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OcHoBbl 06paboTKN TEKCTOB

Hanbonee nonynspHble hpenmBopkn ML

Keras
npepnaraeT NocnenoBaTesnbHbIE U
npocTtble APl-nHTepdencsl
CBOAUT K MUHUMYMY KOSINYECTBO
OENCTBUIN NONb30BaTeENsA, HEOOXOANMbIX
0151 TUNWYHbIX CllyYaeB NCMOb30BaHNSA
COOEPXKNUT OBLLUNPHYIO AOKYMEHTALNIO U
PyKOBOACTBaA aNns pa3paboTynkos
MOAENN CTPOATCA MO NPUHLMMNY
KOHCTPYKTOpa N3 rotToBbIX ONIOKOB
ObICTPbIN 3anycK 0by4eHus

PyTorch

NO3BOJISIET CTPOUTb BbIYUCUTENBbHbIE
OVHaMun4yeckumne rpadeol

bonblLUue OENCTBNIN ONSt 9KCNEPUMEHTOB
C Modensamu

bonee rmbkasi HacTponka Moaenen
HEOOX0OMMO CaMOCTOATENBbHO
onucbiBaTb Npouenypy ody4vyeHus
bonee cnoXkHbin, HO 6osiee MOLLHbIN
NHCTPYMEHT
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Keras. ['prmMmep NONHOCBA3HON CETU

from keras.models import Sequential
from keras.layers import Dense

model = Sequential()

model.add(Dense(12, input dim=8, activation='relu'))

model.add(Dense(8, activation='relu'))

model.add(Dense(1, activation="'softmax"))

model.compile(loss="binary crossentropy', optimizer="'adam', metrics=["'accuracy'])

x_train, y train = ...

model.fit(x_train, y _train, epochs=150, batch size=10)
y test = model.predict(x_test)

3/21



OcHoBbl 06paboTKN TEKCTOB

PyTorch. INpumep NosIHOCBA3HOW CETK

import torch.nn as nn

import torch.nn.functional as F
import torch.optim as optim

from torch.autograd import Variable

class Network(nn.Module):
def init (self):

super(Network, self). init ()
self.11 = nn.Linear(8, 12)
self.relul = nn.RelLU()

self.12 = nn.Linear(12, 8)
self.relu2 = nn.ReLU()

self.13 = nn.Linear(8, 1)

def forward(self, x):

= self.11(x)

= self.relul(x)
self.12(x)

= self.relu2(x)

= self.13(x)

return F.log softmax(x)

X X X X X
]
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PyTorch. INpumep NosIHOCBA3HOW CETK

model = Network()
optimizer = optim.Adam(model.parameters())
loss_func = nn.CrossEntropylLoss()

x_train, y train = ...

batch_size = 10
epochs = 150

for e in range(epochs):
for i in range(@, x_train.shape[0], batch_size):
x_var = Variable(x_train[i:i + batch_size])
y_var = Variable(y_train[i:i + batch_size])

optimizer.zero_grad()
net out = model(x_var)

loss = loss_func(net_out, y var)
loss.backward()
optimizer.step()

print('Epoch: {} - Loss: {:.6f}'.format(e, loss.data[@]))

net out = model(x_test)
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Keras. BILSTM gna IMDB

from tensorflow import keras
from tensorflow.keras import layers

max_features = 20000
maxlen = 200

inputs = keras.Input(shape=(None,), dtype="int32")

x = layers.Embedding(max_features, 128)(inputs)

x = layers.Bidirectional(layers.LSTM(64, return_sequences=True))(x)
x = layers.Bidirectional(layers.LSTM(64))(x)

outputs = layers.Dense(1l, activation="sigmoid") (x)

model = keras.Model(inputs, outputs)

model. summary()

(x_train, y_train), (x_val, y val) = keras.datasets.imdb.load data(num words=max_features)

Xx_train = keras.preprocessing.sequence.pad_sequences(x_train, maxlen=maxlen)
Xx_val = keras.preprocessing.sequence.pad _sequences(x_val, maxlen=maxlen)

model.compile('adam', 'binary_crossentropy', metrics=["accuracy'])
model.fit(x_train, y train, batch_size=32, epochs=2, validation data=(x_val, y val))
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Baseline peweHne ansa NERC

PaboTaeT B HECKOJIbKO 9TaroBs:

* TOKEHN3aLusi TEKCTOB HOBOCTEUN

« BIO kKogmnpoBaHune

* 3arpyska word2vec ambenanHros
« cospnaHue BILSTM + CRF mopenn
* pa3peLleHne KONNN3UN pa3mMeTKun
« 0by4yeHne mogenu

* MpeackasaHne moaenu

* BIO pekoanpoBaHune
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TokeHn3zauus

[Tockonbky ana 3agadn NERC Heobxogumo 3HaTb MHOEKCHI CYLLHOCTEN
B UICXOOQHOM TEKCTE, 0Obl4HHAS TOKEHM3ALUMS HA CTPOKN HE MoaxXoauT.
HeobxoanmMmo TOKEHU3MPOBAaTb Ha span’bl — KOPTEXN N3 NHOEKCOB
Hayasna n KoHua TokeHa. Hanbonee nonynspHole BapmnaHTbl — NLTK v
PErynapHblE BblPaXXeHUS:

def nltk tokenize(self, text: str) -> List[Tuple[int, int]]:
tokenizer = nltk.tokenize.TreebankWordTokenizer()
return tokenizer.span_tokenize(text)

def regexp_tokenize(self, text: str) -> List[Tuple[int, int]]:
spans = [(match.start(), match.end()) for match in self.tokenize regexp.finditer(text)]
return spans
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BIO KoanpoBka

[1To nmetommca CyLHOCTAM dOPMUPYETCA CrioBapb MHOEKC — MeTKa (B
onsa start n O gns octanbHbIX 3HAYEHUIA span’a). 3aTemM No NMosIyHEHHbIM
span’am dpopmumpyetcs BIO paszmeTka BCcero tekcra.

entities dict = {}

for start, end, name in entities:
entities dict[start] = f'B-{name}’
for i in range(start + 1, end):
entities dict[i] = f‘I-{name}’

spans = tokenize(text)
bio = []

for start, end in spans:
label = entities _dict.get(start, '0")
bio.append(self.bio2index[label])
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BIO kogmnposka. lNpumep

TekcrT:
[18 anpens 2016 rona|DATE]

["ApT MNMukyepc Ctyonsa"|ORGANIZATION] B nuue npoatocepa [[vntpus Pynosckoro/PERSON]
npeacTaBnna camblii CeKpeTHbIN NpoekT koMmnanum ['MpuTtsrxkenne"|ORGANIZATION]. FnaBHytO porb

B KapTuHe urpaet [Oner MeHblunkos|PERSON]. Pexxuccepom Bbictynaet [Pefop
BoHpap4yyk|PERSON].

CywHocTu:
(0, 19, 'DATE"), (21, 41, 'ORGANIZATIONY, (59, 77, 'PERSON"), (122, 134, 'ORGANIZATION'), (166,
180, 'PERSON"), (203, 218, 'PERSON")

Pe3ynbTtaT TOKEHU3auumn (B Buage CTpok):

['18', 'anpeng’, '2016', 'roga’, '"', 'ApT', 'Tlnkuepc', 'Ctyana', "', '8', 'nuuye’, 'npogrocepa’, 'dmutpuns’,
'PygoBckoro’', 'npencrasuna’, 'cambln’, 'ceKpeTHbIN', 'NpoeKT’', 'komnaHun', "', 'TlputaxeHwue', '"', '.",
'MasHyto', 'ponk', 'B', 'KapTuHe', 'vrpaet’, 'Oner', 'MeHbLwwnkos', '.', 'Pexxnccepom', 'BbicTynaet’,

'‘Gepop’, 'boHoapyyk’, '.']
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BIO kogmnposka. lNpumep

Pe3ynbTtaT TOKEHU3auumn (B Buae CTpok):

['18', 'anpens’, '2016', 'roga', '"', 'ApT', 'Tlukyepc', 'Ctygusa’, '"', '8', 'nuue’, 'npogtocepa’, 'Omutpus’,
'PyooBckoro’, 'npencrasuna’, 'cambln’, 'CeEKPETHbIN', 'NPOoeKT', 'komnaHun', "', 'TlputaxeHwue', '"', ',
''MasBHyt0', 'ponk', 'B', 'KapTUHE', 'vrpaet’, 'Oner’', 'MeHbWwKnKOB', '.", 'Pexuccepom’, 'BbiCTynaeT',

'‘Gepop’, 'boHoapyyk’, '.']

Pe3ynbTtaT TOKEHU3auum (B Buge span’on):

[(0, 2), (3,9), (10, 14), (15, 19), (21, 22), (22, 25), (26, 33), (34, 40), (40, 41), (42, 43), (44, 48), (49, 58),
(59, 66), (67, 77), (78, 89), (90, 95), (96, 105), (106, 112), (113, 121), (122, 123), (123, 133), (133, 134),
(134, 135), (136, 143), (144, 148), (149, 150), (151, 158), (159, 165), (166, 170), (171, 180), (180, 181),
(182, 192), (193, 202), (203, 208), (209, 218), (218, 219)]

PesynbTtaTt BIO kogupoBaHus:

['B-DATE', 'I-DATE', 'I-DATE', 'I-DATE', 'B-ORGANIZATION', '-ORGANIZATION', 'I-ORGANIZATION',
'-ORGANIZATION', 'I-ORGANIZATION', 'O', 'O', 'O, 'B-PERSON', 'I-PERSON', 'O', 'O', 'O', 'O/, 'O/,
'B-ORGANIZATION', 'I-ORGANIZATION', 'I-ORGANIZATION', 'O', 'O, 'O, 'O, 'O, 'O', 'B-PERSON',
'-PERSON', 'O', 'O, 'O, 'B-PERSON', 'I-PERSON', 'O']
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3arpyska Word2Vec ambenanHros

B KayecTBe BEKTOPHOro NpeacTaBfiEHNSA CIOB UCMOJb3YeTCcs aMbenaunHr
¢ 100-mepHbIMU BEKTOPaMn N OKHOM S (W2v_size100_window5S.txt).

import gensim

word_vectors = gensim.models.KeyedVectors.load word2vec format('/embeddings/w2v_sizel0@ window5.txt")
embedding dim = self.word vectors.vector _size
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CospnaHue BILSTM + CRF mopenwn

START_TAG = "<START>"
STOP_TAG = "<STOP>"

class BiLSTM_CRF(nn.Module):
def init (self, tag to ix: dict, lstm_size: int, embedding path: str):
super(BiLSTM _CRF, self). init ()
self.hidden_dim = lstm_size

self.tag_to_ix = {tag: index for tag, index in tag_ to_ix.items()}
self.tag to ix[START_TAG] = len(self.tag to ix)
self.tag to ix[STOP_TAG] = len(self.tag to_ix)

self.tagset_size = len(self.tag_to_ix)

self.word vectors = gensim.models.KeyedVectors.load word2vec format(embedding path)
self.embedding _dim = self.word_vectors.vector_size

self.1lstm = nn.LSTM(self.embedding dim, lstm_size // 2, num_layers=1, bidirectional=True)
self.hidden2tag = nn.Linear(lstm_size, self.tagset_size)

self.transitions = nn.Parameter(torch.randn(self.tagset size, self.tagset size))
self.transitions.data[self.tag to ix[START TAG], :] = -10000
self.transitions.data[:, self.tag to ix[STOP_TAG]] = -10000
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CospnaHue BILSTM + CRF mopenwn

def get 1stm features(self, sentence):
self.hidden = self.init_hidden()
embeds = self. get embedded(sentence).view(len(sentence), 1, -1)
lstm out, self.hidden = self.lstm(embeds, self.hidden)
lstm out = 1stm out.view(len(sentence), self.hidden_dim)
lstm feats = self.hidden2tag(lstm out)
return lstm feats

def forward(self, sentence):
lstm feats = self. get 1stm features(sentence)
score, tag seq = self. viterbi_ decode(lstm_feats)
return score, tag seq
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PazpelueHrne Konnnanim pasmeTKin

[TOCKOJIbKY ONH TEKCT MOXXET ObITb pa3medeH oT 1 oo 3 nogbmu,
HeobxoanMo onNpeaennTb, Kakme MMEHHO CYLLHOCTY OTAaBaTb MOOENN.
Mo>XHO ncnonb3oBaTb cneayrowmne nogxoabi:

NnepeceyeHne BCex PasMeToK
obbeanHeHne Bcex pasmeTok

ronocoBaHune

BCE Pa3METKMN MO OTAENIbHOCTN, BOSMOXXHO, MOE/Ib CAMOCTOATENIbHO
CnpaBnUTCA C LUYMOM

bonee XnTpble CXeEMbl C YH4ETOM OCOBEHHOCTEN AOMEHA
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Oby4eHne moaenu

Mopgenb oby4aeTcsi B peXXUMe CTOXaCTUYECKOro rpaAueHTHOroO Crycka.
[0 uctedeHnn 25 MMHYT 00yYeHnEe NPUHYONUTENBHO MPEKPALLAETCA.

def train(self, train_corpus: List[Tuple[str, Dict[str, Set[Tuple[int, int, str]]]]1]):
start_time = time.perf_counter()
train_tokens, train _bio = [], []

for text, user2label in train_corpus:
for entities in user2label.values():
spans, bio = self.bio_encoder.encode(text, entities)
train_tokens.append([text[start:end] for start, end in spans])
train_bio.append(bio)

indexes = [i for i in range(len(train_tokens))]
random.shuffle(indexes)
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Oby4eHne moaenu

Mopgenb oby4aeTcsi B peXXUMe CTOXaCTUYECKOro rpaAueHTHOroO Crycka.
[0 uctedeHnn 25 MMHYT 00yYeHnEe NPUHYONUTENBHO MPEKPALLAETCA.

for epoch in range(self.max_epochs):
for i in range(len(train_tokens)):
tokens = train_tokens[indexes[i]]
bio = train_bio[indexes[i]]

self.model.zero _grad()

targets = torch.tensor(bio, dtype=torch.long)

loss = self.model.neg log likelihood(tokens, targets)
loss.backward()

self.optimizer.step()

delta = time.perf counter() - start_time

if delta »>= self.max_train_time:
return
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[lpengckasaHne moaenu

Kaxabll TEKCT TOKEHN3NPYETCH, MOAESb BblYUCNAET nHaekcol BIO
Pa3MeTKN, KOTopasa 3ateM gekoampyeTtcsa obpaTHO B span’bl.

def predict text(self, text: str) -> Set[Tuple[int, int, str]]:
spans = self.bio_encoder.tokenize(text)
tokens = [text[start:end] for start, end in spans]

predicted = self.model(tokens)[1]
decoded = self.bio _encoder.decode(spans, predicted)

return decoded
def predict(self, news: List[str]) -> List[Set[Tuple[int, int, str]]]:
with torch.no_grad():

entities = [self.predict text(text) for text in news]

return entities
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BIO pekogunpoBaHue

NweTcsa BxoxgeHne ctaptoson (B) meTkn. CyLLHOCTbL (DOPMUPYETCH
noka crnegyowme MeTkn ABNATCA BHYTPeHHUMU (I) n pobaBnsieTca BO
MHO>XECTBO.

def decode(self, spans: List[Tuple[int, int]], bio: List[int]) -> Set[Tuple[int, int, str]]:
entities = set()
i=20

while i < len(bio):
while i < len(bio) and not self.index2bio[bio[i]].startswith(BEGIN):
i+=1

if i == len(bio):
break

start, end = spans[i]
label = self.bio2name[self.index2bio[bio[i]]]
i+=1

while i < len(bio) and self.index2bio[bio[i]].startswith(INNER):
end = spans[i][1]
i+=1

entities.add((start, end, label))

return entities
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[Tone3Hble CCbIIKN

https://keras.io/

nttps://pytorch.org/

https://keras.io/examples/
https://pytorch.org/tutorials/beginner/pytorch with examples.html
https://pytorch.org/tutorials/beginner/nlp/advanced tutorial.html
https://towardsdatascience.com/named-entity-recognition-and-
classification-with-scikit-learn-f05372f07ba2
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https://pytorch.org/tutorials/beginner/nlp/advanced_tutorial.html
https://pytorch.org/tutorials/beginner/nlp/advanced_tutorial.html
https://pytorch.org/tutorials/beginner/nlp/advanced_tutorial.html
https://pytorch.org/tutorials/beginner/nlp/advanced_tutorial.html
https://pytorch.org/tutorials/beginner/nlp/advanced_tutorial.html
https://towardsdatascience.com/named-entity-recognition-and-classification-with-scikit-learn-f05372f07ba2

Bonpochb!?



