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REUSABLE MACRO MARKUP LANGUAGE

RELATED APPLICATIONS

This patent application claims priority to Provisional U.S.
Patent Application No. 60/135,525, filed on May 21, 1999,
and Provisional U.S, Patent Application No. 60/183,152,filed
on Feb. 17, 2000, which are incorporated herein by reference.

The following identified U.S. patent applications and pat-
ents are also relied upon and are incorporated by reference in
this application.

U.S. patent application Ser. No. 09/573,778, entitled
“Reusable Datla Markup Language.” and filed on the same
date herewith.

U.S. patent application Ser. No, 09/573,780, entitled “Tree
Viewfor Reusable Data Markup Language.” andfiled on the
same date herewrth.

U.S. Pat. No. 6,920,608, entitled “Chart View for Reusable
Data Markup Language,”andfiled on the same date herewith.

BACKGROUND

L Field of the Invention

‘The present invention relates generally to data processing,
systems and, more particularly, to a computer markup lan- 2
guage for use in a data browser and manipulator,

2, Related Art

Currently on the Internet, transmissions and communica-
tions are commonly conducted using a communication pro-
tocol called the HyperText Transfer Protocol (“HTTP”)
which can be used to pass files and documents formatted in
the HyperText Markup Language (“HTML”). A markup lan-
guage Is a way of embedding markup “lags.” special
sequences ofcharacters, that describe the structure as well as
the behavior of a document and instruct a web browser or

other program on how to display the document. Typically,
documents or web pages formatted in IITML are simply
ASCH textfiles that mix ordinary text with these markuptags.

HTMLhas a relatively limited structure that definesa fixed
set of tags with specific purposes. Further, HTML typically
only works with text and images and typically only instructs
a browser on howto display a document; the browser may
read and display characters but does not “understand”the data
content. To the extent that HTML browsers present numbers
in their display, they still are not interpreted as numbers— just
text, Hence, HTML documents are not interpreted as “data”
but rather as formatting instructions for displaying images.
Users cannot “surl” through numerical data, to see graphs,
apply transformations, combine numbers from different web
pages, or load numbers into a spreadsheet in a manageable
form. The numbers cannot be directly read by an analytical
program without human intervention to cut-and-paste the
text, determine the data type, etc. Consequently, conventional
analytical programs allowfor ad hoe review and manipula-
tion ofabstract numbers (e.g., a spreadsheet program ordata-
base program), but do not directly read their data from online
sources. Such programs may perform statistical analysis,
structural analysis and simple transformations on data once tt
has been entered and interpreted.

Given HITML’s limited capabilities, and SGML.*s
unwieldy complexity, a markup language called Extensible
Markup Language (“XML.°) was developed to help overcome
some ofthese limitations, XML is a free-form markup lan-
guage with unspecified tags, which allows developers to
develop their owntags and, in effect, create theirown markup
languages geared toward specialized tasks. In XML., the tags
must be organized according to certainrules, but their mean-
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ing is flexible. UnlikeHTML, XMLdescribes structure and
meaning. but not formatting. As such, different professions
may develop their own specialized markup languages. For
example. ifa developer were to create a markup language that
describes books in XML, the developer could create specifi-
cally meaningful tags for “title?” “author,” and “publisher,”
something not possible in HTML. Although XML’s free-
form structure permits the development ofmarkup languages,
such individualized markup languages are not compatible
with each other because the use ofthe tagsis not standardized
in thatdifferent users use the tags for different purposes.

In today’s business world, problemsthat typically accom-
pany data manipulationoften increase expense and difficulty,
Onesuch problemis that often data and the documentation
that describes the data are not both in electronic form, This

conventional approach to database and spreadsheet informa-
tion often dictates that expensive database administrators are
required to make transformations anytimedata is being trans-
ferred from one system (to another, expensive analysis of
printed documentation is required in connection with any
programming tasks, and the output rarely contains any indi-
cation ofthe original sources, structures, and manipulations
that created that output. In PC-based systems, creating docu-
mentation for data is conventionally lefi up to the user: typi-
cally there is no machine-driven effort to collect the docu-
mentation from the user, format it, and save it with the data,

thereby eliminating the ease ofreuse of the data,
Another obstacle impeding efficiency in conventional

databases and spreadsheets is that calculations occur at too
low of a conceptual level. Calculations in typical numerical
analysis programs operate on a single “cell” in a spreadsheet
or a single “record” in a database. Analytic operations on
single values at a ime can be slow and prove costly when
manydifferent cells or record values are involved,

The lack of a standard markup language facilitating the
browsing of numbers leaves no way to read, automatically
manipulate and display differing types ofnumerical data read
from multiple online sources on a single chart. Lumaninter-
vention is required to recognize differing types of numerical
data and conform the data so that it may be combined and
displayed coherently on charts, graphs and reports. Conven-
tionally, formatting ofgraphical charts displaying numerical
data requires manual manipulation whenseries of different
types of data are combined. Furthermore, no visual cue is
given regarding the relationship between different numerical
data sets.

The computer industry ts further hindered by the fact that
data and analytic routines are not standardized. While the
computer industry has developed standards for file formats
and function-level interfaces, it has not developed a general
data format or content-analysis standards. This results in
expensive translation of data between systems, industries,
companies and users using different protocols.

Analysis routines in conventional spreadsheets typically
take the form of“spreadsheet macros.” Macrosare essentially
short programs which perform well-defined, generally lim-
ited, tasks. Millions of spreadsheet users have used spread-
sheet macros to automate mechanical tasks involved in

manipulating the numbers in their spreadsheets. But the great
investment in spreadsheet macros has generally been
underutilized because such macrosare “write once, use once”

types of software; they are rarely reused by others.
There are at least eight reasons that current programming

languages and spreadsheet macros are not reusable or por-
table. One such problem is that spreadsheet data references
usually are based on physical locations. Suppose a macro
writer puls an interest rate assumption in cell “C4." and
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another person has a spreadsheet with the interest rate
assumptionin cell “BR47." a macro that expressly references
the absolute cell location C4 will not be usable in the second

spreadsheet.

Another related problem is that numbers in spreadsheets
have no measurement or semantic designators describing
their meaning. One spreadsheet may work with dollars in
milhons, while another works with dollars in thousands. ‘The

same macro cannot be used on both spreadsheets without
humanintervention to sort out all the inconsistencies and to

modify one of the spreadsheets to match the other. As another
example. a macro may be written to divide stock price by
earnings to get a P/Fratio, but numbers in a spreadsheet have
no meaning besides wordsin the cell to the left or above the
numbers. Absent a standard location and vocabulary. those
indicators are useless.

An additional problem with conventional spreadsheet
macros is the lack of documentation. Because macros are

typically only usable by their creators on the single spread-
sheet they wrote them for, they tend to be totally undocu-
mented: no common-language description, nohelp files, no
data standards as ta permissible values, source contactlist,
license information,etc.

Furthermore, there is no massdistribution mechanismfor

macros. Spreadsheet macros are not web-friendly: they are
generally limited to one spreadsheet brand and one platform,
do not support hyperlinks, and cannot be searched by search
engines. Also. they are not supported by directory or classi-
fication system, and have no ready market.

Even further, users typically do not include unit testing,
validity testing, error handling, and other end-user protec-
tions on the macros that they write. The result is that users
may be wary ofthe output ofmacrosthai they might try toadd
to their spreadsheets.

Conventional spreadsheet macros have difficulty making
graphical interfaces to the data, End users ofa foreign macro
do not want to have to understand every cell and location
constraint, every limitation on valid values that can be input
and so forth. The lack ofrelated graphical components further
fuels this problem.

Finally, conventional spreadsheet macros are either too
small to be worth a marketingeffort, or too difficult to use to
find a large audience. This results in a lack of a business
incentive to make them.It is therefore desirable to overcome

the aforementioned problems and other related problems.

SUMMARY

Methods and systems in accordance with the present inven-
tion provide a markup language, referred to as Reusable Data
Markup Language (“RDML.”), that permits the browsing and.
manipulation of numbers and provide a related data viewer
that acts as a combination Web browser and spreadsheet/
analytic application that may automatically read numbers
from multiple online sources and manipulate them without
humanintervention. Using the markup language, users may
browse online sources using numerical-based queries, and the
data viewer may automatically combine and manipulate mul-
tiple documents on a single display.

In accordance with an implementation consistent with the
present invention, a method in a data processing systemis
provided that receives a first markup document and a second
markup document, both the first markup document and the
second markup document containing numerical values and
tags reflecting characteristics of the numerical values. ‘The
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method automatically combines the first markup document
and the second markup documentinto asingle data set and
displays the single data set.

Tn accordance with another implementation, a method in a
data processing system is provided that receives a document
containing numerical values, and receives indications ofchar-
acteristics of the numerical values, the characteristics includ-

ing a unit and a magnitude. Further, it adds the received
indications into the document as tags associated with the
numerical values to create a markup document.

In accordance with yet another implementation, a method
in a data processing systemis provided thal receives a markup
document having a set ofnumerical values and tags indicating
characteristics of the numerical values and determines a
transformation for the set of numerical values to reflect new

characteristics. The method then accesses a plurality of the
lags of the set of numerical values, the plurality of the tags
indicating magnitude, scale, modifier, units, measure, adjust-
ment and aggregation. Furthermore, the method determines
conversion factors for the magnitude, scale. modifier, units,
measure, adjustment and aggregation tags to accomplishthe
transformation to the new characteristics and multiplies the
set of numerical values by the determined conversion factors
to transform the set of numerical values to reflect the new
characteristics.

Methods and systems in accordance withthe present inven-
tion provide a chart view thal automatically manipulates and
graphically displays numerical data. The manipulation and
display is based on attributes associated with the numerical
data describing characteristics of the numerical data. The
chart view facilitates the simultaneous display ofdifferent
series of numerical values of different types on a single chart
and automatically displays appropriate descriptive textual
components (e.g., axis labels, axis titles, chart titles, number
precision, legends, footnotes, axis scales, ete.) The chart view
allows single click transformations ofseries of numerical
values and provides automatic formatting of descriptive tex-
tual components in response.

Inaceordance with an implementation ofthe present inven-
tion, a method in a data processing system having a display
showing a chart ts provided that receives a series ofnumerical
values with tags indicating characteristics of the numerical
values and displays the numerical values onthe chart, Further,
the method automatically determines a title for the numerical
values based at least one of the tags and displays the deter-
mined title on the chart,

In accordance with another implementationofthe present
invention, a method in a data processing system having a
display showing a chart is provided that receivesa first series
of numerical values having tags indicating characteristics of
the numerical values and displays the first series of numerical
values on the chart, the first series of numerical values corre-

sponding to a first axis on the chart. The method further
receives a second series to be added to the chart, the second

series of numerical values having tags indicating character-
istics of the second series of numerical values and automati-

cally generates a second axis onthe chart. Finally. the method
displays the second series of numerical values on the chart
corresponding to the second axis while the first series is
displayed on the chart.

In accordance with yet another implementation of the
present invention, a method in a data processing system hav-
ing a display showing a chart is provided that receives an
instructionto display a series ofnumerical values on the chart
on the display. the numerical values having tags indicating
characteristics of the numerical values. and displays the series
of numerical values on the chart in response to the received
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instruction, The method then automatically formats the chart
based on at least one of the tags in response to the recetved
instruction.

In accordance with another implementation of the present
invention, a dala processing systemis provided comprising a
memory storing a charting application configured to manipu-
lateand display numerical data, the memory having a selected
series of numerical values having a tag indicating text infor-
mation associated with the numerical values. The data pro-
cessing system further comprises a display showing a chart
having a legend that displays the text information associated
with the selected series of numerical values. The legend
word-wraps and scrolls the text information associated with
the series of numerical data when the text information does

not fit on the legend on the chart, The system further com-
prises a processor for running the charting application.

Methods and systems in accordance withthe present inven-
tion provide a tree view that automatically manipulates and
graphically displays numericaldata. The tree viewfacilitates
the simultaneousdisplay ofdifferent series ofnumerical val- 2
ues ofdifferent types on a single display and automatically
displays descriptive textual components. The tree viewallows
single click transformations ofseries ofnumerical values and
provides automatic formatting of descriptive textual compo-
nents in response.It further visually displays the relationship
beiweenseries of numerical data for a user while supplying
the user with hyperlinks associated with a given series of
numerical data.

Inaccordance with an implementationofthe present inven-
tion. a method in a data processing system is provided that
receives a first and a second series of numerical values, and

determines the relationship between the first and second
series of numerical values. The method thendisplays an icon
depicting the relationship betweenthefirst and secondseries
of numerical values based on the determined relationship.

In accordance with another implementationofthe present
invention, a method in a data processing system is provided
that receives a series ofnumerical values anda link associated

with the series of numerical values, the link having a list of
associated hyperlinks. The method displays the series of
numerical values and the associated Imk, and receives an
instruction to activate the link. Further, the method displays
the list of hyperlinks associated with the link in response to
the received instruction.

In accordance with yet another implementation of the
present invention, a method ina data processing system hav-
ing a display showing a chart is provided that receivesa series
of numerical values having associated metadata documenta-
tion. The method further receives an instruction to select the

series of numbers and displays the series of numerical values
on the chart while displaying the metadata documentation
associated with the series of numerical values.

In accordance with another implementationofthe present
invention. a data processing system is provided that com-
prises a memory having a program for manipulating numeri- 55
cal values, and storing a first series ofnumerical values and a
second series of numerical values. The data processing sys-
tem further comprises a display that displays the first and
second series of numerical values and a relationship icon
depicting the relationship betweenthe first series of numeri-
cal values and the second series of numericalvalues. Finally,
the data processing system further comprises a processor for
running the program.

Methods and systemsinaccordance with the present inven-
tion provide a markup language, referred to as Reusable
Macro Markup Language (*“RMML”), for producing and ult-
lizing macros Which are reusable numerical analysis routines
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whichcanbe written quickly, cheaply,and ina formusable by
a broad range ofdata documents in RDML., the platform upon
which the macros are run.

RMML allows reusable spreadsheet type macros to be
posted as web documents, to be searched by search engines,
to be combined into more complex programs, and to be
reused with many data documents. RMMLbringsto spread-
sheet manipulation routines the economic and productivity
benelits of (1) standardization, (2) interchangeable parts. (3)
specialization and assembly-line techniques in creation, and
(4) economies of seale in creation and deployment. In addi-
tion, RMML.brings to spreadsheet macros and numerical
programming. some ofthe benefits of the World Wide Web:
(1) widespread accessibility on demand, (2) ability to search
for documents (in this case, search for capabilities and behay-
ior of routines instead oftext or data), and (3) the ability to
hyperlink documents (including the ability of macros tocall
each other remotely).

In accordance with an implementation ofthe presentinven-
tion. a data processing system method is provided that
receives a macro defined to perform an operation on a series
ofnumerical values andreceives a series of numerical values

having tags indicating characteristics of the numericalvalues.
‘The method then performs an operation defined by the macro
onthe series of numerical values using the indicated charac-
teristics.

In accordance with another implementationofthe present
invention, a data processing system methodis provided that
receives a macro defining an operation on a set of numerical
values and receives a vector or matrix of numerical values.

The method then performsan operation defined by the macro
using the vector or matrix as a variable in the operation.

In accordance with yet another implementation of the
present invention, a data processing systemis provided that
includes a memorycontaining a numerical analysis program
having a macro detined to perform an operation ona series of
numerical values, and a series ofnumerical values having tags
indicating characteristics of the numerical values. It further
comprises a processor for running the program such that the
programperforms an operation defined by the macro onthe
series ofnumerical values using the indicated characteristics.
and ua display for displaying results of the operation,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a high level diagram of a Reusable Data
Markup Language (RDML) data viewer, its inputs and out-
puts in accordance with methodsand systems consistent with
the present invention:

FIG. 2 depicts a data processing system suitable for use
with methods and systems consistent with the present inven-
tion:

FIG. 3 depicts a diagram of the interrelation of various
RDMLsoftware and hardware components shownin PIG. 2;

FIG. 4 depicts the use of an RDML formatter shown on
FIGS. 2 and 3 to add markuptagsto data:

FIG. 5 depicts a screen shot ofa database/document tab and
management sereen of the RDMI. formatter depicted in
PIGS. 2 and 3;

FIG. 6 depicts a Nowchart of the steps performed when
accessing the RDML. document server depicted in FIGS. 2
and 3:

FIG. 7A depicts internal architecture of the RDML data
viewer depicted in FIGS. 2 and 3;

PIG. 7B depicts a legend of the meaning of the symbols
depicted in FIG, 7A;
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FIG. 8 depicts a flowchart ofthe steps performed by the
RDML.data viewer in a method for downloading, processing
and displaying an ROMLdocumentin accordance with meth-
ods and systems consistent withthe present invention:

FIG,9 illustrates elements of an RDML, Document Type
Definition in accordance with methods and systems consis-
tent with the present invention:

FIG, 10 depicts a flowchart of steps used to automatically
manipulate an ROML document lor display using line item
attributes in accordance with methodsand systems consistent
with the present invention:

FIG. 11 depicts a flowchart ofthe steps performed by the
x-value transformerdepicted in FIG. 74 tostore a newdocu-
ment in the primary data store:

FIGS. 12A-D depict X-Y plots and tree views in accor-
dance with methods and systems consistent with the present
invention;

FIG. 13 depicts a primary data store of the RDML. data
viewer as shown in FIG. 7A;

FIGS. 144-F depict a chart view and tree view ofthe
RDML data viewer as depicted in FIG. 74 in accordance with
methods and systems consistent with the present invention;

FIGS. 15.4-Cdepict flowcharts of the steps performed bya
graphical user interface, chart manager and chart data object
for adding a line item to a chart viewuponselection ofthe line
item in a tree viewin accordance with methods and systems
consistent with the presentinvention;

FIG. 16 depicts a spreadsheet view and a chart viewofthe
data viewerin accordance with methads and systems consis-
tent with the present invention: and

FIG. 17 depicts a footnote viewof the data viewer and a
chart view in accordance with methods and systems consis-
tent with the present invention,

FIG. 18 illustrates elements of a Reusable Macro Markup
Language (RMML) Document Type Definition in accor-
dance with the present invention;

PIGS, 194-C depict RMML document handling, an
RMMLgraphical interface, and an RMMLmacrointerpreter,
respectively, in accordance with the present invention;

FIGS. 20,4-D illustrate screen shots of RMMLmacropan-
els m accordance withthe present invention.

FIG, 21 shows a flowchart illustrating steps used in a
method for tagging information from spreadsheets in accor-
dance with the present invention; and

FIGS. 22A-D depict exemplary screen shots of the tagging
of spreadsheet information tagging to create a document in
accordance with the present invention.

DETAILED DESCRIPTION

Because ofthe length ofthe detailed description, the fol-
lowing table ofcontents is provided.
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‘Topic Section

Spreadsheet View IV.A.7
Footnote View TV.A.8
Tagging Wizurd WAS
Aspects of ROML Documents TWA.

Graphical User Interface and HTML browser IV.B
Reusable Macro Markup Language wc

RMML. Macro Package IWC]

I. RDML, Overview

Methods and systems consistent with the present invention
provide a markup language, referred to as Reusable Data
Markup Language (“RDML”), and a data viewer referred to
as the RDMLdata viewerthatis used to retrieve, manipulate
and view documents in the RDML format. Generally, RDML
permits the browsing and manipulation of numbers, and
allows the viewer to act as a combination Web browser and

spreadsheet/analytic application that may automatically read
numbers from multiple online sources, understand their
meaning, and manipulate them without humanintervention.
The RDMLdata viewer may use the Internet to obtain
requested sets of numbers like HTMLdoes for text. Using
RDML,itis possible to form.a search on the Internetthatis a
true query of numbers. One such request is the creation ofa
list of quarterly revenues from 1996 to 1997 pertaining to
companies with sales growth greater than 10 percent and no
taxable income. Afier receiving any requested sets ofnumeri-
cal data, the data viewer may automatically transform and
combine them even ifthey are in different formats (i-e., one in
thousands of U.S. dollars and another in hundreds of French

francs) on a single graphical display without requiring the
user to make manual adjustments. The user may then make
single-click adjustments to the display (e.g., adjust for infla-
tion, currencies, time periods, number precision, etc.) to see
different aspects ofthe received information. RDML. gener-
ally facilitates numerical browsing by associating, numbers
with attributes describing the meaning of the numbers.

Althoughthe preferred embodiment o.RDMLis a markup
language that is a fully compliant implementation of XML
version 1.0, other implementations are possible. XML is
described in detail in “XML. Bible.” Elliotte Rusty Harold.
IDG Books Worldwide, 1999, which is incorporated herein
by reference. The RDOMLdata vieweris a data browser, data
manipulator, data viewer(in the form ofcharts, spreadsheets,
ete.) and general user interface for data documents.It greatly
extends the capabilities provided by current spreadsheet and
database management programs. In addition to extended
capabilities, it lowers costs to businesses by permitting elfi-
cient reuse ofdata, functions. and report formats.

The RDMLdata viewer works with RDOML-formatted data

documents, whiehare files that may be stored locally, over a
network, including the Internet, or in any combination of
sources. The structure of the RDMLdata files allows the
RDML data viewer to act as a combination browser and

analytic program, such as a spreadsheet, which can automati-
cally read. interpret and manipulate numbersin its integrated
analytic program. The RDMLdata viewer also provides a
“macro” developmentand management scheme which allows
users to creale custom routines for the manipulation, trans-
formation and display of ROML-formatted data. Macros and
related aspects are described in greater detail below.

FIG, 1 depicts a high-level diagram of an RDML data
viewer 100. its inputs and its outputs in accordance with
methods and sysiems consistent with the present invention.
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Generally, data viewer 100 may be software that residesin the
memory ofa computerand accepts several types ofinput 102,
104 and 106, one of which is the ROMEdata document 102.
The RDMLdata document 102 may be an ASCII text docu-
ment formatted with RDML. tags which are compliant with
XML. version1.0. In one implementation consistent with the
present invention, the tags of an RDOML data document 102
are advantageously structured to include documentation of
the data and arrange data in “line items,” a collection of data
values that is similar to a “record” or “row” in a relational

database (discussed below). In RDML,the line item is gen-
erally the basic unit ofcalculation, as opposed toa single data
value or cell as is typical with most conventional databases or
spreadsheets. ROML documents 102 contain sets of line
items, such sets being analogous to “tables” in relational
databases. and documentation (“metadata”) regarding the
“line item sets." The RDML data document102 is read by the
RDML. data viewer 100 which stores the data internally,
making it available to a number of “views” 108, which
present the data in different ways(charts, tables, etc.) to 4 user
(not shown). The views 108 are also referred to as programs
or applications, as they can be standalone software programs
that receive their data from the RDOMLdata viewer 100.

Analysis routines can be developed for data and placed in
their own documents referred to as Reusable Macro Markup
Language (“RMML”) Macro Documents 104 which are
anotherinput to the data viewer 100 and are optional. These
routines are reusable; they can be applied to virtually any data
document meeting the requirements set forth in the RMML
document 104. For example. an RMML document 104 may
contain routines for converting RDMLdata to different cur-
rencies, and any data denominated in currency can use the
RMMLcurrency conversion macro. The preferred embadi-
ment of RMML is also a fully compliant implementation of
XMLversion 1.0, although other embodiments are possible.

Similarly, Reusable Data Style Language (“RDSL”)style
sheets 106, another optional input to the data viewer 100, can
be applied to data documents to create specially-formatted
output reports.A RDSLis a fully compliant implementation
of Extensible Style Language (“XSL") whichis described in
detail in “XML Bible.” Elliotte Rusty Harold, IDG Books
Worldwide, 1999, These RDSL documents 106 are XSL-

compliant style sheets which essentially act as report writers
for RDML,data documents 102. A typical use would be for
data documents containing corporate financial statements. A
single RDOML, data document 102 may containa set of finan-
cial statements, but several different style sheets could be
applied: one to showthe data in annual columns, one to show
it in a quarterly breakdown, one to showit in European
format, and so torth. The RDML data viewer 100 automati- 5

cally combines data documents 102 and style documents 106
to create reports.

RDMLdramatically reduces the expense, time, and com-
plexity of data manipulation by addressing ihe aforemen-
tioned problems of documentation of data, non-standardiza-
tion of analytic routines, and low  conceptual-level
calculations of data. RDML. addresses the problem ofthe
separation ofdata and its documentation by encapsulating
data and its documentation together in machine-readable
form that can be used interactively. This differs trom the
approach ofconventional relational databases in which data is
kept in the computer and the documentation typically kept in
a three-ring binderorother printed document. The separation
of data and its documentation often ensures the need for

high-priced database programmers every time the data must
be accessed, used or transferred. Documentation in ROML

also differs fromthat of spreadsheets, which tend to be per-
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sonal in that the documentation is in the head and personal
notes ofthe creator. In one implementation consistent with
the present invention,ROMLencapsulates machine-readable
documentation with the data. The data and its documentation

(metadata) are used together by the data viewer 100to inter-
pret what the numbers mean, howtheyare to be used. and how
they are to be displayed. The small up-front investment in
refining the rawdata pays offin the lessened need for human
labor to access and reuse the data in the future. RDMLincor-

porates several important types of metadata: sources, con-
tacts, license requirements, expirations and update informa-
tion, datatypes, data classes, handling instructions (e.2., what
to do with nulls. missing values. etc.). units and measure-
ments, and other information needed to produce the various
presentations.

Use of RDML addresses the problem ofnon-standardiza-
tion by defining standards for both data characteristics and
analytic routine interlaces, Standardization leads to compo-
nent reuse, automation of production, and more rapid devel-
opment ofproduct enhancements. While the computer indus-
try has developed standards forfile formats and function-level
interfaces, 11 has not developed general data format or con-
tent-analysis standards. For example, oncedatais input to an
application (whether spreadsheet, database or other), the user
may want to manipulate the data and see basicstatistics for
the different line items (sums, averages. % changes, vari-
ances, and so forth), adjustments for standard changes (ad-
jusimentsfor inflation, conformanceto industry indexes, % of
stock market averages,etc.), or standard ratios (debt/equity.
price/earnings, etc.) Because there is neither a standard gen-
eral daia format, nor a standard analytic routine interface,
users currently create each of these manipulation routines
fromprimitive coding. In spreadsheets, they must inputfor-
mulas and conversion factors number by number, and in
databases, they must write SQL. queries or other program-
ming routines io manipulate the data.

RDMLprovides both the data standard and the function
interface for manipulationroutines. This means that a routine
can be written to apply to any line item that meets the condi-
lions it imposes, and these routines are reusable. Currently,
conventional spreadsheet macros (one analogue to RDML
macros 104) are typically only used in the spreadsheet for
which they were designed. The macros cannot typically be
used in another spreadsheet where the numbers may be in
different cells or in different units.RDML macros 104 are not

dependent oncell position, or humanintervention to conform
data: theycan be directly used byothers for other data sets. If
a user writes a routine which, for instance. calculates and
graphs a moving average ofatimeseries, itcan be used by any
limeseries in any RIDDML document 102.

While solving documentation and standardization prob-
lems, use of RDOMLalso addresses the problem ofcalcula-
tions occurring at too low a conceptual level by creating data

5 “objects”at the line item and documentlevels, whereas con-
ventional spreadsheets operate only at the cell (single num-
ber) level. For instance, calculations that may be common to
a set of data, Le., a line item, may operate more efficiently
because they can be applied once, as opposed to being applied
individually to many different single numbers or cells. Fur-
thermore, analytic routines (macros) can be combined,
applied successively, or used by inheritance to create new
routines. The line item orientation dramatically reduces the
number of formulas that need to be written (one per line
instead ofone per number), li also increases the readability of
program code, because the user can review the logic at a
higher level of abstraction.
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In addition to solving these problems, RDML. reduces
costs, time, and complexity for operations on the side ofthe
data consumer, the data publisher and the program developer.
To wilize and manipulate data, typically, a user retrieving
data over the Internet views a text version of the data, prints
the data (in [TTML, ASCH or PDFformat), and thentypes the
numbers into a spreadsheet or database program. The RDML
data viewer 100 automates this process by making the data
immediately available to other programs as interpretable
data: the user does not need to retype it, Upon locating
numerical sets ofdata from multiple online sources, the data
viewer 100 automatically normalizes, collates, transforms,
and formats the data.

Some conventional systems make data available for down-
load as data in either a commonspreadsheet format (such as
Lotus or Excel), or in a comma-delimited or other common
text format. This at least saves the user the necessity ofretyp-
ing certain numbers, but creates a new problemof manipu-
laling the data to get it intoa more usable form(e.g., normal-
ized, standardized).

As such, ROML (and its related data viewer) “normalizes”
data for added efficiency. Normalizing data is primarily a
matter ofconforming key fields, including matching dissimi-
lar fields, resolving conflicts in categories, resolving the han-
dling of duplicates, etc. In order to be useful, data should be
conformed to a format that can be read by anapplication (such
as a graphing routine, or calculation routine). or example,
the application may expect data aggregated by year, whereas
the incoming data may be aggregated by month. The user
must manipulate the input to make it conform to the form
expected by the application. RDML performs these tasks
automatically, using embedded documentation regarding the
input data to make any necessary conforming changes to the
input. In the timeseries example above, ROML. would aggre-
gate the monthly data into yearly data, using embedded docu-
mentation to determine whether the aggregation should be a
sum, an average, etc.

Additionally. comparing data is a primary use ofspread-
sheets. Examples include comparing the financial statements
ofdifferent companies, comparing the statistics from differ-
ent states. and comparing different economic lime series.
Whenthese data categories come from differentsources, they
are usually not directly compatible: the user must lay out the
data items on a spreadsheet or similar program in a manner
similar to assembling ajigsaw puzzle. As with normalization,
RDML.uses documentation embedded in the various input
files to determine howdifferent line items and values should
be collated.

Once data is normalized and collated, the RDML data
viewer 100 transforms the data automatically. Convention-
ally, users typically make a series ofadjustments to the num-
bers in the data set. The mmput data may be, for example,
denominated in “millions ofdollars,” while output is desired
in “billions ofven”* RDML providesa setof indicators for the
most common transformations, permitting automatic
machine translation of the numbers from their input state to
the state desired by the user,

A conventional method offormatting data for output on a
PC is to cut-and-paste the data to a formatting application
(word processor, graph generator, spreadsheet or other), and
then mark up the data to change the format to the desired
output. This is time consuming and not repeatable—ifthe
data is input again with a slight change, the whole formatting
process must be repeated. The RDMLdata viewer 100 avoids
the cut-and-paste approach by saving the original data in a
central storage object (described below) in the data viewer
100 and applying separate lormatting instructions to create
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different views 108. The user can switch among views 108
witha single mouse click and the program handles all format
and numerical conversions for the user.

In some of the more advanced database management sys-
lems, a“report-writer” approachis used. Like the RDML. data
viewer 100, this approach applies a template to a centrally
stored dataset. The problemisthat the data sets are not stan-
dardized; a report writer template written for one dataset
cannot typically be used for another. RDML, however, pro-
vides for reuse ofstyle sheets in the same mannerit provides
reuse of data and macros.

In addition to the above-mentioned problems, RDML,
solves problems relating to “live” connections of numerical
data involving multiple sources that typically require pro-
gramming expertise. Whether the aim is to draw numbers
from multiple sources over a wide area network (e.g., the
Internet) or over a corporate LAN, incorporating remote data
is complicated by mariy issues: connection protocols, pro-
gramming language dependencies,dala type inconsistencies.
error handling, data transformations, etc. Programmers can
surmount these problems at a certain expense, but not in a
flexible waythat permits reuse, and users again rely on cus-
tom programming.In responsetothe cost, time requirements,
and inflexibility of the custom programming approaches,
casual users resort to labor-based solutions. In a typical case,
a financial spreadsheet is created with. for example. ten
assumptions related to interest rates. Every time the spread-
sheet is used, the creator looks the numbers up in the news-
paper and types the results into the appropriate cells, and any
necessary transformations are made by band. RDML.
removesthe need for custom programming and manual input
by providing a way to include numbers trom remote RDML,
documents 102 in normal formulas. The ROML data viewer

100 automatically looks to the specified address on the webto
retrieve the numbers, makes any necessary transformations
(for example, from yen to current dollars) and places the
result in the correct formula. In this way, an RDMLdocument
102 or macro 104 can draw on multiple documents at once.
Because its documentation is machine-readable, 11 can be

read by multiple systems, none ofwhich need be aware ofthe
physical layout or data types ofthe others.

Lastly, the use of RDML enables client-side processing
using Internet-supplied data thereby realizing a number of
advantages. After datais retrieved, analytic routines (macros)
are performed onthe client side, as opposed to the conven-
tional approach in web-based data analysis. in which the
analytic routines are performed onthe server side. Whereas
sensitive data and calculations can remainlocal in the RDML,
data viewer 100, the user need notfear that sensitive data is

being misused by a company running a server, or that data is
being misappropriated over the web. Additionally, it
increases speed because updates to graphs, reports and
spreadsheets can be near instantaneous because there 1s no
need for the round-trip Internet transmission, or the loading
and execution of a routine on a busyserver. Users may also
prefer local copies of data that they control and to which they
have immediate access.

LA. RMMLOverview

Methods and systems in accordance with the present inven-
tion provide macros and RMML, which allow numerical
analysis routines to be written quickly, cheaply, and ina form
that is usable by a broad range of data documents in RDML.
RMML macros provide reusable user-defined calculations
for use in conjunction with RDML that automatically
manipulate and display numerical data contained in RDML.
markup documents. RMMLalso allows spreadsheet type
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macros to be posted as web documents, to be searched by
search engines, to be combined into more complex programs,
and to be reused with many data documents.

For example, a user viewing a chart having a series ofdata
inan RDML. data viewer mayapply, with one mouse click, a
macroto that chart and see an instantaneous (or nearly instan-
taneous) transformation ofthe charted series ofdata. Not only
is the data changed, but the titles, legends. footnotes, axis
scales and other properties are also changed. As a further
example, a user may be looking at a time series trend of
automobile sales in millions of dollars, By clicking on a
macro entitled “% change”, the chart recalculates itself
according the percentage change [rom periodto period. The
y-axis title changes from“S millions” to “% annual change”,
etc. Table manipulation macros may perform such functions
as combining two tables into one, sorting a table, searching
for certain line items and other database-like tasks. Other

transformation macros may perform other functions such as
word translation, data format translation, and repori-writing.

RMML macrosare highly reusable because they are made 2
available in a cross-platform, text-based, searchable, XML-
compHant format. Because the macros are portable, they have
much greater marketability.RMML also builds into its lan-
guage tags for many types of documentation so that a macro
may be reused and understoodby the original macro writer as
well as other users.

Conventional spreadsheet programs typically base refer-
ences on physical locations. a problem RMML. avoids by
referring to numbers by their position ina chart or formula,or
by tag names, thus allowing the numbers themselves to be
anywhere in a document. RMML, macros also use the mea-
surement and the meaning of numbers because RDMLtags
contain standard vocabularies to identify the measure, mag-
nitude, scale, unit, precision, class, etc. of the numbers, and
the RMMLinterpreter handles differences for the user.

Additionally, RMMLbuilds error handling into its inter-
preter and makes available automated testing tools to help
increase the quality of the code. Users may also graphically
change parameters for the macros using check boxes, slider
bars, input boxes, and selection lists, and RMMLmakes it
easy forthe authorofa macro to add those visual components.

Belowts a detailed description of ROML. the platform
upon which RMML macros run, followed by a detailed
description of RMML.

I]. System Hardware Components
FIG, 2 depicts a data processing system 200thatis suitable

for use with methods and systems consistent with the present
invention. Data processing system 200 comprises a computer
201 and a server computer 203 interconnected via a network
214, suchasthe Internet, where the server computer 203 may
provide RDML documents 102 to computer 201. Computer
201 includes a central processing unit (CPU) 202, a main
memory 204, a secondary storage device 206, a display 210
and an input device 212,

The main memory 204 may include the RDML data viewer
100 which may be a personal computer-based program,
although oneskilled in the art will appreciated that the data
viewer may reside elsewhere. In addition to the data viewer
100 which includes views 108 for display, the main memory
204 includes related sofiware componentsthat may be used to
input RDML documents 102, macro documents 104, and
style sheets 106 to the data viewer.It may inclhide the RDML
document formatter 216 which a user uses to apply tags to
numerical data, and/or an RDML documentserver 218 which

provides ROML, documents 102 to the data viewer 100. The
main memory 204 may also comprise an ROMLdocument
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editor 220 used to edit the files ofROMLdocuments 102 and

RDSLstyle sheet editor 222 lor creating style sheets 106, The
RDML/XMLsearch engine 224, which searches RDML
documents in response to queries, may also reside in memory
204 along with any additional plug-in applications 225. Each
of these components and their interactions are described
belowin greater detail.

The memory 204 may include various software compo-
nents of the data viewer 100 and related components which
may be programmed in object-oriented languages such as the
Java™ programming language. The Java™ programming
language is described in further detail in “The Java Program-
ming Language,” 2”? Ed., Ken Arnold, James Gosling, Addi-
son-Wesley, 1998, which is incorporated herein by reference,
For further description of the Java Language, reference
should be madeto “The Java Language Specification,” James
Gosling, Bill Joy, Guy Steele,Addison-Wesley, 1996 whichis
also incorporated herein by reference. However, one skilled
in the art will appreciate that other programming languages
may be used. The RDML. data viewer 100 may download
RDMLdata documents 102 from manydifferent sources such
as a local storage disk or from a server over network 214,

The secondary storage 206 may include the RDML. image
database 226 which stores documentation tag data regarding
RDMLdocument 102, and the RMML macro software devel-

opmentkit 228 for developing macros. The secondary storage
may also store existing databases 230 lor holding original
data from which RDML documents 102 are created. These

components may also be stored in main memory or on another
remote computer and are also described in greater detail
below.

FIG,2 also depicts a web server 232 on computer 203 that
interacts with the computer 201 via network 214. In one
system consistent with the present invention, the web server
232 sends RDOML. documents 102 over the network 214 and

may be connectedto a disk array 234 which holds RDMLdata
documents 102. This disk array 234 may receive data docu-
ments 102 from the database server 236 which may receive
data from database storage 238. Protocols used in the trans-
mission ofinformation between the server 232 and the com-

puter 201 include, but are not limited to, HTTP and FTP.
Oneskilled in the art will appreciate that aspects of meth-

ods and systems consistent withthe present invention may be
stored on or read from other computer readable storage media
besides memory like secondary storage devices, such as hard
disks. floppy disks, and CD ROM. A computer readable
media include a carrier wave from a network (such as the
Internet). Additionally, one skilled in the art will also appre-
ciate that the data processing system may contain additional
or different components.

I]. System Overview
FIG. 3 illustrates an RDOMLsystem consistent with the

present invention and the relationships between the various
components, These various components may reside in a
memory 204 on a computer such as computer 201. Existing
databases 230 store data that can be used to create RDML

documents 102, and generally the data is extracted intoeither
a “flat fle” format (e.g., comma-delimited, or fixed-width
fields) or a form readable by Java Database Connectivity
(“IDBC"). RDMLdocuments 102 may be structured to
modelflat files so that a single RDML document 102 encap-
sulates a set of rows and columns. Examples of databases
include SQL server by Microsofi and Oracle 8 server.

The RDML document formatter 216 is a graphical tool
used by the user to reduce the amount of manual labor
required to combinedata and its documentation. The contents
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ofan existing database 230 may not be enoughto create an
RDML document 102, because in one systemconsistent with
the present invention, ROML uses documentationofthe con-
tents. Such documentation often may be found in a printed
volume and hence must be manually input and manually
combined with the data, The RDML. formatter 216 allows a

user (or data publisher) to map data fields from a relational
database, flat file, spreadsheetfile or text document to RDML
data documents 102. It also allows a data publisher to add
documentation to the data file (RDML, data document 102)
itself.

The RDML image database 226 is a relatively small data-
base maintained by the RDML, formatter 216 to hold infor-
mation necessaryto recreate an ROML document 102 should
the underlying data change. It eliminates the need for the user
to manually input the documentation again because the
RDMLimage database 226 stores it.

An RDML, document server 218 functions when RDML

documents 102are being created dynamically. The server 218
queries the existing database 230 for the desired line items, 2
queries the image database 226 for documentation items and
instructions for constructing the RDML document 102, and
finally creates a valid, well-formed RDMLdocument.

The RDML. document editor 220 allows users to edit

RDMLdocuments 102 which typically are ASCI] text files
(which may contain UNICODEdata). As such, they may be
edited by any text-oriented editor or word processor. Thisis,
however, a time-consuming and error-prone approach to
marking up. an RDML (or any XML) file. A specialized
RDML. document editor 220 allows a user to quickly make
changes, check for errors, and viewinformation onthe data
and metadata. The document editor 220 may operate over the
Internet: users possessing the correct permissions to modify a
file can make updates or changes to the underlying ROML.
data document 102 by issuing commands from the ROML
data viewer 100.

An RDML document 102 may be an ASCTI/UNICODE
text ile used to transmit data and metadatato the ROML Data

Viewer L00. [tcan be stored locally, orcan be transmitted over
network 214 such as a corporate LAN or the Internet (using
HTTP, PTP, email, etc.). To be a valid RDMI. document 102,
the file conforms to the RDML Document Type Definition
(“DTD”) which is described in detail below. The DTD
describes required and optionaldata elements, their ordering,
syntax, and the controlled vocabulary for use in certain data
elements. DTDs in general are also described in “XML:
Extensible Markup Language,” Elliotte Rusty Harold, IDG
Books Worldwide, 1998.

The RDML data viewer 100 functions as a combination

RDML and HTML. browser, object-oriented spreadsheet,
report-writer, and application platform. The browser func-
tions read HTML or ROML documents 102: HTMLdocu-
ments are rendered immediately in a browser window, while
RDML documents are first cached in an internal data object
(conforming to the DOM—"‘Document Object Model”—
standard discussed below) and then rendered in views 108
selected by the user, The default view is typically a chart and
a tree listing, although several other default views are avail-
able. The RDOML data viewer 100 uses the cached RDML data

objects to create views L108, employing a variety of transfor-
mation and manipulation objects to get the data to match
either the form expected by the view, or to match the form of
other data objects with whichit is being combined.

The RDML Macro Software Development Kit (“SDK”)
228 allows a function designer10 create functionsthat can be
applied generally to any data documentthat contains the types
ofdata necessaryfor the function. The SDKis a collection of
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macro-writing tools, including an IDE (“Integrated Develop-
ment Environment”), an editor, an object browser, and avali-
dationtester.

RDML generally separates the form ofdata from general
calculation routines that operate on that data. By separating
format fromfunctions. both the data and the functions can be

made reusable. In conventional spreadsheets, for example,
numbers can be placed in arbitrary cells selected by the cre-
ator. [fa second developer decides to create an analytic fune-
tion, that developer must know what row and column each
number is in. That routine will then not work with another

spreadsheet unless the exact same row and columnstructure
is followed.

Applying functions generally creates one form of software
reuse; users need not tell the function where their data is (the

approach of“wizards” in traditional spreadsheets). A second
form ofreuse 1s that gained by inheritance: function develop-
ers can choosethe existing functionthat most closely matches
what they are trying to do, and simply make the necessary
edits to create the desired new function. The SDK 228 permits
a third type ofreuse in the ability to attach to remote data
documents and remote macros on the web to take advantage
ofthese extra resources and to provide real-time updating of
data and functions.

RMMLmacro documents 104 are text documents that

contain routines just as RDML data is contained in a text
document. This document contains the heart of the calcula-

tion: the specification of operations on numbers, such as a
formula, an ordered list of other macros to perform, orlist of
instructions.

RDSLstyle sheets 106 act as templates for output reports,
The RDML. data object(discussed below) in the RDMLdata
viewer 100 can be placed into a report using one or more
different style sheets. RDSL, a fully compliant implementa-

5 tionofXSL, allows a data publisherto provide multiple report
formats for its data. They are reusable in that a style sheet
written for one RDML data document 102 can be used for

another ifthe specified restrictions are met. For example, a
style sheet for a time-series data set can be used for another
time series data set. The style sheet editor 222 is basically a
report-writer because the user can graphically compose a
report from a sample document, specify the types of RDML
data documents 102 that this report can apply to. automati-
cally create a style sheet 106 when the result is acceptable.
and then use the resulting style sheet to create a report from
any qualifying ROMLdata document 102.

The RDMLsearch engine 224 searches RDMLdocuments
102 similarly to theway HTML search engines search HTML
documents. HTML searchengines pick up key words, but can

oO only tell a user that a particular document contains the
requested word(s), They cannot, however, provide query ser-
vices. For example, a user may wishto searchthe Internet for
“all financial statements of computer services companies
which have revenue growth >10%." and the RDML search
engine 224 provides this capacity.The RDML. Search Engine
224, however, does not index only keywords like the HTML
approach, but also the element names and keyattributes. This
permits searching for numerical values, or posing complex
queries regarding the content and/or context of the data. The
RDML search engine 224 thus acts as a generalized query
processor for RDMLdata document 102, RMMLmacros
104, and RDSLstylesheets 106. Some aspects ofthe search
engine 224 are described in greater detail in co-pending U.S,
Provisional Patent Application Ser. No. 60/183,152, filed on

5 Feb. 17, 2000.
As mentioned earlier, each view 108 in the RDMLdata

viewer 100 is essentially a separate application denoted on
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FIG, 3 as various RDML Plug-in applications 225. The chart
view, for example, is a separate charting applicationthat has
been “plugged in” to the RDML data viewer's basic infra-
structure of Internet browser, XMLparser/processor, ROML
transformation and manipulation objects, internal object
management architecture, interfaces to other applications,
and graphical user interface (described below), For example,
a mapping componentcan be plugged into the panel in which
the chart is seen. Subsequently, when a user clicks on a line
item, the colors ofthe different countries or states will change
to show a thematic map, or different dots will appear, etc. The
RDML data viewer 100 maybe designed in modularfashion
to permil changing or adding component applications to
leverage off the common components.

IV. System Details
With further reference to FIG. 3, several of the components

(excluding RMML. and RDSL components) are described in
greater detail below. The existing databases 230 may be rela-
tional databases, object-oriented databases, or any other type
ofdatabase. RDMLtags in RDML documents 102 add docu-
mentation to the types of pure data found in relational data-
bases. Since the datathat already exists in relational databases
can be used to create ROMLdocuments 102. the data may be
made available to either the RDML. formatter 216 or the

RDML server 218 and be in a flat file format (rows and
columns).

For connections, both the ROML formatter 216 and the

RDML. server 218 read Open Database Connectivity
(“ODBC”) and JDBCdatabase sources. Theflat file aspect is
based on the idea that RDML documents 102 effectively
model a basic row and column matrix. To produce an RDML
document 102, therefore, the original data source may pro-
vide a single table, or create one with a query. Relational
linking is possible with RDML. documents 102, through a
server to a relational database, or indirectly through hyper-
links to other RDMLdocuments or hyperlinks to ROML
document servers 218. This is similar to many database appli-
cations: data is collected from various underlying tables to
create a single table or screento showthe user. The data table
to be used as a source for an RDML document 102 may be
oriented to have the fields be one ofthree basic exemplary
RDML data table types: time series, category, or X-Y plot
described below.

With reference to the ROML formatter 216, once there is a

flat file data table ofdata points in the existing database 230.
an RDMLdocument 102 can be created by adding tags that
contain documentation regarding the data table. The informa-
tion contained in these tags are maintained in a separate data
table from the original data points. The RDMLformatter 216
is an application that assisis a user in selecting the proper
documentation tags, saves the tags in a separate database (the
RDML image database 226), and creates the actual RDML
document 102.

FIG. 4 isa screen shot that shows how the RDMLformatter

216 assists the user in “tagging”data, i.e., adding metadata
that applies to the line items. In one implementation consis-
tent with the present invention, for each line item ofdata,
there are at least 18 different potential attributes (described in
detail below) applied using the radio buttons 402. When a user
selects a radio button 402. the formatter 216 supplies a
description 404 ofthe selected attribute. Upon selection ofa
radio button 402 fromthe left-most box, the user is presented
witha list of the possible values in the middle option box 406.
The user may either double click one ofthe options to addit
as an attribute ofthe selected line item, or type in a newvalue
in the text box at the top of the middle option box 406. The
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formatter 216 automatically updates the line item table 408
which, in this instance, displays the line items’ ID, title.
format and Y-axis title (attributes whichare discussed below).

FIG. 5 shows a sereen shot of the database tab and docu-

ment managementscreen accessed by a lab 502 onthe RDMI.
formatter 216. This screen manages ROML. documents 102
that can be created froma relational database 230, The user

can specify a list 504 ofdata tables ina relational database and
have theRDML. formatter 216 create ROML documents 102

) for each using default properties. From that point, the RDML,
formatter 216 is used to modifythe defaults. The user may use
the RDML, formatter 216 to select tags from scratch (as
shownin FIG. 4) fora document 102, but this puts an unnec-
essary burden on the user to remember which properties are
appropriate.

The formatter 216 references a database 230 (shown on
FIG. 3) specified by the documentation URL 506. The data-
base 230 holds a list of data tables, and the formatter 216

inserts a table 504 that holds information regarding the data
tables into the database 230for later reference. This table 504

is referenced by the documentation table name 508. Simi-
larly, the formatter 216 stores alist ofline item attributes 408
for the database 230in the database which are referenced by
the li_data URL 510,

The RDML image database 226 contains documentation
that relates to a separate set ofdata records in the existing
database 230. The ROML formatter 216 creates and main-

tains the RDMLimage database 226. The RDML image
database 226 standardizes the process of documenting data
decuments. and provides a controlled vocabulary for the
metadata. The ROML image database 226 also performs
document management andtracking. update and version con-
trol, error checking, input validation, and the creation of
status reports.

The image database 226 contains a list of RDML docu-
ments 102 that it can produce. The original data maybe in flat
files, relational tables, or a table that results from a query on
a relational database. The image database 226 contains docu-
ment metadata that references the original document table or
flat file in the original database 230. Documentation informa-
lion contained in the image database 226 is added to this data,
It further includes Jine item set metadata for the set of line

items, documentation that is typically of a more technical
nature and applies to the line item set as a whole. Examples of
such informationts table types, field definitions (“x values”)
and hyperlinks that apply to the line itemset as a whole. (A
line item set may be generally analogous to a table: it is a
collectionofline items, which are analogous to recordsin the
database world.)

The image database 226 also includes line item metadata
that references the individual records of the original docu-
ment table orflat file in the original database 230. There may
be a pointer [rom each line item’s metadata record to the
corresponding record in the original data table. Fachline item

5 includes the fields of the original record, plus, in one imple-
mentation consistent with the present invention, at least 18
additional fields that contain “attribute” documentation:

object types, unit designators, hyperlinks, footnotes, and so
forth. A listing of exemplary attributes of a line item is
described below.

FIG,6 illustrates steps used by the data viewer 100 when
accessing the RDML document server 218. The RDML.
server 218 occupies a middle position between a database
server 230 and a user's data viewer 100 or web browser.

§ Although one architecture for RDML 1s to have RDML docu-
ments 102 served fromdisk-based textfiles, users may some-
limes wish to create RDML documents dynamically tn
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response to queries. The tasks of executing the query and
delivering aresult in ROMLdocument formare performed by
the RDML.server 218. ‘To do sa, a user submits the data

request to the server 218 via the data viewer 100 (step 602).
The RDML Server 218 is.a server application called by a web
server (not shown) which fields the user's request. The
RDML server 218 queries the database 230 using known
techniques (step 604), and the database returnsthe results to
the RDML server(step 606). The server 218 then creates an
RDMLdocument 102 (step 608) and returns the RDML
document to the web server whichtransmits the results to the

viewer 100 (step 610).
The RDML document editor 220 permils users to edit the

actual elements and attributes of an ROML, RMML, or

RDSL document (102. 104 and 106). The documents may be
presented in a tree view for selection and direct editing. A
text-based window may display the contents of the selected
document for editing. Besides basic editing, it performs a
numberof utility functions: (1) search and replace, (2) vali-
dation,(3) well-formedness testing, (4) hyperlink validation,
(5) cut-and-paste of elements, and (6) replacement ofele-
ments with defaults.

IV.A. Internal Data Viewer Architecture

FIG, 7A depicts a schematic diagram ofthe internal archi-
tecture and programflow of the RDML data viewer 100, and
FIG, 7B depicts the meaning ofeach symbol type in FIG. 7A.
Por each numbered component, a description is given which
providesfurther details on that component's inputand output,
internal decision process, storage format, object architecture,
and program Now.

Before fully describing PIG. 7A, however,it is importantto
understand an overview of the steps involved, which is
depicted in FIG. 8 and discussed in conjunction with FIG. 7A.
FIG, 8 is a fowehart describing steps in a method for down-
loading. processing and displaying a RDML document 102 in
accordance with the present invention. FIG. 8 describes an
overview ofthe steps involved, and each related componentis
subsequently described in further detail with relation to FIG.
7A.First, the ROMLreader 704 finds and receives an RDML

document 102 in text form formatted according to the struc-
ture of the RDML DTD 702 (step 802). The RDOML Reader
704 may be a class that runs in a separate thread and has
methods for checking the RDOMLdocument 102 type (Time
Series, Caiegory, XY) and handling errors. The RDOML
Reader 704 then calls the XMLparser 706 which parses the
text (step 804). The RDMLprocessor 708 receives the parsed
text from the XMI. parser 706, error checks it and creates an
object based on the data and structure in the received text.
(step 806).

The RDML processor 708 transfers the resulting object to
the X-value transformer 710 which perfonns type-checking
and manipulates the fields (x-values) ofthe data so that it may
be displayed and stored coherently and simultaneously with
other aclive objects of the same type (step 808). The X-value 5
transformer 710 makessure that the data values to be graphed
against the x-axis are in common units, For example, if docu-
ment A is an annual time series and document B is a quarterly
time series, the X-value transformer 710 in this case would

use the “li_aggregation”attributes of the line items in docu-
ment B to aggregate four quarters at a lime into annual data.
Asa second example, if documentA is a category document
with x-values equal to stock ticker symbols (F, IBM, XON,
etc.), and documentB contains x-values denominated in com-

pany names (Pord, International Business Machines, Exxon,
etc,). then the x-value transformer 710 will use the “li_class”
attributes in the Iine ttems of each document to match them
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up. The X-value transformer 710 sends the object to the
primary data store 712 (“PDS”) for storage with other active
objects of the sametype (step 810). The views (716, 720, 724
and 725) then display and present information using data
fromthe active objects in the PDS 712 (step 812).

Details of the steps and components. involved are now
discussed in conjunction with FIG, 7A, Describedfirst is an
RDML document102 defined by the ROMLDocument Type
Definition. Deseription of the various software components

1 ofthe data viewer 102 follows.

The data and metadata ofan ROML document102 may be
formatted inside tags which denote the beginning and ending
points of each data element. The element tags may also
include attributes to be applied to the data elements. a deserip-
tion of what sub-elements may be found within an element,
and vocabulary choices for different attribute values.

A full sample RDML data document 102 is shownat
Appendix B. Shown belowis a fragment of an RDMLdocu-
ment 102 that supplies the data for one line item in the docu-
ment. Note that element tags are designated within angle
brackets (<" and “>"), and that attributes are listed that can
be applied to the data.

<line_item
h_ID="1"
li_legend="“Department of Energy”
hi_ttle“Outlays—Dept. of Energy”
li_cat=* *
y_axis litke="$ in Thousands”
level="1"

format “#,40.(4440)"
relation="Parent”ai
li_notes=
li_dese=*”

li_pree=“-3”
li_Lunite-“S”
li_mag="3”
li_mod="in”
li_measure=* “
li_scale=*”

li_adjustment=*”
li_aggregation=" ">
<data_y>

2754567, 2699717, 2726457. 2578954, 2343297, 2252927,
2474440, 2392904, 2392536, 2200326, 2298612. 2303643,
2233062, 3229510, 3840973, 5049308, 6412986, 7441295,
7261157, 11756883, 11657178, 10590471, 10991261,
10587245, 11026443, 10692802, 11166039, 11386923,

12083898, 12478820, 15522633, 16941547, 17839298,
17617000, 16203000, 14467000, 14366000. 15240000.
15190000, 14938000, 14412000, 14556000

</data_y>

</line_item>

In this example, the 18 lines with an “=” are “attributes” ofthe
<line_item> element, and essentially, the attributes provide
machine-readable documentation for the data values speci-
fied in the sub-element <y-values>. This particular line item
describes “Department of Energy outlays in thousands of
dollars,” but the specifics ofthe set ofattributes are described
below in conjunction with the RDOML. Document Type Defi-
nition 702 which describes the structure and elements of a
RDML document 102.

RDML documents 102 may be produced by an ordinary
lext editor. by the RDML data formatter 216, or by the RDML.
data server 226. (XML. browsers other than theRDMLdata
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viewer 100 are able to dolittle more than echo the text input
to the user’s screen since they cannot interpret the RDML
tags.)

IV.A. 1. Document Type Definition

FIG. 9 graphically shows elements of the RDML Docu-
ment Type Definition 702. In one implementation consistent
with the present invention, RDML. documents 102 conform to
the rules provided by the DTD 702 (also shownon FIG. 7). In
accordance with one implementationofthe preseminvention,
an RDML DTD 702 is shown at Appendix A. Attributes and
elements of the DTD 702 mayalso be seen inthe full sample
RDML. document 102 in Appendix B. Those two Appendices
A and Bare useful for examining specific attributes and
elements of the DTD 702.

The DTD 702 data structure is optimized to provide infor-
mation that is neededinorder in whichit is required, to reduce
the learning required on the part of new users to ROML
formatting, and to avoid unnecessary duplication. The first
line of the DTD 702 in Appendix A starts with “<?xml
encoding="“UTP-8"?>" because all XML. documents start
witha line thattells the client application,in this case the data
viewer 100, what type of documentit is and the version of
XML.

With further reference to FIG. 9, the DTD 702 used to
define RDML data documents 102 is structured in a hierar-

chical tree structure of elements. Each element may include a
list of attributes (displayed in Appendix A, but not shownon
FIG, 9) and/or an association with one or more sub-L.AW

OFTICESelements. The DTD 702 specifies whichattributes
are required and whichare optional for any embodiment of
the DTD. Depending on design constraints, the required and
optional elements may vary. At the highest level, the DID 702
has twoelements descending from a root element. <rdmldoc>
902. The first element. <rdmidoc_header> 904, contains the
metadata for the document as a whole and the second,

<line_item_set> 906, contains the set ofthe line items.

In one implementation consistent with the present inven-
tion, the <rdmidoc_header> element 904 contains several
attributes itself, and the optional sub-elements <data_source>
908, <formatting_source> 910, <rdml_source> 912,
<license_terms> 914, and <link_set> 916, each describing
some aspectofthe sourceofthe data, In this implementation,
the <rdmldoc_header> 904 element may include ten
attributes describing documentinformation as a whole, These
attributes are “rdml_doe_ID." “doc_title?’ “timestamp,” “ver-
sion.” “expiration,” “freq_of_update.” “num_line items.”
“num_datapoints,” “x_indexes.” and “first_jul_with data,”

The rdml_doc_ID attribute is the unique identification of
the RDML document102 andis typicallya file name or URL.
The doc_title is a plain language deseription of the document
that will appear at the top of reports and views for the docu-
ment for use by a user. The timestamip is typically generated
by the application thal created the document and may denote 55
the time that the document was created or the time the data
was accessed for creation of the document. The version
describes which variant of the RDOML document102 it is and

may be named bythe creator. The expiration describes the
date and timethat the data in the document 102 may no longer
be relied upon, typically when the next update is expected to
be released. Freq_of_update describes how frequently the
document is updated and may be used by applications that
want to schedule updates to the data. The next two attributes,
num_line items and num_datapoints, are integers describing
the total number of line items and number of data values

respectively. These attributes are optional and may be used as
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a “checksum” by a receiving application to ensure that the
data has not been accidently changed or corrupted,

The next field, x_indexes, denotes three data fields to use as
representative data fields in the tree view 720 (described in
detail below). X_indexests acomma-delimited suring of three
integers. each of which is an index to a selected field. lor
efficiency, the indexes may denote the end of thelist offields
so that, for example, “-3, =2,—1" showsthe last three fields in
the tree view 720. Indexes based on the end are useful because

most people reading 4 time series want to see the most recent
data. Along, similar lines, the first_ul_withdata attribute is an
integer index that points out whichline itemis to be displayed
on the chart when the document 102 is loaded into the data
viewer 100.

The <data source> 908, <formatting_source> 910, <rdml_
source> 912, <license_terms> 914 elements, sub-elements of
<rdmldoc_header> element 904, may optionally contain one
or more of sub-elements of <contact_info> 918 which con-
tains contact information. This element can be used by the
larget application lo create an email letter, update a contact
list, or populate a database of information sources. The same
element structure is used for all contact information sub-

elements 918 so that the application that created the docu-
ment 102 only has to create one structure.

In one implementation, this contact informationis repre-
sented by eleven attributes: “role?” “name.” “company.”
“address,” “city,” “state.” “zip.” “country.” “email.” “form,”
and “comments,” Role is the role played by the party in the
creation of the document, 1.¢., “data_source” for the <data_
source> 908, “formatting source” for the <formatting_
source> element 910, etc. “Form” determines whether the

hyperlink is a “simple” link or “extended” link. Under the
Xlink specification, a language designed to implementlinks
between XML. documents and resources, hyperlinks may be
simple or extended. Xlink 1s described in “XML, IES Pro-
grammer’s Reference,” Alex Homer, Wrox Press, 1999,
whichis incorporated herein by reference. Simple links are
traditional “jump” hyperlinks in which clicking onthat link
will close the current page and openthe target page, Extended
links are application-specific and can identity different types
of resources, such as multimedia files and other non-docu-
ment resources.

ao Eb,

The contact information in the <data_source> 908
describes whoor what collected the data to create the original
database, while the sameattributes in <formatting_source>
910 describe who or what added the RDML tagsto the origi-
nal data to create the ROMLdocument 102. The same inlor-

mation in <rdml_source> 912 describes the person or com-
pany that created this particular document and made it
available to the outside world.

In addition to the <contact_info> 918 sub-element in
<license_terms=> 914 whichdescribes the contact information
regarding the licensing of the information, the <license_
terms> elementhas its own set oflicensing-related attributes.
These attributes include: “copyright_cite,” “holder,” “license
type.” “warranty.” “disclaimer.” “terms,” “date.” “email.”
“state,” and “country.” The copyright_cite is a string that may
appear on reports regarding ownership ofthe particular data
set in the ROML document 102. A typical example might be
“Copyright 2000, e-Numerate Solutions, Inc. All Rights
Reserved,” The holder attribute lists the full legal nameofthe
owner of the copyright. License_type lists the typeoflicense,
such as “none—proprietary and confidential.” “public
domain,” “pay per use.” etc. and terms lists the payment
lerms, ifany, such as “$1 per download.” The information in
these attributes may be used by routines associated
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with the RDML. processor 708 to automatically track and
implementlicenses and payments.

Another sub-element of the <license_terms> element 914

is the <linkset> element 916 which, in one implementation,
has two attributes and its own sub-element <link> 922. A

<linkset> 916 is a collection ofhyperlinks. These hyperlinks
may be either HTML. files or RDMLfiles. The individual
<link> elements 922 hold the actual links and attributes. The

<linkset> element's twoattributes are form, described above,

and href, a standard string for URL or web address, and they
designate the HTML. or RDML page where a page of hyper-
links may be found. This is useful when the creator does not
want to list all of the hyperlinks in the document 102 itself.

The <link> element 922 describes hyperlinks to other
documents and contains, in one implementation, nine
attributes: “form,” “hrel?’ “behavior,” “content-role.” “con-
tent-title.” “role? “title.” “show.” and “actuate.” These link
related attributes are described in the XML IES Program-
mer’s Reference, pp 95-97. Thetitle is a string that appears in
the applicationas a hyperlink title. Forexample, inan HTML
browser, it will appear as highlighted, underlined text. Actu-
ate specifies when the link should be traversed—when the
resource that the link points to is retrieved or accessed, and
show specilies how the target resource will be displayed.
Behavior specifies instructions that control the behavior of
the link in the way that the content is displayed or the link is
traversed, and role describes what role the target resource
playsinthe link. Content-role and content-ttle are alternative
places for the title and role, but are not specified in Xlink
standards:

Finally, <rdmldoc_header> 904 may have its own <link-
set> 916 having <link> elements 922. RDMLallows users to
attach hyperlinks to different elements such as an entire docu-
ment, a particular line item, or other element in the RDML
document 102. The reasonfor the multiple places that hyper-
links may be placed is so that the user can view in one place
all the links that apply only to the element under consider-
ation, Por example, an ROML document 102 may contain the
data for a company’s financial statement, The creator of the
document may decide that certain links apply to the whole
company(links to productlines, competitors, ete.) and that
others only apply to single line items (such asa link attached
to the “Equipment Leasing”line itemthat points to the foot-
note for that line item or an aecounting regulation applicable
to that account), Even though they are attached to different
elements, the links may have the same form. Another reason
for multiple linkset elements is to facilitate keeping links
together with their logical owners.

Continuing to refer to PIG. 9, on the line item side of the
<rdmldoc> 902, the <line_item_set> 906 which contains
information on the collection of line items in the ROML
document 102 also contains several attributes and several

elements, These attributes include; “line_item_set_type.”
“time_period,” “character_set,” “missing_values.* “null_val-
ues,” “zero_values,” “dates_values,” and “percentages.”

‘Thefirst attribute, the line_item_set_type. is, in one imple-
mentation, an important attribute which classifies the line
item set into one ofthree types: time series, category (orcross
tab), and x-y plot. Generally, the “type”in this contextis the
characterization ofthe x-axis values and whether they repre-
sent a time series, a categorization, a x-y plot or other. These
line itemset types are described in detail belowin connection
with the x-value transformer 710 which manipulates line
items ofthe sameset type. Generally. line itemsets ofdiffer-
ent line item set types may not be actively manipulated

4

10

15

20)

Nal

40

a5

ay

bu

24

together. If the line item is a time series, valid lengths in the
time_period attribute may be years, quarter, months, days,
etc.

Character_set designates which standard character set is
represented, thereby allowing for support for foreign lan-
guages. Missing values holds a designator for the numerical
value that represents a missing value, because many views of
the data, in particular chart views, need to knowwhich num-
bers represent blanks. Otherwise, a blank might be inter-
preted as “O2" Null_values designates the character to be
treated as null so that it is not confused with “not applicable.”
or “missing” or “0.” Finally. zero_values designates charac-
ters that should be interpreted as “O07 and not “null!” “miss-
ing.” “not applicable,” ete.

The <line_item_set> 906 has, in one implementation, sev-
eral sub-elements including <data_x> 924, <li_class_set>
926. <linkset> 916, and one or more <line_item> elements
928. At the line itemset level, metadata regarding line items
as a seLis shared amongall the line items so that the data need
not be repeated. In particular, the <data_x> element 924 con-
tains field information commontoall line items in the line

item set. The <data_x> element 924 includes the x-values and

information regarding the x-values of the line items in the set
ofline items in the ROMLdocument 102. For example, ifthe
line item set is a time series. the x-values may represent the
years, monthsorother timelines (e.g.. 1990, 1991], etc.) listed
across the bottom of a chart with whichall of the data is
associated. Because this informationis the same {or each line

item in the line item set, it is only included once in the RDML
decument 102. In one implementation, in addition to the
actual x-values, <data_x> 924 also contains the following
attributes: “x_title’*“format.’ “x_notes,” “x_dese/”“x_pree.”
“xumt’ “xmag.” “xmod.” “x_measure.” “x_scale,”
“yx_adjustment,” and “x_links.”

In <data_x> 924, x_title is the title displayed on the x-axis
as the data is displayed on a chart. Formatisa string providing
a template for the default representationofthe x-axis values.
The strings are those familiar from spreadsheet programs
(examples may also be seen on FIG.4):

#—digit(s), zeros suppressed
Q—digil(s), zeros displayed
.—decimal point
.—Separator

A—~z. other characters—displayed literally.
Other formatting codes can also be used (e.g., codes used in

scripling languages). X_notes may contain miscellaneous
footnotes regarding x-values oftheline itemset, while x_dese
may describe additional description regarding the x-axis val-ues.

The x_prec attribute describes the precision or mumber of
significant digits for purposes of axis label display. In this
attribute, negative numbers cause rounding of amounts
greater than zero. For example, a precision of“2"will display
a numberas “8,254.43”. That same number with a precision
of “-2” will be displayed as “8,300.” The underlying repre-
sentation of the number will be the full value; only the for-
matting and representation on the screen will change. The
data viewer 100 uses this primarily for formatting the axis
labels, but the attribute is available for default formatting as
well in other uses such as reports, footnotes, etc.

The subsequent attributes, x_unit, x_mag, x_mod, x_mea-
sure, x_scale, and x_adjustment, represent the meaning ofthe
x-values and are used by the data viewer 100 for manipula-
tion, reconciliation and display with other RDML documents
102. In RDML, numbers are collectively described by these
attributes which describe the numbers’ units. They are as
follows:
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Unit: the physical unit of the numerator
Magnitude: the size of the numerator
Modifier: relation of the numerator to the denominator
Scale: the size ofthe denominator

Measure: the physical unit of the denominator
Adjustment: special qualifier (1.e., inflation adjusted)

mi

Forexample,a line item reported to represent “$ in thousands
per million people”can be represented as:

10

[SUS] *( 1,000)
[1 person] = (1.000.000 )

Therefore, the attributes ofthe line item are:
Unit: $US

Magnitude: 1.000
Modifier: /

Measure; | person x
Scale: 1,000,000

Access to these attributes for line items provides enormous
powerto the data viewer 100. It facilitates the interpretation
and transformation of the numbers, It allows multiple lines to
be placed ona single chart without conflict and allows macros
to be applied withoutthe requirement of humanintervention
lo answer questions about the units. li further allows reporting
templates to make automatic adjustments to provide the most
readable reports. In particular, the data viewer 100 uses these 4,
attributes to construct y-axis labels and descriptors when the
user has made a transformation and the “y_axis_label”
attribute is no longer appropriate.

A standard vocabulary for units and measures may be used
for efficiency, and magnitude and scale may be more simply
represented as a power of 10, e.g., 3 for thousands, 6 for
millions, etc. This permits more rapid transformations and
eliminates potential confusionofvariant usages and spellings
(e.g.. million, mille, MM,etc.)

For an example ofthe use of these attributes, suppose the
RDML data viewer 100 has plotted the following value/mea-
surement:

426 US Dollars (in thousands) per Hour, adjusted for infla-
tion (1996=100).

‘The user now wants to convert this to:

“X™Ttalian Lira (in billions) per Day, in nominal lira

25

a5

where “X”’ is the value to be calculated and the rest of the line
is the measurement. The data viewer 100 makes this transfor-

mation automatically for the user because it has conversion .
factors for the following: :

 

RDML Attribute: Begin: End: Conversion factor: 55
Unt US Dollar Italian Lire A* 0.0000234
Mag Thousands Billions A®* 1.000.000
Mod per per A* 1
Seale Hour Day AY 24
Measure | 1 A* 1

Adjustment Adjusted forinfl. MNotadjusted A®* annual factor 60Vile 426 L.I&o

The data viewer 100 multiples the conversion factors (or
performs any other appropriate mathematical operations) to
manipulate the display. The user does nothavetolookupeach 65
of the conversion factors, marshall them into the correct

sequence, do the arithmetic, and make corrections such as

26

rounding adjustments. The user may simply select a newunit,
magnitude, ete. from a drop-down box and make a selection,

FIG, 10 illustrates steps used by the data viewer 100 to
manipulate the numerical information in an RDML document
102 10 produce a desired transformed display. First, the data
viewer 100 locates the RDML. document 102 (step 1002). The
document may be located either locally or online using a
URL,the search engine 224 or any other technique. Next, the
data viewer 100 selects and accesses the desired document

102 (step 1004). The data viewer 100 then accessesthe line
item that needs to be transformed(step 1006) and determines
the desired transformations (step 1008). The desired transfor-
mations may bereceived [roma useror may be determined by
the data viewer 100 automatically to, for example. aeccommoa-
date the addition of a new document 102 to a display ofa
current one. The data viewer 100 accesses the unit. magni-
tude, modifier, scale, measure and adjustment atiributes ofthe
document orline item to be transformed (step 1010). Using
these attributes, the data viewer 100 determines the conver-

sion factors, if any, for each (step 1012). These conversion
factors may be stored locally or retrieved online over a net-
work 214. The data viewer 100 then multiplies the conversion
factors to transform the numerical data into the desired dis-

play (step 1014) and displays the transformed line item or
document (step 1016). I! more than one line item is to be
displayed, the data viewer 100 may repeat these steps so that
all appropriate line items may be transformedto the desired
display format (step 1018). Similarly, if more than one docu-
ment 102 needs to be transformed, the steps maybe repeated
for each document. In this way, documents 102 haying dil-
ferent numerical sets may be automatically manipulated for
simultaneous display or quick transformation of display for-
mat without human intervention, The system automatically
resolves conflicts between different documents in different

formats by transforming theminto one desired form.
In one implementation, when the system converts one unit

to another unit, it converts the original source unit ta a base
unit known by the system, and then converts the base unit to
the target unit. The system stores conversion factors from
base units to other units in a unit list XML file, a portion of
whichis shown atAppendix C. For instance, supposethe base
unit used by the system for length is “meters,” and numerical
values are to be converted from “yards” to “miles.” The
viewer 100 converts the yards to meters using the stored
conversion factor, and then [rom the meters to miles using the
appropriate stored conversion factor. In this way. the unit list
file need only contain conversionfactors from the base unit to
various other units, and need notlist a conversion factor for
every possible combination between various units.

The structure ofthe unitlist file is as follows: a <unitlist>

elementis the root. and it has one level ofchild nodes, each of
whichis a <unit> element. The unit elements each have a
numberof attributes and elements that describe the charac-

teristics ofthat unit necessary to convert it into another unitor
5 scl ofunits.

The conversion element contains the attributes necessary
for making a conversion where the source unit and the desti-
nation unit are both of the sametype. Forexample, converting
“miles” to “inches” is simply a matter of finding the correct
multiplier to apply to the number ofmiles, because both units
are measures of type “length.”

The conversion element contains six elements: (1) “con-
v_target” describes the target unit of measurement that the
following conversionfactors will bring you to, (2) “conv_fac-
tor”is the number to multiply by the source valueto arriveat
the destination value, (3) “conv_constant” is the constant to
be addedto the product of the source value and the conversion
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factor, For example. in the conversion formula for Fahrenheit
to Centigrade (Ff =32+9/5C), 32 is the “cony_constant”, (4)
similarly, ifthe conversion involves a logarithmic conversion,
the necessary [actors are included in “conv_log”, (5) “cony_
source”is a descriptionofthe standards body that set forth
this particular conversion factor, and (6) “conv_href” con-
tains the URL for the approving standards body.

The type element contains one ofthe followingtext strings:
(1) Length (base unit=meter), (2) Area (base unit=square
meter). (3) Volume (base unit=cubic meter), (4) Mass (base
unit=gram), (5) Time (base unit=second), (6) Temperature
(base unit=centigrade), (7) Energy (base unit joule), (8) Cur-
rency (base unit=$US). (9) Compound (no base unit), (10)
Diverse (no base unit), (11) Collection (no base unit), and
(12) Occurrences (no base unit),

The Compound and Diverse types are constructed from
one or more of the basic units. Compound types are simple
combinations ofothers. Example: “miles per hour” is a com-
bination of a length unit and time unit. In order to convert a
Compoundtype inio anothertype, itis necessary to be ableto 2
make the necessary conversions ofthe decomposed units.

Diverse types are those that are constructed ofdescriptions.
For example, an “ohm”is an electrical unit described as “the
resistance offered to an unvarying electrical current by a
column ofmercuryat the temperature ofmelting ice, 14.4521
grams in mass, of a constant cross-sectional area, and 106.3
cenlimeters in length.”

A Collection type is a collection ofpersons, places, things,
etc. For example, a data series denominated in “people in
millions” meansthat one unit ofthis type is a collection ofone
million people. Collection types can use any ofthe conversion
elements. Fora simple conversion example, suppose there are
2.4 people per family in a sample. Then “people” could be
converted to “families” by a simple division by the 2.4 con-
versionfactor.

An Occurrence type is a collection of events, “Cycle”
would be an Occurrence type that could be divided by “sec-
onds” to produce a compound “cycles per second” unit of
measurement.

The “subtype” element is for finer distinctions among
types. The “plural” element is for constructing new Uutles,
legends and labels at the completion of a conversion opera-
tion. An “alias” element is provided for enabling conversions
where data has been entered in a common, but nonstandard

form. Por example, tables often use “in” instead of “inches.”
The “dese” element is provided so that a plain language
description can be given the user, The “icon” element pro-
vides a place for giving the unit an icon to be used inlists,
drop-down boxes, etc. Referring back to the elements and
attributes of FIG. 9, in <x_data> 924, there is an x_links

attribute which may be a comma-delimited string of URL’s
for linking to other sources.

In additionto this elenvent, the <li_class_set> 926 element
represents the set of line item class elements and, in one
implementation, has no attributes but has one or more suh- 55
elements representing line item class, <li_class> 930. These
line itemclass tags specify categories in yarious classification
systems to which the numbers belong, such as “<US Dol-
lars>” or “<'Total Revenues>”. The data viewer 100 uses these

class tags to select which macros can apply. to adjust report
formats, and to make the correct selections ofassumptions in
analytic processing. The class designations permit validation
and conforming ofdifferent data sets, thereby allowing the
data viewer 100 to combine documents from unrelated

sources into a single unified source. Class tags may be used by
macrosthat look at the class taglist to see if it qualifies to act
on the particular line item. Por example, if a line tem in a
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financial statementis tagged as of the class “debt,” the macro
knowsthat it can use this line in calculating “debt-to-equity™
ratios. But if the line ilem is tagged “piano,” for instance, the
macro will not be applied. Note that, in this implementation,
the element names for the classes are entered as comma-

delimited strings.
The <li_class> element 930, in one implementation, has

five attributes. These are “class_name.” “parent_class,”
“Torm,” “href,” and “description.” Class_nameis the name of
the class to whichtheline item set belongs, and parent_class
denotes the name ofthe parent class. These attributes may be
used by more advanced features ofthe data viewer 100 such
as the macros.

The <line_item_set> element906 further contains a <link-

set> 916 similar to the previously described <linkset>. As
before. this <linkset> 916 further has a <link> element 922

previously desertbed.
The <line_item> 928 element may have, in one implemen-

(ation in accordance with the present invention, four sub-
elements and 18 attributes. The elements are <data_x> 938,
which contains the x-values for this line item if they are
different from the default x-value in the line_item_set ele-

ment <data_y> 932 whichcontainsthe y-data values, the data
numbers or values of the line item, a <linkset> 916 having a
<link> 922 as previously described, and a<note_set> element
934. The <noteset> 934 contains one or more <note> ele-

ments 936 which have user readable, plain language notes
regarding the line item.

The attributesofthe line item include: “li_ID,’“li_legend.”
“h_ntle.” “heat.” “y_axis_title.” “levely’ “format.” “rela-
tion.” “li_notes,” “li_dese.” “li_prec.” “li_unit.” “li_mag,.”
“li_mod.” “li_measure.” “li_scale.”’ “‘li_adjustment.” and
“i_ageregation.” Several of those attributes have the same
meaning as attributes previously described except that they
specifically describe only the line item and y-values to which
they are attached.

The li_ID is a unique identification number for the
<line_item> element 928 and may be numbered from 0 to n
(where n is the numberof line_ttem elements). In one imple-
mentation consistent with the present invention, the numbers
are unique and in order.

The li_legendattributeis a plain language string describing
the line item that does not need to be unique. Generally, it
appears in the leftmost column ofthe views. The li_title is a
string defining the general subject ofthe line item. In the data
viewer 100, this may be used as the title ofthe chart and as
titles In reports. Typically, titles are the same for line items
grouped together, but they are not required to be.

The li_cat attribute represents a line item category. As
opposed to the li_legend and the li_title which are displayed
on the chart in the data viewer 100, the li_cat is not normally
displayed.It is generally a non-printing designatorfora cat-
egory that the line item might belong to, Ofien, this may bea
table name, or a primary key in a database. or some other
organizing identifier. 1 may be used to group line rems for
reports.

The y_axis_title attribute is a string which will appear on
the y-axis as the title of that axis. However, if the user applies
a transformationto any variable in the descriptor, this hard-
coded y-axis title will be replaced by one generated by the
data viewer 100 using other attributes.

The level attribute and relationship attribute specify hier-
archical relationships betweenline items, Conventional links
in relational databases are maintained by matching records on
the basis of “key fields” One drawback of this approach is
that nothing is known about the character of the relationship
exceptthat it exists, and there is no way totell, absent specific
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documentation elsewhere, that one recordis a child or parent
of the other, and whether that nature is a containment, a
derivation, and inheritance, etc. In RDML.the creator of the

data may specify the hierarchical level of eachline item and
the nature ofthat hierarchical relationship. The data viewer
100 uses the level attribute and the relationship attribute to
create a hierarchical tree, to place icons representing the
relationship in front ofeachline item to summarize the deri-
vation of numbers and describe their context, and ta assist

macros and updating data tables. The level attribute specifies
how many levels down from the parent node a line item is,
while the relationship attribute specifies the nature of the
relationship, suchas whetherthe line itemis a child ofanother
line item or contained by another. It may also determine
whetherthe line ttemts an additive or subtractive subcompo-
nent ofa parent, ora subtotal that is dependent on other child
line items, These previously mentioned attributes and ele-
ments make up a DTD 702 in accordance with methods and
systems consistent with the present invention.

Li_aggregation is an attribute useful if a user wants to
“ageregate” or “deagpregate” data based on differing x-axis
transformations. This attribute explainsto the data viewer 100
howto handle this particular line ttem whensuch transforma-
tions are attempted. For example, if'a line item set presents
bank account information, each line item may be a timeseries
andpresents quarterly data, but the user may wish to see the
data on an annual basis. For someline itemsin the set, it is

simply a matter of summing up four quarters worth ofdata
(e.g., deposits) in which case the attribute value would be
“sum,” but for other line items (e.g., closing balance), only the
last quarter's value need be shown, in whichcase the attribute
value would be“ last.” Similarly, ifa minimumannual balance
is desired for four quarters of minimumbalances, only the
lowest balance for all four quarters would be needed. Such a 3
line item's li_aggregation attribute value would be “mini-
mum,” Possible accepted values include: “sum,” “average,”
“minimum,” “maximum,” “first.” “last.” and “none.”

I'V.A.2. Reader, Parser and Processor
With reference back to PIG. 7A, the RDMLreader 704

may be an object within the RDMLdata viewer 100 which
manages the process of finding an RDML document 102
(locally, on a LAN, or on a Wide Area Network suchas the
Internet), passes it to the XML parser 706, relays error notices
to the user, and coordinates the updating ofother components
states to reflect a rejected or damaged RDML, document 102.
The user of the RDMLdata viewer 100 may initiate the
download ofan RDML document102 in many different ways
including: clicking on an ROMLhyperlink (these are like any
other hyperlink, except that the target document may end in
“rdm”), typing a “.rdm™” URL imto the “Address” box of
RDMLdataviewer, or requesting the loading of the document
ina macro. Also, while conventional HTML browsers have a

cache ofonly HTML documents represented as the “history” 55
of the browser, the browsers may only display one ofthese
documents at a time. Given an URL address. the RDML

reader 704 reads in Document Object Model (“DOM”) com-
pliant documents (e.2., ROML documents 102), discussed
below. The XML. reader 704 may be implemented by a third-
party setofJava classes, such as the XML4J parser developed
andlicensed by IBM,but others may also be used. The RDML
reader 704 may cache multiple documents in RAM if they are
compatible with the active data set. Not only are these docu-
ments immediately available. but sub-elements ofthe docu-
iments are available immediately because the data viewer 100
may maintain indexes of important data and metadatain the
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documents, Additionally, macros may be used to find specific
elements in the documentthat ts read in by the ROMLreader
704,

The XMLparser 706 takes a serial streamoftext characters
from the RDML data document 102, performsbasic functions
such as eliminating while space, dividing input into words
and groups of words and searching for opening and closing
characters (primarily “<”" and “>").The XMLparser 706 used
in the RDML.data viewer 100 may also be a third-party set of
Java classes, such as the XML4J parser developed and
licensed by IBM.but other parsers may also be used.

The processor 708 receives the parsed text and creaies a
tree-shaped data structureofthe data elements, matching the
structure of the RDML DTD 702 hierarchy. The hierarchical
structure conforms to the DOM Model, meaning that data is
available in a standard form, and that a standard library of
methods and functions are available for accessing data, edit-
ing elements, searching through nodes to find certain ele-
ments, and so forth.The XML DOMstandard js controlled by
the World Wide Web Consortium, and can be found at “http://
www.w3.org/TR/REC-DOM-Level-1/".

The RDML Processor 708 generally performs three pri-
mary functions on the incoming parsed text to create an
internal software object: error checking, structuring, and add~-
ing functionality. The error checking functions ofthe proces-
sor 708 simply compare the output ofthe parser 706 against
the text expected as defined by the DTD 702. If the incoming
document does not conform, the processor 708 determines
whether the defect is: (1) not critical, in which case a warning
is sent to a log and work continues, or (2) critical, in which
case work stops and anerror messageis sent to the routinethat
called the parser 706,

The structuring finction is a matter of assembling the text
into a hierarchical data structure matching the hierarchy
described in the DTD702. Thetarget data structure may be a
vector of vectors, or other collection ofcollections. Whenthe

data structure is created,it is “wrapped”in a software object
(an “RDMLDoc™ object) that adds an interlace to the data so
that other software objects can communicate with it. Most of
the added functions (“methods”) provide access to specific
subsets of the data or particular elementsorattributes.

The functions of the RDMLprocessor 708 can be per-
formed by the sameclass as the ROML Reader 704, wherethe
RDMLreader 704 has been set up on a “callback” relation-
ship with the XML. Parser 706. In that way, whenthe parser
706 gets a new element from the ROML document 102, it
informs the ROML reader 704 thatit found the element and

returns it to the reader. In such a way, the RDMLreader 704
acts as a processoras well as reader (even thoughit may hand
off the actual element handling to another class).

IV.A.3. X-value Transformer and Line Item Set Types
Regarding the X-value transformer 710, the term

“X-value” refers to the fact that the fields of the input data
records are plotted along, the x-axis of the chart view 716 by
default. (The values of each record for each field are plotted
on the Y axis.) For example, a time series will. by default, be
plotted in the chart year with the time periods plotted on the
x-axis. When more than one data documentis input, their data
fields must be correlated belore they can be presented
together in a common view, The X-value transformer 710
determines what adjusiments have to be made, and then
accomplishes them.

Generally, the RDMLdata viewer 100 recognizes three
different types ofline item sets (i.e., (1) “time series.” (2)
“category,” and (3) “X-Y Plot”) which account for the major-
ity of end user tables. The X-value transformer 710, by rec-
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ognizing these types, can automatically provide the correct
display and transformation routines, saving the user the time
and expense of changing a broad range ofdetails. ‘To give an
example of this, whena times series table is encountered, the
data viewer 100 can recognizethat the x-values mustfit the
permissible types of dates, check them, conform them, and
format them, thus sparing the user the work. In one imple-
mentation consistent with the present invention, a line item
sel typeis a required attribute ofthe line item set element 906.

FIG, 11 shows the steps used by the X-value transformer
710 to store a new document in the primary data store
(“PDS”) 712 described below. Generally, the X-value trans-
former 710 determines whether a newly input data document
is of the same type as the one(s) currently stored in the “active
documents”list ofthe PDS 712. Active documentsare avail-

able for display in the tree 1 view 720, to be charted. to be
added to the spreadsheet view 724, and so forth.

First, the X-value transformer 710 receives a new docu-

ment 102 (step 1102), It then determines the type of the active
documents in the PDS 712 (step 1104). If the newly arrived
document is the same line item set type as the active docu-
ments (step 1106), it is added to them in the PDS 712 (step
1108). If it is of a different type than the currently active
documentsin the PDS 712, the user is notified that it does not

match the currently active documents (step 1110). The user
may choose to reject the new document 102 (step 1112). in
whichcase the object is not added to the PDS 712 (step 1114).
If the user chooses to erase the currently active documents
(step 1116). the currently active documents are erased (step
1118) and the new oneis loaded (step 1120). Otherwise, the
new document 102 is placed in the PDS 712 as a “standby”
document (step 1122), Standby documents are available for
providing data to scripts and macros, but do not interfere with
the active document views. Optionally, if the x-value trans-
former 710 need not perform any transformations, the ROML
reader 704 maystore the document in the PDS 712.

If the newly arriving documentis ofthe sameline item set
type as the active documents, the X-value transformer 710
matches the data_x fields of the new documentto the existing
documents. They may be ina different order, may be spelled
differently, be in a different form, or otherwise not immedi-
ately compatible. The X-value transformer 710 makes the
necessary adjustment according to the type of line itemset.
For example, time series line item sets have elements which
are ordered in time. One obvious incompatibility is that peri-
ods may be different. Often, one set ofdatais in years and the
other in, for example, months. The X-value transformer 710
uses attributes of the line items to handle each correctly.
However, monthly data cannot just be added up to produce a
yearly value, lor example, because the number might repre-
sent a non-additive yalue, For example, a line item might be
“Ending Bank Balance.” but adding up 12 monthly ending
balances does not produce a year-ending balance. The line
item provides a period-length attribute that specities thatitis
a “period-end™ value, and the X-value transformer 710 uses
the last month only to create a yearly value, In another
example, monthly “deposits” would be added together, and
monthly “average interest rate” might be a “period-average.”
Eachline item provides instructions on howit is to be handled
in conversion to other periods; this is provided bythe li_ag-
gregationattribute.

Another change that might be madeis in the date format.
Some data sets might simply display the year (““YYYY™),
others might use a standard date format (“YYYY-MMDD:
HHMMSS.MSS"), or someother variant. ‘The X-value trans-
former 710 puts these allto a commonform.
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The data viewer 100 additionally provides tags describing
how it is to be handled in the event of a period widening/
shortening, or a period shift. Numbers may be tagged as
“sum,” “median,” “average.” “last value.” “first value” or a
specified formula. The X-value transformer 710 and the data
viewer 100 may also handle “period shifts.” a related type of
conformance, For example, a first data source may be based
ona calendar year ending on December 31 while a second
data source is based ona fiscal year ending on September30.
The RDML data viewer 100 may use the period_length
attribute of the x_data element 924 to designate the period
length of the data, in conjunction with the li_aggregation
attribute ofthe y_data element. The latter attribute 1s used to
estimate a conforming transformation.

Y-values, the data values ina line item, may change when
the x-values have been conformed, For instance, if twelve

months of “average interest rate” is aggregated to produce
“annual average interest rate,” the updated designation ofthe
numberthat will appear in legends or axis titles changes. The
data viewer 100 recognizes that the resulting values may
possibly undergo a transformation based on unit, magnitude,
modifier, scale, measure, and adjustment attributes. These
attributes allowefficient and automatic interpretation, trans-
lation, manipulation and presenting of data in a line items.
They furtherfacilitate the automatic changing oftext deserip-
tions in charts and reports to be automatically changed by
macros.

Additionally, to conformdiffering time periods in separate
documents. the X-value transformer 710 and the data viewer

100 mayprompt user assistance ifneeded. For example, afirst
data source may be denominated byfields such as “Week 1.”
“Week 2.”ete., while a second data source is denominated by
“Apr. 4. 1999." “Apr. 11, 1999." and so forth. The X-value
transformer 710 recognizes this problem (and a broad set of
similar circumstances), and presents a dialog box asking the
user for the actual date that “Week 1” begins on.

The Category line 1temset type is a commontype of line
item set that is often referred to as a “crosstab.” In this line

item set type, the x-values are categories. On a chart, for
instance, the x-axis may be divided into eight categories for
eight companies, with the y-axis showing the values ofrev-
enues or profits. Sometimes matching the fields ofdifferent
source documents by name is too dependent on wording,
spelling, or language to permit efficient matching. The chal-
lenge for categories line item sets is to handle these differ-
ences in usage, For example, company income statements
maystart with a concept of“sales,”but the actual words used
may be “revenues.” “total revenues.” “gross income,” or any

79 ke

) other designation used in different languages, dialects, or
industry-specific terms. To handle these line item sets, the
X-value transformer 710 lines up categories from multiple
data sets by first matching up any actual matches in spelling
(ignoring cases in the default). Second, it looks at the class
elements 930 to see if there are standard vocabulary tags:
these standards may be different for different industries or
uses. Whendealing with companies, for example, the ticker
symbol] may be used as the matching tag. For instance, one
data set may have a category lor “Ford” another for “Ford
Motor Company.” and another for “F" All would be matched
bythe commonpresence ofa tag <"“F"> (Ford's ticker sym-
bol) in the class element 930, If this fails to provide matches,
the data viewer 100 presents the user with a dialog box with
two lists offields. Using “drag and drop” techniques, the user
can quickly match the twosets of fields, and fields with no
match are simply appended as newfields. In addition to
creating a mapping dictionary based on text, class sets, and
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user input, the data viewer 100 can use a mappingfile speci-
fied by a user or an input document to combinefiles automati-
tally.

FIGS. 12.4, 12B and 12Cdepictscreenshots ofan X-Yplot
1202 in accordance with the present invention. Most com-
monly found in scientific statistical series. an X-Y plot 1202
by ils nature treats every x-valueas distinct. This display plots
individual data points on the graph. The X-value transformer
710 is only required for collating only exact matches, The
screenshotalso displays a tree view 720 that corresponds to
the data in the X-Yplot 1202 anda legend 1204, As shown on
FIG, 124, the X-Yplot 1202 displays the selected line item
1206, and the legend 1204 changesas the line item selection
changes. The FIGS. 12B and 12C show the X-Y plots 1202
resulting fromthe selection of differentline items 1206 in the
tree view 720.

IV.A.4. Primary Data Store

FIG, 13 depicts a primary data store 712 and some objects
which it stores. The primary data store 712 is a cache of
loaded ROMLdocuments 102 that may be implemented in a
numberofways(e.2., as 4 vector, as a dictionaryor hash table,
or as someother collection ofobjects).

Once the X-yalue transformer 710 bas determined an

active or standbystatus for a newly arrived data document
102. and made any necessary modifications to the x-values,it
passes a new RDMLDoeobject 1302 to the PDS 712, which
manages its communications with the various viewsorplug-
in applications. This PDS 712 central storage allows the dil-
ferent views (716, 720, 724, and 728) to have access to an
object 1302 representing the original source data, The indi-
vidual views (described below) make their own copies of the
portions of the data that they need, and in whatever trans-
formed form they require, The PDS object 712 generally does
nol perform transformations on data; it simply holds them.
adds and removes them, and makes them available ina public
interface to other objects. Table 1 below shows an exemplary
class diagram of the PDS object 712. Note that vectors are
used 16 hold the RDML, documents 102 in this implementa-
tion: it would also be possible to use a hashtable or collection
data structure.

TABLE |

PrimaryDataStorage

—ActiveRDMLDocs + Vector
- Active RDMLLines ; Vector
=Standby RDMLDoes : Vector
Standby_RDMLLines : Vector
+Add_RDMLDoe(nimidoc | RDMLDoe) : void
4+Add_RDMLLine(rdml_li : ROMLLineltem) : void
+2etRDMLDoo(rdmidec : ROMLDoc, Status : int): ROMLDoc
+ectRDOMLLineltemirdml_li : ROMLLinelten, stanis : int) :
RDMLLineltem
+getNumRDMLDoes{ } ¢ int
+HetNumRDMLLineltems( ): int
+clearRDML Doct rdmidec : ROMLDoe) : void
+clearRDML Lineltem(rdml_Ji : RDMLineltem) : void

In the class diagram, the upper section lists the object's
variable names followed by their types. The lower section
lists the method names with the argument name and type in
parentheses followed by the method output type. As shown,
the PDS 712 provides variables and methods for storing
active and standby RDMLDoes 1302 and RDMLLineltems
1304. The PDS 712 object includes methods to add, retrieve
and cleardocuments andline items, in addition to methods for

determining the number of documents and line items.
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An RDMLDoceobject 1302is a full internal representation
ofthe RDML document 102. It contains asits central attribute
the tree-structured data elements contained in the document's

otiginal tags and implements the DOM interlace. Applica-
lions that work with DOM objects may also work with
RDML Doe objects 1302. The RDMLDoc object 1302 pro-
vides a higher level interface for the different views ofthe
RDML. data viewer 100, The Table 2 below showsa class

diagram of an exemplary RDMLDoe object 1302 in accor-
dance with the present invention.

TABLE2

RDMLDoe

-txDoel : txDocument
+RDMLDoe( ): RDMLDoc
+createDoe! filename 3 String): TX Document
+petAttributeValue(clementuame : String, atinbuteName + String) : Stnog
+petAt(Value(lev tug + String, lev2_tag : String, lev3_tag : String,
att_nanme: String) : String
+petData_xDefaults| ) :JCVector
+petLinkAnVilue(elerment : String, index + int, attname: String) : Atring
+getLinkText(element : String, index : int) : String
+gelNuimLineltens( ) = int
+petNumLinksForElement(elementname + String) + int
+petRDML Lineltem(att_name: String, at__value : String):
RDMLLineltem
+merIX Doc! }: TADocument
+imakeRDMLLineltem() ; Node) - ROMLLineliem
+parseCommmaDelimStringiin : String) : JCVector
+selTXDoc(tnDoc_in: TX Document) : void
+traverseDOM Branch (node : Node) : void

Described below are class methods shownin Table 2 of an

RDMLDoeobject 1302 in accordance with one implementa-
tion consistent with the present invention. First,ROMLDoc(
) is a constructor for creating an internal ROML.Doc object
1302. The method “createDoc” reads in thefile indicated by
an input URL, parses it, and creates a new TXDocument
whichthe userthen usually assigns to this RDMLDoc object
1302, A TXDocument is an object which implements the
Document Object Model (DOM) interface. The TXDocu-
ment creates the DOM structure for the file and “wraps”it
with various access and administrative methods. It is the

DOM-compliant orginal representation of the document.
The “setXDoc"™method sets the underlying TXDocument,
and initializes object properties such as the numberof line
items, and “getTXDoc”returns the underlying TXDocument,

Whereas an ROML document 102 forms a tree ofelements

having attributes with values, the “getAttributeValue™
method returns the attribute values for the named element,

and “getAttVal”returnsasa string the attribute value found at
an inputted element name and attribute name. The
“petLinkAttValue” method gets the attribute value ofa hyper-
link element, according to the element name and attribute
specified and “getLinkText™ gets the corresponding hyper-
link text.

Whencalled, “getNumLineltems” returns the number of
line items in the ROMI.Doc 1302 and similarly “getNum-
LinksForElement”returns the numberoflinks foran element.

The “getRDMLLineltem” method suppliesthe firstRDM-
LLineltem 1304 (described below) based on the value of a
particular attribute. For example, specifying “li-ID” and “3”
will return the RDMLLine item in which the “li-ID”attribute

equals “3.” The method called “makeRDMLLineltem”takes
the indicated node, assigns it toa new ROMLLineltem object
1304 and initializes the object.

The method “petData_Defaults” retums a vector of the
default x-values. Furthermore, “parseCommaDelimString”
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takes a comma-delimited string as input and returns the val-
ues between commas as elements of a vector and returns a

vector olthe strings. Finally, “traverseD0MBranch”takes an
input node as a parameter and then traverses [romthat node
downwards, and al each node, an operation. suchas finding an
element with a particular name, may occur.

Similar to the RDMLDoc object 1302, the “RDMLLi-
neltem” 1304 is an object that provides high-level methods
for retrieving data onaline item, anyassociated links or notes,
and the attributes. The views of the RDML data viewer 100
work with ROMLDoes 1302 and ROMLLineltems 1304 to

create their presentations. Table 3 shows a class diagramfor
an exemplary ROMLLineltem object 1304.

TABLE 3 

RDMLLineltem

 -dula_x : TXElement
—data_y : TXElemnent
-jevdata_x + JCVector
~jevdala_y t JCVeetor
-li; TXElement
-liie item set_at: NamedNodeMap
+RDMLLineltem|( } 2 void
+get_jevDala_X( ):JCVeclor
+get_jevDuta_ ¥(): ICVector
+get_strX_ Value(index : int): String
+get_strY_ Valuelindex : int): String
+getAnributeValue(attributeName : String) : String
+eetLinkAttribute(index : int, attName : String) String
+oetLinkTent(index : int); String
+getNumDataPoints! } : int
+eetNumLinks( ) : int
+initLineltern(doc : RDMLDoe, lineitem + Node): void
4set_li{input ; TXElement) : void

Described below are class methods shown on Table 3 ofan

RDMLLineltem 1304 in accordance with one implementa-
tion consistent with the present invention. Methods with the
same name as described above inconnection with the RDML-

Doe object 1302 have the same general function although,
since a line item is already specific to an element, the methods
take different arguments because they typically do not need
an element specified in the given arguments.

RDMLLineltem( ) is a constructor that creates an RDML
Lineltem object, and “initlineltem”initializes the line item
to the values found in the ROMLDecument. The method

“get_jevData_X” and “get_jev_Data-Y” return the x- and
y-value vector for the indicated numberofthe line item. The
“get_strX_Value” method and “get_str'Y_Value”™returnthe x-
and y-value at the number ofthe line ttem in the x_values
veclor 4s 4 string.

The “getNumDataPoints” method is called to receive the
numberofdata points, i-e., the number of x-values,in a line
item. The method “set_ul” allows the calling routine to set the
line item in the RDML, document 102 that this particular
RDMLLineltem is to represent.

Referring back to FIG. 7A, in one implementation consis-
tent with the present invention, the chart manager object 714
takes up to six RDMLLineltems 1304 from the PDS 712 and
displays them on a chart displayed on the graphical user
interface 734 andis typically used in conjunctionwith the tree
view 720 and the macro panel 732. When a user clicks a
mouse on a line item in the tree view 720, that line item is
added to the chart. Whenthe user clicks the mouse on a macro

line in the macro panel 732. the selected line items that are
charted are transformed accordingto the programmingofthe
macro. The chart manager 714 may be separated from the
graphical chart view 716 to allowthe ability to change chart
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software componentseasily should differentor better graphic
chart components becomedesirable.

Views

The data viewer 100 presents the user with a number of
different views (716, 720, 724. and 728 as shown on FIG. 7A)
which the user may use to view the information in RDML,
documents 102 stored in the PDS 712. These views include a

chart view 716, which shows graphical charts and graphs of
the data, and a tree view 720 showing hierarchical represen-
tations of line items. Additionally, the data viewer 100 pre-
sents a spreadsheet view 724 which showsa data sheetsimilar
io a spreadsheet, and a footmate view 728 which shows the
text offootnotes associated with ROML documents 100. The
views are discussed in detail below.

[V.A.5, Chart View

Uponreceiving ROML markup documents, the chart view
transforms, formats, manipulates and displays data stored in
the markup documents using the attributes describing the
meaning of the data. The chart viewuses the attributes ofthe
numbers to, for example, facilitate the simultaneous display
of different series of numbers of different types on a single
chart and automatically display appropriate descriptive tex-
tual components.

As an example, the chart view automatically determines
when a first series is in the “U.S. dollars” and the second

series is in “French frances”; it may automatically place them
on separate axes or automatically translate the units. It can
also determinethetitles for these axesand set the labels on the

axes. The chart constructs itself automatically using the
attributes ofthe individual elements of the markup document,
and these actions maybe initiated with a single mouseclick,

PIGS. 144-Fdepict the chart view 716 inthe top halfofthe
screen,and the tree view 720in the lower half. The chart view

716 has two primary components: the chart itselfand the chart
legend 1402. The line ttem 1206 that has been selected in the
tree view 720 is automatically graphed in the chart 716. The
chart manager 714 generally has three primary responsibili-
ties: (1) collecting messages from the tree view 720, macro
panel 732 and main menu (not shown) regarding changes to
make to the chart 716, (2) obtaining the correct line ttems or
macros from the PDS 712 or the macro manager 732, and
coordinating transformations to the data, and (3) managing
the charts data object (the “chart data” object 715), which
contains the data in the form in whichit will be used in the
chart, and the attributes of those line items.

Generally, the chart manager 714 handles updates and
manipulations to the chart itself (e.g., axes, labels, ete.) while
the chart data object 715 handles the plotting ofthe data on the
chart 716. The chart manager object 714 provides the infor-
mation the chart data object 715 needs to update its internal
data structures. Chart data 715 is a data model thatis used by
the central graphical chart 716 to paintitself, but other com-
ponents also use the data: the footnotes, the chart legends and
utles, and any macros that are operating onthe data.

One wayto visualize the role of the chart manager 714 (and
its data partner, the chart data object 715) is to viewthe steps
of a method of a complete sample scenario: the user has
selected a line item 1206 in the tree view 720 and the chart

manager 714 is notified thatthis line item is to be addedto the
chart 716. There are various waysto set up the chart data/chart
manager architecture, One way deseribed in detail below is to
create the chart up front and then feed it changes in data
(initialization, clearing. updating data series. etc.) A second
general approach ts to use the data to create a new chart upon
every request for a change.
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FIGS. 14.4-F will nowbe described in greater detail, and in
particular, FIGS. 144 and 14B will be descnbed in connec-
tion with FIGS. 15.4, 15B, and 15C, whichillustrate steps of
aimethod for updating a chart view 716 uponthe selection of
a line item 1206 in the tree view720 in an exemplary scenario
in accordance with the present invention. (1G. 15A illustrates
steps mainly involving the tree view 720 and graphical inter-
face 734, while FIGS. 15B and 15C illustrate steps mainly
involving the chart data object 715 and chart manager 714
respectively.

Asillustrated in PIG. 15.4, a userselects a line item 1206 in

the tree view 720 on the graphical interface 734 (step 1502).
The tree view 720 obtains the ID ofthe selected line item 1206

(step 1504) and removesany old macros that are applied (step
1506). The chart manager 714 then deletes the lasi series
(displayed data of a line item) from the chart view 716 to
make way for the newly selected line item (step 1508).

Referring now to FIG, 15B, the chart data object 715
removes existing dala from the chart 716 (step 1512). It then
obtains the RDMLDoc object 1302 from the PDS 712 (siep 2
1514) and the RDMLLineltemobject 1304 from the RDML-
Doc object (step 1516). After doing this, the chart data object
715 normalizes the x-value data (step 1518). For example, if
one charted series displays data from 1961 to 1998. and the
newonedisplays data from 1973 to 2005, the chart data object
715 ensures that the chart displays data from 1961 to 2005.
The chart data object 715 then fills the x-axis 1404 with data
(step 1520) and fills the y-axis 1406 with data (step 1522).

As shown in FIG, 14B, a chart may have more than one
y-axis 1406 charted ata time,(1.¢.. a different y-axis on either
side of the chart) to display multiple line items simulta-
neously. Thus, the chart data object 715 further marks which
y-axis the series is on (step 1524), and ifitis ona Y2 axis 1408
(asecond yaxis) (step 1526), it adds that axis (step 1528). The
chart data object 715 sets the number formats for the axis
labels 1406 and 1408 (step 1530) and sets the numberpreci-
sion (step 1532). Finally, it updates the footnotes (step 1534)
and runs any macros that are applied (step 1536).

Referring now to FIG. 15C, the chart manager 714 then sets
the Y1 title (step 1538) and the Y2 title (step 1540) using line
item attributes. After that, it updates the series styles (step
1542), the chart title 1410 (step 1544), the legend 1402 (step
1546), and the x-axis 1404 (step 1548), After these updates.
and the chart manager 714 updates the numberprecision (step
1550), the y-axis 1406 (step 1552) and the chart types (1.e.,
area, bar, stacked bar, line, pies. points. etc.) (step 1554).
Subsequently, it updates the footer 1412 (step 1556) and sets
the maximum x-value to the extent ofthe last used value.

disposing of blanks on the right side of the chart 716 (step
1558). Finally, the graphical interface 734 repaints the 50
graphical chart 716 with the newly created updates (step
1560).

The chart manager 714 and chart view 716 can chart dif-
ferent series types on a single chart and handle transtorma-
lions automatically. Because two (or more) data series may be 35
placed onthe chart 716 from different source documents 102,
they are synchronized for purposes ofplacing them on the
commongraph. The chart manager 714 uses data_x elements
or the metadata tags to automaticallytransformdata to permit
different series types to appear together on a chart. It recog-
nizes, for example, whena first series is in“US Dollars” and
a secondseries is in “French Franes”, it makes arrangements
automatically to place themon separate axes. There is no need
for the user to go through a charting “wizard” or to find,
understand, and translate the various units, titles, and adjust-
iments. One click on each ofthe series" lines in the tree view

720 (potentially with a modifier key (e.g., the CTRL key)
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depressed) instructs the chart view 716 to construct itself
given the metadata of the individual elements. The chart
manager 714 and chart data object 715 consider and take into
account the following in updating the chart: the unit type,
magnitude, scale, modifier, measure, y-axis Utle, chart title,
chart footnote, precision, numberformat, chart type (line, bar,
etc.), legend and colors of the various components.

The data viewer 100 also permits the adding ofa series to
a chart using a single click or command. Adding a series lo a
chart increases the numberof series displayed on the chart. [n
conventional spreadsheets, charting programs, and data
graphical interfaces, this task requires the user to either
rebuild the whole chart throughthe wizard, fill ima dialog box
with information on the new series, or add the numbers by
custom programming. When the data viewer 100 adds the
newseries to the chart with a single mouse click. ‘The existing
data is maintained as it was, and any necessary changesto the
chart's type, format, scale, etc. is made automatically by the
chart manager 714 and chart view 716 to accommodate the
new series.

Just as a series can be added with one mouse click (ar one
command from the menu), so can it be removed. There is no

need for the user to worry about accidentally deleting some-
thing, as no actual information is lost from the data viewer
100. It can always be added back to the chart 716 with a
simple mouse click.

The chart view 716 also supplies an expandable legend
1402 as shown on FIG. 14A. A significant problem for most
users of spreadsheet programs has been the inability ofthe
user to control the size, format, and handling of the legend
1402. The result is that charts usually end up with legends
such as “MSFT™ and “SUNW.” rather than longer descrip-
lions with multiple colors and fonts, word-wrapping and
other readability enhancements. The chart view 716 chart

5 provides legends that (1) can growto unlimited sizes, (2)
support word-wrapping, (3) can contain multiple fonts, (4)
can contain multiple font types (bold, italics, normal), and (3)
can contain varying colors for emphasis. If the legend infor-
mation (typically stored in the li_legend attribute) for a line
item is too long, for the legend box onthe chart, the informa-
tion may word-wrap and scroll to accommodate the addi-
tional information.

The chart view 716 permits further convenience by auto-
matically specifying the y-axis title 1414, Current spread-
sheet and charting programs require the user to provide a
y-axis title, usually through a chart wizard or by specifying a
location to look up a title. The RDMLshifts this burden to the
data originator, who is in a better position to accurately
specify the description ofthe y-axis values. The y-axis title
1414 specified by the data originator is placed in an attribute
field (y_axis_title) ofthe line item element tag and is used by
the chart view 716 as the default y-axis tle 1414 whenthe
line itemis added to the chart view 716.

Often, however, the user wants to make a change to the
numbers and display the transformedseries on the chart 716.
In this case, the default y-axis title 1414 may no longer be
correct. Rather than require the user to manually figure out
what the newvalue description is (a process that could take
several minutes or longer with current analytic programs), the
chart manager 714 and chart view 716 data automatically
generates a new y-axis title 1414 upon transformation of
values using the information provided in the modified unit,
magnitude, modifier, scale, measurement, and adjustment
attributes of the line item 1206.

For example, suppose a first series is charted as “S in
Millions.” and the user applies a macro that divides every
numberin the series by 1,000. The chart manager 714 auto-
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matically creates a new y-axis title 1414 of “S in Billions.”
Number transformations can lead to quite complicated trans-
formations ofthe y-axis title 1414. A user may multiplya first
series (“Gallons in Millions”) by a secondseries (“US $ per
Gallon”); the result will be a series ofnumbers, a third series
(“US $ in Millions”). If there are ambiguities, the data viewer
100 presents the user with a dialog box displaying all the
known information regarding the quantities involved and
requests that the user supply a title.

Similarly, the chart manager 714 and chart view 716 can
automatically generate the x-axis title and chart titles 1410
using the metadataattributes, In addition to generating y-axis
and x-axis titles, the data viewer 100 automatically performs
the task of creating a new chart title 1410 when the charted
series are changed or when multiple series are added to the
same chart, For example, a first series has a default chart title
of “Total Sales.” a second series has a default chart title of

“Total Expenses.” and a third series has a default charttitle of
“Total Sales.” The data viewer 100 will create a combined

chart litle of“Total Sales: Total Expenditures” by combining 2
the dissimilar elements, and eliminating the duplicate ele-
ments,

Three examples illustrate other types of automatic title
manipulation. In the first example, suppose a chart has two
series placed on it: Series A has a title of“GDP”and a legend
ofChina”, and Series B has a title of “GDP”and a legend of
“Malaysia”. If both are put on the chart, the titles will dupli-
cate each other. In one implementation consistent with the
presentinvention, duplicate titles are removed suchthat the
title for this chart will be simply “GDP”. Becausethe series
legends are different, the legend on the side of the chart will
have twoentries: “China” and “Malaysia”.

Asa second example, suppose the legends are duplicative:
Series A has atithe of “China” and a legend of “GDP”, and
Series B has a title of “Malaysia” and a legend of “GDP”.
Because both legend entries would be “GDP”, there may be
confusion about which legend applies to whichline on the
chart. In this case, the data viewer 100 transposes the legend
and chart title entries suchthat the result is the sameas in the

firstexample above; the title of the chart is “GDP”(the dupli-
cate is removed) and the legend entries are “China” and
“Malaysia”.

Finally, in a third example. suppose the series havedilfer-
ent titles and different legends, Series A has a title of “GDP”
and a legend of“China”, and Series B has a tite of“National
Savings” and a legend of “Malaysia”. The legends areleft as
is, and a newcharttitle is created by appending one to the
other separated by a “:”. The chart title on the display thus
becomes “GDP; National Savings”, and the first legend
becomes “GDP—China™ and the second legend becomes
“National Savings—Malaysia™. All three ofthese changes are
string manipulations (selecting and/or appending).

The chart manager 714 and chart view 716 can also auto-
matically trim beginning and ending x-values 1404, thus
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-chart] + JCChartComponent
~churt_data + ChartData
~chart_legend : ChuntLegend
~chart_title : JCTitle
-CDV1 : Chan DataView
-CDV2 : Chan DataView
-DS : DataStore
=LineColors : IC Veotar
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relieving the user of the need to trim null leading and trailing
values from charts. In conventional spreadsheet and charting
programs, chart pointers must be recreated or manually
adjusted when the underlying data is enlarged or shortened.
For example, ifaseries is charted that runs from 1990 to 1998
and itis replaced by data from 1990 to 1996, there would be
twoblank spacesat the right side of the chart. The data viewer
100 and chart manger 714 avoid this and similar problems by
handling missing or null values at the front or back ofline
items as indications that the chart should be automatically
restructured.

The chart manager 714 also automatically formats the x-
and y-axis labels 1404 and 1406. RDML. shifts the burden of
formatting the numbers on the x-axis 1404 and y-axis 1406
from the user (of which there may be thousands or millions,
each reformatting the numbers manually one or more times)
to the data originator (of which there is one, whoonly has to
do it once.) The format templates are regular expression
strings found in current spreadsheets and programming lan-
guages. The data viewer 100 uses the formatting strings for
the axis labels on the chart view 716, for the numbers in the
tree view 720, and as defaults for the numbers inreports. The
formatting templates are automatically changed if a macro
moves the numbers outside of the precision range that is
legible onthe chart 716, or out ofa format that makes sense in
the tree view 720or ina report.

Asstated previously, one of the RDML.line item element
attributes is the precision of the number, the number ofsig-
nificant digits to be displayed in a chart. Unlike conventional
products, which leavethis entirely up to the userto figure out,
the data viewer 100 uses the specified precision to set the
scale of the y-axis 1406, and the format and precisionofits
labels and tick marks.

Additionally, the chart manager 714 automatically creates
and removes a second y-axis 1408 as shownon FIG. 14B. 4
chart with two dissimilar series plotted on it will require two
axes. The y-values may notbe ofthe same unils, measures or
scales. A user might, for example, have plotted a series
denominated “S$ in Millions”and then want to add to the same
chart 716 a series denominated “% of GDP.” and these two

series cannot share a common y-axis. Charl manager 714
recognizes this incompatibility, creates a new y-axis 1408,
and directs all subsequent formatting, macros, etc., to the
proper axis. Current spreadsheets and charting programs
require that the user restructure the chart with a charting
wizard (entailing many directives to be entered, and much
trial and error to getthe variousscales, colors, etc., correct), or
by custom programming. The data viewer 100 automatesthis
process, crealing and formatting a new axis if required bythe
specifics ofthe unitandscale attributes ofthe line items. Ifthe
series is removed from the chart, the associated axis is

removed and the various scales, colors, etc., of the remaining
series are updated to make the chart readable immediately.

Table 4 showsa class diagram ofthe chart manager 714.

TABLE 4

ChanManager
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TABLE 4-continued

ChartManager

—milinFrame > MainPrue
-series| : ChartDataViewSeries
~series? : ChartDataViewSeries
=x_value_labels ; JCVector
~xaxis t ICANis
—xtitle : ICTitle

-y lanis:: ICAxis
—ylutle : JOTitle
~ylanis 7 JCAKis
~y2title : JCTitle
-yLabelGenerator) : YLabelGeneratoy
=yLabelGenerator2 : YLabelCiemerator
+addSeries(key : String) : voud
+add¥2.Anis( ) : void

42

+ChurtManager(mainkrame : Mainmme, chan_ecomp > [CChatComponent, legend ; ChartLegend) : vou
+checkYAxisTitle(series ¢ int, ylnide : JCAxisTitle, y2title : OAXisTiNe) + int
+deleteLastSeries( ) + void
t+deleteSeriesAfterFitst( ) + void
+gelAddSeresFlag( |): boolean
+getChan'Data( ): ChartData
+perYAxisTitle(series : int) : String
+initChart( }; void
+markWhichYAxis(mum__series : int) : void
+replotChart| ) : void
+replotSeries( } + void
+resetCharl( ) :void
+setAddSenesFlay/ fag : boolean) : void
+setChartTypeltype + int) 4 void
+selDalaStore(ds < DalaStone) ; void
+setStartPeriod(sp : String) : void
+updateChanTitle( } 2 veicd
+updateChantTypes( ) 5 void
+updateFooter(num _senes : int) : void
+updateFoototes! } void
HipdateLegend( ) + woud
HipdatePrecision| } void
+updateSeriesStyles(mum_series_local : int): void
+updateXAxis( }: void
updateYAxis(mum__series_local : int) : void

Class methods of a chart manager object in accordance
with one implementation consistent with the present inven-
tion are described below. ChartManager( ) is a constructorfor
the chart manager object 714, and “imtChart”initializes the
chart to be empty, and “getChartData” gets the chart data
object 715.

The method “addSeries” adds a series to the chart while

“deleteLasiSeries” removes the last added series. Similarly,
“deleteSeriesAfterFirst” deletes all series beyond the first
series.

A series flag is set to “true” if the next series ts to be added
in additionto the already charted series. A “false” flag tells the 5
chart to erase thelast currentseries and replace it with the new
series. The methods “getAddSeriesFlag” and “setAddSeries-
Flag”retrieve and set this fag.

The method “getYAxisTitle” returns the y-axis title, and
“checkYaxislitle” checks the current y-axis tle lo see ifthe °
newly plotted series is 1o be on the current axis, or if a new

=clitData : JC Vector

40
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-chtHeader : JCVector

~em ; ChartManager
-originalPlotiedYear + String
=start_period : String

axis is to be created. “AddY2Axis”adds a second y-axis to the
chart if needed. The method “markWhichYAxis”tells the

ChartData object which axis the new line item has been
plotted on.

The method “resetChart” resets the chart to the state it was

in when the data viewer 100 started while “replotChart”
updates the physical aspects ofthe chart. Similarly. “replot-
Series” replots a series due to changes.

The “setChartlype" method tells the chart manager what
chart type to display upon calling replotChart, and “setDataS-
tore” tells the chart manager what data store object 712 it will
be dealing with. If the data is a time series, “setStartPeriod™
sets the internal variable for the starting period ofthe chart.
Finally, the update methods each update the corresponding
aspect ofthe chart in response to potential manipulations or
changes, e.g., “updatePrecision” updates the precision of the
chart.

‘Table 5 shows aclass diagram of the chart data object 715,

TABLE 5

ChartData
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TABLE 5-continued

44

 

Chan Dati 

-zeroData : String|[ |
+addSeriesToCharn(ds : DStore, key : String) : void
+decrementNumSeries( }; void
+deleteLastSeries( ); void
+deleteSenesAfterFirst( ) 3 void
+HIDXAxIs CTiniml li: ROMLLineltem) : void
+filIXAxis_ TStrdml_li: ROMLLineltem, yearsDiff: int, sizeDult + int) ; void
+fillYAxisCT) ) : void
+fill¥Axis_TS(rdml_hi; ROMLLineltem, start : int. yearsDMT2 int, sizeDuT> int) : void
+getAddSeriesFlag( ) : boolean
+gerChtData( ) : ICVector
+gerChtHeader| ) + JCVector
+eetChtHeaderElement(series ¢ it, element : String) : String
+ge(Datalnterpretation( }: int
+eetDataltem(row ; inl, column : mt): Object
+petDifferencesInX(rdml_li : RDMLLineltem, yearsDiff : im |, sizeDift : int] ]) : void
+aelName(series ; int): String
t+ectNumRows( ) + at
+gelNumSeries( } > inl
+getlomtLabels| ): String[ |
+pelRow(row: int) : Weotor
+gelSeriesLabell series : int) : String
+getSeries Name(series : int) : String
+gctStartPeriod( ) 2 String
+HinerementNumSenest } : void
+normalizeValues(mdml li: ROMLLinelftem, sory: int, yearsDifl : int, sizeDuT: int) ;
+setAddSenesFlay/ input : boolean) : void
+selCht Dataljevin : JC Vector) : void
+setChi Headerjevin ; JOVeetor) 2 void
+setChtleaderElement(series : int, element : String, value : String) : void
+setDataltemrow ¢ unt, column: dt,+ Object) + boolean
+setNumSenes(new_ num: int) : void
+setOriginalPlotedPertod(in : String) : void
+seiStartPeriod(in : String) ¢ void
+eroC hi Data! ) + void

IC Vector

 

Beloware class methods shown in Table 5 ofa chart data

object in accordance with one implementation consistent
with the present invention. Methods having namesthat are the
same as methods in the chart manager are not described
because they perform the same function on the data alone.

The chart data object uses the methods “fi]IXAxis_CT.”
“TIXAxis_TS." “AILYAxis_CT.” and “fillYAxis_TS”to fill

the x- and y-axes of time series and chart data sets. The
methods “decrementNumSeries™ and “incrementNum-

Series” change a counter storing the numberofseries on the
chart.

The method “getChtData™ returns a vector of chtData,
whichis a vector of vectors: each element ofthe outer vector

is a vector of data for one line item. The “getChtlleader”
method returns a vector ofchtHeader, which contains a vector
ofheader information for each line item, This vectoris a list

ofthe values ofthe attributes ofa line item, ¢.g., magnitude,
title. ete.. and “getChtHeaderElement” gets the value of a
particular element from chtHeaderfor the indicated series.

Operating on data sets, “getName” returns the data set
name, and “getNumRows”returns the number of rowsin the
data set. The method “getRow”returns one row ofa series
while “getSeriesLabel” returnsthe label. The “getDifferenc-
esloX” method aligns the time periods for time series charts.
and “getNumSeries”returns the numberofseries in the num_
series variable. Manyofthe get methods have corresponding
set methods that set the value instead of receiving it.

The chtData variable is a vector ofvectors (each sub-vector
is the data for one series), and “getDataltem”returns the data
value ina particular row and column ofchtData. Used by the
constructor, “zeroChtData™ posts an empty chart. The “get-
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PointLabels™ method returns an array ofstrings, each of
which1s a point label of chtData

Fora time series, “getStartPeriod”retrieves the start period
ofthe lime series, and “normalizeValues” normalizes values

upon the addition ofa series to the chart. The method “get-
Datalnterpretation” returns either “array” or “general” to
describe what form the data source structure is in. (A returned
value of “array” is for Times Series and Category data
which share x values, and a returned value of “general”is
for XY data, in which X values are generally independent.)

 

IV.A.6. Tree View

Relerring back to PIG. 14A, this screen shot further con-
tains the tree view 720 on the lower halfofthe screen. The tree

view 720 presents a hierarchical view ofthe data. The tree
view 720 serves a different purpose than “datasheet view” of
conventional spreadsheets and database management sys-
tems. It shows the numbers in their context visually, The user
can see the dependencyrelationships, identify from icons and
visual clues how the different line itemsare related to their

parents, peers, and children. The “Units” column 1416 promi-
nently displays the units, scales, magnitudes, ete., ofeachline
item, an important display in mixed data sets, where the unit
context changes fromline item to line tem.

Eachline itemin the various active ROML documents 102

is displayed in the original order, In the tree view 720, each
RDML. document 102 begins a new top level node, The infor-
mation displayed in the tree view 720 is a summary of impor-
tant data from and aboutthe line item, not a display of all the
data points as would be found in a typical spreadsheet view,
Instead of presenting a potentially confusing matrix of raw
data digits that make the discerning of patterns difficult, the
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tree view 720 shows, in one implementation, the following
informationfor eachline item: legend 1402, units 1416, three
user-selectable representative data points 1418, and one or
more summary columns 1420. In the example on FIG. 144.
there is some important documentation 1416 (description,
units), some representative data 1418 (in this case, three
year’s worth), anda summary data column 1420 (inthis case,
the sum ofall the data points). The first column 1416 displays
the legend ofthe line 1tem. This is the plain language descrip-
lion: itis repeated in each viewwhere identification of the line
item must be made by a human.

‘The representative data columns 1418 in the tree view 720
give the user visual clues as the relative importance, the types,
and the format ofthe line items. The RDML data viewer 100

permits the user to select different fields to be displayed. For
example, one user might want to see “1940, 1970, 2000” to
geta sense ofthe long term trends, while another might only
wishto see “1998, 1999, 2000”to see the recent trends.

The summary column 1420 allows the user to choose a
statistic that is either desired to understand the lines and their 2

context better, or that is desired for purposes ofsorting the
columns from greatest to Jeast or vice versa. Any ofthe
columns can be sorted simply by clicking on them. The sum-
mary column provides mucheasierstatistics for the user than
database or spreadsheet formulas because the RDMLdata
viewer 100 provides one-click selection of statistical meth-
ods, thus removing the need to write formulas, adjust for
missing values, handle nulls in the denominators, etc. Some
examples ofsummary statistics include: (1) sum, (2) average
(3). median. (4) minimum, (5) maximum, (6) moving aver-
age, (7) variance/standard deviation, (8) %difference (se-
lected periods or categories). (9) % of parent. (10) %of
specified line item, (11) correlation with parent, and (12)
custom formulas. For each ofthese statistical measures, the
RDMLdata viewer 100 provides a dialog box in which the
user can adjust the assumptions. For example, the “moving
average” canbe for one period, five periods, ten periods, and
soforth.

The tree view 720 emphasizes that line items are the pri-
mary data unit in the RDML. data viewer 100, as opposed to
single numbers as are found in spreadsheets as cells. Since
eachline item 1206 is an object, the RDMLdata viewer 100
may be thought of as an object-oriented spreadsheet. The
icons 1422 for eachline itemidentifies that line item’s con-

text. For example, a “+” icon 1422 indicates that adding that
line item to its peers will produce the parent line item. This
feature addresses a shortcoming, of spreadsheets and database
datasheet views: the inability to viewformulas and data at the
same time. It shows the user how the numbers are related to
one another.

Conventional database management systems, spreadsheet
and numerical analysis tools have no built-in indication of
howone record is related to another. In relational databases,

the position or row may have no relevanceto its data. RDML
andthe tree view 720 changes this by making the position of 55
a line item ina seta usable piece of information by a user, and
icons 1422 may visually designate the relationship of a line
item to its parent node.

In one implementation consistent with the present inven-
tion, the following values are used for relationship icons: (1)
plus, (2) minus, (3) times, (4) divide, (5) equals, (6) computed
at, (7) member, (8) collection, (9) child, (10) parent, (11)
memo, (12) general, (13) note, (14) none, and (15) root.

Sub-line items may add up to the parentline item (or may
be modified by otherrelationships oftheir sibling line items.)
“Plus” may add to siblings while “minus” subtracts from
them. For example, a line item called “Net Sales” may have
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twochildren; “Total Revenues” and “Cost of Goods Sold” If

“Total Revenues” has an li_relationship attribute of“PLUS”,
and “Cost of Goods Sold” has one of “MINUS”, then the

treeview 720 can show that Net Sales is equal to Total Rev-
enues minus Cost of Goods Sold. “TIMES” and “DIVIDE”

show multiplication and division ofline items respectively.
“EQUALS”is the same as “plus,” but shows the result of

calculations ofline items above it in order. “COMPUTED

ATis used for assumptions, such as percentages, interest
rates, etc., While “MEMBER”denotes that the line item is

simply a member ofa collection ofline items denoted by the
parentline item. In this case, no assumptionis made regarding
arithmetic relationship, if any.

“COLLECTION” denotes that the line item has child

membersonelevel directly belowit and denotes the concepts
ofsets or collections. “CHILD”illustrates that the line item ts

sunply a “child” of the “parent™ line item. Ii implies a sort of
descent. derivation, or inheritance. No assumption is made
regarding arithmetic relationship, if any,

“MEMO”is a line item that might be ofinterest to those
looking at the sibling line items. but which is not necessarily
related to the siblings, while “GENERAL”is a generic des-
ignator. “NOTE” is usually used for line items with text
values, and “NONE”denotes that no relationship is implied,
“ROOT”states that the line item is the root line item.

The tree view 720also provides other capabilities. It allows
the user to chart multiple line items 1206 by holding downthe
“shift” key. Although number browsing can be donein the
data viewer 100 with a mouse,it is also possible for users to
graphline items using arrow keys. When the focusts on the
tree view 720, navigating up and down with the arrow keys
automatically chart the selected line iter 1206. Ifthe “shift”
key 1s held down, the succeeding data series will be added to
the chart, rather than just replacing the previously selected
series.

FIG, 14C shows that, in one implementation consistent
with the present invention, when a user right-clicks on a
selected series, a pop-up menu 1424 is displayed showing the
different types ofdocumentation available. As shown tn FIG,
14D,selecting “description” shows a window 1426 contain-
ing information about the particular series, with the informa-
tion being transferred fromthe tag form to a plain Janguage,
user-iriendly format.

PIG, 14E showsthat, in one implementation consistent
with the present invention, the user may graph multiple line
items simply byselecting different “checkboxes” 1450inline
items in the tree view 720. In this implementation, the col-
lection ofselected line items is passedto the chart data object,
whichis then charted by the chart manager 714.

In one embodimentofthe present invention, the selection
ofa contiguous set oflines that is less thanall the lines in the
tree view 720 is facilitated througha series ofmouse events.
First, a mouse down event is performed over a line (e.g.,
Bristol Center). The mouse is then dragged down(highlight-
ing lines in the process) to the last line to be included in the
group (e.g., Hamlet West Center). By delaying the mouse up
event while retaining the cursor over the last line to be
included, the user is able to signal the system (and the system
is able to detect) that all elements in the selected/highlighted
group are to be added, Accordingly, the system checks their
corresponding check boxes.

‘The tree view 720further provides an easy wayofcreating
an RDML document 102 through drag-and-drop techniques.
In conventional spreadsheet and DBMSapplications, it is
possible ta create newtables fromexisting ones by selecting
the data rows and cutting and pasting them, ar by writing a
SQL query. In the tree view 720, creating a new RDMI
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document 102 complete with necessary documentation can
be performed by dragging and dropping the desired line items
to an iconthat represents the new document, Macros may also
be created and manipulated in the same manner,

The data viewer 100 may also set macros to be executed
aulomatically as the selected line items are changed. Known
as “locking” ofmacros, this permits browsing through data in
a transfonned state.

PIG, 14F shows that a line item may have a visual link
associated with it that can be activated by a user. Upon acti-
vation olthe link 1430, a list ofassociated hyperlinks 1432 is
displayed for selection by the user. The link 1430 itself may
indicate the number ofassociated hyperlinks 1432. ‘The user
may then select any of the hyperlinks to access the corre-
sponding web site.

IV.A.7. Spreadsheet View

FIG. 16 depicts a screen shot that shows the spreadsheet
view 724 in the lower half and the chart view 716 in the top
half. The ultimate goal of'manyusers isto geta setofnumbers ?
arranged into a format thatwillfit into anexisting spreadsheet
oftheirs. While many programsoffer cut andpastetransfer of
numbers from a source application to a target spreadsheet,
such an approachstil] leaves the user with the task ofmanipu-
lating, normalizing, aligning and transforming the data. A
cut-and-paste operationis therefore usually followed bythe
manual recalculation and retyping of every number. The
RDML data viewer 100, by contrast, allows the user to make
the necessary data transforms with mouse-driven operations
betore loading the numbers into a spreadsheet.

Referring to PIG. 16, as line items 1206 are added to and
subtracted fromthe chart view 716 or tree view724,they are
added to and subtracted from the spreadsheet 724. In addi-
tion, any changesto the lines plotted onthe chart view 716 (as
the resull ofapplymg a macro or combinationofmacros) are
immediately reflected in the numbers inthe spreadsheet 724.
This provides one-click addition ofinformationto the spread-
sheet view 724. Therefore, the way to copy data into the
spreadsheet is simply to add them to the chart 716. lt is also
possible to copy anentire data document 102 or collection of
dala documents: from the tree view 720 to the spreadsheet
view724, making any desired macro changesin the process.

Furthermore, RDML documents 102 may be created
directly from the spreadsheet view 724. Whereas a data table
is shownin the spreadsheet 724 (either created from another
RDMLdocument 102 or typed in from scratch), an ROML
document may be created from that data in from the default
specified by the user. This performs a task similar to an XML
editor, but does so in a table format for the data, which is a

more natural way to enter tabular data, notin the tree structure
of current XML editors.

The spreadsheet view 724 may also directly read Internet
data using a URL 1602. It will except formulas that use
Xpointers (used by Xlink to specify destination ofa link) to 55
read in data from remote RDMLdocuments 102. In this

manner, data may be incorporated into a single spreadsheet
from a number of sources with no need to prepare query or
provide custom programming code.

As shown in the class diagram below in Table 6, the spread-
sheet manager 722 may bea simple object; the chart manager/
chart data 714 and 716 combination may be the actual reposi-
tories ofthe data. The chart manager 714 feeds data to the
spreadsheet manager 722, which places the datain the correct
cells. The spreadsheet manager 722 communicates directly
with a graphical spreadsheet object 724, whichin the case of
the RDMLdata viewer 100 may be a third-party component.
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TABLE6

Spreads heet Manager

—gridContrel ; GridDataSheet
-chartmanager : ChartManager
+fillFromhart( ) + void

IV.A.8. Footnote View

FIG, 17 is a screenshot which showsthe footnote view 728

in the lowerhalf. Generally. footnotes are a type of extended
documentationthat oftengetJost in transmitting and display-
ing numbers. Each line itemhas, as an attribute, a text string
providing short footnotes which may be accessed by a mouse
click (that is, by clicking the “Footnotes” tab 1702 at the
bottom ofthe data viewer 100). As with the spreadsheet view
724. the default value is for only the plotted series to have
their footnotesdisplayed. However,it is possible to displayall
of the footnotes of an RDMLI. document 102 in the spread-
sheet or style sheet report views.

The footnotes in the footnotes view 728 are intended to be

simple. important reminders about the data. Typically these
include usual periods (a fiscal year), adjustments, special
problems and soforth. By default, the footnotes view728 also
showsthe source oftheRODML document 102 and the original
underlying data. In one implementation consistent with the
present invention, anything requiring more than 255 bytes is
represented in an HTML pagefor which there is a hyperlink
in the line item. These longer footnotes may be displayed in
the HTMLwindow as HTMLdocuments.

Furthermore, as the user adds and subtracts series from a

chart, the footnotes are automatically updated from the source
data, even if there are multiple source documents. The foot-
notes inthe RDML,“Footnotes”tab also automatically update
their numbers and labels to matchthe chart. This is in contrast

to current spreadsheet and charting programs, which require
that the user, not an automated lookup routine, supply the
footnotes,

The macro manager 730 manipulates and implements mac-
ros in the data viewer 100. Macros allow a user to apply
transformations or calculations to line items on a one-click

basis, instead ofhaving to write formulas or queries.

IV.A.9 Tagging Wizard
The data viewer 100 may also create XML. and RDML

documents 102 fromspreadsheetfiles. To this end, it may use
a spreadsheet “wizard” to create tagged documents [rom a
lable ofdata in aspreadsheet. In one implementation consis-
tent with the present invention, a wizard (using at least one
dialog box) is created in a scripting language (e.g., Excel
Visual Basic for Applications) allowing tabular data in a
spreadsheet (e.g., Excel) to be used as the source for creating
a tagged text document in the ROMLformat.

FIG. 21 shows a Howchart illustrating steps used in a
method tor tagging information from spreadsheets in accor-
dance with the present invention, FIGS, 22A-Ddepict exem-
plary screen shois for different stages in the document cre-
ation process.

FIG, 22A shows that the user makes the data ready in
tabular form (step 2102). Fach rowwill becomeoneline item;
the first row 2202 will become the data for the “data_x”
element 924. The first column 2204 will populate the “li-
legend”attributes of the respective line items. Note that most
tabular data is already essentially in this form: the category
(or time period) descriptions run across the top, the plain-
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language line item descriptions run downtheleft, and the
values themselves fill the table.

The userthen highlights the legends in the lef most column
2204 and opens thefirst dialog box 2206 (step 2104), shown
on FIG. 22B, whichwill insert new columnsfor information

in front of the data table, each colunin containing one type of
attribute (step 2106).

FIG, 22C showsthat pressing “OK”on the dialog box 2206
creates the column and fills in the default data (step 2108).
The wizard inputs the desired default values, saving most of
the tedious typing, and the user checks the columns 2208 to
see ifchanges need to be made. Appendix FP shows exemplary
code for routines that perform those functions. For each
attribute, a column is added to the spreadsheet, the correct
value ofthe attribute is selected (e.g., blank, hand-worded, or
taken from the appropriate field in the dialog box), and the
correct number ofcells are filled withthat value in the appro-
priate column 2208.

PIG. 22D showsthat the user then brings up the document
creation dialog 2210 (step 2110), The userfirst uses the first
entry field 2212 to specifythe range ofthe data table (includ-
ing the attribute columns), The “default” data file will be used
to provide defaults for the rdmldoc-header element 904 val-
ues. as well as other elements and attribute values in the

line_item_set element 906 (step 2112). Finally, the userfills
out the remaining fields and presses “OK”, which causes the
tagged RDML document 102 to be created and saved (step
2114). As would be appreciated by one ofordinary skill in the
art fromthis disclosure, the information gatheredin the exem-
plary dialog boxes could instead be gathered ina single dialog
hox before creating RDML-compliantdata.

Appendix Gprovides code used in one implementation to
create an ROML document 102. Generally, the process com-
prises steps of: (1) opening file and buffers for writing. (2)
calling an element-creation method for each element in the
DTD 702 which can be nested within others, and (3) saving
and closing the files when finished,

IV.A. 10. Aspects of RMDL Markup Documents

RDMLis designed to be used to describe numbers across
industries anddomains.To doso, il provides a basic set oflags
anda matching vocabulary to describe six aspects ofatable of
numbers: (1) value. (2) structure, (3) format, (4) semantics.
(5) provenance, and (6) measurement.

Value denotes that numbers are transmitted as strings, with
additional tags to define their data type, degrees of precision,
handling ofmissing values, handling ofnulls, and otherdirec-
tives to the end application.

Structure refers to a structuring of the data in withinatable. ;
RDML. permits records to be arranged hierarchically withina
table. Although not a standard approachfor relational tables,
this permits multiple levels of information to be placed in a
single two-dimensional table. Users desire this, lor example,
when viewing financial statements, where a single line item
(e.g, “Equipment leasing”) may have several sub-compo-
nents (“Autos.” “Tracks,” “Office Equipment.”)

Format allows the application to present users with num-
bers in humanreadable form. The tags specify default formats
for numbers, internationalization issues such as comma/deci-

mal] point handling, and default legends and chart titles, These
formats may be changed by the users at run time.

Semantics refers to the fact that RDML provides generic
tags in which indicators of the “meaning” of the numbers,
including the vocabularies of other SGML and XML markup
languages, can be placed. This allows RDMLto act as a
“wrapper” for data from other markup language documents.
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Semantic meaning is also conveyed in text-based attributes:
legends, titles, labels, footnotes, etc.

Provenance is the documentation of various elements.
RDMLelements include information on the source ofthe

data, who marked it up, timestamps and link addresses, and
licensing information,etc.

Finally, in the context ofgeneric numbers, “Measurement”
refers to the characteristics necessary to describe the mea-
surement aspects of the domain the numberis taken [rom:
unils (“meters”, “feet”), magnitude (“millions”, “billions”),
modifiers (“Adjusted for inflation, 1997 index”), and so forth.
This permits macrosto ensure the results of any calculation
are adequately derived and described to the end user.

IV.B. Graphical User Interface and LI1TML Browser
‘The sereen shots of FIGS. 144-D, 16 and 17 have been of

the graphical user interface (“GUI") 734 which has several
responsibilities. Generally, ii creates itself and other visual
components uponstart-up of the application, and provides a
central storage place for a minimal number ofglobal variables
ofthe application (suchas file directories, etc.), Further, it
responds to user actions, such as mouse clicks and keyboard
shortcuts, and repaints the screen, or portions ofthe screen, at
appropriate moments.

The HTML. browser 736 may bea third party component
which displays HTMLfiles, Althoughthis browser has been
designated as an HTML browser, one ofordinary skill in the
art would appreciate from this disclosure that other browsers
(e.g..an XML. browser) can likewise be used. This component
provides basic web-browsing capabilities and a way lo view
hyperlinks for RDML documents 102, Additionally, it acts as
a display windowfor certain pages generated by the RDML,
data viewer 100 (suchas RDMLdocument source code, chart
documentation, etc.)

5 IV.C. Reusable Macro Markup Language
PIG, 18 graphically shows elements of the RMML Docu-

ment Type Definition 1800. [In one implementation consistent
with the present invention, RMMLdocuments 104 conform
to the rules provided by the DTD 1800. In accordance with
one implementationofthe present invention, anRMML DTD
1800 is shown at Appendix D. Attributes and elements of the
DTD 1800 may also be seenin the full sample RMMLdocu-
ment 104 in Appendix E. These two Appendices D and E are
useful for examining specific attributes and elements of the
RMML DTD 1800.

The RMML, DTD 1800 data structure is optimized to pro-
vide information needed in the order in whichit is required,to
reduce the learning onthe part ofnewusers to RMMLMacro
development, and to avoid unnecessary duplication. Thefirst
line of the DTD 1800 in Appendix D starts with “<?xml
encoding =“UTF-8"?>" because XML. documentsstart with a
line that tells the client application, in this case. the RMML,
Interpreter 1980 (described below) and the data viewer LOO,
what type of documentit is and the version of XML.

With further reference to FIG, 18, the DTD 1800 used to
define RMML macro documents 104 is structured in a hier-

archical tree structure ofelements. Each element may include
a list ofattributes (displayed inAppendix D, but not shown on
FIG. 18) and/or an association with one or more sub-ele-
ments. As with the ROML DTDdescribed above. some

attributes may be required while others may be optional,
depending on design parameters. At the highest level, the
DTD 1800has three elements descending from a root ele-
ment, <macrodoc> 1802. Thefirst element, <macro_header>
1804, contains the metadata for the document as a whole. The

second. <macro_code> 1806 contains the source code
expression tobe evaluated. related variables, and instructions
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to the application regarding the graphical user interfaces for
any parameters. The third, <macro_references> 1808 con-
tains elements related to remote data (ROML documents 102)
or other macros (RMMLE documents 104).

The macro_header element 1804 is designed to match,as
closely as possible, the rdmldoc_header element of ROML
documents 102, This saves learning time for developers and
end users, and allows reusable code modules to be built for

both purposes.
Nevertheless, in one implementation consistent with the

present invention, the <macro_header> element 1804 con-
tains several attributes that are unique. In this implementa-
lion. there are 8 unique attributes in the <macro_header>
element 1804, The first of these is “macro_type.” This
attribute tells the application which general capability this
particular macro requires within the context of that applica-
uon. The application uses this attribute ina factory class 1912
to create the correct type ofmacroobjectfor intemal use. Two
example types consistent with this implementation are: (1)
“TSL”(timeseries line, a macro that works with lime series 2
to create a newline or lines on the chart), and (2) “TSO”(time
series overlay, a macro that works with timeseries to create a
newoverlay on the chart 716, such as gray backgrounds
behind certain time periods.)

The result_typeattribute tells theROMLdata viewer 100
howtodisplaythe results ofany transformationcreated by the
macro. There are, in one implementation, five permissible
values for this string: “Replace Each,” “Replace All,”
“Replace AB.” “Add New,’ “Add Annotation.” and “Add
Overlay.” Replace Each removesevery line on the chart 716
in the ROMLdata viewer 100, and replaces it with the trans-
formed version. For example, if there are four series on the
chart, all denominated in “miles”, and user selects a macro “to

kilometers”, then every line will be converted to kilometers,
the miles lines erased, and the kilometers lines placed on the
chart in their place.

Replace All is used where all current lines are being
replaced by oneline. for example. ifA and B are charted, a
macro called “Bas %ofA” would replace them with a single
line, Replace ABis a special case of Replace All where there
are only twolines charted. Add Newaddsa line to whatever
is plotted. For example, a macro called “Average” might draw
a line through the existing line at the average level. Add
Annotation adds a label with a pointer to a certain value ona
chart (e.g., “2-3 Stock Split”). Add Overlay adds a shaded
area behind certain regionsofthe chart.

The attribute “rdmidoc_type” designates the type of
RDML Document 102 with which the macrois designed to
work. Valid strings for this atinbute are TS, CT and XY,
corresponding to the types of ROML Documents 102.

The elements <macro_source> 1810 and <license_terms>
1812 are identical to, and play the same role as. <data_
source> 908 and <license_terms> 914 in the ROML Docu-
ment Type Definition 702. The <documentation> 1814 ele-
ment is a container for two sub-elements: <macro_descrip-
tion> 1816 and <help_page> 1818. The <macro_description>
element contains a short string (e.g., under 50 characters)
which describes the basic functionality of the macro. It
appearsin the descriptionlabel of the parameters panel 1960
(shown in PIGS. 20A-D and described below) Forusers desir-
ing amore detailed description ofthe macro,the <help_page>
1818 element contains a text block that provides this infor-
mation. This text block can be read by the data viewer 100 in
an HTML paneas part ofthe regular help system. This text
block is intended to provide information onall aspects ofthe
macro that might be ofinterestto the user: its use, its code, its
parameters, and its inputs.
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The second top-level element is <macro_code> 1806, This
section contains the actual source code and related variables,

The <code> 1820 elementcontains one or more expressions
which evaluate to a transformationof certain numbers in the

RDML. data viewer 100, In one implementation consistent
with this invention, the transformations apply to the chart
view 716 in the RDMLdata viewer 102. But transformations

may also be applied to the treeview 720or other views.

The expression(s) in this element are formulas similar to
those seen in spreadsheet formulas: the expression is a series
of (1) operators, (2) literals, (3) variables, (4) functions, and
(5) miscellaneous expression delimiters. The main difference
from traditional spreadsheet formulas is that the variables
may stand for either scalars or vectors. depending on the
source or the context. A sample expression follows:

A" (R420)TFA3125

Operators are: addition (+), subtraction (-), multiplication
(*). division(/), less than (<), greater than(>), or (1), and (&),
The operators have different meanings based onthe types of
the sub-expressions they work on. Operating on twovectors is
interpreted as element-by-element operation on the
two vectors. Thus, A“B, where A and B are vectors, is

C={al*bl,...an*bn}.
Literals are detined either directly in the expression (e.g..

“46"), or assigned to a variable (e.g., “pi-3.14156").

Variables can come from one of six different places in
RMML.First, they can be defined as variables directly in the
RMMLdocument 104. This is done by creating a <variable>
element and assigning it a detault value. Second, variables
can be associated with graphical components in the param-
eters panel 1960 in the RDMLdata viewer 102. In one imple-
mentation consistent with this invention, there are four dif-

ferent types of “gui components.” These are listed and
described below under <gui> element 1824. Third, a variable
can be defined from a line item element identical to those

found inan RDMLdocument 102. Because they are identical,
a line item can be simply cut and pasted from an RDML.
document 102 to an RMML. document 104. Fourth, a variable

can be drawn from a remote source. In one implementation
consistent with the present invention, that remote source can
bea hyperlink to a line item in an RDML document102. This
is accomplished by using an Xpointer hyperlink in the “href”
attribute ofa variable element. Fifth, a variable can be defined

as one ofthe series ofdata that is currently plotted on the
chart. In one implementation in accordance with the present
invention, there can be a maximum ofsix series on the chart;

each can be accessed by using the reserved words A, B,C, D.
Ei, and I’. As would be appreciated by one ofordinary skill in
the art, any number ofuniquely definable series maybe used.
If the result type attribute ofa macro is “Replace All”, then the
expressionis evaluated once for each series, with A being the
series currently being transformed. Sixth, variables can be
taken from an RDML, document 1072 that is already loaded in
the RDMLdata viewer 100. In this case, the expression indi-
cates the URLanda class string that can be found inone ofthe
li_elass elements ofa line item element. The expression then
uses that line item as the variable value.

Functions that are built in are provided by the interpreter
1980 in one implementation consistent with the present
invention and are a principal means ofextending the lan-
guage. These are in the form “FUNCTION_NAME(expres-
sion)”. Functions include: IF(x,y,z); SUM(x);AVERAGE(x);
COUNT(x); MIN(x); MAX(x) and so forth.

Miscellaneous delimiters are implemented by separating
expressions by a semi-colon (;). This indicates that the
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expressions are to be evaluated in order, Expressions can also
be grouped in parenthesestotell the interpreter 1980 howto
evaluate sub-expressions.

Any string appearing in the <instructions> element 1822
will be displayed in the parameters panel 1960 to pive the user
any last minute instructions or suggestions, The <gui> ele-
ment 1824 contains any number of elements that describe
graphical components. These graphical components will
appear in the parameters panel 1960 to give the user the ability
lo make changesto the macro’s parameters. Pour gui compo-
nents (nol shown) may be: <comp vector>. <comp_list>,
<comp_rbutton>, and <comp_panel>. The <comp vector> is
a vector variable, where the individual values of the vector

can be viewed ina scrolling list box. A <comp_list> element
is a scrolling list; each time the user clicks ona differentitem,
the value of the variable attached to that component is
changed to the value associated with that item. A <com-
p_rbutton>is a collection olradio buttons; eachis assaciated
with a different value. As the user clicks on different buttons,

the value associated with the componentitself'is changed, and
the macrois re-run. A <comp_ipanel> is an inputfield that
allows the userdirectly to input changes to the macro.

Generally, macros are noi meant to run blindly on all data.
First, the interpreter 1980 checks ifthe macro has any “quali-
fiers” that must be checked against the data. If there are any
strings in the <qualifiers> element 1826 of the RMML.docu-
ment 104, these are checked against strings in the <li_class>
element 930or other elements or attributesof the data. If the

data is qualified, the interpreter 1980 will proceed with run-
ning the macro. For example, ifthe <qualifiers> element 1826
of the macro specifies “li_unit—currency”, then the macro
will only be run if the h_unit attribute of the data being
operated on is a currency value,

The <error_handling> element 1828 holds error messages
that can be displayed by the RDMLdata viewer 100 if there
are problems of an indicated type. The <testing> element
1830 holds instructions to testing applications regarding
automated testing routines. These applications undertake
basic unit testing such as checking for out-of-bounds prob-
lems, missing value problems, divide-by-zeroissues, ete.

The third major section of the RMML, document 104, the
<macro_references> element 1808 holds references to out-
side macros and data sets that might be incorporated into the
macro by reference. ‘The two sub-elements are, accordingly,
the <rmmidocs> element 1832 and the <data_docs> element
1834.

IV.C. 1. RMML Macro Package
Generally, there are three major areas of the RMML Macro

Package: the RMML document handling classes (PIG. 194),
the graphical interface (FIG. 19B), and the macro interpreter
(FIG. 19C). In one implementation consistent with the
present invention, this package of software classes connects
to the RDMLdata viewer 100 in only a fewplaces:it gets data
from the ChartManager 714/ChartData 715 objects, posts its
graphical components through the GUI 734 object, and can
access the loaded ROMLdocuments 102 in the Primary Data
Store 712.

RMML Document Handling
FIG. 19.4 showsobjects responsible for managing the pro-

cess of RMMLdocument handling: loading documents, cre-
ating internal macro objects from them, cataloging them and
caching them, and making them ready for use as objects. The
RMMLDoe Reader 1910 locates anRMML Document 104

(either locallyor over the internet) passes il to an XML. Parser
706 (which may be a third-party component). relays error
messages if any to the RDOMLdata viewer 100, creates an
internal representation of the RMML Document 104 as an
RMMLDoe 1906 object, and places a reference to the
RMMLDoe 1906 in theRMML._Lib 1908.
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The RMML.Doc 1906 can be structuredin two ways: either
wrapping a 'TXDocument object to arrive at an RMMLDoc
1906, or creating anew RMMLDoe 1906 object with the data
from the TXDocument.

The RMML Doe1906 object contains methods for access-
ing individual elements and atiribuies of the document in a
way that is easy to comprehend in the context of the macro
package. The RMML._Lib 1908 objectis a cache for loaded
and active RMML.Doc objects 1906.

The RMMLDoe 1906 is a raw collection of data about a

macro—its formula, its help text, ete—and generally does
nol act on data sets to transform them. The macro’s capabili-
ties first have to be used to create an internal object (macro
interface 758) that is capable ofdoing the calculations, This
internal macro object 758 is created by a collaboration
between the MacroLibrary 1926 object (which is a cache of
the graphic objects for the active macros) and the MacroFac-
tory 1912 (which determines whichtype ofinternal macro to
create.)

There are four types of internal macros: time series (TS),
category (CT). xy plot (XY) and overlay (OVERLAY). The
macro_type attribute is used by the Macrofactory 1912 to
create the correct type of internal macro: Macro_TSL 1918,
Macro_CT 1920, Macro_XY 1922, and Macro_OVER 1924
respectively. The MacroAdapter 1916 class performs the
work olthe macros.

TABLE 7

MucroAdapter

—m : MacroManager
-mem : Memento
-mmmidoc : RMMLDoc
-eval : Evaluator

~tiag : Macro AssumptionGroup
=dese } Macro Description
-isChangedFlag : boolean
~result_ type : int
=ctur_li : int
~senes_label_ modifier : Stung
-series label type : String
+createMemental } 5 void
+eValuatéeFormula(strExpr : String. jidex : Lat): Veetor
+inilMaero( }: void
+perfonnTransformation(result_ type ¢ int); veud
+replaceVariable(strExpr ; String. index : int) : String
+reselMemento(mem ; MacroMemento) : void
tundoTransformation( ); void
+updateChanTitlet ): void
+updateLahels( }: void
+updateLegend( ) void
+updateYAxisTitle( ) :-void

Described beloware class methods shown in Table 7 ofa

MacroAdapter object 760in accordance with one implemen-
tation consistent with the present invention. First, MacroAd-
apter( ) is the constructor that creates a MacroAdapter 760
object. Before a macro is run, it has a chance to make a copy
of the data thatit is about to transform so that undo operations
can be performed. The createMemento( ) method takes a
snapshot of the data plotted on the chart by copying the
ChariData object 715 to a Memento object.

Also, before a macro is run, the method initMacro( ) is run
and gives the macro a chance to load any remote data or macro
code. The replacevariable( ) method runs the macro on mul-
tiple series on a chart. For example, if the result_type is
“Replace Each” andthere are four series charted onthe chart,
the macro will be run Jour times, The first time, A in the

formula representsthe first series, the second time it repre-
sents the second series and so forth, The method per-
formTransformation( ) evaluates the transformationstring.
and updates the various titles and legends. An important part
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of perform Transformation( )’s code is to determine the
result_type of the macro and call the evaluateFormula( )
method in the correct manner. For “Replace Each,”it is called
once for each series, while for “Replace All.”it is run only
once. The perform Transformation( ) method also calls the
four update methods: updateChartTitle( ), updateLabels( ).
updateLegend( ) and updateYAxisTitle( ). Each ofthese
modifies the relevant strings in the ChartData object 715 soit
can be passed onto the chart.

RMMLGraphical Interface
FIG, 19B illustrates objects responsible for managing the

process ofcreating. managing. and handling events fromthe
graphical user interface 734. FIG. 20A showsa screen shot of
the RDML. data viewer 100; the NewMacroPanel 732is dis-

played in the lower half of the screen. The available macros
are displayed in individual windows in the MacroLibrary
panel 1926 on theleft side of the lower panel. The right side
ofthe macro panel 732 is the macro information panel 2002
which holds the macro description panel 1958 and the param-
eter pane! 1960.

The NewMacroPanel 732 may be a subclass of a JPanel
1942 in Java’s Swing set of classes. Those skilled in the art
will be able to chose the appropriate class to use for other
major platforms. The left side of the NewMacroPanel 732 is
a frame for a multiple document interface (in this case, a
Desktop for JinternalFrame objects from Java*’s Swing Set).
Each MacroLibrary 1926 that is opened created a newinter-
nal frame, which allows users to select macros from multiple
libraries at the same time.

When a MacroLibrary 1926 is opened, all macros within it
are loaded and registered. “Registration”is a series ofmeth-
ods wherein the macro’s variables are found in various ele-

ments of the RMMLDoc 104, and graphical representations
olthese variables are built for inclusionin the parameter panel
1960.

The graphical components for all of the variables associ-
ated with a set of macros are created in the MacroAssump-
tionGroup 1944 class. This class has a factory method that
examines the attributes of the variables reported by the
RMMLDoc 104 (variable name, variable value, gin type,
default value, ete.) and creates the appropriaie MacroGUI
class: MacroGUL_List 1952 (see FIG, 20), MacroGUI_Ra-
dioButton 1954 (see FIG. 208), MacroGUl_Vector 1956 (see
FIG. 20C), or MacroGUI_Default 1950 (see FIG, 20D). Each
ofthese graphical compents appears differently in the param-
eter panel 1960 as shown in the screen shots noted.

‘The registration of macros by the MacroLibrary 1926 also
involves creating an MVariable 1946 object to go with each
variable, and adding these to a cache ofavailable Mvariables
1946. These Mvariable 1946 objects are used in the actual
evaluation of expressions. The registration process also
involves registering the MacroGUI 1948 objects as sources
for events that the MacroManager 1980 object can use to
trigger the running of a macro. Mvariables 1946 encapsulate
the various characteristics ofa variable:its value, default, and
source,

The description pane] 1958 and the parameter panel 1960
are populated with graphical components and text when a
particular macrois selected in the treeview 720 listing of a
MacroLibrary 1926 internal frame. The macro that is selected
provides the description text, the various labels and the Mac-
roGU] 1948 components.

RMML Interpreter
The MacroManagerobject 730 is responsible for detecting

thal.a macro has beenselected or a parameter changed, get-
ting the various data sets and variables called up and made
available to an Evaluator object 1984, and that the data set
charted (or showing on the treeview 720) is obtained and
transformed and sent back to be recharted on the chart 716 or
relisted on the treeview.
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ChartData 715 contains the data from the current chart 716

(or active treeview 720, depending on the type ofthe macro).
It makes this data available as just another variable to the
Evaluator object 1984, and takes the final result of the Evalu-
ator object 1984,

The Evaluator 1984 evaluates the string expression(s) in
the <code> element 1920 ofthe RMML document 104, orthe

various expressions from the macros that have been selected.
The expression is broken up into tokens by the ‘Tokenizer
classes 1994. These tokens are the various operators, vari-
ables,literals, functions and other control symbols used in the
RMMLexpression language detailed above. From these
tokens, the Formula object 1990 builds a parse tree, by recur-
sive descent, made up of FormulaNode 1992 objects created
from the tokens. The FormulaNode 1992 objects evaluate
themselves using the resolver objects VariableResolver 1986
and FunctionResolver 1988, These resolvers in turncall the

Evaluator objects 1984 to give them the current value of a
variable or a function, For example, the FormulaNode 1982
evaluation process may have an “A” token: the Evaluator
object 1984 knowsthat this means series A on the chart, and
uses the vector of data (it could be an array or other data
structure) currently found in the chart 716. The formula
exception 1996 relays errors associated with the processing
ofa function.

The foregeing description of an implementation ofthe
present invention has been presented for purposes of illustra-
tion and description. It is not exhaustive and does not limit the
presentinventionto the precise form disclosed. Modifications
and variationsare possible inlight of the above teaching or
may be acquired frompracticing ofthe present invention. The
scope ofthe present invention is defined by the claims and
their equivalents,

Whatis claimed is:

1. A computer-implemented method ofprocessing tagged
numerical data, the method comprising:

receiving a series ofnumerical values having tags indicat-
ing characteristics of the numerical values:

generatingat least onefirst title corresponding to the series
of numerical values;

receiving a macro defined to perform an operationon the
series of numerical values;

performing an operation defined bythe macro onthe series
of numerical values to transform the series of numerical

values into a new representation ofthe sertes of numeri-
cal values based on the tags:

penerating at least one second litle corresponding to results
of the operation; and displaying the results of the opera-
tion and the at least one second title, wherein:

the macro makes a copy of the series of numerical values
before the operation is performed,

the macro comprises at least one arithmetic statement, the
at least one arithmetic statement comprises a variable,
the variable is referenced in a local or remote document

other than a document that contains the macro, and the
step of receiving the macra comprises receiving the
macroincluding interpreted code, meta-data, and error
handling instructions.

2. The computer-implemented method ofclaim 1, wherein
the macro comprisesat least one control How keyword,

3. The computer-implemented method ofclaim 1, wherein
the macro comprises at least one control Now keyword
selected from the group consisting of [F, SWITCH, and
WHILE.

4. The computer-implemented method ofclaim1, wherein
the macro comprises an intrinsic function supported by a data
viewer.

5. The computer-implemented method ofclaim 4, wherein
the intrinsic function comprises a function selected from the
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group consisting of: Average( ), Sum( ), ChangeCurrencyFor-
mai( ), and ChangeLanguage( ).

6. The computer-implemented method ofclaim 1, wherein
the macro comprises a user-specified function,

7, The computer-implemented method ofclaim 1, wherein
the step ofperlorming comprises the step ofproducingatleast
one of(1) an output value, (2) a tree and (3) a chart.

8. The computer-implemented method ofclaim 1, wherein
the step ofperforming comprises the step ofupdating descrip-
tive textual components ofat least one ofa chart andatree.

9, The computer-implemented method ofclaim 1, wherein
the step ofperforming comprisesthe step ofcreating descrip-
tive textual components ofat least one of a chart and a tree
view.

10. ‘The computer-implemented method of claim 1,
wherein the step ofperforming comprisesthe step ofupdating
descriptive textual componentsofat least one ofa chart and a
tree view.

di. The computer-implemented method of claim 9,
wherein the descriptive textual components compriseatleast
one of: a title, a legend, and a label.

12. The computer-implemented method of claim 1,
wherein the variable comprises a variable referring to atleast
one of (1) a chart, (2) a graph, and (3) a tree displayed by a
data viewer.

13. The computer-implemented method of claim 1,
wherein the tags represent meta-data about the series of
numerical values.

14. The computer-implemented method of claim 1,
wherein the tags represent at least one of: (1) value, (2)
semantics. (3) format, (4) measurement, (5) structure, and (6)
provenance.

15. The computer-implemented method of claim 1,
wherein the step of receiving comprises receiving tags indi-
cating characteristics selected from the proup consisting of:
(1) value, (2) semantics, (3) format. (4) measurement, (5)
structure, and (6) provenance.

16. The computer-implemented method of claim 1,
wherein the series ofnumerical values comprises values to be
displayed on at least one of(1) an n-dimensional chart and (2)
an n-dimensional graph.

17. The computer-implemented method of claim 1,
wherein the series ofnumerical values comprisesat least one
of: (1) a series of scalar values, (2).a vector of tuples and (3)
a vector ofvectors.

18. The computer-implemented method of claim 17,
wherein the step of performing comprises performing a set
operation onthe at least one of: (1) a series ofscalar values,
(2) a vector of tuples and (3) a vector of vectors.

19. The computer-implemented method of claim 18,
wherein the set operation comprisesat least one of: (1)asort
operation, (2) a filter operation, (3) a select operation, and (4)
a join operation.

20. The computer-implemented method of claim 17,
wherein the step ofperforming comprises performing, atrans-
formation operation on the at least one of; (1)aseries of’scalar
values, (2) a vector of tuples and (3) a vector of vectors to
modify the at least one of: (1) a series ofscalar values, (2) a”
vector of tuples and (3) a vector ofvectors,

21. The computer-implemented method of claim 1,
wherein the step of performing comprises the step ofadding.
to at least one ofa chart, a report and a graph.at least one of:
overlays, datapoint notes, and footnotes.

22. The computer-implemented method of claim 1,
wherein the step of performing comprises the step ofadding,
to at least one ofa chart, a report and a graph, an additional
variable representing at least one of a regression line and a
moving average.

23. ‘The computer-implemented method of claim 17,
wherein the step of performing comprises performing a

wr

ba

30

40

45

60)

58

“replace each” operation for replacing the at least one of: (1)
aseries ofscalar values, (2) a vector oftuples and (3) a vector
of vectors with modified versions ofthe at least one of: (1) a
series Ol scalar values, (2) a veetor oftuples and (3) a vector
olvectors and displaying in at least one ofa chart and a graph
the modified versions.

24. The computer-implemented method of claim 17,
wherein the step of performing comprises performing a
“replace all” operation lor removingthe at least one of: (1) a
series olscalar values, (2) a vector of tuples and (3) a vector
ofvectors from at least one ofa chart and a graph and substi-
tuting ontheat least one ofa chart and a grapha result of themacro,

25. The computer-implemented method ofclaim1, further
comprising the step of:

creating the macro.
26. The computer-implemented method of claim 25,

whereinthe step of creating the macro further comprises the
steps of:

specifying desired characteristics; and
creating the macro to perform an operation onaseries of

numerical values having specified characteristics.
27. A data processing system comprising:
a memory including a numerical analysis program having

a macro defined to perform an operation on a series of
numerical values, the series of numerical values having
tags indicating characteristics of the numerical values;

a generatorfor generating at least onefirst title correspond-
ing to the series of numerical values;

a processor for ninning the program suchthat the program
performs an operation defined by the macro onthe series
of numerical values using the indicated characteristics
ofthe tags to transform the series of numerical values
into a new representation of the series of numerical
values;

the generator generates at least one second utle corre-
sponding to results ofthe operation; and

a display for displaying the at least second title and the
results of the operation, wherein:

the macro makes a copyof the series of numerical values
before the operation is performed. the macro comprises
interpreted code, meta-data, error handling instructions.
and al least one arithmetic statement, the at least one

arithmetic statement comprises a variable, and the vari-
able is referenced in a local or remote document other
than a document that contains the macro.

28. A computer-readable memory storing instructions that
are executed by a computer for performing steps of:

receiving a series ofnumerical values having tags indical-
ing characteristics of the numerical values:

generating at least one firsttitle correspondingto the series
of numerical values;

receiving a macro defined to perform an operation on the
series of numerical values;

performing an operation defined bythe macro ontheseries
of numerical values to transformthe series of numerical

values into a new representationoftheseries of numeri-
cal values based onthe tags:

generating at least one second title corresponding toresults
ofthe operation; and displaying the results of the opera-
tion andthe at least one secondtitle, wherein:

the macra makes a copy ofthe series of numerical values
before the operation is performed, the macro comprises
at least one arithmetic statement. the at least one arith-

metic statement comprises a variable, the variable is
referenced in a local or remote document other than a

documentthat contains the macro, and the step ofreceiy-
ing the macro comprises receiving the macro including
interpreted code. meta-data. and error handling instruc-
tions.
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29, The computer-readable memory ofclaim 28, wherein
the macro comprises at least one control Now keyword.

3(). The computer-readable memory of claim 28, wherein
the macro comprises at least one control how keyword
selected from the group consisting of: IF, SWITCH, and
WHILE.

31. The computer-readable memory ofclaim 28, wherein
the macro comprises an intrinsic function supported by a data
viewer.

32, The computer-readable memory ofclaim 31, wherein
the intrinsic function comprises a functionselected from the
group consisting of: Average( ), Sum( ), ChangeCurrencyFor-
mat( ), and ChangeLanguage( ).

33. The computer-readable memory ofclaim 28. wherein
the macro comprises a user-specified function.

34. The computer-readable memory ofclaim 28, wherein
the step ofperforming comprises the step ofproducingat least
one of (1) an output value, (2) a tree and (3) a chart.

35. The computer-readable memory ofclaim 28, wherein
the step ofperforming comprisesthe step ofupdating descrip-
tive textual components ofat least one of a chart andatree.

36. The computer-readable memory of claim 28, wherein
the step ofperforming comprises the step ofcreating descrip-
live textual components ofat least one ofa chart and a tree
view.

37. The computer-readable memory ofclaim 28, wherein
the step ofperforming comprises the step ofupdating descrip-
tive textual components ofat least one of a chart and a tree
view.

38. The computer-readable memory ofclaim 36, wherein
the descriptive textual components compriseat least one of: a
title, a legend, and a label.

39. The computer-readable memory ofclaim 28, wherein
the variable comprises a variable referring to at least one of
(1) a chart, (2) a graph, and (3) a tree displayed by a data
viewer.

40. The computer-readable memory ofclaim 28. wherein
the tags represent meta-data about the series of numerical
values.

41. The computer-readable memory of claim 28, wherein
the tags representat least one of: (1) value, (2) semantics,(3)
formal, (4) measurement, (5) structure, and (6) provenance.

42. The computer-readable memory ofclaim 28, wherein
the step ofreceiving comprises receivingtags indicating char-
acteristics selected from the group consisting of: (1) value, (2)
semantics. (3) format, (4) measurement, (5) structure, and (6)
provenance.

43. The computer-readable memory ofclaim 28, wherein
the series of numerical values comprises values to be dis-
played on at least one of(1) an n-dimensional chart and (2) an
n-cimensional graph,

44. The computer-readable memory ofclaim 28, wherein
the series ofnumerical values comprises al least one of: (1) a
series ofscalar values, (2) a vector of tuples and (3) a vector
of vectors,

45. The computer-readable memory of claim 44, wherein
the step of performing comprises performing a set operation
onthe at least ane of: (1) a series ofscalar values, (2) a vector
oftuples and (3) a vectorofvectors.

46. The computer-readable memory of claim 45. wherein
the sel operation comprises at least one of: (1) a sort opera-
tion. (2)afilter operation,(3) a select operation, and (4) a join
operation.

47. The computer-readable memory ofclaim 44, wherein
the step ofperforming comprises performing a translorma-
tion operation on the at least one of: (1) a series ofscalar
values, (2) a vector of tuples and (3) a vector of vectors to
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modify the at least one of: (1) a series ofscalar values, (2) a
vector oftuples and (3) a vector of vectors.

48. The computer-readable memory of claim 28, wherein
the step of performing comprises the step ofadding, to at least
one ofa chart, a report and a graph,al least one of; overlays,
datapoint notes, and footnotes.

49, The computer-readable memory ofclaim 28, wherein
the step ofperforming comprises the step ofadding. toatleast
one of a chart, a report and a graph, an additional variable
representing at least one ofa regression line and a moving
average.

$0. The computer-readable memoryofclaim 44, wherein
the step ofperforming comprises performing a “replace each”
operation for replacing the at least one of: (1) asenes ofscalar
values, (2) a vector of tuples and (3) a vector ofvectors with
modified versions of the at least one of: (1) a series of scalar
values, (2) a vectorof tuples and (3) a vector of vectors and
displaying in at least one ofa chart and a graph the modified
versions.

51. The computer-readable memory of claim 44, wherein
the step ofperforming comprises performing a “replace all”
operation for removingthe atleast one of: (1) a series ofscalar
values. (2) a vector of tuples and (3) a veetor of vectors from
at least one of a chart and a graph and substituting on the at
least one of a chart and a grapha result of the macro.

52, The computer-readable memory of claim 28, further
comprisingthe step of:

creating the macro.
53. The computer-readable memory of claim 28, wherein

the step ofcreating the macro further comprises the steps of:
specifying desired characteristics; and
creating the macro to perform an operation on aseries of

numerical values having the specified characteristics.
54, A data processing system having tagged numerical

data, the system comprising:
memory including a program that
receives a series ofnumericalvalues having lags indicating

characteristics ofthe numerical values:

generates at least onefirst title corresponding to theseries
of numerical values;

receives a macro defined to perform an operation on the
series of numerical values;

performsan operation defined by the macro on the series of
numerical values to transform the series of numerical

values into a new representation of the series ofnumeri-
cal values based on the tags:

generates al least one second title correspondingto results
ofthe operation; anddisplays the results ofthe operation
and the at least one second title, wherein:

the macro makes a copyofthe series of numerical values
before the operation is performed, the macro comprises
at least one arithmetic statement, the at least one arith-
metic statement comprises a variable, the variable is
referenced in a local or remote document other than a

documentthat contains the macro, and the step ofreceiv-
ing the macro comprises receiving the macro including
interpreted code, meta-data, and error handling instruc-
tions; and

a processor that runs the program.
$5. The compuier-implemented method of claim 1,

wherein the new representation of the series of numerical
values is displayed in a chart view, and the macro changes at
least one of the title, legend, footnote, and axis scale of the
chart view.

56, The computer-implemented method of claim 1,
wherein the parameters ofthe macro are graphically changed.

* + * * *
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