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PEAJIN3AIINA ITAPAJIJIEJIBHOI'O AJITOPUTMA U3BJIEYEHNA
N-GRAM N3 TEKCTA HA ®YHKIIMOHAJIbBHOM A3bBIKE

B sannoii crarne paccMaTpHBaeTCH PeaH3allisd MapajulelLbHOrO alllopuTMa u3piedenus N-gram
13 CJ1aDOCTPYKTYPHPOBAHHOTO TeKeTa Ha (DYHKIHOHAILHOM #A3biKe cucteMbl LUNA peanmzyioniumii
TEXHOJIOMHIO (PPArMEHTHPOBAHHOTO HporpaMMupoBanngd. AnropurM uzpiedenus N-gram oTHO-
cured K 3ajiadam NLP. Ilposesen ananus jgpyrux peausanuii paccMaTpUBACMOro NapaJlIe/IbHOIO
ajropuTMa ¢ ucnosibzopanuem texnosoruit MPJ Express, Apache Spark n Apache Hadoop. Ha
OCHOBe aHallu3a npejiaraercd Beiopars cucremy LuNA uz-3a Toro, 910 oHa yMeeT aBTOMATHHECKH
HACTPAUBATE AJTOPHTM Ha KOHKDPETHYIO BEIMHCIUTEILHYIO CHCTEMY 3a CHET HCHOJIB3YeMOH MoJIe/In
AJIFOPUTMA B BHJIC MHOMKECTBA I110CJICJI0BATEILHBIX HH(MOPMAIMOHHO 3aBHCHMBIX 3aJ1a4, KOTOPLIE
JIMHAMUYECKH PACIPEIeIAIOTC 110 TIPOIeccopaM H sJipaM BelHHCIUTeNd. B pabore onucsiBaercs
cXeMa peasiu3alliy JIAHHOTO &JITOPHTMA, € [PUMEHEHHEM TeXHOJIOTHH (parMeHTHPOBAHHOIO
nporpammupoBanus. B crarhe Obu1a onrcana cxema pasjiesienus Ha (hparMeHThl JaHHBIX U dpar-
MeHTBl Beraucienuii. [Ipusenena cxema peasnmsanun anropurma ussiedennsa N-gram. [Tposeneno
TECTHPOBAHHE Ha PA3JIMYHOM KOJHUYeCTBe NPOIEccopos Jyid uspiedenus N-gram 1o ciosam. [Ipu
M3BJICHEHHH TOKCHOB OBLIM YJAJIeHBI BCE CTOI CIOBA, KOTOPhIE 3aJIAl0TCd 3apaHee B OT/IILHOM
TEKCTOBOM XpaHuiuile. TecTHpoBaHue I0Ka3aJi0 XOponiyio 3GhMeKTHBHOCTL 1IPE/IJIAraeMOro
HOJIXO/1A 110 PeaTH3allii AJITOPUTMOB ¢ Uelolib3opanreM cucrembl LuNA.

Kmogesble cioBa: napajuielibibiil alroputM, dhyukinuonaibubiii 936K, LUNA, N-gram, dpar-
MEHTHPOBAHHOE [IPOIPAMMHPOBAHHE.
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DyHKIHOHAIILI Tijge MaoTiHHeHn N-gram meliFrapyra apHaJraH
napaJjuiesb aJICOPATMAL JKy3ere aceIpy

Bepinren wmakaiaia dparMenTre/ired  [POrpaMMaliay  TeXHOJOTHACHIH  Kosylanarnin  LuNA
AKytecinin, HYHKIHOHAIJIBIK TUHH/E 9Ci3 KypPbUIBIMILL MoTiHHeH N-gram-jibl HIBIFAPBIT Aty
Hapajuielib/ii AJIFOPHTMIHIH Ky3ere ACLIPLUIVBL KAPACTLIPLUIAJLI. N-gram-jibl  HILIFAPLIT a1y
NLP ecenrepine xarajs. MPJ Express, Apache Spark sxone Apache Hadoop rexnonorusiiapsin
KOJJIAHY APKBLIBI KAPACTRIPBLILIIT OTLIPIAH Mapajuiesh AJITOPHTMHIH DacKa ¥Ky3ere ackipyJiapbiia
Tasay  Kearipinren. Tampayaein werizinge LuNA xyiiecin tamay yeslHbUiajibl, cebebi Oy
JKyilesie ecenTeyinrTi, Mporneccopiiapbl MeH S[POJIApPBINIA JIMHAMHKAJIBIK TYpJe yiecTiplierin,
aKIaApaTTLIK, DailJlanbicKal ecelrrep/iin, TizbeKkTelren Kenmyiecl Typilje KoJJIAHLLIATLIH aAJro-
PUTMHIH, MOJICTIIHIH, Heri3iHn/ie allropuTMIl HAKTHL ecentey Kyiecine aproMarTsl banrai any
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MyMKiHIniirine ue 6osa anajpl. ZKyMbicta dparmMenTrelired IporpaMMaliay TeXHOJIOTHACHIH KOJI-
JIaHy apKbLIBL Gepliren allrOPHTMHBIH, ¥Ky3ere achIPLUIYBLIHLIH cXeMachl cunaTtTainainl. Makasaia
MosiiMerTep parmenTrepl Men ecenrey dparMenTrepinin G6esiHy cxemachl cHnaTTajran. N-
gram-Jibl MLIFAPKIN AJIY AJITOPHTMIHIN ¥Ky3ere achlpblily cxemachl Kearipiaren. Ceszjep Goiibinima
N-gram-Jipl MBIFAPLIT AJIyra IIPOIeccopiap/bii, OpTYPJi MeJepinjie TecTijieyiep *Kypriziiren.
Tokenjep/i MBIFapeIl ajly KesiHe ajiblH-ajla KeKe MOTIHJIK KoitMaja Gepiierin 6apiiblK cTol
cezep xofiputran. Tecrineyain noruzkecel LuNA skyitecin Koyiany apKblUIbl Ky3ere achbIpbLITaH
AJITOPUTM/JIEPTe KATBICTBI YCLIHBLIBLIIT OTBIPTaH 9J[C KaKehl THIMJIUIKTI KepeeTTi.

Tyitia cezmep: napasess aropuT™, dpynknuonasyisl Tiia, LuNA, N-gram, dpparmentrenren npo-
rpamMmmasiay.
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Implementation of A Parallel Algorithm to Extract N-gram from Text
in a Functional Language

This paper discusses the implementation of a parallel algorithm for extracting N-grams from a
semi-structured text in the functional language of the fragmented programming LuNA system.
The N-gram extraction algorithm relates to NLP tasks. The analysis of other considered
implementations of the parallel algorithm using MPJ Express, Apache Spark and Apache Hadoop
technologies were carried out. Based on the analysis, it is proposed to choose the LuNA system due
to the fact that it is able to automatically configure the algorithm for a specific computer system
due to the algorithm model used in the form of a set of sequential information-dependent tasks
that are dynamically distributed among the processor and processor cores. The paper describes
the implementation scheme of this algorithm using fragmented programming technology. In this
paper the scheme of division into data fragments and fragments of calculations is described. The
implementation scheme of the N-gram extraction algorithm is presented. Testing was conducted
on a different number of processors to extract N-gram by words. When extracting tokens, all
stop words that were set in advance in a separate text storage were deleted. Testing showed good
efficiency of the proposed approach for the implementation of algorithms using the LulNA system.

Key words: parallel algorithm, functional language, LuNA, N-gram, fragmented programming.

1 Beepneunne

B mnacrosiee BpeMsi 06paboTka OOJILITUX TEKCTOBLIX HIIOPMAIIMHA UCTIOJL3YETCs B Pa3JIni-
nnix obstactax. OJIUI U3 OCHOBILIX 1TPOOIIEM TAKOTO POJIa 3aJIavH SBJISETCH BLICOKOIIPOU3BO-
JnTesbiasg 06paboTKa TeKeTa, KOTOPBId BLIJICIsSeT aKTYAILIIOCTL TeMBI JIAIIOT0 HCCIIe/10Ba~
ng. Miorue Bejiymue yqennle 3aliiMaioTed 3Toil IpobiieMoii 110 ceii jenn. Boicokolponsso-
Juresbiasg 0bpaboTKa GOILINUX TEKCTOBLIX UIIDOPMAITNH SABJISETCH OCHOBIONA 1TpobIIeMOoil B
obustacTu cunresa ecrecTBeNNLIX g36iKOB (NLP). Oy n3 Baknnix 3a1a4 oopadorkn NLP
anigercs nspiederne N-gram u3 tekcra. Llesnio Janmoro neesie/1oBaims spisierces pa3pabdor-
K& BBLICOKOIIPOU3BOIUTEJILIIOTO AJITOPUTMa n3BJiedenud N-gram u3 rekcra. OcHoBIoii 3a1a4eii
ABJIFETCS peasm3aliisd apasuleibIIoro aJropuTMa ui3Biedenusd N-gram U3 cJabocTpyKTypH-
poBarioro Tekcra ma ¢gynknuonainbioM g3bike cucreMnl LuNA [1,2]. LuNA — sto cncrema Ko-
TOpas MO3BOJISICT ABTOMATHYECKH TACTPAUBATL AJITOPUTM Ta KOIMKDPETIYIO BLITHCIATELIIYIO
CHCTEMY 3a CHET UCIIOJIL3YEMO MOJICIIN aJll'OPUTMa B BHJIE MIIOXKECTBa MOCJIE/IOBATEILITLIX
UIhOpPMAITHOIIIO 3aBUCUMBIX 3aJ1a¥, KOTOPLIE JIUIMAMUYECKH PACIIPEICIHOTC 11a BLIYHCIIT-
TEJILIBIE PECyPChI.
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2 O630p auTepaTypbl

Takue rurantol Kak Google n Yandex HCIoOIL3YiOT B CBOUX CEPBUCAX AJTOPUTMBI ATAJIN-
3a, obpaborku n cunreza NLP [3|. s o6paborku Gonnpmux jammnix 8 NLP uctonmayiores
pasIIHILe TEXTOJOTHA MAITHIIIoro obyterns |4,5]. Kpome Toro, uernonn3yores pasimtibie
BLICOKOITpOM3BOMTebIbie Textosiorun Takne kak CUDA |6, 7], Apache Spark |8], Apache
Hadoop [9] u T.1. Takxke mamn 6nl1a pacemorpena pabora [10], B KOTOPOM aBTOPLI peasmso-
BaJIH TIapaJuIeIbIbIe aJrOpUTMBI U3Biedenns N-gram ma texrosorusx MPJ Express [11,12],
Apache Spark [13,14] n Apache Hadoop |15, 16]. B pesyimnrare Tectupoparms OLIITH HOITY 9eIbI
ciesyorue BoiBojnl: MPJ Express — ouenn rubkuii, BolcoKasi TPOU3BOUTEILIIOCTD, TPY/IIO
peain30BaTh MapauIelILIbIi AJITOPUTM U OTJIQJINTL IporpaMMIinii Koy, Apache Spark — 1o
HPOU3BOJIUTEILIIOCTH TI€ CHIILIIO YCTYIIACT TPE/ILIIYINCi, CPABIUTELIIO YUCTLIE 1 KOPOTKHIA
KOJI, Jierko tactpauBaercsd; Apache Hadoop — mejtenio paboraer ma masiennkux mabopax
JIATIBIX, TPY/IIO NacTpanBaercs. YHUUThIBas STH 11eJI0cTaTKu, Buiopam cuctemy LuNA s
peasi3allni MapajuIeILIoro ajJropuTMa 3a/1adn u3BJederns N-gram U3 Tekcra.

3 Marepuas U MeTOIbI

B cucreme LuNA uctiosmnsyercs Mojiesh BLIMUACIICNNI, TasbiBacMas (hparMenTHPOBAIIIIOoii TIPo-
rpammoii (PIT). B sToil Mojesnun jarninie 3a/1adi MPEJICTAaBISIOTCH KAK MIIOKECTBO OTJIEIh-
HBIX e/UnuIl, aspiBaeMbix ¢parmentamu jganinix (O/I). OJ] ummyTabesbinl 1 ABISIOTCS
HepeMenILIMU eJIUTICTBENIoro pucBanBarmsd. Siadenusd O] MoryT umerh Kak 6a30BLIN THII
(TEJTOMUCIICTITIDI, BETECTRENIILI, U T.11. ), TaK U COCTaBIOM (dparMent ceTKu, BeKTOp, U T.IL.).

®IT zasaercs muoxecrsom dparmernrtos Boraucsennii (OB), Kax/iblii 13 KOTOPLIX CBsi-
3pIBAETCH ¢ MabOPOM BXOANLIX U BLIXOMILIX DJ] 1 Burauciser s3natdenus Boixoannix OJ1 us
snadenuii BXonnix. @B gapisiercd mporeypoii 6e3 1odounnix 3¢ eKToB.

Boraucsmresniniii iporiece coctouT B ToM, uTo OB, i KOTOPBLIX M3BECTHLI 31AYerns
Beex uxX BXoANLIX PJI U 1ensBecTHnl 3Mavenis BLIXOJIILIX, UCIIOMNIIHIOTCH, YTO PUBOJIUT K
poraucienuio Mosuix P/ Kak ciejicrsue, nosnie @B MoryT OLIThL nenostienst, u T.71. Borianc-
JINTEJILILI TIpoTiece 3aKalriuBaeTcs, Korja see OB 1e uctosens.

Hutst peanmzaruu dbparMentuposartiiioro ajroput™a B cucreMe LuNA mbl cozjaem jiBa
OB (Puc.1):

1. Tousysenmsi cricka TeKCTOBLIX (aiisioB n3 qupektopuii (data) daiioBoii cucTeMbr;

2. Peamzamus asropurMa nspiedernme N-gram u3 nosydennsix sxoannix OJ1 (cmmcok
TEKCTOBLIX (haiision).

@parMenTsl BLIMACIENS KayKJI0To 1poliecca paboTatoT 110 roToBiocTr BXoinix O/, Pea-
mazarngd @B GET  FILES — dparment BorMucsienins MeToia mMoJryders CIIMCKa JOCTYIIHLIX
TEKCTOBLIX (hailJIOB.

B srom ®B_ GET FILES MBI nosiyqaeM CIMCOK TEKCTOBLIX (hailJloB W3 JIMPEKTOPHii
data. Crmcok daiisioB spisercd BLXoanniM OJ1 s garmmoro @B. KosmiecTBo TEeKCTOBLIX
aiision B kax oM D/ Borvuciseres 110 cieyioleit hopmylie:

D SIZE — END - START;
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Host O Host 1 Host N-2 Host N-1
®BO ®B 1 ®B N-2 ®B N-1
MonyyeHune MonyyeHune MonyyeHue MNoayvyeHue
cnucKa CnucKa cnucka Cnucka
¢dainos ¢dainos ¢dainos ¢dainos
I | | I
on | | o

Cnucok dainos

Cnucok dainos

Cnucok daitnoe

Cnucok dalinos

®BO ®B 1 @B N-2 ®B N-2
Anroputm Anroputm Anroputm Anroputm
n3BnevYeHns n3BaevYeHus n3BnevyeHmA n3BnevyeHmn
N-gram N-gram N-gram N-gram
PHCYHDK 1 - Cxema peaJiisalilii aJIT'OpUuTMa U3BJICHCITHA N—grall’l B cucreme LuNA

START — rank * N / FC + (rank << N % FC ? rank : N % FC);
END — rank << FC?((rank { 1) * N / FC | ((rank | 1) < N % FC?(rank { 1):N % FC)):FC;

3yech, D SIZE — kosmdectBo TekcroBnix daitiio B Kaxkjom @OJI, END — wumjeke ma-
JaJia crucKa TeKeToBniX daitsio Kaxaoro @/, START — umjaeke Kormra CrimcKa TeKCTOBLIX
daitios kaxkoro DI rank — panr (wmjeke) OB, N — obmee kosmtectso dailios B
jupekTopwuii data, FC — kosmiecTBo dhparMenTos.

[Tocsie mostydernst KoJimdecTBa TEKCTOBLIX (DailjloB, WIJIEKCOB NMavdala W KOIIA CIHCKA,
TOTOBMM caM cicok aiisioB Boixosnoro OJ1 1o cieyromemy dparMenty Koja 1a s3bIKe
Ctt:

out.create (sizeof(string) = D_SIZE);

k — 0;

for (int i — START; i < END; it} {)

{
(out.getData<string >())|k| = inputDataFiles|i];
kKt

}

371ech, out — Boxognoit O/ inputDataFiles — BekTop n3 crmcka (MMena ¢ pacmmperneM )
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DaitnNM.txt PaiinNO.txt DaitnNP.txt daiinNR.txt
GaitnNM. txt @aitnNO. txt DaiinNP.txt ®aitnNR. txt
v , v v v

out[0] out(1] out[D_SIZE-2] out[D_SIZE-1]
[ il i
out
Ouepegp
W3eneuyeHune N-gram
v
BblBOA pe3yNbTaTOB
Pucynok 2 — Cxewma peasmsarun ajroputMa u3niederne N-gram mma OB

daiison.
Peammsanmua @B FIND NGRAMS — anropurm nsssietdenne N-gram U3 moJ1yH9eninix BeK-
TOpa CIHICKa TeKCTOBLIX daiion (Puc.2).

Boxomnnie @/ 8 @B GET  FILES oyayr g @B FIND NGRAMS Bxogmnivu @DJ1.
®B_ FIND NGRAMS npunumaer dernipe mapaMeTpa:

1. ngramN — KoJIM9eCcTBO BLIBOJIMMBLIX TOKenoB B N-gram;

2. ngramType — Tum nspiredenns N-gram (MOCHMBOJIBIIO, 110 CJIOBaM U 110 GalTy);
3. inputDataFiles — crmmcok daiisioB s Kaxkoro sxojmoro O JI;

4. inputSize — pasmep crckKa aitioB s Kaxkioro sxomnoro OJI.

Ot s1nx ITapaMeTpoB 3aBHCHT CKOPOCTDL BLITHCJICITAA ITPOTrPaMMDBI U3BJICHCITHH N—gl’&ﬂl n3
TekeTa. ONTHMAJILIIOE 3IATCITHe ngr amN BI:IGPIP&CTCH MEZKJTY 2u5. To ecTn BI)I6HpaTI) KOJIH-
TECTBO TOKCIIOB DOJILITIE IIATH I1¢ HTMEET CMDICJ/Ia, a ¢/THITHITa O3IavacT qdTO U3BJICHCITH A N—gl‘ aln
IMPOUCXO/TAT MMOCHMBOJILITO. BIJI60p SIIa"CITnA ngramType 3aBHUCHT OT ’[‘pCGOBaIIHH 3ajiatq. B
TEKYHIEM HCCJICTOBAIIHNA JIJIHd TeCTUpOBalliid pe3yinTaTon oLLIa BI)I6paIIa H3BJICHCITHE N—gram
11O CJIOoBaM. HpPI HU3BJICHCIIHA TOKCIIOB B 3TOM aJIF'OPHTMe VIAJATCA BCe CTOIl CJIOBa [].7'
KOTOPLIC 3a/Ial0oTCid 3apalice B OT/IC/ILIIOM TEKCTOBOM XPallWJIAIIIC. Sragenngd inputDataFﬂcs

1 inputSize 3aBuCAT OT KOJUYECTBA TEKCTOBLIX (aitiioB B upekTopnii data KOTOpLIE BLIMUC-
agiored 8 OB GET  FILES.
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4 PezyabpTaThl 1 00CYy2K/I€eHHUE

st TecTUpoBalns pe3yiIbTaToOB BLIMUCJICHNS 3a/1adu u3BJedenns N-gram n3 Tekcra OnuI
ucrosn3osan yiantpabyk Lenovo Thinkpad X1 Carbon (6th Gen). B rabimne 1 mpuseserint
TexIaecKne Xapakrepuctukn yianrpadyka (Tabmmunal). PesyanraTnr TectupoBarust marpsi-
MYIO 3aBUCAT OT XapaKTEPUCTHK POoTeccopa (JacToTa Mporeccopa, KOJINIecTBO (hU3HIecKinx
siep, oobeMnl TmamaTi Komos L2 u L3) u obbema mamsatin O3Y BLIOparioro yerpoiicTsa.
TectupoBarus poBoIIMCSH a 1, 2, 4 1 8 1I0TOKaxX Mpoleccopa JIAIIoro yeTpoicTRa.

Tabnuma 1 —  Texmmyeckne XapaKTepUCTHKH BLIOPAITIOTO yCTPOMCTBA JIJIs OTIAKA 1
TECTUPOBATIHS

Ne | HamwmernoBarme XapaKTepucTuKa

1 | Mogem Lenovo Thinkpad X1 Carbon (6th Gen)

2 | IIpomneccop Intel Core i7-8550U, 1800 MI'nt

3 | KommraectBo sep 4 anpa

4 | O6bem kamra L2 1 Mb

5 | O6bem kama L3 8 Mb

6 | Onepanmortiasi cucreMa Ubuntu 18.04 LTS

7 | Oneparusnas 1maMsiTh 16 I'b, LPDDR3, 2133 MI'ny

8 | Berpoenmiasg nmamMarn 1024 I'b, PCle SSD

[Tpu TecTHpoBaImy aJropuTMa KoJMH9ecTBO BXO/IILIX TeKCTOBLIX (haiiiIoB 11a pasnbiX MoTo-
Kax MersJioch poroprnonalisio. [lo pocty KommdecTsa 0TOKOB BpeMs BLIYHCJICTTAS YMEITh-
maJiach, TOJLKO Ta 8 MOTOKaX 110 cpaBIeliio ¢ 4 10TOKaMH BpeMsl BLIMHCJICIHA MeJIeree
(Puc.3). 910 MOXKI10 00BSCINATEL TEM, UTO B XapaKTepucTHKax 1poreccopa (Tabsmral) Tosnko
4 dusndeckux gpa u 4 JIOTHIeCKNX TPOIECCOPOB.

Yexoperne BLIMUCINTENLIOro ajropurMa ia cucreme LuNA mna 8 (BochM#) TIOTOKax pesko
YMETLITaeTCs, OIIATL 3TO BH/IIO, YTO 11a 3TO BJIHUACT TEXITMYCCKAEe XapaKTePUCTHKH BLIOpAar-
roro namu tporieccopa. Ha Puc.4 nokazaro yckoperme BLIMACIATENBIBIX aJTOPATMOB.

Cute/tyrommuii pucynok 1mokasniBaeT 3(h(peKTUBIOCT BLIYUCIHTEILIOTO aJTOPATMOB:

5 3akioueHue

B pesyinrarte uceseoBaiins ObLI pealin3oBall ajropuT™ u3BJedenns N-gram U3 TeKcTa Ia
dynkmuonainiom sa3nike cucteMnl LuNA. B pesyinrate TecrupoBanms yekoperne n 3¢ dek-
THBIOCTD BLIMHCIUTENBLIILIX AJITOPUTMOB T1a 8 TIOTOKAX TTOKA3AJN XY/IIHE PEe3YIILTATHI U3-3a
11eJI0CTATKOB (DU3UHECKUX $JIep TIPOoIeccopa 1a TeCTUPYeMbBIM yeTpoiicTBe. B riesiom anroputa
xoporro paboraer na cucreme LuNA | Tak Kak OTCYTCTBYIOT TIEPECBLUIKH JIAIILIX MEXKJIY PO~
HeccaMn.

B jasmsneiimem miianupyercst necjieI0BaTh XapaKTePUCTUKN aJlTOPHTMa JIJIs O1Ipe e IeTTHs
ONTUMAJILIIONO BapHAaIlTa 3allyCKa.
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6 BaaromaprocTtn

Pabora Brimosmiena 1mpu 11o/1/iepkKKe IpanToBoro (hUIalcupoBanus 1may9ro-TeXIMMIecKnX 11po-
rpamMm u 1poekToB Murmerepersom obpasoBarms u mayku Pecriybsmkn Kaszaxcran (rparrr
AP05134651 «Paspaborka cucreMbl yIpaB/ielidsl aKTHUBILIMEA 3MAITHAMHA JJI aBTOMaTH-
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