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XML

I eXtensible Markup Language
I Came out of document community
I Simplified subset of: Standard Generalized Markup

Language (SGML)
I De facto data exchange format

I Self-describing (although beware of Semantic
Heterogeniety)

I Text (passes through firewalls, compresses well)

I NOTE:
I Somewhat older paper

I Different languages popular today
I XPath, XQuery etc..

I Much work since then on this topic
I Also: JSON appears to be overtaking XML
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I From the Irisnet project...

IrisNet June 2003 8 

<State id=“Pennysylvinia”> 
   <County id=“Allegheny”> 

      <City id=“Pittsburgh”> 

         <Neighborhood id=“Oakland”> 

        <total-spaces>200</total-spaces> 

            <Block id=“1”> 

    <GPS>…</GPS> 

                <pSpace id=“1”>                          [[pSpace == parking space ]] 

                     <in-use>no</in-use> 

        <metered>yes</metered> 

           </pSpace>  

   <pSpace id=“2”> 

         … 

           </pSpace>  

        </Block> 

     </Neighborhood> 

      <Neighborhood id=“Shadyside”>  

         … 
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XML Standardization

I XML may allow arbitrary structures, but need
schemas and namespaces to exchange data

I Schema languages
I Initially DTD (Document Type Definition)
I XMLSchema is more standard now
I However XMLSchema is considered too complex,

and there are many alternatives
I RELAX NG
I Schematron, Examplotron etc...
I See for a comparison

I Purpose of namespaces is to mainly avoid duplicate
attribute/element names

I But also commonly used to define attributes or
elements

I See here for more information

http://en.wikipedia.org/wiki/RELAX_NG
http://en.wikipedia.org/wiki/XML_Schema_Language_Comparison
http://www.w3schools.com/xml/xml_namespaces.asp
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XML Query Languages

I XPath: Identify a set of nodes in the document
I Used by both XSLT and XQuery to

enumerate/identify nodes
I XSLT: Transformation language

I Fairly verbose... essentially a program that traverses
the document

I "... whose primary goal was to render XML for the
human reader on screen"

I XQuery: The current standard
I Personally, I think it is too complicated
I Likely only a subset will be used/implemented in

practice
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I From the Irisnet project...

IrisNet June 2003 10 

•  Users issue queries against the document as a whole  
•  Find all available parking spots in Oakland     

         /State[@id=“Pennsylvania”]/County[@id=“Allegheny”]/City[@id=“Pittsburgh”] 

  /Neighborhood[@id=“Oakland”]/Block/pSpace[in-use = “no”] 

•  Find all blocks in in Allegheny have more than 20 metered parking spots     

  /State[@id=“Pennsylvania”]/County[@id=“Allegheny”]   
   //Block[count(./pSpace[metered = “yes”]) > 20] 

•  Find the cheapest parking spot in Oakland Block 1   /

State[@id=“Pennsylvania”]/County[@id=“Allegheny”]/City[@id=“Pittsburgh”]  
 /Neighborhood[@id=“Oakland”]/Block[@id=‘1’]   
  /pSpace[not(../pSpace/price > ./price)] 
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XML Storage

I Option 1: Using a native XML database
I Special purpose data stores
I Going back to hierarchical/network models?
I Many developed over the years, some by big names:

see e.g., PureXML by IBM
I Disadvantages: performance; need to re-build

transaction/concurrency support etc
I Often XML constructed from relational for data

exchange
I Often need support to do relational query processing

(e.g., OLAP) on XML data

I Option 2: Using relational databases
I May lose structure in the XML document
I Need to develop schemes to convert back and forth
I XML queries naturally hierarchical→ need many

joins
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I From: Oracle XML DB
I Options:

I Structured: Stored relationally – best performance
I Binary XML storage: post-parsed binary format

I Compact, post-parsed, XML Schema-aware
I Unstructured: Stored in Character Large Object

(CLOB)
I Limited cases, e.g., when "document fidelity" needed
I Mostly full document retrieval

I The white paper discusses in detail when to use
which storage option

http://www.oracle.com/technetwork/database/features/xmldb/index.html
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I NOTE: Somewhat older paper... much work since
then

I Key issues
I Converting an XML document to relational

I Called “shredding”
I Uses the DTD Information

I Processing queries
I Converting the relational data back to XML

I Essentially a query + some post-processing (maybe
as a UDF)
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1 Simplify the DTD
I The conversion can be a one-way process
I No need to preserve exact structure in the relational

schema
I Order is important in XML

I See a later paper Handling order when converting

2 Create a set of tables
I Simple option: Create a table for each element

I Too many tables; a lot of joins needed later
I Can think of that as denormalizing

I Should try inlining as much as possible

http://portal.acm.org/citation.cfm?id=564691.564715
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2.1    Extensible Markup Langua ge

Extensible Markup Language (XML) is a hierarchical

data format for information exchange in the World Wide

Web. An XML document consists of nested element

structures, starting with a root element. Element data can

be in the form of attributes or sub-elements.  Figure 1

shows an XML document that contains information about

a book. In this example, there is a book element that has

two sub-elements, booktitle and author. The author

element has an id attribute with value “dawkins” and is

further nested to provide name and address information.

Further information on XML can be found in [3,8].

Figure 1

Figure 2

2.2    DTDs and other XML Sche mas

Document Type Descriptors (DTDs) [2] describe the

structure of XML documents and are like a schema for

XML documents. A DTD specifies the structure of an

XML element by specifying the names of its sub-elements

and attributes. Sub-element structure is specified using the

operators    * (set with zero or more elements), + (set with

one or more elements), ? (optional), and | (or). All values

are assumed to be string values, unless the type is ANY in

which case the value can be an arbitrary XML fragment.

There is a special attribute, id, which can occur once for

each element. The id attribute uniquely identifies an

element within a document and can be referenced through

an IDREF field in another element. IDREFs are untyped.

Finally, there is no concept of a root of a DTD – an XML

document conforming to a DTD can be rooted at any

element specified in the DTD.  Figure 2 shows a DTD

specification, while Figure 1 gives an XML document that

conforms to this DTD.

Document Content Descriptors (DCDs) [4] and XML

Schemas [16] are extensions to DTDs. For our purposes,

the main difference between these and DTDs is that they

allow typing of values and set size specification. If DCDs

and XML Schemas become standard, the additional

information would aid in our translation process; for

example, we could create tables with integer attributes

where appropriate instead of using just strings. The types

in the current DCD proposal are compatible with types

supported by current relational systems. More complex

types will require object-relational extensions.

2.3     XML Query Languages

Figure 3

Figure 4

There are many semi-structured query languages that can

be used to query XML documents, including XML-QL

[9], Lorel [1], UnQL [5] and XQL (from Microsoft). All

these query languages have a notion of path expressions

for navigating the nested structure of XML. XML-QL

uses a nested XML-like structure to specify the part of a

document to be selected and the structure of the result

XML document.

Figure 4 shows an XML-QL query to determine the

last name of an author of a book having title “The Selfish

Gene”, specified over a set of XML documents

conforming to the DTD in Figure 2. The last names thus

selected will be nested within a lastname tag, as specified

in the construct clause of the query. Lorel is more like

SQL and its representation of the same query is shown in

Figure 3. In this paper, we use a combination of XML-QL

and Lorel (modified appropriately for our purposes).

WHERE <book>
                   <booktitle> The Selfish Gene </booktitle>

   <author>
          <lastname> $l </lastname>

                   </>
               </> IN a.xml, b.xml
CONSTRUCT <lastname> $l </lastname>

SELECT X.author.lastname

FROM book X

WHERE X.booktitle = “The Selfish Gene”

<book>

    <booktitle> The Selfish Gene </booktitle>

    <author id = “dawkins”>

<name>

      <firstname> Richard </firstname>

      <lastname> Dawkins </lastname>

</name>

<address>

      <city> Timbuktu </city>

       <zip> 99999 </zip>

</address>

    </author>

</book>
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does not support set-valued attributes.  Rather, we follow

the standard technique for storing sets in an RDBMS and

create a relation for author and link authors to articles

using a foreign key. Just using inlining (if we want the

process to terminate) necessarily limits the level of

nesting in the recursion.  Therefore, we express the

recursive relationship using the notion of relational keys

and use relational recursive processing to retrieve the

relationship. In order to do this in a general fashion, we

introduce the notion of a DTD graph.
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editor
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name
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authorid

article
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name
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A DTD graph represents the structure of a DTD. Its

nodes are elements, attributes and operators in the DTD.

Each element appears exactly once in the graph, while

attributes and operators appear as many times as they

appear in the DTD. The DTD graph corresponding to the

DTD in Figure 2 is given in Figure 8. Cycles in the DTD

graph indicate the presence of recursion.

The schema created for a DTD is the union of the sets

of relations created for each element. In order to
determine the set of relations to be created for a particular

element, we create a graph structure called the element

graph. The element graph is constructed as follows.

Do a depth first traversal of the DTD graph, starting at
the element node for which we are constructing relations.

Each node is marked as “visited” the first time it is

reached and is unmarked it once all its children have been
traversed.

If an unmarked node in the DTD graph is reached
during depth first traversal, a new node bearing the same
name is created in the element graph. In addition, a

regular edge is created from the most recently created

node in the element graph with the same name as the DFS
parent of the current DTD node to the newly created node.

If an attempt is made to traverse an already marked

DTD node, then a backpointer edge is added from the

most recently created node in the element graph to the

most recently created node in the element graph with the
same name as the marked DTD node.

The element graph for the editor element in the DTD

graph in Figure 8 is shown in Figure 9. Intuitively, the

element graph expands the relevant part of the DTD graph
into a tree structure.

Given an element graph, relations are created as

follows. A relation is created for the root element of the

graph.  All the element’s descendents are inlined into that

relation with the following two exceptions: (a) children

directly below a “*” node are made into separate relations

– this corresponds to creating a new relation for a set-

valued child; and (b) each node having a backpointer edge

pointing to it is made into a separate relation – this

corresponds to creating a new relation to handle recursion.

Figure 10 shows the relational schema that would be

generated for the DTD in Figure 2. There are several

features to note in the schema. Attributes in the relations

are named by the path from the root element of the

relation. Each relation has an ID field that serves as the

key of that relation. All relations corresponding to

element nodes having a parent also have a parentID field

that serves as a foreign key. For instance, the

article.author relation has a foreign key

article.author.parentID that joins authors with articles.

The XML document in Figure 1 would be converted to

the following tuple in the book relation:

The ANY field, address, is stored as an uninterpreted

string; thus the nested structure is not visible to the

database system without further support for XML (see

Section 6). Note that if the author Richard Dawkins has

authored many books, then the author information will be

replicated for each book because it is replicated in the

corresponding XML documents.

While Basic is good for certain types of queries, such

as “list all authors of books”, it is likely to be grossly

inefficient for other queries. For example, queries such as

“list all authors having first name Jack” will have to be

executed as the union of 5 separate queries. Another

disadvantage of Basic is the large number of relations it

creates. Our next technique attempts to resolve these

problems.

(1, The Selfish Gene, Richard, Dawkins,
  <city>Timbuktu</city><zip>99999</zip>, dawkins)
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string; thus the nested structure is not visible to the

database system without further support for XML (see

Section 6). Note that if the author Richard Dawkins has

authored many books, then the author information will be

replicated for each book because it is replicated in the

corresponding XML documents.

While Basic is good for certain types of queries, such

as “list all authors of books”, it is likely to be grossly
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Figure 11

3.4   The Shared Inlining Technique

The Shared Inlining Technique, hereafter referred to as

Shared, attempts to avoid the drawbacks of Basic by

ensuring that an element node is represented in exactly

one relation. The principal idea behind Shared is to

identify the element nodes that are represented in multiple

relations in Basic (such as the firstname, lastname and

address elements in the example) and to share them by

creating separate relations for these elements.

We must first decide what relations to create. In

Shared, relations are created for all elements in the DTD

graph whose nodes have an in-degree greater than one.

These are precisely the nodes that are represented as

multiple relations in Basic. Nodes with an in-degree of

one are inlined. Element nodes having an in-degree of

zero are also made separate relations, because they are not

reachable from any other node. As in Basic, elements

below a “*” node are made into separate relations.

Finally, of the mutually recursive elements all having in-

degree one (such as monograph and editor in Figure 8),

one of them is made a separate relation.  We can find such

mutually recursive elements by looking for strongly

connected components in the DTD graph.

Once we decide which element nodes are to be made

into separate relations, it is relatively easy to construct the

relational schema. Each element node X that is a separate

relation inlines all the nodes Y that are reachable from it

such that the path from X to Y does not contain a node

(other than X) that is to be made a separate relation.

Figure 11 shows the schema derived from the DTD graph

of Figure 8. One striking feature is the small number of

relations compared to the Basic schema (Figure 10).

Inlining an element X into a relation corresponding to

another element Y creates problems when an XML

document is rooted at the element X.  To facilitate queries

on such elements we make use of isRoot fields.

The element sharing in Shared has query processing

implications. For example, a selection query over all

authors accesses only one relation in Shared compared to

five relations in Basic. Despite the fact that Shared

addresses some of the shortcomings and shares some of

book (bookID: integer, book.booktitle : string, book.author.name.firstname: string,  book.author.name.lastname: string,
           book.author.address: string,  author.authorid: string)

booktitle (booktitleID: integer, booktitle: string)

article (articleID: integer, article.contactauthor.authorid: string, article.title: string)

article.author (article.authorID: integer, article.author.parentID: integer, article.author.name.firstname: string,
                         article.author.name.lastname: string, article.author.address: string, article.author.authorid: string)

contactauthor (contactauthorID: integer, contactauthor.authorid: string)

title (titleID: integer, title: string)

monograph (monographID: integer, monograph.parentID: integer, monograph.title: string, monograph.editor.name: string,
                      monograph.author.name.firstname: string, monograph.author.name.lastname: string,
                      monograph.author.address: string, monograph.author.authorid: string)

editor (editorID: integer, editor.parentID: integer, editor.name: string)

editor.monograph (editor.monographID: integer, editor.monograph.parentID: integer, editor.monograph.title: string,
                                 editor.monograph.author.name.firstname: string, editor.monograph.author.name.lastname: string,
                                 editor.monograph.author.address: string, editor.monograph.author.authorid: string)

author (authorID: integer, author.name.firstname: string, author.name.lastname: string, author.address: string,
             author.authorid: string)

name (nameID: integer, name.firstname: string, name.lastname: string)

firstname (firstnameID: integer, firstname: string)

lastname (lastnameID: integer, lastname: string)

address (addressID: integer, address: string)

book (bookID: integer, book.booktitle.isroot: boolean, book.booktitle : string)

article (articleID: integer, article.contactauthor.isroot: boolean, article.contactauthor.authorid: string)

monograph (monographID: integer,monograph.parentID: integer, monograph.parentCODE: integer,
                      monograph.editor.isroot: boolean, monograph.editor.name: string)

title (titleID: integer, title.parentID: integer, title.parentCODE: integer, title: string)

author (authorID: integer, author.parentID: integer, author.parentCODE: integer, author.name.isroot: boolean,
      author.name.firstname.isroot: :boolean, author.name.firstname: string,  author.name.lastname.isroot: boolean,
      author.name.lastname: string, author.address.isroot: boolean, author.address: string, author.authorid: string)
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The Shared Inlining Technique, hereafter referred to as

Shared, attempts to avoid the drawbacks of Basic by

ensuring that an element node is represented in exactly

one relation. The principal idea behind Shared is to

identify the element nodes that are represented in multiple

relations in Basic (such as the firstname, lastname and

address elements in the example) and to share them by

creating separate relations for these elements.

We must first decide what relations to create. In
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Right: Converted query
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3.6.4    Evaluation Using Path Expressions Starting

From the Document Root

So far, we have examined the performance of our

algorithms assuming path expressions start from an

arbitrary node in the DTD graph. What is different if the

path expressions start from the root of a document? The

real difference is in the total number of joins. A path

expression starting from the root of a document is always

converted to one SQL query - therefore the total number

of joins is equivalent to the number of joins per SQL

query. Since the Hybrid algorithm always produces fewer

joins per SQL query, it is always better than Shared for

path expressions that start from the document root.

For DTDs in groups 3 and 4 (the majority of DTDs),

both Shared and Hybrid are practically the same. The

main issue is the excessive fragmentation of the DTDs

that leads to the number of joins being almost equal to the

length of the path expression (Figure 17). This is likely to

be very inefficient in the relational model, especially for

long path lengths. The main cause of this fragmentation is

the presence of set sub-elements. Section 6 includes a

proposed extension to alleviate this problem.

4.   Converting Semi-Structured Queries to

SQL

Semi-structured query languages have a lot more
flexibility than SQL. In particular, they allow path

expressions with various operators and wild cards. The
challenge is to rewrite these queries in SQL exploiting
DTD information. In this section, we consider only
queries with string values as results. Queries with more

complex result formats are dealt with in Section 5. For
ease of exposition, we present the translation algorithm

only in the context of the Shared approach. The

generalization to the other approaches is straightforward.

4.1    Converting Queries with Si mple Path

Expressions to SQL

Consider the following XML-QL query, and an

equivalent Lorel-like query, over the DTD in Figure 2 that

asks for the first and last name of the author of a book

with title “The Selfish Gene”. Note that we have slightly

extended the XML-QL syntax to query over all

documents conforming to a DTD.

As can be seen from the Lorel-like representation, this

query essentially consists of five path expressions,

namely, book, X.author, Y.name.firstname,

Y.name.lastname and X.booktitle. Of these path

expressions, book is the root path expression and the

others are dependent path expressions. This query is

translated into SQL as follows: (a) first, the relation(s)

corresponding to start of the root path expression(s) are

identified and added to the from clause of the SQL query,

then (b) if necessary, the path expressions are translated to

joins among relations (when elements are inlined, joins

are not necessary). The SQL query generated in this

fashion for the example query above is shown in Figure

18. Note that a join condition has been added to the where

clause to link the book and author and a selection

(A.parentCODE = 0, where 0 indicates that the parent of

the author is a book) is performed on author to make sure

that only authors reached through book are considered.

Select Y.name.firstname,
           Y.name.lastname
From   book X, X.author Y
Where X.booktitle = “Databases”

WHERE <book>
    <booktitle> The Selfish Gene </booktitle>
    <author>
           <name>
                 <firstname> $f </firstname>
                 <lastname> $l </lastname>
           </name>
    </author>

               </book> IN * CONFORMING TO pubs.dtd
CONSTRUCT <result> $f $l </result>
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Figure 18

4.2    Converting Simple Recursive Path Expressions

to SQL

Consider the following XML-QL query that requires the

names of all editors reachable directly or indirectly from

the monograph with title “Subclass Cirripedia”. The

corresponding XML-QL query (and an equivalent Lorel-

like query) is shown below:

There are two interesting features about this query.

The first is the tag “*.monograph” which states that we

are interested in monographs reachable from any path.

The second is the tag “editor.(monograph.editor)*” that

specifies all editors reachable directly or indirectly from a

monograph. The trick in converting this to a least fix-

point query such as that supported by IBM DB2 is to

determine (a) the initialization of the recursion and (b) the

actual recursive path expression. In the example above,

the initialization of the recursion is the path expression

*.monograph.editor with the selection condition

monograph.title = “Subclass Cirripedia” and the recursive

path expression is monograph.editor. Each can be

converted to a SQL fragment just like a simple path

expression. The final query is the union of the two SQL

fragments within a least fix-point operator. The query

generated in this fashion is shown in Figure 19, in IBM

DB2 syntax. Note that the “with clause” is the equivalent

of the least fix-point operator in DB2.

 Figure 19

4.3   Converting Arbitrary Path Expressions to

Simple Recursive Path Expressions

In general, path expressions can be of arbitrary

complexity. For example, we could have a query that asks

for all the name elements reachable directly or indirectly

through monograph. This would be represented in a

Lorel-like language as (an equivalent query can be

expressed in XML-QL):

We have a general technique that takes path

expressions appearing in such queries (in this example

“monograph.(#)*.name”) and translates them into

possibly many simple (recursive) path expressions. SQL

queries are then generated for each simple recursive path

expression. This notion of splitting a path expression to

many simple path expressions is crucial to processing

queries having arbitrary path expressions in SQL.  The

details of the technique are tedious and we omit them here

in the interest of space.

Our technique is general enough to handle path

expressions with nested recursion (e.g., “(a.(b)*.c)*”).

However, relational database systems such as IBM DB2

cannot currently handle these queries because they do not

have support for nested recursive queries.

5.   Converting Relational Results to XML

In the previous section, we assumed that the results of a

query were string values. We relax this assumption in this

section and explore how the tabular results returned by

SQL queries can be converted to complex structured

XML documents. This is perhaps the main drawback in

using current relational technology to provide XML

querying – constructing arbitrary XML result sets is

difficult.  In this section we give some examples, using

XML-QL as the illustrative query languages because it

provides XML structuring constructs.

5.1   Simple Structuring

Consider the query in Figure 20 that asks for the first

name and last name of all the authors of books, nested

appropriately. Constructing such results from a relational

system is natural and efficient, since it only requires

attaching the appropriate tags for each tuple (Figure 21).

5.2   Tag Variables

A tag variable is one that ranges over the value of an

XML tag. Some queries requiring tag variables in their

results are naturally translated to the relational model.

Consider the query in Figure 22 that ask for names of

authors of all publications, nested under a tag specifying

the type of publication.  This can be handled by

generating a relational query that contains the tag value as

an element of the result tuple. Then at result generation

Select A.”author.name.firstname”,
           A.”author.name.lastname”
From   author A, book B
Where B.bookID = A.parentID
            AND A.parentCODE = 0
            AND B.”book.booktitle” = “The Selfish Gene”

WHERE <*.monograph>
                    <editor.(monograph.editor)*>

           <name> $n </name>
                    </>
                    <title> Subclass Cirripedia </title>
               </> IN * CONFORMING TO pubs.dtd
CONSTRUCT <result> $n </result>

Select Y.name

From   *.monograph X, X.editor.(monograph.editor)* Y

Where X.title = “Subclass Cirripedia”

With Q1 (monographID, name) AS
(Select X.monographID, X.”editor.name”
 From monograph X
 Where X.title = “Subclass Cirripedia”
UNION ALL
 Select Z.monographID, Z.”editor.name”
 From Q1 Y, monograph Z
 Where Y.monographID = Z.parentID AND
            Z.parentCODE = 0
)
Select A.name
From Q1 A

Select X
From monograph.(#)*.name X
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4.2    Converting Simple Recursive Path Expressions

to SQL

Consider the following XML-QL query that requires the

names of all editors reachable directly or indirectly from

the monograph with title “Subclass Cirripedia”. The

corresponding XML-QL query (and an equivalent Lorel-

like query) is shown below:

There are two interesting features about this query.

The first is the tag “*.monograph” which states that we

are interested in monographs reachable from any path.

The second is the tag “editor.(monograph.editor)*” that

specifies all editors reachable directly or indirectly from a

monograph. The trick in converting this to a least fix-

point query such as that supported by IBM DB2 is to

determine (a) the initialization of the recursion and (b) the

actual recursive path expression. In the example above,

the initialization of the recursion is the path expression

*.monograph.editor with the selection condition

monograph.title = “Subclass Cirripedia” and the recursive

path expression is monograph.editor. Each can be

converted to a SQL fragment just like a simple path

expression. The final query is the union of the two SQL

fragments within a least fix-point operator. The query

generated in this fashion is shown in Figure 19, in IBM

DB2 syntax. Note that the “with clause” is the equivalent

of the least fix-point operator in DB2.

 Figure 19

4.3   Converting Arbitrary Path Expressions to

Simple Recursive Path Expressions

In general, path expressions can be of arbitrary

complexity. For example, we could have a query that asks

for all the name elements reachable directly or indirectly

through monograph. This would be represented in a

Lorel-like language as (an equivalent query can be

expressed in XML-QL):

We have a general technique that takes path

expressions appearing in such queries (in this example

“monograph.(#)*.name”) and translates them into

possibly many simple (recursive) path expressions. SQL

queries are then generated for each simple recursive path

expression. This notion of splitting a path expression to

many simple path expressions is crucial to processing

queries having arbitrary path expressions in SQL.  The

details of the technique are tedious and we omit them here

in the interest of space.

Our technique is general enough to handle path

expressions with nested recursion (e.g., “(a.(b)*.c)*”).

However, relational database systems such as IBM DB2

cannot currently handle these queries because they do not

have support for nested recursive queries.

5.   Converting Relational Results to XML

In the previous section, we assumed that the results of a

query were string values. We relax this assumption in this

section and explore how the tabular results returned by

SQL queries can be converted to complex structured

XML documents. This is perhaps the main drawback in

using current relational technology to provide XML

querying – constructing arbitrary XML result sets is

difficult.  In this section we give some examples, using

XML-QL as the illustrative query languages because it

provides XML structuring constructs.

5.1   Simple Structuring

Consider the query in Figure 20 that asks for the first

name and last name of all the authors of books, nested

appropriately. Constructing such results from a relational

system is natural and efficient, since it only requires

attaching the appropriate tags for each tuple (Figure 21).

5.2   Tag Variables

A tag variable is one that ranges over the value of an

XML tag. Some queries requiring tag variables in their

results are naturally translated to the relational model.

Consider the query in Figure 22 that ask for names of

authors of all publications, nested under a tag specifying

the type of publication.  This can be handled by

generating a relational query that contains the tag value as

an element of the result tuple. Then at result generation

Select A.”author.name.firstname”,
           A.”author.name.lastname”
From   author A, book B
Where B.bookID = A.parentID
            AND A.parentCODE = 0
            AND B.”book.booktitle” = “The Selfish Gene”

WHERE <*.monograph>
                    <editor.(monograph.editor)*>

           <name> $n </name>
                    </>
                    <title> Subclass Cirripedia </title>
               </> IN * CONFORMING TO pubs.dtd
CONSTRUCT <result> $n </result>

Select Y.name

From   *.monograph X, X.editor.(monograph.editor)* Y

Where X.title = “Subclass Cirripedia”

With Q1 (monographID, name) AS
(Select X.monographID, X.”editor.name”
 From monograph X
 Where X.title = “Subclass Cirripedia”
UNION ALL
 Select Z.monographID, Z.”editor.name”
 From Q1 Y, monograph Z
 Where Y.monographID = Z.parentID AND
            Z.parentCODE = 0
)
Select A.name
From Q1 A

Select X
From monograph.(#)*.name X
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4.2    Converting Simple Recursive Path Expressions

to SQL

Consider the following XML-QL query that requires the

names of all editors reachable directly or indirectly from

the monograph with title “Subclass Cirripedia”. The

corresponding XML-QL query (and an equivalent Lorel-

like query) is shown below:

There are two interesting features about this query.

The first is the tag “*.monograph” which states that we

are interested in monographs reachable from any path.

The second is the tag “editor.(monograph.editor)*” that

specifies all editors reachable directly or indirectly from a

monograph. The trick in converting this to a least fix-

point query such as that supported by IBM DB2 is to

determine (a) the initialization of the recursion and (b) the

actual recursive path expression. In the example above,

the initialization of the recursion is the path expression

*.monograph.editor with the selection condition

monograph.title = “Subclass Cirripedia” and the recursive

path expression is monograph.editor. Each can be

converted to a SQL fragment just like a simple path

expression. The final query is the union of the two SQL

fragments within a least fix-point operator. The query

generated in this fashion is shown in Figure 19, in IBM

DB2 syntax. Note that the “with clause” is the equivalent

of the least fix-point operator in DB2.

 Figure 19

4.3   Converting Arbitrary Path Expressions to

Simple Recursive Path Expressions

In general, path expressions can be of arbitrary

complexity. For example, we could have a query that asks

for all the name elements reachable directly or indirectly

through monograph. This would be represented in a

Lorel-like language as (an equivalent query can be

expressed in XML-QL):

We have a general technique that takes path

expressions appearing in such queries (in this example

“monograph.(#)*.name”) and translates them into

possibly many simple (recursive) path expressions. SQL

queries are then generated for each simple recursive path

expression. This notion of splitting a path expression to

many simple path expressions is crucial to processing

queries having arbitrary path expressions in SQL.  The

details of the technique are tedious and we omit them here

in the interest of space.

Our technique is general enough to handle path

expressions with nested recursion (e.g., “(a.(b)*.c)*”).

However, relational database systems such as IBM DB2

cannot currently handle these queries because they do not

have support for nested recursive queries.

5.   Converting Relational Results to XML

In the previous section, we assumed that the results of a

query were string values. We relax this assumption in this

section and explore how the tabular results returned by

SQL queries can be converted to complex structured

XML documents. This is perhaps the main drawback in

using current relational technology to provide XML

querying – constructing arbitrary XML result sets is

difficult.  In this section we give some examples, using

XML-QL as the illustrative query languages because it

provides XML structuring constructs.

5.1   Simple Structuring

Consider the query in Figure 20 that asks for the first

name and last name of all the authors of books, nested

appropriately. Constructing such results from a relational

system is natural and efficient, since it only requires

attaching the appropriate tags for each tuple (Figure 21).

5.2   Tag Variables

A tag variable is one that ranges over the value of an

XML tag. Some queries requiring tag variables in their

results are naturally translated to the relational model.

Consider the query in Figure 22 that ask for names of

authors of all publications, nested under a tag specifying

the type of publication.  This can be handled by

generating a relational query that contains the tag value as

an element of the result tuple. Then at result generation

Select A.”author.name.firstname”,
           A.”author.name.lastname”
From   author A, book B
Where B.bookID = A.parentID
            AND A.parentCODE = 0
            AND B.”book.booktitle” = “The Selfish Gene”

WHERE <*.monograph>
                    <editor.(monograph.editor)*>

           <name> $n </name>
                    </>
                    <title> Subclass Cirripedia </title>
               </> IN * CONFORMING TO pubs.dtd
CONSTRUCT <result> $n </result>

Select Y.name

From   *.monograph X, X.editor.(monograph.editor)* Y

Where X.title = “Subclass Cirripedia”

With Q1 (monographID, name) AS
(Select X.monographID, X.”editor.name”
 From monograph X
 Where X.title = “Subclass Cirripedia”
UNION ALL
 Select Z.monographID, Z.”editor.name”
 From Q1 Y, monograph Z
 Where Y.monographID = Z.parentID AND
            Z.parentCODE = 0
)
Select A.name
From Q1 A

Select X
From monograph.(#)*.name X
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I Note: (right) is a recursive query
I The query (WITH part) creates a table (Q1) and

refers to it in the FROM clause
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4.2    Converting Simple Recursive Path Expressions

to SQL

Consider the following XML-QL query that requires the

names of all editors reachable directly or indirectly from

the monograph with title “Subclass Cirripedia”. The

corresponding XML-QL query (and an equivalent Lorel-

like query) is shown below:

There are two interesting features about this query.

The first is the tag “*.monograph” which states that we

are interested in monographs reachable from any path.

The second is the tag “editor.(monograph.editor)*” that

specifies all editors reachable directly or indirectly from a

monograph. The trick in converting this to a least fix-

point query such as that supported by IBM DB2 is to

determine (a) the initialization of the recursion and (b) the

actual recursive path expression. In the example above,

the initialization of the recursion is the path expression

*.monograph.editor with the selection condition

monograph.title = “Subclass Cirripedia” and the recursive

path expression is monograph.editor. Each can be

converted to a SQL fragment just like a simple path

expression. The final query is the union of the two SQL

fragments within a least fix-point operator. The query

generated in this fashion is shown in Figure 19, in IBM

DB2 syntax. Note that the “with clause” is the equivalent

of the least fix-point operator in DB2.

 Figure 19

4.3   Converting Arbitrary Path Expressions to

Simple Recursive Path Expressions

In general, path expressions can be of arbitrary

complexity. For example, we could have a query that asks

for all the name elements reachable directly or indirectly

through monograph. This would be represented in a

Lorel-like language as (an equivalent query can be

expressed in XML-QL):

We have a general technique that takes path

expressions appearing in such queries (in this example

“monograph.(#)*.name”) and translates them into

possibly many simple (recursive) path expressions. SQL

queries are then generated for each simple recursive path

expression. This notion of splitting a path expression to

many simple path expressions is crucial to processing

queries having arbitrary path expressions in SQL.  The

details of the technique are tedious and we omit them here

in the interest of space.

Our technique is general enough to handle path

expressions with nested recursion (e.g., “(a.(b)*.c)*”).

However, relational database systems such as IBM DB2

cannot currently handle these queries because they do not

have support for nested recursive queries.

5.   Converting Relational Results to XML

In the previous section, we assumed that the results of a

query were string values. We relax this assumption in this

section and explore how the tabular results returned by

SQL queries can be converted to complex structured

XML documents. This is perhaps the main drawback in

using current relational technology to provide XML

querying – constructing arbitrary XML result sets is

difficult.  In this section we give some examples, using

XML-QL as the illustrative query languages because it

provides XML structuring constructs.

5.1   Simple Structuring

Consider the query in Figure 20 that asks for the first

name and last name of all the authors of books, nested

appropriately. Constructing such results from a relational

system is natural and efficient, since it only requires

attaching the appropriate tags for each tuple (Figure 21).

5.2   Tag Variables

A tag variable is one that ranges over the value of an

XML tag. Some queries requiring tag variables in their

results are naturally translated to the relational model.

Consider the query in Figure 22 that ask for names of

authors of all publications, nested under a tag specifying

the type of publication.  This can be handled by

generating a relational query that contains the tag value as

an element of the result tuple. Then at result generation

Select A.”author.name.firstname”,
           A.”author.name.lastname”
From   author A, book B
Where B.bookID = A.parentID
            AND A.parentCODE = 0
            AND B.”book.booktitle” = “The Selfish Gene”

WHERE <*.monograph>
                    <editor.(monograph.editor)*>

           <name> $n </name>
                    </>
                    <title> Subclass Cirripedia </title>
               </> IN * CONFORMING TO pubs.dtd
CONSTRUCT <result> $n </result>

Select Y.name

From   *.monograph X, X.editor.(monograph.editor)* Y

Where X.title = “Subclass Cirripedia”

With Q1 (monographID, name) AS
(Select X.monographID, X.”editor.name”
 From monograph X
 Where X.title = “Subclass Cirripedia”
UNION ALL
 Select Z.monographID, Z.”editor.name”
 From Q1 Y, monograph Z
 Where Y.monographID = Z.parentID AND
            Z.parentCODE = 0
)
Select A.name
From Q1 A

Select X
From monograph.(#)*.name X
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4.2    Converting Simple Recursive Path Expressions

to SQL

Consider the following XML-QL query that requires the

names of all editors reachable directly or indirectly from

the monograph with title “Subclass Cirripedia”. The

corresponding XML-QL query (and an equivalent Lorel-

like query) is shown below:

There are two interesting features about this query.

The first is the tag “*.monograph” which states that we

are interested in monographs reachable from any path.

The second is the tag “editor.(monograph.editor)*” that

specifies all editors reachable directly or indirectly from a

monograph. The trick in converting this to a least fix-

point query such as that supported by IBM DB2 is to

determine (a) the initialization of the recursion and (b) the

actual recursive path expression. In the example above,

the initialization of the recursion is the path expression

*.monograph.editor with the selection condition

monograph.title = “Subclass Cirripedia” and the recursive

path expression is monograph.editor. Each can be

converted to a SQL fragment just like a simple path

expression. The final query is the union of the two SQL

fragments within a least fix-point operator. The query

generated in this fashion is shown in Figure 19, in IBM

DB2 syntax. Note that the “with clause” is the equivalent

of the least fix-point operator in DB2.

 Figure 19

4.3   Converting Arbitrary Path Expressions to

Simple Recursive Path Expressions

In general, path expressions can be of arbitrary

complexity. For example, we could have a query that asks

for all the name elements reachable directly or indirectly

through monograph. This would be represented in a

Lorel-like language as (an equivalent query can be

expressed in XML-QL):

We have a general technique that takes path

expressions appearing in such queries (in this example

“monograph.(#)*.name”) and translates them into

possibly many simple (recursive) path expressions. SQL

queries are then generated for each simple recursive path

expression. This notion of splitting a path expression to

many simple path expressions is crucial to processing

queries having arbitrary path expressions in SQL.  The

details of the technique are tedious and we omit them here

in the interest of space.

Our technique is general enough to handle path

expressions with nested recursion (e.g., “(a.(b)*.c)*”).

However, relational database systems such as IBM DB2

cannot currently handle these queries because they do not

have support for nested recursive queries.

5.   Converting Relational Results to XML

In the previous section, we assumed that the results of a

query were string values. We relax this assumption in this

section and explore how the tabular results returned by

SQL queries can be converted to complex structured

XML documents. This is perhaps the main drawback in

using current relational technology to provide XML

querying – constructing arbitrary XML result sets is

difficult.  In this section we give some examples, using

XML-QL as the illustrative query languages because it

provides XML structuring constructs.

5.1   Simple Structuring

Consider the query in Figure 20 that asks for the first

name and last name of all the authors of books, nested

appropriately. Constructing such results from a relational

system is natural and efficient, since it only requires

attaching the appropriate tags for each tuple (Figure 21).

5.2   Tag Variables

A tag variable is one that ranges over the value of an

XML tag. Some queries requiring tag variables in their

results are naturally translated to the relational model.

Consider the query in Figure 22 that ask for names of

authors of all publications, nested under a tag specifying

the type of publication.  This can be handled by

generating a relational query that contains the tag value as

an element of the result tuple. Then at result generation

Select A.”author.name.firstname”,
           A.”author.name.lastname”
From   author A, book B
Where B.bookID = A.parentID
            AND A.parentCODE = 0
            AND B.”book.booktitle” = “The Selfish Gene”

WHERE <*.monograph>
                    <editor.(monograph.editor)*>

           <name> $n </name>
                    </>
                    <title> Subclass Cirripedia </title>
               </> IN * CONFORMING TO pubs.dtd
CONSTRUCT <result> $n </result>

Select Y.name

From   *.monograph X, X.editor.(monograph.editor)* Y

Where X.title = “Subclass Cirripedia”

With Q1 (monographID, name) AS
(Select X.monographID, X.”editor.name”
 From monograph X
 Where X.title = “Subclass Cirripedia”
UNION ALL
 Select Z.monographID, Z.”editor.name”
 From Q1 Y, monograph Z
 Where Y.monographID = Z.parentID AND
            Z.parentCODE = 0
)
Select A.name
From Q1 A

Select X
From monograph.(#)*.name X
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I Note: (right) is a recursive query
I The query (WITH part) creates a table (Q1) and

refers to it in the FROM clause
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I Some result construction can be done using SQL
I More complex ones require a post-processing step

I Can be done using a user-defined function or
embedded SQL or like

I Can use "group by" etc to create the appropriates
sets
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Limitations of RDBMS

I Simple XML queries required too many joins or
unions

I No support for sets
I XML data usually set-valued

I No support for untyped references
I IDREF is not typed, so storing it is problematic

I No text indices
I Need flexible comparison operators

I XML treats everything as string
I More powerful recursion

I SQL3 (latest version) allows recursion
I Not very commonly used

I Somewhat hard to reason about


