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Natural Language Processing (NLP)

ObpaboTKa ecTecTBEHHOTrO A3blKa

[MpMeHeHne anropnMTMOB MaLLMHHOIO 0byyeHua ansa obpaboTKM TEKCTA M peyn:
° CUCTEMbI Pacno3HaBaHMA peyn

°© 0606 EeHNSA OKYMEHTOB
° MALWWMHHbIN Nepesoa

MNapcuHr no

° BblABJ/IeHUNe ClMaMad cnosam

(cmBonam)

° pacrno3HaBaHME MMEHOBAHHbIX CYLLHOCTEN
° OTBETbl Ha BOMNPOCHI
° reHepaLuna TEKCTa U peyun

MNpeacrasneHnA

° aBTOMaTUYeCKMM NnepecKas 06

OKpY»KatoLem
Mupe




[Tpmepbl ncnosib3oBaHMA NLP

AHaNN3 TOHA/IbHOCTM NOCTOB MOXET NPEeA0CTaBUTb MHOFO NOAE3HOM
nHPopmaummn o Bbibope KAMEHTOB N GaKTOpPaXx, BAUAIOLWLMNX HA UX peLleHunn

NLP no3BonaeT pacno3HaBaTb 1 NPOrHO3npoBaTb 3aboneBaHUA Ha OCHOBE
3/1eKTPOHHOMN MeANLMHCKOM AOKYMEHTaLUMMU U YCTHOM peyn naymeHTa.
PunbTpauma n KnaccuPmnKauma 3N1EKTPOHHbBIX MUCEM

BbiaBneHnn ¢penkoBbIX HOBOCTEMN

ABTOMAaTM3aLUMA PYTUHHbIX CyaebHbIX 3aaau

NHTennekTyanbHble ronocoBbie MHTEPdENCDI



cTopma NLP

O6bpaboTka TeKcrta: Eliza - yat-60T, pa3spaboTtaHHbIM B 1960-x ronax u
napoaupyroLWmi AManor ¢ NCUXOTepPaneBTOM.

Pacno3HaBaHue peun: B 1970-x rogax B YHUBepcutete KapHern-MennoHa
bbina paspaboTtaHa Harpy. [epBaa KomnbloTEepPHaA Nporpamma, Kotopas
noHnmana 1000 cnos.

CuHTe3 peuum: [lepBbiM B MMpe YCTPOMCTBOM /11 CUHTE3a PeYn CYUTAETCH
VODER (aHan. Voice Operating Demonstrator — moodesb 201008020
annapama). OHo 6blno pa3pabotaHo fomepom daanm ns komnaHuu Bell
Labs B 1930-x roaax.



Cortana O Cortana

BuptyanbHbi nomowHMK Windows
SIir
BupTyanbHbi NOMOLLHUK OT Apple

Gmail

[MoyTOBbIN CepBUC onpeaensieT cnam



Dialogtlow ’ Dialogflow

Mnatdpopma ot Google, kKoTtopaa no3sonsert co3agasatb NLP-60TOB.
Hanpumep, moxKHO caenatb 60Ta AnA 3aKa3a NULLb

NLTK

Natural Language Toolkit — Beaywiaa nnatpopma ana co3gaHus
NLP-nporpamm Ha Python



Pazsutme NLP

AJ'IFOpVITMbI, OCHOBdHHbIE Ha Nnpasuniaax U

CNoBapAX, KOTOPble NO 3aJ4aHHbIM ( Mbina )
CUHTAKCUYECKUM U CEMaHTUYECKMM WabaoHam PR %™
NCKANM B TEKCTax onpeaeneHHble KOHCTPYKL MK KT0? | uT0?  Kak?
NN CNOBA

[lepeBO CMHTAKCMYECKOro aHa/In3a ( DS )
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f13bIKOBble MoAeNu - 3TO TaKne MoAeNn, KoTopblé :

nna ¢parmeHTa Tekcta (B NLP TekcT ato . |

nocaeaoBaTeIbHOCTb CI0B) YMEET OUEHUBATb |

BEPOATHOCTb BCTPETUTb TaKYH .

nocnenoBaTe/IbHOCTb C/10B B A3blKe. A3blKOBaA :

MoAeNb HaxoanT Hanbonee BepoATHOE
NpPoAO/IKEHNE ONA TEeKCTa.
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Mama Mbina

MoaenupyeTca A3blK NP NOMOLM BEPOATHOCTH
BCTPETUTb OAHM C/I0BA PAAOM C APYTMMU



3334 MHTeNNeKTyaibHOM 06pabOoTKM TEKCTOB

3a4a4M NepBoro Kaacca (CMHTakcnveckmne)

e PasmeTKa Mo Yyactam peyn, no mopdemam, pacno3HaBaHNE UMEHOBAHHbIX CYLLHOCTEM

3aza4uM BTOPOro Knacca (NoHMmaHue TekcTa)

e A3blKOBble moaenu, VIH(I)OpMaLI,MOHHbIﬁ NMOUCK, daHAa/IU3 TOHA/IbHOCTHU

3apa4yn TpeTbero Knacca (MoHMMaHMe TeKCTa U NOPOXKAEeHUe HOBOTO)

e [eHepauMAa TEeKcTa, aBToOMaTn4eckoe pedpepmnpoBaHme (KpaTKoe coaepaHue),
INaNorosble MoAenu



OCHOBHbIe onepaunm
HaJ TEKCTOM




OCHOBHble TePMUHbI

TOKeHbl

e TeKcToBbIEe eAMHULbI (CMMBObI, C/10BA)

Cnosapb

LOKYyMeHT

® COBOKYMHOCTb TOKEHOB, KOTOPblE NPUHAANEXKAT OAHOM CMbICIOBON eANHULE
(npepnoxxeHne, KOMMeEHTapPUI)

Ropnyc

® reHepasibHaAa COBOKYMHOCTb BCEX AOKYMEHTOB



PerynapHble BblparKeHW

3TO NocaenoBate/ZibHOCTb CMMBOJ10B, KOTOPAA onpeaenaeT Wabs10H NoOnCKa

Moaynb re o . — MO0 CUMBOI, KPOME NepeBoaa CTPOKM;

\W — 00WH CUMBOJT;

\d — ogHa undpa;

\s — oauH npoben;

\W — oonH HEcumBon;

\D — ogHa HEundpa;

\S — oauH HEnpoben;

[abc] — HaxoauT Nwboit U3 ykasaHHbIX cumBonos match any of a, b, or c;

[*abc] — HaxoouT NboK CUMBONM, KPOME YKa3aHHLIX;

[a-g] — HaxoauT cMMBON B NPOMEXYTKE OT a A0 g.



YTeHne NnaHHbIX

1 # Read in the raw text

2 rawData = open("SMSSpamCollection.tsv").read()
3 # Print the raw data

4 rawData[@:258]

"hamytI've been searching for the right words to thank you for this breather. I promise i wont take your help for granted and w

ill fulfil my promise. You have been wonderful and a blessing at all times.‘\nspam\tFree entry in 2 a wkly comp to win FA Cup f
ill

1 import pandas as pd

2 # Reading Tab separated Value

3 data = pd.read_csv('SM5SpamCollection.tsv’, sep="%t', names=['label’, "body text'], header=None)
4 # Print first 5 data

5 data.head()

label body_text

0 ham I've been searching for the right words to tha...

1 spam Free entry in 2 a wkly comp to win FA Cup fina...
2 ham Mah | don't think he goes to usf, he lives aro...
3 ham  Even my brother is not like to speak with me. __.
4 ham | HAVE A DATE ON SUNDAY WITH WILLN



YananeHune nyHKTyaumnm

1 import string
2 string.punctuation

CITESHAN () *4, - = 2@ ]

#Function to remove Punctuation
def remove punct(text):

text nopunct = "".join([char for char in text if char not in string.punctuation])# It will discard all punctuations
return text nopunct

data[ "body text clean'] = data[ 'body text'].apply(lambda x: remove punct(x))

0O =] @ W P W pa

data.head()

label body_text body text clean

0 ham I've been searching for the right words to tha...  Ive been searching for the right words to than._..

=

spam Free entry in 2 a wkly comp to win FA Cup fina_..  Free entry in 2 a2 wkly comp to win FA Cup fina...

2 ham Mah | don't think he goes to usf, he lives aro...  Mah | dont think he goes to usf he lives aroun._..
3 ham  Even my brother is not like to speak with me. .. Even my brother is not like to speak with me T...
4 ham | HAVE A DATE ON SUNDAY WITH WILL! | HAVE A DATE OMN SUNDAY WITH WILL




ToKkeHM3auua No NpeanoXeHnAm

npouecc pa3aeneHms NMMCbMEHHOTO A3blKa Ha NPeA0KEHUA-KOMMNOHEHTbI
No 3HAKY NYHKTyauUuK - TOYKa

nitk.sent_tokenize

ToKeHn3aumMAa No coBam

B npouecc pasaeneHua npeanoKeHnum Ha C10Ba-KOMMOHEHTbI
W o 3HaKy npobena

m nltk.word_tokenize



TokeHn3saumAa

1 import re

2

3 # Function to Tokenize words

4 def tokenize(text):

5 tokens = re.split('\W+', text) #+ means that either a word character (A-Za-z8-9_ ) or a dash (-) can go there.

6 return tokens

7

8 data[ "body text tokenized'] = data[ ' 'body text clean'].apply(lambda x: tokenize(x.lower()))

9 #we convert to lLower as Python is case-sensitive.
18
11 data.head()

label body_text body_text_clean body_text_tokenized

0 ham I've been searching for the right words fo tha...  Ive been searching for the right words to than...  [ive, been, searching, for, the, right, words, _..
1 spam Free entry in 2 a wkly comp to win FA Cup fina_.. Free entry in 2 a wkly comp to win FA Cup fina_.. [free, entry, in, 2, a, wkly, comp, to, win_f_..
2 ham Mah | don't think he goes to usf, he lives aro...  Nah | dont think he goes to usf he lives aroun... [nah, i, dont, think, he, goes, to, usf, he, |
3 ham  Even my brother is not like to speak with me. ...  Even my brother is not like to speak with me T...  [even, my, brather, is, not, like, to, speak, ...
4 ham | HAVE A DATE ON SUNDAY WITH WILLI | HAVE A DATE ON SUNDAY WITH WILL [i, have, a, date, on, sunday, with, will]



Cton - cnoB.a

9TO C/I0Ba, KOTOPbIE BbIKMAbIBAOTCA U3 TeKCTa Ao/nocne
06paboTKM TEKCTa.

Takue cnosa moryt o6aBnTb MHOTO LLYMa, MO3TOMY HEOBX0AMMO
n36aBNATbLCA OT HepeNeBaHTHbIX C/10B.

Cton-cnoBa 370 0ObIYHO MOHMMAIOT APTUKAU, MEKAOMETUSA,
COO3bl U T.A,., KOTOPbIE HEe HECYT CMbIC/I0OBOM HArpy3KHM.

nltk.download(“stopwords”)



YaaneHume cTon-c/oB

1 import nltk

(N8}

stopword = nltk.corpus.stopwords.words( 'english')# ALL English Stopwords

1 # Function to remove Stopwords
2 def remove stopwords(tokenized list):
3 text = [word for word in tokenized list if word not in stopword]# To remove all stopwords
a return text
g
6 data[ 'body text nostop’'] = data[ body_ text tokenized'].apply(lambda x: remove stopwords(x))
7
2 data.head()
label body text body _text_clean body text tokenized body_text nostop
ham ['ve been searching for the right words to [ve been searching for the right words to [ive, been, searching, for, the, right, [ive, searching, right, words, thank,
tha_.. thamn... words, _.. breather...
epam Free entry in 2 a wkly comp to win FA Cup  Free entry in 2 a wkly comp to win FA Cup [free, entry, in, 2, 8, wkly, comp, to, [free, entry, 2, wkly, comp, win, fa, cup,
P fina... fina... win, ... fin...
ham Mah | don't think he goes to usf, he lives Mah | dont think he goes to usf he lives [nah, i, dont, think, he, goes, to, usf, [mah, dont, think, goes, usf, lives
aro... aroun... he, .. around. t_..
ham Ewen my brother is not like to speak with Even my brother is not like fo speak with [even, my, brother, is, not, like, to, [even, brother, like, speak, treat, like,
me. ... me T.. speak, .. aids...
ham IHAVE A DATE ON SUNDAY WITH | HAVE A DATE ON SUNDAY WITH WILL  [i, have, a, date, on, sunday, with, will] [date, sunday]

WILLN




JlemmaTn3aumsa U CTEMMUHI TEKCTa

[MpuBecTun Bce BCTpevatowmeca cnoBopopmbl K 0A4HOW, HOPMAbHOW CNOBAPHOWU
dopme.

YacTHble cnyyan HopManumsaumm dog, dogs, dog’s, dogs” => dog

CreMmmMUHT — 370 rpybbii IBPUCTUYECKUIM NPOLECC, KOTOPbIXA OTPE3aET «JIULLHEEY
OT KOPHA C/Z10B, 4YaCTO 3TO NPUBOAUT K NMoTepe cnoBoobpa3oBaTe/IbHbIX

cybduKkcos.

NlemmaTtmsaymua — 31o 60s1ee TOHKUMN NpoLecc, KOTOPbIN UCMONb3YEeT CN0BAPb U
MOopPPONOorM4ecknin aHanms, 4Tobbl B UTOre NPUBECTU CNOBO K €ro KAHOHNYECKOM
dbopme — nemme.



CTeMMUHT

1 ps = nltk.PorterStemmer()
2
3 deft stemming(tokenized text):
4 text = [ps.stem(word) for word in tokenized text]
5 return text
&
7 data[ "body text stemmed’'] = data['body text nostop'].apply(lambda x: stemming(x))
B
9 data.head()
label body_ text body text clean body text tokenized body text nostop body text stemmed
0 ham I've been searching for the right lve been searching for the right  [ive, been, searching, for, the, [ive, searching, right, words, [ive, search, right, word, thank,
words fo tha... waords to than... right, words, ... thank, breather... breather, pr...
1 spam Free entry in 2 a wkly comp fo Free entry in 2 a wkly comp fo [free, entry, in, 2, &, wkly, [free, enfry, 2, wkly, comp, win, [free, enin, 2, wkli, comp, win,
P win FA Cup fima._. win FA Cup fima__. comp, to, win, T._. fa, cup, fin_.. fa, cup, fin_..
3 ham Mah | dont think he goes to usf, Mah | dont think he goes to usf he [mah, i, dont, think, he, goes, [nah, dont, think, goes, usf,  [mah, dont, think, goe, usf, live,
he lives aro... lives aroun... to, ust, he, I... lives, around, t_.. around, tho...
3 ham Ewen my brother is not like to Ewven my brother is not like to [even, my, brother, is, not, like, [even, brother, like, speak, [even, brother, like, speal,
speak with me. ... speak with me T... to, speak, ... treat, like, aids... treat, like, aid,...
4 ham | HAVE A DATE ON SUMDAY | HAVE A DATE ON SUNDAY [i, have, a, date, on, sunday, [date, sunday] [date, sunday]

WITH WILL! WITH WILL with, will]




JlemmaTtmlaums

1 wn = nltk.WordNetLemmatizer()
2
3 det lemmatizing(tokenized text):
4 text = [wn.lemmatize(word) for word in tokenized text]
g return text
B
7 data[ 'body text lemmatized'] = data[ 'body text nostop’].apply(lambda x: lemmatizing{x))
g
9 data.head(18)
label body_text body_text clean body_text_tokenized body_text nostop body_text stemmed body_text lemmatized
0  ham I've been searching for the Ive been searching for the [we, been, searching, [ive, searching, right, [ive, search, right, word, [ive, searching, right,
right words to tha... right words to than... for, the, right, words,...  words, thank, breather... thank, breather, pr...  word, thank, breather,...
1 spam Free entry in 2 a wkly comp  Free entry in 2 a wkly comp  [free, entry, in, 2, a, wily, [free, entry, 2, whkly, [free, entri, 2, wkii, [free, entry, 2, whkly,
P to win FA Cup fina... to win FA Cup fina... comp, to, win, ...  comp, win, fa, cup, fin...  comp, win, fa, cup, fin...  comp, win, fa, cup, fin...
2 ham Mah | don't think he goes to Mah | dont think he goes to [nah, i, dont, think, he, [nah, dont, think, goes, [nah, dont, think, goe, [nah, dont, think, go, usf,
usf, he lives aro... usf he lives aroun... goes, to, ust he, .. usf, lives, around, t... usf, live, around, tho... life, around, though]
3 ham Even my brother is not like Even my brother is not like [even, my, brother, is, [even, brother, like, [even, brother, like, [even, brother, like,
to speak with me. __. to speak with me T not, like to, speak, speak. treat like, aids . speak, treat, like, aid,__. speak, treat, like, aid,__.
| HAVE A DATE ON | HAVE A DATE ON [i, have, a, date, on,
= SUNDAY WITH WILLI SUNDAY WITH WILL sunday, with, wil] 112 AR {EiE, ST LB [z 2 SR
5 ham A Peryourrequest'Melle  As per your request Melle [as, per, your, request, [per, requreneétl.lén EEI:E' [per, request, mell, mell, [per, requreneéll,lerln Enlrlﬁ'
Melle {Cru Minnamin._.. Melle Cru Minnaminun... melle, melle, oru, mi... minnaminungi.. oru, minnaminungint... minnaminungi...




BEeKTopmM3aLmMa TeKCTa




[Mpamoe koanposaHue (one-hot encoding)

1.KaXAblW TOKEH NpeacTaBnaeT buHapHbIM BEKTOP (3HaveHma 0 uam 1);

2.eANHULLA CTaBUTCS TOMY 3/1EMEHTY, KOTOPbIN COOTBETCTBYET HOMEPY TOKEHa B Cn0oBape.

{Ilec, Ko7, =B, HE,

# IepEEDT OOKYMESHT

r(r, o, 0, 0, 0, 0]
(¢, o, o, 0, 0, 0]
[¢, 0, O, O, 0O, O]
(¢, o, 0, 1, 0, 0]
(6, o0, 0, 0, 1, 0]
(0, O, O, O, 0O, 1]]
# Bropo OOKYMEHT
(e, o, 0, 0, 0, 0]
[¢, 1, 0, 0, 0, O]
(6, 0, 1, 0, 0, 0]
(¢, o, 0, 1, 0, 0]
(0, 0, 0, 0, 1, 0]
(6, o, o0, 0, 0, 0]1]

cey, OeHe} # CHIoBapE

:# :# :# :# :#

:# :# :# :# :#

ITlec, KoT, enan, Ha, cen, noeuwn} # CnoBapke

# Iec

Kom E NpeOIoXESHMHM)

et (HeT B NpenIoXSHMH) [lec, cenx, Ha, OeHe) # [ISpEBRM OOKVMEHT

Ha [KoTm, cem, Ha, enk] # BTopod OOXKYMEHT

[ [llec, cen, Ha, OeHw], [Kor, cen, Ha, enw]] # Kopoyc

# [ec (HeT B OpeIicoESHMWHM)
Kor
eIk
Ha
cen

IeH: (HeT B OpedloESHNMH)



Mewok cnos (bag of words)

Boiaenaer BEKTOPY BECb AOKYMEHT, U Ka)-l-(,ﬂlblﬁ A1EMEHT KOAUNPYETCA 1 no nopAary cnenoBaHUA
CNoB B C/10Bape

MeTo4 He y4nUTbIBAEeT Ba*KHOCTb TOrO MM MHOIO TOKeHa, BeAb O4HO C/I0OBO MOXKeT NOBTOPATCA MO
HEeCKOJ/1IbKO pas.

TepAaeTca Bca nHbopmauma o
B3aMMHOM PacrnonoXeHnmn
CNOB BHYTPU TEKCTA

[Tlec, KoT, enr, Ha, ceJ, neds} # CIoBapE
¥ Kopnyc:

[r1, o, 0, 1, 1, 11 # IepBM OOKYMESHT
(0, 1, 1, 1, 1, 0]] # BropoM OOKYMEHT

[Tlec, ceys, Ha, OeHE] # HepEEﬁ OOKYMEHT
[KoT, C©emn, Ha, =JIv] ¥ BTGpai OOKYMeHT

[ [llec, cen, Ha, OedHs], [KoT, cen, Ha, =0e]] 7 Kopnovco



TF_| D F Mepa oLeHKM BaXKHOCTU C/1I0BA B KOHTEKCTE AOKYMEHTa

Term Frequency (4acTOTHOCTb C/10Ba B JOKYMEHTE)

Inverse Document Frequency (MHBepcmuA 4acToTbl JOKYMEHTA)

Tty
T Fioten. = p—
tokeni — N TF-IDF — TF x IDF

IDFyopen = log 35,

rIE 71; — CKOMBKO Pa3 BCTPEYAETCA TOKEH B 1-0M JOKYMEHTE,
N; — ofillige KONWYECTEO TOKEHOE B 1-0M JOKYMEHTE,

P — KONWYeCTBO AOKYMEHTOB, B KOTODBIX BCTPEYAETCA TOKEH,
P — ofiuiee KonMYecTs A0KYMEHTOR,



TF TF-IDF
TokeH IDF
Jok. Nel | Tok. Ne2 Howk. Nel | ok, Ne2
Kor 0 % log % 0 0.17
Iec % 0 log % 0.17 0
elb 0 % log % 0 0.17
Ha % % log % =0 0 0
cen % % log % =0 0 0
[EeHb % () log % 0.17 0

pearkmne cnoBa N C210Ba, KOTOPbIe BCTPEHAKOTCA BO BCEX AOKYMEHTAX, HECYT MaJio VIH(I)OpMaLI,l/IVI




[Tpobnembil

*He 3aBUCAT OT KOHTEKCTa — Hanpumep, oba aHaNN3nUpyemblIX
npeanoXeHna oTparKatoT NPUMEPHO OAHO U TO Ke: “YTo-TO Kyaa-To
ceno”;

‘HEe Y4UTbLIBAKOT NOPAAOK C/Z10B B npea1oxKeHnu,

*06124at0T BbICOKOM PAa3MEPHOCTbIO B cay4ae 60/1bLLIOro c/1oBapsA,
4YTO MOXET CHU3UTb MPOU3BOANTE/IBHOCTb MOAENN TNYDBOKOro
obyyeHus.



Word embeddings — BeKTOpHOe npeacTtaBieHne CNoB

Word2vec - 2013

CnoBa, KOTopble BCTPeYatoTcA B OANHAKOBbIX

N OKPYXEHUAX, UMetoT 6IM3KNe 3HaYEeHUA.
&

CTapuK Kot

MymurHa

Mansyme ac
Cobaxa

NesouKa BepoATHOCTb, NpUcBanBaemas MOAENbIO CNOBY
62113Ka K BEPOATHOCTU BCTPETUTDL 3TO C/IOBO B
> 3TOM OKPY}KEHUU B peasibHOM TEeKCTe.

Bonk [MpeacKa3biBaTb BEPOATHOCTb C/I0BA MO ero
OKPY*EHUIO (KOHTEKCTY).

Moagensb O6pa6OTKVl eCTeCTBEHHOrO f3blKa HAa OCHOBE BNOXEHUMN



BekTOp GloVe, oby4yeHHbIM Ha Bukuneanm

Cnoso «Koposiby

[ ©.58451 , ©.68607 , -0.59517 , -0.022801, ©.60046 , -0.13498 , -0.08813 , 0.47377
, -0.61798 , -©0.31812 , -0.976666, 1.493 , -0.034189, -0.98173 , 0.68229 , 0.81722 ,
-@.51874 , -0.31583 , -0.55809 , 0.66421 , ©.1961 , -©.13495 , -0.11476 , -0.30344 ,
©.41177 , -2.223 , -1.8756 , -1.8783 , -0.34354 , ©.33505 , 1.9927 , -0.04234 ,
-9.64319 , ©.71125 , ©.49159 , 0.16754 , ©.34344 , -9.25663 , -0.8523 , ©.1661 ,
©.40102 , 1.1685 , -1.0137 , -0.21585 , -©.15155 , ©.78321 , -0.91241 , -1.6106 ,

-0.64426 , -0.51042 ]
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Hking"

il e H I
HMan”
i 11 1 i
“Woman”




queen
woman

girl
boy
man
King
queen i
water




Kinag — man + woman ~= queen
g q

king I I I
man I I
woman I I I

Ki1ng—-man+woman

queen I



Mozaenb A3blka: npeackasaHne caeayioLero c1osa

Input Output
Features Prediction
”
7’ Thou shalt © B
Thou —— Trained Language Model
Task: — > not
shalt = Predict the next word
Input Output
Featur Prediction
0% | aardvark
0% | aarhus
Trained Language Model 0.1% | aaron
Task:
. Predict the next word

40% | not

0.01 | zyzzyva

I - |



Oby4yeHne MOAENN A3blKa: CKO/b3ALLEE OKHO

| Thou shalt nut}nake a machine in the likeness of a human mind

Sliding window across running text Dataset

input 1 input 2 | output

thou shalt not make a machine in the | ... thou shalt not
Thou shalt not make A machine in the likeness of a human mind
Sliding window across running text Dataset

input 1 input 2 | output
thou shalt not make a machine i the ... thou shalt not

thou shalt not make a machine in the shalt not make



CBOW (Continuous Bag of Words)
Jay was hit by a

pus in...

by

rad

output

a bus

red




S k i p _g r'a m [Thou shalt not make a hwachine in the likeness of a human mind

thou = shalt not  make -machine in  the .. input word | target word
not | thou
not | shalt
TI‘IDL[EhEilt not make a machine | the likeness of a human mind not make
thou shalt not make a  machine in the ... input word | target word
not thou
thou  shalt  not  make |T- in  the | .. not shalt
not make
not a
make shalt
make not
make a




ObyyeHne moaenm a3blka

Actual Model
Target Prediction
0 _ o aarcvark
0 o aarhus
0 ~ 0.001 | aaron

O] — Untrained Mode|  e—
0 0.4 taco

‘ 1 ~ 0.001 | thou

ZYZZYVA

Update
Model
Parameters

Error

-0.001

0.4

0.9499

-0.0001




Skip-gram c oTpuuatenbHon Bbi6opkon (SGNS)

SKkipgram Negative Sampling
shalt | ot ] make _ nput word | output word | target
nput output ake <halt 1
makea shalt
make not make aaron 0

makea
maka taco
make ﬂ

BEPOSATHOCTb UX COCEACTBA
(ot0 po 1)




word2vec
;~ N

Embedding Context
aardvark aardvark
aarhus aarhus

aaran aaron
N
A AL ZVZZyva
embedding size embedding _size

o )




word2vec
4 )

Look up
Embedding Context  embeddings aaron
aardvark aardvark
aarhus aarhus not taco
ot taco thou
o HEEN
ou
.z.\,./zzyva .z.y./zzyva
\ input word output word target | input ® output sigmoid()
not [ | thou  EINNN 1 0.2 0.55
not L | aaron DD 0 -1.11 B.25
not [ |taco [ | [ ] ] 0 B.74 B.68




word2vec

input word | output word  target

Pasmep OKHa

KonnyecTso
oTpUUATENbHbIX 06Pa3LoB

input ® output| sigmoid()
0.2 0.55

1,11 0.25
0.74 0.68

M ot

~

daron

faco

thou

Update
Model
Parameters




CeTh Ha 6a3e N-rpamm 1 CMMBOJIOB

[MocTpoeHue Bxoaa HEMPOHHOW CeTM Ha Ba3e cNoB — CNOB MOXKET OblTb MHOTO, B
HMX NOPOUN coAepHKaTcsa OWKNOKM 1 oneyaTkn. BeKTopHble npeactaB/ieHna CNoB-

3allyM/ieHbl.

N-rpammbl (nociiea0BaTENBHOCTAMM N3 HECKOJIbKUX, KaK NPaBUAo, TPEX
CMMBOJIOB).




HenpoHHble ceTu

B Kakon-to momeHT HC byayT npeactaBnATb KOPOTKUE Y4aCTKM TEKCTA B BUAE
BEKTOPOB PUKCMPOBAHHOWN PAa3MEPHOCTMW.

AHaNu3 TOHa/ZIbHOCTU @
Dense r+®

T Dense | Dropout p-{ Dense
h Dropout 1
0 4
7y Max-pooling
L 3
LSTM = LSTM || LSTM LSTM T ——

4 4 4 4 + 4 4 4
Dropout Dropout Dropout | | Dropout Dropout | | Dropout Dropout | | Dropout
cxméua:o cxm%cm:o oxmmx an;m QDD%DQO
word2vec word2vec I word2vec] word2vec word2vec word2vec word2vec word2vec

e ® b o e &
D



OnpeaeneHme cMbICNa KPYMHbIX Y4aCTKOB
TEKCTa: NPeanoxKeHnn, ab3aues, CTaTeN ....

O6beanHEHME BEKTOPOB OTAE/IbHbIX C/I0B B BEKTOPbI HECKONIbKMX C/10B:
Cymma nnu cpegHee (pe3tommpoBaHne JOKYMEHTOB)

ObyyeHne BEKTOPOB C/10B

BxoaHon cnow BbixoaHowm cnow

1Y,
CKpbITbIV BbixoaHowm BxopnHow CKkpbITbIA :
Ccnoit cnoit cnoit W

Y

Distributed Memory Model of Paragraph Vectors X
(BekTOp, NpeacTasastowmn absay nam

npeanoXxeHne, onpeaenseTca Kak ele oguH
[OMNOJIHUTE/IbHbIN BEKTOP BECOB)

see O0C
QO¢C
QO

20)
20)
YC) -+

Distributed Bag of Words Model of Paragraph
Vectors (cnoBa KOHTEKCTa NPOCTO NOJHOCTbIO
UTHOPUPYIOTCA, U MOAENb UCMONb3YEeT BEKTOP
ab3aua, 4Tobbl NpeacKasaTb C/I0BA M3 OKHA B TOM
e ab3aue)

Yc

SOIOITNOIOI® Irrh
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