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AHHoTauug MK

Russian English Albanian Detectlanguage ~ “

JIMHrBMCTIKA — 3TO He TOMbKO Hayka o Tom, %
KaK rpamMOTHO MKCaTb Y FOBOPUTbL HA POSHOM

1 MIHOCTPaHHbIX A3blkax. JIMHrBUCTOB

ropasfo Gorblue MHTEpecyeT, kak ycTpoeHa
A3bIKOBasA CNOoCcOBHOCTL YeroBeka, kak
pasBMBalOTCA U B KaKUX OTHOLLIEHNAX Mexay
coboii HAXOAATCS A3bIKU, a Takke KakuMu
cBoNcTBaMM 06rafatoT TeKCThbl Ha
€CTECTBEHHbIX A3blKaXx.

A Y ory-~

Greek English Albanian

Linguistics - it is not only the science of how to
correctly write and speak in the native and
foreign languages. Linguists are more
interested in how to construct the linguistic
ability of the person how to develop and what
are the relations between a language and what
properties have a natural language.

O o< # Wrong?



[lpeabicTopna mawiMHHOIO Nepesoaa

» MawwuHHbiit nepesoa (MIT) obcyxaaeTcs
c XVII Beka

» FotTdppua Bunerenom JleitbHny,
(1646-1716)

» Pene [lekapt (1596-1650)



MpeabicTopus

JlenbHuL: yHMBepcanbHbI 93bIK

» characteristica universalis —
YHMBepcanbHbl NUKTOrpacduryeckunii
13bIK 4719 BblpaXKeHUs1 Mblcreii (B nepByto
ouepeab HayuHbIX)

» [1aéT BO3MOXHOCTb nepeBoaa:
a3blk 1 <= characteristica universalis <
A3bIK 2

» K koHUy xxn3Hu cam JleitbHuy pa3oua-
poBaJics B Uaee YHMBEPCAIbHOTO A3 biKa



Wctopus

ctopua MIT

» XX BeK: pa3BUTUE KOMMNbIOTEPOB =
npakTnyeckas BO3MOXHOCTb MAaLLMHHOIO
nepesoja

» [lepBble peanbHble MONbITKU MALUMHHOIO
nepesoga — 1950-e roanbl

> Y UCTOKOB MalLMHHOIO Nnepesoaa CTosIn
BOEHHbI€ HYX/bl



ctopua MIT

» Pazsutue MI1 Hauanocbp noutu
O1HOBpPEMEHHO C HauyanoM X0JI0AHOW
BOMHDbI

» [lepBag s3bIKoBas napa:
PYCCKUN < aHTNNNCKNI



[>KOpaXXTayHCKUN 3KCMEepUMEHT

» “Russian is turned into English by a fast
electronic translator” (New York Times, 8
aHBaps 1954 roaa, cTp. 1)

» KomnaHnus IBM n VIHCTUTYT 93bI1KOB 1
NUHTBUCTUKM [1)KOpAXKTayHCKOro
yHuBepcuTeTa (BawmHrroH)


http://www.hutchinsweb.me.uk/sources/GU-IBM-NYT-1954-Plumb.pdf

[>KOpaXXTayHCKUN 3KCMEepUMEHT

» bonee 60 npeasioxeHunii (B OCHOBHOM MO
OpraHnyeckoi XMMmmn)

» 250 mopdem (KopHeit 1 OKOHUaHUIA)

» 6 CUHTAKCNUECKUX npasunin



[>KOpaXXTayHCKUN 3KCMEepUMEHT

» Starch is produced by mechanical method
from potatoes

» Myezhdunarodnoye ponyimanyiye
yavlyayetsya vazhnim faktorom v
ryeshyenyiyi polyityichyeskix voprosov =
International understanding constitutes
an important factor in decision of political
questions.

» KauectBo nepesopa?
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[>KOpaXXTayHCKUN 3KCMEepUMEHT

» JKCMNEPUMEHT BCEJINJI B LUMPOKME KPYTY
Bepy B ObICTpbIii ycnex MI1

» Jleon [JoctepT (0auH 13 co3natenei
cuctembl): peanbHblii MIT — uepes 3-5 net

» Bcnepn 3a CLUA, pabota Hag MIT Hauanach
nse CCCP



Cratuctuka MI1 (1959)

[Bar-Hillel 1960]:
> 11 rpynn B CLUA, ok. 150 uenosek

v

7 rpynn B CCCP, ok. 300 uenosek

v

2 rpynnbl B Bennkobputanun, ok. 25
yesloBek

v

1 rpynna B VlItannn, ? yenosek

v

1 rpynna B MI3panne, 4 yvenoseka



\HEN A USER TAKES A PHOTO,
THE. APP SHOULD CHECK WHETHER
THEYRE IN A NATIONAL PARK ...

SURE, ERSY GIS [0OKUR
GIMME A FEW HOURS.

.. AND CHECK WHETHER
THE PHOTD I OF A BIRD.

Tl NEED A RESEPARCH

‘\ TEAM AND FIVE YEARS.
|t

IN C5, IT CAN BE HARD To EXPLAIN
THE DIFFERENCE BETWEEN THE EASY
AND THE VIRTUALLY IMPOSSIBLE.




Mpasunoseiii M1

[lpaBunosbin MI1

» KomnblotepHasa nuHrenctuka-1:
MOJeNnpoBaHne Ye0Be4YeCKOro rnepesoaa

» JIMHrBUCTMYECKNIA aHanNn3 TekcTa +
CUHTE3 TEKCTa C YYETOM
NIMHTBUCTUYECKON MHPOopMaumnm

» [Mpobnembi: cm. nekuymio Ne 2



[lpaBunosbin MI1 n Teopus a3bika

» HekoTopble npobnembl, cTaBLIne SBHbIMU
npu pa3dpabotke MI1, ctanu obcyxxpatbes
B TEOpUU 93blKa

» [Mpumep: nekcnueckune PpyHKumMM
(A. K. Konkosckuii, . A. Menbuyk)



Jlekcnueckue pyHKLUY

[Pponosa (6e3 ropa)]:

People who have pneumonia

v

v

‘?
“Jlrogn, KoTOpbIEe HMET MHEBMOHHIO

v

0
“Jlroqn, y KOTOpBIX €CTb MHEBMOHUSA

Jltomm, koTopbie 601€0T MHEBMOHHUEF

v



Jlekcnueckue pyHKLUY

[Pponosa (6e3 ropa)]:
» Schizophrenia is a severe illness
» “Ulnzoppenns — cyposas 60ne3Hb

» LlInzopperuns — taxénas 60ae3Hb



Mpasunoseiii M1

Jlekcnueckue pyHKLUY

» Jlekcuueckue dbyHkuuu (J1d)
MOJENUPYIOT BblpaXKeHNe YaCTOTHbIX
TUMOBbIX 3HAUEH WA

» JI® ctaBuT B cooTBetcTBMeE crioBy W
Cnocob BblpaXkeHsi COOTBETCTBYIOLLETO
3HaueHus B JaHHOM s3blKe



Jlekcnueckue pyHKUUU: NpUMepbl

>

Magn(illness) = severe

Magn(6os1e3Hb) = TaKENAS

v

Operi(pneumonia) = have

v

Oper (nHeBMOHUs1) = 6os1eTh (+ TBOP.)

v



Jlekcnueckue pyHKUMYM B NepeBoae

>

Schizophrenia is a severe illness

Schizophrenia is a Magn(illness) illness

v

LlInzogpperns — Magn(6o1e3Hb) 601€3Hb

v

LlInzoppenns — taxénas 6one3Hb

v



Mpasunoseiii M1

Jlekcnueckas ¢pyHkuns Magn

» Magn(rain) = heavy, cats and dogs

» Magn(goxngb) = cHabHbIH, TPOAUBHOJ

> NB: nekcnueckas ¢pyHKUUS CTABUT B
COOTBETCTBME CBOEMY apryMeHTYy He

KOHKpeTHOe CNoBo, a PyHKLU IO
BEPOSATHOCTU



Mpasunoseiii M1

NcTOUHUKM 3HaAHUM
O JlIeKCNYeCKUnXx cbyHKu,mlx

» B npaBunosom MI1 3HaueHus
nekcuuecknx yHKLUMIA OTpa>KarTCs B
cnoape (Hanp.,

[Menbuyk, 2Konkosckuin 1984])

> MOXHO NbITaTbCs aBTOMATUUYECKU
n3Baeub 3Ty nHdbopmaumio 13 60bLNX
cobpaHuii TEKCTOB



Jlekcnueckue dbyHKUNW: aNJIOTUCMEHTbI
/ applause |

[MomanH, Linuman 1997]:
» Syn: pykonneckanus | oBayus || ovation
» Vo: annoguposars || applaud

» Mult: BapbiB / 6yps / rpom || storm / round
/ thunder



Jlekcnueckue dbyHKUNW: aNJIOTUCMEHTbI
/ applause

> Magn: 6ypHbiii /| npogomKuTenbHbIH /
BOCTOpXeHHbIH | rpomkuii || heavy /
lengthy | prolonged / loud / thunderous /
ringing / terrific

» AntiMagn: caep>xaHHbIH | cKynori /
penkuii [ xxugkuii || light /| weak / thin

» Ver: 3acnyxeHHblii || well-merited



Jlekcnueckue dbyHKUNW: aNJIOTUCMEHTbI
/ applause I

» Laborys: BcTpeuats / Harpaxmate || meet /

greet / hail
» Opery: @ || give
» Opers: BbI3bIBaTh || draw / win / get

» IncepFuncy: pasgasateca / rpsanyTs /
BcribixuBarthb || break out



Jlekcnueckue dbyHKUNW: aNJIOTUCMEHTbI
/ applause 1V

» FinFuncy: cmonkate / ctuxatsp /
npekpaiyatbcs || subside / die out

26/56



Mpasunoseiii M1

[lpaBunosbin MI1

» TpynosatpaTbl He COOTBETCTBYIOT KauecTBY

» PROMT: Linguistics — it not only science
how competently to write and speak on
native and foreign languages. Interests
linguists much more as language ability of
the person is arranged as develop and in
what relations among themselves there
are languages, and also what properties
texts in natural languages possess.



Mpasunoseiii M1

MTI1 Ha ocHoBe npnmepoB

» 1980-e roabl: ecin eCTb rOTOBble 0Opa3 bl
NnepeBo0B, MOXHO 3aMeHSATb B HUX
BapbUpYOLLMEC YacTu

» CKOJIbKO CTOUT 3TOT KPACHbIH 30HTHK? =
= How much is that red umbrella?

> CKOJIbKO CTOMUT 3TOT 3€/1€HblI uemMomaH? =
= How much is that green suitcase?



Cratuctnueckum MIl1: nctokn

> YoppeH Yusep (1949): “| have a text in
front of me which is written in Russian
but | am going to pretend that it is really
written in English and that it has been
coded in some strange symbols. All | need
to do is strip off the code in order to
retrieve the information contained in the
text.”



Cratuctnueckuit M1

Cratuctnueckunm Ml

» 1990-e roabl: pa3BuTue ctatuctnyeckoro Mrl
» KomnbloTepHas nnHreucTnka—2

» Ecnu ecTb KOpnyc TeKCTOB Ha 93blke A 1
NX NepeBOAHbIX 3KBMBAJIEHTOB Ha s13blKe
B, MO>HO McKaTb COOTBETCTBYIOLLME APYT
apyry gpparmeHTbl 6€3 3HAHUS 93 bIKOB

30/56



MT Strategies (1954-2004)

Knowledge
Acquisition
Strategy

All manual «

Shallow/ Simple

-

Original statistical

Electronic E:ﬁ;,d based MT
dictionaries
Phrase tables | EXample-based
MT
Hand-built by Hand-built by Learn from Learn from un-
xperts non-experts annotated data annotated data
* Fully automated
Original direct Syntactic
approach Constituent
Structure
Typical transfer
system Semantic New Research
. analysis Goes Here!
Classic
interlingual Interlingua
system v Knowledge

Deep/ Complex Representation
Slide courtesy of
Strategy Lauris Gerber



Cratuctunuecknini MI1: npumep

» [Knight 1997]: nepeBoaum c
LLEHTaBPUICKOTO Ha apKTYPUAHCKUA

» Cm. npeseHTauunto K. Hanta



Cratuctnueckunm Ml

» [MoapobHee o ToM, Kak 3To aenartcs, — Ha
crneayrowen nekumm



Ouenka MI1

Ouenka MI1

» Kak oueHnTb KauecTBo nepesoaa’
» [Koehn 2010, 217-246]



PacxoxaeHuns y nepeBoaumKkos |

XA ) 224 B A1 5 T 5
zhége jichang de anquan you yisélié
fangmian fuzé

Israeli officials are responsible for airport security.

v

Israel is in charge of the security at this airport.

v

v

The security work for this airport is the
responsibility of the Israel government.

» Israeli side was in charge of the security of this
airport.



Ouenka MI1

PacxoxaeHus y nepeBoaunkos |l

» Israel is responsible for the airport’s security.

» Israel is responsible for safety work at this airport.
» Israel presides over the security of the airport.

» Israel took charge of the airport security.

» The safety of this airport is taken charge of by
Israel.

» This airport’s security is the responsibility of the
Israeli security officials.



Ouenka MI1

Ouenka MI1

» He cyuwecTByeT ngeanbHo npaBuabHOTO
nepesoja

» MIT A: Israeli officials responsibility of
airport safety

» MI1 B: airport security Israeli officials are
responsible

» Y10 13 storo nyuwe n nouemy?



Ouenka MI1

PyuHas oueHka

KTo oueHunBaet?

» B npeane: aceccopsl, 3Hatolme 1
MCXOAHbIN 93bIK, U A3bIK NepeBoaa

» B peanbHoCTU: aceccopbl, 3HaKOLINE 93bIK
nepesoja 1 nmemwLine obpasLoBble
nepeBo/bl, CieflaHHble BPYUYHYIO
YTto oueHnsaercqa?

» KauecTtBo a3bika nepesoaa (fluency)

» AnekBaTHOCTb opuruHany (adequacy)



Ouenka MI1

KauecTBO g93blKa U AA€KBAaTHOCTb

» MI1 A: Israeli officials responsibility of
airport safety

> MIT B: airport security Israeli officials are
responsible



Ouenka MI1

12345 12345 12345 12345 12345

» PasHblie aceccopbl NO-pa3HOMY
MOHNMAKT WWKally OUEHKN

» To e KacaeTcs n OLUEHKN KayeCTBa A3 blKa

» Heobxoammo HopmupoBaHue
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Ouenka MI1

PyuHas oueHka

» PazHoe BocnpusaTue agekBaTtHoOCTU A0 U
nocne npouteHus obpasLLOBOro nepesoja

» bonee Haa€xXHbl OTBETHI Ha BONPOC
«Kakom nepesoa nyuwe — A unum B?»

41/56



Ouenka MI1

ABTOMaTuuyeckad oueHka

Mepa nonxHa 6bI1Tb:

v

Hegoporon

v

M3MepuMoNi B npouecce pa3paboTku
cuctem

coaepxKaTtenbHOM

v

yCTOMUYNBOWN

v

v

NpaBUbHON :)
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Ouenka MI1

ABTOMaTuuyeckad oueHka

» ABTOMaTunueckas oueHka MI1
OpUEeHTMpYyeTCs HAa 00pa3LoBble
nepeBOAbl, CAeTaHHble BPYUYHYIO

» [1paBunbHag aBTomatnueckas oueHka MI1
AO0JI>KHA XOpOLLO KOppennpoBsaTthb €
PYUYHOI OLLIEHKOW MO KayecTBY fA3blKa U
aleKBaTHOCTU



ToyHOCTb 1 MOJIHOTA

SYSTEM A: Israeli officials responsibility of airport safedy

REFERENCE: Israeli officials are responsible for airport security

SYSTEM B: airport security Israeli officials are responsible

» TouHocTb (precision) — kakas 105
CJIOB MALLIVHHOIO NepeBoAa NpaBuiibHa

» Monunora (recall) — kakaa nons cnos
obpauoBoro nepeeoaa nepeaaHa

44/ 56



Ouenka MI1

ToyHOCTb 1 MOJIHOTA

v

C — YMCJIO CJ10B, COBMNafanLnX B
MallVMHHOM 1 B 00pa3LI0BOM nepeBoje

0 — ANINHA MalluHHOro nepesoaa (output)

v

r — AnuHa obpa3LoBoro nepesoaa

v

(reference)

TouHocTb P =

v
N oY o ln

[lonHoTa R =

v

v

Jltobyto 0aHY M3 3TUX Mep Nerko 3aBbICUTb



Ouenka MI1

F-mepa

» F-mepa oTpaxkaeT 6anaHc TOUHOCTU U

MonHoThI (CpeaHee rapMOHUYECKOE)
> F: P X R

(P+R)/2
»Mpn P=<uR=2%<: F=-2%

<
o r r+ o
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Ouenka MI1

TouHocTb, NONHOTA, F-mepa

SYSTEM A: Israeli officials responsibility of airport safedy

REFERENCE: Israeli officials are responsible for airport security

SYSTEM B: airport security Israeli officials are responsible

Mepa A B
TouHOoCcTb 50% 100%
nonHota 43% 86%

F-mepa 46% 92%




Ouenka MI1

Word Error Rate (WER)

> MOXHO U3MepsTb paccTosiHNE MeXAY
MalIVHHbIM 1 00pa3LOBbIM MEPEBOIOM
TaK e, Kak Mbl U3MepsieM pacCTosHUE
MeX/1y C/I0BapHbIM CJIOBOM U CIIOBOM C
oneuyaTkoi (cumTtas cmMBOsIaMu He OYKBbl,
a Lienble C/10Ba)

» Word Error Rate (WER) — B3BelleHHoe
pacctosiHue JleBeHLWwITENHA MeXAy
MalIVHHbIM 1 00pa3LO0BbIM MEPEBOIOM



cC
=
g
I
3
S
o

Word Error Rate (WER)

ajqisuodsal
ale

S|BIOIHO
TELIS
Ainoas
Hodue

fojes

podue

jo
Angisuodsan
S|eIyo
1|eE.IS|

67|65

6|16|6|5|4

1

1

Israeli
officials|2 |2 |12 |3

are|3[3]|3[3]|3

responsible |4 |4 |4 |4 |4 |3

for|5(5|5]|5[5|4|3

airport| 6
security | 7 | 6

4
414

21314
21314

2131415
1
1

2|3)4|5|6
1

1

0

1

1

1

Israeli

officials | 2

are[3 |2
responsible |4 (3|2 |2 |2 |3 |4

for|/5(4|3|3|3(|3]|4

airport (6 (5|4 |4 |4
security |7 |6 |55 |5
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Word Error Rate (WER)

SYSTEM A: Israeli officials responsibility of airport safedy

REFERENCE: Israeli officials are responsible for airport security

SYSTEM B: airport security Israeli officials are responsible

» WER = uncno pepaktopckux onepauunii / r
» NB: uem Boiue WER, Tem xyxe

Mepa A B
WER 57% 71%




Ouenka MI1

BLEU

SYSTEMA: [ Israeli officials | responsibility of safety
2-GRAM MATCH 1-GRAM MATCH

REFERENCE: Israeli officials are responsible for airport security

SYSTEMB:  |airport security | |Israeli officials are responsible]
2-GRAM MATCH 4-GRAM MATCH

> MOXHO yunTbIBaTh HE TONbKO OTAENbHbIE
C/I0Ba, HO U cOUeTaHus n cyioB (N-rpaMmmbl)

» BLEU (Bilingual Evaluation
Understudy) — camasi nonynspHas mepa
B coBpeMeHHol oueHke MIT



BLEU

SYSTEMA: | Israeli officials | responsibility of safety
2-GRAM MATCH 1-GRAM MATCH

REFERENCE: Israeli officials are responsible for airport security

SYSTEMB:  |airport security| |Israeli officials are responsible]
2-GRAM MATCH 4-GRAM MATCH

» P, — TOUHOCTb Ha YpOBHE n-rpamm
— i 0 n .
» BLEU, = min(1,°)[[;_, P;
» (MepBbIi MHOXMUTENb — WITpad 3a
KpaTKOCTb)



Ouenka MI1

SYSTEMA: [ Israeli officials | responsibility of safety
2-GRAM MATCH 1-GRAM MATCH

REFERENCE: Israeli officials are responsible for airport security

SYSTEMB:  |airport security| |Israeli officials are responsible]
2-GRAM MATCH 4-GRAM MATCH

Mepa A B | Mepa A B
wrtpad 6/7 6/7
P 3/6 6/6| BLEU, 43% 86%
P, 1/5 4/5| BLEU; 9% 69%
P;  0/4 2/4| BLEUs 0% 34%
P, 0/3 1/3|BLEU; 0% 11%




Ouenka MI1

BLEU u pyuHas oueHka

| | | 25
o
<$> Adequacy 20 RZ=88.0%
@ Fluency ' P
— 15 R?=90.2%"
i
1.0 -

o e
&3

NIST Score (variant of BLEU)

25 20 -15 -10 05 05 10 15 20 25
OIS -1.0
— -15
-2.0
2.5

Human Judgments .



Ouenka MI1

> +: MOXHO CpaBHMBATb C HECKOJIbKUMMN
06pa3LoBbIMU NMepeBoaaMm

> +: XOpPOLLUO KOppenumpyeT ¢ pyyHou
OLLEHKOWN KauecTBa f3blKa rnepesoja u
aleKBaTHOCTH



Ouenka MI1

BLEU: npoTtus

v

—: HE YUMTbIBAIOTCS pa3nnuus B
3HAYMMOCTM CNOB (MMeHa, He, ...)

v

—: HE YUMTbIBAETCI TPAMMATUUHOCTb
(amckpmMuHaumsa npasuaooro MIT)

> —: 3HAYEHUS NI0X0 UHTEPNPETUPYEMDI 1
He CpaBHUMbI MPU pa3HbIX TecTax (UTo
3HauuT, Hanp., BLEUs = 34%7)

—: NOCTpeaaKTMpoBaHMe rnepeBoaa

v

ynyudllaeT pyuyHYyo oueHKy, Ho He BLEU
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