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Understudy score)E 7155ttt i =zollA AtH ERART FxE=
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A2d Q9L ol8d SHBA BE A7

START |

- L X
Tnitial Value of i A R 7 e T
types of Kernel function and ! | ___Optimization __ _ |
il S¥M "
‘—Q‘W’M_ | Coding rype of Kenel function
! - and all kernel function
Hyhrid Genetic Algorithm aptimizes ! L parumeters

types of Kernel functions and i in parameter population
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| Randomize initial
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[
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All optimal
parameter vialves and
type of Kemel function®

Accuracy of HGA-S5VM

FINISH

New Parameters Population

(HGA-8VM Classification Process) (HGA Optimization Process)

[718] 2-2] Optimization process of HGA-SVM (Wu et al., 2010)
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a 1] 1] e
method L L
and Bl Bl - --:
system ([ [ | ] -
for ADIE
wege || 7T ilter size 3*2 AIC
data |__Ao1n
transfer :
between B
a BID
BF
CO1R
' [ei} [
the [uifl]
sender H
transmits —
L oSk
the ([T
receiver
a
plurality ||
of
data
Filter size 5*200

Length* 200

I I I
Text matrix Convolutional layer Max-pooling Fully connected layer

[19 2-3] The architecture of the CNN model in DeepPatent
algorithm(Li et al., 2018)

Li et al.(2018)2 IPC AE I~ o] tigt S5l2R/E 9ol CNN o}
word vector embedding o Z]¥tet HEd LSS Aol olE
DeepPatent 2til FHstct [2H 2-2]o|A4 Holx= ZAY DeepPatent?]
Tz2E 370 AHE9] Convolution layerg 7FA|= ot} zF AfEd2 HE 2

ju

]i’_ sttt DeepPatent= A|=3t goF 141"%_,} A}-go10183.98% 2] 7 AW
=5 9Asle] FUT ARE Sso] AgelE J1E AnES BE Slel
Frtal BH1 shQith E3E AgatEe] gt A2 #ix|uia HolE AESQ]
USPTO-2M (6377h9] E5A4|A) A F7F HIAE sto] 73.88%2 &7 AW
EE Ak did dF= doldly AWt CNN RddS ARgste] &
& 2ol lolA FHa 45S 7IEFth= Aol 297t St
Lee et al.(2020) = BERT (Bidirectional ~ Encoder

Representations from Transformers) RE-S fine—tuning(U|A|Z%) oto] o]

ox i HE
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£ Eo5lEwFol d&stith. o] AelA= CNNF word vector embedding
of 7|§tet DeepPatent Htt w2 AsS EAtta Hisiyoh d4AE2

g =09 B4 Abd 3% BERTRY 2 Ed EHE 93 nAxgoz
DeepPatent® 571ete B8 AL5S 712691, ulgfo] AFaSo] Aest
& Q= SQLES =gst: CPC 319 24~ —?%94 e HolEAES
USPTO-3M Hlolgle F5stgon, 7120 Sdn 2o Jrguoze

9

55 £Rol 2EL
BERT B@g ol42%

g
ol gFA Ee ER A5S TAATE Ao

Word-Patent Graph Word Representation

W, Multiple W, {
Attention Adaptive | Ly(®}
W, { CN Laye's _amammam -} NLSOA
) i __-.-.-z_:_' e e .

[ 2-4] Overall Architecture of Non-local Attention—based Graph
Convolutional Network(Tang et al., 2020)
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Tang et al.(2020) &5 dlol& 59 A 275 Hdl + o]
5 gol-tho] FA] BAS FAlo] shEste] 49 FHT oulEA o
= sk, 1= AERA HEHAE 7IMeR Sh= Fols
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gloJEfHo] 2ol A 7T7HE] baseline 7|3} H|wste] of Rdlo] E 7749

baseline RElX T} =2 Ao Holtty HIUSHYLH g A= BA%

o] #AE Graph2 EASI] BA -], Troj-tojo] BAE AGCNES 5

s shaotal °]E A-NLSOA 2hs Reg o]&dld ZFshe ol o
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Data collection and . . Performance
e Patent classification : :
PIEProcessing mmprovement

Environment setting for
parallel processing

Resolving class
Text representation imbalance problem
with LDA

Using descriptions

Patent classification rather than abstracts

with SVM
Preprocessing with Changing the number

NLP Performance evaluation of topic

Comparison with other
methods

[1™ 2-5] Yun et al.(2020)8] AA] Z2Z A A(Yun et al., 2020)

Yun et al.(2020)2 7]&9] 57 dAFolA ERAA ofd 57t =
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S A|Qbotitt. CrossValidation(W 2} H5)-2 BAA HHoz HolH

g Rse] dee Agske EE

i

rol

2
o,
=
H1
4
o
o
N
Y
I
=
o
o
%
lo
lo

52 Hasels 2 Brke ¥F 9" dolHAY ofE #Hast sk 2
o] BEol/] W] RAAFS BR Abol AWE 9§ 8% wet
T ostgeh o AR 71E0] WAlel dlolEAle] Aget sl AR
So dlEshe Ann AA 449 Ae fAsw AP AGA oay
HAHGADOR B APsts o] © UL o2 & 5 e Zojetn
shedch. PEe 7HEA O Ado] et ge 27 Haglld HAs Bk
A we] B holet Fakstch. ackstd sl AT AZgel
=

o
&oto] A" FEAINE AY5H= Begging predictors AQFstATt.

HAH
F2 A A5 o HA ittt Bate Wil ERE 5 o veEs
Tt o HlolHM FEAES EAlEs WEA olF M2 o
SHAER ARgSte] o8] Al predictorg AYAdstlch. o ATollA AA
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2 AlEdeld dolgAle] digt &7 HAE 9 AY 379 37 Ef] 9
SHel Agh Aol A Begging Aeolld AFE o5 € & ok By
Stlth. AAH= Begging®l $8% a4t &9 EqtyAolet whdstglon
shEdlelEHE ngstel FE oS Wee] AP HgE dod £ =
7% Begging> ASEE FIAE & Ao BHAsilt. diF dTlME
gt BR71E BT = ol AMESHe] Begging TAC] FHES o83
s AR Aol SAela & 4 gl

Voting Vertical Voting ¥ Horizontal Stacked A4S ®WH-S AlQtsls

Huang et al.(2017)& &= <t o9 . =
ol7] 9Jall 1§19 Elor ofg ARFTS SFESHE WHS Snapshot ¢
A|QFsFATh. Snapshot YAHELS T A4
ot of2] =24 FHagtow ¥ o wirfEE =
19] ARdoA oot UIEQYA of7|EA 9 shaateiat S-S HAlY,
HHg glo] A @ RdHn d@EHA U2 F aS 7|55
B354t CIFAR-10 @ CIFAR-100914 41737 Snapshot %Ah
b 3.7%, 17.4%9] 2588 71259t Hustgt.

Benities et al.(2018)-2 Support Vector Machine(SVM)& 7|Htoz 7|
ot oo xS mAHZ AREsto] 10-fold cross validation o2
SHOlHE EdAA Rds AR EES S0 ESEA ZR
JeYstAnt. ALTA 2018 ol S3EA =7 Axldi=lelAd 0.778
F1-ScoreE 7|=5t3lom 14709 7F |ellA 1919 A5 At B
stttk sid 4= SVM o date|Fof| mAe} glole o] HFEE F
FES X7t Aot

AA ATNGE 7)ES] APdAFet & dAFe ot 22 Zolfo] k. A
A, 71&] A= shte] HolHAlS EL R
o &2 Aol o9 HolHAlS o§sto] Atet ERid W WS
Zazp shglt. =4, 71E9] dH4E2 il

E_'

= dFelMe v o

e
o

R4 ne o o2 mN
-
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s rlo
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Zaap gholot, tefet JeEd dardsyt mizd

FE9% 3717 HelHA mEoA e

o] BAolet & 4 glrt.

D) tlele A #1

[# 3-1] CPC

COlAE E53(2021d 89 HH)

CpPC Z&

H-8(gel)

W8 @)

C

CHEMISTRY; METALLURGY

ofs}h; oFa

C01

INORGANIC CHEMISTRY

71=tst

CO01B

NON-METALLIC  ELEMENTS;
COMPOUNDS THEREOF;
{METALLOIDS OR
COMPOUNDS THEREOF NOT
COVERED BY SUBCLASS
C01C}

HF4 94 1 39tEs

HEZ
A COICA ZF=HA e &

24 T 7 3gHE)

C01C

AMMONIA; CYANOGEN;
COMPOUNDS THEREOF ({metal
hydrides, monoborane, diborane or
addition complexes thereof
C01B6/00}; salts of oxyacids of
halogens CO1B11/00;  peroxides,
salts of peroxyacids CO1B15/00;
thiosulfates, dithionites,
polythionates CO01B17/64;
compounds containing selenium or
tellurium CO01B19/00; azides
C01B21/08;  {compounds  other
than ammonia or  cyanogen,
containing nitrogen, non—metals
and optionally metals
C01B21/082}; metal imides or
amides C01B21/092; nitrites
C01B21/50; {compounds of noble
gases CO01B23/0005}; phosphides

Rl Ak sreE

(=%

= AFE DL HZr gy @

E& olo] ¥7b 42 COIB

6/00};

gzAel &4 AdY 4

CO1B11/00; ™ML A&

RERE

¢ CO01B15/00; €]l & Ho|E,
tE @ YolE, EZd HE 4t
CO0IB17/64& 3foh= 3hRbE)
g 2% CO0IB19/00; o A&

C01B21/08; (A4, H|E%

190 HLO =11
E—}Vﬁ'—o—i o= O]-‘ITO}'C =]

of B Ao} L o]9]9]
C01B21/082}; &4 oln
L ojml= (C01B21/092;
d CO01B21/50: {nA3h

9 A

S}g+E  C01B23/0005); XA uh
°]= CO01B25/08; 1 CO1B25/16

SISV

C01B33/00 3 =gt

=1
H =

i)

delE

oy
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CO1B25/08; salts of oxyacids of
phosphorus CO01B25/16;
compounds  containing  silicon
C01B33/00; compounds containing
boron C01B35/00)

C01B35/00 9t =te&)

b

C01D

COMPOUNDS OF ALKALI
METALS, Le. LITHIUM,
SODIUM, POTASSIUM,
RUBIDIUM, CAESIUM, OR
FRANCIUM (metal  hydrides
{monoborane, diborane or addition
complexes thereoffCO01B6/00; salts
of oxyacids of halogens
CO1B11/00; peroxides, salts of
peroxyacids  C01B15/00; sulfides
CO01B17/22; thiosulfates,
dithionites, polythionates
CO1B17/64; compounds containing
selenium or tellurium CO01B19/00;
binary compounds of nitrogen
with metals CO1B21/06; azides
C01B21/08;  {compounds  other
than ammonia and cyanogen,
containing nitrogen and  other
non—metals C01B21/082}; metal
amides C01B21/092; nitrites
C01B21/50:; phosphides
C01B21/50; {compounds of noble
gases CO01B23/0005}; phosphides
CO1B25/08; salts of oxyacids of
phosphorus  C01B25/16; carbides
CO01B32/90; compounds containing
silicon  C01B33/00; compounds
containing  boron  C01B35/00;
cyanides  CO01C3/08; salts  of
cyanic acid CO01C3/14; salts of

gz F59 3tE, & 9E,
UEE, ZE, FHE, Ale Es
s (5 FasE (9Y9E
&, gE EE= 09 E3E A
7} CO01B6/00; T2A] SA4F
& CO01B11/00; ¥MtehsE, HE2%
424t CO1B15/00;  S3H=
CO01B17/22; B3I, ol e
24+, Zo g4t

CO01B17/64; Adlw T+ @FF
=

C01B19/00;

>

2452 7He dad 29 39
= C01B21/06; o} 3=
C01B21/08; {&=Eyo} 9 Ao}
A, g Hes % das X
dotk= A olQe]  EgE
C01B21/082}; &%  ofu=

C01B21/092: oAt
C01B21/50; ¢18F= C01B21/50;
m1& 7p2 9] sIeE
C01B23/0005}: AsHE
C01B25/08; <19 A4
C01B25/16: g4 5HE

C01B32/90; AzlZg& =Zgs)
313HE CO1B33/00: BAE =g
5= 3HE CO1B35/00; Alete
£ C01C3/08; Alete ghhgt
& C01C3/14; Agtotm|=eo
C01C3/16: E] Q4]
C01C3/20)

ooR ol

2
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cyanamide C01C3/16; thiocyanates
C01C3/20)

CO1F

COMPOUNDSOFTHEMETALSBE
RYLLIUM,MAGNESIUM,ALUMI
NIUM,CALCIUM,STRONTIUM,B
ARIUM,RADIUM, THORIUM,OR
OFTHERARE-EARTHMETALS(m
etalhydrides{monoborane,diboraneo
radditioncomplexesthereof} C01B6/0
0;saltsofoxyacidsofhalogensC01B11
/00; peroxides,saltsofperoxyacidsCO
1B15/00;sulfidesorpolysulfidesofma
gnesium,calcium,strontium,orbarium
CO1B17/42;thiosulfates,dithionites,p
olythionatesC01B17/64;compounds
containingseleniumortelluriumCO1B
19/00;binarycompoundsofnitrogen
withmetalsC01B21/06;azidesCO1B2
1/08; {compoundsotherthanammoni
aorcyanogencontainingnitrogenandn
on—-metalsandoptionallymetalsCO1B
21/082;amidesorimidesofsiliconC01
B21/087};metal{imidesor}amidesCO
1B21/092,{C01B21/0923} ;nitritesCO
1B21/50; {compoundsofnoblegasesC
01B23/0005};phosphidesC01B25/08

saltsofoxyacidsofphosphorusC01B2
5/16;carbidesC01B32/90;compoun
dscontainingsiliconC01B33/00;com
poundscontainingboronC01B35/00;
compoundshavingmolecularsievepro
pertiesbutnothavingbase—exchangep
ropertiesC01B37/00;compoundshavi
ngmolecularsieveandbase—exchange
properties,e.g.crystallinezeolites, CO1

B39/00;cyanidesC01C3/08;saltsofcy

(N

U | P )
Borr o 1b
[>
[rrt
rf
i
I
o
i)
el
i
o

fu
2
Lo
Jo
)
=
o
o)
(@]
—_
o8]
—_
=
o
S

LAt
CO1B15/00: mh1ul<s, Z, &
EEF E& HEY U¥sE ®
L 318 C01B17/42; €934t
o, olE24t, EeEH24E
CO1B17/64; Ay E= 2F
< x3tsh= SHE C01B19/00;
5% 7HAe dAa 29 FF
£ COIB21/06:  olA|E3tE
C01B21/08; {tmuot EE&= A
AE EFote Alopedll W Mg
2 A g4 oleld] skt
C01B21/082; A&@Ze] o]n|
L oluE  C01B21/087};
=%  {onlE  E}  ofmE
C01B21/092,  {CO1B21/0923};
obEAd  CO01B21/50; {¥]8A
7}20l SRR CO1B23/0005);
ol3H=2 CO1B25/08; 19| A4
o C01B25/16: g4 5HE
C01B32/90: Az&g =3toh=
3eHE C01B33/00: B4 =g
5= 3HE C01B35/00; 224
£4& 7HAARE @71 wE &4

< A g SE
CO01B37/00: 244 9 7] o
o £S5 7Me SEE, o 2
A7 ALgolE, CO1B39/00; Al

(M g b
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anicacidC01C3/14;saltsofcyanamide
C01C3/16;thiocyanatesC01C3/20; {
doublesulfatesofmagnesiumwithsodi
umorpotassiumC01D5/12;withother
alkalimetalsC01D15/00,C01D17/00
1))

otsH= C01C3/08; AJeHAte] &
C01C3/14;  AlQtopu|=e]l &
C01C3/16; E] @ A4t
C01C3/20; {UEE = ZE2
Ml mtadles] olF it
C01D5/12; o e o a&%&
747 = b C01D15/00,
C01D17/00})

C01G

COMPOUNDS CONTAINING
METALS NOT COVERED BY
SUBCLASSES CO01D OR CO1F
(metal ~ hydrides  {monoborane,
diborane or addition complexes
thereof} C01B6/00; salts of
oxyacids of halogens CO01B11/00;
peroxides, salts or peroxyacids

CO01B15/00;

dithionites,

thiosulfates,
polythionates
C01B17/64; compounds containing
selenium, or tellurium CO01B19/00;
binary compounds of nitrogen

with metals C01B21/06; azides

CO01B21/08; {compounds
containing nitrogen, other
non-metals and metal

C01B21/082}; metal amides
C01B21/092; nitrites C01B21/50;
{compounds  of noble  gases
C01B23/0005};
CO1B25/08; salts of oxyacids of
phosphorus  C01B25/16; carbides
CO01B32/90; compounds containing
silicon  C01B33/00; compounds
C01B35/00;

compounds having molecular sieve

phosphides

containing  boron

properties  but  not  having

MEZA COID F= COIFe]
ool ZIEHA e %é% x5t
she IFE (FF FAFE (O
d Heh topE T 19 F
7} E3A} C01B6/00; =A<
2 A4+ CO1B11/00; IHAHSHE,
¥ T HA4F C01B15/00;
o8, ot E R4, E7
EleUYo]E C01B17/64; AdE,
T 95E5S Zdots SE
CO0IB19/00; &4&& 7Hle d4
o] o]¢d shghE C01B21/06; ©F
=32 C01B21/08: {A4, th
Ha4 2 3458 Zdds
3} CO1B21/082}: 2% ofn]
= COIB21/092;  opdAtyg
CO1B21/50; {¥1&A 7}x9] s}
= CO01B23/0005);  Q1SH=
CO1B25/08;  ¢le] =

C01B25/16: g4 5HE
CO01B32/90; AzZ& =glshe=
3eHE C01B33/00: B4 =g
5= slehE CO1B35/00; EAHA|
£ 7HAARE 47] wek &4
4 A P B &
C01B37/00; Ea4tA 9 47]
e £4E M FEE, .
AA| A-2eolE CO1B39/00; Al

M

it

my El
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base—exchange properties | 9t8= C01C3/08; Al¢topu]
C01B37/00; compounds having | &  CO01C3/16; EJQA|F
molecular sieve and base—exchange | C01C3/20)

9
44
properties, e.g. crystalline zeolites,
C01B39/00; cyanides CO01C3/08;
salts of cyanamide C01C3/16;
thiocyanates C01C3/20)

glolgAl #1& CPC CO1 AEe HEZHA(CO1B, COI1C, CO1D, COIF,
COIG) ®FAAR EFHE EsldolgE A&ttt & 5749 ERAAR +
AEQlon ERAA xgHE =k FE55E A 29Y «2= 7F 200
N ZF 1,00070¢] 5= skt S olE e} HAE HolHE 8:12=
oty EddolElet HIAE dojHo RE|ek Eddeor £t
At ozt 7|2 HAL ES|EAE THMA HHe ESRAE &
Fole AS BASH] SlsiAfoldt.

(& 3-2] dlolEAl #19] 4

CPC ZE =9 dolH el HAE foF A
C01B 144 16 40 200
C01C 144 16 40 200
C01D 144 16 40 200
CO1F 144 16 40 200
C01G 144 16 40 200
Rl 720 80 200 1,000

o £Y UPYBE ATHLA 45k 22 20 % Etu pre

2) dlolg Al #2

[£ 3-3] CPC HOIAIE 7120214 8¢ HH)
4(go)) \ EIGE))

| CPC 7t |

=

_29_



H ELECTRICITY 71
HO1 BASIC ELECTRIC ELEMENTS 7182 A7 A}
HO1B CABLES; CONDUCTORS; | AlolE; ARz AAA;, HMEA,
INSULATORS; SELECTION OF | 44 ®i&= §44 548908 A=
MATERIALS FOR THEIR | 49 (zt7] £/ HO1F1/00; T}
CONDUCTIVE, INSULATING | ¥ HO1P {; 14 3|2 HO05K} A
OR DIELECTRIC PROPERTIES | ®)
(selection for magnetic properties
HO1F1/00;  waveguides HOI1P{;
printed circuits HO5K})
HO01C RESISTORS A7
MAGNETS; INDUCTANCES; | #4; <19 ¥l A(inductance); WY
TRANSFORMERS:  SELECTION | 7]; #F7] EA4& 91 M=ol A€
OF MATERIALS FOR THEIR | (Z]2to]E9] 7]9rgk Azt
MAGNETIC PROPERTIES | C04B35/26; g7 C22C; {Fst
(ceramics  based on  ferrites | Z¥ ] 4 HO1B}; EA7] #A
C04B35/26; alloys C22C; | HO1L37/00; 257, nto]ld, &g
HO1F {construction of loading coils | 7] A¥ EE= 19 FARGE 2F A
HO1B} ; thermomagnetic devices | Zt7]7A] ¥&7] HO4R)
HO01L37/00; loudspeakers,
microphones, gramophone
pick—ups or  like  acoustic
electromechanical transducers
HO4R)
CAPACITORS; CAPACITORS, | Z94; a8 29A, 3771, A
RECTIFIERS, DETECTORS, | =7, |#d2] £ 23884 (F
SWITCHING DEVICES OR | A=A 9] S8 =9 A
LIGHT-SENSITIVE DEVICES, OF | HO1B3/00; A9 H= = =W
HO1G THE  ELECTROLYTIC  TYPE | AHo] = ZdA HOIL 29/00)
(selection of specified materials as
dielectric  HO1B3/00;  capacitors
with potential-jump or surface
barrier H01L.29/00)
ELECTRIC SWITCHES; RELAYS; | 718292, A7 AAH
HOLH SELECTORS; EMERGENCY | (selector); HIAETAX]| (0]

PROTECTIVE DEVICES (contact
cables  HO1B7/10;  electrolytic

£ HO1B7/10; ASA7|AEEA]
H01G9/18; HIAH S 3] 27X

_80_




self—interrupters H01G9/18;
emergency protective circuit
arrangements HO2H; switching by
electronic means without

contact—making H03K17/00)

HOZH: SA7A AAgAel ot
A 914 H03K17/00)

ELECTRIC DISCHARGE TUBES
OR DISCHARGE LAMPS

HO1J (spark—gaps HOIT; arc lamps |2 |HIZ  HO5B; A&7
with consumable electrodes HO5B; | HO5H)
particle accelerators HOSH)
ELECTRIC INCANDESCENT | 7] W5 (FAPA] 2 #d5
LAMPS  (details, apparatus or | 25 HE 7Is3F AXE g
processes for manufacture | 2 EE= X = 34 HOIJ
applicable  to  both  discharge | ¥1d 2 t}2 efo] 4l =AY 2]
HO1K devices and incandescent lamps | 2 248 o]-g3t T
HO1J; light sources wusing a | H01J61/96, HO5B35/00)
combination of incandescent and
other types of light generation
HO01J61/96, H05B35/00)
SEMICONDUCTOR DEVICES; | 14 &z g9 AF=HA =
ELECTRIC SOLID STATE | A7] 14 &A (G01 &3& $Ig
DEVICES NOT  OTHERWISE | Bt Ax]e] ALg, ¥t HO1C
PROVIDED  FOR  (use  of | A3}, 24, <IgE, ®ig7] HOIF
semiconductor devices for | ATAIE d¥t HOIG, Asi FA
measuring ~ GO1;  resistors  in | HO1G9/00, v E 2, Sl
general HO1C; magnets, inductors, | HOIM, ot 7], Tod &
transformers HO1F; capacitors in | @ HO1P2] 2Fel; kel Adg,
HO1L general HO1G; electrolytic devices | A HOIR; f&= ®E AA

HO01G9/00; batteries, accumulators
HO1M; waveguides, resonators, or
lines of the waveguide type HO1P;
line connectors, current collectors
HO1R; stimulated—emission devices
HO1S; electromechanical
resonators HO3H; loudspeakers,

microphones, gramophone

JE
1A

o
e
o
(e}
W
s}

N
rE A
e e

X

7] HO4R: uF 7]
4 22, stolme=

2o
N
o2
N

o 3=, Aol e 724 AF
A A7 FE A" Az
HOSK, 54 8&-E& Z+= 9=y
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pick—ups or  like  acoustic

electromechanical transducers
HO4R; electric light sources in
general HO05B; printed circuits,
hybrid circuits, casings or

constructional details of electrical

apparatus, manufacture of
assemblages of electrical
components  HO5K; use  of

semiconductor devices in circuits
having a particular application, see

the subclass for the application)

HreA] gl Abg, sid 8=

S 1E H2)

PROCESSES OR MEANS, e.g.
BATTERIES, FOR THE DIRECT

Y Ee o, o A efeh
_‘I

oA A7) diA=ze] A% @

HO1M CONVERSION OF CHEMICAL | & 95t #
ENERGY INTO ELECTRICAL
ENERGY
WAVEGUIDES;  RESONATORS, | T3 3717], A2 X Lupy
LINES, OR OTHER DEVICES | @9 42 &= (F FulgolA] 2
HO1P OF THE WAVEGUIDE TYPE | Est= G02B)
(operating at optical frequencies
G02B)
ANTENNAS, ie. RADIO | ¢telW, &, 74 354 (Aol =2
HO1Q AFRIALS (radiators or antennas | o} 7}[<€-& Zttjojo|g] Ei= <ML
for microwave heating HO5B6/72) | HO5B 6/72)
ELECTRICALLY-CONDUCTIVE | A7|Ho2 AxAdE dF; A4S
CONNECTIONS; STRUCTURAL | A" 713 478 &5 71X
ASSOCIATIONS OF A& A% AEY FA AR 4
PLURALITY OF | 7]
HOIR MUTUALLY-INSULATED
ELECTRICAL CONNECTING
ELEMENTS: COUPLING
DEVICES: CURRENT
COLLECTORS
DEVICES USING THE PROCESS | 9& ZFZA|7|7 2gA]7]17] 9]
HO1S OF LIGHT AMPLIFICATION BY | s AL [Elo]A]9] S=H Hr=of

STIMULATED  EMISSION  OF

Lo
St
HE
Lo
2

B Bge olgshe
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RADIATION [LASER] TO | &=]: Fu} o]Q]o] whg H oA
AMPLIFY ~ OR  GENERATE | Hdztut ®ate] fed WALS AR
LIGHT; DEVICES USING | st= 7171

STIMULATED  EMISSION  OF
ELECTROMAGNETIC
RADIATION IN WAVE RANGES
OTHER THAN OPTICAL

glolEl Al #2+= CPC HO1 ALel AEZHA(HO01B, HOIC, HOIF,
HO01G, HO01G, HO1H, HO01J, HOIK, HO1L, HOIM, HO1P, H01Q, HOIR,
HO1S) #RAAR 79 SdtlolHE A&ttt & 14719 ERAA= +
*4545212 ERAAC 23tE w5 SEESIE 299 «o2 7 200704
Z 2,800719] Esl2 HAdstelch EdHolHet HAE HolH&= 8122 &4
stk Re7le2 24l E9Y o= FEeotdlon dHolgAl #1 & 54

g 71%e A8stalct

E 3-4] Hlo|HAl #29] +4

CPC ZE A dole | A% dold | HXE golg A
HO1B 144 16 40 200
HO1C 144 16 40 200
HO1F 144 16 40 200
HO1G 144 16 40 200
HO1H 144 16 40 200
HO1]J 144 16 40 200
HO1K 144 16 40 200
HO1L 144 16 40 200
HO1M 144 16 40 200
HO1P 144 16 40 200
HO1Q 144 16 40 200
HO1R 144 16 40 200
HO1S 144 16 40 200
HO1T 144 16 40 200
Rl 2,016 224 560 2,800




3) dlelg Al #3

glolElAl #32 CPC CO1 AG® CPC HO1 A dlo|elE ZAgtsto %
197116} ZRAARZ .

SRAAER 200719 W= 557 xekste] F 3,800%719] HlojE =
T4l ok, EdHolEe} HAE HoleE 81282 #este] 77 3,040%
760702 FAsIAT.

4) Holel A aok

2E3]% ol8ste] 3717 Hlolel A

=
o
= TSI 2 dHolHAle 7 dd s E¥sk HAE St Rdl

E5A EFddioly | ASdole | H2AEGolH A
glolEAl #1 5 720 80 200 1,000
glo]E Al #2 14 2,016 224 560 2,800
ool el #3 19 2,736 304 760 3,800
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Al 2 A Multi Layer Perceptron(MLP) ¢118]&S& AHESH

—

A

cERd

HAEZ(Perceptron)S QJQFAAT] ot FRZA, 1957d] Fd ¥

14 (Cornell Aeronautical Lab)®] Frank Rosenblatto]] 2]sf 11QF=Act.

HAEES 7P 1ttt Y] U (Feedforward) HIE A O] AP

. (Van Der Malsburg C., 1962)

HAERS 7|2 Fx+= AHS(nput Layer), =95 (Hidden Layer), &
(Output Layer) 0= FAd&o] Qlt}. ofm] 2YZFO] Zip7t 27] o]/fel
= MLP(Multi Layer Perceptron) 2t St} 24590] S84 07T th3
>

o geloz AgHH of WHol 2HFel A% wF wEH

T

Inpul layer Output layer
y o) .o,
WA Wi
- :_:l.l 1:
::-,r N N
i W
y _r‘"' -
i=Li, &, £ = input vector
g=o,, o, ] = output veclar

(19 3-2] 2719 &4Y=g 7}# Multi Layer Perceptron(Gardner et al., 1998)
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it [{7. 1573)]
output: [(7. 1573)]

densze mput: InpulLaver

:

input: (*. 1573)
output: (7. 32)

:

densze: Dense

. ) . . input:
Batch_normnmahzation: BatchMNonnalization
output:
input: (7. 32)

dropout: Dropout

output: (7. 32)

}
:

mput: (7. 32)

output: | (7, 32)

densze 1: Densze

. . . . it {7, 32)
batch_normalization__1: BatchMNormmalization
output: (7. 32)
myput: {7, 32y
dropout_1: Dropout
o output (7. 32y
maprul: (7. 32)
cdlenze 2 Dense
- output: (™. 32)
L o mput (7. 32)
batchh normalization 2: BatchINonnahzation
output: (7. 32)

it (7. 32)
output: {7, 32y

dropout_2: Dropout

!

input: (7. 32)

dense 3 Dense
output: (", 5)

[ 3-3] dloJe|Al #1 of 85 MLP Bdlo] £x o] (24YF9] ¢

3, LY=o L&t & 3))
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2) ajpagel 74

ar

2 AFolAE [® 3-TIA Hole RAAH ZF wi/fi4o] FFo] wt
og] e ZHgsto] = 1447179 2oz MLP E5nde THstqr}.

& 3-7] MLP E&REE9] wiiis 7 3 A84

e FF 285 A
A=A AL, A=, A=
<435 T 1,23
e4go ke & 32, 64
5 E le™ le™*
B 2] AFo] = 8, 16
EEor HE 0.2, 0.3
3) A4 =4
St

H AF M= Python 3.8 WH, Tensorflow 2.3.0 HJZH-ES Af

Keras 2.4 H22 olgste] Zz1de 2Aatsrt

7 BREYE % 150 =4 Fdsie 2r)%R JMe A8stan. =
Ngmo] AL W oEnitt @EElolH ol £42koss)E ZAste] 10 o=
o] AU EAgo] A4S oW FRAIEE st

shitel Hole] Alo] AHgEE BRREe AA(3), stolnutete x5
o o] Hprd 5 7

Azg
o
o™

(48) Hgsto] % 1447 Lol thejd EAAAL
Zulole o] &4 o] JH we ERud A% dolHol At Mg %
Tglolejo] £4zka AEElolE o] &gl 27t 7t

e BRud Jen 24
B e EREDS 247 Austy. 3, 2 dolesl 3 349 A2 MLP
PeRde A4ste] gAE dolHd g FHEe st
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4 A9 A
D) HolHA #1 o] MLP ERnde 488 25 A3

glolEl A #1 of disiA ddoleet w74 xdor F 144719
MLP 2FE29S SHAZ

T 72079 ES2AME
tolE|2 ARgStTh F 144719 mEo] o

o] 27t 7P W2 3749 mdlE AAsTt
o] BElS zkzb MLP#1-1, MLP#1-2, MLP#1-3°&8 wWwslglon o]
meo] sto|mutetnle gt 2 HFdolH o ASLet A [® 3-8
et gich
MLP#1-1 EFEH HZF AL 0.8500]2=
g T 68719 E5EAl disl AgaFAAet 54 ZFAAE 9
312709 E5lEAd disiAe AFgERAALLG b ERAAE A5
7

12 pehdc,

A~

—_

[ 3-8] dlolgAl #1 9] HZF dlolgo] < MLP EFnd

C= A= pa =3

ol U= SlAs _ — _ =09 =)

HE — 9% L | S5E | HiA oFs- of = et | 2z
MLP#1-1 |  d2&#1 1| 64| le4| 8| 02| 43| 085005774
MLP#1-2 qH#1 2 32 le—4 16 0.3 70 | 0.863 | 0.6121
MLP#1-3 A=#2 1 32 le-3 16 0.2 18 | 0.863 | 0.6750
ZF ERrdo] oigt HolEAl #1 o HIAE dHolE 2007 Hit &

A= 5719 ERAIAY ZF &=l dHellA A E(precision), A& (recall)
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1283 fl-scores

glolelAl #19] HAEHo]Eof| et =g HlwstH MLP#1-

ZAstaeH, AA gl et o= (accuracy), HE

T AQde 181 fl-scores &AL

CE)

do] g7t 79.50% e MLP#1-1 @} MLP#1-3 o Hs| Z+2b 2%,
2.5% =2 ASEE el

# 3-9] MLP#1-1 R9l9] HAE ©Holg & Az

precision recall fl-score support
CO1B 0.6579 0.6250 0.6410 40
Co1C 0.8810 0.9250 0.9024 40
C01D 0.7500 0.8250 0.7857 40
CO1F 0.8205 0.8000 0.8101 40
C01G 0.7568 0.7000 0.7273 40
accuracy 0.7750 200
macro avg 0.7732 0.7750 0.7733 200
[# 3-10] MLP#1-2 29| HAE dlojg EF Zu}
precision recall f1-score support
CO1B 0.7742 0.6000 0.6761 40
Co1C 0.9268 0.9500 0.9383 40
C01D 0.7708 0.9250 0.8409 40
CO1F 0.8205 0.8000 0.8101 40
CO01G 0.6829 0.7000 0.6914 40
accuracy 0.7950 200
macro avg 0.7951 0.7950 0.7913 200
(£ 3-11] MLP#1-3 ZdEle] HAE dlo|g EF7F 23}
precision recall fl1-score support

CO1B 0.6667 0.6000 0.6316 40
Co1C 0.8649 0.8000 0.8312 40
C01D 0.8182 0.9000 0.8571 40
CO1F 0.8684 0.8250 0.8462 40
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CO01G 0.6444 0.7250 0.6824 40

accuracy 0.7700 200
macro avg 0.7725 0.7700 0.7697 200

0.9

07733 0.7913

0.7697

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

fl-score Ha HET

EMLP#1-1 ®mMLP#1-2 = MLP#1-3

[Z19] 3-4] dlolHAl #1 HAEdol8e MLP £7F=2Y fl-score®} Fe=

) dlolgAl #2 of MLP Zdg Hget & A

dolEAl #2 o disiA delolEe} mMA xFgom E 144770

MLP &R A7
& 2016719 S5lRAS FHMOIHRE ARSI 224719 S57AS
ASHlolHR A-85t3

. 14479 RES] EHAY F HF =0 7L
11 =

fhol Mg 2 2d I

=
[e] =
F =2 g A4S

v

(P~
>
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Agre]l A7 7 e 3740 nEls At
o] melS 7}zt MLP#2-1, MLP#2-2, MLP#2-3°02 wisiglon o]
nelo] AgH /el g2 [ 3-12]o] JER St

(% 3-12] dolEAl #2 ] A% dlolHe] A1) MLP 2R=rd

= 4z | Az

9| edE | wE eE A |
MLP#2-1 | 4=E#3 1 64 le™ 16 0.3 41 | 0.857 | 0.4861
MLP#2-2 | 4=8#3 1 32 le™ 16 0.2 50 | 0.862 | 0.5012
MLP#2-3 | =243 1 32 le™? 8 0.2 6| 0.871 | 0.4852

golEAl #29] HIAEH ol Wigt AL E H|WsIH MLP#2-1 B2
do] A7l 83.39% PO MLP#2-3 I+ MLP#2-2 o Hl3)] zZ+zh
0.35%, 0.71% =& A& et

¥ 3-13] MLP#2-1 27RO HAE HolH 27 2%

precision recall f1-score support
HO1B 0.8158 0.7750 0.7949 40
HO1C 0.7727 0.8500 0.8095 40
HO1F 0.9091 0.7500 0.8219 40
HO1G 0.7619 0.8000 0.7805 40
HO1H 0.8043 0.9250 0.8605 40
HO1J 0.7917 0.9500 0.8636 40
HO1K 0.9730 0.9000 0.9351 40
HO1L 0.7174 0.8250 0.7674 40
HOIM 0.8421 0.8000 0.8205 40
HO1P 0.8667 0.6500 0.7429 40
HO1Q 0.8140 0.8750 0.8434 40
HOIR 0.7750 0.7750 0.7750 40
HO1S 0.9474 0.9000 0.9231 40
HO1T 0.9730 0.9000 0.9351 40
accuracy 0.8339 560
macro avg 0.8403 0.8339 0.8338 560
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[E 3-14] MLP#2-2 49| g AE ¢folg EF A}
precision recall f1-score support
HO1B 0.7692 0.7500 0.7595 40
HO1C 0.7727 0.8500 0.8095 40
HOIF 0.9394 0.7750 0.8493 40
HO1G 0.7619 0.8000 0.7805 40
HO1H 0.7600 0.9500 0.8444 40
HO1]J 0.7551 0.9250 0.8315 40
HOIK 0.9730 0.9000 0.9351 40
HOIL 0.7111 0.8000 0.7529 40
HOIM 0.8611 0.7750 0.8158 40
HO1P 0.8966 0.6500 0.7536 40
HO1Q 0.8182 0.9000 0.8571 40
HOIR 0.7692 0.7500 0.7595 40
HO1S 0.9444 0.8500 0.8947 40
HOIT 0.9730 0.9000 0.9351 40
accuracy 0.8268 560
macro avg 0.8361 0.8268 0.8270 560
E 3-15] MLP#2-3 2de] HAE glolg 7 A
precision recall f1-score support

HO1B 0.7632 0.7250 0.7436 40
HO1C 0.7660 0.9000 0.8276 40
HOIF 0.8611 0.7750 0.8158 40
HO1G 0.8049 0.8250 0.8148 40
HOIH 0.7872 0.9250 0.8506 40
HO1]J 0.8095 0.8500 0.8293 40
HO1K 0.9474 0.9000 0.9231 40
HOIL 0.7500 0.8250 0.7857 40
HOIM 0.8718 0.8500 0.8608 40
HO1P 0.9259 0.6250 0.7463 40
HO1Q 0.7955 0.8750 0.8333 40
HOIR 0.8378 0.7750 0.8052 40
HO1S 0.8140 0.8750 0.8434 40
HOLIT 0.9730 0.9000 0.9351 40
accuracy 0.8304 560
macro avg 0.8362 0.8304 0.8296 560
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03 08338 0827 08296 08339 0.8268 0.8304
0.8
07
06
05
04
03

0.2

0.1

fl-score Hat oL

mMLP#2-1 = MLP#2-2 w MLP#2-3

[(19 3-5] dlolgAl #2 HIAEHo]E MLP 2724 fl-score?} A

th dlolEAl #3 o] MLP EFRES 484 25 A7)

clo]EAl #3 o dishA ddlole et mizfRise] XFoR F 144749
MLP #REES FAAFT

% 3,04079] E3 %H% FddolHE ARESFR
AStlolE= Argstant. & 144709 nde] A4
w2 ng A% &4 ‘%IOI A IS = R R L
Aol A7t 7 @2 37 »dS A4St

o] melS 717} MLP#3-1, MLP#3-2, MLP#3-308 ®dslglon o]
mdle] Ag% wiZfa 22 [ 3-16]0] e Sioh
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(2 3-16] dlolgAl #3 o] A

Z dlolg o] &< MLP ERrd

EE 4% | H2F

S 2435 | L& | ShEE | HiA o NE asts | ez

MLP#3-1 |  dE#1 1] 32 le™ 8 03| 39| 0.836|0.7151
MLP#3-2 |  4Z#1 1| 64 le*| 16 03| 47| 0.8390.6635
MLP#3-3 |  <=i#1 1| 64 le*| 16 03| 36| 0.836|0.6551

dlolgAl #39] HAEdHolElo] thst AL E B wWSHH MLP#3-2

=)

A st 81.18% Fovl MLP#3-3 3} MLP#3-2 of wls] z+2+ 0.52%,
0.92% =& AstEg vehid,

[# 3-17] MLP#3-1 99| HAE dolg & Az}

precision recall f1-score support
CO1B 0.6944 0.6250 0.6579 40
CO1C 0.8864 0.9750 0.9286 40
C01D 0.7347 0.9000 0.8090 40
CO1F 0.8889 0.8000 0.8421 40
CO01G 0.6744 0.7250 0.6988 40
HO1B 0.7368 0.7000 0.7179 40
HO1C 0.8095 0.8500 0.8293 40
HOIF 0.8919 0.8250 0.8571 40
HO1G 0.7436 0.7250 0.7342 40
HOIH 0.7609 0.8750 0.8140 40
HO1J 0.8095 0.8500 0.8293 40
HOIK 0.9706 0.8250 0.8919 40
HOIL 0.7234 0.8500 0.7816 40
HOIM 0.8125 0.6500 0.7222 40
HO1P 0.7812 0.6250 0.6944 40
HO1Q 0.8085 0.9500 0.8736 40
HOIR 0.8205 0.8000 0.8101 40
HO1S 0.9167 0.8250 0.8684 40
HOLIT 0.9268 0.9500 0.9383 40
accuracy 0.8066 760
macro avg 0.8101 0.8066 0.8052 760
[# 3-18] MLP#3-2 HHlo| HAE HoJg 2/ 23
precision recall f1-score support

CO1B 0.7027 0.6500 0.6753 40
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C01C 0.9268 0.9500 0.9383 40
C01D 0.7500 0.9000 0.8182 40
CO1F 0.7561 0.7750 0.7654 40
CO01G 0.6923 0.6750 0.6835 40
HO1B 0.7805 0.8000 0.7901 40
HO1C 0.8537 0.8750 0.8642 40
HO1F 0.9118 0.7750 0.8378 40
HO1G 0.7949 0.7750 0.7848 40
HO1H 0.7551 0.9250 0.8315 40
HO1]J 0.8293 0.8500 0.8395 40
HO1K 0.9167 0.8250 0.8684 40
HO1L 0.7021 0.8250 0.7586 40
HOIM 0.7500 0.6750 0.7105 40
HO1P 0.7941 0.6750 0.7297 40
HO01Q 0.8222 0.9250 0.8706 40
HO1R 0.8857 0.7750 0.8267 40
HO1S 0.9429 0.8250 0.8800 40
HO1T 0.9268 0.9500 0.9383 40
accuracy 0.8118 760
macro avg 0.8155 0.8118 0.8111 760
[# 3-19] MLP#3-3 29| B AE folf Z7 23
precision recall f1-score support

CO01B 0.6667 0.6500 0.6582 40
C01C 0.9268 0.9500 0.9383 40
C01D 0.7347 0.9000 0.8090 40
CO1F 0.7561 0.7750 0.7654 40
C01G 0.6579 0.6250 0.6410 40
HO1B 0.7561 0.7750 0.7654 40
HO1C 0.8537 0.8750 0.8642 40
HO1F 0.9118 0.7750 0.8378 40
HO1G 0.7632 0.7250 0.7436 40
HO1H 0.7500 0.9000 0.8182 40
HO1]J 0.8293 0.8500 0.8395 40
HO1K 0.9429 0.8250 0.8800 40
HO1L 0.6875 0.8250 0.7500 40
HOIM 0.7429 0.6500 0.6933 40
HO1P 0.8182 0.6750 0.7397 40
HO1Q 0.8222 0.9250 0.8706 40
HO1R 0.8378 0.7750 0.8052 40
HO1S 0.9429 0.8250 0.8800 40
HO1T 0.9268 0.9500 0.9383 40
accuracy 0.8026 760
macro avg 0.8067 0.8026 0.8020 760
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0.8
0.7
0.6
0.5
0.4
0.3

0.2

0.1

fl-score Ha =

m MLP#3-1 wMLP#3-2 w MLP#3-3

(19 3-6] vlolelAl #3 Bl AEHolE] MLP £7E9 fl-score?t HEE
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oS3t A5E Y o
L BHB AFBoR A AT, ol FEA 29 23K RS
QAlsled] el AFEE LeNet-5 F20] A4E00 o5de] CNN 7

rr 4
re
ofl
N
L
=1
)
e
A

Azt Ao Fxo] gt AF(Hubel, 19502 7|¥roR 14E ol
2o]l 7]9 @b ofeltiolzt LigT). o]2gk ofo]

C3:f maps 16@10x10
INPUT g é ;:g:g;sm maps S4: 1. maps 16@5x5
332 S2: 1. maps
s@14x14

|
| | Full mnAecﬁon | Gaussian connections
Convolutions Subsampling Convolutions  Subsampling Full connection

(719 3-7] Architecture of LeNet—5, a convolutional NN, here used for
digits recognition. Each plane is a feature map, i.e., a set of units whose

weights are constrained to be identical (LeCun et al., 1998)

= CNN2 Fx9 BEAA olmA] ¢lAlo] a5 HelRittal
Ao o 1Ay ERolE ARG 4 glom GupAQl A S ot
Kim, 2014)
dolE HEZ HEstr] 98] Word2Vec ]yt Glove



ASE 3, 4, S48 AdFoR AN FYFEE WED B 2 Ad=
A4sle] 379 ALE AHEeHE ONN 722 SolRA 258 +dsian

wait
for
the
video

and
do
n't

rent

it

n x k representation of Convolutional layer with Max-over-time Fully connected layer
sentence with static and multiple filter widths and pooling with dropout and
non-static channels feature maps softmax output

[18 3-8] Model architecture with two channels for an example

sentence(Kim, 2014)
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goz AHY F olg P
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EERUGET

il
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rE
flo
>
oo
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32
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) E5liERF8 CNN EREd

B AFoA AAGH CNN ERrdo

[19 3-9] 3 22 X E 71
7MY iz FAE HEQE CNNolw Z+ gde Adol 37|71 4427 3,
4,5 Q1 MdH o8 F4HH

7 AT Fe EEoleal WA EREe AW F gdel 7 99E of
of Zol= E#E(Flatten) T2 AAA Hoh ol Fd HE= WEoH 7}
o EHES —‘# Ao Gk 19T o)F ¢l AAFOR WSt

A% 2ezon Ags) Hu,
odg 712 722 uigor W 4ot EFots Hg 5L WA
A4 o 7o) 2ee gAstdrt.
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input: | [, 144)]
output: | [(%, 144)]

input: | [ 144)]

input_3: InputLayer
output: | [(2. 144)]

] input: | [(2. 144)]
input_L: TaputLayer
output: | [(2. 144)]

input_2: TnputLayer

[Cmput [ ¢4 |
(2,144, 100) |

wput [ 14| ‘

[Cmput [ 149 ]
(2,144, 100) |

(2,144, 100) | - \ output:

" [ output:

output:

input: | (2, 144, 100) input: | (2, 144, 100) input: | (2, 144, 100)

convld_L: ConviD

convld: ConvlD convld_2: ConviD

output: | (2, 141, 32)

]

output: | (%, 140, 32)

]

output: | (7,142, 32)

]

input:

input: | (2, 140, 32)

(2, 140, 32)

input: | (2, 141, 32)

(2,141, 32)

(2,142, 32)

dropout_2: Dropout
(2,142, 32)

dropout: Dropout dropout_1: Dropout

output:

output:

] ©.140,32) |

C,141.3) |
.70.3) |

2.70.32) |

©.142,3) |
(2.71.3) |

b [ input: b [ input: b [ input

max_poolingld_2:

max_poolingld: mas_poolingld_1:

[ output

[ output:

[ output:

input: ] input: | [(%, 69)]
input_4: InputLayer
output: | [(?, 69)]

flatten: Flatten
output:

. [ input: (2, 2272), (2, 2240, (2, 2240), (% 69)] |
[ outpu: | (2, 6821) |

dense: Dense
output:

(27 3-9] dHolHAl #1 o] 8" CNN 2F=2EE| #x oA

2) iAol 74

® 3-20] CNN 23 mdle] ojjds 8 2 483

AR A5
=L, e, 3

32, 64
le-3, le—4
o) & 8, 16
% HE& 0.2, 0.3, 0.5

|72 | ok il O,
Tt | N | | 1
O 2>y

2 AFAM+= Python 3.8 BH, Tensorflow 2.3.0 HH-E AREstL
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Keras 2.4 WS o]-gsto] =18 25ttt
Zh ®de F 150 oFH st 27|1FE 71We A8stilth
= U2 ] oFuitt ZAFHolH &4 (oss)E EH5k] 10
AUE &7k ZastA] gow ZgA|7|E2 A}
Shubel dloe Ao AMEE= B2 IEA(3), stolmutetnE £3H24)

AHgste] & 7270 Bl disiAe Ao o] RY F HFHolH &

N
ol

7]

<

EX

i}

A grel 7Vg ke BE, 4% deolde] st 4 B B9 1eln
Adlole o] Azt PEEele o] £Age] A7k A e mde 27 A

4) A

7P dlolgAl #1o] CNN E&rdS AHest BeAy

E 3-21] dlo]EAl #1of #2Z¢l CNN ERrd

3% | 4%

oly] i SHAE 5 2610 aZ
HE 4 TEE iz | EFObR| o= st | Az
CNN#1-1 AE#1 32 le-3 8 0.3 23 0.812| 0.7724
CNN#1-2 AZ#1 32 le-3 8 0.3 22 0.812| 0.9980
CNN#1-3 AE#1 32 le-3 8 0.3 17 0.825] 1.0054

dlolg Al #1°] BIAEHolE o] et At s Hlwstd CNN#1-1 =57
mdo] ALt 7500% oW CNN#1-3 7} CNN#1-2 o Hs] Z+z}
2.5%, 523% =& LS e

[ 3-22] CNN#1-1 Bande] gAE gojg Ba Az}

precision recall f1-score support
CO1B 0.7568 0.7000 0.7273 40
Co1C 0.7907 0.8500 0.8193 40
Co1D 0.7805 0.8000 0.7901 40
CO1F 0.8056 0.7250 0.7632 40
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C01G 0.6279 0.6750 0.6506 40
accuracy 0.7500 200
macro avg 0.7523 0.7500 0.7501 200
[% 3-23] CNN#1-2 2REd9] gAE Holg 25 Az}
precision recall f1-score support
CO01B 0.7333 0.5500 0.6286 40
C01C 0.7907 0.8500 0.8193 40
C01D 0.7111 0.8000 0.7529 40
CO1F 0.7105 0.6750 0.6923 40
C01G 0.5682 0.6250 0.5952 40
accuracy 0.7000 200
macro avg 0.7028 0.7000 0.6977 200
F 3-24] CNN#1-3 27 E9e] HAE Holg &7 23
precision recall f1-score support

C01B 0.6522 0.7500 0.6977 40
C01C 0.8421 0.8000 0.8205 40
C01D 0.6939 0.8500 0.7640 40
CO1F 1.0000 0.5250 0.6885 40
C01G 0.6087 0.7000 0.6512 40
accuracy 0.7250 200
macro avg 0.7594 0.7250 0.7244 200
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09
0.8 0.7501 075
07
0.6
05
0.4
03
0.2

0.1

fl-score Hat oL

W CNN#1-1 mCMMN#1-2  w CNN#1-3

(29 3-10] dlo]gAl#1 HAEHolg] CNN E&=1d fl-score?} AT

) glolgAl #20] CNN EFrde 2835 RaAn

HE 3-25] HlolHA #2¢] A<l CNN Z7E2H

g | we | oew | WA |ssern| oz | oo | 8%

BekE | 247
CNN#2-1 A1 32 le™* 8 0.2 61 0.875| 0.5733
CNN#2-2 AH#1 32 le™* 8 0.2 46 0.871| 0.5342
CNN#2-3 AH#1 32 le?? 8 0.3 13 0.888| 0.7634

dolE|Al #29] EHIAEHolEo] Wit AL E H|wWSIH CNN#2-3 29
O] H3r 7} 88.39% ol  CNN#2-2 I CNN#2-1 o H|s] Z+z+ 2.68%,
27% =& A%EE eyt
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[E 3-26] CNN#2-1 B=nde] gAE dlojg B8 A7
precision recall f1-score support
HO1B 0.6739 0.7750 0.7209 40
HO1C 0.9722 0.8750 0.9211 40
HO1F 0.8974 0.8750 0.8861 40
HO1G 0.7674 0.8250 0.7952 40
HO1H 0.8571 0.9000 0.8780 40
HO1J 0.8718 0.8500 0.8608 40
HO1K 1.0000 0.8250 0.9041 40
HOIL 0.7660 0.9000 0.8276 40
HOIM 0.7826 0.9000 0.8372 40
HO1P 0.8286 0.7250 0.7733 40
HO1Q 0.8444 0.9500 0.8941 40
HOIR 0.8378 0.7750 0.8052 40
HO1S 1.0000 0.8500 0.9189 40
HO1T 1.0000 0.9500 0.9744 40
accuracy 0.8554 560
macro avg 0.8642 0.8554 0.8569 560
[# 3-27] CNN#2-2 2RE9e| HAE Heolg 57 A3
precision recall f1-score support

HO1B 0.6818 0.7500 0.7143 40
HO1C 0.9000 0.9000 0.9000 40
HO1F 0.8919 0.8250 0.8571 40
HO1G 0.7955 0.8750 0.8333 40
HO1H 0.8333 0.8750 0.8537 40
HO1J 0.9474 0.9000 0.9231 40
HO1K 0.9714 0.8500 0.9067 40
HOIL 0.8222 0.9250 0.8706 40
HOIM 0.7292 0.8750 0.7955 40
HO1P 0.8529 0.7250 0.7838 40
HO1Q 0.8571 0.9000 0.8780 40
HOIR 0.8611 0.7750 0.8158 40
HO1S 0.9459 0.8750 0.9091 40
HO1T 1.0000 0.9500 0.9744 40
accuracy 0.8571 560
macro avg 0.8636 0.8571 0.8582 560
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[# 3-28] CNN#2-3 27 EH9| HXAE dHolg 7 23
precision recall f1-score support

HO1B 0.9375 0.7500 0.8333 40
HO1C 0.9211 0.8750 0.8974 40
HOIF 0.9231 0.9000 0.9114 40
HO1G 0.7308 0.9500 0.8261 40
HOIH 0.9286 0.9750 0.9512 40
HO1J 0.9444 0.8500 0.8947 40
HO1K 0.9730 0.9000 0.9351 40
HOIL 0.7708 0.9250 0.8409 40
HOIM 0.8718 0.8500 0.8608 40
HO1P 0.9355 0.7250 0.8169 40
HO1Q 0.7451 0.9500 0.8352 40
HOIR 0.8974 0.8750 0.8861 40
HO1S 0.9730 0.9000 0.9351 40
HOIT 0.9744 0.9500 0.9620 40
accuracy 0.8839 560
macro avg 0.8947 0.8839 0.8847 560
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th flolgAl #30] CNN EFrd-e 285t edy

(3 3-29] dloJgAl #3¢] %Al CNN EHnd
A4z | Az
U | EH | SEE | A EEeht) AR )
CNN#3-1 AH#2 32 le™ 16 0.3 39 0.740| 1.1094
CNN#3-2 A2 32 le? 8 0.2 23 0.743| 5.9760
CNN#3-3 A2 16 le? 16 0.3 16 0.737| 4.1769

golgAl #39] HIAEGolE ] st AP E H|wshH CNN#3-1 EF
ndo] ALt 76.58% o|n]  CNN#3-2 I+ CNN#3-1 o s|s] ztzt
3.29%, 4.87% =2 AL E LEHIL

(¥ 3-30] CNN#3-1 Baado] gAE do|g &7 A}

precision recall f1-score support
C01B 0.6000 0.4500 0.5143 40
CO1C 0.6032 0.9500 0.7379 40
CO1D 0.6875 0.8250 0.7500 40
CO1F 0.7647 0.6500 0.7027 40
CO01G 0.6429 0.6750 0.6585 40
HO1B 0.6829 0.7000 0.6914 40
HO1C 0.6939 0.8500 0.7640 40
HO1F 0.8378 0.7750 0.8052 40
HO1G 0.7667 0.5750 0.6571 40
HO1H 0.8333 0.7500 0.7895 40
HO1J 0.8250 0.8250 0.8250 40
HO1K 0.8780 0.9000 0.8889 40
HO1L 0.6800 0.8500 0.7556 40
HO1IM 0.8182 0.6750 0.7397 40
HO1P 0.8684 0.8250 0.8462 40
HO1Q 0.9000 0.9000 0.9000 40
HO1R 0.8571 0.7500 0.8000 40
HO1S 0.8824 0.7500 0.8108 40
HO1T 0.8974 0.8750 0.8861 40
accuracy 0.7658 760
macro avg 0.7747 0.7658 0.7644 760
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[# 3-31] CNN#3-2 2R/E99] HAE dlolg &7 A
precision recall f1-score support
C01B 0.6842 0.3250 0.4407 40
C01C 0.8293 0.8500 0.8395 40
C01D 0.3016 0.9500 0.4578 40
CO1F 0.8846 0.5750 0.6970 40
CO01G 0.6667 0.5000 0.5714 40
HO1B 0.7368 0.7000 0.7179 40
HO1C 0.8537 0.8750 0.8642 40
HOIF 1.0000 0.7750 0.8732 40
HO1G 0.9091 0.5000 0.6452 40
HO1H 0.8261 0.9500 0.8837 40
HO1J 0.7949 0.7750 0.7848 40
HOIK 0.9231 0.9000 0.9114 40
HO1L 0.8889 0.4000 0.5517 40
HOIM 0.7941 0.6750 0.7297 40
HO1P 0.6809 0.8000 0.7356 40
HO01Q 0.7872 0.9250 0.8506 40
HOIR 0.9600 0.6000 0.7385 40
HO1S 0.7708 0.9250 0.8409 40
HOLIT 0.8605 0.9250 0.8916 40
accuracy 0.7329 760
macro avg 0.7975 0.7329 0.7382 760
I 3-32] CNN#3-3 ERnd9] HAE goly &7 Ayt
precision recall f1-score support

CO1B 0.6786 0.4750 0.5588 40
Co1C 0.5286 0.9250 0.6727 40
C01D 0.6818 0.7500 0.7143 40
CO1F 0.7073 0.7250 0.7160 40
CO01G 0.6757 0.6250 0.6494 40
HO1B 0.7647 0.6500 0.7027 40
HO1C 0.9167 0.8250 0.8684 40
HO1F 0.8462 0.8250 0.8354 40
HO1G 0.6429 0.9000 0.7500 40
HOIH 0.5789 0.8250 0.6804 40
HO1J 0.9286 0.3250 0.4815 40
HO1K 0.9310 0.6750 0.7826 40
HOIL 0.7857 0.5500 0.6471 40
HOIM 0.9545 0.5250 0.6774 40
HO1P 0.6800 0.8500 0.7556 40
HO1Q 0.9600 0.6000 0.7385 40
HOIR 0.5303 0.8750 0.6604 40
HO1S 0.9143 0.8000 0.8533 40
HO1T 0.7347 0.9000 0.8090 40
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accuracy 0.7171 760

macro avg 0.7600 0.7171 0.7133 760
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(28] 3-13] RNN9] 7|& 3x

Long Short-Term Memory(LSTM)< RNNefA #As5H= 7]&7] &4
S2AE sAst7] sl 1etE dejd FZFo|th(Hochreiter, 1997).
oyt 12 #Hste] Axintz A

d A =859 =8l 0
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) nput: | [(?, 1000}]
mput_1: InputLayer
output: | [(2. 1000)]
A A
) _ input: (2, 1000)
embedding: Embedding
output: | (?. 1000, 100)
o o nput: | {2, 1000, 100) . mput: | [(7, 69)]
bidirectional(lstm): Bidirectional(LSTM) input_2: InputLayer -
output: (2. 128) output: | [(?., 69)]
nput: 2, 128), (2, 69
concatenate: Concatenate ! I > ¢ )l
output: (7.197)
| J
input: 7,197
denge: Dense ! ( )
output: | (?,10)
L J
o o mput: | (2, 10)
batch_normalization_1: BatchNormalization
output: | (2, 10)
 J
mput: | (?, 10)
dropout_1: Dropout
output: | (2, 10)
| J
mput: | (7, 10)
dense_1: Dense
output: | (7, 5)
(25 3-15] Hlol8A #1 of A& LSTM ZREHe] 73 oA
2) ohARse 74
[E 3-33] LSTME] /S 25 2 H87F
WAES 0 EEE
OED QA dr2, AR
LSTM Cell A5 32, 64
st&5E le-3, le—4
Bl 2] AFO] = 8, 16
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[CEoI% vlg 0.2, 0.3, 0.5 ]

3) AgzxH

o2

B AgoAE Python 3.8 WA, Tensorflow 2.3.0 WA AMESIAIL,
Keras 2.4 H{HZ o]goto] 2 1HS 25t

Zh mede F 150 oF4 st x7)FR 7IWS A8k 271F
2o AL H ofFutt HFHolH o] &A%k (oss)E S5t 10 ofFo]
Ayte &Agko] FAash] o FrA7|ES SF3th

Shte] oy Alof ARREE HEg J=A(3), sto|wutetn|e £ (24)
Agote] T 7270 EREde] disiA THAZ oW o] EREE F HIH |
B o] &4 Zho] 7MY @ EREY, HF Holee ALt P 52 B
nel a8y ERiglolE o] A HIHolH e &A%Y A7 7t =
+RRde 72t Addeteith. =, 2 dlol'Al o 3719 A LSTM &/E

o

AAste] BlAE HolHel et A} ZAstert

o
)

o
=

4) @A

7b) o8 A #1o] LSTM ERmde 483 B A

(3 3-34] dlo]”Al #1of A<l LSTM EFEE
I e P o= ae “e
Cell o= | 247
LSTM#1-1 | 4=i#3 64 le? 8 11 0.900 0.3593
LSTM#1-2 | 4=#3 32 le?® 8 12 0.925 0.3826
LSTM#1-3 | 4=#2 64 le? 16 16 0.900 0.3674

golEAl #19] HIAEG ol tist AL E H|wWsHH LSTM#1-3 &
ndo] Aol rt 8550% oW LSTM#1-2 1 LSTM#1-1 o Hls&] z+zt

=
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2.0%, 4.0% =& AHse

it

et

[¥ 3-35] LSTM#1-1 Efrd9o] HXAE folg BEF A}

precision recall f1-score support
C01B 0.7879 0.6500 0.7123 40
C01C 0.9048 0.9500 0.9268 40
C01D 0.8919 0.8250 0.8571 40
CO1F 0.7708 0.9250 0.8409 40
CO01G 0.7250 0.7250 0.7250 40
accuracy 0.8150 200
macro avg 0.8161 0.8150 0.8124 200
[# 3-36] LSTM#1-2 2R E9| HAE dHolg &7 A

precision recall f1-score support
CO1B 0.8158 0.7750 0.7949 40
CO1C 0.9024 0.9250 0.9136 40
C01D 0.8205 0.8000 0.8101 40
CO1F 0.7727 0.8500 0.8095 40
CO01G 0.8684 0.8250 0.8462 40
accuracy 0.8350 200
macro avg 0.8360 0.8350 0.8349 200
[E 3-37] LSTM#1-3 BE52dlo] HAE do|g B& Ax}

precision recall f1-score support
CO1B 0.8537 0.8750 0.8642 40
Co1C 0.8571 0.9000 0.8780 40
C01D 0.8947 0.8500 0.8718 40
CO1F 0.9355 0.7250 0.8169 40
CO01G 0.7708 0.9250 0.8409 40
accuracy 0.8550 200
macro avg 0.8624 0.8550 0.8544 200
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fl-score Hat oL

B LSTM#1-1 ® LSTM#1-2 m LSTM#L-3

(18] 3-16] Hlo]EA#1 HAE4Holg LSTM E&512d {l-score®t A

W dlolEAl #20] LSTM EHEES A8% 257 A7)

s

golEjAl #29°] HIAEG o[ tigt AL E H|WSHA LSTM#2-2 E5&
ndo] ASIL Il 94.64% o|m  LSTM#2-1 I LSTM#2-3 of H|s] zZ+zt
0.18%, 1.96% &< HS=E e

[E 3-38] dlo]EAl #20f &<l LSTM =gl

4= LT St5E Lk o= ae “e
Cell A= A
LSTM#2-1 | 4=#2 64 le?? 8 5 0.960 0.1721
LSTM#2-2 | 4=#1 32 le?? 8 12 0.964 0.1925
LSTM#2-3 | 4=#3 32 le? 16 24 0.964 0.1706
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[E 3-39] LSTM#2-1 BRRd] gAE dlojg B8 A
precision recall f1-score support
HO1B 0.9048 0.9500 0.9268 40
HO1C 0.9744 0.9500 0.9620 40
HOIF 0.9730 0.9000 0.9351 40
HO1G 0.8444 0.9500 0.8941 40
HO1H 0.9750 0.9750 0.9750 40
HO1J 0.9091 1.0000 0.9524 40
HOIK 0.9512 0.9750 0.9630 40
HOIL 0.9487 0.9250 0.9367 40
HOIM 0.9737 0.9250 0.9487 40
HO1P 0.9487 0.9250 0.9367 40
HO1Q 0.8864 0.9750 0.9286 40
HOIR 0.9714 0.8500 0.9067 40
HO1S 1.0000 0.9750 0.9873 40
HOIT 1.0000 0.9500 0.9744 40
accuracy 0.9446 560
macro avg 0.9472 0.9446 0.9448 560
H# 3-40] LSTM#2-2 RREd9| HAE dHolg & 2t
precision recall f1-score support

HO1B 0.9048 0.9500 0.9268 40
HO1C 0.9512 0.9750 0.9630 40
HOIF 1.0000 0.9750 0.9873 40
HO1G 0.8837 0.9500 0.9157 40
HOIH 0.9512 0.9750 0.9630 40
HO1]J 0.9512 0.9750 0.9630 40
HOIK 0.9737 0.9250 0.9487 40
HOIL 0.9268 0.9500 0.9383 40
HOIM 0.9737 0.9250 0.9487 40
HO1P 0.9722 0.8750 0.9211 40
HO1Q 0.8864 0.9750 0.9286 40
HOIR 0.8974 0.8750 0.8861 40
HO1S 1.0000 0.9500 0.9744 40
HOIT 1.0000 0.9750 0.9873 40
accuracy 0.9464 560
macro avg 0.9480 0.9464 0.9466 560
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[E 3-41] LSTM#2-3 E5ndo] g AE Golg & Ax}

precision recall f1-score support
HO1B 0.8780 0.9000 0.8889 40
HO1C 0.9487 0.9250 0.9367 40
HOIF 0.9459 0.8750 0.9091 40
HO1G 0.8837 0.9500 0.9157 40
HOIH 0.9524 1.0000 0.9756 40
HO1J 0.9487 0.9250 0.9367 40
HOIK 0.9500 0.9500 0.9500 40
HOIL 0.8780 0.9000 0.8889 40
HOIM 0.9744 0.9500 0.9620 40
HO1P 0.9211 0.8750 0.8974 40
HO1Q 0.8571 0.9000 0.8780 40
HOIR 0.8500 0.8500 0.8500 40
HO1S 1.0000 0.9750 0.9873 40
HOIT 1.0000 1.0000 1.0000 40
accuracy 0.9268 560
macro avg 0.9277 0.9268 0.9269 560
! 05448 0.9466 [ g 054456 09464 oo
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th dlolEAl #3¢] LSTM 2RFE2ES 283 2747

[E 3-42] dlo]EAl #3of &2l LSTM E7EY

4= LM SEE Hj| %] o= ae “e
Cell qg= | &4
LSTM#3-1 | 94=#3 32 le™ 16 87 0.957 0.1820
LSTM#3-2 | d8#1 32 le”? 8 14 0.954 0.2568
LSTM#3-3 | 4=i#2 64 le? 16 9 0.964 0.2149

glolE Al #32] HIAETG|olE o] titt JSLE H|wWSHH LSTM#3-2 &7
mdo] FSL7t 93.29% ole  LSTM#3-1 3 LSTM#3-3 o Hls] Ztz
1.32%, 1.84% =& BE=E UER

[# 3-43] LSTM#3-1 2722 9| HAE Holy &7 23

precision recall f1-score support
C01B 0.9143 0.8000 0.8533 40
C01C 0.9211 0.8750 0.8974 40
C01D 0.9268 0.9500 0.9383 40
CO1F 0.9211 0.8750 0.8974 40
CO01G 0.8500 0.8500 0.8500 40
HO1B 0.8043 0.9250 0.8605 40
HO1C 0.9500 0.9500 0.9500 40
HOIF 1.0000 0.9000 0.9474 40
HO1G 0.8571 0.9000 0.8780 40
HO1H 0.9512 0.9750 0.9630 40
HO1]J 0.9286 0.9750 0.9512 40
HO1K 0.9512 0.9750 0.9630 40
HOIL 0.9737 0.9250 0.9487 40
HOIM 0.8333 0.8750 0.8537 40
HO1P 0.9211 0.8750 0.8974 40
HO1Q 0.9070 0.9750 0.9398 40
HOIR 0.9000 0.9000 0.9000 40
HO1S 1.0000 0.9750 0.9873 40
HOLIT 1.0000 1.0000 1.0000 40
accuracy 0.9197 760
macro avg 0.9216 0.9197 0.9198 760
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[E 3-44] LSTM#3-2 BEmdo] gAE golg B8 A}
precision recall f1-score support
CO1B 0.9024 0.9250 0.9136 40
Co1C 0.9722 0.8750 0.9211 40
C01D 0.9024 0.9250 0.9136 40
CO1F 0.9231 0.9000 0.9114 40
C01G 0.8333 0.8750 0.8537 40
HO1B 0.9231 0.9000 0.9114 40
HO1C 0.9286 0.9750 0.9512 40
HOIF 1.0000 0.9250 0.9610 40
HO1G 0.8636 0.9500 0.9048 40
HOIH 0.9512 0.9750 0.9630 40
HO1J 1.0000 0.9500 0.9744 40
HOIK 0.9756 1.0000 0.9877 40
HOIL 0.9250 0.9250 0.9250 40
HOIM 0.8780 0.9000 0.8889 40
HO1P 0.9250 0.9250 0.9250 40
HO1Q 0.8864 0.9750 0.9286 40
HOIR 0.9714 0.8500 0.9067 40
HO1S 1.0000 0.9750 0.9873 40
HOLIT 1.0000 1.0000 1.0000 40
accuracy 0.9329 760
macro avg 0.9348 0.9329 0.9331 760
[# 3-45] LSTM#3-3 2722 EHAE doly 27 2
precision recall f1-score support

CO1B 0.7949 0.7750 0.7848 40
Co1C 0.9070 0.9750 0.9398 40
C01D 0.8298 0.9750 0.8966 40
CO1F 0.9211 0.8750 0.8974 40
C01G 0.9118 0.7750 0.8378 40
HO1B 0.8537 0.8750 0.8642 40
HO1C 0.9500 0.9500 0.9500 40
HOIF 0.9737 0.9250 0.9487 40
HO1G 0.8636 0.9500 0.9048 40
HOIH 0.9512 0.9750 0.9630 40
HO1]J 0.8667 0.9750 0.9176 40
HOIK 0.9268 0.9500 0.9383 40
HOIL 0.9730 0.9000 0.9351 40
HOIM 0.8462 0.8250 0.8354 40
HO1P 0.9730 0.9000 0.9351 40
HO1Q 0.9268 0.9500 0.9383 40
HOIR 0.9459 0.8750 0.9091 40
HO1S 1.0000 0.9750 0.9873 40
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HOLIT 1.0000 0.9750 0.9873 40
accuracy 0.9145 760
macro avg 0.9166 0.9145 0.9142 760
1
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Attention(]€dAd) 2d-&
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RNNO| @4 9] 7]-&7] 48& S5 9o LSTM =dlo] &5ttt
71&7] 289 olf+= A A9 AHIT FE Z4E A= RNNY &
4 2ol A7 ZAelt olfd EAE HAaAZ17] 9l LSTM2 48 &
AMAR RS dojw]r] P HHHo|2] Eg HEE dojH A o
Ao Adshs WAlolt,

RNN# LSTM2 E2o] H&2 o] Y7ix|Rt 1efolr] wjie] ¥9 E
+ o8 28359 nHE ASc7lde AgErt ok ol #AIE A

sH71 $15h Seq2Seq 7t SASHAl =3l

SEQ2SEQ 2 &

je suis étudiant

*

*

| am a student

[718 3-19] Seq2Seq WHTX

Seq2Seq+=

LSTMo g2 FAH mdoltt QlHFr:=

Stal o] SddE =

Ty

2 AEAE AL
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mput: [(7. 144)]
output: [(7. 144)]

input_1: InputLayer

mput: (7. 144)
output: (7. 144, 100}

embedding: Embedding

o o [ put | (2. 144, 100) |
bidirectional(lztin): Bidirectional{LSTNI) | ot | . 134, 125) |
output: 2, .1z

input: (7. 144, 123)
output: (2. 128, 144)

|

input: (7. 128, 144)
output: {7,128, 144)

permute: Permute

dense: Dense

] nput: [ (7. 128, 144) |
attention_ vec: Permute
output: | (2. 144, 128) |

R . mput: [(7. 144, 128), (7, 144, 128)]
multiply: Nultiply
output: (7,144, 1238)
input: (7. 144, 128)

flatten: Flatten

output: (7, 18432)

. [ wmpur | (= 1s432) |
batch_normalization: BatchINormalization
- [ oupue: | = 18432) |

l

input: [(7. 69)]

input: (7. 18432)
output: (7. 18432)

T~

concatenate: Concatenate

input_2: InputLayer

dropout: Dropout -
output: [(7. 69)]

myput: [(7. 18432). (7. 69)]
output: (7. 18501)

l

mput: (7, 18501)
output: (7, 50)

input: (7, 50)
batch_mnormalization_1: BatchNormalization
- - ouftput: (7, 50)

l

dropout_1: Dropout

dense_2: Dense
- output: (7. 5)

dense_ 1: Dense

input: (7. 50)
output: (7. 50)

input: (7. 50)

(1% 3-21] dlole Al #1 of A-&% ofdd REo] X oA
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[ 3-46] o]HlA9] mj/fHis 22 W ALzt

RS SR 8%
PR A#1, dF#2, Y43
LSTM Cell A% 32, 64
SHEE le-3, le-4
A Ao = 8, 16
CEoHx HIE 0.2, 0.3, 0.5

3) A =4

o2t

2 AolA+= Python 3.8 WA, Tensorflow 2.3.0 HAS ARSI,
Keras 2.4 & o]gste] zldllS 2453l
ZF Bl % 150 ol &4 EHstH x7|FR 7IMe A8skin. 271F
=29l 242 1 JAFEutt AFdlolH Y &%k (loss)E =
AU SAgto] dastA ko FRAZIES Shld
stutol dlojg Ao ARgE= EH AA(3), stolmutetnly £9H24)
Hgste] & 7270 Bl dsiAd EhAZen o] R T HIFHolH &
d ghol 7 W2 EREY, 4% HelHe ATt 7MY w2 #REYE 1
2l Eddole e 4% ASHlolH o &4%e 2 7HY A2 ERE

9o 27 Adsidnt. =, 2 delEAl & 3o A4 ol ERude A

o2l
ol
el
s
—_
o
=
I
S

ol

i~
[¢]

filo
2
oo
e
M
i
it
i

7)) ElolEAL #1 of ofeld Bauw
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[E 3-47) dlo]elAl #10] HHQl ofgld Hemw
A= A=
- Ste _ _ = 2r9) 1=ixe)
44 Cell ot5E Hjj 2] o= qse | aaz
ATN#1-1 AH#1 64 le? 16 9 0.900 0.2681
ATN#1-2 AH#1 64 le? 16 20 0.913 0.3055
ATN#1-3 AH#1 16 le? 16 15 0.913 0.2376

H=

dolElAl #1°] HAEHolE| et AFLE HlwstA ATN#1-1 &7
mdol A7t 90.05% olm  ATN#1-3 I+ ATN#1-2¢] vlall ZHzt 0.5%,

2.5% =&

BetEs ey,

(& 3-48] ATN#1-1 #72E9| HAE dojy &7 23

precision recall f1-score support
C01B 0.9250 0.9250 0.9250 40
C01C 1.0000 0.8250 0.9041 40
C01D 0.9231 0.9000 0.9114 40
CO1F 0.8810 0.9250 0.9024 40
CO01G 0.8261 0.9500 0.8837 40
accuracy 0.9050 200
macro avg 0.9110 0.9050 0.9053 200
H 3-49] ATN#1-2 2REH| HAE dHolg 7 Ay

precision recall f1-score support
C01B 0.9444 0.8500 0.8947 40
Co1C 0.8780 0.9000 0.8889 40
C01D 0.8837 0.9500 0.9157 40
CO1F 0.9394 0.7750 0.8493 40
CO01G 0.7872 0.9250 0.8506 40
accuracy 0.8800 200
macro avg 0.8866 0.8800 0.8798 200
[ 3-50] ATN#1-3 ERrdo] HAE folg ERF Ayt

precision recall f1-score support
C01B 0.9487 0.9250 0.9367 40
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C01C 1.0000 0.8750 0.9333 40
C01D 0.9024 0.9250 0.9136 40
COIF 0.8571 0.9000 0.8780 40
C01G 0.8140 0.8750 0.8434 40
accuracy 0.9000 200
macro avg 0.9045 0.9000 0.9010 200
1
09053 oooe 0901

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

fl-score Ha HET

WATN#1-1 wATN#1-2 = ATN#1-3

[C17 3-22] dlo|eAl#] E|AEHolH ofdld E72E fl-score?t Fet=

D) HolEAL #2 o odld BRnde 447 2R A

a5 ki)
4= Cell STS5E Rlik o= e | wag
ATN#2-1 AZ#3 64 le™ 16 19 0.969 0.1551
ATN#2-2 AHF#1 32 le™ 16 32 0.969 0.1772
ATN#2-3 d=#2 64 le? 16 21 0.973 0.1874
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gloleldl #29] HAEH || it Het=E HlwstH ATN#2-1

mElo] S} 96.43% o]n

2.5% =&

AT vepyct

[E 3-52] ATN#2-1 24 9]

ATN#2-2 3 ATN#2-3¢] H]s] 2+ 0.5%,

HAE dloly 27 23

precision recall f1-score support
HO1B 0.9474 0.9000 0.9231 40
HO1C 0.9750 0.9750 0.9750 40
HO1F 1.0000 0.9500 0.9744 40
HO1G 0.9268 0.9500 0.9383 40
HO1H 0.9750 0.9750 0.9750 40
HO1J 0.9756 1.0000 0.9877 40
HO1K 0.9756 1.0000 0.9877 40
HO1L 0.9070 0.9750 0.9398 40
HOIM 0.9750 0.9750 0.9750 40
HO1P 1.0000 0.9250 0.9610 40
HO01Q 0.9286 0.9750 0.9512 40
HOIR 0.9250 0.9250 0.9250 40
HO1S 1.0000 0.9750 0.9873 40
HO1T 1.0000 1.0000 1.0000 40
accuracy 0.9643 560
macro avg 0.9651 0.9643 0.9643 560
[# 3-53] ATN#2-2 EREH HAE dolg 27 2%
precision recall f1-score support

HO1B 0.9474 0.9000 0.9231 40
HO1C 0.9750 0.9750 0.9750 40
HO1F 0.9487 0.9250 0.9367 40
HO1G 0.8837 0.9500 0.9157 40
HO1H 0.9750 0.9750 0.9750 40
HO1J 1.0000 0.9500 0.9744 40
HO1K 0.9524 1.0000 0.9756 40
HO1L 0.9070 0.9750 0.9398 40
HOIM 0.9487 0.9250 0.9367 40
HO1P 1.0000 0.9250 0.9610 40
HO1Q 0.9091 1.0000 0.9524 40
HOIR 0.9474 0.9000 0.9231 40
HO1S 1.0000 0.9750 0.9873 40
HO1T 1.0000 1.0000 1.0000 40
accuracy 0.9554 560
macro avg 0.9567 0.9554 0.9554 560
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[ 3-54] ATN#2-3 BERrdo] HAE fo|gy 7 Zi}

precision recall f1-score support
HO1B 0.9429 0.8250 0.8800 40
HO1C 0.9744 0.9500 0.9620 40
HOIF 0.9737 0.9250 0.9487 40
HO1G 0.8478 0.9750 0.9070 40
HO1H 0.8696 1.0000 0.9302 40
HO1J 0.9750 0.9750 0.9750 40
HO1K 0.8889 1.0000 0.9412 40
HO1L 0.9286 0.9750 0.9512 40
HOIM 0.9737 0.9250 0.9487 40
HO1P 0.9722 0.8750 0.9211 40
HO1Q 0.9000 0.9000 0.9000 40
HOIR 0.9730 0.9000 0.9351 40
HO1S 1.0000 0.9750 0.9873 40
HO1T 1.0000 0.9750 0.9873 40
accuracy 0.9411 560
macro avg 0.9443 0.9411 0.9411 560
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[(19 3-23] dlo]gAl#2 HIAEDolH oftld EFEY fl-score®t FSk

th ©lolelAl #3 of oldld ndl

filo
iy
oo
e
AT
du
i)
B

[ 3-55] Hlo|HAl #30f #Ql ofdld ERrid

b LT St5E Hjj 2] % ae ae
Cell qg= | &A%
ATN#3-1 d=#2 64 le™ 8 17 0.954 0.2436
ATN#3-2 A=#1 32 le™ 8 11 0.954 0.2602
ATN#3-3 A=#1 64 le”? 8 14 0.954 0.2311

golEjAl #39] HAEHolE| et AL E H|wsHH ATN#3-2 &
Bdo] AHIL7E 92.89% oW ATN#3-1 3 ATN#3-39] H|s| z+z+
1.05%, 1.05% =< Ag=E yerdct
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[ 3-56] ATN#3-1 Ende] AE dojd 25 Az
precision recall f1-score support
C01B 0.8947 0.8500 0.8718 40
Co1C 0.9697 0.8000 0.8767 40
C01D 0.8478 0.9750 0.9070 40
CO1F 0.8919 0.8250 0.8571 40
C01G 0.8140 0.8750 0.8434 40
HOIB 0.8750 0.8750 0.8750 40
HOIC 0.9500 0.9500 0.9500 40
HOIF 0.9730 0.9000 0.9351 40
HO1G 0.8571 0.9000 0.8780 40
HOIH 0.9744 0.9500 0.9620 40
HO1J 0.9512 0.9750 0.9630 40
HOIK 0.9302 1.0000 0.9639 40
HOIL 0.9459 0.8750 0.9091 40
HOIM 0.8372 0.9000 0.8675 40
HO1P 0.9487 0.9250 0.9367 40
HO1Q 0.8864 0.9750 0.9286 40
HOIR 0.9487 0.9250 0.9367 40
HO1S 1.0000 0.9750 0.9873 40
HOLIT 1.0000 1.0000 1.0000 40
accuracy 0.9184 760
macro avg 0.9208 0.9184 0.9184 760
[E 3-57] ATN#3-2 ZREA] HAE dojy Z7 A3t
precision recall f1-score support

C01B 0.9143 0.8000 0.8533 40
Co1C 0.9048 0.9500 0.9268 40
C01D 0.9268 0.9500 0.9383 40
CO1F 0.8684 0.8250 0.8462 40
Co1G 0.8947 0.8500 0.8718 40
HO1B 0.9000 0.9000 0.9000 40
HOIC 0.9744 0.9500 0.9620 40
HO1F 1.0000 0.9250 0.9610 40
HO1G 0.8605 0.9250 0.8916 40
HOIH 0.9286 0.9750 0.9512 40
HO1J 0.9500 0.9500 0.9500 40
HOIK 0.9756 1.0000 0.9877 40
HOIL 0.9500 0.9500 0.9500 40
HOIM 0.7708 0.9250 0.8409 40
HOIP 1.0000 0.9000 0.9474 40
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HO1Q 0.9091 1.0000 0.9524 40
HOIR 0.9730 0.9000 0.9351 40
HO1S 1.0000 0.9750 0.9873 40
HO1T 1.0000 1.0000 1.0000 40
accuracy 0.9289 760
macro avg 0.9316 0.9289 0.9291 760
E 3-58] ATN#3-3 2REH| HAE Holg 7 Ay
precision recall f1-score support

C01B 0.9000 0.6750 0.7714 40
C01C 0.8837 0.9500 0.9157 40
C01D 0.9268 0.9500 0.9383 40
CO1F 0.8919 0.8250 0.8571 40
C01G 0.8889 0.8000 0.8421 40
HO1B 0.8222 0.9250 0.8706 40
HO1C 0.9750 0.9750 0.9750 40
HO1F 0.9737 0.9250 0.9487 40
HO1G 0.8636 0.9500 0.9048 40
HO1H 0.9512 0.9750 0.9630 40
HO1J 1.0000 0.9500 0.9744 40
HO1K 0.9500 0.9500 0.9500 40
HO1L 0.8837 0.9500 0.9157 40
HOIM 0.7551 0.9250 0.8315 40
HO1P 0.9722 0.8750 0.9211 40
HO1Q 0.8889 1.0000 0.9412 40
HOIR 1.0000 0.8750 0.9333 40
HO1S 1.0000 0.9750 0.9873 40
HO1T 1.0000 1.0000 1.0000 40
accuracy 0.9184 760
macro avg 0.9225 0.9184 0.9179 760
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A 6 A Transformer(ExAZH) RS A3 EFER

—

EfAxm= 20170 Fao] HESE =821 “Attention is all you need"

oA Aeket Reolrt. o] RHEZ Z|ZZQl <IIF HIHE Fddsh=

Seq2Seq T+Z2E WEX|TF RNN E= LSTMS ARSsHA] kol ofdlMdgh-S A}

-

BlA Seq2Seqe AT Hdoltt, o] HElR oAl WS ARERE Seq2Seq

Hot 2 4= dohal EuHgith

Output
Probabilities

Linear

Add & Norm

Feed
Forward

Add & Norm
L Murti-Head
Feed Attention
Forward Nx
Nix I Add & Norm _Je=
Add & Norm Masked
Multi-Head Multi-Head
Attention Attention
A F ) A }

\— J . —
Positional ®_€_ & Positional
Encoding Encoding

Input Output
Embedding Embedding
Inputs Outputs

(shifted right)

[Z13 3-25] The Transformer — model architecture (Vaswani et al., 2017)

[Z17 3-25]00A4 9% FE2 dFTolil @EE FE2 tiroltt, /I

Hot dFEs WS odiS EST Y £F fmdel: vjaac
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mput: | [(7, 1000}]

input_1: InputLayer

output: | [(7, 1000}]

Y

token and position embedding: TokenAndPositionEmbedding

mp

ut: (7, 1000)

outy

put: | (2, 1000, 100)

A J

transformer_block: TransformerBlock

mput: | {7, 1000, 100)

output: | (7, 1000, 100)

4

global_average poolingld: GlobalAveragePoolingl D

nput:

(2, 1000, 100)

output:

(2, 100)

A

dropout_2: Dropout

mput: | (2, 100)

output: | (2, 100)

mput 2: InputLayer

mput:

[(?, 69)]

output:

[(7. 69)]

~,

-

concatenate: Concatenate

mput: | [(2, 100}, (7, 69)]

output: (7. 169)

input: | (?, 169)

denge 6: Dense

output: | (2, 50)

Y

batch_normalization: BatchNo

nput:

rmalization
output:

dropout_3: Dropout

input: | (2, 50)
output: | (2, 50)

dense_7: Dense

mput: | (7, 50)
output: | (2, 5)

(27 3-26] HlolEA #1 of 28H EfLZD FREHO L AA]
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2) w44

[ 3-59] EAxmY of ARG BF L A

WS S 484

R A=#1, dH#2, d=#3
Position—wise FFNN(Feed Forward Neural

Networks) 32, 04
Heads &4 2,5
st&E le?3, 1e*
Hj 2] Apo] = 8, 16
EFokz vl 0.2, 0.3

3) A =1

o2t

B AFo|AME= Python 3.8 WA, Tensorflow 2.3.0 WHE AMEsIL
Keras 2.4 HAS o]-gsto] =T8-S 25ttt

Zh el F 150 oF4 sty xU|FR 7IWMS A8oit. 271F
2O AL H ofFutt HFHolH o E4A%k(oss)E S5t 10 0]
Ayt &Agko] FAashA] goH FaA7|Es 513

Shte] oy Alof ARREE HEg Jd=A(3), stojwutetn|e £H(32)
Agote] F 967 Hdof tishA EHAZ oW o] HEl F HIHOIHY &

A ol 7MY W2 2REE, 4% dHolHY Aot 7MY 2 #REY O

4
9o 77 Adstdnt. 5, 2 doleAl @ 3749 HA EdiEn B

4) A9 2y

7h) dlolEAl #1 o] ERAEN ERude A8% 2R A



[ 3-60] dlolgAl #1of XA

Rl Rl P B P A
Head Ao &AM
TSF#1-1 | 4=&#2 64 5 le™ 75 0.938 0.2854
TSF#1-2 | 4243 64 3 le™? 8 7 0.938 | 0.3592
TSF#1-3 | 4=8#2 64 3 le3 8 0.925 0.2578

dlolE Al #19] B|AE dlojEfof diet AL HwWsHd TSF#1-3 &7
mdo] Jsrrt 89.00% ol TSE#1-1 I+ TSF#1-2¢] H|s] Ztzb 3.0%,
4.5% &2 B E UEH

3T

(% 3-61] TSF#1-1 2rreo] §AE Folg 27 A}

precision recall f1-score support
CO01B 0.7895 0.7500 0.7692 40
C01C 0.9024 0.9250 0.9136 40
C01D 0.9211 0.8750 0.8974 40
CO1F 0.8750 0.8750 0.8750 40
CO01G 0.8140 0.8750 0.8434 40
accuracy 0.8600 200
macro avg 0.8604 0.8600 0.8597 200
E 3-62] TSF#1-2 ZREDe| HAE oy 7 A3

precision recall f1-score support
C01B 0.8750 0.5250 0.6563 40
C01C 0.9744 0.9500 0.9620 40
C01D 0.7037 0.9500 0.8085 40
CO1F 0.8571 0.9000 0.8780 40
CO01G 0.8780 0.9000 0.8889 40
accuracy 0.8450 200
macro avg 0.8577 0.8450 0.8387 200
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(¥ 3-63] TSF#1-3 BERrdo] gAE dHolg Bi A}

precision recall f1-score support
CO1B 0.8250 0.8250 0.8250 40
Co1C 1.0000 0.9500 0.9744 40
C01D 0.8444 0.9500 0.8941 40
CO1F 0.8974 0.8750 0.8861 40
C01G 0.8947 0.8500 0.8718 40
accuracy 0.8900 200
macro avg 0.8923 0.8900 0.8903 200
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fl-score Ha HET

WTSF#1-1  wmTS5F4l-2 W TSFEL-3

[1% 3-27] dlo|EAl#1 EH|AEHole] EsiAxm EFRY fl-score®t H

L) dlo[efAl #2 o EflARY EREdUS AHget 27 23

(3 3-64] dlo]EAl #20] A EsiAzn Egnd

FFN | Num | _ b et
%2l ss5g | WA | o=
N | Head o | £




TSF#2-1 AE#2 64 le—4 36 0.960 0.2000
TSF#2-2 A=E#2 64 le-3 16 0.964 0.2576
TSF#2-3 AH#3 64 le-3 16 9 0.960 0.1837
golel Al #20] HlAE wloleo] gt HsteS HlwshA TSFA2-2 W

2do] A7} 95.18%
A e Vehyct,

0.89% =&

olm TSF#2-1 I} TSE#2-3¢| H|sl Z+Z+ 0.18%,

(3 3-65] TSF#2-1 EREAS] HAE doly 27 2t
precision recall f1-score support
HO1B 0.9048 0.9500 0.9268 40
HO1C 0.9744 0.9500 0.9620 40
HOI1F 0.9231 0.9000 0.9114 40
HO1G 0.8636 0.9500 0.9048 40
HOIH 0.9750 0.9750 0.9750 40
HO1J 1.0000 0.9750 0.9873 40
HOIK 0.9756 1.0000 0.9877 40
HOIL 0.8864 0.9750 0.9286 40
HOIM 0.9737 0.9250 0.9487 40
HO1P 1.0000 0.9000 0.9474 40
HO1Q 0.8864 0.9750 0.9286 40
HOIR 0.9714 0.8500 0.9067 40
HO1S 1.0000 0.9750 0.9873 40
HOIT 1.0000 1.0000 1.0000 40
accuracy 0.9500 560
macro avg 0.9524 0.9500 0.9502 560
[% 3-66] TSF#2-2 HREES| fAE dole 2% A7
precision recall f1-score support

HOIB 0.9268 0.9500 0.9383 40
HO1C 0.9737 0.9250 0.9487 40
HOIF 0.9744 0.9500 0.9620 40
HO1G 0.8444 0.9500 0.8941 40
HO1H 0.9750 0.9750 0.9750 40
HO1J 0.9744 0.9500 0.9620 40
HOIK 0.9756 1.0000 0.9877 40
HOIL 0.9268 0.9500 0.9383 40
HOIM 0.9487 0.9250 0.9367 40
HO1P 0.9737 0.9250 0.9487 40
HO1Q 0.9500 0.9500 0.9500 40
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HOIR 0.9048 0.9500 0.9268 40
HO1S 1.0000 0.9500 0.9744 40
HO1T 1.0000 0.9750 0.9873 40
accuracy 0.9518 560
macro avg 0.9534 0.9518 0.9521 560
(% 3-67) TSF#2-3 HREAY gAE dold B3 2
precision recall f1-score support

HO1B 0.8409 0.9250 0.8810 40
HO1C 0.9744 0.9500 0.9620 40
HO1F 1.0000 0.9000 0.9474 40
HO1G 0.9048 0.9500 0.9268 40
HO1H 0.9750 0.9750 0.9750 40
HO1J 0.8478 0.9750 0.9070 40
HO1K 0.9524 1.0000 0.9756 40
HOIL 0.9459 0.8750 0.9091 40
HOIM 0.9487 0.9250 0.9367 40
HO1P 1.0000 0.9000 0.9474 40
HO1Q 0.9286 0.9750 0.9512 40
HOIR 0.9474 0.9000 0.9231 40
HO1S 1.0000 0.9750 0.9873 40
HO1T 0.9750 0.9750 0.9750 40
accuracy 0.9429 560
macro avg 0.9458 0.9429 0.9432 560
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W TSFH#2-1  WTS5F42-2 W TSFE2-3

(19 3-28] dlo|g|A#2 HAEH ol EfiALT BEFud fl-score®} AT

o) dlolEAl #3 o] Ed N ERude A8% 2R A

[ 3-68] dlo]EAl #3of A<l EAEY BRaud

FFN | Num | _ B a5 a5
4= StaE | HiA of| =
N | Head Ao =A%
TSF#3-1 AH#3 64 3 le 8 21 0.944 0.2574
TSF#3-2 AE#2 64 3 le™* 8 21 0.944 0.2381
TSF#3-3 AH#2 64 3 led 8 7 0.951 0.3083

dlolH A #39] B|AE dlo|eo] tigt He=E HlwsHH TSF#3-2 27/
mdlo] Astrr} 9518% oW  TSF#3-1 I TSF#3-3] HIs| 22+ 0.18%,
0.89% & HL=S Heilth
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[E 3-69] TSF#3-1 ERLdo] HAE folg &7 2yt

precision recall f1-score support
CO1B 0.8636 0.9500 0.9048 40
Co1C 0.9474 0.9000 0.9231 40
C01D 0.9048 0.9500 0.9268 40
CO1F 0.8889 0.8000 0.8421 40
CO01G 0.8750 0.8750 0.8750 40
HO1B 0.9024 0.9250 0.9136 40
HO1C 0.9744 0.9500 0.9620 40
HO1F 0.9744 0.9500 0.9620 40
HO1G 0.9070 0.9750 0.9398 40
HO1H 0.9512 0.9750 0.9630 40
HO1J 0.9500 0.9500 0.9500 40
HO1K 0.9756 1.0000 0.9877 40
HO1L 0.9250 0.9250 0.9250 40
HOIM 0.8605 0.9250 0.8916 40
HO1P 0.9737 0.9250 0.9487 40
H01Q 0.9070 0.9750 0.9398 40
HOIR 1.0000 0.8250 0.9041 40
HO1S 1.0000 0.9750 0.9873 40
HO1T 1.0000 1.0000 1.0000 40
accuracy 0.9342 760
macro avg 0.9358 0.9342 0.9340 760
[ 3-70] TSF#3-2 E=ndo] gAE fo|g E= Ay}
precision recall f1-score support

C01B 0.8000 0.9000 0.8471 40
C01C 0.9730 0.9000 0.9351 40
C01D 0.9268 0.9500 0.9383 40
CO1F 0.8500 0.8500 0.8500 40
CO01G 0.8974 0.8750 0.8861 40
HO1B 0.8182 0.9000 0.8571 40
HO1C 0.9750 0.9750 0.9750 40
HO1F 0.9737 0.9250 0.9487 40
HO1G 0.8605 0.9250 0.8916 40
HO1H 0.9512 0.9750 0.9630 40
HO1J 0.9744 0.9500 0.9620 40
HO1K 1.0000 1.0000 1.0000 40
HO1L 0.9250 0.9250 0.9250 40
HOIM 0.8919 0.8250 0.8571 40
HO1P 0.9459 0.8750 0.9091 40
HO01Q 0.9070 0.9750 0.9398 40
HOIR 1.0000 0.8750 0.9333 40

_95_




HO1S 0.9756 1.0000 0.9877 40
HO1T 1.0000 1.0000 1.0000 40
accuracy 0.9263 760
macro avg 0.9287 0.9263 0.9266 760
(3 3-71] TSF#3-3 EREAe] HAE o[y 27 A7t
precision recall f1-score support

CO01B 0.8293 0.8500 0.8395 40
C01C 0.9211 0.8750 0.8974 40
C01D 0.9048 0.9500 0.9268 40
COIF 0.8718 0.8500 0.8608 40
C01G 0.8409 0.9250 0.8810 40
HO1B 0.8571 0.9000 0.8780 40
HO1C 0.9744 0.9500 0.9620 40
HO1F 0.9744 0.9500 0.9620 40
HO1G 0.8636 0.9500 0.9048 40
HO1H 0.9744 0.9500 0.9620 40
HO1]J 0.8889 1.0000 0.9412 40
HO1K 0.9756 1.0000 0.9877 40
HO1L 1.0000 0.8250 0.9041 40
HO1IM 0.8611 0.7750 0.8158 40
HO1P 0.9231 0.9000 0.9114 40
HO01Q 0.8864 0.9750 0.9286 40
HO1R 0.9444 0.8500 0.8947 40
HO1S 1.0000 0.9750 0.9873 40
HO1T 1.0000 1.0000 1.0000 40
accuracy 0.9184 760
macro avg 0.9206 0.9184 0.9182 760
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AT7TA AE EET FHE H

R

(2% 3-3012 37kA] dlolgAle] digh 7fd RHEo] AHstrs HoE
7} dlolg Al & skt ded darelE
371 BEREE F HAE HolH 7 A
giote] 71 |y dagEe i ERrd=s A=st
AbE Pos F7tete] ZF ERRdl] Joge &

dlolg Al #1 ] 57F2] BEREES] & JSL P2 85.5% otk EF
Ayl 7B e Bgnde ONN o2 75.0%2 712591 ofdd &
FREL 90.5%2 1 FLEE 7|ESIAT EF A = A
(90.5%), ERAILH(89.0%), LSTM(85.5%), MLP(79.13%), CNN(75.0%)
wolth. o] CNN ¥ MLP ¢ £7 Ak = Ho olste] A5t
LSTM, Efiamm ofglio] B&f AL PodS J3ots A= E 715
Sholet.

golEAl #2 o] 5714 2RRE 27 A= B2 91.6% °ltt. £
5 Aty Mg we ndle MIP RdZ 83.39%2 7125191 o\l 1
42 96.43%= il FELE 7|FSHH. &% AEgE oAe of"WA
(96.43%), EHATH(95.18%), LSTM(94.64%), CNN(88.39%),
MLP(83.39%) <=°]t}. o]% MLP ¢ CNN 9] ERf AHZL: = B o|s}
of #1Astar, LSTM, EfRAEH, ofdlde] EF A= FH4Z F3st=
AEEE 71553

dolg Al #3 o] 5712 ERRde EF Ao Hi2 87.47% oftt
B ALl b 32 mdle CNN 02 76.58%2 7|26t31 EANAL
o 2de 93.42%2 X1 HSEE 7|ESth 2R ATk oAe ERA
E(93.42%), LSTM(93.29%), o] &l 44(92.89%), MLP(81.18%),
CNN(76.58%) <=oltt. o] CNN ¢t MLP 9] &% A= + H+ olst
of 9|51, ojeld, LSTM, EfAZD o] Bg Asicl HiFS Abd|sh=
AEEE 71553

Lol
k1
o
R
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37kA] HolgAle] ik Aifelx 7 7]Hre] EREEQl LSTM,
Transformer, Attention HEFEEo] 7]9& 7|gte] ERmdel MLP, CNN
Hdd Hop 52 A9 E 7]Eskieh. MLP, CNN9| 77 Aste+ 4= 3

- olstoll #1AIstlal, LSTM, EsiAaxw, ofdl/drd.e ot oo 923
o ol et ek 3712 HlolEAl RAofA Helnt

dlolE Al #13} tﬂo]‘ﬂ"“ #2 oAM= F7HA e BF ofdlid mdo] 7}
A o A2 Wy, EdAmD LSTM 29 &o]glth ¥hd dlolgAl
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Ae BF 38k ¢o2 398 7IEstqt. Edlaxn ndl 2712 AH¢
(dloTEl Al #1, dlolelAl #2)ollA 2915 71EstAAIT, 1714 Z-(dlo]=A
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Zolth, e 7IHE AHEste] A5 452 FIANE & o= A
#H A Qlth.(Rokach, 2010)

3FelA TrEolxl ESlEA ERE I 5719 939 ¢1gE (MLP
CNN, LSTM, ofdld, EfiAzm)o=RE tEoj3l EREUS

g5 7IHE o8t Z dlolgdle] HAE HojE e £ RS A5t

lo
w
N
N,
R
1o
o

Require: I (an inducer), T (the number of iterations), S (the training set), i (the subsample
size).

Ensure: M;t=1,...,T

1. t«1

2: repeat

3: St « Sample p instances from S with replacement.

4: Build classifier My using I on S

5: t++

6: until ¢t > T

[(1¥ 4-1] The bagging algorithm(Breiman, 1996)
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Unlabeled
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Classifiers Composer

Predicted
Labels

|

>~

Classifier 1 Classifier 2 Classifier T
Inducer 1 Inducer 2 Inducer T
Dataset 1 Dataset 2 Dataset T

Dataset Dataset Dataset

Manipulator Manipulator Manipulator

Training Set

[Z13 4-2] Independent methods (Rokach, 2010)

Unlabeled
Tuples

Classifiers Composer

Predicted
Labels

/'

I

T~

Classifier 1 H Classifier 2 — Classifier T
i i i
Inducer 1 Inducer 2 Inducer T
Dataset 1 Dataset 2 Dataset T
i ! f
Dataset Dataset r— Dataset
Manipulator Manipulator Manipulator
‘\ /
Training Set

[13¥ 4-3] Dependent methods (Rokach, 2010)
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D =9 ZgdY3a G2 718l Summation, Weighting, Voting 7]
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Summation 7|¥-& AH&s}

38

o}

1} Weighting 7|¥

Weighting 71" 2t mdlo] st 2zt 54 ARES H5A= A
g5te] 2] HEXE Folstn 0|59 G ol &M ol M 2 A
2 olgslA BRsks JHelth B AfelA: EAR AgEHE EAAE
2 7 549 PZdelde] Frs Agstact % 5710 FnYES A
st 2t gmelE W o] Bae degtt & 15710 £5 290 29
ot PEdlolele] FEwe] F2 olgaH HRoH: Weighting 71We AHg

Voting 7|¥> 2t 71 =4l
_]
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2) HOlEA #1 ©] AL 1S ol8T £5 HoE
golEAl  #19 FTHAL S NN

el 15719 i
A e 7IReR HAE HolHY
g

(o)
H rds 747t

Summation, Weighting, Voting 2] 37}
2% AURE Ao 7 Sl

Weighting#1, Voting#1 o]2t HH3s}2,

Summation#1,

[E 4-1] Summation#1 HIAE dlo]g] E&F A¥}

precision recall f1-score support
C01B 0.8974 0.8750 0.8861 40
Cco1C 0.9500 0.9500 0.9500 40
C01D 0.8780 0.9000 0.8889 40
CO1F 0.9474 0.9000 0.9231 40
CO01G 0.8333 0.8750 0.8537 40
accuracy 0.9000 200
macro avg 0.9012 0.9000 0.9003 200
[3 4-2] Weighting#1 HIAE dHlolg &7 2}

precision recall f1-score support
C01B 0.8750 0.7000 0.7778 40
Cco1C 0.9000 0.9000 0.9000 40
C01D 0.8222 0.9250 0.8706 40
CO1F 0.9459 0.8750 0.9091 40
CO01G 0.7609 0.8750 0.8140 40
accuracy 0.8550 200
macro avg 0.8608 0.8550 0.8543 200
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[ 4-3] Voting#1 HIAE dHlolg] B& ZAx}

precision recall f1-score support
CO01B 0.8947 0.8500 0.8718 40
Co1C 0.9231 0.9000 0.9114 40
C01D 0.8810 0.9250 0.9024 40
CO1F 0.9231 0.9000 09114 40
CO01G 0.8333 0.8750 0.8537 40
accuracy 0.8900 200
macro avg 0.8910 0.8900 0.8901 200

tlolElAl #19] ElAEHolE e thet AL E B Summation#l B
do] A7t 90.0% Qo™ Voting#l 7+ Weighting#3 o B8} ZrzF 1.0%,
4.5% =& Fe=E HER
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[Z17 4-4] dlol8Al #1 FFE 2E9| fl-score oF A&
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3 HolelAl #2 ) PE FIES ol8F BR Ao

glolgAl - #29]
Summation, Weighting, Voting 2] 37}
25 Aoms 2ol 7 sgel

Weighting#2, Voting#2 o2t §g35}7lct,

AL Fo W0 1579 ¥ Egmug
| P sMoE HAE Hole
89 292

Z+Z} Summation#?2,

E 4-4] Summation#2 HIAE 4Hlo]g 5 AY

precision recall f1-score support
HO1B 0.8837 0.9500 0.9157 40
HO1C 0.9750 0.9750 0.9750 40
HO1F 1.0000 0.9000 0.9474 40
HO1G 0.8837 0.9500 0.9157 40
HOIH 0.9512 0.9750 0.9630 40
HO1J 1.0000 1.0000 1.0000 40
HO1K 1.0000 1.0000 1.0000 40
HOIL 0.9512 0.9750 0.9630 40
HO1IM 0.9737 0.9250 0.9487 40
HO1P 1.0000 0.9250 0.9610 40
HO1Q 0.9091 1.0000 0.9524 40
HO1R 0.9730 0.9000 0.9351 40
HO1S 1.0000 1.0000 1.0000 40
HOIT 1.0000 1.0000 1.0000 40
accuracy 0.9625 560
macro avg 0.9643 0.9625 0.9626 560
[E 4-5] Weighting#2 HAE do|g BEF Ax}
precision recall f1-score support

HOIB 0.9024 0.9250 0.9136 40
HO1C 0.9737 0.9250 0.9487 40
HO1F 0.9487 0.9250 0.9367 40
HO1G 0.8667 0.9750 0.9176 40
HO1H 0.9512 0.9750 0.9630 40
HO1J 0.9744 0.9500 0.9620 40
HOIK 1.0000 1.0000 1.0000 40
HO1L 0.8864 0.9750 0.9286 40
HOIM 0.9737 0.9250 0.9487 40
HO1P 0.9714 0.8500 0.9067 40
HO1Q 0.8837 0.9500 0.9157 40
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HOIR 0.9487 0.9250 0.9367 40
HO1S 1.0000 1.0000 1.0000 40
HO1T 1.0000 0.9500 0.9744 40
accuracy 0.9464 560
macro avg 0.9486 0.9464 0.9466 560
[ 4-6] Voting#2 HIAE oy E7 A}
precision recall f1-score support

HO1B 0.8837 0.9500 0.9157 40
HO1C 0.9744 0.9500 0.9620 40
HO1F 1.0000 0.9000 0.9474 40
HO1G 0.8636 0.9500 0.9048 40
HO1H 0.9512 0.9750 0.9630 40
HO1J 1.0000 1.0000 1.0000 40
HO1K 1.0000 1.0000 1.0000 40
HO1L 0.9070 0.9750 0.9398 40
HOIM 0.9737 0.9250 0.9487 40
HO1P 1.0000 0.9000 0.9474 40
HO01Q 0.8889 1.0000 0.9412 40
HOIR 0.9722 0.8750 0.9211 40
HO1S 1.0000 1.0000 1.0000 40
HO1T 1.0000 0.9750 0.9873 40
accuracy 0.9554 560
macro avg 0.9582 0.9554 0.9556 560

glo]E Al #29] HIAETolE o] tigt FStE H|WsHH Summation#2 K
o] A7t 96.25% RO™ Voting#2 2F Weighting#2 o Hls| Z+zt
0.71%, 1.61% =2 AEEE Vet

- 108 -



1
09626 | oaee 09556 0.9625 0.9554

0.9464

09

[IE-]

0.7

0.6

0.5

0.4

03

0.2

0.1

fl-score D HEC
mSummation#2 W Weighting#2 m Voting#2

(28 4-5] dlo]gAl #29] oFAFE melo] fl-score &F A

4) dlol"Al #3 o FFE 7IHE o8t 27 HH:

dlelg Al #39] gde& Tl ol 15719 i EREEe

Summation, Weighting, Voting ] 37}%] A& 7|HOoZ HAE tfo]E ]
2= AorgE =5kt ZF 7|Ho]l AHgwH rElS ZHZ; Summation#3,

Weighting#3, Voting#3 o]z} HHsHAlc}

[ 4-7] Summation#3 HAE dlo]g BEF Ax}

precision recall f1-score support
CO1B 0.8780 0.9000 0.8889 40
Co1C 1.0000 0.9500 0.9744 40
C01D 0.8864 0.9750 0.9286 40
CO1F 0.8974 0.8750 0.8861 40
C01G 0.9189 0.8500 0.8831 40
HO1B 0.8810 0.9250 0.9024 40
HO1C 0.9744 0.9500 0.9620 40
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HO1F 1.0000 0.9250 0.9610 40
HO1G 0.8636 0.9500 0.9048 40
HO1H 0.9286 0.9750 0.9512 40
HO1J 0.9750 0.9750 0.9750 40
HO1K 1.0000 1.0000 1.0000 40
HO1L 0.9487 0.9250 0.9367 40
HO1IM 0.8750 0.8750 0.8750 40
HO1P 0.9730 0.9000 0.9351 40
HO1Q 0.8889 1.0000 0.9412 40
HOIR 1.0000 0.9000 0.9474 40
HO1S 1.0000 1.0000 1.0000 40
HO1T 1.0000 1.0000 1.0000 40
accuracy 0.9395 760
macro avg 0.9415 0.9395 0.9396 760
[ 4-8] Weighting#3 HAE dlo|g BF A}
precision recall f1-score support
CO01B 0.8182 0.4500 0.5806 40
Co1C 0.8444 0.9500 0.8941 40
C01D 0.4000 0.9500 0.5630 40
CO1F 0.8824 0.7500 0.8108 40
C01G 0.8438 0.6750 0.7500 40
HO1B 0.7632 0.7250 0.7436 40
HO1C 0.8780 0.9000 0.8889 40
HOIF 1.0000 0.8500 0.9189 40
HO1G 0.8824 0.7500 0.8108 40
HO1H 0.7872 0.9250 0.8506 40
HO1]J 0.8919 0.8250 0.8571 40
HO1K 0.9730 0.9000 0.9351 40
HO1L 0.9231 0.6000 0.7273 40
HO1M 0.8438 0.6750 0.7500 40
HO1P 0.7778 0.8750 0.8235 40
HO1Q 0.8409 0.9250 0.8810 40
HO1R 0.9412 0.8000 0.8649 40
HO1S 0.8605 0.9250 0.8916 40
HOIT 0.9500 0.9500 0.9500 40
accuracy 0.8105 760
macro avg 0.8474 0.8105 0.8154 760
T 4-9] Voting#3 HIAE Hlolg ERF Ayt
\ precision \ recall \ f1-score support
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C01B 0.8810 0.9250 0.9024 40
C01C 1.0000 0.9500 0.9744 40
C01D 0.8864 0.9750 0.9286 40
COIF 0.9211 0.8750 0.8974 40
C01G 0.9189 0.8500 0.8831 40
HOI1B 0.8810 0.9250 0.9024 40
HO1C 0.9744 0.9500 0.9620 40
HOIF 0.9737 0.9250 0.9487 40
HO1G 0.8636 0.9500 0.9048 40
HOIH 0.9070 0.9750 0.9398 40
HO1J 0.9750 0.9750 0.9750 40
HOIK 1.0000 1.0000 1.0000 40
HOIL 0.9487 0.9250 0.9367 40
HOIM 0.8750 0.8750 0.8750 40
HO1P 0.9722 0.8750 0.9211 40
HO1Q 0.8889 1.0000 0.9412 40
HOIR 1.0000 0.8750 0.9333 40
HO1S 1.0000 1.0000 1.0000 40
HOIT 1.0000 1.0000 1.0000 40
accuracy 0.9382 760
macro avg 0.9404 0.9382 0.9382 760
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ABSTRACT

Automatic Classification of Patent Documents
Based on Deep Learning According to
User—defined Taxonomy

Kim, Sung—Hoon
Major in Smart Convergence Product
Dept. of Smart Convergence Consulting

The Graduate School

Hansung University

Patents with properties that protect the right to technological
innovation are considered and important asset for most companies.
Patents also play an important role in the diffusion of some technological
innovations as they provide a sufficient source to represent technological
advancement and diversification. In order to perform patent analysis such
as technology development trend and competitor technology analysis using
these patents, the classification of patent documents must be preceded.
For patent analysis suitable for the purpose of a general company, a
user—defined classification system defined by a domain expert is more
suitable than an official classification system such as International Patent
Classification (IPC) or Cooperative Patent Classification (CPC). The

classification of patent documents is mostly done manually by experts, so
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it takes a lot of time and cost. The purpose of this study is to find an
optimal classification model using deep learning to automatically perform
patent document classification suitable for various user classification
systems to reduce such time and cost. Three classification datasets were
defined, and 80% of each dataset was used as training data and 20%
was used as test data. Two keyword—based classification algorithms and
three sentence—based classification algorithms were selected for a total of
five deep learning algorithms. A number of classification models were
created for each algorithm and the classification accuracy of the test data
of each dataset was measured. In addition, the classification accuracy of
the test data of each dataset was measured using the ensemble method
by combining the results of the classification model. There was no single
classification model with the highest classification accuracy in all three
datasets. The ensemble method showed the highest classification accuracy
in one dataset among the three datasets, and the second-ranked
classification accuracy was recorded in two datasets. As a model for
patent classification suitable for the multiple user classification system, the
purpose of this study, it was found that a classification model using an
ensemble technique that combines multiple classification models is more
suitable than a single classification using a specific algorithm. Based on
the experimental results, in this study, a classification architecture for
automatic classification of patent documents suitable for a user—defined
classification system was proposed. It is expected that the proposed
patent document automatic classification architecture will be used in the
actual patent classification task, creating an environment where patent

domain experts can focus more on patent analysis.

[(Keyword] automatic classification of patent documents, user—defined

taxonomy, deep learning, ensemble
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