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METHODS AND APPARATUS FOR REUSING DATA ACCESS AND PRESENTATION
ELEMENTS

Related Applications

This application claims benefit to provisional patent application no. 60/806,789, filed
July 9, 2006, which is hereby incorporated by reference.

Technical Field

[01]  This invention relates to information technology systems that retrieve and present data,
and more particularly that present selected data from one or more databases in the form of
reports, tables, graphs, charts or other presentation formats.

Background

[02]  Effective management of data has become an important function in most businesses.
Many businesses maintain one or more databases that contain information relevant to the
business. Available computer software tools permit data from databases to be extracted and
presented in various ways.

[03]  These tools suffer from a number of common failings including:

(a) they make the report document design process difficult for a non-technical
computer user to complete without assistance from a database-savvy IT person;
and

(b) they only facilitate sharing or reusing entire documents.

As such, they can require their users to recreate the same subparts of documents
repeatedly.

[04]  Some publications in this field include: US 20060041589A1 (Helfman et al.) entitled
System and Method for Clipping, Repurposing, and Augmenting Document Content;
US20050171965A1 (Fujimoto et al.) entitled Contents Reuse Management Apparatus and
Contents Reuse Support Apparatus; US20050108619A1 (Theall et al.) entitled System and
Method for Content Management; US20050131903A1 (Margolus et al.) entitled Data Repository
and Method for Promoting Network Storage of Data; US20030046282A1 (Carison et al.) entitled
Managing Reusable Software Assets; and, US20030204487A1 (Sssv et al.) entitled: A System of
Reusable Components for Implementing Data Warehousing and Business Intelligence Solutions.

[05] The foregoing examples of the related art and limitations related thereto are intended to
be illustrative and not exclusive. Other limitations of the related art will become apparent to
those of skill in the art upon a reading of the specification and a study of the drawings.
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Summar

[06] The following embodiments and aspects thereof are described and illustrated in
conjunction with systems, tools and methods which are meant to be exemplary and illustrative,
not limiting in scope. In various embodiments, one or more of the above-described problems
have been reduced or eliminated, while other embodiments are directed to other improvements.

[07] One aspect of the invention provides a method of reusing information, including the steps
of retrieving a document from a first database; identifying a fragment within the document;
generating metadata associated with the fragment; storing a record associated with the fragment
and the metadata in a second database, the second database searchable for the fragment for
insertion of said fragment in a second document.

[08] The metadata may include user-specified metadata; or semantic metadata; and may
include fragment type information; user-specified descriptive information; values parsed from
said document; or values obtained from said document using an API. The record may include
elements of the fragment and the metadata associated with said fragment. The elements of the
fragment may include a data source identifier, a data specification and a presentation format.
The fragment metadata may include fragment dependency data that is associated with a top-level
dependency or is associated with a dependency in a sub-element of the fragment.

[09]  Another aspect of the invention provides a method of providing information including the
steps of providing a document; searching a database for a fragment amongst a plurality of
fragments, the database indexing the fragments using metadata associated with each of the
fragments; inserting the fragment into said document; and saving the document in a second
database. The metadata may include user-specified metadata; or semantic metadata; and may
include fragment type information; user-specified descriptive information; values parsed from
said document; or values obtained from said document using an API. The record may include
elements of the fragment and the metadata associated with said fragment. The elements of the
fragment may include a data source identifier, a data specification and a presentation format.
The fragment metadata may include fragment dependency data that is associated with a top-level
dependency or is associated with a dependency in a sub-element of the fragment.

[10] Another aspect of the invention provides a document editable by a user, including a
fragment, wherein when the document is edited the fragment is identified, metadata is associated
with the fragment, and a record associated with the fragment is stored in a database of fragment
records. The metadata may include user-specified metadata; or semantic metadata; and may
include fragment type information; user-specified descriptive information; values parsed from
said document; or values obtained from said document using an API. The record may include
elements of the fragment and the metadata associated with said fragment. The elements of the
fragment may include a data source identifier, a data specification and a presentation format.
The fragment metadata may include fragment dependency data that is associated with a top-level
dependency or is associated with a dependency in a sub-element of the fragment.

[11]  Another aspect of the invention provides a system for editing a document, including
means for retrieving a document from a first database; means for identifying a fragment within
said document; means for associating metadata with said fragment; means for storing a record
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associated with said fragment in a second database; means for searching said second database
for said record associated with said fragment; and means to insert said fragment into a second
document.

[12]  Another aspect of the invention provides a system for editing documents, including a
fragment discovery engine for identifying a fragment within a document; a fragment metadata
associator for generating metadata for said fragment; a document editor for inserting said
fragment in a second document; a fragment search engine; a database of records, each of said
records associated with a related fragment and metadata associated with said related fragment; a
user interface for locating said fragment from said database; and a first database for storage of
said document.

[13]  Another aspect of the invention provides for a method of reusing information, including
the steps of retrieving a document from a database; identifying a fragment within the document;
generating metadata associated with the fragment; and storing a record associated with the
fragment and said metadata in the database, the database searchable for said fragment for
insertion of the fragment in a second document.

[14]  Another aspect of the invention provides for a method of providing information,
including the steps of providing a document; searching a database for a fragment amongst a
plurality of fragments, the database indexing said fragments using metadata associated with each
of the fragments; inserting the fragment into the document; and saving the document in the
database.

[15]  Another aspect of the invention provides for a system for editing a document, including
means for retrieving a document from a database; means for identifying a fragment within the
document; means for associating metadata with the fragment; means for storing a record
associated with the fragment in the database; means for searching the second database for the
record associated with the fragment; and means to insert the fragment into a second document.

[16] In addition to the exemplary aspects and embodiments described above, further aspects
and embodiments will become apparent by reference to the drawings and by study of the
following detailed descriptions.

Brief Description of Drawings

[17]  Exemplary embodiments are illustrated in referenced figures of the drawings. It is
intended that the embodiments and figures disclosed herein are to be considered illustrative
rather than restrictive.

[18] Figure 1 is a block diagram of apparatus according to an illustrative embodiment of the
invention.

[19] Figure 2 is a schematic diagram illustrating information that may be present in or
referenced by a fragment.

[20]  Figure 3 is a flowchart illustrating an example method according to one embodiment of
the invention.
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Description

[21] Throughout the following description specific details are set forth in order to provide a
more thorough understanding to persons skilled in the art. However, well known elements may
not have been shown or described in detail to avoid unnecessarily obscuring the disclosure.
Accordingly, the description and drawings are to be regarded as being illustrative and not
restrictive.

[22] The invention relates to methods and apparatus (e.g. computer systems) for creating and
editing documents which present data from one or more data sources. For example, the
documents may display the data in a visually meaningful format.

[23] A document may include components that receive data from one or more data sources,
and present the data. Such documents are commonly referred to as reports or report documents.
The systems and methods according to the invention may be used with any report document
format(s). The data sources may include one or more databases. The component may include a
query definition that specifies a query for selecting relevant data from a database. The
component may specify a manner of presenting the data. For example, the component may
specify that the data be presented as:

(a) a graph;
(b) a chart;
(c) a table;

(d) a spreadsheet;

(e) some other visually observable representation of the data;
) or the like.

Each of these components may be called a “fragment”.

[24] Systems according to this invention facilitate reuse of fragments or parts of fragments.
Users of such systems can design and edit documents that make meaningful use of the data
which has been stored in databases and is relevant to their enterprise.

[25] A method according to an example embodiment of the invention involves: identifying
reusable fragments in existing documents; discovering identified fragments that are available for
reuse, and reusing selected fragments in the creation of further documents.

(26] Apparatus according to an example embodiment of the invention includes means for
identifying reusable fragments in existing documents; means for discovering identified fragments
that are available for reuse; and, means for reusing selected fragments in the creation of further
documents. Some or all of these means may be incorporated into a computer software
application that can be used to create and/or modify (or edit) documents which present data read
from one or more data sources.
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[27] Figure 1 is a block diagram illustrating a system 10. The components of system 10 may
be software processes that are executed by a data processor and act on data accessible to the data
processor, or may be firmware embedded on a computer board, or chip, or the like. System 10
includes a fragment discovery engine 12. Fragment discovery engine 12 identifies potentially
reusable fragments 20 (individually identified as 20A to 20E) within documents 14 (individually
identified as 14A to 14D) in a document store 16. Document store 16 may be distributed and
may comprise multiple locations in which documents 14 are stored in one or more databases.

[28] A fragment metadata associator 22 associates metadata with the fragments located by
fragment discovery engine 12. The metadata may come from any suitable source or combination
of sources. Possible sources for metadata include:

(2) information that can be extracted from the fragment, such as fragment type
information;

(b) user-specified descriptive information (which may be referred to as “anecdotal
metadata”). The user-specified information may be received from a user at the
time a fragment is created or later;

(c) information retrieved by parsing values from the document; and/or
(d) information obtained by using supplied APIs to read values from the document.

[29] Records 26 identifying each fragment are stored in a fragment store 25. Fragment store
25 contains a record 26 (individually identified as 26A to 26D) corresponding to each fragment
identified by fragment discovery engine 12. Fragment store may store fragments in the same
database as document store 16 or may be a separate database.

[30] Each record 26 identifies a corresponding fragment 20 by maintaining a copy of the
fragment, maintaining a pointer 27 to the fragment (as illustrated) or somehow other maintaining
an association between the record 26 and the corresponding fragment 20. Each record 26 also
includes or references metadata relating to the corresponding fragment 20. The metadata may
include any information that could be of assistance in understanding the operation of the
fragment. Some examples of metadata are described below. Fragment store 16 may index
records 26 using the metadata.

[31] A document creation application 32, such as a document editor, can access a fragment
search engine 34 as indicated by arrow 35 to locate fragments 20 that could be used in the
creation of a new document 14E. Fragment search engine 34 may permit searching for fragments
using various metadata or combinations of metadata.

[32] Document creation application 32 can retrieve existing fragments 20 as indicated by line
36 for incorporation into document 14E. Document creation application 32 may permit a user to
reuse all or parts of selected fragments 20 and may permit the user to edit fragments 20 that have
been retrieved.

[33] In some embodiments, the functionality described herein is integrated into document
creation application 32. In other embodiments, the functionality described herein is made
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available by software that is invoked by, but is not integral with, document creation application
32.

[34] Typically document creation application 32 will present a user interface, such as a design
canvas, that permits a user to define, create and edit a document. The user interface provides a
means for a user to direct the insertion of visual report elements. The visual report elements may
include report elements defined by fragments located by fragment search engine 34 and/or other
report elements defined by the user, either based on templates or built from scratch.

[35] The user interface may include a mechanism that permits the user to specify for any
inserted visual report elements: connections to data sources, queries to perform, and the
properties and behaviours of such visual report elements. Typically, the user interface permits a
user to make meaningful modifications to visual report elements that have been inserted into a
document.

[36] Figure 2 shows a record 26 corresponding to a fragment 20. Record 26 includes (either
directly or by referencing external information) functional fragment elements 40 and fragment
metadata 42. A fragment need not have all of the fragments elements 40. Fragment elements 40
include one or more of a data source identifier 40A, a data specification 40B, which, for
example, may comprise a query in any suitable query language, and a presentation format 40C.
Presentation format 40C specifies how data retrieved from a data source identified by data
source identifier 40A using a data specification 40B is to be displayed and formatted.

[37] Fragment elements may be defined, for example, in a suitable report document format.
An example of a suitable report document format is Report Definition Language (RDL) which
operates according to the specifications published by Microsoft Corporation and is described at
http://www.microsoft.com/sql/technologies/reporting/rdlspec.mspx. Alternatively, other report
document formats may be used to define fragments.

[38] Fragment metadata 42 may include one or both of user-specified metadata and semantic
metadata. User-specified metadata may include, for example, a name 43A and description 43B.
In addition or in the alternative, the user-specified metadata may include other user-specified
information such as keywords. Semantic metadata may include information such as any one or
more of a type 44A and other information 44B about the fragment that is extracted from the
fragment itself, such as a document with which the fragment is associated, a data source that the
fragment connects to, or other fragments that the fragment calls on.

[39] In some embodiments of the invention, data presentation elements and data/query
definition elements are separately available for reuse. In such embodiments, individual fragment
elements 40 may have one or more of, but do not necessarily include all of data source identifier
40A, data specification 40B and presentation format 40C.

[40] More specific embodiments which work with documents that include RDL statements
will now be described. In RDL, data presentation elements include a set of visual elements which
operate over an entire query result (Data Regions), and a set of visual elements which contain
either a single constant value, a binding to an individual data value, or a binding to the result of
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an expression. In general, presentation elements may contain within them other presentation
elements.

[41] Data Regions include charts, tables, lists, and matrices. Other visual elements include
textboxes, rectangles, and images. Of these, tables, lists, matrices, and rectangles may all contain
other visual elements. Each visual element may have within it expressions which perform
calculations on values held within other elements at the same grouping level, or bind to values of
a data element.

[42] RDL data/query definition elements include Data Sources, Data Sets, and Parameters.
The combination of these things defines any user input required for use in identifying required
data, the data source to connect to, and the query to execute. Data resulting from the execution of
queries is used by the presentation elements.

[43] In one embodiment of the invention which operates on RDL source documents, the
following are all considered to be reusable fragments:

(a) all presentation elements identified above which are direct children of the report
canvas (that is, not those elements which are contained within other identified
visual elements); and,

(b) all data/query definition elements.

[44] In general, data connection and data query information may be considered reusable. If
data connection and data query information are separated or separable in the document
definition, they may be individually reusable. Otherwise, a single element which defines both a
data connection and a data query may be considered reusable. Any presentation element that
generates an understandable presentation of data, may be considered a reusable fragment. For
example: graphs/charts, geographical maps, crosstabs, and repeating presentation sections which
operate over a query result (such as report sections in some document formats like Crystal
Reports .rpt) could all be treated as reusable fragments.

[45] Fragment discovery engine 12 searches existing or new documents for potentially
reusable fragments. In some embodiments, fragment discovery engine 12 compares the
potentially reusable fragments in new documents to fragments that already exist in fragment
store 25. The potentially reusable fragments may be stored in fragment store 25 only if they
differ in some significant respect from all other fragments that are already represented in
fragment store 25. This avoids the accumulation in fragment store 25 of multiple copies of the
same fragment(s).

[46] Fragment metadata associator 22 may provide a mechanism for capturing basic metadata
for an identified fragment. Fragment metadata may include the following information:

(a) Fragment type, from the set of types available;

(b) Fragment name, as named by the user or automatically derived from visible
aspects of the fragment if no meaningful name is given by the user.
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(c) Fragment description, as specified by the user.

[47] In a preferred embodiment, the above metadata is retrieved by reading values from the
document definition as specified by the RDL specification. The metadata is then written into the
metadata portion of the record 26 created for the current fragment in the fragment store 25. The
metadata portion of the record 26 may comprise statements in a mark-up language, such as
XML. In an example embodiment, a root <properties> element is created, and a <property> sub-
element is created for each property captured for the fragment. The <property> sub-elements
contain one or more <value> sub-elements which, in tumn, contain the value(s) for the given
metadata property.

[48] Fragment store 25 stores fragments (including associated metadata). The fragments and
associated metadata are stored in one or more data structures. In an example embodiment,
fragment store 25 comprises a database. The database may be a relational database. The database
may comprise a SQL database, for example. Each fragment and its associated metadata are
stored as a record in the database. The database can be queried to locate fragments based on any
metadata values stored. The database may also be used as document store 16.

[49] In an example embodiment, each fragment is stored as a record in a table in a relational
database hosted within Microsoft™ SQL Server Express. The table contains the fields listed in
Table I.

TABLE1

FIELD DESCRIPTION

ID A unique identifier for the fragment
Type The type of the fragment

XMLData A stream of XML data which contains the complete element. The schema of this
XML is as defined by the fragment type and the appropriate element in the RDL
specification.

MetaData A stream of XML data which contains all metadata captured for the fragment.
This may include basic fragment metadata, fragment dependency metadata, and
fragment semantic metadata, if those have been captured for the fragment.

[50] Alternative embodiments may use other suitable relational database systems; table
schemas or the like to store fragments. Other means, such as an XML data structure or other data
file, could be used to store fragments. The metadata and fragments could be stored in separate
data sources (related to each other by key information) or within the same data source as
described above.

[51] The query technology in any particular implementation of fragment search engine 34
should be appropriate to fragment store 25. In some embodiments, fragment search engine 34
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can process a query which contains filtering criteria on fragment type and specifies a full-text
search on all other fragment metadata. Where fragment store 25 contains a combination of XML
fields and non-XML fields in an SQL database (as illustrated, for example, by Table I), fragment
search engine 34 may use a combination of SQL and Xpath/Xquery to locate fragments that
match a query. SQL queries may be used to query the non-XML fields that are exposed directly
in the table. Xpath/Xquery may be used to perform the metadata query within the XML-based
Metadata column. Fragment search engine 34 returns the results of that query in a format which
enables fragments located by the search to be inserted into a document being created or edited.

[52] In preferred embodiments, fragment search engine 34 can be accessed by way of an API
which exposes a query model that allows a calling application or component to specify a full-text
search string, the set of metadata fields to include in search, and type information to restrict
which types of fragments will be returned. When a document creation application 32 triggers this
query, a list of matching fragments, with the complete fragment definition included, is returned
to the application 32 by fragment search engine 34. In some embodiments, the query model
presented by the exposed API permits the definition of separate queries that collectively identify
fragments of potential interest. For example, the API query model may permit definition of a
query for metadata and a separate query for other information about fragments.

[53] In some embodiments, fragment search engine 34 may generate and execute two or more
separate queries for each input query. This may be desirable especially in cases where fragments
and their corresponding metadata are in separate stores.

[54] There are a wide variety of possible mechanisms for integrating discovered fragments
from fragment store 25 into a report document which a user is editing. In general, such
mechanisms can insert a selected fragment into a document being created or edited. It is
desirable that the mechanism include some way to resolve any conflicts caused by the fragment
being inserted into the document.

[55] In a preferred embodiment, information identifying a set of fragments resulting from a
query of fragment store 25 is displayed to a user in the form of a list, a set of icons, or the like.
The user selects a fragment from the list in any suitable manner provided by the user interface
and adds the selected fragment to the document, again in any suitable manner provided by the
user interface. For example, in some embodiments, the user can point a cursor to a representation
of the fragment using a mouse or other pointing device to control the cursor and then click on the
representation and drag it onto an editing window portion of the user interface representing the
document.

[56] Typically the query result which exposed the fragment to the user contains the functional
part of the fragment (e.g. a set of one or more RDL statements that defines one or more of a data
source, data selection, or presentation), the functional part of the fragment can be pasted into the
appropriate place in the document as specified by the user.

[57] As an example of a mechanism for resolving conflicts caused by the insertion of a
fragment into a document, consider that some document formats require that each element
defined within a document have a unique name or other identifier. If the document already
contains elements which have names that are the same as the name of a fragment being inserted
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or named sub elements within the fragment, then the system may automatically rename the
fragment and/or its conflicting sub elements so that the conflict does not exist. This may be done
by using a numbering scheme to augment the existing name. For example, if a user wishes to
insert into a document a fragment called SALESCHART and the document already includes an
element called SALESCHART then the system may automatically rename the fragment being
inserted to SALESCHART1, or the like. To facilitate conflict resolution, the system may
maintain a list of elements in a document being edited. At a suitable time, for example, when a
user indicates a desire to add a fragment to the document, the system can compare the fragment
name or other identifier to the identifiers of elements in the list.

[58] In some embodiments, the format in which fragments are stored in fragment store 25 may
differ from the format in which fragments should be inserted into a document. Depending on the
document format, translations may have to be done from the format stored within the repository
to the target document’s format or API format. An optional format translator 38 may be provided
to perform this translation.

[59] Alternative embodiments may insert fragments into documents by way of an API
provided by document creation application 32.

[60] A system according to the invention may include various optional features and
enhancements. For example, the nature and quantity of metadata that is associated with
fragments can be varied. One type of metadata that may optionally be associated with fragments
1s fragment dependency metadata. Some report description languages permit the definition of
fragments that depend upon other fragments. A system according to the invention may capture
and store metadata relating to dependencies of an identified fragment as part of collecting and
storing metadata relating to a fragment.

[61] In an example embodiment, each fragment may have two types of dependencies:
(a) Direct top-level dependencies; and,
(b) Dependencies in sub-elements of a fragment.

A dependency may either specify dependency on a whole fragment or on some sub-element of a
fragment. For example, consider an RDL Table (or any other Data Region, for that matter). At
the highest level, the table has a dependency on a Data Set (which specifies a query to execute
against a Data Source). This Data Set specifies the data context over which the table will operate.
Within the table are a number of Textboxes. Some of these textboxes will refer to fields defined
within the Data Set. The textboxes, which are sub-elements of the table fragment, depend on
individual fields, which are sub-elements of the Data Set fragment. These sub-elements of
fragments are themselves, fragments.

[62] In a currently preferred embodiment, fragment dependencies are captured by analyzing
the base properties of the fragment. The dependencies are stored within a metadata column of a
fragment table in fragment store 25. For each top-level dependency of the fragment, a
dependency entry is created, which identifies the type and ID of the fragment which it is
dependant on. For example, a sub-element <dependencies> is created within the metadata field

10
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for a given fragment, which contains a number of <dependency> sub-elements, each of which
contains both a type and ID attribute.

[63] Optionally, each sub-dependency may be separately captured and stored with path
information to the sub-element in metadata for either or both of a consuming fragment (e.g. a
fragment specifying presentation of data) or a producing fragment (e.g. a fragment specifying a
data source and/or data specification). This is an optimization, and not mandatory as it is possible
to compute sub-dependencies at later times (e.g. when a fragment is being integrated into a
document).

[64] Another kind of metadata that may optionally be associated with fragments is semantic
metadata. Fragment metadata associator 22 may capture and store metadata relating to the
semantic nature of an identified fragment. Semantic metadata may include classification
information about a fragment, and/or interface information.

[65] Classification information may include sub-type information (e.g. for CHART fragments,
type of chart such as pie, bar, etc.) and other information (such as datatypes used for grouping,
keywords used in vital attributes of the element, nature of X and Y axes for charts, etc.).

[66] Interface information may include exposed and consumed interfaces. Exposed interfaces
include all values contained within a fragment or its sub-elements (for example, for a Data Set
fragment, each field exposed by the Data Set would form part of its exposed interface).
Consumed interfaces include all values contained in another fragment which are consumed in the
current fragment. In each case, the information captured may include the datatype and name of
any individual sub-dependencies of the fragment.

[67] In a currently preferred embodiment, classification metadata is added to the metadata in
the same format described above. The names of the individual metadata fields added to describe
the classification information will depend on the fragment type. Interface metadata is also stored
within the metadata column of the fragment table in fragment store 25. For each interface of the
fragment, an interface entry is created, which identifies the type and name of the value exposed
or consumed by the interface. For example, a sub-element <interfaces> is created within the
metadata field for a given fragment, which contains a number of <field> sub-elements, each of
which contains both a type and name attribute.

[68] Another kind of metadata that may optionally be associated with a fragment is user-
specified metadata. System 10 may include a mechanism for associating a user-specified set of
metadata fields and their values with a fragment. This enables the user to specify additional
fields to expose for a fragment, in addition to the value(s) to set for them.

[69] In the currently preferred embodiment, a user running document creation application 32
can select for editing a fragment contained within a report document and select a metadata
editing function for that fragment. The system then presents to the user a user interface that
permits the user to add a new metadata field of their own creation or to add value(s) to any
existing metadata fields. The system can then add the further metadata properties to the metadata
field of the fragment table using, for example, the same mechanism as described above.
Optionally a fragment management component 39 may be provided to facilitate managing the
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fragments in fragment store 25. Fragment management component 39 may include an API that
can be invoked from a document creation application 32 to allow a user to edit or add to the
metadata associated with a fragment.

[70] Other optional features relate to mechanisms for identifying fragments of interest.
Fragment search engine 34 may provide a facility that permits a user to discover fragments of
potential interest by directed browsing. This facility may comprise a mechanism for discovering
fragments through a multi-level browser based on one or more metadata properties. The facility
may present to a user a list or other identification of available metadata properties and, for each
property, an identification of values represented in fragment store 25.

[71] A directed browsing facility may permit a user to use any number of the available
properties, in any order, to locate fragments of potential interest by a tiered directed browse. For
example, such a facility may permit a user to select one or more of the available values for one or
more of the properties by interacting with a user interface in a suitable manner. In response, the
system can execute a query which will return results which match one or more of the selected
values for all of the selected properties.

[72] 1In the currently preferred embodiment, an interface accessible to a user running the
document creation application 32 presents a logical predefined multilevel browser. This browser
includes fragment type, fragment name, and fragment description keyword in its set of properties
to browse. This browser may execute queries and return sets of fragments that match the queries
as described above.

[73] 1In an alternative embodiment, an interface accessible to a user running the document
creation application 32 permits the user to specify a browse path according to any number of the
existent properties in the system.

[74] Fragment search engine 34 may permit searches that are based entirely or in part on
semantic metadata. This provides the ability to query for fragments based on properties such as
classification information, interface information or some combination thereof. Searching for
fragments by classification information may permit searching for fragments which satisfy criteria
on specific metadata fields created as part of fragment semantic metadata. Searching for
fragments by interface information may permit searching for fragments based on the degree to
which they match interfaces as defined in fragment semantic metadata. For queries which specify
certain exposed interfaces, a fragment will be considered to be a match if it exposes AT LEAST
the individual values requested.

[75] In a currently preferred embodiment, the query API for each of these semantic search
types functions internally in ways similar to the APIs described above with respect to basic
searching for, and retrieving fragments. Where each of the individual categorization and
interface properties are stored in a similar format within an XML Metadata field of a fragment
table, a mix of SQL and Xpath/Xquery may be used to identify fragments of potential interest.

[76] Alternative embodiments may employ other suitable API and/or query mechanisms.
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(771 Where fragments may depend upon other fragments it can be desirable to provide a
mechanism for resolving dependencies among fragments. This mechanism may be invoked to
facilitate integrating fragments into documents.

[78] When integrating a fragment into a document, if the fragment has any dependencies the
system may check the document for occurrences of each of the dependencies. The dependencies
may be identified by reviewing the fragment dependency metadata for fragments to be included
in the document. If a fragment with the identity of the dependency is found in the document then
that fragment may be used. Otherwise, the dependency may be resolved in one of the following
ways:

(a) By locating the original dependency fragment using the fragment search engine
34 and the fragment dependency metadata and integrating that dependency
fragment into the document.

(b) By locating another fragment of the same type as the dependency fragment which
provides any interface elements of the dependency fragment that are used in the
fragment (as specified in semantic metadata associated with the fragment). The
other fragment may be located using fragment search engine 34 to search
semantic metadata. This process may produce a list of one or more matching
fragments, from which the user may be prompted to select one. Once the user has
made a selection, the selected fragment is integrated into the document, as
described herein. If the selected fragment is named differently than the original
dependency fragment, references within the current fragment may be
automatically updated to refer to the selected fragment (or the name of the
selected fragment may be automatically changed to match the references m the
current fragment).

() By locating a fragment within the current document which provides any interface
elements of the dependency fragment that are used in the current fragment (as
specified in semantic metadata associated with the current fragment). This process
may produce a list of one or more matching fragments within the document. The
user may be prompted to select one of the existing fragments to use as a
dependency fragment for the current fragment. If the selected fragment is named
differently from the original dependency fragment, references within the current
fragment may be updated to refer to the selected fragment.

[79] A system according to the invention optionally includes a mechanism for fragment
versioning. Such a mechanism may track and discover new versions of fragments which a user
has integrated into a document.

[80] When an existing fragment is integrated into a document, if any meaningful changes are
made to that fragment, the changed version of the fragment will automatically be added for
fragment store 25. The changed version of the fragment will then be available for reuse. System
10 may permit a user to open a document and cause system 10 to search for updated versions of
any fragments that are present in the document. The system may present the user with the option
of updating the document to include updated versions of any fragment(s) for which one or more
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updated versions exists in fragment store 25. If the user so chooses, the document will be
updated by integrating the updated version(s) of the fragment(s) in place of the existing
fragment(s). The user may be provided with the opportunity to accept or reject the updated
fragment on a fragment-by-fragment basis.

[81] In the currently preferred embodiment, new versions of existing fragments are stored in
the fragment store 25 together with the existing fragments. The fragment table is updated,
augmenting the ID field as shown in Table I

Table II

ID The unique identifier for the fragment.

OriginallD | Te unique identifier for the first version of this fragment. If this is the first version,
this field and ID are equal.

Timestamp | A field indicating the time the fragment was created or updated.

[82] In a preferred embodiment, the check for newer versions of fragments that are in the
current document is performed by executing a query against the repository for any fragments that
have the same OriginallD as a current fragment, but have newer timestamps.

[83] A system 10 is not necessarily limited to a single user or to a single document store 16 or
to a single fragment store 25. In some embodiments there are multiple fragment stores 25. For
example, a separate fragment store 25 may be provided for each of a plurality of users. The
fragment stores 25 may be located on a computer used primarily by one of the plurality of users.

[84] System 10 may have a mechanism for sharing fragments with other users, and of utilizing
fragments made available by other users. Such a mechanism can enable all features described
herein to be distributed across many users. Such a mechanism may expose each user’s fragment
store 25 to other users of the system for fragment discovery and reuse. The mechanism may
include a central index to fragment stores 25 or may permit searches of multiple fragment stores
25 (the fragment stores 25 searched may be user-selectable or determined automatically).

[85] Insome embodiments, system 10 operates on a computer of one user and fragment search
engine 34 generates queries that are executed on a local fragment store 25 as well as on fragment
stores 25 of other users in a peer-to-peer manner. In such embodiments, system 10 may comprise
an interface for receiving queries from other systems 10, executing those queries on one or more
local fragment stores 25 and forwarding any results of the query to the system 10 from which the
query originated by way of a network or other suitable data communication link.

[86] In some embodiments, system 10 operates on a server accessible to multiple users.

[87] Figure 3 illustrates a method 100 according to an embodiment of the invention. Method
100 includes a fragment recovery method 100A and a fragment reuse method 100B. Methods
100A and 100B may be practiced independently as well as together.
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[88] Method 100A begins with receiving a document in block 102. The document may be in
the process of being stored in a document repository 16 or may have been stored previously. In
block 104 any reusable fragments within the document are identified. Block 104 may comprise
searching the document for statements in RDL or some other language that correspond to
defining data sources, defining data specifications (queries), defining data presentations, some
combination of these, or are otherwise identified as potentially reusable fragments.

[89] In block 106 metadata is identified for each of the fragments. The metadata may be more
extensive or less extensive, as described above. In block 108 a record is made for each fragment
in fragment store 25. The record comprises some metadata which can be searched to determine
whether the fragment may be of interest to a user and information that can be used to access the
fragment. The information may be a copy of the fragment, instructions for recreating the
fragment, a pointer to the fragment, a key, identifier or query that can be used to retrieve the
fragment from some other database, or the like.

[90] Fragment reuse method 100B opens with starting a document at block 110. Block 110
may comprise initiating a blank document, creating a new document from a template, opening an
existing document for editing or the like. The document may comprise a report or other
document in which it is desirable to include some representation of data.

[91] Block 112 searches for fragments of potential interest. Block 112 may comprise receiving
one or more search strings from user input and searching metadata in fragment store 25 for
metadata that matches the search strings. Block 112 may comprise a directed search as described
above.

[92] 1In block 114 a fragment located by the search of block 112 is selected. In block 116 the
selected fragment is inserted into the document. In block 118 the selected fragment is optionally
edited. In block 120 the document is saved to document store 16.

[93] Certain implementations of the invention comprise computer processors which execute
software instructions which cause the processors to perform a method of the invention. For
example, one or more processors in a computer system or network may implement a method
according to an embodiment of the invention executing software instructions in a program
memory accessible to the processors. The invention may also be provided in the form of a
program product. The program product may comprise any medium which carries a set of
computer-readable signals comprising instructions which, when executed by a data processor,
cause the data processor to execute a method of the invention. Program products according to the
invention may be in any of a wide variety of forms. The program product may comprise, for
example, media such as magnetic data storage media including floppy diskettes, hard disk drives,
optical data storage media including CD ROMs, DVDs, electronic data storage media including
ROMs, flash RAM, or the like. The computer-readable signals on the program product may
optionally be compressed or encrypted.

[94] Where a component (e.g. a computer, search engine, database, document, assembly,
device, circuit, etc.) is referred to above, unless otherwise indicated, reference to that component
(including a reference to a “means”) should be interpreted as including as equivalents of that
component any component which performs the function of the described component (i.e., that is
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functionally equivalent), including components which are not structurally equivalent to the
disclosed structure which performs the function in the illustrated exemplary embodiments of the
invention.

Non-Limiting Application Examples

[95]  User John, has a good technical understanding of aspects of data sources, queries, and
report design. John creates a document that is a SALES report. The SALES report specifies data
source connection and query information, and includes a number of visual elements. The visual
elements include a pie chart showing a breakdown of last year’s sales by product and a table
containing sales order details. John names each of the elements with some variation on the word
Sales. He also enters descriptive information which describes the purpose of each of the main
visual elements of the report. He then saves his report to his document store.

[96]  The system automatically identifies fragments of that report and extracts the fragments.
The system tags the fragments with metadata including basic fragment metadata, fragment
dependency metadata and fragment semantic metadata. The system inserts the fragments into a
fragment store.

[97]  User Frank is a salesperson who is a competent computer user but does not understand
how to build a document connected to data sources or build queries. He has been tasked with
providing a report which shows a pie chart of last year’s sales by product, which shows only the
values for the top ten products. Frank opens a report creation application and creates a new
report document. He selects the option to insert a chart, and chooses to search for existing charts.
In the search criteria, he types “Sales”.

[98] At this point, a query is executed as described above. The results include the chart that
John created earlier. Frank selects the chart created by John, and sees by the description that it is
nearly exactly what he’s looking for. He chooses to insert it into his report document.

[99] At this point, the fragment representing John’s chart is integrated into Frank’s report. As
the chart has dependencies to the data set and data source also created by John, these are
automatically located and integrated. Frank now has a report which contains a sales chart. He
proceeds to use the report creation application to modify the chart to show only the top ten
products’ sales. He now has a report which contains exactly the information he needs, so he
proceeds to prepare the report and view the results.

[100] While a number of exemplary aspects and embodiments have been discussed above,
those of skill in the art will recognize certain modifications, permutations, additions and sub-
combinations thereof. For example in an alternative embodiment which operates on a different
report document format, the precise set of reusable fragments identified would be different,
depending on the specific breakdown of the document object model.

[101] The invention encompasses all modifications, permutations, additions and sub-
combinations of the features described herein.
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Claims
I claim:
1. A method of reusing information, comprising the steps of:
a) retrieving a document from a first database;
b) identifying a fragment within said document;
c) generating metadata associated with said fragment; and

d) storing a record associated with said fragment and said metadata in a second database,
said second database searchable for said fragment for insertion of said fragment in a second
document.

2. The method of claim 1 wherein said metadata includes at least one of: user-specified
metadata; or semantic metadata.

3. The method of claim 2 wherein said metadata further includes at least one of: fragment
type information; user-specified descriptive information; values parsed from said document; or
values obtained from said document using an API.

4. The method of claim 3 wherein said record comprises elements of said fragment and said
metadata associated with said fragment.

5. The method of claim 4 wherein said elements of said fragment comprise a data source
identifier, a data specification and a presentation format.

0. The method of claim 5 wherein said fragment metadata further comprises fragment
dependency data.
7. The method of claim 6 wherein said fragment dependency data is associated with a top-

level dependency.

8. The method of claim 6 wherein said fragment dependency data is associated with a
dependency in a sub-element of said fragment.

9. A method of providing information comprising the steps of:
a) providing a document;
b) searching a database for a fragment amongst a plurality of fragments, said

database indexing said fragments using metadata associated with each of said fragments;
c) inserting said fragment into said document; and

d) saving said document in a second database.
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10.  The method of claim 9 wherein said metadata includes at least one of: user-specified
metadata; or semantic metadata.

11. The method of claim 10 wherein said metadata further includes at least one of: fragment
type information; user-specified descriptive information; values parsed from said document; or
values obtained from said document using an API.

12. The method of claim 11 wherein said database comprises a plurality of records, one of
said records comprising elements of said fragment and said metadata associated with said
fragment.

13.  The method of claim 12 wherein said elements of said fragment comprise a data source
identifier, a data specification and a presentation format.

14.  The method of claim 13 wherein said metadata further comprises fragment dependency
data.
15.  The method of claim 14 wherein said fragment dependency data is associated with a top-

level dependency.

16. The method of claim 14 wherein said fragment dependency data is associated with a
dependency in a sub-element of said fragment.

17. A document editable by a user, comprising;:

a fragment, wherein when the document is edited, said fragment is identified, metadata is
associated with said fragment, and a record associated with said fragment is stored in a database
of fragment records.

18. The document of claim 17 wherein said metadata includes at least one of: user-specified
metadata; or semantic metadata.

19. The document of claim 18 wherein said metadata further includes at least one of:
fragment type information; user-specified descriptive information; values parsed from said
document; or values obtained from said document using an APIL.

20.  The document of claim 19 wherein said record comprises elements of said fragment and
said metadata associated with said fragment.

21.  The document of claim 20 wherein said elements of said fragment comprise a data source
identifier, a data specification and a presentation format.

22.  The document of claim 21 wherein said metadata further comprises fragment dependency
data.
23. The document of claim 22 wherein said fragment dependency data is associated with a

top-level dependency.
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24, The document of claim 22 wherein said fragment dependency data is associated with a
dependency in a sub-element of said fragment.

25. A system for editing a document, comprising:
a) means for retrieving a document from a first database;
b) means for identifying a fragment within said document;
c) means for associating metadata with said fragment;
d) means for storing a record associated with said fragment in a second database;
e) means for searching said second database for said record associated with said

fragment; and
) means for inserting said fragment into a second document.

26. The system of claim 25 wherein said means for inserting comprises:
f.1)  means for determining if said fragment has a dependency on a second fragment;
f.2)  means for determining if said second fragment is within said document;

f.3)  means for locating said second fragment for insertion in said document.

27. A system for editing documents, comprising:
a) a fragment discovery engine for identifying a fragment within a document;
b) a fragment metadata associator for generating metadata for said fragment;
c) a document editor for inserting said fragment in a second document;
d) a fragment search engine;
€) a database of records, each of said records associated with a related fragment and

metadata associated with said related fragment;
f) a user interface for locating said fragment from said database; and
g) a first database for storage of said document.

28. A method of reusing information, comprising the steps of:
a) retrieving a document from a database;

b) identifying a fragment within said document;
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¢) generating metadata associated with said fragment; and

d) storing a record associated with said fragment and said metadata in said database, said
database searchable for said fragment for insertion of said fragment in a second document.

29. The method of claim 28 wherein said metadata includes at least one of: user-specified
metadata; or semantic metadata.

30.  The method of claim 29 wherein said metadata further includes at least one of: fragment
type information; user-specified descriptive information; values parsed from said document; or
values obtained from said document using an API.

31. The method of claim 30 wherein said record comprises elements of said fragment and
said metadata associated with said fragment.

32.  The method of claim 31 wherein said elements of said fragment comprise a data source
identifier, a data specification and a presentation format.

33. The method of claim 32 wherein said fragment metadata further comprises fragment
dependency data.

34.  The method of claim 33 wherein said fragment dependency data is associated with a top-
level dependency.

35.  The method of claim 33 wherein said fragment dependency data is associated with a
dependency in a sub-clement of said fragment.

36. A method of providing information comprising the steps of:
a) providing a document;
b) searching a database for a fragment amongst a plurality of fragments, said

database indexing said fragments using metadata associated with each of said fragments;

c) inserting said fragment into said document; and
d) saving said document in said database.
37. The method of claim 36 wherein said metadata includes at least one of: user-specified

metadata; or semantic metadata.

38.  The method of claim 37 wherein said metadata further includes at least one of: fragment
type information; user-specified descriptive information; values parsed from said document; or
values obtained from said document using an API.

39. The method of claim 38 wherein said database comprises a plurality of records, one of

said records comprising elements of said fragment and said metadata associated with said
fragment.
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40.  The method of claim 39 wherein said elements of said fragment comprise a data source
identifier, a data specification and a presentation format.

41. The method of claim 40 wherein said metadata further comprises fragment dependency
data.

42. The method of claim 41 wherein said fragment dependency data is associated with a top-
level dependency.

43. The method of claim 41 wherein said fragment dependency data is associated with a
dependency in a sub-element of said fragment.

44. The method of claim 43 wherein said document includes RDL statements.
45. The method of claim 44 wherein said fragment is a presentation element.
46.  The method of claim 44 wherein said fragment is a data/query definition element.
47. The method of claim 36, further comprising the step of
determining if said fragment has a dependency on a second fragment.
48. The method of claim 47, further comprising the step of:

if said fragment has a dependency on a second fragment, determining if said second
fragment is within said document.

49.  The method of claim 48, further comprising the step of:

if said second fragment is not within said document, locating said second fragment and
inserting said second fragment in said document.

50. A system for editing a document, comprising;:
a) means for retrieving a document from a database;
b) means for identifying a fragment within said document;
c) means for associating metadata with said fragment;
d) means for storing a record associated with said fragment in said database;
e) means for searching said second database for said record associated with said

fragment; and

f) means to insert said fragment into a second document.
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