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XML has become a de facto standard for data rep-
resentation and exchange on the World-Wide-Web.
Unlike HTML tags that are mainly used to describe
presentations, tags in XML capture some semantics,
especially when domain-specific common DTDs are
used when authoring XML documents. Since indus-
tries are indeed enthusiastic about XML, and more
and more XML documents have been generated, we
have to deal with the issues related to efficient man-
agement of XML documents.

Storing XML documents. A number of ap-
proaches have been proposed to store XML docu-
ments. Those approaches can be categorized along
two dimensions. One dimension is how an XML doc-
ument is modelled. XML documents can be managed
as text files, or by a DBMS, or by a native XML en-
gine. When managed as text files, they are viewed
as character strings. When DBMS is used, they are
transformed to conform a specific data model, e.g.,
the relational model. Most native XML engines use
trees to model XML documents since elements in an
XML document are ordered and strictly nested. Or-
thogonal to this dimension is whether DTD is used
in the storage model. For example, when XML data
is stored in a relational system, the relational schema
can be generated either using or not using the type
information of elements in DTD. When the schema is
generated based on the DTDs, XML documents with
different DTDs will have different schemas, hence the
schema will be document dependent. On the other
hand, since any XML document can be modelled as
an ordered tree, a relational schema that is able to de-
scribe the tree structure, and the position of elements
in such a structure is sufficient. Using this approach,
no DTD information is required, and all XML docu-
ments will have the same relational schema. That is,
such schema is document independent.

Recently, we conducted a benchmarking study
to investigate the comparative performance of var-
ious schema mapping and storage methods imple-
mented in three experimental XML database sys-
tems: VXMLR (Zhou, Lu, Zheng, Liang, Zhang, Ju
& Tian 2001), XParent(Jiang, Lu, Wang & Yu 2002),
and XBase (Lu, Wang, Yu, Bao, Lv & Yu 2002).
VLXMR and XParent were built on top of RDBMS,
and XBase is a native XML engine. Based on the cat-
egorization mentioned, the storage models compared
can be summarized as in Figure 1. The benchmarks
used in the study are the data centric XMark Bench-
mark (Schmidt, Waas, Kersten, Florescu, Manolescu,
Carey & Busse 2001) and the document centric
XMach benchmark (Bohme & Rahm 2001). We will
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present the main results and analyze the factors that
affect the system performance.
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Figure 1: Managing XML Documents

Accelerating XML query processing. A num-
ber of XML query languages have been proposed, in-
cluding XPath (Clark & DeRose 1999) and XQuery
(Chamberlin, Florescu & et al 2001). It is obvi-
ous that different storage model will require different
query processing techniques. For example, if a re-
lational DBMS is used to manage XML documents,
queries in XPath or XQuery need to be converted to
SQL queries, whose processing will be handled by the
underlying DBMS. Furthermore, like in relational sys-
tems, various access methods and indexing techniques
play an important role in query processing.

Elements in XML documents are ordered and
nested. That is, structural relationship exists among
XML elements, and XML database systems have to
support both content based queries as well as struc-
tural queries. Since content-based query process-
ing has been well studied in both relational systems
and information retrieval systems, recent work on
XML query processing has been focusing on struc-
tural query processing, for which structural join is
identified as a core primitive. Structural join can
be defined as follows. Given two sets of XML ele-
ments, A and B, find all pairs of (a, b) such that
a € A b € B, and a and b satisfy the specified
structural relationship, such as, parent-child, and
ancestor-descendant.

It is well accepted that region-based coding scheme
is an efficient mechanism to facilitate structural join
processing. Using this scheme, the position of an ele-
ment occurrence in an XML document is represented
by (start, end, level), where start and end are the
positions of the starting point and ending point of
the element in the document, respectively, and level
is the nesting depth of the element in the document.
Structural relationships between elements whose posi-
tions are represented in such a way can be determined
easily. For example, an element a is an ancestor of
another element d if and only if a.start < b.start
and b.end < a.end. An element p is the parent of
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Figure 2: An Example PBiTree with in-order Cod-
ing Scheme

another element ¢ if and only if p.start < c.start,
c.end < p.end, and p.level = c.level — 1.

Structural join of two sets of elements encoded
using the region based coding scheme involves non-
equijoin that is usually expensive as only nested-loop
join method and merge-join method can be used.
We proposed a new coding scheme, PBiTree coding,
which transforms an XML data tree into a perfect
binary tree, and assigns the codes to the nodes in
the tree based on certain tree traversal order (Wang,
Jiang, Lu & Yu 2003). Figure 2 is an example perfect
binary tree, with the shadowed nodes representing the
nodes in an XML document. The good property of
PBiTree code is that, for a given PBiTree-coded node
n;, its ancestor n; at a given height h; can be directly
calculated by F(n;, h;) = 2M+L . |n;/2hit1] 4 2hi,
Therefore, given two nodes n; and n; in PBiTree, n; is
an ancestor of n; if and only if n, = F(n;, height(n;)).
As such, structural join of two sets of elements can
be processed using efficient join methods for equijoin,
such as hash join. A set of hash-based join algorithms
was designed. Performance study indicates that PBi-
Tree coding does provide performance benefit. The
detailed algorithms and the results of the performance
study will be presented.

Using proper indexes is another approach to ac-
celerating structural join processing. Given two or-
dered lists of elements, one for ancestors and the other
for descendants, algorithms that maintain a running
stack can complete a structural join by scanning the
two input lists only once (Srivastava, Al-Khalifa, Ja-
gadish, Koudas, Patel & Wu 2002). With the help
of BT-tree index on the start attribute of the ele-
ments in both joining lists, the processing cost can be
further reduced: we can skip descendants and some
ancestors without matches in the lists by probing the
BT-tree indexes (Chien, Vagena, Zhang, Tsotras &
Zaniolo 2002). Inspired by these work, we recently
proposed a new index for XML data, XR-Tree (XML
Region Tree) to further reduce the processing cost of
structural joins (Jiang, Lu, Wang & Ooi 2003). Given
a sample XML document shown in Figure 3, an XR-
tree index on element emp is shown in Figure 4.

(emp: (8, 12)) (emp: (22,35)) (emp: (40,65))  (name: (70,71))  (amp: (80, 1)

@np:(m,nD (emp: (25, 3@ Game: (41,429 @mp: (45, eoD Game:m

Figure 3: A Sample XML Document

It can be seen that an XR-tree is essentially a BT-
tree whose index key is the attribute start of the re-
gion based code of the indexed elements. Different
from the traditional Bt-tree, an XR-tree stores struc-
tural relationship among elements represented by a
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Figure 4: The XR-tree for the Element Set emp
Shown in Figure 3

stab list associated to each internal node. A key k
stabs element E;(s;,e;), if s; < k < e;. The stab list
of a node consists all elements stabbed by the keys
in the node. For example, the key entry in the root
of the tree in Figure 4, 24, stabs two elements (20,
75) and (22, 35), which form the stab list of the root
node. At the second level of the tree, the only key
19 in the left node does not stab any elements, which
makes the node has no associated stab list. For leaf
nodes, elements are tagged yes or no, depending on
whether an element has appeared in certain stab list.
In order to avoid unnecessary search for the stab list,
the (start, end) pair of the “oldest” element stabbed
by a key is stored in the internal node together with
the key . Here oldest means the element with the
smallest start and largest end among the set of ele-
ments, such as (20,75) for the root node, and (40,65)
for the key 46 in the second level.

The good property of XR-tree is that, given an ele-
ment, we can find both its descendants and ancestors
efficiently by traversing the index tree and accessing
the stab list if necessary. With the help of XR-tree, a
join algorithm can skip elements in both the ancestor
lists and the descendant lists who have no matches.
Our results of a performance study indicate the effec-
tiveness of such index.
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