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ABSTRACT

GML is a markup language presented as exchange standard for geographic information by the OGC(Open GIS Consortium). In spatial
network databases, researches for supporting GMIL{(Geographic Markup Language) can be divided into the parsing, the storing and the
retrieval of GML documents. Among them, the study on the storage of GML documents is essential for their efficient retrieval. However
there is little research on the storing of GML documents whereas there have been a lot of researches on the storing of XML documents.
Because the storage schema designed for XML documents are not appropriate for geographic information, we, in this paper, propose three
storage schema for efficiently storing GML documents including geographic information in order to solve the problem that the XML
storage schema store duplicate data and need to search many tables for obtaining elements. In addition, we design and implement a
low-level storage manager which can store GML documents using the proposed GML storage schema.
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3} Element €lo]8-% A3 GParent#19] Data-Element =
olB9] oAlojtt. 2 9]¢ LabelPath, DataPath, Ancestor
golBe el gsterz (2¥ 2)9 (), [d), @9 %
o) 8}m, Non-Spatial Index$} Spatial Index® (Z¥ 2)9] (b),
©)% FY&th (¥ 7(b)E XParentd] EAHE 323t
7] 93] A A8t GParent #29] Element-DataPath o] £-£]
dAlolth. 1 9]9| LabelPath, Ancestor Elo|E< &334
agomz (¥ 2)9 (a), (€)% Y3, Data2 HlolE
Non-Spatial Index$t Spatial Index® (2¥ 2)9 (a), (b),
(0% SYslth (29 7(c)E XParentd] #AH-& 3237
%’43}]*1 AA & Data2 ©lolE, Element ®Hl©]E&¥ DataPath
Hlo|8-& A¥3 GParent #39] Data-Element-DataPath Hlo] &
L) Cﬁ])\] ojty, 2 9]¢ LabelPath, Ancestor Hiol&2 4%
A ggteng (28 2)9 (a), (@9 5Ys™, Non-Spatial
Index$} Spatial Indexe (28 2)9 (), ()9 T4aioh
o} 2o 2 7)& XParent 2 & =il A Z%]O}‘E?P‘— GParent

#1, GParent #2, GParent #3 A%=7|vhe] AdS wwsld
<E 1> 2t
\ PathID | Ordinal | DatalD Type Value
1 1 &d1 Null
2 1 &d2 Null
3 1 &d3 Null
4 1 &d4 ATR #12
5 1 &d5 Polygon 229205.83,222644.76 236024.83,228215.87
(a) GParent #12} Data-Element ] &
Path!D Ordinal DatalD Child Data ID
1 1 &dl &d2
2 1 &d2 &d3
3 1 &d3 &dd, &d5
4 1 &dd
5 1 &d5

(b) GParent #29] Element-DataPath Hlo]&

PID | Ord | DID | Child Data ID | Type Value
i 1 &dt &d2 Null
2 ] &d2 &d3 Null
3 1 &d3 &d4, &d5 Null
4 1| &4 ATR #12
ES 1 | &5 Polygon | 229205.83,222644.76 236024.83,228215.87

(c) GParent #39] Data-Element-DataPath Elol&
(32! 7) GParent #1, GParent #2, GParent #3 CGllA| HIO|E

(E 1) M@27|ofe] IOy dlw
A% 279 2% 21
HolZE SinAes Featd | ol 32l B A4 A
XParent | 247 oo}z 4 9] o] Ho|g-g AZaoliic,

R

dolels] 59 @M A 9% | Databath Ho18E AAsIoF g,
GParent #1 | o) Data ol29] A4E £
delele] 2% A4A 9Eel |Data Hol2E
GParent #2 | paaPath dlolel W& 9.
delee 2%a WA EE |9 A= A7k e

GParent #3 | ¢ elol829 F4& £ AR/ AN A A dado) W
g+ g

A,

4. GML EME 98t o8 M #2A

B Ao e Adste AR 27\utg s®o=® GML &
e ARs7] 98 GML A9 32 AF #eAE AA
2 2ggt FHE GML A9 3 A% #FYPAe F 50
o] nEZ FAYth & storage manager, spatial data type
manager, spatial index, non-spatial index, user interfaceZ. ©I
2ojx glon, (18 9)& A4l T2 Yehdeh 3A, storage
managers AR AlxdoA Hagwog A a7|vil
wet 449 dolele) AR/AM/FH/AA TE 2t of
$-8] E#AH(tansaction), 27 (Locking), 7% (Logging)& Al
Fote BEO|Th Eﬁﬂ spatial data type managers 337HA
FAR ERe] AYe 93 ZEolh AW HolE el
ol A4 A4 g§YS 2sla] spatial data typedl point(s),
polyline(s), polygon(s) & A ¥sks BEoIth A, spatial
index® FAYAAEY AAS AYstr] A BEolT} F,
Spatial Data Type Managerolx t%& #% dlo|go o
& Al pAIE Rgolth olg 5 FA AR
AM/AAS dgth ulg) non spatial index T spatial
data type& A$3 non-spatial typee] Elolefe] oigh Al
L& FAsE REolt. =, spatial data index ©]9je] EE
Bloj B¢ Mol FAL Tohdn uX TSR user interface
A Ao A A9t Hilﬁ}‘:‘%, e REs
gesta AR} SEAF TR A2
2 AN AERAE o) REES T3 Wie GML A

A7) YA AE JFsH, o] BEL FF REE
oz $yseE PyL WA o, Ao AFHEQ
GML &4 & AR&-Apol Al wrEsict.

GML 42 93 a2 A3 #edxte] +4 $74L Windows
Server 2003 <A A 3l A, Storage Manager Module®
Berkeley DB 4329, 1812 ARQe12A Visual Cr+ 7.1& At
23t} olgw FHA AlxElo] T3 APIE user interface
AP, Hl°]& manger APl spatial data type API, RST APL
Berkeley DB APl 0|tk 34, user iterface APIE 31919
R APIE #3 i, AAA LY A4 interface® A
@t} = user interface APIS S84 GML &9 A7
AL £t ol2d HAAY dEHN2E AEFEoR
, AA "HolE #HAE dBA YA FAE & gk A,
GML 2AM¢9 A% A, Hol2 manager APIZ &3] A
Fata 0|2 Ed) GML FME AAs e AHEAl A v

L oo [y oo

_%\OHE-

User Interface

Spétlal
Data Type

(3% 8) sif MF me|xte] A =



GML 2A MES st T 270t

t}. o8 GML #A9 #A A, gol& Manager APl &
5&3ted AME sgch AA, Spatial Data Type APl
Spatial Data Type =&l 3@=5 Point(s), Polyline(s),
Polygon(s) S22 T4 o] APIZ E8l4 ZE &3 4
oEl 5 ek 2&HQ BYE Ik A, It HlolH9
Mele gaME RST APIE AHESITh vix|=hoz, Berkeley
DB APIZ Z&§4 A4 Disk® Memorys] WA=, ol
Sleepycat[13]AFel A1 4| 83H= Berkeley DB C++ 2holHe{2lE
AHg-8kgith 8, storage manager 2B 2 Berkeley DBE A
43t= o]¢E Berkeley DB7} 242 dut)= HolEH|
o]~ aolm g oln, HoEuo]AR2A ZtFojof @ FAY
40}, E&A A (transaction) & (recovery) 7IH-& A& 317
wj E o]t} Berkeley DB= DBMS7} ofdl Hlo]E Hjo] 2 ol
vEge]r) wFo), B =Folx HAE storage manager =

52 4¢sdn & + Aok

5. 4547t

B Ao AFa7u] F4A4E AeHrrar] A,
A2 712 AF27)nke]l XParentst £ =2olM Ade 3
Mol AR~} & GParent #1, GParent #2, GParent #39]
&£84% A7 gg4d O3 FEeEs GML 49
ARE7F e 9 ddED JAARME 54T
B m=RoA AAE GML AL 3 A #eAe
& rhety) 98, 71F 44 DBMSQ Oracle® 8%
saat) g4 g FEo2ZE GML 49 A

o A7t o Spatial Dataol i 24
zx58th A5 H7HE Intel Xeon 3.0Ghz CPU(H|Re]
Ram 2GB)9l $23H= Windows Server 2003 2344 &

o
{4

o

S
>,

A

>,

o ST
it
2

=

1454
R
it

S

A
¥

o oy ox ©

>

W0

CsiE KT R2(Xtel MA R T 629

oA, AYHZ Visual C++ 718 AH&ste] FHeHAT
3 QOracle2 7+ wlolHE AHeld 4 A& Oracle 9 Release
292012 AHgsisich dd dolEHE T FH dHolHE
Ag-3tel. 34, GML Document Type Ax (F)UZAA A
B4l A AT B LA g3E nF vy
o], GML Document Type B¥ (5)Thinkware(15]914 A
29 AFGEE U =4 dojgolth Type A 49 54
2A9 gA7t 22 @ow spatial Data BT non-spatial
Data® th4 o] astx Qe v, Type B £419 §4
2 2Ae @7} 2o, non-spatial data B} spatial data
2 nr o) TR YUk <k 2>E B APl A
glojel2 Uehdh (23 9F AddA ALge B2 bl
Blo] AR B I EME o83 ARH AE Rd&
Uehdch R Mz 239 A9e] GMLEA (gojungrigml)=
Type Aol &3t 718 & A7) EAola, F UAZ AF
Al A% 9] GMLEA (jeonjugml)E Type Bell &3k &4 0]
o 7 ol9)e) EXAE F AREMY 59% 72E TR

51 XMzra7|ole] MEEI|
AR, (AP 100 GMLEAMY] Adl Asg dephdc. 7|
£}l XParent 7+ 7H3 4 && A%5E RBoln, 1
2o GParent #19] A%ol £ %3tk Type A £4&
A% 98" GML £4¢ =717} oW GParent #32]
wol 744 FoH, GML #M¢ 277 AZ4 % GParent
#00] o] thE ~7)ukd] HlEA Fopxlth Type B M=
o] 7% GParent #2¢] #%s°l 714 £tk 2 olfr+ GParent
#1. GParent #2, GParent #3 A#27|9= DataPath Hlol&& A
2314 g3, 7149 Element-DataPath, Data-Elerment-DataPath

ox lo &N

(E 2y MEolM AFSE HjolH

e 24 ol 24 27| JAAES (ZAABZHE) e |
river.gml 977KB 14,329(1,433) sh4n vlolE
text.gml T93KB 24,165(2,196) -POI A5 d°]E]
road.gml 1.86MB 4,539(3,454) wE Ay bolg
Tye A gojungri.gnl 335MB 55,565(2.925) £2 ALgA R dolE
bldg.gmi 300MB 72,717(6,060) B9y ol
farm.gml 166MB 371.279(37,128) A QL dolE
jeonju.gmt 5.70MB 156,300(19,117) AFA dolH
Type B kunsan.gml 6.90MB 181,379(21,118) TEARA] Hlo]H
iksan.gmt 759MB 186,776(21,919) Q4tA] HolE

< zml festureMember ¢ smi2: GOJECNGRI>

$zmI2 JIBUN » £} 9</zml2 JIBUN

zmi2 JIMOK > ¢ /zml2: IMOK >

¢zmi2 X.COORD +233439.953497 ¢/zml2 X_COCRD>

<zml2 Y_COORD>225495 01185 ¢/aml2 ¥ COORD>

<zml2 PNU>4519039024200190000</3mi2 PNU>

<zml2 AREA »1276.02373868 (/5ml2: AREA>

<zml? OWN _NAME> 2% ¢/zral2 ‘OWN _NAME>

<aml2’OWNADDR., 3% 232 923 4211 664-14
</zml2 OWN_ADORY

£zmi2 phe 2003 a2 pt 2003 Fni2 pt 2004)> a2 phr_2004>

<gml2 pex.2005)</zmi2 pz-2008 >

Lz ipolyzcnProperty » <zl Palysen srName=*">

< sml outerB cundaryl 57 <sml LinearRing> (gml:cocrdinates>
233473.160996997 225497 397000319 233471.430996995.

225503.765000325 233523.188997044.225513.791000334

233528.487997049.225476.246000289

¢/zml. coordmates, ¢ /zml LinearRing > ¢/zm} outerBoundarylsy

</zml:Polyson></3ml polysonProperty >

</zmi2 GOJEONGRI ) </sml featureMember>

(32! 9-1) gojungrigmiel SAMLHE X AlZH R|=EH

(72! 9-2) jeonju.gmiel BMUE ¥ AlZE X=®EH

J
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glol2g AMg3sly] WEolth Ed, GML #47t A4 3%
GParent #37} GParent #29] B8l 4 A%ol AssHE ‘
&= Data-FElement-DataPath gle}&e A 377 di=
F7t F71EFE AT Qo

Z4, (18 1) GMLEMEY A% 33 AH3FE U
Wk oA 47bA o] AR AT|eLE ZARY FHol Ad 347“ A
AR 27)9tE GParent #3ojth zey GML &A4¢ 27)7}
Q42 Z daHES] F71 WoldSE, GParent #27F A%
F7ve] Abgake] At 1 olfE Data-Element-DataPath ¥

l

2 o

Y

olge A A7)} ARATrt FUHEEE AR WEe,
A% 37 AHg o] Boldth webd GML 49 A7)

7t AW GParent #3 27)vb7b &8 ojw, GML A7}
A GParent #2 271918 AMESHE Zo] &&Xo|th
opAeto g B =Ro|A Aetek ARF27]wkel GParent #1,
GParent £2, GParent #39) 24 A5 #7182 F8dct. GML
& AN Y% 2E AdE GML FA4A 9 Data IDE
dy] A HAF} AL Fo HHoz d F e, d=
= 91e ol Label Path HolEolA
3 HAsle Path IDE deth 2 ¥ XParent
9] #$ o) Element Blo)E$, GParent #19 759l Data-
Element Elo]&-&, GParent #2¢] A%l Element-DataPath
Blo] &g 2231 GParent #39 Z$-olT Data-Element-
DataPath Ho|E< #HAsld Data IDE deth olgA ¢
o]A Data IDE E3] GML 249 sFse JdeHES

2 n

Total Insertion Time (sec)

[OXParent M GParent#1 [ GParent#2 00 GParent#3

t0ad gml  gokngigmi  bdgaml  fam gmi  leoriugmi  knsangml  ksangml

(3% 10) GML M=

of M Mel ds

=t} ulA7A 2 Non-Spatial Zke)Y Spatial g% Non-
Spat1al Index$} Spatial Index®) #AE 53] Data IDE ¢
2= Hgete dYUHEE dedh 2 =FdA

=z, I RTAS A
A} Bt 47fe) AAxT|vke sbE 2 el” L Data Hol
B FElement H©o]E, Data Path # 0]‘:'4 z%oz o]Fo]

A Data-Element, Element DataPath, Data-Element-DataPath
oo DatalDE 3 #HAL Fa A 45& Hrredh
<E 2o 27" FMEY EE DatalDo EHE}W BT A
A7+ 2R dE B9 4 227t 2 famgml £A4E

Z 371279718 QYHUEE 7R 22 DatalD = 1 ~ 371,279
°ﬂ g3 A7 dyHEY A4S 2% DatalD7t 5
ol w AFHE U} AZHE AuH GML FA47t 3= 9
HESZ Upox HF defded AdALE SARG
(728 1D GMLEAMEY ddHED Ha FAAALE H
WE Aotk 47kA 9 AAAAME 71E £7]7k] XParent
A 74F EX e HTE Holy, Type A BXES B¢
o= GParent #2, Type B A &2 7 %ol GParent #19]
Aol A B3ltk 2 o)fE Type A TAESY Atole
BX9 Zol7t &7] Wi, a9 deHEY HEE AYi
QA QrolAl Data Elo]Ee] wldgh HIo] a7 Hh wetAd
Element-DataPath H°]Z 2t} Element-Data H|ol&$& A}
23 Aol AAHolt) uhd Type B £49 Afdde &
el Aol A7l WEdl, 3t deldES HHE Wo| T
g5t o 24 DataPath Elo]E-o] 3t Wld FHo] a7E.
w2} Element-Data ¥lo]E Bt Element-DataPath Hl©)
Be ALgstE Zlo] AAHolth EAY Typeol #glo]
GParent #39 7ZS$ole 718 £& A%E Bola gloy,
XParent$t Bl@aiX Hoh oF 45%, Ha o 63%] AT F
A& Bt}

Az oz J5H7E S, AR A FT A
Fe GParent #2 A 27)nbrt $-53h, G AALL GParent
43 AR 2IIR7E 58t GML A9 A ztel Fo %
$4olgt¥ GParent #2 AFA27|9kE AME8kaL, GML &4
o] AMAITo] 97 Sgolgtd GParent #3 A&7 |nkE
AHgatE Aol HAs)

N
S
>
A

\

52 E'>'¥XP‘“—F?—IXF | 4s¢7t
B AN Agtels AF2vntE 7 A4 284l

Storage Space (MB)

iDXParent M GParent#1 [0GParent#2 O GParent#3

Average Rebieval Time tor Non-Spatial Data {sec)

BXPaent BGParent#1 OGParent#2 OGParent#3

045
a4
035
03
025
02
015
01
005

road.gm! gojungn gml  bidg gmt  tarm gmi seonu gml kunsgn gml rksan gmi

nver gmi oml

(32 1) GML BME9| MESZ AFSY Bl

(DJ8 12) de2|HES W ZAAIZte| ¥5 Bl
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Total Inserhon Time (sec)

@ Ou System M Oracle

10000 prss

1000 |

100 o

nver.gmi text.gml road.gm  golungroml  bidggmt  famgm!  Jeoniu@ml  kuncangmi  iksan.7mi

Average Retrieval Time for Spatial-Data (sec)

£ Our System B Oracle

(3% 13) GML SMEQ| M HeAZtel Hs Bl

Average Retiieva) Time tor Non-Spatial Data (sec)

£ Our System 1 Orecle

©2-8 GParent #3 & o]€3led, B =& AAE GML
19 strAgaRa 2 33 dolEe Age] sted iR
Aol A4 DBMS ¢l Oracle # AlsH|ug Fdgch ©
(2% 132 GMLEANY A9A7 B5s vud Aot
dolgle] 277t B& A%, & rivergml ¢ A% Oracle
& AN oF 116 27} 2887, B =FA ArE GML
2 5 AR BYAe F 13 27 28" o U]
glol @77t 2 A%, & famgmld] 3% Oracle & A%
& s o 2700 27 2895, B =FdA Al GML
A9 S8 AR #AE oF 8E7F 299k GML 49
Aol A% Ha ok 30ujolA 2 oF 908 7HA Oracle
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4, (29 149 GMLEAY d=HET
o A wad Rejth deolgd =277}
rivergml®] A% Oracle & deWEY HF
6827} A FHY, B =8l AAGE GMLAY 7 A
Ae)AE o 01 29E 27T T8 dHolE 9 277t &
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& 3 2730 meEkA HolE
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o3 42 AN A
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7t &L roadgml® A%, Oracle® &7+ ®lo]E ZHMA Tl
034%7} 275U, B =84 AAGE GMLAY st
A BEAREs ¢ 0015 2L 2 7Y ¥ dolHE A
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X
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o AR 2 AL Eato] AAHA AT PHE ERIE
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