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mnnl | EE 2 o
ﬁ- V_"‘"--..___ 1. /h! :> E
AT = S
Ael (173) J -
Processed array hiw

A% (522)
Post-processed array
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2.1 Preprocess

rlo

Preprocess (1) 342 Input ¥1€ 3 Output W& [21¥ 5]9
el T Input ¥E 9] chunk sizet: 17 x 4096°]11, o] w2 Az
AL 4.8meolty. =, 17708 ZHxze) thejA] 20km7bA] #5€ goltt
Raw data’} ¢8#o =z o2t Output W1¥2 chunk sizex 17 x
1750]™, o] we] Ay k7L 28.8moltt. 28.8m FHAolgtd A9
point 7H7F 175707F obd 68278 SkAINE, At dolAgs A
Ado] thsh A ErE vol A 5 Q7] witel bkm7HAl #A4 AE

oehﬂz_'%gi‘: R= ZFE2 409671 pointgo] sHA R HES A
A BGs AAA QX]?}, 7t Reference data® AMESHA Hi=
A5, 54 4re dHolHes WA A sl Ao 24 5 Qo
ANE =°, AEANAE F ]@ﬂ w5 dHolHE
Zteg WA Adbsta vA FEAE 5 AT E A, U
15712 Z=o tisis A e& skl Preprocess #4 7heHl 4=
HE 42 2709 ser| g7 A e, o] JEE Process o=
ARgol HEE HAEs sfFojof gtk olE Hd e HAYvY hEs
Azle] wiAE Al VIESErh 1M Skm7bAERE 173749
A7k g2, 2709 sEvElE o 715sh7] wstel 175707F A e
oA #oh [2% 5194 output HIE 2] cell QFell &3] U= A
29 g A gtess AoE> Aotk Y Ity 9
ouj e} Arksk= Aol st AAle A2 Process A A&
star itk &k Aol 4096709 A A® oAM= v 2

.

1) 6702 34k 28.8m 7HA ¢ 6827 pointsZ HAEH.

2) Noise AA: Hell 200719 H+S R+ pointsol Ak
3) Moving Average: window sizet 5% 3%t}

4) Range correction: A2} Ao 2HE A AF= H3
5) B point=e°l thall log #t= AAbg
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712](4096)
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Z}E (T

v
0.1{0.6 A7

\
\ 01|06

/1) 0.2]0 /
\_A o.1fos]f” hiw

A< (175 =173 + 2 params)

[213] 5] Preprocess 42 Input? Output
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2.2 Process

Process (@)2] Input®} Output< [2# 6] YERY At} Input,
output W€ 9] chunk size= Zt7Z} 17 x 175, 17 x 1739]31, o] w9
AY AL EF 28.8melth. BE =9 1737 pointEel thaliA
Klett Method[4]¢] 21 (14)3} F el 27§ dte2jv]E]E o] &3to] Skm
A7 A o] Ak AFYE Aabe dld A2 s Er

_ exp[(S — Sm)/k]
M == /
0, Tl expl(S = Sy)/kldr

T, +~ reference AJO=Z 5kmE Yu|stH, S, < reference
AdeX el As AZlelty. K& 4 #eE 0.7 AFEsew, o
@2 reference X AoA ¢ko® 500m, FE 500m T7rellA e 7]&7
goltk. A AL Al reference AFONAY FHE 0= Fa,
backward W&oz A2E &AM AAEHE exp[(S—Sp)/k] #=
FA sk AAbgiek 9] Ao ARE A & L (ex. §)2E Lo
PM10S Alitetal, PM10 #helld AH #5 w29 n& 935 st
PM2.59] 5= gh= Ak

Preprocess #AolA Ay = F 7F# spepn|gel] st zpA| st
A va3 2o 3 AR gevE g, > 54 A9 AR d=
o B dASHA oA ste o, #t= Klett method® 2 (14)%
188l oz AMLS sk J23A AdE F AreelMe g, #®S
7FA13L linear interpolations &3] YA Z oMol g, #HS
Arksttt, F %A g, #E min, max = 7HA A,
interpolationdt Zk¢] min®.t}h ZFOo™ minztkC %, maxgtETE A9
max#tO.E st Hol HA Fhe st 7 HA s Ed A H
#=5 w9 ¥E 42 7 AR PMI10Z PM2.59] B & kS 7FA] AL A
A oebe]E 9] interpolation A ¥ FASE AAS AXA AR

sk =, T AEeAE A4 wE gel Agel Hum, uwA

o

V2 A 7] Tl e 29 wAEA 4k 53 B wol ksl
= A=E ofm g
© & o, #kol Preprocess TAlA HAgd R WA sejv|g o).
Vg Ad B35 F=9 Hlg #tol Preprocess F}AolA Agdd F WA ¥
2hr| E o] o},
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7} & = o Al = interpolation$t FkE©] % &-o] )

A = 4
g W’w 0.1{06 /:]'z} @ ':_E A /;]'Zl
U \A [ofos ';l.!i T
N /—"‘\yﬁ"”m_z 0.6 - N Vip™ /hfw
\ o1fos]f” bi 1 .
A9 (175 =173 + 2 params) A (173)

[7213] 6] Process #4 2] Input¥®} Output
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2.3 Postprocess

Postprocess (®)2 Input®} Output €& [2¥ 7] YER}
Tt Input ¥IE 9] chunk sizew Z+7F 17 x 173°]t}. Output B € <]
chunk sizet= 522 x 5220]t}, L3 7] Zbieel A HEo] w9}
AE Fox WAAY. F & Ag HH3A REF WSS st
Interpolatione &3l densedt outputs W=+ Aol E&

17370 pointsel tallA %, AE Add e duke gx]e YojFry,
o] W, 522+ A|Z}3} resolutiond} HjF o] A3 = St

1 tol Interpolations &3 bSkm WHEel S WY <
LA, vlole cellzel dist =< AMLEvh Interpolation
252 oy Wyo] EA k=1, delaunay triangulation®& o] g3t
= ARESETE vlojQlE cellel distel ofn] AR #HGEE
1 71¢ 7V triangles Ztol 5% @S Tl Zolth

2
™

F 3

F 3 T
E /:"’ A7+ ® :j"_{’ A7+
WA T T UL [:> =
o~ Vammai |t /'

A= hiw

> niw
A9 (173) >

AT (522)

[72™ 7] Postprocess #}42] Input¥®} Output

@ C++ library: http://rncarpio.github.io/delaunay_linterp/
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A2 A EY HF3)
1. SciDB o}719 A 2Fe] ¥d Z =2 A7

TdE UDOE 334l ¥, ZF Node? Instances <ol =
chunkE-2 paralleldtA] A2l ®t}. Chunk sizeE A el o] 5HA<
dimension®] ©aAE= lF  dimension? sizeE 12 3l1l, H
594 dimension®] Wi Sl dimension®]  sizeE
dimension® A A7|Z 7FAY. oAE =9, [2¥H 4]9 Initial
signal array°llA] chunk sizei= A|ZF (1) xh/w (1) x 4% (17) x A
(4096) ¢ A7]E zt=t}. Reference data® &% uw, 54 L&
HA AAroF sh7] dwlitel 2% dimensiona HlEH Aotk [1¥
4]el A chunk sizew A% WIsHA|NE h/wel AP WHEAAES A%
A E ok

2. GPUE &&3t ¥4 daugs

.

a4 24 #d Tl 7B w2 Aol xeH¥w, RbEHE

>y T
AArSo] Wo XEO DPostprocess B2 interpolation®]t}. o= zZ}
cell vl 43 HAAA HHAo] FHelr] wiEo GPUE T3 AHs
HA 37 AA3. o8 interpolation €1 #EFE FTo WindowE

o] g3 HAo] HZAH3IE ALt 2D window interpolation<
delaunay triangulation W23 f-AFst A3E Ho|w, GPUE AFE3slo]
BAds)t shrlel golsioh. IS va3 Zrk @5 Wl ke vl
cellzel tldle] window aggregations T3l TR AHA =
AR cellz2] B #e=E AMAFH. Window size= 304 A &3t
1A F7HA7IH HA 371 o)e] AR cellgs FHoW HAE
Axbsit, A7 AT O(cewen?) ©)th (n x n chunk:n = 522, w = 3
x 34 Al&bste] 14 F7E ¢ chunk 7H) =, [19 8]l st
chunkE 7]=°%2 & v, 522 x 522 HidS o=z 7t cellE2
Aibsol GPUE &dll WEdoz AHyedn. Kernel &4 & A
Block$} Thread 74+ R 52270 3F3ith,
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9% (522)

< (522)

(71

=

=

)
9% (522)

8] Interpolation <jA]
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Al 4 AE " 37}

47Fo = 7] A0 dholot w40 A Axel HAs de
H7tell el AM<&3tt). 18|+ parallel chunk processing®] 3t
Ad 24doM= GPUE &3 Ao fsia 77+ Ay d4x
Ao st FH7t W FAS o5 QU

Al 1 & Parallel Chunk Processing

B AdoAE 3719 YgasHoo|HAES  AFEset. 7zt
Jaxeold A4S Ubuntu 16.04.6 LTS, i7—4790S CPU, 8GB
memory©]™ 47]¢] instance® 7FA&= SciDB 19.11¢] AX] %o} it}
Python 3.5, Numpy 1.11, PostgreSQL 13.22 A}g35t3itt A=
UDO+= C++=2 FE3gt. & A2 AS5oA AA=z e
AR A #S5 AvE e E ggete] AAsH T

vl JA 7 7E AASIY. A WAls, #etapEo]
@ol  Abget=  Python¥ NumpyE ©l&3 T8
o HAE, ofd A=l wol AREIW RDBMSE
WA H]—’;}oﬂﬂr AA7Y ZARSE wpe] wEM, #E =F0|
Array—based DBMSE t7] A7d ghojt} #-241o] 283k 31 Al o] 7]
wFo, RDBMSE Bl oz Fi= 32 27198 Adgo|git.

A Aye [F 2]9A4 RoFa vk Taske [29 4]A
¥ Preprocess (@), Process (@), Postprocess (@) A 7}4]
o7 FAEY. O+@+@®2 A signal processings v 5,
interpolation> delaunay €i1gl&& Ab&sidth. O+@= F4¥
Ao+ PostgreSQLS AFE-3l+= 7% interpolationS Y& 7 7oA
T F A= A ol gl Wil ® HES AYAZH
Data:= 3709 dimension h/w, 2%, A2 FAEL ol Fof ZE,
A A7]= 24z 1770, 4096702 2 AAFH oW, h/w size= 47)] &=
120070& ARE3FATh [ 2] vl = Data 7] h/w sizeE
oujsict, A¥HoA AFEEH= BE Dataset> AlSoA #FH AA
HolE £ 7}A] a2l synthetic 3FA] W&o AFE3S T Node:s @ ==
TE 3] == F A Aol dde sklvh PostgreSQLE h/w

1,
=
)

s
oo Kl

ol

¥2 |o

=

T
Z
| ot

o]

]_

bl

—_L
H
74
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M5 4533t 300714 parallel 3HAl H2E AR, o5 &3l
SciDB®] 471 instance®} W3t 3= LA AT}t PostgreSQLY
b 842 postgres_fdwE o]&3ste] FHIFIT. HAYPYLS 37MHAE

Uiro] Aol Hglom, Zhzke] Al ta BAL ofdsh @,

Task Data Node Comparison Time (sec)

O+@+Q |4 1 Python 86.16
SciDB 19.63

O+ @ 1200 1 PostgreSQL 551.91
SciDB 3.43

O+ @ 1200 3 PostgreSQL 1018.59
SciDB 1.17

[ 2] Chunk Processing 238 2z}
1. Python vs SciDB UDO

Python® @ &3 A3 SciDB UDOZ FdS w HAgs
Bl w3 XA, SciDB UDO”} instance Z}2Fe] parallel processing©. 2 T
me 435 95 5 At SciDB Node sfuell & 47019 Instance”}
EAEtEZ, oF 4u) AR £5 NAS ElsAt

2. PostgreSQL vs SciDB UDO (Single Node)

Single Node©°l4] PostgreSQL¥} SciDB UDOE H|ZHFS Wi,
SciDB UDO7F © %2 As& EAAY. o] PostgreSQLOlA =
analytic query® G| Slo] WIS scano] HAFH7] wZo|th. =,
RDBMSeI A analytic query®] AF$-2 AAsH#] &35 HojFi gl
ok, 71EA o7 doly HEEC X}o] (table vs array) oA As9
zFo) 7} WFASESI T Multidimensional arraysS chunk ©@9Z Y59

el W23 dimension FEE  tabled] column®® & 3H=
WAl E4 dimensiono] H2E W £x xpolrt wAEY, A array
ndo] |ocalitys 2 HESTL B 5 Q)

PostgreSQL Query?] explain 235 43 & 53 2k
A AFE-EH = Ao+ subquery scan, sequential scan, external

merge sort, quick sort, hash aggregate, window aggregate, merge join,
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hash join &°] AFEEHAC. ol dAE Tl scan¥ aggregate
ArbEo] oA or W2 AZHE pARvE TS AA 3 AZE
Zol 7 W AR A2 Q3 critical3t HFE -2 hw_idx 1200t)% for
loope F33tAA reference datas FEsh= F2olth. hw M57F
1= 12 wwke] AlZko] AZRARE, 1200t 7F S WA 43 A| o]
A wiFNE Frtste] =i A9E Hola QU

3. PostgreSQL vs SciDB UDO (Multi Nodes)

[% 219 Scalabilityel g A8 Axs 1
FHZ xdFT Zolth. XFH2 Node 7Holm, YHL
2244 Bl Zlolth, a8 PR = g AR Y
gko] #rold 4% scalable stthal &= 4 ity &3 A =
2]9 71=5 0] Qlt}. SciDB: multi node° Al single nodeX.t} ¢
NS H<Q dhHo], PostgreSQLES single node’} © &2 4
HYth o] PostgreSQLSO] Multi node 3+ AEgsHA A5
HojFa Qith o2l x=EE Atole]  HloJE]  AYo]  network
overheadE T A7 complexity 7} oA Al €t} T3k work7} gt
o &YA Hol 45 Astrl dAdste AowE EE Y. o] gt
TAlES S W, postgres_fdwE F3F F4b 2 Fdel AT
AU

o

)
N

PostgreSQL Query? explain 235 #43 &2 .
-] A AR H]& single nodeol A8 A3el fAlsiek thwk
g2 e scan AFHE UE wToM P, tA] E o
insertd w] A3 network cost7} B2 AHE AA|FFATE TS
parallel processing®] ©]FojA|X] ¢k, I+ =T oA sequential
processing®] @AISFY] single nodeXt} ¢ oF £ TS HolA

= A
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1000

100

10

B SciDB M PostgreSQL

Node i ==

[218 9] Scalability 23 24z}
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A 2 2 GPU 7143}

2 A= 109 fazHelds ARSItk A AEH ol
Ubuntu 18.04.3 LTS, AMD Ryzen 7 1700, GeForce RTX 2080 SUPER,
64GB memory? 374& 71#]3 @t} SciDBE Ubuntu 16.04 ©]3}
HAdoM AX]7} 7822, nvidia/cuda:11.0—devel—ubuntul6.04
docker imageE AF&3t T a9 imageol= Ubuntu 16.04.7 LTS7}
AR E o] 9o, 4709 instanceE 74+ SciDB 19.11&5 F718 o=
A8t GPU Zz ey o]+ CUDA C 11.0& AHE-33lth,
GPU 2A3oA+= X5 window interpolation ®W21& AFE3SFA T
Datas 4702 dimension h/w, AlZF, Zt%, AgzE FAECLH ol F9
Az, %, A A7 Zh2 370, 3670, 4096702 A AIH oW, h/w
sizex= 10070, 2007}, 4007} = 3stE AFE3F .

1. CPU vs GPU & &4 Xz

CPUS GPUE AAl 24 At F8l vlud A9 Addes [1
10]elA RT3 ok +4 Y2 A signal processing® &
7H& vl 9™, Preprocess, Process, Postprocess® X
bk Ajztolnt, [19 10]9) XZF2 h/w 7igolH, YE& %= @99
& 23 AAYE YERd Zlolth. GPUE AHERS ®, CPU iy

o o] Hx MAde A&k

M >
ol
12 ot

>
8 AN oo

l CPU B GPU

r&_QQ qpﬁ

hiw 714

1000

100

[21¥ 10] GPU 743t A8 Axt
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2.UDO ¥ 4 A

e

(1% 111¢ h/w A%7F 4002 @ CPUSt GPU 27t
Preprocess, Process, Postprocess ¥ AQA7HS w31 gt
37§l UDO9 A8 AIZHS 5 w], Postprocess¥go] YA F+ 719
operatore] H]E YrEHoF WS AZHE AA|8FSITE. Postprocess
HAeAnt GPUE AFE3sH Zol7] d&ell, Preprocess® Process
4L CPUSE GPU EF wdst ZAxE ®th Preprocess$}
Process &5 217} 4x4 5 Aro] AQEHGITR e BlEl,

PostprocessolA+= CPU7} 364%, GPU”7} 43% AE AL FH 3t}

PostProcess [l Process [ PreProcess

400
300
K

oF 200

100

CPU GPU

(72 11] UDO ¥ 48 A7+
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IR

3. Postprocess A% &

[ 12]12 h/w 7i+E 100, 200, 40070 S7HAZ ©f GPUE

E3) ¥ 2A3 ¥ Postprocess operator?] A% AQAHS BolF1 Qi)

SciDB Overhead+ Hl°|H read and write A|ZFS olw]stt}, GCS
(Geographic Coordinate System) Conversion< A|g %A=
Heksl= 22 ov]3tt) Interpolations GPUZ #HZ3ld FHEozH
cudaMalloc, cudaMemcpyE %3t data transfer, kernel A3 4 &
F ¥t 54 Algkoltk. SciDB  Overhead, GCS Conversion,
Interpolation 37FA18] A& A|ZF H]E&EL2 HAAFOZE 5:1:110 AEE

el

| SciDB Overhead [ GCS Conversion M Interpolation
50

40

K4 30
ok

i

bt 2
nJ .
=

10

,\QQ '?«00

hiw Il ==

[1% 12] GPU ¥ ¢] Postprocess 4~ A|F
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AsZFd S

2+ =rddAdes d7l A Zolv dHlolHE wid 7)ub
gloJg o]~ F &l SciDBel Agstar, 4 IgS

Defined Operatorg &3l 72N #4 Aes MAT
Btk #HEarze] IowlHE WA i 24 AHRE sk
292 R EH %*35}7] wZoll Hole =77t
5o WEA sk Aol dasieh. ARl H A g
ob71 el A Ake]l parallel processngJr GPUE &&3t 4 daugs
HEst 7 7HHE ARt AES 8l 71l RDBMS analytic
query X+ Pythons ©o]&3t Fd KR} SciDB UDOE o83 w20

aAds Hylem, GPUE °l8R< # UDOS Ae 7/d =
gelstgict.

ol5 el AeAES A2 ARE skl A7I7F 2 dlelH e B
dvs d& 4 vk m=S, AAl AE A w59 doldE
EUE A sEE Aatshs s Fdstalvlel ddeA v
Hgol 7hwskd, wAmA olgle] thE w7l EAelm Anks}sto]
8ol Thssith 2 =i Adeles W dolHMolAE &8d

application E+ usecase©l 333t}

& A WF F s GPUE AwXEt o ohekst 7] 4
operatorz°l A g H= AP GPU AL Al HAS= overheadE
=ol= Aolth, 3, she] kteA GPUE ofd] 7| ARgsh= 54
ol xXojix GPUE AM&ste A+ WAsks 2Ad=ES sidstk=
A% I Q3
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Abstract

Optimization for Atmospheric
Scanning LiIDAR Analysis

using Array Database

Juhun Kim
Computer Science and Engineering
The Graduate School

Seoul National University

Atmospheric scanning LiDAR analysis is the process that obtains
the fine—grained mass result of the range area by analyzing the
LiDAR signal data. Researchers have been using RDBMS and GIS,
MATLAB, or Python to implement the process. It is possible to
analyze a small amount of historical data from just a few LiDAR h/w
with those methods. However, with the large amount of historical data
from lots of h/w, the performance does matter. It is clear that
researchers usually check the analysis results by changing the
parameters. Therefore, it is needed to use an appropriate database
by considering the data characteristics and analysis process to
manage and analyze the data fast and easily.

In this paper, we apply an array database to solve the problem.
Array database fits on atmospheric scanning LiDAR data because it
has multidimensional features, and there are operators that can use
locality between adjacent cells. Also, SciDB has shared nothing
architecture for scalability. We implemented the analysis process
with User—Defined Operators (UDOs) in SciDB and optimize them in
two ways. First, we use parallel chunk processing in SciDB. When

the operator is running, chunks inside the instances are processed in

30



parallel. Second, we implemented a GPU version of the operator
which has many repetitive processes in parallel.

The experiments are held with the data based on real observed
datasets. We show that our approach with the array database is better
than the previous methods. Researchers can check the analysis

results of big data in a short time with our method.

Keywords : SciDB, UDO, Parallel Chunk Processing, GPU
Student Number : 2019—26528
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