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2. RNN

RNN(Recurrent Neural Network)< =/doly A &
TAA 02 o] Fol A= HolHE At gtk 2
B7F o5 G 9 5 F A=E o34 E VA ”4’[14] 1
g 2-1°14 Hi= A o] RNN2 Q% dolg g, 7F E97Fa & A
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o] 4 2] hidden state?t T}S hidden state® HAE3}H Q. 2] Shgof vt
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HES o839 HF Context vectorE® A B A= HFolvH17]. =2
A 22004 n2 T OFRE, hyir “like” 9] O}, hyiT “coffee”®] o}
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9] Attention weight® ZAA 3t} Attention E 9o A 2] Context vector
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i+ Attention 229 Context vector® ¢lF oz Yol U ZH gkl
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dolt}. Self-attention AES d 5t
query, key, value 3702] weight vector® u}+79]
o] 435 AAS F3 Attention layere] FHE o} %
TaA ©H19). BERT 222 Self-Attentions &40 ol&] 7 433}
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Contcxt vector =

Cv,y

hy X 0.8+ h, X 0.1+ hy X 0.1
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A 2 4 BERT 24

BERT (Bidirectional Encoder Representations from Transformers) &
W5le 20184 109 FEAA TAE A4 Aol A Held FAE
Multi-head Self-Attention =22 o]Fojx FIEE oy = &AL

TransfomerE 7|¥Fo 2 3 Fdo|t} S SIS GA] Addo] A

¢

Bopoll A Q17be) WELWAE TR ATE WelFol A FHwgw
dAw Adel A RoplA g #Holw 4w e melFm v}
BERT ®ulel & 548 st dolelrt #53w mae] 4% =3 4
shd & el gl Welde BEs e IWsE FH A B gy

5
¥ Pre-trained model& AF§3te] FESAT=  Folok. 1
Pre-trained model®l] # &4 o2 ARS8 &4

N =& F7F8tal HyperparameterE Z73l+ Fine-tuning 274 S &3
T dess B F Utk o Ao E AT €8&¥ BERT
o] oW g3} Pre-trained BERT = 4¢ %, 3t=o] BERT =¥
< KoBERT E2[20]° thal =o]starat qhut.

or= classification layer 1

_1

1. Input Embeddings

BERT &9 17 2-3o4 HE=HFe}E o] Token Embbedings,
Segment Embeddings, Position Embeddings@}:= Al 71#] 4= dAx=
TA 5], 94 Token Embeddingsi= BERT Ed& 7|Eo] wo] <l
o WAl S AL235FA] @31 WordPiece tokenizing ©]2h= H2]S AL&3
G, o= <& Hx FZolA TS 1047 o] Wikipedia dl o]
B2 853k Multilingual BERT7F 538 4 1lar, 7z Yk Ao &9
Bas B9 EAS adeA FUSdE Y wbe] Aol dolEd
A g-o] 75314 th. WordPiece tokenizingS ©ol7} S5#s "l e 7
Hhsto] 2 Tk 7P 1 ©ol= Sy sub-word 1 ARA 2

EIZ

N

| =RR=4
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Y3, AF 5AsA g dolE sub-wordZ ZEAAA EHE
Tokenizing 3= F o2 o] &, FHdo] 5 dojid gle dofo digk 3t
Ho] o]FofA x| ke Out-of-vocabulary(OOV) F#| 34

t} & o7 Segment Embeddings® Ed EH4S FEE7] 93 <
Hﬂ%‘ WAoo w F e &4 Aboldd ol sty $1% [SEPlo]l ¥

" F vz FHA ded Ao Ad4 vr2e Ay 5 X5 HE
98 Zole FAZ F EAL 7]|Fo= 512 sub-word ©]EtE A sHE
o gtaro] B AfolE B 3k 4ol 20~60 sub-word®E A3
nE 7 E3sE §3E A5E agste] o9 Ho dolE 1282 A A5}
o] gt5S Wast= Ao] Auby ot} mpx|ul 3} <l Position Embeddings
= BERT E 4o A8 Self-Attention Edlo] E&9 & £ x]o uj
St AHE nH A Zalr] witel ol RSty fls] amokd dHd
Haog Q8 BEFo 9x AHAHE JH3 7] 3 HZHow AMEFHH,
9] B2 SAURE 0, 1, 2, 3,3 o] sAUE HEE Fods
WalS ARE-sh
Input s || my || dog || is [cute] [SEP] || he (Iikes”play} ##ingw (SE7]
Token
Embeddings E[CLS] Emv Edng Els Ecute EE'SEPJ Ehe Elikes Eplav E“ing Ei‘SEP]
& & o o " o o + o o L
Segment
Embeddings EA EA EA EA EA EA EB EB EB EB EB
+ + E = % & o + e B A
Position
Emheddings E{] El E2 E3 E4 ES E6 E7 EB E9 El[]
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2. Structure of Pre-trained BERT

L
=

BERT R 22 Transformer 22& 7[HtS 2 3} Transformer :-%
2 RNN9 long-term dependency problem= 3237 ¢ ©A
Attention =93} Attention E&o] 7]& RNNS 7]wto g2 3dlo] Al
7 e v 9ldS 1l y] 98] Attention E oA RNNS A A &
Self-Attention 22S 24 gl gt} Transformer 29 17 2-4¢}
#Zo] feed-forward neural networkE o83 JQ3AHe} yzy F+x 24
o|t}[21]. BERT R 92 Transformer? QlzZUe} tiy & JdIYWLS
ARgste] gk Aol Rdolth 1Ejal xpdo] A iEofelA BERT
Rdo]l 43 TS HolA st E OE 542 MLM(Masked

Language Model)?} NSP(Next Sentence Prediction) ©|tt. MLM< ¢!

o g

F EZS 44 EEZ masking APste AoE, dF dojE HIfgo
2 WEL 9y "doE dFsEE gas FAdY. A0t 15%9
Go]E MAS o]F 80%%F masking A EH U A 10%E= A

dole] wojz AFata, UmA 10%E 98 @o] a2 fx
T el FAXS W F AR £l A WA T o
of &&= wAAA ofdAE dFste TAHAE wikth Q&A #HH Task
4 BE4E A e "H2E HolH 5

H 3 A5 ol deby o] JEAE S5
s s dWd e
Segmentation embeddingsel A &3 T8 &=}

o]

T wds 50% Hle2 AA Ao

o}
2Alolt},  okA] A ) S0

(IsNext) =+ 50% Hl&=2 %9 =25

Al (NotNext) 7FA %= <535 A &= W2 olt}23]. MLM¥} NSP+= BERT

dlo] oFH}FekA] (Bidirectional) o] &= &3
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Outpul
Probabilities

Softmax
%U”faf Decoder

g ™~
Add & Norm

Feed
Encoder Forward
s I ~ | Add & Norm }-_:
i, (P T Mult-Head
Feed Attention
Forward 7 7 Nx
—
N Add & Norm
o y
.-—-| Add & Norm | Masked
Multi-Head Multi-Head
Attention Attention
At/ A _p
LL‘—' J | —
Paositional ”B & Positional
Encoding 1 Encoding
Input Qutput
Embedding Embedding
Inputs Qutputs
(shifted right)

[71¥ 2-4] Transformer 22 o}7] & 2[17]

3. gk=ro] BERT =4

B

%z F20°] ¥/M% Pre-trained BERT =2 < Multilingual BERT
e 10470 210)e] Wikipedia HlolHl 2 3t45< atdon 1047] o]
o gol:m xEFHo] glo] gl Aol Audm Ago] sbeEith
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aHy o2 ® Aol A FofdlM e e des By 7
Bl dojeo gloja e 7} dojE ]
o] Foints 78 des BAFAE EokvH24] weba oW
ool A= Multilingual BERT =2 w4l SK T-Brainol A &713k 3
ool BERT =492 KoBERT E4[20]5 ©¢]&3t3th. KoBERT =4 A}
e A7)+ 8,0020] L, dF=ro] Wikipedia®l 4] 5007+ 7§ €] =73} 50007+
Mol ol E EsFslar, shao] oA 20009 e & 27,0009 7
o] "doE 7HAa ggHFHAY. ¥ 2-12> Multilingual BERT =3}
KoBERT R o] zli= Abdel A4S AeE[26]e A= Abds 43t
= A EFE S5 @9 gedololA d=o] A S HISRE Holk
KoBERT = d9o| Multilingual BERT Edo] ®ls] f $53% H5& B

A= As & ATk

4]

[ 2-1] Multilingual BERT 223 KoBERT=E Y AFd G4 H] 11[25]

S Multilingual BERT KoBERT
ol (3h=) 1,664(1.391%) 4,489(56.098%)
shel o] (=) 1,609(1.346%) 2,678(33.467%)
713, 718 o 116,170(97.175%) 830(10.372%)
special tokens 5(0.004%) 5(0.062%)
tokens 119,547 8,002
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< o5 % "HUF dHely vle

T St HlolH F7F dlolg & dlolH
N 20,171(70%) 8,589(30%) 28,760(100%)

S A7) % FA] HolH HlE

T =9 A% x 3 A A
s dloe] A% | 12975(64%) 7,196(36%) 20,171(100%)
[ 3-3] |7} dolEl 5 =2 A5 £27] @ FA doly H&
Ca) =ut 45 23] B A i
A7} vlolE M| 5447(63%) 3,142(37%) 8,589(100%)
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A2 A s 2 B wA A

2449 KoBERT Zd 482 915 ey 7do] 7H3 @ol 2ol
= Yol (python) ZE2IHT oS AbEste] A& Wit L
H 4-5¢F o] A+ Aol Sk HolHdA ol WEHAE Tl A
=338 Bokr) ideE dolE e AW, documentst HlolE 2 W&,
T AS - HeolHoll= 0= AF ASTE v, HA #

T AL fleTE )R #7IEte] EREHES S
o} g5 dlo]gel gk sk 315491 epoch #2 2, 3, 42 A AP
uﬂ 2] 4%8}% Ho]‘X]?‘S]-ﬂ 9] &l HIO]HE ‘/P’roi SEAl7lE A 9n

ol
_,d
g
o
Qo
8
@]
5
@,
N
(‘D
rir
—
>
w
(N
tt
(2
Zi
o
32
lo
A
1
>,
qum
o
lo,
o
ol
-
o
Q
=]
=
5
0Q

ratei= 2e-5, 3e-5, 4de-5, be-b= A A3} é_];ia gstdnt. AdL 5
A epoch@t¥} batch sizeE ¥l 7Y 71 =& A
A%k o] % learning rate #= WAINIY A

3} batch size, learning rate:x= A3 ghol A= Aol ofe}, dAFAHE]
HhrEAel Ads Fd =AsrtH HAZe  Foluobst= Hyper
parameter®|t}. A3d A3} 7 4-1, ¥ 4-29F o] epoch 4, batch size
+ 16, learning ratex™ 2e-5= P& W 7M1 S AIGEE BoH, g
5 DACNAM Y B 88%, H7F dAl Al He == 83% o At
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id documents label

0 10 B X|sA|M0 2|5 A7 20|Z2F AlZS B D 0|32 0| 2X| {20 5|58 £... 1
1 20 EAAMEEO/Y 4 =2 T A MM 7HE S| HNA S3te| 27| -0, 1
2 30 DETUE HEEES YEh4XtE| e BT EMTE DHET £ Qs ARO| 1
3 40 EAXLLBEE2HE XSHAIL 0|2 2|5 St 0| 7| F(KEDO) 04 1
4 50 1880 %280 #FH F4 7t Ut HFIHL Y020 HEF 1
5 60 13U2 1YW E Lo S50 Mo @) A Atef 8310/ 0| 2H S =25t7| . 0
6 70 Jejut 23t0| HHHSE AN E0L FHTA = EEFSTH 0
7 80 E5r2 WE22Y NS 88 13Y0E 01 & FuHe SE6AM (NLL) 0
8 90 S0 HHEM e §F T2 0T YL Y AR 2SIt 0
9 100 LEME Mot SEXE LMoo CE#OE Q%S Z02H 2EE 245010 0

[3% 4-1] epoch, batch size =7 A3} B]u(g<sF dlolE /H 7} dlolH)

Mo

.?_
batch size 16 86% / 82% 87% / 83% 88% / 83%

epoch 2 epoch 3 epoch 4

batch size 32 84% / 81% 85% / 81% 86% / 81%

[3 4-2] epoch, batch size &% % learning rate =74 ZA3}

Al (Sh "oy /s 7F HolH)

T Ir 2e-5 Ir 3e-5 Ir 4e-5 Ir 5e-5

epoch 4
batch size 16

88% / 83%|86% / 82% |87% / 82% | 87% / 83%
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logits = test_sentences(['&f=M E=9 2M= A JH FUISE HAZ S0 28T SUIA LD 2/e09] A& et =48 20
s D) vl gee] ool Ao AR Fase AR se] Sl F
! print(np, argmax(logits
: H[EPAE Uar ool 717 Aelt 2784 Zlo] 059 A =0
d 3.788601 -4.0795274]]
logits = test_sentences([' ST e HILt0l 2L£E WED 2ACH'])
print{logits)
U print(np,argnax(logits)) @ lj'].z:;l,_‘c_z__ EH% H]]ﬁoﬂ ’Qf},\'_j_‘% ﬁ];‘\—_ﬂ 9}5} N “On
d 2.209704 -2, 26137511
logits = test_sentences(['0| 2HMEF 2= AUF6HH e 25 NS 229 =222 208 =0{ACH])
| printllogits) o Az} B2 glod g Ao h=h ol JL=SY e Je) o
s @ 0] AN Bwg WAt Ae nE AYES g9 =
S =] “ ”
|__|g'i 3.6173557 -3.86154321] Fo=2 33 ZojHrh = “0
logits = test_sentences([' 20103 428 202 JS= &= & 2 3RS & HE ISR 2e M 7802 Tl 220 RCH'])
printilogits) 1 ] o] MEZ I AL 7)1 glglole 3 HE
U oprint(ne. aranaxllogits)) @ 2018‘_ 4 2OE HO =TT 76T AE}LJ« e
o = “n”
d3.81523 -3.8144197]1 7]—%QZ] ‘E"‘_——‘ H 781033] 1i[--oﬂ %7] 7ﬂ %ﬂ)\q— = O
logits = test_sentences(['SEI2 &1l £0{ (HE =S F=2t A Chyl SouLt S2el S8 Mgl WE2 ZOIE0| 2 2SS H2d 9
I oprint(logits) H35LO 93 1:01 == A=) - 2 H 7)) Bl Ao
I printnp.aranax( logits)) @ -:.Ti‘Sl—‘_ %OH = EHT H _H—‘JJ}- ‘j“ ] %L]‘ H DOH :q-i‘fl— Oxﬂ‘q
- - - 2l
R o] =] f15 7hetl efshifols g 2ol =0

d 3.0408542 -3.221539311

logits = test_sentences([' FHU=CH SE0| 25T A AEIS OIS HMYE OF &&6t0 FERE ®0ICh'D
printilegits) =] H 5 =) S H fe) ]
I print(np. aramaxi logits)) @ To)\qy—]:} :11‘?‘5}0] E%O}‘Eﬂ EEILX‘ﬂ}\ ﬂq r’H"T Z'“ XH tg—": Eﬂ——ﬁ_
ﬁ 3 F24ET27 -3,7914362]] =231 FEHYA ot} = 40
[odits = test sentencest [ 2Mo| HNUAFE Mot 2 2AAE 22| 1010 RAE BHE CIEEHHES AR 2T
print{loaits) =i = o o) o) o =
1 print(np.argnax( logits)) @ .]_75194 QDO:]ZOLEL'C E 01‘% = 7%’ o]‘% —rﬂ OJ‘?_]Q ‘r']ﬂ'
Iﬁ 36608324 -3,80221331] L ZojE Udss P AT A = ‘0”7
logits = test_sentences(['S5| WA= SEH0| U= AEE EH A2 2 UAL 0|HY HHEH=220MA SE&l0k fiCkeE 88 F52 6
printilogits) = = H = )=} o =z o o
! print{np.argnaxt |ogits)) ’:740/ ‘2}7‘/0775 :,r—gl-O/ W:lr‘ {_JL_'E_‘ E’_—Zf/ é]_’f_‘ /;_]’ff /?/{X/E]- O/EJ%{/
=S o) 5 = ”
oS 271x] 3-E2fela Q= FE TEE veit =
-5, 2287717 3.3786168]]
logits = test_sentences(['Al'tal 818 H=ZE 43S SAl B (IS B AENA HEGH 5 Z2E dIRE 20Ict 1)
printllegits) A= = =1 —
I print{np. aranaxi logits)) @ Z]%OH 919 ‘é—:ﬁ'ch))z‘}g% Do}—}\] Rl EH%E(—)] 9/] ué oo]: ?j}é”]'xl
ﬁ 2. B3RM0F 3. 09245971 A&} G2 ARE v 53k Aot} =
logits = test_sentences(['SEt & SEAMAED} 22 ZEH R4S HUSEICID HEE =2 o ol 202t EFZE 5t 2ICHH EME
printilogits) H= =] = Rl vA =0 =P = =) TE 0
1 oprinting, aronax( logits)) @ \l— % %OE];\(j_ﬁT7]— ‘El]—-'xi_ [e)xe) lj‘a—ll- A A= lﬂ]ﬂ"]‘zﬂlﬂﬂ oﬁlig o
O =] [e) = @y
t] olo] et S shar drbH AlQ) oiswds 2 Adict =0

ﬁ 3.8033776 -4.1189078]]

(1Y 4-6] =

o]
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| oy Mz 4 949 H
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logits = test_sentences(['

printilogits)
I print{ne aramaxt loaits)]

.2518148  3.4301527]]

=

logits = test_sentences(['f

print(logits)
! print{np aranax(|ogits])

.370B467  3.5857513]1

=

logits = test_sentences([’

i oprint(logits)
I printnp. aramaxd logits)]

BI25135 1, 7746643 ]

Lk

logits = test_sentences([’

print(logits)
print (np.aranaxt oaits))

.218479  2,55355994] ]

logits = test_sentences([’

o oprint(logits)
I print(ne argmax( | ogits])

7457993 3. 0402436] ]

logits = test_sentencesi [’

I oprint(logits)
I printnp.aranaxt [ogits))

.B20104 -4,127878]1

EE

logits =

print(logits)
I print{ne aramaxd logits))

9273928 1.107631 11

E

logits = test_sentencest [

print(logits)
L printinp.aramaxd |ogtts))

. V832527 -2.945438 1]

logits =

i print(logits)
I printinp aramaxd [ogits))

1382194 2.567173 11

E

logits = test_sentences( [’

print(logits)
I printine aranaxi logits))

ﬁ% 97Ee242  2,.2845485] ]
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Abstract
BERT-Based Catching Signs of

Provocation of North Korea

Using Language Modeling

KIM Donghun
Department of Engineering Practice
Graduate School of Engineering Practice

Seoul National University

After the Korean War, North Korea continued to perpetrate in
strategic and tactical provocations that threatened the security of the
Republic of Korea and international community. As a result, countless
soldiers of the Korean Armed Forces were sacrificed, and economic
losses such as withdrawal of foreign investment capital and damage
recovery costs were also caused. Accordingly, the Republic of Korean
armed forces 1s operating various intelligence surveillance assets to
protect the security of the Republic of Korea and the lives and assets
of the people from North Korean provocation threats, but it is true
that there are some limitations in predicting and responding to all
threats. Therefore, in this study, to predict North Korean provocation
in line with Digital Transformation, we proposed a model that
captures North Korean provocation symptoms from text data related

to North Korean provocation by using the latest deep learning-based

36



natural language processing model, BERT model. First, 11 cases of
North Korean provocation were selected. Data for 1 month prior to
each provocation occurrence date and peacetime data in which no
provocation occurred were compared and learned. Through Fine
tuning, the accuracy of learning and test stage was optimized, and
the performance of the model was verified by substituting a new
random sentence into the model. Ultimately, in addition to the use of
intelligence surveillance assets, it 1s intended to contribute to
minimizing damage to allies and contributing to victory in battles by
enhancing the surveillance capability of the Republic of Korea armed
forces by wusing the latest science and technology to detect

provocation signs.
keywords : BERT, Deep Learning, Text mining, Language

model, NLP, Provocation of North Korea
Student Number : 2019-28970
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