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ABSTRACT

A tabular operation provider is provided for processing a data agnostic business
intelligence query with relational operations, herein called a relational query against a
multidimensional datasource. The tabular operation provider comprises a query
interceptor, a query decomposer and a query replacer. The query interceptor detects and
intercepts a relational query that is issued against one or more multidimensional data
sources. The query decomposer decomposes expressions of the relational query into one
multidimensional expression and one or more relational expressions. The query replacer
replaces the relational query with a stack of operations expressed by the decomposed

multidimensional expressions and/or the relational expressions.
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System and Method of Providing Date, Arithmetic and Other Relational Functions
for OLAP Sources

FIELD OF INVENTION

[0001] The present invention relates generally to a system and method for processing high
level user requests containing one or more queries, and in particular to a system and
method of providing date, arithmetic, and other functions for online analytical processing

(OLAP) sources.

BACKGROUND OF THE INVENTION

[0002] Many organizations use data stores for storing business data, such as financial data
and operational data. In order to assist business users to examine their data, various data
analyzing applications are proposed. Those data analyzing applications provide various
views or reports of data to users. Those data analyzing applications typically have query
engines that access the data stores to obtain desired data. The accessed data stores can be
cither relational or multidimensional stores, which are based on fundamentally different

data storage technologies.

[0003] Those data analyzing applications issue requests of data from the data stores. A
request may contain data agnostic business intelligence (BI) queries that may express date,
arithmetic, string manipulation, and other relational style operations. BI users can make
such computations on relational data. There is a need for the ability to do the same
computation natively on OLAP or dimensional data. Presently, users have had to extract
dimensional data, transform, and load it (ETL) into other systems that provide such
computation (MS Excel (TM) for example). This ETL route is time consuming, requires
the interventions of IT departments in large organizations, is error prone, and is inefficient

compared to being able to perform such computation in the Bl system directly.

10004] Some data analyzing applications have Online Analytical Processing (OLAP) query
engines to allow users to analyze multidimensional views of data. This type of OLAP is
sometimes called Multidimensional OLAP (MOLAP). A MOLAP engine summarizes
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business data into multidimensional views 1n advance, and places the summarized data in a
cube structure. When a user request 1s received, the MOLAP engine accesses the
summarized data, and thus the MOLAP engine can provide a response to the query very

fast. The user can rotate the cube structured data to see a desired view of the data using

the MOLAP engine.

[0005] There also exist Relational OLAP (ROLAP) query engines that extract data from
traditional relational databases. ROLAP engines are able to create multidimensional views
on the fly. In order to extract data, those ROLAP engines typically use complex Structured
Query Language (SQL) statements against relational tables in the relational databases.
ROLAP engines tend to be used on data that has a large number of attributes, where the
data cannot be easily placed into a cube structure. ROLAP engines support
multidimensional queries issued against relational databases. Some ROLAP engines
translate OLAP queries into SQL queries, and other ROLAP query engines implement the
access to relational databases using internal communication between components

responsible for OLAP and relational operations.

[0006] Both MOLAP and ROLAP approaches to the multidimensional data access, even
though they use different data storage technologies, provide only the functionality of the
multidimensional query language. This query language has a number of significant
limitations when 1t comes to providing relational style operations, such us date, arithmetic

and string manipulation operations.

|0007] On the other side 1s the relational query language, SQL, providing a powerful set of
operations that manipulate data in accordance with the relational algebra. This set of
operations includes the relational style operations that are not natively supported by the
multidimensional technologies, including date, arithmetic, and string manipulations.

While SQL is ideal for processing transactional data, it has a number of significant

limitations when it comes to data analysis and reporting.
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SUMMARY OF THE INVENTION

10008] The present invention intercepts a data agnostic business intelligence (BI) query
that has relational style operations that is issued against one or more multidimensional data

sources, and decomposes it into sub-queries to execute the query.

[0009] It is an object of the invention to provide an improved system and method tfor
decomposition of a data agnostic business intelligence query against one or more

multidimensional data sources.

[0010] According to the present invention there 1s provided a tabular operation provider
for processing a data agnostic business intelligence query that has relational style
operations that are not supported natively by the underlying multidimensional data sources.
The tabular operation provider comprises a query interceptor, a query decomposer and a
query replacer. The query interceptor 1s provided for detecting and intercepting a data
agnostic Business intelligence query that has relational style operations that 1s issued
against one or more multidimensional data sources. The query decomposer is provided for
decomposing expressions in the input query into one or more relational expressions and
one or more multidimensional expressions. The query replacer 1s provided for replacing
the input query with a stack of operations expressed by the decomposed relational

expressions and the multidimensional expressions.

[0011] In accordance with another aspect of the present application, there is provided a
query decomposer for decomposing data agnostic business intelligence queries that contain
relational style operations. The query decomposer comprises a sub-expression identifier
and a sub-query creator for creating an OLAP query provider (OQP) sub-query and a
relational query provider (RQP) sub-query. The sub-expression identifier 1s provided for
identifying 1f one or more parts of an expression is a relational style operation that is not
supported by the OLAP Query Provider. The sub-query creator is provided for creating an
OLAP Query Provider (OQP) sub-query based on the parts of expressions that are
supported by OQP. The sub-query creator 1s also provided for creating an RQP sub-query

based on the original query.
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[0012] In accordance with another aspect of the present application, there is provided a
method of processing a data agnostic business intelligence query against one or more data
sources. The method comprises steps of detecting and intercepting a data agnostic
business intelligence query that 1s issued against one or more multidimensional data
sources; decomposing expressions of the data agnostic business intelligence query into one
or more multidimensional expressions and one or more relational expressions; and
replacing the data agnostic business intelligence query with a stack of operations expressed
by the decomposed multidimensional expressions and the relational expressions for

execution of the operations.

[0013] In accordance with another aspect of the present application, there is provided a
method of decomposing a data agnostic business intelligence query applied against one or
more multidimensional data sources. The method comprises the steps of identifying one
or more parts of expressions as relational style sub-expressions that are not supported by
an OLAP query provider that 1s capable ot executing OLAP style queries, extracting the
identified relational style sub-expressions into RQP data items; creating a OQP data items

that replace the identified relational style sub-expressions.

[0014] In accordance with another aspect of the present application, there is provided a
memory containing computer executable instructions that can be read and executed by a
computer for caring out a method of processing a data agnostic business intelligence query
against one or more data source. The method comprises the steps of detecting and
intercepting a data agnostic business intelligence query that is issued against one or more
multidimensional data sources; decomposing expressions of the data agnostic business
intelligence query into one or more multidimensional expressions and one or more
relational expressions; and replacing the data agnostic business intelligence query with a
stack of operations expressed by the decomposed multidimensional expressions and the

relational expressions for execution of the operations.

10015] In accordance with another aspect of the present application, there is provided a
carrier carrying a propagated signal containing computer executable instructions that can
be read and executed by a computer, the computer executable instructions being used to

execute a method of processing a data agnostic business intelligence query against one or
_4
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more data source, the method comprising the steps of detecting and intercepting a data
agnostic business intelligence query that is issued against one or more multidimensional
data sources; decomposing expressions of the data agnostic business intelligence query
into one or more multidimensional expressions and one or more relational expressions;
and replacing the data agnostic business intelligence query with a stack of operations
expressed by the decomposed multidimensional expressions and/or the relational

expressions for execution of the operations.

[0016] This summary of the invention does not necessarily describe all features of the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[001 7] These and other features of the invention will become more apparent from the
following description in which reference is made to the appended drawings wherein:

Figure 1 shows in a block diagram an example of a query framework system in
which an example of a tabular operation provider is suitably used, in accordance with an
embodiment of the present invention;

Figure 2 shows in a block diagram the query framework system in more detail;

Figure 3 shows in a block diagram an example of a tabular operation provider, in
accordance with an embodiment of the present invention;

Figure 4 schematically shows in a diagram the decomposition of a data agnostic
business intelligence query, in accordance with an embodiment of the tabular operation
provider;

Figure 5 shows in a flowchart the operation of the tabular operation provider;

Figure 6 shows in a flowchart a decomposition process by the tabular operation

provider;

Figure 7 shows in a block diagram a query decomposer in accordance with an

embodiment of the tabular operation provider;
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Figure 8 shows in a screenshot an example of a report or a view of data stored in an
example OLAP data store, whereby the report summarizes the revenue for each year and
product line;

Figure 9 shows 1n a screenshot the report as in Figure 8 with a string function
applied to the year and product line columns;

Figure 10 shows 1n a screenshot the report as in Figure 8 with a substring function
applied to the year column; and

Figure 11 shows in a screenshot the report as in Figure 10 presented in a

dimensional view called a cross tabulation.

DETAILED DESCRIPTION

[0018] The present invention allows for the computation of time, arithmetic, and other
business functions for data extracted from OLAP (or multidimensional) sources that do not

support these computations natively.

[0019] Figures 1 and 2 show a query framework system 10 in which a tabular operation
provider 100 (Figure 2) in accordance with an embodiment of the application is suitably
used. The tabular operation provider 100 may be a standalone pluggable component as
shown in Figure 2, or a part of a component that processes high level user requests. The
following descriptions describe an embodiment of the tabular operation provider as a

standalone component, but the invention is not limited to such an embodiment.

[0020] The query framework system 10 is used in a computer system 20 having an input
unit 22 and an output unit 24. The query framework system 10 is provided to receive user

requests from a data analyzing system 30 and process the received user requests to retrieve

requested data from one or more data sources 32.

[0021] The data analyzing system 30 is an application that provides various views of data
in the data sources 32 to allow users to analyze the data. When a user requests a view of
data, the data analyzing system 30 generates a user request. A user request typically
contains multiple queries. To generate user requests, the data analyzing system 30 may

use a metadata model 34 that contains metadata of the data sources 32. The user request 1s

-6 -
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in a query language that the data analyzing system 30 uses to issue the user request. Some
data analyzing system 30 may issue a user request in a data source language, such as SQL,
and some data analyzing system 30 may issue a user request in a language specific to the

data analyzing system 30.

[0022] The data analyzing system 30 issues user requests in a data agnostic querying
language or specification. The data agnostic querying specification allows combining
query elements involving relational operations and OLAP operations. Accordingly, a data
agnostic query issued by the data analyzing system 30 may involve both relational and

OLAP operations, only relational operations, or only OLAP operations.

[0023] The query framework system 10 intercepts user requests generated by the data
analyzing system 30. It processes and executes the user requests to retrieve desired data

from the data sources 32.

[0024] As shown in Figure 2, the query framework system 10 has multiple query
processing components 12. Query processing components 12 share a common interface 14
and a common query language of the query framework system 10. Query processing
components 12 are pluggable components. Query processing components 12 include a set
of query operation providers 50, and a coordination planner 60. The query framework
system 10 may also have an operation support table 16 that describes functionalities of the

query operation providers 50.

[0025] The coordination planner 60 organizes interaction between the query processing
components 12. The interaction 1s carried out through the common interface 14 and based
on the common query language. The coordination planner 60 divides the query processing
into two phases: query planning or preparation phase and a query execution phase. During
the query preparation phase, the coordination planner 60 interacté with components in
order to identify and plan the operations associated with each component involved in the
query preparation process, and to determine the sequence of these operations. The
coordination planner 60 may use one or more query operation providers 50 during the
query preparation phase. During the query execution phase, the coordination planner 60

distributes the query operations to associated query operation providers 50. The

-7 -
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coordination planner 60 invokes the query operations in the sequence determined at the

preparation phase.

[0026] During the preparation phase, the coordination planner 60 converts a user request
received from the data analyzing system 30 into a converted query or a query framework
(QF) query. A QF query plays the role of a query specification that the query operation
providers 50 use to communicate to each other and to the coordination planner 60 within
the query framework system 10. The QF query definition is an extension of the user
request specification defined by the data analyzing system 30. The coordination planner
60 and the query framework system 10 are further described in Canadian Patent
Application No. 2,518,902 entitled “System and Method for Query Planning and

Execution”.

[0027] Each query operation provider 50 is capable of performing a specific operation on
queries. The query operation providers 50 include a relational query provider 52, OLAP
query provider 54, and the tabular operation provider 100. There may be more query

operation providers in the query framework system 10.

[0028] The OLAP query provider 54 1s capable of processing OLAP queries, 1.e. queries
of the system query language involving OLAP operations only. Date, arithmetic, string
manipulation, and other relational type operations are not supported by the OLAP query
provider. The operation of the OLAP query provider 54 involves translation of the system

query language into the query language of underling multidimensional data sources 32,

which 1s MDX.

[0029] The relational query provider 52 is capable of processing relational queries. It
provides tabular operations to received queries. The operation of the relational query
provider 52 involves translation of the system query language into the query language of
underling relational data sources 32, which is SQL. The relational query provider is also

capable of receiving the data upon which the relational queries act. The operations in the

input relational queries are applied to the input data stream.

|0030] The tabular operation provider 100 1s a query transformation component plugged

into the query framework system 10 governed by the coordination planner 60. The tabular
-
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operation provider is a transformation provider which is responsible for preprocessing of
the received user request, and transforms the received user request into a QF query 1n
order, for example, to make it simpler or supported by other components in the query

framework system 10.

[0031] The tabular operation provider 100 uses a query decomposition process that
bridges between functionality available in relational operations and multidimensional
operations. It allows relational style functions, such us date arithmetic and string
manipulation, against multidimensional data sources that do not natively support these

relational style functions.

[0032] The tabular operation provider 100 plays part in data agnostic user experience, €.g.,
the same look and feel against relational and multidimensional data sources, including the
set of functions shared across multidimensional and relational data sources. The tabular
operation provider 100 allows the relational and multidimensional operations combined 1n
a single query. In this embodiment, the logic of the query decomposition i1s implemented
as a tabular operation provider 100 which 1s a pluggable component in the query
framework system 10. Accordingly, its functionality can be reused for different variations
of data sources. Also, its behavior may be tweaked in the system 10 by pre-processing
incoming queries or post-processing the results of the decomposition. In a different
embodiment, the functionality of the tabular operation provider 100 may be incorporated

into other component.

[0033] As shown in Figure 3, the tabular operation (or function) provider 100 has a query
interceptor 102, query decomposer 104, and a query replacer 106. The query interceptor
102 detects and intercepts queries requiring its involvement, the main type of which is
queries with date, arithmetic and string manipulation operations i1ssued against
multidimensional data sources 32. The query decomposer 104 decomposes these queries
into three sub-queries or specifications, as further described below. The query replacer
106 replaces the initial query with the stack operations expressed with the three
specifications. The query replacer 106 may include a multidimensional query provider

interface for sending multidimensional queries to a multidimensional query provider and
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for receiving results, and a relational query interface for sending the results to a relational

query provider.

[0034] Figure 4 schematically illustrates an example of decomposition of a
multidimensional query 110 intercepted by the tabular operation provider 100. The data
agnostic input query 110 is decomposed into multiple specifications 120 including three
specifications representing three types of sub-queries 120. The sub-queries 120 include an
OLAP operation query 122, a relational operation query 126, and a post Processing
operation query 128. The OLAP operation query 122 has a QF query specification that
involves only OLAP operations. This query 122 is sent to the OLAP query provider 54 for
execution. The relational operation query 126 has a QF query specification that involves
only relational operations. This query 126 is sent to the relational query provider 52 for
execution. The post processing operation query 128 1s a query representing an operation
of adjusting data set information to correspond to column information expressed in the
metadata model rather than the structure of the input data stream that 1s extracted from the

OLAP query provider and passed to the relational query provider. The post processing

operation 1s handled by the tabular operation provider 100 itself.

[0035] Referring to Figure 5, the operation of the tabular operation provider 100 and the
decomposition rules are described. The tabular operation provider 100 detects and
intercepts an input data agnostic query 1ssued against the multidimensional data source 32
(150). The tabular operation provider 100 checks if the input data agnostic query involves
operations that are unsupported by the OLAP query provider 52 (152). To determine if the
operations are unsupported, the tabular operation provider 100 may use the operation
support table 16 to refer to the functionalities that are supported by the OLAP query
provider 54. If all operations involved in the input data agnostic query are supported by
the OLAP query provider 54, the query 1s sent to the OLAP query provider 54 (154) by the

coordination planner 60 for execution.

[0036] It the data agnostic query involves one or more operations that are unsupported by
the OLAP query provider 54, the tabular operation provider 100 invokes the query
decomposer 104 to decompose the input data agnostic query (156). The query decomposer

104 analyses each expression included in the input data agnostic query (158).
- 10 -
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[0037] The query decomposer 104 decomposes expressions in the input data agnostic
query. An expression is decomposed into or more multidimensional sub-expressions and
one or more relational sub-expressions (160), as further described below. The query
replacer 106 of the tabular operation provider 100 replaces the initial data agnostic query
with stack of operations (162) based on the results of the decomposition of the query at
step 160. Each operation is sent to a respective query provider 52, 54 by the coordination

planner 60 for planning and execution.

[0038] The tabular operation provider 100 also performs a data set information post
processing operation (164). The tabular operation provider adjusts the data set information
to correspond to column information expressed in the metadata model rather than the

structure of the input data stream that 1s extracted from the OLAP query provider and

passed to the relational query provider.

[0039] In order to perform the decomposition of expressions at step 160, as shown in
Figure 6, the query decomposer 104 may have to identify sub-expressions that contain
unsupported tabular functions190. The query decomposer 104 may then have to extract
relational expressions into RQP data items192. The query decomposer may then have to
create OLAP items 194, and then replace original expressions with corresponding RQP
items 196. The sub-expression identifier identifies one or more parts of each expression in
the query that is not supported by the OLAP query provider, namely sub-expressions that
contain relational style functions 190. The tabular expression extractor extracts these
relational sub-expressions out of each original expression 192. The OLAP item creator
creates one or more data items 1n the OQP query 194. The expression replacer replaces

query 1tems with identified relational sub-expressions with the corresponding RQP items

196.

[0040] The decomposition may be carried out as shown in Figure 7. The Sub-Expression
I[dentifier 200 of the query decomposer 104 identifies one or more parts of expressions,
1.e., sub-expressions, as unsupported by an OLAP query provider 54. The Tabular
Expression Extractor 202 extracts relational style sub-expressions, such as date arithmetic
and string manipulation, out of OQP’s query, which in the process of further planning

phase processing gets associated with the OLAP query provider 54. The OQP query is a
-11 -
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flat list query that is a collection of all sub-expressions created as a result of decomposition
of all individual expressions in the incoming query. The query decomposer 104 uses the
OLAP [tem Créator 204 in order to create one or more data items in the OQP query for
each data item and filter expression in the data agnostic incoming query. Finally, the query
decomposer 104 uses the Expression Replacer 206 in order to replace initial data item and

filter expressions with corresponding RQP data items.

[0041] The created OQP query data items comprise an OQP operation query. This query

is built to be flat and does not contain any grouping.

[0042] An example of software implementation of the tabular operation provider 100,
TabularFuncProvider, in accordance with an embodiment of the invention 1s now
described. In this embodiment, the query framework system 10 receives from the data
analyzing system 30 a user request that has a <queryResultDefinition> section. Each
expression in the user request is analyzed in the context of the <queryResultDefinition>

section of the user request.

[0043] A QF query is denoted as QFQuery. QFQuery is the query specification used for
communication between the coordination planner 60 and the query operation providers 50.
QFQuery reflects the logical representation of a query specification at any step of the
query planning process. The final version of QFQuery represents the query execution
plan. The benefits of using QFQuery include that it allows reusing of existing
specification and its interpretation rules, and leaving the choice to a planner provider to

consume either high level or simplified (transformed) constructs of renditions of the user

request.

[0044] The invocation of the tabular operation provider component 1s triggered by various
factors. The tabular operation provider component is invoked when a QFQuery 1s posed
against a multidimensional datasource and the query expresses some operations that are
not natively supported by the data source. It indicates that the decomposition is to be
performed on top of a multidimensional datasource, which currently means that a stream

of data s to be extracted out of the dimensional data source and the unsupported operations

are to be performed locally by the Query Framework system.

-12 -
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[0045] The tabular operation provider component is invoked when relational style
expressions exist in the QFQuery. An expression is considered to contain relational
features when the expression contains relational functions. Relational functions may be

identified as such by either special property in the description of this function.

[0046] Figures 8 to 11 show in screenshots Examples of business functions handled by the
tabular operation provider component, in accordance with an embodiment of the tabular

operation provider 100.

Example 1]

[0047] Figure 8 shows in a screen shot an example report or a view of data stored in an
example OLAP data store, whereby the report summarizes the revenue for each year and
product line. The year and product line captions in each row of the report represent sting

data type.

Example 2

10048] Figure 9 shows in a screenshot the report described in Example 1 (Figure 8) with a
string concatenation function applied to the year and product line columns. This
calculation, which is not natively supported by the OLAP data source in this example,

results on concatenation each year and each product line in each row of the report.

Example 3

10049] Figure 10 shows in a screenshot the report described in Example 1 (Figure 8) with
a substring function applied to the year column. The last two characters of each string year

caption 1s computed for each year row value.

Example 4

[0050] Figure 11 shows in a screenshot the report in example 3 (Figure 10) presented in a

dimensional view called a cross tabulation.

-13 -
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[0051] The systems and methods according to the present invention may be implemented
by any hardware, software or a combination of hardware and software having the functions
described above. The software code, either in its entirety or a part thereof, may be stored
in a computer readable memory. Further, a computer data signal representing the software
code that may be embedded 1n a carrier wave may be transmitted via a communication
network. Such a computer readable memory and a computer data signal are also within
the scope of the present invention, as well as the hardware, software and the combination

thereof.

[0052] While particular embodiments of the present invention have been shown and

described, changes and modifications may be made to such embodiments without

departing from the true scope of the invention.

- 14 -
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WHAT IS CLAIMED IS:

1. A tabular operation provider for processing a data agnostic business intelligence query,
the tabular operation provider comprising;:

a query interceptor for detecting and intercepting a data agnostic business
intelligence query that is issued against one or more multidimensional data sources;

a query decomposer for decomposing expressions in the data agnostic business
intelligence query into one or more multidimensional expressions and one or more
relational expressions; and

a query replacer for replacing the data agnostic business intelligence query with a
stack of operations expressed by the decomposed multidimensional expressions and the

relational expressions.

2. The tabular operation provider as recited in claim 1, wherein the query replacer allows
operations expressed by the decomposed multidimensional expressions to be sent to an
online analytical processing (OLAP) query provider that is capable ot executing
multidimensional query operations, and operations expressed by the decomposed relational
expressions to be sent to a relational query provider that is capable of executing relational

query operations.

3. The tabular operation provider as recited in claim 1, wherein the query decomposer
COmprises:
a sub-expression identifier for identifying if one or more parts of an expression 1s a

relational style operation that is not supported by the OLAP Query Provider.

4. The tabular operation provider as recited in claim 3, wherein the query decomposer

further comprises:

a relational expression extractor for extracting one or more relational sub-
expressions in the data agnostic Bl query into relational query data items;

a OLAP query item creator for creating a data item in the OLAP query provider’s
query for each BI query data item; and

- 15 -
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an expression replacer for replacing the relational sub-expressions with references

to their corresponding Bl query 1tems.

5. The tabular operation provider as recited in claim 3, wherein the query decomposer
uses an operation support table describing operations supported by the OLAP query

provider.

6. A query decomposer for decomposing data agnostic business intelligence queries, the
query decomposer comprising:

a sub-expression identifier for identifying if one or more parts of expressions 1n a
data agnostic business intelligence query that is not supported by an OLAP query provider,

and

an OLAP query provider sub-query creator for creating an OLAP query provider
(OQP) operation sub-query based on the parts of expressions that are supported by the
OLAP query provider.

7. The query decomposer as recited in claim 6, wherein the sub-expression i1dentifier
identifies one or more parts of expressions as tabular sub-expressions that are not
supported by OQP, and the query decomposer further comprises:

a relational expression extractor for extracting the identified tabular sub-
expressions into tabular data items;

a OQP item creator for creating a data item in an OQP sub-query for each data
agnostic business intelligence data item; and

an expression replacer for replacing the identified tabular sub-expressions in the

data agnostic business intelligence query with data items in the OQP Sub-query.

8. The query decomposer as recited in claim 7 wherein the query decomposer uses an

operation support table describing operations supported by the tabular operation sub-query.

9. A method of processing a data agnostic business intelligence query against one or more

data source, the method comprising steps of:

_ 16 -
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detecting and intercepting a data agnostic business intelligence query that 1s 1ssued
against one or more multidimensional data sources;

decomposing expressions of the data agnostic business intelligence query into one
or more multidimensional expressions and one or more relational expressions; and

replacing the data agnostic business intelligence query with a stack of operations
expressed by the decomposed multidimensional expressions and/or the relational

expressions for execution of the operations.

10. The method as recited in claim 9, wherein the replacing step allows operations
expressed by the decomposed multidimensional expressions to be sent to an online
analytical processing (OLAP) query provider that is capable of executing multidimensional
query operations, and operations expressed by the decomposed relational expressions to be

sent to a relational query provider that is capable of executing relational query operations.

11. The method as recited in claim 10, wherein the decomposing step comprises the steps
of:

identifying if one or more parts of expressions in the query that are not supported
by a OLAP query provider, and for creating a OLAP query provider operation sub-query
based on the parts of expressions that are supported by the OLAP query provider.

12. The method as recited in claim 11, wherein the decomposing step further comprises
the steps of:

extracting one or more relational sub-expressions in the data agnostic business
intelligence query into relational query data items;

creating a OQP data item for each tabular data item 1n the data agnostic business
intelligence; and

replacing the relational sub-expressions OQP items.

13. The method as recited in claim 12 wherein the decomposing step uses an operation

support table describing operations supported by OLAP query provider.

-17 -
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14. A method of decomposing a data agnostic business intelligence query applied against
one or more relational data sources, the method comprising the steps of:

identifying one or more parts of expressions as relational sub-expressions that are
supported by a relational query provider that is capable of executing relational queries;

extracting the 1dentified relational sub-expressions into relational query provider
data 1tems;

creating an OLAP query provider data item each data agnostic business intelligence
data 1tem; and

replacing the 1dentified relational sub-expressions in the data agnostic business

intelligence query.

15. A memory containing computer executable instructions that can be read and executed
by a computer for caring out a method of processing a data agnostic business intelligence
query against one or more data source, the method comprising the steps of:

detecting and intercepting a data agnostic business intelligence query that is issued
against one or more multidimensional data sources;

decomposing expressions of the data agnostic business intelligence query into one
or more multidimensional expressions and one or more relational expressions; and

replacing the data agnostic business intelligence query with a stack of operations
expressed by the decomposed multidimensional expressions and the relational expressions

for execution of the operations.

16. A carner carrying a propagated signal containing computer executable instructions that
can be read and executed by a computer, the computer executable instructions being used
to execute a method of processing a data agnostic business intelligence query against one
or more data source, the method comprising the steps of:

detecting and intercepting a data agnostic business intelligence query that is issued
against one or more multidimensional data sources:

decomposing expressions of the data agnostic business intelligence query into one

or more multidimensional expressions and one or more relational expressions; and

- 18 -
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replacing the data agnostic business intelligence query with a stack of operations
expressed by the decomposed multidimensional expressions and the relational expressions

for execution of the operations.

- 19 -
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