 3o Fod:

(1) x®63s> bobmgs FoGob gnbmgs dognobmgol dmyygsbs dogemo

Vaoasadsby.

bsbaslidomn smgbodbsgm, @Gmad Jedommo nbol msbsdyodmgy @m-
304900 a@sdsGogol Bobgogom (1) Fobswswgds dadGogo sby gémo @ab-
230bF G0 3G 0 eGom Spgdgmo Fobswa@gdss. ja@dmw, opo 5pgdgmmos
bobmgs® 3-spp0mosbo m@obagobdghio 3Ggoogs@om, Gmdmob smfydomo
babgs hmbmsa’ (N3s, NU, No/Vx.,). gL 08sb boBbsgb, Gmd hu:hm3a3 3G
pogoBom spgdam God@og FTobspospgdsl ofgb Lonbomgs*(N8s, N, No) o6
mema.ﬁa(NBo,Nl\, Vo) goddsma@o baby, Logsg N (resp. V), bodlgol seo-
60dg6g80L  Dybododolbow, bLobgmyué (resp. bd67®) g@sbo'by Boggebod-
658, bomgom -85, -b ©s -0 dmAgydgdo Bgbadsdobo Mybgol gm@dgdols
25635 bmpsydgemo do@Golobodydgmo smbodgbgdos. ob, @md (1) Fobsws-
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wadsdo xmbds (resp. dodob) oMol Nds (resp. Nb) Godol domGogo badbyg-
g bobgeoy@o g@sbs, bogme gobmgs ool Vi, Godob dadEogo Lo-
Abxgerm bbYHo grsbs, goblodmdgdumos -3s, -b s g ImGgdgdom.
03039 dmGggdgdo asbsdommdgdgb 0dsl, @md (1) Fobswopgdol Jo@mggeno
bsdo Lodygsmdm@obo GoMmogmo swaomomn shOmdMogop @gognoboyds
goadsmag@o  haldol  dsmgdsBogn®o  m3g@msEos, @Gobo  5959mdoms
bobogs® 3@oge@ol badlxgmm segomgdo j@mddmgddogds Bgbadadolio
a8l gem gasbgdom, Gog (1) Fobspswgdol Bg8pgy s@abmae gm@ds-
goa@ bobgl odanggs.

bonbmgs’(xxmbds, dsdob, gmbmgs_dogmobmgol_8mgygsbs_dsmeno_§gg-

LA

Jmaboga®o dopamdon, gobmgs ws Bmgygsbs jogdotgdomo jo-
gmb H6gdos. figgbynmo dopamdom, obobo s@obl Ladbyxgmm sbv s@o3-
Ggogod o bdbydo gasbgdo ws gb 03 wddsgmm dobybol gsdm, @md
hggh Bamo Fobss@ibom jo o6 gogm@dgdo mmaosm® IGgoogsosh, sHe-
g 58 gmyo4a® dGogegoslt Lfmege dosmo 85Bggmdom 8oz due
badbyxgme Fobss@bgdby gogomodgdm. sdpgodop, gmbmgs ©s dmgygebs
3—.5;330;190.56(1 B96]ombsagdos ©s obobo '333;933500:‘)&;9 >@of gt gdosh:
3mbm3.§ (N, Nobogol, No/Vn_,) o Elm;mabﬁa (NU, No, Nbyg). »d doppmdom,
(1) FobspspgdsBo gobmgs® g9bGombsmado m3g@sdmmol Tdwas a6
maglgdgmo mGo (35G0gmo sEa0@on sbAHMIMogee GomobrEgds G-
Bogmado hsbdol Bomgls@ogndn mIg@aios, @obo 33dg9mdomsg gobmgs’
smobygob@ o gubjiombsmol gbodsdobo swppoengdo bubogds Byles-
bsdobo  Lom3g@s@mem  babgmyGo g@sbgdom, Gog bodmgnmm  waddo
Y99y BbJGombagma@ Laobgmyd RG>bol odgmggs: gmnbegsd(@omol=NL,
dogmobmgol, 8mgygebs_dgdo_Fganmagdaby). sbogmaogos gomogds m-
943565° gubjombagmol Vgdmbygzadoi. sdygodow, Lobmgs® (xm63s, s
Gob, gnbmgs’(N1b, dogmobmgol, dmgygsbs® (N2U, domemo, Fggamgdaty) (1)
fobspawgdol LEAgeno LEsbpsd@yaro lLobgs s ogo (I) Fobswspydobe-
356 oomgds (3oGogemo sEpemgdom boygmolbiggo s Im@xgdgdomn @y
smobgdgmo Bsbdol m3g@siogdol msbdodpyz@mdomo aobbm@zogemndom
(5] 35GHol=N1b, dogb=N2l). sbers gobgobogmme Ygdwaao Fobowowides:

() 358> bobogs Jogmb  gobegs Ggbmdmobmgol  dmgygebs g

bmdgemo  Yagammgdoby.

Joogmdo s@s agadgl s@Fogmado. (1) Fobswowgdol mmao o
sbomobo pgedfdnbydl, @md doo gubjzegdl Jm3dobomgdamen o0wgdgb
mogosbm moghy -85, -b, -obmgol, -0 ws -by ImAgydgdo s Lobmgs?
(N18s, N2, gorbmgs(N2L, N3obmgob, dmgygsbs(N3L, Ndo, N5bg) obyqol-
GG IGgogeGmo gom@ds. ds@omsa, (II) Fobspowgdsdo gogds Lo-
Gda> obsodbmdmoga dopgsboBbgdl joms Lod@sgmowsb podmymaom
a6m Amdgmody Fog@ by o8go6ap, (II) FobspopydaBo -85 dmmggds ob-
©96b Loddsgmmopsb Tygdol sdm@higgols Loddsgema@o m3g@scool Ggo-
gobgdol, o3 0dobag b0dbogh, @m3 goEds {gv30} podmliabuangdom
obodbgeos yggmms gogms Lod@magmaby aoblabmgdammo s@mabsymm@o-
30 (9abob@gbaosmy®o) jmblgabs. sbosgmmpon@aw, Jeel (1) Fobsws-
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pyoaTo s@ob {Jogmo} Lod@sgaogby paoblsbmy@ymo s@obsmm@age (g
bobdgbgosma@o) jmbbEabds, 3gbmdmobmgob ws dgbmdgmo s@mols {y-
bdmdgmo} Lod@ogmgby goblabmg@ymare s@absgnmogo (93 boldhgos-
@) gmbbEobdgdo, Fagamadoby s@ob {Fggamgds} bod@msgeyby asob-
babemg@gmoe  s@slsgnmdogo  (gboblgbaosmado)  3mbb@abde.  sdags-
o, Jomogmo dnGggdgdo sbpgbgh gm@dsgydo hsbdols s Loddsg-
mowsh  Fog@ob sdm@hggol Bomgdo@oga®o m3g@ogogdol Gaomabydsls.
sbgos aobgobogomm Hgdogao Fobopowyds:
(IIT) Fgygedrgdnmds gods bmbmgs Jognls dmgygebs dgbmdgeno
Vaoneegdsby.

o] dgygemgdygmds_gozds Nds  Hodob bLobgennéo g@abos. ws vy
333> {3530} bod@sgagby goblobegdymo s@sbs jyom@ogo (g'bobdyb-
@osgeg@o) gmbbdsb@os, Bgygemdgdnmads_go3ds om0l {Agygemgdaemo go-
3o}={FgygemgdymolN{ys3zo} Loddsgangby goblsbog@amo s@sls gymeio-
30 (gabolGgbgosgyg@o) ymbbEsb@s. sdyge@sw, dubgdeoy Jomomangbmd-
@og ob@mghgdom Falofymdsdo A s N Hodob Lo@yggdom bod@sgangg-
do dmoggds we, Ygbadsdobsw, dom Tm@ol s@lgdymo 3a@ogene swpo-
fmom  shOmdAogeae Gromobrgds boddsgaryg@o mabsjggmal m3g@sgos.
sdgasds, (M) Fobswowgdol dsmydo@ogndo ma@pdabo odmaggs Gugmag
Jgbmygwyga gabobEgbgosmyd 3306 mEdosh gm@dol (0b. (5)), oby dy-
bogogm  s@sbsggmn@og o g3bob@gbgosmyg®  jmbbEobHgoosht gme-
dgob (ob. (d)wo (g)). odobmob, Amam®E dgmgao, babpsbiom smlisboTbs-
gos, @md gl Losmpdebydo™  dgdobogn@ew  oggds VobopawndgdBo  Lo-
Bygemdm@obo  googmo spaomgdobs s aMadsBoggeno  dm@agdgdols
dosomgdsgognmo gabliogdol yedmbomdom.

(9)Ixe {dgygemgdbmenolnijsoldye{Jsmmol}dze {dybmdgeoFue {{399-
g gos}: mbmgs(x, y,ﬂmmjgcﬁcﬁ (v,z,u))

(&) ae{dyygotgogmoln{gogotbe {Jomolce {3gbmdgmolde {§gymemg-
35} 1 mbmgs(a,b,dmgygsbs? (b,c,d))

() obmgs(Ixe{Fgggecgdamoln{gsigol, Iye{Jsmo}, dmgygebs’ Jy,
Jze {dgbmdgero},Jue {§gg9mgds}))

aﬂsﬂsﬂ ﬁﬂﬁt‘lsﬂda
sMb. hodmadogol gbsmdgbog@gdali obbBodgdo

%dbobobmol 3bmdmgds Jobommo gbob bbymose

bdbobo@mab 3Gmbengds Jedmyer gbomdgibog@gdado bojydomp g
Gomy@opas I bfogeoomo, Gmpmeg bogpmtog Jodoyero, oby Jodmgy-



The results of the performed work revealed the necessity for the solving of a
number of the technological problems, their unification and their resolution
foreseeing the modern requirements (firstly commercial).

K. Pkhakadze, V. Lekiashvili, V. Phkakadze
United Georgian Group of Logic and language

MATHEMACAL FUNCTIONS OF MORPHO MARKERS AND THE
PROBLEM OF EMPTY AMONG WORDS IN SENTENCES ACCORDING
TO GEOGIAN NATURAL LANGUAGE SYSTEM

According to classical formal approaches the empty in sentences are
understood as the operation of concatenation. We have undrestood the problem of the
empty places among words in sentences as the task of recognition that mental (i.e.
mathematical) operation is assumed in a NLS under any concret concatenation.

According to Direct Formal-Logical Description(DFLD) of the Georgian
Natural Language System (GNLS) the empty places are giving us the implice
understanding about these general mathematical operations which function in
systematically as general set-theoretic or lingual-logic rules at the non deep and deep
levels of the GNLS. We think, that generally, in the collection of these mathematical
operations there must be a formal operation of substitution and the set-theoretic
operations of choosing an element from the set and intersection. In any case, we can
say strictly, that in the GNLS the above mentioned mathematical operations are
implicitly assumed in simple sentences by mathemacal properties of morpho markers
and empty places in it. For example:

(Gl) xmb-3> mbmgs dotdo-b gobmgs dogn-obmgolb 8m-g-ygobo

dogee-0 §399mode-by

jon-ma txova  mari-s e-txova bil-isatvis  mo-e-qvana
dzagl-i cveuleba-ze

John asked Mary toask Bill to bring the
dog to the party

According to DFLD of GNLS we can say that any simple sentence in GNLS
has a predicate constraction. This means that any simple sentence is constracted by
one verbal-logical predicate which is characterized by its placenees (arity) and by the
type of these places. For example, in G1 txova’(N-ma, N-s, N-i/Vy.) is described
form of the 3-place lingual-logical predicate txova®’. This means, that simple
sentences constracted by predicate txova’ have either txova’(N-ma,N-s, N-i) or
tm\ra’(N-ms, N-s, Vn.) formal face, where, according to Chomsky’s notation, N
(resp. V) indicats nouns (resp. verbs) and —ma, -s and —i arc morpho markers of the
Georgian declension system. According to this general approach N-ma (resp. N-s)
denotes any N-ma (resp. N-s) type term (i.e. N-ma (resp. N-s) type noun phrase) and
in the context of txova’(N-ma, N-s, N-i / Vx.) it indicates about asking person (resp.



asked person). By analogy, N-i (resp. Vi) denotes any N-i (resp. Vy.;) type term (i.e.
N-i (resp. Vi) type noun phrase) and in this context it indicates the sense of asking.

In the (G1) jonma (resp. maris) is N-ma (resp. N-s) type term (because of
the —ma (resp. —s) morpho marcer) and etxova is the Vi type term (because of the
e— morpho marcer). Due to these mopho markers the first three empty places in (G1)
sentence gave us the mental understanding of the mathematical operation of the
formal substitution in the general lingual-predicate idea txova’(N-ma, N-s, N-i / Vy.)
After this mental operation we gave the (G2).

(G2) mova’(jou-ma, mari-s, e-txova bil-isatvis mo-e-qvana  dzagl-i
cveuleba-ze)

asked’( Johan, Mary, toask  Bill to bring the dog
at the party)

By classical approahes in GNLS ‘etxova’ and ‘moeqvana’ are verbs in the
subjunctive mood. According to DFLD of GNLS the verbs in the conditional mood
are not lingual-logical predicates because they never gave a sentence independently.
To us ‘e-txova’ and ‘mo-e-qvana’ are Vy; type terms (i.e. Vy; type noun phrases)
which are 3-plase lingual-functional ideas. By DFLD of GNLS they are described as

‘etxova (N-s, N-istvis, N-i / Vy, )’ - to ask® (N, N, N/ Vy)’

and

‘moeqvana (N-s, N-i, N-ze )’.- to I:u'ing3 (N, N, to_the N)))’

According to this general and natural functon-arguments approach the next
two empty places in (G1) sentence (i.e. the two empty places after ‘etxova’’) gives us
the mental understanding of the mathematical operation of the formal substitution in
the functional lingual-functional idea ‘etxova’(N-s, N-istvis, N-i / Vy.)’ and as a
result of this substitution we receive us ‘etxova’(meri-s=N-s, bil-istvis, mo-e-
qvana_dzagli_cveulebaze)’. The word ‘bilistvis’ as N-istvis type term is substituted
in the N-istvis type place and the phrase ‘moeqvana_dzagli cveulebaze’ as the Vy
type term is substituted the Vy_; type place. Into the N-s type place of the ‘etxova’’ is
assumed by syntactic-semantic substitution ‘maris=N-s’. By analogy, the two empty
places in (G1) which are located after ‘moeqvana’” give us the mental understanding
of the mathematical operation of the formal substitution in the general lingual-
functional idea ‘moeqvana’(N-s, N-i, N-ze)’ and as a result of this substitution we get
‘moeqvana (bils=N-s, dzagli, cveulebaze)’. The word ‘dzagli’ as N-i type term is
substituted into the N-i type place and the word ‘cveulebaze’ as N-ze type term is
substituted into the N-ze type place. Into the N-s type place of the ‘moeqvana’ is
assumed the ‘bilis = N-s” by the syntactic-semantic substitution.

Now, we can conclude, that the next expression which is the standard
predicative form of the (G1) sentence is obtaned from the (G1) only by subtituting in
the ‘txova’(N-ma, N-s, V)’ N-ma. N-s and Vy; type terms.

txova3(jonma,maris, etxova’(meri=N-s, bil-istvis, moegvana’ (bilis=N-s,
dzagl-i, cveuleba-ze)))

asked’(Johan, Mary, to ask’ ( Mary=N, Bill, to bring’  (Bill=N, the
dog, to_the_party)))

Now we will consider next sentence:
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338 obmgs  Jognb gobmgs  9)bedgrobogol dmgygebs
dgbmagmo  Fgymemgdsby

kacma txova  qals etxova  mezoblistvis moeqvana  mezobeli
cveulebaze
a man asked a woman to ask a neighbor to bring a

neighbor  to the party
In Georgian we have no articles, but in this example the morho markers —ma,

s,  -istvis, -i, and —ze together with morpho properties of the compoused verbal-
predicate form ‘txova’(N1-ma, N2-s, e-txova(N2-s, N3-istvis, mo-e-qvana(N3-s,
N4-i, N5-ze) which is a general formal face of the above given sentence give us by
the word ‘kac-ma (=a man)’ the understanding of one of the element from the set of
all mans. So, we can say, that in GNLS by the ‘-ma’ morpho marker is realized the
set-theoretical operation of the choice a element from the set. Because of this, we
can say that ‘kac-ma’ is non-proper (i.e. existential) constant symbol defined on the
set of all mans which is denoted as {kacma}. By analogy, in GNLS ‘qal-s (=a
woman)® is non-proper constans defined on the set {qals}, ‘mezobl-istvis (= a
neighbor)’ is non-proper constans defined on the sct {mezoblistvis}, ‘mezobl-i (= a
neighbor)’ is non-proper constans defined on the set {mezobli}, ‘cveulebaze =(at the
party)’ is non-proper constans defined on the set {cveulebaze}.

So, we can conclude: by morpho makcers of the Geogian declension system
two mathematical operations are realized: the set-theoretical operation of the choice a
element from the set and the mathematical operation of the formal substitution.

Now we will consider next sentence

Wygotgdgeds  go8s mbmgs  Jopnb  dmgygobs dg'bmdgero
Vaogemgdaby

s'eqvarebul-ma  kac-ma  txova qal-s moeqvana mezobel-i
cveuleba-ze

a loved man  asked a woman (o bring aneighbor  at the

party

Here, ‘s’eqvarcbul-ma kac-ma’ is the N-ma type composed term (i. €. noun
phrase), and if ‘kac-ma’ is non-proper constant defined on the set {kacma),
‘s’eqvarebul-ma  kac-ma’ is the same onc but defined on the set
{s’eqvarebulma_kacma}= {s'eqvarebul-ma}ll {kac-ma}. So in GNLS A
(adjectiv) and N (noun) type words gave us the understanding of sets and by the
empty place between A and N type words in the sentences mentaly is assumd the set-
theoretic operation of the sets intersection. So, the next formula constracted by
restricted quantifiers is the result of an automatical translation of the above sentence
into mathematical language.

Jxe{s’eqvarebulma}{kacma}3ye {qals}Ize {mezobeli}Jue(cveulebaze
}:uova’(x,y,moeqvnna’(y,z,u))

Ixe{loved}N{man}Jye {woman} 3Jze{ neighbor}3ue {party}: asked’
(a_x,a_y, to bring’ (the_y, a_z, at_the_u))

Conclusion: the mathematical translation of the Georgian sentences can be
make automatically according to mathematical properties of morpho markers and
beetwen word’s empty places.
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