MOCKOBCKWI ABVALIMOHHBIA UHCTUTYT
(HauMOHasbHbIN UccneoBaTenbCKuii YHUBEPCUTET)

PacnpegeneHHoe
nporpaMmmMHoO-nHcpopmMalnoHHOe
oGecneyeHne cTaTUCTUYECKOI Moaenu
nepeBoja eCTeCTBEHHbIX A3bIKOB

BoinonHun ctygeHT rpynnel 08-606
HUKUTUH NnbA KOHCTaHTMHOBKY

HayuHbIii pykoBoauTE b

accucTeHT Kadeapbl 806
raBpunos EsrenHwnii Cepreesny
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BeepeHne

ObITOBOW NEepPeBOA:
KHUTN,
nepenucka,

novick B IHTEpHETE Ha pasHbIX A3bIKax (BHYTPW NOUCKOBbIX
aNropmMTMOB W JONOMHUTENbHAS DYHKLMA A1 NONb30BaTens);
NepPEBOS HayUHbIX MyG/IMKaLUiA C APYTUX SI3bIKOB;

NPYMEHEHWST AOCTWXKEHUIA B ApYrux 061acTax:

aBTOMaTM4eckoe pediepupoBaHue,
pacrnosHaBaHue peuu,
pacno3HaBaHue nocnegoBaTesibHocTen ammHokucnot (AHK).
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BeepeHne

MallmMHHbIV NepeBog,

lMpasuna [aHHble
MocnoBHble OcHOBaHHble Ha NprmMepax
TpaHcdepHbie CratucTuyeckue
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LLI
McTounnk (R) —— | Mepegaumk '\N\WV\» MNpuemMHUK }—— | Llens (E)

MycTb ¢ — ppasa opurnHana (pycckas).
TpebyeTca HaliTh p. — hpasy nepeBoaa (aHM/IMIACKYL).

MakcumuanpoBatb P(pe|pr).

(P(pe) - P(erlpe))

P(geler) = = =

>

Pr

ax (P(ge) - P(¢rlpe))

e

X

peg = ArGMaX P(ve| ) = arg

e

c3

17 anBaps 2012 r.: U. K. HUKNTuH



MpuHLMNGI

Cratuctuyeckas cucteMa MallvHHOTO nepesoga

Mogenb si3bika Mogenb nepesoga
P(e) P(er|ee)

arg rHaXP(pe\',or) = argmax (P(ge) - P(¢rle))

Pe Upe

e — Ppasa nepesoga (aHrnunckas);
»r — ppasa opurnHana (pycckas).
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MpuHLMNGI

Cratuctuyeckas cucteMa MallvHHOTO nepesoga

Mogenb si3bika Mogenb nepesoga
P(e) P(er|ee)

Jekonep

arg max (P(we) - P(&r|we))
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MpuHLMNGI

Cratuctuyeckas cucteMa MallvHHOTO nepesoga

Mogenb si3bika Mogenb nepesoga
P(e) P(er|ee)

Jekonep

arg max (P(we) - P(&r|we))

Kopnyc Tekcta MNapannenbHbiit

-~ KOpMNyC TeKcTa
Ha A3bIKE we. Ha fi3blKax we W @r.
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MpaBunbHbIA NOPAAOK COB.

BblunciseTcsi ¢ NOMOLLbIO N-rpaMM c/oB. MpuMep Ans 3-rpaMm:

(UJl, w2, UJ3),

(("')27 w3, w4)7
© = (Wi,w2,ws,wd, . ..,w) =

(W2, w1, wi).
Bbiuncnserca no opmyne:

i=l+n—1
P(p) =P(wi...w) = H P (wilwi—y - .- wWiiny1).
i=0
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BBoAvM BbipaBHMBaHWE 4718 Napbl NPeanoxenuni Ile, I1,.

[lNs1 BbIpaBHMBaHWS HYXHbl BEPOSITHOCTY JIEKCMYECKOTO
nepeBofa we — wy.

[lnsi BEPOSITHOCTY NIEKCUYECKOTO NepeBoa HyXHbl
BblpaBHMBAHUS.

Mpo6nema «KypuLpbl 1 siLax».
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[na oueHKn BEPOATHOCTY JIEKCUYECKOTOo nepesoja —
EM-anroputm (Butepbu):

VHULMaIM3MpyeM napaMmeTpbl Moaenm (0AMHaKOBbIMY
3HAYEHMsIMK, HA NEePBOI UTepaLum);

OLEHUM BEPOSITHOCTM OTCYTCTBYIOLLEl HGhopMaLmu;
OLEHUM NapameTpbl MOAENM HA OCHOBAHUM HOBOI MHDOpMaLK;
nepeiifeM K cnegytouleii ntepauyum.
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MpuHLMNbI Mogens LenHoHa Mogens sisbika  Mogens nepesoga  [ekoaep

3 OTAnuunsa ot Apyrux cUcTem

CucTema UCnonb3yeTcs f/1s nepesoga Hay4HO-TEXHUYECKOV nnTeparypsl.

CnoBa — n-rpamsl

< YcToiiuvBble q)opmaanble BbIpa>KeHNA B Hay4HbIX TEKCTax.

BbipaBHMBaHWE MO KPYNMHLIM Fpynnam n-rpam

< npsIMOIA NOPAAOK C/O0B;
< CTepeoTWnHas CTPYKTYpa NPesnoXeHuiA.

Mopenu HM3Kux nopaaKkoB

<= BaXXHOCTb JIOK&/IbHOrO NMOpPsifika CII0B;
< (PepTUIbHOCTU 1 BEPOSITHOCTHOM rpamMMaTyki MOTYT €r0 PaspyLLnTb.
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Cpeav Bcex BO3MOXHbIX BApUaHTOB
nepeBoja BblGpaTb NpaBusIbHBbI:

NOMHbIA Nnepebop;

A*:
CTEKOBbIA MOWUCK,
MHOTOCTEKOBbIN MOUCK;

YaAHbliA UHKPEMEHTHbIW NOUCK;

cBefleHne K 0606LeHHOI 3aaade
KOMMUBOSIXXEpA.

17 anBaps 2012 r.: U. K. HUKNTuH

VcxogHas dpasa
Pr

Mogenb J/ Mogenb

nepesoaa A3blka

P(er|ee) P(e)
[Oexoaep

l

MepeBog, ncxoaHo thpasbl
argmax (P(¢e) - P(¢rlee))



NPOCTOW 1 BbICTPbIA NOUCK,;
«MJI0XO0li» BapuaHT NepeBoga Nnosiy4yaem cpasy;
nocsiegoBaTenibHO NPUMEHSI Habop onepaymin MoXeMm
YyNyyLlwnTbL NepeBos;
N3MEHWUTbL NEPEBOS CNOBa (2pyrirbl C/108, N-2paMMbi),
yAa/I1Tb COBO (2pyrny €/108, N-2pammy),
NOMEHATb C/I0Ba MecTamu (2pynrbl C/108, N-2paMMbl);
MOXHO fenaTb OTCeUKY Mo BPeMEH!;

MOXEM Cpa3y OLEHWUTb MOAE/b si3blka GOMbLION hpasbl.
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Apxutektypa

Yumamersb

g [MPC-CMT

Kopnyc En, Ru

Ha6op npunoxeHwi.

MZ’?;TF g:';?;’f';”e”"' Basa daHHbIX Jlekodep
PacnpegeneHbi > Redis > Erlang
rfle 3T0 BO3MOXHO. —_—
I/IHTepECbeI‘/’ICbI ,
Beb : Rest

Obpabomyuk KoHcorsib
> Erlang 1

nonb3osatenb
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ApXuTekTypa

O6paboTumk

4TeHne
KOprycos

npouwTarh
napamenTp
cxoaumocTh

[ENSet_k nycTo || RNSet_k nycTo]

[cownocs]

RPOPLPUSH LSet_i LSet j
CNMCOK N-rPaMM U3 6a3bi

Bblfje/IeHne N-rpaMm

[LSet_i nycro]

Nuyr. < Noﬁp.

yTenme tle|r)

RPOPLPUSH
ENset_k ENset_m
n-rpamMa u3 6assi

RPOPLPUSH
RNset_k RNset_m
n-rpamma n3 6assi

BblfleNeHne
CNUCcKoB
n-rpamMm

BMMCAEHUE
BeAMHb
WHKpemenTa

oTnpaska
B6A
oTnpaeka aummcneHme
56 uHKpemeHT HKpemenT teln)
a counts(elr) total(r)
_

3anvc telr)

v
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Jexogne

Mepesop [ ) YnyuweHune

BBOA
runoTu3b!
nepesona

nonyuenve
vexonHoro
Tekcta

pueriene XaaHbli MHKPEMEHTHbI

npasuna

0 nomcky nowck:

<<cocepa>>

pasbuenue

Ha Henepece-
Katouwecs

n-rpamMMel

[iBa pexuma pa6oTbl:

nouck no 6ase
3meHuBLWerocs
anemenTa

nepesoaa,
yyuLeHus.

CRDED)
epesons JPeBona
BLI60p Nepesonia \x telr) ¢ telr)
ans max t(e|r) g

BhIGOp Nepesoaa
ans max telr)

c6op dpassl
uenkom

oueHka
no Mopenu
A3biKa

noLuaroBbIil Be6-nHTEpeiic;
notokoBbiit RESTful-cepBuc;

NoLLIAroBblii KOHCOMbHbI
NHTepdeiic.

c6op dpazi
uennkom

ouenka
o mogenm
A3bIKa

[nysuwe npensiaywero]

(0 nepesonvoro rexcra) (awson nepesomnoro vexcra)
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3 MNpumepsl (1)

... adopted at the 81st plenary meeting ...

... NPUHSATa Ha 81-M N/IEHAapHOM 3aceAaHuu ...

Cuctema

... NpVHATa 6€3 rosiocoBaHnsA Ha 81 nneHapHOM 3acefaHum
B Bploccene ...

17 siuBaps 2012 r.: U. K. HUKNTUH #17 < 36 | CTatucTuyecknii MalMHHBbI nepesos



OueHka Mpumepsl BLEU  CkopocTb

3 MNpumepsl (2)

It will be instructive to exhibit Euclid’s algorithm here.

Jdymato, MMeeT CMbIC/1 MPUBECTU 34ECH ONMCaHKe 3TOro airopuTma.

Cuctema

ByAeT Noy4nTe/IbHO BbICTABUThL aNropuTM EBKNAA 30ECh.
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3 MNpumepsl (3)

Many years have passed since the author wrote most of the
comments above ...

Co BpemMmeHn nepsoro HannmcaHnA aBToOpom 60/bLUMHCTBA
npuBeeHHbIX Bbille KOMMEHTapMeB YTEK/TIO MHOIO BOAblI ...

Cuctema

MHOro fieT NpoLUsIo C Tex Nop, aBTop Hanucas 6osbLLy0 YacTb
KOMMEHTapueB BbILLE ...

17 siuBaps 2012 r.: U. K. HUKNTUH #19 < 36 | CTatucTuyeckunii MalnHHbI nepesos



BLEU — Bilingual Evaluation Understudy
YuncneHHas oLgHKa kayecTsa nepeBoja.

Hy>xeH nepesog, BbINO/THEHHbI Ye/10BEKOM.

MokasblBaeT BENMUMHY 6IM30CTM
K «4e/I0BEUECKOMY>» NepeBomy.

UeM MeHbLLe BEMMYMHA, TEM NyylLlle.
CpaBHuBanuCeb:

MPC-CMIT,
CUCTEMbI MOCTPOEHHAA Ha OCHOBE
Moses.

17 anBaps 2012 r.: U. K. HUKNTuH

Cuctema | BLEU
MPC-CMIM (1) | 0.243
MPC-CMI (100) | 0.209
Moses (IBM 3) | 0.201
Moses (IBM 5) | 0.173




Mpoueccop: Intel Core2 Duo, 1 sapo 64 6uT, Ol 4I6, ®C:ext4

Cucrtema | Bpemsa, u

MPC-CMIM (1) ~5
Moses (GIZA++) ~ 25
Chaski (MGIZA++) ~ 26

Mpoueccop: Intel Xeon E5506, 8 aaep 64 6uT, Ol 10r6, ®C:xfs

Cuctema | Bpemsa, u

MPC-CMIM (1) ~1
Moses (GIZA++) ~ 22
Chaski (MGIZA++) ~ 3
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Mpoueccop: Intel Core2 Duo, 1 saapo 64 6ut, O 46, ®C:ext4

Cucrtema | Bpems, Mkc
MPC-CMIM (1) 1132
MPC-CMI (100) 7108124
Moses (IBM 3) | ~ 10000000
Moses (IBM 5) | ~ 30000000

Mpoueccop: Intel Xeon E5506, 8 aaep 64 6uTt, OMN 106, ®C:xfs

Cuctema | Bpems, MKc

APC-CMM (1) 1012
MPC-CMI (100) 1119024
Moses (IBM 3) | ~ 5000000
Moses (IBM5) | ~ 6000000
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MepcnekTusbl

PaspaboTaH noaxoa;:
ObICTPOro 06yyeHMs Mmogenun nepeBoa 451 Hay4YHbIX TEKCTOB.

PeannsosaHa cuctema MallMHHOIO NepeBoAa:
MHOrOnpoLeccopHasi, pacnpeaesneHHas;
TONbKO HayYHO-TEXHUYECKas uTeparypa,;
6bICTpOE 06yUYeHue;
6bICTPOE (NOLIAroBOE) AEKOAMPOBaHUE.
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MepcnekTusbl

Martematuka: ApPXMTEKTYpa U peanunsayums:

NOMHOLEHHbIN hpa3oBbIii NepeBog; MCNo/1b30BaTh NOC/I0BHOE CXatue

CYHTaKCUYECKMi nepesoj; npu xpaHeHun B B/;

nepenucarb o6paboTumka Ha Cu ¢

CMellaHHas cucTeMa nepeBoja: .
libevent;

napa pycCcKWin-aHrIMnCKui,

MOPEhONOrMUeckuii aHanma. libevent pna RESTful-cepsuca

JAekopepa:
onpoboBaTb 60/1ee TOYHbIE METOAbI

1 MJ/IH. O4HOBPEMEHHbIX
noucka.

COeNHEHWIA

nonpo6osatb Redis — leveldb.
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MepcnekTusbl

PaspaboTaH noaxoa;:
ObICTPOro 06yyeHMs Mmogenun nepeBoa 451 Hay4YHbIX TEKCTOB.

PeannsosaHa cuctema MallMHHOIO NepeBoAa:
MHOrOnpoLeccopHasi, pacnpeaesneHHas;
TONbKO HayYHO-TEXHUYECKas uTeparypa,;
6bICTpOE 06yUYeHue;
6bICTPOE (NOLIAroBOE) AEKOAMPOBaHUE.
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NHTEepecHble criangbl,
KOTOpble He BOLU/M B Camy Npe3eHTaumio
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BbluncnisieTcsi ¢ NOMOLLbO N-rpamMM C0B.

i=l+n—1
P(w1 ,,.w,) = H P’(w,-\w,-,l ...w,‘,nle)
i=0

P'(wm|w1 .. .wm71) =K - P(wm|w1 .. .wmfl) +...+Ki- P(wl) + Ko;

yacmoma (w1)
yacmoma (wi . . . Wm—1wm) _
yacmoma (wi . ..wm-1)

P(wm|wi .. .wm-1) =

i=n
Ki; — koadbchuumenTbl crnaxmnsanusa K; > Ky 1 > K = 1.0.
i=0

17 anBaps 2012 r.: U. K. HUKNTuH



i=l4+n—1
Plwi...w)= H P (wilwi—1 ... wWing1)
i=0

P’ MOXHO BbIUNCINTL MHAYE, NCMO/b3Ys afanTBHBI METOA, CraknBaHns

4 + yacmoma (w1 . . .wm)

; (6 + yacmoma (w, . . . wm,)) -

P’(wm|w1 cWm—1) =

_ 4 + yacmoma (w1 . . . wm)
© 6.V + Y (vacmoma (wy, . . . wim,))
i

V — KO/IM4ecTBO BCEX N-rpaMmM B UCMO/Ib3yEeMOM KOpPMycCe;
0 = 1 — mMeTof crnaxusaHua Jlannaca,
0 # 1 = meTtogbl N'yga-TelopuHra, Katua, KHesepa-Heiis.

17 anBaps 2012 r.: U. K. HUKNTuH



O — «@HTNNACKUI» TEKCT (MHOXECTBO NPEA/IOKEHWN);
O, — «pyCCKUi» TEKCT;

1T, — «aHrnuiickoe» npeanoxexHune (NnocnegoBaTesibHOCTb
CNnoB);

II, — «pyCCKOe» NpesIoKeHNE;
We — «@HINIMIACKOE» C/IOBO;
wy — «PYCCKOEe» CI0BO;
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MycTb P(Ile|IllI;) — BEPOATHOCTb HEKOTOPOIH CTPOKY (NPeaioxXeHns) 13 e,
npu runoTese NepeBoa u3 r.

P(ITe|IT;) =~ P(ITe, a|Il,);

a — BblpaBHMBaHNE Mexay oTaeNbHbIMU C/ioBaMu B nape npe.qnox(eHMVl.
BeposATHOCTb Nnepesoja:

P(Ile,a|1l;) = ,+1 HMeflwram

t — 9T0 BEpOATHOCTb C/I0BA OpPUIMHaNA B NO3ULMM j MPY COOTBETCTBYHOLLEM
emy C/I0Be NepeBoja wra(), ONPeAeNIEHHOM BbIpaBHUBAHWUEM a.
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 P(Il,alIT))
P(@llle. 1) = S~ b, a1
a

Vives Ha6op BblpaBHMBaHMIZ C onpenesnieHHbIMU BEPOATHOCTAMU, Mbl MOXEM
nogcymnTaTb 4acToThbl Ka)K,D,OVI napsbl C/oB,

t{weleor) counts(we|wr) counts(we|wr)
We|wr) = = ;
TS counts (we |wr) total(w;)

we

TpebyeTcsl OLEHUTL BEPOSTHOCTY JIEKCUYECKO20 nepesoda t(we|w,) Ho
uT06bI CAENATb 3TO HY)XXHO BbIYUC/INTL &, KOTOPOIA Y HaC HET.
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[ns oueHkn napameTpoB — EM-anroputm (Butepbn).

VHULMA/IM3MpyeM napaMeTpbl Moaen (0AMHAKOBbIMM
3HAYEHUsIMK, Ha NEepPBON nTepauun);

OLEHVNM BEPOSITHOCTU OTCYTCTBYHOLLEH UHhopMaLmu;
OLIeHMM napamMeTpbl MoAesIn Ha OCHOBaHUM HOBOW MHChopMaLMU;
nepeiigem K cregytoLleii ntepaumu.
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Ba3oBblii-anroputM(Oe, ©;)

1 Vwe€llg €O
2 Ywr € II; € O :
3 t(welwr) < u,u € R;
4 > WHuyuanusupyem mabnuyy t(we|w,) 0OUHAKOBbLIMU 3HAYEHUSIMU.
5 noka He coiigeTcs :
6 Y we € Ilg € O : > VIHUYUanuaupyem ocmasibHbie mabiuysbl.
7 Yw, € II; € O, :
8 counts(we|wr) < 0; total(wr) < 0;
9 YV e, II; € Oe, O : > BblyucsisieM Hopmaiusayuuro.
10 YV we € I :
1 stotal(we) « 0;
12 Ywr €Il :
13 stotal(we) « stotal(we) + t(we|wr);
14 Y we € ITe : > Cobupaem noocHemsl.
15 Yw € Iy :
t(we|wr) .
16 counts(we|wy) counts(n(ueh‘.,))-i— Stotal(wn)
t(we|wr
17 total(w,) < total(w;) + Stotal(wn)
18 Y we € Og : > OyeHusaem BepOSIMHOCMb.
19 Yw, € O
20 Hwo|oor) counts (we|wr) .

total (wy)
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B nepBom pexume paboTbl Ha BXOZ, NPUHUMAETCS UCXOAHbIA TEKCT.
[Janee nuietcsa ee Hanboiee BEPOSATHbIN 3KBUBASIEHT,
nocnegoBaTe/bHbIM paszéreHnem gpasbl Ha N-rpamMmmbl HaMBOo/bLLETO
pasmMepa (aHa/IorMYyHO a/ITOPUTMY CUCTEMbI NEPEBOAa OCHOBAHHOWA
Ha npyMepax B NPUIOKEHUN), N Napas/ieflbHbIM MOUCKOM MX B 6a3e
[aHHbIX.
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1 S‘”e 1 sWe
—| 55— > 1093 P(nej)+5— > logs Pwrj|wej))
e ji=1 we j=1
BH =2
Ne — N-rpamMmmMbl BbICOKOIo nopsgka Haﬁ,ﬂ'eHHHe B CO34aHHOM TEKCTe;
5779 — KOJIN4ECTBO TakKnUx n-rpamMmm;

P(ne) — BEPOSITHOCTb N-rPpamMM COrMacHO A3bIKOBO MOAeNM (BbIYMCNSETCS Kak
yKa3aHo paHHee);

we — N-TPaMMbI (C10BA) Kak pe3y/bTar nepeBoja corfiacHo MoAenu nepesosa,;
Swe — KONMYECTBO Takux n-rpamm (Cnos.);
P(wrj|lwej) — BEPOATHOCTL NepeBoaa pasbl wej HA wrj.

Bo BTOpPOM pexvme paboTbl Ha BXOA, NPUHUMAETCS UCXOAHbIN TekcT (UT), nepeBogHoOM
TekcT (MT) ¢ npeablgyLeli nTepauum 1 BeninumHa HeonpegeneHHoctu (BH).

17 anBaps 2012 r.: U. K. HUKNTuH



BLEU:Bp~e<

B 1, Ie > Ih;
= 1)
P e(8) 1<,

)

Sc — MHOXeCTBO KaHAMAATOB Ha NepeBos,;
C — KaHAuaaT Ha nepesog,;

ne — N-rpaMma kaHavaaTa Ha nepesog;

lc — ANMHHA KaHAnAaTa nepesoaa;

In — ANVMHHA 3KCMepTHOro Nepesoa
(BbINOMIHEHHOTO YE/TOBEKOM);

1
W, = — —Bec;
N

N = 4, n-rpaMHOCTb OLIEHKM.

17 anBaps 2012 r.: U. K. HUKNTuH

N

n=

Wh Iog(pn)>
1

> . YUC/Ocpesa(7c)

_ CeScneeC
"X X dueno(ne)
CeSc nceC

Cuctema | BLEU
MPC-CMIM (1) | 0.243
MPC-CMI (100) | 0.209
Moses (IBM 3) | 0.201
Moses (IBM 5) | 0.173




	Введение
	Зачем
	Методы

	Принципы
	Модель Шеннона
	Модель языка
	Модель перевода
	Декодер

	Архитектура
	Обзор
	Обучение
	Декодеривание

	Оценка
	Примеры
	BLEU
	Скорость

	Перспективы
	Результаты
	Развитие
	Результаты

	+
	Модель языка
	Модель перевода
	Декодер
	BLEU


