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ABSTRACT

Morphemes are most primitive units in a language that lose their original meaning when segmented into smaller parts. In Korean,
a sentence is a sequence of eojeols (words) separated by spaces. Each eojeol comprises one or more morphemes. Korean morphological
analysis (KMA) is to divide eojeols in a given Korean sentence into morpheme units. It also includes assigning appropriate
part-of-speech(POS) tags to the resulting morphemes. KMA is one of the most important tasks in Korean natural language processing
(NLP). Improving the performance of KMA is closely related to increasing performance of Korean NLP tasks. Recent research on KMA
has begun to adopt the approach of machine translation (MT) models. MT is to convert a sequence (sentence) of units of one domain
into a sequence (sentence) of units of another domain. Neural machine translation (NMT) stands for the approaches of MT that exploit
neural network models. From a perspective of MT, KMA is to transform an input sequence of units belonging to the eojeol domain into
a sequence of units in the morpheme domain. In this paper, we propose a deep learning model for KMA. The backbone of our model
is based on the BERT-fused model which was shown to achieve high performance on NMT. The BERT-fused model utilizes Transformer,
a representative model employed by NMT, and BERT which is a language representation model that has enabled a significant advance
in NLP. The experimental results show that our model achieves 98.24 F1-Score.
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Fig. 1. Architecture of Korean Morphological Analysis Model
3. et=0] ejA 24 HEld 2 Hds g-8sto] 2t ARE EolWA e A7 A
She sl A7,
E =RoA+= BERT-fused 2@ 7]4Ht9] 3t=o] He4 BERT-fused 232 Pre-trained BERTY &332 7|4
24 dyyd 2ZdL ARSIt Pre-trained BERTZE He Hd(Transformer Z@)9] Jgoz ARESITH AU

ETRIG=HAZAI A+ )4 Al B5H= KorBERT ©1& 7]
Hb wdls ARRSH}). Wordpiece AFAL KorBERTOA A
3E+= AHHo2 3199t Encoder Y80l o] 5= E£3}
APHLS KorBERT ©& 7|4t »dlo] Apdog & BEE 75
£ 30,79771°]t}. Decoder Yol E-&== EFS} AP
KorBERT FEi4 7|8 BEO AFHO R, of AR fle &
22 F 30,349710]t}. 7|& REEL o] Tt o]F &
Z do|7} Mo dolg dold A%, FH4 24| EVI5HA
U Aol wif- "oljxch I8u 2 ne B9 Zold
A QL] P4 Aol Zhssitts o] Qlth

3.1 BERT-fused 2%

BERT-fused @2 Transformer 283} BERTE 25+ &
83t dlo|thg]. TWSLT 14 De-)En 714 ¥ EjAFofA
State-Of-The-ArtE 7I55I3th 714 919 2d2 7} 32
o|F= o] HoJH= A|FA Pre-trainings st7] W
o A4 ARt At 71A HIol= BERT 52 Pre-trained

2) http://aiopen.etri.re.kr/

FAo] B #3Q] BERTS] 32 Transformer?] Encoder
2} Decoder®] ZF &9] cross-attention 9] Yoz &g
=} o|AL 71& Transformer =29 Encoder, Decoderd]|
A 5= attention 2F4] ©dle] BERT-fused EEo]
7HHo 2 4385k attention

BERT-Dec Attention).

=
e

ZJo|tHFig. 19] BERT-Enc,

3.2 $t=20f &EiA £M D™ X

3.194 A713t BERT-fused R&S 7|Hto & st ol 3§
g4 B4 mdg 22351}, Encoder®t Decoders 2+ L=6
=07 ZA5I9ct BERT, Encoder, Decoder 9 2+ &9] ¢
&9 WE9 A9 d,2 pre-trained KorBERT &3 A
T} 5L 768% Sk 7+ 39 Intermediate HE|2] XH
< d;; = d, <4 =3,0720|tk. Multi-head Attention®] head
4 h=120|1, key®t valuel] A £% 4, d,+ ZAF 64
2 319t Attention ZE9] St AIE 8= PostNorm

rOll
&

T

N

4ol ofd Attention 2EY dHE WA B8 ste
PreNorm& ARSI THO,10]. $-2]9] 3t=to] Fefj4 £

24 ZXE Fig. 13 Zth



172 HEX2ISE=RX|/ADEL0] U Co[E 25t H11H F4AS(2022. 4)

| | a2 /va_X|/EC_ [SEP]

[n A A n] [n A A Jl] ;
L1t

- N ——
»| Encoder Decoder
—T
BERT I S =
Segment 1 Segment 2 » Encoder DQCOd er
[cLs] 1 A|_ [sep]|1¥ Al_ OfY_ ¥ 7t 2_ [sEP] [cLs] A= X|_ [SEP] [cLs] j%'/VA_ Kl/ec_
1 1 1 1 i A Y |
[ | i1 $ 19
oE =g oE

T

T

r—>

| EExotzsk |

Fig. 2. Example of Korean Morphological Analysis (Prediction)
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Fig. 3. Korean Morphological Analysis Model (Prediction)
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Table 1. Parameter Values on Training with frozen BERT

28 H113 HM45(2022. 4)

Table 3. Number of Sentences/Eojeols/Morphemes

Parameters Values
Optimizer Adam
Betal/Beta2/Epsilon 0.9/0.997/1e-9
Warmup steps 16,000
Dropout rate 0.2
Label smoothing 0.1

Table 2. Parameter Values on Fine-tuning with BERT

Parameters Values

Optimizer Adam
Learning rate 2e-5

Betal/Beta2/Epsilon 0.9/0.990/1e-7
Dropout rate 0.2
Label smoothing 0.1
T N
7722[yt110gyt1 2

t=1i=1

F7HE oz, mdo] dntsl 455 #0|7] #sto] Label
Smoothinge &85ttt ol v, ,tH4lell Equation (3)9]
vii& AMESItE o Label Smoothing A2 03 1At0]
o] g d=tt

v =y, ,(1—a)+a/N (3)

g et} shgloH, 7] E8
Z F1-ScoreE Hol&x 7154

o] 7}757<]E Transformer @& %7|3} A]7]311 BERT
@} S Fine-tuning dt¥tH(Transformer + BERT fine-
tuning). Fine-tuningS ¥ W= Transformer 2@}
BERT 2% 5YU%t Learning RateE 7}15%] YH0|EE A
P51 h. Fine-tuning % JAAE 27 85 HHS
&oto], il Fl-ScoreE 7|53t 7I5AE ¥olA 2F 3

7t i AR&3lct. Table 13 Table 2= &30] &-83F hyper-
parameter JEo|t}

3.5 Beam Search

Beam Search® Decoder’} &8 EZ A|EAE H1ol=
o AFgHt}, g0l PEiA B4 2 9l ojdo] EF
AL 2o tiote], FE2& ol Phle)E AR o= 3
Hi EE AEA yE ?5%31 sttt a8y 7Hss e g9

Number of Number of Number of

Sentences Eojeols Morphemes

Train 660,449 7,892,595 18,015,019
Validation 82,557 988,278 2,256,135
Test 82,557 987,016 2,253,038

= Ui A ES AP 2719 viER 7RIt mEbA
o} Azhet st 9 & BF AEshs A2 A AR |
£ 3t} o] EAY 2&4 AYE 9 Beam Search7t =
o =HATHI1-13]

Beam Searche= 1 AlZbIY 7MY &2 7FedE 7=
Beam size k719 A[EAE FAGTE ZF AlEAE TS Al
7t N9 /\]iV\E SFEHEE F k< VN7F B7]=T o]
FoA 7MY =2 FEZ 7= wiRRE A"dth g
Greedy Search= ™ A7t ¢t} 714 =2 852 /W E
a_o_ A—]EHB‘]-UE 'c‘ﬂ—/g— 17Hg4 /\]34/\11]- laﬁ}q— Beam
Searche k7| AJEAE SR8t 2R Greedy SearchE =
HHo| g 7P 29E A= 5 Stk

M
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FEFO LA AlFshe AFTEANA Aol - 3
4 T A AwE *}ﬁ I 2577 Qe 2452 Al
oJstar Ago] *F&ﬂ 49 & 825,563710It}. #&
A= A2 oe E9, 435, 173 97k A 28 5
FO= 35t 81111 H]gi LA
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Table 4+ Transformer + frozen BERT &€& Epoch v}tk
Loss % A% FeA oY Fl-Score® &73§ Aot
Transformer + frozen BERT & Epoch 9 € @, F1-Score
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= AEsigich

Table 5= Transformer + BERT fine-tuning Epoch
ottt Loss & AF FEla &9 Fl1-ScoreE S47t 23
olt}. Transformer + BERT fine-tuning Epoch 5 € o,
F1-Score7t 7V¢ #0808 37} Hd 7152 9] tido g A
Ei5koich.

B ndlo] grloj| 88 Beam Search®] Beam size k& 73
s17] YaliAl, BS F1-Score”t 7Fd #& Transformer + BERT
fine-tuning Epoch 5°l4] Greedy Search e 4 A7}t
£ o8 7HUigith. 12]3 Greedy SearchollA £%
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Table 5. Transformer+BERT Loss/Validation F1-Score

1 1.4034 98.10
2 1.3970 98.15
3 1.3943 98.19
4 1.3925 98.21
5 1.3911 98.21
6 1.3900 98.20

Table 6. Validation F1-Score on Each Method of Search

Search Validation F1-Score
Greedy Search 55.250
Beam Search (k=2) 56.016
Beam Search (k= 3) 56.024
Beam Search (k= 4) 56.022

Table 7. Examples of Morphological Analysis Errors

44 92 24 Input AFFYSE 71EolZlth
Table 72 2 2d9] Fei A A}t & Q771 WAyt 1| Target SFAE/NNG 8H/XSV =/ETM
A92 HojZth Output FEC Transformer + BERT Output AFE/NNG 31/XSV =/ETM
Input (W7} Edf=)Mega Trend)2] A} ...
Table 4. Transformer+frozen BERT Loss/Validation F1-Score 2 | Target EWT/NNG }/SS (/SS Mega/SL
Epoch Loss ‘ﬁhéizf: Output E#/NNG }/SS (/SS Mega/SL
] 1.9304 95.52 Input e ol AN &S Ydoke &7 .
2 1.4669 96.74 3 | Target F/XR 3}/XSA -/ETM
3 1.4344 97.10 Output E#E/NNG 5t/XSA L/ETM
4 1.4217 97.28 Input | .. BT Afe} vi2 A E2 gofgt 1%
5 1.4145 97.35 4 | Target 9/VA thH/EC
6 140 7748 Output HlcH/NNG oI/VCP U/EC
7 1.4057 97.49
8 L4026 9757 Input | .. A2 #Zclo] AJHo]E hjdoR vp2ch
9 1.4001 97.61 5 | Target =IOIE/NNG
10 1.3981 97.58 Output F2]Ho]El/NNG
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[14]%= Sequence-to-Sequence 20| Out-of-vocabulary
EAL I5HAY] &9 gEo] FolA= ZAIE Sidsh]
At} BAF iAYUESS =dstoitt. [15]= =t "4
E43t EAF 7] B$HS End-to-End A2 FF5lo]
A5 Sequence-to-Sequence F9] 7|4 Encoder-
Decoder #+2& GRUE AHESHTH =4 @92 g &
oFA] Beam search@ Decoding 3H= FE|A A4S 43
3ttt [16]2 Encoder-Decoder® +x7F obd Furd
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Table 8. Datasets for Each Model

Models Train/Validation/Test Sentences
Hwang(2016)[14] 88,225/1,000/9,185
Li(2017)[15] 90%/1%/10% of 100K

Kim(2018)[16]
Choe(2020)[17]
Min(2020)[18]

640K/160K/-
85%/5%/10% of 1,303,218
202,508/5,000/52,781

Choi(2020)[19] 90K/1K/10K
Youn(2020)[20] 90%/-/10% of 660K
Proposed model 660,449/82,557/82,557

Table 9. Test F1-Score of Each Model

Models Test F1-Score

Hwang(2016)[14] 97.08
Li(2017)[15] 97.15
Kim(2018)[16] 97.92
Choe(2020)[17] 97.93
Min(2020)[18] 98.12
Choi(2020)[19] 98.27
Youn(2020)[20] 98.27
Proposed model(Greedy Search) 98.23
Proposed model(Beam Search) 98.24

e v5E 4 AYE 99 Decoder= Pointer-
generator Networks ARESIITE AlZ0j9} EHojA7|71 Qe
glojglo] tiste] S 7Kk [18]2 ¥4 o5 LSTMO
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