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KOHCTpyHCame CTeMepa U JieMaTu3epa 3a je3uke ca dora-
TOM (pIIEKCHjOM M OCKyITHHM pecypcuma. Omuicani cMo
jenaH epukacaH IPUCTYI MOMONY KOra ce MpoIEec MOXKe
JMPEKTHO UMILUIEMEHTUPATH, a eBajlyalHja je U3BpILeHa
Ha KOHCTPYKIIUjH CTeMepa 3a CPIICKH je3uk. EBanyanuja
Ha BEPOJOCTOJHUM IOJalluMa aia je Ta4HOCT of, 79%.

1 ¥YBoa

JlBa BakHa 3aJlaTKa HECKOT HUBOA y 00paan
MPUPOJTHUX je3WKa Cy CTEMUHT U JIeMaTh3alluja.
CreMuHr je 1oOpo Mmo3HAT y 00paay MPUPOTHUX
je3uka, mpoHaJaXemy WH(OpPMaNHja, U UCTpa-
KMBarbUMa BE3aHHM 32 KOIAmE 110 TEKCTY, Kao
HEOIXOJHA MpUIIpeMa 3a ApyTe 3a/1aTke, KaKBU
Cy HIp. NpOHANAKeHE TeKCTa M JOKYMEHara,
rpylHcame JIOKyMeHaTa, Kiacu(HKaimja, eKc-
TpakIyja nHPOpMaIrja u y IpyruM mpuMeHama
Koja 3aBuce oA caapxkaja. CTeMuHr 6u ce Morao
oIucary Kao TpaHchopmaluja pedn Kof Koje Mo-
e Tohu 10 yKamamka HeKUX Cy(HUKca IPH YeMy
ce He TyOu OCHOBHH CEMaHTHUKU caapxkaj. Bpmo
(pekBeHTHE peur ce 0OMYHO YKIIamkajy JIMCTaMa
on0ayeHnx pedu, Ui ,,CTOII peun”’, y CUCTEMY 3a
MpoHaJIaKeHhe HHPOPMAIHja, T1a ce Ha IbUX CTe-
MUHI HU HE npuMewyje. CTEMHHT MOXEMO Ja
3aMHUCIIIMO Kao IMpoliec HopMalu3alnje y KojeM
CE€ HEKOJIMKO MOP(QOJIOIIKUX BapHjaHTH Marupa
y ¥cTh 005uK. O CTEMUHTY U HET0BOj IPUMEHU
y TMpoHaNaXewy WHPOpPMAIHja JeTabHO ce TO-
Bopu y [7]. Cuctemy 3a mpoHaIaxeme HHDOP-
Malfgja cTeMep JOHOCH JBe BaxxHe Kopuctu: (1)
[Moctrxe ce 60JbM OJ3UB y NPOHATAKCHY WH-
dhopmanmja jep ce peud U3 YIIHTa CPaBmYjy ca
Pa3THINTHM BapHjaHTHUM OOJIUIINMA Y JOKYMEH-

NH®OTEKA — gacomc 3a Ou0i1mnoTexkapcTBo U HHOOPMATHKY

Ty U (2) CTeMuHT cMamyje OOMM LETOKYITHOT
peYHUKa TePMHHA IITO JOBOIH /10 3HaUajHO Behe
e(pUKACHOCTH Y OJIHOCY Ha Op3uHY W MOTPEeOHY
MEMOpPH]y YCJIEA CMameha BEIIMYMHE HHICKCa
TepMUHA W CAaMHX JUMEH3Hja BEKTOpa TePMUHA.
Haunme, y Moienry BEKTOPCKOT IIPOCTOpA KOJ IPO-
Hala)xewa nHPOpMAaIHja JOKYMEHTH Cy IIpelCTa-
BJFCHHU KAaO T&KUHCKH BEKTOPH, TIE CBaKa TEXKH-
Ha OJroBapa TEPMHHY M3 PCUHHKA. YKIIAmambe
pedr JHCTOM 3a O0AIMBakhe Ka0 M HEKUX BPIIO
PETKUX PEYr U3 PEYHHKA IIPBU j€ KOPaK y CMambe-
By IUMEH3Hja, a MIOBPX TOra, MpoLemyje ce Aa
JlaJbe CMABECHhEe CTEMUHIOM U3HOCH U je/IHY Tpe-
huny [6]. buTHa IpeTHOCT y YYMHKY MTpOHAIaXKe-
Ha MOHEeKaJ ce ocriopasa ([4] §3.4), 6apem y city-
4ajy eHINIECKOT je3UKa, ajli 3a je3uKe ca 00raroM
(nekcujoM, cBohemE Ha KOPEH PedH je KibY4HO
[5]. Cremunr ce Takohe MoXKe KOPHUCTUTHU Y TPH-
MIPeMHOj 00pa/n 3a eKCTpaxoBame HHPopMaIrja
U 32 MHOT€ JIpyTe 3a/IaTKe.

Ja qm je ykinamame cypukca J0BObHO?
IMopen yxmamama cypuKca MPUMaMIBHBO 3BY-
YH 1 yKJIamkame npedurkca, au npedukcu oond-
HO MEHajy 3HaueH-Ee peun y MOTIYHOCTH Ma ce
0o0MYHO cMmarpa aa je 0oJbe ma ce He AHpajy
[7]. Jomr on oGjaBsbuBama IloprepoBor creme-
pa [6] cremuHr je yrmaBHOM TpaHcdopmanuja
KOja ce 3acCHMBAa Ha Ofcelnajy cydpukca, U OHO
je Beh ycremHo mpuMemeHO Ha BHUIIE WHAO
eBPOIICKMX je3HKa, Ha MpUMep: cTeMepu 3a 16
je3nka cy UMILIEMEHTHpaHu y Snowball-y [7].
MelyTtuMm, 0Ba METOONIOTHja OpPHjeHTHCAHA Ha
cy(uKce ce He CMe YOIIITaBaTH Ha CBE je3HKe,
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jep, Ha TIpuUMep, aparcku ce, y MOpQOIOMIKUM
TpaHc(hopMalnrjamMa oclialka Ha Ipedukce, Cy-
¢ukce u nHPUKCE, Kao WTO je Kopuiheme npe-
(uKca 3a 03HaUaBabE IIIATOJICKOT JIMIA. Je3uu
KOjH TIpUNazajy rpynu OaHTy je3uKa KOpHCTE
npedukce 3a rpaljerbe MHOKHHE. 32 HEKE je3u-
Ke, Kao IITO je KMHECKH, OBAKBa IMUTAamba YOII-
mITe HUCY Ol BaKHOCTH. HempasumHe diekcuje
ce He MOTY JIaKO OIHCAaTH TpaHChopMaIjama
3aCHOBAHMM Ha yKJIambamy cy(rKca ra \mHX Tpe-
0a TpeTHpaTH MMPEeKo JHUCTH N3y3eTaKa, O KOjHX
je jenHa u nucta ogbaueHux peur. [lojam cmem
U TI0jaM KopeH Cy TIOBE3aHH ajli CE Pa3JIHKY]y:
cmem je TIPOU3BOJ| YKIIamama KOju ,,0KyIlJba”
CBE CEMaHTHYKH OJIMCKE PEYH, JIOK je KOpeH
»yYHYTpalma” ped U3 Koje ce MOYeTHa ped u3-
BOJIM, OTHOCHO OH MMa €THMOJIOIIKO 3HAa4YeHe
[7]. JoOujame kopeHa peuyn OOMYHO 3aXTeBa H
yKJIamame npedukca, ajm ce OH KoJ| CTEMUHTa
He nupa. Jpyru padyHapcku mpo0ieM Be3aH 3a
CTEMHMHT je MOp(oJIOIIKa aHAIN3a, YHjH j€ LIIJb
pacraBibarmbe PeYH HA HajMakbe JICJIOBE KOjU Uy-
Bajy jeAMHUYHO 3aHYCH-E KOje je TMOBE3aHo ca
3HaUYCHEM IPBOOUTHE peun [3].

Jlemaru3zanuja. CIMYHO CTEMUHTY, JIEMaTH-
3anuja je mopdoromka TpaHchopmanrja Koja
Mema ped y HOpMaJIM30BaHu oOnmK. Mnak, mox
je IMJb CTEMUHTa IPUKYIJbAHE TOBE3AaHUX MOP-
¢doJomKUX BapHjaldja y jEOUHCTBEHU OOIUK,
nemamusep Bpaha onrosapajyhy nemy, koja je
HOpMaJH30BaHH OOJIMK KakBa OW ce Hallao u 'y
PCUHUKY.

Y onespky 2 oBOT paga hemo TOBOpUTH O APY-
UM paZioBUMa U3 OBe obmacTh, 3aTuM hemo y 3.
0J1eJbKY (POPMAITHO TIPEIACTABUTH CBOj TIPUCTYI H
Metoxy. Y 4. ogespKy hemo onmcartu pecypce kKoje
CMO KOPUCTHWJIM Ko TI0JIa3Hy OCHOBY. Y 5. ofeJb-
Ky onrcahemo excniepuMeHTe U TUCcKyToBahieMo
nobujeHe pesynrare, ay 6. 0feJbKy 3aKbydyjeMo
ca Mperie/ioM pe3yniTara M IIaBHUX JONPHHOCA,
Kao0 | MPEeJIOroM 3ajiaraka 3a oyayhu pan.

Pecypcu 1 porpam koju ce KOpHCTE y pajy
jaBHO cy JIOCTYIIHM M MOTY ce Ha Hahu Ha anpecu
http://www.cs.dal.ca/"vlado/nlp/2007-sr.

2 Ilpersien Apyrux paaoBa u3 oBe 00JaCTH

[ToprepoB cTremep 3a eHIiecku [6] je BepoBat-
HO HAjIO3HATHjU M Y HajiIupoj ynorpedbu. M3
OTHPWIIMKE UCTOT IIEPHOJIA, TPEM/Ia je HacTao He-
IITO paHuje, je APyTHu 100po no3Haru cremep, Jlo-
BuHCOB cTeMep. [IproouTHM [TopTepos ctemep je
6uo mmrmementupan y BCPL-y, mporpamckom
je3uKy Koju je mperxoano C 1 Koju ce AaHac peT-
Ko kKopuctu. CTeMep je HaHOBO UMIUIEMEHTHPaH
y AOCTa Pa3NHUYUTHX jE3MKa, aly YyuTajal Mopa
HMMaTy Ha yMY J1a MHOTH Ol FbUX HEe UMIUIEMEH-
TUPAjy CTEMEpP TAYHO OHAKO KAKO j& CIIEeH(HKO-
Ban.! U IToprepoB u JIOBHHCOB CTEMEpP IPUMED
cy anropuramckux cremepa. [locroje aBa ormmura
MPUCTyIa CTEMUHTY: je[JaH je 3aCHOBaH Ha ped-
HUKY a JPYyTH je anroputaMcku. ¥ cienehem mo-
[J1aBJbY O BbUMa heMo JeTasbHIje TOBOPUTH.

Haxkon mojase [ToprepoBor cremepa, umIwie-
MEHTHpaH je jomr onpehenn Opoj Apyrux creme-
pa. Ha mpumep, Snowball [7] TpenyTHO caapxu
cremepe 3a 16 jesuka. Pycku je jennHu Ganrto-
CJIOBEHCKH j€3HMK KOjU j& TPEHYTHO HMILJIEMEH-
tUpad y Snowball-y. TlocToje u apyre umriie-
MEHTAI[1je KOje Cy jaBHO JOCTYITHE. 3HAYajHa je
cranunna CPAN?, Ha ko0joj je yromhieHO HeKOJIH-
KO cTeMepa, yKJbydyjyhul 1 OMOTauKy MOIYIM 32
Snowball. 3a Behuny je3nka HemMa jaBHO JOCTYII-
HUX CTeMepa, MoceOHO 3a je3uKe ca OCKYIHHM
eJIEKTPOHCKUM JIMHTBUCTUYKUM pecypcuma. [1a-
padpasupajyhu [7], moxxemo pehu na mocroju
BEJINKU Opoj IMyOMuKalyja Koje TOBOpe 0 CTEMHH-
Ty, QJId MaJIO HX Jaje ONHuce Koju OU ce MOIIH
JUPEKTHO HMMIUIEMEHTUPATH Y TOMyJapHUM U
e(puKacCHUM TPOTPaMCKUM je3HMIIMMa, KaKBU Cy
C, Ilepm, JaBa u cxi; Takole, Mmanu Opoj myOnmka-
IMja TIPY’Ka KBAHTHUTATUBHY aHAIIU3Y U MPOLICHY
YUMHKa CTeMepa.

TeopeTcka 0CHOBA Hallle METOIOJIOTH]E TTOBE-
3aHa je ca METOJO0JIOrMjOM KOHAYHHUX ayToMmara
Koja je ormcana y [1] u [8].

[ITo ce THye CpICKOT je3WKa, HaIa IOTpa-
ra 3a OIMPHM CKYIIOM CTeMepa 3a OHMJI0 KOjH OJf
CIIOBEHCKHUX je3uka OuBIie Jyrociasuje nana je
caMo HEKOJIMKO pe3ynrara. 3amnpaso cy npoHale-
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Ha caMo zBa creMepa. CTeMep 3a CIOBEHAYKH je
omucaH y [5] ¥ IPOIICHEH je Ha jeTHOM 3aJIaTKy
MpoHajlakemha HH(OpMaLKja, ald HICMO MOIIIH
na npoHalleMo HUjeqHY AOCTYIHY UMILJIEMEHTa-
ujy. ,,Ipy HOBa cTeMepa 3a CJIOBEHAuKH™ Cy I10-
MeHyTa Ha Beb nmpezentanuju INCO-Copernicus
mpojekra’. Ha Snowball muctu ce oxsujaia au-
CKYyCHja OKO YKJbY4HBaHa CJIOBEHAYKOI CTEMEpa
y OKBHp cucrtema‘. JaBHo je noctyman Ilepn kO
3a XpBarcku cremep’. OH yKJbydyje BPJIO CKPOM-
HY OKyMEHTalMjy (CaMO HEKOJIMKO KOMEHTapa
0 peBH3HjU KOJA), U KOPUCHUYKY MACHTH(]UKa-
uujy aytopa ‘dpavlin’. Msmena aa je y nuramy
KpaTak ¥ ToOpo HaIMCaH CTeMep, ajlk HUje jaCHO
KOJIMKA je BeroBa o0yxBaTHOCT. Moxke OUTH J1a
jey IiTamy cTeMep 3a HIparbe HAYUHEeH 32 CaMO
143 pedn KOTMKO WX j€ JaTO y IMomannuMa 3a Te-
cTupame. [pyra cImIHu IpojekTH U3 MopgoIo-
LIKE aHAJIN3€e KOjU Cy U3IVIEeAa UMIUIEMEHTHPAIN
nemamu3sepe, a He cremepe cy [10] 3a cprcku u
[9] 3a xpBaTCKu.

Jdonpunocu. Tpu miaBHa AONPUHOCA OBOT
pazaa cy: (1) pa3Boj 1 UMILJIEMEHTAIIH]ja jaBHO JI0-
CTYITHOT CTeMepa 3a CPIICKH 3ajeHO ca IPUIPY-
JKEHUM pecypcuma, (2) omuc 1 aHaan3a KBaHTH-
TaTUBHE aHAJIM3€ CTEMEPA U PA3INYUTUX KOPaKa
y TIpoliecy BUXOBOT pa3Boja, u (3) mpeanarame
U TECTUPAHE OMIUTET MPHUCTYIIA U3TPATLH CTe-
Mepa U JIeMaTu3epa 3a jesuke ca boraroM ¢uiek-
CHjOM a OCKYZIHHUM pecypcuma. Hanasumo na je
METOJ] KOjU CMO KOpPUCTHJIU omoryhno 3aHuM-
JbUB YBH] y aJTOPUTME U CTPYKTYpe IMojaraka
KOjH Cy MOTpeOHU 32 e(hUKaCHY UMILJICMEHTAIIH-

Jy TakBUX CTEMEDA.

3 IIperxoaHa HCTPaKUBAKHA

AJITOPUTAMCKM ¥ PeYHUYKH cTemepu. [lo-
CTOje JIBa MPUCTYTIa U3rPalby cTeMepa:

1. 3acHOBaH Ha PEYHUKY U
2. aNTOPUTAMCKHU.

VY peunuuxom npucmyny OcClambaMoO ce Ha
IIMPOKO JIMHIBHCTHYKO 3HAWE IMPUKYIUBEHO Y
MAaIIMHCKH YUTJEUBOM PEUYHUKY, JHOK y aneopu-
MAMCKOM Npucmyny KOPUCTHMO PEJIaTUBHO Ma-

i Opoj mpaBwiia. AITOPUTAMCKH TPUCTYT je Y
OIIITEM CIy4ajy AeNOTBOPHUJU M KOMITAKTHU]JU
y CMHCIY BEJIMYHHE IPOrpama, TO jeCT KOMILIEK-
croct Konmoropoga. [Ipema OxamMoBoj omTpu-
1M, To Ou Tpedano na noseae Ao sehe ommrocTu
1 poOyCTHOCTH KaJia ce Hanl)e Ha peuu Koje HUCY
npetrxonHo Buhjene. C npyre cTpaHe, peUHHYKU
NPUCTYT j€ jeMHOCTaBHUjU y 00pajy U3y3eTaka
U MOXKe OWTH JIaKIIXA 3a MOAW(UKOBAKHE U ONIp-
kaBame. ['pannma m3mely oBUX mpucTyma HHje
jacHa: 3a peYHUYKH MPHUCTYTI Cy OONYHO MOTPeO-
Ha Oap Heka npaBwia. Ha mpumep, y jesunuma
ca OoraroM (preKcujoMm, KakaB je CPIICKH, U Bia-
CTHTa UMEHA Cy NMPOMEHJbUBA alld CE HE MOXKE
OYEKHMBaTH Ja CBa BJIACTUTAa UMEHa Oyly YKIbY-
YyeHa y peuHuK. CIMYHO, aTOPUTAMCKH CTeMep
OOMYHO MMa JINCTY M3y3€TaKa, IITO Cy Y CTBapU
MaJi pedHuny. [IpucTym koju oBzie pasMarpamo
je alropuUTaMCKd. AJTOPHTAMCKH MPHUCTYN HMa
JI0/1aTHE TIPETHOCT, OCUM OHUX A00PO MO3HATHUX,
KaJia je Ha pacroJyiaramy MoJa3HH JIEKCHUKU pe-
Cypc OrpaHM4YeHE IOKPHUBEHOCTH 32 3Ha4ajHUM
OpojeM rpemaka, ogHocHO mryma. lIperepano
MoJIeIIaBak-e¢ MOZIENa Ca Pecypcom, o yera Ou
JIOIIJIO KOZ TPUMEHE PEYHUYKOT IPUCTYTIA, T0BE-
70 OM 10 cCMamemha YUrHKa CTeMepa He camo 3a
HETo3HaTe peud, Beh M 3a JIGKCMKOH Ha KOME je
00aBJbEHO 00yUaBambe.

CreMuHT (WM yKJIambawe cypukca) u Jie-
MaTu3anuja. Ilog ommTHjUM TEpMUHOM J1ema-
mu3zayuja pasiuKyjeMo TPU pa3IuuuTa HUBOA,
O]l KOjUX CBaKW Jlaje CBE HAIPEIHHU]y aHaJIU3Y
peun:

1. yknamame cypukca UM cTeMuHr, je Beh
OIMCaH NpoLec,

2. THPEKTHA JIeMATU3ALHUjy WK IPEBOA 00IH-
Ka peuu y Jiemy, 1

3. aHOTHpaHa JJeMaTH3alMja WK IpeBo 00mu-
Ka peud y JieMy aHOTHUpPaHy CBOjCTBHMA KoOja CY
MpHUIpYKEeHA OOIUKY peUn.

Kon nmpexTHe nemaTm3anmje, 3a cBaKy Ja-
Ty ped M3 TeKcTa jJemarusep Bpaha jgemy, To ject
OCHOBHH OOJIMIK pedr, KakaB ce Moxe Hahu y ped-
HuKy. [IpeaHocT nupeKTHe ieMaTn3anyje Haj cTe-
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MUHTOM YKJbydyje 00Jbe pa3InKoBarbe BapHrjalmja
jemHe peuu, a To OM OBENO 10 OOJBUX ArTHKAITU-
ja y nmoMeHy npoHanaxkema uHpopmanuja. OBaj
MPUCTYII ce Takol)e MoXe KOPUCTHTH KoJ on-line
pEUYHHMKA T/Ie KOPHCHHIIM YECTO YHOCE BapujaHTe
jemHe peud Koje Kao TakBe HHUCY Y PEUHHUKY, ajiu
BIXOB OCHOBHH OOJTHK jecTe. MambKaBOCT IUPEKT-
HE JIeMaTHu3alyje je IT0 MOXKE MOCTOjaTH 3Hada-
jaH Opoj MHXEPEHTHUX ABO3HAYHOCTH TIOIITO He-
KU OOJHIM pedd MOTY OITOBapaTd Pa3INIUTHM
nemama. be3 mo3HaBama KOHTEKCTA Jemamusep
MOXKE CaMo J1a BpaTH CBE JIeMe M MPEIyCTH KOpH-
CHHUKY WY aIlIMKaHj1 Ja pa3peln JBO3HAYHOCT.
V nporecy ykiamama CyQuKca OBaKBe TBO3HAY-
HOCTH pa3pelllaBajy ce CTalmameM pa3THuUTHX
JeMa ¥ BUXOBUX OOJIMKA Y UCTY KJIacy, Koja uMma
JeTMHCTBEHH PENPE3EHTATUBHHU CTEM.

AHoTHpaHa JeMaTH3aUMja I[PECIUKaBa,
CIIMYHO TUPEKTHO] JIeMaTU3anuju, oOIUK pedn
y jeAHy WM BHIIE Jema, Joaajyhu ckym mop-
(oJIOIIKKMX CBOjCTaBa KOja Cy MPHUIPYKEHA TOM
oOJIKY peud, Kao ITO Cy Poi, Hauex u Opoj.
Ckyn cBojcTaBa Tpeba ja Oyne TakaB Jia OOpHY-
TH MIPOIIeC MOPQOIIOIIKOT TeHEPUCaha TPOU3BO-
JIM Ta4aH OOJIMK pedr Ha OCHOBY 3aJare JeMe U
cKyma MOpPQOJOMKHX CBOjcTaBa. AHOTHpaHA
JeMaTrH3anyja ce MOXKe CMaTpaTé MPOIIUPEHOM
JMPEKTHOM JIEMaTU3aIINjOM, ITOLITO MPYy’Ka BHIIIE
nHpopmartrja. Koxg anotupane nemMaTu3aryje Mo-
e nohu 7o jomr Beher cTeneHa BUIIE3HAYHOCTH
HETO KOJl TUPEKTHE JIeMaTH3alllj€e, aKo BUIIIE CKY-
[I0Ba CBOjCTaBa TeHEpUINE UCTU OOJHK peud U3
UCTE JIEME.

Kao npumep, ykaamware cygurca nmm cme-
MuHe TIPEBOIM CBE pedd M3 cKyma {boxer, bo-
xers, boxing, boxed,...} y ped ‘box’; oupexmmna
nemamuszayuja npeBoau ‘boxers’ — ‘boxer’ i
‘boxing’ — ‘box’; a aromupana remamuzayuja
npousBoau cieaehu npeBox ‘boxers’ — ‘boxer.
noun.plural’.

4. MeTononoruja
VY nocana 00jaBipeHO] TUTEPATYPH jEAaH HUC-
KJbYYUBO QJITOPUTAMCKH HPUCTYII CTEMUHTY je

yKIamame cypuKkca, WIH Npenn3Huje Herona
3ameHa. Tunmyad npeacTaBHUK je [loprepos an-
ropuraM. Anropuram rpynuile npaBujia y mer
KOpaka KOju ce pelloM IIPUMEY]y, IPH YeMy ce
MIpUMERYje HajBUIIE jeTHO MPABHIIO U3 TPYTIE.
CBako mpaBWJIO CacTOjU Ce M3 YCJIOBa U 3aMe-
He 00JIMKa §,— §,, @ TYMa4u C€ JIa aKko je yCIIOB
3aJI0BOJbEH 32 HEKY PeY M ped uma CyQpuKC ¢,
OH C€ 3aMemYyje CYQUKCOM S,. YCIOBH KOJHU C€
kopucte y IloprepoBom cTemepy cy WM TakBU
Jla ce MOTY IPEACTaBUTH y OOJIMKY 3axTeBa 3a
onpehennM cypurcoM, WK YKIbYUyjy HajMamby
Iy’)KWHY cTeMma y Opojy CIIOTOBa, WIIH j€ YCIIOB
TakaB Jla CTeM CalIp)KH CaMOIJIaCHUK. AKO je
HEKOJIMKO IIPaBUJia IPUMEHJBHUBO Y jeIHO] TPY-
1, IPUMEYje Ce HajIy>)KH CPaBEHEHH CY(UKC.
YkymHu Opoj mpaBuia je 63, aau ako JKEINMO
Jla X MpeacTaBuMo y ¢dopmary ,,00MdHHUX Cy-
(ukca”, Ha IpUMEpP aKO YMECTO J]a CPaBIYjeMO
,»YABOCTPYYEHHU CYTJIACHUK  3alpaBO MOHABJbA-
MO MPaBUJIO 32 CBaKM CYINIACHUK, Opoj mpaBmiia
je oko 120. YmHM ce ma ce oBakBa BpCTa Ipa-
BUJIa MOYKE IPUMEHUTH U Ha CTEMepe 3a Ipyre
je3HKe U3 TpyIe HHI0EBPOICKUX je3uka. OBo je
MOTHBHCAJIO Pa3B0j IPOTPaMCKOT je3UKa CIIEeIIH-
jamue Hamene Snowball [7].

[IpumeheHo je ma ycnoBu 3a Oy)XKHHY cTeMa
HHUCY OZ IoceOHE BaKHOCTH 3a PYCKH M CJIOBE-
Havyku.® Ha 0CHOBY OBOT omaxkama, IPeTHoCTaB-
JbaMo Ja Ou mpaBuiia 3aMeHe OOMYHUX Ccy(drKca
Tpebaso ga Oymy TOBOJbHA 3a Pa3BOj HAIIET CTe-
Mepa. Kopretumo camo HEKOIHMKO jeTHOCTaBHUX
ycIIoBa 3a IyXHHY CT€Ma, a Jajbe pa3Marpame
0BHX ycioBa Ouhe fneo nasser pazga. Y nopehemy
ca KOMIUIEKCHHjUM NpaBWINMa, MpaBuia o0nd-
HUX Cy(HKca Ccy OBOJbHA C 003UPOM Ha TO Aa
ce KOMIUIEKCHHU]a cy(hUKCHA IpaBUiia MOTY U3pa-
3UTH npeko Beher ckymna mpaBujia OOWYHUX Cy-
¢uxca. Ilomro je [loprepoB cremep npuOIMKHO
eKBUBaJICHTaH cKymy o 120 mpaBmia oOMYHHX
cyuKca 3a €HIVIECKHU, KOjH j€ je3UK ca ci1aboM
¢nexcujom, ouekyjemo n1a Ou Opoj OBaKBUX Ipa-
BMJIa 32 je3UK ca OoratoM (iekcujoMm, Kakas je
CPIICKH, MOTa0 JOCTUNM U BHIIE XUJbaAA.



[MPUCTVII U3I'PAIBBU CTEMEPA U JIEMATU3ATOPA 3A JE3UKE... 25

Jlekcuukun mopdosomku pecypeu. Hai
OCHOBHH JIEKCHYKH PECYPC j€ JINCTA ITPeCIKaBa-
Bba peun w y muxoBe jJeme /. OBo ,,ITpeciTnKaBa-
Be” HUje PyHKIHja MOIITO C& Ped MOXKE PECITH-
KaTH y Buile jieMa. To je ommira penainudja Haa
peunma: w - 1.

SDDL (JemgHocTaBHU IUPEKTHU JeMaTH3EP
3aCHOBAH Ha PEUHUKY, Of] CHIIeCcKoT Simple Dic-
tionary-based Direct Lemmatizer) MOXe ce cauu-
HUTH KOpHUIINEHEM OBOT pecypca. 3a Ouio Kojy
3amary ped w iema [(w) je onpeheHa pemanujom
u3 pecypca w — I(w). Jlsa rmaBHa npobnema cy:
(1) TBOCMUCTIEHOCT, TIOIITO j€HOj pe9X MOXKE OH-
TH IIPUIPYKEHO BHIIE JeMa, U (2) TOKPUBEHOCT,
JOKYMEHTH TI0 TIPABIITY CJIPKE PEUH KOjUX TIPET-
XOJHO HHUje Omo y peuHuKy (hapax legomena).

H3eoheme cremepa. [Ipouec uzgohera cme-
Mmepa nenumo 'y cienehe xopake:

4.1 xpeupame Kjlaca CTEMOBa,

4.2 TeHEeprCabe CTEMOBA U CYPHUKCa,

4.3 coptupame cyukca no GpeKBEeHTHOCTH, U
4.4 reHepucame CyQUKCHUX NPaBUIIA.

4.1. Kpeupame Kjgaca creMoBa. AKO JBe
peYd W, U W, UMajy UCTH CTEM, KaKeMO Ja Ce
cranajy [7], n numemo w, ~ w,. OBa penanuja
je perarnuja eKBUBAJICHITHj€ U OHA JIEJTH CKYTI pe-
4K y KJace exkBuBasneHuje. OBe Kilace Ha3UBa-
MO Ki1acama ctemMoBa. Kiace creMoBa kpenpamo
13 HalIeT pecypca Tako IITO peNalyjy cranama
Je(pUHUIIEMO Kao pedlIeKCUBHO, CHMETPHYHO H
TPaH3UTHBHO 3aTBOpem-e penanuje —». Haume,
3a OUJIO KOje TPH PeUd W, W, U !

W, ~Wp

W1—1> WZ = W] ~ WZ/\WZ ~ W], u

WI ~ WZ/\WZ ~ Wj = W] ~ Wj.

TpaH3UTHBHO 3aTBOPEHE CE€ YECTO HMMILIE-
MEHTHpa IMOMONy MarpuIia, ajii y OBOM CiIyda-
jy To 61 BepoBaTHO OMJIO HENO3BOJHEHO CKYIIO
30or BenmunHe Marpuna. Edukacan HaumH je
na ce kopuctu UNION-FIND crpykrypa nona-
taka [2]. Pesynrar oBe (haze cy kiace cteMoBa,
TO jecCT TpyIe peur Koje Ou Tpebano creMepoM
na ce ctone. CBe peun U3BEACHE U3 HCTE JeMe,
CXONHO penanuju —», he ce cTONMTH, any Kako
BHIIIE JIeMa MOXe OWTH MPUAPYKEHO jeTHO] pe-

49", 1 OBC JICMC he OuTH cTonbeHE Y UCTY KJ1acy.
KBanuTeT Ki1aca cremoBa ce MOpa CKCIICPUMCH-
TaJIHO IOTBPAWUTHU.

4.2 Tenepucame cremoBa u cypukca. Y
OBOM KOpPaKy MOpaMo Ja HISHTH(UKYjeMO IITa
Cy oAroBapajyhm CTEMOBH 3a CBaKy ped, a IITa
cy omrosapajyhu cybukcn. 300T OCKyTHHX pe-
cypca KOjH Cy HaM Ha pacrojiaramy IpuMemYje
ce jeqHa HeHaATIIeaHa METoAa yUema. 3a CBaKy
KJIacy CTEMOBa HAJIA3MMO HajIay>KH 3ajCTHIIKH
npeduKC CBUX Pedud y KIIacH U AeUHUTIIEMO Ta
Kao CTeM cBake peun u3 kiace. Hakon Tora 3a
CBaKy ped U3 KJace JIe0 pedr KOju 0CTaje Iporiia-
maBaMo 3a Baauaau cydukc. OpekBeHImje moja-
BJbMBama Cy(huKca maMTHMO oueKyjyhu na he Bu-
COKO(pEKBEHTHN Cy(pHKCH OWUTH oaroBapajyhm
KaHJUIaTH 3a IPaBUIIa 32 YKIIamkamke cypuKca.

4.3. CopTupame cypuxca no ¢ppexBeHIU-
ju. enepucanm BanuaHu cy(DUKCH ce€ COPTHPA]Y
Mo (peKBEHIIMjU paaul omadupa 3HAYajHUX Cy-
¢ukca. Jlok he jako ppexkBeHTHH CyQHUKCH BEpO-
BaTHO OWTH KOPHUCHU, CYQHUKCH UHja je (peKBeH-
[IMja Mala, HIIp. jeaH, Ou Tpedano oadanuTH He
camo 11a 6u ce cMamHo Opoja mpasuia, Beh u ma
Ou ce reHepucalia OMNIITHja MpaBUiIa Koja He On
MOKyIIIaBasa Jla CJIOXKE PeYd Koje ce CIy4ajHO
MIpeKJIanajy.

4.4. T'enepucame cypukcHuX npasuJja. Pas-
MarpaMo HEKOJIMKO Ha4dWHA 32 TeHEpPHCAme Cy-
(UKCHUX MpaBHIIa U CBAKO OJ] BbUX EKCIIEPHMEH-
TaJHO TpoIekyjeMo. Pazmarpajy ce jenHocTaBHa
IpaBmIIa 3a yKIamame cydukca, Ha mpuMep, pa-
BUJIA Cy OOJIMKA § — € , TIIE je € Mpa3Ha HUCKA.

4.4.a Cremep ca od0yxBarameM 3aCHOBAaH
HAa Y4ecTaJ 0CTH. Y IIPBOM IPUCTYILY KOjH CE Ha-
3MBa CTeMep ca 00yXBaTambeM 3aCHOBAH Ha yde-
CTaJIOCTH, TIPBO OMpaMO Cy(pHUKCe KOjU CE TI0jaB-
JbYjy ca (peKBEHIINjOM Koja TIpeJia3u yTBpheHn
mipar. OBH y4uecTaiu Cy(hMKCH ce Ha3UBajy 8a1u0-
HU cyguKcu, U OHU Cy KaHIUAATH 3a aJrOpUTaM
3a ykIamame cypukca. CKyll CBHX BaIHIHUX
cypuxca ce obenexaa ca S . AKO je BaJIMIHU Cy-
(uKC 5, ICTOBPEMEHO CY(DHUKC IPYTrOr BaIMIHOT
cyduxca s,, OHIIa ce OUIIO Koja ped Koja Ce 3aBp-
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maBa Cy(pUKCOM s, Takohe 3aBpiuasa cypukcom
s,, 12 OHJIa K&KEMO J1a je Cypukc s, obyxeahen
CY(UKCOM s, IUTO MHUIIEMO §, D S, WM KaKEMO
na je s, cnenuuuHuju ox §,. AKO JiBa BaJauIHa
cy(ukca MOTy J1a Ce YKIIOHE U3 PEeUH, OHJIA je je-
JaH oOyxeahen IPyTUM U OHAj CTICITU(PUUHHU]U CE
yKJIama. Y CypoTHOM, crienupuaHuju aduke ce
HHKaI He Ou mpuMeHno. OCuM Tora, OBO je IIPHH-
LIUTI KOjH Ce KOPUCTH Y CBUM CTEMEpHUMa KOjH Ha-
mukyjy [HoprepoBom.

4.4.0 IloxyenHu creMep ca 00yXBaTamweM.
[IpaBuna 3a ykiamame cypuxca ce Oupajy y
cKiany ca (pekBeHUHUjoM cydukca y omanajy-
hem penocieny, CIMYHO Kao y CTeMepy OIuca-
HOM y 4.4a. JlonaTHH yCIIOB CE NMPUMEHYjE Me-
pemeM TavyHOCTH YKJamama HOBOGOpPMOpaHe
rpyIie HAKOH CBAKOT MpaBHia. AKO Ta4HOCT HHje
mo6oJpIana Ha ofpeheHoM Tpary, IpaBHIIO Ce
He omabupa.

4.4 OnTumannu cypukcHu cremep. [Ipucy-
CTBO WJIM OZICYCTBO cy(hrKca ce MoXKe KOPUCTUTH
Ha MHOTO CJIOKCHU]JU HAYUH HETo IITO HY/E je-
HOCTaBHa MpaBwia 3a yKiIamame cydukca. Hrp.
Heka npaBwiia [TopTepoBor cremepa ce u3paxa-
Bajy OBAKO: ,,yKOJIMKO PEY MMa CY(PUKC 5, a HE 5.,
OHJIa ce yKIama cypuke s,”. [ub ontumansor
Cy(hHKCHOT cTeMepa je [1a Ce UCTPAXH J1a JIU ce
Moxe moctihu 60Jb1 YUMHAK KpEUpambeM OBaKBUX
CIIOKCHUjUX TpaBUIa, KOPHUCTEhN MPUTOM caMo
OHe cy(uKce reHepucane y kopaky 2. Takas or-
TUMU3ALU]CKU TIPOOJIEM HHjE JIAKO PAaYyHCKHU 00-
paauTH, ali MU MOKa3yjeMo je To umnak moryhe
Y UMITIEMEHTHpaMo erKacaH alropuTaM Koju
ra pemasa. Kaxxemo na ce nse peun w, u w, He
MOTY Pa3JIMKOBAaTH CKYIIOM BaJHIUHHUX Cy(pHKca
S, WITO MMIIEMO Kao W, = s W, aKko 3a CBaKku
cypukc s € S, s HICTOBPEMEHO JECTE WJIU HHjE
cyuKc peur w, 1 w,. AKO C€ JIB€ PEUd HE MOI'y
pa3HMKOBaTH, OHJIA CE OHE WJI MEHha]jy HITH OCTa-
Jy HETIpOMEHEHE NCTHM TPABUIIOM 32 YKIIAmhambe
cydukca y mporiecy yKiamama. [lopes Tora, pe-
JanmMja =s_je penanuja eKBUBAJICHIM]E U OHa JIe-
JM CKyml pevn Ha |S | + 1 kacy eKBuBaneHIMje
(nmm |S | ako € € ). OBe K1ace eKBUBAICHIIH]E

CY B&XHE Y KOHTEKCTY KOMIUIEKCHHUX Cy(DUKCHHUX
IpaBuIIa jep ce JIBE peuu U3 HCTE KIlace He MOTY
OJIBOJUTH CPABILHBAEM Ca BATTHUIHUM CY(PHKCHU-
Ma; a aKo JIBE PeH NPUNaIajy pa3IHIuTHM Kia-
cama OHJa ce MOXXe Kpeuparu OyJOBCKU H3pa3
HaJI yCIIOBHMA 32 CPaBIHHBAE BATUIHUX Cy(DUK-
ca 1a Ou ce peun pasasojuie. [Ipema Tome, na
OM HAaIUTH ONTHUMAIHY OCTBAPHBY TAYyHOCT ca
CKynioMm cy(ukca S , Tpeba 1a JIOKaIHO ONTHMHU-
3UpaMo CBaKy KJIacy €KBUBAJCHIHjE TAKO ILITO
hemo mponahu HajonTUManHHjH CY(PHUKC KOjH
Tpeba YKIOHUTH U3 CBake peun y kiacu. OBo ce
Moxe e(hUKaCHO U3BECTH.

5 EBaayanmja
5.1 Jlekcnuxu Mop¢oJIOIIKH pecypcH

neMe 47.489
00N peun 675.140
MapOBHU OOJIMK peuu — Jiema 696.263

Ta6esa 1: CTaTHCTHKA JIEKCHYKOT pecypca

Hama oOpaa rmodena je ca OCHOBHUM JICKCHY-
KHM PECYpPCOM 3a CPIICKU je3HK KOjU je pydHO
KpenpaH u o0oraheH MpUMEHOM JIePHUBAITMOHUX
npaBuia. Pecypc je mpomao Kpo3 Ayrd mpoiec
npouniihaBama, alli y leMy jOII YBEK UMa Tpe-
maxka. Jla 6u omakmranu obpamy AvjaKpUTHYKA
JATUHUYHA CJIOBA CPIICKOT je3UKa Cy TPaHCKPH-
0oBaHa y Tako3BaHO Komupame ,,duall” (Hmp.
¢=cx, ¢=cy). Pecypc ce cactoju u3 mapopa peu
— JIeMa, 2 OCHOBHU CTaTUCTHYKH MOJAIIH CY MTPH-
kazanu y tabenu 1. Kon pauyHama pazmmuurte
O3HAaKe 3a BPCTY PEUH HUCY y3uMane y 003up. Ha
puMep, y eHrteckoM ce work/NN (umenura) u
work/VB (Ti1aroit) Mory padyHarty Kao JBe pa3iiu-
YUTE JIeMe, AT UX MU CMaTPaMoO jeTHOM JIEMOM.
OBakBa BpcTa JBO3HAYHOCT HUjE MPEBUIIIE YeCTa
y CPIICKOM.

MoskeMo Takohe 1a mpuMeTHMo 11a je Opoj ma-
poBa (00nuK peun, iema) Behu on 6poja obOnmka
peuan, anu He MHOTO (= 3%). OBO 3Ha4M fa Ou
JenHocTaBHUM TUPEKTHH JieMaTH3ep 3aCHOBAH Ha
peunnky (SDDL), koju je onrcaH y IpeTXOAHOM
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MOTVIaBJbY, MOTA0 OMTH MPUJIMYHO Ta4aH, TOIITO
ce ok0 97% o0nuka pedn jeTHOCTABHO MPeCIIn-
KaBa y jeiHy JieMy. Moxe ce IpUMETUTH Aa IPo-
ceyHo 14 pa3nmuuuTuX OONHMKa peud J0ia3d Ha
jenHy JeMy.

5.2 JenHocTaBHU AUPEKTHH JieMaTu3ep
3acCHOBaH Ha peunuky (SDDL)

butne kapakrepuctuke SDDL 3aBuce ox Hu-
BOa BUILE3HAYHOCTH PEYHHKA, TO jECT, pecypca.
Hugo BHIIE3HAYHOCTH pedur w Ie(UHUAIIEMO Kao
BuiesHadnoct(w) = |{/ : w -5 [}, omHocHO, 6poj
JieMa Koje ¢y npuapyKeHe peur. 3a jeqHO3HauHe
peu, TO jeCT 3a P4 YHjH je HUBO BUILE3HAYHO-
ctu 1, memarusep O Tpebamo ma M4 KOpEKTaH
o1roBop, 6ap mpema pecypcy. ductpudynuja Hu-
BOAa BUIIE3HAYHOCTH je AaTa y Tadenu 2.

Hugo Eboi 06 I
sulesHatHocry | PPO) 00IHKa peun poLeHat
6 1 | 0,00015 %
5 18 | 0,0027 %
4 156 0,023 %
3 1566 0,23 %
2 17446 2,58 %
1 655953 97,16 %
TaGena 2: luctpubynuja HIBOA BUILIE3HAUHOCTU
o0MrKa peun y pecypey

OBo ymyhyje nma, ako MpeTIIOTaBHUMO yHH-
(hopMHY pacniofieny pedn, MOXKEMO J1a O4eKyjeMO
na SDDL uma tauHOCT onf HajMame 97%. Hajsu-
Ie3HaYHUja ped y pecypcy, ca 6 oaroapajyhux
JeMa je ,,KyTe”, a IbeHe JIeMe CY: ,,)KyT , , KyTa”,
»KYTETH”, , )KyTHTU, ,,)KyTjeTn .

EBanyanuja 3acHoBaHa Ha kopmycy. Y
MIPETXOHOj MPOIEHH MPETIIOCTABUIIN CMO YHH-
dhopMHY pacmozeny pedn y TEKCTy, ITO HHje
peasHo. Peun cy o6nuHO quctpulyupajy npema
3unoBoM 3akoHy [4] KOju je cTelneHH 3aKoH
pacmozerne, 1 KOju ce BeoMa pasiiuKyje ol YHH-
thopmue pacrioniene. Jla 6u epamyanuja ouna pe-
aJIH{ja KOPUCTUMO KOPITyC TEKCTOBa. 3a pemnpe-
3€HTAaTHBHU KOPIIYC CBAKOJHEBHOI CaBPEMEHOT
je3nka m3adpanm CMO KOJICKITH]y WIaHaKa W3
HeJeJbHUKA ,,Bpeme” 3a mepuoi oA MeT roauHa

2001-2005. Bennumna xopmyca je 44Mb u casp-
*u 6,6 MUITHOHA peyn.

[Ipra ynorpeba xopmyca je na ce MpOICHU
MMOKPUBEHOCT HAIIIUM PECYPCOM OJJHOCHO ITPOIIe-
HaT pPe4H KOpITyca Koje Cy caapKaHe y pecypcy.
HakoH npBe mprMeHe, HAILTM CMO J]a j€é caMo
56% peun u3 Kopmyca nponaleHO y pecypcy,
YKOJIUKO C€ TPaKHU IMOKIIAIAlke MAIHX W BEJIH-
kux cioBa. [lopex nmeHa, peun UMajy MOYETHO
BEJIMKO CJIOBO M aKO Cy Ha IMOYETKY PEUCHHUILIE H
y HacJOBUMa, TaKo Ja je moKpuBeHocT 61% ako
ce He MpaBu pas3iinka u3Mel)y Manux U BEIMKHX
cinosa. [Ipernmen HENMpemo3HATUX PEeUr TOKa3yje
na je mehy muma oxo 35% BIAcTUTHX HMEHA.
Jpyra OuTHa rpyna HeNperno3HaTuX peyuu Cy Be3-
HUIM U TPEIJIo3u KOjU Ccy BpJIO (PPEKBEHTHH, a
JIECHJIO Ce J]a HUCY YKJbYUeHH Y pecypc. Biactu-
Ta UMEHa Cy Tpyma KOjy je TeIIKO MPEIBUICTH
Ia He MOXKEMO J1a TIPETIOCTaBUMO Ja O Onim
nokpuBeHH 0osbuM pecypcoM. Kako rox, nmena
umMajy cinmuHe Mopdotoiike oopaciie Kao 1 3aje/-
HUYKE MMEHHILIE IITO j€ JOAAaTHHU JO0Ka3 /a ajro-
PUTaMCKH MPUCTYT UMa TPETHOCTH, Kao U J1a Ou
ce Morao 6ospe yommrutd. On oBux 61% peun
u3 kopmyca, sux 50% (taunuje 49,79%) cy He-
JIIBOCMUCTIEHE Y pecypcy (BummesHagnoct(w)=1).
OBgo je ornpuimke 50/61 = 82% mpemo3HaTux pe-
YW, IIITO j& Mamke ONITUMHUCTHYHA MTPOIeHa O] OHE
Koja ce mobuja 3a yHudopmHy pacrnonery. OBo
ykasyje aa 6u SDDL nMao npeuusHocT on Haj-
mame 50%, a BepoBatHO He MHOTO Behy o 61%,
TIO]] TIPETIIOCTABKOM J1a C€ KOPHCTU HEKa jeTHO-
CTaBHA CTpaTreryja 3a Hero3HaTe peyu.

457 1,1%) | 8 3946 | (9,5%)

1

4 1436 GA%) | 9 1494 | (3,6%)

5 1703 @1%) | 12 3962 | (9,6%)

6 1320 G2%) | 13 2433 | (5,8%)

7 11942 | (28,7%) | 29 547 | (1,3%)
31 2633 | (6,3%)

2 1481 | (3.6%)
33 2872 | (69%)
34 46 | (1,1%)
37 632 | (1,5%)

Tabexna 3: Pacmonena BeJIMYHMHA KJlaca CTEMOBA,
KojuX uMa Buiire of 1% o CBHX Kilaca CTeMOBa
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[Ipe HEero mToO CMO HACTABHIIM Ca eBaTyallH-
JOM Haler MeToJia 3a TeHepHucame cTeMepa, Io-
0oJbIIANN CMO JIEKCHYKH pecypc Ha cienehu Ha-
yuH. JleceT Haj)peKBEHTHUjUX PEUH KOj€ HUCY
MIOKPUBEHE pecypcoM cy: ,.u”, ..y, ,,Ha”, ,3a”,
»CYs a7, ,HE”, ,on”, ,,ca” 1 ,,0” a TO Cy CBE Bp-
710 (hpeKBEHTHE rpaMaTHYIKE PEdH Koje Cy H30CTa-
BJBEHE U3 pecypca caMmo 300T Tora IITo Ta BpCTa
peun Huje Owmia yKkJbydeHa (BE€3HHUIN: ,, 0~ H ,,a”,
npeajosu: ..y, ,,Ha", ,,3a”, ,,00”, ,,ca” U ,,0”, O-
MohHwu Timaron ,,cy” u mpwior ,,He”). [TomTo cmo
noxany jorr 200 mapoBa ped-lieMa, TOKPUBEHOCT
je mopacna o 85% ca 73% jeqHo3HaYHMUX pedn
u3 pecypca. OBo je ynorpeOsbHBa TauHOCT, aJIH
Cy orpanudema na 3axrea ckopo 700.000 mapo-
Ba pey-JieMa, HeMa MOTYRHOCT 3a yOTIITaBame U
BEPOBATHO CaJIPXKK HEKE TPELIKe KOje OUHUTIICTHO

TIOCTOj€ Y pecypcy.

5.3 EBaqyanuja cremepa

Kopak 4.1: Kpeupamwe kJaaca cremoBa.
IMocne TpaH3uTHUBHOr 3aTBOpema 677.868 je-
JUHCTBEHUX PEYH U3 pecypca je pacmnopeleHo y
41.681 xmacy, mTo je y mpoceky 16,3 peun mo
Kiacu. bpoj peun mo kimacu Bapupa m3mehy 1 u
307 peun no knacu. Knace ca Buiie o 80 peuun
cy Bpio perke. Ha mpumep, nBe HajBehe xirace
cremoBa nmajy 307 u 283 peun. Hakon ncnmrupa-
Ha, YBUJIEJIU CMO J1a Cy HacTaJle IIOIPELIHUM CIa-
jameM JIBe WM BUIIIE IPaBHUX Kjaca CTeMOBa Haj-
BEpOBaTHHUjE 3axBasbyjylil HEKUM IMOTPELIHUM
napoBuMa peu-nema. Hajuemha Bennuuna kiace
creMoBa je 7, o unHu 29% CBUX Ki1aca cTeMo-
Ba. Pacrojiena BenmMurMHa OHUX KJlaca KOJHX UMa
Buie ox1 1% o cBUX Kiaca CTeMOBa IpUKa3aHa
je y rabemnm 3.

Kopaxk 4.2: I'enepucame creMoBa M Cy(puK-
ca. Hakon mpousBoame cremMoBa U cypukca y
OBOM KOpaKy, CBaKkd AOOWjEeHH Tpa3aH cTeM OHO
j€ MHIMKATOp HelpaBHiIHE Kilace CTeMoBa. Y Be-
hem Opojy cirydajeBa, TO je TIPOY3POKOBAO TIpe-
(hukc ,,Haj-” KOjH ce KOPUCTH 3a OOJIHKE Ccymep-
JaTuBa npwiora u npuzaeBa. Kao mro cmo Beh
PEKIIH, JIepUBaIlfje TPOU3BEACHE IMpedUKcHMa

He Tpeba y3uMartu y o03up Kom cremuHra. Ha
MIPUMeEP, aKO MPETPAXKYjeMO KOJCKIH]y JOKyMe-
HaTa y MOTpa3d 3a HAjBHIIUM IUTAHUHCKUM Bp-
XOM Ha CBETY, 3aCUTYPHO HAac MHTEpEeCyje TauHO
,»HAJBUIIIA’, a HE ,,BUCOKU BPX~ HUTH KOMIIapa-
yja ,,BUIIN BpX’, HaKO OW ce OHM Y €HIJIECKOM
crormi (high, higher, highest). Yxknamame npe-
(ukca ,,Haj-” D0BENO OM JO JOAATHUX IpelllaKa
IIOIITO C€ OH I0jaBJbyje Kao NpeduKC U y peuu-
Ma Koje HHCY y CyIlepJIaTHUBY, KaKBe Cy ,,HajaM-
HUK” | ,,Hajaxatn’’. OBaj mpobiemM Ou ce Morao
pemmTy ako Ou ce ykiamao npedukca ,,Haj-" ca-
MO KaJla ce CpaBHYje HCTOBPEMEHO ca OAroBapa-
jyhum cydukcom 3a cyneprnartuse ,,-uja”’, ,,-Hju”
u canyHo. OBaj mpoOiieM penraBaMo Tako ILITO
pas3zaBajamMo CynepliaTHBHE Of HECYIepIaTHBHUX
KJjlaca CTeMOBa.

Jpyru u3BOp Mpa3HUX CTEMOBA Cy HETIPaBHJI-
He (UieKkcHje, KaKBe CYy MHOXKHHA ,,JbyIan~ HME-
HUIIE ,,90BeK’’ WJIH ,,90BjeK”’ WM OOJUK ITOMOh-
HOT Tiarojia ,hemr” ox ,,6utn”. 3a 00a cirydaja
peleme MOXKe OUTH JTUCTa M3y3eTaka, ad CMO
MU OJUTYYHITH J]a X U3]IBOjIMO Y OJIBOjEHE KJIace
creMoBa. [IpeTmnocraBibaMo 1a KOPUCHHUK CUCTE-
Ma 3a IpoHaJlaKemhe HH(OpMalija HOHAKO He Ou
OYEKHBaO J1a CE TEPMUHHU 3a MPeTpary Npouupy-
jy Ha OBaj HAYMH (HIIp. ,,JbYAN” 32 ,,90BEK”), WIN
OM ce y CBaKOM CIIy4ajy TOMONHH I1aroiy yKJio-
HHJIU CTOII JIUCTOM.

CreMoBH nyxHHE | TOTEHIIN]aJIHO YKa3yjy Ha
HETPaBUIIHE KJIACE, I OHM HUCY CHUCTEMaTCKU
VKIIOWCHU. Jenan o1 mpuMepa je ped ,,0exe” mTo
je o0NMK camanTmker BpeMeHa riiaroia ,,0exaru”,
aJii ¥ OOJIMK BOKATHBA UMEHMUIIE ,,0er” IITO I0BO-
I IO TIOTPEIIHOT CTalnama JIBe, MHa4e IPaBILTHE,
KJIace CTeMOBa. Y MpBOM mpoinasy, 650 peun je
MIPOU3BEINIO MPa3aH CTeM. 3a CBE HBUX CMO Py4YHO
MpenpaBUId OPUTHHAIHHE PECypC, LITO je JAOBE-
70 710 feobe onroBapajyhux kimaca cteMoBa H J10
CTBapama HelpasHuX cteMoBa. KpaTku cteMoBU
(amp. nyxune 1) Takolhe ce uecTo cTBapajy Hempa-
BUJIHMM CTallambeM Ki1aca CTeMOBa, I CMO TIPET-
MOCTaBUIIH JIa MOXK/Ia HUje HEOIXOIHO JIa M HhUX
WCIIPaBJhaMO Y OBOM €KCIIEPUMEHTY, TOIITO Ka-
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CHHje METolle KOPUCTE HajydecTanuje Cypukce,
Koju On Tpebaso ma cy Beoma rmoysnanu. Metoaa
Hajay’Ker 3ajeTHIYKOT TpeuKcaKoja je kopurrhe-
Ha 33 TeHepUCAahe CTEMOBA JIOBEJIA j€ JI0 IOJaTHOT
npekianama u3Mel)y Kimaca creMoBa, 3apaBo UX
cranajyhu: crBopeno je 39.289 cremosa, o1 Ko-
jux je 1.823 (4,6%) BuIIe3HAYHO Y CMUCITY Ja CY
npuapyxenu sehem 6pojy kiaca cremoBa. Camo
253 je UMao HUBO BUIIIE3HAYHOCTH OJf TPH WJIH
BHUIIIE, IPY YEMY HMBO BHUILE3HAYHOCTU CTEMOBA
Op30 omaja Kaza ce OHM COPTHPAjy y onaaajyhem
penocieny. CTEMOBH uHja je BUIIE3HAYHOCT Haj-
Beha garu cy y cienehoj nucru.

14 ekst
13 zast

16 samo
15 ust

43 ist 18 post
26 rast 18 sat

12 ost 7 pos 7 nast
12 konst 7 podst 7 nas

Kon oBux cremoBa 4dja je BHIIE3HAYHOCT
BeJIMKa HUje 33/Ip)KaHO 3HAYCHE PeyH, 11 je yHa-
npeheme oBor Kopaka JIeo Halmler Jajber paja.

Kopak 4.3: CopTupame cypukca no ¢pe-
KBEHTHOCTH. Y OBOM KOpaKky jeé TE€HEepHCaHO
18.274 cydukca, a BpX copTHpaHe JHCTE TeHe-
pucanux cydukca ca ¢ppekBeHIHjaMa, AaT je y
HapeaHoj Tabenu.

24833 -e 6495 -oj
22874 -u 6475 -omu
22389 - 6121 -oga
22184 -a 6118 -og
19475 -om 5929 -ti
17756 -0 5775+
16190 © 4412 -h
(empty) 4399 -m
8996 -im 4303 -cyecx
8281 -ama 4289 -cyu
8101 -ih 4273 -le
7573 -te 4272 -la
7472 -ima 4268 -li
6821 -mo 4252 -cye

CBu 0BHU cy(pUKCH MMajy JIMHBUCTUYKY HH-
TepIpeTaIujy.

Kopak4.4: 'enepucame cy(pMKCHUX PaBH-
Ja. JlupekTHa UMITIEMEHTallH]ja eBajlyalnyje pas-
JUYUTHX IPUCTYTIA TeHEPUCAbY CY(PHUKCHUX Tpa-
BMJIa BOOM Ka BeoMa CIIOpoj eBalyauuju. JeaHa
yCTIenTHa UMIIEMEHTAIHja ca KOMITAKTHUM TIpe-
(ukcHUM npBeTOoM (Takole Mo3HATO U Kao IPBO
Iampuyua) ca oOpHYTUM HEICKama 3HAYajHO je
CMamHia BpeMe W3BpIlIaBama, ca 5-6 catu 3a
MOYETHHU EKCIIEPUMEHT Ha 5-10 MuHyTa.

(4.4a) CreMmep ca o0yxBaTameM 3aCHOBAH
Ha (PpeKBEHTHOCTH. 32 OBaKaB cTEMeED, MOYENn
CMO ca TPa3HUM CKYIIOM BallUJHUX Cy(QUKca U
JOZaBaJIi My TIOCTEMEHO jEIHO TI0 jeTHO MPaBH-
JI0 TI0 pemocieny oapeheHoOM (GpPEeKBEHITHjCKIM
mpaBmioM. HakoH cBakor creMa MepeHa je Tad-
HOCT CTEMHHTa IIpeMa HaIllMM TeHePHUCaHUM CTe-
mouma. TaunocT je Ha noueTky Ouna 2,4% 3a S,
= (J u nocrerneHo ce mosehasana 10 56,3% 3a 98
Cy(DHKCHHX TIpaBHIIa, a 3aTHM j€ TTOCTETICHO OTla-
nana cse 10 14,2% kxana je 6Miro yKIbydeHO CBUX
17.839 cydwukca.

(4.40) IloxJenuu cTeMep ca 0o0yxBaTameM.
Y 0BOM MPUCTYIY AOIABAIN CMO TIPABHIIA HCTHM
penom kao y 4.4a, aimi ¢MO TIpe | TTOCJIe T01aBamba
CBAKOT Cy(huKCa MEpHIIM Ta4HOCTH A, n A,y Opojy
MpaBWJIHUX cTeMoBa. [IpaBWIlo ce TpHxBaTa ako
je A,— A, > O, tue je O 3anaru napamerap, Tj.
Cy(HKC Ce MprxBaTa caMo aKo je mo0oJbIIake Tau-
HoctH Behe of 3amaror npara. Ha mpumep, axo je
© =0, onj1a ce cyQHKC IpUXBaTa caMo ako He CMa-
BYje YKYIIHY TauHOCT, aKko je © = 1, oHza ce 0poj
MpaBUJIHUX CTEMOBa Mopa moBehatu Oap 3a 1,
utn. lllto je mapamerap O Behu, ouekyje ce 6osbe
yoIlITaBamke M300pOM Mamer Opoja mpaBuiia Koja
CY KBaJIUTETHH]a, AT MOTY CMambHTH IiepopMaH-
ce. Pesynraru cy npukaszanu y cienehoj tadenu.

o Hernparu IIpernuznoct
cypuxcu

0 9849 74,15

1 8633 74,16

2 3367 73,38

3 1901 72,95

4 1557 72,83
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o Henpasiin IIpenusnoct
cyhuxcu
5 1262 72,66
6 1124 72,56
7 1002 72,46
8 933 72,39
9 878 72,32
10 831 72,26
15 673 71,99
20 592 71,78
25 497 71,48
30 453 71,30
35 423 71,16
40 410 71,09
45 380 70,90
50 360 70,76
60 347 70.65
70 319 70.39
80 310 70.29
90 298 70.14
100 294 70.23
150 273 69.87
200 230 68.80
250 218 68.43
300 202 67.77
350 188 67.08
400 180 66.65
450 179 66.59
500 175 66.31
600 131 62.74
700 121 61.82
800 114 61.03
900 87 57.76
1000 85 57.48

JlBa WHTEpecaHTHA 3aKJbydyka Koja ce OJIaB-
Jie MOTY M3BECTH CY Jia je Ta4HOCT jaiieko Beha
HETO Cca MPETXOAHUM MPHUCTYIOM, U J1a TAUHOCT
oTajia BPJIO CIIOPO y MOYETKY TOK Opoj mpaBh-
Jia orajia Op30, IIITO j& APyro BpJio oxpadpyjyhe
3amaxame. Y ciydajy kazaa je © = 7 nobujamo
1002 cydukcHa nmpaBuia ca Tag4HOIINY Koja je 3a

camo oko 1,7% mama on Hajoosbe. OBO MOTBp-
hyje mamry nponeHy na he cremepy 3a cpricku
je3uk outu morpedbro oko 1000 mpasuia.

(4.48) OnTuManHM Cy(PMKCHH cTemep.
TauHocT onTHManHOr CcyQUKCHOT cTeMepa je
81,83%. OBo je ropma rpanuia Koja ce Moxe Ho-
ctuhu ca JOOHMjEeHUM CKYIIOM BaJHIHHUX Cy(HUK-
ca ¥ oarosapajyhum mnpaBminMa 3a yKIambame
cydukca, Kaja ce Mpolemhyjy Ha MPOU3BEICHOM
CKYITy cTeMOBa. BuanMo 1a MoXJenHy MPUCTYI
W HUjE TOJMKO JIOUIMjH, TTOCEOHO aKo ce hMma y
BUJIY J1a Halll ITUJb He Ou Tpebasio a Oyae mocTH-
3ale ONTHMAJIHE TAYHOCTH jep OMCMO Ha Taj Ha-
YUH OOyXBaTWJIM M MOYETHE TPEIIKe JICKCHYKUX
pecypca Kao ¥ HeKe HelpaBIITHE CTEMOBE MTPOH3-
BeJicHE Y Beh onmrcaHoM TpoIiecy.

5.4 HempucTtpacHa eBaJjiyanuja

Jla Ou eBanyupanm creMep Ha HENPHCTpacaH
HaYMH KOPUCTUMO KOPIYC BECTH, PUMEHY]jEMO
cTeMepe Ha y30pKy CKyIa pedd W3 Kopryca U
pPY4HO olemyjeMo nobujene cremoBe. Ompadpanu
CMO 3a MPOIICHY JIBa CTeMepa: ONTHMATHU Cy(QUK-
cHH cteMep (4.4B) u moxyenHu cremep (4.40) ca
napamerpom O = 7 u 1000 reHepucaHux npasu-
na. VHTepakTUBHHM MPOTpaM YHWTa PEAOM PeUH
U3 KOpIlyca M Ha BHX NpUMemYyje o0a cremepa.
Kako cMo BuIle 3anHTEpEeCOBaHU 3a PEYH KOje HE
MOCTOje y pecypcy, OHE pedn Koje TOCToje Y pe-
Cypcy a 3a Koje CTeMepH ITPOU3BOJIE HCTH CTEM UT-
HopuieMo. CBH OCTalld CTEMOBH TIPOJIa3e PyuHy
eBallyallljy Koja iMa 4eTHpH 1300pa: TauaH camo
3a MOXJIETIHU CTEMEp, TauaH caMo 3a ONTUMAJHU
CTeMep, Ta4aH y ciaydajy 00a cremepa, morperian
y cy4ajy oba cremepa u urHopuu. Onmnuja ,, ur-
HOpHIIN~ Ce KOPUCTHU J1a O ce MCKIbYUHJIe HeKe
(YHKIMOHATHE PEYH 3a KOje j€ OUMITICAHO JIa CY
pedn 3a ombanuBame U HEKE SHITIECKE PEUr KOje
Ce T0jaBJbYjy y KOPITYCy. 3a CTEM C€ TPOIICHYje
Jla je TIpaBHJIaH aKo C€ OPUTHHAITHO 3HAYCHE MO-
K€ jJaCHO M3 hera IpeaBUACTH (HEMa IpeTePaHor
VKJIamara), ¥ u3I7ena a oH IoKpruBa cBe Mopdo-
JIOTIKE BapHjalyje jeMe (Hema MpeMator yKiiamba-
wa). Hakon eBanyaruje 1000 ,,He-urHopucannx’
peun w3 Kopryca (ca Moryhum moHaBibameM)
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pesynrar je O6uo: 127 mpaBUIITHAX pedd camo 3a
noxJjenHu cremep, 90 camMo 3a ONTUMAIHH CTe-
Mep, 663 mpaBrITHUX pedn 3a 00a cremepa u 120
HenpaBWIIHUX 32 00a. OBU pe3ynraru moTBphyjy
Hame nge npernocraske: (1) [Ipoussenenu cre-
MEpH U3IVIEAajy YyHOTpeOJbUBH 3a MPOHATAKEHE
nHpopMandja (TaYHOCT MOXJIEMHOT cTeMepa je
79% a TauHOCT ONTHUMAIHOT cTeMepa je 75%); u
(2) moxJerHu MPUCTYT HE CaMo IITO /1aje UCTO Ta-
Ko 1o0Ope pe3yirare Kao ¥ ONTUMAJIHHU, HETO Jaje
n 60spy TagHOCT ca camo 1000 mpaBuia.

6. 3ak/byyak U JaJbH pajg

Ommcany cMO M NPOLECHWIN OMNIITH, YIJaB-
HOM ayTOMAaTCKH, IPHCTYII TeHepHCaby cTeMepa
3a je3uKe ca 6oraToM (IeKCcHjoM U CaMo HEKOJIH-
Ko pecypca. Y TOKy paa cy OTKpUBEHA HEKa orpa-
HUYEHA Ipolieca, ajid U MoryhHoCTH 3a 1ajba 1mo-
Oospmama. Konagna eanmyanmja je gajna TauHOCT
o1 79% Ha BepOAOCTOJHUM IMOJANKMa 3a TOXJIeTI-
HH CTEMep, IITO je YaK ¥ HEeIITO BUILE OJ] TAYHO-
cTH 1o0MjeHe Ha mojanrma 3a o0yKy, mokasyjyhu
BeoMa JI00pe CIIOCOOHOCTH 32 YOIIIITaBAE.

Hexku npasiu 6yayher pana cy: (1) eBanyarm-
ja Ha BHIIIe roflaTaKa, (2) mpuMeHa U mpaBuiIa 3a
3aMeHy Cy(HKca a He caMo TpaBuiIa 3a YKJIama-
e cypukca, n (3) ykipyunBame mapamerpa 3a
nyxuny crema. Ca npaBuinMa 3a 3aMeHy cy(puk-
ca, METO/Ia e MOYKE IMPEKTHO MPUMEHHUTH Ha Te-
HepHUcame JIeMaTu3epa.

'3pannuna BeO craHuma IloprepoBor crTemepa je
http://tartarus.org/ martin/PorterStemmer/, u oHa je
BEPOIOCTOjHH M3BOP 32 UMIUIEMEHTAIHje OPUTHHAIHOT
cremepa. 3a 6p3y mpoBepy ayTeHTHYHOCTH [lopTepoBor
cTeMepa KOPHCTHU ce ped ‘agreement’ — y OPUTHHATHOM
IopTepoBoM cTeMepy OHa ce HE MeHa, 0K je Heke
HEKOPEKTHE UMILICMCHTAIIN]E MCHajy.

2CPAN — Comprehensive Perl Archive Network, http://
cpan.org/, je open-source pero3utopuj 3a I[lepi.
Shttp://www.mf.uni-1j.si/ds/new-stemmers.html
*http://snowball.tartarus.org/archives/snowball-dis-
cuss/0722.html

Shttp://svn.rot13.org/index.cgi/stem-hr

*U3Bop: Snowball nucta cnama.
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