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[Abstract]

This study aimed to develop an automated framework for semantically classifying and interpreting coffee product review texts.
To this end, four sentence embedding models— Beijing Academy of Artificial Intelligence general embedding with
multi-functionality, multi-linguality, and multi-granularity for Korean (BGE-m3-Ko), Korean-based sentence bidirectional encoder
representations from transformers (KR-SBERT), distilled universal sentence encoder (distilUSE), and text-embedding-3-small—were
applied to vectorize the review texts. Uniform manifold approximation and projection (UMAP) was used for dimensionality
reduction, followed by K-means clustering to form product groups. Clustering performance was evaluated based on the silhouette
score, Calinski—Harabasz index, and Davies—Bouldin index. Experimental results demonstrated that the BGE-m3-Ko model achieved
the best clustering quality, recording a silhouette score of 0.4581, Calinski—Harabasz index of 2795.71, and Davies—Bouldin index
of 0.6870 when the number of clusters was set to five. Based on the optimal BGE-m3-Ko embeddings, cluster naming was
performed using GPT-3.5 Turbo provided by the OpenAl application programming interface (API), to generate representative labels
that captured the characteristics of each cluster. This framework effectively structured text data and derived product groupings based
on sensory attributes, demonstrating its potential to support marketing strategies grounded in consumer perception.

MQlO] : HAE AH|Y, HAE J2AEY, UMAP, 7T Q10 B, 2[R HAE 24

Keyword : Text Embedding, Text Clustering, UMAP, LLM, Coffee Review Analysis

http://dx.doi.org/10.9728/dcs.2025.26.6.1579 Received 09 May 2025; Revised 30 May 2025
@ @ This is an Open Access article distributed under Accepted 10 June 2025
@ e the terms of the Creative Commons Attribution
Non-CommercialLicense(http://creativecommons * P hor: Hoi Li
.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial Corresponding Author; Hoi-Jeong Lim
use, distribution, and reproduction in any medium, provided the Tel: +82-62-530-5790

original work is properly cited. .
E-mail: hjlim@jnu.ac.kr

Copyright (¢©) 2025 The Digital Contents Society 1579 http://www.dcs.or.kr  pISSN: 1598-2009 elSSN: 2287-738X


https://crossmark.crossref.org/dialog/?doi=10.9728/dcs.2025.26.6.1579&domain=http://journal.dcs.or.kr/&uri_scheme=http:&cm_version=v1.5

C| X" el &5 =&X|(J. DCS) Vol. 26, No. 6, pp. 1579-1587, Jun. 2025

Har glek o2 YAE HoJE S A8kl HjZ=H 2ol 4
8ok 7] vk AgdelA AAESs A5l 94 o
Fow A a1 glon, o]g FRH o st &8a)
592 A4 o FesAaL Al

53] A8 Aol Anjrke] vz} F74l] 7]kt
2l dlolHE 883 BtEd AlE 7183 nhAl" defe]
Lk Qe 2], AT AES St gl dig A0 A
& FA 07 MR FIP} o]FoR] 7] e BAE @l
o= AlEe] @l 543} 724 F3e] B3R vidd
o ey ol gt Blfie 1 AR AR oA A7
Al mlal EAM oy EFE FHEk] 943 Fashe Aol
a7

ol % vy & a9 o= AgstaL An]

Embedding) 7]&2] o= Qlef Fa49] 2732 3 ¥
B2 Wgtsie] Aggo g A8 4 A Hem[3], o]
ZIRko 2 ofu] fAMdel gl "9AEE A5 o R RS}
S 2-E9 7He] &8o] &3] o]Foixa 4], ©
o] tiytE olo] Zel(Large Language Model, LLM) <]

o2 Rl EuaHY AHE et 7t e EAS

Aol QoA ApE Wshe 24 Egk rhsai s 04]
= 59, Preiss 5 BERTopico. & Fe]AEH 3 Ao

—4

}

o[ﬂ
o.

—|—‘

Jl

GPT-3.5 Turbog #-83) thgat ZHFZE A s}
om, e SelzE Aol A3k 2 WA FARA
U o 9 97 2 bk )lEHS]. ol2R 7] A
2R} EReh 22 v tMEiETEi o] Q= QIAte]
ES EFohaL ol Al w5, 718, vHI" AdE Sl A

How $§% 4 o= A welEnh
A A AF et @it 9iES Qg 2o
26y 7WE Bal 4o Bl AFES o)
dow ufsthat 9. st 99t ke

oS FelzEYFOEA, FAR AFTS
2709l 25 548 FAGORA 713 2 w
]

o
S
N,
2
‘0,
‘0,
=
o,
m
[ F
N
o}l
31_5
>4
o,
Ky
By
o
B
Loy ol m{){.
ok X %0 1
Moo

koot

T 10 4N
N o 2 1 1

o
X

of

ol

kJ

ol
i)

ol

o

ox

oX,

ol

ﬂ?

N

o
Lot

i,

P ol

Avke] 247 S 7K )

oo Az 4y N FzoAd |

l> ofo
ol
[o
_%
ll
_V}i
[
_VE

b Ad 7l BGE m3-Ko(BAAI
General Embedding), KR-SBERT(Korean
Sentence-BERT), distilUSE(Distilled Universal

http://dx.doi.org/10.9728/dcs.2025.26.6.1579 1580

Sentence Encoder), text- embedding-3-small®] 4| 7}
2| Bals ghgste] WEslso 2 A Y YXE HojEE
G215k Felm wEsth 24, 2 g 7Iem A
HEE 7hlo 2 S AEY dug]ES A 8sie] #+1S g
dataL, o] E TS 7F A RE Sal vlal Ao R <
Hﬂ‘:‘ 9 3 AT Aol A o= AR A, x5t
d Aol thiate] iR Ao RE(LLM)< 2838 2t «3
o] eful & sMstaL A olgs AFs o= A% @Ei’ﬁ
N A Aapp AA Al 2R R
& 7Fe A E A g
71 ATES ORE A EAolv By 1Y

o7 2HA Bl{E EReAY aokske Wl =
o, Se12HY 7|ke] 2bs ek a4
Ao ANEHT 53] Se2H 42 719=
Al SlES A A W WA o] Uk olojA AbE st
ol gHAIZE QAL ofell s & A= A, gh=o] 2H
o[BS tlo = udet 2 ould RHe] AeS Hus
of 71 A& ol WA S ASH R mEtaL =4, 2
S 2EE Aafel] i i g1of EEM(LLM)
AFs Qo Bl SYE HHS
A Al SR AeshE 4 =
= AellA 71E Al SR APEAdE 7RI

T ES vt 22 AeR ootk 2%l =

F

9E Qg J1Y, BAE FesEY, LM 7 24 6
A 5 e oled iAe An. 3o o
ofEIA 4l W A st T AL sk, 4500
= vleke g B} FesE J1Ee) Ha B4 A
S} LLMS 283 24 4 A58 A @) vpAutoz 5
Pl 2 Q) 4R ANS B AT Y e

Il. 0127
2-1 HAE T 2

WY (Text Embedding) 1o} 4], &8 &
‘:}019} 22 "gxE dolHE 1k 7k 4] HE =
HElsle] ouH o2 {AG BlAESo] W FIHdA 7F
7hE Aol MBE S abe= 28 Aotk o= vy ¥
2E do[ElE Hileld Bdo] M = = Fx3hd
B2 vte o] A1 AEs by ofn] gk A A
T 59 thekh 2hgjel Eg-Hh

Bl ~E oy 7|HE A ool A £l 7]dl old|e o
J

o?i‘_l

r

2 dbd3) $hr) 23712] Bag-of-Words(BoW)$} TF-IDF
Ao gojo] MEnks s ste] Ealou) A E vk ek
2tk A7 Jdder, Word2Vecl6], GloVel7],



fastText[8]2} 22 wo] g 72 dol& g d WY
= gdste] Fulo] oJu] WskE TASK: vl ofelgo] 9l

o]23l IS FEslua}, 201930 E EWMAEY St
9] BERT(Bidirectional Encoder Representations from
Transformers)7} AQtE o] F7gde] ofdek FulS e st 9
g o] 7]'%011/}12 , Aol Ag] AdrtellA #7121 A
s oo 0]. 12} URE4<Ql BERT= %
F AR 74]*&011% I aEHH Y 2 2ol a&HQl
PGS AlgskA Eeklar o] AlE sidsty] fls
Sentence-BERT(SBERT)7} 7= $icH11]. SBERT:= BERT

& Siamese %+ Triplet 722 I1FJst] +4S A4
ofn] el wEE WS = Qe s, o] AR
AA, onl 7k S =EE AYoA 5 Agwst £
Al AEgt

9, Brole] 544 ele Y ma a2
3] ololAx Slef. 715ee] thwol QM mele oof F4)
94 6_‘]'—.{\4 EﬂO]Eii o]oH 5]—5.1‘0%0“/\1 /\é.‘é‘. 1—5—% EO]—E 76]_?_

7F em[12], ofef gk tieko® ko] STS B NLI ©|
o|BAlE €835t Sentence-BERTE #1533 KR-SBERT
7t F7NE0] gkmo] i AwlPe] FAE AA IAIZTH 131
T8 F o= o] mHQlE dlolEE Ul E E3lal

o} 8143 KoE5 mdlo] Alks gzt o] el thatof
Qi mEnh Bato] WATHL) A Holek 52 1wy
o AR AA 4 A HAaFdME 52 855 U5

shoith12].

L AFolME AY 2l BRES] ofufA 54S g o
2 EAkslaL g 7]l wet Al oS A8k S8l
2] duide] BGE-m3-Ko, KR-SBERT, distilUSE,
text—embeddmg—B—small ] 7HA] AbAEk; 3 C”Hﬂﬂ
4833t 53], gh=o] gl dloly o SJm] % fAL
3.1’3}74] etsl= o] F83IR R, ghmo]d] 5355 o

¥l BGE-m3-Kol14]¢} KR-SBERT[13]& +%
4313 th. BGE-m3-Ko+ tharo] Wix|nfaoA] §-
< B Bk ol ghol] ou] 7Nk A 9l F
BRE e A9 2] on] AelE vk
4°i 7t KR-SBERT %8+ ¢hio] #%
doll HAstelo] Qlof, vkt aoll gk vhdsh
PO R AR BlES EA R aFsE 9

. OlEo], thekst o] 29SS 288 s e =Y
dS aLefste] Google®] A% tharo] qlwd meldl
distilUSE[1519} OpenAl®] 41 4% Qluled wEle]
text—-embedding-3-small[16]& ¥3sle] =g 7H
zto] & vl A8k A 2 vlolE ol 7 A gk ol
9 2do A=A o g gelslux} it}

olg|gh 7 vy RAES -83lo] AY 2H dlo]
£ WEslsto = ou] JHE FRH o2 JgslElal o]
28", LLM 7|5 &4 & ]
= 7353l

tlo
>4

2 o 12
o,

48 o o
ﬁ#m

ﬁ
=
s

o
ox

Follz

[

1.

i
ol

A‘z:lo
b
S o

NoH
A r]1
) =]

9

o to ot Y

2 s o
op
2

SE 2R EAES A E-SHAHE LM 7|8 28 sl A Za el

2-2 HIAE S| AERY

HE JE2HYS uFoz fARRE HAES
2 sk HiAE sy 71H4 o
E3le vlolEHE go = ggi) I Ao = ¢
12- HElE UMAPS 01 0}0% AAE FHA4s
£ 7IRke 2 S AHY S 5358tk UMAPS al*
7] F2E REFHAE A2HY Bl A A1 ZE o

>
oyl

o= Eﬂ/\E o]uﬂr/lﬁ_ %

o
N}
i, ofl

l
fr
:?1:4"
2o o g b o ol & 2 o

7Fed dHz HolHE Weshs Al H4 VW

t-SNEo|| H]3}| wh2 ALF L9} 5573k M 7% HE 5

S AlgstH, PCARTE HIAE #A1E aataow vk

of b Sl WE o] ofn] FRhe S-S AT 1T

53] g2 g} go] sl 249 o)l Wl af

o= AZSIAY T B0 HEY 5 YES moE
o}

\:H_LX']

alz

3] )

2

=3 1’\E1F/1°ﬂ~
ok

oe Fdo] PPEglom (18], #F FF elf aoke
@3 A= BERT 7|8 Qulgoz f4F o7 242
TSN B FAT REG A0k WEE v 283}

STH19]. & oAt A4 dolH &= Eﬂ o]Eo] ¢l
B & 2AHY Fej2=HY A5 H7k= Silhouette Score,
Calinski-Harabasz Index(CH Index), Davies-Bouldin
Index(DB Index) ¢} 7o] thekst Y- H7) A %5 7|9te
2 FYHAT) ol Hakg Fdl AvEE R vlolEHE
Ao 4] 7FssHl whEaL, ov] 7|Rke] fAM S S
Aoz sk =M A ke g EAS Fxslegit)

Md

S o] ‘Hf‘s}ﬂ AT = = Aol A Kotk FHtol
= olelgh REls ghgslo] SeaHY e As o st
2] 2~E % Mo}— 2jo] Al L gle 5], [201.
dE 59, Preiss 5= BERTopicg &-&3fo] 72~ 7|4
o8 S F2~E Y3 ¥, GPT-3.5 TurboZ }ﬁ%}oq =
H2H o] FS AFs o A A4S SATH5]. ©]
A= A 719 7199 71k Bl A %534 b
XZE AeRs nlastslom, QIZE kAt ojg 4 3 }
¥}, LLMe] AJ/det 2] 2~E] WA o] 2] B3
o 98 F7HE WSkt o= EE g
1%

Aol Fdel F83 TS M

Ror
fly

http://www.dcs.or.kr



CIAH 2 =ofs|=

=2X|(J. DCS) Vol. 26, No. 6, pp. 1579-1587,

&3k & LangChain vLEﬂ 19192 7]
2|28 o] W85 qofstal A4
2o W gadTH20]. 7% ERAALE
23] Qi 3}‘— 71$1=9}F FAF 5
A Fdo] BjAY B4 79 dA
SR @l Aot ol g AT
E2 LLME 283 Ze)AF )4 9@ 9wy vkxlo] 7]E9] 7]
JRE A BT 2bss) B A E
e HolEth

AR

2 A Zelzege
Hho 2 1L ME AASH]
vE_ X}J;— o].___ H]—/\ o
A A7AaE o) 4
QoM. LLMe] #eto]
7FsdE ol U 82

3k

7=
]
2]
3]

el
A= % AL B was

7
__U:]oﬂ}\-] /\170240] 7 E-[L% 7}_;<E1
[e)

o~
ne

==
HIE

71g0) FelE S AL T2 N R A9 E o]
U 9] Regs 388 S0 dolie Agsh: W
o slEalgiet. oli= slAlAtel Fato] AU glon] A
2l A7} SUSE. ol W) LM el ) g

2ok TF-IDF2 353 94 719128 doz wo)
e %’—w% HhEshE e Aol Pz £5E 5 ok

Jun. 2025

—

flo

%

Joll AR dlofEf o] - AAlE AA R

3| al

=

-4

3_

N

-

g

A

T ditd

B ofqto] B2 pandas, numpy, scikit-learn, umap-learn,
sentence-transformers, OpenAl Python glolBeld] =2 ¢
Hth WA, dx2E 1,78179] A 2H 92EE U] 714
/\]_;446]-./: _“;Lx]— oh;}ﬂ\:] Ut—“,_O_ EaH 71—71— _,__;q.ﬂ HJ]E%& %@.ﬁ]_

it} 7 2ele] Ro) &8 21 = 7 200 AAE o] 9

Data Collection

Coffee Product
Review Text Data

>

Data Cleaning

i q fectol
& Boo1o 4 £A TEDR £50 78 245 =
al= Di fity Reduch
= Xﬂ go]-i/_, 21 14 E?(T g _,. :,1X1 gﬂ o]JEL x],.‘g—_ xg/ké] -_— \mef:::glzsten;:c an
& SYsidnk. olmH FelzEld Al g kol i s
|z 2 ox Ao B8 7hsE oju] J]uk BF AAE A St
A= =103 —
] O]VEZ]— O]—ME} Il TF-IDF Keyword Extraction for
Cluster 1 || Cluster 3 | Each Cluster
= ’E. Automatic Cluster Naming
U OpenAl's GPT-3.5-
. HAE UMY 7[H SHAEY Y o4 2 (=] T T o
JY1. ATEER
- A . .
3-1 Ci|OJE{4 274 Fig. 1. Research workflow diagram
B Ao I Lol A SF AR 7|90 ‘WAY = E2 AMEH UMY 22 SR/ J 23 xR
BE 2024 11Y0] Algake Ay g H]‘-”]Fﬂ% 28319 Table 2. Types of embedding models used and output
_ dimensions
o} e delge Ay A glfolsol vt AY AlEs S
o= ] . i utput
A8 & ZpAJE gl HE2, 7 Ao W 3F Su| w7k = Model name Model identifier imenslen
A2 546l tigh 34 Bt AHEAl HE% HrER BGE-m3-Ko dragonkue/BGE-m3-ko 1024
T35 0] Stk AAE7t s HE o[BS & 1,78171 KR-SBERT snunlp/KR-SBERT-VAOK-KlueNLF | o
o @} 37)e) A= Al Qovl, Fo MR AF augSsTS
) 7 B N9 sk o) golE= Bgo] 2 A - sentence-transformers/distiluse-
(_7%«4 2):} ?::jj | +?OEM )]A i ;IMI g ﬂﬁoj 214 distilUSE basamuliingual-casacv1 512
Z=3] Zo] 'AE Az 3AL Ax ] 3 -
=] O/} FE A J/]—#OE 125 Toﬂ Z8sprt ? text-embedding— | OpenAl APl model 1536
g shte] SR Het oF 2314}, FHo 43230ty & 3-small text-embedding—3-small
I 1. CO[EAl L5 ofA|
Table 1. Sample of the dataset
Coffee name Review content
HOo|Z Al FlYdas HEE0| MM R X1 22t MA} ﬂféHKI = B58 Holn, (B2
Calera Pacamara Washed 2019 | 1015 2 pxza) Wealag sigo = BEe Mol7| & oj 2217 225 o4+o| Zoig s
AMH2|, A5, ZEFA 22 DHUo| of20Ie} SH|AHA Ho|E M7 st= E2E 20| 2iele| JHEEHZ
Berg Wu Selection Woreda Natural | M3 E U CE (&) ct3 =23 1 SME Fi2{™ | citto] E2 HiC|He 2 X.j':E‘EIKI’:.'_F Mol=l= 52t
2 HAEA AR Alofdeg elelel 2o|7t ZstA Xz ””“—IEF
) . ofZtol E2E LEE Lot 2 At ot20t= 80| YA E MYS| HoiFo] S5SNI ERIES &2
Castellon Jairo Arcila Gesha | gxiaiol b2l | ch, (520) 228 Al=ei~ ot BISOjLC BT Ae) g0l eldAlglLict,

"Since the dataset used in this study consists of Korean text, the contents are inevitably displayed in Korean.
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*Since the prompt used in this study was written in Korean, the
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¥ 4. BGE-m3-Ko M5 X%

Table 4. Performance metrics of BGE-m3-Ko
k Silhouette Score CH Index DB Index
2 0.6172 1311.7667 0.3782
3 0.4419 1912.2706 0.7240
4 0.4558 2461.6746 0.7107
5 0.4581 2795.7129 0.6870
6 0.4268 2732.3306 0.7341
7 0.4206 2795.3228 0.7298
8 0.4042 2769.1921 0.7875
9 0.4124 2806.8838 0.7452
10 0.4095 2902.0498 0.7760

¥ 5. KR-SBERT M& X|&%

Table 5. Performance metrics of KR-SBERT
k Silhouette Score CH Index DB Index
2 0.3770 1309.0688 1.0736
3 0.3908 1490.1923 0.8656
4 0.3969 1690.2419 0.8369
5 0.3855 1675.5618 0.8245
6 0.3762 1637.5790 0.8473
7 0.3849 1759.4771 0.7858
8 0.3665 1667.1932 0.8364
9 0.3528 1632.6744 0.8658
10 0.3666 1732.9076 0.8208

¥ 6. distilUSE &= x| &

Table 6. Performance metrics of distilUSE
k Silhouette Score CH Index DB Index
2 0.3524 1047.9730 1.1930
3 0.4247 1711.4194 0.7864
4 0.3935 1673.0330 0.8191
5 0.3855 1729.6588 0.8693
6 0.4054 1832.8558 0.7761
7 0.3892 1793.2563 0.8006
8 0.3763 1791.9897 0.8020
9 0.3676 1804.9138 0.8129
10 0.3507 1785.5474 0.8789

E 7. text-embedding-3-small 45 X|3&%
Table 7. Performance metrics of text-embedding-3-small

k Silhouette Score CH Index DB Index
2 0.3781 1377.8057 1.0513
3 0.3785 1396.4684 0.9138
4 0.3950 1475.2397 0.8045
5 0.4071 1668.9585 0.7692
6 0.4107 1786.7568 0.7603
7 0.3996 1808.2714 0.7915
8 0.3805 1726.1486 0.8027
9 0.3872 1849.5125 0.7718
10 0.3821 1882.1868 0.7954
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Table 8. Automatic cluster naming results using GPT-3.5 Turbo
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“Since both the review text data and the output of the GPT-3.5 Turbo model are in Korean, the contents are inevitably displayed in Korean.
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