PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION

TREATY (PCT)

(51) International Patent Classification 6

GO6F 17/30 Al

(11) International Publication Number:

(43) International Publication Date:

WO 00/68842

16 November 2000 (16.11.00)

(21) International Application Number: PCT/US00/13163

(22) International Filing Date: 12 May 2000 (12.05.00)

(30) Priority Data:

09/311,207 12 May 1999 (12.05.99) Us

(71) Applicant: KNOSYS, INC. [US/US]; P.O. 8064, Boise, ID
83707 (US).

(72) Inventor: LOKKEN, Robert, L.; Knoys, Inc., P.O. Box 8064,
Boise, ID 83707 (US).

(74) Agents: TACHNER, Adam, H. et al.; Crosby, Heafey, Roach &
May, Suite 1900, Four Embarcadero Center, San Francisco,
CA 94111-4106 (US).

(81) Designated States: CA, JP, European patent (AT, BE, CH, CY,
DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT,
SE).

Published
With international search report.

(54) Title:
(587) Abstract

A method and apparatus for forming a decomposition tree and
using the decomposition tree for navigating through the data points
in a multidimensional database. The data point tree is displayed
for one of the dimensions of the multidimensional database with an
icon representing a parent data point. The parent data point is then
selected (2856), and a query (2868) is run to extract child data points
under the parent data point (2870). Then the retrieved data points
are displayed (2874) with the relationships between data points
illustrated (2876). After the child data points are displayed further
processing may be preformed such as selecting a new parent data
point, grouping children, or displaying one of the values contained
at the data points.

NAVIGATING DATA POINTS IN A MULTIDIMENSIONAL DATABASE

V.

‘-SLLLVJY [N VovS PLC-‘* Teen

i
. L 2860 l Displey -y«mmtg._mmw}
(e theste pars Fa [ ST
ol v yoeletasid Ul sapiafid [ A
by the Ofras_progvarall iy
. ha wwﬁ%
R M'\u £ r_L:u.Ltn’_J.awnJ&
selecte] YR point
. )
) IR
l Cend] & ks query. [
I — ,3;41
Rucete P dili pandk el sandan tha
<ol lded LA.nt,._.pmn&“ XY W
YL value ¢

]u—mu, S ol ot [
—r,yi—f?

lDrSh ytha \».Q\Lt,n.:\. IS

I




AL
AM
AT
AU
AZ
BA
BB
BE

BG
BJ
BR
BY
CA
CF
CG
CH
CI
M
CN
CuU

DE
DK
EE

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’'Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
1L
1S
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

FOR THE PURPOSES OF INFORMATION ONLY

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Israel

Tceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI

SK
SN
SZ

TD
TG
TJ

™
TR
TT
UA
uG
us

Uz
VN
YU
v

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

30

WO 00/68842 PCT/US00/13163

NAVIGATING DATA POINTS IN A MULTIDIMENSIONAL DATABASE

Field of the Invention

The present invention relates generally to a method and apparatus for
visually displaying data, and more specifically, to a method and apparatus
for navigating and displaying data points stored in a multidimensional
database.

Background of the Invention

The data in a multidimensional information system can be defined (or
arranged) along multiple dimensions. For example, the data in a sales
management system may include time, location, customer, and product
dimensions. A dimension may include many members. The members in
one dimension can be organized as a hierarchical tree with multiple levels.

Figure 1 shows an exemplary dimension tree for the data along a
product dimension; in which "All Products" is a member; "Furniture” is a
member; "Electronics” is a member; "Beds" is a member; and so on. In the
dimensional tree, the upward connections are called parent connections,
and the downward connections are called child connections. "All Products”
is the first level member in the dimension tree; "Furniture" and
"Electronics" are the second level members in the dimension tree; "Desks",
"Chairs", "Beds", "Home Appliance", and "Office Equipment" are the third
level members in the dimension tree; and so on. "Furniture" is the parent
of "Desks", "Chairs"”, and "Beds"; "Furniture" and "Electronics" are children
of "All Products”; and so on. A member without a parent is called root
member. Specifically, "All Products” is a root member.

In a multidimensional database system having N dimensions with
multiple levels per dimension, a data point (or cell) is defined as the
intersection of one member from each dimension. The N dimensions form a
cube, which contains all data points in the database system. Thus, the

more dimensions and levels per dimension, the more complex is the
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neighboring data points surrounding a given data point. For example, in an
N-dimensional database with each dimension having only one level, each
data point in the database has 2N immediate neighboring data points or
navigation directions. The multidimensional information system are

described in greater detail in OLAP Solutions by Erik Thomsen published in

1997. This book is incorporated into this application by reference.

Thus, efforts have been made to develop tools for facilitating users
to navigate through multidimensional database and display data points that
are being navigated along multiple dimensions. However, the existing data
navigation and display tools does not provide the flexibility in navigating
data points along multiple dimensions. Specifically, in the existing data
navigation and display tools, the navigation paths are limited by the
hierarchical structure of the multidimensional database. Thus, a user may
not be able to navigate through a multidimensional database in a sequence
of paths that fits the user's thought process. In addition, the existing data
navigation and display tool displays the data points separately on a
computer screen. Thus, it does not present a comprehensive view for the
data points that are being navigated.

Furthermore, the existing data navigation and display tool processes
multidimensional data points within a single dimensional hierarchy. To
change a dimension in the middle of a data navigation process, a user has
to perform a so called "pivotal" process to bring a new dimension into
focus. In doing so, the user may lose the navigation paths previously
performed, thus losing the context and importance of the piece of data that
is being currently displayed on the computer screen. Also, such a "pivotal”
process is relatively complicated and not easy for an average user to grasp.

There is, therefore, a need for an improved method and apparatus
that provide flexible navigation paths through the data points in a

multidimensional database.
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There is another need for an improved method and apparatus that
provide users with a comprehensive graphical view of the data points
stored in a multidimensional database, while the data points are being
navigated.

There is yet another need to provide an improved method and
apparatus for navigating and displaying the data points stored in a
multidimensional database, which are easier for users to use.

The present invention provides such a method and apparatus to meet
these three needs.

Summary of the Invention

To overcome the shortcomings in the existing art, the present
invention provides a novel method for displaying data points stored in a
multidimensional database.

In a broad aspect, the invention provides a method for displaying
data points stored in a multidimensional database. The data points are
defined along at least two dimensions. The method comprises the steps of:
extracting a parent data point from the multidimensional database;
displaying the parent data point as a parent data point icon in a data point
tree; selecting the parent data point icon from the data point tree;
extracting, from the multidimensional database, a plurality of child data
points under the parent data point along one of the at least two
dimensions; and displaying the child data points as respective icons in the
data point tree, together with the relationships between the parent data
point and the child data points.

The present invention also provides a corresponding apparatus to
perform the steps described in the above method

Brief Description of the Drawings

The purpose and advantages of the present invention will be
apparent to those skilled in the art from the following detailed description in

conjunction with the appended drawing, in which:
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Figure 1 shows an exemplary dimension tree for the data along a
product dimension;

Figure 2 is a block diagram showing a system for displaying a
decomposition tree, in accordance with the present invention

Figure 3 shows a hierarchy structure of an exemplary
multidimensional database, which will be used to demonstrate the process
of displaying a decomposition tree, in accordance with the present
invention

Figure 4A shows a hierarchy structure of the Product dimension
shown in Figure 3;

Figure 4B shows a hierarchy structure of the Regions dimension
shown in Figure 3

Figure 4C shows a hierarchy structure of the Time dimension shown
in Figure 3

Figure 4D shows a hierarchy structure of the Customer dimension
shown in Figure 3;

Figure 5 shows a screen shot illustrating a user graphic interface for
invoking the Dtree program of the present invention;

Figure 6 shows a screen shot illustrating a step of creating a session
and linking the session to a multidimensional database;

Figure 7 shows a screen shot illustrating a screen shot of selecting a
measure for viewing;

Figure 8 shows a screen shot illustrating a step of selecting a root
(starting) data point for the decomposition tree;

Figure 9 shows a screen shot illustrating a step of selecting a
dimension and level for viewing;

Figure 10 shows a screen shot illustrate the decomposition tree along
the "Customers" dimension at the "Channel” level

Figure 11 shows a screen shot illustrate a step of skipping the

"Channel"” level along the "Customers"” dimension;
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Figure 12 shows a screen shot illustrating that the root data point
("All Customers" data point) is broken down to the "Customer Sectors";

Figure 13 shows a screen shot illustrate a step of displaying the child
data points under the "Reseller" data point;

Figure 14 shows a screen shot illustrating a step of displaying the
child data points under the "Corporate" data point;

Figure 15 shows a screen shot illustrating a step of shifting (or
splitting) the data points grouped in the "Bottom" data point icon onto the
screen

Figure 16 shows a screen shot illustrating a step of changing
dimension at a data point from which the decomposition tree is further
broken down;

Figure 17 shows a écreen shot illustrating that the "Corporate” data
point is broken down along the "Regions" dimension at the "Country" level;

Figure 18 shows a screen shot illustrating a step of displaying the
child data points under the "Educational” data point;

Figure 19 shows a screen shot illustrating a step of selecting a level
based on which the "USA" data point will be further broken down;

Figure 20 shows a screen shot illustrating the decomposition tree
resulting from the user's selection in the screen shot shown in Figure 19;

Figure 21 shows a screen shot illustrating a step of changing
dimension at "Austin" data point;

Figure 22 shows a screen shot illustrating the decomposition tree
resulting from the user's selection in Figure 21;

Figure 23 shows a screen shot illustrating a step of changing the
breaking down level along the "Product” dimension at the "Educational”
data point;

Figure 24 shows a screen shot illustrating the decomposition tree

resulting from the user's selection in Figure 23;
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Figure 25 shows a screen shot illustrating a step of changing
measure for decomposition tree;

Figure 26 shows a screen shot illustrating a measure menu;

Figure 27 shows a screen shot illustrating the decomposition tree
resulting from the user's selection in Figure 26;

Figures 28A-B are two flowcharts for forming a decomposition tree;
and

Figure 29 is a block diagram of a computer system, which can be
used as a hardware platform for running the program to perform the
process shown in Figures 5-27 and 28A-B.

Detailed Description of the Preferred Embodiment

The following description is presented to enable any person skilled in
the art to make and use the invention, and is provided in the context of a
particular application and its requirements. Various modifications to the
preferred embodiments will be readily apparent to those skilled in the art,
and the principles defined herein may be applied to other embodiments and
applications without departing from the spirit and scope of the invention.
Thus, the present invention is not intended to be limited to the
embodiments shown, but is to be accorded with the broadest scope

consistent with the principles and features disclosed herein.

Figure 2 is a block diagram showing a system 200 for displaying a
decomposition tree containing the data points that are stored in a
multidimensional database, in accordance with the present invention.

As shown in figure 2, the system 200 includes a graphic user
interface 206 that is displayed on a computer monitor screen, a
decomposition tree (Dtree) program 208, an OLAP (On Line Analysis
Processing) database AP! (Application interface) 210, an OLAP
multidimensional database server (OLAP server) 212, and a

multidimensional database (OLAP database) 214.
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The OLAP database 214 stores data in multidimensional format, and
the structural information (called meta-data) about the data. The OLAP
server 212 manages the multidimensional data stored in the OLAP database
214. Specifically, the OLAP server 212 allows users to define the
structure of the multidimensional data, load data into the OLAP database
214, and execute data queries over data in the OLAP database 214. The
OLAP database APl 210 receives data queries from the Dtree program 208,
sends them to the OLAP server 212, and receives resulting information
from the OLAP server 212. A commercial available OLAP database API is
the OLE-DB for OLAP, published by Microsoft Corporation and implemented
in several OLAP products. Information queried from the OLAP server 212
takes two forms: (1) meta-data, and (2) user data. Meta-data, which
describes the structure and contents of the OLAP database 214, consists
of available data files, cubes, dimensions, levels, measures, etc.

Interacting with the graphic user interface 206 by using a mouse and
a keyboard (not shown), a user can communicate with the Dtree program
208, sending control requests and data queries to the Dtree program 208.
In response to the control requests (such as selections or changes on
dimensions, measures, and levels) from the user, the Dtree program 208
sets the decomposing parameters for displaying a decomposition tree. In
response to the data queries, the Dtree program 208 retrieves the meta-
data from the OLAP database APl 210 and presents the meta-data as menu
options to the user as to the structure of the data points in the OLAP
database 214. When the user indicates, via the graphic user interface 206,
to the Dtree program 208 which data point is of interest and which
structure element (i.e. dimension and level) he/she wants to break down,
the Dtree program 208 issues a data query to the OLAP database APl 210.
Upon receiving the data values of the data points of interest, the Dtree
program 208 displays the data points and data values in a tree format to

the user, according to the structure defined by the meta-data.
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Figure 3 shows a hierarchy structure of an exemplary
multidimensional database, which will be used to demonstrate the process
of displaying a decomposition tree below, in accordance with the present
invention.

As shown in Figure 3, the database structure 300 includes four
dimensions: Time, Customers, Regions, and Products. The "Time"
dimension is divided into three levels: Year, Quarter, and Month. The
"Customers" dimension is divided into three levels: Channel, Sector, and
Name. The "Regions” dimension is divided four levels: Region, Country,
State Province, and City. The "Products"” dimension is divided into three
levels: Line, Family, and Itemname. The four dimensions form a cube,
which contains all data points in the multidimensional database. The
database structure 300 further includes Measures having three individual
measures: Quantity, Sale, and Profit. Measures are quantitative values in
the space cube. Each of the data points in the OLAP database 214 has its
respective values relating to these three measures.

Figure 4A shows a hierarchy structure of the "Products” dimension
shown in Figure 3. In Figure 4A, the "Products” dimension has a root
member "All-Products”, which connects to three child members:
Accessories, PCs, and Services. The "Accessories” member connects to
six child members: Cables, Hubs, Miscellaneous, Modems, NICs, and
Printers. The "Hub" member further connects to six child members:
CentralHub 53, CentralHub 59, CentralHub 62, NetMax 171, NetMax 173,
and NetMax 174. The "PCs" member connects to four child members:
Business PCs, Home PCs, Laptops, and Servers. The "Services" member
connects to three child members: Consulting, Miscellaneous Services, and
Training.

Figure 4B shows a hierarchy structure of the "Regions" dimension of
Figure 3. Figure 4C shows a hierarchy structure of the "Time" dimension

of Figure 3. Figure 4D shows a hierarchy structure of the "Customers”
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dimension of Figure 3. The hierarchy structures in Figures 4B-D can be
broken down using a similar process described in connection with Figure
4A.

Figures 5-25 show a sequence of screen shots illustrating a process
of navigating through a plurality of data points and displaying them in the
decomposition tree on a computer monitor screen, in accordance with the
present invention.

In describing the process, it is assumed that the data points to be
displayed have been stored in the OLAP database 214 with a structure as
defined in Figures 3 and 4A-D. A user is navigating through the data points
by using a mouse having a right button and a left button (not shown).
These data points will be represented as data point icons on the monitor
screen. The user can select a data point by left-clicking on the data point
icon that represents the data point. By the same token, the user can select
an item contained in a menu or pull-down list by left-clicking on the item.
Each of the data points associates with a menu containing the information
(meta-data) about the structure of the data point. The user can invoke
(select) a menus that is associated with a data point by right-clicking on a
corresponding data point icon. The decomposition tree also associates with
a menu. The user can invoke the menu that is associated with the
decomposition tree by right-clicking a vacant area on the screen shots
shown in Figures 5-25.

Figure 5 shows a screen shot illustrating a graphic user interface 500
for invoking the Dtree program 208 produced by Knosys, Inc. To start the
Dtree program 208, the user left-clicks on (selects) the "View" button 502.
In response to the user's selection, the Dtree program 208 displays the
screen shot 600, as shown in Figure 6.

Figure 6 shows a screen shot illustrating a step of creating a session
for displaying a decomposition tree, and of linking the session to the OLAP

database 214. As shown in Figure 6, a pull-down list 602 is displayed on
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the screen shot 600. In response to user's left-click on (selection of) the
"View 1 Type" item 603 in the pull down list 602, a second level pull-down
list 604 is displayed on the screen shot 600. In response to user’s left-
click on (selection of) the “Advanced Analysis Tools” item 606 in the puli-
down list 604, a third level pull-down list 608 is displayed on the screen
shot 600. In response to user’s left-click on (selection of) the
“Decomposition Tree” item 610 in the pull-down list 608, the Dtree
program 208 displays the screen shot 700 as shown in Figure 7 on the
screen. The user’s left-click on (selection of) the “Decomposition Tree”
item 610 causes the Dtree program 208 to create a session for the process
and link the session to the OLAP database 214.

Figures 7-9 show three screen shots allowing the user to set
decomposing parameters (measure, sorting order, dimension, level, etc) for
the decomposition tree to be formed.

Figure 7 shows the screen shot 700 illustrating a step of selecting a
measure for viewing. As shown in Figure 7, the user left-clicks on (selects)
“Sales” from the pull-down list 704 as a measure so that a respective sales
value in the OLAP database 214 will be displayed together with each of the
data points in the decomposition tree. Further, the user left-clicks on
(selects) the “Biggest Items” as sorting order so that the data points in the
decomposing process will be sorted in a descending order. If the user had
selected the “Smallest Item” as sorting order, the data points in the
decomposition tree would be sorted in an ascending order. In response to
the user's selection of the “Next” button 610 in the screen short 600, the
Dtree program 208 displays the screen shot 800 as shown in Figure 8.

Figure 8 shows the screen shot 800 illustrating a step of selecting a
root (starting) data point for the decomposition tree. As shown in Figure 8,
the "All Customers” data point is selected, as indicated by highlighted
display. In response to the user's selection of the “Next” button, the Dtree

program 208 displays the screen shot 900 as shown in Figure 9.
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Figure 9 shows the screen shot 900 illustrating a step of selecting a
dimension and level to begin the decomposing process. As shown in Figure
9, the user left-clicks on (selects) the "Customer" dimension and the
“Channel” level, as indicated by the highlighted display. The Dtree program
208 maintains and automatically updates (if necessary) the decomposing
parameters (including measure, sorting order, dimension, level, and root
data point) selected by the user, and uses them in the decomposing
process. However, as will be described below, the user can change
decomposing parameters in the middle of the decomposing process. In
response to user left-click on (selection of) the “Finish” button, the Dtree
program 208 displays the screen shot 1000, as shown in Figure 1000.

Figure 10 shows the screen shot 1000 illustrating the decomposition
tree including three data point icons that represent three data points. At
the root level is the "All Customers" data point, which is broken down
along the "Customers” dimension at the “Channel” level. As shown in
Figure 10, the “All Customers” data point connects to two child data
points: an “Indirect Channel” data point and a “Direct Channel” data point.
The “Indirect Channel” and “Direct Channel” data points have sales of 83M
(million) and 79M, respectively; and contribute 51% and 49% of the sales
measure respectively to the “All Customers” data point. These two data
points are displayed according to a descending order according to the sales
measure, specified in the screen shot 700. The relationships between the
"All Customers" data point and the two "Channel" data points are
represented by the connecting lines between them.

Figure 11 shows the screen shot 1100 illustrating a step of skipping
the “Channel” level in the “Customers” dimension. As shown in Figure 11,
the user right-clicks on (selects) the “All Customers” data point icon to
display a dimension menu associated with the “All Customers” data point.
In response, the Dtree program 208 displays a pull-down list 1102 on the

screen. The pull-down list 1102 contains four dimension options
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(Customers, Products, Regions, and Time). To display a level menu
associated with the “Customers” dimension, the user further left-clicks on
(selects) the “Customers” dimension in the pull-down list 1102. In
response, the Dtree program 208 displays a pull-down list 1106, which
contains three level options {Channel — the first level, Sector — the second
level, and Name - the third level) along the “Customers” dimension. To
skip the “Channel” level, the user left-clicks (selects) “Sector” level in the
pull-down list 1106. The user’s selection of “Sector” level causes the
Dtree program 208 to break the “All Customers” data point down to
“Customers Sectors” along the “Customers” dimension. In response to the
user's selection of the “Sector” level, the Dtree program displays the
screen short 1200 shown in Figure 12.

Figure 12 shows the screen shot 1200 illustrating that the “All
Customers” data point is broken down to the “Customer Sectors”, skipping
the “Channel” level along the "Customers dimension”. As shown in Figure
12, the “All Customers” data point is broken down to eight "Customer
Sector" data points, which are represented by eight data point icons:
Reseller, Corporate, Government, Distributor, Education, and OEM. These
eight "Customer Sector” data points have sales of 158M, 80M, 69M, 17M,
10M, -3M, respectively; and they are displayed in a descending order
according to the sales measure. These eight data points make up the
contributes of 48%, 24%, 21%, 5%, 3%, and -1% of the sales to the “All
Customers” data point.

Figure 13 shows a screen shot 1300 illustrating a step of displaying
the child data points under the “Reseller” data point. To display the child
data points under the “Reseller” data point, the user left-clicks on (selects)
the “Reseller” data point icon. In response, the Dtree program 208
retrieves 328 data points under the "Reseller” data point from the LAP
database 214, and displays six child data point icons to represent the 328
data points. It can be noticed that the Dtree program 208 groups 323 child

12
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data points having the lowest sales values into the “Bottom” data icon, so
that all the child data points under the “Reseller” data point can be
displayed in the monitor screen. Had the “Smallest Items” been selected in
the screen shot 700, the Dtree program 208 would group 323 child data
points having the highest sales values into a “Top” data icon. As shown in
the screen shot 1300, the aggregation of the Sales values in the six child
data point icons equals to the total sales value in the "Reseller" data point.
Again, the six data point icons are displayed in a descending order
according to Sales value.

Figures 14 shows a screen shot 1400 illustrating a step of displaying
the child data points under the “Corporate” data point. To display the child
data points under the “Corporate” data point, the user left-clicks on
(selects) the “Corporate” data point icon. In response, the Dtree program
208 retrieves 157 child data points under the "Corporate" data point, and
displays seven child data point icons to represent the 157 child data points.
in the meantime, the Dtree program 208 erases the six data point icons
under the "Reseller" data point. |t can be noticed that the Dtree program
208 groups 151 child data points having the lowest sales values into the
“Bottom” data icon, so that all the child data points under the “Corporate”
data point can be displayed on the monitor screen. Had the “Smallest
Items” been selected in the screen shot 700, the Dtree program 208 would
group 151 child data points having the highest sales values into a “Top”
data icon.

Figures 15 shows a screen shot 1500 illustrating a step of shifting
(or splitting) the data points grouped in the “Bottom” data point icon onto
the monitor screen. To display a child data point having the highest sales
value in the “Bottom” data point icon, the user left-clicks on (selects) the
“Bottom” data point icon once. In response, the Dtree program 208 shifts
the child data point having the highest sales out of the “Bottom” data icon,

and displays a data point icon to represent the data point that has been
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Figures 18 shows a screen shot 1800 illustrating a step of displaying
the child data points under the “Educational” data point. To break down
the “Educational” data point, the user left-clicks on (selects) on the
“Educational” data point icon in Figure 17. In response, the Dtree program
208 retrieves the 21 data points under the "Educational” data point from
the OLAP database 214, and displays six child data point icons to represent
the 21 data points. Because the dimension has been changed from the
“Customers” dimension to the “Regions” dimension at the "Country" level
in the screen shot 1600, the “Educational” data point is broken down along
the “Region” dimension at “Country” level. It can be noticed that the
countries in the six data point icons in the screen shot 1800 are the same
with those in the screen shot 1700. However, the sales values and display
sequence of the six "Country” data point icons are changed in the screen
shot 1800. For example, in the screen shot 1700, Spain is the fifth
country in sales (2M) for the "Corporate Sector". In the screen shot 1800,
Spain is the second country in sales (661K) for the "Educational Sector”.

Figures 19 shows a screen shot 1900 illustrating a step of selecting
a level based on which the “USA” data point will be further broken down.
To do so, the user right-clicks on (selects) the “USA” data point icon. In
response, the Dtree program 208 displays a dimension menu in a pull-down
list 1904. In response to user’s right-click on (selection of) the “Regions”
dimension in the pull-down list 1904, the Dtree program 208 further
displays a level menu in a pull-down list 1906. It can be noticed that the
first two levels of the “Regions” dimension are not available in the level
menu, because the "USA" data point is located at the "Country" level along
the "Regions"” dimension. The Dtree program 208 automatically updated
the decomposing parameters in the decomposing process. Thus, the
“USA” data point can only be broken down by the levels below the
"Country” level. To select the "City" level, the user left-clicks on (selects)

on the "City" level from the pull-down list 1906. In response, the Dtree
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program 208 displays the screen shot 2000 as shown in Figure 20, to
break down the "USA" data point to the “City” level along the "Regions”
dimension.

Figure 20 shows the screen shot 2000 illustrating the decomposition
tree resulting from the user’s selection in the screen shot 1900. The
decomposition tree in the screen shot 2000 can reflect user’s analysis
process, or train-of-thought. As shown in the screen shot 2000, the
“Education Sector” is the fifth Sector in terms of sales, the USA is the
country having the largest sales (71% of all educational sales) in the
"Educational Sector", and Austin is the city having the largest sales (9% of
all educational sales) in the "Educational Sector” within the USA.

Figures 21 shows a screen shot 2100 illustrating a step of changing
dimension at the “Austin” data point, so that the user can inquire "what
product families are the "Educational” customers in the city of Austin
buying?". To change the dimension at the “Austin” data point, the user
right-clicks on (selects) the “Austin” data point. In response, the Dtree
program 208 displays a dimension menu in a pull-down list 2104. In
response to user’s right-click on (selection of) the “Products” dimension in
the pull-down list 2104, the Dtree program 208 displays a level menu in a
pull-down list 2106. In response to user’s right-click on (selection of) the
“Family” level in the pull-down list 2106, the Dtree program 208 changes
the dimension from “Regions” at "City" level to “Products” at “Family”
level. The Dtree program 208 then displays the screen shot 2200 as
shown in Figure 22.

Figure 22 shows a screen shot 2200 illustrating the decomposition
tree resulting from the user's selection in the screen shot 2100. As shown
in Figure 22, the screen shot 2200 displays a decomposition tree having
five different levels of breaking down along three different dimensions. The
decomposition tree skipped four levels in the breaking down process: (1)

the “Sector” level of the “Customers” dimension (skipping the “Channel”
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level”), (2) the “Country” level of the “Regions” dimension (skipping the
“Region” level), (3) the “City” level of the “Regions” dimension, and (4) the
“Family” level of the “Products” dimension. The decomposition tree
presents the user with a perspective view about the his/her analysis
process. For example, even though the USA has the largest sales in the
“Educational” sector, the Austin has the largest sales in the USA, and the
Servers product accounts 92% of sales in Austin city; the “Educational
Sector"” itself counts only 3% of all sales. At this point, the user may need
to inquire whether the "Server Product Family" is that dominate across all
sales in the "Educational Sector”. To do so, the user needs to change the
break down level along the "Products” dimension at the "Educational” data
point, as will be shown in the screen shot 2300.

Figures 23 shows the screen shot 2300 illustrating a step of
changing the breaking down level along the “Product” dimension at the
“Educational” data point. To change the break down level along the
“Product” dimension, the user right-clicks on (selects) the “Educational”
data point. In response, the Dtree program 208 displays a dimension menu
in a pull-down list 2304. In response to user’s right-click on (selection of)
the “Products” dimension in the pull-down list 2304, the Dtree program
208 displays a level menu in a pull-down list 2306. In response to user’s
right-click on (selection of) “Family” level in the pull-down list 2306, the
Dtree program 208 displays the screen shot 2400, to break down the
“Educational” data point at the “Family” level along the “Products”
dimension.

Figure 24 shows the screen shot 2400 illustrating the decomposition
tree resulting from the user’s selection in the screen shot 2300. As shown
in the screen shot 2400, the decomposition tree indicates that Servers
product has the largest sales across all sales in “Educational Sector".
However, in contrast to the Servers product sales in Austin which makes

up 92% of the total sales within the USA, the Servers product sales across
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the “Educational Sector" accounts only 43% of the all product sales. The
decomposition tree shown in the screen shot 2400 provides additional
information. Specifically, comparing with the decomposition tree in the
screen shot 2400, the “Training”, “Miscellaneous Services”, and “Home
PCs” product families even did not appear in the decomposition tree shown
in the screen shot 2300. This means that the “Training”, “Miscellaneous
Services”, and “Home PCs” product families did not have any sales to
“Educational Customers"” in Austin. At this point, the user may need to
inquire the "Profit Margin” for the "Servers Product Family" across the
"Educational Sector”. To do so, the user needs to change the measure at
the "Educational” data point, as will be shown in the screen shot 2500.

Figures 25 shows the screen shot 2500 illustrating a step of
changing measure for the decomposition tree. To change the measure for
the whole decomposition tree, the user right-clicks on (selects) a vacant
area (meaning it does not contain any data point icons). In response, the
Dtree program 208 displays a menu in a pull-down list 2504. In response
to user’s right-click on (selection of) the “Measure” in the pull-down list
2504, the Dtree program 208 displays a screen shot 2600 as shown in
Figure 26.

Figure 26 shows the screen shot 2600 illustrating a step of changing
the measure for the decomposition tree. As shown in Figure 26, the screen
shot 2600 contains a measure menu in a pull-down list 2604. In response
to user’s right-click on (selection of) the "Profit Margin” in the pull-down list
2604, the Dtree program 208 displays the screen shot 2700, to display the
"Profit Margin"” measures in the data point icons contained in the
decomposition tree shown in Figure 2700.

Figure 27 shows the screen shot 2700 illustrating the decomposition
tree resulting from the user's selection in the screen shot 2600. As shown
in the screen shot 2700, a "Profit Margin" measure is displayed within each

of the data point icon in the decomposition tree. It can be noticed that the
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data points at both the "Sector” level and "Family" level are displayed in a
descending order according to the "Profit Margin” measure.

Figures 28A-B are two flowcharts for forming a decomposition tree
in a data navigation process by a user, in accordance with the present
invention.

Figure 28A is a flowchart illustrating a process of selecting a root
data point for the decomposition tree, in accordance with the present
invention. '

As shown in Figure 28A, at step 2802, the user sends a control
request, via the graphic user interface 206, to the Dtree program 208 to
create a session. In response, the Dtree program 208 creates a session
and links the session to a multidimensional database. (See Figure 6).

At step 2804, the user selects a root data point via the graphic user
interface 206.

At step 2806, the user selects decomposing parameters (including a
dimension, the level within the dimension, and a measure) via the graphic
user interface 206.

At step 2808, the Dtree program 208 sets the selected decomposing
parameters for breaking down the root data point, in response to the
selections in steps 2804 and 2806.

At step 2812, the Dtree program 208 sends a data query to the
OLAP database APl 210 to retrieve the root data point and the measure
value associated with the root data point.

At step 2814, the Dtree program 208 receives the root data point
and the associated measure value from the OLAP database API 210.

At step 2816, the Dtree program 208 displays a root data point icon
on a computer monitor screen, together with the associated measure value,

to represent the root data point..
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Figure 28B is a flowchart illustrating a process of breaking down a
data point that is being displayed on the decomposition tree, in accordance
with the present invention.

As shown in Figure 28B, at step 2856, the user selects a data point
icon (which represents a corresponding data point) from the decomposition
tree that is being displayed on the computer monitor screen by left-clicking
or right-clicking on the data point data icon. The user's selection causes
the graphic user interface 206 sends a control request to the Dtree program
208.

At step 2858, the Dtree program 208 determines whether the
decomposing parameters need to be changed. If the decomposing
parameters need to be changed (i.e. the user has selected the data point by
right-clicking on the data point icon, as shown in Figure 19 or 21), the
process is led to step 2862; if the decomposing parameters need not to be
changed (i.e. the user has selected the data point by left-clicking on
(selecting) the data point icon, as shown in Figure 13 or 14), the process is
led to step 2860.

At step 2860, if the decomposing parameters need not to be
changed, the Dtree program 208 uses the decomposing parameters that are
maintained in and updated by the Dtree program 208. The process is then
led to step 2868.

At step 2862, if the decomposing parameters need to be changed,
the Dtree program 208 displays parameter menu(s) containing parameter
options. (See Figure 19 or 21).

At step 2864, the user selects decomposing parameter(s) from the
parameter menu(s). (See Figure 19 or 21). The user's selection causes the
graphic user interface 206 to send a control request to the Dtree program
208.

At step 2866, the Dtree program 208 sets the changed decomposing

parameter(s) for breaking down the selected data point.
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At step 2868, the Dtree program 208 sends a data query to the
OLAP database APl 210 to retrieve the data point(s) under the selected
data point and the measure value(s) associated with the data point(s) to be
retrieved. In the present invention, the Dtree program 208 requests the
OLAP database API 120 to return the data point(s) in a sorted order
according to the measure value(s).

At step 2870, the Dtree program 208 receives the data point(s)
under the selected data point and the associated measure value(s) from the
OLAP database API 210.

At step 2874, the Dtree program 208 displays data point icon(s) on
the computer monitor screen, together with the associated measure
value(s), to represent the retrieved data point(s). The retrieved data
point(s) is/are displayed in an order according to the sorted measure
value(s).

At step 2876, the Dtree program 208 displays the relationship(s)
between the selected data point and the retrieved data point(s).

It should be appreciated that the present invention facilitates a user
to explore the values and relationships among the data points in a
multidimensional database by displaying these data points in a
decomposition tree. The decomposition tree allows a user to easily
navigate through N-dimensional data and quickly find the underlying values
that are driving the aggregated measure values. With this decomposition
tree, a user can navigate vertically through multiple layers into the data
points that make up a parent data point and horizontally across multiple
dimensions while maintaining a vertical perspective of the navigation paths
within the multidimensional database. Specifically, the decomposition tree
provides the following features and advantages:

1. The user may start a decomposition tree at any data point in a

multidimensional database.
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. The user can decompose any data point to any of its descendent

level along any dimension. The descendent levels may be

skipped.

. Once the user has selected the descendents from a dimensional

level, those descendents are combined with the positional location
from the other dimensions to derive the set of data points,
referred to as the decomposition data point set.

Decomposition data points are sorted based on their measure
value, and are displayed to the user in the order according to each

data point’s contribution.

. The user can select any data point on the decomposition tree,

making the selected data point the root data point of a new
decomposition tree.

If a selected decomposition data set has more data points that
can be displayed on the computer monitor screen, the
decomposition tree automatically places all data points that
cannot be displayed into a “group” data point representing the

aggregation of all data points in that group.

. The user can shift the data points in a “group” data point left or

right to reveal the data points in the “group” data point.

. Any data point in the decomposition tree can be selected and

decomposed by any of its available descendent levels within any

dimension in the multidimensional database.

Figure 29 shows a block diagram of a computer system 2900, which

can be used as a hardware platform for running the program to form the

decomposition tree in the present invention.

As shown in Figure 29, the computer system comprises a processing

unit 2902, a memory device 2904, a hard disk 2906, a disk drive interface

2908, a display monitor 2910 (including a computer monitor screen), a
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display interface 2912, a bus interface 2914, a mouse 2915, a keyboard
2916, and a system bus 2918.

Hard disk 2906 is coupled to disk drive interface 2908; display
monitor 2910 is coupled to display interface 2912; and mouse 2915 and
keyboard 2916 are coupled to bus interface 2924. Coupled to system bus
2918 are: processing unit 2902, memory device 2904, disk drive interface
2908, display interface 2912, and bus interface 2914.

Memory device 2904 is able to store programs (including data and
instructions). Operating together with disk drive interface 2908, hard disk
2906 is also able to store programs. However, memory device 2904 has
faster access speed than hard disk 2906, while hard disk 2906 has higher
capacity than memory device 2904.

Operating together with display interface 2912, display monitor
2910 is able to provide graphic interface between programs being executed
and a user.

Operating together with bus interface 2914, mouse 2915 and
keyboard 2916 are able to provide inputs to computer system 2900.

Processing unit 2902 has access to memory device 2904 and hard
disk 2906, and is able to control operations of computer 2900 by executing
programs stored in memory device 2904 or hard disk 2906. Processing
unit 2902 is also able to control the transmissions of programs and data
between memory device 2904 and hard disk 2906.

The program to perform the process shown in Figures 5-27 and 28A-
B are stored in memory device 2904 or hard disk 2906, and executed by
the processing unit 2902.

While the invention has been illustrated and described in detail in the
drawing and foregoing description, it should be understood that the
invention may be implemented through alternative embodiments within the

sprit of the present invention. Thus, the scope of the invention is not
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intended to be limited to the illustration and description in this specification,

but is to be defined by the appended claims.
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WHAT IS CLAIMED IS:

A method for displaying data points stored in a multidimensional data
base, the data points being defined along at least two dimensions,
the method comprising the steps of:

extracting a parent data point from the multidimensional
database;

displaying the parent data point as a parent data point icon in
a data point tree;

selecting the parent data point icon from the data point tree;

extracting, from the muitidimensional data base, a plurality of
child data points under the parent data points along of one of the at
least two dimensions; and

displaying the child data points as respective icons in the data
point tree, together with relationships between the parent data point
and the child data points.
The method of claim 1, the parent and child data points being
associated with at least one measure, the method further comprising
the step of:

displaying respective values of the measure for the parent data
point and the child data point icons.
The method of claim 2, further comprising the step of:

displaying a measure contribution for each of the child data
points to the measure of the parent data point.
The method of claim 2, further comprising the step of:

displaying the child data points in an order according to their

respective measure values,
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A method for displaying data points stored in a muitidimensional
database, the data points being defined along at least two
dimensions, the method comprising the steps of:

extracting a parent data point from the multidimensional
database;

displaying the parent data point as a parent data icon in a data
point tree;

selecting the parent data point icon from the data point tree;

extracting, from the multidimensional database, a plurality of
child data points under the parent data point along one of the at least
two dimensions;

grouping a portion of the child data points;

displaying the grouped child data points as a group icon in the
data point tree, together with a relationship between the parent data
point and the grouped child data points; and

displaying the remaining child data points as individual child
data point icons in the data tree, together with the relationships
between the parent data point and the remaining child data points.
The method of claim 5, further comprising the step of:

splitting one child data point from the grouped child data
points by selecting the group icon from the data point tree;

grouping two of the child data points that are individually
displayed;

displaying the two grouped child data points as an icon in the
data point tree, together with a relationship between the parent data
point and the two grouped two child data points; and

displaying the split child data point as an icon in the data point
tree, together with a relationship between the parent data point and

the split child data point.
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A method for displaying data points stored in a multidimensional
database, the data points being defined along at least two
dimensions including a first dimension and a second dimension, each
of the dimension be divided into at least three levels having a parent
level, a first child level and a second child level, the method
comprising the steps of:

selecting the first dimension;

a parent data point from the multidimensional database;

displaying the parent data point as an icon in a data point tree;

selecting the parent data point icon from the data point tree;

extracting, from the multidimensional database, a plurality of
first level child data points under the parent data point along the first
dimension;

displaying the first level child data points as respective icons in
the data point tree;

selecting one of the child data icons from the data point tree;

displaying a menu associated with the selected first leve! child
data point, the menu containing the first and second dimensions;

selecting the second dimension from the menu;

extracting, from the multidimensional database, a plurality of
second level child data points under the selected first level child data
point along the second dimension; and

displaying the second level child data points as individual icons
in the data point tree, together with the relationships between the
selected first level child data point and the second level child data
points.
A method for displaying data points stored in a multidimensional
database, the data points being defined along at least two

dimensions including a first dimension and a second dimension, and

27



10

15

20

25

30

WO 00/68842 PCT/US00/13163

10.

being measured by at least two measures including a first measure
and a second measure, the method comprising the steps of:

selecting the first measure;

extracting a parent data point from the multidimensional
database;

displaying the parent data point as an icon in a data point tree,
together with a value of the first measure;

selecting the parent data point icon from the data point tree;

changing the first measure to the second measure;

extracting, from the multidimensional database, a plurality of
child data points under the parent data point along one of the at least
two dimensions;

displaying the child data points as respective icons in the data
point tree; and

displaying respective values of the second measure together
with the parent data point icon and the child data point icons.
The method of claim 8, further comprising the step of:

displaying a menu containing the first and second measures in
response to the selection of the parent data point icon; and

selecting the second measure from the menu.
A method for displaying data points stored in a multidimensional
database, the data points being defined along at least two
dimensions, each of the at least two dimensions being divided into at
least three levers having a first, second, and third levels, the method
comprising the steps of:

selecting a data point at the first level;

extracting the data point at the first level from the
multidimensional database;

displaying the first level data point as an icon in a data point

tree;
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11.

12.

13.

selecting the first level data point icon from the data point
tree;

selecting the third level;

extracting, from the multidimensional database, a plurality of
child data points at the third level under the selected first level data
point along one of the two least dimensions dimension;

displaying the third level child data points as respective icons
in the data point tree, together with the relationships between the
selected first level data point and the third level data points.
An apparatus for displaying data points stored in a multidimensional
data base, the data points being defined along at least two
dimensions, the apparatus comprising:

means for extracting a parent data point from the
multidimensional database;

means for displaying the parent data point as a parent data
point icon in a data point tree;

means for selecting the parent data point icon from the data
point tree;

means for extracting, from the multidimensional data base, a
plurality of child data points under the parent data points along of
one of the at least two dimensions; and

means for displaying the child data points as respective icons
in the data point tree, together with relationships between the parent
data point and the child data points.
The apparatus of claim 11, the parent and child data points being
associated with at least one measure, the apparatus further
comprising:

means for displaying respective values of the measure for the
parent data point and the child data point icons.

The apparatus of claim 12, further comprising:
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14.

15.

16.

means for displaying a measure contribution for each of the
child data points to the measure of the parent data point.
The apparatus of claim 12, further comprising:

means for displaying the child data points in an order
according to their respective measure values.

An apparatus for displaying data points stored in a multidimensional
database, the data points being defined along at least two
dimensions, the apparatus comprising:

means for extracting a parent data point from the
multidimensional database;

means for displaying the parent data point as a parent data
icon in a data point tree;

means for selecting the parent data point icon from the data
point tree;

Vmeans for extracting, from the multidimensional database, a
plurality of child data points under the parent data point along one of
the at least two dimensions;

means for grouping a portion of the child data points;

means for displaying the grouped child data points as a group
icon in the data point tree, together with a relationship between the
parent data point and the grouped child data points; and

means for displaying the remaining child data points as
individual child data point icons in the data tree, together with the
relationships between the parent data point and the remaining child
data points.

The apparatus of claim 15, further comprising:

means for splitting one child data point from the grouped child
data points by selecting the group icon from the data point tree;

means for grouping two of the child data points that are

individually displayed;
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17.

means for displaying the two grouped child data points as an
icon in the data point tree, together with a relationship between the
parent data point and the two grouped two child data points; and

means for displaying the split child data point as an icon in the
data point tree, together with a relationship between the parent data
point and the split child data point.
An apparatus for displaying data points stored in a multidimensional
database, the data points being defined along at least two
dimensions including a first dimension and a second dimension, each
of the dimension be divided into at least three levels having a parent
level, a first child level and a second child level, the apparatus
comprising:

means for selecting the first dimension;

means for extracting a parent data point from the
multidimensional database;

means for displaying the parent data point as an icon in a data
point tree;

means for selecting the parent data point icon from the data
point tree;

means for extracting, from the multidimensional database, a
plurality of first level child data points under the parent data point
along the first dimension;

means for displaying the first level child data points as
respective icons in the data point tree;

means for selecting one of the child data icons from the data
point tree;

means for displaying a menu associated with the selected first
level child data point, the menu containing the first and second
dimensions;

means for selecting the second dimension from the menu;
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18.

19.

means for extracting, from the multidimensional database, a
plurality of second level child data points under the selected first
level child data point along the second dimension; and

means for displaying the second level child data points as
individual icons in the data point tree, together with the relationships
between the selected first level child data point and the second level
child data points.

An apparatus for displaying data points stored in a multidimensional
database, the data points being defined along at least two
dimensions including a first dimension and a second dimension, and
being measured by at least two measures including a first measure
and a second measure, the apparatus comprising:

means for selecting the first measure;

means for extracting a parent data point from the
multidimensional database;

means for displaying the parent data point as an icon in a data
point tree, together with a value of the first measure;

means for selecting the parent data point icon from the data
point tree;

means for changing the first measure to the second measure;

means for extracting, from the multidimensional database, a
plurality of child data points under the parent data point along one of
the at least two dimensions;

means for displaying the child data points as respective icons
in the data point tree; and

means for displaying respective values of the second measure
together with the parent data point icon and the child data point
icons.

The apparatus of claim 18, further comprising:
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20.

21.

means for displaying a menu containing the first and second
measures in response to the selection of the parent data point icon;
and

means for selecting the second measure from the menu.
An apparatus for displaying data points stored in a multidimensional
database, the data points being defined along at least two
dimensions, each of the at least two dimensions being divided into at
least three levers having a first, second, and third levels, the
apparatus comprising:

means for selecting a data point at the first level;

means for extracting the data point at the first level from the
multidimensional database;

means for displaying the first level data point as an icon in a
data point tree;

means for selecting the first level data point icon from the data
point tree;

means for selecting the third level;

means for extracting, from the multidimensional database, a
plurality of child data points at the third level under the selected first
level data point along one of the two least dimensions dimension;

means for displaying the third level child data points as
respective icons in the data point tree, together with the relationships
between the selected first level data point and the third level data
points.
A computer-readable medium containing instructions for displaying
data points stored in a multidimensional data base, the data points
being defined along at least two dimensions, wherein execution of
the instructions performs the steps of:

extracting a parent data point from the muitidimensional

database;
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22.

23.

24.

25.

displaying the parent data point as a parent data point icon in
a data point tree;

selecting the parent data point icon from the data point tree;

extracting, from the multidimensional data base, a plurality of
child data points under the parent data points along of one of the at
least two dimensions; and

displaying the child data points as respective icons in the data
point tree, together with relationships between the parent data point
and the child data points.
The computer-readable medium of claim 21, wherein execution of
the instructions further performs the step of:

displaying respective values of the measure for the parent data
point and the child data point icons.
The computer-readable medium of claim 22, wherein execution of
the instructions further performs the step of:

displaying a measure contribution for each of the child data
points to the measure of the parent data point.
The computer-readable medium of claim 22, wherein execution of
the instructions further performs the step of:

displaying the child data points in an order according to their
respective measure values.
A computer readable medium containing instructions for displaying
data points stored in a multidimensional database, the data points
being defined along at least two dimensions, wherein execution of
the instructions performs the steps of:

extracting a parent data point from the multidimensional
database;

displaying the parent data point as a parent data icon in a data
point tree;

selecting the parent data point icon from the data point tree;
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26.

27.

extracting, from the multidimensional database, a plurality of
child data points under the parent data point along one of the at least
two dimensions; ‘

grouping a portion of the child data points;

displaying the grouped child data points as a group icon in the
data point tree, together with a relationship between the parent data
point and the grouped child data points; and

displaying the remaining child data points as individual child
data point icons in the data tree, together with the relationships
between the parent data point and the remaining child data points.
The computer-readable medium of claim 25, wherein execution of
the instructions further performs the steps of:

splitting one child data point from the grouped child data
points by selecting the group icon from the data point tree;

grouping two of the child data points that are individually
displayed;

displaying the two grouped child data points as an icon in the
data point tree, together with a relationship between the parent data
point and the two grouped two child data points; and

displaying the split child data point as an icon in the data point
tree, together with a relationship between the parent data point and
the split child data point.
A computer-readable medium containing instructions for displaying
data points stored in a multidimensional database, the data points
being defined along at least two dimensions including a first
dimension and a second dimension, each of the dimension be divided
into at least three levels having a parent level, a first child level and a
second child level, wherein execution of the instructions performs
the steps of:

selecting the first dimension;
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extracting a parent data point from the multidimensional
database;

displaying the parent data point as an icon in a data point tree;

selecting the parent data point icon from the data point tree;

extracting, from the multidimensional database, a plurality of
first level child data points under the parent data point along the first
dimension;

displaying the first level child data points as respective icons in
the data point tree;

selecting one of the child data icons from the data point tree;

displaying a menu associated with the selected first level ‘child
data point, the menu containing the first and second dimensions;

selecting the second dimension from the menu;

extracting, from the multidimensional database, a plurality of
second level child data points under the selected first level child data
point along the second dimension; and

displaying the second level child data points as individual icons
in the data point tree, together with the relationships between the
selected first level child data point and the second level child data
points.
A computer-readable medium containing instruction for displaying
data points stored in a multidimensional database, the data points
being defined along at least two dimensions including a first
dimension and a second dimension, and being measured by at least
two measures including a first measure and a second measure,
wherein execution of the instructions performs the steps of:

selecting the first measure;

extracting a parent data point from the multidimensional

database;
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30.

displaying the parent data point as an icon in a data point tree,
together with a value of the first measure;

selecting the parent data point icon from the data point tree;

changing the first measure to the second measure;

extracting, from the multidimensional database, a plurality of
child data points under the parent data point along one of the at least
two dimensions;

displaying the child data points as respective icons in the data
point tree; and

displaying respective values of the second measure together
with the parent data point icon and the child data point icons.
The computer-readable medium of claim 28, wherein execution of
the instructions further performs the steps of:

displaying a menu containing the first and second measures in
response to the selection of the parent data point icon; and

selecting the second measure from the menu.
A computer-readable medium containing instructions for displaying
data points stored in a multidimensional database, the data points
being defined along at least two dimensions, each of the at least two
dimensions being divided into at least three levers having a first,
second, and third levels, wherein execution of the instructions
performs the steps of:

selecting a data point at the first level;

extracting the data point at the first level from the
multidimensional database;

displaying the first level data point as an icon in a data point
tree;

selecting the first level data point icon from the data point
tree;

selecting the third level;
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extracting, from the multidimensional database, a plurality of
child data points at the third level under the selected first level data
point along one of the two least dimensions dimension;

displaying the third level child data points as respective icons
in the data point tree, together with the relationships between the

selected first level data point and the third level data points.
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