ABTOMAaTU3NPOBAHHAA
o0paboTKa
eCTEeCTBEHHOIO A3blKa

Natural Language
Processing



NLP: ncrtokmu

¢+ BO3HUKNO B KOHLUe 60-x rr.

¢ PA3BNBAJZIOCb B PAMKAX ANCLINTMJINHDbI
<<VICK\_/CCTB€HHbIVI NMHTEJIJIEKT>.

+ AOEA — pa3paboTka MeToa0B,
TEXHO/IOMMN U KOHKPETHbIX CUCTEM,
obecneuymBarwLWmMx obLweHune
yesnoBeka ¢ OBM Ha ectecTBEHHOM
NN orpaHN4YeHHOM eCcTeCTBEHHOM
A3blKe.




[TpoOnema opraHunsauuu
B3aUMOOEUCTBUA C KOMNbIOTEPHbLIMMW

+ PelieHue 310 Npobaemsl
KOMMYHUWKALMW L0 0 ABYM
OCHOBHbIM NYTSM.

1 - aganTauna A3blKOB
NporpaMMmMpoBaHna N onepaunoHHbIX
CUCTEM K KOHeYyHOMY MoJib30BaTeNto.

2 - pa3paboTka cucrtem
B3anMoaenctema ¢ OBM Ha
eCTeCTBEHHOM 43blKe NN KaKOM-TO
ero orpaHM4YeHHOM BapuaHTe.




NLP n IMHIBNCTUNKA

doHonormna (3ByKu peyn)

+ Mopdonorusa (cTtpyktypa n opma cnos EA)
o CuHTaKcuc (CTpykTypa n @yHKLUUNA

® 6 o o

npeanoXXeHnn)

CeMaHTUKa (CMbIC/T A3bIKOBbIX
BblCKa3blBaHWN)

[lparMaTtuka (3Ha4vyeHmne BbiCKa3blBaHNN)
CoumonuHrenctmka NcnMxonnHrencTmnka
Jlekcnkorpadusa (onmcaHme nekcnkoHa EA)
[TpyknagHaa NMMHIBUCTUKA



NLP: MATEMATWUKA n UHO®OPMATUKA

MaTeMaTnyeckas NMMHreBuMCcTuKa

KBaHTUTATUBHAsA NMHIBUCTUKA (M3yUYeHME
A3blKa/peyn KoNM4YeCcTBEHHbIMM METOAAMM)

Teopunsa opManbHbIX A3bIKOB U rPAMMaTUK
— BO3HMKI/A U3 NOPOXAAKLWMX rpaMMaTmuK
H.Xomckoro (50-e rr.), Ang aHanumsa
CUHTAKCUYEeCKNX CTpyKTyp EA

Teopua anropuTMoB
MHpopMaTuka ( Computer Science )



NLP n NICKYCCTBEHHbIVN MHTEJEKT

MexancuunianHapHbin XxapakTtep obnactmn UWN:
cocTtaBHasa 4yactb Computer Science ,
nepeceyeHue (nNo 3agadvam u Mmetoaam) c AOT

3agava M — koMnbloTepHOE MoaAennpoBaHue
MHTEeNnNeKTyanbHbIX @YHKUNN

[lepBast us3sectHas nporpamMmma UM no obpaboTke
EA - Cuctema T. BuHorpaga (70-e rogbl);

[MTpumep amnanora : Pick up a big red block.
(yenoBek) OK (MawwuHa) Is there a large block
behind a pyramid? Yes, Three of them. Grasp the
pyramid. I don’t understand, which pyramid you
mean



OCOBEHHOCTW EA

EA — choXXHag cumcrteMa 3HakKoB, BO3HUKLUASA AN
obMeHa MHdopMaLunen B npouecce
yenoBeyeckon aeatenbHOCTU U MOCTOAHHO
NM3MEHSALWAACA BMecTe C HeEU

[1Be CTOPOHbI 3HaKa: 0O3Ha4yaeMoe -
O3Ha4yatrlLllee

CnoxxHoctun EA
e KOMBMHATOpHAA cucTeMa 3. 3HAKOB
¢ MHOFOYpPOBHEBOCTb CUCTEMbI EA

e KaXAbl ypoBeHb (noacucrema) — npasuna
coyeTaHns 3HaKoB

® B3aMMOCBSI3b YPOBHEM

Pa3sHoob6pa3une A3bIKOB U A3blKOBbIE
YHUBEpPCAInNu



OCOBEHHOCTU EA: YPOBHW

doHoNnornyeckmmn: 3sykun ( poHemsbl )/ 6ykBbl —
He3Hauvallne eanHuLbl , CpeacTBO pa3InyeHund

Ap. eANHUL,

Mopdonornyeckmn - crosa ( cnoBodopmbl )
noaypoBeHb MopdeM

CuHTaKcnueckumm - npeanoxexHus (ppasbl) EA
noaypoBeHb C/IOBOCOYETaHUN

HaAypOBEHb CBEPX®MPA30BbIX EANHCTB ( =
ab3aueB) — npeanoXeHnn, obbeANHSIOLWMXCS MO
CMbICTY

=> BO3MOXXHOCTb NOCTPOMUTDb
NnpaKkTuyeckn 6eckoHevyHoe uncno
BbiCKa3biBaHUU (CMbIC/IOB)



OOMNOJIHUTEJIbHBIE YPOBHW EA:

+ CeMaHTM4Yeckum : Habop
3/1IeMEHTApPHbIX eANHUL, — CEM

o JlekKCMUYeCcKMM : MHOXXECTBO JlekceMm
(TeKCUKOH)

o ANckypcuBHbIN (YPOBEHbL CBA3HOIO
TeKCTa): CXeMaTundeckume CTpyKTypbl
TeKCTOB (NaTeHTHble POopMY/ibl,
Aenosble NMMcbMa un T.M.)




L 4

CNOXXHOCTb cuctemMbl ES
B3anMoCBsA3b BCEX YPOBHEN

HecTaHaapTHaa co4eTaeMoCTb
(cMHTaKTMKa) eamHunu EA Ha Bcex
YPOBHSAX

bonbllas cmcteMHOCTb (YMNC/io
YDPOBHEWN)

ACVIMeTpMFI CBA3N €eANHUNLU U
Bblpa>Xae€MblX UMN CMbICJIOB.
nosjimcemmd, CUHOHNMMNA, OMOHUMUA

= HEeBO3MOXHOCTb eANHOXAbI
co34aThb JIMHIB. Npoueccop



CnoxHoctb EA =>MOAOYJIbHOCTb
JIMHIB. MPOLUECOPOB

[[padpemaTnyecknn aHanums
Mopdonormyeckmm aHanms

"locTMOpP(dOI0rMYecKnm aHanmns:
DaspelleHne Mop@dos1ormM4eckom OMOHNMNN

lpeCMHTaKCUC: CEerMeHTauusa TeKCTa Ha
npeaoXeHus

CUHTaKCMYEeCKUN aHan3 npealoXxXeHunm
CeMaHTU4YecKnn n nparMmaTuvyeckmnm aHanms




¢

Apxutektypa cuctem NLP

6710k aHaNn3a peyeBoro coodbLeHns
Nnosib30BaTens,

6,10k MHTepnpeTaumm cooblieHus,
6/10K MOPOXAEHUA CMbIC/1a OTBETQ,

6/10K CMHTEe3a NoBepPXHOCTHOM
CTPYKTYPbl BbICKa3blBaHUS,

ANANIOroBbIM KOMMOHEHT



bnok aHanusa

+ MOpdosIorMyecKmMm aHaams
c/ioBOpOpM

¢ CUHTAKCUYECKMUN 1 CEMAaHTUYECKUM
aHan3 NpeanoXXeHuun.




brok nopoxaneHusa cMbicna

onpeapeneHne nvHpopmMmaLumn, KOTopyto
crienyeT nepenaTtb MoJsib30BaTeNto,

npeanosiaraemMoe yjeHeHme nHpopmaumnm
Ha «NOPUMU>, COOTBETCTBYIOLLME
NnpeanoXeHuto;

oripejesieHne nocsenoBaTes/IbHOCTH
«MOPLUA» CMbICNA;

NOCTPOEHNE CEMAaHTUUYECKOro
npeacTaB/IEHUA OTAE/bHbIX
npeaoXeHnmn



Briok cMuHTe3a NnoBepPXHOCTHOWN
CTPYKTYPbl BbiCKa3blBaHUS

¢ YNaAaKOBKa CEMAaHTMYECKOro
npeacTaB/lIeHUS BblCKa3biBAHUSA B
CUHTAKCUUYECKMNE CTPYKTYPbl
npeano)XXeHus.

e 34eCb UrparoT CYLLECTBEHHYO pPOJib
KaTeropym KOMMYHUKATUBHOM
OopraHm3auummn CMbiC/la BblCKa3blBaHNA —
TeMa, peMa, AaHHOe, HOBoe



Knaccuyeckune 3agadu

00paboTKM TEKCTOB
* IHoopmMauKnoHHbIM nouck (IR)
» isBneyeHune nHpopmauuu (lE)
» BonpocHo-0TBeTHLIE cucTeMbl (QA)

» Knaccudomkauums n knactepusauns

« ABTOMarm4yeckoe aHHOTUPOBaHWME U
pedepnpoBaHmne
* [lnanorosble CUCTEMBI

* MawunHHbIM NepeBoa




CoBpeEMEHHbIE pevyeBble
TEXHOIOMN

1. Pacno3HaBaHue peun
. CMHTE3 peyn no TeKCTy

3. BblaeneHue kaoyeBbIX COB B
C/INTHOW peuu

— Siri: HTenneKkTyanbHbI accUcTeHT Ha iPhone

-

¢¢ On September 29
remind me that it's my
dad'’s birthday **

Here's your reminder for Sep

O Saturday
2 +/ September-2012
m it's my dad's birthday




[MPUKITAOHbIE SAOA4Y NLP

OnpepeneHne g3bika coobLeHNN
NaoeHTUPunKauma AnKTopa

OnpeaneneHne sMOLUMOHANBHOIO U
PU3NYEeCKOro COCToaHMNS YyenoBeka
No ero ronaocy.

LLlyMoo4mncTKa
PasaeneHmne AMKTOpOB
Music Spotting




l[I,I/IB.J'IOFOBbIe CHUCTEMDI

[lonb3oBatenb: MHe Hy>keH camoneT u3 Cl[16 go bocToHa,
npubbiTHe B 10 yTpa.

Komnbtotep: Ha kakoe uncno?

[lonb3oBatenb: Ha 3aBTpa.

Komnbtotep: [locTynHble perchbl Ha 3aBTpa...

<CMUCOK PencoB>




Siri
aHrn. Speech Interpretation and Recognition Interface

nepcoHasibHbIM MOMOLWLHNUK U BOMPOCHO-OTBETHAA
cuctema, agantuposaHHada ansg iPhone OS.

ncrosibdyeTt 06paboTKy ecteCTBEHHOU peymn, YTOoObI
OTBEeYaTb Ha BOMNpPOCHI U AaBaTb peKoOMeHaaLnn

npucrnocabnnBaeTcs K KaXXAoMy MNosib30BaTeNtO
MHAMBUAYANbHO, U3y4Yas ero NpearnovYTeHns B TeYEHUE
[l0/ITOro BPEMEHMN.

J




Question Answering: IBM’s Watson

* Won Jeopardy on February 16, 2011!

WILLIAM WILKINSON'S
"AN ACCOUNT OF THE PRINCIPALITIES OF
WALLACHIA AND MOLDOVIA’
INSPIRED THIS AUTHOR'S
MOST FAMOUS NOVEL




Dan Jurafsky

AR
Question Answering: IBM’s Watson

* Won Jeopardy on February 16, 2011!

WILLIAM WILKINSON'S
"AN ACCOUNT OF THE PRINCIPALITIES OF
WALLACHIA AND MOLDOVIA® Bram Stoker

INSPIRED THIS AUTHOR'S
MOST FAMOUS NOVEL
Brkgu(c-\




VYA

What is Watson? ® E5WATSON

* Open Domain Question-Answering Machine
» Given

— Rich Natural Language Questions

— Over a Broad Domain of Knowledge

* Delivers
— Precise Answers: Determine what is being asked & give precise response
— Accurate Confidences: Determine likelihood answer is correct
— Consumable Justifications: Explain why the answer is right
— Fast Response Time: Precision & Confidence in <3 seconds
— At the level of human experts

— Proved its mettle in a televised match

- Won a 2-game Jeopardy match against
the all-time winners
— viewed by over 50,000,000

N

’ s and

2 Brad Réﬂer




C0pan Jurafsky

Fax

Information Extraction
N

Subiect: curriculum meeting
Jate: January 15, 2012
To: Dan Jurafsky

Hi Dan, we’ve now scheduled the curriculum meeting.
It will be in Gates 159 tomorrow from 10:00-11:30.
-Chris

3




\,f Information Extraction ..\ curriculum i

- Date: Jan-16-2012
“t: curriculum meeting Start 10:00am
“January 15, 2012 End: 11:30am

'0: DanJura’, Where: Gates 159

Hi Dan, we’ve now scheduled the curriculum meeting.
It will be in Gates 159 tomorrow from 10:00-11:30. 7

-Chris Create new Calendar entr




N3BnevyeHue nHdopmaLlmm

Cpato B r.[lywkuH komHaty 11 M2 B 3-x KoMHaTHOW KBap-
THpe 6e3 cocellel, B KBapTUPe HWUKTO He >KMUBET, KO-
pugop 15 m2, kyxus 15 ™2, 6ankoH,cTMpanbHas Ma-
LUMHKa,XxonogunbHuK, Tenesusop.lo metpo KynuuHo 15 mu-
HYT Ha MaplpyTke W aBTobyce, ocTaHOBKa pPAOoOM C
nomom,no ctaHuuu 20 muHyT.Apenpga 9000 py6+2000
zanor+ceet+eona.len.8-921-898-59-60 KOnus

!

[opon [ywKuH
KonnyecTBo KOMHaT | 3

MeTpo KynyuHo
Lena 9000 py6.




N3BneyeHue nHdopmaLmu

» Llenb: npenctaBuTb KONNEKLUMIO TEKCTOBbIX LOKYMEHTOB
B CTPYKTYpUpPOBAHHOM BUAE

» MotuBauus:

» 3anpocbl cnoxHoro xapakTtepa: Keaptipa psgom c
meTpo [leTporpagckas ueHok He Gonbwe 30 Tbic. pyb.

» CratucTuyeckre 3anpockl: Kak H3MEHWAUCH LieHbl Ha
kBapTHpbl B KynuuHo 3a nocnepgHuii ron?




C0pan Jurafsky
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Information Extraction & Sentiment Analysis
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" %0an Jurafsky

Information Extraction & Sentiment Analy
37

Attributes:
zoom
affordability
size and weight
flash

ease of use

Size and weight
* nice and compact to carry!

* since the camera is small and light, | won't need to carry
around those heavy, bulky professional cameras either!

* the camera feels flimsy, is plastic and very light in weight
4 have to be very delicate in the handling of this camera




Jan Jurafsky

Information Extraction & Sentiment Analysis

\--"/ Attributes:

zoom
affordability
size and weight
flash

o easeofuse |

Size and weight
Ve nice and compact to carry!

* since the camera is small and light, | won't need to carry
/' around those heavy, bulky professional cameras either!

X"* the camera feels flimsy, is plastic and very light in weight you
1 have to be very delicate in the handling of this camera



| bought an iPhone a few days ago. It was such a nice
phone. The touch screen was really cool. The voice quality

was clear too. Although the battery life was not long.

Yro mbl 30ech Habnogaem?




[Tpumep

| bought an iPhone a few days ago. It was such a nice
phone. The touch screen was really cool. The voice quality

was clear too. Although the battery life was not long.

Uto Mbl 3mech Habmogaem?
» Llenesoi obbekT
» AcriekThl obbekTa

» MHenus (nonoxkutenbHble W HE O4YeHDb)




" )0an Jurafsky

7s3\  Machine Translation

* Helping human translator
* Fully automatic e

A ...4,1,7';.&‘..’. ',#,9@,.0;".""\,”‘7”,‘;'“&
Ly L s

Enter Source Text:

X A 2 — A B ey e AR

Toaomige  Oww

Translation from Stanford’s Phrasal:

Enter Translation
lodanese |

president
suffered

This is only a matter of time. i

president emile

before
5 _ presented

Srne




mostly solved

Spam detection
Let’s go to Agral
_Buy VIAGRA .. J

|
X

Part-of-speech (POS) tagging
AD)  ADJ NOUN VERB ADV

e —————

Named entity recognition (NER)

PERSON ORG LOC :
Einstein met with UN officials in Princeton |

making good progress

e
=)

Sentiment analysis
Best roast chicken in San Francisco!

The waiter ignored us for 20 minutes.
Coreference resolution

Carter told Mubarak he shouldn’t run again. '
Word sense disambiguation (WSD) |

=

—

| need new batteries for my mouse.

Parsing

| can see Alcatraz from the window!

Machine translation (MT)
B LNEEAETIE. |

The 13" Shanghai International Film Festival...

Information extraction (IE)

You're invited to our dinner May 2
party, Friday May 27 at 8:30 | add




making good progress
Sentiment analysis | y
. still really hard

_Best roast chicken in San Francisco!

The waiter ignored us for 20 minutes. | B Question answering (QA)
- Q. How effective is ibuprofen in reducing
Coreference resolution fever in patients with acute febrile illness?
_Carter told Mubarak he shouldn't run again. | Paraphrase
Word sense disambiguation (WSD) | |1 502 scouiced ABC yesterdar
| . Summarization
. Parsing - ( '
conomy is
| can see Alcatraz from the window! | _The S&PS500 jumped | = good
Housing prices rose |

Machine translation (MT)
,_J J'LLL"LL‘)AL‘LLLL.'LB_J m | Dialoﬂ _ﬁh_qe is Citizen Kane playing in SF? §

The 13" Shanghai International Film Festival...

- Q Castro Theatre at 7:30. Do

Information extraction (IE) you want 3 ticket?

You're invited to our dinner E May 27
party, Friday May 27 at 8:30




[louemy aHanu3MpoBaTb TEKCTbI TPYAHO?

» MHe ynbibHynacb xo3sulka dpepmbl,
KOTOpas KpacoBanacb BO3/e
MarasuHa.

Squad helps dog bite victim.

Xouy obHumars Tebs
Jacamu
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‘ Ambngunty IS pervasive

\ New York Times headline (17 May 2000)

ed raises interest rates Fed raises interest rates

Fed raises interest rates 0.5%




-~ New York Times headline (17 May 2000)
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ed rgises interest rates Fed raises interest rates

Fed raises interest rates 0.5%




e

oy
Ambiguity is pervasive
S

S=
-~ New York Times headline (17 May 2000)
/] s
e
' /S /\ AP
NY N ~N N }/ A

ed [gises interest rates Fed raises interest rates

=
[Fed raises interes]ratesé.S%]




MHOro3Ha4yHOCTb

» Mopdonornyeckas

—4acTb peyn

~MOW (-- HOC, -- PYKK)

—look ( look at me, have a look)
» CHHTaKcK4eckas

~MY>XY U3MEHATD HEMb34

—MaTb NOUT AoYb
—Flying planes can be dangerous

AnropuTMel OnpefeneHins
yacTeil peun (part of
speech tagging)

CHHTaKCHYeCKIIA
pasbop (parsing)




\VHOro3Ha4yHoOCTh

Jlekciyeckan (cemaHTuyeckasd)
paspelLieHie
~OMOHUMUS (KJ'HO‘-I) NEKCHYECKOM
MHOrO3HauHoCTH (word
—nonMceMmns (|-| M aTCbOPMa) sense disambiguation)

—CEMaHTUYECKaA MHOr0O3Ha4HOCTD (J'II/ICE\)

I'IparmaTquCKaﬂ
~TOT Yer0BeK B TOMME...
~You have a green light




Dan Jurafsky

Why else is natural language
understanding difficult?

"non-standard English \ 'segmentation issues | [ idioms )
Great job @justinbieber! Were Jae
S00 PROUD of what youve the New York-New Haven Railroad ! ' d°;se
accomplished! U taught us 2 the New York-New Haven Railroad BEL COKhIER:
#neversaynever & you yourself Io'se face
\ should never give up either® / \ J\_ throwinthetowel
" neologisms [ world knowledge "\ tricky entity names"
unfriend Mary and Sue are sisters. Where is A Bug’s Life playing ...
Retweet Mary and Sue are mothers. || Let/t Be was recorded ..
bromance ... a mutation on the for gene ..
N\ A J\. J

But that’s what makes it fun!




OHUMaAaHWMe
 TecT TbtopuHra (INpemua J1ebHepa)

« Kutanckasa komHaTta
. ELIZA(1966)

— | am unhappy.”

.How long have you been unhappy2”
»Six months. Can you help meg”

+What makes you think | help you”

,You remind me of my sister.”

»Can you tell me more about your sisterg”

.| like teasing my sister.”

,Does anyone else in your family like teasing your sister2”

HND- Only me.”

- ,Please go on.”



“As the final part of your
stress test, you have to call an
automated phone system.”




