20254k stxgdst

8| FAISEE a2 E|

SmartX Automation FrameworkE 3k

Apache Iceberg 718t E89-5-v|oJE|H. FE| R Y

234,
YF3487]

EREEE R ED

71 %

o
g
*

jm

=9 Alg$EY

1ch6648@smartx.kr, *jongwon@smartx.kr

A Cloud-Native Multimodal Data Accumulation Pipeline based on Apache Iceberg
for SmartX Automation Framework

ChangHyeon Im, JongWon Kim:

Department of AI Convergence, Gwangju Institute of Science and Technology (GIST)

a1

o ok
2

B =72 SmartX Automation Framework®] 253 ObservabilityZ A 8}7] S8 vlEtdlolg] 7|4k Ze}9-=-Ulo|E| B HE|

dlole] %4 spo] =
dlole] A¢] AEehe B9 Y SRS By BE
Iceberg, Kafka, Kubernetes, Spark & LZ42% 7|&S &
ol 347k glo], NVIDIA Omniverse AlE#o]AS 5
A)8}aL, dlo]E Branchol Al WAP(Write-Audit-

At AsH dolge
AL Edl b=
SEH-E-vlofE B 3o A o]

ZERRIS AlQteta, ZREEIYS Fast) o2 F54 dlolH go|Ashe AFA
= it} ARk sl

B3 FAsh ek @A A A 1EEe] vt HERY do|HE gHa|

E3) dolels At B E dlolEE Kafka® AA7F A BREo] &48 W
Publish) =€ 2&38) vlole] H53 Iceberg 73347} 535 H, Iceberg HEFH| o€ 7}
Production Hlo]¥] #lo]=a-¢~ = Welw 1 Iceberg MEFH 0B S
HE| B dlo]e 9] oA A3 A3A £AE A At

9 £ 2A5sE Folakgit). ¥ o= SmartX Automation Frameworks €134 H|o]E

o]= ]
AT

dlo|E] =4 181 UﬂE}
42 vl 9A= ?LH =™ Apache

Bhele £, B, HE, %

83 ~E 214 A 9} Bl Dashboard ¢
o] 3k gpo] Le}ele ArgoCD 7|¥F GitOps WS 4-g3}o]
ERE 5

9] 27] A=A, viEetdoly T4 doly o] Ash-2E S8 Observabilityo] 7]WhE vhegith, &5 o] ZREEFYE THAA SmartX

Automation Framework A4HS-

I.A &
SmartX Automation Frameworks Observability, Orchestration,
ProvisioningS A 02 3l= A58 Ty dYPaE A AEH B 5
S gty 2 e AHE3E B3R 3t 53] Observahility = tHe
gt RUEEE ol Alagl ] B vt o[ MlES} AEE FHH
O % #AFshaL FAY T2 AAE Bette] 2A|shE wEE ofngit
(1] o1& 9lsiA = st FE| 2 dlole7t A8 Al S4 =1 &5
Ao gE|wojof s, wEtdolElo] 7|Wkl 7HAA SRt P QEftt
AL efZejA ol kel = it 54 dlo|e7} Aol uh AA
2749 dlolg FHdll= @71 9tk olo] NVIDIA Omniverse$t 2-&
/‘]%Eﬂ ol 7] A} ARG HlolEE AAetE tieror FRET

[2] ot A3l wloH 7} FE et Bold oy AgrE Ag
%‘ T glom ol& HAstal, dolEE #4-#eey] Y8 Sy
o[E|B[3] 374 ¥} #lo|Ast¢-A41E ATE ol gA 7} FEwka gl
B =50 SmartX Automation Framework®] Observability A1 9-S €
gk djEtelolE] 7|k dlolE go|Adte-A TEE FxR, Fu-E-Ule]
E|E e R dloE S4 o] ZelQlS Ajleli R EEYS A
o}, %3 NVIDIA Omniverse Al&#o]A wloJHE st 1#4 o
olE]9] ok A0l A3} &9 2AE3s 2 JIAA FRE AZs)

J

0. 2&S5=-volgr HEREY Ho|g &3 do]xeql 44
a9 18 SmartX Automation FrameworkE A Q3= E8k-=-dlo]
B HEEY goly 53 o] Zeijle] HA 7L HojFErh & Fol
21012 NVIDIA Omniverse AlEdo|d o2 AAE dolHE 253}
WA o8 A Ak, £, 1 7he, Aol eAlE A

S ul

A1 Qhak= B4 dlolg B <zt whd A AEo|t)

ot re
=

I3 1. SmartX Automation FrameworkES X3+

gA9E-ogn FYRY Holy 73 do|zael

2o A AAE = HE| RS Hlo|EE Kafkaz A
P%'Xéal DAl A RV B EE dlolHE A&
A7) wzel deoly &4 f9S Hast @ 5 qlth
e ‘474]3 fﬁ@ dlolEl & oHE f3d we} Kafkad] 7t EHo=
BHe 279 vo]EE o]Z Ieeberg Table A4 7|F o2 8wt
7+ %ﬁ]t Spark 2498 53] Kafka B vl&3dh=
Namespace(Production, Staging), Iceberg Table(Trusted, Untrusted),
Nessie Dev BranchE 4§43 %t} Dev BranchollA EX H|oJEE ¢
Staging Namespace®] Iceberg Table(Trusted, Untrusted)ell #78}m,
F4 AE(d, 2719 Ar) Y leeberg 733K 2~717F, FEIM Y, E1A) 2
A& FAgt oluf Ieeberge HlolE| 9} $7] wlElHo]H (27w}, FHE]A

Iceberg

Y AR, 29 E Asor st gttt o3 A 4% Iceberg
HEepElolEl = Hogle] o]f e, WA 4 T8 Adstd A5d

0931



20254 staEdlst

ObservabilityS $18F a4 7]9kS AlF3ich 7455 T3k 418 dog
(Trusted Table)™ Main Branch®] Production Namespace 4l Trusted
Table® U4 Witslo] dlojelo] A7t Yads Shusgh

A @AE F 7K SHos FAAET ~2EZA] Al Teeberg HE
to|g& &84 72 2% Orphan File A2, Data Compaction, ™E}
dlole] A3} 249S ] ~EeA] S35 et oy A=
Trino9} Iceberg WEtH]HE &3] Z4¥ voly +2& sl
0]Z Superset¥} ¢1%E3}o] Bl DashboardE 4748024 dlo]E]9] 7}A]
248 ghsla Observability S A gk},

opAulo 2 K oylo] Zekol e ArgoCDE &3 GitOps ~Etd el A
ot A xR SeC-volHE 9o dds grgth

I ST$E-volHE Fog %7 so|Iq Z2EE

oo Aok do]zEkel ZREEF] 32 GPU Node9}
Compute Node® 7% ©]7]% S 2H 3FAA F=qon, F8
AXAEESLS ArgoCD KubernetesE &-8-8 A5 22 Pod e 2 ul
x5o] sto]zeels FA T 17 29] ArgoCD WA EEES F3) o]
zgjol Al ALUEES 0] AAA o7 wixy Agele el 4= 9ok

PR

EREDTD

a9 2. ArgoCD HA|RE
18 32 NVIDIA Omniverse 8730l 158 Fa473 Al Eeo]d oz 2}
go] Q/&al o[WlEd| whz} o|n|X|(S)/ZAL ), YAE(EFY =Rz Al
15 D), ZAHFAF #3E) 5 HERY o7t A E

Perspective

a9 3. Omniverse F34 A& oA
Kafkaoll&= Parking-entry9} Parking-exits S 79| Eg o] &3}
7 B3 o|WlE AHE = WA A (eventld, timeStamp, carld 5)%=
T35t 28 49] Parking-entry <} 22 Eol] HAA| 7} §-91H W, H]
ole] F4 AT Ieeberg 7231 24 A Ieeberg HEFEIOIE 7} A
A% 31, Production #0]3381-220l] A H L o] & Fa dlo|e AMAl=
Trusted Tables 7I8FO.2 A1) Sl HolHhs 283 + Slrh

parking-entries Produce a new mes: sage

Production consumption | Towlmessags | Retentiontime

I3 4. Parking-entries Kafka EY
I3 55 %44 Iceberg HEHOJHE Trinos %d] Ioet 5

8| FAISEE a2 E|

Superset®} A538}e] F&@% Bl Dashboard®, Parking-entries Table]
dlo[e] 5 Al7tol wpg} Al Zglel AvtEs Hojr) ogd YA HEE
dlog] gho]zelofA] A dolEle] e E AR o= KU EYs)
I AE YRS Astn], Al2" deke] FElE Betste] TS

383 A58 Observabilitys &34 082 A Qg 4= ik

i

a9 5. Apache Superset BI Dashboard

V. ZE % ¥F a7

B 8o X SmartX Automation FrameworkE $13 tloje] 8%
T59| 27] GARA, dEtelole] 7|k Fek-E-vo]HE HE Y 1
ole] %4 o] L2}l S 3 2'5¥ Observability ] 7]4Hs w9

Aloke sjo] ez}l & Apache Iceberg, Kafka, Kubernetes, Spark 5 &
53 &8sl WAP(Write-Audit-Publish)  #€l}
GitOps 718+ ArgoCDE #]-8-38o] QXS vloJg] 543 &9 2538tE
A&z}, £3), NVIDIA Omniverse 7|8 214 A E# o] A Hlo|E =
gt ZREEY] 75E §9) dlole F2 A5 Ieeberg HIELE o] E]
7t g o w2 eSS ERlakoir) Eek 4% vlolE]= Trino%t
Superset2 3] A1Z}3}5 0] Observability S A aks 7HAS &R}
Ak FE AellrE B gfo] el s 7Nt R [ceberg HMEFHO[E S
ggg gy Yars A9 dloje] Az H#3t @ Computing,
Storage, Network 2Hl S A2Ez o] del] gt AFE 133 o 4ot
o5 ol WE|RD vloJe] 54 ure A4 oli= dlofE] e Iz}

& P338ko] SmartX Automation Framework Aw-& A sfaia} e},

Zar 7)ee

ACKNOWLEDGMENT
R REA Y AL JuEA78%7k-o)
HITRCO)Y A (ITP-2025-RS-2021-11211835) 2} 20194
AR SANEN Ao AT AR A9
of S8 Q179)(No. 2019-0-01842, 1T 5H3HIA A3

o
rw
M
rlo
oxl

I

O
=
re
-
2

=T U =)

Za1Ed

[1] J.-S. Shin and J. Kim, "SmartX multi-sec: a visihility-centric
multi-tiered security framework for multi-site cloud-native edge
clusters,” IEEE Access, vol. 9, pp. 134208-134222, 2021.

[2] N. Ahmed, I. Afyouni, H. Dabool, and Z. Al Aghbari, "A systemic
survey of the Omniverse platform and its applications in data
generation, simulation and metaverse,” Front. Comput. Sci., vol. 6,

Art. no. 1423129, 2024.

[3] CNCF Glossary, "Cloud native technology,” CNCF Glossary,
https://glossary.cncf.io/ko/cloud-native-tech/ (accessed Oct. 3,
2025).

[4] A. A. Harby and F. Zulkernine, "Data lakehouse: a survey and
experimental study,” Information Systems, vol. 127, p. 102460, 2025.



