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ABSTRACT

MRC (Machine reading comprehension) is the Al NLP task that predict the answer for user's query by understanding of the relevant document

and which can be used in automated consult services such as chatbots. Recently, the BERT (Pre-training of Deep Bidirectional Transformers

for Language Understanding) model, which shows high performance in various fields of natural language processing, have two phases. First

phase is Pre-training the big data of each domain. And second phase is fine-tuning the model for solving each NLP tasks as a prediction.
In this paper, we have made the Patent MRC dataset and shown that how to build the patent consultation training data for MRC task. And
we propose the method to improve the performance of the MRC task using the Pre-trained Patent-BERT model by the patent consultation

corpus and the language processing algorithm suitable for the machine learning of the patent counseling data. As a result of experiment,

we show that the performance of the method proposed in this paper is improved to answer the patent counseling query.
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skEHolEE 53t AlflS XAt

71AES] @a1E]E2 Q&A(Question and Answering), 5
(ChatBot)#t 22 A5 HokgH Al2jl9] difje] E 4= k= k5
A5 710, & =iolk= GoogleolH 373 1/d52] ol
991 BERT(pre-training of Deep Bidirectional Transformers
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KorQuAD(the Korean Question Answering Dataset)[2]7}
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Table 1. Example of Patent Consultation Training Data Set

Type Contents
1 D 003002002-001-042
Title | AF4EA3SE
Category | 5EEA-55]- A8AM-AHEYEE

NFIHEROR -E) SNsE dEAE
4 | Context | Al&SH Y2RE 2904 39 Fof & 4 9loH,
TESL < (79004 841> B AYH (=)~

) ﬁ'—b'r}\“] AEYdare AA Jzof 555 dop &
5 | Question oI}

Answer 7%‘01]"1 8y

7 Index 156

HIZE f97] Fro] W £ FEREH 22 Hol fl=
o1& Agstol AVt REG dojol g 22g 8t
ofgle +¥2 do= E]'ookﬂ HAoE BAFsIES s

. 299 A = 5~1004H= AREeitt.

AnswerE 7|A7} Context WollAl AnswerS Zropfof
StEE 1~45%F olWi9] ©HEy Ee AT Aed FHE
HFEA] Context W Y3 80l& ARESH)

ZA glolg Alof| i3l Categorys H&ERF 7|&C02 B&F
g Ay A AZ(51.16%), SEERH43.27%), SR
(3.24%)= FJot3l, £7E SA= Table 29 Ztt.

Table 3 A9 o]z TE typed W-&olH, 434
AARE E5)3E ol Aol 2A35kgt ZEoA typed =
7IA=S B7HE st¥al 1 Y= Fig. 13 &t

oo

Table 2. Statistics of Dataset Category

Main Category Sub Category Ratio
Industrial | PatentUtility model 22.69%
property Trademark 17.00%

right system | Design 11.46%

Registration Industrial property right-Trademark | 3.18%

PatentUtility model 7.89%

procedure Registration and Common 32.21%

Fees Fees payment 1.70%

Fees refund and Payment update 1.55%

Interim Interim common 1.05%
procedure

Examination | Patent'Utility model 0.37%

procedure | Trademark 0.30%

. Inter parte cases 0.28%

Trial procedur Ex pafte cases 0.33%

Fig. 1914 4597} A #+= EM(Exact Match)?} F1 score
& EM scorex= 0] 71& HE9] ojdeeirt FgstA 4
A5t= HEo|, Fl scorew &S AEI AA| & 7t
AUt QLo 2otET Fholth. o] Ago gk =E
A5H7t A EE EM, F1 scoreZ H7IE 3ict.

A9 B1 Zol= i 10,0009, ‘F&d9 AZLE
o] ZAYARI A¥, A o]l o3t HABH, F
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Table 3. Types of Patent Query

Type Contents

the query type that level of filling a blank with
maintains the order and words in the sentence

the query type that can be found out an answer
B only by using the words in the context or by
understanding the sentences before and after

the query type that uses words that are not in
C context and lacks clues, or requires logical
inference by understanding multiple sentences

100

90 1 82.67 83.74
20 77.34
70 4
60 56.52
50 +
40 4
30 -

Type A Type B Type C
HEM 66.81 69.13 56.52
HF1 82.67 83.74 77.34

Fig. 1. Performance Evaluation by Types

aYWYT] g Fayol g A9 5 vyl of
J HRE 71 BAgeln, A9 Bl BE 7EASE

Table 40014 &5ttt

Table 4. Number of Answer Length

Answer Length Count

~10 4,452

11~20 1,135
21~30 283
30~ 141

Table 5= S514" A8 Holg Ao 15 Ago]
th F 6,011749 E9E AogH tloly AL 553
1, Rdsk5S Y9 training set, dev set& 912 E&5
of £ =% Add Fg3ir}.

Table 5. Number of Patent Consultation Data Set

Title Context Question | Answer
training set 51 197 5,401 5,401
dev set 15 24 610 610

ESE £3589 pre-training RESHGS a4l patent
IHAE HEE miHstq

Patent LT A= ESIH Hlolg A9 =3 249 &
S| A 9] Aeold HlolE, E5H Y &9 - A4
S5 - AT 5 AR dael AoSHo R A& HoQl

E5]1 7 AR 7IREo R 3t} E4EA}, on|A], &
122t contexto] gtz 71 5t9l HEY W& =
skl AATEE AA 7% HolHE 5 & NLTK(Natural
Language Tool Kit) sentence tokenizerE ©]&3] &%
EYE o) g 20 & 234 AX A7, g o] Bt
H 2 g HES FlE 3 S5 AYATE S TR
O & Ao REN F 5780 I ok5 FHAS FE5Uh

e e
X,

4. BERT7|gt E514E 7IA=5 22

7|A=58) ojrdl2 BERT-base Multilingual Cased
Zd(transformer block:12, self-attention head:12, hidden
size:768, activate function:gelu, vocab size:119547)&
base ZEZ ARSI AH-L pre-trainingllAlE= base &
9, base RE& 7|HO 2 patent THAE 37} 53 2
9 base REE 7|WO 2 F=to] §7|H} IHAE F7}
35t Bd 5 AoA FRo| ©E 45 B7}, fine-tuning
o= ¥=of tokenization 7™, sto]¥ n=tulE 2|23}
o fof W2 A5 7}, ARt oA S A8 off
o W& 4% B7IE UrolA Bl AFS 2t ol
3 vl S 5 s ERoklA ZAS 282
At HH 9] WS =EstaAl ohH, Fig. 2+ & =EofA
Adst= f3E AY sExolt

Pre-training ‘ Wiki ‘ | Patent ‘ ‘ Patent+Wiki |

Al Models

‘) Default ‘ ‘ Optimization |

Optimization of NLP

Algorithm | Default ‘ ‘

Evaluation ‘

Data | KorQuAD ‘ ‘ Patent

Vlax Score fol No
Patent Data

YES

Fig. 2. Flow Chart of Experiment for Patent Consultation MRC

Ao ARESH Al OS : Ubuntu 16.04, CPU : 24
cores, Memory : 128GB, GPU : NVIDIA Tesla P100
12GB * 27I& AH&sto] AASHIH

4.1 7=l 2HetE

E54 dlole Al 2 pre-training ZHA0] thet 2%
3} "hoto] gigt AGo]B 2 GoogleolA 2713t BERT fine-
tuning?] 7| A4 72 A-8ofo] S5t B ANE RFE



2 baseline®@ A stFtt. 712 A% g2word T
tokenizing WA basic tokenizer® 3}al, sub word ©9=
WPM(Word Piece ModeD[11], Y& A|#A [ Zol& 128,
Fot stride= 64, F7] Fd] Zol= 64, optimizers adam(12],
learning rate= 3e-5, F Hjdol= 3002 A3l
718 473 FolAl KorQuAD HlolEle] tigt 7| AlSs H7t
= A9 A9 st=go] 5ol 950] batch size 322 ot
5510 EM 66.73%, F1 86.99%= Usitt. E5)4dg dloje Al
o tit 71A=3] H7H= EM 31.28%, F1 58.00%7F Wit
IT/WE pre-trained base L@ UrkA4] ool 917]
Wat2 S5t RElo]y| wjFof ESAH ol Al B7to]
A= KorQuAD Rt & X "X B7F 237 Yl
Table 6914 baseline®] score& EoF1 9loH, ad
scores 7|0 & o|% A9 Aue} - -EA i)

Table 6. Scores of Baseline Model

: . o Score
Train Data Pre-train | Fine-tune EM -
KorQuAD base base 66.73 86.99
base
line patent base base 31.28 58.00
dataset

Pre-trained base Z@oj|A] sto]H miatulg HAYTto=
fine-tuningstal B7H& *dsto] 29| A} & =&
o ARS B ¥ 229 stoln wEtu]E= word T
9] tokenizing W42 basic tokenizer®]1, sub word
= WPMO g 5iqict. dg A[EA o dol= 128, &9
stride= 64, #3 FW Zol= 64, optimizer+= adam,
learning ratex= 5e-6, g FthZol= 30202 HA5IY
ot Table 72 KorQuADS} Ed|AE dolg Alo] tish
fine-tuning ZA¥}o]tt.

Table 7. Scores of Fine Tuned Model

. . . Score
Train Data Pre-train | Fine-tune EM Fl
KorQuAD base tuning 67.21 87.48

patent dataset base tuning 34.43 63.91

E5)4 dlol" A 71A1=5) B71olA baseline HiH] EM
2 31.28%°04 34.43%= 445019, F12 58%A 63.91%
2 3A &5 ok

KorQuAD+= EM 66.73%°14 67.21%, F1-2 86.99%Cl
A 87.48%% KorQuAD9| 45 = Hrh E3AH flolg
o] AF5 Zo] t] &2 Zog Hol EAld Hlo]g Aloj gt
& fine-tuningel=tal & 4= it} o]F o]ojz&= thE AF
Az 473t stol¥ nletulg ghog L2 AIE A gE
o Es]&of dlojg] Alof| tigh X4 M groz ARkt

Fine-tuning A3 0 & A% JFARS &9] I sl=to] I
A5 8159M= pre-training®l gt A¥-& APsict
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Pre-training®l] AF&E FHA0] {33} o) et Hlw A
Al =3lgt gk=to] Y71} 4727t Bte] IWAE Slsgict

Google Cloud Platform¥} Google ColaboratoryE ©]
25} train batch size:= 16, max sequence length+=
128, max predictions per seq+ 20, learning ratex=
3e-52 AAste] A9 TEEZ ¥V Hdl 6¥7tY sk
717+ AA 4007t global stepolA] masked Im accuracy
= 86%, next sentence predictione 100%2 EAJSH
pre-trained Patent @& ARSI

Table 8& 97|93} FHAZE pre-training?t ZE4= &
sl Hlolg A A= Brret Aol

Table 8. Scores of Pre-trained Wiki Model

Score
EM F1
base 67.68 87.59
tuning 69.41 89.03
base 36.63 64.21
tuning 31.60 59.04

Train Data Pre-train | Fine-tune

KorQuAD wiki corpus

patent dataset | wiki corpus

71T} FHAR pre-trainingdt LHEOJA & 9] lo]
H oito|g A4 FHO 2 fine-tuning$t 23 KorQuAD ¥
7hellAE EM2 67.68%014 69.41%=, F12 87.59%°l4]
89.03%E 4% A5oHAT, E5AH Hlole Al 7|A5s] B
7o X= Table 79 Z3HE EM2 36.63%°14 31.60%=
stEFelial, F1E 64.21%004 59.04%= A steelich

Pre-trained base 2@} pre-trained wiki oA &
SRt fine-tuningS AT Boel= EM2 34.43%°114 31.60%
2 SFolAaL, FIE 63.91%C141 59.04%= stetobaict.

Fig. 32 baselineS 7|22 fine-tuning B7}9} pre-
trained wiki 299 7| A=) 87} Aot} A¥HA]Eof
o] 7S 5% pre-trained wiki @A 2] H7}t
Aik= E54H Hlolg oA o] A5 AR IRIH
9 fine-tuning®] A% 3 A& SIRAE, baseline Etl= 3
27} =A ULy, pre-trained base EHoJA] fine-tuning 2.
2 FHIst vd Ho} @A ygitt

Fig. 3 A3 w2} pre-training®] AMES THA £5H
HE G771 23] uA= FF 4.37300A Afstar 4.273A
dlslks A 3gol|A Bl HlolE] Ao thgt tokenization
4 input embedding W4]& g=o] Holg Alof St= gt
o] oA LuEE MAE BT 45 HE AT

4.2 =0 Y0jX2| Lu2F

BERTY tokenization 4l word @<} sub word
@IE o]Fo]A Ut o] F GoogleolA B3t word T
tokenization ¥4l JE9 HAEE 7|§t0 R Slo, o
PINE 71202 ZF word 58 tokenization dh= HHA
(Basic Tokenizer)2 ARSI QUtt. SHARE St=o]9] HL
worde RANE H|RSE 7] FAREC] ©oje} Zo] AHRE=



150 HEX2[EE=EA/AREY0] 3 C0|E J3t M9A H45(2020. 4)

70

65 63.91
60 - 59.04
58
55
50 A
Baseline Fine-tuning Pre-trained Wiki
HmF1 58 63.91 59.04

Fig. 3. Scores of Each Model for Patent Dataset

E4o] EAstER, & =FolA= =] 53t word &
9l tokeniations YAl T=to] P4 BA7IE AHESH
2 gt g0} P4 £47]= OKT, Mecab, KhAiii 5
o] JoH, FHi BEA7|E TPt AT £k 9l
Table 9= S5 dlolEl A9 contextollA] Z+ tokenizer
o 93}l tokenization 3t & answer index@ &3t token
£} real answer tokenEd} H|wsle] EUX|St answerS

273t error count H]ao]t,

Table 9. Comparison of Word Error Count by Tokenizer

Training Set Dev Set
Word Sub Word | Word | Sub Word
WPM (Baseline) | 37,126 28,634 3,448 3,677

Tokenizer

OKT 2,500 2,593 205 312
KHaiii 2,056 1,155 192 170
Khaiii+Mecab 460 767 45 86
Mecab 472 744 51 86

Error count7} 2 QWA 713 wl=1 Sk P79} &
A U2 Mecab2 tokenizerZ ARg-sto] Aggtct,

SH2o] Feja BEA7]E E3) tokenizationd SHEZHE
E80] 9 4xo], AF&o] 5ol et 8ol oL E514
g INAE TS BolE2 YRR f)7E o
S45h= &olet Aol Fito] Wol -gof Q49| gheto] i
A3ttt Mecab tokenizer?d T AMEOZE= QAH|Y 1A
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Fig. 4. Example of Applying ReTE in Input Embedding

Algorithm1 ReTE Algorithm

Input: X;& Input BERT Token set
Set T = Number of Input data set, Aca = Real Answer Text
for =0 to T do
Aporm = Normalize Answer form X:
Compare Aporm With Acex
IF equal
Then pass
Else
C; = Concatenate X;
Sietty Sanes Sugne = Split C; on both sides based on A.u
ReTE; - Join (Bach Tokenization (Sify Sins Segnd)
Replace X; to ReTL:
end for

Fig. 5. Pseudo Code of ReTE Algorithm

Table 10. Scores of ReTE applied Model

Score
EM F1
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ReTE 85.38 | 93.42
tuning 34.43 | 63.91
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tuning 31.60 | 59.04
ReTE 64.30 | 81.68
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" o . Score
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