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2.1 AFAS(AD A9

2.1.1 Al 7i8

525 (Al Artificial Intelligence)o|zt 1ol B4 o2 & 713l
AFHor wrEol A& It HFEH FeolAe odAHd e
2 EA, &2 A" 9s wsofdl AlsolRte kor AAHHAL 9l
ot E e Ao A3 FAE0] M= Asolds RHPORE AME
H3 eI AE R, 2024). Al o2t 2ol 2A Yl 7HA] #RE i
s = o Aok A WA= A" Afalshks AlAE, F WAl ANAE
FEote A2d, Al HAlE oldder Aalsts A2H, npAefe g o]

£ 8ol 19569 EHA FAE S| oA & uf7}A]7} 7]

A Az BFe] At gol FFH WL ol FystuA

o Q1Asty AAR WAsta Ao 7]

sHefEE] 22

S

/ R

=L
Hxag |
|I.

J Tt

gel Ml S \ e A
Wl A B + S AR 3 +

i i L L Il Il
L] T L L] LJ L

E0CH TR R 0L 20004 2080RACH
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A5A 5 1940 et 19509 =He 435}, 55, HFE st Fof
T ¢tk 19434, Warren S. McCulloch®t Walter
Pittse= 4173 &5 7INte = oF =84 AutZ AT, 152 Ao
=8 == 25 A5ste] A Helda Ale] EYHE mhd

Aol x7] MdE EHH(Warren S. McCulloch and

& A A 7

Lo
i)
Lo
)
Wl
2
2

o,
o
filo

o,
o\)l

Walter  Pitts,  1943)(2H2). 1950  Alan Turing2 "Computing
Machinery and Intelligence'gt= =&ollAl 714 Aol tha Hehd HE
= A7lstal olE SAst] fgt Turing HZXEE  AQFTH(Alan
Mathison Turing, 1950). [Z1¥ 2-2]¢} Zo] “HAto] thstollA <17kt
NAE FEE 4 e A 7Ae AsE 4E Ao UFET = T4
As" Eve TIARNE Y Ee

2 Bd7t 59

o
1o
el
o
A
o
rlr
&,
re
-
1o
of
ko
ol
=
i

[12-2] A5 AAY FHe] gefst A4 o'l (Warren S. McCulloch
and Walter Pitts, 1943)
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19548 14, FEoA= BMY} ZA e dist2 2{Ajoto] =74 6074
Fol2 WAsh= A2HlE F/iACR Adste] Aol A7 A
HolFH(John Hutchins, 1997). 19561 John McCarthy= %2 #j
ol 2 At EMA tigh 3lojoA] “QF ATl §olE LE
otel” et 5] Y Attt (McCorduck Pamela, 2004). o] 3]
Ol= Al 9d+E E5HAQ s Hof2 dol= o 5483 9T 5HA &
ATk

1958\ Frank Rosenblatt= [19 2-3]3} Zo] HAY 2= A
= ol A7F el Estal 4= HolH R Shaste] midS <14
9 q

T de G AT A8 2 HAEE Jid

=
=

KN
=

oli

sk
tlo
o
o
ol
R
o,

LOGALITTD RANDD CORMECTIONS)
CONNECTIOND) CONNECTIONE )

RIAFONDED

[13]2-3] HAEZ9] LA (Frank Rosenblat, 1958)

VA 23N RERE ot JidEe dd ABT A9 712 o
1o g otk (Frank Rosenblat, 1958). 1986 David Rumelhart,
Geoffrey Hinton, Ronald Williamse [1¥ 2-4]¢} Zo] o5 HAEE
(MLP, Multi Layer Perceptron) T8 93t dAnt diejE&S TY|UTh
o] dPFE BAHIME Tl LR/E Aol Hed BE fEE

=
A FHAZeH i A8 1o 240l Hlte B7HE T vk



A setl of
corresponding!

weighls
Wy Wy
v "

[12-4] 5714 §bE Y EL TSt o]df A-got= AlSatd WEYZ (David
E. Rumelhart et al., 1986)

2006 Geoffrey Hinton 52 Algtd Ex=% #AI(RBM, Restricted
Boltzmann Machines)¥ A% A1ZW(DBN, Deep Belief Networks)& Al
gtoto] Hejd o] RS AR HGeoffrey Hinton et al., 2006). § YE
HAIE QIgt ol=fet WE oy diE|ES BT Hole BxE U5t

v T -
o 7|ASts AeS TR

[(192-5] CNN9] o784 (Alex Krizhevsky et al., 2012)

20129 Alex Krizhevsky 52 &4F A1HH(CNN, Convolutional
Neural Network)2 [T13 2-5]¢} Zo] ImageNet tho]oA] =2t ATE
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AFH  omz] Q1A FopolA  HEdol s ASFrhAlex
Krizhevsky et al., 2012). 2015d F=¢] DeepMind®] AFH2 [
2-6]7F Zro] dejdit AslesS ZAgste] DQN(Deep Q-Network) &
1elEe JfEste] Atari AlYelA At w9 de5e 248 ole Al
o Edolet &2 AHAXE oAF AR ZAIA AlY] THeAe AT

(Volodymyr Mnih et al., 2015).

bt}

:':: H e ’ Nl

[1%12-6] Atari®] Al 20|~ QIH|o]H o] Ag]e] s DQNo] o =3t
e 3k (Volodymyr Mnih et al, 2015)

20179, Vaswani 52 "Attention is All You Need" =84 [1H
2-717} Zro| Transformer RE-E A7fste] HE AHa] 7150z 2do] A
Z(NLP)of] 2 doz o (Ashish Vaswani et al., 2017) o|& ﬂ{oﬂ A
of Bdlo] 7|x7} Hlth. EfHAEH = ot AFTRNN) = E8 3
A7t 7Vsote] £ £L5 A FFAIH.
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Cutpl

Probabililies
Lnear
. T
Add & MNorm
Feed
Forward
e "y l Add & MNorm }::
p —""”" S Multi-Head
Fead Attention
Fosward F F F [l =
— 1 I_q
N Add & NMaorm
.---I-I Add & Nomm I Matked
Multi-Head Multi-Head
Attention Attantion
At At
R — b \ ——
Positiona Positional
Encociing ®—Cj E@ Ercoding
Iyt Ot
Embecding Embeaedding

l

Faoal= CALIa s
ishifted righit)

—

[182-7] EdfAE R2do] of7|elx] (Ashish Vaswani et al., 2017)

2018A%E  AIZHE OpenAl®]  GPT(Generative  Pre—trained
Transformer) Al2|Z2E [1% 2-8]1} Zro] 20204 &A% 1,7509 719
7S ARERE GPT-35 Soff ot Ao A2l Zedeld =AM
o] mdle] Y v Ao 24 A4, W, aof AR
+H T o8 AEACIAANA HHFE 5= 4 Tom B. Brown

et al, 2020).
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outer loop

Learning via SGD during unsupervised pre-training N
= 5 3
T
=] = e [}
5+8=13 2 gaot => goat 8 thanks => merci 8
2 2 a2
7 % 2= o sakne => snake ] hello => bonjour ]
- = =
o o o
1+8=1 o brid => bird o mint => menthe o
inner loop i 3 3
3 3 =3
3+4=7 Q fsih => fish (=] wall => mur a
540=14 deuk => duck otter => loutre
9+8=17 cmihp => chimp bread => pain
W N hd
sequence #1 sequence #2 sequence #3

[(192-8] Ao Bde] wErets (Tom B. Brown et al, 2020)

T3t Google® BERT(Bidirection Encoder Representations from
Transformers) 292 [13 2-9]¢} Zo] NLPE 9t Az AP otk
7ee st Y HAHAEES st bt <o ols| A9l
Aes AA FEAFH T Jacob Devlin et al., 2018).

\ Unlabehed Sustusce A and B Par '/" '\\___ \ \‘m_ Cueston Answer Par _//’

Pre-training Fine-Tuning

[(172-9] BERTE] APA Sk @ oAl 24 AX} (Jacob Devlin et
al., 2018)
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2.1.2 = AT 94}

=UollA  dukeloAl At Jidoldd  QIEAS (AL Artificial
Intelligence)2 2016 39, #2 DeepMindof|A 7Rt Al HHS T2 7H
¢l dupyel mEHbET|AL o|MIEHY] A7IA] di= Fof dE EHA
Al =31

ZUlolA= 1980d e QAFAE 71& 7ol F=al gron 1980
e T2 sHAlet AFaoA dE7t A2~y Zpdo] A= (NLP)of| gt
A7t o] FolF Tk tEAQ A7 TeEE A=A AI Aol o

27] Al 479} Aol FA oghe gt

1990 el ARe] A==l AY o) Al A7k SefElglet. 1996
d A9 el d7AKIST) Al oa%i_t_ oFst Al ZEAES
APstol F Al 71 o] Jqgich A%, 8 4, &4 A4 5

o @7} s ol ol e,

20009l QBT makel Fle] WA G Al 71Ee &4 A
X, olulx] Azl /A W SAA APE Uehich dlolH: 20009t
ZurRe 714 N AulAQl SRS Awste] Al /N WY J1&e A
ST TPhel AL Zlwe] 84 Q14 AulA C sbtenlg g EAls
&4 A Al AEAt

20109l Geldt wdlole s1&e] =goR Al @7 $gol
BA4oz Z/t F2 9ede B olux 4, Aol e, A
873 S| sl&o] WA 201305 ETRIE ol4nelel n2ae
2 54 geid Jlwe] Ado] e 14 g o Z2AECA
o Qo] dlole BT Aelo] we Ane AT AR LG
A geld 714e HET AnE FAAES ATl ALS 4 Holo

H370s TPtk AO] AN LGO] AT L AL 7N £4 <

20199 = Al 7RSS TEste] Al e 0, dHoly Qe

7=, Al Al 4 T2 FEE Sste 9 A AXIH ol Sl
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2.2 2AY o] BE(LLM, Large Language Model) % <]
2.2.1 Ao} »d(LM, Language Model) %]

2211 Qo] ZALM) A4
o] HEd(Language Mode)e] AFA o= QITES] QojE olsfist
7] sl Soly EZ9 ¢AE S5ote] Foldl HIAES] thE doju E
29 &S dScte AT BE2 FoS 4 oH(EFArEI, 2024).
o] mdle zt¢do] A2 (NLP, Natural Language Processing)olA
of A|EAS] &S ASote Ul AMEEHE A4 EFolth o] Yo &
Q S Tof A~ THEAS AAste] QIZke] ddolE olsst

T QS Aotk o2 $is) BAelt BY Y L suoR 54
tolo] S88 AMSHE Helo] matwt

FAPAS R GAE dole Bgold old WY TEE S
ste] ZFat Qo] Rl 2% wEe FAL 98] WA HolHE 43
S HAES B2V W92 Uk E28} %S AXA f 2ol
A4 e Agsiel wol Aurel sEe AT 27 mUL
N-gram(N' @ol9] A72)e A8aAT A REe A4S Aas
th. Qo] malo]x] ALgshe mhe] GHL ol n-1' WolE oz ©

n
olo] &5 AAFsH= N-gram 2@ 431 A% (Recurrent Neural
Network, RNN) 2 7] 7]9(LSTM, Long Short—Term Memory) Y]
EQTet @2 op[HAE ARgsto] "AEQ ¢ 1 TS RUdste
A Ryt £ fiAYSS E8ste] aede 9o FAR F54
4 A& stke Efiaxy 29 Fo] qlrh. oyl REg Hig o= sfo
A o7t Algohs 2 ZINte s 20 o "@olE A5kl MA
oy el EEe gdste] 714 W W "AE A Ze A
Z]

e,

O ok

tlo Mo
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2.2.1.2 o] mE(LM)®] A}

2.2.1.2.1 N-gram =¥

Aol B9l HAb= Claude Shannono] f1ofof JIE=ZT] 7iE-& T Qleh
Ao AHE AlZgttt, Shannone AE| 719 A3t &5 7|Wto g sh= &
E RYdl mrE2dn AQle AEste] 249 oy "olE dSdche o A
&3 tH(Claud E. Shannon, 1948). o]fl HIH2 2109 FAA E4& &
dgsh= o @ oldet. E3t Claude E. Shannon §41 A oo
H ARE gRb B0 ol A9e, lojel BAY S48 Baoi:
Mz o g N-gram ZE-& AFSItHClaud Shnnon, 1951). o] W
ol n-179] dA&H TojolA FAXCE ty 2AE dSoh= A4 4
o] ojEShH, 27]9] Qlof mHElR o]yl @AY FEA FHE T A

olg REgct

T2t N-gram 7[5F Q1o Rdl2 Qlo] mulg] Fofe] &

LA 1HH F77)9] ALE ARESH] wjZe] AEg Hre] dojo] gt
HEE 2Z5EA] Zoks A7 AT

2.2.1.2.2 AA o] mde] ¥rA

1986, Rabiner’} &Y nt23x R»d(HMM, Hidden Markov
ModeD= &7 1Al o@A Agst=Alel it === T =4 A
A 2do] AAet e Fa% WS AAFH(Lawrence R. Rabiner,
1986). oF#l 19 [2-10]2 HMM o] Q147] tholo] o] tigh g2k

£ mAsT Utk
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HMM FOR
WORD 1

pROBABILITY | PIOIAY)
COMPUTATION

SPEECH LPC OBSERVATION HMM FOR

SIGMAL | ¢ o1 ope | SEQUENCE woRD: 2 INDEX OF

5 anALYSis, | O RECOGNIZED

— WORD

gﬁf;-ﬁ'- || prosasiLiTy | PlOI A%
ZATION) CORFUTATION — v*= arcmax [pio| A1)

T* SELECT 15V
: {maximum

HMM FOR
WORD v

prROBABILITY | PIOIN)
COMPUTAT 10N

(13 2-10] HMM ©@o] 21Al7] tholold# (Leonard E. Baum. 1972)

lo
I
=)
I
gl
=]
K
)
rlo

o] BAFo] Zx1E o Z6tAH(Talal Almutiri,
2022) =% A9 AEAE dofo] AfAR diFste] 24 Ao dEF
M-S At (Przemyslaw Dymarkski, 2011). Z12ju Aef] Hdolet Axt A
o] EHHoR oot 1AL sHtoz st 9lo] o= A 9l

dlole o] 5443 ¢ds] HhgstA] Esh= AZE ASIT

2.2.1.2.3 A% o] 29 (Neural Language Models)

Justin T. Chiu®}t Alexander M. Rush+= [11¥ 2-11]%
go] 3£9] Z2of JFe nXth= 7HEE 7INte R St U A
(FNN, Feed—forward Neural Network)®] Z¢= AHFATH(Yoshua
Bengio et al., 2003).

)
m\l
o
Y
o
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Bl Output layer
U-n+1 @

Projection ]
— P(u; = 1|vpppqie—
\ i Hidder layey (ue [Uens1ie-1)
—  P(u¢ = ilup-n+1:0-1)
Ur—n+2
@ ”
Upq ‘ P ~ _
| P(u; = Olug_yi1:e-1)
@ L |
‘ 0
Discrete Continuous LM probabilities
representation: representation: for all words
indices in word list P dimensional vectors

[(19 2-11] Feed—forward Neural Network®e] F+% (Yoshua Bengio et
al., 2003)

A EZ(MLP, Multiplayer Perceptron)S AH&-sl th

—_

o] =R thE w

= ZglAs BERE $£9sty, dAF AAY(CNN, Convolutional Neural
Network)S &l & ZHO £A4L Fo ¥ A9 migdS shsotes

I
L
el

2l

o,
=
i)
lo
o,
ey

o

i

g 8
gick. T 29 ) dog A4 st AAY 7xE
o] glof 2t gJejo] EYHoR Hels] o] #2149

ste o Aol e 1] LA B ves ¢ Bt (19

(RNN, Recurrent Neural
2020).
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y(t) Target: u(t)

Output layer

h(t)
@) -0 | Recurrent hidden layer
i(t—1)
TH T Input layer
u(0) u(t —2) u(t—1)

Input text sequence

[(19 2-12] RNN o] 2&o] F2% (Justin T. Chiu et al., 2020)

olF o o EHitt WeS ohaotal 11 AL it FEAHS Y
FotAl =]k [T1™ 2-1313 Zo] ERt ek AAFYNME 1 AHELE
A off FAY FE5HS hEs] oY &
7] 9ol wime] Mojgts 5 @9E ARl A7t ARE fAkE A
7] w22 (LSTM, Long Short-Term Memory) A& AR&3F mdo]
E9HA =tk (Sepp Hochreiter, 1997).

net, S.=s.+gy"

¥
\ g gyin’m h hyoutj /
— |[©—9>0>0O—e Q
o— @ oy "
| net,, net,,
wo AN we, ﬁ N

(19 2-13] H®re] Ao of7|elx] (Sepp Hochreiter, 1997)
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2.2.1.2.4 EAAZH(Transformer) @t zFdo] 2o Al
2017 ‘Attention is All You Need E=&FoA A A/MEH EAEY
o7l A= dojmEgy o] Azl Fopo] HAS 7 gtH(Ashish
Vaswani et al., 2017). [O1™ 2-14]9} Zo] EdHAEH Hdo £
g o] IAE FAste] W ou|E Shaole AFWeR, Fo HF
(Attention) E= 27 F9o] S (self-attention)o|2= 54 7|H
Tt

st M=z "ol Qe HolE 2459 on7t A

Al e Fa27HA] AT g gelY Aer] ke Ay g »d
=< Y=ol ZojdaE ol HolHEe 7Yl dete wAT il
oy Efiazn B2 o] ZAE AL, oIS Tl £ Zolol o
gk Al glol "& Augt <lof olsf s¥a % HE A
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Cutput
Probabilities

Add & Norm
Feed
Forward
'@ T ) [ Add & MNorm l-i_—:
rLoseshion | Multi-Head
Feed Attention
Forward T 7 R
—
N Add & Morm
f_’m,m_r"“j Maskead
Muilti-Head Muiti-Head
Attention Attention
A ) LY >
o v, \ =
Fositional o) q Positional
Encoding Encoding
Input Qutput
Emizedding Embedding
Inputs Outputs
(shifted right}

(19 2-14] EAAEH RdEo] J2X (Ashish Vaswani et al.,, 2017)

2.2.1.3 o] BE(LM)O] 2§ #of

Qo] mEle ciog Bofol E@A 48w glrk 84 14 Hofe
A Googled] &4 A4 A2go] Qo] Rl Fgstel 24 dlojg |
AER MW o] Axrde 94 el A HsAel L WolE
olffet dZgozn Anmele ANME HEHES FAAZIHAlx

Graves et al., 2013).

714 e Fgo A= Google o] o] mElS AREsto] HAS o
=otal AAQtet, o] mdle Fxpol M wWEhs st Hoh ASsty
S HgS AT 4 Adh(Yonghui Wu et al., 2016). HAE A4 B

1=
ofel i B A Aus BdEo] o] mWlS Agste] 17 Eolo]

=
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(Oriol Vinyals et al., 2015).
AE 4 D AF HAE 75 = Google®] Gboardet &2 AWLE
£ 7|HE qio] Qo uls ARESte] HAZE AHF 4 YW oS HAE
ARtE AlFetth, AFEAPE fd8& St Qo] Ryl Aol uigte] wet
& ©olE A&t QEHE A%
4 B4 gHoA= Hootsuite Insights7} 9lo] 2ElS Apgoto] 44
= 2ASHL, AXE olHe FAE mefdttt ol 7Y
HH=ot AFo] dizt di5e] IAE olsist= dl =wa +H(Bing Liu,
2012).
AR AA BofoA Googled] AM A& o]

A
o] Mg st dEFt o REe Aol oo owE o5l

Agste] i TS 2AT 78

71 AAE AR YAk 7IARe] 8 g2 whEA mtefd & QA H9

|

=

Fgozd A
853 glom 94 AARH @Y BAZ dhZaAcld e BN
717 Hlet. Helis B Al 719 Al2Ele] WaAQl a4z HrwwA
Aat 27T o] mdlz A He A7t B



222 ZAY Ao mEA(LLM)e] A<

o

fmooaoh Wl o ox

Mo m rlo ro

ot
-

27T 9lo] BILLMIS 17He] <ol HestAvt olshat
EE AAE Auet dF As Aot ot R | g
Transformer o792 S &-835to] tjofst 2o} A 2](NLP) ZH¢le
AR pPdT 2AY o] RS FHLIRE HlolE AEof dis|
S AloelA S A WAESE BASHD glo] BT o] u
a5ty A3 91 REulo AHgtst HHAEE AASH &£ Qoh(AlEw Q]
2023).

(79 2-151 2AY <o} me Y49 Al BAS =4skste] =
oEt. o] I™oNM =AY <o el AHY Ale] Y +4 4=
gl R 3§ Ropold BEHT UL T+ 9
e B lo] doleg shgdtel dlofe] Hlw 72E ofsfsly, of
2 vigog drE A4, WY, Qo
399 Ale olzft 27 <ol Bdlo] 538 7ftew stof f E3s)

1 FolHel zHole

U
)

N

Al

Deep Learning

[18 2-15] LLM & Generative Al Relation Diagram (%<4, 2023)
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ZAW o] mEo] AAbE Zplo] A7 Z]&o] Wi WistA A
Hof gtk 27] NLP Rdll2 572 7|RjF A|A8T n-T3 3 A% op=
Fx Y (HMM) 22 54 Rdo oERAtHClaud E. Shannon,
1948; Claud Shnnon, 1951). 2000t Z=®F A3 wo] AWgH ]
Tyog Hdo] Fuo] wat wojo] ou| om|E meofd 4 QIA W
A gt iAol o] FoiFTh

2017¢  Vaswani 5©| "Attention is All You Need" =4
Transformer O}7|€IHE AZfotHA] NLP Hofo] grgo] dojytti(Ashish
Vaswani et al., 2017). o] o}7|d A= do] HA| E4=
ot Ao] ozt Al A 4 A o o= dd AW o
mdo] 7gto] it

2018¥ Google®] BERT(Bidirectional Encoder Representations from
Transformers)= ©@ojo] W& JHFo= oldich= RS Esto]
NLPE FA ZHAZA(Jacob Devlin et al., 2018). o]o] 2018WRH
20209@7HA] OpenAl®e] GPT Alg]=, E9d] GPT-3+= FA4THe] njA] Ao
= QIZh} FARRE HIAEES A4Sl ohefet NLP &S dsks d 3L
o] Abd ok5H o] Yol g ol

2020 o]Foll= GPT-4%F &2 §& mdso] op7|HlA, Egoly 7]
H, 2a49 7iAE S5 2AY ol Y 7159 HAE ¥ .
ojglgt W2 Zpedo] AP Fofo] d¥S ZHAMAL 7A W

e

Zb giske AI9F #2 Hopo dAlE doFth(Humza Naveed et al.,

l

4)

Hol AFFE} olslen agHoR A 4 ek HolE Wesh: /ey Tols
A WEe] gel Edeks delth A ES AN ¥ 4 HAW ol WEEE AN A
G AFsel Rl deow A8 A siths 540 Aok
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g 2 dolHAe Agstel Bl AFAE 2L o] WS T
BYe AWl do] ojd] S FANAAE 5 Y] hel o &

Step 1: Step 2a: Step 2b:
Pretraining Conventional finetuning Parameter-efficient finetuning

Unlabeled text corpus

% Sraller target dataset Smaller target dataset

Pratrained LLM

Unsupervised Add and finatune
pretraining Finatuning Original waights additional
remain frozen parameters
[ i ==
Original model parameters Oy finetune small set of
are updiated fpapansve) g paramelens (cheap)

(18 2-16] LLM9] Fine—tuning @A (834, 2023)

5 2AY 9o Y A7 Bdol af4 Y, o UL u4 =
Ao R olslE A, e9d AL TH, S 2 B, At 59
HpgEoR wo] dAHth B3 Rl 2718 FolRAE 4%e At
L oBd g5 J)e, A2 delHEz mddoR I&d &

= =
T Ae AW Thset Al 71 Tl Fa% A7 FAVE 2 Aoz Hel
ot HElRY 858 £ gAEmU ofal ojnlz], 24, H|TL 5 ot
I FH HolHE A & e Rdo] dE Ao ofdr. E
gt ndlo] 22 FEZ FIAZI7] ol oF A4 Hjo|Agte] A A



Stot= AFE ZeE Folth, tEo] Rdo] 2&52Ql shait He5-S ¢
ot B4 k5 (lifelong learning) 719ef tieh A4k &ds| o]Fojd A

o Helth o]ejd ATEL AT dof Rd HAL B sy
AA AA B BAS HEsh ¥ 2 58 F Ao g,
olelgt zAT oo} mAe A Aulx, Tz A, W
og, 9, 97 A AT 5 I AT =
AT gk T ofd BEES ke Al
A TR @A, eed DAY 5
27T 9lo] mEe Aol Hel Hoold 1F Aol Fagh WA
ojuigiet. oleld Bde cloFd ohEeAel Mol Awa SARG Ex
Aelstn gASHE L BlFT glov] FoRE AGHA WA

o We #g Rops ol zloz o,

)

R
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2.2.3 AN F7F AAHRAG) A9

AM Z7F AB[RAG, Retrieval-Augmented Generation)> ZAH| <
o] El(LLM, Large Language ModeD 9] &3S #|H3}slo] 352 A4
sp7] Aol ot5 dHloly A ejFo] AT 4 Qs A4 H|o|AE HFEd)
L2 5= mzAAo|th(Yunfan Gao el al, 2024). o]l= ZAY o] =¥
(LLM)¢] st Hlolgof wE #Hekdolu Al HlolH, e o/E Hod
T e 83T ol (H AL, 2023). =AW Aol RE(LLM)o] EF
FAll sl eh5okAl FRAY ed" JHEE JNte=w shajt Be AM
& BEARAGS AFE & e 24 AHE HAsHY ol& Hod
RS, 2023).

(1" 2-17]12 RAG &+ 7] =
ol RAG 7o & W43 8 74 248 21T =
A Jed A Tlel dder olfofx gloem, Zb 7|&e] whilo]

RAGS] A% FHOE ololrm s & 4 vk,

i)
|m
)
il
HL
£
N
=
30,
o
32 B
o
I
o

Retrieval—Augmented Generation

(18 2-17] RAG 9719 7]% Eg (Yunfan Gao el al., 2024)

_30_



AN 7 BAARAGE AMZI9F BAE7H= F 7] 8 T4 84
2 o]ZojA it AAI|E difRE HAE dolgHo] ALt QEUloA T
A4d =2 BAY BEE AMSE 9YE o = BM2594
TF-IDF(Term Frequency—Inverse Document Frequency)®) Z-2 Z52<l
AR HMA 7HS ARESHAY FZols ®Al B 7|REY] ] RElS
&ot= Al S7Fsta ok 7= HAE JEE s o= o] A
A= g5t GPT-4¢t &2 =AY do] A (LLM)o] AMgHT. o] A
A7 AME ZAY AEE sig o= qof Aogd, 4 Y 59 &

| Question s Retrieval » Passages

a =l -
Question |-+ E'",:';::::"’ﬂ 13 pee.  |——+large Language Model

: assage3 ‘
T4 Passaged .

Vector Store Candidates

1 Answer |

(1" 2-18] LLME 83t RAG FXE (A=F9 2], 2023)

5) 7191= 7lute] AR dags

6) BoW & Wl spdd Wi 7k 24 5238 . dolzk S4B u 23 A
(TF), 2L doi7b deht B2 A0 5438t3=A(DF)&



M Z7 MARAG)S HEAS]
o], Abgate] ARo] tie)

o] mdlo] $YL A 13

(2% 2-191= Q9] g A8
A BelZth o] IyelH 2 4 9l
2AE FAeti, olF HiEoR ZAY

o] & veht gitt.

M

re

indexing
| Query | |_f )
User ——s—— T 32 e
I —J Retrieval
’Relc'-';mll.‘locumc:'nt |
# M Generation -1[
y . | Combine Context ™ =~
Answer | and Prompts

(29 2-19] 49| geio] A4E AM 27 AIRAG) EA A
(Yunfan Gao et al., 2024)

A4 27 AARAGY Fa AEe AT <ol mde] 44 e
o A4 dolxe] HAY B HSYS AFY 5 ke Aol olF
) mde| guol B At A4 YRS WGT & 9A Dk B,
mgo] YT Hee] EHE Bas] T 4 9ol 4 AFsAE FD

RAGE Folgd AAd, A% 4ok Zdx A4 9 M, ¥& #3,

REREEL

2 o, Wolgd ATl AHge] AR el A4 RS wEo
= = AN

2 AuT PR AT, A5 Aok ArGAAE dFe BAS B
T B ARE FEo] A Aok YU



HAE
T

FEi ] HlelE(

5

F

r/].o

<k

ol

i

A

(RAG)S AT <o mH9]

i

Al

—r

0

A 5 e AAEE AT 9L

S
o

A

o
o=

3

ofel A Al A2

1=}
pLe
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2.3 AH|EA 9] Ao

AR AL Az 4t it AT} A 75E fAstaL A7
7] 9%t BE &FE ETote= A% MEeRA  AdH|e Ay fAES
of £8%= H-g3 d3te] ot &4 v8-E Aot dH| e A
o7 §A5le] AT AL ol Fhe RE A FEES Wit
= YA BE1983). ol thed] 1A i AH|E st AL HolA
oA, o=, /i, 282 g S 2ok THA] T AAE onst
o}

AIAQ] AHEAL ofy 712 Fa% REE 7ML ot 8 RE=E
= Yo £ A%, 7bs FA ARE A4S ALY S AL 2 S
d, A gH o] Ut olgdt EES TIHCRE VY99 94 FY
o olojXitt, FAF R, AuRd Mdu|o] 784S SHigteta, A F

Al

At [29 2-201 Z
ol AY HEHAEEM,
Scheduled Maintenance)®} B A& X A (unScheduled Maintenance), 7JA<%

o= H] A& B A (Corrective Maintenance), B A" ( Maintenance

o aly

Prevention) 0 & T2 Hrt AZRA BAF ATHAL 14 WY T S

Sl upAloln] oRAL H7HQl AR §ARSE S& wge wa

A5l Walolth, dAHA B A 7] F8sho] vl AHE A
' Aol o

Bz RUHDT 19E oEstel gt
A= MdstAY M2 7Zlse F7lete WAelw  BIAEEA(CM,
Corrective Maintenance)} H % o®F(MP, Maintenance Prevention)© & U
= 4 g 7 BATAS V@ 54T YRS AT o, s
J

49t Bl gt 145 desjolof g,
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2.5.2.3 dHAY
oH] A¥S 5] Google®] Gemini RA-S AE5te] Samsung S24

AREES] wirdS HolH HMEZ ARSs] RAG RES shEAIZH.

from google.colab import drive
drive.mount(’/content/drive’)

from IPython.display import Markdown

import os
os.environ["GOOGLE_API_KEY"] = "AlzaSyAb5zRI4juLKpvrzres st sk xk

from langchain_google_genai import ChatGoogleGenerativeAl
from langchain.text_splitter import RecursiveCharacterTextSplitter
from langchain.vectorstores import Chroma

from langchain.document_loaders import PyPDFLoader

from langchain.text_splitter import CharacterTextSplitter

loader =
PyPDFLoader("/content/drive/MyDrive/galaxy-s24-manual-SM-S92X-UU-K
orean.pdf”)

pages = loader.load_and_split()

text_splitter = RecursiveCharacterTextSplitter(chunk_size=256,
chunk_overlap=20)

texts = text_splitter.split_documents(pages)

_60_



€
=
o
2
@
=

2=

(19 2-23] Go] % RAG ¥ @4 g

5

A

S Higto g

W&

(1% 2-24]9F o] A

E

~
®
i
<r
Ll
0
i
U
L~
o
r
o]

(2% 2-24] =AY o] g

- 61



o

ok
ok

o
tlo o
NS
5
1o
=
ofo
-~ &
My
)
L
)
Ru)
re,
2
H

o124%| A5}

1 mm e Nws S - MYS HUEER
2 YHEWSHE MU S ADEE S22

VYHE MEHOR M WY REUM Hets VUME HUT R HE2| -+ YAE HUSMR.

HAME YT UHOR FRY AU

1 CiRtH S MW S - MES HEEEL
2 WBH- MUAME MU & ARE FEME
3 HSHE wAE MRS

I8 71517

7%, {3 B0 2ES $7100 WAME ERY 4 Yannt
1 R AE YR = > 28 > 2§ 2715 MEsME
2 o] QUHY| MR IBE ATIHH R

S2E A Bu67|

=

1 W EE AW = SRR B - WA BEHE NS g
2 EURAUNE HUHE EUE FEHE

Tt S20) SYS MU SHOT HYH AL, SR NUNE SUH AUH 2 a4

[Z17 2-25] miwd o] AAl W&

2524 B4 2 7
of ofu] 4P| ATfe HAF {7
g elo] mY @ RAGE AHgal: B



N2ge] A4 Hg A Thewt

=
=
KA
_#OT
~3

1l

ohe} A

~
AL
__00

H
)

Sk

ot

o

@ dEE Ages

AL
;OO

0

]_

2.5.2.5 |4+

IS

T
=

<o

A2

=

=

3]
2]

2t

xe)

of 44 theF
2

=

bS]
RAG RYE A&

jui]
=

=

ol

-

St

<)

7dl ol =

@ dlolg o
RAG &

@ =24 j4

St \|H

[¢)

H

Bk

ol

o

flol2~5 7

olE|®

il

X

5

]

_Xw_

ARgr

_63_



b Aol

e

of

°

=

=

ﬂ7]-
437 RAG
il

Rk
[e]

=

[¢

Zd) o] B

shel A

@ 4

=

ol

3

K
=

__ﬁ
W

& =4

]

S
-

HA A

e}
T

=2 g Aol
— 64 —



M. A+4A4 2 74

31 A% 84 2 24
3.1.1 A+2A
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Agurol H7bE §@Ws 3149 B, & H7ME A7 HF H7E X
74 QA wrbsel A AAske vl BAs,

T[ETE SUETRYUTUNY ITEH IX IR

A}

o = Sl ) w5
AlEE‘ﬂ Mawa TEUR ERAT ERRR ERNY pon amap wmeun
Cover 7152 & 201242023 0915 2020103 0815 20230703 0975 20230103 0875 2023-01-03
& & £01F42023-01 15:50 2023-01-03 1550 2023
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Grease £ Unitt2® 3§ M| RDE
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[E3-1] 2023W% AAF AMS R o]F |ARF (AAE 2023; A7 A4,

2024)
mcA N B 12;)] b %j 1:}]:})% ﬂﬁ 1:}]?;-})5 nj}ﬂj%
of 5 0.66% 365 73.00 0.50%
Th 19 2.50% 1,650 86.84 2.26%
2 EET 55 7.23% 3,216 58.47 4.41%
A=ty 11 1.45% 1,071 97.36 1.47%
R 32 4.20% 1,289 40.28 1.77%
23] 2 0.26% 310 155.00 0.43%
() H 8 1.05% 455 56.88 0.62%
714 132 17.35% 3,671 27.81 5.04%
T2 315 41.39% 53,196 168.88 73.01%
7}z 2 0.26% 41 20.50 0.06%
A4 27 3.55% 494 18.30 0.68%
WA 79 10.38% 5,546 70.20 7.61%
o A 57 7.49% 869 15.25 1.19%
Pgﬁg’% 2 0.26% 195 97.50 0.27%
7] & 15 1.97% 491 32.73 0.67%
S 761 72,859
[ 3-2]¢F [29 3-2]& ¥7Hs FollM 22 359 Hl&o] 5%E =3

She HbEe

A} ]
2l
&2 83.84%°l Hole A2 Ueyton T 9 miR, e FA f, 9
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1G9 2 A 71 a9
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o 15 slolst
E°] ‘Spring Ass'y M/C" AH]e] 'SC1, 2 7H4] T4
102014 6027HA] TrFsiAl wehdal glem 'St9 A&
T2 g I A disiAE 48 AlZFe] 1042l A]

23087H2] LRt 24 2eld BAE 208 o4 FolE Hol:
stelgt 4 9rt

W)

S ot

ofy St

(2 3-4] At ZA] tier BA oy (AAL, 2023; Ak A7, 2024)
AH] © Spring Ass’'y M/C, 54 : Spring Assembly, 91%]: A2 Unit
AQ
g Iy %z AIZH A el T
A1z
08-07 14:00 | 08-07 14:10 10
s
Az | D | E2
08-07 22:50 | 08-07 23:50 | 60 | x] sC1, 2 | — Zan
o]z] Tt
08-08 08:40 | 08-08 09:40 | 60 | zpag wpay | 0 = | gy 2
v =270 o} 51O T7o
08-08 21:40 | 08-08 22:30 50 W e
08-11 09:00 | 08-11 09:10 10
08-15 08:45 | 08-15 09:10 25
4] : Spring greasing, 54 : Greasing, ¥1*|: Washer A2 unit
10-20 07:07 | 10-20 07:09 |2 | SC2 &4 (AR | _ A
T H
A2 NG | 91A] ol | .
11-08 08:30 | 11-08 08:54 | 24 | sl 97 27
4] : Spring Ass'y M/C, &4 : Spring Assembly, $]*]: A2 Unit
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i
08-07 14:00 08-07 14:10 10 | AZE x4 | ° 30
Ascl 2 | DT gun
08-07 22:50 | 08-07 23:50 | 60 g | T RA o
07 99 o | .
WYy | PR

AAH] : Spring ass'y & EOL, 54 : Spring Assembly & EOL, 9J*]:

Lotation table unit

7Fo] & A
08-29 19:14 | 08-29 19:21 | 7 oldl A St4 e
JfolEME | 7|5
E 7]_;LH 7]:%—]?— xH—IXJ
11-15 15:30 | 11-15 16:00 | 30 Z T e ) e
=
LS 0]
AdH] : Brake module CG M/C, 5% : Brake module CG, $|%]: °|%
& INDEX Unit
St9 A= )
02-25 12:20 | 02-25 12:30 | 10 EAR|
SIES QE
B ol
E il % A0 X] ___—r]Z]
06-07 11:40 | 06-07 15:30 | 230 | A4z &7 R
7 2l
et dhAy

AAH] : Spring ass'y & EOL, &% : Spring Assembly & EOL, ¢J#]:

Lotation table unit

A%
02-25 15:40 | 02-25 16:20 | 40 HEZY
E

—

2]

03-16 21:00 | 03-16 23:10 | 130 | &
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o Wy
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[# 3-5] A9 Al=do] 14

4%

AMD =to]Al A EE T 3960X 24Core 48Thread

/3742 DDR4 128GB

Geforce RTX 3090 24GB

A2 m.2 NVME 2TB * 4 Raid

Western Digital Ultrastar 7200rpm 18TB * 2

Ubuntu Linux Server 22.04LTS

Mo
of,
i)

Llama 3

e | H
2

S~

=

o

Python 3.11
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3.1.3 Llama 3

Llama 32 Ho|AE o2 (T Metao| A e @& A4 2AY <
Zeoltt. Llama 32 7009 7je] mepulHE Hfokal glom, a4 5ol
ol ARl aa/do] A AA] gt Llama 32 FA% SHde A4
St7] wiZoll AR ofE Al Aol Aget Aol Alrt. TE i AR Sk
o ol rHEy o A AnEQOlE IAA Wi AH L5 5 9l
HPAR A5 FAI7F 7FestaL, WIdRt Hlol§ 7t AL AA; Qlxe} Wof f-4]

~0] g0l Zol=tt. wH WAL

57] wjzoll diofe Heff 5 Fe A

S S wet nA 24 9 sEeE & 4 3L, ZIE iR ALEE)
soe AL = e AHol Aot Llama 32 A Zlﬂb\ 9 A9 1T
ZIgeollA Higtell F=3ke] AA Aol &8skl it

_73_



3.1.4 A 2”9 34

1A AEE Hasta e f7lodoeret g2 Fxohd dlolEuolx
U miwd 59 EA4E & g A== A4 Ho|AE FETdT ARA
7 AoE st 2AY o] Bdo] HA W8s 248iAH RAG Alde 4
et RAG A9l st JHE A4 Ho]2oA 24 olu ofF] &9l
= zIfo] AAska, AR WeS AW ol BEe| Aol Frhs| |
B AR olFAl BT HHES ARSAlAl AL A AlAF
TEe [2H3-4]9F 2t

¥z

rsh

)
o}
H

o,

o - Gen Al Service Platform ~
.," 1 ‘.
{ 5
Source Data ;
......... o A2)
: H H £ of Predefined
PDF. : H H B System Prompt
s - H £/
™r | i§i A |
Website, i Nag tE d ~l s LLM
L~ Hr W 2 :
Youtube PR ; i ‘\ ‘@— H=—
FI T Ay : H
: i i H Relevant
P £ | chunks
- B
ll ot interface

© Smaller chunks

Source DB | Embeddlngs " Question E]’ ..... ;

S end @ AHSWEF
) . _ ) . _ User
Data Data ., Splitting \-. . “. Vector E _Prompt & =
Embeddings 7 store / search Generanon

Gathering .~  Extraction " Chunks

(23 3-4] RAGZ|8F A9 Al Mu|~ 4 Z3E (4, 2023)
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315 2o 73
LLM¥ RAGE ¥ A|AHE Python 3.112 2HJSI3le
FE+= offer Eot.

-
(i

ol
—

- -

PDF &4 5 #AE dolEoln ZebA wEste waste] A44d 4
JrE A olHdE Bajer)

from langchain.text_splitter import RecursiveCharacterTextSplitter
from langchain.vectorstores import Chroma

from langchain.document_loaders import PyPDFLoader

from langchain.text_splitter import CharacterTextSplitter

load_documents o5 ol F=2of = EE PDF A ¢ol=°]
11, split_documents g2 BAE 2t RAGOIIA EHEY & UEE A

2letet.

def load_documents():
document_loader = PyPDFDirectorylLoader(DATA_PATH)

return document_loader.load()

def split_documents(documents: list[Document]):
text_splitter = RecursiveCharacterTextSplitter(
chunk_size=800,
chunk_overlap=80,
length_function=len,
is_separator_regex=False,
)

return text_splitter.split_documents(documents)

oA AHegt A4S add_to_chroma @45 &l HH chunk®] A}
Oo|2F 7V|FoE FAS Zel HEZ Wkt

def add_to_chroma(chunks: listfDocument]):
db = Chroma(
persist_directory=CHROMA_PATH,
embedding_function=get_embedding_function()

)

chunks_with_ids = calculate_chunk_ids(chunks)
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existing_items = db.get(include=[])
existing_ids = set(existing_items["ids"])
print(("@2f DBell = A1 4= {len(existing_ids)}")

new chunks = []
for chunk in chunks with_ids:
if chunk.metadatal"id"] not in existing_ids:
new_chunks.append(chunk)

if len(new_chunks):

print(f"A} &4 7} {len(new_chunks)}")

new_chunk_ids = [chunk.metadatal"id"] for chunk in new chunks]

db.add_documents(new_chunks, ids=new chunk_ids)

db.persist()

else:
prine( 278 BA7E 918"

def calculate chunk_ids(chunks):
last_page_id = None
current_chunk_index = 0

for chunk in chunks:
source = chunk.metadata.get("source")
page = chunk.metadata.get("page")
current_page_id = f'{source}:{page}"

if current_page_id == last_page_id:
current_chunk_index += 1
else:

current_chunk_index = 0

chunk_id = f'{current_page_id}:{current_chunk_index}"
last_page_id = current_page_id

chunk.metadata["id"] = chunk id

return chunks

RAGe] Aol sto] SH= HotA Azt

def query_rag(query_text: str):
embedding_function = get_embedding_function()
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db = Chroma(persist_directory=CHROMA_PATH,
embedding_function=embedding_function

)
results = db.similarity_search_with_score(query_text, k=5)
context_text = "WnWn-——-WnWn" join([doc.page_content for doc,
_score in results])
prompt_template = ChatPromptTemplate.from_template(PROMPT_TEM
PLATE)
prompt = prompt_template.format(context=context_text,

question=query_text

)
response_text = model.invoke(prompt)

sources = [doc.metadata.get("id", None) for doc, _score in results]
formatted_response = f'Response: {response_text}WnSources: {sources}"

return response_text
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ABSTRACT

Empirical Study on How to Improve Production
Machine Management System Using Large Al
Language Model

— Focusing on automotive parts manufacturing —

Kim, Hyun—Jin
Major in Smart Convergence
Technology Consulting

Dept. of Smart Convergence Consulting

Graduate School of Knowledge Service

Consulting

Hansung University

In modern society, the efficiency of preservation, operation, and
maintenance of production facilities to improve productivity of
manufacturing companies is becoming increasingly important. Since
production facilities are always in operation 24 hours a day, abnormal
symptoms such as wear, damage, and malfunctions due to aging of major
parts occur regularly. When these abnormalities occur, production
facilities are stopped and productivity is reduced, causing serious problems
for SME management. To solve these problems, various improvement

measures are being promoted, such as the introduction of smart factories
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and the application of predictive maintenance. However, the high costs
associated with these systems pose a major challenge to their practical
application.

As such, there has not been much research on preventive measures or
improvement of facility management performance indicators, which are
studies to solve the problem of production stoppage due to production
equipment failure. The reason for this is not only the failure of
production facilities, but also the difficulty of research due to unexpected
special situations such as switching to or restoring alternative facilities
due to facilities with specifications that do not meet the performance
level. These include complex issues such as determining the cause of the
failure, procuring the necessary parts, deploying specialized engineers, and
managing the impact on connected facilities or equipment during the
downtime. In practice, proactive maintenance activities are not
systematically managed and rely heavily on the individual skills of
maintenance personnel. While preventive maintenance is emphasized when
evaluating overall equipment effectiveness (OEE), in reality, the majority
of time is spent on reactive activities. As a result, many manufacturers
have developed sophisticated maintenance manuals to increase the
survivability of their production facilities. This complexity makes it
difficult to conduct research to improve productivity or survivability based
on preventive maintenance practices.

In this study, we propose a method to improve the efficiency of
quadratic warfare during equipment maintenance activities in SMEs by
utilizing Al technology. This study utilizes a large language model (LLM)

to solve the problem of knowledge sharing in SMEs based on historical
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data of equipment maintenance including failure causes, failure diagnosis,
environmental factors, and response time. This study aims to improve the
overall efficiency of facilities and provide effective solutions to the
practical problems faced by SMEs to increase the productivity and
competitiveness of the manufacturing industry.

The research method was to collect preliminary data from the
production equipment of the subject company, and to conduct frequency
analysis and standard statistical evaluation. In the preliminary experiment,
the feasibility of the system based on the super—large language model was
verified by querying specific contents of the smartphone manual and
receiving relevant responses. In this research experiment, the equipment
failure symptoms, failure types, and downtime for each failure component
were comprehensively investigated to analyze the impact on the overall
equipment efficiency.

This study aims to contribute to the improvement of productivity and
competitiveness of manufacturing companies by presenting an Al-based
model for improving the efficiency of quadratic warfare through empirical
research results. This will play an important role in solving the practical

challenges faced by SMEs and promoting sustainable industrial growth.

[(Key words) equipment maintenance, quadratic warfare, emergency

maintenance, LLM, Al, RAG
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