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Abstract:

Data warehouse provides storage and management for mass data, but data schema evolves with time on. When

data schema is changed, added or deleted, the data in data warehouse must comply with the changed data schema, so data

warehouse must be re-organized or re-constructed, but this process is exhausting and wasteful. In order to cope with these

problems, this paper develops an approach to model data cube with XML, which emerges as a universal format for data

exchange on the Web and which can make data warehouse flexible and scalable. This paper also extends OLAP algebra for

XML based data cube, which is called X-OLAP.
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Data warehousing:l] technologies are emerging as
key technologies to improve data analysis, decision
support activities and automatic extraction of knowledge
from data. Much progress in these new fields has been
witnessed? . However, most data from application
systems or web is irregular and incomplete, called

semi-structure data™ .

The term semi-structured data
has been used to refer to data which is irregular or
which exhibits type and structural heterogeneity
semi-structured, since it may not conform to a rigid,
predefined schema. Because there is no uniform
schema for those semi-structured data, how to clean
and integrate heterogeneous data and how to organize

[4]

semi-structured data are challenging In traditional

database systems, it is exhausting to modify the
schema, which requires data to be migrated wholly to
the new structure and requires application code to be
rewritten. This paper presents a method to cope with
this evolution data, and this method can avoid data
warehouse re-organization or re-construction.

(XML) s

believed to become a universal format for data exchange

The extensible markup language
on the Web and in the near future we will find vast
amounts of documents in XML format on the Web.
Because XML can be used to model many data models,
such as tree model and graph model, in this paper, we
combine XML graph data model and OLAP operations
in data warehouse in order to make the data warehouse
model more efficient and effective. We present an
approach to map from semi-structure data model to
snowflake schema for data in data warehouse, in order
to  help locate and  store

users to evolving
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semi-structured data in data warehouse.

The rest sections of this paper are organized as
follows. Section 1 introduces related work by others in
this field; Section 2 gives the system architecture;
Section 3 presents mapping method and X-OLAP
operations on XMIL-based data cube in data warehouse.

Conclusions are presented in the last section.
1 Related Work

In recent years, some researchers have done much
research in these fields, which includes how to model
and query semi-structured data and how to extract and
integrate information from the heterogeneous data
sources into data warehouse. Many prototypes and
commercial systems for data mining, information
integration, and data warehousing have been
developed, including Lore™ and WebBase™ . Most of
those web models are graph-based or tree-based, among

which OEM“' is the most

schema-less,

typical, which is

self-description model, presented by
Stanford University. The vertices in the OEM graph are
objects, each object has a unique object identifier
(OID). The edges are attributes of the objects. Though
there are too much data models for semi-structured
data, it is no standard for exchange among them, so it
is difficult to communicate between these systems.
With the emerging of XML as a standard for data
exchange and representation in the web, there are more
semi-structured data modeling with XML. XML is a
more generic language for modeling semi-structured
data than OEM model. This paper takes advantage of

XML for data model in data warehouse.
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2 XML Based Data Warehouse

Traditional data warehouse is a subject-oriented,
integrated, time-variant and nonvolatile data base. The
point is that many data are evolving and we must be
very smart in managing these changing data, i.e.,
semi-structured data. XML based data warehouse also
includes six main modules as the traditional data
warehouse: data storage, meta data, wrapper, data
integrator, data modeling and application tools'® .

® Data warehouse storage: Two main physical
models for data warehouse are relational database and
multi-array data storage. How to map logical model to
physical model isn’t focused in this paper.

@ Meta data: It stores all meta information of data
in the data warehouse. Those meta data include data
source descriptions, data format, data model, data
location, the structure of tables, data cleaning rules,
and so on. The main distinguishing features for XML
based data warehouse is that these are XML schema
related to XML data in data warehouse. Following these
XML schemas, OLAP on XML based data cube is
executed.

® Wrappers: A uniform interface for data integrator
is provided.

@® Data integrator: It is responsible for putting data
from wrappers into the data warehouse.

® Data warehouse modeling tool: It provides a
series of tools for concept modeling, logical modeling
and physical modeling. Next section will focus on data
model in data warehouse.

@ Application tools: There are OLAP tools, mining
tools, report tools and other analysis tools for making
decisions and knowledge discovery”” .

In the field of data warehouse, former work on
data model in data warehouse has two main logical
models: star model and snowflake model. In this
paper, data cube is represented by snowflake model
and we present an approach to map between snowflake
model and XML. Online analysis and process (OLAP)
operations on data cube are defined on these models.
These OLAP operations are used for analysis and query

on the data cubes for data warehouse users.
3 XML Based Data Cube

This section reveals the similarity between
semi-structured data in XML and data cube, and then
presents X-OLAP operations on semi-structured data in
XML. There is a natural link between data cube and

XML graph, and they are all multi-dimensional and

hierarchy structure. The more detailed, the lower
granularity data is; the more summarized, the higher

granularity data is.
3.1 Data cube in data warehouse

Because data warehouse focuses on OLAP opera-
tions, such as roll-up, drill-down, slice and rotation,
how to represent data with data cube is the main task
for modeling data warehouse. There are two kinds of
logical model: snowflake model and star model, both of
which are composed of fact table and dimensional
tables. To some extent, the fact table is the center of
this entity, and the dimensional tables are some
attributes or level of this entity. In this paper, we use
snowflake schema to model data cube, and by the
dimension identifications to build a relation between
fact table and dimension table, or between dimension
tables. An example about data cube on sale analysis is

shown in Fig.1.

Dimension table Fact table / Product ID Class
Product Name D
Date Shop Class Name
Date \\ Date
Price Shop City Country
D Name
Noume / Country / Name
City

Fig.1 Snowflake model in data warehouse
For every topic, in data warehouse, there is a
corresponding data cube, which reveals a level
structure about this topic, such as, sale = product —
class, sale = region — city — country (from detail to

summary) .
3.2 XML data

XML is a textual language, which is very suitable
for web application, including more structures, more
semantics, extensibility, simplicity, self-describing,
validation,  separation between data and its
representation, and so on. XML is presented by W3C,
and it is a standard language for data transformation
and exchange on the web. There are more and more
data represented by XML on the web or in some
applicable systems.

When modeling data in XML, data representation
can be viewed as a tree and query can be treated as
traversing tree or graph. Nested, tagged elements are
the building blocks of XML. Each tagged elements has
a sequence of zero or more attribute/value pairs, and a

sequence of zero or more sub-elements. XML data has
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been modeled as a directed acyclic graph (in most
cases trees)[gj. An example about data in XML is

shown in Fig.2.

& Class (ID)

Name

& Country (ID)

Name

Fig.2 XML data model
XML schema is emerged as a standard to describe
the schema of XML data. It describes XML data type
and XML data structure. For example, XML schema

about “product” in Fig.2 is as follows.
{complexType name = productType )

( Sequence>
(element name = “ID” type = “int”/ )
(element name = “name” type = “string”/)
( element name = “class” type = “classType”/ )
{/sequence)

{/complex Type)
{complexType name = classType )

( sequence>

(element name = “ID” type = “int”/ )
(element name = “name” type = “string”/)
</sequence>

{Jeomplex Type)

One XML schema can be correlative to one or
more XML data, that is, some data documents has a
schema. At the same time, every XML data document
can be interpreted by different XML schema files, so
there are different semantics for one XML data file
when it attached with different XML schema files. The
following is a part of XML data related XML schema in
Fig.2.
(data) 2001-5-1 {/data)
{product ID = “A1”)

(name) book {/name)

(class ID = “1-002”)

(name) novel {(/name)

(/class)

{/product)

3.3 XML based data cube

XML has become a uniform language to model data
from web and other data sources into the data
warehouse. Because of its good features, we combine
XML tree data model and OLAP operations in data
warehouse in order to provide more efficient and
effective models. Data in XML is represented as a

graph-based data model, and there are path operations

on it, in which there is a unique root for a model, and
there are some hierarchical level structures. Thus,
there is a unique entry for data cube and XML data
model, and they all have hierarchical structures to
describe the entity content.

Except the same structure above, there are some
similar operations on them. For data cube, there are
some OLAP (on-line analysis and process) operations
on data cube, including slice, rotation, roll-up,
drill-down and so on. By these operations, users can
get any aspect of this entity. And, for graph
operations, there are path operations and navigate
operations, by invoking these operation, users can get
any nodes in the graphs. By the approach we present in
this paper, all OLAP operations on data cube can be
gotten by X-OLAP operations on XML based data cube.

So, from the structure and the operations, we can
see that the similarities between the snowflake schema
and XML graph. Our work includus: firstly, we use
graph model to represent data in data warehouses;
secondly, use OLAP and navigate operations to process
data; thirdly, describe meta data or data schema with

XML schema.
3.4 OLAP operations on XML based data cube

Most decision analysis and query process in data
warehouse are implemented by OLAP. OLAP defines
some statistical operations on data cube, such as
roll-up, drill-down, slice, rotation and so on. These
operations get useful data from SQL aggregation
functions: SUM, COUNT, MAX, MIN, AVG. In this
section, we present OLAP operations on XML data
cube, and we also show that this operation calculus is
completeness and closure” .

Definition 1 XML document is an XML instance
of an XML schema. An XML data can be modeled as a
grammar represented by a triple ¢t = (node, label,
operation) , where node is an object with OID, label is
attributes of objects and operations are accessing or
navigating operations on the XML tree or graph.

Definition 2 XML based data warehouse is a
finite set of documents (or data cubes) conforming to
one of the XML schema definitions in meta data.

OLAP operations on XML objects are called
X-OLAP algebra. This paper shows that OLAP
operations on XML-based data cube are equal to
traditional OLAP operations on data cube, and that
algebra is completeness and closure, we will prove it in
this section.

Definition 3 In data cube, dependent relation is
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defined: {(a,, ay,"**,a,) < (b, by, . b,) iff a; <
b;yl<i<n.

For example, there is a dependent in Fig.2:
country < city;<class, country> < <pr0duct, city>.

Definition 4 In XML graph, dependent relation
is defined: (a,,a,,*,a,) < (b, ,by,*+,b,) iff
node q; is the offspring of node b; in graph, 1 < i <
n.

For example, node “country” is a child of node
“city” and node “class” is a child of node “product”,
so {class, country> < <pr0duct, city>.

Rule 1

schema can be mapped to dependent relation in XML

Any dependent relation in snowflake

graph model.

Proof Because of the structural mapping from
snowflake schema to graph model, there are the same
hierarchical structure among them. So, it is obvious
that dependent relation in snowflake schema is equal to
ancient-offspring in XML graph.

Definition 5
function is defined as follows: S is a set of value of any
variable. S = S, U S, U--US,and S, N S, N -+
NS, =@. Ifw(S) = T(¥(S,) + T(S,) + -
+ ¥(S,)), then ¥ is distributive aggregate function.

In OLAP, distributive aggregate

There are four aggregation functions, such as
SUM, MAX, MIN and COUNT, which are all conform
to the above definitions.

Definition 6 In OLAP,

function is defined: the aggregate function results from

algebraic aggregate

any other aggregate function by algebraic operation.
For example, AVG(S) = SUM(S)/COUNT(S).
Rule 2 Aggregate functions in OLAP can be
mapped into functions on XML graph model.
w(S),
distributive aggregate function, can be got by SUM,
MIN, MAX or COUNT, those operations can be got by
operation on the attribute S according to the definition
5 and 6. So, aggregate functions of X-OLAP in XML
graph model can be got by algebraic functions in
OLAP.
Rule 3  Any operations in OLAP, such as roll-up

Proof Any aggregate where ¥ s

and drill-down, can be transformed into operations in
X-OLAP.

Proof X-OLAP is for graph model, so we need
to prove that OLAP functions can be got by operations
on XML graph. Roll-up operation can be regarded as
path travel from root node to leaves node. Drill-down
can be regarded as from leaves nodes to root nodes.

Slice is an operation to get a sub-tree of a node in XML

tree; rotation is a change of order among sub-trees
about a node in the tree or graph.

From above, there is a mapping from snowflake
schema to XML tree or graph. With the help of XML
schema, OLAP operations can be executed on this data
model. Except traditional OLAP operations, path
operations and navigate operations on DAG are also
executed on XML-based data cube.

Theorem 1 Completeness of X-OLAP algebra.

Proof All traditional OLAP operations can be
mapped into XML tree operations as we show in this
section.

Theorem 2  Closure of X-OLAP algebra.

Proof Closure means that XML is to be used as
the input as well as the output for queries. Closure is
important because it allows nesting of queries and also
simplifies the implementation of the input-output
handling of this language. As we show above, all
operations are closed under this model, in the sense
that they all take valid XML documents as input and
valid XML as output.

According to the above definitions, OLAP opera-
tions can be executed on XML-based data cube.
Because any XML data has an XML schema, which is
helpful to describe the XML data and which is a
directive to execute OLAP operations, XML based data
cube is feasible to cope with semi-structured and

evolving data.
4 Conclusion

In recent years much progress about XML appli-
cations and data warehouse solutions are viewed. This
paper develops an approach to map from data in data
cube to data in XML, and which is important for web
applications and evolution data in data warehouse. We
present how to model data with XML and give X-OLAP
operations on XML based data cube. XML is used to
describe any data from structure data to semi-structured
data, and there is much advantage to use XML to model
data in data warehouse. It is easier to put data to data
warehouse and it is feasible to cope evolution data
warehouse with XML. At the same time, it is a feasible
method to get deduced schemas from the data schema in
data warehouse, so it is easier to get different views for
specific users.

Now we focus on how to implement operations of
X-OLAP on the XML based data model presented in
this paper. In the future work, we will do some
research on indexing, data mining on XML based data

cube and query language on the XML based data
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warehouse and X-OLAP.
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