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1. 3agauu pazMeTKH nMocjaea0BaTeJJbHOCTEeN
(Sequence labeling/tagging)



Ilpumepsl 3a1a4

Pacnosnasanue yvacmeu pedu.

PRON VERB DET PROPN

I saw a Heffalump

Pacnosznasanue umenosanHvix CymHOCMQﬁ.'

Once upon a time, a very long time ago now, about
[last Friday], [Winnie-the-Pooh] lived in a forest all by

himself under the name of [Sanders].



Pa3sMeTKka nmocjeaoBareJibHOCTEN

JlaHo: MOCIEa0BaTEILHOCTD CJIOB (TOKEHOB)

HajiTu: mociaenoBarejbHOCTh METOK (TATOB)

Ilpumepsl 3a1a4:

pacrio3HaBaHMe dyactel peun (part of speech tagging, POS)
pacno3HaBaHWE UMEHOBAHHBIX CyITHOCTEN (named entity
recognition, NER)

BBIJICJICHUME CEMAaHTUYECKHUX poJjiel (semantic role labeling)
CHiITHE oMOHUMMH ci10B (word sense disambiguation, WSD)
HeNTYOOKHM CHHTaKCcHU4eCKUuil pa3oop (chunking, shallow

syntax parsing)



POS-13run u3 Universal Dependencies

Open class words

Closed class words

ADJ adjective
ADV adverb
INTIJ interjection

NOUN noun
PROPN proper noun
VERB  verb

Other

PUNCT punctuation
SYM symbol
X other

ADP adposition
AUX auxiliary verb

CCONJ coordinating
conjunction

DET determiner
NUM numeral
PART particle
PRON pronoun

SCONJ  subordinating
conjunction

http://universaldependencies.org/




BIO-noranus (beginning - inside - outside)

Ymo moorcem Obimb UMEHOBAHHOU CYUWHOCMbIO.

JFOIU, OpTaHU3alMM, MECTA, 1aTa, BpEMs, KOJIMYECTBO, ...

Habop NER msco6 6 CoNLL-2003: B-PER, I-PER, B-LOC,
[I-LOC, B-ORG, I-ORG, B-MISC, I-MISC, O

IIpumep onpedenenus cemanmuyeckux poneu.

B ACT I ACT I ACT o) o) B LOC 1 LOC

Book a table for in Domino’s pizza



Bo3MoOKHBIE TOXXO0/IbI

IIpaBunoBsie Mojenu (example: EngCG tagger)

OnenbHBIE KJIAaCCU(PUKATOPHI I KKI0I0 TOKEHA

I'padbunueckun mogeaun (HMM, MEMM, CRF)

= W b=

HeliponHbie ceTH (credyrowas nekyus)



2. CKpbITast MAPKOBCKAsI MO/IeJIb
(Hidden Markov Model)



CkpbITass MApKOBCKAasA MOJe/b

O0o03HaAUYeHUA:
X =X1,...2TT TOCICAOBATCILHOCTh CJIOB
Y = Yi,...Y7 TOCIECAOBATCIHLHOCTHh METOK

I'eHepanusa Tekcra:

1. I'eHepupyeTcs clieayromas MeTKa IIPpU YCIOBUU MPEAbIIYIIEH

2. I'enepupyeTrcs CIIOBO IIPU YCIOBUU METKH



I'eHepanusg TeKcTa: mpumMep

@ AUX PART PRON ADJ

Is n’t it funny

ADV DET NOUN)™ VERB/~\NOUN,~PUNCT,

How a bear likes honey ?

Kaxgas crpesiouka — 310 yCIOBHAsI BEPOATHOCTb.



CkpbITass MApKOBCKAasA MOJe/b
T

= p(x|y) p(y) = | | p(@+|ye)p(yelye—1)

p(X,y)
/ \

HAOJIFOMAaEMBIE  CKPBITHIE

[Ipeanonoxenue Mapkosa:

T
~ Hp(yt|yt—1)
t=1

[IpennomnoxeHue o HGB&BI/ICI/IMOCTI/I

p(x|y) = Hp Tt yt)



dopMaIbHOE onpeaeIeHue MOIEIN

1. MuoxectBo S = s51,S9,...,SN CKDBITBIX COCTOSHUM
2. HaganpHOe€ cocTOsIHME S(

3. Marpuna A BEpOSTHOCTCH IEPEXOIOB @;; = p(s j |55)
4. MmnoxecTBO () BBIXOJHBIX TOKCHOB

5. Marpuna [ BBIXOJHBIX BEPOATHOCTEH bkj = p(ok‘sj)

B Hamewm cirydae, COCTOSIHUSI — 3TO METKH, TOKEHBI — 3TO CJIOBa:

€0, y €8



3aa4m U AJrOPUTMbI

1. O0yuenue MmoaeJu:

A=7 B=7

(no pazmedeHHOU Ul N0 Hepa3MeueHHOU 8blOopKe)

2. OneHuBaHue ANIOCTEPUOPHBLIX BEPOSITHOCTEM:
p(ylx) =7

3. Ilouck Hanbo1ee BEePOSATHBIX METOK:

y = argmaxy p(y|x) = argmaxy p(x,y)



3. AuroputMm ButepOu:
MOMCK HauOoJ1ee BEPOATHBIX METOK



MoTuBanus

OnuHa 1 Ta )K€ NOCIEI0BATEIBLHOCTD CJIOB MOXKET OBITh MOJTy4Y€HA
U3 HECKOJILKUX MOCJIEI0BATEIBHOCTEHN (CKPBITHIX ) METOK:

DET NOUN/—\ VERB/~\NOUN

a bear likes honey

DET VERB/\NOUN ADJ

a bear likes honey




3axaua 1eKoaMpPoBaAHUS

p(x,y) = | [ p(yelye—1)p(ae|y:)

[\

BeposaTtHocT BbIXOJHBIE
Iepexosa  BEPOSTHOCTHU

HanrTnu:

Haubonee BEpOATHYIO NOCIEI0BATEIBHOCTD CKPBITBIX METOK

y = argmax,, p(y|x) = argmax,, p(X,y)

Peuraerca quHaMUYE€CKUM ITPOTPaAMMUPOBAHUEM.



AaroputMm Burepou

Ilyctp Qt,s - caMas BEPOSITHAsI IMIOCJIEA0BATEIBHOCTD
CKPBITBIX COCTOSIHUM JUIMHBI [ C OKOHYaHUEM B COCTOSIHUU S

a {t,s - BEpOATHOCTb TOM MOCIEI0BATEIHLHOCTH.

Torma 4t¢,s MOXXHO NOJACYUTATh JUHAMUYCCKU:

dt,s — ma/JX qt—1,s" - p(S‘S/) ) p(ot\S)

S [\
Transition Output
probabilities probabilities

(Qt.s MOKHO BOCCTAaHOBHUTb IO argmax-am.



AaroputMm Burepou

Input: observations of length 1, state-graph of length N
Output: best-path

for each state S from 1 to N do

q[1, s] <= p(s|so) - p(o1]s)
backpointers|l, s| < 0

for each time step t from 2 to I do
for each state s from 1 to /N do

N
qlt, s] = maxq[t — 1,57 - p(s|s’) - p(or|s)

backpointers [t, s] « argmax’,_, q[t — 1,s'] - p(s|s’)

s < argmax’y_, q[T, s']
return the backtrace path from backpointers |7, s]



Ilpumep: BepoOSITHOCTH IEPEX0I0B

PaccmarpuBatrorcs cnenyromme POS-Teru:
ADJ, NOUN, VERB.

IlycTs B Ha4aJIbHBIM MOMEHT BEPOSITHOCTHA BCEX TETOB

paBHbI 1/3. 3arem:

from \ to ADJ NOUN VERB
ADJ 0.4 0.4 0.2
NOUN 0.2 0.4 0.4
VERB 0.1 0.6 0.3

CymMa BEpOSITHOCTEN B KaXKI0U CTPOKE paBHa 1.




IIpuMep: BBIXOHBbIC BEPOATHOCTH

PaCCMOTpI/IM TAKHC BCPOATHOCTHU:

tag\word a bear fly | honey | likes | sweet

ADJ 0.2 0.1 0.1 0.1 0.1 0.4

NOUN | 0.1 0.2 0.2 0.2 0.2 0.1

VERB 0.1 0.2 0.2 0.1 0.3 0.1

BepoaTHOCTH B KaX/10M CTPOKE CYMMUPYIOTCS B 1.



BepossTHOCTH CKPBITHIX cOCTOAHUHA 10 likes

ADJ

VERB
q=0.25

a bear

——————



Bo3MmoxxHbIe nepexoabl B coctossHue ADJ




Jlydimuu nepexoa B cocrossHue ADJ

a bear




BepositHocts ADJ npu yciosuu likes

ADIJ ADJ
q=0.25 0.4 . q=0.25-0.4-0.1

@

VERB
q=0.25

a bear




Bo3moxHbIe nepexoabl B coctosHue NOUN

ADJ
q=0.25 - 0.4 - 0.1




Jlydmmau nepexoa B cocrosaue NOUN

ADJ ADIJ
q=025 ) ¥ q=0.25 - 0.4 - 0.1




BepositHocts NOUN nipu yciaosuum likes

ADIJ AD]J
q=0.25 q=0.25-0.4 - 0.1
NOUNY\ 0.4
q=0.5
VERB
q=0.25

a bear likes ' honey |

NOUN
q=0.5-0.4-0.2




Bapuanrsl nepexonos B cocrosHue VERB

ADJ
q=0.25 - 0.4 - 0.1
NOUN
q=0.5-0.4-0.2

a bear




Jlyumnun nepexoa B cocrosuue VERB

ADIJ ADJ
NOUN
: \\ q=0.5-0.4-0.2




BepositHocTs VERB nocie likes

NOUN
0.4 q=0.5-0.4-0.2

VERB VERB
q=0.25 qg=0.5-0.4-0.3

a bear

ADJ ADJ
q=0.25 q=0.25-0.4-0.1




BeposiTHOCTH CKPBITHIX cocTOsTHUM mocJie likes

ADJ ADJ
q=0.25 q=0.25-0.4-0.1

NOUN
q=0.5-0.4-0.2

VERB VERB
q=0.25 qg=0.5-0.4-0.3

@

——————

a bear likes ' honey 1




3anoMmuHaeM Jy4diuue nepexoabl!

ADJ ) ADJ
q=0.25 \_g=0.25-04-0.1
) NOUN
N_g=0.5-04-0.2
VERB
q=0.5-04-0.3

——————

a bear likes ' honey 1




BoccraHoBJIeHHE yTH

bear likes honey




BoccraHoBJIeHHE yTH

bear likes honey




BoccraHoBJIeHHE yTH

bear likes honey




BoccraHoBJIeHHE yTH

bear likes honey




BoccraHoBJIeHHE yTH

bear likes honey




3. O0yuyenue HMM no pazMeyeHHBIM H
Hepa3MedeHHbIM JaHHbIM



Kak 00yuuTh MOg€/Ib?

N [@,

N +1 N

MeTon MakcuMyMa IpaBaonoOA00NS MPUBOAUT K YACTOTHBIM
OLICHKAM BEPOATHOCTEH

a;; = p(Si|si) = c(s; — 55)
() p( ]‘ z) C(SZ)

c(s; — op
bir = p(ok|si) = (5 )




MeToa MaKCMMYMAa NPaBAOIOA00UsA

To xe camoe HEMHOI'0 B IpyTUX 0003HAYCHUSIX

T
. thl [yt—l — S, Yt — Sj]

aij = p(sjlsi) = ST
t=1 LIt — =

TexHnueckas neranb: NPENTI0KEHUS CKIIEUBAKOTCS CIIEL.
TOKEHAMM B €IUHBIN KOPITYC JUIUHBI T.

A MOXHO JIM Kak-To 00ydate HMM no Hepa3zmMedeHHOM
BBIOOPKE (TOJILKO TEKCTHI)?



AaroputMm bayma-Beama (Baum-Welch)

E-step: olleHKA altOCTEPUOPHBIX BEPOSTHOCTEN HA CKPBITHIE
[IEPEMEHHBIE:

p(ye—1 = i, ys = ;)

Pewaemcs ounamuueckum npoepammuposanuem: aicopumm
gnepeo-rnazao (forward-backward)

M-step: OICHKM MaKCHMyMa MPaBI0I0 00Ms Ha MapaMeTPhI:
T
L . Zt:lp(yt—l — S, Yt — Sj)
aij = p(sjlsi) = -
thl p(yr = 5;)

http://www.machinelearning.ru/wiki/images/3/34/GM13_em_hmm_unsupervised.pdf




Pe3srome mo anropurmam 8 HMM

OOyueHue:

v’ 110 pa3MeUYeHHbIM JaHHBIM: METOJ] MAKCUMYyMa
IpaBaONoA00Hs (4aCTOTHBIE OILIEHKH BEPOSITHOCTEH )

O IO HEpa3MEUEeHHBIM JJaHHBIM: ajroputM bayma-Beia
(EM-anroputm):

o E-mar: anroputm Brepe-Hasa/l 1jisi OLEHUBaHUA
artOCTEPHOPHBIX BEPOSITHOCTEU HA ITAPAMETPHI

[IpumeHenue:

v' anroputm BurepOu I MOMCKa MaKCHMAaIbEHO BEPOSTHOM
ITOCJIENOBATEIILHOCTA METOK



4. Ipyrue rpaduyeckue Moae/Iu:
MEMM, CRF



Hidden Markov Model (HMM)

p(y,x) = | [ p(elye—1)p(2ly:)

oo

I'eneparuBHas
MOJIEIIb



Maximum Entropy Markov Model MEMM)

T

p(ylx) = | [ pyelye—1, z1)

;o

JINCKpUMUHATUBHASA
MOJIENb



Maximum Entropy Markov Model MEMM)

K
P(yt|yt—1,$t) = : ) eXp (Z kak(ytaytlaxt)>

Ly (yt—l y Lt

I k=11 |\ ,
Hopmanu3zanus / ‘

BEC IIpU3HAK




Maximum Entropy Markov Model MEMM)

K
p(yt|yt—1,$t) = : ) eXp (Z kak(ytaytlaaft)>

Ly (yt—l y Lt

I k=1 | ,
Hopmanu3zanus / ‘

BEC IIpU3HAK

Conditional Random Field (inHeiHbIA ciy4yan)

T K
Y|X eXp (Z kak(ytaytlamt)>

k=1



Conditional Random Field (o0mui ciay4yan)

AN

Y|X yaa$a

- \

[loTenmanel

HeopuentupoBauuslii rpad: /

O




I eHepan s NpU3HAKOB

Y100HO MCI0IB30BaTh CICAYIONIUE TUIIbI HPU3HAKOB:

Label-observation:

1. f(ytayt—laxt) — [yt — y] gm(xt)

2. f(ytayt—lth) — [yt — y] [yt—l — y,]

3 fysye—1,7e) = [ye = yllye 1 = V'l g (24)

Otkyna 6pars GyHKIHA Gy, (T4) ?



IIpuMepsbl TAKUX (PYHKIUNA

Wy =V Vv €
part-of-speech tag for wy 1s j V tags j
W; 18 In a phrase of syntactic typej  V tagsj

Capitalized w; matches

A-Z][a-z]+

AllCaps w; matches

A-7Z]+

EndsIinDot w; matches

AR,

w; matches a dash

w; appears in a list of stop words

w; appears 1n list of capitals

http://homepages.inf.ed.ac.uk/csutton/publications/crftut-fnt.pdf




YacTo 10CTAaTOYHO MAPHBIX B3aMMOAEHCTBUHA

1. f(yt,yt—l,wt) — [yt — y] gm(a:t)

2. f(yt,yt—hxt) — [?Jt — y] [yt—l — y/]

:yt—l — y’]

— [y = ] g (1)

O




3aBMCHMOCTH IPU3HAKOB OT BCeX CJIOB

byneM cunrarb, 4TO TEKYLIUN BXOA Lt COIEPIKUT HE TOJIBKO
TEKYIIEee CJIOBO Wyt , HO e1le u coceauaue: Wi—1 1 W41 .

N BOO6H.I€ BCC CJIOBa I1OCJICAOBATCIIBHOCTH.

[yt — y] [yt—1 — y’]

|

— [yt = y) gm ()

Taxoit mpoox 803M0H#CEeH MOILKO 8 OUCKPUMUHAMUBHOU MOOEU.



IT'oroBbie peanuszanuu CRF

CRF++ https://sourceforge.net/projects/cripp/
MALLET http://mallet.cs.umass.edu/
GRMM http://mallet.cs.umass.edu/grmm/

CRFSuite http://www.chokkan.org/software/crfsuite/

FACTORIE | http://www.factorie.cc

http://homepages.inf.ed.ac.uk/csutton/publications/crftut-fnt.pdf




Pe3iome

BeposiTHOCTHBIE rpaduIecKue MOTECJN:
* Hidden Markov Models (reneparnBHasi, HarrpaBJICHHAsA )

* Maximum Entropy Markov Models (nuckpumunaTuBHasl,
HaIpaBJICHHAs )

* Conditional Random Field (nuckpumuHaTuBHas,
HEHaINpaBJICHHAs )

IlpakTHuka:
* POS: ooyuenne HMM, Burepou (nepsas oomauika)
 NER: CRF u3 roroBoro nakera + resepamus (pu4yeu. . .

Wnu: bi-LSTM (creoyrowasn nexyus u emopas oomauika)



