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[3£ 1] 1532, 2571, 117 AA A@zoA Az 7153 AFY o3 AJE~

37 o3| Ab=

Abat, FEE, ol del s Al AdE, 2R
W, AUE, oludels w2, A, T
#d, AdE, otislola W, AHE, TEEL
Abst, BFoEA, oftiglol & Abst, BReEA, FaEl e
WL, SR, o glej e w3k, sk, g e
T, Bk, ot glol . B, spekal ZEE e
Abah, aE a8, olhslola A, 18 aEe, ZEEe
w3k a" aEe, otidels w3, ad aEe, dHIe
e, g e, orglels e, oy e, dEIs

c A I E AR A A oI E YEHlE ntia EZoR
o A g+t

e AlA® BERT[4] R (klue/bert-base[14])S E3a] A4 o3 Al
Ao 2 ESZE 7nkete] mpaF EF g oS T3

¢ AW o) HAHE AL

a9 172 kA 29 1604 AAE A AlE 2 ‘1632, 2571, 1170 A
HgE oot 44 old Ads F st Abk AdE, ougels
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5 AAzel AR Asels B4 ARE el Aol



AFat | 3218 | [ ocko=

Masking
At | MASK [ ] ocioie
Prediction
A
[ |
L A~ [ 8 | L ¢ [ == |[[ & |
0.9999 0.8551 0.784 0.5413 0.1121

(29 17] 2z} 247 ol 91e] Alda ol A AL

riu

A}, el g, oATigdelf A o3 APsdA e §e vaz E
o @AW F BERT R9g Ed nfaa mie f@ osse &
& TR o)F ‘A L'e) FES ‘AL o9 HAAo AP 1

17 9] ‘2wl &9 AAAdL 054130) 1 Aty =&, oy glol’ AA

ot

A

F

013 Aol HAEAPLe AW, ‘A g, ‘ojfdel e zk Ao At
& Faroluh, A AlE 2 1532, 2571, 11764 24 7153 mE A4
o13] Alf ol 3] HAAHS Aststd M =L AEAS Hole A
]3] A A7 A AA A 15632, 2571, 1179 AA o3 AAA~z A
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A o8 Afse] @o] B4 WA mue 19 189 o] 44 of
2 Eal

3 AAAE Qo ol fo] FHOow WA 44 oF AW
o 3ol wWak mae (34 AtE ARNZ-FoAAx mau Yol

=
of 7Iukg £t} [3lol A= FastText[13] 71wk <l #Holof & 283t
o 2 dAgelMe Bl A FdE fle) it ARdshs /o] B
@<l BERTI4], BARTI15], GPT-2[16], GPT-3[17]e] ~71¥+et <l w o
olo]E T3 ndE AAson g FA dolHE FUst A

Input Output
A% ofgl AjzA a0 23
A of3) AlEAQ| 3H0f
w328/ T s R 2B 2 ofriglole? ]
ofcilole 23 gt oY

(2% 18] 44 o3 AAxe] #o] B4 WA v Tx

1) = HeolH 75

B ERdME [Blo] #5% dad AAC 217 4 AA2 dolg Al
I} AAqHew T vl FA dolH Ae AHEsAt. 15
AAC 2§ 4 A9l diolE Al Al Hubell M A& st @=io] oist
dlolEl[18]¢} KETI 70 dlolE & 22 ©vlo]E[19], AAC Ag=te] F
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Abg o3 e} B wE A[20-23]01 4 FHE do] AT o]o U
2H = 23 AAC A4 AAFRRE]Y AAC 189 AALS 23 =3

(> A

Abt HiLHLE gHe FA2

(29 19] ‘A mhvu o] FAR'E Yl 4 Alds

[ 2] g5 "ol = (&9 1)

glolg & dolg
Al HUB 11,179
AAC A2 97 =& 1,665
o5 v 33 2,000
A 14844
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dole Axe dow %A TEHE 14844709 AAC 19 A4 A

2ol 7 g oHel dstel YAk RAS FU% 8 wEol
¥

(stopwords)ol] s D3l ZAF9 ojn]o] ¥ &= E

& AASAY. e s EA4el =

KoNLPY[24]o)| /] #) &3} Mecabg ©]

&3t Mecabi= KoNLPY<®] #7174 5 7b¢ mE AP &% A5

ZEAIAL e Fharo] 437

2) < ¥l 9 (Embedding)

® tho]

4

Qulgolgr Lol Mo

2 wgete 492 ovar

B4 Aol 7he shrH25].

QY BF 57 99

A fEE delE nEstel Axpel M

Ao}l Hoko Ao AHIH[26]E wol =

HEo] wisgsto] Hejd Stsrol ZheskAl sklem Ao AFE ds

AukstE golatA sl

s

=

r‘%

o] AMP[27]2 doldl o nAE Zole] Wy RAORA, o

learning)[12]&  7}&5 38k

Word2Vec[28], GloVe[29], FastText[13] o] &3t}

[3]2 <dwld oA A}

2

Z# ¥ FastText 22[13]2 o] &3}



FastText[13]&= ©@o]& n-gram 99 = 23 A3ty %x3}L 7|Fo=z
St5S Fsty] Wi g5shA] e ©o{(Out of vacabulary; OOV)
A= WE F5o] shsaty Qe AE dio] ettt §HA
AW g2 Faolol(homonym)E sde WE =2 A2t
T & dHe] AT dE EW “wivhel] wizh w Avke A o] mf’e}

=

“o}Al Al A A} & H7} wA L7 e W'E BAF Ao w IF

l-'ET
HUR
i U
ol
N

o

[30]el A At 74 dwld Mde dojo] WiygE &g o Al &
o7 ohd ®4 AAe FuA ouE FFshr] W wol duge)A
o] duy o] ndRtl =&

i
Ao BoY 24 7% dlld S Fdste Ao = GPTISE, 17,

uf'

311, BERTI[4], BARTI[15] %o &A1ty 2 Ado|x= AAC 198 A

o) &4 s mde] BERT 71uk 29 AAC 19 44 AAxe

o

o

Zo] £ Wae] GPT20, GPT30, BERT, BARTE o] &% 9lud

2018\ OpenAl oA 23 GPT-1[31]= "@2E FoloA HAAHS
7HA ghds 7E dlelE = wig AR gpdE HA gL "A2E o
El(corpus)= vl @Weol EATTE HolA Htato] sy HA e
HXE HolHE Tl Adoje] dwtstEl xdo] dhFE Ao R

(language model)& H] A% 3t (unsupervised machine learning) .= A
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GPTe] Aot -1WA EZHEH kiAo E25 F3t 1A
EZol U Ztede Austets WA ocE sy Bl Fxe= 1
g 203} o] 2017 Gl 2x 3 EM 3w (Transformer)[32]2] T
STl F-i(decoder block)E &-83 FE otk EdlAxm o iy FI

=1

2 AgaA gr] g mdst tmdel o A (attention) & w4t

Text Task
Prediction Classifier

'\T/'

Layer Norm

S—

Feed Forward

y

12X

Layer Norm

S

Masked Multi
Self Attention

Text & Position
Embed

(23] 20] GPT-1¢9] »dl -%[31]
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= #olort EAstA] evheE Hol EdAEO fay FEHe
Z# zpoldolt}, 2k o] F=&(Natural Language Inference), &% A=
o = (Sentence Semantic Similarity), &l 4~ E 7/ (Text Classification) &

o opel ZAEL RPTh

® GPT-2

71% GPT-1[3119] stroll @88 dolEE w2, $1719tlo} 5o A
FAE dolg® 54 Zu<(single domain)el] ™3t B ~E g o]7|d
Mg Aol x EaPrh wetd 24 YEJA Yo gZo = luo]X
HE dolE g 47, 4500/ @3S £ 40GBe 8001 A o] e &
A HolHE F5E35e] GPT-29 g0 o] &3ttt

el fLx= GPT-13% A9 dHl$£si mde 157 GPT-19 ]3]
m)-- S E AT, oy spEx e md GRo Wi glo] EAwE
A A8 Ao A ol o)e] wH el A (downstream task)e] F3)o] 7}t

S BIAT =& Hes Bolx Xt

p
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® GPT-3

2020\ d Open Alo A 2 #3t GPT-3[17]= »d 4 7F=x = 3

e o fJHlo]lEvt A e g el F7F g glo] Few-Shot

=0 X
T

£ 452 ¥ 4 Aee HYTh BY 72 @64 /E GPT 29

ol

(GPT-1[31], GPT-2[16DE ¥ & #Fol= flov 17509 7f7haFe] Thetn|
He 7AW gie 2ol

e few-shot learning : ¥ 7§19 A E RHAFE A

e one-shot learning : 3t1}¢ A E HolFE= 4

of
ol
rlr
g
2

]_

e zero-shot learning : <] A] §lo] Ado] AA|ETS A

Zero-shot One-shot Few-shot

«— 175B Params

Natural Language
60 Prompt

\
\

50

40

Accuracy (%)

30 rd No Prompt

20
e 1.3B Params

0 10“ 101
Number of Examples in Context (K)

[29 21] = Afo] e} AAJE of|A] 4=2] zpo]o] w2 GPT-39] 4 =[15]
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a8 2lM = AlwEs dAle] 8 SUHAE AF ool FHE
%

wdo] R AAFE dso] vt FFEE BoEr. oy Hx
A Eoplld F2 Aes BRAoy 2l AV dFUA & #A=

® BERT (Bidirectional Encoder Representation from Transformer)

BERT (Bidirectional Encoder Representation from Transformer):
20193 = (Google Al Language)oll /] A ¢rst o] EH[4]2 Elmol30],
GPT-1[311s} o] o]d9) Qo] RAEE N e EZ(HY ED)EL
ol gste] @A ER(FY ED)e dlSstiE AEAQ Ao mal

Fo S5 FAsHGo BERTAAE vhazg /1M Abgstel %3

1>
o

|

O

-
nA ehe B byl BUe EAd Sgel wgstag sk

% 32 BERT9 g5 dlolg oAlE HolEr [CLSI'E dolE 9] A

2=, [SEPI's 2t &749 €& dAste B0t [MASKIE whx==a

Label Input

[CLS] the man went to [MASK] store [SEP] he
bought a gallon [MASK] milk [SEP]

NotNext [CLS] the man [MASK] to the store [SEP] penguin

_33_



[MASK] are flight ##less birds [SEP]

EZS st ol= g Ao o3t EAstE Fwolu mde] g
w5 93l oAFE AAsL AR Adste EZolvh dAleh o
BERT= q1#e] 88 FA9% vpad EZoR wAd & £3 B2
(doh)s &3 nmtaz BEdd 5947 J&s FF3h= MLM(Masked
Language Model, Token Masking) ¥ o2 3st<58 3ttt 18 22
I o]l ool EF o Fof o] T EFY old EFZEF olF EF

£9 4rE BT &E3h

BERT GPT

[29 22] BERT, GPT<9] shsr W3F4d[33]

T3 1 39 gy Fo] A o] Ae AAE A STFoEZHN dHFs
4 313t=  NSP(Next Sentence Prediction) 7]® o] 2 g ] 9] o},
GPT-1[31]¢} 5L A EdAxr BA[30]d A F+Z25 Zeksid oy E

Amwele] Qmy FEuk Agsigon wirge] deo =ul(directional



language model) Bt} gt £ 5= gy ¢ Hold 5SS WAL}

® BART(Bidirectional and Auto-Regressive Transformer)

2019y Facebookel| A1 3% 3 BART(Bidirecional and Auto-Regressive

Transformer)[15]= AP A-F-A@d 2~ 25l 7wtoz 3to] <o

BART+= Token Masking, Token Deletion, Test Infilling, Sentence
Permutation 59 thgst o]z A 7|HE& AFEste] Qo] nd 5

& AN wdgon Text Infilling 71HE A48 o 714 £& 5o 1

of 4 oFE mra EFow WG o]F AR ofIm HyshE
A ol Fube] Qi Edo] shupe] wpag B
Zow A3EQ oyt Text Infillingoll A= 07] o] ALHd EFE50]
shitel maz EEoz x8d 4 Qlth

i
ol

EldS Kol 5t Text Infilling 71 BARToO| A o] MLM %243 2
To

Lo

Ol

ken Masking®e] 7

a3 23 BARTY F+%E HoFEth BARTY 93y B
BERTI[4]¢] %&4 (bidirectional) 54 & 7[A 31 Qom t]agE= A3

M
rlo

dHS g o R Qe =89S o=3= GPTI31]¢ Auto-Regressive

EfNAIH[32]e] 13y 7|Hk RdEA HiE
A4 (text generation) ¥-oF g Ao e Mo Ex X, GPT= W
g 9 JHE NYgsx] Xdue A4S Ressid. BARTE 925 A

A, d~E Q9 (text abstraction task) 59 #ofolA Hojd AHHS H
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1t 11 T 1t 1
A B _ E <s> A B C D

[2¥ 23] BART?] +=[18]

3) 474 o AB29) BTl B W3

sl wdl A7

Aol AAC 1Y B4 ol AUz @AFo] B M@ 9
sho] mE <l

1379 (encoder) ¢} t] 1 (decoder)7} AlolE 43+ §Yl(Gated

Recurrent Unit; GRU)[34]2 FAd"  odAd w7 Y < (attention
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<S0S> + Target Sentence

Input AAC Sequence
{ { | | ] ] ] ]
Embedding Embedding
| | | I I I I I
JE S SR S J S S S
G G G G Context G G G G
Encoder R RF» R > R > Vontex > R > R ~» R | R Decoder
u u u u ector u u u u
v v v v v v v L4
[ Attention ]
] ¥ i l]

Output Sentence + <EOS>

o

(9 24] A S A 8T AolE &8 F1 W APL-FoaAs wd
T2

He VIt r AdE EHete tavrt d2dd dHE AR VA W

o] (Neural Machine Translation) ¥#ofo|A F& A& %= Bdolt), A=A

Hel gabs AdE « fuw FAGgen, oua mAUZE3H]L
Aggons T v &7 24 AAT Ao Az U4

dlolefe] HA A s BF aeste] Al

AT At ARz mde iy goloje] 74

T

of web 1@ 259 o] vh 57bA WA o Al
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[ Data Cleansing J

!

Data PosTagging
Preprocessing

& Remove Stopwords

! '
[ Morpheme Unit Tokenization ] [ Pre-trained Tokenization J
Embedding Embedding Embedding Embedding Embedding Embedding
Based FastText Based BERT Based BART Based GPT-2 Based GPT-3
Model Sequence-to-Sequence
Trainin With Attention
8 (using GRU)

(19 251 4 ol AAze) o] B Wg mAe) AR T2

Y
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oy
e
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L
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iy
[
|
I
>
i
>
o
i)
=2,
e

o] 5 dudel FastText[13]15 283 Edo|tt, [3]o A A<te

Yo B £F dWY AWael A% dx2E A8 FdsAct

e Attention based Sequence-to-Sequence with BERT : o] &l w74

[N
o

g AoE £/ fFu VI AFEA-FoAEs 2

L

—

BERTI4] 714t 3F=to] Aol md ‘klue/bert-base’[14] oA FZE3+ <
WY folojE A &3 Rdolt}l ‘klue/bert-base’s™= 110M7) ¢l 3}&}n]
B9} 3200070 9] o3 HFoz FAFo BT 97], Ui 971,
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Aot =7 Fd T § AlolEoA FHE dHolHe w2 AEH
S F3 FHE 473MA ] & 6,519504,2407 0] ol & F3she] o
T ATH

Attention based Sequence-to-Sequence with BART : o] &l d mj7 Y

T A& AE £33 FYl 7 AEA-F-oAE2s 2do] Bart
7l o] il KoBART[34] oA F&3 dwld #Heolojs A&7t

Zdolt}y, KoBARTE SKT-AlelA A& 3at BART[I5] 7wk male
graro] 97] Mol Fra A mFol wEx v10, o =y H
Sl A FHE o] B4 vlolE 40GBE Edte] sher® Edolt)
3000071 €] o3 JFg 7HAT, REe 124MA 9 setuHE A
ol At

Attention based Sequence-to-Sequence with GPT-2: ojal A w74
22 A8% o= £33 /% AfNA-FoRs wdd
GPT-2[14] 7]¥F m2d o] el KoGPT-2[37] o4 FZ3 Ao
golo] & 2 &3 Edolty, KoGPT-2% SKTolA F73 3o 7]
W GPT-2 B2 h=io] §17] Wafel 7 A, 5o #EA v,
dod =7 A SolM " 40GB o]t HMAER Sy on
5120070 ¢] o3 &zt 125M7h e atebre = 4 = A

Attention based Sequence-to-Sequence with GPT-3 : oJ&ld uj7
UsS A8 AoE +£3 fF4 7|8t AAE-F-Ads =l
GPT-3[17] 7149k ool mdl KoGPT-3[38] oA F&3F odud #eolo
Z Ag3 Edo|th KoGPT-3% 717F2.0lA 20213 & 708 Sharo]
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718k GPT-3 Rd =

2 2 ‘KoGPT6B-ryanl.5b—floatl6’E o] &3} 31t}

Vocabulary | - ~ NSMC sk dlo]g
2 . T
273 Size stetelE < (accuracy) I
FastText (Facebook) 2000000 - - -
klue/bert-base 32000 124M - 62GB o] A+
KoBART (SKTBrain) 30000 124M 90.24 40GB o]A
KoGPT2 (8t=ro] GPT-2) Ver
51200 125M 89.1 40GB o]
2.0 (SKTBrain)
KoGPT (KoGPT3) (Kakao) 63733 6.0B 87.8 u] g7
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V. 249 43 = 37}

B Fo A= o FoA AAs AAC A9 theo)A 3 Ed, 4A
]3] A| 29 o] EF WE ndy ol5S T FE3 1y AA
o] oS whd s AAC AA Alf29 F=to] E W3 nds A9
atar Atel dhsf =3k AF A % 59 2t Python 39.13 WA

7} Tensorflow 2.11.0 HA & o] &3 o, GPU 7|wre & Window 10
Pro OS 7]4t PCe| A Jupyter Notebook 2=

o At}
[3£ 5] A3 37
R AkF 2 WA
Intel(R) Core(TM) i9—9900K CPU @
CPU
3.60GHz
HAW RAM 64.0GB
GPU NVIDIA TITAN XP
0S Windows 10 Pro
Python 3.9.13
S/W
Tensorflow 2.11.0
CUDA 11.8
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o Ayl &

ol A AANE AAC 29 449 B4 dx
offlel wstel A wAN H3A3
2 A gust B G oA ggside wel: Bg-wol
Ael) gaton AaA @7l vl A FFE wrh wA FY
oAt

F 7] A AEE, o] A G v sia Bl o5 Alds

g A= 2 A0 T4 o5 A2
FAL, A vhAL (FAA PhAL) %5, X vhA e
obE, 29018 (ohtA 2lol8) ohE, 29lola

AAC 1§ 3749 bolA sla mdo] iy B o3 ALgd
Ae gatold] o] A s
t}. BERTo| WAl o2 AL de<s

a1

BERT 7]wte] ‘klue/bert-base’[13] ©]
o] o] melo] g w9
Wo| EA37] wo] o]o] 3 Atr} B 3tw BERTO| 7]wak ol
wdo] olyrlagte nA WA ow Abd StgEHE g2 do] mds 7
o 2

2 2 Aol A= AAC 29 Al deld &

F

i)

_46_



Fol #

Eis

T
-

AuH o2 AgH

PSS
— 1=

[

k!

1 o] 7]

] o
= EE=1

= Apol

s

—_

=0

el
Ea

ol
L

oy

——
o
o

=
el

Az
Tor

s

e
ol
oR
+
o
~

;OO
el
Jo

0

o)

)l
o
o

L

;OE

N

TR

37l thEeln AAC 1

7HA =

o135 %

TH

g/helth. v5eln] AAC 1

, e er AAC 1

&

Qo3 AAze Fi

w

il

o=

.

a3kt

i)
=

el A 2] 7l o]

=
=

A% A A

A=

_LH

_47_



2. 38 o3 A FE29 =0 £F HE 2d

Grheth mde g dolol g4 Aol wet FastText[12],

1) 43 dHolH

obA] Aol A TEE F 1484449 AAC 1Y 44 A A~ - o] B
4 dolHE 811 v & 8%, AE, HAE dolHE RE do st
1187670 ©] HlolEl, 7 Zo) 148471 ¢] dlo]El, Bl~Ed] 14847)¢] Hlo]E &

8359

£ 8= E ‘Spare Categorical Cross Entropy’ & o] 8 std o, A
st R ‘Adam’s ©]&skdth 712 st Sl (default epoch)= 1003]
2 AAsg o A= £ (valid loss)E o] g3dte] 94 F7 oA nd

=

o] o] o] FofAA FE& Al AT 5ol FREE

_48_



[3% 8] sto]y detvy A AR

vftilE ¥ skEtaE 2k
Loss function Spare Categorical Cross Entropy
Optimizer Adam
Epoch 100
Batch Size 64
Early stopping (by valid loss) 20

2) 48 23 2 #7}

o
vy
t
=e}
ﬁ
s
N
=2
o
i
ot
2
i)
¢ [e]
an
=
e
o
o)
=
|
o
)
wn
(.D -
—
o
o
ol
ol
ol
2
jules
=
ol
o

[4,29,39]19] AFELS AbHsts ¥ Aol mde] st HolEe A
setu]E o] o] o] shgd Ao mee] Aol vt Fst
Atk B A3 A= b B dole e et EE o] &3 Shyol
39 ‘GPT-31t} ‘klue/bert-base’o] © =

3] F & (vocaburary size)ol| 93 g £ dow GPT 7jute] RdE

ot

|

S Transformer 24 tlsy F+XE FAOE FAE 1 BERTE
AFAY FRE FTAHSE FAFHAJUY] wFd o3 mde] FxA A

o) 2% tehbi A3e 4 At

_49_



Train Validation
=g
Loss Accuracy Loss Accuracy
Sequence to Sequence
0.2701 0.8109 1.0724 0.6221
using FastText
Sequence to Sequence
0.0046 0.9946 0.2699 0.7606
using GPT—-2
Sequence to Sequence
0.0098 0.9983 2.0833 0.7693
using GPT—3
Sequence to Sequence
0.0099 0.9989 1.3566 0.8055
using Bert
Sequence to Sequence
0.0013 0.9989 0.2275 0.7826
using Bart

=de) wpA e gojeje) &2 g, GPT A X
2 o] &3l AFEA-F-AFAA Ay o=

stgont [301e My FEel ol gt dolole AAst A+,

_50_



200
train loss. 10
— valk
195 val loss L
150 ros
125 ko
% 100 s
B 0.6
LEE Fos
0,50 o4
0.25 . 3
= train acc 93
oo — valacc &2
o 5 0 15 20 25 30
epoch
Sequence-to-Sequence using FastText
51 — train loss 10
valloss,
03
ad
0.8
31 0.7
2
= 0.6
2
0.5
19 0.4
— train acc 0.3
o{ — valacc
o 5 10 15 20 25
epach
Sequence-to-Sequence using GPT-3
06 - train loss Lo
—— wval loss
Foa
as
Fos
0.4
% re?
go3
o6
02
Fos
a1 .
— {Tain arc ~_ [ o4
ood — val acc
0 5 10 15 20 s
epoch

Sequence-to-Sequence usingBART

(29 27] 2} =49 3ty

accuray

train loss rie
wval loss
o8
ros8
0.6
=
u 06 2
2 04 ]
ro4
02
= tran acc L iz
o] — valacc
[+} 5 lID 15 20 25 30
epoch
Sequence-to-Sequence using GPT-2
4 tram loss 10
—— val loss
ro9
& Loa
W Fo7 &
“ 3
22 o
L]
[ 0.6
1 r 05
—— tran acc [ o4
g — wvalacc
(I] 5 IIU 1‘_‘4 ZID 2‘5
epoch

Sequence-to-Sequence using BERT

ME,
b
[

of\



e
7

el

ol
=

—

T

M

o
:d

.

mk

!

o)
<
T

s

,WO
~

0

~
o

BN

—

o
<M

o8

1l

°©

Q.

|8

=

=

Hl o] E] 14847

AT ol &= A

2= ml
IERN

[e13
3}

9/]

B
i

_

il

%

=S
"o

M 7}l

} o} wlastal BLEU # < (Bilingual

s

Ee

4 A

3

134 =0tk AAC

A
L

o thgt zol

]

A
=

w3 1y 2

o]

Evaluation Understudy Score)[6]

i

ol

]

A3

3]
=

Al
=

1)

BLEU #<[6]& o] &3l

O
Nr

el
Jjo

T

o] &%

o]

=
=

L4

3=+ o] & (reference) ©]o|

dole A T
_52_

kw7t



3

S|
G

10] BLEU 4 3F tje & 3

=
3t

107} .

[

ojp
% B
— =
N

= !

of )0

" %

g 1

ol T

el

o | o -

T | B K
S| ) w

n =W
| " e |
Of | o | o He | A
N R <

o | B o
"W | R A= %
9| o | o | &
o —_ - — —_
X o | e RR o | ®
| X || o |5
. .
(i I i I B I B

PR lolo|loc|lo| o

U — N < L0 O
2l=|5|S|alelt|=
o — N 97 ~ Lo j=}
m — ©

BERT 7|4t xdleo] BLEU 4+ 582602

Kol

ol
JJo

"0

o)/
M

O

glolgel 17¢] ¢

=
=]

N

—
file)

_53_



0.7

0.6 0.5826 0.5743

0.5089
0.5
0.4388 0.4344
0.4
0.3
0.2
0.1
0

Sequence to Sequence Sequence to Sequence Sequence to Sequence Sequence to Sequence Sequence to Sequence
using FastText using GPT-2 using GPT-3 using Bert using Bart

[1% 28] 7+ ®=de] BLEU A%

2) A3 B

(1) AAC 4 A 2ol Ha) A AR AR AT £

(FastText): AAC 18] A ¢ thelA 34 wdi} Sequence-to-
Sequence using FastTextE o] 83 A4 o3 Aldx o] &4

RS ol g W gFelu A AAxe] @o A

o

(BERT): AAC 18] AA 9 theolA 34 2d3 Sequence—to-
&

o
Sequence using BERTE o] &3t A# o]3] AlgA dhato] 4 el



wel chEeln)

KX
=

3

°o|-&

KX
=

3 &~ R a3y Sequence-to-

d

o)

(BART): AAC 18 #+

o] -3

=
=

Sequence using BART

el
R

olo

el

7} Sequence-to-

1=R=l
=

B

el s
o]

47 o)
=
=

(GPT2): AAC 18

Sequence using GPT-2

A & A~ 293 Sequence-to—

EB

A o

(GPT3): AAC 19

m

~O

sl

ol

]

Sequence using GPT-3

)

ol

R

|

o
T

&
el
o
ol

~~

oR

ol

o}
{
gl

=]. O
EIn=s

X2 Ao

1
T

o Aw dlAe 7 wde A

==
=

5 )

11¢]

2

Eyl,

‘
At

] FastText 7|4 2 d 2

3]

ol

HYrtt’ BERT 7]uk ndd

Rk

==7

(=R )]
=

ik Iy

dA5UY GPT-2

A E9=

il

ot th. GPT-3 7]t

_55_



[3 11] T=z9n 3 A|d2=9 oo & s 23
g FA AlEx gtopo] ¥4 Wg A3
(71%) AEAE AAH8?
~ N N [~ - ™
o O (FastText, BERT, BART,
MI‘ _— GPT2)
— I ‘24:;2-:2 ‘\ \l iuo}gﬂ || FEALE AAH L?
| TE I | 59l |
N AN AN J (GPT3) 4#4 AHg 7Fedrt
29
(712) AWy W= =ohFA
Q.
(FastText) 7AW wt==7 F4]
A gy
J \KQ%” @ IRE]3 T = =
Nt %\ (BERT) Ay wt=x= 7 =9}
| T, 11| a8 || ([ =emmm ] A== K
=1 ||l :E:ij || |[[ezomae ] (BART) A wt=x A =9
- =g AFYh
(GPT2) 7%} wt==7 Lo}
AQ.
(GPT3) Ay 951 Aloja,
(71%) ¥ w7k g4 &
. Aol 2
N A .
£}
| || |—ws | |[mz==smm | |—wmm= | | (FastText, BERT, BART,
‘ =] ||| a2 | | GPT2, GPT3)
o w7t g FAzlo
Q.

_56_




N "o e MHOE X H W
~ 3 ~ — = - | ) = =
1@71 = 32 o5 B M T OE X T M o o
Wy 5 B %o R T ao =
= O« G TR W oLow 2
) C A I T 5E 7w
T T £R R oom &
S 3 RGN - G 3 =
i © ESIEN ok oy N
| L | 4 n
ad = - o0 oy o ™ = . o
s X o du = oo z = R A 4 B ogp w
c s &7 oy IR o= o o
3 e 2o ~ @) OTn N T b.._
3 e A1 o5 A T Koz K
i 5,23 m T EC T E N n o
— . < . — : L
T o o 8= ma 3 N m B! oﬁw M =) T
< A 1_,»_.0 i ~ ~ Nro o
— = B F T W TN
j T O T o o o M M- %o ay
& lale WoE o T ol a !
(b= oﬁe O_E o oﬁ - Ot ‘_ﬁwL o
N B "R ER o X b Al a o 0
SR T o SRR K W e
2 lelele e B EE A B T
-t T||o W .ZTd . HE ‘Nﬂ q ,_l_..Al UT .O# —_ ~
AR - S N
R e P YT Ew w TRy
] S S o
g T oMM R o ujp W L
Q wﬂm" N ol T ofy w ) = - o <
o =R = AF Ho® 2 — <Ay
== A %fr@ﬂ% W s
of2] [ o EL AR 7 S oy
A a3 I ) A T W
(g% T T Mo o BT "o
 UOUE) i N T I = T o & B

_57_



(% 12] thEolm A4

dlolg el #sle]

Afze] @3o] B4 W% An | 2Av w3

dEelu 44 AAx

ool B4 W 43

TN e Y A
9 ? (71%) 100ge] Arhe] 22
100
| 100 1] T 1| 1] pTer (FastText, BERT, BART,
wemme ||| ows |||[ =wms GPT2, GPT3)
B 100gel] A mhe] 2.2
. AN AN J
a N/ N (71%) 4500 4 YTk,
4 - (FastText) 550099 4t}
(BERT) 410091 911]t}.
| || | — (BART) A}3.29 91 ] e},
(GPT2) 550091} U],
- AN AN (GPT3) 450091 4 Yt}

5 2 | E
g

Sy

[ a3 [ 5 ] [ 2 | Bl ]
[ werxiz ||| #eie ][] B [ emee||] i ]

(71:) dFeoz a9 520009
o A=EAL

(FastText) & 3s}# 59k 54
Ady .

(BERT) &+ sl b9k 2000%
Y.

(BART) dwo=x stAH
2000€ °] &..
(GPT2) d=3td

_58_



|
K

or

"o

49 = A et

9]

‘Hog

N

o
TH

|

X
o

o)

13] thEeln] 43 AAs
o] the Aol Talo]

3T
ar

[

SR
O
) s =
i . =
it o 5 3 R
=
o mammeq
i o ML_E
o5 o
= 5w
B ~ &3 E
_ WoE e 2
SR
- = U Z
2
<
0 LI
0
T
T
Nfo
Y ) |3,
._Om_l

_59_



(71%) A= ggae Eola Q.

R =

(FastText, BERT, BART,

| ot ||| | He_M2308lR || | GPT2, GPT3) A= sarae
| o2y | Mz0] Zols L.
M

SN =
@, -
¢ H 4 (71#) iwo] ot¥t 8
| =y ||| zmQ || | (FastText, BERT, BART,
| = | ‘ o ‘ GPT2, GPT3) ¥o] o}l &
L=« J|L__ =8 |
| w0l |

¢
‘®<>¢ (71%) #Ade] Bidela?

| — (FastText, BERT, BART,
| Fol | ‘ == = GPT3) #14e] ®mAlela?
| |

(GPT2) 714 o] 3lolg.

_60_




SRR

S

e

FAow AFH7]4

=

=

AL A

ko)
yad

3=3

o} 4 o

thel 4

11:]_%

A

ox

e on A

o]

]

_AO
‘AO

)

—_
fite)

o]/

_AO
wAO

AAC 19

jruze]

ﬂ\_ﬂ

B
T

%

s

shitel

tEoln AAC 47

S

1
T

LR

e
f

R=h

L

T

tof

74

©

=

=

1 9

Ik

S

3

Fo

=]
pal

oo
ol

o

o

B
fad

o

ol
~X

37HA

o

1o

3 2

o

-

o

T

Aol A &=

=

S

ol
ot

—

<MW
=
A

%

)

]

o

—_
fite)

fite)

i

el
T

g

B
T

L

mk

o

AR =

S

493

o

m

B
gad

!

_6']_



B9k 7 2] A}

=7

) 3465709 oA ol 3=

3

ki3

1
T

A el A

=

91

o] 2206749 34l o

.%
o] AAC A3} o

i
<M

Hsko] 22967 ¢ oF

_/,:
olu] AAC 4

200070 ¢ T}

?l_

o] &

=
=

olHE skt

(o]}
=

HH

=

0.354% o]

S 1
St

@l A

o Hed da %

44

2
™

AAC 1

e
&

o

JJo
—_—

—~
o

B

B/
)

R

¢

=8 RqA A T A AAA

fA = o

_(H

oF

3},

49

2o 7}

ole el %473l

o]
e

juy

lol AolE

S

_?4

Gl

=

Fell A ot

o

A3 Aol

AT,

PN
T

1 AAC

3

!

ok,

EREE:

o=

il

s

HFTHoR A<t

ATl A

=

Wek wee BLEU % 4ol

ol

>

i

3l
= =1

] 7}l A1 0.5826

1ad;

7w

al7

!

15-71e] AAC 4

A
Tl

s

_62_



M o<
%o < R
= =
"o ﬂ ..:O mAU
: X TR
ﬂdm R0 < 7 A=
B &) -
3 () Y Mnu H@ ° T =
LMM T o M,.W = S <! o w.
o = — &S
g m‘_ P k- ‘Dl ,H5|E o el =i O
il - LA = AL MT o o) = o
N < o 9 _m o A f by —_ (e
Hﬂui MoﬂLQEUﬂOHE %B“ﬁme Nfo
ojy o 1rn b X 00 < & a2 Uy N < i
S| ol
:oaﬂa WmﬂoﬂrﬂBﬁ% %CEMLM Wl@.E
Lorox _ T3 P 5w o
‘_L% Q. HOATMMEEQ n,mE‘WloﬂuE ‘%ﬂw%db
mﬂﬂoﬂr ﬂhuoﬂaéi T - B ly%@r
4 Xe M ok Y ) x° oo Gt = o S e 2 < o
¥ % Iy Laﬂﬂ EEAH%W %%A
@Aiﬂ. @au_@ & Ehﬂ }ﬂi%
Ro WD X ° r o T o < il T N
of s KO o oy = o o X i N L
N R 2 Er T &3 i
= _ <0 = an s %0 ™ o o o il < 4 o
R B 3 _ w O 2 Ch
T < W ™A < ol Jlo W oF s
= g <0 o o N B > — b =z B ke
i i 2w e xgg_ﬂ% A10§
= . o o ° { D..* o~ Ho o e
T EXEE g = La s ‘Iz
@;afho g gnﬂﬂ,mﬂﬂ m_ﬂg ﬂﬁrew
. :_éxpﬂqgw 5745} @}ﬂ%
Lu@d H%%éﬂ < 7 A ° o 5
5 W Aa&y T o 7 ﬂ_qoo
O -
Fzd H@MA%%@W =593 sFIl
~ ol 3 %o e oy A ~ < = o o X X°
F T N A =~ T . g Y
W B 5. ° iz Ea b o T
Jmo EJC% OWM% grﬁiﬂ
&VEHHA7 EHA o }o_ﬂﬂr]
2 E 3 N 0 5 X o o T X
oF k) < oLo 53 © X
ha o ‘._m_v.._ i —_— 1r0 X .AO
X _ro_‘_ ﬂ 0 ° < ~ o
» s =R T rE s
o <] < g T o - >
—~ M djo <
o a ‘_wﬂ UT Iy _Ea —
T > H) o ° o
M- Mnn ) . oT
H_._L O# A,U“ ﬂm_l
" o T
0 k)
S

- 63 -



ANZro & FEEo]of

4
o

o]
=
M
oy
=)
~

N
~

sz
s

s

i

_64_



[1] D. R. Beukelman and P. Mirenda, Augmentative and alternative
comminication’ Supporting children and adults with complex
comminication needs, 3rd ed. Baltimore, MD: Brookes Publishing,
2006.

[2] w28, AGH, 719, d4A-, AAE. “ols-AAC FAAA N A
T BARA A AE AT, vol. 4, no. 2, pp. 19-40, 2016.

[3] =8, “§=3 AAC 29 24 Adxe Hed 7 gre BFAA
Ul A AL eEg = A Ao Ao st oSk, 2021,

[4] J. Devlin, M.-W. Chang, K. Lee, and K. Toutanova. “BERT:
Pre-training of Deep Bidirectional Transformers for Language
Understanding.” In Proceedings of the 2019 Conference of the North
American Chapter of the Association for Computational Linguistics:
Human Language Technologies, vol 1, pp 4171 - 4186, 2019.

[6] I Sutskever, O. Vinyals, and Quoc V. Le. 2014. “Sequence to
sequence learning with neural networks.” In Proceedings of the 27th
International Conference on Neural Information Processing Systems,
vol 2(NIPS'14),. pp. 3104 - 3112, 2014.

[6] K. papineni, S. Roukos, T. Ward, and W.-J. Zhu, “BLEU: A method
for automatic evaluation of machine translation,” in Proceedings of

the 40th Annual Meeting on Association for Computational Linguistics

- ACL 02, 2001.

(7] vresl, A, “ReboA ArE ARAA FEe AF Nz #A
AT AdoAAH 7R AT, vol. 9, no.l, pp. 100-129, 2004.

[8] A4, AFel, whea. “ols-AAC AAAA] AATH sl FHAA

T EAM HudAT)” HARAYALAEAT, vol. 4, no. 1, pp. 45-64,

_65_



AL S B gAAaE AT B 24 A
A AFel A+, vol. 11, no. 3, pp. 131-161, 2011.
[10] 2148, “AAC 29 449 %8 2 olsdAlel tehd g=9le] Ao

F ol AT 54 FWANSAEE olgelddgm v

[11] ol A, Ak “SolE g & el stAAb, A+, 2019.

[12] “What is transfer learning?” Tensorflow [Online]. Availale
https://www.tensorflow.org/js/tutorials/transfer/what_is_transfer_learni
ng. [Accessed: 22-May-2023]

[13] P. Bojanowski, E. Grave, A. Joulin, and T. Mikolov. “Enriching
Word Vectors with Subword Information.” Transactions of the
Association for Computational Linguistics, vol 5, pp. 135 - 146, 2017.

[14] S. Park, J. Moon, S. Kim, W. Cho, J. Han, J. Park, C. Song, J. Kim,
, Y. Song, T. Oh, J. Lee, J. Oh, S. Lyu, Y. Jeong, I. Lee, S. Seo, D.
Lee, H. Kim, M. Lee, K. Cho, “KLUE: Korean Language
Understanding Evaluation,” Thirty-fifth Conference on Neural
Information Processing Systems (NeurIPS 2021), 2021.

[15] M. Lewis, Y. Liu, N. Goyal, M. Ghazvininejad, A. Mohamed, O.
Levy, V. Stoyanov, and L. Zettlemoyer, “BART: Denoising
Sequence-to-Sequence Pre—training for Natural Language Generation,
Translation, and Comprehension.” Annual Meeting of the Association
for Computational Linguistics, 2019.

[16] A. Radford, J. Wu, R. Child, D. Luan, D. Amodei and I. Sutskever.

“Language Models are Unsupervised Multitask Learners.” 2019.

_66_



[17] T. B. Brown, B. Mann, N. Ryder, M. Subbiah, J. Kaplan, P.
Dhariwal, A. Neelakantan, P. Shyam, G. Sastry, A. Askell, S.
Agarwal, A. Herbert-Voss, G. Krueger, T. Henighan, R. Child, A.
Ramesh, D. M. Ziegler, J. Wu, C. Winter, C. Hesse, M. Chen, E.
Sigler, M. Litwin, S. Gray, B. Chess, J. Clark, C. Berner, S.
McCandlish, A. Radford, I. Sutskever, and D. Amodei. “Language
models are few-shot learners.” In Proceedings of the 34th
International Conference on Neural Information Processing Systems
(NIPS'20). vol 159, pp. 1877 - 1901, 2020.

[18] St A H SR E Aihub.or.kr [Online]. Available:
https://www.aihub.or.kr/. [Accessed: 11-May-2023]

[19] “ANA7IE-AA A5 Aihub.or.kr. [Online]. Available:
https://aihub.or.kr/keti_data_board/language_intelligence.
[Accessed:15-Nov-2020].

[20] ®F28]. “BA/OAAAILGAAE s 7 EoA XA HAnH] 2T
Ahd stASE FTAHCR” EFuS=F, vol 13, no. 1, pp. 91-115,

1996.

Z
[22] A=m]. “"AACE 283 I A 7] A7 SRS E A
o] em #A FEI oIvgE Wt WA= &I FHAS =
T Zddista WSk, 2019,
[23] o], uF2&]. ‘B A A ATAA &S AT 47 T A
o3 M A7 ALEA vol. 4, pp. 64- 122, 2000.
[24] W&, 24E, “KoNLPy: a1 b3 =0l FuAe] stojd 7]

_67_



AT A268 = B dEe] AJRAE Stedid = d, ppl33-136,
2014.

[25] A&z, oldd, A "t gAE FAE A% 3o FEHE 2
M 710l Aa A% v’ =g R aets] 2020 d A FEHEFE U=

¥4, pp.401-403, 2020.

[26] Y. Bengio, R. Ducharme, P. Vincent, and C. Jauvin, “A neural
probabilistic language model.,” Journal of Machine Learning Research,
vol. 3, no. 6, pp. 1137 - 1155, 2003.

[27] F. Almeida, and G. Xexéo, “Word Embeddings: A Survey.” ArXiv,
abs/1901.09069, 2019.

[28] T. Mikolov, K. Chen, G.S. Corrado, and J. Dean, “Efficient
Estimation of Word Representations in Vector Space.” International
Conference on Learning Representations, 2013.

[29] J. Pennington, R. Socher, and C.D. Manning, “GloVe: Global Vectors
for Word Representation.” Conference on Empirical Methods in
Natural Language Processing, pp.1532-1543, 2014.

[30] E. P. Matthew, M. Neumann, M. Iyyer, M. Gardner, C. Clark, K.
Lee, and L. Zettlemoyer. “Deep contextualized word representations,”
In Proceedings of the 2018 Conference of the North American
Chapter of the Association for Computational Linguistics: Human
Language Technologies, vol. 1, pp. 2227-2237, 2018.

[31] A. Radford, K. Narasimhan, “Improving Language Understanding by
Generative Pre-Training,” 2018

[32] A. Vaswani, N. Shazeer, N. Parmar, J. Uszkoreit, L. Jones, A. N.

Gomez, L. Kaiser, and 1. Polosukhin. “Attention is all you need.” In

_68_



Proceedings of the 3lst International Conference on Neural
Information Processing Systems (NIPS’17). pp. 6000 - 6010. 2017

[33] “Open Sourcing BERT:State-of-the-Art Pre-training for Natural
Language Processing,” Google Research [Online]. Available:
https://ai.googleblog.com/2018/11/open-sourcing -bert-state-of-art-pre.h

tml [Accessed:30-May-2023].

[34] K. Cho, B. Merriénboer, C. Gulcehre, D. Bahdanau, F. Bougares, H.
Schwenk, Y. Bengio, “Learning phrase representations using RNN
encoder—decoder for statistical machine translation,” in Proceedings of
the 2014 Conference on Empirical Methods in Natural Language
Processing (EMNLP), 2014.

[35] D. Bahdanau, K. Cho, and Y. Bengio, “Neural machine translation
by jointly learning to align and translate,” arXiv [cs.CL], 2014.

[36] SKT-AI, “KoBART,” [Online]. https://github.com/SKT-AI/KoBART.
[Accessed: 16-May-2023].

[37] SKT-AI, “KoGPT2,” [Online]. https://github.com/SKT-AI/KoGPT?2
[Accessed: 16-May—-2023].

[38] kakaobrain, “kogpt,” [Online]. https://github.com/kakaobrain/kogpt
[Accessed: 16-May-2023].

[39] A. Baevski, S. Edunov, Y. Liu, L. Zettlemoyer, M. Auli,.
“Cloze-driven Pretraining of Self-attention Networks.” 2019.

[40] “Evaluating models,” Google.com [Online]. Available:
https://cloud.google.com/translate/automl/docs/evaluate. [Accessed:

04-May-2023]

_69_



ABSTRACT

Deep Learning based Transformation of AAC
Symbol Sequences to Korean Sentences by

Considering Polysemy of AAC Symbols

Ahn Seo Yeong
Department of Future Convergence
Technology Engineering
Graduate School of
Sungshin University

The development of various online service platforms such as social
media, search engines, and e-commerce has made it easy and quick
for people to access various non—face-to-face services and
information. Due to the spread of smart device use and the
popularization of large language models such as chatGPT,
non—face-to-face services are spreading rapidly and are enhancing
people’s convenience. However, people with communication disabilities

have a disability in use of these technologies.

Augmented and Alternative Communication(AAC) refers to a
non-verbal communication strategy to support people with difficulty in

verbal communication. In particular, graphical AAC symbol are most
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widely used in communication therapy and training.

In this thesis, we proposed a system that converts the AAC symbol
sequence into Korean sentences by considering the polysemy of AAC
graphic symbols. The proposed system consists of two models: a
model for resolving the polymorphism of AAC graphic symbols and a

Korean sentence conversion model for symbol expression sequences.

In order to reflect the polysemy of AAC graphic symbols, we
designed a multi-meaning AAC symbol data structure having n
symbol expressions for each AAC symbol, and established a masking
based pre-learning language model to resolve the polysemy of AAC
graphic symbols. The Korean sentence conversion model based on
sequence-to—sequence models proposed in previous studies. We
improved the performance of the models through embedding layers
based on large language models such as BERT, BART, GPT-2, and
GPT-3.

Finally, we evaluated BLEU(Bilingual Evaluation Understudy) scores
for verifying the proposed conversion system that reflects the
polysemy of AAC graphic symbols. The resulting BLEU scores shows
very good quality and fluent conversion performance compared to the
human experts’ performance of Korean sentence conversion from AAC

symbol sequences.
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