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ABOUT ONE MACHINE LEARNING METHOD FOR PARAPHRASE
IDENTIFICATION

Y poboti onucaHuii HOBUIM eQeKTUBHMU ainroput™ ineHTHQikamii napadpasy, po3poOieHHH 3
BUKOPUCTAHHSIM MAITMHHOTO HABYAHHA. APXITEKTypa CHCTEeMH Mae (opMy 0araTomapoBoro Kiacudikaropa, ae
Kiacu(iKaToOpu HIKHBOTO PiBHS MPUIMAIOTh PIllIeHHS PO (PaKT HAsIBHOCTI a00 BiICYTHOCTI mapadpas3u B mapax
peyeHb, BINNOBIAHO 1O iXHIX IHAWBIAYyalbHHUX CTpaTerii, a cymep-kinacudikatop BEpXHbHOTO PIiBHs NpuiiMae
OCTaTOYHE PillleHHs. EXCIIepMEeHTH IMOKa3aiy OLiHKA TOYHOCTI BU3HAYCHHS Napadpasu, CIiBCTaBHI 3 KPAIIUMH
ICHYIOUYIMH B CBITi CHCTEMaMHU.

Kiro4oBi cjioBa: MallimHHe HaB4YaHHA, aHaJi3 NPUPOIHOMOBHHUX TeKCTiB, BU3HAYCHHA napa(bpa:m.

A new effective algorithm for paraphrase identification has been developed with using machine learning
approach. Architecture of the system has a form of multilayer classifier where sub-classifiers of the lower level
make decisions about presence or absence of paraphrase in sentences according to their strategies and super-
classifier of upper level finds the final solution. Experiments demonstrated precision of paraphrase detection
comparable with the best ones state-of-the-art systems.

Keywords: machine learning, natural language text processing, paraphrase identification.

Beryn

Inentudikaris napadpasu cTajia OJHIEIO 3 HAHOUIBII aKTYalIbHHUX 33124 Y KOMII I0Tep-
Hi{ THTBICTHL. MOXJIMBO TOMY, 110 HOILIYK PEUEHb, AKi 3a JIEKCUUYHUM CKJIaJIOM € Pi3HUMH,
aJle MaloTh OJHAKOBE CMMCJIOBE 3HAUEHHs, € Jy)Ke MOJIOHMM J10 KJIACMYHOi 3a/a4i BU3HA-
YEeHHSI CEMaHTUKHU TEKCTiB IPUPOIHOIO MOBOIO.

Ha cborogsi AOCSATHYTO 3HaUYHUX YCHIXiB Yy pPO3pOOIi alropuTMiB igeHTU(IKALii
napadpazu. OCHOBHI JOCIIIKEHHS BEJUCS 1 BEAYThCA B paMKax HalpsIMKY MalIMHHOTO HaB-
yaHHsA. CucTeMH, sIKi NMPOJEMOHCTPYBAJIM HaMKpalll MOKa3HUKM TOYHOCTI BU3HAYCHHsS Ha
CTaHJAPTHHUX KopIrycax mnapadpas, BAKOPUCTOBYBAJIM TaKl MOTYXHI 1 peCypCOMICTKI TEXHO-
sorii, sik Recursive Neural Networks, Convolutional Neural Networks i HeBix eMHY MaTpuy-
Hy (axTopuzauito. KpiM Bci€i HETpHUBIaNIbHOCTI Ta MEBHOI HEBU3HAUEHOCTI, SIKI HEMUHYyYE
BUHUKAIOTh MPU BUKOPUCTAHHI HEHPOHHUX MEPEX, CIiJl 3a3HAUYUTH TAKOX 1 aJITOPUTMIYHY
CKJIQJIHICTh HEBI €MHOi (akTopu3auii MaTpuib, 110 POOUTH LI METOAM MPOOIEMHUMHU
pIIIEHHSAMM JUIs 3aCTOCYBaHHS B IPOMHUCIIOBUX CUCTEMAX, SIKI MPAIIOIOTh Y peaIbHOMY 4aci.

[lepen aBTopaMu JaHOi CTaTTi CTOsUIa 3ajlada pO3pOOKH MMOBHOMACIITAOHOI CHUCTEMH
BU3HAYEHHS HasBHOCTI nmapadpasy, sika mpairoBaia 6 OHJIalH y peaJbHOMY 4aci 3 BEIMKUMHU
MOTOKAaMHU TEKCTOBOI 1H(oOpMaIii, 1 e HaKIaJaJo BIAMOBIIHI OOMEXEHHS Ha IIBUIKICTH
anroputMy. Tomy, sk 0a30Buil miaxin, OyB oOpaHuil CTaHIAPTHUI METOJ] OIIOPHUX BEKTOPIB
(SVM) 3 po3po0OKor0 OpHuTiHATBHOI OaraTOpiBHEBOI CTPYKTYpH CHUCTEMH KiIacHQiKaTOpiB.
OCHOBHOIO 1/I€€10 3aIPOIIOHOBAHOIO MiJX0AY € po3poOka Habopy Kiacu(ikaTopiB HUKHBOTO
piBHA 1 moOynoBa cynep-kiacudikaTopa, SKHil Ha OCHOBI HabOpy pillleHb, OTPUMAHUX BiJ
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KJacu(ikaTopiB HIKHBOTO PiBHS, BUUTHCS MPUHAMATH OCTATOYHE PIIICHHS MPO HASBHICTh YU
BIJICYTHICTh TIapadpasm.

Ha mepuiomy etami kokeH 3 Ki1acH(iKaTOpiB HWKHBOTO PiBHS HABYAETHCS SIKICHO
pO3Mi3HABATH JEsKi THIM BHUIAJKIB napadpasu/Henapadpasu 3a HaBYaIbHOIO BUOIpKotO. J[is
IIbOT0 HaByYajbHa BUOIpKa MOAMGIKYEThCS I KOKHUA OKpeMHUU KIacu(PikaTop HIKHBOTO
piBHS BUAAJICHHAM 3aiBHX HABYAJIBHHX IAP PEUCHb, SKI MPEACTABIAIOTh MIEBHUN «IIyM» IS
HBOT'O, TAK SIK BOHHU, HAIIPUKJIAJ, HE BXOAATh y LIIIIbOBY BUOIPKY THIIB Napadpasu A 1aHOTO
niaknacudikaTopa, mpu HboMy Oyayud mnapadpas3oro, TOOTO MOBHHHI YBIWTH 10 BUOIpKH
IHIIIOTO BiAMOBIAHOTO TifkiIacudikaropa. Ilicns HaBUaHHS KJIacH(piKaTOPiB HUIKHBOTO PIBHS
fine eram HaB4aHHS cynepkiacudikaropa. Hapueni kiacu(pikaTopd HHKHBOTO PiBHS
Bi/IMpaIbOBYIOTh BECh HABYAIbHMI KOpIyC. IX OLIHKM Ha BCilf HaBYaAbHI MHOXHHI Tap
pedeHb € HaBYaIhHOK BHOIPKOIO IS CynepKiIacudikaropa.

Cucrema, 1o Oyna po3po0OIieHa Ta IPOTECTOBAHA HAa CTAaHIApPTHHUX Kopiycax Microsoft
Research Paraphrase Corpus (MSRP) [1] i Plagiarism Detection Corpus (PAN) [2],
IPOJIEMOHCTPYBaJIa TOYHICTh BHU3HA4YeHHs Napadpasu, CHIBCTaBHY 3 KpallUMH BiJIOMUMHU
cucremamu State-of-the-art.

Cucremu anaJjiszy napagpasu

BinpicTs nonepeaHix poodiT, MPUCBIYCHUX BU3HAYCHHIO Mapadpa3u 3 BUKOPUCTAHHSIM
METO/IB MAalIMHHOTO HaBYaHHA, 30CEpeKyBalMcid Ha MOOYAOBI ONTUMAJIBHOIO HaboOpy
03HaK, TOOTO Ha TTOOY/I0BI €PEKTUBHOTO O3HAKOBOTO ITPOCTOPY.

bynu BuHaleH1 1eKiIbKa TUIIIB 03HAK, Y TOMY YHCIIL:

(1) o3Haku Ha OCHOBI PSJIKIB, BKIIFOYAIOYH IIEPETHHU N-TpaM SIK CJiB, TaK 1 CHMBOJIIB
[3] Ta 03HaKH, OCHOBaHI Ha METPUKAX OLIIHKYU SKOCTI MAIIMHHOTO Nepeknany [4];

(2) o3Haku, OCHOBaHI Ha 3HAHHSIX, [0 BUKOPHCTOBYIOTh 30BHIIIHI JIEKCUYHI PECYpPCH,
taki sik WordNet [5];

(3) o3HaKW Ha OCHOBI CHHTAKCHUCY, SIKi O0YHCIIIOIOTH MipH Bi]MiHHOCTI CHHTAKCUYHUX
3aJIeKHOCTEHN Y ABOX peUeHHSX [6];

(4) wmipu, 0 OOYHCITIOIOTHCSA HA KOPITycaX Ha OCHOBI Mojejel po3moiiay, moaioHo
JI0 JIATEHTHOTO CEMaHTHYHOTO aHawizy [7, 8].

VY HOBITHIX po0OTax MOCHIAHMKM BIAIHIUIM Bi «PY4YHOrO MiOOPY» O3HAK [0
MO/JIEITIOBaHHS MIPEJICTaBIeHb PO3NOALTY Ta HelipoMmepexxeBux pimeHb. Hua He, Kevin Gimpel
ta Jimmy Lin [9] BuKopucTanu 3ropTKoBy HEMpPOHHY MEpExy il OOUUCIEHHS MYJIbTH-
NEePCIEeKTUBHOI MOJAIOHOCTI peueHb 1 iX cucTreMa MPOJEMOHCTpPYBajla OLIHKM TOYHOCTI Ha
piBui state-of-the-art. Cheng Ta Kartsaklis [10] 3acrocyBamu posmominu pasom i3
PEKYPCUBHOIO HEMPOHHOIO MEPEKEI0 TIPH PO3POOIl CHHTAKCUIHOI MPUB’SI3KU OaraTo3HauHUX
CJIIB JUIst ITMOOKOT KOMIO3ULIIHOT MOJIENi 3HaueHb, Ta MEPEBEPIIMIIN ONEPEHIN pe3yabTar.
Ha cworomui Haiikpamiuii pes3ysibTaT HaJeXuTh jgociaigHukam Ji ta Eisenstein [11], sxi
3aCTOCOBYIOTh JIJIsl ONTHUMI3allii 03HAKOBOTO MPOCTOPY HEBIJI'€MHY MaTpUYHY (hakTOpu3allito
Ta BifcTanb Kynbbaka — Jleitbnepa.

Nitin Madnani, Joel Tetreault Ta Martin Chodorow [12] po3pobuiu anroputm, sKHii
CKJIA/IA€THCSA 13 BOCBMU METPUK SKOCTI MAIIMHHOTO MEPEKIIay, skl OOUHUCIIOITh OJIN3bKICTh
peueHb, Ta Kiacudikaropa BEpXHBOIO PIBHS, 110 3HAXOAMThH KIHIEBUI PO3B’SI30K HA OCHOBI
3HaYeHb OILIHOK METPUK HWXXHBOIO piBHA. He3Bakaiounm Ha BIACYTHICTH MHOTYKHUX Ta
pecypcoeMHUX OOYMCIICHb, LM alIrOpUTM JEMOHCTpYe pe3yibTaTH piBHs State-of-the-art,
Habararo nmepeBakaroul BHINE3TaIaHl METOIH 10 MIBUJIKOCTI Ta MO MPOCTOTI peaizaiii.

3arponoHOBaHMHN y JaHiil CTATTi aJITOPUTM, Y A€IKOMY CEHCi, MO>KHA BIJHECTH caMe J0
IIHOTO KJIACY METO/IIB BU3HAUCHHS mapadpasu.
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Onuc metony

Jns BuU3HAYeHHA HasBHOCTI mapadpasu mnoOynaoBaHo KiacudikaTtop, SIKUH Mae
JIIBOPIBHEBY CTPYKTYpy. Ha HI>KHBOMY pIBHI BXiJHI JaHi, IO MPEACTABISAIOTH COO0K0 Tapu
peueHb, sIKi MOTPIOHO MEepEeBIpUTH, UM HE € BOHH MapadpazoM OJUH A0 OJHOTO, aHATI3YEThCS
HabOpOM TMPOCTHX Kiacu(iKaTopiB, KOXKEH 3 SKUX HABUYCHUH poO3Mi3HaBaTH Mapadpasu
neBHoro Habopy tumis. Lli kmacudikaTopu BU3HAYAIOTH Il KOYKHOI BXIJJHOI MMapH HAassBHICTh
abo BigcyTtHicTh mapadpasu. Ha BepXHbOMY piBHI OTpHMMaHi pPE3YJbTAaTH OIIHIOIOTHCS
TOJIOBHUM KJIACHU(IKaTOPOM, KU 1 IpUHMae OCTaTOYHE PIilLICHHS.

Jlns HaBUaHHS CUCTEMHU HEeOOXiaHa po3mideHa BuOipka map peuenb (1 — mapadpaza/0 —
Hernapadpaza) (qus. Tabdm.1).

Ta6mums 1. [Mpukias eneMeHTiB HaBYaIbHOT BUOIPKHU

MiTka Ilepuie peueHHs Hpyre peuenns

1 Amrozi accused his brother, whom he | Referring to him as only "the witness",
called "the witness”, of deliberately | Amrozi accused his brother of
distorting his evidence. deliberately distorting his evidence.

0 Yucaipa owned Dominick's before selling | Yucaipa bought Dominick's in 1995
the chain to Safeway in 1998 for $2.5 | for $693 million and sold it to
billion. Safeway for $1.8 billion in 1998.

JIist HaBYaHHS CHCTEMH 3aCTOCOBYIOTHCSI O3HAKH:
1. Sentence Length Difference — nopiBHSHHS KiJIbKOCTI JISKCEM Y PEUCHHSIX :

r—|C . 1

% , SentencelLengthDifference *(r,c) = W
r -

2. N-Grams Comparing — nopiBHSHHS yHirpam, 6irpam Ta TPUIpaMm:

INGrams, , ~ NGrams, .

SentencelLengthDifference(r,c) =

NGramsComparing, (r,c) =

INGrams,,

ne NGramsy ,— MHOXHHA NOCJTiTOBHOCTEH CIIiB JOBXKUHOIO N y pedeHHi X.

4. Dependencies Similarity — moiOHICTh CHHTAKCUYHUX 3aJIC)KHOCTEH
> > max similarity (i, j)- BP(| ry |, ¢, )

deDT; ierlyep_q ieClaep-q
|DT,[BP(DT,|,[DT,)

ne DTx — MHOXHMHA yCiX HasBHUX CHHTaKCHUUHUX 3aJI€KHOCTEH y pedeHHl x,; X

DependeciesSimilarity(r,c) =

dep=d ycl1
JIEKCEMH pedeHHs X, 110 3B’si3aHi BimHomeHHsm d; similarity(X,y) — duciioBuii MoKa3HUK

1, y>x
OIIOHOCTI ABOX JIEKCEM X Ta Y, oOuuncienuii Ha ocHoBi 6asu WordNet; BP(X,y) = X
e

— Brevity Penalty
5. Dependencies Comparing — mopiBHSIHHSI CAHTAKCUYHUX 3aJIS)KHOCTEH

|dependencies(r) m dependencies(c)|
|dependencies(r)|

DependenciesComparing(r,c) =

dependencies(x) ={(i, j,d)|d € DT,,ie X, jeX

dep:d}
6. Syntactic N-Grams Comparing — MOpiBHSHHsS CHHTAKCHYHUX YHIrpam, Oirpam Ta
Tpurpam. OOuucieHHs BiIOyBaeTbcad Tak caMo, K 1 ans 3BuuaitHux N-rpam, ane mia
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CHHTaKCMYHUMH N-rpamamMu po3yMi€ThCs MOCHIIOBHICTh JIEKCEM, SIKi € 3B’SI3HUM Iiarpadom
CUHTAKCUYHOTO JiepeBa MiANOPSAKYBaHHS PEUCHHS.

Taxooic peanizo8ano mipu cemanmuunoi Oauzbkocmi, wo Oyau po3poobieHi Y MOOesx
MAWUHHO20 NepeKaady.

7. BLEU [13]
8. BLEU, B ssxomMy 3a N-Tpam OepyThcsi OCHIJOBHOCTI 3HAYYIIHUX CIIiB, TOOTO TaKWX, IO

IDF(x,docs) < L,

|docs|

ne IDF — Inversed Document Frequency: IDF(x,docs) = log ‘d
0cs

; COrpUS — KopIryc

xedocs

JIOKYMEHTIB, Ha sikomy oouncitoerbes IDF; L — nesike rpaHnyHe 3HAYCHHS, 110 3aJICKHUTh BiJl
0COOJMBOCTEH KOPITYCY TOKYMEHTIB.

9. BLEU, y sixoMy 3a N-rpam 0epyTbhCsl OCTITOBHOCTI CHHTaKCHYHUX N-Tpam

10. NIST [14]

11. Meteor [15]

12. Badger [16]

Kosxna mipa M(X,y) mae nBa BapianTu peamizarii: precision : M(x,y), recall : M(y, x).
B ycix wmipax, ¢ BUKOPHUCTOBYETHCS MOPIBHSHHS JIEKCEM, PEaji30BaHO MO JIBa BapiaHTH:
[IOBHE CITIBIIAAIHHA JIEM Ta CIIIBIAAIHHS 38 CHHOHIMAaMHU.

YactuHy 03HAK OYJI0 OTPUMAHO 13 3aCTOCYBAHHSM MPUHIIMITIB CEMAHTUYHOI CXOKOCTI —
3B’A3HOCTI, onucanux y [17].

Jns HaByaHHA Kiacu(iKaTOPiB HMKHBOTO PIBHA HEOOXiAHO c(hopMyBaTH HaBYAJIbHI
BUOIpKH ISl KOKHOTO 3 HUX. KokeH kimacudikaTop Mae crieniaaizyBaTHCS Ha po3Mi3HaBaHHI
napagpa3 nesHoro Habopy turmis. [Ipyyomy koxeH Tum napadpas Ma€ BXOJUTH Y HaBYAIbHY
BUOIPKY 0Jpa3y A AeKUIbKOX KiacugikaTopiB. Came IIUM rapaHTyeThCs HalliliHEe MOKPUTTS
BCiX THUHIB mapadpa3u Ta B3a€MHa MiJCTpaxoBKa KiIacu(ikaToOpiB MpU pO3B’s3aHHI 3aadi.
[Toctae muTaHHs Mpo Te, IO Take TUN Hapadpasu, sk HOro MoOXKHa MPOMOJENIOBATH Ta
BU3HAYUTH THI Mapadpasu I KOKHOT KOHKPETHOI Mapu pedeHb. 3a poOouy rirnoresy 0yso
NpUNHATE TPUIYIIEHHS, 10 Bl apU peYeHb BXOJATh 10 MHOKUHH Napadpas 0JHOrO TUIY,
SKIIO 1CHY€ TIEBHA 3HAYHA T1IMHOXMHA O3HAK, 110 MAIOTh MO10H1 3HAYEHHSI TIPU OOYHCIICHH]
Ha [IUX JIBOX Mapax peyeHb.

Ha nepwiomy emani HaB4aHHS aITOPUTMY OOUMCITIOETBCS MAaTpHIls train 3Ha4YeHb O3HAK
fi s KOXKHOT mapu pedeHb 3 HaB4YanbpHOTro Koprycy Microsoft Research Paraphrase Corpus (MSRP).

Ha opyezomy emani wmatpuns train, 3 BHKOPHUCTAHHSM aJTOPUTMIB KiIacTepu3arlii
po30MBaEThCS Ha MHOXKHHY MaTpuib: train,, train, ,...,train, Ta train,, train,,...,train
TaKuX, MIO:

n m
train* =|_Jtrain;", train~ =|_Jtrain; ,train* Utrain~ =train,
i=1 i1
ne train®ra train~ — MHOXWHH yCiX BEKTOPiB 3HAUCHb O3HAK JIIS [TAp PEUCHb, IIOMIYEHHX SIK
napadpasu Ta Hernapadpasu BiAMOBIIHO.

s toro, mo0 kiacudikaTopu, HaBUEHI Ha BUOIpKax, CPOPMOBAHMX HA OCHOBI LIHUX
MaTpHllb, MOTJIH «IiJICTPaXOBYBaTW» OJUH OJHOTO MPHU HPUHHATTI PIlIEHHS MO KOXXKHOMY
OKpeMOMYy BHMAaJKy, KOXHa BHOIpKa Mae€ CKJIaJaTUCs 13 TMap pi3HOro  THUIY
napadpaszu/aenapagdpasu, To0To 1mo0 BHOIPKM IHTEHCUBHO NepeTuHanucs. s 1mporo, s
train“Ta train~ mae BUKOHyBaTHCh HacTymHa ymoBa (st S € {+,—}):
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Vidj :train; Ntrain] # &
Tpemiti eman. Ha OCHOBI OTpUMaHUX Ha JAPYrOMY e€Tami MaTpulb (OPMYIOTHCS
HAaBYAIBHI BUGIpKH IUIXOM (opMyBanHs N = C. KOMOIHATOPHUX CMOJTYdeHb MO MHOKMHI

Matpuib{train’} Ta IOMOBHEHHS KOXHOI KoMOiHamii moBHMM Habopom i3 train~. VYci
BIJINOBI/IHI Tapu peYeHb, YMi BEKTOPH 3HAYCHb O3HAK YBIHIUIM 70 JesAKOi KOMOIHaIIii,
GopmyroTh HaBUANIBHY BHOIpKY [UIs Jeskoro kiacudikaropa nepuoro piBas CIf,". Takum
YMHOM, OTPUMAEMO HaBuyanmbHi BUOipku ams n=Cg. kmacudikaropip clf,*. Amamoriuno
bopMyIOThCSl HaBYAIbHI BUOIPKH 1T M =C,\k,,. knacudikaropis clf .

Yemeepmuii eman. Ha 0CHOBI OTprMaHUX BHUOIPOK BiIOYBAETHCS HaBYAHHS MHOXHHHU
xnacudikaropis clf, clf,, ..., cIf . . Ilicnga HaByanHsa KinacudikaTopu pazoM 0OpPOOIIIOTH

BeCh HaBYaJIBbHUI Kopmyc train. Matpuus po3B’sskiB kinacudikaropis clf,, clf,, ..., cIf .

JUIsl BCIX Map pedeHb KopIiycy train pa3zoM 3 po3MiTKOO Map CIYKUTh HABYAIHHOIO BHOIPKOIO
JUIsE cynepkiacugikaTopa BEpXHbOTO PiBHS.

Ha n’amomy emani BinOyBaeTbcsl HaBUaHHS KJIacH(iKaTOpa BEPXHBOTO PIiBHSL.

Jns noOynoBu kiacu(ikaToOpiB BEpXHHOTO Ta HUKHBOTO PIBHS BUKOPUCTOBYETHCS
METO/T OTIOPHHUX BEKTOPIB.

AJroput™M nodyaoBm cucreMu kiaacudikaropis

Kpok 1. ABromatruse po30utTs train” Ha Kiacu 3a TunaMu mapadpasu

[Tapu-napadpasu ogHOTO THUMY MaIOTh KOPENIOBATH 32 3HAYCHHSIMH O3HAK, IO
00YHCITIOIOTHCS Ha HUX. T0OTO, 3HAYCHHS MOBHHHI OYTH Oauzbkumu. Jlesiki 03HaKH MOXYTh
OyTH HeaKTyaJbHUMH JUTs Tapadpas 1aHOTO TUIY, TOMY HEOOXiJHO BU3HAYUTH MHOXKUHY C*
TaKUX THIOBHX MiIMHOKUH mapadpas {c}, BcepeauHi skux Oyab-siKi JBa €IEMEHTH MArOTh
CX0Xi HabopW 3HAuUEHb JUIA AESIKOTO BCTAHOBIIEHOTO Habopy o3Hak. PopMaiabHO, MalOTh
BHUKOHYBATHCS HACTYIHI YMOBH.

|
Je=train® (Nc#@ vccC'vx,yec:x~y,
ccC* ccC*

e C'— MHOXHMHA OTPUMAHUX TUIIOBHX IMiIMHOKHH; F — MHOKMHA peasli30BaHUX O3HAK;
|
x~C'<3IX cF :||X||:| &Vf e X :|f(X)— f(y)|<8 aust 3aganux | i g .

JIist BUpIiLIEHHsI TOCTABJICHHOT 3a/1aui Ha MHOXKUHI train” BeKTOpiB 3Ha4YeHb O3HAK Iap
pedeHb, MOMiueHHUX sk mapadpasu, oduucirowthes N nentpoinis: C,,C, ,...,C\ — HailOLbII

BiJUTAICHUX OJMH BiJl OJHOTO €JeMEHTIB 3 train®. J[is meHTpoiaiB MalTh BHKOHYBATHCS
HACTYITHI YMOBH:
C,.C;...Cy etrain®, > dist(C;,C;) —» max,
i,jel.N&i#j
ne dist — eBKiIiIOBa BifACTaHb MiX ABOMA €JIEMEHTAMU.
[Ticist BUOOPY MEHTPOIMIB KOKEH eIeMEHT 3 BUOipku train” momaetbes 10 0THOTO abo

JIEKITBKOX KJIAacTepiB, 110 BU3Ha4aroThes HeHtpoinamu C,,C, ,...,C : eIeMeHT x moTparuisie

|
KU BHU3HA4aeThesi 1eHTpoimom C., Ko BUKOHYeThes ymoBa: X~C. .

+
i

B KjacTep C

Takum unHOM Oyayroteest N kmactepis: €, ,C, ,...,Cy -

Jlns eneMeHTiB, 10 HEe MOTPANWIM B XKOJHUI Kilac, peKypcUBHO BUKOHYeThCst Kpok 1,
ane 31 3miHeHumu napametpamu N, | u .V pesynbrati Oyayerbess N'  kimactepiB, KOXKEH 3
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SKUX CKJIAJAEThCsl 3 HAOOPy Mmap pedyeHb-napadpas 3 HaBYAIbHOI BUOIPKH, sKi B 00'€THaHHI
alTh BHOIpKytrain®, a Takok MaroTh HE MOPOXKHIM MepeTWH. [HTEHCHUBHICTh MEPETHHIB
BU3HAYA€ThCs MoyaTkoBuMu napamerpamu N, 11 .

Kpoxk 2.3 ¢/ ,c,,...,C\. hopMyroThCSI N = C,ﬁ. yCiX MOKJIMBUX KOMOiHamii 06’ exnanp K

KJIACTEPIB, JO KOXKHOI 3 SIKUX JOJA€EThCS TAKOX Bech HaOip train™. VY pesynbrati Bimbopy
BI/IIOBITHUX Tap pedeHb 3 KopIycy train orpumano HaB4ansHi Habopu T, , T,, ..., T, .
Kpok 3. 3 BUKOpHCTaHHAM CTaHAapTHUX MeToiB 3 O0i0mioTexu sklearn.feature selection
[18] mix xoxHy HaBuanbHy BUOipky T,", T,, ..., T, mia merony SVM cdopmyerses cBiii
BJIACHUH onTuManbHui HaOip o3Hak {f,, f,,.., f, }3 mouaTkoBOi MHOXMHM peaniBoBaHKX O3HaK F.
Kpok 4. Knacudixaropu Hmwxusoro pisus clf ", cIf,’,...,clf " napyatorscsima T,", T, ,
..., T, BUKOPHUCTOBYIOUYH BIAIOBI/IHI ONTUMAJIbHI HAOOPH O3HAK.

Kpok 5. AHanoriuHuM 4MHOM reHepyroThes kinacudikaropu clf, clf,,...,clf . Pasom

3 clf,”, clf,,....clf " Bonnu sBisrOTH COOOIO Knacuikaropu HrpkHBOrO piBest: Clf , clf,, ..., cIf .

Kpox 6. Ilicna HaBuaHHA KiacudikaTopu pa3oM 0OpoOIsSIOTh BECh HABYAILHUN KOPITYC
train. Marpuns poss’s3kiB kimacudikaropis clf,, clf, ..., clf , mwis Bcix map peuens

Kopnycy train pa3oM 3 pO3MITKOIO Tap CIYXHTh HAaBYaIbHOK BHOIPKOI ISt
cymnepkiacudikaTopa BEpXHbOTO piBHs. BUKOHYeThCSI HABUaHHS KIaCU(DIKATOpa BEPXHBOTO PIBHSL

Kpox 7. PazoM Bcs HaBueHa cuctemMa 00po0JIsie TECTOBUI KOPITyC Map peueHb.

Pe3yabTaTH ekcniepuMeHTiB

HaBuanus 1 TecryBaHHs mpoBoawiocs Ha BuOipui Microsoft Research Paraphrase
Corpus [19]. Kopnyc cknagaerses 3 5800 map pedeHs i3 pi3HUX JKepe 13 3a3HaYeHHSAM, YH €
napa napadpa3om, 1 po3IICHUN Ha HaBYAIBHY BHOIPKY, 110 CKIaaaeThes 3 4076 map pedcHb
(2753 mnoszutuBHHX: 67,5%) 1 TecToBy, IO ckiagaerbess 3 1725 map pedenp (1147
NO3UTUBHUX: 66,5%). Ha cporomui kpamii pe3ynbTaTH Ha JaHii BUOIpIN MOKa3ald METOAU
[20] 3 Tabmumi 2.

Ta6murs 2. Paraphrase Identification. State of the art

Algorithm Reference Description Supervision | Accuracy F
Madnani et combination of eight
MTMETRICS machine translation supervised | 77.4% 84.1%
al. (2012) .
metrics
Multi- Multi-perspective
Perspective He etal, Convolutlor_maI_Nl\_ls and supervised | 78.6% 84.7%
CNN (2015) structured similarity
layer
Cheng and Recursive NNs using
SAMS-RecNN | Kartsaklis syntax-aware multi- supervised | 78.6% 85.3%
(2015) sense word embeddings
Ji and Matrix factorization
TF-KLD Eisenstein with supervised supervised | 80.4% 85.9%
(2013) reweighting
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Jl1s1 OLIHKY SKOCTI KiTacudikarii BAKOPUCTaH1 CTaHAAPTHI METPUKH:

2- precision - recall tp +1tn . tp
Fl= S , accuracy = , precission = ———,
precission + recall tp+th+ fp+ fn tp+ fp
t
recall = P ,
tp+ fn

ne tp — KUIbKICTh KOPEKTHO BU3HAYEHUX mnapadpasiB; th — KUIbKICTh KOPEKTHO BU3HAYECHUX
HemapadpasiB;, fp — KimbKicTh HEmpaBWIIbHO BH3HaueHMX mapadpas; fn — KinbkicTs

HEMPaBUIBHO BU3HAUCHUX Hemapadpas.
Jliis eKCIIepUMEHTIB BUKOPUCTOBYIOThCS Oi0mioTeku scikit-learn (http:/scikit-leam.org/stable/).

Ta6muist 3. Pe3yiabTaTi €KCIIEpUMEHTY

Kaacugikarop

Ne ekcriepuMeHTy

IEHTPOITiB

Yuciro K 3murnx

KJIacTepiB

Precision
Recall
F1

1.3e-3 0.7502 | 0.9503 0.8384
1.3e-3 2 0.7676 | 0.9564 0.8516

w

1
2

o1 O K-erb
@ N Yyeno o3nak
Encinon

Sx BuaHO 3 TaOmmii 3, 3ampPONOHOBAHMK METOJ TMOKAa3aB Pe3yJbTaTH, CIIBCTaBHI 3
HaKpalyMy iICHYIOUMMH Ha CbOTOJIHI aJITOPUTMAMHU, HE BUKOPUCTOBYIOUH IIPH LIbOMY TaKHX
CKJIaHUX Ta MOTYKHHUX MIAXOJIB, SK HEHPOHHI MEpPEeXi, TATCHTHUN CEMaHTHYHUI aHai3 Ta
HEBi'€MHY (akTOpH3allil0 MaTpullb. SIKIIO BBaXaTu pPO3pOOJIEHMH METOJ INEBHUM
NPOJIOBXKCHHSM Ta PO3BUTKOM airoputmy [12], To mo oIiHKax TOYHOCTI JaHUN METO[
MOMITHO NIepeBaXkae MONepeTHUKA.

IHHoasika

ABTopu ctaTTi ayxke BasuHi kommnanii P1K, 1 3oxkpema xomanai mpoekty Unplug, 3a
HOIATPUMKY B JIOCHIDKEHHSX Ta JIONOMOTY B po3poOlli JJaHOrO METOAY BH3HAYEHHS
napagpasu, B Horo TecTyBaHHI Ta BIIPOBAPKEHHI B TPOAYKTH KOMIIaHiI.

BucHoBkHu

Y pob6ori omnucaHo HoBHHA edekTuBHUII anroput™m igeHTU¢iKauii napadpasm,
po3po0IeHN 3 BHKOPHCTAaHHSIM MAIIUHHOTO HaBYaHHS. EKCIIEpUMEHTH TOKa3aldl OIiHKH
TOYHOCTI BU3HaUEHHs napadpasy, CiBCTaBHI 3 KPAlIUMH iICHYIOUMMH B CBITI CHCTEMaMHU.
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RESUME

0.0. Marchenko, A.O. Nikonenko, T.V. Rossada, E.A. Melnikov

About one machine learning method for paraphrase identification

A new effective algorithm for paraphrase identification has been developed with using
machine-learning approach. Architecture of the system has a form of multilayer classifier
where sub-classifiers of the lower level make decisions about presence or absence of
paraphrase in sentences according to their strategies and super-classifier of upper level finds
the final solution.

In the first phase each lower level classifier is trained to detect certain types of
paraphrase / non-paraphrase cases on the special prepared training set. For this purpose the
training set is modified for each individual lower level classifier by removing unnecessary
training pairs of sentences that represent a "noise™ for this classifier, because these pairs, for
example, are not included in the target types of paraphrase for this sub-classifier, while being
a paraphrase, so these pairs must be included to other sub-classifier training set. After lower-
level classifiers learning, the phase of super-classifier training follows. The trained lower-
level classifiers process the whole training set. The lower-level classifiers assesses of the
whole training set sentences pairs have been used by super classifier as a training set.

The system has been developed and tested on standard Microsoft Research Paraphrase
Corpus (MSRP). Experiments demonstrated precision of paraphrase detection comparable
with the best state-of-the-art systems.
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