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Abstract GML (Geography Markup Language) has become the widely adopted standard for transport and storage
of geographic information. So, various researches such as modeling, storage, query, and etc have been studied to
provide the interoperability of geographic information in web environments. Especially, there are increased needs to
store semi-structured data such as GML documents efficiently. Therefore, in this paper, we design and implement a
GML repository to store GML documents on the basis of GML schema using spatial database system. GML Schema
is converted into directed GML schema graph and the schema mapping technique from directed schema graph to
spatial schema is presented. Also, we define the conversion rules on spatial schema to preserve the constraints of
GML schema. GML repository using spatial database system is useful to provide the interoperability of geographic
information and to store and manage enormous GML documents.
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01: <schema>

02: <element
type="MovingObjectType” />
03: <complexType name="MovingObjectType”>

name="MovingObject”

04: <element ref="MOPointType” minOccurs="0"
maxQOccurs="unbounded”/>
05: <element ref="MORegionType” minOccurs="0"

maxOccurs="unbounded"/>

06: </complexType>

07: <element name="MOPoint” type="MOPointType” />
08 <complexType name="MOPointType">
09: <attribute
type="string”"use="required"/>

10: <element ref="FeatureType"/>

11: <element ref="PointinstanceType” minOccurs="1"
maxOccurs="unbounded"/>

12! </complexType>

name="Name"

&
=
!
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13: <element
type="PointInstanceType” />
14: <complexType name="PointInstanceType”>
15: <element ref="gml:Point”
maxQOccurs="1" />

16: <element ref="gml:timePosition” minOccurs="1"
maxOccurs="1" />

170 </complexType>

18 <element name="MORegion” type="MORegionType"
/>

19: <complexType name="MORegionType”>

20: <attribute
use="required”/>

21: <element ref="FeatureType"/>

name="Pointlnstance”

minOccurs="1"

name="Name" type="string”

22:  <element ref="RegionlnstanceType” minOccurs="1"
maxOccurs="unbounded”/>

23: </complexType>

24: <element
type="MORegionInstanceType” />
25. <complexType name="RegionlnstanceType"”>
26: <element  ref="gmi:Polygon”
maxOccurs="1" />

name="RegionInstance”

minOccurs="1"

27 <element ref="gml'timePosition"minOccurs="1"
maxQOccurs="1" />

28 </complexType>

29:  <element name="Feature”
substitutionGroup="gml:_Feature” />
30: <complexType name="Feature Type”>

31:  <complexContent>

32! <extension base="gml: AbstractFeatureType”>
33: <attribute name="FID" type="string"/>

34: <attribute name="symbol” type="string”/>

35 <attribute name="variable” type="NMTOKEN"
use="default” value="true">

type="Feature Type”

36: <simpleType>

37 <restriction base="string”>
38 <enumeration value="true"/>
39: <enumeration value="false”/>
40: </restriction>

41: </simpleType>

42: </attribute>

43t </extension>

44:  </complexContent>
45: </complexType>
46: </schema>

<38 1> An Example of Moving Objects GML Schema
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01: <MovingEntity>

02: <MovingPoint name="Psn01">

03:  <Feature FID="MPF001” symbol="person”
04: variable="false”/>

05  <PointInstance>

06: <Point>

07:  <coordinates>35,68</coordinates>

08: </Point>
09:<timePosition>2003-04-22T10:20:00</timePosition>
10: </PointInstance>

11 <PointInstance>

12: <Point>
13: <coordinates>47,55</coordinates>
14: </Point>

15: <timePosition>2003-04-22T11:10:00</timePosition>
16: </PointInstance>

17 </MovingPoint>

18 <MovingPoint name="Psn02">

19: <FeatureType: IDREF="MPF001"/>

20 <PointInstance>

21: <Point>

22: <coordinates>40,51</coordinates>

23: </Point>

24 <timePosition>2003-04-22T11:10:00</timePosition>
25: </PointInstance>

26:  </MovingPoint>

27: <MovingRegion name="Tnd01">

28: <Feature FID="MRF001” symbol="tornado”
29:  variable="true"/>

30: <RegionInstance>

31 <Polygon>
32 <outerBoundaryIs>
33 <LinearRing>
34 <coordinates>23,37 5837 5871
35 23,71</coordinates>
36: </LinearRing>
37 </outerBoundaryls>
38 </Polygon>
39: <timePosition>2003-04-22T11:10:00</timePosition>
</Regionlnstance>
</MovingRegion>
<MovingEntity >

<38 3> An Exmaple of Moving Objects GML
Document
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o} AHE 7H9) ol F ~data: HOJEHE X
sl dlolE] A dddE FHL d2s= A
o] 1, ~comment, ~PI& XML EAd] tist e}
A HHES TS AHE TS B4l 32
Aol 27|vl BAE ALl FX B olHg 74
s d& Oed 2o

F7 Lol Mg FAE7] 8 <Y 4>A T
9] £E<¢] MovingEntity SHEE A3 39 A
#FHWE = MovingPoint®} MovingRegion d@]|HEE
2, F dyHEd hE o)L FA T GMLe
Ao 713 AAEL I Heolgwojxo A dite
Blez EFHT, [19]- & SPATIALel = &3t
AR ez AF/FAY.  old]  MovingPoint$
MovingRegion QAzHE ha Ft Ly oliL =
7ivt AYelx 9% YuE AsA "k ol
MovingPoint®} MovingRegion €&l HEd g &7+
ol ie 27nt oA T4 FeaE A AT
=Y Fyoldor FAAY MovingPoint 28
HEO g F7 27|vke &H 2

01: TABLE MovingPoint =
02: ( ID INT,
03: order INT,
: name CHAR(20),
05: FID INT,
: symbol INT,
07: variable CHAR(10),
08: object SPATIAL,
09: timeposition DATE )

<713 5> Spatial Schema -for Moving Points

MovingPoint 27]9he <2¥ 4>94 name &4 3%
Feature A2|AE, 233 Altel] wheh $)X]7F AstH
£ Pointlnstance ATYHEZ FAH] glon, ol
7 2702 HEd W <aY 5> o] UAHAE
9% ID = (line 02), YHE 2] 4 HAE 9
% order Y=(line 03)% F712 FA %) SPATIAL
Egle 7 A F3& A% dold g AE
=1, DATE B¢ GMLY] timePosition 4 HEE
w87 98 AeE 2#t <28 4>9] Feature
dHEE IY 257 2014 dHUUER EHA
< FHolden FAH ok a4, £F <aF 49
Pointlnstance LYAEY Q2H2Eo 8] L&
name %43 Feature A HEQ) g F5o] ¢4
ez =g ddoies FARY <19 5>9
F7t 27|98 Pointlnstance A& HES} Feature
IHEE EYHQ Dyoldeg FAT d& &
2t

=3

TABLE TABLE TABLE Feature =
MovingPoint = Pointlnstance = [( FID INT,
( ID INT, ( ID INT, symbol INT,
order INT, PID INT, variable CHAR(10),
name CHAR(20) order INT, primary key(FID),
NOT NULL, object SPATIAL, |check (variable in
FID INT, timeposition ("true’,’ false’)) )
primary key (ID) ) |DATE,
primary key
(ID,PID),
foreign key (PID)
references
MovingPoint )
(a) MovingPoint { (b) PointInstance (c) Feature Schema
Schema Schema

<718 6> Modified Spatial Schemas
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<a¥ 69 FAHE T 27\vke <a¥ 559 F
3t 279}l A Pointlnstance ¥ dlo]43} Feature ¥
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‘use="required” &= A }g A EZ E7 272
Wgg w NOT NULLE AAzth FID I
Feature A R.& 3x3}7] $18)] Ao gt} <218 6>(b)
e ID H=9 £ deo]Ae) MovingPoint &
ol A&7 9% PID Y=g o &3ty 7B E
Axgch B8 JAA"HL Alo)g £AE FA57] 9
8] order ¥=& A 9)3}31, Point9} timePosition <)
HEE " st7] 1% SPATIAL, DATES AH&3t5d
ot <a¥ 6>()dAe FID "2=7) 7)E7 |2 AAE
I, JA2Exe] EFE 9T AEgE dehe
symbol 8=, 281 symbold] 71 JRE FH s}
A% variable $=& A 93t} 3} variable I =9
el L $43%k0 <2¥ 1>9 GML 27wl A
A =H Qe EAs= AE A Y8 T3
SQLY] CHECKAE& AR&3th T3 <a2¥ 6>(h)el
718 24A F9< object D=d] g T3 dlo]EH
o|2oMe] HE F2E t&i )

<29 2>9] GML 277} 1| Zo| A xFa} y&o
03 HE HRE FFse Point LYHES}
LinearRing & )83t 2|2 ZAA ¢ outerBoundaryls
g g9F AA WNEHN A3 249
innerBoundarylsE< X @3 Polygon dHHEE
AHARE FH37] 33 AHEE I AR Eol)
GMLAA 9 713t AAEL OGC 713 AA =A[18]
£ A Qe Fhdolguo) Ade A A" GMS[19]
A Fz dolHE mig ) (2¥ 39 GML £A
oA AAstE Point dHE(lines 05-07, 11-13,
20-22)2 % Polygon A&HE(lines 29-35)2 el

A gt

<Point>
<coordinates>35,68</coordinates> | "POINT (35 68)’
</Point>

(a) Point Instance

(b) POINT Object

<28 7> Conversion of Point Instance

<19 7>(@)% GML £4149] Point 262
YE L, <28 7>0elA F3E ooz F
AN mdR g 728 gdsy Uk

<Polygon>
<outerBoundaryls>
<LinearRing>
<coordinates> "POLYGON
23,37 58,37 58,71 23,71 | ((23 37, 58 37,
</coordinates> 58 71, 23 71))’
</LinearRing>
</outerBoundaryls>
</Polygon>

(a) Polygon Instance (b) POLYGON Object

<8 8> Conversion of Polygon instance

<29 8>(a)t GML #A A2} Polygon QU2E 2~
2 velfx, <29 8> &3 dHolEMe]x9]
4 AA RdE HEe FZxE ZEstn vt
innerBoundaryls €W EE <ag 2>AXNHE + 4
AR} s FFs AT FHEA mEE 7Y
3R ea el =8 FAET} ol Polygon ¢
2€ 27t 49 innerBoundaryls da|HEZ W E
d9g Aot 7|5 AA oA 3ty
Polygon B} o2 wjgHE o3t

5. GML X422 4dA H 8

£ golME Bk dolguol s A2UglE o
sho] GML ¥4 A48 Y75t FAA & 43
oME GML £418 A33b) 948 udF % A2
93§ GML Al dg 49 A9 75e

dahn glov, B A7 BHo) GML £49 Aol
gonz e AYE AP FuAFL AYA A
olg.

5.1 AlAE A

B QA At A2PE GML 2719HE 24
Shof g3 2717hE AL, GML 27|58 Fwke
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o] 43 GML A%4d FZ2EF Yelx glch

[ Client ]
T
SchemaFile Document File XQuery Result
|
¥ + + I
Schema Document XQuery Result
Analyzer Analyzer Parser Composer
- v t
Formula XQuery Tag
Verifier Optimizer Generator
Schema Document ¢ ?
Generator Shredder XQuery Executor [
s
| . GMS: Spatial DBMS |

<8 9> An Architecture of GML Repository

GML 27]4lg o] §38td F 279tg A7)
AN AA Schema Analyzerol A 4 EE GML 27
ng BA3Y, o FE A AAE Y3 Formula
Verifierg ol&%th 27|v} £47]9 274E vgo
2 Schema Generatorol A 7 27|vlE& AAdsch
AAE 3 2710E 7o g F3 YHoldg T
A3l7] 918 48 ¥ GML ¥4+ Document Analyzer
AA Y AF7E T &N HAAE s &
A9 £A9 AIAE Document Shredderg A3 22
A GML £A4¢] F3t dolel7t 3 dlolgulo] 2o
Egil=2

GML AZAel thd FdoE XQueryE 7|2 ¢
Pk XQuery e AHEA ALE  XQuery
Parserdl A %4 = 3, XQuery Optimizerdl 4 &2z}
HHE& AX Y48 43 ZHE XQuery Executordl
A Agddh XQuery Executor: 29 #3& 5%
AHNE @38 Tag GeneratordllA €8 =29
RETURNE| HAd Ao A F2o upz} g
HEE AAMsln A F3dt Result Composerts
XQuery Executor® B3 #=d 29 Az AA
Tag Generator®] A& o|§3to] Ao ARE &4
id= 3

5.2 GML A2 X% n2|E

2 FolHE GML E4E F3 doleiuolzd] A
#37) 918l GML 271918 o] 8] 1 27I0H8
T gneFel o AFech 3 2% 4
Be 9% nAFe o (FuAF DB 2ok

(&2 1: Spatial Schema Generation)

SchemaGeneration( G)

INPUT: Directed Schema Graph G

OUTPUT: Spatial Schema R

01: for each vertex v

02: initialize Tbl_Info and Attr_List;

03: if (v.indegree = 0) or

04: (v.indegree > 1 and v.outdegree<>0) then
05: add vto Tbl_Info;

06: add ‘order’ to Attr_List;

07: end if

08: if any child vertex of v is set with 'ID’ then
09: add 'ID’ to Attr_List;

10: else

11: add new 'ID’ to Attr_List;

12: end if

13: if v.type = geometry element then

14: convert v to spatial data v’

15: add v'to Attr_List;

16: end if

17: if v.indegree > 1 then

18: add key of w.parent to Attr_List;

19: add foreign key constraints to Tbl_Info;
20 end if

21: add attribute to Attr_List;

22: if v.option = 'required’ then

23: add 'NOT NULL' constraints to Tbl_Info;
24: end if

25 if v.option = ‘domain’ then

26: add 'CHECK’ constraints to Thl_Info;
27 end if

28: R < SpatialContext(Tbl_Info, Attr_List);
29: end for

30: return R
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