D 0 O O

A2

]

736

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
4 October 2001 (04.10.2001)

A OO 0O

(10) International Publication Number

WO 01/73608 A2

(51) International Patent Classification’: GO6F 17/30

(21) International Application Number: PCT/US01/06824

(22) International Filing Date: 1 March 2001 (01.03.2001)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

09/535,905 24 March 2000 (24.03.2000) US

(71) Applicant: i2 TECHNOLOGIES, INC. [US/US]; 11701
Luna Road, Dallas, TX 74234 (US).

(72) Inventors: REDDY, Venugopal, P.; 29 Belleau Avenue,
Madison, NJ 07940 (US). MATHARU, Harmindar, S.; 7
Lincoln Gardens, Lake Hiawatha, NJ 07034 (US).

(74) Agent: KENNERLY, Christopher, W.; Baker Botts
L.L.P, 2001 Ross Avenue, Dallas, TX 75201-2980 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AT
(utility model), AU, AZ, BA, BB, BG, BR, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, CZ (utility model), DE, DE
(utility model), DK, DK (utility model), DM, DZ, EE, EE
(utility model), ES, FI, Fl (utility model), GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP,KR,KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK,
SK (utility model), SL, TJ, TM, TR, TT, TZ, UA, UG, UZ,
VN, YU, ZA, ZW.
(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: SYSTEM AND METHOD FOR PROVIDING CROSS-DIMENSIONAL COMPUTATION AND DATA ACCESS IN
& AN ON-LINE ANALYTICAL PROCESSING (OLAP) ENVIRONMENT

(57) Abstract: A system (10) for generating a value for a first attribute includes a database (16) having one or more dimensions (30)
~~ that each include one or more members (32). The database (16) includes one or more storage locations (22) that are each associated
with one member (32) from each dimension (30) in a set of one or more of the dimensions (30). A server (14) evaluates an expression
including at least one second attribute that depends on a set of one or more of the dimensions (30), the expression mapping at least
one member (32) of a first dimension (30) on which the first attribute depends to at least one member (32) of a second dimension
(30) on which the second attribute depends. The value for the first attribute is generated according to the expression. The server (14)
and database (16) may operate in an on-line analytical processing (OLAP) environment.



10

15

20

25

WO 01/73608 PCT/US01/06824

SYSTEM AND METHOD FOR PROVIDING
CROSS-DIMENSIONAL COMPUTATION AND DATA ACCESS
IN AN ON-LINE ANALYTICAL PROCESSING (OLAP) ENVIRONMENT

TECHNICAL FIELD OF THE INVENTION

This invention relates in general to the field of data
processing and in particular to a system and method for
providing cross-dimensional computation and data access in

an on-line-analytical processing (OLAP) environment.

BACKGROUND OF THE INVENTION

It is often desirable in business or other planning
environments to perform on-line analytical processing
(OLAP) computations to generate desired data. For example,
it may be desirable to compute the value of a Revenue data
measure, according to the expression Revenue = Units *
Price. Given a set of positions in a multi-dimensional
database, this expression yields a value for the Revenue
data measure according to the values of Units and Price for
that set of positions. More generally, the value of a data
measure (whether the value is stored in the database or
computed at run-time) varies according to the particular
combination of positions for which the data measure 1is
being evaluated. A data measure depends on a dimension if
a change of position in that dimension may change the value
of the data measure.

With existing OLAP systems, data access is limited to
the positions at which the data measure is being computed

- no cross-dimensional access 1s provided to data
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associated with other positions. Furthermore, the data
measures for which a value is being computed must depend on
the same dimensions as other data measures in the
expression - the data measure being computed cannot depend
on a dimension that is not depended on by at least one
other data measure in the expression. As a result, these
OLAP systems are unable to compute values for a variety of
more sophisticated "virtual" data measures for which the
database lacks persistent storage and which must thus be
computed at run-time. These and other disadvantages make

previous OLAP systems inadequate for many purposes.

SUMMARY OF THE INVENTION

According to the present invention, disadvantages and
problems associated with systems for generating data in on-
line analytical processing (OLAP) environments have been
substantially reduced or eliminated.

According to one embodiment of the present invention,
a system for generating a value for a first attribute
includes a database having one or more dimensions each
including one or more members. The database includes one
or more storage locations that are each associated with one
member from each dimension in a set of one or more of the
dimensions. A server evaluates an expression including at
least one second attribute that depends on a set of one or
more of the dimensions, the expression mapping at least one
member of a first dimension on which the first attribute
depends to at least one member of a second dimension on
which the second attribute depends. The wvalue for the
first attribute is then generated according to the
expression. In a more particular embodiment, the server
and database operate in an on-line analytical processing
(OLAP) environment. In other more particular embodiments,

the first and second dimensions are aliases of at least one
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base dimension, the wvalue for the first attribute is
generated using cross-dimensional computation according to
the mapping, and a value for the second attribute is
generated using cross-dimensional data access according to
the mapping.

The system and method of the present invention provide
a number of important technical advantages. Unlike
previous techniques, the system and method of the present
invention provide cross-dimensional . data access to
positions other than those at which the data measure is
being computed. Like at least some existing systems, the
present invention allows values to be computed for
"virtual" data measures lacking persistent storage in the
database. However, unlike previous techniques, the system
and method of the present invention provide for cross-
dimensional computation, such that a value may be computed
for a virtual data measure that depends on one or more
different dimensions than the other data measures in an
associated computational expression. Using dimension
aliases and appropriate mappings, the present invention
provides these and other important benefits relative to
existing OLAP systems. Other important technical
advantages are apparent to those skilled in the art from

the following figures, description, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

To provide a more complete understanding of the
present invention and further features and advantages
thereof, reference is now made to the following description
taken in conjunction with the accompanying drawings, in
which:

FIGURE 1 illustrates an exemplary system providing
cross-dimensional computation and data access in an on-line

analytical processing (OLAP) environment;
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FIGURE 2 illustrates an exemplary relationship between
a set of dimension members and the value of a data measure;
FIGURE 3 illustrates an exemplary product dimension;
FIGURE 4 illustrates exemplary dimension aliases;
FIGURE 5 illustrates an exemplary mapping set; and
FIGURE 6 is a flow chart illustrating an exemplary
method of providing cross-dimensional computation and data

access in an OLAP environment.

DETAILED DESCRIPTION OF THE INVENTION

FIGURE 1 illustrates an exemplary system 10 for
providing cross-dimensional computation and data access in
an on-line analytical processing (OLAP) or other suitable
environment. System 10 may provide cross-dimensional
computation and data access for any suitable purpose, for
example only and not by way of limitation, statistical
modeling, a profit or other financial computation, a
dependent demand forecast or other supply chain planning
computation, or any other suitable purpose. Although
existing OLAP systems provide computations involving data
measures, system 10 supports virtual data measures,
according to the present invention, to enhance such
traditional capabilities. Employing the concepts of
dimension aliases and dimension member mapping, system 10
provides cross-dimensional data access -- the ability to
access data at positions different from the currently
selected positions, for example, those at which a data
measure is being computed. System 10 also provide for
cross-dimensional computation -- allowing a value to be
computed for a data measure that depends on one or more
different dimensions than other data measures 1in an
associated computational expression. System 10 thus
provides important technical advantages over existing OLAP

systems.
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System 10 includes a client 12, a server 14, and a
multi-dimensional engine and associated database 16.
Client 12 and server 14 may each support one or more
processes operating on one Or more computers, and may be
autonomous or operate subject to input from one or more
users. Client 12 is coupled to the server 14 using link
18, which may be any wired, wireless, or other link
suitable to support communications between client 12,
server 14, and the respective processes of server 12 and
client 14 during the operation of system 10. Although
client 12 and server 14 are described as separate
components, the present invention contemplates client 12
and server 14 integral to or separate from one another.

Server 14 1is coupled to database 16 using link 20,
which may be any wired, wireless, or other link suitable to
support data communications between server 14 and database
16 during the operation of system 10. Database 16 may be
integral to or separate from server 14, may operate on one
or more computers at one or more locations, and may store
any information suitable to support operation of system 10.

In one embodiment, database 16 provides storage for multi-
dimensional OLAP data and may be populated with data
received from transactional data sources that are internal
or external to the organization or facility associated with
system 10. In one embodiment, server 14 receives input
from client 12 to define instances of data measures,
expressions, mappings, aggregation functions, and any other
suitable information to be stored in database 16. Server
14 may cooperate with client 12 in any appropriate manner
to populate database 16 with information, modify the
contents of database 16, or retrieve information £from
database 16 according to the operation of system 10 and

particular needs.
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Database 16 includes one or more dimensions. As
illustrated in FIGURE 2 for an exemplary three-dimensional
database 16, a dimension 30 is a logical grouping of one or
more entities referred to as the members 32 of dimension
30. Within dimension 30, members 32 may be partitioned
into one or more levels. A data measure is an attribute
whose value depends upon at least one position in each of
one or more dimensions 30; that is, one or more particular
members 32 at which that data measure is being evaluated.

The set of dimensions 30 on which a data measure depends
is referred to as the dimensionality of the data measure.
For each set of members 32 from dimensions 30 on which a
data measure depends, database 16 includes a corresponding
storage location 22 containing the values of one or more
data measures for those members 32. In other words, for
each data measure represented in database 16, server 14
associates with each storage location 22 a member 32 from
each of dimension 30 on which the data measure depends
(from each dimension 30 in its dimensionality). A data
measure yields a scalar value at an intersection (combined
set of members 32) of its dependent dimensions 30. When a
combination of members 32 is specified, server 14 accesses
the storage location 22 associated with that combination of
members 32 to manipulate the data at that storage location
22 or provide server 14 with requested information.

For example, referring to FIGURE 2, a data measure may
have dimensionality {D;, D;, D3} (meaning the data measure
depends on the D;, D;, and D; dimensions 30). The value of
the data measure 1is determined according at least one
position in each of these dimensions 30; that 1s, the
particular set of members 32 at which the data measure is
to be evaluated. In a particular example, the data measure
may be evaluated at the combination of M;; member 32 of

dimension D;, M, member 32 of dimension D,, and M;; member
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32 of dimension D;. The value of the data measure for this
set of members 32 is associated with a particular storage
location 22 in database 16, possibly along with values of
other data measures for that set of members 32. In one
embodiment, database 16 provides persistent storage for
each value of each data measure.

As a more concrete example, Unit Sales may be an
exemplary data measure that depends on a single member 32
from each of the following three dimensions 30: product
dimension 30, geography dimension 30, and time dimension
30. Each combination of members 32 of the dimensions 30
has, for the Unit Sales data measure, a corresponding
storage location 22 in database 16, similar to each
combination of coordinates on the x, y, and z axes being
associated with a point in three-dimensional Euclidean
space. Two data measures need not have the same
dimensionality. As an example, in contrast to the Unit
Sales data measure discussed above, an exemplary Price data
measure may be associated with product and time dimensions
30, but not geography dimension 30. Furthermore, position
within a particular dimension 30 may be changed independent
of members 32 of other dimensions 30, much 1like the
position of a coordinate on the x axis may be changed
independent of positions of other coordinates on the y and
z axes in three-dimensional Euclidean space.

FIGURE 3 illustrates an exemplary product dimension 30
within database 16 that includes a hierarchy of product
levels 34 each having one or more members 32. The value of
a data measure for a member 32 is, at least in embodiment,
an aggregation of values of that data measure for
hierarchically related members 32 in lower levels 34.
Exemplary hierarchical relationships between members 32 in
levels 34 are shown using links 36. The links 36 between

hierarchically related members 32 in adjacent levels 34
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reflect parent-child relationships and are shown as solid
lines.  Exemplary levels 34 for product dimension 30
include an all products level 34, a product type level 34,
a product category level 34, and a product family level 34,
although any suitable levels 34 may be provided according
to the particular needs of the organization or other entity
associated with system 10. Furthermore, this description
applies analogously to one or more other dimensions 30 in
database 16, for example, a geography dimension 30, a time
dimension 30, or any other suitable dimensions 30, instead
of or in addition to product dimension 30.

As discussed more fully below, system 10 may generate
dependent data (such as a dependent demand forecast) for
any target product member 32 in product dimension 30 as a
function of corresponding data for any source product
member 32 in product dimension 30, whether or not the
source and target product members 32 are hierarchically
related. Such dependent data relationships between
hierarchically unrelated members 32 are shown in FIGURE 3
using dashed links 38. For example, in one embodiment,
link 38 between "13gb" member 32 in family level 34 and
"96mb" member 32 also in family level 34 indicates a
dependent demand relationship between "13gb" member 32 and
"96mb" member 32. As indicated by the direction of the
arrow on link 38, the demand for 96mb memory boards (target
product) is in this example a function of the demand for
13gb hard drives (source product) and may be expressed as
an appropriate attach rate.

In one embodiment each dimension 30 in database 16 may
have one or more aliases (also referred to as its
identities). FIGURE 4 illustrates two exemplary aliases of
product dimension 30, product alias 40a and component alias
40b. Aliases may be referred to singly as alias 40 and

collectively as aliases 40, as appropriate. Product alias
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40a may be an alias of product dimension 30 since members
32 of product alias 40a are, in this example, the same as
members 32 of product dimension 30. Component alias 40b
may be an alias of product dimension 30 since members 32 of
component alias 40b may also be members 32 of product
dimension 30. For example, a "Hard Drive" member 32 of
component alias 40b may also be a member 32 of product
alias 40a, consistent with the business reality that hard
drives may typically be sold as separate products or as
components of various bundled computer products.

Each alias 40 of dimension 30 1is treated as an
orthogonal dimension 30 relative to other aliases 40 of
that dimension 30 and is thus independent of the other
aliases 40 with respect to data access, navigation, and
other appropriate activities. In other words, changing
positions (from a current member 32 to a new member 32) in
an alias 40 is independent of the other aliases 40, and all
aliases 40 are treated as equal (there is no "master" alias
40) . Database 16, server 14, and any other suitable
components of system 10 are aware of the multiple aliases
40 of dimension 30 and may make use of this in certain
situations. For purposes of this description, where
appropriate, use of the term "dimension" refers to the
underlying or base dimension 30 and use of the term "alias"
refers to one or more of the aliases 40 of that dimension
30 unless specified otherwise.

Data measures are multi-dimensional attributes and may
depend on a subset of aliases 40. In one embodiment,
aliases 40 rather than the base dimensions 30 are used to
define data measure dimensionality (dimensions 30 on which
the data measure depends). For example only, and without
limitation, Product Demand may be a data measure that
depends on combined positions in product, geography, and

time dimensions 30 {product, geography, time}
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10
dimensionality. Component Demand might be a data measure
having {component, geography, time} dimensionality. The

dependent relationship between demand for a target product
and demand for a source product may be expressed
numerically as an attach rate applied to the demand for the
source product. An Attach Rate data measure may thus have
{product, component, geography, time} dimensionality, since
it depends on both product alias 40a and component alias
40b. A data measure yields a different wvalue for a
different position in an alias 40 if and only if the data
measure depends on the alias 40. In other words, if
position changes in an alias 40, the value of a data
measure will not change if the data measure is independent
of alias 40 with the position change. In this example,
changing the position in component alias 40b does not
change the value of the Product Demand data measure, since
that data measure is not dependent upon component alias 40b
(as indicated in its dimensionality).

According to the present invention, virtual data
measures behave like other data measures, but do not have
associated persistent data storage in database 16. The
value of such a virtual data measure may therefore, in one
embodiment, be computed or otherwise generated at run-time
in response to a request or other suitable input from
server 14. An expression, in terms of one or more data
measures, one Or more unary, binary, or other operators,
one or more constants, one or more scripts (described
below), and even cne or more other virtual data measures,
is associated with each virtual data measure and used to
compute a value for the virtual data measure given a
position in each of the aliases 40 on which the virtual
data measure depends. As an example, a relatively simple
virtual data measure, Revenue, may have the associated

expression:
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Revenue = Units * Price

This expression is supported in most existing OLAP systems.

In contrast, and according to the present invention,
the data measures used in an expression for a virtual data
measure may have different dimensionality. An appropriate
mapping (described below) may be used to convert the
dimensionality of a source data measure to the
dimensionality of a target data measure or target virtual
data measure. For each alias 40 on which a source data
measure depends (source alias 40) that does not match at
least one alias 40 on which a target data measure or target
virtual data measure depends (target alias 40), the members
32 of at least one target alias 40 need to be mapped to the
members 32 of the source alias 40.

Given members 32 for an intersection of a first set of
aliases 40, the mapping yields zero or more members 32 for
an intersection of a second set of aliases 40. As
discussed above with reference to ’FIGURE 2, such an
intersection may include multiple members 32 from a
particular dimension 30. A mapping between members 32 of
the same alias 40 can be defined as an identity mapping
(each member 32 is mapped to itself), a relative mapping
(each member 32 in a level of dimension 30 is mapped to
another member 32 in the same or a different level of that
dimension 30), or any other suitable mappings. As
described more fully below, an aggregation function may be
used when a single target member 32 in a target alias 40 is
to be mapped to multiple source members 32 in a source
alias 40.

In one embodiment, one oOr more mapping sets may be
used to specify mappings between members 32 of one or more

aliases 40, according to particular needs. A mapping set
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is a subset of members 32 selected from a set of one or
more aliases 40 containing the selected members 32. A
mapping set may be used to specify mappings between members
32 or to define the scope of display,rupdate, or any other
suitable activity associated with database 16. In one
embodiment, a mapping set may be defined either by
selecting or otherwise specifying its members 32 or by
specifying an expression on one or more data measures
having the same dimensionality (dependent on the same set
of aliases 40). If an expression 1is used to define a
mapping set, some additional information may be needed to
generate the members 32 of the mapping set. As an example,
a mapping set defining the range between the start of a
year and the current week would require the current week as
input before member 32 can be generated.

To further illustrate the concept of mapping sets,
assume Component Demand is a virtual data measure having

the associated expression:

Component Demand =
Sum [Mapping: Component-to-Product] (Product
Demand * Attach Rate)

The mapping Component-to-Product may rely on a mapping set
relating members 32 of product alias 40a to members 32 of
component alias 40b, as described below. Given a
particular component member 32, particular geography member
32, and particular time member 32, the above: (1)
determines a product demand data measure for each product
incorporating the component (at the intersection of the
appropriate product member 32, geography member 32, and
time member 32); (2) applies an attach rate data measure
(at the intersection of product member 32, component member

32, geography member 32, and time member 32) to each
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product demand to determine the dependent demand for the
component that is attributable to each product; and (3)
applies a sum aggregation function to these dependent
demands to yield the total dependent demand for that
component. The mapping in this example specifies which
products incorporate the component. A value is generated
for the component demand virtual data measure, either at
run-time or otherwise, without requiring persistent storage
in database 16 for that value. This is merely an exemplary
use of an expression including a mapping to generate a
value for a virtual data measure. The present invention is
intended to encompass all appropriate expressions,
mappings, and associated virtual measure computations.

FIGURE 5 illustrates an exemplary mapping set 42
corresponding to a product dimension 30 and which might be
used in generating the values for wvirtual data measure
Component Demand, as 1in the example described above.
Mapping set 42 defines one or more mappings 48 between
source members 32 (in column 44) and target members 32 (in
column 46). Although exemplary mapping set 42 maps target
members 32 of component alias 40b (the target alias 40) to
source members 32 of product alias 40a (the source alias
40), the present invention contemplates any suitable
mapping sets 42 according to particular needs, whether to
generate dependent demand data or any other appropriate
data. In one embodiment, mappings 48 collectively define
a many-to-many relationship between the source and target
members 32. Mappings 48 involving members 32 of one or
more aliases 40 are preferably wvalid and invariant within
database 16 across all members 32 of other aliases 40.

In one embodiment, some or all of the mappings 48 may
be independent of any hierarchical relationship that may
exist between the source and target members 32 1in a

corresponding dimension 30, in this case product dimension
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30. For example, mapping 48 relating dependent demand for
13gb hard drives (target product) to the demand for 96émb
memory boards (source product) may contain hierarchically
unrelated members 32. In a analogous manner, mapping 48
relating dependent demand for 13gb hard drives (target
product) to demand for 128mb memory boards (source product)
may contain hierarchically wunrelated members 32. The
ability of system 10 to readily generate dependent demand
data (or data for other types of virtual data measures) for
hierarchically unrelated members 32 provides an important
technical advantage.

In one embodiment, server 14 receives one oOr more
mappings 48 and associated mapping sets 42 from client 12
or a user associated with client 12 and stores mapping sets
42 in database 16 for use in providing cross-dimensional
data access and computations. Mapping sets 42 may be
stored in database 16 individually or in a batch mode.
Server 14, database 16, or another component of system 10
may validate mapping sets 42 to ensure that the source and
target members 32 are sufficiently defined 1in the
appropriate dimensions 30. Client 12 or an associated user
may use server 14 to update or otherwise modify one or more
mapping sets 42 as appropriate.

In one embodiment, server 14 and database 16 cooperate
to support a scripting language interpreter used to write
scripts that rely on hooks associated with an object to
invoke one or more methods of the interfaces of that
object. 1In general, such scripts may provide more powerful
control structures than a typical expression language and
may be used to generate computational logic that cannot be
readily expressed using an expression. Virtual data
measure definitions may embed invocations of one or more
scripts that have been written to execute in the OLAP

environment of system 10.
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The following grammar, which is supported in typical
existing OLAP systems, may be used to define the expression

syntax used for defining virtual data measures:

<Virtual Measure> :: = <Virtual Measure Name> =
<Expression>

<Expressions> :: = <Expression»> <Binary Operators
<Expressions>

<Expression> :: = <Unary Operator> <Expression>
<Expression> :: = <Conditional Expression>

<Expression> :: = (<Expressions)

<Expression> :: = <Data Measure>

<Expression> :: = <Virtual Measure>

<Expression> :: = <Scripts>

<Expressions> :: = <Literals>

<Conditional Expression> :: = <Condition> : <Expressions>;

<Conditional Expression>

<Conditional Expression> :: = <Conditions> : <Expression>
<Condition> :: = <Condition> <Logical Operator> <Conditions
<Condition> :: = <Expression> <Relational Operators>
<Expression>

<Condition> :: = <Boolean Literals

As indicated, the definition for a wvirtual data
measure may contain one or more references to other virtual
data measures, including self-references. Two or more
virtual data measures may have circular references, which
may be permitted during syntax check but need to be
resolved when such virtual data measures are actually being
evaluated. When a cell of a virtual data measure (for a

specified member 32 of each alias 40 on which the virtual
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data measure depends) 1is evaluated, the cells of one or
more other measures (data measures, virtual data measures,
or both) are accessed and evaluated as needed. A cell may
be flagged as being evaluated during the time it is being
evaluated and may later be flagged as value assigned after
the wvalue for the cell has been assigned. If a cell
flagged as being evaluated is encountered during virtual
measure evaluation, database 16 may generate a suitable
run-time error indicating a circular reference, since the
evaluation of the cell flagged as being evaluated reguires
availability of itself. One or more values for a single
virtual data measure may be computed in any suitable
relative order according to particular needs.

It may be desirable to provide cross-dimensional
access in database 16 with respect to a wvirtual data
measure; that is, access to data for positions different
than the position at which the wvirtual data measure is
being evaluated. It may also be desirable to provide for
dimensionality changes with respect to a wvirtual data
measure; that 1is, use of data measures or virtual data
measures that depend on aliases 40 different from the
aliases 40 on which the wvirtual data measure depends.
According to the present invention, the following
additional syntax may be used to provide such additional

functionality:

<Expression> :: = <Bounded Term>

It

<Bounded Term> Count [<Mappings>]
<Bounded Term> :: = <Aggregation Function> [<Mapping>]
<Expressions>

<Bounded Term>

[<Identity>] <Expression>
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17
<Mapping> :: = <Mapping Name> : <Dimension Set>
<Dimension Set>
<Mapping> :: = <Mapping Name> : <Dimension Set>
<Mapping> :: = <Mapping Name> : <Dimension set>
<Identity> :: = <Alias Name> <Alias Name>
<Dimension Set> :: = <Alias Name> * <Dimension Set>

<Dimension Set>

]

<Alias Name>

Using this syntax, <Bounded Term> is an expression for
which a subset of its dimensionality is bound. In other
words, even though some of the data measures in the
expression depend on a particular set of dimensions 30, the
expression as a whole does not. <Mapping> provides a
representation for providing positions within the bound
dimensions 30 given positions within other dimensions 30,
thus changing the dimensionality of the bounded term, as
described more fully below. <Mapping Name> identifies the
particular mapping 48 used in the virtual data measure
definition. In general, the dimensionality of a particular
expression (whether or not bounded by the mapping 48) is
the union of the dimensionality of: (1) all bounded terms,
and (2) all unbounded data measures within the expression.

For the bounded term:

<Aggregation Function> [<Mapping Name> : <Dimension
Set> <Dimension Set>] <Expressions,

arbitrary (specified) mapping may be provided as follows:

Aggregation Function [Name : Source Set Target Set]

Expression.
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In one embodiment, Target Set 1is a subset of the
dimensioﬁality of Expression; that is, the set of aliases
40 being mapped to is a subset of the aliases 40 upon which
the expression depends. The intersection of Source Set and
Target Set is null; that is, no aliases 40 being mapped to
are also aliases 40 being mapped from. Dimensionality of
the bounded term is the union of: (1) the dimensionality of
Expression minus the dimensionality of Target Set, with (2)
the dimensionality of Source Set. Aggregation Function is
used when multiple members 32 of Target Set are mapped to
one member 32 of Source Set. Count is used when the number
of members 32 generated is desired.

To evaluate Expression, a way to generate zero or more
members 32 of Target Set is needed for each member 32 of
Source Set. A mapping set 42 that is defined on aliases 40

used in both Source Set and Target Set may be used to map

intersections of Source Set to those of Target Set. For
example,
Sum [Component-to-Product : Component Product]

(Product Demand * Attach Rate)

provides one virtual data measure according to an arbitrary
(specified) mapping. If the dimensionality of a Product
Demand data measure is {product, geography, time}, and the
dimensionality of Attach Rate data measure is ({product,
component, geography, time}, then the dimensionality of the
bounded term is {component, geography, time}. If the
mapping set 42 used for the Component-to-Product mapping 48
is as illustrated in FIGURE 4, and given a component 700MHz

(CPU), this bounded term calculates the following:

Sum [Product Demand for Home (Desktop) * Attach Rate
for Home (desktop) & 700MHz (CPU), Product Demand for
Student (Desktop) * Attach Rate for Student (desktop) &
700MHz (CPU) ]
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since this mapping set 42 yields two members 32 of product
alias 40a (Home (desktop) & Student (desktop)) given 700MHz
(CPU) member 32 of component alias 40b.

For the bounded term:

<Aggregation Function> [<Mapping Name> : <Dimension
Set>] <Expression>

relative mapping may be provided as follows:
Aggregation Function [Name: Alias Set] Expression.

In one embodiment, Alias Set 1is a part of the
dimensionality of Expression; that is, the expression
depends at least in part upon aliases 40 in Alias Set. The
dimensionality of the bounded term is the same as that of
the Expression. Aggregation Function is used when mapping
48 generates multiple members 32 of Alias Set given one
member 32. Count is used when the number of members 32 so
generated is desired.

In one embodiment, the mapping [Name: Alias Set] may
be used when relative mapping between members 32 of a
dimension 30 is to be defined. Such mapping may be defined
using parents (member 32 related to another member 32 in an
adjacent lower level of dimension 30), children (member 32
related to another member 32 in an adjacent higher level of
dimension 30), siblings (member 32 related to another
member 32 in the same level of dimension 30), lead (member
32 advanced relative to another member 32, for example, in
time dimension 30), lag (member 32 delayed relative to
another member 32, for example, in time dimension 30), or

any other suitable relationship. For example,

Sum [Parent : Product] Sales
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provides a virtual data measure according to a relative
mapping. The dimensionality of the bounded term does not
change. For example , and not by way of limitation, if
dimensionality of a Sales data measure 1is {product,
geography, time}, then dimensionality of the bounded term
will similarly be {product, geography, time. If the Parent
mapping 48 designates a parent member 32 in a particular
level 32 of product dimension 30, the bounded term results
in data for that parent member 32 given a member 32 of a
child level 32. For example, 1if the Parent mapping 48
designates "Components" member 32 in "Type" level 34, the
bounded term results in the data for "Components" member 32
of "Type" 1level 34 given "Hard Drives" member 32 of
"Category" level 34, given "Memory Boards" member 32 of
"Category" level 34, or given "CPUs" member 32 of
"Category" level 34. The bounded term returns zero, not
applicable, or another suitable result when the given
member 32 is not a child of "Type" level 34.

For the Bounded Term:

<Aggregation Function> [<Mapping name>: <Dimension
Set> ] <Expressions,

absolute mapping may be provided as follows:
Aggregation Function [Name: Alias Set ] Expression.

In one embodiment, Alias Set 1is a subset of the
dimensionality of Expression; that is, the set of aliases
40 being mapped to is a subset of the aliases 40 on which
the expression depends. Dimensionality of the bounded term
equals the dimensionality of Expression minus the
dimensionality of Alias Set. Aggregation Function is used
when mapping set 42 associated with Alias Set has multiple
members 32. Count is used when the number of members 32 of

mapping set 42 is desired.
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In one embodiment, the mapping [Name: AliasSet ] may
be used when the same positions within one or more
dimensions 30 are to be used irrespective of where the
virtual data measure is being computed. Mapping set 42 on
the same aliases 40 as in AliasSet 1is used to specify

members 32 of Alias Set. For example,
Sum [First Quarter : Time ] Sales

provides a virtual data measure according to an absolute
mapping. If the Sales data measure has the dimensionality

of {product, geography, time, and mapping set 42 used to

map is as follows:

January
February
March

then the bounded term has the dimensionality of {product,
geography}. The bounded term results in the first quarter
sales given specified members 32 of the product and
geography aliases 40.

For the bounded term:

[<Alias Name > <Alias Name>] <Expression>,
identity mapping may be provided as follows:

[Aliasl Alias2] Expression.

In a particular embodiment, Alias2 alias 40 is part of the
dimensionality of the Expression; that is, the Expression
depends on Alias2 alias 40, which is bound. Aliasl alias
40 and Alias2 alias 40 are, preferably, two different
aliases 40 of the same dimension 30. The dimensionality of
the bounded term is the union of: (1) dimensionality of
Expression minus dimensionality of Aliasl alias 40, with

(2) dimensionality of Alias2 alias 40.
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The mapping [Aliasl Alias2] 1s used to represent
identityvmapping in which each member 32 of Aliasl alias 40
maps to the same member 32 of Alias2 alias 40 (Aliasl alias
40 and Alias2 alias 40 are two different aliases 40 of the
same dimension 30). This may be desirable when the name of
an alias 40 in the dimensionality of a member 32 needs to
be changed or the same position in a dimension 30 needs to
be used for two different aliases 40 of that dimension 30.

For example,
[Component Product] Component Units

provides a virtual data measure according to an identity
mapping. If dimensionality of Component Units data measure
is {product, component, geography}, and the Component Units
data measure contains the total number of components sold
as part of a particular product, then the dimensionality of
the bounded term is {component, geography} and the virtual
measure provides the independent demand for components (the
total number of components sold as part of the particular
product) .

In one embodiment, in addition to tasks such as
statistical modeling, profit or other financial
computations, and any other relatively straightforward
computations, virtual data measures as described above may

be used for a variety of sophisticated demand-related and

other supply chain planning computations. Exemplary such
computations include, without limitation: (1) historical
substitutions -- using history of one or more existing

products to provide forecast data for a new product having
less (possibly =zero) history of its own; (2) ancestor
lookups -- using suitable data of a parent member 32 to
compare with data of the current member 32, for example,
computing a percentage of sales of "Desktop" member 32 that

are also sales of "Home" member 32; (3) dependent demand
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computations -- computing the demand for a component given
the demand for products that incorporate the component and
the attach rates for the component with respect to the
products; (4) data dimensionality changes -- changing
dimensionality of syndicated or other data to be compatible
with a desired dimensionality, for example, dimensionality
required at a customer installation; and (5) any other
suitable computations. While system 10 1is described
primarily in connection with demand-related computations,
the present invention contemplates using virtual data
measures to accomplish any suitable computations or other
tasks in an OLAP environment. Those skilled in the art
will appreciate that the present invention encompasses all
such scenarios.

Historical substitution data may be computed as

follows:

Max [Historical Substitution : Product Substitute
Product] [Substitute Product Product] Sales,

where the dimensionality of a Sales data measure is
Product, and Product and Substitute Product are aliases 40
of product dimension 30. Using the following mapping set

42 to relate members 32 within these aliases 40:

Product Substitute Product
Pl P2

Pl P3

for the mapping Historical Substitution, the bounded term
results in the maximum of Sales for P2 and Sales for P3
being substituted for P1.

Ancestor lookup data may be computed as follows:

Sales / Sum [Parent : Product] Sales * 100.
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For example, if "Desktops" member 32 in "Category" level 34
is used for the Parent mapping 48, then the bounded term
results in the percentage of the Sales data measure for
"Desktops" member 32 that is also associated with the Sales
data measure for the specified product, considering all
child members 32 of "Desktops" member 32.

Dependent demand data may be computed as follows:

Sum [Component-to-Product : Component Product]
(Product Demand * Attach Rate),

where the dimensionality of (Product Demand * Rate) is
{product}. If the mapping set 42 used for Component-to-
Product mapping 48 is as illustrated in FIGURE 5, and given
a component 700MHz (CPU), then the bounded term will result
in the dependent component demand for 700MHZ (CPU) given
the product demands for Home (desktop) and Student
(desktop). Analogous dependent data may be computed for
available supply, selling price, or any other data
associated with a target product as a function of available
supply, selling price, or other data, respectively,
associated with one or more source products, according to
particular needs.

For data dimensionality changes,

Sum [CoverageMapping : OurProduct * OurGeography
QurTime Geography * Product * Time] (Coverage *
DataMeasure)

takes the DataMeasure received from or otherwise associated
with a third party data source and uses Coverage and
CoverageMapping to convert the dimensionality of that third
party data measure to the internal dimensionality of
{ourproduct, ourgeography, ourtime}. Those skilled in the
art will appreciate that the above are merely exemplary

uses of virtual data measures to provide desired
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functionality according to the present invention. The
present invention 1is intended to encompass all suitable
scenarios falling within the scope of the claims provided
below.

FIGURE 6 1is a flow chart illustrating an exemplary
method of providing cross-dimensional computations and data
access. The method begins at step 100, where client 12 and
server 14 cooperate to define one or more dimensions 30 and
dimension members 32 within database 16. Client 12 and
server 14 cooperate to define one or more appropriate
aliases 34 for each dimension 30 at step 102 and, at step
104, cooperate to define one or more suitable mapping sets
42 and associated mappings 48 between members 32 of aliases
34. Server 14 stores mapping sets 42 and associated
mappings 48 in database 16 at step 106. Similarly, client
12 and server 14 cooperate to define and store one or more
appropriate aggregation functions at step 108, one or more
expressions for generating values for virtual data measures
at step 110, and appropriate data measure instances at step
112. The present invention contemplates defining and
storing the above information in any suitable relative
order according to particular needs. When database 16 has
been sufficiently configured to support cross-dimensional
computation and data access according to the present
invention, server 14 and database 16 cooperate at step 114
to provide such computation and access according to
mappings 48 between dimension aliases 34, as specified in
expressions for virtual data measures, and the method ends.

Although the present invention has been described with
several embodiments, a plethora of changes, substitutions,
variations, alterations, and other modifications may be
suggested to one skilled in the art, and it is intended

that the present invention encompass such changes,
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substitutions, variations, alterations, and modifications

as fall within the spirit and scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A system for generating a value for a first
attribute, comprising:

a database having one or more dimensions each
comprising one or more members, the database comprising one
or more storage locations that are each associated with one
member from each dimension in a set of one or more of the
dimensions; and

a server operable to evaluate an expression comprising
at least one second attribute that depends on a set of one
or more of the dimensions, the expression mapping at least
one member of a first dimension on which the first
attribute depends to at least one member of a second
dimension on which the second attribute depends, the value
for the first attribute being generated according to the

expression.

2. The system of Claim 1, wherein the server and
database operate in an on-line analytical processing (OLAP)

environment.

3. The system of Claim 1, wherein the first and
second dimensions are aliases of at least one base

dimension.

4. The system of Claim 1, wherein the first

attribute does not depend on the second dimension.

5. The system of Claim 1, wherein the value for the
first attribute 1is generated using cross-dimensional

computation according to the mapping.

6. The system of Claim 5, wherein the computation is

selected from the group consisting of:
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a historical substitution computation;
an ancestor look-up computation; and

a dependent data computation.

7. The system of Claim 1, wherein a value for the
second attribute is generated using cross-dimensional data

access according to the mapping.

8. The system of Claim 1, wherein the server is
operable to communicate to the database a mapping set

comprising a plurality of mappings.

9. The system of Claim 1, wherein the mapping is an
arbitrary mapping between one or more specified members of
the first dimension and one or more specified members of

the second dimension.

10. The system of Claim 1, wherein the first
dimension and the second dimension are the same dimension
and the mapping is a relative mapping between related

members of that dimension.

11. The system of Claim 1, wherein the mapping is an
absolute mapping between at least one member of the first
dimension and all members of the second dimension, such
that the member of the first dimension is mapped to
irrespective of which member of the second dimension 1is

selected.

12. The system of Claim 1, wherein the first and
second dimensions are aliases of the same base dimension
and the mapping is an identity mapping between the member
of the first dimension and the same member of the second

dimension.
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13. The system of Claim 1, wherein the expression
comprises multiple mapping sets between multiple sets of
dimensions according to multiple mappings, each wmapping
selected from the group consisting of:

an arbitrary mappings;

a relative mapping;

an absolute mapping; and

an identity mapping.

14. The system of Claim 1, wherein the expression
comprises an aggregation function over a plurality of
mapped members of the first dimension, the value for the
first attribute Dbeing dgenerated according to the

aggregation function.

15. The system of Claim 1, wherein the expression
maps multiple members of multiple dimensions on which the
first attribute depends to multiple members of multiple

dimensions on which the second attribute depends.

16. The system of Claim 1, wherein the second
attribute has an associated storage location in the

database but the first attribute does not.
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17. A method of generating a value for a first
attribute, comprising:

evaluating an expression comprising at least one
second attribute that depends on a set of one or more
dimensions of a database that each comprise one or more
members, the expression mapping at least one member of a
first dimension on which the first attribute depends to at
least one member of a second dimension on which the second
attribute depends; and

generating the value for the first attribute according

to the expression.

18. The method of Claim 17, wherein the method is
performed in an on-line analytical processing (OLAP)

environment.

19. The method of Claim 17, wherein the first and
second dimensions are aliases of at least one base

dimension.

20. The method of Claim 17, wherein the first

attribute does not depend on the second dimension.

21. The method of Claim 17, wherein the value for the
first attribute 1is generated using cross-dimensional

computation according to the mapping.

22. The method of Claim 21, wherein the computation
is selected from the group consisting of:

a historical substitution computation;

an ancestor look-up computation; and

a dependent data computation.
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23. The method of Claim 17, further comprising
generating a value for the second attribute using cross-

dimensional data access according to the mapping.

24. The method of Claim 17, further comprising
communicating to the database a mapping set comprising a

plurality of mappings.

25. The method of Claim 17, wherein the mapping is an
arbitrary mapping between one or more specified members of
the first dimension and one or more specified members of

the second dimension.

26. The method of Claim 17, wherein the first and
second dimensions are the same dimension and the mapping is

a relative mapping between related members of that

dimension.

27. The method of Claim 17, wherein the mapping is an
absolute mapping between at least one member of the first
dimension and all members of the second dimension, such
that the member of the first dimension is mapped to
irrespective of which member of the second dimension is

selected.

28. The method of Claim 17, wherein the first and
second dimensions are aliases of the same base dimension
and the mapping is an identity mapping between the member
of the first dimension and the same member of the second

dimension.

29. The method of Claim 17, wherein the expression

comprises multiple mapping sets between multiple sets of
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dimensions according to multiple mappings, each mapping
selected from the group consisting of:
an arbitrary mappings;
a relative mapping;
5 an absolute mapping; and

an identity mapping.

30. The method of Claim 17, wherein the expression

comprises an aggregation function over a plurality of

10 mapped members of the first dimension, the value for the
first attribute being generated according to the

aggregation function.

31. The method of Claim 17, wherein the expression
15 maps multiple members of multiple dimensions on which the
first attribute depends to multiple members of multiple

dimensions on which the second attribute depends.

32. The method of Claim 17, wherein the second
20 attribute has an associated storage location in the

database but the first attribute does not.
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33. An expression for generating a value for a first
attribute, the expression being stored in a computer-
readable medium, the expression comprising:

at least one second attribute that depends on a set of
one or more dimensions of a database, each dimension having
one or more members; and

a mapping for mapping at least one member of a first
dimension on which the first attribute depends to at least
one member of a second dimension on which the second

attribute depends.

34. The expression of Claim 33, wherein the
expression is suitable for use in an on-line analytical

processing (OLAP) environment.

35. The expression of Claim 33, wherein the first and
second dimensions are aliases of at least one base

dimension.

36. The expression of Claim 33, wherein the first

attribute does not depend on the second dimension.

37. The expression of Claim 33, wherein the mapping
is an arbitrary mapping between one or more specified
members of the first dimension and one or more specified

members of the second dimension.

38. The expression of Claim 33, wherein the first
dimension and the second dimension are the same dimension

and the mapping 1is a relative mapping between related

members of that dimension.

39. The expression of Claim 33, wherein the mapping

is an absolute mapping between at least one member of the
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first dimension and all members of the second dimension,
such that the member of the first dimension is mapped to
irrespective of which member of the second dimension is

selected.

40. The expression of Claim 33, wherein the first and
second dimensions are aliases of the same base dimension
and the mapping is an identity mapping between the member
of the first dimension and the same member of the second

dimension.

41. The expression of Claim 33, wherein the
expression comprises multiple mapping sets between multiple
sets of dimensions according to multiple mappings, each
mapping selected from the group consisting of:

an arbitrary mappings;

a relative mapping;

an absolute mapping; and

an identity mapping.

42. The expression of Claim 33, wherein the
expression comprises an aggregation function over a
plurality of mapped members of the first dimension, the
value for the first attribute being generated according to

the aggregation function.

43. The expression of Claim 33, wherein the
expression maps multiple members of multiple dimensions on
which the first attribute depends to multiple members of

multiple dimensions on which the second attribute depends.
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