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Tl &F3t=AE vepdnh. e, 2 A A AlRbSHE IEAlE REAIDAAE oY HAES g 73
o= kgt F BEE TEske AL 1Y 92EV A-gd gos AR ASolRt AREET] wikelth
A BE EELS 55U AOHE AP et YA dude EE A E YR

el 7]9F HU3 hidden state vectorE AT}, =

St hidden state vectordl 3|33t WAl tho] EF
hidden state vectorol] d133ttl. Z+ hidden state vectorol: 768709 xdo] Qth. whab Abd F=#¥ BERT
o] =92 768 x 150 FHo|H b33 o] xdE + v,

ol
H
[}
[
w2
SE
H
w2
(<2
J
o
N
N
[
w2
piey
w2
(<2
J
hu
ru
Q2
o E

544 1

x=T, O - &OT,

148

DT,

AP F- ¥ BERTS] &9 convolutional layer?] 98 93-S skal, Tgse A fully-connected layer?] ¢
goll F7HaTh. Tose EE 98 E2S ude JA4 RS vehditk, o= BERTS ¢UdF 737 e 9Y

E&o AHE wgdstry] wjioltd. ulgbA fully-connected layer: convolutional layerolx A= 7]}
A A REE AFESTE, o] FRE FE AlddE BRAL Tos Wl JAAl ARE Rk Fos 18T 5 Q).

Convolutional layert= hidden state vectorZ 4=Ald}al 256712 AEFA FE rERd.k’% AFE-3F
S Faett. A d2, 2zt window size7t 3% 491 F MEQ 1287 TE(7F G&HATH. AR
715 window sizeell 3@33l= d9 hidden state vector k] X<l 768 <Js] ZAE ST}, feature map<]
d 52 o o] dAET.

H

A
2

>
o
N

¢; =F(fex,,,;,,+b)

o714 b ulolojxolal Fe HAE dHolHdA uAd BAE FdE7] &) AMgHE v gdeoln. B
MAY 4 AA] oo mE IR T ZH(11D) A E 3824 37 o] LeakyReLUE F= AF&-3tot,
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84 3

LeakyRelu(x) = max(0.01x, x)

Feature map2 AA3H7] 98] Qg sjees MaXeaa Smlo g spsa 24 dol ol Sat4 27}
AgHTt, webs 7} feature map< TSP o] 1849 4 ).

7814 4

C =[(l‘cl*"'*(n—d+l]

AdH oz 256709 AHFA AHE F3f 256712 feature map©] %“45]\3} A El feature map= covariate
shiftE ¥3}7] 98] 8lx] A3 (Batch Normalization)E %3] A13%E % pooling layer?] POz ALg=H
2= oh;]_
T M .

Pooling layero|A&= &=8F2] 5¢} o] feature mapolA] 7F4 & S A ® &= max-over-time poolingS A&
3lo] feature mapS =Y 4 Utt.

84 5

c= max(c)

ukebA 256709 feature map< 8H4] 63} o] 2562+ WHZ FHAEC.
754 6

c=[c1,c2,-+,64]

o714 jE feature mapQ (=, 256) 4= t}. o] 256xY WE €= fully-connected layer® dZo=z A}
42 4 it}
fully-connected layer® 4=Ezke 1024x+9 WE oW pooling layerd &#Hzkd Tog7b Add AHoltk. fully-

connected layer+ 512719 FHS& E&382 2 fully-connected layero] thdt 75X AALE 4282 73 7o)

Fad 5 vk
74 7

z=wT.(c, T,.)+b

2w H = (Weight Parameters)<] Egaéo] bx= A 3 H(Bias Matrix)e|tl. ¥ th& RelU
|

A7 w7}
y 3 Set4 8 @ 99} go] HE WR AAE ALV,

2 softmax $F
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84 8

ReLU(x) = max(0, x)

74 9

e’ .
softmax(Re LU(z)) = — fori=1....L

2"

J=l
o714 TS = Rell F429) Adelar L2 B dlolB9] Folnk. oW, ¥F dolEritt gl sdshz A
7t 2499 F Aok
oA E Bo], =E/7IAME 58 =& A9, AX =& A9, A == 438, ' 9% AF F YR ERIESF
olFA T BE(11)e] 74 2 FHH ASE 7P, o] 4%, Y ®F dHolEo] JorB R softmax
o] Ayt 8 FXE A3t MY At 2. wEbA g 2 bl dldetE delEo] i A
I=2 Aed = Q.
3 | g Follv BT (Overfitting) S WASH7] Y3l fully-connected layerel] 30% Z=Folso] Ag&d <+

olat Weel AL, 2 A6l HE AFAS RAID] A5 AFa7] A8 dAHer Fan Ao o

3 s BRAIDS B A A9y B0 ot BIFSl 914 7
2 Eolt A% BEE st B wE/VAY HAE dolE(F, =R A% 3
A

&) A

= A= o

2H)E TG Fu =F AP, AZ =F A, R =F AY, % A8 A7 b 7] MFR E5d]
B = 2~ 3

RSN

H

S FYFESE AAFJG
78t =R /7ALel dE BHE F8st7] 98] EMF-portaloll Al 71AF AR SR, o] £HLS 6,9437] 714
o] M¥y Qoks EFste] 35044719 EMF & VAL H5S ATt EMF-2E 9] 7|ARE ENFY Q1A 117 9
o} FHEE Ay AF 9 g Afre) g 10719 FAR EREC. "AY dAFds B, AE 2 A
of gt EMF =% Aol tist 7|A7t 23y "dg Aol 1A= 2 TV BReF 22 EMF &2 digh
T-o digk g }

2AF B9 AFUAIAS vEr. HlolH Al 71 98 "AE A B et

bl
ok, yeA 87 A= A7) 3, 71E/4% 54 AT, A8 &8, A7 B4, W
g‘ = E iy O‘j
Sl RO AR 252 SR, o] BEe DFe 94 47 99 B4R 99 o4 £ Bne
=

=
= U
A

WA ENF-portale] MHE 20k AFsE "MW AN A AR FHHAT. thgoR, "AFY o
_—ry_ngl 7]/\],{; ﬁ@i Qo d) =

2, AE =F A
-

A ki FHEJL =
o] 2~9Q1 PubMedol A =&9 255 Y. 2 A3 FE8=4F 1,1757], AXx=E49 8127, JA ==
(e}
o

3] 4347), AFgAT 943INE H

2 AAlel mE JIEAT EE(11D)Y A4S AFsyl 98 A FEE dudS ARgste] & DL
2 (3, C\W, BIiLSTM ¥ @ )9 458 vugdt, 3 At 2o 458 FAHRE FJrtstr] 8 K-
fold cross-validation®] 423 % t}.

T 4% WS 93 DL 29 722 EAFE Aolth, & 4oA ZF mele Ay FeEd Jud ) theFdl #lolo]
o FAHET. g FHE duidS 98y "9x2EE dud v 3

BERT, BioWordVec @ PubMed-word2vec®] Al 7FA] Abd F#Hd ¢
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of A}-g¥ Abd &9 BERTo|t}. welA PubMed-BERTES AMR8l= 7Z-$ duld sl™ ol z7]= 768 X 1500]t}.

BioWordVec ¥ PubMed-word2vec AJo|d; whojol djgh Abd F=H 200% ©ho] Aol sfgsict. = 714
T PublMed?] 7]AF B|AE(F, A% 2 Z25)d ths] WS Wkt 28} BioWordVec FastText 2L 7]
Hho 2 3h5gk vk PubMed-word2vec word2vec EE-& 7|Hto g dhEdrt. 7 Ed BF ddb¥oR skip-
gram RES 7RO R tho] JWYE AT 7 Rde UAEE v EFsgt). FastText o] A4 €

Ex dojiy #2259 dolg EFstevt. whdel word2vec] ¢ HIAEVE Wol® EESHET

(e}

o
BioWordVec X+ PubMed-word2vecE AME3lW 98 82EQ] 7} o7} BioWordVec X+ PubMed-word2vece] 3l
T duidoz gAY duld mEZAE st mEka e

Ay HxE9 o] Fojr}, RHoA Y mE 1}
2E glo]g 9| o] £7}F 60071 mlgkelw AWE mlEZ ol ymX] FES A9-7] 8 Az dde] AHEE F
k. BAE dlolgol A 7P w2 o] 57k 59771%17] wiel n& 6000 A AT

1®
[
Ll
e
o
H
N
fr
=)
il
N
Ho
:cg
]
o
(o))
S
(o
fr
k1
o
i
32
®
i)

CNN 2 BIiLSIM EdloA QIuld mjEZ 2= CW dlojo] B BILSIM #loloje] fH o= AFEFTE. CNN layer,
pooling layer, % fully connected layeri= &A1eF 5L3A Aojdt}. BiLSIM dololes AR AE A717}

64¢] BiLSTM AL Zatalw= HeoH),

A o4 NN RdloM = Ay o] fully-connected layerd 48 oz A AL&EA el ol fully-
connected layer”} 22l ddo] o WEHE g oz vy wjtolt). wehA PubMed-BERTE AF&3hW fully-
connected layere] d#ozut A1-g¥t}. BioWordVec FEE PubMed-word2vecE AFE-3t= 74 dwd mlEE X
= 120,000xH9 W= PAstET)

H7r A dolH MES 8% E-ol AMEEIUI dlolE AES 20%= A
Wz QERT S Adamo] 242t &4 9t optimizer® AFEHATH. TEHEES
epocht= 77} 209} 1022 A=Y

=
[<)
[e]

o A&y, £ HAHE Yl
0.00012 A=A a1 batch sizest

T

E 1S AQE ey tE DL B ds RlaE BRoErh, E 164 A AF B2 THE DL B H
E = Eolglo| E3ld AL ¥ BERTSF CW =98 Agstz o
Al fully-connected layer2] 98] HA TdLS F713 ¥l 2d& pre-trained BERTE WAl %
A3Fal convolutional layer$} fully-connected layer 259 JEoz H7A AHE F w2 AFE3le] o2 DL

=k Aol Hejuitt,

rok
=
)
kD
>
N
=
i,
i

F 1

Models Precision  Recall 3 | Accuracy
(macro) (macro) (macro) (%)
Proposed model 0.980 0.979 0.979 98.33
Pub.-BERT--CNN 0.968 0.969 0.968 97.20
Pub.-BERT-BIiLSTM 0.940 0.938 0933 9426
Pub.-BERT+ Simple NN 0914 0917 0917 9238
BioWordVec+CNN 0.959 0.951 0954 96.42
BioWordVec+BiLSTM 0.936 0929 0927 94 46
BioWordVec+ Simple NN 0.879 0.813 0.834 3722
Pub.word2vec+CNN 0.954 0.954 0.953 96.16
Pub.-word2vec+BiILSTM 0.906 0.908 0.903 91.02
Pub.-word2vec+Simple NN 0.863 0.80.1 0.813 8558

3hH | E 1ol Abd ¥ BERTES AMg&stE 2AS BioWordVec @ PubMed-word2vecE AR&slE Zd3 3o

wdo Hlal o U4 ASS Yehdth. o]yd Ay ENFY A A7 98 HuLE 913 98k J)AF Rl A

Abd e BERTE A&k DL Eele] v Abd Fdd dlds Agots DL BEEY o U 4o 98
) JKeIKe)

AAA Aetet SlEgAs (1119 B%S FAZeR Hrtst7] 98 K-fold xt AFS AP}, d

_12_
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ol AEZ 5719 fold® vyaL 5 AdS =33}, & 2% confusion matrix A3 K-fold 3} A=
AIE BHAFr. 59 AFAA At ot wdo] A% ¢l

el 98 06% A 98.66%2] ATFE=Z ehyo] A
el

of 3ot RS AR BRIL AT FAY 5 AUrk,

EIO
d

#Z 2
Expt.1 Prediction (Accuracy: 98.36%)
Amumal Cell Human Epidenuol.
Ammal 230 1 0
True Cell 3 143 0 0
Human 0 0 92 2
Epidemiol. 0 0 5 185
Expt.2 Prediction (Accuracy: 98.36%)
Animal Cell Human Epidemol
Animal 243 3 0 0
True Cell 1 170 0 0
Human 0 I 68 4
Epidemiol. 0 0 2 181
T Empt.3 Prediction (Accuracy: 98.06%%)
Animal Cell Human Epidemiol.
Animal 234 3 1 i
True Cell 2 150 1 0
Human 0 2 78 1
Epidemiol. 0 0 3 198
Expt. 4 Prediction (Accuracy. 98.51%)
Amnimal Cell Human Epidemiol.
Animal 237 1 0 0
True Cell 5 164 0 0
Human 1 0 89 1
Epidemiol. 0 0 2 173
Expt. 5 Prediction (Accuracy: 98 66%)
Ammnal Cell Human Epidenuol.
Animal 219 3 0 0
True Cell 1 170 0 0
Human 0 0 93 2
Epidemiol. 0 0 3 181
[0087]
[0088] 84 confusion matrixe AHE Edo] TF TF wF AYS AX =F dyoez R ERIIAY 1 vy
o] A% Ades HAFET. F dolE ZAbel ARG wort X3 = AS7F BY] "ot d& £, &
T aE APY dF 7IxtedeE ' AXE olgc] EFEHE WA AE =F A dF TAbdE 24 METt
THE FE9 olgol Y
[0089] gk Aokd Bde dukdo g Q1A 9 OEWNF »=F AT #A¥E dolE XS] wite] A =F A¥ES o
g AR AR EREIY 2 wdE 2R ERske A9 gk 13 diolE AES 1A = AF &5
© ue fhie] FEEG dider A, wepA dow o B2 A =F =S S5 A =F AF
S 9% AR EFIAY 1 RiE SRRFIe 2FE 29 F dS Ao gEn
[0091] gk, ool A A the AA dES AR AFHA &ge 3 B HAA drt dgEe] FiE 4 .
[0092] SHE | ool A AiE thdst AA] dELS AZEY o] (Software), St=9o](Hardware) T o]E9 Z3dE A

_13_
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& ol&3te] A5 H (Computer) L= ook FARGE A= & & = 715 WA WolA vd2 = v

stedoidd Fddd oJstH, Al A AWEE AHA] o2 ASICs(Application Specific Integrated
Circuits),  DSPs(Digital  Signal  Processors), DSPDs(Digital  Signal Processing Devices),
PLDs(Programmable Logic Devices), FPGAs(Field Programmable Gate Arrays), ~ZAM|A(Processors), #|¢7]
(Controllers), wlo]A2 AEZ# (Micro-controllers), vlo]a & X ZAA (Microprocessors), 7B} 7|5 43
= 9 "7 F5l(nit) F Aok shus o] &ste a2 + Urt.

Are] Afo] B WANNN AREE AN olEe] maAX AAZ TER F AT LEEdeIH ol
oatwl, B @AM MEEE A% 9 JlEd ge A4 o5e WEd amEde] REEE FEE 4
Atk AEd £XEdde] WEE Z47he ¥ FAMGIA AEEE st ool Vs R FEL £ 4 At

o,
)
ox
i)Y
o
(e
)
>
S
o
02
g,

>
>
2

= = 1
(Computer Instructions) & FHFH TIPS H|AAIY HFE #5715 w A (Non-transitory Computer—
readable Medium)ell A4=E 4 k. ol&t vIUAA AFH #=5 7Fs wjAl] Add FAFH WHo] =&
FH Z2IO92 HAP 5 54 71719 Z2AAC o3 HAPHAS o Fe=d opdet AAl de] mE Az A
o] F&& A=t 54 71717t FYESF gt

HAAIA AFH #5 7l WA @ A 2", A4, 2y 53 2ol #2 3 <t diol’HE Agst= wiA
7} otet wkd Ao R dolHE AgstH, 717]e 93 #=(Reading)o] 7hsgh miAlE ow g, H]IA]A
AFE #= s A FAAEQA o==, (D, DD, st= tlx3, BFo] tyA3, USB, HEFII=, ROM 5

o g % sl

gl B ANAS whEAE A4 dlel tiste] EAkm HEHUAT, ¥ S FER SR A4 el
FGEA opste, Sl Frshs B AN 2AE oldel glol Fal Al ek )% ol A
el AN A4 Aol ola T MAAAT} Fed AL BEoW, oleld MAANSL B A A%
A apgolvt Aoz e AMA o osslold o | Aolth,

120: 2 A|A
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Ed]
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|
H 22|
BERT 24!
111
CNN 2¢&

/

TIZAA

Convolutional Layer

Pooling Layer

" Fully-Connected Layer
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k1
g
[\

< Input Text >

1
Pre—trained BERT

Tois | ____'_____:Hidden State Vector for CLS Token
T1L________J
Ty
Ts ‘ (" Hidden State Vectors )

Convolutional Layer

¢ Feature maps )
8
ml
II|
Pooling Layer

\_‘jj_Rleduced feature map )

¢ (" Combined features )

\l!llJWAVA%I‘i

Fully-Connected Layer

f

< Output )
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Hidden State Vectors

s sl
Ers E, E, T Fus |
o I A | 1.1
Token Embeddings | [CLE] || Tok1 §f Tok2 § - . [SEP] |
1, ke 1 ] |
Segment Embeddings | & :: ¥y A& E | A A i
PostionEmbeddings 4 o 1 1 [ 2 | {148 B 140 |
e = e ] ey g e =gyt e ey m ] ey e
Input Text
Er4
CNN BiLSTM Simple NN
Input Text Input Text Input Text

Pre-trained

Pre-trained

Pre-trained

Embeddings Embeddings Embeddings
A RRE T ¥
Embedding Embed ding Enbedding

Mativ M atviz M atie
Convolutional BiLSTM LLlLJ
Layer Layer Fully-connected
¥ ¥
E Laver
Pooling Fully-connected )
Layer Layer
v v
Fully-comnected (_Output )
Laver
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