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1. dgbsgsema

316906030 gbol &gdbmmmaons sMol mebsdgotmagg 3m33oy@gMyymo dgsbngfgdol bgggMm, Hm-
dgmos 983d658s BgdbE M0 0bgxgmEmds300L 3MB30nEgMol gdzgmdom ©sdMdsggdsl. dabo dnobsbas
3mM330&gemo bab@gdgdal dg436s, MMImgdos dgdmgdgb oo Imzmmmdals &qdb@ab ednds-
39%5L (Big Data Processing), d3bmgmom Jbgmgdda Lobamzgmo 0bgm®dszoob dmdagdsl, ssdnsbbs
©d 3m33098geb dm@ol osmmgal bomdsmmasl, dmbgdMngn gbol &qdLb@nbs s dg@&yszgmgdal o3-
BMISGYO Mg 3bsl s 35dmygbgdoma bobnsmalb Lbgs sdm 306980l go0s6y398sb.

LObFMAIS(30m @S Lo 3MIPbogs30M Bgdbmmmangdol Lym NRG™ FbsMwa gsdmygbgds, dmbgd-
0309, 930M58qbmdsb 03 g67dL 560ggdl, EHMImadoz BoMBo@gdnman ddsgogds 3M330yEgHvmo
36Mma 33580l 89d39mdom. msbsdgommzgg 3Gmamadnma Ladmsmgdgdom dENbgmymaamo g6qdo,
m3magdo(z 8996906030 g60b Bg4LE 0L abedydsgzgdma 3dmagm 3m33nndgem 8 gdbmmmansl nyg-
69396, LoobgyM@Is(30m FMILabYMgboL MM 3ol g benwsg dgbadmgdemmdal ggmsegsbmdgb.

030b gomgamoabbabgdom, Gm3 6ol Gggbmmmaons 3bmgmamdn byym gmm MHgsmn@ow bgmdo-
LobgEm3o brgds, Y30MaGgbmds goblbsgnmmgdnmaw 03 gbgdlb gbnggdsm, GMImgddgis G9dbEob
dobsombo (30x369moss godm393mmo s gb 3smgdmgds smbgdoo 360d369mmmdal ndbgl 69d0bdn-
960 gbol 3mdagmobomgol. 8dw@gbow, abgmo gbgdal ,(30g86Amma LomEbmabybsMasbmds”, Mmge-
?5(3 90 goohboso 3mM33nn@ g mmew dbsMeaggmomo asfgdm, bagMmbol 6absdy aqds.

4398mm gobbomaemoas Ro@omgdamoa badydom JoGogma gbolb 8gJbEob 398 Yzgmadol bobamg-
do mganmgdabs (tagging) oo Lamgdbogmbm gMmgnmgdse (lemmatizing) syzsbobomgal LagoGm
bgmbabymgdalb gygomal (toolkit) d94360L 80bbom, GmIgmog Ladymamgdsl odmgss, dgz0dndomm
b360b LObBOJLYM gomabBMIsdY edysMgdmma gbobmzolb s9yz0mgdgmoa 8 gdbmmmanna Mgbaym-
Lo — 396030 bnbosgdal 538m3s Mo bab@odby&n sbomobs@ma.

Bobodmgdomg LGo@os Bamdmawaqbl Jofmmema gbobmgal 3m33onEgemmo MgbyMbgdol dgd-
360l domnbbdggel, Moms 393306l Mebsdgommzgg Lonbgmmdszom &gdbmmmangdal 30Mmmdgdda
dmBobo3g 969dmab 5®Lgdema Rsdm@mAgbs.

2. I gm3smbyAma/POS-01gagMa Jomoryma 96obogal

Joomma gbobogol dgdndszqgdmmo s3009309M0 aMedsdnzgdabs s magdbogmbadol Lodmsg-
mob doggbgoagem, gb Mgbn@mbgdo o6 330ymaynmgdgb 3m330Egemmo bymbobymgdobawdo sMbg-
dne @9dbmmmgoy® dmmbmgbamgdgdl. 3oMggm Mogdo, gb aodmbzgymos 0dom, Hm3 obobo o6
56056 bgm3obsbzmmadn 08 gmMInm, MmIgmo(z dgbodmgdgmb aobealb dsm aodmygbgdslb JoGommo
960b &qdLG0b gm0 M mmo 3GmaMmsdom sdymdaggdabab.

Jofomma samm@obszoy@a gbss, Mmdgmoi Lodyzeogmmdal bomdmgdobogol 0ygbgdl Mm-
am&s byxodbgdl, sbggg 3Ggx04LgdL. 306500056 o3@&™MBdE Mo dmMPmemaoMa Sbamoba sg -
&0bs3099M0 9bgb0bmgals gMom-gfmn dmsegmgbo sdm (35655, ImMPmM3sMbgMo gobobomgds, Mmami(s
39 (30mgdgemo 3m33on@agmmo Ggba@mbo JoGogmoa &gdbGob s6smodabmgal.
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303@0boMg smabbmgymolb @ebygdedwy, badababm @gdbmmmangdals gobgomamgdols mgambab-
oboo Ibmmme ,dmsgsmo ggmmdnmo gbgdn” nyzbgb gsbgdogmgdmmoa, HmIgmms dmEnlb 0bamoabyy-
&0 9bs dgmzomo moEgco agm. dgbsdadobsw, d6gdMogn gbob §gdbmmmanol byggMmda dgomom-
mma00b oo 6sbnmo d934dsggdmmas nbgmabnabomgal, G®m3gmo 360G dmGEgmEmmannc godm-
06fgzs. sbgmn Godmmmagom@n FobsboomgdmnEsb asdmdwnbsdg, dabo LobGojbo 3g@ow dgdere-
e bLEOYJGPOL 330h39698L ©s, 530b godm, dob L3gosmYM Mm@ gMoGMmada ,d35(3Md© Jmb-
gogamsoym” (strongly configurational) gbsw 300hbgg96. dbgdcngn 96930L §gdbmmmaonnbamgals
35639m3b0m0 dgommememmanol Moowgbo 6sBamn, 0bgmabymol aomws, doMomsmsw dgdndseggden-
™0 LOBBVJLYM 3MbPNa MM (305D 835360 JgbM3950L 3dmbyg 969dabogabs.

3mbgoan®msiommo b3gd@mMmab badaMab3domm Bbomgl Bamdmmagbomoas 96980 (30bama, mbad«-
mo, dsbggdo, oEdnmo, JoMmornmo s o.d), Mm3magdacs, 53 3bMog, doMgymom gobbbgoggdmmoas
0bgmobnMnbogsb. domo LEMYJG NG Ipnsmn FmMgmmmanom gs3moMmhgzs ©s, 5JgEseb gsdmdwo-
batrg, gb 9bgd0 Lob@oJLym dgdsanbgmms mogabygsmo Mogom bobosmEgdasb. dgbadsdabow, o3
969330 LobGogbm® LEMYJGNMgdL asnmgdoo (3060 IgdEYE3gdn @30 Bobswawgdal mbBydy.
530@md 53 Bodob gbgdl, domn Gofmmm ImBrgmemmao@o dgbodmgdmmdgdabs ©s LobGsJbyMa
»gombsdGabom bsgmgde 3gdm@nmmdol asdm, domsmn dmMPmmmannbs ©s bsjmgdso 3mb-
gognmsiogm g6gdL (Morphologically Rich and Less-Configurational Languages-MR&LC) «bmwg-
36 (Fraser, et al., 2013: 58).

R396 BngM a03mygbgdama Jofoemo gbol dmEmgmmmaonmo gosdbobsgn gymobmds 3Mmame-
Inm 30dmommg398L, Bm3gmbsg 3Mmyggbonm 6699330 ,qJLgHmJbalb LobEmmo dpamdstgmdal
dozmgmb” (XEROX Finite-State Calculus — FST) «Bmog396 ©s bab&mmo dpgmdsmgmdals 538 m-
do@mo dgmmemmmansl gundbgds (Beesly et al., 2003). bbgbgdygmo doamdal domsgama sdmboge-
m0d ob, HmM3 dbgdMngn 9bolb ImEGMEmMany@o sbsmadsGmEn dgadmgds sogmb mabggzob@ne dm-
bozgdos bEOYJnmgdab (Linguistic Data Structures) gs8mygbgdoo, Hm3gmbsz LobEmemo dpgmds-
©9mdab Jbgmo gBmegds. JugHmJbal dmgmgma gbals mgdbogmamagamma Bobamoab smbgmabsl nyg-
bgdL Lexc 3mmamsdnm bgmbobymb. Lexc gdgystgds 3mbdgdb@obegsb ©sdmeyzomgdgmo dmmgm-
Lob@ogLyMo BHgogn aMads@ngal (simple right-linear morphosyntactic context-free grammar) gm-
3om0dal, MHmIgemdog 3MmEYd300b Bgbgdolb domg3qbs dbomg dgodmgds Fbmmmm gMor s65@gMHdo-
Boemn@® gMmgmmb dga3e3mgL. 830l gomgamabbnbgdoom, 63d0b3ngMa d4bgdHngn gbol dmEgmemm-
309600 50BgMabalb a3593L Mobggdem oymagnmn 3mmMegdgdalb MMmngmmasdmdmazbogn bodGMogmg-
900 (m9dbogmbadal gHmmdmomds), Hmmgdos 06ygds dogdol mgdbozmboom (root lexicon). ymagen
m9gbogmbdn mommgnm 3mMRgdsl 943L abo gobdzMzmdo mgdbogmba, MHmmgda(s, magal dbfng,
356LobM3MO396 3MMB937d0L 3MbyMgG M LodMogmal s dmMHRY3qdal xoggdo dgbsdmms dm(zg-
dmmo 3mMyqdal geamdgmgdaow 03696 (Szanto, et al., 2014: 136).

Joomma 3509309900 aM0do@0300056 g53mInbafyg, sMbgdomn babgmgdal, bo(sgombobgmg-
d0bo o Dgbsmmagn Labgmgdal mgdgdal ymazgmo LadEMogmy asbobomads, GmamE g dofMgdal g&-
®0560 mgdbogmbo (N_St). domgddg oomormmo 3Msgsmmoibmgsbo byggndbgdol 803mg30mdgdo
486056 Lo@yzol gMsds@0zgmo LEMG gm@mPsl. dogomomsw, mommgym doMb dotg 360z dgndmgds
o9Mmmb 3Msgmmdomon Mazbzalb damzgmo (PL_MK), Gm3gmbscs, magob db&ag, dgndmgds 3m3ysg-
dmEgb 361630L dg000 60dbnwsb gMo-gmmoa (C_MK), bmmm 3ol — 00brgdgmoa (PSTF). gb «306s0b-
36gmo dgadmgds aogMzmdomo oymb 9Mm3sbgmol ©0b30dmg3timdoo g33smagzma  bdmgboomo
(Eph_V) s 3536 (3mdoo (Eph_ PT):

N_St+ PL_MK+C_MK + Eph_V + PSTF + Eph_V + Eph_ PT

M98 goggdo dbmmmo N_St s C_MK Bs63mawaqbgb ou30emgdgem gemgdgb@gdl.
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smbgMoamon Lggdnbgeb aobbbgzoggdom, B3bal LabHYmo FmMIab LobsGImgdmow LogoMms Hm-
am& 3 byyndbgdo, obg 3Mgxadbgda.

A+B+C+ROOT+E+F+D+H+G

A 560b B360L606930l mgdbogmba (LadGsegmy), BmBgmbsg dgadmagds dmbrgzglb B3bal Lydo-
9d&-mdogd@ ol 3o 3969d0b mgdbogmbo, 3ol 3o, mogol dbMag, gzomabs ©s J3930L 3oGgamaal
dme393980L C mgdbogmbo. B 0o C mgdbogmbo 96085650096 08358 gd0ma @ab@&Mmadyool do-
doMmgdado 0dymxgdosb. B3bol dmEgggdgdal xogzdo dgmoby gmgdgb@o b3bol domgdall ROOT
m9gbogmbl 5060dbsgzL. 53 mgdLbozmbasb bgdnbdngMa dofo mgmEamman dgodmgds aogM(zmdacn
0463L byygngbgdom 8m3wgszbm bymoa (E + F+ D + H + G) mgdLogmbowsb. bagMom sddn, dofoyy-
mo 9360b LabEnemo gm@ds dgadmgds sogmb o (3bbowsb dotg3bog, dofolb Rsmgmom, dmcggdg-
dob (366 mgdLbogmbdy oyMbmdao.

XEROX-0b Lob&nmo 3pamdstgmdol Joogma gbol dmMgmdsmbgmo giqdbgds Lggdsl, Le-
(3 B3bab domgdals mgdbozmbdo dg@sbom ymggm gMmgnmb dgadmgds bab Mdmmegl boda 36 g-
godLaemm@a 3636030 (A, B, C) o 3mbogzwmglb byygadbgdolb dgbsdmm byomn Lbgsabbgs bodmagmg.
099339, 353mbs 3ol dgdmbgzg3z93do, Mrmgdoo B36oL gm@Is dgndmads sbg3g 3ga3b3wgl B3bYM
dofgdal LedEMozmalb MdMsmm magdbogyco ghmgmmol bobom, MmEabsg sxodbgdo boMdmmggbo-
mos bodo 3Mgx0dbymo MEbanEsb s dMIgzbm LyRndLgdol bymo MogznEsb byymmgsebo semAmMm-
390001, Jogomoms, 6" (gBmgemgb@nsbo B36s dgmeg 3ol dbmemmdomdn).

bomgobme 3983s3989mn a30d3Lb domommo FST dmmgm3ambgmal bado gg@bos bLbgosobbas
353mbagamo gm@ds@om: 3omggmo, TIGER-XML gmm3ds@oo (Brants, et al., 2000: 1644ff), #mdg-
ma3 Lagomms Lob@ oLy sbm@Gofmgdyma Jommyma bggdal 85630l sboggda; dgmeg, dgbsgsmo
&99L&0sb ImFMEmEmmannFo gosbamadgdamoa bo@yzgdobsmzgal mebosmomymo mgdgdoom, s dg-
Lodg, go3sMEG03gdYmn 35M0sbGn Mgde@ndgdymo dgdagsmoa Lodyzgdob gomgdy. mommgmm Ro-
dmmgmom gg@bosl dgydmoas Jgbagomoa dJoommo &gdbGob Gm3gbadszns, POS-mgaomgds o
ImBgmmmaonmo sbm@oMgds. 3(30Mgon dsbmomyMo Mgooddomgdol 39gdwga, ImERm3smbgHab
d99aq83s 3g0dmgds momgdalb 100%-8g LodLE gL Josmbomb.

dmEAgmmmaonco sbomobal dggan doMGogo babssewgdabomgal ,,33(3980 373896 33056 Jo-
mgdL“ 3mygobomos J3qdmon:

3°39%0

<lemma='35¢3 'morph="Pl.Nom", pos="NN"/>

39836

TV[VAL=ND, SR=1, voice=ACT, mood=IND, prs=PI3]

$33096

<lemma='¢ 33056 'morph="8g*.Stm", pos="Adj"/>

Jormgdl

<lemma="gsem' morph="Pl.Dat", pos="NN"/>

<lemma="gsem' morph="Pl.Dat", pos="NN"/>

<lemma="--" pos="$."/>

mgdoo sbm@nmgdamo babswsmgdal gMmgmmagdo (§m396980) oda3qgdymoas 39@y39mgdals
boBomgdol mgagdoo (POS-tags). dsgomomda gb oMol RzgmmgdMogo oMbgdomn bLobgmo NN

(Normal Noun), aofmsdsgsmo b3bs TV (Transitive Verb), bgobscomszn bobgmo Adj s Bobswawgdal
dmemm $. (end of clause) mgdal go6gdy.
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sMbgdomo  Labgmgdo aoxgMgdymos dmMgmmmaom®o  dobsbosmgdmagdoo  gMsds@ozyymo
fosbgzobsmgol — Pl(ural) s Sg*(singular tantum) s 369bgol o zgmgdoom — Nom (Nominative) wo
Dat (Dative). 3164&mo(300b 6086930 (pos="$,"/ pos="$.") s ImBRMmmanno gmgjbool s63Jmby
Bobowomgdal Bg36gda mgdab gomgdg (lemma ="-") s6ol dmzgdmmo. asmesdsgaman bbs (TV)
bm@oMgdmmos LabBodbaMa 3omgb@mdal 3oB39b69dmnc (VAL), Gm3gmos sbabagb Bobswawgdals
Lob@ogbyMo dgdsagbmgdals dgmanMa Lo@yszgdol (headword) d&mabzqdlL: D(ative)N(ominative).
sbg3g, domomgdamos bgGoob (SR=1), agscnl voice=ACT(ive), joemmlb mood=IND(icative), 3ofabo
o Mo3bg0b prs=PI3 (3rd person plural) 635803990 dsbsbosmgdmgda.

dm398mm Bogomomdn lemma=‘doem’ mMmggmsmo g96g60Mgds asbdnmmdgdymas  Jofogyma
960L mgqbo3mbdo abgmo MM sEbgdoma babgmom, AmamEng 5oL — ‘Jommn’ s ‘Joms’. ImOGm3sm-
LgFo MmE0gg 393mbgggedo s6sm0Dab dgogas go3mb393L gMmbs s ndsgg lemma='dsm’ gMmgymb
36416300 oM 39Mab gomgdy.

53 baboo smBgMamn dmMBmM3s@mbgMab godmbogsemo 3mba(393980, 53&™3sG M Lob@oJLnE sbo-
m0DoGMMNb gMmem, gbob &gdL@nb ©s8m3s3980bsmzgal 3080bbmma bs350Lswgbal (pipe-line) nb-
&gaMamam babomb bomdmawaqbl.

3. Jomoryyema Bnbssgdab 538m3sGycMa LabGsdbyma Lgadgb@szns

Bobo@awgdal bobGodbmco Lyadgb@sns (Syntactic Chunking), Gmdgmos sbgszg (36mdoeas bg-
a306mmo Lob@obaMa sBomndal (Shallow Parsing) Lobgmoo, 30bbow nbobseglh 08 @adals bob@Gsd-
byEo dgdeanbmgdol 0gbB 0G0 dsl Bobswawgdsdn, MmamGass osMbgdoma Labgmoal o6
b360b gD, MmgmEBomma, ob dgadmgds dgoaqgdmmgl, VP (9860L 536abab) s B3bals 3omgb@m-
300056 30dm3nbomyg, > 30egdgmo NP (s6mbgdomon Labgmal) gMabgdabegsb. Babswswgdsdo NP-al
omEabmds aobabsdmgmgds JoGmgma 9balb LabAHymo B3bolb BTl LobBoJLyMo gomgbEmdal
(VAL) 3565398 @0m. VAL godmomgmgds dgbogomo &qdb@ob 3mGgmmmaom®o sbamabol 3Gim3gL-
30, 306500056 (36mdaemns, H™3 LobGsJLyE0 3omgbB ML RaMAm ©s8moEgdmmas B3bob gommsodsg-
mmdadg s dgadmgds dgazzommb byFngdol dabgogoon.

JoBromm 30093096 aMsds@nzodn domgdamo bado byMool dobgogom, Lob@odbyGa 3omgb@m-
30b, NP-530b o dsmn dgbodsdabo dgomonma bo@yzgdob (headword) d64b30b o6 39Mgdol aobsbo-
mgds boMmdmeagbomos (3bGomdo, HmIgmoz aobbodmgmagh LabBoJLyM RaMhmgdl aommsdagsmo
(TV) 0o gotazama (IV) 936580L bodGagmalb M3s 3mab@gMmobogal. 3bGamo gybmds ©. dgemo-
Jodz0mab (2001: 60ff) 3og® dgdmmegabgdmm B860L mmmadolb LobGgdsl:

abMama 1. bab@sdbyMa RsMmAmgdab abGFMadwzas
JoGoygma B363530bL LadMsz3mygdabmgals

@ob@)aﬁm | baﬁmo 1] baﬁmo 11 bgﬁmo
IVO1 VAL=N VAL=E VAL=D

TV02 VAL=NDD VAL=END VAL=DN (D+postf)
TVO03 VAL=ND VAL=EN VAL=DN

V04 VAL=N VAL=N VAL=N

IVO5 VAL=ND VAL=ND VAL=ND

IVO6 VAL=DN VAL=DN VAL=DN

V07 VAL=D VAL=D VAL=D

V08 VAL=zero VAL= zero VAL= zero
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3bGomdo VAL 3ogo0mgdl bobgmo 9360b 3m@3ob bodmasmagdom godmbodmmoa bobd s bn&o
39mgb@mdal 3060dgML. (3bGmolb gmeg LEGagmbdn VAL-o TV02 3masb@gcmabogal | bynsdo
560l Lodgemgb@nabo, NP-b (bdogd@n) Bgmeyma bodyzom Lobgmmdomdo (N) s 3oMsdnMo o
0600 md0g9&ob NP-;mgal 30(393003da (D).

VAL 35653g9& M0 Il bgnsdo NP gmsbama dgdswagbmgdal dgmamo bodyggdobsmaol, dgbods-
dabow, g330R39698L Immbemdom (E), babgmmdom (N) N ©s 3ozgdom (D) D d646393L. Il byosda ob
000l MmM3omgb@nsbo B3bal RemAmDy, Mawash Jgmmg gModyma dgdswagbgma dazgdnmdn msb-
qdqgmoom (D+postf) Rbpgds s o6 dgodmgds 0ymb 0gbGogaamgdamo, Gmamtg LobGedby®
Rahmdn 3omgb@ Mo sanmal dgmmdgmo.

(3 d99bgds 3gMzg 3mabBgmb, Lowsz VAL=zero, ngo oo gbsdn d469d0b 3mzmagbgdals
ombobgm D3bgd0lL 3(306gM0bmzgsab LodMmagmal dggbedsdgds. (36mdamos, m3 oo LobGs by
B967(300L 3dmbg BMsDYmn dgdsagbmgda o6 sbmogo Baobswswgdado.

Joogemo gbol B36Mo 3obngal LobB LMo 3omgbGmdal RoAmgdol 3oL gMmndgds Bodm-
0a96L s 30madgm B065306mdsL JoMommmo daMm@ngo babswamgdal 93@m3sG MM GMsbym dgdac-
396mgdo Lyadgb@nmgdobomgal. MmamE(z bgdmm oym as63508gdmma, VAL 3o6msdg@mda sbmd-
oogtgmo (N, E, D) o0badboglh dgbodyzolb NP g6sbgddo dgmanma Lodyszgdol d6mbgals 306 39-
90L, MmIgmms Mamabmds Bnbowawgdsdn dgadmgds 3gMygmdogl [0, 1, 2, 3] gomgmgddo. sbo-
m0Dob 3Om3906s §g4bE0b NP-0 g&msdygmo bgadgb@gdolb dobomgdowm anmobbdmdl mocmmgmmo
NP-o30b 3goom@o bodyzob (s@bgdomo babgmo o6 dabo g33035mgb@Gn) dsgbadsmyma 3Gmgdab
a53mogmasl dgbogam 8 g4b@do.

NP-930b Gom@gbmds Bobswawgdada (resp. amogo/bobedbyco bg) aobabodmagmagds bobswawy-
d0b dgmayMo Lo yzob (B360L LabEYmo BmMIab) Lab@oJbyMa gomgb@mdom, MHmIgmoa(y nybEo0-
%30(30609099m0d IOHRM3sMbLgMab F0gM s oBndLoMgdamas, Mmamg ghm-gMoo dobsbosmgdgmo
VP-3o.

3sb dg9dga, M3 Y39es LogamEgdmmm s dgbadmm dgdsmagbgmon, Mmamez VP-bs oo NP-980b
dogbodoemaEa 3Mmgd30s, 0gbG0RB30Mgdnma 0dbgds, LabBOJLM bLyadgb@oGm@L Jgudmos,
mgdbognco gfmgnmgdol Bs63mJdbol 69Lbgddg (Lexical Production Rules — LPR) moy®obmdoom,
503969M0Mmb Bobswamgdal Lob@odbmma 3g8s0a9bmgdals LEGYJG TGS LobGsjbmEa bab baboo.

smbgMommo  bgdal  3Mog@ngmmon  aobbmmzngmgdal  dgbodmgdmmds d9dmb3s Natural
Language Toolkit (NLTK) 3®mg@sdqma dodmommggalb 39339mdoo, Gm3dgmag d5343539d4mas
Python 36mamsdnmgdol gbsdyg (Bird, et al., 2009). smbgmnm 3606(30398Dg s JoMormmo 96l LPR-0m
dgagbomm aMs358035dg @oymbmdom, NLTK gs3moaygbgds dmGgmmmann@om s bobdsjbamow
bm@omgdyma Lob@obamn bggdal s3@&mBoG Mo sboggdse. LPR Bgbgdo dgadmagds sogmb bsyy-
ma© bgmoo 56 bobgzMo 93@MIsGNMo®. dmmm 3oM0sbE0 0m3gsmalbnbgdl, Mmd 3ombgfma/sbaemoa-
Bo@mME0 §9dbBL 03@MBoG Mo 560gdL Lab@oJbE LEONJGNESL, HmBgmas badmmmmme dgdm-
63gds mabazab@gdal dngM ©s, LagnMmgdalb dgdmbggzedn, dgbbmmmads.

LyEsndg 1 god8mbabyemoas NLTK 3obsbnomgdmagddy mEngb@omgdnmo 3mb@gdb@obash ©sdm-
m30098gemn (Feature-Based Context-Free Grammar — FBCFG) 3s6bg6ob 893smdab dggan m@ge-
mgb&nsbo goMmadsgamn B360L dgdmbzgzada Jommyymoa gbol Bobswawgdabmgal:

»439md 333530 3gm3sMn gmzgmmgalb 033336606300 a(3593L yzgems LybE >©33056L°
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[type’ ='8']
|
[ ‘type’="NP" | [‘type*="VP' ] ['type’="NP']
[SF ='SUB'] [SF ='HEAD'] [SF =0']
[case ='N' ] [ TENSE ='pres'] case ='D']
e [val ='ND' ] ——
[sF° 2 | (st g e (st ' ] st =00’
="sU type’ = 'ADPY' stype* = TV" =MD =00
[case ='N' ] [case =N' | {p&e :'ADV1’]] {sﬁpez‘HEA[}.] [case =St ] [case =D' ]
L — | [SF =MD" ] [ TENSE ='pres'] T |
[type' ='APT']  ['type'="Adj'] dgodatao e [val ='ND" ] [‘type*='AJP1'] [ 'type'='Adj'] Sadadbl
[SF =MD" ] [SF ='MD’] [tye"="ADVI']  [“type" ='ADBY'] | [SF =MD" ] [SF ='MD']
[case =" ] [case ='N' ] [SF ='MD']  [POS ='ADV] oz [case =St | [case ='51']
| | | [SF =MD" ] | |
[“type* ="Adj1'] Badogn ym3gengnb ‘ [*type* = 'Adjt'] bgbo
[SF =MD’ ] ["type" = 'ADV ] (SF =MD" ]
[case ='N' ] [SF =MD ] [case ='St' ]
| \ [
) mdaadblinthanm 4300
byGsmon 1

NLTK-L godmbogsmo dgmggds Lab@odbn®m bggddg mMogb@ntgdmma afMagogmmo asdmbabyy-
m9d0bogsb. dobdn boMm3mmagbom Lbzosbbgs ©mbal LabGsJLaMa bob LEMYJGnMgdabmgal bal
®00mge Ggemdobsma@ gmadgb@l (,zmommb® = §m3zgbb) s mammgnm 3356dL (= gMobym dg-
doma969emb) dobogdgdgmoa 543b s6smababols Jobmgol asdmmgmoma bob@oJbnGa 3mmobolb ngb@o-
B0go@mMo (‘type’). dgbogemo babswomgds 30bmsmamen Bamdmawanbl amagl, Hmdgmoag gdysty-
35 30dM0n@mm 0amdsl s 5gHm0sbgdL sbm@omMgdsl gMmsbdmmo 398508 9bmgdabs ©s domn dgbe-
35300 Lob@odLyGn Bbl30580L dobgz0m. gMegolb 3306dgdn sbobagh Bgbgdl, Mm3mgdacs Mgseoa-
Bgdmmos  Joboboomgdmgddg mMogbBomgdnm  3mb@gdLEBNLbast ©edmYz0gdgm  afMads@ngedo
(Feature-Based Context-Free Grammar — FBCFG). ogo dg0(303L babsmomgdol g3@ebdmm d93smg9-
bgmoms amMedo@ogmmo s mgdbogaco smbgHobocmgzgal Logomm Bamdmddmd (Grammatical and
Lexical Production) 6gbgdb. gb <3960b369m0 84omndgdlb 3356d98L, Gm3mgdas goxgGgdamos bbge-
obbgs obaboosmgdmom ©s BmmRMLObEGsJLyGn 3mabob doggdoo (resp. POS-tags). ‘type’ 8sboboo-
09dg9mo bobswamgdal smBgmol 3Mabym mMbydg ombndbsoglh gGmsdnm FwggdL (S, VP, NP). 0go3g
3396dgd0 sbg3g 3mbadbymoas Lob@ogbyMn gMbdool nbrozs@mmgdom (SF — Syntactic Function),
Mmgmenges SUB (bgdogd@n), DDO (3ocmsdnto mdogd@n) s HEAD (bobsmsomgdal o6 ggfmsdymao
3935003 9bmals Igman&a bo@yss — Head of clause/phrase).

dmomgnmn ombob MD (Modifier) 3356d980 Lob@Godby&o gmbiiaal (SF) mgembsbd&abom
3LobmgEgmb  Bomdmoaqbb. VP 3356dn dgozegh gmeds@ogmm  dobobosmgdgmb ser=1 o
VAL="ND", ®#m3mgdos Mgomadgdymos "type"="TV02" 8 9mh30bsmmno 3306d00056 (3gmg 3mabdg-
0 g5Ms3535tm0 B3bom). VAL-3obsbosmgdmoal (bobGodbmco goemgb@mds) 360d3bgmmds "ND" dov-
20093b Jgman&o Lo yszob d(mbaal 36 390Dy (case='N[ominative]') 3o 36965 NP-do Lob@sjbm&o
536400m (SF='"SUB') s 3gmeyma bo@ygal d(mbgal 3o 3960, (case='D[ative]’) docrg 3965 NP-do,
mmamez SF='DO' (3oMpsdnmn msds@gds — Direct_Object).

3c5530b/Lab@ogLyMo bal bmgswa Lgds FMsDMmo Jgdsoagbmgdal 338 gamMogdobogal ©s
Bobowomgdedn dom dogh ao0dm393mo bobGsjbnGo dndscmgdgda sgqgdemoas gMmabal LGN JE«-
ol X-Bar ogm&oal 360b(30398%g (Kornai, et al., 1990: 25ff). bobswsmgdal 3Ggw0358-060a39680b
LEOYIG NS (LebGsdbnG BMb0gd0) gumdbgds LobGojbmEn 3omgbG™dal ameds@nmm 3mb-
39BE0SL, ,083-35b5L0smgdmab 3Mnb(3030L” (head feature principle) s6semmal, HmIgmo( Bomgdy-
m0d 333bg MM0gb@nMmgdamo gMmsbalb LEMYJG NGl aMsds@ngodn (Head-Driven Phrase Structure
Grammar) (Pollard, et al., 1994 15ff).
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53539 babowomgdal Dgosdammmo Lob@sjbyMa bgadgb@es0ol dgogan 65R3969800 3g-2 Liym-
0Dy, Mm3gmdoz MmonmgMmo Dm0 dg3s0396mol bLBNmo 3Gmgdios bedgPmbgwal J393 scal
dmdaoame:

[1pe=3)]
[pe' =W | [t VP | [pe= WP |
[SF ='SUB' [SF =HEAD'] [SF ='DOB]
[case =Nom'| (VAL =ND' ] [case =Dat ]

g éwaun égmﬁamn

e
Ymagenengnl dogmndd maggobbamgom ngogh o U0 dradny

LyFsma 2

33@M3dG Mo 3o6bgMab dogd goblbbgaggdymo bab@ejbyma bggdal ggbgGafgdal mbsmals Lon-
mb@Mazome 39-3 byFondg Imygsebomoas by Bobswswgdobsmgab:

»ddm03b dmogMs® nom3zs dogmo prab g56333mmadsdan”

080 369003580bL boboom 3gMzg 3mab@gmalb B3bsL dgo(393L, MmMBgmas byymm3zsb gomabGmdsls
(VAL="zero") 330h39693L o P 53670 dg3s0aq69mb godmnsbagl:

[ "type*='S']
|

[ *type* ='VP' ]

[SF ='HEAD']

[VAL ='zero']

[ser =2 ]

-

[ *type* = 'ADP1']

[ *type* = 'IV08']

[ *type* ='ADPL']

[SF =MD ] = I [SF =MD" ]
[SNC ='ADV1'] E%il_ -jz'if‘o[?]] [SNC ='ADVL']
T — [mood ='IND"] —_— T —
[ type* = 'ADP3'] [ *type* = 'Adv1'] [prs ='Sg3' ] [ *type* ='NPG'] [ *type* = 'Advl']
[SF ="MD' ] [SF ='HEAD'] [ser =2 ] [SF ='MD'] [SF ='HEAD']
[SNC ='ADV3'] [SNC ='ADV1] [ voice ='ACT' ] [case ='Gen'] [SNC ='ADVL']
[ *type* = 'Adv3'] demnghop mg,&, [ *type* ='AJP'] [ *type* ='NN' ] 306dv3wmdoda
[SF ='MD' ] [SF ='MD'] [SF ='MD']
[SNC ="ADV3'] [case ='Nom'] [case ='Gen']
| | |
dognab [ *type* = 'Adj'] ooab
[SF =MD']
[case ='Nom']
|
dmgena
byAsmn 3

3oMbgMab BngM dabomgol godmmgmaoamma Lab@odbama balb LEGYJG NS bodmemagbomas Babes-
©503980L LobYob 3396dmsb (‘type” = ‘S’) @mdmomme ©s39330Mgdmmo Fnomaoymo mbob VP 3356-
dob dgd39mdam. VP-0ob mfngg dbamglb bob LEGMJE Mol 0ds39 mMbydg Lyadgb@nmgdmmos bbgs-
obbgs &3l D36nbgmal yMebgda (ADP1, ADPL), ®m3mgddacz doma dgomon@o bo@ygzolb Lob@og-
do@mmn 3mabob obsbosmgdmados (SNC — Syntagmatic Classes) doomomgdemo.
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4. Lydmdsgzmmm 393dgd0

LEoGnodn BaMdmeagbomons Jomma gbaol LobGodbyma Lyadgb@s@mmal/dgLedoGyma s38m-
oG mMa sbaemado@mmnl d93¢dazqdal 3mb3gg30s. dgdmmogadgdmmo Joamdal nbmagsoyma ob-
399805  3oboboomgdmgddg  mM0gb@nfagdagmn  3MbEqJLENLegsb  @edmu3ngdgmn  afMadsdoznl
(FBCFG) 303myqbgds bogmgdsw 3mbgogmmsonmo Jomogmo g60b bob@odbobogalb, oxdzs NLTK
&gdbmemaons 36 ogm g530bbyemo Bobowswgdada Lo@yzgdal megobygsma Gogal ddmby 9bgdabogabs.

bogmgdo 3mbgognMaiomo gbgdabashb asbbbgeggdom, gojbomgdymoa Lob@ojbnta LEMY]-
&m0l 96930l Bobswawgdol Lobynbo (S) 3356dabsmgzal, Hmames Babo, bmmme Modwgbndy 3Gm-
diogmo Bgbos bs3dsmabo gmsbab LabBedbn@ dgdswagbgmms 396gM0Mgdabamaab.

Joomma LobGogbobamazal Bggmmao, Bobowswgdsdo Lodyzgdob mozobyGsmn Mognlb gomge-
mobbobgdom, LodgamgbBnsbn B36al As@Ambamzgal (NP1 NP2 NP3 VP) g36sbmmo 393009 9bemgdabs
DO00gOHn0b J0dsMo go@ssanmgdal MomEgbmds mgmmonmem dgndmgds 4!=1x2x3 x4 §meoa
0ymb. 0330 606505098530 mocmmgma 8omasbal godmBgbal smdsmmds aoblbbzoggdama ndbgds,
gomMma© ©sobadzgdo 30dmg3mmdgdol Mammgbmds bsjdomm wowons. dgbsdadobsw, sbgma 3Mm-
diEogmo Bgbgdol bgmom sggds dg@ow dMMIs@q3o00s ©s dsmn 3Mad@ngmmo godmmgmgdol
36,3930 g0dmygbgd0balb HBYLEGMaL godmEnzbgs o6 dgadmads.

o@bgdmmo 3Mmdmadol aswsbogmgmo 33dsmdor 3Mmamadnm dmemmdyg, MHmIgma dgd-
mgdL 53&MBdG M@ 35bbodEgMmML BGMsDNm dgdsmagbgmms LbmMo ebdndwgzgmds Mdnsmme
dgbagamo &gdLB0sb s 0go 3MmeEmd300b Babgdol aMsds@ oz bobomb oymMmomb. dmmeyma Ro-
396gds, NLTK 8mommabgsb @sdmyzomgdmam, dmbs3gdms bsjombsowgbdn (pipe-line). gb 860d364-
mmgbo@ 30bMEolb bogmagda 3mbyngu@soymo Jomoygmo g6olb bobGo by sbsemabol 8 gjom-
mma0mm0 35398 0L Imdbommdal, Mo goondxmdgbgdl 3ombgMal gugd@nsbmdal.

d0dmamaMaggnd:

39mododgomo, ©o3sbs. Jomommn 8860l mememgdol Lob @ gds. mdomabo, mmambdmgbo. 2001. P

Beesley, Keneth R. and Lauri Karttunen. Finite State Morphology. CSLI Publications. Leland Stanford
Junior University. 2003.

Bird, Stiven, Loper, Ewan and Edward Klein. Natural Language Processing with Python. O’Reilly Media
Inc. 2009.

Brants, Sabine and Silvia Hansen. >>>Developments in the TIGER Annotation Scheme and their
Realization in the Corpus”. Proceedings of the Third Conference on Language Resources and
Evaluation (LREC 2002), 1643-1649. Las Palmas de Gran Canaria, Spain. 2002.

Fraser, Alexander, Schmid, Helmut, Farkas, Richard, Wang, Renjing and Hinrich Schiitze. “Knowledge
Sources for Constituent Parsing of German, a Morphologically Rich and Less-Configurational
Language”. Computational Linguistics, Volume 39, Issue 1, 57-85. MIT Press Cambridge, Ma, USA.
2013. http:// doi: 10.1162/COLI_a_00135

Kornai, Andras and Geoffrey K. Pullum. “The X-bar Theory of Phrase Structure”. Language, 66(1), 24-50.
1990.

Pollard, Carl and Ivan A. Sag. Head-Driven Phrase-Structure Grammar. Chicago, IL: The University of
Chicago Press. 1994.

Szanto, Zsolt and Richard Farkas, R. (2014). Special Techniques for Constituent Parsing of
Morphologically Rich Languages. Proceedings of the 14th Conference of the European Chapter of the
Association for Computational Linguistics, 135-144. Gothenburg, Sweden. 20114. http:// doi:
10.3115/v1/E14-1015

66



306030 606005©IB0L 330MBSDIG0 360010

OLEG KAPANADZE, NUNU KAPANADZE

THE AUTOMATIC ANALYSIS OF THE GEORGIAN SENTENCE

Summary

Until recently, most basic research in Natural Language Technology (NLT) has been performed on
“major” languages such as (predominantly) English but also German, Japanese, Chinese, French, and
Spanish. At the same time, Low-Density Languages (LDL) compete to take advantage of modern digital
technologies implemented in high-quality computing systems. As a result, the long-term viability of lan-
guages not specifically supported by NLT is at risk, which can lead to their digital extinction.

This paper presents an undertaking for developing computational applications involving Georgian to
fill a gap with technologically well-equipped languages and to lower the current scarcity of language re-
sources for Georgian text processing.

It is well known that Georgian is a language with rich inflectional morphology and with very few fixed
structures on the sentence level. The languages of similar design are called Morphologically Rich and
Less-Configurational (MR&LC). This paper concerns issues related to developing crucial NLT tools for the
MR&LC Georgian language: We discuss the development of a Feature-Based Context-Free Grammar
(FCFG) and a Featured Grammar parser for the Less-Resourced Georgian language.

Generative lexicalised parsing models, which are the mainstay for probabilistic parsing, do not per-
form as well when applied to languages with free word order or rich morphology. Based on the syntactic
valency property of the verb and language-specific features such as productive morphology, we designed
a prototype FCFG parser for automatic syntactic chunking/shallow parsing of the Georgian clause, which
we present here.

As the initial step to the syntactic analysis, we reimplemented the rule-based Finite-State Morpholo-
gical Transducer for Georgian text morphological analysis, lemmatization and POS tagging. To build an
interface between the TIGER XML scheme and an input format for conceived syntactic chunker, we had to
disambiguate manually and reformate the output of the Georgian morphoparser.

As a necessary step in the syntactic valency-driven Feature-Based Grammar parser implementation,
we have studied the Georgian verb stock and clustered it according to syntactic valency features. Eight
verb clusters with different valency distributions and syntactic frames are identified to date. For each
cluster, we developed and started training a prototype Feature-Based Grammar version for Georgian.

As a syntactic parsing testbed, we have utilized a broadly recognized open-source NLTK library
developed using the Python programming language.

In the meantime, we are developing a converter module capable of porting automatically the output of
the morphoparser at hand into the acceptable format for the NLTK input engine. This would provide an
option for piping the morphological transducer with the Feature-Based syntactic parser for linking them in
an unsupervised shallow syntactic chunker/parser of the Georgian language text.
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