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Table 1 Distribution of data source
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Table 2 Description of entity classification
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Table 3 Description of relationship definition
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Table 4 Description of partial corpus
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Fig.1 Partial data sample of neo4j database
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Fig.2 Flow chart of food safety relationship extraction
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Fig.3 Description of word vector representation
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Fig.5 Example of position vector generation
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Network, PCNND &b B i 72 5 45 B #4122 [ 4% ( Convolutional
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Note: C1, C2 and C3 are all one layer of convolution layer.
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Fig.6  PCNN model structure
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Fig.7 Description of the segmented maximum pooling layer
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Fig.8 Process of segmentation pooling tagging using Jieba word
segmentation
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RIGIAIF R E N H:1E RGN windows10, SKH 4L
P25 /2 Intel(R) Core(TM) i5-8250U CPU @ 1.60 GHz,
T K/NN 12 GB; K GPU #5 & RTX 3050, SA7EK
/N 4 GB; 58 BT ) python WA N 3.7.

AT Fe 5% LA SCHE H ) BERT-PCNN-ATT-Jieba £
B, fEFR— B B T, IR AELIE 8 (2
1511 53 BN 2R B AR X S i AR B R AT 58 o IR o A
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Table 5 Parameter settings of neural network

24 Hll
Parameter Value
HOIR 0.000 6
HER KA 64
Dropout % 0.1
iR/ ONDE <3 60
(DACRZINDE¢%id; 3 40
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L, AFSEBHERZ . HRE, FENE 6 s,
®o6 BWMEMFHEEEHRE, BEEK, FE

Table 6 Precision, recall and £, value of each neural network

model

LR HERf 2R FENCIE:S Fifi
Model Precision/% Recall/% F value/%

CNN 70.55 71.72 71.13

PCNN 74.93 73.48 74.20

BERT-CNN 76.69 75.13 75.90

BERT-PCNN 78.48 76.96 77.71

BERT-PCNN-ATT 80.87 78.81 79.83

BERT-PCNN-Jieba 83.08 79.95 81.48

BERT'_‘}&E;\I'ATT 84.72 81.78 83.22

M 6 1] LA H, PCNN L) F) {E E CNN 5 R ,
LA PCNN B EEE A TR @ M 8da 4, o B Kt
1 ZFHER T B KA 2 BE B Hl 9 Sk B SER IR B R R
FWMEEMN LT XELE, TR EERETE.
BERT-PCNN 5 PCNN #: 84 L, BERT-PCNN I #ERf % |
BRI FESSIEE ST, BERIA BERT A8 A B
Ir] & RE 0% 5 4 (1 3K BCECHR 00 E SUHRFAEAS B o X iR
BERT-PCNN-ATT #1 BERT-PCNN A& 8L, (EhikE
55K E M IERE PG, 7T LR A S s 2
T SCREAE TR 7 58 g P BCEEAE, i B =B DAL Re i 4 Tt
R . BERT-PCNN-Jicba #:%! H, BERT-PCNN #7
1) F fE s, FOATET A 2SR I e d, 8l
o) - [ FRAL 3 AT DLYR 55 B B 4 SRR .l i
TS, B8R U 143 b il 5 2 R] A 7 B A5 S AT
PHER. SHAAAAE, BERT-PCNN-ATT-Jieba (1]
e, G F A e, VIR T aM e
Ak ¢ R B SE b, AR SCH Y BERT-
PCNN-ATT-Jieba 18 AH 5T HABL Y B A3 58 A ) M R
HHER AL T 84.72%, B FIHILEF] 81.78%, F) {HiLHF]
83.22%.

BERT-PCNN-ATT-Jieba £5 8 i HUAS [7] 5 2 1 R
H HRFE K FUEWER 7 Fis.

# 7 BERT-PCNN-ATT-Jieba #EI I T [E] % RAYALIREE
Table 7 Processing results of different relationships based on
BERT-PCNN-ATT-Jieba model

KR 2 FEREIES Fi il
Relation Precision/% Recall/% F) value/%
8 90.43 89.04 89.73
J&T 78.06 79.03 78.54
HBIYy 82.61 87.69 85.07
S 81.98 93.06 87.17
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Relationship extraction in the field of food safety based on BERT and
improved PCNN model
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Science and Technology ,Wuhan 430074, China)

Abstract: A knowledge graph (semantic network) has emerged to organize the real-world entities in a graph database for the
relationship between them. Among them, relationship extraction has been one of the most important links in the automatic
construction of knowledge graphs. However, there is no public dataset related to knowledge graphs in the food safety field at
present. The existing models of relationship extraction are confined to the open standard data set, but most cannot extract the
data in the specific domain. In this study, a professional data set was constructed for the relationship extraction in the food
safety field using the Bidirectional Encoder Representations from Transformers (BERT) and the improved Piecewise
Convolutional Neural Network (PCNN) model. The corpus was firstly collected to annotate the corresponding entities and
related categories. At the same time, a relationship extraction model was proposed using BERT-PCNN-Attention-based Neural
Networks (ATT)-Jieba for the field of food safety. The BERT pre-training model was selected to generate the input word vector.
After that, the segmented maximum pooling layer of the PCNN model was utilized to capture the local information of
sentences. An attention mechanism was added between the segmented maximum pooling layer and the classification layer,
further to extract the high-level semantics. In addition, Jieba word segmentation was used to segment the Chinese corpus
before the random mask segmentation of the BERT model. The segmented maximum pool layer of the PCNN model masked
the word unit instead of characters when executing the Masked Language Model (MLM). As such, the semantic loss of
sentences was reduced to achieve a more efficient relationship extraction, when inputting into the training model. The
performance of the BERT-PCNN-ATT-Jieba model was compared with the classical CNN, PCNN model, as well as the CNN,
PCNN, PCNN-ATT, and PCNN-Jieba models combined with BERT under the same data set and the consistent experimental
parameters. Comparing the PCNN with the BERT-PCNN model, the precision, recall, and F; value of BERT-PCNN were
slightly improved, indicating that the vector generated by the BERT model can better obtain the semantic feature information
of data. Comparing the BERT-PCNN-ATT and BERT-PCNN, the pooled high-level semantic features presented a higher
weight value after adding the attention mechanism between the pooling layer and the classification layer, indicating that the
attention mechanism can improve the performance of the model. The F; value of BERT-PCNN-Jieba was better than that of
BERT-PCNN because the influence of word length was weakened through sentence preprocessing in the training set for the
field of food safety. The position and logical information between words were better analyzed by adding a word segmentation
operation. Consequently, the BERT-PCNN-ATT-Jieba model presented the highest precision of 84.72%, recall of 81.78%, and
F, value of 83.22%, indicating that the better performance was achieved in the relationship extraction data set using the field of
food safety. The finding can provide a strong reference for knowledge extraction in the cost-saving and automatic construction
of knowledge graphs in the field of food safety. The improved model can also lay a foundation for the application of
Knowledge Q&A, knowledge retrieval, data sharing, and intelligent supervision of food safety using knowledge graphs.
Keywords: food safety; models; relationship extraction; knowledge graph; attention mechanism; BERT; PCNN
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