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Tobacco grading question answering system integrating knowledge
graph and semantic information

CHEN Ting, ZHU Changqun

(School of Mechanical and Electrical Engineering, Kunming University of Science and Technology, Kunming, Yunnan
650500, China)

Abstract: In view of the redundancy of knowledge in the field of tobacco grading and the absence of a professional
platform for academic retrieving, the knowledge graph of tobacco grading was constructed by collecting multi-source
tobacco grading data and combining the top-down method, and an intelligent question and answer system was developed
on this basis. The core technologies are as follows. 1) Collecting tobacco leaf grading data through named entity
recognition(NER) and relation extraction(RE) to extract triplet information, and import it into the Neo4j platform for
storage. 2) For question semantic parsing, the BERT-BiGRU-MHSA-CRF model fused with graph data was used to
improve the entity recognition effect of question sentences, and the self-attention mechanism was integrated into the
BERT-TextCNN model to parse user hierarchical intent. Then, the cypher query statement was automatically constructed
by matching the template and replacing the slot information, and the most accurate answer was retrieved and returned in
the Neo4j knowledge base. The results showed that the constructed knowledge graph contains 6 620 entities and more
than 14 000 relationships. The harmonic mean F1 of the question entity recognition model BERT-BiGRU-MHSA-CRF
was 94.12%, and the F; of the hierarchical intent recognition model BERT-TextCNN-Attention was 98.77%. In summary,

the system can quickly retrieve and accurately answer multiple types of questions related to tobacco grading, which can
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provide auxiliary functions for graders.

Keywords: domain knowledge graph; semantic analysis; question answering system; tobacco grading; question entity

recognition; intent recognition
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Fig.1 Overall framework of question answering system
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Fig.5 Flowchart of intent recognition
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Table 3 Initial intent categories
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Table 4 Classification intent categories
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Fig.6  Structure of hierarchical intent recognition model
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Table 5 Knowledge graph construction dataset
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Table 6 Dataset of trivia construction
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Table 7 Experimental environment settings

SLIIREE [[cs

BIERS Windows 10

GPUML & NVIDIA GeForce RTX 3060
AT 12GB

TR Python 3.9

FRHESR Pytorch 1.13.0
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Table 8 Hyperparameter settings of each part
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3.4.1 &% FARIRA
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BERT-BiLSTM-MHSA-CRF#4 X% FL 525, 255
TR,

R HEIFRJER

Table 9 Results of named entity recognition

| Pl% R/% Fi/%
BiLSTM-CRF 90.35 82.05 83.75
BiGRU-CRF 91.85 85.33 87.12
BERT-BiLSTM-CRF 90.61 89.38 89.60
BERT-BiGRU-CRF 91.98 88.96 90.35

BERT-BiLSTM-MHSA-CRF  90.40 91.82 91.04
BERT-BiGRU-MHSA-CRF 92.52 91.51 91.95

RO LIE H: EM RIS b, Ay
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91.04%. 91.95%. AHAL T HAWALRY, A SRR 1Y)
Wi . A EERL R FIA RS, LA G T
BERT-BiGRU-MHSA-CRF iy 44 S {4 {5 B4 AU AT 1)
AROIR R 53 A
4.2 XABR

o OB e [A] A 2R FH doccano T AR 1R 4L
PEIEA TR, R T REASCR LS T 2 ik
7 B 15 B BERT-BiLS TM-Attention 5 78 [ R4 5
5 H At Y 26 R AHIBCBC BYBIISTM . BERT-
BilSTM A ¥ 1 52 44437 B 15 B i BERT-BILSTM-
Attention 7EEU i 522 F AT X U SE 5, Z5 R aNFR10
PR

F10 XARMMBUSLINLER

Table 10 Results of relational extraction experiment

1A Pl% RI% Fi/%
BilSTM 83.15 8262  83.66
BERT-BilSTM 8750 9130  89.36
BERT-BiLSTM-Attention 95.69  95.69  95.69
(GRS SNAE)EY!
BERT-BiLSTM-Attention 97.62  97.60  97.60
(& SR AR

FFR10AT ., SCRMBUBIHOR AL A 43 ik
1B 15 B BERT-BILSTM-Attention B %!, A% T
BilSTM FIBERT-BilSTMAR Y HL i1 8 43l $2 7+ 1
14.47F110.120 E 435, AR I$ETH14.98F16.3
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Table 11 Results of entity recognition of questions

iz Pl% RI% Fi/%
BiLSTM-CRF 90.58 87.72 85.04
BiGRU-CRF 91.78 89.99 88.26
BERT-BiLSTM-CRF 91.50 89.54 90.34
BERT-BiGRU-CRF 91.63 91.16 91.34

BERT-BILSTM-MHSA-CRF ~ 92.42 92.62 92.66
BERT-BiGRU-MHSA-CRF 93.68 93.58 94.12
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Table 12 Experimental results of classification intention recognition

i) PI% RI% Fil%
BiLSTM 95.23 82.33 83.69
BiLSTM-CRF 95.64 87.78 88.93
BiLSTM-CNN-CRF 96.20 92.05 93.18
BERT-TextCNN-Attention 99.16 98.63 98.77
BERT-TextCNN 95.26 94.12 94.78
TextCNN 91.83 86.99 88.52
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Table 13  Test results of question answering system
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