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Abstract

In recent years, the performance of various natural language processing sys-
tems has been greatly improved by pre-training models. Bidirectional Encoder
Representations from Transformers (BERT) is a model similar to a deep neural
network in which Transformer’s Multi-head Attention is stacked in multiple
layers. The BERT is pre-trained in a large corpus by two methods, Masked
Language Model and Next Sentence Prediction. By the pre-training model,
we obtain word embeddings depending on the context. Although BERT pre-
training is expensive, we can process Japanese documents with high accuracy
by Japanese pre-training model, which is publicly available.

In document-classification tasks such as emotion anarysis task, document
feature vector can be constructed from the BERT output. However, the length
of the BERT input sequence is upper-limited. Due to this limitation, docu-
ments longer than the upper limit are truncated. In the case of handling
long documents, we considered that we don’t obtain enough information by
standard methods for document classification.

Against this background, we propose a method that constructs document
feature vector in BERT by embedding all words in long documents.

The effectiveness of the proposed method is demonstrated on Japanese emo-
tion analysis data. In addition to the proposed method, which is feature-based
approach, we also conduct standerd fine-tuning approach and compare them.
As methods other than BERT, we conduct the distributed representation
by word2vec and the XLNet method, and compare them with the proposed
method.
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gobooobooooboboooboboo 20000000b0000D0DO0O0O 2,00000
gooobood

01: Amazon 000000000000 O0ODOOO

books | DVD | music || 300000

ooooo 2,000 | 2,000 | 2,000 6,000

ooooon 2,000 | 2,000 | 2,000 6,000

000000000 BERTOODODODODOODODOOD 1280000000000000
O00000O0DO0ODOD 12800000000000O00DO0ODO 90500,87200 O
O 7200000000 20000000 b0000o0b0 400000b0obDOobDOn

gogoooobooobbbbbbboboooo

02 Amazon 00 0000000000000 000OOO 12800000000

books | DVD | music || 300000

905 872 727 2,504

TF-IDFOOOO0O0OO0O0ODOOOO0ODOO 60000000000 4140000000
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6.3 0OO0OO0

oboobogo3dbo9uoopoboobooooo3dboboobobo iogoobooboobo
gooo

b OCOBERTOOOOODOODODODOODOOOOODO BERTOOOOODOOD
O000000O0OO0bOO0bO0bObDObOOobOOobOOoOO0obOU0ObOUObODOOobOtoOTE-IDE
0000000000000000000000000000000(bs;t]00bs O ¢
0000O00DbO0O0O00DO0OODbOODO00ODOO0ODODDbODO0O0ODKDODODODO0ODOO
BERTOOOOOOOOOOOODOOODODODODOOODOOODOOObLOODOOODOO
000000;t| 00,0 t000000000000000O00O00O00O0DO0O0OO0
gobobbooobobbuooobobobuoooobbboooboboo

REFIE

IEf#R
0.86
0.84

0.82
mb s
0. mt
[b_s:t]
mb |
0.7 H[b_[it]
0.7
0.74

books DVD music 15

(00}

oo

»

09 000onbooon

0000000 [b;t)0000 128000000 (0O000O0D0O0)DODODOOOOOO
000 [bs;t)] 0000000000000 0O00OOOOOOOOOOODOOOOOOOO
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O3 0000000000000

books DVD music J0oooo
bs 0.7859 | 0.7818 | 0.8086 0.7921
t 0.7816 | 0.8135 | 0.8224 0.8058
[bs;t] || 0.8156 | 0.8229 | 0.8427 0.8271
by 0.8086 | 0.8014 | 0.8203 0.8101
[b;t] || 0.8192 | 0.8338 | 0.8516 0.8349

o0ooboo0o0oboob 4000004000000 0D000DODOODODOO

gooooo

O4: 0000000000000

books DVD music 30000o
[bs; t] 0.8079 | 0.8360 | 0.8355 0.8265
[bl; t] 0.8202 | 0.8464 | 0.8488 0.8385
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[
71 000000000

O000 BERTOOODOUOOOOOODODODOODOOOOOword2vecO OO0
0000000000000 00000000000000000000 word2vec 0 O
goobobdooobobdooobobdooobobooobboooboboooboobobooaon
BERTOOODODODOODODODODOOODO WikipediaDODODOODODOODO

http://www.cl.ecei.tohoku.ac.jp/~m-suzuki/jawiki_vector/

0000000000000 0000O0000DO0D00O0 word2vec OO ODOODOO
000000000 oOo0o0o0oo0oooo0oD0 wOOOOOOOOTE-IDFOOOO
O000¢00000 [w;t) 00000000 |[wyt]000000000OO0O0O0OOOOO
OO00OO0bO0o0ooobOosb0ObO

05 0bd0bobooobobobooboobooo

books DVD music [ 300000
[w; t] 0.7899 | 0.8207 | 0.8330 0.8146
[bs;t] || 0.8156 | 0.8229 | 0.8427 0.8271
[bi;t] || 0.8192 | 0.8338 | 0.8516 0.8349

O00bO00O0O0O0O0O0DO0oO0O0obDO0OCO0OO0bOOBERTODOODODODOOOD

0000000000000 BERTODODOODODODODODODOODODODOOO

O00O0ODOOOBERTOODOOOOOODOODOODOODOOOOO
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7.2 Fine-tuning

BERT OOfine-tuning 0 000000000000 ODOOOOOOOOOOODODOO
O00000000O0OBERTOOOO finetuning0 OO0 O0O0O0O0O0O0OO0OO0O0OOOO
O0000Ofine-tuning 0000000000 BERTOOOODOOOODOOOOOOO
0000000 [CLS]00000000o00oo0uo0ouo0o0ooooooooo

D000 BERTOODOOODOOOOOODOOOOOO run_classifier.py 0000
000000000000 finetuning 000000000 250000000 3000
000000000 60000 fpere O fine tuning 0000000 fpert O biors) OO

0000000000 4 0D0O00D0O0000000000 [bh;t)00000000O0
goooo

0 6: Fine Tming OO0 00000 ODO

books DVD music | 300000

bicrs) || 0.7629 | 0.7567 | 0.7779 0.7658

b 0.8086 | 0.8014 | 0.8203 0.8101

t 0.7816 | 0.8135 | 0.8224 0.8058

[by; ] 0.8192 | 0.8338 | 0.8516 0.8349

Joert 0.7894 | 0.7799 | 0.8019 0.7904

000000000 [CLS]0000000o0oOd BERT O fine tuning 00000
0000000 BERT O feature based 0000000000000 OCOOODODOO
000000000000 00000000000000D0O00000A0 fine tuning O
gobbboooobbboooobbobuooooon

*6 https://github.com/google-research/bert
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7.3 XLNet

XLNet 00000000 DOOODOOOODOODDOOOOOOODOODOOOBERT
000000000000 0000000000000000XLNetODOOOOOOGO
00000000000 0OBERTOOODOOOOO XLNetOOOODOODOOOOOO
goooo

0000000000000 000 XLNet 0000 (NFKCO)OOODDOOOO
0000000000 tokenizer 0 MeCab+NEologd O O Sentencepiece O 0 0 0O O
O00OMeCabOOODOOODOOOODODOOOOOODOOOODDOOO Sentencepiece O

gobboooobobooooboboooon
https://qiita.com/mkt3/items/4d0ae36f3f212aee8002

000070000000 funee O XLNet 0000 fine tuning 0000000
O0OOBERT 0000 fine tuning 000000 fp e 00000000000 O0DOO
XLNet OOOOOOODOOOO

07 XLNet OOODOOOOODO

books DVD music | 300000
[b;;t] || 0.8192 | 0.8338 | 0.8516 0.8349
Joert 0.7894 | 0.7799 | 0.8019 0.7904
fainet || 0.7750 | 0.7750 | 0.8000 0.7833

XLNet O finetuning 00 0000000000000 OOODOOOODODOO feature
base 000000000000 00O0DO0DOO0O0O0O0O0DODODOOXLNet O feature base
00o00Oo0o0o0o0oboobOooooooog
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00000 BERTOOOOOOOOOODOODODODODODOOOOOOOOoDOOoDOoD
OBERTOOOOODOOODOODODODODODOOODODODODODODObOOOOOO
00000000000 BERTODODODODODODODODODODOOOOODOOODOOO
000000o0000odooooU0o0oOOooodoodoooooogooDoooooog
Oo0oooo

O000000O0DbO0000DObO000D0ODOO000b0 BERTOOODDODDOOOOOD
O00Webis-CLS-100 0000 Amazon 0 0000000000000 OOOOOOOO
O00oOoO0OoOo00ooOoO0bOoO0OoOo0oUoDOoOOoOoOOoUoOTrF-IDFOODOOOOOOO
0000000000000 000000000000Ofine-tuning00000D0OO
O00Ofeature based D0 00000000 O0OO0OCOCOOOOOOOBERTOOO
O00000Oword2vec 000 O0O0ODOO0DOOOXLNet ODOOOOOOODOODOOOO
O XLNetOOODOOOOODOODOODOODODOOOODODODOODODODO
BERT OO OOUO fine-tuning 00 0000000000000 O0OOOOOOODODODO
godoouoo

00000000000 finetuning0 0000000 O0OODOOOOODOOOOO
fine tuning 000000000000 O0O00OOOO finetuning 0OOO0ODOOODO
00000 XLNet D0 0Ofeature base 00 000000000000
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HEN

A BERT O featurebased D00 OO0 00O OOOOO

BERT O XLNet, ALBERTOOOO0O0O0O00O0OO transformers* 00000000
000000000000 0000000000 PythonOOODODDOOOOOODODOOO
00000000000 000 PytorchOOODODOOODOOOOOOO transformers O
0 feature based 00 00000000000 OCO0O0O0DODOOODOOOtransformers O 0O
000000000 pytorch-pretrained-BERT 00 0O 00 extract_features.py 00
transformers 0 examples/run_glue.py 00 00 0O O O transformers 000 000 O
00000 feature based 00000000000 extract_features.py 000000
000000000 Al1Ooooog

000000000 A100D0D00000 BashOODOOD bert.shO0ODODODOOO
0 A20000

000000 A.1: extract_features.py

1 """Ezxtract pre-computed feature wectors from a PyTorch BERT model."""

from __future__ import absolute_import

s

from __future__ import division

(@]

from __future__ import print_function

import argparse

import collections

© o N O

import logging

10 import json

11 import re

12 import random

13 import numpy as np
14 import pathlib

15 import os

16 import copy

17 import sys

18 import torch

*7 https://github.com/huggingface/transformers
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29
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31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

52
53
54
55
56

from tqdm import tqdm

from torch.utils.data import TensorDataset, Dataloader,

SequentialSampler

from torch.utils.data.distributed import DistributedSampler

current_dir = pathlib.Path(__file__) .resolve() .parent

sys.path.append (str(current_dir) + ’/../’)

from transformers import BertJapaneseTokenizer, BertModel, BertConfig

logging.basicConfig(format = ’%(asctime)s - %(levelname)s - % (name)s -

Luk(message)s’,
datefmt = ’Ym/%d/%YU%H: UM %S’ ,
level = logging.INFO0)
logger = logging.getLogger (__name__)

class InputExample(object) :
def __init__(self, unique_id, text_a, text_b):
self .unique_id = unique_id
self.text_a = text_a

self.text_b = text_Db

def __repr__(self):

return str(self.to_json_string())

def to_dict(self):

"""Serializes this instance to a Python dictiomary."""

output = copy.deepcopy(self.__dict__)

return output

def to_json_string(self):

"""Serializes this instance to a JSON string."""

return json.dumps(self.to_dict(), indent=2, sort_keys=True) +

" \Il"

class InputFeatures(object):

"""4 single set of features of data."""

def __init__(self, unique_id, tokens, input_ids, attention_mask,
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57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

74
75
76
T
78
79
80
81
82
83
84
85

token_type_ids) :

self.unique_id = unique_id

self.

self.input_ids input_ids
self.attention_mask = attention_mask

self

__repr__(self):

return str(self.to_json_string())

to_dict(self):
"""Sertalizes this instance to a Python dictiomnary."""
output = copy.deepcopy(self.__dict__)

return output

to_json_string(self) :
"""Serializes this instance to a JSON string. """

return json.dumps(self.to_dict(), indent=2, sort_keys=True) +

def set_seed(args):
random. seed (args.seed)
np.random. seed (args . seed)
torch.manual_seed(args.seed)
if args.n_gpu > O:

torch.cuda.manual_seed_all (args.seed)

def convert_examples_to_features(examples, tokenizer,

.token_type_ids token_type_ids

max_length=512,
pad_on_left=False,

pad_token=0,
pad_token_segment_id=0,
mask_padding_with_zero=True) :
features = []
for (ex_index, example) in enumerate(examples) :
if ex_index 7% 10000 == O:

logger.info("Writing ,example %d" % (ex_index))
inputs = tokenizer.encode_plus(

example.text_a,

example.text_b,
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96
97
98
99

100
101
102
103
104

105
106

107

108

109

110

111

112

113

114

115

116

117

118
119

120

121

122

123

add_special_tokens=True,
max_length=max_length,

)

input_ids, token_type_ids = inputs["input_ids"], inputs["
token_type_ids"]

tokens = []

for input_id in input_ids:

tokens . append (tokenizer._convert_id_to_token(input_id))

# The mask has 1 for real tokens and O for padding tokens. Only
real

# tokens are attended to.

attention_mask = [1 if mask_padding with_zero else 0] * len(

input_ids)

# Zero-pad up to the sequence length.
padding_length = max_length - len(input_ids)
if pad_on_left:
input_ids = ([pad_token] * padding_length) + input_ids
attention_mask = ([0 if mask_padding_with_zero else 1] *
padding_length) + attention_mask
token_type_ids = ([pad_token_segment_id] * padding_length)
+ token_type_ids
else:
input_ids = input_ids + ([pad_token] * padding_length)
attention_mask = attention_mask + ([0 if
mask_padding_with_zero else 1] * padding_length)
token_type_ids = token_type_ids + ([pad_token_segment_id]
* padding_length)

assert len(input_ids) == max_length, "Error_ with_ input length,,
{}vs {}".format (len(input_ids), max_length)
assert len(attention_mask) == max_length, "Error with,input,

length {} vs {}".format (len(attention_mask),

assert len(token_type_ids) == max_length, "Error with,input,

length, {} vs {}".format (len(token_type_ids),
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124

125 if ex_index < b:

126 logger.info ("sx¥ Example sx*")

127 logger.info("unique_id: %s" % (example.unique_id))

128 logger.info("tokens: }%s" % ",".join([str(x) for x in
tokens]))

129 logger.info("input_ids: %s" % ".".join([str(x) for x in

input_ids]))

130 logger.info("attention_mask: %s" % ",".join([str(x) for x
in attention_mask]))

131 logger.info("token_type_ids: %s" % "u".join([str(x) for x
in token_type_ids]))

132

133 features.append(

134 InputFeatures (unique_id=example.unique_id,

135 tokens=tokens,

136 input_ids=input_ids,

137 attention_mask=attention_mask,
138 token_type_ids=token_type_ids,))
139

140 return features

141

142 def to_list(tensor):
143 return tensor.detach().cpu().tolist()
144

145 def read_examples(input_file):

146 """Read a list of ‘InputErample‘s from an input file."""
147 examples = []

148 unique_id = 0

149 with open(input_file, "r", encoding=’utf-8’) as reader:
150 while True:

151 line = reader.readline()

152 if not line:

153 break

154 line = line.strip()

155 text_a = None

156 text_b = None

157 m = re.match(r"~C.*) \ININILC.*)$", line)

158 if m is None:

159 text_a = line
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160 else:

161 text_a = m.group(1l)

162 text_b = m.group(2)

163 examples . append (

164 InputExample (unique_id=unique_id, text_a=text_a, text_b
=text_b))

165 unique_id += 1

166 return examples

167

168 def load_and_cache_examples(args, tokenizer, evaluate=False,
output_examples=False) :
169 if args.local_rank not in [-1, O] and not evaluate:
170 torch.distributed.barrier() # Make sure only the first process
in distridbuted training process the dataset, and the others

will use the cache

171
172 # Load data features from cache or dataset file
173 input_file = args.input_file
174 cached_features_file = os.path.join(os.path.dirname(input_file), °’
cached_{}_{}_{}’.format(
175 ’feature’,
176 list(filter (None, args.model_name_or_path.split(’/?))) .pop(),
177 str(args.max_seq_length)))
178 # if os.path.exzists(cached_features_file) and not args.
overwrite_cache and not output_examples:
179 if os.path.exists(cached_features_file) and not output_examples:
180 logger.info("Loadingufeaturesufromucachedufileu%s“,
cached_features_file)
181 features = torch.load(cached_features_file)
182 else:
183 logger.info("Creatingufeaturesufromudatasetufileuatu%s",
input_file)
184 examples = read_examples (input_file=input_file)
185 features = convert_examples_to_features(examples=examples,
186 tokenizer=tokenizer,
187 max_length=args.
max_seq_length,
188 pad_on_left=bool(args.
model_type in [’
xlnet’]),
189 pad_token=tokenizer.

38



190

191
192

193
194
195
196

197
198
199

200

201

202

203
204

205
206
207
208
209
210
211
212
213

214

def

convert_tokens_to_ids
([tokenizer.
pad_token]) [0],

pad_token_segment_id=4
if args.model_type
in [’xlnet’] else
0,)

if args.local_rank in [-1, O]:
logger.info("Savingufeaturesuintoucachedufileu%s",
cached_features_file)

torch.save (features, cached_features_file)

if args.local_rank == 0 and not evaluate:
torch.distributed.barrier() # Make sure only the first process
wn distributed training process the dataset, and the others

will use the cache

# Convert to Tensors and build dataset

all_input_ids = torch.tensor([f.input_ids for f in features],
dtype=torch.long)

all_attention_mask = torch.tensor([f.attention_mask for f in
features], dtype=torch.long)

all_token_type_ids = torch.tensor([f.token_type_ids for f in
features], dtype=torch.long)

all_example_index = torch.arange(all_input_ids.size(0), dtype=

torch.long)

dataset = TensorDataset(all_input_ids, all_attention_mask,
all_token_type_ids, all_example_index)

if output_examples:
return dataset, examples, features

return dataset

main() :

parser = argparse.ArgumentParser ()

## Required parameters

parser.add_argument ("--input_file", default=None, type=str,
required=True)

parser.add_argument ("--output_file", default=None, type=str,

required=True)
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215

216

217

218
219
220

221
222
223

224

225

226
227
228
229

230
231
232
233
234
235
236
237
238
239
240
241
242
243

244

parser.add_argument ("--model_name_or_path", default=None, type=str
, required=True,
help="Bert pre-trained, model ;selected in the
list: bert-base-uncased, "
"bert-large-uncased, bert-base-cased, bert

-base-multilingual, bert-base-chinese.

n)

## Other parameters
parser.add_argument ("--do_lower_case", action=’store_true’, help="
Setuthisuflaguifuyouuareuusinguanuuncasedumodel.")
parser.add_argument ("--layers", default="-1,-2,-3,-4", type=str)
parser.add_argument ("--max_seq_length", default=128, type=int,
help="The maximum total input ;sequence length,
after WordPiece jtokenization. Sequences,
longer,,"
"than this will be truncated, and sequences
shorter than this will, be padded.")
parser.add_argument ("--batch_size", default=32, type=int, help="
Batchusizeuforupredictions.")
parser.add_argument ("--local_rank",
type=int,
default=-1,
help = "local_rank, for distributed trainingong,
gpus")
parser.add_argument ("--no_cuda",
action=’store_true’,
he1p="WhetherunotutouuseuCUDAuwhenuavailable")
parser.add_argument (’--seed’, type=int, default=42,

help="randomuseeduforuinitialization“)

args = parser.parse_args()

args.config _name = ""
args.tokenizer_name = ""

args.model_type = ’bert’

if args.local_rank == -1 or args.no_cuda:
device = torch.device("cuda" if torch.cuda.is_available() and
not args.no_cuda else "cpu")

args.n_gpu = torch.cuda.device_count ()
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246
247
248
249
250
251

252
253
254
255
256
257

258
259
260

261

262

263

264

265
266

267
268
269
270

271
272
273
274

else:
torch.cuda.set_device(args.local_rank)
device = torch.device("cuda", args.local_rank)
torch.distributed.init_process_group(backend=’nccl’)

args.n_gpu = 1

logger.info("device: {} n_gpu: {} distributed training: {}".format (

device, args.n_gpu, bool(args.local_rank != -1)))

set_seed(args)

# Load pretrained model and tokenizer
if args.local_rank not in [-1, O]:
torch.distributed.barrier() # Make sure only the first process

in distridbuted training will download model & wocab

args.model_type = args.model_type.lower ()
config_class, model_class, tokenizer_class = (BertConfig,
BertModel, BertJapaneseTokenizer)
config = config_class.from_pretrained(args.config_name if args.
config_name else args.model_name_or_path,
num_labels=2000,
finetuning_task="japanese
")
tokenizer = tokenizer_class.from_pretrained(args.tokenizer_name if
args.tokenizer_name else args.model_name_or_path,
do_lower_case=args.
do_lower_case)
model = model_class.from_pretrained(args.model_name_or_path,
from_tf=bool(’.ckpt’ in args.
model_name_or_path) ,

config=config)
if args.local_rank ==
torch.distributed.barrier() # Make sure only the first process
wn distributed training will download model & wocab

model.to(device)

dataset, examples, features = load_and_cache_examples(args,

tokenizer, evaluate=True, output_examples=True)
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276
277
278

279

280
281
282
283
284
285
286
287
288
289
290
291
292

293
294
295
296
297
298
299
300
301
302
303
304
305
306
307

308
309
310

args.eval_batch_size = args.batch_size

# Note that DistributedSampler samples randomly

eval_sampler = SequentialSampler(dataset) if args.local_rank == -1
else DistributedSampler (dataset)

eval_dataloader = Dataloader (dataset, sampler=eval_sampler,

batch_size=args.eval_batch_size)

layer_indexes = [int(x) for x in args.layers.split(",")]

model .eval()
with open(args.output_file, "w", encoding=’utf-8’) as writer:
for batch in tqdm(eval_dataloader, desc=’Evaluating’):
batch = tuple(t.to(device) for t in batch)
with torch.no_grad() :
inputs = {’input_ids’:batch[0],
’attention_mask’:batch[1]}
if args.model_type != ’distilbert’:
inputs[’token_type_ids’] = batch[2] if args.
model_type in [’bert’,’xlnet’] else None # XLM
, Dist11BERT and RoBERTa don’t use segment_tds
example_indices = batch[3]
outputs = model (**inputs)
all_hidden_states = outputs[2]
#all_hidden_states = all_hidden_states.cpu().numpy()

for b, example_index in enumerate(example_indices) :
feature = features[example_index.item()]
unique_id = int(feature.unique_id)
output_json = collections.OrderedDict ()
output_json["linex_index"] = unique_id
all_out_features = []
for (i, token) in enumerate(feature.tokens):
all_layers = []
for (j, layer_index) in enumerate(layer_indexes):
layer_output = all_hidden_states[int(
layer_index)] .detach() .cpu() .numpy ()
layer_output = layer_output [b]
layers = collections.OrderedDict ()

layers["index"] = layer_index
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311 layers["values"] = [

312 round(x.item(), 6) for x in layer_output[i
]

313 ]

314 all_layers.append(layers)

315 out_features = collections.OrderedDict ()

316 out_features["token"] = token

317 out_features["layers"] = all_layers

318 all_out_features.append(out_features)

319 output_json["features"] = all_out_features

320 writer.write(json.dumps (output_json) + "\n")

321

322

323 if __name__ == "__main__":

324 main ()

goooog A.2: bert.sh

1 #!/bin/bash

2

3 export BERT_BASE_DIR=/PATH/TO/BERT/PRETRAINED/MODEL
4

5 input_file_name=$1

6 output_file_path=$2

7 output_extension=".json"

8

9 if [[ ! -f ${input_file_name} ]]; then
10 echo "input_file not, found"

11 exit 1

12 fi

13

14 list=(${input_file_name//./ })

15 file_name=${1ist[0]}

16 if [[ -n ${output_file_path} ]]; then

17  file_name=${output_file_path}/$(basename ${file_name})
18 if [[ ! -d ${output_file_path} 1]; then

19 mkdir -p ${output_file_path}

20 fi

21 fi

22 output_file_name=${file_name}${output_extension}

23
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24
25
26
27
28
29
30

python3

/PATH/transformers/examples/extract_features.py \
——input_file ${input_file_name} \

—-output_file ${output_file_name} \
--model_name_or_path ${BERT_BASE_DIR} \

--layers -1 \

--max_seq_length 128 \

—-batch_size 8
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