FPGA 9] Partial Reconfiguration 7]¥F 53 WX 7]ut S8 2EHH A|l2H 7+&
-

oA e, A%, AU, v

AF T sta MEA A 2R et e e 2 g F AT, ASUS A REAT e, AF et
AAAREAF ), AEUSka ARG REN TS, wA S o) sta Al §@AAE e 2
ASHEEERAE

rieun@itsoc.sejong.ac.kr, seunghee@itsoc.sejong.ac.kr, chaerin1803@sju.ac.kr,
yulb578@sju.ac.kr, *seongjoo@sejong.ac.kr

Implementation of Dynamic Density—Based Clustering System using
FPGA Partial Reconfiguration

Rieun Yeo, Seunghee Kim, Chaerin Kim, Yurim Park, *Seongjoo Lee
Dept. of Semiconductor Systems Engineering and Convergence Engineering for
Metaverse Sejong Univ., Dept. of Electrical Engineering Sejong Univ. Dept. of
Electrical Engineering Sejong Univ. Dept. of Electrical Engineering Sejong Univ.,
*Dept. of Al Convergence Electronic Engineering and Convergence Engineering for
Intelligent Drone, Sejong Univ.

ok

Q
an =

B A= FPGA ¢ Partial Reconfiguration 7)< &-83}e] DBSCAN 3 HDBSCAN «¢38]% 2 KD-Tree ¢ Ball-
Tree ARTFxE dAEY F Eﬂoi A Jhedt Al2ES Adst) olE FaE dloly B w2 HAsid
1289 A5 FPGA e 849 &85 Adsigl

FeEjel A7]el AES FA ol kst FE S
LA B
Fatz o BxE 2= 9]

dx 7k %EVEW adugjEel DBSCAN 3
HDBSCAN = Ue zpolg aEste] oheFst 2.2 HDBSCAN ¢t18& 78
3 ) 1 5. d o =5 A

gl e JC“J“X o AR Av TN pyppscaN(Hierarchical  DBSCAN)E  DBSCAN
KD-Tree ¢} Ball-Tree A&T%E 4839 DBSCAN obmg)Zo] A=A HFozA ChFet Wn oA

% HDBSCAN 9 %S I3 & A7+ %Eﬁiﬁ—% A8l HDBSCAN < dlolg Ao
FPGA 9] Partial Reconfiguration 7]5< &3 A= pz= %@%}q My Jmow ZHAHE
Arheel sreles AsTes wH e T agea, 7 2esbe a84e Brsel b 449
A A='S TR, dHeole 543 A wet %‘Eﬁi"j’% Azoz Hesit oz Esi ALgA}
;1;@,] zag Hwo}oq Zy~EY Ay FeAHs Mo whelu|E A4 L%}oi_ H'lolEioﬂ WAE  operst
P SAS g HAY LHsE F3E ¢ d=S
#|1%th. HDBSCAN & 53] o] w7t 2 do|y
o0 ¢xd= Ha A A Hold Ao melt),

2.3 KD-Tree ¥ Ball-Tree 4%

KD-Tree = 5 7|Wte= deJHE o] wh=r
DBSCAN(Density-Based  Spatial  Clustering  of BASE AR EE Az dolEe a8 4 olt). Ball-

2.1 DBSCAN &gl 718

Applications with Noise)& HlolE ¢ WEE 7|Fo=w Tree © S 7 JU=2 Yro] mxd 2 w4+
EEPENE=) fsws}b otugjZo|tl. DBSCAN & F 71¢] ] o] B of] A] fvﬂr’ﬂgi AFett, o] F FERE tﬂcﬂEM
T8 g2t E, 5 eps(dt 73)9} minPts(F 4 o] % EE ALy Bixo] uel AeA oz ALgFHC)

PE 7Htew FHE AT dolE EAET}L eps . . .

W4 el minPts o],g_q FolES ZEH4T AL 2.4 FPGA Partial Reconfiguration

&l (core) EQER ZHFEsiH, o2 7jwtow WUHH A28l FPGA 9] ¥ A4 71%S AME-3he
THS g4y, i Un U)ES S5 B3 o] FexHYE dugFd AETERE HER
HolH= Wwmolz2 FEETE DBSCAN & ZFE4H9 WA o dES AAssdth ZAQ FE(Static

T AAIA R o] T

1592



20254 SHREAIS

Region)< dlolg A8 2 <AHHA|x #E 7S
Sdsie, 7pEAel BE(PR  Region)S L5
ARTF2E Ao mEt Mydon wAstY a&dS

=gkt

1. Al="g 4

3.1 Al=g AA g -

Static Region

- Data loading/Preprocessing
- Distance Calculator

- Control Logic

Data buffer

PR Region #1

PR Region #2
(Neighbor Search)

(Clustering Core)

- kd-tree Module - DBSCAN Module
- Ball-tree Module HDBSCAN Module

Output Module
- Cluster Labeling

- Noise Detection (label = - W
TRAEE dx 7dt F82~HE LagS(DBSCAN,
HDBSCAN)E FPGA °lA 14 HEst=s HLS =2
FAde AL BxE @t 949 dolge

points_in[MAX_POINTS][3]& Foix|H, &2 dHolE &
labels_out[MAX_POINTS] &#jo]t}.  Al8xH=  eps,
min_samples, min_cluster_size, use_kdtree,
use_hdbscan ¥ #& welv]gE AAs 4= Q)

2 A&"S Reconfigurable T%E 7]9o 2 kd-
tree H+  ball-tree 2 HHH3I DBSCAN HE&

HDBSCAN ¢1#]&S A9d 4 Jd=s A

3.2 I Fx 9 F9 HH3)

2 AT A= g dagFe U 2= S5 AA
2 QLS FI FAEFAHY ZE tEAAS =80k
Ag A F32= #pragma HLS UNROLL & o]-&3}¢]
yHyslelg o, RAM &4 <l doly  FZ(queue,
labels, neighbors %) ARRAY_PARTITION H
bind_storage & &-&3}o] =7 BRAM o= FAtslglth
Z 7S load_points, neighbor_search, dbscan_cluster
So® Ui #pragma HLS DATAFLOW & #&3}o]
By AHYE  sbeskAl eeld. ®E$, UNROLL,
PIPELINE, DATAFLOW, DEPENDENCE pragma 5=
AzAow Fgate FA AL FUHIARE A
MRS g=

3.3 Reconfigurable 24 4

B A 2~®"Le FPGA ¢ Partial Reconfiguration(3-4&
AT 715s &83te, E82HE dugsd ol
g AEFRE JdEY T AFe 9w sHo=
WA F JEF AAEHAY. AA FRe Y 999

N

AT ggom v, 44 Goe doly A,
A A7, QEsels Al FE S

o
ngHoR s, ATH  99e  FerHy
FnE ol% WA FxE AEdon wAlsel
FeAge I
7} zge
Agd olg E

S4ol wel o}y

AsEe ol

ESh ol

=0 e

HAo Ax xS AYse AY @&y At
Ass FdgE 4 doem, A Bitstream &

1593

ARYsA] 2w dauElFs WA A 4 Qe
i =

Kd-tree + | A9, #ds A= | w2 73 A5,
DBSCAN 3 Tx= Tt
Ball-tree x4, BAe | uxY Ag el
+DBSCAN ExolA nAFHE eps | &4, v g 1t
AHE A tolefel 73t
Ki-tree + | A%, da@ 9% | 454 29299
HDBSCAN FeaHE EFee | 7, 84 EUt
2548 dloly] EX
Ball-tree + | ab¢l, ®x W} | Bgd WE B¥
HDBSCAN = tlelg = 7}, 7}
FAg
v. 28
ARbE A]2¥l> FPGA ¢ H& A74& o] &3t
BHoz 2erHy SudE U 9 WEs A8
S RS FAAYDG. o]F B FPGA o 49
(e}

2HES  FeHom  ZFol:  ®  AEsgon)
HDBSCAN &mg]&e] st=¢lo] gk g tako] s
27 wEe] AR LumEEe 7rasiyh Brhu g

wehd  FF Aol FPGA o A3 3w
Fele] HDBSCAN Zagls Fdol dad F744<
Azt FBasteh weh, #A AxEe dolHe| uw
HAo dugEF 9 AETR 2FS A9 5 e
e vlee] AR EA FgTh weEb &5 ATl =
dolg EA4S 7Wtes HAS %23 AFoR
AAshs 71E ao me dY dugss FA=

AE Qi ATE AT Qo).
olg Fal ® Azmo]

= (<)

548 5 JES AT 5 YL Ao sga.

Ho
fol
i3
)
o,
Ky
N
olf
2
o
fru

of w2 2025 4% AF AAGH PR

At Fokd T EA A LAY R Aoty EHmEAlT-9
ol el ed S AT A4 ol FFHAFUH

[1] T. P. Shibla and K. B. Shibu Kumar, "Improving
efficiency of DBSCAN by parallelizing kd-tree using
Spark," in Proc. Znd Int. Conf. on Intelligent Computing
and Control Systems (ICICCS), pp. 1197- 1203, Madurai,
India, June 2018.

[2] F. Pedregosa, G. Varoquaux, A. Gramfort, V. Michel, B.
Thirion, O. Grisel, M. Blondel, P. Prettenhofer, R. Weiss,
V. Dubourg, J. Vanderplas, A. Passos, D. Cournapeau, M.
Brucher, M. Perrot, and E. Duchesnay, "Scikit-learn:
Machine learning in Python," /. Mach. Learn. Res., vol. 12,
pp. 2825- 2830, Feb. 2011.

[3] L. Mclnnes and J. Healy, "Accelerated hierarchical
density based clustering," in Proc. I[EEE Int. Conf. on
Data Mining Workshops (ICDMW), pp. 33— 42, New
Orleans, USA, Nov. 2017.




