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[Abstract]

This study investigates the enhancement of the Polylith software development architecture through the integration of Large
Language Models (LLMs) and 3D User Interfaces (3D Uls). Originally designed to improve modularity and component reuse, the
Polylith architecture is extended with state-of-the-art Al capabilities and interactive visualization. By employing LLMs, the study
introduces automated code generation, refactoring recommendations, and efficient code documentation, addressing challenges in
managing complex system development. Simultaneously, 3D Uls are incorporated to visually represent intricate system structures,
aiding developers in comprehending dependencies and interactions across components.

The proposed approach aims to foster collaboration among developers, enhance software maintainability, and support scalability
for large-scale projects. The 3D UI facilitates intuitive navigation and interaction with system components, while the LLM
integration ensures optimized performance and informed decision-making. This innovative framework not only redefines the
Polylith architecture to meet contemporary development demands but also establishes a seamless, immersive, and efficient software

engineering environment suitable for modular and scalable applications.
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Message Queue
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Fig. 4. Improved Polylith architecture with LLM and 3D UI

Enhanced Ul Layer: 3D UlE Al s}ar, AFER7) Al «LLM 33} AT 714 75
o] B35 #AE Ao ofsfstal ©@AE = QS LLM Integration Layere A28 Woll A Al 7|WF 755
3t} Core Polylith Layer= AXUES] 523} &4 o Aegdte T8I IS sl o] doloje LLM
2]E @931, Python Foundation Layere Al=8l9] HE} OrchestratorE g3l Z=9] ¥A43} A3} 21¢]8 4335}
o S ek, A BUEES Fal Al des o, AnalySls Cachee ARgBEe] WHEA QL @ Aol sl a8
2 glgi}. A& =21t} LLM Orchestrator ©J2] LLM AH|2=E 3
ﬂé}“ﬁ, A 8HE At 1 AFE ANdEte] 5 8%
« 23 gloloe] &3 wAA] B o tiaf w=A s 4= gt} LLM Service Manager:
Integration Layere A[2=819] FAZQ1 B4l S|HEA, ChEFEE LLM AH] =& —Zr7h>}7i‘/‘r AT JRF o], 2

ket B 7] WAIA] A @Sttt o] glojol= A Qo wef HAeo] Al RS ARE = A gt AR

A G5 ARgEte] HAAIE HlE7]H 0w deElstn, oWlE 54 7=5 #HH3}starat & wf LLM Orchestratore )&

WU E B3l ZF BEo] dasgt FA gl T8k H EAstaL HAske = AUls Aljke 4= Qv o] 3§k Al

AAE gagst 4= QA gt wIA)A] FH(Message Queue)= B3 AT EY] A A A AExle] aEAS FolF
HAA & el F7 st AAleh= 75 AleahH, vlE7] w, B3e AT 29 o]FlE FETh

Z2 M (Async Processor)E &3l WIAIAE Aglgit). o]

Aol Al Pub/Sub A|2=Flo] 2bEato] wA|A] 7} A d gk 5= * B UIsh ARAL QB 3 A

ol Al AL T2 e}, o]2]dt H|57] WA REe Al Enhanced Ul Layer+= AR&-AFok A28 31e] A5 28-S
e AgeE %‘ﬁ—?ﬁ z} U%"] YA oR XLEOP‘:'* AAH o R AFshs T8 dolojo|th o] Heloj=
A Fosk o ARE wed 4= = v} weia] 2 Abstraction ManagerE X35} 9lom, A|~Ele] A4
o] F7kE AV A A= ”41 Al éx«] E}% Fiol mA= °§?§ ¢ 725 3DE AAslete] JNEATE A olaE ¢ A =E
S FH3ksk 5= Q) H+t} Abstraction Managerte= A28l BE, AXJE ¢

189 http://www.dcs.or.kr



o
>
T
rh
o
[
!
]
rr
il
el
<
)
o
@
<
o
N
o
Z
S
S
©
%
@
©
@
[
Q
3
N
o
N
[6)]

W 7o) Agks welshH, AP 54 AXVEE M8t
1 Fiste] MFEAd HRE 1 4 A S FEst
Viewport Controller®} Navigation System 53l AF&A}
= UL ellA] 254 ol sstar, Al2=gle] Baet 3A1E &
Ak = Qlrk. o E o, AFA 54 BES S84 3
T 2E9] oEA BAZF 3D Ul AollA Alztd oz 7hzy

.

v, BE 70 JEAES O B ol 4 il wek.

oS Ule] A7He BHE Azt Al2gle] P2 B
s

{isl— |
e Fola, ¥ ARA 02 ol YET wolE),

« Python Foundation Layer$} |42 2UEH

Python Foundation Layert A|2=81¢] e} S35 A
ok, golHelg] #Eet i RUHES HEdith o]
#lo]oii= Runtime Environment, Library Manager, 12|
1 Resource Monitor® 4% 0] glow z}z; A|~Ele] ¢k
A Ads Adste F83 IS sk Resource
Monitori= CPU AMHS-%, ME2] AMSE, U3 A8 &
A&H o g FAElo] A|2HS s RUBEEL, 8
o A5 AFS) Al2=8e] CPU ARSEo] 57 AAIA]
%351 Resource Monitor 7HERIA] 1S BUA
A|2=Elo] AEE A|ZAA o7 FASkY] EAE AT &
55 EolEr) o]l RUHY 75 Al=Ee] s H
sk 9l v S88PH, AR Az Ee] APE B
3= d] 7o gkt

A|FE Polylith o}7|81X= thgst glojofe} REo] A=
dsle] 93 Polylith 2~E}do] A|2=ElS AJeic) 7}
gojol= 543 7es Hdetn, HHA R AsshHA e
o glojojo} FEE o] AAARI Al=ge] d3dS FAg
o} &% gelolE BE 1Y $418 #Esta, LLM &3 8
oloji= Al 7|Rke] = A3 A 51E Ag8hH, Ul #lo]o]
= AREAeRe] AsAg-S AlAEoR Adgth Python
Foundation Layeri= ©|2]3 & ZIjo] 4&3}A o]0
A5 Al2~Elo] HER] 3748 Te|sta RUE P gk

@ o ak o

8]

o

2-3 NZ TS I8t 3D Ul 7+ ot

Gl B Weje) 3D UIE 289 Al2H e ke 7
W] e A2ge 40 olasa Y S dES
F S W OE AL A2Ele] 2 RES da
BEAY BYdon 2Ysta 248 5 e BAL AR
S, Beld Poe 7 mE U 45482 AEe
2 EA], AEATE AsY QA FEE ARE o slep
@ 4w dtk 2 /)5 BES At 2], FHE TR
slo] B Felz AASFORH, A28 T4 LhEol
A ol@7] AdH e =AE Basl ola 4 vk
ARgARE 3D FRkIA BES A4 Sdasg 298 ¢
glor, ol B8l T4 SlEsol2E F el 4wy
2 Srjshe 5

http://dx.doi.org/10.9728/dcs.2025.26.1.183

3D Ul Fol#ola #aAl /i 43E Aledet At

A s 25AY 7Y
e, b2 E53 AZEE oz Al2Fe V])5H
TEE AT volE A RES o E50R, AM
! A

R A
= l
£9) 7158 Agdolx HgalFAG == A g At

& AFFoTA, ABA} wEe] BH7 542 o o] of

et 5 Qs B

a3 5. 3D UIE A&
Fig. 5. Conceptual diagram of Polyllith implementation with
3D Ul



WY eeleld fat

AAANA A7 T

Bojali o ae g,
A el sk

HASAG AR BEE F7R 5 1A 0 93

&
A o2 AIZFslEhE WAlS Adbge] Al2Ele] A U
ZojH o= sdstes Freghth Adsiet He NEAE
o] B EYstal ¥ og FAE sk b 2 74 E
& Qi
2-4 28 7t U sl atA|

1) Polylith o}7|€)x¢] &4 7154

Polylith op7|9lx= A|28E& 2838t 72t 74 8408
%%‘7‘4 o2 Jdsta FARGE ¢ e S Al

B3 NEAEe] Al&EE A olslsta wEE o 9l

E% FiL, A2E TN &g B8 o deE oS
Aggc), 7t REe] Ao Wesial Ao % /e E e
F= FZo] FIE I FA BT} Solsizith. | 7he] Y
S FX8t] M Sk d3ds A 9o, Hj=y
2= g7 WEA g3 ¢ e FAg S ATt

2) LLM} 3D Ul 5§22 Q1% 71} 914 o|s|= 3

LLM#} 3D Ule] 532 %38 A 2518 A¢H o o3
sla PEekeE H 2 k. LLMS #=9] 243 s

Agste] Azt ;o) sk AL 44 Aokt 4= 9
w2 3la1, 3D Uls W8 ko] g2 Az o gds) o
5 olshE AN, AP A2H TEE B2 o
sha A ooz HAE 5 gon, = Wil 9

K

=

_1

(
i

0;

2 ARk BAsle] AZHoR AFFoRA § e
A S U & e

3) BEY T4 849 AXAET T34

#a 2= gejo] 3D UISF LLM 714k Polylith ©}7]€)4]
L wEs A 9o AALeA T AL Zsteid 7
FEe 5HAoR N B X EaE g glom, LIME B
O] ARG TS BrskaL HA o] X3ks Al A
F84€ ¥tk 3D Uls 2E ko] ¥A1S ANdHes ¥
dste] P HAH o] AR B S AYT F AeF

¥l fHﬁLE A2l 1 Fe 7)1ss af o st

3D UI 3742 /Nt 7o) AA7E S A ste], Al
g R ARRS w2 Ffskar 4
Uli= HYE] 598 A2H4 ARE 7|Who & 2A4E = 9l
L5 slo] o TS
24 9l 7]od3ith LLM

191

LLM=Z} 3D Ul

HJ\HJ

M
LS R

2
td

I
oflt
A
o:.
oX,

AolH LLMS] 3314 Xj2)
) st Sl psl At 1

6) 3D Ul 789 7|=3 =d3A

3D Ul 78+ =& 189 Ag 583 2182 39
(UX) AA7} Aasit a9 A4stel A MM, &334
Ul TR, UES A g4 2 57)38) 74 sfdo] a3k
FpAlolok. v 4= dA|eke] T84S 3 IE o]~
A dasitt =RAAE 28k 3D Ul 7dAlEel
Al Aol &AW S Algsh, Al=g s

3} fARe] EEE ¥ 5 Ak

m. & &

A= Polylith oF71€)x19 LLM(AT o] =g, 1
231 3D UL A3 27 Eslo] 7 42 Alskale] 7
A AR HaH o AAekE ek Bsic. Polylith
NUAE ko w wEY P4 48T ANETT A

o
E;-

H, AlzEe] fARGA T A S T
AE 7FsAE AAEIEE LLMY 3D UlE %

A 2Ele] 20} o]FA]S A WA o F A|7Z}s)
7)abe) Mgzt HHah Ak Fol ukArgol
How EAE AT 4 Yt BAL T
B3 99 el AN WS Qe
SRS s, i el A ] <l

ot

).

o
o
i
&
_11.3: m\_ll‘
i
ot

o
I
=

° %

)
¥ o,
Sl
o, o g
1o

2

o, i

[
it}
=
i3

d

o
RN
re o
4 to
=
=%

o ol
)
e\
X

_E

Ho]2o] S 93 E 7
‘Mﬂ, 3D Ul FaoA 78
dgrozH FdrPEo] Al

Sk 2= & [e)
Z2% 5 gl B

oZ
oot
o
o
N 2
o >
i
Z
~ YO
joadl
=0

y

ol ﬂllo

N

o
:OL_‘,
ok
S|

N 2| KN E‘l

%2
>

i
rl oy

fid
o
~N
>
flo

s
X
_?g

o ™[0 4
o o
o o o
EPILJ?T
N )
£k
o
ﬁomg
lo 2
L =L
il

2
s
tilo

w ot Mo fo 2 et g
2
of
o
o,
rlr
ok
o
(o
u

=
2

[>
o
©
_ﬁ'-J_

N 10 o &L pE |

=4, AaAte] 4
, 353%’3 =pste §
S9) o GHow

RV

oX, oX X
BN
1

to ol

i
o3
p
ol
o
2

http://www.dcs.or.kr



ABT HAT 5 9l AL 2 2o Fasi, o]
& 59 0rd § PYAEe] B ZRAENE &8
qoz YT 4 YwF F, A28 el AwHe $2
& PN 5 91 Aol

AAl 2

AT e EEAE B AREA7] STk
wlEp 2 §Poshele] A+IITP-2023-RS-2022-00156
318)eF TEAE - B = FEl= 1Eele] 20235
3% AFNEARA(RS-2023-00219237) 0.2 3%
ATRA, FAF-A o AR H U

AL

[1] J. Purtilo, “Polylith: An Environment to Support
Management of Tool Interfaces,” ACM SIGPLAN Notices,
Vol. 20, No. 7, pp. 12-18, July 1985.

https://doi.org/10.1145/17919.806822

[2] J. M. Purtilo, “The POLYLITH Software Bus,” ACM
Transactions on Programming Languages and Systems,
Vol. 16, No. 1, pp. 151-174, 1994.
https://doi.org/10.1145/174625.174629

[3] Hacker News. Polylith is a Functional Software Architecture

January

at the System Scale (gitbook.io) [Internet]. Available:
https://news.ycombinator.com/item?id=30697724.

[4] Kakao Enterprise. [IT TREND] How to Develop Al Apps in
FMOps, LLM Era Available:
https://tech.kakaoenterprise.com/196.

[5] Microsoft Learn. Important Concepts and Considerations for

[Internet].

Developers Building Generative Al Solutions [Internet].
Auvailable: https://learn.microsoft.com/ko-kr/azure/developer
/ai/gen-ai-concepts-considerations-developers.
[6] Polylith. Polylith - GitBook [Internet]. Available: https://pol
ylith.gitbook.io/polylith.
[71 YouTube. Polylith: A Software Architecture Based on
LEGO-Like Blocks [Internet]. Available:
https://youtu.be/Y3FfLq8QATY ?si=sz8b2UkiVqhMO-a0.
NIIT. Unlocking the Power of Modularity in Software
Engineering [Internet]. Available: https://www.niit.com/ind
ia/Unlocking-the-Power-of-Modularity-in-Software-Engine
ering.
What

Engineering [Internet]. Available: https://www.institutedata.

Institute of Data. Is Modularity in Software

com/blog/modularity-in-software-engineering/.

http://dx.doi.org/10.9728/dcs.2025.26.1.183

192

[10] Gwentech. The Advantages of Modular Software and
Programming [Internet]. Available: http://gwentechembed

ded.com/the-advantages-of-modular-software-and-progra

mming/.
[11] Harrison Clarke. Benefits of Modular Architecture: Moving
from Monolithic to Modular [Internet]. Available:

https://www.harrisonclarke.com/blog/benefits-of-modular-a
rchitecture-moving-from-monolithic-to-modular.

[12] Maciej Kaszubowski. The Benefits of Modular Software
Design [Internet]. Available: https://mkaszubowski.com/20
20/06/02/modular-software-design-benefits.html.

[13] X. Gao, “The Application and Benefits of Modular
Software Development in Automatic Train Supervision
Systems,” International Journal of Engineering And
Science, Vol. 14, No. 6, pp. 34-38, June 2024.

[14] J. Jiang, F. Wang, J. Shen, S. Kim, and S. Kim, “A Survey
on Large Language Models for Code Generation,”
arXiv:2406.00515, 2024. https://doi.org/10.48550/arXiv.24
06.00515

[15] Unimedia Technology. Transforming Software

Development: The Power of Large Language Models

Explained [Internet]. Available: https://www.unimedia.tec

h/power-large-language-model-transforming-software-dev

elopment/.

Comet. The Future of Software Engineering: LLMs and

Beyond [Internet]. Available: https://www.comet.com/site/

blog/the-future-of-software-engineering-1lms-and-beyond/.

[17] Softwarevates. Integrating 3D Modeling into Software

Development for Enhanced User

[Internet]. Available: https://softwarevates.com/2024/10/0

3/integrating-3d-modeling/.

H. Kharoub, M. Lataifeh, and N. Ahmed, ‘“3D User

Interface Design and Usability for Immersive VR,”

Applied  Sciencs, Vol. 9, No. 22, 4861, 2019.

https://doi.org/10.3390/app9224861

[19] A. Yeo, B. W. J. Kwok, A. Joshna, K. Chen, and J. S. A.
Lee, “Entering the Next Dimension: A Review of 3D User
Interfaces for Virtual Reality,” Electronics, Vol. 13, No. 3,
600, February 2024. https://doi.org/10.3390/electronics130
30600

[20] S.-I. Choi, “A Study on Teaching the Object Oriented

Programming Language,” The Journal of the Korea

Interface Design

(18]

Institute of Electronic Communication Sciences, Vol. 11,
No. 8, pp. 751-758, 2016. https://doi.org/10.13067/JKIEC
S.2016.11.8.751

[21] M. Salah Uddin, K. Jahid Hasan, and R. Tasnima, “A
Comparative Analysis of the Rise of Git-Based Distributed

Collaborative Hosting Platforms: Survey, Performance



Test, and Comparison,” Asian Journal of Engineering and
Applied Technology, Vol. 12, No. 2, pp. 29-33, November
2023.https://doi.org/10.51983/ajeat-2023.12.2.3969

193

LLMZt 3D UIE & &

l - ‘m!!,l,

St Polylith 2= E90f 72t g 7 AM ghok od2

0|4 (Jookyoung Lee)

2001+ Far3Akgketal (7] 418 S
R 2009+ : obF e ghal Fg ek (HA
-E-Hl=4 )

2001 ~2020: S
2021 ~& Al 710 EA T 2(KRIT)
20239 ~& Al Aol WEb AT o) sk vl Eb & 1]
2y AF wAgA
A HoF - W EbB] ~(Metaverse), =74 2 T3 (AR /
XR), ¥4 & 37 ((Synthetic Training
Environment)
ZEi = (Taehoon Kim)
2018 : A st (FEAF &
AL AFETT &
2 53})
2. 20219 : A At gigk (28t
-~ WAL HFE S
A\

20213 ~20243: LG Al 979

2024 ~ Alr A7y stal wEbH 2 [ E o okl

A ok - HE|RY 21345 (Multimodal Al),
(Computer Vision), 43 AFA %
(Generative Al)

http://www.dcs.or.kr



	LLM과 3D UI를 적용한 Polylith 소프트웨어 개발 방법 개선 방안 연구
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 본론
	Ⅲ. 결론
	참고문헌


