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Abstract Biomedical named entity recognition(BioNER) is the process of extracting biomedical
entities such as diseases, genes, proteins, and chemicals from biomedical literature. BioNER is an
indispensable technique for the extraction of meaningful data from biomedical domains. The proposed
model employs deep learning based Bi-LSTM-CRF model which eliminates the need for hand-crafted
feature engineering. Additionally, the model contains multi-head attention to capture the relevance
between words, which is used when predicting the label of each input token. Also, in the input
embedding layer, the model integrates character-level embedding with word-level embedding and
applies the combined word embedding into the highway network to adaptively carry each embedding
to the input of the Bi-LSTM model. Two English biomedical benchmark datasets were employed in
the present research to evaluate the level of performance. The proposed model resulted in higher
fl-score compared to other previously studied models. The results demonstrate the effectiveness of the
proposed methods in biomedical named entity recognition study.

Keywords: information retrieval, natural language processing, named entity recognition, multi-head
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Table 1 Dataset details

Dataset JNLBPA NCBI-Disease
Target entity PfOtEiI?’ DN‘A , RNA, Disease
Cell-line, Cell-type
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Table 2 Performance comparison of previously studied models
JNLBPA NCBI-Disease
Precision Recall Fl-score | Precision Recall Fl-score
Zhu et al. [17] 69.73 75.64 72.57 86.46 88.07 87.26
Wang et al. [27] 72.72 77.83 75.19 85.00 87.80 86.37
Habibi et al. [5] 71.35 75.74 73.48 86.11 85.49 85.80
Dang et al. [15] - 85.03 83.80 84.41
Proposed model 72.32 78.71 75.38 88.58 86.10 87.32
£ 3 T dol &9 duld WEC & A3 A7
Table 3 Experimental results on various types of word embedding
JNLBPA NCBI-Disease
word embedding Precision Recall Fl-score | Precision Recall Fl-score
Random 65.13 71.19 68.03 74.48 74.28 74.37
GloVe 66.48 72.12 69.18 78.87 77.00 77.92
Pubmed-PMC 69.38 74.83 72.00 83.11 78.04 80.49
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Table 4 Experimental results on a combination of character-level embedding and word-level embedding
JNLBPA NCBI-Disease
Precision Recall Fl-score | Precision Recall Fl-score
(1) word 69.36 75.83 72.45 84.36 83.20 83.77
(2) word + character(CNN) 70.97 78.48 74.54 85.92 83.71 84.80
(3) word + character(LSTM) 70.68 7851 74.39 85.04 85.89 85.46
(4) word + character(CNN, LSTM) 7112 78.65 74.70 86.17 85.44 85.80
(5) word + character(CNN, LSTM) + fc 72.32 78.71 75.38 88.58 86.10 87.32
3 5 Multi-head ¢} 71#1¢} Highway MESZ 74 84 AA we 243 23
Table 5 Ablation experimental results of multi-head attention and highway layer
JNLBPA NCBI-Disease
Ablation Precision Recall Fl-score | Precision Recall F1-score
Multi-head attention 71.22 78.74 74.79 85.08 84.82 84.95
Highway layer 71.40 78.59 74.80 86.43 84.79 85.57
Multi-head attention, Highway layer 70.86 78.62 7454 84.09 84.96 84.52
Proposed model 72.32 78.71 75.38 88.58 86.10 87.32
6 o FF F9 71A V¥ wE 43 A
Table 6 Experimental results on different types of attention mechanism
JNLPBA NCBI-Disease
Attention Precision Recall Fl-score | Precision Recall Fl-score
Bahadanau attention 7115 78.79 74.78 85.13 84.92 85.03
Luong attention 71.06 78.51 74.60 85.93 85.34 85.63
Multi-head attention 72.32 78.71 75.38 88.58 86.10 87.32
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Table 7 Examples of correct and incorrect test results for JNLPBA dataset
Correctly predicted Answer of test set
Our model | the authors studied specimens of breast carcinomas from 60 consecutive female ... breast carcinomas
GRAM-CNN | the authors studied specimens of breast carcinomas from 60 consecutive female ... : Protein
Our model Analysis of the region 3’ to the CD4+ T-cell gene RPT-1 ... CD4+ T-cell gene RPT-1
GRAM-CNN Analysis of the region 3’ to the CD4+ T-cell gene RPT-1 ... . Protein
Incorrectly predicted Answer of test set
Our model Induction of early B cell factor (EBF) and multiple B lineage genes ... multiple B lineage genes
DNA : DNA
DNA binding of the 90— to 100-kDa proteins was not inhibited ... 90- to 100-kDa proteins
Our model . . .
Protein ¢ Protein
Qulg ME AGSG Adse Bde AEH) 2017,
el T sMe] AES HolEAld Wal teksk AyS [6] J.P.C. Chiu and E. Nichols, "Named entity recognition
Fasln, 1 A9E wm 2 ENSAY. 1 Ay B with bidirectional LSTM-CNNSs,” Transactions of
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