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Design of a Storage System for XML Documents
using Relational Databases

Byung-Joo Shin', Min Jin'", Jong-Hak Lee™”"

ABSTRACT

In this paper, we propose a storage system for XML documents using relational databases. Additional
processing is required to store XML documents in the relational databases due to the discrepancy between
XML structures and relational schema. This study aims to store XML documents with DTD in the relational
databases. We propose the association inlining that exploits shared inlining and hybrid inlining and avoids
relation fragments and excessive joins. Experiments show some improvements in the performance with the
proposed method. The information of the storage structures is extracted from the simplified DTD. Existing
map classes are extended in order to map various structures of XML to relational schema. Map classes are
defined for various structures such as elements with multiple values, elements with multiple super elements,
and elements with recursive structures through analyzing XML documents. Map files that are XML structures
and used in generating SQL statements are created by using the extracted information of storage structures
and map classes,
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<!ELEMENT book (booktitle, author)>
<IELEMENT booktitle (¥PCDATA)>

<!ELEMENT article (title, author*, contactauthor)>
<IELEMENT contactauthor EMPTY>

<!ATTLIST contactauthor authorlD IDREF IMPLIED>
<!ELEMENT monograph (title, author, editor)>
<IELEMENT editor (monograph*)>

<!ATTLIST editor name CDATA #REQUIRED>
<!ELEMENT title (#PCDATA)>

<IELEMENT author (name, address)>
<JATTLIST authorid ID #REQUIRED>
<!ELEMENT name (#PCDATA)>

<!ELEMENT firstname (#PCDATA)>
<IELEMENT lastname (#PCDATA)>

<IELEMENT address ANY>

% 2. DTD o
book article monograph
booktitle \ l title \
* .
contactauthor edlltor
authorlD *
author
/ \\“ame
AN address authorid

firstname lastname
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# define MAX_VERTICES 15 /* DTD 18] Z 9] =& F7) 5/
typedef struct childnode *node_pointer;
typedef struct childnode { /* B9le} k=o] Wi A = #/
int nodeid;
node_pointer link;

b
typedef struct { /+ 999 =Eo] 3 AR T +/
int nodeid; /* =% AEz} +/
char nodenamell; /* =E9 %/
char keyword; /* AHES} JELHES 7Y +/
char typell; /* QETUESY JEJRHESY FH +/
char operator; /* “x”, “+”, “?” Fo| wtE AAA BE »/
char defaultll; /+ AEHEQ] CEE g £V »/
int indegree; /* DTD 2] 4}9] in-degree %t */
boolean visited;
childnode link; /* A4 =28 H33l= f2EQ AZ +/
} node;
node graph[MAX_VERTICES + 1]; /* 3= =5 %/
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[0] roo_ [nuiiL] nut INoti] mutL [ Ci[ Fl —={ 1 [ —J={ 3 [nuir]

[1] vook | E JOnlyElementNULL] NULL | 0] F| —I= 2 [ —3>{ 0 [nuiL]

["2] bookittt | E [ pCcDATA [NULL] NULL [ 1] F[NULL]

[3] atice | E_[OniyElement|NULL] NULL | 0] F| —J>{ 4 [ —F{o [ —J={ 10 [~ur]
[ 4Jcontactauthor] E | EMPTY | 2 | NulL | 1[ F| —I>{ 5 [nuLL]

[ 5] authorld | A | IDREF [NULL] IMPLIED | 1] F[NULL]

[ 6] monograph | E |OniyBlement] = | NuiL | 1] F| —>{ 7 [ —[ 9 [ —{ w0 [~uL]
[7] editor | E ]| Complex |nuLL] NULL | 1] F| —J> 6 | —F>[ 8 [nuLL]

[ 8] nametaurs | A | "1 [NULLIREQUIRED] 1] F[NULL]

[ o] ute [ E [ pcoara [NurL] Nuil [ 2] F[NULL]

[10] author | B [ Complex | « | NutL [ 3] F] —P{u | —p{ ] —{ 15 [sULL
[11]  name | E JOniyBlement|NUutL] ~NuLL [ 1] F[ —>{ 12 | —>{ 13 [NuLL]

[ 12] firstname | E | PCDATA | 2 [ NULL | 1] F|NULL]

| 18] lasmame | E | pcpATA [NULL] NuLL [ 1] F[NULL]

[ 1a] aadress | E | ANy [NULL] NULL | 1] F[NULL]

5] awhorid | A | 1D |NULLJREQUIRED] 1] F [NULL]
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char parent{]; char BaseElement(};
main() { TraverseNode(}; )
TraverseNode() {
for( int nodeid = 0; nodeid <= MAX_VERTICS: nodeid++ )
if( graphfil.visited - False ) NodeAnalyzer( nodeid )

NodeAnalyzer( int nodeid ) {
switch( graphlnodeid].indegree ) {
case -1 :
TraverseChildNode( nodeid );
break;
case 0 :
parent - graphlnodeid].name;
MapToRelation( nodeid, 0 );
break;
case 1 :
if( graphlnodeid]l. keyword -= "E” ) {
BaseElement = graph(nodeid].name;
if( IsRecursiveElement( ncdeid ) ) {
parent = graph{nodeid).name;
MapToRelation{ nodeid, 2 );
}
else if( IsSetValued( noded ) ) {
parent - graphlnodeid] name;
MapToRelation( nodeid, 1 %
}
else if{ graph[nodeid].type == 'OnlyElement’
MapToAttribute( nodeid, 0 )%
else
MapToAttribute( nodeid, 1 )

)

else
MapToAttribute( nodeid, 2
break:
default :
if( IsSeiValued( nodeid ) )
parent - graph[nodeid].name;
MapToRelation( nodeid, 2 )

%

}
else if( graphlnodeidllink —= NULL )
MapToAttribute( nodeid, 1 );
else {
Analyze the relationship »f the element-subelement.
If( the relationship is independent ) {
parent = graphlnodeid).name;
MapToRelation( nodeid, 2 )
}
else
MapToAttribute( nodeid, 1 )%
}
break:
}
)
TraverseChildNode( int nodeid ) {
for( ptr = graphlnodeidl.link; ptr; ptr — ptr -> link )
NodeAnalyzer( ptr ~> nodeid );

! MapToAttribute( int nodeid, int maptype ) {

MapToRelation( int nodeid, int maptype ) {
switch( maptype ) {
case 0 :
Call the map class for creating a relation corresponding to the parameter
maptype;
break;

}

graphlnodeid].visited ~ True;

TraverseChildNode( nodeid );
}

switch( maptype ) {
case 0 :
Call the map class for creating only an isroot attribute:
break;
case 1 :
Call the map class for creating an isroot attribute and an attribute;
break;
case 2 :
switch( graph{nodeidl.type ) {
/% Call the map class corresponding to the type of attribute */
case 'CDATA' :

break:

)
break;
}
graph[nodeid].visited ~ True;
}
Boolean IsRecursiveElement( int nodeid } {
IsRecursion - False:
for( ptr = graphlnodeid)link; ptr; ptr = ptr -> link ) {
if( BaseElement —- graph[ptr -> nodeid}.name &&:
graphlptr —> nodeid) keyword —~ "E”
IsRecursion - True;
break;
}
else
IsRecursion - IsRecursiveElement{ ptr -> nodeid ):
1
return IsRecursion;
}
Boolean IsSetValued( int nodeid ) {
if( graphlnodeid].operator == "*” || graphlnodeidl.operator -~ "+ )
return True;
else
retrun False:

a3 7.
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ElementInfo (ID,Elename,Operator,Attribute,
ElementType Parent,RelationFlag,doc_id)

Attribute (ID ElementName,AttributeName,
AttributeType,doc_id)

13 8. Elementinfo 2lflo] Mt Attributelnfo 2ailo|M

DTD AR E wtgto 2 XML £ AHe3 ¥ =ty
S AT 28 95 28 19 DTDE £33 44
W G ool} ol F ] TEHe W FAH2E
A e,

S Te) £E dejREs Yao) A A4
¥ Eex=
<!ELEMENT XMLToRDBMS
(IgnoreRoot*, RelationMap+)>
<IELEMENT lIgnoreRoot (#PCDATA)>
<!ELEMENT RelationMap
((ToTable | ToSpecialTable), AttributeMap+)>
<I!ATTLIST RelationMap
ElementName CDATA #REQUIRED>

o

4

=

s dolEwol 2o AAGE elolEd BY B P F
B

<!ELEMENT ToTable (PrimaryKey, ParentID7)>
<IATTLIST ToTable TableName CDATA #REQUIRED>
<!ELEMENT PrimaryKey EMPTY>
<!ATTLIST PrimaryKey (PCDATA)>

Generate (Yes | No) #REQUIRED

isRoot (Yes | No) #REQUIRED>
<!ELEMENT ParentID (ParentCode?, ParentElement+)>
<IATTLIST ParentID ColumnName CDATA #REQUIRED>
</ELEMENT ParentCode (PCDATA)>
<IELEMENT ParentElement (PCDATA)>
<!ATTLIST ParentElement

ForeignKey CDATA #REQUIRED>

* Mixed$} Any Element®] RAAS 93 o Ze~
<IELEMENT ToSpecialTable (SubElement, RelationMap+)>
<IATTLIST ToSpecialTable
TableName CDATA #REQUIRED
PrimaryKey CDATA #REQUIRED>
<IELEMENT SubElement
(ForeignKey, TableName, LookupKey, Sequence)>
<!ATTLIST SubElement TableName CDATA #REQUIRED>
<IELEMENT ForeignKey (PCDATA)>
<!ELEMENT TableName (PCDATA)>
<IELEMENT LookupKey (PCDATA)>
<IELEMENT Sequence (PCDATA)>

CAEEHES AP HAE B 2~

<XMLToRDBMS>
<RelationMap ElementName="book”>
<ToTable TableName="book">
<PrimaryKey Generate="Yes"” isRoot="No">bockid</PrimaryKey>
</ToTable>
<AttributeMap>
<ToColumn AttributeName="hooktitle”>
<ColumnName isRoot="Yes">booktitle</ColumnName>
</ToColumn>
</AttributeMap>
</RelationMap>
<RelationMap ElementName="article”>
<ToTable TableName="article”>
<PrimaryKey
Generate~"Yes” isRoot="No">articleid</PrimaryKey>
</ToTable>
<AtributeMap>
<IgnoreElement ElementName="contactauthor” isRoot="Yes">
</AttributeMap>
<AttributeMap>
<ToColumn AttributeName~="authorlD">
<ColumnName isRoot="No">author]D</ColumnName>
<AttributeRef RefTable~"author”>authorid</AttributeRef>
</ToColum>
</AttributeMap>
<AttributeMap>
<ToColumn AttributeName-"title">
<ColumnName isRoot="Yes">title</ColumnName>
</ToColumn>
</AttributeMap>
</RelationMap>
<RelationMap ElementName="author”>
<ToTable Tablename~"author">
<PrimaryKey Generate="No” isRoot~"No">authorid</PrimaryKey >
<ParentlD ColumnName="ParentID">
<ParentCode>ParentCode</ParentCode>
<ParentElement ForeignKey~"bookid">book</ParentElement>
<ParentElement ForeignKey="articleid”>article</ParentElement>
<ParentElement
ForeignKev-"monographid”>monograph</ParentElement >
</ParentID>
</ToTable>
<AttributeMap>
<IgnoreElement ElementName="name” isRoot~"Yes">
</AttributeMap>
<AttributeMap>
<ToColumn AttributeName="firstname”>
<ColumnName isRoot="Yes">firstname</ColumnName>
</ToColumn>
</AttributeMap>
<AttributeMap>
<ToColumn AttributeName-"lastname”>
<ColumnName isRoot~"Yes">lastname</ColumnName>
</ToColumn>
</AttributeMap>
<AttributeMap>
<ToColumn AttributeName~"authorid”>
<ColumnName isRoot~"No”>authorid</ColumnName>
</ToColumn>
</AttributeMap>
</RelationMap>
<RelationMap ElementName="monograph”>
<ToTable Tablename="monograph”>
<PrimaryKey
Generate="Yes” isRoot="Yes">monographid</PrimaryKey>
<ParentID ColumnName~"ParentID">
<ParentCode>ParentCode</ParentCode>
<ParentElement
ForeignKey
</ParentlD>
</ToTable>
<AttributeMap>
<IgnoreElement ElementName="editor" isRool="Yes">
</AttributeMap>
<AttributeMap>
<ToColumn AttributeName—"name”>
<ColumnName isRoot~"Yes"”>name</ColumnName>
</ToColumn>
</AttributeMap>
<AttributeMap>
<ToColumn AttributeName="title">
<ColumnName isRoot="Yes">title</ColumnName>
</ToColumn>
</AttributeMap>
</RelationMap>
</XMLToRDBMS>

"

'monographid”>monograph</ParentElement>
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<SELEMENT AttributeMap
(IgnoreElement | ToColumn | ToSeperateTable)>
<IELEMENT IgnoreElement EMPTY>
<IATTLIST IgnoreElement
ElementName CDATA #REQUIRED
isRoot (Yes | No) #REQUIRED>
<IELEMENT ToColumn (ColumnName, AttributeRef+)>
<JATTLIST ToColumn
AttributeName CDATA #REQUIRED>
<IELEMENT ColumnName (PCDATA)>
<IATTLIST ColumnName isRoot (Yes | No) #REQUIRED>
<IELEMENT AttributeRef (PCDATA)>
<IATTLIST AttributeRef
RefTable CDATA #REQUIRED>

</ELEMENT ToSeperateTable (RelationMap)>
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CREATE TABLE Book (
Bookld int NOT NULL,
BookTitle varchar(50) NOT NULL,
BookTitleisroot char(1) NOT NULL,
PRIMARY KEY (Bookld) )

CREATE TABLE Article (

Articleld int NOT NULL,
Authorld int NULL,
ContactAuthorisroot char(1) NOT NULL,
Title varchar(50) NULL,
Titleisroot char(1) NOT NULL,

PRIMARY KEY (Articleld) )
CREATE TABLE Author (

Authorld int NOT NULL,
Parentld int NULL,
ParentCode varchar(50) NULL,
Nameisroot char(1) NOT NULL,
FirstNarne varchar(50) NULL,
FirstNameisroot char(1) NOT NULL,
LastName varchar(50) NULL,

LastNameisroot char(1) NOT NULL,
PRIMARY KEY (Authorld) )
CREATE TABLE Monograph (

Monographld int NOT NULL,
Parentld int NULL,
ParentCode int NULL,
Editorisroot char(l}) NOT NULL,
Name varchar(50} NULL,
Nameisroot char(1) NOT NULL,
Title varchar(30) NULL,
Titleisroot char(1} NOT NULL,

PRIMARY KEY (Monographld) )
ALTER TABLE Article
ADD FOREIGN KEY (Authorld} REFERENCES Author
ALTER TABLE Author
ADD FOREIGN KEY (Parentld) REFERENCES Monograph
ALTER TABLE Author
ADD FOREIGN KEY (Parentld) REFERENCES Article
ALTER TABLE Author
ADD FOREIGN KEY (Parentld) REFERENCES Book
ALTER TABLE Monograph
ADD FOREIGN KEY (Parentld) REFERENCES Monograph
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